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Th i s  manual i s  a  comp i l a t i on  o f  a n a l y t i c a l  procedures r e q u i r e d  f o r  
ope ra t i on  o f  a Solvent-Ref ined Coal ( S R C - I )  demonst ra t ion o r  commercial 
p l a n t .  Each method reproduced i n  f u l l  i nc ludes  a d e t a i l e d  procedure;  a  
l i s t  o f  equipment and reagents ;  s a f e t y  p recau t ions ,  and, where poss ib l e ,  
a  p r e c i s i o n  statement:  Procedures f o r  t he  l a b o r a t o r y ' s  environmental  
and i n d u s t r i  a1 hygiene modules a re  n o t  inc luded .  ' Required American 
Soc ie t y  f o r  Tes t i ng  and M a t e r i a l s  (ASTM) methods . a r e  c i t e d ,  and ICRC' s  
suggested m o d i f i c a t i o n s  t o  these methods f o r  hand l i ng  coa ' l -der ived 
p roduc ts  a re  prov ided.  



SRC- I DEMONSTRATION PLANT 

ANALYTICAL LABORATORY METHODS MANUAL 

I 

EXECUTIVE SUMMARY 

P a r t  o f  I n t e r n a t i o n a l  Coal R e f i n i n g  Company's ( I C R C )  des ign f o r  a  

p l a n t  demonst ra t ing ' the Solvent -Ref ined Coal ( S R C - I )  t e c h n o l o g y i n c l u d e s  

an a n a l y t i c a l  l a b o r a t o r y  t o  mon i to r  process streams f o r  process and 

p roduc t  q u a l i t y  c o n t r o l  d u r i n g  s t a r t - u p  and ope ra t i on .  Th i s  manual 

c o l  1  a tes  a1 1 a n a l y t i c a l  procedures r e q u i  r e d  t o  opera te  an S R C - I  p l  an t .  

I t  can be used t o  e s t a b l i s h  and operate  t he  l a b o r a t o r y ,  and t o  t r a i n  

t echn i c i ans .  

Standard A i r  Products and Chemicals, I n c .  procedures,  as w e l l  as 

o t h e r  techniques developed ~ x c l u s i v e l y  f o r  SRC-I p roduc ts  and m a t e r i a l s ,  

a re  reproduced, i n c l u d i r i g  equipment and reagents  and, where ,possible,  

p r e c i s i o n  statements.  App l i cab le  s tandard American Soc ie t y  f o r  T e s t i n g  

and M a t e r i a l s  (ASTM) methods a re  c i t e d  b u t  n o t  reproduced i n  f u l l  

because o f  c o p y r i g h t  r e s t r i c t i o n s .  However, m o d i f i c a t i o n s  f o r  hand l i ng  

coa l - de r i ved  p roduc ts  a re  i nc l uded  f o r  a l l  methods, as w e l l  as genera l  

and s p e c i f i c  s a f e t y  p recau t ions  t h a t  must be adhered t o  s t r i c t l y .  

Methods a re  organized i n  t h e  manual accord ing  t o  t h e  module i n  t h e  

l a b o r a t o r y  where they  woull l  be used: sample p r e p a r a t i o n ;  d i s t i  1  l a t i o n ;  

ASTM/wet chemica l ;  m i c r o a n a l y t i c a l ;  i n s t r umen ta l ;  s o l v e n t  q u a l i t y  t e s t -  

i n g ;  and gas chromatography. A l though env i ronmenta l  and i n d u s t r i a l  

hygiene modules a re  a l s o  planned f o r  t h e  l a b o r a t o r y ,  f und ing  r e s t r i c -  

t i o n s  prevented development o f  app rop r i a t e  procedures.  Because t h i s  

manual i s  p r e l i m i n a r y ,  anyone us i ng  i t  should  judge t h e  a p p l i c a b i l i t y  o f  

t.he methods i n  l i g h t  o f  h i s  own unique requi rements .  



INTRODUCTION 

Under i t s  Cost -Shar ing Agreement w i t h  t h e  U.S. Department o f  Energy 

(DOE),  I n t e r n a t i o n a l  Coal R e f i n i n g  Co. ( I C R C )  i s  des ign ing  a  coa l  

r e f i n e r y  t o  demonstrate t h e  Sol vent-Ref i ned Coal ( S R C -  I )  techno1 ogy. 

P a r t  o f  t h e  des ign  i nc l udes  an a n a l y t i c a l  l a b o r a t o r y  planned f o r  con- 

s t r u c t i o n  a t  t h e  p l a n t  s i t e  i n  Newman, Kentucky. The l a b o r a t o r y  was 

i nc l uded  t o  suppor t  p l a n t  opera t ion ,  commercial a c t i v i t y ,  and env i  ron-  

mental  mon i t o r i ng .  S p e c i f i c a t i o n s  f o r  t h e  l a b o r a t o r y  i n c l u d e  a  f l o o r  

space o f  about 4,700 ft2 and a  s t a f f  o f  26 t echn i c i ans ,  4 s h i f t  l eaders ,  

2 chemists ,  and a  q u a l i t y  c o n t r o l  manager, who w i l l  c b l l e c t l v e l y  cur iducl  

about 880 h r  o f  analysis/week. 

Th i s  methods manual i s  a  p r imary  t o o l  f o r .  r s t a b l  ishment and opera- 
t i o n  o f  t h e  l a b o r a t o r y .  I t s  purpose i s  t o  p r o v i d e  s u f f i c i e n t  i n f o r -  

mat ion  on each a n a l y t i c a l  technique t o  d i r e c t  t he  a c q u i s i t i o n  o f  

l a b o r a t o r y  hardware and reagents  and t o  f a c i l i t a t e  t h e i r  setup.  Because 

t h e  manual con ta i ns  d e t a i l e d  i n f o r m a t i o n  on t h e  performance o f  each 

a n a l y s i s ,  i t  can be used f o r  b o t h  t e c h n i c i a n  t r a i n i n g  and re fe rence .  I n  

c u n j u r ~ c l  ~ U I I  w , i  t h  proper- l a b o r a t o r y  supcrv i  s i o n ,  t h i  I manual should 

p rbv i de  t h e  b a s i s  f o r  sa fe ,  p r e c i s e ,  and e f t i c i e n t  performance o f  a l l  

l a b o r a t o r y  techn iques .  

BACKGROUND 

E f f e c t i v e  s t a r t - u p  and ope ra t i on  o f  t h e  S R C - I  Demonstrat ion P l a n t ,  

n r  any coa l  l i q u e f a c t i o n  p l a n t ,  w i l l  r e l y  on m o n i t o r i n g  process streams 

t o  p r o v i d e  da ta  f o r  process c o n t r o l  and p roduc t  q u a l i t y  c o n t r o l .  

Accurate and t i m e l y  analyses w i l l  be p a r t i c u l a r l y  v i t a l  d u r i n g  p l a n t  

s t a r t - u p ,  when o p e r a t i n g  c o n d i t i o n s  a re  be ing  ad jus ted  and t h e  r e l a t i o n -  

sh ips  between p roduc t  y i e l d  and q u a l i t y  and process c o n d i t i o n s  a re  no t  

we1 1  understood. Therefore,  t h e  p l  a n t t  s a n a l y t i c a l  1  abo ra to r y  must be 

o p e r a t i n g  smoothly a u r i n g  t h e  s t a r t - u p  phase. 

To ach ieve t h i s  goa l ,  I C R C  subcont racted t o  A i r  Products and 

Chemical s,  I n c .  a  3-year research and development program: "SRC-I 

Demonst ra t ion p l a n t  A n a l y t i c a l  Labora to ry . "  The program was designed t o  



p rov ide  a17 necessary p l ann ing  and t e c h n i c a l  suppor t  t o  enable t h e  

p l a n t ' s  a n a l y t i c a l  l a b  t o  be f u n c t i o n i n g  e f f i c i e n t l y  p r i o r  t o  p l a n t  

s t a r t - u p .  The f o l l o w i n g  s p e c i f i c  o b j e c t i v e s  'were encompassed: 

De f ine  t h e  scope and phys ica l  requ i rements  o f  t h e  a n a l y t i c a l  

1  abo ra to r y  

S e l e c t  and v a l i d a t e  methods t o  analyze a l l  samples assoc ia ted  

w i t h  t h e  l a b o r a t o r y  

Conduct a l l  necessary methods development work t o  upgrade 

a v a i l a b l e  a n a l y t i c a l  techniques t o  t h e  r e q u i r e d  accuracy and 

p r e c i s i o n  f o r  coa l - de r i ved  samples 

Develop an a n i l y t i c a i  l a b o r a t o r y  'methods manual 

Spec i f y  a n a l y t i c a l  equipment f o r  t h e  1  abo ra to r y  

S e l e c t  and t r a i n  l a b o r a t o r y  personnel  

A s s i s t  i n  s t a r t - u p  o f t h e  l a b o r a t o r y  . 

Help s p e c i f y  o n - l i n e  p l a n t  m o n i t o r i n g  ins t r .umentat ion 

Subsequent ly,  DOE decided n o t  t o  c o n s t r u c t  a  DOE-funded, S R C - I  

Demonstrat ion P l a n t  and requested t h a t  t h i s  R&D program be h a l t e d  , a t  a  

l o g i c a l  st.opping p o i n t ,  p r i o r  t o  comp le t ion  o f  t h e  program's  iecond 

year .  ~ h u s ,  t h e  l a s t  f o u r  program o b j e c t i v e s  were n o t  i n i t i a t e d ,  and 

severa l  methods development programs were e i t h e r  n o t  begun o r  stopped 

before complet ion.  Consequently, a n a l y t i c a l  methods f o r  t h e  env i ron-  

mental l a b o r a t o r y  were n o t  compi led f o r  i n c l u s i o n  i n  t h i s  methods 

manual. 

The ;lanuel i n c l udes  methods. t h a t  were developed, mod i f i ed ,  o r  

t e s t e d  unde.r severa l  o t h e r  R&D programs performed by A i r  Products and 

I C R C  i n  a d d i t i o n  t o  t h e  3-year program j u s t  mentioned: " ~ e v c l o ~ m e n t  o f  

SRC-I Product  Ana l ys i s " ;  "Sol  i d  P r o d ~ c t  C h a r a c t e r i z a t i o q "  ; and ' ' ~ i ~ u i d  

Product  C h a r a c t e r i z a t i o n . "  Furthermore, many o f  t h e  methods se lec ted  

a re  s tandard American Soc ie t y  f o r  T e s t i n g  and M a t e r i a l s  (ASTM) methods 

o r  ASTM methods t h a t  have been mod i f i ed  t o  handle  c o a l -  r a t h e r  than  

pe t ro leum-der i ved  samples. Other analyses were ob ta i ned  from t h e  

W i l s o n v i l l e  Advanced Coal L i q u e f a c t i o n  F a c i l i t y ,  Conoco, Kerr-McGee, and 

t h e  B a r t l e s v i l l e  Energy Techrtulugy Cen te r .  



Because n e i t h e r  t h i s  R&D program nor  t h e  S R C - I  Demonstrat ion P l a n t  

des ign  was completed, t h i s  methods manual cannot be viewed as a  f i n i s h e d  

document. The manual i s  based upon a n t i c i p a t e d  needs and assumed f a c t s ,  

wh ich  may change by  t h e  t i m e  an S R C - I  p l a n t  i s  ope ra t i ng .  Thus, t h i s  

manual would no rma l l y  evo l ve  between now and t h e  t ime  an SRC-I p l a n t  i s  

o p e r a t i n g  r o u t i n e l y .  Anyone us i ng  t h i s  manual must app rec i a te  t h i s ,  by 

u s i n g  h i s  own p r o f e s s i o n a l  judgnierit and knowledge o f  i n d i v i d u a l  s i tua - ,  

t i ons and requi rements  t o  a s c e r t a i n  t h e  appl  i c a b i ' l  i t y  o f  these methods. 

LABORATORY ANALYTICAL REQUIREMENTS 

T.ables 1 -5 ,  r e s p e c t i v e l y , .  l i s t  comprehensive a n a l y t i c a l  r e q u i r e -  

ments compi led by ICRC' 5 ~ n a r r u f d ~ l u r ~ i i ~ y ,  wastewater treatment, cnv i  ron- 

menta l  mon i t o r i ng ,  and bus iness management groups. Each group es t imated  

t h e  q u a n t i t y  and t ype  o f  analyses t h a t  would be r e q u i r e d  when t h e  demon- 

s t r a t i o n  p l a n t .  opera tes  a t  s teady-s ta te  cond i t i ons .  A l though more 

analyses and a d d i t i o n a l  t ypes  o f  a n a l y s i s  w i l l  be needed d u r i n g  p l a n t  

s t a r t - u p ,  t h i s  inc reased  a n a l y t i c a l  l oad  was n o t  spec i  f i c a l  l y  incorpo-, 

r a t e d  becalise these requi rements  w i l l  be temporary.  However, t h e  l a b  . 

modules as s i z e d  can accommodate an increased l e v e l  o f  analyses, an'd 

a d d i t i o n a l  l a b o r a t o r y  personnel  w i  11 be ava i  1  ab le  d u r i n g  s t a r t - u p .  

A l though t h e  a n a l y t i c a l  l i s t s  were r e v i s e d  severa l  t imes  and a r e  as  

accu ra te  and d e t a i l e d  as p o s s i b l e ,  each group faced u n c e r t a i n t y  i n  

. p r o j e c t i n g  i t s  a n a l y t i c a l  needs f o r  t he  demonst ra t ion p l a n t  pe r i od .  For 

example, i n  t he  wastewater t rea tment  and manufac tu r ing  areas,  where 

a n a l y s i s  i s  per formed f o r  process c o n t r o l ,  some processes and equipment 

have n o t  y e t  been se lec ted ,  o r  t h e  area c o n t r a c t o r  has p rov i ded  i n s u f f i -  

c i e n t  i n f o r m a t i o n  w i t h  which t o  d e t a i l  a n a l y t i c a l  needs. I n  t h e  bus i -  

ness management area, wtirr*e d n a l y s i  s  of t he  p l a n t ' s  f i n a l  p roduc ts  

p rov i des  q u a l i t y  assurance, t h e  e x t e r i l  arid l ype  uf' ; l ~ , ~ a l y s i s  a re  a f f e c t e d  

by  shipment f requency,  number o f  customers, and s p e c i f i c a t i o n  parameters 

t o  be s e t  o u t  i n  t h e  sa les/use agreements. None o f  these  have y e t  been 

f i x e d .  I n  t h e  env i  ronmcntal  m o n i t o r i n g  area, ac tua l  r e q i ~ i  rprnent.~ w i  11 

be a f f e c t e d  b o t h  by f u t u r e  r e g u l a t o r y  p o l i c y  and by t h e  q u a n t i t y  and 

n a t u r e  o f  p o l l u t a n t s  de tec ted  i n  t h e  p l a n t  v i c i n i t y .  



D e s p i t e  t h e s e  u n c e r t a i n t i e s ,  t h e  comprehensive l i s t  o f  a n a l y t i c a l  

r e q u i r e m e n t s  i s  b e l i e v e d  t o  f a i r l y  r e p r e s e n t  t h e  a n a l y t i c a l  l o a d  t h e  

l a b o r a t o r y  w i l l  a c t u a l l y  expe r ience .  No c o n t i n g e n c y  has been i n c l u d e d  

i n  t h e  a n a l y s i s  l i s t  t o  accoun t  f o r  p o s s i b l e  f u t u r e  i n c r e a s e s  o f  t h e  

p l a n t ' s  a n a l y t i c a l  requ i remen ts .  

No t  a l l  a n a l y t i c a l  work  r e q u i r e d  i n  t h e  d e m o n s t r a t i o n  p l a n t  w i l l  be 

hand led  by  t h e  l a b o r a t o r y .  O n - l i n e  a n a l y s i s ,  w h i c h  w i l l  c o n t i n u o u s l y  

measure c e r t a i n  p r o c e s s . p a r a m e t e r s ,  was s .e lec ted  o v e r  l a b o r a t o r y  a n s l y -  

s i s  whenever a  s u i t a b l e  o n - l i n e  t e c h n i q u e  was a v a i l a b l e ,  and when t h e  

r e q u i r e d  t u r n a r o u n d  t i m e  o r  f requency  o f  a n a l y s i s  w a r r a n t e d  t h e  c a p i t a l  

e x p e n d i t u r e .  I n  o t h e r  i n s t a n c e s ,  q u i c k ,  s i m p l e  t e s t s  w i l i  be pe r fo rmed  

by  o p e r a t o r s  w i t h i n  b a t t e r y  1  ; m i  t s .  O u t s i d e  l a b o r a t o r y  s u b c o n i r a c t o r s  

w i l l  be h i r e d  t o  p e r f o r m  ana lyses  t h a t  a r e  needed i n f r e q u e n t l y  and 

r e q u i r e  s p e c i a l i z e d  t e s t i n g ,  such as c a t a l y s t  ana l yses .  

LABORATORY MODULES 

To promote  e f f i c i e n t  o p e r a t i o n , .  t h e  l a b o r a t o r y  i s  s u b d i v i d e d  i n t o  

n i n e  modules,  each o f  wh ich  c o n t a i n s  f u n c t i o n a l l y  r e l a t e d  a n a l y t i c a i  

equipment:  sample p r e p a r a t i o n ;  d i s t i  1 l a t i o n ;  ASTM/wet chemica l  ; m i c r o -  

a n a l y t i c a l ;  i n s t r u m e n t a l ;  so lbvent  q u a l i t y  a c t i v i t y  t e s t i n g ;  gas chroma- 

t o g r a p h y / l i q u i d  chromatography (GC/LC); e n v i r o n m e n t a l ;  and i n d u s t r i a l  

hyg iene .  The l a b o r a t o r y  d e s i g n  a l s o  i n c l u d e s  a d d i t i o n a l  u t i  1  i t y  a reas  

f o r  sample r e c e i v i n g ,  s t o r a g e ,  and p r e p a r a t i o n .  A computer- implemented 

l a b o r a t o r y  management i n f o r m a t i o n  system w i l l  se rve  t h e  d a t a  t r a c k i n g ,  

r w p o r t i n g ,  and c o r r e l a t i o n  f u n c t i o n s  r e q u i r e d  t o  e f f i c i e n t l y  p rocess  

a l m o s t  130,000 ana lyses  t o  be conducted a n n u a l l y .  

Sample P r e p a r a t i o n  L a b o r a t o r y  

The Hardgrove g r i n d a b i l i t y  t e s t  f o r  SRC and TSL SRC f u e l s  and anode 

coke p l u s  d e t e r m i n a t i o n  o f  t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n  o f  c o a l  and 

KMAC compr ise  t h e  b u l k  of  t h e  work  t o  be p e r f o r m e d  i n  t h i s  a r e a  

( T a b l e  6 ) .  



D i s t i l l a t i o n  Labora to ry  

I f  c u r r e n t  methods development i s  succe;sf"l, many o f  t h e  p r o j e c t e d  

d i s t i l l a t i o n s  (Table  7 )  may be rep laced  by GC s imu la ted  d i s t i l l a t i o n .  

Consequent ly,  t h e  number o f  samples t h a t  w i  11 r e q u i r e  s p i  nn i  ng-band o r  

f l a s h  d i s t i l l a t i o n s  i s  unknown. 

ASTM/Wet Labora to ry  

Th is  wurlule w-i 11 s tudy and chemical  p roper t . i e5  I ts ing 

s tandard A Q C I  a r ~ d  ASTtit ~~-lt.Llsods, to ensure p roduc t  qua1 i ty a1.d t o  analyze 

process m a t e r i a l s  (Tab1 e  8) .  A m i c r o p r o c e ~ s o r - c o n t r o l  l e d  coa l  ana lyzer  

t ha t ,  det.errnlne.s mn.isl. i~r-e, v o l a t i  19s. and ash f o r  p rox imate  a n a l y s i s  w i  11 

g r e a t l y  reduce 1  abor  requi rements .  

Methods f o r  ana l yz i ng  e i t h e r  t rea tment  chemicals f rom the  u t i l i t i e s  

and 0 f . f - s i  t e s  area o r  t h e  c o r r o s i o n  i n h i b i t o r  concentrat. ior1 i n  t he  

d ie thano lamine  (DEA)  process i n  t h e  g a s - t r e a t i n g  area have n o t  y e t  been 

determined. I n  a d d i t i o n ,  t h e  sample source o r  f requency o f  t h e  f o l l o w -  

i n g  t e s t s  has n o t  y e t  been es tab l i shed :  

O Mercaptan 
O So f te l l  i I I ~  p o i n t  

O N e u t r a l i z a t i o n  number 

The l a b o r  requi rement  (Table  8) does n o t  i n c l u d e  t ime  f o r  spot -  

check ing p y r i t e ,  s u l f a t e ,  o r  o rgan i c  su ' l  t u r  f rom batches o f  inrurning 

c o a l .  Such analyses w i l l  i n c rease  t h e  needs o f  t h i s  area;  t h e  magnrtude 

depends upon sampl ing f requency.  Wet digestion or pret r -edtment  o f  water  

samples and S R C - I  p roduc ts  t o  be analyzed i n  t h e  Environmental  and 

I l ~ s t r u m e n t a l  Lehnrat.ories wi  11 a l s o  be conducted i n  t h i s  module. 

M i c r o a n a l y t i c a l  Labora to ry  

Us ing automated carbon, hydrogen, n i t r o g e n ,  oxygen; and s u l f u r  

ana lyzers ,  t h e  m i c r o a n a l y t i c a l  l a b o r a t o r y  w i  11 hand1 e  t h e  e lementa l  

analyses f o r  a  wide v a r i e t y  o f  samples. H igh h e a t i n g  va lues ,  p a r t i c l e  

s i z e  d i s t r i b u t i o n ,  and coa l  t a r  p i t c h  v o l a t i l e s  w i l l  a l s o  be c a l c u l a t e d  

(see Table  9 ) .  



I n s t r u m e n t a l  L a b o r a t o r y  

E n e r g y - d i s p e r s i v e  X-ray t e c h n i q u e s  w i l l  ana lyze  t h e  ash r e s i d u e  

f rom f e e d  c o a l s  and SRC-I p r o d u c t s ,  s o l i d  waste  m a t e r i a l s ,  and samples 

b e i n g  s t u d i e d  f o r  i n d u s t r i a l  hyg iene  purposes (Tab le  10 ) .  M e t a l - b e a r i n g  

w a t e r  samples and samples c o n t % a i n i n g  l ow  a tomic  w e i g h t  m e t a l s  w i l l  be 

ana lyzed  b y  a tomic  a b s o r p t i o n / a t o m i c  e m i s s i o n  spec t roscopy  u s i n g  a  

spec t ropho tomete r  w i t h  i n d u c t i v e l y  coup led  plasma ( I C P ) ,  g r a p h i t e  

f u r n a c e ,  h y d r i d e  g e n e r a t i o n ,  and o t h e r  a u x i l i a r y  f e a t u r e s .  A p r e t r e a t -  

ment s t e p ,  such as d i g e s t i o n  w i t h  a c i d ,  may be pe r fo rmed  p r i o r  t o  a n a l -  

y s i s  on w a t e r  samples w i t h  l a r g e  c o n c e n t r a t i o n s  o f  o r g a n i c s .  

S o l v e n t  Q u a l i t y  A c t i v i t y  T e s t  (SQAT) L a b o r a t o r y  

Two t e s t s  w i l l  measure t h e  hydrogen donor q u a l i t y  i ndex  (HDQI) o f  

t h e  process r e c y c l e  s o l v e n t  and t h e  s o l v e n t - s e p a r a t i o n  c h a r a c t e r i s t i c s  

o f  S R C  m a t e r i a l s  (Tab le  11); The s o l v e n t - s e p a r a t i o n  t e s t  measures t h e  

o i  l / a s p h a l  t ene /p reaspha l  t e n e / r e s i d u e  d i s t r i b u t i o n  o f  a  sample u s i n g  an 

automated,  m i c r o p r o c e s s o r - c o n t r o l l e d  s o l v e n t - s e p a r a t i o n  , t e c h n i q u e .  

* Sample sources f o r  t h i s  t e s t  i n c l u d e  l i g h t  and heavy S R C ,  Kerr-McGee ash 

c o n c e n t r a t e  (KMAC) , vacuum column bo t toms ,  and t h e  s l u r r i e s  e x i t i n g  f rom 

t h e  f i r e d  h e a t e r  and d i s s o l v e r s .  

GC/LC L a b o r a t o r y  

A cap i1 , la ry -co lumn GC w i l l  ana lyze  c o m p l e t e l y  t h e  . c o k e r  o f f - g a s ,  

t h e  r e c y c l e ,  sponge-absorber,  and methanator  hydrogen,  . and o t h e r  

- s t reams. A GC equipped w i t h  dua l  f l ame i o n i z a t i o n  and the rma l  con- 

d u c t i v i t y  d e t e c t o r s  (and capab le  o f  r e d u c i n g  d a t a )  w i l l  de te rm ine  t h e  

. ' b o i  1  i n g - p o i n t  d i s t r i b u t i o n  o f  i n t e r m e d i a t e  and p r o d u c t  1  i q u i d s  b y  gas 

chromatograph ic  s i m u l a t e d  d i s t i  1  l a t i o n .  F requen t  q u a n t i t a t i v e  a n a l y s i s  

o f  t h e  r e s i d u a l  c o n c e n t r a t i o n  of  deash ing  s o l v e n t  i n  v a r i o u s  p rocess  

streams w i l l  be accompl ished u s i n g  a  packed-column GC and an au to -  

sampler .  The l i q u i d  chromatograph w i l l  ana lyze  pheno ls ,  p o l y n u c l e a r  

a r o m a t i c  hydrocarbons,  and mercaptans (see T a b l e  1 2  f o r  d e t a i l s ) .  

However, development o f  LC p rocedures  ended when t h e  t h i r d  y e a r  o f  t h e  

. R&D program was cance l  1  ed, so t h e s e  a r e  n o t  i n c l u d e d  i n  t h e  manual. 



Env i ronmen ta l  L a b o r a t o r y  

The e n v i r o n m e n t a l  l a b o r a t o r y  w i l l  ana lyze  w a t e r  samples f rom t h e  

was tewa te r  t r e a t m e n t  system and m a n u f a c t u r i n g  p rocess ,  and pe r fo rm t e s t s  

r e q u i r e d  by  t h e  Resource C o n s e r v a t i o n  and Recovery A c t  ( R C R A )  and 

N a t i o n a l  Pol  1  u t a n t  D ischarge  E l  i m i  na t . ion  System (NPDES) r e g u l a t i o n s .  

R o u t i n e  w a t e r  a n a l y s i s  i n c l u d e s  measurement o f  b i o c h e m i c a l  oxygen demand 

(BOD), chemica l  oxygen demand (COD), pH, s p e c i f i c  conductance,  a l k a l i n -  

i t y ,  ha rdness ,  ammonia, and c h l o r i n e .  These methods a r e  n o t  i n c l u d e d  i n  

t h e  manual. 

I n d u s t r i  a1 Hygiene L a b o r a t o r y  

One module o f  t h e  a n a l y t i c a l  l a b o r a t o r y  w , i l l  be used b y  i n d u s t r i a l  

hyg iene  pe rsonne l  t o  p r e p a r e  chemica l  a b s o r b i n g  s o l u t i o n s ,  t o  recharge 

and c a l  i b r a t c l  equ ipmer~ t ,  and t o  work w i t h  o r g a n i c  chemica l  d e t e c t o r  

t ubes  and m o n i t o r s .  The manual does n o t  i n c l u d e  p rocedures  f o r  t h i s  

module. 

INSTRUCTIONS TOR USING MANUAL 

Methods s e l e c t e d  f o r  use i n  t h e  a n a l y t i c a l  l a b o r a t o r y  i n c l u d e  

s t a n d a r d  pub l  i shed ASTM methods and star1dar.d A i r s  ? r - r ~ r l ~ ~ ~  1.5 C l ~ ~ ~ i i i  C . A ~  s , 
I n c .  (APCI) p rocedures ,  as w e l l  as methods deve loped e x c l u s i v e l y  f o r  

S H C -  I p r o d u c t s  and m a t e r i  a1 s .  The ASTM procedurSes arle n o t  reproduced 

h e r e  becairse o f  c o p y r i g h t  r e s t r i c t i o n s .  However, f o r  each ASTM method, 

and f o r  each APCI method as w e l l ,  t h e  f o l l o w i n g  supp lementary  i n fo rma-  

t i o n  i s  p r o v i d e d ,  when a v a i l a b l e ,  t o  d e s c r i b e  how a  method was adapted 

o r  how i t  r e l a t e s  t o  SRC m a t e r i a l :  

O Which SRC-I m a t e r i a l s  t h e  p rocedure  will be used f o r .  

O The p r e f e r r e d  p rocedure ,  i f  more t h a n  one i s  d e s c r i b e d .  

O M a j o r  o r  m ino r  m o d i f i c a t i o n s  t o  t h e  p rocedure ,  i n c l u d i n g  

chemicals, appara tus ,  sample s i ~ e ,  t i m e  o f  a n a l y s i s ,  e t c .  
0 P r e c i s i o n  and accu racy  d a t a  as i t  r e l a t e s  t o  SRC-I m a t e r i a l .  



To inc rease  e f f i c i e n c y ,  we d i v i d e d  t he  manual i n t o  sec t i ons  co r -  

responding t o  t h e  l a b o r a t o r y  modules descr ibed  p r e v i o u s l y ,  which c o n t a i n  

f u n c t i o n a l l y  r e l a t e d  a n a l y t i c a l  equipment. Each s e c t i o n  con ta i ns  

methods t o  be performed i n  t h e  same work area. That way, each area w i l l  

need o n l y  a  s i n g l e  s e c t i o n  o f  t h e  manual, n o t  t h e  complete e d i t i o n .  

Procedures a re  i nc l uded  t h a t  may n o t  be performed a t  the  demonstra; 

t i o n  p l a n t  a n a l y t i c a l  . l a b o r a t o r y ,  such as p r o t o n  nuc lea r  magnet ic 

resonance. These a re  i nc l uded  f o r  easy re fe rence  i f  t h e  da ta  a re  

r e q u i r e d  and t h e  analyses a re  subcont racted t o  o u t s i d e  l a b o r a t o r i e s .  

Other procedures,  f o r  example, c o r r o s i o n  i n h i b i t o r  c o n c e n t r a t i o n  and 

paraffins-olefins-naphthenes-aromatics (PONA) a n a l y s i s ,  can be added a t  

a  l a t e r  da te  when t h e  chemicals o r  procedures a re  de f ined .  No env i  ron-  

mental o r  i n d u s t r i a l  hygiene l a b o r a t o r y  procedures a re  i n  t h e  manual. 

A l i s t  o f  abb rev i a t i ons  used th roughou t  t he  manual i s  conven ien t l y  

l o c a t e d  i n  t h e  i n t r o d u c t o r y  pages. 

Proper s a f e t y  awareness i s  e s s e n t i a l  f o r  a  p r o d u c t i v e  a n a l y t i c a l  

l a b o r a t o r y  and i s  s t ressed  throughout  t h e  manual. Spec ia l  p recau t i ons  

t h a t  must be f o l l owed  c a r e f u l l y  a re  c i t e d  f o r  each procedure.  . Hazards 

t o  be aware o f  i n c l u d e  reduced p ressures ,  temperature extremes, f lam- 

mable o r  t o x i c  chemicals,  e t c .  The user  should  not; deperld, s o l e l y  on 

noted s a f e t y  hazards;  know a l l  p o t e n t i a l  chemical and phys i ca l  hazards 

and t h e i r  remedies before proceeding wi. th any a n a l y s i s .  S p e c i f i c  s a f e t y  

procedures should '  be developed f o r  each method and s t r i c t l y  adhered t o .  

S R C - I  p roduc ts  and r e l a t e d  m a t e r i a l s  c o n t a i n  known carc inogens and 

should  be handled c a r e f u l  l y .  The f o l  l ow ing  genera l  p recau t i ons  shou ld  

be observed: 

O Avoid a l l  body con tac t  w i t h  S R C - I  p roduc ts .  I f  you do c o n t a c t  

a  p roduc t ,  wash t h e  a f f e c t e d  area t ho rough l y  w i t h  soap and 

water .  Do n o t  use so l ven t s  because they  encourage p e n e t r a t i o n  

i n t o  t he  sk i n .  

O Use a  r e s p i r a t o r  ( t he  t ype  f o r  hydrocarbons) and p r o t e c t i v e  

c l o t h i n g  when c l e a n i n g  s p i l l s .  

O Wear a  complete s e t  o f  c l e a n  work c l o t h i n g  every  day (under-  

wear, pan ts ,  s h i r t ;  and socks).  



O Do n o t  wear shoes worn on t h e  j o b  f o r  any o t h e r  purpose. 

O Shower a f t e r  every  s h i f t .  

The f o l l o w i n g  I C R C  M a t e r i a l  Sa fe ty  Uata Sheets (on U.S.  Department 

o f  Labor 0. s'. H. A .  standard forms) p rov i de  s p e c i f i c  hand1 i ng procedures 

, and p recau t i ons  f o r  t he  major  S R C - I  l i q u i d s  and s o l i d s .  Sect ions t o  

no te  i n  p a r t i c u l a r  i nc l ude :  

O F i r e  and exp los i on  da ta  ( f i r e .  f i g h t i n g  procedures and s e l f -  

i g n i t i o n  da ta ) .  

O Heal t.h hazard dat.a (emergency f i r s t  a i d  procedures) .  

O Spi 11 o r  l e a k  procedures.  

O Spec ia l  p r o t e c t i o n  and p r e c a u t i o n  data.  

Each s a f e t y  da ta  sheet  shou ld  be c a r e f u l l y  read and understood be fo re  

h a n d l i n g  S R C - I  m a t e r i a l s .  Th i s  i s  t r u e  o f  any chemical o r  technique.  

Note t h a t  t h e  s a f e t y  recommendations presented here a re  based on 

ou r  exper ience and the  exper ience o f  o t he rs  and a re  b e l i e v e d  t o  be 

accura te .  However, no guarantee o f  t h e i r  accuracy o r  completeness i s  

made. The s a f e t y  p recau t i ons  -discussed a re  d i s t r i b u t e d  w i t h o u t  war- 

r a n t y ,  expressed o f  jmpl i e d ,  and t h e  person r e c e i v i n g  them should make 

h i s  o r  he r  own de te rm ina t i on  o f  t h e  s u i t a b i l i t y  t h e r e o f .  Each procedure 

must be c a r e f u l l y  read e n t i r e l y  be fo re  proceeding w i t h  any a n a l y s i s .  

Sa fe t y  p recau t i ons  n u s t  be develuped by i n d i v i d u a l  l a b o r a t o r y  super- 

v i s o r s  i n  c o n j u n c t i o n  w i t h  t e c h n i c i a n  exper ience.  
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Sdmp|W (11·51-/ 11,1 11:1, Alialy,15 : ' 4.4."·'. y ()1,- 111't. C....el,l,

Cohet- died

Mullen SRI leed (111>R(.)
Illbllilattim lu 95(  't 1/11.,y

|Ill |tille dnd|y,;5 1,4uired

i,ti IC-/ luci feed

A.,ilial/t·lie·,/ 1/wei·k

iii·edst,lialte'14.6
L ,   1 1.5,   u,   H, L I dlt) 1/,1·,y

I e                                             :p'll

1'1,4,5,(i.   t..1,11':1-J l.,1 e

S t i e t.  1  It (. (11·ailly                                                      Nee,1:41 III- 1 low med'iuremi·lits

Ii- Illie med,/venle,11 r/4.lied

Le,JISe  Sj,/LICIL 141'/vlly h"

sl,ung lemper/lure depelidel,Le

Combindlion tower overhead Wdler    till                                            *

Oil 1/shift

lotal sultur 1/day

Fe                         1/d·Iy

Plietio Is 1/(lay

Ammon' a 1/day

Coker raw naphtha Distilldlim wd poilits                        i

Full distillation 1/day ASlM procedure

Coker ott-Uas 9 iii(.ludi,ig Cl to Cb,
1/ddy

CO' (02· N2• 02, H25,

Nill, "2

Compressor discharge gas 9   ilic I lid i lig   C 1   to £6•
1/day

CO,   1 4)2,   N2 0   02,

It25, NIIJ. 112

Coker r w middle dislilldle Di.lillation end points                       i

lull dislillation 1/'lay

/ Idsh liui/jt 1/,1.,y

Poll,· putill 1/.,·i·k

VISLuslty Vii·ek

VCM (wt %) 1/day
Anode grade coke

Moistaire (wt 1) 1/'lay

Real iIi•,isity 1/,1,ly

Partille . i ze disti ibul ion    1/*hy



1:1,11. 1 11"lillIi'.,1)

All'lly·.15 1 ' 14"i./i' Y 0" 1
, Ne Commelitslall,ple debi:iplitill

Green Luke RM   (w t    Z ) 1/,1/y

Muislui·e (wl %) 1/,1.:y

Slop   o i l    t rum  blowdowl) tower Distillatiull 2/week

St}eL i I ll  gi dv I ly 2/week

Ove,head  water  from blowdowil ()il 1/'lay

tower ISS 1/ilay

IDS 1/day

LC-liner

H2 teed trom sponge dbsoiber Density                                                                                    I

GC    i ne l utl Ing   1'2'    CO . 1/day

£02, Nz, Cl to C 3, 1'25

bAtmospheric lower leedi Distillation 1/week

Vlscoslly 1/wei•k

                                                                                     Pour point 1/week

Recycle
H2 Density                                             •

GC    itiL ludiny   1'2,   CO,

C02. f' 02
pt,m   li20, 112  0-20 ppm 1'20, 0-3 ppm "2S

Slop water trom atmosplieric             till

lower IDS 1/'lay

Slop water from vaiuum lower        lili                                            *

IDS 1/,1,ly

Off-yds to tuel yds area (:C  lili. |Ul|illy  ilie,·ls dI,it 1/shill

tleallily                                 "2S

LC-1 Ilier  rciw I,dphilid Dislillalim ,•11,1 points

lillI (liblill.illtil, 1/*lay

lc-Filier raw milldle distilldleL Distillatim  end  points                                               •
full distilldtion 1/tidy

I lash poillt 1/,1,1 ;

I'lilli·  lili Illt INt·,·k

VIS,0.Ily lili·t·k



a
1./,It• 1 (C„,1/ 11„14·(1)

Sample de scription Alia lys i s 1 1·elli ei'( y Oil- line Co nelits

Vacuum tower feed (atmospheric Dibti||dtioll 1/day

tower bottoms) V,scok,ty 1/(lay

Pour po 'fll 1/day

Vacuum tower slop oil Distillation 2/week

Viscosily 2/week

Pour po Inl 2/wi·ek

Specific gravity 2/week

Waler 2/week

H2 from methanator Density                                         +

GE including (02· "2 1/d;y

Vacuum tower bottoms Solvent, SRC, unconverted 1/day

coal, ash, pour point

Spent catalyst Carbon residue 3/week

Metal conle,il (V, Ni, 3/week

'--8 fe, etc.) (after
W

regeneration)

Pore volume, surface 3/week

area (alter

regeneralion)

Activity 3/week

Some catalyst analyses performed
Fresh catalyst Pore volume,. surta e 1/delivered batch by outside analytical lab

area, metal oxide

ccinlent, metal sulfide
content alter

presulliding

Parsons

GKI

Coal (pulverized) Proximdle diwlysis 1/Shitt Iniludes tests for pulverized

Ajh, 3, Cl 1/Shift Lodl fed in Rust area

Moisture 6/tidy              *          On-title microwave analysis is

likely
Grain si/e 1/shift

I p and 1, i 0 1/(lay7
() 1 lie r    1 i· st i    Iii   be

ide litied b, GKI



l.ible 1 (Cotilit  le,I),1

Sdiple d:Acrlptio,1 Aiialy'ls | re,ille,Ic y Oii- I i,ie Comments

K-MAC Mulst'"·e 6/ttay Microwave analysis

le   d/,d   S i  2 1/(lay

Grain size

Miscellaneous te5ls to

be idelilitied by GKI

Sele*01

Selem I le and Cl 1/day

0                             1/ddy

Rich Selexol
 25, (02 1/day

Lean Selexol fL w, 1/day

DEA

OLA te, Cl, hydrocarbon oil 1/day

Loil( n in solulion

|:20                                           1/day

lean DEA
U23, C02 1/day

Corrosion liihibitor coticn 1/day

Rich DEA
"23, C 2 1/day

Claus/Beavon sulfur removal unit

1 BD IBD , Ul)

Rusl area

Coal (ds received) Proximale analysis l-4/day

S, le
Other LOd| dildlyses 31,(,t

Coal (ds ted to pulveriier) Moislu,·e 2/61, i l l

Coal (tittlverizeil) See tests on pulverized

iii.,1 iIi t'Kl ."....



1.11111·   1   (1 1,1,1 I lilli·,1 )

Sanitile debit·ilillon A.aly·,1. 1 8·.'*lil'114 y 01, Illie (.0"Wl,elll S

Sledm colidensdle                   1,11
155                                              *

Silild                                              '

4 unductivity                                                                                                   I

le                            1/day

Oils 1/day

Deaerator feed 1,11                                                                                              *

TSS

Siliia                                              *

Coliductivity

le                                                  1/day
Oils 1/ijay

Cu                            1/day
Boiler leectwdlet  ill,  co"'lit.t iII ty                                                           '

14 153                           '

Oils 1/.11/1/

Alkdlil,ity, hydi·oxide 1/51'ill

le, Cli 1/5111/1

P
1) i s 5 0 I ved

02
1/skill

Ln 5/1/la                                              '

Boiler blowd"wi lilI,  c ..1.41.1, 1,v i t y                                                                  '

lbs                                              '

11-edto.Nl L|,emild|. 1 /,1·ly

Putable Wdlei' tiedimenl 1 111) 180

PI·ole,5 wdler liedlment IBD lili)

Iledler luel 11/al illy  vd Ille 31,1,1
8/ckup 01 oil-litle lesll,W

5 liarry t·,4 11.11,11,  11, st  di·,·,iii wei t.'i've; :1(,1, 1/11.ly

31,11'ly e*l|latiue SeLi,lid ill·,SH|vt'i L........'ll 1/·.lillI

5 11,1 1 y  "1 118,111*:  1 1, L'11 hi·.AIC, t........... 1/,1.,y

5.11,1, biowil,iwii 5•,11•15 I /,1.,y

111' ·...1 'j./S lie..,1 ty

11'. 5 1/,1.,y



1.,1,1.·  1  (1 1,11/ "H I)

Sdly,le de,L,·Iptioll Ali.ily 1,1 3 1, e,1,1..'., Y 011-litte lusneitt.

lip wastewate, IOL 1/d.ly

HP wdler bepdrator liquid Dibtillation 1/week

1IP tlabh sluiry Vulatiles 1/ilay Distillatioli to 6504'1 end point

MP  fla511 Vapor Det's Ny                                                        '

112,
s 1/day

i P Ildsh vapor Del,jity                                                                                    I

"2· S 1/day

Preheated MP liquid Distillation end points                            *

lull distillation 1/,lay

MP wablewater loc 1/day

MP sour gas Density

»1  2• S 1/day

Cn

Sour gas condensale Distilldtion end points                            *

GC                              1/day

Solvent columli process solvelll D i s t i l l a t i o n   elid   points                                                                                    e

Full distillation 1/tidy

Solvent column off-gas "("sity                                                                                    *

"2, S 1/day

Solvent column medium oil nistillation end pullits                       1

lull distillatimi 1/clay

Solvent column wastewdler IOC 1/41.iy Comt,osite sample

Process solvent feed Di.lillatioil 1/,1.,y

Dollol·  (pid tRy 1/,1.,y

VaLUUm LO|lm) buttoms Vi,Losity

SRL: 1  4911(-olive,·led i lial , 1/41·ly

ash, Iii·ticess solvelit

A:,litialt ,·111· 5/iii e,I;litia Itenes 1/It·1• 



4

-

a
Idtile   1  (lm,limieil)

Sample tiestriplion Andlysls 1 ,·e,BU'lli y Oil-litie Commenls

Valuum Lolumn pioless Coittlet sale loc 1/week

Vacuum column precondenser Dist Illatim  ellil  points                                              *

liquid bull dislilldtion 1/day

Ash concentrate CriliLd| sulvent, process 1/ lay Critical solvelit dndlysis has

solvent, Larbon, SRC oil-line potential
Asphalteries/ 3/week

pieaspliatle lies

First-stage light phase Criticdl solvent, SRC 1/day

Recycle critical solvent Critical solvent, solids, 1/day

"20

Second-stage light phase Critical solvent, SRC 1/day

Third-stage light phase Critical solvent, SRC 1/ddy

P
.J

LSRC slripper bottoms Critkdl Solvent 2/bhitl

Asphallenes/ 3/week

preaspha Itenes

HSRC stripper bottoms Critical solvent 2/sl,itt

HSRC stripper overheads
H20, critical solvent,

SRC 1/day

LSRC stripper overheads
1|20, critiCal solve,il,

SRC 1/(lay

Prooess condeniate lot; 1/tidy

SRC blowdown tank 41, I i tls 1/week

015tilldlion 1/week

SHC sic,p tatik Ilislillation 1/week



a
table 1 (Cottltilitell)

Sdmple dest.rlption Atial ys 1. * 8 eqieny On- 1 Ii,e Commen,s

-.-    --.-4-

CSD blowilowil tank St,litib 2/week

Distilldlion

Decoking drum olf-gas C02. 02
Spt,t

incinerator feed 1111V 1/day

Product coliimns Distillation end points                           *

lull distillation 1/(lay

'Abbieviations use·,1 ate:  11SRC, lit·avy sulvt·,11 -rel,lie,1 41,•01 , 81M. As,t·rit,8,1 St,i lety tor Testmg md Materials, IR, infrared; VCM, vot,tile

Larbonavoub ,ter tal, TSS, lot.it bubpt·ticlcit bol:,16 , IDS, lot, 1 411:solved 6„ 1 1,15 , 1,EA, Iliell,al,ulatile , TBD, to be deterslned; BFW, boiler

kedwat., liP, high pre:sure, '[(,C, ttitdl (irgants lai tiuili (,(:, E·t: i·livou .8,4.dittly; MI' meilium pressure; LP, low pressure, LSRC, hght

solvent-rel Ilied coal, CSD, u it ila| solvent tleatil,Ing, 11'IV, higher licating v.Blue.

b
Three sample:, one tro. each teed stied.

 TIo w,pla. one trom vJcuum tower antl one from atmispherit· tower

 



latile 2

Wabtewate,·  li·ealll,elit  Atidlytild|  I db Reilili,i·mi·,il id

Mt·taI 111*.I:il I Itio"Hil 2 Filters
Oil leailldle pl/Lipt- Al·,·a Ae,·a- Ozon-

kellarator A ,ws  A fi-- Metiil tator tiIi Clarilier 1 Ant Claritlel Sand  Carbon dtion Reversed Evdpordlor Evdporator
I --E E       pond Sludge t    Feed  basin i E basiii 1---[     1 1 1 osmosis bli,wdown ove; head

---

1,·die elementsb 111 Iii ill    iv     iv      111   iv                    Iv                    iv     iv             V     iv       Vl
lemp

A' AA A. A A-1 A-1

A'                    AA                                          A'     A'
p11   A      A A
1SS ill 1/i Ill 1 111 IA I Ill    i      IA             1      A        Vl
VSS Ill 1 Ill lil I ill    1                    1
IDS/conductivity A     n       V I
Oil lit Ill                                tv                   W                   Iv ill III    I       V
10[ A 'li A-111  A*                          AA                   A'                   A             A'     A       V       VI          V
C(10 11l ill ill Ill Ill 111 V       VI           V
B()II lli 111                                11                   11                   11            11             V       VI          VPhenolit.5   1   1 1 1 1 V V I V
Meridptans lli 1                     1              ill             V
Thiocydna les lli 1/1                                       1 111 V       VI          V
11. S ill lil Iii 111 111            V
1 $ee cyanides lil ill lli lii 111            v
Cyanides ill Ill ill l'i Ill             V
Alkalinity Ill III                                               v
 '4                                                                              1                    1                    IV      V
MIl A*-11 A.-1 AR-1 1-A'                  1       V
DIJsolved 02                                                             AA            A'                                 A
0 *lake                              1      114ace organicsc               IV                       IV                 IV                 IV          1V    IV    IV      VilP

to Nitrates/ A-1                   1                     A-1    tv
nitrites

tolal Kjeldahl nitrogen          li A-1 A'-1                  1                     111    IV
thiobulfdle ill ill liI ill lil    iv
Color

111
Coliti,rm bacteria

l 1l

Na  fd. My.                     IV                            IV                                                                 IV     IV
Mti' SO ,
Cl , bfcarb,
carb

*'Al,breviatiolis Ilsed are:  1, influenl, E, elfluent, A*, iritical prot,e 0, dnalyter, A. Iii·ot,e (,r andlyzer, 1, once per day, grab or composite, ll,twic.e per week, composite, 111, 01,Le per week, composite; IV, mice pei· molith, V, once I,e,· Illidrter, VI, semidlint,al, VII, annual; ASWS, aomnia/sulfide
water strilitier, ISS, total suspelicled solitls, VSS, volatile suspelitled solids, IDS, total disbolved solidi, IOC, total organic carbon, COD, chemical
O.Yuen demand, BOD, biochemical oxygen demand

birdie element  dnalyses  required Include:   al,imili,Im, antimny.  drse,lic,  bdrillm. lioruit,  hervl liM, bromine,  cadmillm,  chromitim, cobalt, copper.  fluorine
(Iltioride),  iron,  lead,  mal,ild,iew,  merc.,try,  molytittel,I,m,  1,ic.kel,  t,hoil,horus,  seleilium,  silver,  thallium,  tellurium,  1 Ilat,ium,  tin,  vailddium,  zinc

 tPA priority organic pollutants plui Cerldin polyiyilii aromalic hydrocdrbons

dUR of ,·everse oblosts i j beilly studied, allht,ligh currently it is not iliclutled in ille wdbtewdler treatment conceptual design



- Tab1 e 3 

Uti 1 i ty Water Analytical Lab ~ e ~ u i  rementsa 

.. Cooling Potable Boiler Condensate Process 

. tower water feedwater return water 

Chrorni urn 

T o t a l  

c r6+ 

TSS 

Conductivity 

P04 
TOC 

Chlorine 

Free 

Total 

A1 kal i ni ty (acidity) 

Dissolved oxygen 

Silica 

C a 

M g 
Total hardness 

F e 

C u 

A 1 

a 
Abbreviations used are: A, probe or analyzer; I, once per day, grab or 
composite; 11, twice per week, composite; 111, once per week, 
composite; IV, once per month; TSS, total suspended solids; TOC, total 
organic carbon. 

- 



Table 4 

Environmental Monitoring Analytical Lab Requirementsa 

-- - 

Groundwater monitoring b 

Analysis Frequency Analysis Frequency 

Total organic carbon , V Hardness V 

Biochemical oxygen demand V Phenol V 

Chemical oxygen demand V Cyanide V 

Conductivity V Nitrates V 

Total dissolved solids V Trace elementsC VI I 

Sulfates V Trace organics . VII  d 

Chlorides V (GC/MS) 

Soiid waste testino 

Fixed 

Metal Biological evaporator 

Analysis Ash s 1 udge s 1 udge residue 

EPA extraction procedure 

Total organic carbon 

Conductivity 

Sulfates 

Chlorides 

Hardness 

Phenol 

Cyanide 

Nitrate 

Trace el ementiC 

Trace organics d 

v VI I VI I I 

v VI I VI I I 

v VII  VI I I 

V VI I VI I I I I 

v VI I VI I 

v VI I VI I 

v VI I VI I 

v VI I VII  

v VI! V I I  

v 1 VI! VI I 

VI VI I VII  - 

a ~ b b r e v i a t i o n s  used a r e :  I ,  once p e r  d a y ,  g rab  o r  compos i t e ;  111 ,  once per  
week, compos i t e ;  IV, once p e r  month: V, once p e r  q u a r t e r ;  VI ,  s emiannua i ;  
VI I ,  a n n u a l ;  EPA, Environmenta l  P r o t e c t i o n  Agency; GC:XS, gas  
chromatography/mass s p e c t r o m e t r y .  

h ~ t  l e a s t  2 L  moni to r ing  w e l l s  a r e  c u r r e n t l y  p i anned .  These  w e l l s  can be 
sampled i n  b a t c h e s  of f o u r  o r  more f o r  a n a l y s i s ;  each b a t c h  would 
c o n s i s t  o f  a  background and f o u r  o r  more downstream w e l l s .  Analyses  
needed f o r  each w e l l  a r e  l i s t e d .  

 race e lemen t  a n a l y s e s  r e q u i r e d  i n c l u d e :  aluminum, an t imony ,  a r s e n i c ,  
bar ium,  bo ron ,  b e r y l l i u m ,  bromine,  cadmium, chromium. c o b a l t ,  coppe r ,  
f l u o r i n e  ( f l u o r i d e ) ,  i r o n ,  l e a d ,  manganese,  mercu ry ,  molybdenum? n i c k e l ,  
phosphorus ,  s e l en ium,  s i l v e r ,  t e l l u r i u m ,  t h a l l i u m ,  r im,  t i t a n i u m .  
venhdium, z i n c .  

%PA p r i o r i t y  o r g a q i c  p ~ l l u t a n t s  p l u s  c e r t a i n  p o l y e y c l i c  a r o o l a ~ i c  
hydroca rbons .  
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Prod,ic l 1,·It tie,·mci,1 th Ac t wal Coaments

Sulfur Ireetilly point                                           6                     2  eve,·y  10 clays

Color                                      6              2 every 10 days Potential requirement

Disiolved 1'23                        6 2 every 10 days Potential recluiremelit
i PG GC breakdown Oi,- I ine

Cot,per strip                         4 2 every 15 ilays
Atiode coke Bulk density                            12             2 evely 5 days

Real denbity                         12 2 every 5 days
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Pailicle size distribulit,11            12 2 every 5 days
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Moisture On-line
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actual  sampling  ti·et:uency

is yet available
Specific gravity (spot clieck)         8
flash poll,t                                     4

|soviscous  temlieldlitre                              4 lenitieratllie re IlBi,ed

15(,vi,(0115  li'mi,i•,·atiti·i• (41(11  LIu,( k)         11
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T a b l e  6 

Sample Preparation Laboratory 

Test No. /week hrltest hr/week 
1 .  

space ( f t )  

Hardgrove grindability 

Gravity sieve 

Coal size 

Dustiness 

F u s i b i l i t y  o f  coal 

and ioke aslr 

9 0 . 4  4 

4 9 0.3 3 

Spot 3 

Spot 7 

Spnt. - 5 - 
T o t a l  18.3 Toral 22 

(2.6 hr/day) 



Table 7  

D i s t i l  l a t i o n  Laboratory 

Source No. /week h r / t e s t  hr/wee k 

Molten SRC feed 

Slop o i l  from blowdown tower 

Atmospheric tower feed 

Vacuum tower feed  

Vacuum tower s l o p  o i l  

High-pressure s e p a r a t o r  l i q u i d  '- 

Sour gas condensate 

SRC s l o p  tank  

Product columns 

Vacuum tower precondenser l i q u i d  

SRC blowdown tank  

C r i t i c a l  s o l v e n t  deashing blowdown tank  

Coker raw naphtha 

Coker raw middle di  s t i  11 a t e  

LC-Finer raw naphtha 

LC-Finer raw middle d i s t i  1 l a t e  

High-pressure f l a s h  s l u r r y  

Preheated medl urn-pressure 1 i q u i d  

Sol vent  col umn medi um o i  1 

Process  s o l v e n t  feed  

7  1 . 0  7 . 0  

7  1 . 0  7 . '0 - 
Total  1 0 1  

( 1 4 . 4  hr/day) 

0.5 h r / t e s t ,  assuming most a r e  s imulated d i s t i l l a t i o n  



Table 8 

ASTM/Wet Labora tory  

L inear  

Test  No. /week h r / t e s t  hr/week bench space ( f t )  

V i s c o s i t y  

Isov iscous temp 

Water 

Mo is tu re  

Ash 

Voiatilqs 

S p e c i f i c  g r a v i t y  

C1 by Par? bomb. 

C1 by oxygen bomb 

F r ~ c z e  point. 

Pour p o i n t  

Reid vapor pressure  

Copper s t r i p  c o r r o s i o n  

Conradson carbon 

F lash  p o i n t  

Real d e n s i t y  

ASTM c o l o r  

Bu lk  d e n s i t y  

!$So4 ash 

OuPont s t a b i l i t y  

E x i s t e n t  gum 

Acce lera ted gum s t a b i l i  

Bromine no. 

Bot?oms, segiment, and 

water  

X s o l i d s  

V o l a t i l e  carbonaceous 

m a t e r i a l  (w t  X )  

M e l t i n g  p o i n t  

Treatment chemicals 

P y r i d i n e  e x t r a c t i o n  

N e u t r a l j z a t i o n  no. 

Mercaptans 

So f ten ing  p o i n t  

Cor ros ion i n h i b i t o r  

concen t ra t i on  

P y r i t i c  s u l f u r  

S u l f a t e  s u l f u r  

Organic s u l f u r  

Free s w e l l i n g  index 

TBO 

TBO 

Spot 

Spot 

Spot 

Spot 

0 ' 5  

TBD 

0. 3 

5 ( coa l  ana lyzer )  

3 (bath)  

4 

3 

Z 
- - 

5 ( l a r g e  bath)  

4 

3 

2 

2 
- - 

- - 
3 

A u t o t i t r a t o r  

A u t o t i  t r a t o r  

3 - 
Tota l  183.2-206.3 To ta l  66 



T a b l e  9 

M i  c r o a n a l y t i  c a l  L a b o r a t o r y  

- -  ~ 

L i n e a r  bench 

No. /week h r / t e s t  hr/wee k space ( f t )  

1. Carbon 1 6  

Hydrogen 16 

N i t r o g e n  2 1  

2. S u l f u r  90-111 0 . 2  

3. Oxygen 10 0 . 4  

4. HHV ( B t u / l b )  18 + s p o t  0.5 

5. CTPV 18 1 .0  

6. TGA TBD 

7 .  Mol w t  (VPO) TBD 

8. P a r t i c l e  s i z e  59 0 . 3  

d i s t r i b u t i o n  

9. Dus t  ( i n d u s t r 5 a l  6  

hyg iene)  

0 . 2  1 . 2  - - - 
T o t a l  83 .8 -88 .0  42 

(12.0-12.6 h r /day )  

a 
Abbrcvintions used axe; HHV, higher heating value; CTPV, coal tar pitch 
volatiles; TGA, thermogravimetric analysis; mol wt, molecular weight; VPO, 
~ a ~ o k - ~ h a s e  osmqpetry.' 



Tab le  10 

I n s t r u m e n t a t i o n  L a b o r a t o r y  

- - -  - 

T e s t  No. /week h r / t e s t  nr /week 

X - r a y  

Fe on a s h  3 5  0 . 4  1 4 . 0  

M e t a l s  on spen t  c a t a l y s t  3 0 . 5  1 . 5  

Meta l  o x i d e  on  f r e s h  c a t a l y s t  l / b a t c h  - - 
Ash o f  anode coke ( S i ,  Fe, N i ,  3 

8 ,  T i ,  V,  Ca) 

Ash o f  SRC and TSL s o l i d s  6 

(Na, K ,  Ca. Fe, S i ,  T i )  

Ash o f  heavy a i l  (Na, K .  Ca, Fe. 1 

S i .  T i )  

Ash o f  m i d d l e  d I 5 t 1 1 1 d t e  ( ~ a ,  K, 3 

Ca, Fo, S i ,  T i )  

Ash o f  wastewateF s o l i d s  0 . 2 5  2 . 0  0 . 5  

( t r a c e  e l c m c n i c ;  . d l ,  4.c,  

Sb, Ba. Cd. C r ,  Co. Cu, PD, 

Hg, Mu, N i ,  Se, Ag. Th, Te, 

T i ,  Sn, V .  Zn) 

I n o u s i r i a l  h y g i e n e  ( C a t a ; y ~ t  

a d u i t i v e s )  

Ash o f  c o a l  (as  r e c e i v e d  o r  Spot  

p u l v e r i z e d  ( S i ,  Fe. A l ,  

T i .  Ca, Mg) 

S i  on ash  28 U. 4  11. i 

Atomic  a b s o r p t i o n  

T race  e lements  

B 

Arh  u l  a~ludv I:I:I~?, n 3 0.5  1 5  

Ash o f  c o a l  

( a s  r e c e i v e d  o r  p u l v e r i z e d )  

Na Spot 

K Spot  

- 
T o t a l  5 4 . 1  



Tab le  11 

So l ven t  Qua1 i t y  A c t i v i t y  Tes t  Labo ra to r y  

T e s t  No. /week h r / t e s t  

L i nea r  bench 

hrLweek space ( f t )  

1. Convers ion 

O i l s  

Asphal tenes  

Preasphal tenes 

Residue 4 7 

2. Hydrogen donor qua1 i t y  7 

i ndex  

23.5 

10.5 

T o t a l  130.75 

(18.7 hr /day)  



GC/LC Laboratory 

Test No. /week h r / t e s t  hr/week 

GC a n a l y s i s  

S imula ted d i s t i l l a t i o n  

C r i t i c a l  s o l v e n t  

C02 

02 
tlcnrcnc ( i n d u ~ t r i a l  hygiene) 

To1 uene 

Xy 1 enes 

Ami nor 

Phenols 

Process so l ven t  

P a r a f f i n s ,  o l e f i n s ,  naphthenes, 

147 

28 

28 + spot 

3 5 

Spot 

5 

5 

5 

1 

5 

7 .  

3 

/ 

0 . 1  

0 . 1  

0 . 1  

0 .2  
- - 

0 . 2  

0 .2  

0 .2  

0 . 3  

0 .  3 

0 . 1  

TBO 

To ta l  

Source Test No. /week hr/tes: hr/week 

Yastewater t rea tment  

Combinat ion toaor  ovor-  
head H20 

Envi ronmenta I 'I rcens 1 ng 
and m o n i t o r i n g  

Wastewater t r ea tmen t  

Phenols 

Phenol r 

Metcaptans 2 4 

Po lynuc lear  aromat ics 

2-Methylnaphthalene 

D ibenzu(ac)anthracene 

Dibenaothiophone 

Benzo(c)phenant,hrene 

Benzo( j I f  1 uoranthene 

Benzo(a)pyrene 

o-pheny lene purene 

Benzo(g, h,  i )pery 1 ene 3 , 
Cprysene 

Dibenzo(a.h)anthracene 

Benza(a)anthracene 

F l  uoranthene 

5-Methylchrysene 

8enzo(b)f luoranthene 

2-Methy 1 f l  uorantnene 

To ta l  1 7 . 9  , 

( 2 .6  hr /day)  



SRC-I ~aoh tha  
3 

0 Inle,nal$onal Coal R e f ~ n ~ n g  C o r n ~ a n y  

U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

MATERIAL SAFETY DATA SHEET 
- 

SRC I MATERIAL 

1 SECTION l 1 
I I ' 

SLJPPLIER'S N A M E  EMERGENCY T E i i ' U O Y E  YO 

PA-800-322-9092 Foreign 
International Coal Refining Company US-800-523-9374 21 5-481-491 1 

I - .  

4ODRESS INUMSER STREET CITY S T A T E  6 ZIP CODE1 

Mailing: P.O. Box 2752. Allentown. PA 18001: Location: '2141 Downyilake Ln.. Allentown. PA 181 03 
ZPEMICAL N A M E  6 SYNONYMS TRADE NAMES 6 SYNONYMS 
Solvent Refined Coa1.l (SRC-I) Naohtha: Liaht Oil N A 
,Z.-EMICAL F A M l l  

Coal der~ved aromatic naohtha I Mixture 

r I SECTION II - HAZARDOUS INGREDIENTS I 1 
C I S  NUhleER 

68476-79-9 
TSCA REGISTRY ENTRY 

3081 4099 

. . 

DOT HAZARD CLASS: FLAMMABLE LIQUID 

1 SECTION 111 - PHYSICAL DATA I 
5 O l ~ i % G  ?OINT 'C I'FI - I SPECIFIC GRAVITY  1H20 = 11 15 6'C ' 5  6'C 

MATERIALS 

Phenols and Cresols 

Hydrogen Sulfide 

60-232'~ (140-450'~) I 0.83-0.89 
. I ~ ? C I P  PRESS;ZE mm "0.1 1 VOLATILES. VOLUME PERCENT .%I 

?;o 

15.35 

<l .O 

Reid 185-225 
.IAPOF 3Eh'SiTY ,AIR = 11  

N D 
SOLUBILITY IN W A T E R  

Negligible 

I EXTINGUISHING MEDIA 
-. - aLCZ)YO& CQAM 

TLV 
(Units) 

5 ppm 

10 PPm 

99 
EVAPORATION RATE 

N D 

- - -  - 

1 
SPEC:AL FIRE 'lGnTING pROCEDuRES Treat as  Class B fire. Treat like gasoline or light petroleum naphtha. Use water spray to keep 
fire-exposed containers cool, flush spills away from fire exposure, and to disperse vapors. Wear self-contained breathing 
apparatus for fires in enclosed or contained spaces. This material floats on water. 

APPEARANCE ANDODOR 

Colorless to dark amber (darkens with age and air contact): intense phenolic and sulfurous odor - 
I 1 SECTION IV - FIRE AND EXPLOSION HAZARD DATA 1 

F L A S H  PSlNT 

-28.g0c (.20°F1 

I. Highly volatile and flammable. Material can be ignited by flame or incendiary sparks under aimost all normal atmospheric 

temperature condit~ons due to its low flash p0i1.11. 

MATERIALS 

Benzene 

FLAMMABLE LIMITS. LEL UEL 

ND ND 

I 
N A  = Not A p p l ~ c a h l e  NC) = No Da ta  A v a ~ l a b l r l  31 Mod~ f~ed  Form OSHA-20 

11;81 REV 0 

1 

5.0 

<1.0 

TLV 
[Un~ ts l  

10 pom 



-- I SECTION v - HEALTH HAZARD DATA ( 
I 

:URESHOLD LIMIT VALUE 
See Section I I 

EFFECTSOFOVEREXPOSURE 

Irritating to eyes, lungs, and skin. Depending on the intensity and duration of exposure, effects may vary from mild 
irritation to systemic toxicity due to the presence of phenolic compounds and aromatic hydrocarbons. 

EMERGENCY ANDP1hSTAIDPROCEDuRES INHALATION: Remove to fresh air. If breathing is difficult give oxygen and call for 
medical assistance. EYE CONTACT: Flush eyes immediately with copious amounts of water or mineral oil. Call a physician. 
SKIN CONTACT: Wash thoroughly with soap and water or waterless hand cleaner. Avoid solvents. INGESTION: DO NOT 
INDUCE VOMITING. Give 2 tablespoons of activated charcoal USP in water. Call medical assistance. 

I * 
I SECTION VI - REACTIVITY DATA ( 

STABILITY CONDITIONS TO AVOID 
Stablo N A 

1NCOMPATABlLlTY IMLlarlara 10 ~ r 0 1 0 l  
Stronq oxidants . . . . .  

~ * Z * R O Q V $  DECOMPOSITION PRODUCTS 
irrkating and toxic fumes, smoke, carbon monoxide, and sulfur oxides, in the case of incomplete combustion 
*AZAROOUS POLYMERIZATION I CONDlllONS TO AVOID 

L _ WIII not OCCWI 1 NA I - 
- I SECTION VII - SPILL O R  LEAK PROCEDURES I I 

1 - E V A C U A T E  AREA x RESPIRATORY PROTECTION IAS PER C EVAPORATE SMALL AMOUNTS IN t N E ~ ~ T ~ A L : Z E  *NO VIASH i w n  A , - -  

SECTION V l l l l  HOOD W A T i i l  
STOP FLOW 

ftl SKIN PROTECTIONIAS PER SECTION a l N C l N E R A T E  UNDER CONTROLLED a OBSEOvE CCVEONMEU'AL  S C i L -  3 
E l i M l F I A T E  A L L  SOURCES OF !GNI. V l l l l  CONDITIONS W A T E ~  ~tin,;rr :€;;LA- 9':s 
itOlu .LaMMnbrCS 

ABSORB OR SCRAPE UP OINCINERATE USING AFTER BURNER a REMOVE SOILED CLOTHING 
AVOID INHALATION SCRUBBER 

0 VACUUM UP GOTHER 
&VOID OEPMAL CONTACT 0 BURY IN REMOTE AREA OR USE A S  

LANDFILL 

1 SECT ION Vlll - SPECIAL PROTECTION, INFOnMATlON 1 

I FOR GASES VAPORS 
DURING NORMAL USE DUSTS. FUMES. MISTS . 

EXCEEDING TLV 

; i * rECA: JENI1LAT:ON 

.SCIL EXCAUSI 

r Panicle-Remov~ng Air Purrfyrng A i r  2. Gas and Vapor-Remov~ng Air Purifying 3. Full Face Mask Positrve Pressure- 
Resp~raror IMechanrcaI Filter] Respirator (Canrsrer) Oemand Tv~e Sup~lled Air 

S P E C : ~ L  E ; ' m E a ? n r ~  
PROCESSING j 2 9 b r  

4PPLaCPTIONSd 

2, i f  needed 
r 

Yes 

Yes 

3. large spills 

-- - - 

3*EP PaOTECTIVEEQUIPMENT Wear full, long-sleeved cloth~ng closed at the neck. The appllcatlon of a sk~n barr~er cream before 
work 1s recommended. I 

- - -  - 

Yes 

Yes 

1 

-- - 

] SECTION IX - SPECIAL PRECAUTIONS 1 
" a E = n ~ " O N S  ' O B E T b K E N I N  AND Avoid sk~n and eye contact and ~nhalation of rn~sts or vapors. Ma~nta~n good 

EYE PROTECTION SAFETY GLASSES 

I vent~lation. Empty drums may contain flammable hydrocarbon vapors. Wash out drums with water before discarding. May 
dlssolve plastics and rubbers. Therefore, do not use transfer lines or storage vessels made of these materials. Upon standing or I 

G 

P 

PROTECTIVE 
GLOVES 

1 belng cooled a foul-smelling mercaotan water layer may settle out. This layer shoul"de discarded before use. Showering and I 

NEOPRENE. 

NATURAL RUBBER 

I clothlna chanqe recommended after each shift. I 
NOTICE FOR TRANSPORTATION SPILLS OR LEAK 

The data and recommendations presented herein are based upon our EMERGENCIES. CALL: CHEMTREC - 
researcn and Me research ot others, and are believed to be accurate: 800-424-9300 (CHEMICAL TRANSPORTATlON 
however. no guarantee of their accuracy is made. The ~ r o d u c t s  discussed EMERGENCY CENTER). 
are drstributed ,w~thout warranty. express or rmglied, and the person re- 
ceiving them shall make his own determination ot the suitability thereof 
tor hrs parfrcu/ar purpose. 

CHEMICAL GOGGLES I X ( FACE S ~ I E L D  (E) EXCELLENT i JtG) GoOD 
POLYVINYL ALCOHOL I NR 

B U ~ L  RUBBER / NR 

POLYETHYLENE / N R ( F I  FAIR 
( P )  p n n ~  

POLYVINYL CHLORIDE / NR I (NR)NOT RECOMMENDE 9, 



SRC-I Middle Distillate 
1 I 

'Ilermal~onal Csal Reltnang Company 

U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

MATERIAL SAFETY DATA SHEET 
SRC I MATERIAL 

NA = Not Applicabie ND = No Data Available 3 3 

r 

M o d ~ t ~ e d  Form OSHA-29 
- 1  .o? D C \ I  n 

. . SECTION I 
~ u P O L ! E R  S NAME EMERGENCY TELEDMONE VC 

1 
' 

International Coal Refining Co. 
PA-800-322.9092 Foreign 
US-800.523-9374 21 5-481 -491 1 

ADDRESS ,NUMBER S T P E E 7  C:TY S T A T E  1 ZIP COOEl 

Mailing: P.O. Box 2752. Allentown, PA 18001: Location: 2141 Downyflake Lane. Allentown. PA 18103 
.CHEMICAL NAME A SYNONYMS Solvent Refined Coal-1 (SRC-I) 
Middle Distillate: Medium Oil 
CHEMICAL F A M I L Y  

Coal derived aromatic distillate 
C A S  NUMBEQ 

689 1 1 -57.9 

TRADE NAMES 6 SYNONYMS 

N A 
FORMULA 

Mixture 
TSCA REGISTRY ENTRY 

ND 

MATERIALS 

Phenols and Cresols 

Benzene 

SECTl0.N I1 - HAZARDOUS INGREDIENTS 1 

Contains aromatic hydrocarbon and phenolic compounds. Long-term exposure may lead to serious long-term health problems. 

DOT HAZP.RD CLASS:  Excepted from regulat~ons 

( SECTION 111 - PHYSICAL DATA I 

40 

10-20 

<1 

L ~ ~ L ' N G  7OlN: 'C I ~ F I  

204-343 '~  (400-650'~ 1 
. AP?F aDESSCRE :nr n~ I 

0 psia Reid 
inpnp J E V S I ~ ~  ,AIR = ; I  . 
N D 

. jsL,,elL!Ty IN 

Negligible 

TLV 
(Units) 

5 P P ~  

10 P P ~  

SPEC:FIC G R A V I T Y  ln,3 = 11 15 B'C ' 5  6: ' .  

1 .O 
VOLAT!LES. VOLUME 'EPCENT I ' , I  

ND 
EVAPORATION R A T E  

NO 

TLV 
!Un~ts! MATERIALS 0. 

APPEARANCE AND ODOR 

Amber to  black oil: faint oily odor 

I SECTION IV - FIRE AND EXPLOSION HAZARD DATA I 
'LASH POINT 

9 7 ' ~  ( 2 0 6 ~ ~ )  closed CUP 
FLAMMABLE LIMITS 

-EL ND 
U EL 

N D 

EXT!NGlJISHlNG ME31b 
1. ALCOHOL FOAM CARBON DIOXIDE s] DPY CUEMICAL 8 F O A M  w e r ~ e  SZOL. .r.>G. - - OTHER 

5PEC'AL F'REFiGHTING Treat a s  Class B fire. Use water spray to keep fire-exposed containers cool, flush spil!s sway 

from fire exoosure, and to disperse vapors. Wear self-contained breathing apparatus for fires in enclosed or conta~ned spaces. 

This material may float on water. 

'E A N D  E:*oLOSIOh -AZARCS 

Combustible. Heat~ng this material to  its flash point i s  likely to give sufficient vapors for ignit~on upon exposure to flame or 

~nccndiary sp~rks. 

.. 



NOTICE FOR TRANSPORTATION SPILLS OR LEAK 
The data and recommendations presented herein are based upon our EMERGENCIES. CALL: CHEMTREC - 
research and fhe researclr 01 others. and are believed to be accurate: 800-424-9300 (CHEMICAL TRANSPORTATION 
however. no guarantee ot their accuracy is made. The products discussed EMERGENCY CENTER). 
are dtstr~buted without warrenry. exoress or implied. and the person re- 
cervlng them snall make nts own determination of the suitability thereof 
for his parrtcu~ar purpose. 

SECTION V - HEALTH HAZARD DATA 
-HRESHOL,D LIMIT VALUE Suggested guideline for airborne exposure to coal derived materials: 0.2 mglmJ as benzene solubles. 

- 
See Sectlon I I .  
ECFECTSOFOVEREXPOSURE 

Irritating to eyes, lungs, and skin. Depending on the intensity and duration of exposure effects may vary from mild irritation 
to systemic toxicity due to the presence of phenolic compounds and aromatic hydrocarbons. 

EMERGENCY ANDF!RST *IDPROCEDURES INHALATION: Remove to fresh air. I f  breathing i s  difficult give oxygen and call for 
medical assistance. EYE CONTACT: Flush eyes immediately with copious amounts of water or mineral oil. Call a physician. 
SKIN CONTACT: Wash thoroughly with soap and water or waterless hand cleaner. Avoid solvents. INGESTION: DO NOT 

INDUCE VOMITING. Give 2 tablespoons of activated charcoal USP in water. Call medical assistance. 

] SECTION VI - REACTIVITY DATA I 1 
S:A~ILITY C0NOlTlON.S TO Avolo 

Stable N A 

II~CCMPAT ABILI?I (Malwoala 10 aru~rll 
Strong oxidants 

rALAIIL)OuS DCCOMCOSITION CRODuC,TS 
Fumes, smoke, carbon monoxide, and sulfur oxides, in the case of incomplete combustion. 
-!.Z,APDOUS O O L Y U L D I Z l  TlON Will nnr nccllr COUNTIONS 70 AVOID N A 

I I SECTION V I I  - SPILL OH LEAK PROCEDURES / 1 
3 E V A C U A T E  r R E A  FESPIRATORY PROTECTION IAS PER c EVAPORATE SMALL AMOUNTS IN 5 NEUTDAL,ZE  ANO rvnsr Awbv WIT- 

SECTION V l l l l  WOO0 wnTEs 
X " C P  " 3 V '  

- E SKIN PROTECTION ( A S  PER SECTION gl INCINERATE UNDER CONTROLLED r;: ~ B S E ~ V E  ' J S V E = - ~ ~ E * . - ~ L  I7.i:  j 
- E.:MlVbTE A L L  SOLlmCES OF GN:. $111; COIJD'-!ONS W A T E D  OUAL T Y  IEG: :LAT 'C~S 

-ION C L A M M A B L E S  m ABSORB OR SCRAPE UP CIN: ' " b T E  USING AFTER BURNER 6 & REWOVE SOILED C L O ~ H I N G  g AVOID INHALATION SCi.-tZER 
E VACUUM UP ZOThEP 

g AVOIO DE9MA; C O N T A C T  BURY IN REMOTE AREA OR USE AS 
LANDFILL 

~ - . -. - - - 

j SECTION VIII - SPECIAL PROTECTION INFORMATION I I 
;isERb~ J E V ~ I L A T I O N  

. ~ c A ;  : r - ~ b E l  

aEj?-cn;ga. DDOTE:-.~)h 

FOR GASES VAPORS 
DUSTS FUMES. MISTS 
C r C e t U i ~ b  I L V  

Yes 

Yes 

1 & 2, if needed 

DURING NORMAL USk 

Yes 

Yes 

Not reauired 

SPEC:b: IE I: - - E = M ~ L  
PPOCESSING 5PFr'v 
~ ~ O L I L A ' ~ '  O ~ b l  

N A 

N A 

3, large spiils 

1 Part~cle-Rernovrng Air Purrfy~ng Atr 2. Gas ana Vapor-Rernov~ng Air Purifying 3. Full Face Mask Posit~ve Pressure- 
Resp~reror lMechan~cal Filter) Re3ptrator iCanister) Demena Type Su~plied A I ~  

EYE PROTECTION 

PROTECTIVE 
GLOVES 

3TnER PROTECTIVE EOUIPMENT Wear ful l ,  long-sleeved clothing closed at the neck. The application of skin bar;er cream before work 
1s reconiniCliBPC1. 

1 SECTION IX - SPECIAL PRECAUTIONS 1 
' D ~ E C A U T . O N S  7 3  BE YAKEL .  ,N HANDLING AND STORINb Avoid skin and eye Contact and inhalat~on of mists or vapors. Maintaln good 
ventilation. Empty drums may contain flammable hydrocarbon vapors. Wash out drums with water before discarding. May 

dissolve plastics and rubbers. Therefore. do not use transfer lines or storage vessels made of these materials. Upon standing or 
being cooled a foul.smelling meraptan water layer may settle out. This layer should be discarded before use. Showering and 
clothlng change recommended afrer each shift. 

CUEMICAL OOGGLES 1 X 

POLYVINYL ALCOHOL ( NR 

BUTYL RUBBER I NR 

S A F ~ V  GLASSES 

NEOPRENE ] G 

NATURAL RUBBER P 

FACE SHIELD I 
POLYETHYLENE NR 1 
PoLrvlNrL cnLoRtoE I NR 

IEf EXCELLENT 
. tG i  GOOD 
(Fj FAIR 
(Pj POOn 
!NR)NoT AECOMMENDE D 



SRC-i Heavy Oil 
b i 

.n:eVnaloonal Coal Rellntng Company 

U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

MATERIAL SAFETY DATA SHEET 
-- - -- 

SRC I MATERIAL 

N A  = N o t  App i i cab le  ND = No Da ta  A v a ~ l a b l e  25 

C 
SECTION l 

SdPPi:EC( S &*ME EMERGENCY T E L E O W O N E  tG I 
International Coal Refining Co. 

PA-800-322-9092 Forei .n 
US-800-523-9374 21 5-4\1491 1 

ADDRESS iNU.VBE? STREET C:Tv S T A T E  6 ZIP CODE' 
Mailing: P.O. Box 2752. Allentown, PA 18001; Location: 2141 Downyflake Ln., Allentown, PA 18103 

ZMEUlCAL NAME 6 S Y N O N Y M S  

Solvent Refined Coal-l (SRC-I) Heavy Distillate; Heavy Oil 
CHEMICAL F A M I L Y  

Coal derived aromatic distillate 
:AS ruMGEC 

6841 0-07.1 

TRADE NAMES A SYNONYMS 
N A 

FORMULA 
Mixture 

TSCA REGISTRY E N T R Y  
ND 

MATERIALS 

Phenols and ~ t h e r  hydroxy. 
aromatics 

Benzene 

SECTION I I  - HAZARDOUS INGREDIENTS I 

The health hazards, particularly skin lesions (including skin cancer), associated with coal l i~uefaction processes are recognized a s  
potential health problems. Also, the chemical composition is such that the possibility of causing cancer at other body sites and of 
other health hazards such as fetotoxicity cannot be ruled out. I t  is strongly recommended that inhalation and skin exposure be 
kept to a minimum and that a l l  recommended precautions be observed when handling this material. See Sections V and IX. 

DOT HAZARD CLASS: Excepted from regulations. 
A 

1 SECTION 111 - PHYSICAL DATA I 

TLV 
,Unl!sl ?6 

a 0  

<1 

ec.. >G ~ , X T  :c :<, 
343-454'~ i 650-850'~ ) 

.noClC ? = E 5 5 r i E  -.r fiq i 

0 psla (Reid) 

.n~oc .zirs,:+ .ata = ., 
ND 

~ ~ L V B I L ' T I  IY W A T E R  

Negligible 

SFEC:FIC G R A V L T V  I ~ , S  = 1 1  ' 5  6 % ~  1 5 6 : ~  

1.1 

VOLATsLES VOLUME D E R C i V T  (% I  

ND 

EVAPORATION R A T E  
N D 

..,,... -.-... 

TLV 
(Units) 

5 P P ~  

10 P P ~  

. r L a E A i i a k C i  A N C  C30R 
Amber to black tar: faint, oily odor 

) SECTION IV - FIRE AND EXPLOSION HAZARD DATA 1 
=;iSs POIN: FLAMMABLE LIMITS 

LEL  ND 
LIE; > 1 1 0 ~ ~  (230 '~)  closed cup ND 

~ Y ~ ~ N G U I S H I Y G  MEDIA 
ALCOHOL E CARBON DlOXlOE M DUV CHEMICAL 8 FOAM ZvrerEP S0co.v  r j r ,  

- 0:cEn - 
j P E C : A L  FiPE ciGr7sNG 'nOCEDURES Treat as  Class B fire, Use water spray to keep fire-exoosed conrainers cool. Flush spills away from 
fire exposure, an0 10 disperse vapors. Wear self-contained breathing apparatus for fires In enclosed or conta~ned spaces. ThlS 
material sinks in water. 

:.RE A V C  E X P L O S I O ~ ~  IAZARDS 

Comoustible. Hearing this material to its flash point is likely to give sufficient vapors for ignlrlon upon exposure 10 flame or 
Incendiary sparks. 

A 

MATERIALS I l i  



SECTION V - HEALTH HAZARD DATA I 
- M ~ ~ ~ ~ ~ ~ ~  L~MIT  VALUE buggested gulaellne tor a~rborne exposure to coal derlved materials: U.L mglrna as Denzene solubles. bee 
Section I I. 
EFFEcrsOF OVEREXPOSURE Irritating to eyes and lungs. Minor irritation and dermatitis may occur after prolorlged Or repealed skin 
contact. Although the inhalation hazard i s  low due to the relatively low volatility of the products, inhalation of mists or vapors 
released upon heating should be avoided. Prolonged and repeated exposure in the absence of proper hygiene practices may lead 
to serious skin disordersand possibly skin cancer. 

I EMERGENCY *NDFIRST*lDPROCEOURES INHALATION: Remove to fresh air. I f  breathing is difficult give oxygen and call for medical- 
assistance. EYE CONTACT: Flush eyes immediately with copious amounts of water or mineral oil. Call a physician. SKIN 
CONTACT: Wash thoroughly with soap and water or waterless hand cleaner. Avoid solvents. INGESTION: Induce vomiting I 
I then give 2 tablespoons of activated charcoal USP in water. Call medical assistance. I 

I SECTION VI - REACTIVITY DATA ( 
STAOILITY 

Stable CONOlTlONS TO AVOID N A 
I 

INCUMPATABILI?'~' l k ( ~ l ~ l ~ I l  I0 aV61QI 
Strong oxidants 1 ..---- .... ..--. I 

-tAZAROUUS CItLOMPGSlT\Olr C*OOUGTG 
Fumes, smoke, carbon monoxlde, and sulfur oxldes, in the case of incomplete conibustlun. 
~ A Z A ~ O O U S  P O L Y I I E O I Z A T I ~ N  CONDITIONS TO AVOID 

Will nor occur. N A 
C - -J 

] SECTION VII - SPlLL OR LEAK PROCEDURES 1 . 1 
- E V A C J A T E  A R E A  - 3 RESPlRA7ORY PROTECTIONIAS PER 1 EVAPORATE SMALL AMOUNTS IN r ' ~ E c T ~ A L ~ Z E  AND WAS-  b W b >  W'- -  

SECTION VIIIb HOOD W A I C O  

I 
.-- . --- 

11 STOP -LOW 
SKIN PROTECTION ( A S  PER SEC~ ION X] INCINERATE UNDER CONTROLLED CBSEPVF iOVE=L. IMEC:  A L  5 0 ' ~ :  4 

EL:MINATE A L L  SOURCES OF IGNI. vl111 CONDITIONS W A ~ ~ P  IJUL: TV :E.;~LI- 245 
TlON F L A M M A B L E S  

& ABSORB OR SCRAPE UP OINCINERATE USING AFTER BuRNEP 6 REMOVE SOILED C i 3 T H I N G  
AVOID INMALATION SCRtlRRER - .  

nvO10 D E R M A L  CONTACT I- - -  

G VACUUM UP 
-- ---- 

CjOTHEa 
q BURY IN REMOTE AREA OR USE A S  

LANDFILL 

I / SECTION Vlll - SPECIAL PROTECTION INFORMATION I I 
DURING NORMAL USE 

' {as 
- 

FOR GASES VAPORS 
DUSTS. FUMES MISTS 
EXCEEDING i L V  

. ~ C A L  E X H A ~ S :  

T c i n ~ n ~ - ~ m >  Dsn:Fr-~nN 11.31 

sDEc.4~ E 5 - v ~ = - . q & ~  
POOCESS.NG j D = n  * 

Yes 

1 S E ~ ~ O N  IX - SPECIAL PRECAUTIONS I 
o = ~ ~ n ~ r l ~ ~ s  l o  BE r ~ ~ ~ ~ t ~  MANOLING A ~ O S T O R ~ N G  Avoid skin and eye contact and inhalation of mists or vapors. Maintain good 
ventllat~on. Empty drums may contain flammable hydrocarbon vapors. Wash out drums with water before discarding. May 
dlssolve Plasrlcs and rubbers. Therefore, do not use transfer lines or storage vessels made of these materials. Upon standing or 
belng cooled a foul-smelling mercaptan water layer may settle out. This layer should be discarded before use. Shower~ng ana 
cloth~ng change recommended after each shift. 

F 

NOTICE FOR TRANSPORTATION SPILLS OR LEAK 
The dara and recommendations presented herein are based upon our EMERGENCIES. CALL: CHEMTREC - 
research and rhe research of others. and are believed to be accurare: 800-424-9300 (CHEMICAL TRANSPORTATIO~ 
however. no guarantee of therr accuracy is made. The products discussed EMERGENCY CENTER). 
are o~strrbuted wrthour warranty. express or implied. and the person re- 
celvlng them shall mane hrs own determrnation of the suitabrlity thereof 
for hrs partrcular purpose. 

N A 

I 

1 .  Parfrcle-Removtng Air Purityfng Afr 2. Gas and Vapor-Removing Air Purrtying 3. Full Face Mask Posfrfve Pressure- 
Respfrsror lMcchsnrca1 Filter) Respirafor ICanister) Demand Type Supprfeo Afr 

P r e l ~ f l  e J  

Not Required - 

I CMC~ lCAL  aOa=LEs ( x i FICE j (E) EXCELLENT 
(GI GOOD 

G 1 PoLYvlWL ALConoL i NR 1 PoLyETtiyLENE I N u  !IF) FAIR I EYE PROTECTION 1 SAFETV GLCSSES 

G L U V t b  
PROTECTIVE - ' (P) POOR 

NATURAL RUBBER P BUTYL RUBBER I ~ R  I ~ ~ L V V I U Y L  CHLORIDL : / i N 4 N O T  nESDV~*ENOEQ 

YPC 

1 & 2, if rieeded 

NEOPRENE 

ITHER D.OTEC:IVE OU~PMENT Wear full, long-sleeved clothing, closed at neck. The application of a skin barrier cream before work 
Is r ecur.rlincndsd. 

N A 

N A 



Should significant fumes or vapors be generared from SRC in molten form, it is suggested that the airborne exposure of 0.2 
mg/'m3, a s  benzene solubles, be observed. Sed sections V and I X .  

SRC Solid . 
.nle,nactona! Coal Qe*dn#ng Comoany 

U.S. DEPARTMENT OF LABOR 
Occupational Safety arid Health Administration 

MATERIAL SAFETY DATA SHEET 
i 

SRC I MATERIAL 
r 

DOT HAZAf iC  CLASS:  Excepted from regulations I 
1 SECTION 1 1 1  - PHYSICAL DATA I 1 ;.z..: .,G P3.,N7 :c , ' C .  

I SPEC:FIC GRAVITY  >P,, = : )  !s  5 ' :  !:c:r 
>454Oc ! 8 5 0 ° ~ j  1.2 I 

1 SECTION I 1 
5LPDL:Eq.S NPME 

International Caal Refining Co. 

: P ~ E P F A N C E A N Z O D O P  

Black, s h i ~ y ,  pitchlike solid: odorless I 
] SECTION IV - FIRE AND EXPLOSION HAZARD D A T A  j 

"LAS* POINT I FLAMMAILE LIMITS LEL GEL > 3 0 0 ' ~  (572 '~ )  ooen CUD N D ND 

EMEPGENCY 7EL:? -C~E Y C  

PA.800-322-3092 Foreign 
US-800-523.P374 21 5-481 -491 1 

MATERIALS 

SRC Dust 

'. n0'3fi POE5S;aE :mm 9 ,  

<I 
':AP'30 j E v S ; T v  .&IF = II 

ND 
SOiilEIL,TY :N WATEP 

Negligible 

EXi!NGil lSnlNG MESle 
1 - ALCOI.IOL, ~ C I A M  a CLIIUON DIOXIDE iX/ oar CHEMICAL FOAM ~ . N A T E C  ~ P Q A V  COG, 
- - i3T*EP 

5'EC;AL SIRE FlGItTlNG PROCEDURES 

V O L A i l L i S  VCLUME "ERCEYT #?':I 

Negligible 
EVAPORLTION R L T E  

Negligible 

Softening point: 1 5 5 ' ~  ( 3 1 0 ~ ~ )  

I Marerial may become liquid during fire. Wear self-contained breathing apparatus for fires in enclosed or confined spaces 

*C3PESS .SUMBE=. JT=EE- I T *  S7A;E h ZIP CODE: 

Mailing: P.O. Box 2752. Pilenrawn, PA 18001; Location: 2141 Downyflake Ln., P.llentown. PA 181 03 

SECTION II - HAZARDOUS INGREDIENTS 1 1 

:.=i A N C  E X F i C S i C Y  h A Z A R O S  

;+EMICAL NAME 3 SYNONYMS 

Solvent Refined Coal, SRC, SRC Solid 
Z ~ E M I C A L  C A M I L Y  

Coal derived vacuum residue 
C A S  SUME~=.  

68409-94.9 

1 TLV 
(Units) 

3 2 mgim 

( Explosion hazard when 5nC: Just i, irl conracr with an ignition $Ource .  

TRADE NAMES 6 SYNONYMS 

N A 
FOPMULA 

Mixture 
TSCL REGISTRY E V T P Y  

30814040 ' 

N A  = Not P.ppl~cabic N O  = No Data Ava~lai i i t ,  3 1 Modified Form OSHA-20 .. -. --,, - 

MATEFIIALS TLV 
fUn!rs) 



] SECTION V - HEALTH HAZARD DATA ( 
- 3QESP5LD LIMIT V A L U E  

See Sec~ion I I .  Respirable mass: 2 ma/m3 
E F F E C T S O F  OVEREXPOSUPE 

May cause mi ld  eye, skin, and lung irritation. 

EUEROENCY AND FIRST A I D  PQOCEDURES 

INHALATION:  Remove to fresh air. 
EYE CONTACT: Flush eyes immediately with copious amounts of water. 
SKIN CONTACT: Wash thoroughly with soap and water or waterless hand cleaner. 

I 
1 SECTION VI - REACTIVITY DATA I 

STAO1L;TV 1 CONDITIONS 70 AVOID 

Stable I Contact with oxygen-containing atmosphere at e-temoeraturez 
INLOMP~TIBILII'II (Mm~nim. IU a.uld) 

None -.- - . - - , - .. 
'IALAUUUUS UtCUMPUSIIION CLODUCTS 

Format~on  of CO dur~ng  fire IS poss~ble 
~:AZhRDOUb a 8 L Y M 6 R l l l ~ 1 0 N  CONUTIONS TO AVOID 

N A -- - 
p~ 

] SECTION VII - SPILL OR LEAK PROCEDURES 
- - 5 ' ~ e C j C T i  A R E A  & 6ESPlRLTORY PROTECTION IAS PER 5 EVAPORATE SMALL AMOUNTS IN 

- . NEL'TLIAL.ZE 1 N G  W A S h  A W A .  'NIT- - 
SECTION V l l l l  HOOD W b T E i l  - s:5u FLOV, - 

- - S K I N  PROTECTION ( A S  DER SECTION INCINERATE UNDEP CONTROLLEC OBSEPVE G O V E Q N V E V - A i  5 3 , ~ ~  ?. - :L.MlkLTi 4 L L  SOURCES OF IGNI- V l l l l  CONDITIONS 'we-En oae~  - \  a~5,;;- 2-is 
TlOh FLAMMABLES 

ABSORB OR SCRLPE UP 0 INCINERATE USING AFTER BURNER 6 f REMOVE SOILED CLOTd'NG ,z AVOID ,NHALATION SCRUBBER 
W VACUUM UP ~ O T * E Q  

X b V O l G  D E R M A L  CONTACT BURY IN REMOTE AREA OR USE A S  
LANDFILL 

I - . -- - I - - 

I SECTION Vlll - SPECIAL PROTECTION INFORMATION [ 1 

I FOR GASES VAPOQS 
DUQING NORMAL USE OUS'S FUMES MISTS 

- - 4cLlE=n, .IE%T'I-ATIC:~ I Not  reauired 

SPECIAL E i - - c = u n ,  
PQOCESStNG S P Q A .  

ZESPIG~?.~QV D Q O T E C T ~ O N , ~ .  ;I 

ExCEED.rC 'LV 

.;CAL E X ~ A U S T  I Nc t  reauired Not reouired f\j A I Yes 

OTHEFI PQOTEC7IVE EQUIPMENT 
Ful l  long-sleeved clot l~ir jp closed a t  the neck. 

- - 

N A ~. 

I 
~ ~ - -- - 

Not  reou~red 1 & 2. if needeo 

X 

7.  Particle-Removing Air Purifying Arr 2. Gas and Vapor-Rernonng Air Purify~ng 3. Full Face Mask Pos~trve Pressure- 
Resolrator IMecnanrcal Filter) Resp~rator (Canrsrer) Demand Type SufJ~lled Arr 

GLOVES 

. .. . **,.," .,,, "-- . - 1 SECTION IX - SPECIAL PRECAUTIONS 1 
= o E i A U T I O N S  TO BE TAKEN IN HANDLING A N 0  STORING 

N A 

EYE PROTECTION 

8 - 0  - - ' '(PI POOR 

Avoid repeated inhalation, skin, and eye contact with dust and vapors. Maintain good ventilation. 

. . (Gi  GOOD 
PROTECTIVE I NEOPRENE I C I POLYVINYL ALCOHOL I C POLYElWYLENE 1 , i f )  FAIR 

FACE SUIELD 

I NATURALRUBBER G BUTVLRUBBEP I G j L Y I N Y L  CHLORIDE I F 1 (NRtNOT RECOMMENDED 

1 J 

NOTlCE FOR TRANSPORTATlON SPlLLS OR LEAK 
The data and  recommendations presented herein are based upon our EMERG,ENClES. CALL: CHEMTREC - 
researcn a n d  the research of Oihers. and  are believed to be accurate: 800-424-9300 (CHEMICAL TRANSPORTATlON 
however. n o  guarantee o f  their accuracy is made. The products discussed EMERGENCY CENTER). 
are distrrbuted wrthout warranty. exoress or implied. and the Person re- 
ceivrng them shall make his own determination of the suitability thereof 
lor  his particular purpose. 

3 8 

s ~ r n ~  GLASSES 
iEi EXCELLENT CnEMtcAL, QOQGLES 



SRC.1 Process Solvenr 
b 1 

:nterna!~onal Coal  Relqn~ng Comoany 

U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

MATERIAL SAFETY DATA SHEET 
t I 

SRC I MATERIAL 

1 SECTION I f 
I 

SJPD:IEO S h A M i  . I EME4GEYC. 'i-E=-O%E VG 

TLV 1 
MATERIALS 1 .  O,O 1 

International Coal Refining Co. 

MATERIALS 

PA-800-322-0092 Fore~gn 
US.800.523-9374 21 5-841.401 1 

The nealth hazards, particularly skin lesions (including skin cancer) associated with coal liquefaction processes are recognized as I 

nODRESS2NuNBE= S T R E E T  C I T Y  S T A T E  & Z I P  CSOEl  
Mailing: P.O. Box 2752. Allentown. PA 18001; Location: 2141 Downvflake Lane. A!Ientown. P A  18105 

Phcnois an0 Cresols 

Benzene 

potential health problems. A ~ S O  the chemical composition i s  such that the possibility of causing cancer at other body sites. an0 sf 
other health hazards such as fetotoxicity, cannot be ruled out. I t  is strongly recommended that inhalation and skin exposure be I 

Z+E'.!ICe; % A M €  3 SYNONYMS Solvent Refined Coal.l (SRC.1) Process 
Solvent; Recycle Solvent 
.CHEMICAL c ~ r r r i ~ r  

Coal derived aromatic distillate 
C A S  NUMB€=. 

684 10-08-2 

kept to  a minimum and that all recommended precautions be observed when handling this material. See Sections V and I X .  I 

a sykONyMs 
N A 

FORMULL 

Mixture 
TSCA REG:STP* EN7RY 

308 14057 

20-40 

<I 

DOT HAZARD CLASS:  Excepted from regulations I 
1 SECTION 111 - PHYSICAL DATA I 

~ C ! L  hG 3316i :'. # : F $  SPEClFlC :RCVITI  I H ? ~  = I!  ' 5 e - C  ' 5  5:: 

2 3 2 4 5 4 ' ~  ( 4 5 0 - 8 5 0 ~ ~ 1  1.06 

5 P P ~  

' 10ppm 

1 
1 

I 

- -- 

I I SECTION IV - FIRE AND EXPLOSION HAZARD DATA 1 

.nPOP S ~ E S S U R E  .nr - 5 .  

':$POP j E v S i i *  . A I D  = : I  

ND 

501 , iR I I  .Y H A T F i r  

Neglig~ble 

'4ZLLT:LES VOLUME ' E 3 C i h T  .:::, 

EVAPORbTiON R b i E  

N D -- . 

.z. CARBON DIOXIDE DRY CHEMICAL FOAM ~ W A ~ E D  F P D ~ ~ "  . ;3~. 

0 psia (Reid! N D I 

~ P D E A R A N C E A N D O O O R  

Amber to  black oil: faint oily odor 

1 

I 
5PEClAL ciREclGrilNGDaOCE~uRE5 Trcar 3s Class B f~ re .  Use wale1 ,pray ro keep fire-exoosed containers cool, flush soiils away from 

fire exposure, and to disperse vapors. Wear self-contained breathing apparatus for fires in enclosed or contained spaces. This 

mater~al s~nks in water. 

POIN: > 1 1 0 ' ~  1230°F1 closed CUD 

F.=E AN0 EXPLOS8ON HAZARDS Combustible. Heating th~s  materiai ro Its flasn point IS !ikely to give sufficient vapors for lgnltlon 

uoon exposure to flame or incendiary sparks. 

FLAMMABLE LIMITS LEL  EL 
ND N D 

I I 

hlPa = Plot Applicnble FdD - Pdo Dala Available 39 Modified Form OSHA-20 
1: '81 REV. 0 



I SECTION v - HEALTH HAZARD D A T A  i 
-YFES30L: : . M I T V A L U E  Suggested guideline for airborne exposure to coal derived materials: 0.2 mg!mJ as  benzene solubles. See 
Section I I .  
i=:ECiSCF OvEsExPQSURE Irritating to eyes and lungs. Minor irritarion and dermatitis may occur after prolonged or repeated skin 
contact. Although the inhalation hazard is low due to the relatively low volatility of the product, inhalation of mists or V;UOI.S 

released upon heating should be avoided. Prolonged and repeated exposure in the absence of proper hygiene pracrices may lead 
to serious skin disorder and possibly skin cancer. 

ZMEGGENCY ANC c iRSTAiDPROCEDbRES INHALATION: Remove to fresh air. I t  breathing is  difficulr, give oxygerl and call for medical 
assistance. EYE CONTACT: Flush eyes immediately with copious arnounrs of water or mineral 011. Call a physician. SKlN 
CONTACT: Wash thoroughly with soap and water or waterless hand cleaner. Avoid solvents. INGESTION: Induce vomit~ng 
rhen give 2 tablespoons of act~vated charcoal USP in water. Call medical assistance. 

I SECTION VI - REACTIVITY DATA I 
S T A e l l . l T Y  CONDITIONS TO AVOID 

Stable N P. 
( Y C O M P P ~ A ~ I L ~ T Y  IUqrsr!(ls 10 svotdl 

Strona oxtdants 
~ A Z A R D C ~ J S  3EC3MpOScVON PRODVCTS 

Fumes. smoke, carbon monoxide, and sulfur oxides, in the case of incomplete COmDuStlOn. 
- 

w A i A R D O Y S  S0LYMERIZAT:ON CONDITIONS TO AVOID 
Will not occur. N A 

I i SECTION VII - SPILL OR LEAK PROCEDURES i 
- .  

- - f. LC>*-E aPEn - 
f iESP lRbTORV PROTEC7ION , A S  PEP 
SECTION vlll! 

G-zc C.C,,",, 

- S K l N  PROTECTION , A S  PER SECTION - E i  U I N D T E  b:L S3VRCES OF IGNI- V l l l l  
TlON F L A M M A B L E S  

& A B S O R B  OR SCRAPE UP 
AV3l5 I N h A L D 7 l O N  

V A C U U M  UP 
K, A V U l C  DEF(MD: CONTACT 

j E 'VAPOQATE S M A L L  AMOIINTS iN - .NE:J?RLL ZE A ~ C  .\A:+ ; , .A' .  :: --  - 
HOOD WA:E= 

 INCINERATE UNDER C O N T F O L L ~ ~  O E S i C V E  'Gi7Vt:'\t. 't ' .  =: :J< .  I 
CONDITIONS ~ e r ~ c  O V A L  7% =;.;,,A- 5':s 

DlNClNERbTE USING AFTER BURNER 6 REMOVE SOILED CLC'-''.G 
SCPUBBEFI 

70-r € 0  

G BURY IN REMOTE AREA OR 11SE A S  
LUROFILL 

I 1 SECTION Vlll - SPECIAL PROTECTION INFORMATION I 

I = E j ~ l c + - ~ c r  ~ P O Y E C T ; ~ ~  i t . ) \  I Not Reouired 1 N A I 1 & 2 .  if neeoed I 

- - - -- 

DURING NORMAL USE 

. - " IE=DL ' ? E r i i ~ b T . O h  

..r,r 2 ,   PA,,<- I P r ~ f ~ r r ~ d  

I 
~- 

1. Particle-Remowng A i r  Puritying Air 2 Gas ana Vaoor-Removfng Air Purifytng 3. Full Face Mask Pcsit~ve P.n?SSufe- 
Resoirator (Mechanical Filter1 Res~~rator tcanisterl Demand i y ~ e  Suooliea Afr I 

1 EYE PROTECTlON I SAFETY GLASSES 1 1 CHEMICAL GOGGLES 1 X ! FACE SHIELD 

- - - p- 

ron ~ n t : t  v r  " Q ~ C  
DUSTS FUMES. MISTS 
EXCEEDING TLV 

Y e s  

I (Ei EXCELLENT ; I - ---- 

- 

' Z P F ~ : A I  c r: - , -c~. :A.  

D R O C E S S , r G  j 2 C ~ '  
~ P D L  C L -  C'.S 

PJA 

Yes  1 N A 

1 work is recommended. I 

j SECTION IX - S P E C ~ A L  PRECAUTIONS 1 
"DECAUTi0NS7C BE 7ArEh'ri4ANDLiNG ANOSTORING Avoid skin and eye contact and inhalation of mists or vapors. Maintain gooo 
ventilation. Emptv drums may contain flammable hydrocarbon vapors. Wash out drums with water before discarding. Upon 
s~anding or being cooled a foul-smelling mercaotan water layer may settle out. This layer should be discarded before use. 
Showering and clothing change recommended after each snift. 

PROTECTIVE 
GLOVES 

-- - - - -- pp 

NOTICE FOR TRANSPORTATION SPILLS OR L E A K  
The data and recommendations presented herein are based upon our EMERGENCIES. CALL: CHEMTREC - 
research and the research ot others. and are believed to be accurate: 800-424-9300 (CHEMICAL TRANS?ORTATlON 

however, no guarantee ot their accuracy rs maae. The products discussed EMERGENCY CENTER). 
are distributed without warranty, express or implied. and the person re- 
ceiving them shall make his own determination of the suitability thereof 
lor his particular purpose. 

4 0 

O T r E P  PROTECT~VE EOUI~UENT Wear full, long-sleeved clorn~ng closed a t  the neck. The applicat~on of a skin barrler cream oefore 

NEOPRENE 

NATURAL RUBBER 

. - 

G 

P 

-- : . - ,  - - - -  
POLYVINYL ALCOHOL i NR / POLYETHYLENE I NR !IF) FAIR 

, '  , (PI POOR 
Burnt RUBBER i NR POLYVINYL CHLORIDE ; NR 1 rNfi iNoi REcOMMENDE lI 
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SRC.1 KMAC 

0 .Ile*?alno-al Coal Reltnlng Comoany 

U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

MATERIAL SAFETY DATA SHEET 
* 

2RC I MATERIAL 

NA = Not Applicable ND = No Data Available Modified Form OSHA-20 
11.'81 U E \ ! . O  

b 

SECTION I 1 1 
SuDDL.E" S N A M E  

International Coal Refining Co. 

E.ME?GESC'+ 'E::f-OcE -c 
PA-800-322-9092 Fcre~gn 
US-800-523-9374 21 5.481.491 1 

A J D D E S S  # N  UBEa  Sr?  =' ' i 7 Y  +:ATE A ZIP CODE; 
Mailing: j.0. Box sf 52. Allentown. PA 18001 ; Location: 2141 Downyflake Lane. Allentown. PA 18103 
;-EulCi~ V A M E  3 SYVONVMS 

Kerr.McGee Ash Concentrate (KMAC) 
C-EMICAL GAMILY 

lnorganlc mlnerals & hydrocarbons 
:AS NUMBEG N A 

'TRADE NAMES d SYNONYMS 
N A 

FORMULA 
Mixture 

TSCA REGISTRY ENTRY N A 

MATERIALS 

KMAC Dust 

Toluene 

SECTION..II - HAZARDOUS INGREDIENTS 1 
O/o 

< 1 

DOT HAZARD CLASS:  ORM-A 

1 SECTION 1 1 1  - PHYSICAL DATA ( 
SCIL.NG D ~ I N ~  :C . :F :  

N A 

.A"?" D o E S S i G E  (7n w g  t 

0 

. 2oC.D 2ENS4'V A l ?  = 1) 

N A 

SO;LBIL.~Y IN W A T E R  
Negligible 

TLV 
(Units) 

2 mg/m3 

100 ppm 

SPEC:FiC GRAVITY  1M,3 = 11 15 6 ' t  ' 5  6:C 
1.6 

VOLATILES. VOLUME 9ERCENT :%.I 
0 

EVAPORATION a A i E  
0 

Bulk density Ib.icu. fr.: 25 

MATERIALS 

A D Q E A R A N C E  ANDODOR 
Fine, black dull particulate (l ike carbon black); generally odorless but may cpntain odorous aromatlc residue. 

1 SECTION I V - -  FIRE AND EXPLOSION HAZARD DATA I 
$2: aOlr4i Glow Temp.: 2 8 0 ' ~  Ignition Temp.: 560°C 

1 
I 

'15 

FLAMMABLE LIMITS. IEL J E L  
N D ND 

T L V  
(Uni!St 

EITlNGUlSU~NG MEDIA 
2 ALCOHOL F O A M  ,a CARBON DlOXlDE B DRY CHEMICAL FOAM X;'&a:ER SPOA.  . c 2 G 1  

- O T U S ~  -- 
S.=EC:AL :;RE F : G H ~ ~ N G  DROCE3UeES Treat as Class A 'ire. Wear self.conta~ned oreath~ng apparatus for fires in enclosed or contained 
maces. To prevent reignition of the material, care must be taken auring fire fignting to insure all glowing emDers are 
extinguished. Stirring ;he material while applying the extinguishing medium is recommended. 

' h C  sxJL3S:0k *nZ.ARCS Pyrophoric at elevated iemperatures. Dusiing in atmosphere can create dust explosion nazard wnere 
sources of lgnltlon are present. Sel f -~gni t~on may occur in atmospheres contalnlng more than 15% oxygen. 



. . . I SECTION IX - SPECIAL PRECAUTIONS / 
= Q E t A U T I O k S - 9  B E  'A*EN1N RANDLING STORING Avoid prolonged and repeated skln and eye contact with dust and fumes. Avoid 
inhalation of dust and fumes. Maintain good ventilation. Showering and clothing change recommended after each shift. This 
material is a brittle solid so dusting may occur. Finely divided SRC dust presents a strong explosion hazard. 

SECTION V - HEALTH HAZARD DATA 1 
- 4 R E S r ( 0 ~ 5  i . M I T  VALUE 

Respirable Mass: 2.0 mg/m3. See Section I I. 
E ' C E C T S O F C V E F I E X P 9 S U Q E  

Dist and fumes may cause minor irritation to the eyes and lungs. Minor irritation and dermatitis may occur after prolonged or 
repeated sk~n  contact. Prolonged or repeated exposure to SRC dust and fumes may lead to more serious pulmonary and sitin 
d~sorders. 

f U E a G E Y C Y  ANDF'RST AIDPpOcEDURES INHALATION: Remove to fresh air. If breathing is  difficult, give oxygen and call for 
medical assistance. EYE  CONTACT: Flush eyes immediately with copious amounts of water or mineral oil. Call a physician. 
SKIN CONTACT: Wash thoroughly wlth soap and water or waterless hand cleaner. Avoid solvents. INGESTION: Induce 
vomiting, then give 2 tablespoons of activated charcoal USP in water. Call medical assistance. 

1 1 SECTION VI - REACTIVITY DATA I 1 
-I 

~ T A B I L ! ~ , !  CUNUl I lUNb 1 U AVUIU 
Stabie, N A 

NLUMPY I A B l L l I  ' IMIt(Ifl111 18 LVOIOI 
311u11y uridarl~s 

WALARCCUS 3 E C O M ~ O S I T I O N  PQODUCTS 

Fumes. smoke, carbon monoxide. and sulfur oxides, in the case of incomplete combustion. 
-rA,'AUl)GLb ?UCvYt i ( lLA( IUh CONMTiONS TO AVOID 

W ~ l l  not occur. N A 

I SECTION VII  - SPILL OR LEAK PROCEDURES 1 I - - - ~v4c~A-E A 9 E A  cESPlRA7ORY DQOTECI ION % A S  PER C EVAPORATE SMALL AMOUNTS .N - YEIITLAL LE R NO n a s d  AKA. nor- 
SEU:IUN V l l l i  

& 

HOOD WA'E' 
- S T O P  C ~ 3 ' N  - 
- - %SKIN D R O T E C ~ I O N I A S  PER SECTION ~ 1 N C l N E R A T E  uNDED C O N T ~ O L L E O  X; CBSEOVE POVEahh4E\ - i i  i=..- 5 
- =:..UlNbrE ~ L L  SOURCES OF IGNI. VI I I )  CONDITIONS ~ n : E a  ZEAL 7 "  ?E.;U~l-'C'rS 

-ION E L A M M A B L E S  
';ABSORB OR SCRAPE UP ClNClNERATE USING AFTER BURNER b C. REMOVE SOILED CLOT3ohG 

AVOID 1 h n A L A i l 0 N .  SCRUBEKP 
VACUUM UD ZOTHEP 

X A V O l O  3EDMA;  CON7 A C T  C BURY IN REMOTE AREA OR USE A S  
LANDFILL 

.. . . - -- - . I SECTION Vlll - SPECIAL PROTECTION INFORMATI 

-- 

NOTICE FOR ~RANSPORTA TlON SPILLS OR i E.4K 
The data and recommendations presented herein are based uoon our EMERGENCIES. CALL: CHEMTREC - 
research and the research of others. and are Oelieved to be accurate: 800-424-9300 lCHEMlCAL ~ ~ A N S P O R T A T l o N  
however. no guarantee of therr accuracy is made. The oroducts discusseo EMERGENCY CENTER). 
are distrrbutea wrthout warranty. express or rmpliea. and the oerson re- 
ceivrng them snall maKe hrs own determination of the suitability thereof 
lor hrs particular purpose. 

S D E C ' ~ :  E G - -~as tn~ 
OOOCESS A ~ G  j a r & '  
& P O I  ' T  P i  Oh50 

N A 

;ELlesni s'EV7.LA7,ON 

- Z C ~ L E X - A U S :  

~ E ~ V ~ G A T ~ D Y  ZQOTi.:-.ON.I.3) 

nlJRING N D R M A I  115F 

Recommended 

Not reauired 

Not reauired 

! Par!rcIe-Removrng Air Purrtyrng Arr 2. Gas and Vapor-Removrng Ar r  Purrlyrng 3. Full Face Masn Posrtrve Oressure- 
Resorrator 1 Mecnanrcal Filter) Resprrarpr (Canrgtgr) &van9 Tvoe S u 0 ~ l ~ e o  41r 

FOR GASES VAPORS 
lJl.lgTS CI.IIAE5 U I S T ~  

FXCFFnlNt; ;I V 

Recommended 

. Yes 

1, i f  needed 

EYE PROtECTlOiJ 

PRQTECTIVF 
GLOVES 

O'uEP DSOTECTIVE EQUIPMENT 
Full long-sleeved clothlng closed at the neck. 

SAFETY GLASSES 

NFOPRFN~ 

NATURAL RUBBER 

CHEMICAL GOGGLES 

G 

(G) GOOD 
nnl YVINYI nnnnl / G I 001, YKTUY, cuc I F l l F l  FAIR 

( P )  POOR 
BUTYL RUBBEn I G I POLYVINYL CHLORIDE ; F I (NR)NOT 8ECDMMEYDE 3 

X FACESHIELD ! ( € 1  EXCELLENT 
: 



I 

SAMPLE PREPARATION LABORATORY PROCEDURES 

Hardgrove G r i n d a b i l i t y  (ASTM D 409) 

S ieve  A n a l y s i s  (ASTM D'410)  

S ieve  A n a l y s i s  - D e s i g n a t i n g  S i z e  (ASTM D 431) 

Index  o f  D u s t i n e s s  (ASTM D 547) 



GRINDABILITY OF COAL BY THE HARDGROVE-MACHINE METHOD 

(ASTM D 409) 

The p r o c e d u r e  i s  a p p l i c a b l e  t o  HSRC, LSRC, TSL SRC, c o a l  and coke 

as w r i t t e n .  

S a f e t y  . , 

The p r o c e d u r e  s h o u l d  be comple ted i n  a  w e l l - v e n t i l ' a t e d  a r e a  and a d u s t  

mask' worn by  t h e  a n a l y s t  if c o a l  d u s t  i s  p r e s e n t .  



SIEVE ANALYSIS OF COAL 

(ASTM D 410) 

The procedure ,  i n c l  u d i  ng  except ions  no ted  t h e r e i n ,  i s app l  i cab1 e  t o  

c o a l  samples as w r i t t e n .  The method i s  used i f  ASTM D 431 i s  i n s u f f i c i e n t  

t o  p r o v i d e  a  comple te  s i e v e  a n a l y s i s  o f  c o a l  s i z e s .  

S a f e t y  

The p rocedure  s h o u l d  be completed i n  a  w e l l - v e n t i l a t e d  a r e a  and a  d u s t  

mask worn by  t h e  a n a l y s t  i f  c o a l  d u s t  i s  p r e s e n t .  



DESIGNATING THE SIZE OF COAL FROM ITS SIEVE ANALYSIS 

(ASTM D 431) 

T h i s  procedure i s  a p p l i c a b l e  t o  coa l  samples w i t h  n a t u r a l  conti-nuous 

ranges of s i z e s  as produced by min ing,  hand1 i ng ,  c rush ing ,  screening,  e t c .  

ASTM D 410 i s  t o  be used i f  a  complete s i e v e  a n a l y s i s  i s  r e q u i r e d  t o  descr ibe  

coa l  s i z e s .  

Sa fe t y  

The procedure shou ld  be completed i n  a  w e l l - v e n t i l a t e d  area and a  dus t  

mask worn by t h e  a n a l v s t  if coa l  dus t  i s  present, 



INDEX OF DUSTINESS OF COAL AND COKE 

(ASTM D 547)  

The method i s  a p p l i c a b l e  t o  coa l  o r  coke samples as w r i t t e n .  

Safe ty  

The p rocedure  s h o u l d  be completed i n  a w e l l - v e n t i l a t e d  a rea  and a d u s t  

mask worn by  t h e  a n a l y s t  i f  c o a l  d u s t  i s  p resen t .  



THISPAGE 
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LEFT BLANK 



DISTILLATION LABORATORY PROCEDURES 

Engler Distillation (ASTM D 86) 50 

Distillation at Reduced Pressures (ASTM D 1160) 5 1 

SRC Liquid Product Work-Up Distillation (APCI Method No. 1161) 5 2 

Determination of Percent Distillate by Vacuum Distillation 6 2 

(Wilsonville Method No. 36025-9) 

Determination of Percent Distillate by Vacuum Distillation 6 5 

(Kerr-McGee Method No. ACL85-3) 

Vacuum Distillation of T-102 Bottoms to Determine Residual 67A 

Process Solvent (Tentative APCI Analytical Method 251) 



DISTILLATION OF PETROLEUM PRODUCTS 

(ASTM D 86) 

 his procedure (Encjler d i s t i l l a t i o n )  i s  applicable t o  a l l  SRC-1 liquids 

and blends as wri t ten.  The glass s t i l l  i s  charged with 100 ml of sample and  

contains one theoretical plate .  The sample i s  d i s t i l  1 ed a t  atmospheric pressure 

and the resu l t s  obtained are  n o t  comparable with those obtained from !.STY D 1160, 

a  vacuum d i s t i l l a t i o n .  

Safetj- 
"-, 

SRC liquids and related material should be treated as toxic materials.  

Gloves and a  lab coat should be worn to protect hands and clothin?. 
For s p e c i f i c  handling precautions for  SRC l iqu ids ,  see  t h e  appropriate 

I C R C  Katerial  Safety Data Sheets in  the front  o f  the m a n u a l .  

Dis t i l la t ions  m u s t  be completed in a  well-ventilated area and the analyst 

must avoid inhalation of chemical vapors. 

The d i s t i l l a t i o n  vessel reaches high temperatures and care must be taken 

t o  avoid contact. 



DISTILLATION OF PETROLEUM PRODUCTS AT REDUCED PRESSURES 

(ASTM D 1160) 

Some f u e l  p roduc t s  decompose when d i s t i  1  l e d  a t  a tmospher ic  p ressure .  

Th i s  d i s t i l l a t i o n  method determines t h e  d i s t i l l a t i o n  c h a r a c t e r i s t i c s  o f  such 

m a t e r i a l s .  

The procedure i s  a p p l i c a b l e  t o  a l l  S R C - 1  l i q u i d s  and b lends as w r i t t e n .  

Resu l t s  by t h i s  method a r e  n o t  comparable w i t h  those o f  o t h e r  ASTM procedures 

f o r  de te rm in i ng  b o i l i n g  ranges o f  f u e l  p roduc ts ,  such as ASTM Method 886; 

ASTM Method 0216: D i s t i l l a t i o n  o f  N a t u r a l  Gasol ine;  and ASTM Method D285: 

D i s t i l l a t i o n  o f  Crude Petroleum. 

Safety  

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  
b F o r  s p e c i  f i  c  h a n d l i n g  p r e c a u t i o n s  f o r  SRC l i q u i d s ,  see t h e  a p p r v " p r i . a ~ e  

I C R C  : 4 a t e r i a l  S a f e t y  Da ta  Sheets i n  t h e  f r o n t  o f  t h e  manual.  

D i s t i l l a t i o n s  must be completed i n  a  w e l l - v e n t i l a t e d  a rea  and t h e  a n a l y s t  

must a v o i d  i n h a l a t i o n  o f  chemical  vapors .  

The d i s t i l l a t i o n  vesse l  reaches h i g h  temperatures and care  must be taken  

t o  avo id  c o n t a c t .  



ANALYTICAL METHOD #I161 

SOLVENT REFINED COAL LIQUID PRODUCT WORK-UP DISTILLATION 

This d i s t i l l a t i o n  system is  used t o  f r a c t i ona t e  the  t o t a l  e f f l u e n t  generated 
by t h e  solvent  re f ined  coal process. Selected f ract ions  a r e  col lec ted , t o  
determine y i e l d  and a re  ava i l ab le  f o r  charac te r iza t ion  s tud ies .  

The f r ac t i ons  are  obtained by d i s t i l  l ing  a quan t i ty  o f  e f f l u e n t ,  usclsl l y  300 
grams t o  2000 grams, through a f i f t e e n  $heoretical  plateoeolumn. The -eon- 
ventional  type petroleum f r ac t i ons ,  420 F,  550 F and 650 F a r e  rernoved.at a  
10:; rcf lux 6 a t i 0  using normal d i s t i l l a t i o n  condit ions.  The so'lvcnt f r a c t i o n ,  
650 F - 1000 F is  removed using t o t a l  l i qu id  takeoff  and increasing the 
temperatures of the  column and head corresponding t o  the  temperature r i s e  of 
the  pot. Reduced pressure i s  used t o  prevent degredation of t he  ~ecove red  
producis. An absolute pressure of 100 mm Hg i s  maintained t o  550 F, 50 mm Hg ' 

t o  650 F and lowest poss ible  pressure t o  1000 F,  which is usually below 1 mm Ha. 
All f rac t ion  temperature: a re  measured a t  the head above t he  column except f o r  
the  f i n a l  f r a c t i on  (1000 F ) ,  w h ~ r e  the  temperature i n  t h e  f l a sk  a t  the  lowest 
pressure is converted t o  a 1000 F atmospheric equ iva len t . .  The sirnulatead dis-  
t i l l a t i o n  technique including ASTM D86 or  Dl160 cor re la t ion  is used t o  deter-  
mine the  temperature p ro f i l e s  on a l l  the f r a c t i ons .  

\ 

APPARATUS : 

A .  Column 

The column (Figure 1) i s  constructed from a sect ion of standard Pyrex 
g l a s s  tubing 25th ID x 8" long. The middle 6" i s  packed w i t h  Reliance 
Glass Works He1 i-Pak Packing, s i z e  .050 x 0.100 x 0.100 inches (ss). 
Catalog No. 3013. 

A 45/50 standard t ape r  male j o i n t  i s  joined t o  the bottom of t h e  column 
for attachment sf the put .  The head as$errtbly is j o i r ~ e d  t o  t l ~ e  top of 
the  column. The column a l s o  incorporates a thermowell which en te r s  a t  
t h e  top of the  packed sect ion and extends t o  the cen te r  of the packing, 
c l  o s  t o  t he  wal l .  

The t o t a l  length (8") of t he  column i s , l agged .wi th  No. 22 nichrome 
Insula ted heating w i r e  spaced a t  1/4" i n t e rva l s  and t he  power t o  t h i s  
heating wire i s  control led  by a 10 amp Variac. The column i s  then 
insula ted t o  prcvcnt heat  loss .  



APPARATUS (Contd.) 

ANP,LYTICAL METHOD #I161 

B.  Flask 

The pot i s  a 500 ml o r  2000 ml round bottom f lask  with a 45/50 standzrd 
t ape r  f e m l e  j o in t  and a themowell .  Controlled heating i s  a ~ p l  ied t o  
the 500 ml o r  2000 ml f l a sk  by using the  appropr ia te  Glascol heating 
mantle. 

C .  Head 

The head (Figure 2) i s  a typical  t o t a l  condenser a s s e ~ b l y  w i t h  f a c i l i t y  
f o r  measuring vapor temperatures and control i ing ref lux r a t i o s .  I t  was 
constructed a t  Air Products Glass Shcp a t  Linwwod, Pa. The vzpor path 
i s  lagged w i t h  No. 22 nichrome insula ted heating wire spaced 1/4" and 
controlled by a 10 amp Variac. 

D. Receiver 

The receiver (Figure 3) i s  a length o f  Pyrex tubing ca l ib rz ted  i n  10 ml 
increments t o  400 ml . I t  is constructed fo r  draining through a su i t ab le  
stopcock and has provisions f o r  a t taching i t  t o  the  hezd and t o  a vacuum 
system. Stopcocks are  provided f o r  r a i s i ng  the pressure t o  atnospneric 
pressure f o r  draining and reevacuating t o  run pressure.  I t  was constructed 
a t  Air Products Glass Shop a t  Linwood Pa. 

1. Vacuum Pump -- Sargent-Welsh'Scientific Co.-Model 1409 

2. Magnetic S t i r r e r  -- Coming Glass Works-Hot-Plate-Stirrer- PC351 

3. Closed-end Hg Manometer 0-200mm -- Air Products-Linwood Pa. 
Drawing No. RS-349, Rev. 1 

4 .  Gilmont manometer -- Lcw pressure-Mercury t i 1  t-(0-5mm) 
A r t h u r  H. Thomas 

5. Nitrogen bleed valve -- any f i n e  needle valve-Hoke 1nc.-1/4" needle. 

6. Nitrooen rotometer -- Low volume tube insert-Brooks lnstrurnent 

7 .  Nitrogen regula tor  -- Low pressure (10 Ib . )  Air Products-Model 2200 
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APPARATUS (Contd.) 

E.  Auxill fary Equipment ( ~ o n t d . )  

8 .  DIgimi t e  -- Temperature readout-) needed-Thel;mo ~1 ec t r i c  Co. 
Iron constantan, thenocouples rated a t  -300 F-+1650°~ 

9. Parr Instrument -- Pressure reactor fi l ter-Catalog No. 4551 
Parr Instrument Co. 

A .  Operatlon (Figure 4 )  - R e v f e w  safe ty  ~ r e ~ a r a t l o n s  

1. After me1 t'ing and thoroughly m i x i n g ,  to insure sample tiomogenity, weigh 
up  t o  2,000 grams of sample into t h e  appropriate tared 500 ml or 
2,000 ml flask in to  which a s t i r r i n g  bar has been placed. 

2. Activate magnetic s t i r r e r  a t  a sensible speed. 

3 .  P u t  water in to  head condenser and ice down dry ice t rap.  
, . 

4 .  Sta r t  vacuum pump and reduce presrur~ t o  100 h n  by wa.y of the . 
nitrogen bleed system. 

5,. Apply heat t o  the flask through the heatins m n t l e  ( ~ o t e  1) .  Adjust 
the hest t n  reg~i la te  the reflux return t o  the colurrm to  165-180 drops  
per minute. 

. , 

6. ' ~ o s i t i o n  product take-off stopcock so tha t  1 drop i s  coliected 25 
product while 10 drops are returned t o  the column. (10:l R.R.) 

7. Maintain th i s  conditiono(lO: 1 ref1 ux-ratio a t  100 mn pressure) untll 
head vapor r i s e s  t o  420 F equivalent at t h i s  pressum (Note 2 )  

8. Close produc t  take-off stopcock and  d r a l n  aceumulafed pr.rscllict 3 f i t O  
.tared bottle and weigh. (Note 3 )  

9. @en stopcock wide and cont.inue the  d i s t i l l a t i o n  using total  take-off 
until an atmospheric equi valent head vapor temperature of 5 0 0 ~ ~  i s  
reached. 

10. Return t o  the 10:l reflux r a t i o  mode and make the cut point a t  a 5 5 0 ' ~  
atmospheric equival ent  . 

11. A t  the 550'~ cut  point,  put s t i l l  on total-ref lux,  i sb la t e  the receiver, 
co l lec t  and weigh t h i s  cut as before. 

12. I f  a 550'~ t o  650'~ fraction i s  desired, repeat steps 9 t o  11 using 
a pressure of 50 m i  Hg . (Note 4) 



4. P R O C E D U R E  (Contd.) 

A.  Operation (Fiqure 4 )  - Review Safety P r e ~ a r a t i o n s  (Contd.) 

13. Turn off the  heat t o  f lask  and cool the  pot t o  250'~.  An  external 
a i r  j e t  may be used a f t e r  i n i t i a l  cooling of f l a sk .  

14. Close nitrogen bleed'and pump s t i l l  t o  lowest possible pressure 
(usually below 1 mn). 

15. Adjust the heat  t o  control drops from head condenser as before, 
using a drop r a t e  a t  65-80 drops/minute. Open the  stopcock t o  the  
t o t a l  take-off mode. Maintain 65-80 drops/minute t o  the  pmduct 
receiver. . A s  the pot temperature r i s e s ,  apply heat  t o  both the 
column and the  head maintaining t he  s a w  temperature. as pot. 

16,. When pot temperature r i s e s  t o  an atmospheric equivalent of 1 0 0 0 ' ~  
and column and head temperatures a r e  a t  the  same temperatwe,  5 l o ° F ,  
hold t h i s  condit ion un t i l  product s tops  coming over (approx. 10-15 
minutes). This i s  t h e  f i na l  cu t  point .  I f  the pressure begins 
t o  r i s e  as  indicated on the  low pressure manometer, before th i s  
condition i s  reached, , i t  i s  a sign of decomposition and the run should 
be t e n i n a t e d  i m g i a t e l y .  This cu t  point i s  considered acceptabie 
even i f  only a 900 F equivalent  head temperature i s  reached, b ~ c a u s e  
t h i s  should remove e s sen t i a l l y  a l l  t h e  soivent .  The actuzl  boiling 
range of the  solvent  i s  determined by simulated d i s t i l l a t i o n .  

1.7.. As soon as the  heat i s  removed from the  f l a s k ,  r a i s e  the  preszure t o  
atmospheric w i t h  the  ni trosen bleed. Now imnediately t ap  the pot. f r e e  
from the column. 

. . 

8 Allow the f lask  t o  cool under a nitrogen blanket  and weigh. 

19. To remove.con.tents from f l a s k ,  c h i l l  i t  w i t h  l iqu id  nitrogen and gently 
t ap  i t  t o  break and dislodge the  so l i d  mass f o r  t r a n s f e r  t o  a su i t ab l e  
container.  

20. Clean the column by refluxing 200 in1 o f  pyridine.  Repeat.usfng a 
charge of acetone and blnw dry. 

21. A l l  products should be s to red  a t  4 ' ~  under nitrogen blanket. 

8. Operational Notes 

1. Flooding caused by too much heat m y  be quickly stopped by ra is ing 
the pressure on the system through the nitrogen bleed valve. 

2. Solids may bui ld  u p  i n  t h e  head b u t  may be prevented by only in te r -  
mi t t en t ly  s ~ p p l y l n q  ;ate!- t~ t h e  head condenser. Hold the condenser 
a t  approximtely  150 F. Heat lamps wi l l  be needed t o  keep remainder 
of the product system f l u i d .  
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APPARATUS (Contd. ) 

B. Operational Notes (Contd.)  

3 .  A11 d r a i n i n g s  f r o m  t h e  r e c e i v e r  under vacuum must inc lude  i s o l a t i n g  
r e c e i v e r  from t h e  r e s t  of t h e  system then  r a i s i n g  p re s su re  t o  
atmospheric  w i t h  s e p a r a t e  n i t rogen  s o u r c e ,  d ra in ing ,  then reevacuat ing 
t o  run p re s su re  be fo re  r e in t roduc ing  t o  t h e  system. 

4 .  The tempera ture  o f  c u t  p o i n t s  of f r g c t i o n s  o f t t i m e s  dev ia t e  from the  
s t anda rd  g u t  p o l n t s  (lnt.420-550-850 F ) .  This wri teup impl ies  t h a t  
up t o  650 F a  1 0 : l  reflux r a t i o  i s  w m l l y  bsed w a t h  a prgssure  of 
5 U  rn Hg and t o t a l  t ake -of f  I s  .used frunl 650 F-850 F (1000 F equ iva l en t )  
a t  t h e  lowes t  p o s s i b l e  pressure .  

C .  Pos't D i s t i l l a t i o n  Work-Up - Review Sa fe ty  Pr;ecautions 

1. Bottoms Work-Up 

a .  Af t e r  t h e  bottoms have been removed from t h e  f l a s k ,  g r ind  t h e  
t o t a l  bottoms by f i r s t  breaking up t h e  bulk using a  p l a s t i c  bag 
cori ta ining t h e  sample and a  ma l l e t .  Fur ther  g r ind ing  may be 
necessary  wi th  a  motar and p e s t l e .  Th i s  gr inding  should be 
performed i n  a  hood and use o f  a  d u s t  mask i s  advised .  

.. . 

b. Mix t t ~ o r o u g h l y  and remove a p p r n x i m t e l y  90 grams. Weigh i n t o  
t h e  f i l t e r  appara tus  approximately 90 grams of  s a r r ~ l e  and ad! 
1200 ml py r id ine .  Hold t h e  temperature on t h e  f i l t e r  a t  1.15 C 
f o r  one hour shaking f r e q u e n t l y  before  posi t , ion. iny t h e . a  a r a t u s  
i n  t h e  f i l t e r  mode, A l l w  filtering t o  cont inue a t  2-3 !I 
pre5sure  u n t j 1  I l q u l d  Pecovery ceases. Now add 400 ml  o f  to lucnc  
t o  the  f i l t e r  f o r  t h e  purpose o f  removing t h e  r e s i d u a l  py r id ine .  

c. Remove t h e  d i l t e r  cake from t h e  f i l t e r ,  weigh and d ry  i n  a  vacuum 
oven a t  100 C f o r  f o u r  hours .  Remove from oven and weigh t h e  
dr4ied cake. Th i s  weight is  t h e  amount of i n s o l u b l r s  and  is  
reported a s  weight percent  o f  t h e  charge t o  t h e  s t i l l .  

2.  Pyr id ine  D i s t i l  l a t i o n  t o  Recover SRC 

a. Charge a l l  o f  t h e  pyrldine p l u s  SRC recoverbed .from the f i l t e r  
back i n t o  t h e  s t i l l .  

b. Run a t  t o t a l  t ake-of f  cond i t i ons  as descr ibed  e a r l i e r .  

c .  Use atmospheric  p re s su re  t o  a p o t  tempera ture  of 400 '~ .  Cool 
s t i l l  , reduce p re s su re  t o  150 nun and cont inue  removing product.  

d .  During t h e  150 m pres su re  s t a g e  of t h e  d i s t i l l a t i o n ,  maintain 
t h e  column and head temperatures  t h e  same a s  t h e  pot .  

e. Bring a l l  t h r e e  temperatures  t o  400-425'~ and hold t h i s  condi t ion  
u n t i l  a l l  s i g n s  of  b o i l i n g  i n  t h e  f l a s k  s t o p s .  

56 



ANALYTICAL METHOD ill61 

3. AFPARATUS (Contd.) 

Post  D i s t i l  l a t i o n  Work-Up - Review Sa fe ty  ~ r e c a u t i a n s  (Contd . )  

f .  Remove f l a s k  and recover  s o l i d s  a s  desc r ibed  e a r l i e r  (Steps 
F-16 t o  F-20). This  weight of s o l i d s  r e p r e s e n t s  the  amount of 
SRC i n  t h e  charge and may be then c a l c u l a t e d  a s  a weight percent .  

g.  Pyridine pl us to1  uene recovered should be discarded .  

D.  S a f e t y  Precaut ions 

1. Solvent r e f ined  coal products a r e  harmful t o  t he  s k i n ,  o r  i f  inha led  
o r  s w a l l w e d  causes b u m s  of eyes  and sk in  and may cause cancer.  

2.  Avoid a l l  body c o n t a c t .  Wash thoroughly w i t h  soap and water .  Do 
not  use s o l v e n t s  t o  wash a f f e c t e d  a r e a s .  Solvents  encourage penetra-  - 
t i o n  i n t o  t h e  sk in .  

3 .  Use r e s p i r a t o r  (hydrocarbon) and p r o t e c t i v e  c l o t h i n g  when c l  eaning 
s p i l l s .  

4 .  Shower and change c l o t h i n g  a t  end o f  t he  .day.  
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Dete rm ina t i on  o f  Percent  D i s t i l l a t e  by Vacuum D i s t i l l a t i o n  
( W i l s o n v i l l e  Procedure No. 36025-9) 

SCOPE: T h i s  method determines t h a t  f r a c t i o n  o f  t h e  sample de f ined  as 
s o l v e n t .  So l ven t  r e f e r s  t o  t he  hydrocarbon p o r t i o n  t h a t  can be 
d i s t i  1  l e d  up t o  a  c o r r e c t e d  temperature o f  925OF. 

PRINCIPLE: The SRC,  which i s  u s u a l l y  s o l i d ,  i s  broken and t hen  heated under 
l-mmHg pressure  t o  a  f i n a l  p o t  temperature o f  600°F. Under a these  c o n d i t i o n s ,  t h e  s o l v e n t  i n  t h e  sample w i l l  be d i s t i l l e d .  
For  deashing s o l v e n t  de te rmina t ion ,  t h e  r e c e i v e r  i s  immersed i n  
a  d r y  ice/methanol  ba th .  

PROCEDURE: A .  Sample i s  ground o r  broken; between 100 and 200 g  i s  added 
t o  a t a r e d  d i s t i l l i n g  f l a s k .  Sample we igh t  i s  recorded. 

B ;  D i s t i l l a t i o n  f laslc i s  a t tached  t o  an apparatus assembled as 
i 11 F ~ i y u t ~ e  1. 

C .  Vaeuum i s  a p p l i e d  ( 0 . 1  mm o r  bet ter . ) .  

D. Apparatus i s  f u l l y  i n s u l a t e d  w i t h  g l ass  wool and t h e  powersta ts  
a r e  t u r n e g  on. Temperature i s  r a i s e d  t o  t h e  f i n a l  temperature 
o f  600°F. 

E.  Powersta ts  a re  t u r n e d  o f f  and i n s u l a t i o n  i s  removed t o  
f a c i l i t a t e  c o o l i n g .  To a v o i d  e x p l o s i o ~ s ,  sample must be 
coo led  below 200°F b e f o r e  a i r  i s  admf t ted  t o  system. 

F. D i s t i l  l a t i o n  f l a s k  c o n t a i n i n g  n o n d i s t i l  l a b l e s  i s  removed 
f rom apparatus and weighed. Weight d i f f e r e n c e  f rom o r i g i n a l  
sample w e i g h t d i s  t a k e n - t o  be we igh t  o f  s o l v e n t  removed by 
d i s t i l l a t i o n .  

a ~ h i  s  procedure may be m o d i f i e d  r e a d i l y  t o  accommodate o t h e r  SRC process samples 
( s o l i d  o r  l i q u i d ) .  For  l i q u i d  samples ( i n c l u d i n g  va r i ous  l a b o r a t o r y  f i l t r a t e s ) ,  
t h e  vacuum may have t o  be r a i s e d  very  s l o w l y  t o  p reven t  t h e  lower  b o i l i n g  s o l v e n t  
f r a c t i o n s  from f l a s h i n g  over .  I n  some ins tances ,  an atmospher ic c u t  t o  600°F 
i s  necessary t o  p reven t  f l a s h i n g .  If, d u r i n g  any d i s t i l  l a t i o n ,  any p a r t  o f  t h e  
con ten t s  f l a s h e s  over ,  t h e  t e s t  must be re run .  

b ~ e f o r e  vacuum i s  a p p l i e d ,  a  s a f e t y  s h i e l d  should be i n  p o s i t i o n  t o  p r o t e c t  t h e  
a n a l y s t  f rom imp los i on  and exp los i on .  Do n o t  manipu la te  t h e  d i s t i l l a t i o n  
apparatus w h i l e  i t  i s  h o t  and evacuated--a l low i t  t o  coo l .  

C Temperature may be mon i to red  manual ly  u s i n g  a  thermometer (no mercury i n  
the rmowe l l )  o r  by us i ng  a  temperature c o n t r o l l e r  i n c l u d i n g  a  thermocouple 
i n  c o n j u n c t i o n  w i t h  t h e  h e a t i n g  mant les .  

d ~ e p e n d i  ng on t h e  t ime  ava i  lab l e  f o r  ana l y s i  s  and t h e  degree o f  accuracy 
r e q u i r e d ;  the  pe rcen t  s o l v e n t  can be v e r i f i e d  by  us i ng  c l ean  glassware and 
we igh ing  each p i e c e  (C la i sen  head, adap te r ,  r e c e i v e r ,  t ub i ng ,  and c o l d  t r a p )  
b e f o r e  d i s t i l l a t i o n .  A f t e r  d i s t i l l a t i o n ,  rewe igh ing  o f  a l l  apparatus should  
y i e l d  an a d d i t i o n a l  we igh t  equal t o  t h e  l o s s  o f  we igh t  f rom t h e  sample. Use of 
p rope r  techniques should  y i e l d  balances w i t h i n  0 .5  g. 



EQUIPMENT: Apparatus is illustrated in Figure 1. 

CALCULATION: % solvent = (sample wt - solvent-free residue wt) x 100 
sarnpl e wt 



Figure 1 
A~paratus for Vacuum Distillation 

(Wilsonville Procedure No. 36025-9) 
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Dete rm ina t i on  o f  D i s t i l l a b l e s  by Vacuum D i s t i l l a t i o n  
(Kerr-McGee Procedure No. ACL85-3) 

INTRODUCTION: Th i s  method i s  used t o  determine t h e  percen tage  o f  d i s t i l l a b l e  
o r g a n i c  m a t t e r  i n  a  c o a l - d e r i v e d  feed  o r  p roduc t .  The sample i s  
d i s t i l l e d  a t  a  p ressu re  o f  about  0.1 mmHg and a  d i s t i l l a t i o n  p o t  
temperature o f  600°F. 

SAFETY: I n  t h i s  procedure,  t h e  apparatus must be evacuated t o  1  mmHg. 
Care must be taken  t o  p r e v e n t  i n j u r y  f rom imp los i on .  

EQUIPMENT: D i s t i l l a t i o n  f l a s k  w i t h  thermowel l  
Co 1  umn 
Condenser 
Produc t  r e c e i v e r  
Hea t i ng  mant le  
Thermometers f o r  measur ing vapor and p o t  tempera tu re  
McLeod gauge f o r  p ressu re  measurement 
Heat tape  
Rheostats  f o r  c o n t r o l l i n g  temperature 
S i l i c o n e  grease 

METHOD: A. P lace  a  sma l l  p l u g  o f  g l a s s  wool i n  t h e  d i s t i l l a t i o n  f l a s k  
thermowel l  and i n s e r t  t h e  thermometer. 

0 .  Tare t h e  d i s t i l l a t i o n  f l a s k ,  column, condenser,  and p roduc t  
r e c e i v e r s .  

C.  Measure about  100 g, weighed t o  t h e  nea res t  0.01 g,  i n t o  
t h e  d i s t i l l a t i o n  f l a s k .  

D. L u b r i c a t e  t h e  s p h e r i c a l  j o i n t s  o f  t h e  d i s t i l l a t i o n  appa- 
r a t u s  w i t h  a  high- ' temperature s i l i c o n e  grease and connect  
t h e  j o i n t s  o f  t h e  apparatus.  Clamp t h e  j o i n t s  by means o f  
a d j u s t a b l e  s p r i n g  clamps. 

E. Wrap t h e  neck o f  t h e  d i s t i l l a t i o n  f l a s k  and t h e  column w i t h  
hea t  tape  and i n s u l a t e  w i t h  f i b e r g l a s s  wool .  

F. S t a r t  t h e  vacuum pump and evacuate t h e  apparatus t o  about  
0 .1  mmHg t o  degas t h e  sample and t hen  i nc rease  t h e  p ressu re  
t o  about  5 mm t o  s t a r t  t h e  d i s t i l l a t i o n .  

G. Turn on t h e  hea te r  and h e a t  t r a c i n g  and s e t  t h e  r h e o s t a t s  
a t  about  60%. Th i s  w i l l  g i v e  a  tempera tu re  i nc rease  o f  
about  S°C/mi n. 

H. A f t e r  t h e  sample s t a r t s  t o  m e l t ,  t h e  d i s t i l l a t i o n  f l a s k  
temperature w i l l  i n c rease  r a p i d l y .  Evacuate t h e  apparatus 
t o  0 .1  inmHg a f t e r  t h e  sample i s  me l ted .  



REPORTING 

I .  Adjust the heat tracing so that the vapor temperature .in 
the head is from 10 to 20°C less than the temperature in 
the distil lation flask. 

J. During distillation, it may be necessary to use heat lamps 
and steam in the condenser jacket to keep the distillate 
fluid enough to flow into the receiver. 

K. Continue distillation until the distillation flask has 
reached 6 0 0 ~ ~  at a pressure of 0.1 mmHg. 

L. Continue distillation at settings of (11) for 1 hr. 

M. ATter the end point has been reached, cool and disassemble 
the apparatus. Weigh and record the w e i g h t s  o t  7 . h ~  distil- 
laL ~ U I I  fl dsk,  zol unrii, condenser, and receiver. 

Report the percent of distillable (sample basis) in the column, 
condenser, and receiver. Also report the total percent dis- 
tilled (sample basis),. which is the sum of the three percentages 
previously reported. 
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Paqe 1 o f  22 ~~r F. T r o x e l l  
W.  W.  Stawasz 
W.  F. T iedge 

VACUUM DISTILLATION OF T-102 BOTTOMS 
.TO DETERMINE RESIDUAL PROCESS SOLVENT 

I. SCOPE 

S o l v e n t  R e f i n e d  Coal ( S R C )  may c o n t a i n  r e s i d u a l  amounts o f  p rocess  
s o l v e n t ,  wh ich  i s  d e f i n e d  as m a t e r i a l  hav ing  a  b o i l i n g  p o i n t  o f  l e s s  
than  1000°F a t  a tmospher ic  p ressu re .  T h i s  d i s t i l l a t i o n  p rocedure  i s  
used t o  de te rm ine  t h e  amount of r e s i d u a l  p rocess  s o l v e n t  i n  a  T-102 
Bottoms m a t e r i a l .  Process s o l v e n t  l e v e l s  up t o  15% can be p r e s e n t .  

H i g h e r  l e v e l s  o f  s o l v e n t  may a l s o  be de,termined u s i n g  t h i s  procedure ;  
however, m o d i f i c a t i o n s  o f  t h e  method may be necessary .  

11. PRINCIPLE 

The T-102 Bottoms i s  p l a c e d  i n  a  s p e c i a l l y  c o n s t r u c t e d  f r a c t i o n a t i o n  
appara tus  ( see  F i g u r e  l ) ,  and t h e  process s o l v e n t  i s  d i s t i l l e d  under  
low vacuum (0 .1  - 1 mm Hg). The process s o l v e n t  i s  t a k e n  overhead 
u n t i l  a  p o t  t empera tu re  of 6003F ( a t  <1  mm Hg p r e s s u r e )  i s  a t t a i n e d .  
T h i s  tempera tu re  i s  d e f i n e d  as t h e  e n d - p o i n t  e q u i v a l e n t  t o  an atmos- 
p h e r i c  b o i l i n g  p o i n t  o f  1000°F. The m a t e r i a l  t a k e n  overhead i s  
a c c u r a t e l y  weighed and c a l c u l a t e d  as a  f r a c t i o n  o f  t h e  s t i l l  charge.  
M a t e r i a l  rema in ing  i n  t h e  s t i l l  p o t  i s  weighed t o  o b t a i n  a  mass 
ba lance ,  wh ich  s h o u l d  be g r e a t e r  t h a n  952.  

111. APPARATUS 

A. D i s t i l l a t i o n  column, g l a s s ,  JBS 10 ( J .  ~ l o m ~ u i s t  Co., 680 B e t h e l  
Church Road, .Nor th  Eas t ,  MD 21901).  

B. D i s t i l l a t i o n  Head, g l a s s ,  JDS 100 ( J .  B lomqu is t  Co., COO B e t h e l  
Church Road, N o r t h  East ,  MD 21901).  

C. Rece ive r ,  g l a s s ,  25 m l ,  w i t h  18/9 female j o i n t  ( J .  B lomqu is t  Co., 
680 B e t h e l  Church Road, N o r t h  East ,  MD 21901).  

D. F lask ,  200 m l ,  round bot tom,  g l a s s ,  w i t h  24/40 s t a n d a r d  t a p e r  
j o i n t  and the rmowe l l .  

E. Vacuum pump, Duo-Seal-Model No. 1400 (Welch S c i e n t i f i c  Co., 7300 
N. L i n d e r  Ave., Chicago,  I L )  o r  e q u i v a l e n t .  

F. G i lmon t  Sw ive l  (FlcLeod) mercury ,  vacuum gage ( C a t a l o g  No. 5654- 
010, 0-5 mm), ( A r t h u r  H. Thomas Co., V ine and T h i r d  S t r e e t s ,  
P h i l a d e l p h i a ,  PA, m o d i f i e d  by J .  Blomqu is t  Co., 680 B e t h e l  Church 
Road, ~ o r t h  East ,  MD 21901). 
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VACUUM DISTILLATION OF T-102 BOTTOMS 
TO DETERNIKE RESIDUAL PROCESS SOLVENT 

APPARATUS ( co r i t  i nued) 

G. Magnet ic  s t i r r e r  and t h r e e - e i g h t s  i n c h ,  g l a s s ,  magnet ic sp inbar .  

H. ~ h r e e  D i g i m i t e  o r  e q u i v a l e n t  temperature  i n d i c a t o r s  w i t h  
i ron-cons tan tan  , Type J ,  24AWG thermocouples.  

I. H e a t i n g  mant le ,  f o r  200 m l  round bot tom f l a s k .  

J. Nichrame w i r e ,  t 2 2 A W G ,  a ~ h e s t o s  covered, (Molecu le  Wire Co., 
Farmingdale ,  NJ).  

K,  V a r i a c  transformer, 5 amps, 120 v o l t .  

. F l b ~ r g l a s  c l o t h ,  1 .5  I n c h  wide. 

M. Heat lamp o r  hea t  gun (500 w a t t s ) .  

N. ~ l u m i n u m  f o i l .  

0. S t a i n l e s s  s t e e l  pack ing,  0.50 x 0.100 x 0.100 inghes Hel i -Pak 
Ca ta log  No. 2917 and 0.92 x 0.175 x 0.175 inches Hel i -Pak Cata log 
No. 2918, (Re l iance  Glass Co., P. 0. Box 825, B e n s o n v i l l e ,  I L  
60106). 

P.  S t a i n l e s s  s t e e l  sponge, ( S c h n i t z e r  A1 l o y  Products Co., 
325. P ine S t r e e t ,  E l i z a b e t h ,  NJ). 

R .  Ba lance,  M e t t l e r ,  t o p  l o a d i n g ,  wit.h accl1rac.y o f  0.01 grarils or 
e q u i v a l e n t .  

5. Balance, M e t t i e r ,  a n a l y t i c a l ,  w i t h  accuracy o f  0.001 grems o r  
e q u i v a l e n t .  

T. S ~ l i c o n e  qrease, h i q h  vacuum, UQW Corning. 

I V .  REAGENTS 

A. Acetone, h i s t o l o g i c a l  grade ( F i s c h e r  S c i ~ n t i f i c ,  C a t . a l o g  Noi 
AA-16-P, K ing  o f  P russ ia ,  PA) o r  e q u i v a l e n t .  

B. Methylene c h l o r i d e ,  HPLC grade ( F i s c h e r  S c i e n t i f i c ,  Cata log No. 
D143, K ing  o f  P r u s s i a ,  PA) o r  e q u i v a l e n t .  

C .  P y r i d i n e ,  t e c h n i c a l  grade ( F i s c h e r  S c i e n t i f i c ,  Cata log No. AP-369, 
K i n g  o f  P r u s s i a ,  PA) o r  e q u i v a l e n t .  

D. Mercury,  h i g h  p u r i t y  ACS reagent  grade (Process Chemicals, I n c . ,  
89 L i n c o l n  Ave., F a i r l a w n ,  NJ 07410). 
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V A C U U M  DISTILLATION O F  T-102 BOTTOMS 
TO DETERMIP!E R E S I D U A L  PROCESS SOLVENT 

V .  P R O C E D U R E  

A.  The column ( see  Figure 2 )  i s  prepared f o r  d i s t i l l a t i o n  by adding 
approximately one-quarter inch of s t a i n l e s s  s t ee l  sponge ( tu rn -  
ings)  t o  the i n s i d e ,  u n t i l  the  g lass  indentat ions a re  reached. A 
,metal o r  g las s  rod can be used t o  pack the  turnings.  A small 
amount of the la rge  s t a i n l e s s  s t ee l  packing (Catalog No. 2918) i s  
inse r t ed ,  followed by approximately three  inches of the  smaller 
s t a i n l e s s  s t ee l  packing (Catalog No. 2917 ) .  The l a rge r  packing 
and addit ional  turnings a re  again placed as a  top layer .  

An iron-constantan thermocouple wire i s  fused with an oxygen torch 
a n d  inser ted  in to  the  thermowell b u i l t  i n t o  the  center  of the 
packed area .  

The column i s  then wrapped with an asbestos covered nichrome 
heating wire (approximately 11 turns  per inch) having a  male 
e l e c t r i c a l  c l i p  a t  the two ends. The male c l i p s  are  connected t o  
two female c l i p s  of a n  e l e c t r i c a l  p l u g  leading from the Variac 
transformer. 

The temperature indica t ing  a n d  heating wi re.s a re  f i  rial ly covered 
with 1.5 inch wide f ibe rg las  c lo th .  

B .  The d i s t i l l a t i o n  head was designed t o  el iminate as many j o i n t s  a s  
possible ( see  Figure 3 ) .  A thermowell was b u i l t  i n to  the vapor 
stream f o r  placing an iron-constantan wire connected t o  a second 
temperature indica tor .  The g lass  area below the condenser i s  
wired in the same manner as  the column t o  provide heating a n d  
addit ional  temperature cont ro l .  Fibergl as cloth a1 so covers these 
wires. 

C. Weigh the  empty 25 m l  g l a s s  rece iver  ( see  Figure 4 )  t o  the nearest  
milligram on the  Mett ler  analy t ica l  balance, record the weight on 
the d i s t i l l a t i o n  record form ( see  Appendix I ,  page 1 2 ) .  Attach 
the  rece iver  t o  the  s t i l l  using a  very small amount of high vacuum 
s i l i c o n  grease on the bal l  j o i n t s .  

D .  The T-102 Bottoms are  sol id a t  room temperature. If  not preground 
when received, a  sample can be broken u p  by freezing in a  con- 
t a i n e r  with l iquid  N, and h i t t i n g  with a  spatula o r  placing in a  
polyethylene bag (do not use p las t i c i zed  v iny l )  and snlashed with 
a  mallet  in to  pieces approximately 2 cm in s i z e  o r  l e s s .  Dust 
p a r t i c l e s  should be removed by screening through a 10 mesh screen. 
S tore  any unused material in a  g lass  j a r  and blanket with nitrogen 
gas. 

E.  Inse r t  the g lass  magnetic s t i r r i n g  bar in to  the 200 ml f l a s k  and 
weigh t o  the  nearest  10 milligrams on the  Mettler top lozding 
balance a n d  record the weight on the d i s t i l l a t i o n  record form. 
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V A C U U M  D I S T I L L A T I O N  O F  1-102 BOTTOMS 
TO D E T E R M I N E  RESIDUAL PROCESS SOLVENT 

V .  P R O C E D U R E  (continued) 

F .  Weigh 100 grams ( t o  the nearest  10 milligrams) of the  crushed 
T-102 Bottoms i n t o  the  f l a s k  and again record the  t o t a l  weight. 

G .  Connect the  f l a s k  t o  the d i s t i l l a t i o n  column using a small amount 
of s i l i c o n  grease t o  the  tapered jo in t s .  Cover the  top of the 
f l a s k  with f i b e r g l a s  pipe insu la t ion .  Raise heating mantle t o  pot 
and insu la te  rcmaindcr of f l a sk  with pipe insu la t ion .  Also covcr 
column a n d  head with several layers  of pipe insu la t ion .  

H. C'ir-culale culd t d p  water . in  the head condenser. We i y t ~  and recwrd 
the  mass of the  condensate t r a p  and connect t o  s t i l l  (do not add 

' l i q u i d  N, t o  Dewai- f l a s k  un t i l  d i s t i l l a t i o n  un i t  i s  evacuated). 
Connect column and head wiring t o  individual Variacs. 

I .  F i l l  manometer with mercury u p  t o  the  marked l i n e  (see  addit ional  
d e t a i l s  on McLeod swivel gage in appendix - page 12) .  The b u l b  
containing the  mercury has been enlarged,  therefore  disregard 
f i l l i n g  volume recommended by the manufacturer. 

J .  Connect manometer, vacuum and N, bleed l i n e s .  The N, bleed i s  
used only a t  the  end of the run t o  stop the  d i s t i l l a t i o n .  

K. S t a r t  vacuum pump and reduce pressure t o  l e s s  t h a n  1 mm Hg. W i t h  
t i g h t  g las s  connections i n i t i a l  pressures of 20 t o  50 microns can 
be obtained. To rcad the pressure on the Gilmont swivel gaae see 
d i rec t ions  in Appendix 11, page 14. F i l l  Dewar f l a sk  with l iquid  
PI, . 

L .  Record the t.llnt?, te!i iperqa l u r e ,  prebsur-es arid Var . lac  set t lr~gs u n  t i l e  
d i s t i l l a t i o n  record form. 

M .  Set  Variac a t  100 vo l t s  t o  t h e , f l a s k  through the  mantlg. S t a r t  
heat on column (10-12 v o l t s )  and head (.12-14 v o l t s )  a t  the same 
time. Record t i m e . ,  temperatures, pressure a n d  V a r i e c  3 e t t i n g s  a t  
each change o r  a t  5 minute in te rva l s .  As s o l i d  SRC melts i t  wi l l  
s t a r t  t o  degas and pressure wi l l  increase t o  about 600 microns and 
decrease aqain t o  a h o ~ ~ t  200 microns when completely melt.er l .  

N. T u r n  magnetic s t i r r e r  on when the  sample has l i q u i f i e d  ( a t  
approximately 450°F pot temperature).  

0. When vapors approach head ( a s  noted by increased head temperature) 
p u t  heat lamp on take-off 1 ine (backed by aluminum f o i l  t o  
d i s t r i b u t e  heat evenly) .  Set mantle Variac a t  80-90 vo l t s .  
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T O  D E T E R M I N E  R E S I D U A L  PROCESS SOLVENT 

V .  P R O C E D U R E  (continued) 

P.  Continue t o  decrease voltage on the mantle t o  approximately 
6 5  vo l t s  t i l l  vapors a re  noted in receiver .  I t  takes about 
30 minutes t o  reach t h i s  s t age .  When overhead flows in to  the 
rece iver  turn off condenser water f o r  remainder of d i s t i l l a t i o n  t o  
prevent so l ids  from building u p  on condenser walls .  Increase the 
voltage on the head a n d  column t o  maintain temperature within 10°F 
of s t i l l  pot (14-16 v o l t s ) .  

Q. Bring the three temperatures u p  slowly un t i l  the  pot temperature 
reaches approximately 598°F. Pressure wi 1 1  usually increase from 
200 microns a t  melting s tage  t o  700 microns a t  completion. Shut 
heating yant le  off  a n d  reduce column and head voltage in h a l f .  
Allow pot temperature t o  creep u p  t o  600GF and mainta in . for  only 
one minute. The d i s t i l l a t i o n  i s  stopped quickly by closing vacuum 
valve while opening N,  bleed i n l e t  valve a t  the same ti'me. 

R .  The t ime . fo r  completion of the d i s t i l l a t i o n  i s  approximately one 
hour. A.typica1 d i s t i l l a t i o n  record i s  shown in Appendix 111. 

S. Heat rece iver  1 ines with heat lamp t o  drain a l l  product in to  
receiver;  Drain column back t o  pot. Cool pot t o  below 200°F. 

T .  Remove pot receiver  and t r a p ,  wipe off  vacuum grease with lens 
paper and'reweigh on appropriate balances. Record weights on the 
dist i l la; . ion record form. Any material in t r a p  should be 
physical ly added t o  overhead and the mass to ta l ed .  

U .  Place f l a sk  i n  r ing stand and support f i rmly.  Use l iquid  N, t o  
f reeze  SLC so l id  in f l a s k .  When SRC becomes b r i t t l e  h i t  gently 
with a metal spatula t o  s h a t t e r .  Be careful not to  break 
therniowell or  bottom of f l a s k .  Pour broken pieces of SRC out of .- --- 
f r a sk .  

V.  Clean the f l a sk  column and head by i n i t i a l l y  boi l ing  toluene then 
methylene chloride through the  glassware. Dry with a h, sweep 
upon completion. A f i lm of SRC usually remains even a f t e r  solvent 
cleaning and requires wiping with s o f t  glassware brushes a n d  
laboratory cleaning c lo ths .  Care must be taken not t o  break 
thermoweils and o ther  glassware. Boiling pyridine through the 
s t i l l  i s  a  fi.nal s t ep  t h a t  can be taken i f  necessary t o  clean 
remajnlng residues.  
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V A C U U M  D I S T I L L A T I O N  O F  T-102 BOTTOtlS 
TO D E T E R M I N E  R E S I D U A L  PROCESS S O L V E N T  

V I  . C A L C U L A T I O N S  

A .  % Solvent = Total Overhead Wt. x 100 
Charge Wt. 

- Total Recovered Wt. x 100 B '  % Recovered S R C  - Charge W t .  

C .  % Loss = 100.00 - (7:  Recovered SRC) 

V I I .  PRECISION A N D  A C C U R A C Y  

A Precision 

With proper care a n d  s t r i c t  a t t en t ion  t o  d e t a i l s ,  duplicate 
r e su l t s  obtained f o r  solvent y ie lds  of 6 t o  77; on the T-102 
Bottoms should be within 1%. Losses a l so  should n o t  exceed 1.0%. 
These percentages may d i f f e r  with other products. 

B .  Accuracy 

Standards of accuracy fo r  process solvent i n  SRC are  not ava i l -  
ab l e ,  a n d  spiking s tudies  have not been performed. The A P C I  
Encapsulated GC-Simulated Dis t i l  Tation procedure has been u t i  1 ized 
t o  determine the e t t i c iency  o t  process solvent removal from the 
SRC, and wherher rnaterlal boqllng a t  >1000"F h a s  been tak€n 
overhead. Preliminary d a t a  indicates t ha t  l e ss  t h z n  5% of the 
material taken overhead has a boil ing point >lOOO°F, and only 
t race  l eve l s  of material boil ing a t  <lOOO°F remains in the SRC. 

VI I I .  OI.IAI_ TTY A S S I I R A N C E  

A. Pressure Measurements 

I n i t i a l  pressures should be below 1 mn Hg since pressure wil l  
increase as material i s  heated and vapors approach head. 
Pressures s h o ~ ~ l d  not r i s e  above  I,.? mm Hg in order t o  d i s t i l l  
solvent below 1000°F ( a t  atmospheric pressures) .  If  low pressures 
cannot be maintained regrease a l l  g lass  , joints  a n d  determine 
sources f o r  o ther  possible a i r  leaks. 

B. Temperature Measurements 

The temperature indicators should be cal ibra ted as per the ins t ru -  
ment manual. In a 1  1 cases a1 low instrument t o  warm u p  f o r  
30 minutes before ca l ib ra t ing .  The Digimite temperature indicator  
has a temperature range from -310°F t o  1600°F with a Type J 
iron-constantan thermocouple. By pushing the check button the 
temperature reading specif ied on the top label by the manufacturer 
should be read. If temperature i s  not obtained make adjustments 
as  specif ied by manufacturer. 
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VACUUM DISTILLATION OF T-102 BOTTOMS 
TO DETERFINE RESIDUAL PROCESS SOLVENT 

I X .  SAFETY 

A. Wear v i n y l  o r  r u b b e r  g l o v e s  and o t h e r  p r o t e c t i v e  c l o t h i n g  when 
h a n d l i n g  SRC m a t e r i a l s  and c l e a n i n g  s p i l l s .  A v o i d  a l l  s k i n  
c o n t a c t  w i t h  SRC p r o d u c t s ;  however, i f  c o n t a c t  i s  made, wash sk . in  
t h o r o u g h l y  w i t h  soap and w a t e r  o r  use w a t e r l e s s  hand c l e a n e r .  Do 
n o t  use s o l v e n t s  t o  wash a f f e c t e d  a reas  s i n c e  t h e y  enhance 
p e n e t r a t i o n  i n t o  t h e  s k i n .  

B.  F o r  a d d i t i o n a l  p r e c a u t i o n s  see a t t a c h e d  m a t e r i a l  s a f e t y  d a t a  
shee ts  i n  Appendix I V  A, B  and C .  

C .  The d i s t i l l a t i o n  u n i t  s h o u l d  be p l a c e d  i n  a  hood. A  l a b o r a t o r y  
s a f e t y  s h i e l d  s h o u l d  be p l a c e d  i n  f r o n t  o f  t h e  appara tus  t o  
p r e v e n t  i n j u r y  f r o m  p o s s i b l e  i m p l o s i o n s .  . , 

D. Wear s a f e t y  g l a s s e s  a t  a l l  t imes .  

X .  REFERENCES 

A. Vacuum D i s t i l l a t i o n  o f  SRC-1 Process Stream Samples (APCI 
A n a l y t i c a l  Method No. 1161).  

B.  D e t e r m i n a t i o n  o f  P e r c e n t  D i s t i l l a t e  by Vacuum D i s t i l l a t i o n  
( W i  l s o n v i l  l e  Procedure  KO. 36025-9) .  
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DATE 

VACUUM DISTILLATION 

L o t  o r  I .D.  No. 

C a l c u l a t i q n s  

A j  Lnarge 8 Tape w t .  U )  g o t t o m s  & ! a r e  W t .  
D i s t .  F l a s k  T a r e  K t .  D i s t .  F l a s k  T a r e  W t .  
Charge  W e i g h t  W t .  o f  B o t t o m s  

C )  W t .  o f  Rec. F l a s k  & 
O v e r h e a d  
Rec. F l z s k  T a r e  W:. 
O v e r h e a d  W t .  

D) K t .  c f  T r a p  
( a f t e r  D i s t i l l a t i o n )  
T r a c  T a r e  W t .  
D i s t i l l a t e  W t .  i n  T r a p  

E )  O v e r h e a d  W t .  + D i s t i l l a t e  W t . i n  T r a p  = T o t a l  Overhead  W t .  

K S o l v e n t  = T ~ t a l  O v e r h e ~ d  Y t .  
Charge N t .  x 100  

F )  K t . o f  So t ton is  + T o t a l  0 v e r . h e i d  K t .  -.~.-.,-. - . = T o t a l  Recovered  W t .  ., , .,, , , . ,,., , 

.;; R e c o v e r e d  SRC = T o t a l  Recovered  W t .  
C h a r n e  k't . x 100 

G )  7; l o s s  = 100.00 - ( %  R e c o v e r e d  SRC 1 = 

H )  D i s t i l l a t i o n  T i m e :  S t a r t  F i n i s h  - M i n u t e s  - 
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D a t e  

VACUUK DISTILLAT!ON 

L o t  o r  I D  No. : 
O p e r a t i n g  D a t a  

Comments: 



I 
This latest addition to the GILMONT line of vacuur 
gages represents the first significant advance I 
McLeod Gages since the tilting type was deve 
oped at the turn of Ihe century. Its Iemarkabl 
slmple design, combined wtth its ease of opere 
t ~ o n  and cleaning, make this apparatus by far th 
best buy among In* compact McLeod gage in 
S!rumaslc preaenlly availoblo. 

I 
r h a  h*il rwlv r l  a n r n g a m n t  u h l e v a r  t h m  far 
t u n a  h a n t o f o n  unmnalnabla In  Ih tilling typo1 

1. R lgH esnnmetlon to tha vacuum r y r l m  WIII 
thm u&r n n i c m  R ail tlmrb. 

2. A e o m b l n a l l o n  o f  I l near  and r q u a r a  roo 
u r l a a  whlch J l o w r  comparable accuracy 11 
8 much rhortar ovmr-all r c d a  length. 

1. A conrldrrably unal ler Inrtrumanl for nh 
Urn o v e ~ a l l  1c.l. kngth.  

I 
The closed end is made with a unique plastic p l u ~  
!sat includes these additional fealures: greate 
ease of cleaning and a tapered point that exact1 
compensates for meniscus curvature giving ful 
accuracy at h~gher  vacua. 

I 
The instrument is fabricated to the high standard' 
that have become typical of all GILMONT product: 
and. is supplied with complete instruction6 and I 
convenient slorage case to prevent accidents 
breakaga when not i n  use. Technical spscification! 
are as follows: 

l 
a Hlgh vacuum 0 -ring n a l r  lhmuphoul. 
a P m l r l o n  born capl l larkr .  

Pennman l  c a r m l c  r c r l a r  and whlla 
bukground .  
l C o m a l o n  mr i r l an l  plerl lc pans of 

Pollpr0PYl.M. 
l Metal p r n r  of black anodkod Jumlnum. 
a Unaar Scrla: 0-5 mm. In 0.1 mm. dlvirionr. 
l S q u a n  Root Scrla: From 2 m k m n r  to 5 mm. 
l A c c u r m :  I 3% of nad lng  or  1 mm. of r c d a  

dtvlr lon wh ichanr  Ir tha greater. 
a h q u l m r  approrlmalaly 4 ml. of mercury. 

I G-1700 S w l v r l  M c L r o d  Gage  complete a 
descr~bed above without mercury W9.7' 

OESCRIPtlON 
Gtarr  Pan  
Gage Glass 
A e w r v o ~ r  Glms 
PluQ M n m b l y  
Conalsting of: 
Plug 
Plug Nut 
Plug R ~ n g  

Plug 0 - r ~ n g  
Coupling Arsombly 

Conrlrt lng of 
Couollng Nut (2) 
C o u ~ l ~ n g  Rlng (2) 
CouPllng Screw 
Coupling 0 - r ~ n g  (2) 

CAT. NO. 
0-1701 
G-1701-A 
G-1701-0 
G-1702-A 

6-1711 
G-1712 
G-1713 
G-1721 
G-1702-0 

G-1714 
G.1715 
G-1716 
G-1722 

PRICE 
32.30 
25.50 
6.80 

11.15 

6.25 
3.90 
1.30 
.85 

11.00 

3.60 
1.30 
4 40 
.a 

TO 
VACUUM 
SYSTEM 

4 

U E ~ ~ C V R Y  
RESERVOIR 

REST POSITION 

S ' v  EAALL DIMENSIONS 
5y2" x 3'h" x '/" 

67N 

D I R E C T I O N S  
Fllllng rrlm M*rcuq-The recommendal procedure 
I; o~sconnect the coupling auembly end carefully ad 
a~prox~metelY 4 ml. of cleen dry Instrument grao 
mercury to the reservotr bulb The reservotr bulb WII 

11s volume of merCuv is reconnecled to tne cou~ltng a 
snown In the rtst Dosltlon. The ~nstrument Is now read 
!or mounting and connection to the vacuum system 
standard burel clamp fastened around the couplln 
assembly 19 an excellent means of suppon 11 may b 
lound desirable lo nod or Subtract mercury from tn 
reservoir bulb aher read~ngs heve bean made on tn 
non-lanear sale. The exact volume of mercury 1s nc 
Cr~t~cel, however. there should be sufficient quanrit 
 resent so that wnen reading the non-linear scale tn 
mercury level in the open capillary u n  be maae t 
leach tne top Ilne. 
Roadlng th Um.r  -&When turning on th 
vacuum Sy.tem me QeQe should be in the rest ~ o s ~ t ~ o r  
 OM and waDor8 that ma) Do trnpDhj in Ills tt.~e~cur 
are more rMdlly remova bv gently tilting and tappan 
~ n e  rerervo;r bulb. To r d d  the lineer scale ans 
euu~librium hM been reacnal. the rascwoir bulb I 
:(lreluIIv swfvelfm hgyOnd 118 horixontal poa~t~on unt 
lno mrroury Ivial ~n lhii c l u s d  caplllaty rerenec th 
lowest line aa shown The level of the mercury column ! 
low read ~n the open csptllsry. When the readlqc ts 10s 
lhan 1 mm. Hg. a more accurate measuremen: I 

Jbtalned by reading the non-linear scale as follows 
Raadlng th. Non-Un*r Sub-Cont~nue to swlvel :h8 
'eservoor unt~l 11 reaches 11s vecIral postton. the, 
:8refully adlust the mercury level In the Open cap~ller 
~ n t i l  11 ream at the top line Gentle t a p ~ ~ n g  of tn, 
:a~~ l le r iw  1 1 1 1  Improve the accuracy of me reaa~ng 
which 18 token by tne level of themercury column Inth, 
:lose0 caplllarv. Below 1 mm HQ. the scale I 

)raduatal on mlcrons (rl. The mlnlmum read~ng is 2 u 11 

wn~ch case tne menlscus will just make contact w~ th  tn, 
2olnl of the plug. Accuracy of the reedlngs will be 34bc 
I mm. of -18 dlv~rion vnacnwer 18 the greater. Tnus a 
i mm. the rerdlng 18 wlthln t0.15 mm.. at 1 mm, wlthlr 
10 10 and at 2 r wlthln 12 r .  With clean mercury anc 
:emfuI techn~aue. reproeucibility 3Doula be from 2 l o !  
lmes b n e r  than the accuracy. 
:leenlng-When the mercury lwels in each capillen 
lo longer pwe reproductble nemlspherical rnenlsc~. 11 I 
Ime lo clean the gage and reolace or clean the mercury 
>rice the coupl~ng and plug auembl~es ere dismantlec 
he glass pans can be easily and thor3ughly cleaned 1 1  

he usual manner (01lute nitr~c acla ana r ~ n r ~ n g  wltr 
11st111ed wlterl Plest~c and rubber pans may bc 
,leanea with the usual laboratory aetergent solut~ons 
in  extremely thln film of s111cone grease ao~lled to thi 

3-longs and WIW dry wlth a rag or uuue will auure 
hlgh vacuum we1 togetner w~ th  easy owratton 01 th 
swlvel coupllng The glass pan) fhpuld be tnoroughl 
%led before reassembly at whlcn point the lnetrumer 

L l N U R  &CALL 
ICAOING :- 
1J mn. no. 

TAKING A READING 
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DATE 1 / 3 1 / 8 3  

TYPICAL VACUUM DISTILLATION 

F r o d u c t :  T -102  B o t t o m s  L o t  o r  I .D.  No. 2129C5-9 

C a l c u l a t i o n s  

A )  c h a r g e  & T a r e  W t .  26e.  48 B )  B o t t o m s  & T a r e  W . t .  260:  8 6  
D i s t  F i a s k  T a r e  W t .  ' 166 .45  D i s t .  F l a s k  T a r e  W t .  16P.45 
Charge W e i g h t  100.03 W t .  o f  B o t t o m s  9 2 . 4 1  

C )  W t .  o f  Rec. F l a s k  & D) W t .  o f  T r a p  : 

Overhezd  33.946 ' ( a f t e r  D i s t i l l a i + n )  183 .35  
Rec. F l a s k  T a r e  W t .  27.142 T r a p  T a r e  W t .  1E3.35 
Overhead  W t .  6 .804  D i s t i l . l a t e  W t .  i n  T r a p  0.0C 

E )  Overhead  k t .  - 6 . 8 0 4  , . ,  + D i s t i l l a t e  W t . i n  T r a p  0 = T o t a l  Overhead  W t .  6 . ? ~ %  

% S o 1  v e n t  = T o t a l  Overhead  K t .  6 - 8 g 4  
10C = 6 . zz  Charge  W t .  1 0 0 . 0 3  

F )  Wt.of B o t t o m s  52 .41  + T o t a l  Overhead  W t .  6 .804 = T o t a l  R e c c v e r e d  Wc. S ! G . ? : f i  

% R e c o v e r e d  SRC = T o t a l  R e c o v e r e d  W t .  99 .214  
Charge Wr. 100 .03  x l C G  = 9 3 . 1 5  

G )  % l o s s  = 100.00 - ( %  R e c o v e r e d  SRC 99.18 ) = 0 . 8 2  

H )  D i s t i l l a t i o n  T ime:  S t a r t  1 0 : 1 5  F i n i s h  11 :16  = 6 1  M i n u t e s  
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Date  1 /31 /82  

L o t  o r  I D  No.; 2 1 2 9 ~ ~ - 0  
Opera t i  ng Data 

- 

V a r i a c  V a r i a c  Va r iac  
Head S e t t i n g  Column S e t t i n g  Po t  S e t t i n g  Pressure  

Time Teinp,OF (Head) Temp,OF (Column) Temp,OF ( P o t )  u H g  Remarks 

10:40 440 14 498 - 13.. . . 480 I 0  200 Condenser w c t e r  c i i  
l?mp on ovhd l i c e s  

1 0 : 4 5  455 12 506 15 501 6  5 200 S t i r r e r  on,  ovhd i r, 
r e c r .  T o t z l  t a k e  cL= 

10:50 505 14 520 14 525 6  0  200 T o i a i  t a ~ e  o f f  

- - 
7 / 600 -158 , 596 . 530 O f f  ~ a r , t l  e - h v  

11:16 600 O f f  600 O f f  600 O f  i 700 Stspped a i s t i i ; a i j c r 8  

Comments: 
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1 

! ~ ~ c ~ - a t t o n a ~  Coal Relmtng C o m ~ a n y  

U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

MATERIAL SAFETY D A f  A SHEET 
I 

SRC I MATERIAL 

1 SECTION l 1' I 
Si iDPLlER 5 N A M E  

International Coal Refining Co. 

EMERGENCY TELEPHOVE NO 

PA-800.322-9092 Foreign 
US-800-523.9374 21 5481 4 9 1  1 

ADDRESS tNuMBED. STREET C:TY S T P T E  6 ZIP CODE: 
Mailing: P.O. Box 2752. Allentown, PA 18001; Location: 2141 Downyflake Ln.. Allentown, PA '18103 

I Should significant fumes or vapors be generated from SRC in molten form, it is suggested that ;he airborne exposure of 0.2 
mg/m3, as benzene solubles, be observed. See sections V and IX. 

C?!EMICAL N4ME b SYNONYkE 

Solvent Refined Coal. SRC, SRC Solid 
CHEMICAL FAMILY' 

Coal derived vacuum residue 
C A S  NUMBER 

68409.94 -9 

MATERIALS 

SRC Dust 

DOT HAZARD CLASS: Excepted from regulations 1 

TRADE NAMES 6 SYNONYMS 
NA. 

FORMULA 
Mixture 

TSCA REGiSTRY ENTRY 
3081 4040 

SECTION I I  - HAZARDOUS INGREDIENTS I 
% 

f SECTION 111 - PHYSICAL DATA 1 - 

BOOLING POINT 'C :OF) . > 4 5 4 ' ~  (850°F) 
,VAPOR PRESSVRE onm ~g I 

< 1 
VAPOR DENSITY i A l P  = 1) 

ND - 
SOLUBILITY IN WATEP 

Negligible 

. - 

TLV 
(units) 

2 mgim 3 

SPECIFIC GRAVITY IH,C = 11 15 6 : C  . : 5  6:C 
1.2 

VOLAilLES. VOLUME P E R C E k i l h l  

Negligible 
EVAPORATION R A T E  

Negligible 

Softening point: 1 5 5 ' ~  ( 3 1 0 ~ ~ )  
A P o E A R A N C E A N G O G O A  

Black, shiny, pitchlike solid: odorless 

I SECTION IV - FIRE AND EXPLOSION HAZARD DATA I 
i i A S H  POINT FLAMMABLE LIMITS LEL UE. > 3 0 0 ' ~  ( 5 7 2 ' ~  i open cup ND N D 
EXTINGUISHING MEDIA 
C ALCOHOL F O A M  g CARBON DIOXIDE DRV CHEMICAL @ FObM [X .veTED SPnev 4 ' r ~ ~ ,  

.z OTHER 

SPECIAL FlRE FIGHTING PRCCEDURES 

Material may become liquid during fire. Wear self.contained breathing apparatus for fires in enclosed or confined spaces. 

F,RE AND EXPLOSION HAZARDS 

t x ~ l o ~ i o r l  hararri whcn SRc rl1.1~1 is in contact with an ignition sourec. 

rdA = Nut Applicable NU = No D a t a  Ava i l ab l e  670 
M o d i f i e d  Form OSHA-20 
11!81 REV. 0 

MATERIALS q.6 . TLV 
(Units) 



TENTATIVE ANALYTICAL  METHOD 251 APPENDIX I V - A  ( c o n t i n u e d )  P a g e  18 o f  22 

NO TlCE FOR TRANSPORTA TlON SPILLS OR LEAK 
The data and recommendations presented herein are based upon our EMERGENCIES. CALL: CHEMTREC - 
research and  the research of others. and  are believed to be accurate: 800-424-9300 (CHEMICAL TRANSPORTATION 
however. no guarantee of their accuracy is made. The products discussed EMERGENCY CENTER). 
are d~strfbutec wfthout warranty. express or fmolied. and  the person re- 
celvfnp them shall make h ~ s  own determfnatfon of the suitability thereof 
tor hfs partrcular purpose. / 

/I 
67 R 

. I 

/ SECTION V - HEALTH HAZARD DATA I 
TlRESI.OL0 LIMIT VALUE 3 Respirable Mass: 2.0 mgim . See Section I I .  
ECFECTSOFOVEREXPOSUFE 

Dist and fumes may cause minor irritation to the eyes and lungs. Minor irritation and dermatitis may occur after prolonged or 
repeated skin contact. Prolonged or repeated exposure to SRC dust and fumes may lead to  more serious pulmonary and skin 
disorders. 

A~0PR0CE0URE5 INHALATION: Remove to fresh air. If breathing i s  ditt icult, give oxygen and call for 
medical assistance. EYE CONTACT: Flush eyes immediately with copious amounts of water or mineral oil. Call a physician. 
SKIN CONTACT: Wash thoroughly with soap and water or waterless hand cleaner. Avoid solvents. INGESTION: Induce 
vomit~ng, then give 2 tablespoons of activated charcoal USP in water. Call medical assistance. 

-. -- - I SECTION VI - REACTIVITY DATA 1 
CThOIL ITV  

Stable 
CONDITIONS T O  AVOID 

-- . - fJk - -. 
INCOMPATABILITY (Maler~als to svolal 

Strong oxidants 

n:4ZAROOuG DGCO!.!nOF"'OL' oo'?DiJrTF 

Fumes, smoke, carbon monox~de, and sulfur oxides, in rhe case o i  incomplete combust~on. 
HAZAROOUS DOLVMERlZbTlON CONDITIONS TO AVOID 

Will not occur. N A 

I SECTION VII - SPILL OR LEAK PROCEDURES 1 
- - EdACuArE A R E 4  & FESPtRCTORY PROTECTION ( A S  PER EVAPORATE SMALL AMOUNTS IN . 5 N E U T R A L S Z E  AND WAS* r ~ i b r  wlr r  

SEC:tON vllll HOOO WATER 
C STOP FLOW 

W SKIN PROTECTION I A S  PER SECTION E I N C I N E R A T E  UNDER CONTROLLED OBSERVE GOVEqNMENTAt SWLL B 
2 ELlMlhibTE A L L  SOURCES OF IGNI. V l l l l  CONDITIONS WATER OUAL ITV  REGVLATIONS 

TlOk FLAMI I IAELES 
c* ABSORB OR SCRAPE UP ClNClNER4TE USING AFTER BURNER 6 REMOVE SOILED CLOTHING 

52 AVOID INUnLATION SCRUBBER 
Xi VACUUM VP IJOTHER 

X A V O I D  DERMAL C0t:TACT U BUR1 IN fieMOTe AREA dR UJC A 3  
LANDFILL 

1 

I SECTION Vlll - SPECIAL PROTECTION INFORMATION I J 
t p . c n e .  V E ~ . T . L A T . O ~  

. O C A L  EXHICSI 

a E S P 1 P A T 3 P Y  Do3:ECT;Or; ...:, 

€no ne?F< vnpnps 
DUSTS FUMES MISTS 
ExctfDl~G TLv -- . . 

Recommended 

'r'es 
1 ,  if needed 

UUFlNb N O P M ~ L  U3C 

- -- 
Recomm~nded 

Not requlred 

Not required - ... &. ,.. .-- 

SPEC.:AI. g f  G T ~ F R W O L  
ODOCESSINS S D R b ?  
APPLICAT~OPIS. 

. . . . .  *.. --. .. 
N A 

Pd A 

N A 

1 .  Parrlcle-Removing Air Purilylng Alr 2. Gas and Vapor-Removing Air Purifying 3. Full Face Mask Posrl~ve Pressure. 
Resp~raror (Mecharriual Filter] Resp~raror (Canister] Demand Type Supolied A I ~  

EYE PRQTECTIQ1\I 

PROTECTIVE 
GLOVES 

, 

OTHFR Pr(OTECT1VE EOUIPMENT 
Ful l  lony.sloevod clothing r l n s ~ r l  a t  thr: ncck. 

/ SECTION IX - SPECIAL PRECAUTIONS I 
CoEiAUT'ONS lbrE*r'N "O S7GnrkG A V O I ~  prolonged and repeated skin and eye contact with dust and fumes. Avoid 
~rihalatlon of dust and fumes. Maintain good ventilation. Showering and clothing change recommended after each shift. This 
mater~al IS a b r~ t t l e  solid so dusting may occur. Finely divided SRC dust presents a strong explosion hazard. 

L 

$ A F F T V  G L  A%SES-- 

NEOPRENE 

NI IVHAL R U H Y ~ W  

G 

G 

CHEMICAL GOGGLES 

POLYVINYL ALCOHOL 

B:!?cL RUDDEn 

X 

G 

G 

FACE SHIELD . I 
, , , .. .:.-. . 

POLYETUYLENE / F 

' P O L V V I ~ ~ Y L  C H L O R I D ~  / F 

(E) EXCELLENT 
!GI Gnnn 
(F) FAIR 

'(PI POOR 
(NRlNnT RFCOMMFNDE D 
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' @ n ~ e r n a t ~ o n a  Coal Renong Company 

U.S. DEPARTMENT OF LABOR 
I Occupational Safety and Health Administration- I 

MATERIAL SAFETY DATA SHEET- 
SRC I MATERIAL i I 

NA = Not Applicable ND = No Data Available 67s  Modified Form OSHA-25 

. . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  :.. . . . . . . . "  .. . . .  ......j...i..l.......... .............. ..?:..":'<.. : : . . : . . . . .  . . . . . .  ........ ... . :,.: j;j,.:<::~>,$(j., ... ,:.,'.... . .  ..:'.::,.. . . . . . . . . . . .  : " '  " . . . . . .  . . .  . . . . .  ...... . . . . . . . . .  s ECTl 0 N 1 . . 

. . .  . . . . . . : . .  . . . . . . . . . .  . . . . . .  :: . .  .. . ... 
. . . . .  . . .  :.:-., .,I..:.' :",,, ; : .',,:.: ',:; '{:;~;,.:::":.~:';:j~;'~;:::-..::,:.~~<~~:~$(;i' : :::.,:.::-. 

.. 

1 

SUPPLIER'S NAME 

International Coal Refining Co. 

EMERGENCY TELEPHONE MO. 

PA-800-322-9092 Foreign 
US-800-523-9374 21 5-&I-491 1 

. . . . . . . . .  .......................... :.: ;,.,:..: : ..::............ ..... . . . . . . . . . . . .  . . . . . . . .  . . .  ......................... . . 
. . .  ...... ....... .5 ..: ..;:":..:.. ":.. ..".: : . . . .  ....... . . . .  

- MATERIALS 

Phenols and Cresols 

Benzene 

ADDRESS [NUMBER. STREET. CITY. STATE L ZIP COO0 

Mailinq: P.O. Box 2752. Allentown, PA i8001 Location: 2141 Oownvflake Lane, Allentown. PA 18103 

... S ECTlO N I I - H AZA E D 0 US INGREDIENTS. 1. .;,';::.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......... . . . . . . . .  . . . >  

CHEMICAL NAME 6 SYNONYMS c&lyent ~~fi,,€d kal.l (SRc-1) process 
t 

CHEMICAL F A U L Y  

Coal derived aromatic distillate 
U S  WUBER 

684 1 0-08-2 

% 

m40 
<I 

The health hazards, panicuiarly skin lesions (including skin cancer) associated with coal liquefaction processes are recognized as 
potential health problems. Also the chemical composition is such that the possibility of causing cancer at other body sites. and of 
other health hazards s u e  as fetotoxiciry, cannot be ruled out. It is mongly recommended that inhalation and skin exposure be 
kept to  a minimum and that all reammended precautions be observed when handling this material. See S c i o n s  V and IX. 

, DOT HAZARD CLASS: Exaorcd from rcoulations 
. . . . . . . : . . . . .  ... . . . .  . . .  ..... .... ...... . . . .  : : ..,..: :,,:?::: ..:;.:. . . .  . . . . . . . . . . . . . . . . . .  :... .. .................. ................. ............. ..... ..... ‘ " . . " ' . . ~ . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  ... .....I . . . . . .  . . . . . . .  . . . . . .  . . .  .: . ..'. ..:. ...... ..:... ............... /: SECTION 111 - PHYSICAL DATA .: ..:.:-,.': y....;: ::,: ;. : 

. . ' .i. 

: : . . 

TRADE NAMES a SYrvONyMS - -- 
N A 

FORMUU -- - . . - 
Mixture . 

T S U  REGISTRY ENTRY . - - . - - - -. - . ., 

3081409 '  ' 

$ O I U K i  PQNT .C 1.0 

232-454O.c (450-850°F) . 
VAPOR PRESSURE (mm Hg.1 

0 psia (Reid) 
VAPOR D W S n  (AIR = 1) 

N D 
SOLUBIUTY IN WATER 

Neqli~ible 

' TLV  
(units) 

5 P P ~  

10 P P ~  

SPECIFIC G R A V m  ( M . 0  = 11 158.C I 15.6.C 

1.06 
VOUTILES. VOLUME PERCDf7 (XI 

N D 
EVAWFUTION RATE - N D 

I .  

APPEARANCE AND ODOR 
. . 

Amber to black oil: faint oily odor 
. . - - 

. . . . . . . .  . . . . . . . . . .  ............. ..?. : .  j .::. . . . .  .: j, : ..............".. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . : . . . . .  . . . . . . . .  . . . .  1 SECTION IV - FIRE AND EXPLOSION HAZARD DATA I:... ..................... :.' : 

. . . . . .  . . 
F U S U  POlWr FLAMMABLE UMKS: La UEA 

1 2 1 ' ~  (250°F) dosed cup ND NO 
WTllOUUMWG MEDIA 
0 ALCOHOL FOAM fl CARBON UOXlOE W DRY MEMU W FOAM W WATER SPUAY (FOCI 

om-  
s''- flRE RGmNG Treat as Class B fire. Use water spray to keep fire-exposed containers cool, flush spills away from 
fire expbsure, and to disperse vapors. Wear selfcontained breathing apparams for fires in enclosed or contained spaces. This 
material sinks in  water. 

n a E  AND EXPLOSION MALARDS 
Combustible. Heating this material to i t s  flash point is likely to give sufficient vapors for ignition 

upon exposure KO flame or incendiary sparks. " 

* 

. . 

. .  MATERIALS 
. . . . . . . .  

% . . n v  
.wnits) 
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NOTICE FOR TRANSPORTATION SPILLS OR LEAK 
The data and recommendations presented herein are based upon our EMERGENCIES. CALL CHEMTREC - 
research and the research of others, and are believed to be accurale; 800424-9300 (CHEMICAL TRANSPORTATION 
however. no guarantee of their accuracy is made. The products discussed EMERGENCY CENTER). 
are drstr~buted without warranty, express or  implied. and the pemon re- 
cerving them shall make his o m  determination of the suitability thereof 
lor nrs pam'cular purpose. 

67T 

. . . . . . . .  . . . .  . . . .  
. . .... 

. . . SECTION V - HEALTH HAZARD DATA : ' ~ ! ' : -~ { :  . '  . . ' , : : ,~~ ".:'>..,:i:::~.."'~.:'.: . . ' . . . .  
:HPESHOLO LIMIT V A L U E  Suggested guideline for airborne exposure to coal derived materials: 0.2 mg/m3 as benzene solubles. See 

M 11 
EFFEC7SOFOVEqEXPOSURE Irritating to eyes and lungs. Minor irritation and dermatitis may occur after prolonged or repeated skin 
contact. Although the inhalation hazard is low due to rhe relatively low volatiliry of the products, inhalation of mists or vapors 
released upon heating should be avoided. Prolonged and repeated exposure in the absence of proper hygiene pramices may lead 
to  serious skin disorder and possibly skin cancer. 

. . .  . - - -  - .  - . -  .. - . -  

EMERGENCY AND FIRST A t 0  PROCEDURES 
INHALATION: Remove to fresh air. I f  breathing is difficult. give oxygen and call for medical 

assistance. EYE CONTACT: Flush eyes immediarely with copious amounts of water or mineral oil. Call a physician. SKIN 
CONTACT: Wash thoroughly with soap and water or waterless hand cfeaner. Avoid solvents. INGESTION: induce vomiting 
then give 2 tablespoons of activated charcoal USP in water. Call medical assistance. 

EVACUATE AREA a R E S R R A T O R I  P R O T E ~ O N  (AS PER a EVAPORATE S M A U  AMOUNTS IN a NEUTRAUZE AN0 WASH AWAY MTU 
SECnON Ynl) MOOD WATER 

STOP FLOW 
SICIN P R O ~ O N  lC6.PER S E C I l O o  IWCINERATE UNDER CONTWCLED 9 ,  OBSERVE GOVERNUENTAL S R L  A 

B- IU INATE ALL SOURCES OF I G K  9,CONolf101cr QWATER OUAUTI R H i U U T l O n S  
now. FuuwecEs 

~ A B S D R B O R S C W E U )  ~ I M Q W E R A T E  UsUG AFfER OWNER Ql lEYWE SOILED CLUTWnCI 

!? *VaolN"ALAmN 
SCRUBBER 

0 VACUUM UP m T M E R  9 A T 0  DERUAL CONTACT . . .  
. . O: BUIFI IN REMOTE AREA OR USE AS. 

IANQFILL 

. . - 
. . . . . . .  .... :. . . . . .  ......... . . ' \  . . . .  . . . . .  . . .  :: . . . . . . . . . . . . . . . . . . . . .  .... .. I SECTION Vlll - SPECIAL PROf ECf  ION INFORMATION ~~..:i)'.:i:;:::i~":~:':.i:.~.::::::.::::,j;, . . . . . . . .  ...;.:. \'."... . . . . . . .  ........ ., ..... . . . . . . . . . . . . .  . . .  

' 

GENERAL v o m y n m  

cO€AL m w w  

. ~ N Q N O R U A L  q D  

YR 
Preferred 

red 

' FOR GL5E.3 VAPOR5.  
DUSTS, FUMES. MISTS; 
mc~cmffi nv 

Yes 

Yes 

SPEDAL (LC. TIIPPMAL . . 
PRCKFSSNG SPRAY 
*PBUC~~ONGI  

' NA 

N A 

1 & M e d  N A 

I. Particle-Removing A i r  Puritymg A/r 2 Ges and Vapor-Removing Air Puritymg 3. Full Face Mask Positiw Pressure- 
Respmtor (Mechanrcal Filter) Respirator (Canister) Demand Type Supplied A i r  

EYE PROTECflON 

PROTEC'IIVE 
GLOVES 

ulnuc~"rtcNE eOu'wEw Weat full, long-sleeved clothing closed at the neck. The application of J skin barrier cream before 
-YIOTL' '* -- - .  - .  -. -. - - -  

. . . . . . . . .  . ....:.._ . . . . . . . . . . . .  .( . . . . . . . . . . . . . .  . . . . .  . . . . . . .  ..... ;. . . .  ..:.:..::.' .. SECTION I)( - SPECIAL PRECAUTlONS $': :';:;.:.: ... .:., ;,:;:<{i,' ,,;;.:::?::);. .i:7::{i... . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . .  

Avoid skin and eye cantam and inhalation of mists or vapors. Maintain good 

_I 
PRECAUTlOltS TO BE TAKEN IN HANDLING AND STORIUG: 

ventilation. Empty drums may mntain flammable hydrocarbon vapors. Wash out drums with water before discarding. Upon 
standing or being cooled a foul-wnelling mercaptan water layer may settle out. This layer should be discarded before use. 
Showering and cloth~ng change recommended after each shih 

u . 

~mmrssa 

mwpnm 

l U N R A L  W O E l l  
.... 

OtEUlC*LOOOOLES 

mmwn am- 

WWL Runom 

G 

P 

x F A C E S ~ E L D  (E) EXCELLENr 

(NR)NOf RECOMMENDED 

NRI cQY-orc  

NR P O L ~ L U L ~ ~ ~ E  
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1 I 

I l c rna l t ona t  Coal Relmlng Comoany 

U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administrati~n 

MATERIAL SAFETY DATA SHEET 
SRC I MATERIAL 1181 

! SECTION l I I 

- - - -- - - 

bDDRESSrNUMBER STFEET CITY S T b T t  6 ZIPCODEi  
Box 2752 Allentown. PA 18001 

t d ~ t . l ~ ~ e c i u ~ f c  s N A M E  

International Coal Refining Co. 

- - -- 

C H E M ~ C A L  N b u E  6 SYNONYMS I TRIDE NAMES 6 SYNONYMS 
L~ght  011, Naphtha Light 011 ' I 

PA - 800.322 Foreign - 
US - 800-523-9374 21548 1491 1 

CHEMICLL FAMILY 
Coal derived aromatic naphtha 

C A S  NUMBEP 
68476-79-9 

FORMULe 
N A 

TSCb PEGISTPY ENTRY 
308 14099 

MATERIALS 

Light Oil Naphtha 

DOT HAZARD CLASS: Flammable liauid I 

Phenols and Cresols 

I ! SECTION 1 1 1  - P H Y S I C A L  DATA I 

SECTION II - HAZARDOUS INGFiEDlENTS [ I 

99+ 

5.10 

C 

TLV 
(units) 

5 PPm 

BOILING FO:NT C I F l  

VbPOfi DRESSURE rmm ~g 1 

V I P O F  DENSITY l A l P  = I 1  

SOLUBILITY IN WATER 

4PPEAPANCEANDODOP 

ALCOHOL FOAM &CARBON DIOXIDE E DRY CHEMICAL @ F O A M  g W A T E R  S P R A Y  (FOG> 

0 OTHER 

SPECIAL FlRE FIGHTING PROCEDURES 

Benzene I <1.0 ( I O P P ~  

1 SECTION IV - FIRE ANP EXPLOSION H A Z A R D  D A T A  I 

Treat like gasoline or lioht petroleum naphtha. Floats on water. Use water to cool fire-exposed containers, disperse vapors, 
and protect personnel. Use air-supplied rescue equipment for enclosed areas. 

MATERIALS 

60-193 '~  
(140-380°F) 

N D 

N D 

Negligible 

FLASH POINT FLAMMABLE LIMITS LEL  
-35.6 '~ ( -32 '~)  closed cup ND  

FIRE AND EXPLOSION HAZARDS 

I Hydrogen Sulfide 

UEL 

Highly volarlle and flammable. Material can be ~gn~ ted  by flame or inmndiary sparks under almost all normal atmospheric 
temperature conditions due to its low flash point. 1 

% 

SPFCIFIC. C P A V I ~ Y  IH,O = 1 )  
15 6 '  ! 15 6 'C  

Colorless to dark amber (darkens with aoe and air contact) 

- 

P E ~ C E V T  VOLATILE 
BY VOLUME I.'.) 

E V L P O R ~ T I O N  R A T E  

EYTlNGUlSHlNG MEDIA 

I I 

NA = Not Appllcable ND = No Data Available 67b Modi f ied Form OSHA-20 

TLV 
' ( ~ r l j t ~ )  

<0.1 

0 8 5  
-- 

99 

ND 

10ppm 
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LIGHT OIL 

1 

i SECTION v - HEALTH H A Z A R D  D A T A  I 
T h C E S h O L D  L l U l i  V A L U E  See Secrior, I I .  

1 Irritating to eyes, lungs, and skin. Depending on the intensity and duration of exposure, effects may vary from mild I 
I irritation to systemic toxicity due to the presence of phenolic compounds. H~gh concentrations of H2S in an enclosed space 

will produce central nervous system depression, unconsciousness and death. I 
EMERGEhCY AkD FIRST LID PROCEDURES I 
EYE CONTACT: Treat by immediaie and prolonged flushing with water. Obtain medical assistance at once. 
SKIN CONTACT: Flush the affected area with large quantities of water, followed by an application of skin oil. 
INHALATION: Remove from exposure, apply arrificial respiration i f  necessary. INGESTION: DO NOT INDUCE 
VOMITING. Give 1-2 ounces of activated charcoal if available followed by 1.2 glasses of milk. Obtain immediate medical aid. 

1 

I I I I I 

INCOMP~TABILITV I M a l ~ n a I s  10 arolal 
Reacts with strong oxidizing materials I 

I I SECTION VI - REACTIVITY DATA 1 
I STAglLITv 

V N S i b B i E  

I SECTION VII - SPILL OR LEAK PROCEDURES 1 I 

STbRLE CQholTlQh$ Tg AVOID I x  l 
1 

HAZARDOUS DECOMPO$.~~~K DRODUCTS 
When heated to decu r i ~po~ i t ~u l~ ,  li rnay er.r111 ~rl-lrartriq dr~d [ ~ X I L :  lumes 

j E V b C U A i E A R E b  Q.ESPIP$TOPV PP.3iiCTION ( A S  PER 
SECi tON V l l l l  

srop FLOW ,a S K I N  PROTECTION I A S  PER SECTION 
5 ELlUbNbTE A L L  SOURCES OF IGNI. VIII) 

TION. FLAMMABLES 
ABSORB OR SCRAPE UP 

bVOlD INHALATION 
5 VLCUUhl UP 

g bVUlU U t H M A L  LUNl A C  1 

E V A P O P A T E  S M A L L  AMOLoNTS IN 5 N F U T R 4 L l Z E  A N D  WASH b W b v  V l l l P  

UOOo W A T E R  

BlNClNEFlbTE UNDER CONTROLLED OBSERVE GOVERNMENTAL 51'11 1 X 

CONDTIONS W A T E R  O U A L A ~ V  RfCiuLnllO~S 

OINCINEQATE USING AFTER BURNER h @ REMOVE SOILEDCLOTUING 
SCRUBBER 

GOTHER 
L Y U H T  IN U t M U l t  A H t P  UHUbt A b  

LANDFILL 

HAZARDOUS 
POLYMER~ZATION W:LL NOT OCCUR , M A Y  OCCUP 

( GENERAL VEN7:LATION I Ycr I Yes I 1 

1 SECTION V l l l  - SPECIAL PROTECTION INFORMATION / 

I LOCAL EXHAUST I YPC I Yes I I 

X 

I PESPIRATOSI PROTECTION 11.31 ( I 2 if needed I 3. larqe S~illS I 

CONOlTlONF TO AVOID 

SP(CI.L ( 6  6 r r y ~ , r b ~ ,  
P.liSCC33tl.U Q P P A ' . '  

A P P L s C A I I ~ N S ~  
bUR4I.U I ~ O P M A L  USE 

I 7 .  PdrTitle-Removing Air Purrtyfng Arr 2 Gas and Vapor-Remowng Arr Purrlyrng 3. Full Face Mask Posrltve Pressure- 
R@$~rr(ltor !Moch@~itol rilferl Re~nfrafor 1Can1sleri Demand T v ~ c  S U D D ! ~ ~ ~  Air I 

C O O  G C S E S  Va'JC~OE 
GUS73 P u M ~ J  M1J:S 
E X C E E J N G  TLV  

OTHFD D R C T F r T l V F  EI)I.IIDMENT 

The appllcatlon ot a skrn barr~er cream betore work and several times during work is recommended. J 

EYE PROTECTION 

PROTECTIVE 
GLOVES 

I SECTION IX - SPECIAL PRECAUTIONS I 
PRECAUTIONS TO BE TAKEN IN HANDLING AN0 SiORlNG 

Avoid skin and eye'contact. Avoid the inhalation of mists, fumes, or vapors. Maintain good ventilation. Flammable 
hydrocarbons, empty drums may contain flammable vapors. Wash out drums with water before discarding. May 
dissolve most plastics and rubbers. Do not transfer lines or storage vessels made o f  these materials. Upon standing 
or being cooled a sour, obnoxious-smelling mercaptan water layer may settle out. This layer should be discarded before use. 

NOTICE FOR TRANSPORTATION SPILLS OR LEAK 
The data and recommendations presented herein are based upon our EMERGENCIES. CALL: CHEMTREC - 
research and the research of others. and are believed to be accurate. NO 800-424-9300 (CHEMICAL TRANSPORTA TION 
guarantee of their accuracy is made: however, and the produc!s discussed EMERGENCY CENTER). 
are distributed without warranty, express or implied, and the person re- 
ceiving them shall make his own determination of the suitability thereof 
for his particular purpose. 
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SLFFTV GLASSES 

NEOPRENE 

N A T U R A L  RUBBER 

G 

P 

CHEMICAL GOGGLES 

POLVVINVL LLCOHOL 

BUTYL RUBBER 

X 

NR 

N H 

NR 

NH 

F A C E  SHIELD 

POLVETHYLENE 

POLYVINVL CHLORIDE 

( € 1  EXCELLENT 
(GI GOOD 
(F) FAIR 
IP) POOR 
INRI  NOT RECOMMENDED 



ASTM/WET LABORATORY PROCEDURES 

S o f t e n i n g  P o i n t  (ASTM D 36) 68 

S a y b o l t  V i s c o s i t y  (ASTM D 88)  6 9 

F l a s h  Po in t - -Pensky  Mar tens (ASTM D 93)  o r  F l a s h  P o i n t - -  7 0 
S e t a f l a s h  (ASTM D 3828) 

Pour P o i n t  (ASTM D 97) 7 1 

Copper S t r i p  T a r n i s h  Tes t  (ASTM D 130) 7 2 

Conradson Carbon (ASTM D 189) 

Re id  Vapor P ressu re  (ASTM D 323) 

E x i s t e n t  Gum (ASTM D 381) 

K i n e m a t i c  V i s c o s i t y  .(ASTM D 445)  

Ash/Flame Method (ASTM D 482) 

N e u t r a l i z a t i o n  Number (ASTM D 664) 

F r e e - S w e l l i n g  Index  (ASTM D 720) 

D e n s i t y - - L i p k i n  Pycnometer (ASTM D 941) 

Bromine Number (ASTM D 1159) 

D e n s i t y  by  Hydrometer Method (ASTM D 1298) 

Smoke P o i n t  (ASTM D 1322) 

Mercap tan  S u l f u r  (ASTM D 1323) 

ASTM C o l o r  (ASTM D 1500) 

Water and Sediment (ASTM D 1796) 86 

F u s i b i l i t y  o f  Coal (ASTM D 1857) 8 7 

Convers ion  o f  K i nema t i c  t o  S a b o l t  V i s c o s i t y  (ASTM D.2161 )  82 

Benzene - I nso l ub l e  Con ten t  (ASTM D 2317) 

Q u i n o l i n e - I n s o l u b l e  Con ten t  (ASTM D 2318) 

Freeze P o i n t  (ASTM D 2386) 

Forms o f  S u l f u r  (ASTM D 2492) 

Cornpa t ib i l  i t y  by Spot T e s t  (ASTM D 2781) 

P rox ima te  A n a l y s i s  (ASTM D 3172) 

M o i s t u r e  A n a l y s i s  (ASTM D 3173) 

Ash A n a l y s i s  (ASTM D 3174) 

V o l a t i l e  M a t t e r  A n a l y s i s  (ASTM D 3175) 9 7 

Thermal O x i d a t i o n  S t a b i l i t y  (ASTM D 3241) 9 8 

S p e c i f i c  G r a v i t y  o f  So l  ids- -Wal  k e r  Pycnometer (APCI Method 99 
No. 20) 

D e t e r m i n a t i o n  o f  Water (APCI Method No. 101) 105 

C h l o r i d e  by P a r r  Pe rox i de  Bomb (APCI Method No. 104) 117 

S t a n d a r d i z a t i o n  o f  0 . 1  N AgN03 and NH4SCN (APCI Method No. 208) 124 

Ho t  Sediment F i l t r a t i o n  (ACPI Method No. 240) 128 

Pentane I n s o l u b l e s  (APCI Method No. 241) 133 

F i l t e r a h l o  and Adherent  Insolubles o f  A c c e l e r a t e d  Aged M a t e r i a l  140 
( B a r t 1  e s v i  l 1 e Energy Techno1 ogy Cen te r )  



SOFTENING POINT OF BITUMEN 

( KlfjG-AND-BALL APPARATUS) 

(ASTM D 36)  

The p rocedure  i s  a p p l i c a b l e  t o  coke and coke samples as w r i t t e n .  I t  i s  

recommended t h a t  a  g1ycer i .n  tempera tu re  b a t h  be used, s i n c e  i t  can be used 

t o  c o v e r  a l a r g e  tempera tu re  range.  I n i t i a l  h e a t i n g  o f  sample t o  p repare  

t e s t  specimens must  be compl e t e d  s l o w l y  t o  a v o i d  o v e r h e a t i n g  a t  l o c a l  i z e d  

a r e a s .  

Sa -- Fe Ly 

Grlndlrig of any c o a l ,  coke o r  KMAC must  be conip leted i n  a  we1 l - v e n t i l a t e d  

a r e a  and t h e  a n a l y s t  b e  r e q u i r e d  t o  wear a  l a b  c o a t  and d u s t  mask. See t h e  

U .S .  Department o f  Labor  O.S.H.A. M a t e r i a l  S a f e t y  ? a t a  Sheet l o c a t e d  i n  t h e  

f r o n t  s e c t i o n  o f  t h e  manual f o r  s p e c i a l  p r e c a u t i o n s  when h a n d l i n g  SRC KFIAC. 

P l a c e  the  g l y c e r i n  tempera tu re  b a t h  i n  a w e l l - v e n t i l a t e d  area and 

a v o i d  i n h a l a t i o n  o f  h o t  vapors .  Use p r o t e c t i v e  equipment when w o r k i n g  near  

tempera tu res  o f  100°C. 



S.4YSOLT V I S C O S I T Y  

( A S T M  D 88) 

This procedure i s  appl icable  to S R C - 1  H . O .  as wr i t t en .  A S T M  3 ' 4 4 5 ,  a  

kinematic v i scos i ty  procedure, i s  t o  be used when analyzing S R C - 1  L . O .  and 

M . O .  The value can be converted t o  kinematic v i scos i ty  values by using 

P S T M  D 2 1 6 1 .  H . O .  usually require temperatures above 1 0 0 ° F  t o  flow through 

e i t h e r  the Universal o r  Fur01 o r i f i c e .  

Safety 

SRC l iqu ids  and re la ted  material should be t r ea ted  as tox ic  mate r ia l s .  

Gloves and a lab coat should be worn to protect  hands an'd c lo th ing .  
For s p e c i f i c  hand l i ng  precautions f o r  S R C  l i qu id s ,  s e e  t h e  apprcpr ia te  

I C R C  Material  Safe ty  Data Sheets i n  the  f r o n t  of the r~anua l .  

Wear protect ive  equipment when worki ny a t  temperatures above 6 0 ° C .  



FLASH POINT BY  PENSKY -MARTE?lS CLOSED TESTER 

(ASTM D 9 3 )  

OR 

FLASH POINT BY SETAFLASH CLCSED TESTER 

(ASTM D 3 8 2 8 )  

ASTM D 93 and Method 8 o f  ASTM D 3 8 2 8  can be used f o r  a l l  SRC-1 l i q u i d s  

as w r i t t e n .  P r e v i o u s l y  observed  f l a s h  p o i n t s  a r e  c - 3 0 ° C ,  100°C and >119"C  

f o r  L .O. ,  M . O .  and H.O., r e s p e c t i v e l y .  

Sa fe t y  

SRC l i q u i d s  and r e l a L t i d  l i i d l e ra i d l  s h u u l d  be ( t r e a t e d  as f o x l c  r n d t e r i a l s .  

Gloves and a  l a b  c o a t  s h o u l d  be worn t o  p r o t e c t  hands and c l o t h i n g .  

F o r  s p e c i f i c  n a n d l i n c ;  p r e c a u t i o n s  f c r  S R C  l i q u i d s ,  see t h e  zp r , rop r i  a t 2  

ICRC M a t e r i a l  S a f e t y  Da ta  Sneets  i n  t he  f r o n t  o f  t h e  mznua l .  

Compl.ete f l a s h  p o i n t  ana l yses  i n  a  w e l l - v e n t i l a t e d  a r e a .  Keep o r s a n i c  

vapors  away f r o m  open f lames.  



POUR POINT OF PETROLEUM OILS 

(ASTM D 97)  

The procedure i s  a p p l i c a b l e  t o  S R C - 1  M.O.  and H.O.  as w r i t t e n .  The 

L.O. was always pou rab le  a t  -80°F (-60°C),  which i s  t h e  l ow  tempera tu re  

reached when u s i n g  a  s l u r r y  o f  s o l i d  carbon d i o x i d e  and acetone.  Resu l t s  

a r e  v a r i a b l e ,  b u t  most M.O .  and H.O.  pour  p o i n t s  o c c u r  between 32 and -34°C 

o r  by u s i n g  Procedure 5.3.1. 

S a f e t y  

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a  l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

For  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  SRC l i q u i d s ,  see t h e  a p p r o p r i a t ?  

I C R C  M a t e r i a l  S a f e t y  Da ta  Sheets i n  t h e  f r o n t  o f  the  manual.  

Co ld  r e s i s t e n t  g l oves  must be worn when h a n d l i n g  s o l i d  carbon  d i o x i d e .  



DETECTION OF COPPER CORROSION FROM PETROLEUM PRODUCTS BY 

THE COPPER STRIP TARNISH TEST 

(ASTM D  130) 

The method a p p l i e s  t o  a l l  SRC-1 l i q u i d s  when u s i n g  t h e  n a t u r a l  g a s o l i n e  

c o n d i t i o n s .  The p o l i s h e d  copper  s t r i p  i s  immersed i n  t h e  sample a t  40°C f o r  

t h r e e  hours  b e f o r e  comparison t o  ASTM Copper S t r i p  Co r ros i on  Standards.  The 

wash s o l v e n t  may be  e i t h e r  t o l u e n e  o r  a  m i x t u r e  o f  x y l ene  isomers.  

Sa fe ty  

SRC 1  i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a l a b  c o a t  s h o u l d  be worn t o  p r o t e c t  hands and c l o t h i n g .  

For: s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  SRC l i q u i d s ,  see t h e  a p p r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  Da ta  S h e ~ t s  i n  t h e  f r o n t  of t he  manual.  

Avo id  i n h a l a t f o n  o f  wash s o l v e n t  and use i n  a  w e l l - v e n t i l a t e d  a rea .  Keep 

o r g a n i c  vapors  f r o m  open f lames. 



CONRADSON CARBON R E S I D U E  OF PETROLEUM PRODUCTS 

(ASTM D 189) 

The procedure i s  a p p l i c a b l e  t o  a l l  S R C - 1  l i q u i d s  and b lends as w r i t t e n .  

SRC- 1 L .O.  and M .O. sampl es have 1  ess than  0.10 w t %  (1000 ppm) carbonaceous 

r e s i d u e  formed a f t e r  evapo ra t i on  and p y r o l y s i s .  H.O.  samples g e n e r a l l y  

c o n t a i n  g r e a t e r  than  1.0 w t %  r e s i d u e  a f t e r  t h e  same t r ea tmen t .  

Safety  

SRC 1  i q u i d s  and re1  a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c '  m a t e r i a l .  

Gloves and a  l a b  coa t  shou ld  be worn t o  o r o t e c t  hands and c l o t h i n g .  

F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  S R C  l i q u i d s ,  see t h e  a p p r o p r i a t e  

i C R C  ; l a t e r i a l  S a f e t y  9 a t a  Sheets i n  t h e  f r o n t  o f  t h e  manual. 

App ly  t h e  d e s t r u c t i v e  d i s t i l l a t i o n  i n  a  w e l l - v e n t i l a t e d  a rea .  Use 

a p p r o p r i a t e  p r o t e c t i v e  equipment when wo rk i ng  w i t h  h o t  c r u c i b l e s  and a v o i d  

c o n t a c t  o f  h o t  su r f aces  w i t h  s k i n .  



VAPOR PRESSURE OF PETROLEUM PRODUCTS 

(REID METHOD) 

(ASTM D 323)  

T h i s  method i s  a p p l i c a b l e  t o  S R C - 1  naphtha as w r i t t e n .  The method i s  

n o t  recommended f o r  a n a l y s i s  o f  v i scous  pe t ro leum produc ts  o r  1 i q u e f i e d  

pe t ro l eum gases. 

Sa fe ty  

S R C - 1  l i q u i d s  and r e l a t e d  m a t e r i a l  should be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a  l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

Fo r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  SRC l i q u i d s ,  see t h e  a p p r o p r i a t e  

ICRC F a t e r i a l  S a f e t y  Data  Sheets i n  t h e  f r o n t  o f  the manual.  



EXISTENT GUM I N  FUELS BY JET EVAPORATION 

(ASTM D 381) 

The p rocedure  i s  a p p l i c a b l e  t o  SRC-1 naphtha as w r i t t e n .  Ope ra t i ng  

c o n d i t i o n s  recommended f o r  naphtha a r e  t h e  same as those f o r  a i r c r a f t  

t u r b i n e  f u e l  wh ich  appear i n  Tab le  2 o f  t h e  procedure.  

Sa fe t y  

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a  l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  S R C  l i q u i d s ,  see t h e  a p p r o p r i a t e  . 

I C R C  M a t e r i a l  s a f e t y  Data Sheets i n  t h e  f r o n t  o f  t h e  manual .  

Heptane i s  v e r y  v o l a t i l e  and must be handled i n  a  w e l l  - v e n t i l a t e d  a rea  

away f r om open f l  arnes . 
Wear p r o t e c t i v e  equipment and a v o i d  s k i n  c o n t a c t  w i t h  open h o t  s u r f a c e s  

o f  t h e  d r y i n g  oven and a i r - j e t  appara tus .  



KINEMATIC VISCOSITY OF TRANSPARENT AND OPAQUE LIQUIDS 

(and t h e  C a l c u l a t i o n  o f  Dynamic ' V i s c o s i t y )  

(ASTM D 445 )  

The procedure i s  a p p l i c a b l e  t o  S R C - 1  L.O. and M.O.  as w r i t t e n .  ASTP! 

D  88 (Saybol t V i s c o s i t y )  i s  recommended when a n a l y z i n g  S R C - 1  H.O.  

S a f e t y  

SKC l i q u i d s  and r e l a t e d  m a t e r l a l  should be t r e a t e d  as t u x i c  111atttr. ia1s. 

Gloves and a l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l c t h i n g .  

F o r  s p e c i f i c  h a n d l i n g  p recau t i ons  f o r  SRC l i q u i d s ,  see t h e  a p ? r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  Data Sheets i n  t h e  f r o n t  o f  t h e  manual.  
When a n a l y z i n g  samples a t  e l e v a t e d  temperatures a v o i d  s k i n  c o n t z c t  w i t h  

h o t  sur faces and samples. 



ASH FROM PETROLEUM PRODUCTS 

(ASTM D 482) 

Th i s  method covers  t h e  d e t e r m i n a t i o n  o f  ash , in .SRC-1 L.O., M.O. and H.O. 

as w r i t t e n .  A p l a t i n u m  d i s h  i s  recommended f o r  t h e  procedure i f  t h e  ash i s  

t o  be f u r t h e r  ana lyzed  (meta l  a n a l y s i s ) .  A sample w e i g h t  o f  50-100 grams i s  

needed t o  o b t a i n  s u f f i c i e n t  ash t o  weigh. 

S a f e t y  - 
SRC 1  i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  r na te r i a l  s .  

Gloves and ,a l a b  coa t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  
" F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  SRC l i q u i d s ,  see t h e  ap - , r op r i a t e  

I C R C  M a t i r i a l  Sa fe t y  Data Sheets i n  t h e  f r o n t  o f  the manual.  

Wear p r o t e c t i v e  c l o t h i n g  when wo rk i ng  nea r  tempera tu res  o f  775°C.  



NEUTRALIZATION N U M B E R  BY POTENTIOMETRIC T I T R 4 T I O N  

(ASTM D 664)  

The method appl ies  t o  a l l  SRC l iquids as wri t ten ,  although an automatic 

t i t r a t o r  can be used in  place of the  manual t i t r a t i o n  qrocedure. 

All SRC l iqu ids  typical ly  c0ntai.n high base numbers. No   recision and 

accuracy values were determined, b u t  duplicate analyses o f n a ~ h t h a  samples 

with a  base number between 2.90 and 7.00 mg KOH/g sample did not vary above 

0.10. Higher density SRC l iquids contained base numbers between 18 a n d  

30 mg KOH/q sample and duplicate analyses did not vary by more than 0 . 5 .  

Safetv 

SRC l iquids  and re la ted  material should be t rea ted as toxic mater ia ls .  

Gloves and a  lab coat should be worn to  protect  hands and c lothina .  

For s p e c i f i c  h a n d l i n g  precautions fo r  SRC l i q u i d s ,  , s e e  t h e  a p p r s p r i  a;e 

I C R C  Hater ia l  Safe ty  Data Sheets i n  the f ron t  o f  the nanual .  



FREE-SWELLING INDEX OF COAL 

(ASTM D 7 2 0 )  

The method applies to  L S R C ,  HSRC and TSL SRC as wr i t t en .  Grind enough. 

material  to  produce f i ve  grams of working sample. 

Safety 

SRC l iqu ids  and re la ted  material should be t rea ted  as tox ic  mater 'als.  

Gloves and a  lab  coat should be worn t o  protect  hands and c lo th ing .  
For s p e c i f i c  handling precautions f o r  SRC l i q u i d s ,  see  t h e  a p 9 r o p r ; a t e  

I C R C  Material Safe ty  Data Sheets i n  the  f r o n t , o f  the manual. 

Grinding of s o l i d  samples should be completed in a  we l l -ven t i l a ted  area 

and a dust  mask must be worn by the ana lys t .  

Wear appropr ia te  p ro tec t ive  equipment when working near a  hot burner o r  

furnace.  



DENSITY A N D  R E L A T I V E ,  DENSITY ( S P E C I F I C  G R A V I T Y )  

OF LIQUIDS BY LIPKIN BICAPILLARY PYCNOMETER 

(ASTM D 941 ) 

The bicapi 1 l a ry  Li p k i n  pycnometer deiisi ty procedure A i s  a p ~ l  icabl e  t o  

SRC-1 L . O .  and M . O .  The temperature a t  which the spec i f ic  gravi t ies  are  

obtained i s  60°F. 

TO speed the f i l l i n g  of the pycnometer, a  vacuum 1,ine i s  attached t o  a  

cap i l l a ry  column while the other end i s  immersed in the sample. DO NOT turn 

on vacuum u n t i  1  the capi 11 ary column i s  immersed i n  . t h e  sampl e .  
Specific gravi ty r e s u l t s  a re  reported to the nearest  0.0001 a n d  have a 

precision of *0.02% re1 a t i v e  standard deviation. 

Safety 
SRC l iquids  and related material should be t reated as toxic materials.  

Gloves and a l ab  coat should be worn t o  protect  hands and clothing. 

For s p e c i f i c  handling precautions f o r  S R C  l iqu ids ,  see the appropriate 

IC2C ? a t e r i a l  Safety Data Sheets in the f ront  of the manual. 



* B R O M I N E  N U M B E R  O F  PETROLEUM DISTILLATES A N D  C O M M E R C I A L  A L I P H A T I C  O L E F I N S  
. " 

BY ELECTROMETRIC TITRATION 
(ASTM D 1159) 

I 

The bromine number r e su l t s  can be misinterpreted when equated to the 
o lef in  content of a sample because of the in te r fer ing  substances in SRC 

l iquids.  Therefore, the procedure i s  appropriate f o r  only the SPC hydro- 

treated naphtha. The precision and accuracy. of the procedure are unknown for  

hydrotreated naphtha. 

Safety 

SRC hydrotreated naphtha should be t reated as a toxic material and o n l y  

used in a well-venti ia ted area.  Gloves and prctect ive outemear must be worn 

by the analyst .  .. . 
Methanol i s  a vo la t i l e  flammable chemical and should be used in a well- 

ventilated area away from a1 i open flames. 



DENSITY, SPECIFIC GRAVITY OR API GRAVITY OF CRUDE PETROLEUM AND 

LIQUID PETROLEUM PRODUCTS BY HYDROMETER METHOD 

(ASTM D 1298) 

The p rocedure  i s  a p p l i c a b l e  t o  a l l  S R C - 1  l i q u i d s  and b lends  as w r i t t e n .  

S a f e  t v 

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a l a b  c o a t  s h o u l d  be worn t o  p r o t e c t  hands and c l o t h i n g .  

F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  S 2 C  l i q u i d s ,  see t h e  a p p r o p r i a t e  

ICRC M a t e r i a l  S a f e t y  Da ta  Sheets i n  t h e  f r o n t  o f  t h e  manual.  



8 
SMOKE POINT OF AVIATION TURBINE FUELS 

(ASTM D 1322) 

The procedure i s  app l i . cab le  t o  a l l  SRC-1 l i q u i d s  and b lends  as w r i t t e n .  

The w icks  were e x t r a c t e d  w i t h  t o l uene  and methanol a t  a  v i go rous  r a t e  f o r  

a  p e r i o d  o f  t ime  no l e s s  t han  16 hours .  

S a f e t y  

SRC 1  i q u i d s  and r e l a t e d  m a t e r i a l  should .  be t r e a t e d  as gas t o x i c  m a t e r i a l s .  

Gloves and a  l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g . .  

F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o f S ~ C  l i q u i d s ,  see t h e  a p p r o p r i a t e  

I C R C  +laterial S a f e t y D a t a  Sheets i n  t h e  f r o n t  o f  t he  manual.  

sCornplete e x t r a c t i o n  o f  wicks i n  a  w e l l - v e n t i l a t e d  a rea  and keep h o t  

methanol and t o l u e n e  away ' f rom open f lames .  Avo id  i n h a l a t i o n  o f  h o t  o r g a n i c  

vapors .  



MERCAPTAN SULFUR IN A V I A T I O N  T U R B I N E  FUELS 

( A M P E R O M E T R I  C A N D  POTENTIOMETRIC METHODS) 
(ASTM D 1323) 

The potentiometric procedure a ~ p l i e s  t o  SRC naphtha Y . 0 .  and H.O.  as 

wr i t t en ,  although to obtain resul ts  in the detectable range, a  smaller 

sample t h a n  i s  designated by the method i s  analyzed. One gram of SRC 1 iquid 

i s  generally required f o r  obtaining resu l t s  in the' detectable range. H.vdro- 

t reated l iquids require the sample s i ze  specified in the procedure. 

A solution of cadmium chloride can be used in place of cadmium sul fa te  

t o  remo've hydrogen su l f ide  from SRC l iquids .  

Safety 

SRC l iquids and related material should be treated as toxic materials. 

Gloves a n d  a  lab coat should be worn to Drotect hands and clothinq. For 

For s p e c i f i c  handling precautions fo r  S R C  l iqu ids ,  see the appropriate 

I C R C  Material Safety Data Sheets in the front  of the manual. 

Isopropyl alcohol i s  flammable and should be kept away from open flames. 



ASTM COLOR OF PETROLEUM PRODUCTS 

(ASTM COLOR -SCALE) (ASTM D 1500) 

The procedure i s  a p p l i c a b l e  t o  a l l  S R C - 1  1 i q u i d s  and b lends  as w r i t t e n .  

Safety  

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  ma te r i ' a l s .  

Gloves and a  l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

For  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  S R C  l i q u i d s ,  see  t h e  a p p r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  Data Sheets i n  t h e  f r o n t  o f  the  manual.  

I f  s o l v e n t  ke ros ine  i s  used as a d i l u e n t ,  keep away f rom open f lames and 

a v o i d  i n h a l a t i o n  o f  vapors.  



WATER A N D  SEDIMENT IN C R U D E  OILS BY CENTRIFUGE 

(ASTM D 1796) 

The p rocedure  i s  a p p l i c a b l e  t o  SRC-1 L . O . ,  M . O .  and H . O .  a s  w r i t t e n .  

L . O .  and M . O .  were found t o  c o n t a i n  l e s s  t h a n  0 .05 m i l l i l i t e r s  of w a t e r  and 

sed iment  f o r  a  50 m i l l i l i t e r  sample .  H . O .  were found t o  c o n t a i n  a  t r a c e  

q u a n t i t y  o f  w a t e r  and s e d i m e n t ,  b u t  u s u a l l y  l e s s  t h a n  0 . 1  m i l l i l i t e r s .  

S a f e t y  

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  a s  t o x i c  m a t e r i a l s .  

Gloves and a l a b  c o a t  s h o u l d  be worn t o  p r o t e c t  hands and c l o t h i n g t  . 

F G ~  spec :  f'i'c hand ' ! i ng  p r e c a ~ l t . i n n s  f o r  S R C  l i q u i d s ,  see t he  a p p r o p r i a t e  

I C 2 C  :Sa ter ia l  S a f e t y  D a t a  S h e e t s  i n  t h e  f r o n t  of t h?  manua l .  

Do n o t  a t t e m p t  t o  s t o p  c e n t r i f u g e  w i t h  hands o r  any b t h e r  o b j e c t .  



(ASTM D 1857) 

ALSO, SINTERING TEMPERATURE 

The method i s  applicable t o  coal, coke, LSRC and HSRC as written. 

Thermomechanical analysi s (TVA) i s  used t o  determine the fusion (me1 t i  n g )  

point of the samples. The experiments are run under an iner t  atmosphere 

(ni trogen) and not an oxi di zi ng  or reducing atmosphere. 

A sample of SRC i s  ground and screened to obtain a sample of uniform 

part ic le  s ize.  Part of the sample i s  placed in the apparatus under a 5-9 

load and heated a t  a constant rate through the temperature range that 

i n i t i a t e s  the f i r s t  dimensional change of the sample. The instrument i s  

placed o n  isothermal hold for several minutes; then the condition of the 

sample i s  visually observed t o  determine whether i t  has fused into a solid 

disk. If not, a fresh sample i s  analyzed with the isothermal hold temperature 

raised several degrees: If the sample has already fused, the isothermal h o l d  

temperature i s  lowered. 

The sintering temperature of LSRC and HSRC can also be'determined by 

TMA. The SRC sintering temperature has been defined as the temperature a t  

which SRC can no longer be ground or when SRC f i r s t  undergoes a dimensicnai 

change under the sintering temperatures; a t e s t  procedure i s  needed t o  measurn 

this  property. 

The analytical method used for this  t e s t  i s  thermomechanical analysis (TMA) , 
which measures dimensional changes in a sample as i t s  temperature i s  increased 

a t  a constant r a t e ,  while under load. A sample of SRC i s  ground up, and a 

screened, uniformly sized portion of the sample i s  placed in the apparatus 

under a 5-9 load. The temperature i s  increased a t  a uniform rate.  !Jhen the 

sample changes from a glossy, b r i t t l e  solid t o  a s o f t ,  amorphous mass, i t s  

change in volume i s  automatically recorded. Preliminary work with th is  

method indicates that this  c r i t i ca l  temperature i s  reproducible to about +Z°C. 

Safety , 

Grinding of any coal, coke, KMAC, LSRC and HSRC must be completed in a 

w e l l - ~ e n t i l a t e d  area and the analyst be required to wear a lab coat and dust 

mask. See the U.S. Department of Labor O . S . H . A .   ater rial Safety Data Sheet 

located in the front section of the manual for special ?recautions when handling 

S2C K/??.C. 

Wear protective equipment when working near temperatures of 800 t o  900°C. 
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CONVERSION OF KINEMATIC VISCOSITY TO SAYBOLT UNIVERSAL VISCOSITY 

OR TO SAYBOLT FUROL VISCOSITY 

(ASTM D 2161) 

The c o n v e r s i o n  p rocedure  i s  used t o  c o n v e r t  r e s u l t s  o b t a i n e d  from method 

ASTM D 445, k i n e m a t i c  v i s c o s i t y  va lues ,  t o  Saybol t Uni  v e r s a l  v i s c o s i t y  i n  

Saybol  t Uni v e r s a l  seconds.  



BENZENE-INSOLUBLE ( 3 1 )  CONTENT OF TAR AND PITCH 

(ASTE D 2317) 

The method a p p l i e s  t o  LSRC, HSRC and TSL SRC w i t h  a  s l i g h t  m o d i f i c a t i o n .  

The e x t r a c t i o n  a p p a r a t u s  shown i n  F i g u r e  1 o f  t h e  p r o c e d u r e  i s  r e p l a c e d  by 

t h e  e x t r a c t i o n  s e t - u p  shown i n  F i g u r e  2 .  The alundum t h i m b l e  i s  h e l d  25 mrn 
. above t h e  h o t  benzene by a  0 .64 mrn d i a m e t e r  copper  w i r e  a t t a c h e d  t o  a  con- 

d e n s o r  and h o l e s  d r i l l e d  i n  t h e  t h i m b l e .  

No p r e c i s i o n  and a c c u r a c y  d a t a  was accumulated f o r  SRC s o l  i d s ,  b u t  

d u p l i c a t e  d e t e r m i n a t i o n s  by t h e  same o p e r a t o r  d i d  n o t  v a r y  by more t h a n  

0 . 5  w t %  i f  t h e  sample  c o n t a i n e d  between 10 and 15 w t %  BI m a t e r i a l .  

S a f e t y  

SRC s o l i d s  and r e l a t e d  m a t e r i a l  s h o u l d  be t r e a t e d  a s  t o x i c  c h e m i c a l s ,  

Gloves and a  l a b  c o a t  must  be worn t o  p r o t e c t  hands and c l o t h i n g .  Gr ind ing  

o f  samples  must be done i n  a  hood and a  d u s t  mask worn by t h e  a n a l y s t .  

F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  SRC l i q u i d s ,  s e e  t h e  a p p r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  Da ta  S h e e t s  i n  t h e  f r o n t  of t h e  m a n u a l .  

Avoid i n h a l a t i o n  o f  h o t  benzene v a p o r s .  



QUINOLINE- INSOLUBLE ( Q I )  CONTENT OF TAR AND PITCH 

(ASm D 2318) 

The procedure a p p l i e s  t o  LSRC, HSRC and TSL SRC as w r i t t e n .  No p r e c i s i o n  

and accuracy da ta  i s  a v a i l a b l e  f o r  SRC m a t e r i a l ,  because o n l y  low l e v e l s  

( ~ 1 . 0  w t%)  o f  QI m a t e r i a l  were found i n  t h e  SAC samples analyzed. A work ing 

sample between 5-10 grams i s  adequate when work ing a t  t h e  low d e t e c t i o n  l i m i t  

o f  t h e  proced'hre. A va lue  o f  ~ 0 . 2  wt'. i s  r e p o r t e d  when no Q I  m a t e r i a l  i s  

focnd i n  t h e  SRC samule. 

Safety  

SRC s o l i d 5  and related m a t o r i a l  s h ~ u l d  b~ t r p a t r t l  irs t n x i c  materials, 
Gloves and a  l a b  coa t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

Fo r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  S2C l i q u i d s ,  see t h e  a p p r o p r i a t e  

IC3C ? a t e r i a l  Sa fe ty  3 a t a  Sheets  i n  t h e  f r o n t  o f  the  manual.  
Gr ind ing  o f  SRC s o l i d s  must he comoleted i n  a  w e l l - v e n t i l a t e d  area and a  

d u s t  mask worn by t h e  a n a l y s t .  Do n o t  i n h a l e  h o t  q u i n o l l n e  vaoors and ~ e r f o r m  

a l l  washings i n  a hood. Benzene i s  a c s r c i n n q ~ n i c  chemical and c o n t a c t  w i t h  

s k i n  o r  i n h a l a t i o n  o f  vapors must be avoided. 



FREEZING POINT OF AVIATION FUELS 

(ASTM D 2386) 

This method i s  appl icable  t o  SRC naphtha, M . O .  and H . O .  a s  wr i t t en .  The 

recommended coolant i s  f i n e l y  crushed so l i d  carbon dioxide and acetone which 

a r e  added i n  the proper proportions t o  form a  s l u r r y .  

Safety 

SRC l i qu id s  and re la ted  material should be t rea ted  as  toxic  mate r ia l s .  

Gloves and a  l ab  coat  should be worn t o  protect  hands and c lothing.  
For s-peci f i c  handl ing precautions f o r  S R C  l i q u i d s ,  s e e  the  appropr ia te  

I C R C  ,Yaterial  Sa f e ty  Data Sheets i n  the f r o n t  of the manual. 

The coolant bath i s  extremely cold (-78°C) and care "ust be taken not t o  

expose unprotected par t s  of the body t o  t h i s  temperature. 



FORMS OF SULFUR I N  COAL 

(ASTM D 2492) 

T h i s  method c o v e r s  t h e  d e t e r m i n a t i o n  o f  t h r e e  commonly recoon izer l  forrris 

o f  s u l f u r  i n  c o a l :  s u l f a t e  s u l f u r ,  o y r i t i c  s u l f u r  and o r g a n i c  s u l f u r .  The 

method i s  a p p l i c a b l e  t o  c o a l ,  coke and KMAC as w r i t t e n .  The o y r i  t i c  s u l  f u r  

i s  de te rm ined  b y  t h e  t i  t r a t i o n  w i t h  s t a n d a r d  0.05 N po tass ium vermansanate 

s o l u t i o n  s r o i e d u r e .  

S a f e t y  

G r i n d i n g  o f  any cnal, r o k ~  or KfvlAC ~ i i ~ i s t  be completed i n  a w e l l  - v e n t i l a t e d  

a r e a  and t h e  a n a l y s t  b e  r e q u i r e d  t o  wear a  l a b  c o a t  and d u s t  mask. See t h e  

U.S. Department o f  Labor  O.S .H.A .  M a t e r i a l  S a f e t y  Data Sheet l o c a t e d  i n  t h e  

f r o n t  s e c t i o n  o f  t h e  manual f o r  s p e c i a l  p r e c a u t i o n s  when hand1 i n ?  SRC W A C .  

Care must be t a k e n  when h a n d l i n a  c o n c e n t r a t e d  a c i d s  and bases t u  a v o i d  

c o n t a c t  w i t h  s k i n  o r  i n h a l a t i o n  o f  vapors .  Keep hydrogen ~ e r o x i d e  away f rom 

o x i d i z a b l e  m a t e r i a l s  and s t o r e  i n  a  c o l 3  atmosphere. 



COMPATIBILITY OF FUEL OIL BLENDS BY SPOT TEST 

(ASTM D 2781) 

The procedure a p p l  i es  t o  SRC-1 1 iquids  and blends as wri t ten.  For 

L.O. and M.O. samples, ra t ings of 1 and 1  t o  3 are found, respectively.  

H.O. samples have compatibil i ty ratings near 5 .  

Safety 

SRC l iquids  and related material should be t reated as toxic  mater ials .  

Gloves and  a lab d o a t  should be wbrn to protect hands and clothing. 

For  s p e c i f i c  handling precautions f o r  SRC l iquids ,  see the  appropr.iate 

ICRC lXaterial Safety Data Sheets in the f ront  of the manual. 



PROXIMATE ANALYSIS OF COAL A N D  COKE 

(ASTM D 3172) 

The procedures f o r  the  analysis  of moisture, ash and vo l a t i l e  matter are 

discussed separate ly .  The procedure i s  not used fo r  c l a s s i f i c a t i on  of coal 

by rank; therefore ,  s t r i c t  adherence t o  sample collect ion and preparation i s  

not required. 

The fixed carbon content of coal ,  coke or SRC so l ids  i s  calculated by 

the  equation given in the method. I t  should be noted tha t  the fixed carbon 

value i n c o r p o r a t ~ s  a l l  the e r ro rs  involved in each separate analys is .  This 

wil l  adversely a f fec t  the  precision of the reported value. 



MOISTURE I N  THE ANALYSIS SAMPLE OF COAL APJD COKE 

(ASTM D 3173) 

The method i s  a p p l i c a b l e  t o  ccjal o r  coke samples as w r i t t e n .  The 

p rocedure  i s  a l s o  used f o r  t h e  a n a l y s i s  o f  HSRC, LSRC and TSL SRC w i t h  a  

s l i g h t  m o d i f i c a t i o n .  I n  p l a c e  o f  a  c u r r e n t  o f  a i r  p a s s i n g  t h r o 1 . 1 ~ 9  t h e  

s u l f u r i c  a c i d  (used as a  d e s i c c a n t )  and oven, use an i n e r t  gzs :  ;li t r o g e n  

i s  recommended. The S R C - 1  s o l i d s  o x i d i z e  i c  a i r  and t h i s  w i l l  cause a  

w e i g i ~ t  i n c r e a s e .  A v o i d  use o f  any p e r c h l o r a t e  as a  d e s i c c a n t .  

G r i n d  enough m a t e r i a l  t o  p roduce f i v e  grams o f  w o r k i n g  sample. 

The m o i s t u r e  l e v e l  f ound  i n  HSRC o r  SRC TSL i s  t y p i c a l l y  l e s s  t h a n  

0 . 1  w t %  ( l a 0 0  pprn). LSRC c o n t a i n s  l e s s  t h a n  0 . 5  w t %  (500 ppm) m o i s t u r e .  

R e s u l t s  a r e  c o n s i d e r e d  suspec t  i f  dup l  i c a t e  r e s u l  t s  by  ' the sane c n a l y s t  

d i f f e r  by more t h a n  i0. .02 wtOL i n  t h e  0 . 5  t o  0 . 1  w t ?  range .  

S a f e t y  

G r i n d i n g  o f  any c o a l ,  coke o r  S R C - 1  s o l i d  must be comple ted i n  a  w e l l -  

v e n t i l a t e d  area and t h e  a n a l y s t  be  r e q u i r e d  t o  wear a  l a b  c o a t  and d u s t  mask. 

See t h e  U.S. Department  o f  Labor  O.S.H.A. M a t e r i a l  S a f e t y  Data Sheet  l o c a t e d  

i n  t h e  f r o n t  s e c t i o n  o f  t h e  manual f o r  s p e c i a l  p r e c a u t i o n s  when h a n d l i n g  SRC 

s o l  i d .  

When h a n d l i n g  c o n c e n t r a t e d  s u l f u r i c  a c i 6 : c a r e  must  be t a k e n  t o  z v o i d  

c o n t a c t  w i t h  s k i n .  A l s o ,  use p r o t e c t i v e  equipment when w o r k i n g  n e a r  h o t  oven.  



ASH I N  THE ANALYSIS SAMPLE OF COAL AND COKE 

(ASTM D 3174) 

T h i s  method i s  a p p l i c a b l e  t o  c o a l ,  coke,  LSRC, HSRC o r  TSL SRC as w r i t t e n .  

S i n c e  LSRC and HSRC t y p i c a l l y  c o n t a i n  l e s s  t h a n  0 . 1  w t %  ash and TSL SRC l e s s  

t h a n  0.05 w t %  ash t h e  use o f  a  f i v e  gram sample i s  recommended. P o r c e l a i n  

c a p s u l e s  a r e  used f o r  a n a l y s i s ,  u n l e s s  f u r t h e r  t e s t i n g  i s  r e q u i r e d  (meta l  

d e t e r m i n a t i o n ! ;  t h e n  a  p l a t i n u m  c r u c i b l e  s h o u l d  be used. 

G r i n d  enough m a t e r i a l  t o  produce twen ty  grams o f  w o r k i n g  sample if each 

ana1,ysis r e q u i r e s  f i v e  grams. 

S a f e t y  

G r i n d i n g  o f  any c o a l ,  coke o r  SRC-1 s o i  i d  must  be comple ted i n  a  w e l l  - 
v e n t i l a t e d  a rea  and t h e  a n a l y s t  be r e q u i r e d  t o  wear a  l a b  c o a t  and d u s t  mask. 

See t h e  U.S. Department o f  Labor O.S.H.A. M a t e r i a l  S a f e t y  Data Sheet l o c a t e d  

i n  t h e  f r o n t  s e c t i o n  o f  t h e  manual f o r  s p e c i a l  p r e c a u t i o n s  when h a n d l i n g  SRC 

s o l  i d .  

Wear p r o t e c t i v e  c l o t h i n g  when w o r k i n g  n e a r  tempera tu res  o f  750°C. 



VOLATILE MATTER I N  THE ANALYSIS SAMPLE OF COAL AND COKE 

- (ASTM D  3175) 

T h i s  method i s  a p p l i c a b l e  t o  c o a l ,  coke, LSRC, HSRC and TSI. SRC as 

w r i t t e n .  SRC-1 s o l i d s  d i d  n o t  spark  d u r i n g  h e a t i n g  so t h e  c o n d i t i o n s  i n  

Procedure  6 . 1  a r e  used f o r  a n a l y s i s .  V o l a t i l e  m a t t e r  r e s u l t s  f o r  HSRC, LSRC 

and TSL SRC a r e  f o u n d  t o  be between 60-79, 82-87 and 70-80 wtX, r e s p e c t i v e l y .  

R e s u l t s  between 60-90 w t %  a r e  c o n s i d e r e d  suspec t  if d u p l i c a t e  r e s u l t s  b y  t h e  

same a n a l y s t  d i f f e r  b y  more than  k0.4  w t %  v o l a t i l e  m a t t e r .  

Safe ty  

G r i n d i n g  o f  any c o a l ,  coke o r  SRC-1 s o l i d  must  be comple ted i n  a  w e l l -  

v e n t i l a t e d  area and t h e  a n a l y s t  be r e q u i r e d  t o  wear a  l a b  c o a t  and d u s t  mask. 

See t h e  U.S. Department o f  Labor O.S.H.A. M a t e r i a l  S a f e t y  Data Sheet l o c a t e d  

i n  t h e  f r o n t  s e c t i o n  o f  t h e  manual f o r  s p e c i a l  p r e c a u t i o n s  when h a n d l i n g  SRC 

s o l  i d ;  

Wear p r o t e c t i v e  c l o t h i n g  when w o r k i n g  near  tempera tu res  o f  950°C. 

- .  



THERMAL OX I M T I  ON STABILITY OF AVIATiON TURBINE FUELS 

(JFTOT PROCEDURE) 

( A S T I  D 2 2 4 1 )  

T h i s  p r o c e d u r e  a p p l i e s  t o  L . O . ,  M . O .  and H.O. a s  w r i t t e n .  L.O. samples  

p r e v i o u s l y  a 'na lyzed  had a  d e y g s i  t r a t i n g  o f  +4 a t  254 mm Kg. 

S a f e t y  

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  s h o u l d  be t r e a t e d  a s  t o x i c  m a t e r i a l s .  

G loves  and a  l a b  c o a t  s h o u l d  be worn t o  p r o t e c t  hands  and c l o t h i n g .  . 

F o r  s p e c i f i c  h a n d l i n g  p r e c j u t i o n s  f o r  S Z C  l i q u i d s ,  s e e  t h e  a p p r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  C a t a  S h e e t s  i n  t h e  f r o n t  o f  t h e  msnua l .  



SPECIFIC GRAVITY BY MEANS OF A 'AALKER TYPE PYCNOIIETER 

(APCI METHOD NO. 20) 

T h i s  method i s  a p p l i c a b l e  t o  LSRC,  HSRC, and SRC-1 H.O., wh ich  i s  to'n 

v i s c o u s  t o  measure b y  a  b i c a p i l l a r y  L i p k i n  pycnorneter .  Use ~ r o c e d u r e  5-3 

e n t i t l e d  " F o r  S o l i d s  and S e m i s o l i d s " .  

I f  t h e  sample can n o t  be h e a t e d  t o  produce a f l u i d ,  t h e  s o l i d  m a t e r i a l  

can be p l a c e d  d i r e c t l y  i n  t h e  pycnometer u s i n g  t h e  l a r g e s t  p i e c e s  a v a i l a b l e  

( t h e  sample must  be w a t e r  i n s o l u b l e ) .  s p e c i f i c  g r a v i t y  r e s u l t s  o b t a i n e d  i n  

t h i s  f a s h i o n  a r e  r e f e r r e d  t o  as bu'l k d e n s i t i e s ,  because o f  t h e  random a i r  

b u b b i e s  i n  t h e  s o l i d  sample.  T h i s  p r o c e d u r e  s h o i i l d  be como le ted  i n  d u p l i c a t e  

and t h e  v a l u e s  s h o u l d  n o t  d i f f e r  by  more t h a n  1 3 . 2 0 2 .  

S a f e t y  

SRC s o l i d s  and r e l a t e d  m a t e r i a l  s h o u l d  be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a  l a b  c o a t  s h o u l d  be worn t o  p r o t e c t  hands and c l o t h i n ? .  

F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  SAC l i q u i d s ,  s e e  t h e  a p p r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  D a t a  Sheets  i n  t h e  f r o n t  o f  t h e  manua l .  



ANALYTICAL METHOD 920 

SPECIFIC GRAVITY BY MEANS OF A WLKER T'IPE PYCNOPETER 

1. SCOPE: 

T h i s  method i s  in t ended  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  g r a v i t y  
o f  l i q u i d  pe t ro l eum p r o d u c t s  when g r e a t e r  accu racy  i s  r e q u i r e d  o r  
when t h e  hydrometer  i s  u n s u i t a b l e  because  o f  i n s u f f i c i e n t  m a t e r i a l ,  
o r  because  o f  t h e  v i s c o u s  n a t u r e  o f  t h e  sample. The t e s t  i s  a p p l i c a b l e  
t o  s o l i d  s amples ,  s e m i s o l i d s ,  and polymer ic  m a t e r i a l s  such a s  FS-100 
t h a t  a r e  i n s o l u b l e  i n  w a t e r  m o t e  1 )  . 

2.  PRINCIPLE : 

The s p e c i f i c  g r a v i t y  s h a l l  be expres sed  a s  t h e  r a t i o  o f  t h e  weight  of 
a  g i v e n  volume o f  sample t o  t h a t  o f  a n  e q u a l  .volume o f  w a t e r  a t  t h e  
same t e m p e r a t u r e .  

A .  S p e c i f i c  Grav i ty  B o t t l e  o f  t h e  Walker Type 

Approximately 25 m l .  c a p a c i t y .  (A. H.  Thomas Co. , No. 9033) 

B . Cons tan t  T e m ~ e r a t u r e  Bath 

With t h e r m o s t a t i c  c o n t r o l ,  c apab le  o f  m a i n t a i n i n g  a  tempera ture  
o f . 2 0 ° C  2 O.l°C. 

C . Thermometer 

c e n t i g r a d e ,  g radua ted  i n  0  -1 d e g r e e s .  

D .  A n a l v t i c a l  Balance 

Accura t e  t o  0 . 1  mg. 

4. CALISMYION @F THE PYCNOMETER: 

Be fo re  a t e s t  caii be pe r Iu rmed ,  t h e  water e q u i v a l e n t  o t  t h e  pycnometer 
a t  20°F m u s t  be dc tc rmined .  Clean  snd dry the  yyrrnumeter ( b o t t l c ,  
c a p i l l a r y  and cap)  , a l l w  it t o  come t o  room t e m p e r a t u r e ,  and weigh .it 
on t h e  a n a l y t i c a l  b a l a n c e  t o  0 . 1  mg. F i l l  t h e  b o t t l e  w i t h  f r e s h l y  
b o i l e d  and c o o l e d  d i s t i l l e d  w a t e r ,  b u t  do  n o t  i n s e r t  t h e  c a p i l l a r y  and 
c a p .  'The b o t t l e  i s  t h e n  suspended i n  t h e  c .ons t an t  t empera tu re  b a t h  
ma in t a ined  a t  20°C f O.l°C. The t o p  of  the b o t t l e  should be s l i g h t l y  



ANALYTICAL METHOD $20 

SPECIFIC GFAVITY BY MEANS OF A WALKER TYPE PYCNO.ETER 

Ca l i b r a  t i c n  of  t h e  Pycnometer (Continuedl  

above t h e  l e v e l  o f  t h e  w a t e r  i n  t h e  b a t h .  However, it. must n o t  be 
immersed so  f a r  t h a t  t h e r e  i s  danger  of con tamina t ion  from t h e  ba th  
wa te r .  A f t e r  1/2 h o u r ,  i n s e r t  c a p i l l a r y ,  wipe t h e  e x c e s s  mois tufe  
from t h e  o u t s i d e  o f  t h e  c a p i l l a r y  s t em,  and s e t  cap  i n  p l a c e .  Remove 
from ba th .  Wipe t h e  o u t s i d e  o f  t h e  pycnometer w i t h  a  c l e a n  c l o t h  
moistened w i t h  a c e t o n e ,  t h e n  wipe d r y .  Allow it t o  s t a n d  a p ~ r o x i m a t e l y  
2 minutes  s o  t h a t  t h e . o u t s i d e  o f  t h e  pycnometer w i l l  be thoroughly  
d r y .  Weigh t h e  'pycnometer and w a t e r  on t h e  a n a l y t i c a l  ba l ance  t o  
0 . 1  mg. The d i f f e r e n c e  between t h e  weight  o f  t h e  pycncmeter an2 t h e  
pycnometer . p l u s  t h e  w a t e r  i s  t h e  w a t e r  e q u i v a l e n t  a t  20°C. T h i s  
c a l i b r a t i o n  should be  checked f r e q u e n t l y .  

5 . PROCEDURE : 

A .  For L i o u i d s  

To d e t e A i n e  t h e  s p e c i f i c  g r a v i t y  of a l i q u i d ,  weigh t h e  clean, 
d r y ,  c a l i b r a t e d  pycnometer b o t t l e ,  c a p i l l a r y  and cap)  on t h e  
a n a l y t i c a l  ba l ance  t o  O.l.mg. I f  t h e  sample c o n t a i n s  en t rapped  
a i r ,  h e a t  . g e n t l y  on a  h o t  p l a t e  wh i l e  s t i r r i n g  c o n s t a n t l y .  C ~ y e  
should be t a k e n  t o  p r e v e n t  l o s s  o f  m a t e r i a l  by e v a p o r a t i o n .  I f  
it i s  neces sa ry  t o  warn t h e  sample,  a l s o  warm t h e  b o t t l e .  Using 
a  f u r n e l ,  f i l l  it c a r e f u l l y  w i t h  sample a v o i d i n g  t h e  i n c l u s i o n  
o f  a i r  bubb le s .  Add enough sarriple t o  t h e  b o t t l e  t o  a l l ow f o r  
c o n t r a c t i o n  ' in c o o l i n g .  Suspend t h e  b o t t l e  c o n t a i n i n g  t h e  sarrple 
i n  t h e  c o n s t a n t  t empera tu re  b a t h  s o  t h a t  t h e  t o p  o f  t h e  b o t t l e  i s  
s l i g h r l y  above t h e  l e v e l  of t h e  w a t e r  i n  t h e  b a t h .  I t  must no t  be 
immersed so  f a r  t h a t  t h e r e  i s  danger  o f  con tamina t ion  from t h e  
b a t h  wa te r .  A f t e r  one-ha l f  h o u r ,  i n s e r t  t h e  c a p i l l a r y  i n  t h e  
neck of  t h e  b o t t l e  f o r c i n g  ' a l l  e x c e s s  sample th rough  t h e  opening. 
Wipe t h e  e x c e s s  m a t e r i a l  from t h e  o u t s i d e  o f  t h e  c a p i l l a r y  wi th  
a c l e a n ;  d r y  ' c l o t h  and s e t ,  t h e  cap  i n  p l a c e .  Remove from b a t h  
and wipe t h e  o u t s i d e  o f  t h e  pycnometer wi,th a  c l e a n  c l o t h  
moisfened w i t h  a c e t o n e .  Wipe d r y .  A f t e r  a l l o w i n g  it t o  s tand  
approximate ly  2 minu te s ,  wgigh t o  0 . 1  mg. 

C a l c u l a t i o n :  

Wt. o f  s a m l e  a t  20°C e.  S p e c i f i c  ~ r a v i w  (2°/20eC) = b t e r  e q u i v a l e n t  a t  Z O " C ,  g. 

B .  For S o l i d s  and S e m i s o l i d s  

De te rn ine  t h e  t a r e  we igh t  o f  t h e  c l e a n ,  d r y  c a l i b r a t e d  pycnometer 
( b o t t l e ,  c a p i l l a r y  and c a p ) .  Heat t h e  sample on a  h o t  p l a t e  u n t i l  
it i s  f l u i d ,  s t i r r i n g  c o n s t a n t l y  t o  remove a l l  a i r  bubb le s .  
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For S o l i d s  and Semiso l id s  (Continued) 

Heat c a r e f u l l y  so  t h a t  none o f  t h e  sample i s  l o s t  t h rough  
e v a p o r a t i o n .  Warm t h e  pycnometer and f u n n e l  i n  t h e  e l e c t r i c  
oven. I n t r o d u c e  t h e  sample i n t o  t h e  b o t t l e  u n t i l  it i s  one-ha l f  
f i l l e d .  Take procaut ionc  t o  p r c v c n t  t h c  f l u i d  from t o u c h i n g  t h c  
s i d e s  o f  t h e  b o t t l e  above t h e  f i n a l  l e v e l  and pour  c a r e f u l l y  t o  
p r e v e n t  t h e  i n c l u s i o n  o f  a i r  bubb le s .  Allow t h e  b o t t l e  and c o n t e n t s  
t o  c o o l  t o  room tenrpera ture .  A few a i r  bubb le s  c a n  be removed 
from t h e  s u r f a c e  o f  t h e  sample by u s i n g  a p i e c e  o f  w i re  t o  l i f t  
a s m a l l  amount of  t h e  sarriple c o n t a i n i n g  t h e  bubble o r  bubbles  f r o 7  
t h e  b o t t l e .  A f t e r  t h e  sample i s  f r e e  from a i r  bubb le s  and c o o l ,  
weigh t o  0 . 1  mg. Then f i l l  t h e  pycnometer w i t h  f r e s h l y  b o i l e d  and 
coo led  d i s t i l l e d  w a t e r .  Suwend  t h e  b o t t l e  and i t s  c o n t e n t s  i n  
t h e  c o n s t a n t  t empera tu re  b a t h  a t  20°C s o  t h a t  t h e  e n t i r e  c o n t e n t s  
b o t h  sample and d i s t i l l e d  wa te r )  i s  immersed i n  t h e  b a t h .  The 

b o t t l e  should  n o t  be h e r s e d  so  f a r  t h a t  t h e r e  i s  danger  o f  
con tamina t ion  from t h e  b a t h  w a t e r .  A f t e r  one-ha l f  h o u r ,  s e t  t h e  
c a p i l l a r y  in p l a c e ,  wipe e x c e s s  w a t e r  from t h e  o u t s i d e  of  t h e  
c a p i l l a r y  w i t h  a  c l e a n ,  dry c l o t h  and p l a c e  t h e  cap  on t h e  
c a p i l l a r y .  Remove trom b a t h  and wipe t h e  o u t s i d e  of t h e  pycnorneter 
w i t h  a  c l e a n  c l o t h  moistened w i t h  ace tone  and d r y .  A f t e r  t h e  
pycnometer h a s  s tood  approximate ly  2  m i n u t e s ,  weigh t o  0 . 1  rng. 

w~ - w~ S p e c i f i c  Grav i ty  (20/2Ooc) = yl - OI'F - wpj  

where : 

W = w a t e r  e q u i v a l e n t  o f  pycnometer , g .  

WB = weight  o f  pycnometer , g. 

Wp = weight  o f  pycnorneter + s o l i d .  g. 

W F =  weigh t  o f  p y c n m c t c r  + s o l i d  + d i n t i . l l c d  H 0 ,  g. 
2 

K n w i n g  t h e  s p e c i f i c  g r a v i t y ,  t h e  d e n s i t y  may be  c a l c u l a t e d  a s  
f o l l u w s :  

D ~ n q i _ + y  2fl .A°C = . y ~ c i f j c  gravjty  r d e n s i t y  o f  H.-fl @ 70°C ( .  99823)  L 
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SPECIFIC GRAVITY BY MEANS OF A WALKER TYPE P'YCNOMETER 

PECAUTIONS : 

A .  Exerc i se  c a r e  t o  p r e v e n t  t h e  gxpans ion  and overf low o f  t h e  
c o n t e n t s  from t h e  h e a t  of t h e  hand o r  a t m o q h e r e  when wiping  
t h e  e x c e s s  sample from t h e  c a p i l l a r y .  

B. To p r e v e n t  breakage  o f  t h e  pycnometer a f t e r  a d e t e r m i n a t i o n  on - 
a  v i s c o u s  o r  s emiso l id  m a t e r i a l  h a s  been made, it i s  a d v i s a b l e  t o  
warm it i n  a n  e l e c t r i c  oven n o t  ove r  100°C u n t i l  most of  t h e  
m a t e r i a l  can  be '  poured o r  swabbed o u t  w i t h  a  s o f t  c l o t h  o r  c o t t o n  
was t e .  When it i s  c o o l ,  r i n s e  w i t h  b e n z o l  and ace tone  o r  o t h e r  
s u i t a b l e  s o l v e n t s .  Then u s e  chromic a c i d  c l e a n i n g  s o l u t i o n  
fo l lowed by d i s t i l l e d  w a t e r  r i n s i n g s .  

NOTE : - 
1. Since  t h e  FS-100 m a t e r i a l  i s  very  v i s c o u s ,  t h e  s p e c i f i c  g r a v i t y  

should  be determined by u s i n g  t h e  p rocedure  d e s c r i b e d  i n  5 (B) .  
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DETERMINATION OF WATER IN  ORGANIC AND INORGANIC COMPOUNDS 

(APCI METHOD NO. 101) 

The procedure i s  a p p l i c a b l e  t o  S R C - 1  l i q u i d s  as w r i t t e n .  S R C - 1  l i q u i d s  

can c o n t a i n  ami nes; t he re fo re ,  t he  so l  ven t  sys tem i s  75 mi 11 i 1 i t e r s  o f  ch lo ro fo rm - .  

and 50 m i l l i l i t e r s  o f  15 pe rcen t  s a l i c y l i c  a c i d  i n  methanol .  The s a l i c y l i c  a c i d  

b locks  many ami nes f r om r e a c t i n g  w i t h  t he  Ka r l  F i s c h e r  reagen t  and p roduc ing  an 

a d d i t i v e  e f f e c t  t o  t h e  wa te r  va lue .  Procedure 5B, au tomat i c  t i t r i m e t e r ,  i s  

recommended t o  p r o v i d e  t h e  most p r e c i s e  da ta  and i s  l e s s  t i m e  consuming than  

t he  manual p rocedure .  

The wate r  c o n t e n t  o f  SRC-1 l i q u i d s  i s  t y p i c a l l y  l e s s  than  0.5 w t % .  There- 

f o r g  a  sample we igh t  o f  f i v e  grams i s  used f o r  each a n a l y s i s .  The sample i s  

b e s t  i n t r o d u c e d  i n t o  t he  t i t r a t i o n  vesse l  by a  s y r i n g e  wh ich  i s  weighed f u l l  and 

a f t e r  each i n j e c t i o n  t o  determine t h e  sample weight .  

D u p l i c a t e  de te rm ina t i ons  by t he  same a n a l y s t  shou ld  n o t  va r y  by more than  

0.02 wtb a b s o l u t e  f o r  va lues l e s s  than  0.50 wt?! wa te r  i n  SRC-1 l . i qu i ds .  

S a f e t y  

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a  l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  S R C  l i q u i d s ,  see t h e  a p p r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  Da ta  Sheets i n  t h e  f r o n t  o f  t h e  manual.  

Use methanol and c h l o r o f o r m  i n  a  w e l l - v e n t i l a t e d  area and away f rom open 

f lames . 
Ka r l  F i s c h e r  reagen t  i s  ve r y  t o x i c  and f lamma5le and shou ld  be c a r e f u l l y  

hand1 ed. 
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D E T E % Y I N A T I C N  OF WATER I N  
ORGANIC AND I N O R G A N I C  C W P O i i N D S  

SCOPE : 1- - 
T h i s  method d e s c r i b e s  a  p rocedure  f o r  t h e  d e t e r m i n a t i o n  o f  f r e e  
w a t e r  and w a t e r  o f  h y d r a t i o n  in most  s o l i d  o r  l i p i d  o r g a n i c  and 
6norganic  compound&. By p r o p c r  e h o i e c  05 jarnplt s i z e  and K a r l  
F i s c h e r  r e a g e n t  c o n c e n t r a t i o n ,  t h e  methsd i s  s u i t a b l e  f o r  t h e  
measurement o f  w a t e r  o v e r  a  range  o f  p a r t s  p e r  m i l l i o n  t o  p u r e  
w a t e r .  

P 4 I N C I  PLE : 

The sample i s  d i s s o l v e d  in a  s o l v e n t  o f  m e t h a n o l  end ch lo ro fo rm.  
If t h e  sample i s  a n  amine ,  t h e  me thano l  used in t h e  ' s o l v e n t  s;?ould 
c o n t a i n  1S p e r c e n t  s a l i c y l i c  a c i d .  The w a t e r  c o n t e n t  i s  
de termined  by e i t h e r  manual  amperornetric t i t r a  t i o n  equipment  o r  
a n  a u t o m a t i c  t i t r i m e t e r  u s i n g  K a r l  F i s c h e r  r e a g e n t .  The end p o i n t  
i s  t h e  f i r s t  appea rance  o f  free i.ocl.i,n~ d e t ~ t n n l i n ~ c l  ~ l ~ e c t r n m e t r i c a !  ... 1.11. 

A .  P a n u a l  Arnperometric Equipment 
(shown x h e r n a t i c a l l v  in Fiqure 1) 

(1) Bure t  Assernblv 

A 10  m l .  semi-micro b u r e t  p r o v i d e d  w i t h  a  28/15 b a l l  
j o i n t  a s  s h m  i n  F igu re  1. A c l o s e d - s y s t e m  reservoir 
is f i t t e d  t o  t h e  t o p  o f  t h e  b u r e t .  The t o p  of t h e  
FWIYF~UIF i~ eunnected ro a tube filled ~ i r b  IndicdT!Lng 
D r i e ~ i t e  by a two- foo t  l e n g t h  o f  2 mm. I D  t u b i n g .  

(2) Electrode Assernblv 

Two 0.5 nun. d i a m e t e r  p l a t i n u m  w i r e s  s e a l e d  th rough  t h e  
end of a  s u i t a b l e  s o f t  g l a s s  t u b e  and e x t e n d i n g  f o r  one- 
h a l f  i n c h  in a  h o r i z o n t a l  p l a n e  j u s t  above t h e  magnet ic  
s t i r r i n g  b a r .  The two w i r e s  s h a l l  be p a r a l l e l  t o  each  
o t h e r  and spaced  s e v e r a l  m i l l i m e t e r s  a p a r t .  The glass 
t u b e  c o n t a i n i n g  t h e  l e a d s  s h a l l  be cemented . i n t o  a  35/20 
b a l l  j o i n t  h a v i n g  a c o n n e c t i o n  t o  a D r i e r i t e  t u b e .  
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(3) M e t e r  

An e l e c t r o n  t u b e  v o l t m e t e r  w i t h  a  r a n g e  o f  500 m i l l i v o l t s ,  
f u l l  s c a l e .  A l i n e  o p e r a t e d  pH m e t e r  w i t h  a  r a n g e  of 700 
m i l l i v o l t s ,  f u l l  s c a l e ,  may b e  u s e d .  

(4) T i t r a t i o n  V e s s e l  

A s u i t a b l e  d e s i g n  i s  shown in F i g u r e  2 ,  h o w e v e r ,  o t 5 e r  
d e s i g n s  may be  u s e d  p r o v i d e d  t h a t  t h e y  p e r m i t  s e v e r a l  
s u c c e s s i v e  d e t e r m i n a t i o n s  in t h e  same c o n t a i n e r  .' The 
c o n s t r i c t e d ,  f b t - b o t t o m e d  s e c t i o n  p e m i t s  t h o r o u g h  
a g i t a t i o n  w i t h  a m a g n e t i c  s t i r r e r .  

A u t o m a t i c  T l t r i m e t e r  E m i ~ r n e n t  

Metrohm - K a r l  F i s c h e r  T i t r a t o r  E-452. 

4 REAGENTS: 

A l l  c h e m i c a l s  used  s h a l l  b e  r e a g e n t  g r a d e .  A l l  w a t e r  u s e d  s h a l l  
be d i s t i l l e d  w a t e r .  

A .  C h l o r o f o m  

Code #C360 -high V a l l e y  Chemica l  Company, E a s t c n  , Pa .) 

B. M e t h a n o l  

Code W 3 7 0  (Lehigh V a l l e y  C h e m i c a l  Company, E a s t o n ,  Pa .) 

C .  Sal icv lSc  Acid  

Code SX60-CB664 m a t h e s o n  Coleman and B e l l ,  P h i l a d e l p h i a  , Pa .) 

D. h r l  F i s c h e r  R e a q e n t  

Code BKX10-8806 (ha theson  Coleman and  B e l l ,  P h i l a d e l p h i a  , Pa.)  
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E K a r l  F i s c h e r  Reagent - Workine S o l u t i o n  

D i l u t e  500 m l ,  o f  s t o c k  s o l u t i o n  w i t h  500 m l .  o f  methano1,and 
store f o r  a t  &east one day  b e f o r e  u s e .  When f r e s 5 l y  p repa red ,  
1 m l ,  of  t h i s  s o l u t i o n  i s  approx ima te ly  e q u i v a l e n t  t o  2 mg. 
u f  wd ter.,  L ~ i t  changes on s t a n d i n g .  

F. M e t h a ~ o l  7 m . s s a l i ~ y l i c  Acid 

D i s s o l v e  I 5 0  g .  of  s a l i c y l i c  a c i d  in 1 l i t e r  of rnet5anol.- Use 
f o r  amincs . 

5 .  PREPARATION AND STANDARDIZATION : 

Manual A m p e r m e t r i c  Eouiument 

(1) Assemble t h e  a p p a r a t u s  a s  shown in F i p r e  1 and f i l l  t h e  
r e s e r v o i r  and b u r e t  w i t h  t h e  k r l  F i s c h e r  working  s o l u t i o n .  

(2) I n t r o d u c e  100 m l .  o f  c h l o r o f o m  and 25 m l .  o f  methanol  i n t o  
t h e  t i t r a t i o n  v e s s e l  t h rough  t h e  28/15 sampl inq  j o i n t .  
S t o p p e r  w i t h  t h e ,  s e a l e d  end b a l l  member end s t a r t  t h e  
magnet ic  stirrer. Measure t h e  v o l t a g e  a c r o s s  t h e  e l e c t r c d e s  
w i t h  t h e  m i l l i v o l t m e  ter . 

Add t h e  K a r l  F i s c h e r  r e a g e n t  i n  1 r n l ,  p o r t i o n s ,  t h e  
a d d i t i o n s  being made i n  r a p i d  s u c c e s s i o n  a t  f i r s t ,  t h e n  
more s l w l y  . The v o l t a g e  , a s  ~ t ~ e a s u r e d  on t h e  m e t e r ,  w l l l  
d r o p  s h a r p l y  a f t e r  each  a d d i t i o n  and t h e n  i n c r e a s e .  Using 
a s t o p w a t c h ,  measure t h e  t ime  r e q u i r e d  f o r  t h e  v o l t a g e  t o  
i n c r e a s e  by 1 0  m i l l i v o l t s  a f t e r  each  a d d i t i o n .  Cont inue  
t h e  a d d i t i o n s  of t i t r a n t  in 1 m i .  i nc remen t s  u n t l l  t h e  
inereese in v u l t a g e  a f t e r  an addition appr.ox;lndtes 1 0  
m i l l i v o l t s  i n  1 0  seconds .  

(4) Decrease  t h e  a d d i t i o n s  t o  1 0  d r o p s  t h e n  t o  5 d r o p s  a s  l o n g  
a s  t h e  v o l t a g e  i n c r e a s e s  by more t h a n  1 0  m i l l i v o l t s  i n  10 
seconds .  Then add t h e  t i t r a n t  in 2 d r o p  i n c r e m e n t s  a s  l o n g  
a s  t h e  v o l t a g e  i n c r e a s e s  by more t h a n  1 0  m i l l i v o l t s  i n  30 
seconds .  The end p o i n t  of t h e  t i t r a t i o n  w i l l ' h a v e  been 
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reached  a t  t h e  f i r s t  two-drop a d d i t i o n  a f t e r  which more 
t h a n  30  seconds  w i l l  be  r e q u i r e d  f o r  a n  i n c r e a s e  o f  1 0  
m i l l i v o l t s .  With normal ly  f r e s h ,  d r y  c h l o r o f o m  and 
me thano l ,  n o t  more t h a n  10-15 m l .  .of t i t r a n t  a r e  
r e q u i r e d  f o r  t h e  w a t e r  p r e s e n t  i n  t h e s e  r e a g e n t s .  

Immediately a f t e r  a d j u s t m e n t  o f  t h e  s o l v e n t s ,  i n t r o d u c e  
one-two d rops  o f  w a t e r  f rcm a t a r e d  we igh ing  p i p e t  i n t o  
t h e  t i t r a t i o n  v e s s e l .  C lose  t h e  v e s s e l  and s t a r t  t h e  
magnet ic  s t i r r e r ,  t h e n  reweigh t h e  weighing  p i p e t  t o  t h e  
n e a r e s t  0 .1 mg. Again t i t r a t e  w i t h  K a r l  F i s c h e r  r e a g e n t ,  
f o l l o w i n g  t h e  same p r o c e d u r e s  s p e c i f i e d  i n  (3) and (4) 
above.  Record t h e  v a l u e s  o f  t i t r a n t  u sed  t o  t h e  n e a r e s t  
0 .01  m l .  

(6) Repeat s e c t i o n  (5) above u n t i l  s u c c e s s i v e  s t a n d a r d i z a t i o n  
d e t e r m i n a t i o n s  i n d i c a t e  an  e q u i v a l e n c e  o f  1 m l .  = X 5 
0.01 mg. w a t e r .  

(7) S t a n d a r d i z e  t h e  K a r l  F i s c h e r  r e a g e n t  a t  l e a s t  once a  week ,  
i f  t h e  a p p a r a t u s  i s  i n  c o n s t a n t  u s e .  If t h e  a p p a r a t u s  i s  
i d l e  s e v e r a l  d a y s  o r  more,  s t a n d a r d i z e  b e f o r e  t e s t i n g  
samples .  

Automatic T i t r i m e t e r  Eouiument 

(1) I n t r o d u c e  100 m l .  o f  ch lo ro fo rm and 25  m l .  of methanol  
i n t o  t h e  t i t r a t i o n  v e s s e l  t h rough  t h c  sampl ing  j o i n t .  

(2) Before the s o l v e n t s  a r e  a d j u s t e d  f o r  w a t e r  c o n t e n t ,  s e t  
t h e  v a r i o u s  s w i t c h e s  on t h e  t i t r a t o r  a s  f o l l c w s :  (See 
F igu re  4) 

(a) Throw t o g g l e  s w i t c h  #2 t o  "I", t h e  p i l o t  l i g f i t  
$1 comes on. 

(b) A d j u s t  s t i r r e r ,  s w i t c h  =11, s o  t h a t  t h e  s t i r r i n g  
b a r  mixes t h e  s o l u t i o n  t h o r o u g h l y  b u t  n o t  s o  
v i o l e n t l y  t h a t  a  v o r t e x  ( c a v i t a t i o n )  i s  c r e a t e d ,  
c a u s i n g  a i r  b u b b l e s  t o  c o n t a c t  t 5 e  e l e c t r o d e s .  
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DETERMINATION.OF W T E R  I N  
ORGANIC A N D  I N O R G A N I C  COMPOLWDS 

(c) S e t  s e l e c t o r  s w i t c h  #I3 t o  "au tomat ic"  f o r  l e f t -  
hand Dosimat. 

(d) S e t  s w i t c h  $12 t o  15/25', t h e  end p o i n t  p o t e n t i o m e t e r .  

( e )  S e t  bwitch $9 t o  20-60 seconds.  

(I) Set p o t e n t i o m e t e r  #f f o r  30 sceond cnd p o i n t .  

(p;) Turn t h e  l e f t - h a n d  s w i t c h  on l e f t  D o s i ~ a t  t o  "on" 
(set F i g u r e  3 ) .  

(h) F i l l  t h e  b u r e t  and t u r n  s topcock  t o  a l l o w  Karl 
F i s c h e r  s o l u t i o n  t o  be f e d  i n t o  t i t r a t i o n  v e s s e l .  

a I 

(i) S e t  t i t r a t i o n  speed t o  s 1 o w . b ~  a d j u s t i n g  t h e  r i g h t -  
hand s w i t c h  on the l e f t  Dosimat (see F igure  3 ) .  

(j) Adjustment  o f  t h e  w a t e r  c o n t e n t  o f  t h e  s o l v e n t s  can  
now be completed by d e p r e s s i n g  t h e  " s t a r t "  b u t t o n  
6 .  The " s t o p "  p i l o t  l i g h t  # I  g6es o u r  end ehe 
t i t r a t i o n  p r o c e e d s  a u t o m a t i c a l l y .  T h e  "s - top"  pilot 
l i g h t  447 comes on a g a i n  when t h e  d e l a y  p e r i o d  set 
by s w i t c h  #5  h a s  e b p s e d  a f t e r  t h e  last s i g n s 1  h a s  
been t r a n s m i t t e d .  

(k) immediately a f r e r  a d j u s t m e n t  of tllr s u l v e r ~ t s ,  
i n t rn r l l l r e  one-*YO drops of water from a t a r e d  
we igh ing  p i p e t  into t h e  t i t r a t i o n  v e s s e l .  C lose  
t h e  v e s s e l  a n d  a d j u s t  s t i r r e r  s w i t c h  $11. 

(1) Proceed a c c o r d i n g  t o  steps (h) , ( i j  ernd (j) above 
, and recard t h e  volume of Karl Fischcr s o l u f i o n ,  

C .  C a k ~ b t i o a  o f  K a r l  F i x h e r  F a c t o r  

(g. H O/ml.  K.F.) = Wt. o f  H90 (F.) 
2 Volume o f  K.F. S o l u t i o n  

C a l c u l a t e  s t a n d a r d i z a t i o n  t o  s i x  d c c i m a l  p l a c e s .  



DETEWINATION OF WATER I N  
O R G A N I C  A N D  I N O R G A X I C  C@!PObi.!DS 

A .  T o  t f ie  a d j u s t e d  s o l v e n t s  (Note 1 )  add  a n  a p p r o p r i a t e  w e l g h t  
of  sample  t o  t h e  t i t r a t i o n  v e s s e l  a c c o r d i n g  t o  T a b l e  I .  

B. When u s i n g  t h e  manua l  e q u i p m e n t ,  s t a r t  t h e  s t i r p e r ,  add  t h e  
K a r l  F i s c h e r  s o l u t i o n  i n  s m a l l  i n c r e m e n t s ,  and  p r o c e e d  
a c c o r l h g  t o  s e c t i o n s  5 (A) 3 and  5  (A) 4.  

C. When u s i n g  t h e  a u t c m a t i c  e q u i p m e n t ,  a d  j u s t  stirrer s ~ i t c h  gll 
and p r o c e e d  a c c o r d i n g  t o  s t e ? s  5  @ ) h ,  5  (9) i,  and  5  (B) j , 2nd 
r e c o r d  t h e  volume o f  t h e  Karl F i s c h e r  s o l u t i o n .  

V o l m e  o f  K.F. s o l u t i o n  x K.F. Factor ~ ' 1 9 0  
W .  o f  Sainple = wt. % H20 

Deaending  upon t 3 e  tmount  o f  w a t e r  p r e s e s t  in t h e  s a m p l e ,  t 'ze 
r e s u l t s  o b r a i n e d  b y  t h e  same a n a l y s t  s h o u l d  be considered s u s p e c t  
i f  t h e y  d i f f e r  by more t h a n  t h e  f o l l o w i n g :  

0  - 1.0 '0.01% a b s o l u t e  
1- 5.0 *O.  03% 
5  - 50.0 '0 .lo% 
o v e r  50.0  50.3076 

W. % H-JO Wt . S a m ~ l e  V o l .  K.F. Solution* 

O . G O 1  - 0 . 0 1  50.0 g .  .25 - 2.5 m l .  
0 . 3 1  - 0 . 1  20.0 g. 1 - 1 0  m i .  
0 . 1  - 1 . 0  5.0. g. 2.5 - 25 m l .  
1 .0 - 1 0 . 0  0.5 g .  2.5 - 25 m i .  
10 .0  - 100 .0  0 . 1  g. 5 - 50  r n l .  

* Based on a  K.F. F a c t o r  o f  ,002 g.  H20/ir,l. K.F . 



DETERMINATION OF WATER I N  
O R G A N I C  A N D  I N O R U N I C  COMPOUNDS. . -. 

NOTE 1: If t h e  sample  i s  a n  amine run t h e  d u p l i c a t e  test w i t h  75 m l .  
o f  c h l o r o f o m  and 50 ml. of m e t h a n o l  w i t h  15 p e r c e n t  
s a l i c y l i c  a c i d  a d d e a .  

2 
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DETERMINATION OF CHLORIDE BY PARR PEROXIDE BOMB 

(APCI METHOD NO. 104) 

The p rocedure  i s  a p p l i c a b l e  t o  c o a l ,  coke and KMAC samples as w r i t t e n .  

F o r  samples c o n t a i n i n g  l e s s  than  2 .0  wt?: c h l o r i n e  use a  0.4 gram s a n p l e  and 
. . 

add o n l y  25 m i l l  il i . t e r s  o f  t h e  0.1N s i l v e r  n i t r a t e  s o l u t i o n .  See A P C I  Method 

No. 208' f o r  t h e  p r e p a r a t i o n  and s t a n d a r d i z a t i o n  o f  0.1N s o l u t i o n s  o f  s i l v e r  

n i t r a t e  and ammonium t h i o c y a n a t e .  

G r i n d  enough m a t e r i a l  t o  produce a  f i v e  gram w o r k i n g  sample. 

Sa fe ty  

G r i n d i n g  o f  any c o a l ,  coke o r  KMAC must be comple ted i n  a  w e l l  - v e n t i l a t e d  

area and t h e  a n a l y s t  be r e q u i r e d  t o  wear a  l a b  c o a t  ;nd d u s t  mask. See t h e  

U.S. Department o f  Labor  O.S.H.A. M a t e r i a l  S a f e t y  Data Sheet 1,ocated i n  t h e  

f r o n t  s e c t i o n  o f  t h e  manual f o r  t he ,  s p e c i a l  p r e c a u t i o n s  when hand1 i n g  SRC KMAC. 

Care must be t a k e n  when h a n d l i n g  c o n c e a t r a t e d  a c i d s  and bases t o  a v o i d  

c o n t a c t  w i t h  s k i n  o r  i n h a l a t i o n  of vapors .  . 
Keep sodium p e r o x i d e  s t o r e d  i n  a  d e s i c c a t o r  c o n t a i n i n q  d e s i c c a n t  and away 

, . 

f rom w a t e r .  I f  sodium p e r o x i d e  s p i l l s ,  do n o t  c l e a n  up w i t h  a  c o m b u s i i ~ ~ ; e  m a t e r i a l .  

e .  g  . , paper  towel  s  , because they  can .  i g n i  t e .  



ANALYTICAL METHOD %lo4 

DETEX~IIYATION OF CHLORIDE 
BY TFE FPXQ PEROXIDE 'BOMB 

T h i s  method d e s c r i b e s  a p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  o f  
c h l o r i d e  i n  o r g a n i c  cornpourids i n  t h e  r a n g e  of 0.5 t o  95.0  p e r c e n t .  

The s a n p l e  i s  decomposed w i t h  sodium p e r o x i d e  and  sodium c z r b o n a t e  
5n t h e  P a - r  Luriib. The  c h l o r i d e  p r p s e n t  is  determined by t i t r a t i o n  
u s i n g  arrmonium t h i o c y a n a t e  i n  t h e  p r e s e n c e  of a n  e x c e s s  o f  s i l v e r  
n i t r a t e .  

3 .  AF?.L%\TUS : 

A .  P a r r  P e r o x i d e  Bomb (11 

Assembly c o m p l e t e  w i t h  l e a d  g a s k e t s  ( A r t h u r  H.  Thomas Co.,  
Fh i l aCe l  phi2 , PennsyLl.lania) ; 

B .  G r a d c a t e  Cvl i r ide r  (11 

1 0  m l .  ( A r t h u r  H .  Thomas Co., P h i l a d e l p h i a ,  P e n n s y l v a n i a ) .  

With t r a n s i t e  pad.  

B. Bur,,cen T3lisce.r (1 J 

E. E x ~ l o s i o n  Proof  S h e l t e r  (1) 

.F. Beaker (17 

400 m l .  ( A r t h u r  H. Thomas Co., P h i l a 6 e l p h i a ,  P e n n s y l v a n i a ) .  

G .  Watohn lass  (1) 

100  rrm. d i a m e t e r  ( A r t h u r  H .  Thomas Co., Philadelphia, 
P e n n s l ~ l v a n i a )  . 
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ANALYTICAL METHOD $104 

DETERMINATION OF CHLORIDE 
BY THE PARR PEROXIDE BOMB 

(1) 50 m l . ,  (1) 25 r n l .  (Arthur H. Thomas Co., P h i l a d e l p h i a ,  
Pennsylvania)  . 

I. Flas?< (1) 

I o d i n e ,  500 r n l .  (Arthur  H. Thomas Co., P h i l a d e l p h i a ,  P e a n s y l v a z i ~ ) .  

J. B u r e t t e s  

(1) 50 m l . ,  (1) 10  m l .  (Arthur H. Thomas Co,, P h i l a d e l p h i a ,  
Pennsylvania)  . 

A .  S i l v e r  N i t r a t e  

Reagent grade  ( ~ a k e r  and Adamson, Moorestown, New J e r s q ) .  
Pre?&re  a 0.1 N s o l u t i o n  and s t a n d a r d i z e .  

Amonium Thiocvanate  

Reasent  grade  (Baker and Adamson, Moorestown, New Je r sey ) . ,  
P r e ~ a r e  a 0 . 1  N s o l u t i o n  and s t a n d a r d i z e .  

C .  Sodium Carbonate  

Reagent grade  (Baker and Adamson, Moorestown, New J e r s e y ) .  

D.  S u l f u r i c  Acid 

Reagent grade  (E. I .  DuPont de Nernours & Co., Wilmington, 
Delaware).  P r e j a r e  a 40 pe rcen t  s o l u t i o n .  

k. Sodiun Peroxide 

Reagent grade  (Baker and Adamson, Moorestown, New Je r sey )  . 
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DETEFeIIXATION OF CHLORIDE 
BY WE P A M  PEXOXIDE BOMB 

F.  F e r r t c  Anmonium S u l f a t e  ~ n d i c a t o r  

Reagent  g r a d e  (Baker and  Adamson, Moorestown, New J e r s e y )  . 

C. M i t r o b ~ n z e n e  

Reagent g r a d e  ( ~ ~ k e r  and  Ailamson, Moorestown, New J e r s e y ) .  

H. Sodium S u l f i t e  

Reagent g r a d e  (Baker and Adamson, Moorestown, New J e r s e y )  . 
P r e p a r e  a s a t u r a t e d  s o l u t i o n .  

I. D i s t i l l e d  Water 

J. N i t r i c  Acid 

- Reagent g rade  ( a ske r  and Adamson, Moorestown, New J e r s e y )  . 

Before p r o c e e d i n s  w i th  t h e  a n a l y s i s  s e e  n o t e  on s a f e t y  r equ i r emen t s  
a t  t h e  end of t h e  method. 

A .  S o l i d  S a m l e s  

(1) Weight 0 . 2  t o  0 .4  g .  of  sample i n t o  t h e  f u s i o n  cxp 
c m t a i n i n g  approx imar e l y  1 / 1 6  i nch  of s u d i u m  c a r j o n a t  e . 

(7)  TJsing the cl ipper s u p p I . i ~ d  w i t h  t h e  bomb, add 5 grams 
(one-half  d i p p e r )  o f  sodium p e r o x i d e  t o  t h e  f u s i o n  cup.  
P l a c e  t h e  cove r  on t h e  bomb and shake w e l l .  

(3) Remove t h e  c o v e r  and  add 5 grams (one-half  d i p p e r )  of  
a d d i t i o n a l  sodium pe rox ide .  Do n o t  shake .  

( 4 )  Assegble  t h e  P a r r  bomb and t i g h t e n  w i t h  t h e  wrench which 
i s  provided .  

(5) Proceed a s  o u t l i n e d  i n  S e c t i o n  C .  
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DETELYIXATIO?! OF CHLORIDE 
BY THE PL"? PE9OXIDE BCY8 

B. L i c u i d  Sarnules 

(1) Weight 0 .1  t o  0.4 g. of sample i n t o  t h e  f u s i o n  cup 
c o n t a i n i n g  approximate ly  1/16 inch  of  sodium ca rbonc te .  

(2) Using t h e  d ippe r  provided ,  add 1 0  grams (one f u l l  d i p p e r )  
of sodium pe rox ide  t o  t h e  f u s i o n  cup. P l ace  t h e  covef 
on t h e  bomb. Do no t  shake. 

(3) Assemble t h e  P a r r  bomb and t i g h t e n  wi th  t h e  wrench which 
i s  provided.  . . 

(4) Proceed a s  o u t l i n e d  i n  S e c t i o n  C. 

C. F i r f n e  of Bomb 

(1) P l a c e  t h e  assembled bomb i n  a c l o s e  f i t t i n g  t r a n s i t  
board suppor ted  by a  t r i p o d  and  surrounded by a n  ex2 los ion -  
proof  s h e l t e r .  

( 2 )  F i l l  d e y r e s s i o n  on t o p -  of t h e  bomb w i t h  water .  

(3) Before h e a t i n g  t h e  bomb i n  t h e  explosion-proof  s h e l t e r ,  
have t h e  Bunsen burner  a d j u s t e d  s o  t h a t  t h e  t i p  of  t h e  
b lue  f lame c o v e r s  about  one-ha l f  'of t h e  bottom o f ' t h e '  
f u s i o n  cup. 

(4) Heat t h e  bottom s u r f a c e  of t h e  bomb u n t i l  t h e  wa te r  
on t o p  b o i l s .  

( 5 )  Remove t h e  bomb and c o o l  it i n  a  pan c o n t a i n i n g  about  
on-half  i nch  of  water  .'. 

Ana lvs i s  of  Fusion P roduc t s  

(1) Rinse  . t h e  cup cover  i n t o  a  400 m l .  beaker .  P l a c e  the 
f u s i o n  cup on i t s  s i d e  i n  t h e  Q90 ml. beaker and  s d d  
about  100 m l .  o f  water .  Cover t h e  beaker  'w i th  a 
watchglass .  

(2)  When e f f e rvescence  c e a s e s ,  add 5 m l .  o f  a s a t u r a t e d  
s o l u t i o n  of sodium s u l i i t  e .  

(3) 9y means o f  3 p i p e t t e ,  add 40-50 m l .  of a 40 percer~lt 
s u l f u r i c  a c i d .  
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DETZ%YIYATION OF CI-ILORIDE 
B Y  THE PAPA P E X O X I D E  B0?19 

(Q) When e f f e r v e s c e n c e  c e a s e s ,  remove t h e  f u s i o n  cup  and  
e v a p o r a t e  t o  a b o u t  1 0 0  m l .  

( 5 )  T r a n s f e r  t h e  s o l u t i o n  t o  500 m l .  i o d i n e  f l a s k  and  add 
1 0  m l .  of c o n c e n t r a t e d  n i t r i c  a c i d .  

(6) Ucizg 3 25 o r  50 ml. p i p e t t e ,  add a n  excess (10 to 220 mJ . )  
o f  s t a n d a r d  0 . 1  N s i l v e r  n i t r a t e  solution. 

(7) Add 5 . 0  m l .  o f  n i t r o b e n z e n e  and  3 rnl. o f  f e r r i c  a m o n i u n  
s u l f a t e  i n d i c a t o r .  

(8) Shake t h o r o u g h l y  a n d ' t i t r a t e  t h e  e ~ c e s s  s i l v e r  n i t r a t e  
with s t a n c z r d  0 . 1  N amoniurn t h i o c y a n a t e  s o l u t i o n  t o  a 
p i n k  e n d  p o i n t .  

C z l c g l a t  i o n  

(ml. ASSO? x N )  - (ml. h%,,SCN x N) x 3.546 = X Cl 

(I) Ex- lzs<on-? roof  S h e l t e r  

Made o f  s h a t t e r - p r o o f  glass i n  which  t o  i g n i t e  t h e  bomb. 

(2)  S a f e t v  S h i e l d  

F 9 r  t h e  face - s h a t t e r - p r o o f  and  r e s i s t a n t  t o  a c i d  a n d  
a l k a l i .  

The f u s i o n  c u p  s h a l l  b e  c a r e f u l l y  i n s p e c t e d  a f t e r  e a c h  
i g n i t i o n ,  a n d  s h a l l  be  d i s c a r d e d  whenever  b u l g i n g  h a s  
c c c ~ r ~ e d  o r  whenever  i n s p e c t i o n  r e v e a l s  a n y  f i n e - l i n e  
c r a c k s  o r  o t h e r  weakness  of any  k i n d .  

T k e  c o r r e r r  sodcum p e r o x l d e  m e a s u r i n g  d i g p e r  s h o u l d  be 
o s e d  f o r  m e a s u r i n g  o u t  t h e  sodium p e r o x i c e .  
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D E T Z 3 M I X A T I O N  O F  C l i L O R I D E  
BY T X E  PAP3 PEROXIDE BOVE 

(5) G a s k e t s  

~ i l s p e c t  t h e  gask ' e t .  If it a p p e a r s  a t  a l l  worn o r  
c h a n n e l e d ,  r e ? l a c e  it w i t n  a  new o n e .  

B .  Sodium P e r o x i d e  
r . 

(1) S t o r e  sodium p e r o x i d e  i n  a  t i g h t l y  s t o p p e r e d  b o t t l e .  

(2 )  I n  s t o r a g e  and  h a n d l i n g ,  k e e p  t o  a n  a b s o l u t e  minL~1um 
t h e ,  e x p o s u r e  o f  t h e , . r e a g e n t '  t o  t h e  a i r .  

(3) Never p u t  m i x t u r e s  c o n t a i n i n g  sodium p e r o x i d e  t c s e i h e r  
w i t n  o t h e r  r e f u s e  c o n t a i n i n g  c a r b o n a c e o u s  ms tTer  o r  
p a p e r ;  s u c h  m i x t u r e s  may i g n i t e  s p o n t a n e o u s l y .  

F u s i o n  P r o c e f u r e  

(1) If t h e  sample  i s  m o s t l y  o r g a n i c  i n  n a t u r e ,  t h e  s a i ~ ? l e  
s i z e  s h a l l  n o t  e x c e e d  0 .4  g .  

NGTE: S m p l e s  o f  s o l i d  m z t e r i a l s  mus t  be f i n e l y  p o w l e r e i ,  
o r  if t h i s  i s  n o r  p o s s i b l e , : t h o r o u g n l y  d r i e d  axd 
f i n e l y  s h r e a d e d .  L i q u i d  s a r p l e s ,  e s p e c i a l l y  these 
o f  h i g h  v o l a t i l i t y  which may r e a c t  s p o n t a n e o n s l y  
w i t h  t h e  p e r o x i c e ,  must  be h a n d l e d  w i t h  c a r e  i n  - .. s e a l e 2  am?oules  o r  c a ? s u l e s .  

(2)  Wear a f a c e  s h i e l d  when making t h e  f u s i o n .  
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S T A H ~ A R D I Z A T I O N  OF O.1N A9P403 and 0.1N NH4SCN FOR USE IN THE 
DETER!4I::ATION OF CHLr)RINE, BROFI?IE AN3 IODII4E IN FUSION P R O C E D U R E S  

This m ~ t h n d  i s  t o  be used t o  determine the normal i  t i e s  of 0.1N AgC03 and  
0.1N NH4SCN solutiGns. Thesc solutionk are used ghen fhlnride i s  de te r -  
mined by a carbonate f us lon  or W I I ~ I I  chloi-ide, bromide ,  or iodide i s  
determined by Parr Peroxide Bomb. 

11. PRINCIPLE 

A measured anount of standard 0.1N NaCl solution i s  added to a 500.ml iodine 
f l ask .  An excess of 0.1N AgN03 solution i s  then added t o  the f iask .  The 
excess AgN03 i s  t i t r a t e d  w i t h  0.1N NH4SCN sulu'liuri ' i r ~  the presence of 
f e r r i c  amonium su l fa te  indicator and nitrobenzene. 

A .  Flasks Volumetric 
250 ml ( 2 )  
(Fisher Sc ien t i f i c  Co. , K j n p  of Prussia, Pennsylvania) 

B .  Flasks Iodine 
500 rnl ( 2 )  
 i is her Sc ien t i f i c  Co., ~ j n g  of P r u s ~  i d ,  Pe1111~~1'v'aiiia) 

C .  Pipets Volumetric 
25 ml (?) 30 ml (1) 50 ml (1) 
(Fisher Sc ien t i f i c  Co., King of Prussia, Pennsylvania) 

D. Buret 
50 ml ( 1 )  
(Fisher Sc ien t i f i c  Co. , King of Prussia, Pennsylvania) 

E .  Graduated Cvl inder 
10 ml ( 1 )  
(Fisher Sc ien t i f i c  Co., King of Prussia , Pennsylvania) 

F. ~ i a s k s  Icdine 
250 ml ( 2 )  
(Fisher Sc ien t i f i c  Co. , King of Prussia, Pennsylvania) 
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I V .  REAGEPITS 

A .  Sodium c h l o r i d e  
' Reagent grade code 5-271 ( F i s h e r  S c i e n t i f i c  Co., 

King of P r u s s i a ,  Pennsylvania) 

B .  S i l v e r  N i t r a t e  
Reagent grade,  code 5-181 ( F i s h e r  S c i e n t i f i c  Co., 
King of P r u s s i a ,  Pennsylvania) 

C .  Armonium Thyocyanate 
Reagent grade code 1-0818 (J. T.  Baker Chemical Co. 
Phil  1  ipsburg,  New J e r s e y )  

D. F e r r i c  Ammonium S u l f a t e  
Reagent grade code 1-75 ( f i sher .  S c i e n t i f i c  Co. 
King of Pruss ia ,  Pennsylvania) '  

E .  D i s t i l l e d  water 

F .  N i t r i c  Acid 
Reagent grade (Baker and Adamson, Moorestown, New J e r s e y )  

G. Nitrobenzene 
Reagent grade (Baker and Adamson, Moorestown, New J e r s e y )  

V .  PREPARATION OF SOLUTIONS 

A .  Sodium Chloride So lu t ion  

- 1 .  Prepare two 0.1N NaCl s o l u t i o n s  a s  fol lows:  To a  250 ml volumetric 
f lask.  add  1 , 4 7  + 0.019 N$C1 previously  d r i e d  f o r  1  hour a t  1 0 5 O ~ .  
To a  second f l a s k  add 1.61 2 0.01p of d r i e d  NaC1. Di lu te  both 
f l a s k s  t o  volume with d i s t i l l e d  water .  

2. Calcula t ion of Normality 

w t .  of  NaCl x 4 = of NaCl 58.45 

B.  S i l v e r  N i t r a t e  So lu t ion  

1. Prepare a  0.1N s o l u t i o n  of AgNO3 a s  fo l lows :  
To a  1  l i t e r  volumetric f l a s k ,  add 179 of Ag NO3 and 
d i l u t e  t o  volume with d i s t i l l e d  water .  

C .  h o n i u m  Thiocyanate So lu t ion  

1 .  Prepare a 0.1N s c i u t i o n  of NH4SCN a s  fo l lows :  
f o  a  1  l i t e r  volumetric f l a s k  add 7 . f 9  o f  NH4SC3 a n d  
d i l u t e  t o  volKe with d i s t i l l e d  water .  

125  
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D .  F e r r i c  Amnoniurn S u l f a t e  I n d i c a t o r  ( F e r r i c  A1 urn) 

1. Add 359 o f  Fez (S04) (NH4)? so4* 2 4 ~ 2 0  t o  100 c c . o f  H ~ O  and 
a c i d i f y  wi th  conc.  NO^ u n t i l  a s t r aw c o l o r  i s  ob ta ined .  

3 .  Boil f o r  10 minutes t o  remove t h e  oxides  of n i t o r g e n .  

A. Dy means o r  d p i p e l k  add 2 5  and  31) cr. -rsf t h p  1.1. I N  Ag NU3 s o l u t i o n  t o  
250 c c  i o d i n e  f l a s k s .  

B. Add 3.0 c c  of  t h e  f e r r i c  ammonium s u l f a t e  i n d i c a t o r  by graduated 
c y l i n d e r .  

C. T i t r a t e ,  us ing a 50 cc  b u r e t ,  wi th  0.lN NH4SCN t o  a pink end p o i n t .  

D .  Ca lcu la te  a  s t a n d a r d i z a t i o n  f a c t o r .  

E. Using a p i p e t t e ,  add 25cc o f  each 0.1N NaCl s o l u t i o n  t o  two 500 cc 
iod ine  f l a s k s .  

F. Heat t o  boilin! on a  hot  p l a t e .  

G .  Add t!a,o drops of  conc Hi1O3. 

H .  Boil f o r  1 5  add i tona l  minutes and l e t  cool t o  room temperature .  

I .  Add 50 cc  of  0.1M Ag NO3 t o  each iod ine  f l a s k .  

3. Add 5 .0  c c  of n i t robenzene and 3.0 cc of  f e r r i c  amnnnium s u l f a t e  
indicator. 

K. Shake thoroughly  and t i  t r a t e  excess  s i l v e r  n i t r a t e  wi th  0.1N NH4SCN 
s o l u t i o n  t o  a  pink end po in t .  

V I I .  C A L C U L A T I O N S  

A .  S t a n d a r d i z a t i o n  Fac to r  (S.F.)  

cc of  0.1N AaNOl zdded t o  f l a s k  
cc of 0.1N NH4SCN requ i red  f o r  t i t r a t i o n  = S.F.  

Exarnp 1  e  : 



B.  Normality of Ag NO3 

25.00 x N 
50.00 - (A x S.F.) = N of Ag NO3 

Where: 

N = n o n a l i t y  of NaCl so lu t i on  
A = cc  of NH4SCN required 
S.  F. = s tandard iza t ion  f a c t o r  

Where: 
A = cc of Ag NO3 added in  s t e ~  VI A. 
M = nornial i  t y  of Ag Pi03 
B = cc  of NH4SCN required i n  s t e p  V I  C .  

ANALYTICAL METHOD #208 



HOT SEiJ1:;ENT F ILT !?ATIO\ i  OF SRC- I 
EISTiLLATE FUEL OILS 

1. CCCPE 

T h i s  methcd c o v e r s  t h e  d e t e r m i n a t i o n  o f  t o t a l  h o t  f i l t r a t i c n  sed iment  i n  
S2C- i  d i s t i l l a t e  f u e l  o i l s .  The minimum d e t e c t a b l e  s e d i n e n t  i s  1 ing/!OO ml 
of  sa f ip le  and can be decreased  by i n c r e 2 s i n g  t h e  recomnended sample s i z e .  
The n e r h o a  i s  i n t e n d e d  :or f l l t e r a b l z  S R C - I  l i u u i d s  and no previsions t-~s;~c 
bevn mad? f o r  v i 5 r n 1 1 5  l i q l l i d s  n n t  s u i t a b l e  f o r  t h e  q l a s s  f i i t e r s  used i n  t h e  
p roccdu  r'e. 

A .  Cruc ib1es ; "Gooch  
'i ,- 
L :  ni , C a t a i a g  No. 08-1?5D  ishe her S c i e n t i f i c  Co., K i n 5  o f  P r u s s i a ,  P z .  :I 

3. C r t ~ c i b l e  ? o l d e r s ,  !.;a1 t e r  
Caxs iog  :;a. 66-285 ( F i s n e r  S c i e n t i f i c  Co., K i n g  o f  P r u s s i a ,  Pa.)  

C .  F i l t 2 r  
250 m1, Cat?.iog No. 10-1EOD ( F i z h e r  S c i e n t i f i c  Co., K i n g  o f  P r u s s i i ,  
P a .  

G. Glass  r':l t e r s ,  i.lhd L I ! I ~ ~ I  - .. '.? crii a ia i i i 2 :~ r  (934 -AH)  C a t a l o g  ido. 182? a24 (l;naznan I n c . ,  C i i f t 2 n ,  
>id ) 

E .  ' ! o l u rne~ r i c  ? ; 3 f t t s s ,  C ~ S S S  A 
5u t i i  , i ;?;iuc, Pru. 12-5505 ( F i b l ~ e r  Sc i e ~ ! i i f i c  Co., K i n g  o f  Prus; is,  P3 .  j 

F .  Graduated  C;/l i n d e r  
?. ,- 
i:; m i ,  ia :z iog ;cc. 22-548E ( ' i ; h ~ r  S c i e n ~ i f i c  Co., K i c g  ~f P r u j s i a , .  Pa.)  

G. U e s l c c s t o r  . - P  

!bU rmt C a t a l o g  i , i ~ .  08-62? ( F i s h e r  S c i e n t i f i c  Co., K i n g  o f  P r u s s i a ,  ?s . )  

H. j a r s ,  F rench  Sauares 
8, C c ~ = l c g  i io.  !72Y-<52 -. 
( L r t . h ~ r r  H.  nom mas Cs., F h i l i d e l p h i a ,  P?. ) 

I .  D r y i n ?  Oven, G r a v i t y  Ccnvecr;sn 
E x p i o s i c r , - p r o o f ,  ;.lode1 i io.  7 0 ,  C a t a l o g  20. 13-253-12: ( F i s h e r  Scientific 
Co. ,  K i c ~  c i  P rus j i ; ,  F?.. :! 
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J. 3 a l ? n c ? ,  ; p !e t t l e r  
9 .91 r ig,  C a t a l o ~  Kc. 01 -909-125  ( F i s h e r  S c i ~ n ~ i f i c . C o . ,  K i n g  o f  ? r u s s i _ ,  
P i . )  

K .  F13sk ,  F i l t 2 r i n a  
jcr j  m i ,  C a t a l o g  ;4o. i 0 - 1 8 0 E  ( F i s h e r  S c i e f i t i f i c  Co., K i n g  c f  P r u s s i s ,  
P a . )  

L. G l o v e s ,  ! n s u l a t i n g  - 
C a t a r c s  [.!c. i l-3 '92-15 ( F i s h e r  S c i e n t i f i c  Co.,  K i n g  c i .  P r . ~ s s i a ,  ?i. 

A .  2 r i e r i f e  .Abso rben t ,  I n d i c s t i n g  
5 r i esn ,  C a t a l o g  No. 07-578-35 
( F i s h e r  Z c i e n t i f i c  Co., K i n g  o f  P r u s s i a ,  P a . )  

9. ; , l a ~ h t h z ,  X y l e n e s  
C 6 ~ a i c c  No. X-4 
 l is her S c i e n t i f i c  Co., K i r i g  o f  P r u s s i a ,  Pa.), 

C .  : . l o l e c u i a r  S i e v e s  
10-16 ,r;ssn, Esads,  C a t a l o a  Ro. .:.1-513 
( F i s h e r  ~ c l e n r i i i c  Co., ~ ; n ~  o f  P r u s s i a ,  P a . )  

21 1  s t a n a a r d  p r o c s d u r e s  :/hen w o r k i n g  \ ,v i rh  SEC 1 i q t i i d s  o r  c i  : s  ;us: - .  be 
a d h e r e d  t o ,  i n c i u d i n g  t h e  w e a r i n g  07  g l o v e s  ~ n d  l a b o r z t o r y  c o a t .  : n e  oc2n 
tYs;rne!lt o f  s ~ m p l e s  afid a11  f i l t e r i n g  and w a s h i n g   pera at ions n u s t  3e 
? e r f s r r i e t i  i n  a  hood.  The i n s u l a t i c g  g l o v e s  ~ u s r  b e  w o r n  when f i i t e r i n c j  h ~ t  
szf ip les .  SRC-i g a t e r i a l  c o n t a i n  p o s s i b l e  c a r c i n n s e n s .  

For s p ~ c i f i c  h j n d l i n g .  ? r e c a u t i o n s  r e f e r   he !J.S. D e ~ t  g? I ? b o r  9 . 5 . ? . > , .  
; i a t ~ r i a i  S a f e t y  D a t s  s h e s t  f a r  S X - I  b l i d d l e  G i s i i l l a t 2 ~ .  

2, .  P ; . ~ e r  59,rnl o f  s s r , p l e  i n t c  6n. e i c h t  c u c c s  . j a r .  I f  :,he ;zmgle czr , f io t  3~ 
3iaet:ec z r  room t e s o e r s t u r ~  \ : ~ ~ i g n  2 p p r o x i n a t e l y  50 :rams ~3 zhe ce3i-es: 
0.; ES i n t o  6 t a r f c  ? i ? h t  ounce  ,ar .  

3 .  P12ce :" l ~ n c c v e r e ~  j c r  i n t s  En e x ~ i o s i o c - c . r o o i  avec  :,<,nich 3.5 keen  2 2 -  
TI  - - 

a t  SOG'F (34 'C '  f a r  ::.Io h o u r s .  I ne c\/e!; ~ j 7 0 ~ 1 a  ;e g12c.d j r ,  3 : ! e !  i -  

v e n r i i c t 2 d  h ~ o a .  
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C .  !,Jhile t h ?  j a r  i s  i n  t h e  oven ,  ? l a c e  a g l a s s  f i l t z r  i n t o  a  Goocn 
c r u c i b l e ,  a1;owinp cne  c r u c i b l e  ?st- sample j a r  and orovi t i ing  rj,vo 
c r u c i b l e s  w i t h  f i l t e r s  f o r  u se  a s  r e 3 p e n t  o r  z o i s t u r e  b l a n k s .  

, . 3. 21 ace t h e  c r u c i b l e s  c o r ~ t a i n . i n g  tile F i  1  & r s  i n  for.c?rJ cor1vectii:;n or:): nr: - a 

ovnn f o r  t x o  tiour: St: d t empe r3 tu re  of  1U5'C. 

E. Remove c r u c i b l e s  and p l a c e  i n  2 d e s i c c a t c r  c o n t a i n i n s  i n d i c a t i n g  
C r l e r l t s  a n d  a l l o h  ro cool  :a rcom renwrarure .  

i .  ' i e i gh  c r u c i b l e s  t o  t h e  neEros t  0.01 zg. 

E .  P l z c ~  a  c r u c i b l e  i n  h o l d e r  on f i l t 2 r i n ~  f l z s k  and r e t u r n  t o  oven f c r  z c  
a d d i t i o n a l  1 C  ~ ~ i ? u ~ ? s .  

H. Rernove eau ipment  from oven and a u i c k l : ~  se .cure  and procsed  t o  8 ~ 2 3  I .  
(Wear i n s u i  a t i n p  g l o v e s  when hanal  i n 9  h o t  equipment .  ) 

I. Slowly i . i l t 2 r  t h e  sample -- w h i l e  h o t  th rough t h e  Gcocn c r u c i b l e  by p l z c i r : ~  
rhe  sample  o n  :he g l a s s  f l l t e r  unt:? ?he c r u c l b l e  I s  o n e - ~ h l r a  f g l l  anc 
s lowly  t u r n i n s  on t h e  vacuum. (!iezr i n s u i a t i n g  g i o v e s  w n ~ n  hancl i ng  h o t  
sampi e s .  

. Fepea i  S i e s  i u n t i i  t h e  t c t a l  sample i s  f i l t e r e d  

K .  : lezsur? 20 n l  o f  caph tha  by g r a d u z t e d  c y i i n d e r  and aca  L O  t h e  e i g h t  
ounce , j a r  t o  remove any r e s i d u e .  

L .  T r s n s f e r  wash naohtha frcm t h e  j a r  in tcr  t h e  c ruc iS !e  ~ n d  sicv~i:: t u r n  ;n 
vacuum To remove any  s o l u b l e  r e s l d u e  from r h e  g l a s s  ii 1  t z r .  

I .  Regeat Stegs  K a n d  L t h r e e  ?dd? t !ona l  t i m e s  w i t h  20 1?1 of  naghth:. 

::. F i l t e r  OG rr:l c f  ~ n a p n t h e  thj-ougR e c ~ . u c i b l c  conrainin: 8 t:l@%n ,;Iszs 
f i l t e r  20 s e r v e  as  a voisture b l a n k ,  

9. 2epea t  S t e p  W w i t h  second c l e a n  c r u c i b l e  

? Plzc?  a l l  c r u c i b l e s  i n  ~ x o l o s i o n - ? r o o f  cven f 3 r  two hour5 Z L  1C5'C. 

7 .  I f  t h e  s a n o i e  (was ~ e : s u r ? d  5y  ~ i n e r t ? ,  t h e  cncun i  o f  r e s i d u e  i s  
c 3 i  cg lz r s t i  b y  :he t o !  ;cwi r~g  e ~ u a i j o n :  
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111. C.ALCUL:;IC:/S ( C c n i .  ) 

zc o f  s e d i n e n t  - - [ (E -A )  x  100 m? ]  
106 s i  o f  sample 50 m i .  

ma of sed iment  = [ ( B - A )  x 2 1  
i O O  n1 o f  sample 

A = average  w e i g h t  o f  r e s i d u e  f r o m  m o i s t u r e  b l a n k  c r u c i b l e s  (m) 
3 = weigh; c f  r e s i d u e  f r o m  samples ( m g j  

-.I 7 
3 .  i f  t h e  samcl f  was 1:ieighed b e f o r e  f i l t s r i n g ,  t h e  amount o f  re;icue is 

c z i c u l a t G d  by t h e  f o l i o w i n g  e q u a t i c n :  

ag  o f  sed iment  - [ ( B - A )  x  100 ml: 
1C9 ni o f  sampie C 

A  = averaae  !ve igh t  o f  r e s i d u e  f r o m . ; n o i s t u r e  b l a n k  c r u c i b l e s  (F';) 

5 = w e i g h t  o f  r e s i d u e  f r c m  samples (mg) 
C = volume o f  sample used  (m l  ) 

The ~ ~ o l l i r n e  o f  sample u s l d  c z n  be c a l c u l a t e d  by t h e  f n l l o v r i n g  e a u a i i o n :  

~ t l e i c h t  o f  s a m ~ l e  used  ( 5 )  
" jampie = d e n s i t y  o f  samp I e (g /m i  j 

An S R C - I  m i d d l e  o i l ,  Sampie >.lo. 5C08CB, was a n a l y z e d  i n  d u p l i c a t e  2nd 
u e t e r m i n e a  co c o ? t a i n  no d e t e c t a b l e  r e s i d u e .  A known q u a n t i t y  o f  d r i e d  
c a r b ~ n  b l a c k ,  28.3 mg, was added t o  500 ml o f  :he m i d d l e  o i l .  T h i s  m i x t u r e  
s e r v e d  as a  known s t a n d a r d  f c r ' d e t e r m i n g  :be p r e c i s i o n  and a c c u r z c y  o f  :he 
? roc?au re .  The m i x t u r e  was p o t  i n t e n d e d  t o  s i i r u l a t e  a c t u a l  S R C - 1  n i c d l e  2 i i  
r e s i d u e ,  b u t  srily t o  s e r v e  as 3 sample t o  d e t e r m i n e  t h e  r e o e a t c b i l  it:/ O T  t k#?  
e x p e r i n e n c a l  a a n i p u l i t i a n s  a t  the  expec tec  r e s i c u e  l e v e l s ,  

The r e s u l t s  o f ' s e v e n  d e t e r ~ i n a t i o n s  on t b e  b l e n d  51-e 1  i s t ? c  be low:  

i x o e r i n e n t ~ l  ;+illan (i.ng r ? ~ i d u e ! 1 0 0  n7 sample)  = 5 . 9 4  
S tanda rd  D e v i a t i o n  ( ~ q  r?sidue!lGC nl sample)  = 0 .36 
Exaec t?d  Va lue  ( n g  r e s i d u 2 i l 3 C  ii11 samp ie )  = 3 .79  



A n a l y t i c a l  i f ie tnod =PC0 

dOT SE5i;lE:iT FiLT?P.TjOi. !  OF SXC- I 
DISTILLATE FUEL C!LS 

! I !  I. POEC I S  :O>! ANC ACC24ACY (Ccnc. ) 

- 
: ht-ee a d d i t i c n a l  5 l e n d s  were prspparzd and t h e  I - esu l t s  o f  d u p l  i c z i e  
c ? r e r r n i n a t i o n s  a r e  l i s t e d  be lcw:  

Samp 1  e Sediment  (ng residue!!CO ml s z n p i ~ )  

Exp2r imenta  1 C a l c u l a t t d  

B l e n d  A 
S le r ,c  B 
S l e n a  C 

\ ! r r  I I ; 1 . C Y A L  I T Y  ?.SSlJRANCE 

. A11 b a l a n c 2 s  mus t  be q u a l i t y  a s s u r 2 d  i n  accordance  w i t h  tbe C?SG 
A n a l y t i c a l  S ~ r v i c s s  C u a l i t y  Assurance  Program G u i d e l i n e s  on paae 3 2 .  

1 .  ;laphtha shol.!ld be s t o r y d  o v e r  m o l e c u l a r  s i e v e s  t o  2nsut-P dl-ynps j .  

2 .  s a m l e s  s h o u l d  5s  z n a l y z e d  i n  d u p l i c a t s  and if t h e  d2 te rm inea  1 2 ~ ~ 1  
5 i  p r e c i s i o n  Expec tea  i s  r ,o t  reached ,  t h e  s a c i p i ~  a n a l y s i s  s h o u l d  b e  
r23earzc. 

- .  
rift!! nl o f  sai i lp le i s  p i p e t t e d  o r  we ighed  i n t o  8 oz j a r s  and p l a c z i  i n  a n '  
cvsn  s e t  a t  20Q0F ( 3 4 ° C )  f o r  :NO hou rs .  The sample i s  f ; : t e r c d  w h i l e  ha:  
t h r c u ~ h  a  Coccn c r u c i b l e  c o n t a i n i n g  a  gl:ss f i l t e r  2nd i s  xasned ,;/irh 
r,?ontha. The c r \ l ~ i b l ~  i s  d r i e d  i n  ? n  oven  s?i, i r .  105'C f a r  r.r.rn h o ~ ~ r s .  
r z ~ o i e a  i n  a d e s i c c a t o r  and ~ ~ e i g h e d  t o  d e t e r m i n e  t h e  mg o f  s e g i z e n t  p r s s z n t .  

-, -. 
i n e  s ~ d i n e n t  formed can be due t o  ? i t h ? r  c r o a n i c  o r  i n o r o a n i c  n a i e r ? a i .  i n s  
k o ~  i i 1 ; r z t i c n  sed i f i en r  i s  z n  i n d i c 2 t i o n  c f  e i t h e r  c 3 n t a m i n a t i o n ,  i ? r s r i s r c -  
t i c n  sf t h e  o i l ,  s e p a r a t i o n  upon b l ? n c i n g  o r  p r e c i p i t a t i o n  O T  sucs t znces  
c f r e r  a i s t i l  l a t i o n .  

.:. Xi:! i . !anual,  ASTI.1 Z I.F33-6d, Sediment  and S c l u b l e  S l u o c ~  i n  Sers! ics ~ G S C  

! n s u l a t i n g  O i l s .  



-, i n e  c ! ~ : s r a i n a t i o n  o f  p ? n t a n e  j n s o i u b l e  ~ a t e r i a i  above t h e  l r v e i  c f  or,? 
2 e r c e n t  i s  p o s s i b l e  u s i n g  t h i s  r n e t h ~ d  based  i ! c o n  i n i t i a i  :,vei?ht o f  s z ~ : ? l e .  
The n e t h o d  &:/as d 3 v e i o p e d  f o r  HSRC, L52C and LC F i n e r  s o l i s s  ~ L E  i s  
a p ~ l  i c a b i e  t o  c s k e  and c o a l  samples .  

A .  E z l a n c e  
:?nai : / - , ical ,  ' . l e t r l e c  E 5 4 2  ( F i s h e r  S c i ? n i i f i c  Company, ii l:sblir.;n! 
P e n n s y l v ~ n i a )  C a t a l o g  ' 0 1 - 9 0 9 - 3 2  

3 .  3 e a k e r  
iOC:  a1 ( F i s h e r  S c i e n t i f i c  C o m p n y ,  P i  t t s b l i r p h ,  P ? n n ; y l v a n i ~ ;  C6'.;;oij 

C.  S t i r r i n c  Rod 
i j d .  zrn, Kirnax (Szrgent - l l le !ch ,  S k c k i e ,  1 1 1 i r ; o i s )  C a t a l o g  -5-40097-3 

. E o i  P l t e  
E l ? ~ l r i ? ,  Ad j~~s?.aSie  ? e a t  (Sarc;enr, :;elch, S::ck.ie, ; i  l i i t o i ; )  
C a t z l c g  5s-41043 

. E x t t - a c t i c . ~  Thisble 
A l u n o m ,  A?;S69 Fiedium, 34 rrm x 100 na ( f i s h e r  S c i e n t i f i c  Cozpan!!, 
? i t i s b u r g h ,  P e n r s y l v z n i a )  C a i a i o g  =09-6602 
Two h o l e s  ( 2  film i n  a i a . )  a r ?  d r i l l e d  on c p p o s i t e  s i d e s  c' t h i n b i z ,  
o n e - n a i f  i n c h  f rom t h ?  t a p .  (See F i g u r e  I) 

H. F i l t e t -  Pacer 
7 cn:, : . i sd iun P c r o s i t y ,  C i i - c ? e s  ( F i s l i e r  S c i e n t i f i c  C o r i o a ~ y ,  ? i  t t s b a r ~ h :  
Pennsy i  v a n i a )  C a t a l c q  =09-305C 



P.?!ALYTICAL FIETHOD K O .  2 4  1 
\ 

1. D r y i n g  Oven 
2CIO3C I l a x i n u n  ( F i s h e r  S c i e n t i f i c  Coaozny, P i t t s b u r g h ,  P e n n s y i v a n i a )  
C a t a l o g  =13-255-1166  

- J .  i u b i n a  .- 
5/15" !9-3, '32", Bmbel- !la1 1  ( r i s k e l -  Sci;.!;ti-Fil: Cjl:lp*r-~y, ? i  l i b b u r ~ ~ ; t l ,  

P e n n s y l v a n i a )  C a t a l o g  114-178-3E 

I<. Col .~i le~.~ser.  
40 Lm, 4 5 / 5 2  ( F i s h e r  S c i e n t i f i c  Ccrnpany , P i t t s b u r g h ,  2 e ~ n s y l v a n i a )  
C a t a l o g  =OY-551 12% 
A glassb;ol : !e~ ~ u s t  c 2 r v e  t h e  b o t r o m  o f  t h e  i n n e r  t l p  o f  ~ h ?  c z z d s n s e r  r z  
b e  a b l e  t c  n n l d  t h e  t h i m b l e .  (S2e F i ~ u r e  1) 

L .  F l a s k  
1062  in1 , w i t h  J o i n t  ( 1 5 / 5 0 )  ( F i s h e r  S c i e n ~ i f i c  Company, P i  t : s b ~ r < n ,  
P e n n s y l v a n i a )  C a t a l o a  = l o - 0 4 8 C  

:I. F l a s k  
5 0 0  ml , F i  1  t s r i n g  ( F i s h e r  S c i e n t i f i c  Company, P i  t t s b c r g h ,  P ' e n n j y l v a n i a )  
C n t o l o g  ~ 1 0 - 1 O G i  

i .  ? u b b 2 r  S ' c ~ ~ e r  
S i z e  ;.lo. 7 ,  i i o l e  5  nm, ;;on-corrc?sSve ( F i s h e r  S c i e n t i f i c  Cmpan!/, 
P i t ~ s b u r e n ,  ? e f l n $ y l v a n i a )  C a t a l o g  =1$-1:;3I 

0. Gr?.duat?d C; / l  i c c e r  
iOS ni i F i s h e r  S c i e n t i f i c  C m p a n y  , P i  t t i b u r g h ,  ? e n n s y l v a n i a )  
i a t a  l o g  s U 8 - 3 4 Y - j E  

P. ; o i l i n g  S t o n e s  
( F i s h e r  S c i e n t i f i c  Company, ? i t t s S u r g n ,  ? c n n s y l v , q n i , ? )  C a t a i o ~  =3-35.5 

Q, T h c r m o m c t c r  
305  mm, ( F i s h e r  S c i 3 n t i f i c  Company, P ' t t s b 3 r g h ,  P e n n s y l v a n i a )  
C z t z l n g  =14-983-10C 

R .  L o o p e r  !.Ii r e  
0.64 .mm Z i a m e t e r ,  ( F i s h e r  S c i e n t i f i c  Company, P.i t t s b u r g n ,  P e n n s y l v a n i a )  
Cata;og =15-545-2D 

S. F u r n a c e  
Z-'ivai i h e 3 t .  ( F i s n c r  S c i e n t i f i c  Csmgany? ?i t t s b g r g h ,  z e z n s y l v a n i ;  f 
C a t a l o ~  $10-352  



ANALYTICAL !,lETHOD NO. 24  1  

;.??.4ZATUS ( Cont.  ) 

T. Tube 
m e r i n o ,  4 2  x  160 ctii, ( A r t h u r  e .  T h o ~ a s  Ccnpany, P h i l a d e l p h i a ,  
~ e n n s ~ i v a n i a )  Cat;! og =4797-?34 

A .  Pentane 
Zeagent Grade ( F i s h e r  Scientific Company, P i t t s b u r g h ,  P e n n s y i v t n i a )  
C a t a l c g  =0-4062 

6 .  H y d r o c h l o r ~ c  A c i d  
Reagent Grade ( F i s h e r  c c i e n t i f i c  Campany, ? i t t sbu r : h ,  P e n n s y l v a n i a )  
C a t a l o g  =A-144 

C.  D r i e r i t e  
I n a i c a t i n g ,  8 mesh ( F i s n e r  S c i e n t i f i c  Ccnpany, P i t t s b u r g h ,  P e n n s y l v a n i ? )  
C a t a l o g  167-578-33 

D. D i s t i l l e d  Y a t e r  

I V .  SAFETY 

SRC s o l j d s  and r e l a t e d  m a t e r i a l  s h o u l d  be t r e a t e d  as t o x i c  m a t e r i a l s .  
G loves  and a  l a b  c o a t  s h o u l d  be worn t o  p r o t e c r  h i n d s  and c l o t h i n g .  
G r i n d i n g  o f  sampies s h o u l d  be done i n  3 hood ana a  d u s t  inask :vorn by c h ?  
a n a l y s t .  F o r  s p e c i f i c  handling p r e c a u t i o n s  o f  SRC-1 s o l i d s  see ?!-IS i3 .S.  
De?ar iment  o f  Labot- 0 .S.S.A.  / ; l a te r ia l  S a f e t y  3 a t a  Sheet .  

Pentane i s  z  h ~ i a r d o u s  m a t e r i a l  because of i t s  v c i a t i l  i t y  and i l a m m a b ~ l  i ti/. 
i ihen r e f l u x i n g  pencane, ex t reme c a r e  must be t z k e n  t o  3voiC: ove , r ne : t i n~ . ; r nd  
Caus'ing t h e  t l a s k  t o  go t o  d ryness .  A l s o ,  t h e  r e f l u x i n g  pen tane  mus: 32 i:i 
an a r e 2  wnere a11 open f l ames  a r e  avo ided .  

The pen tane  c o n t a i n i n g  ;he s o l u b l e  o i l s  and t h e  r e s i d u e  r e m a i n i n g  i n  t h e  
aiundum t h i m b l e  nlust be p r o p e r l y  d isposed .  Do n o t  p o u r  do!m s i n k .  

A. P r e p a r a t i o n  c f  5 a r n ~ 1 3  

Prepare  a  10 g r a r  w o r k i n g  sampie by c r u s h i n g  and c r i n d i n g  w i t h  an aGare 
m o r t a r  acd p e s t l e .  S t o r e  t h e  sample unde r  n i t r o g e n  i n  a  t i g h t l y  cicscad 
c o n t z i n e r .  Use t h e  sample w i t h i n  48 hou rs  b?cause chznges i n  
c o m p o s i t i o n  may occGr i n  p u l v e r i z ? d  SJC- l  s c l  i d s .  (See S i f s t ; ~  Ssct ic, : .  ; 

A t z r r y  s a n p l e  th;t can n o t  be ground : . r i fn a  m o r t a r '  ?,rd g e s t l e  c2:: be 
t n ~ l y ~ 2 c i  3 5  r..ece i v e d .  



PEr lTANE i t lS f iLU3LES O F  SEC S 2 L I G S  

4 .  PDOCE2I;RE (Can:) 

2 .  Pr.gcratisn c f  Thimble 

1. IgniZe ?.n alundum ih inb l e  a t  T03OC f o r  one hour in a  muffle furn2c:. 

2 .  Remove t h e  thimble from the  furnace and plac? a i r e c ~ l y  ints a  ar:!inc 
Jven s e t  a t  109 5OC f o r  35 minutes. ( T h i s  :.liil ; r?\ /?nt r a a i c  
c ~ o l i n g  and crackicg o f  cne thimble .?  

3 .  Rernuve !ti iiiible F I - , ~  oven and ?Iscn d i r e c t  ry i n to  3 deS!47'?7.3r 
con ta in ing  D r i e r i t e .  

4 .  Allow the  thimble t o  coo l .  

5 .  Attzch t h e  copper wire a s  shewn i n  Figure 1. 

6 .  Plzc2 thimble 2nd cGoper v i r e  in a  drying oven f s r  30 a d ~ i ~ i * > n ~ i  
ini nutes.  

7 .  Repe2t Steps  3 and 4 .  

8.  !.leiyti Llie thimble t o  the  ncnrcs t  0.1 rng a n d  r s s a r i  rhe  w p i g n t  

2 .  Af te r  each use t he  thimble should be s o a ~ e i  wirh 1:: i y c r cch lo r i c  
ac id  and r i n se  with d i s t i l l e d  :vatsr before i ~ l n i s i r c  i n  i u r r , ? . ~ ~ .  

Analysis o f  Samole  

i .  One grani of  the  :tiorking scrnple i s  weighed t o  -he cearcs r  5 . 1  r,c i n  t 
100 m i  deader.  - '  

2 .  3y grsduated cyl i noe r ,  65 rr1 of re3senL g r i d s  ?e!!c;il? i s  z~ id sc  :o 
t h e  beaker :siiih cons t ac t  s t i r r i c g  u s i n g  a s t i r r i s g  rsd .  

3 .  H e d t  t h e  beckel* TO 40+?QC and U ( ; ~ d b  ~ C I I I ~ ~  5 S : i l '  L ~ P  r ~ i : ( i , : l t ~ . :  LC) 

ensure  ccmplete a ispers iq 'n  f o r  30 minutes cn s hot p l s t s .  :*:heck 
tcmpzrature bri t h  thermgmet.;?r. ) 

-- L I J ~ ~  C I J U U O ~ . ; C ~ ~  17~41- 2 4. Placc :he t a red  Ch~n!ble i n to  5 P:l-=r - 
f i l t e r i n g  f i a s k .  

5 .  ;.Jet the  t h i ~ b l e  1:ii ch .:porcxinately 5Cl 31 of penran? and  !:cl.~f~, 1 ::. 
decant ;he sampl?/eentsne mixture in18 the  wetfsa :!-,izb;n. (:?: cCI 
pernir. t h e  1et!5i O T  ?enrane ';c r i s l  nigher i t ~ d i i  23 ;I-,J ~ I - c -  f n i f  t:i) 

cf  t h e  tnirnb1e.j 

- - . . 
2 .  I r a n s f e r  the inso iub le  mat te r  from :hi? ~ . ? k p r  :.ii:h :mi; ~ ~ i ~ i t i - '  . . 2 s  

(10 71)  of pent2ne. 

- .  7 .  ; lace  tne  thizial?' ccnrii icinc ',he ~ D S ~ J U ?  i n  :he :.!ir? suoccrr  r,? :ns 
c3caenser .  



8. Fo:c t h e  f i l t e r  paper  t o  f o r m  a  cone. Cover  t h e  t h i m b l e  w i t h  t h e  
p s p e r  cone p repa red  f rom medium p o r o s i t y ,  7 crn f i l t e r  pape r ,  p o i n c  
down. (See F i g u r e  1 )  

2 .  Add s i x  t o j l i n g  s t ones  znd 200 ml o f  pen tane  t o  t h e  1000 ml f l a s k  
and assemble che e x t r a c t i o n  z p p a r a t u s  shcwn i n  F i g u r e  1 .  (The 
su r f ace  o f  t h e  pen tane  i n  t h e  f l a s k  s h c u l d  be 25 nn be low t h e  b o t t o m  
o f  t n e  t h i n h i e . )  

i O .  Conduct t h e  e x t r a c t i o n  f o r  a' p e r i c d  o f  i8 hou rs .  !void l o s s  c f  
psn tane  by a d j u s ~ i n g  t h e  h e a t  l ow  and k e e p i n g  a  s t e a d y  f l o w  o f  c o l d  
w a t e r  t h r o u g h  t h e  condens2 r . )  

i l .  A f t ? ) -  1 8 . h o u r s  sntic o f f  h e a t  and a l l o w  i - e i l u x  appa ra tus  t o  c o c l  t 3  
rocm te r ipe ra  t u r e .  

12.  S o t  t h i m b l e  i n  z  100 ml b e a k e r  i n  a  hooded a r e a  u n t i l  i t s  appe3rance 
i s  d r y .  

3 .  P l a c e  d r y  t h i m b l e  and beake r  i n  an oven a t  105 = 5°C f o r  1 hcu r .  

14. Zenovs t h e  t h i m b l e  and beake r  an3 i 'mmed ia te ly  p l a c e  i n  a  d e s i c c a t ~ r  
c o n ~ 3 i n i n g  D r i e r i t e  and a l l o w  t o  c o o l  t o  room tempe ra tu re .  

i 5 .  >!hen c c o l ,  we i sh  t h e  t h i m b l e  and c o n t e n t s  t c  t h e  n e a r e s t  0 . 1  sg anc 
r e c o r d  t h e  : /e ight .  

- 1  I ne  ?en tane  i n s o l u b l e  c o n t s n t  o f  t h e  m a t e r i a l  can be c a l c u l a t s d  f rom t h 2  
.Fol l o w i n g  s q u a t i o n :  

where : 

4 = w e i g h t  c f  alundurc c h i m b l e , ~ m p t y  (g rams)  
3 = !;/eight o f  2 i undun  t h i m b l e  p l u s  pen tane  i n s o l u b l e  n a t 2 r i a l  

(grams! ,  2nd 
C = w e i g h t  n f  sample 

Repo r t  t h e  ?en tan?  i n s ~ l u b l ~  canx?! l i .  t c  t h e  n 5 a r c s t  0 . l 4 .  



A.  . ?r?ci  s i cn  

An SRC so! i d  2nd L C  Fi2er sol  id !were snalyzed in  repi i c a t e  ( s i x  
de tn rn ina r i ons ]  t o  determine the  regeatzbi 1 i  ty  of t h e  procsdure. The 
r c s u i t s  cf  t he  ana lyses  a r ?  l i s t e d  in  the  t a b l e  belt!.;. 

Pentane Insol ubi e s  Standard ': Scanaar-C 
Mezn ( ~ 5 )  Cevi31i;c 

-. 

S2C Sol id 40.  E3 
L C  F.i r~er. Scl i d  41 .OQ 

Th2 mechei i s  ernoirjcal and changes in  the  prscedure krill r e s u l t  ic 
, ,variations ifi r e s u l t s .  Also,  no c e r t i f i e d  s tandards  e x i s t s  f o r  2?!cane- 
inso lub lss  of coa l s  o r  S2C iilacerizl. i h e r e ~ o r e ,  t he r e  i s  co \:lay c f  
aer2rming cne accuracy of t he  procedur?. 

The r e s u l t s  were compared t o  a  procedure using so iven t  f r i i c t iona t icn  i n  
i n  U I  :ra$unic 2 n v i  ronrneni. The comparl son n f  r e s u l t s  a r e  1 i s t e d  below 

",, . 
2 n d  there  i s  3 consis tency be twe~n  the values f o r  ezcn cl-.;c~dure. ine 
solvenc = r a c ~ i o n a t i o n  i s  lengthy,  b u t  t h e  r e s u l t s  i r e  consider26 5 . y u d  
d l t e r n i n a i e  of o i l  ccn ten t  in  SRC s o i i a s .  

Pentzne Ext rac t i sn  Solvent Fract ionar lon 
S a ~ c : e  f ' o .  ? rocedu rc  ?rocedure ( Z F ? )  :: gif=';-t?c2 

1?51CB 41 .1  
( L C  Finer Zol id )  

!C!6CB 
( I jSZC Run 220 )  

;233c3 29 .7  
( L C  Finer  S o l i a )  



AKALYTICAL isiETl-IOD NO. 211 

3E3TAFJE !::SOLUBLES OF S J C  SOLIDS 

A. A l i , ba l ; nc?s  ~ u s i  b e  q u a l i t y  assu red  i n  accordance  w i t h  t h e  CRSD 
A n a l y t i  c z l  c e r v i c e s  Qua1 i ty  Assurance Program E u i a e l  i nes on pcae 32. 

8. Pentsne s h o u l d  be s t o r e d  o v e r  m o l e c u l a r  s i e v e s  t o  ensu re  d r yness  

C .  I n d i c a t i n c  C r i e r i t e  i n  d e s i c c a t o r  s h o u l d  be checked b e f o r e  s t a r t i n :  
z n a l y s i s  ;na r e ? l a c e d  i f  h y d r a t e d .  

9. A ? !  : ? n ~ l e s  s n o u l d  be a n a l y z e d  i n  d u p l i c a t e  and i f  t h e  d e t e r m i n e d  12ve i  
o f  p r 2 c i s i o n  expec ted  i s  n o t  reached ,  t h e  sample a n z l y s i s  s h o u l d  be 
r epea ted .  

E.  Th2 f iechod i s  e m p i r i c a l ,  t h e r e f o r e  s t r i c t  adherence t o  a l l  d e t ~ i l j  C ?  
t h e  p r c c s d u r ?  i s  cecessa ry .  

3ne gram o f  a  yiorkin: sampl'e o f  SRC s o l i d  i s  p l a c e d  i n  a be3ke r  >ii:h EO i ~ !  

o f  pen tane .  The s o l u t i o n  i s  hea ted  t o  43'C f c r  30 m i n u t e s  and t h e  n i x c u r ?  
i s  f i l c e r e d  i h r o u ~ h  a  tare,d, medium p o r c s i t y  alundurr, t h i m b l e .  The t h i l n b l e  
i s  p l a c e d  o v e r  200 mi o f  penta,ne and e x t r a c t ~ d  i n  t h e  h o t  pen tane  vaDors i c r  

- ,  12 hou rs .  , n e  t h i m b l e  i s  d r i e d  and rewe iohed  t o  d e t e r m i n e  pen tane  i n s ~ l d h i ?  
r e s i d u e .  

7 9  

~!le i 2 5 7  i s  cine m e a s u r ~ m e n t  u s e f u l  i n  e v a l u a t i n g  and c b a r a i ~ e r i z i n c  jciils 
and dc tec t i ! : g  chznges t h a t  have o c c u r r e d  d u r i n g  downstream 9rocss: i r l? .  

A. AST:,1 + lanuo l ,  J,ST;1 5 2317-76,  Senzene - I nso l ub l e  Con ten t  o f  T 3 r  :nd ?ire:-! 

:.iLK: bas : 7 7 3  
A;;h.i 2 



FILTERABLE AND ADHERENT INSOLUBLE CONTENT OF 

ACCELERATED AGED MATERIAL 

(BARTLESVILLE ENERGY TECHNOLOGY CENTER) 

T h i s  method i s  a b s t r a c t e d  f r om the  U.S. Department o f  Energy r e p o r t  

"Acce le ra ted  S t a b i l i t y  T e s t  Techniques f o r  M idd le  D i s t i l l a t e  Fue ls , "  

DOE/BC/10043-12. 

The method i s  a p p l i c a b l e  t o  M.O.,  M.O. b lends  o r  coa l  l i q u i d  samples 

t ~ d v  i r ~ q  a d e n s i t y  o f  l e s s  t han  0.98 g/ml  a t  60°F. Samples hav ing  l a r g e r  

d e n s i t i e s ,  l i k e  S R C - 1  f1.0., r c q u i r e d  ~xcessivrly l o n g  t i 1  t r a t l o n  Litlles o)- 

could  n o t  be f i l t e r e d .  No p r e c i s i o n  nr  accuracy da ta  i s  a v a i l a b l e  f o r  S R C - 1  

1  i q u i d s .  

Note: The B a r t  l e s v i  l l e  Energy Technology Center  has improved t h e  pr-e-  
c i s i o n  o f  t h i s  p rocedure  s i n c e  IC4C adopted i t .  Changes i n  t he  procedure 

are  desc r i bed  i n  two p u b l i c a t i o n s  : " O p t i m i z a t i o n  o f  Acce le ra ted  S t a b i  7 i i y  

T e s t  Techniques f o r  D i e s e l  Fuels  ," DOE/BC/10043-25, June 198'1 ; "Fundamental 

S y n t h e t i c  Fuel  S t a b i  1  i t y  Study," DOE/BC/10045-23, March 1982. I C R C  has 

n o t  i n c n r p o r a t e d  r e c e n t  changes i n t o  t h e  method, h i l i c e  they  hsvc n o t  been 

e v a l u a t e d  on S R C - I  samples. 

Safety  

SRC l i q u i d s  and r e l a t e d  m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

F o r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  f o r  SRC l i q u i d s ,  see t h e  a p p r o p r i c t s  

I C R C  K a t e r i a l  S a f e t y  Da ta  Sheets i n  t h e  f r o n t  o f  t he  mafsual. 

I sooc tane  and t h e  adheren t  i n s o l u b l e s  s o l v e n t  c o n t a i n i n g  equal  p a r t s  of 

acetone, methanol  and t o l u e n e  a r e  ex t reme ly  f lammable aird vapors  may cause 

f l a s h  f i r e .  Avo4d I n h a l a t i o n  o f  vapors.  

The dry i 'ng oven con ta , i r ~s  exposed h u l  su r faees  which may he avn ided  b,y 

wear ing  p r o t e c t i v e  equipment as r e q u i r e d .  



F I L T E R A B L E  AND A D H E R E N T  INSOLUBLE CONTENT OF 

A C C E L E R A T E D  A G E D  MATERIAL 

1. Scope 

This method covers the measurement of insoluble material in a  d i s t i l l a t e  

f ue l .  The fuel i s  s tored a t  a  s l i gh t l y  elevated temperature over an extended 

period t o  give an indication of the f u e l ' s  potential  long-term storage s t a b i l i t y  

when stored a t  lower temperatures. 

2 .  Summary of Method 

A measured volume of f i l t e r e d  fuel in several glass containers i s  s tored 

a t  43.3OC fo r  up  t o  24 weeks. After aging f o r  various time i n t e rva l s ,  one s e t  

of samples i s  removed from s torage,  cooled to  room temperature, and analyzed 

f o r  pa r t i cu la tes  by f i l t r a t i o n .  Adherent gum on the wall of the aging container 

i s  also measured. 

3. Significance 

Past research has indicated tha t  storage a t  43.3"C fo r  one week i s  approxi- 

mately. equivalent to  storage a t  average ambient (21°C) conditions fo r  four weeks, 

assuming a l l  o ther  fac tors  a re  equivalent. This t e s t  does not account fo r  any 

environmental e f f ec t s  or  container e f fec t s  t h a t  may be encountered under a  given 

f i e l d  storage condition. 

4.  Apparatus 

A .  Sample containers a re  borosi l ica te  glass bo t t l e s .  The containers should 

preferably have a l i d  or. cover with a Tef lon ' inse r t  and a  hole f o r  a  borosi l ica te  

glass vent. The to ta l  capacity of the container i s  500 ml . 
B .  Storage oven should be large enough to  contain a l l  sample bo t t l e s .  I t  

should be thermostatical ly control led to  maintain a  temperature of 43. 3°t10C. 

I t  shal l  be as dark as possible to  prevent degradation due to  photolytic 

reactions and shall  a lso  'be "explosion proof." 

C ,  Drying oven, maintained a t  99n~10C.  

D. Gooch c ruc ib le ,  porcelain,  No. 4  

E .  F i l t e r  f lash  assembly, as shown in Figure 1. 



5.  Reagents and   ate rials 
A. Glass  f i b e r  f i l t e r ,  2..4 cm c i r c l e  

B .  Hydrocarbon s o l  v e n t ,  i sooctane,  ASTM knock t e s t  r e f e r e n c e  f u e l  g rade,  

f i l t e r e d  t h r o u g h  two g l a s s - f i b e r  f i l t e r  papers .  

C. Adherent  i n s o l  u b l e s  s o l  vent - -Mi  x equa l  p a r t s  o f  r e a g e n t  grade acetone,  

me thano l ,  and t o l u e n e .  

6 . .  Sampl inq  Procedure  

Sample c o n t a i n e r s  s h o u l d  p r e f e r a b l y  be one g a l l o n  o r  l a r g e r  epoxy-1 i n e d  

cans .  These c o n t a i n e r s  s h o u l d  be f i l l e d  a l m o s t  t o  t h e  t o p  t o  a v o i d  a  s i g n i -  

f i c a n t  a i r  space, and t h e n  t h e  u l l a g e  shou ld  be p u r ~ e d  w i t h  n i t r o g e n .  Where 

p o s s i b l e ,  samples s h o u l d  be s t o r e d  a t  reduced tempera tu re ,  -7" t o  4OC, p r i o r  

t o  use. 

7 ,  P r e p a r a t i o n  o f  Appara tus  

A. Sample s t o r a g e  b o t t l e s - - S c r u b  each b o t t l e  w i t h  a  d e t e r g e n t  s o l u t i o n ,  

and r i n s e  i t  w i t h  w a t e r .  Soak t h e  b o t t l e  o v e r n i g h t  i n  an a1 k a l i n e  l a b o r a t o r y  

g lassware  c l e a n i n g  s o l u t i o n .  R inse  t h e  b o t t l e  w i t h  t a p w a t e r ,  t h e n  i n v e r t  and 

f l u s h  w i t h  a  s t ream o f  d , i s l i l l e d  w a t e r .  A l l o w  t h e  b o t t l e s  t n  d r y ,  and r i n s e  

t h e  b o t t l e s  w i t h  50 ml o f  t h e  f u e l  sample. B o t t l e s  a r e  v e r ~ l e d  d u r i n g  s t o r s g c  

p r e f e r a b l y  by a  T e f l o n  i n s e r t  and a  g l a s s  tube  b e n t  i n  a  u-shape t o  p r e v e n t  

c o n t a m i n a t i o n  o f  the sample t rom a i  r b o r n e  p a r a t  i i u l n  t es  (See F i g u r c  2 ) .  

B. I n s e r t  - two g l a s s - t i b e r  f l l  t e r  d ibkb  i i ~ t o  eoeh o f  t h r e e  c l e a n  Gonch 

c r u c i b l e s  (Note  1).  Wash eiie 711 te rqs  by p o i i r i n g  200 m l  o f  i s o o c t a n e  t h r n ~ l g h  

t h e  Gooch c r u c i b l e .  D ry  t h e  c r u c i b l e  and f i l t e r s  f o r  one h o u r  i n  an oven main-  

t a i n e d  a t  99"+1°C. A f t e r  d r y i n g ,  p l a c e  t h e  c r u c i b l e  and f i l t e r s  i n  a  d e s s i c a t o r  

( w i t h o u t  d e s s i c a n t )  f o r  a t  l e a s t  30 minu tes  (Note  2 ) .  Weigh t o  t h e  n e a r e s t  

0.1 mg and r e t a i n  f o r  sample a n a l y s i s .  T h i s  procedure  must  .be f o l l o w e d  f o r  t h e  

o r i g i n a l  sample and f o r  each t e s t  sample i n t e r v a l .  Prepare  u r ~ e  c r - u c i b l e  w i t h  

f i l t e r s  f o r  each b o t t l e  t o  be ana lyzed  a t  each t e s t  sample ' i n t e r v a l  a r ~ d  one 

c r u c i b l e  w i t h  f i l t e r s  t o  b e  used a s - a  m o i s t u r e  c o r r e c t i o n .  When a  s e t  o f  

b o t t l e s  i s  b e i n g  ana lyzed ,  o n l y  one " m o i s t u r e  b l a n k "  i s  r e q u i r e d .  The "mois-  

t u r e  b l a n k "  c r u c i b l e  s h o u l d  be weighed whenever, t h e  o t h e r  c r u c i b l e s  a r e  weighed 

and i t s  change i n  w e i g h t  s u b t r a c t e d  f r o m  t h e  f i n a l  sample w e i g h t  t o  g i v e  a  sample 

w e i g h t  t h a t  i s  c o r r e c t e d  f o r  a tmospher ic  m o i s t u r e .  



8. Preparation of Sample 

Prior to  s torage,  the fuel o i l  shall  be f i l t e r e d  through two glass f i b e r  

f i l t e r s .  I t  i s  suggested t ha t  a f i l t r a t i o n  system as shown in Figure 1  be 

used t o  f i l t e r  the fuel (Note 3 ) .  

9 .  Procedure 

A .  Adjust the storage oven fo r  sample storage to  a  temperature of 43.30?1°C. 

B .  Prepare the fuel f o r  storage (Section 8 ) .  

C .  Place 400 ml of f i l t e r e d  fuel in to  each bo t t l e .  Use two bot t les  f o r  

each sampl ing period. (The suggested sampling periods are  4 ,  8 ,  12, 16, and 

24 weeks). Also, f i l l  two bo t t l e s  with fuel to  be used as ex t ras .  These extra 

bo t t l e s  may be used in  the case of accidents,  i f  extra fuel i s  needed fo r  futher 

t e s t s ,  o r  i f  desired t o  extend the overall storage t e s t  duration.  Also f i l t e r  

enough fuel to be analyzed fo r  zero-week data .  These analyses should be 

performed on the same day t ha t  the other samples a re  placed in storage.  Label 

each storage bo t t l e  completely. 

D .  A t  the end of each prescribed period, remove two bo t t l e s  and allow them 

to  cool a t  21'-27OC for  4-24 hours in a  dark environment. 

E .  Analysis of the fue l ,  a f t e r  i t  has cooled, should be performed in  the 

following manner. Pour the sample from one bo t t l e  in to  a  clean separatory 

funnel, using a glass funnel (Note 4 ) ,  a ~ d  f i l t e r  through a tared Gooch crucible 

containing two glass-f iber  f i l t e r  papers (Note 4 ) .  Use a  self-feeding system 

as i l l u s t r a t e d  in Figure 1. Repeat t h i s  procedure with the other bo t t l e  of fuel 

using a  d i f fe ren t  crucible and f i  1  t e r s  (Note 5 ) .  Rinse the bo t t l e s  used during 

aging with f i l t e r e d  hydrocarbon solvent (use three r insinqs of approximat.~ly 

50 ml each) to remove a l l  t races  of fuel frcm the bo t t l e .  

F.  F i l t e r  these r insings through the Gooch crucible .  After  the crucible  i s  

washed o i l - f r e e  on the  ins ide ,  turn off  the suction and remove the crucible .  

Then r inse  the outside of the crucible (using a  wash b o t t l e )  with addit ional  

hydrocarbon solvent unt i l  i t s  surface i s  o i l  f r e e .  The f i l t r a t e  can be discarded. 

G .  Place the crucibles ,  including the "moisture blank" in the dryinq oven 

for four to  s i x  hours. Then place in a  dess icator  without dessicant  and allow 

to  cool t o  room temperature; requires a t  l e a s t  one hour ( ~ o t e  2 ) .  Weiob t o  

nearest 0 .1  mg. 



H .  After the f i na l  washing with the hydrocarbon solvent ,  dissolve any 

adherent gum on the sample container walls with two washings of 30 t o  35 ml 

of the adherent insolubles solvent .  

I .  Place solvent  in a  c lean,  150 ml beaker weighed t o  the nearest 0.1 mg 

and evaporate t o  dryness on a  steambath. place the apparently dry beaker in  

an oven a t  105°90C f o r  three hours. Remove the beakers to  a  dess icator  with- 

out  dess icant ,  allow to  cool and weigh t o  the nearest 0; 1 mg. 

10. Calculation 

A .  Calculate the to ta l  insolubles a f t e r  aging, in milligrams per 100 ml, 

as fulluw5: 

A = R + C / 4 . O  

where : 

A = Total i  nsol ubles, mg/100 ml , 
B = Weight of f i l t e r a b l e  insolubles,  mg, and 

C = Weight of adherent insolubles ,  ma,  as determined in Section 9F. Correct 

values B and C f o r  moisture blank. 

B .  For the aged fuel , report  A, B ,  and C f o r  both bo t t l e s  t o  show 

repea tab i l i ty  of t e s t s  a t  each aging period. 

Notes - . ., .-. . . 
Note 1: A s ingle  paper wil l  not prove  s a t i s f ac to ry  since i t  may rupture 

under strong vacuum. 

Note 2 :  A dess icator  i s  used t o  protect  the crucl ble and f l l  t e rs  fru~rl 

airborne pa r t i cu l a t e s .  The dessicant  i s  removed from the 

dess icator  to  allow the crucible to  cool in a n  environment 

s imi lar  t o  the surrounding onviron!nent and t.hereby prevent 

possible e r ro rs  due to  sudden absorptiori of molsture frv111 the 

atmosphere when the crucible i s  removed from the dess icator .  

The crucible  used as a  "moisture blank" wil l  correct  fo r  the 

atmospheric moisture. 

Note 3:  The receiving f l a sk ,  separatory funnel, and glass  funnel should 

be as clean as the storage bo t t l e s  (Section 8 ; l ) .  These items 

should a l so  be rinsed with f i l t e r e d  isooctane. 



Note 4 :  If  severe, f i l t e r  plugging i s  encountered so tha t  f i l t r a t i o n  

i s  not complete in three hours, discontinue the t e s t  with the 

notation t ha t  f i l t e r  plugging occurred. 

Note 5:  ASTM 9 1500 color and D 381 Steam J e t  G u m  can be determined on 

the f i l t e r e d  fuel i f  desired.  If  these analyses a re  t o  be 

carried. out ,  do not add r insings o.r contaminate the f i l t e r e d  

fuel in any manner, and protect  the sample from l i g h t  unt i l  

these t e s t s  a re  completed. 
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MICROANALYTICAL LABORATORY PROCEDURES 

H e a t i n g  Va lue D e t e r m i n a t i o n - - L i q u i d s  (ASTM D  240) 148 

H e a t i n g  Va lue D e t e r m i n a t i o n - - S o l i d s  (ASTM D 2015) 149 

M o l e c u l a r  Weight  by  Vapor P ressu re  Osmometer (ASTM D  2503) 150 

S p e c i f i c  Heat  by  D i f f e r e n t i a l  Scanning C a l o r i m e t r y  (ASTM D 3947) 1 5 1  

Trace A n a l y s i s  o f  S u l f u r  (APCI Method No. 156) 152 

Coal Ta r  P i t c h  V o l a t i l e s  (APCI Method No. 195) 168 

T race  A n a l y s i s  o f  C h l o r i n e  (APCI Method No. 244) 173 

Carbon, Hydrogen, and N i t r o g e n  D e t e r m i n a t i o n  1 9 1  

(APCI Method No. 316) 

Oxygen D e t e r m i n a t i o n  ( A P C I  Method No. 317) 232 

S ~ ~ l f u r  Deterrni n a t i o n  by  LECO (APCI Method) 2  10 



HEAT OF COMBUSTION OF LIQUID HYDROCARSOM 

BY BOMB CALORII'4ETER 

(ASTM D 240) 

The procedure i s  appl icable  t o  a l l  SRC-1 l iqu ids  and blends as wr i t t en .  

Heats of combus t ion a r e  general l y  referred t o  as higher (g ross )  heating val ues. 

A Parr Adiabatic Calorimeter w i t h  oxygen bomb i s  recommended f o r  use i n  t h i s  

m k  t hod. 

The higher heating values f o r  SRC-I l iquids  a r e  generally betsveen 17,800 

and 16,700 BTU/lb; the  L . O .  samples are  near the  upper value, the H . O .  a re  near 

the  lower value, and SRC-1 M.O.  a re  approximate1.y 17.200 STU/lb. 

S a f e t y  -.- 
SRC l i qu id s  and r e l a t ed  material should be t rea ted  as toxic  mate r ia l s .  

Gloves and a  l ab  coat  should be worn t o  p ro tec t  hands and c lo th ing .  
For s p e c i  f i c  handl ing  precautions f o r  S R C  l i q u i d s ,  s e e  t h e  appr-opt-i a t e  

I C R C  Mater-ial Sa f e ty  Data Sheets  in  the  f r o n t  of the  manual. 

Keep 2,2,4-tr imethylpentane from open flames i f  using as  a  s tandard.  



GROSS CALORIFIC V A L U E  OF SOLID F U E L  B Y  T H E  ADIAEATIC BO!% CALORIPIETER 

(ASTM D 2015) 
P. 

The procedure appl i e s  t o  a1 1  so l  id  f u e l s  a s  w r i t t e n ,  i  ncl uding coal , 
coke, HSRC, LSRC, TSL SRC and KMAC. Grind enough ma te r i a l  t o  produce f i v e  

grams of  working sample. 

Sa fe ty  

SRC sol  i d s  and r e l a t e d  ma te r i a l  should be t r e a t e d  as  t o x i c  m a t e r i a l s .  

Gloves and a  l a b  c o a t  should be worn t o  p r o t e c t  hands and c l o t h i n g .  

For s p e c i f i c  hand l ing  p recau t ions  f o r  SRC l i q u i d s ,  s e e  t h e  a p p r o p r i a t e  

I C R C  Ma te r i a l  S a f e t y  Data Sheets  i n  t h e  f r o n t  of t h e  manual. 
Gr ind ins  o f  s o l i d  samples should be completed i n  a  we1 1  -. 

v e n t i l a t e d  a rea  and a  dus t  mask must be worn by t h e  a n a l y s t .  



MOLECULAR WEIGHT OF HYDROCARBONS BY THERMOELECTRIC MEASUREMENT 

OF VAPOR PRESSURE 

(ASTM D 2503) 

The p rocedure  i s  a p p l i c a b l e  t o  S R C - 1  s o l v e n t  f r a c t i o n a l i z e d  s u b f r a c t i o n s  

(p reaspha l  tenes,  asphal  tenes and pen tane-so lub l  e  o i  1  s )  and d i s t i l l  a t e  l i q u i d s  

w i t h  an i n i t i a l  b o i l i n g  p o i n t  g r e a t e r  t han  400°F. 

SRC d e r i v e d  s o l i d  and l i q u i d  f r a c t i o n s  a s s o c i a t e  i n  d i l u t e ,  p o l a r  s o l v e n t s .  

The re fo re ,  t h e  expe r imen ta l  c o n c e n t r a t i o n  range i s  ma in ta i ned  between four  t o  

seven grams per  1  i Ler'. 

I h e  f o l l n w l n g  are Ltle b ~ l v ~ ~ i t  817J e x p e r i l ~ l r r i t a l  temperature r ang?  f n r  ~ a c h  

f r a c t i o n :  

FRACTION SOLVENT TEMPERATURE 

1. Preasphal  tenes, P y r i d i  ne 85 - 90°C 

asphal  tenes, and 

heavy d i  s  ti 11 a tes  

2 .  P e n t a n ~ s o l i l b l e  Methy l  ene 28 - 32°C 

o i l s  a r ~ d  low b o i l i n g  c h l o r i d e  

range d i s t i l l a t i o n  

S R C - 1  M.0, and H.O. have m o l e c u l a r  we igh t s  o f  app rox ima te l y  150 a r ~ d  250, res- 

p e c t i v e l y .  Mo lecu la r  we igh t  va lues  f o r  SRC-1 s o l i d s  a r e  between 400-650. 

S a f e t y  

SRC-1 m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  wa te r - ia l s .  Gloves and a l a b  c o a t  

shou ld  be worn t o  p r o t e c t  hands dnd c l o t h i n g .  

For s p w i  f i  c h a n d l i n g  p r e c a u t i o n s  f o r  SRC l i q u i d s  , see t h e  a p p r o p r i a t e  

1 C X O  M a t e r i s l  S a f e t y  Data Sheets i n  t h e  f r o n t  o f  t h e  manual .  

G r i n d i n g  o f  S R C - 1  s o l i d  must be completed i n  a w e l l - v e n t i l a t e d  area and t h e  

a n a l y s t  must  be r e q u i r e d  t o  wear a  l a b  c o a t  and a  d u s t  mask. 

Methy lene c h l o r i d e  and p y r i d i n e  shou ld  be used i n  a w e l l - v e n t i l a t e d  area.  

P y r i d i n e  has a  p e r m i s s i b l e  exposure l i m i t  o f  5 ppm (15 mg/m3). 



SPECIFIC HEAT OF AIRCRAFT TURBINE LUBRICANTS BY THERMAL ANALYSIS 

(ASTM D 3947)  

The thermal a n a l y s i s  procedure app l  i e s  t o  a l l  SRC-1 p roduc ts  as w r i t t e n .  

The temperature c a l  i b r a t i o n  o f  t h e  thermal ana l yze r  i s  completed w i t h  pure  

ind ium.  Sapphi re  has a  w e l l  c h a r a c t e r i z e d  s p e c i f i c  hea t  and i s  used t o  q u a l i t y  

assure t h e  i n s t r u m e n t a t i o n .  

G r i nd  a t  l e a s t  one gram o f  s o l i d s  t o  use as a  work ing  sample. 

S a f e t y  

SRC l i q u i d s  and s o l i d s  shou ld  be t r e a t e d  as t o x i c  m a t e r i a l s .  Gloves and 

a  l a b  coa t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

Fo r  s p e c i f i c  h a n d l i n g  p recau t i ons  f o r  SRC l i q u i d s ,  see t h e  a p p r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  Data Sheets i n  t h e  f r o n t  of t h e  manual. 

G r i  nd i  ng o f  any coa l  , coke o r  KMAC must be completed i n  a  w e l l  - v e n t i  1  a t e d  

area and t h e  a n a l y s t  be r e q u i r e d  t o  wear a  l a b  coa t  and dus t  mask. 



DETERMINATION OF TRACE LEVELS OF SULFUR I N  ORGANIC MATRICES 

(APCI METHOD NO. 156) 

The method i s  a p p l i c a b l e  t o  SRC-1 hyd ro t rea ted  l i q u i d s  which c o n t a i n  

low he te roa tom c o n t e n t .  Procedure 6-C, S i n g l e  Boat  I n j e c t i o n  System i n t o  a  
H igh  Capac i t y  Combus ti on Tube", i s  recommended f o r  sampl es w i  t h  complex ma t r i ces  

l i k e  S R C - 1  l i q u i d s .  

The SRC-1  1  i q u i d s  a r e  h i g h l y  a romat ic .  There fo re ,  a  s u l f u r  s tandard  i n  

t o l u e n e  o r  a  xy lene  isomer would be more a p p r o p r i a t e  than i sooc tane  when 

d e t e r m i n i n g  the  response f a c t o r .  Th i s  t ype  o f  s o l u t i o n  p a r a l l e l s  S R C - 1  samples 

and w i l l  h e l p  e l i m i n a t e  e r r o r s  due t o  m a t r i x  e f f e c t s .  

S d l l l ~ l  k!S ... 

SRC l iqu i 'ds  and r e l ? t . ~ d  m a t e r i a l  should be t r e a t e d  as t o x i c  m a t e r i a l s .  

Gloves and a  l a b  c o a t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  

F o r  s p e c i f i c  h a n d l i n g  p recau t i ons  f o r  S R C  l i q u i d s ,  see the  a p p r o p r i a t e  

I C R C  M a t e r i a l  S a f e t y  Data Sheets i n  t h e  f r o n t  o f  the rnariual. 

When u s i n g  o r g a n i c  so l ven t s ,  a v o i d  i n h a l a t i o n  o f  vapors and keep awc 

open f lames.  Use i s o o c t a n e  and o t h e r  o r g a n i c  s o l v e n t s  i n  a  w e l l - v e n t i l a t .  

G l a c i a l  a c e t i c  a c i d  has a p e r m i s s i b l e  exposure l i m i t  o f  10 ppm ( 2 5  mc 

and shou ld  o n l y . b e  h a n d l e d  i n  a  w e l l - v e n t i l a t e d  area.  Avo id  s k i n  c o n t a c t  

a l l  a c i d s .  



DETEL~IINATION OF TRACE L E V E L S  O F  S U L F U R  
I N  ORGANIC blATRICES 

A B S T M C T E D  FRO31 ST>!  D-3120 AND T H E  D O H i L f W N  INSTRLPEh'T b&YUAL 

S C O P E  : 

This  method i s  f o r  t h e  determinat ion o f  t o t a l  s u l f u r  i n  the  range 
o f  0 . 1  ppm t o  10,000 ppm f o r  samples having an o r g a n i c  matr ix .  
I t  i s  l imi ted  t o  samples having 'a c h l o r i n e  l e v e l  l e s s  than 10 t i n e s  
t h e  s u l f u r  con ten t ,  t h e  n i t r o g e n  l e v e l  l e s s  than 18 wt percent  abso lu te  
and t h e  heavy metal concen t ra t ion  i e s s  than 500 ppm. 

2 .  P R I K C I P L E  : 

The sample i s  in t roduced i n t o  a  combustion tube maintained a t  about 
800°C having a  flowing gas s t ream conta ining 80% qxygen a i d  20% i i e r t  
gas (helium ' o r  argon) . Oxidat ive  p y r o l y s i s  conver t s  t h e  s u l f u r  t o  
s u l f u r  dioxide which f l o r ~ s  i n t o  a  t i t r a t i o n  c e l l  where .it r e a c t s  with 
the  t r i i o d i d e  ion  p resen t  i n  t h e  e l e c t r o l y t e .  The t r i i o d i d e  consumed 
i s  cou lomet r i ca l ly  replaced and the  t o t a l  c u r r e n t  r equ i red  t o  r ep lace  
the  t r i i o d i d e  i s  a  measure of t h e  s u l f u r  p r e s e n t  i n  t h e  s a q l e  
i n j e c r e d .  The r e a c t i o n s  occur ing i n  the  t i t r a t i o n  c e l l  a re '  c i t e d  
below. 

A. Dohrzann WCTS-SO Sulfur System o r  Equivalent  

1. Pyrolys is  Furnace (S-300) 
2 .  T i t r a t i o n  System (T-300-P) 
3. D i g i t a l  ~ l i c rocou lomete r  (C- 300) 

(Dohrnann Division of  Envirotech COT. ,  Santa  -?.;;:;a, .I..;.. j 
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DETEE'4INATION OF TWCE LEVELS OF SULFUR 
IN 0RG.WIC blATRICES 

Sampling S y r i n g e  

S y r i n g e ,  10 ~1  and 50 1.11 ( P I N  523901 and P / N  523851) 
(Dohrmann D i v i s i o n  o f  Env i ro t ech  Corp.,  S a n t a  C l a r a ,  Ca). 

C .  Sl izgle  Daat I n i c t  System (SB1) 

S i n g l e  H n a t  T r l l R T .  S Y S ~ ~ I I I  (P/I'! 52G005) 
(Dohrmann D i v i s i o n  o f  Env i ro t ech  Corp.,  S a n t a  C l a r a ,  c a . )  

P y r o l y s i s  Tube 

1. COT P y r o l y s i s  t u b e ,  q u a r t z  (P/K 511778) 
2 .  COT-H High c a p a c i t y  o x i d a t i v e  p y r o l y s i s  Tube (P/N 51 1300) 
(Dohrmann D i v i s i o n  o f  Env i ro t ech  Corp. ,  S a n t a  C l a r a ,  Ca . )  

E .  Purge Value 

S a f e t y  pvrge va lve  f o r  use wi th  COT-H p y r o l y s i s  tube  (P/N 899431) 
(Dohrinann D i v i s i o n  o f  Envi ro tech  C o n . ,  S a n t a  C l a r a ,  Ca.)  

Quar tz  e x i t  t u b e  k i t  (P/N 511760): Inc ludes  e x i t  t u b e  i n s e r z s  
(P/N 511776) Quartz  lJool (P/N 511735, "0"- r ings  (P/N 511762) and 
a r e d u c l n g  j o l n r  ( P / N  523733)  . 
(Dohm.ann Div i s ion  o f  Envi ro tech  Corp. ,  S a n t a  C l a r a ,  Ca.)  

septa, T U ~ ~ U , !  nai-kr.d ( P / N  617787  and P/x 51779,5) 

H. Volumetr ic  Flask 

Kimax No. 28014 (class A ] ,  100 m l  ~ a y a c i t y  
(Kimble P r o d u c t s ,  O i i e n s - I l l i n o i s ,  I n c . ,  To ledo ,  Ohio) 

I .  A n a l v t i c a l  Balance 

h a l : r ~ i c a l  B a l a i i ~ c  ca?nble o f  !,lei:'ning t o  0 . 0 1  ,am, h!ett lcr t H 5 1 A R .  
( F i s h e r  S c i e n t i f i c  Co. ,  S i n g  o f  P r u s s i a ,  Pa.) 
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DETEX,:.1INXTION OF TMCE LEVELS OF SULFUR 
IN ORG.LYIC NATRICES 

J. V i a l s  

2 d r ,  F i s h e r  83-338C 
( F i s h e r  S c i e n t i c  Co., King o f  P r u s s i a ,  Pa . )  

P i p e t ,  Volumetr ic  

4 m l  . c a p a c i t y ,  Kimax 837010 
(Kirnble Products ,  Owens - I l l i no i s ,  I n c . ,  Toledo ,  Oh) 

L .  Automatic I n j e c t i o n  Adaptor 

Hamilton Repeat ing  Dispensor  (P/N 899145) 
(Dohrmann Div i s ion  o f  Envi ro tech  Corp ; , S a n t a  C l a r a ,  Ca .) 

REAGESTS AND BWTERIALS 

Deionized,  d i s t i l l e d  w a t e r  

A c e t i c  Acid 

A c e t i c  Acid, Reagent G l a c i a l  (P/N ASOD73) 
(?latheson, Coleman and B e l l ,  Norwood, Ohio) 

Oxygen and Helium, z e r o  grade 
( f i r  Products  and Chemicals ,  I n c . ,  T rex l e r town ,  Pa . )  

D .  Potassium Iod ide  

KI, Reagent ,  C r y s t a l s  (P/N PX15051 
(Matheson, Coleman and B e l l ,  Norwood, Ohio) 

Sodium Azide 

NaN,, Reagen: (P/S SX0299) 
S la~Zeson,  Coleman and B e l l ,  Nor-dood, Ohio) 



DETEFLVIS.ATION OF T U C E  LEVELS OF SULFUR 
I X  ORGAXTC SMT2TCF.S 

G .  Buty l  S u l f i d e  

C H S ,  Reagent (P /N  BW07S) 
@lgtzeson,  Coleman and B e l l ,  Nonvood, Oh.) 

H, Cell.  E l e c t r o l y t e  S o l u t i o n  

Di~so1 'v . l  0 . 5  gm o f  potas3ium i s d i d c ,  ( C I )  and 0 . 6  gm o f  sodium 
a z i d e  (Nay,) i n  approximate ly  500 m l  o f  h i g h - p u r i t y  wa te r ,  
odd 5 ml 0 2  a c e t i c  a r i d  CI:H 13-11-IHj 2nd.  d i l , ~ ~ . r ?  r.n lnnO m l .  
(Note 1)  

3 

I .  S u l f u r  S t anda rd  (1000pg/ml o r  1445dg/gm) 

Ta re  a 100 m l  v o l u r e t r i c  f l a s k ,  add about  0 .4562 gm o f  
~ - b u t ~ l  s u l f i d e ,  reweigh and d i l u t e  t o  100 ml wi th  i s o o s t a n e  
(Note 2)  

6 
S  (pg/ml) = ( \ s t .  o f  N-butyl s u l f i d e )  (0.2192) (1x10 ) 

(100ml) 

6  
S  (pg/gn) = (wt.  o f  N-butyl s u l f i d e )  (0.2193) (1x10 ) 

(100 m l )  (0.691s gm/ml) 

where 0.2192 = w t .  f r a c t i o n  o f  s u l f u r  i n  N-butyl s u l f i d e  
0.6918 = d e n s i t y  o f  i s o o c t a n e  

J. S u l f u r  S t anda rds  

To p r e p a r e  s t a n d a r d s  o f  l e s s  t h a n  1000 ~ / m l  d i l u t e  t h e  above 
s o l u t i o n  V / V  wi th  i s o o c t a n e  t o  r each  the  a p p r o p i a t e  c o n c e n t r a t i o n .  

5 INSTRLTbENT START-UP M D  C.\LIER4TION 

A .  S t a r t - u p  

1. S e t  t h e  i n s t r u n e n t  c o n d i t i o n s  acco rd ing  t o  one o f  t h e  t h r e e  
p rocedures  t o  be u sed ,  as p r e s e n t e d  i n  s e c t i o n  6 .  

2 .  At tach  t h e  c e i l .  

3 .  Push t h e  g e n e r a t o r  read  b u t t o n .  

4 .  Flush t h e  c e l l  wi th  e l e c t r o l y t e  u n t i l  t h e  g e n e r a t o r  r e a d  
~ l v e .  s i g n a l  i s  nega* '  

5 .  swi t ch  t n  s i n g l e  cyc le  c ~ e r a t i o n  and hase l i n e  r e a d .  



DETEDIINATION OF TRACE LEVELS OF SULFUR 
IN ORGWIC FUTRICES 

6 .  The b a s e  l i n e  shoy ld  be h i g h l y  n e g a t i v e .  I t  w i l l  r a p i d l y  
cone t o  an e q u i l i b r i u m  r e a d i n g  kh ich  s h o u l d  be  s l i g h t l y  
n e g a t i v e .  

7 .  Switch t o  i n t e g r a t e  ng .  

8 .  Run 3  a n a l y s e s  acco rd ing  t o  t h e  s e l e c t e d  p rocedure  t o  c o n d i t i o n  
t h e  i n s t r u m e n t .  

B .  C a l i b r a t i o n  

1. S e l e c t  t h e  s t a n d a r d  t o  be u sed .  (Note 2) 

2 .  Following t h e  p rocedure  s e l e c t e d ,  below a n a l y z e  t3e  s a v l e  
i n  t r i p l i c a t e  and r e c o r d  t h e  s u l f u r  l e v e l  (S21.  The 
c a l c u l z t e d  r ecove ry  f a c t o r s  should  b e . w i t h i n  2 2 f  o r  f u r ~ h e r  

. .  s t a n d a r d i z a t i o n  a n a l y s e s  shou ld  be pe r fo rmed .  

3.  Every 2  hours  o f  o p e r a t i o n  a  s t a n d a r d  s h o u l d  be  run t o  
check t h e  sys tem s t a b i l i t y .  

4 .  Every 4 hou r s  o f  o p e r a t i o n  t h e  c e l l  e l e c t r o l y t e  r:~ou!d be 
changed &d t h e  sys tem c a l i b r a t i o n  r echecked .  

6 .  PROCEDURE 

T h i s  sys tem'  can be  ope ra t ed  i n  t h r e e  d i f f e r e n t  c o n f i g u r a t i o n s  : 
A .  Syr inge  i n j e c t i o n ,  B .  Boat i n j e c t i o n  and C .  Boat  i n j e c t i o n  i n t o  a 
h i g h  c a p a c i t y  combustion tube .  EacH w i l l  be  d e s c r i b e d  below. 

A.  Syr inge  I n j e c t i o n  

I n s t l u n e n t a l  c o n d i t i o n s :  (Note 3) 
F igu re  1 = i n s t r u m e n t a l  s e t - u p  
I n l e t  Temperature = 700°C 
C e n t e r  Temperature = 800°C 
O u t l e t  Temperature = 800°C 
E x i t  Tube = Packed wi th  1/2 i n .  o f  q u a r t z  wool 
Hea t ing  Tape a On 
Reactan t  Gas (Oxygen) = 160 cc/inin. 
I n e r t  Gas (Helium) = 40 c c / n i n .  
B ia s  Vol tage  = 160 mV 
Gain = 100 
I n t e g r a t i o n  Time = Variqble  (Typ ica l  1SO s e c . )  
Range = x 1  f o r  2 ,000  og of  S  o r  x 13 f c r  10,000 ~g t o  

2 ,000  dg of  S .  
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DETEFUIIINATION OF TRACE LEVELS OF SULFUR 
IN ORGAYIC )LATRICES 

2 .  F i l l  t h e  10 p1 o r  50 ~ 1  s y r i n g e  wi th  ul a p p r o p i a t e  volume 
o f  sample ( l e s s  t h a n  802 o f  t h e  s y r i n g e  c a p a c i t y j  (Note 4 ) .  

3 .  Draw a i r  i n t o  t h e  s y r i n g e  u n t i l  t h e  lower maniscus f a l l s  on 
t h e  1 111 o r  10 p1 mark o f  t h e  s y r i n g e  and r eco rd  t h e  vo1u;ne 
(V,) - 

4 .  I n s o r t  the n e e d l e  i n t o  t h e  p y r r . l l y s i ~  t u b 0  and w a ?  t. i s  gec .  
f o r  t h e  s i g n a l  due t o  t h e  m a t e r i a l  i n  rile ~ i t c d l c  t o  be 
t i t r a c e d .  

5 .  T re s s  t h c  i n t e g r a t e  start. b u t t o n .  

6 .  Ifhen t h e  b l u e  l i g h t  goes on ,  i n j e c t  t h e  sample  a t  a  r a t e  o r  
l e s s  t h a n  0 .2  p l / s e c .  wi th  a pause  o f  1 s e c .  between each 
p u l s c .  (Note 5 ) .  

7.  Removc t h e  s y r i n g e ,  d r ay  a i r  i n t o  t h e  s y r i n g e  s e t t i n g  t h e  
lower maniscus on t h e  1 111 o r  10 PI mark and  r ecu rd  t h c  
voliime of  sample r e m i n i n g  i n  t h e  s y r i n g e  ( V  ) .  2 

8 .  Record t h e  ng o f  s u l f u r  d e t e c t e d  by t h e  a n a l y z e r  a t  t h e  
end o f  in teg- ra t ion  t ime (S ) .  I f  t h e  DVFI i s  s:lll i n c r o c s i n g  1  
when i n t e g r a t i ~ n  s r u p s ,  increase t h e  i n t e g r a t i o n  t i n e  and 
r e p e a t  t h e  analybis .  

9 .  Each sample shou ld  be  ana lyzed  i n  t r i p l i c a t e .  . 
B .  S i n g l e  Boat I n j e c t i o n  System (Note 6) 

1, Ins t rument  Condi t ions  (Note 3 ) .  
Figu re  2 = hook-up of gases and b o a t  t o  t h e  p y r o l y s i s  t ube  
I n l e t  Temperature = 700°C 
Cen te r  Temperature = 800°C 
O u t l e t  Teniperature = 800°C 
E x i t  Tube = Packed with 1/2 in. ~f quar tz  wool 
i l c a r i ~ ~ g  Tape = On 
Reactant  Gas (Oxygen) = 160 cc/min. 
I n e r t  C a r r i e r  (Helium) = 20 cc/min. 
A u x i l i a r y  C a r r i e r  (Heli1.1m) = 20 cc/min. 
Bias  Voltage = 160 mV 
Gain = .lo0 
I n t e g r a t i o n  Time = Var i ab l e  (?'-ypical 300 s e c . )  
Range = x 1  f o r  2 ,000   of S o r  x 10- f o r  10.,000 pg zo 7,009 ?g 

, o f  5 .  
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2 .  Place  t h e  s m p l e  boa t  i n  p o s i t i o n  A (F igu re  2)  Note 6 ) .  

3. F i l l  t h e  10 p1 o r  50 p1 s y r i n g e  wi th  an a p p r c p i a t e  voluce  
o f  sarri?le ( l e s s  t han  80% o f  t h e  s y r i n g e  c a p a c i t y )  (Nois  4) 

4 .  Draw a i r  i n t o  t h e  s y r i n g e  u n t i l  t h e  lower maniscus f a l l s  on 
t h e  1 p1 o r  10 p1 mark and r e c o r d  t h e  vo lbne .  (Vl )  . 

5 .  P re s s  t h e  i n t e g r a t e  s t a r t  b u t t o n  

6 .  I n j e c t  t h e  s a ~ l e  i n t o  t h e  quar;: b o a t  when t h e  b l u e  l a ?  
comes on. Touch t h e  s i d e  o f  t h e  boa t  t o  renove  t h e  l a s z  
drop  o f  s q l e .  

7 .  ~ e f o r e  withdrawing t&e s y r i n g e  back t h e  s y r i n g e  t i p  a'rsy f;an 
t h e  boa t  and draw i n  some g a s .  Then withdraw t h e  s y r i n g e .  
S e t  t h e  lower maniszuson t h e  1 p 1  o r  16 p 1  mark and r e c o r d  
t h e  volune . (V2) . 

8 .  P l ace  t h e  boa t  i n t o  t h e  warm space  ( P o s i t i o n  D o f  F igu re  2 )  
s o  t h a t  t h e  fu rnace  can warm t h e  sample t o  d r i v e  o f f  t h e  
low b o i i i n g  m a t e r i a l s  o r  u n t i l  t h e  s o l v e n t  peak has  been 
t i t r a t e d  a s  no t ed  by a  d e c r e a s e  i n  t h e  r a t e  o f  t i t r a t i o n .  
(Note 5)  

9. Slowly i n s e r t  t h e  b o a t  i n t o  t h e  h o t  zone ( P o s i t i o n  E o f  F i g u r e  
2 )  u n t i l  t h e  i n t e g r a t i o n  t ime h a s  e l a p s e d .  The gas s e l e c t o r  
va lve  i s  pushed i n  t o  p u t  oxygen i n t o  t h c  SEI a f t e r  zbout  one 
minute.  I f  t h e  DW1 i s  s t i l l  i n c r e a s i n g  a t  t e r m i n a t i o n  o f  
i n t e g r a t i o n  i n c r e a s e  t h e  i n t e g r a t i o n  t ime  and r e p e a t  t h e  
a n a l y s i s .  

10 .  Withdraw t h e  boa t  t o  p o s i t i o n  B (Heat S ink)  f o r  30 seconds ,  
p u l l  o u t  t h e  s e l e c t o r  va lve  and r e c o r d  t h e  s ~ l l . f ~ i ~  l e v e l  (S1) 

11. Analyze each  saniple i n  t r i p l i c a z e .  

C .  S i n g l e  Boat I n j e c t i o n  System i n t o  a  High C a ~ a c i t y  Combustion Tube 

1. I n s t r w ~ e n t  Cond i t i ons  (Note 3)  
Figure  3 shows t h e  hoo::-up o f  t h e  gases  and t h e  SBI t o  t h e  
h igh  capac i cy  p y r o l y s i s  t u b e .  
I n l e t  Temperature = 700°C 
Cen te r  T e ~ e r a t u r e  = 800°C 
O u t l e t  T e r p e r a t u r e  = 850°C 
E x i t  Tube = Packed wi:h 1/2 i n .  o f  q u a r t z  wool 
Rea t ing  Tape = On 
R e a r r a n t  Gas [Oxygen! = 119 ml/min. 
Auxi l ia ' l ;  Gas (Oxygerl) = 10 r o  li ml/p&; l .  
C a r r i e r  gas  (Helium) = 8  t o  10 ml/rAn. 

159 
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Range = x l  f o r  2 ,000  vg o f  S o r  x10 f o r  10 ,000  pg t o  2,000 p g  o f  S .  . Bias  Vol tage  = 160 mV 
Gain = 100 
I n t e g r a t i o n  Timc - Vcr inb lc  (T ,p ica l  4SO s c c . )  

2. Placo  t h e  s a v l e  boa t  i n  p o s i b i s n  A (Figure 3)(Note  6) 

3 .  F i l l  t h e  10 p1 o r  50 p1 s y r i n g e  wi th  an a p p r o p i a t e  volume 
of cample ( l e s s  t h a n  80% 01 sy r inge  capacl.ty') (Fate 4 ) .  

4 .  Draw a i r  i n t o  t h e  s y r i n g e  u n t i l  t h e  lower  maniscus f a l l s  
on t h e  1 p 1  o r  10 p1 mark and r e c o r d  t h e  volume (V1) .  

5 .  P r e s s  t h e  i n t e g r a t e  but+on 

6 .  I n j e c t  t h e  s a q l e  i n t o  t h e  q u a r t z  b o a t  when t h e  b l u e  la?  
comes on.  Touch t h e  s i d e  o f  t h e  b o a t  t o  remove t h e  l a s t  
d rop  o f  sample.  

7 .  Before  withdrawing t h e  syi-inge back t h e  s y r i n g e  t i p  away 
from t h e  boat  and draw i n  some g a s .  Tnen i d i t h d r a i ~  t h e  
s y r i n g e , s c t  t h e  lower maniscus on 1 p1  o r  1 0  ~1  and r e c o r 2  
t h e  volume (VZ) . 

8 .  Piove t h e  b o a t  t o  p o s i t i o n  D o f  F igu re  3 (warm zone) s o  t h a t  
t h e  f u r n a c e  c u l  warn t h e  sample d r i v i n g  o f f  t h e  low b o i l i n g  
m a t e r i a l s  u s u a l l ?  aboc t  1 minute o r  u n t i l  t h e  s o l v e n t  peak 
h a s  been t i t r a t e d  a s  no t ed  by a  d e c r e a s e  i n  t h e  r a t e  o f  
t i t r a c i o n .  

9 .  I n s c r r  r h c  boar  i n t o  rhe h o t  zone ( P o s f r i o n  E o f  F i y r e  3) 
u n t i l  t h e  i n t e g r a t i o n  t i n e  has  e l a p s e d .  A t  about  f o u r  
minutes  r h e  f l o w  r e v e r s a l  v a l v e  %s d e p r e s s e d  f o r  45 s e c .  and 
r e t u r n e d  t o  t h e  o u t  p o s i t i o n .  l 'he purge  t o g g l e  v a l v e  i s  then  
a c t u a t e d  f u r  1 UUII. 

10 .  I f  t h e  D F l  i s  s t i l l  i n c r e a s i n g  t h e  i n t e g r a t i o n  t i n e  and r e 2 e a t  
t h e  a n a l y s i s  . 

11. \ i i thdraw t h e  b o a t  t o  p o s i t i o n  B ( h e a t  s i n k )  f o r  1 ininute and 
r e c o r d  t h e  s u l f u r  l e v e l  (S  ) .  . 1  

12 .  Each s a n p l e  should  be ana lyzed  i n  t r i p l i c a t e .  
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7 .  DENSITY :-EASUFE>lE?~T 

A.  Tare  a  2 dram v i a l  2nd cap  on an a n a l y t i c a l  b a l a n c e  t o  t h e  
r ieares t  0 . 0 1  ng (W ) .  1 

B .  P i ~ e t t e  4 m l .  o f  sample i n t o  t h e  v i a l ,  cap t h e  v i a l  and 
reweigh t o  t h e  n e a r e s t  0 .01  mg (W2). 

8. CALCUTJTIOXS (Note 7) 

A .  Dens i ty  

 here W =  weigh^ o f  f u l l  v i a l  (g)  2  

W1= weight  o f  empty v i a l  (g)  

4 = volme o f  p i p e t t e  (ml) 
. . 

B .  R e s ~ o n s e  F a c t o r  

where S = s u l f u r  r eco rded  f o r  t h e  a n a l y s i s  o f  t h e  s t a n d a r d  (ng] 2  

V = v o l u ~ e  o f  * l i q u i d  i n  s y r i n g e  b e f o r e  i n j e c t i o n  (p1) 
1 

V = volune  o f  l i q u i d  i n  s y r i n g e  a f t e r  i n j e c t i o n  ( ~ 1 )  
2 

Sv = s u l f u r  i n  s t a n d a r d  (ug/ml) 

Sw = s u l f u r  i n  s t a n d a r d  (pg/g) 

Use t h e  average  RF f o r  a l l  s t a n d a r d s  run. 
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C. S u l f u r  Content  

where S1 = su l fu :  r eco rded  f o r  t h e  a n a l y s i s  of t h e  sarcple (ng) 

V = volune o f  l i q u i d  i n  s y ~ i n g e  b e f o r e  In jecr iur l  f u l )  
1  

V = volume o f  l i q u i d  i n  s y r i n g e  a f t e r  i n j e c t i o n  ( p l )  2 

R F  = ave rage  r e sponse  f a c t o r .  

The p r e c i s i o n  and accu racy  depend on t h e  i e v e l  of s u l f u ~  b e i n g  ana lyzcL.  
Tne f ~ l l o ! ~ ~ i n g  Table  s i l c c x r i z e s  t h i s  d z t a .  (Note 8) . 

n .I?; [';?m) Q $05 (PP~) 
0 .07  (ppm) 0.07 (ppa) 
(3 . 1.n ( p p )  0.10 (ppm) 
0 . 5 0  (pgi:l) 
3.2 

0.50 (ppm) 
(p.3) 3 .2  ( & l l l l )  

3.0% r e l a t l v e  3.0% r e l a t i v e  
( P P ~ J  C P P ~ ~ )  



Note 1. R i s  s o l u t i o n  should  be p repa red  2 1  h o u r s  p r i o r  t o  u se  
and i f  s t o r e d  i n  a  dark  p l a c e  should  be  u s a b l e  f o r  3 
m n t h s  . 

Note 2 .  The s t a n d a r d s  used  f o r  c a l i b r a t i o n  s h o u l d  be o f  t h e  
s ane  type  a s  t h e  s u l f u r  s p e c i e s  e x p e c t e d  i n  t h e  s a v l e  
and t h e  l e v e l  o f  t h e  s u l f u r  c o n t e n t  s h o u l d  be s i m i l a r .  
I f  t h e  l e v e l  o f  s u l f u r  i s  expec t ed  t o  be  g r e a t e r  t h a n  
1 ,000  pg/rnl, i n c r e a s e  t h e  amount o f  b u t y l  s u l f i d e  o r  
o t h e r  a p 2 r o p i a t e  s u l f u r  s p e c i e s  by t h e  a p p r c p i a t e  a r o u n t .  

Note 3 .  Tr.e Bias v o l t a g e ,  g a i n ,  and i n t e g r a t i o n  t i n e  may v a r y  
depending on t h e  s a T l e  and in s t run i en t .  Each should  be  
rcaxiriized p r i o r  t o  u s e .  

Note 4 .  The voluce  o f  s a q l e  i n j e c t e d  depezds o n  t 5 e  r a n g e ,  
s e t t i n g  o f  t h e  i n s t r a n e n ?  and t h e  s u l f u r  con ten t  o f  t h e  
sample.  For  v a r i o u s  l e v e l s  o f  s u l f u r ,  t h e  volu7n t o  
be i n j e c t e d  can be a p p r ~ x i x a t e d  b y , t h e  f o l l o w i n g  
f o r z u l a s .  I f  t h e  i n t e g r a t e d  v a l u e  exceeds  2,000 ng o f  S 
on Range X 1  o r  10,900 ng o f  S on Range X10,  i n c r e a s e  t h e  
Range s e t t i n g ,  reduce t h e  a m u n t  i n j e c t e d  o r  d i l u t e  t h e  
sample wi th  a  s u l f u r  f y t e  s o l v e n t  o f  t h e  same mz t r ix  and 
b o i l i n g  range  o f  t h e  s a ~ l e .  

(Range XI): ( p l  i n j e c t e d )  =[1 ,000)  / ( S 1 ~ 1  fur l e v e l  e x ~ c c t c d  
C P P ~ I  j . 
(Range X10): (21 i n i ~ c t e d ) = ( 5 , 0 G O ) / ( S u l f u r _ l e v e l  e.x-pected 
( P P ~ )  - 

&o:e 5 .  Ex t r ene  c a r e  zus: be t aken  t o  avo id  i n j e c t i n g  t h e  sample 
t o o  r a p i d l y ,  s i n c e  t h e  sa- le  m y  form p y r o l y s i s  p r o d u c t s  
r a t S c r  than  e t ~ 3 u s ~ i u n  p r o d u c t s .  The p y r o l y s i s  m a t e r i a l s  
w i l l  czke u r  t h e  c e l l  2nd p r e v e n t  f u r t h e r  o p e r a t i o n  u n t i l  
a clean-11p has  been pcr5or:,ed. 
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Note 6 .  Tine s a r p l e  boa t  must be  - cond i t i oned  by push ing  It 
i n t o  ~ l ~ e  h o t  zonc o f  t h e  pyroly'.i s t u b e .  g rope r  
c o n d i t i o n i n g  is acheived  when a bl.ank o f  l e s s  t han  
3 iig i s  a b t a i n a d .  

Note 7 .  The i n s t r u m e n t  normal ly  r e a d s  i n  ng o f  s u l f u r .  I t  
can be o p o r a t e d  i n  t h p  fpm mods if t h e  s t a n d a r d  and 
t h e  samples have t h e  same m a t r i x  compos i t i on  and r h e  
s u l f u r  compounds i n  t h e  saillples g i v e  s i m i l a r  r e c o v e r i e s  
t o  t h o s e  o f  t h e  s t a n d a r d s .  For o p e r a t i o n  i n  t h i s  mode, 
fo l l ow t h e  manufactures d i r e c t i o n s  d u r i n g  c a l i b r a t i o n .  
The i n s t r u m e n t  i s  t h e n  d i r e c t  r e a d i n g .  

Note 8 .  Without hav ing  t h e  a b s o l u t e  s u l f u r  l e v e l s  de te rmined  
by a n o t h e r  mere a c c u r a r e  t echn ique  t h e  a c c u r a c y  i s  
assuined t o  be e q u a l  t o  t h e  p r e c i s i o n .  T h i s  shou ld  be  
. va l id  if t h c  m a t r i x  o f  t h e  srandard and t h e  sample a r e  
s i m i l a r .  

1. ASTM D5120-72T "Tenzat ive  hiethod o f  T e s t  f o r  T race  Q u a n t i t i e s  o f  
S u l f u r  i n  L igh t  L iqu id  Petroleum Hydrocarbons by Ox ida t ive  
b l i c r o s o u l o ~ e t r y " ,  ASTX, P l ~ i l a d e ? p l i i a ,  Pa. 1976.  

2 .  Dohrz..mn Equiprcent Bianual, E d i t i o n  blay 17 ,  1976,  P/N 915-025; 
W14E6, Dohrmann Tnstruxent Div i s ion  o f  Env i ro t ech  C O T . ,  
Sarlta C l a r a ,  Ca. 
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COAL TAR PITCH VOLATILES 

(APCI METHOD NO. 195) 

T h i s  p rocedure  i s  f o r  t h e  a n a l y s i s  o f  a tmospher i c  m o n i t o r i n g  samples 

c o l l e c t e d  by a n  i n d u s t r i a l  h y g i e n i s t .  The samples must  be ana lyzed  i n  a  

c l e a n  a r e a  t o  a v o i d  a tmospher i c  c o n t a m i n a t i o n  d u r i n g  a n a l y s i s .  

Sa fe ty  

Prepare  ch romic  a c i d  w h i l e  wear ing  a  f a c e  mask, g l o v e s  and a c i d  r e s i s -  

t a n t  l a b  c o a t .  Add s u l f u r i c  a c i d  s l o w l y  w i t h  c o n s t a n t  s t i r r i n g .  

Use benzene and ace tone  i n  a w e l l - v e n t i l a t e d  a r c s  away from opcn ' f l smes .  

Benzene i s  a  known c a r c i n o g e n  w i t h  a  p e r m i s s i b l e  exposure  l i m i t  o f  1 ppm. 



ANALYTICAL METHOD # 195 

COfiL TAR PITCH VOLATILES 

I. SCOPE 

This  method is f o r  t h e  q u a n t i t a t i v e  de te rmina t ion  of c o a l  tar 
p i t c h  v o l a t i l e s  c o l l e c t e d  on a p r e f i l t e r  and s i l v e r  membrane 
f i l t e r  dur ing  z t m o s ~ h e r i c  m o d  t o r i n g .  

11. PRINCIPLE 

The p r e f i l t e r  and s i l v e r  membrane f i l t e r  a r e  e x t r a c t e d  w i t h  
benzene (Note 1 ) .  The e x t r a c t e d  c o a l  t a r  p i t c h  v o l a t i l e s  a r e  
concen t ra ted  by evapora t ion  of t h e  s o l v e n t .  The benzene con- 
c e n t r a t e  is  t r a n s f e r r e d  t o  a g l a s s  cup and evaporated t o  d ryness .  
The weight of t h e  r e s i d u e  i s  repor ted  a s  micrdgrams of c o a l  tar 
p i t c h  v o l a t i l e s  . 

A.  Sample beaker ,  .pH meter, g l a s s  - 5 m l  Cap. C a t .  S530U4 
Sargent  Welch S c i e n t i f i c  Co., S p r i n g f i e l d ,  New J e r s e y .  
Using a wet g l a s s  cut-off  saw reduce t h e  s i z e  of t h e  beaker 
t o  approximately 3 ml w i t h  a t a r e  weight of 2.800 2 0.005 g .  

B. Evaporat ive  Concentra tor  
10 ml graduated e v a p o r a t i v e  c o n c e n t r a t o r  p l u s  a 1 ail t u b e -  
14/20 j o i n t  C a t .  #K-569000-0314 Kontes GGss Co., Vineland, 
New J e r s e y .  

.C. S i n t e r e d  G l a s s  Funnel (Buchner) 15 m l  medium p o r o s i t y  Cat.i!D-955000-0lALi 
Kontes G l a s s  Co., Vineland,  New J e r s e y  

D .  Balance Micro - Autobalance AD-2 
Perkin-Elmer, Norwalk, Connect icut .  

E. T e s t  tube  15 m l ,  Ar thur  H. Thomas Co., P h i l a d e l p h i a ,  Pa.  

F. Graduate Cylinder  10 m l ,  Arthur H. Thomas Co. , ' P h i l a d e l p h i a ,  Pa. 

G.  U l t r a s o n i c  Bath 
U l t r a s o n i c  Cleaner -Cole Palmer Ins t rument ,  I n c  . , Chicago, Ill. 

H. F i l t e r  Apparatus 
Fisher F i l t r a t o r  Cat.  19-788, F i s h e r  S c i e n t i f i c  Co., King of P r u s s i a ,  Pa .  

I. P i p e t t e s ,  d i s p o s a b l e ,  P a s t e u r  5-3/4" l e n g t h  
Ca t .  813-676-dA F i s h e r  S c i e n t i f i c  Cc., King of P r ~ s s i a ,  Pa. 
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J .  A n a l y t i c a l  Ba lance  Weights  Cat. 82-214B 
F i s h e r  S c i e n t i f i c  Co.,  King of P r u s s i a ,  Pa.  

K. Vacuum Oven 4 0 ' ~ .  

L. Tweezers .  

M. Beakers 100 m l ,  30 m l ,  A r t h i ~ r  H. Thomas Co., F h i l a d c l p h i a ,  P a .  

A .  Chromium T r i o x i d e  (Chronic  Acid) Cat. #C-391, Eehigh Valley 
Chemical  Co., E a s t o n ,  Pa .  

1. P r e p a r e  a s o l u t i o n  o f  100 g chromic a c i d  and 100 u11 
of w a t e r .  

2.  Add t o  t h i s  s o l u t i o n ,  c a r e f u l l y ,  13-1/2 l b s .  of 6 6 ' ~  
s u l f u r i c  a c i d .  

B . Benzene Cat . C09 3-L9 5 Nonug~ dd 
A r t h u r  H. Thomas Co., P l ~ i l a d e l p n i a ,  Pa .  

C. Acetone - C a t .  BC006-T53 
A r t h u r  H .  ,Thomas Co., P h i l a d e l p h i a ,  Pa, 

D .  S u l f u r i c  Acid C a t .  8746-C96 6 6 ' ~ .  
krchur KI. ~ o m a o  C n , ,  P h i l a d e l p h i a ,  Pa. 

E .  D r i e r i t e ,  i n d i c a t i n g , 8  mesh W .  A .  Hammond Co., Xenia ,  Ohio.  

V .  PROCEDURE 

A. P r e t r e a t m e n t  of  Equipment 

1. Clean  a l l  g l a s s w a r e  w i t h  c!.~romic a c i d .  

2 .  R i n s e  w i t h  d e i o n i z e d - d i s t i l l e d  w a t e r .  

3 .  R inse  w i t h  a c e t o n e .  Dry w i t h  a i r .  

4 .  R i n s e  a l l  g l a s s w a r e  with nonograde benzene .  

5 .  P l a c e  8 0  cc  of i n d i c a t i n g  d r i e r i t e  i n  a 100 m l  b e a k e r  and s e t  
t h e  beake r  i n  t h e  mic roba lance  weighing  chamber. 
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B. E x t r a c t i o n  ( A l l  work should be done i n  an  exhaus t  hood).  

1. Trans fe r  t h e  g l a s s  p r e f i l t e r  and t h e  s i l v e r  membrane 
f i l t e r  t o  a 15 ml t e s t  tube us ing  tweezers .  

2 .  To t h e  t e s t  t u b e s ,  add 5 m l  of benzene and p l a c e  t h e  
t es t  tube  i n  a n  u l t r a s o n i c  b a t h  f o r  5 min. 

3 .  F i l t e r  t h e  benzene through t h e  l.5 ml s i n t e r e d - g l a s s  
funne l  i n t o  t h e  base  of t h e  Kontes evapora to r  us ing  
t h e  F i s h e r  F i l t r a t o r  w i t h  t h e  vacuum on (Note 2 ) .  

4 .  With the  vacuum on, evaporate  approximate ly  1 m l  of 
t h e  benzene from t h e  base  of t h e  Kontes evapora to r .  

5 .  Rinse  t h e  t e s t  tube  w i t h  1.5 ml of benzene us ing  a 
Pas  t e u r  d i s p o s a b l e  p i p e t t e .  

6. Trans fe r  t h e  benzene t o  t h e  s i n t e r e d - g l a s s  f u n n e l  
w i t h  t h e  vacuum on. Evaporate a p p r o x i m t e l y  1 m l  
of benzene from t h e  base  of t h e  Kontes e v a p o r a t o r .  

7 .  Repeat s t e p s  5 and 6 .  

8 .  Remove t h e  b a s e  of t h e  K0nte.s evapora to r  from t h e  
F i s h e r  F i l t r a t o r .  Connect the  base  t o  t h e  d i s t i l l n z i o n  
column and evapora re  t h e  sample t o  approximate ly  1 ml 
us ing  house vacuum. 

9 .  S e t  the  a n a l y t i c a l  microbalance  a t  z e r o  a s  fo l lows :  

P l a c e  a 3-ml beaker  cup on t h e  r ight-hand pan a s  a 
r e f e r e n c e  weight .  To t h e  lef t -hand pan add 2 . 8  grams 
of a n a l y t i c a l  we igh t s .  With t h e  r a n g e  c o n t r o l  i n  t h e  
a u t o  p o s i t i o n ,  a d j u s t  the  c o u r s e  and f i n e  p o t s  u n t i l  
t h e  b a l a n c e  r e a d s  z e r o  ug (Note 3 ) .  

10.  Remove t h e  we igh t s  from t h e  l e f t -hand  pan and add a 
3-ml beaker  cup. S e t  t h e  range  c o n t r o l  a t  10 and read  
t h e  weight  of t h e  cup. 

11. Repeat  s t e p s  9 and 10  f o u r  more t imes .  Record t h e  
weight of t h e  cup each t ime. Average t h e s e  weights  a s  
t h e  t a r e  of t h e  cup. Discard  any weight  t h a t  appears  
t o  be  s u b s t a n t i a l l y  d i f f e r e n t  from t h e  o t h e r  we igh t s  
( > 0.020 mg from t h e  average) .  
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12 .  Using a  d i s p o s a b l e  p i p e t t e ,  t r a n s f e r  t h e  benzene 
c o n c e n t r a t e  from t h e  base--of t h e  Kontes evapo ia tb r  
t o  t h e  t a r e d  beaker  cup. Wash dokn t h e  s i d e s  of t h e  
b a s e  of t h e  Kontes evapora to r  w i t h  approximate ly  
0.5 ml of benzene u s i n g  a d i s p o s a b l e  p i p e t t e .  
T r a n s f e r  t h i s  t o  t h e  t a r e d  cup u s i n g  t h e  f i r s t  d i s p o s a b l e  
p i p e t t e .  

13. Transref  the beaker cup t r l  1 . 1 1 ~  FisIler r i l t r a t o r  w i t t i  o 
s i n t e r e d - g l a s s  f u n n e l  i n  i t s  top.  Apply the vacuum 
s l o w l y ,  and e v a p o r a t e  t o  d ryness .  

0 
1 4 .  T r a n s f e r  t h e  beaker  cup t o  a  40 C vacuum oven f o r  1 hour .  

15.  T r a n s f e r  t h e  beaker  cup t o  t h e  micro  a n a l y t i c a l  b z l a n c e  
and a l l o t ;  i t  t o  come t o  room temperature  ( 1  hour ) .  

16 .  Weigh t h e  beaker  cup a s  d e s c r i b e d  i n  s t e p s  9 t h r u  11. 

Report  t h e  d i f f e r e n c e  between t h e  t a r e  weight  of t h e  CUD and 
t h e  f i n a l  weight as mi l l ig rams  of c o a l  t a r  p i t c h  v o l a t i l e s .  

V I I .  FRECISION MID ACCtTPAm 

3 Government s p e c i f i c a t i o n  is l e s s  than 200 pg/m . Without a b s o l u t e  
s t a n d a r d s  t h e  v a l u e  f o r  t h e  accuracy o£ t h i s  t e s t  cannot be 
e s t a b l i s h e d .  It i s  assumed t o  be  equa l  t o  t h e  p r e c i s i o n  which is 
- + fi Ug. A r e a d i n g  < 30 pg i s  r e p o r t e d  a s  < 30 pg. 

V I I I  . ~. RFFFRENCES .. 

19LO-1493, S-lnh, 31 : R345. A p p e n d k  B of ---- I n d a t r i a l  ..... Hygiene Guide l ines .  - .  

Note 1: Benzene i s  a  k n a m  carc inogen and should  be  handled 
c a r e f u l l y .  ihe use of p l a s t i c  throw-away-gluvub, an 
e f f i c i e n t  exhaus t  hood, and p e r i o d i c  moni tor ing of 
body exposure  i s  recommended. 

Note 2 :  The base  of t h e  Kontes evapora to r  can b e  suppor ted  wirh  
a  one-hole N O .  7 rubber s t o p p e r  i n  a 30 m l  beaker .  The 
h e i g h t  should  b e  a d j u s t e d  s o  t h a t  t h e  t i p  of t h e  f i l t e r  
i s  i n s i d e  t h e  b a s e .  

Note 3 :  Extreme c a r e  should  b e  exerc i sed  vhen adding o r  subtracting 
the beaker  cups  or  t h e  we igh t s  from t h e  ba lance  pans s i n c e  
j a r r ing  t h e  b a l a n c e  beam may cnange the  z e r o  p o s i t i o n .  
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DETERMINATION OF TRACE LEVELS OF CHLORINE I N  ORGANIC MATRICES 

SCOPE 

T h i s  method i s  f o r  t h e  d e t e r m i n a t i o n  o f  t ~ t a l  c h l o r i n e  i n  l i q u i d  s a m ~ i e s  
h a v i n g  an o r g a n i c  m a t r i x .  The range o f  t h e  method i s  1 . 0  t o  500 D m  
(pg/g)  t o t a l  c h l o r i n e .  The w o r k i n g  range o f  t h e  ~ r o c e d u r e  can be 
ex tended  t o  h i g h e r  c h l o r i n e  l e v e l s  by  d i l u t i n g  t h e  sample w i t n  an 
a p p r o p r i a t e  s o l v e n t .  S o l i d  sampies can be ana l yzed  by  d i s s o l u t i o n  i n , a  
s u i t a b l e  s o l v e n t ,  i . e . ,  t o t a l l y  d i s s o l v e s  t h e  sample and i s  n o t  a  
c h l o r i n a t e d  chemica l .  The f i n a l  c o n c e n t r a t i o n  o f  c h l o r i n e  i n  t h e  
s o l u t i o n  must be i n  t h e  w o r k i n g  range  o f  t h e  p rocedure .  See S e c t i o n  i 
f o r  a  comp le te  d i s c u s s i o n  o f  i n t e r f e r e n c e s .  

I I .  APPARATUS 

A .  P y r o l y s i s  Furnace 

5-300 (Dohrmann D i v i s i o n  o f  E n v i r o t e c h  Corp . ,  Santa C l a r a ,  Ca) 

B. T i t r a t i o n  System 

T-300-P (Dohrmann D i v i s i o n  o f  E n v i r o t e c h  Corp . ,  Santa C l a r a ,  Ca) 

M i c rocou lome te r  

C-300 (Dohrmann D i v i s i o n  o f  E n v i r o t e c h  Co rp . ,  Santa C l a r a ,  Ca) 

D.  Sy r i nge  

10 and 50 p1 g radua ted  
P/N 523901 and P/N 523851- 
( D ~ h r m a n n  D i b i s i o n  o f  t n v i r o t e c h  C o r p . ,  Santa C l a r a ,  Ca) 

E.  S i n g i e  Boa t  I n l e t  (SBI )  System 

P/N 526005 
(Dohrmann D i v i s i o n  o f  E n v i r o t e c h  C o r p . ,  Santa C l a r a .  Ca) 

F.  P y r o l y s i s  ,Tube 

COT, q u a r t z  P/N 511778 
(Oohrnidnn D i v i s i o n  o f  E n v i r o t e c h  C o r p . ,  Santa C l a r a .  Ca) 
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G. Quartz Exit Tube Kit 

Includes: Exit tube inserts (P/N 511776) 
Quartz Wool (P/N 511735) 
0-Rings (P/N 511762) 
Reducing Joint (P/N 523733) 

(Dohrmann Division of Envirotech Corp. . Santa Clara, La) 
Pack chu quartz cxit t l . !h~ witn Orle ii~ih o r  cupric nxirle and quartz 
wooi at both ends, if thc sample iq expected to c o n b a i ~ ~  sulfur or 
nitroqen (See Section X ) .  The cupric oxide accelerates cbm~1el.e 
combubl.ion of t h o  s a m p l ~  Lu the oxidcs and fi~creases the probability 
of producing ti tratable species , e. g .  , cyan) de. 

H. Seota -- 
Teflon eacked, P/N 517787 
(Dohrmann Division of Envirotech Corp., Santa Clara, Ca) 

I. Volumetric Flask 

100 ml, C ' i ~ 6 6  P ,  Kin lax  No. 28014 
(Kimble Prnducts ,  Owen-Ill inois, Inc. , loleda, Ohio) 

J. Volumetric Flask 

1000 mi, Class A ,  Kimax No. 28015 
(Kimble Products, Owen-11 1 inois, Inc. , Toledo. Ohio) 

K. L f ad~dLed Cyl i ndcr 

1000 nil. 10 ml subdivision, No. 08550H 
(Fisher Scientific Company, Pittsburgh, Pennsylvanid) 

4 ml, No. 13-650-5D 10 ml , No. 13-650-5F (Fisher Scienti f i c  Company, 
Pi ttsburg, Penrlbyl v a ~ ~ i s )  

Mettler H542 or equivalent. Precision 20.01 mg, No. 01-909-542 
(Fisher Scientific Company, Pittsburgh, Pennsylvania) 

N. Vial 

2 dram, No. 3-238C 
(Fisher Scientific Company. Pittsburgh, Pennsylvania) 
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REAGENTS 

Certified ACS, Catalog No. 0-299  
(Fisher Scientific Company, Pittsburgh, Pennsylvania) 

E. Chlorobenzene 

Certified ACS, Catalog No. E-255 
(Fisher Scientific Company, Pittsburgh, Pennsylvania) 

Reagent, Catalog No. 1933 
(Fisher Scientific Company, Pittsburgh, Pennsylvania) 

D. Toluene 

Certified ACS, Catalog No. T-289 
(Fisher Scientific Company, Pittsburgh, Pennsylvania) 

E.  Water 

Deionized. Distilled 

F. Acetic Acid. Glacial 

Reagent, Catalog No. A-38 
(Fisner Scientific Company, Pittsburgh, Pennsylvania) 

Preoaration of 70% Acetic Acid . ... , ... .. .- 
Adu 7015 m'l of glclai acetic acid to a 1 liter .volumetric, fjask 
containing about 200 ml of distilled water by a graduated cylinder. 
Dilute to volume with disti 1 led water. 

G .  Acetone 

Certified ACS, Catalog No. A-18 
(FSsher Scientific Company, P i  t ts lsur.yh, Pennsj! lvania) 

H. Oxygen Gas 

Zero Grade 
(Air Products and Chemicals, Inc. Trexlertown, Fennsylvaniaj 

i. Cupric Oxide Wire - 
Catalog No. PIN 51 1866 (Dohrmann Divisiu~l of Envi rotech Corp. , 
Santa Clara, Cal i fornia) 
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Zero Grade 
(Air Products and chemicals, Inc. Trexlertown, Pennsylvania) 

IV. SAFETY 

T h r  pyrnlysis tube at the boat inlet and the outlet connection to the 
t l t r a t i o r l  cell i s  very hot whcn furnace cnmparf.mentS 8r.e l u ~  11ed on. . 
(The glass looks the same ~ u u l  01- h o t .  ) 

3 Cl~lur~ulre~~rcnt has a pcrrnicsible eYpn<lrrP 1 i n ~ i  t o f  75 ppm (350 mg/m ) 
and should be handled in a well ventilated area. It skin contact is 
made, immediately wash with soap and water. Use toluene and 2,2,4- 
trimethylpentane in a well ventilated area. Avoid sk'in contact wiLh 
2,4-dichlorophenol. Gla5ial acetic acid has a permissible exposure 
limit of 10 ppm (25 mg/m ) and should only be handled in a well vcn- 
tilated area. 

V. PROCEDURE 

A. Preporation of Standard5 
, . 

1. Chlorobenzene in 2,2,4-Trimethylpentane (bUO pgl'ml or- 723 
IJs/g> 

Weigh about 0. 16 g o f  ~Rlor,ober~~e;~e to the nearcst 0.1 hg i n '  a 
100 ml j~olumetric flask. Dilute to 100 ml with 2,2,4 - 
trimethylpentane. The concentration of chlorine can be calculated 
TI.UIII the  fa1 lowing equations: 

Cl (pg/ml) = 
(A) (0.3150:) (1 x lo6) 

(100 ml) 

(A) (0.3150) ( 1  x ru".) 
(pg'g) = (100 ml) (0.6918 girnl) 

whcrqr: A wt.  o f  chlorobenzr?nc added to flask (g )  
0.3150 = wt fraction of chlorine in chlorober:ene 
0.6918 = density of 2,2,4-trimethylpentane (yi.71) 

2. 2,4-Dichlorophenol in Toluene 
(500 pg/ml or 577 pg/g) 

Weigh about 0.115 g of 2,4=dichlorophenoi to the nearest. 0. i 
mg in a 100 ml volumetric flask. Dilute to volume with toluene. 
The concentration of chlorine can be caiculated form the 
following equations: 
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C l  (pg/ml)  = (B) (0 .4350)  ( 1  x  l o 6 )  
(100 m l )  

(B) (0 .4350)  ( 1  x  l o 6 )  
(pg/g) = (100 m i )  (0 .8669 g i m l )  

where: B  = w t  o f  2 , 4 -d i ch l o ropheno l  added t o  f l a s k  ( g j  
0.4350 = w t  f r a c t i o n  o f  c h l o r i n e  i n  2 , 4 - d i c h l o r o p h e n o l  
0 .8669 = d e n s i t y  o f  t o l u e n e  (g /m l )  

3 .  Lower. C h l o r i n e  Standards 

To pr,epare c h l o r i n e  s tandards  l e s s  t h a n  500 p g / d  d i l u t e  t h e  
above s tandards  on a  volume b a s i s  w i t h  t h e - a p p r o p r i a t e  s o l v e n t  
F o r  example, t o  p repare :  a  50 pg/ml s t a n d a r d  add 10 m l  o f  3 500 
pg/ml s t a n d a r d  by  p i p e t  and d i l u t e  t o . 1 0 0  m l  w i t h  t h e  . 
app rops i  a t e  s o l  ven t .  

B. P r e ~ a r a t i o n  o f  Samples 

L i q u i d  Samples 

L i q u i d  samples a r e  used as r e c e i v e d  b u t  may be d i l u t e d  i n  a  s u i t a b l e  
s o l v e n t  t o  ex tend  t h e  range o f  t h e  m i c r o c o u l o m e t r i c  p rocedu re .  

S o l i d  S a m ~ l e s  

S o l i d  samples t o  be ana lyzed  shou ld  be d i s s o l v e d  i n  a  s u i t a b l e  
s o l v e n t .  The f i n a l  s o l u t i o n  must have a  c h l o r i n e  c o n c e n t r a t i o n  
between 1 .0  and 500 ppm. 

A s u i t a b l e  s o l v e n t  f o r  b o t h  l i q u i d  and s o l i d  samples must fo rm a  
homogeneous s o l u t i o n  and n o t  be a  c h l o r i n a t e d  chem ica l .  Trace 
c h l o r i n e  l e v e l s  i n  t h e  s o l v e n t  must be s u b t r a c t e d  o u t  as a  r eagen t  
b l a n k .  S o l v e n t s  c o n t a i n i n g  s u l f u r ,  n i t r o g e n ,  bromine and i o d i n e  
shou ld  a l s o  be avo ided  (See S e c t i o n  X ) .  

C .  I n s t r u m e n t  Set-Ue (See Reference C f o r  comp le te  i n k t a l  l a t i o n  p rocedu re )  

1. A t t a c h  gas l i n e s  t o  p y r o l y s i s  t ube  and f u rnace  a c c o r d i n g  t o  
t h e  c o n f i g u r a t i o n  shown i n  f i g u r e  1. 

2. Se t  f u rnace  tempera tu res .  as f o l l o w s :  

I n l e t  Temperature = 850-900°C 
Cente r  Temperature = 850°C 
O u t l e t  Temperature = 8G0°C 
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I t  i s  impor t an t  t o  no te  t h a t  c h l o r i n e  recovery  i s  a  f u n c t i o n  
of  i n l e t  t empe ra tu re .  F igu re  2 i s  a  p l o t  of p e r c e n t  recovery  
of  c h l o r i n e  i n  pure compounds d i s s o l v e d  i n  wa te r  o r  t o l u e n e  a s  
a  f u n c t i o n  of  fu rnace  i n l e t  t empera ture .  Chlorobenzene gave 
t h e  t h e o r e t i c a l  y i e l d  of . c h l o r i n e  a t  400°C. However, i no rgan i c  
c h l o r i d e  r e q u i r e d  h ighe r  t empera tu re  because t hey  do not  
decompose o r  vo l a t i  l i z e  a t  (-lOO°C. Thereiu1.e: a1.1 i n l e t  t empe ra tu re  
at -  nr  a h n v ~  n S O ° C  i s  suggested f o r  t o t a l  c h l o r i n e  de t e rmi -  
nac lon .  T h e  res1.11 1.s r.lT 11s illy rl ~ U W E . I -  i n l e t  t empc ra tu rc ,  
35QUC, might  g i v e  an i n d i c a t i o n  o i  1 n o r g a n . i ~  ura u r ' y d , : i ~  ~ 1 1 1 o 1 . i  JCS 
p r e s e n t  i n  t h e  sample. A l so ,  i f  t h e  c h l o r i n e  i n  t he  sample i s  
p r a e s e n t  e ~ ~ t i r - e l y  as an o r g e n i c  s p e c i e s  a lower i n l o t  t empe ra tu re  ' 

can be used t o  i n c r e a s e  fu rnace  1 i  f e .  

3.  S e t  gas  f low r a t e s  a s  fo l l ows :  

Reac t an t  (Oxygen) = 150 cc/min 
I n e r t  (Helium) = 50 cc/min 
A u x i l i a r y  (Helium) = 50 cc/min 

4 .  S e t  i n s t rumen t  ~ a r a r n e t e r s  a s  fo l l ows :  

Bias  Voltage = 245-265 
Gain = 2000-3500 
I n t e g r a t i o n  Time = Var i ab l e  (200 S e c . )  
Range - X 1 

T ~ I ?  h i a s  vnlt.agi? i s  s e t , ' t a  be e x a c t l y  o p p o s i t e  t h e  p o t e n t i a l  
formed a c r o s s  t h e  s e n s o r  e l e c t r o d e  p a i r .  This  v o l t a g e  w i l l  
vary  s l  iyti ' t ly fraura  el 1  t u  st.] 1 a n d  w i th  different c o n c c n t r a t i o n ~  
of e l e c t r o l y t e  s o l u t i o n s .  The g a i n  and i n t e g r a t i o n  t ime vary  
depending upon in s t rumen t  and sample.  Each should  be maximized 
p r i o r  t o  use. 

5 Attach  t a i t . r a t i nn  c e l l  c a n t a i n i n q  c e l l  e l e c t r o l y t e  s o l u t i o n .  
Wrap h e a t i n g  t a p e  around tube  from p y r o l y s i s  t ube  e x i t  t o  
t i t r a t i o n  c e l l  e n t r a n c e  and t u r n  on. 

0. Ins t rument  Ct19ibrat ion - Rcspurrs~  Fditl:!~. 

1. Turn t h e  microcoulometer  .on.  

2. Push t h e  g e n e r a t o r  read b u t t o n .  

3. F lush  t h e  t i t r a t i o n  c e l l  w i th  70% a c e t i c  a c i d  u n t i l  t h e  g e n e r a t o r  
read  s i g n a l  i s  n e g a t i v e .  (The s e n s o r  ? l e c t r o d e s  a r e  t h e r e f o r e  
d e t e c t i n g  no t i t r a t i o n  w i th  s i l v e r  i o n s .  j 



A n a l y t i c a l  Clethod No. 244 

Depress t h e  s i n g l e  cyc. le o p e r a t i o n  and base l i n e  re3d  b u t t o n s .  

Immed ia te ly  upon s w i t c h i n g  i n s t r u m e n t  moies t h e  base l i n e  , d i l l  

be h i g h l y  n e g a t i v e  on t h e  d i g i t a l  m i c rocou lome te r .  Equi 1 i b r i  um 
w i l l  be q u i c k l y  reached and t h e  base1 i n e  r e a d i n g  s h o ~ i d  Ce 
s l i g h t l y  nega t i ve .  

Depress i n t e g r a t e  ng. 

P l ace  t h e  sample b o a t  i n  p o s i t i o n  A ( F i g u r e  1 ) .  Extreme ca re  
must be t aken  t o , a v o i d  i n j e c t i n g  t h e  sample o r  s t anda rd  t o o  
r a p i d l y ,  s i n c e  t h e  sample may f o rm  p y r o l y s i s  p r o d u c t s  r a t h e r  
t h a n  combust ion p r o d u c t s .  The p y r o l y s i s  m a t e r i a l s  w i l l  coke 
up t h e  c e l l  and p r e v e n t  f u r t h e r  o p e r a t i o n  u n t i l  a  l e n g t h y  
c l ean -up  o f  t h e  t i t r a t i o n  c e l l  has been per fo rmed.  

F i l l  t h e  10 p1 o r  50 111 s y r i n g e  w i t h  an a p p r o p r i a t e  volume o f  
s t anda rd .  

Three f a c t o r s  must be cons i de red  when s e l e c t i n g  a  p r o p e r  
s tandard .  The s t anda rd  used shou ld  be o f  a  s i m i l a r  c o n c e n t r a t i o n ,  
a  s i m i l a r  c h l o r i n e  spec i es  and i n  a  s i m i l a r  m a t r i x .  I t  i s  
u s u a l l y  s u f f i c i e n t  t o  know i f  t h e  c h l o r i n e  i s  p r e s e n t  as 
i n o r g a n i c  o r  o r g a n i c  c h l o r i n e .  The approx imate  c o n c e n t r a t i s n  
can be de te rm ined  by  a  p r e l i m i n a r y  i n j e c t i o n  o f  t h e  sampie 
(See S e c t i o n  VE2). M a t r i x  c o r r e c t i o n s  can be made f o r  co inu iex  
m i x t u r e s  by u s i n g  e i t h e r  an a r o m a t i c  ( t o l u e n e ) ,  a l i p h a t i c  
(2,2,4-trimethylpentane) o r  comb ina t i on  s o l v e n t .  deoending 
upon t h e  n a t u r e  o f  t h e  sample m a t r i x .  P roper  m a t r i x  ms t ch i ng  
w i l l  a l s o  a v o i d  sma l l  e r r o r s  due t o  t h e  amount o f  w a t e r  
produced f rom t h e  combust ion when a n a l y z i n g  f o r  low c h l o r i n e  
l e v e l s .  (See P.  Gouverneur ,  Ana l .  Chim. A c t a ,  V .  50 ,  pg 219, 
1970).  

D;aw a i r  i n t o  t h e  s y r i n g e  u n t i l  t h e  l owe r  maniscus f a l l s  on 
t h e  I p1 o r  10 p1  (50  p1 i f  u s i n g  50 p1  s y r i n g e )  mark and 
r e c o r d  t h e  volume. ( V 1 ) .  

Press t h e  i n t e g r a t e  s t a r t  b u t t o n  

I n j e c t  t h e  s t a n d a r d  i n t o  t h e  q u a r t z  b o a t  wheri t h e  b l u e  !amp 
comes on. Touch t h e  s i d e  o f  t h e  b o a t  w i t h  s y r i n g e  t i p  co 
remove t h e  l a s t  d rop  n i  s t anda rd .  

E e f o r e  c o m p l e t e l y  w i t h d r a w i n q  t h e  s y r i n g e ,  back t h e  s :~ l r inge 
t i p  away f rom t h e  b o a t  and draw i n  some gas.  Then w i t hd raw  
t h e  s y r i n g e .  Set  t h e  l owe r  maniscus on t h e  1 p1  o r  10 !.:i ( o r  
50 p1 )  mark and r e c o r d  t h e  volume. ( "Jq) .  
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12. Place the boat into the warm space (Position D of Figure 1) so 
that the furnace can warm the standard to drive off the low 
boiling materials or until the solvent peak has been titrated 
as noted by a decrease in the rate of titration. 

13. Slowly insert the boat into the hot zone (Position E of Figure 
1) until the integration tine has elapsed. The gas selector 
valve is pushed in to put oxyyell i~ito the SEI after the bnaf. 
has been in the hot zone fnr  about one minute. If the digital 
counter $ 5  s t 1  1 l ir~crwsing at termination of int~grat-ion 
increase the integratioh time or y d i ~ ~  &lid repeat thc analysis 

14. Wlthdraw the b o a t  to position B of Figure 1. (Heat. Sink) for 30 
seconds, pull out the selector valve and record the chlorine 
level (Clg). 

15. Analyze standard in triplicate. 

16. Calculation the response factor (RF) 3s follows: 

Where C1 - actual chlorine value recorded for the analysis of 
the stanaard (ng): 

V = Volume of l'iquid in syringc bcfore injectinn (ul), 1 

V = Volume of liquid in syringe after injection (ul). 2 

CIS = Chlorine concentration i n  standard (ug/ml) 

17. Average the three results and use in the final calculation for 
samples. 1 

1. Depress single cycle operation and baseline read. After 
equi 1 ibrium is reached, the base1 lne struuld be slightly negative. 
I f  the basel~ne i s  not ricydtive, camplctc Step6 2 thr19 1 in 
Section V-D. 

2. Complete Steps 5 thru 14 i n  Section V-D with an appropriate 
sample size. Add the sample volume to produce between 100-1000 
r~y of total chlorine. If the chlprine content is unknown. 
inject a small volume of sample (<I0 p1) and adjust volume 
accordingly. If the chlorine content is very high, a large 
injection volume will result in a, very long titration time. 

3. Analyze the sample in triplicate and report the average value. 
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F. D e n s i t y  De te rmi  n a t i o n  

1. Tare  a  2 dram v i a l  and cap on an a n a l y t i c a l  ba l ance  t o  t h e  
n e a r e s t  0; 0 1  mg ( W  ). 

. .  1 

2. P i p e t t e  4 m l .  o f  sample i n t o  t h e  v i a l ,  cap t h e  v i a l  and rewe igh  
t o  t h e  n e a r e s t  0 . 0 1  mg ( W 2 ) .  

3. C a l c u l a t e  t h e  d e n s i t y  as f o l l o w s :  

where W2 = w e i g h t  o f  f u l l  v i a l  (g: 

= w e i g h t  o f  empty v i a l  Cg) W l  
' 4 = volume o f  p i p e t t e  ( m l )  

4. Complete t h e  d e t e r m i n a t i o n  i n  d u p l i c a t e  and use t h e  average 
va lue '  f o r '  c a l c u l a t i o n s ;  

\/I. CALCULATION 

~ h e ' c h l o r i n e  c o n t e n t  o f  t h e  sample can be c a l c u l a t e d  f r o m  t h e  f o l  l o w i n g  
equa t i on :  

where: 

C l a  = c h l o r i n e  v a l u e  r eco rded  f o r  a n a l y s i s  o f  t h e  sample (ng) .  

v1'= volume af l i q u i d  i n  s y r i n g e  b e f o r e  i n j e c t i o n  (PI) 

V = volume o f  l i q u i d  i n  s y r i n g e  a . f t e r  i n j e c t i o n  ( ~ 1 )  
2  

d = average d e n s i t y  o f  sample o b t a i n e d  f r o m  S e c t i u r ~  V F-4 (g /m l )  

RF = averaqe response f a c t o r  nb t .a in~ r i  f r o m  S e c t i o n  V 0-16 
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V I I .  P R E C I S I O N  AND ACCURACY 

To examine t h e  accu racy  and p r e c i s i o n  o f  t h e  i n s t r u m e n t .  a Dohrmann 
s t a n d a r d  was a n a l y z e d  seven t imes .  The s t anaa rd ,  cn' lorobenzene i n  
2,2,4- t r i m e t h y l p e n t a n e ,  c o n t a i n e d  45 .36  pg  o f  c h l o r i n e / g .  The average 
c h l o r i n e  c o n t e n t  f o r  seven ana lyses  was 4 3 . 9  pg /g ;  t h e  s t anda rd  
d e v i a t i o n  (SD) was 2 . 8  pg/g o r  6.38%. I n s t r u m e n t  spec i  f i ~ d t i o n s  a t  
t h i s  c h l o r i n e  l e v e l  a r e  abou t  4 .0% r e l a t i v e  S O .  Rcsponse f a c t o r s  were 
s i m i l a r  t o  p u b l i s h e d  i n s t r u m e n t a l  d a t a ,  wh i cn  show a  t y p i c a l  system 
r e c o v e r y  o f  80%. 

The p rocedu re  was Spec1 f t c a l  l y  develupad f ib is  con; 1 i q u i d s  o r  camp l es  
c o n t a i n i n g  complex m a t r i c e s .  T h e r e f o r e ,  t h e  p r e c i s i o n  o f  c h l o r i n e  
ana lyses  on s e l e c t e d  SRC-1 ( S o l v e n t  R e f i n e d  Coa l )  l i q u i d s  was de te rmined .  
The d a t a  f rom f i v e  ana l yses  o f  v a r i o u s  S R C - 1  l i q u i d s ,  u s i n g  e i t h e r  
ch lo robenzene  o r  2 , 4 -d i ch l o ropheno l  as t h e  c a l i b r a t i o n  s t anda rd ,  a r e  
l i s t e d  i n  Tab le  1. The s t anda rd  d e v i a t i o n  was abou t  10% a t  t h e  '25-ppn 
c h l o r i n e  l e v e l  and i n c r e a s e d  a t  l owe r  c h l o r i n e  l e v e l s ;  these  va l ues  a r e  
t y p i c a l  o f  t hose  f ound  f o r  s i m i l a r  S R C - I  l i q u i d s .  
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Tab le  1 

P r e c i s i o n  o f  C h l o r i n e  A n a l y s i s  on Se lec ted  S R C - I  L i q u i d  P roduc t s  

Samp 1 e  

L i g h z  O i  1  
( IBP -4OO0F: 

M i d d l e  D i s t i l l a t e  
(400-650°F) 

Heavy D i s t i  1  l ~ t c  
( ~ ~ O O F - F B P ~ )  

D e n s i t y  a t  25OC 
C h l o r i n e  (pa/g)  

Average 2 0 . 0  
S tandard  D e v i a t i o n  2 .0  

Average 26 .8  
S tandard  D e v i a t i o n  2 . 3  

Average 3 .5  
S tandard  D e v i a t i c  1 . 3  

a  
IBP, i n i t l a l  b o i i i n g  p o i n t ;  FBP ,  f i n a l  b o i l i n g  p o i n t .  



A n a l y t i c a l  Method No. 244 

The r e s u l t s  o f  a  s p i k i n g  s t u d y  t o  de te rmine  r e c o v e r y  f a c t o r s  i n  an 
SRC-I l i q u i d  m a t r i x  appear  i n  Tab le  2. The s t udy  a l s o  de te rm ined  
whether  t h e  i n s t r u m e n t  can d e t e c t  h i g h e r  l e v e l s  o f  c h l o r i n e  w i t h o u t  
s a t u r a t i n g  t h e  d e t e c t o r  and l o s i n g  l i n e a r i t y .  The p r e c i s i o n  o f  t h e  
r e c o v e r y  f a c t o r s  measured i s  s i m i l a r  t o  t h a t  measured f o r  l o w e r  l e v e l s  
n f  c h l n r i n ~  i n  2 , 2 , 4 - t r i m e t h y l p e n t a n e .  

Tab le  2 

R e s u l t s  o f  a  S p i k i n g  S tudy  f o r  C h l o r i n e  De te rm ina t i on '  U s i n q  
SRC L i q u i d s  ..~".. .- and .. . . . . . 2 ,2 ,4 -T r imc thy l pcn tane  . .,. . , -, - C o n t a i n i n g  Chlorobenzene --- - 

Sampl e  

L i g h t  Oil-1 
L i g h t  O i l - 2  
~ i d d l e  D i s t i l  l a t e - 1  
M i d d l e  D i s , t i  1  l a t e - 2  
Heavy D i  s t i  11 a t e  
H y d r o t r e a t e d  Naphtha 
H y d r o t r e a t e d  Low- 
Convers ion  Naphtha 
H y d r o t r e a t e d  Low- 
Convers ion  Naphtha 
H y d r o t r e a t e d  High-  
Conve rs i on  M i d d l e  O i l  
H y d r o t r e a t e d  H igh-  
Conve rs i on  M i d d l e  011 

Expected Chl o r i  ne Val ue (na)  
From From . C h l o r i n e  

Sample Sp i ke  T o t a l  Found (ng)  % E r r o r  

V I I I .  QUALITY ASSURANCE 

4. Tne response f a c t o r -  s l ~ u u l d  be d e l e ~ i ~ i i i i c d  da i  l y  and cheeked a f c c r  
a n a l y z i n g  e v e r y  t h i r d  sample i n  d u p l i c a t e .  The r e s u l t s  a r e  r eco rded  
i n  t h e  Dohrmann QA Manual and ,  t h e  va l uas  compared t o  p r e v i n l ~ s l y  
r e c o r d ~ d  reqpnnse f a c t o r s .  M a j o r  v a r i a t i o n s  a r e  an i n d i c a t i o n  t h e  
i n s t r u m e n t  i s  n o t  p r o p e r l y  f u n c t i o n i n g .  When ' l a rge  v a r i a t i o n s  occur 
r e f e r  t o  t h e  T r o u b l e s h o o t i n g  s e c t i o n  i n  Re fe rence  C. 

B. The 70% g l a c i a l  a c e t i c  a c i d  i n  t h e  t i t r a t i o n  c e l l  s h o u l d  be changed 
d a i l y  o r  w h i l e  a n a l y z i n g  samples if a s teady  n e g a t i v e  b a s e l i n e  canno t  
be  ach ieved .  The t i t r a t i o n  ~ 0 l ~ t 1 0 n  shou ld  be changed a f t e r -  
i n c o m p l e t e  combus t ion  o f  a  sample. 

C .  A l l  ba lances  must  be q u a l i t y  assured  i n  accordance w i t h  t h e  C R S D  
A n a l y t i c a l  S e r v i c e s  Q u a l i t y  Assurance Program on Page 32. 

D.  Once opened, a l l  s o l v e n t s  s h o u l d  be s t o r e d  o v e r  m o l e c u l a r  s i e v e s  t o  
ensure  d r yness .  

184 
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E. A l l  samples shou ld  be ana lyzed  i n  t r i p l i c a t e  and i f  t h e  de te rmined  
l e v e l  o f  p r e c i s i o n  expected i s  n o t  reached, t h e  sample a n a l y s i s  
shou ld  be repea ted .  

F. The q u a r t z  p y r o l y s i s  t ube  shou ld  be checked eve ry  month t o  de te rmine  
i f  t h e  tube  d e v i t r i f i e d .  The t u b e  s h o u l d  be changed i f  i t  d e v i t r i f i e s .  

I X .  PRINCIPLE 

The sample i s  i n j e c t e d  i n t o  a  sample b o a t ,  wh i ch  i s  p l a c e d  i n  a  f l o w i n g  
s t ream o f  80% oxygen and 20% i n e r t  gas. The i n e r t  gas recommended i s  
he l i um ,  b u t  n i t r o g e n  o r  a rgon  can be s u b s t i t u t e d .  The gas and sample 
f l o w  t h r o u g h  a  combust ion t ube  ma in ta i ned  a t  850°C a t  i t s  i n l e t  and 
c e n t e r  compartments and 800°C a t  t h e  o u t l e t .  I n  t h e  t ube ,  t h e  c h l o r i n e  
i n  t h e  l i q u i d  i s  conve r t ed  t o  e i t h e r  c h l o r i d e  o r  o x y c h l o r i d e s ,  depending 
on t h e  i n i t i a l  sample m a t r i x  and chemica l  f o rm  o f  t h e  c h l o r i n e .  'The 
combust ion p r o d u c t s  f l o w  i n t o  a  t i t r a t i o n  c e l l ,  where t h e y  r e a c t  w i t h  
s i l v e r  i o n s .  The s i l v e r  i o n s  thus  consumed by  c h l o r i d e  a r e  c o u l o m e t r i -  
c a l  l y  r ep l aced .  The t o t a l  c u r r e n t  r e q u i r e d  t o  r e p l a c e  t h e  ' s i l v e r  i o n s  
i s  d i s p l a y e a  on a  d i g i t a l  m ic rocou lomete r ;  t h i s  v a l u e  r e p r e s e n t s  t h e  
amount o f  c h l o r i n e  p r e s e n t  i n  t h e  samples. The v a l u e  o b t a i n e d  i s  
c o r r e c t e d  b y  a  response f a c t o r ,  p r e v i o u s l y  de te rm ined  f o r  a  sample w i t h  
a  s i m i l a r  m a t r i x .  

X .  INTERFERENCES 

Incomp le te  combust ion p roduc t s  o f  s u l f u r  and n i t r o g e n  i n t e r f e r e  w i t h  
t h e  c h l o r i n e  d e t e r m i n a t i o n  t o  d i f f e r e n t  e x t e n t s .  The e f f e c t s  o f  t h e  S 
and N  i n t e r f e r e n c e  i s  shown i n  F i g u r e s  3 and 4, wh i ch  were gene ra ted  by 
Matsuzak i  and Koyano. Us ing  t h e  c u p r i c  o x i d e  w i re -packed  sc rubber .  t u b e  
n i t r o g c n  does n o t  i n t e v f e v e  up t o  87; I n  t h e  sample and s u l f u r  does n o t  
a d d i t i v e l y  i n t e r f e r e  u n t i l  i t  i s  p r e s e n t  a t  t h e  10% l e v e l  i n  t h e  o r i g i n a l  
sample. Us i ng  a  sma l l  sample s i z e  and a  s l ow  i n j e c t i o n  r a t e  w i l l  
ensure r e p o r t e d  i n t e r f e r e n c e  l e v e l s .  . I. .. . 

Bromine and i o d i n e  a r e  p a r t l y  t i t r a t e d  i n  t h e  s i l v e r  c e l l .  About  37%. 
o f  t h e  b romine  c o n t e n t  and 20% of t h e  i o d i n e  c o n t e n t  i s  de te rm ined  as 
i f  i t  i s  c h l o r i n e  c o n t e n t .  
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Percent Recovery o f  Chlorinc i n  Pure. Co~nl~ounds 
a j a 1-unc t i  on o' Furnace I n l e t  Telllperature 



E f f e c t s  o f  F l i  t rogen  - 
0  n 

Ch lo r i ne  Deter ln inat ion 

NITROGEN ( % )  

E f f e c t  o f  scrubber  tube. on c h l o r i n e  de te rm ina t i on  o f  n i t r o g e n -  
con ta i n i ng  sal!l!)le. a 1 1 :  Toluene and w h i t e  o i l  ( 1  : 1 ) s o . 1 ~ -  
t i o n  w i t h  added p-ct~lo.robenzoi~c a c i d  and qu ino l  ine; .Ch lo r ine  
concen t ra t ion :  1 4  p i .  Curve A :  Quartz- \.~ool-packed scrubber;  
san1p1.e. si.zc., 20 I I L .  Curve A " :  Quar tz  wool -packed scrubber ;  
sa111p1e. s i  z ~ ,  10 p L  .. Curve fl: C u ! ~ r i c  ox i de  w i  re-packed .scrubber;  
sa~nple  s-i z ~ ,  20 p L .  



SULFUR ( % )  

E f fec t  o f  sc rubbe r  t'111,e an s l ~ l o r i n e  dete11i ; inat ion o f  s u l f u r . -  
c o n t a i  n i  nq sa1111)le. S t t ~ i ~ p I c :  (111) , ( A )  , ((:) 101 uene anrl vitri t.2 o i  1 
( 1  : I )  s o l u t i o r ~  w i  l : Ib  aJ(lec! 11 -c l~ lo rohenzo i c  ac i d  a i i l  c l i - I -41uty l  - 
t l i s tc l l f i t le .  ( 0 ) .  (a) Lo111cnn al l t i  t!hi t c  o i l  ( 1  : 1 )  s n l ~ a t i r n  \v.i t i 1  

atldcc p-ch 'or -o l~cnzc ic  a c ' d  a110 h e r ~ z o t t ~ i c t ~ ) l ~ e r ~ e .  3111 o r i r i ~  costcen- 
t l-a t i on :  'r 5 I l l lnl .  Crlrve A :  Q ~ a r  t:z \.roo1 -11,tt:ketl set-11l:l:cr; SJIIIIJ I L' 

s i x .  10 p L .  CII~-ve A" :  011i1rLz wo(11 -pock(:(l s(:t.uld~(!~-; :?III!I~ c  
s i  ze. 5 IIL. C u ~ v e  6 :  C1111t-ic: ox ' i ( lc  vri r r - l ~ ~ ~ t . k c J  s c r i ~ l  I lcr ;  sal~tl) l  c 
s i z e .  10 1 1 - .  
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METHOD FOR THE DETE9III!HTION OF CARBON, HYDROGEN, NITROGEN AND L9W NIiROGEN 

SCOPE 

T h i s  method cove rs  t h e  s imu l taneous  d e t e r m i n a t i o n  o f  t h e  w e i g h t  p e r c e n t  
carbon,  hydrogen and n i t r o g e n  and t h e  d e t e r m i n a t i o n  o f  t h e  w e i g h t  p e r -  
c e n t  l ow  n i t r s g e n  (0.2%-1.0%) i n  s o l i d  and l i q u i d  samples u s i n g  a  
C o n t r o l  Equipment Corp. (CEC) 240-X E lementa l  Ana l yze r .  

11. PRINCIPLE 

The carbon,  hydrogen and n i t r o g e n  c o n t e n t  o f  o r g a n i c  and i n o r g a n i c  
compounds ( i n o r g a n i c  forms can be de te rm ined  p r o v i d e d  t h e  sample can be 
combusted a t  950°C) i s  o b t a i n e d  b y  combus t ing  a  weighed sample (1 -3  c g )  
i n  p u r e  oxygen under  s t a t i c  c o n d i t i o n s  and d e t e c t i n g  t h e  p r o d u c t s  o f  
combust ion (.C02, H20, N2). 

The combust ion p r o d u c t s  a r e  pased o v e r  r eagen t s  v i a  h e l i u m  c a r r i e r  gas 
i n  a  combust ion t ube  t o  ensure comp le te  o x i d a t i o n  and removal o f  by- . 

p r o d u c t s  ( s u l f u r ,  phosphorous, and ha logens) .  I n  a  r e d u c t i o n  t u b e ,  
ox i des  o f  n i t r o g e n  a r e  r e d u c e d ' t o  m o l e c u l a r  n i t r o g e n  (N ) and res i ' dua l  
oxygen i s  removed. 0 ,  and N gases a r e  f l u s g e d  i n t o  a  
m i x i n g  volume where mogenizeg a t  a  p r e c i s e  t empe ra tu re  and 
p r e s s u r e  (-80°C-1500 mm Hg). T h i s  m i x t u r e  i s  r e l e a s e d  t h r o u g h  a  sample 
volume i n t o  t h e  d e t e c t o r  b l o c k  wh i ch  c o n t a i n s  t h r e e  p a i r s  o f  t h e r a a l  
c o n d u c t i v i t y  d e t e c t o r s ,  f i v e  o f  wh i ch  a r e  connec ted  i n  s e r i e s .  The 
l a s t  d e t e c t o r  i s  a  r e f e r e n c e  d e t e c t o r  t h r o u g h  wh i ch  He f l o w s .  Between 
t h e  f i r s t  p a i r  o f  d e t e c t o r s  t h e r e  i s  an a b s o r p t i o n  t r a p  wh i ch  removes 
w a t e r  f r om  t h e  sample gas. The d i f f e r e n t i a l  s i g n a l  r e a d  b e f o r e  and 
a f t e r  t h e  t r a p  i n d i c a t e s  t h e  w a t e r  c o n c e n t r a t i o n  and, t h e r e f o r e ,  t h e  
hydrogen c o n t e n t  o f  t h e  o r i g i n a l  sample. S i m i l a r  measurements a r e  made 
o f  t h e  s i g n a l  o u t p u t  o f  t h e  two r e m a i n i n g  p a i r s  o f  t he rma l  c o n d u c t i v i t y  
d e t e c t o r s .  Between t h e  second p a i r  o f  d e t e c t o r s  i s  a  t r a p  wh i ch  removes 
CO g i v i n g  t h e  ca rbon  c s n t e n t  o f  t h e  sample. The combus t ion  gases now 
c o a t a i n  o n l y  he1 ium and n i t r o g e n .  These pass  t h r o u g h  t h e  l a s t  o f  t h e  
f i v e  s e r i e s  d e t e c t o r s  and t h e  o u t p u t  s i g n a l  i s  r e f e r e n c e d  t o  p u r e  
h e l i u m  f l o w i n g  t h r o u g h  t h e  l a s t  d e t e c t o r  r e s u l t i n g  i n  t h e  n i t r o g e n  
c o n c e n t r a t i o n .  The combust ion t r a i n  and a n a l y t i c a l  system appear  i n  
F i g u r e  # l .  
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I I I. APPARATUS 

A .  Analyzer 

1. Control Equipment Corp. Model 240-X elemental analyzer, KC-341 
microjector, and silent 700 printer (the analynr has the 
capability of running 64 samples automatically or single 
samgles manually). 

1. Perkin-Elmer Model AD-2 Autobalance or equivalent. Ihe balance 
should be accurate to +5 pg. 

C. Glassware 

1. Combustion tube - Manual (Control Equipment, Part # 0240-1225 
or the APCI Glass Shop). 

2. Combustion tube - Microjector (Control Equipment, Part S 
6703-0378 or the GPCI Glass Shop). 

3. Reduction Tube, large diameter (Control Equipment, Part 4 
0210-1573 or the APCI Class Shop). 

4. Connector Tube, microjector (Control Equipment, Part # 6703-0292 
or the APCI Glass Shop). 

. Scrubber and Trap tube (Control Equipment, Part d 0240-1217 cr 
the APCI Glass Shop). 

6. Ladel , rnar~ual , k.i tt~out cut-uuL (Cul~C~~ul Equ ip~rler~l, Pdr l. ff 
0240-13218 or the APCI Glass Shop). 

7. Ladel, automatic operation,. microjector (Control Equipment, 
Part # 6703-0376 or the APCI Glass Shop). 

D. Sample tlandl i n g  Apparatus 

1. Aluminum sample capsule, 7 x 5 mm (Control Equipment, Part 
#6703*0~111). 

2. Tin capsule, smooth wall, 6 x 2.9 mm diameter (Control Equip- 
ment, Part #6703-0418). 

3. Nickel Sleeve (Cnnt-rol Equipment, Part #6703-0412). 

4. Sample Sealer accessory (Perkin-Elmer, Part #219-0061) 

5. Micro Spatula (Fisher Scientific, part t21-401-258. 
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6. 10 p1 Syringe (Hamil ton). 

7. Single Quill Brushes (P-E, Part #0240-1296). 

8. Dumont forceps (VWR Scientific, Part #25729-081). 

9: ASTM Micro dessicator (P-E, Part #0240-1289). 

E. Mi scel 1 aneous 

1. T W ~  sta:e stainless steel diaphragm regulator for He cylinder 
(Part XE12-6-C445A, CGA fitting #580; APCI Specialty Gss 
Div. ) .  

2. Matheson two stzge stainless steel diaphragm regulator for O 
cylinder (Part t3104, CSA fitting #540, Matheson). 2 

3. 0-60 PSIG Porter Regulator (Model t8290, Porter instrument 
Co. 1. 

A. Cuprin (Control Equipment; Part #0240-1362). 

B. Ascari te (A. H. Thomas Co. , Part #C049-U90 or A1 lentown Labs Staging 
Area). 

C. Msgnesium Perchlorate (Fisher Scientific, Part XH-54). 

0. Silver Vanaaate (Control Equipment, Part #0240-1117). 

E. Silver Oxide/Silver Tungstate on Chromosorb P (Control EquiFment, 
Part X0240-0113). 

F. Silver Tungstate on Magnesium Oxide (Control Equipment, Part t0240- 
1344). 

G. Quartz Wool (Control Equipment, Part #0240-1118). 

H. He1 iurn (Zero Grade, APCI Specialty Gas Div. ) .  

I .  Oxygen (Zero Gradt., APCI Specialty Gas D l v .  ) .  

J. Acetanilide (NBS - #141C). 

K. Benzoic Acid (NES - #1408). 

L. Platinum Gauze (Control Equipment, Part #0240-11476) 

V .  PRCCEDURE 

A. f i  I 1  ing and instal 1 ins ccnbusticn tube, reduction t5be, traps, and 
scrubbers. 

193 
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1. F i  11 i n a  Procedure 

F o l l o w  t h e  p rocedure  as g i v e n  i n  t h e  CEC 240-X 341  HA-SAi 
O p e r a t i o n  Manual pages 25-26 w i t h  t h e  f o l l c w i n g  changes: 

a. Combust ion Tube 

(i) I n s t e a d  o f  u s i n g  P t  gauze a t  t h e  i n d e n t a t i o n ,  a  
s i m i l a r  s i z e  wad o f  q u a r t z  wool  i s  used. 

(ii) P t  qauze i s  used a t  t h e  cnd o r  t h e  pack ing  I n s t e a d  o f  
t h e  recommended s i l v e r  gauze. 

b.  K e d u c t i c n  lube  

(i) P t  gauze i s  used i n s t e a d  o f  Ag gauze. 

(i i) Only  1/16"  of q u a r t z  wool i s  u s ~ d  i n s t e a d  o f  3 / 4 " .  

c.  CO, Trap and Scrubbers ( A s c a r i t e  20-30 mesh; MgC'l0, 8-14 
mejh)  

(i) The 1/8"  wad of q u a r t z  wool  i s  reduced  t o  1 /16" .  

2. I n s t a l  1 a t i o n  Procedure  

F o l l o w  t h e  p rocedu re  as g i v e n  i n  t h e  CEC 230-X 341  HA-SAI 
O p e r a t i o n  Manual pages 44-45. 

D.  S a r n ~ l e  H a n d l i n g  

I. Caasule and S leeve  P r e p a r a t i o n  

a .  N i c k e l  s l eeves  a r e  e i t h e r  f l amed or p l a c e d  i n  a f u rnace  
and heated  u n t i l  red h n t  (>  IOnn°C). 

b.  T i n  c ~ p c u l  es a r o  washed ri t h  acet.nne w i t h o u t  s o n i c a t i c n  
f o u r  t i m e s  making su re  t h a t  each c a p s u l e  washed i s  t o t a l l y  
immersed i n  t h e  ace tone  (some c a p s u l e s  w i l l  f l o a t  due t o  
a i r  t r a p p e d  i n s i d e  t h e  capsu le ) .  The capsu les  a r e  d r i e d  
under  vacuulll dt; 5U"C i n  a  vacuum oven f o r  about  1 hourv d i d  

a r e  s t o r e d  i n  a  d e s s i c a t o r .  A f t e r  c l e a n i n g ,  capsu les  a r e  
hand led  o n l y  w i t h  a  f o r ceps .  

c .  Aluminum capsu les  a r e  washed f o u r  t i m e s  i n  ace tone ,  b u t  
a r e  s o n i c ~ t e d  i n  an U l t r a s o n i c  b a t h .  A f t e r  wash ing ,  t . h p  
cspsu les  a r e  d r i e d  and s t o r e d  as i n d i c a t e d  above. 

2. N o n v o i a t i l e  Samoles 

A t i n  capsu le  i s  weighed empty on a  m i c roba lance .  A f t 2 r  

w e i g h i n g ,  t h e  capsu le  i s  p l a c e d  on a  c l e a n ,  s o l i d  su r f ace  
and 1-3 mg o f  sample i s  weighed i n  t h e  capsu le .  I f  possible, 
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t k e  sample weight  should be such t h a t  i t s  read  s i g n a l  c a r r e s -  
ponds t o  t h e  hydrogen c o n t e n t  i n  t h e  s t anda rd  ma te r i a l '  usza 
t o  c a l i b r a t e  t h e  i n s t rumen t  [Sample Weight = X H s t d . / X  Hsampie)  - 
x W t .  o f  s t anda rd ] .  All weights  a r e  t o  t h e  n e a r e s t  micrcgran 
and t h e  capsu le  i s  s e a l e d  be fo re  reweighing . .  The reweighed t i n  
capsu le  i s  p laced  i n  a  n i cke l  s l e e v e .  For low n i t rogen  measure- 
ments ,  aluminum capsu le s  a r e  used ( t h e s e  g e n e r a t e  more cons i s -  
t e n t  n i t r o g e n  b l anks )  and t h e  sample weight  i s  i nc reased  t o  
approximately 5 mg. A low n i t r c g e n  r e f e r e n c e  m a t e r i a l  (12 tex  
emulsion)  i s  used t o  check low n i t rogen  accuracy .  Aluminum 
capsu le s  a r e  used wi thou t  Ni s l e e v e s .  

3 .  V o l a t i l e  Samples 

An aluminum capsu le  i s  weighed empty on a  microbalance .  Af te r  
weighing,  t h e  capsu le  i s  p laced  i n  t h e  V o l a t i l e  Sample Sea l e r  
Accessory and p re s sed  i n t o  t h e  d i e  as  f a r  a s  i t  w i l l  go with 
t h e  s i d e  of  a  f o r c e p s .  Using a  10  p1 s y r i n g e ,  2 . 0  t o  3 . 0  p1 
of sample a r e  added t o  t h e  c a p s u l e  o r  such a  volcme 9s t o  g ive  
a  sample weight  of 1 - 3  mg a s  above. The sample weight  i s  
a d j u s t e d  t o  t h e  hydrogen c o n t e n t  of t h e  s t a n d a r d  a s  above. 
The capsu le  i s  crimped ( a s  Jow and c o n s i s t e n t  a s  p o s s i b l e )  and 
t h e  sample i s  reweighed. 

4.  C a ~ s u l e  S e a l i n a  

a .  Aluminum c a p s u l e s  a r e  s e a l e d  us ing  t h e  sample s e a l e r  
acces so ry  (D .  4) .  

b. T in  c a p s u l e s  a r e  s e a l e d  by cr imping wi th  a  f o r c e ~ s .  The 
crimp should  be such t h a t  a lmost  a l l  a i r  i s  expe l l ed  from 
t h e  capsu le .  The crimped s e c t i o n  i s  t hen  fo lded  over  so  
t h a t  t h e  capsu le  can be p l aced  i n  a  n i cke l  s l e e v e  a f t e r  
reweighing. 

C. Oce r s t i on  Procedure 

E2fore s t a r t i n g  check/perform t h e  fo l lowing:  

He P re s su re :  -17 p s i g  ( P o r t e r  r e g u l a t o r )  

O2 Pressure :  -40 p s i g  - purge 0  l i n e  t o  remove 'any a i r  t h a t  
may h ~ v e  leaked  i n t o  l i n e  through t h e  r e g u l a t o r .  

Open shu to f f  va lve  ( s e e  F ig2 re  # I ) .  

i o l  low Qua1 i  t y  Assurance Program (Sec t ion  VII I ) .  

Ins t rument  o p e r a t i o n  i s  conmenced wi th  t h e  a n a l y z e r  i n  t h e  over- 
n i g h t  ,ctandb!/ mode. I f  not i n  t h i s  c n n d i t i n n ,  . r e f e r  t n  the  end o f  
t h i s  s e c t i o n  f o r  s tandby procedure .  
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Genera te  c s p s u l e  b lanks  by running  empty, crimped capsu le s  ( t i n  
c a p s u l e s  must be p laced  i n  n i c k e l  s l e e v e s  t o  p reven t  d e v i t r i f j c a -  
t i o n  of  t u b e s  and l a d e l s )  u n t i l  t h e  v a l u e s  ob t a ined  a r e  s t a b l e  ( f o r  
approximate va lues  s e e  t h e  va lues  gene ra t ed  t h e  previous  o p e r a t i n g  
day).. Blanks a r e  gene ra t ed  by r e s e t t i n g  t h e  microprocessor  ( r z n i h a l i  
sw i t ch  on ha1 t )  and. pushing key ( 6 )  on t h e  t e rmina l  .- This  a i  lows 
e n t r y  of b lank  and K f a c t o r s .  Zeroes  a r e  e n t e r e d  f o r  a l l  b lanks  
and 1000 i s  e n t e r e d  f o r  a l l  K f a c t o r s .  A f t e r  e n t e r i n g  t h e  above,  
key ( 8 )  i s  pushed, 1000 i s  e n t e r e d  as  t h e  sample weiqht  and t h e  
d a t e  i s  e n t e r e d  a s  t h e  sample I.D. The empty capsu le  i s  p iaced  
i n t o  t h e  lade1  and t h e  r u n / h a l t  sw i t ch  t u r n e d  t o  run. The i n s t r z -  
111rnt a u t o ~ i i a t i c a l  l y  pvuceeds thr.uuylr ol.lr cyc le ,  c a l c u l a t ; . ~  tne  
r e s u l t s  and p r i n t s  t h e  r e s u l t s  ( i n  p e r c e n t )  and SELECT MODE i n  
p r e p a r a t i o n  f o r  t h e  nex t  run,  Key ( 6 )  i s  pushed and t h e  blanks 
gene ra t ed  above a r e  e n t e r e d  alony. w i th  t h e  C ,  H, N c o n t e n t  ( i n  
p e r c e n t )  of t h e  s t a n d a r d  m a t e r i a l  be ing  e n t e r e d  a s  t h e  K f a c t o r s .  
During t h e  g e n e r a t i o n  of  t h e  b lank  v a l u e s ,  t h r e e  ( 3 )  s t a n d a r d s  a r e  
weighed (2000 + 20 p g ) .  These a r e  now run  s u c c e s s i v e l y ,  by pusning.  
key (8), t o  g e n e r a t e  t h e  c a l i b r a t i o n  f a c t o r s  which w i l l  be used f o r  
t h e  day ( f i r s t  s t d .  a c t s  a s  a  c o n d i t i o n e r ) .  S tandards  a r e  s e l e c t e d  
on t h e  b a s i s  of t h e  C, H ,  N c o n t e n t  of  t h e  samples t o  be ana lyzed  
w i t h  one us ing  t h e  s t a n d a r d  t h a t  c o n t a i n s  C ,  H, N c o n c e n t r a t i o n s  
s i m i l a r  t o  t h o s e  expec ted  i n  t h e  samples. A s i n g i e  blank capsu le  
i s  run a f t e r w a r d  t o  de te rmine  blank v a l u e s  t o  be used du r ing  t h e  
a n a l y s i s  of samples. A t t e r  e n t e r i n g  t h e  a c t u a l  Cal l b r a t l o n  f2CtOrS 
and c a l  ibrsal iu11 bldrlk ( s e e  ~ d l ~ u l d L i u 1 1 5  s e ~  t ~ U I I  f ~ i .  c a l c u l a t i o n f  
i nvo lv ing  b lanks  and K f a c t o r s )  samples can be ana lyzed  ( p r e c i s i o n  
2 0. E a b s o l u t e ) .  Samples a r e  grouped t o g e t h e r  on t h e  b a s i s  of 
s i m i l a r  expec ted  C ,  H ,  N c o n t e n t .  A c a p s u l e  blank i s  run a f t e r  
each unique type  of sample and t h e  v a l u e s  c o r r e c t e d  ( s e e  c a l c u l a -  
t i o n s  s e c t i o n ,  e .  g. - p r e a s p h a l t e n e s ,  amines ,  e t c .  ). The sample 
b lank  w i l l  d i f f e r  from t h e  c a l i b r a t i o n  b l a n k ,  due t o  a d s o r p t i o n  and 
a e s o r p t i o n  e f f e c t s  i n  t h e  a n a l y z e r ,  if  t h e  r e l a t i v e  c o n c e n t r a t i o n s  
of t h e  component combustion gases  d i f f e r  from t h a t  of t h e  ' c a l i b r a -  
t i o n  s t a n d a r d .  A t  some p o i n t  du r ing  t h e  day ,  i n s t rumen t  c a l i b r a t i c n  
Find t h e  c a l i b r a t i o n  blank a r e  checked (see Qual i ty  Assurance Sec t ion  - 
Pg. 1 4 ) .  A f t e r  a l l  a n a l y s e s  a r e  comple ted ,  t h e  i n s t rumen t  i s  s h u t  
~ U W I I  as f o l l o ~ i s :  

System P r e s s u r e  - -320Q mm Hg - a f t e r  f i n a l  a n a l y s i s ,  program i s  
s t a r t e d  and pe rmi t t ed  t o  run u n t i l  sys tem p r e s s u r e  reaches  -1200 mm 
du r ing  " f i l l  t ime".  At'ter t h e  system p r e s s u r e  reaches  1200 mm t h e  
system i s  r e s e t  t o  h a l t  t h e  program. 

Program Mode - Standby (C va lve  open). 

He Flow - Reduced t o  -58 cc/rnin by c l o s i n g  s h u t o f f  va lve  zf:rre 
Pcrce r  r e g u l a t o r  - meter ing  va lve  p r e s e t  a t  -53 cc/min. This  i s  
done s o  a s  t o  main ta in  a  c o n s t a n t  e f f e c t i v e  f low through t h e  dc- 
t e c t o r s  wh i l e  t h e  i n s t rumen t  i s  no t  i n  o p e r a t i o n  and t o  keep t h e  
d e t e c t o r s  a t  a  c o n s t a n t  tempera ture .  T h i s  e l i m i n a t e s  e q u i l i b r a t i o n  
of  d e t e c t o r s  when t h e  i n s t rumen t  i s  s t a r t e d  t h e  n e x t ' d a y .  Open 
s h u t o f f  va lve  f o r  normal o p e r a t i o n  ( s e e  F igu re  $1). 
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VI. CALCULATIONS 

I n i t i a l  b lank  va lues  (BI)  - t h e  l a s t  t h r e e  ( 3 )  b lanks  a r e  summed and 
d i v i d e d  by t h r e e .  

For Carbon: 

For Hydrogen: ' n B ~ l  = - 
n  B~ I 

For Ni t rogen:  'nBN1 = - 
n  B~~ 

Cal i b r a t i o n  F a c t o r s  (K) a r e  c a l c u l a t e d  a s  f o l  lows: 

The mean we igh t s  of each component (C,H,N) i n  t h e  s t a n d a r d  a r e  c a i c o l a i e a :  

In pg o f  C = In pg S t anda rd  x (%C) 

n  n 

In pg of H - - In pg Standa rd  x (%H) 

n  n  

In pg of N - - In pg S t anda rd  x ( 3 4 )  

n  n  

The blank  run a f t e r  tile ~ L d ~ l d d r d s  i s  reduced by t h e  l n j t i d l  b i a n ~  anc  
d i v i a e d  by t h e  mean weight  o f  each component. T h i s  va lue  i s  s u b t r a c t e d  
from t h e  mean of t h e  K f a c t o r s  o b t a i n e d  i n  c a l i b r a t i o n  r e s u l t i n g  i n  t h e  
K f a c t o r s  used f o r  a n l a y s i s :  

L l. Actual Observed - W t ,  

K = K - ( B ~ c  - B ~ l )  
H ~ c  t u a l  'observed - 

W t ,  
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I f  t h e  c z p s u l e  blank run a f t z r  each type  of sample (B ) i s  s i g n i f i c a n t l y  
d i f f e r e n t  from t h a t  which i s  e n t e r e d  ([- +I K ~ c t u a l  ( W ~ ? Z O G O ) ]  = 50.05% = 

1 pg a b s o l u t e ) ,  t hen  the  va lues  a r e  r e c a l c u l a t e d  a s  fo l l ows :  

loo 
) + %C = c o r r e c t e d  I C  

- 
) ( p g  of sampi e 

Actual 

j n d  s i m i l a r l y  w i t h  t - h ~  H ,  N va lues  o b t a i n e d ,  

The microcomputer computes v a l u e s  a s  fo l lows:  

- Read S iana l  - Base l ine  S i a n a l  - - P9 c and s i m i l a r l y  w i th  H and N. 

(Read Signal  - Base l ine  S i a n a l  - Blank) (100) 
(KC)  ( I J ~  of  sampie)  

and s imi l a r l y  wi th  H and N 

Exarnpl e s  of c a l c u l a t i o n s  appea r  i n  Table  #I. 

PRECISICN A N D  A C C U R A C Y  

The p r e c i s i o n  between r e p l i c a t e  a n a l y s e s  should be 2 0 . X  a b s o l u t 2 .  Z f  
n o t ,  t hen  t h e  a n a l y s i s  should  be r epea t ed  ('sample hornoyt i~iei  Ly ~ I I J  

composi t ion w i l l  de te rmine  whether  t h i s  i s  a c h i e v a b l e ) .  

The o b t a i n a b l e  accuracy  ( t 2 0 )  based on s t a n d a r d  o r g a n i c  compounds 
du r ing  an e i g h t  (8) hour o p e r a t i n g  day a r e  a s  fo l lows:  

C - +0.07% Absolu te  
H - +U.UiZ Absolu te  
N - + U . O j X  Absolu te  

Low N - LO. 02% Absolu te  

Accuracy can be checked by a n a l y z i n g  an o rgan ic  s t a n d a r d .  

QUALITY ASSURANCE 

The fo l lowing  i tems  a r e  performed on a  d a i l y  b a s i s  t o  a s s u r e  t h e  accuracy  
and p r e c i s i o n  of t h e  method: 

1. Check d e t e c t o r  b a s e l i n e  v o l t a g e s  a t  t h e  s t a r t  and end o f  t h e  day 
(must be g r e a t e r  than  z e r o ) .  

2 .  I n d i c a t e  t h e  t y p e  of  c a p s u l e  being used. 
, - 

3. Record t h e  f i l l  t ime.  
198 
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4 .  Record t h e  i n i t i a l  syst2m blank va lues .  

. 5. F i ec~rd  t h e  c a , l i b r a t i o n  f a c t o r s .  

6. Record t h e  values  of  t h e  c a l i b r a t i o n  check. 

7 .  Record t h e  d e t e c t o r  oven tempera ture .  

8. Record t h e  combustion and r educ t ion  oven tempera tures .  

9 .  Check t h e  c o n d i t i o n  of a1 1  t ubes  and t r a p s .  

10. Check p r e s s u r e s  of  helium and oxygen c y l i n d e r s  (change a t  - (200 p s i g ) .  

11. Check ins t rument  c a l i b r a t i o n  and c a l i b r a t i o n  blank tw ice  d a i l y  
( a f t e r  i n i t i a l  c a l i b r a t i o n  and a t  t h e  end of t h e  day). 

Space i s  provided i n  t h e  C ,  H ,  N Q u a l i t y  Assurance Manual f o r  each 
of  t h e  above i tems.  These va lues  a r e  compared t o  p r e v i o u s l y  recorded 
va lues  and any major d e v i a t i o n s  may be an i n d i c a t i o n  of t h e  i n s t r u ~ e n t  
deve loping  a  problem. I f  problem symptoms occur r e f e r  t o  o p e r a t i o n  
manual o r  Qua1 i  t y  Assurance Troubleshoot ing  s e c t i o n .  

When samples a r e  r ece ived  i n  t h e  l a b o r a t o r y ,  t hey  a r e  v i s u a l l y  i n spec t ed  
f o r  any contaminat ion .  I f  any i s  found i t  i s  removed from t h e  sample 
and/or  a  comment t o  t h a t  e f f e c t  i s  inc luded  wi th  t h e  a n a l y t i c a l  r e p o r t .  
Sol id  samples a r e  homogenized by g r i n d i n g  i n  a  v i b r a t o r y  m i l l  (wiggie-bcg) 
t o  l e s s  t han  150 mesh and s t o r e d  i n  a  capped v i a l  u n t i l  ana lyzed .  
Before being ana lyzed ,  l i q u i d  samples a r e  mixed on a Vortex-Genie and 
s o i i d  samples a r e  mixed by moving t h e  sample c o n t a i n e r  i n  a  f i g u r e  
e i g h t  motion. 

IX. SAFETY 

I t e m s  w h i c h  a re  t o  be  cons idered  f o r  t h e  s a f e  o p e r a t i o n  of t h e  i n s t r u -  
ment i  ncl ude: 

1. Gases i n  t h e  c y l i n d e r s  a r e  under h i g h  p r e s s u r e  and should  be 
hand1 ed acco rd ing ly .  

2. Combustion and r educ t ion  zones a r e  very  h o t  and should be handled 
wi th  a p p r o p r i a t e  p r o t e c t i o n .  

3 .  T o x i c i t y  of samples should be checked by r e f e r r i n g  t o  t h e  samplc 
r e q u e s t  form and handlcd acco rd ing ly .  

4 .  Some of t h e  m a t e r i a l s  used in  t h e  t ube  and t r a p  packing5 should 
be handled wi th  c a r e  a s  t hey  may cause  burns and a ; . .  i,':" d!l5t 
hazards .  

X .  REFEgENCES 
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Norwal k ,  Conn. ; Apri 1 1974. 
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May 1982,  pp .  72. 

TABLE #1 

The fa1 lowin d a t a  a r c  t y p i c a l  va lucs  t h a t  one may see  du r ing  an 8 hour ope!.- 
aL inp  day.  !NETS: t h e  a b s o l u t e  va lues  v i  l l change,  bu t  t h e  o r d e r  0 7  magniiud2 
i s  t h e  same.)  

Tin Capsule I n h e r e n t  Blanks (BI) - C - 4 2 , 3 0 , 2 8 , 2 9 , 3 0  

(Values in  s eqven t i  a1 o r d e r ,  H - 317, 196 ,  139,  137,  140 

i n d i c a t i n g  system purging)  N - 222, 179,  175 ,  172,  174 

C a l i b r a t i o n  Fac to r s  ( K )  - C - 1 9 . 0 4 , 1 9 . 0 4 , 1 9 . 0 6  

(Values i n  s cquen t i  a1 o r d e r ,  H - 5 7 . 5 7 , 5 9 . 2 8 , 5 9 . 4 2  

i n d i c a t i n g  system cond i t ion ing  N - 7 . 1 5 ,  7 .15 ,  7.14 

and equi  1 i k r a t i  on)  

T l n  Capsule Ca1.ibr.aL.iu1.1 B ld l ' iAs  ( E C )  - C - , 51 

H - 229 

N - 173 

Observed K Fac to r  C a l c u l a t i o n s  (Perfor.med by Ins t rument) :  

Kii - - (12985 - 4859 - 139)pv = 59 .26  , ,v/, ,~ 
Observed 134.74 pg 
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TABLE #1 (Continued) 

Actual K Factor Calculations (Performed by Analyst): 

Component Concentration Calculation (Performed by Instrument): 
Fol lowing data for calculations is not specifically related to previous 
calibraticn data presented. This data was chosen to exemplify the following 
corrections. 

0/ 
m H  = (12468 - 4824 - 237)pV(lOO) - - 

(59.24 pV/pg) (2120 pg) 5.90% 

Correction Sample Calculations: 

., Bc = 58 

B5 = 80 

Corrected % C = (58 - 80)uV loo ] + 86.95% = 86. '30% 
'19.03 p ~ / ~ ~ ~  '2120 pg 

3 

03 - 33 UV loo 7 :+ 2.12"9 .-, 
Corrected % N = [ i .  1 7  p~/pg' '2120 pg- 
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kI TH THE COULCMETRICS C02 COULOMETER 

T h i s  method i s  used f o r  t h e  d e t e m i n a t i o n  o f  o r g a n i c  oxygen ,.in a  rance 
nf 0.5 ro 100%. Inurganic fums uf uzyyen ray i n t e r f e r e  i f  t h e  ccn~ounts 
arc r d u c e d  o r  t h e  oxyaen i s  d i s p l a c e d  a t  1120°C. R e d t ~ c i b l e  or.idrls 
i n t e r f e r e  i f  t h e  sarrple c o n t a i n s  s u f f i c i e n t  c a r b o n  t o  reduce.  t h e  o x i d e  
o r  if a r d 1 1 c i n g  n r  d i s p l a c i n g  ayerlt i s  added t o  the  sample, The 
i n s t r l m e n t  can be used t o  ana l yze  f o r  t h e  oxygen c o n t e n t  o f  i n o r s a n i c  
o x i d e s  i f  i t  i s  ope ra ted  under  d i f f e r e n t  e x p e r i m e n t a l  c o n d i t i o n s .  

Sar;lples a r e  p y r o l y z e d  i n  a  s t rewn  o f  n i t r o c e n .  The p y r o l y s i s  p r o d u c t s  
a r e  swept o v e r  a  ca rbon  bed a t  1120°C c o n v e r t i n g  a l l  oxyaen t o  C3. 
A f t e r  a c i d i c  gases a r e  scrubbed frm t h e  gas s t ream b y  A s c a r i t e  and ' 

nasnesium p e r c h l o r a t e ,  t h e  CO i s  o x i d i z e d  w i t h  copper  o x i d e  a t  45S°C 

CO? 
. The C O  i s  q u e n t i  t e t i v e l y  absorbed w i t h  a p a r t i z l  l y  aqueous 

s o l  u t  on c o n t a i z i n g  m n o e t h a n o l a m i n e  and a  c o l o r i m e t r i c  i n d i c a t o r .  
The r e a c t i o n  produces a s t r o n g  t i t r a t a b l e  a c i d ,  c a u s i n g  t h e  i n d i c a t o r  
t o  fade. A c o u l m e t e r  e ! e c t r i c a l  ly genera tes  a  base t o  r e t a r n  the 
s o l u t i o n s  t o  t h e  original c o l o r .  

C o u 7 o r e t ~ r i c s  CO, Ccu? %e t e r  S y s t w  
L 

Model 5G10 Coul c n e t a r  and 5060 Oxygen Appara tus  (Cou lor r ,e ter icc  
I r ~ c i l p o  r a t & )  Kkcat,  Ridce' ,  t o ,  

P/N 2 4 0 ~ 1 1 1 8  ( C o n t r o l  Equipment) Lowel 1, PA. 

C. S i l v e r  C ~ o s u l e s  (9 x  3.5 mn) 

P/N 6703-C416 ( C o n t r o l  Equipment) L o w e l l ,  HA. 

D. S c o o ~  l a d l e  

P/N 201-014 ( C o u l o r e t r i c s  I n c o r p o r a t e d )  k 'heat  Ridge,  CO 
o r  G lass  B l c w i n g  Shop (APCI) 

E. C m b u s t i o n  Tube 

P/N 201-004 ( C o u l w r t r i c s  I n c o p o r a t e d )  k 'heat   idb be, CI). 
o r  G lass  Slowin; Sho? ( A P C I )  
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F .  S c r z k . 5 e r  Tubes 

P/!4 2CO-014 (Cou lc r e t r i c s  Incopora ted)  Wheat R i d ~ e ,  CO 
or  Glass Elowing Shop (APCI) . - 

G .  Coon  Porcela in  Ecz t s  (17 x 6 x 4 mm) 

P/N 31t?3-?@5 (Thmas)  Ph i l ade lph i a ,  PA 

ti. C a ~ s u l e  Crikcer  

P/tI 043680 (Perki n-El n e r )  Newton Square ,  PA 

1. Ti r e  Switch, 1  Hcur 

P/N SG48-E-25 ( T h a ~ s )  Fh i l ade lph i a ,  PA 

3. C a r r i e r  C.5 Drvjnc T ~ b e  

P/N 2-561 8 (Supleco I n c q p o r a t e d )  Be1 l e f o r t e ,  PA 

K. I n t i c s t i n c  OXV-Trz3 

P/ti  4C04 (A1 1  tech Assoc ia t ion)  Kennett  Square,  ?A 

I. IJicro b 3 7 z r ; c e  

Cahn-25 (F i she r )  Ph i l ade lph i a ,  PA o r  equ iva l en t  

. Variable T r i r : s ~ ~ ~ ~ ~ ! t  

P/N 09-521-1 10 (FisFler)  Ph i l ade lph i a ,  PA 

N; E l e c t r i c  Furnace 

(Eas ic  Products Cml?any) Milwatikee, W I  o r  w v i v a l e n t  

0. Gtlneral E l e c t r i c  G-c-Getter 

P/N 4015 ( A ) ;  t e ch )  Kennett Square ,  PA 

IV. Reacents:  

A. C a r r i e r  Gas - Nitrxen 

9S'.?Se5 purr?, I w  n2,  Lm.r F20 (APCI) Hore:cwn, PA 



(>". 5% p u r i t y ) ,  ( B D H )  Poole Ensland o r  eauival  en t .  
Hich p u r i t y  sucrase ,  c h o l e s t e r o l ,  2-naphthol and - 
a c e t a n i l i d e  may a l s o  be used f o r  a  s tandard .  

I!acnesiurn ~ ' e r c h l o r a t e  Anhvdrous mesh) 

P/N 300-010 (Cou~ome t r i c s  I n c o r p o r a t 4 )  h'heat Ridge, CC 

C o u l o c c t ~ r  C e l l  R e v e n t 7  

1.  Cn~~ ln rne te r  j ~ l u t i o n  
2. h n d e  So lu t i on  
3. Pos tassitim Iodide 

P/N 101-040 ( C o u l o m ~ t r i c s  Incoporated)  Whezt Ridce,  CO 

E. Asca t i t .  (20-20 mesh) 

P/N 266-017 (Coulone t r ics  Incoporated)  Wheat Ridce, CO 

P/N 25CpiC02 (Control  Equipment) Lowell, E'A 

1. Attach c a r r i e r  g a s  d r y i r ~ y  s ir .ub5tr  tube a t  N 2  cyli.nr!ar. 
2. Connect gc -ge t t e r  a f t e r  c a r r i e r  gas drying b b e .  
3.  Attach i nd i ca t i ng  oxy-trap c l o s e  t o  t h e  f lownete r .  (Don' t  

e x c 2 4  10 p s i ? . )  
4. Check r=a in ing  set -up procedure i n  t h e  oxyGen s e c t i c n  0:' 

t h e  rnznual .  (Ref. 1 )  

B. I n s  t r ~ = e n S  S t e r t u : ,  I 

1. Be s u r e  scrubbers  and py ro ly s i s  tubes a r e  a ~ s & b l e d .  
2. S e t  c a r r i e r  Gas flcw t o  80 cc/nin .  w i t h  t h e  e x i t  r o t a r e t e r ,  

having t h e  togg le  valve ( 2 1 )  open. 
3. Close T V I ,  s e t  gzs flow t o  2 C  cc/min a t  e x i t  rotarneter w i t h  

t h e  flow r ie ter ing valve.  
4. S e t  p y r o l y s i s  fu rnace  t m p e r a t a r e  f o r  llZO°C a n d  allow 

t m p e r a k r e  t o  w u i l i b r a t e .  
5. Check system f o r  l eaks  by blocking sample l i n e  a t  i n l e t  of 

coulometr ic  c e l l  and observe stopped flow on r o t c e t e r .  

' A s cb lma t i c  d iaoran  of the  apparz tus  i s  in Ficure  I .  . 
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6. For f i l  ;in: and c j r s e c t i n g  c o u l o ~ e t e r  c e l l ,  follow the C3; 
sec t ion  of the nanuzl. (Ref. 1 )  

Note: Gas flow i s  cont ro l led  by TV1 a f t e r  t h e  flcws are  52:. 

Blenk Runs 

Switch TV1 to  s e t  c ~ s  flow t o  80 cc/min. 
Direct  c a r r i e r  gas flow with the  ba l l  valve t o  a  bzck sheep 
p u F e .  
2enove end cap, place an m p t y  cricped s i l v e r  capsule in a  
c e r m i c  boat, on a  l ad l e .  Avoid contamination of t > e  l ad l e  
during handling ( r ~ . e s b e r  water i s  88% oxycen). 
I n s e r t  the lad le  with boat and capsule i n t o  the pyrc lys i s  
tube b u t  not i n t o  the  furnace. 
Flace end ca? Icosely on breech blcck and s e t  time swi t z h  t o  
2 1/2  in, For t h i r t y  seconds the  a i r  i n i r ~ d u c ~  by the 
l a d l e ,  boat, and capsule a r e  backsaept out of the s y s t c .  
Tighten end cap, switch the ba l l  valve t o  t he  f r o n t  end 
p u T e  f o r  the r m a i n i n g  2 ~ i n u t e s .  
The i n s t r m e n t  has a  15 second counting cycle.  Af tz r  a  
2 n inu te  pume, the  i n s t r m e n t  shcgld be countins l e s s  
than 3 z i c r o g r a ~ s  of oxycen f o r  e ich 15  second councjnc 
cyc le .  To prevent the c e l l  s e lu t ion  f r m  backins u? t h e  
s z p l e  l i n e  and cacsing e r r o r s  in  the  ana lys i s  , c l c s e  t h e  
t g i ~ l e  valve, N 2 ,  a t  the  i n l e t  of the copper oxide L k e ,  
irnnediately a f t e r  a  counting' cycle.  I n j e c t  the 1a l ; e  i n t c  
t h e  furnace with the  masnet, open TV2, reduce the  c s r r i e r  52s 
flow t o  20 cc/nin with TV1, r e s e t  the  couloneter  ccunter  and 
s e t  the time switch t o  7 c inu te s .  
Four minutes a f t e r  i n se r t i ng  the l a d l e ,  the  c a r r i e r  czs f i ~ w  
i s  increased t o  80 cc/min with TV1 and the  l ad l e  rexvec i r m  
t h e  fupnact. 
A t  the  end of the  7 minute ana lys i s ,  record the  m i c r ~ r a ? s  s f  
oxycen. The l a s t  ' 2  minutes, the  de t ec to r  counts n i c r c c r i ~ s  
approximately every 10 t o  15  seconds. To i m p r ~ v e  tk;e accl;rac;/, 
a 1 microgram oxygen value i s  added t o  the  m i c r ~ r & ; l s  of 
oxysen a t  the end .of t he  ana lys i s ,  f o r  every f i v e  seconds 
l e s s  than the 7 rnin. a n a l y s i s  t i n e .  The oppos i te  i s  
pel-romed f e r  every f i v e  seconds o v e r  the  7 min. ana iys i s  
t i n e .  This value i s  added o r  sub ' t r ac td  when the  7 c inute  
a n a l y s i s  t i ne  ends in between the  1G-15 seconds ds:erzicn 
i n t e r v a l s .  
Three or  four blank runs a r e  r g u i r e d  t o  i n su re  c c ~ s i s i e n t  
reasonable blank values.  The blank should genera l ly  be l e s s  
than 60 micrograms of oxysen with a  3 micrqram a?solu:e 
devia t ion .  

Note-1: I f  c e l l  so lu t ion  h a c k s  up, t h e  c c l l  h a s  t o  be c:e;lr~ct.j 



5 t d n C a r . i  and Sanzle D:"s 

1. We i~h  a befizoic acid s t andz rd ,  (25.2CZ oxycen) in  a  ra?ge of 
2.6-3.5 rng t o  wi thin  .C1 mg cn the  mic ro  balcnce i n r o  a 
s i l v e r  capsule.  

2 .  Fallow the  s m e  p r n c ~ d u r e  f o r  the  s tandard and s a ~ p l ~ s  as 
hlank runs. 

3 .  Thrcc s tandard 5arnples c i r  il run w i  tti the  f i v t  run Bt-inn a 
conc!i?ior,er. 4 s tandard anr! blank check a r e  T U ~ I  a f t e r -  f o u r  
hours of opera t ing  the  i n s t r m e n t  and a t  the  end oC ihe d c v .  

4 .  I f  t h e  s t s n d i r d  v a 1 1 1 p  i$ o 7 i  by . 3 E  absol~.r te ,  restzndarGi:;ticn 
. i s  performed. 

5. Analyze 3-13 rn2 of s m p l e ,  d e ~ e n d i n g  on t h e  ancunt of  cxy:er 
i~ the  sm,p le .  The samples a r e  w e i ~ h e d  t c  d e t e c t  1CCC 
rnicr&rw,s  of oxycen. (Sa rp l e s  with u n k n o d n  oxyqer, ccr te?:  
a r e  preanal yzed . ) 

Note: Standards a n d  s a r p l e s  a r e  weisned t o  achieve 1GCIC: r c i c r x r x s  
of ox_vgen, un l e s s  they ccn t a in  w a t e r  o r  c z r t o x y l i c  a c i c s .  
Then they a r e  weighed t o  ob ta in  50C t o  903 o i c r c c r ? z s  cf 
oxyse rl. 

1 .  Turn c e l l  swjtch o f f .  
2 .  Ke.2 t z r D c r a a r e  a t  1120°C. 
3. Adjust  t low r a t e  Lo 20 c c / n i n  
4. Rcnovo c e l l  and c p t . y  anode and c e l l  s o l u t i o n s  i n t o  a  po ly  

b o t t l e  f o r  waste d i sposa l .  Wash c e l l  w i  L I I  soac e n d  kia'bar. 
5. Rinse. s i l v e r  e l e c t r o d e  w i t h  acetone and wipe dry.  
6 K ~ n s e  a n t i e  i m p e ~ ~ c n t  with ?rP%fine. Use t e s t  tuke brush t 2  

r m o v e  KI and de?os i  ts on tcr  of the a l a s s  f r i  t if nece5Say~.  
7 .  P u l l  acP:.nne t h r w q h  fr i t  w i t h  a s p i r a t o r  o r  o the r  v a c c m  

source.  I f  acetone d o e s  not rlcw t t i f eugh  t l~r  f r i t  r; lpidls . ' ,  
t h e  f r i t  should tx more thcroughly cleaned o r  rre?:acei. 
Anode deposits can be rmoved  with a s a tu r a t ed  KI s o l u t i o n .  

8. 1:' d e p o s i t  i s  ev iden t  on t h e  platinum e l e c t r o d e ,  t h i s  s h c u l l  
be dissolved w i t h  1:1 HN03. In  o rder  t o  PrevenT d e ~ o s i t s  
on t he  p l z t i n s m  e l ec t rode ,  t h e  c e l l  a s s r . b l y  shauld 2e 
d i s a s s m b l e l  when not i n  use. 

9 .  Dry a1 1  c e l l  cm2cnen:s wi th  a i r  o r  n i t r g e n .  

VI .  Calcu'a t i o n  

= m i c r c x ? r ~ s  read - n i c r o c r c s  blank l,-c 'Z -Total Oxy~en  s t r i p :  tiielsnt ( m i c r g r m s )  



Values ob ta i red  frs, berzo ic  acid and 2-naphthol s tandards  s h c ~ d  tL ,2 t  
the  ana ly s i s  has a  p r ec i s i on  of G.4: r e ? a t i v e  w y t h  an 2ccuracy cf ( 2 . 2 %  
zbso lu t e  f o r  s i c ? l e  o ~ z n i c  ccrpounds, provided t he  m i c r ~ r m s  cf cxy;en 
de tec ted  i s  betweer, 400 and 1300 r n i c r o c j r ~ ~ s .  The p r ec i s i on  and acctiracy 
values  a r e  va r i ab l e  f o r  c m p l e x  organic  cmpcunds.  

To cb t a in  t he  rrzxinun accuracy and p r ec i s i on ,  t h e  s z ~ ? l e s  shzul3 
be weigk~.'  a s  a ccu ra t e ly  a s  poss ib le  with a  f ou r  p lace  c i c r c  
balance.  
The c a r r i e r  9 2 5 ,  py ro ly s i s  scru5bers  and cogpe r ' cx ide  tubes z r e  
replaced a f t e r  t h r ee ,  tdo and one weeks, resp ' ec t ive ly .  
The c o u ; m e ~ e r  s o l u t i o n  i s  chanced d a i l y .  -. 
Tne c a n o n  and q u a r z  py ro ly s i s  t u t e  a r e  chznged once a  n c ~ t i ; .  i?e 
py ro ly s i s  tube d e v i ~ r i i i e s ,  causing 2 i nc r ea se  i n  blank va 'ves .  
The py ro ly s i s  tube i s  c le?r ,ed,  rernovina f i n s e r p r i n t s  which r;,a;/ 
cause  a  s h o r t e r  l i f e  span of tlile tijbe, be fore  be ins  i n s t a l  l e i .  
The e l e c t r o n i c s  coo l i n s  fan  screening i s  cleaned t ~ i c e  a  ncnt5.  
The cz*cn i s  bur r& o f f  t h e  l a d l e  with a  bunsen burner  every dzy.  
Cons is ten t  p e e o n a n c e  of t h e  procedure reduces e r r o r s  in  the  
a r , a l y s i s . .  
A t r o u s l e  shoot ins  guide i s  l i s t d  ' i n  the  rmnual; Sec t i cn  "Tctal 
C a e c n " ,  pa. 12-14 and Sec t i on  "CO C o u l m e t e r " ,  pc. S.-l l .  2 Operation of the  C ~ u i ~ e t e r i c s  Oxy5en Analyzer should be rdin:air= 
according t o  standat-6 A P C I  QA p r o c e ~ r e s .  (Ref. 2 )  
Typical Elank runs a r e  6fi a i c r c g r m s .  
S a r ~ l e s  a r e  analyzed in  dup l i c a t e .  
Typical s t z n d a d  . va lue s  f o r  Eenzoic Acid and 2-napthol a r e  25.CC'Z 
and 11.055 respc: ively .  

IX. I n t z f ~ r ~ ~ t e s :  

Sarp les  con ta in ing  f l u o r i n e  cannot  be analyzed, due t o  t he  C i s p l a c ~ e n :  
of  oxysen in the  pyro lys i s  k 5 e .  Oxygen in  r e f r a c t o r y  metal oxides 
cannot be d e t ~ n i n ~ .  S m p ? e s  w i t h  high s u l f u r  c o n t e n t  have been 
repor ted t o  cause i n t e r f e r ences .  

The k s c a r i t e  and rracnesiurn p e r c h l o r a t e  a r e  sk in  i r r i t a n t s ,  c loves  
should be worn when handl ins  t he se  reagents .  The cou;oneter  s o l c t i c n  
has  a n  m m n i o c a l  oder Cue t o  t h e  m n o e t h a n o l a ~ i n e  contained in t h e  
s o l u t i o n .  A hood should be usec! when workin? w i t h  t h i s  so lu t i on .  
Precau;;on i s  r,eedel d , i l e  opera t ing  t h e  high tm,i;era"il;re furnaces .  



::c:s: :. ~ i ~ z t .  ~ z r a r i ? l  c , z r ~ e y  ~ u s t  be f i l  l e d  o u t  f o r  t h e  6 i s ~ c s e 1  
c i  a n e e  ar;S c c ~ ; x e t 2 r  s o i u t i c n s ,  Asc2ri;e 2 n d  r z ; 2 ~ ~ e c i ~ ; r !  

X I .  i?e:vr.cz: 

1. Cau:cr?.etrics X n c ~ r j ~ r a t d  I n s t r u c t i o n  F:anucl, I ssue  D 
2 .  A i r  P r r ; c ! u ~ L b  CR53A. C K  i , :cnuel .  



F i g u r e  1 
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GAS D R Y I b G  OXYGEN 
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GO 
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GETTER 

A Furnace and c o n t r o l l e r  w i t h  p y r o l y s i s  tube R 1  E n t e r i n g  ro tameter  
B Furnace w i t h  copper ox ide  c a t a l y s t  tube R 2  E x i t i n g  ro tameter  
C Time swi tch  S 1  Prescrubber  
F 1  F i n e  meter ing  v a l v e  5 2  Postscrubber 
B 1  B a l l  v a l v e  T V 1 ,  T V 2  Toggle va lves  



DETEFL'.I.Il\JAiICN OF SULFUR BY i % E  LECO-132 SULFUR ANALYZER 

The Leco s u l f u r  ana ly s i s ,  a  modified s tandard high-temperature combustion 

procedure,  o f f e r s  s rap id ,  r e l i a b l e  method f o r  determining t o t a l  s u l f u r  i n  

s o l i d  and l i q u i d  S?C-1 groducts .  The analyzer i s  a  nicroprocessor-based 

instrument f o r  determining the  amount of s u l f u r  contained i n  c o a l ,  coke and 

petrol  e!)m groducts . - ihe instiwmenc ~_i:~i:hust; ssmoles a t  3,5i)0°P i r ~  a  furnace sv~e?t  w i t h  oxyaen, 

which oxidizes  the  s u l f u r  to  SO, gas .  The microprocessur. fol-mulatcs t h e  

ana ly t i c a l  r e s u 1  15, w l ~ i c h  a r c  di rplayed and pr inted on the control  console b y  

combining t h e  outputs  from the i n f r a r ed  de t ec to r  and' the  system's ambient 

sensors  :./i t h  preorogranmed f a c t o r s  of cal i  b r a t i on ,  1  i n e a r i z a t i o n ,  and weight 

compensation. 

The analyzer  has an ana iy t j c a l  range of 0.005 - 99.995 s u l f u r  and accuracy 

t o  within r l ?  of t he  s u l f u r  c cn t en t .  For t h i s  model the  upper 1 imi i  of 1  i nea r  

de tec t ion  i s  0.02 g of s u l f u r .  

The a n s l y 7 ~ r  i s  capable of  exce l l en t  analytical pl-ecision and can h~ 

appl ied t o  analyze S R C - 1  r e i a t ed  products with a  s tandard deviation l e s s  than 
50. C4'; 

Prec3utions 

SRC-1 s o l i d s  zu s t  be thoroughly gruur~d (200 mcsh) and m i x ~ r i  t o  produce 

r ep re sen t a t i ve  sdmoles. 

The v o l a r l l i t y  o f  SXC-! l i q u i d s  r e f l ~ ~ i r e s  t h a t  l i q u i d s  be sea led  in  t i n  

c ~ , s u l e s  2 n d  snouid be analyzed within  two minutes of weighing. 

Sarn~les analyzed wltll l e s s  than 0.5 g sample wsiaht must be we.igiitd on a n  

anal.ytic31 ha1 ance wi t h  10.00005 g accuracy. 

Za f ~ t . /  " 

S?C i i au ids  and r e l a t e d  mater ia l  should be created as t ox i c  ma t e r i a l s .  

Gloves 3nd  a i a b  coat  should be .:.rorn t o  p ro t ec t  hands and c lo th ing .  For 

s p e c i f i c  hzndling ?recaut ions  of S?C l i q u i d s ,  see  the  U .S .  Department of Lsbor 

3.5.?,.;1. I.!aisrial S a f e t y  2 a t s  Sheet loczted i n  ihe  f r o n t  s ec t i on  o f  the  ~nanual.  



INSTRUMENTAL LABORATORY PROCEDURES 

Boron Ana l ys i s  ( A P C I  No. 237) 

Pro ton  Nuclear  Magnet ic Resonance ( A P C I  No. 301) 

OH, NH, and NH2 Ana l ys i s  by Nea r - I n f r a red  Spectrophotometry 

(APCI No. 1160) 

Meta ls  Ana l ys i s  by X-Ray Fluorescence ( A P C I  Method) 

Gas Chromatographic Method f o r  Coal L i q u i d s  Ana l ys i s  

( A P C I  Method) 



Th;! i p i = r ; r ; i n ? ? . i n ~  n i  t . r . ? c ~  qil,?nt.if.i~-i n f  b n r n n  i n  an  r ; r ? a n i c  m a t r i x  i s  
? o s s i b i e  b y  t h i s  ~ e t h o d .  The d i g e s t i c , n  i s  a  v e r y  c l e a n ,  q u i c k  p r o c e d u r ? .  
I ne ~ r . ? p h i  t?  T v r n z c e  i s  u t i  l l z e a  because t h e  c o n c e n t r a t i 2 n s  o i  i n t e r s s c  a r e  
\1~1.y n l a r  :?? d2tocticn 1 i m i i s  o f  c o n \ ! e ~ t i o n a l  il*me Atomic  A h ~ ~ r p t i o n .  
S m o l e s  a:r!zi:;zsd by t h i s  p r o c e d u r ?  t c  dace r a n s e d  f r o m  10 t o  60 ppn  b o r o n .  
-r , h e  d e t e c ~ i 3 n  l i m i t  u s i n g  t h e  g r s p h i i e  f u r n a c e  i s  a p p r o x i m a t e l y  4 ug /g  b:/ 
t h i s  mechcd. A l o w e r  d e t e c t i o n  l i r n i t  can be  a c h i e v e d  by a d . j u s t i n g  v a r i c u s  
. : x r?e r i z l?n t~ l  s s r a n e t e r s ,  e . a .  , f i n a l  sanlple i n j e c t i o n  vo lume,  i n i  t i a ;  szc;ple 
w e i c h t  ;no f i n a l  a i l u t i c n  volurce.  Fu rnace  p rog ram t i s e s  Ray need i o  5 2  
a d j u s t e d  ~ i h e n  ~ x p e r i i n e n t a l  p a r z n e t s r s  6 r e  cbanaed. 

! I. APP?,?ATVS 

A. P a r r  1241  . 4 d i a b a t i c  C a i o r i n e t ? r ,  P e r r  I n s t r u m e n t .  Company, I501 i n e ,  
iL 61255. 

3.  P a r r  1193 Oxygen Somb, P a r r  I n s t r u s l e n t  Company, ; l o l i n e ,  I L  51265. 

C .  h r r  43L.s s t s i n i e s s  s t e e l  c o m b u s t i o n  c a p s u l e s .  P a r r  I n s t r u m e n t  Cc,zp?ny, 
501 i q e .  l k  5 i255 ,  

9. Fuse ::ire ( n i c k e l  51 lo:/ w i r e )  45C:G P a ~ r  i n s t r u m e n t  Coripany, i t01 i n e ,  iL 
... . ,, .. - 
^ I  .i- 

-. = 5oinb He?@ S u c ~ o r t  S t a n d ,  A3SA,  P a r r  I n s t r u m e n t  Cornpzr;~,  i l o l  i n e ,  
5'1255. 

H. F c r k i n  El3e!-  HGA 303 G r a p h i t e  Fu rnace ,  P e r k i n  E lmer  C o r p o r a t i o n ,  
F;cr:va 1  k  , Z T  05355. 

i .  G r a ? n i i e  T ~ b e s ,  ? ; ~ r c l y t i c b l l ~  Coated,  029C-i807, P e r k i n  E l m e r  
C o r p o r 2 t i o n ,  I :c rwa l  k ,  CT 66556.  

- - 
J. 16 r i c r c l  i t a r  Ezpenaor f  ; l i n e t ,  21-273-2, F i s h e r  S c i e n t i f i c  C ~ c ~ a n y ,  K i n g  

s f  2 r u s s i a ,  ?.q 19495. 



L.  135 r-11 pc lyprnpyiene  i l  a s k s ,  53 n l  r ,olyprc?yl?ne v o l u ~ e t r i c  f ?  z s k s ,  
F i s h e r  Sc i3n: i i ic  Ccn?any, King a f  ? r 3 s s i 2 ,  ?A 19406 

. 256 nl poiyeth213ne beake r s ,  F i s h f r  S c i 2 n c i f i c  C ~ n p a n y ,  :King of ?r:issi? 
F,; IGd96. 

I .  Y 3 l ~ z e f r i c  ? ; g e t s ,  ! n i ,  2 n l ,  3 91 2nd 10 m1,  F i s h e r  S c i m t i i i c  
Company,, Kin: c i  P r u s s i a ,  PA 19106. 

. ' i ~ l u ? ? ~ t i - i c  f i a s i s ,  iO c?l ,  i i ~ j s  A, F i s h e r  S c i l n t j f i c  Cmpany,  Xing o i  
Pruss i a  ,. P A  19406. 

A .  Calcium Fli t r 3 t ~  4 -hydra t e ,  r e?gen t  grt;Ge, J .  T .  Eaker Ci.iemicc1 Cci?sany, 
Phii 1  i psburg ,  : . I ; .  

3 C)ne Per-cent Caici~irn (1:; Ca) S o l u t i o n  
Preqare  a  1:; Ca s o l u t i o n  by d i s s o l v i n g  15.7 g  of ca lc ium n i t r a t ?  
4-hydra te  i n  250 rnl c f  d i s t i l l ~ d ,  de ion ized  wa te r .  

D .  100 ppm Bcron S o i u t i o c :  ? i p e t  10 nl of the 1,500 2pn >.A 2 e f ~ r e n c c  
c .> iu i ion  i n t c  2 136 n?  ~ o l y p r o p y l e n e  vo lume t r i c  : ?a sk .  G i l u i e  t2 vn!~ :se  d .  

1;jith d i s t i l  l ed  waT.Pr. 

1.  ?oron St .?ndards:  
? i 3 f t  6, 1, 2 ,  a n d  2 m i l l i l i t e r s  of iG0 ppn ?oran  s o l u t i c n  i n t c  < 
r e spec t ' ve  pc? ;~propylene  volurne t r ics .  Piper: i O  ill o f  t h e  1's , C ?  
s c l u t i g n  i n t o  "ch of t h e  v o l u m ~ t r i c s .  Acid i fy  x i t h  2 droos of 
concen i r a t ed  c i t r i c  a c i d .  D i l u t f  t o  100 wi th  d i s t i l l 5 6  ?12ter .  
[ C ,  1. 2 and 3 ppn Soronj  

c . . l i a r e r ,  d i ; r i ; : ? a ,  de ionized  and f i l t e r e d  thrcugn a  0 . 2  u f i l t 2 r .  

G .  / , roan,  ccrnmerc'ai ~ r a d e  , A P C I  , Trex? e r ~ o w n  ? PA 12105. 



METHOD $237 

1 I!. ?EAGE?ITS I Cant,. ) 

I .  ' l i t r i c  .Acid, HNC,, reagerlt  g r a d e ,  F i s h e r  S c i ~ r r ~ i . f i c  Csmpany, King o f  
P r u s s i a ,  ?A 19406. 

2 .  ,:'?thancl recg?nr: g r ? d e ,  F i s n 3 r  S c i e n t i f i c  Company, King of  P r u s j i c ,  
PA !0406. 

- K. 5x,g;.n, connerc i ; l l  g r a d e ,  A P C I ,  ~ r ? ~ I e r t o r r n ,  PA 18106. 

Caution shou.1 d 5 e  er.tlrScl sed rj/h;17 u39'ng t h e  oxygen comhust.ion Isornb. ? g t  G o r e  
t han  one gram a f  s a ~ p l s  should  be ussd  when f i r i n g .  Also p r e s s u r i z i n ?  t h?  
bcmb 5houl d he cone c l  owlv. A1  1 recommenaed P ~ G C E ~ U ~ P S  i n  hand! ing riiiner;l 
a c id ;  - ~ i ~ d  ~ C l i c t i ~ s  shoti1< be f c i l o t r ed .  F i n a l l y ,  t h e  o r a p n i t e  r u b ~ s  n i  '.?IS 

fu rnac?  ~ a c h  t e m p e r s t u r s s  o f  up t o  300OCC a r d  should  be a1 lowra t o  ccc l  
between a n a l y s i s .  

?!ethanol i s  6 flammcble 2nd t o x i c  chemica l .  I t  should  be used i n  ;1 !..:ell- 
v e n t i l a t e d  a r ea  and kept ?wdy from a l l  apen f l m e s .  

1. !deign ane  g r j n  o f  s a m p l r  !.:I t h e  n e a r e s t  6 . 1  n i l l i g r 3 m  i n t o  the :?roc! 
s t a i n l ~ s s  s t e e l  sc;r;ipl? cups .  (The c o n c e c t r ~ i i o n  of baron i n  t n e  
f i n a l  samole vo luce  s h o u l ?  be between 0 . 2  ug/s i  and 1 . 2  u ~ / n l . . !  

. C u t  i 2  cn  o f  f u s e  wir?  2nd a i t a c h  t o  t h e  e l e c t r o d ~ s  a s  i l 1us t r s t . a  
i n  F igure  1 .  ( ~ t  i s  nor, zecessar?;  to submerge m i  I e i n  a pawticreci 
cx ip !e ,  s l  i ~ h t ? : !  above should  be sufficient. Ti:'. cup s l  igi?tl:/ ?:lay 
from s t r a i g h t  e1ec:rcde.j  

4, P i p e t  10 ml c i  d i s t i l l e d  w a t e r  i n t o  bomb cylinder. 

5 .  C a r e i u l ? ~  p i a c ?  t h e  honb hezd i n t o  t h e  bomb c y l i n d e r .  

5 .  Scz t h e  screw cap  cn ti?? c y l i n ~ e r  a n d  t u r n  i t  dcnr~  by hsria. 

7 .  ? 1 d c 2  t h e  rei ; t i !?g sn thc 21;d 12f ';he c,:.:!/"n has? j i ~ t ~  t h e  inl.1 v.?i:.e 
soc!ket c f  b m b .  ??en cxygcn >.16i\!? nor ;ore than sne  q u a r t e r  :urn. 
P r e s c u r i z e  t o  3C p s i ,  c l a s e  v ~ l v t 2  ana r ? i p z s e  p r 2 s s u r e  S;J pushinq 
d o w ~  211 r e i  i s ? i  v 2 1 v e .  



3. F i l l  s t z i n l e s s  s t e e l  bucket  !,iirh tilo l i t e r s  of d i s t i l l e d  );/at?r 2nd 
3 1 2 ~ 2  i q t o  ca lo r in i ? t e r .  

9 .  Plac? bomb i n s i d e  Suck2t u s i n s  tongs  p r ~ v i d e d  by P i r r ,  a i t a c h  i s a d  
wires  t o  bomb k a d ,  2nd c i c s e  1  i d .  

15 - .  . Allow a  :?:.I minutes . f ~ r  1 !qg i l i b r " i3~  and igni  t=. s31noie, .?llt;w r:::+ 
minutes  f s r  e q u i - i b r ~ t i o n  a f t r r  i g n i r i o n .  

11. Remove bomb from !.rater, t n o r o u g h l ~ ~  s h ~ k e  ~ h !  Sc~nb f o r  crte sinut.2 f o  
absorb  a l l  of t h e  comcust<cn products .  

7 - 
L ~ .  Slowly 6nd carefull:! r e l s a s e  t he  bomb p re s su re  by t u r n i n g  knur iea  

scrsw on bonb head. 

13. ;!ash bomb conte t i i s  i n t o  256 ~1  polye thyiene  beakers  w i th  distilled 
wz/jter. 

14. F l e u t r ~ l  i z e  sampie :./i t n  NaOH and pi,.ice on a  .;t~?.rn bath  t o  .?\/apcrace 
sarrgio r o  abcut  f i v e  nil. 

15. ~ u z n t i t a c i v e l y  t r s n s f e r  c o n t e n t s  s f  b2akr~r  i n t o  a 52 :ni ?c;iypro- 
@ylene  \ !oiunetr ic .  Rinse r h r e e  t i w s  wi th  t h r z e  n i l  1 i l  i 2 r  a1 iqt iots  
of d i s t i l l e d  wa te r .  I f  t h e  s a n p l d s  2xp3ctzd t 3  n a v ~  a  cSnc?cr r?-  
t i o n  l e s s  than  10 us/!, a  10 z1 ? l a s s  volur ie t r ic  would b.? ?dvis:bie: 

1 - ,6. 3 i l u t c  t o  volc;r~!t! !dl.eh d i s r i  l l ? d  ivater .  

1 7 .  Prepare  a  blar,k i n  same manner us ing  cne ilii m e t h a n ~ l  Ynr blink 
coinbustion. 

1. The g raph ic?  furnace i s .  i n s t a l l n d  a n d  .tl i ~ n e c  i n  accordance t.vich :!?? 
m a n u f a c t v r e r ' s  reiercr:cn manual. 

2 .  The boron lsmp i s  a1 i ~ n e a  biith f u r r a c e  tilt?.' c u t  ~f j ~ m p l t  k23rfl. 

3. 3e s i i re  wa te r  i s  flowin: t h r . ? u ~ n  f5rr :ace c c o i a n t  c::sts!n G : ; C  Ci-SPf i  !S 
on. 



, i ,  Pt.:::rjram for  f u r n a c e :  

; ; ;:-t r ;/ 136°C 2 , \ P I . - .  0 I, ' 933°C 3)Atom 2705" 
$ 5 r ~  !C qc:c ?an13 1C 5c.c k!?rnp '1 secv 

;lo! d  ? , G I G  56 SE'C Hold zc :St ? SPC 
2ead 

- - 5 
9ec 

- - 3 - - 
I n t  Flow l 2 u  

4 t h  st?? t l ? 3 n c u t  Tzap 2700°C Rec on 
2.ani; 2 snc 
i ic lc i  2 sec 

5 .  S p ? c t r o p h o t = ~ e t ~ r  sho.uld be i n  Ho ld ,  Peak H e i g h t ,  and . X - 3 G  aoc?;. 

5.  Us2 a  f r l s h  p ; / r o l i t i c ~ 1 1 y  coa ted  @ r ; _ p t t i t e  tube ,  i ~ i s t a l l  ?nd 
c o n d i  t i ~ n  3 s  o u t 1  i n e d  i n  n? inu iac+ur~r ' s  c p e r 3 l o r  mai iuai .  

7 .  Szmple  w i l l  be  21lall;zea bj l  method o f  s t a n d a r d  a d d i t i o n s .  

8. J i t h  25 ~ i c r o l i t e r  E c ~ e n d o r f  p i p e t ,  p i p e t  25 r n i c r o l j t e r s  3 f  s a m 7 e  
, e;.Id 25 r ; ; i c ro l  i i s r ;  n i  il ppm 3 5 !?ndord ccr?ca;!:ing ! C C G  Dpm C Z + ~ .  

" :ii 7 s t c r t i c ,  t c p  S u t t c n  on Furrlace Progrimmer t o  i n :  ti?.;? i ~ r n r i c e  
Fror;r,?m. 

10. 9ecarci ? ~ a k  h e i g h t  cn spec t r ophc t cme te r .  

1 .  ? 2 ? ~ 3 ' i  i ~ a 3 s  ci- ; f i  f o r  s a m p l ~  1. ~ u b s i i i u t i n g  1, ? c d  3 ; n i c r ~ ? r c . n  . .  - 
a ? r  - i i l i i t?r k ~ o r - ~ n  stand.2rcs c c n t a i f i l n g  120G pac  i b  - - t i -  Ci - - - 
;. ;sfiC2 P3. 

12. All;lyzn b l z f i k  ?nd  s3np les  i n  same manner. 

4. 3ez.2rni9.3 :h? ? ? 3 k  ! :e?ant r e a d i ~ c s  f o r  e:ch a d c i i t i o n .  F l c t  t h ?  r e a d i n g s  
,:gzi f i s t  :he aaded c o n c s n t r z t i o n .  i x t r ? : p o i  a t e  ;he r e s u l  t i n s  s t r a i g h t  - 
1  i n ?  t h r c u g h  z 2 r c  absorbanc.2. r he i n t 2 r cop ;  cn  t h e  c o n c e n t r ~ t i o n  ~ : < i j  
; iv?s :h? c c n c c n t r a r i ~ ! :  t h e  i x c t a l  i n  :np n i l u t l d  ;ample s o l u t i o n .  
c xen7 i i z ; ed  i n  F i ~ u r ?  2. 



3ORGN BY GRAPH!TE F i ' E l l A C i  ..ITC?IIC S3SORPTICH 
* I C  V h ,  u > l : > G  PARR 0;iY.zEi.i 30?13 DIGESTIO'I 

3 .  < a i c u ! a t 2  t h e  c r n c 2 n t r a t i o n  o f  b c r o n  i n  t h ?  o r i g i n a l  5zmpie as f o l l c w s :  

C = c o n c e n t r a t i o n  f r o m  s tanda rd  a d d i t i o n s  i n  n ic rograms/mi  11 i 1  i t e r  
!,' = d i l u t i c ~  volume i n  m i l l i l i t e r s  
li = w e i g h t  o f  s a n ~ l e  i n  grams 

A .  F r e c i s i 3 n  was determifie.d f r om  7 rep1 i c a t e  d e t e r r i n a t i c n s  c i  I!BS Si7i.I 1571 
Orchara Leaves. The r e s u l t s  o f  t hese  d e t e r m i n a t i o n s :  

3. Accuracy !.{as de te rm ined  by compar ing t h e  7 r e ? ]  i c z t e  va l ues  o f  !,iSS S2I.l 
1 5 7 1  co t b e  rer,;rted c e r t i f i e r !  v z l u e .  The Mean v a l u e  o f  t h e  7 
d e t e r s i n a t i o n s  was 32.822.8 ug/g cornp?ir?d w i t h  t h e  F!BS v a l u e  o f  
2;i3 ucj/g. 

A l c n ~  w i r h  t h e  2bove p rc~ceduros ,  some .of  o u r  a c t s a l  s a ~ p l e s  were 
ana lvzed  by  3 3  o u t s i d e  l a b o r a t ~ r ; !  2nd t h e  v a l u z s  were  compared. T h o  
a n a l y t i c a l  ciethoa ussd  by t h e  o u t s i d s  l a b o r a t o r y  was c o l o r i m e t r i c .  The 
r e s u l t s  o f  t h i s  co~npa r i son  ? r e  f r o m  s i n g i e  t i e r e r n i n a t i o n s  f o r  b o t h  l z b s  
excep t  >;/her? i n d i c a t e d .  

*dup l  i c a r e  r e s u l t s  

A S  e x ~ n p i i f i e d  bv t h e  d a t a  f o r  t h e  :,iES SRM 157: r e c o v e r y  was abou t  !30?; t h ~  
a c t u a l  f i g u r e  i s  93 5 8%. A l so  an organorneta l l  i c  s t a n c ? r d  was used t o  check 
r?cover l / .  To f a c i l i t a t e  the use o f  t h i s  s t z n d a r d  me thy l  i s o b u t y l  k? tone  l;/aS 
z u b s t i t u t c d  f;r methanoi  s i n c a  t h e  o i l  base i n  > ~ h i c h  :he ? r ? a n i c  sui~Cv7?.t? 
:/as a i s s o i v e d  i n  w3s n o t  soluble i n  ~ e t h a n s l .  3 a t 3  f o r  t h i s  ; s  l i s Z ? d  i n  - 
l z b l ?  1 8 n e  T"b l?  2 .  



3C2OPl BY G2AFHITE F!JR;idCE ATOCIIC ABSC4PTION 
iJSIIJG F A R R  CX'tGEi,! 3G.18 DIGESTIOPI 

3LIAI- I T Y  .ASSU?Ai.iCE 

A .  Tke r ~ s u l t s  s h c u l d  n o t  t 'e cons i de red  sus?ec t  u r l l e ss  c i u p l i c a t e  ;st?r:rrin,?- 
t i 3 n s  d i f f o r  by  more t h a n  2 t i n e s  chc s t a n a a r d  d e v i a t i o r ?  ( Z G )  o r  17.9':. 
The f o l i . : \ ~ i n g  c h a r t  shouici mv." is a gu i de  t o  a ~ c ~ p t a b i ~ '  1  iniits, 

2oron  u?/q P r e c i s i o n  ( 2 3 )  

3. The q u a l i t y  c ssu r snce  ~f t h e  a tom ic  a b s o r p t i s n  s p e c t r o p h c t o ! n e t ~ r  2nd 
ba l ance  shou ld  be comple ted  i n  accordance w i t h  t h e  CRSC A n a l y t i c a i  
S e r v i c e s  q . A .  Prcgram Guide1 i n e s  i~ lanua l  . 

C. i3orcn z t anda rds  s h o u l d  be p repa red  f rom I-.!le i O O O  ppm i -e fe re r l c?  _c (? lu t io ! i  
3:reekly. 

i .  T h o  : f c?e ra tu re  p r o f i  1s :or f f ~ r f n t  a t o n i  c c b s ~ c ? t i o n  
sp?c t r opno tome te r  shou ia  be a a j u s t e d  t o  a c h i e v e  op t imus  j ~ ~ s i t j v i t ~ .  

T ~ n e  sano le  i s  c cnbus tod  i n  a  30 ? s i  oxygen atmosphere and the  coron i s  
.3!1sarSec i ~ t o  18 m i l l i l i t e r s  o f  wac2r.  Ths c o o o u s t i o n  is done i n  a :??lea 
s t a i n l e s s  s t 2 4  cconbust ion bomb wh ich  i s  i n m s r s t o  i n  a c o o l i n g  Ssth. 

-, I g n i t i o n  c f  t h e  sample i s  done e l s c t r ~ n i c s l l : ! .  : ; ie  sampl? i s  t hen  t i i ! ~ , e d  
t o  volume 3rid t h e  bo ron  a n a l y z e d  Sy G r a p h i t e  Furnac?/Atorn ic  . <bso rp i i on  
S ~ e c t r c ? h o t o m e t r y .  



: 
2 - 
5 

Decheck 1 

2ESIJLTS CF ALCOA SCL IPS S P I K E 9  !!iTH Af-! ORGAiiO7.'ET>.LL I C  
SORC8 ST.Y;DA.R.D 

lii  c r c . ~ ; r ~ n s  ~:ii crograms i c r  X i  crsgrsms 
S z m ~ i  2 f r o m  s3i-iloie added 3it i i i i :  found :! 2.2 c ?*I? !-*.I 

* B y  Q l e s t  cia;? p c i n t  czn be d i s r 2 ~ 6 r c e d .  
Q u a n c i t a t i v 2  Anal,:/ticzl Chemist,!-y, 3rd  E d i t i s n ,  
,james S. F r i t z  and S s o r ~ e  5 .  Zchenk, Allyn as6 3acc.11 inc .  1GT4, ?p 3 7 - 3 ?  

, " 

R.ecovery us ing  hSS 55;: 1571  :>rchzra l e aves  $9 f 9:; i n  q e t h ? n o ? .  



4. ;?rr  i ~ s t r ~ m e n t  Cc.,  > , i o l i ~ e  ;L, Ins t ruc t ic . ! i s  f o r  t h e  1241  2nd l 2 4 2  
,Adicbat!c C a l o r i n e t e r s .  

2 .  B a i i e y ,  ,1 .  , I . ,  Gekrhirlg, 3. G , ,  Anal. Chern. 3 3 ,  1750-2 i : ; i ' i j l ) ,  

2 .  Lindah l ,  P .  C. ,  Pap?)-  5 3 .  670 a t  :Z81 ? i i t sb t ! rgh  Conferzcce ?nd . - r ~ ( ? o s i t i r ; r :  -.. sn iina1;i.c; c a l  Cllerlrist!.:! ,and Apsl i ? d  S=ectr,;;c5?y, :!ti ?!;sic 
C i t y ,  . I ; .  

E .  P e r k i n  Elnor Corpora i io i ; ,  Nor!vai?, CT,  HGF,  596. 5 r ; l ~ h i t e  F!jrnic? 
i2 ;c ra t s r ' s  i+r?ual. 

i. Perkin  E l a f r  Corpor31ion, Norwalk, C T ,  Analy t ic2 i  ?iethods f o r  i t ~ . . m i c  
P . b s ~ r o t i ~ r i  Spec t ropno toce t ry .  

, C2S3 A n ~ l y t i  c a l  Se rv i ce s  (3A Prnyrsci Guiasi i ne s  



ANALYTICAL METHOD #201 

PROTON DISTRIBUTION OF COAL-DERIVED LIQUIDS 
BY N U C L E A R  MAGNETIC RESONANCE 

1. SCOPE: - 
This  method i s  f o r  t h e  d e t e r m i n a t i o n  of t h e  p ro ton  d i s t r i b u t i o n  i n  c o a l -  
d e r i v e d  1 i q u i d s  by n u c l e a r  m~agnet ic  resonance (NEIR). 

2. PRINCIPLE: 

The sample ,  d i l u t e d  t o  25% w i t h  d e u t e r a t e d  ch lo ro form,  i s  p laced  i n  a 
h i g h l y  homogeneous magnetic f i e l d  of  abou t  14,000 gauss .  A c o i l  surrounds  
t h e  sample and i s  used t o  s u b j e c t  t h e  sample t o  a weak rad io - f requency  
s i g n a l .  The i n t e n s i t y  of a b s o r p t i o n  of t h e  r a d i o  f requency s i g n a l  i s  
p l o t t e d  a s  a f u n c t i o n  of  i n c r e a s i n g  magnet ic  f i e l d  s t r e n g t h .  The magnetic 
f i e l d  s t r e n g t h  a t  which a nuc leus  absorbs  energy of  a p a r t i c u l a r  r a d i o  
f requency i s  dependant on t h e  chemical environment  of  t h e  nuc leus .  Thus,  
proto'ns i n  d i f f e r e n t  l o c a t i o n s  i n  t h e  molecule ( f o r  example,  a romat ic  v s .  
a l i p h a t i c  l o c a t i o n s )  absorb  a s i g n a l  a t  s l i g h t l y  d i f f e r e n t  magnetic f i e l d  
s t r e n g t h s .  Also ,  t h e  i n t e n s i t y  of a b s o r p t i o n  of t h e ' r a d i o  f requency 
s i g n a l  i s  p r o p o r t i o n a l  t o  t h e  number of  n u c l e i  c a u s i n g  t h e  a b s o r p t i o n .  
Consequent ly ,  t h e  pe rcen tage  of  t h e  v a r i o u s  t y p e s  of  hydrogen atoms 
p r e s e n t  i n  a coa l -de r ived  l i q u i d  c a n ' b e  determined by i n t e r p r e t i n g  t h e  NI,!R 
spectrum. The hydrogen a r e  d i v i d e d  i n t o  t h e  f o l l o w i n g  f o u r  groups:  

(1)  H A  : aromat ic  hydrogen (may a l s o  contain 'some of t ~ e  p h e n o l i c  
coipounds) ;  'b = 6 . 0  t o  9.0 ppm 

( 2 )  H,, : hydrogen' on s a t u r a t e d  carbon a d j a c e n t  t o  an a romat ic  
r i n g  ( i n c l u d e d  a r e  methylene and methine p r o t o n s  of hydro- 
a romat ic  r i n g s ,  oc methylene and methine , p r o t o n s  of a1 i p h a t i c  
s i d e  c h a i n s  and a4: methyl g roups ;  no t  i n c l u d e d  a r e  methylerte - 
t o  two a romat ic  r i n g s  such a s  t h e  methylene group i n  9 , 1 0 - d i h y c r s -  
a n t h r a c e n e ,  diphenylmethane o r  f l u g r e n e  s i n c e  t h e y  a b s o r 5  f r c n  5 
= 3.6 t o  S = 4 . 3 ) ;  S = 2.0  t o  3 .5 ppm. 

( 3 )  H g : methyl ene o r  methi ne p r o t o n s  of  s a t u r a t e d  c o m ? o ~ ~ n d s ,  
s i d e  chairis  methylene o r  methine groups ,9 o r  f u r t h e r  from an 
a romat ic  r i n g ,  .and ,d methyl g r o u p s ;  S = 1 . 0  t o  2 .0  ppm. 

(4) H % : methyl groups of s a t u r a t e d  compounds o r  methyl groups 'd 
o r  f u r t h e r  from an a r o m a t i c  r i n g ;  S = 0 t o  1 . 0  ppm. 

The H and H a  peaks a r e  n o t  wel l  r e s o l v e d  and t h e  d i v i s i o n ,  1 . 0  ppn,  
is  somewhat a r b i t r a r y .  



ANALYTICAL METHOD #301 

PROTON DISTRIBUTION OF COAL-DERIVED LIQUIDS 
BY NUCLEAR MAGNETIC  RESONANCE 

3. APPARATUS: 

A. High Resolution Nuclear Maanetic Resonance S~ectrometer 

Equipped for proton resonance 

B. NMR Tubes 

5 mm t h i n  wall tubes (Stohler Isotope Chemicals, Waltham, Massachusetts, 
Catalogue No. 5-5). 

Caps for NMR Tubes 

5 mm caps (Stohler Isotope Chemicals, Waltham, Massachusetts, Catalogue 
No. SPC-5). 

8. Syrinae and Syrinae Needle 

2 cc capacity syringe with 2" 1engt.h needle (Stohler Isotope Chemicals, 
Wal than, Massachusetts, Catalogue Nos. 527500-2 and SSN-55). 

E. Vials - 
Speelmen, screw cap ,  5 ml capacity (A.H.  ihomab LO, Philadriphia, 
Pa. , Cztal ogue No. 971 0-024). 

F. Pasteur Disoosable Pipets 

A. H. Thomas Co., Catalogue No. 7760-B26. 

4, REAGENTS 

A. Chloroform - d, & 1% TMS 
I 

Stohler Isotope Ch~rncical s Wal tham, Massachusetts, Catalogue No. 
0322. 

Tetrarnethvlsilane (YMS) 

Stohler Isotope Chemicals, Waltham, Massachusetts, Catalogue No. 
3275. 



ANALYTICAL METHOD X201 

PROTON DISTRIEUTIGN OF C24L-DERIVED LIQUIDS 
BY N U C L E A R  MAG;IETIC RESONANCE 

P R O C E D U R E  

A. S z m ~ l e  P r e o a r a t i o n  

Using a  2 c c  s y r i n g e ,  t r a n s f e r  0 . 5  ml of  sample t o  a  5 ml g l a s s  v i a l .  
Then, edd 1 . 5  ml of c h l o r o f o r a  d l  & 1% T1.15 t o  t h e  v i a l .  Swir l  t h e  
v i a l  u n t i l  a  uniform s o l u t i o n  i s  ob ta ined .  T r a n s f e r  a p p r o x i n a t e l y  
h a l f  of t h e  d i l u t e d  sample t o  an N M R  t u b e  ( u s i n g  a  d i s p o s a b l e  P a s t e u r  
p i p e t t e )  and cap t h e  tube .  

NMR S ~ e c t r u m  

For t h e  b a s i c  o p e r a t i o n  of the'NKR s p e c t r o m e t e r ,  r e f e r  t o  Pi rkin-Elmer  
Manual No. 5600-30648, "Model R12B N M R  S p e c t r o m e t e r ,  O p e r a t o r ' s  
Manual". 

(1) I n s e r t  t h e  N A R  t u b e  c o n t a i n i n g  t h e  d i l u t e d  sample i n t o  t h e  
probe and a d j u s t  t h e  s p i n n e r  a i r  c o n t r o l  s o  t h a t  t h e  sample 
s p i n s  smoothly between 30 and 60 rev/=iec. 

(2)  P o s i t i o n  t h e  TMS peak a t  0  b , u s i n g  t h e .  f i n e  and c o a r s e  f i e l d  
s h i f t  c o n t r o l s .  

( 3 )  The fo i lowing  a r e  t h e  normal NMR c o n t r o l  s e t t i n g s :  

Sweep Range: 0  - 10 ppm 

Sweep Time: 5 min 

F i l t e r :  2 

HI Level: 8 

S e n s i t i v i t y :  2 

(4 )  Record t h e  spectrum of t h e  sample. 

(5) Immediately a f t e r  t h e  spectrum i s  r e c o r d e d ,  i n t e g r a t e  t h e  peaks.  
I f  t h e  b a s e l i n e  i s  n o t . l e v e 1  b e f o r e  and a f t e . r  a  group of peaks ,  
i . e . ,  t h e  i n t e g r a t i o n  b a s e l i n e  i s  n o t  l e v e l  when t h e r e  a r e  no 
peaks i n  t h e  spect rum,  t h e  pnase may need t o  be a d j u s t e d .  The 
c o r r e c t  phase ad jus tment  i s  c r i t i c a l  t o  t h e  accgracy o f  t h e  
i n t e g r a t i o n .  



ANALYTICAL METtiOD #?01 

PROTON DISTRIBUTION OF COAL-DERIVED LIQUIDS 
BY NUCLEAR fq!AGNETIC RESONANCE 

CALCULATIONS 

A. Record the macnitude of the drop in the integrator trace between the 
following field shifts: 

(1) S = 6.0 ppm to 9.0 ppm (HAR) 

(2) = 2.0 ppm to 3.5 ppm (H , ) 
(3) S = 1.0 ppm to 2.0 pprn (H ) 

(4 )  s = 0.0 ppm (not including the TSM integration) to 1.0 ppn 
( H y  

B. Normalize the,integrated areas to 100% and report the results. 

7. REPEATABILITY 

Although a repeatability study has not been performed with this method, 
literature values for the error measurement of this method do not exceed 
+5 percent, relative. - 

1. Anderson, R. P. , Evo.jution of .Steady State Prccess S o l v e ~ t  in the 
Pittsbura and ~ i a E y  Solvent Reiineo Coai Prscezs, Symposium on Coal 
Processing, AIChE, 20 August 1974. 

2. Brown, J .  K., Ladner, W. R. and Sheppard, N., Hydrc~aen Distribution of 
Coal-like blaterials, Fuel; Vol. 39, 1359. 



E s t i c a t i o n  o f  OK, ?iP and NH2 C m c 2 n t r a t i o n  
i n  Me thy l  ene C h l o r i d e  S o l u b i e  / * z c ? r i a l s  

(S2C L i q u i  f a c t i o n  P r o d u c t s )  

I. SCOPE: 

T h i s  method i s  des igned  t o  q u 2 n t a t i v e : y  me2sure b y  n e a r  i n f r a r e d  spectrcscn;y 
. . 

t h e  amount o f  G i ,  NH and NH2 f u n c t i o n 2 1  grcups  p r e s s n t  i n  a  sampl? o f  m a t ~ r : ?  I 

s o l  u51 e  i n  me thy lene  c h l o r i d e  ( t y p i c a l l y  S2C l i q u j  f c c t i c n  p r c d u c t s )  b y  
c c ~ p z r i s c n  t o  r e f e r e n c e  m a t ~ r i  21s.  ( z a f e t y :  See y c t 2  1  ) 

A we i5hed a s o u z t  o f  sarnpie i s  d i s s o l v e d  i n  10 m i  c f  n e t h y l e n e  c h l . o r i d z  t r z n z -  
f ? r r e d  t s  a  1  cm p a c h - c e l l  and mezsured b y  t h e  nea r  f n f r a c e d  s p e c t r o r h o t z s ~ t r y  
The absor5ance o f  t h e  OH, Nt l  and NK2 f u n c t i c n a i  g r o u s s a r e  m ~ z s ' u r e d  a t  t h e  
wa l i e i enc th  m ~ x i m u ~  f o r  0% (?r 2T9C),  NH (-2E!25) and NH2 ( -2950) .  S i r l ce  t h s  
absorbance o f  each f u n c t i o n a l  g roup  i n  : heterogeneous  samples, such a i  S?.C 
1 i q u i f a c t i o n  p roduc t s ,  i s  t h e  average o f  many ccmpcunds c c n t a i n i n p  cne o r  
mcre o f  t h e  z@ove f u n c t i o n a l  g roups ,  t h e  pezk r a x i n u m  zcd  t h e  a b s s r t z n c f  o f  
any  f u n c t i o n z l  g rc t ip  i s  t h e  ave rzge  o f  211 c o ~ p o u c d s  h a v i n a  t h a t  one f u n c t i c s i ;  
Grog?. F o r  t h e  purpose o f  t h i s  t e s t  t h e  abscrSance o f  the ezc5 f u n c t i c n ~ i  . . -  
9rc.u; a t  t h e  wavo ieng th  i cax incn  i s  as.sumed t o  ecjtiz? t o  t h a t  c f  B - n z e n r c c . ~  -. 
( O H ) ,  c s r S a z o l  e (Ni:) o r  1  -aninor,api ' la!ene (IIH~). I ce5e  c o ~ p o ~ n d s  i r e  
2s s:?n6~rc! r e f s r e n c s  n i s t e r i z i s  t c  e s t i m a t e  t h e  w e i g h t  percez: c f  0 2s C : ? ,  
N as N l i  and P i  as NH2. 

GPLC Grade,  Cat.  No. 450 ( 3 o d r ~ a n  C h e m i c ~ l  Co., Y e d i a ,  P ? . )  

S S = ;  pu re ,  Cz t .  No. iESEir-7 ( A l d r i c h  Chernic3: Co. , F i l w a u k e s  , I l l is . )  

>99:; pu re ,  C a t .  No. C-3GE-1 ( A l d r i c h  Chemicz: Co.,  i " l i lwaukee,  Wis . )  

3.  1 - . h i  nooz,2h t h a  ;?ne 

,525 pure ,  Czt. flc. A65,S=1 (A1dr'c.i C h m i c s l  Co.. , ;.l i iwzuksu, C l i ~  . )  



E s t i , ~ a i i c n  of CE, NE and NE2 C c n c c n t r a t i c n  
i n  Metf1yls.e C h l o r i d e  S o l ~ b 1 e  b l a t f r i a l  

( S R C  L i q u i  f a c t i c n  P r c c u c t s )  

10 m l ,  C l z s s  A,  C z t .  No. 10-2l39A ( F i s h e r  5 c . i e n ~ i . i . i ~  Cu., Kir! j :  o f  
Prus: i a ,  Ps . ) 

P 3 s ; t ~ r ,  k t .  NO. 13-573-206 ( F i s h e r  S c i e n t i f i c  Co.,  K i n ?  o f  Prus  j.;'?, 

P a . )  

1 r;-il b u l b ,  C a t .  No. 13-578-4A ( F i s h e r  S c ' e n t i f i c  Ca. ,  K ing  o f  F r y s s i z ,  
Pa.)  

Narrow b:zde, C z t .  No. 14-374 ( F i s h e r  S c i e n t i f i c  Co. ,  K i n g  o f  Pr:csia, 
Pa. )  

UV,  V i s ,  M I ~ p e c t r o r n e t s r ,  Eeckmzn Mcde: ;4o. ACT; FIY! ! o r  e c u i v z i z n t  
( 3eckxan  f n s t r u r i e n t ,  I n c . ,  i r v i n e ,  La I ? ; . )  

> . n a l ! ~ t i c a !  B a i a n c ?  2b12 t: r e 2 d  t c  + 0 . 0 1  mc, E e t t l e r  EGG?! ? lo .  5 i  5 2 ,  
C z t .  No. 1-905-105 ( F i s h e r  S c i e n t i f i c  Co., Kicg o f  P r g s j i a ,  ?:.) 

D i s p o s a b i e  L a i z x  G loves ,  C a t .  No. GF3468, ( S a y t c n  F i e x i b l e  Prscuc:s, 
Day ton  C h i c )  

i ? e ~ i p s t ,  Ca t .  >lo. 12-627-,5, ( f i s h e r  S c i e n t i f i c  Co.,  K i n g  o f  F r u s s i a ,  ?;, . )  

I n f r z s i  1 ,  C t t .  >io. 1&-325-%06C ( F i s h e r  S c i e n t i f ' c  Co. ,  K i n g  o f  P r u s s i ~ ,  
P a . )  



Es t ina t i on  cf  Ci-!, N H ,  and !lK2 C ~ n ~ 2 n i r e i i g n  
i n  i *e~hy l ene  Chlcride Soiubie  ? ! z t z r i ? l s  

(SRC Liaui f a c t i  cn P r c d - ~ . c t s )  

A .  Instrvrnen? S t a r t  UD - ACTA NV! I  

Push i n  power bu t ton .  

Turn on 'ri.lamp. 

S e t  lznp source t o  au to .  

S e t  s ? e c t r a l  rance t o  N!R. 

S e t  NI4 ~ e n i j i  t i v i  t y  t o  2x10. 

Adjust  c h z r t  speed t o  40 nm/in and sc3n speed t o  2 :~!,'s?c. 

S e t  per icd = 4.  

S e t  s i i t  t o  DS se rvo  2nd ?ropran.  

Push bi sql  ay bu t ton .  

13.  Yith wavelength @ 2800 nn and both bezas ecp ty  check t h z t  Inerzy  
leve l  i s  i n  t h e  grsen a r e a .  I f  not s2e rnznczi. 

. . 
I I .  S2 t  s?zn t o  3.0 and a d j u s t  t he  d i s p l a y  t o  0.209 u s i r ; ~  the t s ?  d i z l .  

. . .  . 
12 .  Tu.rn t h e  s h u t t e r  t o  4 open & S  c lo sed ,  s s t  t o  ~ 2 1 1 3 r 2 i 2  an? a1Jus; 

t 3  O . O C O .  
. , 

13.  Return s h u t t e r  t o  2 oFen, S  o?ec anc sFan s%r/i tch t o  3.1 2 n d  c n e c : ~  ZET:. 

14. R e p z t  s t ?p s  11 t o  13 u n t i l  Seth  s 2 t t i n g  a r e  0.CCO 

1  To scsn a d j u s t  p?Fer t o  s t z r t  l i n e  b y  r o l l  in: t 5 e  p2,?er out  c r  5:/ 
scanninc t o  a l i n e  and a d j u s t  the  wavelength t c  3GCC n 5  f r c n  2 
p o s i ~ i o n  >30GO nz. 

1 Push the  sczn but ton and t he  s t z r t  but ton 

8 .  2 r e ~ a r ~ t i o n  of St2ndard Ca l i b r a t i on  Cur$/es ( ! b l o t ?  2 )  

- Ine p r ~ , ? a r z t ; o n  of c a l i b r ~ t i o n  curves f o r  the  C H ,  NH and N'r:: s ~ e c i ~ s  
a r e  idenc ica i  with s-nasnthol t he  r e f e r ence  f o r  C!, c ; r S a z ~ i e  t he  
r e i e r enc2  f o r  NS 2nd l-amincnapnthal2n2 t5e  r e f e r ~ n c ~  f o r  3 H 2 .  

1 .  'N'eich c le3n dry 10 ml vo l t ine t r i c  f i a s k s  t 3  t h e  nearest 9.51 n;g. 

2 .  U s i ~ g  2 s p a t 2 l a  place  ?;pr3xiiixte1y C.5, 2 . 0 ,  4 .9 ,  7 .O, 19 .Q ??d 
15.0  TI^ of s t r n c a r e  r e f ~ r e n c e  rnat2ria; i n t ~  :5e s e r e r a l s  :?re 1.2 ni 
c- - - '  
I l a> AS. 

3 2e!.ieigi; e~c:, ~ o l u n e t r i c  :;ask t o  the  n e z r e s t  9.31 ?c a r c  . reczrd - -  
t h e  ~ e l : ~ . ;  of  sziiicie in ;;;c. incr3ciictd i n t s  ths l ~ c i u r n e r r i , ~  7 ; Z s k .  

L!. c s i n c  the jgto~ie: :  f < i  i the vci:rrc:ric f?;ck ;3 the  ~i 32 r ' (  
, . ? n ~  sn?ke t;h"sa~?i e gni i  1  t v ~ r y t ! ? ;  ng hzs czn2 i nts ss11;:;;n. 



Est i i ix t ion of O H ,  A#, and N Z 2  Concentrz t icn 
in  +!ethylene Chlor ide  Solubl e  Fa i e r i  a1 s. 

(SRC L i c u i f a c t i  on Prcdgc ts )  

PRCCE3U2E (Cont inued)  

8 .  ? r e . r ~ r a t i c n  o f  Stzndard Cs! br3 t ion  Curves (?lot2 2) (Cmitinbed) 

5 .  Se t  ins t rcment  accordi  ng t o  t h e  ins t rument  s t a r t  u? (!/A) 

6 .  Place a  1  cm c211 con t a in ing  c lezn  dry  methlene c h l o r i d e  in  t h e  
r e f t r e n c e  s ide  o f  t he  s p e c t r o n e t e r  and a  1 cv c e l l  con ta in ing  t h e  
s n p l e  in t h e  sample chamber. 

7. Read t he  absorbance a t  3000 nm and 2753  nm f o r  base l i n e  c a r r e c t i o n .  

8 .  R22d tkIe absorbance a t  2793 nm f o r  5-naphthol ( C H ) ,  2837 nm f a r  
c a r b a z ~ l e  (NF) end 2350 n m  i c r  1-amincnz~;hthslone (Nii:) . 

9 .  See t he  c a l c u i a t i o n  s e c t i o n  f o r  t 5e  proper means of  detorning the  
ba se l i ne  c o r r e c t i o n  a t  each of the  maxina f o r  t h e  referenc2 m a t 2 r i c l s .  

10.  Usin9 tAe  corrected absorbznces (fibs - bkg) p l o t  thesz  valuzs  acains;  
the  iiis of C ( [ O . l l l ]  [ma of 3-nzphthol]) ,mq of N ( [0 .9857]  . . 

[mg car3azo le ] )  o r  mg of N ([0.OC87] [mg of 1 -an inoa?n tha lene] ) .  A 
t yp i ca l  c a l i b r a t i o n  p l o t  f o r  mg of  0 a s  OH, mg of N as N t i  o r  mg of N 
as : : S 2  i s  shown in  Figure 1 .  

. . 11.  For mcst p r a c t i c a l  purposes i t  i s  e 5 s i e r  t o  p ~ r f o r x  a i1ne;r r e ~ r e s s i c z  
on t h i s  d a t z ' a n d  use t h e  equat ion of the  l i n e  t o  ca l cu l a t e  t h e  rig 
of t h e  unknown s ? z c ~ e s  o; i n t e r e s t  (See t 5 e  c?lculs~icn s e c t i u r l ) .  

This nethod wzs o r i g i n a l l y  s e t  u p  t o  anzlyze e f f l u e n t  frzm S?C 
1 iqu i : fac t ;  on exper iments ,  however, any orzanlc  sanp ie ccu 1 6  5e ZR21:/?2",s 
long as i t  c c n t a i n s  no i n t s r f e r i n n  ? e ? k s .  (Nots  3)  The 2ffl l ;ents inzy 
c m e  as i i a n i d s  ( S E C  o i l s )  o r  s o l i d s  (S?C aspha i tenes  or SKC p r ~ z s ? h a ; t ~ n e s ) .  
As lcng a s  the  s znp l e  i s  completely so luab le  i n  nethylene ch ;o r i de  and 
t r a n s ? a r e z t  i n  t he  N i 2  i t  can be analyzed.  

1 .  Leign a c l e ~ i  dr:/ 10 m l  volumetr ic  f l a s k  t o  t he  n e i r e s t  0.01 mg. 

2 .  Usfng a  d i s ? o s a b l e  pa s t eu r  p ipe t  .. f o r  l i q u i d s  o r  z  spa tu l a  f c r  
s o l i d s  t r a n s f 3 r  about 50 ~ g  of l i qu id  o r  10 t o  20 rn: o f  s o l i d  t o  :he 

3 .  Rel-veich t h e  v o l u n e t r i c  f l z s k  t c  the  ne5res t  0.01 mg and r ec s rd  t h e  
anounz of  szmple added t o  t h e  f i a s k .  

4. Using t he  a u t c p i g e t  f i l i  t h e  v o l m e t r i c  f 'iask t o  tkz  10 ml xark and 
shake the  szmp:e u n t i l  i t  nas sone i n t c  s o l u t i o n  zn6 mi:ted w e i i .  

5 .  P lace  a po r t i on  o= the  so iu t i on  i n  t k i s  10 ml v o l u r e t r f c  i l z s k  i n t o  
the  1 cx s ~ c p i e  ce1 1 . 

5 .  Scln the  s zn? l e  a t  2 nn/szr; ,  c!! nm/in and 3 .0  zbs f ~ i i  s c z l e  wi th  
a i ;  o tne r  i r s t r - a e n i  pz r zne i e r s  t he  saze as  in  t he  i n s t r z s e n t  s z t  -. u p  s ~ c t i o n  ( \ / , A ) .  l n i s  s i3n  ?us: be a t z ache i  t 2  t i e  r e ?o r f s  of 
a n a l : ~ s i s .  A t yp i ca l  sczn i s  ? r e s t n t e ?  a s  Figure 2 .  



E s t i m a t i o n  o f  CE, NH and ?I?,? C o n c ~ n t r i t i o n  
i n  i l e t h y l e n e  C h l o r i d e  S o ? u 5 ! ~  M a t e r i a l s  

( S ? C  L i q u i  f z c t i  on P r c c a c t s )  

C .  A n a l y s i s  o f  Unknown S i ~ ~ l e s  ( C o n t i n u e d )  

. - 8. Record  t 3 e  absc rSanc2  and t h e  w a v e l e n g t h  a t  t h e  9 2 ~ k  n a x i c a n  o r  I i  

t h e  pe2k i s  v e r y  f l a t  and t h e  maximum c z n n c t  be d e f j s e c i ,  a t  ;he 
maximum o f  t h e  s t a n d a r d  r e f e r e n c e  m a t e r i a l  CH(2793 nm) , NZ(2E67 nn)  
o r  NH2(2950 nn) . 

9 .  R i n s e  t h e  sample c e l l  w i t h  n e t h y l e n e  c h l o r i d e  and a l l c w  t o  d r y  
p r i o r  t o  a n a l y z i n g  t h e  n e x t  samp le .  

A co rnpu ts r  p r o g r m  (CFPIHFIH~) has been  w r i  t t e n  t o  p e r f o r m  t h e  f o i  l cwi  r;: 
c ? l c u l a t i o n s .  The d a t a  i n p u t  s h e e t  i s  p r e s e n t e d  2s F i c u r e  3 and 3 t 3 ? i c s !  
r e ? c r t  as F i g u r e  4. 

-. 1 n 2  b a c k g r o ~ n d  abso rbance  i s  r e c 3 r d e d  a t  31x2 3 3  and 2752 nm. The 
backg round  be5veen t h e s e  two  p o i n t s  i s  a s s u r e d  t o  be 1  i n e z r .  

+A = A ( 3  2752)  - A ( @  7000) 

BA ( X )  = A ( @  3 C G C )  + ( n k )  [ S C X  - K )  
2 48 

X = bf?\Jele!lgth ? t  m z x i n u n  aSsorSani.  O F  t::e OK,  NH o r  ?IS2 
f u n c t i c n a l  g r c u ? .  

3 .  o C s r r ? c t e d  $.bsorbzzc? 

AC ( X )  = A  ( X )  - BA ( K )  

Khe rc  : 

AC ( X )  = Cor;ec:2d A5scrbance  a t  wzve7enc th  X .  

A (X )  = A b s ~ r S c n c e  recor .?ed  a t  w a \ ~ e i e n ~ i . ?  X .  



ANALYTICAL METHCO 11150 

E s i i ~ a t i o n  o f  OH, hlH an4 NH2 C g n c ~ n t r z t ' c n  
i n  rClethyle3e C h l o r i d e  S o l u b l e  i .1z t2 r ia ls  

(S2C L i q u i f a c t i o n  P r o d u c t s )  

I .  CALCULATI C:i ( C o n t i n u e d )  . 

C .  C o r r e c t i c n  o f  NH, I n t e r f e r s n c e  on NH i !e=surs~ent  

I A C  (SH) = AC (X )  - (AC [ y ] )  

'rihcrc r 

IRC INS) = Atsui-Sance s t  t h e  N H  insximum c n r r e c t e d  f o r  background 2nd 
. . 

N t iZ  i n t e r f e r e n c e .  

AC (>lH) = AbsorSanc2 z t  t h e  NH maximum c o r r e c t e d  f o r  background.  

AC ( ? i ~ ~ )  = Absqrbance a t  t he ,NH2  r n a x i ~ u m  c o r r e c t s d  f o r  background a s  i n  
i n  s t 2 7  a .  

A (?2377)  = Abzorbance a t  2887 nm for 1-3rn inonaphthaiene 

A (,?29555) = %sorSance a t  2953 nrn f o r  1 -am inonzph tha lene .  

D .  C z i c z i ~ t i o n  c f  We ich t  ?;C as OH, N as N5 a n d  +I 2s 8:- 

ACGH = C o r r e c t x i  absorbance AC (X )  a t  t h e  OH naxirnum as c a l c u i z t e d  
i n  st?:, 3. 

MCH = S i  o ~ e  o f  t h e  UH Cal i S r a t i u r ~  cgr.ve fi-CrP; 3 - n ; g i l  l ! i o l .  

S C t !  - I n t e r c e p t  o f  t h e  s l o c e  of t h e  CH C a l i b r a t i o n  c g r v e  f r o m  
5-nzphthol . 
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Estimation of  GE, NK and ?!ti2 Concentra t icn 
in  Yetnylere  Chlor ide  5olu SIe ' N z t e r i a l s  

(SZC Liquif a c t i  on Prcduc ts )  

D .  C a l c ~ ' z t i o n  of Weight % 0 as  OH, N a s  NH and ?I a s  N?? (Continued) 

Where: 

I A C 2 N  = Absorbance a t  the  maximum f o r  NH, cor rec ted  f o r  background 
and YE2 i n t e r f e r e n c e  a s  i n  s t e ~ s  8 and C .  

HNii = Slope of t h e  N H  c a l i b r a t i o n  curve from carbazo le .  

BFiii = I n t 2 r c e p t  of the  NH c a l i b r a t i o n  curve from carbazo le .  

N = Weight of sample. 

Where 

AC.'I:?? = ASsor5ance a t  the  maximuin f a r  NH2 cor rec t2d  f o r  bzcksrctind 
as  in  s t 2 9  8. 

iP!NH; = Siope of NE2 c a i i b r a t i o n  curve from 1 - ~ i ~ i n o n a p i i t h ~ 1 2 n e .  

8?/H2 = I n t e r c e ? t  of the  Nii2 c a l i b r a t i c n  curve frcm 1 - a n i n o ~ a p h t h z ? e c e .  

W = Weight of sample. 

Piote 1 :  SSC n a t e r l a l s  a r e  suspected ca rc inocens .  They should be k::t i n .  2 n  
adaquate hood and the  apqropr ia te  s a f e t y  agpzratus  should ke Nor;! 
t o  prevent  cori t d c t  . 

3c t e  2 :  Althouch not I ske ied  as such the m a t e r i a l s  should be hanaied as  
suspected.  c s r c i n c g i n s .  The ca l  i b r a t i c n  c i r v e s  need cnly be 
precared when using a  new instrument o r  i f  a  s u b s t z n i i a l  d i f i e r e ~ c ?  
Set,,s/een the  a c t ~ a l  3 0 in 5-naphthol (i l  . l % ) ,  % N in ca rbzzc ie  ( 3  .'5;';! 
or  % N i n  1-znincnasnthalene (9.37:) i s  f cun i  w h e n  a saopl?  o f  ezch 
re fe rcncc  mate!-izl s I 'b.  =nal:ned w.i t h  each batch of ~;nkr.o~,in s;33;25.. 



N OTE S (Continued) 

-, Note 2 :  ilater seriously i n r ~ r f e r s  ltii t h  t h i  j anal;/sis.  ;nus f v 2 r y  e i i o r t  
should be sace t o  avoid qecting wscer i n  :he :??LC grace meihy;?ne 
chloride c r  in the sample. The height o f  the Z T ~ C Z  5: 2700 nrn 
gives a q u a l t i t a t i v e  indication of p r o b i e ~ s  w i t h  a  w e t  sam?;e. e n  
very humid d d y s  re?lace the xethyiene chinr 'ae i n  the reference c2li  
f r e q ~ . ~ ~ n  t.i y . 

The accuracy of the data in unkncwn sincn t h i s  ;?s t  carcparss 3 Furs . . c~rr.pouna :3 ?:! averace of many compound;. ??st  zethods a r ?  ava:  labis '.o 
anai:/ze i c r  these functions: Groups b u t  no comearztiue tosrtng ;?,zs &en 
perf crmed . 
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2 .  P ? E C I  S i 2:; 

R~plica:? anaiyses of samqies sncw t h a t  the re?eatabi ; i ty  of t h i s  t s s t .  
i s  - + 0.32 w t .  'L f o r  a! 1 thr2e f u n c r ~  onal 9roups. 

2 .  F .  K. Scnke!snar;t, cornen1s during zet5od c!eveicpnenc. 
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FIGURE 2 - TYPICAL SPECTRUM 

Scan Speed = 2ri/sx 
Chart Speed = 40mm/in 
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Determin ing  Me ta l s  i n  SRC-Related M a t e r i a l s  Us ing  Energy-Dispers ive 

X-Ray F luorescence (EDXRF): The 10-mg M i c r o p e l l e t  Method 

( A P C I  Method) 

I .  SCOPE 

The 10-mg m i c r o p e l l e t  method q u a n t i t a t i v e l y  analyzes t h e  ma jo r  elements 

A l ,  S i ,  K ,  Ca, T i ,  and Fe and s e m i q u a n t i t a t i v e l y  analyzes any add i -  

t i o n a l  e lements o f  a tomic  number 11 o r  above 'in a  sample. Dry ash 

res i dues  ob ta i ned  ' f r o m  SRC and TSL s o l i d s  and l i q u i d s ,  cokes, c o a l s ,  

and Kerr-McGee ash concen t ra te  (KMAC) can be analyzed.  

The method was developed t o  ana lyze  smal.1 samples (10 mg) and i s  b e s t  

a p p l i e d  t o  samples w i t h  low ash con ten t s .  T y p i c a l l y ,  SRC s o l i d s ,  

l i q u i d s ,  and cokes have low ash con ten t s  o f  0.1% o r  l e s s ;  t he  d r y -  

ash ing  p rocedure  i n  t h i s  method concen t ra tes  t h e  sample 's  i n o r g a n i c  

components f o r  a n a l y s i s .  Samples w i t h  h i g h  ash c o n t e n t s  such as c o a l s  

and KMAC a re  b e s t  analyzed by o t h e r  methods. 

I I .  APPARATUS 

A.  M u f f l e  fu rnace ,  Thermolyne Model FA1630-1, 2,150°F maximum ( F i s h e r  

S c i e n t i f i c  Co., K i ng  o f  P russ i a ,  Pa.) 

B. P l a t i num d i s h ,  100-mL c a p a c i t y  ( F i s h e r  S c i e n t i f i c  Co., K ing o f  

P r u s s i a ,  Pa. ) 

C. A n a l y t i c a l  ba lance,  M e t t l e r  Model H542, 0.01-mg r e a d a b i l i t y  ( F i s h e r  

S c i e n t i f i c  Co., K i ng  o f  P russ i a ,  Pa. )  

D. M o r t a r  and p e s t l e ,  agate,  65-mm 0.d.  ( F i s h e r  S c i e n t i f i c  Co.,  K ing  

o f  P russ i a ,  Pa. 



E. Specimen mold,  Angstrom 1 / 2 - i n . ,  Model 4451-1/2-SE (Angstrom, I n c . ,  

B e l l e v i l l e ,  M i ch . )  

F. H y d r a u l i c  p ress ,  30 ton ,  Loomis Model 341-30s w i t h  Loomis Power 

U n i t  #341-AP (Loomis Products  Company Co., Lev i t town,  Pa.) 

G. Energy-d i  s p e r s i  ve X-ray f 1  uorescence ana l yze r ,  EDAX, Model 9500 

w i t h  9100 ana l yze r ,  R R  tube c0nt . i  nuous e x c i t a t i o n ,  vacuum capaa 

b i l i t y ,  1-mm mic roco l l ima t .n r  at tachment,  8nd A 1  r o l l  f i l t e r .  

I i I. REAGENTS 

A .  X-ray powder, g r i n d i n g  b r i q u e t t i n g  a d d i t i v e ,  Chemplex Cata log 

No. 600 (Chemplex I n d u s t r i e s ,  I n c . ,  Eas tches te r ,  N.Y.) 

0 .  Magic t r anspa ren t  tape,  Scotch, No. 021200-07378 ( 3 M  Corp., 

S t .  ' Pau l ,  Minn. ) 

C .  S tandard re ference m a t e r i a l  1253, a1 uminum a1 l o y  7075 (Nat 'onal  

Bureau o f  Standards,  Washington, D . C . )  

O. Standard r e fe rence  m a t e r i a l  1633a, t r a c e  elements i n  coa l  f l y  ash 

(Na t i ona l  Bureau o f  Standards,  Washington, D . C : )  

E. C e r t i f i e d  r e fe rence  m a t e r i a l  SARM1, g r a n i t e  ( A  Bureau o f  

Standards,  Republ i c  o f  South A f r i c a  j 

t .  Cer*'* I j 'led re fe rc r l cc  111dter.ia1 S A R M 3 ,  1 1 1 j ~ r i c t  ( S A  Bureau o f  

Standards,  Republ ic  o f  South A f r i c a )  

G ,  C e r t i f i e d  r e fe rence  m a t e r i a l  SARM4, n o r i t e  ( S A  Bureau o f  Standards,  

Repub l i c  o f  South A f r i c a )  



IV .  SAFETY 

Caut ion!  Samples analyzed by t h i s  method i n c l u d e  SRC m a t e r i a l s  and 

p roduc ts .  The a n a l y s t  should  a v o i d  d i r e c t  c o n t a c t  w i t h  s k i n  and eyes. 

Caut ion!  The X-ray equipment used i n  t h i s  a n a l y s i s  produces hazardous 

r a d i a t i o n  and shou ld  n o t  be opera ted  by  unau tho r i zed  o r  u n t r a i n e d  

personne l .  I n  o p e r a t i n g  t h e  equipment, a l l  s a f e t y  recommendations s e t  

by  t h e  i ns t r umen t  manufac tu re r  and a l l  s a f e t y  r e g u l a t i o n s  s e t  by  t h e  

o n - s i t e  X-ray R a d i a t i o n  Sa fe t y  O f f i c e r  must be f o l l owed .  Do n o t  under 

any c i rcumstances opera te  t h e  equipment i f  any s a f e t y  s h i e l d s  o r  cover  

p l a t e s  have been removed o r  i f  any sa fe t y  c i r c u i t s  o r  sw i tches  have 

been bypassed o r  de fea ted .  

A. Ash ing 

. . 
? . -  ' . .. , . 

1. SRC Sol i d s ,  Anode coke, c b a l s ,  KMAC, and Reference Standards 

Dry-ash about  15  t o  20 g accord ing  t o  American S o c i e t y  f o r  

T e s t i n g  and M a t e r i a l s  (ASTM) Procedure D-3174-73 (Ash i n  t h e  

A n a l y s i s  Sample o f  Coal and Coke). Repeat t h e  procedure i f  

necessary t o  o b t a i n  approx imate ly  20 mg o f  ash. 

2. SRC Heavy O i l s  and M idd le  D i s t i l l a t e s  

. D ry  ash f rom 1 t o  100 g  by u s i n g  ASTM Procedure D 428-80 (Ash 

f rom Petro leum Products)  t o  o b t a i n  about  20 mg o f  d r y  ash. 

' B .  G r i n d i n g  and Pel l e t i z i n g  

1. G r i n d i n g  Standards and Samples 

Us ing t h e  a n a l y t i c a l  ba lance,  weigh 10.90 2 0.10  mg g f  ? r y  ash 

s tandard  o r  p r e v i o u s l y  ob ta i ned  sample rind 40.00 + 0.10 mg o f  
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X-ray m ix  powder. Q u a n t i t a t i v e l y  t r a n s f e r  m a t e r i a l  t o  t h e  

aga te  mor ta r .  

Thoroughly  g r i n d  and mix  t h e  ash and powder i n  t h e  mo r ta r  and 

t h e n  a l t e r n a t e l y  g r i n d  and scrape t h e  packed powder f rom t h e  

s i des  o f  t h e  mo r ta r  f o r  a  minimum o f  5 min t o  o b t a i n  a  s u i t -  

a b l e  m i x tu re .  

2. P e l l e t i z i n g  Standards and Samples 

T rans fe r  a l l  o f  t h e  sample m i x t u r e  t o  t h e  assembled specimen 

mold.  ist tribute the  m a t e r i a l  even ly  uver. L h t !  bur-fd-ct! u f  tlie 

mold and i n s e r t  t h e  mold p lunger .  Press t h e  m a t e r i a l  w i t h  a  

h y d r a u l i c  p ress  f o r  10 sec a t  20,000 p s i .  

P lace t h e  p e l l e t  on a  3 - i n .  p i ece  o f  Scotch Magic Tape; a v o i d  

t ouch ing  t h e  p e l l e t .  

C. S e m i a u a n t i t a t i v e  Ana lys is  

1. C a l i b r a t e  t h e  3500 spect rometer  u s i n g  t h e  NBS aluminum a l l o y  

1253. 20 kV and 500 v A ,  10,000 coun ts ,  peak 1 = 1.456 l(cV (A1 

K c r ) ,  peak 2 = 8.636 keV (Zn Ka). See EDAX 9500 Users Manldal, 

Chapter 3 ,  Sec t i on  3 ,  p. 4 f o r  i n s t r u c t i o n s .  

2. I ns t r umen t  Cond i t ions  

C o l l i m a t o r  w i t h  l = m m  a t tachment ;  A1 f i l k e r  i n ;  35 k V ;  500 P A ;  

10 eV/channel; 300 sec,  llve time; vacuum l e ss  than too m i l l i -  

t o r r .  

3. C o l l e c t  t h c  sample spec t ra  us i ng  t h e  i ns t r umen t  c o n d i t i o n s  

aoove, i d e n t i f y ,  and save a i l  elements found i n  t h e  sample. 

See EDAX 9500 Users Manual, Chapter 3 ,  Sec t i on  5 ,  p. 1. 



4. Remove escape peaks. See EDAX 9500 Users Manual, Chapter 4,  

S e c t i o n  1, p. 2. 

5. Se t  a  l i n e a r  background and c o l l e c t  n e t  i n t e n s i t y  f o r  each 

peak. See EDAX 9500 Users Manual, Chapter 4,  S e c t i o n  1, p. 4. 

6. C o l l e c t  a  spec t ra  ( u s i n g  t h e  c o n d i t i o n s  i n  s t ep  2) f o r  t h e  NBS 

1633a. s tandard.  I d e n t i f y  and save t h e  f o l  1  owing elements:  

A l ,  S i ,  P, #, Ca, T i ,  V, C r ,  Fe, Cu, Zn, Ga, S r .  Remove t h e  

excape peaks and c o l l e c t  t h e  n e t  i n t e n s i t y  f o r  each element 

( s t eps  V .  C.  3,  4 ,  5 ) .  

7 .  Change t h e  i ns t r umen t  c o n d i t i o n s  t o  t h e  f o l l o w i n g :  m ic ro -  

c o l l i m a t o r  w i t h  1 -mm a t tachment ;  no A1 f i l t e r ;  20 kV; 500 H A ;  

10 eV/channel; ,200 sec l i v e  t ime ;  vacuum l e s s  than  200 m i l l i -  

t o r r  

8. C o l l e c t  t h e  sample spec t ra  ( s t ep  V.C.3.) acco rd i ng  t o  t h e  

c o n d i t i o n s  i n  s t ep  V.C.7, i d e n t i f y ,  and save Na, Mg, and P. 

Remove t h e  escape peaks ( s t ep  V.C.4), and s e t  a l i n e a r  back- 

ground and c o l l e c t  t h e  n e t  i n t e n s i t y  ( s t e p  V.C.5). 

9.  Repeat s t ep  V. C.8 f o r  t h e  SARM4 standard.  

10. Beterml  ne e l  emerltal sens ' l ' t i v i  ty Curves. C a l c u l a t e  t h e  sens i  - 
t i v i t y  f o r  each element i d e n t i f i e d  i n  Standards NBS 1633a and 

SARM4, as f o l l o w s :  

SEN = n e t  I/% element 

where SEN = s e n s i t i v i t y ;  n e t  I = n e t  i n t e n s i t y  i n  counts  p e r  

second; and % element = p e r c e n t  o f  e lement p resen t  i n  

s tandard.  P l o t  t h e  SEN f o r  each e lement  (A1 o r  heav ie r )  ( Y  

a x i s )  vs .  t h e  energy (keV) ( X  a x i s )  f o r  each element;  see 

F i g u r c  1. Obta in  t h c  SEN f o r  e lements  i d e n t i f i e d  i n  t h e  

samples b u t  n o t  i n  t h e  standards f rom t h e  s e n s i t i v i t y  curves.  



11. C a l c u l a t e  t h e  s e m i q u a n t i t a t i v e  c o n c e n t r a t i o n  o f  each element 

i n  t h e  sample as f o l l o w s :  

1 e s t  % A = - x  n e t  IA 
SEN 

where e s t  % A = es t imated  pe rcen t  a n a l y t e  A ;  SEN = s e n s i t i v i t y  

f o r  a n a l y t e  A ;  and n e t  IA = n e t  i n t e n s i t y  o f  a n a l y t e  A. 

12. Determine t h e  t o t a l  a d d i t i o n a l  elements p resen t  by adding t h e  

es t ima ted  percentage o f  a l l  elements i d e n t i f i e d  i n  t h e  sample, 
' 

e x c l u d i n g  A l .  S i .  K.  Ca. T i ,  and Fe. 

6. Q u a n t i t a t i v e  Ana l ys i s  (A1 . S i ,  K ,  Ca, T i ,  F2) 

1. C a l i b r a t e  t h e  spect rometer ;  see s tep  V.  C. 1 

2. I ns t r umen t  c o n d i t i o n s :  m i c r o c o l l  ima to r  w i t h  l - m m  at tachment;  

no f i l t e r ;  20- kV.; 500 PA;  10 eV/channel ; 200 sec 1  i v e  t ime ;  

vacuum l e g 3  than  200 m i l l i t o r r .  

3.  E s t a b l i s h  t h e  MCA f i l e .  See EDAX 9500 Users Manual, 

Chapter 3 ,  Sdc t i on  2. 

4. Es.Lahl i st1 the Ma,L;erial .f.ll e .  See EBAX 9300: Users Manual , 
Chapter 3, Sec t i on  8. 

5. C o l l e c t  n e t  I u s i n g  t h e  c o n d i t i o n s  i n  s t ep  V:D. 2 and d i r e c -  

t i o n s  from s teps  V.C.3, 4,  and 5 f o r  t h e  f o l l o w i n g  s tandard 

p e l  l e t s :  NES 1633a, S A R M I ,  and S A ~ M ~ .  

6 .  C o l l e c t  n e t  I f o r  t h e  samples as i n  s tep  V . D . 5 .  

7 .  - F o l l o w i n g  t he  d i r e c t i o n s  i n  t he  EDAX Users Manual (Chapter 4 ,  

Sec t i on  3 ,  pp .  1 t o  7 )  f o r  Q u a n t i t a t i v e  Ana l ys i s  Theoret 'ca l  



Parameters,  c a l c u l a t e  t h e  ' concen t ra t i ons  o f  A1 , S i  , K ,  Ca, T i ,  

and Fe i n  t h e  samples. Note: En te r  a l l  t h r e e  s tandards (NBS 

1633a, SARM1, and SARM3) i n  t h e  THEO s e c t i o n  o f  t h e  program. 
3 

, Standards and samples c0nta i .n  0.0377. g/cm .. . .. . 6. ' 

8. Norma l i ze  t h e  c a l c u l t e d  r e s u l t s  t o  100% minus t h e  pe rcen t  

a d d i t i o n a l  e lements ( s t e p  V. C. 12). Note: The concent . ra t ion . . 
- . o f  each element i n  t h e  sample i s  a u t o m a t i c a l l y  c a l c u l a t e d  by 

t h e  THEO program. A b a s i c  form o f  t h e  e q u a t i o n  used f o r  t h i s  

c a l c u l a t i o n  i s :  

where I = t h e  measured i n t e n s i t y  f o r  t h e  a n a l y t e ;  C = t h e  

. . c o n c e n t ~ a t i o n  o f  t h e  anal .y te ;  S = t h e  s . e n . s i t i v i t y  f a c t o r  f o r  

, t h e  a n a l y t e  f o r  t h e  i n s t r u m e n t ;  and F'-= a  f u n c t i o n  t h a t  

desc r i bes  t h e  i n f l  uence o f  a'l 1  t h e  o the r *  'element's 'p resent  i n  

t h e  sample on t h e  a n a l y t e .  

. I and S a re  measured f o r  each a n a l y t e  when t h e  s tandards a re  

analyzed.  F  i s  determined t h e o r e t i c a l l y  f rom fundamental 

X-ray t h e o r i e s  u s i n g  t a b l e s  o f  wavelength emiss ion  l i n e s ,  mass 

a b s o r p t i o n  c o e f f i c i e n t s ,  f l u o r e s c e n t  y i e l d s ,  ahsnrpt . ion edges ,  

and c a l c u l a t e d  tube  spec t ra .  The compos i t i on  o f  a  sample i s  

c a l c u l a t e d  as f o l l o w s :  

The approximate compos i t i on  o f  t h e  sample i s  c a l c u l a t e d  

f rom t h e  measured i n t e n s i t i e s  and t h e  c a l c u l a t e d  F 

f a c t o r s .  

. O A fundamental  parameters c a l c u l a t i o n  i s  made. t o  p r e d i c t  

i n t e n s i t i e s  t h a t  would be ob ta i ned  f rom a  sample w i t h  

" . th.at  compos i t i on .  



O The calculated intensities are adjusted to agree with the 

analyzed standards. 

O The calculated, adjusted intensities are compared to the 

measured intensities for the sample. 

O If there is disagreement, the program makes a refined 

estimate of composition and predicts the intensities 

agai n. 

O The iteration stops when there is no significant change 

i n  ealculatcd composition. 

VI. PRECISION AND ACCURACY 

Accuracy 

Tables 10-15 of the main report list the accuracies of quantitative 

results for A1203, SiQ2, K20, CaO, Ti02, and Fe O for five analytical 2 3 
standards. The mean concentration is the average concentration of the . 

five standards. Une a is the standard deviatiori for' the difference 

between the true concentration and the calculated concentration. For 

the m a j o r  elements present in these check materials (A1203, S i 0 2 ,  K20, 

and Fe 0 ) ,  the average percent relative errors (lo divided by the mean 2 3 
concentration) are 24.21, 22.26, 26.01, and 6.77%, respectively. For 

the minor elements, CaO and Ti02, the average percent relative errors 

are 513.6 and 218.4, respectively. 

Precision 

Table 16 of the main report shows the typical precision obtained from 

triplicate sample analyses. Listed are the mean concentrations of the 

three analyses, lo for the differences between the mean concentration 

and the calculated concentration, and the percent relative error (la 

divided by the mean concentration). For all of the elements, the 



method 's  r e p r o d u c i b i l i t y  ( pe r cen t  r e l a t i v e  e r r o r )  i s  b e t t e r  t han  t h e  - 
accuracy and i s  on t h e  o r d e r  o f  1 t o  10% r e l a t i v e .  

Round-Robin A n a l y s i s  

The XRF m i c r o p e l l e t  method was a p p l i e d  t o  f o u r  samples from W i l s o n v i l l e  

Run 235 (one Kerr-McGee ash and t h r e e  SRC s o l i d  samples) and t h e  

r e s u 1 . t ~  were compared t o  those  ob ta i ned  by  t h r e e  o t h e r  l a b o r a t o r i e s :  

A lcoa,  A lcoa Cente r ,  Pa. ; IMMR ( I n s t i t u t e  f o r  M i n i n g  and M i n e r a l s  

Research), Lex ing ton ,  Ky.; and G a l b r a i t h  L a b o r a t o r i e s ,  K n o x v i l l e ,  Tenn. 

The samples were a l s o  analyzed by  a tomic  a b s o r p t i o n  spect roscopy a t  A i r  

Products ,  T rex l e r t own ,  Pa. Resu l t s  a r e  summarized i n  Table  3 o f  t h e  

main r e p o r t .  

Because A lcoa  and IMMR g e n e r a l l y  r e p o r t e d  t h e  most c o n s i s t e n t  r e s u l t s ,  

t h e i r  va lues  were averaged as r e p r e s e n t i n g  t h e  b e s t  r e s u l t s .  For t h e  

SRC s o l i d  samples, t h e  XRF method shows v e r y  good agreement w i t h  t h e  

A lcoa and IMMR va lues  f o r  S i ,  Ca, K  ( b e t t e r  w i t h  I M M R ) ,  V ,  and N i  

( b e t t e r  w i t h  A lcoa) .  Fo r  Fe, t h e  XRF method i s  about 0.01% abso lu te  

h i g h  a t  t h e  0.004% Fe l e v e l ,  and f o r  T i ,  t h e  XRF method i s  about  0 .0% 

a b s o l u t e  h i g h  a t  t h e  0 .0% T i  l e v e l .  For  Na, t h e  XRF e s t i m s t c  i s  about  

0.0% a b s o l u t e  low a t  t h e  0.015% Na l e v e l .  For  A1 , t h e  XRF va lue  i s  

about  0.003% a b s o l u t e  h i g h  a t  t h e  0.006% A1 l e v e l .  

For  t h e  KMAC sample, t h e  XRF method shows v e r y  good agreement f o r  K ,  

Ca, T i ,  Fe, and Na. For  WAC A l ,  t h e  XRF method i s  about  0.5% abso lu te  

hl'gh a t  t h e  2.7% A1 l e v e l  and f o r  S i ,  t h e  XRF method i s  about 0.6% 

a b s o l u t e  h i g h  a t  t h e  6.2% S i  l e v e l .  For  KMAC N i  and V ,  t h e  XRF method 

va lues  a re  b o t h  low. As no ted  e a r l i e r ,  t h e  XRF m i c r o p e l l e t  method i s  

n o t  t h e  p r e f e r r e d  method f o r  a  h igh-ash-con ten t  sample such as WIIAC. 

Such samples can be more a c c u r a t e l y  analyzed by  d i r e c t  XRF a n a l y s i s ,  as 

i n  whole c o a l .  

For  t h e  SRC s o l i d  samples, agreement between t h e  XRF method and t h e  

Alcoa/IMMR va lues  i s  g e n e r a l l y  accep tab le  f o r  a l l  me ta l s  o f  i n t e r e s t ,  

except  F e  and T i .  For  these  e lements ,  t h e  method g i v e s  somewhat h i g h  



r e s u l t s .  T h i s  i s  though t  t o  be due t o  a  smal l  p o s i t i v e  e r r o r  i n  

measur ing and accoun t ing  f o r  t he  t h i c kness  o f  t h e  pressed m i c r o p e l l e t  

used i n  t h e  a n a l y s i s .  

V I I .  PRINCIPLE 

Th i s  method determines t h e  elemental  con ten t  o f  SRC-related m a t e r i a l s  

u s i n g  energy d i s p e r s i v e  X-ray f l uo rescence  (EDXRF) , which r a p i d l y  

analyzes a l l  e lements o f  atomic number 11 o r  above dnd i s  una f f ec ted  by 

an e1ement16 o x i d a t i o n  s t a t e  Th i s  nondes t ruc t i ve ,  d i r e c t - a n a l y s i s  

technique p r o v i d e s  simultaneous mu l t i e l emen t  information from a  s:ngle 
sample spectrum. The t y p i c a l  energy r e s b l t ~ t ~ i n n  f n r  an EDXRF system i a  
160 eV f u l l  w i d t h  a t  half-maximum f o r  Mn Ka X-rays. Th i s  reso lves  a l l  

b u t  t h e  most severe o f  s p e c t r a l  over laps  (Mo La and S Ka, f o r  example). 

Samples a r e  dry-ashed a't 7W°C t o  concen t ra te  i no rgan i c  components, 

which a re  u s u a l l y  p resen t  a t  l e v e l s  lower  than  t h e  d e t e c t i o n  l i m i t s  o f  

EDXRF by d i r e c t  . a n a l y s i s .  F o r  a  t y p i c a l  S R C - r e l a t e d  m a t e r i a l ,  t he  ash 

con ten t  i s  s m a l l ,  0.1% or IF$< ; .  a s  a r e s u l t ,  o n l y  a smal l  q u a n t i t y  o f  

ash i s  ob ta i ned  f o r  ana l ys i s .  Ten m i l l i g r a m s  o f  ash i s  p e l l e t i z e d ,  and 

ne t  i n t e n s i t i e s  POP a l l  t h e  elements u f  i n t e r e s t  are co l lec t .ed .  Three 

standards are  used t o  c a l i b r a t e  t he  system and t he  ana l y t e  conce,ntra- 

t i  ons are c a l c u l a t e d .  

The a c t u a l  concen t ra t i ons  a re  done us i ng  a  fundamental parameters 

program (XRF- l l ) ,  which.de,termines t h e o r e t i c a l  i n t e re l emen ta l  i n f l u e n c e  

c o e f f i c i e n t s  t h a t  a re  then  used t o  Correct f o r  n iatrmix errtitis and 

c a l  c u l  a t 4  anal  y t . ~  concen t ra t ions  ir! a sample. Th XRF-11 program i s  

used because i t  provides  papid analy5es and r e q u i r e s  o n l y  a f ~ w  

standards t o  cover  a  broad range o f  a n a l y t e  concen t ra t i ons .  The 

r e s u l t s  ob ta i ned  a re  n o t  as accurate  as can be ob ta ined  w i t h  a l a r g e  

s e r i e s  o f  standard;, b u t  they a re  acceptab le  ( t y p i c a l  accuracy i s  25 t o  

10% re1 a t i  ve) .  



Special care  should be taken t o  ensure t h a t  the  ashing procedure pro- 

vides accura te  r e s u l t s .  Contamination in  the  samples o r  from the 

equipment used wi l l  be magnified when the  whole sample i s  ashed t o  a  

small res idue .  Results  a r e  determined on the  ash and then back- 

ca lcu la ted  using the  percent  dry ash t o  determine the  elemental content  , 

in the  "as-received" sample. An e r r o r  in the  ash content  wi l l  lead t o  

an e r r o r  in  a l l  of the  back-calculated analy te  r e s u l t s .  



Figure 1 
Semiquantitative Elemental Sensitivity c u k e  
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Gas Chromatograph ic  Method f o r  Coal L i q u i d s  A n a l y s i s  

(APCI Method) 

I. SCOPE 

T h i s  method i s  a  q u a l i t a t i v e  c a p i l l a r y  column gas ch romatog raph ic  ( G C )  

p rocedure  f o r  a n a l y z i n g  d i s t i l l a t e s  f r o m  t h e  SRC-I p r o c e s s ,  t h e  hydro-  , 

t r e a t e r  u n i t ,  o r  t h e  " o i l s "  f r a c t i o n  f r o m  s o l v e n t  s e p a r a t i o n  o f  t o t a l  

p r o d u c t  l i q u i d s .  The t e c h n i q u e  i s  g e n e r a l l y  a p p l i c a b l e  t o  a l l  c o a l -  

d e r i v e d  l i q u i d s  w i t h  d i s t i l l a t i o n  upper  t empera tu re  l i m i t s  o f  850°F ( a t  

a tmospher i c  p r e s s u r e ,  o r  c o r r e c t e d . t o  a tmospher i c  p r e s s u r e  f o r  vacuum 

d i s t i l l a t i o n ) .  The chromatograms genera ted  f o r  each sample t y p e  can be 

used f o r  compaf ison t o  o t h e r  s i m i l a r  samples. A l t h o u g h  n o t  s t r i c t l y  

q u a n t i t a t i v e  w i t h o u t  response f a c t o r s ,  sample- to-sample c o n c e n t r a t i o n  

d i f f e r e n c e s  o f  s p e c i f i c  ch romatog raph ic  peaks can be m o n i t o r e d .  

I n  a d d i t i o n  t o  a  " u n i v e r s a l l y  r e s p o n s i v e "  f l ame  i o n i z a t i o n  d e t e c t o r  

(F ID) ,  e l e m e n t - s e l e c t i v e  d e t e c t o r s  p r o v i d e  d a t a  on i m p o r t a n t  c l a s s e s  of 

compounds p r e s e n t  i n  many o f  t h e s e  samples ( 1 - 3 ) .  T h i s  i s  p a r t i c u l a r l y  

t r u e  o f  n i  t r o g e n - s e l e c t i v e  d e t e c t o r s ,  a1 though some s u l  f u r - s e l e c t i v e  

d e t e c t o r s  a r e  a l s o  s e n s i t i v e  enough t o  be u s e f u l .  A gas chromatograph/  

mass s p e c t r o m e t e r  ( G C / M S )  a1 so a i d s  i n  i d e n t i f y i n g  t h e  s p e c i e s  p r e s e n t ,  

d e t e c t i n g  non reso l ved  m i x t u r e s  (and t h e i r  i n d i v i d u a l  q u a n t i t a t i o n ) ,  and 

s t u d y i n g  ,changes i n  samples,  i n c l u d i n g  new components b e i  ng formed t h a t  

a r e  n o t  c h r o m a t o g r a p h i c a l l y  r e s o l v e d  f r o m  a l r e a d y  e x i s t i n g  components. 

Naphtha samples can a l s o  be ana lyzed  u s i n g  a  d i f f e r e n t  t e m p e r a t u r e  p r o -  

gram. Such samples a r e  t y p i c a l l y  a v o l a t i l ' e  f r a c t i o n ,  d e f i n e d  a s  

d i s t i l l i n g  from t h e  " i n i t i a l  b o i l i n g  p o i n t "  t o  abou t  400°F o r  177OC. 

U n d i l u t e d  o r  d i l u t e d  samples (as a p p r o p r i a t e )  a r e  i n j e c t e d  i n t o  a  c a p i l -  

1  a r y  gas ch romatog raph ic  c o l  umn, where t h e  sample ' i s  s e p a r a t e d  i n t o  

hundreds o f  peaks.  When an F ID i s  used,  t h e  most  complex samples have 

produced o v e r  500 peaks.  



I I .  APPARATUS 

A .  Gas Chromatograph --- 

A modern i ns t r umen t ,  equipped w i t h  an F I D ,  a s p l i t t i n g  c a p i l l a r y  

i n j e c t i o n  p o r t ,  a programmable column oven temperature,  and sepa- 

r a t e l y  c o n t r o l l e d  i n j e c t o r  and d e t e c t o r  temperatures,  i s  acceptab le .  

The naphtha samples r e q u i r e  subambient programming c a p a b i l i t y  ( t h e  

l i q u i d  carbon d i o x i d e  t ype  achieves a s u f f i c i e n t l y  low temperature) .  

As no ted  above, t h e  a v a i l a b i l i t y  o f  e l e m e n t - s c l c c t i v c  detectors i s  

use fu l .  

Any e l e c t r o n i c  i n t e g r a t o r  capable o f  i n t e g r a t i n g  peaks as narrow as 

1 sec wide a t  h a l f - h e i g h t  and as c l ose  t oge the r  as 3 sec i s  su f -  

f i c i e n t .  I n f o r m a t i o n  on t h e  sampl ing r a t e s  o f  muder-ri i n t ey r -a to r s  

shows t h a t  a l l  a re  capable o f  pe r f o rm ing  t h i s  j ob .  However, memory 

c a p a c i t y  can be a l i m i t a t i o n .  The Spect ra-Phys ics  SP4100 has 

i n s u f f i c i e n t  c a p a c i t y  f o r  many of  t h e  t y p i c a l l y  complex chromato- 

grams i n  t h i s  work. I t  i s  u s e f u l  t o  have t h e  c a p a b i l i t y  t o  s t o r e  

t h e  chromatograms f o r  rep1 o t t i  ng and r e i  n t e g r s t i o n .  Depend: ng on 

t h e  da ta  des i r ed ,  peak shoulders  and o t h e r  f ea tu res  o f  these complex 

chromatograms can cause pr-ubl ems w i t h  i n t e g r a t i o n  reproduc i  b i  1 i t y .  

The a b i l i t y  t o  expand, r e p l o t ,  draw base l i nes ,  and change i n t e g r a -  

t i o n  parameters a1 lows f a c i  l e o p t i m i z a t i o n  o f  int .egr i t t . ion r e s u l t s .  

A Va r i an  CDS 401 data s t a t i o n  was used i n  t h i s  work. Other  computer 

i n t e g r a t o r s  t h a t  have I -ecent ly  en te red  t h e  market  (Perk'in-Elmer, 

Nelson A n a l y t i c a l ,  and IBM) may be s u p e r i o r  f o r  some f u n c t i o n s ,  b u t  

so  f a r  t . h ~ y  htivp n n t  bccn a b l e  t o  handle complex chromatograms such 

as those  produced i n  t h i s  work. 

C .  C a p i l l a r y  Column 

A 60-m x 0.25-mm i n t e r n a l  d iameter  f u s e d - s i l  i c a  DB-5 column w i t h  a 

s t a t i o n a r y  phase f i l m  t h i c kness  of  0.25 pm was used (J&W S c i e n t i f i c ,  



I n c . ) .  Th is  i s  a  c r o s s - l i n k e d  s t a t i o n a r y  phase. S i - 5 2 ,  a s i m i l a r  

phase, can a l s o  be used. 

D. I n j e c t i o n  Syr inge  

A l - p L  p o s i t i v e  d isp lacement  sy r i nge  (p lunger  through t he  need1 e;  

t ype  7001 Hami l ton)  and 2Z0 bevel  (narrow gauge) needles were used. 

A Chaney adapter  improved p r e c i s i o n  s l i g h t l y  ( 2 ) .  We found t h a t  

supposedly e q u i v a l e n t  S c i e n t i f i c  Glass Eng ineer ing  Co. sy r inges  

produced r e s u l t s  t h a t  were d i s t i n c t l y  l e s s  p r e c i s e  and do n o t  recom- 

mend t h e i r  use f o r  these analyses. 

Syr inges were c leaned w i t h  a  Hami 1  t o n  s y r i  nge c l eane r  and so l  vents  

a p p r o p r i a t e  f o r  t h e  samples such as dichloromethane. A vacuum 

source must be a v a i l a b l e ;  presumably, an autosampler cou ld  be sub- 

s t i t u t e d ,  b u t  none were used f o r  t h i s  work. 

E. Pressure Regulators ;  He1 ium and A i r  

One each, 0-200 p s i g ,  two stage, No. E12-Q-N515C ( A i r  Products and 

Chemicals, I n c . )  o r  e q u i v a l e n t .  

Hydrogen Generator 

A hydrogen genera to r  such as t h e  Mi l ton-Roy Elhygen t ype  (App l i ed  

3c ience C c . )  I s  a yvvd suui' ie  f o r  T I D  hydrogen. 

Gas F i l t e r s  

A l l  gases shou ld  have mo lecu la r  s ieve  and ca lc ium carbonate d r y i n g  

t r a p s  p laced  i n  l i n e  be fo re  t h e  chromatograph. A l l  chromatographic 

supply  houses s tock  these f i l t e r s .  I n  a d d i t i o n ,  an oxygen scrubber  

on t h e  he1 ium 1  i n e  i s  a  good p recau t i ona ry  measure. Heated h igh-  

capac i t y  t r a p s  a re  a v a i l a b l e  f rom most chromatography supply  

companies. A1 1  t ech  and Chrompack supply  i n d i c a t i n g  oxygen t r a p s .  



H. Gas Leak De tec to r  

A GOW-MAC gas l e a k  d e t e c t o r  ( o r  s i m i l a r ) ,  a v a i l a b l e  f rom most chrom- 

a tog raph i c  supp ly  companies, should  be used t o  check. a l l  f i t t i n g s  

f o r  l eaks .  I f  necessary,  he l ium should  be plumbed i n t o  t h e  suspect 

l i n e  t o  a l l o w  s e n s i t i v e  d e t e c t i o n  o f  l eaks .  The column f i t t i n g s ,  

septum, and septum n u t  should  be checked p e r i o d i c a l l y .  

I .  Septa 

Supelco Thermogrccn LB-1 h i g h  ten~per.dLur~e septa he re  used. 

Oubble Fluw Melera 

A va r i ab l e - range  bubble  f l o w  meter o r  i n d i v i d u a l  meters usable  i n  

t h e  ranges o f  1-5,  20-40, and 200-400 mL/min a re  needed t o  s e t  up 

t h e  gas f lows .  A F l owra te r  (Spectruni S c i e n t i f i c ,  I n c .  ). may a l s o  be 

used, e l i m i n a t i n g  t h e  need f o r  a stopwatch because i t  prov ides  a 

d i r e c t  readout .  

K. M i  sce l  1 aneous 
- --.." 

A stopwatch ( i f  us i ng  bubble f l o w  meters) ,  a butane c i g a r e t t e  

l i g h t e r ,  a c a r b i d e - t i p p e d  o r  diamond-t ipped c a p i l l a r y  column c u t t e r ,  

and spare column fer'r3ules (15% graph i te /Vespe l ,  0.4-mm-i.d. ho l e )  

shou ld  be a v a i l a b l e  (Supe l tex  M-2A by Supelco o r  equ i va l en t ) .  Do 

n o t  use g r a p h i t e  f p r r ~ l l ~ s  because t h c g  a r c  s o f t  and have a L e ~ ~ c l e ~ ~ c y  

t o  c l o g  t u b i n g  and f i t t i n g s .  S i l y l a t e d  g l ass  wool may be recom- 

mended f o r  use i n  t h e  i n j e c t i o n  p o r t ,  depending on t h e  s p e c i f i c  gas 

c'hromatograph chosen and t h e  t ype  nf i n j e c t i o n  p o r t  l i n c r  i n  use. 

T h i s  i s  a v a i l a b l e  f rom S u p ~ l r o  and many o t l ~ e r .  supp ly  Rouses. Some 

i n j e c t i o n  p o r t  l i n e r s  may a l s o  r e q u i r e  s i l y l a t e d  g l ass  bead pack ing.  

70/8U mesh beads a re  a v a i l a b l e  f rom Analabs, I n c .  (GCS-020B). 



111. REAGENTS (GASES,  SOLVENTS, AND STANDARDS) 

. = 

A .  Hel ium, A i r ,  and Hydrogen 

A v a i l a b l e  f rom A i r  Products and Chemicals, I n c .  o r  o t h e r  s u p p l i e r s  

o f  h i g h - p u r i  ty  gases: 

Hel ium, ze ro  grade, s i z e  A;  u l t r a - p u r e  c a r r i e r  grade may a l s o  

be used. 

A i r ,  zero grade, s i z e  A 

Hydrogen, zero grade, s i z e  A ;  use i f  c y l i n d e r  hydrogen i s  

chosen i n s t e a d  o f  a  hydrogen genera to r .  

0 .  Solven ts  

Dichloromethane i s  a  good genera l  s o l v e n t  f o r  c l e a n i n g  sy r i nges ,  

making s tandard s o l u t i o n s ,  and d i l u t i n g  v iscous samples. ACS 

Reagent grade s o l v e n t  i s  s u f f i c i e n t l y  pure,  b u t  any purchased. 

s o l v e n t  should  be screened f i r s t  by t h e  a n a l y s i s  system t h a t  i t  w i l l  

be used w i t h  t o  determine a c c e p t a b i l i t y .  H igher  grades (HPLC, 

nanograde, d i s t i  1 l e d - i n - g l a s s ,  e t c .  ) a re  a v a i l a b l e .  Other  so l ven t s  

such as to luene  may be u s e f u l  i n  some cases. 

C .  Standard Chemicals Represen ta t i ve  o f  Coal L i q u i d  Compounds 

Many s u p p l i e r s  s tock  chemicals such as those l i s t e d  below, o r  o the r  

aromat ic  o r  a l i p h a t i c  species t h a t  may be o f  i n t e r e s t  i n  coa l  

l i q u i d s .  Th i s  l i s t  o f  chemica ls ,  a v a i l a b l e  f rom A l d r i c h  Chemical 

Co., i s  r e p r e s e n t a t i v e  o f  spec ies used t o  make s tandard b lends t o  

check r e t e n t i o n  t imes o r  system behav io r .  Other  standards a re  

a v a i l a b l e  f rom t h i s  and o t h e r  companies. 



Acenaphthene, 99%, No. 21,537-6 

B i p h e n y l ,  99%, No. 83,465-6 

Carbazo le ,  99%, No. C308-1 

m-Cresol ,  99+%, Gold  Labe l ,  No. C8-572-7 

D ibenzo fu ran ,  99+%, Gold  Labe l ,  No. 23,637-3 

Dibenzoth iophene,  95%, No. 03,220-2 

9,10-Dihydrophenanthrene, 97%, No. D10,600-3 

2,6-Dimethylnaphthalene, No. 12,653-5 

3,4-dimethyl phenol, 99%, No. D17,540-4 

Dodecane, 99%, No. D.22,110-4 

F luo rene ,  98%, No. 12,833-3 

F1 u u r - d ~ ~  L l le~ le ,  98%, NU. F80-7 

Hexacosane, No. 24,168-7 

I n d a n ,  3 7 X ,  No. 1-180-4 

2-Methy lnaphtha lene,  98%, No. M5,700-6 

1-Methy lphenanthrene,  No. M6,820-2 

Naphthalene,  99+%, Go ld  Labe l ,  No. 18,450-0 

1-Naphtho l ,  99%, No. N199-2 

Nonadecane, 99%, No. N2,890-6 

Phenaqthrene, 98+%, No. P I ,  140-9 

Pyrene, 99+%, No. 18,551-5 

Q u i n o l i n e ,  99%, No. 24,157-1 

T e t r a 1  i n ,  33%, No. 10,241-5 

T r i p h e n y l  ene , 9876, No. T-8,260-0 

IV. SAFETY 

Most c o a l  1  i q u i d s  c o n t a i n  i n d i v i d u a l  components t h a t  a r e  known c a r c i n o -  

gens. Thus, c o a l  1  i q u i d s  shou ld  be v iewed as suspected carc inogens and 

hand led a c c o r d i n g l y .  T h i s  i m p l i e s  t h e  use o f  fume hoods, g l o v e s ,  c a r e  t o  

a v o i d  c o n t a m i n a t i o n  o f  porous s u r f a c e s ,  r a p i d  c leanup o f  s p i  l l s ,  a  n e a t  

1  a b o r a t o r y  , and p r o p e r  d i s p o s a l  o f  a1 1  d i s c a r d e d  sampl es and contaminated 

m a t e r i a l s  l e a v i n g  t h e  l a b o r a t o r y .  

Personnel  shou ld  have annual p h y s i c a l s  t h a t  i n c l u d e  t e s t s  a p p r o p r i a t e  f o r  

chemical  workers  ( e . g . ,  enzyme a c t i v i t y ) .  



A l l  i ns t rument  e x i t  p o i n t s  should be v e n t i l a t e d  d i r e c t l y  t o  a  fume hood 

(e .g . ,  v e n t i l a t i o n  snorke ls  f o r  t h e  GC de tec to r s ) ,  o r  a  t u b i n g  connec t ion  

should  c o n f i n e  t h e  e f f l u e n t  and ven t  i n t o  a  hood o r  snorke l .  A1 though 

gas chromatographs should have carbon f i  1  t e r s  be fo re  t h e  s p l  i t t e r  e x i t ,  

v e n t i n g  o f  t h e  s p l i t t e r  i s  a  reasonable p recau t i on .  I f  a  septum sweep i s  

p resen t ,  i t  t o o  should be vented, a l t hough  i t  i s  t y p i c a l l y  n o t  used 

d u r i n g  s p l i t  ana l ys i s .  

V.  PROCEDURE 

A. P repa ra t i on  o f  Chromatograph 

1. Assemble t h e  chromatograph and i n t e g r a t o r  accord ing  t o  t h e  

manu fac tu re r ' s  i n s t r u c t i o n s .  

2. I n s t a l l  t h e  gas f i l t e r s  i n  t h e  gas 1  i nes  between t h e  c y l i n d e r  

r e g u l a t o r s  ( o r  hydrogen genera to r  e x i t )  and t h e  GC.  

3 .  I n s e r t  a  sp l i t -mode i n j e c t i o n  p o r t  l i n e r  i n  t h e  i n j e c t i o n  p o r t .  

Pack i t  w i t h  g l ass  beads and g l a s s  wool as d i r e c t e d  by t h e  GC 

manufacturer  i f  i t  i s  a  s t r a i g h t  tube design. A l though t h i s  

pack ing  may n o t  be necessary, i t  preven ts  n o n v o l a t i  l e  m a t e r i a l  

f rom e n t e r i n g  t h e  column. 

4. I n s t a l  1  a  Thermogreen septum i n  t h e  septum cap; be c e r t a i n  t o  

use t he  c o r r e c t  s i ze .  

5. Many compounds i n  t y p i c a l  coa l  l i ' q u i d s  a re  ca rc inogen ic .  See 

app rop r i a t e  s a f e t y  recommendations f o r  i ns t r umen t  setup i n  

SecL'iuri I V .  

B. Column I n s t a l  l a t i o n  

I n s t a l l  t h e  column us ing  t he  s p e c i f i e d  f e r r u l e s .  Note t h e  i n s t r u -  

ment manufac tu re r ' s  i n s t r u c t i o n s  r ega rd i ng  t he  d i r e c t i o n  o f  t h e  

f e r r u l e s ;  some i n s t a l l  t he  f e r r u l e s  i n  t h e  reverse  d i r e c t i o n  f rom 

o thers .  Spec ia l  nu ts  a re  u s u a l l y  r equ i r ed .  A f t e r  t he  nu t s  and 

f e r r u l k s  have been i n s t a l l e d  on t h e  column, break o f f  about 1  cm 

f rom each end o f  t he  column us i ng  t h e  s p e c i a l  g l ass  c u t t e r .  Th i s  

avo ids p o s s i b l e  problems w i t h  f e r r u l e  m a t e r i a l  c l o g g i n g  the c a l  umn. 



I n s t a l l  t h e  column i n  t h e  i n j e c t i o n  p o r t  t o  t h e  p o s i t i o n  recommended 

by t h e  manufacturer .  I f  g u i d e l i n e s  a re  unava i l ab l e ,  have t h e  

s y r i n g e  needle  pene t ra te  t h e  i n j e c t i o n  p o r t  u n t i l  t.here i s  a 1- t n  

2-cm gap between t h e  end o f  t h e  needle and t h e  column entrance. 

I n s t a l l  t h e  column e x i t  t o  j u s t  below t h e  d e t e c t o r  f lame j e t  e x i t .  

Do n o t  o v e r t i g h t e n  t h e  column f i t t i n g s .  Apply head p ressure  t o  t h e  

column (40 p s i g  f o r  60-m column) t c  produce a p p r o p r i a t e  column f l o w  

r a t e .  Use t h e  l e a k  d e t e c t o r  (never use snoop o r  s i m i l a r  l i q u i d  l eak  

d e t e c t o r s )  t o  gu ide  t o  t h e  p roper  degree o f  t i g h t n e s s  t o  p reven t  

leaks .  The column f i t t i n g s  must. be checked f o r  l eaks  aga in  a f t e r  

t h e  f i r s t  coup le  o f  h e a t i n g  cyc les .  Column c o n d i t i o n i n g  us i ng  a  

s low temperat.ure program t o  300°C and h o l d i n g  a t  t h a t  temperature 

f o r  2 h r  i s  r~rnrnrn~nT1~r-i RP cp r t .a in  t.hat. a1 1 a i r  has been f lus t ied 

f rom t h e  system b e f o r e  t h e  column i s  heated. 

Note: See Sec t i on  C ;  zones should  be a t  o p e r a t i n g  temperatures f o r  

column c o n d i t i o n i n g .  

C .  Opera t ing  Cond i t i ons  

1. . A i r  and Hydrogen Flows 

Set a i r  and hydrogen f l o w  r a t e s  accord inq  t o  t he  GC manu- 

f a c t u r e r , ' ~  i r is t r .uc t ions.  

He1 ium Makeup Flow 

Using t he  f l o w  mct.er, set. t.hc f l o w  at. abo1.1t. 30 ml/min; he sure 

t h a t  t h e  a i r  and hydrogen a re  t u rned  o f f .  The column he1 ium 

Ylow r a t e  must be accounted f o r  i n  t h e  c a l c u l a t i o n .  ' Note! t h a t  

some ins t ruments  do n o t  have a  makeup gas. 

3.  Zone Temperatures 

Note: Be fo re  h e a t i n g  t h e  i n j e c t o r  and d e t e c t o r  zones, be sure 

t h a t  t h e r e  i s  f l o w  th rough  t h e  column and t h a t  a l l  a i r  has been 



purged from the  system (10 min w i l l  be s u f f i c i e n t  i f  t he  

s p l i t t e r  i s  open and s e t  p roper l y - -see  below). 

I n j e c t o r :  D i f f e r e n t  ins t ruments  may r e q u i r e  d i f f e r e n t  tempera- 

t u res .  Pe rk i  n-Elmer ins t ruments  i n  t h i s  work r e q u i r e d  300°C, 

and t he  Var ian  4600 GC r e q u i r e d  350°C t o  ach ieve s i m i l a r  

r e s u l t s .  

De tec to r :  310°C. 

I n i  ti a1 c o l  umn oven temperature:  The s t a r t i n g  temperature 

v a r i e s  w i t h  the  samples: naphtha, O°C; m idd le  and t o t a l  

p roduc t  d i s t i l l a t e  samples (approximate i n i t i a l  b o i l i n g  p o i n t  

about 175OC, c o r r e c t e d  t o  atmospher ic p ressure ) ,  50°C; heavy 

d i s t i l l a t e s  ( i n i t i a l  b o i l i n g  p o i n t  about 350°C, c o r r e c t e d  t o  

atmospher ic p ressure ) ,  100°C. The oven should  n o t  be l e f t  a t  

O°C o v e r n i g h t  because t h e  carbon d i o x i d e  supply  w i l l  be r a p i d l y  

d ra ined ;  50 o r  100°C a re  acceptab le  o v e r n i g h t  temperatures.  

4. Column Flow 

Set t h e  d e t e c t o r  range a t  x l  ( 1 x 1 0 - ~ ~  amps f u l l  sca le )  and t h e  

p l o t t e r  a t t e n u a t i o n  t o  x16. Turn t he  s p l i t t e r  on and a d j u s t  i t  

t o  about 50 mL/min. Set , t h e  column head p ressure  t o  about 40 

ps i g .  I n j e c t  butane gas from t h e  l i g h t e r  (a  few m i c r o l i t e r s )  

w i t h  t h e  column temperature a t  50°C t o  determine t h e  dead 

volume f rom t h e  r e t e n t i o n  t ime  o f  butane. Butane i s  cons idered 

t o  be nonreta ined.  Butane can be wi thdrawn f rom t h e  l i g h t e r  by 

i n s e r t i n g  t h e  sy r inge  needle i n t o  t h e  f lame hol'e and drawing 

back t h e  p lunger  w h i l e  depress ing t h e  l i g h t e r  va l ve  sw i tch .  

Make a t  l e a s t  t h ree  i n j e c t i o n s  and use t h e  average r e t e n t i o n  

t ime i n  t h e  f o l l o w i n g  equa t ion  t o  c a l c u l a t e  t h e  c a r r i e r  gas 

f l o w  r a t e  (CFR): 



2 
C F R  = n r  L 

tb " f 

r = in ternal .  radius of the column in centimeters 

L = length of column in  centimeters 

tb = r e t en t ion  time of butane in minutes 

C f  i s  the  gas compressibi l i ty f ac to r :  1. 5(p2 - 1)/(p3 - I ) ,  

where P i s  the  r a t i o  of the column i n l e t  pressure d i \ ~ i d e d  by 

the  column o u t l e t  pressure. The o u t l e t  pressure i s  normally 

about 14.7 ps ia  and the  i n l e t  pressure wi l l  be the  .column head 

pressure (gauge reading plus the  prevail ing atmospheric pres- 

sure j .  

The flow r a t e  should be about 2-'3 mL/min. 

5. Se t t ing  the Split .  Ratio 

Attach the  Flowrater o r  bubble flow meter t o  the s p l i t t e r  vent 

and ad jus t  the  s p l i t t e r  flow t o  get  a s p l i t  r a t i o  of about 25:l 

t u  5 0 : l .  The ca lcula t ion  i s  as follows: 

s p l i t  r a t i o  = CtH + S t K  

C F R 

Pldkti L ~ I . L C I . ~ I . I  tl-IE. s p l i t t e r  i s  open bcforc cach run; 

In teqra tor  and Plo t t ing  -. ~ Parameters 

Many parameters must be s e t  fo r  proper rriteyration 

The peak wid.Lt1 I I I U L L  be f a i r l y  nar row,  t o  ensl.irp an adeq~~;l t .c  

number of data points  across each peak. A minimum of s i x  i s  

acceptable.  A s e t  point  of 8 f o r  the peak width i n  the CDS 401 

prnvides 2 . 5  data values p e r  second. If data a re  saved on 

computer d i s k s ,  the  space required wil l  depend on the sampling 

r a t e  chosen. A minimum area of 1000 wil l  el iminate small peaks 

from the  repor t  and s t i l l  provide data on 300-400 peaks in most 



t y p i c a l  samples. I f  t h e  da ta  a re  saved v i a  computer, reca lcu -  

l a t i o n  can i n c l u d e  de le ted  components by  changing t h e  r e s t r i c -  

t i o n s .  

The cho ice  o f  da ta  system and p l o t t e r  w i l l  d i c t a t e  t h e  most 

u s e f u l  d i s p l a y .  The CDS 401 p reven ts  peak r e t e n t i o n  t imes from 

be ing  p r i n t e d  on t o p  o f  each o the r .  They can a l s o  be . e l  i m i -  

nated e i t h e r  f o r  a  c l e a r  chromatogram o r  f o r  r e p l o t t i n g  f rom a  

da ta  f i l e .  A computer -ass is ted d i s p l a y  system w i l l  p rov i de  

c a p a b i l i t i e s  o f  d i s p l a y  and man ipu la t i on  t o  a l l o w  o p t i m i z a t i o n  

o f  peak i n t e g r a t i o n .  I n  gene ra l ,  a  c h a r t  speed o f  0.5 cm/min 

and a  c h a r t  a t t e n u a t i o n  o f  x64 a re  s u i t a b l e .  Fas te r  c h a r t  

speeds, e s p e c i a l l y  f o r  r e p l o t s  f o r  c l ose  examinat ion o f  complex 

chromatograms, may be necessary. A t t enua t i ons  f rom x4 t o  x256 

may be u s e f u l  depending on t h e  sample's comp lex i t y ,  b o i l i n g  

p o i n t  d i s t r i b u t i o n ,  pe rcen t  o f  v o l a t i l e '  components, and ex ten t  

o f  d i l u t i o n  i n  a  so l ven t .  

7 .  D a i l y  Blank Temperature Program 

Every day be fo re  any analyses a re  performed, a  temperature 

program should  be r u n  w i t h o u t  an i n j e c t i o n .  Th i s  e l u t e s  any 

r e s i d u a l  coa l  l i q u i d  components o r  system contaminants ( f o r  

i ns tance ,  from the  septum) t h a t  may condense a t  t h e  beg inn ing  

of t h e  column. The column i s  heated f rom 50 t o  300°C a t  

10°C/min and t h i s  tempera t .u r~  i s  h e l d  f o r  20 min. 

8. Temperature Program f o r  Sample's 

The column oven temperature i s  programmed a t  2OC/min f o r  a l l  

samples; s t a r t i n g  teiiiper'aLures f o r  different types a re  1  i s ted  

i n  Sec t ion  V. C. 3. The f i n a l  temperature f o r  a  naphtha i s  

200°C, a l though  some d i s t i l l a t e s  may have v o l a t i l e  p o r t i o n s  

l i k e  a  naphtha and a l s o  h i ghe r  b o i l i n g  components r e q u i r i n g  

h i ghe r  e l u t i o n  temperatures.  M idd le  and t o t a l  d i s t i l l a t e  

samples r e q u i r e  an upper temperature o f  280°C and heavy d i s t i  1- 



l a t e s  a r e  r u n  w i t h  a  program upper l i m i t  o f  300°C. Genera l l y ,  

no f i n a l  h o l d  t ime  i s  necessary, a l though  5-10 min i s  sometimes 

used. There i s  no i n i t i a l  h o l d  t ime.  

D. Tes t  S o l u t i o n  

P r e p a r a t i o n  o f  t h e  Tes t  S o l u t i o n  

Coal l i q u i d s  a re  a  complex m i x t u r e  o f  many types o f  compounds. 

Aromat ic  hydrncarbons, a l k y l - a r o m a t i c  hydrocarbons, p a r t i a l l y  

hydrogenatcd aromat ic  hydrocarbons, a lkanes,  hydrnxyaromat ics ,  

a r o m a t i c  e t h e r s ,  and hcteroatomic  species containing n i t r n g ~ n  

and s u l f u r  i n  a d i ve r se  range o f  compound types have been found 

i n  coa l  l i q u i d s  (2,4-6). Two t e s t  s o l u t i o n s  were made, t o  

a v o i d  most c l o s e l y  e l u t i n g  compounds. 

The suggested t e s t  s o l u t i o n s  c o n t a i n  model compounds cove r i ng  

a l l  major  c lasses  o f  compounds found i n  coa l  l i q u i d s .  Other  

m i x t u r e s  r e p r e s e n t a t i v e  o f  coa l  l i q u i d  d i v e r s i t y  would a l s o  be 

acceptab le .  Make c e r t a i n  t h a t  a'l 'I coriipoisents I n  t h e  t e s t  

s o l u t i o n  a re  i n  s o l u t i o n  be fo re  usi'ng i t .  The t e s t  s o l u t i o n s  

shou ld  be s t o r e d  i n  t h e  dark,  i n  a  number o f  smal l  amber v i a l s  

w i t h  ' I 'ef lon cap 1 i n e r s .  By d i v i d i  ny t h e  starrdard s o l u t i o n  

among m u l t i p l e  b o t t l e s ,  t he  i s o l a t e d  t e s t  s o l u t i o n  v i a l s  w i l l  

be u n a f f e c t e d  by repeated openings and c l o s i n g s  d u r i n g  p e r i o d l c  

t e s t i n g  o f  - t he  chromatographic system. The v i a l s  should  be 

weighed so  t h a t  a  v i a l  Lu be used can be checked t.a ensure  t h a t  

solvent l u c s  ' i6  I I U ~  ~:i:tr6me. The t c 9 t  sn l i l t . i nn  s h n ~ r l d  n o t  bc 

r e f r i g e r a t e d ,  because t h i s  may cause some components t o  preclp-  
i t a t e .  A l though  a  few components may degrade s l i g h t l y  over  

t ime ,  t h i s  i s  o f  l i t t l e  consequence. The standards a re  t o  be 
7 

used , f o r  check ing  r e t e n t i o n  t ime  s h i f t s ,  r e s o l u t i o n  changes, 

and peak t a i l i n g ,  n o t  f o r  q u a n t i t a t i v e  comparisons. The t e s t  

s o l u t i o n s  shou ld  be remade p e r i o d i c a l l y ,  as needed, a l though  

w i t h  ca re ,  an i n i t i a l  group of v i a l s  should  l a s t  a t  l e a s t  2 

yea rs .  



2. Sample I n j e c t i o n  

I n j e c t  0 . 2  pL o f  a  t e s t  s o l u t i o n  i n t o  t h e  i n j e c t i o n  p o r t  and 

s t a r t  t h e  oven temperature program and da ta  system. Leave t h e  

sy r i nge  needle i n  t h e  i n j e c t i o n  p o r t  f o r  10 sec b e f o r e  w i t h -  

drawing i t. I d e n t i f y  t h e  components based on t h e i r  e l u t i o n  

o rde r  and r e t q n t i o n  t imes,  as shown i n  ~ a b l e s  I and 11. 

F igures  1  and 2 show t h e  chromatograms o f  t h e  two s tandard 

m i x tu res  . 

A t e s t  s o l u t i o n  should  be analyzed a t  l e a s t  once a  month, and 

whenever t he  r e t e n t i o n  t imes need t o  be checked, f o r  example, 

a f t e r  qhanging columns o r  r e s e t t i n g  t h e  head pressure.  

E. Samples 

1. Sample P repa ra t i on  

I n  most . cases, these samples can be i n j e c t e d  "neat"  ( "as 

rece ived"  o r  w i t h o u t  d i l u t i o n )  i n t o  t h e  chromatograph. 

Viscous, t a r r y ,  o r  s o l i d  samples must be d i l u t e d  o r  e x t r a c t e d  

so t h a t  t hey  can be i n j e c t e d  w i t h  t h e  sy r inge .  Dichloromethane 

r e a d i l y  d i s s o l v e s  he'avy d i s t i l l a t e s  and i s  never needed i n  

amounts g r e a t e r  than  t h e  sample i t s e l f  t o  produce a  s u i t a b l e  

s o l u t i o n .  E x t r a c t i o n  o r  s o l u t i o n  i n  pentane may a l s o  be s u i t -  

ab la .  The reco rde r  a t t e n ~ l d t i u r i  should  be ad jus ted  f o r  t h e  

expected e x t e n t  o f  d i l u t i o n .  

2. Sample I n j e c t i o n  

I n j e c t  U . 2  pL o f  t he  sample i n t o  t h e  i n j e c t i o n  p o r t  and s t a r t  

t h e  oven temperature program and da ta  system. Leave t h e  

sy r i nge  needle i n  the  i n j e c t i o n  p o r t  10  sec be fo re  w i t hd raw ing  

i t .  



Note: A smoky vapor t h a t  may be v i s i b l e  when t he  needle i s  

wi thdrawn f rom t h e  i n j e c t i o n  p o r t  should  be.removed by a  v e n t i -  

l a t i o n  sno rke l .  

A l l ow  t h e  chromatograph t o  r u n  u n t i l  t h e  temperature programs 

a p p r o p r i a t e  f o r  each sample t ype  (as d iscussed i n  Sec t ion  

V.C.8) a r e  complete. Th i s  v a r i e s  from 100 min f o r  naphtha 

samples t o  about 120-130 min f o r  o t h e r  sample types.  Narrower 

d i s t i l l a t e  c u t s  may r e q u i r e  l e s s  t ime .  There i s  no s u b s t i t u t e  

f o r  b u i  l d l n g  expersierlcr! w i t h  a ' l a r g e  and d i v e r s e  group s f  

samp l P S  

F igu re  3 ,  a  chromatogram o f  a  t y p i c a l  S R C - I  process naphtha, 

shows t h a t  20 peaks have been i d e n t i f i e d ;  t h e  numbers co r -  

respond t o  t h e  l i s t  i n  Sab'le 111. Peaks werme - i s l e r ~ t i f i e d  by 

us i ng  gas chromatography/mas,s spect rometry  (GC/MS).  Hydro- 

t r e a t e d  naphthas a re  t y p i c a l l y  s i m i l a r  t o  nonhydrot reated 

naphthas, pxcep t  t h a t  t he  hvdr0x.y-aromatics may be g r e a t l y  

d im in i shed  o r  comp le te ly  removed, and spec ies such as octa-  

hyd ro i  ndenes , d i l ~ y c l r ~ ~  i ~ ic le~ ies,  deeal i n s  , and t c t r a l  i n are more 

rnmmnn and more concent ra ted.  

F i gu re  4 i s  an S R C - I  process s o l v e n t  d i s t i l  l a t e  (350-850°F, 

c o r r e c t e d  t o  atmospher ic p ressure ) .  The d i s t i l l a t i o n  c u t  

p o i n t s  may change wit.h process d e f i n i t i o n  and t l ~ e  o v e r a l l  l ook  

o f  t h e  chromatogram mdy change somewhat as t h e  coa l  feed o r  

process  c o n d i t i o n s  a re  changed. However, t h e  major  peaks, 

showr~ ill Tab le  I V ,  r a n  h c  cxpected t o  be p resen t  i n  a1 1 samples 

o f  t h i s  t y p e  ( n o t  hydro t rea ted) .  F i gu re  5 i s  an S R C - I  and 

h y d r o t r e a t e r  u n i t  compusite m idd le  d i s t i  1  l a t e .  The pr-esence of 

many i somer i c  p a r t i a l l y  hydrogenated spec ies increases t h e  

comp lex i t y  o f  t h e  sample. Table V l i s t s  t h e  components iden- 

t i f i e d .  



Figures  6 and 7 a r e  chromatograms of an SRC-I p rocess  s o l v e n t  

heavy d i s t i l l a t e  (650-850°F) and a hyd ro t r ea t ed  heavy d i s t i l -  

l a t e ,  r e s p e c t i v e l y .  These samples a r e  extremely complex. The 

SRC-I heavy d i s t i l l a t e  s t a r t s  i n  t h e  phenanthrene reg ion .  

Fluoranthene and pyrene a r e  major components, and heav ie r  

aromat ics  such a s  methylpyrenes ,  chrysene ,  and long-chain 

a lkanes  a r e  t y p i c a l ,  a long w i t h  a lky lphenanthrenes  and 

phenylmaphthalenes. Hydrotreated heavy d i s t i l l a t e s  and com- 

p o s i t e  samples con t a in ing  them ( s e e  Figure  7 )  a r e  even more 

complex. Other than pyrene and t h e  methylpyrenes ,  which appear  

t o  r e s i s t  hydrogenat ion,  most o t h e r  peaks a r e  unknowns o r  

mixtures  of unknowns wi th  t y p i c a l  molecular  weights  of 200-280. 

Although s t r u c t u r e s  can be suggested f o r  many of t h e  corn-. 

ponents ,  evidence i s  scan ty .  A s e r i e s  of h igher  molecular  

weiaht  a lkanes  (up t o  about C ) i s  a l s o  r e a d i l y  v i s i b l e ,  3 5 
e s p e c i a l l y  a t  t h e  end of t h i s  chromatogram. Such complex 

chromatograms can be used f o r  comparison, b u t  i d e n t i f i c a t i o n  

beyond a very l im i t ed  e x t e n t  w i l l  r e q u i r e  new fundamental 

' i n v e s t i g a t i o n s .  

The hump of nonresolved components obvious i n  Fiyur-e 7 i s  

p r e sen t  i n  most samples t o  some degree.  I n t e g r a t i o n  i s  done t o  

a b a s e l i n e ,  which extends i n  most c a se s  from t h e  beginning t o  

t h e  end of t h e  chromatogram. This  can l e ad  t o  s u b s t a n t i a l  

a r e a s  ass igned  t o  small peaks on t h e  hump. Such d a t a  must be 

used wi th  c a r e .  Narrow d i s t i l l a t e  c u t s  a r e  a l s o  very l ' i  kely t o  

con t a in  nonresolved humps i n  t h e  chromatograms. 

Fu l l - range  d i s t i l l a t e s ,  e s p e c i a l l y  t h o s e . f r o m  t h e  hyd ro t r ea t -  

ment p roce s s ,  a r e  extremely complex ( s e e  F igure  8 )  and few 

s p e c i e s  dominate t h e  sample. Table VI l i s t s  some t y p i c a l  

components. Many chromatographic peaks c o n t a i n  two o r  more 

components, a s  shown by mass spec t romet ry .  

Reproducible assignment of peaks without  mass spec t romet ry  o r  

conf i  rmat.ion of re ten t io l - I  I; i111es on two c a p i  1 l a r y  c&lumns o f  



V I .  

d i f f e r e n t  p o l a r i t i e s  depends on b e i n g  a b l e  t o  match s i m i l a r  

ch romatog raph ic  " f i n g e r p r i n t s "  where mass s p e c t r a l  ev idence  ( a t  

a minimum) has been used t o  " i d e n t i f y "  components. Then, t h e  

peaks may be " i d e n t i f i e d "  b y  r e t e n t i o n  t i m e .  There a r e  many 

ways t o  do t h i s ,  some o f  w h i c h  have been d i scussed  by  Lee e t  

a l .  ( 7 ) .  A 1  t t luugh a  system o f  r e t e n t i o n  i n d i c e s  (8 )  has been 

demons t ra ted  t o  p r o v i d e  some advantages,  m a t r i x - s p e c s  f i c  s h i f t s  

i n  t h e  ass igned  va lues  have been n o t e d  ( 3 ,  7) .  We found t h a t  

r e l a t i v e  r e t e n t i o n  t i m e s  vs .  phenanthrene p r o v i d e d  s u f f i c i e n t  

c o r r e c t i o n  and precision t,p repr3uduc. i l r ly  a s s i g n  peaks i n  most 

samples. I 'he e f f e c t s  o f  mat;rix were l e ~ s  appai",elV~t. In a 

s e r i e s  o f  s i m i l a r  samples, f o r  wh ich  t h i s  method i s  most appro-  

p r i a t c ,  no probloms o f  t t i f c  t y p ~  .;hnulrj oi:cur'. However, 

because naphthas and heavy d i  st. i  11 a t e s  were n o t  s t u d i e d ,  c a r e  

s h o u l d  be e x e r c i s e d  i n  a s s i g n i n g  t h e i r  peaks.  

R e t e n t i o n  i n d e x  c a l c u l a t i o n s  r e q u i r e  an e x t e r n a l  computer  and 

a p p r o p r i a t e  programs. The V a r i a n  CDS 401 d a t a  system can 

c a l c u l a t e  r e l a t i v e  r e t e n t i o n  t i m e s ,  b u t  does n o t  use them t o  

a s s i g n  p e a k s .  I t  + l < n  n n l y  c a l c u l a t e s  them t o  two s i q n i f i c a n t  

f i g u r e s ,  wh ich  i s  i n s u f f i c i e n t  t o  d i s t i n g u i s h  many c l o s e l y  

e l u t i n g  components. f h l s  d a t a  syslenl due5 d l l o w  f o l -  c o r r e c t i o n  

o f  raw r e t e n t i o n  t i m e s  by  u s i n g  a  system o f  r e f e r e n c e  peaks.  

T h i s  has been used s u c c e s s f u l l y  t o  a s s i g n  i d e n t i t i e s  Lo abou t  

80 peaks i n  a  s e r i e s  o f  samples t h a t  p roduce chromatograms 

s i m i l a r  t o  F i g u r e  8. 

CALCULATIONS (QUANTIfAPION) 

The measurement o f  c h r q u ~ ~ l s L u y ~ . d l ~ I - ~ i c  peak areas and 1.15~ nf t.hrr,r d a t a  t o  

document t h e  c o m p o s i t i o n  o f  c o a l  l i q u i d s  and compare one sample t o  

a n o t h e r  add an i m p o r t a n t  e x t r a  d imens ion  t o  q u a l i t a t i v e  compar isons.  Fo r  

t.he most  p a r t ,  a p p a r e n t l y ,  t h e  same components a r e  formed even when 

d i f f e r e n t  c o a l  f e e d s t o c k s  o r  p rocess  c o n d i t i o n s  a r e  used. However, t h e  

r e l a t i v e  amounts o f  spec ies  v a r y  c o n s i d e r a b l y .  There fo re ,  t o  use t h e s e  

d e t a i l e d  chromatograms t o  unders tand  and o p t i m i z e  t h e  l i q u e f a c t i o n  

p r o c e s s ,  q u a n t i t a t i v e  da ta  s h o u l d  be used. Raw a rea  percentages can be 



compared f r o m  one sample t o  ano the r . '  These v a l u e s  w i l l  n o t  g i v e  an 

a c c u r a t e  measure o f  t h e  r e l a t i v e  amounts o f  a l l  components because o f  

d i f f e r e n t  FID responses and i n j e c t i o n  d i s c r i m i n a t i o n  between components 

o f  w i d e l y  v a r y i n g  b o i l i n g  p o i n t s  (7 ,  9 ) ,  b u t  such prob lems can be con- 

s i d e r e d  as c o n s t a n t s  i n  t h e  ana lyses .  

Even more i n f o r m a t i o n  can be ga ined  by  u s i n g  n o r m a l i z e d  a r e a  pe rcen tages .  

  his r e q u i r e s  d i s s o l v i n g  weighed samples (100 mg) i n  n -pentane and t h e  

presence o f  an i n t e r n a l  s tanda rd .  I n  t h e  work  accompl ished t o  d a t e ,  

4 -oc tyne  has been used as t h e  i n t e r n a l  s t a n d a r d  ( a v a i l a b l e  f r o m  A l d r i c h  

Chemical Co. ) ;  i t  was made up i n  t h e  pen tane  a t  t h e  0.20 w t  % l e v e l  

b e f o r e  t h e  pentane was used t o  make sample s o l u t i o n s .  G e n e r a l l y ,  a l l  

components s o l u b l e  i n  pentane can be gas-chromatographed under t h e  c o n d i -  

t i o n s  used, and, a t  t h e  l e v e l s  f ound  i n  t h e s e  samples,  a l l  v o l a t i l e  

spec ies  a r e  s o l u b l e  i n  pentane.  4-Gctyne e l u t e s  i n  one o f  t h e  few gaps 

i n  t h e  complex chromatogram o f  a  h y d r o t r e a t e d  c o a l  l i q u i d  f u l l  d i s t i l l a t e  

( a t  abou t  9 . 5  m i n  under  t h e  c o n d i t i o n s  s p e c i f i e d ) .  The w e i g h t  o f  

4 -oc tyne  t o  sample can t h e n  be c a l c u l a t e d ,  and w i t h  t h e  s o l v e n t  peak 

i n h i b i t e d ,  t h e  d a t a  system can be used t o  c a l c u l a t e  a l l  components as 

pe rcen tages  r e l a t i v e  t o  t h e  c a l c u l a t e d  p e r c e n t a g e  o f  4 -oc tyne  (1 .13  mg i n  

0 . 9  mL o f  pen tane ) .  T h i s  method accoun ts  f o r  n o n v o l a t i l e  components. 

The presence o f  n o n v o l a t i l e  components i n  a  sample wou ld  produce a  l a r g e r  

a r e a  pe rcen tage  f o r  a  g i v e n  peak s i z e ,  because t h e  n o n v o l a t i l e  m a t e r i a l  

wou ld  n o t  be i n c l u d e d  i n  t h e  a rea  n o r m a l i z a t i o n  u s i n g  t h e  t o t a l  a rea o f  

t h e  chromatogram. W i t h  t h e  i n t e r n a l  s t a n d a r d ,  a  g i v e n  peak s i z e  w i l l  

a lways  be ass'gned t h e  same w e i g h t  pe rcen tage ,  r e g a r d l e s s  o f  t h e  a rea  o f  

t h e  o t h e r  peaks.  

S e l e c t e d  components f r o m  t h r o u g h o u t  a  sample s i m i l a r  t o  one t h a t  p roduced 

t h e  chromatogram shown i n  F i g u r e  8  were s t u d i e d  f o r  p r e c i s i o n .  Fou r teen  

peaks were s t u d i e d  a f t e r  t r i p l i c a t e  a n a l y s e s .  The average peak areas  

ranged f r o m  0 .07  t o  2.5% a r e a  and t h e  s t a n d a r d  d e v i a t i o n s  ranged f r o m  0 . 6  

t o  7 .8% ( r e l a t i v e ) .  The average r e l a t i v e  s t a n d a r d  d e v i a t i o n  was 4.2%. 

I n  g e n e r a l ,  e a r l y  e l u t i n g  components were l e s s  p r e c i s e .  Components 

choser, f o r  s t u d y  i n c l u d e d  w e l l - r e s o l v e d  peaks and some t h a t  were f u s e d  

w i t h  n e i g h b o r i n g  peaks t o  t h e  e x t e n t  o f  a b o u t  50% v a l l e y .  Weight  p e r c e n t  



da ta  p r e c i s i o n  r e l a t i v e  t o  an i n t e r n a l  s tandard should  be s i m i l a r .  . T h i s  

method cannot r e a d i l y  be used f o r  naphtha samples, because n-pentane i s  a  

component o f  these samples and t he  presence o f  many l o w - b o i l i n g  com- 

ponents means t h a t  any s o l v e n t  used would obscure sample components. 

A l so ,  see t h e  f o l l o w i n g  sec t i on .  

V I I .  PRECISION AND ACCURACY 

When a  1.0-pL s y r i n g e  w i t h  a  Chaney adapter  was used, t h e  average mean 

s tandard  d e v i a t i o n  o f  t h e  area percentages o f  s e l e c t e d  components i n  a 

p ~ ~ o i c s s  s o l v e n t  was 1.27% ( a n a l y r t d  i n  tripl4cate u s i n g  a 15-m eolumn 

under c o n d ~ t ? O h s  s i m j l a f  to tnose suggesred I n  t h i s  method). Wl thou t  t h e  

Chaney adap te r ,  t h e  va lue  was 1.78% (1).  Recent work w i t h  ve ry  complex 

hyd ro t r ea ted  coa l  l i q u i d s ,  u s i n g  t h e  method d iscussed here,  produced an 

average area pe rcen t  p r e c i s i o n  o f  4.2% (see Sec t ion  V I ) .  

The p r e c i s i o n  may be f a r  worse f o r  components p resen t  a t  low l e v e l s ,  

p a r t i c u l a r l y  i f  t h e y  a re  p o o r l y  reso lved.  As d iscussed below, 

s p e c i a l i z e d  i n t e g r a t i o n  f o r  p o o r l y  r eso l ved  peaks o f  i n t e r e s t  may be 

r e q u i r e d  t o  p r o v i d e  op t ima l  p r e c i s i o n .  

Q u a n t i t a t i v e  accuracy i s  d iscussed i n  s e c t i o n  V I .  The a n a l y s i s  o f  an 

S R C - I  p r ~ ~ c e s s  s o l v e n t  d i s t i l l a t e  (350-850°F, c o r r e c t e d  t o  atmospher ic 

p ressure )  i l l u s t r a t e s  what can be accomplished. The sample was analyzed 

w i t h o u t  d i l u t i o n .  Table  V I I  shows t he  r e s u l t s  f o r  se l ec ted  components, 

a l l  o f  which were p resen t  a t  1 .0  o r  more area percentages (15  peaks ) .  

Two components had poor  p r e c i s i o n  due t o  shoulders .  A f t e r  custom i n t e -  

g r a t i o n  i n  t h e  r eg ions  around those peaks, one f e l l  t o  l ess  t han  1.0% and 

t h e  o t h e r  f e l l  t o  j u s t  over 1.0%, b u t  was u n a v a i l a b l e  as a  standard.  

Notc t h a t  o n l y  components p resen t  a t  l e v e l s  above 1.0% were cons idered 

because t h a t  was a  c o n s t r a i n t  agreed t o  d u r i n g  t h e  methods development, 

even though i t  e l i m i n a t e s  whole c lasses  o f  compounds. Two o t h e r  com- 

ponents (b ipheny l  and d ipheny l  e t h e r )  were d is regarded  because they  were 

caused by Dowtherm hea t  t r a n s f e r  f l u i d  con tamina t ion .  Two o t h e r  com- 

ponents were a l s o  unava i l ab l e  as s tandards.  The rema in ing  t e n  species 

were analyzed f o r  area pe rcen t  p r e c i s i o n .  Re ten t i on  t ime  p r e c i s i o n  was 



a l s o  ana lyzed,  a l t h o u g h  as d i scussed  i n  S e c t i o n  V . E  r e l a t i v e  r e t e n t i o n  

t imes  o f  some t y p e  shou ld  be used t o  c o r r e c t  f o r  s l i g h t  changes. These 

d a t a  a r e  shown i n  Tab le  V I I .  The c o a l  l i q u i d  was a l s o  d i l u t e d  1 : 1  i n  

t o l u e n e  as i f  i t  were a  v i s c o u s  sample, t o  check f o r  p o s s i b l e  s o l v e n t  

e f f e c t s .  Tab le  V I I I  c o n t a i n s  these da ta .  The s o l v e n t  (when n o t  counted 

i n  t h e  a r e a  i n t e g r a t i o n )  does n o t  a f f e c t  t h e  a rea  percentages.  For  most 

o f  these  components, p r e c i s i o n  was e x c e l l e n t ,  b e t t e r  i n  f a c t  than  i n  t h e  

n o n d i l u t e d  c o a l  l i q u i d .  

H i g h - p u r i t y  s tandards o f  t h e  t e n  compounds were t h e n  mixed i n  t o l u e n e  t o  

l e v e l s  s i m i l a r  t o  t h e  coa l  l i q u i d .  Tab le  I X  g i v e s  t h e  r e s u l t s .  Area 

percentages a r e  s i m i l a r  t o  w e i g h t  percentages i n  a l l  cases,  excep t  

perhaps d i b e n z o f u r a n ,  f o r  wh ich t h e  heteroatom would be expected t o  cause 

a  reduced FID response. I t  appears f rom these  r e s u l t s  t h a t  a rea  pe r -  

centages c l o s e l y  approx imate w e i g h t  percentages w i t h o u t  response f a c t o r s ,  

a t  l e a s t  f o r  t h e  component range f rom naphtha lene t o  pyrene.  

F i n a l l y ,  a  1 : 1  s o l u t i o n  o,f t h e  d i l u t e d  c o a l  l i q u i d  and t h e  s tandard  b l e n d  

was ana lyzed.  The expected a rea  percentages would  be t h e  average o f  

those  l i s t e d  i n  Tab les  V I I I  and I X .  R e s u l t s  were s i m i l a r  t o  those  

expected (Tab le  X ) .  The t e c h n i q u e  used he re  i s  s i m i l a r  t o  s tandard  

a d d i t i o n  techn iques .  Such techn iques  a r e  n o t  g e n e r a l l y  a p p l i c a b l e  t o  

such complex samples, where t h e r e  a r e  many components o f  i n t e r e s t .  

Readers shou ld  c o n s u l t  t ex tbooks  o f  q u a n t i t a t i v e  a n a l y s i s  f o r  more i n f o r -  

ma t ion  i f  i n t e r e s t e d .  

V I I I .  QUALITY ASSURANCE 

The gas chromatograph and i n t e g r a t o r  shou ld  be m a i n t a i n e d  a c c o r d i n g  t o  

t h e  m a n u f a c t u r e r ' s  i n s t r u c t i o n s .  D u r i n g  c o n s t a n t  use, t h e  septum shou ld  

be r e p l a c e d  about  e v e r y  3-5 days,  and t h e  i n j e c t i o n  p o r t  l i n e r  s h o u l d  be 

checked weekly.  A c l e a n  l i n e r  w i t h  new p a c k i n g  ( i f  t h e  packed t y p e  i s  

used) shou ld  be i n s t a l  l e d  when t h e  1  i n e r  o r  i t s  p a c k i n g  i s  ' d i r t y .  More 

f r e q u e n t  i n j e c t i o n s  may r e q u i r e  more f r e q u e n t  septum o r  l i n e r  changes. 

A n a l y z i n g  many samples c o n t a i n i n g  a  l a r g e  pe rcen tage  o f  n o n v o l a t i  l e  

m a t e r i a l  may a l s o  n e c e s s i t a t e  more f r e q u e n t  l i n e r  changes. Be a l e r t  t o  



septum l eaks ,  head p ressure  changes, r e t e n t i o n  t ime  changes, peak s i z e  

changes, o r  changes i n  chrnmat.ographic behavior. A 1  though i t  oft.en does 

n o t  appear necessary,  t h e  i n j e c t i o n  p o r t  should  be coo led  t o  per fo rm t h i s  

maintenance t o  p reven t  p o s s i b l e  damage t o  t h e  beg inn ing  o f  t h e  column. 

Wi thou t  c o o l i n g ,  a i r  w i l l  e n t e r  t h e  open p o r t ,  become heated, and then  

en te r s  t h e  column, where t h e  h o t  oxygen m igh t  r e a c t  w i t h  t h e  column. 

Columns used f o r  work s i m i l a r  t o  t h a t  desc r ibed  i n  t h i s  method have been 

i n  use c o n t i n u a l l y  f o r  over  2 years  and do n o t  appear t o  be degrading. 

However, t h e  column should  be rep laced  i f  a l o s s  o f  r e s o l u t i o n  occurs 

t h a t  cannot  be r e c t i f i e d ,  o r  i f  t a i l i n g  o f  p o l a r  compound peaks i s  de te r -  

mined t o  be due t o  t he  column. The l a t t e r  problem may l i e  elsewhere. I f  

t a i l i n g  i s  due t o  t he  column, t h i s  can sometimes be c o r r e c t e d  by removing 

a smal l  p i ece  o f  t h e  i n l e t  end o f  t he  column o r  by us i ng  a s i l y l a t i n g  

reagent .  

IX. P R I N C I P L E  

Samples a re  analyzed by i n j e c t i n g  them ( u n d i l u t e d  o r  d i l u t e d ,  as appro- 

p r i a t e )  i n t o  a gas chromatographic c a p i l l a r y  column. The p r imary  separba- 

t i o n  mechanism depends on b o i l i n g  p o i n t  d i f f e r e n c e s ,  b u t  r e l a t i v e  

s o l u b i l i t i e s  i n  t h e  column s t a t i o n a r y  phase a re  a l s o  i nvo l ved .  Essen- 

t i a l l y ,  a ve r y  h i g h  e f f i c i e n c y  d i s t i l l a t i o ~  occurs ,  and components a re  

de tec ted  as they  leave  t h e  column. The f lame i o n i z a t i o n  d e t e c t o r  

responds t o  mass and i s  a lmost  u n i v e r s a l .  The s i g n a l  generated i s  p ro -  

p o r t i o n a l  t o  the  concen t ra t i on  o f  i ons  generated i n  t h e  d e t e c t o r  f lame. 

These ion5 a 1  low a cur rent .  ten p a s s  b ~ t w e c n  t h ~  e l ec t r odes  i n  t.he 

d e t e c t o r .  A v o l t a g e  propnr t , inna l  t n  t.he c u r r ~ n t  i s  m ~ a s ~ l r ~ r i  and plot.t.ed. 

Areas under t he  p l o t t e d  chromatographic peaks a re  p r o p o r t i o n a l  t o  t h e  

concen t ra t i ons  o f  components i n  t h e  sample. I n  t h i s  work, t y p i c a l  

samples produce hundreds o f  peaks; the.most complex samples produce over  

500 peaks. Because these  peaks may n o t  r ep resen t  i nd i  v i  dual  components 

and response may d i f f e r ,  area percentages must be used c a r e f u l l y .  



X .  FUTURE WORK 

Development o f  t h i s  method i s  i n c o m p l e t e .  Fo r  t h i s  reason ,  and because a  

s p e c i f i c  r e q u i r e m e n t  f o r  t h i s  method i n  t h e  d e m o n s t r a t i o n  p l a n t  ana- 

l y t i c a l  l a b o r a t o r y  has n o t  been i d e n t i f i e d ,  t h i s  method i s  w r i t t e n  i n  

g e n e r a l  te rms.  More model compounds s h o u l d  be ana lyzed ,  t o  a s s i g n  

s p e c i f i c  i somers  and add g e n e r a l l y  t o  t h e  l i s t  o f  i d e n t i f i a b l e  peaks.  

Hyd roa romat i c  s p e c i e s  s h o u l d  be s t u d i e d  more t h o r o u g h l y ,  p a r t i c u l a r l y  t o  

b e t t e r  d e f i n e  heavy d i s t i  1  l a t e s  f r o m  t h e  h y d r o t r e a t e r .  A d d i t i o n a l  work 

i s  a l s o  r e q u i r e d  t o  i d e n t i f y  and a s s i g n  more h e t e r o a t o m i c  components. 

E l e m e n t - s e l e c t i v e  d e t e c t o r s  ( n i t r o g e n  and s u l f u r )  s h o u l d  be used s i d e  by 

s i d e  w i t h  t h e  FID t o  p r o v i d e  o t h e r  d e t a i l e d  and m e a n i n g f u l  chromatograms. 

I n  a d d i t i o n ,  mass ba lance ,  e s p e c i a l l y  r e g a r d i n g  p o l a r  f u n c t i o n a l i t i e s  

p r e s e n t  a t  l o w  l e v e l s  (amines and s u l f u r  s p e c i e s ) ,  i s  needed. F u r t h e r -  

more, i t  has been documented t h a t  response f a c t o r s  a r e  needed f o r  

a c c u r a t e  q u a n t i t a t i o n ,  because o f  b o t h  i n j e c t i o n  p o r t  d i s c r i m i n a t i o n  and 

t r u e  d i f f e r e n c e s  i n  responses,  p a r t i c u l a r l y  f o r  h e t e r o a t o m i c  spec ies .  I f  

a c c u r a t e  q u a n t ' i t a t i o n  i s  r e q u i r e d ,  as i n  mass b a l a n c e  s t u d i e . ~ ,  more d a t a  

w i  11 be needed. 

F i n a l l y ,  any d a t a  base can be s u b j e c t e d  t o  p a t t e r n  r e c o g n i t i o n  a n a l y s i s .  

When a  s u f f i c i e n t  d a t a  base i s  assembled and ana lyzed ,  peak d a t a  f rom 

t h e s e  complex chromatograms may be  found  t o  c o r r e l a t e  w i t h  f e e d  cha r -  

a c t e r i s t i c s  o r  p rocess  pa ramete rs .  T h i s  w i l l  r e q u i r e  computer  c a p a b i l i t y  

and a p p r o p r i a t e  so f twa re  f o r  p a t t e r n  r e c o g n i t i o n ,  b u t  i t  i s  p r o b a b l y  t h e  

f a s t e s t ,  s u r e s t  way t o  make t h i s  work  r o u t i n e  once a  d a t a  base i s  c o l -  

l e c t e d  and key v a r i a b l e s  a r e  i d e n t i f i e d .  
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Table  I 

Components I d e n t i f i e d  i n  Standard M i x t u r e  #la (See F i g u r e  1 f o r  Peaks) 

Peak number Compound R e t e n t i o n  t i m e  (min)  

t o 1  uene 
phenol  
2,3-dihydro-1H-indene ( i ndan)  
3-methylphenol  
2 - e t h y l  a n i  1 i ne 

naphtha lene 
3 ,4-d imethy lphenol  
dodecane 
1-methy lnaphtha lene 
1,2,3,4-tetrahydroquinoline 

b i p h e n y l  
2 ,6-d imethy lnaphtha lene 
1,2-dihydroacenaphthylene (acenaphthene) 
1-naphtho l  
9H-f 1 uorene ( f  1 uorene) 

xanthene 
d ibenzoth iophene 
phenanthrene 
p h e n a n t h r i d i  ne 
1-methylphenanthrene 

2 1 nonadecane 76.60 
22 pyrene 8 6 .  l f i  
2 3 t r i p h e n y l  ene 101.54 
2 4 hexacosane 106.68 
2 5 p e r y l  ene 118.63 

...---- 

a  
Performed on a  60-m SE-52 c a p i l l a r y  column. C o n d i t i o n o  ..&e ~ ~ ! i : > c u s s e d  i n  
S e c t i o n  V .  T a i l i n g  o f  s p e c i e s  such  a s  t h e  :LLI~tJ .., , L . -.:':.:.j <;::.,2-i.:,ie , and 
1 - n a p h t h o l  t y p i c a l l y  i n d i c a t e s  a d s o r p t i v e  a c t i v i t y  d e t r i m e n t a l  t o  t h e  a n a l y s i s .  
T h i s  problem s h o u l d  be  minimized f o r  b e s t  r e s u l t s .  Xanthene i s  n o t  found i n '  
a c r u a l  samples .  



Table I1 

Components I d e n t i f i e d  i n  Standard M i x t u r e  #za (See F igu re  2 f o r  Peaks) 

Peak number Compound Re ten t i on  t ime  (min) 

t o 1  uene 

2 , 4 , 6 - t r i m e t h y l p y r i  d i  ne 

3-methylphenol  

1,2,3,4-tetrahydronaphthalene ( t e t r a l i n )  

naphthalene 

q u i  no1 i n e  

3-mett iyl i ndol e  

d ibenzo fu ran  

a Work performed on a 60-m SE-52 capillary column. Conditions are discussed in 
Section V. Many of these components should be watched carefully for signs of 
system activity, as evidenced by tailing. In particular, the pyridine and 

, phenoi often exhibit nonideal behavior. In this chromatogram, the phenol 
looks excellent, but the pyridine tails some, as it. has on many of our 
experimental columns. This tailing may :be caused, at least in part, by a 
possible impurity on the trailing edge of the peak. 



Table I11 

Components I d e n t i f i e d  i n  an S R C - I  Composiie Naphtha 
( I n i t i a l  B o i l i n g  P o i n t  t o  400°F) 

(See F igure  3) 

Peak number Compound Re ten t i on  t ime  (min) 

cyclohexane 
heptane 
methylcyclohexane 
methylbenzene ( t o l uene )  
octane 

e thy lcyc lohexane  
ethylbenzene 
a dimethylbenzene 
a dimethylbenzene 
nonane 

propy lcyc lohexane 
an ethylmethylbenzene 
phenol and a C3-a1 ky1 benzene 
2,3-dihydro-1H-indene ( indan)  
2-methylphenol 

16 . 3- and 4-methylphenol s 46.25 
17 a methyl  indan and a C4-a1 k y l  benzene 46.79 
18 undecane 48.10 
19 a methy l indan 51.68 
20 1,2,3,4-tetrahydromphthalene ( t e t r a l i n )  52.57 

a 
Identifications are based on GC/MS wo;k. 



Table  I V  

Components I d e n t i  f i ed i n 350-850°F Process Sol  v e n t  D i  st. i  11 a t e a  
(See F i g u r e  4) 

Peak number Compound R e t e n t i o n  t i m e  (min) 

I 1 ,2 ,3 ,4 - tc t rshydronaph t . t1~ le11e  ( te t ra1  i n  j 29.06 
2 naphtha1 30.22 
3 6-methy l  t e t r a 1  i n  35.87 
4 2-mcthy l  n a p h t h a l e ~ ~ e  37.93 
5 1-methy lnaphtha lene 39.00 

6 b i p h e n y l  43.54 
7 an e t h y l n a p h t h a l e n e  44.44 
8 d i p h e n y l  e t h e r  45.19 
9 d imethy lnaph tha lenes  46.11,  46.32,  

46.80,  47.32 
10 1,2-dihydroacenaphthylene (acenaphthene) 50.22 

d i b e ~ z o f u r a n  
9H-f  1 uorene 
benz- indans o r  isomers 

d ibenzo th iophene  
phenanthrene 

52.15 
56.17 

56.90,  57.00,  
57 .25 ,  e t c .  

65.61 
67.36 

16 9H-car*bazol e 70.14 
17 methy lphenanthrenes 73.19,  73.48,  

74.31,  74.70 
18 f 1 uoranthenc 81.35 
19 py rene  83 79 
2 0 methy I t I ~ u ~ - d ~ ~ ~ l ~ e n e s / i r n e t t i y  Ipyrenes 88.15, 88.94,  

89.25,  e t c .  

a  
NuLe ~ h 3 c  chc l a r g e  au~uun t :  o f  b i p h e n y l  and t h e  d i p h e n y l  e t h e r  p r e s e n t  i n  
t h i s  sample a r e  due t o  con tamina t ion  from Dowtherm ~ r a n s f e r  f l u i d .  



Table V 

Some Components Identified in a Composite Middle Distillate 
(SRC-I and Hydrotreater Processes, 450-650°F) 

(See Figure 5) 

Peak number Compound Retention time (min) 

3- and 4-methylphenols 
1,2,3,4-tetrahydronaphthalene (tetralin) 
an ethylphenol 
naphthalene 
an ethylmethylphenol 

6-methyltetralin 
2-methylnaphthalene 
1-methylnaphthalene 
a dimethyltetralin 
tetradecane 

a dimethylnaphthalene 
a dimethylnaphthalene 
a dimethylnaphthalene 
an ethylmethylnaphthalene 
a benzo-2,3-dihydro-1H-indene (benzindan) 

a methyl -9H-f 1 uorene 
phenanthrene 



Table  V I  

Components I d e n t i f i e d  i n  a 
T o t a l  D i s t i  1 l a t e  o f  a H y d r o t r e a i e d  L i q u i d  uProduc t  

(See F i g u r e  8)  

Peak number Compound R e t e n t i o n  t i m e  (min) 

cyc lohexane and benzene 
methy l  c y c l  ohexane 
t o 1  uene 
o t h y l s y ~ l o h e x a n e  
a dirnethy' l  benzene 

p ropy lcyc lohexane  
phenol  and an e thy lmethy lbenzene 
2,3-dihydro-1H-indene ( i ndan)  
t r a n s - d e c a l  i n 
a m e t h y l d e c a l i n  

a chromatograph ic  a r t i f a c t  and a d i m e t h y l i n d a n  27.28 
1,2,3,4'tetrahydronaphthalene ( t e t r a l i n )  28.94 
naphtha lene 30.50 
2 - m e t h y l t e t r a l i n  32.79 
6 - m e t h y l t c t r a l i n  36.33 

2-methy lnaphtha lene and 5 - m e t h y l t e t r a l i n  38.32 
1 , l  ' - b i c y c l o h e x y l  38.95 
2 , b -  o r  Z , 7 - d i m e t h y l t e t r a  l i n  40.06 
2-methyl-1,11-bicyclohexyl 42.56 
an e t h y l t e t r a l i n  42.86 

1,11-methylenebiscyclohexane o r  a methy l -  43.83 
1 , l ' - b i c y c l o h e x y l  and ( m e t h y l c y c l o h e x y l ) -  
cyc lohexene 

an e t h y l n a p h t h a l e n e  and e d l m c t h y l t e t r a l i n  45. iG 
a d ime thy lnaph tha lene  and a m e t h y l c y c l o h e x y l -  46.87 
benzene 
a b u t y l  deca l  i n  47.62 
a methylhexahydroacenaphthylene 47.90 

26 1,2-dihydro-acenaphthylene and a 51.17 
tetradecahydrophenanthrene 

2 7 a b u t y l t e t r a l i n  55.67 
2 8 a methylhexahydroacenaphthylene o r  a 56.47' 

tetra l . lydrobenzinda11 or. 2,3-d i t lydrqo-lH-. 
. .  phenalene 

29 9H- f 1 uorene 57.24 
30 see #28 58.06 



Table  V I  ( c o n t i n u e d )  

Peak number Compound R e t e n t i o n  t i m e  (min) 

see #28 and a methy l  t e t r a h y d r o b e n z i  ndan 58.39 
l o r  an ethylhexahydroacenaphthylene 
a methy lbenz indan a n d . a  m e t h y l f l u o r e n e  64.56 
a methy l te t rahydrobenz indan o r  isomer ,  65.49 
a methy lbenz indan o r  isomer and an 
e t h y l  t e t r a h y d r o b e n z i  ndan o r  methy l  oc ta -  
hydrophenanthrene , . 

t e t rahydrophenan th rene  67.42 
phenanthrene .' 68.70 

a chromatograph ic  a r t i f a c t  68.95 
a methy1tetrahydrophen.anthrene o r  isomer 73.38 
and an e thy l t , e t r ahydrophenan th rene  o r  isomer 
a r t i f a c t  74.57 
a methylphenanthrene 74.94 
a methylphenanthrene 75.22 

# ,  

4  1 an e thy lphenanthrene and a C3-dihydro-.  80.59 
phenanthrene 

42 pyrene 85.92 
4 3 a methy lpyrene 91.68 , 

44 a methy lpheny l  naphthy lene o r  a methy l -  92.19 
d ihyd ropy rene  

a 
As shown in the table, other isomeric structures are possible in many cases 
(other possibilities besides those listed may also exist in some cases). The 
chromatographic artifacts have existed for some time on this instrument, but 
could not be traced to a specific cause and climinotcd. 



Table  V I I  

Area Percentages and p r e c i s i o n  Data f o r  Components P resen t  i n  
an SRC-I Process D i s t i l l a t e  (350-850°F) a t  a  Leve l  o f  1.0% and ~ r e a t e r ~  

(See F i g u r e  4)  

Compound . R e t e n t i o n  t i m e  Area percentage 

naph tha lene  
2-methyl  naphtha iene 
1-methy lnaphtha lene 
2 - e t h y l n a p h t h a l e n e  
1,2-dihydroacenaphthylene 

d i  benzof  u ran  
9H- f 1 uorene 
phenanthrene 
f 1  uoranthene 
py rene  

a 
60-m DB-5 column. Other components present at 1.0% or greater included 
4-ethyl-2-methylphenol, 6-methyltetralin, 'a benzindan (probable), biphenyl 
and diphenyl ether. 



T a b l e  V I I I  . a 

Area Pe rcen tages  and P r e c i s i o n  Da ta  f o r  Components P r e s e n t  
, a 

i n  an S R C - I  P rocess  D i s t i l l a t e  (350-850°F) D i l u t e d  i n  To luene  1 : 1  

Compo.und A rea  p e r c e n t a g e  

n a p h t h a l e n e  
2 - m e t h y l n a p h t h a l e n e  
1 - m e t h y l n a p h t h a l e n e  
2 - e t h y l n a p h t h a l e n e  
1,2-dihydroacenaphthylene 

d i b e n z o f u r a n  
9 H - f l  uorene 
p h e n a n t h r ~ ~ e  
f l  uoranthei ;e  
PY r e n e .  

a 
T o l u e n e  a r e a  d i s r e g a r d e d .  



Table IX 

Standard Blend of Components Present in a Process Solvent 

il C'ompo1.1nd W ~ i g h t .  per-c:ttrlLdytr A r e a  percentaqe ' IJerccnt di ttereii~e' 

naphtha lene 7.52 
2-methyl naphthalene 26.36 
1-methylnaphthalene 7.40 
2-ethyl naphthalene 5.63 
1,2-di hydroacenaphthyl ene 8.74 

di benzof uran 7.84 6.59 16 
9H- f 1 uorene 7.01 7.11 -1.4 
phenanthrene 20.12 20.36 -1.2 
f 1 uoranthene 5.44 5.73 -5.3 
pyrene 4.32 4.3Y =I. 6 

. -. -- . ..- - ....-- 

a  
T o l u e n e  w e i g h t  d i s r e g a r d e d .  

b ~ o l u e n e  a r e a  d i s r e g a r d e d .  B e c a u s e  o f  t h e  s m a l l  number o f  componen t s  i n  t h i s  
s o l u t i o n ,  t h e  a r e a  p e r c e n t a g e s  a r e  much l a r g e r  t h a n  i n  t h e  c o a l  liquid. 

c 1 0 0  x ( w e i g h t  % - a r e a  %) 
P e r c e n t  d i f f e r e n c e  = 

welght 36 

The a c t u a l  w e i g h t  p e r c e n t a g e s  u s e d  w e r e  s i m i l a r  t o  t h e  a r e a  p c r c c n t a g e s  l i s t e d  
i n  T a h l ~  V T T .  



Tab le  X 

M i x t u r e  o f  Coal L i q u i d  and S tandard  Ellen: 
Area Pe rcen t  Data f o r  S e l e c t e d  Compounds 

1  
a rea  

percen tage  . 2  3  4  
d i  1  u t e d  Area pe r cen tage  Average o f  Area percen tage  

Compound c o a l  l i q u i d  s t a n d a r d  b l e n d  columns 1 and 2  o f  1: 1  s o l u t i o n  

naphtha1 ene , 1.95 
2 -methy lnaph tha lene  6 . 8 4  
1-methy l  naph tha lene  1  .88 
2 -e thy l naph tha lene  1 .36  
1 ,2 -d i  hydroacenaph thy lene  2 .36  

d i  benzo fu ran  
9H-f  1 uorene 
phenanthrene 
f 1  uoranthene 
py rene  

a  
T o l u e n e  s o l v e n t  a r e a  d i s r e g a r d e d  i n  a l l  c a s e s .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  p e a k s  
i n  t h e  combined s o l u t i o n  a r e  t w i c e  a s  l a r g e  a s  t h o s e  i n  t h e  o r i g i n a l  c o a l  l i q u i d .  
The a r e a  p e r c e n t a g e s  i n  Column 4 a r e  more t h a n  t w i c e  t h o s e  i n  Column 1 b e c a u s e  
a l l  o t h e r  components  were  n o t  s i m i l a r l y  " s p i k e d " .  



F i g l i r e  1 
StantlartE Mixt11t.e H 1  
60-M SE-52 Co1 lillln 
s t a r  t i  lel~iper.a t u r e  = 5 0 " ~  
See Talbl e I 



F i g u r e  . 2  

S t a n d a r d  Mixture  #2 
60-M SE-52 Column 
S t a r t i  ng Tempera ture  = 5 0 ' ~  
See T a b l e  2 



An SIK- I C ~ I I I O O S  i te  Na~ht-ha 
( I n i t i a l  Uoil iny P o i n t  to  

400 F )  
60-M I N - 5  Co1u111n 

L - a t  
E Irl 
\ 
E 
0 .. 

0 
V I  ic 
. 1 1 1  
e, 1.1 

l i  
1.1 ,, ' I,. I ., 

elupera t u r e  = 
1 1  f o r  i d e n t i  

d re tont ion  t 
t y  l a r g e s t  pe 

oOc 
f i c a -  
irlles o f  
aks 



3 5 0 - 8 5 0 ~ ~  Process Sol vent 
D i s t i l l a t e  

60-M OD- 5 C o l  tlllln 
The S p l i t  Ra t io  was abouto75:l  
S t a r t i n g  Telnperature = 5 0  C 
See Table I V  For Co~~lpound 

I d e n t i f i c a t i o n s  



Figure  5 

SRC-I and H y d r o t r e a t e r  Processes  
Cornposi t e  Middle Di s t i  1  l a t e  (450-650 '~)  

60-M DB-5 Column 
S t a r t i n g  Temperature = 5 0 ' ~  
See Table  V 



$ K C - I  Heavy D i s t i l l a t e  
60-M OD-5  Colurnn 
Sarlrple n i  l u t e d  f o r  I n j e c t i o n  
Note t h a t  tire beginning o f  the c hrorrra togra111 

i s  no.t shown. No coe\ponerrts e l u t e  i n  thdt  
region. 

S t a r t i n g  ter~rperature = 1 0 0 ~ ~  





t lytlrotrea tetl 1. icluiil Product 
(.'Total . I ) i s t i l l a t e )  

60-M SE-52 Colurn 
S t a r t  i11q Te~~loera  t u r e  = 50% 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



SOLVENT QUALITY ACTIVITY TEST LABORATORY PROCEDURES 

D e t e r m i n a t i o n  o f  S o l v e n t  o r  Coal Q u a l i t y  by M i c r o a u t o c l a v e  300 

( I C R C  Method) 

Sequen t ia l  Sol  v e n t  E x t r a c t i o n  ( I C R C  Method) 303 

Produc t  D i s t r i b u t i o n  by  S o x h l e t  E x t r a c t i o n  ( W i l s o n v i l l e  308 

Method No. 34550-3) 

P roduc t  D i s t r i b u t i o n - - ~ e a k e r  E x t r a c t i o n  (Kerr-McGee Method) 312 

D e t e r m i n a t i o n  o f  Creso l  I n s o l u b l e s  i n  SRC P roduc ts  ( W i l s o n v i l l e  313 
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D e t e r m i n a t i o n  o f  S o l v e n t  o r  Coal Q u a l i t y  by  M i c r o a u t o c l a v e  

( I C R C  A n a l y t i c a l  Procedure)  

SCOPE I- - T h i s  method a p p l i e s  t o  raw c o a l  and hydogenated r e c y c l e  
s o l v e n t  f o r  SRC convers ion .  . ' 

11. PRINCIPLE: The c o n v e r s i o n  p o t e n t i a l  o f  raw c.oal o r  hydrogenated 
s o l v e n t  i s  de te rm ined  b y  u s i n g  a  m i c r o a u t o c l a v e  under  
s p e c i f i e d  c o n d i t i o n s .  

111. SAFETY: SRC l i q u i d s  and r e l a t e d  m a t e r i a l  s h o u l d  be t r e a t e d  as 
t o x i c  m a t e r i a l s .  Gloves and a  l a b  c o a t  shou ld  be worn t o  
p r o t e c t  hand and cloLt1 iriy. F u r  spes i  f -ii hand1 i ng PI-e 
c a u t i o n s  o f  SRC 1  i q u i d s  , see t h e  1 1 . 5 .  Depart .m~nt.  n f  I ahnr  
0. S .  H. A .  M a t e r i a l  S a f e l y  D a l d  SIIPPI.. l u ~ - . d l . r ~ l  i l - I  tl-~e f r o n t  
s e c t i o n  o f  t h e  manual. 

Wear p r o t e c t S v e  equqpment when w o r k i n g  near  temper tu res  u f  
750° F . 

T e t r a h y d r g f u r a n  has a  p e r m i s s i b l e  exposure l i m i t  200 ppm 
(590 mg/m ) and must be hand led i n  a  w e l l  v e n t i l a t e d  area.  

I V .  PROCEDURE: A. Weigh ( t o  0 .1  mg) 5  g  o f  a  s t a n d a r d  c o a l  o f . k n o w n  
m o i s t u r e  and ash c o n t e n t .  

B. Weigh 10 g O f  t h e  s o l v ~ n t  t.n he t.ested i n t o  a p r e v i o u s l y  
t a r e d  aitoclave c o n t a i n i n g  a s t a i n l e s s - s t e e l  b a l l  
b e a r i n g .  

C .  T r ; l~ '~s fe i -  c o a l  t o  a u t o c l a v e  and then sea l  e u t o c l a v e  

D. A t t a c h  one end o f  type-K thermocoup le  w i r e  t o  thermo- 
w e l l  o f  a u t o c l a v e ,  and t h e  o t h e r  end o f  t h e  w i r e  t o  a .  
p o t e n t i o m e t e r .  

E. A t t a c h  a u t o c l a v e  t o  d r i v e  mechanism. 

F. T u r n  on t h e  o i l  t o  d r i v e  mechanism; check o p e r a t i o n .  

ti. T u r n  on a u t o c l a v e b  lower  a u t o c l a v e  i n t o  pret lealecl  
f l u i d i z e d  sandbath. 

H. By a d j u s t i n g  sandbath, c o n t r o l  t empera tu re  o f  a u t o c l a v e  
so t h a t  750 + 5OF i s  a t t a i n e d  w i t h i n  90 sec. 

I. C o n t r o l  t empera tu re  a t  750 + 5 " ~  f o r  30 m in .  

J. Remove a u t o c l a v e  from sandbath;  immerse immed ia te l y  
i n  r e s e r v o i r  t o  c o l d  wa te r  t o  s t o p  r e a c t i o n  and c o o l  
m i c r o a u t o c l a v e  t o  room tempera tu re  as q u i c k l y  as 
p o s s i b l e .  



K. Remove con ten t s  o f  au toc l ave  by washing w i t h  t e t r a -  
hyd ro fu ran  (THF) (-600 mL) u n t i l  THF i s  c l e a r .  

L. S t i r  sample and THF washings for; 30 min.  t o  a l l o w  
maximum m i x i n g  w i t h  THF. 

M. Weigh f i l t e r  paper ,  r e c o r d  w e i g h t ,  and p i a c e  paper ' n  . 
steam- jacketed Buchner f unne l .  

N. Pour sample i n t o  t h e  s team- jacke ted  Buchner f unne l  
under vacuum and wash w i t h  THF u n t i l  THF washes 
c l e a r .  

0.  T r a n s f e r , f i l t e r  paper t o  heated vacuum d e s i c c a t o r  and 
d r y  f o r  1  h r  a t  l l O ° C .  

P. A l l o w  sample t o  coo l  i n  d e s i c c a t o r  f o r  1  h r .  

Q. Remove f i l t e r  paper f rom d e s i c c a t o r ,  weigh t o  0 .1  ing 
and r e c o r d  we igh t .  

R .  C a l c u l a t e  conve rs i on  by  u s i n g  t h e  fo rmu la  i n  t h e  
c a l c u l a t i o n s  s e c t i o n  o f  t h i s  p rocedure .  

V. REAGENTS: Te t rahyd ro fu ran  
Dess ican t  f o r  d e s i c c a t o r  
Standard coa l  o f  known m o i s t u r e  and ash 
1-Methy lnaphtha lene 
1,2,3,4-Tetrahydronaphthalene ( t e t r a , , i n )  

V I .  EQUIPMENT: M i c roau toc l ave  
D r i v i n g  mechanism f o r  m i c roau toc l ave  a d j u s t e d  t o  1,000 rpm 

and a  1 . 5 - i n .  s t r o k e  
Type K thermocouple w i r e  
Po ten t i ome te r  
F l u i d i z e d  sandbath (Tecam f l u i d i z e d  b a t h  SBL-2) 
N i t r o g e n  source 
Heated vacuum d e s i c c a t o r  
D e s i c c a t o r  
Steam- j a c k e t e d  ~ u c h n e r  f unne l  
1 ,000-mL s  i 'de-arm E r l  enmyer f 1  ask 
Rubber vacuum t u b i n g  
3 /8 - i n . - d i ame te r  s t a i n l e s s  s t e e l  b a l l  b e a r i n g  
11-cm q u a n t i t a t i v e  f i l t e r  p a p p r  

V I I .  CALCULATIONS: A .  Coal sample s i z e  x  p e r c e n t  H 0 i n  coa l  sample = 
grams o f  H20 2 

B. Coal sample s i z e  x pe rcen t  ash i n  coa l  sample = grams ' . 

o f  ash 

C .  F i l t e r  paper we igh t  + i n s o l u b l e s  - f i l t e r  paper 
we ight .  = i n s o l u b l e s  



V I I I .  REMARKS: 

D. O r i g i n a l  sample we igh t  - grams o f  H 0 .- grams o f  
ash = grams o f  mo i s tu re  - and ash - f r ee  $oa l  

E. Percen t  convers ion  = 

grams o f  m o i s t u r e - f r e e  coa l  - i n s o l u b l e s  
grams o f  mo is tu re -  and ash - f r ee  coa l  i n  s t d .  

The p rocedure  ou t1  i n e d  above i s  f o r  use i n  a  f ong r u n  on 
t h e  au toc l ave .  A s h o r t  r u n  c o n s i s t s  o f  u s i n g  an 8: 1  
s o l v e n t - t o - c o a l  r a t i o .  The we igh t  o f  s o l v e n t  f o r  a  s h o r t  
r u n  i s  12 g, and t h e  we igh t  o f  coa l  i s  1 . 5  g  we igh ted  t o  
O. 1  mg. Raw coa l s  may be t e s t e d  u s i  nq t h i s  procedures if 
p e r c e n t  mo i s tu re  and ash a re  known. Conversions u s i n g  
+,hi5 p r n c ~ d u r e  a re  compared t o  a  cu rve  us ing  c o n c e r i t r a t ~ o n s  
o f  0, 5 ,  10, 2 5 ,  and 50X t c t r a l i n  i n  I -methy lnaph tha lene  
and I n d i a n a  V coa l  s tandard.  

a S t a i n l e s s  s t e e l  b a l l  bea r i ngs  (3 /8 - in .  d iamete r )  a re  p' laced i n  each o f  t h e  
two au toc laves  f o r  m i x i n g .  I f  b a l l  b e a r i n g s  a re  n o t  p l aced  i n  t h e  a u t o c l a v e .  
m i x i n g  w i l l  n o t  be s u f f i c i e n t ;  as a  r e s u l t ,  t h e  convers ion  may be lower  
t h a n  normal.  

Temperatures f o r  t h e  sandbath b e f o r e  t h e  au toc l aves  a r e  i n t r o d u c e d  may vary ;  
however. under normal c o n d i t i o n s ,  t h i s  tempera tu re  shou ld  be between 810 and 
830°F. Such a  tempera tu re  range shou ld  a l l o w  f o r  hea t  t r a n s f e r  f rom t h e  
sandbath t o  t h e  a u t o c l a v e  and g i v e  t h e  necessary 750 2 5'F w i t h i n  90 sec. 



S e q u e n t i a l  S o l v e n t  E x t r a c t i o n  
( I C R C  A n a l y t i c a l  P rocedure )  

SCOPE: T h i s  p r o c e d u r e  i s  des igned  t o  s e p a r a t e  a  t o t a l  p r o d u c t  sample 
i n t o  t h e  f o l l o w i n g  f r a c t i o n s :  

O o i l s :  pen tane  s o l u b l e  
o aspha l tenes :  pentane i n s o l u b l e  and benzene i n s o l u b l e  

O p r e a s p h a l t e n e s :  p y r i d i n e  s o l u b l e  and benzene i n s o l u b l e  
O r e s i d u e :  p y r i d i n e  i n s o l u b l e  

T h i s  t e c h n i q u e  i s  c a r r i e d  o u t  a t  room t e m p e r a t u r e  under  n i t r o g e n ,  
u s i n g  h i g h - q u a l i t y  s o l v e n t  [ p e s t i c i d e  o r  h igh -pe r fo rmance  l i q u i d  
chromatography (HPLC) grade] .  The sample can be l i q u i d ,  s o l i d ,  
o r  a  m i x t u r e  t h e r e o f ,  w i t h  l e s s  t h a n  I3 m a t e r i a l  b o i l i n g  be low 
300°F. The r e p r o d u c i b i l i t y  o f  t h e  s o l v e n t - s e p a r a t i o n  p r o c e d u r e  
on a  t o t a l  p r o d u c t  l i q u i d  i s  e x e m p l i f i e d  b y  t h e  f o l l o w i n g  d a t a :  

S tandard  
Mean (%) d e v i z t i o n a  (%) 

O i  1  s  63.3  
Asphal  t enes  8 . 7  
P reaspha l  t enes  9 . 7  
Res idue 1 8 . 2  

a  
I .  

The r e s u l t  o f  f i v e  t r i a l s  

EQUIPMENT AND SOLVENTS REQUIRED: 

Branson Model 350 S o n i c a t o r  w i t h  0 . 5 - i n .  h o r n ,  o r  Heat  Systems 
Model W375 U l t r a s o n i c  

M i l l i p o r e  142-mm p r e s s u r e  f i l t e r  w i t h  1,500-mL c a p a c i t y ;  N o . ' s  
XX42-142.35 and YY-30-142-35 w i t h  142-mm f i l t e r ,  5-mm LSWP 
142-50 

G l a s s ,  s t a i n l e s s - s t e e l ,  o r  T e f l o n  t u b i n g  can be used f o r  s o l v e n t -  
t r a n s f e r  1  i nes 

Four  round-bot tomed d i s t i l l i n g  f l a s k s  (1 L)  
R o t a r y  e v a p o r a t o r  RE 120,  WR No. 27932-406 
Vacuum pump and t r a p  
N i t r o g e n  gas (0-20 p s i  a d j u s t a b l e ) ,  p r e s s u r e - f i l t e r  f e e d  
N i t r o g e n  gas (0-20 p s i  a d j u s t a b l e ) ,  r o t o v a p o r  f e e d  
N i t r o g e n  l i q u i d  (1 -2  L ) ,  f r e e z e  sample (Dewar) 
S o l v e n t s :  n -pentane,  benzene, p y r i d i n e ,  m e t h a n o l ,  o r  me thy lene  

c h l o r i d e .  Grade o f  s o l v e n t  depends upon u i t i r n a t e  use o f  
sample s u b f r a c t i o n s .  P e s t i c i d e ,  d i s t i l l e d  i n  g l a s s ,  o r  HPLC 
g rade  a r e  a c c e p t a b l e .  

Fume hood, 150-200-cfm a i r -exchange  r a t e  
C o o l i n g  w a t e r  o r  h e a t  exchanger f o r  r o t a r y  e v a p o r a t o r  condenser 
Ea lance t o  r e a d  w e i g h t s  t o  20.005 g  o r  b e t t e r  w i t h  maximum l o a d  
o.f 500 u 
G:ass M i l l i c o r e .  47 mm, Model No. xx150a7-00 w i t h  5-mm No. 



SAFETY FEATURES: 

So l ven t s  must be used o n l y  under t h e  fume hood. Workers must 
wear p r o t e c t i v e  g loves  and o v e r a l l s  f o r  l a b o r a t o r y  work. Hands 
can be m i l d l y  scrubbed w i t h  wa te r l ess  hand c l e a n e r ,  f o l l owed  by 
a  warm wa te r  wash. A l l  normal s a f e t y  p r e c a u t i o n s  must be 
observed d u r i n g  t h e  e n t i  r e  o p e r a t i  on. 

SAMPLE HANDLING FOR TOTAL PRODUCT LIQUIDS: 

The sample s e l e c t e d  f o r  t h i s  procedure must r ep resen t  t h e  process 
u n i t  o u t p u t .  G rea t  c a r e  must be used t o  i s o l a t e  about 5  g  o f  
gross p r o d u c t .  Ho t  samples may be ob ta i ned  i n  8-02 g l a s s  j a r s .  

The sample must be k e p t  f r e e  o f  a i r  (oxygen) ,  hea t ,  and l i g h t .  
Samples n o t  ready t ~ r  s e p a r a t i o n  shou ld  be stared a t  4°C under a 
b l a n k e t  sf n i t r o g e n .  Samples may be warmed t o  6b°C i n  t h e  j a r s  
i n  an oven f o r  15 min and t hen  son i ca ted  f o r  15 min t o  induce 
gnnd m l v i n g  jllst he fn r?  a 5-9 Sample i s  p r ~ c ~ l r e d  f o r  actua l  
work-up. 

PROCEDURE: 

A . '  Prepare t h e  l a b o r a t o r y  equipment i n  t h e  f o l l o w i n g  o r d e r :  

1. Weigh t h e  j a r  c o n t a i n i n g  t h e  sample and t h e  j a r  l i d ,  
r e c o r d  t h e  we igh t ,  and s o n i c a t e  t h e  sample f o r  15 min.  
M i x  t h e  sample w i t h  a  s p a t u l a  and reweigh.  Record any 
l o s s  i n  we igh t  as t h e  we igh t  o f  t h e  l i g h t  ends. Clean 
o f f  s p a t u l a  and s o n i c a t o r  horn  by p l a c i n g  a  t a r e d  
250-mL beaker  w i t h  200 mL o f  CH2C12 under t h e  s o n i c a t o r  
f o r  6 min.  Evaporate CH C1 by p l a c i n g  t h e  beaker  on 
a  h o t  p l a t e  ( a t  s e t t i n g  3 06 3 )  f o r  1 h r .  Record 
d i f f e r e n c e s  . i n  beaker  we igh t  and s u b t r a c t  f rom we igh t  
o f  l i g h t  ends. 

2. Pu t  M i l l i p o r e  f i l t e r  i n  p l a c e  a f t e r  we igh ing  t h e  d r y  
f i l t e r  e lement .  Ensure that, a11 T e f l o n  o - r i n g s  ( a n d  
v i t o n  gaske t )  f i t  w e l l ,  w i t h o u t  l eaks  ( t e s t  w i t h  
n-pentane under 10 p s i ) .  No s i l i c o n e  gaske ts  o r  
g r e a s e  shou ld  be used i n  P i l t e r  apparatus!  

3.  Pr%spdr.t! r-utar'y evaporaa tor1 bdt1.1 temper>d turbo d t  55-60°C 
f o r  n - p c n t ~ n c ;  n i t r o g c n  f i o w  rat.c shou ld  c ~ u s c  just .  12 

0.25-0 .5 - in .  dimp1.e i n  t h e  ' i i q u i d  i n  a  1 -L  f l a s k .  

4. Temperature o f  c o o l i n g  l i q u i d  f o r  r o t a r y  evapo ra to r  
condenser shou ld  be l e s s  than  10°C. 

E. Tare a  600-mL heavy-wa l led  Pyrex beaker  and then  add about  
5  g  ( 50 .01  g) o f  t he  d e s i r e d  c o a l - d e r i v e d  sample. Ob ta i n  
t h e  sample as soon as p o s s i b l e  a f t e r  s o n i c a t i o n ,  so t h a t  i t  
i s  l i q u i d .  S l ow l y  add about 100-150 mL o f  l i q u i d  n i t r o g e n  
t o  t h e  beaker  t o  m a i n t a i n  a q u i e t  s o l u t i o n .  The t o t a l  
volume o f  l i q u i d  n i t r o g e n  used may exceed 300 m i .  



C. W i t h  a  Pyrex g l ass  s t i r r i n g  r o d  (3 /8 - i n .  d i ame te r ) ,  g r i n d  
t h e  f r o z e n  sample t o  a  f i n e  powder. Th i s  s t e p  r e q u i r e s  5-8 
min.  F i l l  t h e  beaker w i t h  more l i q u i d  n i t r o g e n  t o  m a i n t a i n  
a  volume o f  a t  l e a s t  30 mL d u r i n g  g r i n d i n g .  

D. A l l o w  t h e  l i q u i d  n i t r o g e n  t o  evapora te  t o  j u s t  above t h e  
s o l i d  m i x t u r e .  S l ow l y  add 100 mL o f  n-pentane; c o n t i n u e  
add ing  ano ther  400 mL o f  pentane ( t o  a  t o t a l  o f  500 mL o f  
pentane) .  Son ica te  f o r  5  min a t  t h e  50% power l e v e l  d i a l .  

E. P r i o r  t o  decan t ing ,  wipe o u t s i d e  o f  beaker  t o  remove wa te r  
condensate. Decant superna tan t  i n t o  f i l t e r  u n i t ,  r e f i l l  
beaker  w i t h  500 mL o f  n-pentane, and s o n i c a t e  a g z i n  f o r  3-5 
min.  A l l o w  decant  l i q u i d  t o  f i l t e r  i n t o  a  500-mL f l a s k .  
To ensure complete recovery  o f  o i l s ,  do n o t  a1 low f i l t e r  
t o  d r y  f rom t h i s  t ime  on. 

F. Repeat s t e p  E f i v e  t o  e i g h t  t imes .  I f  c a t c h  f l a s k  f i l l s ,  
t r a n s f e r  con ten t s  t o  r o t a r y  evapo ra to r  f l a s k  and b e g i n  t o  
remove nLpentane under n i t r o g e n  a t  about  60°C. T r a n s f e r  
t h e  s o l i d s  f rom beaker  on to  t h e  f i l t e r  w i t h  sma l l  p o r t i o n s  
(25-50 mL) o f  pentane and wash s o n i c a t o r  probe and f i l t e r  
w i t h  pentane. Then wash s o n i c a t o r  aga in  f o r  5-8 min w i t h  
pu re  benzene. Se t  o r i g i n a l  sample a s i d e  f o r  benzene 
e x t r a c t i o n .  (Do n o t  d i s c a r d  beaker ;  h o l d  f o r  a d d i t i o n a l  
t r a n s f e r  o f  s o l v e n t s  t o  f i l t e r .  Th i s  ensures removal o f  
maximum amount o f  m a t e r i  a1 and reduces 1  oss.  ) 

G. F i l t e r  t h e  s o l i d s ,  add ing  n i t r o g e n  p ressu re  (5-10 p s i )  if 
needed. (The s o l v e n t s  can be c o l l e c t e d  f rom the  r o t a r y  
evapo ra to r  u n i t  d u r i n g  t h e  con t inuous  s o l v e n t  removal 
s teps .  ) 

H. Cont inue s o l v e n t  f i l t e r i n g  u s i n g  pentane (abou t  5-20 L ) ,  i n  
a  c l e a n  beaker ,  u n t i l  t h e  f i l t r a t e  i s  a  ve r y  l i g h t  y e l l o w .  
A t  t h e  end of  pentane e x t r a c t i o n ,  s w i t c h  c o l l e c t i o n  f l a s k s  
and add t h e  benzene f rom t h e  o r i g i n a l  sample beaker ( s t . ~ p  F )  

I .  The pentane s o l u b l e s  f rom s teps  G and H shou ld  be h e l d  on 
t h e  r o t a r y  evapora to r  f o r  2 min  a f t e r  t h e  l a s t  drop o f  
pentane has condensed i n  t h e  c a t c h  f l a s k .  Remove f rom t h e  
r o t a r y  evapo ra to r ,  c l ean  and d r y  t h e  o u t s i d e  o f  t h e  f l a s k ,  
and weigh. From t h e  d i f f e r e n c e  on t a r e ,  o b t a i n  t h e  y i e l d  
o f  o i l s  as x grams. S to re  t h e  o i l s  i n  a  r e f r i g e r a t o r  a t  
4°C. 

J. Now e x t r a c t  benzene, s i m i l a r l y  t o  s teps  G - I .  Ro ta ry  evapora te  
i n  a  new 500-mL, t a r e d ,  round-bottomed f l a s k  under vacuum 
(15-20 i n . )  a t  80°C t o  remove benzene. Keep add ing  500-mL 
a l i q u o t s  ( t o t a l i n g  5-20 L)  u n t i l  t h e  f i l t r a t e  i s  a  ve r y  

, l i g h t  y e l l o w .  Remove t h e  f l a s k  c o n t a i n i n g  benzene s o l u b l e s  
f rom t h e  r o t a r y  evapora to r  when t w o - t h i r d s  o f  t h e  i n n e r  
f l a s k  i s  e v e t ~ l y  coated;  f reeze  t h e  s n l ~ ~ t i o n  i n  p l a c e .  



Q u i c k l y  t r a n s f e r  t h e  f l a s k  t o  a  vacuum l i n e  ( 1  mmHg) w i t h  a  
t r a p ,  and a l l o w  f l a s k  t o  s t and  unheated t o  f r eeze -d r y  
( sub l ime )  t h e  benzene i n  about  2  h r .  C a l c u l a t e  t h e  y i e l d  
o f  aspha l tenes  as x  grams. [ I f  we igh t  r ecove ry  i s  g r e e t e r  
t han  loo%, p r o t o n  nuc lea r  magnet ic  resonance ( H NM!?) may 
be used t o  d e t e c t  e i t h e r  pentane ( o i l s ) ,  benzene (aspha l t enes ) ,  
o r  p y r i d i n e  (p reaspha l tenes) .  Use CD2C12 and a  10% sample 
s i ze .  ] 

K. A f t e r  t h e  l a s t  benzene e x t r a c t i o n ,  s t a r t  add ing  p y r i d i n e  
( t o t a l  5-20 L) and c o n t i n u e  e x t r a c t i n g  as i n  s teps  G - I .  
E x t r a c t  p y r i d i n e  u n t i l  t h e  f i l t r a t e  i s  l i g h t  be ige .  Ro ta r y  
evapora te  t h e  s o l v e n t  t o  dryness a t  100°C under 20 p s i  
vacuum pressure .  C lean r o t a r y  evapora to r  and condense by 
p l a c i n g  300-500 mL o f  methy lene c h l o r i d e  i n  a  l - L  f l a s k  and 
r o t a r , ~  evapo ra t i ng ;  d i s c a r d  as waste. P lace 500 mL o f  
methanol i n t o  t h e  f l a s k  c o n t a i n i n g  t h e  p y r i d i n e  s o l u b l e s  
a114 sI"~dke. .Pour on to  o t a r e d  4.'lcmm M i  11 i p o r e  g l a s s  f i l  t .er  
( t h e  f i l t e r  may be weighed i n  an aluminum d i s h )  and 
c o n t i n u e  add ing  methanol ,  w h i l e  shak ing  and sc rap ing  t h e  
f l a q k  11nt. i l  must u f  the  p reaspha l tenes  a r c  on t h e  f i l t e r .  
Wash w i t h  100 mL o f  pentane t o  remove t h e  methanol ,  which 
i s  vacuumed o f f .  A l l o w  f i l t e r  t o  d r y  on h o t  p l a t e  b e f o r e  
weigh ing.  Reweigh r o t a r y  evapo ra to r  f l a s k  t o  check f l a s k  
t a r e .  Record y i e l d  o f  p reaspha l tenes  as x grams. 

L. L e t  t h e  r e s i d u e  d r y  i n  p l a c e  a t t e r  washlng w f t h  500 NIL u f  
methanol ,  500 mL o f  methy lene c h l o r i d e ,  and 500 mL o f  
pentane. Dry  t h e  f i l t e r  u s i n g  N p ressu re  and weigh t o  

2  o b t a i n  t h e  y i e l d  o f  r es i dues  as x grams. 

M. O i l s  A 
Asphal tenes B 
Preasphal tenes C 
Residue + 0  

T o t a l  recovered  

U r i g J n a l  mass clf san~ple =: MS 
MS - t o t a l  recovered  = n e t  l o s s  o r  g a i n  

I f  w e i g h t  g a i n  i s  observed, l eave  s o l v e n t  i n  o i l s  o r  aspha l tenes  
and t e s t  w i t h  NMR. I f  we igh t  l o s s  i s  observed, o i l s  have 
t o o  much v o l a t T l e  m a t t e r .  

R e s u l t s  shou ld  n o t  be r e p o r t e d  un less  >97X m a t e r i a l  i s  r e -  
cnvered.  Repeat t h e  a n a l y s i s .  

Add n e t  l o s s  t o  mass o f  o i l s  ( A  + n e t  l o s s )  and c a l c u l a t e  
m a t e r i  a1 recovery .  

Recovered Co r rec ted  3 

Repor t :  O i l s  
Asphal tenes 
Preasphal tenes 

A A + n e t  l o s s  - 
B B 

Residue + D - D 
T o t a l  recovered  M S 100% 



Samples d e r i v e d  d u r i n g  t h e  coa l  conve rs i on  process can now 
be compared w i t h  a h i g h  degree (+ I%)  o f  r e l i a b i l i t y ,  w i t h i n  
10-14 h r .  A f t e r  t h e  c l a s s i c a l  s e p a r a t i o n  has been made, 
t h e  s u b f r a c t i o n s  can undergo f i r s t - l e v e l  chemica l  charac-  
t e r i z a t i o n .  



Determination of Product Distribution by Soxhlet Extraction 
(Wilsonville Procedure No. 34550-3) 

SCOPE: This method is designed to characterize high-molecular-weight 
bituminous materials by separating them into three groups using 
solvents. Because results vary depending on conditions, the 
procedure is quite detailed and must be followed exactly. The 
method has been developed primarily to characterize coal 
extracts. 

PRINCIPLE: Coal extracts are separated by solvent fractionation into the 
following high-molecular-weight fractions: 

A .  Benzene insolubles: that fraction of the SRC that is 
insoluble i n  benzene at i t s  atmospheric boiling point 

B. ksphaltenes: the fraction of the benzene-soluble SRC that 
i s  ir~svluble at r-oum temperature i n  a mixture o f  100 parts 
of pentane and 9 parts of benzene, when the ratio of the 
liquid mixture to the weight of benzene solubles is 100. 

C. Oil: the benzene-soluble, pentane-soluble fraction of the 
SRC. 

EgUIPMENT: Paper thimbles, 45 mm X 127 mm size, round-bottomed RA 98 type 
Soxhlet extractor 
Beaker A ,  a 600-mL Griffin beaker 
Beaker B, a 100-mL Berzelius beaker 
Beaker C, an 800-mL Griffin beaker 
Buchner funnel, with fritted disc, medium porosity, 150-mL 
capacity 
Wide mouth, 4-02 sample bottle 

REAGENTS : Benzene, reagent grade 
Pentane, reagent grade 
Celite #545, analytical filter aid 
Tetrahydrofuran (THF) 

PROCEDURE: A .  Separation of Benzene-Insoluble Fraction 

1. Grind an approximately 10-g sample to 100-200 mesh and 
place in a' l-oz bottle. 

2. Fill an alundurn thimble (45 x 127 mm) with 1-2 g of 
celite #545. Place in a drying oven at 105OC and 
leave overnight. In the same manner, dry a 24-cm 
filter paper that has been folded into quarters. 

3. Remove thimble and filter paper from oven and place in 
desiccator to cool to room temperature. Then weigh 
the fi 1 ter paper. 



4. W i t h i n  30 sec: 

O Weigh t h e  t h i m b l e  t h a t  c o n t a i n s  c e l i t e  

O Add 1-1.5  g  of sample; weigh aga in .  Th i s  i s  
c r i t i c a l  because we igh t  ga ins  o f  1-25 mg have 
been observed i n  l e s s  t han  1 min. 

5. S u b t r a c t  we igh t  o f  t h i m b l e  and c e l i t e  f rom we igh t  o f  ' 

t h i m b l e ,  c e l i t e ,  and sample. Th i s  i s  t h e  sample 
we igh t .  

6. M ix  c e l i t e  and sample by  s t i r r i n g  w i t h  a  m i c rospa tu l a .  
Cau t ion :  t h imb les  a r e  f r a g i l e .  R inse any m a t e r i a l  
l e f t  on t h e  s p a t u l a  i n t o  t h i m b l e  w i t h  benzene (use 
l e s s  t han  2  mL). 

7 .  P lace  t h i m b l e  i n t o  s o x h l e t  

8. Put  3  b o i l i n g  s tones and about  250 mL o f  benzene i n t o  
a  500-mL f l a s k .  Assemble s o x h l e t  apparatus.  

9.  Set p s w e r s t a t  t o  /80-8Z°C and t u r n  on hea t .  Check 
c a r e f u l l y  f o r  o v e r f l o w  o f  t h i m b l e  and p l u g g i n g  o f  
c a p i l l a r i e s  as soon as r e f l u x  s t a r t s .  Recycle a t  
abou t  5-min i n t e r v a l s .  Achieve a  cons tan t  drop,  n o t  
f l o w .  

10. A f t e r  3-4 h r  o f  e x t r a c t i o n ,  s t o p  t h e  apparatus;  remove 
t h i m b l e  and a l l o w  t o  d r a i n  i n  beaker.  C a r e f u l !  
Remove any p r e c i p i t a t e  on o u t s i d e  o f  t h i m b l e  by washing 
w i t h  benzene; t r a n s f e r  washings back i n t o  t h imb le .  

11. S t i r  m a t e r i a l  i n  t h i m b l e  w i t h  a  m i c rospa tu l a :  Replace 
t h i m b l e  i n  s o x h l e t  and con t i nue  e x t r a c t i o n .  

12. Stop t h e  e x t r a c t i o n  (abou t  1 6  h r  a f t e r  i n i t i a l  3-4 h r )  
a f t e r  benzene comes th rough  c o l o r l e s s .  

13. A1 low s o x h l e t  t o  coo l  and t hen  d r a i n .  

14. Remove t h i m b l e  and a i r - d r y  i n , b e a k e r .  

15.  Place t h i m b l e  i n  d r y i n g  oven a t  105OC f o r  a t  l e a s t  
4  h r ,  o r  o v e r n i g h t .  

16. Remove t h i m b l e  and p l a c e  i n  d e s i c c a t o r  t o  c o o l . t o  room 
temperature.  Ne igh  and r e c o r d  we igh t .  S u b t r a c t  f rom 
t h e  t h i m b l e / c e l i t e  sample t o  o b t a i n  t h e  we igh t  o f  t h e  
b e n z e n e - i ~ ~ s o l u b l e  f r a c t i o n .  



B. Sepa ra t i on  o f  Benzene-Soluble,  Pen tane - I nso lub le  Asphal tene 
F r a c t i o n  

C a r e f u l l y  t r a n s f e r  t h e  con ten t s  o f  t h e  500-mL e x t r a c t i o n  
f l a s k  i n t o  a Rotavapor evapo ra t i on  f l a s k .  R inse f l a s k  
w i t h  benzene. D i s c a r d  b o i l i n g  s tones.  

Remove s o l v e n t  t o  dryness i n  Rotavapor.  

Red i sso l ve  r e s i d u e  w i t h  app rox ima te l y  5  mL o f  t e t r a h y d r o -  
f u ran .  

Pour r e s i d u e  i n t o  beaker f i l l e d  w i t h  900 mL o f  n-pentane; 
s t i r  c o n s t a n t l y  w i t h  magnet ic  s t i r r i n g  b a r .  

R inse f l a s k  w i t h  pentane and pou r  i n t o  t h e  beaker.  I f  
necessary, use T e f l o n  sc rape r  t o  t r a n s f e r  a l l  p r e c i p i t a t e  
i n t o  the  Beaker. Do n o t  exceed a LuLdl vulu~ll t t  u f  
1,000 mL o f  n-pentane. 

S t i r  f o r  about  5  min;  remove t h e  s t i r r i n g  ba r  immed ia te ly  
and l e t  t h e  p r e c i p i t a t e  s e t t l e  f o r  about  10-.15 min. 

P lace  t h e  d r i e d ,  preweighed, 24-cm f i l t e r  paper i n  a  
g l a s s  f unne l  and decant  t h e  superna tan t  th rough  t h e  
f i l t e r .  Then t r a n s f e r  t h e  p r e c i p i t a t e  on to  t h e  f i l t e r ,  
u s i  ng a d d i t i o n a l  pentane. 

Wash t h e  f i l t e r  w i t h  pentane; rin n o t  a l l o w  paper t o  
d r y  T h i s  i s  v e r y  i m p o r t a n t ;  o t h e r w i s e ,  hard-to-remove 
o i l s  w i l l  coa t  t h e  paper .  Wash w i t h  about  1,000 mL o f  
pentane,  o r  u n t i l  t h e  f i l t e r  paper i s  w h i t e  where t h e  
aspha i tenes  do n 6 t  Coat i t .  

L e t  the f i l t r a t e  d r a i n  from t he  f i l t c r ;  p l ~ c c  t h c  
f i l t e r  paper  i n  a  preweighed beaker  and d r y  i n  t h e  ' 

oven a t  105OC o v e r n i g h t .  

Remove f i l t e r  paper  from oven and a l l o w  t o  coo l  t o  
room tempera tu re  i n  a d e s i c c a t 6 r .  

Weigh and reco rd .  S u b t r a c t  t h e  we igh t  o f  t h e  f i l t e r  
paper  t o  o b t a i n  t h e  we igh t  o f  asphal tenes.  

C .  Sevdr-dt i u ~ i  o f  tlenzene-501 u b l  e ,  Fentane-Sol  ub l c  81 1 Frac t iuri 

1. Remove t h e  s o l v e n t  from t h e  f i l t r a t e  i n  a  Rotavapor 
u n t i l  about  50 mL remains.  

2 .  T r a n s f e r  s o l v e n t  i n t o  a  preweighed beaker ;  rqnse w i t h  
a  sma l l  amount o f  pentane. 

3.  P lace  beaker  i n t o  d r y i n g  oven a t  105OC, l e t  s t and  
o v e r n i g h t ,  and t hen  coo l  t o  room temperature.  i n  a  
d e s i c c a t o r .  



4. Weigh and subtract the weight of the beaker to obtain 
the weight of the oils fraction. 

D. Yield Calculations 

To obtain the yields of the fractions, add the weights of 
oils, asphaltenes, and benzene insolubles ( 0 1 ) .  Then 
divide this sum by the weight of the initial sample: 

Yield = wt of oils + wt of asph. + wt of 01 
wt of sample 

The yield should be between 0.97 and 1.03. Then obtain the 
individual normalized weight-percent fractions: 

wt of oils 100 x - = weight percent oils wt of sample yield 

wt of asph. 100 
x - = weight percent asphaltenes wt of sample yield 

wt of BI X -- loo - - weight percent benzene insolubles wt of sample yield 



Beaker Ex t rac t i ons  
(Kerr-McGee Procedure) 

DEFINITIONS: Three f r a c t i o n s  a re  de f i ned  as fo l l ows :  

O i l ;  Toluene and heptane so lub le ;  determined as the 
d i f f e r e n c e  between to1  uene-sol ub le  and asphal- 
tene content  

Asphal tene: Toluene soluble/heptane i n s o l u b l e ;  determined 
d i  r e c t l y  as a  heptane-i  nsol  ub l  e  res idue 

Preasphaltene: P y r i d i n e  so lub le / to lucnc  insoluble; determined 
as t h e  d i f f e r e n c e  between the  two s o l u b i l i t i e s  

PROCEDURE: A .  F o r  bo th  p y r i d l n e  and to luene s o l  ubll l t y  procedures, d l g e s t  
a  10-g sample f o r  30 min a t  t he  so l ven t  b o i l i n g  p o i n t  us ing  
a 10; 1  solverr t - to-  feed r.at,iu. 

0 .  Vacuum- f i l t e r  the  s o l u t i o n s  h o t  through a  Buchner funnel 
us ing  Whatman No. 42 paper. 

C. Rinse res idues  w i t h  the  d i g e s t i o n  so l ven t  and then w i t h  
heptane ( to luene d i g e s t i o n )  o r  toluene/heptane ( p y r i d i n e  
d i g e s t i o n ) .  

D.  Determine t h e  asphaltene content  by evapsra t ing  the  
t n l  mne-sn111hl P f i  1 t . r a t . ~  t.n war-r i ryncqq on a st.r??.rn h a t  h ,  
f o l l  owed by heptane d i g e s t i o n  and f i  1  t r a t i o n .  

E. Ca lcu la te  so lubi l  l t l e s  as fo l l ows :  

X s o l u b l e  (by ~ t )  = s a m p l e e  ne t  w \  A 

sample n e t  w t  

For those samples w i t h  s i g n i f i c a n t  ash content  ( i . e . ,  >5%), 
a l s o  c a l c u l a t e  s o l u b i l i t i e s  as fo l l ows :  

% s o l u b l e  (by ash) = 100 - % % ash ( o r i g i n a l  sample) 
ash ( d j g e s t i o n  res idue)  x 100 

The two s . o l u b i l i t y  values should agree w i t h i n  1%; the  
repo r ted  value i s  then taken as the  average o f  t he  two 
s o l u b i l i t y  c a l c u l a t i o n s .  



Dete rm ina t i on  o f  Percent  Creso l  I n s o l  ub l es  i n  SRC Produc ts  
( W i l s o n v i l l e  Procedure No. 34550-21) 

I. SCOPE: T h i s  t e s t  i s  des igned t o  measure t h e  c r e s o l - i n s o l u b l e  
s o l i d s  i n  SRC. 

- 

11. PRINCIPLE: The procedure i s  based on f r a c t i o n a l  s o l u b i l i t y  i n  o rgan i c  
so l ven t s .  Because t h e  s o l v e n t  was s e l e c t e d  t o  g i v e  t h e  
maximum s o l u b i l i t y  o f  e x t r a c t ,  t h e  i n s o l u b l e  r es i due  
rep resen t s ,  p r i m a r i  l y  , unreac ted  coa l  o r  s i m i  1  a r  m a t e r i  a1 
i n  t h e  p roduc t .  S t r i c t  adherence t o  a l l  s p e c i f i e d  c o n d i t i o n s  
i s  e s s e n t i a l  because o f  t h e  e m p i r i c a l  n a t u r e  o f  t h e  t e s t .  

111. APPARATUS: Beakers (300 mL) 
Mechanical  s t i r r e r  
S u c t i o n  f l a s k  (100 mL) 
Steam- j acke ted  Buchner funne l  (15 cm) 
F i l t e r  paper ,  no. 42 (15 cm) 
Ho t  p l a t e  
Oven, 105 + 5OC 
Water asp i  r a t o r  
Wash b o t t l e  [ f o r  c r e s o l  ( h o t )  methanol ]  
A n a l y t i c a l  ba lance 
Powder paper  ( g l a s s i n e ,  4-3/8 x  5-3/4, E l i  L i l l y  Co.) 

IV .  REAGENTS: Creso l  
Acetone 

V.  SAFETY: SRC m a t e r i a l  shou ld  be t r e a t e d  as t o x i c  chemica ls .  Gloves 
and a  l a b  coa t  shou ld  be worn t o  p r o t e c t  hands and c l o t h i n g .  
Fo r  s p e c i f i c  h a n d l i n g  p r e c a u t i o n s  o f  SRC m a t e r i a l ,  see t h e  
U. S. Department o f  Labor O.S.H.A. M a t e r i a l  Sa fe t y  Data 
Sheet l o c a t e d  i n  t h e  f r o n t  s e c t i o n  o f  t h e  manual. 

Creso l  has a  p e r m i s s i b l e  exposure 1  i m i t  o f  5  ppm (22 mg/rn5) 
and must be c a r e f u l l y  handled i n  a  we1 1  v e n t i ' l a t e d  area. 

PROCEDURE: A. P lace  100 mh o f  c r e s o l  i n  a  beaker and' hea t  on a. h o t  
p l a t e  u n t i l  vapors a r e  v i s i b l e .  

B. Prepare sample t o  -20 mesh. Do n o t  c r u s h  t o o  f i n e l y .  

C. Weigh 10-g sample on g l a s s i n e  paper .  a  

0. Add t h e  sample, s t i r r i n g  c o n s t a n t l y ,  t o  t h e  h o t  
c r e s o l ;  s t i r  t h e  m i x t u r e  f o r  0.5 h r .  The sample can 
be weighed i n  a  beaker  and t 'he h o t  c r e s o l  added t o  
t h e  sample w h i l e  s t i r r i n g .  

a  Sample s i z e  depends on t h e  pe rcen t  i n s o l u b l e s  i n  t h e  SRC. W i t h  a h i g h  percentage 
o f  i n s o l u b l e s  p r e s e n t ,  a  sma l l e r  sample can be used, and v i c e  versa.  



VI I .  CALCULATION: 

E. Weigh a  No. 42 f i l t e r  paper and prepare the  steam- 
jacketed Buchner f o r  f i l t e r i n g .  Be sure  the  funnel 
i s  hot. - 

F. F i l t e r  the  sample and wash several times with hog 
cresol  or  un t i l  the sample does not look tacky. 

G .  T u r n  off  the  steam and l e t  the funnel cool .  Wash the - 
i  nsol ubl e  materi a1 with acetone unti 1 the  sampl e  i  s  
f r e e  of c reso l .  

H. Dry the  f i l t e r  paper in  the  oven a t  105OC fo r  30 min. 
Residue should be f r ee  of any cresol  odor. Cool in a 
des icca to r  and weigh. Subtract  weight o r  r i  1 ter. 
paper t o  obtiii n woight of i n 5 0 1 1 1 h l ~ 5 ,  

Weiqht of insoluble  material = % creso l  i n s o l u b l e s  weight of sample 

'some samples f i l t e r  very slowly. When t h i s  occurs,  a  new, smaller sample should 
be used, o r  the sample should be s t i r r e d  and heated fo r  a  longer period of time. 



GAS CHROMATOGRAPHY LABORATORY PROCEDURES 

B o i l i n g  Range b y  Gas Chromatography (ASTM D 2887) 

Gas Chromatograph ic  S i m u l a t e d  D i s t i l l a t i o n  and Residue 

A n a l y s i s  (APCI Method) 



BOILING R A N G E  DISTRIBUTION OF PETROLEUM FRACTIONS BY GAS CHRGPATOGRAPHY . 

(ASTM D 2887) 

The procedure i s  appl i cable t o  SRC sampl es having a continuous bn i  1 inq 

range g r ea t e r  than 1 0 0 9 .  This procedure can be used as a subs t i t u t e  f o r  

APCI procedure, "Gas Chromatographic Simulated b i  s t i  11 a t ion  For SRC Derived 

products",  when the amount of nonboiling residue in  a sample due to  ash,  SRC 

o r  ent ra ined coal i s  not  t o  be quan t i f i ed .  

safetr 
SRC 1 iquids and r e l a t ed  material should be t rea ted  as toxic  mater ia ls .  

Gloves and a l a b  coat  should be worn t o  protect  hand5 a n d  c lo thing.  
For speci f i  c handling precautions f o r  SRC l i q u i d s ,  see  the  a p i j r - u p r i  at2 

ICRC Material Safe ty  Data Sheets in the f r o n t  o t  t he  m a n u a l .  



Gas Chromatographic s imu la ted  D i s t i  1  l a t i o n  

f o r  SRC-Derived Products 

(APCI Procedure) 

SCOPE 1. - 

This  method determi  nes t h e  b o i  1  i ng-poi  n t  d i  s t r i  b u t i o n  o f  f u l l  - range 

SRC-derived m a t e r i a l s .  The method a p p l i e s  t o  SRC p roduc ts  and f r a c -  

t i o n s  c o n t a i n i n g  m a t e r i a l  b o i l i n g  between C i  and l,OOO°F, b u t  i s  

l i m i t e d  t o  samples hav ing  a  cont inuous ' b o i l i n g  range g r e a t e r  than 

100°F. Furthermore, t h e  method can be used w i t h  SRC s o l i d ,  l i q u i d ,  o r  

homogeneous S R C  b lends and can q u a n t i t a t i v e l y  determine t h e  amount o f  

n o n b o i l i n g  r es i due  i n  a  sample. 

11. PRINCIPLE 

An encapsula ted sample i s  i n s e r t e d  by a  spec ia l  sampler i n t o  a  gas 

chromatographic column, which separates hydrocarbons i n  b o i l i n g  p o i n t  

o rder .  The column temperature i s  r a i s e d  a t  a  r e p r o d u c i b l e  r a t e ;  and 

t h e  area under t h e  chromatogram i s  recorded th roughou t  t h e  run.  ~ o i  l- 

i n g  temperatures a re  assigned t o  t h e  t ime a x i s  f rom a  c a l i b r a t i o n  

cu rve ,  which i s  ob ta ined  under t h e  same c o n d i t i o n s  by r unn ing  a m i x t u r e  

o f  s tandard hydrocarbons o f  known b o i  1  i n g  p o i n t s  th rough  1 ,OOO°F. From 

these da ta ,  t h e  b o i l i n g - p o i n t  d i s t r i b u t i o n  may be ob ta ined .  I n  addi -  

t i o n ,  t h e  we igh t  o f  r es i due  l e f t  i n  t h e  sample capsule  i s  a l s o  

measured. The res i due  weight  de f ines  t h e  amount o f  samp1.e b o i l i n g  

above 1 ,OOO°F. 

I I I. APPARATUS - 

A. Gas Chromatograph: A Perkin-Elmer 3920 gas chromat;g,,, . - - p:iji V -  

a l e n t ,  equipped w i t h  dua l - f l ame i o n i z a t i o n  d e t e c t o r ,  subambient 

accessory,  and l i n e a r  temperature programmer (PerL;n.Cl----  rr---nr>- 

t i u n ,  NorwalR, Conn.). 



B. Autosampler: Perkin-Elmer AS-41 automated capsule  i n j e c t o r  

(Perk in-Elmer  Corpora t ion ,  Norwal k, Conn. ) .  

C. S t r i p  Char t  Recorder: Perkin-Elmer Model 023 o r  e q u i v a l e n t ,  

s i r ig le-pen reco rde r  w i t h  1-mV f u l l - s c a l  e d e f l e c t i o n  (Perk in-Elmer  

Co rpo ra t i  on, Norwal k ,  Conn. ). 

D. I n t e q r a t o r :  E l  e c t r o n i c  i n t e g r a t i o n  system f o r  determi  n i  ng t he  

accumulated area under t h e  chromatogram; a  Hewlet t -Packard 3352C 

l a b  da ta  s y s t e m  meets requirements (Hew! e t  t - P a i k a r i l  i .hrpnra~. l f ln ,  

Avondal e  , Pa. ) . 

Column: Two 1 / 8  i n .  0.d. by 0.016 i n .  w a l l  by 3  f t  s t a i n l e s s  s t e e l  E. - 
columns packed w i t h  3% Dexs i l  300 on 80/100 mesh Chromosorb W ,  

acid-washed (Supelco, I nc .  , Be1 l e f o n t e ,  Pa. ) .  Because a  s t a b l e  

base l i n e  i s  e s s e n t i a l  t o  t h i s  method, match ing dual  columns a re  

r e q u i r e d  t o  compensate f o r  column bl,eed, which cannot be e l i m i n a t e d  

comple te ly  by  c o n d i t i o n i n g  alone. 

- 7 F. Microbalance:  A microbalance capable o f  measuring t o  10 g i s  

needed t o  weigh res idue ;  a  Perkin-Elmer AD-2 autobalance f u l  f i  11 s 

t h i s  reql.!i rement ( P ~ r k i  n- F l m ~ r  Cnrpnrat- inn,  Narwal k ,  Conn. 1, 

I V .  REAGENTS AND MATERIALS 

A. C y l i n d e r  Gases: Hel ium i s  r e q u i r e d  f o r  c a r r i e r  gas and hydrogen 

and a i r  a re  necessary f o r  t h e  f lame d e t e c t o r  ( A i r  Products and 

Chemicals, I n c . ,  T rex le r town,  Pa.). 

B. L i q u i d  N i t rogen :  L i q u i d  n i t r o g e n  i s  used t o  coo l  samples t o  sub- 

ambient temperatures i n  t h e  gas chromatograph ( A i r  Products and 

Chemicals, I n c . ,  Trex le r town,  Pa.). 

C .  C a l i b r a t i o n  M i x tu re :  A c a l i b r a t i o n  b l end  o f  hydrocarbons (normal 

p a r a f f i n s )  o f  known b o i l i n g  p o i n t s  t h a t  i n c l udes  the  b o i l i n g  range 



o f  t h e  samp1.e i s  r e q u i r e d  (see Table 1). A t  l e a s t  one compound i n  

t he  c a l i b r a t i o n  m i x tu re  must have a  b o i l i n g  p o i n t  lower  than the  

i n i t i a l  b o i l i n g  p o i n t  o f  t he  sample. 

D. Capsules: Micro-sampl ing capsules a re  used w i t h  t he  AS-41 auto-  

sampler (Perkin-Elmer Corpora t ion ,  Norwal k,  Conn. ) .  

E. Crimper: A capsule  c r imper  i s  used t o  make the  c o l d  weld on t h e  

sample capsules used wi fh  t he  AS-41 autosampler.  

F. Tungsten Carbide Tipped Penc i l :  Use t o  engrave i d e n t i f i c a t i o n  

numbers on t h e  sample capsules.  

V .  PREPARATION OF APPARATUS 

A .  Column P repa ra t i on  

The column must be cond i t i oned  a t  t h e  maximum o p e r a t i n g  temperature 

t o  reduce base-1 i n e  d r i f t  due t o  column b leed ;  use t he  f o l l o w i n g  

procedure:  

1. Disconnect  column f rom the  d e t e c t o r .  

2. Purge t h e  column t ho rough l y  a t  ambient temperature w i t h  

c a r r i e r  gas. 

3. Turn o f f  t he  c a r r i e r  gas and a1 low t h e  column t o  depressur ize 

comp le te ly .  

4 .  Raise t h e  column temperature t o  the  maximum ope ra t i ng  temper- 

a t u r e ;  h o l d  a t  t h i s  temperature f o r  a t  l e a s t  2 h r  w i t h  no f l ow  

th rough  t he  column. 

5. Cool t h e  columns t o  a t  l e a s t  100°C be fo re  t u r n i n g  on c a r r i e r  

gas again.  



6.  Program t h e  column t e m p e r a t u r e  up t o  t h e  maximum s e v e r a l  t imes  

w i t h  normal  c a r r i e r  Gas f l o w .  The column may now be connected 

t o  t h e  d e t e c t o r  and s h o u l d  be ready f o r  use.  

E .  Column R e s o l u t i o n  

To t e s t  column r e s o l u t i o n ,  p r e p a r e  a  m i x t u r e  o f  I% C16 and l% C18 

n - p a r a f f i n s  i n  a  s u i t a b l e  s o l v e n t  such as hexane. I n j e c t  t h i s  

m i x t u r e  as a  sample and o b t a i n  t h e  chromatogram. C a l c u l a t e  r e s o l u -  

t i o n  ( R )  f r o m  t .h is  chromatogram u s i n g  t h e  f o r m u l a :  

where d  = r e t e n t i o n  t i m e  o f  C (mm), d2 = r e t e n t i o n  t i m e  o f  C16 
1 18  

( m m ) ,  Y1 = w i d t h  o f  C18 peak a t  t h e  base l i n e  ( m m ) ,  and Y 2  = w i d t h  

o f  C16 peak a t  t h e  base l i n e  (mm) .  The r e s o l u t i o n  c a l c u l a t e d  f r o m  

e q u a t i o n  1 must  be a t  l e a s t  t h r e e  and n o t  more t h a n  e i g h t .  

C .  Chromatooraph 

P lace  chromatograph,  autosamp I e r ,  and d a t a  system i11Lu b e l - v i c e  

a c c o r d i n g  t o  m a n u f a c t u r e r s '  i n s t r u c t i o n s .  T a b l e  2 l i s t s  o p e r a t i n g  

c o n d i t i n n q  f n r  t.he c h r o r n a t ~ g r a p h .  

V I .  PROCEDURE 

A .  P r e p a r a t i o n  o f  t h e  Gas Chromatograph 

I. Assemble t h e  gas c y l  1 nders  , neuessdr'y r 'egul  a t o r s  , gas p u r i  - 
f i e r s ,  l i q u i d  n i t r o g e n  d e l i v e r y  system, au tosamp le r ,  gas 

chromatograph,  r e c o r d e r ,  and l a b  d a t a  system a c c o r d i n g  t o  t h e  

m a n u f a c t ~ ~ r p r q '  r l i  r e c t i o n s .  



2. Cond i t i on  t h e  columns as descr ibed  i n  Sec t i on  V . A .  

3. Set t he  gas chromatograph ope ra t i ng  c o n d i t i o n s  as o u t l i n e d  i n  

Table  2. 

4 .  Set t h e  t ime  between i n j e c t i o n s  on t h e  autosampler c o n t r o l  

module. To s e l e c t  t h e  c o r r e c t  t ime ,  a  heat  c y c l e  should  be 

t imed from s t a r t  t o  f i n i s h ,  when t h e  oven i s  coo led  t o  i t s  

i n i t i a l  temperature.  Set t h i s  t ime  on t h e  autosampler c o n t r o l  

t o  ensure t h a t  each i n j e c t i o n  occurs a t  p r e c i s e l y  t he  same 

moment, so t h a t  i d e n t i c a l  oven temperatures a re  used i n  a l l  

c a l i b r a t i o n  and sample ana l ys i s  runs.  

B; Sample P repa ra t i on  

Sample Hand1 i ng 

Handle a1 1 samples i n  a  fume hood and wear p r o t e c t i v e  g loves 

a t  a l l  t imes (see Sec t ion  V I I I ) .  

2. Sample Storaqe 

To p r o t e c t  t h e  i n t e g r i t y  o f  a l l  samples, s t o r e  them under a  

b l a n k e t  o f  n i t r o g e n  i n  a  r e f r i g e r a t o r  u n t i l  a n a l y s i s .  

3. Loading Samples 

Load samples i n t o  t h e  sample capsules us i ng  a  m i c r o l i t e r  

s y r i nge .  P u l l  an app rop r i a t e  amount o f  sample (0 .2  t o  1 .0  pL)  

i n t o  t h e  sy r i nge  and p l ace  s y r i n g e  i n  t h e  sample loader  a long  

w i t h  t h e  c a r t r i d g e  c o n t a i n i n g  t h e  empty capsule .  Lower t h e  

syringe i n t o  t h e  capsule  u n t i l  t h e  t i p  b a r e l y  touches t h e  

capsule  bottom ( t h e r e  i s  an ad justment  screw f o r -  t h i s ) ;  

depress p lunger  t o  l oad  t h e  sample. Crimp and debur t h e  

capsule.  If t h e  sample i s  a  s o l i d ,  then  s imply  p l ace  an 



a p p r o p r i a t e  amount i n  t h e  capsule and c r imp and debur t he  

capsule .  I f  t h e  sample i s  t o o  v iscous t o  l o a d  w i t h  t he  

sy r i nge ,  p l a c e  a  smal l  amount on t he  sy r i nge  t i p  and lower the  

s y r i n g e  i n t o  t h e  capsule  t o  depos i t  t h e  sample on t h e  capsule 

bottom. Repeat t h i s  process as o f t e n  as needed t o  l oad  an 

a p p r o p r i a t e  amount o f  sample i n  t h e  capsule.  Dur ing  t h i s  

l o a d i n g  procedure,  t ake  care  n o t  t o  s p i  11 any sample on t he  

s ides  o f  t h e  capsule  near t h e  t o p  because t h i s  p o r t i o n  i s  

removed d u r i n g  debur r ing .  

4 .  Weiqhi nq Capsl.!les 

F i r s t ,  a d j u s t  t h e  microbalance t o  ze ro  by p l a c i n g  equal 

we igh ts  on each pan. To ensure t h a t  t h e  ba lance i s  p r o p e r l y  

ad jus ted ,  t h e  zero r ead ing  should  n o t  d r i f t  f o r  a t  l e a s t  30 

sec. S ince t h e  capsules weigh more than  30 mg, determine t he  

t r u e  mass o f  smal l  we igh ts  and p l ace  them on t h e  opposing pan. 

P e r i o d i c a l l y  determine t h e  t r u e  mass o f  these weights  t o  

ensure t h a t  they l't!llldil.l cons tan t .  A f t c r  a d j u s t i n g  t ho  ba l  a n c ~  

and de te rm in i ng  t he  t r u e  mass o f  t h e  t a r e  we igh ts ,  weigh t h e  

sample capsules.  Do n o t  r eco rd  weights  u n t i l  d r i f t  i n  t he  

ba lance read ing  ceases f o r  a t  l e a s t  30 sec. 

C.  Opera t ion  

Cornp~-~ter Method f o r  Ca1, ibrat ion 

Prepare a  computer method f o r  t h e  l a b o r a t o r y  da ta  system t o  

c o l l e c t  i n f o r m a t i o n  needed t o  c a l i b r a t e  t h e  s imu la ted  d i s t i l  

l a t i o n  method. The c a l i b r a t i o n  method mere ly  c a l c u l a t e s  t he  

r e t e n t i o n  t ime  o f  each peak i n  t h e  c a l i b r a t i o n  run ;  a  sample 

o f  t h i s  method i s  presented i n  Table 3. Consul t  t h e  manuals 

f o r  t h e  Hewlet t -Packard 3352C Ldlr Data System f o r  a d e t a i l e d  

e x p l a n a t i o n  o f  t he  quest ions and responses f o r  t h e  computer 

d ia logue .  Th i s  method w i l l  y i e l d  a  r e p o r t  c o n s i s t i n g  o f  the  

r e t e n t i o n  t ime  and t h e  area of each peak i n  t h e  c a l i b r a t i o n  



mix tu re .  Dump the  da ta  from t h i s  c a l i b r a t i o n  r l jn  onto paper 

tape us ing  the  t e l e t y p e  ( t h e  r e p o r t i n g  dev ice  o f  t ~ e  d a t a  

system). ( I n s t r u c t i o n s  f o r  d u ~ r ~ p i  ng da ta  on to  ptiper ?.:lpe are  

i nc l uded  i n  the 3352C Lab Data Manuals. ) The paper i-...ip e  w i ?  1 

c o n t a i n  t he  r e t e n t i o n  t imes and the raw area courits o f  each 

peak i n  the  c a l i b r a t i o n  m i x tu re .  The s imu la ted  d j s t i l l a t i o n  

so f tware  r e q u i r e s  t h a t  C12 be the  l a r g e s t  peak i n  the  c a l i b r a -  

t i o n ,  and t h a t  a l l  peaks be fo re  C12 must have an area a t  l e a s t  

0.5% o f  the  C12 area and a l l  peaks a f t e r  CI2 be a t  l e a s t  0 .05% 

o f  the  C12 area. Any peaks no t  meet ing these minimum r e q u i r e -  

ments w i  11 be r e j e c t e d .  Therefore,  the  c a l  i b r a t i o n  blends 

should  be prepared acco rd i ng l y .  

2. Computer Method f o r  S imulated D i s t i l 1 a t i a n  

Prepare a computer method f o r  t h e  l a b o r a t o r y  da ta  system t o  

per fo rm s imu la ted  d i s t i l l a t i o n .  The method c o l l e c t s  area i n  

12-sec t ime  s l i c e s ,  r e l a t e s  t he  t imes t o  t he  c a l i b r a t i o n  curve 

of  r e t e n t i o n  t ime  vs. b o i l i n g  p o i n t ,  and r e l a t e s  the area o f  

each s l i c e  t o  t h e  t o t a l  sample area. From these da ta ,  a 

b o i l i n g - p o i n t  d i s t r i b u t i o n  i s  c a l c u l a t e d  and repor ted .  An 

example o f  a  computer method f o r  s imu la ted  d i s t i l l a t i o n  i s  

shown i n  Table 4.  Consul t  t h e  manuals f o r  t h e  Hewlet t -Packard 

3352C Lab Data System f o r  a  d e t a i l e d  d e s c r i p t i o n  o f  t h i s  

computer d ia logue .  

3 Heat Cycle 

Program t h e  column temperature upward from i n i t i a l  t o  maximum 

temperature us i ng  t h e  programming r a t e  i n  Table  2. Cool t h e  

column t o  t h e  s t a r t i n g  temperature;  a t  t h e  exac t  t ime  f o r  each 

ana l ys i s ,  i n j e c t  t he  nex t  sample, S t a r t  column temperature 

programming immediate ly  upon i n j e c t i o n .  Always s t a r t  t he  

i n j e c t i o n  c y c l e  a t  t h e  same t ime ,  p r e f e r a b l y  when t h e  GC 

oven-ready l i g h t  comes on. Such p recau t i ons  ensure t h a t  each 



saniple i s  r u n  a t  c o n d i t i o n s  i d e n t i c a l  t o  those used f o r  c a l i -  

b r a t i o n .  u s i n g  a  gas chromatograph equipped w i t h  oven-ready 

sens ing t o  a c t i v a t e  t h e  a u t o s a m p 1 e r . i ~  p r e f e r a b l e .  I f  t h i s  i s  

u f i ava i l ab l e ,  i n j e c t  t he  samp1e.s on a  - f i x e d - t i m e  b a s i s ,  as 

descr ibed  i n  Sec t ion  V1.A. 4 .  

C a l i b r a t i o n  

A f t e r  p r e p a r i n g  t he  c a l  i b r a t i o n  and s imu la ted  d i s t i  1 l a t i o n  

mot.hods and cnmple t ing  t h e  heat c y c l e ,  s t a r t  t he  c a l i b r a t i o n  

procedure.  Load a- s a m p l e  capsu le .  w i t h  t he  -cal i b r a t j o n  bler id 

and s e a l  w i t h  a  c o l d  weld u s i n g  t h e  c r imper .  Place the  

capsule  c a r t r i d g e  i n t o  t h e  autosampler and s t a r t  t he  i n j e c t i o n  

c y c l e  a t  t h e  same p o i n t  as t he  beg inn ing  o f  t h e  heat c y c l e  

(when t h e  GC oven-ready l i g h t  comes on). Before i n j e c t i o n ,  be 

sure t h a t  t he  c a l i b r a t i o n  method has been c a l l e d  t o  t h e  A /D  

conve r t e r  connected t o  t h e  gas .chromatograph. A t  t h e  comple- 

t i o n  o f '  t h e  c a l i b r a t i o n  run ,  dump t h e  da ta  f rom t h e  A /D  con- 

v e r t e r  on to  paper t a p e  ( t h i s  pr.ocedure i s  desc r ibed  i n  t h e  Lah 

Data System manuals). A sample chromatogram f rom a  c d l  l b r a p  

t i o r ,  r u n  i s  presented i n  ~ i g u r e  1. 

Now c l e a r  t he  c a l i b r . a t i o n  method f rom t h e  A/D c o n v e r t e r e a n d  

c a l l  up t h e  s imu la ted  d i s t i ' l l , a t i o n  method. Load t h e  paper 

tape on to  t h e  system us ing  t he  tape  reader .  R e c a l i b r a t e  t he  

3 imu la ted  dis. t , i  1  l a t i o n  mr?t.hnd by  us i ng  t h e  r e c a l  i b r a t e  com- 

mand. I f  e v e r y t h i n g  was done p r o p e r l y ,  t h e  system response 

w i l l  be "DONE". I f  t he  response i s  "BAD CAL DATA", check t h e  

components o f  t he  c a l  i b r a t i  on m i x t u r e  f o r  compl i ance w,i t.11 tl'le 

minimum area requi rements  d iscussed i n  Sec t i on  V I .  B. 2. 

5. Sample Analyses 

A f t e r  s u c c e s s f u l l y  cor i rp let ing c a l i b r a t i o n  (which should be 

done once a  day),  use t h e  system t o  r u n  sample analyses. Load 



t h e  samples t o  be ana lyzed  i n t o  sample c a p s u l e s ,  p l a c e  the  

f u l l  sample capsu le  c a r t r i d g e s  i n  t h e  autos;lrnpler, and 5iar . t  

t h e  f i r s t  a n a l y s i s  when t h e  ;"en-ready l i g h t  comes on. Suc- 

ceed ing  ana lyses w i  11 be i n j e c t e d  automat i c a l  l y  on a  ti;ne 

b a s i s ,  so t h e  ana lyses can proceed unat tended.  Examples o f  a  

sample chromatogram and b o i  1 i ng-po i  n t  d i s t r i b u t i o n  r e p o r t  a r e  

p r e s e n t e d  i n  F i g u r e  2 and Tab le  5 ,  r e s p e c t i v e l y .  Note  t h a t  a  

c o n s t a n t  base l i n e  a t  t h e  end o f  each r u n  i s  es ;ent ia l  because 

t h e  a r e a - s l i c e  i n t e g r a t i o n  o f  t h e  system s o f t w a r e  d ~ e s  n o t  

t r a c k  t h e  b a s e - l i n e .  T h e r e f o r e ,  a l l  measures needed t o  a v o i d  

b a s e - l i n e  d r i f t  must  be t a k e n  i n t o  accoun t ,  e .g .  , coll imn 

b l e e d ,  d e t e c t o r  t empera tu re  c o n t r o l ,  cons tancy  o f  c a r r i e r  gas 

f l o w ,  and l e a k s .  A l s o ,  p e r i o d i c  b l a n k  runs  s h o u l d  be made i n  

t h e  normal manner w i t h o u t  i n j e c t i n g  a  sample t o  g i v e  an i n d i -  

c a t i o n  o f  t h e  b a s e - l i n e  s t a b i l i t y .  I f  an i n t e g r a t i o n  system 

t h a t  does p e r f o r m  b a s e - l i n e  . t r a c k i n g  i s  a v a i l a b l e ,  a  c o n s t a n t  

b a s e ' l i n e  i s  n o t  as c r i t i c a l .  

6. Residue D e t e r m i n a t i o n  

I f  t h e  amount o f  sample r e s i d u e  b o i l i n g  above ,l,OOO°F i s  

d e s i r e d ,  t h e  sample capsu les  must be preweighsd a c c o r d i n g  t o  

t h e  p rocedure  o u t l i n e d  i n  S e c t i o n  V1.B.  4. Fo r  t h e  b e s t  

r e s u l t s ,  f i r s t  p l a c e  t h e  capsu les  i n  a  m u f f l e  f u r n a c e  a t  400°C 

f o r  a b o u t . 4  h r  and t h e n  c o o l  and s t o r e  i n  a  d e s i c c a t o r  u s i n g  a  

s u i t a b l e  d e s i c c a n t  such as d r i e r i t e .  T h i s  process removes any 

o i l s  o r  m o i s t u r e  from t h e  c a p s u l e  s u r f a c e s  t h a t  may have been 

d e p o s i t e d  ' d u r i n g  t h e i . r  manufac ture .  A f t e r  t h e  capsu les  have 

been .  c leaned  and c o o l e d ,  remove t h e  number d e s i r e d  f rom the  

d e s i e c a t o r  and e t c h  i d e n t i f y i n g  numbers on t h e  c a p s u l e  s i d e s  

u s i n g  a  t u n g s t e n  c a r h i d e  t i p p e d  p e n c i l .  Etch  t h e  mark ings 

near  t h e  bot tom,  c l o s e d  end o f  t h e  capsu le ,  s i n c e  subsequent 

c r i m p i n g  and d e b u r r i n g  processes w i l l  remove a  p o r t i o n  o f  t h e  

open-ended t o p  o f  the' capsu le .  ~ f t e r  number ing,  ' we igh t h e  

empty capsu les  u s i n g  t h e  m ic roba lance .  Record '  t h i s  t a r e  



weight and load the capsules into their appropriately numbered 

positions in the sample capsule cartridges. Next, load the 

capsules with sample as described in Section V 1 . B .  3 and crimp 

only--do not deturr. Weigh the crimped capsules, record the 

weights, and return capsules to their proper positions in t b e  

cartridge. Now debur the capsules, and then reweigh and 

record weights. Place capsules in the autosampler and perform 

analyses. At the completion of GC analyses, remove the 

capsule co'llector tray on t.he autosampler and weigh spent 

capsules. Uring the identification marks on the capc_ules, 

recbr'd t h i s  fine1 weight det~rmination t o r  each idrrrplc. 

A .  Calibration 

The computer system performs the following calculations to obtain a 

calibration curve: 

1. The retention time of each component of t h e  calibration 

mixture is recorded. 

2. The boiling point o f  each component 5 3  s to red  'in t h e  comput~r 

memory as part of the simulatea dlslillatian software. These 

hniling-point values a r e  listed in Table 1. 

3. A calibration curve of retention .time v s .  boiling point is 

derived from the above data. This relationship i s  stored and 

used b,y t.he data  system for all subsequent runs. A typical 

calibration curve is .shown i f i  Fi,gure 3. 

This calculation i s  also performed by the computer system, as 

follows: 



1. The cumula t i ve  area under t h e  chromatogram a t  each 12-sec 

i n t e r v a l  i s  recorded. 

2. A t  t h e  end o f  t h e  run ,  which i s  25.5 min under t h e  ope ra t i ng  

c o n d i t i o n s  o u t l i n e d  i n  Table 2, t he  t o t a l  cumulat ive area 

counts a re  recorded. 

3. The i n i t i a l  b o i l i n g  p o i n t  i s  de f i ned  a s - t h e  p o i n t  a t  which t h e  

cumu la t i ve  area count  i s  0.5% o f  t he  t o t a l  area. 

4.  The f i n a l  b o i l i n g  p o i n t  i s  de f ined  as t he  p o i n t  a t  which t h e  

cumu la t i ve  area count  i s  99.5% o f  t h e  t o t a l  area. 
' 

5 .  The cumula t i ve  area a t  each i n t e r v a l  between the  i n i t i a l  and 

f i n a l  b o i l i n g  p o i n t s  i s  d i v i d e d  by t h e  t o t a l  cumulat ive area 

counts.  Th i s  y i e l d s  t h e  pe rcen t  o f  sample recovered a t  each 

i n t e r v a l .  

6. The pe rcen t  recovered a t  each i n t e r v a l  and t h e  b o i l i n g  temper- 

a t u r e  assigned t o  t h a t  i n t e r v a l  from t h e  c a l i b r a t i o n  curve a re  

t a b u l a t e d  and repo r t ed  i n  l% ,increments. 

C .  Residue Determi nat io-n 

, 1. ?he sample we igh t  i n  each capsule  i s  c a l c u l a t e d  as 

sample w t  = (sample wt  * capsule w t )  - capsuie  w t  

2. The capsu le  weight  a f t e r  debu r r i ng  i s  c a l c u l a t e d  as: 

deburred capsule w t  = (deburred capsule  w t  + sample w t )  - 
sample w t  



3. The r e s i d u e  w e i g h t  i s  c a l c u l a t e d  as: . .  . 

r e s i d u e  w t  = capsu le  w t  ( a f t e r  i n j e c t i o n )  - debur red  

c a p s u l e  w t  

. . :. > 
. . 

4.   he p e r c e n t  r e s i d u e  i s  c a l c u l S a t e d  as: 

r e s  i due w t  
% residue = sampl e  w t  x 100 

. . 
V I I I .  SAFETY 

Because th i s , "me thod  was deve loped p ' r i m a i j l y  f o r  ana lyz ing  SRC-drr . ivrd 

m a t c r i j l c ,  ai trt i?~ mln i rn~~rn  5afet.y pr ;a i t i ces  s h o u l d  be f o l  lowcd:  

Sample Hand1 i ng 

1. Handle a l l  'samples i n s i d e  a  good fume hood t o  a v o i d  t h e  i n h a l a t i o n  

o f  vapors .  

2 .  Wear p r o t e c t i v e '  g i o v e s  whenever h a n d l i n g  any S R C  m a t e r i a l s .  

3. Wash hands w i t h  soap d ~ l d  wdnn wa te r  immed ia te l y  a f t e r  h a n d l i n g  any 

SRC m a t e r i a l s ,  even though p r o t e c t i v e  g l o v e s  a r e  worn. 

4 .  I f  s k i n  a c c i d e n t a l l y  c o n t a c t s  SRC m a t e r i a l ,  immed ia te l y  and 

t h o r o u g h l y  s c r u b  t h e  a rea  w i t h  soap and warm w a t e r .  

A.  Scope 

The f o l l o w i n g  a r e  minimum p rocedures  necessary  t o  m a i n t a i n  encap- 

s u l a t e d  s i m u l a t e d  d i s t i  1 l a t i o n  i n s t r u m e n t a t i ' o n  ( t h e  Perk in -E lmer  

3920 gas chromatograph and t h e  AS-41 au tomat i c  sampler)  i n  p r o p e r  

o p e r a t i n g  c o n d i t i o n .  



1. System Cal i b r a t i  on 

C a l i b r a t e  t h e  s imu la ted  d i s t i l l a t i o n  method d a i l y  us i ng  t h e  
. . 

c a l  i b r a t i o n  statidapd 'descr ibed i n  Tabl'e 1. Fol  low procedures 

descr ibed  i n  Sect ions V1.B. 2-VI .  B .4  

2 .  Column Eva lua t i on  

Check t h e  column performance weekly ' bi ' . 'ahal$zi ng t he  r e s o l  u- 

t i o n  m i x t u r e  descr ibed  i n  Sec t ion  V.B. Replace t h e  columns i f  

they do n o t  meet t he  r e s o l u t i o n  r 'equireke"ts' ou t1  i ned  i n  t h a t  
. -. :. . 1. - 

s ec t i on .  . .. 
. .  ... 
' . . 2 '  

. .. 
C .  Maintenance . .. 

The minimum mai ntenance needed' t o  keep. t h e  . s imulated 

d i s t i l l a t i o n  equipment ope ra t i ng  p r o p e r l y  a re  l i s t e d  below: 
. . .  , . . 

' 1. Check gas suppl  i e s  d a i l y  and. rep lace"  a s  necessary. 
. . .  

2 .  Check he l ium f l o w  r a t e s  weekly. 
. . 

: _ .  

3: Change gas ' p u r i f i e r s  when spent .  
. . 

4 .  Clean t h e  F I D  de tec to r  a t  every  column change (approx imate ly  
. .  . 

every  10 t o  12 weeks). 

. . .: . 

5 .  ' ~ e ~ l a c e  "0 " - r ?ngs  i n  t i e  i n j e e t o r  .a t  every'. column change 
. . 

(10-12-week i n t e r v a l  ). 

. . . . .  . . 
6. I n s p e c t  and c lean  t he  sample probe i n s i d e  t h e  ' i n j e c t o r  ( u s i n g  

. . ,  
a ' '  c a u s t i c  s o l u t i o n )  a t  ' every  coluhn'  change i f  necessary 

(10-12-week i n t e r v a l  ). . .. 



7. C l e a n  and l u b r i c a t e  ( w i t h  Apiezon grease) t h e  autosampler 

every  2 weeks. 

8. Check t h e  i n j e c t o r ' s  coo l  ing-water  l e v e l  every  week. 

9. Clean and l u b r i c a t e  t h e  t e l e t y p e  every 90 days, 

10. Check t h e  forepump o i l  l e v e l  on t h e  vacuum pump f o r  t he  l i q u i d  

n i t r o g e n  d e l  i very  system month ly ,  and rep,lace q u a r t e r l y .  Use 

Welch Duo-Seal o i l .  A lso  check t h e  b e l t  monthly and rep lace  

as needed, 

11. I n s p e c t  t h e  o i l  d i f f u s f a n  pump fo r  t h e  l i q u i d  n i t r o g e n  

d e l i v e r y  system and change t he  o i l  every  6 months accord ing t o  

t h e  manufac tu re r ' s  d i r e c t i o n s .  Use Dow Corning 704 d i  f f u s i o n  

pump f l u i d .  

X I I .  PRECISION AND R E P R O D U C I B I L I T Y  

Because i n i t i a l  i n v e s t i g a t i o n  o f  t l ~ e  GCSD i n j e c t i o n  system r ~ v e a l e d  

t h a t  i n j e c t i n g  empty capsules r e s u l t e d  i n  we igh t  losses o f  0.02- 

0.18 mg, t h e  p r e c i s i o n  o f  t he  microbalance was t es ted .  A 1-mg t a r e  
weigh t  was weighed 20 t imes over 10 days (see Table  6 ) .  The balance 

precision was zQ.OOOG mg. Thc apparent we igh t  1  o f  t h e  empty 

capsule  c o u l d  t h e n  be reduced t o  0.0020-0,0170 mg by ze ro i ng  t h e  

balance under l o a d  and us i ng  c o r r e c t e d  va lues f o r  t he  tare weights .  

To s tudy the p r e c i s i o n  of  the capsule i n j e c t i o n  technique f o p  deterrnir.~- 

i n g  n o n v o l a t i l e s ,  t h r e e  samples c o n t a i n i n g  6 t o  74% r e s i d ~ r c  were each 

analyzed 13  t o  15 t imes .  ~ e s u l t s  i n  Table 7 show t h a t  r ep r . oduc ib i l i t y  

of t he  r es i due  measurement i s  about 1 .6 -2 .1  w t  X,  abso lu te .  

Rep roduc ib l l  l t y  u f  t h e  b o i l i n g  p o i n t  d i s t r i b u t i o n  was s t u d i e d  by 

ana l yz i ng  an SRC sample f rom APCI's coa l  process development u n i t  19 

t i m e s .  Table  8 l i s t s  t h e  r e p r o d u c i b i l i t y  o f  t h e  b o i l i n g  temperature a t  



e v e r y  10% o f f  and Tab le  9 shows r e p r o d u c i b i l i t y  f o r  v a r i o u s  c u t  p o i n t s  

from t h e  same ana lyses .  A s i m i l a r  SRC sample was a l s o  ana lyzed  f i v e  

t i m e s  o v e r  a  y e a r  and a  h a l f  (see Tab le  l 0 , f o r  r e s u l t s ) .  

A l s o  i n v e s t i g a t e d  was t h e  me thod ' s  a b i l i t y  t o  y i e l d  r e p r o d u c i b l e  mass 

ba lance  d a t a .  R e s u l t s  f rom ana lyses  o f  an SRC l i g h t  o i l  and a  process 

s o l v e n t  a r e  shown i n  Tab le  11. The same samples were a l s o  b lended  i n  

l i g h t - o i l - t o - p r o c e s s - s o l v e n t  r a t i o s  o f  3: 1, 1: 1, and 1: 3. R e s u l t s  f rom 

a n a l y z i n g  t h e s e  b lended  samples were compared t o  p r e d i c t e d  va lues  based 

on ana lyses  o f  t h e  components (Tab le  12) .  R e s u l t s  show t h a t  t h e  method 

can g i v e  r e l i a b l e  m a t e r i a l  ba lance  da ta .  



Table  1 

C a l i b r a t i o n  B lend 

n - P a r a f f i n  n - P a r a f f i n  
component B o i l i n g  p o i n t  (OF) component B o i l i n g  p o i n t  (OF) 

Tab le  2 

O p e r a t i n g  C o n d i t i o n s  f o r  Gas Chromatograph 

Column dimensions 
Pac k i  ng 

I n i t i a l  t empera tu re  
F i n a l  t s m p e r 8 t 1 . 1 r ~  
Programming r a t e  
C a r r i e r  

C a r r i e r  t low . 
I n j e c t o r  tempera. ture 
D e t e c t o r  temper; t u r e  
D e t e c t o r  
I n j e c t i o n  
Sample s i z e  

36 i n .  r. 1./8 i n  n rl , 5 t . a i n l ~ s s  s t e e l ,  d u a l  
3% D e x s i l  300 on 80/100 mesh Chromosorb W ,  

ac id-washed 

-3cJ0c 
38f1°C 
l G ° C / m i  n  
He l ium,  p u r i f i e d  by c a t a l y t i c  d r y e r  and oxysorb 

3 50 cm / m i r r  (80 pb i y )  
250°C 
350°C 
Dual d i f f e r e n t i a l  f lame i o n i z a t i o n  d e t e c t o r s  
A S - 4 1  capsu le  i n j e c t i o n  
0 . 5 - 1 . 0  p i  



Tab le  3 I 

~ a l  i b r a t i o n  Method f o r  Data  System 

1. CHAN, PROC,  RPRT, RDVC 
3,  ZERO, SH, T 1  

2. ' SAMP, UNTS, TITLE 
RECAL, AREA %,  CAL 

3. #PKS, RTM, PRG. 
50, 25.50,  YES 

4. MIN A R ,  MV/M, DLY, DVT, DIL-FTR% 
4000, 0 . 3 0 ,  0.00,  0 . 0 0 ,  100.00 

7. # EVENTS 
0 



T a b l e  4 

S i m u l a t e d  D i s t i l l a t i o n  Method f o r  D a t a  System 

1. CHAN, PROC, R P H I ,  K O V C  
3 ,  SNRM, LO, T1 

2 .  RTM, DATE 
25.50, 11/11/81 

3 .  DEG F ,  FID, C3' and C4 
YES, NO, YES 



Table 5 

B o i l  i n g - P o i n t  D i s t r i b u t i o n  by ASTM D2887 

% o f f  O F  % o f f  OF % o f f  O F  % o f f  O F  

IBP 

1 

2  

3 



Table 6 

M ic roba lance  P r e c i s i o n  

[Weight Observed on 1-mg Tare Weight over  10-Day Per i od  (mg)] 

>lean + / -  S t a n d a r d  D e y r i a r  inn 



T a b l e  7 

. P r e c i s i o n  S tudy  o f  Res idue D e t e r m i n a t i o n  

( F i g u r e s  A re  We igh t  P e r c e n t  Res idue )  



Table 8 

Reproducibility of Boiling Point ~istribution 

Table 9 

Reproducibility of Boiling Ranges 



Table 10 

Reproducibility of Boiling Point Distribution over Time 

04 ,, O f f  T=mp. , F 

5  O 56 1 5 7 0  563 5 0 1  558 562.; T / -  5.0 

6 0 6 15 626 617 619 6 15 6 1 5 . 4  + / -  4 . 5  

7 0 626 6 3 8 633 632 629 6 3 1 . 6  + / -  4 . 5  

8 0 687 697 593 686 6 8 6 6 0 9 . 8  + / A  5 . 0  

727 716 9 0 7 i 9  731 7 22 7 2 3 . 2  +/,- 6 . 1  

9 5 766 7 7 1  780 760 773 7 7 0 . 0  + j -  7 . 5  

FBP 943 968 938 920 930 9 3 9 . 8  + / -  1 8 . 0  



T a b l e  11 

Boiling Point Cut Points of SRC Light Oil and Process Solvent 

0, ,, O f f  
3 Avg. + / -  S L ~ .  C e v .  --- I----------------- 

Proces s  Snl- en^ --------------- 



Table 12 

Mass Balances from Boiling Point Distributions 

2 3 t i 0  c f  
Ligs:  Oli P r e d i c t e d  A C E L Z L  T . * ~ l s e s  
t2 ? Z ~ C J S S  Values ( s v g .  o f  L) 
Ss lv:cnr : Cut Points ( % Off) ( So O f f ;  
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