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ABSTRACT 

International Coal Refining Company (ICRC) conducted two- research pro- 
grams to  develop analytical procedures for  characterizing the feed, 
intermediates , and products of the proposed SRC- I De~nonstrati on Plant. 
The major conclusion i s  t ha t  standard analytical.methods must be defined 
and assigned s ta t i s ' t i ca l  error  1 i~ni t s  of precision and reproducibi 1 i ty 
early i n  development. Comparing a l l  SRC-I data or data from different  
processes i s  complex and expensive i f  common data correlation procedures 
are  not Fol 'I owed. ICRC recon~mends that  processes be audited analyt- 
i ca l ly  and s t a t i s t i c a l  analyses generated as. quickly as possible, in 
order to  quantify process-dependent and -independent var.iables. 



EXECUTIVE SUMMARY 

I n  developing the S R C - I  process, I C R C  r e a l i z e d  the  necessi ty  f o r  

sound a n a l y t i c a l  cha rac te r i za t i on  o f  t he  feed, intermediates, and 

products o f  the  proposed demonstration p l a n t  i n  Newman, Kentucky. Two 

programs addressed t h i s  ob jec t ive :  Program 26.1--SRC-I Demonstration 

P lan t  Ana ly t i ca l  Laboratory and Program 12.1.10--Development o f  S R C - I  

Product Analysis. This r e p o r t  summarizes goals and achievements o f  

these two programs. 

Under Program 26.1, exper t i se  i n  a n a l y t i c a l  chemistry was developed 

by organ iz ing  h i s t o r i c a l  knowl edge and assimi 1  a t i n g  new knowl edge as i t  

became ava i l ab le  from ICRC's cont rac tors  and the  chemical l i t e r a t u r e .  

The data were then used t o  de f i ne  samples, a n a l y t i c a l  methods, i n s t r u -  

mentation, space, and s t a f f  needed t o  c rea te  a  func t i ona l  a n a l y t i c a l  

1  aboratory. 

Speci f ic  major accomplishments were: (1) d e . f i n i t i o n  o f  the per- 

forming areas, instruments, waste-solvent management, and s t a f f  q u a l i -  
2  f i c a t i o n s  f o r  >4,300 f t  o f  l abo ra to ry  space; (2) documentation o f  a  

soph is t i ca ted  c a p i l l a r y  gas chromatography/mass spectrometry method f o r  

i d e n t i f y i n g  and quan t i f y i ng  coal -der ived saturates,  aromatics, phenols, 

and n i t rogen bases; (3) development o f  a  comprehensive X-ray method t o  

p r o f i l e  and semiquant i ta t i ve ly  measure major, minor, and t r a c e  elements 

i n  SRC, anode cokes, coal ,  and KMAC; and, most ' s i g n i f i c a n t l y ,  (4) a  

d e t a i l e d  Ana ly t i ca l  Methods Manual l i s t i n g  over 70 labora tory  procedures 

t h a t  can prov ide  the  most p rec ise  data base poss ib le  w i t h  cu r ren t  (1982) 

technology. 

Program 12.1.10 was designed t o  de f ine ,  quan t i f y ,  document, and 

develop 1  aboratory procedures t h a t  would c o r r e l a t e  the  a n a l y t i c a l  data 

bases ( h i s t o r i c a l  and fu tu re )  from the  Advanced Coal L ique fac t i on  

F a c i l i t y  i n  W i l sonv i l l e ,  Alabama w i t h  those from ICRC's 100-lb/day 

process development u n i t s  i n  Trexlertown, Pennsylvania. 

Major accomplishments were: (1) a comprehensive a u d i t  o f  Wilson- 

v i l l e ' s  mater ial-balance and d a i l y  sampling s i t e s ,  along w i t h  the  

a n a l y t i c a l  procedures used i n  1982; (2) a  d e t a i l e d  precision/reproduc- 

i b i l i t y  study o f  f i v e  key a n a l y t i c a l  procedures t o  e s t a b l i s h  co r re la -  

t i o n s  between ICRC's and W i l s o n v i l l e ' s  data bases; (3) establ ishment o f  



i n t e r l a b o r a t o r y  round-robin t e s t i n g  t h a t  resu l ted  i n  development o f  

standard a n a l y t i c a l  methods f o r  coal  conversion [c reso l  s o l u b i l i t y  

(p rec j s ion ,  +I%), so lvent  f r a c t i o n a t i o n  (+5%), vacuum d i s t i l l a t i o n  

(+3%), simulated d i s t i l l a t i o n  by gas chromatography (f4%), and elemental 

ana lys i s  (+2%)]; (4) a comprehensive four-year h i s t o r i c a l  review o f  the  

value o f  the m i c r o a u t ~ c l a v e  solvent-qua1 i t y  t e s t  ( k i n e t i c )  used a t  

W i l s o n v i l l e  and i t s  impact on "next-day" process performance, which 

showed no d i r e c t  c o r r e l a t i o n  o f  the  method as a p r e d i c t i v e  t o o l ;  (5)  the 

f i n d i n g  t h a t  coal  p y r i t e  content  (>I.%) and i t s  d i s t r i b u t i o n  had an 

impact on d a i l y  W i l s o n v i l l e  p l a n t  performance; (6) the  f i n d i n g  t h a t  f o r  

each change o f  coal type a t  W i l s o n v i l l e ,  more than 30 days i s  requ i red  

i n  order  f o r  gas product ion  and so lvent  molecular composit ion t o  reach a 

steady s ta te ;  and (7) development o f  a so lvent  q u a l i t y  t e s t  t h a t  uses 

the  "feed" coal  w i t h  o r  w i thou t  hydrogen as a measure o f  "next-day" 

performance. 

Major observat ions deduced from Programs 12.1.10 and 26.1 are t h a t  

standard a n a l y t i c a l  methods must be def ined, documented, and assigned 

s t a t i s t i c a l  e r r o r  l i m i t s  o f  p r e c i s i o n  and reproduc i t ; i l i t y  as e a r l y  as 

poss ib le  i n  t h e  development o f  t he  coal l i q u e f a c t i o n  process. The value 

o f  each data p o i n t  may change as design improvements are made, b u t  the  

ana ly t i ca ' l  procedures used should on ly  change i n  the  degree o f  p r e c i s i o n  

a t t a i n a b l e  as t ime goes on. We have found t h a t  i t i s  bes t  t o  upgrade 

methods a t  p o i n t s  i n  "the process development t h a t  can "stand alone" f o r  

data reduct ion  and t rend  analys is .  The comparison o f  - a l l  data o r  d i f -  

f e r e n t  da ta  se ts  (o ther  processes) i s  f a r  t o o  complex and c o s t l y  i f  each 

group i s  al lowed t o  f o l l o w  i t s  own procedures w i thou t  regard t o  data 

c o r r e l a t i o n .  

I f  a major coal  process development program i s  t o  be i n i t i a t e d ,  we 

recommend t h a t  the  sample ana lys is  procedure be def ined,  q u a l i t y  c o n t r o l  

and qua1 i t y  assurance techniques be es tab l  i shed and maintained, and 

empi r ica l  methods cons tan t l y  r e f i n e d  t o  a l l ow  data-base c o r r e l a t i o n  t o  

process performance. Our reviews showed t h a t  f a r  too  many analyses were 

being made on i l l - d e f i n e d  process streams, o r  the  data generated d i d  no t  

add t o  the  understanding o f  the process o r  cha rac te r i za t i on  of feed, 

in termediate,  o r  product  streams. We suggest t h a t  an a n a l y t i c a l  a u d i t  



be made o f  such processes and a  s t a t i s t i c a l  s e n s i t i v i t y  ana lys is  be 

generated as e a r l y  i n  the  program as poss ib le  t o  q u a n t i f y  process- 

dependent and -independent var iab les .  

The f o l l o w i n g  pr imary repo r t s  were produced from these programs and 

are publ ished separately:  

O Ana ly t i ca l  Laboratory Methods Manual (Kl  usa r i  t z  e t  a1 . , 1983) 

O S R C - I  Demonstration P lan t  Ana ly t i ca l  Laboratory (Hami l t o n  e t  

a1 . , 1983) 

O Development o f  S R C - I  Product Analys is  (Schweighardt e t  a l . ,  

1983) 

These repo r t s  conta in  f u r t h e r  d e t a i l s  and d iscussion o f  t he  t o p i c s  

covered i n  t h i s  repor t .  



INTRODUCTION 

One o f  t h e  ob jec t i ves  o f  I n t e r n a t i o n a l  Coal Ref in ing  Company ( I C R C )  

i n  t he  engineer ing and s c i e n t i f i c  development o f  clean-coal techno1 ogy 

was t o  p rov ide  f o r  sound a n a l y t i c a l  cha rac te r i za t i on  o f  the  feed f o r  and 

products from the  proposed S R C - I  demonstration f a c i l i t y  a t  Newman, 

Kentucky. To accomplish t h i s  ob jec t ive ,  two major programs were 

def ined:  

1. Program Area 26.1--SRC-I Demonstration P lan t  Ana ly t i ca l  

i abo ra to ry  

2. Program Area 12.1.10--Development o f  S R C - I  Product Analys is  

Overa l l ,  Program Area 26.1 was designed t o  develop a n a l y t i c a l  

expe r t i se ,  organize the c u r r e n t l y  a v a i l a b l e  a n a l y t i c a l  knowledge, and 

a s s i m i l a t e  t h e  knowledge prov ided by o ther  cont rac tors  i n  order t o  

d e f i n e  the  sample sources, a n a l y t i c a l  methodology, equipment, space, and 

s t a f f  needed t o  c rea te  a func t i ona l  a n a l y t i c a l  laboratory.  This  labora- 

t o r y  i s  needed t o  prov ide  a f u l l  range o f  a n a l y t i c a l  support f o r  t he  

SRC-I p l a n t  onerat ion,  

Program 12.1.10 had as f t s  a b j t e t f v e  the  devel8pmcnt o f  3tarSdbrd 

a n a l y t i c a l  work-up methods f o r  products and intermediates. Standard 

methods were needed t o  r e l a t e  the  data base generated a t  the 6-ton-per- 

day Advanced Coal L ique fac t i on  F a c i l i t y  i n  W i l s o n v i l l e ,  Alabama t o  o ther  

p i l o t  p l a n t  data. Furthermore, t he  methods cou ld  then be app l ied  t o  the  

demonstration p l a n t  a n a l y t i c a l  labora tory .  

This  r e p o r t  summarizes the  approach, r e s u l t s ,  conc1usions, and 

observat ions gathered du r ing  the  con t rac t  p e r i o d  from January 1981 t o  

September 1983. Inc luded are references t o  papers publ ished i n  1CRC's 

S R C - I  Q u a r t e r l y  Technical Reports, which g i ve  f u l l  d e t a i l s  on the 

experimental work. 

ANALYTICAL NEEDS OF THE DEMONSTRATION PLANT 

I n  order f o r  t he  demonstration p l a n t  t o  operate c o s t - e f f e c t i v e l y  

and w i t h i n  environmental guide1 i nes , the  p l a n t  process streams must be 



monitored and analyzed t o  p rov ide  data f o r  use i n  process c o n t r o l ,  

mater ial-balance ca lcu la t ions ,  and product  q u a l i t y  con t ro l .  Support 

w i l l  be requ i red  i n  the  area o f  feedstock, product,  and environmental 

e f f l u e n t  analyses. The f o l l o w i n g  are  t y p i c a l  samples from each area: 

Feedstocks Products Waste Streams 

Coal Gases Ash concentrate 

Recycle so lvent  L iqu ids  Evapora tor .so l ids  

Hydrogen SRC s o l i d  Untreated wastewater 

, Cata lysts  Coke Treated waste ash 

Water Ash concentrate 

Carbon d iox ide  

Sul f u r  

PROGRAM AREA 26.1--SRC-I DEMONSTRATION PLANT ANALYTICAL LABORATORY 

A major p a r t  o f  ICRC's design f o r  a p l a n t  demonstrating the  S R C - I  

technology inc ludes an a n a l y t i c a l  labora tory  t o  support p l a n t  operat ion, 

commercial a c t i v i t y ,  and environmental moni tor ing.  The ob jec t i ves  ' o f  

program 26.1 were f i v e f o l d :  (1) de f ine  t h e  scope and phys ica l  p lan  o f  

the a n a l y t i c a l  laboratory;  (2) s e l e c t  methods t o  perform the  requ i red  

analyses ; (3) modify e x i s t i n g  a n a l y t i c a l  procedures as requ i  red  tan 

achieve the optimum accuracy and/or p r e c i s i o n  f o r  coal -der ived samples; 

(4) develop new methods when e x i s t i n g  procedures are inadequate; and (5)  

prepare a manual d e f i n i n g  a l l  a n a l y t i c a l  procedures t o  be used i n  the  

S R C - I  Demonstration P lan t  laboratory.  
\ 

Task 1: I d e n t i f i c a t i o n  o f  Required Ana ly t i ca l  Tests and Review o f  Cur- ..- - 

r e n t  Techniques 

Object ives. Spec i f i c  goals o f  Task 1 were as fo l lows:  

O Review cu r ren t  a n a l y t i c a l  methods 
O I d e n t i f y  the t e s t  metliud or methods f o r  each sample 

O Prepare a p re l im ina ry  l i s t  o f  a n a l y t i c a l  equipment f o r  the  

labora tory  



O Keep abreast  o f  s ta te -o f - t he -a r t  coal-product a n a l y t i c a l  

procedures through l i t e r a t u r e  review, v i s i t s  t o  coal con- 

vers ion  p i l o t  p lan ts ,  and conference attendance 

O Def ine i n d i v i d u a l  1  aboratory modules and t h e i r  unique phys ica l  

and s p a t i a l  needs. 

Method. We accomplished these ob jec t i ves  by developing compre- 

hansive 1ist.s o f  a n a l v t i c a l  requirements def ined by the  area managers o f  

engineering, manufacturing, wastewater treatment,  environmental f~ ion i to r -  

i ng , and busi  ness/sal es. The analyses were then grouped i n t o  s p e c i f i c  

l abo ra to ry  modules t h a t  shared f u n c t i o n a l l y  r e l a t e d  inStrumentaLiun. 

From personal experience and on -s i t e  v i s i t s  t o  ou ts ide  l abo ra to r i es ,  we 

est imated f l o o r  spate, major i ~ ~ s t r u m e n t s ,  sampla handl ing, organic/  

i no rgan ic  waste product ion,  and storage. Also, a  schedule f o r  r e c r u i t -  

ing ,  h i r i n g ,  and t r a i n i n g  a l l  l abo ra to ry  personnel was prepared. 

Accomplishments. We determined t h a t  t he  a n a l y t i c a l  labora tory  w i l l  

r e q u i r e  4,320 square f e e t  o f  space. Table 1 summarizes the  d i s t r i b u t i o n  

o f  f l o o r  space by area. The l abo ra to ry  s t a f f  w i l l  comprise 22 tech- 

n i c ians ,  4 s h i f t  leaders,  2  chemists, and 1 q u a l i t y  c o n t r o l  manager. 

S t a f f i n g  the l abo ra to ry  i n  a  t i m e l y  manner i s  c r i t i c a l  t o  developing 

r e l i a b l e  on -s i t e  analys is .  Special a t t e n t i o n  lllust be paid t o  a n t i c i p a t e  

a n a l y t i c a l  needs by build!riy i r ~  f l c x i b i  1  i t y  o f  Gpace and t.r?chnical 

t a l e n t .  Table 2  summarizes the  q u a l i f i c a t i o n s  o f  the  s t a f f  members, and 

Table 3  o u t l i n e s  a l abo r  t imetable.  We determined t;t~d(: 30% o f  t he  s t a f f  

should be f u l l y  assembled 15 months p r i o r  t o  t o t a l  p l a n t  operat ion,  and 

100% s t a f f i n g  i s  requ i red  4  months before complete operat ion. 

Cap i ta l  equipment necessary t o  e s t a b l i s h  a  f u l l  working l abo ra to ry  

(no t  i n c l u d i n g  a  computer system) would cos t  $560,000 i n  1981 do'l l a r s .  

Table 4  l i s t s  the  major equipment items by area need. 

A major concern i s  chemical waste product ion from the  1  aboratory , 
consi s t i n g  p r i m a r i  l y  o f  nonhal u y e ~ ~ a t e d  hydrocarbons and was tc ra t .~ rs  

con ta in ing  1-2% by weight o f  o i l s  and t race  amounts o f  p r i o r i t y  po l -  

l u t a n t s .  Table 5 summarizes the  chemical waste a n t i c i p a t e d  from normal 

l abo ra to ry  opera t ion  over a  1-week work per iod.  



Task 2: Methods Development 

Object ives. Spec i f i c  goals were to :  

O Develop h igh- reso lu t ion  gas chromatographic separat ions o f  

coal l i q u i d s ,  i nc lud ing  func t i ona l  group subf rac t ions ,  

v o l a t i l e  s u b d i s t i l l a t e s  (naphtha), and heavy d i s t i l l a t e  

O Analyze S R C - I  l i q u i d  products, us ing  low- reso lu t ion  mass 

spectrometry t o  i d e n t i f y  components 

O Def ine gas chromatographic r e p r o d u c i b i l i t y  ( i n t e g r a t i o n  area 

p r e c i s i o n  and r e t e n t i o n  t imes), t o  a i d  i n  r o u t i n e  peak assign- 

ments us ing a  flame i o n i z a t i o n  de tec tor  and t o  a l l ow  sample- 

to-sample comparisons f o r  q u a l i t a t i v e  d i f fe rences 
O Develop a  capsule in jec t ion /gas  chromatographic (GC) s imulated 

d i s t i l l a t i o n  technique f o r  determining the  percent  and 

bo i l ing- range d i s t r i b u t i o n  o f  -850°F mater ia l  i n  f u l l - r a n g e  

SRC-I-derived samples conta in ing  nonbo i l ing  res idue 

Method. Task 2 was success fu l l y  conducted by us ing c a p i l l a r y  

column gas chromatography w i t h  a v a r i e t y  o f  detectors ( f lame i o n i z a t i o n ,  

n i t rogen- and su l fu r - se lec t i ve ,  and mass spectrometr ic)  t o  " f i n g e r p r i n t "  

and charac ter ize  a l a r g e  v a r i e t y  o f  coal l i q u i d s ,  d i f f e r i n g  i n  o r i g i n ,  

d i s t i l l a t i o n  range, and f u n c t i o n a l i t y .  Four d i f f e r e n t  commercial gas 

chromatographs were used t o  develop our understanding and opt imize 

ana lys is  parameters such as GC column se lec t ion ,  temperature programming 

ra te ,  and i n j e c t i o n  techniques. This  l e d  t o  the  development o f  s ta te -  

o f - t he -a r t  chromatographic p r e c i s i o n  and r e s o l u t i o n  f o r  coal d i s t i l -  

l a tes .  A se lec t i on  o f  f i v e  s ta t i ona ry  phases was used t o  opt imize p o l a r  

(hydroxy-) component reso lu t i on .  I n  add i t i on ,  chemical d e r i v a t i z a t i o n  

was used t o  charac ter ize  more than 100 i n d i v i d u a l  components. Re la t i ve  

r e t e n t i o n  t imes and r e t e n t i o n  ind ices  were s tud ied  t o  de f i ne  the  v a r i -  

a b i l i t y  i n  r e t e n t i o n  t imes observed, and t o  minimize experimental 

problems as they impacted on reproducib le peak assignments f o r  a l l  

classes o f  compounds. Nitrogen- and s u l f u r - s e l e c t i v e  detectors were 

found necessarWy t o  detect. heteroatomic species t h a t  are r e s i s t a n t  t o  

c a t a l y t i c  hydrotreatment. 



A capsule inject ion/GC-simulated d i s t i l l a t i o n  procedure was devel- 

oped t o  measure the  q u a n t i t y  and bo i  1  ing-range d i s t r i b u t i o n  of -850°F 

v o l a t i l e s  conta ined i n  f u l l - range  SRC- I  mater ia ls .  This  procedure 

demonstrated s a t i s f a c t o r y  p r e c i s i o n  when performed by a  research chemist 

i n  a  methods development laboratory.  However, use o f  t h i s  method as a  

r o u t i n e  ana lys is  procedure showed a  s u b s t a n t i a l l y  l a r g e r  standard devi -  

a t i o n ,  which was unacceptable f o r  ICRC's mater ial-balance ca lcu la t ions .  

Since then, the  qua1 i ty  assurance procedure has been s i g n i f i c a n t l y  

upgraded and o ther  mod i f i ca t i ons  l~clvr been made t o  the  method t o  improve 

p rec i s ion .  Although we be l i eve  t h a t  the  p r e c i s i o n  o f  t he  rev ised method 

i s  s a t i s f a c t o r y ,  t h e  present  data base I s  nut adequate t o  conf i rm t h i s .  

Accomplishments. A t y p l c a l  gas chromatogram o f  a  W i l s o n v i l l e  

process so lvent  i s  shown i n  F igure 1. We determined t h a t  the p r e c i s i o n  

o f  measurement o f  t he  GC r e t e n t i o n  t ime f o r  t he  commonly found poly-  

nuclear  aromatic hydrocarbons i n  coal l i q u i d s  was 20.18 min, over the  

b o i l i n g  range t e t r a l i n  t o  chrysene. Table 6  gives the  data base f o r  

r e t e n t i o n  i nd i ces  determined under f o u r  sets o f  condi t ions.  Table 7 

compares the d e v i a t i o n  o f  r e t e n t i o n  i nd i ces  f o r  t he  aromatics i n  th ree  

common s o l u t i o n  matr ixes. We can conclude t h a t ,  w i t h i n  the e r r o r  l i m i t s  

s t a t e d ,  peak assignments can be made by r e t e n t i o n  ind ices  once the  

ana lys t  i s  s a t i s f i e d  t h a t  the  peak uniquely represents a s i n g l e  com- 

poncnt. P rcc i c ion  s tud ies  on the  ~ r n ~  s~t. nf aromatics concluded t h a t  

area measurement can be made t o  +1.67% standard dev ia t i on  over the  range 

o f  1-5 t o t a l  area % per  peak. Table 8  summarizes the  f i nd ings  under a 

se r ies  o f  chromatographic cond i t ions .  

I n  comparing s p e c i f i c  a n a l y t i c a l  GC inst rumenta l  parameters between 

labo ra to r i es ,  we determined t h a t  the  mean standard dev ia t i on  va r ied  from 

1 t o  12%. These f i n d i n g s  d i r e C t l y  impact the  quar~LiLclLivr data com 

par isons between labo ra to r i es  i f  d i f f e r e n t  a n a l y t i c a l  methods are  used. 

Table 8  summarizes our f ind ings .  Method 1 was se lec ted  as the  most 

p rec i se  procedure because i t was near ly  independent o f  operator per- 

formance. 

It was found t h a t  the  range i n  GC response f a c t o r  f o r  i n d i v i d u a l  

compounds va r ied  from 1 t o  2.5 r e l a t i v e  t o  naphthalene. We concluded 

t h a t  chromatographic response o f  the  flame i o n i z a t i o n  de tec tor  (FID) t o  

spec i f9c  compound types must be considered i f  an absolute q u a n t i t a t i v e  



p r o f i l e  i s  t o  be constructed o f  changes occur r ing  du r ing  a  l i q u e f a c t i o n  

run. Table 9 summarizes the  range o f  response fac to rs  found f o r  t he  

major components found i n  S R C - I  d i s t i l l a t e s .  

Task 3: Mod i f i ca t i on  and Q u a l i f i c a t i o n  o f  Methods 

Task 3 was d i v ided  i n t o  th ree  subtasks. 

Subtask 1. This p a r t  o f  t ask  3 was designed to :  

O Evaluate the  a n a l y t i c a l  methods a v a i l a b l e  f o r  determining 

t r a c e  amounts o f  N, S, and C1 i n  coal  l i q u i d s  
0 Compare and con t ras t  American Petroleum I n s t i t u t e  ( A P I )  

hydrometer s p e c i f i c  g r a v i t y  t o  1  aboratory-def i ned s p e c i f i c  

g r a v i t y  o f  narrow b o i l i n g - p o i n t  (50°F) f r a c t i o n s  o f  coal-  

der ived l i q u i d s  

Methods used i n  general labora tory  p r a c t i c e  t o  analyze N, S, and C1 

were i d e n t i f i e d ,  and a n a l y t i c a l  r e s u l t s  compared. Laboratory procedures 

were develeoped t o  q u a n t i f y  h o t  f i l t r a t i o n  sediment, pentane inso lub les ,  

f i l t e r a b l e  inso lub les ,  and adherent insolubles.  The f i n a l  acceptable 

methods are  inc luded i n  the  Methods Manual , which was assembled under 

Task 4 o f  Program 26.1. Spec i f i c  g r a v i t i e s  from pycnometer measurements 

were compared t o  A P I  hydrometer g r a v i t i e s  f o r  d i  s t i  11 ates taken a t  50°F 

i n t e r v a l s .  

We determined t h a t  the  microcoulome'tr*ic procedures for C 1  and S are 

d i r e c t l y  app l icab le  t o  coal -der ived naphtha l i q u i d s .  However, n i t rogen  

l e v e l s  were too  low t o  be adequately detected by microcoulometry. A 

chemi 1  umi nesence method i tlcorporated i n  the Antek n i t rogen  analyzer 

provides the  lowest l e v e l  o f  n i t rogen  deteition, ppm, a t  the  h ighest  

p rec i s ion ,  25% a t  100 ppm. 

Ana ly t i ca l  methods were developed o r  mod i f ied  from American Society  

f o r  Tes t ing  and Mater ia l  s  (ASTM) procedures t o  q u a n t i f y  ho t  f i 1  t r a t i o n  

sediment, pentane inso lub les ,  f i l t e r a b l e  inso lub les ,  and adherent 

insolubles.  These procedures are a lso  l i s t e d  i n  the Ana ly t i ca l  Methods 

Manual o f  Task 4. 



We found t h a t  s p e c i f i c  g r a v i t i e s  ca l cu la ted  from the  A P I  tab les  are 

w i t h i n  experimental e r r o r  o f  t he  s p e c i f i c  g r a v i t i e s  determined by 

pycnometer f o r  50°F b o i l i n g  f r a c t i o n s  of hydrotreated, coal -der ived 

d i s t i l l a t e s  over t he  range C5 t o  850°F. 

Subtask 2- -Mic roana ly t i ca l  Techniques. This  p a r t  o f  the  prograiii - 
was intended to :  

O Evaluate s ta te -o f - t he -a r t  ins t rumenta t ion  f o r  p rec i se  and 

accurate determinat ion o f  C, H, 0, N, S, and t race  N i n  S R C - I  

s o l i d s  and l i q u i d s  

O Val ida te  t h e  a n a l y t i c a l  procedures f o r  u l t ima te  use i n  the  

demonstration p l a n t  a n a l y t i c a l  labora tory  

Accomplishments o f  Subtask 2  can be summarized a's fo l lows:  

1 The Perkin-Elmer Model 240 elemental analyzer was evaluated 

f o r  the  simultaneous determinat ion o f  carbon, hydrogen, and 

n i t rogen  i n  S R C - I  r e l a t e d  products. A mod i f ied  procedure was 

developed t h a t  achieves an accuracy o f  k 0 . B  f o r  ana lys is  o f  

hydrogen, which i s  be1 ow the  manufacturer 's s p e c i f i c a t i o n  o f  

+0.3X absolute. 
O Evaluat ion o f  the  performance o f  a LECO SC-132 s u l f u r  analyzer 

showed i t  i s  capable of exce l l en t  a n a l y t i c a l  p r e c i s i o n  and can 

be app l i ed  t o  analyze S R C - I  r e l a t e d  products w i t h  a  standard 

dev ia t i on  o f  l e s s  than k0.0496, i n  t he  range 0.2 t o  5 w t  %. 

O We evaluated t h e  accuracy and p r e c i s i o n  o f  the  Coulometrics 

oxygen analyzer.  Our modif ied procedure can be used t o  

d i r e c t l y  determine organic oxygen i n  S R C - I  mater ia ls  w i t h  an 

accuracy o f  +0.3% absol ute. 
O We evaluated t h e  Dohrman microcoulometr ic t i t r a t i o n  system f o r  

t r a c e  n i t rogen  ana lys is  i n  hydrotreated naphtha and found the  

r e s u l t s  t o  be un re l i ab le .  A chemiluminescent ana lys is  w i t h  an 

Antek inst rument  was a l so  evaluated and found t o  p rov ide  an 

acceptable prec is ion ,  +0.5% absolute a t  0.05 t o  % by weight. 

l~anufacturers' names are used as reference only and do not imply an 
endorsement. 
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Subtask 3--Development o f  Metals Analys is .  The purpose o f  sub- 

t a s k  3 was two fo ld :  

O To i d e n t i f y  and develop X-ray methods t o  q u a n t i f y  major ,  

minor,  and t r a c e  metal  concen t ra t ions  i n  SRC s o l i d s ,  anode 

cokes, coa l ,  and Kerr-McGee ash concent ra te  (KMAC) 

O To develop a method f o r  de te rmin ing  t r a c e  boron l e v e l s  i n  SRC 

and LC-Finer so l  i d s  

Two methods were used: 

O A 100-mg m i c r o p e l l e t  energy-d ispers ive X-ray f luorescence 

(EDXRF) method was developed and eva lua ted  f o r  ana l yz i ng  

meta ls  i n  d r y  ash res idues  o f  SRC and two-stage l i q u e f a c t i o n  

(TSL) s o l i d s ,  SRC heavy o i l s ,  anode cokes, coa l ,  and WAC. 

The nondes t ruc t i ve  EDXRF w i l l  r a p i d l y  and q u a n t i t a t i v e l y  

measure major elements ( A l ,  S i ,  K, Ca, T i ,  and Fe) and semi- 

q u a n t i t a t i v e l y  analyze elements w i t h  an atomic number o f  11 o r  

above. 

O A g r a p h i t e  furnace atomic abso rp t i on  procedure was developed 

f o r  a n a l y s i s  o f  t r a c e  boron i n  SUC s o l i d .  

The meta ls  ana l ys i s  method i s  documented under Task 4, A n a l y t i c a l  

Methods Manual. The EnXRF procedura was t e s t e d  f o r  p r e c i s i o n  on 

standards supp l i ed  by t h e  Nat iona l  Bureau o f  Standards (NBS) and on SRC 

and KMAC m a t e r i a l s  f rom t h e  S R C - I  Advanced Coal L i q u e f a c t i o n  F a c i l i t y  i n  

Alabama. Tables 10 and 11 summarize t h e  a n a l y t i c a l  p r e c i s i o n  a t t a i n a b l e  

on s tandard p e l l e t s  and 12 s tandard coa l  samples, r e s p e c t i v e l y .  The 

r e s u l t s  ob ta ined  by t he  EDXRF method were t e s t e d  i n  a round-rob in  s tudy 

w i t h  Alcoa, G a l b r a i t h  Labs, and t h e  I n s t i t u t e  o f  M in ing  and Minera ls  

Research o f  t h e  U n i v e r s i t y  o f  Kentucky. Table 12 compares r e s u l t s  o f  

t h e  round-rob in  a n a l y s i s  o f  SRC and KMAC samples. 



Task 4: Methods Manual 

Object ives o f  Task 4 were to :  

O Prepare a Methods Manual f o r  use i n  the  demonstration p l a n t  

a n a l y t i c a l  1 aboratory. 

O Develop a p r e c i s i o n  and accuracy statement f o r  each method as 

i t r e l a t e s  t o  S R C - I  mater ia l .  
O Develop a q u a l i t y  assurance and s p e c i f i c  sa fe ty  statements f o r  

each met.hbd. 

The most significant accu~splishmcnt o f  Program 26.1 was cnmpi la t ion  

o f  t he  A n a l y t i c a l  Laboratory Methods Manual ( K l u s a r i t z  e t  a l . ,  1983), 

which completely documents over 70 a n a l y t i c a l  procedures. This  manual 

c o l l a t e s  a l l  a n a l y t i c a l  procedures requ i red  t 6  operate an S R C - I  p l a r i t  

and i s  a pr imary t o o l  f o r  establ ishment and operat ion o f  t he  laboratory.  

I t s  purpose i s  t o  p rov ide  s u f f i c i e n t  in fo rmat 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 abo ra to ry  hardware and reagents 

and t o  faci1it.at.e t h e i r  setup. Because the  manual conta ins d e t a i l e d  

i n fo rma t ion  on the  performance o f  each analys is ,  i t  can be used f o r  bo th  

techn ic ian  t r a i n i n g  and reference. I n  con junc t ion  w l  t h  proper labora- 

t o r y  superv is ion,  t h i s  manual should prov ide the  bas is  f o r  safe, 

p rec ise ,  and e f f i c i e n t  performance o f  a l l  l abo ra to ry  techniques. 

The procedures were e i t h e r  developed under Program Areas 2 b . l  

(Tasks 1-3) and 12.1.10 (Tasks 1 and 2), o r  a re  standard A i r  Products 

and Chemicals, Inc .  procedures, developed exc lus i ve l y  f o r  S R C - I  products 

and mater ia ls .  I he procedures i I I L ~  ude equipment, reagents, and, where 

poss ib le ,  p r e c i s i o n  statements. Appl icable standard ASTM methods are 

l i s t e d .  However, f o r  each ASTM method, and f o r  each A P C I  method, modi- 

f i c a t i  ons f o r  hand1 i ng coal  -der ived products a re  i nc l  uded, as we1 1 as 

general and s p e c l t i c  sa fe ty  pr-ecautions t h a t  must be a d h e r ~ r i  t.o 

s t r i c t l y .  Other analyses were obta ined w i t h  permission from the  

W i l s o n v i l l e  Advanced Coal L ique fac t i on  F a c i l i t y ,  Conoco, Kerr-McGee, and 

the  B a r t l e s v i l l e  Energy Technology Center. 



PROGRAM 12.1.10--DEVELOPMENT OF S R C - I  PRODUCT ANALYSIS 

Two areas o f  c r i t i c a l  need were i d e n t i f i e d  f o r  o r d e r l y  design, 

design v e r i f i c a t i o n ,  and operat ion o f  t he  S R C - I  Demonstration Plant:  

O Development o f  standard a n a l y t i c a l  work-up methods f o r  

products and intermediates t h a t  can be used t o  r e l a t e  

W i l s o n v i l l e  data t o  o ther  p i l o t  p l a n t  data bases, and can then 

be app l ied  t o  the  demonstration p l a n t  

O Development and c o r r e l a t i o n  o f  the  r e s u l t s  o f  a  method f o r  

measuring recyc le  solvent  q u a l i t y  f o r  p l a n t  operat ion and 

con t ro l  

Both areas r e l a t e d  t o  a n a l y t i c a l  services--those requ i red  t o  develop a  

r e l i a b l e  data base, and those t h a t  could be co r re la ted  t o  the  h i s t o r i c a l  

data base generated a t  the  W i l s o n v i l l e  Advanced Coal L iquefac t ion  

F a c i l i t y .  This  data base was necessary t o  ensure operat ional  con t ro l  

dur ing  p l a n t  s ta r t -up  and operat ion. The r e s u l t s  o f  t h i s  work f a c i l -  

i t a t e d  se lec t i on  o f  the  a n a l y t i c a l  methods f o r  the S R C - I  Demonstration 

P lan t  labora tory  t h a t  are documented i n  the  Methods Manual described 

under Task 4 o f  Program Area 26.1. Independent t o p i c a l  repo r t s  were 

prepared t o  address the  c o r r e l a t i o n  o f  I C R C  and W i l s o n v i l l e  data bases. 

Task 1: Develop Standard Product Work-Up Procedures 

Object ive. The ob jec t i ve  o f  Task 1 was t o  prov ide common work-up 

procedures f o r  DOE cont rac tor  p a r t i c i p a n t s  i n  the  I C R C  Phase I program. 

The a n a l y t i c a l l y  p rec ise  procedures were then used t o  c o r r e l a t e  per for-  

mance o f  the  I C R C  coal process development u n i t  (CPDU) and the  Wilson- 

v i l l e  coal  f a c i l i t y .  

Method. The appruacti taken was t o  c r i t i c a l  l y  review a n a l y t i c a l  

'procedures genera l l y  used i n  coal l i q u e f a c t i o n  t o  de f ine  a  complete 

material-balance data base, i n  p a r t i c u l a r  those used by the  W i l s o n v i l l e  

Advanced Coal L iquefac t ion  F a c i l i t y .  Then we selected those procedures 

t h a t  should be documented and reproduced i n  the  I C R C  labor-atory. Those 

methods t h a t  were found t o  be l e a s t  p rec ise ,  t h a t  requ i red  extended 

a n a l y t i c a l  t ime, o r  t h a t  could no t  be co r re la ted  t o  W i l s o n v i l l e  r e s u l t s  



were i nves t i ga ted  i n  depth. The r e s u l t a n t  mod i f ied  methods were then 

considered f o r  automation and/or s tandard iza t ion  f o r  i n c l u s i o n  i n  the  

Methods Manual. To q u a n t i f y  a n a l y t i c a l  reproducibility under ac tua l  

f i e l d  cond i t ions ,  s i x  d i f f e r e n t  coal l i q u e f a c t i o n  l abo ra to r i es  conducted 

a  round-robin analys is .  

Accomplishments. Dur ing FY 1981, a  comprehensive a u d i t  o f  the  

W i l s o n v i l l e  p l a n t  sampling s i t e s  and material-balance procedures was 

made f o r  t h e  S R C - I  f i r s t  stage. More than 35 d i f f e r e n t  sample streams 

were i d e n t i f i e d ,  26 o f  which were analyzed du r ing  material-balance 

per iods  and 16 du r ing  r o u t i n e  d a i l y  operat ion. Over the  pas t  4 years, 

6 1  a n a l y t i c a l  procedures have been used d L  W i l s o n v i l l e ;  o f  theso, 27 

were s t i l l  i n  p r a c t i c e  as o f  January 1983. 

D u r i ~ l y  a t y p i c a l  mater ia l -balance per iod,  153 i n d i v i d u a l  analyses 

a re  performed, o f  which on l y  67 con t r i bu te  d i r e c t l y  t o  ma te r i a l  -balance 

c a l c u l a t i o n  o r  d a i l y  operat ion.  To generate the  data needed f o r  a  

ma te r i a l  balance, 13 unique a n a l y t i c a l  methods are  used. O f  these, f o u r  

key methods were i d e n t i f i e d :  c reso l  so lub i  1  i t y  , so lvent  f r a c t i o n a t i o n ,  

sirnul a ted  d i  s t i  l l a t i o n  by gas cl~r'omatography (SDGC) , and vacuum d i  s t i  1 - 
l a t i o n .  For d a i l y  operat ion,  another procedure should be added--the 

solvent  qua1 i t y  t e s t  by microautoclave coal conversion (which -is d i s -  

cussed under Task 2). 

A comprehensive summary r e p o r t  o f  a l l  sampling s i t e s  and documen- 

t a t i o n  o f  the  a n a l y t i c a l  procedures were the  major end r e s u l t s  o f  t h i s  

task.  By nhserviny the  ac tua l  methods i n  p r a c t i c e  a t  W i l s o n v i l l e ,  we 

were able t o  document t he  f o u r  key mater ia l -balance procedures. Each 

method was then es tab l ished a t  ICRC's l abo ra to r i es  i n  order  t o  q u a n t i f y  

a n a l y t i c a l  p rec i s ion .  

C.r.iol-s_ol_ubjlj_tY. t he  c reso l  s81ub91lty prwsedurc ( W i l s o n v i l l e  

no. 34550-21), used t o  q u a n t i f y  coal conversion, was found t o  have a 

reproduc ib i  1  i t y  o f  20.7 w t  % (2 standard dev ia t ions)  a t  the 95% con f i -  

dence l e v e l .  

Solvent Frac t ionat ion .  We compared the  so lvent  f r a c t i o n a t i o n  ..................... 
procedures used by f i v e  subcontracted l abo ra to r i es  invo lved i n  S R C - I  

l i q u e f a c t i o n  (Kingsley and Schweighardt, 1982). A d e s c r i p t i o n  o f  the 

so lvent -ex t rac ted  f r a c t i o n s  i s  prov ided i n  Table 13 and the  r e s u l t s  are 

i n  Table 14. An important  observat ion was t h a t ,  f o r  any one o f  the  



procedures, the  sum of weight percent  y i e l d s  o f  o i l s  and asphaltenes was 

s i g n i f i c a n t l y  more prec ise  than the  y i e l d  o f  e i t h e r  f r a c t i o n  alone 

(Table 15). This  r e s u l t  t e l l s  us t h a t  the  separat ion o f  o i l s  and 

asphaltenes i s  g r e a t l y  a f fec ted  by sample composit ion and the  method o f  

analys is .  

Solvent f r a c t i o n a t i o n  by Soxhlet e x t r a c t i o n  ( W i l s o n v i l l e  method 

no. 34550-3) i s  one o f  the most important  a n a l y t i c a l  procedures f o r  

p r o v i  d i  ng i nput data t o  mater i  a1 -bal  ance ca l cu la t i ons .  We found the  

Soxhlet procedure the  l e a s t  p rec ise  and most d i f f i c u l t  t o  reproduce 

between d i f f e r e n t  operators on i d e n t i c a l  samples. Subsequent t o  Soxhlet 

ex t rac t i on ,  t he  benzene sol ubl es are t r e a t e d  w i t h  n-pentane t o  i s o l a t e  

o i l s  and asphaltenes. The e r r o r  associated w i t h  t h i s  separat ion by 

p r e c i p i t a t i o n  was >k8% absolute over the  range o f  10-50% by weight o f  

o i l s .  A major experimental e r r o r  was the  a d d i t i o n  o f  2-10 mL o f  t e t r a -  

hydrofuran (THF) as a  wash so lvent  t o  wash the  benzene solubles i n t o  the  

n-pentane. This  small amount o f  THF caused an uncont ro l lab le  coso lub i l -  

i t y  e f f e c t .  Such d i f fe rences d i r e c t l y  impact mater ia l  balance and y i e l d  

ca l cu la t i ons .  Because d i f f e r e n t  labs throughout the  country  use d i f -  

f e r e n t  alkane (C5, C6, C7) so lvents t o  de f ine  o i l s ,  we compared the  

s o l u b i l i t y  o f  an S R C - I  s o l i d  i n  n-pentane, common hexanes, and 

n-heptane. The r e s u l t s  are i l l u s t r a t e d  i n  F igure 2. Pentane, al though 

the  l e a s t  a c t i v e  solvent ,  was found t o  g i ve  an approximate c o r r e l a t i o n  

t o  vacuum d i s t i l l a t e  overhead (-850°F), as shown i n  Table 16 and con- 

f i rmed by a mod i f ied  simulated d i s t i l l a t i o n  procedure. 

V a ~ y ~ ~ - - Q j ~ f i ] ~ ~ ~ j ~ _ n _ n a _ n ~ - ~ j ~ y ] g f _ e ~ - , O ~ ~ f i j .  D i s t i l l a t i o n  o f  

mater i  a1 -bal ance sample streams t o  quan t i f y  a  s p e c i f i c  overhead, e. g. , 
450-850°F, had been considered rou t i ne  because the  ASTM 01160, 086, and 

02887 procedures are we l l -es tab l ished f o r  petroleum mater ia ls .  However, 

an i n v e s t i g a t i o n  o f  the  commonly p rac t i ced  d i s t i l l a t i o n  and gas chroma- 

tography (GC) s i m ~ ~ l a t e d  d i s t i l l a t i 0 1 1  procedures po in ted  out  a  major 

problem t h a t  ex i s ted  i n  comparing d i s t i l l a t e  data bases. 

We found t h a t  Wi lsonv i l  l e  d i d  no t  use the  ASTM D2887 procedure as 

w r i t t e n  t o  determine b o i l i n g - p o i n t  d i s t r i b u t i o n  from vacuum and atmo- 

spheric labora tory  d i s t i l l a t i o n s .  W i l s o n v i l l c ' c ~  pracedur-e incorporates 

a  b lend o f  aromatics, alkanes, and p o l a r  components t o  r e l a t e  r e t e n t i o n  

t imes o f  s p e c i f i c  peaks t o  absolute b o i l i n g  po in ts .  Many o ther  pro- 



cedural differences were found that are outlined in the topical report 

(Kingsley and Schweighardt, 1981). Figure 3 summarizes how these dif- 

ferences impact the reported boiling-point distribution. We found that 

response factors must be used to relate area percent to weight percent 

when aromatic retention time standards are employed. 

It is possible to reproduce the Wilsonville simulated distillation 

procedures for the entire range of material-balance sample distillates. 

Figure 4 gives the comparison between two laboratories. An important 

finding was that both the integration mode and integrator had to be 

matched before an acceptable fit was obtained. 

Whi 1 e invest1 gating tlre simul atcd cl1st.i 1 lati on procedure<, we foui~d 

that the initial vacuum distillation method was more difficult to 

repl-oduce between 1 ahoratories than the simulated di sti 1 1  ation. A 

round-robin study was conducted to compare the individual di sti 'I l atf on 
procedures of four 1 aboratori es (Ki ngsl ey et a1 . , 1983). A1 1 analyzed 

one common sample, a Wil sonvi 1 le vacuum tower bottoms (T102), which is 

the feed to the critical solvent deasher. The results are given in 

Table 17. Each ldboratory could r~produce its own work, but could not 

compare its results for end-point determination based only on temper- 

atlure at a specific pressure far a cut point of 850°F. However, a 

correction was possible with a relative error 6f ~ 6 % .  A recently 

developed encapsulated GC simulated distillation procedure was used for 

each overhead sample and the data were corrected to 850°F as the end 

point, using the standard ASTM D2887 procedure. Table 18 shows the 

reproducibility results between four laboratories. 

Our major observations from the distillation round-robin analyses 

were that we needed to define one specific vacuum distillation set-up, 

and to control the neat-up u f  the pnt and head to within 25OF, with the 

head trailing the pot. Therefore, a second distillation round-robin was 

conducted based on those guide1 i nes. S I X  1 dbaratori cs part iripated. 

eacl~ receiving ident.ica1 distillation glassware set-ups, custom-designed 

for controlling vacuum and temperature. Analytical results for the (102 

bottoms sample were very precise (?2%), and reproducibility between 

laboratories was good, 6.5 * 2.5 wt % overhead. These results were only 

achieved when the glassware was identical. Subsequent encapsulated GC 

simul ated disti 1 1  ation showed the disti 1 late bottoms to be nearly void 



o f  -850°F mater ia l  and the  i n t e r l  aboratory y i e l d  o f  450-850°F ma te r ia l  

was 33 + 3  w t  %. 

Elemental Analysis.  Elemental ba l  ances o f  oxygen, su l  f u r ,  and -------------- --- 
n i t rogen  are o f  p a r t i c u l a r  importance i n  d e f i n i n g  the  e f f i c i e n c y  o f  

c a t a l y t i c  hydrotreatment o f  SRC o r  heavy d i s t i l l a t e s .  However, when we 

analyzed organic n i t rogen  i n  the  s i x  major process streams o f  the  

W i l s o n v i l l e  H-OIL hydrotreater ,  r e s u l t s  were random. Consequently, a 

round-robin analys is  f o r  elemental n i t rogen  was conducted (Schweighardt, 

1983). A subset o f  the  p a r t i c i p a n t s  a lso  conducted f u l l - r a n g e  elemental 

ana lys is  (C, H, 0, N, S). Table 19 1  i s t s  the  r e s u l t s  o f  the  n i t rogen  

analys is .  We concluded t h a t  W i l s o n v i l l e l s  inst rumenta l  method su f fe red  

from a  ser ious a n a l y t i c a l  sample-handling problem, which cou ld  be cor-  

rec ted  by modi fy ing the  CHN procedure by encapsulat ing the t e s t  

mater ia l ,  t o  r e t a i n  l i g h t  ends. We a lso  concluded t h a t  t r a c e  n i t rogen  

(<0.3 w t  %) cou ld  be bes t  analyzed by a  more s e n s i t i v e  procedure such as 

the  Antek chemi 1  umi nescence system. I n  general , elemental ana lys is  

procedures t h a t  inc luded d i r e c t  oxygen ana lys is  prov ided the most 

p rec ise  elemental balances. The o v e r a l l  e r r o r  ana lys is  f o r  two standard 

dev ia t ions  was k0.39 w t  %. Table 20 summarizes the  s t a t i s t i c a l  com- 

p a r i  sons. 

Task 2: Recycle Solvent Composition and Solvent Q u a l i t y  

"Solvent q u a l i t y "  i s  a  con t r i ved  so lvent  p roper ty  used i n  coal 

l i q u e f a c t i o n .  It 9s assumed t o  be an important  guide f o r  expressing how 

we l l  a  recyc le  so lvent  w i l l  conver t  coal t o  products so lub le  i n  

te t rahydro furan (THF) o r  pyr id ine .  A t  the  W i l s o n v i l l e  Advanced Coal 

L iquefac t ion  Faci 1  i t y ,  so lvent  qual i t y  i s  measured by a  k i n e t i c  micro- 

autoclave tes t .  This t e s t ,  o r i g i n a l l y  developed by the  Conoco Coal 

Development Company, has been used t o  quant i  f y  so l  vent qual i t y  a t  

W i l sonv i l  l e  since 1978. The rnethod def ines so lvent  qual i t y  as the  

weight percent  te t rahydro furan solubles generated, based on weight 

percent  moisture- and ash-free (MAF) coal.  

This  study i d e n t i f i e d  important  independent and dependent var iab les  

associated w i t h  the  solvent  r e f i n i n g  o f  coal by r e l a t i n g  p l a n t  operat ion 

t o  coal feedstock and product  s l a t e ,  and by c o r r e l a t i n g  the impact t o  

changes i n  the r e s u l t s  from the  microautoclave so lvent  q u a l i t y  t e s t .  



We have concluded t h a t  i n  S R C - I  l i q u e f a c t i o n ,  an e f f e c t i v e  process 

so l ven t  should be (a) coal -der ived t o  permi t  continuous p l a n t  operat ion; 

(b) a  d i s t i l l a t e  w i t h  a  nominal b o i l i n g  range o f  450-900°F; (c) able t o  

sus ta in  a  10-40 w t  % coal  s l u r r y  through feed pumps; (d) able t o  r a p i d l y  

accept coal  d i s s o l u t i o n  products i n  s o l u t i o n  o r  suspension; (e) able t o  

a c t  as a  hydrogen donor o r  s h u t t l i n g  agent f o r  hydrogen t r a n s f e r  under a  

predominant ly f ree - rad i ca l  mechanism; and (f) capable o f  c a r r y i n g  the  

l i q u e f a c t i o n  product  stream through s o l i d / l i q u i d  separat ion processes 

and u l t i m a t e l y  o f  being recyc led  t o  cont inue the  process. 

A t y p i c a l  f i r s t - s t a g e  recyc le  so lvent  generated under S R C - I  process 

cond i t i ons  e x h i b i t s  a complex molecular composit.ion. The so lvent  i s  

composed o f  a m ix tu re  o f  a l k y l  (C1-C4)-substituted polynuclear  hetero- 

and hy4rnarnrnat.i~ compounds. Gas chromatography/mass spectrometry 

(GC/MS) data have revealed t h a t  40 i n d i v i d u a l  components compose almost 

60 w t  % o f  the  solvent .  The remaining 40 w t  % may inc lude hundreds t o  

thousands o f  i n d i v i d u a l  compounds. The major molecular species are  

s u b s t i t u t e d  naphthalenes (5-30%) and phenanthrenes (5-10%). 

Dur ing S R C - I  l i q u e f a c t i o n ,  each t ime the  solvent/coal mix tu re  

passes through the  reac to r ,  0-30 w t  % new so lvent  ma te r i a l  i s  generated, 

on an MAF feed coal basis .  Therefore, we have tound t h a t  t he  molecular 

composit ion cons tan t l y  changes and s h i f t s  i n  response t o  processing 

cond i t i ons  and feed s l u r r y  composition. 

Figures 5, 6, and 7 graph weight percent  d i s t r i b u t i o n s  o f  100°F 

d i s t i l l a t e  f r a c t i o n s ,  f unc t i ona l  groups, and aromatic r i n g  s izes,  

respec t i ve l y ,  o f  a  representa t ive  W i l s o n v i l l e  recyc le  solvent.  We 

concluded from t h i s  study t h a t  t he  nominal molecular composit ion o f  

W i l s o n v i l l e  recyc le  so l ven t  does n o t  reach a  steady s t a t e  i n  l ess  than 

30 days o f  coal  processing. We have observed t h a t ,  dur ing  the  f i r s t  30 

days o f  processing a  new coal type w i t h  a  l i ned -ou t  so lvent  from the  

prev ious  feed coal type, t he  t o t a l  gas (C1-C4 and heteroatom) product ion 

(MAF coa l )  maximizes be fore  e s t a b l i s h i n g  a  coal - type dependent gas 

product ion  r a t e  nea r l y  one-half  o f  t h a t  observed du r ing  the  f i r s t  30 

days o f  operat ion. F igure  8 shows the  r e l a t i o n s h i p  a t  W i l s o n v i l l e  over 

f o u r  years. 

Solvent Q u a l i t y .  The concept o f  q u a n t i f y i n g  so lvent  q u a l i t y  by a  

microautoclave t e s t  does have m e r i t  if the t e s t  i s  run  w i t h  the  same 



coal type used f o r  coal l i que fac t i on .  Cor re la t i on  o f  the  so lvent  qual-  

i t y  r e s u l t  t o  preheater chemistry ( rap id  coal  d i s s o l u t i o n  w i t h  minimum 

hydrogen s h u t t l i n g )  and reac to r  chemistry ( r a p i d  and sus ta in ing  hydrogen 

donat ion /shut t l ing)  i s  apparent ly  possib le.  As used a t  W i l s o n v i l l e  

dur ing  runs 133-234, the microautoclave SQ r e s u l t  was o f  t angen t ia l  

s i gn i f i cance  f o r  absolute day-to-day p i l o t  p l a n t  operat ion. 

From our SQ study o f  W i l s o n v i l l e ,  i t  i s  our op in ion  t h a t  bench- 

scale batch experiments comparing d i f f e r e n t  coals  w i t h  solvents o f  

quest ionable parentage f o r  single-pass conversion are, a t  best,  o f  

1 i m i  t e d  r e l a t i v e  value, and r e s u l t  i n  c o n f l i c t i n g  i n t e r p r e t a t i o n s  from 

l a b  t o  lab. Such experiments do def ine  the  k i n d  o f  so lvent  composit ion 

t h a t  prov ides s p e c i f i c  r e s u l t s .  I f  such r e s u l t s  o r  such solvents can be 

produced - -  i n  s i t u  i s  another question. Laboratory l i q u e f a c t i o n  exper i -  

ments t h a t  may be the  most meaningful (al though the  most time-consuming 

and expensive) are f u l l  recyc le  o f  the  so lvent  i n  order  t o  a t t a i n  

apparent s teady-state operat ion. We est imate 5-12 so lvent  passes are 

requ i red  f o r  l i n e - o u t  depending on process cond i t ions ,  and the  coal 

composition. 

We have proposed a solvent  q u a l i t y  t e s t  t h a t  takes i n t o  account the  

d a i l y  changes i n  feed coa l ,  the impact o f  so lvent  a c t i o n  on pr imary 

l i que fac t i on /coa l  d i sso lu t i on ,  and sus ta in ing  conversion o f  l a r g e  com- 

pounds t o  d i s t i l l a t e  i n  the  presence o f  a  donor solvent/hydrogen gas 

mixture. F igure 9  ou t l i nes  the so lvent  q u a l i t y  t e s t  mat r ix .  

Co r re la t i on  o f  Coal P y r i t e  Content t o  SHC-I Liquefact ion.  Under 

program 12.1.10, we have observed t h a t  the  p y r i t e  content  o f  the  feed 

coal does impact pr imary coal d i sso lu t i on .  I f  the  feed coal conta ins 

less  than 1.2 w t  % p y r i t e  t h a t  i s  f i n e l y  dispersed throughout t he  coal  

mat r ix ,  the  r e s u l t s  o f  a  microautoclave so lvent  q u a l i t y  t e s t  average 

(n = 32) l ess  than 70% te t rahydro furan (THF) s o l u b i l i t y .  However, i f  

the  coal conta ins more than 1.2 w t  % p y r i t e  on average (n = 39), the  THF 

s o l u b i l i t y  i s  >70% - and the  processing system produces the  greates t  

d i s t i l l a t e  y i e l d s .  Most important  i s  t h a t  i f  there  i s  > I .% p y r i t e ,  the  

e f f e c t  i s  no t  p y r i t e  dependent b u t  c.oa1-type dependent. F igure 10 shows 

the r e l a t i o n s h i p  o f  p y r i t e  content  t o  microautoclave so lvent  q u a l i t y  

(average o f  >70 po in t s ) .  
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Table 1 

Summary of Space and Labor Requirements for Newman Laboratory 

Labor 

Space ( ftzj (I!r/ure k)  

Clean areas 

Envi ronmenta! 

Instrumental areas 

Microanalytical 

Instrumental 

G C 

- GC/LC 

Dirty areas 

Distil lation 

. Wet 1 ab/ASTM 

Solvent qua1 i ty activity test 

Uti 1 i ty areas 

Sample preparation/analysis 

Cold storage 

Room temperature storage 

Chemical storage 

Sample rece~ving/stackroom 

Total 

- - 
Total 861.1-888. 4b 

a 2 
3,840 it, if cold storage is not included in lab space estimate. 

b~ssuming 8-hr day and 100% lab efficiency. 



Table 2 

Qual if ications of Personnel at the Demonstration Plant Laboratory 

Position Qua1 if ications 

Chemist 1 

Chemist 2 

Techniciandshi ft leaders 

Quality Control Manager Requires a B. S. Chemist with 20 years 
experience, including 10 years in a 
supervisory position; or possibly an 

M.S. Chemist with 10 years experience, 
including 5 years in a supervisory 

capacity. 

A B. S./M. S. Chemist with 5 years experience; 

preferably major experience in 

instrumentation and separations, i . e. , 
GC, LC 

A B. S. /M. S. Chemist with 5 years experience; 

some knowledge of wet chemical analysis, 

including AA/ICP 

Technicians should be hired with varying 

degrees of education and experience. 

Approximately one-third of the 

technicians should have either an A.A. 

degree and one year experience or 3-5 

years experience; one-third could have 

an A.A. degree with no experience; the 

final one-third might not have an A. A. 
.- 

degree, but should have 1-3 years 
experience 



Table 3 

Analy t ica l  Latmoratory Labor Timetablea 

Area star t -up Coal receiv ing and Gas i f i e r  
wastewater treatment 

SRC u n i t  C r i  ~ i c a l  solvent Coker/calciner 
jeashing u n i t  

Analy t ica l  areas Coal analysis [ inc. 18 GC (30%) 24 Dis t .  (50%) 50 Wet 210 SC :40%) 32 
(man-hr/wk) p a r t i c l e  size) 

Sanlple prep. 18 Environ. (d.0%) 80 Microanal. (50%) 35 SQAT 55 X - b y  (50%) 20 

Environmental (60%) 120 SC (30%) 24 D is t .  (50%) 50 H'croanal. (50%) 35 

LC 18 (50%) 7 

AA & X-ray ( S a )  27 

I n d u s t r i a l  hygiene 2 - - - - 
Total  man-hs/wk 211 104 116 3 L5 37 

50% contingency 
f o r  s tar t -up 

% t o t a l  s t a f f  
(22 technicians) 

17 Remai ni  ng 
38 

% t o t a l  s t a f f  on 
board (technicians) 

Ana1y:ical Lato-atory S t a f f i n g  Phase- I n  programa 

Number t o  be h l r e d  
on speci f ied date 

; ~ r o m  Wood e t  a l .  (1981). 
The Qual i ty  Control tlanager and Iwo chemists should be h i r e 3  on o r  b d a r e  June 1984. 



Major Equipment Requirements f o r  Demonstration P lan t  A n r l y t i c a l  Laboratorya 

\ 

labora to ry  Equipment 

Appro*f#te cos t  

- (1981 do l la rs )  

M ic roana ly t i ca l  

k m p l e  preparation/ 
analys is  

Instrumentation 

Yet lab/ASTM 

A U t O t i t t ~ t o r  
Tota l  organic carbon 
I o n  chronutograph 
pH meter 
Incubator 
Oven (2) 
Five-place balance (2) 
Recorder 

To ta l  

Microt rac p a r t i c l e - s i z e  analyzer 
Oohman l w  SaW analyzer 
0 analyzer 
C. H, N. and 5 analyzer 
Microbalance and t a b l e  
Five-place balance 
Adiabatic ca lor imeter  

To ta l  

lCP/graphi t e  fumace/autosampler 
Recorder 
Hg co ld  vapor/hydride 
Enerqy-di spers i v e  X-ray 
Sampler changer 

To ta l  

F isher  coal  analyzer 12,000 
Oven and muf f le  furnace 2.200 
Five-place balance (2) 7,000 
Kar l -F ischer  t f t r a t o r  5.000 
Closed f l a s h  t e s t e r  1,000 
Reid vaporpressure bombs (3) 1.500 
Copper s t r i p  bombs (3) 2.000 
Accelerated gum bombs (3)  2.500 
Kinematic r i s c o s i t y  bath 

Gas chromatography/ LC pumping system and microprocessor 20,000 
l i q u i d  chromatography U l t r a v i o l e t L v i s i b l e  m d  fluorescence, 20.000 

detectors 
I n t e g r a t o r  (2) 8,000 
Recorder (3) 4,500 
Simulated d i s t i l l a t i o n  u n i t  20.000 
Capi l lay-column CC (2) 25,000 
Plcked-c~lumn GC 

Tota l  

Solvent q u a l i t y  a c t i v i t y  Shaker arrangement. microautoclruc, 98.888 
t e s t  and sand bath system 

M i l l i p o r e  f i l t e r s  and accessories (3) 6,000 
U l t rason ic  probe and accrrsor ies 2.500 
Rotary evaporator (2) 

Tota l  +% 
D i s t i l l a t i o n  Product w r k - u p  s t i l l  (4) 4.000 



Table 5 

Summary o f  Chemical Waste from 

Analy t ica l  I ahnratnry f o r  1-Week Period 

- 
Type o f  waste Amount 

SRC 1 iqu ida  14 gal  

SRC sol  i d  and coala 18 l b  

Nonhalogenated solvents 28 gal  

Halogenated solvents 4 gal  

Wastewater h 11 gal 

Benzene 1 gal 

a Assume most w i l l  be recycled through process .  

b~ssume w i l l  be recycled through wastewater treatment s ec t ion .  



Table 6 

Retenti on 1ndicesa 

Calculated from Standard Solutions 

Using Different Chromatographs 

and Different Columns 

Vari an PE 
Compound Lee et al. (1979) PE 3920d 4600d Sigma d 

Tetra1 in b 

Naphthalene 

Qui no1 i ne C 

1-Methylnaphthalene 

Biphenyl 

3-Methyl i ndolec 

2,6-Dimethylnaphthalene 

Acenaphthene 

~i benzof uranC 

Fl uorene 

Xanthene 

9,lO-Di , hydroanthraceneC 

Di benzothiophene 

Phenanthrene 

Phenanthridine 

~arbazol eC 

1-Methylphenanthrene 

Pyrene 

Chrysene 

a 
The method for calculating retention indices is defined in the text. 
b~alculated by assuming that the retention time difference between benzene and naphthalene 

C 
is equal to the difference between naphthalene and phenanthrene. 
These are heterospecies which behave differently on different columns; see Parees and 
Kamzelski (1982). 
d ~ e e  Table 3 of Parees and Kamrelskf (1982) for Varian 4600 GC column and conditions; see 
Table 4 for PE 3920 and Sigma GC columns' and conditions. e 
These values are the average of three runs with the standard deviation included. 



Table 7 

Retenti on 1ndi cesa 

Ca1 cu1 ated from D i f fe rent  Sol u t i  ons 

Analyzed on the Same GC b 

Compound 

Standard Coal 

solution t a r  

Process 

sol vent 

Tetra1 i n  

Naphthalene 

2-Methyl naphthalene 

l-Methylnaphthalene 

Biphenyl 

Acenaphthene 

Dibenzofuran 

F l  uorene 

Dibenzothiophene 

Phenanthrene 

F l  uoranthene 

Pyrene 

Chrysene 

a 
Calculation of retention indices is defined in Parees and Kamzelski (1982). 

b ~ h e s e  analyses were all done on the PE-3920 gas chromatograph with the glass 
SE-52 column; see Table 4 of Parees and Kamzelski for specific conditions. 



Table 8 

Prec is ion Studies: Comparison o f  Analy t ica l  Parameters 

Area percentage 

Method' Col wnn M S O ~  Cooments 

1. Perkln-Elmer 3920 CC Glass SE-52 
Spectra-Physics 41110 in teg ra to r  
Split, i n j e c t i o n  5 5 : l  
Hami 1 ton syringe 
Operator # I  

2. Perkin-Elmer, 3920 CC Class SE-52 
Spectra-Physics 41a0 in teg ra to r  
S p l i t  i n j e c t i o n  1 4 : l  
C i lu ted  saople 
Hami 1 ton syringe 
Operator # I  

3. Perkin-Elmer Sigma 1 GC 
and i n t e g a t o r  

Spl i t l e s s  i n j e c t i o n  
D i lu ted  sample 
Hamilton sydnge 
Operator I1 

4. Varian Vis ta GC 
and in teg ra to r  

S p l i t  i n j e c t i o n  48: l  
Hamilton syrlnge 
Operator I1 

5. Finnigan 9610 GC 
Finnigan 400@ US 
Finnigan INCUS in teg ra to r  
S p l i t  inject. ,on 50: L 
Hami 1 ton syr-  nge 
Operator I1 

Fused s i l i c a  SE-54 

Fused s i l i c a  SE-54 

Glass SE-52 

6. Perkin-Elmer 3920 GS Glass SE-52 
Spectra-Physics 4109 ln teg ra to r  
S p l i t  i n j e c t i o n  55:1 
Hami 1 ton  syringe 
Operator I 2  

7. Perkin-Elmer 3920 GC Ciass SE-52 
Spectra-Physks 410a ln teg ra to r  
S p l i t  I n j e c t h n  55:: 
S.G.E. syringe 
Operator #2 

8. Perkin-Elmer Sigma 1 GC Fbsed s i l i c a  SE-54 
Spectra-Physics 41OO ln teg ra to r  
S p l i t  i n j e c t i o n  42: 1 
Hamilton syringe 
Operator I1 

350-850°F process solvent d i s t i l l a t e .  
Nine compounds chosen w l t h  areas 
o f  1.2-5.5%. 

Same sanple and components as method 1. 
Areas o f  1.5-5.31: 

Same sample as method 1. Ten compounds 
chosen w i t h  areas o f  0.9-6.M. 

Same sample as method 1. S:ae cwpounds 
as method 3. Areas o f  ,I. 2-5.7% 

400-650°F process solvent d i s t i l l a t e .  
Seven compounds chosen w i t h  areas o f  
1.5-10.1% ( l i m i t e d  number o f  peaks 
included i n  quant i ta t ion,  causing 
percentage assigned t o  each t o  be high). 

Same sample as method 5. Twelve compounds , 

chosen w i t h  areas o f  1.0-4.5%. The A X 
US0 drops t o  1.07 i f  a value o f  +1M on 
a 2.2 A X peak i s  excluded. 

Same sample as method 5. Thi r teen 
compounds chosen w i t h  areas o f  0.5-5.a. 
The A X US0 drops t o  3.32 i f  a value o f  
+ l a  on a 0.60 A X  peak i s  excluded. 

Same s q l e  as method 5. Fourteen 
compounds chosen w i t h  areas o f  
0.45-6.6%. The A X ltSD drops t o  1.8 
i f  four bad peaks w l t h  areas o f  1.8-6.U 
are excluded. 

e he Hamilton ay r i l ge  wan 1.0-pL p o s i t i v e  dieplecement type w i t h  a Chaney adapter f o r  v o l u w  prec is ion.  The S c i e n t i f i c  Glaoa 
Engineering (S.G.I.) syringe was 1.0-pL p o s i t i v e  displacement type. The i n j e c t i o n  vo lute was 0.2 pL i n  a11 cases. except 0.9 )tL warn 
in jec ted  i n  case 3. I n  cases 2 and 3, the anuple vas d i l u t e d  appropr ia te ly  t o  hold the amount o f  sample enter ing the column 
approximntely equnl t o  the othez analyses. The glass SE-52 columo used i n  case 5 i s  nominal ly the same aa tha t  used i n  cases I. 
2. 6, and 7; bowe-~er, it i s  no t  i den t i ca l .  The fueed-s i l ica column used i n  case 4 i s  very s im i la r  bu t  not  i d e n t i c a l  t o  the column l o  
cases 3 and 8 (same manldacturer and nominal apeci f icat ions,  but s l i g h t l y  d i f f e ren t  i n te rna l  diameter). The standard deviat ions are 
the average resul: o f  t r i p l i c a t e  analyses. The standard deviat ions for i nd i v idua l  peaks d i d  not  corre late w i t h  peak area. That i s ,  

bthe average standard deviat ions fo r  0.5 A components were s im i la r  t" 1-2 A % components and 4-6 A % components. 
HSD, mean standard deviat ion.  



Table 9 

Response Factors f o r  t h e  Larger Group o f  Selected Standard Compounds 

Determined on t h e  Varian V i s t a  G C ~  

Response Weight 

Compound f a c t o r  b p r c e n t C  
PK~/IJL~ nge 

Phenol 

Indan 

mCreso l  

Ethy Ian1 11 R e  

Nap l~ ths l  cnc 

Dimethylphenol 

Dodecane 

1-Methylnaphthalene 

Tetrahydroquinol ine 

Biphenyl 

Dimethyl naphthalene 

Diphenyl e t h e r  

Acenaphthene 

F l  uorene 1.036 f 0.068 1.50 13.71 52.7 

Xanthene 1 . 1 0 0 * 0 . 1 3 7  0.62 5.69 21.9 

Dibenzothiophene 1 . 1 3 4 * 0 . 0 9 1  1.14 10.44 40.2 

Phenanthrens 1.030 t 0.039 2.99 27.29 105.0 

1-Methy!phsnanthrenc 

Nonadecane 

Py rene 

Triphenylene 

Hexacosane 

Pery l  ene 

Dibenzoanthracene 

Ootr iacontane 

a 
These analyses were done in triplicate by using the Variah-Vcsta GC/FZD aud a 
fused-silica SE54 capillary column. The triplicate analyses for each solution 
were carried out within a single day. The individual dilute standard solutions 
bwerc analyzed Oh alxfereni  days, Loweven. 

As determined vs. naphthalene held constant at 2%: 

RF = integration area (naphthalene) weight percent (compound) 
weight percent (naphthalene) integration area (compound) 

amount weighed x purity 'weight percent = 
total weight of solution x 100 

The solvent was toluene. 

d (arnouut weighed in grams) x purity 
)rg/vL = 10 pL 

e (pg/pL)(O.2 pL injected)(1,000 ng/pg) ng = 
53 (split ratio factor) 

This is the amount actually delivered to the column by assuming strict splitting 
linearity. 

3 0 



Table 10 

Precision ~f 10-mg Micropellet Analysis 

X calculated 

Samp 1 e 2'3 Si02 K2° CaO Ti O2 Fe203 

81-2015 

Pellet A 23.6 55.2 1.80 0.70 0.67 18.0 

Pellet B 24.1 55.8 1.82 0.69 0.65 17.0 

Pellet C - 23.2 - 56.1 - 1.76 - 0.58 - 0.66 - 17.7 

Mean concn 23.6 55.7 1.79 0.66 0.66 17.6 

% relative error 1.91 0.83 1.67 10.6 1.51 2.90 



Table 11 

EDNRF Coal and RMAC Method: Summary o f  

12 Coal Standards Analyzed as Samples by,ED)(RF 

Range (%) 0.87-5. % 1.53-14.71 1.30-11.44 0.09-0.67 0.00-2.04 0.06-0.27 0.32-5.2 

L\, 
ru Mean concen- 2.54 5.77 6.55 0.27' D. 44 0.13 2.37 

t r a c t i o n  (%) 

Mean % 3.18 2.30 2.67 3.33 .3.43 5.42 3.25 
r e l a t i v e  e r r o r  



Tab le  12 

U e t a l s  A n a l y s i s  c f  SRC and MAC (Weight Pe rcen t  o f  As-Received. Whole Sample)' 

SR3 1 SRC 2 SRC 3 
APCI. APCI. APCI. ACPI. APCI. APCl. 

Element Gal  I W R  EOX?F AAS A l coa  Gal  I W R  EOYRF AAS A lcoa  Gal  I W R  EOXRF MS A lcoa  

Ash 0.041/ 
0.096 

S 0.99 

P 0.0004 

S i  0.019 

Fe 0.0028 

T I  t0.0050 

Ca 0.0035 

)Ig t0.0003 

Na 0.0022 

K 0.0013 

N l  0.0006 

Mn tO.0002 

Zn 0.0002 

Y t0.0025 

8 0.0098 

A1 0.0072 

- - 

0.0999 0.11 0.09 

0.98 0.71 

to. 0001 t0.0036 

0.00271 0.00213 t0.045 

0.005 0.0225 t0.0065 

0.0115 0.02117 0.018 

0.00269 0.00395 0.0055 

0.000397 to .  0003 t0.0030 

0.0131 -0.0044 0.24 

0.00045 0.000612 0.020 

0.000103 to.  0011 t0.0035 

0.000088 to. 0011 <0.0006 

0.00044 to .  00011 t0.0006 

0.00143 -0.001 t0.008 

0.00518 - (0.0075 

0,00714 0.01112 0.0085 

0.08 

1.07 

to .  0001 

0.001 

0.004 

0.008 

0.002 

0.001 

0.026 

0.002 

0.000 

0.000 

0.000 

0.001 

0.010 

0.005 

0.21 

0.82 

to.  0036 

to. 045 

to .  0065 

0.018 

0.0050 

to .  0030 

0.0120 

to. 0040 

t0.0035 

t0.0006 

to. 0006 

t0.008 

0.0120 

0.0085 

0.037/ 
0.067 

0.94 

0.0030 

0.02 

0.0022 

to. 0050 

0.0030 

0.0002 

0.0021 

0.0014 

to .  0005 

t0.0002 

0.0001 

to.  0025 

0.0067 

0.0059 

- -- - - -  - 

SRC 5 
SRC 4 (sp. p roc )  (w i  Lhout  Na2C03) W C  1 WAC 3 MAC 4 - MAC 5 

E l c -  APCl . APCI. APCI. 
ment Ga l  I m R  A l coa  EOXRF Ga l  I W R  Gal  I W R  EOXRF AAS A l coa  I W R  Gal  I W R  Ga l  I W R  I W R  

- - p~~ ~ - 

' ~ o l w n n  headings r e f e r  t o  sample mumhers and l a b o r a t o r i e s .  



Table 1 3  

Def in i t ions O F  the Solvent-Extracted Fractions 

(L isted by Part ic ipants and Procedure) 

Lab. 
Fract ion (procedure) 

Q i l s  AsphaDtenes Preajphaltenes Resl due 

W i  Jsonvi 1 l e  Benzene soluble 
Pentane soluble 
( SoxhleWbeaker 

extract lon) 

ICRC Pentane soluble 
(Sequential solvent 

extract ion) 

Kerr-McGee Heptane soluble 
(Beaker ex t rac t  i on) 

Conoco Hexanes soluble 
(LCF) 

Benzeme soluble 
Pentase jnsoluble 
(SoxhleVbeaker 

extract ion) 

Benzene soluble 
Pentaae insoluble 
(Sequential solvent 

extract ion) 

Toluene salluble 
Heptane imsoluble 
(Beaker en t rac t i on) 

Benzene saluble 
Hexanes insoluble 
(LCF) 

Cresol sol  ubl e 
Benzene Insoluble 
(Calculated) 

Pyrldine soluble 
Benzene insoluble 
(Sequenti a1 solvent 

extract ion) 

Pyridime soluble 
Toluene insoluble 
(CalcuSated) 

THF soluble 
Benzene insoluble 
( LCFj 

Cresol Insoluble 
(Beaker extract lon) 

Pyr id ine insoluble 
(Sequentlal solvent 

extract ion) 

Pyr ld ine lnoolt@le * 
(Beaker extract ion) 

THF insoluble 
(Beaker e ~ t r a c t i o n )  



Table 14 

Weight Percent Yields of Distillates 
and Solvent-Extracted Fractions from Wi 1 sonvi 1 le 

Process-Stream Samples as Analyzed by the Participants 

Lab. Dist. Oils Asph, Preasph. Residue T I / B I ~  

T102 btm 

LS RC 

SRC 

KMAC 

VllO 

30/70 

V131A 

WV 
ICRC/APCI 
KMG 
C O ~ O C O  

WV 
ICRC/APCI 
KMG 
Conoco 

WV 
ICRC/APCI 
KMG 
Conoco 

WV 
ICRC/APCI 
KMG 
Conoco 

WV 
ICRC/APCI 
KMG 
Conoco 

WV 
ICRC/APCI 
KMG 
Conoco 

WV 
ICRC/APCI 
KMG 
Conoco 

a Toluene or benzene insolubles;  sum of preasphaltenes and residue. 

b ~ u m  of d i s t i l l a t e  and o i l s  a f t er  d i s t i l l a t i o n  of sample. 

C Assumed . 
d ~ a t a  on a l l  LSRC fractions except d i s t i l l a t e  i s  proprietary t o  Kerr-McGee. 



Table 15 

Material Balance of Benzene/Toluene Sol ub l es 
(Sum of Oils and Asphaltenes for the TI02 Bottoms Samples) 

I ,  wt % 

V t  X o i l s  + asph. 
o i l s  + asph. i n  summed 

Participant i n  feed product fractions % recovery 

W 58.7 

ICRC 55.3 

Kerr-HcGee 55.2 

Conoco 54.1 



Table 16 

Comparison o f  Oistillate Yield (by Oistillation I, 
Column Heated) with Oil Yield (by Solvent Separation) 

Sample 
Distillate 

Oil yield (wt %) yield (wt %) 

a~verage of three determinations. 

b~verage of two determinations. 



Tab1 e 17 

Weight Percent Distillate from Each Distillation Procedure 

Laboratory 

Distil lation .- methoda 

(A) Conoco 14.8 

( 0 )  Wilsonville 11.9 

(C) Kerr-McGee 32.3 

(D) APCI/ICRC 9.1 

Condrtions for Three Distillation Procedures 

Analyzed in Round-Robin Study 

Condition 

Distillation method 

I I I I11 

Final pot temperature (OF) 
b 

600 554 500 

Pressure (mm Hg) 0.1 1.0 0.1 

End point (OF) 600 554 500, hold 
(measwed at pot temperature) 1 hr 

a 
The reproducibility of any one distillation procedure at any one lab- 
oratory was less than '1 wt % on average. 

b ~ o t  temperatures adjusted to atmospheric pressure are 1,370, 1,250, and 
1,245OF for methods I, 11, and 111, respectively (according to Maxwell 
and Bonnell, 1955). 



Table 18 

Total Weight Percent o f  Dfstillate (<850°F) o f  PI02 Btm Sample 

after Adjustment by Encapsulated GCSD 

Distillation method 

Laboratory I I I I I I 

(A) Conoco 8.2 4.9 4.0 

(B) Wi 1 sonvi 1 1  e 7.5 5.8 6.5 

(C) Kerr-HcGee 9.6 5.1 8.1 

(D) APCI/ICRC 5.6 3.6 6 . 7  



Table 19 

Summary o f  Nitrogen Analysis , by Met hod o r  Laboratory 

Gal b r a i  t h  

Perki  n- 
Sample WV Huffman A P C I  PET:C Kerr-McGee Leco Kje ldahl  Antek Elmer Carlo Erba 

Process wastewater 
(91 155/U-7016) 

Flashed d i s t i l  l a t e  
(91 1 56/V-70 173 

Heavy r e s i d  
(91 158/V-7018) 

SRC mel t  tank 
P (9116O/V-7019) 
0 

Vacuum f l a s h  
overhead 
(91 157/V-7020) 

Recycle solvent  
(91159/V-7021) 

Standard 
(V-7022) 

Standard B~ 
(V-7023) 

Standard cC 
(V-8151) 

a 
10% quinoline plus 90% methylnaphthalene. 

b l ~ ~ %  methylnaphthalene. 
C 
100% quinolinediol. 



Table 20 

Statistical Comparison: Elemental Analysis of 

Wilsonville Recycle Solvent by Two Laboratories 

APC I R 2 SO Huf fman R 2 so 
CH 1 CH3 (X  abs) (% abs) CH2 CH4 (X abs) ( X  abs) 

0 2.94 2.91 3.07 2.92 2.96 0.15 2.49 2.85 3.26 3.09 2.92 0.67 

N 0.79 0.82 0.67 0.63 0.73 0.18 0.96 0.87 0.78 0.87 0.87 0.15 

S 0.53 0.54 0.45 0.51 0.51 0.08 0.53 0.50 0.50 0.49 0.51 0.03 

Total 100.20 100.28 99.99 99.91 100.10 0.34 99.62 99.87 99.99 100.13 99.90 0.43 



Figure 1 
GC-FID Chromatogram of SRC-I Process Solvent. 

MINUTES 

* 4 5 0 - 8 5 0 ~ ~ ;  15-M X 0.30-MM i.d. GLASS SE-52 CAPlLLARY COLUMN; 
TEMPERATURE PROGRAM 50-275OC AT ~OC/MIN; 2.2MLlMIN. 
HELIUM CARRIER GAS FLOW RATE. 



Figure 2 
Yield of Oils by Soxhlet Extraction of SRC Using 

Different Nonpolar Extracting Solvents 



Figure 3 
Boiling Point Distribution of Wiloonville Recycle Solvent . 
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Figure 4 
Weight Percents sf 100°F Distillate Cuts 

of Seven Wilsonville Process Stream 
Samples; Analysis at ICRC Compared to 

Wilsonville Analysis 



Figure 5 
Weight Percenl Yields of Distillation Fractions ( O F )  



Figure 6 
Functional Group Separation Distillation Fractions 



Figure 7 '  
Ring Distribution Distillation Fractiui~s 
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Figure 8 
Total Gas (Hydrocarbon plus Heteroatom) as a 

Function of Time 
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Figure 9 
SRC-I Solvent Quality Test 

(1) MICROAUTOCLAVE SIC i8/1); 10 MINUTES AT 7500F 
DETERMINE: RESIDUE (THR) - PREASPHALT ENES - BENZENE SOLUQLES 

(2) TEST CONDITIONS TO BE DETERMINED 
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Figure 10 
Coal Pyrite vs. Solvent Quality by Coal Type 

FSKYSA 

PYKYOA IVOBA 

DOKYO A 

LFKYO A 

SOLVENT QUALITY (S) 

f7 U.S. GOVERNMENT PRINTING OFFICE 1984-746481/2561 




