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Labora tory  e v a l u a t i o n s  have been conducted on f o u r  

s o l i d  w a s t e  samples from c o a l  convers ion  p r o c e s s e s .  These  
. . 

samples i n c l u d e  two l i q u e f a c t i o n  wastes and two g a s i f i c a t i o n  

was t e s .  The two l i q u e f a c t i o n  wastes were o b t a i n e d  from 

two d i f f e r e n t  runs  a t  a  f a c i l i t y  u s ing  t h e  H-Coal p r o c e s s  
. . 

and were . s o l i d  bottoms from t h i s  These samples ,  

f o r  purposes  of  t h i s  r e p o r t ,  a r e  d e s i g n a t e d  H-Coal # 3  and 

H-Coal $ 4 .  

One of  t h e  g a s i f i c a t i o n  was t e s .was  o b t a i n e d  from 

t h e  cyclone f l y  ash  c o l l e c t e r  o f  a n  e x i s t i n g  Chapman g a s i f i e r .  

The o t h e r  g a s i f i c a t i o n  waste  i s  bottom ash r e s u l t i n g  from 

t h e  g a s i f i c a t i o n  o f  l i g n i t e  c o a l  a t  ' t h e  Grand Forks Energy 

Technology Cente r .  

A l l  samples were s i e v e d  us ing  number 20,40,60 ,.100, 

and 200 mesh U.S. S t anda rd  S i e v e s .  S i e v i n g  w a s  conducted by 

p l a c i n g  t h e  samples on a  " ro - t ap"  f o r  about  30 minutes  each  
. . . .  . 

" s i e v i n g  s e s s i o n " .  Many s i e v i n g  s e s s i o n s  were found neces sa ry  
. .  . 

t o  o b t a i n  kuf f i c i e n t  q u a n t i t i e s  o f  t h e  s m a l l e r  s i z e d  f r a c t i o n s .  



Using t h i s  approach,  f i v e  d i f f e r e n t  p a r t i c l e  s i z e  sub-samples 

w e r e  o b t a i n e d  f o r  each  waste sample. Both t h e  Chapman 

f l y  ash  and t h e  GFETC bottom ash  were s u b j e c t e d  t o  t h e  above 

procedure  w i t h o u t  a l t e r i n q  t h e  n a t u r e  o f  t h e  sample ( i e . .  

w i t h o u t  g r i n d i n g )  . The n a t u r a l  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  t h e  Grand Forks bottom ash  material i s  shown i n  F i g u r e s  

1 and 2 ,  and t a b l e  1. P a r t i c l e  s i z e  d i s t r i b u t i o n  f u r  t h e  Chapman 

f l y  a sh  was p r e s e n t e d  i n  our e a r l i e r  r e p o r t s .  

The H-Coal samples w e r e  c rushed  p r i o r  t o  t h e  s i e v i n g  

procedure  because  of t h e  l a r g e  s i z e s  of  t h e  "chunks" o f  was te .  

The m a j o r i t y  o f  t h e s e  i r r e g u l a r l y  shaped chunks w e r e  

l a r g e r  t han  t h r e e  i n c h e s  by t h r e e  i n c h e s .  The H-Coal samples 

were f i r s t  c rushed  i n  a  jaw c r u s h e r ,  and t h e n  i n  a  sample 

p u l v e r i z e r  l o c a t e d  i n  t h e  P i t t  Mining Eng inee r ing  Labora to ry .  

The r e s u l t  w a s  a  sample which v a r i e d  i n  p a r t i c l e  s i z e  from 

g r e a t e r  t h a n  20 mesh, t o  s m a l l e r  t h a n  200 mesh. The procedure  

r e s u l t e d  i n  f i v e  sample s i z e s  o f  20-40 mesh, 40-60mesh, 

60-100 mesh, 100-200 mesh, and f i n e r  t h a n  200 mesh. 

The two H-Coal samples and t h e  Chapman fly ash  have 

been s u b j e c t e d  t o  t h e  ASTM-A, EPA-"EP" , and t h e  U n i v e r s i t y  

o f  P i t t s b u r g h  l e a c h i n g  t e s t s .  The Grand Forks bottom ash  

h a s  been s u b j e c t e d  t o  t h e  ASTM-A and EPA-"EP" tests ,  and 

w i l l  b e  s u b j e c t e d  t o  t h e  U n i v e r s i t y  of  P i t t s b u r g h  procedure  

d u r i n g  t h e  n e x t  q u a r t e r .  A l l  l e a c h i n g  tests have been performed 

i n  d u p l i c a t e  on a l l  f i v e  p a r t i c l e  s i z e  f r a c t i o n s  o f  each  sample.  

Thus, one s o l i d  waste sample h a s  g e n e r a t e d  5 x 2 ~ 3  o r  30 samples 

f o r  subsequent  heavy me ta l  a n a l y s i s .  



Samples ' o f  s o l i d  was tes  have been submi t t ed  t o  

t h e  PETC-TPO f o r  s p a r k  s o u r c e  mass s p e c  a n a l y s i s  o f  t h e  

heavy metal f r a c t i o n .  P re l imina ry  i n d i c a t i o n s  are t h a t  

d e l a y s  e x i s t  i n  g e t t i n g  t h e  samples ana lyzed .  

The ASTM-A l e a c h i n g  test i s  a  water shake e x t r a c t i o n  

procedure .  A sample o f  250 grams o f  each  p a r t i c l e  s i z e  

f r a c t i o n  i s , p l a c e d  i n t o  one-half  g a l l o n  g l a s s  b o t t l e s .  A 

voiume o f  d i s t i l l e d  d e i o n i z e d  water e q u a l  i n  m i l l i l i t e r s '  t o  

f o u r  t i m e s  t he '  weigh t  i n  grams o f  t h e  sample' used w a s  t h e n  

added t o  each c o n t a i n e r .  I n  t h e s e  exper iments ,  t h i s  volume 

w a s  e q u a l  t o  1000 m l .  The c o n t a i n e r s  w e r e  t h e n  c l o s e d  and 

p l a c e d  on an Eberbach r e c i p r o c a t i n g  p l a t f o r m  s h a k e r  which 

w a s  o p e r a t e d  a t  70 one-inch s t r o k e s  p e r  minute.  A f t e r  

48 h o u r s ,  t h e  c o n t a i n e r s  w e r e  removed from t h e  s h a k e r ,  

and f i l t e r e d  th rough  0.45 micron f i l t e r  pape r  u s i n g  a  s p e c i a l  

M i l l i p o r e  p r e s s u r e '  ' f i l t e r  appa ra tus .  c o n d u c t i v i t y  and 

pH v a l u e s  w e r e  measured immediately.  A 250 m l  sample was 

p l aced  i n  a  g l a s s  b o t t l e  f o r  AMES t e s t i n g .  The remaining 

sample w a s  a c i d i f i e d  t o  a pH less than  2.0 w i t h  c o n c e n t r a t e d  

n i t r i c  a c i d  and s t o r e d  i n  g l a s s  a t  ~ O C  f o r  subsequent  me ta l  

a n a l y s i s .  S t o r a g e  i n  t h i s  manner f o r  me ta l  a n a l y s i s  i s  an 

EPA a c c e p t a b l e  t echn ique .  

The Chapman f l y  ash  samples were found c l e a r  a f t e r  

f i l t " e r ing .  



The H-Coal # 3  samples were p a l e  yellow i n  c o l o r ,  b u t  

wi th  no observable  p r e c i p i t a t e .  The.H-Coal #4  1eachates .were  

a  d a r k e r  yel low i n  c o l o r ,  and a  r u s t  co lored  p r e c i p i t a t e  

(most l i k e l y  i r o n  hydroxide) formed upon a c i d i f i c a t i o n  and 

s t and ing  of  t h e  samples. The Grand Fo'rks bottom ash was 

c l e a r  . a f t e r  i n i t i a l  f i l t e r i n g ,  b u t  turned  s l i g h t l y  . . t u r b i d  wi th  

a  yellow p r e c i p i t a t e  a f t e r  s t and ing  and a c i d i f i c a t i o n .  

The EPA-"EP" leaching  t e s t  i s  an a c i d  shake 

e x t r a c t i o n  procedure wi th  c o n t r o l l e d  pH. A sample s i z e  of 

grams- of  each p a r t i c l e  s i z e .  f r a c t i o n  was p laced  i n t o  a  

s e r i e s  of 2000 m l  g l a s s  beackers .  A weight of d i s t i l l e d  

de ionized  water  equa l  t o  s i x t e e n  t imes t h e  weight of s o l i d  

m a t e r i a l  was added t o  each beaker.  I n  our  c a s e ,  t h i s  represented  

a volume of  960 m l  of water .  A Phipps & Bird " j a r  t e s t "  

appara tus  was used f o r  gang s t i r r i n g  f o r  t h i s  procedure.  

This  ex t r . ac to r  was opera ted  a t  a  speed which prevented 

I s t r a t i f i c a t i o n  of t h e  sample, and allowed a11 sample s u r f a c e s  

t o  be cont inuously brought i n t o  c o n t a c t  wi th  t h e  ex t rac t i ,on  

f l u i d .  A f t e r  a g i t a t i o n  beg ins ,  t h e  pH of t h e  s o l u t i o n  i s  

manually maintained a t  5.0 f 0 . 2  wi th  0.5N a c e t i c  a c i d  f o r  

2 4  hours.  I f  four  m i l l i - l i t e r s  of  a c i d  p e r  gram of  s o l i d  

i s  added t o  a  beaker ,  t h e  2 4  hour e x t r a c t i o n  i s  completed 

wi thout  adding any a d d i t i o n a l  ac id .  I n  our  t e s t s ,  t h e  maximum 

amout of a c i d  added t o  each beaker was 240 m l .  - A f t e r  2 4  hours ,  



each sample was f i l t e r e d  through 0.45 micron m i l l i p o r e  

f i l t e r  paper  v i a  a  p r e s s u r e  f i l t e r .  The volume of t h e  r e s u l t i n g  

l i q u i d  was then ad jus ted  with a  weight of d i s t i l l e d  de ionized  

water  s o  t h a t  t h e  volume i s  twenty t imes t h e  weight of  

s o l i d  m a t e r i a l  added t o  t h e  e x t r a c t o r ,  i n  our  c a s e ,  1200ml. 

Conduct ivi ty  and pH values  were again  measured 

immediately and a  250 m l  sample was p laced  i n  a  g l a s s  b o t t l e  

f o r  AMES t e s t i n g .  The remaining sample was a c i d i f i e d  t o  a  

p H  of l e s s  than 2.0 wi th  concent ra ted  n i t r i c  a c i d  and s t o r e d  

a t  ~ O C .  The GFETC samples f i n e r  than  200 mesh, 100 t o  200 

mesh, and 6 0  t o  100 mesh were t h e  only samples t h a t  used t h e  

maximum amount of  a c e t i c  a c i d  wi th in  t h e  2 4  hour e x t r a c t i o n  

per iod .  

The "Univers i ty  of P i t t s b u r g h  l each ing  t e s t "  i s  

a l s o  an a c i d  shake e x t r a c t i o n  procedure wi th  a  c o n t r o l l e d  

pH.. The b a s i c  procedure and appara tus  a r e  s i m i l a r  t o  t h e  

EPA-"EP1' procedure wi th  t h e  except ion  t h a t  t h e  p H  is 

manually maintined a t  1 . 6  t o  2 . 0  w i th  1 :1 ( i e . .  50% concen t ra t ion)  

n i t r i c  a c i d  s o l u t i o n ,  'and t h e r e  i s  no l i m i t  t o  t h e  amount of 

a c i d  t h a t  can be added. The Chapman f l y  ash and H-Coal # 3  

m a t e r i a l  were c l e a r  while  t h e  H-Coal # 4  sample was p a l e  

yellow wi th  no p r e c i p i t a t e  a f t e r  f i l t e r i n g  and a c i d i f i c a t i o n  

a f t e r  use of t h i s  procedure.  



Conduc t iv i ty  and pH d a t a  o b t a i n e d  from t h e  ASTM-A, 

EPA-"EP", and U n i v e r s i t y  o f  P i t t s b u r g h  l e a c h i n g  tests a r e  

shown f o r  t h e  d i f f e r e n t  p a r t i c l e  s i z e s  o f  Chapman, H - C o a l ,  

and GFETC m a t e r i a l s  i n  tables 2 ,3 ,4 ,  and 5 ,  and f i g u r e s  3 ,4 ,  
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Figure 3 

CHAPMAN FLY ASH - LEACHING STUDY 



Figure 4 
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Figtlre 5 

H- COAL YO. 4 - LEACHING STUDY 
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TABLE 1 _. : 
Grand Forks #1 - P a r t i c l e  . .. S i z e  D i s t r i b u t i o n  

U.S. Standard Sieve  -2 S i z e  of  Cumulative Cumulative r 
Designat ion Number 2 opening Weight ( g )  Weight (%) (mm ) 

- 
r = log mean r a d i u s  o f  opening 



TABLE 2 

Chapman l?lY Ash 

ASTM A EPA 'Univ. of Pgh. 

Particle .Size . 

U. S. Standard Sieve. No. pH Conductivity pH Conductivity pH Conductivity 
- 

(mhos) (.umhosl (wSlos1 



TABLE 3 

ASTM A EPA Univ. of 'Pgh. 
Particle Size 

(U.S. Standard Sieve No.) p H  Conductivity p H  Conductivity p H  Conductivity 
(wrhos) ( d o s )  - (-s) . - 1 

Not Crush4 9.31 5 8 

TABLE 4 

H - Coal # 4  

ASTM A EPA Univ. of Pgh. 

Particle Size 
(U.S. Standard Sieve No.) p H  Conductivity . p H  Conductivity pH Conductivity 

~wlhos) (*s) (*s) 
Not Crushed 9.54 5 5 



TABLE 5 

Grand Forks  #1 

ASTM A 
Particle Size 

(U.S. Standard Sieve No.) pH Conductivity 
(mhos) 

Univ. of Pgh. 
. .  2 

pH Conductivity pH Conductivity 
(un-lhos) (crmhos) 



Observat ions and Conclusions: 

The purpose of  t h e  s i e v i n g  was t o  o b t a i n  t h e  

n a t u r a l  s i z e  d i s t r i b u t i o n  of p a r t i c l e s  from t h e  s o l i d  waste  

sample. This  was done f o r  a l l  samples wi th  the '  exception" 

of  t h e  H-Coal m a t e r i a l  which,- a s  i n a i c a t e d  above, was, rece ived  

a s  l a r g e  sh iny  black p a r t i c l e s  wi th  s i z e s  an  t h e  order of 

s e v e r a l  inches  i n  diameter .  A s  shown on. Figure 1, t h e  

s m a l l e s t  s i z e  u t i l i z e d  of t h e  Grand Forks waste ma te r i a l .  

comprised about 2 %  of t h e  t o t a l  mass. Thus, i n  o r d e r  t o  

c o l l e c t  1 pound o f  t h i s  f i n e s t  f r a c t i o n ,  it i s  necessary  

t o  shake and process  about 50  pounds o f  as - rece ived  

GFETC s o l i d  wastes .  

I n  a l l  c a s e s ,  t h e  smal l e r  p a r t i c l e  s i z e s  r e l e a s e d  

more m a t e r i a l  i n t o  t h e  leaching  media than d i d  t h e  l a r g e r  

p a r t i c l e s ,  t h e  an apparent  "breakpoin t"  a t  p a r t i c l e  diameters  

of about 0 . 0 2 5  inches ;  a value comparable t o  obse rva t ions  

r epor ted  i n  t h e  l a s t  q u a r t e r  wi th  r e s u l t s  from t h e  Chapman 

g a s i f i e r  f a c i l i t y .  I t  should be noted however, t h a t  

t h e  r e l a t i v e  magnitude of t h e  i n c r e a s e  of l e a c h a t e  parameters  

f o r  smal l e r  p a r t i c l e s  over  t h e  l a r g e r  p a r t i c l e s  i s  c o n s i s t e n t l y  

n o t  a s  g r e a t  f o r  t h e  H-Coal samples a s  i t  i s  f o r  t h e  o t h e r  

m a t e r i a l s  under s tudy.  We a t t r i b u t e  t h i s  t o  t h e  f a c t  t h a t  

t h e  smal l e r  H-Coal p a r t i c l e s  were manufactured by us v i a  



s p e c i a l  g r i n d i n g  t echn iques  and t h u s  . . may be expec t ed  t o  poses s  
. . 

more uniform l e a c h i n g  p r o p e r t i e s  t h a n  p a r t i c l e s  from a 

" n a t u r a l .  . d i s t r i b u t i o n " .  . 

Examination . . o.f t h e  p l o t s  of p a r t i c l e  s i z e  v s .  

cumula t ive  weight  p e r c e n t  shows t h a t  p a r t i c l e s  w i t h  s i . z e s  

less, than  t h e  d e f i n e d  "break-poin t"  ( o r  about  0 . 0 2 5  i n c h e s  

d i a m e t e r ) ,  r e p r e s e n t  . . about  40% by weight  of  t h e  t o t a l  ash  

ma t r ix .  Accord ing ly ,  i n  o u r  op in ion , ,  s e r i o u s  c o n s i d e r a t i o n  

shou ld  be g iven  to "fix?.t.ic=lnl' t e c h n i q u c s i  o r  a g g l a m e r a l i o l ~  

t echn iques  f o r  t h e  u l t i m a t e  d i s p o s a l  of  c o a l  convers ion  . 

s o l i d  was te  r e s i d u a l s .  
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