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SUMMARY AND DeLIVEEABLES 

I. ~ a r t i c l e / F l l t e r  Cake C h a r a c t e r i z a t i o n  

A. F i l t e r  cakes  formed w i t h  d o u b l e - d i s t i l l e d  water  and washed wi th  

v a r i o u s  wash r a t i o s  of s u r f a c t a n t s  were ana lyzed  mic rog raph ica l ly ,  

and comparisons were made a s  t o  t h e  performance of t h e  d i f f e r e n t  

wash l i q u o r s .  

B. F i l t e r  cakes  formed w i t h  v a r i o u s  c o n c e n t r a t i o n s  of  t h e  c o l l e c t o r  

DAH were s u c c e s s f u l l y  ana lyzed  w i t h  t h e  image a n a l y s i s  t echnique .  

C. Micrographic  a n a l y s e s  of t h e  10 urn c o a l  p a r t i c l e s  were i n i t i a t e d  

u s i n g  a  more v e r s a t i l e  TAS PLUS image a n a l y s i s  system. 

I T h e o r e t i c a l  Mode l l i ng  

A. Promising r e s u l t s  were o b t a i n e d  based on t h e  newly developed method 

of  pore  volume assignment .  

B. The i n t r o d u c t i o n  of t h e  concept  of bond-flow c o r r e l a t i o n  g r e a t l y  

improves t h e  network model p r e d i c t i n g  t h e  expe r imen ta l  d e s a t u r a t i o n  

curves .  

C. P r e d i c t e d  r e s u l t s  f o r  t r e a t e d  cakes  sugges ted  t h a t  t h e  e f f e c t  of 

t h e  presence  of s u r f a c e - a c t i v e  a g e n t s  was adequa te ly  accounted f o r .  

D. Work on modeling t h e  two-phase f low p roces s  was i n i t i a t e d  u s i n g  two 

d i f f e r e n t  approaches.  

1 Enhanced P i l t r a t i o n / D e w a t e r i n g  

A. More e l e c t r o k i n e t i c  d a t a  measurements were performed, which were 

used t o  e x p l a i n  t h e  v a r i o u s  phenomena observed i n  t h e  dewa te r ing  of  

t h e  t r e a t e d  cakes.  



B. The effects of the various operating conditions on the 

filtratioddewatering characteristics of the 10 ~rm coal particles 

were assessed and comparisons with the -32 mesh coal were made as 

. to its trends in response to changes in the operating conditions. . 
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Binkley, T., et. al., Fine Particle Symp. Ser., Hemisphere 

Publishing, 1986. 
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V Theses 

A. "Ef feet of Surf ace-Active Agents on Filcration land Post-Filtration 
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VI. Deliverables 

A.  , Computer Programs: programs w r i t  ten i n  standard FORTRAN language 

f o r  the network model has been published. 

B .  Major 'Equipment: 

1 .  Omnicon Alpha Image Analyzer and Accessories 

2.  HP-85 Mini Computer and Accessories 

3.  IBM PC and Accessories 

4 .  Zeta Meter and Accessories 



TECHNICAL DISCUSSION 

I. P a r t i c l e I F i l t e r  Cake C h a r a c t e r i z a t i o n  

A. -32 Mesh Coal 

1. D o u b l e - d i s t i l l e d  Water Cake 

I n  t h e  p r e v i o u s  r e p o r t ,  [ ' I* micrographic  d a t a ,  i.e., s u r f a c e -  

volume mean d i a m e t e r s  of p a r t i c l e  and po re ,  and p o r o s i t y  f o r  washed cakes  such  

as Triton-washed f l o c c u l a t e d  cakes  and d i s t i l l e d  wa te r  cakes  washed wCth 

d o u b l e - d i s t i l l e d  w a t e r  and T r i t o n  X-114 were p re sen t ed .  S ince  t h e n ,  f u r t h e r  

work h a s  been c a r r i e d  out w i t h  a d i f f e r e n t  s u r f a c t a n t  -- Aerosol--OT, i n  , 

of  T r i t o n  X-114, i n  washing d i s t i l l e d  wa te r  cakes .  Th i s  s e r v e s  t h e  purpose of 

making comparisons of n o t  o n l y  t h e  dewa te r ing  performance of t h e s e  r e a g e n t s ,  

b u t  a l s o  of t h e i r  i n f l u e n c e  on t h e  cake s t r u c t u r e .  

For t h e  s e r i e s  of expe r imen t s  w i th  Aerosol-OT, a  d i f f e r e n t  ba t ch  of c o a l ,  

. B a t c h  6 ,  r a t h e r  t h a n  Batch 4 f o r  t h o s e  wi. . th  T r i t o n  X-114 and d o u b l e - d i s t i l l e d  

w a t e r ,  h a s  been u t i l i z e d .  I n  o r d e r  t o  d e l i n e a t e  any d i f f e r e n c e s  between 

b a t c h e s ,  m ic rog raph ic  a n a l y s e s  of t h e  d i s p e r s e d  sample t aken  from each  ba tch  

have been c a r r i e d  o u t .  The r e s u l t s  a r e  t a b u l a t e d  i n  Tables  1  and 2 w i t h  t h e  

c o r r e s p o n d i n g  log-normal p l o t s  i n  F igu re s  1  and 2 .  It should  be noted t h a t  

t h e  two d i s t r i b u t i o n s  l ook  a l i k e ,  excep t  f o r  t h e  two extreme s i z e  r anges ,  2 t o  

12.6 vm and 251.1 t o  500 Pm. Percentagewise ,  c o a l  from Batch 6  has  about  two 

t i m e s  more amount of s m a l l  p a r t i c l e s  t h a n  t h a t  from Batch 4. However, coal 

from Batch 4 has a lmos t  f i v e  t imes  more amount of b i g  p a r i c l e s  t han  t h o s e  

found i n  Batch 6. The re fo re ,  t h e  surface-volume mean d i ame te r s  come o u t  t o  be 

132.3 pm f o r  Batch 4 and 81.2 vm f o r  Batch 6. 

P a r e n t h e t i c a l  r e f e r e n c e s  pa lced  s u p e r i o r  t o  t h e  l i n e  of t h e  t e x t  r e f e r  t o  
b ib l i og raphy .  



a. Log-normal P l o t s  

F i g u r e s  3 t o  5 d e p i c t  t h e  log-normal d i s t r i b u t i o n  of 

p a r t i c l e s  ob t a ined  by micrographic  a n a l y s i s  i n  each  of t h e  f i v e  l a y e r s  of t h e  

d i s t i l l e d - w a t e r  washed cakes.  It i s  appa ren t  t h a t  t h e r e  i s  a  d i s t i n c t  

s e g r e g a t i o n  of s m a l l  t o  l a r g e  p a r t i c l e s  from t h e  t o p  t o  t h e  bottom l a y e r  f o r  

t h e  unwashed cake. Th i s  i s  made evidenced by t h e  s e p a r a t i o n  of  t h e  cu rves  

f rom one l a y e r  t o  ano the r .  The l a r g e r  t h e  s e p a r a t i o n  of t h e  c u r v e s ,  t h e  more 

s t r u c t u r e d  t h e  cake ,  whi le  t h e  r e v e r s e  i n d i c a t e s  a  homogeneous s t r u c t u r e .  12 1 

When a  s m a l l  amount of d i s t i l l e d  wa te r  (WR = 2 )  i s  used  t o  d r a i n  th rough t h e  

cake ,  no obvious change of t h e  d i s t r i b u t i o n  i s  observed ,  i.e., t h e  cu rves  

remain s e p a r a t e d  as shown i n  F igure  4. However, when t h e  volume of wash 

l i q u o r  i s  i n c r e a s e d  (WR = l o ) ,  t h e  cu rves  seem t o  o v e r l a p  (F igu re  S ) ,  

s u g g e s t i n g  t h a t  l e s s  s e g r e g a t i o n  occurs;  This  i s  s u b s t a n t i a t e d  by t h e  

comparison of t h e  photomicrographs i n  F igu re s  6 and 7. For Cake Dl1 ('VJR = 

l o ) ,  s m a l l  p a r t i c l e s  a r e  s e e n  t o  appear  i n  t h e  bottom l a y e r  of t h e  cake.  The 

same t r e n d  has  been found w i t h  t h e  sur fac tan t -washed  cakes.  For example,  w i t h  

t h e  'same s u r f a c t a n t  c o n c e n t r a t i o n ,  an  i n c r e a s e  i n  t h e  wash r a t i o  l e a d s  t o  

r e l a t i v e l y  less p a r t i c l e  s e g r e g a t i o n  a s  s e e n  i n  F igu re  8 f o r  WR = 2 and F igu re  

9 f o r  WR = 10, bo th  having  a T r i t o n  c o n c e n t r a t i o n  of 250 ppm. 

Moreover, i t  i s  e v i d e n t  from t h e  photomicrographs t h a t  w i t h  a s m a l l  

amount of  wash l i q u o r  (WR = 2) ,  some s m a l l  p a r t i c l e s  a r e  washed down only, t o  

t h e  middle  p o r t i o n  of t h e  cake. But when a  wash r a t i o  of 10 i s  used,  due t o  

t h e  l a r g e  i n c r e a s e  i n  t h e  volume of wash l i q u o r ,  a  l o n g e r  time i s  r e q u i r e d  f o r  

i t  t o  comple te ly  d r a i n  o f f  t h e  cake. Th i s  p rov ides  more c o n t a c t  between t h e  

p a r t i c l e s  and t h e  wash l i q u o r ,  c aus ing  t h e  p a r t i c l e s  t o  be pushed even  f a r t h e r  

down t h e  cake. I n  o t h e r  words, some of t h e  s m a l l  p a r t i c l e s  t h a t  would 

o t h e r w i s e  remain i n  the t o y  l a g e r  o f  the cake a re  a b l e  t o  rcclch t h e  bottom 



l a y e r  . Hence t h e  s e v e r e  s t r a t i f i c a t i o n  e x i s t i n g  i n  unwashed cakes i s  

d e s t r o y e d  and each  l a y e r  now has  more o r  less s i m i l a r  mix ture  of p a r t i c l e s .  

The s t r u c t u r e  of t h e  cake  i s  t h u s  rendered  homogeneous th roughout .  

The log-normal p l o t  of pore  s i z e  d i s t r i b u t i o n  i n  F igu re s  10 and 11 

s u b s t a n t i a t e  t h e  above mentioned arguments. The po re s  a r e  not  s e g r e g a t e d  from 

t h e  t o p  t o  t h e  bot tom l a y e r .  I n s t e a d ,  they  a r e  un i formly  d i s t r i b u t e d  through 

t h e  cake. Th i s  phenomenon has  some bea r ing  on t h e  f i l t r a t i o n l d e w a t e r i n g  

c h a r a c t e r i s t i c s  of t h e  cake ,  as w i l l  be d i s c u s s e d  l a t e r .  

b. P o r o s i t y  

A s  mentioned above, washing causes  the s m a l l  p a r t i c l e s  t o  

l e a v e  t h e  t o p  l a y e r  of t h e  cake.  The re fo re ,  t h e  s p a c e s  fo rmer ly  occupied by 

t h e s e  p a r t i c l e s  are r e p l a c e d  by p o r e s ,  i .e., t h e  narrow openings become 

r e l a t i v e l y .  b igge r .  I n  f a c t ,  a  l o o s e l y  packed s t r u c t u r e  of t h e  t o p  l a y e r  has  

been observed  v i s u a l l y  i n  many washed cakes.  A s  t h e  p o r o s i t y  i s  measured by 

a r e a  f r a c t i o n  pore of t h e  t o t a l  a r e a ,  t h i s  a l t e r a t i o n  i n  t h e  cake s t r u c t u r e  

may w e l l  be q u a n t i f i e d  by t h e  p o r o s i t y  d a t a .  Table  3 l i s t s  t h e  va lues  of 

p o r o s i t y  o b t a i n e d  m i c r o g r a p h i c a l l y  f n r  t h e  Aerosol-OT waohcd cakes .  I t  i s  

wor th  n o t i n g  t h a t  f o r  t h e  same s u r f a c t a n t  c o n c e n t r a t i o n ,  cakes  washed wi th  a  

l a r g e r  volume of wash l i q u o r  (WR = l o ) ,  i n  g e n e r a l ,  g i v e  h i g h e r  p o r o s i t y  t han  

t h o s e  washed w i t h  a  wash r a t i o  of two, p a r t i c ~ ~ l a r l y  f o r  t h e  t o p  l a y e r .  Data 

f o r  t h e Y d i s t i l l e d  w a t e r  and T r i t o n  washed cakes  i n d i c a t e  s i m i l a r  t r e n d .  

e. Surface-vulurne mean s izes  

The cakes  washed w i t h  Aerosol-OT have s m a l l e r  p a r t i c l e  

and po re  surface-volume mean s i z e s  a t  each  l a y e r  when compared t o  o t h e r  cakes  

( s e e  Table  4 ) .  Th i s  i s  a t t r i b u t e d  t o  t h e  f a c t  t h a t  Batch 6 c o a l  has  more 

s m a l l  p a r t i c l e s  and less b i g  p a r t i c l e s  t han  Batch 4 c o a l  a s  mentioned 

above. Also, t h e r e  a r e  v e r y  s l i g h t  changes i n  t h e  po re  s i z e ,  t h e  g r e a t e s t  



b e i n g  less t h a n  1 0  Pm. When t h e  p a r t i c l e  and p o r e  s i z e s  f o r  Aerosol-OT washed 

c a k e  u s i n g  WR=2 i s  c o r r e l a t e d  by t h e  l i n e a r  r e g r e s s i o n  method,  as shown i n  

F i g u r e  12 ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  found t o  be 0.774. I n  t h e  c a s e  of  

T r i t o n  washed c a k e s ,  a wash r a t i o  o f  10  g i v e s  t h e  b e s t  r e s u l t ,  as i l l u s t r a t e d  

i n  F i g u r e  13. (The c o r r e l a t i o n  c o e f f i c i e n t  i s  0.894.) 

d. Geometric-volume mean s i z e  

A l i n e a r  r e l a t i o n s h i p  h a s  been found  t o  e x i s t  between t h e  

g e o m e t r i c  volume mean s i z e s  o f  p a r t i c l e s  and p o r e s  i n  t h e  -32 mesh P i t t s b u r g h  

c o a l  f i l t e r  c a k e s .  ( 3 )  F o r  washed c a k e s  t h e  same r e l a t i o n s h i p  h a s  been 

o b s e r v e d  w i t h  d i s t i l l e d  w a t e r  ( F i g u r e  1 4 ) ,  T r i t o n  X-114 ( F i g u r e s  1 5  and 1 6 ) .  

and  Aerosol-OT ( F i g u r e s  17 and 18)  washed c a k e s .  The d a t a  a r e  p r e s e n t e d  i n  

T a b l e  5. The s l o p e  o f  t h e  s t r a i g h t  l i n e  d e c r e a s e s  f rom F i g u r e s  14 t o  18 ,  

s u g g e s t i n g  t h a t  t h e  r a t e  of  change of  t h e  p o r e  s i z e  w i t h  r e s p e c t  t o  t h e  

p a r t i c l e  s i z e  d i m i n i s h e s .  

2. Amine Cakes 

It h a s  been r e p o r t e d [ ' ]  t h a t  t h e  a d d i t i o n  o f  DAH, a  c a t i o n i c  

c o l l e c t o r ,  t o  t h e  c o a l  s l u r r y  improves  t h e  f i l t r a t i o n / d e w a t e r i n g  

c h a r a c t e r i s t i c  of  t h e  s l u r r y .  Some o f  t h e s e  c a k e s  have been c o n s o l i d a t e d  and 

a n a l y z e d  a d c r o g r a p h i c a l l y .  The r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  6. The d a t a  

are s e e n  t o  be r e p r o d u c i b l e .  There  i s  a t r e n d  o f  i n c r e a s i n g  a p p a r e n t  mean 

p a r t i c l e  s i z e  ( i n d i c a t i n g  f l o c c u t i o n )  w i t h  a n  i n c r e a s e  i n  t h e  amine 

c o n c e n t r a t i o n .  However, a t  a n  e x t r e m e l y  h i g h  c o n c e n t r a t i o n  (2000 ppm), t h e  

a p p a r e n t  mean p a r t i c l e  s i z e  d e c r e a s e s .  

B. 1 0 ~ m C o a l  

Work on t h e  10  u m  c o a l  h a s  been c a r r i e d  o u t .  The wet  ground sample  

was p r o v i d e d  by DOE i n  s e a l e d  p l a s t i c  j a r s  t o  a v o i d  l o s s  of  f i n e s  d u r i n g  

t r a n s p o r t .  P r i o r  t o  e a c h  e x p e r i m e n t a l  r u n ,  t h e  j a r  i s  r o l l e d  v e r y  s l o w l y  o v e r  



a n  e l e c t r i c a l l y - d r i v e n  r o l l e r  f o r  more t han  20 minutes  t o  a s s u r e  proper  mixing 

and un i fo rm c o n c e n t r a t i o n  of  t h e  sample.  

1. Dispersed  P a r t i c l e  S i z e  Ana lys i s  

After t h e  wet c o a l  ha s  been thoroughly  mixed, a sample i s  

withdrawn from t h e  j a r ,  p l a c e d  i n  a  d i s h  and d r i e d  o v e r n i g h t  i n  an  oven. 

C l u s t e r s  of c o a l  p a r t i c l e s  a r e  broken down by means of a  s p a t u l a .  Then t h e  

sample i s  d r i e d  f o r  some more time. Now t h e  sample i s  ready  f o r  a n a l y s i s .  

The d i s p e r s e d  p a r t i c l e  size a n a l y s i s  Iias been c a r r i e d  o u t  on a TASIC PLUS 

image a n a l y z e r  coupled  w l t h  a LEITZ Of thoplan  microscope equipped wi th  

a u t o m a t i c  s t a g e  movement'. The r e s u l t  of t h i s  a n a l y s i s  i s  p l o t t e d  i n  Figure 

19. The surface-volume mean d i ame te r  i s  found t o  be 10 vm. Th i s  i s  p l o t t e d  

a g a i n s t  t h e  mean p a r t i c l e  s i z e  i n  t h e  cake (de te rmined  t o  be 5.4 um), a s  i n  

F i g u r e  20. It can be s e e n  t h a t  t h e  agreement w i t h  t h e  p r e d i c t e d  c o r r e l a t i o n  

i s  q u i t e  good. A s  t h e  p a r t i c l e  s i z e  d e c r e a s e s ,  d e v i a t i o n  of t h e  d i s p e r s e d  

p a r t i c l e  s i z e ,  a s  measured, f rom t h e  mean p a r t i c l e  s i z e  i n  t h e  cake  becomes 

less pronounced. This  i s  probably  due t o  t h e  f a c t  t h a t  s m a l l  p a r t i c l e s  tend  

t o  l o s e  most of t h e  i r r e g u l a r i t i e s  of t h e i r  edges because of r e s o l u t i o n  

l i m i t a t i o n  s o  t h a t  t hey  can  a d e q u a t e l y  be approximated by sphe re s .  It shou ld  

be mentioned h e r e  t h a t  i n  t h e  d i s p e r s e d  p a r t i c l e  s i z e  a n a l y s i s ,  t h e  d i ame te r  

of e a c h  p a r t i c l e  i s  t a k e n  a s  t h e  l o n g e s t  chord c u t  by t h e  boundary of t h e  

p a r e i c l e ,  w h i l e  i n  t h e  a n a l y s i s  of cakes ,  a l l  t h e  chords  c u t  by each  of t h e  

p a r t i c l e s  are used i n  d e t e r m i n i n g  t h e  surface-volume mean s i z e  v i a  t h e  Cahn 

and Fullman technique .  

2. Compres s ib l i t y  of t h e  Cake 

Before p roceed ing  t o  any f i l t r a t i o n / d e w a t e r i n g  exper iment ,  one 

impor t an t  problem t o  c o n s i d e r  i s  t h a t  whether  t h e  cake made up of such  t i n y  

p a r t i c l e s  remains i ncompres s ib l e  under  t h e  chosen o p e r a t i n g  c o n d i t i o n .  Th i s  



, i s  i m p o r t a n t  because  s u b s e q u e n t  c a l c u l a t i o n s  of f i l t r a t i o d d e w a t e r i n g  d a t a  a r e  

based  on  t h i s  r e s u l t .  T h e r e f o r e ,  a s e r i e s  of e x p e r i m e n t s .  were  c a r r i e d  o u t  

u n d e r  d i f f e r e n t  l e v e l s  of a p p l i e d  vacuum (67 - 93 kPa). The r e s u l t s  a r e  

l i s t e d  i n  T a b l e  7. 

XI. Theoretical nodelling (Netvork Uodel) 

A. Adjustment  o f  Model P a r a m e t e r s  

1. Bond-Flow C o r r e l a t i o n  F r a c t i o n  

I n  t h e  l as t  a n n u a l  r e p o r t  [ ' I ,  a newly-developed model p a r a m e t e r ,  t h e  

bond-flow c o r r e l a t i o n  f r a c t i o n  (FRCTN) was i n t r o d u c e d .  Its u s a g e  and  e f f e c t  

on  t h e  r e s u l t i n g  e q u i l i b r i u m  d e s a t u r a t i o n  c u r v e  were  b r i e f l y  d i s c u s s e d .  Some 

r e s u l t s  f o r  t h e  c a s e  o f  p o r e  volumes b e i n g  a s s i g n e d  o n l y  t o  t h e  bonds were -  

a l s o  p r e s e n t e d .  The p a r a m e t e r  FRCTN was s e e n  t o  b e a r  a  g r e a t  i n f l u e n c e  

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

F u r t h e r m o r e ,  i t  was shown t h a t  u s e  of a n  optimum v a l u e  of FRCTN (0.4 f o r  -32 

mesh and 0.0 f o r  -100 + 200 mesh) would y i e l d  a n  e q u i l i b r i u m  d e s a t u r a t i o n  

c u r v e  t h a t  a g r e e s  b e t t e r  w i t h  t h e  e x p e r i m e n t a l  d a t a  t h a n  one h a v i n g  no f l o w  

c o r r e l a t i o n  a t  a l l  (FRTN = 1.0). 

P h y s i c a l l y ,  t h e  bond-flow c o r r e l a t i o n  p a r a m e t e r  p r o v i d e s  f o r  t h e  p r e s e n c e  

of c h a n n e l s  i n  t h e  c o a l  f i l t e r  c a k e s .  I n  f a c t ,  m i c r o g r a p h i c  a n a l y s e s  of some 

o f  t h e  -32 mesh c o a l  f i l t e r  c a k e s  washed w i t h  s o l u t i o n  showed t h a t  some of  t h e  

l a r g e  p o r e s  i n  t h e  bot tom l a y e r  c o n t a i n e d  some m i g r a t e d  small p a r t i c l e s  which 

are n o t  p r e s e n t  i n  unwashed c a k e s  n o r  i n  some o t h e r  l a r g e  p o r e s  i n  t h e  same 

l a y e r .  T h i s  i n d i c a t e s  t h a t  m i g r a t i o n  o f  t h e  small p a r t i c l e s  was n o t  u n i f o r m  

and  i t  i s  t h u s  e n v i s i o n e d  t h a t  t h e r e  may e x i s t  p r e f e r e n t i a l  f l o w s  which a r e  

d e s i g n a t e d  a s  c h a n n e l s . ,  1 4 ]  U n f o r t u n a t e l y ,  no  q u a n t i t a t i v e  measure of t h e s e  

c h a n n e l s  h a s  y e t  been deve loped  s o  t h a t  t h e  value of FRCTN i s  decerrnined o n l y  



by comparing t h e  p r e d i c t e d  d e s a t u r a t i o n  cu rves  w i t h  t h e  expe r imen ta l  curves .  

For  example,  a  comparison of t h e  cu rves  r e v e a l s  t h a t  a  f r a c t i o n  of 0.4 f o r  

bo th  -32 mesh c o a l  ( F i g u r e s  21 t o  26) and -200 mesh c o a l  ( F i g u r e s  27 t o  31) 

and 0.0 f o r  -100 +200 mesh c o a l  ( F i g u r e s  32 t o  35) g i v e  t h e  lowes t  maximum 

d e v i a t i o n  f o r  each  c a s e ,  and a r e  hence cons ide red  t h e  a p p r o p r i a t e  v a l u e s  t o  

u s e  i n  p r e d i c t i n g  t h e  e q u i l i b r i u m  p r o p e r t i e s  of t h e  c o a l  cakes  i n v e s t i g a t e d .  

A smaller v a l u e  of FRCTN f o r  -100 +200 mesh c o a l  a s  compared t o  -32 mesh 

and -200 mesh c o a l s  i m p l i e s  t h a t  t h e r e  a r e  more channe l s  p r e s e n t  i n  t h e  former 

, t h a n  i n  t h e  l a t t e r .  Notc t h a t  the -100 +200 ulesl~ c o a l  i s  i n  a narr6w s i z e  

f rac t ion i n  which t h e r e  are no ve ry  s m a i l  ur ve ry  b i g  p a r t i c l e s .  This  l e a d s  

t o  a  cake  s t r u c t u r e  where in  r e l a t i v e l y  l a r g e  po re s  a r e  un i formly  d i s t r i b u t e d  

t h r o u g h o u t ,  which i n  t u r n  resembles  t h e  aforementioned channels .  On t h e  o t h e r  

hand, t h e  p re sence  of s m a l l  p a r t i c l e s  i n  t h e  -32 mesh c o a l  may b lock  some of , 

t h e  l a r g e  p o r e s  and t h e  c h a n n e l s  which o t h e r w i s e  would have e x i s t e d  a s  i n  t h e  

, - I00 +ZOO mesh coal .  

2. Assignment of Pore  Volume 

I n  a d d i t i o n  t o  t h e  parameter  FRCTN, t h e  t h r e e  op t ions '  of pore volume 

ass ignment  t o g e t h e r  w i t h  t h e i r  p ros  and cons were e l u c i d a t e d  i n  t h e  l a s t  

r e p o r t  : [ ' I  ( a )  a s s i g n i n g  volumes t o  bo th  t h e  bonds and t h e  nodes w i t h  t h e  

a s sumpt ion  t h a t  t h e  volume of  a bond i s  e q u a l  t o  t h e  volume of t h e  s m a l l e r  

a d j a c e n t  node, was found t o  r e s u l t  i n  a  r e l a t i v e l y  low f i n a l  mo i s tu re  

c o n t e n t ;  ( b )  a s s i g n i n g  t h e  volumes o n l y  t o  t h e  hnnds ,  t e n d s  t o  p r e Q i ~ €  s 

r e l a t i v e l y  h i g h  f i n a l  m o i s t u r e  con ten t .  Th i s  o p t i o n  i s  cons ide red  a s  

r e p r e s e n t i n g  on ly  a n  ex t reme c a s e  of volume assignment  and i t s  u s e  i s  l i m i t e d ;  

i t  cannot  p r e d i c t  ve ry  low f i n a l  mois ture  c o n t e n t .  And ( c ) ,  t h e  volume i s  

a s s i g n e d  t o  t h e  bonds and nodes by assuming t h a t  volumes cor responding  t o  

p o r e s  l a r g e r  t han  a  s p e c i f i e d  pore  s i z e  a r e  a s s i g n e d  t o  t h e  nodes. The l a s t  



o p t i o n  i m p a r t s  f l e x i b i l i t y  t o  t h e  e x i s t i n g  model and l e a d s  t o  t h e  way o f  

a c c o u n t i n g  f o r  t h e  p r e s e n c e  of s u r f a c t a n t .  T h i s  had a l s o  been d e l i n e a t e d  and  

e l a b o r a t i o n  w i l l  be  p r e s e n t e d  i n  t h e  n e x t  s e c t i o n .  

A compar i son  o f  t h e  r e s u l t s  o b t a i n e d  r e v e a l e d  t h a t  by k e e p i n g  the o t h e r  

v a r i a b l e s  unchanged and v a r y i n g  o n l y  t h e  method o f  p o r e  volume a s s i g n m e n t ,  

b o t h  o p t i o n s  ( b )  and ( c )  r e s u l t  i n  s i m i l a r  e q u i l i b r i u m  d e s a t u r a t i o n  c u r v e s .  

T h i s  i s  b e c a u s e  f o r  d i s t i l l e d  w a t e r  c a k e s ,  o n l y  a  s m a l l  f r a c t i o n  o f  t h e  t o t a l  

p o r e  volume i s  a s s i g n e d  t o  t h e  nodes .  Y e t  o p t i o n  ( c ) ,  when compared t o  o p t i o n  

( b ) ,  p r o v i d e s  a  more u n i f o r m  e f f e c t  on t h e  c u r v e ,  i . e . ,  i t  i s  n o t  o n l y  t h e  

i n i t i a l  p a r t  of  t h e  c u r v e  t h a t  i s  drawn c l o s e r  t o  t h e  e x p e r i m e n t a l  c u r v e ,  b u t  

i t  i s  t h e  e n t i r e  c u r v e .  

It i s  a l s o  a p p a r e n t  t h a t ,  i n  g e n e r a l ,  t h e  model d o e s  n o t  work as good 

where  f i n e  c o a l ,  s u c h  a s  -200 mesh c o a l  i s  c o n c e r n e d ,  p a r t i c u l a r l y  i n  t h e  

p r e d i c t i o n  o f  t h e  f i n a l  m o i s t u r e  c o n t e n t .  More work i s  t h e r e f o r e  n e c e s s a r y  t o  

a c h i e v e  b e t t e r  r e s u l t s .  

B. E f f e c t  o f  Sur face -Act ive  Agents  on E q u i l i b r i u m  D e s a t u r a t i o n  

As ment ioned  above ,  t h e  e f f e c t  of  s u r f a c e - a c t i v e  a g e n t s  on t h e  

e q u i l i b r i u m  d e s a t u r a t i o n  c h a r a c t e r i s t i c s  o f  t h e  c o a l  c a k e s  h a s  been  a c c o u n t e d  

f o r  i n  t h e  model. It i s  done a s  f o l l o w s .  I n  t h e  L a p l a c e  E q u a t i o n ,  

where  PC i s  t h e  c a p i l l a r y  p r e s s u r e .  The s u r f a c e  t e n s i o n  o f  t h e  f l u i d ,  y, is  

known e x p e r i m e n t a l l y .  The c o n t a c t  a n g l e s  measured a r e  o n l y  r e l a t i v e  v a l u e s  

and c a n n o t  be u s e d  d i r e c t l y  i n  t h e  e q u a t i o n .  D, i s  t h e  c o n t r o l l i n g  o r  e n t r y  

d i a m e t e r  o f  a  p o r e  and  i s  n o t  known e i t h e r .  What i s  measured m i c r o g r a p h i c a l l y  

i s  t h e  e q u i v a l e n t  d i a m e t e r ,  Deq. T h e r e f o r e ,  by t r a n s f o r m i n g  Eq. (11, we have 



where CONST a n  e n t r y  d i ame te r  c o n s t a n t  which combines t h e  e f f e c t  of c o n t a c t  

a n g l e  and t h e  r e l a t i o n s h i p  between t h e  e n t r y  d i ame te r  and t h e  e q u i v a l e n t  

d i ame te r .  Its v a l u e  i s  de te rmined  a s  fo l l ows .  F i r s t ,  t h e  model i s  used t o  

c a l c u l a t e  t h e  c a p i l l a r y ' p r e s s u r e  curve  by u s i n g  expe r imen ta l  y, micrographic  

d i s t r i b u t i o n ,  c o n t a c t  a n g l e  of  0  and CONST as 0.5 ( t h e  same a s  t h a t  used f o r  

d l u t l l l e d  wacee cakes) .  The c a l c u l a t e d  c u r v e s  a r e  t hen  compared wi th '  t h e  

e x p e r i m e n t a l  cu rves .  The c a p i l l a r y  p re5su re  values cor rc3ponding  t o  a 50 

p e r c e n t  s a t u r a t i o n  a r e  c a l c u l a t e d  from these  cu rves  and a r c  g i v e n  i n  Columns 4 

(model)  and 5  ( expe r imen ta l )  of Table  8. Column 6 g i v e s  t h e  r a t i o  of t h e s e  

v a l u e s .  Then i t  i s  assumed t h a t  t h e  e n t r y  d i ame te r  c o n s t a n t  f o r  each  c a s e  

changes  by t h e  same r a t i o  a s  t h o s e  g i v e n  i n  Column 6 ,  s o  t h a t  t h e  new CONST i s  

o b t a i n e d  by m u l t i p l y i n g  0.5 w i t h  t h e s e  r a t i o s ,  a s  l i s t e d  i n  Column 7. 

Using t h e  modi f ied  e n t r y  d i ame te r  c o n s t a n t s ,  t h e  c a p t l l a r y  p r e s s u r e  

c u r v e s  a r e  r e c a l c u l a t e d  w i t h  t h e  c o n t a c t  a n g l e  s t i l l  t aken  a s  0. The r e s u l t s  

a r e  p l o t t e d  ( F i g u r e s  36 through 41) .  It can be s e e n  t h a t  t h e  p r e d i c t e d  cu rves  

a g r e e  w e l l  w i t h  t h e  e x p e r i m e n t a l  curves .  The f i n a l  s a t u r a t i o n  v a l u e s  a r e  a l s o  

i n  good agreement w i t h  t h e  expe r imen ta l  va lues .  Hence i t  i s  obvious t h a t  t h e  

u s e  of  a  modi f ied  e n t r y  d i ame te r  c o n s t a n t  can adequa te ly  account  f o r  t h e  

p r e s e n c e  of s u r f a c t a n t s .  

However, i t  is a l s o  c l e a r  t h a t  i n  o r d e r  t o  e v a l u a t e  t h e  modif ied CONST, 

t h e  e x p e r i m e n t a l  c a p i l l a r y  p r e s s u r e  cu rve  must be a v a i l a b l e .  This  obv ious ly  

makes t h e  u s e  of t h e  model ve ry  l i m i t e d .  The re fo re ,  an  a t t e m p t  h a s  been nade 

t o  c o r r e l a t e  t h e  r e q u i r e d  e n t r y  d i ame te r  c o n s t a n t  w i t h  measured d a t a  o t h e r  

t h a n  t h e  a c t u a l  c a p i l l a r y  p r e s s u r e  curve. These a r e  t h e  s u r f a c e  t e n s i o n ,  Y ,  

of t h e  f l u i d  and t h e  c o n t a c t  a n g l e ,  8. The product  o f  Y and cos  8  ' fo r  each  



c a s e  i s  l i s t e d  i n  column 8 of Table  8 and p l o t t e d  a g a i n s t  t h e  modif ied CONST 

i n  F igure  42. Thus f o r  any new s u r f a c t a n t  cake ,  i f  t h e  product  of  y and cos  8 

i s  known, t h e  va lue  of t h e  modif ied CONST can be ob t a ined  from F igu re  42 and 

t h e  p r e d i c t i o n  of t h e  c a p i l l a r y  p r e s s u r e  cu rve  can be made independent  of t h e  

expe r imen ta l  c a p i l l a r y  p r e s s u r e  curve.  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l t hough  t h e  c o r r e l a t i o n  g i v e n  i n  F igure  

42 has  been developed wi thou t  u s i n g  t h e  d i s t i l l e d  water  c a s e ,  when t h e  product  

o f  t h e  s u r f a c e  t e n s i o n  (72 dynes/cm) and t h e  c o s i n e  o f  t h e  measured c o n t a c t  

a n g l e  (about 100 d e g r e e s )  f o r  d i s t i l l e d  wa te r  i s  used i n  t h i s  f i g u r e ,  t h e  

cor responding  v a l u e  of CONST is  very  c l o s e  t o  0.5, which has  a l r e a d y  been 

o b t a i n e d  by comparing t h e  cu rves .  

N e v e r t h e l e s s ,  t h i s  c o r r e l a t i o n  r e p r e s e n t s  on ly  a  f i r s t  approximation.  

Xore work i s  neces sa ry  i n  o r d e r  t o  de te rmine  t h e  r e a l  shape  o f  t h e  cu rve  and 

t h u s  o b t a i n  a  more r e l i a b l e  c o r r e l a t i o n  

C. Comparison of Equ i l i b r ium F i n a l  S a t u r a t i o n s  

Based on t h e  above d i s c u s s i o n ,  i t  should  be noted t h a t  t h e  f i n a l  

s , : cura t ion  v a l u e s  p r e d i c t e d  by t h e  model depend upon t h e  pore  s i z e  

d i s t r i b u t i o n  and t h e  pore volume assignment .  The bond-flow c o r r e l a t i o n  and 

t h e  e n t r y  d i ame te r  c o n s t a n t  have l i t t l e  e f f e c t ' o n  t h e  f i n a l  s a t u r a t i o n .  

Table  9 p r e s e n t s  a  comparison of t h e  p r e d i c t e d  and t h e  expe r imen ta l  

equ l ib r ium f i n a l  s a t u r a t i o n s  of cakes  f o r  which t h e  e q u i l i b r i u m  ' d e s a t u r a t i o n  

r e s u l t s  have been g iven  p rev ious ly .  In g e n e r a l ,  t h e  p r e d i c t e d  va lues  a g r e e  

' f a i r l y  w e l l  w i t h  t h e  expe r imen ta l  d a t a .  A s  t h e  p r e d i c t i o n  depends p r i m a r i l y  

on t h e  pore s i z e  d i s t r i b u t i o n  and t h e  pore  volume ass ignment ,  i t  can be 

deduced t h a t  t h e  method used i n  t h i s  s t u d y  f o r  t h e  assignment  of pore volume 

among t h e  bonds and t h e  nodes of t h e ' n e t w o r k . g i v e s  r ea sonab le  r e s u l t s .  



D. Pore  S i z e  D i s t r i b u t i o n  Obtained from Dispersed P a r t i c l e  S i z e  

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

A l l  t h e  e q u i l i b r i u m  d e s a t u r a t i o h  r e s u l t s  p r e sen t ed  s o  f a r ,  f o r  d i s t i l l e d  

w a t e r  cakes ,  have been p r e d i c t e d  by u s i n g  a c t u a l  micrographic  pore s i z e  

d i s t r i b u t i o n .  However, i t  h a s  been p r e v i o u s l y  shown[31 t h a t  t h i s  d i s t r u b t i o n  

can  be r e l a t e d  t o  t h e  d i s p e r s e d  p a r t i c l e  s i z e  d i s t r i b u t i o n  through t h e  

f o l l o w i n g  series of  e q u a t i o n s :  

Xgv ( p o r e )  - - 12.051 + 0.548 Xgv ( p a r t . )  

u (po re )  = 0.422 + 0.737 ug- ( p a r t . )  

Xg, ( c ake )  - - 29.33 + 0.303 Xgv ( d i s p . )  ( 5 )  

where t h e  'X' i s  t h e  s i z e ,  t h e  s u b s c r i p t  'gv' i n d i c a t e s  geome t r i c  mean s i z e  

(volume),  'part'. i n d i c a t e s  p a r t i c l e  and 'disp.' i n d i c a t e s  d i s p e r s e d .  'a ' i s  
g  

the geomet r i c  d e v i a t i o n .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  geome t r i c  d e v i a t i o n  v a l u e s  f o r  t h e  

d i s p e r s e d  p a r t i c l e s ,  f o r  t h e  p a r t i c l e s  and f o r  t h e  po re s  i n  t h e  cake  do n o t  

d i f f e r  g r e a t l y  from one a n o t h e r ;  t h e  ave rage  va lue  be ing  2.84. The re fo re ,  f o r  

t h e '  -32 mesh c o a l  d i s t i l l e d  water  cakes ,  a  r e p r e s e n t a t i v e  pore  s l x e  

d i s t r i b u t i o n  can be e s t i m a t e d  from a knowledge of t h e  d ' i spe r sed  p a r t i c l e  s i z e  

d i s t r i b u t i o n  as f o l l o w s :  t h e  d i s p e r s e d  p a r t i c l e  s i z e  d t s t r i b u t i o n  i s  

de t e rmined  f i r s t .  The geomet r i c  mean s i z e  of t h e  p a r t i c l e s  i n  t h e  cakes  i s  

t h e n  e v a l u a t e d  by Eq. (5 )  and t h e  geome t r i c  mean pore  s i z e  f o l l o w s  from Eq. 

(31 . .  With t h i s  and t a k i n g  2.84 a s  t h e  geomet r ic  d e v i a t i o n  of p o r e s ,  a  pore  

s i z e  d i s c r i b r u i o n  c a n  t h u s  e a s i l y  be g e n e r a t e d  u s i n g  t h e  log-normal f u n c t i o n .  

Based on t h e  above d i s c u s s i o n ,  a  r e p r e s e n t a t i v e  pore s i z e  d i s t r i b u t i o n  

f o r  -32 mesh P i t t s b u r g h  c o a l  '(Batch 1 )  has  been computed and r e p r o d u c e d i n  



T a b l e  10. The g e o m e t r i c  mean s i z e  o f  t h e  d i s p e r s e d  p a r t i c l e  t h u s  c a l c u l a t e d  

is  8 4  u m ,  t h a t  o f  p a r t i c l e  i n  t h e  c a k e  i s  54.7 um and t h a t  o f  t h e  p o r e  i s  4 2  

pm. The p o r e  s i z e  d i s t r i b u t i o n  p r e s e n t e d  i n  T a b l e  1 0  h a s  been used t o  

g e n e r a t e  a n  e q u l i b r i u m  d e s a t u r a t i o n  c u r v e ,  which i s  shown i n  F i g u r e  43. The 

agreement  between t h i s  c u r v e  and t h e  e x p e r i m e n t a l  one  i s  good w i t h  a maximum 

a b s o l u t e  d e v i a t i o n  o f  11%. Fur the rmore ,  i t  s h o u l d  be n o t e d  t h a t  t h i s  c u r v e  

a g r e e s  w e l l  w i t h  t h e  p r e d i c t e d  c u r v e  i n  F i g u r e  23., which i s  o b t a i n e d  by u s i n g  

t h e  a c t u a l  m i c r o g r a p h i c  p o r e  s i z e  d i s t r i b u t i o n .  T h e r e f o r e ,  i t  i s  p o s s i b l e  t o  

c a r r y  o u t  t h e  mode l ing  o f  t h e  e q u i l i b r i u m  d e s a t u r a t i o n  p r o c e s s  by employing a  

r e p r e s e n t a t i v e  p o r e  s i z e  d i s t r i b u t i o n ,  which i n  t u r n  i s  o b t a i n e d  f rom t h e  

measurement of t h e  d i s p e r s e d  p a r t i c l e  s i z e  d i s t r i b u t i o n .  Remember t h a t  t h e  

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

On t h e  o t h e r  hand ,  m i c r o g r a p h i c  a n a l y s e s  o f  a  f i l t e r  c a k e  i s  a  t e d i o u s  and 

v e r y  t ime-consuming p r o c e s s .  Consequen t ly ,  i t  makes t h e  model more u s e f u l  and 

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

f i l t e r  c a k e s .  

E. Dynamic O p e r a t i o n  

1. S ing le -Phase  Flow 

The mode l ing  of  s i n g l e - p h a s e  f l o w  is  c h a r a c t e r i z e d  by c a l c u l a t i n g  

s i n g l e - p h a s e  p e r m e a b i l i t i e s .  The c a l c u l a t i o n  t e c h n i q u e  h a s  been  b r i e f l y  

d i s c u s s e d  i n  t h e  p r e v i o u s  r e p o r t .  [ 5 1  F o r  t h e  p r e s e n t  work, a 1 5  x 1 5  x 15  

bond-flow c o r r e l a t e d  ne twork  w i t h  s i m p l e  c u b i c  l a t t i c e ,  i n s t e a d  of a  bond- 

c o r r e l a t e d  ne twork  w i t h  f a c e  c e n t e r e d  c u b i c  l a t t i c e ,  is  used.  The s e t  of  

model p a r a m e t e r s  which g i v e s  t h e  b e s t  r e s u l t s  f o r  e q u i l i b r i u m  d e s a t u r a t i o n  

(FRCTN i s  0.4 f o r  -32 mesh and -200 mesh and i s  0.0 f o r  -100 +200 mesh) h a s  

been used .  The bond a v e r a g e  d i a m e t e r  c o n s t a n t  i s  d e t e r m i n e d  t o  be 0.6. 

F i g u r e  44 d e p i c t s  t h e  compar i soa  between t h e  p r e d i c t e d  and t h e  e x p e r i m e n t a l  



s ing l e -phase  p e r m e a b i l i t i e s  ob t a ined  w i t h  t h e  cor responding  d a t a  l i s t e d  i n  

Table  11. The d o t t e d  l i n e  i n  F igure  44 i s  ob ta ined  by a  l i n e a r  l e a s t  squa re  

f i t .  It h a s  a  s l o p e  of 0.99 (cf  a  s l o p e  of 1.0 f o r  a  p e r f e c t  f i t ) .  The 

c o r r e l a t i o n  c o e f f i c i e n t  i s  0.8. This  c l e a r l y  s u g g e s t s  t h a t  u s i n g  a  bond-flow 

c o r r e l a t e d  network n o t  o n l y  improves t h e  equ l ib r ium d e s a t u r a t i o n  r e s u l t s  bu t  

a l s o  g i v e s  ve ry  good s ing l e -phase  p e r m e a b i l i t y  p r e d i c t i o n s .  

2. Two-Phase Flow 

The two-phase f l ow  behavior  of a c o a l  cake  i s  r e p r e s e n t e d  by 

s a t u r a t i o n  v e r s u s  t ime  cu rves .  Due t o  t h e  l a r g e  computing t ime r equ i r emen t s ,  

t h e  model dimensions used are 10 x 10 x  10. Agatn, a bond-flow c a r r e l a t c d  

network w i t h  a  s imp le  c u b i c  l a t t i c e  has  been employed t o g e t h e r ,  w i th  t h e  

optimum model parameters .  Two methods have been used i n  t h i s  work t o  s i m u l a t e  

t h e s e  cu rves .  

a .  Method 1 (Dynamic c a l c u l a t i o n )  

Procedure:  

(1) For  a  g i v e n  cake t h e  network i s  gene ra t ed  and t h e  s i n g l e  phase 

f l ow  r a t e  i s  c a l c u l a t e d .  X r e l a t i v e  f l ow  r a t e  of wa te r  i s  

d e f i n e d  a s  t h e  r a t i o  of t h e  water  f low r a t e  a t  t h e  e x i t  f a c e  

of t h e  p a r t i a l l y  d e s a t u r a t e d  network t o  t h a t  of t h e  f u l l y  

s a t u r a t e d  network. 

( 2 )  Water i n  t h e  f r o n t  f a c e  nodes i s  d i s p l a c e d  and a  new 

s a t u r a t i o n  v a l u e  is c a l c u l a t e d .  P r e s s u r e  d i s t r i b u t i o n  a t  a l l  

t h e  nodes are e v a l u a t e d  by a  mass ba lance  a t  each  node. The 

d r i v i n g  f o r c e  a c r o s s  a  bond whose one end has  been invaded by 

a i r  i s  reduced by an  amount e q u a l  t~ t h e  c a p i l l a r y  p r e s s u r e  of 

t h a t  bond. Then new v a l u e s  of e x i t - f a c e  water  f low r a t e  and 

r e l a t i v e  f l o w  r a t e  a r e  determined.  



( 3 )  The bonds c o n n e c t e d  t o  t h e  nodes  invaded  by a i r  a r e  l o c a t e d .  

The d r i v i n g  f o r c e  i s  now e q u a l  t o  t h e  p r e s s u r e  a t  t h e  i n v a d e d  

node minus t h e  p r e s s u r e  a t  t h e  o t h e r  node and  t h e  c a p i l l a r y  

p r e s s u r e .  The bond which r e q u i r e s  t h e  l e a s t  t i m e  i s  d i s p l a c e d  

and  new v a l u e s  f o r  s a t u r a t i o n ,  p r e s s u r e s ,  and r e a l t i v e  f l o w  

r a t e s  a r e  c a l c u l a t e d .  

( 4 )  S t e p  3 i s  r e p e a t e d  u n t i l  no bond c a n  be d i s p l a c e d .  

( 5 )  The r e l a t i v e  f low-  rates are c o n v e r t e d  t o  f l o w  r a t e  d a t a ,  which 

i n  t u r n  i s  i n t e g r a t e d  w i t h  t h e  s a t u r a t i o n  v a l u e s  t o  y i e l d  t h e  

r e q u i r e d  t i m e  v e r s u s  s a t u r a t i o n  d a t a ,  v i z . ,  d e w a t e r i n g  c u r v e .  

b. Method 2  (Using t h e  f i l e s  o f  p a t h s )  

T h i s  method i s  e s s e n t i a l l y  t h e  same a s  t h a t  r e p o r t e d  

p r e v i o u s l y .  I 3 ]  B a s i c a l l y ,  i t  i s  assumed t h a t  t h e  p a r t i a l l y  d e s a t u r a t e d  s t a t e s .  

o f  t h e  ne twork  d u p i n g  d e w a t e r i n g  can b e . a p p r o x i m a t e d  by s u c c e s s i v e  e q u l i b r i u m  

s t a t e s .  

F i g u r e s  45 t h r o u g h  48 i l l u s t r a t e  a  compar i son  of  t h e  model c a l c u l a t e d  

d e w a t e r i n g  c u r v e s  w i t h  t h e  e x p e r i m e n t a l  c u r v e s  f o r  -32 mesh and F i g u r e  4 9  f o r  

-100 +200 mesh c o a l  f i l t e r  c a k e s .  I t  is  a p p a r e n t  t h a t  Xethod 1  g i v e s  a b e t t e r  

ag reement  of  t h e  r e s u l t s  w i t h  t h e  e x p e r i m e n t a l  c u r v e s  t h a n  Method 2. The' 

m a j o r  d i f f e r e n c e s  be tween t h e  two methods are summarized a s  f o l l o w s .  

I n  Method 1 ,  dynamic c a l c u l a t i o n s  a r e  performed and t h e  d e w a t e r i n g  o f  t h e  

ne twork  i s  c a r r i e d  o u t  one bond a t  a  t ime .  I n  Method 2 ,  t h e  d e w a t e r i n g  i s  

r e p r e s e n t e d  by s u c c e s s i v e  e q u i l i b r i u m  states and  t h e r e . f o r e  t h e  d e w a t e r i n g  
. . 

c a l c u l a t i o n s  a r e  o n l y  approx imate .  I n  Method 1 ,  t h e  d r i v i n g  f o r c e  i s  one  s t e p  

whereas  i n  Method 2 ,  i t  i s  a p p l i e d  i n  i n c r e m e n t s .  I n  Xethod 1 ,  t h e  bond which 

t a k e s  t h e  l e a s t  t i m e  t o  empty o u t  i s  e m p t i e d  f i r s t  w h i l e  i n  Method 2 ,  i t  i s  

t h e  bond w i t h  t h e  l a r g e s t  d i a m e t e r  t h a t  i s  empt ied  f i r s t .  



Method 1 is obviously more precise than Method 2 but it requires 

significantly greater computing time. For -32 mesh coal cakes, Method 1 gives 

dewate ring curves which are in good agreement with the experimental curves. 

However, this is not so for the -100 +ZOO mesh cakes (Figure 49). This can be 

attributed to the fact that this filter cake has a high single-phase 

permeability and as such the experimental curve obtained is not as accurate as 

that obtained with other size fractions. Moreover, the dewatering curves for 

-100 +ZOO mesh coal are not enough. Therefore, more work is needed in this 

area. 

F. Use of the Model for Other Coals 

  is cuss ions in -the previous sections show that the network model 

presented can successfully predict the filtratlon/dewatering characteristics 

of certain size fractions of Pittsburgh Coal. Question arises as to how the 

model works with other types of coal. Hence the model has been used to 

predict the equilibrium desaturation of a -30 mesh Betteshanger coal, the 

capillary pressure curves of which have been reported by .Gray. [ 6 1  The pore 

size distribution employed is that of Table 10, since the distribution for the 

aforementioned coal sample is not available. The results are plotted in 

Figure 50. It should be noted that the agreement between the calculated and 

the.experimenta1 curves is good, indicating that the model can in fact be used 

for coals other than Pittsburgh coai. However, the agreement is not as good 

as that obtained for Pittsburgh coal. It is speculated that a stronger bond- 

flow correlation is needed in this case. 



A. -32 Mesh Coal 

1. Washing Experiments 

As mentioned in the first section of this report, in addition to the 
. * 

distilled water and Triton X-114, Aerosol-OT has been employed to wash the 

distilled water cakes formed under similar conditions. The results are listed 

in Table 12, including the data for the other wash liquor for comparison. It 

is clear that washing the cake with distilled water does not change its 

desaturation character is ti.^, but with a surfactant solution such as 250 ppm of 

Triton X-114 with WR =.lo, a final moisture content of as low as 0.1 (versus a 

value of about 0.25 for unwashed cake) has been registered. Increasing the 

concentration beyond this point, however, does not effect further desaturation' 

of the cake. In the case of Aerosol-OT, the optimum concentration is found to 

be 100 ppm with WR = 10. Apparently, a wash ratio of 10 consistently gives 

better dewatering results than a wash ratio of two. The effect of washing may 

be due to two factors. First, washing small particles into preferential flow 

paths (channels) reduce both single and two phase permeabilities of the filter' 

cake, but increases the homogeneity of the two phase displacement. It is the 

increase in homogeneity that impr'oves displacement efficiency leading to a 

lower residual saturation. Secondly, the surfactant changes the surface 

properties of the coal and thus results in a reduction of capillary forces and 

the final moisture content. 

2. Adsorption Isotherm 

a. Triton X-114 

It has been previously reported. that the adsorption isotherm of 

Triton X-114 on the Pittsburgh coal (6% ash) consists of three distinct 

regionsL5]. However, when the same surfactant vai tested on Upper Freeport 



c o a l  (35% a s h ) ,  t h e  e x i s t e n c e  of a  t h i r d  r e g i o n  has  no t  been d e t e c t e d .  (See 

F i g u r e  51.) This  i n d i c a t e s  t h a t  hemi -mice l l e  fo rma t ion  occu r s  i n  Region I1 

and a s s o c i a t i o n  w i t h  t h e  hydrocarbon c h a i n s  h a s  become t h e  p r e v a i l i n g  

mechanism f o r  Upper F r e e p o r t  Coal. On t h e  o t h e r  hand, hemi-mice l le  fo rma t ion  

may have  occu r r ed  t o  a  lower e x t e n t  i n  Region I1 of P i t t s b u r g h  c o a l ,  a s  

ev idenced  by a  lower  s l o p e  of t h e  i so the rm and t h u s  a s s o c i a t i o n  between 

hydrocarbon  c h a i n s  b e g i n s  a t  a much h i g h e r  c o n c e n t r a t i o n ,  a f t e r  t h e  fo rma t ion  

o f  t h e  monolayer. Moreover, i t  i s  e v i d e n t  t h a t  t h e  h i g h  a s h  c o a l  has  a  

g r e a t e r  a d s o r p t i o n  of t h e  s u r f a c t a n t  except; a t  very  low dosages. Hcncc, 

r e a g e n t , c o n s u m p t i o n  f o r  Upper F reepor t  c o a l  i s  expec ted  t o  be a l o t  more than  

t h a t  f o r  P i t t s b u r g h  c o a l .  

L e t  u s  now examine t h e  f r e e  energy  cu rve  ( F i g u r e  52) f o r  T r i t o n  X-114 on 

Upper F r e e p o r t  c o a l .  Two d i s t i n c t  r e g i o n s  a r e  observed ,  which cor respond 

f a v o r a b l y  w i t h  t h e  a d s o r p t i o n  i so the rm under  t h e  same c o n d i t i o n s .  I n  t h e  

f i r s t  r e g i o n ,  t h e  d e c r e a s e  i n  t h e  n e g a t i v e  f r e e  energy  has been a t t r f h i r t c d  in 

t h e  l i t e r a t u r e  [ 7 1  t o  t h e  i n t e r a c t i o n  of t h e  CH2 groups ,  a s  sugges t ed  

ear lie^. I n  t h i s  r e g i o n ,  t h e  Van d e r  Waals a t t r a c t i v e  f o r c e s  a r e  l a r g e  

compared t o  t h e  c a t i o n i c  r e p u l s i o n  of t h e  head groups.  A s  hemi-micelle 

f o r m a t i o n  beg ins ,  t h e  f r e e  energy  should  be c o n s t a n t ,  a s  d e s c r i b e d  by 

~ u e r s r e n a u ~ ~ ] ,  s i n c e  a d s o r p t i o n  i s  now o c c u r r i n g  on a  new s u r f a c e :  one of 

hydrocarbon  cha ins .  The absence  of a f l a t  r e g i o n  i n  F igu re  52 i n d i c a t e s  t h a t  

t h e  hemi-micel le  fo rma t ion  is  r a p i d ,  p r e v e n t i n g  t h e  format ion  of a r eg ion  of  

c o n s t a n t  f r e e  energy.  Th i s  f u r t h e r  d e c r e a s e  i n  t h e  n e g a t i v e  f r e e  energy  a t  

h i g h e r  c o n c e n t r a t i o n s  i s  a t t r i b u t e d  i n  t h e  l i t e r a t u r e  [I7] t o  a d s o r p t i o n  i n  t h e  

b i i a y e r ,  a s  a d s o r p t i o n  s i t e s  a r e  exhaus ted .  The r e v e r s e  o r i e n t a t i o n  

c o n t r i b u t e s  t o  an i n c r e a s e  i n  f r e e  energy of t h e  sys tem ( i . e . ,  a  d e c r e a s e  i n  

t h e  n e g a t i v e  f r e e  ene rgy ) .  This  i s  e v i d e n t  a t  h i g h e r  c o n c e n t r a t i o n s .  The 



change i n  t h e  e x c e s s  f r e e  e n e r g y  o f  5-7 k c a l / g  mole i s  t y p i c a l  o f  p h y s i c a l  

a d s o r p t i o n .  No f u r t h e r  a t t e m p t  was made i n  t h i s  i n v e s t i g a t i o n  t o  examine t h e  

f r e e  e n e r g y  c h a r a c t e r i s t i c s  of t h e  r e a g e n t s  as t h e y  were  c a l c u l a t e d  v a l u e s  

f rom a d s o r p t i o n  d a t a  and n o t  measured i n d e p e n d e n t l y .  

3. Zeta P o t e n t i a l  C h a r a c t e r i s t i c s  

F i g u r e  53 r e p r e s e n t s  t h e  e l e c t r o k i n e t i c  c h a r a c t e r i s t i c s  of t h e  

n o n i o n i c  s u r f a c t a n t  T r i t o n  X-114. It i s  a p p a r e n t  t h a t  t h e  IEP i s  r e a c h e d  a t  a 

r e l a t i v e l y  low e q u i l i b r i u m  c o n c e n t r a t i o n  o f  t h e  s u r f a c t a n t ,  a f t e r  which t h e r e  

i s  v i r t u a l l y  no change i n  t h e  z e t a  p o t e n t i a l  v a l u e ,  T h i s  i n d i c a t e s  t h a t  t h e  

c h a r g e  i n  t h e  S t e r n  l a y e r  i s  q u i c k l y  a l t e r e d  w i t h  - t h e  rep lacement  of ' t h e  

c o u n t e r - i o n s  by t h e  uncharged  s u r f a c t a n t  i o n s .  A n o n i o n i c  c h a r a c t e r  i s  t h u s  

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

p a r t i c l e .  T h e r e f o r e ,  i t  i s  deduced t h a t  i f  a n o n i o n i c  r e a g e n t  h a s  a d s o r b e d  on  

a c o l l o i d  t o  t h e  e x t e n t  o f  a  monolayer and i f  t h e  n o n i o n i c  r e a g e n t  i s  a l s o  

p redominan t  i n  t h e  b u l k  p h a s e ,  t h e  r e s u l t i n g  z e t a  p o t e n t i a l  would be c l o s e  t o  

t h e  I E P [ ~ ~ .  N e v e r t h e l e s s ,  t h e r e  i s  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  i n  t h e  

l i t e r a t u r e  a b o u t  t h e  a d s o r p t i o n  o f  n o n i o n i c  r e a g e n t s  w i t h  t h e i r  e f f e c t  on  t h e  

c o l l o i d  s t a b i l i t y  and much remains  t o  b e ' e x p l o r e d  i n  t h i s  a r e a .  

On t h e  o t h e r  hand,  t h e  n o n i o n i c  f r o t h e r ,  MIBC, e x h i b i t s  a d i f f e r e n t  

b e h a v i o r .  A s  shown i n  F i g u r e  54, t h e r e  is  o n l y  l i t t l e  v a r i a t i o n  i n  t h e  z e t a  

p o t e n t i a l  as t h e  MIBC c o n c e n t r a t i o n  is  i n c r e a s e d .  The s l i g h t  d e c r e a s e  i n  t h e  

n e g a t i v e  z e t a  p o t e n t i a l  a t  a  h i g h  c o n c e n t r a t i o n  h a s  been a t t r i b u t e d  m a i n l y  t o  

- a s m a l l  i n c r e a s e  i n  p a r t i c l e  s i z e .  It a p p e a r s  t h a t  u n l i k e  t h e  n o n i o n i c  

s u r f a c t a n t ,  T r i t o n  X-114, t h e  n o n i o n i c  f r o t h e r  M I B C  d o e s  n o t  n e u t r a l i z e  t h e  

. c h a r g e  i n  t h e  S t e r n  l a y e r .  Moreover, i t  h a s  been o b s e r v e d  t h a t  a v e r y  l o n g  

t i m e  is  needed f o r  MIBC t o  be a d s o r b e d  on c o a l ,  which i m p l i e s  t h a t  M I B C  

m o l e c u l e s  do n o t  a p p r o a c h  t h e  d o u b l e  l a y e r  of t h e  c o a l  p a r t i c l e s  q u i c k l y  



enough t o  r e p l a c e  t h e  counter - ions  i n  t h e  S t e r n  p l a n e ' a n d  hence t h e  r e l a t i v e l y  

l i t t l e  e f f e c t  on t h e  z e t a  p o t e n t i a l .  Campbell and Sun [ Io1  have a l s o  r e p o r t e d  

v e r y  l i t t l e  change i n  t h e  z e t a  p o t e n t i a l  f o r  M I B C  a d s o r p t i o n  on c o a l .  Klassen 

and Nokronsov I l l 1  s t a t e  t h a t  from t h i s  i n s i g n i f i c a n t  change i n  t h e  z e t a  

p o t e n t i a l ,  i t , i s  d i f f i c u l t  t o  s a y  w i t h  any c e r t a i n t y  whether  o r  no t  a d s o r p t i o n  

of a l c o h o l s  on t h e  c o a l  s u r f a c e  has  t aken  p l ace .  Our d a t a  s o  f a r  i n d i c a t e s  

t h a t  a  s h o r t  c o n t a c t  time h a s  no b e a r i n g  on t h e  e l e c t r o k i n e t i c  p r o p e r t i e s  a s  

i t  t a k e s  a  l o n g  time f o r  MIBC t o  be adsorbed  on c o a l .  

4,  W e t t a b i l i t y  Characteristics of Reagents  

F i g u r e s  55 and 56 dep ic t :  the v a r i a t i o n  of s o n t a e t  ong lc  w i t h  t h e  

c o n c e n t r a t i o n  of Accoal-Floc 1201/Tr i ton  X-114 combinat ion and DAH, 

r e s p e c t i v e l y .  Apparen t ly ,  t h e y  show s i m i l a r  t r e n d  a s  Aerosol-OT and T r i t o n  X- 

114. There  i s  a  p l a t e a u  fo l l owed  by a  d e c l i n e  i n  t h e  c o n t a c t  ang le  va lues  a s  

t h e  r eagen t  c o n c e n t r a t i o n  i s  i n c r e a s e d .  

I n  f a c t ,  a q u a l i t a t i v e  es t i m a t e  of t h e  r e l a t i o n s h i p  between t h e  c o n t a c t  

a n g l e  v a l u e s  and t h e  w e t t a b i l i t y  of t h e  r eagen t  can be ob t a ined  by 

implementing t h e  method sugges t ed  by Zisman, e t  a1 . [12] .  According t o  them, a 

p l o t  o f  yLV v e r s u s  cos0  cou ld  be e x t r a p o l a t e d  t o  t h e  va lue  f o r  c o s e  = 1  

' ( i n d i c a t i n g  complete  w e t t i n g ) ,  a t  which t h e  s u r f a c e  t e n s i o n  i s  termed 

" c r i t i c a l  s u r f a c e  t e n s i o n , "  Y,. A typi.ca1 p l o t  i s  presented f o r  MIBC i n  

F i g u r e  57.  It i s  c l e a r  t h a t  t h e  lower t h e  yC v a l u e ,  t h e  less w e t t i n g  i s  t h e  

r e a g e n t .  The same a n a l y s i s  h a s  no t  been made f o r  t h e  o t h e r  r e a g e n t s  because 

of l a c k  of d a t a  p o i n t s  a t  low s u r f a c e  t e n s i o n  v a l u e s  and e x t r a p o l a t i o n  i s  

s u b j e c t  t o  e r r o r .  

At a  c o n s t a n t  v a l u e  of  YLV,  t h e  lower ing  of t h e  s o l i d - l i q u i d  i n t e r f a c i a l  

t e n s i o n ,  ySL, i s  d i r e c t l y  r e l a t e d  t o  t h e  e x t e n t  of a d s o r p t i o n  of t h e  l i q u i d  on 

t h e  s o l i d  phase.  A t  a  p a r t i c u l a r  va lue  of yLV, d i f f e r e n t  r e a g e n t s  may adso rb  



d i f f e r e n t l y  and y i e l d  d i f f e r e n t  'YLV v a l u e s  [13] .  s i n c e  i t  i s  d i f f i c u l t  t o  

e x p e r i m e n t a l l y  d e t e r m i n e  ySL, a n  e l e g a n t  and d i r e c t  a p p r o a c h  h a s  .been  

d e v e l o p e d  by Lucassen-Reynders [ I 4 ]  t o  r e l a t e  w e t t a b i l i t y  t o  a d s o r p t i o n .  By 

combining t h e  Gibbs' A d s o r p t i o n  e q u a t i o n  and  t h e  Young-Dupre r e l a t i o n ,  i t  c a n  

be  shown t h a t  

where TSV, TSL a n d  TLV are t h e  s u r f a c e  e x c e s s  of  a d s o r p t i o n  ( e s s e n t i a l l y  t h e  

e x t e n t  of  a d s o r p t i o n )  a t  t h e  r e s p e c t i v e  i n t e r f a c e s .  For a d s o r p t i o n  of  

r e a g e n t s  on c o a l ,  T~~ c a n  be c o n s i d e r e d  n e g l i g i b l e .  The i n t e g r a t e d  form of  

E q u a t i o n  6 i n d i c a t e s  t h a t  a p l o t  o f  yLV C O S ~  v e r s u s  yLV s h o u l d  b e  a  s t r a i g h t  

l i n e  w i t h  a  s l o p e  of  ( - T ~ ~ / T ~ ~ ) .  T h i s  is  a n  i n d i r e c t  measure  of t h e  r e l a t i v e  

amount o f  a d s o r p t i o n  a t  t h e  r e s p e c t i v e  i n t e r f a c e s ' ,  which i n  t u r n  r e p r e s e n t s  

t h e  w e t t i n g  b e h a v i o r  o f  t h e  r e a g e n t s .  

F i g u r e  58 i s  a  p l o t  of YLV C O S ~  v e r s u s  yLV f o r  Aerosol-OT. The d a t a  

a r e  s e e n  t o  be f i t t e d  by two s t r a i g h t  l i n e s  o f  d i f f e r e n t  s l o p e s .  For  lower  

s u r f a c t a n t  c o n c e n t r a t i o n s  ( h i g h e r  yLV),  t h e  a d s o r p t i o n  i s  much g r e a t e r ,  a s  

i n d i c t e d  by t h e  s t e e p e r  s l o p e  of  t h e  l i n e .  It c a n  a l s o  be  s e e n  t h a t  t h e r e  is  

h a r d l y  any  i n c r e a s e  i n  t h e  amount of  a d s o r p t i o n  when yLV i s  below 42  rnN/M. 

T h i s  v a l u e  c o r r e s p o n d s  t o  a n  i n i t i a l  c o n c e n t r a t i o n  o f  a b o u t  6 x 10'~ m f  f o r  

Aerosol-OT, which i n  t u r n  c o r r e s p o n d s  t o  a n  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  1-4  x 

mf . T h i s  i s  a p p r o x i m a t e l y  t h e  c o n c e n t r a t i o n  a t  which monolayer  f o r m a t i o n  

o c c u r r e d .  

The same argument  i s  v a l i d  f o r  t h e  o t h e r  r e a g e n t s  s t u d i e d .  (See  F i g u r e s  

5 9  t h r o u g h  61.) ,The "b reak  p o i n t "  i n  t h e  method of  s l o p e s  c o r r e s p o n d s  c l o s e l y  . . 

t o  t h e  c o n c e n t r a t i o n  f o r  monolayer f o r m a t i o n  a s  r e a d  f rom t h e .  r e s p e c t i v e  



i so the rms .  Th i s  i s  q u i t e  remarkable ,  c o n s i d e r i n g  t h a t  t h e  c o n t a c t  a n g l e s  

measured a r e  no t  t h e  t r u e  but o n l y  t h e  r e l a t i v e  va lues .  Hence w e  come t o  t h e  

i n t e r e s t i n g  c o n c l u s i o n  t h a t  t h e  c o n t a c t  a n g l e  measurement i s  a n o t h e r  way of 

c o r r o b o r a t i n g  r e s u l t s  f rom t h e  a d s o r p t i o n  exper iments  and t h a t  t h e  a d s o r p t i o n  

i n f l u e n c e s  t h e  w e t t a b i l i t y  of r e a g e n t s  i n  a  complex manner. 

It may be r e c a l l e d  t h a t  t h e  a d s o r p t i o n  i so the rm of t h e  f l o c c u l a n t  i s  

l i n e a r  [ I 1  and a s  such ,  does  no t  p rovide  a  d i r e c t  i n d i c a t i o n  of t h e  p o i n t  of 

monolayer fo rma t ion .  Nonethe less ,  from t h e  method of s l o p e s  j u s t  d i s c u s s e d ,  

t h i s  p o i n t  h a s  been e s t i m a t e d  t o  be a t  yLV = 47 mN/M, cnrresporrding t o  a 

c o n e c n t r a t i o n  of 1.3 x 10-lo mf o r  an a d r o r p r l u u  d r n s l t y  of  2.6 x '10-l1 

gmolelgm. 

I n  t h e  c a s e  of T r i t o n  X-114, however, because of t h e  e x c e s s i v e  w e t t i n g  a t  

h i g h  c o n c e n t r a t i o n s ,  a s  i n d i c a t e d  by a  c o n t a c t  a n g l e  va lue  of S O ,  t h e  above 

a n a l y s i s  cannot  be c a r r i e d  o u t  s a t i s f a c t o r i l y .  

5. F i n a l  Moisture  Content  

a. T r i t o n  X-114 

The  a d s o r p t i o n  of noriiollic surfacLarit T r i t o n  X-114 on t h e  h igh  a s h  

Upper F r e e p o r t  c o a l  and t h e  r e l a t i v e l y  c l e a n  P i t t s b u r g h  c o a l  r e v e a l s  s t r i k i n g  

d i f f e r e n c e s  (F igu re  51). A comparison of t h e  r e l a t i v e  lowering of t h e  

m o i s t u r e  c o n t e n t  f o r  t h e  same e q u i l i b r i u m  c o n c e n t r a t i o n  i n  s o l u t i o n  i s  

r e v e a l i n g .  A t  an e q u i l i b r i u m  c o n c e n t r a t i o n  of  on ly  3 x  1 0 ' ~  mf, t h e  f i n a l  

m o i s t u r e  c o n t e n t s  a r e  comparable but  as t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  i s  

i n c r e a s e d ,  P i t t s b u r g h  c o a l  e x h i b i t s  lower mo i s tu re  c o n t e n t  by a t  l e a s t  two 

p e r c e n t a g e  p o i n t s .  A t  t h e  same time, t h e  s u r f a c t a n t  a d s o r p t i o n  on t h e  

F r e e p o r t  c o a l  i s  g r e a t e r  t han  t h a t  on t h e  P i t t s b u r g h  c o a l  a t  a  g iven  

e q u i l i b r i u m  c o n c e n t r a t i o n .  This  i n d i c a t e s  t h a t  t h e  c l e a n  c o a l ,  i.e. 

P i t t s b u r g h  c o a l ,  adso rbs  less and y e t  reduces t h e  mois ture  by a  g r e a t e r  e x t e n t  



( t h e  mo i s tu re  c o n t e n t  f o r  cakes  formed w i t h  d i s t i l l e d  wa te r  a r e  comparable f o r  

b o t h  t ypes  of  c o a l ,  around 0.24 kg water /kg  c o a l ) .  Hence t h e  P i t t s b u r g h  seam 

c o a l  can be cons ide red  t o  be s u p e r i o r  t o  t h e  Upper F r e e p o r t  c o a l  i n  terms of 

a d s o r p t i o n  and dewater ing  c h a r a c t e r i s t i c s .  

b. Aerosol-OT 

F i g u r e s  63  and 64 b r i n g  o u t  t h e  v a r i a t i o n  o f . m o i s t u r e  c o n t e n t  f o r  

Aerosol-OT w i t h  r e s p e c t  t o  t h e  a d s o r p t i o n  i s o t h e r m  and s u r f a c e  t e n s i o n  

c h a r a c t e r i s t i c s .  It can be observed from F igu re  63  t h a t  t h e  cor respondence  

between t h e  a d s o r p t i o n  i so the rm and t h e  mo i s tu re  c o n t e n t  r e g i o n s  i s  good. I n  

Region I ,  t h e  mo i s tu re  con ten t  d e c r e a s e s  g r a d u a l l y  to' about  0.165 kg water /kg  

c o a l .  I n  t h i s  range of c o n c e n t r a t i o n ,  t h e  s u r f a c e  t e n s i o n  d e c r e a s e s  by about  

9 mU/X (from 65 m N / M  t o  56 mN/M). According t o  t h e  a d s o r p t i o n  model proposed 

f o r  Aerosol-OT, t h e  molecule  has  a  f l a t  c o n f i g u r a t i o n  a t  low d e n s i t y ,  which 

does  n o t  a l t e r  t h e  hydrophobic n a t u r e  of t h e  c o a l  s u r f a c e .  Hence, t h e  

d e c r e a s e  i n  mo i s tu re  c o n t e n t  i n  t h i s  c a s e  must be p r i m a r i l y  due t o  a  d e c r e a s e  

i n  s u r f a c e  t e n s i o n .  

I n  Region 11, t h e r e  i s  a  s t e e p e r  d e c r e a s e  i n  mo i s tu re  c o n t e n t ,  from 0.165 . 

kg water /kg  c o a l  t o  0..125 kg water /kg  c o a l  f o r  a  s m a l l e r  change i n  e q u i l i b r i u m  

c o n c e n t r a t i o n .  I n  t h i s  r eg ion ,  t h e  s u r f a c e  t e n s i o n  dec reased  from 56 m N / M  t o  

about  45 mN/M. Also, by t h e  a d s o r p t i o n  model, t h e  molecule  w i l l  adop t  a n  L' 

c o n f i g u r a t i o n  t o  accommodate more incoming molecules .  Th i s  w i l l  expose .one 

hydrophobic  t a i l  group towards t h e  aqueous phase ,  r e n d e r i n g  t h e  c o a l  s u r f a c e  

hydrophobic.  The combined e f f e c t  of a  d rop  i n  s u r f a c e  t e n s i o n  and a  f a v o r a b l e  

o r i e n t a t i o n  c o n t r i b u t e s  t o  t h e  d e c r e a s e  i n  mo i s tu re  c o n t e n t .  

I n  Region 111, t h e  mois ture  con ten t  i n c r e a s e s  t o  about  0.17 kg water /kg 

c o a l  a f t e r  r e g i s t e r i n g  a  low va lue  of 0.125 kg water /kg  c o a l .  This  i s  a  

s u r p r i s i n g  r e s u l c  s l n c e  s u r f a c e  t e n s i o n  c o n t i n u e s  C D  d e c r e a s e  from 45 m N / M  t o  



abou t  36 mN/M. F u r t h e r ,  t h e  a d s o r p t i o n  model p r e d i c t s  t h a t  t h e  c o a l  s u r f a c e  

s h o u l d  be r ende red  more hydrophobic  a f t e r  monolayer coverage has  o c c u r r e d ,  due 

t o  molecules  a d s o r b i n g  i n  r e v e r s e d  o r i e n t a t i o n .  A l i k e l y  e x p l a n a t i o n  f o r  t h i s  

a p p a r e n t  i n c o n s i s t e n c y  i n  a n a l y s i s  cou ld  be due t o  t h e  u n c e r t a i n t y  i n  

d e t e r m i n i n g  t h e  p o i n t  of e x a c t  monolayer coverage.  It i s  p o s s i b l e  t h a t  

monolayer coverage  h a s  a l r e a d y  t aken  p l a c e  b e f o r e  r each ing  t h e  e q u i l i b r i u m  

c o n c e n t r a t i o n  a t  which m o i s t u r e  c o n t e n t  i n c r e a s e s  a g a i n ,  and no t  a s  shown i n  

t h e  f i g u r e  f o r  t h e  a d s o r p t i o n  i so the rm (F igu re  63).  It h a s  been w e l l  

documented i n  t h e  l i t e r a t u r e  [ l S s  l 6 I  t h a t  a t  h i g h  c o n c e n t r a t i o n s  of Aerosol- 

OT, a d s o r p t i o n  w i l l  un favo rab ly  a f f e c t  t h e  hyd rophob ic i t y ,  espec ia l ly  as 

b i l a y e r  ( o r  hemi-micel le)  a d s o r p t i o n  t a k e s  p l a c e  on c o a l  p a r t i c l e  s u r f a c e .  

Hence, i t  must b e  conc luded  t h a t  t h e  d e c r e a s e  i n  hyd rophob ic i t y  ( a l s o  implying 

a  s h a r p  d e c r e a s e  i n  c o n t a c t  a n g l e )  due t o  a d s o r p t i o n  must be r e s p o n s i b l e  f o r  

t h e  i n c r e a s e  i n  m o i s t u r e  c o n t e n t .  This  e f f e c t  must be predominant enough t o  

o f f s e t  t h e  d e c r e a s e  r e g i s t e r e d  i n  s u r f a c e  t e n s i o n  of  9 mN/M. 

The HLB (Hydrophi le-Lipophi le  Balance)  i n d e x  system was dev i sed  t o  

p r o v i d e  a  way of comparing t h e  r e l a t i v e  hyd rophob ic i t y  of pure s u r f a c t a n t s ,  

based  on t h e  r e l a t i v e  c o n t r i b u t i o n  of v a r i o u s  groups  such  a s  CH,  CH2 ,  and OH 

i n  t h e  s u r f a c t a n t  molecules .  A low HLB v a l u e  i n d i c a t e s  g r e a t e r  hyd rophob ic i t y  

and v i c e  v e r s a .  The HLB i s  c a l c u l a t e d  from t h e  fo l l owing  e q u a t i o n  i n  t h e  

l i t e r a t u r e .  [ 7 1  

HLB = C group v a l u e s  f o r  h y d r o p h i l i c  g roups  - C group 

v a l u e s  f o r  hydrophobic  groups + 7 



For t h e  s u r f a c t a n t  Aerosol-OT, t h e  HLB va lue  i s  low -7.6, whereas f o r  

T r i t o n  X-114, i t  i s  h i g h e r  (+12.4). This s u g g e s t s  t h a t  Aerosol-OT should  be 

more e f f e c t i v e  i n  impar t i ng  a  hydrophobic n a t u r e  t o  t h e  c o a l  p a r t i c l e s  t han  

T r i t o n  X-114. However , 'Kel le r  e t  a d 7 ]  have cau t ioned  t h a t  t h e  u se  of  HLB 

i ndex  may no t  be comple te ly  a p p r o p r i a t e  i n  de t e rmin ing  t h e  r e l a t i v e  

hydrophobic i ty  o f ,  adsorbed monolayers. S ince  t h e  group numbers a r e  f o r  

i n d i v i d u a l  components of a molecule,  i t  i s . n o t  c l e a r  how a d s o r p t i o n  of a  

p a r t i c u l a r  g roup  a l t e r s  t h e i r  hydrophobic na tu re .  Hence, t h e  HLB i n d e x  can  

o n l y  s e r v e  a s  a  t o o l  u s e f u l  i n  t h e  d e t e r m i n a t i o n  of r e l a t i v e  hyd rophob ic i t y  of 

s u r f a c t a n t  molecules .  

c. Combination of F l o c c u l a n t l S u r f a c t a n t  

Let u s  now c o n s i d e r  t h e  v a r i a t i o n  of mo i s tu re  c o n t e n t  w i t h  the.., 

a d s o r p t i o n  d e n s i t y  and s u r f a c e  t e n s i o n  f o r  t h e  (50-50) weight  % combinat ion of 

Accol-Floc 1201 and TritonX-114. F igure  65 r e v e a l s  t h a t  t h e  mo i s tu re  c o n t e n t  

d e c r e a s e s  about  f o u r  percentage  p o i n t s ,  down t o  0.19 kg water /kg  c o a l  i n  

Region. 1, which cor responds  f a i r l y  w e l l  .wi th  t h e  f i r s t  r e g i o n  of t h e  

a d s o r p t i o n  i so therm.  But t h e  s u r f a c e  t e n s i o n  c h a r a c t e r i s t i c s  i n  F i g u r e  66 

show' i n s i g n i f i c a n t  change, a s  i t  remains c o n s t a n t  around 65 m N / M .  This  

i m p l i e s  t h a t  changes i n  s u r f a c e  p r o p e r t y  produced by a d s o r p t i o n  i s  t h e  on ly  

c o n t r i b u t i n g  f a c t o r  i n  t h i s  r eg ion .  I n  accordance  w i th  t h e  proposed 

a d s o r p t i o n  scheme, s t r o n g  polymeric  i n t e r a c t i o n  i s  l i k e l y  at low 

c o n c e n t r a t i o n s  w i th  t h e  c o a l  s u r f a c e .  Though t h i s  h a s  no pronounced e f f e c t ,  a  

small improvement in hydrophobicicy i s  p o s s i b l e .  

I n  Region 11, t h e r e  i s  a  s t e e p  d e c r e a s e  i n  mo i s tu re  c o n t e n t  by a lmos t  t e n  

pe rcen tage  p o i n t s ,  down t o  0.695 kg water /kg  coa l .  The s u r f a c e  t e n s i o n  

dec reased  on ly  from 65 mN/M t o  53 mN/M i n  t h i s  range and i s  n o t  s u f f i c e i n t  t o  

warran t  such  a d rama t i c  d e c r e a s e  i n  mois ture  con ten t .  Again r e f e r r i n g  t o  t h e  



adsorption model for the combination, ploymer bridging is the most likely 

mechanism in Region 11. The bridging proceeds rapidly, once interaction with 

the coal surface is established through hydrogen bonding. There is an 

additional effect on adsorption, as hemi-micelle formation starts occurring 

due to the presence of surfactant molecules. Together, these effects impart a 

, great degree of hydrophobicity to the coal surface. 

In Region 111, we can observe'a significant rise in moisture content, to 

almost d.17 kg water/kg coal. This is surprising, considering that the 

surface tension declines from 52 mN/M to 35 mN/M. The adsorption model, 

however, predicts that bilayer formation will occur over the adsorbed 

monolayers and these factors decrease the hydrophobicity of the coal 

surface. The data appear to suggest that the effect of adsorption is so 

strong in the region that it more than offsets the fairly large decrease in , 

surface tension. It is possible that the combination wets the coal surface so 

.strongly that contact angle decreases dramatically. Further, the increase in 

floc size at higher concentrations could lead to entrapment of water in the 

The combination of reagents brings about a slightly greater reduction in 

moisture content compared to the pure flocculant or the surfactant, the lowest 

recorded value being about 0.095 kg water/kg coal. But at higher 

concentrations, a high degree of hydrophillicity is introduced and at lower 

concentration, no significant improvement in hydrophobicity is observed. It 

must be concluded that since a pre-mixed combination of reagent is not 

signficantly more effective, it is perhaps better to utlize single reagents to 

improve the filtration/dewatering characteristics. 

The final moisture contents for this combination are higher than those 

obtained with washed cakes formed with the same flocculant and then washed 



wi th  t h e  same s u r f a c t a n t .  For example,  t h e  maximum moi s tu re  r e d u c t i o n  

a t t a i n e d  i n  t h e  washed cake i s  65.8% v e r s u s  58.2% f o r  t h e  combinat ion ( s e e  

Table  13).  The re fo re ,  t h e  washing o p e r a t i o n  i s  h i g h l y  recommended. 

d. MIBC 

Le t  u s  examine t h e  mo i s tu re  c o n t e n t  c h a r a c t e r i s t i c s  of MIBC 

(F igu re  67).  No s i g n i f i c a n t  r e d u c t i o n  i s  o b t a i n e d  f o r  t h i s  r eagen t  and i t  i s  

o n l y  beyond an  e q u i l i b r i u m  c o n c e n t r a t i o n  of 2 x  ' low5 mf t h a t  t h e  mo i s tu re  

c o n t e n t  d e c r e a s e s  t o  0.17 kg water /kg  c o a l .  Th i s  s u g g e s t s  t h a t  t h e  f r o t h e r  

XIBC has  l i t t l e  o r  no e f f e c t  on t h e  f i n a l  mo i s tu re  c o n t e n t  i n d i c a t i n g  t h a t  no 

change i n  hyd rophob ic i t y  has occur red .  

Although t h r e e  d i s t i n c t  r eg ions  were d e t e c t e d  f o r  t h e  a d s o r p t i o n  i s o t h e r m  

of MIBC, o n l y  two d i s t i n c t  r e g i o n s  a r e  observed  i n  t h e  mo i s tu re  c o n t e n t  

c h a r a c t e r i s t i c s .  F i g u r e  68 b r i n g s  ou t  t h e  f a c t  t h a t  t h e  r e d u c t i o n  i n  s u r f a c e  

t e n s i o n  by MIBC i s  i n s i g n i f i c a n t .  According t o  t h e  p o s t u l a t e d  a d s o r p t i o n  

schemee[' I ,  a t  l o v e r  c o n c e n t r a t i o n s ,  t h e  M I B C  molecule  l i e s  f l a t  on t h e  c o a l  

s u r f a c e  w i t h  hydrophobic bonding o c c u r r i n g  between t h e  nonpolar  hydrocarbon 

i i n  and c o a l .  This  i s  not  l i k e l y  t o  a f f e c t  t h e  hyd rophob ic i t y  of t h e  c o a l  

s u r f a c e .  F u r t h e r ,  t h e  s u r f a c e  t e n s i o n  remains a lmos t  c o n s t a n t  a t  66 m N / M  ove r  

a  wide range  of concen t r a t i on .  The combinat ion of  t h e s e  f a c t o r s  is  

r e s p o n s i b l e  f o r  t h e  a lmos t  c o n s t a n t  v a l u e  of mo i s tu re  c o n t e n t  (0.24 kg 

water /kg  c o a l )  a t  t h e  lower c o n c e n t r a t i o n s .  

But a s  a d s o r p t i o n  s i t e s  a r e  exhaus t ed ,  t h e  o r i e n t a t i o n  of  t h e  molecule  

changes w i t h  t h e  s h o r t  hydrocarbon c h a i n  now be ing  o r i e n t e d  towards t h e  

aqueous phase.  Th i s  w i l l  r ende r  some improvement i n  t h e  hyd rophob ic i t y  of t h e  

c o a l  s u r f a c e ,  though n o t  by a  l a r g e  magnitude a s  t h e  hydrocarbon c h a i n  is  

s h o r t .  The s u r f a c e  t e n s i o n  s t i l l  remains l a r g e l y  unchanged (F igu re  68). The 

f a c t  t h a t  small decrease i n  mois ture  con ten t  is r e g i s t e r e d  a t  very h igh  



c o n c e n t r a t i o n s  is  l a r g e l y  due t o  a  s m a l l  d e c r e a s e  i n  s u r f a c e  t e n s i o n  a s  t h e  

a d s o r p t i o n  model p r e d i c t s  a  random o r i t e n t a t i o n  w i th  no pronounced e f f e c t  on 

h y d r o p h o b i c i t y .  

B. 10umCoa l  

1. E f f e c t  of Applied Vacuum 

An i n c r e a s e  i n  t h e  a p p l i e d  vacuum l e a d s  t o  a  f a s t e r  f i l t r a t i o n  r a t e .  

There  was a b o u t  a  34% r e d u c t i o n  i n  t h e  f i l t r a t i o n  t i m e  f o r  t h e  -32 mesh c o a l  

when t h e  a p p l i e d  vacuum was i n c r e a s e d  from 40 t o  67 kPa. [ 4 1  For  t h e  10 pm 

c o a l  p a r t i c l e ,  abou t  30% r e d u c t i o n  was observed  f o r  t h e  same i n c r e a s e  i n  t h e  

a p p l i e d  vacuum. Moreover, i n c r e a s i n g  t h e  a p p l i e d  vacuum r e s u l t e d  i n  t h e  

l o w e r i n g  of t h e  m o i s t u r e  c o n t e n t  of t h e  cake ,  a s  d e p i c t e d  i n  F igure  69. 

2. E f f e c t  of S o l i d s  Concen t r a t i on  

F i g u r e  70 shows t h a t  t h e r e  i s  some d i f f e r e n c e  between t h e  behavior  of 

t h e  1 0  Pm and t h a t  of  t h e  -32 mesh c o a l  i n  response  t o  changes i n  s o l i d  

c o n c e n t r a t i o n .  For -32 mesh c o a l ,  a s  much a s  42% r e d u c t i o n  i n  t h e  mo i s tu re  

c o n t e n t  was r e a l i z e d  when t h e  s o l i d  c o n c e n t r a t i o n  was i n c r e a s e d  from 0.33 t o  

1.0 kg c o a l / k g  H ~ o . [ ~ ]  Thi s  has been a t t r i b u t e d  t o  t h e  f a c t  t h a t  a  more 

un i fo rm cake  s t r u c t u r e  i s  formed when t h e  s l u r r y  i s  c o n c e n t r a t e d  due t o  l e s s  

p r e f e r e n t i a l  s e t t l i n g  of b i g  p a r t i c l e s .  On t h e  o t h e r  hand, i n  t h e  c a s e  of t h e  

1 0  urn p a r t i c l e s ,  s i n c e  t h e  s i z e s  a r e  s o  s m a l l  and t h e  s i z e  d i s t r i b u t i o n  s o  

nar row,  m o i s t u r e  c o n t e n t  r e d u c t i o n  i s  no t  p robable  by i n c r e a s i n g  t h e  s l u r r y  

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

3. E f f e c t  of Reagent P re t r ea tmen t  

a.  F l o c c u l a n t  

Table  14 p r e s e n t s  t h e  f i l t r a t i o n  d a t a  f o r  t h e  10 um c o a l  s l u r r y  

t r e a t e d  w i t h  Accoal-Floc 1201. S i g n i f i c a n t  r e d u c t i o n  i n  t h e  f i l t r a t i o n  t ime  

w i t h  t h e  s imu l t aneous  improvement of p e r m e a b i l i t y  was observed.  F l o c c u l a t i o n  



indeed e f f e c t s  b r i d g i n g  of t h e  p a r t i c l e s  and t h u s  reduc ing  t h e  s p e c i f i c  

r e s i s t a n c e  of t h e  cake  a s  i n d i c a t e d  by F igu re  71. It shou ld  be noted t h a t  t h e  

f i l t r a t i o n  t ime  was reduced by more t han  75% ove r  t h a t  of t h e  u n t r e a t e d  

s l u r r y .  However, enhancement i n  t h e  d e s a t u r a t i o n  of t h e  cake  was no t  

expe r i enced ,  p robably  due t o  t h e  very  h i g h  molecular  weight  of Accoal-Floc 

1201 ( 1 5 x 1 0 ~ ) .  It h a s  been r e p o r t e d  t h a t  t h e  m o i s t u r e  c o n t e n t  can  even be 

h i g h e r  i n  a  f l o c c u l a t e d  cake  t han  i n  an  u n f l o c c u l a t e d  cake  when h i g h  molecular  

weight  f l o c c u l a n t  i s  employed. [ I 7 ]  Th i s  a d v e r s e  e f f e c t  i s  caused by e x c e s s i v e  

f l o c c u l a t i o n  which r e s u l t s  i n  a  s t r o n g  b ind ing  f o r c e  and entrapment  of 

mo i s tu re  i n  t h e  f l o c s .  

b. P i n e  O i l  

Only about .  5% r e d u c t i o n  i n  mo i s tu re  c o n t e n t  i s  a t t a i n e d  when 2% 

(by weight  of t o t a l  s o l i d  i n  t h e  s l u r r y )  of  p i n e  o i l  i s  added i n t o  t h e  

s l u r r y .  (See Table  15.) But t h e  f i l t r a t i o n  t ime  was s e e n  t o  be g r e a t l y  

a f f e c t e d  and t h e  a d d i t i o n  of 4% p ine  o i l  y i e l d s  a lmos t  t h e  same r e s u l t  a s  t h e  

s l u r r y  t r e a t e d  w i t h  concen t r a t ed  f l o c c u l a n t .  It is  env i s ioned  t h a t  t h e  o i l  

n o t  on ly  reduces  t h e  v i s c o s i t y  of t h e  f l u i d ,  but  a l s o  a c t s  a s  c o l l e c t o r  which 

b inds  t h e  s m a l l  p a r t i c l e s  t o g e t h e r  and thus  p rov id ing  e a s e  of f low of t h e  

f l u i d  th rough t h e  pores .  ~ u h r m e i s t e r [ " ~  i n  f i l t e r i n g  c l a y  suspended i n  o i l  

found a  remarkable  improvement i n  f i l t r a t i o n  r a t e ,  which was a t t r i b u t e d  t o  a  

d e c r e a s e  i n  t h e  v i ' scos i ty  of t h e  s l u r r y .  

c. S u r f a c t a n t  

. Non-ionic s u r f a c t a n t  such  a s  T r i t o n  and a n i o n i c  s u r f a c t a n t  l i k e  

Aerosol-OT a r e  bo th  very  e f f e c t i v e  i n  r educ ing  t h e  s u r f a c e  t e n s i o n  of  t h e  

f i l t r a t e  and t h u s  enhancing t h e  - d e s a t u r a t i o n  c h a r a c t e r i s t i c s  of c o a l  cakes  

( s e e  F igure  7 2 ) .  For t h e  -32 mesh c o a l ,  abou t  50% r e d u c t i o n  ove r  t h e  

d i s t i l l e d - w a t e r  cake was a t t a i n e d .  In  t h e  c a s e  of t h e  10 pm p a r t i c l e ,  on ly  



31% r e d u c t i o n  i n  cake m o i s t u r e  c o n t e n t  was observed:  from 1.01 f o r  pure 

d i s t i l l e d - w a t e r  cake  t o  0.70 kg H20 f o r  Aerosol-OT-treated cake. F igure  73  

compares t h e  performance of  t h e  v a r i o u s  s u r f a c t a n t s .  

4. Washing Experiments  

An a d d i t i o n a l  18% (68% o v e r a l l )  r e d u c t i o n  i n  t h e  cake  mo i s tu re  

c o n t e n t  h a s  been r e p o r t e d  when a n  u n t r e a t e d  -32 mesh c o a l  cake  i s  washed w i t h  

s u r f a c t a n t  s o l u t i o n .  [ *  F u r t h e r  enhancement of cake  d e s a t u r a t  i o n  was ach ieved  

th rough  t h e  combina t ion  o f  p r e t r e a t m e n t  and poe t - t rea tment  t echn iques ,  o - g - ,  

t r e a t i n g  t h e  s l u r r y  w i t h  a  f l o c c u l a n t  p r i o r  t o  f i l t r a t i o n  and then  washing t h e  

formed cake  wi th  a  s u r f a c t a n t .  I Z U 1  For t h e  p r e s e n t  work, a s  much a s  48% 

r e d u c t i o n  i n  r e t a i n e d  m o i s t u r e  was observed when f l o c c u l a t e d  cake  ( t h e  s l u r r y  

was mixed w i t h  Accoal-Floc 1201) was washed w i t h  T r i t o n  X-114 (wash r a t i o  = 

4.0). F i g u r e  74 e s t a b l i s h e s  t h e  f a c t  t h a t  f l o c c u l a t e d  cake  washed w i t h  

s u r f a c t a n t  works b e t t e r  t h a n  j u s t  p r e t r e a t i n g  t h e  s l u r r y  w i t h  t h e  same 

s u r f a c t a n t .  A s i m i l a r  s e r i e s  of  exper iments  was conducted u s i n g  Aerosol-OT i n  

p l a c e  of T r i t o n  X-114 and t h e  r e s u l t s  compared, a s  shown i n  F igu re  75. It 

s h o u l d  be no ted  t h a t  i n  t h e  ran$e of  wash r a t i o  and w a s h  l iq~ror c o n c e n t r a t i o n  

s t u d i e d ,  T r i t o n  X-114 washed cakes  r e s u l t e d  i n  a  lower f l u i d  r e t e n t i o n  than  

chose washed w i t h  Aerosol-OT. However, i n  t h e  former c a s e ,  a  l o t  more 

s u r f a c t a n t  i s  needed t o  o b t a i n  t h e  same moi s tu re  r e d u c t i o n .  This  i s  due t o  

t h e  f a c t  t h a t  w i t h  comparable i n i t i a l  c o n c e n t r a t i o n ,  T r i t o n  X-114 was absorbed  

more s t r o n g l y  by c o a l  p a r t i c l e s  t han  A e r o s o l 4 T .  (181 

For  many i n d u s t r i a l  a p p l i c a t i o n s ,  t h e  washing o p e r a t i o n  o f t e n  aims a t  

e x t r a c t i n g  v a l u a b l e s  from t h e  f i l t r a t e  r e t a i n e d  I n  t h e  f i l t e r  cake.  I n  such  

c i r c u m s t a n c e s ,  i n c r e a s i n g  t h e  number of washing c y c l e s  u s u a l l y  t ends  t o  

improve t h e  . e x t r a c t i n g  e f f i c i e n c y  but  n o t  t h e  mois ture  r educ t ion .  Indeed,  i n  

t h e  p r e s e n t  s t u d y ,  m u l t i p l e  washing r e s u l t e d  i n  a  h i g h e r  mo i s tu re  r e t e n t i o n  i n  



t h e  cake,  a s  shown i n  Table. 16. Presumably, a s  t h e  wash l i q u o r  d r a i n s  through 

t h e  cake ,  f l o c s  a r e  Eroken down caus ing  sma l l  p a r t i c l e s  t o  m i g r a t e  i n t o  t h e  

pores .  I n  once-through washing, t h i s  mig ra t i on  of sma l l  p a r t i c l e s  r ende r s  t h e  

cake s t r u c t u r e  more uniform,  i.e., less s t r a t i f i c a t i o n ,  which i s  f a v o r a b l e  f o r  

d e s a t u r a t i o n .  [ 2 1  But i f  t h e  cake  i s  s u b j e c t e d  t o  a  second washing, more s m a l l  

p a r t i c l e s  w i l l  be pushed i n t o  t h e  small pores .  .As t h e  number of times t h e  

wash l i q u o r  d r a i n s  through ' t h e  cake i n c r e a s e s ,  more and more f l o c s  a r e  broken 

down and more and more s m a l l  p a r t i c l e s  mig ra t e  down t h e  pores .  Even tua l ly ,  

b lock ing  of pore  spaces  occu r s  and a  h i g h e r  mo i s tu re  r e t e n t i o n  i n  t h e  cake 

r e s u l t s .  

The d i s c r e p a n c i e s  i n  t h e  va lues  of f l u i d  c o n t e n t  o b t a i n e d  under  e x a c t l y  

t h e  same o p e r a t i n g  c o n d i t i o n s  ( s e e ,  f o r  example, Table  16)  seem t o  be caused 

by t h e  promptness of removing t h e  paper  on t o p  of t h e  cake.  It should  be 

removed a s  soon a s  t h e  wa te r  j u s t  d i s a p p e a r s  from t h e  t o p  of t h e  cake.  

5. Premixed F l o c c u l a n t  and S u r f a c t a n t  

The p reced ing  d i s c u s s i o n  s u g g e s t s  t h a t  t h e  u se  of s u r f a c t a n t .  a l o n e  i n  

p r e t r e a t i n g  t h e  c o a l  s l u r r y  i s  not s u f f i c i e n t  t o  a t t a i n  optimun r e d u c t i o n  of 

t h e  cakes  mo i s tu re .  Only when a  f l o c c u l a t e d  cake i s  washed wi th  a  s u r f a c t a n t  

t h a t  s i g n i f i c a n t  enhancement of t h e  dewater ing  of t h e s e  c o a l s  i s  r e a l i z e d .  

Neve r the l e s s ,  q u e s t i o n  a r i s e s  on whether t h e  same r e s u l t  cou ld  be ob t a ined  by 

premixing t h e  two reagen. ts  (a  s u r f a c t a n t  and a  f l o c c u l a n t )  w i t h  t h e  s l u r r y  and 

e l i m i n a t i n g  t h e  washing o p e r a t i o n .  To t h i s  end,  a n o t h e r  s e r i e s  of exper iments  

was c a r r i e d  o u t  and t h e  r e s u l t s  i n d i c a t e  t h a t  premixing t h e  two r e a g e n t s  i s  

no t  a n  e f f e c t i v e  s u b s t i t u t e  f o r  s u r f a c t a n t  washing ( s e e  Table  1 7 ) .  



1. Chiang ,  S.H., e t .  a l . ,  "Fundamental  Study f o r  Improvement o f  Dewate r ing  o f  
F i n e  Coa l /Refuse , "  (DOE P r o j e c t  No. De-AC22-81PC42303) Annual Repor t ,  
August  1984. 

2 ,  B i n k l e y ,  T. ,. " E f f e c t  o f  S u r f  a c t a n t  Washing on Enhanced Dewate r ing  of F i n e  
Coal ,"  M.S. T h e s i s ,  U n i v e r s i t y  o f  P i t t s b u r g h ,  1984. 

3 .  Chiang ,  S.H., e t .  a l e ,  "Fundamental  S tudy  f o r  Improvement of Dewate r ing  o f  
F i n e  C o a l / R e f u s e  ," (DOE P r o j e c t  No. DE-AC22-81PC42302) Annual R e p o r t ,  
Sep tember  1983. 

4. Qamar, I , ,  t t A p p l i c a t i o i ~  of  a Three Blmens iona l  Network Nodel t o  Coal  
Dewate r ing , "  Ph.U. D i s s e r t a t i o n ,  U n i v e r s i t y  o f  P i t t s b u r g h ,  1985. 

5 .  chiang, S.H.,  et .  a l . ,  "Fundamental  S tudy  f o r  Improvement of Dewate r ing  o f  
F i n e  Coa l /Refuse , "  (DOE P r o j e c t  No. DE-AC22-81PC42302) Annual R e p o r t ,  J u l y  
1982. 

6. Gr;y, V.K., "The D e w a t e r i n g  o f .  F i n e  Coa l , "  J o u r n a l  of t h e  I n s t i t u t e  of 
F u e l ,  Vol. 31 ( 1 9 5 8 ) ,  pp. 96-108. - 

7. Keller, D.V., S t e l m a ,  G . J . ,  and Chi ,  Y.M., " S u r f a c e  Phenomena i n  
Dewate r ing  o f  Coa l  ," U.S. Department o f  Energy Report  No. FE-9001-1, 
J a n u a r y ,  1979. 

8. F u e r s t e n a u ,  D.W. and Ragnavan, S. ,  i n  F l o t a t i o n ,  Fuerstenau,M.C., ed . ,  
AIME, New York (19761,  p. 2 1 -  

9. v i n k a t a d r i ,  R.A., " E f f e c t  of Sur face-Act i  ve  Agents on F i l t r a t i o r l  and Poct-  
F i l t r a t i o n  C h a r a c t e r i s t i c s  o f  F i n e  Coal ,"  Ph.D. D i s s e r t a t i o n ,  U n i v e r s i t y  
o f  P i t t s b u r g h ,  1984. 

10. Campbel l ,  J ,A,L, and S. C. Sun, "An E l ~ r t ~ n k i n e t i c  Study  o f  Bituminoug 
Coa l  F r o t h  F l o t a t i o n  and  F l o c r . u l a t i n n , "  S p e c i a l  Research Report  t o  t h c  
C o a l  R e s e a r c h  Board,  Commonwealth o f  P e n n s y l v a n i a  under  C o n t r a c t  No. CR-32 
(1969) .  

11. K l a s s c n ,  V . I .  and V. A .  Mokronsav, Ail I n t r o d u c t i o n  t o  t h e  Theory of 
F l o t a t i o n ,  B u t t e r w o r t h  and Company, London (1963) .  

12. Zisman, W.A. and M.K. B e r n e t t ,  " R e l a t i o n  o f  W e t t a b i l i t y  by Aqueous 
S o l u t i o n s  t o  t h e  S u r f a c e  C o n s t i t u t i o n  o f  Low-Energy S o l i d s , "  J n l .  o f  
P h y s i c a l  Chemis t ry ,  6 3  (1959) ,  pp 1241-1246. 

13. P y t e r ,  R.A., G. Z o g r a f i  and  P. Muker jce ,  "Wetting o f  S o l i d s  by S u r f a c e -  
A c t i v e  Agents :  The E f f e c t  of Unequal A d s o r p t i o n  t o  Vapor-Liquid and 
S o l i d - L i q u i d  I n t e r f a c e  ," J o u r n a l  o f  C o l l o i d  and I n t e r f a c e  S c i e n c e ,  8 9  
( 1 9 8 2 ) ,  p. 144. 



14. Lucassen-Reynders ,  E.H., "Contact  Angles  and A d s o r p t i o n  of  S o l i d s , "  
J o u r n a l  o f  P h y s i c a l  Chemis t ry ,  67,  (1963)  pp. 969. 

15. ~ r e e n b o o d ,  F.G., P a r f i t t ,  G.D., P i c t o n ,  N.H., and Wharton,  D.G., 
"Adsorp t ion  and W e t t i n g  Phenomena A s s o c i a t e d  w i t h  Graphon i n  Aqueous 
S u r f a c t a n t  S o l u t i o n s , "  Advances i n  Chemis t ry  S e r i e s ,  No. 79 (1968) ,  pp. 
135-144. 

16. Mukhe'rjee, P. and A n a v i l ,  A., "Adsorp t ion  on P o r o u s  Glass," American 
Chemical  S o c i e t y  Symposium, S e r i e s  No. 8 (1975) ,  pp. 107-128. 

17. Mishra ,  S.K., " E f f e c t  o f  F l u c c u l a t i o n  on M o i s t u r e  R e d u c t i o n  o f  F i n e  Coal,"  
Coal  Mining and P r o c e s s i n g ,  10, 56 (1973).  

18. F u h r e m e i s t e r ,  C., Jr., "Improving F i l t r a t i o n  and  Dewate r ing  R a t e s , "  Chem. 
Eng. Prog. ,  4 6 , '  550 (1951).  

19. Chiang,  S.-H., e t  a l . ,  " F i l t e r  Cake Washing w i t h  Chemical  Reagen t s , "  
F i l t r t i o n  and S e p a r a t i o n ,  May/June 1985,  pp. 172-177. 

20. G a l a ,  H.B., "Use o f  S u r f a c t a n t  i n  t h e  F i l t r a t i o n l D e w a t e r i n g  o f  F i n e  Coal ,"  
P ~ . D .  T h e s i s ,  U n i v e r s i t y  of  P i t t s b u r g h  (1979) .  





Table 1 

P a r t i c l e  
S i z e  

S i z e  Range 

P a r t i c l e  S i z e  D i s t r i b u t i o n  A n a l y s i s  o f  Batch 
4 P i t t s b u r g h  Seam Bruceton Mine -32 Mesh Coal 

P a r t i c l e  D i s t r i b u t i o n  by Omnicon Alpha Image 
Analyzer 

-32 Mesh Batch 4 P i t t s b u r g h  Coal S i z e  A n a l y s i s  
Number of F i e l d s  Analyzed = 155 

P a r t i c l e s  
Overs ize  

Average 
S i z e  

Number % 
O v e r s i z e  

Number X 
i n  Range 

Weight% 
Overs ize  

Weight % 
i n  Range 



Table 1 ( c o n t i n u e d )  

S i z e  ~ a n g e  Average 
S i z e  

Number % 
i n  Range 

Weight % 
i n  Range 

Length Mean S i z e  = 1 5 . 4  
Volume Mean S i z e  = 48 .2  
S u r f a c e  Mean S i z e  = 2 9 . 3  
Surface-Volume S i z e  = 132.3 
Weigth Mean S i z e  = 208 .8  



Table 2 

P a r t i c l e  
S i ze  

S i z e  Range 

P a r t i c l e  S i ze  D i s t r ibut ion  Analysis  o f  Batch 
6 Pittsburgh Seam Bruceton Mine -32 

Mesh Coal 

P a r t i c l e  ~ i s t r i b u t ' i o n  by Omnicon 
Alpha Image Analyzer 

-32 Mesh Batch 6 Pittsburgh Coal S i z e  
Analysis  

Number of  F i e l d s  Analyzed = 155 

P a r t i c l e s  
Oversize 

Average 
S i z e  

Number % 
Oversize 

Number % 
i n  Range 

Weigth % 
Oversize 

Weight X 
i n  Range 



S i z e  Range 

Table  2 ( c o n t i n u e d )  

Average 
S i z e  

Length Mean Size = 13.9  
Volume Mean S i z e  = 3 4 . 4  
S u r f a c e  Mean S i z e  = 22.5  
Surf ace-Volume. S i z e  8 1 . 2  
Weight Mean S i z e  = 132.7 

Number % 
i n  Range 

Weight X 
i n  Range 



Table 3 

Cake 
Name 

Wash 
Ratio 

Porosity from Horizontal Cut Section Analysis of Aerosol-OT 
Washed -32 Mesh Coal F i l ter  Cakes 

Conc. Porosity by Area fraction @ X/L 
PPM - .000 ,250 .500 .750 1.000 AVG - - -  

Final Moisture 
Kg Water/Kg Coal 



Table  4 

Cake 
Name 

Particle Surface-Volume Mean Diameter from Horizontal Cut Section 
Analysis of Aerosol-OT Washed -32 Mesh Coal F i l ter  Cake 

Wash 
rat io  

2 LOO 26.12 28.55 25.76 31.91 39.48 30,36 13.36 

LOO 24.63 30.79 32.84 28.08 35.65 ' 30.40 11 .02 
LOO 25.61 32.18 32.05 33.05 43.74 33.33 18.13 



Table 5: Average Geometric-Volume ~ e a n  Diameter of P a r t i c l e s  and 
Pores  f o r  Double D i s t i l l e d  Water Cakes 

S u r f a c t a n t  
Cake Wash Concen t r a t i on  

'GV 
P a r t i c l e  

XGv 
Pore 

Name R a t i o  S u r f a c t a n t  ( P P ~ )  ( ~ m )  ( ~ m )  

Dl0 0 - - 81.69 86.84 
D25 0 - - 66.23 73.10 ' 

Dl2 2 - - 60.46 69.12 
Dl5 2 - - 83.80 63.03 
D l  1 10 - - 72.06 90.88 . 

D l  7 10  - - 57.14 76.62 
T5 2 T r i t o n  X-114 100 62.33 78.99 
T17 2 250 77 096 76.38 
Tli3 2 250 72.04 74.27 
T3 9 2 500 66.77 75 .37 
T4 0 2 500 62.76 64.46 
T9 10 100 47 . lo 68 -89 
T2 1 10 250 89.33 74.43 
T2 4 10 250 77.89 79.98 
T34 10 500 83.52 73.60 
T5 7 2 Aerosol-OT 100 5 1.62 42.90 
T5 9 2 250 52.85 44.55 
T6 0 2 2 50 58.16 44 .35 
T4 5 2 500 50.15 44.40 
T4 6 2 500 49.46 42 -45 
T4 9 10 100 53.38 45 .O 1 
T50 10 100 56.53 49..08 
T5 3 10 250 55 -02 47.03 
T54 10 250 55 -49 43.23 
T43. 10 500 47.74 44.32 
T44 10 5 00 56.36 54 -57 



Table 6: Micrographic Data of -32 Mesh Amine Cakes 

Cake No. Laye r Porosity Part ic le  Size Pore Size  

H2 5AM 1 0 -529 24.51 27.73 
(25 P P ~ )  2 0.472 36.95 33.22 

3 0 -469. 34 -84 34 -49 
4 0.447 42.14 36.33 
5 0 -460 36 -05 34.07 

Average 0.475 34 -90 33.17 

H2 7AM 1 
(25 P P ~ )  2 

3 
4 
5 

Average 

H8AM 1 
(550 ppm) 2 

3 
4 
5 

Average 

H 1 4AM 1 
(500. P P ~ )  2 

3 
4 
5 

Average 



Table 6: Micrographic Data of -32 Mesh Amine Cakes (Continued) 

Cake No. Layer Porosity Part ic le  Size Pore Size 

H17AM 1 0 .567 24.81 38 .33  
( . lo00  ppm) 2 0 .528 35.62 42.86 

3 0 .477 41 .72  41 .06  
4 0 .438  46 .70  40 .33  
5 0 .424  66 .64  55 -43  

Average 0.487 43 .10  43 .60  

4 
5 

Average 

H2 8AM 1 
(2000  ppm) 2 

3 
4 
5 

Average 

~3 1AM 1 
(2200  ppm) 2 

3 
4 
5 

Average 



Table 7 :  E f f e c t  of Applied Vacuum on c h a r a c t e r i s t i c s  of 
10~m Coal F i l t r a t i o n  and Dewatering 

Experiment Applied Vacuum a K 

[ kPa I Porosity 
9 m 

No. 10 [El [ m D l  



Table 8 

Data Used for Surfactant Cakes 

Reagent 

D i s t i l l e d  .Water 

~ r i n t o n ~ ~ l o c .  125 ppm 

TritonIFloc. 30 ppm 

MIHC 1000 ppm 
P .  
v Triton 200 ppm 

M I K C  500 ppm 

Triton 500 ppm 

Exptl. Contact PC ~n Pce Pcm 
Surf ace Angle @ 50% @ 50% --- 
Tension (model) ( expt l )  Pce 

Y 0 
dynes/cm degrees psia psia 

CONST yCos ( 0) 



Table 9 

Comparison of  Equilibrium Final  Saturations 

Cake Percent F ina l  Saturation 

Experimental Mode 1 

-32 mesh ( d i s t i l l e d  water)  
-100+200 mesh ( d i s t .  water)  
-200 mesh ( d i s t i l l e d  water)  
-32 mesh (Trinton 200 ppm) 
-32 mesh (Trinton 500 ppm) 
-32 mesh (MIBC 100 ppm) 
-32 mesh (Trinton/Accoal-Floc 1201 30 ppm) 
-32 mesh (Trinton/Accoal-Yloc 1201 125 ppm) 
-32 mesh (MIBC 500 ppm) 



Table 10 

Pore S i z e  D i s t r i b u t i o n  f o r  -32 Mesh Coal 
Obtained From Dispersed  P a r t i c l e  S i z e  D i s t r i b u t i o n  

Pore S i z e  
(microns)  

Number X 
Undersize  



Table 1 1  

Comparison of  The S ingle  Phase Permeabi l i t i e s  

Coal Experimental Predicted 
(mD > (mD > 

-32 mesh 
-32 mesh 
-32 mesh 
-32 mesh 
-32 mesh 
-32 mesh 
-32 mesh 
-32 mesh 
-32 mesh 
-32 mesh 
-32 mcsh 
-32 mesh 

- I U U  moch 
-400 mesh 

-80 mesh 
-80 mesh 
-80 mesh 

-100+200 mesh 



Table 12 

E f f e c t s - o f  S u r f a c t a n t  Washing on 
t h e  F i n a l  Moisture  Content  of -32 

Mesh Coal F i l t e r  Cakes 

T r i n t o n  X114 

Wash R a t i o  = 2 (11 ml) Wash R a t i o  = 10 (55 m l )  

Concen t r a t i on  F i n a l  Moisture  Concen t r a t i on  F i n a l  Moisture  
PPM Kg water/Kg c o a l  PPM Kg water/Kg c o a l  

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
400 
400 
400 
400 
500 
SUU 
500 
500 
500 
500 
500 
500 



Table 12 (continued) 

Effects of Surfactant Washing on the 
Final Moisture Content of -32 

Mesh Coal Filter Cakes 

Aerosol - OT 
Wash Ratio = 2 (1 1  ml) Wash Ratio = 10 (55 ml) 

Concentration Final Moisture Concentration Final Moisture 
P PM Kg water/Kg coal PPM Kg water/Kg coal 



Table 13 
Comparison of Effectiveness of Reagents on FiltrationIDewatering 

Initial 
Maximum X Lowes t Lowest Adsorption Reagent LbITon Lb/Ton BTU/Ton 
Reduction Moisture Cake Density at ppm for Needed Needed Saved 
in Moisture Content Formation Optimum Conc. Optimum (Based (Based -6 
Content kg water Ti me (g molelgm) Dosage on on x10 

Reagent kg coal (secs) P P ~ )  ppm) Adsorp. - 

Triton 
X-114 ' 42.91 0.137 12 1.4 x 10'~ 250 1.50 1.50 0.200 

V1 

AccoaP- 
Floc ' 

1201 44 -60 

Accoal- 
Floc 
Triton 
X I 1 4  . '  58.2 0.098 5 3 10'~ 510 3.09 3.05 0.276 

MIHC 26 .8 0.172 9 2 lo_4 10,000 6.0.30 35.3 0.132 

DAH 37.5 0.153 12 7 x 10'~ 520 3.10 3.10 0.169 . 



Table 13 (cont inued)  
Comparison o f  E f f e c t i v e n e s s  o f  Reagents i n  Washing 

Lowest 
Maximum X Moisture Adsorption I n i t i a l  lb /ron  of l b / t o n  of BTU/ t on 
Reduction Content k n s i t y  Wash Reagent Reagent Saved 
i n  Moisture Recorded g mole/gm Liquid (based on (based on -6  

Reagents Content kg water Required ppmi) Adsorption) x 10  
Combination kg c o s l  ( P P ~ )  

Accoal-Floc/  
T r i t o n  X-114 65.8 01.082 1 . l .  x 1 0 ' ~  350 1.20! 1..17 0.207 



Table 1 4 :  FiltrationIDewatering Data for Flocculated Cake 

Flocculant: Accoal-Floc 1201 

- Concentration Filtration Time Moisture Retention K 
Expt .No. [ P P ~  [Sec.] [kg Fluid/kg Coal] [mD] 



Table 15: Effect of Pine Oil Addition 

Concentration Filtration Times Moisture Retention 
Exper. NO. [ P P ~  [secl kg Fluidlkg Coal 



Table 16: E f f e c t . o f  ~ u l t i p l e  Washing 

A l l  cakes  a r e  formed w i t h  684 ppm Accoal-Floc 1201 p r i o r  t o  washing 

Wash l i q u o r  used: T r i t o n  X-114 
WR = 4 (66 ml) 

Experiment No. 
f l u i d  

No. of Times of Washing F lu id  Re ten t ion  [ & ] 



Table 17: Comparison of Performance Between Washing Opera t ion  
and Pre t r ea tmen t  w i th  Combined Reagents 

Reagents  Premixed Wash Cake H o i s t u r e  Reten t ion  
Exper.  No. w i t h  S l u r r y  Liquor  [Kg Fluid/Kg Coal]  

U 25 Accoal-Floc 1201 Aerosol-OT 0.893 
(684 ppm) (1000 ppm, WR=4) 

U 31 Accoal-Floc 1201 Aerosol-OT 0.787 
(684 ppm) (2000 ppm, WR=4) 

U 41  Aerosol-OT (1000 ppm) -- 
Accoal-Floc 1201 (684 ppm) 

U 42 Aerosol-UT (2UUU ppm) -- 
Accoal-Floc 1201 (684 ppm) 
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Top Lmyer Middle Layer 

Figure 6 : Photomicrographs ~f Dl0 Filter Cake, with No ~ a s h h g * ( ~ ~ = O )  

Bottom Layer 





Figure 8 : Comparfson of the Particle S i r e  Distribution of the 
Five Layers h a 250 PPH Triton X-114 Washed Filter 
Cake (WB=2) and the Dispersed Particle Size Distri- 
bution of'  -32 Mesh Coal. 
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Figure 10: Compariron of tha Pore S i t e  Di.tributiou o f  the Five 
h y a r a  in 8 Double Diati l led Water Washed Fi l ter  Cake 
(UZ 10) and the Dispersed Particle Size  Distribution 
of  -32 Mesh Coal. 
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Figure 12:  Effect of Surface-Volume Me* S i t e s  o f  the Particles  
on the Surface-Volumc Hean S h e s  of the Pores f o r  
All Concentratioas of Aerosol42 Using a Wash Ratio 
of  Two. 
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Figure 13 : Ef feet of Surf ace-Volume H e a n  Sizes of the Particles 
on the  Surface-Volume Heaa Sizes of the Pores for 
A l l  Coacantrationr of Triton X-114 UsLng a Wash 
Ratio of Ten. 



Figure 1'4: Effect of Ceoutric Mean Sizes of the Particlea on the 
Geometric U e a ~  Size. of the Pore. for Double Dlstllled 
Water end dl Wash Ratios. 



F i p r e  15 t Ef fee t  of Geometric Idem S h e 8  of the Parti J e s  on the 
Geometric Meon S k e s  of the Porw for All Conceatrations 
of Triton X-114 Using a Warh h t i o  of Two. 
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Figure16 : ~ f f e c t  of Geometric Hean Sizes  of the Par t i c l e s  on the  
Geometric Hean Sizes  of the Pores for All Concencrotions 
of  Triton X-110 Using a Wash Ratio of  Ten. 



F i p t e  17: Effect of Geometric Hean Sizes of the Particles on 
tho Geometric b a a  Siras of the Pores for A l l  Coucan- 
trrtiana of A e r a s o l a  Using a Wash Ratio of Two. 
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A :2S0 PPM 
8 - 70 x + :so0 PPM 

Figure 10: Effect of Ceometrk kaa Sizes  o f  the Particles  
on the Ceometric Hem S k a r  o f  the Pores for All 
bnecntrat  ions of  Aerosol-OT Using a Mash 
Ratio o f  Ten. 



F igure lg :  P a r t i c l e  S ize  D i s t r i b u t i o n  o f  t h e 1 0  rm Pi t tsburqh 
Seam Bruceton Mine Coal 



+ : -32+100 mesh 
: -100+200 mesh 

A : -32 mesh 
PI : -42 mesh 
a : -80 mesh 
: -200 mesh 

A : -400 mesh 
% : -600 mesh 

J 

flOur@ 20 : Comparison of  Average Surface-Volume Uean Size 
i n  b a l  kake and Surface-Volme Mean Size  of 
Dbperred b a l  Sample 



Figure 21: Equl1ibrlu.m desaluration curve for -32 mesh coal 





. naure 23: Equil,lbrium deraluration curve for -32 mesh coal 



Figure 2,4: Equilibrium desaturatlon curve for -32 mesh coal 



Flgure 25: Equlllbrlum desaturation curve lor -32 mesh coal 



Figure 26: Equilibrium desaluration curve for -32 mesh coal 
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Flgure 27: Equllibr1u.m desaturation curve for -200 meah coal 



0 EXPERIMENTAL 

a MODEL (FRCTN 0.5) 

0.4 - 

0.2 - 

0 I 

0 
I 

2 
I 1 I I I I 

4 ' 8  8 10 12 14 18 
PRESSURE (PSIA) 

naure  28: Equilibrium desstursllon curve for -200 mesh coal 



nlure  . 29: Eqdllbrlum desaturation curve for -200 mesh coal 
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Flaurs 30: Equlllbrium deraturatlon curve for -200 mesh  coal 
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Figure 31:' EquNibrlurn desaturation curve h r  -200 mesh coal 



Npure 32: Equlllbrium desaturation curve for -100t200 mesh coal 
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Figure 33: Equilibrlum desaturatlon curve lor -E00+200 mesh coal 
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Figure 35: Equilibrium desaturation curve far  -100+200 mesh coal 



Figure 36: Equilibrium desaturation curve for -32 mesh coal 
Cake formed with l t i lon  X-114 200 ppm 



mgure 37: Equllibrlum derraluration curve lor -32 mesh coal 
Cake formed with Triton X-114 500 ppm 
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l i ~ u r e  38! Equillbriurn desaturatlon curve lor -32 mesh coal 
Cake formed nilh Rilon X-114.500 ppm 





Figure 40: Equilibrium desaturatlon curve for -32 mesh coal 
Cake formed wlth Riton/Floc. 30 ppm 



0 EXPERIMENTAL 

A MODEL (CONST 1.0) 

Figure 4 1 :  Equilibrlurn desaturatlon curve for -32 meah coal 
Cake formed with Triton/Flac. 125 ppm 





Figure 43: E ullibriurn desaturation curve far -32 mesh coal 
w 1 e n  pore alze distribution is a~stlmated from 
dispersed particle size distribution 



Figure 44: Corn arison of the Ex erlmental and Predicted 
Sing a Phase Permeab litier using Bond-Flow P P 
Correlated Network 
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..... - .... MODEL (Method 1) 

nllure 45: Comparison of the calculated. and ex erlmental 
dematerinl currs lor -32 mesh coal  ?cake F83) 



Figure 46: Comparlron of the calculaled and ex erlmental P dewaterlng curves far -32 mesh coa (cake F67) 
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?l#ure 47: Cornparlson of the calculated snd ex erlmcntal 
dwatering curves lor -32 mesh coal f cake F68) 
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Fl#ure 98: Comparison of the calculated and ex erimental 
dewatering curves for -32 mesh coa (cake F69) P 
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Flgure 49: Cornparlron of the calculated and wperlmenlal 
dewsterlng curve3 lor -100+200 mesh coal (cake F110) 



F'igurr 50; Corn arison of calculated and experimental 
e ui P ibrium desaturation curves for 
-30 mesh Betteshanger coal (from  ray) 



:Lu - - -- 
EO)ILIBRIUM CCNC€NHRATI:ON OF TRITON X-114 I N  MOLE FRACTION 

Figure UI Comparleon of Adsorption Isothems of Triton 1-ll1 on -32 Mesh Pittsburgh 
and -32 Mesh Upper Freeport Coals. 



EQUILIBRIUM CONCENTRATION OF TRITON X-114 IN MOLE FRACTION 

Figure 52: Free Energ Curve for Triton X-114 on Upper Freeport coal. 



EQUILIBRIUM CONCENTRATION OF TRlTON X-114 SOLUTION 

Figure 53: Zreta. Potent ial  a8 Function o f  Concentration f o r  Triton X-114. 







CONCENTRATION OF DAH, mole f r a c t ' l o n  

Figure56: Contact Angle a s  Fmction of  DAH Concentration on -32 Mesh Coal p e l l e t s  







Combinat ion 

SURFACE TENSION OF SOLUTION.nN/M 

. 
Figure 59; idsorpt lon Charac ter i s t i c s  by t h e  Method o f  S l o p e s  for  F l o c c u l n t  and Combination 

bP F l o c c u l a n t ~ S u r f a c t a n t  Solut  lone .  



Figure 60: Adsorption Characteristics by the Method of Slopes for MIBC Solutions. 







Figure 63: Conparison of Ad~orpt i~~n isocberm and Moisture Conta t  for Aerosol-rn Solutions. 



EIUILIERIW CONCDmUT1ON W W A C I * H T . m o I a  I r a z t  Ion  

Figure 64r Comparison of Hoisture content and Surface Tension Characteristic8 
for Acrosol-UT. 



EWIL IBRIU4  CO(CENTRAT1W OF SURFACTANTIFLOLCXLAMT I N  HOLE FRACTION 

Figure 65! -parifion DI Adsorption Isotherm and Moisture Content for Premixed 
bmbinst.ion of ~ l o c c u l a n t  /surfact ant. 



Figure 66: Compmrison of Moisture Content and Surface Tens ion Charactcrist  i c a  f o r  
Premixed Combinat ion of .Flocculant/Surfactant . 



Figure 6 7 ~  Cbmparison of Adsorption Isotherm and Moisture Content for WIBC Solutions 



Figure 68: Comparieon of Moisture Content and Surface Ten'Oian f o r  HIBC S o l u t i o n e  



Appl1.d Vacuum. CkPal 
Figure 69: E f f e c t  o f  Applied Vacuum on the Moisture Content 
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Figure 70: ~ f f e c t  of Sol id  Concentration on the Cake Moisture Content 



- ' S O  
0 

Figure-71; Effect  o f  Flocculation on the Speclfic Cake Resistance 



Surface Tmnslon, ImN/nl 

Figure 72: Effect o f  Surface Tension on the Cake Moisture 



FSgute 73: Effect o f  the I n i t i a l  Concentration o f  Surfactant on the 
Cake Moisture 
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t - T r i t o n - 1 1 4  + Coal  (Cake T h i c k n e s s =  1.8 cm) 
A - T r i t o n 0 1 1 4  + ~ o r ' l  (Cake Thickness = 2.5  cm) x 
X T r i t o n  Washed ,F loccula ted  Cake 

F l  gure 744 Cornpari son Between Pretreatacnt  and Combined P r e t r e a t u n t  - 
Post-treatment Processes 



Figure 75: E f fec t  o f  Concentration o f  Mash Liquor a the Cake Moisture 

- 1.4 
cl 

0 
0 

* 1.2 
m 
Y 
\ 

1.0 
+ 

: 0.8 
m 
Y 
Y . 0.6 
Y 
C 

$ 0.4 
C 
0 
U 

O e 2  
L 
3 
@ 
r 0.0 
r. 
0 
x 
d 

C 
m 

l A  

1 I 1 1 1 1 I 1 + 

- - 

- - 
-e, - - 

- - 

- - 

- - 

- - 
- - 

A x + + -' 120 urn, Ref. [22] .. m s - 10 urn, Tr i ton  1-114 (UR = 4) 
s - 10 urn, Aerosol-OT (W = 4) 
4 - 10 urn, Aerosol-OT (W '= 10) - 

9 

I I 
2 

I I I I I I 

s 1 o2 'L 5 1 o3 2 s 110' 2 






