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Filtration and Dewatering of Fine Coal 

H .  B. GALA, R. KAKWANI, S. H. CHIANG, J. W. TIERNEY, and 
G. E. KLINZING 

CHEMICAL AND PETROLEUM ENGINEERING DEPARTMEN? 
UNIVEKSITY.OF PITTSBURGH 
PITTSBURGH, PENNSYLVANIA 15261 

ABSTRACT 

A fundamental s tudy on f i l t r a t i o n  and dewatering 
of f i n e  c o a l  i s  descr ibed.  Experiments a r e  being 
conducted i n  t h r e e  a reas :  (1) The microscopic analy- 
sis of f i l t e r  cakes,  ( 2 )  The measurement of equ i l ib -  
rium desa tu ra t ion  and ( 3 )  The determinat ion of fil- 
t r a t i o n  and dewatering r a t e s .  Preliminary experimen- 
t a l  r e s u l t s  a r e  presented  toge the r  with some observa- 
t i o n s  on t h e  mic ros t ruc tu re  of f i l t e r  cakes.  A t h r e e  
dimensional network model has  a l s o  been developed and 
i s  being used t o  analyze experimental  da ta .  

INTRODUCTION 

F i l t r a t i o n  i s  an opera t ion  i n  which undissolved 

solid p a r t i c l e s  a r e  separa ted  from l i q u i d  by fo rc ing  

a s l u r r y  (suspension of p a r t i c l e s  i n  t h e  l i q u i d )  

through a porous medium. The porous ( f i l t e r )  medium 

al lows t h e  l i q u i d  ( f i l t r a t e )  t o  pass through, b u t  
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1612 GALA ET AL. 

r e t a i n s  t h e  s o l i d s .  I n i t i a l l y ,  p a r t i c l e s  smaller  

than t h e  pores of f i l t e r  medium pass  through it, bu t  

as t h e  f i l t r a t i o n  proceeds,  t h e  p a r t i c l e s  r e t a i n e d  

on t h e  f i l t e r  medium w i l l  form a porous cake which 

w i l l  then  capture  t h e  smal le r  p a r t i c l e s .  This f i l -  

t r a t i o n  opera t ion  is known a s  t h e  cake f i l t r a t i o n .  

Dewatering is  a post-f i l t r a t i o n  process  i n  which 

t h e  f i l t r a t e  is  removed from t h e  void space of t h e  

f i l t e r  cake by a p p l i c a t i o n  of desa tu ra t ing  fo rces .  

In  many cases ,  dewatering i s  achieved by d i sp lac ing  

f i l t r a t e  with a i r .  A very important d i s t i n c t i o n  

between t h e  two processes  i s  t h a t  while f i l t r a t i o n  

i s  a s i n g l e  phase flow process ,  dewatering is a two- 

phase flow process .  

In  the  pas t ,  f i l t r a t i o n  was not  s tud ied  from 

a t h e o r e t i c a l  viewpoint as o t h e r  u n i t  ope ra t ions ,  

such as  d i s t i l l a t i o n  and absorpt ion.  Also, dewater- 

ing was no t  t r e a t e d  a s  a s epa ra t e  process ,  bu t  was 

considered a s  a p a r t  of f i l t r a t i o n .  Design of  a 

f i l t e r  u n i t  w a s  l a r g e l y  based on empiricism. Some 

at tempts  t o  understand t h e  fundamental mechanisms 

underlying f i l t r a t i o n  have been made i n  r ecen t  

years. (2-11) A review of f i l t r a t i o n  and dewatering has 
been prepared by Gala and Chiang. ( 1 2 )  

Dewatering of f i n e  c o a l  ( l e s s  than 500 p m )  

is one of t h e  major problem a r e a s  i n  coa l  prepara t ion  

p l an t s .  I n  search of s o l u t i o n s  t o  t h i s  problem, a 

fundamental s tudy of f i l t r a t i o n  and dewatering op- 

e r a t i o n  has  been i n i t i a t e d  under t h e  sponsorship 

of t h e  United S t a t e s  Department of Energy. I n  t h i s  
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FILTRATION AND DEWATERING OF FINE COAL, 1613 

study,  a number of v a r i a b l e s  ( a s  l i s t e d  i n  Table 1) 

w i l l  be c a r e f u l l y  examined i n  t e r m s  of t h e i r  e f f e c t s  

on dewatering of f i n e  c o a l  s l u r r i e s .  

OBJECTIVES 

The o v e r a l l  o b j e c t i v e  of t h i s  s tudy is  t o  seek 

improved methods of dewatering through a b e t t e r  

understanding of t h e  f i l t r a t i o n  and dewatering pro- 

cess. The i n v e s t i g a t i o n  i s  divided i n t o  four  a reas .  

P a r t i c l e  and F i l t e r  Cake Charac t e r i za t ion  

The o b j e c t i v e  of t h i s  p a r t  i s  t o  r e l a t e  t h e  

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

t h e  p rope r t i e s  of f i l t e r  cakes formed from t h e  par- 

t i c l e s .  The s t r u c t u r e  of a f i l t e r  cake w i l l  depend 

l a r g e l y  on t h e  packing of t h e  c o a l  p a r t i c l e s  f o r  a 

given s e t  of ope ra t ing  condi t ions .  I n  order  t o  de- 

velop a c o r r e l a t i o n  between p a r t i c l e  c h a r a c t e r i s t i c s  

and t h e  cake s t r u c t u r e ,  micrographic ana lyses  of 

coa l  samples ( t o  determine t h e  p a r t i c l e  s i z e  d i s t r i -  

bu t ion  and p a r t i c l e  shape) and f i l t e r  cakes formed 

from t h e s e  samples a r e  performed. Poros i ty  and pore 

s i z e  d i s t r i b u t i o n  of f i l t e r  cakes a r e  r e l a t e d  t o  

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

shape. one such at tempt  t o  s tudy t h e  s t r u c t u r e  of 

packed bed w a s  made by Ward, e t  a l .  (13)  Their re- 

s u l t s  on a sedimented bed showed some d e f i n i t e  evi-  

dence of p a r t i c l e  arrangement i n  a d i r e c t i o n  normal 

t o  sedimentation. Microscopic a n a l y s i s  of p a r t i c l e s  
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FILTRATION AND DEWATERING OF FINE COAL 1615 

and f i l t e r  cake i s  c a r r i e d  out  wi th  an o p t i c a l  m i -  

croscope and image ana lyzer .  A desc r ip t ion  of t h i s  

equipment i s  given i n  a l a t e r  s ec t ion .  

Modellinq of Fi l t ra t ion/Dewater inq Process 

The purpose of a s imula t ion  model developed f o r  

f i l t r a t i o n  and dewatering of f i n e  c o a l  p a r t i c l e s  is 

f o r  t h e  p red ic t ion  of t h e  equi l ibr ium and t h e  dynam- 

i c  p r o p e r t i e s  of a f i l t e r  cake using c h a r a c t e r i s t i c  

p r o p e r t i e s  of t h e  p a r t i c l e s  and cake a s  we l l  a s  t h e  

ope ra t ing  condi t ions .  F i l t r a t i o n  involves  flow of 

a s i n g l e  phase through a porous medium; dewatering 

involves  simultaneous flow of two phases. Nei ther  

i s  s u b j e c t  t o  simple t h e o r e t i c a l  t rea tment .  Any 

s imulat ion model used f o r  dewater ingmustbe a b l e  t o  

r ep resen t  a s t a t i s t i c a l  v a r i a t i o n  i n  t h e  porous s t ruc -  

t u r e .  In  t h i s  work, a three-dimensional network 

model i s  be ing  used f o r  t h e  f i r s t  t i m e  t o  r ep resen t  

t h e  s t r u c t u r e  of t h e  f i l t e r  cake. (I4) 

d e l s  were f i r s t  used by F a t t .  (15) 

f u l l y  developed, w i l l  have t h e  c a p a b i l i t y  of pre- 

d i c t i n g  both t h e  equi l ibr ium and t h e  dynamic dewa- 

t e r i n g  p rope r t i e s  of t h e  f i l t e r  cake. In  the  model, 

t h e  cake s t r u c t u r e  i s  represented  by a r egu la r  th ree-  

dimensional l a t t i c e ,  formed by a s e t  of nodes and 

bonds. Four d i f f e r e n t  types  of l a t t i c e s ,  body 

centered  cubic ,  f a c e  centered  cubic ,  t e t r a h e d r a l  and 

simple cubic ,  a r e  considered.  The study of i m m i s -  

c i b l e  displacement i n  t h e  network i s  done by Monte 

Network mo- 

The model, when 
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GALA ET AL. lh16 

Carlo displacement i n  t h e  network of s i z e  15x15~15  

(3375) nodes has  been used success fu l ly  t o  c a l c u l a t e  

t h e  breakthrough pressure  and i s  now being t e s t e d  

f o r  equi l ibr ium desa tu ra t ion .  D e t a i l s  of t h e  model 

and r e s u l t s  obtained from a p p l i c a t i o n  of  t h i s  model 

a r e  d iscussed  by Riquelme. (14)  

Equilibrium Measurement 

Equilibrium p r o p e r t i e s  a r e  important because 

they  provide t h e  l i m i t i n g  achievable  performance 

of a f i l t r a t i o n  and dewatering process.  The r e s i d u a l  

moisture  conten t ,  c a p i l l a r y  pressure-sa tura t ion  curve,  

and breakthrough pressure  of f i l t e r  cakes a r e  mea- 

sured.  Breakthroughpressure is  t h e  pressure  a t  which 

t h e  non-wetting phase ( a i r  i n  t h i s  ca se )  s t a r t s  t o  

flow cont inuously through t h e  f i l t e r  cake.  Cap i l l a ry  

pressure-sa tura t ion  da ta  provide an experimental  mea- 

surement of t h e  r e l a t i o n  between equi l ibr ium moisture 

and t h e  appl ied  pressure  d i f f e rence .  This  informa- 

t i o n ,  toge ther  wi th  microscopic d a t a ,  i s  requi red  i n  

modelling of dynamic p r o p e r t i e s  of t h e  f i l t e r  cake, 

and it a l s o  g i v e s  a measure of t h e  e f f e c t  of cap i l -  

l a r y  fo rces  on t h e  r e t e n t i o n  of  water i n  t h e  f i l t e r  

cake. 

Dynamic Measurement 

Dynamic measurements a r e  being conducted t o  

ob ta in  r a t e  of f i l t r a t i o n  and dewatering. The ef-  

f e c t s  of parameters,  such a s  change i n  d r iv ing  fo rce  
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FILTRATION AND DEWATERING OF FINE COAL 1617 

(vacuum), change i n  s l u r r y  concent ra t ion ,  p a r t i c l e  

s i z e ,  cake th ickness ,  have been s tudied :  These re- 

s u l t s ,  toge ther  wi th  equi l ibr ium measurements and 

micrographic a n a l y s i s ,  provide a b a s i s  f o r  t e s t i n g  

t h e  network model, understanding t h e  underlying mech- 

anism of  f i l t r a t ion /dewa te r ing ,  and p red ic t ing  per- 

formance of f i l t r a t i o n  u n i t s .  

MPERIMENTAL WORX 

Micrographic a n a l y s i s  of p a r t i c l e s  and f i l t e r  

cake i s  c a r r i e d  o u t  wi th  a Le i t z  or thoplan  micro- 

scope and an Omnicon Alpha Image Analyzer. These 

equipments a r e  coupled with a HP-85 mini-computer, 

so t h a t  t h e  e n t i r e  opera t ion  can be  c a r r i e d  out  auto- 

ma t i ca l ly .  

For p a r t i c l e  s i z e  a n a l y s i s ,  a r e p r e s e n t a t i v e  

sample o f  t h e  c o a l  (-32 mesh, Pit tsburgh-Bruceton 

Seam) i s  c a r e f u l l y  drawn from t h e  bulk.  The c o a l  

sample i s  then mixed with a mounting medium ( o i l  

o r  isopropanol)  , subjec ted  t o  u l t r a s o n i c  v i b r a t i o n s  

t o  break up any agglomerates and t r a n s f e r r e d  t o  a 

c l e a n  g l a s s  s l i d e  f o r  microscopic examination. 

c o a l  p a r t i c l e s  i n  s e v e r a l  f i e l d s  of view a r e  counted 

through t h e  microscope by t h e  image analyzer  ( a s  di-  

r e c t e d  by t h e  computer) and analyzed by t h e  computer 

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

l e a s t  10,000 p a r t i c l e s  a r e  counted t o  ob ta in  a s t a -  

t i s t i c a l l y  r e p r e s e n t a t i v e  a n a l y s i s .  A t y p i c a l  s i z e  

d i s t r i b u t i o n  of -32 mesh c o a l  p a r t i c l e s  (P i t t sbu rgh  
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1618 GALA ET AL. 

c o a l )  obtained i n  t h i s  way i s  shown i n  Figure 1. 

A s  can be  observed, t h e r e  i s  a very wide d i s t r i b u -  

t i o n  of p a r t i c l e  s i z e s ,  ranging from a few microns 

t o  500 microns. 

Se lec ted  f i l t e r  cakes a r e  consol ida ted  by d i s -  

placing t h e  r e s i d u a l  water  with methyl-ethyl-ketone 

(MEK) and then  passing an epoxy r e s i n  (Armstrong 

epoxy) d i l u t e d  wi th  MEK through t h e  cake. The con- 

s o l i d a t e d  cake i s  cured i n  an oven a t  60 C . ,  c u t  

by an Isomet diamond saw t o  o b t a i n  a predetermined 

c ross - sec t iona l  view of t h e  cake, ground on a Buehler 

Handimat g r inde r  and pol i shed  with a r o t a t i n g  wheel. 

The pol ished specimen is  viewed under t h e  o p t i c a l  

microscope d i r e c t l y  o r  photographed using a bellow 

1 2  5 10 20 5 o K ) 0 2 0 0  500 

Particle Size. microns 

FIGURE 1: P a r t i c l e  S ize  D i s t r i b u t i o n  of -32 mesh 
Pittsburgh-Bruceton Seam coa l .  
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FILTRATION AND DEWATERING OF FINE COAL 1619 

camera with high speed Polaro id  52 f i l m  and then  t h e  

photomicrograph i s  viewed under a macroviewer which 

is coupled wi th  t h e  Image Analyzer. Figure 2 shows 

t h e  su r face  l a y e r  near  t h e  t o p  s e c t i o n  of a f i l t e r  

cake and Figure 4 t h e  pore s i z e  d i s t r i b u t i o n  obtained 

f o r  t h i s  s ec t ion .  Figure 3 shows a l aye r  of t h e  

cake near  t h e  bottom s e c t i o n  ( i . e .  near  t h e  f i l t e r  

medium) wi th  i t s  pore s i z e  d i s t r i b u t i o n  a s  shown i n  

Figure 4. This cake was formed under g r a v i t y  se t -  

t l i n g .  

A n  examination of F igures  2 and 3 shows t h a t  

segrega t ion  of p a r t i c l e s  occurs  due t o  d i f f e r e n c e s  

i n  r a t e  of sedimentation. A wide v a r i a t i o n  i n  av- 

e rage  p a r t i c l e  diameter i s  observed from one l a y e r  

of t he  cake t o  another .  

One of t h e  i n t e r e s t i n g  f e a t u r e s  noted is  t h e  

presence of a i r  bubbles i n  t h e  f i l t e r  cakes formed 

under vacuum. Figure 5 shows a micrograph of a 

l aye r  of c o a l  cake c l o s e  t o  t h e  f i l t e r  medium. A i r  

bubbles a r e  c l e a r l y  v i s i b l e  i n  t h i s  p i c t u r e  as b lack  

c i r c u l a r  voids.  These a i r  bubbles might have been 

evolved from f i l t r a t e  o r  desorbed from t h e  su r face  

of c o a l  p a r t i c l e s .  Entrapped a i r  bubbles have a l s o  

been observed by Nemeth and S i r o i s .  (I6) 
bubbles a r e  undes i rab le  s i n c e  they  might impede t h e  

f i l t r a t i o n  and dewatering by blocking o f f  micropores 

and channels through which water would flow other-  

wise.  

The a i r  

c a p i l l a r y  pressure  s a t u r a t i o n  experiments a r e  

c a r r i e d  ou t  i n  s tandard  Ruska c e l l s  (I7) by measuring 
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1620 GALA ET AL. 

F I G U R E  2 :  Photomicrograph of t o p  l a y e r  of a f i l t e r  
cake formed from -32 mesh coa l  p a r t i c l e s  
(Pit tsburgh-Bruceton Seam Coal Mine) . 
Average p a r t i c l e  diameter of t h i s  layer  
= 36.6 pm, Average cake po ros i ty  of t h i s  
l aye r  = 0.54 2 0.03. 

t h e  volume of water d i sp l aced  a t  a known pressure  

drop across  t h e  cake. Cake s a t u r a t i o n  i s  c a l c u l a t e d  

by a water balance.  Figure 6 shows a t y p i c a l  cap i l -  

l a r y  pressure-sa tura t ion  curve f o r  c o a l  cakes.  

Breakthrough pressure  through t h e  cake is measured 

by recording t h e  pressure  a t  which t h e  f i r s t  a i r  

bubble escapes through an inve r t ed  cake. It  i s  found 
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FILTRATION AND DEWATERING OF FINE COAL 1621 

F I G U R E  3: Photomicrograph of bottom l a y e r  of a 
f i l t e r  cake formed from -32 mesh c o a l  
p a r t i c l e s  (Pit tsburgh-Bruceton Seam Coal 
Mine). Average p a r t i c l e  diameter of t h i s  
l aye r  = 5 7 . 1  p. Average cake po ros i ty  
= 0.49 2 0 . 0 3 .  

t h a t  a i r  breakthrough occured i n  -32 mesh coa l  cakes 

a t  about 6 t o  7 kpa pressure  and is independent of 

t h e  cake th i ckness .  

For dynamic measurements, a f i l t r a t i o n  u n i t  

made of a r ec t angu la r  P l ex ig l a s  box and a P lex ig l a s  

cy l inde r  i s  used. This u n i t ,  a s  shown i n  Figure 7,  

con ta ins  a load c e l l  and t ransducer  system (both  ob- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



GALA ET AL. 

a Top layer  of cake 
Q Bottom l ayer  of 

cake 

0 20 40 60 80 100 

PORE DIAMETER .mlcrnnc 

FIGURE 4: Pore s i z e  d i s t r i b u t i o n  of two l a y e r s  of a 
f i l t e r  cake  shown i n  F igu res  2 and 3 .  
Y a x i s  shows % volume occupied by pores  
i n  a s i z e  i n t e r v a l  d iv ided  by t h e  s i z e  
i n t e r v a l .  

t a i n e d  from Gould-Statham Company). A c o n t a i n e r  f o r  

c o l l e c t i n g  t h e  f i l t r a t e  pas s ing  through t h e  f i l t e r  

cake i s  p laced  on t h e  load  c e l l .  A n  e l e c t r i c a l  s ig -  

n a l  i s  gene ra t ed  €or  a change i n  t h e  weight  of t h e  

con ta ine r .  The e l e c t r i c a l  s i g n a l  i s  recorded  t o  

provide  a cont inuous  r e c o r d  of  weight  of f i l t r a t e  

V:j.  t i m e .  From t h e s e  r e c o r d s ,  f i l t r a t i o n  and dewa- 

t e r i n g  r a t e  d a t a  are obta ined .  

To ensu re  t h a t  t h e r e  is no seepage of water  

around t h e  pe r iphe ry  of t h e  c o a l  cake dur ing  f i l t r a -  

t i o n  measurements, t h e  cake i s  formed i n  a rubber  
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FILTRATION AND DEWATERING OF FINE COAL 1623 

FIGURE 5: Photomicrograph of a s e c t i o n  of f i l t e r  
cake near  t h e  f i l t e r  medium showing t h e  
presence of a i r  bubbles.  (The cake was 
formed under vacuum.) Black circles i n  
t h e  p i c t u r e  a r e  a i r  bubbles. 

s l eeve  mounted i n s i d e  t h e  P lex ig l a s  cy l inde r .  The 

s l eeve  s t i c k s  t o  t h e  i n s i d e  su r face  of t h e  c y l i n e r  

on a p p l i c a t i o n  o f  vacuum and it expands and holds  

t h e  c o a l  cake f i rmly  when vacuum is re l eased .  

Experiments a r e  c a r r i e d  ou t  by mixing a known 

amount of c o a l  wi th  d i s t i l l e d  water  t o  from a s l u r r y .  

The s l u r r y  is then  f i l t e r e d  through a Whatmann #1 

f i l t e r  paper i n  t h e  c y l i n d e r ,  by app l i ca t ion  of 
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1 1 I I 1 I 1 

v) 1.0 - - 
2 
g 
g 
- . t 0.8 - - 

- 

- 

- 

1 1 I 1 I I 0.0 

FIGURE 6: c a p i l l a r y  pressure-sa tura t ion  curve f o r  
four  c o a l  cakes (formed by g r a v i t y  set- 
t l i n g  from -32 mesh c o a l  samples) .  

vacuum. The weight of f i l t r a t e  c o l l e c t e d  i s  recorded 

a s  a func t ion  of time. Figure 8 shows a t y p i c a l  

f i l t r a t i o n  curve and Figure 9 shows t h e  r e s u l t s  ob- 

t a ined  by analyzing s e v e r a l  f i l t r a t ion /dewa te r ing  

curves obtained by varying t h e  vacuum. The s p e c i f i c  

cake r e s i s t a n c e  and f i l t e r  medium r e s i s t a n c e  a r e  

c a l c u l a t e d  by a p p l i c a t i o n  of  t h e  parabol ic  f i l t r a t i o n  

equat ion t o  t h e  f i l t r a t i o n  da ta .  A s  i s  observed 

i n  t h e  f i g u r e ,  vacuum has  l i t t l e  e f f e c t  on cake 

r e s i s t a n c e .  On t h e  o t h e r  hand, t h e  moisture  conten t  

of cake decreases  with an inc rease  i n  d r iv ing  fo rce  

(vacuum) a s  expected. 
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FILTRATION AND DEWATERING OF FINE COAL 1625 

ubber sleeve 

l t r a t i o n  Cylinder 

F i l t e r  medium 
on wire mesh 

Vacuum 

Transducer 

FIGURE 7: The f i l t r a t i o n  u n i t ,  showing t h e  rubber 
s l eeve  arrangement and t h e  weighing 
assembly. 

OBSERVATIONS AND CONCLUSIONS 

Micrographic a n a l y s i s  of f i n e  c o a l  f i l t e r  cakes 

r e v e a l s  d e t a i l e d  s t r u c t u r a l  f e a t u r e s  which have not  

been observed before .  For cakes formed by g r a v i t y  

s e t t l i n g ,  s i g n i f i c a n t  v a r i a t i o n s  i n  average p a r t i c l e  

s i z e  and pore s i z e  d i s t r i b u t i o n  a r e  noted a t  var ious  
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Time, secs 

FIGURE 8: A t y p i c a l  f i l t r a t i o n  curve.  
So l ids :  -32 mesh coa l  p a r t i c l e s  
S lu r ry  concent ra t ion  of s o l i d :  0 .25  

Applied pressure  grad ien t :  40 kPa 
kg/kg water 

l aye r s  along t h e  d i r e c t i o n  of f i l t r a t i o n .  S imi la r  

v a r i a t i o n s  a r e  a l s o  observed i n  cakes formed under 

vacuum. These v a r i a t i o n s  should be  included i n  any 

model f o r  t h e  f i l t r a t ion /dewa te r ing  process .  The net-  

work model used he re  can inc lude  t h e  e f f e c t  of par- 

t i c l e  segrega t ion  on t h e  dewatering process.  Figure 

10  shows a p l o t  of node s a t u r a t i o n  versus  number 

based pore s i z e  f o r  an equi l ibr ium desa tu ra t ion  

c a l c u l a t i o n  us ing  t h e  network model. (I4) 

genera l ized  p r o p e r t i e s  and cannot be  compared d i r e c t -  

l y  with experimental  r e s u l t s  such a s  shown i n  Figure 

6 ,  bu t  t h e  s i m i l a r i t y  of t h e  curves  is  evident .  

These a r e  
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Vacuum, k P a  

F I G U R E  9: Ef fec t  of vacuum on propert ies  of a coal 
cake. 
P a r t i c l e  s ize :  -32 mesh 
Slurry concentration of solids: 0.25 

cake thickness:  3 c m s .  
cake diameter: 4.8 c m s .  

kg/kg water 
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E Q U I L I B R I U R  D E S R T U R R T I O N  
INCREMENTAL DISPLACEMENT 

SEED = 0 

LATTICE TYPE 

0 TETRAHEDRAL 

A SIMPLE CUBIC 

4 BODY CENTERED 

x FACE CENTERED 

NUMBER-BASED PORE SIZE 

FIGURE 10: Capi l l a ry  pressure-sa tura t ion  curve i n  
terms of genera l ized  p r o p e r t i e s  obtained 
from ( t h r e e  dimensional)  network model. 

The genera l ized  proper ty  curves  can be converted t o  

a c t u a l  pore s i z e  and moisture  conten t  i n  f i l t e r  cakes 

by assigning volumes t o  t h e  nodes and/or bonds of 

t h e  l a t t i c e  network used €or t h e  c a l c u l a t i o n .  The 

assigned volumes are obta ined  d i r e c t l y  from t h e  

micrographic a n a l y s i s  of f i l t e r  cakes.  

For each of t h e  equi l ibr ium and dynamic experi-  

ments performed, a new sample of f i n e  coa l  p a r t i c l e s  

was used. 

s i m i l a r  samples of f i n e  p a r t i c l e s  and o the r  experi-  

mental u n c e r t a i n t i e s ,  t h e  v a r i a t i o n  i n  t h e  da t a  a s  

observed from Figure 6 and Figure 9 i s  q u i t e  rea- 

sonable.  It  was observed t h a t  t h e  use of rubber 

cons ider ing  t h e  d i f f i c u l t y  i n  ob ta in ing  
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FILTRATION AND DEXATERING OF FINE COAL 1629 

s l eeves  i n  t h e  f i l t r a t i o n  cy l inde r  helped t o  improve 

t h e  r e p r o d u c i b i l i t y  of  experimental  runs  carried 

o u t  under s i m i l a r  condi t ions .  

P a r t i c l e  s i z e  has  a s i g n i f i c a n t  e f f e c t  on t h e  

f i l t r a t i o n  and dewatering r a t e  of coa l  p a r t i c l e s .  

I t  was observed t h a t  t h e  cakes formed from -200 

mesh c o a l  p a r t i c l e s  w e r e  much more d i f f i c u l t  t o  de- 

water than  t h e  cakes formed from -32 mesh c o a l  par- 

t ic les .  I n  c o n t r a s t  t o  t h i s ,  t h e  cakes formed from 

-100 + 200 mesh c o a l  cakes have t h e  l a r g e s t  pore 

diameter followed by -32 mesh coa l  cakes.  A s  would 

be  expected, -200 mesh c o a l  cakes have t h e  sma l l e s t  

pore diameter.  Table  2 shows t h e  va lues  f o r  pore 

diameters  f o r  s e v e r a l  f i l t e r  cakes.  The l a r g e  f i l -  

t r a t i o n  r a t e  i n  -100 + 200 mesh c o a l  cakes was at- 

t r ibu t ed (18) t o  t h e  absence of small  p a r t i c l e s  (-200 

mesh p a r t i c l e s )  i n  t h e s e  cakes.  

F igures  3 and 4 show two s e c t i o n s  of a f i l t e r  

cake.  The p o r o s i t i e s  of t h e s e  two s e c t i o n s  a s  de- 

termined by t h e  image analyzer  were found t o  be near- 

l y  t h e  same. (’’) It was found t h a t  under t h e s e  con- 

d i t i o n s  t h e  simple parabol ic  equat ion can be appl ied  

t o  analyze t h e  f i l t r a t i o n  da ta .  The r e s u l t s  shown 

i n  F igure  9 w e r e  obtained from such an ana lys i s .  

From t h e s e  r e s u l t s ,  it can be concluded t h a t  f i l t e r  

cakes formed from f i n e  c o a l  p a r t i c l e s  a r e  incompres- 

s i b l e  i n  t h e  p re s su re  range of 20 t o  70 kPa. 
These prel iminary experimental  r e s u l t s  and theo- 

r e t i c a l  a n a l y s i s  have revea led  a number of important 

f e a t u r e s  of f i n e  p a r t i c l e  cake f i l t r a t i o n .  A c l e a r  
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TABLE 2 

1 
Partic1.e and Pore S ize  D i s t r i b u t i o n  of Coal cakes 

Bulk c o a l  Avg. P a r t i c l e  A v g .  Pore 
S ize  s i z e ,  p Size ,  pn 

-32 mesh 
2 
3 

36.6 
57 .1  

-100 + 45.8 
200  mesh 

2 
3 

13 .5  
22 - 9  

1 7 . 5  

-200 mesh 2 1 . 8  8 .4  

1. All cakes were formed under 20 c m  Hg 
vacuum. 

2 .  A t  t h e  t o p  l a y e r  of the cake su r face .  

3. A t  t h e  bottom l aye r  of t h e  cake c ross -  
s e c t i o n  near  t h e  cake f i l t e r  medium 
i n t e r f a c e .  

understanding of t h e  micro-s t ruc ture  and i t s  r o l e  i n  

determining t h e  dynamic and equi l ibr ium behavior of 

f i l t e r  cakes i s  a p r e r e q u i s i t e  i n  t h e  f u t u r e  devel- 

opment and improvement of t h e  f i l t r a t ion /dewa te r ing  

process.  
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