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FILTRATION BEHAVIOR OF SLURRIES WITH VARYING COMPRESSIBILITZES 

M. Massuda, K. Br idger ,  M. Harvey F. M. T i l l e r  
Mar t in  M a r i e t t a  L a b o r a t o r i e s  Department of Chemical Engineer ing 
Bal t imore,  Maryland 21227 Univers i ty  of Houston 

Houston, Texas 77004 

ABSTRACT 

A novel f i l t r a t i o n  appara tus  a l lows  s imultaneous 
measurements of f i l t r a t e  volume, h y d r a u l i c  p r e s s u r e  
and cake t ickness  us ing  s l u r r y  volumes on t h e  order  
of 100 cm . Differences  i n  i n t e r p a r t i c l e  i n t e r -  
a c t i o n s  were s t u d i e d  by vary ing  t h e  barium c h l o r i d e  
c o n c e n t r a t i o n  of 0.38-lan polys tyrene  l a t e x  and 
f i l t e r i n g  at  p r e s s u r e s  between 2 and 100 p s i .  Cakes 
formed from t h e s e  s l u r r i e s  a r e  h i g h l y  compressible  
€or  c o n c e n t r a t i o n s  between 0.01M and O.lOb! ,  moder- 
a t e l y  compressible  f o r  t h e  0.005M concent ra t ion ,  and 
incompress ib le  fo r  t h e  0.001M concent ra t ion .  P l o t s  
of f i l t r a t e  volume versus  cake t h i c k n e s s  were l i n e a r  
f o r  t h e  incompressible  cakes,  whereas t h e  com- 
p r e s s i b l e  cakes showed s i g n i f i c a n t  d e v i a t i o n s ,  which 
were p r e s s u r e  dependent. The pressure  d i s t r i b u t i o n  
f o r  t h e  incompressible  cake was found t o  be 
e s s e n t i a l l y  l i n e a r  as p r e d i c t e d  from t h e  r e s i s t a n c e  
p l o t s  assuming c o n s t a n t  a and E. For the  h i g h l y  
compressible  cakes ,  most of t h e  pressure  drop appears  
t o  occur  near  the  cake/medium i n t e r f a c e  with only  
small changes occurr ing  a t  t h e  top of t h e  cake. 

9 

INTRODUCTION 

Understanding and p r e d i c t i n g  the  behavior  of s l u r r i e s  i n  
cake f i l t r a t i o n s  i s  important  t o  many i n d u s t r i a l  p rocesses .  
Severa l  l abora tory-sca le  tests f o r  measuring t h e  E i l t e r a b i l i t y  of 
a given s l u r r y  have been devised .  Although many of t h e s e  methods, 
e.g., c a p i l l a r y  s u c t i o n  (1-4) and aggrega te  s i z e / f i l t e r a b i l i t y  
(5-81, are v a l u a b l e  f o r  de te rmining  optimum f l o c c u l a n t  dosaqes fo r  

2159 
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2160 MASSUDA ET A L .  

c l a r i f y i n g  d i l u t e  d i s p e r s i o n s  and f o r  determining t h e  l i m i t i n g  
low-pressure s p e c i f i c  r e s i s t a n c e ,  they cannot p r e d i c t  how t h e  
pressure g r a d i e n t ,  p o r o s i t y  d i s t r i b u t i o n ,  and s p e c i f i c  r e s i s t a n c e  
w i l l  vary a s  a f u n c t i o n  of cake th ickness  and a p p l i e d  pressure .  
The novel f i l t r a t i o n  c e l l  we have developed le t s  us measure t h e s e  
v a r i a t i o n s  and thus  h e l p s  d e f i n e  t h e  r e l a t i o n s h i p s  between t h e  
i n t e r n a l  cake p r o p e r t i e s ,  cake t h i c k n e s s ,  and a p p l i e d  p r e s s u r e  
( 9 ) .  Once t h e s e  r e l a t i o n s h i p s  a r e  understood,  one can determine 
the  parameters  necessary  t o  opt imize t h e  f i l t r a t i o n s  O F  a g iven  
m a t e r i a l .  The a p p a r a t u s ,  which i s  ea y t o  use and c l e a n  and 
r e q u i r e s  sample s i z e s  a s  smal l  a s  100 cm , w i l l  h o p e f u l l y  become a 
more u s e f u l  benchtop t o o l  f o r  determining t h e  f i l t r a t i o n  behavior  
of s l u r r i e s .  I n  t h i s  paper ,  w e  d e s c r i b e  t h e  use of this  a p p a r a t u s  
i n  measuring the  f i l t r a t i o n  behavior  of uniform polys tyrene  and 
s i l i c a  d i s p e r s i o n s .  

4 

APPARATUS AND METYODS 

A d e t a i l e d  d e s c r i p t i o n  of t h e  f i l t r a t i o n  appara tus  i s  g iven  
in Ref. ( 9 ) .  B r i e f l y ,  the  appara tus  c o n s i s t s  of a p r e s s u r e  mani- 
f o l d ,  a f i l t r a t i o n  v e s s e l ,  p r e s s u r e  t r a n s d u c e r s ,  an e l e c t r o n i c  
ba lance ,  and a d a t a  a c q u i s i t i o n  system. The pressure  manifold 
s u p p l i e s  compressed gas  t o  t h e  f i l t r a t i o n  v e s s e l ,  which c o n s i s t s  
of a r e i n f o r c e d  P l e x i g l a s  c y l i n d e r  with a f i l t e r  medium a t  t h e  
bottom. Ten p o r t s  a r e  spaced i n  a h e l i c a l  arrangement a t  known 
h e i g h t s  above t h e  f i l t e r  medium. Each p o r t  is connected t o  a 
p r e s s u r e  t r a n s d u c e r .  The o u t p u t s  from the  t r a n s d u c e r s ,  t o g e t h e r  
with those  from t h e  d i g i t a l  balance on which t h e  f i l t r a t e  i s  
c o l l e c t e d ,  are i n p u t  t o  a n  IBM PC. This  l a y o u t  permi ts  simul- 
taneous measurements of f i l t r a t e  volume, h y d r a u l i c  p r e s s u r e ,  and 
cake t h i c k n e s s .  Values f o r  cake t h i c k n e s s  (L) a s  a f u n c t i o n  of 
f i l t r a t e  volume (V) were obta ined  from t h e  p o i n t  a t  which t h e  
p r e s s u r e  measured a t  each t ransducer  began t o  drop ,  a s  d i scussed  
i n  ( 9 )  and i l l u s t r a t e d  i n  Fig.  1. 

The polys tyrene  l a t ex  d i s p e r s i o n s  used i n  t h e  p r e s e n t  s tudy  
were prepared by emulsion polymer iza t ion  (10,ll) under t h e  
c o n d i t i o n s  given i n  ( 1 2 ) .  The s i l i c a  d i s p e r s i o n s  were prepared 
accord ing  t o  t h e  procedure of S tober ,  F ink ,  and Rohn (13). This  
procedure involves  t h e  h y d r o l y s i s  of an a l k y l  s i l i c a t e  and t h e  
subsequent  condensat ion of t h e  r e s u l t i n g  s i l i c i c  a c i d  i n  an 
a l c o h o l i c  s o l u t i o n  w i t h  ammonia as a morphological  c a t a l y s t .  
D i f f e r e n t  s i z e s  of s i l i c a  p a r t i c l e s  were obta ined  by vary ing  t h e  
molar r a t i o  of ammonia t o  water as well as t h e  r e a c t i o n  
temperature .  

The 0.24-inn s i l i c a  d i s p e r s i o n  w a s  ob ta ined  w i t h  reagent  
c o n c e n t r a t i o n s  of 0.4M t e t r a e t h y l  o r t h o s i l i c a t e ,  1.6M ammonia, and 
16.0mM water  i n  a 1:3 s o l v e n t  system of n-propanol/methanol. The 
r e a c t i o n  was  c a r r i e d  out  i n  a round-bottom f l a s k  equipped wi th  a n  
overhead s t i r r e r  and maintained i n  a water ba th  a t  55°C. The 
r e s u l t i n g  s i l i c a  d i s p e r s i o n  was washed with water by repea ted  
c e n t r i f u g a t i o n  and resuspension.  A pH of 9 was  measured f o r  t h e  
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Figure  1. Hydraul ic  p r e s s u r e  (pL/p)  versus  f i l t r a t e  a t  p o r t  64 
f o r  0.38- im l a t e x  ([RaCl2]=O.O1M; p=100 p s i ) .  

f i n a l  washed d i s p e r s i o n  and a pH of 8 was obta ined  f o r  t h e  s l u r r y  
t r e a t e d  wi th  barium c h l o r i d e  o r  potassium n i t r a t e  b e f o r e  
f i l t r a t i o n .  P a r t i c l e  s i z e s  were determined by t r a n s m i s s i o n  
e l e c t r o n  microscopy and l i g h t  s c a t t e r i n g .  Number average 
d iameters  a r e  r e p o r t e d  f o r  t h e s e  monodisperse p a r t i c l e s .  

S t a b l e  s l u r r i e s  of t h e  polys tyrene  and t h e  s i l i c a  were 
f i l t e r e d  i n  t h e  presence of 0.01M potassium n i t r a t e .  Coagulated 
s l u r r i e s  were prepared by the a d d i t i o n  of barium c h l o r i d e .  
D i f f e r e n t  i o n i c  s t r e n g t h s  were genera ted  by vary ing  t h e  barium 
c h l o r i d e  c o n c e n t r a t i o n  between 0.001M and 0.1M. For each barium 
c h l o r i d e  c o n c e n t r a t i o n ,  a s l u r r y  volume of 150 ml and a s l u r r y  
c o n c e n t r a t i o n  of f o u r  p e r c e n t  f o r  t h e  polys tyrene  and e i g h t  
p e r c e n t  f o r  the s i l ica  was used. Both s t a b l e  and coagulated 
s l u r r i e s  were allowed t o  s i t  f o r  two days and were t h e n  
resuspended by g e n t l e  a g i t a t i o n  before  f i l t e r i n g  a t  p r e s s u r e s  
between 2 and 100 p s i .  A f t e r  each f i l t r a t i o n ,  t h e  weight and 
t h i c k n e s s  of t h e  w e t  cake were measured before  p l a c i n g  it i n  a 
50°C oven f o r  dry ing  t o  cons tan t  weight. 

DATA TREATMENT AND CALCULATIONS 

F i l t r a t i o n  rate d a t a  a r e  u s u a l l y  analyzed according t o  the  
r e s i s t a n c e  e q u a t i o n s  us ing  mass coord ina tes  (14-16). However, 
T i l l e r  r e c e n t l y  noted t h a t  t h i s  p r a c t i c e  l e a d s  t o  s p e c i f i c  
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2162 MASSUDA ET AL. 

r e s i s t a n c e  v a l u e s  which depend upon t h e  d e n s i t y  of t h e  p a r t i c l e s  
used ( 1 7 ) .  We have adopted h i s  sugges t ion  and thus  t h e  r a t e  d a t a  
were analyzed according t o  t h e  r e s i s t a n c e  equat ions  based on s o l i d  
cake volume per  u n i t  area ( 1 0  ): 

C 

and 

where p is the a p p l i e d  p r e s s u r e ,  u t h e  f i l t r a t e  v i s c o s i t y ,  
q (=dv/d t )  t h e  flow r a t e  of f i l t r a t e  per  u n i t  a r e a  of cake,  v t h e  
volume of f i l t r a t e  p e r  u n i t  area of cake accumulated i n  time t ,  
aav t h e  average cake r e s i s t a n c e ,  and R t h e  medium r e s i s t a n c e .  
Note t h a t  i n  equat ions  (1)  and ( 2 1 ,  foe #as rep laced  t h e  mass of 
dry  cake p e r  u n i t  a r e a  (wc = ioCpq) and t h e  mass-based average 
s p e c i f i c  r e s i s t a n c e  e q u a l s  aav/ps ,  h e r e  pS is  t h e  d e n s i t y  of t h e  
p a r t i c l e s .  Since Eq. (2) involves  more assumptions,  Eq. (1) a l o n e  
was used t o  c a l c u l a t e  aav. 

Values f o r  wc were c a l c u l a t e d  €rom f i l t r a t e  volumes using 
t h e  mass balance (assuming no volume changes): 

V h  . .  
S =----- 

C dl 

1- + ( 3 )  

L sav 

where 4, and E~~~ are t h e  volume f r a c t t o n s  of s o l i d s  i n  t h e  s l u r r y  
and t h e  cake ,  r e s p e c t i v e l y .  hs was c a l c u l a t e d  from measured 
v a l u e s  of t h e  mass f r a c t i o n  of s o l i d s  i n  s l u r r y ( s )  using:  

S 
Qs - a(l-s)+s ( 4 )  

where u is  t h e  r a t i o  of s o l i d  t o  f i l t r a t e  d e n s i t i e s  ( p s / P ) .  Esav 
is  l inked  t o  L and v through material balance and geometr ic  con- 
s i d e r a t i o n s ,  and may be c a l c u l a t e d  from any of t h e s e  t h r e e  
r e l a t i o n s h i p s :  

S 

E =  ( 5 )  sav  a( l -sc)+sc 

L 
€ =  s a v  o( l -s)+s 

V - S 

L E =  

d l  - s a v  

C 
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where sC i s  t h e  mass f r a c t i o n  of s o l i d  i n  t h e  cake. Equat ion ( 5 )  
uses  t h e  measured va lue  of sc a l o n e  t o  c a l c u l a t e  E ~ ~ ~ ,  Eq. (6 )  
uses  t h e  measured va lues  of v and L ,  and Eq. ( 7 )  uses  a l l  t h r e e  
measurements. I d e a l l y ,  a l l  t h r e e  c a l c u l a t i o n s  should g ive  t h e  
same answer and th i s  is t h e  case f o r  r e l a t i v e l y  incompress ib le  
cakes ( 9 ) .  However, t h e  more compressible  cakes s t u d i e d  h e r e  
showed s i g n s  of e x p r e s s i o n ,  i .e. ,  water squeezed out  of t h e  
pores .  Therefore ,  E q .  (5 ) ,  which assumes t h a t  a l l  t h e  pores  a r e  
f i l l e d  with w a t e r ,  gave E av va lues  t h a t  were too  high.  Con- 
s e q u e n t l y ,  Eq. (6) w a s  used  t o  c a l c u l a t e  E aV. In  o b t a i n i n g  t h e  
r e s i s t a n c e  p l o t s ,  E was c a l c u l a t e d  from t%e f i n a l  t h i c k n e s s  and 
f i l t r a t e  volume an3 was assumed t o  be c o n s t a n t  throughout t h e  
f i l t r a t i o n .  I n  t h e s e  c a l c u l a t i o n s ,  t h e  d e n s i t y  of po lys tyrene  is  
assumed t o  be 1.05 g/ml and t h a t  of t h e  s i l i c a  2.20 g/ml. The 
average  p o r o s i t y  of t h e  cake ( E  

a v  

) is  equal  t o  1 - ~ ~ ~ ~ .  av 

RESULTS -- 

Our previous  work focused on t h e  f i l t r a t i o n  of f l o c c u l a t e d  
and nonf loccula ted  s l u r r i e s  of uniform polys tyrene  p a r t i c l e s .  
D i s p e r s i o n s ,  s t a b l e  i n  t h e  presence of O.OlM potassium n i t r a t e ,  
behaved as incompress ib le  materials upon f i l t r a t i o n .  S l u r r i e s  of 
0.67-pm p a r t i c l e s  coagulated w i t h  0.1M barium c h l o r i d e  behaved 
l i k e  moderately compressible  material. P l o t s  of ( i l t r a t e  volume 
versus  cake t h i c k n e s s  confirmed a l i n e a r  r e l a t i o n s h i p  f o r  
incompress ib le  cakes as w e l l  a s  a l i n e a r  p r e s s u r e  drop through t h e  
cake. Average p o r o s i t y  was a l s o  found t o  be independent of cake 
t h i c k n e s s .  I n  t h e  case of moderately compressible  cake,  both 
sed imenta t ion  and compaction appeared t o  occur  dur ing  f i l t r a t i o n ,  
r e s u l t i n g  i n  d e v i a t i o n s  from t h e  r e s u l t s  ob ta ined  f o r  t h e  
incompress ib le  cake ( 9 ) ;  t h i s  w i l l  be t h e  s t a r t i n g  p o i n t  f o r  t h i s  
paper. Our p r e s e n t  work involves  s tudying  t h e  d i f f e r e n c e s  i n  
i n t e r p a r t i c l e  i n t e r a c t i o n s .  S l u r r i e s  of t h e  0.38-rn l a t e x  w e r e  
f i l t e r e d  i n  t h e  presence of vary ing  c o n c e n t r a t i o n s  of barium 
c h l o r i d e  and were compared with t h e  s l u r r i e s  of s i l i c a  a t  s i m i l a r  
i o n i c  s t r e n g t h s .  

S i l i c a  s l u r r i e s ,  f i l t e r e d  i n  t h e  presence of O.9lM potassium 
n i t r a t e ,  formed incompress ib le  cakes. The TX v a l u e s  f o r  
d i f € e r e n t  d iameters  ( 3 )  of s i l i c a  are shown i n  €&. 2 t o g e t h e r  
wi th  va lues  of po lys tyrene  and a t h e o r e t i c a l  curve from t h e  
Carman-Kozeny equat ion  us ing  average va lues  f o r  p o r o s i t y  and 
r e s i s t a n c e  (9,16) 

(1 - Eav) 
n = kSo -- a v  3 

t av 
- where So i s  t h e  a r e a  per  u n i t  volume of p a r t i c l e s  (=6/d) ,  

0.37, and t h e  c o n s t a n t  k = 5. By us ing  the  volume-based rhls- 
tance  v a l u e s ,  t h e  s i l i c a  p a r t L c l e s  l i e  on t h e  same curve a s  t h e  
p o l y s t y r e n e  and t h e i r  r e s i s t a n c e s  are w e l l  p r e d i c t e d  by t h e  
Carman-Kozeny equat ion .  
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Figure  2 .  F i l t r a t i o n  r e s i s t a n c e  ('*av> a s  a f u n c t i o n  of 
p a r t i c l e  diameter  

F igure  3 shows r e s i s t a n c e  p l o t s  ob ta ined  €or  t h e  p o l y s t y r e n e  
s l u r r i e s  a t  d i f f e r e n t  c o n c e n t r a t i o n s  of RaC12. A s  can be seen  
from t h e  r e s i s t a n c e  p l o t s ,  t h e r e  is a d i s t i n c t  curva ture  a t  t h e  
h igher  i o n i c  s t r e n g t h s .  N e v e r t h e l e s s ,  aav va lues  were obta ined  by 
l inear r e g r e s s i o n  exc luding  t h e  f i r s t  and f i n a l  p o i n t s .  The 
e f f e c t  of p r e s s u r e  on t h e  nav v a l u e s  is  summarized i n  Pig.  4 .  For 
t h e  0.001M s l u r r y ,  r e s i s t a n c e  is  independent of p r e s s u r e  wi th  an 
average va lue  o 1. 3 f 0.25 x 1016m-2. A cons tan t  va lue  of 
4.40 f 0.54 x IOf5m-'is also obta ined  €or  t h e  s l u r r y  t r e a t e d  with 
0.005M R a C l  . I n  t h e  case of the coagulated s l u r r i e s  having 
h igher  [BaC??], t h e  p l o t  shows a l i n e a r  r i s e  i n  r e s i s t a n c e  wi th  
i n c r e a s i n g  p r e s s u r e ,  i n d i c a t i n g  t h e  h i g h l y  compressible  n a t u r e  of 
t h e s e  cakes. Yowever, t h e r e  does appear  t o  be a s l i g h t  curva ture  
toward t h e  end of t h e  p l o t  around 50 p s i .  Average p o r o s i t y  
with a value of 0.429, is a l s o  found t o  be independent of p r e s s u r e  
f o r  t h e  0.OOlM s l u r r y .  The e € € e c t  of p ressure  on p o r o s i t y  f o r  t h e  
o t h e r  s l u r r i e s  is  not  as w e l l  def ined .  The g e n e r a l  t r e n d  appears  
t o  be a decrease  i n  p o r o s i t y  with i n c r e a s i n g  pressure .  
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Figure 4 .  Plot  of nav a s  a func t ion  of pressure  f o r  t he  
0.38- um l a t e x .  

Figure 5 shows f i l t r a t e  volume versus cake th ickness  p l o t s  
a t  20 p s i .  S l u r r i e s  f i l t e r e d  i n  the  presence of 0.001M BaCIZ g ive  
l i n e a r  p l o t s  t h a t  have good agreeement between the  cake dimensions 
and the  th ickness  measurements dur ing  f i l t r a t i o n .  This  behavior 
corresponds t o  the  incompressible  cakes obtained with s t a b l e  
d ispers ions .  S l u r r i e s  t r e a t e d  with 0.01, 0.05, and 0.1M BaC12, 
which formed h ighly  compressible cakes, gave s i m i l a r  p lo t s .  These 
p l o t s  i n i t i a l l y  r ise  l i n e a r l y  and then f l a t t e n  out t o  a p l a t eau ,  
i n d i c a t i n g  r e l a t i v e l y  l a r g e  inc reases  i n  cake th ickness  with small 
volumes of f i l t r a t e .  The behavior of the  0.005M s l u r r y  appears t o  
be a t r a n s i t i o n  from the  h ighly  compressible cake t o  t h e  
incompressible .  The shape of t he  p l o t s  f o r  t h i s  s l u r r y  a r e  
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Figure 5 .  F i l trate  volume versus cake thickness for 
polystyrene in  the presence of f i ve  BaCIZ 
concentrations (p-20 p s i ) .  
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Figure 6 .  F i l t r a t e  volume versus  cake th ickness  
€ o r  polys tyrene  a t  d i f f e r e n t  p r e s s u r e s  
([BaC12]=0.01Y). 

s i m i l a r  t o  t h e  moderately compressible  cakes (9) where t h e  breaks 
i n  t h e  p l o t s  are not  as pronounced as i n  t h e  h i g h l y  compressible  
cakes.  With i n c r e a s i n g  p r e s s u r e ,  the  p l a t e a u  a l s o  becomes l e s s  
pronounced i n  t h e  h i g h l y  compressible  cakes as seen i n  Fig. 6 .  

The shape of t h e  V versus  L p l o t s  f o r  t h e  h i g h l y  
compressible  cakes is c o n t r a r y  t o  e x p e c t a t i o n s .  The sharp  i n i t i a l  
r i s e  impl ies  t h a t  a very t i g h t l y  packed cake forms a t  f i r s t  up t o  
a c e r t a i n  volume a t  which a very l o o s e l y  packed cake begins  t o  
form. This  g i v e s  r i s e  t o  t h e  sharp  rise i n  L while  only a smal l  
amount of f i l t r a t e  volume f lows towards t h e  end of t h e  
f i l t r a t i o n .  A t  f i r s t ,  t h i s  occur rence  might seem reasonable ,  
s i n c e  most of t h e  p r e s s u r e  drop i n  a h i g h l y  compressible  cake 
occurs  near  t h e  cakejmedium i n t e r f a c e  (14,161. One e x p l a n a t i o n  i s  
t h a t  s o  much of t h e  p r e s s u r e  drop is  borne by t h e  medium t h a t  t h e  
h e i g h t  of t h e  cake has t o  go above t h e  p o r t  h o l e  b e f o r e  s u f f i c i e n t  
drop occurs  f o r  t h e  t r a n s d u c e r s  t o  r e g i s t e r .  The p l a t e a u  e f f e c t  
presumably is due t o  compaction of t h e  very l o o s e l y  packed cake 
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P i g u r e  7 .  H y d r a u l i c  p r e s s u r e  (p , /p)  v e r s u s  p o r t  height/cake 
thickness ( x / L )  for polystyrene ( [RaC12]=0.1M). 
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Figure  8. F i l t r a t e  volume versus  cake th ickness  f o r  0.24-un 
s i l i c a  i n  t h e  presence of d i € f e r e n t  BaC12 concen- 
t r a t i o n s  (p=5 p s i ) .  

dur ing  t h e  f i n a l  f t l t r a t i o n  s t a g e s .  That the  pressure  drop a c r o s s  
most of t h e  cake i s  smal l  l s  seen  i n  Fig.  7 ,  which shows p l o t s  of 
p,/p versiis x/L t aken  t o r a r d  t h e  end of t h e  f i l t r a t i o n  (110 ml) to 
avoid ambigui t ies  i n  t h e  value of L. 

There is an a l t e r n a t t v e  explana t ion .  During the course of 
ou r  s tudy wi th  p o l y s t y r e n e ,  we observed t h a t  some of t h e  s l u r r i e s  
coagulated with barium c h l o r i d e  tended t o  cream, i.e., f l o a t  t o  
the  top. To he lp  determine whether t h e  p l a t e a u  e f f e c t  t h a t  was 
he ing  obta ined  €or  t h e  h i g h l y  compressible  cakes was due t o  t h i s  
phenomenon, w e  s t u d i e d  silica d i s p e r s i o n s .  S i l i c a  p a r t l c l e s  have 
a h igher  d e n s i t y  ( o s  = 2.2 g/ml) t h a n  polys tyrene  p a r t i c l e s  (ps = 
1.05 g/ml) and t h e r e f o r e  s e t t l e  t o  the  bottom upon aggrega t ion .  

The volume versus  t h i c k n e s s  p l o t s  of the  9.24-un s i l t c a  
s l u r r i e s  f i l t e r e d  a t  5 p s i  in t h e  presence of 9.901 Y, 0.005 M ,  
and 0.01 "I [ B a C l 2 I  a r e  shown i n  Fig. 8. 

The l i n e a r  p l o t  wi th  [ B a C l ? ]  = 0.001 M is as expected.  The 
o t h e r  two p l o t s  d e v i a t e  g r e a t l y - € r o m  t h e  ones obta ined  f o r  t h e  
corresponding polys tyrene  s l u r r i e s ,  i .e. ,  they show a l i n e a r  r i s e  
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Figure  9. F i l t r a t e  volume v e r s u s  cake t h i c k n e s s  for 0.24-1m 
s i l i c a  i n  t h e  presence of t h r e e  RaC12 concen- 
t r a t i o n s  (p=100 p s i ) .  

4 

+ 

F I L R A T E  V O L U M E  ( m l )  

Figure  10. Slurry volume fraction ( 0 , )  and cake th ick-  
ness  (L) versus  f i l t r a t e  volume f o r  p o l y s t y r e n e  
([RaC121=0.01Y; p=5 psi). 

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



2172 MASSUDA ET A L .  

with an  upward t u r n  toward t h e  F€nal  measured cake t h i c k n e s s .  
Although t h e s e  p l o t s  d i f f e r  from those  f o r  the  p o l y s t y r e n e ,  they  
a r e  not  unexpected and can be expla ined  i n  terms of sedimen- 
t a t i o n .  In the  beginning of the  f i l t r a t i o n  the  s i l i c a  p a r t i c l e s  
s e t t l e  out of t h e  s l u r r v ,  showing a l a r g e  i n c r e a s e  i n  cake 
t h i c k n e s s  with small  changes i n  f i l t r a t e  volume. L a t e r  i n  t h e  
f i l t r a t i o n ,  s i n c e  most o€ the  p a r t i c l e s  have a l r e a d y  s e t t l e d  o u t ,  
t h e  p l o t  shows r e l a t i v e l y  small i n c r e a s e s  i n  cake t h i c k n e s s  over  
l a r g e  f i l t r a t e  volume. Volume versus  t h i c k n e s s  p l o t s  a t  100 p s i  
( F i g .  9 )  show t h e  f a m i l i a r  l i n e a r  r i s e  t o  a small  p l a t e a u .  Yow- 
e v e r ,  they a r e  t o t a l l y  unexpected when compared t o  t h e  p l o t s  
oh ta ined  a t  5 p s i .  

I n  one f i l t r a t i o n ,  t h e  s l u r r y  was sampled a t  v a r i o u s  
i n t e r v a l s .  The r e s u l t s  ( F i g .  10) show s l u r r y  volume f r a c t i o n  As 
and cake th ickness  p l o t t e d  versus  f i l t r a t e  volume. A s  can be 
s e e n ,  Qs rises from 0.039 t o  0.055 dur ing  t h e  course  of t h e  
f i l t r a t i o n .  Perhaps t h e  shape of t h e  V versus  L p l o t s  r e f l e c t s  
t h e  sed imenta t ion  o r  f l o t a t i o n  behavior  of t h e  s l u r r i e s .  The 
d isappearance  of t h e  break p o i n t  i n  V versus  L p l o t s  a t  h i g h e r  
p r e s s u r e s  is  t h e r e f o r e  due t o  t h e  s h o r t e r  time span of t h e  
f i l t r a t i o n ,  which a l lows  less s e d i a e n t a t i o n  t o  occur .  Noteworthy 
is t h e  f a c t  t h a t  i f  sed imenta t ion  can p lay  such an important  r o l e  
i n  s l u r r i e s  whose p is  only  1.05,  a r e  t h e r e  any t r u l y  pure 
f i l t r a t i o n s ?  I n  answer t o  t h i s  q u e s t i o n  we in tend  t o  extend t h e s e  
s t u d i e s  t o  more concent ra ted  s l u r r i e s  where sed imenta t ion  o r  
f l o t a t i o n  processes  w i l l  be hindered.  

NOMENCLATURE 

d 

k 

L 

P 

PL 

'm 

S 

sC  

t 

P a r t i c l e  diameter  (m) 

Constant i n  Carman-Kozeny equat ion  (-) 

Cake t h i c k n e s s  (m) 

Applied f i l t r a t i o n  p r e s s u r e  (Pa)  

Hydraul ic  p r e s s u r e  (Pa)  

Rate of flow of f i l t r a t e  (m/s) 

Medium r e s i s t a n c e  (m-') 

Mass f r a c t i o n  of s o l i d s  i n  s l u r r y  (-) 

Mass f r a c t i o n  of s o l i d s  i n  cake (-) 

Area of p a r t i c l e s  per  u n i t  volume (fa-') 

Time ( s )  
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v volume of f i l t r a t e  per  u n i t  area (ln3/m2) 

Volume of f l l t r a t e  (m 3 ) 

Mass of cake per  u n i t  area (kg/m 2 ) 

v 

wc 

x Distance from the  medium (m) 

GREEK LETTERS 

a Local s p e c i f i c  f low r e s i s t a n c e  (m-2) 

nav Average flow r e s i s t a n c e  ( m d 2 )  

E P o r o s i t y  (-) 

‘av 

cS Volume f r a c t i o n  of s o l i d s ,  ( s o l i d o s i t y )  (-) 

cSaV Average volume f r a c t i o n  of f iol ids  (-) 

u Liquid v i s c o s i t y  ( ~ m - ~ s )  

wc 

+I, 

Average p o r o s i t y  (-) 

3 2  Volume of cake per  u n i t  a r e a  (m /m ) 

Volume f r a c t i o n  of s o l i d s  i n  s l u r r y  (-) 

o F i l t r a t e  d e n s i t y  (kg/m 3 ) 

p, S o l i d  d e n s i t y  (kg/m3) 

u Rat io  of s o l i d  t o  l i q u i d  d e n s i t i e s  (-) 
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