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FILTRATION OF SLURRIES FROM COAL LIQUEFACTION PROCESSES 

D. E. B r i g g s ,  J. R. Cameron, B. Ho, 

P. N.  I s l i p  and J. A. McKeen 

Department of Chemical Engineer ing  

U n i v e r s i t y  of Michigan 

Ann Arbor ,  Michigan 48109 

ABSTRACT 

The heteroatom c o n t e n t ,  p r i m a r i l y  p h e n o l i c  oxygen and b a s i c  
n i t r o g e n ,  of c o a l  der ived  a s p h a l t e n e s  and p r e a s p h a l t e n e s  c o n t r i b u t e  
t o  i n t e r m o l e c u l a r  a s s o c i a t i o n  and t o  t h e  c o l l o i d a l  behavior  i n  coa l -  
d e r i v e d  l i q u i d s .  The i n t e r a c t i o n  between coal-der ived l i q u i d s  and 
between coa l -der ived  l i q u i d s  and m i n e r a l  s o l i d s  dominate t h e  rheo- 
l o g i c a l  c h a r a c t e r i s t i c s  of t h e  s l u r r y  and f i l t r a t e ,  t h e  s p e c i f i c  
cake r e s i s t a n c e  of t h e  f i l t e r e d  s o l i d s  and t h e  cake  c o m p r e s s i b i l i t y .  

The f i l t r a t i o n  of s l u r r i e s  form c o a l  l i q u e f a c t i o n  p r o c e s s e s  
are reviewed and t h e  problems d i s c u s s e d .  

INTRODUCTION 

S o l i d s  s e p a r a t i o n  i n  c o a l  l i q u e f a c t i o n  has  long been recognized  

as an extremely c r i t i c a l  p rocess ing  s t e p . ( l )  Many approaches have 

been taken.  ( 2 )  Each approach has  advantages and d isadvantages .  (3)  

Each c o n s t i t u t e s  a s i g n i f i c a n t  f r a c t i o n  of t h e  c a p i t a l  and opera t -  

i n g  expenses  of a c o a l  l i q u e f a c t i o n  p l a n t .  

P r e s s u r e  p r e c o a t  f i l t r a t i o n  has  been t r i e d  i n  s e v e r a l  p i l o t  

p l a n t s .  

mechanical  problems hampered o p e r a t i o n s . ( 4 )  

p r e c o a t  f i l t r a t i o n  w a s  e v a l u a t e d  i n  t h e  s o l v e n t  r e f i n e d  c o a l  (SRC) 

I t  was used i n  t h e  Cresap p i l o t  p l a n t  beginning i n  1963 but  

More r e c e n t l y  p r e s s u r e  

2 2 3  

Copyright @ 1980 by Marcel Dekker, Inc. 
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224 BRIGGS ET AL. 

pilot plants at Wilsonville and Fort Lewis.(5,6) Mechanical 

problems resulted in 70-75% availability of the filters.(7) Fil- 

tration rates were low, depending closely upon the amount of very 

fine mineral particles and on the asphaltene and preasphaltene 

content. Screen blinding further reduced the filtration rate. The 

utilization of a precoat added time to the filter cycle as well as 

cost. Although the solids content in the extract could be reduced 

to as low as 0.02 wt.%, it was quite variable and could be in ex- 

cess of 1 wt%. 
In spite of its apparent disadvantages, pressure precoat fil- 

tration is still considered a viable alternative and Air Products 

is considering filtration for the SRC I demonstration plant.(8) 

Increases in filtration rates, reductions in precoat costs and 

attention to mechanical problems could well make filtration an 

attractive method for solids separation in coal liquefaction. In 

1973 studies were initiated at the University of Michigan into the 

causes of the low filtration rates. Some of the results are re- 

ported here. Fundamental filtration studies have also been con- 

ducted at Oak Ridge (9,lO) and at Johns-Manville.(ll) 

FILTRATION THEORY 
The filtrate flow rate, dv, at any instant in a pressure pre- 

dt 
coat filter can be expressed as 

-AP 1 dV = total 
A dt u[awV/A + r] -- 

where A = filter area 

V = filtrate volume collected at that instant 

t = time 
-AP total = pressure drop accross filter 

p = filtrate viscosity 

a = specific cake resistance, length/mass 

w = mass dry cake solids per unit volume of filtrate 

r = combined resistance of precoat and filter screen, 

length-'. 
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FILTRATION OF SLURRIES 225 

The combined r e s i s t a n c e  of t h e  p r e c o a t  and f i l t e r  s c r e e n ,  r i s  

u s u a l l y  s m a l l  i n  comparison t o  t h e  i n s t a n t a n e o u s  r e s i s t a n c e  of 

t h e  f i l t e r  cake ,  awV/A. The r e s i s t a n c e  r can be determined a t  t h e  

complet ion of p r e c o a t i n g  o r  i t  can be e x t r a c t e d  from t h e  f i l t r a -  

t i o n  d a t a  by p l o t t i n g  t h e  d a t a  i n  a way c o n s i s t e n t  w i t h  an  i n t e -  

g r a t e d  form of Equat ion (1). The s p e c i f i c  cake r e s i s t a n c e ,  a,  can 

be o b t a i n e d  from t h e  same d a t a  p l o t  or from a d i f f e r e n t i a l  analy-  

sis u s i n g  Equat ion (1). I n  any e v e n t ,  t h e  v i s c o s i t y ,  p, must be 

measured s e p a r a t e l y  i n  a v iscometer .  S ince  pa appears  as a pro- 

d u c t ,  any e r r o r s  made i n  measuring v i s c o s i t y  w i l l  r e s u l t  i n  e r r o r s  

i n  a. The v i s c o s i t y ,  p, measured i n  a v iscometer  i s  n o t  n e c e s s a r i -  

l y  t h e  v i s c o s i t y  of t h e  f i l t r a t e  as i t  p a s s e s  through t h e  f i l t e r  

cake and p r e c o a t  i f  t h e  f i l t r a t e  i s  s h e a r  t h i n n i n g  and/or  th ixo-  

t r o p i c .  

I f  f i l t r a t e  flow rates are t o  be i n c r e a s e d ,  then  e i t h e r  p o r  

a o r  b o t h  must be reduced. 

SLURRY SOLIDS 

S l u r r y  s o l i d s  i n  c o a l  l i q u e f a c t i o n  are t h o s e  c o n s t i t u e n t s  

which are i n s o l u b l e  when r e p e a t e d l y  washed o r  e x t r a c t e d  w i t h  p y r i -  

d i n e  o r  t e t r a h y d r o f u r o n  (THF) a t  a p a r t i c u l a r  tempera ture .  They 

range  i n  s i z e  from submicron t o  g r e a t e r  t h a n  25 mesh. The s o l i d s  

can nominal ly  be c l a s s i f i e d  i n t o  t h r e e  c a t e g o r i e s :  o r g a n i c  s o l i d s  

c o n t a i n i n g  few o r  no m i n e r a l s ;  s o l i d s  which are mixtures  of miner- 

a l  s o l i d s  and o r g a n i c  compounds c o n t a i n i n g  h i g h  l e v e l s  of h e t e r o -  

atoms; and s o l i d s  which are  almost  e x c l u s i v e l y  i n o r g a n i c  i n  na- 

t u r e .  

The m a j o r i t y  of t h e  s o l i d s  are m i n e r a l  s o l i d s  which a r e  i n t i -  

mately a s s o c i a t e d  w i t h  carbonaceous phases  through hydrogen bond- 

i n g  o r  some form of e l e c t r o s t a t i c  a t t r a c t i o n .  These s o l i d s  can 

be made t o  a s s o c i a t e  c l o s e l y  w i t h  o r g a n i c  c o n s t i t u e n t s ,  e s p e c i a l l y  

p r e a s p h a l t e n e s ,  by a d d i t i o n  of non-hydrogen bonding s o l v e n t s  t o  

t h e  s l u r r y  o r  by c o o l i n g .  
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226 BRIGGS ET AL. 

The s i z e  d i s t r i b u t i o n  of t h e  t h r e e  t y p e s  of  s o l i d s  r e s i d u e  i s  

impor tan t  t o  f i l t r a t i o n .  

dependent  upon t e m p e r a t u r e  and t h e  " l i q u i d "  p r o p e r t i e s ,  i t  i s  v e r y  

d i f f i c u l t  t o  make a s i z e  d i s t r i b u t i o n  estimate except  a t  c o n d i t i o n s  

s u b s t a n t i a l l y  d i f f e r e n t  from a c t u a l  p r o c e s s  c o n d i t i o n s .  C o u l t e r  

c o u n t e r s  are commonly used  t o  measure s i z e  d i s t r i b u t i o n s  a f t e r  

r e s i d u e  samples  are d i s p e r s e d  i n  an e l e c t r o l y t e . ( l 2 , 1 3 )  Walker 

r e p o r t e d  90 w t . %  of  t h e  p a r t i c l e s  w e r e  g r e a t e r  than  1-4 pm i n  5 

r e s i d u e s  by such  a n a l y s e s .  

1 micron,  i t  is  n e c e s s a r y  t o  u s e  a scanning  e l e c t r o n  microscope f o r  

a n a l y s i s .  

microscope and found t h a t  50% of t h e  p a r t i c l e s  were below 0.15 pm 

i n  a r e s i d u e  from the l i q u e f a c t i o n  of  a P i t t s b u r g h  seam c o a l  and 

were below 0.07 pm i n  a r e s i d u e  from t h e  l i q u e f a c t i o n  of  an Illi- 

n o i s  No. 6 c o a l . ( l 4 )  Sample p r e p a r a t i o n  i s  c r i t i c a l  as s o l u b l e  

o r g a n i c  molecules  can be  l e f t  as r e s i d u e  p a r t i c l e s  a f t e r  t h e  

s o l v e n t  is evapora ted .  

Because t h e  s i z e  d i s t r i b u t i o n  i s  v e r y  

When most of t h e  p a r t i c l e s  are below 

S t i r l i n g  examined two r e s i d u e s  w i t h  a scanning  e l e c t r o n  

An estimate of t h e  m e a n  e f f e c t i v e  p a r t i c l e  d i a m e t e r  of  

p a r t i c l e s  i n  a f i l t e r  cake can b e  made from t h e  measured s p e c i f i c  

cake resistance u s i n g  Carman's r e l a t i o n s h i p s  f o r  r i g i d  p a r t i c l e s .  

(15) 

(1 - €1 5 s2 a =  ' 

E L  P s o l i d s  

where, E = cake p o r o s i t y  

S = s p e c i f i c  s u r f a c e  area, area of  p a r t i c l e  p e r  

u n i t  volume of  s o l i d s  

' s o l i d s  = d e n s i t y  of s o l i d s  i n  cake 

and 

where, D = m e a n  p a r t i c l e  d i a m e t e r  
P 

+ = p a r t i c l e  shape  f a c t o r  

( 3 )  
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FILTRATION OF SLURRIES 227 

When t h e  e q u i v a l e n t  t o  S from Equat ion (2) i s  s u b s t i t u t e d  f o r  S 

i n  Equat ion (3)  then  

The r e l a t i o n s h i p  between mean p a r t i c l e  d iameter  and s p e c i f i c  cake  

r e s i s t a n c e  is  g iven  i n  Table  1 f o r  c o n d i t i o n s  cons idered  reason-  

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

FILTRATE AND SLURRY CHARACTERISTICS 

The b a l a n c e  of t h e  c o a l  l i q u e f a c t i o n  f i l t e r  f e e d  s l u r r y  is  

t h e  f i l t r a t e .  It can be broadly  c l a s s i f i e d  as c o n t a i n i n g  o i l s ,  

r e s i n s ,  a s p h a l t e n e s  and p r e a s p h a l t e n e s .  O i l s  and r e s i n s  are nomi- 

n a l l y  s o l u b l e  i n  pentane ,  a s p h a l t e n e s  i n s o l u b l e  i n  pentane  b u t  

s o l u b l e  i n  benzene o r  t o l u e n e  and p r e a s p h a l t e n e s  are benzene-in- 

s o l u b l e  but  s o l u b l e  i n  t e t r a h y d r o f u r a n  (THF) o r  p y r i d i n e .  The 

r e l a t i v e  amounts of o i l s ,  r e s i n s ,  a s p h a l t e n e s  and p r e a s p h a l t e n e s  

a t  any t i m e  are impor tan t  as t h e  v i s c o s i t y  and c o l l o i d a l  p r o p e r t -  

i e s  of t h e  r e s u l t i n g  mixture  depend upon t h e  c o n c e n t r a t i o n  of 

a s p h a l t e n e s  and upon t h e  c o n c e n t r a t i o n  of p r e a s p h a l t e n e s  t o  even 

a g r e a t e r  e x t e n t .  

The most s t r i k i n g  d i f f e r e n c e  between t h e  t h r e e  f r a c t i o n s  i s  

i n  t h e  c o n c e n t r a t i o n  of heteroatoms as t a b u l a t e d  i n  Table  2. I n  

t h e  coal-der ived mater ia ls  s t u d i e d  t h e  “ a v e r  age” p r e a s p h a l t  ene 

molecule  conta ined  6-7 heteroatoms compared t o  0.4-1.2 and 0.2- 

TABLE 1. 

E s t i m a t e  of S p e c i f i c  Cake R e s i s t a n c e  f o r  Rig id  P a r t i c l e s  

D , lJm 0.25 0.50 0.75 1.00 1 .25  1.50 2.0 

a ,  m/kg x 10.28 2.57 1.14 0 .64  0.41 0.29 0.16 
P 

c1 from Equat ion ( 4 )  f o r  E = 0.38; 4 = 0.73;  psolids = 2000 kg/m3 
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FILTRATION OF SLURRIES 229 

0.3 for asphaltenes and oil and resins, respectively. A majority 

of the oxygen is present as phenolic oxygen.(l6) A substantial 

portion of the nitrogen occurs as basic nitrogen. 

The viscosity, solubility and adsorption characteristics 

of asphaltenes and preasphaltenes depend almost exclusively upon 

the heteroatoms through hydrogen bonding and upon T-T bonding. 

Of the heteroatoms in coal-derived liquids, oxygen as phenolic 

axygen is by far the most dominant because it will hydrogen bond 

with basic nitrogen and will associate with other phenolic 

oxygen atoms. A s  the concentration of molecules with two or 

more heteroatoms increases, the probability o f  colloidal micell- 

ization or agglomeration increases since the intermolecular 

association of two such molecules does not preclude further 

association. When an individual molecule is associated to 

another molecule or solid particle at two or more points, the 

association can persist at higher temperatures than would nor- 

mally be expected. 

in model compounds as exhibited by their melting points are 

shown in Figure 1. The position of the functional group is 

important because of steric hinderance. 

Illustrations of 7-n and/or hydrogen bonding 

The presence of colloidal particles (<lpm> in filtration is 

important since the fine particles can pass into the cake and be 

captured in the interstitial volume between larger particles. 

Such capture would increase the specific cake resistance. 

Ho has shown by small angle X-ray measurements that collodial 

particles exist in solution when high molecular weight asphaltene 

fractions are dispersed in THF or pyridine.(l7) 

presented in Figures ‘2 and 3 .  The asphaltene fraction was the 

75% pentane/25% toluene-insoluble, toluene-solution fraction from 

the H-Coal vacuum bottoms from the liquefaction of an Illinois No. 

6 coal. This particular asphaltene fraction contained an average 

of 0.6 nitrogen and 1.2 oxygen atoms per molecule. Gel permeation 

chromatographic fractionation of this high molecular weight asphal- 

tene fraction revealed that over 20 wt. % of the fraction had mole- 

His data are 
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230 BRIGGS ET AL. 

Benzene Napthalene Anthracene Naph thace ne 
imp 5.5"~) imp 8O"CI (mp 218"CI imp 357"CI Coronene 

Imp 438"CI & & %  . /  , , /  .. / /  

dONH0% ' / /  OH 

. 
I, 2:5.6 Dibenzalhracene 

Phenanthrene 1.2 Benzanthracene 

Imp 269*Cc) 
Imp lOl"C! imp 162"CI 

& 

6 / , ,  & -. / ,  \ , /  

Chrysene 
h p  255°C) 

OH-OH Hydrwen Bonding with Contributions of r-n Bonding 

I 
Phenol Q -Naptho1 I-Anthrol  I. 2 Benranthracene- I, 2.5.6 Dibenzanthracene- 

Imp 43"Cl (mp 96°C) (mp 158"CI 4'- hyroxy 4'. 4"-dihyroxy 
imp 225°C) imp 415°C) 

fJ-JOH f-J-JyW 

b-Naptho l  2-Anthrol 
Imp 123°C) Imp 255"Cl 

&OH \ .I 

Z-phenanthrol- 
2 hydroxy 

imp 168'Cl 

Aspholtene - Like 
Oil 
Resin- 
Like 

Preospholtene - 
Like 

FIGURE 1. I l l u s t r a t i o n s  of the E f f e c t s  o f  TI-IT Bonding and/or  Hydrogen 
Bonding as  Evidenced by T h e i r  M e l t i n g  P o i n t s .  

c u l e s  which c o n t a i n e d  on t h e  a v e r a g e  more t h a n  1.3 n i t r o g e n  and 5.2 

oxygen atoms per  molecule  and m o l e c u l a r  w e i g h t s  above 1200 i n  

p y r i d i n e  a t  75°C.  

w a s  a s s o c i a t e d  under  t h e  c o n d i t i o n s  of  t h e  molecular  weight  d e t e r -  

m i n a t i o n ,  in t h i s  c a s e  b e i n g  vapor  p r e s s u r e  osmometry. 

It is  v e r y  possible t h a t  much of t h i s  s u b f r a c t i o n  
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H 2 2.0 
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1.4 

0 2.70 Wt '10 Aspholtenes 
a 5.26 Wt Ol0 Aspholtenes 
0 13.15 Wt YO Asphaltenes 
v 17.58 Wt% Asphaltenes 
+ 26.10 Wt% Asphaltenes 

4.0 

3.8 

3.6 

3.4 

32 

3.0 

2.8 

2.6 

2.4 

2.2 
H 2 2.0 

1.8 'I 1.4 - 

0.81 
S = 2 sin 8 

x 

0.2 ::: 0 0 1 2 3 4 5 6 

s2 104 (t2) 
FIGURE 2 .  Guin ier  P l o t  f o r  Small Angle X-Ray S c a t t e r i n g  of Asphal tenes  

i n  THF a t  25°C. 

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

examined by s m a l l  a n g l e  X-ray s c a t t e r i n g  d a t a  are p r e s e n t e d  i n  

Table  3 .  The method of J e l l i n e k  e t  a l .  w a s  used f o r  t h e  s i z e  

d i s t r i b u t i o n  e s t i m a t e . ( 1 8 )  From 5-9 w t . %  of  t h e  a s p h a l t e n e s  have 

r a d i i  of g y r a t i o n  i n  t h e  20-65 A (0.002 - 0.0065 urn) s i z e  range  

and 1-4 w t . %  have r a d i i  of g y r a t i o n  above 65 A i n  t h e  two s o l v e n t s .  

There does n o t  seem t o  b e  a g r e a t  d i f f e r e n c e  between t h e  d i s t r i b u -  

t i o n  i n  t h e  two s o l v e n t s .  I f  a n y t h i n g ,  t h e r e  appears  t o  be l a r g e r  

0 

0 
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1.6- 

1.4- 

1.2- 

1.0 

0.8 

0.6 

0.4 

0.2 

BRIGGS ET AL. 

- 
- 

- 

- 

- 

0 7.86 Wt% Asphaltenes 
A 11.46 Wt%AsphoItenes 
0 13.84 Wt% Aspholtenes 
v 21.22 Wt%Aspholtenes 

S = 2 sin 8 
x 

I I I I I 

O' 0 I 2 3 4 5 6 
sz lo4 ( pi2) 

FIGURE 3 .  Guinier  P l o t  f o r  Small Angle X-Ray S c a t t e r i n g  of  Asphal tenes  
i n  P y r i d i n e  a t  2 5 O C .  

p a r t i c l e s  i n  t h e  p y r i d i n e  s o l u t i o n s ,  probably because p y r i d i n e  will 

a s s o c i a t e  more s t r o n g l y  w i t h  a s p h a l t e n e s  molecules  t h a n  would THF. 

T h e  p r o p e r t i e s  of c o a l  l i q u e f a c t i o n  s l u r r i e s  can- be a l t e r e d  

by t h e  a d d i t i o n  of  association/precipitation-inducing s o l v e n t s  

t o  t h e  s l u r r y .  The e x t e n t  of t h e  change depends upon t h e  type 

and amount of a d d i t i v e ,  t empera ture  and s h e a r  rate. 

sponse i s  i l l u s t r a t e d  i n  F i g u r e  4 .  

as i n  t h e  r e g i o n  AB of F i g u r e  4 ,  c o l l o i d a l  m i c e l l e s  would ex is t  

A t y p i c a l  re- 

With a s m a l l  amount of a d d i t i v e ,  
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FILTRATION OF SLURRIES 

TABLE 3. 

C o r r e l a t i o n  of t h e  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 t h e  
Concent ra t ion  from Small  Angle S c a t t e r  Data 

233 

Radius of (pyra t ion :  

Small s i z e  range ,  A 
0 

8-10 
8-10 
8-10 
8-10 
8-10 
8-10 
8-10 
8- 10 
8-10 

0 

Medium s i z e  range ,  A 

20-65 
20-65 
20-65 
20-65 
20-65 
20-65 
20-65 
20-65 
20-65 

0 

Large s i z e . r a n g e ,  A 

> 65 
> 6 5  
> 65 
> 65 
> 65 
> 65 
> 65 
> 65 
> 65 

Concent ra t ion  

2.70% 
5.26% 

13.15% 
17.58% 
26.10% 

7.86% 
11.46% 
13.84% 
21.22% 

2.70% 
5.26% 

13.15% 
17.58% 
26.102 

7.86% 
11.46% 
13.84% 
2 1 . 2 2 %  

2.70% 
5.26% 

13.15% 
17.58% 
26.10% 

7.86% 
11.46% 
13.84% 
21.22% 

Solvent  

THF 
THF 
THF 
THF 
THF 

p y r i d i n e  
p y r i d i n e  
p y r i d i n e  
p y r i d i n e  

THF 
THF 
THF 
THF 
THF 

pyr  i d  i n e  
pyr  i d i n e  
p y r i d i n e  
p y r i d  i n e  

THF 
THF 
THF 
THF 
THF 

p y r i d i n e  
p y r i d i n e  
p y r i d i n e  
py r i d i n e  

Weight F r a c t i o n  

0.906 
0.930 
0.914 
0.895 
0.920 
0.900 
0 . 8 7 1  
0.916 
0.884 

0.056 
0.050 
0.069 
0.095 
0.070 
0.057 
0.070 
0.078 
0.084 

0.021 
0.020 
0.017 
0.010 
0.010 
0.043 
0.029 
0.006 
0.032 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



234 BRIGGS ET AL. 

I1 

WT. '/o ASSOCIATION /PRECIPITATION 
INDUCING SOLVENT IN TOTAL SLURRY 

FIGURE 4 .  E f f e c t  of  S o l v e n t  A d d i t i o n s  o f  F i l t r a t i o n  of  Coal L i q u e f a c t i o n  
S l u r r i e s .  

from t h e  a s s o c a t i o n  o f  t h e  multiheteroatommolecules and mul t i -  

he te roa tom molecules  would a s s o c i a t e  w i t h  a n d / o r  b r i d g e  t o g e t h e r  

m i n e r a l  s o l i d s  b u t  t h e  amount of m a t e r i a l  removed by f i l t r a t i o n  

would be  only  s l i g h t l y  g r e a t e r  t h a n  t h e  amount of m i n e r a l s  and un- 

d i s s o l v e d  c o a l  i n  t h e  s l u r r y .  A s  t h e  amount of p r e c i p i t a t e - i n -  

ducing s o l v e n t  i s  i n c r e a s e d ,  t h e  n i i c e l l e s  a s s o c i a t e  and e x t e n s i v e  

p r e c i p i t a t i o n  o c c u r s  as shown a t  a d d i t i v e  c o n c e n t r a t i o n s  t o  the 

r i g h t  of p o i n t  B. The amount of  material  removed i n  t h e  r e g i o n  

BC depends s i g n i f i c a n t l y  upon t h e  c h a r a c t e r i s t i c s  of  t h e  a d d i t i v e .  

Solvents  such a s  n-decane can n o t  p r e v e n t  a s s o c i a t i o n  e x c e p t  by 

d i l u t i o n  e f f e c t s .  S t r o n g  hydrogen bonding s o l v e n t s  such  as THF 

and p y r i d i n e  w i l l  t e n d  t o  keep t h e  s l u r r y  d i s p e r s e d  by competing 

w i t h  coa l -der ived  he teroa tom molecules  i n  i n t e r m o l e c u l a r  a s s o c i a -  

t i o n s .  I d e a l l y ,  enough p r e c i p i t a t e - i n d u c i n g  s o l v e n t  should  be  add- 

ed t o  cause  t h e  h i g h l y  mul t ihe te roa tom a s p h a l t e n e s  and p r e a s p h a l -  

t e n e s  t o  b r i d g e  t o g e t h e r  m i n e r a l  s o l i d s  and t o  form l a r g e  m i c e l l e s  

w i t h  s i m i l a r  molecules  w i t h o u t  e x c e s s i v e  p r e c i p i t a t i o n  o r  a s s o c i -  
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FILTRATION OF SLURRIES 235 

a t i o n  of t h e  molecules  w i t h  fewer heteroatoms.  I f  t h i s  were done,  

t h e  s p e c i f i c  cake r e s i s t a n c e  would d e c r e a s e ,  t h e  v i s c o s i t y  would 

d e c r e a s e  and t h e  f r a c t i o n  of h i g h l y  mul t ihe te roa tom material i n  

t h e  f i l t r a t e  would decrease .  The f i l t r a t e  would t h e n  have b e t t e r  

p r o p e r t i e s  as a f u e l  o i l  and as a feed  s t o c k  f o r  c a t a l y t i c  up- 

grading.  

VISCOSITY 

The v i s c o s i t y  of  a c o a l  l i q u e f a c t i o n  s l u r r y  o r  f i l t r a t e  de- 

pends upon t h e  relative amounts of  o i l s  and r e s i n s ,  a s p h a l t e n e s  

and preasphal tenes .  The m i n e r a l  s o l i d s  c o n c e n t r a t i o n  h a s  a s i g -  

n i f i c a n t  e f f e c t  on t h e  s l u r r y  v i s c o s i t y .  The o i l s  and r e s i n s  be- 

have nominal ly  as a Newtonian f l u i d .  V i s c o s i t y  t e s t i n g  of asphal-  

t e n e s  by Cameron showed t h a t  t h e  a s p h a l t e n e s  are s t r o n g l y  depend- 

e n t  upon s h e a r  rate h i s t o r y  n e c e s s i t a t i n g  a s p e c i f i c  system of 

t e s t i n g . ( l 9 )  Cameron used t h e  fo l lowing  procedure.  The asphal -  

t e n e s  where s u b j e c t e d  t o  a s h e a r  ra te  g r e a t e r  than  100 sec-’ u n t i l  

a c o n s t a n t  t o r q u e  w a s  ob ta ined .  The s h e a r  rate w a s  then  reduced 

t o  a lower v a l u e  (0.05 o r  1 sec-’) and t h e  torque  measured immedi- 

a t e l y .  T h i s  t o r q u e  was c a l l e d  t h e  t o r q u e  a t  zero  t i m e .  Shear ing  

w a s  n e x t  te rmina ted  completely f o r  1 2  minutes  b e f o r e  s h e a r i n g  

a g a i n  at  t h e  lower s h e a r  rate. The t o r q u e  w a s  measured i m e d i a t e -  

l y  and s h e a r i n g  aga in  s topped.  The measured t o r q u e  w a s  compared 

t o  t h a t  measured a t  z e r o  t i m e .  A f t e r  t h e  f i f t h  measurement at  

low s h e a r  ra te ,  s h e a r i n g  w a s  cont inued u n t i l  a s t e a d y  t o r q u e  w a s  

reached.  I n  a l l  cases t h e r e  w a s  a drop-off of t o r q u e  t o  a s t e a d y  

v a l u e  above t h e  t o r q u e  measured a t  t h e  lower s h e a r  rate a t  zero  

t i m e .  The r e s u l t s a r e  p r e s e n t e d  i n  F i g u r e  5 .  The i n c r e a s e  i n  

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

decrease  i n  torque  w i t h  t i m e  upon s t e a d y  s h e a r i n g  i s  i n d i c a t i v e  of 

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

upon s t e a d y  s h e a r i n g  i s  i n d i c a t i v e  of shear-induced d i s s o c i a t i o n  

and t h e  material would be cons idered  t h i x o t r o p i c .  The drop-off 

of to rque  w a s  more pronounced i n  t h e  h igher  s h e a r i n g  c a s e  (1.0 
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A 125OC 8 1.0 sec-l 
145OC 8 1.0 sec-1 

o t i  3 ” ~  8 05sec-1 
125OC 8 05sec-1 

A 145T 8 .05sec-l 
= 165OC 8 .05sec-l 

20 4 0  60 00 100 I 
TIME (Minutes) 

3 

FIGURE 5. N e t  Torque above Torque a t  Zero T i m e  A f t e r  a High Shear Rate 
H i s t o r y  w i t h  No Shear between Data P o i n t s  € o r  Coal-Derived 
Asphal tenes .  

sec-’) i n d i c a t i n g  t h a t  h i g h e r  s h e a r  rates are more e f f e c t i v e  i n  

breaking  up a s s o c i a t e d  material .  

Cameron found t h a t  i f  a v i s c o s i t y  de te rmina t ion  w e r e  made 

immediately fo l lowing  s h e a r i n g  a t  100 sec- l  f o r  1 minute  t h a t  

t h e  v i s c o s i t y  of t h e  a s p h a l t e n e  f r a c t i o n  w a s  nominal ly  independ- 

e n t  of s h e a r  rate down t o  a s h e a r  r a t e  of 0.01 sec-’ . The d a t a  

are presenred  i n  F igure  6 .  

each measurement, t h e  a s p h a l t e n e s  were nominal ly  i n  t h e  same 

c o l l o i d a l  s tate f o r  each  measurement and t h e  r e s u l t s  shown i n  

Figure 6 would i n d i c a t e  t h a t  t h e  a s p h a l t e n e s  were only  s l i g h t l y  

s h e a r  t h i n n i n g  under t h e  c o n d i t i o n s  of t h e  measurements. 

Because of t h e  h i g h  s h e a r i n g  p r i o r  t o  
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SHEAR RATE (sec-') 

FIGURE 6. E f f e c t  of  Shear Rate on V i s c o s i t y  of Coal Derived Asphal tenes  
w i t h  Each Measurement Proceeded by High Shear  Rate. 

Cameron t e s t e d  u n e x t r a c t e d  H-coal vacuum bottoms material 

c o n s i s t i n g  of  o i l s  and r e s i n s ,  a s p h a l t e n e s ,  p r e a s p h a l t e n e s ,  and 

r e s i d u a l  s o l i d s  f o r  v i s c o s i t y  over  about  f i v e  decades o f '  s h e a r  

rate and over  a temperature  range  from 90°C t o  146OC. 

t o  t h e  a s p h a l t e n e  t e s t i n g ,  h e  found t h a t  high-shearing immediately 

b e f o r e  t a k i n g  a d a t a  p o i n t  a c t u a l l y  caused a h i g h e r  to rque .  A 

p e r i o d  of  t i m e  on t h e  o r d e r  of 10 minutes  w a s  n e c e s s a r y  f o r  t h e  

torque  t o  reach  a lower e q u i l i b r i u m  va lue .  Data w e r e  t aken  from 

h i g h  t o  l o w  s h e a r  rates wi thout  i n t e r s p e r s i n g  w i t h  high-shearing.  

Thixotropy w a s  e v i d e n t  a t  a l l  l e v e l s  of s h e a r  rate b u t  e q u i l i b r i u m  

w a s  reached i n  a s h o r t  t i m e .  Time-torque s t u d i e s  similar t o  t h o s e  

f o r  a s p h a l t e n e s  i n d i c a t e d  a b u i l d  up of to rque  w i t h  t i m e  b u t  an 

almost  complete r a p i d  recovery  t o  t h e  o r i g i n a l  to rque  i n d i c a t i n g  

t h a t  t h e  prev ious  s h e a r  h i s t o r y  w a s  n o t  t h a t  impor tan t  f o r  t h i s  

material .  

Cont rary  
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238 BRIGGS ET AL. 

Since  t h e  v i s c o s i t y  behavior  of H-Coal mater ia l  w a s  s i m i l a r  

t o  some polymer materials,  t h e  d a t a  were t r e a t e d  by t h e  procedure  

of t ime-temperature  s u p e r p o s i t i o n .  B r i e f l y ,  t ime-temperature  

= p e r p o s i t i o n i s  a method by which v i s c o s i t y  d a t a  f o r  d i f f e r e n t  

tempera tures  can be  superimposed t o  o b t a i n  a master c u r v e  o f  ex- 

tended s h e a r  ra te  at  t h e  r e f e r e n c e  tempera ture .  S u p e r p o s i t i o n  

of t h r e e  i so therms o n t o  t h e  90°C i s o t h e r m  is  shown i n  F i g u r e  7 .  

The s u p e r p o s i t i o n  a p p e a r s  r e a s o n a b l e  w i t h  r e s p e c t  t o  shapematching 

of curves .  

The d a t a  i n  F i g u r e  7 shows ev idence  of  shear- induced d i s -  

p e r s i o n  o f  a s s o c i a t e d  c o l l o i d a l  micelles. 

0 .001 sec-l, t h e  s t r u c t u r e  i s  reasonably  r i g i d .  A s  t h e  s h e a r  rate 

i n c r e a s e s  above 0.001 sec-' , t h e  c l u s t e r s  of  m i c e l l e s  i n c r e a s i n g l y  

d i s p e r s e  u n t i l  a t  1 sec-' o n l y  s t r o n g  i n t e r m o l e c u l a r  a s s o c i a t i o n s  

p e r s i s t .  

A t  s h e a r  ra tes  up t o  

McKeen measured t h e  e f f e c t  of  p r e c i p i t a t e - i n d u c i n g  and hydro- 

gen-bonding s o l v e n t s  on t h e  v i s c o s i t y  of  f i l t e r e d  product  o i l  from 

t h e  l i q u e f a c t i o n  of  an I l l i n o i s  N o .  6 c o a l  i n  t h e  H-coal p r o c e s s .  

(20) The f i l t r a t e  r e p r e s e n t s  t h e  o i l s ,  a s p h a l t e n e s  and preasphal -  

r 
0 9 O o C  

105°C 
0 124'C 

146OC 

I I I I I I 
.0001 ,001 .01 0.i 1.0 to 100 

SHEAR RATE (sec-') 

FIGURE 7.  Time-Temperature S u p e r p o s i t i o n  on 90°C I s o t h e r m  o f  V i s c o s i t y  
Data Taken on H-Coal Vacuum Bottoms Produced by t h e  Liquefac-  
t i o n  of  a n  I l l i n o i s  No. 6 Coal i n  t h e  H-Coal Product  O i l .  
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FILTRATION OF SLURRIES 2 39 

t e n e s  i n  t h e  product  o i l  d e s c r i b e d  i n  Table  2 .  The measurements 

were a l l  made i n  a h e l i c a l  c o i l  v i scometer  a t  a p p r o x i m t e l y  t h e  

s a m e  s h e a r  rate. The d a t a  are p r e s e n t e d  i n  F i g u r e s  8 and 9. The 

v i s c o s i t y  reduct ion  i n  t h e  case of p r e c i p i t a t e - i n d u c i n g  s o l v e n t s  

w a s  by a combination of d i l u t i o n  and p r e a s p h a l t e n e  and a s p h a l t e n e  

a s s o c i a t i o n .  I n  t h e  case of hydrogen-bonding s o l v e n t s  t h e  reduc- 

t i o n  w a s  by a combination of d i l u t i o n  and c o l l o i d a l  p a r t i c l e  d i s -  

p e r s i o n .  

FILTRATION EXPERIMENTS 

S t i r l i n g  conducted a number of s p e c i a l  f i l t r a t i o n  experiments  

t o  determine the  major c o n t r i b u t i o n s  t o  t h e  h igh  s p e c i f i c  cake re- 

6 .O 

5.c 

4.c 

Q 
V 

> 
t 

- 
J, 3c 

?? 
8 
> 

2 .c 

1 .c 

0 

- \  

I I I I I I I I I I I I 
+ 120 140 160 180 200 220 

TEMPERATURE ("C) 

FIGURE 8. E f f e c t  of Temperature on t h e  V i s c o s i t y  of t h e  F i l t r a t e  Obtained 
from t h e  I n d i c a t e d  S l u r r i e s  of H-Coal Product  O i l .  
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FIGURE 9 .  

- 
5% 2-Ethoxyethonol 

TEMPERATURE ("C) 

Effec t  of Temperature on t h e  Viscos i ty  of t h e  F i l t r a t e  Obtained 
from t h e  Ind ica t ed  S l u r r i e s  of H-Coal Product O i l .  

s i s t a n c e  of f i l t e r  cakes produced when f i l t e r i n g  coal-derived 

s l u r r i e s . ( l 4 )  

F i l t r a t i o n  of THF - and Pyr id ine  - Extrac ted  So l ids  

Extent ions  t o  h i s  work a r e  repor ted  here.  

S t i r l i n g  observed t h a t  t h e  s p e c i f i c  cake r e s i s t a n c e  of f i l t e r  

cakes made up of THF-insoluble s o l i d  p a r t i c l e s  increased  wi th  t e m -  

pe ra tu re  e s p e c i a l l y  between 1 7 7  and 232°C. He found t h a t  between 

these  two temperatures t h e  s p e c i f i c  cake r e s i s t a n c e  increased  by 

approximately 100%. He a t t r i b u t e d  t h i s  i nc rease  t o  so f t en ing  and 

p l a s t i c  flow of undissolved organic  m a t e r i a l  i n  t h e  f i l t e r  cake. 

I n  order  t o  t e s t  t h i s  theory ,  THF inso lub le  s o l i d  p a r t i c l e s  were 

exhaus t ive ly  ex t r ac t ed  wi th  py r id ine  i n  a Soxhlet  e x t r a c t o r .  This  

ex t r ac t ion  removed 10  w t . %  of t he  s t a r t i n g  THF-insoluble ma te r i a l .  

These s o l i d s  were then s l u r r i e d  i n  t e t r a l i n  and f i l t e r e d  a t  

temperatures ranging from 121 t o  232°C. The r e s u l t s  of t h e s e  f i l -  

t r a t i o n s  a s  we l l  a s  s e v e r a l  f i l t r a t i o n s  of t h e  THF inso lub le  s o l i d  

p a r t i c l e s  a r e  shown i n  F igure  10. 
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PARTICLE CONCENTRATION: 8 Wt.% 
PARTICLE SOURCE: H-Coal Vacuum Still Bottoms 
FILTER PRESSURE DROP: 0.76 -0.85 x ! 0 5  N/M2 - 

z Pyridine Extracted 
=- 9.0 Solids '0 Solids 

W 
V z 7.0 
U 

Dispersed 

x 8.0 

TEMPERATURE ("C) 

FIGURE 10. E f f e c t  of Degree of  Organic  Material E x t r a c t i o n  on t h e  S p e c i f i c  
Cake Res is tance .  

From Figure  10,  i t  can b e  seen  t h a t  t h e  s p e c i f i c  cake resis- 

t a n c e  does n o t  change s i g n i f i c a n t l y  from 1 2 1  t o  177'C f o r  b o t h  t h e  

THF-insoluble and t h e  p y r i d i n e - i n s o l u b l e  s o l i d  p a r t i c l e s .  However, 

from 177'C t o  232OC t h e  s p e c i f i c  cake r e s i s t a n c e  i n c r e a s e s  s i g n i f i -  

c a n t l y ,  by 26% f o r  t h e  THF-insoluble s o l i d s ,  and by 40% f o r  t h e  

p y r i d i n e - i n s o l u b l e  s o l i d s .  The f a c t  t h a t  t h e s e  i n c r e a s e s  are 

roughly of t h e  same magnitude and t h a t  t h e y  occur  over  t h e  same 

tempera ture  range i m p l i e s  t h a t  t h e  material d i s s o l v e d  from t h e  THF- 

i n s o l u b l e  s o l i d  p a r t i c l e s  by p y r i d i n e  e x t r a c t i o n  i s  n o t  s o l e l y  

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  s p e c i f i c  cake r e s i s t a n c e .  

f o r e ,  e i t h e r  i n c r e a s e d  d i s p e r s i o n  of some of t h e  s o l i d  p a r t i c l e s  

themselves  is caus ing  t h e  i n c r e a s e  i n  s p e c i f i c  cake r e s i s t a n c e  o r  

t h e r e  i s  s t i l l  some r e s i d u a l  o r g a n i c  material p r e s e n t  i n  t h e  pyr i -  

d i n e  e x t r a c t e d  s o l i d s .  

There- 

The f a c t  t h a t  t h e  s p e c i f i c  cake r e s i s t a n c e  is h i g h e r  f o r  

t h e  p y r i d i n e - i n s o l u b l e  s o l i d s  than  f o r  t h e  THF-insoluble s o l i d s  a t  

every  tempera ture  i s  expla ined  by t h e  removal of o r g a n i c  ma te r i a l  
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24 2 BRIGGS ET AL. 

by t h e  p y r i d i n e  e x t r a c t i o n .  

t a i n  molecules w i t h  many he teroa toms p e r  molecule  o r  be molecules  

of many condensed aromat ic  r i n g s .  

s o l i d s  s e r v e s  t o  b r i d g e  some of  t h e  smaller p a r t i c l e s  i n t o  l a r g e r  

p a r t i c l e s .  F i l t e r i n g  s l u r r i e s  of l a r g e r  p a r t i c l e s  g i v e s  f i l t e r  

cakes t h a t  have lower s p e c i f i c  cake r e s i s t a n c e s .  The p y r i d i n e  ex- 

t r a c t i o n  s e r v e d  t o  remove most ,  i f  n o t  a l l ,  of t h e  r e s i d u a l  o r g a n i c  

mater ia l  l e a v i n g  behind unassoc ia ted  s m a l l  p a r t i c l e s .  These s m a l l -  

er p a r t i c l e s  would g i v e  f i l t e r  cakes of h i g h e r  s p e c i f i c  cake resis- 

tance .  

The o r g a n i c  material  removed must con- 

Organic mater ia l  p r e s e n t  i n  t h e  

F i l t r a t i o n  w i t h  P r e c i p i t a t e - I n d u c i n g  Solvents  

McKeen conducted a series of f i l t r a t i o n  experiments  w i t h  t h e  

H-coal product  o i l  d e s c r i b e d  i n  Table  2 . ( 2 0 )  Four s o l v e n t s  w e r e  

used: t e t r a l i n ,  t o l u e n e ,  n-decane and S o l t r o l  130 (a mixture  of 

p a r a f f i n i c  hydrocarbons b o i l i n g  i n  t h e  range  185-207OC). 

s u l t s ,  when t h e  s o l v e n t s  are added t o  g i v e  c o n c e n t r a t i o n s  of 20 

w t . %  a d d i t i v e  i n  t h e  s l u r r y  and t h e  s l u r r y  a g i t a t e d  f o r  2-hours 

a t  t h e  f i l t r a t i o n  tempera ture  b e f o r e  f i l t r a t i o n  are g iven  i n  

F igure  11 over  a range  of tempera tures .  Each s o l v e n t  produced a 

decrease  i n  t h e  apparent  s p e c i f i c  cake r e s i s t a n c e  by a s s o c i a t i o n  

o r  agglomerat ion of c o l l o i d a l - s i z e  p a r t i c l e s  i n t o  l a r g e r  p a r t i c l e s .  

The mean p a r t i c l e  s i z e  of t h e  cake i n c r e a s e d .  The words apparent  

s p e c i f i c  cake r e s i s t a n c e  are used h e r e  as t h e  v i s c o s i t i e s  used 

i n  t h e  computation w e r e  t h o s e  measured f o r  t h e  f i l t r a t e  i n  a 

h e l i c a l  c o i l  v i scometer  and are n o t  n e c e s s a r i l y  t h o s e  of t h e  l i q -  

u id  pass ing  through t h e  cake. The magnitude of t h e  change i n  

apparent  s p e c i f i c  cake  r e s i s t a n c e  is  i n v e r s e l y  r e l a t e d  t o  s imi la r -  

i t i e s  between t h e  s l u r r y  l i q u i d  and s o l v e n t .  The p a r a f f i n i c  

hydrocarbons do n o t  r e s t r i c t  i n t e r m o l e c u l a r  a s s o c i a t i o n s  among t h e  

coal-der ived c o n s t i t u e n t s  whi le  t e t r a l i n ,  be ing  hydroaromatic ,  can 

weakly i n h i b i t  a s s o c i a t i o n s  through n-TI bonding. 

The re- 

F i l t r a t i o n  w i t h  Hydrogen Bonding Solvents  

McKeen a l s o  conducted experiments  w i t h  t h e  H-Coal product  o i l  

t o  which hydrogen-bonding s o l v e n t s  were added.(20)  The r e s u l t s  
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2 Filter Pressure Drop: 0.73-0.83~10~ N/M 
0 

28 

9 6 10 

4 $1 2 
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20% 
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/ /20% 
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*/ / P 
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0%20 I 140 I 1;o ' d o  ' *do ' 2h0 I 
TEMPERATURE, ('C) 

FIGURE 11. E f f e c t  of Temperature on t h e  S p e c i f i c  Cake R e s i s t a n c e  f o r  
S l u r r i e s  of H-Coal Product  O i l  Containing 20 Weight P e r c e n t  
P r e c i p i t a t e - I n d u c i n g  S o l v e n t s .  

are presented  i n  F igure  12 f o r  a d d i t i o n s  which g i v e  c o n c e n t r a t i o n s  

of 5 w t . %  s o l v e n t  i n  t h e  s l u r r y .  The hydrogen-bonding s o l v e n t s  

produce i n c r e a s e s  i n  t h e  a p p a r e n t  s p e c i f i c  cake r e s i s t a n c e s  by 

p e p t i z a t i o n  of l a r g e  c o l l o i d a l  p a r t i c l e s  i n t o  smaller p a r t i c l e s  

and by s o l u b i l i z i n g  p r e a s p h a l t e n e  molecules  which b r i d g e  t o g e t h e r  

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

c r e a s e s .  

p e r s i n g  t h e  a s s o c i a t e d  system. 2-ethoxyethanol  c o n t a i n s  two oxy- 

gen heteroatoms and can hydrogen bond w i t h  b o t h  a c i d i c  and b a s i c  

f r a c t i o n s .  

f o r  y - p i c o l i n e  and m-cresol ,  r e s p e c t i v e l y ,  c o n s i d e r a b l y  more hydro- 

gen bonding i n t e r a c t i o n s  are  p o s s i b l e  a t  a c o n c e n t r a t i o n  5 w t . %  

compared t o  y-p ico l ine  and m-cresol. 

The mean p a r t i c l e  s i z e  of t h e  cake de- 

The 2-ethoxyethanol  i s  p a r t i c u l a r l y  e f f e c t i v e  i n  d i s -  

Also be ing  molecular  weight 90 compared t o  93 and 108 
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FIGURE 1 2 .  E f f e c t  of Temperature on t h e  S p e c i f i c  Cake R e s i s t a n c e  f o r  
S l u r r i e s  of H-Coal Product  O i l  Conta in ing  5 Weight Percent  
Hydrogen Bonding S o l v e n t s .  

While hydrogen-bonding s o l v e n t  a d d i t i o n s  are n o t  a p p r o p r i a t e  

f o r  improving f i l t r a t i o n ,  experiments  w i t h  f i l t e r  s l u r r i e s  can re- 

v e a l  t h e  type  of s o l v e n t s  which can more r e a d i l y  p e p t i z e  t h e  c o l -  

l o i d a l  c o n s t i t u e n t s  of c o a l  i n  t h e  pre-hea ter  d u r i n g  c o a l  l i q u e -  

f a c t i o n .  

Precoa t  S t u d i e s  

I s l i p  conducted experiments  t o  de te rmine  p o s s i b l e  i n t e r a c t i o n s  

between a f i l t e r e d  product  o i l  and a 75 w t . %  Ce l i t e  503 diatomac- 

eous ear th125 w t . %  Fibra-Flo 7-C a s b e s t o s  p r e c o a t .  The H-Coal pro- 

duct  o i l  d e s c r i b e d  i n  Table  2 was f i l t e r e d  and t h e  f i l t r a t e  used i n  

t h e  experiments  r e p o r t e d  i n  Table  4 .  I n  each  run t h e  p r e c o a t  w a s  

l a i d  down w i t h  t e t r a l i n  a t  232°C and t h e  i n i t i a l  r e s i s t a n c e ,  ro ,  

determined.  The v i s c o s i t y  of t e t r a l i n  a t  232°C w a s  used i n  t h e  

c a l c u l a t i o n s .  The s l u r r y  w a s  t h e n  loaded  i n t o  t h e  p r e p a r a t i o n  

v e s s e l  where i t  w a s  hea ted  t o  232°C w h i l e  be ing  s t i r r e d  w i t h  a 
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Magne-Drive s t i r rer  a t  1200 rpm. 

two h o u r s ,  t h e  s l u r r y  w a s  passed i n t o  t h e  f i l t e r  vessel and immedi- 

a t e l y  f i l t e r e d  through t h e  p r e c o a t .  The f i l t r a t e  f low rates w e r e  

measured. The v i s c o s i t y  of  t h e  f i l t r a t e  w a s  measured at  232°C i n  

t h e  h e l i c a l  c o i l  v i scometer  a f t e r  f i l t r a t i o n  and t h e  new r e s i s t a n c e  

computed. L i t t l e  o r  no bui ld-up of  cake w a s  observed.  

A f t e r  be ing  s t i r r e d  a t  232°C f o r  

The changes i n  r e s i s t a n c e  can b e  e x p l a i n e d  by v i s c o s i t y  and 

c o l l o i d a l  e f f e c t s .  The f i l t r a t e ,  b e i n g  immediately f i l t e r e d  a f t e r  

a h igh  s h e a r  h i s t o r y ,  may have a lower v i s c o s i t y  t h a n  measured 

sometime later i n  the v i s o m e t e r .  When t h e  l a r g e r  v a l u e  of v i s c o s -  

i t y  i s  used i n  t h e  computat ion of  r ,  A r  can be  n e g a t i v e  i f  t h e r e  

are few c o l l o i d a l  p a r t i c l e s  t h a t  are c a p t u r e d  o r  r e t a r t e d  i n  t h e  

p r e c o a t  dur ing  f i l t r a t i o n .  When t e t r a l i n  i s  added t o  t h e  s t a r t i n g  

material  some c o l l o i d a l  m i c e l l i z a t i o n  would be  expec ted  and t h o s e  

m i c e l l e s  could  be  l a i d  down on t h e  p r e c o a t  as a v e r y  t h i n  c o a t  o r  

b e  c a p t u r e d  i n  t h e  p r e c o a t  as i n  deep-bed f i l t r a t i o n .  I n  e i t h e r  

case t h e  r e s i s t a n c e  would i n c r e a s e .  For  exper iments  conducted a t  

t h e  same p r e s s u r e  drop a c r o s s  t h e  p r e c o a t ,  t h e  change i n  resis- 

t a n c e  would be  expec ted  t o  be  l a r g e r  w i t h  t h e  t e t r a l i n  a d d i t i o n .  

For experiments  conducted w i t h  t e t r a l i n  a d d i t i o n  a t  d i f f e r e n t  

p r e s s u r e  d r o p s ,  t h e  v i s c o s i t y  would b e  reduced by s h e a r  t h i n n i n g  

e f f e c t s  t h e  most i n  t h e  h i g h e s t  p r e s s u r e  drop run and t h e  a p p a r e n t  

s p e c i f i c  cake r e s i s t a n c e  would be  expec ted  t o  be  less. The r e s u l t s  

sugges t  t h a t  t h e  a p p a r e n t  r e d u c t i o n  i n  v i s c o s i t y  more than  compen- 

sates f o r  any c o l l o i d a l  p a r t i c l e  e f f e c t s .  

CONCLUSION 

Coal l i q u e f a c t i o n  s l u r r i e s  are  more complex t h a n  most f i l t r a -  

t i o n  s l u r r i e s .  They c o n t a i n  a wide spectrum of  materials which 

range from s m a l l  i n d i v i d u a l  molecules  t o  very  l a r g e  m i n e r a l  s o l i d s  

and agglomerated s o l i d s .  The mean e f f e c t i v e  p a r t i c l e  s i z e  of  t h e  

s o l i d s  i n  t h e  cake  and t h e  v i s c o s i t y  are b o t h  s i g n i f i c a n t l y  a f f e c t -  

ed by t h e  p r e s e n c e  of p r e a s p h a l t e n e s  and a s p h a l t e n e s  w i t h  m u l t i -  

heteroatoms.  S e l e c t i v e  a d d i t i o n  of  association/agglomeration- 
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inducing  s o l v e n t s  can d r a m a t i c a l l y  i n c r e a s e  t h e  f i l t r a t e  f low rate 

by d e c r e a s i n g  b o t h  t h e  v i s c o s i t y  and s p e c i f i c  cake r e s i s t a n c e .  

These d e c r e a s e s  more than  compensate f o r  t h e  need t o  p r o c e s s  

s l i g h t l y  more s l u r r y  w i t h  a s l i g h t l y  i n c r e a s e d  amount of  cake.  

In  c o a l  l i q u e f a c t i o n  p r o c e s s e s ,  t h e  s o l i d s  s e p a r a t i o n  p r o c e s s  

must be cons idered  i n  terms of t h e  t o t a l  p rocess  mater ia l  and 

energy ba lances  and t h e  t o t a l  p l a n t  c a p i t a l  c o s t .  By s e l e c t i v e l y  

removing t h o s e  f r a c t i o n s  which tend  t o  p e p t i z e  c o l l o i d a l  p a r t i c l e s  

and adding back f r a c t i o n s  which promote a s s o c i a t i o n ,  f i l t r a t i o n  

rates can be improved w h i l e  s imul taneous ly  reducing  t h e  l e v e l s  

of mul t ihe te roa tom s p e c i e s  which cause  cake d e p o s i t s  on c a t a l y s t s  

d u r i n g  subsequent  product  up-grading. 
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