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THE EFFECT OF O I L  TYPES AND ADDITIVES 
ON THE SEPARATION BY FLOTATION OF UNCONVERTED COAL 

AND MINERAL MATTER FROM LIQUEFACTION PRODUCTS 

E.T. Saad 
Ashland O i l ,  Inc .  
Ashland, Kentucky 

D.  Bhat tacharyya and R . I .  Kermode 
Department of  Chemical Engineer ing 

U n i v e r s i t y  of Kentucky 
Lexington,  Kentucky 40506 

ABSTRACT 

The f l o t a t i o n  behavior  of  v a r i o u s  s o l i d s  (H-coal vacuum bot -  
toms, SRC s o l i d s ,  and pure  c l a y s )  of d i f f e r e n t  s i z e s  d i s p e r s e d  i n  
l i g h t  c y c l e  o i l  (LCO) o r  H-coal o r  c l a r i f i e d  s o l v e n t  r e f i n e d  c o a l  
o i l  (SRC) i s  s t u d i e d  w i t h  C02 bubbles  under semi-batch o p e r a t i o n  
a f t e r  precooking ( a t  10OoC-12O0C) t h e  s o l i d s  i n  o i l s  f o r  30 min- 
u t e s .  I n  a l l  cases maximum f l o t a t i o n  e f f i c i e n c y  i s  achieved w i t h  
a b u l k  l i q u i d  tempera ture  of  l l O ° C ,  and a 30 t o  4OoC tempera ture  
g r a d i e n t  between t h e  l i q u i d  and t h e  upper foam l a y e r .  The f l o t a -  
t i o n  o f  p a r t i c l e s  i s  b e s t  w i t h  LCO c o n t a i n i n g  6% c r e s o l  as addi -  
t i v e .  The s e p a r a t i o n  i s  n e g l i g i b l e  w i t h  SRC o i l  because of  h i g h  
v i s c o s i t y .  

With H-coal s o l i d s  d i s p e r s e d  i n  LCO (+ 6% c r e s o l )  t h e  sepa- 
r a t i o n  i s  85% w i t h  100 pm p a r t i c l e s  and o n l y  10% w i t h  1 0  - 15 pm 
p a r t i c l e s .  By t h e  a d d i t i o n  of  a n  agglomera t ing  s o l v e n t  (5% t o  
10% decane) t h e  s e p a r a t i o n  of  10 pm p a r t i c l e s  i s  i n c r e a s e d  t o  45%. 
With r e s p e c t  t o  t h e  s e p a r a t i o n  of pure  c l a y s  and m i n e r a l s  ( d i s -  
persed  i n  LCO) t h e  s e p a r a t i o n  of  w o l l a s t o n i t e  (70% w i t h  100 vm 
p a r t i c l e s )  i s  b e t t e r  t h a n  t h a t  of i l l i t e  (35% w i t h  100 urn p a r t i -  
c l e s ) .  The f l o t a t i o n  of k a o l i n i t e  is  always found t o  b e  i n s i g n i -  
f i c a n t .  

INTRODUCTION 

The l a r g e - s c a l e  removal of  a s h  and unconverted c o a l  s o l i d s  

from l i q u e f a c t i o n  products  i s  s t i l l  one of  t h e  areas where tech-  
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186 SAAD, BHATTACHARYYA, AND KERMODE 

nological improvement is needed. Almost complete removal is essen- 

tial for syncrude, as refining operations are not designed to pro- 

cess crude oils containing solids. A high degree of removal is 

desirable even in boiler fuel applications as this will lower both 

the ash and sulfur content of the fuel. 

Methods investigated for removing solids include - filtration, 

hydroclones, centrifugation, magnetic separation, solvent deashing, 

agglomeration followed by settling or filtration, and flotation. 

The success of more traditional methods such as centrifugation and 

filtration has been limited, and in the case of precoated filtra- 

tion, not only have rates been low, but the fouled filter cake dis- 

posal or regeneration is difficult. Problems associated with tra- 

ditional methods are well-documented in the literature. (1) 

The difficulty of solids separation is to a large extent attri- 

butable to small particle size, moderate to high liquid viscosity, 

and processing conditions which may include both elevated tempera- 

ture and pressure. Figure 1 shows a typical particle size distri- 

bution curve for H-coal solids. Almost 20% of the particles are 

less than 5 microns and 60% less than 10 microns. Microscopic 

examination (2) of other product solids indicated even a smaller 

size distribution, with a significant fraction of particles near 

one micron in diameter. The present study focuses on an experi- 

mental evaluation of the potential for removing these small solids 

by flotation; and (o r )  solvent precipitation followed by flotation. 

In addition the relationship between flotation efficiency and parti- 

cle size is established. 

PREVIOUS EXPERIMENTS 

The use of flotation process to concentrate particles in the 

foam phase from aqueous systems is quite well-known, and the effi- 

ciency of flotation is directly related to the bubble attachment 

process and the interfacial properties of the solid-gas system. 

Important variables that affect flotation are bubble and particle 

size, pulp concentration, and temperature as it effects properties 
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such as surface tension, viscosity, and density. For coal derived 

liquid systems, where the viscosity and surface tension are strongly 

influenced by changes in temperature, solution and foam temperature 

would be expected to play an important role in the flotation pro- 

cess. While the relationship of these variables and the extent of 

separation with non-aqueous systems has not been established, it is 

reasonable to expect that the dependence of flotation efficiency on 

particle size, bubble size and foam stability would be similar to 

that observed in aqueous systems. ( 3 )  

The initial phases of this research project ( 4 )  focused on 

establishing the operating conditions (temperature, solids concen- 

tration, type of flotation gas, etc.) that yielded the best separa- 

tion in a coal solids - organic liquid system. To avoid the diffi- 

culties of reproducing an H-coal liquid, a synthetic coal solids 

pulp was used for all of these studies. This liquid consisted of a 
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188 SAAD, BHATTACHARYYA, AND KERMODE 

petroleum ref inery-der ived  l i g h t  cyc le  o i l  p l u s  about 6% c r e s o l .  

This l i q u i d  was mixed wi th  ground-up vacuum bottoms H-coal s o l i d s  

t o  s imula te  a c o a l  l i q u i d .  This  system had t h e  advantage t h a t  t h e  

p r o p e r t i e s  were no t  a func t ion  of t h e  coa l  l i q u i f a c t i o n  process .  

Fresh feed was made up be fo re  every run ,  thus  changes o r  d e t e r i o r a -  

t i o n  wi th  t i m e  d id  not  occur.  A l l  of t h e  s t u d i e s  were c a r r i e d  out  

i n  a semi-batch f l o t a t i o n  column as r epor t ed  previous ly  by Murali ,  

_ -  e t  a 1  (5 ) .  

ing  a foam sample from one of t h e  foam sample spouts ,  and l i q u i d  from 

t h e  l i q u i d  sample o u t l e t .  A t  t h e  same t i m e  preheated feed  m a t e r i a l  

w a s  added t o  compensate f o r  t h e  foam and l i q u i d  removed. The l i q u i d  

and foam phases were heated independently.  A magnetic s t i r r e r  pre- 

vented heavy p a r t i c l e s  from accumulating on t h e  bottom of the  appa- 

r a t u s .  

The ope ra t ion  of t h e  column involved p e r i o d i c a l l y  remov- 

Pre l iminary  s t u d i e s  ind ica t ed  ( 4 , 5 )  t h a t  s o l i d s  f l o t a t i o n  wi th  

d i f f u s e r s  of 50 pm p o r o s i t y  and a gas  (CO ) flow r a t e  of about 

400 cm /min was optimum. 

% ash  i n  the  l i q u i d  a t  any t ime. The m a t e r i a l  balance c losu re  w a s  

ob ta ined  by ana lyz ing  foam phase ash  conten t .  

c a l  percentage  sepa ra t ion  ve r sus  time curve.  P lus  and minus two 

s tandard  dev ia t ions  f o r  t h e  exponent ia l  curve shows t h e  l a r g e  va r i a -  

t i o n  i n  r e s u l t s  achieved even under s tandard  cond i t ions .  On t h i s  

f i g u r e  t h e  two d i f f e r e n t  symbols 0 and A show the  da ta  po in t s  f o r  

two runs  made under t h e  same cond i t ions  us ing  t h e  same d i f f u s e r .  

The des igna t ions  G1 and G mean t h e  da t a  shown a r e  t h e  f i r s t  and 

f o u r t h  run on t h e  d i f f u s e r  used wi th  t h e  G s e r i e s  of runs.  A t e m -  

pe ra tu re  g rad ien t  ( l i q u i d  temperature of l l O ° C  and a foam temperature 

of 65OC) between t h e  foam and l i q u i d  w a s  e s s e n t i a l  i f  s epa ra t ion  was 

t o  be achieved. A foam temperature of 65OC corresponded t o  no hea t -  

i n g  of t h i s  phase. When t h e  foam w a s  hea ted  i t  tended t o  become 

uns t ab le  and dra inage  of foam i n t o  t h e  l i q u i d  c a r r i e d  most of t h e  

f l o a t e d  p a r t i c l e s  wi th  i t .  

2 3 The ex ten t  of s e p a r a t i o n  w a s  based on t h e  

Figure 2 shows a typ i -  

4 

The exponent ia l  shown on Figure  2 is  t y p i c a l  of t h e  sepa ra t ion  

ve r sus  time curves  obta ined  from t h e s e  experiments.  The two con- 
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Figure 2 Typical Experimental Separation Curves (Reference 5 )  

stants in the equation were determined empirically from the G series 
of  runs. The standard deviations were also estimated from the same 
runs. The two curves shown lie below the empirical line, however, 

the standard deviation lines indicate that curves both above and 
below were present in the data. 

EXPERIMENTS WITH PURE CLAY AND MINERAL MATTERS 

The residue from coal liquefaction processes contains a mix- 

ture of original ash-forming clays and mineral matter present in 

coal. The minerals present in bituminous coals are pyrite, quartz, 
calcite, illite, expandable clays, and kaolinite, and the composi- 
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190 SAAD, BHATTACHARYYA, AND KERMODE 

tion could be estimated from major inorganic elements. The mineral 

matter is quite stable under liquefaction conditions ( 6 )  except the 

conversion of pyrite to FeS and partial conversion of quartz and 

calcite to wollastonite (CaSi03). Most of the clays will change 

little with the exception possibly of some dehydration. Russell 

( 6 )  in a study with H-coal vacuum bottom showed the presence of 38% 

expandables, 50% illite, and 12% kaolinite in the sample. 
A series of flotation runs were made to determine the separa- 

tion which could be achieved using the pure minerals and clays with 

the light cycle oil (LC0)-cresol mixture, H-coal oil, and clarified 

SRC oil. ( 3 , 7 )  Table 1 summarizes these results. Kaolinite could 

not be separated to any measurable extent even for particles as 

large as 35 mesh. Almost immediate disintegration of even the larg- 

est particles was determined to be the cause of this lack of separa- 

t ion. 

Illite and wollastonite did not tend to disintegrate into small 

particles in any of the oils. Thus the original particle size dis- 

tribution was preserved during flotation. Table 1 shows that the 

separation of Wollastonite in LCO and SRC oils was extremely good 

and probably would exceed 90% for longer flotation times. 
shows the extent of separation of wollastonite from three coal 

liquids. 

interaction between the C02 and calcium sites. 

by using nitrogen gas for flotation. 

tonite and illite showed very similar separation patterns. 

Figure 3 

The high degree of  separation is most likely a result of 

This idea was tested 

Under these conditions wollas- 

The flotation rates of pure clay and mineral matter are com- 

pared with H-coal solid in Figure 4 .  Hence it would be expected 

that the overall ash separation from a liquefied coal residue 

would be strongly dependent on the liquefaction conditions (which 

determines wollastonite formation, and kaolinite breakdown) and on 

the types of clay present in the original coal. 

SEPARATION OF LIQUEFACTION SOLIDS 

In addition to floating minerals and clays, numerous flotation 
experiments involving two H-coal and SRC solids were carried out. 

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



T
ab

le
 1

 -
 F

lo
ta

ti
on

 G
eh

av
io

r 
an

d 
P

ar
ti

cl
e 

C
ha

ra
ct

er
is

ti
cs

 
o

f 
Pu

re
 C

la:
y 

an
d 

bl
in

er
al

 
F

la
tt

er
s 

_
_

-
 

14 
i n

e r
 a 1

 
o

r 
C

la
y 

L
iq

ui
d 

S
ep

ar
at

io
n 

F 'I 
o t

 a t
 i o

n 
M

ax
i m

um
 

K
ao

l i
ni

 te
 

LC
O

-C
rp

so
l 

0 
12

0x
20

0 
k

sh
 

H
-C

oa
l 

0 

C
la

ri
fi

ed
 

SR
C 

O
il

 
0
 

Il
li

te
 

LC
O

-C
re

so
l 

34
:: 

@ 
10

0 
ni

in
 

12
0X

20
0 

M
es

h 
H

-C
oa

l 
0 

C
la

ri
fi

ed
 

34
:; 

@ 
10

0 
rn

in
 

SR
C 

O
il

 

W
ol 

1 a
s t

on
i t

e 
LC

O
-C

re
so

l 
78

%
 (3

 
i 1

0 
ni

in
 

12
0X

20
0 

Ile
s h

 
H

-C
oa

l 
38

2 
@ 

11
0 

m
in

 

C1
 ar

i f
ie

d 
65

%
 (3 

11
0 

m
in

 
SR

C 
O

il
 

Fl
ic

ro
sc

oD
ic

 e
xa

ri
ii

na
ti

on
 

of
 

p
ar

ti
cl

es
 i

n 
al

l 
th

re
e 

so
lv

en
ts

 s
ho

::e
d 

ra
pi

d 
di

si
nt

eg
ra

ti
on

. 
32

5 
Y 

pa
rt

i-
 

cl
es

 r
iJ

uc
k?

ii 
to

 2
3 

I.I 
in

 n
ea

ti
ng

 t
o

 I
OO

'C
, 

af
te

r 
on

e 
no

ur
 a

t. 
i0

Jo
i:

 a
ve

ra
ge

 p
ar

ti
cl

e 
le

ss
 t

ha
n 

15
 P
 

d i
 a

iw
 te

r .
 

M
ic

ro
sc

op
ic

 e
xa

in
in

at
io

n 
of

 
p

ar
ti

cl
es

 i
n 

al
l 

th
re

e 
so

lv
en

ts
 s

iio
:.i

ed
 

no
 c

hg
ng

e 
in

 p
ar

ti
cl

e 
di

am
et

er
 

du
ri

ng
 h

ea
ti

ng
 t

o
 1

00
 C

. 
A

ft
er

 o
ne

 r
?m

r 
on

ly
 m

in
or

 
ev

id
en

cc
 o

f 
di

si
nt

eg
ra

ti
on

 w
as

 o
bs

er
ve

d.
 

N
ic

ro
sc

op
ic

 e
xa

m
in

at
io

n 
of

 p
ar

ti
cl

es
 s

ho
w

ed
 n

o 
te

*i
de

nc
y 

to
 d

is
in

te
gr

at
e.

 
B

ot
h 

th
e 

LC
O

-C
re

so
l 

an
d 

SR
C 

se
pa

ra
ti

on
 c

ur
ve

s 
ha

d 
no

t 
re

ac
he

d 
a 

m
ax

im
um

 a
qd

 i
t 

ap
pe

ar
ed

 
th

at
 g

re
at

er
 t

ha
n 

90
%

 
se

pa
ra

ti
on

 c
ou

ld
 b

e 
ac

hi
ev

ed
. 

Th
e 

H
-C

oa
l 

cu
rv

e 
ap

pe
ar

ed
 t

o
 b

e 
ne

ar
 i

ts
 m

ax
im

um
. 

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



192 SAAD, BHATTACHARYYA, AND KERMODE 

80 

70 

60 

8 50 
c 
0 .- 
'e 

40 

a 30 
v) 

r 

20 

10 

12OX 200 Mesh Porticols 
0 LCO Run 67 
X SRC Run 68 
A H -Cool Run 69 

0 
0 10 20 30 40 50 60 70 80 90 100 110 120130 

Foaming Time (minutes) 

Figure 3 Separation o f  Wollastonite f r o m  the Three Oils 

The details of the procedure are presented in the literature ( 3 , 4 ) .  

The term H-coal solids refers to vacuum distillation bottoms mater- 

ial from the H-coal process. This material was a solid at room 

temperature which contained all of the ash forming components of the 

coal, unconverted coal ,  and the asphaltene residue not converted to 

a syncrude product by the liquefaction reactions. In addition to 

the dependence of flotation behavior on the type of clay and mineral 

matter present in the liquefied residue, the influence of particle 

charge characteristics by asphaltenes may significantly alter parti- 

cle separation efficiency. 

Prior to the start of a flotation experiment a predetermined 

amount of the solids (SRC or H-coal) of selected mesh size was mixed 
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Fooming Time (minutes) 

Figure 4 Comparison of Mineral and Clay Separation w i t h  Vacuum 
Bottoms (Reference 7)  

with one of the three liquids (H-coal oil, clarified SRC oil or t.he 

LCO-cresol mixture) and then precooked for 30 minutes. Figure 5 

shows the effect of the three different liquids on the flotation of 

SRC solids. The extent of separation is greatest for the LCO-cresol 

mixture and least for the H-coal oil, however, statistically all 

three are the same up to 30 minutes. At times greater than 60 min- 
utes only the LCO-cresol mixture appears to yield a statistical 

improvement in separation. 
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F i g u r e  5 Effect o f  Type of Oil on t h e  S e p a r a t i o n  of SRC Solids 

Figure 6 shows a more dramatic difference between the two types 

of H-coal solids dissolved i n  the LCO-cresol mixture. Two pairs of 
symbols,., 0 and A ,  X, show typical variation between runs that are 

made using the same operating conditions. If exact duplication were 

possible, the circles and filled in circles would cohcide and the 

deltas and X ' s  would coimcide. 

tional runs substantiated the 50% difference i n  separation shown 

after one hour. 

with H-coal solids I, and it was not until the final phase of the 
project that a totally different sample of H-coal solids was used. 

While only two runs are shown, addi- 

All of the preliminary experiments ( 3 , 4 )  were run 
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Comparison of Ash Separation f o r  Two Different Batches 
of H-Coal Solids i n  LCO-Cresol Mixture 

The difference in separation even in the LCO-cresol mixture was not 

expected. Attempts at reconciling this difference, including ulti- 

mate and proximate analysis as well as some analysis of the mineral 

matter and trace elements, were unsuccessful. It was also impossi- 

ble to trace the processing conditions used in the H-coal reactor 

or the exact coal which was the precursor of  the H-coal solids 11. 

Microscopic examination of  the behavior of the solids during the 

precooking step showed that H-coal solids I1 disintegrated more 

rapidly than solids I. 
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196 SAAD, BHATTACHARYYA, AND KERMODE 

S i n c e  a s h  s e p a r a t i o n  e f f i c i e n c y  i s  a s t r o n g  f u n c t i o n  o f  p a r t i -  

c l e  s i z e  t h a t  e x i s t s  d u r i n g  f l o t a t i o n ,  a s t u d y  was conducted t o  

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

40 X 65 mesh) b e h a v i o r  d u r i n g  precooking .  F i g u r e  7 shows t h e  

change i n  p a r t i c l e  s i z e  w i t h  t i m e  d u r i n g  precooking.  Two d i f f e r e n t  

H-coal vacuum bot toms samples  s o l i d s  I and 11 were used and two 

l i q u i d s .  F igure  7 shows t h a t  t h e  s o l u b i l i t y  o f  t h e  two d i f f e r e n t  

H-coal s o l i d s  v a r y  c o n s i d e r a b l y .  Sample 11 of s o l i d s  i s  much more 

s o l u b l e  t h a n  sample I i n  b o t h  the l i q u i d s .  I n  a d d i t i o n  f o r  a g i v e n  

1000 
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E f f e c t  o f  Pre-Cooking Time on H-Coal S o l i d  D i s s o l u t i o n  F i g u r e  7 
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COAL FROM LIQUEFACTION PRODUCTS 197 

precooking time both samples are more soluble in the H-coal oil than 

in the LCO-cresol mixture. 

The effect of reduction in particle size on flotation is illus- 
trated in Figure 8. Various initial (prior to precooking) mesh sizes 

(35  X 60 up to much smaller than 200 mesh) of sample I H-coal solids 
illustrate that for particles starting out much less than 200 mesh a 

maximum separation of 10% can be achieved. A s  in the case of mineral 

and clays very small particles are not readily separated. Photo- 

graphic measurements of actual particle sizes existing during flo- 

tation showed that with an initial size of 200 mesh, the particles 

Foaming Time (minutes) 

Effect o f  Part ic le  Size on H-Coal Vacuum Bottoms Separation Figure 8 
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198 SAAD, BHATTACHARYYA, AND KERMODE 

w e r e  10-15 pm s i z e  whereas w i t h  35 X 60 mzsh i n i t i a l  s i z e  t h e  p a r t i -  

c les  e x i s t e d  as 50 t o  80 pm. Hence, i t  can b e  concluded t h a t  d i r e c t  

f l o t a t i o n  of 10-15 pm p a r t i c l e s  would n o t  b e  p o s s i b l e .  

Various a d d i t i v e s  (decane o r  s u r f a c t a n t s )  were used t o  observe  

t h e  improvement i n  f l o t a t i o n  behavior  of s m a l l  p a r t i c l e s .  F i g u r e  9 

shows t h e  f l o t a t i o n  of 10-15 pm ash  p a r t i c l e s  w a s  improved from 10% 

t o  35% w i t h  t h e  a d d i t i o n  of  10% decane d u r i n g  t h e  precooking s t e p .  

I n  a d d i t i o n  t h e  s e p a r a t i o n  of  p a r t i c l e s  i n  t h e  presence  of decane 

i n c r e a s e d  w i t h  t i m e  f o r  a t  l eas t  70 minutes  whereas i n  t h e  absence 

of decane t h e  s e p a r a t i o n  d i d  n o t  improve a f t e r  20 minutes .  The 

improved s e p a r a t i o n  of s m a l l  p a r t i c l e s  may have been due t o  decane 

a c t i n g  as a c o l l e c t o r  a n d / o r  as a n  agglomera t ing  agent  f o r  growth 

of  p a r t i c l e s .  U s e  of decane d i d  n o t  improve s e p a r a t i o n  of p a r t i c l e s  

VA 0 <c 200 Mesh 
000 <<ZOO Mesh+lO%Decona Runs 139, 
H-Coal Vacuum Bottom Solids 
Light Cycle  Oi I+Cresol 

Runs 140,114 
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Figure 9 
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E f f e c t  o f  A d d i t i o n  o f  Decane on P a r t i c l e s  Smaller than 
200 Mesh 
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COAL FROM LIQUEFACTION PRODUCTS 199 

w i t h  l a r g e r  i n i t i a l  mesh s i z e  of  100 X 200 mesh ( b e f o r e  precooking) .  

The u s e  of  a n i o n i c  s u r f a c t a n t s  d i d  n o t  improve t h e  f l o t a t i o n  b e h a v i o r  

of  s m a l l ,  medium a n d / o r  l a r g e  p a r t i c l e s .  

DISCUSSION AND CONCLUSION 

L i q u e f a c t i o n  c o n d i t i o n s  are  s u f f i c i e n t l y  mi ld  t h a t  much o f  t h e  

mineral matter and c l a y s  i s  modif ied o n l y  through t h e  l o s s  of  water 

of  h y d r a t i o n .  T h i s  sugges ted  t h a t  t h e  f l o t a t i o n  o f  p u r e  m i n e r a l s  

and c l a y s  would a i d  i n  t h e  unders tanding  of t h e  s e p a r a t i o n  p r o c e s s .  

The e x t e n t  o f  s e p a r a t i o n  w a s  w o l l a s t o n i t e  > i l l i t e  > k a o l i n i t e  = 0.  

Microscopic  examinat ion o f  t h e  p a r t i c l e s  d u r i n g  f l o t a t i o n  i n d i c a t e d  

t h a t  t h i s  w a s  r e l a t e d  t o  t h e  e x t e n t  of  p a r t i c l e  d i s i n t e g r a t i o n ;  

k a o l i n i t e  d i s i n t e g r a t e d  t o  p a r t i c l e s  less t h a n  15 um i n  s i z e  whereas  

o t h e r  c l a y  p a r t i c l e s  showed no s i z e  change d u r i n g  precooking.  The 

i n f l u e n c e  of  t h e  l i q u i d  t y p e  w a s  demonstrated u s i n g  w o l l a s t o n i t e  

where t h e  f l o t a t i o n  w i t h  LCO-cresole m i x t u r e  and SRC o i l  >>H-coal 

l i q u i d .  T h i s  same t r e n d  appeared w i t h  a c t u a l  c o a l  s o l i d s  d i s s o l v e d  

i n  t h e s e  t h r e e  l i q u i d s .  

Because o f  t h e  s t r o n g  i n f l u e n c e  of p a r t i c l e  s i z e  on t h e  e x t e n t  

of  s e p a r a t i o n  a series of exper iments  were r u n  u s i n g  t h e  three li- 

q u i d s  and t h r e e  c o a l  s o l i d s  SRC, H-coal I and H-coal 11. The d e c r e a s e  

i n  p a r t i c l e  s i z e  w i t h  t i m e  i n  t h e  l i q u i d  w a s  a f u n c t i o n  of  t h e  l i q u i d  

c o a l  s o l i d  system. A s  expec ted  t h i s  d i f f e r e n c e  was a c c e n t u a t e d  w i t h  

s m a l l e r  i n i t i a l  mesh s i z e s .  S t a r t i n g  w i t h  35 X 60 mesh H-coal I 

p a r t i c l e s  and t h e  LCO-cresol m i x t u r e  85% s e p a r a t i o n  could  be  reached .  

I n  c o n t r a s t  p a r t i c l e s  much less  t h a n  200 mesh showed a maximum sepa-  

r a t i o n  of  10%. 

The a d d i t i o n  of  s e v e r a l  s u r f a c t a n t s  d i d  n o t  improve t h e  separa-  

t i o n .  The a d d i t i o n  of  a n  agglomera t ing  s o l v e n t  (10% decane)  s i g n i -  

f i c a n t l y  improved t h e  f l o t a t i o n  of  s m a l l  (10-15pm) H-coal s o l i d  p a r t i -  

c les  t o  35%. Decane had no e f f e c t  on t h e  f l o t a t i o n  of  l a r g e r  p a r t i -  

c les .  

F i n a l l y ,  a d i f f e r e n t  s o u r c e  of  H-coal s o l i d s  w a s  used w i t h  

each of  t h e s e  l i q u i d s .  The s e p a r a t i o n  achieved  w a s  a b o u t  50% of  
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200 SAAD, BHATTACHARYYA, AND KERMODE 

those for H-coal I. This difference was largely related to a more 

rapid formation of small particles. Attempts at explaining this in 

terms of composition were unsuccessful. This dependence on coal 

and liquefaction processing conditions would obviously be important 

in the development of a flotation process. 
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