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Coal is the largest indigenous energy resource in the United States. 
consumption of petroleum products and electricity increases in the United States, it 
becomes increasingly important to develop processes that enable the wider use of 
coal, including its use as a feedstock for petroleum product substitutes in energy 
and chemical markets. 
development at the University of North Dakota Energy and Environmental Research 
Center (EERC) and is similar to the petroleum-refining process in that several coal 
products are produced that meet the needs of different end users. Thus, within the 
process economic boundaries, production of a high-value product can be maximized at 
the expense of a lower value product. The capability to alter product 
distributions, either by changing feedstocks or processing conditions, permits 
timely response to the ever-changing market. AMAX Coal Company described the "coal 
refinery" concept at the Twelfth International Conference on Slurry Technology (1). 

In the mild gasification process, for which research i s  sponsored by the 
Morgantown Energy Technology Center (METC) of the U.S. Department of Energy (DOE), a 
rapid devolatilization of coal under mild conditions of temperature and pressure 
produces three products: a reactive char, a valuable hydrocarbon condensate, and a 
low-Btu gas. The process under development at EERC would produce activated carbon, 
metallurgical coke substitutes, diesel fuel additives, and chemical feedstocks. 

The objective o f  the EERC program is to develop a continuous mild gasification 
process that has the flexibility to enable balancing process economics with the 
demands of the marketplace. 
Indiana No. 3 bituminous and Wyodak subbituminous coal in a 1- to 4-lb/hr reactor, 
to optimize product yields over a variety of reaction conditions. 
were used to design and construct a lOO-lb/hr mild gasification process development 
unit (PDU) under Task 4 of the program. This report describes the results of tests 
performed in the PDU using Wyodak coal. 

ECONOMIC CONSIDERATIONS 

As 

One such process, called "mild gasification, i s  under 

Earlier stages of the program focused on the use of 

Data generated 

The economic feasibility of mild gasification is contingent upon obtaining a 
premium value for the char, probably as a metallurgical coke substitute in the U.S. 
steel production industry, which is showing signs of economic recovery and is in a 
position to take advantage of new technology. 
hydrocarbon product as a fuel (or fuel additive) is unpredictable and unstable 
because of dependency on the coal/oil price differential, which was favorable during 
the oil supply crises in the late 70s and early 8Os, but less conducive to coal 
research during the last eight to ten years. 

use mild gasification char in highly reactive iron ore/char pellets that greatly 
increase throughput in a conventional blast furnace. 
in smaller, more efficient ore reduction equipment such as hot-blast cupolas and 
direct reduction systems. 
equivalent to that of calcining grade petroleum coke, which is estimated at 30 to 45 
dollars per ton, with a market potential of 15 to 20 millon tons per year (2). 

The value of the condensable 

A new iron-making process developed by Pellet Technology Corporation (PTC) can 

The pellets can also be used 

The competitive char value in the PTC process would be 
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The best use o f  the mild gas i f ica t ion  condensables may be t h e i r  conversion t o  
benzene and phenol, which are  subject  t o  essent ia l ly  no market volume l imi ta t ions  
and may command pr ices  of $1.00 and $2.00 per gal lon,  reSpectively ( 2 ) .  The best 
opportunity f o r  condensables i n  the t ransportat ion fue ls  
addi t ive for  medium-speed ra i l road  d iese l  engines. 
condensables include t h e i r  use as feedstocks f o r  production of carbon black (used in 
rubber goods, pigments, p r in te r ’s  ink, and in t h e  production of carbon electrodes 
f o r  a1 uminum o r e  reduct ion) ,  creosote ,  c resy l ic  acid, p i tch ,  and rubber-processing 
o i l ,  and as a br ique t t ing  binder and a coal dust  suppressant. 
gas i f ica t ion  process  gas  (from a 1,000-ton per day f a c i l i t y )  will be as  on-si te  
plant fuel ,  w i t h  excesses  used f o r  cogeneration of e l e c t r i c i t y .  
product spec i f ica t ions  f o r  PTC p e l l e t s  and metallurgical coke and the boi l ing point 
f rac t ions  obtainable  from mild gas i f ica t ion  condensables along w i t h  t h e i r  potential 
uses. 

EQUIPMENT DESCRIPTION 

gas i f ica t ion  system operating on spec i f ic  design coals  and t o  produce char  and 
l iquid products f o r  upgrade t e s t i n g  and market evaluation. The system was designed 
t o  process 100 l b / h r  (dry basis)  of feed coal and incorporate c a p a b i l i t i e s  f o r  
drying, carbonizing, and calcining caking and noncaking coals in  fluid-bed reactors  
and f o r  separat ing char ,  l i q u i d ,  and gaseous products. 
enable both in tegra ted  operation of the  carbonizer and ca lc iner  and independent 
operation of e i t h e r  the carbonizer or calciner .  

market i s  as a fuel 
Other p o s s i b i l i t i e s  f o r  

The best use of mild 

Table 1 shows 

The PMI was constructed t o  provide proof of concept f o r  an integrated mild 

The system was designed t o  

This report  dea ls  w i t h  t e s t s  
’ performed using the carbonizer. 

Heat f o r  carbonizat ion is  pr incipal ly  supplied by hot  f l u e  gas from 
stoichiometr ic  combustion of natural gas. (In a commercial-scale process, heat 
would be provided by combustion of process-derived gas and waste coal from a coal- 
cleaning operation i n  a fluid-bed combustor.) 
inject ion were made t o  take advantage of the sulfur-removal and condensables qual i ty  
improvement e f f e c t s  of steam, a s  seen i n  previous work (3). 

Figure 1 is a diagram of t h e  PDU carbonization area and shows the  major 
components of t h e  system. F o r  operation w i t h  Wyoming feed coal, the  coal i s  
screened t o  a s i z e  of 1/4 inch by 0. The carbonizer was designed as a spouted bed 
g a s i f i e r ,  based on favorable r e s u l t s  with caking coals  i n  the COALCON and KRW 
g a s i f i e r  systems. The operat ive pr inciple  allowing use of caking coal i n  th i s  
design i s  the d i l u t i o n  of the enter ing coal by internal  recycle of char t o  the 
bottom of the tapered bed, where high veloci ty  and low-bed densi ty  a l so  reduce 
agglomeration. Char residence time can be varied by bed height, w i t h  the design 
residence time being 30 minutes. 
to  1500°F (480 t o  820°C) w i t h  steam p a r t i a l  pressures from 10 t o  60% of t h e  t o t a l  
reactor  pressure.  Feed coal i s  entrained and fed in to  t h e  bottom of the  reactor  
using preheated ni t rogen (575”F/3OO0C). 
locat ions and in jec ted  in to  a nitrogen-purged t o t e  bin. 

The condensables quench and separation system was designed t o  produce separate  
t a r  and o i l  f r a c t i o n s  t h a t  meet primary product requirements. 
quench system should provide t rouble-free operation without a tendency t o  plug and, 
ideal ly ,  should produce no wastewater condensables. One object ive of t h i s  work i s  
t o  enable recovery from the gas stream of both a t a r  and an o i l  product using d i rec t  
contact t a r  and o i l  venturi scrubbers (cal led the  t a r  scrubber and the  s ieve  tower, 
respect ively)  and d i r e c t  contact  water scrubbers. 
scrubbing l i q u i d  i s  injected i n t o  the gas stream above t h e  throa t  of the ventur i .  

During operat ion w i t h  Wyoming coa l ,  the t a r  venturi scrubber was used t o  remove 
par t icu la tes  remaining i n  the  gas stream ( tha t  were not removed by the  cyclones) and 
condense boi l ing point  f rac t ions  of l i  u i d  products ranging in temperature from 350 

Provisions for  carbonizer steam 

The carbonizer operates  a t  temperatures from 900 

Char can be drawn from a var ie ty  o f  

In addi t ion,  the 

In the  venturi scrubbers, the 
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t o  700°F (175 t o  380'C). Fur ther  coo l ing  occurred i n  the  s ieve tower, again using 
recycled product l i q u o r .  This u n i t  operates a t  an e x i t  temperature j u s t  above the 
dew p o i n t  of the  product gas, approximately 160 t o  180°F (70 t o  80°C). The product 
gas then passed through a water scrubber, which cooled the  gas stream t o  80 t o  100°F 
(27 t o  38'C), and a demister t o  ensure t h a t  organic mater ia l  d i d  no t  escape and pass 
through the f l a r e  system. (An op t iona l  quench system uses two water scrubbers t o  
condense a l l  o f  the t a r ,  o i l ,  and water from the  system before  t h e  product gas i s  
f la red . )  

PRODUCT YIELDS 

Table 2 shows product y i e l d  and mater ia l  balance data obtained from Carbonizer 
Test P010, performed using Wyodak coa l .  As shown i n  t h e  tab le ,  the  char  y i e l d  was 
49 percent o f  the  weight o f  the  moisture- and ash-free (maf) coal  fed t o  the  
reac tor ,  the condensable y i e l d  was 9%, and the gas y i e l d  was 42%. The y i e l d  
c a l c u l a t i o n s  invo lved accounting f o r  t h e  CO,, N,, and H,O contents o f  t h e  product gas 
and condensable streams t h a t  r e s u l t e d  from the combustion o f  n a t u r a l  gas t o  provide 
system heat. 

CHAR ANALYSIS AND METALLURGICAL COKE SUBSTITUTE PRODUCTION 

- 

Table 3 shows t h e  r e s u l t s  o f  proximate and u l t i m a t e  analyses performed on the 
char products obtained from Test P010. The s tee l  i n d u s t r y  has s p e c i f i e d  t h a t  f o r  a 
coal char product t o  be s u i t a b l e  f o r  use as a coke s u b s t i t u t e ,  i t s  s u l f u r  and ash 
contents should be l e s s  than 1 and 10 wt%. respec t ive ly .  Table 3 shows t h a t  t h e  
Wyodak char meets the s u l f u r  s p e c i f i c a t i o n  and only s l i g h t l y  exceeds t h e  ash l i m i t .  
P e l l e t  Technology Corporat ion (PTC) u t i l i z e d  Wyodak char from an EERC t e s t  performed 
under cond i t ions  s i m i l a r  t o  those employed f o r  Test P O l O  as a m e t a l l u r g i c a l  coke 
s u b s t i t u t e  i n  i r o n  ore-reducing t e s t s .  
made from Wyodak char, i r o n  ore, l ime, and s i l i c a .  A f t e r  pressing, t h e  p e l l e t s  were 
d r i e d  and hardened. P e l l e t s  made w i t h  a 10 w t %  ( o f  t o t a l  p e l l e t  weight) b inder  
comprised o f  calc ium oxide and s i l i c a  e x h i b i t e d  s a t i s f a c t o r y  strength,  dens i ty ,  and 
abrasion resistance. 

The r e s u l t s  o f  the  ore reduc t ion  t e s t s ,  i n  which t h e  p e l l e t s  were subjected t o  
temperatures o f  2500 and 2700°F (1370 and 1480"C), showed t h a t  i r o n  ore r e d u c t i o n  
times f o r  char - i ron  ore  p e l l e t s  could be reduced by as much as 80%, compared t o  
reduc t ion  times requ i red  f o r  coke- i ron ore p e l l e t s .  The f a c t  t h a t  the Wyodak char- 
i r o n  ore  p e l l e t s  were reduced i n  about 5 minutes (as opposed t o  t h e  25 minutes 
requ i red  for coke- i ron ore p e l l e t s )  i s  thought t o  be due t o  the h igh  r e a c t i v i t y  o f  
the Wyodak char. 

LIQUIDS ANALYSIS 

Simulated D i s t i l l a t i o n  
petroleum fue ls ,  simulated d i s t i l l a t i o n  o f  each P O l O  l i q u i d  product sample was 
performed us ing  c a p i l l a r y  gas chromatography. The technique works as f o l l o w s :  
condensables sample ( l i q u i d  o r  t a r )  i s  d isso lved i n  methylene c h l o r i d e  a t  a 
concentrat ion o f  approximately 20 mi l l ig rams per  m i l l i l i t e r  (mg/mL), i n t e r n a l  
standards are added, and the  mix tu re  i s  i n j e c t e d  i n t o  a gas chromatograph (GC). 
temperature i n  the  GC oven i s  maintained a t  122°F (50°C) f o r  two minutes, a f t e r  
which i t  i s  r a i s e d  t o  626°F (330°C) a t  a r a t e  o f  14.4"F (8°C) per  minute. The 
chromatogram obtained i s  compared w i t h  a chromatogram o f  a c a r e f u l l y  prepared 
mix tu re  of  normal alkanes (C7, C8, C9 ..., C25) obtained under i d e n t i c a l  
chromatographic condi t ions.  Since the b o i l i n g  p o i n t  of each alkane i s  known, the  
r e l a t i o n s h i p  o f  b o i l i n g  p o i n t  t o  GC r e t e n t i o n  t ime can be ca lcu la ted .  
r e l a t i o n s h i p  i s  determined, the  b o i l i n g  p o i n t  of any compound i n  t h e  sample can be 
approximated based on a comparison o f  the  unknown compound;,s GC r e t e n t i o n  t ime t o  
the  r e t e n t i o n  t imes o f  the alkane standard compounds t h a t  
compound; i .e. ,  i f  an unknown compound has a r e t e n t i o n  t ime midway between the  
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re tent ion times of  C7 and CB, the  compound i s  assigned a boiling point midway 
between the boi l ing points  of C7 and C8. After assigning boiling points  t o  a l l  
compounds detected i n  a sample ( t h i s  operation i s  computerized because in  most 
samples, about 200 t o  400 compounds are  detected) ,  a p lo t  i s  generated of cumulative 
"area percent" of a sample d i s t i l l e d  versus temperature. Area percent re fers  t o  how 
the GC de tec tor  quant i ta tes ,  on a r e l a t i v e  basis ,  each compound i n  a sample. (In 
the ASTM 0-86 d i s t i l l a t i o n  method, the d i s t i l l a t e  i s  quant i ta ted on the  basis of 
volume percent d i s t i l l e d . )  
obtained f o r  Diesel #2 and a s ieve tower l iqu ids  sample showed t h a t  the simulated 
d i s t i l l a t i o n  technique y ie lds  boiling-point data  t h a t  i s  nearly ident ica l  t o  data  
yielded by the ASTM method. 

Seoaration of Coal-Derived Material 
Test POI0 contained not only coal-derived mater ia l ,  b u t  a lso petroleum products, 
which were used a s  s tar t -up f l u i d s  i n  the  t a r  scrubber and s ieve tower. Mandan 
Decant Oil ,  a heavy fuel  o i l  res id  from the Amoco Oil Refinery i n  Mandan, North 
Dakota, was c i rcu la ted  through the  t a r  scrubber d u r i n g  reactor  heat-up, and Diesel 
# 2  was c i rcu la ted  through the s ieve tower. A method i s  being developed a t  EERC to  
deter-mine the amounts of d iese l  fuel and decant o i l  in  a condensables sample using 
a computerized chromatogram subtract ion technique. 

The technique involves determining the contr ibut ions of d iese l  fue l  and decant 
o i l  to the t o t a l  chromatogram f o r  a condensables sample. This i s  done by comparing 
a condensables sample chromatogram w i t h  chromatograms of diesel  fuel and decant o i l .  
The diesel fuel chromatogram i s  multiplied by a fac tor  (between 0 and 1) and t h e  
resul t ing chromatogram i s  subtracted from the  condensables chromatogram. This 
operation i s  performed as many times as  necessary unt i l  a fac tor  i s  found t h a t  
yields  a "difference chromatogram," with many components having area-percent 
magnitudes near zero.  
multiplied by 100% t o  yield the  percentage diesel  fuel i n  the  condensables sample. 
The same process i s  repeated using the  or iginal  condensables chromatogram and the 
decant o i l  chromatogram. Subtracting the  factored diesel  fuel and decant o i l  
chromatograms from the or iginal  condensables chromatogram yie lds  a chromatogram that  
represents the coal-derived mater ia l .  A simulated d i s t i l l a t i o n  curve can then be 
constructed from t h i s  chromatogram. Figure 2 shows the simulated d i s t i l l a t i o n  of 
coal-derived mater ia l  (Test POIO) from the t a r  scrubber, s ieve tower, and the water 
scrubber. Based on t h e  chromatogram subtract ion technique described above, t h e  t a r  
scrubber condensables were estimated t o  be 100% coal-derived, the s ieve  tower 
condensables 93% coal-derived, and the water scrubber condensables (excluding 
water) 91% coal-derived. The f igure shows t h a t  the  coal l iqu ids  condensed i n  the 
sieve tower a r e  l i g h t e r  than the petroleum l iqu ids ,  and the  coal l i q u i d s  condensed 
in the water scrubber are  heavier than the petroleum l iqu ids .  I t  must be emphasized 
t h a t  the chromatogram subtract ion technique i s  s t i l l  under development and more work 
i s  needed t o  ensure i t s  v a l i d i t y .  

As-Recovered Condensables Analvsis Tables 4 and 5 show r e s u l t s  of analyses of  the 
condensables obtained from the  t e s t .  These tab les ,  along with Table 3, show t h a t  
the  su l fur  content of the char products i s  roughly equal t o  t h a t  of the feed coal ,  
and tha t  the sulfur contents  of the t a r  scrubber and s ieve  tower l i q u i d s  were signi- 
f ican t ly  higher than t h a t  of  the  feed coal. The reason f o r  the high-sulfur 
concentrations of  these  l i q u i d s  i s  t h a t  they contain not only coal-derived condens- 
ables. but a l so  the decant o i l  and/or diesel  fuel s tar t -up f lu ids .  As shown i n  
Table 5 ,  the  s u l f u r  content of the decant o i l  i s  about 1.9%. On the  basis  of the 
sulfur contents of the t a r  scrubber and sieve tower l iqu ids ,  it can be inferred t h a t  
these l iqu ids ,  w i t h  t h e  possible  exception of TS-3 ( the  l a t e s t  t a r  scrubber sample 
obtained), contain some petroleum products. 

Proximate ana lys i s  was performed on the  t a r  scrubber samples since these 
samples l i k e l y  contained s igni f icant  amounts o f  coal f i n e s  t h a t  were not removed by 
the cyclones. Figure 3 compares the fixed carbon and ash contents of the tar 

Comparison of ASTM 0-86 and simulated d i s t i l l a t i o n  data  

Some of the  condensables samples obtained from 

The f a c t o r  t h a t  yields  such a difference chromatogram i s  then 
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scrubber l i q u i d s  w i t h  the ash content of te t rahydrofuran (THF) i nso lub les  from t h e  
t a r  scrubber l i q u i d s .  
i nd i ca te  t h a t  t he  THF-insolubles are coal  f i nes  and n o t  polymerized t a r  compounds. 
This bu i ldup o f  coal  f ines occurred because i n s u f f i c i e n t  amounts o f  coal  l i q u i d s  
were being condensed i n t o  the t a r  scrubber recyc le  coo l i ng  f l u i d  t o  f i l l  t h e  u n i t  t o  
the  l e v e l  a t  which recyc le  coolant  i s  pumped out  o f  t h e  system. 
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TABLE 1 
CHAR PRODUCT SPECIFICATIONS AND CONDENSABLES USES 

PTC Process' formco ke 
% V o l a t i l e  Content 12 3-6 
% Ash j 10 10 
% S u l f u r  tl t l  

Condensable B o i l i n a  Po in t  Fract ions 
i b p  - 330'F Gasoline Octane Enhancer, Benzene 
330' - 430'F C r e s y l i c  Acids, Phenols 
430' - 700'F Diesel  Fuel Blends 
700" - 1020°F B r i q u e t t i n g  Binders, Anode Carbon 

a Pellet Technology Corp. Process 

TABLE 2 
CARBONIZER MATERIAL BALANCE & YIELD SHEET 

MAF (Coal/Char) 
H,O i n  (Coal/Char) 
H,D i n  (Steam/Cond.) 
H,O i n  Gas 
H,O Tota l  
Ash 
Cond. T o t a l  
ibp-165 
165-220 
220-375 
375-550 
550-1000 
BP>lOOO 

Char Fines 
Residue 

Gas T o t a l  
H2 

CO, 
C,H' 
H,S 

CzHs 
0, 
N2 

CH4 co 
Btu /sc f  
KJ/L 
scf/100 l b  
SL/lOO Kg 

'ZH4 

35 67 
63 
0 
9 

2a 
2a 
-2 
0 
0 
0 

2,698 2,533 2.846 
9 

202 546 
3 
1 
4 
5 

529 -294 0 
2,096 2,201 

74 -74 30 
0 47 

3.424 3.424 3,903 Tota l  
Mat. Balance ii4.0 
Run No. PO10 1 Mass into the system 
Feed Coal Wyadak 2 Uasr change due to the conbustion of  natural gas 
Temperature 11OO'F 3 Mass out of the system 
Pressure 14.7 psia 4 Yields based on HAF coal feed 
Res. Time 0.50hrs 5 Normalized yields based on 100% materlal closure 

Fluidlzatlon Gas: 
% loss to gas . 22.00 % loss to char off-take leg 61.00 

I 

6 Product gas canposition out of condensation train 
Natural Gas with 80% Excess air, 6% Steam, 78% N,. 1% CO,, 0% CO. OX y. 9% 0,. 100 Total 

% loss to tank 504 17.00 % loss to primarylsecondary cyclone 0.00 

4 

99 
-35 

62 
-13 

Yields 

6 
12 
0' 
2 
5 
5 
0 
0 
0 
0 

62 
2 

67 
1 
0 
1 
1 

-46 
21 

6 
9 

194 

0 
0 
9 
0 
1 
4 
5 
0 
0 
0 

4.6 2 
64 12.5 
1 0.1 
0 0.0 
1 0.2 
1 0.2 

-46 0.0 

6 1.9 
9 1.7 

45.2 
1.7 

6,974.0 
370,548.8 

(4; 

5 78.9 

100 
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TABLE 3 

ANALYSIS OF POlO WYODAK COAL CHAR 

Proximate 
Analysis (wt%) 
Moisture 
Vol a t  i 1 es 
Fixed Carbon 
Ash 

Ultimate Analysis 
(wt%) 

Feed Coal Product Product Primary 
114 x 0 Char 1 Char 2 Cyclone Char 

25.0 0.3 0.8 3.7 
33.8 18.5 17.6 18.5 
36.3 69.5 69.9 66.8 

4.8 11.7 11.7 11.0 ' 

Hydrogen 6.2 2.6 2.3 2.7 
Carbon 51.0 78.6 78.3 76.1 
Nitrogen 0.7 1.3 1.3 1.3 
Sulfur ,  mf' 0.4 0.7  0.5 0.5 
Oxygen 36.8 5.2 5.9 8.4 
Ash 4.8 11.7 11.7 11 .o 

Heating Value 9,065 12,582 12,355 12,134 
(Btu/l b) 

' Moisture-free bas i s .  

TABLE 4 
ANALYSIS OF P O l O  TAR SCRUBBER LIQUIDS' 

Proximate Analvsis f%1 - TS1' - TS2 - TS3 

Moisture 
Vola t i les  
Fixed Carbon 
Ash 

0.6 
79 .O 
17.9 
2.5 

0.1 
74.0 
22.8 
3.2 

0.4 
62.9 
31.8 

4.9 

Sulfur (wt%) 1.5 1.4 1.3 
THF-i nsol ubl es (wt%) 17.1 18.6 29.6 
Melting Point ("C) 53 .O 65.0 85.0 

The t a r  scrubber " l iqu ids"  were so l id  a t  room temperature.' * Tar scrubber samples 1-3 were col lec ted  a t  8-hour i n t e rva l s  during t h e  t e s t .  
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T A B L E  5 
ANALYSIS OF PO10 SIEVE TOWER AND WATER SCRUBBER LIQUIDS 

- ST2 - ST3 Diesel #2 Decant Oil 
Sulfur ,  w t %  1.2 1 . 2  0.9 0.0 1.9 

ws1 ws2 ws3 
Orqanic' Oraanic Oraanic 

Water Content, wt%'  22.3 13.9 0.2 
ws1 ws2 ws3 

Aqueous Aqueous Aqueous 
Phenolics, mg/L' 

Phenol 4,800 4,300 2,500 
Cresols 3,100 2,130 1,300 

220 
4,020 

C2-Phenol s 500 340 
Total Phenols 8,400 6,770 

TOC', mg/L 6,800 6,300 5,170 

Sieve tower samples 1-3 were obtained a t  &hour in te rva ls  from bottom t r a y  of 
s ieve tower. 

Water scrubber samples 1-3 were obtained a t  8-hour in te rva ls .  
contained an organic  and an aqueous phase. 
and 18 w t %  of the WSl, WS2. and WS3 samples, respect ively.  

Values determined using Karl Fisher analysis .  

Values estimated using gas chromatography/flame ionizat ion detect ion.  

Total organic  carbon. 

* Each sample 
The organic phase comprised 14, 14 ,  

' 
' 
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Figure 1. Diagram o f  the PDU carbonization area. 
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Figure 2a. Simulated .distillation of coal liquids condensed in tar 
scrubber. 

Figure 2b. Simulated distillation of coal liquids condensed in sieve 
tower. 
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Figure 2c. Simulated distillation o f  coal liquids condensed in water 
scrubber. 
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Figure 3. Weight percent o f  coal f i n e s  in tar scrubber liquids. 
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