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INTRODUCTIOM 
It has long been the  prevalent  impression t h a t  coal-derived l i q u i d s  are heavy, 
viscous, aromatic, hetero-compound-rich, and very d i f f i c u l t  and expensive t o  
r e f i n e  i n t o  t ranspor tat ion fue l s .  An extensive research and development program 
over the past two decades, sponsored by the U. S. OOE/PETC, has resul ted i n  
dramatic improvements i n  coal l i que fac t i on  product qua l i t y .  High-qual i ty  coal- 
derived d i s t i l l a t e s  are now obtainable from modern c a t a l y t i c  two-stage 
1 iquefact ion (TSL) processes. Recently, the net  products o f  f ou r  1 iquefaction 
runs tha t  represent va r ia t i ons  o f  s ta te-of - the-ar t  technology were characterized 
i n  de ta i l .  The four samples were generated a t  the Wi lsonv i l le  6 ton/day p i l o t  
p lan t  (Runs 2596 and 2600) and the Hydrocarbon Research Inc. ( H R I )  2 l b /h r  bench 
u n i t  (Runs CC-15 and CMSL-Z), as described i n  Table 1. Complete background and 
character izat ion data o f  t he  samples appear i n  the o r ig ina l  repor ts  o f  t h i s  
work. 1-5 

DISCUSSION 
The d i s t i l l a t i o n  curves (Figure 1) o f  the four  coal l i q u i d s  have s im i la r  slopes 
over most o f  the b o i l i n g  range, r e f l e c t i n g  the s im i la r  f rac t i ona l  composition o f  
the four  l i qu ids ,  despi te  the d i f f e r e n t  feed coals and process condit ions. A l l  
four  l i q u i d s  are res id - f ree  and have end points  (ca. 370-420 'C) much lower than 
those o f  ea r l y  generation coal l i qu ids .  The HRI products are somewhat lower 
b o i l i n g  than the Wi l sonv i l l e  products, p a r t l y  as a r e s u l t  o f  d i f f e r e n t  d i s t i l l a -  
t i o n  operations. The s p e c i f i c  g r a v i t i e s  of these l i q u i d s  range from 0.85 
t o  0.91, and the  d i f ferences are p r imar i l y  re la ted  t o  b o i l i n g  range dif ferences. 
These coal d i s t i l l a t e s  possess excel lent  low-temperature character is t ics :  low 
v i scos i t i es  (1.5-3.1 cSt @ 38 'C) and very low pour po ints  (usually below 

The fou r  products are r e l a t i v e l y  high i n  hydrogen contents (11.2-12.7 w t  %), and 
t h e i r  H/C atomic r a t i o s  (1.54-1.74) are comparable t o  tha t  o f  petroleum, 
resu l t i ng  i n  f a i r l y  h igh character izat ion factors  (10.9-11.1). The coal l i q u i d s  
have low N (0.03-0.3 w t  %) and S (0.02-0.05 w t  %) contents and contain neg l i g ib le  
amounts o f  metals. The mid-percent curves o f  elements and hydrocarbon types i n  
these coal l i q u i d s  are p l o t t e d  i n  Figures 2-8. For a l l  four, the H content 
decreases gradually and the  N content general ly increases w i t h  increasing b o i l i n g  
point .  The oxygen d i s t r i b u t i o n  shows a maximum i n  the 177-204 'C f r ac t i on ,  i n  
which the s ing le - r i ng  phenols are concentrated. Sul fur  content i s  very low 
throughout most o f  the b o i l i n g  range. The N contents o f  the subbituminous coal 
l i q u i d s  (W260D and CC-15) are h igher  than those o f  the bituminous coal l i qu ids ;  
t h i s  may r e f l e c t  the use o f  on ly  a s ing le supported ca ta l ys t  react ion stage i n  
the subbituminous coal runs. 

The aromatics content increases r a p i d l y  w i t h  increasing b o i l i n g  point ,  yet  these 
modern coal l i q u i d s  are much less  aromatic than early-generation 1 iquefact ion 
products. Figure 6 shows tha t  i t  i s  feas ib le  t o  produce from the coal l i q u i d s  
30-40 LV% s t ra igh t - run  gasol ine containing less than 22 LV% o f  aromatics, the 
projected spec i f i ca t i on  f o r  the t u r n  o f  the century. These coal l i q u i d s  contain 
approximately 60 LV% saturated hydrocarbons and the t177 'C naphthas contain as 
much as 91 LV% saturates. The pa ra f f i ns  l eve l  decreases subs tan t i a l l y  wh i l e  
naphthenes content decreases s l i g h t l y  w i th  increasing b o i l i n g  point .  These 
l i qu ids  contain only about 3-5 LV% o f  o le f ins.  Generally, the HRI l i q u i d s  
contain more H and less N, 0, S ,  and aromatics over t h e i r  b o i l i n g  range. 

The po ten t i a l  product y i e l d  s t ructures o f  the fou r  coal l i q u i d s  are shown i n  
Table 2. Clearly, only atmospheric d i s t i l l a t i o n  i s  required. The <177 'C 
naphtha y i e l d  i s  24-28 LV%, w i th  one exceptional ly h igh case (CC-15) o f  40 LV%. 
The y i e l d  o f  204-288 'C l i g h t  d i s t i l l a t e ,  normally a d iesel  f ue l  f rac t i on ,  i s  34- 
36 LV%, except for W260D due t o  i t s  high end point .  The 177-204 'C swing c u t  
(3.3-7.4 LVX) i s  also su i tab le  f o r  the recovery o f  s ing le - r i ng  phenolics. The 
y i e l d  of 288-343 'C heavy d i s t i l l a t e ,  which can be ref ined i n t o  heavy d iesel  
fuels/fuel o i l s  o r  c a t a l y t i c a l l y  cracked/hydrocracked f o r  gasol ine and l i g h t  
diesel fue ls ,  ranges from 18 t o  26 LV%. The >343 'C atmospheric res id ,  which i s  
equivalent t o  l i g h t  vacuum gas o i l  and can be a pa r t  o f  the cracking feedstock, 
i s  less than 10 LV%, except f o r  t he  high end-point W2600. These pro ject ions 
requi re v e r i f i c a t i o n  by f u r t h e r  re f i n ing  studies o f  the coal l i q u i d s .  

Major proper t ies o f  the naphtha, l i g h t ,  and heavy d i s t i l l a t e s  from these coal 
l i q u i d s  are summarized i n  Tables 3-5 and compared w i t h  current ASTM and Federal 

-50 *C). 
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Phase I specifications and projected data for the year 2000. The aromatics and 
benzene contents of the naphthas are well below projected future specifications. 
This is a direct contradiction of the ,belief, no longer correct, that coal 
naphtha i s  highly aromatic. The olefins content (3-5 LV%) of the coal-derived 
naphthas is also very low compared with that of the current gasoline pool (about 
10 LV%), and could readily meet projected future requirements. The Octane 
numbers of the coal naphthas are within the range of straight-run naphthas from 
petroleum. The heteroatoms contents of the coal naphthas are low. They easily 
meet the current S specification and the HRI naphthas even meet the 1995 S 
requirement. The nitrogen levels are also low, particularly that of the CMSL-2 
naphtha (0.01 wt %). Thus, the coal naphthas, after hydrofinishing, could be an 
excellent gasoline blending stock. Hydrotreating will simultaneously resolve the 
copper corrosion, oxidation stability, and existent gum deficiencies. The high- 
naphthene coal naphthas can also be good reformer feedstocks, if so required. 
In general, the coal naphthas exceed the 10% and 50% distillation-point maxima; 
however, this can always be adjusted through normal refinery blending operations. 

The light distillates have excellent low-temperature properties (fr. pt. gener- 
ally (-50 'C) and very low S contents, two advantages for jet fuel production. 
The major deficiency is high aromaticity, which must be reduced by high-severity 
hydrotreatment. Compared to jet fuels, diesel fuel oils have much less stringent 
specifications and are thus easier to produce from coal distillates. In spite 
of the low cetane index, the very low S level makes the light distillates an 
attractive blending stock for the diesel pool. A moderate hydrotreatment may be 
needed to improve. their stability and to benefit the cetane index. The heavy 
distillates qualify as a No. 4 diesel/fuel oil, meeting the low S requirement. 
They may also be considered as a feedstock for catalytic cracking or hydro- 
cracking, and the ,343 'C fraction can be included for this purpose. However, 
hydrotreating may be necessary to boost the H content, for improved cracking 
behavior. 

CONCLUSIONS 
The net liquid products from modern coal liquefaction processes are lower boiling 
and have much lower end points (mostly under 400 'C) than crude petroleum. Coal 
liquids have very low concentrations of heteroatoms, particularly S, and metals, 
and are free of resids and asphaltenes. High yields of low-S (0.01-0.03 wt %) 
naphtha, kerosene, and diesel fuel fractions can be obtained simply by 
atmospheric distillation, with a total yield o f  light fuel fractions ranging from 
68 to 82 LV% (W260D exclusive). The coal naphtha has a low aromatics content (5- 
13 LV%), readily meeting projected year-2000 requirements. Its low Reid vapor 
pressure allows light components from other sources to be blended. The coal 
light distillate of an appropriate boiling range will be a good low-S blending 
stock for the light diesel fuel pool. The heavy distillate can be refined into 
a low-S No. 4 diesel fuel/fuel oil. This fraction, along with the >343 'C 
atmospheric bottoms, can be catalytically cracked or hydrocracked to make light 
liquid fuels. Thus, modern coal liquids should no longer be envisioned as thick 
liquids (or even solids) with high concentrations of aromatics and asphaltenes. 
Products obtained from advanced coal 1 iquefaction technologies are more like 
light naphthene-base petroleum, but with lower heteroatoms and metals contents, 
and they are free of resids. Coal liquids are likely to be co-refined in 
existing petroleum refineries; and hydroprocessing o f  various severities would 
be needed for different fractions to produce quality blending stocks for refinery 

CURRENT DEVELOPMENTS 
DOE continues to support work on improving and evaluating product quality. 
Additional detailed product inspections are planned. A newly initiated program 
will include actual refining and testing of the refined products. A recent 
development in coal liquefaction technology is to include in-line fixed-bed 
hydrotreating of the products. The resultant liquid products are expected to be 
o f  even higher quality for conversion into transportation fuels. 

\ fuel pools. 
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Plant/Run Feed Coal 
V i  1 sonvi 11 e 2596 Pi t t sburgh  Seam 

Vi 1 sonvi 11 e 260D Wyodak and 
Anderson 

HRI CC-15 Wyodak and 
Anderson 

HRI CMSL-2 I l l i n o i s  No. 6 

Table 2. Poten t ia l  Product Yield S t ruc tu res  

Process Description 
Ca ta ly t i c lCa ta ly t i c  

Shel l  324 
441/421 'C 

Ca ta ly t  i c/Thermal 
Shel l  324 

421/412 'C 
Thermal/Catalyti c 

Shel l  317 
427/413 'C 

Cata ly t i c /Ca ta ly t i c  
Shel l  317 

400-414/424-433 'C 

Table 3. Cha rac t e r i s t i c s  o f  Coal-Derived Naphtha Frac t ions  

Currcntl Federal 
V259G yt600 CC-I5 OISL-2 Gasoline Phase I Projected 

Properties I8P-193.C 
~~ 

Specific brivity 0.7844 0.7758 0.7798 0.7171 
P 15.6'C 

I I I I I I 

I 8 P - 1 9 3 ~ C  18P-193.C 18P-177°C specl f lca l lonr  (1995) (2000) 

:lane. Research 

._ . 
1.20 I I I mar I 0.w mal 

_. 61.6 60 0, - I. I I 
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Octane. by Gc 86.5 87 .1  74.8 75.2 _ _ _ _ ~  
3.1 2.54 2.74 9.0 m u  9 mi' _Reid vapor PT~IIWC. p" 2.8 

copper corrorion I d  l a  3b 3b I r n K  
1 l i S t e n l  Gum (lashed). 7 .6  40.2 11.2 1.0 5 Ea" 
al lm .I 

086 Oirtillatlon. *C 
IO% 
SO% 
90% 

91 80 ea 96 70 mi 
126 11s 123 I27 77-121 
172 171 I69 166 190 ma" 119 max 



Table 4. Characteristics o f  Coal-Derived Light Distillates 

- 
CI 

I77-2M'C 

0&92 
- 
- 

12.72 
0.01 
0.01 
0.021 
0.0019 

7 . 5  
61.3 
28.4 
2.8 
0.48 

- 

- 
4.m - 

-72.8 

15.6 
- 
- 

0.02 

- 
2 
204-288'C 

0.8890 

12.27 
0.01 
0.01 
0.029 

- 
- 

- 
7.5  
53.0 
11.5 
2.0 _ -  

Jef A No. 2 Diesel 

specs Fuel specs 

0.775-0.840 

2.50 1.9-4. I 
8.0 .a1 

-40 mi 
25 .in' 

42.8 rnl" 

la  
42.8 

20.8 

- 
- 
- 40 

:Reduced lo 0.1 "1% i n  Federal Phase I. 
y smtc point 70 rn (mnl  and naphthalene 1 L V I  (maxi. 
Reduced 10 0.05 "1% i n  Federal Phase I. 

Table 5. Characteristics of Coal-Derived Heavy Distillates 

VZS9G 
266' t i  

0.9574 

cnsL-2 
288. C+ 

0.9262 

110. 1-0 Diesel NO. I 
Fuel oil specs Fuel specs Properties 

Specific Gravity P 
I5.6"C I 0.8762 min 1 
Clementdl Analysis. "1% 

10.5 
0.04 
0. I 
0.091 __ 

- 
8.91 - 

11.8 
0.01 
0.06 
0.01 - 

2.00' I S 
0.22 

0.22 0.19 Basic N 

varar1inr 
Naphthener 
LIOmalICI 
Olefins 

IlydrOCarbon Group. LYI 

V l s m i i l y .  CSl P 18.C 

Pour P t . .  .C 

copper tarroslon 
Flash Pl. .  . C  

Cetane Index 
55 n i n  I 55 nin 

10 I 35.2 - 27.7 34.2 

ILO* su l fur  rpect f ia t ion 0.05 "1% 
'at 4O.C 

I 
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