
kg 

API 
Ca r bon 
Hydrogen 
Oxygen 
N i t r o g e n  
S u l f u r  

Ni cke 1 
~nadtum 
Aspire Itenea 

Kern Ibndo goscan 

14.0 9.8 I 0.O 

0 • 7 0 . 8  
1.2 5 .9  
1.58 1.54 
60 109 
30 284 
2.1 12.8 

0 , 6  
5 .3  
1.57 
89 

940 
11.9 

T a b l e  I I - 2  

F e e d s t o c k s  l~opertle6-Q[ I 

O~ld Atlmbnsca 
fly W. Lloyd- ~Id L~ ke GCOS a 

Arabian l~ya Te~s minster lake Resid Bitumen 

10.9  2 2 . 3  8 ,05 9 .44 15,4  6 .9  
84.6  86.1 85 .0  78.6  84 .18  
1 1.5 1 0 .4  10 .7  9 .3  10 .2  10.31 

5.9 0.78 
0.3 1.21 0.44 0.34 0.6 0.5 0.40 
4.4 3.09 3.33 6.35 5.5 5.2 4.33 
1.50 1.63 1.47 1.49 1.42 1.47 
27 93 330 
89 235 
7.2 15.6 11.3 11.60 23.48 15.4 

C5-650F t8  4 14 2 
650-975F 45 46 28 41 
975÷F 37 52 58 57 

aGCOS - ~ r e a t  C a n a d i a n  O i l  Sands  

C~OS 
Coke r 

Gas O i l  

84 ,65 
10.95 

0 .64  
0 .40 
3 .34  
1.55 

0.5 

FCC 
Bottoms 

89.93  
7.35 
0.99 
0.44 
1.09 
.98 

Coal 
Tar 

90.02 
/8.63 
2.53 



1~bIe  I I - 3  
l~eedatock P r o p e r t i e s  - Coal 

Cx b nch 
Wyoming 
s u b b l t .  

F o r r e s t b u r g  
s u b b l t .  
C Coal  

A l b e r t a  
hv s u b b t t .  

Coa l  
Wyodak 
s u b b l t .  

R l v e r  K ing  HcEl roy  Burn ing  S ta r  
N l l n o t s  W. V l r g l n l a  U l i n o l a  

hv b l t um lnoua  hv b i t um inous  hv b i t u m i n o u s  
hvk 

b i t u m i n o u s  L i g n l t e  

H/C 0.87 0 .72 0 .76  0.89 0 .83  0 .83 0 .83  
N i t r o g e n  1 . I  1 .65 1.5 0 .8  I . I  1.2 1.3 
Oxygen 18.3 20.41 17.8 1 3.9 14.0 5.8 10.4 
S u l f u r  0 .5  0 . 5 3  0 .7  2.9 4 .3  5.5 3.5 
Ash 5.7 9 .50  8 . 0  I 9 . 9  17 .9  13.2 I 1.1 
R e f l e c t a n c e  0 .4  0 .42  0 .5  0 .8  0 .5  

0.87 
1.63 
7.79 
1.33 

1.19 
0.74 

32.04 
0.53 

W t r l n l t e  
U p t i n i t e  

~-4 l n e r t l n i t e  
N i n e r a l  N a t t e r  

O 

I r o n  (pps)  
N i c k e l  (ppm) 
Va n a d l  um (ppm) 

92.2 
2.6 
3.1 
2.1 

2379 
18 



Table 11-4 

Coprocessing Yields for Two Slurrying Media Using 
Illinois #6 Coal (Yah & Espenscheid, 1983) 

Coa I Conversion (wt%) 

With 
FCC Coa 1 

Bottoms ~r a 

92.8 51.4 

Froduct Yields (wt~) 
Benzene Soluble 34.4 3.1 
Benzene Insoluble 52.2 43.8 
Ces 3.3 1.3 
Water 2.9 3.2 
Unrea cted Coal 7.2 48°6 

a~cording to our definition, this is not considered coprocessing since coal 
and a coal-derlved material are used. 
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Ta ble 11-5 

Effect of Pcessure on Coprocessing Yields Using FCC Bottoms 
as the Host and Illinois #6 Coal (Yan & Espenscheid, 1983) 

Pressure (MPa) 4.3 

Coal conversion (wt%) 92.8 

i .5 Atmospheric 

86.6 83.7 

Product Yield (wrY..) 

Liquid Product C4-975F 86.6 

(~s 3.3 

74.9 74.0 

5.2 6.5 
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Table 11-6 

CAk~IET Hydrocracking Yields Using a Coal 
Based Additive (Schindler et al., 1985) 

Cold 
la guna lake 

(Venezuela) (Canada) 

L•m 
Arabia n 

(Sa udi Arabia) 

~phtha, C4-400F 30°7 27.0 28.4 
Middle Distillate, 400- 

650F 36.8 33.8 34°8 
Peary Oil, 650-975F 29.6 36.1 32.8 
Residual, 975+F 7.4 5.7 9.2 

Des ulfuriza tion, wt% 60 
Pitch Conversion, wtZ 89 
AsDh~_itene Conversion, wt% 84 

56 
88 
72 

45 
87 
51 

Hydrogen Consumption, SCFB 1,380 1,200 1,230 
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Table 11-7 

CANMET Coprocessing Yields Compared with Direct Coal 
Liquefaction and CANMET Hydrocracking (Kelly, 1984) 

~rect 
Liquefaction 

Coal in Feed, (wt%.) 33 
Host Anthracene 

CI -C4 I .] 
Total Oil 16.5 
Residue 1 3.2 

Coal Conversion (wt%) 85.6 
Pitch Conversion (wt%) 57.5 

Hydrogen Consumption (wt%) 2.7 
Hydrogen Utilization 

Efficiency 6.0 

Coprocess/ng Hydrocra cking 

30 (5~) 
Cold Lake Coid lake 

5.4 3.8 
75.9 81.9 
29.6 22.5 

83.9 -- 
66.5 72.2 

4.0 3.3 

15.5 22.2 
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Table 11-8 

Effect of COal Type and 
Host Type on Coprocessing Yields (Shinn, z984) 

Coa i Type Illinois #6 Illinois #6 Cx l~nch McElroy 
(hv bit) (hv bit) Wyoming W. Va. 

(s ubbi t) (hv bit) 

Solvent Type Kern 

Coai Conversion 
(wtZ) 87 

Easid Conversion 
(wt%) 62 

Hydrogen Con- 
sump tion, SCF/ 
Bb! 1350 

Demetalization 
(wt%) 95 

Desulfurizatlon 94 

~oscan Kern Kern 

89 70 88 

76 67 66 

1700 1350 1100 

97 91 87 
89 94 90 

II-85 



Table 11-9 

Two-S~age Coprocesslng Ylelds Using Alberta Subbltumlnous 
Coal and Cold Lake Bitumen (MacArthur, 1985) 

Oil/Coal/Recycle Weight B~tion 
Product Yields, with 
CI-C4 
N~phtha, CA-390F 

Middle Distillate, 390-650F 
Peary oil, 650-97 5F 
Residual Oil, 975+F 

COa 1 Conversion 
975+F Conversion 
Desulfurizatlon 
Deme ta la t ion 
Hydrogen Efficiency 

1.711.010 11110.7 

2.7 3.8 
16.4 15.7 

27.2 25.8 
28.5 27.5 
13.1 11.8 

92 91 
80 80 
77 87 
94 96 
21 16 
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Te ble If- i0 

H-Oil and C~talytic Two-Etage Liquefaction Yields 
(Ma car thur, 1985) 

CI -C4 
Liquid Oil~ C4-975F 
Coa I Conversion 
9 75F+ Conversion 
~su!furization 
De me ta i la t ion 
Hydrogen Efficiency 

H-~I 
~sing Cold 

lake residuum) 

3.0 
82.3 

85 
84 
93 
44 

Two-Etage Liquefaction 
(using Alberta 
subbituminous) 

6.1 
70.6 
91 
89 
60 

9 
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Table ll-li 

Hydrogen-Type Content of ~rious Petroleum Host Solvents 
(Curtis et al., 1984) 

M~ya West Texas Lloydmlnster Kuwait 

%cycllc ~ 7.2 6.1 8.5 7.3 
ikyl = 5.5 4.9 6.5 6.6 

%cycllc 8 16 17 18 17 
Ikyl 8 44 46 38 45 

Coal Conversion (wt%) 

59.9 60.4 55.7 54.0 
67.3 73.7 72.1 64.0 

Inert Atmosphere 
Hydrogen + C~talyst 
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Table II-12 

Co~marison of Coprocessing and Direct Coal Liquefaction Yields 
With Illinois #6 Bituminous Coal (Rhodes, 1985) 

Direct 
Coal Liquefaction 

COal Conversion (wt%) 94ol 
Pyridine So luble 89.2 

Soluble-Coal Fraction, (wt%) 

Oi is 15.6 
gspha Itenes 6 3.2 

Co proces sing 
(using Cold lake 

Bit umen) 

95°4 
91o9 

40,,7 
43.0 
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Figure 11-2 

Effect of Solvent Type on Coprocesslng 
Using Alberta hv C Bituminous Coal 

(Mbschopedls 198 2) 

0 T e t r a l t n  
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Figure II-3 

Coal Conversion vs. Solvent Type and Temperature 
Illinois #6 hv Bituminous Coal 

Temperature = 400 C (673K) 
Curtis, 6bin, et a i. (1984) 

100. 

C 
O 
N 
V 
E 

S 
I 
0 
N 

W 
T 
X 

9 ~  

80  

7 0  

60 

50 

40 

30 

20 

10 

Co~! 5 c l v a t i o n  
No Hydrogen 
No C a ~ s l y ~  

~y~tr,~en 
@ C L t a l y s t  

¢ 

I 

i 

•ydrp•on a t a l y s t  

*a~  425 C 

0 T e t r a l i n  
Maya Crude 

D L l o y d ~ i n s t e r  
~ Weo~ Te=as 

I I - 9 1  



i-'age In tent iona l ly  LeTt ~ lanK 


