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ABSTRACT 

A mathematical model has been developed to simulate the Texaco 
Do~,mflow Entrained-Bed Pilot Plant Gasifier using coal liquefaction 
residues as feedstocks. The entrained-bed gasifier was conceptually 
divided into three zones, i.e., the Pyrolysis and Volatile Combustion 
Zone, the Gasification and Combustion Zone, and the Gasification Zone. 
The gas phase was assumed to be completely mixed at the entrance regior, 
followed by a region approximating plug flow, The solid phase was 
assumed to be a plug flow throughout the. reactor. Temperature and 
concentration profiles along the reactor were obtained by solving the 
material and energy blances and taking into consideration the gasifi- 
cation kinetics, the transport rates and the hydrodynamic= of the 
gasifier. The results of computation from the proposed model were 
compared with the experimental data. 



OBJECTIVE 2~ND SCOPE OF ~%'ORK 

Ontimi ration Studies of Various Coal-Conversion Systems 

7he objective of this project is to establish a generalized standar~ 
method utilizing mathematical optimization techniques for comparing and 
evaluating new and existing coal conversion processes and establish the 
process or processes presenting the m.ost commercial attractiveness. 
These studies concentrate on the production of high-Btu gas.. low-Btu gas~ 
electricity, and coal oil by conversion of caking and noncaking coals 
containing sulfur. 

Major effects will be centered on simulating and opti~dzing coal 
conversion processes by making mathematical models of unit operations 
found in various coal conversion processes. System models produced by 
this program may accomplish the following goals: 

i. Identify costly and thermally inefficient steps in conversion 
processes illustrating areas where technological development is necessary. 

2. Predict the effects of varying operating parameters on the 
perfo_~n.znce of conversion plants~ 

i 

3. Provide a quick assessment of new conversion processes and 
predict those processes having the greatest chance of economic success. 

4. Indicate the qualitative and quantitative data to be obtained 
from ek~erimental process development units. 

5. Provide a means for ranking altelmative conversion technologies 
in order of econor~ic pror~ise. 

Specifically, these models would provide the basis for examining 
new or existing coal conversion processes, identify areas of variability.. 
and evaluate the economic feasibility of the processes prior to the 
costly and time-constmting production of a pilot plant. In addition, 
optiri-ation and economic studies will be used to identify the most 
attractive alternatives for producing several energy products such as 
electricity, s}~thetic gas, crude oil and methanol in a single coal 
conversion complex. 
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TE C~tNI CAL PRO (.,i~SS 

Introduction 

The primary purpose of this work is to develop a mathematical 
model for a non-recycling type entrained bed gasification reactor. 
This model provides the temperature and the concentration profiles 
for the solids and gas along the bed. Sensitivity tests have been 
conducted to assess the importance of model parameters on the 
performance of the gasifier and to gain insight into the scale-up 
variables. 

The current work presents a model to simulate the Texaco 
Do,inflow Entrained Bed Pilot Plant Gasifier which uses coal liquefaction 
residues as feedstock. Detail description of this pilot plant and 
experimental results has been reported by Texaco's Montebello Research 
Laboratory [1,2]. Texaco has demonstrated the ability of their do~cn- 
flow entrained bed reactor to gasify light oils, asphalts and coal- 
~-ater slurries into synthesis ~as (H2+CO) in addition to their interest 
in testing coal liquefaction residues as the feedstock. The high 
carbon conversion (about 91~99%) and the fact that a wide range of 
fossil fuels can be used as feedstocks suggest that the entrained bed 
gasification is a potentially viable technology for production of high 
or low BTU gas. In addition, most of the coal liquefaction processes 
now being developed requJre hydrogen or synthesis (a mixture of 
hydrogen and carbon, monoxide) for coal liquefaction. There is a need 
for the development of a mathematical model of a downflow entrained 
bed gasifier for simulation and scale-up purpose. 

Entrained Bed Modeling 

The entrained bed gasifier considered is sho~m schematically in 
Fig. i. The reactor is conceptually divided into three zones, i.e., 
Pyrolysis and Volatile Combustion Zone, Gasification and Combustion 
Zone, and Gasification Zone. Extremely high temperature is ex?ected 
in the first two zones because of gas phase combustion. Oxygen is 
consumed in the first two zones to produce enough heat for the 
endothermic reactions in the gasification zone. The degree of mixing 
is high near the inlet nozzle but quickly reaches the state of plug 
flow. tlowever, no experimental data are available for estimation 
of the degree of mixing along the reactor. Therefore, it is assumed 
that gas phase is completely mixed in the first zone while plug-flow 
in the remaining zones. ~le solid phase is assumed to be plug-flow 
throughout the reactor. The solid velocity is calculated based on 
Stoke's law because of the small particle size and the low slip 
Renold's number employed. Heat and material balance equations are 
formulated based on the above assumptions and sho~m below: 

(I) Solid Phase 

dT 
s _ 6 [eF~ 4 4) _ 

dt 0 C d (Tg - T + hc(Tg T s) + Z (-NIj) 
s Ps P s j (solid) rj] 

(1) 



FUEL 
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WATER 
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FIGURE ]. TEXACO DOWNFLOW ENTRAINED BED PILOT PLANT GASIFIER 
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(2) 

d~ 
S 

= a A t E r. (~~ dz 
j (solid) 3 -" 

Gas Phase 

a) C o m p l e t e l y - n i x e d  zone" 

z ( w  C - r 0 v  c o 
gi  Pg i  Tg)Zl  gi Pg i  Tg) 

. 

= (A t a Z l ) [ e F o ( T g  4 - T s ) 

+ h c (Tg - Ts)] + Z 
k,gas 

(-AHk)r k A t Z 1 - Hloss,g_w Z i (3) 

- = A t Z 1 I r k (4) ~';~ Wgi ,o k , g a s  v i k  
°i,Z 1 

b) Plug- flow zone: 

d(~ W C Sg)  
gi Pgi 4 4) 
dz = - a A t [eFu(Tg - Ts + hc (Tg - Ts) 

+ E ( -kH k) r k A t ( 5 )  k , g a s  - H l ° s s , g - w  

dW 
O 

° i  
= Z r k ( 6 )  dz At k,gas vik 

where the reaction species a, j and k in each zone are defined in Appendix I. 

The solid velocity" is calculated by the following formula: 

a) Do~,,~- f l o w  : 

-bAt -bAt 
Vs = v .sz e + (Vg + vt)(l__ - e ) 

b) Up- flow 

-bAt -bAt 
Vs = Vsi e + (Vg- vt )(I - e ) 

where 

1 S u  
b -  

p d 2 
s p 

8 



- ~: ) d  2 
(~s g p 

t 18~ 

v = initial solid velocity, (cm/sec) si 

£t = residence time, (sec) 

The rates of reaction of combustion and gasification are sho~m 
in Appendix 2. In an entrained bed reactor, the ash layer formed is 
assumed to remain on the fuel particle during reactions. Since the 
particle loading in an entrained gasifier is small (less than 1%), 
particle collisions are likely to be infrequent. The solid-gss 
reactions are surface reactions and the rates are mostly controlled 
by diffusion resistances because the temperature in the reactor is 
high (> i300°K), it is thus reasonable to assume that the reaction 
rates may be estimated by the Unreacted-Core Shrinking ~,bdel [3] 
for an entrained-bed gasifier. 

Te~erature and concentration profiles are obtained by solving 
the above heat and mass balance equations. A typical result is 
sho~m in Appendix S, Comparison of results between those calculated 
from proposed model and those obtained from Texaco Pilot Plant 
gasifier is shoi~m in Appendix 6. A typical ultimate analysis of 
the feedstock used and the operating conditions are sho~-n respectively 
in Appendix 3 and 4. 

Discussion 

The proposed model is designed to simulate non-recycling t>]~e 
entrained-bed gasifiers. Testing of this model was first evaluated 
by comparing simulating the ek~erimental results from Texaco Do~,mflow 
Entrained-Bed Pilot Plant Gasifier using coal liquefaction residues 
as feedstocks. Good agreement has been obtained between the com- 
putation results from the proposed model and the pilot plant results 
for 26 r~ns. This model also simulates the reactor temperature and 
concentration profiles for both the solid and the gas phase, improve- 
ment of this model will be made next quarter by examining other 
exqgerimental results from entrained-bed pilot plant gasifiers with 
different coal feed. A comprehensive report on coal dissolution is 
in progress. 



SUS~IARY OF PROGRESS 

Development of the entrained bed gasification modeling was 
first focused on the characteristics of Texaco Downflow Entrained 
Bed Pilot Plant Gasifier using coal liquefaction residues as feed- 
stocks. The mathematical model was set up basically by assuming 
the gas phase to be completely mixed at the entrance region follo~ed 
by a region approximating plug flow and the solid phase to be plug 
flow throughout the reactor. Temperature and concentration profiles 
for both the solid and the gas phase along the reactor were obtained 
by solving the material and heat balances taking into considerat:[on 
the reaction kinetics, the transport rates and the hydrodynamics of 
the gasifier. Testing of the proposed model was first evaluated by 
comparing the computation results with the experimental results and 
good agreement was achieved 

10 



Conclusion 

Texaco has demonstrated the ability of gasifying coal liquefaction 
residues, light oils and coal-water slurries into synthesis gas in a 
do~mflow entrained-bed gasifier. This process will provide the required 
hydrogen or synthesis gas for coal liquefaction processes or for fuels 
and chemical feedstock. The proposed model can provide an insight into 
the importance of the operating parameters on the reactor performance 
and a procedure for gasifier scale-up. The computational results from 
the proposed model were compared with the experimental results and 
good ag-reement was achieved. 

]] 
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Appendix 1 

Reaction species in each zone: 

The definition of reaction number for j and k used in ~-q. (1)- 
Eq. (6) is given below: 

(1) Reactions in the solid phase: 

j name of reaction 

1 

2 

3 

4 

5 

6 

pyro lys is 

char-oxygen reaction 

char-steam reaction 

char-carbon dioxide 

char-hydrogen reaction 

water-gas-shift reaction (catalyzed by the 
mineral materials in char) 

methane-steam reforming reaction (catalyzed 
by the mineral materials in char) 

(II) Reactions in the gas phase 

k name of reaction 

3 

4 

S 

6 

H 2 + 1/2.02 ÷ H20 

CO + 1/2-0 2 ÷ 032 

CH 4 + 2 02 ÷ C02 + 2 H20 

C6H 6 + 15/2"02 ÷ 6 CO 2 + 3 H20 

03 + H20 ++ C02 + H 2 

CH 4 + H20 ++ CO + 3 H 2 

]3 



* The first four k's rcactions are :~ssumed to be .~imu]taneous 
and, therefore, the reaction rates are controlled by the formation 
of H 2, CO, CH a and C6H 6 in solid-involved reactions. 

Specific reactions in the three conceptual zones: 

Name of the reaction zone 

Pyrolysis and %blatile Combustion Zone 

Combustion and Gasification Zone 

k 

1,2,3,'4" 

2,3,4 1,2,3 

Gasification Zone' 3,4,5,6,7 5,6 

14 



Appendix 2 

Rate E x p r e s s i o n s  

( I )  S u r f a c e  R e a c t i o n  Type: Unreacted-Core Shrinking Mvdel [3] 

~'here 

(i) 

Rate = (Pi - Pi ) 
1 .I i + + - -  Ig- .i) 

kdi ff ksY~ kdash 

r 
C 1 - X i / 3  

Y - a  --( 7 f )  

g/cm2atm sec 

f = conversion when pyrolysis is finished, based on original 
d.m.m, f coal 

x = conversion at any time after pyrolysis is completed, based 
on original d.m.m.f coal 

2 
kdiff = gas film diffusion constant, g/cm arm sec 

2 
k S = ash film diffusion constant, g/cm. atm sec 

o 

kdash = ash f i l m  d i f f u s i o n  c o n s t a n t ,  g/cm~atm s e c  

- kdiff (c 2"5) 

E = vo idage  i n  the  ash  l a y e r  

P. = partial uressure of i-component gas 
! 

P. P. = effective partial pressure of i-component taking 
1 1 

acco,~it of the reverse reaction effect 

Char-O 2 Reaction, [C + ~ 02 ÷ 2 (I - . CO + (~ - I)C02] [4] 

k S = 8710.exp(-17967/Ts) , T S in °K 

kdiff 0 29Z ¢ (~) r • ( 18..~6_o0 ) I .  7S/ = (Pt d) 

¢ = thc mechanism factor based on tile stoichiometric relation 
of CO and CO 2 , ~ can be roughly estimated by the following equations: 

~, = (2Z + 2)/(Z + 2) for dp ~< O.00S cm 

15 



an d 

wh e re  

( t i )  

' ,  = [ ( 2 :  + 2 )  - Z ( d  
P 

f o r  O.(},q3 cm ~ d 
P 

- ~ . o 0 . ~ ) / e . u g : , i / ( : .  ~ 2) 

< 0. i cm 

$ = 1 . 0  f o r  d > 0 . 1  cm 
P 

Z = [C0] / [C02]  = 2500 cxp(-62,19/T) 

dp in  cm and T = (Ts+ Tg) /2  in  °K 

P P. = p 
i i O~ 

Cigar-Steam R e a c t i o n ,  ( f o r  t e m p e r a t u r e  g r e a t e r  t h a n  I I 0 0 ° C )  [ 5] 

k S = 247 exp ( -21060 /Ts )  

k d i f f  = 10 x 10 -4 (~_~)T 0 . 7 5 / ( P t  dp) 

eq  = exp [ ]7 . c ,  1.1 - . ; o 2 ( , 0 / ( 1 . s  TS) ]  

. I t . ,  PCO 
P P = Pt 
i i I~O k 

- eq 

( i i i )  Char-CO~_ R e a - t i o n ,  ( f o r  t e m p e r a t u r e  g r e a t e r  t h a n  l l 0 0 ° C )  [ 5 ]  

k S = 247 cxp (-21060/Ts) 

. ' ] '  . 0 . 7 5 1  }:u,'" f f  = 7.4. ,  x l ( I -"  (-j~)(-ff~) (Pt  dp) 

(i v) 

P" - P" = PC0 

Char - l lvdro t ;en  React  [on 

q'hi:< : ' c a c t i o n  i s  : ; t i l l  in chemica l  r e a c t i o n  r e g i m e  e v e n  in  hi~,h 

temperature as 1600°}(, because it has low intrinsic reaction rate but 

ht"t~,l dJ . f fus io l :  character is t ics .  }:or the  s i m p l i c i t y  o f  c a l c u l a t i o n ,  the  

s;,me e x l , r c s s i o r t  as t ha t  o f  tile l l n r e a c t e d - C o r e  Shr ink i ,~ , ,  Yodel  i s  used  l)v 

chan~: inr ,  • k v i n t n  Ks a c c o r d i n g ,  t o  e x p e r i m e n t a l  c o n d i t i o n s  a s  f o l l o w s :  

Reproduced from I 
best available copy 
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1-x i / 3  P s i ?  
ks : ~:v (777 -) (--~ ) 

P 

I S = 0 .12  e : : p ( - 1 7 9 2 1 / T s )  
-} 

g/cm~atm sec 

. k d i f f  = 1 .33  x I0 -S  ( ~ ) T  0 . 7 S / ( d p  P t  ) 

k eq 
0 .175  eN~ [ts , ioo/( i .S TS)] 34713 

* ~/Pcf [,1 / Keq Pi  P" = Pl - 
z [2 

(ll) Catal.vtic Reactions 

( i )  l ' ; a t e r - 6 a s - S h l  f t  Reaction 

RJte  -- F .C2 .77  x 10 S) CxcO - XCo)exp(-  

] 7] 

1.98727760T ) P t  (0" S - P t / 2 S 0 )  

5553 
e x p ( - 8 . g I  + l"--r----) g mole/ [sec(g  a s h ) ]  

The a d j u s t a b l e  p a r a m e t e r ,  Fw ,vh i ch  r e p r e s e n t s  t h e  r e l a t i v e  c a t a l y t i c  

r c a c t L v i t  } o f  nsh to t h a t  o f  5 r o n - b a s e  c a t a k y s t ,  i s  s e l e c t e d  to  be 0 .2  in  

"; o devc l  ,,1. r'3dc I op 

XCO = l ' co /P  t 

Pco~ PII 2 
* _ 1 [ - 

XC!3 P k P 
t c'q l t ,0 

k -- exp (-3.6593 + 7234/(1.8 T)] 
Ctl 

p 
t 

( i t ;  

is the total pressure 

" , , t h ; m e - S t e a m  Refo rming  R e a c t i o n  

Rate = 312 exl~ [ -30,000/(1.987 T)]  I / s e t  

[ s] 

Reproduced from I 
best  avai lable copy [ 

i 
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Appendix ~: Typical ultimate analysis for the feedstock used Jn 
Texaco's pilot plant tests. [1,2] 

F e e d s t o c k  Source  and 
Run Number 

H-Coal residue from 
Illinois No. 6 Coal 
for Run I-I [I] 

H-coal residue from 
Illinois No. 6 coal 
for Run I-2 [I] 

H-coal residue from 
Kyodak coal for 
Run 1~'-1 [ l ]  

SRC II Vacuum 
Flash Drum Bottoms 

[2] 

Exxon DSP Vacuum 
Tower Bottoms 

[2] 

C H 

Dr)" Fuel Analysis (wt. %) 

' N 

74.05 6.25 0.71 

73.04 5.82 0.73 

78.37 5.79 0.92 

S 0 

64.90 3 . 6 5  1.25 

70.74 4.67 1.18 

] .77 ] .32 

] .37 ] .70 

0.07 3.70 

2.96 ]. 70 

2.74 3.95 

Ash Cl 

] 5, $3 0.37 

] 6 . 8 5  0 .48  

I I  .OS 0.08 

2S .54 

16.72 

18 
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Appendix 4: Operating conditions for five typical runs of Texaco's 
pilot plant tests. 

F e e d s t o c k  S o u r c e  
(k,m);urbe r)  

H-coal residue from 
Illinois No. 6 coal 

I 
(RLm I - l )  [i] 

H-coal residue from 
ll]inoi: ~¢o. 6 coal 
(Run I-_~) [i] 

H - c o a l  r e s i d u e  f r o m  
Illinois No. 6 c o a l  
(aun ~- I] [i] 

SRC 
F i ~h 

m XXO~q 

Tower 

II Vacuum 
Drum Bottoms 

[2] 

DSP Vacuum 
Bottoms [2] 

F e e d  Rate 
i i 

76,66 i 

8 1 . 1 8  

8 6 . 0  

126.11 

126.11 

o. 241 1 

t 
! 

i 

0.314 i 

0.318 I 

0.30 

0.50 

i 
Fu51 

0.  866 

0 . 7 6 8 2  ~ 

! 

0.90 : 
i 

0 . 7 7  
J 
I 
! 
1 

O. 7.9 

Feed Temperature (°K) 

Fuel 

505.22 

496.53 

$ 1 3 . 5 5  

5 0 5 . 2 2  

505.22 

Steam 

696.67 

I 6 7 6 . 3 3  

6 9 2 . 4 4  

696.67 

696.67 

Oxygen 

298 

1 
298 

298 

298 

298 

19 



Appendix 5: Typical Temperature and Concentration Profiles in the 
Texaco Downflow Entrained-Bed Gasifier 

Comparison of the computational results from the proposed mode] 

and the experimental results from the Texaco Pilot Plant Entrained- 

Bed Gasifier has been carried on for twenty--six rims as shown in 

Appendix 6. Temperature and concentration profiles calculated from 

the model for five typical runs are sho~m in the following figures. 

The fuel analysis and operating conditions for these typical rlms 

are shmm respectively in Appendix 3 and 4. 

20 



Comparison of computational r e s u l t s  from the model with oxperimental  resulzs  
f~om Texaco Entra ined Bed P i l o t  P lan t  a a s i f i e r i  

r~ 

CA) Using H-Coal res idues  from I l l i n o i s  No, 6 coal as feeds tock :  [1] 

. . . .  QI 4 Input ConditiQn ~ Dry C0 If2 C02 t 
. . . . .  I \Product Flo,v Rate :Flo" Rate:Flow R~[t I& Flow: Rate 

Fuel Ratel 09 Steam L_gas g/. see g/see g/see g /see  
(g/see) ~ ~ i S o u r e e ~  (Vol. %) (Vot. %) (Vol. %) (Vot.  %) 

- : : J . . . . .  
]9.985 '0.15 

H2S N 2 
Flow Rate Flow Rate1 

g/see g/see 
(Vol. %} (Vol. %) 

Run 
No. 

. . . . . . . .  123.77 i6'.01 
Exp. (S7.57) :(39.13) 

I-1 76.66 0.866 0.241 ,, 
J23.94 6.23 

~bdel 
_ _ ( 8 6 . 6 0 )  :139 : ._84)  

112.52 6.211 

I-2 81.18 0.768 0.314 i Exp' ( 5 3 . 0 6 ~  4 1 . ~  
;Model 119.78 6.54 

(54.11) ,(41'39.) 
121,5 '6'.24 

i P, xp. (5,4.66) (.39 31) 1-3 82.202 0.813 0.309 . . . .  " 
Model 126.4 6.36 

I ' !116.0 |'5."78 
' t ] x p ,  ( S S .  70) . . . . .  __[ 3 8 . 9 0 ) 

1-4A 79.45,6 0.807 0.323 "Model 119.96 6.16 
. . . . . . . . . . . . . . . . .  ( S S i ' I I  S ) ] ( ~ 9  ' 6 9 ~  i . 

119.54 I 6.107 
EXP. I 

I-4B 81.846 0.797 0.310 ,, (54.90) i(,39.26) 
125.09 6.36 

~bd.e I (,55.71) (39.68) 
...... I I I II : . . . . .  

103.32 5.30 
Exp. (54.02) [38.78) 

I-5A 71.64 0.8263 0.352 ,, 106.37 I5.39 I 

Model (,54.89) (.38,98) , 
• , . . . . . . . . . . . . . .  i~ 9 2 . 3  1 5  '.'007 ' i 

Exp. (52.48) ( 3 9 . 8 5 )  
I-SB 65.0 0.817 0,392 II -- 95 I 4-- S I 5 , 08 .......... 

Model 
. . . . . . . .  i i . . . . .  ( 53 . 5 6 )  , (39.92) I 

81. 853 ' 4.53 ' 
Exp. fS1.39) (39.83) 

I-SO 56.264 0.832 0.429 I,~I81.186 '4.38 : 

" I ~ b  [ lO  1 (52.75") (39,84) 

' (2.95) ~i (0.12) 
10.04 10.20 0,726 

_(2,92) L(o. 16) .......... [0, 2~) 
17.2 0.56 0.59 

1AXT. ss .  4 0,242 
(]  3( I 8 9 )  I ( 0 ' l l l l l g~  ) 
19.26 0.114 
(5.51) I , : [0,08) 
14.56 i0.17 0.77 
, , f4  . , , 1 0 )  ij ( 0 ,  1 3 1 i )  , ( 0 . 2 , ~ , )  , 

16.74 0.15 0.32 
(,5. I I )  ,(0.12) . . . . . .  (0.1,1) 
15.73 0.148 0.526 
(.4.60i) , (0.12) (,,0.20) 
18.14 0.185 'I 0 . 70 
( S i ' l l 9 )  ( 0  " !,,4) ( O "  2 ~ )  
14.37 0.170 0.538 
( 4 .  0 7 )  l , ( 0 .  13 ,2 , )  i f  0 . , i 1 9 7 )  

1 9 . 9 7 2  o . o 8 8 2  o . 8 7  

Carbon 
Conversion 

% 

[6.64)i 
"16.824 
(5.525) 
19. 987 

!.(7.22.) 
16.58 I 
( S .  1 9 2 )  

20.61 

16. 461 
[ 6 ' ~ I) i 

, (,0.0_7) ( 0 . 2 1 )  (0,22) 98.875 
0 . i 12  0.(~8 0.421 " 

, (0. 101) (.0.29) (0.217) 99.77 
# i .,, i , • , , | , , ,  

o. o86 , o.  73 o. 0034 
. (0.08) (0.31) . (,0.00) 98,868 
'0 .100 0.62 0.386 
., (o .o ! )a )  ( o . 2 9 )  , (o.21"z) 9 9 . 7 s  

0.0434 0. 8035 0.0734 
! ( 0 . 0 4 ) , ,  . ( 0 , 4 1 )  ( .0,04)  98 .888  
i O. 074 5:846 0 ',"335 .... 
, (0,084) (0,29) (0.218) 9(.).76 

0.496 
[.0.22) . . . .  99, ?5 . . . . .  
0.0124 
(,0.00) 97,24 

L 
0.437 
,(0'.201) 99.76 

i . . . .  , 
0.24 
(,0.11) 97.34 
0.449 
.CO. 20) 99.75 

0.428 

O.  1 3 3  0 . 5 3  '~ 
(,0.06) (,0.12) 98.64 

0,454 
(0.208) 08.88 
0,1513 90,66 (,0.21) [0.07) 

O. 57 O. 451 93.29 (,0. 212.) ...... (0.20,,4) ....... 
0.67 0.133 
(0.26) ..... (0.11) 98.28 



OO 
DO 

1-6 

I-7A 

[-7B 

[-8A 

I-8B 

[-  8C 

iI-9 

1-10 

1-11 

Fue 1 Ratc 
(g / sec )  

87.73 

90.974 

95.392 

92.13 

95.07 

92.86 

87.79 

129.77 

132.79 

O. 774 

--------7---" '~Product ',Flow Rate I:loiv Rate 
O _ ~  Steam g ~ 9 - ~  I g / s e e  g / s e c  

sou   CVol._ (Vol. ,,) 

"!Exp. -~ l?S  9 ' 6  41 
n 9,, xp. (SS~03) 1(39.43) 

0.7757 

0.782 

0.797 

0.8016 

0.800 

0.787 

O. 8346 

0.291 

0.282 

0.267 

0.247 

O. 239 

O. 246 

0.268 

0.276 

0.279 

MO de 1 

Exp. 

Model 
I 

Exp. 

Model 

Exp. 

l~bdel 

EXP. 

Model 

Exp. 

Model 

Exp. 

Model 

Exp. 

bbdel  

12 xp. 

bbde I 
O. 84 8.1 

129.34 
(55.85) 
130.3 
(35.33) 
133.58 

,(SS.63) 
139.75 

'141.11 
(56.223) 
140.7 

140.09 
(S7.39) 
145.8 
(57.67) 
143.8 
(57 
141 
(s7 
141 
(57 
125 
(s7 
131.20 
(56.70) 
201.16 
(SS. 18) 

6.54 
(39.52)  
6 .67 
(39.62)  
6.85 
(39.96)  
6.975. 

7.08 
(39.S0) 
6.732 
(38.43) 
6. 735 
(38.63) 
6.913 
(38.28) 
7.853 

.56) i (3R.37) 

.073 6.785 

.02) . (38.39) .  

.709 6.4 3 

.46) i (38.58) 

.4 5.966 

.49) , (38.29)  
6 .43  
(38.88s) 
10.22 
(39~24) 
9.99 
(39.56) 
10.57 
( 3 9 . 7 2 )  
I 0.30  
(39.69) 

195.918 
(SS.42) 
204.16 

199.72 
(54.9s) 

I CO 2 

'Flow R'ate 
g / s e e  

(Vol. %) 

'17.93 
(5.01) 
14.35 
(3.94) 
17.1 
(4.62) 
14.20 
(3..7_04) 
17.3 

14.29 
(3.622) 
14.27 
(3.70) 

i12.77 
( 3 . 5 4 )  
14.4 
(3._62) 
13.43 
(3.42) 
15.28 
(3. 
12. 
(3. 
12. 
(3. 
13. 
(3. 
26. 
(4. 
24.76 
(4. 
29. 
(S. 
27. 
(4 .82)  

014 I 
i 

Flow Rate Flow 
g / s e e  

(Vol. %) 
0.27 0.3 
(0.20) ,(0.101 

r O. 187 D. 89 
. ( 0 .  142)  ~ (0 .32)  
0.27 0.292 

!(0.20) ...... (0.081 
O. 202 

. (0.147) ,(0. 274 
O. 197 O. 866 

4o) ( o . ~ 3 1  (o.__..~ 
0.22 0.829 
(0.!53) .(0.272 
0.13 0.91 
(0.09) i (0.30) 
0.213 i0.797 
(0.151 !(0.271 

!'6.os8 ,o.8o 
_62_L._./L. o! i___(o. 2s) 

O. 22 O. 82 
(._.~0. ] 5. 2) ,(0.27) 

0.071 I .18 
.93) , (0..0,1) ,(0.37) 
81 0.213 0.81 
311 , (0.15) ,(0. 271 
89 O. 096 0.80 
76) , (0 .07)  , (0.26) 
88 o. 189 0.6s 
82) , (9.t43) ,(0.23) 
92 O. 15 0.58 
69) , C0.26) ,_{0.10) 

0.284 0.94 
46). , (0.14!)) ,(0.221 
96 0.193 0.68 
l l )  ~ (0.09) t (0 .12)  
50 [ O. 278 "0-.977 

L (0.134) ,(0.27 ),  

I125 J N2 
Rate Flow Rate 

g/sec 
(Vol. %) 

O. 798 
.274) 

272) 

g/sec 
(Vol. %) 
0.391 
,(o.17) 
0.53 
(0.23) 
0.213 
(0.09~ 
0.555 
(0.231) 
0.640 
(0.25) 
0.583 
(0,232) 
0.102 
(0.04) 
O. 562 
(0.230) 
O. 204 
(0.08) 
0.576 
(0.23) 
0.46 
(o.18) 
o.s7 
(0.23) 
0.148 
(0.06) 

u 

0.529 
(0.23) 
1.73 
(0.47) 
6.6"73 

i(o. 19o) 
0.42 i 

(o.11) 
0.697 
(o. 19) 

Carbon 
Conversion 

% 

!97.122 

97.898 

96.826 

97.735 

96.992 

96.735 

98.641 

97. 744 

98.663 

97.233 

98.605 

98.229 

97.45 

97.60 

99. 158 

96.01 

99.187 

96.57 



Ix) 
03 

(B) U.~n£ l[-coa] residue.~ from Wyodal," coal a:; feed:~t:oek: [1] 

RLU] 
No. 

W- 1 

W- 2 

W- 3A 

N-3B 

w-4 

w-5 

~q-6 

,q-7 

[n[,ut Condition 

Fuel Rate 
(g/see) 

86.0 

Steam 
ruoz Fuel 

0.90 0 . 3 1 8  

Ip DW CO 

roduc t  Flow Rate 
gas g / s e e  

S ~ o ~  (Vol .  %3 

Exp. 

blodel 

143.2 
(56.96) 
144,1 
(S~. 85) 

tl 2 
Flow Rate 

g / s e e  
(Vol. %3 

6.8325 
438.04) 
6 .88  
(38.003 

CO 2 

Flow Rate 
g / s e e  

( rot .  %) 

19.15 
(4.84) 
17.98 
44 ..qt ] 

CIt 4 

Flow Rate 
g / s e e  

(Vol. %3 

0.0517 
(0.03)  
0 .58  
(0. ,I 1) 15 

I125 

Flow Rate 
g / s e e  

(Vo~. %) 

0.00 
(0.00) 
O. 032 
(0.01 0) 

N 2 
Flow Rate 

g / s e e  
( rot .  %) 

0.19 
(o.o7/ 
O. 57 
(8. 224] 

Carbon 
Conversior 

% 

98.95 

99.75 

99.17 

99.65 

99. 393 

87.231 0.859 0.286 

146. 
Exp. (57. 

148. bbdel  458. 

25 
67) 
44 
65) 

6.865 
437.90) 
6.741 
( 3 7 . 3 0 )  

17.1 
( 4 .2  ,_,) 
1 3. '10 
(3. 375 

O. 0898 
4o.n6) 
0.656 
4o. 453) 

0.0325 
(o.oo] 
0.028 
~o.oo95 

0.078 
( . .  o3~ 
0.54? 
(0.2 163 

128.49 

128.67 

125.66 

129.826 

O. 844 

0 .86  

O. 857 

O. 854 

0.253 

O. 264 

0.273 

0.263 

Exp. 

bbdel 

Exp. 

Model 

Exp. 

Model 

Exp. 

Mo de 1 

212.71 
_(s7.ap) 

212.77 
(59.2  O) 
208.2 
1,56.02) 
214.8 
(58.97) 
211.44 
(5,7..61) 
2"10.58 
( 5 8 . 4 6 )  
215.34 
(57.00) 
21.4.78 
(5 7.9.5) 
215.07 

9.85 
37.473 

-b~4-5-~------ 
_(.~6. ~ 1) 
10.05 
(37. o2L_ 
10.85 
(36.86) 
10.06 
(37.77) 
9 . 5 6  
(37.1(,3 
10.343 
(.:,~.323 
10.08 
(37.  ~ 0  
10.97 

25.66 
4.4z5 

19.5 l  
_4 3 .~'i~3.!_ 
34 . 016 

5.82) 
21.38 
(3.753 
23.77 
!4. ~2) 
20. 22 
(9-  5D 
25.45 
(4.285 
2 I. 09 

0.22 
(o. 10) 
0.558 

.f_O_-272__!~ 
O. 129 
(o. o63 
O. 303 
(0.146) 
0.28 
(o. 133 
4 .215  
(0 .59 )  
O. 34 
_(_o_j~L__ 
l .  32 

0.00 
(0.00)  
0.088 
(o. o21)) 
O. 103 
(O.CH) 
0.089 
(0. 0205 
0.00 
(0.005 
K-o-o6--W-- 
(o.oo2] 
D. 032 
(o.oo5 
3.06 15 

43.62) 41) 6 ~''~ (0.014~ . . . . . . . . . . . . . . . . .  :__'_"!, . . . . . . . . . . . . .  
33.84 0.41 

O. 553 
[o.~5] 
O. 9 l 
(o.251) 
0.68 
(o. |85 
0.96 
(0.26 2] 
1.20 
40.325 

-o-~/6~ 
(o.213 
O. 73"I 
(0. 195 
0 .837  
(0.2 275 
0. 706 

97.90 

99. 395 

98.85 

98.765 

98.215 

98.211 

97. c ~, 6 

132.82 

135.6,1 

0.855 

O. 94 

0.318 

0.310 

E Xp. 

Model 

I) xp. 

Model 

(54.91)__ 
2 17.'16 
( 5 6 . 1 7 )  
220.02 

_(54 .24 )  
226.74 
(5'7.233 

(39.2o3 
10.60 
.(38.34,} 
11.00 

A37.98) 
10.56 
(37.01) 

_4s.4o) 
27.65 
(4.55D___ 
48.576 
(7.62) 
34.12 
(5. 43) 

(o. 183 
l .60 
0.7623 

O. 00 
(0. oo5 
O. 234 
(0. t053 

3.00 

(£ 4!9 ) 
3.042 
(0:90-q__L_ 
). 00 
o. oo5 

L6i)72 
o. ocU_ 1 

(0.18) 97.900 

0. 837 
(0.2365 98.283 

0.477 
(0. !13 99.676 

0.917 
(0.229] 99. 628 



P~ 

(C) Using SRC II Vaccum Flash Drum Bottoms as feedstock: [2] 

Input  Condition 

Fuel Rate 02 
(g/see) 

126.11 ) . 7 7  0.30 

Wet 
NProduet  

S t e,',_....9.m ;as 

Fuo i o N  Sourc 

Exp. 

bled e i 

CO 

-Flow Rate 
g / s e e  

CVoX. %) 

167.584 
(s3.s) 

171.48 
(54.01) 

1"12 

Flow Ratt 
g/see 

(VoZ. %) 

6.936 
(31.0) 

7.178 
(31.65) 

CO 2 

Flow Rate 
g/see 

OYEZ. %) 

32 .98  
(6.7) 

29.54 
( 5 . 9 )  

Fl20 [ CH4 

F'low Rat~ Flow Rat 
g/see l g/s=c 

(voz. ~)I (Vol. %) 

14.50 0.00 
(7:2) (0.00) 

15.19 0.151 
(7.44) (0.083) 

!i2S 
Flow Rate 
g/see 

(Vol, %) 

4.1 
(i.o4) 

2.016 
(0.52) 

Flow Re'to Carbon 
g / s e e  lC°nversl°n 

(Vol .  %) % 

1.566 99 
tO.SO) 
1.146 99.77 
(0.361) 

(D) Using Exxon DSP Vaccum Tower Bottoms as feedstock: [2] 

I 120. 11 

E_~I'. [ 176.98 I 9.37 I 45"87 T 29.69 [ 0.00 T 3.81 

(45.6) (33. S) I (7. 523 | 2 9 . 1 4  lO.  173 [-X_8-~-7 - . . . . .  ]-~s_%o . . . .  [--9.57 ....... ~.V_8:/_._L(1L.D.)___L C°-Lm~ L (o. 7~_L_ 
. . . . .  I ...... [Model i (44.87) L_(34.99) I_(7.74) I(11.6) [(0.077) 1(0.39) 

1.475 
_(o. 35~ 
1 .U89 
(0.279) 

99 

99.00 

(E) Coal-Water Slurry Runs: 

I ' l  
| • 
iRmA 
I,D ~, 

i ¥ 
C i l ,  
• I i  
m e  
I I  • 

• i I  

Coal 
r)~e 

IVestern 

| -astern 

._Input Conditions 
Coal Rate i 0 2 Wate____~r 

(g/see) I ,  . . . .  C°a----'EC°al 

) 

186.78 0.91 0.51 

,,. 

133.5 0.87 0.79 

Dry 
Product 

Gas 

Source 

• Exp. 

blode I 

EXp. 

Node 1 

CO 

Vol. % 

50.71 

.47.86 

11.55 

.13.27 

H2 

Vol. % 

35.79 

37.30 

36.15 

36.91 

co 2 

Vol. % 

13.1,1 

14 ,45  _ 

20.6.1 

1 3 . 9 l  

, CH4 

Vol. % 

O. 09 

eL(!ss __ 

(I. I 0  

O. o36 

H2S 

Vol..06 

O. 03 

(_j.(;7 t 

0.85 

o.SO 

N2 

Vol. % 

O. 2.i 

O. 26 

. -g  0 .~, 

0.373 

Carb on 
Conversion 

% 

92.7 

94. $7 

SS .S 

8,1.66 



2 5 0 0  I O 0  

2 0 0 0  

o 

n" 

Ld 

1 5 0 0  

Y 
1 

® Pi lot Plant. Data. 8 o ¢  
Z 
_o 
u]  

'70m 
• > 

Z 
0 

I (0 

F U E L  R A T E  = 7 6 . 6 6  G / S E C  
S T E A M  / F U E L  = O ,241  

0 2 / F U E L  = 0 . 8 6 6  

1 0 0 0  , ' • ' ' ' ' , , , • 
0 6 0  1 2 0  1 8 0  2 4 0  3 0 0  

D I S T A N C E  F R O M  T O P  ( C M )  

6 0  z 
0 
m 

<( 
O 

5 O  

C~U,,~ 2(A) CALCULATED TE~.~PERATURE PROFILES AND CARB0~,~ CONVERSION 
PROFILE IN TEXACO PILOT PLANT GASIFIER FOR I-1 RU~. 
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100 

90 

60 

u3 70 

5O F-- 

bJ 4O 

-~ 30 
0 

"-- 20 0 

_1 10 
0 

O.5' 

0.4 

Q3 

0.2 

0.1 

0 
0 

Dried Product Composition 
Model . t ~ _  

CO 56.60 57.57 
H 2 39.85 3-~J.I3 
C 02 2.92 2.95 

CO_ 

,0 

co2 

H2S 
~/~j.~. ,  N2 

~ C  H 4 
I I I 

60 120 180 
DISTANCE FROM 

s s I 

240 300 
TOP (CM) 

IO0 

9O 

80  

7O 

6O 

5O 

4O 

3O 

2O 

10 

~0.5 

0.4 
i 

O.3 

O.2 

0.1 

0 

FIGURE 2(B) CALCULATED PRODUCT GAS CO~.~POSITION PROFILES 
(WET BASIS) IN TEXACO PILOT PLANT GASIFIER 
FOR I-1 RU,~: 
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2 5 0 0  

2000 

o 

!/- 

x 
ILl 
1"-- 

1500  

Xc 

(9 P I LOT PLANT DATA 

! 
f,° 

FUEL RATE = 8 1 . I 8  G / S E e  
STEAM / FUE-L-- 0.314 
o 2/FUEL- 0.76S 

1 0 0 0  ' . . . . . . .  ' : ' 
0 6 0  120 180 240  3 0 0  

DISTANCE FROM TOP (CM)  

]100 

.t 

Z 
0 

7~,~ UbM 
> 
Z 
0 

--so~ 
,1:!] 

" < 

• U 

i 
" i  

FIGURE 3(A) CALCULATED TEI@ERATURE PROFILES AND CARBO~ CONVERSION 
PROFILE IN TEXACO PILOT PLANT GAS!FIER FOR I - 2  RUN 
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100 

9 0  

8 0  

70  

~- 6O 
th 
th 5 0  < 
m 4 0  ~ 

I-- 3 0  
Ld 

20 
V 

" 1 0  
0 

0 

__i 0.25 

>o 0.2o 
0.15 

0.10 

0.05~ 

Dried Product Composit ion 
Model l-xp. 

CO 54.17 53 .06  
H 2 41.26 41 .00  
CO 2 3 .90 5 . I 5  

CO 

H2 

H2S 

H20 
co2 

! 

0 30O 
i J i I 

60 120 180 2z~O 
DISTANCE FROM TOP ( C M )  

O0 

.~0 

8 0  

7 0  

6O 

5O 

4 0  

3O 

2O 

10 

0.25 

.20 

15 

0.10 

0.05 

0 

FIGURE 3(B) CALCULATED PRODUCT GAS COMPOSIrION PROFILES (I-IET 
BASIS) IN TEXACO PILOT PLANT GASIFIER FOR I -2  RUN 
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2500 

Xc 
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9O 

2000 

2~ 
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n- 

b_! 
I.-- 

t500 

@ PILOT PLANT DATA 

I / FUEL RATE = 86.O G/SEC 
STEAM / FUEL = O.318 

I i, O2/FUEL = O.90 

1000 , , , , , , , , , 
O 60 120 180 240 300  

DISTANCE FROM TOP (CM) 

80 
Z 

0 
b9 
rY 

70 > 
Z 
0 
U 

Z 60 O 
m 
12:: < 

50 

F I  D r  , GU~,L ~-(A) CALCULATED TEfIPERATURE PROFILES AND CARBON CONVERSION 
PROFILE IN TEXACO PILOT PLANT GASIFIER FOR W-1 RUN 
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lCD ,100 

90 

8O 

70 
u') 
- - 6 0  

t---40 

.~3o 
o 2 0  

o 

_]~o 

>(~) 0..~ 

O.4 

0.3 

0.2 

0.1 

0 

DRIED PRODUCT COMF'OS1TION 
Model .Ex_/::~.__ 

CO 56.70 
H 2 37.76 
co2 5.18 

I 
CO 

_ 2 

/ ~.~_._..__ H20 
= c o  2 

56.96 
38.04 
4.8-4 

N2 
f 

H2s 
| I • 

0 60 120 180 240 3 0 0  
D I STAN CE FROM TOP (CM) 

90  

80 

70 

60 

50 

40 

30 

20 

10 

~.5 

0.4 

0.3 

0.2 

0.1 

0 

FIGURE 4(B) CALCULATED PRODUCT GAS CO~",POSITION PROFILES (IIET 
BASIS) IN TEXACO PILOT PLANT GASIFIER FOR W-1 RUN 
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