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ABSTRACT 
------~ 

About 6. 7 tons of vacuum tower lx>ttans (residue) which were d:>tained 
during tre liquefaction of Illinois No. 6 coal fran the H~l lique­
faction p~ss pilot plant at catlettsl::u...rg, Kentucky ~re successfully 
gasified at Texaco's Mont.P_rello Resea~tt Iiiboratory on January 7, 1982. 

(\ . 

The single 9.5-hour run with H-coal liquefaction residue-water slurry 
was completed at 750-760 psig gasifier pressure. ~ run consisted of 
two t.P....st p=o....riods, each at a different gasifier ternpP...rature. 

OVer 99. 6 percent conversion of carbon in tre feed to syngas was a­
chieved yielding 32.9-33.7 standard cubic feet of dry syngas ~r p:Jund 
of residue charged. The oxygen .requirP...Jrent was about 1.0 p:lUlld of 
oxygen fEr.' p:>nnd of residue. The dry syngas OJiltained 78.5-79.7 (vol.) 
percent carbcn rronoxide plus hydrogen. 
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INrRODucriON 

Objective: 

'Ihe objective of a Type II preliminary pilot plant evaluation is to 
confi.nn the op:rability of the Texaco Gasification Processes on candi­
date feedsto&ks selected by DOE fran various residual materials fran 
DOE-sponsored coal liquefaction projects. 

'Ihe short pilot plant evaluation run will pennit refining the estimates 
of preferred processing conditions, product gas yield and conp:>sition, 

· and will identify unexpected operating problems. 

Background: 

Alnnst all of the coal liquefaction processes, W"lich are being developed 
to reduce our dependence on expensive inp:>rted oil, require hydrogen or 
synthesis gas (a mixture of flYdrogen and carton ITDnoxide) to solubilize 
the coal. It is desirable to produce the needed hydrogen or synthesis . 
gas primarily from the ron-liquefied fraction of the coal. 'Ibis ma­
terial, together with the ioorganic ash and some fraction of the un­
converted coal, may be recovered in various fonns depending on the 
particular process. 

Many of these streams will make excellent feedstocks for gasification 
using one of the Texaco Gasification processes to produce synthesis gas, 
Wlich can readily be oonverted to p1re hydrogen. 

Texaoo developed the non-catalytic partial oxidation process in the late 
1940's to convert natural ·gas to synthesis gas \'lhich 'faS then reacted 
with steam to fonn additional hydrogen. Further developnents enabled 
the use of light oils, residual oils and asphalts as feedstocks. 'Ibis 
process, known as the Texaco Synthesis Gas Generation Process, has been 
licensed for use in ITDre than 90 plants in over 20 countries ·throughout 
the world using a variety of liquid feedstocks. 

Since 1975, most of the work perfonned on coal liquefaction residue 
involved the gasification of molten residue feedstocks using a modi­
fication of the Texaco Syntheisis Gas Generation Process. 

Recently, Texaco has carried out extensive work to demonstrate the 
feasibility of gasifying ex>al-wa.ter slurries. 'Ihe process, \ohich has 
been modified to handle slurries of high ash feedstocks such as coal and 
coal liquefaction residues, has been designated the Texaco Coal Gasi­
fication Process. 

To detennine the suitability of various residual materials from DOE 
sponsored coal liquefaction projects as feedstocks to the Texaco Gasi­
fication Processes, OOE is sponsoring a series of tests to be conducted 
at Texaco's lYbntebello Research Laboratory. 

-2-
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SCOPE: 

This report OJVers work perforne1 at Texaco's fvbnt:P..bello Research Lab­
oratory on January 7, 1982 under oont_ract EX-76-c-01-2247 and am:mdnent 
DEAC-76ET10137 with the Unired States ~part.Jrent of Energy (DOE). 

During a single continuous 9.5 hour run, about 6. 7 tons of H-coal lique­
faction residue were successfully gasified. The residue was cbtained 
during ~ liquefacticn of Illinois No. 6 coal fran the H-coal lique­
faction prooess pilot plant at catlettsrurg, Kentucky. The residue was 
fed to ~ pilot plant gasifier as a water slurry. 

This -work Wis authorized by DOE Delivery Order Number 7. 
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PIIm PLANT P~S f'I..CM 

Introduction: 

The Texaco Coal Gasification Process is a mn-catalytic partial oxi­
dation process that is based on certain reactions between oxygen and 
hydrocaroons that take place at high temperature to produce a synthesis 
gas COitlJOsed primarily of hydrogen and carbon rronoxide. 

The high temperature reactions occur vhen the hydrocarbon and a de­
ficiency of oxygen are introduced under pressure into a refractory-lined 
gasifier. 

The details of the process are ootlined l:elow. 

Residue Grinding System: 

The H-<:oal liquefaction residue, as received, \taS reduced to a nominal 
half inch top size in a harnner mill. The hanmer mill product was then 
ground and screened. 'lhe oversize (plus 14 sieve) material \taS recycled 
to the mill for regrinding while the screened residue was augered to 
plastic tote bags for storage. 

Slurry Preparation and Gasifier Feed System: 

Figure 1 shows the schematic diagram of the unit as it \<aS used for this 
't.Ork. For the preparation of residue-water slurry, the residue from the 
tote bags w:lS mixed batchwise with demineralized w:lter in the agitated 
mix tank. The slurry in the mix tank was then ptunped to a stirred 
holding tank vhere final slurry concentration adjustrrents v.ere made. 
The slurry was then pumped to the run tank. The run tank is mounted on 
a scale to allow rronitoring the slurry charge rate. 

H-coal liquefaction residue-water slurry and oxygen \\ere fed through a 
proprietary Texaco burner into the top of the pilot plant gasifier. 

The residue-water slurry was pumped to the burner under pressure at a 
constant rate. 

Pilot Plant Gasifier: 

The pilot plant gasifier is a pressure vessel Which is divided inter­
nally into tv.o sections. The top section, combustion chamber, is lined 
with a special refractory material designed to withstand severe oper­
ating conditions. The mixed feed stre.;uns are ignited in this preheated 
gasifier combustion chamber Where the partial oxidation reactions take 
place: 

The lo\\er section, quench chamber, is an uninsulated chamber containing 
a reservoir of water which is maintained in the oottom at all times. 
In the quench chamber, the synthesis gas and slag are cooled by direct 
contact with the quench water. The queriched syngas exits the quench 
chamber and is \'ater scrubbed to rerrove residual particulates. 

-4-



Figure 1 Schematic Diagram of the High Pressure Solids Gasification Pilot Unit 
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After CXX>ling and rerroval of \"ater, the raw syngas is rretered and then 
routa:l to the flare. Water is continuously injected into the quench 
chamber to replace \"ater lost by evaporation and rolids rerroval. . \ 

Slag Feroc>val System: 

Upon rontacting the quench \"ater, the 1101 ten slag rolidifies and settles 
in the quench chamber. It is periooically rerroved through a lockhopper 
system. The lockhopper blow:lown solids are screened into roarse and 
fine fractions. The coarse fraction is collected, ~ighed, sampled and 
dumped. The fine fraction is periooically transferred to an ore hopper 
where it is allowed to concentrate for later ~ighing, sampling, and 
disposal. 

Char Recovery And Water Recycle System: 

Quench water, used for cooling the syngas, exits the quench chamber and 
. i,s combined with the \"ater from the scrubrer knock out pot. 'nle cxm­

bined water streams are cooled and routed to the clarifier \ttlere par­
ticulate matter (char) settles out and is rollected as a sludge from the 
bottom of the clarifier. This material is ~ighed, sampled and dis­
carded (no recycle). The clarified .....ater is joined by the \"ater ron­
densed from the syngas (HP knock out pot blo\\down). The combined streams 
are routed to the flash tank W"lere dissolved gases Wrich are evolved 
from the water when the pressure is reduced are renoved as a flash gas 
stream. The flash gas is rretered and sent to the flare. The flash tank 
water is recycled back to the quench chamber and gas scrubber. . Any 
water not required to maintain the flash tank \"ater level is rerroved 
from the system as a waste water stream. 
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DISCUSSICN AND RESULTS OF PILCYI' PLANT .E.VALUATION RUN 

Raw Material Properties: 

. 'Ihe H-coal liquefaction residue w:ts shipped to the tvbntebello Research 
Laboratory in the fonn of random flakes about one quarter inch 0-ick and 
less than t.\\0 inches long. < · 

The properties of the H-coal liquefaction residue are summarized in 
Figure 2. Basis the MRL analysis, the H-<:oal liquefaction residue 
contained 69.30 (wt.) percent carbon, 21.91 (wt.) percent ash and 2.10 
(wt.) percent sulfur with a gross heating value of 12398 BTU per pound 
of residue (rroisture free basis). 'lhe ash fluid temperature in a re­
ducing .atJrosphere was determined to be 2270°F. 

Pilot Plant qperations: 

A total of ten tons of H-coal liquefaction residue w=re ground and 
stored in om ton capacity tote bags to be used for this residue-water 
slurry test. During slurry preparation, \lhile the residue W3.S reing 
added to a pre-calculated fixed arrount of water, hard lumps of residue 
w=re discovered in the mix tank. An investigation revealed that part of 
the ground residue had overheated during storage and had fused into hard 
lumps. As a result, part of the remaining ground residue had to re 
discarded and that prevented us from achieving a higher solids concen­
tration in the slurry. '!he residue-water slurry w:ts screened several 
times to rerrove the lumps that had been found in it prior to charging it 
to the gasifier. 

A brief description of the H-Goal liquefaction residue-water slurry test 
run with tw::> test periods follows: The run was made at a constant 
pressure of 760 psig and the gasifier temperature W3.S controlled within 
the range 2300°F-2600°F. 

Test Period A (Computer Balanced Data) 

The high pressure gasifier was charged with a slurry of residue in w:tter 
at a rate of 2382 lbs/hr. Oxygen v.a.s charged to the gasifier at a rate 
of 1456 lbs/hr. The gasifier was operated for 6.5 hours under steady 
conditions. 

The overall performance of the unit during this test period was srrooth 
and satisfactory. 

Test Perioq B (Computer Balanced Data) 

The oxygen feed rate was reduced to 1344 lbs/hr while the slurry feed 
rate W3.S held oonstant at 2348 lbs/hr. The gasifier temperature v.a.s 
low=r than in test period A, hov.ever all other operating conditions v.ere 
kept the sane as in test period A. 'lbe unit ran sroothly. 'Ibis test 
period lasted for 3 hours and was shut down autcmatically when the 
slurry supplyfl>had reen oonsumed. 

-7-



FIGURE 2 

H-<:oal Liquefaction Residue Properties 

Ul tiltate ~~~is 

Wt.% 

c 
H 
s 
N 

Ash 
0 (by difference) 

Higher Heating Value, Bl'U/lb 

Melting Range, °F 

Ash Fusion Temperature °F 
(Reducing Atrrosphere) 

Initial Defamation Temperature 
Softening Temperature 
Hemispherical Temperature 
Fluid TP_mperatu_..-e 
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69.30 
4.37 
2.10 
1.22 

21.91 
1.10 

12398 

255-275 

1975 
2060 
2140 
2270 



Discussion of Results: 

Figure 3 summarizes the material balance and analytical data obtained 
during tre run. The H-coal liquefaction residue-water slurry was fed to 
the gasifier at a rate of 2348-2382 potmds per hour. 0\Ter 99. 6 percent 
conversion of carbon in the feed to syngas was achieved at an oxygen 
feed rate of 0.98-1.03 potmds per p;:>und of residue, producing 32.9-33.7 
standard cubic feet of dry syngas per p;:>und of residue gasified. The dry 
syngas contained 78.6-79.8 (vol. )_percent hydrogen plus carbon rronoxide. 
No major operational difficulties were encountered while gasifying the 
H-coal liquefaction residue in the \\ater slurry fonn and the operation 
of the unit was satisfactory. After 9. 5 hours of operation, the unit 
was shut down W'len the slurry supply WiS coilSUJ'IEd. 

The actual data shown on Figure 3 have been slightly adjusted by com­
puter to yield 100 percent recoveries of the elerrents C, H, and O, and 
of ash. Also shown on Figure 3 is the material balance projected .on the 
basis of a previous Type I Laboratory Evaluation of a sanple of the 
residue (DOE Report Fe-2247-28, November, 1981). When the data are 
adjusted for equal feed residue slurry concentration, the cpod agreement 
bet\t.eell actual and projected performance is apparent. 

'Ihe raw data obtained during the run are shown in Appendix A. The 
COIT\)Uter balanced data are shown in Appendix B. 

A small arrount of dissolved gases are flashed off \then the pressure of 
the quench and scrubber blow:iown water is lov.ered to atrrospheric. The 
composition of the flash gas is shown in Appendix A and B. It \\aS 
released at a rate of about 1.4 (vol.) percent of the syngas produced. 

Al:x>ut 8 percent less carlxm rronoxide plus hydrogen and 19 percent rrore 
carbon dioxide than projected was actually produced in the dry syngas. 
The difference is due to a lower residue slurry concentration compared 
to the projected data. 

Figure 4 is the solid recovery data from the gasification test run. A 
92.5-96. 2 ( wt. ) percent recovery of the input ash was achieved in the 
solids Yllich w:rre rerroved through the lockhopper system. 'Ihe coarse 
slag contained insignificant arrount of carbon while the lockhopper fines 
contained 2.84-4.06 (wt) percent of carbon. 

A 3. 8-7.5 ( wt. ) percent recovery of the input ash was. achieved in the 
clarifier bJttoms (char) stream. 'Ihe char rerroved from the lx>ttcm of 
the clarifier contained only 10.9-11.7 (wt.) percent carbon. 

Semiquantitative analyses of the alx>ve solid streams are shown in Ap­
pendix c. 
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FIGURE 3 

Conp3.risan of Predicted vs. Actual Perfo!TTBilce 
for Gisific.ation of H-coal Liquefaction 

· Residue-Water Slurry 

Predicted Data 
From DOE Report. 
(Fe-2247-28 Figure 1) 

em~ to -~sifier 
Residue (Dry, Fresh), Ihs/Hr 
Water, Lbs/Hr 
Pure Oxygen, Lbs/Hr 

Total Input: 

Out;E_ut From Gisifier 
Dry Product Syngas, Lbs/Hr 
Flash ~s, Lbs/Hr 
Char 1 Ihs/Hr 
Coarse Slag, Lbs/Hr 
IDckhoppo...r Fines, Lbs/Hr 
Missing Ash, Lbs/Hr 
Forced Water, Lbs/Hr 

Total OUtput: 

Ar1aJ.xti,cal 
Charge Residue Analysis, wt% 

caroon 
Hydrogen 
Nitrogen 
Sulfur 
Oxygen (by difference) 
Ash 

Highf::>...r Heating Value, BTU/Lb 

caroon on Coarse Slag, wt% 
carbon on I..cddlopper Fines, wt% 
Carron on Char, wt% 
Percent carbon Conversion 
~sifier Pressure, psig 

1600 
788 

1,447 
3,835 

3,009 

81 
280 

462 
3,832 

68.94 
4.57 
1.31 
2.13 
1.10 

21.95 

12,770 

(Dry) 
36.50 
49.37 
1:l.HJ 
0.52 
0.68 
0.05 
0 .. 01 
0.04 

0.5 

13 
99 

1,200 

Dry Prcx:iuct Syngas, SCFH 55, 500 
H +0:> in Product Syngas, SCFH 47,600 
stF Syngas/lb Residue 34.6 
Pereent OO+H2 in Dry Product Syngas 85.9 
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.Actual Data 1 
Test Period Test Period 

A B 

1,420 
962 

1,455 
3,837 

2,734 
59 
13 

249 
15 
40 

717 
3,827 

67.93 
4.51 
1.28 
2.06 
2.09 

22.13 

12,328 

35.12 
43.43 
20.47 
0.29 
0.65 

0 
0 

0.04 

0.1 
4.1 

10.9 
99.8 

760 

46,729 
36,709 

32.9 
78.6 

1,379 
969 

1,343 
3,691 

2,649 
49 
23 

103 
19 

164 
677 

3,684 

68.04 
4.50 
1.28 
2.05 
2.08 

22.05 

12,337 

36.50 
43.26 
19.14 
0.27 
0.69 

0 
0.10 
0.03 

0.5 
2.8 

11.7 
99.6 

750 

46,497 
37,088 

33.7 
79.8 
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FIGURE 4 

Solids Rerovery Data From The Gasificatirn of 
H-Goal Liquefaction Residue~ater Slurry 

Coorse Slag Lockhopper Fines Clarifier Bottams(Char) 
Test Period 
Pounds/Hr Rerovered 

Ultinate Anlysis, wt% 

c 
H 
N 
s 

Ash 

% of Tota 1 Input Ash 

Particle Si.ze Distribution 
Wt% Solids Retained on u.s. 
Sieve Number 

8 
14 
20 
40 

100 
200 
325 

-325 

A B 
286 261 

0.07 0.53 
0.02 0 

0 0 
0.05 0.03 

99.86 99.44 

90.9 85.4 

22.11 5.14 
45.14 26.17 
26.00 40.65 
5.11 22.40 
1.32 3.55 
0.19 0.35 
0.05 0.13 
0.08 1.61 
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A B A B 
17 22 14 26 

4.06 2.84 10.93 11.70 
0.10 0.15 0.19 0.02 

0 0.02 0.17 0.08 
0.26 0.20 1.49 0.83 

95.58 96.79 87.22 87.37 

5.3 7.1 3.8 7.5 

0 0 0 0 
3.95 6.37 0 0 

20.85 8.08 0 0 
26.58 28.28 2.36 0.74 
18.83 24.35 14.80 3.74 
9.30 7.70 7.74 4.08 
4.25 3.38 7.32 4.94 

16.24 21.87 67.78 86.50 



ESTIMATE OF OPERATION FOR TYPE III EXTENDED Piwr PLANT TEST ON 
H-cOAL LIQUEFACTIOO RESIDUE-\~TER SLURRY 

Based on the data obtained in this pilot plant run, a revised estimate 
of operation was prepared for gasifying 1500 pounds per hour of H-Goal 
liquefaction residue fed as a W3.ter slurry, should a Type III Extended 
pilot plant test be desired. During a Type III test, the oxygen rate 
WJUld be varied to retter define optimum gasification conditions. Fig­
ure 5 is our best estimate of optimum operation at this t.i.nE. These 
conditions could be used as a centerpoint in a balanced experilrental 
design. The distribution of coarse and fine slag shown on the estimate 
is ~what arbitrary as this ratio may vary significantly from run to 
run. A 99.5 percent conversion of carbon in the feed to syngas is 
predicted Wrich will yield 34. 3 SCF of dry syngas per pound of carbon­
aceous feed. 

12 



FIGURE 5 

Texaoo Coal Gasification Process 
Estimate of Operation For Type III Extended 

Pilot Plant Evaluation 

For: DOE Contract DEAC-01-76-ET10137 (EX-76-c-01-2247) 

Location: J.'lbntebello Research Lal:x:lratory Pilot Plant 

Charge Stock: H-coal Liquefaction Residue-Water Slurry 

Ultimate Prcxluct: Hydrogen 

Charge to Gasifier 

Residue (Fresh, Dry), Pounds per Hour 

Ultimate Analysis, Weight Percent, r-bisture Free 

Carl:x:m 
Hydrogen 
Nitrogen 
Sulfur 
Oxygen 
Ash 

Higher Heating Value, BI'U per Pound 

Pure Oxygen, Pounds per Hour 

Water, Pounds per Hour 

Product Oompostion, J.'lble Percent, Dry 

Carron J.'lbnoxide 
Hydrogen 
caroon Dioxide 
rvethane 
Argon 
Nitrogen 
Hydrogen Sulfide 
caroony 1 Sulfide 

Dry Product Gas, 
Standard CUbic Feet per Hour 

Hydrogen Plus carbon M::>noxide, 
Standard CUbic Feet per Hour 

Coarse Slag, Pounds per Hour 
Carbon Content, Weight Percent 

13 

1,500 

69.30 
4.37 
1.22 
2.10 
1.10 

21.91 

12,398 

1,409 

739 

49.50 
35.11 
14.02 
0.01 
0.16 
0.48 
0.68 
0.04 

51,400 

43,500 

247 
0.5 
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FI~URE. 5 (Coot 'd) 

Ltx:khopper Fines, Pounds per Hour 
caroon Contp_nt, ~ight Percent 

Char Discharge, Pounds ~r Hour 
carbon Contp_nt, ~ight Percent 

Unoonverted Carbon, Pero=>_nt of carbon in Feed 

G:lsifier Pressure, PSIG 

14 

60 
4 

27 
8 

0.5 

750 



(X)tQ..USIONS AND RECXM1ENDATIONS 

H-Goal liquefaction .residue from Illinois No. 6 coal is a suitable 
feedstock for tbe Texaco Coal G:lsification Process whP...n finely ground 
and fed to the gasifier as a mt.P..r slurry. AOOut 6. 7 tons of H-Goal 
liquefacticn residue were gasified during a 9.5 hour su<:XY-ssful nm at 
760 psig. 

EssP...ntially o:mplete oonversion of carbon in tbe feed to syngas ms 
achieved at an oxygen feed rate of about 1.0 lb/lb residue. No opP..r­
ating problems wP..re encountered during ~ run. A Type III ext:P...nded 
pilot plant evaluation is reccxrrrended to better define optimum operating 
conch tions. 
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. · RAW DATA 
MONTEBELLO COAL GASIFICATIDN GENERATOR 

I~UN NUt·iDEI~ 
:l.'•A: -,z 
1-~LJEL. 'TYPE 

I~ Ui\l PEl< I 0:0 HOUr< :3 
6. ~·;o 

H-COAL RCSIDUE-WATER SLURRY •, 

DRY PRODUCT GAS STREAMS FROM COAL GASIFICATION 

CD~1P ONENTS 

C6H6 
(..) 
H;.~ 
en 
C02 
N;.:!, 
CH4 
H;:.~f.) 
COb 
NH3 

TDT Fil... 
A\JG l·\OL t,.JT 

I NTLI'~ N?il... ::;Yl·!G(';S 
BCFH r1CILPCT 
0.00 o.oo 

60.~i'O .L3 
1.6:1.:34. l j_ 34' 40 
2 0 ;_:~ ;_:_~ ~3 ' {;} ·::; 4 ~-~ f :t (~ 
1.0044.00 ?:1..4~~ 

1.3S.D6 .?? 
0.00 0.00 

29~';"r tl~:};.?. I (:,4 
0.00 0.00 
0.00 (),()() 

100.00 
':>':l f."C 
1-.f- I .:> _} 

LXTLF~ NAI... f:iYNCf'·-.::; 
~-:>CFH f-iDLPCT 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.0() 
0.00 0.00 .. o.oo 0.00 
o.oo 0.00 
o.oo 0.00 
0.00 0.00 

0.00 
0.00 

Fl...t.tGH Gt~lf) 
~~;cr·H j··,IOLP c·r 
{),00 o.oo 

. 0'7 • L?. 
j, ~:it. 60 ~~j,. 02 
1.64. '::iB 2;;.~. e::!. 
3'10 '•:i3 ':i4. j_ s 

:1. ~.:.~ I :1 :3 j, t 7 :i. 
• ':iO . 0'7 

o.oo 0.00 
. 79 . :1.:1. 

0.00 0.00 . 
. :1.00.00 

~1 j_ • ;.:~~) 

RECOVLRED SOLIDS DATA DRY FUEL ANALYSIS 
i,.JTPCT 

Di~/{\11~ 

o;::: 
{1Nr\I...YbiB 

r101...P CT 
99.90 I...H SL(';G l...B/HR 

L.H FINE~3 I...B/Hl~ 
SETTLER FINES LB/HR 
•::· T i'-l F c· AN :'11 1... H t, C .. i:- ..... 'r:.-;. ' ... 4 . o 6 

PCT S .26 
PCT 1·: .1.0 
PCT ASH 95.58 

CHr~'ii~GC DATA 
~OAL SLURRY LBS/HR 

COAl... R(';TE l...BS/HR 
02/AIR RATE SCFH 

24BO.OO 

14t:iG.OO 
:1. f.::.b j_ j_ • l::i;.?. 

C 6B. 3S' 
H 4.40 
N t.26 
\.~ ;~' 0 :·5 
r:::;H ;::: l . 79 
0 ;,:.~.OS 

· Cl... 0. 0 0 
ruT too.oo 

~~ 
H;~ 
CD 
co;::. 
N~.:-~ 
TDT 
Ar·ll.o.JT 

PRODUCT DATA 
INT :~YN G(.i~:; sen: 
EXT SYN GAS'SCFH 
1::· L / c~l· 1 (''A<:' c· .)·r:,. · .ri,_, 1 ,, •• >, ,.>L 1 

l3DI...IDS .I...Bl:)/HR 
H20 > FDI~CED, l..f.:/l·ll~ 

PERFORMANCE PARAMETLRS 
PER L.B COAL. FEED PER LB C FEED 

t:; C F ~.)'( N G {1 t; 
l:iCF FLf'tEH GAD 
t..r:r; OXYGEN I NP Ul 
LJ:~G V..lf'\TE.R INPUT 

17 

3:\., ~·;:1.0 
.40S 
. 9•1:\. 
. 66'7 

• :1.0 
0.00 
0.00 
0.00 
(),()() 

:1.00.00 
:3 ~:-~ ' 0 j_ 



'~ "'-. ~./· 

0 

~ . 0 
~ 

RAW DATA 
MONTEBELLO COAL GASIFICATION GENERATOR 

\ 
HUN Nl..lt1r.<:::H 

.. ·1 B··'· 
F(JEL. TYPE 

RUN PERIOD HOURS 
3.00 

H-COAL RESIDUE-WATER SLURRY v( 
DRY PRODUCT GAS STREAMS FROM COAL GASIFICATION 

C () M P 0 N EN T ::; 

C6H6 
A 
H2 
co 
C02 
N2 
CH4 
H2S 
cos 
NH3 

TOTAL 
AVG MOL WT 

I NT:::::~ NtlL ::;YNG:~!:; 
~:!CFI·: MULPCT 
0.00 0.00 

·::i6.l'J .:i.2 
16745.62 35.76 
;:.o 1. ·::>4. 6D 4~3. 04 

<?T??.(:d. :?.0.03 
t 2 (:, . L! 4 . ;:~ 7 

4b .!B . i 0 
:5 j_ r:; . L~ ~~-; I t)E: 

0.00 0.00 
o.oo 0.00 

1.00.00 
?1.96 

EXT El~ t•lr~·.L BYNG(-iEI 
~~:cr·H i'lDL.P CT 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 (),()() 
0.00 ().00 

'() . () () () . 0 0 
0.00 0.00 
0.00 (),()() 

() . 0 () 
0.00 

FL.l1SH G(.~f.~ 
GCFH i'10Li='CT 
0.00 0.00 

• '73 'j_2 
L::~'?. on 21. 02 
1:'57. 96 :.?.2. 82 
3(.~'7 . 36 :.>4. j_ '5 
U).~34 t.71 

. 42 '0'? 
0.00 0.00 

. 66 • j_:!. 
0.00 0.00 

100.00 
:~ 1 . ;:~~:) 

RECOVLRED SOLIDS DATA DRY FUEL ANALYSIS 
WTPCT 

02/rY[I~ tlNt!L. Y~; I E) 
dOLPCT 
9?.90 LH ~:;L{'.G L.O/HF:: 

LH FIN::::~:; t..:U/HF< 
SETTLER FINES LB/HR 
FINE!:> AN:iL LH 
PCT C 2.84 
PCT !3 .::.~0 
PCT H .i~; 
PCT ASH 96.81 

CHARGE DAT(; 
COAL SL Uf~f~Y I ... W:l/1-m 

C Cl ~~ L . F~ f~ r E L B ~:; / H P 
02/AIR R~'TE SCFH 

102.SO 
18.94 
22.4& 

SETTLER 
1.1.70 

.83 

.02 
87.45 

;,~4?~:;. 0 0 

:1.430. ·r; 
t•::i407. 1.'5 

c 68.39 
H 4.48 

· N 1.26 
s 2.03 
ASH ·21.79 
0 2.05 
CL 0.00 
l'OT 100.00 

02 
A 
H2 rn 
~u 

LCJ2 
N2 
T!JT 
AMWT 

PRODUCT Df~TA 
I NT ~~YN Gi~n SCFH 
l~x,· ~-v~ ~~!~>s!~l~l-1 .•. ,:> I< •. l~d ; '· .~ 
FL.A~>H CAS'- SCFi·: 
(',' t"l 'I' I'!:\ I "(<'7' / L-IR •• > .J ·- . . ) '·· 1 --- , '·' r 
H~:?.D, FORCED, LB/HI< 

PERFORMANCE PARAMETERS 
PER LB COAL FCED PER LB C FEED 

f.>CF ~:;yi-'o/Gt.G 
LCF r--L.r~~:~H Cr~.E 
LBS OXYGEN INPUT 
LB~:> I . ..JATER INPUT 

18 

32.730 
.423 
.908 
.69S 

47.857 
.618 

1.328 
1.016 

. Ui 
() . 0 0 
0 . () 0 
() . 0 () 
0.00 

:1.00.00 
3;.~. 0 :!. 

46827.80 
0.00 

604.54 
143.90 
674.89 
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l~UN NUt-IIIL:F< 
1 A . 

... FI.JEL. TYPE 

L._:> 
0 

( ... -
(. 0 

CD~·if>UTEr< Df.il...ttNCE:O Df.il,~ 
MONTEBELLO COAL GASIFICATION GENERATOR 

!'HJN PElHOD l··lO\.mr; 
6. •::; 0 

H-··CCi (~L. F' L!:) I DUE····!..· .. !{'; TEF:: ::>LUR R Y 
. 

c.} ( 

COt1P ONENT::; 

C6H6 
A 
H2 co . 

DRY PRODUCT GAS STREAMS FROM COAL GASIFICATION 

I NT ::::1:·! Nt-1 L. ~:JYNC(i::l 
~:;crt·: 1-'\0L.F'CT 
0.00 0.00 

t6.4]. ,(I.<; 
1.(:, 4 t ;:! . {> tl :3 ~:; . 1. ;? 
;.~o;:.~?6. s·::; 43. '*:3 

?~:.)6~:) '93 ~~(). 47 
:t:5f. IS:\. j ;.:?.<;• 

0.00 1),(1() 
3 fj j, • ;~ 6 • 6 4 

0.00 0.00 

C>: T ::::n N(ii... ~:;YNG ti;:; 
~:::c r .. t·: r·l 01... r- CT 
0.00 0.00 o.oo 0.00 
0.00 0.00 
0.00 o.oo 
0.00 0.00 
(),()() (),()() 
o.oo o.oo 
o.oo ('1,00 
(),()() 0.00 

FLA~:JH 
~:;cFH 
0.00 

. ~:$13 
149. ':i~~ 
1. 6;:~ . :32 
305.1.7 
l2.i6 .so 

0.00 
'7t1 

r·f\ .. :·· .;,1·1· . .! 

i"iDI...PCT 
0.00 

,.. . l ~~ 
t.:!i. 0~ 
2;?. I ~l~~ 
~)4. 15 

1. • '7 :1. 
• 0·7 

rv.'il 0 
.:l.i 

C02 
N2 
CH4 
H2S cos 
NH3 

TOTAL 
AVG MOL WT 

0.00 . 0.00 
:1.00.00 

;:~;.?. I i!. 0 

o.oo (),(}() 
0.00 
0.00 

0.00 ~),()() 
1.00.00 

31. . ?'::; 

RECOVERED SOLIDS DATA 

L H ~:;L. t.G L. El / l··:r~ 
LH r·INES L:O./HP 

SETTLER FINES LB/HR 
FINE::; (-',N::'iL L.H 
PCT C 4.06 
PCT ~3 .26 
PCT H .10 
PCT ASH 95.58 

;.:~ ~:~ ~·:; I (:, (J 
1.'7.04 

'1. 4 . 1. ~~ 
::>ETTL.EI~ 

i 0. <?3 
:1. .A':;· 

• 1. <? 
1:)'7. 39 

UNACCOUNTED FOR H2S 
UNACCOUNTED FOR NH3 

CHPIR G[_ 1){1 TA 
COAL SLURRY LBS/HR 
coi~~~...· r<t, r:::: LE!blH~'< 
[);;?./i~,IF·~ I~ATE \:!CFH 

~:~~30:\.. B4 

:1. 4 ? 0 . ;.~ ·~; 
·j '7?6'7. (:-.6 

DRY FUEL. ANALYSIS 02/AIR 

02 
wrrcr 
c 
H 
N 
~ 
~ 

ASH 
0 
CL 
TOT 

.110 M/HR 

.514 M/HR 

(:,'7,9~~ 
L• ,.- ·j 

'I I :) •• 

1 .. ?B 
;.:.~ . () (:; 

;:.~;::.. t ::3 
·;.:.~. 09 
0.00 

too.oo 

A 
H2 co 
C02 
N ~ ~ 
TOT 
AMWT 

PPODUCT DATt-1 
INl. SYN GAS SCFH 
EXT SYN GAS 1 SCFH 
.... L A'~' I (''A<"· c·~'c-11 I·· .. o... ·' ·· ~>) ,:)\.,, ·· 
!:>DL I D~; , I...B~)/ HR 
H20,FOACED 1 LB/HR 

METERED TO CALCULATED FLOW RATIOS 

ANALYSIS 
MOLPCT 
99.90 

.10 
0.00 
0.00 
0.00 
0.00 

100.00 
32.01 

46729.30 
0.00 

711.30 
316.83 
~16.79 

02= .9G2 SL.UHRY=i.041 UNC CnRBON= .893 TOT SYNGAS=1.004 FLASH GAS=i.014 
INT SYNG~S- PCT N2=1.00 PCT H2S=1.00 EXT SYNGAS- PCT N2=i.OO PCT H2S=i.OI 

PERCENT CARBON CONVERSION S' 11, 764 

PERFORMANCE PARAMETERS 

PCR LB COAL. FEED PER LB C FEED 

SCF SYNGAS 
SCF FLASH GAS 
I...BS OXYGEN INPUl 
L.BS WATER INPUT 

20 

32.902 
.501 

1.025 
.677 

48.434 
.737 

1.509 
.997 

·-·-~·- ,. .... ,.- ..... ·.-- ... -- .. ~··~ .... ·--·~ 



0 

0 

.COMPUTER BALANCED DATA · 
MONTEBELLO COAL GASIFICATION GENERATOR 

RUN NUi·1DLr~ · r~UN PERIOD HOUr~~:; 
1 B 3, 00 
FUEL. TYPE 

H-COAL RESIDUE-WATER SLURRY 6 : · 
DRY PRODUCT GAS STREAMS FROM COAL GASIFICATION 

COMP DNENT~3 I NTEI;l NFtl... f:>YNC(.~~:; EXT::::l~ Nr::,L ::>YNG(.1~:; 

C6H6 
A 
H;_:_~ 

co 
C02 
N;_:~ 

CH4 
H;:.~~~ 
CDS 
NH3 

TOT Fd._ 
t-,'.J G r··l 0 L I,.J T 

~~ CF II t··iCJ 1... F' CT 
o.oo 0.00 

I., ... ..... '- o-, 
1 c .._~ .. ::> • :·1- c~ .. , c· ···-~ 
... 6 I 7 j_ , d J ,3 6 , .:1 IJ 
;_:_~Ot:\.6,;.:~1. 43.;~6 
()900.?0 i9.:i.4 

j_ ;:~r: .. '6 0 ';:~·7 
46. B9 , 1.0 

:-s1.D ._n·::; . 6<~' 
0.00 0.00 
0.00 o.oo 

100 '00 
;:?.1. ' 6::.~ 

RECOVCRED SOLIDS DATA 

L.H ~)L{~G LD/Ilr~ 
LH F I NCf.-> L.D/Hr~ 

SETTLER FINES LB/HR 
F I NE~::l i:':'tNAL LH 
PCT C 2.84 
PCT ~3 ,;_:~o 
PCT 1--: , i. ~; 
PCT ASH ?6.81 

i~60 '·:;:.::: 
?t.'70 
?~:) '7:5 

nETTLEi~ 
U .. '70 

.03 
' 0 ;.~ 

8'7. 4'::; 

UNACCOUNTED FOR H2S 
UNACCOUNTED FOR NH3 

CHM<GE DATA 

~3CF!l 1"\ULPCT 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 (),!)() 
0.00 {),(){) 
(),()() 0.00 
0.00 0.00 

'0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 
(),()() 

DRY rULL ANALYSIS 
t~TPCT 
C Mi. 0 4 
H 4.SO 
N 1., ?D 
~::: ;:~ ' 0 ~=> 
f:t s l·l ;;~ ;::: ' 0 ~:; 
0 ;:~.00 

. CL 0. 0 0 
TOT 1.00.00 

. 034 r-i/Hr~ 

. S34 t1/HI~ 

u;?/f.IIr~ 

o;:!. 
A 
H;.?. 
CD 
CD? 
N;_:_~ 

TOT 
f~MI....JT 

PPODUCT D(~TA 

; .. · 
•• 1" 

AN{~,L.Y~:.:I D 
f'IULP CT. 

<;'<"} '<j() 

':1. 0 
0.00 
0.00 
(),()() 

0.00 
:1.00' 00 
:s;:~.ot 

COAL SLURRY LBS/HR INT SYN GA~:; ;:;cF! i 464<7'(-, t.q\ 
~v-r· ~-'1·~· c·,A,s'c)·(~cl .. l · 1·.\·.~l=_, I_ l\ ,,) t "( .? - ·-· ) ~ ·" I _ 

cn··1 r' ·· r 1 r<~/1-IP (-:.~ :};·' :~ .,. 1\ H ·~ ;;;_ --~-,·::- :.< i~ c·· 1·?.·1·~~-
•• L- I~ .. \ loi1 ·- ~1 

Fl 'c-1·' ("(.) <:' eCFI·' t:;c-;l rj'/ ("·.,·;:In .... ~ )• , ..... , .. , '!o·)·l· '·-' ·' . • • .... ::~ . 'i:~, i. 
~; ... L.I.l.;:l~L.b,.l/Hh ,:SlJ.,, ~r::l 
H ;~ 0 1 F 0 I< C L D 1 L. f.< / I l I~ 6 '7 6 • '? ? 

METERED TO CALCULATCD FLOW RATIOS 
02= .966 SLURRY=1.033 UNC CARDON= .873 TOT SYNGAS=:\.,007 FLASH GAS=1.014 
INT SYNGAS- PCT N2=1.00 PCT H2S=1.00 EXT SYNGAS- PCT N2=1.00 PCT H2S=i. 

PERCENT CARBON CONVERSION S'9, 6U. 

PERFORMAN~E PARAMETERS 

PER LB COAL. FEED PER LB C FEED 
SCF f:)YNGA!:; 
~.:CF FLA~:;H GAS 
L.BS OXYGEN INPUT 
L.t::!:i IAfr:)'fEI<. INPUT 

21 
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APPENDIX C 

sPJTtiquantitative Analysis of H-Ct:a l Residu~ter 
Slu_~ Run Slurry, Clarifier Bottoms, 

Slag Fines and Coarse Slag 

22 
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SeJ!!i~titath_ve Analysis of H-coal. Residue. ~rer S~. Run 
pll,!.m,__Clarifier. &:>tt:ans, . Slag_ Fin~. and. Coarse Sla__g_ 

Clarifier Slag Coarse 
~t Sl~ &:>ttans Fines Sla_s._ 

-·-·--·~· 

-Si 5.9% 24.% 19.% 26.% 
Al 1.9 7.8 11. 8.9 
Fe 1.9 11. 10. 8.6 
ca. 0.49 1.5 4.8 2.8 
Mg 0.19 0.78 0.62 0.75 
Ti 0.11 0.63 0.48 0.45 
B 0.024 0.091 0.060 0.086 
Mn 0.014 0.046 0.037 0.069 
Na 0.10 TR.(0.10 0.72 0.64 
Pb- 0.0060 0.073 0.027 ND.( 0.01 
Cr 0.0024 0.013 0.021 0.031 -Ni 0.0027 0.015 0.0099 0.012 
Mo 0.0019 0.032 0.0081 0.0091 
v 0.0024 0.014 0.010 0.012 -cu 0.0024 0.021 0.0067 0.0098 
Ga. 0.0014 0.020 0.0065 0.0043 
Zr 0.0020 0.015 0.015 0.017 
Co 0.00089 0.0078 0.0071 0.0080 
Sr 0.0024 0.020 0.021 0.024 - TR<0.01 0.42 ND<0.04 ND.-(0.04 Zn -Ge 0.0016 0.0067 ND<0.004 ND< 0.004 
Other Elesrents nil -------------- ----- nil --
Loss an ignition 77.58% 6.90% 0.81% 0.69% 
(sulf. ash) 

* The loss or gain of rraterial is related to the procedure used to prep:Lre 
~ sarrple for ara.lysis and doP...s not reflect any loss or gain of weight 
in the _sample itself. 
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