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APPENDIX A 

FLUID BED GASIFIER YIELD PERIOD DATA 

Data for the 18 yield periods (Yield Period 202 to Yield Period 
21g) which included complete solids analysis workup are shown in this appendix. 
The last four pages for each yield period l i s t  "measured" and "reconciled" 
summaries of all the process vairables which entered into the yield period 
data analysis. The "measured" values are raw data taken from on-line data 
acquisition and from laboratory analyses of samples. The "reconciled" data 
result from an off- l ine computer program which stat is t ica l ly  analyzes the raw 
data to provide consistent and best estimate data for use in correlations and 
kinetic model development. The reconciled data are internally consistent and 
forced to satisfy 31 independent constraints, primarily material balances and 
summations of stream components. These constraints are listed in Table 
A-I. 

The heart of the program is an algorithm developed for use in 
reconciling commercial processing unit data. The procedure involves an 
iterative process which simultaneously compares the deviation between the 
measured and reconciled values for each variable. The algorithm minimizes an 
objective function, which is the sum of the squares of these deviations, while 
satisfying the physical constraints. I f  the measured deviation is significantly 
greater than the standard deviation, then that variable's contribution to the 
total objective function wi l l  be large. 

Three categories of input are required: (1) the measured data, 
(2) the standard deviation for the measured variables, and (3) the physical 
constraints that bound the system. The standard deviations were based on unit 
experience, rather than manufacturer's equipment specifications. 

Program output includes reconciled material balances and constraint 
residuals (to te l l  how well each has been satisfied). 

The constraints have the greatest influence on the program results. 
For this reason, considerable care was required to real ist ical ly,  yet fu l ly ,  
constrain the system. 
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TABLE A-l 

CONSTRAINTS USED IN RECONCILING FBG OPERATIONS DATA 

Description 

Hydrogen Balance 
Carbon Balance 
Oxygen Balance 
Sulfur Balance 

Chlorine Balance 

(Acid Soluble) Potassium Balance 
(Acid Soluble) Sodium Balance 
SiO 2 (S03-Free Ash) Balance 
Fe203 (S03-Free Ash) Balance 
Al203 (S03-Free Ash) Balance 
CaO (S03-Free Ash) Balance 
MgO (S03-Free Ash) Balance 
TiO 2 (S03-Free Ash) Balance 
P205 (S03-Free Ash) Balance 
ASTM Ash Balance 

C/H Test Residue Balance 

S03-Free C/H Test Residue Balance 
z Product Gas Components 

Syn Gas Components 

Feed Coal Components 

S03-Free 
Ash Balance 

z Feed Coal+(SO3-Free Ash) Components 
Char Carryover Components 

Char Carryover (S03-Free Ash) Components 
z Bottom Char Components 

Bottom Char (S03-Free Ash) Components 
z Bed Char (Beginning) Components 
z Bed Char (Beginning, S03-Free Ash) Components 
z Bed Char (Ending) Components 

Bed Char (Ending, S03-Free Ash) Components 
Total Bed AP = Incremental Bed aP's (Beginning) 
Total Bed AP = Incremental Bed AP's (Ending) 
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RECONCILED DATA 

YIELD-PERIOD 202 

UNIT OPERATIONS 

Tlme {)ate 

F~O~ 11:30 2-11-77 

To 11:30 2-12-77 

Duration 24 Hrs 

Percent of Tirn~e on Stream 

Coal Feed 99 

Steam 9~ 

Syn§as 99 

Gasifier Process Temperatures 

Gasifier Bed Height ( i t) Gasifier Temperature '°F) 

43.2 1203 

38.4 1238 

32.1 1287 

26.6 1306 

71.2 1302 

16.0 1305 

10.9 1290 

6.4 1274 

0.4 1140 

Ugit  Temperatures 

Lockhopper I Top 
Lockhopper I Bottom 

Lockhopper Z Top 
Lockhopper Z Bottom 

Gas i f ie r  Feed Ltne 
GasJfier Steam Line 

Gast f ie r  
Top of  Bed 
Bottom o f  Bed 
Total Bed A~erage 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gaslfier Backend 
Cyclone Inlet 
Fi l ter Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

Gast f fe r  
6 a s i f i e r  Top 
Gas t f ie r  Bottom 

Rough Cut Cyclone Outlet 
Filter Outlet 
Scrubber Outlet 

Product Gas Meter 

YIELD PERIOD 202 

UNIT PROCESS VARIABLES 

Process m =F 

2Z7 
197 

335 
275 

674 
908 

1306 
1140 
1270 

g51 
697 
815 
838 
772 

1186 

581 
71 

8B 

Psia 

63.5 
114.7 
155.7 
163.7 

112.7 
117.0 

!12.s 
112.6 
112.6 

114.7 

243 
156 

335 
405 

823 
893 

)346 
1258 
1307 

994 
1019 
1000 
1016 
989 

1051 
1003 

570 
563 

530 

t ~ * 6 



I 
, . . J  

01 

I 

YIELD PERIOD 202 

~LUID-SOLIDS DATA 

@asifier Ftutdized Bed Proporties 

Bed Bottom Density (Ibs/cf) 
Bed Top Density (Ibs/cf) • 
Bed Average Density (lbs/cf) 
Bed Reight (ft) 
Bed Holdup (Ibs) 
Bed Volume (of) 
Average Bed Temperature (°F) 
Space Velocity (bed) (ef/cf/hr) 
Bottom Superficial Velocity (ft/sec) 
Top Superficial Velocity (ft/sec) 

C/cl one Performance 

Temperature (°F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (ft/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (Ibs/hr) 
Solids Escaping (lbs/hr) 
Overall Efficiency (Captured/Entering, wt.)) 

Solids Carryover Loss 

Coal + Catalyst Feed (Ibs/hr) 
Total Carryover (Ibs/hr) 
Cyclone {Ibs/hr) 
Filter (Ibs/hr) 
Carryover/Feed (Wt.~) 

Solids Carbon Loss 

Carbon in Feed (lbs/hr) 
Carbon in Carryover ( lbs/hr) 
Carryover/Feed (Wt.%) 

26.7 
1Z.8 
19.8 
31.5 

111 .O 
5.0 

1295.4 
89.3 
0.61 
0.70 

57n.o 
112.7 

lO15.3 
262.4 
20.6 
4.2 

o.o16o 
3.8 
0.4 

90.0 

10.14 
4.19 
3.77 
0.42 
41.3 

6.50 
2.95 
45.5 

YIELO,.?ERIO0202 

UNIT CONVERSIONS 

Carbon Consumption 

Carbon in Feed* ( lbs/hr) 
Carbon from Devolat t l izat ion** of Feed Coal ( lbs/hr)  
Carbon Gasified (by difference) ( lbs/hr) 
Total Carbon Converted (Ibs/hr) 

Carbon.C6nversion (C Converted/C In Feed~ 

Gasification Only (1) 
Total, Including Devoiatilization (%) 

Carbon Distribution 

Total Converted (%) 
Entrained (~) 
Withdrawn (~) 
Accumulated (%) 
Conversion (Entrainment Backed Out) 

Specific qeaction Rates (C Converted/C in Bed) 

Gasification Only (~/Hr) 
Including Devolatilization 

Steam Consumption 

Steam into Unit (Ibs/hr) 
Steam Reacted with Carbo~ (Ibs/hr) 
Total Steam Consumed {Ibs/hr) 

Steam Converslon {Stea ~ Consumed/Steam ,into Bed,), 

Gasification* (~) 
Total Steam Converted (~) 

Reaction Rat~ Parameters 

Carbon Converted/Steam Fed ( lbs/ lbs)  
Carbon Converted/Steam Fed (mollmel) 
Carbon Converted/Bed Volume (Ibs/hr)/cft 
Carbon Converted/Bed Volume {mol/hr)/cft 
Carbon in Bed/Steam Fed Ibs/(Ibs/hr) 
Carbon In Bed/Steam Fed mel/(mol/hr) 

6.50 
1.59 
1.11 
2.69 

17.0 
41.4 

41.4 
43.7 
15.2 
-0.3 
73.5 

1.8 
3.5 

15.86 
1.66 
4.75 

10.5 
30.0 

0.070 
0.105 
0.197 
o.oI~ 
3.774 
5.663 

*Excludes carbon in catalyst 
**Assumed from standard ASTM devolat t l izat ton test  of feed coal 
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YIELD PERIOD 202 

UNIT COHPOSITIONS 

Catalyst Dist r ibut ion* 
Gastf|er 

wt~ Feed Top Mid 

K as k20 7.1 14.5 14.2 

K as ~2C03 10.5 21.2 20.9 

K as ~ 5.9 12.0 11.8 

K Mater/Acid, 0.519 O.SSS 0.563 
Sotuble Ratio 

K20, H20-lnsoluble 3.4 6.4 6.2 

K2CO~ H20-Insoluble 5.0 9.4 9.1 

K,H20-lnsoluble 2.9 5.3 5.2 
Carbon 64.1 56.6 54.0 

K on Carbon 9.2 2t.2 21.9 

ASTHAsh 21.5 40.4 41.3 

K on Ash 27.6 29.7 28.6 

K2CO 3 Fro, e-Ash 10.8 18.7 20.0 

K on K2C03 Free-Ash 55.0 84.2 59.1 

Size Distr ibut ion 
Cumulative WtZ 

32514esh 200 Mesh 100 Mesh 

Fe~d Coal + Catalyst 9.9 11.3 22.5 

Top Ch|r 4.6 3.7 11.3 

Mid Char 1.5 1.5 9.3 

Bottom Char 0.6 1.8 4.7 

Cyclone 

F i l te r  

Char 
Bottom Entrained 

15.1 13.0 
22.2 19.2 

12.5 10.8 

O. 566 0. 687 

6.6 4.1 

9.6 6.0 

5.4 3.4 

48.4 67.7 

25.9 16.0 

47.1 31.6 

26.6 34.2 

24.4 12.0 

51.4 89.9 

Less Than Mesh Size 
SO Mesh 30 Mesh 20 Mesh 10 Mesh 

44.4 70.5 83.1 99.9 

29.7 57.3 72.4 98.4 

31.6 56.5 72.3 98.8 

16.6 44.2 64.4 99.5 

Volume/ 
Number Surface Weight 

Pi r th : le  Otineter (Microns} Mean Mean Main 

Feed Co41 + Oltalyst  24 132 S09 
Top Char 24 224 650 

Mld Char 29 300 659 

BOttOm Char 35 414 796 

Cyclorm 
F t l te r  

~ksed on acid soluble analysis 

Bulk Density 

48.2 

27.0 

19.1 

26.3  

Ultimate Ana1~sts 

YIELD PERIOD 202 

SOLIDS COMPOSITION 

gt~ of Total Sol ids,  IJry . 

Component __[P.P.~L_ :~01 ida M/D Entrained 

H 4.15 0.98 0.64 

C 64,1 5Z.7 67.7 

5 3.8 3.6 2.1 

O 10.6 1.5 2.4 

N 1.13 0.36 0.36 

CI 0.09 0.11 0.18 

SO3-Free Ash 16.2 40.8 26.6 

Total 100.0 100.0 100.0 

Solids Flow Rate 10.03 
( lbs /hr )  

Ash E1e~nt Ana1351s 

1.88 4.19 

Wtt of 5O3-Frelp Ash 

5402 30. B 35.2 27.5 

Fe203 10.1 11.5 9.3 

A1203 11.4 12.1 10.4 

ClO 1.50 1.51 1.52 

M90 0.58  0.67 0.56 

TtO 2 0.57 0,57 0.58 

P20s O. 21 O. 30 O, 12 

Na20 0.82 0.70 0.94 

K2@, Catalyst 44.09 37.40 49.08 

Total 100.0 100.0 100.0 
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YIELO PERIOD 202 

PRODUCT G/5 DATA 

PPcluct Gl$ Partial Pressures at Gaslfter Extt 

TOIl1 Pressure, pste 

H2 

CO 

CH4 

COz 

H25 

H20 

N2 

H20/CO 

H20/C02 

UE!t Gas Oata 

S,Imgas le4T, Ibs/mol 

P~duct Gas ~ (dry), lbs/mol 

Product Gas 

At DTH (dry), SCFH 

(O~j, N2-Free). SCFH 

At GastfterOutlet, SCFH 
(Includes N2 + H20) 
At Gaslfter Outlet. ACFH 
(Includes N 2 + H20) 
At GastfteP Outlet, SCFtl 
(Excludes N2) 
At Gastffer Outlet, ACFH 
(Excludes N 2) 

112.7 

43.5 

7.3 

11.3 

0.3 

25.9 

14.5 

2.6 

2.3 

10.5 

16.1 

781.6 

550.9 

1015.3 

423.5 

884.6 

369.0 

tZ(LOe~eIo0 2o2 

PRQOUCTGAS I~TA 

Unit Gas Ytelds 

Product Gas (Dry~ No1% 

gO2 
CH4 

N2 

Product GaS (Or~, N2-Free) 
H2 
C O  • 

C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

H20 
Ng 

Product Gas (Nz-Free) 
H2 
CO 
C02 
CH4 
H25 
H20 

SCFH CH4/lb C Actlve Bed 

SCFHCH4Jlb C Fee4 

Moles CH4/mole C Feed 

EqutllbPtum Constaqts 
GraphtteTH20: C + H20 - CO + H2 
Shift :  CO ÷ H20 - C02 + H2 
Hethanetfon: CO + 3H 2 - CH4 ÷ H20 
Overall: 2C ÷ 2H20 - CH4 ÷ C02 

Reaction 
EqutllbrLumat 

Act4ve 8~d Temp 
(1295.4°F) 

1.7217 
1.5433 
0.0747 
0.3417 

50.1 
11.4 
13.0 
8.4 
0.4 

16.1 

,60.2 
13.6 

• 15.6 "" 
10.1 
0.5 

38.6 
8.7 

10.0 
6.5 
0.3 

23.0 
12.9 

52.2 
11.8 
13.5 
8.7 
0.4 

26.4 

1.1 

10.1 

0.32 

Actual 
Equilibrium 
Expression. 

I .  1238 
1.9200 
0.0504 
0.1222 

Comspondtng 
Equtltbrtm 
Te~erEture 

"F) 

t251.9 
1210.3 
1320.6 
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YiElD PER|O0202 
~ l ~  8AtANC[S 

0verall I~ ter ta l  Balance 

Coal Feed (ex N 2) 10.03 

Gast f i e f  S te~  15.86 

Gasffter Syngas 14.$4 

Total (ex N 2) 40.43 

Accumulation: -0.25 

Closure: (Output + Accum)/lnput, 

S.ynU~lsts Gas Balence 

l__~_t: SC~ 

Gas ! f ter Syngas 527, 2 

N 2 MOI| 67.6 

CO ROI% 32.4 

Balance: (Output/Input), % 91.2 

Pm~c t  Gas (ex N 2) 23 .~  

P~duct Gas N 2 9.66 

P~duct Vater 11.11 

Char £ntral~d 4.19 

~ l l d s  With~Jrae 1.88 

~ t a l  (ex N 2) 40.68 

100.0 

Ou~ut: 

X 2 ÷ CO tn Product Gas 480.6 

H 2 NolS 50.1 

CO NolT II .4 

TIELD P~ERIOD 20?. 

WILTERIAL BALNICES 

Etement Balances 

~ V _ ~ I :  carbon* ~ o x ~ m  

* Goal + Catalyst**  6.50 0.42 1.07 

Gastf ier Stem 1.78 14,09 

~ l s | f t e r  SJ~ges 5.42 1.89 7.22 

Total 11.92 4.09 22.38 

Product Gas 8.11 2.80 12.33 

Product Water - 1.24 g.B7 

Char Entrained 2.8a 0.03 O. 10 

Sol tds gl t.hdra~n O. 99 O.OZ O. 03 

Total 11.94 4.09 22.33 

Accumulation: -0.02 0.00 O.OS 

Closure l~J.~ 100.0 100.0 
(Out + Accum)/in, t 

Cetalj, st Bale.nee 
Actd Sol. 

[nput (Lbs/Hr) : K 

Coal + CAtalyst 0.60 

Char" Entrained 0.45 

Product Water 0.00 

Solid Wt thdrmm 0.24 

Total O. 69 

Accu~ l l t ton :  -0.09 

Closure 1~ .0  
(out + accvs)/ tn,  s 

~,arbon belmnce excludes c e t ~ l ~ t  ca ebonite 
**Excludes carbon and oxygen In cata lyst  

Sulfur Chlortne 

0.386 N.O09 

O. 386 O. 00g 

0.255 

D.004 

0.088 0.007 

O. 06B O. 002 

0.415 0.009 

-0.029 -0.000 

I(2)0.0 100.0 

Water Soi. 
K 

0.31 

0.31 

0.00 

0.13 

O. 44 

0.01 

145. l 

6 ,P e 1) 
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Ash Balances 

Input (Lbs/Hr) : 

Coal 4. Catalyst 

Entrained Char 

S~ltds Withdrawn 

Total 

Accumulation 

Closure 
(out + accum)/tn, % 

ASh Element Balanc e, 

_]n_put (Lbs/HP): 

Coal + Catalyst 

Entrained Char 

Solids Withdrawn 

Total 

AccurnulaLion: 

Closure 
(out + accu~)/tn, % 

YIELD PERIOD 202 

HATERIAL BALANCES 

C/H $03-Free S03-Free 
ASTNAsh Residue ASTHAsh C/H Residue 

2.18 2.04 1.64 1.54 

1.32 1.28 1.11 1.11 

0.89 0.83 0.77 0.66 

2:21 2.12 1.88 3.08 

-0.03 -0.08 -0.24 -0.22 

100 100 100 100 

sm_gz_ re20~ A1203 Ca___O_O ~ S p l  Na20 T~O~ P~O_P~_ 

0.505 0.166 0.187 0.025 0.010 0.560 0.013 0.009 0.003 

0.307 0.104 0.115 0.017 0.006 

0.270 0.088 0.093 0.012 0.005 

0.576 0.192 0.208 0.028 0.011 

-0,072 -0.026 -0,022 -0.004 -0.002 

100 100 100 100 100 

2.281 0.010 0.006 0.001 

0.166 0.006 0.004 0.002 

0.447 0.016 0.011'0.004 

0.032 -0,003'-0.001 -0.000 

66 100 100 100 

Hole Balance 

VZE__Lp?(mtoD 202_ 
I~TERIAL BALANCES 

Lb-lqoles/Hr 

H2 (0.940) 1.879 
CO (0.451) 0.451 0.451 
H20 (0.880) - 1.761 0.880 
Total 0.451 3.640 1.332 

Solids InRp t 

Coal + Cat Feed 

Total Input 

Gas Output 

c__E_ H O._9_ s_L_ 

0.541 0.418 0.067 0.012 0.015 

0.992 4.058 1 . 3 9 9  0.012 0.015 

Product Gas C H 

(1.034) 2.068 
(0.234) 0.~34 

CO 2 (0.268) 0.268 
CH4 ~0.173 0.173 0.693 
H2S (0.008) - 0.016 
e20 (0.617) 1.233 
Total 0.675 4.010 

o_~ 

o 34 : 
0.536 - 

0.008 
0.617 
1.387 0.008 

Solids Output C 14 0 . _ ~  K 

Char Entrained 0.236 0.027 0.006 0.003 0.012 
Char Samples Withdrawn 0.082 0.017 0.002 0.002 0.006 
Char Accumulation -0.002 0.004 0.003 -0.001 -0.002 
Total SoItds 0.317 0.048 0 . 0 1 1  0.004 0.015 

Total Output + 0.992 4.058 1.398 0.012 ~.015 
Accumulation 
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YIELD PERTO0 202 

PROCES~]ARIABLES 

VlOO ~aslfler Steam (Ibs/hr) 

Vlll Char Withdrawn (Ibs/hr) 

V165 H in Char Entrained (wt%) 

V166 H in Char Withdrawn (wtl) 

~168 H in Coal + Catalyst Feed (wt%) 

V173 X in Gaslfler Starting Mid Char (wt~) 

V174 H in Gas|fief Ending Mid Char (wt%) 

V183 CO in Syngas (moll) 

V185 Acid 5oi. K20 in Coal + Catalyst Feed (wt%) 

V188 0 in Coal + Catalyst Feed (wtl) 

Vlg3 H? in Syngas (molT) 

V205 C02 in Product Gas (mo1%) 

Y202 CH 4 in Product Gas (mol%) 

V208 CO in Product Gas (mo1%) 

V212 H 2 in Product Gas (mol~) 

V214 N 2 in Product Gas (mol') 

V215 H2S in Product Gas (molZ) 

V222 Carbon In Char Withdrawn (wt%) 

Y227 Acid Sol. K20 In Char Entrained (wt%) 

V232 Acid sol. K20 in Char glthdra~m (wt%) 

V257 Carbon in Gasifier Starting Mid Char (will 

V25B Carbon In Gasifler Endin9 Mid Char (wt%) 

V265 Acid Sol. K20 in Gaslfier Starting Mid Char (wt%) 

V266 Acid Sol. K20 in Gasifler Ending Mid Char {wt%) 

V289 ASTM Ash in Char Entrained (wt%) 

V292 ASTM Ash in Char Withdrawn (wt%) 

V293 ASTM Ash in Feed Coal + Catalyst (wt%) 

V294 C/H Residue in Feed Coal + Catalyst (wt%) 

V295 C/H Residue in Char Entrained (wt%) 

V306 ASTM Ash In Gaslfler Starting Mld Char (wt%) 

V307 ASTM Ash in Gasifle~ Ending Mid Char (wt%) 

Measured Reconciled 

15.91 15.86 

1.88 1.8g 

0.64 0.64 

0.93 0.93 

4.16 4.15 

0.68 0.68 

0.81 0.81 

32.10 32.45 

6.88 7.13 

10.$7 10.55 

67.10 67.55 

13.00 13.00 

8.40 B.40 

11.60 11.35 

50.20 50.13 

16.80 16,72 

0.40 0.38 

52.2Z 52.71 

13.02 13.05 

15.11 15.26 

56.17 55.00 

58.00 58.?1 

15.O8 15.66 

14.57 14.03 

31.62 31.63 

47.08 47.09 

21.47 21.46 

20.23 20.14 

30.58 30.66 

40.38 39.96 

40.86 41.27 

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V338 

V350 

V351 

V353 

V354 

V355 
V407 

V473 

V495 

V498 

F 384 

F385 

PGKO 

U(II4) 

u ( l ~ )  

u(116) 

u(I173 

u(11~) 

0(llg) 

u(12o) 

u(IZl) 

u(12z) 

u(Iz3) 
EDO(i) 

YIELD PERIOD 202 

PROCESS VARIABLES 

C/H Residue in Char Wlthdrawm (wt%) 

CIH Resldue in Easlfler Starting Mid Char (wtS) 

C/H Residue in Gasifier Ending Mid Char (wt%) 

S03-Free ASTM Ash tn Feed Col1 ÷ Catalyst (wt%) 

S03-Free ASTM Ash In Char Entrained (wtt) 

503-Free ASTM Ash In Char Withdrawn (wt~) 

S03-Free ASTH Ash tn Starting Mtd Char (wt%) 

S03-Free ASTM Ash in Ending Mid Char (wt%) 

503-Free C/H Residue in Feed Coal + Catalyst (wt%) 

SO3-Free C/H Residue In Char Entrained (wt%) 

SO3-Free C/H Residue in Char Withdrawn (wt~) 

SO3-Free C/H Residue in Starting Mid Char (wti) 

SO3-Free C/H Residue In Ending Mid Char (wt%) 

Coal + Catalyst Feed (Ibs/hr) 

Char Entrained (Ibs/hr) 

Carbon in Feed Coal (wt%) 

Carbon in Char Entrained (wt%) 

Syngas Flow ,~eter (CFH) 

Product Gas Flow Meter (CFH) 

Product Gas Condensate Cabs/fir) 

Starting Bed aP (B-A) (in Hg) 

Starting Bed AP 16-83 (tn Ha) 

Starting Bed aP (O-C) (tn Ha) 

Starting Bed aP iF-El (in Hg) 

Starting Overall Bed AP (F-A) (in Fig) 

Ending Bed AP (B-A) (tn Hg) 

Ending Bed AP (C-B) (tn Ha) 

Ending Bed 6P (D-C) (tn Ha) 

Ending Bed AP iF-El (tn Ha) 

Ending Overall Bed AP (F-A) (in Ha) 

Starting Bed AP (E-D) (in Ha) 

Measuro¢ I~concl i~d 

44.27 44.35 

40.05 39.82 

39.99 40.20 

15,97 16.18 

28.$I 26.59 
41.31 4O.00 

37.08 37.41 

34.23 34.04 

14.72 15.22 

27.23 26.52 

35.44 34,90 

32.79 33.96 

31.82 30.77 

10.00 10.14 

4.19 4.19 

64.35 64.09 

65.78 67.73 

50. O0 49.80 

104.00 I06.?? 

10.04 lu.8~ 

4.20 4.21 
1.90 1.90 

2.80 2.80 

0.00 0,00 

8.90 8.97 

3.80 3.79 

1.90 1.90 

2.80 Z.80 
0.00 0.00 

0.50 0.49 

0.00 0.00 
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~DD{6} 
~POST 
V280 

V28I 
V187 
V246 
V244 
V243 
V862 
V863 
V867, 
V868 . 
V869 
V8/1 
V872 
V876 
V877 
/878 

V880 
V881 
V885 
V886 
V887 
V889 
V890 
V894 
V895 
V896 
V822 
V823 
V827 

YIELD pERIOD 202 

PROCESS VARIABLES 

Ending Bed ~P (E-D) (tn H9) 
Deposits Accumulated on Gastfter Walls (lbs) 
S in Gastfter Starting Mid Char (wt%) 

S in Gasifter Ending Mid Char (wt%) 
S tn  Coal + Catalyst Feed wt%) 
S in Char Withdrawn (wt%) 
S In Char Entrained (wt%) 
S in Product Gas Condensate (wt%) 
5i02 in S03-Free Ash in Starting Htd Char (wt%) 
S102 In S03-Free Ash in Ending Mid Char (wt%) 
5i02 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
St02 In S03-Free Ash lfl Char Withdrawn (wt%) 
St02 in S03-Free Ash In Char Entralned (wt%) 
Fe203 In S03-Free Ash tn Starting Mid Char (wt%) 
Fe203 tn S03-Free Ash in Ending Mtd Char (wt%) 
Fe203 in S03-Free Ash tn Coal + Catalyst Feed (wt~) 

Fe203 in S03-Free Ash In Char Withdrawn (wt%) 
Fe203 in S03-Free Ash in Char Entrained (wt%) 
A1203 in S03-Free Ash in Starting Hid Char (wt%) 

A1203 in S03-Free Ash in Ending Mid Char (wt%) 
A1203 in S03-Free Ash in Coal ÷ Catalyst Feed (wt%) 
A1203 in S03-Free Ash in Char Withdrawn (wt%) 
AI203 in SO3-Free Ash In Char Entrained (wt%) 
CaO in 503-Free Ash in Starting Mid Char (wt%) 
CaO in S03-Free Ash in Ending Mid Char (wt%) 
CaO in S03-Free Ash tn Coal + Catalyst Feed (wt%) 
CaO in S03-Free Ash in Char Withdrawn (wt%) 
CaO tn 503-Free Ash in'Char Entrained (wt%) 
Cl tn S03-Free Ash in Starting Hid Char (wt%) 
C1 in S03-Free Ash in Ending Mtd Char (wt%) 
C1 tn 503-Free Ash in Coal + Catalyst Feed (wt%) 

Measured Reconciled 

0.00 0.00 
0.00 0.00 
3.28 3.31 
2.85 2.83 
3.74 3.8O 
3.62 3.64 
2.10 2.09 
0.03 0.04 

33-34 32.80 
32.80 33.23 
31.15 30.76 
33.92 35.18 
27.01 27,53 
10.80 10.23 
9,71 IO.I0 

10.60 10.10 
11.16 I I .53 
9.03 "9.31 

12.10 12.05 

12.47 ~2.FI 
11.42 11.38 

11.99 12.14 
10.29 10.36 
0.88 0.91 
0.8? 0.80 
1.42 1.50 
1.54 1.51 
1.58 1.52 

0.12 0.13 
0.14 0.13 
0.08 0.09 

YIELD PERIOD 202. 

PROCESS VARIABLES 

V828 Cl tn S03-Free Ash In Char Withdrawn (wt%) 
V829 C1 in S03-Free Ash tn Char Entrained (wt%) 
V836 Actd ~01. Na20 tn Gastfter Starting Htd Char (wt%) 
V837 Acid Sol. Na20 in Gastfier Ending Hid Char {wt%) 

V841 Acid 501. Ha20 in Coal + Catalyst Feed (wt%) 
V842 Acid Sol. Na20 in Char Withdrawn (wt~) 
V843 Acid Soi. Na20 in Char Entrained {wt%) 
VSgB MgO In 503-Free Ash Starting Mid Char (wt%) 
vsgg MgO in S03-Free Ash in Ending Mid Char (wt%) 
V903 MgO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
V904 MgO tn.SO3-Free Ash in Char Withdrawn (wt%) 
V905 MgO in 503-Free Ash tn Char Entrained (wt) 
Vgl6 T(02 in 503-Free Ash in Starting Mid Char (wt%) 
V917 Tie2 in S03-Free Ash in Ending Hid Char (wt%) 
V921 TiO 2 in S03-Free ASh In Coal + Catalyst Feed (wt%) 
V922 Tie? in S03-Free Ash in Char Withdrawn (wt%) 
V923 Tf02 in SO3-FreeAsh tn Char Entrained (wt%} 

vg25 P205 in S03-Free Ash In Starting Hld Char (wt%) 
V926 P205 in S03-Free Ash in Ending Hid Char (wt%) 
vg30 P205 in S03-Fre e Ash In Coal + Catalyst Feed (wt%) 
V931 P205 |n S03-Free Ash in Char Withdrawn (wt%) 
V932 P205 in S03-Free Ash in Char Entrained (wt%) 
V813 N in Starting Mid Char (wt%) 
V814 ~ in Ending Mid Char (wt%) 
V818 N in Coal + Catalys~ Feed (wt%) 

V819 N in Char Withdrawn (wt%) 
VB20 N in Char Entrained (wt%) 
V805 0 In Starting Mid Char (wt%) 
V806 0 in Ending Mtd Char (wt%) 
V810 0 tn Char Withdrawn (wt%) 

V811 0 In Char Entrained (wt%) 

Measured Reconciled 

0.11 0.11 
0.20 0.18 
0.33 0.30 

0.26 0.28 
0,14 0.13 
0.28 0.29 
0.24 0.25 
0.63 0.62 
0.59 0.60 
0.59 0.58 
0.66 0.67 
0.55 0.56 
O. 58 O. 57 
0.55 0.56 
0".58 0.57 

O. 56 0.57 
0.57 0.58 
0.17 0.17 
0,17 0.17 
0.21 C .20 
0.30 0.30 
0.12 012 
0.21 0.21 
0.26 0.26 
1.13 1.13 
0.36 O. 36 

0.36 0.36 
2.46 2.46 

3.71 3.72 
1.45 1.46 

2.40 2.41 
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RECONCILED DATA 

YIELD-PERIOD 203 

UNIT OPEI~TIONS 

From 

To 

Duration 

Percent of Time on Stream 

Coal Feed 

Stea~ 

Syngas 

Gasifler Process Temperatures 

~$1f le r  Bed Height ( i t )  

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

10.9 

6.4 

0.4 

Time 

11:30 

6:30 

IOO 

I00 

Date 

2-1g-77 

?-20-77 

lg Mr5 

Gasifler Temperature ('F) 

11~5 

1222 

1287 

1306 

1303 

1302 

1287 

1265 

1073 

YIELD PERIOD 203 

UNIT PROCESS VARIABLES 

Unit Temperatures 

Lockhopper 1 Top 
Lockhopper 1 Bottom 

lockhopper 2 Top 
lockhopper 2 Bottom 

Gaslfler Feed Line 
Gastfter Steam Ltne 

Gas|fier 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Hld 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gaslfler Bdckend 
Cyclone lh le t  
F t l t e r  In le t  

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unlt Pressures 

Lockhopper 2 
Gaslfier Feed Llne 
Bypass N2 
Syngas In 

Gastf ler 
Gastf ier Top 
G4stf ier Bottom 

Rough Cut Cyclone Outlet 
F i l t e r  Outlet 
Scrubber Outlet 

Product GaS Meter 

P r o c e s s  z sF 

223 
190 

3O4 

717 
847 

1287 
1073 
1260 

938 
710 
812 
B05 
776 

1150 

578 
74 

84 

117.7 
i lS .8  
1S5.5 
163.5 

113.7 
118.2 

113.2 
113.6 
113.6 

114.7 

243 
158 

304 
345 

892 
842 

1315 
1232 
13OO 

996 
1018 
1DO0 
1013 
988 

1049 
1002 

536 
52O 

519 
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YIELD PERIOD 203 

FLUID-SOLIDS OATA 

Gaslfier Fluidlzed Bed Propert!es 

Bed Bottom Density (Ibs/cf) 
Bed Top Density (Ibslcf) 
Bed Average Density (ibs/cf) 
Bed Height (ft) 
Bed Holdup (lbs) 
Bed Volume (cf) 
Average Bed Temperature (°F} 
Space Velocity {bed) (cf/cf/hr) 
Bottom Superficial Velocity (ft/sec) 
Top Superficial Velocity (ft/sec) 

Cyclone Performance 

Temperature (~F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (ft/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured ( lbs/hr) 
Solids Escaping (Ibs/hr) 
Overall ~fic~ency (Captured/Enterlng, Wt.%) 

Solid~ Carryover Loss 

Coal + Catalyst Feed ( lbs/hr)  
Total Carryover (Ibs/hr) 
C/clone (lbs/hr) 
Filter (Ibs/hr) 
Carrjover/Feed (Wt.%) 

Sollds Carbon Loss 

Carbon in Feed (Ibs/hr) 
Carbon in Carryover (Ibs/hr) 
Carryover/Feed (Wt.~) 

25.3 
21 .O 
18.5 
35.2 

115.9 
5.7 

1291.7 
66.0 
0.49 
0.58 

536.0 
113.7 
857.0 
212.3 
16.7 
3,2 

O.Ol4g 
2.8 
0.3 

8g.g 

9.36 
3.16 
2.84 
O. 32 
33.8 

5.86 
2.04 
36.3 

YIELD PER[O0 203 

UNIT CONVERSIOf~ 

Carbon Consumpt!on 

Carbon In Feed* (Ibs/hr) 5.86 
Carbon frOm Oevolatt l tzat lon** of Feed Coal ( lbs/hr)  1.53 
Carbon Gasified (by difference) ( lbs/hr)  1.46 
Total Carbon Converted (lbs/hr) 2.99 

Carbon Conversion (C Converted/C tn Feed) 

Gasification Only (%) 24.9 
Total, Including Devolatillzatlon {4) 51.0 

Carbon Distribution 

Total Converted (~) 51.0 
Entrained (~) 34.8 
Withdrawn (4) 12.3 
Accumulated (~) 1.9 
Conversion (Entrainment Backed Out) 78.2 

Specific Reactiqn Rates (C Converted/C in Bed) 

Gasification Only (~/Hr) 2.3 
Including Devolatillzation 4.8 

Steam Consumption 

Steam into Unlt ( lbs/hr)  14.07 
Steam Reacted with Carbon (Ibs/hr) 2.1g 
Total Steam Consumed (Ibs/hr) 4.65 

Steam Conversion (Steam Consu~edlSteam into Bed) 

Gasification* (~) 15.6 
Total Steam Converted (%) 33.0 

Reaction Rate Parameters 

Carbon Converted/Steam Fed ( lbs / lbs)  0.104 
Carbon Converted/Steam Fed (mol/mo1) 0.156 
Carbon Converted/Bed Volume ( lbs /h r ) / c f t  0.233 
Carbon Converted/Bed Volume (mol /hr ) /c f t  0.019 
Carbon tn Bed/Steam Fed lbs/(Ibslhr) 4.457 
Carbon tn Bed/Steam Fed mol/(mol/hr) 6.688 

*Excludes carbon in catalyst 
**Assumed from standard ASTN devolatJltzatton test of feed coal 
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fIELD PERIOD ?03 

UNIT COMPOSITIOIIS 

Catalyst D is t r ibu t ion"  

Wt% 

K as K20 
K as K2C03 

K as K 

K Water/Acld, 
Soluble Ratio 

K2O, H20-Insoluble 

KzCO~ HzO-Insoluble 

K,H20-Insoluble 

Carbon 

K on Carbon 

3TM Ash 

K on Ash 

K2CO 3 Free-Ash 

K on K2C03 Free-Ash 

Size Distribution 

Feed Coal + Catalyst 

;op Char 

Mld Char 

Bottom Char 

Cyclone 

F11ter 

Particle 01ameter {Microns) 

Feed C~I + ~talyst 

Top Char 

Mid Char 

Bottom Char 
Cyclone 
F t l t e r  

Gasifler Char 
Feed ~ Mid Botto~ Entrained 

7,O - 1418 14.7 12.6 
10.3 21.7 21.5 18.6 

5.8 12.3 12.Z 10.5 

0.514 0.481 0.664 0.702 

2.7 7.7 4.9 3.8 

3.9 11.3 7.2 S.5 

Z.2 6.4 4.1 3.1 

62.7 54, 1 45.3 64.7 

9.3 22.7 26.8 16.2 

22.1 41,5 46 0 30 9 

26.4 29.6 26.4 34.0 

11.6 19.3 24.1 12.0 

ED.6 63.6 50.5 67.2 

Cumulative Wt% Less Than Mesh Size 
325 Resh 200 Mesh 100 Mesh SO Mesh 30 Mesh 20 Mesh 10 Mesh 

5.6 6.6 18.4 32.0 81.2 91.5 98.8 

0.9 1.3 5.7 25.5 64.9 84.6 99.9 

1.0 1.7 8.6 31.9 lO.I 87.7 99.9 

Volum/ 
Number Surface We(ght Bulk Density 
Mean ~ Mean - l b . / e l  

25 176 441 45.5 

0 0 0 19.4 

33 331 582 Z6.9 

34 293 529 28.9 

*Eased on acid soluble analysis 

ul t imate Analxsis 

YIELD PERIOD 203 

SOLIDS COMPOSITION 

gt% o f  Total Sollds~ DW 

C .omponent __F~diL__ 5911 ds WID Entrained 

H 4.28 1.46 (1. BO 

C 62. l 50,0 64.7 

S 4.2 4.8 Z.? 

0 11.0 1.7 4.6 

N 1.07 D.76 0,24 

C1 0.08 0.11 0.17 

S03-Free Ash 16. ? 41.2 27.2 

Total 100.0 100.0 lO0.O 

Solids Flow Rate 
(Ibs/hr) 

Ash Ele~nt Analysis 

9,28 1.43 3.16 

wt% o f  SO~Free Ash 

SiO 2 29,8 30.9 28.3 

Fe203 12.1 15.6 10.8 

AIzO 3 11.2 11.1 10.5 

CaD 2.56 4.42 1.87 

M90 0.63 0.71 0.65 

TtO 2 0.58 0.45 0.59 

PZ05 0.30 0.55 0.1Z 

Na20 0.89 0.59 0,68 

KZ~ Catalyst 42.04  35.69 46.44 

Total I00.0 100.0 100.0 

a 
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YIELD PERIOD 203 

PRODUCT GAS DATA 

Product Gas Part ial Pressures at Gasffter Extt 

Total Pressure, psla 113.7 

H2 ~t3.5 

CO 12.4 

CH4 8.9 

C02 11. G 

H2 S O. 3 

H2 ~ 26.3 

N2 10.6 

1t20/C 0 2.1 

H20/602 2.3 

Unit Gas Data 

Syngas I#~T, lbs/mol 10.8 

Product Gas ~ {dry), lbs/~ol 16.0 

Product Ga~ 

At DTM (dry), SCFH 658.8 

(Dry, N2-Free), SCFH 579.1 

At Gasifter Outlet, SCFH 857.0 
(Includes H2 + H20) 
At Gastfter Outlet, ACFII 350.5 
(Includes N 2 ÷ H20) 
At Gasiftee Outlet, SCFH 777.2 
(Excludes N2) 
At Gaslfler Outlet, ACFH 317.9 
(Excludes N 2) 

Unit ~s  ¥1eldl 

P~educt 6es (r)?),~ 11oli~ 
H2 
co 
c02 
c~4 
H25 

Product ~ i  (i),~ ' ,  ;a2-[r~oe) 

!t2S 

PrOduct ~s  

N2 

1t2o 

HZ 
CO 
CO~ 
CH~ 
H2~ 
H20 

$C~ CH4/Ib C .~cttve ~ed 

SCFit CH~/lb C Feed 

G~Jles ( ~ / ~ l e  C Feed 

49.8 
14.2 
1].2 
10.2 
0.4 

1Z.1 

56.1 
1G.1 
15.0 
11.6 
0.4 

38.3 
10.9 
10.2 

7.8 
0.3 

23.1 
9.3 

41.8 
11.9 
11.1 
8.5 
0.3 

26.4 

1.1 

11~5 

0.36 

Equl llbrlur, i Constan~ 

Graphite-H20: C 4" ~20 " CO "~ H2 
Shi f t :  CO <" H~O = CO2 + !|2 
t,l~than~.tlo~: CO ~ ~I 2 ~ ~l~ ÷ 1120 
Overall : ~C ~- ?.H20 ,~ Ctl t (- C02 

Equl l tbr l tm at /~¢ tu (~ l  Equ i l t b r t~  
~ t t v e  9~d Temp Equt14brium Tempe~atu~ ~- 
~ g T .  7_~!~J__ Exp,ression. 

1.6612 1.3970 1273.8 
1.5574 1.5411 1296.0 
0. 0793 O. 0~195 1321. O 
O. 3408 O. 1489 - 
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t~;~,TtRIf,L Ll,, '.~,~E ~ 

O v e r a l l  H a t e r 1 ~ l  Ca l~nc~ 

Coal Feed (ea ~?} ~.26 

G a s t f t e r  Steam 14,07  

G a s t f i e r  Synga$ 1~,9~ 

To ta l  (ex ~ 2 )  3 ~ . ~ : '  

A c c u m u l a t i o n :  b ]" 

C l o s u r e :  (Outou~ " ~-" ~ ' ' ~ , .  , , 

!~'k~: ' : t  : i ~, qr_~ L 

;.eC,(zu£~ ~ ::," .?.,~2 

qher E ~ ' t r ~ n  :~  ~. i ;~ 

". ) t~, l  (~x  l~.,, . 9U 

C~ ~ 2 

$.ynthes|  s ~IS  .B.~1~¢:'~ 

I " _ _ ~ 2 . E :  _.'- c~" _ 

G a s t f i e r  Synaa~  4,.,5 , 

t,O Nol~ 3~. : 

f i ~ l ance :  { O u t p ~ t / I n ~ , ) ,  ";~ ? "  

~.I Z ~ C' ~';.~ , , ,~ ' .  -, $~ " 

CO K .  !,, i " 

R e p r o d u c e d  f r o m  
b e s t  a v a i l a b l e  c o p y , = _ _ ~  

'~' l EL D P E R I O D  

,.~ATL R IAL" BN.AHCE5 

hm~,: ~' ~' , i ! :~,.  Carbon* ~_,ty~ ~ n 

CU : ~ r - L ' i ~ ( ,  ~*~  .5.86 0 .40  

I " ' .  ; ;  . ~.. ',.,;~ ~ :  :. 4 . 8 6  1 . 6 {  

~0~ ~.~ 1 0 . 7 3  3 .58  

- . o , i  v.L :J~ ~.OS 

~ ' ( } T  [ , i !  ?2,~,,Z 'I ~ , 0 ~  0 . 0 3  

S~ 1 ~ ;~ ' ; ;./,rt'.-~,~n O. 72  G . 0 2  

Y,c .It, ~ 0 . 1 7  0 ,0~ 

• i t "  '~ - lOi / .O ! 0 0 . 0  

- Ac ! d ':o ~, 

• . ;} > 

~cu:. : . . . . .  , ; , ! , \ ,  t: 102,,C 

, . . . . .  . . " , , d e s  r . , . , t a ~  v s t  C e L ~ , , , n ~ : . " ~  
", exy~,. , :  i , .  cara ts ,  

_ 0 ~  1_ ¢,, . [~ .  b'_ L , . "  

f ;  : 

!,, ,'~ L d " ;  I'~ u 

. . ! j  . Q * :  

} .~ j  : i,~'; 

I l l  
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YI£LO P£RIOD 20~ 

MATERIAL BALANCES 

Ash Balances 

Input {Lbs/Hr): 

Coal + Catalyst 

Out-u~: 

Entrained Char 

Solids Hlthd~axn 

Total 

Accumulation: 

Closure 
(out + accu~)/in, 

Ash Ele~ent Balance 

F_nnput (Lbs/Hr~: 

Ou ~_~_~_u£: 

Entrained Char 

Solids ~Ii thdra~.,q 

Total 

Accumulation: 

Closure 
(out + actual/in, % 

YIELD PERIOD ~0~ 

P}ATERIAL ~AL~NCE~ 

ClH S03 -F ree  S03-Fre~ 
ASTM Ash Residue ~ST)i Ash C/H Residue 

?,07 1.94 1,57 %.42 

0.98 l . lO O.B6 0.99 

0.65 0.67 0.59 0.5~ 

1.63 1.77 1,45 1.50 

0.4~ 0.17 O,T~ -0.08 

I00,0 I00.0 %00.0 lO0.O 

0.157 0,18) 0.175 O.O')fl Q.OIO 0.519 0.01'; 0 009 O.DO~ 

0.24A 0.0~ O,OOY O.Ol& U.O0~ 0.231 O,OOS 0.00~ C.GC:~ 

0,18~ O.OgZ [).O~S 0.0~6 0.00~ 0.104 0.00~ 0.003 (~.003 

0.42G 0,184 0.156 0.~2 0.010 0,377 O,OOq O.OOB ~,OU~ 

0,0~! O.OOS 0.019 -0.002 0.0 U.097" 0.003 0.001 O.b 

lO0.O I00.0 lOO.O 100.0 I00,0 86.0 lOO.O ~OO.O 1000 

Mole 9alance 

H~ 
CO 
H20 
Total 

Solids Input 

Coal + Cat Feed 

c H __9_0 _ ~___.i 

PFoduct Gas 

(0.z¢7} 
co~ (o.23o) 
CH~ (0.177} 
H2S (O.O071 
H~O (0.5~3) 

Char Entrained 
Chz, r S~mples H|thdra~n 
Char Accumuletfon 
Total Solids 

To~l Output 
~ccunmul~tion 

(0.798) l,Sg5 - 
(0.405) 0.405 O.hO; 
(0.781) .- 1,5~2 ~.7BI 
(1.984) 0.40~ 3.157 % . I ~  

0.489 0.398 O.OC;~ O.Ol~ ~,~)~; 

0.893 3 . 5 5 5  I.~5~ 0.01~ &.OI4 

c H ._~._ _ ! _  

O. ~,~0 - 0.4°,R 
0.1 l l  0. 709 

0.013 - (1.037 
1.046 (}.S~'3 "" 

0. G','~, 3,500 t ,Z~  0.007 

O. 170 0.025 O, 000 O. 0(~ ~, {)OL~ 
O. O~.O 0 . 0 2 1  0,00~ O. (K~2 O,Og~ 

O. ~3rJ 0.055 0.0~7 rJ.OO~ U,01~ 

0.893 3.555 ~ .E~C~ 0.017,  b~,O~4 

ii Reproduced from 
best avai lable c.,opy. ~ ' ~ )  
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~)[LD PERIOD 203 

VI00 Gasifie," Stea~ ($bs/hr) 

V!): Char Withdrawn (Ib~/hr) 

Vl65 H in Chm' Entrained (w~) 

/166 H in Char Withdrawn (mt~) 

'/168 H in Co~l ÷ Catalyst Fe~,d (wt~) 
Vlv3 H In Ga~Ifler ~t~rt ln 9 ~id Char (~t~) 

VI7,~ H in G~I f ier  Endin~ ~id Char {~t%) 

vl~3 CO in $ynga~ (mol~) 

VIBS Acid So!. K/O in Call ~" Catalyst ~e¢ (wt%) 

V188 0 in Coal ~ Catalyst Teed (wtI) 

V193 w 2 in S)'nqas (mol~) 

V205 CO 2 in Product Gas (mo)%) 

V207 CH 4 in Product Gas (molt) 

V298 CO in Product Gas (~oli) 

V217. H 2 in Product Gas (mo1~) 

v~14 N 2 in Product Ga~ (mols} 

V215 H2S in Product Gas {mol~) 

V222 Carbon in Char ~Ithdr'awn (wt~) 

V227 Acld Sol. K20 in Char Entrained (wt~) 

V~3~ Acid sol, K20 in Char Withdra~ (wt~) 

V257 Carbon in Gasifier Starting Mid Char (wt%) 

V258 Carbon in Gasifier Ending Mid Char (wit) 

V265 Actd Sol, K20 in Gaslfier StarLing Mid Char (wt%l 

V266 Acid Sol. K20 in Gasifier Ending Mid Char (wt%) 

VZB9 ASTH Ash in Char Entrained (wt~) 

V292 ASTM Ash in Char' Wlthdra~n (wt ~) 

V299 ASTM Ash in Feed Coal ~ Catalyst (wt~) 

V294 C/H Residue in Feed Coal ~ Catalyst /,t%) 

V295 CIH Residue +n Char Entrained (wt%) 

V306 ASTM Ash in Gasifler Starting Mid Char (wt%) 

V307 ASTM Ash in Gasifier Ending Rtd Char (wt%) 

l~.~O 14.07 

1.43 1.43 

0.80 0.80 
1.46 ) .46 

4~8 ~.28 

O.g7 0.g7 

1.O7 i.O7 

34.70 33.65 
7.~3 7.04 

11.03 11.O1 

62.60 b6,35 

13.ZO 1].~0 

IO.20 10.20 

(3.40 I~ )9 

50.~O 49.80 

12.20 l~.~O 

0.45 0.38 

~9.84 50.01 

12,74 12.64 

I~.S5 !4.6q 

58 83 57.33 

56.23 55.72 

1~.79 !4.18 

14.79 14.12 
30..c~ 30.92 

~6- i~J ~6.02 

22.16 2=.14 

20.51 20.68 

34.~ 34.73 

40.57 ,39.35 

~2 ~l ~i.OS 

v~IO 

V~T 

WS~ 

V~6 
V~'{~ 

~33~ 

V~O 

VSSI 

VXh~ 

VS=q 

V47] 

FSU~ 
F3~ ~ 

t:(lli) 

u(I)5) 
U(l{~) 

U(r~/) 

U()i8) 

u()~9) 
u(1~o) 
'~(i~l) 

, ( l Z Z !  

Erx~(1) 

YIELD PERIOD 20~ 

PWOCESS VARIABLE5 

~:II ~ Re~loue in Char Hltt~rawn (wt%) 

C:/)~ l~sldue i~ ;~ifler Starting Mid Char (wt%: 

C/~ Reiidue In Gasffier Ending Mld Char (wt%} 

~O,.Fr~e ~ST~, Ash in ~eed Coal + Catalyst (wt%) 

~P)-Free ~ I~  ~ih in Char Entrained (wt%) 

!;O.!-Fr~e ASIM Ash in Char Withdrawn (wt%) 

5Oi-Fr~e ~S~I Ash in Start ing Mld Char (wt%) 

~Oj-Free A$11~ ~sh in Ending Mid Char (wt%) 

SOl-Free C/H ~s ldue in Feed Coal + Catalyst (wt%) 
~O3-Free C/H Residue In Char Entrained (wt%) 

Sol-.Free C/H Residue In Char Withdrawn (wt%) 

SO2~rree CIH Residue in Starting Mld Char (wt%) 

SOD-Free CIH Res;due In Ending Mld Char (wt%) 

Coal + Cecalyst Feed (lbs/hr) 

Char Entrained (Ibs/hr) 

Carbon in PPPd Coal (wt%) 
Carbon in Char Entrained (wt%) 

Syngas Flow Meter (CFH) 

Prndurt Gas Flow Meter (CFH) 

Produce Gas Condensate {Ibs/hr) 

St~rtlng Bed ~P (B-A) (in Ha) 

Start ing Bed ~P (C-B) (tn Ha) 

Start ing Bed ~P (0-6) (tn Ha) 

Starting ~ed ~;' (F-E) (tn Ha) 

~tart ing Overall Bed AP (F-A) ( in Ha) 

Ea,ilng Bed ~ i l i A )  ( in Ha) 

Ending Bed eP (C-e) ( in Ha) 

Endtng Bed AP (D~C) (in Ha) 

Endlo~ Bed ~ iF-El ( in Ha) 

Ending Overall Bed ~P (F-A) ( in  Ha) 

St~rti,+q Be~ &P (E-D) ( in Ha) 

46 .',, .< ~ ,~;: 
r..O. 'i" 4.0 r~ 

1~,.?.: Tb ~ 

~ , . . ~  34.~;  

~3.WJ 3/, ,C7 

3Z.~ .:' L: 
36.~3 3 5  70 

31.Oq 3? ,~r 

31.0q Zc~ ~i 

9 29 9.36 

3.16 3.16 

63.44 6~.66 

66. ()7 64.7 I 

~3. O0 42.7~ 

85.90 88.78 

8.71 9.25 

3.80 3.81 

1.50 1.50 

2.60 z. 60 

o . 0  0 . 0 0  

8.60 8.67. 

3. lO 3.69 

o .80 u .80 

4.10 4.09 

0.00 0.00 

9.20 9o 18 
O. 70 O. 70 
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I 

EOD(6} 
DPOST 

VZBO 
V281 
V187 
VZ46 
V244 

V243 
V862 
Y863 
VBfi7 
V868 

V869 
V871 
V072 
V876 
V877 

V878 
V880 
V881 
V885 
V886 
V887 

VBBg 
vBgo 
VBg4 
VBg5 
V896 
V822 
V823 
V827 

Ending Bed AP (E-O} (tn Ha) 
Deposit~ Accu~I ted  on Gasifier Walls (lbs) 

S in G~s~ffer Starting Mid Char (wt%) 
Stn  Gasifler Ending Mid Char (wt%) 
S in Co~l + Catalyst Feed wt%) 
S in Char Withdrawn (wt%) 
S in Char Entrained (wt%) 
S In Product Gas Condensate (wt%) 
St02 in S03-Free Ash in Starting Mid Char (wt%) 
St02 in S03-Free Ash in Ending Mtd Cha~ (wt~) 
~i02 in S03-Free Ash in Coal + Catalyst Feed (w~%) 
St02 in S03-Free Ash in Char Wtthdra~n~ (wt%) 
S102 In S03-Free Ash in Char Entrained (wt~) 
Fe203 in SO3-Fre~ Ash in Starting ~id Char {wt%) 

Fe203 in SO3-Free Ash In Ending ~Id Char {wt%) 

Fe203"In S03-Free Ash in Coal + Catalyst Feed (wt)) 

Fe203 in SO3-Free Ash in Char ~ithdra~n (~t)) 

Fe203 In S03-Free Ash in Char Entrained (wt%) 
Al203 in SO3-Free Ash in Starting Mid Char (~t%) 

A1203 in S03-Free Ash in Ending Mid Char (wt%) 

A1203 in S03-Freo Ash in C~l + Catalyst Feed (wt%) 

Al203 in S03-Free Ash in Char Withdrawn (wt%) 

A1203 in S03-Free Ash In Char Entrained (wt~) 
CaO In S03-Free Ash in Starting Hid Char (wt%) 
CaO in S03-Free Ash in Ending ~td Char {wt~) 
CaO in S03-Free Ash in Coal ÷ C~talys~ Feed (wt%) 
CaO in S03-Froe Ash in Char Withdrawn (wt%) 
CaO in S03-Free Ash In Char ~ntr~i~ed {wt%) 
C1 in S03-Free A~h In Starting Mid Char (~t~) 
C1 in SOpFree ~h  in Ending Mid Char (wt%) 
ca in S03-Free Ash In Coal. + Catalyst Feed (wt~) 

Measured Reconciled 

0.50 O.EO 
0.00 0.00 
3.~6 3.42 

4.01 3.74 
3.83 4.15 
4.82 4.76 

2.25 2.20 
0.04 0.04 

31.57 31.08 
31,57 31.27 
30.32 29.76 
30.71 30.93 
28.82 28.34 
12.48 ~Z.64 
12.48 12.18 
12.00 12.08 
15.64 15.59 
10.92 10.77 
11.22 11.03 
11.22 11.32 
11.34 11.16 
10.99 11.05 
10.56 10.54 
2.43 2.53 

2.~3 2.30 
2.48 2.56 
4.~2 4.42 

1.91 1.87 
0.13 0.13 
0.14 0.14 

O.Ob 0.08 

v82g 

V836 
V837 
V841 
V842 
V843 
V898 
vsgg 
vg03 
V904 

vg05 
V916 
vg17 
Yg21 
vg22 
V923 
vg2~ 
vg26 
V930 
vg31 
vg32 
V813 
V814 
V81B 
vBIg 
V820 
VfiO5 
V806 
V810 
V81! 

YIELBPEPI.__.___~ 203 

PROCESS VARIABLES. 

C1 tn S03-F~ Ash in Char githdr|wn (wt~} 
C1 in S03-Free Ash in Chap Entrained (wt%) 
Acid Sol. Na20 In Gasffter Starting Rid Char (w,L1} 

Acid ~ol. Na20 in Gaslf |er Ending Hid Char (~%%) 
Acid Sol. ~a20 In Coal + Catalyst Feed (wt%) 
Acid Sol, Na20 |n Char Withdrawn (wt%) 
Acid Sol. Na20 in Char Entrained (wt%) 
HaG In S03-Free Ash Starting Mid Char (wt¢) 
MgO in S03-Free Ash in Ending M|d Char (wt~) 
MgO tn S03-Free Ash in Coal + Catalyst Feed (wt%) 
MgO in SO3-Free Ash in Char Withdrawn (wt%) 

Hag"in S03-Pr~e Ash in Char Entrained (wt) 
TiO 2 in S03-Free Ash in Start ing Hid Char (wt%) 

Tt02 in S03-Free Ash |n Ending Mid Char (wt%) 
TiO 2 in S03-Free Ash in Coal + Catalyst Feed (~t%) 
TtO 2 in S03-Free Ash in Char Withdrawn (wL%) 
TtOz in S03-Free Ash in Char Entrained (wt%) 

P20S in S03-Free Ash in Start |ngM|d Char (wt%) 
P20S in S03-Free Ash In Ending Hid Char (wt%) 
P205 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
P205 in S03-Free Ash in Char Withdrawn (wt~) 
P205 inSO3-Free Ash in Char Entrained (~t%) 
H in Starting Mid Char (wt%) 
N in Ending Mid Char (wt%) 

tn Coal + Catalyst Feed (wt%) 
fl In Char Withdrawn (wt%) 
H in Char.Entrained (wt%) 
0 in Starting Mid Char (wt%) 

0 in Ending MM Char (wt%) 
0 in Char Hlth~rawn (wt%) 
0 In Char Entrained (wt%) 

I~_ ~=ured 

0.17 
n.25 

0.1~ 
0.24 
0.18 

0.64 
0.64 

0.02 
0.72 

0.63 
0.54 

0.5~ 
O. 60 
0.45 
0.59 

0.2~ 
0.2~" 
0.30 
0.55 
0.12 

O.o? 
O. 11 

1.07 
0.7~ 
0.2~,~ 
3.09 

1.73 

0.11 
r j . l? 

0o15 
0~2~ 
0~18 
0.FG 
0 .G~ 
0.63 
0.71 

0.6S 
O.SZ 
0.53 
0.58 
0.45 
0.39 
0.24 
0.24 
0.30 
0.55 
0~1Z 
0.67 
0,11 
1 .C.7 
0°7e$ 

0.2,3 

3.0.9 
~,.~5 

1.73 
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P, FCORCI( Eft DA~A 

~L! E_L~. P~ R ;___9_%3 o,_k 

UNIT OP[RA r IO.S 

P PO 

Dl:rr, t i on  

Perc~;t {)~ '.h~,e or, St~an, 

foal F?e.4 

St~vR 

~a~'~i'fi~T" Pr:)Cti~. !~mpel(.t!iTcb 

'~asifier' Bed H~:g, L (~t ;  

38.4 

32.1 

26.6 

~1.2 

:~.0 

143.9 

5.4 

0.4 

T in.e 

'i b : 30 

7 3L) 

1 '?q 

[ l~te 

3-09 -77 

3-10- ~)' 

(,,si~ ie" ;empPratL.,re (°F) 

) 069 

V276 

1111 

~ 326) 

1307 

1Zg~ 

1217 

I!q~t TemF)e rM E~r'e~, 

LI)ckho!Dper I Top 
l.ockhopper I Bottom 

Lo(~hoppe~ 2 lop 
Lockhopp~r ? Bottom 

Gaslfier Feed Line 
Ga~ ~ Fief St~_~hl Line 

C~ ,fie,' 
To~, o ~ ~ed 
Bottom of Bed 
Total qed Average 

Rou!~h Cut cyclone 
Cyclone ~np 
':::'c ~ c)ne ROt ton~ 
Stand:p ! ~,e iop 
.~. andplp~ Mid 
~ andpi f'e got to~ 
f, La,,d~p,: Slvpe Top 
Standpipe Slope Bottom 

Ca : , i¢ ier  B~ck~nd 
Cyclone Fnlet 
F~!ter It, let 

Scr,.,bhe~ Inlet  
Scrubbev Outlet 

PrOduct G~s 14eter 

Lockhopper ? 
Cas;fier Feod Line 
B>'p.~ ~ S N? 
Syn)as In 

Ga~ifier Top 
Ga~Ifi~r Bottnm 

Rough Cut Cyclone Outlet 
Filter Outlet 
Scrubber Out l e t  

Prodrct Gas Mete~, 

YXEI.D PERIOD 20¢' 

UNIT PROCESS VARIALI! [S 

282 
2a9 

Z35 

66? 
107g 

1323 
iZ17 
129S 

g4d 

B2¢ 
81~ 
789 

I ! 7 ~l 

43. 

85 

117.5 
~16.7 

163.0 

T!3 .7  
116.7 

113.1 
113.6 
113.6 

:14 .7  

I'~ ~.a I, o C 

3U6 

3~. J 
]Z l  

917 
1140 

36,1 
r 2 ],1 
1./15 

gg? 

i090 
'~ c.14 
IGt, 
:(;51 
999 

5c+G 

W D 
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I 

~[~L~ oERihb~r~4 

FLUkO-~OLIOS UATA 

Gasifier Fluidized ~ed Pro~ertleS 

Bed Botto~ Density (Ibs/ce) 
9ed Top Density ~Ibs/cf) 
Bed Average Density ilbs~¢~) 
Bed ~ei~pt (ft) 
Bed Holdup (Ibs) 
Bed Volu~e {cf) 
~vera~e Be~ Temperature (~F) 
Space Velocity {be~) (cf/cf,'hr) 
Bottom Superficial /elocity (ft'sec' 
Top S~perficial Velocity (ft'~ec) 

~clone Performance 

Temperature t~F) 
Pressdre ~psi~) 
inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFh) 
Inlet Sos Velocity Fftlsec) 
Solids Entering (Ibslhr) 
Dust Loading (ibslacf) 
Solids Captured {Ibs/hr) 
Solids Escaping (Ibs/br) 
Overall Efficiency (Captured/Entering, Hr.%) 

w 

~FCI 

"o 

,Solids Carryover Loss 

Coal * Catalyst Feed ( lbs/hr)  
Total Carryover (Ibs/hr) 
Cyclone (Ibslhr) 
Filter (lbs/hr} 
Carryover/Feed (Wt.;) 

Solids Carbon Loss 

3arbon in Feed (Ibs/hr) 
3arbon in Carryover (Ibs/hr) 
Carryover/Feed (Wt.;) 

19..1 
10.1 
14.7 
2~.~ 
77.9 
4 . l  

1311.4 
96.4 
O,f~5 
0.70 

548.0 
113.7 

1023,7 
256.7 
?O.l 
0.I 

0.0003 
0.I 
0.0 

90.0 

I0.18 
0.08 
0.07 
0.01 
O.B 

6.44 
0.02 
0.3 

YIELO PERIOD 20,~ 

UNIT CONV.~RSIOM~_ 

Carbon tv,~ lyvnlatl li~atiun *~ of Feed Coal (lb~/hr) I 16 
Carb~ GI~if;ed (by dlf~er~nce) (Ibs/h~) ,̂OO 
Total C~rl)on Converted ( l b i / h r )  ~ v~ 

Carbon Conv~ion~C Convected/C|n Feed~ 

GasiCic~tion Only (%) 6~.2 
Total, Including Devolatillzation (%) 89.5 

Carbon Distributio~ 

Total Converted (~) ~.S 
Entrained (~) 0.3 

Accu(.uh~te~ (~) ~.8 
Conversion (E~}tr~inment B~c~{ed Out) 8~.8 

SpeciFic Reaction Rates (C Converted/C in Bed~. 

GasiFic~tlon Onl~ (~/Hr) Z~.8 
inclu~in~ p ~ l a t i l i z a t l o n  3~.3 

Steam to~sumntlo~ 

Ste~B into Im~t (lb~/hr) 1~.7~ 
$te~n Reacted wlt~ Carbon (Ibs/hr) ~,Ol 
Total Steam Consumed (Ibs/lw) 8.66 

Steam Conversion_J_St_eaB~Co.-qS umed/Steam Into Bed~. 

G~siCicet~o~ ~ (%) "40.1 
Total ~teq~: Cn~uertcd ('~) 5~,6 

Reactio~ R a t e  Paremetevs 

Carbon Converted/Steam Fed (lbs/Ibs) O.Z71 
C~rbo. Converted/Steam Fed {n~I/mol) 0~I06 

0.758 Carbon Convex-ted/Bed Volu~ (Ibslhr)/cft 
Carbo~ Coltverted/Bed Volume (mol/hr)/cft 0.063 
Carbon in Bed/Steam Fed lbs / ( lbs /hr )  1.136 
Carbon in ~.zd/Steam Fed ml/(mollhr) I,/05 

*E~clu~e$ c~'b~n in catalyst  
**~ssum~d Fro~ standard AS't'M devola.ttltzat|on ~esL o~ ¢ee~ coa% 



I 

I 

YIELD PERIOD 204 

UNIT COHPOSITIO)(S 

Catalyst Distribution" 
Gasifier Char 

Wt% Feed ~ " M l d  B o t t o m  Entrained 

K as K20 7,9 33.7 33.3 32.q 

K as X2C03 ll.5 49,4 48.9 48.3 

K as K 6.5 27,9 27.6 27.3 

K Water/Acid, 
Soluble Ratio 0.748 0.714 0.727 0.737 

KZ~HzO-lnsoluOle 2.0 9.6 9.I 8.7 

KZCO) H20-Insoluble 2.9 14.2 13.4 12.7 

K,H20-Insoluble 1.6 8.0 7.6 7.2 

Carbon 63.3 21.6 19.3 26,9 

K on Carbon 10.3 129.5 143.3 101.6 

ASTM Ash 23.1 72.8 74.7 70.2 

K on Ash 28.3 38.4 37,0 38.9 

KzCO 3 Free-Ash 11.4 22.6 25.1 21.0 

K on K2C03 Free-Ash 57.2 123.8 110.I 129.8 

Stze Distribution 

325 Mes'h 

Feed Coal + Catalyst 0,4 

Too Char 

Mld Char 0.7 

Botto~ Char 0,4 

Cyclone 95.4 

F i l ter  97.2 

Particle Oimmmter (Mic~ns) 

Feed Coal + Catalyst 

Top Char 

Mid Char 

Bottom Char 

Cyclone 
F i l te r  

*Bmsed on acid soluble anmlysis 

Cumulative Wt% Less Than Mes h Size 
200 I~kesh 100 Mesh' 50 Mesh 30 Mesh 20'l~lesh 10 Mesh 

1.3 11.2 40.2 78.0 

2.5 12.3 33.5 68.1 

0.8 6.3 26.9 54.4 

97.6 98.7 99.4 99.4 

97.6 98.6 99,3 99.7 

Vol~ne/ 
Number Surface Weight 
Mean __~ __~ 

54 276 445 

40 

44 

22 

22 

279 541 
351 572 

23 32 

23 Z9 

93,8 100.0 

85.8 99.g 

89.3 99.7 

99.7 100.0 

9g.9 I00.0 

Bulk penstty 

42.8 

21.2 
28.0 

U1timte Analsy..st_s. 

YIELD PERIOD Z04 

SOLIDS ~DSITIO#1 

WtZ of T?tql S _ _ o l ) d d ~ _ _ L _  - 

_ Component ~ ,~I�_IJJJ$.JLLD Ent ratn~c'. 

H 4.20 0.58 1.41 

C 63.3 20.2 26.9 

S 3.8 5.4 3.6 

0 12.4 9.1 8.8 

fl 0.57 0.17 0.10 

Cl 0.04 0.18 0.28 

503-Free Ash 15.8 64.4 58.9 

Total 100 .o 100.0 100.0 

Solids Flow Rate 
( lbs /hr )  

Ash Element Analysts 

10.18 2.03 0.08 

wt%..of .Sq~-Free Ash . . . . . . . . . .  

SiO2 27.8 26.6 24.5 

Fe203 8.7 9,6 7.8 

AI203 9.8 0.6 81 

CaO 1.53 1.91 1.61 

MgO 0.59 0.55 0.50 

TI02 0.92 0.45 0,60 

P205 0,23 0.31 0.15 

NazO 0.51 0.69 0.85 

KzO, Catalyst 49.89 50.29 55.93 

Total 100.0 i00.0 100.0 

aL b 
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rJ~ 

P~OQUCT G/L~ ~ATA 

Product Gl~ Partial Pressures I t  G~slfier'_Fxft 

Tot,~l Pressure, ps|~ 

tl 2 

CO 

CH4 

C02 

H2$ 

.zo 
~Z 

~zOlCO 

H~OIC02 

U~I t Gas ~I~ 

Sy,ga." ~l', !bs/~1 

Product ~s ).~T (dry). Ibs/~l 

Product ~as 

~t G~siftor Outlet, SCFH 
(~ncludes N2 + H~O) 
At G~sifter Outlet. ACFll 
(inclu(es X 2 • H20) 
At 6aslflO~ Outlet. SCFH 
(E×clu~es N Z) 
~t ~s i f t e~  Outlet, ACFll 
(E~cludes r~21 

113.7 

¢3.6 

'16.2 

9.7 

13.0 

0.3 

14.3 

0.9 

1.1 

11.2 

17.6 

894.8 

705.4 

1023.7 

399.9 

8?4.3 

341.5 

U, it Gcs Ytelds 

Product Gis (~). l(oi~ 
H2 
CO 
C02 
CH4 
H2$ 
NZ 

Product Gas (Ory, NI-Frle) 
H2 
CO 
C02 
CH4 
H2S 

[~duc t  Gas 
H2 
CO 
COZ 

H20 
N2 

Product Gas (flz-Free) 
H2 
CO 
co~ 
CH4 
H2S 
HzO 

S~FH. CH4~lb C Pctive Bed 

SCFH CH(Jlb C Fe~d 

~ l e s  CH4/mole I; Feed 

__~ullibPl~l~ Const~nt~ 

Graphite-~20: C ~ H20 - CO ~ H2 
Shi f t :  CO + 1120 = C02 + H2 

Ovar~ll: 2C + 2H20 = C~)~ + CO 2 

43.8 
16,3 
13.1 
9.8 
0.3 

16.7 

5Z.6 
19.5 
15.7 
11.8 
0.4 

30.3 

11.4 
G.6 
0.3 

12.6 
10.6 

02,3 - 
15.? 
12.6 
9.5 
0.3 

19.6 

13.6 

0.43 

Reaction ¢e~r~nd~n9 
Equilibrl~at ~ctual Equlllbri~ 

Active Bed Te~P Equiltbrt[en Temperature 
• ~ _ E ~  _ _ _ ~ L _ _ _  

~.0036 3.3056 1357.7 
1.0847 2.4~95 112~,G 
O.OBB1 0.0225 1374.1 
0.3452 0.6195 

m 
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~arif~c,r Ste.)m ~ 4 • r~ } Pr~du¢~ l?~s :V~ 11.04 

~ , ~ t f t t r  Synod, id.J{ P~duct ~ a t e r  6.1.1 

Char Ent~air~e<~ o.0~ 

S,)I i dt Y, i thc~ra~n 2.03 

(otz( 6ex N?) )9.01 Yot~i (ex N~) )9.02 

r? ~ur,," (()tp~v ~ hr~ :~ ,e , l / lApu l ;  , i loft 0 

.',~ :uj : : .qe LI.  

~ :  i ? ~, :,r 3yr:,~)a'~ ')7 ~, , 0 

~3~ut: ~S~L 

H2 + CO .~n f:roduct ~ s  53?.8 

H 2 1401% 4~ 

CO M~I% 16.3 

~zh___. Balances 

z n _ ~ u _ t _ L t ~ . ) :  

Coal + Cata lyst  

Output: 

Entrained Char 

Solids Withdrawn 

Tol~l 

Accumulation: 

Closure 
(nut + OccUm)/tn, 1[ 

'~sh Element B~iance 

Coal + Catalyst  

Out�_u_t: 

Ent~'~fn~d Ch4r 

5oI ids Mtthdra~m 

ToLml 

Accumule t ton :  

Closvre 
(out . . . ~ c ~ ) / 4 n .  , 

VZ|Lp p[Rx® zo4 

MATERIAL BALM#ICES 

6/1t $03- Fr~l $03-1rrml 
~TH Ash h $ 1 ~  /~TM Ash 

2.35 2.14 1.60 i .56 

1.06 0.06 0.05 0.06 

1.52 1 .64 1.31 1.30 

1.58 1.70 1.36 1.3S 

0.77 0.43 0,25 0.21 

i00.0 I00.0 I00.0 I00.0 

0.445 0.140 0.15/ 0.02~ 0.010 U.661 0.013 9.015 0.004 

0 012 0.004 0,004 ;~ 00! 0.0 0.007 0.0 0.0 0.0 

0.348 0.126 0.12~ O.OZ~ 0.007 0.284 0.007 0.006 0.004 

0.359 (I,.129 0 I ~  907'~ 0.007 0.291 0.007 0.006 0.004 

0.086 0.011 O,OZ~. -0.001 O.OOZ 0.132 0.006 0.009 -0.0 

100.0 100.0 IO0,~ I00 0 I00.0 64.0 100.0 100.0 tO0.O 

dl~ II 



& ~' • I 

! 

i 

HATERINL BAE,~CES 

~sl@le~ St~ 0.0 1.65 13.14 

Ca~Ifl(rSynBas 6.34 1.65 7.11 

l~t~l II.78 3.73 ~1.51 

.~t~: 

)~oduct ;a~ ll.ll 3.03 16.04 

Prod~ct H~t~ 0.0 0.69 5.45 

Chor Entralned 0.02 O.O 0,01 

~oHd$ ~ t h d ~  0,41 O.Ol 0.18 

7o%ol II.54 3,73 ~1.68 

ACC~Ul~tlon: 0.24 0,0 -0.17 

Closu~ lO0.O 100,0 IO0.O 

~cld Sol. $)~torSol. 

Coal + Cat~l~% O.G6 0.50 

Cb~r Entrained 0.02 0.02 

PPoduc% Hate~ 0,0 0.0 

5o~fd Hlthdr~w~ 0.55 0.,~] 

Total 0.57 0.42 

,~ccu~latton: 0,10 -0.10 ' 

Clo~u~o 100,0 65.1 
(out ~cc~)/l~, % 

*~x(;i,}de~ ¢ ~ r ~  Brld oxygen In eatQly)8 

Sulfur Chlorlna 

0.3S5 0.0~4 

0.386 0.004 

0.228 0.0 

0.002 0.0 

0.003 O.O 

0.II0 0.004 

0.343 0.004 

0.0~3 0,0 

I00.0 I00.0 

,~ole. Balance 

H2 
¢U 
I1~0 
Total 

Sollds /nput 

Coal + Cat Feed 

Yot~ 

YI£LO F£RIOO ~04 

RATERIAL B~LANC£S 

~asOutput 

- c  , _ ~ _  s__L_ 

(0.81) 1.538 ~ - 

(0.44S) 0.~45 (~.0 ~.4~s - 
(o.281) 1.642 o.821 - 
(1.5,)5) 0,445 3.280 #.725 - 

c . o ~ _K__ 

0.536 0.424 0.079 0.0]2 0.017 

0.981 3.704 1.34~ O. Ol~ 0.017 

s.llds Output _ _ c  _3~_ o_.E_ ~ 

Cha~ Entrained 0.002 O,OO1 0.0 0,0 0~00] 
Char Samples ~tthdra~n 0.03~ 0.012 0,012 O.OO3 0,014 
Char Accumulation 0.020 0.00] -0.01t O .OOl  0.002 
Total Solids 0.05~ 0,014 0.091 0,005 0.0]7 

Total Output + 0,001 3.704 1.344 0.0]~ 0.017 
Accu, mulatlon 

proauc~ Gas .c__L_ J . . . .  L 

~ ~i,o3s) - 2.070 - 

(o.38~) 0.384 o.o o.S~, - 
~o2 (0.309) o.~o9 ~.~1~ - 
c.4 (0.23)) o.231 o.;zo 
H2s (0.007) - o.o14 o.oo7 
HzO (0.340) 0,681 
Tot~l (Z.306) 0.925 3.691 1.343 0.0~7 
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I 

YIELD PERIOO 204 

VlO0 6aslfler Stem (lbs/hr) 

V11Y Char Withdrawn (Ibs/hr) 
V103 H in Char Entrained (wt%) 

V155 1t in Char Withdrawn (wt%) 

V168 H in Coal + Catalyst Feed (wt%) 

Vi13 H in Gasifler Start ing Mid Char (wt%) 

Vl14 H in Gastf ter  Ending Mid Char (wt%) 

V183 CO in Syngas (mol%) 

V185 Acid So1. K20 tn Coal + Catalyst Feed (wtt) 

VlB8 0 in Coal + Catalyst Feed (wt%) 

V193 H 2 In Syngas (moI%} 

V205 C02 i~ Product Gas (moi%} 

V~O7 CH 4 in Product Gas (mol%} 

V208 CO in Product Gas (moi%) 

VZl2 H 2 in Product 6aS (molt) 

V21~ N 2 In Product Gas (mol%) 

VZI~ H2S In Product C~s (molt) 

V722 Carbon tn Char Withdrawn (wt%) 

V)27 Acid Sol. K20 tn Char Entrained (wt%) 

v732 Acid sol .  K20 In Chat" Withdrawn (wi t )  

Y2Sl Carbon i ,  Gaslfier Starting Mid Char (wt%) 

Y258 Carbon In Gasifler Ending Mid Char (wt%) 

V265 Acid Sol. ~(20 in G~sifler Starting Mid Char (wig) 

V~6 Acid Sol. K20 in Cwsifier Ending ~id Char (wt%) 

v28g AsTH Ash in Char Entralned (wt%) 

V292 ASTM Ash hl Char Withdrawn (wt%) 

V293 ASTM Ash in Feed Coal • Catalyst (wt%) 

V794 C/W Residue in Feed Coal + Catalyst (wig) 

~295 C/H Residue In Char Entrained (wt%) 

V306 ASTI~I Ash in G~sifler Starting Rid Char (w(%) 

V3(,/ ASTH Ash in Gasi f ier  Ending Mid Char (wt%) 

~ ; , , r ' e d  Reconciled 

IA.78 14.7g 

2.03 2.03 

0.00 1.41 

0.58 0.58 

4.21 4.20 

0.38 0.38 

0.37 0.37 

33.30 35.18 

1.35 7.86 

12.30 12.36 

51.50 64,81 

13.10 13.10 

9.80 9.80 

16.70 16.27 

43.30 43.84 

16.70 16.69 

O.3U o in 

20.25 20.16 

32.33 37.32 

33.29 32.39 

20.89 20.71 

24.10 23.91 

34.20 33.66 

33. I0 33.49 

10.23 70.23 

74.74 74.86 

23.13 23.07 

21.52 20,98 

79.07 79.13 

7&.58 57.65 

11.00 77.76 

V310 

V320 

V371 

V333 

V334 

V336 

V337 

V338 

V350 

V351 

V353 

V354 

V355 

V407 

V~73 

vig5 

F38~ 
[ 3~ r, 

PGKO 

U(114) 

u(115; 

~(1161 

u(]iT) 
O(lla) 

U(IIR) 

U(IZi)  

U(122) 
U(1~3) 

Y!ELD 7ERZOu ~u~ 

PRO~ESSVA~IA8LE$ 

£1H Residue in Char Withdrawn (wt%) 

CIH Residue in Gaslfier Starting Mid Char (wt%) 

C/H Residue In Gas l f le r  Ending Mid Char (wt%) 

S03-Free ASTN Ash in Feed Coal + Catalyst (wt%) 

S03-Free ASTM Ash in Char Entrained (wt%) 

503-Free ASTM Ash in Char Withdrawn (wt%) 
Sg3-Free ASTM Ash in Starting Mid Char (wt%) 

SO3-Free ASTM Ash in Ending Mid Char (wt%) 

S03-Free C/H Residue tn Feed Coal + Catdlyst (wt%) 

S03-Free C/H Residue in Char Entrained (wt%) 

S03-Free C/H Residue in Char Withdrawn (wt%) 

S03-Free C/H Residue in Starting Mld Char (wt%) 

S03-Free C/H Residue in Ending Mid Char (wt%) 

Coal + Catalyst Feed (Ibs/hr) 

Char Entrained (Ibs/hr) 

Carbon in Feed Coal (wt~) 

Carbon In Char Entrained (wt%) 

Syngas Flow ~leter (CFH) 

Product Gas Flow Meter (CFH) 

Product ~as ~ondensate (Ibs/hr) 
Starting Bed ~P (B-A) (in Hg) 

Starting Bed ~P (C-B) (in Hg) 

Starting Bed ~P (D-C) (in Hg) 

Starting Bed ~P (F-E) (in Hg) 

Starting Overall Bed AP iF-At (in Hg) 

Ending Bed 3P (B-A) (in Hg) 

(ndlng Bed ,,2 (C-B) (in Hg) 

Ending Bed aP (D-C) (in Hg) 

Ending Bed aP (F-E) ( in  Hg) 

Ending Overall Bed Ap (F-A) (in Hg) 

SLartln~ ~ed ~]) (E-O) (in Hg) 

79,3! HO. 77 

77.58 72.84 

71.54 75.99 

16 61 15.76 

61.30 58.85 

63.82 ,;4.40 

64.39 54.50 

64.45 ~4.70 

15.0(] 15,38 

70.14 70,08 

55.35 63.93 

64.79 68.09 
71.64 67.29 

10.54 lO. ~B 

0.08 0.08 

62.53 ~ ',.21 

25.06 ?',.C~O 

45.60 45.20 

114,80 :2i .01 

5.9,5 :i. 8g 

3.10 3.03 

1.60 1.78 
1.20 i . i "  

O,G3 L',O0 

6.C0 6.00 

2.60 2.64 

1. bO I 5'~ 

2,3,O 2.33 

0.00 O.O0 

8.49 0,48 

0.0,') ~; 3)3 

• IZ 



E~0(6) 
D~OS~ 
V~O 

V281 
V187 
V246 
V244 
V243 
V862 
V863 
V867 
V868 
v86g 
V871 

V872 
V876 
V877 

VQT8 

V~80 
V~I 
V885 
V8~6 
V887 

V88q 
V89~ 
V8~ 
VR~5 
V895 

V3~3 
U827 

YIELD PERIOD ?04 

PROCESS VARIABLES 

Ending Bed AP (E-O) (in Hg) 
Deposits Accumulated on Gasifter Walls (lbs) 
S in Gasffier Starting Hid Char (wt~) 
S in Gasifler Ending Mid Char (wt%) 
S tn  Coal + Catalyst Feed wt%) 

S in Char Withdrawn (wt%) 
S in Char Entrained (wt%) 
S In Product Gas Condensate (wt%) 
Si02 in S03-Free Ash in Starting Mid Char (wt~) 
5t02 in S03-Free Ash in Ending Mid Char (wt%) 
S|02 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
Si02 in S03-Free Ash in Char Withdrawn (wt%) 
St02 in S03-Free Ash in Char Entrained (wt%) 
Fe203 in S03-Free Ash in Starting Hid Char (wt~) 
Fe203 in S03-Free Ash in Ending Hid Char (wig) 
Fe203 in S03-Free Ash in Coal +-Catalyst Fe~d (wtZ) 
Fe203 in S03-Free Ash in Char Withdrawn (wt%) 
Fe203 in S03-Free Ash in Char Entrained (wt%) 
A1203 In S03-Free Ash in Starting Mid Char (wt¢) 
A1203 in S03-Free Ash in Ending Hid Char (wt%) 
A1203 in S03-Free Ash in Coal ÷ C~talyst Feed (wt%) 
A1203 in S03-Free ,~h In Char Withdrawn (wt%) 
AI203 in 503-Free Ash In Char Entrained (wt%) 
CaO in S03-Free Ash In Starting ~id Char (wt%) 
CaO in S03-Free Ash in Ending Rid Char (Ht%) 
CaO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
CaO in S03-Free /Lsh in Char Withdrawn (wt%) 
CaO in S03-Free Ash tn Char Entrained (~t%) 
Cl In S03-free ;~sh in Starting Mid Char (wt%) 
C1 In S03-Free Ash in Ending Rid Char (wt%) 
C1 in S03-Free Ash in Coal + Catalyst Feed {wt%) 

Measured Rec~nc|led 

0.00 0.00 
0.00 0.00 
5.08 5.08 
5.58 5.55 
3.74 3.80 
5.53 5.41 
3.61 3.64 
0.03 0.04 

27.13 25,83 
27.13 27.42 
27.40 27.78 
27.58 26.57 
23.97 24.47 
8.08 8.22 
8.O8 7.93 
8.59 8.73 
9.84 9.60 
7.73 7.78 
9,78 9.73 
9.78 9.83 
9.77 9.81 
9.73 9.61 
8.05 8.11 
1.21 1.27 
1.21 1.14 

1.48 1.53 
~.01 1.91 
1.60 1,51 

0.27 0.26 
0.24 0.25 
0.04 0.04 

V828 
V829 
V836 
V837 
V841 
V842 
V843 
V898 
V899 
V903 
V904 

V905 
V915 
Vgl 7 
V921 
V922 
V923 
V925 
V926 
V930 
vg31 

V932 
V813 
V814 
VS"l 8 
V819 
V820 

V805 

VB06 
YBI0 

V811 

~IE'LOPEM[~ .204 

emcEss VARI~LyS 

C1 fn SO]-FreeAsh in Char Withdrawn {wt%) 
Cl in S03-Free Ash tn Char Entrained (wt%) 
Acid 5ol. Na20 Ifl Gasifter Starting Rid Char (wt%) 
Acid Sol. Na20 in Gasffier Ending Hid Char (w~%) 
Acid Sol, Nag0 in CoaZ + Catalyst Feed (wt%) 

Acid Sol. Na20 in Char Withdrawn (wtZ) 
Acid Sol. Na20 in Char Entrained (wt%) 
HgO in 503-Free Ash Starting Hid Char (wt%) 
MgO in 503-Free Ash tn Ending Hid Char (wt~) 
MgO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
MgO In S03°Free Ash in Char Withdrawn (wt%) 

MgO in S03-Free Ash in Char Entrained (wt) 
Tt02 in S03-Free Ash fn Starting Hid Char (wtZ) 
Tt02 in $03-Free Ash in Ending Hid Char (wt%) 
T]O 2 in 503-Free Ash in Coal + Catal3st Feed (wt%) 
TiO 2 in 503-Free Ash in Char Withdrawn (wt%) 
TtO 2 tn 503-Free Ash in Char Entrained (wt¢) 
P205 in S03-Free Ash in Starting Htd Char (wt%) 
PZ05 in 503-Free Ash in Ending Mid Char (wt%) 
P205 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
P205 tn SOTFrea Ash in Char Withdrawn (wt)) 
P205 in S03-Free Ash in Char Entrained (wt%) 

in Starting Rid Char {wt%) 

in Ending Mid Char (wt%) 

H in Coal + Catalyst Feed (wt~) 

N in Char Hlthdra~ (wt%) 

N 1, Char Ent~alned (wt%) 

0 in Starting Mid Char (wt$) 

0 in Endl,g Hid Char (,t)) 

0 in Char Wlthdrawn (wt~) 

0 In Char Entrelned (wt~) 

Reasu~ed Reconcl led 

0.18 0.18 
0.28 0.28 
0.49 D.SO 
0.45 0.4J, 
0.08 0.08 
0.45 0.45 
0.50 0.50 
0.54 0.53 
0.54 0.55 
0.60 0.59 
0.55 0.55 
0.50 0,50 
0.46 0.35 
0.46 0.58 
1.52 0.92 
0.42 0.45 
0.59 0.60 
0 . 1 0  0.08 
0,10 0.08 
0.21 0.23 

0.37 0.31 

o.15 f}.15 
0.13 0.13 
0.21 0.21 
0.57 0.57 
0.17 0.17 
0.10 U. lO 
8.86 ~'~.9~ 

5.05 .~,~00 

0.05 ~;81 
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IlECONCII.[O DATA 

'LL~Lm__Er ~ :un~o~_ 

UNIT OF.TRAT IQN% 

I: "Ofll 

TO 

[)Ui'a t i C~;I 

P,~PCeFI~ of Tiiili! on Stream 

Lea I re~d 

Steam 

7.],.nga _ ~ 

G a s i f i e r  Frccffhs lernper,'.Lor~s 

' ]as i f~c ' r  ~e(J ; !n isht  (~".' 

~,q.4 

12, I 

"OG 

21.2 

76,C 

lO.o 

6 4  

0 .4  

OO : tO 

15 ~C~ 

I00 

93 

O~te 

3-12-77 

I t  Mrs 

]n~ f l i e r  lempera"n~ ~ 

1175 

1256 

1 3 0 8  

1322 

1210 

1309 

1290 

12Bb 

1178 

VIELO PERIOIJ 2CIS 

IJNi l  PRflCESS VAPlD~LE'] 

! !q l  P T ~ % , L ~  u r~ !~_ 

L:,~khopprr I Top 
LocXhoFp~r I lh)ttoin 

leckhnpFer ~ ion 
te,ckhcppe? _9 Uottom 

GasiPier '  Feeu Line 
C,,es~fiec St.e~m Line 

i ;asi f ier  
lop t) F :Cad 
Uottom (If 3ed 
t o t a l  Bed average 

~<c;ug~ Cut ( yc lm le  
C/c lone Top 
Cyclone FV_, c tom 
Stan3pi,~c lop 
Standpipe ;.~id 
StanDpipe AOCCOm 
Standpi~r Slope Fop 
Standpi;~c Slope Bottom 

,acif!~r [~ar q p,~i 
Cyc ] ,qnc ir~ : e t  
Fi l ter  Inl<:t 

Scrubber ]~!et 
Scrubber Out let 

Product L:aS Meter 

Unit PresAureS 

L,;ckhopper ? 
3asi f ier  f~.d Line 
~ypass ;tZ' 
S,.,n ga s In 

Gas, Fief 
Gasi f i e f  Tup 
Gasi f i e r  B o t t o m  

Rough Cut Cyclone Outlet 
Filter Outlet. 
Scrubber C'lt !I~t 

9roc~Uct GdS ~qnter 

'>'Zo_c r3L, ~_  ~ V" 

20 l) 
?FIO 

278 
18~ 

oil l 
1049 

132Z 
1:78 
1719 

U7~ 
714 
817 
dO9 
7~5 

1179 

~2 

87 

122.7 
117.9 
155.7 
162.7 

113.7 
117.8 

1 t 3 . 0  
11J.6 
l l ] . ~  

114.7 

7tiCk:'_,_ 

l i f t  
22; 

) t ,  
LTc) 

] 36J 
~ZI~ 
131i 

9~4 
107! 
1007 
10IS 
lOac 
1050 
9q7 

6,~ 
bS5 

B III 



i I l I 

k,.,.li 
Oo 

t 

7eU ~+eig~,t (t",) 

6~J ;olume (~f) 
A~ir..~g{~ led i?plo6~,a(ur~. (o,~) 
~QCe 9el~ic~ty (he A) (C/ICf/i~) 
BOtt~:l ~up,~,rflcio'I ,lelO¢i~,y (ft/sec) 
Top ;,vper;icial '~l~cltv {f'?l~ec) 

{ /~C l o n e  ;:~r)eorFwlektt:~ 

PresSUr~ ~psla~ 
Inlet G~s &ate (SCFI!) 
Inlet Ga~, Xate (ACFH) 
l~let rj.~S Velocity (ft/sec) 
Solids 2,',i)r;ng (Ibslhr) 
Dust Lo~,~'inq (lbs/acf) 
Sollds i;,;pcu,"e~ ()b$/br) 
Sol ld~ ~sc;~pln9 (Ibs/hr) 
Ov~,r~ll E~ficiency (CaDt,Jred/Enteri,g, ',It.i) 

Sol ~ds Carryover ' e~)~ 

Coal + Catalyst Fe~ (lbs/hr) 
Total C.~-?,,c-:.~)r ( "~ /hr )  
Cyclone (lb~/:Ir) 
Fi l ter (Ibs/flr) 
Carryover/Feed {)it. 9:) 

Sol ids CavbuA Loss 

r,,,arbon hi Fe,%) {]bslhr) 
~rbon in Carryovm" (Ibs/br) 
Carryover/F'=.ed (Wt.~;) 

=IRep r°duced (r°m ~ , ' ~  
best available copy. 

"cO.~ 

!06.0 
-4.5 

lit)g.4 
13B.7 
0.87 
0.]7 

612.C~ 
113.7 

I. 4~0.3 
:~70.7 
29.7 

0.0068 
2,3 
0 . 3  

,39 ~) 

a2.56 
2.3'J 
0 . ~  

B.9~3 
9.'T3 

C;)rbnn ~n ;?~,I ~ (Ibm/h,') J.~5 
C.)rbon fron~ ~)evolati!l~at(~'* ,~ ;~+ed C¢a1 (,ib-;~,~) )~.Bi 
C~rbon 3~s ~ ~',¢)' ', (by di~ re~-e~ic~) { l~,;hr) -.~ 2~ 
Total Carh(Tn Converted (~bs/hr) J.ijl) 

Carbon Co,~..ersion (C Conve~tedi~.l_.~ ~e_~.d 

,s~Ificz,~i();) Only (%) rm~-6 
Total, ~aci,:dii-tg Oevolatillzation {%) 90.0 

Carbon D}r, tr ibution 

~otal Co~wert~.d (%) '.'X}.O 
~ntrained (~) ~0.9 
~li thdrawn (~) 4.S 
Accumula tad (~) =$-'~ 
C.onversion (£ntrainment Backed Out) 95.6 

Specific R,~a.ction Rates [C Converted/C in Bed) 

Gasificatio~ Only (q/Hr) II3.B 
Including Devola~il Ization ~8.8 

Steam Con si~m~ti~.t~n_o~ 

Steam In~o Unit (lbs/hr) ~2,72 
SLea,n R~dct,~d with Carbon {Ibs/hr) 7.87 
?o)~l S~ee,)Consumed (Ibslhr) 12. °~j) 

Steam Conv~r)ion _~Steam Conscrmecl/Steam inf~o 9ed~ 

Easi f icatlol i* ('%) ~ .6  
Total St~em r.onverted (%) B6o7 

Reaction R~e Param~terB 

Carbon Con~rted/SLeam Fed (Ibs/Ibs) 0.231 
Carbon Cont~rted/Steam Fad (mol/~,ol) 0.3 ~.'7 
Carbon Co,lv~rted/Bed Volume ( lbs/hr) /cf t  ).Ol~ 
Carbon Converted/Bed Volume (n~l /hr) /cf t  O,~B4 
C~rbon In ~h.,dlSteam ~ed Ibsl(Ibslhr) 1.~3I 
Carbon I~ ~]edlSteam F~d ~oll(raol/hr) 1.B-B? 

~Excludes c~rboB In catalyst 
**Assumed irem s~andard ASl• devo1~tilizatlml .,:~t oi' feed coal 
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YIELD PERIOD 205 

UNTI COMPOSITIONS 

Wt~ Feed 

K as K20 I0.I 

K as K2CO 3 14.0 

K as K 8.4 

K Water/Acld, 0.659 
Soluble Ratio 

K20, W~O-lnsoluble 3.4 

K2CO~H20-lnsoluble 5.1 

K,H20-In~oluble 2.9 

Carbon 62.3 

K on Carbon 13.5 

ASTM Ash 24.9 

K on Ash 33.7 

K2CO 3 Fre~-Ash 9.9 

K on K2CO 3 Free-Ash 84.9 

Stze D i s t r i bu t i on  

Gaslfler Char 
' " Mid gottnm £tltrained 

31.0 3().7 36.0 27.6 

,15,5 45.1 5?.q 40.5 

25.7 25.5 29,9 22.9 

0.619 0.G41 f). 565 O. 731 

11.3 l l . l  15.7 7.4 

17.3 16 2 23.0 10.9 

9.8 3.2 13.0 6.2 

28.5 ?E.4 19.4 38.2 

90.1 96.7 154.3 59.9 

69.A 71.0 83 S 54.6 

37.0 3~.0 35.~ 42.0 

23.3 25.2 30.6 13.5 

110.3 101.4 97.7 169.1 

Cumulative ~t% Less Than Mesh Size 

Feed Co~l (Catalyst  1.6 

Top C~a, 2.2 

Mid Char 2.5 

Bottom Char 0.4 

Cyclone 50.0 

Fllte. 84.D 

Feed Co~i + ~atilylt 

Top Char 

Mid Char 

Bottom Char 
Cyclone 
Fi l ter 

20 l sh- - lO-~s}~ 

2.2 11.9 47.1 7g.O 93.5 99.8 

5.S 22.7 48.A 79.a 91.5 99.9 

5 3 18.9 ¢6.7 ~.0.4 93.2 100.0 

l.O 7.3 31.4 :3 .7  91.5 100.C 

62.2 97.9 g9.l ~9,5 100.0 100.0 

88.0 98 G ,~ ~ Iro.o 100.0 lon.o 

Vok~el 
Number" Surface Ueight Bulk Denslty 
Mean ~ ~ -- | ~$ /e f  
31 241 ~38 46.4 

32 197 :~22 21.O 

30 l~d ~lB 24.5 

45 313 497 25.3 

23 36 56 

22 2 ~ ' :  

*Based on acid sn l t~ le  ~na!ysl~ 

Ulti.n,~te Anal~ 

$OI.IDS COMPGSITIOI 

~t% of Tota].SOlla~,_OC'y_~ . 

~t 4.0'I O.CB D.') 7 

C 62.3 19.3 ~ 

$ 3.6 5 . I  J : 

.I 9.1 7.,~ ,'.1 

N 1.09 O. 16 0..)') 

C1 0.09 0.15 0 . ~  

;03-F~ee Ash 19.8 67.2 4~.~i 

Total 100.0 100.0 lO0 J 

Solids Flow Rate 
i lbslhr) 

14.38 2. ('iS 2. ': 6 

Ash Element Anal s~ ts  

~;i02 27.7 ?7 2 2.I ; 

~'~203 8. ] 8.6 7. ,  

A i 202. 10.1 1 t .0 <~ 

CaO 1.15 I .8! 1.]7 

MgO 0.55 O. 62 O. ,L ! 

I" i t' z O. ,l(i O. 45 b ' (Y 

V205 O. 13 0.71 0 '.J<: 

~a20 O. 51 O.OB D ~. 

K2U, ( .a ta lys t  31.10 49.93 ~5 4: 

I,M.C,I 100.0 ~0 9 lfLt ,' 



k • 6 

I 
, . .J 
Oo 
Go 
I 

YI.ELD PERIOD 205 

PRODUCT GAS DATA 

Product Gas Fartlal Pressures at_.Gas|ffer Extt 

Total Pressure, psta 113.7 

H2 42.1 

CO 11.9 

CH4 8.o 

CO 2 1 I .  5 

HE S O. 3 

H2 0 16.~ 

N2 23.3 

H20/CO 1.4 

H20/CO 2 1.4 

Unit Gas ~t~ 

Syng~s ~T, Ibs/)~l 9.3 

Product Gas t4kiT {dry), Ibs/n~l 17.7 

Product C-as 

At DTH (dry), SCFll 1213.4 

(gry, f(2-Free), SCFH 922.8 

At Gaslf ior Outlet, ~£Ftl 1420.3 
(Includes N2 ÷ H20) 
At Gosi~'ter Outlet, t~CFH $77.4 
(Inclu~:?~ N2 ÷ H20) 
At Gasi i }~r  Ot,~iet~ .~C!:lt l lZ9 l 
(E;:cl~.s N 2) 
At I~a:;ii l~r  Out1~t, AC|:H r~59 

i [-Reproduced from ~ ,~ ,~  
iJ bes! avai lable copy. 

YIELD PERIOD 2.o.s 

PRODUCT GAS ~TA 

Untt G~s Ytel.d$. 

Product Gas (Dry}, V~I% 
H2 
CO 
C02 
CH4 
H2$ 
N2 

Product Gas (Dry, N2-Free) 
H2 
CO 
C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 
Cl~ 
H2S 
H20 
N~ 

Product Gas (H~-Free) 
H?, 
CO 
C02 
CH4 
HzS 
H20 

~¢FH 6tt4/Ib C Active Bed 

SCFH CH41lb C Feed 

43.3 
12.3 
11,8 

8.3 
0.4 

23.~ 

56,9 
16.2 
1S.5 
10.9 

0.5 

37.0 
10.5 
10.1 

7.1 
0.3 

14.6 
20.5 

46.5 
13.2 
12.7 

8.9 
0.4 

18.3 

3.6 

11 .~ 

0,35 

. . . . .  ~ r ! . i ~  !,~.~'~ UJ'~ ~. ~__..,~.SI'~.~'. ;; . . . . . . .  

~I-?,~, ". I: >.C • ":H;O :" Clb" " :~tI? 

Reaction 
Equ| 1 t brt u:n at 

~cttve Bed Temp 
. . . .  ~ ! ; ~ .  ~ L -  

~., "~:t;J 
0070! 

Actual 
Equ!ltbrl ~ 

:1.0633 
2.433~ 

0.3373 

iI~b.] 
1349.7 



I 
F~t.,~l (.~'~ N 2) ~9.,)~) 

, 4.'t(,,~',' : (3,,'g~t * Accu~i)/ 

Coal Fee5 !~x ~ i  I ,L?? ero~|~iu~ ~ .  ~ex ~;.') 3~:.03 

G a I t f i e r  .r,t~a::" ;77 ,':' Pr~d~:ct ~;as ~? )c1 .a ,  

Sol I,~> Wi':hdra~.~ 2.05 

l OC,. C 

'~asI :  i~" Synr,,:: (,94.5 

::2 ~bl% 22.0 

CO ~h, ~ .: ~8. (! 

Bola~,'~: !O~:.~u~:/Inp~: ~ X ; . i 

!!~tp!~ : ..,_rj.!.~ _ 

Ft 2 + ~G ;,~ ~ d t a c ~  ~-,~- ~74. 

H? MO, ~. 4:,.L' 

CO Nk~ I "li 17.3 

YIELD F'~kIUO ZOS_ 

Coal ~ Catalyst** 8.95 0.586 l ~l 

Gasifler Steam 2.52 ;';l O/ 

Gas i f t  er  Syngas 4,40 I .  87 ~, ~5 

Total 13.35 4.98 27,34 

Ou_.__t~ut : 

Product Ga~ 12.45 3.86 IB.3~ 

Product Water l .  09 B. 74 

Char Entrained 0.98 O.Ol 0.20 

Solids Withdrawn 0.40 0.01 0.15 

Total 13.83 4.98 27.47 

Accumulation: -0.48 O.OO -L). IJ 

Closure I00.0 )00.0 I00.0 
(Out+ Acc~)/ in,  

L a.t,~ 1A]X_i_t Bai~%~ 
Acid Sol. ~ater Sol. 

1 n~.u.L(_L bJ__~ ):  ......... L _ _ _  K 

Coal • Catalyst 1.21 0.~0 

Char Ent-> i?~ed O. 59 O. 43 

Product Wa te~ O. 0 O. 0 

So l id  Withdrawn 0.57 0 35 

Total  l . 16 O. i l  

Accu~l at  ton: O. 05 -.0.05 

Closure Io0.0 9~ .2 
(out + .ccum)/In. % 

;';orbon balance excludes catalyst c~rbonate 
'~.x(:-,Je$ ,~rbr~ ~ncl oxyqen in catalyst 

Sul f u r  (:h 1or1 ne 

O.SI? 0.013 

O.O 

0.0 

0.512 0.013 

O. 362 

O. 004 

0.086 0.O07 

0.105 0.003 

0.557 0.010 

-0.044 0.003 

lO0.O 100.0 



I 

I 

A~h Balances 

]nput (Lbs/HP): 

Coal + Catalyst 

out_~_~: 

Entrained Char 

Solids Wi thdrav, n 

Total 

Accumu 1 at t on: 

Closure 
(out + accum)/In, % 

Ash Element Balance 

Input (Lbs/Hr): 

Coal ÷ ~talyst 

Entrained Char 

Solids Withdrawn 

Total 

Accumul at l  on: 

Closure 
(out + accum)/In, % 

YIELD PERIOD 20~. 

MATERIAL BALANCES 

CtH $03-Free S03-Free 
ASTM Ash Residue ASTMAsh C/H Restdua 

3.58 2.79 2.85 2.32 

~.40 1.35 1.26 1.22 

1.71 1.59 1.38 1.25 

3. l l  2.94 2.64 2.46 

0.47 -0.15 0.20 -0.14 

lO0 I00 I00 I00 

~ ~ CaO M~O ~ ~aa20 ~ 

0.788 0.237 0.286 0.033 0.016 0.995 0.014 0.014 0.004 

0.307 0.097 0.118 0.014 0.006 0,255 0,008 

0.375 0,119 0.152 0.025 0.009 0.342 0.0 

0.682 0.216 0.270 0.039 0.015 0.597 0.008 

0.106 0.020 0.016 -0.006 0.001 -0.001 0.006 

100 TO0 TO0 lO0 TO0 60 I00 

0.006 0.001 

0.006 0.0O3 

0.012 0.004 

0.002 -0.001 

I00 I00 

Mole Balance 

YIELD PERIOD 2 ~  

MATERIAL BALANCES 

Lb-Moles/Hr 
H__U__ ~ ~__t_. 

H2 (0.939) 1.878 
CO (0.366) 0.]65 0.0 0.365 
H20 (1.261) 2.522 1.261 
Total (2.566) 0 . 3 6 6  4.400 1.627 

Solids InpUt 

Coal + Cat Feed 

Total Input 

Gas Output 

__L_c _ _ L  O__L s _ L  
0.746 0.577 0.082 0.0t6 0.031 

1.112 4.976 1.709 0.016 0.031 

Product Gas C H 0 S 

(13B73 2.773 
(0.3933 0.]93 - 0.393 

C02 (0.378) 0.378 0.755 
CH 4 (0.266) 0.166 1.063 - 
HzS (0.0113 0.023 o.olI 
H20 (0.546) 1.092 0.546 0.0 
Total (2,981) 1.037 4.951 1.695 O.Oll 

Solids Output C ~ 0 S K 

Char Entrained 0.082 0.012 0.013 0.003 0.015 
Char Samples Withdrawn 0.033 0.014 0.009 0.003 0.015 
Char Accumulation -0.040 -0.001 -0,008 -0.001 O.OOl 
Total Solids 0.075 0.025 0,014 0.005 0.031 

Total Output + 1.112 4.976 1.709 0.016 9.031 
Accumulation 
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YIELD PERIOD 205 

PROCESS VARIABLES 

Measured Reconciled 

VIO0 Gas|fter Steam (lbs/hr) 22.63 22.72 

¥111 Char Withdrawn ( lbs/hr)  2.05 2.05 

V165 H in Char Entrained (wtt)  0.47 0.47 

V166 H in Char Withdrawn (wtt) 0.68 0,68 

V168 H in Coal + Catalyst Feed (wt%) 4.04 4.04 

V173 H In Gastfter Start ing Mid Char (wt i )  0.57 0.57 

V174 H in Gaslfier Ending Mid Char (wt%) 0.60 0.60 

V183 CO in Syngas (molt) 27.10 28.05 

V185 Acid Sol. K20 in Coal + Catalyst Feed (wt~) g,36 I0. II 

V188 0 in Coal + Catalyst Feed (wt;) 9.06 g . l l  

V193 H 2 in Syngas (mo1%) 68.90 71.95 

V205 CO 2 in Product Gas (~I~) 11.80 11.80 

V207 CH 4 in Product Gas (mole) 8.30 9 30 

V208 CO in Product Gas (mol~) 12.90 12.29 

V212 H 2 in Product Gas {molt) 43.00 43.31 

VII4 N 2 in Product Gas (mo1%) 23.90 23.95 

V215 H2S in Product Gas (molI) 0.35 0.35 

¥222 Carbon in Char Withdrawn (wt%) 19.37 19,31 

V227 Acid S01, K20 in Char Entrained (wt%) 27.47 27.5~ 

V232 Acid sO1. KZO in Char Withdrawn (wt%) 33.92 33.53 

V257 Carbon in Gasleier Starting Mid Char (wt%) 27.01 28.97 

V258 Carbon in Gasifier Ending Mid Char (wt%) 25.76 28.97 

V265 Acid Sol. K?O in Gasifier Starting Mid Char (wt%) 28.13 28.47 

'4266 Acid 5oi. ~20 in C~slfier Endinq Mid Char {wt~) 33.34 31.41 

V289 ASTM Ash in Char Entrained (wt~) 54.55 54.60 

V292 ASTM Ash in Char Withdrawn (wt%) 83.53 83.62 

V293 ASTM Ash in Feed Coal + Catalyst (wt%) 24.96 24.90 

'~94 C/H Residue in Feed Coal * Catalyst (wt~) 1g.51 19.45 

~2qS C/H Residue in Char Entrained (wt¢) 52.61 52.69 

v2q6 ASTM Ash in Gasifler Starting Mid Char (wt%) 70.31 64.95 

VJ07 ASll4 Ash in Gaslfler Ending Mid Char (wt%) 71.58 76.77 

YIELD PERIOD 205 

PROCESS VARIABLES 

Measured Reconciled 

V]IO C/H Residue in Char W|thdra~m (wt l )  77.55 77.69 

Y320 C/H Residue in Gastfter Start ing Mid Char (wt~) 66.9<) 66.47 

V323 C/H Residue in Gastf ier Ending Mid Char (wtZ) 68.36 68.86 

V333 S03-rree AS~ Ash In Feed Coal + Catalyst (wt%) 21.53 19.80 

V334 S03-Free ASTM Ash in Char Entrained (wtI) 49.58 4g.38 

V336 S03-Free ASTN Ash in Char Withdrawn (wt%) 66.89 67.17 

V337 S03-Free ASTM Ash in Start ing Mid Char (wtI) 58.41 56.09 

V338 S03-Free ASTM Ash tn Ending Mid Char (wtI) 60.63 63.1g 

V350 S03-Free C/H Residue In Feed Coal + Catalyst (wt%) 16.08 16.14 

V3Sl S03-Free C/H Residue tn Char Entrained (wt%) 47.64 47.55 

V353 S03-Free C/H Residue in Char Withdrawn (wt%) 60.91 60.79 
~354 S03-Eree C/H Residue in Start ing Mid Char (wt%) 55.09 55.42 

V355 S03-Free C/H Residue in Ending Hid Char (wt%) 57.41 57.08 
V407 Coal + Catalyst Feed ( lbs /hr )  14.73 14.37 

V473 Char Entrained ( lbs/hr )  2.56 2.56 

V495 Carbon in Feed Coal (wtl) 60.66 62.30 

v4g8 Carbon in Char Entrained (wtg) 38.34 38,~5 

F384 Syngas Flow Meter (CFH) 46.88 46.84 

F385 Product Gas Flow Meter (CFH) 165.80 164.57 

PGKO Product Gas Condensate ( lbs/hr)  10.28 9.49 

0(1141 Start ing Bed AP'(B-A) (in Hg) 2.40 2.39 

U(l lS) Start ing Bed 3P (C-8) ( in Hg) 3.90 3.96 

U(116) Start ing Bed aP (D-C) (in Hg) 2.40 2.39 

U(IlT) Start ing Bed IP iF-El ( in Hg) 0.00 0.00 

U(1181 Start ing Overall Bed 3P (F-A) ( in Hg) 8.70 8.64 

U(IIg) Ending Bed LP (B-A) ( in H9) 1.80 1.8l 

U(120) Ending Bed AP (C-B) ( in Hg) 4.10 4.14 

U1121) Ending Bed ~P (D-C) ( in Hg) 2,10 2.~! 

U(122) Ending Bed AP iF-El ( in Hg) 0.00 O.Lt~ 

U(123) Ending Overall Bed ~P (F-A) ( in Hg) 8.00 8.08 

EDO(1) Start ing Bed AP (E-D) ( in Hg) 0 . ~ 0 . ~ 

• (P 
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D~02; i 
VZgO 

V281 
V187 
V24~ 
V244 
V243 
V~6;, 
V863 
VB6? 
V8~8 
V8~9 
V871 
VOT~ 

V875 
V877 

9873 

V881 
V88~ 
V886 
V887 

V889 
~890 

Ygg4 

V895 
V8g6 
V822 

9823 

V827 

YIELO PERIO0 205 

~R~,CESS VARIABLES 

Tndln~ Bed :P (E-D) (in Hg) 
~posl ts  Accumulated on Gaslfler Walls (Ibs} 

In Gaslfler Starting Mid Char (wt%) 

S In Casifler Ending Mid Char (wt%) 

in Coal + Catalyst Feed wt%) 

S in Char Withdrawn (wt%) 

S in Char Entrained (wt)) 

In Product Gas Condensate {wt%) 

3102 in S03-Pree Ash In Starting Hid Char (wti) 

SIO 2 'In S03-Free Ash in Ending Mid Char (wti) 

StO2 in S03-Free ASh in Coal + Catalyst Feed {wt%) 
3i02 in S03-Free Ash in Char Withdrawn (wt%) 
Si02 in S03-Free Ash in Char Entrained (wt~) 

Fe203 in S03-Free Ash in Starting Mid Char (wt%) 
c~203 in S03-Free Ash in Ending Mid Char (wt%) 
Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 

Fe203 in S03-Free Ash in Char glthdrown (wt%) 
Fe203 in S03-Free Ash in Char Entrained (wt%) 
A1203 in S03-Free Ash in Starting Mid Char (wt%) 
A1203 in S03-Frea Ash in Ending Mid Char (wt%) 
Al203 in S03-Free Ash in Coal + Catalyst Feed (wtl) 
Al203 In S03-Free Ash in Char Withdrawn (wt%) 
Al203 in S03-Free Ash in Char Entrained (wt%) 
CaO in S03-Free Ash in Starting Mid Char (wt%) 
CaO in S03-Free Ashln Ending Mid Char (wt%) 
CaO in S03-Free Ash in Coal + Catalyst Feed (wt%) 

CaO in S03-Free Ash in Char Withdrawn (wt%) 
CaO in SO3-Free Ash In Char Entrained (wt%) 
Cl in S03-Free Ash in Startln9 Mid Char (wt%) 
Cl in S03-Free Ash in Ending Mid Char (wt%) 
C1 in SO3-Free Ash in Coal + Catdlyst Feed (~t%) 

Measured Reconciled 

0.00 0~00 
4.3~ 4.37 

4,04 3,99 
3.48 3.56 

5.19 5.13 

3, 36 3.36 
0.04 0.04 

28.37 28.52 

30.18 29.70 

27.09 27.70 
27.75 27.24 

24.11 24.28 
7.12 7.26 

7.58 7.39 
8.13 8.31 

8.76 8.64 
7.74 7.71 

10.Z6 10.85 
11.55 10.71 

9.61 _ 10.06 

11.38 i1.04 

9.45 9,32 
1.00 0.90 

0.56 0.70 
1.26 1.15 

1.72 1.81 
1.08 1.12 

0.21 0.18 
0.21 0.24 

0.10 O.Og 

Y~ELO PERIOD 205 

PROCESS YARIMLES 

V828 Ct tn ~03-Free Ash in Char Wlthdrwn (wtt)  

9829 C1 in $03-Free Ash in Char Entrained (wt%) 

V836 Acid Sol. Na20 in Gasifter Start ing Hid Char (wt%) 
9837 Acid Sol. ~a20 in GasIf ier Ending Rid Char (xt%) 

V841 Acid Sol. Na20 in Coal + Catalyst Feed (wtZ) 

V842 Acid Soi. Ha20 in Char Withdrawn (wtt)  

V043 Acid Sol. Ha20 in Char Entrained (wt%) 

V898 I490 in ~03-Free Ash Start ing Mld Char (wt%) 
V899 M90 in S03-Free Ash in Ending Htd Char (wt%) 

9903 M90 tn.~O3-Free Ash in Coal + Catalyst Feed (wt%) 

V904 HgO in S03-Free Ash in Char Withdrawn (wt%) 

9905 H90 in S03-Froe Ash In Char Entrained (wt) 

V916 TI02 In SO3-Free Ash in Starting Mid Char (wtZ) 

V917 Ti02 lh S03-Free Ash in Ending Hid Char (wt%) 

9921 TtO2Ltn 503-Free Ash in Coal + Catalyst Feed (wt%) 

V922 TiO 2 in 503-Free Ash in Char Withdrawn (wt%) 
9923 T]O 2 in S03-Free Ash tn Char Entrained (wt%) 

9925 P205 in S03-Free Ash tn Start ing Mid Char (wt%) 

9926 P205 in S03-Free Ash tn Ending Hid Char (wt%) 
V930 P205 in S03-Free Ash in Coal + Catalyst Feed (wt%) 

V931 P205 in 503-Free Ash in Char Withdrawn (wt%) 

V932 P205 in S03-Free Ash in Char Entrained (wt%) 
V813 N in Start ing Hid Char (wt%) 

9814 N in Ending Mid Char (wtZ) 
9818 N in Coal + Catalyst Feed (wt%) 

9819 N in Char Withdrawn (wt%) 
9820 N in Char Entrained (wt~) 

V805 0 in Start ing Hid Char (wt%) 

9806 0 in Ending Hid Char (wt%) 

V810 0 in Char Hithdrawn (wt%) 

9811 0 in Char Entre)ned (wt~) 

~a:~ured ~conct)e~ 

{J. 25 ~ C6 

0.33 0,33 
0.43 ~.4~ 
0.%0 O.lO 
0.04 ;; ,04 

0.32 0.32 

0.59 E', 59 

0.55 0.55 
0.~2 O .,52 

0.48 0.48 
0.44 0.45 

0.49 0.47 
0.48 0.49 

0.46 O.dS 
0.50 0.50 

0.05 0.06 

0.05 0.04 

0.11 0.13 
0.26 0.21 

0.10 0.09 
0.20 O. 20 

0.22 0.21 
1.08 1.09 

0.16 0.16 
0.34 0.34 

9.20 9.62 
8.54 8.21 

7.56 7.40 

7.97 7.P3 
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PECONCILED 9ATA 

YIELD PERIOD 206 

UNIT OPERATIONS 

From 

ro 

Duration 

Percent of Time an Stream 

Coal Feed 

E t e ~  

Synqas 

G~slfler Prrlce~s le*~peratures 

r.n~iffL'~ t~e,J i~ei,;t~t , I t /  

30.1 

R?.I 

26.6 

21 .2 

16.0 

10 9 

6.4 

0.4 

lOC 

I00 

IO0 

Time Date 

16:30 3-12-77 

8:30 3-13-77 

16 Hrs 

Gaslt~,i- Temp~a'ure (~'r} 

i l87  

,JOB 

I~08 

1322 

1309 

l ] ln  

1294 

127c 

1223 

Unit  ~ e r a t u r e s  

Lockhopppr 1 Top 
Lockhopper l Bottom 

lockhopper 2 Top 
Lockhopper 2 Bottom 

Gasifier Feed Llne 
Gasifler Steam Line 

Gasifier 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
3t~ndplpe Slope Top 
Standpipe Slope Bottom 

G~iF~eF ~ac~end 
C~,.]one i~let 
r~ ItPr Inlet 

~Lr,bber inlet 
S~r'ubber Outlet 

-roduct Gas r4eler 

i.oc!~hopper 2 
G~,s~f~er Feed Line 

Syngas In 

~as ; f i  er  
Gasl f ie f  Top 
;:asi l  ier  8uttom 

Rouuh Cut Cyclone O u t l ~  
Filter Outlet 
Scrubber Outlet 

P~oduct Gas Meter 

ILLO I'[RIOD ,i06 

~;~II PROCESS ~AR]ABLU~ 

Process ~ "F 

3|0 
289 

241 
Z40 

646 
1046 

1308 
1223 
1292 

980 
704 
817 
811 
782 

1201 

'i81 
G6 

8,5 

]17.7 
116 4 
156.l 
162.? 

112 7 
116.3 

ll?.g 
112.6 
II2.G 

114.1 

f ~ t a l ,  ~F 

'25 
~32 

275 
~38 

903 
1105 

1333 
1227 
1316 

991 
1021 
I007 
iOl5 
LI43 

1~}51 
g96 

,/ 

~'? 

I1' • Ip 
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YIEI.O PERIOD 206 

FLIJIU-SOLIDS ~A'(A 

~s i f l e r  Fluldtzed Bed rropertle~ 

~d Bottorl Density {lbslc¢) 
~ed Top Density (Ibslcf) 
~ed Average Density (Ib~/c~) 
~ed Height ( f t )  
B~d Holdup (Ibs) 
~ed Volu~ne ~cf) 
A,,e~age Bed Temperature (~F) 
Space Velocity (bed) (cf/ci/hr) 
)otto~ Superfici~l Velocity (ft lsec) 
Top ~ e r f i c i a l  Velocity (ft/sec) 

~clone Performance, 

Te~oerature (-Fl 
Pressure [psia) 
inlet Gas Rate (SCFH) 
Inlet Sas Rate (ACFH) 
Inlet Gas Velocity (ft/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (lbs/hr} 
Solids Escaping (Ibs/hr) 
Overall Efficiency (Captured/Entering, Wt.~) 

Solids Carr'ozoy_er Loss 

~oal + Catalyst Feed (Ibs/hr) 
Total Carryover ;Ibs/hr) 
Cjcl3ne !Ibs/hr) 
~i l ter {Ibs/hr) 
Carryover/Feed (Wt,.) 

S~[ids ~arbon Loss 

C~rbon in ~eed (ibs~hr) 
¢~r~on in C~r.y~qeI ( lt~',/h~') 
C)rryo~r/Feed (~t :.} 

Reproduced from 
best available copy. ~ 

12.0 
28.3 
20,1 
34 g 

124,0 
5.6 

1303.0 
121.0 
0.98 
1.06 

627.0 
112.7 

1533.5 
418.3 

32.8 
3.0 

0,0073 
2.7 
0.3 

gO.l 

t5.37 
3.04 
2.74 
0.30 
19.8 

l l  .2 

YIELO PERIOD ~06 

UNIT CO~ZR~IqNS 

Carbon Consumtio.tion_ 

Carbon tn Feed* (lbs/hr) 
Carbon from Oevolatil lzatlon** of Feed Coal (Ibs/hr) 
C~rbon Gasified (by dlfference) (Ibs/hr) 
Yotal Carbon Converted (Ibs/hr) 

Carbon Conversion (C Converted/C in Fee d~ 

Gasification Only (%) 
Total. Includino Oevolatilization (~) 

Carbon Dlstri)ution 

Total Converted (%) 
Entrained (':) 
Withdrawn (~) 
Accumulated (~) 
Conversion (Entrainment Backed Out) 

Specific Re@,ctjon Rates {C Convert e ~  

Gasification Only (~/Hr) 
Including Devolatil ization 

Steam C,onsumptl,on, 

Steam into Unit (Ibs/hr) 
Steam Reacted with Carbon (Ibs/hr) 
Total Steam Consumed (lbs/hr) 

Steam Conversion {SteamConsumed/Steom intoB_~_ 

Gasification* (~) 
Total Steam Converted (%) 

~eaction Rate Parameters 

Carbon Codverted/Steam Fed (lbs/Ibs) 
Carbon Converted/Steam Fed (mol/moI) 
Carbon Converted/~ed Volume ( Ibs/hr) /c l t  
C~rbon Converted/Bed Volume (mol /hr) /~t  
Carbon in ~d/~t~am Fed Ibs/(Ibs/hr) 

9.29 
E.69 
5.15 
7.84 

55.4 
84.3 

84.3 
10.8 
4,8 
0.1 

94.5 

18.9 
28.8 

! 
! 

23.83 
7.72 

I1.83 

32.4 
49.6 

0.216 
O. 324 
O. 829 
O. 069 
]. 943 
] .71S 

~t×c]ud, es ,~rbnn in catalyst 
*','%,~,-n~'d f.," ".~ !..L,~r;da~;1 AST{4 de~,:,la i'' ', .:,: |a,} i','-st of ~ed coal 



I 

I 

~t) _i ,:ed FoE_ ~_).e )3)_~pm Entrained 

k us ' ;O 9.1 30.8 (I I 33. ]  

k, as K~CO~ I~ 2 ,iS.2 ~ . l  48.8 

as K ~l.~ ;!5.6 25 8 21.6 

~a~er Acid, ~ 861 00694 0 S£6 0,798 
~oluble Ratio 

K20, H20-Insoluble 3,3 O.~ I0.7 6.7 

w~CO3, H20.[~sc!uh' le ~.8 i3 .8  iS . /  9.8 

K,H20-!nsoluble 2,7 7.8 8.9 5 6 

Carbon ~0.5 21.8 20.9 33.0 

K On Carbon 13.3 117 2 123 ~ R3.7 

ASTM Ash 25,6 76.4 79.3 ~0.7 

K on Ash i l . )  13.5 32.6 45.5 

K2CO 3 cr'ee-Ash II.3 $0.5 33.,) II 0 

K on K2CO 3 Free../~sh 71.2 ~3,9 7P.2 ~51.3 

si z e . ~ / t £  r .  ,,,~, f ~ on 
Cumulat ive Wt% Less Than i,le~h Size 

T!7"~-~esh 200 Mesh l - O 0 - ~ ~ - ~ h -  ~ Mesh I0 Mesh 

Teed Coa) • Catalyst 1.4 

TOO Chal 

'i,d Char 0.4 

~cttom C~ar 0 4 

Cyclone 75.0 

F~ter 

Particle Diameter {Mi,crons~ 

Feed Coal + Cata lys t  

Top Char 

Mid Char 

Bottom Char 

Cyclone 

Filter 

*Based on acid soluble analysis 

2.4 I3.8 .14 5 81.5 

2.5 16.8 43.6 8a.3 

1.6 I0,8 3~.4 75.7 

87.5 99.8 9~.9 i00.0 

Volume/ 
Number SurFace 
Mean Mean 

34 236 

Weight 

415 

57 244 422 

54 285 ~75 

22 27 38 

94.9 lOO,O 

92.6 I00.0 

91.7 I00.0 

lO0.O lO0.O 

Bulk 

51.0 

22.6 

23.6 

LlltIm~ate An~13t~Is 

YI[LO PERIOD Z06 

SOLIDS COMPOSITION 

Wt% of total Solld).z_Ur#______ 

~w 3 q3 9,45 0,47 

C 60.5 20.9 33.0 

S 3.7 5.2 3.4 

0 12.3 1.4 10.2 

N l.ll 0.12 0.08 

CI 0.09 0 . I ?  0 . ~  

S03-Free Ash ]8.~ 65.8 57.~ 

Total 100.0 lO010 lOOm r ) 

Solids flow Rate 
(Ibs,'hr) 

~s~_ E1epent Anjlys i~_s 

I5.2 2.15 J.,.)4 

Si02 26.4 30.5 20 ; 

Fe203 ~.5 8.2 Y.O 

AI20 ] 9.4 ll.O 2.1 

CaO 0.99 l.ll 0.38 

M90 0.52 0.60 0.34 

TiO 2 0.46 0.45 0.47 

P205 O,ll 0.20 0,09 

Na20 O.4B 0.55 0.96 

K2~ Catalyst 52.59 if.41 63.17 

Total 100.0 l O0.O tO0.O 
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YIELD PERIOD 206 

PRODUCT GAS DATA 

Product Gas Part ial  Pressures at  Gastf ler Extt 

Tot i l  Pressure, psta 

HZ 

CO 

CH4 

H2S 

H20 

H2 

H20/CO 

H20/C02 

112.7 

44.6  

12.4 

8 . 4  

10.8 

0.3 

18.5 

17.6 

1.5 

1.7 

Unit Gas Data 

Syngas t4WT, lbs/mol 

Product Gas PrWT (dry),  lbs/mol 

Product Gas 

At DTM (dry), SCFH 

(Ory, N2-Free), SCFH 

At Gaslfler Outlet, SCFH 
(Includes N2 + H20) 
At Gas|fler Outlet, ACFH 
(Includes N 2 + H20) 
At Gasifler Outlet, SCFH 
(Excludes N2) 
At Gasifier Outlet, ACFH 
(Excludes N2) 

9,2 

16.5 

1281.2 

1041.1 

1533.5 

631.6 

1293.4 

532.7 

YIELD PERIOD 

PRODUCT GAS DATA 

Unit Gas Ylel,,ds. 

Product Gas (Dry), Moi% 
H2 
CO 
C02 
CH4 
H2S 
N2 

Product Gas (Dry, N2-Free) 
H2 
CO 
C02 
CH4 
e2s 

Product Gas 
H2 
CO 
C02 

H20 
t~2 

Product Gas (Nz-Free) 
H2 
CO 
C02 
CH4 
H2S 
H20 

SCFH CH4/1.b C Active Bed 

SCFH CH~/lb C Feed 

/Roles CH4/mole C Feed 

Equilibrlum Constants 

Graphite-H20: C + H20 - CO + H2 
Shi f t :  CO + H20 = C02 + HZ 
Methanatton: CO + 3H 2 " CH4 + H20 
Overal l :  ZC • 2H20 • CH4 + C02 

47.4 
12.1 
11 .~ 

8 .9  
0.3 

18.7 

58.3  
16.2 
14.2 
11.0 
0.4 

39.6 
11.0 

9 .6  
7.4 
0.3 

16,5 
15.7 

47.0 
13.0 
11.4 
8.8 
0.4 

19.4 

4.2 

12.3 

O. 39 

Reactton Co~sp~nd|ng 
Equil ibrium at  Actual Equil ibrium 

Active Bed Temp Equll tbrtu~ Te~peratul~ o F (1303.0°F} Expression _ . ~  

1.8~o9 2.0234 1312.4 
1.5150 2.1075 1176.4 

0.0663 0.0306 1353.7 
0.3441 0.264 - 
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Overall I ~ t e r f i l  Balance 

Input: ~ l ~  

Coal Feed (ex N~) i~,?~ 

Gas t f i e r  Steam 23.83 

~aSlf(er -~n~a5 )G.O) 

Total (ex N 2) !,~,0~ 

Acc~ulatlon: -0.14 

Closure: (Output + ~k~:~)I In. :z : t  i.M. b 

S3nthests Gas Balance 

Input: Sr~F~ _ 

G i s l f  te r Syngas 660~. 

H z Nol % 72.4 

CO MoI% Z7.6 

Balance: (Output/Input),) Ill.+ 

' :, ~'!u..~.: ,.~¢J_L 

r~. + CO ~, ProCuct C~, 775.) 

r~ f i l l% I?.? 

~,,ATE R !r At ~&LANCE$ 

[,~,,,; _ZL~/:+ " (:erbon* ~ .  

Yotal 15.O7 5.81 

Product G~. 13.51 4.47 

Prorl~c t ~4~ t'~r 1.34 

Ch~.: E~t r~.n~d 1.00 0.01 

So 1 '~ds P,I ti,draYm O, 45 0.00 

Total 15,07 5.82 

/~.c c~;~ul at I o,,: 0.0  -0 ,03 

6 Iosure lO~).O lOO.O 
(Out + ~c.~)/in, % 

.s9 O. ~*7rJ 

~ .  ~ 

30~ 75 O. ~70 

19,51 U 37~ 

18,66 0.005 

0.31 O. I0;~ 

0.1~ o.111 

30 G6 O. 59,~ 

(,L 08 - o. o ~; 

1l;O,(I lO0.(~ 

C j t ~ t .  ~ a ! a n c e  
Acid Sel.  L~,~t~.~ Sn.'. 

~_n.,, t _ L ~ J _ ~  ) : K :' 

C~,1 +. r ~ t : l r t t  1.23 C.O; 

Char E n t r z t h ~  0.84 (~.~ 

#r~e~u~t ~a te r  0 .0  C C, 

t 'ot~l 1. 410 ~ ,, G> 

~ ; c ~ l ~ t ~ . :  -0 .17  - 0  12 

Closure 100.0 11~. 3 
( ~ t  * a c , ; w ) / i n  

*~,~rban b ~ a n r e  e;:ciudes c a t a l y s t  carbonate 

~r ! 

01' 

Fk 6)~ 

O.Fll 
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~ntrained Char 

501|dS l~Ithdms~1 

TOL~I 

Acc~ulat|en: 

Closure 
(out ~ accu~)/In, 

Ash E1em~nL Balance 

Coal ÷ C~alysL 

Entrained Char 

Solids githdravm 

Total 

Accumulation: 

Closure 
(out + accum}/In, % 

~$~I #,;h Re~i~ue ASTI4Ash C/li R~si~lue 

1.85 l.~O 1.60 1.61 

l . / l  1.94 1.~2 0.7~ 

~.55 ~,84 3.02 2.3G 

0,3~ 0.3~ -0.19 -0.3~ 

100.O 100.O 100.0 100.0 

o.758 o.241 o.zo~ o.ozB o.o1~ 1.m6 o.o13 o.o13 0.003 

0 , 3 ~  0.112 0.114 0.009 0.005 0.Z53 0.075 0,007 0,00] 

0,431 0.116 0.755 0.016 0.008 0.289 0.007 0.006 0.003 

0.755 0.228 0.269 0.025 0,014 0,542 0.022 0.Old 0.00~ 

0.003 0.013 -0.003 0.003 0.001 0.035 -0.009 -0.001 -D.001 

100.0 10~.0 100.0 100,0 lO0.O 49.0 100.0 100.0 100.0 

t;~ (1.262) 

H2D [1.322) 
Total (3.065) 

~ot~1 ~n_E~ 

Gas Output 

Product ~ s  

(o.444) 
CO 2 (0,389) 

(o ol  
(o.olz) 

H~O (0.666) 
Total (3.414) 

~YrEE!AL B~L#~;CE~ 

0.~81 - 0,481 

0.481 5,~09 i.~OZ 

O. 031 O. ?;4 O. 59,~ ~e. ~ t,3 

0.031 1 .? .55  5.768 1.927 

o 44 32o . o 44 - 
0.389 - 0.777 = 
0. 301 1.204 - 

0,023 0.012 
1.133 1 . 2  o;66 s . 7 .  1 87 OOlZ 

b.O!~" 

Solids Output ~ ~ ~ __0__ 

Char Entrained 0.021 0.084 0.014 0,019 O.OD3 
Char Samples Withdrawn 0.074 0.037 0,010 O . O l O  0.00~ 
Char Accumulation -0.004 0.0 -0,019 0,005 0.6; 
Total Soltds 0.031 0.121 0.005 0.034 O,O~G 

Total Output + 0.031 1.255 5.768 1,922 O,O~O 
Accumu1~tton 
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YIELD PER~O0 Z06 

PROCESS VARIABLES 

VlnO Gasifler Steam (Ibsl~r! 

VII~ Char Withdrawn (lbs/hr) 

Vl65 H in Char Entrained (wt%) 

V'I$6 I( in Char Withdrawn (wt~) 

V168 H In Coal + Catalyst Feed (wt~) 

¥173 H in Gasifler Starting Mid Char (wt%) 

VI/4 H in Gaslfier Ending Mid Char (wt=) 

VIO3 Cn ~n Syngas (n~)l[) 

VI8~ Acid Sol. K20 in Coal + C~telysl Feed (wt%) 

VlB~ 0 in Coal ~ Catalyst Feed (wt%) 

V193 H 2 In Syngas (moll) 

V2~S CO 2 in Product Gas (i~!~) 

V2C7 CH 4 in Product Gas (r~l~} 

V208 CO in Product Gas (mol%) 

V212 H 2 in ~roduct Gas (mol~) 

V214 fl~ in Product Gas (mol~) 

'/215 H2S in Pr'oduc~ Gas (n'~l~) 

V222 Carbon h, Char Withdrayh~ (wt~) 

V227 Acid Sol K20 in Char" ErM,ained t~si~,i 

V232 Acid sol. K20 in Char Withdrawn (wt~) 

V757 Carbon in Gasifier Star(in9 Hi~ ~har (wt%) 

V758 Carbon i~ Gasifier Ending Hid Char (wt%) 

V26J Acid Sol. Y20 In Gasifier Starting Mid Char (wt%) 

~Z~ Acid Sol. K20 in Gasifier Fnding Mid Char Lwt%) 

V2~9 ASTM Ash in Char Entrained iwt%) 

V292 ASTM Ash ]n Char WIthdra~:~ ~wt~) 

V293 ASTM Ash in Feed Cual + Catalyst ( ' - t : )  

V294 C/N Residue In Feed Coal ~ Cataly:~ (wt~) 

V295 CIH Residue In Char Entrained (wt~; 

V306 ASTM Ash li~ Gasifier Starting Mid Char (wt%) 

V307 ASTM Ash in Gaslfier Ending Mid Char (wt%) 

Rea~ured RPconc~led 

23.76 23.82 
2.15 Z.15 

0.47 0.47 

0.45 0.45 

3.93 3.g3 

0.57 0.5; 

0.27 0.27 

27.b0 27.59 

9.52 q.65 

12.30 12.33 

~ 0  72.41 

11.50 11.50 

8.90 8.go 

12.90 13.13 

4/ ~i0 17.39 

19 oo I~.la 

0.35 ~.35 

~0.85 20.8~ 

33.56 3~2; 

3~.12 35.24 

~Z.45 21.02 

21.I~ 21.6i 

31.58 31.64 

3~,01 29.$5 

60.63 60.7G 

?9.33 19.39 

25.62 25~ ;  

"0.~3 ?0.42 

62.56 62.62 

76.47 72.29 

26.26 80.3i 

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V338 

V350 

V3~l 

V353 

V3b~ 

V358 

V~O? 

V473 

V4g5 

V498 

F384 

F385 

PGKO 

u(11~) 

U~III) 

U(ll~) 

U{llT) 

u(~)e) 
U(l l9) 

b(120) 

u(Izl) 
u(t?z) 
l i ( ]z) )  

yIELD PERIOD ~06 

PROCESS VARIABLES 

C/H Residue tn Char Withdrawn (wt%| 

C/H Residue in Gasi f ter  Star t ing Rtd Char (wt%) 

C/H Residue In Gast f le r  Ending Mid Char (wt%) 

$03-Free ASTM Ash in Feed Coal , Catalyst (wt%) 

S03-Free ASTM Ash tn Char Entrained (wt%) 

SOJ-Free ASTM Ash tn Char Withdrawn (wt1{) 

S03-Free ASTM Ash tn Star t ing Mtd Char (w~%) 
S03oF~e ASTM Ash in Ending Mid Char (wtf,) 

S03-Free C/H Residue In Feed Coa~ + Cata|yst (~t ~ 

S03-Fr~e C/H Restdue In Char Entrained (wt~} 

~03-Free C/fl Residue In Char W1thdra~m (wt%) 

S03-Free C/X Residue In Starting Mid Char ( ~ ' )  

S03-Free C/H Residue In Ending Mid Char (wt1&) 

Coal +CaLalyst  Feed ( lbs /h r )  

Char EHtralned ( lbs /hr )  

Carbon in Feed Coal (wt'~) 

Carb,~r, i~+ Char Entrained (v,'t%) 

Synoas Flow Meter (CFH) 

P,'oduct Gas Flow Meter (CFII) 

Product Gas Condensate (lbs/h-) 

Startln 9 Bed aP (8-A) (in Hg) 

Starting Bed ap (C-B) ( in Hg) 

Startihg Bed AP (D-C) (in Hg) 

SCartlng Bed AP (F-E) ( in  Hg) 

Starting Overall Bed aP (F-A} (In Hg) 

EwJin 9 Bed aP (B-A) ( in Hg) 

Ending Bed Ap (C-B) ( in Hg) 

Lnding Be~ AP (D-C) (In Hg~ 

Ending Bed AP (F-E) ( in Hg) 

Ending Overall Bed AP (F-A} (~n Hg) 

S ta r t ln  9 Bed AP (E-O) ( to  h~9) 

q3.50 43.~2 

80.9~ 81.20 

52.J3 52.6) 

65.92 65.82 

63.46 6~.e7 

bB.ql 63.~ 

I,"_'. ?; 13.0% 

5'4, Z4 53.~  

35. ~, 5 34. ~t~ 

61.65 64./~ 

63.7" 60.50 

15.69 :5.)7 

3.04 3.0"~ 

33.b; J2.95 

03.13 b2.5~ 
]fi?.4~ 173.z~i 

4.?9 4.at 

~,.0 ~ ().~r 

7.89 ).(t~ 

2.0~ ?.9, 

~.00 1.0"~ 

1.6(i I ,  6C; 

').o0 O.OC 

?. BC) 7.0C 

0.00 o 0~ 

e • o 
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DPOST 
V280 
V281 
V187 
V246 
V244 
V243 
V862 
V863 
V867 
V868 
V869 
V871 
V872 
V876 

V877 
V878 

V880 
V881 
V885 
V886 
V887 
VBB9 
V890 
V894 
V895 
V896 
V822 
V823 
V827 

YIELD PERIOD 206 

PROCESS "VARIABLES 

Ending Bed'@ (E-D) (in Hg) O.O0 
Deposits Accumulated on G~slfier ~alls (]bs) ~.00 
S in Gaslfier Starting ~Id Char (~t%) 4.99 
S in Gasifier Ending Mid Char (wt%) 4.73 
5 in Coal + Catalyst Feed wt%) 3.67 
S in Char Withdrawn (wt%) 5.~7 

S in Char Entrained (wt%) 3.38 
S in Product Gas Condensate (wt~) 0.04 
Si02 in S03-Free Ash in Starting Mid Char (wt%) 29.62 
SiO 2 in SO3-Free Ash in Ending Mid Char (wt%) 32.51 
Si02 in S03-Free Ash in Coal + Catalyst Feed (wt%) 26.52 
St02 in S03-Free Ash in Char Withdrawn (wt%) 30.45 

Si02 in S03-Free Ash in Char Entrained (wt%) 20.54 
Fe203 in SO3-Free Ash in Starting Mid Char (wt%) 7,51 
Fe203 in S03-Free Ash in Ending Mid Char (wt%) 8.59 
Fe203 in S03-Free Ash in Co~I + Catalyst Feed (wt%) 8.39 
Fe203 in S03-Free Ash in Char Withdrawn (wt%) 8.23 
Fe203 In S03-~ree Ash in Char Entrained (wt%) 7.10 
A1203 in S03-!ree Ash in Starting Mld Char (wt%) 10.62 
A1203 in S03-Free Ash in Ending Mid Char (wt%) II,61 
AI203 in 503-£ree Ash in Coal + Catalyst Feed (wt%) 9.30 
A1203 in S03-Free Ash in ~har Withdrawn (wt%) 11.01 
A1203 in S03-~ree Ash tn Char Entrained (wt%) 7.22 
CaO in S03-Fre~ Ash In Starting Mtd Char (wt%) 0.96 
CaO in S03-Free Ash in Ending Mid Ch~r (wt%) 0.78 
CaO In S03-Free Ash in Coal + Catalyst Feed (wt%) 1.17 
CaO in S03-Free Ash in Char Withdrawn (wt%) 1.04 
CaO in S03-Free Ash in Char Entrained (wt%) 0.56 
C1 in S03-Free Ash in Starting Hid Char(wt%) 0.21 
Cl in S03-Free Ash in Ending Mid Char (wt%) O.19 
Cl in 503-Free Ash in Coal + Catalyst Feed (wt%) g.lO 

Race, ctled 

0.00 
0,00 
4,97 
4,70 
3.71 
5.18 
3.36 
0.04 

3U.12 
31.70 
26.88 

30.48 

20.22 
7.67 
8.38 
8~53 
8.18 
7.02 

10.85 
11.31 
9.44 

10.95 
7.15 
0.78 
0.89 
0.99 
1.11 
0.58 
0.19 

0.21 

0.09 

V828 
V~29 
V836 
V837 
V841 
V8~Z 
V843 
V898 
V899 
V903 
V904 
vg05 
V916 
vg17 

V921 
V922 
V923 
vg25 
V926 
V930 
V931 
vg3z 
V813 
V814 
VB18 
VBl9 

"VB20 
V805 
V806 
V810 
V811 

YIELD PERIOD 206 

PROCESS VARIABLES 

C! In SO3-Free Ash in Char Withdrawn (wL%) 
C] in S03-Free Ash in Char Entrained (wt%) 
~c|~ Sol. Na20 in Gaslfler Starting Mid Char (wt%) 
Acid Sol. Na20 in Gaslfler Ending Mid Char (wt%) 
Acid Soi. Na20 in Coal + Catalyst Feed (wt%) 
Acid Sol. Ha20 in Char Withdrawn (wt%) 
Acid Sol. Ha20 in Char Entrained (wt%) 
MgO in S03-Free Ash Starting Mid Char (~t%) 
MgO in S03-Free Ash in Ending Mld Char (wt%) 
MgO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
MgO in S03-Free Ash in Char Withdrawn (wt%) 
MgO in 503-Free Ash In Char Entrained (wt) 
Ti02 in S03-Free Ash in Starting Mld Char (wt~) 
Ti02 in S03-Free Ash in Ending Mid Char (wt%) 
TiO 2 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 
TiO2in S03-Free Ash in Char Withdrawn (wt%) 
Ti02 in SD3-Free Ash in Char Entrained (wt%) 
P205 in S03-Free Ash in Starting Hid Char (wt%) 
P205 in S03-Free Ash In Ending Mid Char (wt%) 
P205 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
P205 in 503-Free Ash in Char Withdrawn (wt%) 
P205 in S03-Free Ash in Char Entrained (wt~) 
N in Starting Hld Char (wt%) 
N in Ending Mid Char (wt%) 
N in Coal + Catalyst Feed (wt%) 
N in Char Withdrawn (wt%) 
N in Char Entrained (wt%) 
0 in Starting Mid Char (wt%) 
0 in Ending Mld Char (wt%) 
0 in Char Withdrawn (wt%) 
0 in Char Entrained (wt%) 

Measured Reconciled 

0.18 0~I~ 
0.27 0.2~ 
0.47 0.45 
0.33 0.34 
0.09 0.09 
0.36 0.36 
0.50 0.51 
0.61 0.61 
0.67 0.67 
0.52 0.52 
0.60 0.60 
0.34 0.34 
0.48 0.49 

0,50 0.49 

0.46 0.46 

0.45 0.45 

0,47 0.47 

0.09 0.08 

0.05 0.05 
0.12 0.11 
0.19 0.20 
0.09 0.09 
0.16 0.16 
0.07 0,07 " 
1.11 1.11 
0.12 0.12 

0.08 0.08 
8.16 8.12 

9.83 9.72 
7.33 7.36 

10.37 10.16 
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RECONCILED DATA 

YIELD-PERIOD 207 

UNIT OPERATIONS 

From 

To 

Ouratlon 

Percent o f  Time on Stream 

Coal Feed 

Steam 

Syngas 

Basifler Process Temperatures 

Ga,~Ifier Bed Height ( f t )  

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

10.9 

6.4 

0 .4  

Time. 

8:)0 

8:30 

100 

100 

I00 

Date 

3-13-77 

3-14-7B 

24 Hrs 

Gasifier Temperature (°F) 

II~7 

1271 

1309 

1324 

1311 

1313 

1296 

1276 

1225 

YIELD PERIOD 20/ 

UNIT PROCESS gARIABLES 

Unit Temperatures 

Lockhopper 1 Top 
Lockhopper 1 Bottom 

Lockhopper Z Top 
Lockhopper 2 Bottom 

Gast f te r  Feed Line 
Gast f le r  Steam Line 

Gas t f ie r  
Top o f  Bed 
Bottom o f  Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gasifier Backend 
Cyclone Inlet 
F i l te r  Inlet 

Scrubber Inlet '  
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

Gaslfier 
Gasifler Top 
Gast f le r  Bottom 

Rough Cut Cyclone Outlet 
Filter Outlet 
Scrubber Outlet 

Product Gas Meter 

Pr~cess~.~ 

301 
2~6 

240 
240 

645 
1043 

1309 
1225 
1293 

981 
698 
818 
814 
786 

1202 

a86 
73 

88 

Psia 

118.4 
117.3 
162.4 
162.6 

113.7 
117.2 

113.7 
113.6 
113.6 

114.7 

Metal, aF 

319 
231 

276 
326 

9OO 
1102 

1335 
1227 
1317 

991 
1023 
1003 
1016 
1043 
1052 
ggB 

631 
581 

t~78 
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Gasifler Flutdlzed Bed Pr&~_~r~t:~ 

Bed Bottom Density (lbs/cf) 
Bed Top Oensity (lbs/cf) 
Bed Average Density (]bs/cf) 
Bed Height ( f t )  
Bed Holdup (lbs) 
Bed Volu~e (cf) 
Average Bed Temperature (~F) 
Space Velocity (bed) (cf/cf/hr) 
Bottom Superficial Velocity (ftlsec) 
Top Superficial Velocity ( f t / s~ )  

Cyclone Performance 

Temperature (°F) 
Pressure (ps~a) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (ft/sec) 
Solids Entering (Ibs/hr) 
Oust Loading (Ibs/acf) 
Solids Captured (Ibs/hr) 
Solids Escaping {lbs/hr) 
Overall Efficiency (bptu~ed/EntePa~). ~t.i) 

SoHds Cart?over Loss 

Coal ÷ Catalyst Feed (lbs/hr) 
Total Carryover (Ibs/hr) 
Cyclone (lbs/hr) 
Filter (Ibslhr) 
Carryover/Feed (Wt.~) 

Sollds Carbon,Loss 

Carbon in Feed (lbs/hr) 
Carbon in C~rryover(Ib~/hr) 
Carryover/Feed (~t.%) 

i ~ 7  
)9.S 

3-;.2 
9~ ,7 

0,98 
1.05 

631 .O 
113.7 

417.7 

0,0~60 
2.6 
0.3 

2,~, 
F,.56 
0.~0 

9.~2 
1.16 

I/ELI3 PERIC)~ 207 

IIiII T COHVERSION~ 

C~rt.on In Fee,~* (lbs/hr) 
r;~< (It ~roz', ?evolat t l~at ion**  of Feed Coal (lb,/h~) 

L~'h.-,,~ r-.)sifi~'~ (by 4ifference) (Ibs/hr) 
"l~,~a! C?.rl~ Con,,e~ed (Ibs/hr) 

C~rt,,.,~} Coa~ er ~ i on_(C _~r~onver ted/C 

i:~,~sit~ic~t.|on 0nly (~) 
Tota~ ,~ ~nclud;ng O~,}'Jotiliz~tio;~ (~) 

Carbon Oistributlo~ 

Tota! Converted (3) 

Co~,v~rslon (En[rni~,~,En[ Backed Out) 

SpeciFi, F Reaction Rotes (C Cnnverted/C in Bed). 

Gasification Only (%/Hr) 
Including DevolaLilization 

Stea___. ,~= Cons~m~tlon 

Stea~ into Unit (Ib~/hr) 
Steam ~.~¢~d with C~r~on (Ibs/h~) 
Tot.~l Steam Consumed (Ibs/hr) 

St~,w, Conversion (Stem, Consumed~Steam in, to Bed)~ 

TOi;,,t 1:?~.,;~,~ Conucrtc.d (~) 

R~action ~ t e  Parameters 

C~,~o,:~n Con~ertedlStea~ Fed (lbs/lbs) 
Car~,,on Conve~-tcd/Steam Fed (rc~llmot) 
C~rben Con,orted!Be~. IIoIume (Ib$/hr)/cft  
C~.,rI,~ ~onverted/Be~ Volume (~ol/hr) /cf t  
CAr,.on in Bed/Steain Fed Ibs/(Ibs/h~) 
CarE,~)n in Bed/S~ea~ Fed mol/{mol/hr) r 

?:4C 

53. 
8t.9 

81.0 
11.6 
5.8 
(L7 

92,7 

26.9 
39,3 

5.02 
IO.6S 

35.0 

fi.E3~ 
0.350 
O. 879 
0.0?3 
0.86.~ 

[ 'Reproduced from ~ 
!J best avai lable copy. 
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YIELD PERIOD ~07 

UNIT COMPOSITIONS 

Cata1~s t ,Distr ibut ion * 
Gast f ler  Char 

wt% Feed ~ Mid Bottom Lntrained 

K as K20 8,9 33.3 29.7 28,? 

K as K2C03 13.0 48.9 41.6 41.3 

K as K 7.4 Z7.I 24.6 23.4 

K Water/Acid. 
Soluble Ratio 0.602 0 ago 0 585 0.744 

K20 , H20-Inso1uble 3.5 I3.7 12.3 7.? 

K2CO)H20-Insoluble S.2 20.1 18.1 10.6 

K,HzO-Insoluble 2.9 11.3 10.2 6.0 

Carbon 61.6 21.6 24.9 39.1 

K on Carbon 12.0 127.8 99.1 59.8 

ASTM Ash 25.4 70.8 69.3 59.~ 

K on ~sh 29.0 39.0 35.6 39.4 

K~C03 Free-Ash 12.1 21.0 25.0 17.3 

K on K2CO 3 Free-Ash 60.7 131.4 98.6 135.0 

St(e Dis t r ibut ion 
Cumylatlve Wt% 

325 Mesh 200 Mesh 100 Mesh 50 Mesh 

Feed Coal + Catalyst 1.2 

Top Char 0.0 

Mid Char 3.8 

Bottom Char 1.6 

Cyclone 68.2 

F i l t e r  87.9 

Partlcle Ola~ter (Mtcron~ 

Feed Coal + ~lyst 

Top Char 

Mid Char 

Bottom Char 
Cyclone 
Filter 

2.2 12.3 

0.0 0.0 

6.6 21.4 

Z.7 13.6 

83.4 99. I 

87.3 97.6 

Volum/ 
Num~oer Surface 
Mean 

35 246 

28 175 

32 238 442 

23 ?9 53 

22 24 40 

Less Than Mesh Size 
3o M 6 s h ~ s h - - - T o -  Mesh 

43.2 81 2 96.2 TO0.O 

0.0 0.0 0 0 0.0 

49.0 81.9 94.2 99.9 

41.2 7R.2 93,3 I00.0 

99. I 99.6 98.9 100.0 

99.9 100.0 i00.0 100.0 

Weight Bulk ~ n s t  t.v 
-_3_E~J-- 

411 45 .0  

396 21.9 

25.0 

"Based on acid soluble analysts 

uitlmate ~ n a l s ~  

Component 

H 

C 

S 

0 

C1 

S03-Free Ash 

Total 

Solids Flow Rate 
( l bs /h r )  

Ash Elememt Analysis 

S40Z 

Fe203 

A1203 

CaO 

MgO 

TIO 2 

e20S 

Na20 

KZ~ Catalyst 

Total 

TIEL~ ;ERIOD ZO7 

SOLIO~ COMPOSIYIOI~ 

3.6~ 

61 6 

4.2 

lZ.5 

0.8/ 

O. 08 

17.~ 

100.0 

0.95 

?6.4 

~.~ 

5.8 

0.12 

0.15 

61.7 

100.0 

LL~.L ~lh: ,FF 

;~. Zb 

13 

I O.J. (,, 

15.32 2.07 ,' ~4 

wt% of  S01-Fr~e A~h . . . . . . .  

26.8 29.9 21 ,:: 

8.6 9.6 7 {~ 

9.6 11.3 7.5 

1.44 1 ~f) 1.3~ 

0.60 0.67 O.a3 

O. 52 O. 46 O, ~(, 

0.11 0.14 (.LO~ 

0.65 0.63 C.q: ~ 

51.48 45.77 60.97 

I00.0 100.0 I~. 

• m, p 
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YIELOPERIOD 207 

PROIXICTGJ~ DATA 

Product Gas PartfalPressures at.Gas!ffer Ex,it 

Totml Pressure, pste 113.7 

HZ 48.3 

CO 11.5 

CH4 "8.9 

CO 2 9.9 

H2 5 0.4 

Hz0 19. I 

H2 15.6 

H20/CO 1.7 

~201C02 1.9 

U~|t Gas Data 

Syngas I~T, lbs/rno1 7.8 

Product Gas MMT (dry), Ibs/mol 15.3 

Product Gas. 

At OTH (dry), SCFH 1280.5 

(Ory, Nz-Free}, SCFH 1069.0 

At Gas4fter Outlet, SCFH 1539.2 
(Includes N2 + H20) 
At Gasifter Outlet. ACFH 630.3 
(Includes N 2 ÷ H2 O) 
At Gastfter Outlet, SCFH 1327.6 
(Excludes N2) 
At Gastfier ~utlet,, ACFH 543.6 
(Excludes H2) 

YZL%O PEnIoo 2o7 

~ r~  p*TA 

Unit Gas Yteld~ 

Product Gas (Or~), Molz 
HZ 
CO 
C02 
CH4 
H2$ 
N2 

Product Gas (Dry, N2-Free) 
H2 
CO 
COZ 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

!t20 
H2 

Product. Gas (N2-Froe) 

C02 
Cit4 
Jt25 
1t20 

SCFH CH4/lb C Active Bed 

SCFli CH4/lb C Feed 

Roles CH4/mole C Feed 

51.1 
12,1 
10.S 
9.4 
0.4 

16.5 

61.2 
14.5 
12,6 
11.3 
0.5 

42.5 
I0.1 
8.7 
7.8 
0.3 

16.8 
13.7 

49.2 
11 .'7 
10.2 
9.1 
0.4 

19.4 

6.1 

12.6 

0.40 

.... Equtl|brfum Constants 

Graphite-H20: C ÷ H20 • CO + H2 
Shift :  CO + H20 • COS ÷ H2 
Hethanatton: CO + 3H 2 = CH4 ÷ H20 
Overall: 2C + 2H20 = CH4 * C02 

Reactton 
Equlltbr4umat 

Acttve Bed Temp 
(1304.6°F)_ 

1.8833 
1.5083 
0.0544 
0.3445 

Actual 
Equtl|bHum 
Expression 

1.9748 
2.1865 
0.0284 
0.2421 

Cor~spondtng 
Equt 1 t brt um 
Temperature 

('r) 

1309.9 
1163.4 
1358.7 
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~IELO PERIOD ?07 

MATERIAL BALANCES 

Overall Material Balance 

Input: 

Coal Feed (ex N z) 15.32 

Gasl f ler  Steam 22.95 

Gaslfler Syngas 15.70 

Total (ex N?) 53.47 

Accumulation: O. 14 

Closure: (Output • Accum)lh~p,d, $ 

Product Gas (ex N 2) 36.11 

Product Ga~ N 2 15.64 

P~oduct Water 12.30 

Char Entra ir,ed 2.84 

So1 ids Wi thdraw~ 2.0 l 

Total (.x N 2) 57,33 

I0~.~ 

Synthesis Gas Balance 

~aslf ier Syngas 

H Z Mo1% 77,8 

CO Rol l  ?z.? 

Ba lance: 

SCFH 

739 3 

(Output/Input), % TI}q i 

H z + 60 J¢~ r.'~dur~ ~ ~C~ 2 

H 2 I~1% 51. 

CO Nol~ 12. I 

Sapient f131ances 

~.uEv t_L(L L~_L~I:  

Coal + Cata lys t * "  

Gaslfier Steam 

Gaslf~er Syngas 

Total 

Product Gas 

Product Water 

Chat- Entrained 

Sollds Withdrawn 

Total 

Accu~nulation: 

Clos.re 
(~ut ~ccum)/in, % 

YTELO' PERIO~ 207 

MATERIkL BALANCES 

Carbon* ~ ~ ~'~I fuK Ch~or|~.~ 

9.52 0.56 1.93 0 64Z 0.C11 ~ 

0.0 Z.57 20.38 0.0 O.G 

5.20 3.06 6.93 0.0 0.0 

14.72 flag 29.24 0,64Z O.l~? 

13.00 ~..78 17.97 0.411 0 t 0 

0.0 1,38 IO,97 O.OO~ 0,0 

1.11 0.01 0.?7 0.126 O.OOB 

0.55 0.02 0.17 0,102 0.003 

14.66 0.1g 29.23 U.644 0.011 

0.06 0.0 0.01 ~C 003 0.0(;I 

1OO.0 1OO.O 1OO.0 I00.0 100.0 

! : a ta~s t  ~_1 ante 

InDut (Lbs_/Hr_) : 

Coal ~ Ca1~lyst 

o u t_p_~t.: 

Char Entrained 

Product Water 

So] id Withdrawn 

Tot~ ! 

~:cur~I e t lon :  

(out ~ accum)ltn 

Acid Sol. teeter Sol. 
K K 

1.14 0.69 

0.66 0.~9 

C'.O 0.0 

o, ~9 o. 30 

I. 16 ~.79 

-OoOl 0.02 

100,0 119.1 

*Carbon balance excluekes c l ta . lys t  ca.rbo~lte 
*'£~cludes ca_rbon and oxygen in cataty~c 

o 
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Ash 8alance~s 

Input (LbS/Hr): 

Coal + Catalyst 

Entrained Char 

So1~ds Wftfldrawn 

Totat 

Accumulation: 

Closure 
(out • accum)/~n, 

Ash Element B~lance 

[9pu t  [Lbs/Hr): 

Coal ÷ C~talys~ 

Entrained Char 

SOI i ds W~ ~hdrawn 

Total 

Acc~nu1~t~on: 

C1osur~ 
(out + acc~)/~,n, 

YIELO P~rO0 207 

MATERIAL BALANCES 

c/H 
ASTH Ash lEes] due 

3.93 3.42 

S03-Free S03-Free 
ASTH Ash C/H Restdue 

2.66 2.38 

1.69 1.80 1.31 1.45 

1.44 1.42 1.28 i.10 

3.13 3.21 2.59 2.55 

100.0~ 100.0~ 100.0~ 100.0% 

0.715 0.229 0.255 0.038 0.016 1.217 0.023 0.014 0.003 

0.279 .0.092 0.098 0.018 0.006 0.278 0.012 0.007 0.001 

0.382 0.123 0.1~5 0.019 0.009 0.270 0.008 0.008 0.002 

0.662 0.214 0.243 0.037 0.014 0.5~9 0.020 0.012 0.00~ 

0.053 0.015 0.012 0.002 0.002 0.126 0.003 0.001 0.0 

I00 100 100 100 100 55 100 100 I00 

fqole Balance 

H2 
CO 
H20 
Total 

5oltds Input 

Coal + Cat Feed 

I1.s17) 
0.433| 

(1.174) 

YIELD PERIOD 207 

RATER]At BALANCES 

0.;33 3.03s 0.;33 
2.547 1.274 

0.;33 5.582 1.707 

c H 0 S K 

0.792 0 . S S B  0.120 0.020 0.029 

1.226 6,140 1.827 0.020 0.029 

Gas Outu99~ 

Product Gas C H 

(1.725) 34so 
(0.410) 0.210 o 

C02 (0.355) 0.355 - 
CH 4 (0.318) 0.318 1,271 
H2S (0.013) 0.026 
H20 (0.683) 1.365 
Total 1.083 6.112 

o_E_ __L_s 

O.ilo 
0.710 

0.013 
0.683 0.0 
1.802 0.013 

So~ds Output ~ H__U__ ~ s L 

Chee EnLra4ned 0.093 0.008 0.017 0.004 0.017 
Char Samples fffthdratm 0.045 0.020 0.007 0.003 0.012 
ChBr ~ccumul~Lion 0,005 0 . 0 0 1  0.001 0.0 0.0 
Tots1 Solids O. 143 0.028 0.025 0.007 0.029 

1oral Output : 0.226 6.140 1.827 0.020 D.029 
Jr~cu~u~at|on 
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YIELD PERIOU 207 

PROCESS VARIABLES 

YIELD PERIOD 207 

PROCESS VARIABLES 

Measured Reconciled Measured Reconcile~ 

VIO0 Gasifier Steam (Ibs/hr) 22.88 22.95 V310 CIH Residue in Char Withdrawn (wt%) 67.84 68.32 

Vlll Char Witbdrmwn (Ibs/hr) ?.07 2.07 V32D C/H Residue in Gaslfler Starting Mid Char (wt%) 6g.76 68.4~ 

V165 H in Char Entrained (wt~) 0.28 0.28 V321 C/H Residue in Gaslfter Ending Mid Char (wt%) 69.76 71.15 

V166 H in Char Withdrawn (wt~) 0.95 0.95 V]] l  503-Free ASTM Ash in Feed Coal + Catalyst (wt%) 17.66 17.Z3 

V168 H in Coal + Catalyst Feed (wt:) 3.63 3.64 V334 S03-Free ASTM Ash in Chlr Entrained (wi l l  49.68 46.ZO 

V]77 H (n Gasifler Starting Mid Char (wt~) ().46 0.46 V336 S03-Free ASTM Ash in Char Withdrawn (wt%} 60.57 61.71 
VII4 H in Gasifier Ending Mid Char (wt~) 0,46 0.46 V)37 S03-Free ASTM Ash In Starting Mid Char (wt%) 6Z.78 61.82 

V183 CO in Syngas (moll) 22.60 22,21 V338 S03-Free ASTM Ash in Ending Mid Char (wt%) 62./8 6),44 

VT85 Acid Sol. KzO in Coal + Citalyst F~ed (~t%) 9.II 8.87 V350 S03-Free C/fl Residue in Feed Coal + Catalyst (wt%) 14,58 15.39 

VIBB 0 in Coal + Catalyst Feed (,tX) 12.41 12.46 V351 S03-Free C/H Residue in Char Entrained (wt%) 5Z.96 50.99 

Vlg3 H 2 in Synga~ {mol%) 73.50 77.78 V353 S03-Free C/H Residue In Char Withdrawn (wt%) 54.83 53,29 

V20S CO 2 in ProductGas (mol!) 10 50 I0.50 V354 S03-Free C/H Residue in Starting Mid Char {wt%) 58.62 61,86 

V207 C~&( in Product Gas (mol~) ~).40 9.40 V355 S03-Free C/H Residue in Ending Mid Char (wt%) 58.62 55.26 

V20B " CO in Product Gas (mol%) I~.40 12.14 ~407 Coal + Catalyst Feed ()bs/hr) 16.28 IS.i& 

v212 H 2 in Product Gas (~oi °) ~' qh ~,i (~c V i l l  Char Entraln~d (lbs/hr) 2.84 2,84 

V214 N z in Product Gas (mol~) 16.70 16.5~ V4~5 Carbon In Feed Coal (wt%) 61.56 61.57 

V215 H2S in Product Gas (moll) 0.45 0.3(] V4gB Carbon in Char Entrained (wt%) 35.95 3g.13 

V222 Carbon in Char Withdrawn (wt~) 2~.77 26.36 FJ~)4 Syng~s Flow .Meter (CFH) 70.50 /0.16 

V227 Acid Sol. K20 In Char Entrained (wt%) 27.68 28.16 F385 Product Gas Flow Meter (CFH) 167.20 I74.13 

V232 Acid sol. K20 in Char Withdrawn (wtl) 29.69 28.?5 DGKO Product Gas Condensate (]bs/hr} 12.88 If.g2 

VZ57 Carbon in Gaslfier Starting Mid Char (wt%) ~2.77 23.37 U(ll4) Starting Bed ~P (B-A) (in Hg) 1.40 1.40 

VZS8 Carbon in Gasifler Ending Mid Char (wt%) P?./7 24.08 U(IIS) Starting Bed ~P (C-B) (in Hg) 3.00 2.99 

VZ65 Acid Sol K20 in Gaslfler Starting Mid Char (wt%) 3).3l 37.27 U(I)6) Starting Bed AP (0-C) (in Hg) 2.80 2.7g 

V256 Acld Sol. K20 in Gasifier Ending Mid Char (wt~) 33.31 35.58 U(]17) Starting Bed AP IF-El (in Hg) 0.00 0.00 

V28g ASTM Ash in Char Entrained (wt%) 5Y.22 5q.40 Ui;IB) Starting Cverall Bed aP IF-AS (in H9) /.ZO l . l l  

V292 ASTM Ash in Char Withdrawn (wt%) 67.25 69.43 U(ll9) Ending Bed ~P (B-A) (in Hg) 1.70 1.70 

~29) ASTM Ash in Feed Coal + Catalyst (wt~) 2!;.5g 25.40 U(IZO) Ending Bed AP (C-B) (in Hg) 2.90 2.92 

vzg4 C/H Residue in Feed Coal + Catalyst {wt~) 22,~I Z2.12 U(121) Ending Bed Ap (D-C) (in Xg) 2.80 2.82 

vzg5 C/H Residue In Char Entrained (wt%) 62.75 63.31 U(IZ2) Endlng Bed aP IF-El (in Hg) 0.00 0.00 

V)06 ASTM Ash in Gasffler Starting Mid Char (wt%) 70.82 61.95 U(IZ3) Ending Overall Bed ~P (F-A) (in Hg) 7.40 7.44 

V307 ASTM Ash in Gaslfler Ending Mid Char (wt%) 7~.82 80.02 EDD(1) Starting Bed ~P (E-D) (in Hg) 0.00 O.O0 
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EDD(6) 
OPOST 
V280 
V281 
V187 
V246 
V244 
V243 
V862 
V863 
V867 
V868 
V8~9 
V871 
V872 
V876 
V877 
V878 
V880 
V881 

• V885 
V8e5 
V887 
V889 
V890 
V894 

V895 
V896 
V822 
V823 
V827 

YIELD PERIOD 207 

PROCESS V.Ik~IABLES 

Ending Bed AP (E-D) (tn fig) 
Depostts Accumulate~ on Gastfter ga l ls  ( Ibs) 
S tn  Gastfter Starting Kid Char (wt$) 
5 in Gasi~fer Endfng Mid Char (wt%) 
S In Coal ÷ Catalyst Feed w'c~) 

S tn  Char Withdraw7 (~t~) 
S tn  Char Entrained (wt~) 
5 tn Product Gas Condensate (wt~) 
$102 in S03-Free Ash ]n Starttng Hid Char (wtZ) 
S!02 tn S03-Free Ash in Ending Htd Char (wt%) 
$102 tn S03-Free Ash 4n Coal + Catalyst Feed (wig) 
S!02 tn S03-Free Ash tn Char Htthdrawn (wt~) 
$t02 tn S03-Free ASh tn Char Entrained (wt~) 
Fe203 tn S03-Free Ash tn St~rtin9 Rtd Char (wig) 
Fe203 |n S03-Free Ash tn Endtng Hid Char (wt[)  
Fez03 fn S03-Free Ash tn Coal ~ Catalyst Feed (wt~) 

Fe203 tn $03-Free Ash tn Char Mtthdra~m (wt~) 
Fe203 in S03-Free ASh in Char Entrained (wt%) 
A1203 in 503-Free ASh In Starting Hld Char {wt%) 

AI203 in 503-Free Ash In [ndln9 ~Id Char (wt%) 

Alia 3 In S03-Free Ash In Co~l + Catalyst Feed (wt~) 

A1203 in S03-Free Ash in Char Hlthdraln (wt~) 

A1203 in S03-Free Ash tn Char Entrained (it%) 
CaO tn 503-F~ee Ash tn Starttng ~td Char (wtg) 
CaO in S03-Free Ash tn Ending Hid Char (wL[) 
CaO In S03-Free Ash tn C~1 + Catalyst Feed (~t~) 
CaO tn S03-Free ASh tn Char Hithdr~wn (wtZ) 
CaO in S03-Free A~h ]n Char Entrained (~t%) 
C1 in S03-Free A~h in Sta~ttn9 Mtd Char (wt~) 
C1 In S03-Free As~ tn Ending Htd Char (wt%) 
C1 in S03-Free Ash tn Coal • Catalyst Feed (~LZ) 

.~leasured Reconciled 

0.00 0.00 
0.00 0.00 
4.53 4.68 
4.53 4.45 
3.78 4.15 
5.30 4.94 
4.44 4.43 
0.04 0.04 

23.32 22.95 
23.32 24.45 
28.43 26.84 
31.92 29.92 
20.44 21.29 
5.66 5.47 
5.66 5.90 
9.29 8.59 
9.51 9.60 
6.75 6.98 
8.99 8.93 
8.99 9.16 
9.75 9.66 

11.57 11.31 
7.38 7.49 
0.01 0.79 
0.81 0.84 
1.5~ 1.44 
1.48 1.50 
!.30 1.34 
0.18 0.17 
0.18 0.19 
0.09 0.08 

V828 
V829 
V836 
V837 
V841 
V842 
VBA3 
V898 
V899 
V903 
V904 
V905 
V916 
V917 
V921 
V922 
V923 
V925 
V926 
V930 
V931 
V932 
V813 
V814 

V818 
V819 
V820 
V805 
V805 
V810 
V811 

YZ.ELO VERZOD 20T. 

PROCESS VARIABLES 

CI tn S03-Free Ash In Char I t f thdrwn (wtS) 
C1 in S03-Free Ash tn Char Entrained (wtZ) 
Actd SOlo Na20 tn Gaslf ler Start ing Hid Char (wt1~) 
Acid Sol. Ha20 tn Gastf ler Endtn9 Htd Char (wig) 
Acid 5ol. Na20 tn Col1 + Catalyst Feed (wtZ) 
Actd Sol. Na20 tn Char Mithdr&~n (wtg) 
kctd 5ol. Ha20 in Char Entrained (wt%) 

tn 503-Free Ash Starting gtd Char (~t1~) 
MgO in S03-Free Ash In Ending Hid Char (wtS) 
1490 tn SOt-Free Ash in Coal + Catalyst Feed (wt)~) 
HgO tn S03-Free Ash tn Char Withdrawn (wtg) 

l~JO In S03-Free Ash tn Char Entrained (wt) 
TJ02 tn $03-Free Ash tn Starttng Htd Char (wt$) 
Tt02 in SO3-Free Ash in Endtn9 Hid Char (wt$) 
TtO 2 tn $03-Free Ash tn Coal + Catalyst Feed (wtg) 
TfO 2 in S03-Free Ash In Char I@Ithdrawn (wt$) 
Tt02 tn S03-Free Ash tn Char Entrained (wtX) 
P205 tn S03-Free Ash In Start ing Hid Char (wig) 
P205 in S03-Free Ash In Ending Hid Char (wt~) 
P205 |n S03-Free Ash in Coal + Catalyst Feed (wt%) 
P205 ~n 503-Free Ash tn Char Withdrawn (wig) 
P205 tn S03-Free Ash tn Char Entrained (wt~) 
ft tn Starting litd Char (~t%) 
H in Endin9 Hid Char (wtg) 
N in Coal + Catalyst Feed (wt~) 
ti in Char Htthdrawn (wt~) 
;~ tn Char Entrained (wt)~) 
0 fn Start ing Hid Char (wti%) 

0 tn Endtn9 Htd Char (wt~) 
0 In Char Hlthdrawn (wt•) 
0 In Char Entrained (wt~) 

Neasured I~econclle~ 
0.15 0.15 

0.25 0.28 
0.51 0.50 
0.51 0.52 
0.15 0.15 

0.39 0.39 
0.42 0.43 

0.45 0 , 4 2  
0,#5 0.48 

0.68 0.60 
0.64 0.67 
0.41 0.42 
0.34 0.32 
0.34 0.36 
0.60 0.52 
0.45 0.46 
0.47 0.50 
0.~)4 0.04 
0.04 0,0~ 
0.12 0.11 
0.14 0.1# 

0.08 0.0~ 
0.11 0.11 
0.11 0,11 
0.87 0.87 
0.12 0.12 
0.13 0.13 
9.17 9.38 

9.17 9.27 
6.14 5.76 
9.26 9.55 
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BECOHCILED OElk 

YIELD-PERIOD Z08 

UNII OPERATION5 

To 

Duration 

Percent of lime on Strealn 

Coal Feed 

Steam 

Syngas 

qasif~r Process ie~m~vatur'es 

Gasifier Ced Height (ft) 

43,2 

38. 

32. l 

26.6 

X1.2 

16.0 

10.0 

6.'% 

0.~ 

Time 

8:30 

0.30 

1(73 

100 

100 

__O~te__ 

]- 16-77 

3-17-77 

16 ltr~ 

Gaslfler Temperature (°F) 

1137 

I168 

1213 

1230 

1220 

lZ20 

1206 

1200 

1077 

YIELD PERIOD ?OO 

UNIT PROCESS VARIABLES 

Unlt ien~eratur~.s 

LucEhopper I Top 
Lockhopper I Bottom 

Lockhopper 2 Top 
Lockhopper Z Bottom 

Gasifler Feed Line 
Gaslfier Steam Lfne 

Gaslfl~r 
lop of Bed 
Bottom of Bed 
Total Bed Averege 

i~ugh Cut Cyclone 
Cyclone Top 
Cyclo,e Bottom 
Standpipe Top 
Standpipe Mld 
Standpipe Bottom 
Standpipe Slope Top 
S~andpip¢ Slope Bottom 

GasifieT Backe~,d 
Cyclorae Inle~ 
Fil ter Inlet 

Scrubber inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper 2 
Gasifier Feed Line 
~ypass N2 
Syngas In 

Gas}fler 
Gaslfier Top 
Gaslfler Bottom 

Rough Cut Cyclone Out le t  
Fil ter Outlet 
Scrubber Outlet 

Product Gas M~ter 

Proces~_~ 

296 " 
286 

246 
232 

670 
I072 

1230 
1077 
1192 

933 
701 
820 
818 
791 

1083 

422 
79 

91 

115.8 
116.9 
161.7 
161.7 

112.7 
117.1 

1123 
112.6 
112.6 

11~.7 

t~etal. ~F 

23B 

301 
322 

919 
t l4O 

1267 
1108 
1219 

994 
T023 
999 

1017 
104Z 
105Z 
1000 

~I~ 
461 

400 
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Y~Et.O P r ~ t i ~  

Gastfter Flutdtzed Bed P r o ~  

Bed Bottom Density ( lbs/cf) 
Bed Top Density (lbs/cf) 
Bed Average Density (lbs/c~) 
Bed Height t f t )  
Bed Holdup Ilbs) 
Bed Volume (cf) 
Average Bed Temperature (*F) 
Space Veloclty (bed) (cf/cf/hr) 
Bottom Superficial Velocity (ft/)e¢) 
Top Superficial Velocity (ft/se¢) 

C2clone Performanc~ 

Temperature (°F) 
Pressure (psia) 
Inlet Gas Rate (SCRf) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity {ft/sec) 
Sollds Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (Ibs/hr) 
Solids Escaping (Ibs/hr) 
Overall Efflclency (Captured/Enterlng, 

Solids Carryover Loss 

Coal + Catalyst Feed (lbs/hr) 
Total Carryover (lbs/hr) 
Cyclone (lbs/hr) 
FilLer (lbs/hr) 
Carryover/Feed (gt.~) 

Solids Carbon Loss 

Carbon th Feed (lbs/hr) 
Carbon in Carryover (lbs/h¢) 
Carryover/Feed (gt.%) 

18.0 
22.2 
20.1 
3Z.1 

114.8 
5.1 

1215.2 
74.4 
0.52 
0.59 

519.0 
112.7 
903.0 
221.8 
17.4 
1.0 

0.09~3 
0.9 
0.I 

90.0 

8.5~ 
0°96 
0.8~ 
0.I0 
11.2. 

5.49 
0.55 
10.1 

YIELD PERIO0 2ON 

UNIT CONVERSIONS 

Carbon C o ~ ; ~  

Carb~ in Feed ~ (~s/hr)  §.4g 
Carbon f ; ~  I}evol : t l l lzat to~** of Feed Coal (lbs/hr) 1.77 
Carbon C~(f ied (~y difference) ( lbslhr) 1~13 
Total C~r~un Converted (lb~/hr) 3.49 

Carbon Conversion (~ Converted/C tn Feed_). 

Gasificatlon Only (%) 3~.5 
Total, Including I~volat i l tzat ton (Z) 6~.7 

Carbon DIstr ibution 

Total Converted 1%) 63.1 
Entrained (%) 9.6 
Withdrawn (;)  29.3 
Accemulated (~) • -2.6 
Conversion (Entrainment Backed Out) 70.5 

Speclflc Reaction.Rates [C Converted/C in Bed) 

Gas|ffcat(~n Only (~/Hr) 3.3 
Includh;g O~volatl l lzatton 6.7 

S t e ~ C o n s ~ : ~  

Ste~ Into Unit (Ibs/hr) 13.08 
Ste~ Reacted ~Ith Carbon (lbs/hr) 2.59 
Totol Ste~ ~onsu,Ted (lbs/hr) 5.18 

Ste~ Cenwr~ton (Steam Consumed/Steam |nto Bed) 

Gastftc~td~n* (~) 19.8 
Tota~ Ste~ Converted (%) 39.6 

Reaction R~te Para~ater~ 

Carbon Converted/Stee~ Fed (lbs/lbs) 0.132 
Carbon Conu~rted/Steam Fed (mol/mel) 0.198 
Carbon Converted/Dad Volume (Ibs/hr)/cft 0.)02 
Carbon Con~erted/Ged Volume (mol lhr) /cf t  0.02S. 
Carbon in ~edlStecm Fed Ibsl(Ibs/hr) 3.985 
CartOon in ~cd/Stecm Fed mol/(mol/hr) 5.979 

*Excludes carbon in catalyst 
**Assumed ;~.~ standard AS~ff4 devolatt l tzatton test of feed c~1 
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I%) 
0 

Catalxst 01strtbutton* 

~t~ 

K as K20 
K as K2CO 3 
Kas K 7.8 

K b/ater/Acfd, O. 676 
Soluble Ratto 

K20, H20-%nsoluble 3.1 

K2C03, H20- Insoluble 4.5 

K, H20-lnsol uble 2.5 
Carbon 64.1 

K on Carbon ! 2.2 

ASTM Ash 24.4 

K on Ash 32.0 

KzCO 3 Fre~Ash 10.5 

K on K2C03 Free-Ash 74.8 

Stze Dist r ibut ion 

YIELD PERIOD 208 

UNIT COMPOSITIONS 

Gastf ler Char 
Feed ~ Mfd Bottom Entrained 

9.4 - 20.1 17.8 18.2 
13.8 29.5 26.1 26.7 

16.7 14.8 15.1 

0.724 0.601 0.838 

325 flesh 
Feed Coal + ~talyst 0.8 

Top Char 0.0 

Mld Char 0.5 

Bottom Char 0.1 

Cyclone 38.5 

F t l t e r  

Partlcle Oiamter (Microns) 

Feed Coal + Catalyst 
Top Char 

• d Chit 

Bottom Char 

Cyclone 

F11ter 

• Based on actd soluble analysts 

5.5 7.1 2.9 

8.1 10.4 4.3 

4.6 5.9 2.4 

45.4 44.9 55.6 

36.7 32.9 27.1 

50.9 51.9 42.3 

32.7 28.5 35.7 

21.1 25.3 15.2 

79. I 58.3 99.1 

Cumlat lve Wtl Less .Than flesh 51ze 
200 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh 

1.6 11.5 39.8 

0.0 0.0 0.0 

1.0 11.3 35.9 

0.9 7.7 31.7 

46.9 65.1 82.3 

Volume/ 
Number Surface Met ght 
Yea. Mean e ~ .  

39 266 452 

47 287 489 

81 322 504 

23 46 176 

76.B 93.4 100.0 

0.0 o10 0.0 

74.0 90.4 I00.0 

72.4 90.9 100.0 

96.3 97.9 100.0 

S_u!k Oensttx 
l bs /c f  
50.9 

20.0 

21.9 

U.Itlmate Anal.vsts 

Component 

H 

C 

5 

0 

N 

CI 

S03-Free Ash 

Total 

Sollds Flow Rate 
( lbs /hr )  

Ash Element Anal,vsfs 

$t02 

Fe203 

A1203 

CaO 

M90 

TtO 2 

PZO5 

Na20 

K20. Catalyst 

Tote I 

YIELD PERIO0 208 

SOLIDS COMPOSITION 

H t l  o f  Total Sol lds.  Dry 

Sollds WD Entralne d 

4.19 !.11 0.40 

64.1 45.8 " 55.6 

3.9 3.7 2.4 

8.7 8.3 9.2 

1.11 0.31 0.28 

0.08 0.15 0.17 

18.0 40.7 32.0 

100.0 100.0 100.0 

8.57 3.51 0.96 

VtS of  SO~-Fr~ ~ h  

27.7 32.8 24.8 

7.9 8.6 6.9 

9.4 10.3 8.9 

1.19 1.25 0.88 

O. 53 0.61 O. 49 

0.47 0.45 0.45 

0.10 0.10 0.09 

0.44 0.65 0.69 

52.34 45.21 56.80 

100.0 100.0 100.0 
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YIELD PERIOD ~ B  

PRODUCT GAS DATA 

Product Gas Parttal Fressures at  Gastfter Exit 

Tot l l  Pressure, psfa 112.7 

H 2 48. g 

CO 8.0 

CH4 8.6  

C02 9.7 

H2 S Q.3 

H20 20.7 

N 2 16.4 

M2o/co 2.6 

H20/cO 2 2.1 

Unit Gas Data 

Syngas HRT, lbs/mol 7.7 

Product Gas HMT (dry), lbs/mo1" 14.8 

Pl rOduc t  ~ S  I 

At 0TH (dry), SCFH 736.7 

(Dry, N2-Free), SCFH 605.3 

At Gastfter Outlet, 5CFH 903.0 
(Includes H2 ÷ H20) 
At Gastfter Outlet, ACFH 361.7 
(Includes N2 + H20) 
At Gasfffer Outlet, SCFH 771.5 
(Excludes N2) 
At Gastfier Outlet, ACFH 309.1 
(Excludes N2) 

YZEL D j ~ e ~  

PRoOpCT ~S ~TA 

Unl t  ~ s  Ttelds 

Product Gas (Dry), VmlS 
H2 
CO 
C02 
CH4 
H2S 
N2 

Product Gas (OW, 112-Free) 
HZ 
CO 
C02 
CH4 
Hzs 

Product Gas 
H2 
CO 
C02 

f120 
N2 

Product Gas (H2-Free) 
H2 
CO 
C02 
CH4 
HES 
H20 

SCFH CH4/tb C Acttve Bed 

SCFH CH4/lb C Feed 

Holes CH4/mole C Feed 

53.2 
8.7 

10.6 
9.4 
0.3 

17.8 

64.7 
10.6 
12.9 
11.4 
0.3 

43.4 
7.1 
816 
7.7 
O.Z 

18.4 
14.6 

50.8 
8.3 

10.1 
9.0 
0.2 

21.6 

1.3 

12.5 

0.40 

. . . . .  EqutHbHum Constants  

Graphite-H20: C + H20- CO ÷ H2 
Sh|ft :  CO ÷ H20 • C02 + H2 
Hethanatton: CO + 3H Z = CH4 + H20 
Overali: 2C + 2H20 = CH 4 + C02 

Reactton Cornespe~dlng. 
Equtlibr|um at  Actual Equt14 brtum 

Acttve Bed Temp Equilibrium Temperature 
"F (1215.2OF1 Express4on ( ) 

O. 7708 1.2790 1264.9 
1.8947 2.8811 1072.1 
O. 2829 0.0415 1333.3 
0.3185 0.1956 
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Y IELD PERIOD ?08  

MATERIAL BALMCES 

Overall Haterlal Balance 

Coal reed (ex N 2) ~.47 

Gastfler Steam IJ.08 

Gasi f ter  Syngas 9.39 

Total (e~ N 2) 30 g4 

Accumul~Lt~:: -0.~3 

Closune: (Output + Acc~m)/lnput, 

~t~t: 

Product Gas (ex tt z) 19.o0 

Product Gas N 2 9.72 

Product I l l t e r  7.91 

Char Entrained 0.96 

Sol ids 14t thdr~wi$ 3.51 

Total (ex N?) 31.37 

I00.0 

• l s f f l e r  Syngas ~6Z.9 

H 2 Mnl) 78,2 

CO H o | l  21.8 

D.~lance: {Output/Ingut), ) ~8.5 

output: _.$.~L 

fl z + CO tn Produ~'t Gas 455.8 

H 2 I~I£ 53.2 

CO Mol% 8.7 

YIELD PERIOD 208 

MATERIAL BAJ.ANCJ[S 

Element BalanceS 

Input (Lbs/Hr):  Carbon* 

Coal ÷ Cata lys t * *  5.49 0.36 

Gast f ter  Steam - 1.46 

Gas t f le r  Syngas 3.Z0 1,93 

Total 8.69 3.75 

Ou_~put: 

Product Gas 6.6q Z.83 

product Mater - 0.88 

Chat' Entrained 0.53 0.0 

Solids glthdr1~m 1.61 0.04 

Total 8.83 3.7S 

Accumulation: -0.15 0.0 

Closure 100.0 lO0.O 
(Out +~c~)lln, 

Sul fu r  Chlortem 

O. 74 0. 332 0.007 

11.62 

4 . 2 6  - - 

1 6 . 6 Z  -.332 0.007 

9.29 0.179 

7.0;  0.003 

0.09 0.0?3 O.OZ 

0.29 0.131 O.OS 

16.69 0.336 0.07 

-0.07 -0.003 0.0 

I00.0 I00.0 100.0 

Catalj, st Balance 
Acid Sol. Water Sol. 

]nput~Lbs/Hr)  : K X 

Coal ÷ CAtalyst 0.67 0.45 

O.t!~:  

Chai- Entrained O, 14 0.12 

Product Water 0.0 0.0 

S~ I t d 141 thdraewn O. 54 O. 31 

Yotal 0.68 0.43 

Accl~lulatton: -0.01 ~0.27 

Closure lO0.O 36.8 
(~ut + accum)/ln 

~Cart)on ~ l~nce  excludes ca ta lys t  ¢ a r b o ~ t e  
~xclu~t~.~ carbon an(I oxygen tn ca ta lys t  

q t, 
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Ash Balances 

Input (Lhs/Hr): 

CoB1 + Catalyst 

Entrained Char 

Solids Withdrawn 

Total 

Accumul ati on: 

"Closure 
(out + accum)/fn, g 

A~h Element Balance 

!nput (Lbs/HP) : 

Coal + Catalyst 

out_t;_u!: 
Entrained Char 

Solids ffi thdr~),m 

Total 

Accumulation: 

Closure 
(out + eccum)/tn, 

YIELD PERI0o 208 

MATERIAL BALANCES 

C/H S03-Ft~e S03-Fr~e 
AST~ Ash Residue. ASTH Ash C H ~ s t d u e  

2.09 1.55 1.54 1.10 

0.41 0.38 0.31 0.30 

1.B2 1.64 1.43 1.27 

2.23 2.02 1.74 1.57 

-0.1~ -0.46 -0.19 -0.47 

I00.0 lO0.O lO0.O ]00.0 

sio_!9_z._ ~ ~ c~o ~ so_sga_ Na._N~.~.p_ riO2 P20_29..,L. 

0.,~27 0.121 0.14S O.OIB O.OOa 0.61Z 0.007 0.007 0.002 

0.076 0,021 0.027 0:003 0.002 0.075 0.0 O,OOl 0.0 

0.469 0.123 0.147 0.018 0.009 0.348 0.009 0.006 0.001 

0.545 0.145 0.174 0.021 0.010 0.423 0.009 O.OOB 0.002 

-0.119 -0.023 -0.029 -0.002 -0,902 -0.059 -0,001 0.0 0.0 

100 100 lO0 100 I00 59 100 lO0 100 

Mole ~alance 

H2 
CO 
H20 
Total 

Solids Input 

Coal + Cat Feed 

Total Ipput 

YIELD PERIO0 208 

Gas Output 

Product Gas 

H z (1.034) 
co (o.169) 
co2 {o.2o6) 
CH4 (0.183~ 
HzS (0.006) 
H20 (o.~39) 
Total (2.037) 

Solids Output 

Char Entrained 
Char Samples ~]thdrawn 
Char Accumulation 
Total Solids 

Total Output + 
Accumulation 

~TERXAL BALANCES 

Lb-Moles~o_ ~ 
--0 II 

Io.�ss) 1.91o o.o 
0.266) o.266 o.o 0.266 

(0.726) 1.4s2 0.726 
(].947) 0,266 3.362 0.992 

c ~ 0 s _ ~ =  

0.457 0.3s6 0.04e 0.010 0.0~7 

0.723 3.718 1.039 0.010 0,017 

c H o __E._s 

o.;69 2.06. o.;69 - 
0 ,206  0 .412  - 
0.183 0.73] 

- O.Oll 0.0O6 
o.;s7 0.878 0.;3  1.o19 0.0o6 

c H _.9__ __E_S X 

0,044 0.oo4 o,oes o.oo] o,oo~ " 
o.13~ 0 . 0 3 9  o.o18 o.oo~ o.oJ~ 

o.o -0.0]2 -o,oo4 o.o o.o . 
0 ,166  0.030 0,019 0.005 0.017 

0.723 3.718 1.039 0.010 ~},0~7 
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YIELD PERIOD 208 

PROCESS VARIABLES 

VlO0 Gaslfler Steam (Ibslhr) 

VIII Char Wlthdrmwn (Ib~/hr) 

V165 H in Char Entrained {wt%) 

V166 H in Char Withdrawn (wt() 

V168 H In Coal + Catalyst Feed (wt%) 

V173 H in Gasifler Starting Mid Char (wt%) 

V174 H in Gasifier Ending Mid Char (wt%) 

V183 CO in Syngas (molT) 

V185 Acid So1. K20 in Coal + Catalyst Feed (wti) 

V188 O in Coal + Catalyst Feed (wt%) 

VIg3 H 2 in Syngas (~ml%) 

V20B CO2 in Product Gas (awl%) 

V207 CH 4 In Product Gas (~1%) 

V208 CO in Product Gas (mml%) 

V212 H 2 In Product Gas (~1%) 

V214 N 2 In Product Gas (mol%) 

V215 H2S in ProdUct Gas in)l%) 

V222 Carbon in Char Withdrawn (wt%) 

V227 Acid Sol. K20 In Char Entrained (wt%) 

V232 Acid sol. K20 in Char Withdrawn (wt%) 

V257 Carbon in Gasifier Startin9 Mid Char (wt%) 

V258 Carbon in Gasifier Ending Mid Char (wt%) 

V265 Acld Sol. K20 in Gasifler Starting Mid Char (wt%) 

V266 Acid Sol. K20 In Gaslfler Ending Mid Char (wt%) 

V289 AS1)I Ash in Char Entrained (wt%) 

V292 ASTM Ash in Char Withdrawn (wt%) 

V293 ASTM Ash in Feed Coal • Catalyst (wt%) 

V294 C/H Residue in Feed Coal + Catalyst (w i l l  

V295 C/H ResidUe in Char Entrained (wt¢) 

V306 ASTIq Ash tn Gasifler Starting Mid Char (wt%) 

V307 ASTN Ash in Gasifter Ending Mid Char (wt%) 

Measured Reconciled 

13.01 13,08" 
3.51 3.51 

0.40 0.40 

1.11 1 . t i  

4.17 4.19 

1.04 1.04 

0.93 0.93 

22.20 21.82 

8.42 9.42 

8.59 8.67 

77.60 78.18 

10.60 10.60 

9.40 9.49 

8.40 8.67 

53.50 53.20 

17.90 )7.84 

0.26 0.29 

44.93 45.75 

17.96 18,16 

17.78 18.40 

43.74 45.95 

47.09 46.62 

20.38 20.54 

20,67 21.60 
42.24 42.25 

51.88 51.94 

24.45 24.42 

18.02 18.11 

39.52 39.47 

53.30 49.98 

48.46 51.04 

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V 338 

V350 
V351 

V353 

V354 

V355 
V407 

V473 

V495 

V498 

F384 
F385 

PGKO 
U(1143 

U(1153 

u(116) 

u(117) 

u( l i8 )  

u(Iv93 

u(Izo) 

u(Izl) 

u(iz2) 

u(123} 

EDDie ) 

YIELD PERIOD 208 

PROCESS VARIABLES 

CIH ~s ldue tn Char Wtthdrawfl (wt~) 
C/H R~sldue tn Gastfter Star t ing Mid Chit (wt%) 

C/H Residue tn Gasif |er Endtng Ntd Char (wt[)  

503-Free ASTH Ash in Feed Coal + Catalyst (wtg) 

S03-Free ASTN Ash tn Char Entrained (wt%) 

S03-Free ASTH Ash tn Char Wlthdraw~ (wt%) 

S03-Free ASTM Ash In Start ing Mid Char (wt%) 

SO3-F~e ASTH Ash in Endln9 Mld Char (wtl) 

S03-Free C/H Residue In Feed Coal + Catalyst (wt l )  

S03-Free C/H Residue in Char Entrained (wt%) 

S03-Free C/H Restdue in Char Withdrawn (wt%) 

503-Free ClH Residue tn Star t ing Nld Char (wt%) 

S03-Free C/H Residue tn Ending Mtd Char (wt%) 

Coal + Catalyst Feed { lbs/hr)  

Char Entrained (Ibs/hr) 

Carbon in Feed Coal (wt%) 

Carbon in Char Entrained (wt%) 

Syngas Flow Meter (CFH) 

Product Gas Fl~wMeter (CFH) 

Product Gas Condensate (Ibs/hr) 

Starting Bed ^P (B-A) (In Hg) 

Starting Bed ap (C-B) (In Hg) 

Start ing Bed Ap (D-C) (tn Hg) 

Start ing Bed Ap {F-E) (tn Hg) 
Start ing Overall Bed &P (F-A) (In H 9) 

Ending Bed AP (B-A) (tn Hg) 

Endtn<J Bed aP (6-8) (tn fig) 

Ending Bed ae (~C) ( ln t19) 

Ending Bed Ap iF-El ( in 149) 

Ending Overall Bed aP (F-A) ( in Hg) 

Star t ing Bed ~P (E-0) (In 149) 

Measured Reconct led 

46.85 46.60 
47. i8 47.95 

44.88 44.22 

18.99 ~.00 

34.42 31.97 

41.99 40.69 

42.72 40.26 

39.27 3g.95 

12.56 12.81 

31.70 31.52 

36.96 36.07 

36.60 38.45 

35.69 34.03 

8.77 8.56 

0 . %  0.96 

61.07 64.06 

53.04 55.57 

44.54 44.43 

97.48 100.73 

g.20 7.67 

1.40 1.40 

4.90 4.89 

3.00 3.00 

O.OO 0.00 
9.40 9.29 

2, 70 2.?2 

3.20 3.22 

2.80 2.82 
O.00 0.00 

8.80 8.76 

O.00 0.00 

• ir em 
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VZ80 
V281 
Y187 
V246 
V244 
V~43 
V862 
V863 
V867 
V868 

vB6g 
V871 
V872 
V876 
V877 
V878 
V880 
V881 
V885 
V886 
V887 
P88g 
U890 
V894 

V895 
V096 
V822 
V823 
V827 

YIELD PERIOD 208 

PROCESS YARIMLES 

Ending Bed AP (E-O) (tn Hg) 
Deposits Accumlated on Gastfier gal ls  ( lbs) 
S tn Gaslfter Starting Htd Char (wt~) 
S in Gaslfter Ending Rid Char (wig) 
SJn Coal + Catalyst Feed wtX) 

S in Char NJthdra~n (wtg) 
S In Char Entrained (wt$} 
S in Product Gas Condensate (wt¢) 
SiO2 tn SOpFree Ash tn Starttn9 Hid Char (wtZ) 
St02 Jn S03-Frne ASh tn Endtng Hid Char (wt¢) 
St02 in S03-Free Ash tn Coal + Catalyst Feed (wig) 
SiO2 fn $03-Free Ash In Char githdrawn (wtZ) 
Si02:in S03-Free Ash Jn Char Entrained (wt%) 
Fe203 in 503-Free Ash in Starting Htd Char (wtH) 
Fe203 tn S03-Free Ash in Ending Hid Char (~tH) 
Fe203 in 503-Free Ash tn Coal + Catalyst Feed (wt%) 
Fe203 tn $03-Free Ash tn Char idithdrawn (wig) 
Fez03 tn 503-Free Ash tn Chap Entrained (vt~) 
A1203 tn S03-Free Ash tn Starting Mtd Char (wt~) 
A1203 in S03-Free Ash fn Ending Hid Char (wt¢) 
A1203 In S03-Free Ash tn Coal + Catalyst Feed (wt%) 
A1203 in S03-Free Ash tn Char Ntthdrawn ('wt%) 
M203 In S03-Free Ash 4n Char Entrained (wt%) 
CaO fn S03-Fr~e Ash in Starting Hid Char (wt:~) 
CaO fn 5O3-Free Ash in Ending Hid Char (wt~) 
C~O tn S03-Free Ash in Coal ÷ Catalyst Feed (wt1~) 
CaO In S03-Free ASh in Char Htthdrawn (wt%) 
CaO tn S03-Free Ash in Char Entrained (wtZ) 
CI in S03-Free ASh tn Starting Ntd Chap (wt¢) 
C1 tn S03-Free Ash tn Endtng Mid Char {wt~) 
C1 in S03-Free Ash Jn Coal + Catalyst Feed (wtZ) 

Reasured Ibconclled 

0.00 O.O0 
0.00 0~00 
3.50 3.30 
3.28 3.45 
4.00 3.88 
3.54 3.73 
2.40 24.2 
0.04 0.04 

28.26 28.68 
26.49 26.42 
26.70 27.68 
30.94 32.83 
24.36 24.80 
7.90 7.73 
7.28 7.43 
7.88 7.86 

8.38 8.63 
6.89 6.94 

10.36 10.05 
9.41 9.69 
9.42 9.38 
9.92 10,28 
8.77 8.85 
0.93 0.85 
0.77 0.82 
1.26 1.19 
1.17 1.25 
0.87. 0.88 
0.15 0.15 
0.17 0.16 
0.08 0.08 

yZELO ~mzoo ~qe 

PROCESS VARIMLES 

V828 C1 in S03-Free Ash in Char Withdrwn (wt•) 
V829 C1 tn S03-Free Ash fn Char Entralemd (wt1&) 
V836 Ac|d Sol. NazO tn GasIffer Starting lqd Char (vtH) 
V837 Acid Sol. Na20 tn Gasffter Ending Rid Char (wt~) 
V841 Actd 5al. Na20 in Coal + Catalyst Feed (vtg) 
V842 Actd Sol. Ha20 tn Char Mtthdmm (wtH) , 
V843 Acid 5ol. Na20 in Char Entl-atned (wtH) 
V898 HgO tn S03-Free Ash Starting Hid Char (~LH) 
V899 NgO in S03-Free Ash tn Ending Htd Char (wtH) 
V903 HgO in S03-Free Ash tn C~1 ÷ Chtalys~ Feed (wtZ) 
V904 H90 in S03-Free Ash In Char Mlthdrawn (wt~) 
V905 HgO fn S03-Free Ash tn Char Entrained (wt) 
V916 Tt02 tn S03-Free Ash tn Starttng Hid Char (wtH) 
V917 TtO 2 tn S03-Free ASh tn Ending Htd Char (wig) 
vgz1 TtO 2 tn S03-Free ASh tn Coal + Catalyst Feed (wtZ) 
V922 TIO 2 tn S03-Free ASh In Char HIthdrawn (w'cH) 
V923 T]O2 Jn S03-Free Ash In Char Entrained (wtZ) 
V925 P205 in 503-Free Ash tn Start ing Hid Char (wt~) 
V926 P205 Jn S03-Free Ash tn Ending R|d Chap (wL$) 
V930 P205 tn S03-Free Ash tn Coal + Catalyst Feed (wtH) 
V931 P205 in "503-Free Ash tn Char Mithdrawn (wt%) 
V932 P205 th 503-Free Ash In Char Entrained (wt~) 
V813 N tn Starting fl~d Char (wtS) 
V814 N tn Ending Mid Char (wLZ) 
V818 N tn Coal ÷ Catalyst Feed (wtH) 
Y819 H tn Char Mtthdrawn (wt1&) 

V820 H tn Char Entrained (wig) 
V805 0 tn Starttng Htd Char (wt~) 
V806 0 tn Ending Hid Char (wtH) 
V810 0 in Char Ntthdrawn (wt~) 
V811 0 tn Char Entrained (wt%) 

RHsured hconcilmd 

0.15 0.15 
0.17 0.07 
0.22 0.22 
0.18 0,18 
0.08 0.08 
0.26 0.26 
0.22 0,22 
0.62 0.59 
0.54 0.56 
0.54 0.53 
0.60 0.62 
0.49 0.49 
0.44 0.44 
0.45 0.45 
0.47 0.~7 
0,44 0.45 
0.45 0.45 
0,10 0.10 
0.09 0.09 

0,10 0.10 
0.10 0.10 
0,09 0.09 

O, 29 O. 29 
0.30 0.30 

1.09 1.11 

0.31 0.31 
0.28 0.28 
8.56 g.o0 

8.96 8.58 
7,99 8.26 

9.11 9.19 



i 

ix} 

RECONCILED DATA 

YIELD'PERIOD 209 

UNIT OPERATIONS 

Time Date 

From 21:30 3-24-77 

TO 21:30 3-25-77 

~,ratfon 24 Hrs 

Percent of Time on Stream 

Coal Feed 100 

Steam lOB 

Syngas lOO 

Gasifi~r Process Temperature~ 

Gaslfier Bed Height (f t)  Gasifier Temperature (°F) 

43.2 1121 

38.4 1177 

32.1 1302 

26.6 1333 

2!.2 1318 

16.0 1318 

10.9 1302 

6.4 1285 

0.4 1178 

YIELO PERIOD ~OY 

UNIT PROCESS VAR~ABtE~ 

Unit /emperatures 

Lockhopper i Top 
Lockhopper I Bottom 

Lockhopper 2 Top 
Lockhopper 2 Bottom 

Gaslfler Feed Llne 
Gaslfier Steam Llne 

Gasifler 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope rop 
Standpipe Slope Bottom 

Gasifier Backend 
Cyclone Inlet 
F i l ter  Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

Gaslfler 
Gasifler Top 
Gasifier Bottom 

Rough Cut Cyclone Outlet 
F i l ter  Outlet 
Scrubber Outlet 

Product Gas Meter 

Process.~ 

310 
303 

256 
225 

735 
1004 

1302 
1178 
1291 

943 
695 
818 
810 
783 

1171 

419 
73 

88 

Psia 

116.1 
114.9 
162.0 
162.2 

112.7 
115.0 

112.2 
112.6 
112.6 

114.7 

Metal, °F 

323 
256 

306 
304 

961 
1139 

1343 
1198 
1316 

995 
1026 
fOOl 
1017 
1043 
I052 
9qo 

541 
':84 

409 

• b I 
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YIE~O FER~OD 20q 

FI UIi~,-S.91 TDS DATA 

CJsitler Fluidiz¢~ B~ P r o ~ s  

B.~d Bottcwn Density (lbs/el) 
Bed Top Density (Ibs/c~) 
Bed Average Density (Ibs/cC) 
Bed Height ( f t )  
Bed Holdup (lbs) 
Bed Volume. (cf) 
Average Bed Temperature (°F) 
Space Velocity (bed) (cf/c~/:~r) 
Bottom Superficial Velocity (Ct/sec) 
Top Superficial Velocity (~tlscc) 

Cyclone Performanc~ 

Temperature (°F) 
Pressure (psla) 
Inlet Gas Rate (SCRi) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (ftlsec) 
Solids Entering (Ibslhr) 
Dust Loading ( lbs/acf) 
Solids Captured ( lbs/hr)  
Solids Escaping ( lbs/br)  
Overall Efficiency (Captured/Enterlng, Hr.%) 

Sol.ids Carryover Lo.~s 

Coal + Catalyst Feed (Ibs/hr) 
Total Carryover (Ibs/hr) 
Cyclone (lbs/hr) 
Filter (Ibs/hr) 
Carryover/Feed (Wt. %) 

Solids Carbon Loss 

Carbon in Feed ( lbs/hr)  
Carbon in Carryover ( lbs/hr) 
Carryover/Feed (Wt.%) 

1."o0 
38 
9.7 

34.7 
5-9.9 
5.6 

1311 ~2 
78.9 
0.6 
¢).7 

541.0 
112.7 
989.3 
248.5 
19.5 
0.8 

0.0033 
0.7 
0.1 

90.1 

9.16 
0.81 
0.73 
0.08 

B.8 

5,74 
0.41 
7.1 

YIELD ~;ERIOO209 

UNIT CfiNVERSIONS 

Carbon,Consun~t!Qn 

Carbon in Feed* (Ibs/hr) 5.74 
Carbon from Devnlatt l tzatton** of Feed Coal ( lbs/hr)  2.14 
Carbon Gasified (by difference) (Ib$1hr) 1,42 
Total Carbon Converted ( lbs /hr )  3.56 

Carbon. Conyersio,n...(C..Converted/C In Feed) 

Gasification Only (%) 24.8 
Total, Including Devolatillzation {%) 52.1 

Carbon Distr ibut ion 

Total Converted (%) 6Z,l 
Entrained (%) 7,1 
Withdrawn (%) 28,4 
Accumulated (%) 2,4 
Conversion (Entrainment Backed Out) 69.2 

Specific Reaction Rates (C Converted/C in Bed.) 

Gasification Only (~/Hr) 4.7 
Including Devolatilization II.9 

Steam Consumption 

Steam into Unlt (Ibs/hr) 14.81 
Steam Reacted with Carbon (Ibs/hr) 2.13 
Total Steam Consumed (Ibs/hr) 6.17 

Steam Cony ersion (Steam Consumed/Steam into Bed) 

Gasification* (%) 14.4 
Total Stem Converted (%) 41.6 

Reaction Rate Parameters 

Carbon Converted/Steam Fed ( lbs/ lbs) 0,096 
Carbon Converted/Steam Fed (mol/mol) 0,144 
Carbon Converted/Bed Volume ( lbs /h r ) /c f t  0.577 
Carbon Converted/Bed Volume (mol/hr)/cft 0.048 
Carbon in Bed/Steam Fed Ibs/(lbs/hr) 2.025 
Carbon In Bed/Steam Fed moll(mol/hr) 3.038 

*Excludes carbon in catalyst  
**Assumed from standard ASTM devolat t l tzat ton test of feed coal 
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YIELD PERIOD 209 

UNIT COMPOSITIONS 

Catalyst Dist r ibut ion* 

reedd 
K as K20 4.7 10.8 

K as KzCO 3 7.0 15.8 

K as K 3.9 8.9 

K Water/Acld, 0.64 0.53 
Soluble Ratio 

Na as Na20 3.3 7.6 

Na as N2CO 3 5.7 13.0 
Na as Na 2.5 5.6 

Na Water~Acid, 0.98 0.94 
Soluble Ratio 

Carbon 62.6 55.4 

Total M** on Carbon 10.2 26.3 

ASTH Ash 24.7 40.9 

Total M on Ash 25.9 35.6 

M2CO 3 Free Ash 12.0 12.1 

Total M on M2C03 53.2 120.0 
Free Ash 

Stze Distribution 

Gasif ler Chmr 
Hid Bottom Entrained 

11.4 10.8 11.8 

16.7 15.9 17.4 

9.4 9.0 9.8 

0.48 0.51 0.59 

7.9 7.4 8.4 

13.5 12.7 14.4 

S.8 5.5 6.3 

0.93 0.87 0.~7 

50.1 48.2 50.3 

30.5 30.0 32.0 

46.4 47.7 4;!.2 

32.9 30.4 38.1 

16.3 19.1 10.4 

93.8 75,9 154.6 

Cumulative Wt% Less Than Mesh Stze 
325 Mesh 200 Mesh lOOMesh 50 Mesh 30 Mesh 20 Mesh 

Feed Coal + Catalyst 3.2 

Top Char 6.1 

)lld Char 3.5 

Bottom Char 4.6 

Cyclone 83.5 

F i l te r  99.7 

Particle Diameter (Microns}. 

Feed Coal + Catalyst 

Top Char 

Mid Char 

Bottom Char 

Cyclone 
F i l te r  

10 Mesh 

5.7 18.3 46.4 80.7 93.B 99.8 

10.4 33.0 59.0 83.4 93.1 100.0 

6.4 19.9 46.2 78.7 92.7 99.9 

5.9 14.6 38.8 79.1 92.1 99.9 

94.0 99.3 99.4 99.7 100.0 100.0 

99.7 100.0 100.0 100.0 I00.0 100.0 

Volume/ 
Number Surface Weight Bulk OEn$1ty 
Mean Mean ~ _ lbs /e f  

28 19(2) 410 30.6 

27 135 362 14.0 

28 184 423 17.0 

25 188 448 20.5 
22 25 34 

22 22 22 

*Based on actd soluble analysis 

Ulttmate Analys|s 

YIELD PERIOO 209 

SOLIDS COMPOSITION 

Wt% of Total Soltdsm Orgy 

Ccwnponent F e e d  5ol1 ds WO Entrained 

H 4.09 0.78 0.09 

C 62.6 50.4 SO. 3 

S 4.0 3.1 2.0 

0 11.5 ] .S 7.4 

N 1.14 0.33 0.28 

Cl O. 08 0.15 O. 21 

S03-Free Ash 16. S 43.8 39.7 

Total I00.0 100.0 100.0 

Solids Flow Rate 9.06 3.23 0.81 
(Ibslhr) 

Ash Element Anal~sts 

Wt% of S03-Frlte Ash 

St02 29.7 33.0 25.5 

Fez03 8.3 10.3 11.7 

A]203 10.7 11.6 9.5 

CaO 1.25 1.77 2.16 

MgO 0.62 0.68 0.55 

TiO 2 0.52 0.47 0.54 

P20S 0,12 0.18 0.06 

Na20 20.06 17.26 21.27 

K2~ Catalyst 28.74 24.74 29.83 

Total 100.0 100.0 100.0 
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YIELD PERIOD 209 

PRODUCT GAS DATA 

Product Gas Par t ia l  Pressures at  Gasl f ler  Ex i t  

Total  Pressure, psta 112.7 

HZ 52.8 

CO 10.2 

CI1q 6.3 

C02 10.8 

H2$ O. 4 

H20 20.7 

N2 11.5 

H20/CO 2.0 

H20/C02 l .g  

Unit Gas Data 

Syngas ~To lbs / r~ l  8.5 

Product Gas I~T ( ~ y ) ,  IUS/~ol 14.2 

Product Gas 

At DTH (dry) ,  SCFH 807.5 

( Or~j, t~ 2- Free ),  $CFH 706.2 

At Gaslfler Out le t ,  SCFH c.,~.q 3 
(Includms N2 + H20) 
At Gaslfler Outlot, ACFlt 392.3 
(Includes ~2 + H20) 
At Gasifler Out le t ,  SCFH 8,98.0 
(Excludes N2) 

(Excl~:d~S ~2) 

YZELO PERIOD 20g 

PRODUCT GAS DATA 

Unit  Gas Ytelds 

Product r~s (Dry), Ro l l  
HZ 
CO 
C02 
CH4 
H2S 
tt2 

Product Gas (Dry. Nz-Free) 
H2 
CO 
C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

1t20 
N2 

Product Gas (N2-Free) 
H2 
CO 
C02 
CH4 
H2S 
H20 

SCFH CH4/1.b C Act ive Bed 

5CFH CH4/lb C Feed 

Hole~, CH4/~le C f:ee~ 

57,4 
11.1 
11,7 
6,8 
0 . 4  

12,5 

65,7 
12.7 
13.4 

7.8 
0.5 

46,9 
9.1 
9.5 
5,6 
0.3 

18.4 
I0 .2  

52.3 
10.2 
10.5 
6,2 
0.3 

20.5 

1.8 

9.6 

0.30 

• __ Equtl'Ib'_r__ium i;o.~.,}..tan_....~ . . . . . . .  

(;raphtte-l]20: C + };2~ - ~.0 .," H2 
Sh i f t "  CO + H20 = CO?. + '747 

Overal l :  2C m 2H20 ~ CIt 4 .. ~0;: 

E q u t l t b r l ~  at. ~c*.u~l Equ111b'r~en 
Act ive BeC~ Te~p Equi l ibr ium Ter~m~?.u=~e 

.000 ',. 770 l 2-:@ 

O. C,',:3 0.018 13~ 
O. 344 O. '| 52 - 
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Overall Hat~|~1 Bal~nc:e 

~ n~..~.: ~bs~:~i+_ 

~ ) I f l e r  SteAm ~ ~)) 

Ga)if ler Synqns I ' .~ I  

T(~al (:~:, H2) ,+S :;I 

Acc te,u I P+ t I on : J + ++'' 

t:lost+Pe: (Output + ~,. +:'.,,+i'.,~Ip~'+', % 

P~(@uct ~as i1~ / .  49 

PvnU~,'t Utter P. 64 

C h J .  ~ ~ n~:roir+ed (1.81 

Set ier WI thdra~ ~. ~.3 

Tnt~l (¢,x N)) 35.38 

loC°o 

Gaslfier Syngas .",0;." ,G 

H 2 Mo|% 7~. 

CO MoI% ~'4.9 

Balance: (r~tput/I~p++t)~ • I{,a.8 

S 

H 2 e CO In Product Gas 553.6 

H 2 Iq01% ~7.4 

CO ~ l l  ?l l 

Y l c ~  PERIOD 20~ 

M:~ TT)~IAL 8ALANO-:S 

E1~ment l~ lances 

Input ( I .bs/Hr) :  Ca~-5on* Hydro~__n O_x~vqenn Su l fu r  Chlorln__.ee 

Coal + Catalyst** 5.7++ 0.372. 1.136 0.370 0.007 

Gasi f i e f  Steam 1.644 13.15 

Gasl f l e r  Syngas 4.02 2,015 5.36 

Total  9.67 4.Q30 19.57 0.370 0,007 

o~_~_~t: 

Product Gas 7.58 3.043 11.77 0.270 

Product Water 0.959 7.68 0.003 - 

Char Entrained 0.41 0.000 0.06 0.016 0.0(12 

Solids Withdrawn 1.63 O.OZS O.OS 0.099 0.005 

Tota l  9.62 4.029 19.56 0,388 0,007 

Accumulatlon : 0.14 0.002 0.01 -0.018 0.001 

Closure 100.0 100.0 I00.0 I00.0 I00.0 
(~ut + Acc~)/in, % 

Cata l ys t  Balance 
Acid Soi. ~ater Soi. Acid Sol. Water Sol. 

~ _ b s / H r )  : K K No_ __ Na 

Cooi + Catalyst 0.36 0.23 0.23 0.22 

Out~: 

Char Entrained 0,08 0.05 0,05 0.05 

Prcduct Water 

Sol I d Withdrawn D. 29 O. 1S O. l B O. 15 

Total O. 37 O. 19 O. 23 O. 20 

Accumulation : -0.01 0.01 -0.01 -0.01 

ClosuPe I00.0 B8.2 100.0 88.5 
(out  + accum)/tn, % 

"Carbon balance excludes cata1~,.~t carbonate 
*~Excludes carbon and oxygen in catalyst 

+I • 
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Ash Balances 

Input (Lbs/Hr): 

Coal + Catalyst 

out_~: 
Entrained Char 

Solids Withdrawn 

Total 

Accumul atl on: 

Closure 
(Out + accum)/In, % 

Ash Element Balance 

Input (Lbs/Hr): 

Coal + Catalyst 

out_~: 
Entrained Char 

SoTids Withdrawn 

Total 

Accumul orlon: 

Closure 
(out + accum)/tn, 

YIELD PERIOD 2Qq 

MATERIAL BALANCES 

C/H S03-Free S03-Free 
ASTM Ash Residue ASTM Ash C/H Residue, 

2.26 1 .89  1.51 1.32 

0.34 0.38 0.32 0.33 

1.56 1.60 1.42 1.25 

1.90 1.98 1.74 1.58 

0.36 -0.09 -0,22 -0.26 

I00.0 I00.0 100.0 100.0 

Fe__e2~ ~ Ca___LO ~ ~ ~ 

0.450 0.125 0,162 0.019 0.009 0.332 0.008 0.002 

O.OB2 0.034 0.030 0.007 0.002 0,035 0.002 0.000 

0.467 0.145 0.165 0.025 O. OlO 0.150 0.007 0.003 

0.549 0.180 0.195 0.032 O.Oll 0.185 0.008 0.003 

-0.099 -0.054 -0.033-0.013 -0,002 0.037 -O.OO1 -0.001 

100.0 100.0 lO0.O 100.0 100.0 100.0 100.0 100.0 

Mole Balance 

H2 
CO 
H20 
Total 

Solids Input 

Coal + Cat Feed 

Total Input 

YIELD PERIOD 209 

MATERIAL BALANCES 

Gas Output 

Product Gas 

Lb-Moles/Hr 
c H 0 

(1.007) 2.015 - 
(0.335) 0.335 2.335 
(0.822) 1.244 0.822 
(2.164) 0.335 3.659 1.157 

C H 0 S K Ha 

0.478 0.372 0.066 0.012 0.009 0.010 

0.812 4.030 1.223 0.012 0,009 0.010 

C H 0 S 

~B (1.224) 2.447 
(0.237) 0.237 - 0.237 

C02 (0.249) 0.249 - 0.498 
CH~ (o.14s) o.145 0.580 - 
H2S (0.008) - 0.017 - 
H20 (0.480) 0.960 0.480 
Total (2.343) 0 . 2 3 1  4.003 1.215 

0.008 
0.0 

0.009 

Solids Output C . H 0 S K Na 

Char Entrained 0.034 0 . 0 0 1  0.004 0 . 0 0 0  0.002 0.002 
Char Samples Withdrawn 0.136 0.025 0.003 0.003 0.007 0.008 
Char Accumulation 0.012 0 , 0 0 1  0 . 0 0 1  -0.001 0.000 0.000 
Total Solids 0.181 0.027 0.007 0.003 0.009 O.OlO 

Total Output + 0.812 4.030 1.223 0.012 ~.009 0.010 
Accumulation 
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YIELD PERIOD 209 

PROCESS VARIABLES 

VlOO Gaslfler Steam [Ibslhr) 

VIII Char Withdrawn (Ibs/hr) 

V165 H tn Char Entrained (wt%) 

V166 H in Char Withdrawn (wt%) 
V168 H in Coal ÷ Catalyst Feed (wt%) 

V173 H In Gasifler Starting Mid Char (wt%) 
Vl74 H in Gastfter Ending Mid Char (wt%) 

V183 CO in Syngas (mo1%) 
V185 Actd Sol. K20 In Coal + Catalyst Feed (wt%) 

V188 0 in Coal + Catalyst Feed (wt%) 

V193 H 2 tn Syngas (mo1%) 
V205 CO 2 tn Product Gas (mo1%) 

V207 CH 4 in Product Gas (mol%) 

V208 CO in Product Gas (mol%) 

V212 H 2 in Product Gas (mo1%) 

V214 N 2 in Product Gas (mol%) 

V215 H2S in Product Gas (molT) 

V222 Carbon in Char Withdrawn (wt%) 
V227 Acid So1. K20 in Char Entrained (wtT) 
V232 Acid sol. K20 in Char Withdrawn (wt%) 
V257 Carbon In Gasifler Starting Mid Char (wt%) 

VZ58 Carbon in Gasif ler Ending Mid Char (wt%) 

V265 Acld Sol. K20 In Gaslfler Starting Mld Char (wiT) 

V266 Actd Sol. K20 in Gastfier Ending Mid Char (wt%) 

V2B9 ASTM Ash In Char 'Entrained (wt%) 

V292 ASTI4 Ash in Char Withdrawn (wt%) 

v~g3 ASTM Ash in Feed Coal + Catalyst (wt%) 

V294 C/H Residue in Feed Coal + Catalyst (wt%) 

V295 C/H Residue in Char Entrained (wt%) 

V306 ASTIR Ash tn Gasifter Start ing Mid Char (wt%) 

V307 ASDi Ash tn Gast f te r  Ending Mtd Char (wt%) 

Measured Reconciled 

14.80 14.81 

3.23 3,23 

0.09 O.Og 

0.78 0.78 
4.09 4.09 

0.56 0.56 

0,64 0.64 

25.00 24.94 

4.62 4.15 

11.52 11.54 

75.00 75.06 

11.70 11,70 

6.80 6.80 
II .60 11,13 

56.38 57.43 

12.70 12.54 

0.49 0.40 

49.68 50.39 

l l .g2 11.84 
10.81 10.84 

48.03 445.10 

52.68 53.74 

11.22 11.43 

11.2o 11.38 

42.12 42.24 

47.69 48.29 

25.14 24.67 

21.32 20.65 

50.14 37.60 

50.14 37.60 
44.65 54.23 

YIELD PERIOD 209 

PROCESS VARIABLES 

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V338 

9350 

V351 

V353 

V354 

V355 
ViD7 

V473 

V495 

V498 

F384 

F385 

PGKO 

U(114) 

u(11s) 

U(l l6) 

U(117) 

Measured 

U(118) Starting Overall Bed aP (F-A) (In Hg) 

U(II9) Ending Bed AP (B-A) (in Hg) 

U(120) Ending Bed ~P (C-B) (tn Hg) 
U(1211 Ending Bed AP (D-C) ( in Hg) 

U(122) Ending Bed AP (F-E) ( in Hg) 

U(123) Ending Overall Bed AP (F-A) (tn Hg) 

COD(l) Starting Bed AP (E-O) (In Hg) 

C/H Residue in Char Withdrawfl (wt%) 48.38 
ClH Residue In Gaslfler Starting Mld Char (wt%) 50.96 
C/H Residue tn Gasi f ier  Ending Mid Char (wtT) 46.61 

SO3-Free ASTM Ash tn Feed Coal + Catalyst (wt%) 16.75 

S03-Free ASTH Ash In Char Entrained (wt~) 37.84 

S03-Free ASTNAsh tn Char Withdrawn (wt%) 44.48 

S03-Free ASTM Ash tn Star t ing Mid Char (wt%) 43,15 

S03-Free ASTM Ash tn Ending Mtd Char (wt%) 38,32 

S03-Free C/H Residue in Feed Coal + Catalyst (wt%) 13.14 

S03-Free C/H Residue In Char Entrained (wt%) 42,09 

S03-Free C/H Residue tn Char Wtthdravm (wt%) 43.87 

S03-Free ClH Residue In Starting Mid Char (wt%) 42.25 

S03-Free C/H Residue tn Ending Mid Char (wt%) 39.53 

Coal + Catalyst Feed ( lbs/hr )  9.53 

Char Entrained (Ibs/hr) 0.81 
Carbon in Feed Coal (wt%) 62,72 

Carbon tn Char Entrained (wt%) 52.08 
Syngas Flow Meter (CFH) 49,02 
Product Gas Flow Meter (CFH) 106.40 
product Gas Condensate ( ibs/hr)  8.54 

Starting Bed AP (B-i) ( in Hg) 1.50 

Start ing Bed aP (C-B) ( tn Hg) 1.70 

Starting Bed aP (D-C) (In Hg) 1.10 

Starting Bed aP (F-E) (In Hg) 0.00 
4.60 

1.60 

1.90 
0.60 

0.00 

4.40 

0.30 

Reconc t Ied 

4g. 60 

4g. 49 

47.58 

16.52 

39.70 

43.80 

45.02 

37.30 

14.44 

40.90 

38.74 

45,84 

36.50 
9.16 

0.81 

62.50 

50.31 

48.62 

log. 80 
8.40 

1.50 

I .70 

1.10 

0.00 

4.59 

1.61 

1.91 

0.60 

0.00 

4.42 

O. 30 

e 
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EDD(6) 
DPOST 
V280 
VZ81 
V187 
V246 
V244 
V243 
V862 
V863 
V667 
V868 
V869 
V871 
V872 
V876 
V877 
V878 
V880 
V881 
V885 
V866 
V887 
V889 
V890 
V894 
V895 
V896 
V822 
V823 
V827 

YIELD PERIOD 209 

PROCESS VARIABLES 

EndlngBed AP (E-D) (tn Hg) 
Deposits Accumulated on Gasifter gal ls ( lbs) 
S In Gastfler Starting Hld Char (wt¢) 
S ]n  Gasiffer Ending Mid Char (wtZ) 
S tn Coal + Catalyst Feed wt¢) 
S tn  Chap Withdrawn (wt~) 
S tn  Char Entrained {wt¢) 
S in Product Gas Condensate (wt~) 
St02 in S03-Free Ash tn Starttng HJd Char (wt¢) 
St02 in S03-Free Ash ]n Ending Mid Char (wtZ) 
St02 in S03-Free Ash tn Coal + Catalyst Feed (wt~) 
St02 tn S03-Free Ash tn Char Withdrawn (wi t )  
St02 tn S03~Free Ash tn Char Entrained (wtZ) 
Fe203 tn 50~-FPee Ash tn StaPLing Hid Char (w i t )  
Fe203 tn S03-Free Ash in Ending Htd Char (wt~) 
Fe203 fn S03-Free Ash in Coal + Catalyst Feed (wig) 
Fe203 In SO3-F~ee Ash in Chap gfthdrawn (wt~) 
Fe203 tn S03-Free Ash in Chap Entrained (wt¢) 
A1203 in S03-FPee Ash tn Starting Rid Char (wtg) 
A1203 in S03-Free Ash tn Endtng Hid Char (wt¢) 
A1203 tn S03-Free Ash tn Coal + Catalyst Feed (wi t )  
A1203 in SD3-Free Ash ]n Chap Withdrawn (wt¢) 
A1203 in 503-Free Ash tn Chap Entrained (wt$) 
CaO tn S03-Free Ash tn Sterttng Htd Char (wt%) 
CaO tn S03-Free Ash tn Ending Hid Char (wtZ) 
CaO tn S03-FPee Ash in Coal + Cata]yst Feed (wt¢) 
CaO tn S03-F~e Ash tn Chap Htthdrawn (wt%) 
CaO tn S03-Free ASh tn Char Entrained (wtt )  
C1 tn 503JFree Ash In Start ing Hid Char (wtZ) 
C1 in SO3-Free Ash tn Ending Hid Char (wi t )  
C1 tn S03-Free Ash in Coal + Catalyst Feed (wtZ) 

Hemsured. ReconcI led 

o.30 0.30 
0.0(1 0.00 
3.16 3.22 
2.60 2.56 
3.70 4.03 
3.09 3.05 
1.99 1.98 

0.04 0.04 
31.18 31.14 
27.31 27.66 
29.70 29.69 
32.24 32.98 
26. O0 25.47 
10.74 11.32 
8.24 8.00 
7.85 8.28 

10.97 10.26 
10.93 10.66 
11.30 11.25 
10.23 10.31 
10.78 10.72 

11.49 11.65 
9.52 9.46 
1.80 2,02 
1.10 1.04 
1.13 1.25 
2.16 1.77 
2.28 2.16 
0.15 0.15 
0.18 0.18 
0.08 0.08 

YIELD PERIOD209 

PROCESS VARIABLES 

V828 C1 tn SO3-Free Ash |n Char gIthdrmm (wt%) 
V829 C1 in 503-Free Ash tn Char Entrained (wt%) 
V836 Acid Sol. Na20 In Gastffer Starting Hid Char (wt%) 
V837 Acid Sol. Na20 tn GasIfIer Endtng Hid Char (wt%) 
V841 Actd Sol. Na20 tn Coal + Catalyst Feed (wtZ) 
V842 Acid Sol. Na20 in Char Withdrawn (wt%) 
V843 Acid Sol. Ha20 tn Char Entrained (wtZ) 
V898 RgO in S03-Free Ash Starting Hid Chap (wt~) 
Y899 HgO to S03-Free Ash fn Endtng Hid Char (wtZ) 
Y903 MgO tn S03-FreeAsh tn Coal + Catalyst Feed (wtZ) 
V904 HgO tn S03-FPee Ash In Char Withdrawn (wt~) 

V905 HgO in S03-Free Ash tn Char Entrained (wt) 
V916 TfO 2 tn S03-Free Ash tn Starttng Hid Char (wtZ) 
V917 Tt02 in S03-Free Ash in Ending Hid Chap (wt$) 
V921 TtO 2 In S03-Free Ash tn Coal + Catalyst Feed (wt%} 
Y922 TIO 2 in S03-FPee Ash in Char Withdrawn (wt~) 
V923 TIO 2 In S03-Free Ash fn Char Entrained (wt¢) 
V925 P20S in S03-FPee Ash in Starting Hid Char (wt%) 
V926 P205 tn 503-Free Ash in Ending Mid Char (wt~) 
V930 P205 tn 503-Free Ash in Coal + Catalyst Feed (wt%) 
V931 P205 in S03-Free Ash In Char Htthdrawn (wt~) 
V932 P205 tn S03-Free Ash in Char Entrained (wig) 
V813 N in Starttn9 Hid Char (wt¢) 
V814 N tn Endtn 9 Rid Char (wt%) 
V818 N in Coal + Catalyst Feed (wt~) 
V819 N in Char Withdrawn (wt~) 
y820 N in Char Entrained (wt%) 
V805 O In Start ing Hid Char (wt~) 

V806 0 In Ending Rid Char (wt~) 
V810 0 in Char Withdrawn (wt%) 
V811 0 in Char Entrained (wit)  

Heaaured Reconciled 
0.15 0.15 
0.21 0.21 
7.86 7.95 
7.77 7.97 
3.19 3.31 
7.44 7.56 
9.20 8.44 
0.61 0.62 
0.54 0.54 
0.61 0.62 
0.69 0.68 
0.55 0.55 
0.44 0.45 
0.51 0.50 
0.50 0.52 
0.49 0.47 
0,55 0.54 
0.14 0.16 
0.10 0.09 
0.11 0.12 
0.26 O. 18 
0,06 0.06 
0.18 0.18 
0.23 0.23 
1.14 1.14 

0.33 0.33 
0.28 0.28 
4.77 4.77 
5.35 5.34 
1.49 1.50 

7.51 7.43 
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RECONCXLEB DATA 

YIELD'PERIOD 210 

UNIT OPERATIONS 

Frofn 

To 

Duration 

Percent of Time on Stream 

Coal Feed 

Steam 

Syngas 

Ga,~i f l~r Process "Femperatur'es 

Cas iC ,~  ~(,cl Hciqht (~{) 

43.,' 

$~. : 

26, t) 

P_l. ;~ 

16.L' 

I 0  9 

,% /i 

Time Date 

21:30 3-25-77 

21:30 3-26-77 

24 Hrs 

1 O0 

I00 

IOO 

Gasifiel r,?ii,ueb,iLurP (~r) 

1123 

I188 

1315 

1330 

|3!4 

1317 

13O0 

i r~tZ 

ti61 

Unit Temperat~Jres 

tockhopper 1 TOp 
Lockhopper 1 Bottom 

Lockhopper 2 Top 
Lockhopper 2 Bottom 

Gaslfler Feed Line 
Gasifier Steam Line 

Gasifier 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe lop 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

:~asl;,er ~acker~d 
Cyclone Inlet 
Fi l ter D~let 

Scrubber Inlet 
Scrubber Outlel 

Produci. Gas Meter 

Unit Pressure~ 

l.ockhopper 2 
G a s i f l o r  Fopd l inp 
~ypass N2 

( :a , ; i f i e r  
Ga~if ic:  iup 
Gasifiev Bnl: (.(~m 

Rough Cut Cyclou~ [)L,tl(,t 
I i l t e r  C)ut le ;: 
S( rubber Out)e~ 

Product ~aF Het:~ 

YIELD PERIOD 210 

UNIT PROCESS VARIABLES 

Process r *F 

299 
283 

229 
2Z7 

140 
994 

1 330 
1161 
1284 

g43 
687 
821 
814 
786 

~t68 

424 
16 

92 

i / 

Metal ,  ~F 

317 
233 

305 
306 

964 
1128 

1378 
1196 
1313 

g95 
1026 
1001 
1019 

Oa 3 

~48 

r ! ' ,  
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m 
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Po 

i 

Y~E!n PERIOD 210, 

FLUID-SOLIDS DATA 

Gasifler Fiutdtzed. Bed Properties 

Bed Bottom ~.slty (Ibslcf) 
Bed Top genst ty ( ibs /c f )  
Bed Average Den.lty (Ibs/cf) 
Bed Ileight { i t )  
Bed Holdup ( lbsl  
Bed Volume (of) 
Aver~oe Bed T~.~perature (°F) 
Space Velocity (bed) (cf/cflhr) 
Bottom Superficial Velo:Ity (ft/sec) 
Top Superficial Velocity (ft/sec) 

C_~clone Performence 

Temperature (°F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas V~loclty (ft/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (lbs/hr) 
Solids Escaping ( lbs/hr) 
Overall Efficiency (Captured/Enterlng. Wt.%) 

Solids Car__ryover Loss 

Coal + CataTyst Feed (Ibs/hr) 
Total Carryover (lbs/hr) 
Cyclone (Ibslhr) 
Filter (lbs/hr) 
Carryover/Feed (WL.~) 

Solids Carbon Loss 

Carbon in Feed (Ibslhr) 
Carbon in Carryover (lhs/h~) 
Carryover/Feed (~t.%) 

11.3 
13.5 
12.4 
31.2 
68.9 
5.0 

1308.6 
90.8 
0.63 
0.70 

548.0 
113.7 

1021.8 
256.2 
20.1 
0.9 

0.0035 
0.8 
0.1 

90.0 

8.58 
0.92 
0.83 
0.09 
10.7 

5.49 
0.47 
8.6 

YIELD PERIO0 21Q 

UNIT CONVERSIONS 

Car,bgn consumption 

Carbon in Feed* ( lbs/hr)  5.49 
Carbon from Devolat t l izat ion** of Feed Coal ( lbs/hr) 1.63 
Carbon Gasified (by difference) (Ibs/hr) 1.63 
Total Carbon Converted ( lbs/hr)  3.26 

Carbon Convers.ton (C Converted/C in Feed) 

Gasification Only (%) 29.8 
Total, Including Devolatillzation (%) 59.4 

Carbon Distribution 

Total Converted (%) 59.4 
Entrained (%) 8.6 
Withdrawn (%) 22.6 
Accumulated (%) 9.4 
Conversion (Entrainment Backed Out) 65.0 

Specific Reaction Rates (C Converted/C in Bed) 

Gasification Only [~/HP) 4.6 
Including Oevolatillzation 9.1 

Steam Consumption 

Steam into Unit (lbslhr) 15.18 
Steam Reacted with Carbon (Ibs/hr) 2.45 
Total Steam Consumed (Ibs/hr) 6.07 

Steam Conversion (Steam Consumed/Steam into Bed). 

Gasification ~ (~} 16.1 
Total Steam Converted (%) 40.0 

Reaction Rate Parameters 

Carbon Converted/Steam Fed ( lbs/ lbs)  0.107 
Carbon Converted/Steam Fed (mol/mol) 0.161 
Carbon Converted/Bed Volulne (Ibs/hr)/cft 0.587 
Carbon Converted/Bed Volume (~ol/hr)/cft 0.049 
Carbon in Bed/Steam Fed Ibs/(lbs/hr) 2.350 
Cerbon In Bed/Steam Fed mol/(mal/hr} 3.526 

*Excludes carbon in c~talyst 
**Assiwmed fr(;,~ standard ASTR devolatillzatlon test of f~ed coal 



f~  
l%3 

Catalyst Dis t r ibut ion9 

Wt% .. Feed 

K as K20 4.7 

K as K2CO 3 6.9 

K as K 3.9 

K Water/Acid, 0.67 
Soluble Ratlo 

Na as Na20 3.3 

Na as N2C03 5.6 

Na as Na 2.4 

Na Water/Acld, 0.88 
Soluble Ratio 
Carbon 64.1 

Total M** on Carbon 9.8 

ASTM Ash 74,7 

Total M on Ash 25.6 

M2CO 3 Free Ash 12.2 

Total M on M2CO 3 51.9 
Free Ash 

Size Distribution 

YIELD PERIOD 210 

UNIT COMPOSITIONS 

Gast f fer  Char 
_ ~  M i d  Bottom Entrained 

9.8 10.9 9.9 11.7 

14.4 15.9 14.5 17.2 

8.1 9.0 8.2 9.7 

0.57 0.59 0.51 0.61 

7.7 7.7 6.4 8.9 

13.1 13.2 11.0 15.2 

5.7 5.7 4.8 6.6 

0.93 0.89 0.84 0,92 

53.3 51,8 59.0 51.4 

25.9 28.4 22.0 31.7 

42.9 43.9 43.9 43.3 

32.2 33.5 29.5 37.7 

15.4 14.8 18.5 10.9 

89.7 99.3 70.2 150, 7 

Cumulative Wt% Less Than Mesh Size 
~J~T~le-sh--~00 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 

Feed Coal + Catalyst 6.3 

Top Char 3.8 

Mid Char 8.9 

Bottom Char 4.1 

Cyclone 79.5 

F i l t e r  

Particle Diameter (Microns} 

Feed Coal + Catalyst 

Top Char 

Rtd Char 

Bottom Char 

Cyclone 

Filter 

10 Mesh 

6.7 19.9 50.5 83.8 95.9 100.0 

6.4 23.9 49.9 80.3 93.0 100.0 

10.5 26.3 54.] 84.3 95.0 100.0 

5.6 14.2 39,0 76.1 92.9 99.9 

91.4 99.5 99.7 99.9 100.0 100.0 

Bulk Density 
-- - l ~ s / e f  

46.3 
14.9 

19.7 

25.0 

Volume/ 
Number Surface Weight 
_Mean Mean 

25 155 376 

28 172 405 

24 128 364 

26 196 451 

22 26 35 

*Based on actd soluble analysts 

U1tlmte Analysts 

Component 

H 

C 

5 

0 

N 

C1 

S03-Free Ash 

Total 

Solids Flow Rate 
(Ibslhr) 

Ash Element Anal sL(s 

Si02 

Fe203 

A1203 

CaO 

MgO 

TiO 2 

P205 

Na20 

K?O, Catalyst 

Tota I 

YIELD PERIOD 210 

SOLIDS COHPOSITION 

Wt% o f  Tot~l Sol ids,  Dry 

Feed~ 

4.29 

64.0 

3.9 

9.8 

1.19 

0.08 

16.8 

I00.0 

~;ol tds W/D 

1.42 

58.7 

2.5 

0.5 

0.30 

0.15 

36.3 

100.0 

Entrained 

0.44 

51.4 

2.2 

6.4 

0.25 

0.23 

39.1 

I00.0 

8.48 2.11 0.92 

Wt% of SO-&-Free Ash 

~.3 

9.9 

10.2 

1.86 

O. 68 

0.51 

0.18 

19.6 

27.9 

100,0 

31.3 

10.4 

I(',9 

2.03 

0.93 

0.49 

0.25 

16.7 

27.0 

100.0 

24.4 

I0.6 

8.9 

2,13 

0.65 

0.54 

O.lO 

22.7 

30.0 

100.0 
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YIELD PERIOD 210 

PRODIJCTGAS DATA 

Produ_ct GaS, Par~lal P .re.ssures at Gasffter Extt 

Total Pressure, psta 113.7 

H 2 52.1 

CO 9.9 

CH4 5.8 

C02 10.4 

H2 S 0.3 

H20 21.3 

N 2 13.9 

H20/CO 2.2 

H20/CO 2 2.0 

Unit Gas Ozta 

Syngas HHT, lbs/mol 8.6 

Product Gas ~ (dry}, Ibs/mol 14.4 

Product Gas 

At OTH (dry), SCFH 830.2 

(Dry, Hz-Free), SCFH 705.6 

At Gasif ier Outlet, SCFH 1021.8 
(Includes N2 + H20) 
At Gasifter Outlet, ACFH 402.2 
(Includes N2 + H2 O) 
At Gastfter Outlet, SCFH 897.2 
(Excludes N2) 
At Gestfter Outlet, ACFH 353.1 
(Excludes N2) 

YIELD PERIOD 210 

PROI~JCr GAS OATA 

Un!t Gas Yiel.ds 

Product Gas (Dry), Mol~ 
H2 
CO 
COZ 
CH4 
H2S 
N2 

Product Gas (Dry, N2-Free ) 
H2 
CO 
co2 
CH4 
H25 

Product Gas 
H2 
CO 
C02 

H20 
N2 

Product Gas (N2-Free) 
H2 
CO 
C02 
CH4 
H2S 
H20 

SCFH CH4/lb C Active Bed 

SCFH CIf4/lb C Feed 

Holes CH4/mole C Feed 

56.4 
10.7 
11.3 
6.3 
0.3 

15.0 

66.4 
12.6 
13.3 
7.4 
0.3 

4 5 . 8  
8.7 
9.2 
5.1 
0.2 

18.8 
12.2 

52.2 
9.9 

10.5 
5.8 
0.2 

21.4 

1.5 

9.5 

0.30 

Equilibrium Constants, 

Graphite-H20: C + H20 - CO + H2 
Sh4ft: CO + H20 = C02 ÷ H2 
Hethanatton: CO + 3H 2 = CH 4 + H20 
Overall: 2C + 2H20 = CH 4 + C02 

Reaction Corresponding 
Equ| 11brtum at Actual Equilibrium 

Active Bed Ten~ Equilibrium TemPerature 
(1309°F} ExpPessfon ( * F )  

1.952 1.643 1290 
1.495 2.581 1107 
0.061 0.019 1386 
0.347 0.132 " 



YIELD PERIOOO~].(L 

R~TERIAL BALANCES 

I 

r~J 

i 

YIELD PERXOO210 

HATERI~ 8fV~ANCE$ 

Overall /~mtertal Balance 

Input: ~+/H,: 

C~ml Feed (ex g 2) 8.48 

Gaslffer Steam 1~.1~ 

~ s l f t e r  Syncs 11.8~ 

Total (ex N 2) )5 48 

Accumulation: (,.91 

Closure: (Output - A,,,~n)/Inp:~t, % 

Product Gas N 2 9.21 

P~oducL Water 9.11 

Char Entrained 0.92 

Solids N1~ndrmm 2.11 

T~a~ (e~ ~;) 34.~P 

IC~O 

Sj, nthesis Gas Balance 

Input: 

Gasif l e t  Syngas 

H 2 )Ioi% 74.5 

CO )1oi% 25.5 

Balance: 

_SCFH ~ t p _ u t :  , sTEH_ _ 

!;10.~ I|Z + CO In hn, duct C~s 557.1 

H z M~1% 5~.~ 

CO ~1% IU.7 

(Output/Input), % 1075 

Coal + Cata lys t * *  5,49 0.365 0.84 

~;~stf ler Steam 1.685 13.48 

~ s t f t e r  Syngas 4.19 2.039 5.58 

Tntel 9.67 4.089 19.90 

Ou~ut: 

Product Ga~ 7.44 3.036 11.67 

Product Water - l.Ol2 8.09 

Char Entrained 0.47 0.004 0.06 

Solids UlthdrIwn 1.24 0.030 0.01 

Total 9.16 4.081 19.83 

Accumulation: 0.52 0.008 0.07 

Closure 100.0 1OO.0 110.O 
(Out +Accum)/in, % 

Sul fu r  Chlm'(~J~ 

O.334 0.007 

0.334 O. (H)7 

O. 206 

0.034 

O. OZO 0. o02 

0,054 0.003 

0.314 0.0C~5 

0.020 O. 002 

lO0.l) lfifl.(l 

+~: .t~on balance excludes ca ta lys t  c m r b ~ t e  
~=L:~rl~des carbon and oxygen in ca ta l ys t  

Acid Sol. Hater Sol. Acid Sol. ~,~ter Sol. 
~b~Hr) : K K Na Na 

Coal + Catalyst  0.33 0.22 0.2l 0.18 

0t, t put : 

Char Entral~d O.Og 0.05 0.06 0.06 

Product Water 0.0 0.0 0,0 0.0 

5o1 td gt thdrawr~ O. 17 O. 09 O. 10 O. 08 

Total O. 26 O. 14 O. 16 O. 14 

Acc~Imtlr~: 0.07 0.05 O.OS 0.06 

Closure 100.0 85.6 100.0 110.4 
(out + zcc~m)l i . ,  % 



_~pu~_L1~): 

Coal + Cate lyst  

Entrained Char 

Solids fftthdrawn 

Total  

Accunlul atlon: 

i Closu~'e 
l'O (out + accum)lin, % 
Po 
c~ Ash Element Balance 

! Input (LbslHr~_: 

Coal ÷ Catalyst 

output: 

Entrained Char 

Solids Withdrawn 

Total 

Accumul atl  on: 

Closure 
(out + accum)lln, % 

Y~ELD PE~IIOn 210 

C/II 
AS'i'FJ P, sh Resld~:~ 

2.12 1.71 

SU3~Frcc 303-Fr~ 
ASTM Ash C ZH. Residl;~ 

1.44 1.17 

0.40 0.39 0.36 0.33 

0.93 0.87 0.77 0.71 

1.33 1.26 1.13 1.04 

0.79 0.45 0.30 0.13 

IO0.O I00.0 98.7 100.0 

0.423 0.143 0.147 0.027 O.OlO 0.694 0.007 0.003 

0.088 0.038 0.032 0.008 0.002 0.046 0.002 0.0 

0.240 0.080 0.084 0.016 0.007 0.168 0.004 0.002 

0.327 O.lI8 0.116 0.023 0.010 0.214 0.006 0.002 

0.095 0.025 0.031 0.004 0.0 0.128 0.002 0.0 

100.0 I00,0 100,0 lO0.O I00.0 49 .0  lO0.O 100.0 

71ELD PERIOD ?IO 

r;;~TERI ~L BALAiiCES 

L ~  In rp_!!t 

H2 
CO 
H20 
Total 

Solids 

Coal + Cat Feed 

Total Input 

L b - h:o I e sL~ 
C ~1 0 S 

(1.o19) 2 . o ~ g  - - 

(o.~48) o . ~  - o.3~8 - 
(0.483) - 1.68s o.843 - 

(2.211) 0 .348  3 . 7 2 4  1.191 - 

C 11 0 S K Iia 

0.457 0 . 3 5 5  0 . 0 5 2  0 . 0 1 0  O.OOg 0.009 

0.805 4 . 0 9 0  1 .243  0 . 0 1 0  0 . 0 0 9  0.009 

Gas Output 

Product Gas C 

(1236) 
(0.234) 0.234 

c02 (0.247) 0.247 
CH 4 (0.138) 0.138 
HzS (0.006) - 

H20 (0.506) - 
Total (2.368) 0.620 

Solids Outpqt C 

Char Entrained 0.039 
Char Samples Withdrawn 0.103 
Char Accumulation 0.043 
Total Solids 0.186 

Total Output + 0.805 
Accumulation 

H 0 S 

2.471 
0.234 

0.552 0.495 - 

0.013 0.006 
l .Ol l  0 . 5 0 6  O.OO1 
4.048 1 .235  0.007 

H 0 S K Ha 

0.004 0.004 0.001 0.002 0.003 
0.030 0 .001  0 . 0 0 2  0 . 0 0 4  0.004 
0.008 0 .004  0 .001  0 . 0 0 2  0.002 
0.042 0.009 0.003 0.009 0.009 

4.090 1.243 0.010 0.009 0.009 
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YIELD PERIUO 210 

PROCESS VARIABLES 

VIDO Gasifler Steam (Ibs/hr) 

Vl l l  Char Withdrawn (lbs/hr) 
V165 H In Char Entrained (wt%) 

V166 H in Char Withdrawn (wt%) 

V168 H in Coal + Catalyst Feed (wt%) 

V173 H In GasfFier Starting Mid Char (wt%) 

V174 H In gaslfier Ending Mid Char (wt%) 

V183 CO in Syngas (mol~) 

V185 Acid Sol. K20 in Coal + Catalyst Feed (wt%) 

V188 0 in Coal + Catalyst Feed (wt%) 

V193 H Z in Syngas (mo1%) 

V205 CO 2 in Product Gas (n~I%) 

V207 CH 4 In Product Gas (mo1~) 

V208 CO in Product Gas (moi%) 

V212 H 2 in Product Gas (moi%) 

V214 N 2 In Product Gas (mol%) 

V215 H2S in Product Gas (mol%) 

V222 Carbon In Char Withdrawn (wt%) 

V227 Acid Sol. K20 In Char Entrained (wt%) 

V232 Acid sol. K20 in Char Withdrawn (wt%) 

V257 Carbon in Gasifier Starting Mid Char (wt%) 

V258 Carbon in Gaslfier Ending Mid Char (wt%) 

V265 Acid 5oi. K20 in Gaslfier Starting Mld Char (wt%) 

V266 Acid Sol. K20 in Gasifler Ending Mid Char (wt%) 

V289 ASTM Ash in Char Entrained (wt%) 

V292 ASTM Ash in Char Withdrawn (wt%) 

V293 ASTM Ash In Feed Coal + Catalyst t'~t%) 

V294 C/H Residue In Feed Coal ~ Cataly,; (wt%l 

V295 C/H Residue In Char Entrained (wt%) 

V306 ASTM Ash tn Gastfter Start ing Mid Char (wt%) 

V307 ASTN Ash tn 6astf ter Ending Mid Char (wt%) 

Measured Reconciled 

15,16 15.18 

2.11 2.11 
0.44 0.44 

1.42 1.42 

4.30 4.29 

0.92 0.92 

o. 92 0.92 

25. O0 25.47 

4.62 4.69 

9.75 9.75 

75.00 74.53 

11.30 11.30 

6.30 6.30 

11.70 10.70 

56.80 56.41 

15.20 15.00 

0.15 o.2g 

59.01 58.74 

1].77 11.73 

9.87 9.80 

51.80 50.50 

51.80 52.17 

10.85 10.92 
10.85 10.54 

43.t9 43.28 

43.94 44.15 

24.98 24.71 

20.57 19.98 

42.29 42.56 

43.89 38.22 

43.89 51.78 

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V338 

V350 

V351 

V353 

V354 

V355 

V407 
V473 

V495 

V498 

F384 

F385 

PGKO 

U(ll~) 
U(IIS) 

u11163 

o11173 

u(118) 
u(119) 
u(12o) 
u(1213 
o(1223 
u11~3) 
EDD(1) 

YIELD PERIO0 210 

PROCESS VARIABLES 

CIH Residue in Char Withdrawn (wt%) 

C/H Residue in Gasifter Star t ing Mid Char (wt%) 

C/H Residue in Gastfter Ending Mid Char (wt%) 

SO3-Free ASTM Ash in Feed Coal + Catalyst (wt%) 

S03-Free ASTI¢ Ash in Char Entrained (wt~) 

S03-Free ASTM Ash tn Char Withdrawn (wt%) 

S03-Free ASTM Ash in Starting Mtd Char (wt%) 

S03-Free ASTM Ash in Ending Mtd Char (wt%) 

S03-Free C/H Residue tn Feed Coal ÷ Catalyst (wt%) 

S03-Free CIH Residue in Char Entrained {wtI) 

SO3-Free C/H Residue in Char Wl~hdrawn (wt%) 

S03-Free C/H Residue in Start ing Mid Char (wt%) 

S03-Free C/FI Residue In Ending Mid Char (wtg) 
Coal + Catalyst Feed ( lbs/hr)  

Char Entrained ( lbs/hr)  

Carbon In Feed Coal (wt%) 

Carbon In Char Entrained (wt%) 

Syngas Flow Meter (CFH) 

Product Gas Flow Meter (CFH) 

Product Gas Condensate (Ibs/hr) 

Starting Bed aP (B-A) (In Hg) 

Starting Bed Ap (C-B) (In Hg) 

Starting Bed Ap (D-C) (In Hg) 

Start ing Bed ep iF-El ( in Hg) 

Starting Overall Bed AP (F-A) (tn Hg) 

Ending Bed aP (E-A) (In Hg) 

Ending Bed ^P (C-B) (tn Hg) 

Ending Bed ap {D-C) (in Hg) 

Ending Bed AP (F-E) (tn Hg) 

Ending Overall Bed AP (F-A) ( tn Hg) 

Starting Bed AP (E-D) (In Hg) 

Measured Reconciled 

40.62 41.19 

42.21 41.23 
42.21 43.57 

16.75 16.82 

38.26 39.08 

36.00 36.32 

36.78 38.03 

36.78 36.52 

12.39 13.65 

37.36 36.13 

36.09 33.46 

35.10 37.85 

35.10 31,27 

8.75 8.58 

0.92 0.92 

64.35 63.96 
52.21 51.43 

50.30 49.9! 

111.30 I13.69 

9.31 8.83 

1.30 1.30 

1.60 1.60 

1.50 1.5{, 

O, O0 O, OC 

4.40 4.40 

1.70 I, 70 

2.10 2.11 

2.30 2.31 

0.00 O.OC 

6.10 6.1Z 

0.00 0.00 
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EDD(6) 
DPOST 
V280 
V281 
V187 
V246 
V244 
V243 
V862 
VB63 
V867 
V868 
V869 
V871 
V872 
V876 
V877 

V878 
V880 
V881 
V885 
V886 
V887 
V889 
V890 
V894 
V895 
V896 
V822 
V823 
V827 

YIELD PERIOD210 

PROCESS VARIABLES 

End|ng Bed 8P (E-O) (in Hg) 
Deposits Accumulated on Gasif ier Walls (Ibs) 
S In Gaslfle6 Starting Mid Char {wt%) 

S in Gaslfle~ Ending Mid Char {wt%) 

S in Coal + ~talyst Feed wt%) 

S in Char Withdrawn (wt%) 

S in Char Ent~alned (wt%) 

S in Product ~as Condensate (wt%) 
SiOz in S03-Free Ashln Starting Mid Char (wt%) 
St02 in S03-F~ee Ash tn Ending Mid Char (wt%) 
Si02 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
Si02 in S03-F~ee Ash in Char Withdrawn (wt%) 
Si02 in S03-F~ee Ash in Char Entrained (wt%) 

I 
Fe203 In S03-Free Ash In Starting Hid Char (wt%) 
Fe203 In S03-~ree Ash in Ending Mid Char (wt%) 
Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
Fe203 in S03-~ree Ash in Char Withdrawn (wt%) 
Fe203 In S03-Free Ash in Char Entrained (wt%) 
A1203 ]nSO3-Free Ash in Starting Hid Char (wt%) 
A1203 in S03-Free Ash In Ending Mid Char (wt%) 
AI203 tn S03-Free Ash tn Coal + Catalyst Feed (wt%) 
A1203 in S03-Free Ash in Char Withdrawn (wt%) 
A1203 in S03-Free Ash ~n Char Entrained {wt%) 
CaO in S03-Free Ash in Starting Mid Char (wt%) 
CaO in S03-Free Ash in Ending Mtd Char (wt%) 
CaO in S03-Free Ash th Coal + Catalyst Feed (wt%) 
CaO in s03-Froe Ash in Char Withdrawn (wt%) 
CaO in S03-Free Ash in Char Entrained (wt%) 
Cl in S03-Free Ash tn Starting Mid Char (wt%) 
Cl In 503-Free Ash in Ending Mid Char (wt%) 
C1 In S03-FreeAsh in Coal + Catalyst Feed (wt%) 

Measured Recmmtled 

0.00 0.00 
0.00 0.00 
2,53 2.57 
2.53 2.47 
3.58 3.89 
2.60 2.55 
2.21 2.19 
O. 39 O. 39 

29.19 28.75 
29.19 29.56 
29.94 29.28 
31.43 31.25 
24.46 24.37 
8.55 8.57 
8.55 8,50 
9.83 9.88 

10.51 10.41 
10.62 10.57 
10.37 10.35 
10.37 10.37 
10.20 10.18 

I 

I0.97 ~ 10 92 
8,92 8.90 
1.24 1.24 
1,24 1.24 
1.86 1.86 
2.04 0.O3 
2.14 2.13 
0.21 0.21 
0.21 0.21 
0.08 0.08 

V828 
V829 
V836 
V837 
V841 
V842 
V843 
V898 
V899 
V903 
vg04 
vg05 
Vgl 6 
Vgl 7 
vg21 
V922 
vg23- 
V925 
V926 
V930 
V931 
V932 
V813 
V814 
V818 
V819 
V820 
V805 

V806 
VSlO 
VOl I 

YIELD PERIOD 210 

PROCESS VARIABLES 

C1 in S03-Free Ash in Char Withdrawn (wt%) 
CI In S03-Free Ash in Char Entrained (wt%) 
Acid Sol. Na20 in Gasifier Starting Mid Char (wt%) 
Acid Sol. Na20 tn GastfterEndtn9 Hid Char (wt%) 
Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 
Acid Sol. Na20 tn Char Withdrawn (wt%) 
Acid 5o1. Na20 in Char Entrained (wt%) 
HgO in S03-Free Ash Starting Mid Char (wt%) 
MgO in S03-Free Ash In Ending Hid Char (wt%) 
MgO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
M90 in S03-Free Ash in Char Withdrawn (wt%) 
1490 in S03-Froe Ash tn Char Entrained (wt) 
Ti02 in S03-Free Ash in Staft tng Hid Char (wt%) 
Ti02 in 503-Free Ash in Ending Mid Char (wt%) 
TtO 2 in S03-Free Ash in Coal-+ Catalyst Feed (wt%) 
T}O 2 in S03-Free Ash tn Char Withdrawn (wt%) 
TfO 2 in S03-Free Ash in Chap Entrained (wt%) 
P205 in S03-Free Ash in Start ing Mid Char (wt%) 
P205 In S03-Free Ash In Ending Mid Char (wt%) 
P205 in S03-Free Ash in Coal ÷ Catalyst Feed (wt%) 
P205 in S03-Free Ash in Char Withdrawn (wt%) 
P205 in S03-Free Ash in Char Entrained (wt$) 
N in Starting Mid Char (wt%) 
N in Ending Mtd Char (wig) 
H in Coal + Catalyst Feed (wt%) 

"N in Char Withdrawn (wt%) 
N In Char Entrained (wt~) 
0 tn Starting Mid Char (wt%) 
0 in Ending Mid Char (wt%) 
0 In Char Withdrawn (wt%) 
0 in Char Entrained (wt%) 

Meas~reJ R~ ::,~c l ~  

0.15 0.15 
0.23 0.~3 
7.69 7.~5 

7.69 7.30 
3.19 3.29 

6.43 6.07 
9.26 8,08 
1.00 1.11 
1.00 0.85 
0.61 0.68, 
1.04 0.93 
0.67 0.65 
0.53 0.5?- 
0.53 0.54 
0.52 0.51 
0.49 0.49 
0.54 0.54 
0.09 0.09 
0.09 0,09 
O.lO O.lb 
0.25 0.25 
0.10 0.10 
0.22 0.22 
0.22 0.22 
1.19 1.19 
0.30 0.30 
0.25 0.25 
7.54 7.55 
7.54 O. 50 
0.52 0.52 
6,40 6.37 
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RECONCILED DATA 

YIELD-PERIOD 211 

UNIT OPERATIONS 

From 

To 

Duration 

Percent of Time on Stream 

Coal Feed 

Steam 

Syngas 

Gasifier Process Temperatures 

Gaslfier Bed Helght ( f t )  

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

I0.9 

6.4 

0.4 

Time 

6:30 

6:30 

97 

I00 

98 

Date 

4-17-77 

4-18-77 

24 Hrs 

Gaslfler Temperature (°F 

1242 

1187 

1324 

1325 

1307 

1308 

1297 

1272 

1152 

YIELD PERIOD 211 

UNIT PROCESS VARIABLES 

Unit Temperatures 

Lockhopper 1 Top 
Lockhopper 1 Bottom 

tockhopper 2 Top 
Lockhopper 2 Bottom 

Gaslfler Feed Line 
Gaslfler Steam Line 

Gaslfier 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standplpe Slope Bottom 

Gasifier Bdckend 
Cyclone Inlet 
F i l ter  Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit pressure~ 

Lockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

Gasifler 
Gasifier Top 
Gasifler Bottom 

Rough Cut Cyclone Outlet 
F i l ter  Outlet 
Scrubber Outlet 

Product Gas Meter 

Process I °F 

281 
278 

258 
247 

628 
1076 

1325 
1152 
1277 

956 
708 
826 
780 
719 

1158 

425 
79 

95 

P s i._.m.~a 

116.6 
117.5 
158.3 
161.5 

113.5 
116.9 

I13.I 
113.4 
113.4 

114.7 

Metal, ~F 

289 
244 

290 
308 

815 
1160 

1374 
1198 
1307 

I O04 
1045 
953 
991 

1006 
950 
998 

539 
508 

429 
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FI.UID-$C4 ID5 O~TA 

Gasif]er Flutdtzed Bed Properties 

Bed Bottom Density ( lbs/cf )  
Bed Top Density ( lbs/cf)  
Bed Average Density (Ibs/cf) 
Bed Height ( i t) 
Bed Holdup (lbs) 
Bed Volume (cf) 
Average Bed Temperature (°F) 
Space Velocity (bed) (cflcflhr) 
Bottom Superflcia| Velocity (ft/sec) 
Top Superficial Velocity (ft/sec) 

Cyclone Performance 

Temperature (°F) 
Pressure (psla) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (ft/sec) 
Soilds Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (lbs/hr) 
Solids Escaping (Ibs/hr) 
Overall Efficiency (Captured/Entering, Ht.%) 

Solids Carryover Loss 

Coal + Catalyst ,Feed (lbs/hr) 
Total Carryover (Ibs/hr) 
Cyclone (Ibs/hr) 
Filter (Ibs/hr)' 
Carryover/Feed !WL.%) 

Solids Carbon LOSS 

Carbon in Feed ilbs/hr) 
Carbon in Carrybver (Ibs/hr) 
Carryover/Feed (~t.%) 

19.3 
l?..l 
15.7 
31.8 
89.3 
5.1 

1301. B 
87.? 
O.Ul 
O.6g 

539.4 
113.5 

1006.1 
250.6 
lg.7 
1.7 

0,0069 
1.5 
0.2 

90.0 

10,84 
1.72 
] .55 
0,17 
15.9 

6.~6 
0.64 
9.9 

YIELD PERIOD ~(1 

UNIT CONVER$I~N~ 

~prbon Consumption 

C~rbon in Feed* ( lbs/hr)  6.47 
Carbon f~'om Devolatt l izat ion *~ of Fe~d Co~ ( lbs/hr) 3.16 
Carbon Gasified (by difference) ( lbs/hr) 3.26 
Total Carbon Converted ( lbs/hr) b,42 

Carbon Converslon (C Converted/C In ~eed~ 

Gasification Only (%) 5N.4 
Total, I~icluding Devolatllization (%) ~Y.9 

Carbon Distribution 

Total Converted (%) 83,9 
Entrained (%) 9.4 
Withdrawa (%) ~,0 
Accumulated 4%) -1.3 
Co~version (Entrainment Backed Out) 92.6 

Specific Reaction Rates (C Converted/C in ~Je_~ 

Gasification Only (%/Hr) 13.9 
Including Oevolatilization 23.2 

Ste_am Consumption 

Steam into Unit (Ibs/Im) 15.08 
Steam Reacted with Carbon (Ibs/hr) 4.89 
Total Steam Consumed (Ibs/hr) 7.08 

Steam Conversion (Steam Consumed/Steam into Bed) 

Gasification* (%) 32.4 
Total Steam Converted (%) 46.9 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (Ibs/lbs) 0.216 
Carbon Converted/Steam Fed (mol/mol) 0.3~4 
Carbon Converted/Bed Volume (lbs/hr}/cCL 0.575 
Carbon Converted/Bed Volume (mollhr)/cft 0,048 
Carbon in 8ed/Steam Fed Ibs/(Ibs/hr) 1.550 
qarbon in Bed/Steam Fed mol/(mol/hr) Z.325 

",Excludes carbon in catalyst 
*~Assumcd fromstandard ASTH devolat i l fzat l~J test of foot! c~% 
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YIELD PERIOD 211 

UNIT COMPOSITIONS 

Cata1,yst D is t r ibu t ion*  

Wt% Feed 

K as K20 11.0 
K as K2C03 16.1 

9, t 
Kas K 
g WaterlAci d, O. 688 
Soluble Ratto 

K20. H20-Insol ubla 3.4 

K2C03, H20- Insoluble 5.0 

K,H20-Insoluble 2.8 

Carbon 59.6" 

K on Carbon 15.3 

ASTM Ash 28.8 

K on Ash 31.6 

K2CO 3 Free-Ash 12.5 

K on K2CO 3 Free-Ash 73.1 

Size Distribution 

GasI f le r  Char 
MId ~ t  t-o-m Ent ra | ned 

31.6 31.9 31.5 32.0 
46.3 46.8 46.2 47.0 
26.2 26.4 26.1 26.6 

O. 792 O. 729 O. 679 O. 796 

6.5 8.6 10.1 6.5 

9.6 12.7 14.8 9.6 

5.4 7.2 8.4 5.4 

29,6 26.2 29.6 35.7 

88.4 101.0 88.4 74.5 

/2.0 l l  .5 67.9 59.9 

36.4 37.0 38.5 44.4 

24.8 23.9 20.8 12.2 

• 105.7 II0.7 125.7 217.4 

Cumulative Wt% Less Than Mesh Stze 
325 Mesh 200 Mesh lOOMesh 50 Mesh 30 Mesh 20 Mesh TO N~sh 

Feed Coal + Catalyst 1.1 

Top Char 2.2 

Mid Char 1.0 

Bottom Char 20.7 

Cyclone 90.5 

Fl l ter 

4.0 10.9 44.0 84.0 96.6 100.0 

7.4 29.0 52.1 78.3 90.0 100.0 

4.7 18.6 44.1 78.4 92.6 99.9 

4.1 13.5 37.0 75.7 q1.8 99.7 

95.7 91.4 98.6 I00.0 100.0 I00.0 

Volmm/ 
Numg~er Surface Weight B_ulk Denstt X 
.Mean Mean ~ , l b s / e f  

37 239 399 44.7 

34 I l l  421 20.8 

40 223 431 23.9 

?B 222 465 25.7 

22 24 34 

Particle Olameter (Microns) 

Feed Coal + Catalyst 

Top Char 

Mid Char 

Bottom Char 

Cyclone 
F i l t e r  

*Based on actd soluble analysis 

U1tlmate Analsy_sls 

Component 

H 

C 

S 

0 

N 

CI 

S03-Free Ash 

Total 

Solids Flow Rate 
( Ibs /h r )  

Ash Element Analsj~}_ls 

St02 

Fe203 

A1203 

CaD 

~gO 

TIO 2 

P205 

NazO 

K2~ Catalyst 

Total 

YIELD PERIOD 211 

S~LID~ COHP(}S!TI(~; 

Wt% of lot,,1 5oli~:~_L~[~Z~ . . . . .  

_ _ ~ L  

36.2 

59.6 

3.6 

12.6 

0.98 

0.07 

19.6 

100.0 

0.70 

29. 

4.4 

7.9 

0.23 

0.13 

57.5 

I00.0 

~l.q4 

.15 ? 

6.4 

0.22 

0.20 

53.5 

IO0.C} 

10.84 I ,79 I./2 

Wt% of SU%-Fr~e Ash 

24.6 

7.5 

8.8 

I .35 

0.46 

0.4Z 

0.18 

0.67 

56.0) 

I00.0 

25.2 

9.5 

9.2 

I .77 

0.55 

0.37 

0.35 

0.82 

52.23 

100.0 

22.7 

6.8 

7.7 

I .ZO 

0.41 

0.47 

O. 09 

0.73 

59.85 

100.0 



I 

r~ c~ 

YIELD PERIOD 211 

PRODUCTGAS DATA 

Product Gas Partial Pressures at Gastfter Exit  

Total Pressure, psia 1135 

H2 50.5 

CO 13.5 

CH4 10.9 

C02 11.3 

H2S 0.3 

H20 19.0 

N 2 7.9 

H20/CO 1.4 

H20/C02 1.7 

Unit Gas Data 

Syngas PMT, lbs/mol 8.7 

Product Gas MWT (dry), lbs/mol 14.7 

Product Gas 

At DTM (dry), SCFH 837.8 

(Dry, N2-Free ), SCFH 767.5 

At Gaslfler Outlet, SCFH 1006.1 
(Includes N2 + H20) 
At Gasifier Outlet, ACFH 426.4 
(Includes N 2 + H20) 
At Gasifler Outlet, SCFH 935.8 
(Excludes H2) 
At Gas~fier Outlet, ACFH 396.6 
(Excludes N2) 

YI.ELI) PERIO0 21_I 

PRODUCT GAS DATA 

Unit Gas Ytel,ds 

Product Gas (Dry), 14o1% 
H2 5 3 . 5  
CO 14.3 
CO2 12.0 
CH4 11.5 
H2S O. 3 
N2 8 . 4  

Product Gas (Dry, NZ-Free ) 
H2 58.4 
CO ] 5 . 6  
C02 13.1 
CH4 12.6 
H2S 0.4 

Product Gas 
HZ 44.5 
CO 11.9 
C02 10.0 

9 6  
2 0.3 

H20 16.7 
N2 7.0 

Product Gas (N2-Free) 
H2 47.8 
CO 12.8 
C02 10.8 
CH4 10.3 
H2S O. 3 

• H20 18.0 

SCFH CH4/1.b C Active Bed 8.1 

SCFH CH4/Ib C Feed 14.9 

Holes CH4/mole C Feed 0.47 

Equilibrium Constants 

Graphite-H20: C + H20 = CO + H2 
Shi f t :  CO + H20 = C02 + H2 
Methanatton: CO + 3H Z = CH4 + H20 
Overall: 2C + ZH20 = CH 4 + C02 

Reaction 
Equilibrium at 

Act]re Bed Temp 
' , r , 

] .8296 
1.5195 
O. 0676 
0.3438 

Correspondfng 
Actual Equilibrium 

Equ|ltbrlum Temperature 
, Expression (,F) , 

2.4464 1332.9 
2.2335 1156.0 
0.0256 1365.8 
0.342Z 
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YI__ELDPERIOD 211 

MATERIAL BALANCES 

Overall Material Balance 

In_~: ~ ~ t j ~ t :  L~_g~ 

Coal Feed (ex N 23 10.73 Product Gas (ex N2) 27.2~ 

Gaslfier Steam 15.08 PrQ~uct Gas N Z 5.20 

Gastf ter Syngas 13.03 Product Water ~.00 

Char Entrained ~.7 ~ 

Solids Wlthdrw, m 1.79 

Total (ex N 2) 38.84 Total (ex N 2) 38.76 

Accumulation: 0.08 

Closure: (Output + Accum)/Inpu~ % ~ 100.0% 

Synthesis Gas Balance. 

Input: SCFH 

Gaslfler Syngas 570.7 

H 2 Mb1% 74.5 

CO t4k)1% 25.5 

Balance: (Output/Input), % 99.5% 

.Ou'._~3~: _.E(DL_ 

H z + CO tn Product ~ 5~I.'I 

H Z ~01% 53.5 

CO M01% 14.~ 

Elephant Balances 

Coal + Cat.ily~-t e* 

Gasl f l e r  Steem 

Gaslfler Syngas 

Tot~.l 

Product Ga~ 

Product Water 

Chat" Entrained 

,',ul Idl Wi thdra~ 

Tota 1 

~ccurn~/la t I on : 

C1os-re 
(Out ~ Actual/In, % 

YIELD PERIOD ~11 

MATERIAL BAt k~lCES 

Carbon* ) 0 ~ _ ~  Sulfur ;'-h 1orl no. 

6.46 0.39 1.36 0.388 C. C'O,' 

- 169 13.3~ 

4.62 2.26 6.15 

11.07 4.34 20.9~ 0.3B~ 0.00? 

10.04 3.42 13.~S 0.21,L 

0.0 6/.90 I.  I1 0.003 

O. 61 O. 02 O. 1 ' O. 056 O. 003 

0.52 0.01 0 14 0.~7~ 00C'? 

11.17 4.35 130.9] O. J~ F) frO~, 

-0.I0 -0.01 0 0 o.007 0.~,!.~ 

100.0 I00.0 I00 0 I00.0 iO0.O 

~.oai + I:atl lySL 

~_~.ut : 
Ch)r Entr'a~ncg 

P~duct l/at~r 

So1 I~ WI thdr~wn 

total 

Ciosure 
(our + accum)/l~ 

Acid Soi. Water Sul. 
K )' 

0.99 0.68 

0.46 0~]6 

0.0 0.0 

0,45 03? 

0.9O 0.65 

0.06 0.(}1 

I00.0 102.5 

~'~a'b~ t~,~c,e ex~,~udes cat.alyst carbonate 
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Ash Balances 

,Input (Lbs/Hr): 

Coal + Catalyst 

o.t_~: 

Entrained Char 

Solids Withdrawn 

Total 

Accu~ul atlon: 

Closure 
(out + accum)lin, % 

Ash Element Balance 

Input (Lbs/Hr): 

Coai+ Catalyst 

Entrained Char 

Solids withdrawn 

Total 

Accumulatt on: 

Closure 
(out + accLca)/In, 

YIELD PERIOD 211 

MATERIAL BALANCES 

C/H S03-Free S03-Free 
ASTH Ash Residue ASTM Ash C/H Residue 

3.12 2.50 2.12 1.73 

1.03 1,04 0.92 0.93 

1.22 1.21 1.03 0,95 

2.25 2.26 1.95 1.89 

0.87 0,24 0.17 -0.16 

lO0 100 100 lO0 

sto2 Fe203 ~ CaO MgO ~ "a_Z¢ TtOZ 

0.522 0.160 0.186 0.029 0.010 0.920 0.014 0.009 0.004 

0.209 0.063 

0.259 0.098 

0.469 0.160 

0.054 0.0 

100 100 

0.071 0.011 0.004 0.138 0,006 0.004 0.001 

0.005 0.018 0.006 0.215 0.008 0.004 0.004 

0.166 0.029 0.009 0.353 0.014 0.008 0.004 

0.020 -O.OOl 0.0 0.133 0.0 0.001-0.001 

100 100 100 53 100 100 100 

Mole Balance 

H? (1.121) 
CO (0.384) 
H20 (0.837) 
Total (2,342) 

Solids Input 

Coal + Cat Feed 

Total Input 

Gas Output 

Product Gas 

(1182  
(0.316) 0T316 

CO 2 (0.265) 0.265 
CH 4 (0.254) 0.254 
H2S (0.008) 
H20 (0.444) 
Total (2.469) 0~836 

YIELD PERIOD 211 

MATERIAL BALANCES 

Lb-HolesJHr 
C H 0 S 

- 2.243 
0.384 - 0.384 

1.674 0.837 
0.584 3.917 1.221 

C H 

0.538 0.390 

0.922 4.307 

_9_o s 

0.085 0.012 0.025 

1.307 0.012 0.025 

H 0 S 

2.363_ 0.316 
- 0.531 - 

1 .'017 -" 0.~08o 
0.889 0,444 
4,284 1.291 0.008 

Solids Output __C__C H 0 S K 

Char Entrained 0.05l 0.016 0.007 0.002 0.012 
Char Samples Withdrawn 0 . 0 4 3  D.Ol2  0 .009 0.002 0.011 
Char Accumulation -0.008 -0.006 0.0 0.0 0.002 
Total Sollds 0.086 0 .022 0 .016 0.014 0.025 

Total Output + 0.922 4 .307  1.307 0 . 0 1 2  .0.025 
Accumulation 
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YIELD PERIOD ?II 

PROCESS VARIABIES 

VlO0 ~eslfier Steam (Ibs/hr) 

ylll Char Withdrawn (lbslhr) 

V165 H in Char Entrained (wt%) 

V166 H in Char Withdrawn {wt%) 

V168 H in Coal ÷ Catalyst Feed (wt%) 

VII3 H in Gasifler Starting Mid Char (wt%) 

V1/4 H In Gaslfler Endin~ Mid Char (wt%) 

VI83 CO in Syngas (mol%) 
VIBS Acid Sol. K2O in Coal + Catalyst Feed (will 

VIB8 0 in Coal ~ Catalyst Feed (wt%) 

V193 H2 in Syngas (mo1%) 

V?05 602 in Product ~as (molt) 

V207 CH4 in Product Gas (~-o1%) 

V2~8 CO In PrOduct Gas (molt) 

VZI? I~ in Product Gas (m~1%) 

V;14 N? in Product Gas (mel%) 

V?15 H2S in Product Gas (mol%) 

V222 Carbon in Char Withdrawn (wt%) 

VZ27 Acid Sol. E20 In Char Entrained {wt%) 

V232 Acid sol. K20 in Char Wlthd~awn (wt%) 

V257 Carbon in Gasifler Starting Mid Char (wt$) 

VZS8 Carbon in Gasifler Ending Mid Char (wt%) 

V265 Acid Sol. K20 in Gaslfler Starting Mid Char (wit) 

V266 Acid 501. KZO in Gaslfler Ending ~Id Ch,r (wt%) 

V289 ASTM Ash in Char Entrained {wt%) 

v2g2 ASTM Ash in Char Withdrawn (wt%) 

V293 ASTM Ash in Feed Coal + Catalyst (wt%) 

V794 c/H Resldue in Feed Coal + Catalyst (wt%) 

V295 C/H Residue in Char Entra~md (wt%) 

V306 ASTM Ash in Gasifier Starting Mid Char (wt%) 

V307 ASTM Ash in Gaslfler Ending Mid Char (wt%) 

~easured Reconciled 

I~ OR 15.~ 

~.~ 1.79 

0.~ 0.~4 

C./G 0.70 

3.62 3.62 

O. 66 O. 66 

0.47 0,47 

~3. ~0 ~5.52 

]1.00 l(). 9C 

12.5b )?.5~ 

71.9C) 14.48 

12.O,} )2.00 

ll.bO 11.50 

i4.1n 14.30 

~350 5~.46 

8.4f' 8.40 

(),7!, 0.~5 

29 59 ?9.09 

]1.57 3~.0] 

31.50 30.04 

27.22 27.58 

25.94 24.13 

30,14 28.83 

33.U6 31.05 

5q. Y3 5~.88 

67 9~" 68.1~ 

29,0.~ 28.80 

23.70 23.07 

6O~i ~0.65 

72.~,~ 83.83 

~310 

V320 

V321 

V333 

V334 
V3%G 

V337 

V330 

V3GO 

Y3Sl 

V3S~ 

V354 

V355 

V407 
v473 

V~S 

v4q8 

F)~4 

F3~5 

PGKO 

U(l14) 

U(115) 
u(m~6) 

u(,17) 
u~l~) 
u(L1g) 
u(tzo) 
U(,~t) 

U(l~)) 
F~,(1) 

YIELD PERIOD 211 

PROCESS VARIABLES 

CIH ~esi~ue in Chsr Withdrawn (wt%) 

CIH Resldue in Gaslfler Startlng Mid Char (wt%) 

C/H Residue in Gaslfler Ending Mid Char (wt%) 

S03-Free ASTM Ash in Feed Coal  + Catalyst (wt%) 

S03-Free ASTM Ash In Char Entrained (wt%) 

503-Free ASI~ Ash in Char Withdrawn (wt%) 

S03-Free ASTM Ash tn Star t ing Mid Char (wt l )  

S03-Free ASTM Ash in Ending Mid Char (wtZ) 

S03-Free C/H Residue In Feed Coal + Catalyst (wt%) 

S03-Free C/H Residue in Char Entrained (wt%) 

S03-Free CIH Residue in Char Withdrawn (wt%) 

S03-Free C/H Residue In Starting Mid Char (wt%) 

S03-Free C/H Residue In Ending Mid Char (wt%) 

Coat ~ Catalyst Feed (lbs/hr) 

Char Fntr'alned (Ibs/hr) 

Carbon tn Feed Co~l (~t%) 

Carbon In Char Fntrained (wt~) 

Syngas Flow Meter (CFH) 

Product C~s Flow Meter (CFH) 

Product Gas Condensate (Ibs/hr) 

Startling Bed AP (B-&) (in Hg} 

~tartlng Bed AR (C-B) (in Hg) 

Starting Bed AP (D-C) (in Hg) 

Starting Bed ~P if-El (in Hg) 

Starting Overall Bed AP if-AS (In Hg) 

Cndt,g Bed ~P (B-A) (in Hg) 

Ending Bed ~P (C-B) (in Mg) 
Ending Bed ~P (D-C) ( in Hg) 

Ending Bed AP if-El (in Hg) 

Ending O~erall Bed AP if-AS (in Hg) 

Starting Be~ AP (E-O) (in Hg) 

Measured Reconci 1, ~''~ 

66. gg 67 .B2 

69.21 66.86 

69.15 12.26 
20~1 19.59 

55.69 53.4g 

55 q5 q7 5~ 

57.68 57.21 

59.72 60.8/ 

15.15 15.94 

55.97 54.27 

55.07_ 53.30 

S6.14 59.52 

51.04 53.47 

11 1~ 10.84 

l.?P 1,72 

S~. Z~2 59.57 

34.4n 35.67 

55.37 55.40 

115.49 115.39 

7.70 7.70 

2.60 ~.Sg 

2.00 I .99 

1,80 I. 79 

0.0 {i. O0 

6.40 6 38 

2 80 ? ,82 

1 .go l .gl 

1.80 1.81 

0.0 0.00 

6.50 6.53 

O.O ~.00 

l i  I l l  
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EOD(6) 
DPOST 

V280 
V281 

V187 
V246 
V244 
9243 
V862 
V863 
V867 
V868 
V869 
V871 
V872 

V876 
Y877 
V878 
V880 
V881 

V885 
V886 
V887 
V889 
VBgO 
V894 
V895 
VB96 
V822 
V823 
V827 

YIELD PERIOD 211 

PROCESS VARIABLES 

Ending Bed aP (E-D) (in Hg) 
Deposits Accmnulated on Gastfler Walls (1be) 
S in Gasifter Starting Rid Char (wt%) 
S in 6aslfler Ending Mld Char (wL%) 
S In  Coal + Catalyst Feed wt%) 
S in Char Withdrawn (wt%) 
S in Char Entrained (wt%) 
S in Product Gas Condensate (wt%) 
SiOz in S03-Free Ash in Starting Mid Char (wt%) 
Si02 in S03-Free Ash tn Ending Hid Char (wt%) 
St02 in S03-Free Ash tn Coal + Catalyst Feed (wt%) 
Si02 in S03-Free Ash in Char Withdrawn (wt%) 
Si02 in S03-Free ASh in Char Entrained (wt%) 
Fe203 in S03-Free Ash in Starting Hid Char (wt%) 
Fe203 in 503-Free. Ash in Ending Htd Char (wt%) 
Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
Fez03 In S03-Free Ash in Char Withdrawn (wt%) 

Fe203 in S03-Free Ash in Char Entrained (wt%) 
A1203 in S03-Free Ash in Starting Mid Char (wt%) 

A1203 in S03-Free Ash in Ending Mid Char (wt%) 
A1203 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 
A1203 in S03-Free Ash in Char Withdrawn (wt%) 
A1203 in S03-Free Ash in Char Entrained (wt%) 
CaD in S03-Free Ash In Starting Mid Char (wt%) 
CaO in S03-Free Ash tn Ending Mid Char (wt%) 
CaO in S03-Free Ash in Coal ÷ Catalyst Feed (wt%) 
CaO in SO3-Free Ash in Char Hithdrawn (wt%) 
CaO In S03-Free Ash In Char Entrained (wt%) 
Cl In S03-Free Ash in Stertlng Mid Char (wt%) 
CI in S03-Free Ash ill Ending Mid Char (wt%) 
CI in S03-Free Ash in Coal ~ Catalyst Fee~ (~t~) 

Heasured Reconciled 

O.O 0.00 
0.0 0.00 
4.98 5.01 
5.18 5.08 
3.50 3.58 
4.64 "4.43 
3,10 3.11 
0.04 0.04 

26.97 26.91 

27.77 27.23 
24.44 24.59 
26.98 25.18 
22.32 22.73 
9.05 8.56 
7.53 7.86 
7.94 7.55 
9.42 9.48 
6.65 6.81 
9.48 9.75 

10.31 9.88 
8.50 8.76 
9.63 9.25 
7.75 7.71 
2.20 2.30 
2.20 2.08 
1,31 1.35 
1.04 1.77 
1.21 1.20 
0.~1 0.12 
0.~7 0.16 
o0~ 0.07 

V828 
V829 
V836 
V837 

V841 
V842 
V843 
V898 
V899 
V903 
vg04 

V905 
V916 

Vgl 7 
V921 
V922 
V923 

V925 

V926 
V930 
V931 
V932 
V813 
V814 
V818 
V819 
V820 
V805 
V806 
V810 
V811 

YIELD PERIOD 211. 

FROCESS VARIABLES 

C1 in S03-Free Ash in Char Withdrawn (wt%) 
C1 in S03-Free Ash tn Char Entrained (wt%) 
Acid Sol. Na20 in Gastfter StarLing Hid Char (wt%) 
Acid Sol. Na20 in Gastfier Ending Mid Char (wt%) 
Acid So1. Ha20 in Coal ÷ Catalyst Feed (wt%) 
Acid Sol. Na20 in Char Withdrawn (wt%) 
Acid Sol. Na20 in Char Entrained (wt%) 
MgO In S03-Free Ash Starting Hld Char (wt%) 
MgO in SO3-Free Ash in Ending Mld Char (wt%) 
MgO In S03-Free Ash in Coal + Catalyst Feed (wt%) 

MgO in S03-FreeAsh In Char Withdrawn (wt%) 

MgO in S03-Free Ash In Char Entrained (wt) 
TtO2 tn S03-Free Ash in Starting Mid Char (wt%) 
Tt02 In SO3-Free Ash in Ending Mid Char (wt%) 
TiO 2 In S03-Frne Ash in Coal + Catalyst Feed (wt%) 

TtO 2 in S03-Free Ash tn Char Withdrawn (wt%) 
Tt02 in S03-Free Ash in Char Entrained (wt%) 
P205 in S03-Free Ash in Starting Mid Char (wt%) 
P205 in S03-Free Ash in Ending Mid Char (wt%) 
P205 in S03-Free Ash In Coal + Catalyst Feed (wt%} 
P205 in S03-Free Ash in Char Withdrawn (wt%) 
P205 in S03-Free Ash in Char Entrained (wt%) 
N in Starting Mid Char (wt%) 
N in Ending Mid Char (wt%) 
H in Coal + Catalyst Feed (wt%) 

H in Char Withdrawn (wt%) 
H in Char Entrained (wt%) 
0 in Starting Mid Char (wt%) 
0 in Endl,g Hid Char (wt%) 
0 in Char Hlthdrawn (wt%) 
0 In Char Entrained (wt%) 

Measured Reconciled 

0.13 0.12 
0.21 0.20 
0.45 0.51 
O. 59 0.48 
0.12 0.73 
0.51 0.47 
0.47 0,39 
0.56 0.53 
0.48 0.50 
0.48 0.46 
0,54 0.55 

0.40 0.51 
0.36 0.37 
0.39 0.38 
0.41 0.42 
0.38 0.37 
0.47 0.47 
0.30 0.32 

0.30 0,27 
0.17 0.18 
0.37 0.35 
0.09 0.09 
0,14 0.14 
0.24 O. 24 
0.98 0.98 
0.23 0.23 
0.22 0.22 
8.21 9,25 
9.28 9.05 
8.58 7.91 
6.30 6.37 
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RECONCILED DATA 

YIELD-PERIOD 212 

UNIT OPERATIONS 

Fr'l~11 

To 

Duration 

Percent o f  Time on Stream 

Coal Feed 

Steam 

Syngas 

Gaslfler Process Temperatures 

Gaslfier Bed Height (ft) 

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

10.9 

6,4 

0.4 

Time 

7:30 

7:30 

94 

95 

99 

Date 

4-25-77 

4-26-77 

24 Hrs 

Gaslfler Temperature (°F) 

1257 

1280 

1309 

1311 

1293 

1288 

1272 

1247 

1126 

YIELD PERIOD 212 

UNIT PROCESS VARIABLES 

Unit Temperatures 

Lockhopper 1 Top 
Lockhopper 1 Bottom 

Lockhopper ? Top 
Lockhopper 2 Bottom 

Gaslfier Feed Line 
Gaslfier Steam Line 

Gaslfler 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope :,ttom 

Gasifier Backend 
Cyclone Inlet 
Fi l ter Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper ? 
Gas i f i e r  Feed Line 
Bypass N2 
Syn~as In 

Gaslfler 
Gaslfler Top 
Gaslfier Bottom 

Rough Cut Cyclone Outlet 
Filter Outlet 
Scrubber Outlet 

Product Gas Meter 

Process I °F 

2?2 
266 

292 
213 

686 
1085 

1280 
1126 
1265 

983 
888 
895 
812 
774 

1170 

469 
78 

92 

116.5 
117.7 
158.6 
162.2 

113.S 
117,1 

112.9 
113.4 
113.4 

114.7 

284 
224 

283 
,368 

943 
1193 

1357 
1173 
1313 

1020 
1046 
992 

1040 
1040 
1033 
1033 

614 
583 

472 
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YIEL9 PEREOD 212 

FLUID-SI)L~DS DAT~ 

Gasifler Flutdtzed Bed Properties 

Bed Bottom Density (Ibslcf) 
Bed Top Density (Ibs/cf) 
Bed Average Density (Ibslcf) 
Bed Height ( i t) 
Bed Holdup (lbs) 
Bed Volume (cf} 
Average Bed Temperature (°F) 
Space Velocity (bed) (cf/cf/hr) 
Bottom SuperflciaIVelocity (ft/sec) 
Top Superficial Velocity (ft/sec) 

Cyclone Performance 

Temperature (°F) 
Pressure (psia} 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (AC~H) 
Inlet Gas Velocity i(ft/sec} 
Solids Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured ( l~s/hr)  
Sollds Escaping (1~s/hr) 
Overall Efficiency !(Captured/Entering, Wt.%) 

Solids Carryover Loss 

Coal + Catalyst Feed (Ibs/hr) 
Total Carryover (Ibs/hr) 
Cyclone (lbslhr) 
Fi l te r  ( lbs/hr) 
Carryover/Feed (Wt.Z) 

Solids Carbon Loss 

Carbon in Feed (Ibslhr) 
Carbon in Carryover (Ibslhr) 
Carryover/Feed (Wt.%) 

20.0 
7.7 

13.4 
38.8 
92.9 
6.3 

1286.4 
90.4 
0,78 
0.89 

613.7 
113.5 

1311.2 
350.8 
27,5 

3.6 
0.0102 

3.2 
0.4 

gO.O 

16.90 
3.56 
3.20 
0,35 
21 .l 

10.21 
1.60 
15.7 

YIELD PERIOD 212 

UNIT CONVERSIONS 

Carbon Consumption 

Carbon in Feed* ( lbs/hr)  lO,21 
Carbon from Devolat t l tzat ton**  of  Feed Coal ( lbs/hr)  3.08 
Carbon Gasified (by difference) (Ibs/hr) 4.74 
Total Carbon Converted (lbs/hr) 7.83 

Carbon Conversion (C Converted/C In Feed] 

Gasification Only (%) 46.4 
Total,  Including gevo la t i l i za t ion  [%) 76,6 

Carbon Dist r ibut ion 

Total Converted (~) 76,6 
Entrained (~) 15.1 
Withdrawn (%) 9.0 
Accumulated (%) -0.7 
Conversion (Entrainment Backed Out) gO.O 

Spec.ific Reactinn..Rates (C Converted/C in Bed} 

Gasification 0nly (~IHr) 16.~ 
Including Devolatilization 27.2 

Steam Consumptio E 

Steam 'into Unit (lbs/hr) 2Z.80 
Steam Reacted with Carbon (lbs/hr) 7.12 
Total Steam Consumed (Ibs/hr) I0.99 

Steam Conversion (Steam Consumed/Steam into Bed) 

GasiEicatlon* iX) 3].2 
Total Steam Converted (%) 48,2 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (lbs/Ibs) 0,208 
Carbon Converted/Steam Fed (mol/nml) 0.312 
Carbon Converted/Bed Volume (Ibs/h))/cft q.686 
Carbon Converted/Bed Volume (mollhr)/cft 0,057 
Carbon in Bed/Steam Fed lbs / ( lbs /h r )  1.261 
Carbon in Bed/Steam Fed mol/(mol/hr) 1.892 

*Excludes carbon in cata lyst  
**Assumed iron1 standard ASTM devo la t t l t za t |on  Lest of feed coal 



I 

r~  

I 

YIELD PERIOD ~I~ 

UNIT COMPOSITIONS 

.Cata1~st Dis t r ibut ion*  

Wt% 

K es K20 
K as K2C03 
K as K 

K Water/Acid, 
Soluble Ratto 

K20, HzO-Insoluble 1.6 

K2CO~H20-lnsoluble 2.3 

K,H20-Insoluble 1.3 
Carbon 60.4 

K on Carbon 14.6 

ASTR ASh 28.2 

K on Ash 31.3 

K2CO 3 Free-Ash 12.3 

K on K2C03 Free-Ash 71.9 

Size Distr ibut ion 

Gastf ler Char 
Feed Top_ Mid Bottom Entrained 

10.6 27,4 27. I 27.1 26.0 
15.6 40.2 39.8 39.7 38.1 

8.8 22.7 22.5 22.5 21.6 

0,851 0.785 0.759 0.735 0.832 

5.9 6.5 7.2 4.4 

8.6 9.6 10.5 6.4 

4.9 5.4 6.0 3.6 
31.7 31.0 27.8 43.3 

71.8 72.7 80.9 49.8 
65.4 65.4 68.5 51.0 

34.8 34.4 32.8 42.3 

24.5 24.9 28.1 11.9 

92.9 90.2 79,8 181.2 

Cumulative Wtl 
325 Mesh 200Hash 100 Flesh SO Mesh 

Feed Coal + Catalyst 3.3 

Top Char 1.4 

Mid Char 2.8 
Bottom Char 1.7 

Cyclone 54.9 

Filter 90.5 

Parttcle Diameter (MicrOns) 

Feed Coal + Catalyst 
Top Char 

Rid Chlr 

Bottom Char 
Cyclone 
F11ter 

Less Than Mesh Size 
30 Mesh ZO Nesh 10 Mesh 

4.8 16.5 48.1 85.1 96.9 99.9 

3.1 19.2 44.4 74,4 88.5 100.0 

4.4 18.0 46.5 78.1 95.0 100.0 

4.1 9.3 32.1 72.9 90.9 99.9 

76.2 90.4 96.5 98.9 99.9 100.0 

91.3 93.9 97.3 99.1 99.7 100.0 

Volum/ 
Number Surface Wtght  B_.ulk O@nslty 
Mean ~ ~ l~s/e f  

28 191 379 47.9 

35 224 472 18.5 

29 199 412 22.5 
30 256 495 25.7 

23 33 73 
22 24 48 

• Based on actd soluble a~mlysts 

Ultlmate Analysis 

YIILDPERIO0 RI~ , 

SOLIDS CONq~ITIOH 

Wt% of  Total Soltds, Dr3f 

Component _ F e e d  Solids WD Entrained 

H 3.71 1.01 O.SO 

C 60.4 27.7 43.3 

S 3.6 5.0 2.9 

0 11.6 10.5 10.6 

N 1.05 0.21 0.26 

C1 0.06 0.14 0.17 

S03-Free Ash 19.6 55.5 42.3 

Total 100.0 100.0 100.0 

Soltds F1o~ Rate 
( lbs/hr)  

Ash Elen~nt Analysts 

16.89 3.34 3.56 

Wt% of S03-rr~e /~h 

Total 100.0 100.0 100.0 

5t02 24.3 27.7 20.1 

Fe203 8.5 9.6 7.2 

A1203 8.7 9.9 7.2 

CaO 2.06 2.45 1.73 

M90 0.49 0.62 0.4Q 

Tf02 0.39 0.41 0.41 

PzO5 0.29 0.49 0.15 

Na20 0.89 0.67 1.26 

K2 O, Catalyst 54.29 48.22 61.45 
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YIELD PERIOD 212 

PRODUCT GAS DATA 

Product Gas Part tal  Pressures at  Gastf ler Extt 

Total Pressure, psia 113.5 

H2 47,2 

CO 12.5 

CH4 10.8 

C02 12.0 

H2S 0.3 

H20 21.5 

N2 9.3 

H20/CO 1.7 

H201C02 1.8 

Unit Gas Data 

Syngas HHT, lbs/rnol 8.8 

Product Gas HHT (dry).  lbs/mol 15.4 

Product Gas 

At DTH (dry),  SCFH 1062.8 

(Dry, N2-Free), 5CFH 955.8 

At Gastf ler Outlet,  5CFH 1311.2 
(Includes N2 + H20) 
At GasJfler Outlet,  ACFH 560.6 
([ncludes N2 + H20) 
At Gesif ter Outlet, 5CFH 1204.2 
(Excludes N2) 
At Gastfter Outlet,  ACFH 514.9 
(Excludes X2) 

Y[ELOPERIOD 212 

P~O.__~JCTC.~S DATA 

Untt Gas Ytelds 

Pt'oduct Gas (Dry), Iio1% 
H2 
CO 
C02 
CH4 
tf2S 
N2 

Product Gas (Or,J. Ng-Free) 
H2 
CO 
C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

H20 
N2 

Product Gas (N2-Free) 
H2 
CO 
CO 2 
CH4 
H2S 
H20 

SCFH CH4II.b C Active Bed 

SCFH CH4/lb C Feed 

Holes CH4lmole C Feed 

Equilibrium Constants .... 

Graphite-H20: C + H20 = CO + H2 
Shi f t :  CO + H20 = C02 + HZ 
HethanatJon: "CO + 3H 2 = CH4 ÷ H20 
Overall:  2C + 2H20 = CH 4 ÷ CO 2 

51.3 
13.6 
13.0 
11.7 
0.4 

10.1 

57.0 
15.1 
14.5 
13.0 
0.4 

41.6 
11.0 
10.5 
9.5 
0.3 

18.9 
8.2 

45.3 
12.0 
11.4 
10.3 
0.3 

20.7 

4.3 

12.2 

O. 39 

Reaction Corresponding 
Equil ibrium at Actual Equilibrium 

Active Bed Temp Equtlibrlum Temperature 
(l~86.4oF) Expres,ston (*F) . . . .  

1.5795 1.8683 1304.0 
1.5776 2.0949 1178.6 
0.0862 0.0381 133g.0 
0.3393 0.2725 " 
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Y~ELD PERIOD 212 

;~ATERIAL BALANCES 

O~v~r~.ll Materlal Balance 

Coal Feed (e~ N?) 16.72 

Ga31fler Steam 22.80 

Gasffler Syngas #4.28 

total (ex NZ) 5J.80 

Accumulation: .-O.1S 

Closure: (Output + Accum)/Input, 1: 

Product r~zs (ex N2) 35.24 

Product Gas N 2 7.91 

Product ~ater f 1.81 

Char Entrained 3.56 

501tds Withdrawn %. 34 

Total (ex f~2) 53.95 

I00.0 

~,inthesl5 Gas Balance 

Input: SCFH 

G~slfier Synqas 617.9 

H 2 ~1% 74.1 

CO Iqoi% 25.9 

Balance: (Output/Input), % 111.6 

H 2 + CO in Product Gas 689.5 

H 2 Roll 51.3 

CO NO1% 13.6 

Element Balances 

Input (Lbs/Hr) : 

Coal + Ca ta lys t * *  

Gasi f l e r  Steam 

Gas% f i e f  5yngas 

Total 

Product Gas 

Product Water 

Char Entrained 

Solids Withdrawn 

Total 

Accumul ar t  on: 

Cl osure 
(Out + Accum)lln, I; 

YIELDpERIOD 212 

MATERIAL BN.ANCES 

I0.21 0.63 1.95 

2.55 20.25 

5.08 2.43 6.76 

15.29 5.61 28.96 

12.90 4.24 

0.0 1.32 

1.54 0.02 

0.02 0.03 

15.37 5.61 

-0.08 0.0 

100.0 100.0 

17.77 0.3ZO 

10.49 0.004 - 

0.38 0.103 0.006 

0.36 0.167 0.005 

28.99 0.594 0.011 

-0.03 0 . 0 1 5  -0.001 

lO0.O I00.0 lO0.O 

*Carbon balance excludes ca ta lys t  carbonate 
*~Excludes carbon and oxygen in ca ta lys t  

Su l fur  Chlor lne 

0.609 0.010 

0.609 0.010 

Cata lyst  Balance 
Actd Sol. Water Sol. 

] r ~ U ~ ) :  K K 

~ a l  ÷ ~ t a l y s t  1.49 1.27 

Char Entrained 0.77 0.64 

Product Water 0.0 0.0 

Sol id Withdrawn 0.74 0.55 

Total 1.51 1.19 

Accumulation: -0.02 -0.08 

Closu~ 100.0 87.6 
(out+accum) l ln ,  1: 
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Ash Balances 

Input (Lbs/Hr): 

Coal + Catalyst 

Entrained Char 

Solids Withdrawn 

Total 

Accumulation: 

Closure 
(out + accum)/in, % 

Ash Element Balance 

Input (Lbs/Hr) : 

Coal + Catalyst 

Entrained Char 

Solids Withdrawn 

Total 

Accumul at l  on: 

C1 osure 
(out + accum)/in, % 

YIELD PERIOD 2t2 

MATERIAL BALANCES 

C/H S03-Free S03-Free 
ASTM Ash Residue ASTM Ash C/H Residue 

4.76 3.85 3.31 2.60 

1.81 1.76 1.51 1.40 

2.30 2.10 1,85 1.54 

4.12 3.85 3.36 2.94 

0.65 0.0 -0,05 -0.34 

lO0 I00 I00 lO0 

Fe__eZ~ ~ CaO 

0.806 0.283 0.288 0.068 0,016 

M__~ S_~ Na_~ Ti02 P2_~ 

1.460 0.029 0.013 0.09 

0.303 0.109 0.109 0.026 0.006 

0.513 0.178 0.183 0.045 0.012 

0.812 0.287 0.292 0.071 0.018 

-O.OlO -0.004 -0.004 -0.003 -O.OOl 

I00 I00 100 I00 I00 

0.275 0.019 0.006 0.002 

0.452 0.012 0.008 0.009 

0.727 0.031 0.014 0.011 

0.162 -0.002 -0.001 -0.002 

61 lO0 100 100 

Mole Balance 

G a s ~  

H2 
CO 
H2O 
Total 

YIELD PERIOD 212 

MATERIAL BALANCES 

Solids Input 

Coal + Cat Feed 

Total Input 

Gas Output 

Lb-Mo,les/Hr 
C H 0 5 

(1.207) 2.415 
(0.423) 0.423 0.423 
{12o5) - 2.~31 1.265 
(2.B95) 0.423 4.946 1.688 

__L H 0 S K 

0.850 0 .622  0 . 1 2 2  0 .019  0.038 

1.273 5.568 1 .810  0.019 0.038 

Product Gas C H 0 S 

~ (1.438) 2.875 
(0382) 0.~82 - 0.;82 

c02 (0365) 0.365 - 0.729 
CH4 (0.328) 0 . 3 2 8  1.312 0.0 
H2s (o.olo} 1.311 0.656 
H20 (0.656) 1.31l 0.656 
Total (3.179) 1 . 0 7 4  5.519 1.767 

Solids Output C H 0 

Char Entrained 0.129 0 . 0 1 8  0.024 
Char Samples Withdrawn 0 . 0 7 7  0 .033  0.022 
Char Accumulation -0.007 -0.002 -0.002 
Total Solids 0.199 0 .049  0.044 

Total Output + 1.273 5 . 5 6 8  1.810 
Accumulation 

0.010 

S K 

0.003 0,020 
0.005 0,019 

0.0 0.0 
O. 009 O. 038 

0,019 O.03B 
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YTEIO PERlhO 212 

PROCESS VARIABLES 

vlO0 Gaslfier Steam (lbs/hr) 

Vlll Char Withdrawn (lbs/hr) 

V165 H In Char Entrained (wt%) 

V166 H in Char Withdrawn (wt%) 

V168 H in Coal + Catalyst Feed (wt%) 

V173 H In Gasffler Starting Mid Char (wt%) 

VII4 H In Gasifler Ending Mid Char (wt%) 

VlB3 CO in Syngas (molt) 

V185 Acid So1. K20 in Coal + Catalyst Feed (wt%) 

V188 0 In Coal + Catalyst Feed (wt%) 

V193 H 2 in Syngas (~o11) 

V205 CO 2 In Product Gas (molt) 

V207 CH 4 in Product Gas (moi%) 

V208 CD in Product Gas (moi%) 

V212 H 2 In Product Gas (molt) 

V214 N 2 in Product Gas (mo11) 

V215 H2S in Product Gas (molt) 

V222 Carbon in Char Withdrawn (wt%) 

V227 Acld So1. K20 In Char Entrained (wt%) 

V232 Acid sol. K20 in Char Withdrawn (wt%) 
V257 Carbon in Gasifier Starting Mid Char (wt%) 

V258 Carbon in Gasifier Ending Mid Char (wt%) 

V265 Acid Sol. K20 in Gasifier Starting Mid Char (wt%) 
V266 Acid Sol. K20 in Cw1sifler Ending Mid Char (wt%) 

V289 ASTM Ash In Char Entrained (wt%) 

V2q2 ASTM Ash in Char Withdrawn (wt%) 

V293 ASTM Ash in Feed Coal + Catalyst (wt%) 

V294 C/H Residue in Feed Coal + Catalyst (wt%) 

V295 C/H Residue in Char Entrained (wt%) 

V306 ASTM Ash In Gasifler Starting Mid Char (wt%) 

V307 ASTM Ash in Gasifler Ending Mid Char (wt%) 

Measured Reconciled 

22.RI 22.80 

3.34 3.34 

0.50 O.SO 

1.01 1.01 

3.71 3.71 

0.48 0.48 

0.44 0.44 

26.10 25.93 

10.51 10.63 

11.54 11.56 

72.90 74.07 

13.00 13.00 

11.70 11.70 

13.40 13.61 

51.60 51.27 

l~.lO 10.06 

0.35 0.36 

27.77 27.67 

25.87 25.98 

27.06 26.74 

30.95 32.20 

31.52 31.31 

26.07 27.38 

27.69 27.84 

50.75 50.96 

68.4q 68.85 

28.49 28.17 

22.84 22.79 

49.28 49.33 

64.28 54.77 

64.49 73.72 

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V338 

V350 

V351 

V353 

~354 

V355 

V407 

V473 

v4g5 

V498 

F384 

F385 

PGKO 

U(114) 

u(i15) 
U(llC) 
~(i17) 
u(I18) 
u(119) 
u(12o) 
o(121) 
u(122) 
u(123) 
EDD(1) 

YIELD PERIOD 212 

PROCESS VARIABLES 

C/H Residue in Char Withdratm (~t%) 

C/H Residue in Gasifler Starting Mid Char (wt%) 

C/H Residue In Gaslfier Ending Mid Char (wt%) 

S03-Free ASIM Ash in Feed Coal + Catalyst (wt%) 

SO3-Free ASTM Ash in Char Entrained (wt%) 

S03-Free ASll( Ash in Char Withdrawn {wt%) 

S03-Free ASU4 Ash in Starting Mid Char (wt%) 
S03-Free ASI'M Ash In Ending Mid Char (wt%) 

S03-Free C/H Residue in Feed Coal + Catalyst (wt%) 

S03°Free C/H Residue in Char Entrained (wt%) 

S03-Free C/~ Residue in Char Withdrawn (wt%) 

S03-Free C/H Residue in Starting Mid Char (wt%) 

S03-Free C/H Residue in Ending Mid Char (wt%) 
Coal + Catalyst Feed (lbs/hr) 

Char Entrained (Ibs/hr) 

Carbon in Feed Coal (wt%) 

Carbon In Char Entrained (wt%) 

Syngas Flow Meter (CFH) 

Product Gas Flow Meter (CFH) 

Product Gas Condensate (Ibs/hr) 

Starting Bed AP (B-A) (in Hg) 

Starting Bed Ap (C-B) (in Hg) 

Starting Bed ap (D-C) (In Hg) 

Starting Bed aP {F-E) (in Hg) 

Starting Overall Bed AP (F-A) (in Hg) 

Ending Bed ~P (B-A) (in Hg) 

Ending Bed AP (C-B) ( in Hg) 

Ending Bed aP (D-C) (In Hg) 

Ending Bed Ap iF-El (in Hg) 

Ending Overall Bed ~P (E-A) (in Hg) 

Starting Bed AP {E-D) (in H9) 

Measured Reco,ci | e6  

62.66 62.73 

61.63 51.51 

63.69 63.81 

19.76 19.58 

43.05 42.29 

55.07 55.46 

53.27 51.84 

52.27 52.52 

14. I I 15.38 

41.58 39.25 

49.24 46.17 

50.62 54.47 

51.47 &7.63 

17.30 16.go 

3.56 3.56 

60. Za 60.43 

42.65 43.34 

59.51 59.30 

140.52 I&5.46 

0.00 I 1.46 

3.00 2.99 

2.10 2.10 

l, 20 l, 20 

0.00 0.00 

7.50 7.49 

2.90 2 .gl 

1.90 l. 90 

l .  20 I ,  20 

0.00 0.00 

7.20 7.22 

1.20 1.20 
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EOO(6) 
OPOST 
V280 
V281 
V187 

V246 
V244 
V243 
V862 
V863 
V867 
V868 
VB6g 
V871 
W872 

V876 
V877 

V878 
V880 
V881 
~885 
V886 
~887 

UB89 
V890 
V894 
V895 
V896 
V322 
VB23 
V827 

YIELD PERIOD 212 

PROCESS VARIABLES 

Ending Bed AP (E-D) (tn Hg) 
Deposits AccLmulated on Gaslt ier Walls ( lbs) 

S in Gaslfier Starting Hid Char (wt%) 
S in Gastfter Ending Mid Char (wt%) 
Stn Coal + Catalyst Feed wt%) 
S In Char Withdrawn (wt%) 
S In Char Entrained (wt%) 
S in Product Gas Condensate (wt%) 
Si02 in S03-Free Ash tn Starting Hid Char (wt%) 
Si02 in S03-Free Ash tn Ending Mtd Char (wt%) 
St02 in S03-Free Ash in Coal + Catalyst Feed (wt~) 
$102 in S03-Free Ash In Char Withdrawn (wig) 
St02 tn S03-Free Ash in Chap Entrained (wig) 
Fe203 in S03-Free Ash tn Starting Mid Char (wt%) 
Fe203 in S03-Free Ash in Ending Mid Chap (wt%) 
Fez03 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
Fe203 in S03-Free Ash in Char Withdrawn (wt%) 
Fe203 in S03-Free Ash in Char Entrained (wt%) 
AIz03 in S03-Free Ash in Starting Mid Char (wt%) 
A1203 in S03-Free Ash in Ending Hid Char (wt%) 
A1203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
ATEO 3 In SO3-Free Ash in Char Withdrawn (wt%) 
A12O 3 in S03-Free Ash in Char Entrained (wt%) 
CaO in S03-Free Ash in Starttng Htd Char (wt%) 
CaO in S03-Free Ash tn Endlng Mid Char (wt%) 
CaO in S03-Free Ash In Coal + Catalyst Feed (wt%) 
CaO tn S03-Free Ash in Chap Withdrawn (wt%) 
CaO in S03-Free Ash in Char Entrained (wt%} 
Cl in S03-Free Ash in Starting Mid ChBr (wt%) 
CI in S03-Free Ash in Ending Hld Char (wt%) 
Cl in S03-Free Ash in Coal + Catalyst F~ed (wt%) 

Measured Reconciled 

1.20 1.20 
0.00 0.00 
4.05 4.06 
4.60 4.61 
3,63 3.60 
5.03 4.g9 

2.87 2.88 
0.04 0.04 

26.11 26.39 
26.50 26.52 
24.27 24.34 
28.21 27.67 
20.03 20.14 
7.71 7.82 
7.90 7.81 
8.37 8.55 
9.81 9,61 
7.28 7.24 
9.29 9.37 
9.45 9.41 
8.63 8.70 
9.97 9.86 
7.24 7.24 
1.38 1.42 
1.33 1.29 
1,93 2.06 
2.60 2.45 
1.77 1.72 

0.17 0.16 

0.15 0.16 
0.07 0.06 

YIELD PERIOD 212 

PROCESS VARIABLES 

V828 C1 in S03-Free Ash tn Char Withdrawn (wt%) 
v82g Cl in SOpFree Ash in Char Entrained (wt%) 
Y836 Acid 5o1. Na20 tn Gasif ler Starting Mid Char (wt%) 
V837 Acid 5ol. Ha20 In Gastfler Ending Htd Char (wt%) 
V841 Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 
V842 Acid Sol. Ha20 tn Char Withdrawn (wt%) 
V843 Acid Sol. Na20 in Char Entrained (wt%) 

V898 MgO In S03-FreeAsh Start ing Hid Char (wt%) 
v8g9 MgO in S03-Free. Ash in Ending Mid Char (wt%) 
V903 HgO in S03-Free Ash in Coal + Catalyst Feed (wt¢) 
V904 MgO in S03-Free Ash In Char Withdrawn (wt%) 
vgo5 MgO In S03-Free Ash fn Char Entrained (wt) 
V916 Ti02 in S03-Free Ash in Starting Mid Char (wt%) 
vg17 TI02 in S03-Free Ash in Ending Mid Char (wt%) 
V921 TiO 2 in 503-Free Ash in Coal + Catalyst Feed (wt%) 
V922 TiO 2 in S03-Free Ash in Char Withdrawn (wt%) 
Vg23 TIO 2 in 503-Free Ash In Char Entrained (wt%) 
V925 P205 in S03-Free Ash in Starting Mld Char (wt%) 
V926 P205 in S03-Free Ash in Ending Hid Char (wt%) 
V930 PEO 5 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
V931 P205 in S03-Free Ash in Char Withdrawn (wt%) 
V932 P205 ~n S03-Free Ash in Char Entrained (wig) 
V813 H in Starting Mid Char (wt%) 
V814 N in Ending Mid Char (wt%) 
V818 N in Coal + Catalyst Feed (wt%) 
V819 N in Char Withdrawn (wt%) 
V820 N in Char Entrained (wt%) 
V805 0 in Starting Mid Char (wt%) 
V806 0 in Ending Mid Char (wt%) 
V810 0 in Char Withdrawn (wt%) 
V81l 0 in Char Entrained (wt%) 

Measured Reconciled 

0.13 0.14 
0.16 0.17 
0.43 0.41 
0.37 0.39 
0.19 0.18 
0.36 0.37 
0.51 0.53 

0.64 0.62 
0.56 0.57 
0,5l 0.49 
0.61 0.62 

0.39 0.40 
0.45 0.44 
0.40 0.41 

0.40 0.37 
0.40 0.41 
0.40 0.41 

0.34 0.34 

0.25 0.28 
0.29 0.28 

0.48 0.47 
0.15 0.15 
0.18 0.18 

0.21 0.21 
1.05 1.05 

0.21 0.21 
0.26 0.26 
10.90 11.09 
lO.81 I0.75 

10.80 10.53 
10.52 10.56 
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RECONCILED DATA 

YIELO-PERIOD 213 

UNIT OPERATIONS 

From 

To 

Duration 

Percent of Time on Stream 

Coal Feed 

Steam 

Syngas 

Gasifler Process Temperatures 

Gasifier Bed Height ( f t )  

43.2 

38,4 

32. I 

26.6 

21.2 

16.0 

I0.9 

6.4 

0.4 

Time 

7:30 

7:30 

98 

1 O0 

1 O0 

Date 

6-3-77 

6-4-77 

24 Hrs 

Gasifler Temperature (°F) 

I139 

1144 

1307 

1342 

1312 

1317 

1305 

1287 

1220 

YIELD PERIOD21~l 

UNIT PROCESS VARIABLES 

Unit Temperatures 

Lockhopper 1 Top 
Lockhopper 1 Bottom 

Lockhopper 2 Top 
Lockhopper 2 Bottom 

Gaslfler Feed Line 
gaslf ler Steam Line 

Gaslfier 
Top of Bed 
Bottom of  Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gasifier Backend 
Cyclone Inlet 
F i l ter  Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper 2 
Gaslfier Feed Line 
Bypass N2 
Syngas In 

Gasifier 
Gaslfier Top 
Gaslfier Bottom 

Rough Cut Cyclone Outlet 
F i l ter  Outlet 
Scrubber Outlet 

Prnduct Gas Meter 

Process1 of 

294 
289 

297 
214 

733 
882 

1307 
1220 
1299 

919 
838 
58S 
438 
779 

1189 

439 
89 

lO0 

Psi a 

]15.3 
116.7 
160.7 
163.7 

113.7 
116.3 

113.Z 
113.7 
113.7 

114.7 

Metal, °F 

305 
255 

343 
277 

99O 
964 

1360 
1236 
1338 

995 
1030 
lOOg 
1022 
1041 
lOS7 
989 

551 
487 

433 
o 

a • 
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YIELD PERIOD 213 

FLIIID-SOLIDS DATA 

Gasifier Fluidized Bed Pro)~rtte; 

Bed Bottom Density (Ibs/cf) 
~d Top Density ( l hs /~ )  
Bed Average Density (lb~Icf) 
Bed Height (ft) 
Bed Holdup (lbs) 
Bed Volume (cf) 
Average Bed Temperature (°F) 
Space Velocity (bed) (cflcf/hr) 
Bottom Superficial Velocity (ft/sec) 
Top Superflcial Velocity (ftlsec) 

p~clpne Performan~ 

Temperature (*F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas ~elocity (ft/sec) 
Solids Entering (lbs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (Ibs/hr) 
Solids Escaping (Ibs/hr) 
Overall Efficiency (Captured/Enterlng, Wt.%) 

SolidslCarryover.Loss 

Coal • Catalyst Feed (Ibs/hr) 
Total Carryover (Ibs/hr) 
Cyclone (Ibs/br) 
Filter (Ibs/hr) 
Carryover/Feed (~t.~} 

Solids Carbon Loss 

Carbon in Feed( lbs/hr)  
Carbnn in Carryover (lbs/hr) 
Carryover/Feed (Wt,%) 

16.0 

10.4 
36.6 
67.5 
5.g 

1311.7 
79.4 
0.68 
0.73 

551.0 
113,7 

1065.3 
267.8 
21 ,O 
1,2 

0.0046 
1.1 
0.] 

90.3 

10.97 
1.24 
1.12 
0.12 

11.3g 

5.47 
0.47 
7.3% 

YIELD PERIOD 213 

UNIT CONVERSIONS 

Carbon Consumption 

Carbon in Feed* ( lbs/hr) 6.47 
Carbon from Devolatilization** of Feed Cc~l (Ibs/hr) 2.06 
Carbon Gasified (by difference) (Ibs/hr) 3.37 
TntaI Carbon Converted (lbs/hr) 5.43 

Carbon. Conversion (C Converted/C in Feed} 

Gasification Only (~) 52.2 
Total, Including Devolatilization (%) 83.g 

Carbon Distribution 

Total Converted (%} 83.9 
Entrained (%) 7.0 
Withdrawn (~) 11.1 
Accumulated (~) -2.0 
Conversion (Entrainment Backed Out) gO.l 

Specific Reaction Rates (C Converted(C in Bed) 

Gasification Only (~/Hr) 16.5 
Including Devolatilization 26.6 

Steam Consumption 

Steam into Unit (lbs/hr) ]6.26 
Steam Reacted with Carbon (Ibslhr) 5.06 
Total Steam Consumed (Ibs/hr) 7.68 

Steam Conversion. (Steam CoqsumedZSteam intoBedJ 

Gasification* (%) 33.2 
Total Steam Converted (%) 50.3 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (Ibs/Ibs) 0.221 
Carbon ConvertedJSteam Fed (mol/mol) 0.332 
Carbon Converted/Bed Volume (Ibs/hr)Icft 0.518 
Carbon Converted~Bed Volume (mol/hr)/cft 0.043 
Carbon in Bed/Steam Fed Ibsl(Ibs/hr) 1.339 
Carbon in Bed/Steam Fed mol/(mol/hr) 2.009 

*Excludes carbon in catalyst 
**Assumed from standard ASTM devolatillzatien test of feed coal 
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YIELD PERIOD ~13 

UNIT COMPOSITIONS 

Catalyst Olstrlbut)on_* 

Wt% Feed 

K as K20 10.9 

K as K2CO 3 16.0 

K as K 9.1 

K Mater/Acid, 0.683 
Soluble Ratio 

K20, H20-Insoluble 3.5 

K2CO) H20-Insoluble S.1 

K,X2O-insoluble 2.9 

Carbon 59.0 

K on Carbon 15.4 

ASTM Ash 28.5 

K on Ash 31.9 

K2CO 3 Free-Ash 12.1 

K on K2C03 Free-Ash 75.0 

Gaslfler Char 
Mid Bottj Entrained 

29.9 30.5 29.7 32.1 

43.9 44.8 43.6 47.1 

24.8 25.3 24.6 26.6 

0.773 0.772 0.692 0.867 

6.8 7.0 9.1 4.3 

10.0 10.2 t3.4 6.3 

5,6 5.8 7.6 3.6 

31.3 30.3 28.2 36.5 

79.3 83.7 87.4 73.0 

65.5 65.6 69.3 58.3 

37.9 38.6 35.5 45.7 

20.6 19.8 24.8 10.2 

120, 1 128.3 99.3 261.4 

Size Distribution 

Feed Coal + Catalyst 

Top Char 

Mid Char 

Bottom Char 

Cyclone 

Fi l ter 

Cumulative Wt$ Less Than Mesh Size 
325 Mesh 200 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mes'h 

2.4 5.7 16.6 42.9 78.2 94.7 99.9 

7.6 15.1 35.9 58,3 82.9 94.1 99.9 

3.4 8.4 25.3 51.2 81.5 95.1 99.9 

1.1 4.0 9.0 28,7 67.2 90.6 100.0 

51.5 97.4 99.4 99.7 99.8 99.6 100.0 

Partlcle Diameter (Mlcr~ns~ 

Feed ~al ÷ Catalyst 

Top Char 

Mid Char 

Bottom Char 
Cyclone 
F t l te r  

Volume/ 
Number Surface Weight Bulk Denstty 
Mean ~ Necn -- l ~ s / e f  

30 2O6 423 5O.8 

26 120 352 20.4 

29 167 301 21.3 

34 279 522 23.7 

24 32 45 

*Based on acid soluble analysts 

U1tlmate Analysts 

Component 

H 

C 

S 

0 

N 

CI 

S03-Free Ash 

Total 

Sollds Flow Rate 
(Ibs/hr) 

Ash Ele~nt AnaljLsl$ 

SiO? 

Fe203 

A1203 

CaO 

M90 

TIO 2 

P205 

Na20 

K20, Catalyst 

Total 

YIELD PERIOD Z13 • 

SOLIOS COHPOSIT ION 

Wt% o f  Total So l ids .  Dry 

Feed 

3.58 

59.0 

3.8 

13.1 

1.05 

O. 08 

15.4 

1(30.0 

$011ds g/g 

O. 39 

28.2 

5.0 

9.5 

0.21 

0.22 

56.5 

100.0 

Entrained 

0,01 

36.5 

3.2 

9.3 

O. 34 

0.26 

50.4 

100.0 

10.85 2.56 1.24 

Wt% of  S01-Freo k}h 

25.1 

7.3 

8.0 

1.00 

0.49 

0.40 

0.25 

0.91 

56.53 

100.0 

27.3 

7.6 

9.1 

0.99 

0.52 

0.37 

0.26 

0.95 

52.93 

100.0 

20.2 

7.1 

5.9 

1.11 

0,35 

0.38 

0.16 

1.15 

63,66 

100.0 
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PRODUCt'GAS DATA 

Product Gas Parttal Pressures at Gas~fier Exit 

Tote1 Pressure, psie 

H2 113.7 

CO 53,7 

CH 4 14.6 

C02 10.5 

HzS 12.2 

H20 8.3 

N 2 17.0 

H20/CO 1.2 

H20/CO 2 1.4 

Unit Gas Data 

Syngas I~WT, lbs/mol 9.2 

Product Gas MWT (dry), Ibs/mol l l . 3  

Product Gas 

At DTM (dry), SCFII 905.9 

(O~y, H2-Free ) , SCRI 855.3 

At G~sJfler Outlet, SCFH '10~5.3 
(Inclules N2 + H20) 
At G~slfler Ou~Ie(, ~CFff ~2~.fi 
(Inclndes N~ + H?O) 
At Ga~ifiur Outlet= SCF}i ~U~,~ 
(£xcIude~ N~) 
At Ga~i~ez 9u%leL, ACFII (934 
(Fxclud~ NZ~ 

-- -,, 

I best avai lab l  e COPY- 

YIELD PERIOD, Z13 

PRODUCT C~$ DATA 

Unit Gas Yields 

Product Gas (Dry), Moi% 
H2 
CO 
C02 
CH4 
HZS 
N2 

Product Gas (Dry, Nz-Free) 
HZ 
CO 
CO? 
CH4 

Product Gas 
HZ 
CO 
C02 

H20 
N2 

Product Gas (N2-Free) 
H2 
CO 
CO2 
CF)~ 
H2S 
H20 

SCFR CH4/[b C Active Bed 

SCFH Cf{4/~b C Feed 

Holes CH4/mole C Feed 

Reaction 
Equt~tbrfum at 

~ t l ve  Bed Temp 
(1317.7°F~ 

Cr:,phit.,-I+20" C ~ 112Z, -, ~,0 "- :~ 
ShiFt;: CO + H20 = :;'~. : :;/ 

2.0u8~ 
~.4837 
0.037~ 

5S.5 
15.1 
12.6 
10.8 
0.3 
5.6 

58.8 
16.0 
13.4 
11.5 
0.3 

47.2 
12.8 
10.7 
9.2 
0.3 

15.0 
4.8 

49.5 
13.5 
11.2 
9.6 
0.3 
15.9 

4.8 

15.2 

0.48 

Actual 
Eq~+~ I I brl ,,,,in' 
Exp_.ress f-Zn 

3.1369 
Z. 6347. 
0.0170 
O. 4407 

. . . .  (It:]____ 

-~ i O+,L / 
":I 3. cm S. 
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Overall Material Bal~nc~ 

~.put: ~.~xr 

Coal Feed ( e x ) 2 )  10.65 

Gaslffer Steam 15~26 

Gaslfler Syngas 15.65 

Tot~l (~x N2) i~ovh 

Ac,:,Bula t inn: -0 1 

C]OSUPe: (Outp-'c + A'<*~<,);h~:ut, i 

Pr~du~ ~as !~x ~2) 30.48 

Product Ga~ ~ 3,74 

Product W~te~ 1.58 

Char Entrained 1.24 

Sol ids Wfthd~J~ 2.56 

~o~al (ex N~ ~ 41.86 

SJEnthests C~s ~lan___~,~ 

Znput: >c~H._ 

Gasffter" Syng~s ~47.~ 

H 2 Mo1% ~2.5 

CO Mo1% 77.5 

Balance: (~tput/inpuih ~ 98.8 

,00 

H 2 ~ C9 In Pro~=Jct Ge~ 640.0 

H 2 MO]% 55.5 

CO No)% IS.1 

YIELD PERIOU ?13 

HATERI~L BAI,~CES 

Element Balances 

In~p_ut (Lbs/ t l r ) :  Carbon* H y d ~ n  O__x#~n 

Coal + Cata lys t * *  6.47 0.39 1.44 

Gas t f ie r  Steam 1.7l 13.55 

Gas i f l e r  Syngas 5.64 2.50 7.51 

Tota 1 12.11 4.60 22.50 

o . t t~ :  

Product (;as 1 ] .  07 3.74 15.43 

Product Mater 0.85 6.73 

Char Entrained 0.45 0.0 0.12 

Solids Withdrawn O. 72 0.01 0.24 

Total 12.24 4.60 22.52 

Accumulation: -0.14 O. 0 -0. O1 

Closure 100.0 100.0 100.0 
(Out+ Accum)/in, % 

Catalyst Balance 
Acid So l  Water Sol. 

Input (Lbs/Hr):  K K 

Coal ÷ C a ~ l y s t  1.o0 0.68 

Output: 

Char Entrained 0.33 0.29 

Product Water 0.0 0.0 

~oltd Withdrawn 0.64 0.44 

Total 0.97 0.72 

Accumulation: 0.03 0.003 

Closure 100.0 I I1 .0  
(out+accum)/~n,~ 

*Carbon balance excludos ca ta lys t  carbonate 
*~.xcludes carbon and oxygen in ca ta lys t  

Sul fur  Chlortne 

0.420 0.0O9 

0.420 0.009 

O, 249 

0,003 

0.040 0.003 

0.1;77 0.006 

0.418 0.009 

O.00Z 0.0 

Ioo.0 1oo.o 
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AshBalances 

Input (Lbs/Hr): 

Coal + Catalyst 

Entrained Char 

Sollds Withdrawn 

Total 

Accumul atlon" 

Closure 
{out + accum)/In, 

Ash Element Balance 

Input (Lbs/Hr): 

Coal + Catalyst 

output'. 

Entrained Char 

Solids Withdrawn 

Total 

Accumulation: 

Closure 
(out + accum)lln, % 

yIELD ~RIO0 213 

MATERIAL BALANCES 

C/H $03-Free S03-Free 
AS_._~_~Ash Residue ASTM Ash C/H Res!due 

3.12 2.58 2.12 1.75 

0.72 0.73 0.63 0.62 

1,79 1,75 1.45 1.33 

2.51 2.48 2.07 1.94 

0,61 0.10 0.05 -0.19 

0 . 5 3 3  O.15S 0.170 0.021 0 . 0 1 0  0.972 0.919 0 . 0 0 9  0.005 

0.126 0.045 0,037 0.007 0,002 0.092 0,007 0.002 O.OO1 

0,394 0.109 0.132 0.014 0,008 0.328 0.010 0.005 0.004 

0.520 0.154 0.169 0.021 0.010 0.420 0.017 0.008 0.005 . 

0,013 0,002 O. OOl 0.0 0.001 0.121 0.002 0,001 0,001 

I00 lO0 lO0 lO0 I00 56 100 100 lO0 

YIEL9 PEAIOD 213 

MATERIAL BALANCES 

Mole Balance 

H2 
CO 
~20 
Total 

Solids Input 

Coal + Cat Feed 

Total Input 

. . . . .  Ll~-No)es/Hr 
___C__C H 0 S 

(1.239) 2.478 
(0.459) 0.;69 0.0 0.;69 

1.694 0.847 
(0.847 0.269 4.172 1.316 

C H 0 S K 

0.539 0.390 0.090 0.013 0.025 

Gas Output 

Product Gas' 

eo2 
CH4 
H2S 
H20 
Total 

1.008 4.562 1.406 0.013 0.025 

(1.3z7) z . 6 ~ 5  - 
(0.361) oJ61 - 0.361 
(0.301) 0.301 0.603 
(0.259) 0.259 1.035 - 

( 0 . 0 0 8 )  o.016 - 
0.842 0.421 

(0.421) 0.921 4.547 1.385 

O. 008 
0.0 

0.0O8 

0.038 0.0 0.007 0.001 0.008 
0.060 0.010 '0.015 0.004 0.016 

-0.011 0.005 -0.001 0.0 0.001 
0.087 0.015 0.022 0.005 0.025 

1.008 4.562 1.406 0.013 -0.025 

Solid~ Output 

Char Entrained 
Char Samples Withdrawn 
Char Accumulation 
Total Solids 

Total Output + 
Accumulatlon 

C H 0 S K 
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YIELD PERIOD 213 

PROCESS VARIABLES 

YIELD PERIOD 213 

PROCESS VARIABLES 

Measured Reconciled Measured Reconciled 

V310 C/H Residue in Char Wlthdraw~ (wt%) 67.53 68.39 

V320 C/H Residue In Gaslfler Starting Mid Char (wt%) 64.39 63.13 

V321 C/H Residue in Gaslfler Ending Mid Char (wt%) 67.32 68.66 

V333 S03-Free ASTM Ash in Feed Coal + Catalyst (wt%) 19.80 19.35 

V334 S03-Free ASTM Ash In Char Entrained (wt%) 50,75 50,42 

V336 S03-Free ASTM Ash in Char Withdrawn (wt%) $6.62 56.45 

V337 S03-Free ASTM Ash In Starting Mid Char (wt%) 54.43 53.36 

V338 S03-Free ASTM Ash in Ending Mld Char (wt%) 56.18 56.g8 

V350 S03-Free C/H Residue In Feed Coal + Catalyst (wt%) 15.00 16.00 

V351 S03-Free C/H Residue in Char Entrained (wt%) 51.05 49.75 

V353 S03-Free C/H Residue in Char Withdrawn (wt%) 54,86 51.75 

V354 S03-Free C/H Residue In Starting Mid Char (wt%) 53.68 57.00 

V355 S03-Free C/H Residue in Ending Mld Char (wt%) 55.50 52.06 
V407 Coal + Catalyst Feed (lbs/hr) I I  06 I0.97 

V473 Char Entrained (Ibs/hr) 1.24 1.24 

v4g5 CarbOn in Feed Coal (wt%) 58.23 58.9R 

V4g8 Carbon in Char Entrained (wt%) 36.20 36.47 

F384 Syngas Flow HeteF (CF8) 61.96 62.17 

F385 Product Gas Flow Meter (CFH) 129.92 126.16 

PGKO Product Gas Condensate (Ibs/hr) 6.92 7.1g 

U(II4) Starting Bed ~P (B-A) (in Hg) 2.40 2.39 

U(1153 Starting Bed AP (C-B) (in Hg) 1.30 1,30 

U(I16) Starting Bed 6P (1t-C) (in Hg) 1.I0 1.10 

U(II7) Starting Bed ^P if-El (in Hg) 0.00 0.00 

U(lI8) Starting Overall Bed AP if-At (In Hg) 5.40 5.39 

U(l193 Ending Bed ~P (B-A) (In Hg) 2.40 2.41 

U(1203 Ending Bed ~P (C-B) (in Hg) 1.30 1.30 

U(121) Ending Bed ^P (D-C) (in Hg) 0.90 0.90 

U(122} Ending Bed ^P i f-El (in Hg) 0,0(2) 0.O0 

U(123) Ending Overall Red AP if-At (in Hg) 5.20 5.?2 

EDD(1) Starting Red AP (E-D) (in Hg) 0.60 0.60 

VlO0 Gastf ter Steam ( lbs/hr)  15.29 15.26 

r i l l  Char Withdrawn ( ]bs /hr )  2.56 2.56 

V165 H in Char Entrained (wt%) O.OI 0.01 

V166 H in Char Withdrawn (wt%) 0.39 0,39 

V168 H In Coal + Catalyst Feed (wt%) 3.58 3.58 

9173 H In Gaslfler Starting Mid Char (wt%) 0.06 0.06 
vl/4 H in Gaslfler Ending Mid Char (wt%) 0.23 0.23 

V183 CO In Syngas (mol%) 27.40 27.48 

VlB5 Acld Sol. K20 in Coal + Catalyst Feed (wt%) I0.59 I0.94 

V188 0 In Coal + Catalyst Feed (wt%) 13.11 13.12 

Vlg3 H 2 in Syngas (mol%) 72.40 72,52 

V205 CO 2 in Product Gas (mol%) 12.61 12.61 

V207 CH 4 in Product Gas (mol%) I0.83 I0.83 

V20B CO in Product Gas (moi%) 14.88 15.II 

V212 H 2 in Product Gas (moi%) 55.25 55.53 

V214 N 2 in Product Gas (mol%) ~.58 5.59 

V215 H2S in Product Gas (mol%) 0.35 0.32 

V222 Carbon In Char Withdrawn (wt%) 28.17 28.23 

V227 Acld Sol. K20 in Char Entrained (wt%) 3].96 32,09 

V232 Acid sol. K20 in Char Withdrawn (wt%) 2g.61 29.88 

V257 Carbon in Gaslfier Starting Mid Char (wt%) 30.42 31.36 

V258 Carbon in Gasifier Ending Mid Char (wt%) 28.14 27,46 

V265 Acid So1. K20 in Gaslfler Starting Mid Char (wt%) 30.04 29.24 

V266 Acid Sol. K20 In Gas]fief Ending Mld Char (wt%) 30.53 31.51 

v28g ASTM Ash in Char Entrained (wt%) 58.16 58,30 

V292 ASTM Ash in Char Withdrawn (wt%) 69.30 69.72 
V293 ASTM Ash In Feed Coal + Catalyst (wt%) 28.76 ?-.45 

V294 C/H Residue In Feed Coal + Catalyst (wt%) 23.96 23,49 

V2g5 C/H Residue in Char Entrained (wt%) 58.47 58.78 

V3D6 ASTM Ash In Gas]Clef Starting Mid Char (wt%) 65.14 54.90 

V30I ASTM Ash In Gas]fief Ending Mid Char (wt%) 68.00 78.81 

4 i 
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EDO(6) 
DPO5~ 

V280 

V281 
V187 
V246 
V244 

V243 
V862 

V863 

V867 

V868 
V869 
VB71 
V872 

V876 
V877 

V878 

V880 
V881 

V885 

V886 
V887 

V889 
V890 
V894 
V895 
V896 
V822 

V823 

V827 

YIELD PERIOD 213 

PROCESS VARIABLES 

Ending Bed AP (E-D) (in Hg) 
Deposits Accumulated on Gaslfler Walls (Ibs) 

S In Gaslfler Starting Mid Char (wt%) 
S in Gaslfier Ending Mid Char (wt%) 
S ~n Coal + Catalyst Feed wt%) 
S In Char Withdrawn (wt%) 
5 in Char Entrained (wtg) 
S in Product Gas Condensate (wt%) 
Si02 in S03-Free Ash in Starting Mid Char (wt%) 
SIO 2 In S03-Free Ash in Ending Mid Chap (wtg) 
Si02 in S03*Free Ash in Coal + Catalyst Feed (wt%) 
Si02 in SO3-Free Ash in Char Withdrawn (wt%) 
Si02 in SO3-Free Ash in Char Entrained (wt%) 
Fe203 in SO3-Free Ash in Starting Mid Char (wt%) 
Fe203 in S03-Free Ash in Ending Mid Char (wtg) 

Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 

Fe203 in S03-Free Ash in Char Withdrawn (wt%) 

Fe203 in S03-Free Ash in Char Entrained (wt%) 
A1203 in S03-Free Ash in Starting Mid Char (wt%) 
A1203 in S03-Free Ash in Ending Mid Char (wt%) 
AI203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
A1203 in S03-Free Ash in Char Withdrawn (wt%) 
Al203 In 503-Free Ash in Char Entrained (wt%) 
CaD in S03-Free Ash in Starting Mid Char (wt%) 
CaO in S03-Free Ash in Ending Mtd Char (wt%) 

"CaO In S03-Free Ash in Coal + Catalyst Feed (wt%) 
CaO in S03-Froe Ash in Char Withdrawn (wt%) 
CaO in S03-Free Ash In Char Entrained (wt%) 
Cl in S03-Free Ash in Starting Mid Char (wt%) 
C1 in S03-Free Ash in Ending Mid Char (wt%) 
Cl in S03-Free Ash in Coal + Catalyst Feed (wt%) 

Measured Reconciled 

0.60 0.50 
0.00 0.00 
4.26 4.33 
4.62 4.54 
3.63 3.83 

5.00 4.96 
3.22 3.21 
0.04 0.04 

25.66 26.08 

26.44 26.01 

24.28 25.11 
27.60 27.29 
20.18 20,15 
7.13 7.23 
7.20 7.10 

7.15 7.31 

7.65 7.55 

7.15 7.12 

8.89 9.02 

8.89 8,76 

7.82 7.9g 

9.26 9,14 

5.94 5.92 

0,64 0.71 

0.80 0.68 
0.83 1.00 
1.25 0.99 
1.22 1,11 

0.25 0.26 
0,29 0.28 

0.08 0.08 

YIELD PERIOD 213 

PROCESS VARIABLES 

V628 C1 in S03-Free Ash In Char Withdrawn (wt%) 
VB29 CI in S03-Free Ash In Char Entrained (wt%) 
V836 Acid Soi. Ha20 in Gasifier Starting Mid Char (wtg) 
V837 Acid Sol. Na20 In Gasifler Ending Mid Char (wt%) 
VB4I Acid Sol. NazD in Coal + Catalyst Feed (wt%) 
V642 Acid So1. Ha20 In Char Withdrawn (wt%) 
V843 Acid Sol. Na20 in Char Entrained (wt%) 
VB98 MgO in S03-Free Ash Starting Mid Char (wtg) 
vBg9 MgO in S03-Free Ash in Ending Mid Char(wt%) 
V903 MgO in S03-Free Ash in Coal ÷ Catalyst Feed (wt%) 
vg04 MgO in S03-Free Ash in Char Withdrawn (wt%) 

V905 MgO in S03-Free Ash in Char Entrained (wt) 
V916 TiO 2 in S03-Free Ash in Starting Mid Char (wt%) 
vg17 Ti02 in S03-Free Ash in Ending Mid Char (wt%) 
vg21 TiO 2 in S03-Free Ash In Coal + Catalyst Feed (wt%} 
V922 Ti02 in S03-Free Ash in Char Withdrawn (wt%) 
V923 TI02 in S03-Free Ash in Char Entrained (wt%) 

V925 P205 in SO3-Free Ash in Starting Mid Char (wt~) 
V926 P205 in S03-Free Ash in Ending Mid Char (wt%) 
V930 P205 in S03-Free Ash In Coal + Catalyst Feed (wt%) 
V931 P205 in S03-Free Ash in Char Withdrawn (wt%) 
V932 P205 in 503-Free Ash in Char Entrained (wt%) 
V813 N in Starting Mid Char (wtg) 
V814 N in Ending Mid Char (wt%) 
V818 N in Coal + Catalyst Feed (wt%) 
VBlg N in Char Withdrawn (wt%) 
V820 N in Char Entrained (wt%) 
V805 0 in Starting Mid Char (wt%) 

V806 0 in Ending Mid Char (wt%) 
VO]O 0 in Char Withdrawn {wt%) 
V811 0 in Char Entrained (wt%) 

Measured Reconciled 

0.23 O.ZZ 
0.27 0.26 
0.60 0.63 
0.64 0.61 
0.17 0.18 
0.55 0.53 

0.59 0.58 
0.48 0.50 

0.55 0.52 
0.46 0.49 
0.55 0.52 

0.35 0.35 
0.39 0.40 

0.44 0.43 

0.39 0.40 

O, 38 0.37 

0.38 0.38 

0.09 0.10 

0.05 0.13 
0.20 0.25 
O.36 0.25 
0.17 0.16 

0.I0 O,lO 
0.18 0.18 
1.05 1.05 
0.21 0.21 
O. 34 O. 34 

10.48 10.52 

10.36 10.33 
9.39 9.54 

9.23 9.29 
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RECONCILED DATA 

YIELD'PERIOD 214 

UNIT OPERATIONS 

From 

To 

Duration 

Percent of Time on Stream 

Coal Feed 

Steam 

Syngas 

Gasifler Process Temperatures 

Gasifier Bed Height ( i t )  

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

10.9 

6.4 

0.4 

Time 

7:30 

7:30 

Date 

6-14-77 

6-t5-77 

24 Hrs 

g9 

99 

100 

Gasifier Temperature (°F) 

1143 

1231 

1307 

1336 

1306 

1310 

1301 

1289 

1253 

YIELD PERIOD 214 

UNIT PROCESS VARIABLES 

Unit Temperatures 

Lockhopper 1 Top 
Lockhopper I Bottom 

Lockhopper 2 Top 
Lockhopper 2 Bottom 

Gasifler Feed Llne 
Gasifier Steam Line 

Gasifier 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gasifier Backend 
Cyclone Inlet 
Fi l ter  Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

tockhopper 2 
Gas i f ie r  Feed Line 
Bypass N2 
Syngas In 

Gaslfier 
Gaslfier Top 
Gasifier Bottom 

Rough Cut Cyclone Outlet 
F i l ter  Outlet 
Scrubber Outlet 

Product Gas Meter 

Proce~ m OF 

265 
251 

264 
236 

730 
87? 

1336 
1253 
1299 

646 
775 
711 
642 
703 

1151 

431 
81 

93 

Psia 

117.4 
116.8 
163.7 
163.7 

113.7 
116.5 

113.7 
106.4 
104.9 

114.7 

Metal, ~F 

279 
218 

259 
303 

988 
949 

1391 
1290 
1344 

987 
1107 
1007 

1066 
961 
1054 
991 

539 
474 

425 
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YIELD FERIO0 214 

FLUID-SOLIDS DATA 

GasIFler Fluldlzed Bed Properties 

Bed Bottom Density (Ibs/cf) 
Bed Top Density (Ibslcf) 
Bed Average Density (lbs/cf) 
Bed Height ( f t )  
Bed Holdup (Ibs) 
Bed Volume (cf) 
Average Bed Temperature (°F) 
Space Velocity (bed) (cf/cf/hr) 
Bottom Superficial Velocity (ft/sec) 
Top Superficial Velocity (ft/sec) 

Cyclone Performance 

Temperature (°F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (ft/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (Ibs/hr) 
Solids Escaping (lbs/hr) 
Overall Efficiency (Captured/Entering, Nt.Z) 

Solids Carryover Loss 

Coal + Catalyst Feed (lbs/hr) 
Total Carryover (Ibs/hr) 
Cyclone (lbs/hr) 
Fi l ter (Ibs/hr) 
Carryover/Feed (Ht.Z) 

Solids Carbon Loss 

C~rbon in Feed (lbs/hr) 
Carbon i~ Carryover (Ibs/h~') 
Cari~over/Feed (Ht.%) 

]6.7 
9.4 

13.1 
30.7 
71.4 
4.9 

1308.4 
97.1 
0.70 
0.74 

539.0 
1]0.3 

1073.4 
274.8 
2l .6 

1.1 
0.0040 

] . 0  
O.l 

90.9 

I0.57 
1 .TO 
1.00 
0.10 
10,4 

5.37 
0.40 
6.2 

YIELD PERION 214 

UNIT CONVERSIONS 

Carbon. Consumption 

Carbon in Feed* (Ibs/hr) 
Carbon from Devolatil izatlon** of Feed Coal (Ibs/hr) 
Carbon Gasified (by difference) (Ibs/hr) 
Total Carbon Converted (Ibs/hr) 

Carbon Conversion (C Converted/C in Feed) 

Gasification Only (%) 
Total, Including Devolatilization (%) 

Carbon Distribution 

Total Converted (%) 
Entrained (~) 
Hithdrawn (~) 
Accumulated (%) 
Conversion (Entrainment Backed Dut) 

Specific Reaction Rates (C Converted/C in Bed) 

Gasification Only (~/Hr) 
Including DevolatiIization 

Steam Consumption 

Steam into Unit (Ibs/hr) 
Steam Reacted with Carbon (lbs/hr) 
Total Steam Consumed (Ibs/hr) 

Steam Conversion (Steam Consumed/Steam into Bed) 

Gasification ~ (%) 
Total Steam Converted (%) 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (Ibs/Ibs) 
Carbon Converted/Steam Fed (mol/mol) 
Carbon Converted/Bed Volume ( lbs/hr) /cf t  
Carbon Converted/Bed Volume (mol/hr)/cft 
Carbon in Bed/Steam Fed Ibs/(Ibs/hr) 
Carbon in Bed/Steam Fed mol/(mol/hr) 

6.37 
1.73 
3.83 
5.57 

60.2 
87.4 

87.4 
6.0 
7.7 

-1.1 
93.0 

21 . l  
30.6 

16.19 
5,75 
8.94 

35.5 
55.2 

0.237 
0.355 
0,701 
0.058 
1.122 
1,683 

*Excludes carbon in catalyst 
~Assumed from standard ASTM devolati l lzatlon test of feed coal 
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YIELD PERIOD214 

UNIT COMPOSITIONS 

Catalyst D is t r i bu t ion*  

Wt% 

K as K~ 
K as K2CO 3 

K as K 

K Water/Acid. 
Soluble Ratio 

K20, H20-Insoluble 

K2CO) H20-Insolubie 

K,H20-Insoluble 

Carbon 

K on Carbon 

ASTM Ash 

K on Ash 

K2CO 3 Free-Ash 

K on K2C03 Free-Ash 

Slze Distribution 

Gaslflar Char 
Feed Top Mid Bottom Entrained 

8.8 29.2 29.3 30.1 30.8 

12.9 42,8 42.9 44.2 45.2 

7.3 24.3 24.3 25.0 25.5 

0.833 0.803 0.812 0.778 0.925 

1.5 5.8 5.5 6.7 2.3 

2.2 8.4 8.1 9.8 3.4 

1.2 4.8 4.6 5.5 1.9 

60.2 28.9 25.4 22.4 34.4 

12.1 83.7 95.5 I l l . 6  74.2 

26.7 69.3 72.2 77.7 62.0 

27.3 34.9 33.6 32.2 41.2 

13.6 25.5 28.3 32.6 15.8 

53.7 94.8 85.8 76.7 161.2 

325 Mesh 200 Mesh 
Cumulative W~% Less Than I~esh Stze 

100 Mesh 50 Nesh 30 Mesh 20 Mesh 

Feed Coal + G1talyst 0.8 2.8 

Top Char 1.7 8.7 

Mid Char 2.7 8.0 

Bottom Char 2.0 6.4 

Cyclone 75.0 90.9 

F i l te r  93,2 94.0 

Nmnber 
Particle Diameter (Microns) Mean 

Feed Coal + Catalyst 41 

Top Char 39 

Mtd Char 31 

Bottom Char 34 
Cyclone 22 
Fi l ter 22 

14.1 44.8 

34.8 64.9 

23.5 53.2 

22.6 53.2 

99.9 99.4 

94.6 97.2 

Volume/ 
Surface Weight 
Mean Mean 

240 394 

158 306 

174 362 

185 358 
27 38 
23 41 

84.2 

gO. 3 

84.8 

86.3 

gg. 7 

99.4 

*Based on acid soluble analysis 

96.5 l(X).O 

96.8 100.0 

96.1 99.9 

96.6 1~.0 

100.0 100.0 

100.0 100.0 

Bulk Denstt X 
l ~s /e f  
46.4 

18.5 

23.5 

30.2 

Ultimate Analy_tt_s 

Co~nent 

YIELD PERIOD 214 

,i_OLIOS COMP(~S IT ION 

Wt% o f  Total Sol ids:  Dry _. 

_ _ ~  SgJtds W/D Entrained 

H 3.82 0.28 0.47 

C 60.2 22.4 34.4 

S 4,0 6.0 3.4 

0 13.4 9.4 10.0 

N 1.12 0.14 0.20 

CI 0.09 0.24 0.34 

S03-Free Ash 17.4 61.5 51.2 

Total I00.0 I00.0 I00.0 

Sollds Flow Rate 
(Ibs/hr) 

Ash Element Analysis 

SiO 2 

Fe203 

A1203 

CaO 

MgO 

TiO 2 

P205 

Na20 

K2~ Catalyst 

10.57 I.I0 2.20 

Wt% of S01-Free Ash 

26.5 26.9 20.5 

9,9 10.2 8.4 

8.8 9.2 6.0 

2.06 2.17 2.87 

0.54 0.$7 0.43 

0.43 0.40 0.45 

0.36 ' 0.46 0.14 

0.83 0.87 1.12 

50.58 49.31 60. I I  

Total I00.0 lO0.O I00.0 

C IL 
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Y[ELD PERIOD 2 1 4  

PRODUCT GAS DATA 

Product Gas Parttal Pressures at Gastfier Fxtt 

Total Pressure, psta 113.7 

H 2 51.3 

CO 14.5 

CH 4 8.5 

CO 2 12.7 

HzS 0.3 

H20 16.1 

N2 10.3 

H20/CO 1.1 

H20/CO 2 1.3 

Untt Gas Data 

Syngas HWT, lbs/mol 9.7 

Product Gas ~ (dry), lbs/mol 15.4 

Product Gas 

At DTH (dry), SCFH 921.0 

(Dry, N2-Free), SCFH 824.2 

At Gastfter Outlet, SCFH 1073.4 
(Includes N2 + H20) 
At Gasffler Outlet, ACFH 427.8 
(Includes N2 + H20) 
At Gastfter Outlet, SCFH 976.6 
(Excludes N2) 
At ~ s t f t e r  Out]eL, ACFH 389.2 
(Excludes H Z) 

YIELD PERIOD 214 

PRODUCT GAS DATA 

Unit Gas Ytelds 

Product Gas (Dry), Ho1% 
H2 
CO 
C02 
CH4 
H2S 
N2 

Product Gas (Dry, N2-Free) 
H2 
CO 
C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

1t20 
N2 

Product Gas (N2-Free) 
H2 
CO 
co2 
CH4 
H2S 
H20 

SCFH CH4/1.b C Active Bed 

SCFH CH4/lb C Feed 

Holes CH4/mole C Feed 

,52.6 
14.9 
13.0 
8.7 
0.3 

10.5 

58.7 
16.7 
14.5 
9.7 
0.3 

45.1 
12.8 
11.2 
7.5 
0.3 

14.2 
9.0 

49.0 
14.1 
12.3 
8.2 
0.3 

15.5 

4.4 

12.6 

0.40 

Equilibrium Constants 

Graphite-H20: C ÷ H20 - CO ÷ H2 
Shif t :  CO ÷ H20 = C02 + H2 
Methanatton: CO + 3H 2 - CH4 ÷ H20 
Overall: 2C + 2H20 = CH4 + C02 

Reaction Corresponding 
Equilibrium at Actual , Equilibrium 

Active Bed Temp Equtllbrfum Temperature 
(1308.4°F) Expression (°F) 

1.9478 3.1437 1360.7 
1.4954 2.7589 1084.7 
0.0509 0.0151 1402.5 
0.3455 0.4132 
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YIELD PERIO0~I4 

MATERIAL BALANCES 

Overall Matertal Balance 

i.__~_~: Lb_~/Hr 

Coal Feed (ex N 2) 10.46 

Gaslffer Steam 16.19 

Gaslfler Syngas 13.99 

Total (ex N 2) 40.~4 

Accue~latlon: -0.19 

Closure: (Output + .~Jc~-)/Input 

Pr~Jct  ~ ( ~  ~Z) 30.28 

Prod.ct Gas N 2 7.16 

~r~duct W~ter 7.25 

Char Entrained 1.10 

Solids ~Ithdrmm 2.20 

Total (ex N?) 40.83 

100.0 

Sinthests &~s Balmnc_~e 

~ ls t f t e r  Syngas 540.8 lt2 + CO tn Product ~ s  6?1.5 

H 2 NoI% 70.4 H 2 ~1% 52.6 

C0 M01% 29.6 CO ~1% 14.9 

Balance: (Output/Input). % 1i t .6 

)nput ( Ibs/I Iv}:  

Co~I + C~taly~t** 

Gasifier Ste~1 

Gasi f ier  Slmgas 

Total 

~ [ :  

Product Gas 

Product Water 

Char E,t~alned 

Solids Wlthd~awn 

Total 

Accu~ulntton: 

Closure 
(Out +Acc~,)/in, 

YIELD PERIOD Z14 

MATERIAL BALN(CES 

C a i n *  ~ 
6.37 0.4 1.42 

1.81 14.38 

5.12 2.05 6.82 

11.49 4.26 22.6! 

Sulfur Chlorl;,e 

0.422 O.OOq 

0.42? 0.009 

10.69 3.44 15.91 0.244 

0.81 6.44 0.003 

0.38 0.01 0.11 0.006 0.0 

0.49 0.01 0.21 0.133 0 005 

11.56 4.27 22.66 0.416 0.009 

-0.07 -0.01 -0.o5 0006 0 o 

10o.0 1o0.0 100.0 100.0 lO0.fl 

C_a t__~]~ s t____Ba lan(:e 
Actd Sol. 

in_~ut L._L~H~_ ) . K 

Coal ¢ Catalyst 0.77 

~_~u~: 

Char Entrained O.Z8 

Product Water 0.0 

Sol101 WI Chdrawn O. 55 

Total O. 84 

A~cumu ~ o t t on: - 0 . 0 6  

Closure 100.0 
(out + ~ccum)/in, 

*Carbon balance excludes cata lyst  careenlta 
*~Exclud~:~ csv~}n ~nd u}tygen tn cata lys t  

Water Sol. 
K 

" 0.64 

0.26 

0.0 

0.43 

Q.69 

-0.09 

92.3 

4 • a 
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~h Balances 

Input (Lbs/HP): 

Coal + Catalyst 

output= 

Entrained Char 

Solids Withdrawn 

Total 

Accun~Jlatlon: 

Closure 
(out + accum)/in, % 

Ash Element Balance 

Input (Lbs/Hr): 

Coal + Catalyst 

output: 

Entrained Char 

Solids Withdrawn 

Total 

Accumulatlon" 

Closure 
(out + accum)lln, % 

YIELD PERIOD 214 

MATERIAL BALANCES 

C/H 
ASTI4 Ash Residue 

2.83 2.32 

S03-Free S03-FPee 
ASTM Ash C/H Residue 

1.84 1.58 

0.68 0.68 0.66 0.57 

1.72 1,70 1.35 1.57 

Z.40 2.38 1.92 1.85 

0.43 -0.06 -0.08 -0.26 

I00 100 lO0 I00 

5t0_!~_ Fe20~ A120~ Ca___q_O M~O SO~ Na_~E Tt02 P20S 

0.486 0.i82 0.162 0.038 0.010 0.799 0.015 0.008 0.007 

0.I15 0.047 0.034 0.016 0.002 0.103 0.006 0.003 0.001 

0.364 0.137 0.124 0.029 0.008 0.360 0.012 0.005 0.006 

0.479 0.185 0.158 0.045 0.010 0.463 0.018 0.008 0.007 

0.007 -0.003 0.004 -0.008 0,0 0.141 -0,003 0.0 0.0 

I00 I00 I00 I00 lO0 76 I00 100 100 

Mole Balance 

H2 
CO 
H20 
Total 

Solids Input 

Coal + Cat Feed 

Total Input 

YIELD PERIOD 214 

MATERIAL BALANCES 

Gas Output 

Product Gas 

~ (1.277) 
(0.362) 

602 (0.316) 
CH4 (0.211) 
HzS (0.008) 
H20 (0.402) 
Total (2.576) 

Lb-HolestHr 
C H 0 S 

(l.Ol6) - 2.033 
(0.426) 0.426 0.426 
(0.898) 1.797 0.898 
(2.380) 0.426 3,830 1.325 

_~c H 0 

0.530 0.401 0.088 

0.957 4.231 1.413 

C H 0 S 

2.555 
o 62 o o o 62 - 

0.316 O.O 0.632 - 
0.211 0.846 - 

0.015 0.008 
0 90 0.805 0 02 - 

4.220 1.397 0.008 

S K 

0.013 0.020 

0.013 0.020 

Solids Output C H 0 S K 

Char Entrained 0.032 0.005 0.007 0.001 0.007 
Char Samples Withdrawn 0.041 0.006 ,0"013 0.004 0.014 
Char Accumulation -0.006 0.0 -0.003 0.0 -0.002 
Total Solids 0.067 0.011 0.017 0.005 0.020 

Total Output + 0.957 4.231 1.413 0.013 .0.020 
Accumulation 
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YIELD PERIOD 214 

PROCESS VARIABLES 

Measured Reconciled 

VlO0 Gast f ter  Steam ( lbs/hr )  t6.17 16.19 

V l l l  Char Withdrawn ( lbs /hr )  2.20 2.20 

V165 H In Char Entrained (wt%) 0.47 0.47 

V166 H in Char Withdrawn (wt~) 0.28 0.28 

V168 H tn Coal ÷ Catalyst Feed (wt$) 3.83 3.82 

V173 H In Gasifler Startln9 Mld Char (wt%) 0,22 0.22 

V174 H In Gasifler Ending Mld Char (wt%) 0.22 0.22 

VIB] CO in Syngas (moi%) 29.70 29.55 

Vi85 Acid $ol .  K20 tn coal + Catalyst Feed (wt%) 9.16 8.79 

V188 0 in Coal + Catalyst Feed (wt%) 13.46 13.3g 

V193 H 2 in Syngas (mo1%) 70.10 70.45 

V205 C02 tn Product Gas (mo1%) 13.00 13.00 

V207 CH 4 In Product Gas (mo1%) 8.70 8.70 

V208 CO In Product Gas (mo1%) 14.50 14.91 

V212 H 2 in Product Gas (molt) 52.50 52.56 

V214 N 2 In Product Gas (mo1%) I0.50 10.51 

V215 H2S In Product Gas (mo1%) 0.35 0.31 

V222 Carbon in Char Withdrawn (wt%) 22.38 22.3g 

V227 Acid Sol. K20 In Char Entrained (wt%) 30.49 30.77 

V232 Acid sol. K20 in Char Withdrawn (wt%) 30.og 30.32 

V257 Carbon in Gaslfier Starting Mid Char (wt%) 25.42 25.90 

V258 Carbon In Gaslfier Ending Mid Char (wt%) 25.41 25.20 

V265 Acid Sol. K20 in Gaslfier Starting Mld Char (wt%) 30.10 29.75 

V266 Acid 5oi. K20 In Gasifler Ending Mid Char (wt%) 28.39 29.08 

V28g ASTM Ash in Char Entrained (wt%) 61.90 61.99 

V292 ASTN Ash In Char Withdrawn (wt%) 77.67 77.96 

VZ93 ASTM Ash In Feed Coal + Catalyst  (wt%) 26.89 26.72 

V294 C/H Residue In Feed Coal + Catalyst (wt%) 22.08 21.97 

v2gS C/H Residue in Char Entrained (wt%) 62.12 62.21 

V306 ASTMAsh in Gaslfler Startlng Hid Char (wt%) 70.80 62.51 

V307 ASTM Ash tn Gasi f ter  Ending Rid Char (wt%) 73.57 8 1 . 9 5  

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V338 

V350 

V351 

V353 

V354 

V355 

V407 

V473 

v4g5 

v4g8 

F384 

F385 

PGKO 

U(I14) 

u(115) 
u(=16) 
U(117) 

U(lIB) 
U(I19) 
U(120) 

u(121) 
U(122) 

u(123) 
EDD(I) 

YIELD PERIOD 214 

PROCESS VARIABLES 

C/H Residue in Char Withdrawn (wt%) 

C/H Restdue in Gast f te r  S tar t ing  Mtd Char (wt~) 

C/H Residue tn Gas t f l e r  Ending Mtd Char (wt%) 

S03-Free ASTM Ash to Feed Coal + Catalyst  (wt%) 

S03-Free ASTM Ash fn Chmr Entrained (wt%) 

S03-Free ASTM Ash In Char Withdrawn (wt%) 

S03-Free ASTM Ash In Star t ing  Mtd Char (wtZ) 

S03-Free ASTM Ash in Ending Mtd Char (wt%) 

S03-Free C/H Residue tn Feed Coal + Catalyst  (w i t )  

S03-Free C/H Residue tn Char Entrained (wt%) 

S03-Free C/H Residue tn Char Wtthdraim (wt%) 

S03-Free C/H Residue tn Star t ing Mtd Char (wt%) 

S03-Free C/H Residue In Ending Mtd Char (wt%) 

Coal + Catalyst Feed ( l bs /h r )  

Char Entrained ( l bs /h r )  

Carbon in Feed Coal (wt%) 

Carbon in Char Entrained (wt%) 

Syngas Flow ~eter {CFH) 

Product Gas Flow Meter (CFH) 

Product Gas Condensate (Ibs/hr) 

Starting Bed AP (B-A) (in Hg) 

Starting Bed Ap (C-B) (in Hg) 

Starting Bed Ap (D-C) (in Hg) 

Starting Bed eP IF-El (in Hg) 

Starting Overall Bed AP (F-A) (in Hg) 

Ending Bed AP (B-A) ( in  Hg) 

Ending Bed AP (C-B) {In Hg) 

Ending Bed AP (D-C) (in Hg) 

Ending Bed AP IF-El (in Hg) 

Ending Overall Bed AP (F-A) ( tn Hg) 

Starting Bed AP (E-O) (in Hg) 

Neasured Reconciled 

76.78 77.05 

69.57 69.13 

71.42 71.86 

19.27 17.38 

52.59 51. t8 

61.35 61.49 

58.22 57.48 

58.42 58.65 

14.46 14.99 

52,81 52.08 

59.71 57.84 

56.99 59.32 

56.27 54.14 

10.72 10.57 

1 .o0 1 .10  

61.98 60.31 

33.59 34.4 

51.7g 51. I~ 

127.00 126.4~, 

7.08 6.93 

2.50 2. ~ 

1.50  I , ~  

I, 30 1.3C 

o . 0 0  o.oc,  

5.70 5.6 c 

2.50 ?.51 

1 .40  1 .40  

1 .40  1 .40  

0 . 0 0  O. (~ 

5.30 5.31 
O. 40 O. 40 

Q e I 
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YIELD PERIOD 214 

PROCESS VARIABLES 

I 

po 
u1 
~D 

EDD(6) Ending Bed AP (E-D) (in Hg) 

DPOST 
V280 
V281 
V187 
V245 
V244 
V243 
V862 
V863 
V867 
V868 
V869 

V871 

V872 

V876 

V877 
V878 

V880 
V881 
V885 
V886 
V887 

VBBg 
V890 
V894 
V895 
V896 
V822 
V823 
V827 

Deposits Accumulated on Gasifier Walls (Ibs) 

S in Gaslfler Starting Mid Char (wt%) 
S in Gaslfler Ending Mid Char (wt%) 
S in Coal + Catalyst Feed wt%) 
S in Char Withdrawn (wt%) 
S in Char Entrained (wt%) 
S in Product Gas Condensate (wt%) 
Si02 in S03-Free Ash in Starting Mid Char (wt%) 
SlO2 in S03-Free Ash in Ending Mid Char (wt%) 
SiO2 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
SlOZ in SO3-Free Ash in Char Withdrawn (wt%) 
Si02 in S03-Free Ash in Char Entrained (wt%) 
Fe203 in S03-Free Ash in Starting Mid Char (wt%) 
Fe2~ 3 in S03-Free Ash tn Ending Mid Char (wt%) 
Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 

Fe203 in S03-Free Ash in Char Withdrawn (wt%) 

Fe203 in SO3-Free Ash in Char Entrained (wt%) 
A1203 in S03-Free Ash in Start ing Mid Char (wt%) 

A]203 in S03-Free Ash in Ending Mid Char (wt%) 
A1203 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 
A1203 in S03-Free Ash in Char Withdrawn (wt%) 
Al203 in S03-Free Ash in Char Entrained (wt%) 
CaO in S03-Free Ash in Starting Mld Char (wt%) 
CaD in S03-Free Ash in Ending Mid Char (wt%) 
CaO In S03-Free Ash In Coal + Catalyst Feed (wt%) 
CaO in SO3-Free Ash ~n Char Withdrawn (wt%) 
CaO in S03-Free A ~:~ :.  Char Entrained (wt%) 
C1 in SO3-Free Ash in Starting Mid Char (wt%) 
C1 in S03-Free Ash in Ending Mid Char (wt%) 
C1 in S03-Free Ash in Coal ÷ Catalyst Feed (wt%) 

Measured Reconciled 

0.00 O.00 

0.00 0.00 
4.90 5.05 
5.80 5.62 

3.82 3.99 

6.17 6,03 

3.39 3.38 
0.04 0.04 

26.18 26.35 

28.11 28.01 
26,46 26.47 
26.76 26.89 

20.29 20.50 
8.80 8.7l 
8.85 8.95 

10.06 9.90 
10.02 lO.15 
8.34 8.41 
8.98 g.o0 
9.69 9.68 
8.83 8.83 
9.16 9.18 
5.95 5.97 

1.95 1.82 
1.38 1.44 

2.24 2.06 
2.05 2.17 

2,77 2.87 
0.24 0,23 

0,24 0.25 
0.09 0.08 

V828 

V829 
V836 
VEI37 

V841 
V842 

V843 

V898 
VBg9 
V903 

V904 

V905 
V916 
Vgl 7 

V921 
V922 

V923 

V925 

V926 

V930 
V931 
V932 
V8l 3 
V814 
V818 

V819 
V820 
V805 
V806 
V810 
V811 

YIELD PERIOD 214 

PROCESS VARIABLES 

Cl in S03-Free Ash in Char Withdrawn (wt%) 
Cl in SO3-Free Ash in Char Entrained (wt%) 
Acid Sol. Na20 in Gasifler Starting Mid Char (wt%) 
Acld Sol. Na20 in Gaslfler Endlng Mid Char (wt%) 
Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 

Acid Sol. Na20 tn Char Withdrawn (wt%) 

Acid Sol. Na20 in Char Entrained (wt%) 
MgO In S03-Free Ash Starting Mid Char (wt%) 
MgO in SO3-Free Ash in Ending Mid Char (wt%) 
MgO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
MgO in S03-Free Ash in Char Withdrawn (wt%) 
MgO in S03-Free Ash in Char Entrained (wt) 
Ti02 in SO3-Free Ash in Starting Mid Char (wt%) 
Ti02 in SO3-Free Ash in Ending Mid Char (wt%) 
TiO 2 in S03-Free Ash In Coal ÷ Catalyst Feed (wt%) 
TiO 2 in S03-Free Ash in Chap Withdrawn (wt%) 
Ti02 in SO3-Free Ash in Char Entrained (wt%) 
P205 in S03-Free Ash In Starting Mid Char (wt%) 
P20S in S03-Free Ash In Ending Mid Char (wt%) 
P205 in S03-Free Ash In Coal + Catalyst Feed (wt%) 
P20 s in SO3-F~ee Ash in Char Withdrawn (wt%) 
P205 in S03-Free Ash in Char Entrained (wt%) 
N in Starting Mid Char (wt%) 
N in Ending Mid Char (wt%) 
N in Coal + Catalyst Feed (wt%) 
N in Char Withdrawn (wt%) 
N in Char Entrained (wt%) 
0 in Starting Mid Char (wt%) 
0 in Ending Mid Char (wt%) 
0 in Char Withdrawn (wt%) 
0 in Char Entrained (wt%) 

Measured Recancil~(~ 

0.23 0.24 
0.33 0.34 
0.55 0.58 
0.57 0.54 
0.]4 0.14 
0.55 0.54 
0.58 0.57 
0.58 0.56 

0.55 0.57 

0.56 0,54 

0.55 0.57 
0,43 0.43 

0.41 0.41 
0.44 0.44 
0.43 0.43 
0.40 0.40 
0.45 0.45 
0,40 0.39 
0.38 0.39 

0.37 0.36 
0,45 0.46 

0.14 0.14 
0.22 0.22 
0.18 0.18 
1.13 1.12 
0.14 0.14 
0.20 0.20 

]0.78 10.90 
9.95 9.89 
9.44 9.44 
9.90 10.02 



PO 

C) 

RECONCILED DATA 

YIELD-PERIOD 215 

UNIT OPERATIONS 

Time Date 

From 7:30 6-20-77 

To 7:30 6-21-77 

Duration 24 Hrs 

Percent of Time on Stream 

Coal Feed 100 

Steam 100 

Syngas log 

Gasifier Process Temperatures 

Gasifier Bed Height ( i t )  Gasifier Temperature (°F) 

43.2 1146 

38.4 1156 

32.1 1309 

26.6 1335 

21.2 1308 

16.0 1312 

10.9 1302 

6.4 1289 

0.4 1242 

YIELD PERIOD 215 

UNIT PROCESS VARIABLES 

Unit Temperatures 

Lockhopper I Top 
Lockhopper 1 Bottom 

Lockhopper 2 Top 
Lockhopper ? Bottom 

Gasifler Feed Line 
Gaslfler Steam Line 

Gasi f ter  
Top of  Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gasifier Backend 
Cyclone Inlet 
F i l ter  Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

tockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

Gasifier 
Gasifler Tot 
Gas i f ter  Rottom 

Rough Cut Cyclone Outlet  
F i l t e r  Out let  
Scrubber Out let  

Product Gas Meter 

Process~ °F 

245 
216 

236 
250 

724 
1016 

1309 
1242 
1300 

645 
746 
701 
644 
715 

1200 

436 
89 

99 

Psia 

117.3 
116.7 
163.7 
162.7 

113.7 
116.3 

113.7 
106.8 
105.3 

114.7 

Metal z ~  

263 
190 

280 
316 

987 
1069 

1359 
1256 
1343 

987 
1107 
lOOg 
1066 
I010 
1057 
gg4 

543 
479 

431 

I~ 4 e ID 
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YIELD PERIOD 215 

FLUID-SOL]US PATA 

G_asif]er Fluidized Bed PropertJ_es 

Bed Bottom Density ( lbs/cf)  
Bed Top Density ( lbslcf) 
Bed Average Density (Ibs/cf) 
Bed lleight ( i t )  
Bed Holdup (Ibs) 
Bed Volume (cf) 
Average Bed Temperature (°F) 
Space Velocity (bed) (cf/cf/hr) 
Bottom Superficial Velocity (ft/sec) 
Top Superficial Velocity (ft/sec) 

Cyclone performance 

Temperature (°F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (ft/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (Ibs/hr) 
Solids Escaping (Ibs/hr) 
Overall Efficiency (Captured/Enterlng, Wt.%) 

Solids Carryover Lo~s 

Coal + Catalyst Feed (Ibs/hr) 
Total Carryover (Ibs/hr) 
Cyclone (]bs/hr) 
Fil ter (Ibs/hr) 
Carryover/Feed (Wt.%} 

Solids Carbon Loss 

Carbon in Feed (lbs/hr) 
Carbon in Carryover (lbs/hr) 
Carryover/Feed (Wt.%) 

1~,,0 
12.8 
10.4 
35.6 
67,5 
5.9 

1309.2 
82.9 
0.72 
0.76 

543.0 
110,7 

1114.2 
285.5 
22.4 
o.g 

O.O03Z 
0.8 
0.I 

90.I 

II.O0 
0.91 
0.82 
O.Og 
8.3 

6.61 
0.36 
5~5 

YIELD PERIOD 215 

UNIT CONVERSIONS 

C~rbon Consumption 

C,~rbon |~ Feed* (Vbs/hr) 6.61 
C~rbon from l}evotatllizatiori** of Feed Coal (ibs/hr) 2.02 
C~rbon Gasified (by difference} (lbs/hr) 3.78 
Tufa{ Carbon Converted (Ibs/hr) 5.80 

Carbon Conv_ersion ' (C Converted/C in Feed} 

G~siric~tio~1 Only (%) 57.2 
To~I, Including Devolatilization (%) 87.7 

Carbon Distribution 

Total Converted (3) 87.7 
Entrained (%) 5.3 
Withdra:~n (%) 9.2 
Accumulated (%) -2.2 
Conversion (Entrainment Backed Out) 92.6 

Specific Reaction Rates (C Converted/C in Bed) 

Gasification Only (%/Hr) 19.2 
Including Devoiatilizati,m 29.4 

Steam Consumption 

Steam into Unit (Ibs/hr) ]6.48 
Steam Reacted with Carbon (lbs/hr) 5.67 
Total Steam Consumed (Ibs/hr) 9.58 

Steam Converslon (Steam Cons b~ned/Steam into B~_d_d~ 

Gasification* (~) 34.4 
Total Steam Converted (%) 58.1 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (Ibs/Ibs) 0.229 
Carbon Converted/SLeam Fed (mol/mol) 0.344 
Carbon Converted/Bed Volume ( lbs/hr) /cf t  0.580 
Carbon Converted/Bed Volume (mol/hr)/cft 0.048 
C~"bu~, in Bed/Steam Fed Ibs/(Ibs/hr) 1.195 
Carbon in Bed/Steam Fed mol/(mol/hr) 1,793 

*Excludes carbon in catalyst 
~As~umed from standard ASI~ devola t i l l za t ion test uf feed coal 
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YIELD PERIOD 215 

UNIT COMPOSITIONS 

U1tl~te Anal~ 
CataIxst Distribution* 

Gasifier Char 
Wt% Feed ~ Mid Bottom Entrained 

C~nt__ 
K as K20 9.2 27,2 28.8 30.9 27.6 
K as K2C03 13.5 39.9 42.3 45.4 40.5 H 

K as K 7.6 22.6 23.9 25.7 22.9 C 

K Water/Acid. 0.697 0.798 0.737 0.678 0.875 S 
Soluble Ratio 

K2~HzO-Insoluble 2.8 5.5 7.6 10.0 3.4 0 

K2CO) H20-Insoluble 4.1 8.0 11.1 14,6 5.1 N 

K,H20-Insoluble 2.3 4.5 6.3 8.3 2.9 C1 
Carbon 60.1 33.1 29.2 24.3 38.5 
K on Carbon 12.7 68.2 81.9 105.7 59.5 S03-Free Ash 

ASTM Ash 25.g 64.3 70.9 77.9 56.4 Total 

K on Ash 29.5 35.1 33.7 33.0 40.6 

KzCO 3 Fr~e-/L~h 12,1 24.4 28.6 32.5 14,9 
K on K2C03 Free-Ash 63.1 92.4 83.6 79 1 153.9 Solids Flaw Rate • (Ibs/hr) 

Size Dis t r ibu t ion  
Cumulative Wt% Less Than Mesh Size Ash Element Analysis 

/~sh '200 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh 

Feed Coal * Catalyst 1 1 3.1 13.2 43.0 81.8 95.8 I00.0 

Top Char 1.8 6.2 27.1 56.2 86.2 96.3 lO0.O Si02 

Mid Char 0.9 4.6 20.0 48./ 86.4 95.3 99.8 Fe203 
Bottom Char 0.8 3.1 13.7 40.2 77.4 93.6 99.9 

Cyclone 72,9 89.3 99.4 99.6 99.9 99.9 I00.0 A1203 

Filter 0,0 0.0 0.0 0.0 0.0 0.0 0.0 CaO 

Volume/ MgO 
Nuntber Surface Weight Bulk Den}lt~ 

Partlcle Diameter (Microns) Mean Mean Mean i ~ s l ~ f  TtO 2 

Feed Coal + Catalyst  36 239 411 46.8 P205 
Top Char 36 180 349 17.4 

Mid Char 42 213 387 18.9 NaEWO 

Bottom Char 41 251 443 27.8 K2~ Catalyst 

Cyclone 23 27 40 
F i l t e r  Total 

*Based on acid soluble analysis 

~IELD PER!00 215 

SOLII)3 COHPOSITIO~ 

Wt% of  Tota'i _~aI~k.}.L_OJEX__-__ _ 

F_P.~J_- S ~  E~, ,~ ~ ~ h :~ 

3.86 O. 3~ O. ~ 7 

60. l 2~. 3 "~8. 

4.3 6.2 :~.r~ 

11.2 6.8 0.8 

1.01 0.06 0.17 

0.07 O. 23 0, ~ 

19.4 62.0 47.2 

100.0 100.0 I00.0 

11.01 0.91 2.51 

Wt% of SOi-Free Ash.. 

27.4 27.6 22.2 

I I  .0 10.6 8.i 

9.4 9.4 7.0 

2.45 2.33 2.01 

0.56 0.63 0.42 

0.42 0.44 0.43 

0.66 0.51 0,13 

0.90 ~].81 1.24 

47.26 47.63 58.40 

100.0 100.0 100.0 

4 e a 
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YIELD PERIOD 215 

PRODUCT GAS DATA 

Product Gas Partial Pressures. a¢_Gastfier ExJt 

Total Pressure, psia 

H 2 113.7 

CO 53.1 

CH 4 14.0 

C02 7.8 

H2S 12.2 

H20 0.3 

N 2 11.6 

H20/CO l .  1 

H20/CO 2 I .  2 

/ /  

Unit Gas Data 

Syngas F/AT, lbs/mol 9.1 

Product Gas ~ (dry),  lbs/mol 15.1 

ProductGas 

At DTM (dry), SCFH 969.0 

(Dry, N2-Free), SCFH 855.7 

At Gasifier Outlet,  SCFH 114.2 
{Includes N2 + H20) 
At Gaslfier Outlet, ACFH 444.9 
(Includes N2 + H2O) 
At Gasifier Outlet, SCFH 1000.9 
(Excludes N 2) 

A t  Dasifier Outlet, ACFH 399.~ 
(Excludes N2) 

YIELD PERIOD 215 

PRODUCT GAS DATA 

Unit Gas Yields 

Product Gas (Dry), HoI% 
H2 
CO 
C02 
CH4 
H2S 
N2 

Product Gas (Dry, Nz-Free) 
H2 
CO 
C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

H20 
N2 

Product Gas (N2-Free) 
H2 
CO 
CO 2 
CH4 
H2S 
H20 

SCFH CH4/1.b C Active Bed 

SCFH CH4/lb C Feed 

Holes CH4/mole C Feed 

63.7 
14.1 
12.3 
7.9 
0.3 

11.7 

60.8 
16.0 
13.9 
8.9 
0.3 

46.7 
12.3 
10.7 
6.9 
0.3 

13.0 
10.2 

52,0 
13.7 
11.9 
7.7 
0.3 

14.4 

3.9 

11.6 

0.37 

Equilibrium Constants 

Graphtte-HzO: C ÷ H20 - CO + H2 
Shif t :  CO + H20 = C02 + H2 
Methanatton: CO+ 3H 2 • CH4 + H20 
Overall: 2C + 2H20 = CH 4 + C02 

Reactton Corresponding 
Equi l ibrJumat Actual , Equilibrium 

Active Bed Temp Equilibrlum Temperature 
(1309.2°F) Expression ( °F)  

1.9620 3.4059 1369.8 
1.4926 3.1207 1047.7 
0.0602 0.0120 1419.2 
0.3459 0.4344 
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Overall Materlal Balance 

coal Feed (ex K:,) ;O.H_~ 

6 a s l f l e r  Steam 1~3 i," 

Ga.~f ie r  Synga: ~.; ~E' 

Total (e~ t!~) ~fi.'. 

Accumul at i or. : (1, q 1 

Closure; (Output: { , ",, ; , , , :  

i ;i,%~9t - 

P ~ ' , u C t  ~ ' ~  (:::; t:1: 

( ~ r  Fntl*;li rpe( 

! (.,,. {; 

Synthesis Gas Ba____jg~jce 

Ino.p_u_t: S cr :~ 

Gasifler Syngas 54B ; 

H 2 MOI% /~. /  

co 14oi% 27. :i 

Balance: (OutpuL, ' i~ , , '  ;: ' . '  

~ ! t , , p ' :  

l Reproduced from 
best available copy. 

Lb~,"  ~.' . 

30 : /  

':" T"  

':,,~L~L_LL±s/HN." 

~,O~i ~" C~t~ly~.~ ~ 

3:: ~ " : i - ;  

P r o'.hz, ~. 

r,qa;" En£ra l f , ed  

YIELD PERIO0~tS_._ 

I,~TERtAL BALANCES 

6.61 0.43 1.2~ L r . 4 ; I ~  ~.UL'.  

1 . 84  t ~ . ,~  

4 . 7 4  2 .1~  5 . ' 2  

I~). 5,-' 3.6C 

0 78 

U.35 

0 .6~ 0 . 0  

', I. 5U ~,. 3:' 

-0,1 t O.U 

I00  0 lOC. ~' 

1 ,,,,!,:~ _ LL_o~ (b. ' : 

i ; i ~ Q j . :  ~ i :$C,: ."  

Acid SaL. 
K 

0.8C 

0.2 i  

0.0 

0.61 

O. 82 

0.02 

I00.0 

t;~%a:1,:~ ~xc~ade5 c a t a | ~ t  carbonste 
:~ ,' , q  ,~xy!]efl in c , ' , t . a l ys t  

6. I . i  u.  0"J:] 

:J ~ j ' )  " .0.~2 , rj,',:. 

0 I ~ i'..,b H U:A  

,, i 

, ' v .  , 

¢ I 



Ash Balances 

Input (Lbs/Hr): 

Coal + Catalyst 

Entrained Char 

Soltds Withdrawn 

Total 

Accumul at4 on: 

i Closure 
ro  (out + accum)/in, % 

Ash Element Balance 

i Input (Lbs/Hr)" 

Coal + Catalyst 

Entrained Char 

Solids Withdrawn 

Total 

Accumulation: 

Closure 
(out + accum)/tn, % 

YIELD PERIOD 215 

MATERIAL BALANCES 

C/H S03-Ft~e S03-Free 
ASTM Ash Residue ASTMASh C/H Residue 

2.85 2.42 2.14 1.66 

0.51 0.50 0.43 0.41 

1.95 1.84 1.55 1.38 

2.46 2.34 1.98 1.79 

0.38 0 .08  0.16 -0.13 

100 I00 100 '100 

Fe__ez~ A1203 CaD ~ S03 ~ Tt02 PO_~L 

0.586 0.236 0.200 0.052 0.012 0.798 0.019 0.009 0.014 

0.095 0.035 0.030 0.009 0.002 0.086 O.OOS 0.002 0.001 

0.428 0.165 0.146 0.036 0.010 0.409 0.013 0.007 0.008 

0.524 0.200 0.176 0.045 0.012 0.494 0.018 0.009 0.009 

0.062 0.036 0.024 0.008 0.0 0.141 O.OOl 0.0 0.006 

100 100 100 100 100 80 100 100 ]00 

Hole Balance 

H2 
CO 
H20 
Total 

YIELD PERIOD 215 

MATERIAL BALANCES 

Solids Input 

Coal + Cat Feed 

Total Input 

Gas Output 

Product Gas 

(0.361) 
C02 (0.314) 
CH4 (0.202 
HIS (O.OOB) 
H20 (0.383) 
Total (2.641) 

Solids Output 

Char Entrained 
Char Samples Withdrawn 
Char Accumulation 
Total Solids 

Total Output + 
Accumulation 

Lb-Holes/Hr 
C H 0 S 

(1.053) 2.1o7 - 

(0.395) 0.395 0.395 - 

(0.915) 1 . ~  0.915 - 
(2.363) 0.395 3.936 1.309 - 

c H O ,  ~ 

0.551 0.422 0.077 0.015 0.021 

0.945 4.357 1.386 0.015 0.021 

c e o__o_, s 

o. 61 2.745_ o. 61 
0.314 - 0.629 
0.202 0.808 - 

0.015 0.008 
0.766 0.383 

o. 7B 4.33s 1.373 0.;08 

_ _ L c  H 0 S__E_ K 

0.029 0.004 0.006 0 , 0 0 1  0.005 
0.051 0.010' 0.011 0.005 0.016 

-0.012 0.009 -0.003 0.001 0.0 
0.068 0.023 0.013 0.007 0.021 

0.945 4,357 1.386 0.015 .0.021 
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PROCESS VARIABLES 

Measured Reconciled 

Vl00 Gaslfier Ste~  (Ibs/hr) !6,40 16.48 

V111 Char Withdrawn (Ibs/hr) 2.51 2.51 

V165 H in Char Entrained (wt%) 0.47 0.47 

V166 H in Char Withdrawn (wt%) 0.39 0.39 

V168 H in CoaI+ Catalyst Feed (wt%) 3.87 3.86 

V173 H in Gasifier Starting Mid Char (wt%) 0.21 0.21 

V174 H in Gasif ter  Ending Mid Char (wt%) 0.52 0.52 
Vl83 CO In Syngas (mo1%) 27.10 27.26 

V185 Acid 5oi. K20 In Coal + Catalyst Feed (wt%) 8.77 g.lg 

V188 0 in Coal + Catalyst Feed (wt%) 11.20 11.21 

V193 H 2 In Syngas (mol%) 72.70 72.7~ 

V205 CO 2 in Product Gas (mo11) ~?.3U 12.30 

V207 CH 4 In Product Gas (mol¢) 7,gC 7.90 

V208 CO in Product Gas (mo1%) ia l~ 14.12 

V212 H 2 in Product Gas {m01%) 53.30 53.69 

V214 N 2 in Product Gas (moI%) ~1.7n 11.69 

V215 H2S in Product Gas (moI%) O.J5 0.30 

V222 Carbon in Char Withdrawn (wt%) 24.30 24.25 

V227 Acid Sol. K20 In Char Entrained (wt%) 27.66 27.57 

V232 Acld sol, K20 in Char Withdrawn (wt%) 30.23 29.53 

V257 Carbon in Gaslfier Starting Mid Char (wil l  32.71 30.93 

V258 Carbon In Gasifier Ending Mid Char (wt%) 24.73 25.71 

V265 Acid Sol. K20 in Gaslfier Starting Mld Char (wt%) ?9.45 27.67 

V266 Acid Sol. K20 in Gasifler Ending Mid Char (wt%) 28.85 28.31 

V289 ASTM Ash tn Char Entre|ned (wt%) 56.35 56.35 

V292 ASTM Ash in Char Withdrawn (wt%) 77.86 77.88 

V293 ASTM Ash in Feed Coal + CataTyst (wt%) 2~.BH 25.87 

V294 C/H Residue in Feed Coal + Catalyst Cwt%) 21.38 22.01 

V295 C/H Residue in Char Entrained (ut%) 55.37 55.02 

V306 ASll4 Ash in Gasifler Starting Mid Char (wt%) 64.73 64.40 

V307 ASTM Ash In Gasffler Ending Mid Char (wt%) 77.47 77.92 

V310 

V320 

V321 

V333 

V334 

V3~ 

V337 

V338 

V350 

V351 

V353 

V354 

V355 

V407 

V473 

V4g5 

v4g8 

F 384 

F385 

PGK0 

U(l l4)  

U(~15) 
0(116) 
U(II/) 

U(l lS) 

o(119) 
u(lzo) 
u(121) 
0(122) 
u(123) 
E~(1) 

YIELD PERIOD 215 

PROCESS VARIABLES 

C/M Residue In Char Withdrawn (wt%) 

C/H Residue in Gaslfier Starting Mid Char (wt%) 

C/H Residue In Gaslfler Ending Mld Char (wt%) 

S03-Free ASl)1 Ash in Feed Coal + Catalyst (wt%) 

S03-Free ASTM Ash In Char Entrained (wt%) 

S03-Free ASTM Ash In Char Withdrawn (wt%) 

503-Free ASTM Ash tn S ta r t i ng  Mtd Char (wt%) 

S03-Free ASTM Ash in Ending Mid Char (wt%) 

SO3-Free C/H Residue tn Feed Coa i+  Catalyst  (wt%) 

S03-free C/H Residue In Char Entrained (wt%) 

S03-Free C/H Residue In Char Withdrawn (wt%) 

S03-Free C/H Residue In Starting Mid Char (wt%) 

S03-Free C/H Residue in Ending Mid Char (wt%) 

Coal + Catalyst Feed (Ibs/hr) 

Char Entrained (Ibs/hr) 

Carbol} in Feed Cual (wt%) 

Carbon In Char Entralned (wt%) 

Syngas Flow Meter (CFH) 

Product Gas Flow Meter (CFH) 

Product Gas Condensate (Ibs/hr) 

Star t ing  BEd AP (B-A) (in Hg) 

Starting Bed aP (C-B) (in Hg) 

Starting Bed aP (D-C) (In Hg) 

Starting Bed AP (F-E) (in Hg) 

Startlng Overall Bed aP (F-A) (In Hg) 

Ending Bed aP (B-A) (in Hg) 

Ending Bed AP (C-B) (In Hg) 

Ending Bed ~P (D-C) (in Hg) 

Ending Bed ap (F-E) ( In Hg) 

Ending Overall Bed AP (F-A) ( tn IIg) 

Starting Bed AP (E-D) ( in  itg) 

Measured Reconciled 

75.37 73.58 

64.97 57.10 

72.33 69.68 

18.6~. lg.4S 

46.95 47.21 

61.46 61 .gg 

52.42 54.12 

60.33 5g. 56 

14.12 15.11 

45.97 45.10 

59. O0 55.08 

52.68 56.15 

55.19 51.37 

I0.58 If,gO 

0.91 0.91 
61.2D 60.12 

38.98 38. ~0 

53.42 53.0? 

131.11 134.67 

7.16 6.50 

2.10 2.12 

O. 70 O. 70 

2.00 2.02 

O. O0 0.00 

5.20 5. Z4 

2.00 1.98 

D. 50 O. 50 

2.00 1 .g8 

0.00 0.0O 

5.30 5.26 

O. 40 O. 40 

I e 
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EDO(6) 
DPOST 
V280 
V281 
V187 
V246 
V244 
V243 
V852 
V863 
V867 
V868 
V869 
V871 
V872 
V876 
V877 
V878 
V880 
V881 
V885 
V886 
V887 
V889 
V890 
V894 
V895 
V896 
V822 
V823 
V827 

~IELD PERIOD ~15 

PROCESS VARIABLES 

Ending Bed aP (E-O) ( in F;~) 
Deposits Accumulated on G~stfler Walls ( lbs) 
S in GasifJer Starting Mid Char (wt%) 
S In Gastfter Ending Rid Char (wt¢) 
S in Coal ÷ Catalyst Feed ~t%) 
S tn Char Withdrawn (wt%) 
S in Char Entrained (wt%) 
S in Product Gas Condensate (wt%) 
$102 |n S03-Free Ash ]n Starting Hid Char (wt%) 
St02 tn S03-Free ASh in Ending Mid Char (wt%) 
St02 In S03-Free ASh in Coal + Catalyst Feed (wt%) 
St02 tn S03-Free Ash in Char Withdrawn (wt%) 
St02 tn S03-Free Ash in Char Entrai.ed (wt%) 
Fe203 in S03-Free Ash tn Starting Mid Chap (wt%} 
Fe203 in SO3-Free Ash in Ending Hid Char (wt%) 
Fe203 tn S03-Free Ash tn Coal + Catalyst Feed (wt%) 
Fe203 in S03-Free Ash in Char Withdrawn (wt%) 
Fe203 in S03-Free Ash in Chap Entrained (wt%) 
A1203 In S03-Free Ash in St~rtin9 Mid Chap (wt%) 
A1203 tn S03-Free Ash in Ending Ntd Char (wt%) 
A1203 tn S03-Free Ash in Coal + Catalyst Feed (wt%) 
A1203 in S03-FPee Ash tn Char Hithdralm (~t%) 
A1203 in S03-Free Ash tn Char Entrained (~rL%) 
CaO in S03-Free Ash in Starting Hid Char (wt%) 
CaO in S03-Free Ash In Ending Mid Char (wt%) 
CaO tn S03-Free Ash In Co~] + Catalyst Feed (wt%) 
C~O in S03-Free Ash In Chop Withdrawn (wt~) 
CaO in S03-Free Ash In Ch~r Entrained (wt~) 
C] in S03-Free Ash in Starting Mid Char (~t%) 
Cl in S03-Fre., Ash in Ending Mid Char (wt%) 
C1 in S03-Free Ash in Coal ÷ Gatalyst Feed (wt%) 

Heasured Reconciled 

0.80 0.80 
0.00 0.00 
4.79 4.92 
6.45 6.21 
3.91 4.28 
6.58 6.24 
3.57 3.53 
0.04 0.04 

27,17 26.80 
28.08 28.02 
27.11 27.39 
28.50 27.58 
22.31 22.21 
8.65 8.96 

10.89 10.27 
10.27 11.01 
11.42 10.62 
8.25 8.14 
9.11 9.18 
9.94 9.79 
9.17 9.36 
9.63 9.38 
7.04 7.01 
1.60 1.68 
Z.17 1.98 
2.20 2,45 
2.61 2.33 
2.06 2.01 
0.30 0.27 
0.22 0.24 
0.08 0.07 

YIELD ~RIO0 215 

PROCESS VARIABLES 

V828 C1 In S03-FreeAsh in Char Withdrawn (wt%) 
V829 C1 In S03-Free Ash in Char Entrained (wt%) 
V836 Acid Sol. Ha20 in Gasif ier Start ing Mid Char (wt%) 
V837 Acid Sol, Ha20 in Gaslf ler Ending Hid Chap (wt%) 
V841 Acid Sol. Na20 tn Coal + Catalyst Feed (wt%) 
V842 Actd Sol. Na20 in Char Withdrawn (wt%) 
V843 Acid Sol. Ha20 in Char Entrained (wt%) 
V898 MgO in S03-Free Ash Starting Hid Char (wt%) 
V899 MgO in S03-Free Ash in Ending Mid Char (wt%) 
V903 /(gO in S03-Free Ash in Coal + Catalyst Feed (wt¢) 
vg04 MgO tn S03-Free Ash in Char Withdrawn (wt%) 

V905 HgO in S03-Free Ash in Char Entrained (wt) 
V916 T|O 2 In S03-FreeAsh in Start ing Hid Char {wt%) 
V917 T]02 in S03-Free Ash tn Ending Hid Char (wt%) 
V921 TtO 2 In S03-Free Ash In Coal + Catalyst Feed (wt%) 
V922 T402 in S03-Free Ash in Char Withdrawn (wt%) 
V923 TIO 2 In S03-Free Ash in Char Entrained (wt%) 
V925 P205 tn S03-Free Ash in Start ing Hid Char (wt%) 
V926 P205 in S03-Free Ash tn Ending Mid Char (wt%) 
V930 P20 S in S03-Free Ash in Coal + Catalyst Feed (wt%) 
V931 P205 tn S03-Free Ash in Char Withdrawn (wt%) 
V932 P205 in S03-Free Ash in Char Entrained (wt%) 
V813 N In Starting Mid Char (wt%) 
V814 N in Ending Mid Char (wt%) 
V818 N in Coal + Catalyst Feed (wt%) 
V819 N in Char ~Ithdrawn (wt%) 
V820 N in Char Entrained (wt%) 
V805 0 in Starting Mid Char (wt%) 
V606 0 in Ending Mid Char (wt%) 
V810 0 in Char Withdrawn (wt%) 
V811 0 in Char Entralned (wt%) 

Measured Reconciled 
0.22 0.23 
0.33 0.34 
0.60 0.6I 
0.64 0.62 
0.17 0.17 
0.55 0.54 
0.59 0.59 
0.57 0.56 
0.52 0.53 
0.57 0.56 
0,62 0.63 
0.42 0.42 
0.48 O.44 
0.39 0.41 
0.46 0.42 

0.42 0.44 
O. 42 0.43 

0.10 0.10 
0.49 0.42 
0.55 0.66 
0.61 0.5! 
0.13 0.13 
0.11 0.1i 
0.01 0.01 
1.01 1.01 
0.06 0.0~ 
0.13 0.13 
9.46 9.44 
7.74 7.75 
6.96 6.8~ 
9.92 9.82 
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RECONCILED DATA 

YIELD.PERIOD 216 

UNIT OPERATIONS 

From 

To 

Duration 

Percent of Time on Stream 

Coal Feed 

Steam 

Syngas 

Gasifler Process Temperatures 

Gasifler Bed Height ( f t )  

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

I0.9 

6.4 

0.4 

Time Date 

7:30 6-30-77 

7:30 6-31-77 

24 Hrs 

100 

100 

I00 

Gasifier Temperature (°F) 

1158 

1179 

1327 

1336 

1298 

1306 

1292 

t278 

1232 

YIELD PERIOD 216 

UNIT PROCESS VARIABLES 

Unit Temperatures 

tockhopper 1 Top 
Lockhopper I Bottom 

Lockhopper 2 Top 
Lockhopper 2 Bottom 

Gaslfler Feed Line 
Gasifier Steam Line 

Gaslfier 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
6yclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gasifier Backend 
Cyclone Inlet 
F i l ter  Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

Gasifier 
Gaslfier Top 
Gaslfier Bottom 

Rough Cut Cyclone Outlet 
F i l ter  Outlet 
Scrubber Outlet 

Product Gas Meter 

Process, °F 

204 
193 

3O2 
239 

716 
929 

1327 
1232 
1296 

659 
749 
694 
650 
715 

1170 

425 
89 

100 

Psi a 

I18.9 
I16.7 
IS4.7 
163.7 

113.7 
I16,0 

1115 
106.8 
105.1 

114.7 

Meta1,°F 

214 
175 

259 
302 

I000 
973 

1362 
1231 
1338 

970 
1106 
1011 
1066 
1025 
1056 
986 

553 
504 

423 

¢ e 
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VI.qkG PERIOD ~15 

FI.IIII'~-~(I~ IDS D,~TA 

Gaslfier Flutdized Bed Proo~rei~ 

Bed Bottom Density (Ibslcf) 
Bed Top Density (lbs/cf) 
Bed Average Density (Ibs/cf) 
Bed Height ( f t )  
Bed Holdup (lbs) 
Bed Volume (cf) 
Average Bed Temperature {°~) 
Space Velocity (bed) (cf/cf/hr) 
Bottom Superficial Velocity (ft/sec) 
Top Superficial Velocity (ft/sec) 

C~clone Performance 

Temperature (°F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (ft/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (Ibs/acf) 
Solids Captured (lbs/hr) 
Solids Escaping (lbs/br) 
Overall Efficiency (Captured/Entering, Wt.~) 

Solids. Carryover LOss 

Coal + Catalyst Feed (lbs/hr) 
Total Carryover (lbs/hr) 
Cyclone (Ibs/hr} 
Fi l ter (Ibs/hr) 
Carryover/Feed (Wt.%) 

Solids Carbon Loss 

Carbon in Feed (Ibs/hr) 
Carbon in Carryover (Ibs/hr) 
Carryover/Feed (Wt.~) 

1~.0 
11.5 
9,7 

32.5 
56,i 

1306.2 
92.0 
0.10 
0.74 

553.0 
110.7 

1086.4 
281.0 
Z2.1 
l.O 

0,0037 
O.g 
0. I 

90,3 

8.98 
1.03 
O,g3 
0.10 
11.5 

}i,46 
0.Sl 
g.4 

i[ Reproduced from 
best available copy. ~ )  

YIELD PERIOD 216 

UNIT CONVERSIONS 

~_atrb!ohC~sh~jption 

Carbo~ in Feed ~ (lbslhr} B.K~ 
Carbon from Oevolatil izatlon** of Feed Coal (ib~/hr) 1.7B 
Carbon Gasified (by difference) (Ibs/hr) Z.~6 
Total Carbon Converted (Ibs/hr) 4,31 

Carbon Conversion (C Convertffd/C in Feed~ 

Gasification Only (%) 46.9 
Total, Including Devolatilization (%) 7g.o 

Carbon Distribution 

Total Converted (%) 7g.o 
Entrained (~) 9.0 
~ithdrawn (~) 12.1 
Accumulated (~) -O.l 
Conversion (Entrainment Backed Out) 86.8 

Specific Reaction Rates (C Converted/C in Bed~ 

O~sification Only (~/Hr) 12.4 
Including Devolatilization 20.8 

Steam Consump%ion 

Steam into Unit (lbs/hr) 15.80 
Steam Reacted ~Ith Carbon (Ibs/hr) 3.B5" 
Total Steam Consumed (Ibs/hr) 7,74 

Steam Conversion (Steam Consumed/Steam into Bed) 

Gasification ~ (~) 24~3 
Total Steam Converted (%) 4g,O 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (lbs/Ibs) 0.162 
Carbon Converted/Steam Fed (mol/mol) 0.243 
Carbon Converted/Bed Volume ( lbs/hr) /cf t  0,443 
Carbon Converted/Bed Volume (moT/hr)/cft (1.037 
Carbon in Bed/Steam Fed lbs/(Ibs/hr} 1,31% 
Carbon in Bed/Steam Fed mol/(mol/hr) 1.967 

*Fxcl,des carbon in catalyst 
~*Ass~med from standard ASTM devolati l ization test of feed cool 



I 

0 

I 

YIELD PERIOD 216 

UNIT COMPOSITIONS 

Catalyst D is t r i bu t ion*  
,Gas t f t e r  Char 

Wt% Feed Top Mid Bottom Entrained 

K ms K20 9.0 21.9 23.5 25.5 24.1 
K as K2C03 13.2 32.2 34.5 37.4 35.4 

K as K 7.5 18,2 19.5 21.1 20.0 

K Water/Acld, 0,803 0.802 0.787 0.716 0.875 
Soluble Ratio 

K20, H~O-Insoluble 1.8 4.3 5.0 7.2 3.0 

K2CO) H20-Insoluble 2.6 6.4 7.4 10.6 4.4 

K, H20-Insoluble 1.5 3.6 4.2 6.0 2.5 

Carbon 60.8 43.5 36.9 28.8 48.0 

K on Carbon 12.3 41.9 52.9 73.4 41.8 

ASTH Ash 25.1 54.1 61.1 72.8 47.7 

K on Ash 29.8 33.6 32.0 29.0 42.0 

KzCO 3 Free-Ash 11.6 21.1 25.6 34.5 11.4 

K on K2C03 Free-Ash 74.3 86.3 76.2 61.3 176.5 

Size Distribution 
Comulattve Wt% Less Than Mesh Stze 

325 Mesh 200 Mesh lO0 Mesh 50 Mesh 30 ~ s h  20 Mesh 10 Mesh 

Feed Coal + Catalyst 2.9 7.6 18.4 41.4 77.6 95.3 100.0 

Top Char 1.5 5.0 25.1 51.9 82.2 94.4 100.0 

Mid Char 0.8 2.3 13.0 35.7 72.3 90.9 11313.0 

Botton Char 1.1 2.6 10.3 30.3 68.3 89.7 100.0 

Cyclone 72.2 88.1 99.8 100.0 100.0 100.0 100.0 

Fllter 

Volume/ 
Number Surface Weight 

ParttcIe Diameter (Mlcr~ns} Mean Mean Mean 

Feed Coal +CataIyst 29 I92 421 

Top Char 37 394 385 

Mid Char 39 268 488 

Bottom Char 34 281 523 

Cyclone 23 27 39 
F11ter 

*Based on actd soluble analysis 

Bulk Oen}It~ 
l ~s /e f  

51.0 

15.5 

17.2 

25.9 

UltINte Anal#sts 

YIELD PERIOD 216 

SOLIOS COMPOSITION 

Wt% o f  T~@i Sol ids, De-jr 

Component __F_t3JL. ~911ds W/D Entrained 

H 3.87 0.78 0.32 

C 60,8 29.0 48.0 

S 4.1 5.2 2.9 

0 12.4 6.0 9.2 

N 1.04 o.og 0.17 

C1 0.09 O. Ig 0.36 

S03-Free Ash 17.7 58.8 39.0 

Total 100.0 lO0.O 100.0 

Sollds Flow Rate 
(lbs/hr) 

8.98 l .03 2.29 

Ash E1~nent Analysis 

Wt% o f  SOi-Free Ash 

Si02 27.5 31. I 20.2 

Fe203 8.9 10. 3 7.7 

M203 9.1 10.3 6.5 

CaD 1.48 1.91 1.42 

MgO O. 53 O. 65 0.36 

TIO 2 0.44 0.46 0.54 

P205 O. 36 0.46 O. 10 

Na20 O. 89 0.90 I .  33 

K20, Catalyst 50.80 43.89 61.85 

Total lO0.O 100.0 100.0 

L e 



I 

PO 
~J 

YIELD PERIOD 216 

PRODUCT GAS DATA 

Product Gas Part ia l  Pressures at Gasifter Exi t  

Total Pressure, psta 113.7 

H 2 50.3 

CO I1.8 

CH4 6.2 

C02 11.3 

H2S 0.3 

H20 17.7 

N 2 16.0 

H20/CO 1.5 

H20/CO 2 1.6 

Unlt Gas Data 

Syngas ~T,  lbs/mol 9.2 

Product Gas ~ (dry) ,  lbs/mol 15.5 

Product Gas 

At DTH (dry),  SCFH 917.0 

(Dry, N2-Free }, SCFH 763.9 

"At Gastfier Outlet,  SCFH 1086.4 
(Includes N2 + H20) 
At Gastfler Outlet, ACFH 437.0 
(Includes N2 + H20) 
At Gasif ier Outlet, SCFH 933.3 
(Excludes N2) 
At Gaslf ler Outlet,  ACFH 375.4 
(Excludes N2) 

YIELD PERIOD 216 

PRODUCT GAS DATA 

Unlt Gas Ytelds 

Product Gas (Dry). Mo1% 
H2 
CO 
C02 
CH4 
H2S 
N2 

Product Gas (Dry, N2-Free) 
H2 
CO 
C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

H20 
N2 

Product Gas (N2-Free) 
H2 
C0 
C02 
CH4 
H2S 
H20 

SCFH CH4/lb C Acttve Bed 

SCFH CH4/lb C Feed 

Holes CH4/mole C Feed 

52.4 
12.3 
11.8 
6.5 
0.3 

16.7 

62.9 
14.8 
14.2 
7.8 
0.4 

44.2 
10.4 
10.0 
5.5 
O.2 

15.6 
14.1 

51.5 
12.1 
I1,6 
6.4 
0.2 

18.2 

2.9 

10.9 

0.35 

Equil ibrium Constants 

Graphite-H20: C ÷ H20 • CO + H2 
Shi f t :  CO + H20 = C02 + H2 
Methanatton: C0 + 3H 2 = CH4 + H20 
Overall :  2C + 2H20 = CH 4 + C02 

Reaction Corresponding 
Equlllbrl~ at Actual Equilibrium 

Active Bed Temp Equil ibrium Temperature 
(13062°F) Expression (°F) 

1.9072 2.2824 1325.4 
1.5035 2.7127 1091.2 
0,0631 0.0159 1398.8 
0,3451 0.2247 
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~ T [ ~ # I ,  BAtJINCES 

r~ -M 

L"'_?u-£: '~LN) 

Coal F~ee (:~, ,~2) 5.89 

Gosl f le r  ~ t "ci'i~ 5.PO 

CIaR I i ' ier Sy~qa ~ 'I;'. :2 

A~ l,n,~.: .~a t ! nr ; ? 2'g 

Pi'Od::Ct ?ms (~:~ t~2)  2.6.24 

Pl-ou~ct G~u N:~ i I .  32 

P~od~ct '~at~r 8.06 

Chac Ent;'~inell 1.03 

So ) i ~ iT'.' thdPa~a 2.29 

fr,/'al ' , '~ '  ~i" } 2 7 . 6 1  

I0(~ n 

!.E~.,~: SC!~_ 

3asl f ' ~ r  Sy,,ga: / ~ , 4  

H Z w~1% ,'Z. '~ 

r:? "~I~ 27.h 

'~=iance:,, (OI~tp~t/~)p,i:i ~ 11"~.,' 

M 2 ~ Cfi i~ ~ro~uct Ga~ 593.4 

H 2 Mol% 52.4 

CO I~ol% !2 3 

Element B~lances 

Coal + Ca ta l ys t * *  

Gaslfler Steam 

r~s l f le r  Syngas 

TotaT 

Outuu~: 

Product Gas 

Product Water 

Char Entrained 

Solids Withdrawn 

Total 

~ccumulatton: 

Clo~ure 
(Out ~Accu~)/i~, % 

YIELO PERIOD.~  

MATERIAL BMI.ANCE$ 

5.4s o.34 1.1z 

1.77 14.03 

4.59 ?.02 8.11 

10.05 4.13 2V.26 

B.90 3.20 1J.91 

- 0.90 7.15 

O. 49 O, {10 ~. 09 

0.66 0.02 ~:.14 

10.06 4.12 2].29 

,-0.01 0.01 -~}.04 

lO0.O 100,0 !UO.O 

catat_Ly.~Ealence 
Acid Sol. J~ter Snl. 

Coal • Cata lys t  0.67 0 .5 {  

Char Entr~lr led 0.21 0.18 

Product Water 0.0 0.0 

S;~ll~ ~tthdrawn 0.49 0.35 

~otal 0.70 0.53 

A c i d u l a t i o n :  -0 .03 -0.09 

Closure 100.0 81 4 
(cut+ accum) l l .  

~¢~o~ ~L~.ce e x c l ~ s  cata l~ t  c a r l i s l e  
"; 'L~clud~ c#JPbon and oxygen In c a t a l y s t  

Su l fu r  Chlortne 

0.366 0.008 

0.366 0.008 

0.228 

0.003 

0.030 0.004 

0.118 0.004 

O, 380 0.008 

-0013  0.0 

100.0 I00.0 

im t il 



I 
ro  

Ash Balances 

Input (LbS/HP): 

Coal + Catalyst 

out~ :  
Entrained Char 

Solids Withdrawn 

Total 

Accumulation: 

Closure 
(out + accum)/in, % 

Ash Element Balance 

Input (Lbs/Hr) : 

Coal + Catalyst 

output: 
Entrained Char 

So] ids Withdrawn 

Total 

Accumulation: 

Closure 
(out + accum)/in, % 

YIELD PERIOD 216 

MATERIAL BALANCES 

C/H 
ASTM Ash Residue 

2.25 1.91 

S03-Free S03-Pree 
ASTHAsh C/H Residue 

1.5g 1.33 

0.49 0.48 0.40 0.38 

1,67 1.57 1.35 1.119 

2.16 2.05 1.75 1.57 

0.009 -0.14 -0.16 -0.24 

100 l~ 100 100 

~ ~ CaD _MgO ~ Na20 ~ P20~ 

0.437 0.142 0.144 0.023 0.008 0.650 0.0]4 0.007 0.006 

0.081 0.031 0.026 0.006 0.001 0.084 0.005 0.002 0.0 

0.419 0.139 0.139 0.026 O.OOg 0.315 0.0]2 0.006 0.006 

0.500 0.170 0.165 0.031 0.010 0.400 0.017 0.008 0.007 

-0.063 -0.028 -0.020 -0.008 -0.002 0.015 -0.003 -0.001 -0.001 

100 100 100 100 100 92 100 100 100 

~ 1 8  Balance 

H2 
CO 
H20 
Total 

YIELD PERIOD 216 

MATERIAL BALANCES 

Solids Input 

Coal + Cat Feed 

Total, Input 

Gas Output 

Product Gas 

(0.298) 
CO 2 (0.285) 
CH 4 (0.157) 
H2S (0.007) 
H20 (0.447) 
Total (2.461) 

Soltds O u t p u t  I 

Char Entrained 
Char Samples Withdrawn 
Char Accumulation 
Total Solids 

Total Output + 
Accumulation 

Lb-Moles/Hr 
C H 0 

(1.002) 2.003 
(0.382) o.~82 o.~e2 
(0.877) - 1.754 0.877 
(2.261) 0.382 3.757 1.259 

C H 0 S K 

0.4S5 0.345 0.070 0.011 0.017 

0.837 4.103 1.329 0.011 0.017 

C H 0 S 

o. 98 2.535 o. gB : 
0.285 0.571 
0.157 0.629 

- 0.0]7 0.007 
0.894 0.447 

0,741 4.072 1.316 0.007 

_.E_c H 0 
0.041 0.003 0.006 
0.055 0.018 0.009 

-0.001 0.009 ~-0.002 
0.096 0.030 0.012 

0.837 4.102 1,329 

S K 

0.001 0.005 
0.004 0.013 
0.0 -0.001 
0.004 0.017 

0.011 . 0.017 
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YIELD PERIOD 216 

PROCESS VARIABLES 

Measured Reconciled 

VlO0 Gaslfier Steam (Ibs/hr) 15.77 15.80 

Vlll Char Withdrawn (Ibs/hr) 2.29 2.2g 

V165 H In Char Entrained (wt%) 0.32 0.32 

VI66 H in Char Withdrawn (wtt) 0.78 0.78 

V168 H in Coal +CataIyst Feed (wtt) 3.88 3.87 

V173 H in Gaslfier Starting Mid Char (wtt) 0.30 0.30 

V174 H in Gasifier Ending Mid Char (wt%) 0.72 0.72 

VI83 CO in Syngas (molt) 26,90 27.60 

V185 Acid Sol. K20 in Coal + Catalyst Feed (wt%) 9.06 8.99 

V188 0 in Coal + Catalyst Feed (wt%) 12.40 12.42 

V193 H 2 in Syngas (molt) 73.00 72.40 

VZOS CO 2 in Product Gas (mol%) 11.80 11.80 

V207 CH 4 In Product Gas (mo1%) 6.50 6.50 

V208 CO in Product Gas (moi%) 12.80 12.33 

v212 H 2 tn Product Gas (molt) 51.60 52.38 

V214 N 2 tn Product Gas (mo1%) 16.70 16.70 

V215 H2S in Product Gas (moil) 0.35 0.29 

V222 Carbon in Char Withdrawn (wt%) 28.81 29.00 

V227 Actd Soi. K20 In Char Entrained (wt%) 24.03 24.14 

V~32 Acid sol. K20 In Char Wfthdra~m (wt%) 25.46 25.81 

V257 Carbon in Gasifier Starting Mid Char (wit) 38.15 38.28 

V258 Carbon in Gasifier Ending Mid Char (wt%) 39.48 41.26 

V265 Acld S01. K20 in Gasifier Starting Mid Char (wt%) 24,59 24.19 

V266 ~Id 5oi. K20 in Gasifler [nding Mid Char (wt%) 22.44 24.94 

V289 ASTIq Ash in Char Entrained (wt%) 47.64 47.69 

V292 ASTM Ash in Char Withdrawn (wt%) 72.78 73.05 

V293 ASTM Ash in Feed Coal + Catalyst (wt%) 25.20 25.07 

V294 C/H Residue in Feed Coal + Catalyst (wt%) 21.36 21.30 

V295 C/H Residue in Char Entrained (wt%) 46.51 46.54 

V306 ASTM Ash In Gaslfler Starting Mtd Char (wt%) 60.79 55.6(3 

V307 ASTM Ash in GasIfler Ending Mid Char (wt%) 59.65 64.25 

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V338 

V350 

V351 

V353 

V354 

V355 

V407 

V473 

V495 

V498 

F384 

F385 

PGKO 

U(114) 

u(]]5) 
U(116) 

U(117) 

U(I18) 

~J(119) 

u(I7O) 
U(121) 

U(122) 

u(12a) 
EOO( I ) 

YIELD PERIOD 216 

PROCESS VARIABLES 

C/H Restdue in Char gtthdrawm (wt%) 

C/H Residue In Gaslf ler Starting Rid Char (wt%) 

C/H Residue In Gasffter Ending Mid Char (wt%) 

SO3-Free ASTM Ash tn Feed Coal + Catalyst (wtZ) 

S03-Free ASTM Ash In Char Entrained (wi l l  

S03-Free ASTN Ash in Char Wtthdra~ (wt%) 

S03-Free ASTM Ash tn Starting Mtd Char (wt%) 

S03-Free ASTM Ash In Ending Mid Char (wt%) 

S03-Free C/H Residue In Feed Coal + Catalyst (wt%) 

S03-Free C/H Residue in Char Entrained (wit) 

SO3-Free C/H Residue In Char Withdrawn (wtI)  

SO3-Free C/H Residue tn Starting Mtd Char [wtt) 

SO3-F~e C/H Residue tn Ending Hid Char (wtt) 

Coal + Catalyst Feed ( lbs/hr) 

Char Entrained (lhs/hr) 

Carbon In Feed Coat (wt%) 

Carbon In Char Entrained (wtt) 

Syngas Flow Meter (CFH) 

Product Gas Flow Meter (CFH) 

Product Gas Condensate (Ibs/hr) 

Starting Bed AP (B-A) (In Hg) 

Starting Bed AP (C-B) (|n 8g) 

Starting Bed AP (D-C) (in Ha) 

Startlng Bed AP IF-El (In Ha) 

Starting Overall Bed aP (F-A) (In Hg) 

Ending Bed AP (B-A) (In Mg) 

Ending Bed aP (C-B) (In Hg) 

Ending Bed aP (D-C) (in Hq) 

Ending Bed AP IF-El (In Hg) 

Ending Overall Bed Ap (F-A) (in Hg) 

Starting Bed AP (E-D) (In Ha) 

Reasured Reconciled 

68.47 68.62 

58.39 58.22 

57.32 57.47 

17.94 17.79 

39.34 39.04 

59.07 58.81 

SO. 19 49.93 

49.26 47.55 

14.04 14.81 

37.65 37.01 

54.76 51.76 

47.79 50.33 

a6.93 44.68 

9.06 8.98 

1.03 1.03 

60.97 60.81 

47.41 47.97 

50.83 50.35 

124.04 127.70 

8.00 7.66 

1.90 1.90 

0.80 0.80 

I .go 1.90 

0.00 0.00 

4.80 4.80 

1.80 1.80 

O. 70 O. 70 

1.80 1.90 

O.OO O,OO 

4.40 4.41 

O. 20 O. ?0 

¢ a 
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EDD(6) 
DPOST 

V280 

V281 

V187 

V246 
V244 

V243 

V862 
V863 

V867 

V868 

V869 

V871 

V872 

V876 

V877 

V878 

V880 
VBBI 
V885 
V886 
V887 
V889 
V890 
V894 

V895 
V896 
V822 
V823 
V627 

YIELD PERIOD 216 

PROCESS VARIABLES 

Endtng Bed AP (E-D) ( in  Hg) 
Deposits Accumulated on Gastfter Walls ( lbs)  

S in Gasifier Starting Mid Char (wt%) 
S in Gasifler Ending Mid Char (wt%) 
S in Coal + Catalyst Feed wt%) 

S in Char Withdrawn (wt%) 
S In Char Entrained (wt%) 
S in Product Gas Condensate (wt%) 
St02 in S03-Free Ash in Starting Mid Char (wt%) 
St02 in S03-Free Ash tn Ending Mid Char (wt%) 

Si02 in S03-Free Ash in Coal + Catalyst Feed (wt%) 

St02 In S03-Free Ash in Char Withdrawn (wt%) 
5102 In S03-Free Ash in Char Entrained (wt%) 
Fe203 in S03-Free Ash in Starting Mid Char (wt%) 
Fe203 in S03-Free Ash in Ending Mid Chap (wt%) 
Fez03 in S03-Free Ash In Coal ÷ Catalyst Feed (wt%) 
Fe203 in S03-Free Ash In Char Withdrawn (wt%) 

Fe203 in SD3-Free Ash in Char Entrained (wt%) 
A1203 In S03-Free Ash in Starting Mid Char (wt%) 
A1203 in S03-Free Ash in Ending Mid Char (wt%) 
A1203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
A1203 in S03-Free Ash in Char Withdrawn (wt%) 
A1203 in S03-Free Ash in Char Entrained (wt%) 
CaO in 5O3-Free ASh in Starting Mid Char (wt%) 
CaO in S03-Free Ash in Ending Mid Char (wt%) 
CaO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
CaO in S03-Free Ash in Char Withdrawn (wt%) 
CaO in S03-Free Ash in Char Entrained (wt%) 
C1 in S03-Free Ash in Starting Mid Char (wt%) 
C1 in S03-Free Ash in Endlng Mid Char (wt%) 
C1 in S03-Free Ash in Coal + Catalyst Feed (wt%) 

Measured Reconciled 

0.10 0.10 

0.00 0.00 

4,05 4.17 

4,05 3.96 

3.73 4.07 

5.24 5.16 
2.97 2.95 

0.04 0.04 

28.12 28.96 
27.47 27.38 

26.48 27.48 

31.49 31.11 

20.24 20.21 

8.94 9.16 
8.06 7.96 

8.67 8.94 
10.56 10.32 

7.76 7.72 

9.43 9.67 

9.33 9.20 
8.81 9 .08  

10.54 10.31 

6.49 6.47 

1.25 1.31 

0.81 0.79 
1.38 1.48 

2.08 1.91 

1.44 1.42 

0.28 0.25 
0.23 0.25 
0.10 0.08 

YIELD PERIOD 716 

PROCESS VARIABLES 

V828 C1 in S03-Free Ash tn Char Withdrawn (wt%) 
V829 C1 in S03-Free Ash in Char Entrained (wt%) 
V836 Acid Soi. Na20 in Gaslfler Starting Mid Char (wt%) 
V837 Acid Sol. Na20 in Gaslfler Ending Mid Char (wt%) 
V841 Acid Soi. Na20 in Coal + Catalyst Feed (wt%) 
V842 Acid Sol. Na20 in Char Withdrawn (wt%) 
V843 Acid 5o1. Na20 in Char Entrained (wt%) 
V898 MgO in SO3-Free Ash Starting Mid Char (wt%) 
V899 MgO in S03-Free Ash in Ending Mld Char (wt%) 
V903 MgO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
V904 MgO in 503-Free Ash In Char Withdrawn (wt%} 

V905 MgO in S03-Free Ash in Char Entralned (wt) 
V916 Ti02 in S03-Free Ash in Starting Mid Char (wt%) 
V917 Ti02 in S03-Free Ash In Ending Mid Char (wt%) 
vg21 TIO 2 in S03-Free Ash in Coal + Catalyst Feed (wt~) 
V922 TiO 2 in S03-Free Ash In Char Withdrawn (wt%) 
V923 Ti02 in 503-Free Ash in Char Entrained (wt%) 
V925 P205 in S03-Free Ash in Starting Mid Char (wt%) 
V926 P205 inSO3-Free Ash in Ending Mld Char (wt%) 
V930 P205 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
V931 P205 in S03-Free Ash in Char Withdrawn (wt%) 
V932 P205 In 503-Free Ash in Char Entrained (wt%) 
V813 N in Starting Mid Char (wt%) 
V814 N in Ending Mid Char (wt%) 
V818 H in Coal + Catalyst Feed (wt%) 
V819 N in Char Withdrawn (wt%) 
V820 N in Char Entrained (wt%) 
V805 0 in Starting Mid Char (wt¢) 
V806 O in Ending Mid Char (wt%) 
V810 O in Char Wlthdrawn (wt%) 
VSII 0 in Char Entrained (wt%) 

Measured Reconciled 

0.18 0.19 

0.34 0.36 

0.53 0.56 

0.54 0.51 

0.15 0.16 

0.55 0.53 
0.53 0.52 

0.60 0.60 
0.52 0.52 
0.53 0.53 

0.65 0.65 

0.36 0.36 

0.51 0.50 

0.45 0.46 

0.45 0.46 

0.45 0.46 

0.54 0.54 

0.20 0.22 

0.19 0.18 
0.31 0.36 

0.66 0.46 

0.10 0.10 

0.01 0.01 

0.08 0.08 

1.04 1.04 
0.09 0.09 

0.17 0.17 

7.02 7.06 
6.17 6.18 
5.86 5.96 
9.18 9.19 



RECONCILED DATA 

YIELD-PERIOD 217 

UNIT OPERATIONS 

From 

To 

Duration 

Percent of Time on Stream 

Coal Feed 

Steam 

Syngas 

Gasifier Process Temperatures 

Gasifler Bed Height ( i t) 

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

I0.9 

6.4 

0.4 

Time Date 

7:30 7-04-77 

7:30 7-05-77 

24 Hrs 

100 

I00 

I00 

Gaslfler Temperature (*F) 

1158 

1193 

1337 

1336 

1301 

1308 

1294 

1280 

1231 

Unit Temperatures 

Lockhopper 1 Top 
Lockhopper I Bottom 

Lockhopper 2 Top 
Lockhopper 2 Bottom 

Gasifler Feed Line 
Gasifier Steam Line 

Gaslfier 
Top of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mld 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gasifier Backend 
Cyclone Inlet 
Fl l ter Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

Gaslfler 
Gasifier Top 
Gasifier Bottom 

Rough Cut Cyclone Outlet 
Fi l ter Outlet 
Scrubber Outlet 

Product Gas Meter 

YIELD PERIOD 217 

UNIT PROCE55 VARIABLES 

~ r o c e s 5  t oF 

188 
176 

229 
259 

710 
913 

1337 
1231 
1298 

703 
757 
693 
65O 
719 

I188 

426 
91 

I01 

P s i__a.a 

120.4 
116.5 
154. /  
162.7 

113.7 
115.9 

113.5 
106.8 
105.1 

114.7 

Metal ,  "F 

202 
160 

247 
30 

969 
975 

1365 
1232 
1339 

980 
I I07 
1006 
1066 
I027 
1058 

990 

551 
502 

423 

4 i g 



• I1 tl 

f 

Bed Bottom Dent}%, ( Ib~/c~ 
O~d Top Oer, siLy [lb:~/,,f) 
Bed Ave~gc, Den~t j  (Ibs/::'~) 
~ed Height (f~) 
B~d Holdup (Ibs) 
~ed Volume (cF) 
Average Bed Te~i~eraL~ ( " ; )  
Sp~ce Velocity (bed) (cflcf/hr) 
Bn~tom ~uperficial Velecit3 (FLl~u,:) 
Fop Superficial Velocity {ft/s~c) 

~ycIone performunc~. 

1'emperatu~ (o~) 
Pressure (psla) 
In let  fias Rate (SCFH) 
Inlet Gas Rate (ACFH~ 
i?~le~ Gas Velocity (ftJs~c) 
Solids Entering (Ibs/hr) 
Oust Loading (Ibs/acf) 
~olids Captured (Ibs/hr) 
Solids Escaping ('lbs/hr) 
Overall Effici~n:y [Captm'~d/Entarlng. ~.%) 

Solids Carryove~ Loss 

~,)ai + CatalysL Feed (]bs/ar) 
!oral Carryover (Ibs/hr} 
Cyclone (lbs/hr) 
Filter (Ibs/hr) 
Carryover/Feed (Wt.%) 

Solids Carbon Loss 

Carbon in Feed (lbs/hr) 
C~roon in Car~over (Ibs/hr) 
Carryover/Feed (Wt.~) 

ilRePr°duced from 
be,, +va,'ob,e cop, 

72,0 
IO,B 
9,B 
:~..0 
57.3 
5.~ 

'?09.3 
B,7 

O,G(i 
;). IO 

551.0 
lIO.? 

tU~4.9 
26t.,,. 5 
,'20.8 

1.0 
O. OOg8 

O.g 
(} ] 

93.8 

9.08 
0,96 
o. 90 
O. 06 
!0.6 

,3.31 
0.48 
9.0 

~'T~LD PERkeD ~17 

U~iT CON~RL;IGNS 

~rhon in Feed* ( Ibs lhr)  
i.~rl~on from Devo]atilization ~* oX Feed Co~1 (Ib~/hr~ 
C~roon G~sifi~d (by difference) (]bs/t;,') 
"i,t~l Carbon Con,erted (Ibs/hr) 

C~K!~oECo~E~r~io;2_(C Convort~d/C !n F~d) 

Ceslfica~ion Only {%) 
Tota l ,  Including Devolatilizatioa (%) 

C~rbon Distribution 

To~al Converted (~) 
Entrained (%) 
~ithdrawn (%) 
Accumulated (%) 
Co~sversien (Entrainment Backed Out) 

Specific Reactim~ Rates (C C o ~ w e r t e d / C ~  

Gasification Only {%/Hr) 
IncJuding Devolati l iz~ion 

Steam Consumption 

S~eam into Unit (Ibs/hr) 
Steam Reacted with Carbon (Ibs/I~) 
TuLal Steam Consumed (Ibs/hr) 

Steam Co~version iStea,, Consumed/Steam Into Bed~ 

GasiFication* ~%) 
ToLaI Steam Converted (%) 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (Ibs/Ibs) 
Carbon Converted/SLeam Fed (mol/mol) 
Carbon Converted/Bed Volume (Ibs/hr)/cf t  
Carbon Converted/Bed Volume (mol/hr)/cft 
Carbon in Bed/StEam Fed Ibs/(Ibs/hr) 
Carbon in Bed/Steam Fed mol/(mol/hr) 

3.31 
1.43 
~.B6 
4.29 

"53.8 
80.7 

80.7 
83 

I1.7 
- l . l  
88. 

12. t 
18.2 

15.70 
4.28 
7.64 

27.3 
48.6 

O. 182 
D.273 
0,473 
0.039 
t .  500 
~.251 

'Excludes carbon in catalyst 
~>-a, ssumed from SLar~dard ASTbl devolati l ization test o): fe~.d coal 
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YIELD PERIOD (17 

UNIT C{)MPOSITIONS Ultimate Anal@sls 

Catalyst Olstrlbutlon, 
Oaslfler Char Component 

Wt$ Feed Top Mid ~o-t~ Entrained 
H 

K as K20 9.3 21.0 22.9 25.2 24.7 

K as KzCO 3 13.6 30.8 33.6 36.9 36.3 C 

K as K 7.7 17.4 19.0 20.9 20.5 S 

K Water/Acld, 0 
Soluble Ratio 0.771 0.776 0.749 0.700 0.835 

K20. H20-Insolubl e 2.1 4.7 5.7 7.6 4.1 N 

K2CO) H20-Insoluble 3.1 6.9 8.4 11.1 6.0 C1 

K,HzO-Insoluble 1.8 3.9 4.8 6.3 3,4 S03-Free Ash 
Carbon 58.5 44.4 41.1 24.8 48.0 
K on Carbon 13,1 39.2 46.2 84.2 42.7 Total 

ASTM Ash 26.3 53.0 48.7 76.8 50.0 

K on Ash 29.3 32.9 39.1 27.2 41.0 Solids Flow Rate 

K2CO 3 Free-Ash 12.4 21.3 14.2 38.9 12.9 (Ibs/hr) 

K on K2C03 Free-Ash 62.0 81.6 134.1 53.7 159.2 
Ash Element Anal~sis 

Size Oistrlbu~_tig~ 
Cumulative gt% Less Than Mesh Size 

325 Mesh 200 Mesh I00 Mesh 50 Mesh 30 Mesh 20 Mesh '10 He~sh 

Feed Coal + Catalyst 0.8 4 8 13.1 36.4 76.6 94.6 I00.0 Si02 

Top Char 1.2 6.3 28.6 56.6 86.1 96.9 I00.0 Fe203 

Mid Char 2.7 8.8 25.2 52.1 83.1 99.5 I00.0 AIiO 3 

Bottom Char 0.2 1.0 5.5 23.5 61.7 88.0 99.9 
CaO 

Cyclone 73.5 B9.S 9g.7 99.9 100.0 lO0.O I00.0 

Filter MgO 

Vo1~m~l 
Number Surface Weight B_ulk O, nslty 

Particle Diameter (Microns). Mean Mean _.~n l_.._~]j~i1.~.___ 

Feed Coal + Catalyst 41 249 447 49.0 

Top Char 42 182 343 13.7 

Mid Char 31 171 373 18.1 

Bottom Char 55 363 572 26.8 

Cyclone 23 27 38 

Filter 

*Based on acid soluble analysts 

YIELD PERIOD 217 

SOLIDS COMPOSITION 

Wt% o f  Total Saltdsm Dry 

F~.P..(L_ 5~1 ]_d~_H]J~ Entrained 

2.98 O. 68 0.81 

58.5 25.2 48.0 

4.2 5.8 3.0 

14.l 7.7 8.0 

I .19 0.07 0.013 

0.11 0.24 0.039 

Ig.O 60.3 39.6 

1 O0 I O0 1 O0 

9.08 2.47 0.96 

Wt% of S03-Free Ash 

28.1 31.5 20.0 

9.5 10,6 7.4 

9.0 10.1 6.3 

2.14 2.32 1.77 

0.59 0.67 0.37 

TiO 2 0.44 0.46 0.41 

P205 0.45 0.55 0.12 

Na20 0.91 0.87 1.29 

K20, Catalyst 48.81 42.84 &2 36 

Total 1 O0 I00 1 O0 

a a Q 
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YIELD PERIOD 217 

PRODUCT GAS DATA 

Product Gas Partial Pressures at Gastffer Exit 

Total Pressure, psia 113.7 

H 2 51.1 

CO 11.8 

CH4 6.5 

C02 12.0 

H2S O. 3 

H20 18.8 

N 2 13.1 

H20/CO 1.6 

H20/CO 2 1.6 

Unit Gas Data 

Syngas MWT, Ibs/~ol 9.0 

Product Gas MWT (dry), lbs/~ol 15.2 

Product Gas 

At DTH (dry), SCFH 855.3 

(Dry, H2-Free), 5CFH 737.0 

At Gasi~ler Outlet, SCFH 1024.'~ 
(Includes II 2 + H20) 
At Gaslfler Outlet, ~CFI~ 41Z.': 
(Includes N 2 + H20) 
At GasIfier Outlet, ~,F~ 90~. 
(Excludes N2) 
At G~sifier Outlet., /-'CF/i j - : .  + 

(Excludes N?) 

"FReproducea f r o m  ~ 
Jl best avai lab le copy.  ~ 

YIELD PERIOD 217 

PRODUCT GAS DATA 

Untt Gas Ytelds 

Product Gas (DrT), MoT~ 
H2 53.9 
CO 12.4 
C02 12.7 
CH4 5,8 
H2S O. 3 
H E 13,8 

Product Gas (Dry, H2-Free) 
H 2 62,5 
CO 14.4 
CO 2 14,7 
CH4 7.9 
1125 O. 3 

Product Gas 
H2 45.0 
CO 10.4 
CO2 10.6 

0.3 
H20 16.5 
N 2 11.5 

Product Gas (N2-FPee) 
H 2 50.8 
CO I1.8 
C02 12.0 
CH4 6.4 
H2S O. 3 
H20 18.7 

~C~ CH4/~b C ~c'~fv~ Bed 2.5 

SCFH CH4/lb C Feed 11.0 

~o|e~ L~H,p'~,,,le C .~'e.~+,~ 0.3 (3 

Re,#.. L i C;n 
.~q.d I Ibrh,'m at '~i.:+:1 

~,:~i ve ~ed Yc~ Equti ibrttsm 

??',}.,'. 
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CO 
0 

! 

Overa l l  ~-~;.i;~:;~;:I Z::~!:: -?_ 

Inpu t :  

Coal F ~ d  ~:~ ~::'i 

Gas4f%~ S +,.,an~ 

Gas t f I e r ':y n~a 

L~j:d: _..,rj,jj:j:. ~' 

5 

: . .J ]  

Total  ('ex N 2 ) .'< ./:, 

Accun~i~t~o. ~: !~ ~f 

]_r L v. ~.: ..~1_ : 

f.msl f i~:r ~,:'~ga~: , '  [ 

~,,la,',r~,. !~.~,~.puti!n',~, , ~ " ' : '  3 

11: ," CU !~ : "~ ' r~ ,c  e "~ ' ;67,3 

-., ' ~  1 " 

Element 8~lances 

Cn:l ~ Catalyst *~ 

O a s i ? i e r  Steam 

G a s t f t e r  S.yngas 

Tota l  

Outpu_tt: 

P rodvc t  Gas 

Product  ~ a t e r  

Char E n t r a i n e d  

So l i ds  W t t h d ~  

Tota l  

,~CCL~ulat lon:  

Clos|~re 
(Out ~Accum)/~n, 

YI,~'; ~- PERIOD ,~J2 

~Tc~H AI. BALANCe'; 

5.31 0 .27 1 .-~8 

1 . 7 6  1 3 . 9 4  

4 . 3 8  1 . 98 5.84 

9 .70  4.01 21.06 

S u l f u r  Chl0rlne 

n..178 0.010 

0.318 0.010 

C at.a.)y~ ~. " 8a la.nc__ e~ 

Coal ~. Catalyst 

qu_tEs_t. 

Char Entra ~ned 

P~ od~.~ct ~ater 

So l | d  W~ thJraw~l 

r I C,-~ ,ir~ 
(OU~ ' accum) / in  

8 .67  3.08 13.66 0 .218 0 

n . r  0 .90  7.16 0 .003 0 

O.¢f, 0.01 0.08 0 .030 0.004 

0 .~2  0.0~ 0 lg 0.144 0.006 

9 .75 4.01 21.0g 0 .394 0.010 

-0 .006  0.0  -0.4!3 -0 .016 0.0  

1oo.0 IOO.O IO0.O 1 o o . o  1oo.o 

Ac id  So l .  ~i~',ter S01. 
K K 

o. 70 o. 54 

0 .20 0 .16 

0.0 0.0 

0 . f , I  o .36  

0.73 0.53 

-0 .03  0.04 

I 0 0 . 0  91.0  

"~xcludes car~n and oxygen in catalyst 

,. • Q 
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AshBalances 

Input (Lb~/Hr): 

Coal ÷ Catalyst 

Entraiqed Char 

Sol ids Withdrawn 

Totai 

Accumulation: 

Closure 
(out + accum)/in, % 

Ash Element Balance 

Input (Lbs/Hr): 

Coal + Catalyst 

out~: 

Entrained Char 

Solids Withdrawn 

Total 

Accumulation: 

Closure 
(out + accum)/in, % 

YIELD PERIOD 217 

MMERIAL BALANCES 

C/H S03-Free S03-Free 
ASTM Ash Residue ASTM Ash C/H Residue 

2.39 2.01 1.72 1.35 

0.48 0.47 0.38 0.73 

1.91 1.79 1.49 1.30 

2.39 2.26 1.87 1.69 

0.0 -0.25 -0.15 -0.33 

lO0 I00 lO0 lO0 

St02 Fe203 A1203 CaO MgO S03 Ha20 TiO 2 P20S 

0.485 0.164 0.155 0.037 O.OlO 0.705 0.015 0.008 O.OOB 

0.076 0.28 0.24 0.007 0.001 0.075 0.005 0.002 0.0 

0.47] 0.159 0,151 0.035 O.OlO 0.385 0.013 0,007 O.OOB 

0.547 0.187 0.175 0.041 0.011 0.461 0.010 0.009 0.009 

-0.062 -0.023 -0.020 -0.005 ~.001 0.0 -0.003 ~.001 ~.001 

lO0 I00 lO0 lO0 lO0 65 " lO0 I00 I00 

Mole Balance 

GasI~ 

H 2 (0.986) 
CO (0.365) 
H20 (0.871) 
Total {2.222) 

Solids Inpu t 

Coal + Cat Feed 

Total Input 

Gas Output 

Product Gas C 

H 2 (1.216) 
CO (0.281) 0T281 
co 2 (0.287) 0.287 
CH 4 (0.154) 0.154 
H2S (0.007) 
H20 (0.448) 
Total (2.393) 0.?22 

YIELD PERIOD 217 

MATERIAL BALANCES 

Lb-Moles/Hr 
C H 0 

1.971 
0.365 

0.365 I~743 0.871 
0.365 3.714 1.236 

C H 0 S K 

0.442 0 .268 0 .080 0 . 0 1 2  0.018 

0.018 0 .807 3 .982 1 . 3 1 6  0.012 

H 0 S 

2.432 0~81 Z 

0T617 0s73 Z 
0.014 0.007 
0.895 0.448 
3.958 1.302 0.007 

Solids Output C H 0 

Char Entrained 0.038 0 . 0 0 8  0.005 
Char Samples Withdrawn 0 .052  0 .017 ,  0.012 
Char Accumulation -0.005 -O.OOl -0.002 
Total Solids 0.085 0 .024  0.005 

Total Output + 0.807 3 .982  1.316 
Accumulation 

S . K 

O. 001 O. 005 
0.004 0.014 
0.0 -0.001 
0.005 0.018 

0.012 .0.018 
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YIELD PERIOD 217 

PROCESS VARIABLES 

VlO0 Gaslfler Steam (lbs/hr) 

V111 Char Withdrawn (Ibs/hr) 

V165 H in Char Entrained (wt[) 

V166 H In Char Withdrawn (wtt) 

V168 H in Coal + Catalyst Feed (wt%) 

V173 H In Gaslfler Starting Mid Char (wt%) 

V174 H in Gaslfler Ending Mid Char (wt%) 

V183 CO tn Syngas (molt) 

VI8S Acid Sol. K20 in Coal + Catalyst Feed (wt%) 

V188 0 in Coal + Catalyst Feed (wt%) 

V193 H 2 in Syngas (mo1%) 

VZ05 CO2 In Product Gas (ml[) 

V207 ch4 in Product Gas (mol%) 

vZ08 CO In Product Gas (mol%) 

V212 H 2 in Product Gas (mlZ) 

V214 N 2 In Product Gas (mol%) 

V215 H2S in Product Gas (mol%) 

V222 Carbon in Char Withdrawn (wtg) 

V227 Acld Sol. K20 in Char Entrained (wt%) 

V232 Acid sol. K20 in Char Withdrawn (wt%) 

V257 Carbon in Gaslfier Starting Mid Char (wt%) 

V258 Carbon tn Gasifter Ending Mtd Char (wt%) 

V265 Acid 5o1. K20 in Gaslfier Starting Mid Char (wt%) 

V266 Actd Sol. K20 tn Gaslf ier Ending Mid Char (wt%) 

V289 ASTH Ash in Char Entrained (wt%) 

V292 ASTM Ash in Char Withdrawn (wt%) 
V293 ASTM Ash in Feed Coal + Catalyst (it%) 

V294 CIH Residue in Feed Coal + Catalyst (wt%) 

V295 C/H ~estdue in Char Entrained (wt%) 

V306 AS114 Ash in Gaslfler Starting Mld Char (wt%) 
V307 ASTH Ash in Gasifier Ending Mid Char (wt%) 

Measured Reconciled 

15.70 15.70 

2.48 2.47 

0.81 0.81 

0.68 0.68 

2.98 2.98 

0.20 0.2- 

0.20 0.20 
26.70 27.02 

8.94 9.26 

14.14 14.10 

72.60 72.98 

12,70 12.70 

6.84 6.84 

12.50 12.44 

53.50 53.88 

13.80 13.83 

0.35 0.30 
24.82 25.1 7 

24.39 24.70 

25.16 2S,84 

41.08 37.87 
41.08 39.57 

22.89 20.02 

22.89 20.70 

49.98 50.02 

76.77 77.04 

26.39 26.27 

21.36 22.15 

49.26 48.82 

48.66 45.95 

48.66 51.10 

V310 

V320 

V321 

V333 

V334 

V336 

V337 
V338 

V3SO 

V351 

V353 

V354 

V355 
V407 

V473 

V495 

V498 

F384 

F385 

PGKO 

U(114) 

U(ll5) 
IJ(llC) 

u(l17) 

u(118) 
U(119) 

u(12o) 
U(121) 

u(122) 
U(123) 

E00(I) 

YIELD PERIOD (17 

PROCESS VARIABLES 

C/H Residue In Char Withdra~m (wt l )  

C/H Residue in Gasf f i e r  Start ing Mid Char (wtg) 

C/H Residue In Gasif ter Ending Mid Char {wig) 

S03-Free ASTN Ash in Feed Coal + Catalyst (wt%) 

S03-Free ASTN Ash tn Char Entrained (wt3) 

SO3-Free ASTI4 Ash tn Char Withdrawn (wt%) 

SO3-Free ASTM Ash in Starttn9 Mid Char (wt%) 
S03-Free ASTM Ash in Ending Mld Char (wtZ) 

S03-Free C/H Residue in Feed Coal + Catalyst (wt%) 

S03-Free C/H Residue In Char Entrained (wt%) 

S03-Free C/H Residue In Char Wlthdrmwn (wt%) 

S03-Free C/H Residue In Starting Mld Char (wt%) 

S03-Free C/H Residue in Ending Mid Char (wt%) 

Coal + Catalyst Feed (Ibs/hr) 

Char Entrained (Ibs/hr) 

Carbon in Feed Coal (wt%) 

Carbon in Char Entrained (wt%) 

Syngas Flow Meter (CFH) 

Product Gas Flow Meter (CFH) 

Product Gas Condensate ( lbs/hr)  

Starting Bed AP (B-A) (in Ha) 

Starting Bed aP (C-B) ( in Ha) 

Starting Bed Ap (O-.-C) (tn Ha) 

Starttng Bed AP (F-E) (tn Ha) 

Start ing Overall Bed 6P (F-A) (tn Ha) 

Ending Bed AP (B-A) (tn Ha) 
Ending Bed AP (C-B) ( in Hg) 

Ending Bed aP (D-C) (In Ha) 

Ending Bed ap iF-El ( tn Ha) 

Ending Overall Bed ap (F-A) ( in Ha) 
Start ing Bed AP (E-D) (tn Ha) 

Measured Reconciled 

75.12 72.46 

57.42 59.70 

57.42 55.37 

18.59 18.98 

42.13 39.61 

61.25 60.32 

39.45 43.00 

39.45 41,25 

13.56 14.89 

41.41 40.10 

59.60 52.61 

48.21 52.87 

48.21 44.02 

8.63 9.08 

0.96 0.96 

59. l 1 58.48 

45,64 47.99 

49.71 49.63 

120.25 119.36 

7.67 7.68 

1.80 1,82 

0.80 0.80 

1.80 1.82 

o .oo  o.0o 

4.70 4.75 

1.80 1.78 

O. 70 O. 70 

1.60 1.59 

0 .00  0 .00  

4.30 4.27 

O. 30 O. 30 

f a 
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EDD(6) 
DPOST 
V280 

V281 

V187 

V2,!6 

V244 
V243 
V862 
V863 
V867 
V868 

V869 
V871 

V872 

V876 

V877 

V878 

V880 
VBBI 
V885 

V886 
V887 

V889 
vsgo 

V894 

V895 

V896 
V822 

V823 

V827 

YIELD PERIOD 217 

PROCESS VARIABLES 

Ending Bed ~P (E-O) ( in  Hg) 

Deposits Accumulated on Gast f lerWal ls  ( lbs)  

S t n  Gaslfter Start ing Mid Chap (wt%) 

S in Gaslfler Ending Mid Char (wt%) 
S in Coal + Catalyst Feed wt%) 
S t n  Char Withdrawn (wt%) 
S in Char Entrained {wt%) 
S in Product Gas Condensate (wt%) 

Si02 in S03-Free Ash in Starting Mid Char (wt%) 
Si02 in S03-Free Ash in Ending Mid Char (wt%) 
Si02 in S03-Free Ash in Coal + Catalyst Feed (wt%} 
Si02 in S03-Free Ash in Char Withdrawn (wt%) 
Si02 in S03-Free Ash in Char Entrained (wt%) 
Fe203 in S03-Free Ash in Starting Mid Char (wt%) 
Fe203 in S03-Free Ash in Ending Mid Char (wt%) 
Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
Fe203 in S03-Free Ash in Char Withdrawn (wt%) 
Fe203 in S03-Free Ash in Char Entrained (wt%) 
A1203 in S03-Free ASh in Starting Mid Char (wt%) 
A1203 in S03-Free Ash in Ending Mid Char (wt%) 

A1203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 

A1203 in S03-Free Ash in Char Withdrawn (w~%) 
A1203 tn S03-Free Ash in Char Entrained (wt%) 

CaO in S03-Free Ash In Starting Mid Char (wt%) 
CaO in S03-Free Ash in Ending Mid Char (wt%) 
CaO In S03-Free Ash In Coal + Catalyst Feed (wt%) 
CaO in S03-Free Ash IH Char Withdrawn (wt%) 
CaO in S03-Free Ash In Char Entrained (wt%) 
C1 in S03-Free Ash in Starting Mid Char (wt%) 
Cl in S03-Free Ash in Ending Mid Char (wt%) 
C1 in S03-Free Ash In Coal + Catalyst Feed (wt%) 

Measured Reconciled 

0.20 0.20 

0.00 0.00 

4.34 4.42 

4.34 4.22 

3.87 4.16 

5.71 5.80 

3.12 3.12 

0.04 0,04 

29.31 29.64 
29.31 27.76 

26.46 28.15 

31.52 31.53 

19.86 20.03 
8.74 9.29 

8.74 8.23 

8.65 9.51 

11.71 10.63 

7.46 7.37 

10.04 10.22 

I0.04 9.74 

8.66 9.01 

I0.33 lO.12 

6.28 6.28 

1.56 1.67 
1.56 1.45 

1.86 2,14 

2.79 2.32 

1.82 1.77 

0.28 0.25 
0.28 0.30 
0.13 0.11 

YIELD PERIOD 217 .... 

PROCESS VARIABLES 

V828 Cl in S03-Free Ash in Char Withdrawn (wt%) 
V829 Cl in S03-Free Ash in Char Entrained (wt%) 
V836 Acid Sol. Ha20 In Gaslfier Starting Mid Char (wt%) 
V837 Acid 5ol. Ha20 in Gastf fer  Ending Mid Char (wt%) 

V841 Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 

V842 Acid Soi. Na20 in Chap Withdrawn (wt%) 
VB43 Acid 5o1. Na20 in Char Entrained (wt%) 
V898 MgO in S03-Free Ash Starting M|d Char (wt%) 
V899 MgO In S03-Free Ash in Ending Mid Char (wt%) 
V903 MgO in S03-Free Ash in Coal + Catalyst Feed (wig) 

vg04 MgO in S03-Free Ash in Char Withdrawn (wt%) 

V905 M90 tn S03-Free Ash in Char Entrained (wt) 

V916 TIO2 in S03-FreeAsh in Starting Mid Char (wt%) 
V917 Ti02 in S03-Free Ash in Ending Hid Char (wt%) 

Vg21 TiO 2 in S03-Free Ash tn Coal + Catalyst Feed (wt%) 

V922 TIO 2 in S03-Free Ash in Char Withdrawn (wt%) 
V923 TI02 in SO3-Free Ash in Char Entrained (wt%) 
V925 P205 in S03-Free Ash tn Starting Mid Char (wt%) 
V926 PZ05 in S03-Free Ash in Ending Mid Char (wt%) 
V930 P205 In S03-Free Ash in Coal ÷ Catalyst Feed (wt%) 
V931 P205 in S03-Free Ash in Char Withdrawn (wt%) 
V932 P205 in S03-Free Ash in Char Entrained (wt%) 
V813 N in Starting Mid Char (wt%) 
V814 N in Ending Mid Char (wt%) 
V818 N in Coal + Catalyst Feed (Wt%) 
V819 N In Char Withdrawn (wt%) 
V820 N in Char Entralned(wt%) 
V805 0 in Starting Mld Char (wt%) 
V806 0 in Ending Mid Chap (wt%) 
V810 0 in Char Withdrawn (wt%) 
V811 0 in Char Entrained (wt%) 

Heasured Reconct led 

0.22 0.24 

0.37 0.39 

0.52 0.52 

0.52 0.51 

0.17 0.17 

0.53 0.53 

0.51 0.51 

0.62 0.64 

0.62 0.60 

0.56 0.59 

0.71 0.67 
0.37 0.37 

0.52 0.52 

0.52 0,52 

0.44 0.44 

0.45 0°46 

0.41 0.41 

0.31 0.33 

0.31 0.29 

0.39 0.45 

0.72 0,55 

0.12 0.12 

0.11 0.11 

0.11 0.11 

1.19 1.19 

0.07 0.07 

0.13 0.13 

14.54 14.14 

14,54 14,35 
7,25 7.72 

7.83 7,95 



I 

PO 
(DO 

I 
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YIELD-PERIOD 218 

UNIT OPERATIONS 

From 

To 

Duration 

Percent of  Time on Stream 

Coal Feed 

Steam 

Syngas 

Gasifler Process Temperatures 

Gasifier Bed Height (f t)  

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

10.9 

6.4 

0.4 

Time Date 

7:30 7-11-77 

7:30 7-12-77 

24 Hrs 

1 O0 

1 O0 

100 

Gasifier Temperature (°F) 

1171 

1151 

1298 

1334 

1303 

1314 

1304 

1291 

1227 

YIELD PERIOD 218 

UNIT PROCESS VARIABLES 

Unit Temperatures 

Lockhopper l Top 
Lockhopper 1 Bottom 

Lockhopper 2 Top 
Lockhopper 2 Bottom 

Gastf ter  Feed Line 
Gaslfier Steam Line 

Ga~ifier 
TOp of Bed 
Bottom of Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe S1~pe Bottom 

Gasifier Backend 
Cyclone Inlet 
F i l ter  Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures 

Lockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

Gasifler 
Gasifier Top 
Gasifier Bottom 

Rough Cut Cyclone Outlet 
F i l te r  Outlet 
Scrubber Outlet 

Product Gas Meter 

Process~ °F 

24g 
247 

263 
229 

655 
862 

1298 
1227 
1296 

g03 
752 
694 
642 
719 

1203 

481 
88 

99 

Psia 

11R.2 
117.6 
155.7 
163.7 

114.7 
117.2 

114.5 
I07.5 
105.7 

114.7 

Metal, mF 

259 
224 

247 
32g 

879 
875 

1374 
1258 
1 345 

971 
I I08 
1006 
1066 
1024 
1057 
998 

536 
485 

428 
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FLUID-SOLIDS DATA 

Gasi~i~r r1~;dlz~d ~ed Propert~e% 

Bed Bottom Density (Ibs/cf) 
Bed Top [lenslty (lbs/cf) 
Bed Average 5enslty (lbs/c1:) 
Bed Heioht ( f t )  
Bed Holdup {Ibs) 
Bed Volun,~ (cf) 
Average Bed Temperature (°F) 
Space Velocity (bed) (cf/cf/hr) 
Bottom Superficial Velocity (f~/s~c) 
Top Superficial Velocity ( f t l ~ c )  

C_.vclone Performance 

Temperature (°F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFH) 
Inlet Gas Velocity (f~/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (lbs/acf) 
Solids Captured (Ibslhr) 
Solids Escaping (Ibslhr) 
Overall Efficiency (Captured/Enterlng, Wt.%) 

Solids Carr~oyer Loss 

Coal + Catalyst Feed (Ibs/hr) 
Total Carryover (lbs/hr) 
Cyclone (lbs/hr) 
Fil ter (Ibs/hr) 
Carryover/Feed (Wt.Z) 

Solids Carbon Loss 

Carbon in Feed (Ibs/hr) 
Carbon in Carryover (Ibs/hr) 
Carryover/Feed (~t.%) 

16.0 
8.3 

10.4 
35.Z 
65~0 

5.7 
1307.3 

76.0 
0.63 
0.67 

52B.0 
111.6 
989.3 
249.7 

19.6 
1.Z 

O. 0047 
1.1 
0.1 

93.2 

8.50 
1.18 
1.lO 
0.08 
13.9 

5, =2 
o.4g 

9.7 

YIELD PERIOD Z18 

UNIT CONVEPSIONS 

C~rb~nConsumptign 

Carbon in Feed* (Ibslhr) 5.12 
Carbon from Devolatil izatlon** of F~ed Coal (lbs/hr) 1.61 
Carbon Gasified (by difference) (lbs/hr) 2.64 
Total Carbon Converted (Ibs/hr) 4.25 

Carbon Conversion (C Converted/C in Fped)_ 

Gasification Only (%) 51.5 
Total, Including Devolatillzation (%) 83.1 

Carbon Distribution 

Total Converted (~) 83.1 
Entrained (%) 9.2 
Withdrawn (%) 9.2 
Accumulated (%) -1.5 
Conversion (Entrainment Backed Out) 91.5 

Specific Reaction Rates (C Converted/C in Bed~ 

Gasification Only (~/Hr) 11.6 
Including Devolatilization 18.7 

Steam Consumption . 

Steam into Unit (Ibs/hr) 15.65 
Steam Reacted with Carbon (Ibs/hr) 3.96 
Total Steam Consumed (Ibs/hr) 7.37 

Steam Conversion (Steam Consumed/Steam into Bed) 

Gasification* (~) 25.3 
Total Steam Converted (%) 47.1 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (Ibs/Ibs) 0.169 
Carbon Converted/Steam Fed (mol/mol) 0.253 
Carbon Converted/Bed Volume (Ibs/hr) /cf t  0.420 
Carbon Converted/Bed Volume (mol/hr)/cft , 0.035 
Carbon in Bed/Steam Fed Ibs/(lbs/hr) 1.449 
Carbon in Bed/Steam Fed mol/(mol/br) 2.175 

*Excludes carbon in cata'lyst 
**~ssumed from stBndard ASTI4 devolati l iz~tion test of feed coal 
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Catalyst Distribution_* 

Wt% Feed 

K as K20 9.5 

K as K2CO 3 14.0 

K as K 7.9 

K Water/Acid, 
Soluble Ratio 0.590 

K20, H20-Insoluble 3.9 

K2CO~ H20-Insoluble 5.7 

K,HzO-insoIubl e 3,2 

Carbon 60.2 

K on Carbon 13.1 

ASTM Ash 27.6 

K on Ash 28.7 

K2CO 3 Free-Ash 13.1 

K on K2CO 3 Free-Ash 60.4 

Size Distribution 

325 Mesh 

Feed Coal + Catalyst 8.2 

Top Char I I .8  

Mid Char 2.4 

Bottom Char 1.1 

Cyclone 

Filter 

Particle Diameter (Microns) 

Feed Coal + Catalyst 

Top Char 

Mld Char 

Bottom Char 

Cyclone 

Filter 

*Based on acid soluble analysis 

YIELD PERIOD 218 

UNIT COMPOSITIONS 

Gasl fle~ Char' 
_ _ ~  Mld "~O--tt~Om Entrained 

8.9 24.7 27.7 27.1 
13.0 36.2 40.7 39.8 

7.4 20.5 23.0 22.5 

0.680 0.653 0.631 0.865 

2.8 8.6 I0.2 3.7 

4.2 12.6 15.0 5.4 

2.4 7.1 8.5 3.1 

39.9 34.9 22.7 40.2 

18.5 58.7 I01 .I 56.0 

57.3 61,7 72.4 58.2 

12.9 33.2 31.8 38.7 

44.0 24.3 30.5 17.2 

16.7 84.4 75.4 131.2 

Cumulative Wt% Less Than Mesh Size 
200 Mesh lOOMesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh 

I0.5 23.2 48.7 82.8 95.7 I00.0 

35.9 75.3 88.7 98.0 lO0 .O I00.0 

7.8 25.7 52.4 83.6 95.0 100.0 

4,4 15,1 40.9 77.9 95.0 I00.0 

Volume/ 
Number Surface Weight 
Mean Mean 
24 135 378 

28 72 146 

32 175 374 

38 234 429 

B__ulk Density 
l ~ s l e f  

49.4 

18.6 

20.3 

24.9 

U1 ti=a te Anal SLIS_ 

YIELD PERIOD 718 

SOLI~ COI~I~)SITION 

gt% o f  Tot~I So l ids ,  Dr3' 

Con~oonent .___Fr~,JL_ Soi I(15 g/D 

H 3.7 0,75 0.20 

C 60.2 22.7 40.2 

S 4.2 4.7 3.8 

0 11,9 11.1 9 0 

N I .04 0.08 0 17 

C1 0.14 0.32 0 42 

S03-Free Ash 18.9 60.3 4ft. 2 

Total 100.0 100.0 100.0 

Soltds Flow Rate 
(Ibs/hr} 

Ash Element Analysis 

8.50 1.18 2.08 

Wt% of  SO,~-Free Ash 

Si02 27.3 31.I 21.4 

Fe203 8.1 8.4 ~o4 

AI203 9.0 10.6 6.3 

CaO 2.18 1.67 2.70 

M90 0.47 0.61 0.39 

liO 2 0.37 0.49 0.41 

P205 0.49 0.58 0.15 

Ha20 1.64 1.28 1.55 

K2~ Catalyst 50.44 45~25 $8.75 

Total i .64 1.28 1.55 

Entrained 

p lb 
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YIELD PERIOD 218 

PRODUCT GAS DATA 

Product Gas Parttal Pressures_at Gasifter Exi t  

Total Pressure, psta 114.7 

H2 55.8 

CO 11.4 

CH4 8.4 

C02 12.8 

H2S 0.3 

H20 20.2 

N 2 5.9 

H20/CO 1.8 

H20/CO 2 1.6 

Unit Gas Data 

Syngas HWT, Ibslmol 8.8 

Product Gas I~T (dry),  lbs/mol 13.8 

Product Gas 

At DTM (dry), SCFH 815.3 

(Dry, N2-Free), SCFH 764.7 

At Gaslfler Outlet, SCFH 989.3 
(Includes N2 + H20) 
At Gasif ler Outlet, ACFH 397.7 
(Includes N 2 + H20) 
At Gaslfler Outlet, SCFH 938.7 
(Excludes N2) 
At Gasifler Outlet, ACFH 377.4 
(Excludes N2) 

YIELD PERIOD 218 

PRODUCT GAS DATA 

~)t Gas Yields 

Product Gas (Ory~ 14oi% 
H2 
CO 
C02 
CH4 
HZS 
N2 

Product Gas (Dry, Nz-Free) 
H2 
CO 
C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

H20 
N2 

Product Gas (N2-Free) 
HZ 
CO 
CO 2 
CH4 
H2S 
H20 

SCFH CH4/~b C Active Bed 

SCFH CH4/lb C Feed 

Moles CH4/mole C Feed 

5g.D 
12.1 
13.5 
8.9 
0.3 
6.2 

62.9 
12.9 
14.4 
9.6 
0.3 

48.6 
I0.0 
II .l 
7.3 
0.3 

17.6 
5.1 

51.2 
10.5 
l1.7 

7.7 
0.3 

18.6 

3.2 

14.2 

0.45 

Equilibrium Constants 

.Graphite-H20: C + H20 - CO + H2 
Shift: CO + H20 = C02 + H2 
Methanation: CO + 3H 2 = CH4 + H2O 
Overall: 2C + 2H20 = CH 4 + C02 

Reaction Corresponding 
Equil ibrium at Actual Equil ibrium 

Active Bed Temp Equilibrium. Temperature 
(1307.3OF) Expression I°F) 

1.9284 2.1462 1318.8 
1.4992 3.0896 1050.7 
0.0619 0.0185 1388.1 
0.3451 0.2633 
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MATERIAL BALANCES 
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TTEL D PERIOD 218 

MATERIN_ BALANCES 

Overall Materlal Balance 

Coal Feed (ex N 2) 8.41 

Gast f |er  Steam 15.65 

Gastf ter  Syngas 13.08 

Total (ex N 2) 37.~4 

Accumulitlon : O. 32 

Closure: (Output + Accum)/Input, % ' 

Product Gas (ex N2) zs.gz 

Product Gas N2 3.7~ 

Product Water 8.P8 

Char Entrained 1.18 

So1 t ds Wi thdrawn 2. O0 

Total (ex N 2) 37.4G 

IOO,.0 

S.vnthests Gas Balanc,e 

I n.p~.: SCFH 

Gastf ler Syngas 5~;4.6 

H 2 ~o1% /,! ( 

CO MOI% 26 '  

Balance: (Output/Inputi, % 

~2 + CO in Pmdtl~.* G~S 579.5 

H 2 M~I% ~'; .u 

CO I~1% +:~ I 

I~ent  Balances 

Input (L~s/Hr) : Carbon* 

Coal < Cat~lyst** 5.12 0.315 

Gast f l~r  Steam 0.0 I. 750 

Gaslfler 5yngas 4.66 2.222 

Total 9.77 4. 287 

Outp_u_t: 

Product Gas 8.91 3,345 

Product Water O.O 0.926 

Char Entrained 0.47 0.002 

Solids W( th~raw~ 0.47 0.015 

Total 9.85 4.288 

Acc~ulatlon: -0.08 -0.OO1 

Closure 100.0 100.0 
(Out ÷ Accum)/In, % 

_ 0 ~  Sul f~i.__Zr Chl~)rine 

1.03 0_)54 0.0: 

13.8~ 0.0 0.(~ 

6,2O O.0 0.O 

21.10 0.354 0.0~2 

13.45 0.224 rj ,T, 

7.35 0.003 0,LI 

O. l l  0.045 O.UO~ 

0.23 0.097 O.O0? 

21 13 0.370 0.012 

-0.(~3 -0.016 0.~ 

100.0 100.0 ~=)u O 

f ia ta lxs t  Balance 
Acid $ol .  ~ t e r  Sol. 

!nput (Lbs/Hr)~ K K 

Coal ~ £~taiy~t 0.67 O,40 

Char Entrained O. 27 ~).23 

Product Hater O. O O. 0 

'<Oi ~d Wii'hdra;m 0.47 0.30 

,~otal O. 74 L' 5J 

Accumulation : - 0 . 0 7  • 0 . 0 4  

Closure 100.0 I ? 3.3 
(out+ accum)/l~, % 

-{ ~rbon balance excludes ca ta lys t  carbonete 
"~.x.~,J~e'~ catboat a~t~ uxygen in ca ta lys t  

M Q 
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MATERIAL BALANCES 

ASTI4Ash 

YjELD PERIOD 218 

MATERIAL BALAHCES 

I 
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Ash Balances 

Input (Lbs/Hr): 

Coal + Catalyst 

Outout: 

Entrained Char 

Solids Withdrawn 

Total 

Accumulation: 

Closure 
(out + accum)/tn, g 

Ash Element Balance 

Input (Lbs/Hr) z 

Coal + Catalyst 

Output: 

Entrained Char 

Solids Withdrawn 

Total 

Accumulation: 

Closure 
(out + accum)/tn, % 

2.34 

C/H S03-Free S03-Free 
Residue ASTM Ash C/H Residue 

1.95 1.60 1.36 

0.69 0.70 0.54 0.57 

1.51 1.47 0.25 0.14 

2.20 2.17 1.80 1.71 

0.14 -0.22 -0.20 -0.35 

st02 Fe20~ A120~ CaO MgO SO3 ~ ~ 

0.439 0.239 0.145 0.035 0.007 0.661 0.026 0.006 0.008 

0.117 0.046 0.034 0.015 0.002 0,110 0.008 0.002 0.001 

0,390 0.106 0.133 0.021 0,008 0.259 0.016 0.006 0.007 

0.507 0.151 0.167 0.036 0.010 0.369 0.026 0.008 0.008 

-0.068 -0.022 -0.023 -0.001 -0.002 -0.024 -0.002 -0.002 0.0 

100 100 100 100 100 59 100 100 100 

Mole Balance 

Gas Input 

H2 (1.102) 
CO (0.388) 
H20 (0,868) 
Total (2.358) 

Solids Input 

Coal + Cat Feed 

Total Input 

Gas Output 

Product Gas 

~ (1.269) 
(0.260) 

C02 (0.290) 
CH4 (0.191) 
H2S (0.007) 
H20 (0.459) 
Total (2.478) 

Solids Output 

Char Entrained 
Char Samples Withdrawn 
Char Accumulation 
Total Solids 

Total Output + 
Accumulation 

kb-Moles/Hr 
C H O__9__ s 

2,204 
0.388 0,388 

1.737 0.868 
0.388 3.941 1.256 

c ~ 0 s K 

0.426 0.312 0.063 0.011 0.017 

0.814 4.253 1.319 0.011 0.017 

C H 0 S 

0 60 2s38 0 60 
O. 290 O. 581 - 
0.191 0.766 

- 0,014 0.007 
0.919 0.459 - 

O. 742 4. 237 I.  300 O. 007 

c _.LH 0 S K 

O. 039 O. 002 O. 007 O. 001 O. 007 
0.039 0.015 ,0.014 0.003 0.012 

-0. 007 -0. OOZ -0. 002 O. 0 -0. OOZ 
0.072 0.016 0.019 0.004 0.017 

0.814 4.253 1.319 0.011 -0.017 
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YIELD pErIOD 218 

PROCESS VARIABLES 

VlO0 Gaslfler Steam (lbslhr) 

VIII Char Withdrawn (Ibslhr) 

V165 H in Char Entrained (wt%) 

V165 H in Char Withdrawn (wt%) 

V168 H in Coal + Catalyst reed (wt%) 

V173 H In Gaslfler Starting Mid Char (wt%) 
VI/4 H in Gaslfier Ending Mid Char (wt%) 

V183 CO in Syngas (mo1%) 
V185 Acid Sol. K20 in Coal + Catalyst Feed (wt%) 

V188 0 in Coal + Catalyst reed (wt%) 

Vlg3 H 2 in Syngas (mol~) 

V205 CO 2 In Product Gas (mol%) 

V207 CH4 in Product Gas (mo1%) 

V208 CO in Product Gas (mof%) 

V212 H 2 in Product Gas (mol%) 

V214 N 2 In Product Gas (mol%) 

V215 H2S in P~oduct Gas (mo1%) 

V222 Carbon in Char Withdrawn (wt%) 

V227 Acid So1. K20 in Char Entrained (wt%) 

V232 Acid sol. K20 in Char Withdrawn (wt%) 
VZ57 Carbon in Gaslfler Starting Mid Char (*t%) 

v258 Carbon iq Gaslfler Ending Mid Char (wi l l  

V265 Acid SOI. K20 in Gaslfier Starting Void Char (wt%) 

V266 Acid Sol. K20 in Gastf ter Ending Mid Char (wt%) 

V289 ASTM Ash in Char Entrained (wt%) 

V292 ASTM Ash in Char Withdrawn (wt%) 

V293 ASTM Ash in Feed Coal + Catalyst (.it%) 

V294 C/H Residue. in Feed Coal + Catalyst (wt , )  

V295 C/H Residue In Char Entrained (wt%) 

V3O6 ASTM Ash in Gaslfler Starting Mld Char (wt%) 

V307 ASTN Ash in Gaslfler Ending Mid Char (wt%) 

Measured Reconciled 

15.64 15.64 

~.08 2.08 

0.20 0.20 

0.75 0.75 

3.71 3.70 

0.48 0.48 

0.48 0.48 

25.00 26.02 

8.78 9.52 

11.81 11.85 

74.20 73.98 

13.50 13.50 

8.gO 8.90 

12.80 12.07 

57.g0 59.00 

5.20 6,20 

0,35 0.32 

2?.74 22.69 

26.74 21.12 

27.70 27.31 

34.91 32.50 

34.91 33.51 

24.67 22.41 

?4.67 22.13 

58.10 58.20 

72.40 72.69 

27.75 27.58 

22.80 22.97 

~q.38 59.22 

61.69 54.71 

£1.6g 67.85 

YIELD PERIOD 218 

PROCESS VARIABLES 

V310 C/H Residue in Char Wlthdra~m (wt%) 

V320 CIH Residue In Gas i f te r  Star t ing Mid Char (wt%) 

V321 C/H Residue tn Gast f te r  Ending Mid Char (wt%) 

V333 S03-Free PLSTT4 Ash in Feed Coal + Catalyst  (wt%) 

V334 S03-Free ASTM Ash In Char Entrained (wt%) 

V336 S03-rree ASTM Ash in Char Withdrawn (wt%) 

V337 SO3-Free ASTM Ash in Star t ing Htd Chap (wt%) 

V338 SO3-Free ASTM Ash in Ending Mid Char (wt%) 

V350 S03-Free C/H Residue qn Feed Coal + Catalyst (wt%) 

V351 S03-Free C/H Residue in Char Entrained (wt%) 

V353 S03-Free CIH Residue In Char Withdrawn (wt%) 

V354 S03-Free C/H Residue in Starting Mid Char {wt%) 

V355 S03-Free C/H Residue in Endlng Mid Char (wt%) 

V407 Coal + Catalyst Feed (lbs/hr) 

V473 Char Entrained (Ibs/hr) 

V495 Carbon in Feed Coal (wt%) 

Vig8 CarbOn in Char Entrained (wt%) 

F384 SyngasFlow Meter (CFH) 

F385 Product Gas Flow Meter (CFH) 

PGKO Product Gas Condensate ( lbs /hr )  

U( l l4)  Starting Bed AP (B-A) (in Hg) 

U(IIS) Starting Bed AP (C-B) (in Hg) 

U(ll6) Starting Bed AP (O-C) (in Hg) 

U(IIT) Starting Bed ap (F-E) (in Hg) 
U(118) Starting Overall Bed aP (F-A) (in Hg) 

U(II9) Ending Bed AP (B-A) (In Hg) 

U(120) Ending Bed AP (C-B) (In Hg) 

U(121) Ending Bed aP (O-C) (in Hg) 

U(122) Ending Bed AP iF-El (in Hg) 

U(|23) Ending Overall Bed AP (F-A) (in Hg) 

EDO(1) SLarting Bed ^P (F-O) (in Hg) 

Measured Reconciled 

71.25 70.84 

60.03 60.58 

60.03 5g. 54 

19.92 18.87 
48,63 46.17 

59.97 60.34 

51.42 53.93 

51.42 52.99 

14.97 16.04 

50. I I  48.45 

58.82 54.79 

49.76 53.59 

49.76 46.38 

8.50 8.50 

1.18 1 18 

59.44 60.21 

37.77 40.18 

54.82 54.21 

108.80 113.31 

8.00 7.g4 

2.30 ?.30 

1.30 1.30 

t .  10 I ,  10 

0.00 0.00 

5.20 5.21 

2.30 2.39 

0.60 0.60 

1.50 1.50 

0.00 0.00 

4.60 4.60 

0.50 0.50 

a 
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EOO(6) 
DFOST 

V280 
V281 
V187 
V246 

V244 
V243 
V862 
V863 
V867 
V868 
V869 
V871 
VB7Z 
V876 
V877 
V878 
V880 
V881 
V885 
V886 
V887 
V889 
V890 
V894 

V895 
V896 
V822 
V823 
V827 

YIELD PERIOD 218 

PROCESS VARIABLES 

Ending Bed 6P (E-O) (in Hg) 
Deposits Accumulated on Gasifler Walls ( lbs) 
S in Gasifier Starting Mtd Char (wt%) 
S in Gastfi~r Ending Hid Char (wt%) 
S in Coal ÷ Catalyst Feed wt%) 
S in Char Withdrawn (wt%) 
S in Char Entrained (wt%) 
S in Product Gas Condensate (wt%) 
Si02 in S03-Free Ash in Starting Mid Char (wt%) 
si02 in SO3-Free Ash in Ending Mid Char (wt%) 
St02 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
SiO2 in SO3-Free Ash in Char Withdrawn (wt%) 
St02 in S03-Free Ash in Char Entrained (wt%) 
Fe203 in $03-Free Ash in Starting Mid Char (wtH) 
Fe203 in S03-Free Ash tn Ending Mid Char (wt%) 
Fe203 in S03-Free Ash In Coal + Catalyst Feed (wt%) 
Fe203 tn S03-Free Ash tn Char Withdrawn (wt%) 
Fe203 tn S03-Free Ash tn Char Entrained (wt¢) 
A1203 in S03-Free Ashtn Starting Hid Char (wt%) 
A1203 in S03-Free Ash in Ending Mid Char (wt%) 
A1203 tn S03-Free Ash in Coal + CatAlyst Feed (wt%) 
A1203 in S03-Free Ash tn Char Withdrawn (wt%) 
A1203 in SO3-Free Ash in Char Entrained (wt%) 
CaO in S03-Free Ash tn Starting Mid Char (wt%) 
CaO In S03-Free Ash in Ending Mid Char (wtZ) 
CaO in S03-Free Ash in Coat ÷ Catalyst Feed (wt%) 
CaO in SO3-Free Ash in Char Withdrawn (wtZ) 
CaO In S03-Free Ash in Char Entrained (wt%) 
C1 in S03-Free Ash in Starting Mid Char (wt%) 
C1 in S03-Free Ash in Ending Mid Chap (wt%) 
CI in S03-Free Ash in Coal + Catalyst Feed(wt%) 

Measured Reconciled 

0.20 0.20 
0.00 0.00 
4.01 4.04 
4.01 3.94 
3.93 4.17 
4.78 4.68 
3.83 3.85 
0.04 0.04 

30.16 29.81 
30.16 2g.06 
26.48 27.34 
32.32 3].08 
21.04 21.42 
7,97 8.17 
7.97 7.70 
7.75 8.05 
8.75 8.43 
8.39 0.36 

10.65 10.63 
10.65 10.49 
8.90 9.01 

10.76 10.60 
6.24 6.27 
1.23 1.16 
1.23 1.28 
2.44 2.18 
1.59 1.67 

2.57 2.70 
0.34 0.32 
0.34 0.36 
0.15 0.14 

YIELD PERIOD 218 

PROCESS VARIABLES 

V828 CI in S03-Free Ash in Chap Withdrawn (wtZ) 
V829 C1 in S03-Free Ash in Char Entrained (wt%) 
V836 Acid Sol. Ha20 in Gastfter Starting Hid Char (wtZ) 
V837 Acid Sol. Ha20 fn Gastfier Ending Mid Chap (wt%) 
V841 Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 
V842 Acld Sol. Ha20 tn Char Withdrawn (wt%} 
V843 Acid Sol. Na20 in Char Entrained (wt~) 
V898 M90 tn S03-Free Ash Starting Hid Char {wtH) 
V899 MgO in S03-Free Ash in Ending Rid Char (wt%) 
vg03 MgO tn S03-Fre¢ Ash in Coal + Catalyst Feed (wt%) 
V904 MgO in S03-Free Ash tn Char Withdrawn (wt%) 
V90S MgO in SO3-Free Ash in Char Entrained (wt) 
V916 Tt02 in S03-Free Ash in Starting Mid Chap (wt¢) 
V017 Tt02 in S03-Free Ash tn Ending Mid Chap (wt¢) 

V921 TtO 2 in S03-Free Ash tn Coal + Catalyst'Feed (wt%) 
V922 TtO 2 in S03-Free Ash tn Char Withdrawn (wt%) 
V923 Ti02 tn S03-Free Ash in Char Entrained (wt~) 
V925 P205 in S03-Free Ash In Starting Hid Char (wt%) 
V925 P205 in S03-Free Ash in Ending Mid Char (wt%) 
V930 P205 in S03-Free Ash In Coal + Catalyst Feed (wt%) 
V931 P205 in S03-Free Ash in Char Withdrawn (wt%) 
V932 P205 in S03-Free Ash In CharEntrained (wt%) 
V813 N in Starting Mid Char (wt%) 
V814 N in Ending Mid Char (wt%) 
V818 N in Coal ÷ Catalyst Feed (wt%) 
V819 N in Char Withdrawn (wt%) 
V820 N in Char Entrained (wt%) 
V805 0 in Starting Mid Char (wt%) 
V806 0 In Ending Mid Char (wt%) 
V810 0 in Char Withdrawn (wt%) 
V811 0 in Char Entrained (wt%) 

Measured Reconciled 
0.31 0.32 
0.41 0.42 
0.70 0.62 
0.70 0.75 
0.35 0.31 
0.73 0.77 
0.69 0.72 
0.59 0.63 

0.59 0.55 
0.44 0.47 
0.66 0.61 
0.40 0.39 
8.05 6.75 
8.05 7.58 
0.37 0.37 
0.49 0.49 
0.41 0.41 
0.04 0.14 
0.14 0.14 
0.47 0.49 
0.61 0.58 
0.15 0.15 
0.10 0.10 
0.1o 0.10 
1.04 1 .oa 
0.08 0.08 
0.17 0.17 
8.74 8.63 

8.74 8.62 
11.37 11.13 
8,79 9.00 
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RECONCILED DATA 
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UNIT OPERATIONS 

From 

To 

Duration 

Percent of Time on Stream 

Coal Feed 

Steam 

Synga s 

Gasifier Process Temperatures 

Gasifier Bed Height ( i t )  

43.2 

38.4 

32.1 

26.6 

21.2 

16.0 

10.9 

6.4 

0.4 

Time 

17:30 

11:30 

Date 

8-5-77 

8-6-77 

18 Hrs 

99.0 

100 

100 

Gaslfler Temperature (°F) 

1182 

1165 

1309 

1326 

1293 

1297 

1281 

1263 

1183 

YIELD PERIOD 219 

UNIT PROCESS VARIABLES 

Unit Temperatures 

Lockhopper 1 Top 
Lockhopper 1 Bottom 

Lockhopper 2 Top 
tockhopper 2 Bottom 

Gas i f i e r  Feed Line 
Gasifler Steam Line 

Gaslfler 
Top of  Bed 
Bottom of  Bed 
Total Bed Average 

Rough Cut Cyclone 
Cyclone Top 
Cyclone Bottom 
Standpipe Top 
Standpipe Mid 
Standpipe Bottom 
Standpipe Slope Top 
Standpipe Slope Bottom 

Gasifier Backend 
Cyclone Inlet 
Filter Inlet 

Scrubber Inlet 
Scrubber Outlet 

Product Gas Meter 

Unit Pressures. 

Lockhopper 2 
Gasifier Feed Line 
Bypass N2 
Syngas In 

GasIfier 
Gasifier lop 
Gasifler Bottom 

Rough Cut Cyclone Outlet 
Filter Outlet  
Scrubber Outlet  

Product Gas Neter 

Proces~ z_~_ 

259 
247 

283 
237 

607 
888 

1326 
1183 
1274 

900 
754 
6gl 
74? 
722 

1195 

479 
81 

93 

117.7 
117.7 
163.7 
162.7 

114.7 
117.1 

i14.6 
108.1 
I06.6 

114.7 

278 
214 

309 
180 

873 
902 

1399 
1235 
1336 

943 
1103 
1OO2 
1062 
1026 
1054 
997 

564 
519 

438 

4 
w 
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Gasifier Fluidi, zed Bed Propert~,c~ 

Bed Bottom Density (lbs/cf) 
Bed Top Density (Ibs/cf) 
Bed Average Density (lh~/c'~) 
Bed Height ( i t )  
Bed Holdup (lbs) 
Bed Volume [cf) 
Average Bed Temperature (°F} 
Space Velocity (bed) (cf/cf/hr) 
Bottom Superficial Velocity (~t/~e~) 
Top Superficial Velocity (ft/beu) 

C~clone Performance 

Temperature (°F) 
Pressure (psia) 
Inlet Gas Rate (SCFH) 
Inlet Gas Rate (ACFIi) 
Inlet Gas Velocity (ft/sec) 
Solids Entering (Ibs/hr) 
Dust Loading (lbs/acf) 
Solids Captured (Ibs/hr) 
Solids Escaping (lbs/hr) 
Overall Efficiency (Captured/Enterlng, ~ ,~ )  

Solids Carryover Loss 

Coal • Catalyst Feed (lbs/hr) 
Total Carryover (Ibs/hr) 
Cyclone (Ibs/hr) 
Fi l ter (lbs/hr) 
Carryover/Feed (Wt.%) 

Solids Carbon Loss 

Carbon in Feed (Ibslhr) 
Carbon in Carryover (lbs/hr) 
Carryover/Feed (~t,%) 

1T.3 

l i . l  
2g.g 
62.5 

|Og.l 
0~74 
0.80 

~54, O 
I l l  .6 

I|93.9 
309.8 
24.3 
2.5 

O.OOgl 
~.0 

7g. i 

T5.53 
Z.Sl 
2. O0 
0.51 
IG.O 

g.50 
0.97 
iO,.2 

YIELD PERIOU ~l!:: 

UNIT CONVER~ Ii ~ 

C a r ~  Consr~m~LJon 

CJrb:n in Feed; (Ibs/hr) P.t; 
C~r)~on Crom Devolatilizatlon** of Feed C~,~! C|)c/h '~) ~,:; 
C~rhon ~ssific~, (by dif?er~nce) (Ib~/hr) ,~,~q~ 
l~tal Carbon Converted (lbs/hr) 7 ~;~ 

C~.rbon Cnnver,.:ion (C Co,nverted/C in Feed) 

Total, Including Devolatilization (~) P~.~ 

Carb~} Distribution 

letal  Converted (%) ~2,~ 
Entrained (~} 9,~ 
VHthdrawn (%) g.} 

Conversion (Entrainment Backed Out) ~,I ,~.'~ 

s~e_cific Reaction Rates (C Converted/C i9~ BeB~_ 

Gasification Only (~/Hr) ~3.~} 
Including Devolatilization ~l,g 

,Ste,am Consumption 

Steam into Unit (Ibs/hr) 24,~6 
Ste~ Eeacted ~ith Car~on (Ibs/hr) 6.44 
Total Steam Consumed (Ibslhr) 13.2~ 

S_te~Conyersi~n (Steam Consumed~Steam ir, co__~Be~L 

r~sIFic~tlon* (~) ~6.7 
Total Steam Converted (%) 55.0 

Reaction Rate Parameters 

Carbon Converted/Steam Fed (Ibs/Ibs) O.17I~ 
C~bon Converted/Steam Fed (mollmol) 0.?67 
C~r'be~ Converted/Bed Volurr~ ( Ibslhr} /cf t  O,BO~ 
C~rbon Converted/Bed Volume ~mol/hr)/cft O.OG7 
Carbun in B~d/Steam Fed Ibsl(Ibs/hr) 0o77~ 
Carrot= in Bed/St~em Fed moIl(mol/hr} 1.15B 

J Reproduced 'from ~ T f ~  
I! bo,t 0va ,ob'e copy. 



YZE!F; PERI00 :'I'~ 

I 

ro 

4~ 

I 

UNIT C04H;SITIOI~S 

Catalyst D is t r i bu t i on*  
C~s l f ter  Char 

gt% Fee__d __To_op~ Mtd ~ o _ - ~  Entra1~4 

K as K20 9.8 27.6 29.5 32.7 32.~ 

K as K2C03 14.4 40.5 43.2 4B 0 47 ? 
K as K 8.1 Z2.9 74.~ 27.2 26.7 

K Water/Acld, 0.445 0.770 O.716 0.628 0.828 
Soluble Ratio 

K20,HzO-Insolubl~ 5.4 6.3 8.4 12.2 5.5 

K2CO~ HzO-Insoluble 8.0 g.3 12.3 17.g 8.1 

K, H20-Insoluble 4.5 5.3 6.9 10.1 4.6 
Carbon 60.P 33.0 29.8 23.8 37.1 

K on Carbon 13,4 69.6 82.0 114.0 72.0 

ASTM Ash 24.9 65.6 68.4 75.1 59.7 

K on Ash 32.6 35.0 35.7 36.2 44.7 

K2CO 3 Free-Ash 10.3 24.2 24.3 26.3 11.6 

K on K2C03 Free-ASh 78.9 94,8 100.5 103.1 229.9 

Size Distribution 
C,,,,~latlve Wt% Less Then Mesh Size 

325 Mesh 200 Mesh lbO Mesh 50 Mes___~h 30 Mes______hh 20 Mes_____ hh 10 Mesh 

Feed Coal + Catalyst 4.5 11.4 27.8 53.3 

TOp Char 1.7 7.0 30.2 55,3 

Mtd Char ?.7 8.2 28.8 58.3 

Bottom Char 0.7 2.4 10.9 33.6 

Cyclone 67.3 78.1 97.1 97.7 

Fi l ter  

Volmml 
Nueber Surface Weight 

Partlcle Diameter (Microns} Mean Mean Mean 

Feed Coal + Catelyst 28 149 361 

Top Char 37 176 392 

Mid Char 32 162 311 

Bottom Char 41 280 493 

Cyclone 22 29 64 

F i l t e r  

*Based on acid soluble anelysts 

8 3 . 2  

8 1 . 4  

89.1 

72.3 

98.6 

96.0 100.0 

91.8 100.0 

99.6 100.0 

91.0 99.9 

99.1 100.0 

Bulk_Density 
l b s /e f  
51.2 

19.6 

21.9 

Z5.8 

Ultlmate ,~n~l sL Is  

Wt% o f  l o t n l _ ~ ~ L _ _ _ _ .  _ 

H 2.78 0.33 C ); 

{: 60.B 23.8 27. I 

S 3.4 4.7 -~ .;~ 

0 14.6  7 .2  ~.r' 4 T> 

N 0 .16  0 .19  {~.19 

C1 0.09 0.!g 0,37 

S03-Free Ash 18.2 63.7 49.5 

Total 1 O0 1 O0 1 ()'~ 

Soltds Flow Rate 15.63 3.64 2.5~ 
(Ibs/hr) 

Ash Elernent AnaIxsis 

WtI o f  SO~-Free A } L  . . . . .  

SiO 2 25.7 29.6 ]6.P 

Fe203 8.2 6.7 8.9 

A1203 8.7 10.8 5.6 

CaO 1.64 1.45 1.54 

M90 0.63 0.62 0,43 

TiO 2 0.45 0.43 0.45 

P205 0.28 0.25 0.27 

Na20 0.77 0.69 1.01 

K2~ Catalyst 53.71 49.46 64.99 

Total 100 100 100 
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PRODDCTGAS I~TA 

Product Gas Partial P~essures at Gaslftar Exi t 

Total Pressure, psta 114.7 

H 2 49.0 

CO 17.0 

C84 7.2 

C02 14.7 

H2S O. 3 

H20 22.0 

N2 4.5 

H20/CO 1.3 

H20/C02 1.5 

Untt Gas Data 

Syngas MWT, Ibs/mol 10.8 

Product Gas I~T (dry), lbs/mal 15.9 

Product Gas 

At OTM (dry), SCFH 965.3 

(DW.N2-Free), 5CRI 918.1 

At Gasifier Outlet, 5CFH 1193.9 
(Includes N2 + H20) 
At Gasif ier Outlet, ACFH 483.2 
(Includes N2 + H20) 
At Gasifler Outlet. SCFH 1146.7 
(Excludes 82) 
At Gastfier Outlet, ACFH 464.1 
(Excludes N2) 

YIELD PERIOD 219 

PRODUCT GAS DATA 

Unit Gas Yields 

Product Gas (Dry), 14o1% 
HZ 
CO 
C02 
CH4 
H2S 
82 

Product Gas (Dry, N2-Free) 
H2 
CO 
C02 
CH4 
H2S 

Product Gas 
H2 
CO 
C02 

H20 
N2 

Product Gas (N2-Free) 
H2 
CO 
C02 
CH4 
H2S 
H20 

$CFH CH4/Lb C Acttve Bed 

SCFH CH4/lb C Feed 

Holes CH~/mole C Feed 

52.8 
18.3 
15.8 
7.8 
0.4 
4.9 

55.5 
19.3 
16.6 
8.2 
0.4 

42.7 
14.8 
12.8 
8.3 
0.3 

19.1 
4.0 

13.3 
6.6 
0.3 

19.9 

4.0 

7.9 

0.25 

Equlllbrl~ Constants 

Graphlte-H20: C + H20 - CO + H2 
Shift: CO + H20 = C02 + H2 
Methanatlon: CO + 3H 2 = CH4 + H20 
Overall: 2C + 2H20 = CH 4 ÷ CO 2 

Reactton Corresponding 
Equilibrium at Actual Equilibrium 

Active Bed Temp EqutltbHum , Temperature 
(1292.00F) Expression (°F) 

1.6665 2.5791 1338.7 
1.5561 1.9205 1210.2 
0.0789 0.0172 1393.3 
0.3410 0.2197 
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IMTERIAL ~J~NC[~ 

Overatl Matertal Balance 

Input: u J ~ .  

Coal Feed (ex N 2) 15.~0 

C~wislfler Steam 24.16 

Gaslfier Syngas 13,3~ 

Total (ex N 2) 53.11 

AccumulatIon: -0.gJ 

Closure: (Output + Accu~)/;,pu~:, 1: 

ProducL ~ s  ~2 3.49 

P~duc~ H<~ter 10,87 

Chit [ntrnl~ed ~.-~ 

~,1 lds WI thdre~ ;:.63 

190.0 

Slmthesfs ~ s  Balance 

]n__~_~: 

Gast f l e r  Syngas 

H z NOI% 66.1 

CO I~b1$ 33.9 

Ba I ante : 

H 2 l'l~ 1 i ~2.t; 

(Ou tpu t / In~ t ) ,  I 147 

YIELD PERIOD, 217 

MATERIAL BALANCE~ 

",._~uL LL_b}ZXr_ ~_: Carbon* 

(.e~ ~, + Cat~lyst** 9.50 0,434 

G~si~'ler Steam 2,703 

G~s~ f t e r  Syngas 5.02 1.643 

Total 1 a. 51 4. 780 

Product Gc~ 12,83 3.531 

Product Water 1.216 

Che~ Entrained 0.93 0.024 

3o3tds WI thdra~ 0.86 0.012 

lore1 14.63 4.783 

Accutaulatton: -0.12 -0.003 

Clcsqre 100.0 100.0 
(Out + J'~clllll)/in, % 

O ~  Sul ly, '  l~...hhi~;o...l~ 

21.4~ 

{i.6~ 

30.41 0.533 0~01' 

20.35 O. 306 

9.66 0.004 

0.Z1 0.085 0.00• 

0.26 O.I/P U.OC/ 

30. ~,~ 0.565 O.UI~', 

-0.07 -0.037 -0.00~ 

lO(I o IOO.(, !oo,o 

L ~ t ~  Balance 
Acid Sol. Water Sol. 

l n p v ~ l :  K K 

Co61 ÷ Catalyst  1.27 0.57 

Ou~Lut: 

Cha~" Entrained O. 67 O. 55 

Product Wite~" 0.0 (tO 

$olt( i  ,~t thdraw~ 0.95 ~.62 

)ota! 1.62 I 17 

Accl~n~lat toI~ : -0.35 -;t, 16 

Closure 100.0 ~ " t O  
(out + ¢ccu~)/tn, % 

,',',~rt~, ~.~!~.c~ e:cludes Cata lyst  car~on. t .  
*'~.'xcl~e, carbor; and oxygen in catalyst 
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MATERIAL BALANCES 

YIELD PERIOD 219 

MATERIAL BALANCES 

i 

to 

I 

Ash Balances 

Input (Lbs/Hr): 

Coal + Catalyst 

output: 

Entrained Chap 

Soltds W1 thdrawn 

Total 

Accumul atl on: 

Closure 
{out + accum)/In, % 

Ash Element Balance 

Input (Lbs/Hr): 

Coal + Catalyst 

Ootp.t- 

Entrained Char 

Solids Withdrawn 

Total 

Accumul ati on: 

Closure 
(out + accum)lln, % 

C/H S 0 3 - F r e e  S03-Free 
ASTM Ash Residue ASTM Ash C/H Residue 

3.90 3.38 2.85 2.30 

1.50 1.45 1.24 1.16 

2.74 2.71 2.31 2.10 

4.24 4.16 3.56 3.25 

-0.34 -0.78 -0.70 -o.gs 

sto2 Fe__e/~ Aj_V~ Ca__E_O MgO SO_~_ Na20 TtO_!gZ_ P20S 

0.731 0.233 0.248 0.047 0.018 1.402 0.022 0.013 0.008 

0.209 0.110 0.070 0.019 0.005 0.243 0.013 0.006 0.003 

0.686 0,154 0.250 0.034 0,014 0.422 0,016 0.010 0.006 

0,895 0,264 0.320 0.053 0.020 0.665 0,029 0,016 0.009 

-0,163 -0.031 -0.071 -0.006-0.002 -0.055 -0,007 -0,003 -O.OOl 

I00 I00 100 lO0 I00 44 100 lO0 I00 

Mole Balance 
Lb-Moles/Hr 

C H 0 S 

H2 (0:815) - 1.630 
co (0.41e) 0.418 0.~18 
H20 0 2.282 1.341 
Total (2.674) 0.418 4.312 1.759 

Solids Input C H 0 S K 

Coal + Cat Feed 0.791 0 , 4 3 0  0 . 1 4 2  0 . 0 1 7  0.033 

Total Input 

Gas Output 

1.208 4,743 1 . g o 1  0.017 0,033 

Product ~as C H O__ S 

H 2 (1.345) 2.68g - 
co (0.467) 0.~67 - 0.;67 - 
c02 (0.403} 0.403 0.805 - 
CH4 (0.199) 0.199 0795 
H2S (O.OlO) - 0.019 0 0.010 
H20 (0.604) - 1.207 0.604 - 
Total (3.028) 1 .068 4 . 7 1 0  1 . 8 7 0  0,010 

Solids Output C H 0 S K 

Char Entralned 0.078 0.024 , 0 .013 0 . 0 0 3  0.017 
Char Samples Withdrawn 0 . 0 7 2  0 . 0 1 2  0 . 0 1 6  0 . 0 0 5  0.024 
Char Accumulation -0.010 -0.003 -0.004 -0,001 -0.009 
Total Solids 0.140 0.033 0.025 0.007 0.033 

Total Output'+ 1.208 4 . 7 4 3  1 .901  0 . 0 1 7  0.033 
Accumulation 
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PRO~ESS VARIABLES 

VlO0 Gesfffer Steam ( lbs/hr)  

Vlll Char Withdrawn (Ibs/hr) 

V165 H In Char Entrained (wt%) 

V166 H in Char Withdrawn (wt%) 

V168 H in Coal + Catalyst Feed (wt%) 
V173 H In GasifJer Start ing Mid Char (wt%) 

V174 H In GasJfler Endlng Mid Char (wt%) 

V183 CO in Syngas (molt) 

VlB5 Acid Sol. K20 in Coal + Catalyst Feed (wt%) 

V188 0 in Coal + Catalyst Feed (wt%) 

Vlg3 H 2 In Syngas (mol%) 

V205 CO 2 In Product Gas (mo1%) 

V207 CH 4 in Product Gas (mol%] 

V208 CO in Product Gas (moi%) 

V212 H 2 In Product Gas (moi%) 

V214 N 2 in Product Gas (mol%) 

V215 H2S in Product Gas (moI%) 

V222 Carbon In Char Withdrawn (wt%) 

V227 Acid Sol. K2O in Char Entrained (wt%) 

V232 Acid sol. K20 in Char Withdrawn (wit) 

V257 Carbon in C, aslf ler Starting Mid Char (wt%) 

V258 Carbon tn Gaslfler Endtn 9 Mid Char (wt%) 

V265 Acid, Sol. K?O In Gaslfier Starting Mid Char (wt%) 

V256 Acid Sol. K20 in Gaslfier Ending Mid Char (wt%) 

V289 ASTN Ash In Char Entrained (wt%) 

V292 ASTM Ash tn Char Withdrawn (wt%) 

V293 ASTM Ash tn Feed Coal + Catalyst (wt%) 

V294 C/M Residue in Feed Coal + Catalyst (wt%) 

V295 CIH Residue In Char Entrained (wt%) 

V306 ASTM Ash in Gaslfler Stertin 9 Mid Char (wt%) 

V307 ASTM Ash in Geslfter Ending Mid Char (wt%) 

Measured Reconciled 

24.03 24.16 

3.64 3.63 

0.97 0.97 

0.33 0.33 

2.77 2.78 

0.35 0.35 

0.35 0.35 

35.30 33.88 

8.82 9.80 

14.53 14.56 

64.60 66.12 

15.80 15.80 

7.80 7.80 

16.60 18.34 

~.  90 52.79 

4.90 4.89 

0.35 0.37 

23.83 23.78 

32.65 32.18 

32.72 31.50 

29.83 27.38 

29.83 31.64 

?9.45 31.89 

29.45 28.00 

59.64 59.72 

75.13 75.32 

25.02 24.93 

21.11 21.55 

58.63 57.97 

68.39 63.98 

68.39 71.81 
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PROCESS VARIABLES 

V310 

V320 

V321 

V333 

V334 

V336 

V337 

V338 

V350 
V351 

V353 

V354 

V355 

V407 

V473 

V495 

V498 

F 384 

F385 

PGKO 

u(i143 
U(115) 

U(ll6) 
U(l17) 

u(118) 
U(119) 

u(Iz0) 
u(Izl) 

U(IZ2) 

u(123) 

CIH Residue In Char Withdrawn (wt%) 

C/H Residue In Gasiffer Starting Mid Char (wtt) 

C/H Residue In Gasifier Ending Mid Char (wtg) 

S03-Free ASTN Ash In Feed Coal * Catalyst (wt%) 

S03-Frpe ASTN Ash in Char Entrained (wt%) 
S03-Free ASTM Ash In Char Withdrawn (wt%) 

S03-Free ASTM Ash In Starting Mid Char (wt%) 

S03-Free ASTM Ash in Ending Mid Char (wt%) 

S03-Free CIH Residue In Feed Coal + Catalyst (wt%) 

S03-Free C/H Residue In Char Entrained (wt%) 

S03-Free C/H Residue In Char Withdrawn (wit) 

SO3-Free C/H Residue in Star t ing  Mtd Char (wt I )  

S03-Free C/H Residue In Ending Rid Char (wt%) 

Coal + Catalyst Feed ( lbs /h r )  

Char Entrained ( lbs /hr )  

Carbon In Feed Coal (wt%) 

Carbon ~ Char Entrained (wt%) 

Synges Flow Meter (CFH) 

Product Gas Flow Meter (CFH) 

Product Gas Condensate ( lbs /h r )  
Start ing Bed ~P (B-A) ( in  Hg) 

Star t ing Bed AP (C-B) ( in  Hg) 

Star t ing Bed 6P (B-C) (tn H9) 

Star t ing Bed 6P (F-E) (tn Hg) 

Starting Overall Bed aP (F-A) (In Ha) 

Ending Bed AP (B-A) (In Hg) 

Endtng Bed AP (C-B) ( in Hg) 

Ending Bed AP (D-C) ( in Hg) 

Endtng Bed Ap (F-E) ( tn Ha) 

Ending Overall Red ~P (F-A) (tn Hg) 

EDO(1) Star t ing Bed AP (E-D) ( in  Ha) 

Measured Reconciled 

76.18 74.6,5 

68.71 70_ 89 

68.71 67.02 

17.34 18.25 

,19.95 4O.52 

63.55 63.69 

57.21 59.87 

57.21 5S.24 

13.43 14.72 

48.94 46.18 

64.60 57.64 

57.53 63.84 

57.53 52.63 

15.25 15.63 

2.51 2.51 

61.57 60.76 

37.58 37.18 

44.72 44.64 

128.10 132.52 

12.00 10.54 

2.20 2.23 

1.60 1.62 
2.0O 2.02 

0.0O 0.00 

5.80 5.87 
1.40 I. 30 

2.40 2.37 

0.60 0.60 

0.00 0.00 

4.00 4.50 

O.0O O.O0 

G 



! 

¢0 
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PROCESS VARIABLES 

E00(6) Ending Bed ~P (E'D) (in Hg) 
OPOST 

V280 
V281 
V187 
V246 
V244 
V243 
V862 
V863 
V867 
V868 
V869 
V871 
V872 
V875 
V877 

V878 
V880 
V881 
V885 
V886 
V887 
V889 
V890 
V894 
V895 
V896 
V822 
V823 
V827 

Deposits Accue~lated on Gaslfler Walls (Ibs) 

S In Gaslfler Starting Mid Char (wt%) 
S in Gaslfler Ending Mld Char (wt%) 

S In Coal + Catalyst Feed wt%) 

S in Char Withdrawn (wt%) 

S in Char Entrained (wt%) 

S in Product Gas Condensate (wt%) 

SlO2oln S03-Free Ash in Starting Mid Char (Wt%) 

$10z in S03-Free Ash In Ending Hid Char (wt%) 

$I02 in S03-Free Ash in Coal + catalyst Feed (wt)) 

St02 in S03-Free Ash in Char Withdrawn (wt%) 
.SLOE in S03-Free Ash In Char Entrained (wt¢) 
Fe203 in S03-Free Ash in Starting Hid Char (wt%) 
Fe203 in S03-Free Ash In Ending Mid Char (wt%) 
Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 
Fe203 in 503-Free ASh in Char Withdrawn (wt%) 
Fe203 in S03-Free Ash in Char Entrained (wt%) 
A1203 in S03-Free Ash in Starting Rid Char (wt%) 
Al203 in S03-Free Ash in Ending Mid Char (wt%) 
AIzO 3 in 503-Free Ash in Coal + Catalyst Feed (wt%) 
A1203 in S03-Free Ash in Char Withdrawn (wt%) 
A1203 in S03-Free Ash in Char Entrained (wt%) 
CaO in S03-Free Ash in Starting Mid Char (wt%) 
CaO in S03-Free Ash in Ending Mid Char (wt%) 
CaO in S03-Fnee Ash in Coal + Catalyst Feed (wt%) 
CaO in S03-Free Ash in Char Withdrawn (wt%) 
CaO In S03-Free Ash in Char Entralned (wt%) 
CI in SO3-Free Ash in Starting Mid Char (wt%) 
Cl in S03-Free Ash in Ending Mid Char (wt%) 
CI in S03-Free Ash in Coal ÷ Catalyst Feed (wt%) 

Measured Reconciled 

0,20 0.20 
0,00 0.00 
4.28 4.16 
4.28 4.37 
3.63 3.41 
4.63 4.67 
3.38 3.40 
0.04 0.04 

28.60 27.64 
28.60 29.38 
26.40 25.65 
29.92 29.64 
16.81 16.82 
5.70 5.47 
5.70 5.87 

8.78 8.17 
6.45 6.67 
8.63 8.85 

10,76 10.65 
10.76 10.85 
8.77 8.71 

10.85 10.89 
5.53 5.63 
1.07 1.03 
1.07 1.10 
1.75 1.64 
1.40 1.45 
1.51 1.54 
0.22 0.20 
0.22 0.23 
0.10 0.09 
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PROCESS VARIABLES 

V828 C1 tn S03-Free Ash in Char Withdrawn (wt%) 
V829 C1 in S03-Free Ash in Char Entrained (wt%) 
V836 Actd Sol. Na20 in Gasffter Starting Mid Char (wtH) 
V837 Actd Sol. Na20 in 8astf ier  Ending Mtd Char (wt¢) 
V84t Acid Sol. Na2Oin Coal + Catalyst Feed (wt%) 
V842 Acid Soi. Na20 in Char Withdrawn (wt%) 
V843 Acid So1. Na20 tn Char Entrained (wt%) 
V898 MgO in S03-Free Ash Starting Hid Char (wt¢) 
V899 HgO in S03-Free Ash in Ending Rtd Char (wt¢) 
V903 MgO in S03-Free Ash in Coal + Catalyst Feed (wt%) 
V904 HgO in S03-Free ASh in Char Withdrawn (wt¢) 

V905 MgO in S03-Free Ash in Char Entrained (wt) 
V916 TI02 in S03-Free Ash in Starting Mid Char (wt%) 
V917 Tie2 in S03-Free Ash In Ending Mid Char (wt%) 
V921 Tt02 in 503-Free Ash in Coal + Catalyst Feed (wt%) 
V922 TtO 2 in S03-Free Ash in Char Withdrawn (wt%) 
V923 T102 In S03-Free Ash in Char Entrained (wt%) 
V925 P205 in S03-Free Ash in Starting Mid Char (wt%) 
V926 P205 in S03-Free Ash tn Endtng Mid Char (wtH) 
V930 P205 in S03-Free Ash in coal + catalyst  Feed (wtg) 
V931 P205 in S03-Free Ash in Char Withdrawn (wt%) 
V932 P205 in S03-Free Ash in Char Entrained (wt%) 
V813 H in Starting Mid Char (wtg) 
V814 N in Ending Mid Char (wt%) 
V818 N in Coal + Catalyst Feed (wt%) 
VSlg N in Char Withdrawn (wt%) 
V820 N in Char Entrained (wt%) 
V805 0 In Starting Mid Char (wt%) 
V806 0 in Ending Mid Char (wt%) 
V810 0 in Char Withdrawn (wt%) 
V811 0 In Char Entrained (wt%) 

Measured Reconct led 

0.18 0.19 
0.30 0.32 
0.49 0.49 
0.49 0.4g 
0.14 0.14 
0.44 0.44 
0.50 0.50 
0.58 0.52 
0.58 0.62 
0.73 0.63 
0.57 0.62 

0.42 0.43 
0.47 0.45 
0.47 0.48 
0.47 0.45 
0.42 0.43 
0.44 0.45 
0.13 0.14 
0.13 0.12 
0.24 0.28 
0.31 0.25 

0.3O 0.27 
0.10 0.10 
0.10 0.10 
0.16 0.16 
0.19 0.19 

0.19 0.19 
8.01 7.93 
8.01 8.07 
7.29 7.]5 
8.60 8.49 


