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APPENDIX A

FLUID BED GASIFIER YIELD PERIOD DATA

Data for the 18 yield periods (Yield Period 202 to Yield Period
219) which included complete solids analysis workup are shown in this appendix.
The last four pages for each yield period list "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-line computer program which statistically 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-1.

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. If the measured deviation is significantly
greater than the standard deviation, then that variable's contribution to the
total objective function will 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 tell how well each has been satisfied).

The constraints have the greatest influence on the program results.
For this reason, considerable care was required to realistically, yet fully,
constrain the system.
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TABLE A-1

CONSTRAINTS USED IN RECONCILING FBG OPERATIONS DATA

Constraint
No. Descriptian
1. Hydrogen Balance h 3
2. Carbon Balance
3. Oxygen Balance
4, Sulfur Balance
5. Chlorine Balance
6. (Acid Soluble) Potassium Balance ‘ 1
7. {(Acid Soluble) Sodium Balance Overall
8. ° Si0p (SO3~Free Ash) Balance ! gg%g;z;l
9.  Fep03 (SO3-Free Ash) Balance
10.  A1;03 (S03-Free Ash) Balance ) igﬁ-ggfgnce
11. Ca0  (SO3-Free Ash) Balance
12. Mg0  (SO3-Free Ash) Balance
13. Ti0p (SO3-Free Ash) Balance
14. P205 (SO3-Free Ash) Balance ) ) Close
15. ASTM Ash Balance > to
16. C/H Test Residue Balance 100%
17. S03-Free C/H Test Residue Balance
18. Z Product Gas Components
19. z Syn Gas Components
20. L Feed Coal Components
21. I Feed Coal (SO3-Free Ash) Components
22. Z Char Carryover Components
23. L Char Carryover (S03-Free Ash) Components
24. I Bottom Char Components
25. £ Bottom Char (S03-Free Ash) Components
26. I Bed Char {Beginning) Components
27. £ Bed Char (Beginning, S03-Free Ash) Components
28. I Bed Char (Ending) Components -
29, Z Bed Char (Ending, SO3-Free Ash) Components
30, Total Bed AP = Incremental Bed aP's (Beginning)
3. Total Bed 4P = Incremental Bed aP's (Ending) J
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RECONCILED DATA
YIELD-PERIOD 202
UNIT DPERATIONS

Time _Date
From 11:30 2-11-77
To 11:30 2-12-77
duration 24 Hrs
Percent of Time on Stream
Coatl Feed ) 99
Steanm 93
Syngas 99
Gasifier Process Temperatures
Gasifier Bed Height (ft) Gasifier Temperature '°F)
43.2 1203
38.4 1238
kY| 1287
26.6 1306
21.2 1302
16.0 1305
10.9 1290
6.4 1274
0.4 1140

YIELD PERIOD 202
UNIT PROCESS VARIABLES

Unit Temperatures

Lockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
Gasifier Steam Line

Gasifier
Top of Bed
Bottom of Bed
Total Bed Average

Rough Cut Cy:'one
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 Qutiet

Product Gas Meter

Unit Pressures

Lockhopper 2
Gasifier Feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Outlet
Filter Qutlet
Scrubber Outlet

Product Gas Meter

Process, °F Metal, °¢
227 243
197 156
335 335
275 405
674 823
908 893

1306 1346
1140 1258
1270 1307
951 994
697 1019
815 1000
838 1016
172 989
- 1051
1186 1003
- 570
- 563
58] 530
7 -
88 -
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YIELD PERIOD 202
FLUID-SOLIDS DATA

Gasifier Fluidized Bed Properties

Bed Sottom Density {1bs/cf)

Bea Top Density (1bs/cf)

8ed Average Density (1bs/cf)

Bed Meight (ft)

Bed Holdup (1bs)

3ed Volume (cf)

Average Bed Temperature (°F)

Space Velocity (bed) {cf/cf/hr)
Bottom Superficial Velocity (ft/sec)
Top Superficial Velocity (ft/sec)

Csclone Performance

Temperature {°F)

Prassure {psia)

Intet Gas Rate (SCFH)

Inlet Gas Rate (ACFH)

Inlet Gas Velocity (ft/sec)

Solids Entering (1bs/hr)

Dust Loading (1bs/acf)

Solids Captured (lbs/hr

Solids Escaping {1bs/hr

Overall Efficiency {Captured/Entering, wt.%)

Solids Carryover Loss

Coal + Catalyst Feed {1bs/hr)
Total Carryover (1bs/hr)
Cyclone {1bs/hr)

Filter (1bs/hr)
Carryover/Feed (Wt.%)

Solids Carbon Loss
Carbon in Feed (1bs/hr)

Carbon in Carryover (1bs/hr)
Carryover/Feed (Wt.3)

—
— 3 e NY

—
~N

OOmO
e DG — = ONO

Lo ;
Slwbhboounimow

~ oy

570.0
12.7
1015.3
262.4
20.6

.2
0.0160
0.4

10.14
4.19
.
0.42
1.3

6.50
2.95
45,5

YIELD PERIOD 202
UNIT_CONVERSIONS

Carbon_Consumption

Carbon in Feed* {1bs/hr)

Carbon from Devolatilization** of Feed Coal (lbs/hr)
Carbon Gasified (by difference) (ibs/hr)

Total Carbon Converted {1bs/hr)

Carbon .Conversion {C Converted/C {in Feed)

Gasification Only (%)
Total, Including Devolatilization (%)

Carbon Distribution

Total Converted (%)

Entrained (%)

Withdrawn (%)

Accumulated (%)

Conversion {Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr)
Including Devolatilization

Steam Consumption

Steam into Unit (1bs/hr} )
Steam Reacted with Carbon (lbs/hr)
Total Steam Consumed {1bs/hr)

Steam Conversion (Steam Consumed/Steam into Bed}

Gasification* (%)
Total Steam Converted (%)

Reaction Rate Parameters

Carbon Converted/Steam Fed (1bs/1bs)
Carbon Converted/Steam Fed {(mol/mol)
Carbon Converted/Bed Volume {Ibs/hr)/cft
Carbon Converted/Bed Volume (mol/hr)/cft
Carbon in Bed/Steam Fed 1bs/(1bs/hr;
Carbon in Bed/Steam Fed mol/(mol/hr

*Excludes carbon in catalyst

N = =t %
IR
== T U
W= OO

*+fcsumed from standard ASTM devolatilization test of feed coal
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Catalyst Distribution*

Wte
K as k30
K as k2(03
K as X
K Water/Acid,
Soluble Ratio
K20, Hz0-Insoluble
K2C03 H20-Insoluble
K.H20-Insoluble
Carbon
K on Carbon
ASTM Ash
K on Ash
K2C03 Free-Ash
K on K2€03 Free-Ash

Size Distribution

Feed Coal + Catalyst
Top Char

Mid Char

Bottom Char

Cyclone

Filter

YIELD PERIOD 202
UNIT COMPOSITIONS

Gasifier Char

Particle Diameter {Microns)

Feed Coal + Catalyst
Top Char
Mid Char

Bottom Char
Cyclone
Filter

Feed Top Mid Bottom Entrained
7.1 14.% 14.2 151 13.0
10.5 21.2 20.9 22.2 19.2
5.9 12.0 11.8 12.5 10.8
0.519 0.55% 0.563 0.566 0.687
3.4 6.4 6.2 6.6 4.1
5.0 9.3 9.1 9.6 6.0
2.9 5.3 5.2 5.4 3.3
64.1 56.6 54.0 48.4 67.7
9.2 21.2 21.9 25.9 16.0
21.5 40.4 41.3 47.1 31.6
27.6 29.7 28.6 26.6 34.2
10.8 18.7 20.0 24.4 12.0
§5.0 4.2 59.1 51.4 89.9
Cumulative Wt Less Than Mesh Size
325 Mesh 200 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh
9.9 11.3 22.5 44.4 70.5 83.1 99.9
4.6 3.7 1.3 29.7 57.3 72.4 98.4
1.5 1.5 9.3 31.6 56.5 72.3 98.8
0.6 1.8 4.7 16.6 44.2 64.4 99.5
Yolume/
Number Surface Weight Bulk Density
Mean Mean _Mean 1bs/ct
24 132 509 48.2
24 224 650 27.0
29 300 659 19.1
kL3 414 796 26.3

*Based on acid soluble analysis

Ultimate Analysis

— Component

H
C
S
0
N
(4

S03-Free Ash

Total

Solids Flow Rate
{bs/hr)

Ash Element Analysis

S102
Fe03

A1203

Ca0

M0

Ti0;

P20s

Na20

K20, Catalyst

Total

YIELD PERIOD 202
SOLYDS COMPOSITION

Wti of Total Solids, Ury

_ _Feed Solids W/D Entrained
4.15 0.98 0.64
64.1 52.7 67.7

3.8 3.6 za
10.6 1.5 2.4
1.13 0.36 0.36
0.09 o.n 0.18
16.2 40.8 26.6
100.0 100.0 100.0
10.03 1.88 4.19

Mt1 of 503-Free Ash
30.8 35.2 27.5
10.1 n.s 9.3

1.4 2.1 0.4
1.50 1.51 1.52
0.58 0.67 0.56
0.57 0.57 0.58
0.2 0.30 0.12
0.82 0.70 0.94
44.09 37.40 49.08
100.0 100.0 100.0
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YIELD PERIOD 202
PRODUCT GAS DATA

Product Gas Partial] Pressures at Gasifier Exit

Tota) Pressure, psia n2.7
Hy . 43.5
@ o 9.9
CHy : 1.3
0z : - 1.3
Ho$ 9.3
H20 25.9
Ny : 4.5
H20/€0 2.6
H20/C02 o 2.3

" unit Gas Data

Syngas MMT, 1bs/mol ’ 10.5
Product Gas MWT (dry), 1bs/mol 16.1
Product Gas '
At DTM (dry), SCFH 781.6
{Dry, Nz-Free), SCFH 650.9
At Gasifier Outlet, SCFH - 1015.3
{Includes N + Hz0}
At Gasifier Outlet, ACFH 423.5
{Includes Hp + Hz0}
At Gasifier Outlet, SCFH 884.6
(Excludes N2) :
At Gasifier Outlet, ACFH 369.0

(Excludes N2)

YIELD PERIOD 202
PRODUCT GAS DATA

Unit Gas Yields
Product Gas {(Dry), Molg

&

=8

-t —

]
1.4
€02 3.0
CHe 8.4
H2S 0.4
N2 16.7
Product Gas (Dry, N2-Free)
H2 .60.2
€0 13.6
. €02 - 15.6
. CHa 10.1
H28 0.5
Product Gas
H2 38.6
€0 8.7
€02 10.0
CH 6.5
Hz 0.3
H20 23.0
N2 12.9
Product Gas (Np-Free)
Hz . . 52.2
(%] 11.8
0z 13.5
CHa 8.7
H2S 0.4
~ Ha0 26.4
SCFH CHg/1b C Active Bed 1.1
SCFH CHg/1b C Feed 10.1
Moles CHy/mole C Feed 0.32
Reaction . Corresponding
Equilibrium at Actual Equilibrium
) Active Bed Temp Equilibrium Temperature
Equilibrium Constants (1295.4°F) Expression °F
Graphite-Ha0: C + Ha0 « CO + H2 1.7217 1.1238 1251.9
Shift: €O + Hz0 = CO2 + H2 1.5433 1.9200 1210.3
Methanation: CO + 3Hp = CHe + H20 0.0747 0.0504 1320.6
0.1222 -

Overall: 2C + 2H0 = CHq + CO2 0.3817




- 091 -

YIELD PERIOD 202
MATE 8A

Overall Material Balance

Input: Lbg/Hr Qutput:
Coal Feed (ex N2) 10.03 Product Gas (ex N2)
Gasifier Steam 15.86 Product Gas N2
Gagifier Syngas 14.54 Product Water
Char Entrained
Solids Withdrawn
Tota) (ex N2} 40.43 Total (ex Mp)
Accumulation: -0.25
Closure: (Output + Accum)/Input, ¥ 100.0
Synthesis Gas Balance
Input: SR Qutput:
Gasif fer Syngas 527.2 Hz + €O in Product Gas 480.6
Nz Mol% 67.6 H2 Moli% 50.1
€O Mol% 32.4 €O Mo1% 1.4

Balance: (Ouwtput/Input), ¥ 91.2

Lbs/ir
23.50
9.66
nm.n
4.19
1.88
40.68

SCHH

YIELD PERIOD 2
MATERIAL BALANCES

Element Balances

Input (Lbs/Hr): Carbon* Hydrogen Oxygen Sulfur
< Coatl + Catalyst** 6.50 0.42 1.07 0.386
Gasifier Steam - 1.78 14.09 -
Gasifier Syngas 5.42 1.89 1.22 -

Total 11.92 4.09 22.38 0.186
Qutput:
Product Gas 8.1 2.80 12.33 0.255
Product Water - 1.24 9.87  0.008
Char Entrained 2.88 0.03 0.10 0.088
Sol{ds Withdrawn 0.99 0.02 0.03 0.068
Total 11.94 3.09 22.33 0.415
Accumulation: -0.02 0.00 0.05  -0.029
Closure 10,0 100.0 100.0 100.0
(Out + Accum)/in, ¥
Catalyst Balance Actd Sol. Vater Sol.
Input (Lbs/Hr): X K
Coal + Catalyst 0.60 0.31
Qutput:
Char' Entrained 0.45 0.31
Product Water 0.00 0.00
Solid Withdrawn 0.24 0.13
Total 0.69 0.44
Accumulation: -0.09 0.01%
Closure 100.0 146.1

(out + accum)/1n, 2

*Carbon balance exciudes catalyst carbomate
*% ycludes carbon and oxygen in catalyst

Chlorine
1.009

0.009

g.007

0.002

0.009
-0.000
100.0
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YIELD PERIOD 202
MATERIAL BALANCES
YIELD PERIOD 202

MATERTAL_BALANCES
Nole Balance

Lb-Moles/Hr
H 0

Gas Input C S
Ash Balances 2as Jiput
C/H S03-Free S03-Free H - - -
: ASTM Ash 2 (0.940) 1.879
Input (Lbs/Hr): ASTM Ash  Residue  ASTM Ash  C/H Residue (1} E0.451; 0.451 1761 Oggg -
H20 0.880 - 1.76 0. -
Coal + Catalyst 2.18 2.04 1.64 1.54 Total 0.451 3640 1.332 -
Output:
Entrained Char 1.32 1.28 nn 1.1 Solids Input c H 0 S K
Solids Withdrawn 0.89 0.83 0.77 0.66 Coal + Cat Feed 0.541 0.418 0.067 0.012 0.015
Total 2.21 2.12 1.88 3.08 Tota) Input
Accumulation: -0.03 -0.08 -0.24 -0.22 0.992 4.088 1.339 0.012 0.015
Closure 100 100 100 100
{out + accum)/in, %
Ash Element Balance Gas Qutput
Input (Lbs/Hr): Si0p  Fephz Alp03 a0 Mg _S03  _Napd Ti0z P05 Product fas £ H 0 s
. H 1.034) - 2.068 - -
Coal + Catalyst 0.505 0.166 0.187 0.025 0.0%0 0.560 0.013 0.009 0.003 go (°'§3§§ 0.234 0 0'23:’ -
. 2 0.26 0.268 - 0.53 -
Output: gug 0.173 0.173 0.6?3 - .
. . . . . . 2 0.008 - 0.016 - 0.008
Entrained Char 0.307 0.104 0.115 0.017 0.006 2.281 0.010 0.006 0.00 H50 (0_6,7; - 1,233 0.617 -
Solids Withdrasm 0.270 0.088 0.093 0.0Y2 0.005 0,166 0.006 0.004 0.002 Total 0.675 4.010  1.387  0.008
Total 0.576 0.192 0.208 0.028 0.011 0.347 o.me. 0.011 " 0.004 Solids Output ¢ " 0 g "
Accumulation: -0.072 -0.026 -0.022 -0.004 -0.002 0.032 -0.003 -0.001 -0.000 22" gnm; ine {’" y 0.23% 0.027 0.006 0.003 o_gag
1 : ar Samples Withdrawn 0.082 0.017 0.002 0.002 0.
e ccmyin 1 0 loo 100 10 85 100 100 100 _ Char Accumulation -0.002 0.004 0.003 -0.001 -0.002
Total Solids 0.317 0.048 0.011 0.004 0.015

Total Qutput + 0.992 4.058 1.398 g8.012 0.015
Accumulation .
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V100
AR
V165
vi66
V168
V173
PRt |
v1a3
vigs
V188
V193
va0s
V207
v208
va212
v214
¥215
v222
vaz27
V232

v2s7 -

V258
V265
V266
V289
V292
V293
V294
V295
V306
V307

YIELD PERIOD 202
PROCESS VARIABLES

3asifier Steam (1bs/hr)

Char Withdrawn {1bs/hr)

H in Char Entrained (wt?)

H {n Char Withdrawn {wt%)

H in Coal *+ Catalyst Feed (wtk)

K §n Gasifier Starting Mid Char (wtX)

H in Gasifier Ending Mid Char (wt%)

€0 in Synyas {(mol%)

Acid Sol. K20 in Coal + Catalyst Feed (wti)
0 in Coal + Catalyst Feed (wt%)

H2 in Syngas (mo1X)

€07 in Product Gas {mo1¥)

CHg in Product Gas (mol%)

€0 in Product Gas (mol%)

Hp in Product Gas (mol%)

N7 in Product Gas (mol™)

K25 in Product Gas (mol1)

Carbon tn Char Withdrawn (wt%)

Acid Sol. K20 in Char Entrained {wti)
Actd sol. X0 tn Char Withdrawn (wt%)
Carbon in Gasifier Starting Mid Char (wt%)
Carbon in Gasifier Ending Mid Char (wt3)

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

ASTM Ash in Char Entrained (wt%)

ASTM Ash in Char Withdrawn {wt%)

ASTM Ash in feed Coal + Catalyst (wt%)

C/H Restdue in Feed Coal + Catalyst (wt?)
C/H Residue in Char Entrained (wt%)

ASTM Ash in Gasifier Starting Mid Char {wt%)
ASTM Ash in Gasifier Ending Mid Char (wt%)

Measured Reconciled

15

1.

32.

10.
67.
.00
.40
.
50.

13

16

13

15.
56.
58.

15

14,

o O & o o

9
88
.64
.93
.16
68
81
10
88
57
10

60
20
.80

.40
52.

22
.02
1
17
00
.08
57
.62
.08
.47
.23
.58
.38
.86

15.
.89
.64
.93

20.

4.

86

15

.68
.81

viio
V320
¥321
v3i3
V3
V336
vy
V3
v350
v3si
V353
v3s4
V355
V407
v473
V495
V498
£384
F385
PGXO
u(11a)
u(115)
u{1is)
u(17)
u(118)
u(119)
u{129)
u{121)
u(12z)
u(123)
£00(1)

YIELD PERIOD 202
PROCESS VARIABLES

C/H Restdue in Char Withdrawn (wtl)

C/H Residue in Gasifler Starting Mid Char (wtX)
C/H Restdue In Gasifier Ending Mid Char (wtX)
S03-Free ASTM Ash in Feed Coal + Catalyst (wt%)
503-Free ASTM Ash in Char Entrained (wt%)
503-Free ASTM Ash in Char Withdrawn (wtX)
S03-Free ASTM Ash in Starting Mid Char (wtX)
S03-Free ASTM Ash in Ending Mid Char (wtX)
S03-Free C/H Residue in fFeed Coal + Catalyst (wtX)
S03-Free C/H Residue in Char Entrained (wt%)
S03-Free C/H Residue in Char Withdrawn {(wt%X)
S0j-Free C/H Restdue in Starting Mid Char (wtl)
$03-Free C/H Residue in Ending Mid Char (wtf)
Coal + Catalyst Feed (1bs/hr)

Cher Entrained (1bs/hr)

Carbon in Feed Coal {wt%)

Carbon in Char Entrained (wt%)

Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFM)

Product Gas Condensate (1bs/hr)

Starting 8ed 2P (B-A) (in Hg)

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

Starting Bed 4P (D-C) (in Hg)

Starting Bed 8P (F-E) (in Hg)

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

Ending Bed 4P (B-A) {in Hg)

Ending Bed aP (C-B) (1n Hg)

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

Ending Bed AP (F-E) (in Mg}

Ending Overall Bed &P (F-A) {in Hg)

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

44,
40.

104.

P
=3

COON = w®I N, §
8888888583883 ¢28

Measured

.78

3

S 0 O N~ w o N~ &C

Reconciled

a4,
.82
0.
16.
26.
40.
37.
.
15.
26.
n,
33.
30.
10.
4.
64.
67.
49.
106.2?

35

20
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YIELD PERIOD 202

Y1ELD PERIOD 202
PROCESS VARIABLES

PROCESS VARIABLES

Measured Reconciled

Measured Peconciled

£D0(6) Ending Bed 2P (E-D) (in Hg) 0.00 0.60 ¥828 €1 in S03-Free Ash in Char Withdrawn (wtX) 0.1 0.11
JPOST  Deposits Accumulated on Gasifier Walls (1bs) 0.00 0.00 V829 €1 in S03-Free Ash in Char Entrained (wt%) 0.20 0.18
V280 S in Gasifier Starting Mid Char {wt%) 3.28 3.31 836 Acid Sol. Nag0 in Gasifier Starting Mid Char (wt%) 0.33 0.30
V28l S in Gasifier Ending Mid Char (wtX) 2.85 2.83 v337  Acid Sol. Naz0 in Gasifier Ending Mid Char (wt%) 0.26 0.28
V187 S in Coal + Catalyst Feed wtX) 3.74 3.80 vasi Acid Sol. Nag0 in Coal + Catalyst Feed (wt%) 0.14 0.13
V246 S in Char Withdrawn (wt%) . 3.62 3.64 V842 Acid Sol. Nagd in Char Withdrawn (wt¥) 0.28 0.29
v244 S in Char Entrained (wt%) 2.1 2.0 V883  Acid Sol. Nag0 in Char Entrained {wt%) 0.20 0.25
V243 S in Product Gas Condensate (wt%) 0.03 0.04 4898 Mg0 in S03-Free Ash Starting Mid Char (wt%) 0.63 0.62
V862  Si0z in S03-Free Ash in Starting Mid Char (wt%) 33-34 32.80 ¥899  Mg0 in SO3-Free Ash in Ending Mid Char {wt%) 0.59 0.60
V863 $10 in S03-Free Ash in Ending Mid Char (wt%) 32.80 33.23 V903  Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.59 0.58
V867. $i0z in S03-Free Ash in Coal + Catalyst Feed (wt2}  31.15 30.76 V904  MgO in SO3-Free Ash in Char Withdrawn {wt%) 0.66 0.67
¥868 . S$i0 in S03-Free Ash in Char Withdrawn (wtx) 3.9z 35.18 Y905  Mg0 in SO3-Free Ash in Char Entrained (wt) 0.55 0.56
v869  Si0 in S03-Free Ash in Char Entrained (wt2) 27.01 27.53 V916 Ti0p in SO3-Free Ash in Starting Mid Char (wt%) 0.58 0.57
V871  Fez03 tn SO3-Free Ash in Starting Mid Char (wt3) 10.80 10.23 Y917  Ti0z In SOz-Free Ash in Ending Mid Char (wt%) 0.55 0.56
V872 Fep03 in SO3-Free Ash in Ending Mid Char (wtt) 9.7 10.10 ¥921  Ti0p in SO3-Free Ash in Coal + Catalyst Feed (wt3)  0.58 0.57
V876  Feg03 in S03-Free Ash in Coal + Catalyst Feed (wt%)  10.60 10.10 V922 Ti0p in SO3-Free Ash in Char Withdrawn (wtX) 0.56 0.57
VBT?  Fez03 in S03-Free Ash in Char Withdrawn (wti) s 1.53 ¥923  Ti0p in SO3-Free Ash in Char Entrained (wt%) 0.57 0.58
/878 Feg0 in S03-Free Ash in Char Entrained (wtf) 9.03 3.3 V925  P205 in SO3-Free Ash in Starting Mid Char {wt%) 0.17 0.17
7880 Al203 in SO3-Free Ash in Starting Mid Char (wt%) 12.10 12.05 V926  Pa05 in SO3-Free Ash in Ending Mid Char (wt%) 0.17 0.17
V881  Alz03 in SD3-Free Ash in Ending Mid Char (wt) 12.47 2.51 V930 P05 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.21 .20
Ve85 Alz03 in SO3-Free Ash in Coal + Catalyst Feed (wty)  11.42 .38 ¥931 P05 in SO;-Free Ash'in Char Withdrawn (wt%) 0.30 0.30
V886 A1203 in S03-Free Ash in Char Wi thdrawn (wt%) 11.99 12.14 y932 Po0g in SO3-Free Ash in Char Entrained {wt%) g.12 012
vas? A1203 in S03-Free Ash in Char Entrained (wtz) 10.29 10.36 v813 N in Starting Mid Char (wt%) 0.21 0.21
vasg a0 in S03-Free Ash in Starting Mid Char (wtZ) 0.88 0.91 veis N in Ending Mid Char {wt%) 0.26 0.26
V890  Ca0 in SO3-Free Ash in Ending Mid Char (wtX) 0.82 0.80 V818 N in Coal + Catalyst Feed (wt%) 113 1.13
V894  CaD in SO3-Free Ash in Coal + Catalyst Feed (wt%) 1.42 1.50 V819 N in bhar Withdrawn (wt%) 0.36 0.36
V895 Ca0 in 503~Free Ash in Char Withdrawn (wt¥) 1.54 1.51 V820 N in Char Entrained (wt%) 0.36 0.36
¥396 €a0 in S03-Free Ash in ‘Char Entrained (wt%) 1.58 1.52 V805 0 in Starting Mid Char (wt%) 2.46 2.46
v822 1 in S03-Free Ash in Starting Mid Char (wt%) 0.12 0.13 VBO6 0 $n Ending Mid Char {wt%) 3.7 3.72
V823 €1 1n $03-Free Ash in Ending Mid Char (wtf%) 0.14 g.13 V810 O in Char Withdrawn (wt%) : 1.45 1.46
V827 €1 in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.08 0.09 ya1l 0 in Char Entrained {wt%) 2.40 2.0
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RECONCILED DATA
YIELD-PERIOD 203

UNIT OPERATIONS

From
To
Duration

Percent of Time on Stream
Coal Feed
Steam

Syngas

Gasifier Process Temperatures

Gasifier Bed Height (ft)

43.2
38.4
2.4
26.6
21.2
16.0
10.9

6.4

0.4

Time Date
11:30 2-18-77
6:30 2-20-77
19 Hrs
9
100
100

Gasifier Temperature (°F)
1185
1222
1287
1306
1303
1302
1287
1265
1073

YIELD PERIOD 203
UNIT PROCESS VARIABLES

Unit Temperatures Process, °F Hetal, °F
Lockhopper 1 Top 223 243
Lockhopper 1 Bottom 190 158
Lockhopper 2 Top 304 304
Lockhopper 2 Bottom 225 345
Gastifier Feed Line nz 892
Gas{fier Steam Line 847 842
Gasifier

Top of Bed 1287 1315
Bottom of Bed 1073 1232
Total Bed Average 1260 1300
Rough Cut Cyclone
Cyclone Top 938 996
Cyclone Bottom 710 1018
Standpipe Top 812 1000
Standpipe Mid 805 1013
Standpipe Bottom 776 988
Standpipe Slope Top 1049
Standpipe Slope Bottom 1150 1002
Gasifier Backend
Cyclone [nlet - 536
Filter Inlet - 520
Scrubber Inlet 578 519
Scrubber Qutlet 74 -
Product Gas Meter 84 -

Unit Pressures Psia
Lockhopper 2 117.7
Gasifier feed Line 115.8
Bypass N2 155.5
Syngas In 163.5
Gasifier

Gastfier Top 13.7
Gasifier Bottom 118.2
Rough Cut Cyclone Outlet 113.2
Filter Outlet 113.6
Scrubber Outlet 113.6
Product Gas Meter 114.7
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YIELD PERIOD 203

FLUID-SOLIDS DATA

Gasifier Fluidized Bed Properties

3ed Bottom Density (Ibs/cf)
3ed Top Density {lbs/cf)

Bed Average Density (lbs/cf)
Bed Height éft)
Bad Holdup {1bs)

Bad Yolume (cf)

Average Bed Temperature (°F)

Space Velocity {bed) (cf/cf/hr)
Bottom Superficial Velocity (ft/sec)
Top Superficial Velocity {ft/sec)

Cvclone Performance

Temperature {°F)

Pressure (psia)

Inlet Gas Rate (SCFH)

Inlet Gas Rate {ACFH)

Inlet Gas Velocity (ft/sec)

Solids Entering (1bs/hr)

Dust Loading (1bs/acf)

Solids Captured (lbs/hr)

Solids Escaping (1bs/hr)

Overall Efficiency {Captured/Entering, Wt.%)

Solids Carryover Loss

toal + Catalyst Feed {1bs/hr)
Total Carryover (lbs/hr)
Csclone (lbs/hr)

Filter (lbs/hr)
Carrsover/Feed (Wt.%)

carbon in Feed (1bs/hr)
Larbon in Carryover (lbs/hr)
Carryover/Feed (4t.3)

~—
) = RO AN

—
~
ooaw
s s =N =N
. PRy

U I - . )
POWONNONNOW

9.36
3.16
2.84
0.32
33.8

5.86
2.04
36.3

YIELD PERICD 203
UNIT CONVERSIONS

Carbon_Consumption

Carbon in Feed* (1bs/hr)

Carbon from Devolatilization** of Feed Coal {l1bs/hr)
Carbon Gasified (by difference) (1bs/hr)

Total Carbon Converted (lbs/hr)

Carbon Conversion {(C Converted/C in Feed)

Gasification Only (%)
Total, Including Devolatilization {%)

Carbon Distribution

Total Converted (%)

Entrained (3)

Withdrawn (<)

Accumulated {%)

Conversion (Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only {%/Hr)
Including Devolatilization

Steam Consumption

Steam into Unit (1bs/hr)
Steam Reacted with Carbon (1bs/hr)
Total Steam Consumed (1bs/hr)

Steam Conversion (Steam Consumed/Steam into Bed)

Sasification* (%)
Total Steam Converted (%)

Reaction Rate Parameters

Carbon Converted/Steam Fed (lbs/lbsi
Carbon Converted/Steam Fed (mol/mol
Carbon Converted/Bed Volume (lbs/hr}lcft
Carbon Converted/Bed Volume {mol/hr)/cft
Carbon in Bed/Steam Fed lbs/{1bs/hr)
Carbon in Bed/Steam Fed mol/{mol/hr)

*Excludes carbon in catalyst

N == et (3
« & & %
O &

\noug

24.9

—ta
m-‘Ng-‘
o

NOWOO

.

~3

4.65

**Assumed from standard ASTHM devolatilization test of feed coal
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Catalyst Distribution*

JIELD PERIOD 203
UNIT COMPOSITIONS

Gasifier Char

Wtk Feed Top Mid Bottom Entrained

K as K30 7.0 - 14.8 14.7 12.6
K as K2C03 10.3 2.7 21.5 18.6
K as X 5.8 - 12.3 12.2 10.5
K Water/Acid, 0.614 0.48! 0.6643 0.702
Soluble Ratio

K20, H20-Insoluble 2.7 - 7.1 4.9 .8
k2003 H20-Insoluble 3.9 - 11.3 7.2 .5
K,H20-Insoluble 2.2 - 6.4 4.1 A
Carbon 62.7 - 54.1 45.3 64.7
X on Carbon 9.3 - 22.7 26.8 16.2
STM Ash 22.1 - 4.5 46.0 30.9
K on Ash 26.4 - 29.6 26.4 34.0
K203 Free-Ash 11.6 19.3 241 12.0
K on K2C03 Free-Ash £0.6 - 63.6 50.5 87.2

Size Distribution

Cumulative Wt%

Less Than Mesh Size

725 Mesh 200 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh

Feed Coal + Catalyst 5.6 6.6 18.4 32.0 B1.2 91.5

op Char - - - - -

Mid Char 0.9 1.3 5.7 25.5 64.9 84.6

Bottom Char 1.0 1.7 8.6 31.9 70.1 87.7

Cyclone - - - - -

Filter - - - - -

Volume/
Number  Surface Neight Bulk Density

Particle Diameter (Microns) Mean Mepn _Mean \bslcf

feed Coal + Catalyst 25 176 441 45.5

Top Char 0 0 0 194

Mid Char 33 N 582 26.9

Bottom Char 34 293 529 28.9

Cyclone - . -

Filter - - -

*Based on acid soluble analysis

Ultimate Analysis

Component
" !

¢
H
0
N
cl
S03-Free Ash

Total

Solids Flow Rate
{1bs/hr)

Ash Element Analysis

$102

Fep03

A1204

Ca0

Mg0

T10,

P20s

Na20

K20, Catalyst

Total

YIELD PERIOD 203
SOLIDS COMPOSTTION

Wtl of Total Solids, Dry

_ Feed Solids W/D Entrained
4.28 1.46 1.80
62.7 50.0 64.7

4.2 4.8 2.2
11.0 1.7 4.6
1.07 0.76 0.24
0.08 0.1 0.17
16.7 41.2 27.2

100.0 100.0 100.0

9.28 1.43 3.6
Wt% of S0x-Free Ash

29.8 30.9 28.3

12 15.6 10.8
n.2 na 10.5
2.56 4.42 1.87
0.63 0.7 0.65
0.58 0.45 0.59
0.30 0.55 0.12
0.89 0.59 0.68

42.04 35.69 46.44
100.0 100.0 100.0
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YIELD PERIOD 203
PRODUCT GAS DATA

Product Gas Partial Pressures at Gasffier Exit

Total Pressure, psia 113.7
H2 A3.5
Co 12.4
thg 8.9
€02 1.5
H2S 0.3
Ha0 2.3
N2 10.6
H20/C0 2.1
H20/€02 2.3

Unit Gas Data

Syngas MT, 1bs/mol 10.8
Product Gas MWT (dry), 1bs/mol 15.0
Product Gas
At DTM (dry), SCFH 658.8
(Dry.Na-Free), SCFH 579.1
At Gasifier Outlet, SCFH 857.0

{Inciudes Hz + H20)

At Gasifier Qutlet, ACFH 350.5
{Includes N2 + Hgos

At Gasifior Outlet, SCFH 777.2
(Excludes N2)

At Gasifier Qutlet, ACFH 317.9

(Excludes N2)

YIELD PERIOO 203
PROTUCT GAS DATA

Untt Gas Yields

Fro:uc&‘: Ges (Dry). Mols

2
€0
co2
CHg
H2S
2

product Cus (Brye RNz-froe)
H
)
€0y
g
H2S

Product Gas
&
c
C02
CH
tig
Ha0
i¥3
Produst Gas (Nz-Fres)
2
é
&g
a3
Hp0
GOFH CHa/1b € Active Bed
SCFH CHy/1b C Feed

Finles Cgfmoie € Feed

Reaction

- — it I -
NOCmdS
—afaND

. .

-

DRGSR
DA —~

—d vt oud LT3

[EvaY Y
o~358

n -t b fo Fa)
- TN CD b b ek O
. ST e . P
— BNV W PN W

1.5
0.36

Equilibrium at

Active Bed Temp Equtlibrium

Equilibrium Constants __{1291.7°F) _ _Expression
Graphite-Hpl: C & W20 = CO + H2 1.6612 11,3970
Shift: €O < Ha0 = €Dz + Hi2 1.5574 1.581
Pathanztion: CQ & 3y = Clg ¢ Hz 0.0793 0.0495
Overali: 2¢ + 40 = CHg ¢ CO2 0. 3408 0.1489

fictunt

Corragponding
Equititrien
Tenperatuwra

GF)

1273.8
1295.0
1321.8
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VIELD TP 203

BATERIAL Mo fbeks

Overall Materiul Balunce

Input: ibe /i

Coal Feed {ex %z} 9.26
Gasifier Steam 19.07
Gasifier Syngas 12.94

Total (ex M) .
Accumuiation: (BB

Closure: (Outpul & Aceirm '}

Synthesis Gas Baisnce
input: ke
Gasifier Syngas 4h%
Hz Moli [
£0 Mols 3.0

Balance: (Qutput/inoui), *

a-

Labpet: PR
poe el T Lo 0 R
Pronuct Gos U T
Freaucy Wai 3.82
char Ertrein:d i
Sol1es wtondsi o L4

Tota) fey U R ¥
pge 2

g 2

Reproduced from
best available copy.

oot boleme s

thpue Ll

YIELD PERIOD 203
AATLRIAL BALAMCES

tarbon®  Hydrogen

Ciet ¢ foiztygewe 5.86 0.40

e
Sasitoss Srem - 157
Al an i git 4.86 1.51

2uTue

Produs o o

Fod L e

10.73 3.58

B . 1.0%

fra> Trtrlvngd 2.04 0.03
Salyis Jiilrdraun 0.72 (.02
Tyl 10 61 .87

Al

SA0T T

.12 a3.0%

16Gii .0 100.0

- SELEI 1
s ret s
Acte Tel
N 9 0-:’3
a t 6.3
Mo 0ot
R -~ G.if
ot
U."wv,\‘\ . .
(WY
Tlisater
VUt L cechelay T 1Gr.¢
: o < Tudes catalyst catunna
- . oxypse ir cataly

Ongn
v.0 -
1
[ SV
20,03
[
f 37
ok
.07
(R}

b}

IR

[

MY

Q. in

FI
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TIELR PERIOD 201
MATERIAL BALANCES

YIELD PERIOS 203

. - Moie fHalance
MATERIAL BALANCES e Lb-Moles/Hr
Gas_Input . ¥ H Q S
Ash _Balances Hp (0.798) - 1.586 - -
c/H SG3-Free $03-Frae ] (0.405) 0.40% - g.500
Taput {Lbs/Hr): ASTM Ash  Residuz  ASTH #sh  £/H Reuidug Hz0 0.781} - 1.562 078 -
Total 1.984)  0.40F  3.157 1,185 -
Coal + Catalyst 2.07 1.94 1.57 V.42
Oytrut: Solids Input ¢ H L 3 b
tntrained Char 0.98 1.10 0.86 0,99 Ceal + Cat Feed 0.583  0.398  (.0% g.012 g.te
Solids Hithdrawn 0.66 0.67 0.5¢9 0.5 Yotal Input
Total 1.6 1.77 1.45 1.50 0.893  3.555  1.250  0.01Z (.04
Accumulation: 0.4 0.17 a.t2 -g.08
Closure 100.0 160.0 100.0 100.0
{out + accum)/in, Gas Qutput
fish Element Balance Priuguct Gas C H 9] g
I . 1203 ial o i (0.8586) - LR .
nput {Lbs/Hr] $402  Fep0z Al203 _lal  Mg0 _S03  NapQ 1i0p  F2us_ P (0.287)  ©.247 Y 2.2
Coal » Catelyst 0.467 4.183 0.'75 0.0%0 0.010 0.549 0.01% 0.009 0,005 gg; 533339) 8:%;9 0.70 '°’:' .
: Has 0.007 - 0.0%3 . 0.0y
Output: a0 {0.523) 1,066 0.55 .
Entrained Cher 0.264 0,062 0.091 0.016 0.006 0.231 0.005 0.005 C.G& Totat (2.050)  0.6v3  3.500 .22 0.007
Soids Withdraw L1870 0,082 0,065 0,026 0.000 0. 602 0.0 .03 : '
Solids Withdraw 0.18 6.082 0.08% 0.026 £.004 0.166 0.602 0.003 G.003 Sultds Output ¢ i 4 s kL
Total 0.425 0.186 0.156 0.082 0.0%0 0.377 0.00% 0.008 ©.Q04 fhir Entrained 0.170 o.og? g,o‘qg S&ﬁz ;?:J'&;
: ] : i NG i3 Char Samples Hithdrawn  0.080 0.0 e 2. (0 Fe (1%
Accumulstion: 0.04! 0.00% 0.6%9 -0.002 0.0 L.087 0.003 0.00Y O.U : Char A:czmulatian 0.07‘0 0.009 a.005 U-GU:E U'ﬁot‘
Qosure v,y 1000 100.0 1000 0.0 102.0 8.0 100.0 109.0 100 Total Solids 0.2 0.0% v 4.008 0.0l
out ¢ sccumi/in, : Total Qutput + 0.893  3.55  1.266  0.002  G.0M4
Accumulation : ’

| Reproduced from SV,
| best available copy. A
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Y100
(ARS
V165
1166
1168
V173
vi74
Vg3
v185
vige
V183
V205
V207
v208
V212
v2ra
y215
vez?
V227
y232
vzs7
v258
¥265
v266
V283
V292
v293
v294
V295
V306
Y307

*1LLD PERIDD 203

PROCES, VANTABLYY

Gasifies Steam {Ibg/nr)

Char dithdrawn {1ps,/ne

K in Char Entratned (wil)

K in Char Withdrawn (wt?)

H in Cosl + Catalyst Fecd (wti)

H in Gasifier Starting ™id Char (wtX)

H in Gasifier Ending Mid Char (wt%)

€0 in Syngas (mol1?)

Acid So!. Kp0 in Coz) + Catalyst Feed (wt%)
0 in Coal + Catalyst veed (wtd}

M in Syngas (mol%)

L0z in Product Gas (mol%)

CHg in Prcduct Gas (mol™)

C0 in Product Gas (mol%)

Hp in Product Gas (mol%)

N2 in Product Gac (mo1%)

H2S in Product Gas (mol%)

Carbon in Char Withdrawn (wtX)

Acid Sol. KoG in Char {ntrained (wt?¥)
Acid sal. K30 in Char Withdrawn (wt3)
Carbon in Gasifier Starting Mid Char (wt%)
Carbon In Gasifier Ending Mid Char (wt2)

Acid Sol. K20 in Gasifier Starting Mid Char (wtZ)
Acid Sol. K20 in Gasifier Ending Mid Char {wt¥)

ASTH Ash in Char Entrained (wt3)

ASTM Ash in Char Withdrawvn (wt®)

ASTM Ash in Feed Coal * Catalyst (wt%)

C/H Residue in Feed Coal + Caralyst /wt3%)
C/H Residue in Char Entrained (wt%)

ASTM Ash in Gasificr Starting Mid Cher (wt%)
ASTM Ash in Gasifiar Ending Mid Char (wt%)

Feasureds

fecancited

1

34.

7.
1.
G2.
13.2
10.
3.

)
1
0.
¥.
4
n
1

50.
12.7

.10
.43

46

7B
.97

.48

49.
12.
14.3

58

56.
14,
4.
39.
46.
22.
20.°
34.
40.

Az

14.07
1.4)
.80
1.46
4.28
0.97
i.07

31.69
7.04

11.01

©6.35

11.20

10.20

14 19

49 .80
2.0
¢.38

50.01

12.64

14 69

57.33

5%.72

14.18

14.12

30.92

46.02

20.1¢

20.68

34.73

39.35

16.05

PN
vize
¥32
¥3ud
"ERIS
V!
Va3
YU
Vi)
¥3s
'RET
¥iab
MAGT
yar:
Ve«
va9s
b3y
rage
PGRO
u{i11a)
(115}
(11s)
)
u(:18)
HE)
u(120)
RISTU B!
n{1za?
w(eead
EDiv1)

YIELD PERIOD 202
PROCESS VARIABLES

/6 Restaue tn Char Withdrawn (wtl)

/1t Residue tr asifior Starting Mid Char (wtX:
o/¥ Residue tn Gasifier Ending Mid Char (wtX}
SO Free ASTH Ash in Feed Coal + Catalyst (wtX}
S03-Free A3I¥ Ssh in Char Entrained (wt%)
401-Frae ASTM Ash in Char Withdrawn (wit%)
Sn-Free ASTHM Ash 1n Starting Mid Char (wt})
S031-Free ASTH HAsh in Ending Mid Char {wtX)
50;-Fres C/H kesidue In Feed Coal + Catalyst (wt%)
S01-Free C/M Residue in Char Entrained (wtX)
S03-Free C/H Residue {n Char Withdrawn {wt%}
503-Free /K Residue in Starting Mid Char (wtX)
503-Free C/H Residue In Ending Mid Char (wtX)
Coal + Catalyst Feed {Vbs/hr)

Char Entrxzinad (lbs/hr)

Cavbon {n +eed Cos! (wt%)

Caibon in Char Entrained (wt¥)

Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFM)

Product Gas Condensate (1bs/hr)

Starting ked aP {B-A) (in Hg)

Starting Bad AP (C-8) (in Hqg)

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

Starting ded A (F-E) (in Hg)

Starting Overall Bed aP (F-A) (in Hg)

Ending Bed AP (B-A} (In Hg)

Ending Bed AP {C-R) (in Hg)

Ending Bed AP (D-C) {1n Hg)

Ending Bed 5% (F-€) (In Hg)

Ending Overall 3ed 2P (F-A) (in Hg)

Stgrting Bed uP (€E-D) {in Hg)

Arasured
46.5¢
L1 P
EERES
.77
5.0
21.23
EENLE
33N
LR
32.26
36.22
.09
31.09

979
3.16
63.44
66.07
A43.00

jo -3
o
0
(=

DWW O MmO WwEON — W ®
= > ®
S

~E
40
4

1y

24
4

i

~a
-

35,

w e N e W W

S WV O o~

xy
3.
36,

&3
-
£

37

70

&7

.36
.16

N
12
.18
.25
.81

50

.60

00
62

.63

.09
.00

18

.70
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VIEL_PAInD

YIELD PECIND 203

PROCESS VALIRELG 3
ROSESS VALIPELE 3 PROCESS VA IABLES

Measured Reconciled Mezzured feconcilss’

END(6) Ending Bed 3P (E-D} (in Wy} 0.6¢ 0.50 ¥B2€  C1 in $03-Free Ash in Char Withdrawn (wtZ} . 8.1 8.1
OPOST  Deposits Accumul.ted on Gasifier Walls (lbs) 0.00 0.00 ¥826  C1 in S03-Free Ash in Char Entrained {wtZ) a1 G647
V2Eo S in Gasifier Starting Mid Char (wt%) 3.2 3.42 ¥836 Acid So1. Nap0 in Gasifier Starting Nid Char {27} n.25 g.22
v28l S in Gasifier Ending Mid Char (wt%) 4.01 3.74 va37 Acid Sol. Raz0 in Gasifier Ending Mid Char {we23) 3.25 0.27
Y187 S in Coal + Catalyst Foed wt%) 3.83 4.15 ¥841 Acid Sol. Ma20 in Coal + Catalyst Feed {wt%) 0.1 .18
vZ46 S in Char Withdrawn (wt%) 4.82 4.76 V842 Acid Sol. Na20 in Char Withdrawn (wt%) 2.24 0.24
v244 S in Char Entrained (wtX) ' 2.25 2.20 ve43 Acid Sol. Na20 in Char Entrained (wt%) 0.18 .18
y243 $ in Product Gas Condensate (wt%) : 0.04 0.04 V898 Mg0 in SO3-Free Ash Starting Mid char {wt%} 6.64 0.68
¥862  $i0z in SO3-Free Ash in Starting Mid Char (t%) 31.57 31.08 Yg9%  Mg0 in 503-Free Ash in Ending Mid Char (wt%) 0.64 8.62
V863 5102 in S03-Free Ash in Ending Mid Chav {wt%) 31.57 31.27 V903 Mg0 in $03-Free Ash in Coal + Catalyst Feed (wi%} ¢.62 0.63
Y867 $i0z in 503-Free Ash in Coal + (atalyst Fead (wt%) 30.32 29.76 Y904 Mg0 in S03-Free Ash in Char Withdrawn (wt%) 0.72 0.71
y868  $102 in $S03-Freec Ash ta Char Withdrawn {wtx) 30.71 30.93 V905  Mg0 in SO5-Free Ash in Char Entrained (wt} 0.65 Q.65
Y869 §102 in S03-Free Ash in Char Entrained (wt?) 28.82 28.34 V916 Ti02 in S03-Free Ash in Starting Mid Char (wt%) . 0.54 0.52
v871 Fez03 in S03-Free Ash in Starting Mid Char {wt2) 12.48 12.64 va17 Ti0z in S03-Free Ash in Ending Mid Char (wex) 0.58 0.55
var2 Fep03 in $03-Free Ash in Ending Mid Char (wt%) 12.48 12.18 V921 Ti0z in S03-Free Ash in Coal + (atalyst Feed (wt%) 0.50 6.58
ve7e Fe203 in $03-Free Ash in Coal + Catalyst Feed {wt3) 12.00 12.08 V922  Ti0p in S03-Free Ash in Char Withdrawn (wig) 0.45 0.45
va77 Fep03 in S03-Free Ash in Char Withdrawn (we%) 15.64 15.59 ¥923 T102 in S03-Free Ash in Char Entrained {wt?) 0.59 G.59
1878 Fes03 in S03-Free Ash in Char Entrained (wt%) 10.92 10.77 Y925 P205 In $03-Free Ash in Starting Mid Char (wt%) 0.24 0.24
4880 A1203 in 503-Free Ash in Starting Mid Char {wt%) 11.22 11.03 Y926 P20g in $03-Free Ash in Ending Mid Char (wt%) 0.268" 0.24
veel A1203 in S03-Free Ash in Ending Mid Char {wt%) 11.22 11.32 V930  Pa05 in S03-Free Ash n Coal + Catalyst Feed (wt%) 0.30 0.30
VBB5  Alg03 in 503-Free Ash in Co2) + Catalyst Feed (wez)  11.34 11.16 ¥931  Pa0g in SO3-Free Ash in Char Withdrawn (wt%) 0.55 0.55
vess B1203 in SG3-Free Ash in Char Withdrawn (wi%) 10.99 11.05 V932 Py0g in $03-Free Ash in Char Entrained {(wt%) - 0.32 8.12
vaa? A1203 in S03-Free Ash in Char tntrained (wts) 10.56 10.54 y813 H in Starting Mid Char (wt%) 0.e? Q.¢?
¥889 Ca0 in S03-Free Ash in Starting Mid Char {wtg) 2.43 2.53 yais N in Ending Mid Char (wt%) _ R 0.1
Y890  Ca0 in $O3-Free Ash in Ending Mid Char {ut%) 2.13 2.30 V818 N in Coal + Catalyst Feed (wt%) 7.07 1.67
¥894 €a0 in SO3-Free Ash in Coal + Catalyst Fecd (wth) 2.48 2.56 ¥819 #f in Char Withdrawn (wt%) 0.76 Q.76
VBS5  Ca0 in SO3-Free Ash in Char Withdrawn (wt%) 4.52 4.42 V829 N in Char .Entrained (wt%) . 628 g.28
Y396 €a0 in S03-Frea Ash in Char sntrained (wik) t.o1 1.87 Y505 0 in Starting Mid Char {wt%) 3.08 3.0%
Y822 Cl in S03-Free Ash fm Starting Mid Cher {wet} 0.3 0.13 V806 0 in Ending Mid Char (wt%) 4.56 §.54
¥823 C1 in SO3-Free Rsh in Ending Mid Char {wes) 6.14 0.14 vB1o 0 §n Char Withdrawn (wt%d ' 1.73 1.73

yg27 €1 in S03-Frea Ash in Coal + Catalyst Feed {rts) 6.04 0.08 AR 0 in Char Entrained {wt%) 4.6 4.64




RECONCTLER DRI
YIELC-PIRIOE 204
UNIT OPTRATIONS

_Tine
Trom 10130
Yo 730
Duration 16
Percent of Vie on Strean
. {1 Fopd o
=t Ylesm 100
hattd
e Syrias 137
t
Gasiftior Proces. Temperziures
Lasivier Bed He.q.i (ft; Grsitior
43.%
18.4
32.1
26.6
21.2
5.0
10.9
6.4
0.4

famperature (°F)
RN
1069
1276
1322
1313
1320
1307
1294
1217

UNIT PROCESS VARIADES

YIELD PERIOD 206

Ut Temperaturer

Locktopper 1 Top
t.ockhopper 1 HBottom

Lockhopper 2 Top
Lockhoppar ¢ Bottom

Gasifier Feed Line
Gac {fier Steum Line

Gac fior
Top o” Bed
Bottom of Bed
Total Re¢ Average

Rough Cut Cyclone
Cyclone Top
Cycione Bottom
Standpipe 1oy
>.andpipe Mid
Standgipe Bottom
Standnipt Slupe Top
Standpine Slope Bottom

Casifier Backend
Cyclane Talet
Filter Inlet

Scrubber Inlet
Scrubbes Qutler

Broduct G35 Heter

yalt Pressures

Lockhanper 2
Gagifier Feed Line
Bypays N2

Synjas In

Gagifier
Gagifier Top
Gasifiar Bottom

Rough Cut Cyclone Qutiet
Filter Qutlet
Scrubber Jutlet

Prodict Gas Meter

Process, °F

282
249

235
219

662
1079

1323
120
1295

9443
683
824
81y
780

mr

43,
68

163.
13,
116,
113,
13,
113.

e,

~N o~

A

Meta),

206
208
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(FLD PERIOG 204

FLUIB-SLIDS WATA

Gasifier Fluidized Sed Froparties -

ged 3ottor Density (ihssed)

2ed Top Density {1bs/cf)

fed Average density (lbs,/cf)

Bed Heijnt {ft)

3ed Holdup {1bs)

Bed Volume {c¢f)

Average 3es vemperature {°F}

Saace Velocity fbed) {cf/cf hr)
Botiom Superficial Jelocity (ft’sec’
Top Superficial Velocity (f’sec)

Zz2lone Performance

Temperature ' °F)

Pressure ‘psia)

inlet Gas Rate {SCFH)

Inlet Gas Rate {ACF4}

Inlet Sas 7elocity /ft/sec)
Solids Entering {1bs/hr}
Dust Loading {ibs/acf)
Solids Captured {lbs/hr)
Solids Escaping (1bs/hr)

. Qverall Efficiency (Captured/Entering. Ht. 4}

Solids Carryover LOsS

%, "Ahdod a|qe|leAR {539
wouy peonpoaday

coal + Catalyst Feed (1bs/hr)
Total Carryover {ibs/hv)
Csclone {ibs/hr)

Filter {1bs/hr}
Carrjover/Feed (Wt. )

Solids Carbnn Loss

~arbon in Feed {lbs/hr)}
~arbon in Carryover (1bs/hr}
Carryover/Feed (At.:)

P
)
N DD et et

Qoo =
SN A SO

e A
CIDVPr B i WD A S e L

10.18
0.00
0.07

0.8

6.44
0.02
0.3

YIELD PERIOD 207
{INIT CONVERSIONS

Carbur ransur 2 i)

carton in vects (1D:a/by )

Carban Frvm Dovnlatitigation# of Feed Coal {1bs/hr)
Carbor Gasified (by diftersnce) (1bs/hr)

Totai Carbon Converied {lbs/hr)

carbon Conversion (€ Converted/C fn Feed)

GasiTication Only (%)
Total, Including Devolatilization (%)

Carhon Distributian

Total Cunverted (%)

Entrained (%)

Withgraun (7}

Accumulated (5)

Conversion (intriinment Bected Out)

Soacific Reaction Rates (G Converted/C in_Bed)

Sasification Only (H/Hr)
including Devalatiiization

Steam Lonsunpiion

Stegm into bnit {iba/hr}

Stezm Reacted with Carbon (lbs/hr)
Total Steam Consumed (lbs/tir)

Steam Conversion {Sieam Consumed/Steam into Bed)

fasifications (%)
Yotal Steen Converied (1)

Reaction Rate Farametevs

Carbon Converted/Steam Fed (1bs/1bs)
Carbon Convertad/Steam Fed {mol/mol)
Carbon Converted/Bed Volumz (1bs/hr}/cit
Carben Coiverted/Bed Volume gmoIIhr)lcft
farbori in Bod/Steam Fed 1bs/{1bs/hr)
Carton in D2d/Steam Fed mal/(mol/hr)

egpeludes cavbon in catalyst
axfigsumed From standard ASTM devolatilization test o

]
~
o

§ Fead zoal
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YIELD PERIOD 204
UNIT COMPOSITIONS

YIELD PERIOD_ 204
SOLIDS COMPOSITION

Catalyst Distribution®

Gasifier Char

Wty Feed Top Mid Bottom Entrained Ultimate Anslysis
K as K0 7.9 - 33.7 311.3 32.9 ez of Total Solids, Dry
K as %2C03 n.s - 49.4 48.9 48.13 ) Component Feed Solids K/D Entrains¢
K as K . - . 27. 7.
as 6.5 21.9 7.6 21.3 H 4.20 0.58 1.41
K Water/Acid, -
Soluble Ratio 0.748 - 0.714 0.727 0.737 c 63.3 20.2 2.9
K20, H20-Insoluble 2.0 - 9.6 9.1 8.7 5 3.8 5.4 3.6
K2C03, Hp0-Insoluble 2.9 - 4.2 13.8 12.7 0 12.4 91 8.8
K,H20-Insoluble 1.6 - 8.0 7.6 7.2
Carbon 63.3 ; 21.6 19.3 26.9 N 0.57 0.17 0.10
K on Carbon 13.3 - 129.5 143.3 101.¢€ (8] 0.04 0.8 0.28
ASTM Ash 23.1 - 72.8 74.7 70.2 503-Free Ash 15.8 64. 58.9
K on Ash 28.3 - 38.4 37.0 38.9
KaC03 Free-Ash 1.4 . 22.5 25.1 21.0 Total 100.0 100.0 100.0
K on X203 Free-Ash 1.2 - 123.8 110.1 129.8
Size Distribution Sottds Flow Rate 10.18 2.03 0.08
Cumulative Wt3 Less Yhan Mesh Size (1bs/hr)
25 Mesh 200 Wesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh
Feed Coal + Catalyst 0.4 1.3 1.2 40.2 78.0 93.8 100.0 Ash Element Analysis
Too Char - - - - - - - Wtt of SQ3-Free Ash s
Mid Char 0.7 2.5 12.3 33.5 68.1  85.8 99.9
Bottom Char 0.4 0.8 6.3 26.9 54.4  89.3 99.7 $102 21.8 26.6 28.5
Cyclone 95.4 97.6 98.7 99.4 99.4 99.7 100.0 Fes03 8.7 9.6 7.8
Filter 97.2 97.6 98.6 99.3 99.7  99.9 100.0 A1,05 98 96 a1
Volume/ _
Number Surface Meight Bulk Density Ca0 1.53 1.9 1.5)
Particle Diameter (Microns) Mean Mean Mean Ybs/cf
— Mg 0.59 0.55 0.50
Feed Coal + Catalyst 54 276 445 42.8
Top Char R _ B . T10; 0.92 0.45 0.60
Mid Char a0 279 541 21.2 P205 0.23 0.3 0.15
Bottom Char 4 381 572 28.0 Naz0 0.51 0.69 0.85
Cyclone 22 23 32
Filter 22 23 29 K20, Catalyst 39.89 50.29 55.93
-
Based on acid soluble analysis Total 100.0 100.0 100.0
» ™
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YIELD PERIOD 204
PRODUCT GAS DATA

Product Gas Partial Prassures at Gasifier Exit

Total Pressure, psia
Ha
€o
Cita
€02
H2S
Ha0
i
Ha0/€0
Hz0/ (02

Unie Gas Data

Syagas IHT, ibs/moi
Product Gas BT (dry), 1bs/mol
Product Gas -
At DT {dry), SCFH
(Bey, MaeFree), SCRH
At Gasifier Outlet, SCFH

{Includes Nz + HzD)

A% Gasifier Outlet, ACFH
{Includes Np + W20}

At Gasifior OQutlet, SCFH
(Excludes N2)

At Gasifier Qutlet, ACFH
{Excludes Hg) ‘

113.7
43.6
“16.2
9.7
13.0
0.3
14.3
16.6
0.9
1.1

11.2
17.6

894.8
7485.4
1023.7

399.5
874.3

341.5

Y1ELD PERIOD 204
PRODUCT GAS DATA

Unit Gas Yields
Product Gas {Dry), Mol%

H2 43.8
co 16.3
o2 13.1
CHg 9.8
H2S 0.3
N2 16.7
Product Gas (Dry, N2-free) .
H2 52.6
co 19.5
€02 15.7
CHa 1.8
Hz$ 6.4
Peaduct Gas
H2 8.3
(1] 14,2
€02 1.4
CH, 8.6
Hzg 6.3
H20 12.5
N2 14.6
Proeduct Gas (Hp-Free)
2 42.3 -
[&1] 15.7
€0’ 12.6
CHa 9.8
#zs 0.3
Ha0 19.6
STFH. CHaf1b € Active Bed 5.2
SCEH CHa/ib C Fead 13.%
Moles CHe/mole € Fesd " 0.43
Resction
Equitibrium at Actual
Active Bed Temp  Equilibriuvm
. Equilibriun Constants . _-{1303.06°F) = _Expression
Graphite-#20: C + Hz0 = CO + Bz 2.0036 3.3456
shife: €0+ H20 = Bz  Hg 3-3%%; ggggg
Yethanation: €0 ¢ 3dg o CHg + Hpd 0-3a62 0.6195

Qverall: 20 + 24z0 = CHy ¢ €02

Corresponding
Equilibrium
Tempevature

{°F)
1367.7
1124.6
1374.4
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1t out: Lag Hr
Coul Yoad {ex Ha) 30,02
Carifier Steam 4.9
Saaifier Synyarc id.
iotai {ex Ny} 38,01
Sinomuistion: 5.7
1 xure- {atpur ¢ Ao ) iapur,

sinthesic 6a: Balece

Iy et 6
538 Finy Syngas 479.0
Hp i 68 o
0 Wit 5.

Balan a: (U-2pntsioput), 1 2.3

Qutput:
Product Cas {es Ny)
Product Tas %;
Product water
Char ¥ntiaived
Solide VithGraun

Yotai (ex Ny}

100.0

Qutput:

Hz2 + CO in Froduct Gas

Hz Moi% 43 3
€O Moix 16 .3

Lbs/br

30.0

11.04
6.1
0.04
2.03

19.02

SO
537.8

YIELD PERIOD 204
MATERIAL BALANCES

Ash Balances

C/H 503-Free $03-Free
Input {ths/Hr): ASTM Ash  Resfdue  ASTM Ash  C/H Resfdue
Coal + Catalyst 2.35 2.18 1.60 1.56
Output:
Entrained Char 1.06 0.06 0.05 0.06
Soltds Withdrawn 1.52 1.64 1.3 1.30
Total 1.58 1.70 1.36 1.3%
Accumutation: 0.77 0.43 0.25 0.21
((:;::u:caccua}/in. . i00.0 100.0 100.0 100.0
Ash Element Balance
Toput_(ivs/Hr): 5102 Feg0) A0y Ca0 Mg0 503 Nazg Tioz Pp0g
Coal + Catalyst 0.445 0.140 0.15/ 0.02% 0.010 U.661 6.013 0.015 0.004
Qutput:
Entrained Char 0.012 G.004 0.004 0.0 0.007 D.0 0.0
Solids Withdrawn 0.348 0.126 0.12% 0.025 0.007 0.284 0.007 0.006 0.004
Total 0.359 0.129 0 130 2.025 0.007 0.29) 5.007 0.006 0.004
Accumulation: 0.086 0.011 0.028 -0.001 0.002 0.132 0.006 0.009
tlosure 100.0 100.0 100.0: 100 0 100.0 64.0 100.0 100.0 100.0

{out ~ accim)/tn, %



Elment ralances
Input {Lbs/Hr}:
Cral + Catnlysies
fnaitlor Steav
Cazificr Syngas
Total
Fradunt Gas
Product Hater
Char Entrained
Soiids Hithdrasm
Total
Accwrulation:

Closure
{Cut + Peewn)/in, §

Caiulyst Balante

input_(LhsfHr):
toal + Catalyst
Sutoyt:
Char Entrained
Product Hater
Soltd Hithdrawn
Jotaod
Accumutation:

Llpauve
{out ¢ accum)/in, %

YIELD PERIOp 204
MATERTAL BALRHCES

farbon® Hydrogen Oxygen Suifur
§.44 0.43 1.26  0.38§
0.0 1.55 13.14 -
5.34 1.65 7.13 -
11.78 3.73 21.51  0.3%6
1.1 3.0 16.06  0.228
0.0 0.69 5.45  0.002
0.02 0.0 0,01 0.003
0.41 0.01 0.18 0.110
11.54 3,73 21.68  0.343
0.24 0.0 -0.17  0.043
00.0 00,0 700.0  100.0
l:c?szm . I§ate§ Sol.
.56 0.50
0.02 0.02
0.0 0.0
0.5§ 0.1
0.57 0.42
0.19 -0.10 -
100.0 65.1

#Carson dalanga exsixdss cataiyet sardisnate

wtfxinges carbon and axygen fa calalyse

Chiorine

0.004

0.004

G.0
0.0
0.0
0.004
0.004

0.0
100.0

Hole Balance

Gas_Input

Hz (0.819
i} {0.445)
H20 (0.281)
Total (1.545)

Solids Input
Coal + Cat Feed

Intal Input

Gas_Cuiput
Product Gas

H §1.035
CG 0.384
102 {0.309
i (0.231
S {0.007
H20 {0.340
Total (2.308

Splids Output

Char Entrained

Char Samples Withdrawn
Char Accumulation
Total Solids

Total Quiput +
Accymulation

et S S e Vet St

x [
YIELD FERIOD 704
HATERIAL BALANCES
Lb-Holvs/ilr

[ [ [] K

- 1.538 - -
0.445 4.0 N.44% -

- 1.642 g.821 -
0.445 3.280 1.276 -

¢ H 0 3 ¥
0.538 0.424 0.079 0.012 0.017
0.981 3,704 1.342 0.012 0.0%7

£ H (4] 3

« 2,070 - -
0.384 0.0 0.384 -
0. 309 - 0.618 -
0.231 0.926 - -

- 0.014 - 0.007

~ 0.681 - °
0.92% 3.691 1.343 0.057

¢ # {J] 5 X
0.002 0.001 0.0 8.0 0.007
0.034 0.012 0.0%2 0.093 0.034
0.020 0.001  -0.013% 0.001 0.002
0.056 0.014 0.0 0.005 0.0Y7
0.981 3.704 1,344 0.012  0.017
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PROCESS_VAKIABLES

redraree  rFacunciled

tizzsured Reconciled

¥1e0 Gasifier Steam (Ibs/hr) 14.78 14,79 AL C/H Residue in Char Withdrawn (wtX) 79.3i 80.77
¥y Char Withdrawn (1bs/hr) 2.03 2.03 ¥320 C/H Residue in Gastfler Starting Mid Char (wtX) 17.58 e84
Y163 H {n Char Entrained (wtX) 0.00 1.4 vi2l C/M Residue in Gasifier Ending Mid Char (wt%} 71.64 75.99
V166 H in Char Withdrawn (wtZ) 0.58 0.58 v333 S03-Free ASTM Ash in Feed Coal + Catalyst (wtX) 16.61 15.76
V168 H in Coal + Catalyst Feed (wti) 4.21 4.20 ¥334 S03-Free ASTM Ash in Char Entrained (wtl) 61.30 58.85%
Y173 H in Gasifier Starting Mid Char (wt%) 0.38 0.38 V336 S03-Free ASTM Ash in Char Withdrawn (wt%) 6$3.82 4. 40
vi74 H in Gasifier Ending Mid Char (wt%) 0.37 0.37 V337 S03-Free ASTM Ash in Starting Mid Char (wtX) 64.39 54.50
V183 €O in Syngas (molX) 33.30 35.18 vi3g S03-Free ASTM Ash in Ending Mid Char (wty) 64.45 54,70
vigs Acid So1. K20 in Coal + Catalyst Feed (wti) 7.35 7.86 ¥350 S03-Free C/H Residue in Feed Coal + Latalyst (wt?) 15.00 15.38
vigs 0 in Coal + Catalyst Feed (wtX) 12.30 12.36 'REY] S03-Free C/H Residue in Char Entrained (wt%) 70.14 70.08
vig3 Hz in Syngas (mol%) 61.50 64.31 Y353 S03-Free C/H Residue in Char Withdrawn (wt%) 65.35 53.93
V205 €07 in Product Gas (mol%) 13.10 13,10 V354 SO3-Free C/H Residue in Starting Mid Char (wtl) 64.79 68.09
y207 CH4 tn Product Gas (molX) 9.80 9.80 V355 S03-Free (/M Residue in Ending Mid Char (wtX) 71.64 67.29
V208 €0 in Product Gas (mol%) 16.70 16.27 vén? Coal + Catalyst Feed (1bs/hr) 10.58 10.18
¥212 H2 in Product Gas (mol%) 43.30 43.84 V471 Char tntrained (1lbs/hr) 0.08 0.08
¥214 Nz 1a Product Gas (mol%) 16.70 16.69 72T Carbon in Feed Coal (wt%) 62.53 5127
y21* H2S in Product Gas (mol%) 0.30 0w 1648 Carbon in Char Entrained {wti%) 2€.06 24,60
¥222 Carban in Char Withdrawn (wtl) 20.25 20.16 F384 Syngas Flow Meter (CFH) 45.60 45,20
v227 Acid Sol. K20 in Char Entrained {(wtX} 12.5 32.97 Tgn Product as Flow Meter (CFN) 114.00 121,00
w232 Acid sol. K30 in Char Withdrawn (wt%) 33.29 32.39 PGKO Product Gas Condensate {lbs/hr) 5.95 5.89
y287 Carbon in Gasifier Starting Mid Char (wtX) 20.89 20.7 U{114) Starting Bed P {(B-A) {in Hy) 3.9 3.0
Y258 Carbon in Gasifier Ending Mid Char (wtX) 24.10 23.9 {115, Starting Bed 3P (C-B) (in Hg) 1.80 1.78
Y265 Actd Sol. %20 in Gasifier Starting Mid Char (wt¥) 34.20 33.586 {116} Starting Bed 4P (D-C) {in Hg) 1.24 PR
Vg6 Acid Sol. K20 in Gasifier fnding Mid Char (wt%) 33,190 33.49 U{117) Starting Bed AP (F-E) (in Hg) 0.69 G0
v289 ASTH Ash in Char Entrained (wiX) 70.23 70.23 U(118) Starting Overai) Bed AP (F-A) (in Hg) 6.00 6.00
V292 ASTM Ash in Char Withdrawn (wt%) 74.78 74.86 U{112) Ending Bed 57 {B-A) (in Hg) 2.60 2.64
V293 ASTM Ash in Feed Coal + Catalyst (wt%) 23.13 23.07 U(120)  Ending Bed .2 (C-8) {in Hg) V.50 15t
Y294 C/H Residue in Feed Coal + Catalyst (wt¥X) 21.52 20.98 (121} FEnding Bed 2P (D-C) (In Hg) 2.3 3.3%
V295 C/H Residue in Char Entrained (wtl) 79.07 79.13 U(122) Ending Bed 4P (F-£) (in Hg) 0.00 3.00
Y306 ASTM Ash in Gasifier Starting Mid Char {wtX) 74.58 67.66 U{123) Ending Uverall Bed AP (F-A) (in Hg) 8.49 .48
v/ ASTM Ash in Gasifler Ending Mid Char (wt%) 71.00 77.738 ENS(Y) Starting Bed aP (£-D) {In Hg) 0.00 o)
. &
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YIELD PERIOD 204
PROCESS VARIABLES

YIELD PERIOD 204
PROCESS VARIABLES

Measured Recanciled

Measured Reconciled

£05(6) Ending Bed aP (E-D) {in Hg) 0.00 0.00 yaz8 £l in S03-Free Ash in Char Withdrawn {wtX) 0.18 0.18
OFGST  Deposits Accumulated on Gasifier Walls (1bs) 0.00 0.00 V829 €1 in $03-Free Ash in Char Entrained {wt%) 0.28 0.28
Y380 S in Gacifier Starting Mid Char {wt2) 5.08 £.08 V836 Acid Sol. Nax0 in Gasifier Starting Mid Char (wtX) 0.49 0.50
v281 S in Gasifiar Ending Mid Char (wt%) 5.58 5.55 ¥337  Actd Sol. Naz0 in Gasifier Ending Mid Char (w:%) 0.45 g.44
V137 S in Coal + Catalyst Feed wt%) 3.74 3.80 vaal  Acid Sol. Naz0 in Coal + Catalyst Feed (wt%) 0.08 0.08
vza6 S in Char Withdrawn (wt%) 5.53 5.41 ¥842  Acid Sol. Nap0 in Char Withdrawn {wtZ) 0.45 D.45
V244 S in Char Entrained (wt%) 3.61 3.64 v843  Acid Sol. Naz0 in Char Entrained (wt%) 0.50 0.50
V243 S in Product Gas Condensate (wt%) 0.03 0.04 V898  Mg0 in SD3-Free Ash Starting Mid Char (wtX) 0.54 0.53
V862 $102 in $S03-Free Ash in Starting Mid Char {wt2) 27.13 26.83 V899 Mg0 in S03-Free Ash in Ending Mid Char (wt%) 0.54 0.55
863 510z in S03-Free Ash in Ending Mid Char (wtl) 27.13 27.42 Y903  Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.60 0.59
¥867  Si0p in SO03-Free Ash in Coal + Catalyst Feed (wt%) 27.40 27.78 V904  Mg0 in S03-Free Ash in Char Withdrawn (wt%) 0.55 0.55
y&68 $i02 in S03-Free Ash in Char Withdrawn (wt2) 27.58 26.57 yaps Mg0 in S03-Free Ash in Char Entrained (wt) 0.50 0.50
V869 Si02 in S03-Free Ash in Char Entrained (wt3) 23.97 24.47 y916 Ti0z in 503-Free Ash in Starting Mid Char (wtX) 0.46 0.35
V871 Fep03 in S03-Free Ash in Starting Mid Char {wtX) 8.08 8.22 ¥917  Ti02 in 503-Free Ash in Ending Mid Char (wt¥) 0.46 0.58
ya72  Fez03 in SO3-Free Ash in Ending Mid Char (wt%) 8.08 7.93 v921  Ti0p in S03-Free Ash in Coal + Catalyst Feed (wt%) 1.52 8.92
vare Fe203 in $03-Free Ash in Coal +-Catalyst Feed (wt3) 8.59 a.73 V922 Ti0p in S03-Free Ash in Char Withdrawn {wt%) 0.42 0.45
Y877  Fez03 in S03-Free Ash in Char Withdrawn (wt%) 9.84 9.60 ¥923  Ti0z in S03-Free Ash in Char Entrained (wt3) 0.59 0.60
¥87%  Fep03 in S03-Free Ash in Char Entrained {wt3) S OO & 7.78 V925  P205 in SO3-Free Ash in Starting Mid Char (wt%) 0.10 5.08
V480 Al203 In 503-Free Ash in Starting Mid Char {(wt%) 9.78 9.73 y926 Po05 in $S03-Free Ash in Ending Mid Char {wt%) 0.10 .08
381 A1203 in SO3-Free Ash in Ending Wid Char (wt%) 9.78 9.83 V930 P05 in SD3-Free Ash in Coa) + Catalyst Feed (wtX) 0.2 9.23
7885  Alg03 in SO3-Free Ash in Coal + Catalyst Feed (wt¥) 8.77 9.8 ¥931  Pa0g in SOy-Free Ash in Char Withdrawn (wt%) 0.37 0.3
886 A1203 in S03-Free fch In Char Mithdrawn (wt¥) 9.73 9.51 Y932 Pp0g in S03-Free Ash in Char Entrained (wt%) 0.18 0.15
887 Alg0j in 503-Free Ash in Char Entrained {wt2) 8.05 B.11 y813 ¥ in Starting Mid Char (wt%) 0.13 0.13
¥2g0  Ca0 in 503-Free Ash in Starting Mid Char (wi%) 1.21 1,27 yg14 N in Ending Mid Char (wtX) .21 D.21
%990 £a0 in SO3-Free Asnh in Ending Mid Char (wtd) 1.21 1.14 ygR18 N in Coal + Catalyst Feed (wt%) 0.57 (.57
y394  £30 in S03-Free Ash in Coal + Catalyst Feed {wt3) 1.48 1.53 V819 # in Char Withdrawn {wiX) 09.17 0,37
vaus a0 in SO3-Free Ash in Char Withdrawn (wt2) 2.01 7.91 V820 N in Char Entrained (wt2) 0.10 U.10
VBES £a0 in S$03-Free Ash in Char Entrained {wt%) 1.60 1.81 4805 0 in Starting Mid Char (wt%) 3.86 8.94
Prry) r1 in SO03-Free Ash in Starting Mid Char {(wt¥) 0.27 0.26 V806 0 in Znding PHd Char (wt¥) 5.05 5.00
¥az23 €3 1n SO3-Free Ash in Ending Mid Char {wt2) 0.24 .25 310 D in Chay Withdrawn {wt%) y,47 3,18

ug27 C1 in So3-Free Ash in Coal # Catalyst Feed {wt2) 0.04 5.04 481 D in Char Entrained (wtd) 8.65 3.3



RECONCILLL DATA
STELD-PER-GD 205

UNIT_OPERATIONT

Tie _Dare
From 3000 3-12-77
fo 1690 3-12-77
Cuvaticn Tt Hrs
Parcent of Time on Ztream
Loal Teed 52
Steam 100
f Sungac 73
—
€2 Gasifier Frocess Temperaturas
1 Sycafrer sed daignt (o sifier Terperavur
12,7 15
33.4 1256
2.1 1308
6.6 1322
21.2 1210
16.¢ 1309
10.¢ 1290
6.1 1266
0.4 1178

YIELD PERIO 205

UMIT PROLESS YARLABLE',

nir Tempeiatyres

Loekhopper ¥ Jop
Leciherper 1 Bottom

Lackhopper 2 Yoo
Leckhopoa: 2 Yoitom

Gasifier feeu Line
Gesifigr Steam Line

gasifier
iop of Sed
gottor of led
Total Sed Average

dough Cut fyclone
Cyctone Top
Cyclone Bottom
Standpipc Top
Standpipe #id
Stangpipc Jsttom
Standpisc Slepe Top
Standpise Slope Botrom

aaifrer Raclond
Cyclione Intet
Filter Inlei

Scrubber Inlet
Scrubber Outlet

Product t2s Meter

Unit Pressures

Lsckhopper ?
Gasifier {o. 3 Line
Sypass iy

Svngas In

gas fier
Gasitier Tup
Gasifier 8Bottom
flough Cut {yctone Dutlet

filter Outlet
Scrubber Citiet

Product fas Mnter

13 Ty
Procesy, Y

00
i

278
188

31

1049

1322
178
1279

Y74
714
817
309
785

e

a7
2

Poia

122.
117.
155.
162.

rnGS

Qo -~ Ea SRV =

~1

:lL i;i,’;;t

e
22
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3o ERyNn 58
SR CoNYERTDAS
gLy WTRIGA TR IS WAL KE BT AL

FLNIG 501133 53T fartan conomition
Carbon dn oed® (1bs/h) 3.5
taoiciee Finddized G ocperiies varbon from Devolatilizationt of Juwed foat (3B} 2.8%
Coruon Jas)fied (by aisfarance} {ihs/hr) .24
gt Rottom dengity Clho/ef) *2.0 fotal Carbon Converted (1bs/hr} EN
e Yen Oaasity iheger) 6.9
Bid &rweage Dersity (Wna/el) 20.4 Carbon Lon~ersion [C Converted/C 1a Feed)
zed iigignt (14) 291 - )
gad neldun {Ths) 106.0 Sasificetion Only (%) £3.6
ged iolume {(Cf) 1.5 Total, iacivding Devolatilization (%) 0.0
Asgrege Zed tempsiralurs {°F) 1299.4
Space Yelocity (hed) {cife¥/or) 135.7 Carbon Distribution
fottum Supweficial velaniny (ft/sec) .87
Top wapertigial Yilacity {Fi/sec) 0.7 Total Coaverted (%) 20.0
Entrained (%) 0.9
Lyclong Aerfoemance Withdrawn {3) 4.5
Accumulated {%) -5.4
Temparaiure {°F) 512.5 Conversion {Entrainment Backed Dut) 95.6
Pressurs [nsia)l 113.7
inlet Gas &ate (SCFH) 1420, 3 Specific Ranction Rates (L Converted/C in Bed)
Inlet Goo date (ACFH) 478.7
inlet Gas Yelacity {ft/sec) 28.7 Gasification Only (5/Hr) 18.8
Solids Zotpving (Yos/ur) 2.8 Including Devolatilization 8.8
Dust Lozding {ibs/acf) $.1068 ’
Sotids sapiured }‘ubz/hr) 2.3 Steam Consumption
Solids #scaping {1bs/hv) 0.3 o
Overall E¥ficiency {laptured/Entering, Wt.4) 39.3 Steam Into Unit (1bs/hr) 22.7%
’ Steam RAedcted with Carbon {Ibs/hr) 7.87
Total Steam Consumed (1bs/hr) 12.28
Solids Uarryover 'ess Steam_Conversion (Steam Consumed/Steam ingo fed)
Coal + Tucalyst Faed (1bs/tw) 4.3 Casificationr (%) 33.6
Total Cavevouvar {*ha/he) 2.56 Total Steom Converted (%) 58.7
Cyelone (bs/)uv) 2.1
Filter (lbs/fhir) .25 Reaction Hate Parameters
Carryover/Feed (M.i) 17.8 —_
Carbon Converted/Steam Fed {1bs/1bs) 0.231
Solids Cavbon 088 Carbon Conerted;/Steam fed (mol/mol) 8.387
. - Carbon Conwarted/Bed Volume {1bs/hw)/cft 3.0%2
narbon in Fead (Jus/hri 8.9¢ Carbon Converted/Bed Yolume (mol/hr)/cft 0.084
Carbon ia Carcyover (lbs/fur) 0.53 Carbon in dod/Steam Fed ]bs/(lbs/hr; 1.23)
Carryover/feed {Wi.7) 1.2 Carbon in S2d/Steam Fed mol/ (molihe 1.847

*Excludes carbon in cataiyst )
i fssumed frem standard ASTM devplatilization :u3t of feed coal

R duced from
b:?troavailable copy.
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Y1ELD PERIOD 205 YIELD PERIOD 705

UNIT COMPQSITIONS
UNTT COMeQ3ITIONS 50L1IDS_COMPGSITICN
Latalyst Dictribution®
Gasifier Char Ultirate Analysis
Wt Fead Top Mid Hottem Enirained e Mysls
HtX of Total Solids, O~y
K as X0 0. 3.0 30.7 36.0 27.6 e i
K as K2003 4.8 45,5 451 £2.9 40.5 Component feed Solids W/ Ertratan:l
Kas K 8.4 25.7 25.5 29.9 22.9 " 4.0 0.68 LoAT
K Water/Acid, 0.659 n.510 0.0681 1.565 0.7 . ) L
Soluble Ratio ¢ 62.3 19.3 kT
K20, Hz0-Insoluble 3.4 1.8 111 15.7 7.4 3 3.6 5.1 i
¥2003 Hp0-Insoluble 5.1 17.3 16 2 23.9) 10.9 2 9.1 7. ;9
K.H20-Inso1vh) 2 9. 13.0 6.2
iminsolvntie 2.9 3 e N 1.09 0.16 0.3
Carbon 62.3 28.5 2.4 19.4 38.2
K on Carbon 13.5 90.1 96.7 154.3 59.9 O 0.09 0.15 .8
ASTM Ash 24.9 69.4 71.0 B85 v 54.6 303-Free Ash 19.8 67.2 42 .4
K on Ash 33.7 37.0 36.0 5.8 42.0 Total 1900 100.0 Tou -
K7C03 Free-Ash 9.9 23.3 25.2 30.6 13.5 o ’ c
K on K2(03 Free-Ash 84.9 110.3 101.4 97.7 169.1
Size Dictribution Solids ¥;1ou Rate 14.38 2.05 2.%8
aize Aslrbution cibs/hr
Cumulative Wt% Less Than Mesh S{ze e
I8 Wash 200 Mesh 100 Mesh 50 Mesh 10 Mesh 20 Mesh 10 Mesh
Feed Coal + Catalyst 1.6 2.2 1.9 471 79.0  93.5 99.8 Ash _Element Analysis
Top Chas 2.2 5.8 22.1 45.4 79.8 915 99.9 _ Wtf of 503-Free Ash )
Mid Chav 2.5 53 13.9 46.2 60,4 93.2 100.9 . Vs
Bottom Char 0.4 1.9 7.3 3.4 3.7 91.5 106.¢ +102 27. 272 &
Cyclone 50.0 62.2 97.9 99.13 ~3.5  100.0 100.0 ¥ro03 8.1 8.6 7.
Filte. 84.0 83.0 98.¢ GRIE 1r9.0 100.0 100.0 Aig0a 0.1 n.o .
Vo];me/ - a0 1.1% 1.81 V.17
) Number  Surfice leight Bulk_Density
Particle Liameter (Microns) Mean Mean Mean 1bs/cf Mg 0.55 0.62 0.5
Feed fool + Catalyst n 264 438 46.4 ) .
Top Char 3 1o 422 2.5 ey [.4y 0. 4% Lol
Mid Char 30 g w18 24.5 k205 0.13 0.2 0
Bottom Char a% 33 97 25.3 a0 0.51 0.06 e
; 06 .
g:‘l::e :; ;e ” K2, Cetatyst 51.10 §9.93 TIRE
*Based on acid sotuble ~natvsis 16431 100.0 0.0 BN
* s
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YIELD PERIOD 205 YIELD PERIOD 205
PRODUCY GAS DATA PRODUCT GAS DATA
Unit Gas Yields
Product Gas Fartial Pressures at Gasifier Exit
Product Gas (Ory), Mol%
H2 43.3
co 12.3
Total Pressure, psia 113.7 €02 1.8
CHg 8.3
Nz 42.1 st 0.4
e 1.9 N2 23.¢
. Product Gas {Ory, Np-Free}
CHa 8.0 Ho ’ 56.9
o 16.2
coz 1.5 €02 15.5
CHgy 10.9
tzS 0.3 HaS 0.5
Hy0 16.5 Product Gas
H2 37.0
2 23.3 co 10.5
€02 10.1
H20/C0 1.4 Clig 7.1
Hz5 0.3
Hp0/C02 1.4 Ha0 14.6
Hz 20.5
Product Gas (Mp-Free)
" 46.5
CU 13.2
Unit Gas Data oy V2.7
’ CH 8.9
Syngas MWT, 1bs/mol 5.3 Ho 0.4
Hsd 18.3
Product Gas MWT (dry), lbs/mol 17.7 hC
3LFH CHy/tb € Active Bed 3.6
Product Gas
SLFIE CHa/ 1 € Feed 11.2
At DTH (dry), SCFH 1213.4 4/ _
Hsles Cdy/mple € Feed 0.35
{Bry, Hp-Frea), SCFH 922.6 d /!
At Gasifier Outlet, STFH 1420.3
(Includzs Hz + H20) feaction Corresyndivg
Av Gasifier Qutlet, ACFH 577.4 Equilibriug at Actual Equﬂ'!br‘h.‘ﬁ.‘l
(Inclucss Hp + Hg0) dctive Bed Tewp Equilibricn  Temperaturs
At Gasiiiar Dutiet, SCH Vizy 7 o EeetTinri Somsbwis . .o J1BTAEL . hievessian N 5t D
(Excludus Np) Arophite lgds L+ Hpu n 60 > iy 1,7887 2.0633 12145
At Bxni<ier Juiiet, ACFH 455 2 Shiiti. U IR AT o8] 2.4339 1i26.1
{Excludns M) . Jothanagions Ot - 3y o e Hed J.0700 0.0%% 1399.7
vz b 2 TH e U 8 " 342/ 9.3373 :

Reproduced from 17
est available copy. >
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Qver.
Lyt
(oa) Fees [ox N3
Gasifior Stuax

Gagivier Syng.

fotal {=x )
fevigwoation:

Closuy

Synthesis Ses Balane?
input:
qas17 dur Syrnnas
o Hol% 72.0
<O Pod 8.0

8alanen:

[Duputd Tapu®

an . g

-0. %1

(M put ¢ Accum)/

k1l

fratput
Produ;t Qos fex Hyi
Product as He
Produ, Yoy
Char “ntisined
Solla. Withdrawn

fowal tox H3)

ttpat:

AL

Hp + U va Troduct we- 974,

Hp Moit R
CO MoV 17,

wiemen: Balances
Input (Lbs/Hr):
Coal : fatalysto*
Gasifier Steam
Gasifier Syngas
Total
Output:
Product Gas
Product Water
Char Entrained
Solids Withdrawn
Total
Accumulation:

Closure
{Cut + Accum)/in, %

Catalyst Bajeare
Input (Lbs/Hr):
Coal + Catalyst
Output:
Char Entririned
Product Water
Solid Withdrawn
Total

Accumulation:

Closure
{out # accum)/in, ¥

YIFLE "caTUD_ 205
TFRYE: IALANCES

“Carbon balance excludes catulyst cqrbonate
Lx¢njes carhgn and oxygen in cat:iyst

Carpon™ tHydrogem  Jnvgen  Sulfur
8.95 0.586 [ 0.512
- 2.52 w7 0.0
a.ap 1.87 534 0.0
13.35 4.98 27.34 0.512
12.45 3.86 14.38 0.362
- 1.09 B.74 0.004
0.98 0.01 0.20 0.086
0.40 0.01 0.1s 0.105
13.83 4.98 27.47 0.557
-0.48 0.00 -0.13  -0.0484
100.0 100.0 100.0 100.0
AcidKSol. Hate;Sol.

.21 0.80

0.59 0.43

Q0.0 0.0

0.57 0.5

1.16 .77

0.05 -0.05

100.0 1.2

L}

0.013

0.007
0.003
0.010
0.003
100.0
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Ash Balancss
Input (Lbs/Hr):

Coal + Catalyst

Qutput:
Entrained Char
Solids Withdrawn
Total
Accumulation:

Closure

(out + accum)/in, %

Rsh Element Balance

Input (Lbs/Hr):
Coal + Catalyst

Output:
Entrained Char

Solids Withdrawn
Total
Accumulation:

Closure

(out + accum)/in, %

YIELD PERIGD 205
MATERIAL BALANCES

ASTH Ash Reg<gue 22%§F2§§ c§g3i£;?§ue

3.58 2.79 2.85 2.32

1.40 1.35 1.26 1.22

1.7 1.59 1.38 1.25

LN 2.94 2.64 2.46

0.47 -0.15 0.20 19.14

100 100 100 100
s10p_ Fe03 Alp03 _CaQ M0 S03 _Mapg Ti0p P205
0.788 0.237 0.286 0.033 0.016 0.996 0.014 0.014 0.004
0.307 0.097 0.118 0.014 0.006 0.255 0.008 0.006 0.001
0.375 0.119 0.152 0.025 0.009 0.342 0.0 0.006 0.003
0.682 0.216 0.270 0.039 0.015 0.597 0.008 0.012 0.004
0.106 0.020 0.016 -0.006 0.001 -0.001 0.006 0.002 -0.001
100 - 100 100 100 100 60 100 100 100

Mole Balance

Gas Input

H2 {0.939)
o0 (0.366)
H20 (1.261)
Total (2.566)

Solids Input
Coal + Cat Feed

Total Input

Gas_Qutput

Product Gas

H 1.387)
Cg 0.393)
€02 {0.378)
CHg (0.266)
HoS (0.011)
H0 {0.546)
Total (2.981)

Solids Output

Char Entrained

Char Samples Withdrawn
Char Accumutation
Total Solids

Total Output +
Accumulation

YIELD PERIOD 205

MATERIAL BALANCES

Lh-Moles/Hr
H [

C S

- 1.878 - -
0.366 0.0 0.366 -

- 2.522 1.261} -
0.366 4.400 1.627 -

C H Q S .4
0.746 0.577  0.082 0.016 0.031
1.112 4,976 1.709 0.016 0.031

c H 0 ]

- 2.773 - -

0.393 - 0.3%3 -
0.378 - 0.755 -
0.266 1.063 - -

- 0.023 - 0.011

- 1.092 0.546 a.0
1.037 4.951 1.695 g8.01}

[ H 0 S X
0.082 0.012 0.013 0.003 0.01§
0.033 0.014 0.009 0.003 0.015
-0.040 -0.001 -0.008 -0.001 0.001
0.075 0.025 0.014 0.005 0.03)
.12 4.976 1.708 0.016  0.03%
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V100
yiu
V165
V166
vigs
Y173
viv4
vigs
v185
v18g
V193
ve0s
vzo7
V208
V212
V214
vels
yaa2
vear
vea
y2s7
v258
V265
V266
V289
V292
¥293
1294
429
vIne
V507

YIELD PERIOD 205
PROCESS VARTABLES

Gasifier Steam (1bs/hr)

Char Withdrawn (1bs/hr)

H in Char Entrained (wtl)

H in Char Withdrawn (wti)

H in Coal + Catalyst Feed {wtl)

H in Gasifier Starting Mid Char (wt?%)

H in Gasifier Ending Mid Char {(wtX)

€0 in Syngas (mol%)

Acid Sal. K20 in Coal + Catalyst Feed (wtZ)
0 in Coal + Catalyst Feed (wt%)

H2 1n Syngas (molX)

€02 in Product Gas {(mol%)

CHq 1n Product Gas (mol%)

C0 in Product Gas (mo1%)

Hz in Product Gas {mo1%)

N2 in Product Gas (mol%)

H2S in Product Gas (molX)

Carbon in Char Withdrawn (wt%)

Acid Sol. K20 in Char Entrained {wtl)

Acid sol. Kz in Char Withdrawn (wt%)
Carbon in Gasifier Starting Mid Char {wt%)
Carbon in Gasifier Ending Mid Char (wt%)
Actd Sol. K20 in Gasifier Starting Mid Char (wt%)
Acid So). X20 in Gasifier Ending Mid Char {wtl)
ASTM Ash in Char Entrained (wt%)

ASTM Ash in Char Withdrawn (wt%)

ASTM Ash in Feed Coal + Catalyst (wti)

C/H Restdue ir Feed Coal * Catalyst {wt?¥)
C/H Residue in Char Entrained (wti)

ASTM Ash in Gasifier Starting Mid Char {wt%)
ASTM Ash in Gasifter Ending Mid Char {(wt%)

Measured Reconciled

.63
.05
.47
.68
.04

57

.60
.10
.36
.06

.12
.05

47
68

.04

S?

.60
.05

v110
v320
v321
V333
vi34
V336
VERY;
V138
¥350
V35
¥353
V354
V355
V407
4713
V495
V498
f384
£385
PGKO
u(14)
p(I1s)
u16)
0{117)
u(1e)
u(119)
u{120)
v(121)
u(122)
u{123)
EDD(1)

YIELD PERIOD 205
PROCESS VARIABLES

C/H Residue in Char Withdrawn {wt%)

C/H Residue in Gasffier Starting Mid Char {wtk)

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

S03-Free ASTM Ash in Feed Coal + Catalyst (wtX)

S03-Free ASTM Ash in Char Entrained (wtX)

503-Free

ASTM Ash in Char Withdrawn (wt%)

S03-Free ASTM Ash 4n Starting Mid Char {wt})

503-Free

S03-Free C/H Residue in Feed Coal + Catalyst (wt%})

S03-Free
S03-Free
S03-Free
503-Free

ASTM Ash in Ending Mid Char (wtX)

C/H Restdue in Char Entrained (wti)
C/H Residue in Char Withdrawn (wt%)
C/H Residue in Starting Mid Char (wtl)
C/H Residue 1n Ending Mid Char (wt%)

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 (lbs/hr)
Starting Bed AP (B-A) (in Hg)

Starting

Bed AP (C-8) {in Hg)

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

Starting

Bed P {F-E) (in Hg)

Starting Overal) Bed AP (F-A) (1n Hg)
Ending Bed »P (B-A) (in Hg)

Ending Bed aP (C-B) (fn Hg)

Ending Bed AP (D-C) (fn Mg)

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

Ending Overall Bed AP (F-A) (in Hg)
Starting Bed aP (E-D) (in Hg)

Measured Reconciled

77.
.99
68.
21.
49,
66.
58.
60.
16.
47.
60.
55.
57.
14,
2.
60.
8.
46.
165.

66

—
o

O DO N & - WO N W P

888538

55

36
53
58
89
41
63
08
64

77.
66.
68.
19,
49.
67.
56.
63.
16.
47.
60.
55.
57.
AL
2.
62.
8.
36.
164.

- B D r3 W N W
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YIELD PERIOD 205

UROCESS VARIABLES {iELD PERIOD 205

ROCESS YARIABLES

Measured Reconciled —_——

£D0{%) Tnding Bed 1P (E-D) {in Hg) Hesrurad iaconciien

DFOST  Taposits Accumulated on Gasifier Walls {1bs) 0.00 0.00 v8z8 T} in S03-Free Ash in Char Withdrawn {(wtX) 0.5 013
Y280 4 in Casifier Starting Mid Char (wt%) ‘ 4.32 4.37 v829  C1 in 503-Free Ash in Char Entrained (wtk) 4.25 .26
y281 S in Gasifier Ending Mid Char (wt%) 4,04 3.99 v836  Acid Sol. Naz0 in Gasifier Starting Mid Char {wtX) 0.33 0.33
vier 3 in Coal + Catalyst Feed wt¥) 3.48 3.56 : V837 Acid Sol. Naz0 in Gas{fier Ending Mid Char (wt¥) 0.43 0,82
V24§ S in Char Withdrawn {wt%) 5.18 5.13 v841  Acid Sol. Naz0 in Coal + Catalyst Feed (wtX) 0.10 0,10
V244 5 in Char Entrained {wt¥) 3.36 3.36 V842 Acid Sol. ¥a20 in Char Hithdrawn (wt%) 0.04 .08
v243 5 in Product Gas Condensate {wt%) 0.04 0.04 V843  Acid Sol. Ha0 in Char Entrained (wt%) 0.32 0.32
VEo6% 3102 in S03-Free Ash in Starting Mid Char (wt%) 28.37 28.52 ¥898 Mg0 in 903-Frae Ash Starting Mid Char {wit%) 0.59 n.%9
v853  Si0p in S03-Free Ash in Ending Mid Char (wt¥) 30.18 29.70 y899  Mg0 in SO3-Free Ash in Ending Mid Char {wt%) 2.59 0.59
ya67? Si02 in S03-Free Ash in Coal + Catalyst Feed (wtd) 27.09 27.70 van3 Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.55 .85
V853 $i02 in S03-Free Ash in Char Withdrawn (wt3) 27.75 27.24 V904  Mg0 in 503-Free Ash fn Char Withdrawn {wt%) 0.52 0.52
Y389 $i02 in SO3-Free Ash in Char Entrained (wt¥) 24.11 24.28 V305 Mg0 in 503-Free Ash in Char Entrained (wt) 0.48 D.48
Va7l 2203 in S03-Free Ash in Starting Mid Char {wt¥) 7.12 7.26 vals Ti02 in SO3-Free Ash in Starting Mid Char (wt%) 0.48 0.45
V872 Tey03 in S03-Free Ash in Ending Mid Char (wi?) 7.58 7.39 V917  Ti0z in 503-Free Ash in Ending Mid Char (wt%) 0.49 0.47
Y876  Fep03 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 8.13 8.31 va2i  Ti0p in 503-Free Ash in Coal + Catalyst Feed (wt%) 0.48 0.49
V877 Fe203 in SO3-Free Ash in Char Withdrawn (wt%) 8.76 2.64 4922 7102 in S03-Free Ash in Char Withdrawn (wtX) 0.426 Q.45
U873  Fep03 fn $03-Free Ash in Char Entrained (wt%) 7.74 7.1 V923 Ti02 in SO3-Free Ash in Char Entrained (wt¥) 0.50 0.50
vz B1203 in $03-Free Ash in Starting Mid Char {wt) 10.26 10.85 V925 P205 in $03-Free Ash in Starting Mid Char (wt%) 0.05 0.06
¥§81  M203 in SO3-Free Ash in Ending Mid Char (wt%) 11.55 0.7 V926  Palg in S03-Free Ash in Ending HMid Char (wt%) 0.05 0.64
¥8BS  Al03 in 503-Free Ash in Coal + Catalyst Feed (wi%) 9.61 . 10.06 V930  Pp05 in S03-Free Ash in Coal + Cataiyst Feed {wt2) 0.1 0.13
Y386  Alg03 in S03-Free Ash in Char Withdrawn {wt%) 11.38 i1.04 y931 P20 in S0q-Free Ash in Char Withdrawn {wt%) 0.26 0.21
V887 Alp03 in SO3-Free Ash in Char Entrained (wt%) 9.45 9.32 V932 P05 in SO3-Free Ash in Char Entrained (wt%) 0.10 0.09
vag9 Cad in S03-Free Ash in Starting Mid Char (wt%) 1.00 0.90 V813 N in Starting Mid Char (wt%) 0.20 0.20
i) Cad in SO3-Free Ash in Ending Mid Char {wt%) 0.66 0.70 V814 N in Ending Mid Char (wtZ) 0.22 0.2
ya94 €ad in SO3-Free Ash in Coal + Catalyst Feed {wix) 1.26 1.15 ¥818 N in Coal + Catalyst Feed (wt%) 1.08 1.00
y89s €a0 in 503-Free Ash in Char Withdrawn (wtz) 1.72 1.81 V819 N in Char Withdrawn {wt%) 0.16 0.16
V336 a0 in $03-Free Ash in Char Entrained {wt%) 1.08 1.12 V820 N in Char Entrained (wt%) 0.3% 0.34
¥822 €1 in SO3-Free Ash in Starting Mid Char {wt¥) 0.21 0.18 V805 0 in Starting Mid Char (wt%) 9.28 8.82
y823 €1 in S03-Free Ash in Ending i4id Char {wt?) n.21 0.24 V806 0 in Ending Mid Char (wt%) 8.54 a8.21
vg27 Tl in SO3-Free Ash in Coad + Catulyst Feed {wt%) 6.10 0.09 V810 0 in Char Withdrawn (wt%) 7.56 7.40

yan 0 in Char Entralned {wt®) 7.97 7.53




RECONCILED DATA
YIELD PERIOD 206

UNIT_OPERATIONS

Time
From 16:30
To 8:30
Duration
Percent of Time on Stream
Coat Feed 10C
Stear 100
l Syngas 100
o
0

Gasifier Process lemperatures
Cacifior Bed Heignt (1,
TR
38.1
17
6.6

21.2

_Date_
3-12-77
3-13-77
16 Hrs

Gasttrer Temperature (77

i18?
68
1308
1322
1309
1210
1294
127e

1223

) TIRICU (06

LRIT PRGCESS MARIABLLS

Unit Temperatures

Lockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
Gasitier Steam Line

Bottom of Bed
Total Bed Average

Rough Cut Cyclone
Cyclone Bottom

Standpipe Top
Standpipe Mid

Banifer fackend
Cvelone Inlet

S5crubber iniet
Scrubber Qutlet
“roduct Gas deier

Unix_Pressures

Gasifrer Feed Line

Gfasifier Buttom
Rouyh Cut Cyclone Qutlet
Filter Outlet
Scrubber Qutlet

Proauc? Gas Meter

Process,

310
89

241
240

646
1046

1308
1223
1292

980
704
817
an
182

120

481
&6

15

°F

7.7

115

156.
160

e

116.
112.
112.
112.

1:14.7

S B

Matal, °F

2%
<32

275
538

903
1105

1333
1227
1316

991
1021
1007
1015
143
19517

996
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YIZ).0 PERIOD 206
FLI1E-SOLIDS DATA

Zasifier Fluldized Bed Fropecties

Z2d4 Bottonm Density (1bs/cf)

Sed Top Density (ibs/cf)

2ed Average Density (lbe/ci)

sed Height (ft)

Sazd HMoldup {1bs)

2ad Yolume (¢f)

Average Bed Tewperature (°F}

Space velocity (bed) {cf/c¥/hr)
Sotton Superficial Velocity (ft/sec)
Top Superficial velocity {ft/sec)

cyclong verformance

Terperature (-F)

Pressure {psia)

inlet Gas Rate (SCFH)

Tnlet Sas Rate (ACFH)

Inlet Gas Velocity {ft/sec)

Solids Entering {1bs/hr)

Dust Loading (1bs/acf)

Solids Captured (1bs/hr)

30lids Escaping {bs/hr)

Overall Efficiency [Captured/Entering, We. %)

5olids_Carryover Loss

znal + Catalyst Feed {lbs/hr)
Tatal Zarvyover .ibs/hr)
£yclone {1bs/hr)

Filter {lbs/hr)
rareyover/Feed (Mt. .}

Snlids Carbon LOss
carton 1n feed {ibsfhug

Carton in Carryuwer {ibediv}
CaregomrfFred (s 7}

Reproduced from v
best available copy. ¥
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—
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REcompo~wo

15.37
2.0
2.74
0.30
19.8

R
108
1.2

Y1ELD PEATOD 206
UNIT CONSEKSIONS

Carbon Consumpiion
Carkon in Feed* (1bs/hr)

Carhion from Devolatilization** of Feed Coal {(ibs/hr)

Carbon Gasified (by difference) {ibs/hr}
votal Carbon Converted (1bs/hr)

Carbon Conversion (C Converted/C in Feed)

Gasification Only (%)
Total, Including Devolatilization (%)

Carbon Distribution

Total Converted (%)

Entrained {")

Withdrawn (%)

Accumulated {3)

Conversion (Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr)
including Devolatilization

Steam Consumption

Steam into Unit (1bs/hr) 23.83
Steam Reacted with Carbon (1bs/hr) 7.72
Total Steam Consumed (lbs/hr) 11.83
Steam Conversion (Steam Consumed/Steam into Bed)

sasification* (%) 32.4
Total Steam Converted (%) 49.6
Jeaction Rate Parameters

Carbon Gorverted/Steam Fed (1bs/1bs) 0.216
Carbon Converted/Steam Fed (moi/mol) 0.324
Carbon Converted/Bed Volume {ibs/hr}/cit {.829
Ceruon Converted/Bed Volume (mol/hr)/eft 0.068
Carbon in fad/Steam fed 1bs/{1bs/hr) 1,943
Cavdon in Bedf3tcan Fed wsl/{mol the} i.715

sexcludes ~arbon in catalyst
o hccumed v e nianda A BSTH develes't uilon it oF ¥zed coal




YIELO PERIOD 206
YIELD PERIOD 2UF

50L1DS_COMPOSITION
ONIT_COMPOS (YTONS -

Latalyst Distribution” Yltinate Analysis
we toed. i Tam Entrained Wit of Total Solids, Ury
Kas <p0 2.7 . 20.8 a.t 33.2 __ Component _._feed Solids W/ D Entrained
koas K2003 12 - 45.2 ar g 48.8 H 393 .45 g.47
K as K #.0 - 5.6 25 8 27.6 c 50.5 0.9 310
X Water-Acid, 0 661 - 0.0694 ) 456 n.798
solubie Ratio ' S 3.7 5.2 3.4
K20, H20-InsoTuble 3.3 - o4 0.7 6.7 0 12.3 7.4 0.2
K2C03 Hpl - Insciunle 2.8 - i3.0 t5.7 5.8 N N 0.12 0.08
K, H23-1nsolub le 2.7 - 7.8 8.3 5.6
Carbon £0.5 - 2.8 20.9 33.0 o 0.09 n.19 0.:9
K on Carbon 13.3 - n7.2 173.9 3.7 $03-Free Ash 18.4 65.8 52.7
ke 2 - 70 2 N
ASTM Ash 75.8 6.4 9.2 80.7 Tota) 100.0 100.0 100.0
K on Ash 3.3 - 13.5 32.5 45.5
! 503 Free-Ash 1.3 - 30.5 33.9 1.0
o X on ¥zC03 Free-/sh 7.2 - 31.9 .2 2919 Solids Flow Rate 15.2 2.15 304
o= {1bs/hr)
' Size Jiserilution
T T Cumulative Wt% Less Than HMesh Size _ o n E) Analys |
27 Mesh 200 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh Ash Element Analysis
feed Coal + Catalyst 1.4 2.4 13.8 45 81.5 94.9 1€2.0 __#t% of S03-Free Ash .
100 Char ' : - - . ) 5103 26.4 30.5 0.
“.d Char 0.4 2.5 16.8 43.6 84.3 92.6 100.0
St tom Char 0.4 1.6 10.8 3.4 757 a1.7  100.0 Fe203 8.5 8.2 1.0
tyclone 75.0 87.5 39.8 99.9  100.0  100.0 100.0 A1503 9.4 11.0 I
Fitver - - - : - - - €a0 0.99 . 5.58
Vo lume /
. _ Number Surface Weight Bulk_Density Hs0 0.52 0.60 0.34
Particle Diameter (Microns) _Mean Mean _ _Mean bs/cf Ti0p 0.6 0.45 047
Feed Coal + Catalyst 38 236 415 51.0 .
Top Char B ) R 205 o.n 0.20 0.09
Mid Char 57 244 422 22.6 Nag0 0.48 0.55 0.96
dottom Char 54 285 475 23.6 K20, Catalyst 52.59 a7.47 63.17
Cyclone 22 27 38
Filter - - - Tota) 100.0 100.0 100.0
*3ased on acid soluble analysis
. .




et -

YIELD PERIOD 206
PRODUCT GAS_DATA

Total Pressure, psia
Hz
Co
CHa
Gz
H2S
Ho0
b
H20/C0
Hz0/C02

Unit Gas Data
Syngas MHT, 1bs/mel
Product Gas MWT (dry), 1bs/mol
Product Gas
At DTM (dry), SCFH
(Dry, Np-Free), SCFH

At Gasifier Outlet, SCFH
{Includes Nz + H20)

At Gasiffer Outlet, ACFH
(Includes Nz + H20)

At Gasifier Qutlet, SCFH
(Excludes N3)

At Gasifier Qutlet, ACFH
(Excludes Nz)

2.7
4.6
12.4

8.4-

10.8
0.3
18.5
17.6
1.5
1.7

9.2
16.5

1281.2
10411
1533.5

631.6

1293.4

532.7

YIELD PERIOD
PRODUCT GAS DATA

Unit Gas Yields
Product Gas (Dry), Moig
H2
Co
Co2
CHy
H2S
N2

Product Gas (Dry, Nz-Free)
H2
co
[V}

CHg
H2s

Product Gas
Ha2
co
€02
CH,
H2
Hz0
2

Product Gas (Np-Free)
Hz2
&
Y
H2S
H20

SCFH CHg/1b C Active Bed
SCFH CHa/1b C Feed
Moles CHg/mole C Feed

Reaction
Equilibrium at
Active Bed Temp

— — o L
Pom=NN
N N

- — ot -y -t b L5
DTARO N0 =D [~2F _S-. X" -]
Pl e e e
NN DO HOMNNNW

-
s VOR—~tw~
. « e e 4 s
~N DERHOO

12.3
0.39

Actual

L

Corrasponding
EquiTibrium

Equilibrium Tempergture
Expression °F

EquiHbrium Constants {1303.0°F)
Graphite-Ha0: C + Hp0 = CO + Ho 1.8509
Shift: CO + H20 = CO2 + HZ 1.5150
Methanation: CO + 3Hz = CHa + Ho0 .0.0663
Overal?: 2C + 2H20 = CHg + CO2 0.344

2.0234
2.1075
0.0306
0.264

1312.4

1176.4
13583.7

-
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Overall Material Balance

lnput: s et
Coal Feed (ex N3) i5.20 Produ.s sas fex Np)
Gasifier Steam 1383 Pirduct Geg Ky
Gasifier ~.ngas 16.01 Preduct Nater
fror Envratiued
Seifde Mithdrawm
Total (ex Np) L totul {ex N}
Accumulation: -0.14
Closure: (Output » dcoumy/incil, § [FORY)
Synthesis Gas Balance
Input: JICFR Tataut:
Gasifier Syngas 660.¢ Ra o+ £0 v Procuct G
Hp W11 72.4 Ha MD1S 47
CO Mol% 27.6 cq el 1

Balance: (Output/Input}, % §y7.#

¥ITLD PSOD 206

MATERIA BALANCES

Men it Balam s

Luonrl (Las/id ! Carbon® Hydrogen “ryger  Suliur
Teel ¢ Cavalyyter 5.29 0.60 Ty 0.-74
Basifier Steen - 2.67 2148
Gasiviar Syngas 5.78 2.54 ’ 59

Lhs/tr Yotal 15.07 5.81 30.78 0.570 & o
17.9; Cutput:
1174 Product Ga. 13.61 4.47 19.54 0 376 -
12 00 Product Keier - 1.34 10.66 0.00%
5.0 Chiy Entrataed 1.00 0.01 0.3 0.102 0. ooy
" 15 Solids Hithdrawn 0.45 0.00 0.1¢ g.111 O 04
5 1e Total 15.07 5.82 30.66 0.594 0.0
fecumulaticon: 0.0 -9.03 V.08  -0.026 e 0o
?(‘)::""‘ekcwlim g o0 100.0 0.0 160.¢ TN
Catelyst Ralance
1Y .98 ‘ Actd Sol. iHater Sat,
Input (Lbs/He): S S A
775.3 Coal + Cetalyst 1.23 c.a
Dutput -
Char Entrainad 0.84 [%-%]
Product Hater 0.0 [
Selid Mithorawn 0.56 £.36
fote) 1.4%0 TG
hccumgiation: -0.17 -0.17
Closure 100.0 11£.3

{out ¢+ accun}/in

*“arben belance excliudes catalyst carbonate
coctubeg caroon ard gxygen in catalyst
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VIELD PERION 704
FATERIAL BALAKCES
YIELD TZRIOD 205

HITIASL BALANRES

fiulg Balange

Frs Tnput Li~frites /s i
Lot fuTenons I S L i
LA S63-Fron Sfin-jrap Ho (1.262) - 2,824 :
input {Lba/ir: £STH Bzh Residue  ASTHM Ash  ©/4 Residus co {0.481) g.6di - J.681 -
. . Halt {1.322 - 2.545 1.322 <
Coal ¢ Catelyst 3. 3.3 z.82 2.08 : Tatal  (3.065 0.831 5.6 1,802
futont
- ; Solids Input <4 [ B 8.
gntrained Char 1.85 1.90 1.60 1.61 o
0.031 0.7274 a.5¢8 .13 ] 5
Solids Withideswn .7 1.93 1.42 G.7%
T G99 Gl
Totel .55 2.84 3.02 2.36 Total Input 0.031 1.25% 5.768 §.922 [V
ficcumuiation: .38 g.3¢ -0.18 -0.35
Closure 100.0 100.0 100.0 100.0
{out + accum)/in, $ .
Gas Qutput
Psh Element Balance 225 TPuL
. Product Gas € it Q 8
Input {Lbs/Hr): S10z2_ Fep03 Alp0z _Cad _HMG) 503 liag@ Tigz P20s
H (1.802) “ 3.20% ~ -
Coal + Catalyst 0.758 0.241 ©0.266 0.028 0.015 1,186 0.013 0.013 0.003 cg (0. 444) 0.444 - 0.443 -
but ggz %o.segg o.ge? 1 30s 0.777 -
utput: 0.301 0.30 . - -
Hzg {0.012}) < 4.023 - 0.012
Entrained Char 0.324 0.112 0.1 0.009 0.005 0.253 0.015 0.007 0.00% H20 (0.666) - 1.332 0.668 -
Total {(3.114) 1.133 5.763 1.887 0.012
Solids Withdrawn 0.431 0.116 0.155 0.016 0.00B 0.280 0.007 0.006 0.003
Total 0.755 0.228 0.269 0.025 0.014 0.542 0.022 0.0¥8 0D.0D4 Solids Output g [ H 1] S
Accumulation: 0.003 0.013 -0.003 0.003 0.00} 0.035 -0.009 -0.00% -D.001 Char Entrained 0.021 0.084 0.014 0.019 0.053
Char Samples Wfthdrawn 0.014 0.037 0.010 0.610 0.087
Closure 100.0 100.0 7100.0 100.0 100.0 43.0 100.G 100.0 100.0 Char Accumulation -0.006 0.0 -0.019 0.005 0.6
(out + accum}/in, % Total Solids 0.031  0.121  0.005 0.0 0.0
Total Qutput + 0.031 1.255 5,768 1.922 0.016

Accumulation
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YIELD PERIOD 206
PROCESS VARIABLES

Gasifier Steam (Ths/hr)

Char Withdrawn {1bs/hr)

H in Char Entratned {(wt¥)

H# in Char Withdrawn (wti}

H in Coal + Catalyst Feed {(wt:)

K in Gasifier Starting Mid Char (wt%)
H in Gasifier Ending Mid Char (wtl)
€ in Syngas {moll)

Acid So1. K20 in Coal + Catelysi Feed (wt3)

0 in Coal ¢ Catalyst Feed (wt%)

Hz in Syngas (mol%) ‘

C0p in Product Gas (mo'%)

CHg 10 Product Gas (moli)

CO in Product Gas (mol%)

Hy in Product Gas (mol)

N2 in Product Gas {moll)

HoS in Peoduct Gas {mols)

Carbon in Char Wdithdrawn {wt%}

Acid SoY. K0 in Char Entrdined (w.%)
Acid sol. X920 in Char Withdrawn {wt)

Carbon in Gasifier Starting Mid Lhar (wt%)

Carbon i1 Gasifier Ending Mid Char (wt%)

Acid Sol. Y20 in Gasifier Starting Mid Char (wt?%)
Actd Sol. K20 in Gasifler Fnding Mid Char {wt2)

ASTM Ash in Char Entrainea (wt:)
ASTM Ash 10 Char Withdraws (wth)
ASTM Ash in feed (ual + fatalyst (-t:)

C/H Residue in Feed Coal 4 Cataly.: (wt%)

C/H Residus 1n Char Entrained (wis;

ASTM Asih in Gasifier Starting Mid Char (wt?)
ASTM Ash tn Gasifier Ending Mid Char {wt%)

Measured Reconciied

23,
2.15
0.47
0.45
3.93
a.
4]
7
9
2

?

4/
19

0.
0.
33.
3%,
ZL.
2107
n.
30.
60.
9.
25.
I
62.
76.
76.

78

57

LE7
.50
.52
12.:
o
(RN

8.
12.

23.

82

2,18

0.
0.
3.
0.
0.
27.
q.
12.
i2.
n.
8.
13.
17.3
18.
a.

47
a5
93
57
27
5¢
65
33

1
i

50
90

20.8¢

9=

3o

3t

21,

21.61

3.
29.
60.
9.
25.¢
20.
62.
72.
80.1

1%

viio
y32¢
vin
V333
Vi
V338
v3i3z
v33s
¥350
Vst
V353
Vi54
¥355
VaQ?
vars
V495
V492
F38¢
F385
PGKO
ui14)
uLiis)
Y{11s)
u(n)
u(i18)
u(119;j
U{120}
u{ian)
u(122)
wi1z3)
Lup(Y)

YIELD PERIOD 206
PROCESS VARIABLES

C/H Residue tn Char Withdrawn (wtX)
C/H Residue in Gasffier Starting Mid Char (wt%)
C/H Residue in Gasifier Ending Mid Char (wt%)

503-Free
503-Free
S03-Free
S03-Free
503-Free
503-Free
503-Free
303-Free
503-Free
S03-Free

ASTM Ash in
ASTM Ash in
ASTM Ash in
ASTM Ash in
ASTM Ash in
C/H Residue
C/H Residue
C/H Residue
C/H Residue
C/H Residue

Feed Coal + Catalyst (wt:)
Char Entrained (wtX)

Char Withdrawn (wtX)
Starting Mid Char (wtii)
Ending Mid Char (wt¥)

tn Feed Coa) + Catalyst (wi*)
in Char Entrained (wik)

{n Char Withdrawn (wt%)

in Starting M{d Char {wt )

in Ending Mid Char (wtY)

Coal + Catalyst Feed (lbs/hr)

tChar Entrained (Tbs/hr)

Carbon in Feed Coal (wt%)

Carton in Char Entrained (wt?)
Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFH)
Product Gas Condensate (1bs/h~)
Starting Bed 4P (B-A) (in Hg)
Starting Bed aP (C-B) (in Hg}
Startiag Bed &P (D-C) (in Hg)
Starting Bed AP (F-E) (in Hg)
Starting Overall Bed aP (F-A) (in Hg)
tnding Bed aP (B-A) (in Hg)

tnding Bed aP (C-8) (in Hg)

Lnding Bed AP (D-C) (in Mg}

Ending Bed &P (F-E) (in Hg}

tnding Dverall Bed aP (F-A) (in Hg)
Starting Hed aP {E-D) (fin Ng)

Measured Reconc!ls:

43.
4.
80.
.82
52.
.92
.48
.41
A
L2

17

oi.

63.
167.

0.

50
60
92

33

v

8
.65
70

00

43.52
14,67
81.2¢
18,352
52.67
65.82
64.97
53.42
13.0%
53.08
kL W)
64,77
60.50
5.7
3.0#
6. 41
32.95
82.5%
173.4i
e
1.0
4.2
1.
9.0
i.en
2.00
.00
1.65
J9.0¢
1.0%
0.0




- §6l -

- YIELD PERIOD 206
PROCESS VARIABLES

PROCESS VARIABLES

feayrred  Recr: ciled

Measured Reconciled

L00(6) Ending Bed &P (E-D) (in Hg) 8.00 n.q0 V828 €1 in S03-Free Ash in Char Withdrawn {wt¥) 0.18 o.1e
DPOST  Deposits Accumulated on Gaszifier Malls (ibs) 6.00 .00 yHz9 €l in S03-Free Ash in Char Entrained (wt%) 0.27 0.2¢
V280 5 in Gasifier Starting Mid Char {wt%) 4.99 4.97 V836  Acid Sol, Nag0 in Gasifier Starting Mid Char (wt%) 0.47 0.45
vasl S in Gasifier Ending Mid Char (wt%) 4.73 4.70 V837  Acid Sol. Naz0 in Gasifier Ending Mid Char (wt%) 0.33 0.3
V187 S in Coal + Catalyst Feed wt%) 3.67 3.7 vadl Acid Sol. Naz0 in Coal + Catalyst Feed (wti) 0.09 0.09
V246 S in Char Withdrawn {wt%) 5.17 5.18 vgaz Acid S07. NazQ in Char Withdrawn (wt%) 0.36 0.36
V244 S in Char Entrained (wt%) 3.38 3.36 V843  Acid Sol. Ka20 in Char Entrained (wt¥) 0.50 0.51
V243 S in Product Gas Condensate {wt%) 0.04 0.04 V888  Mg0 in SO3-Free Ash Starting Mid Char {(wt%) 0.61 0.61
vg62 5102 in SO3-Free Ash in Starting Mid Char (wt%) 29.62 v.1z V899  My0 in SO3-Free Ash in Ending Mid Char (wt%) 0.67 0.67
V863  Si0z in SO3-Free Ash in Ending Mid Char (wt%) 32.51 370 V903  Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt¥). 6.52 0.52
V867 $i02 in S03-Free Ash in Coal + Catalyst Feed (wt%} 26.52 26.88 V904 Mg0 in S03-Free Ash {n Char Withdrawn (wt%) 0.60 0.60
V868  Si0z in SO3-Free Ash in Char Withdrawn (wtZ%) 30.45 30.48 - V305 Mg0 in SO3~-Free Ash in Char Entrained (wt) 0.34 0.34
V869 5102 in SO3-Free Ash in Char Entrained (wt%) 20.54 20.22 V916 Ti0p in SO3-Free Ash in Starting Mid Char (wt%) 0.48 0.49
V871 Fep03 in SO3-Free Ash in Starting Mid Char (wt%) 7.51 7.67 V917 Ti0p in SO3-Free Ash in Ending Mid Char (wt¥) 0.50 0.49
V872  Fep03 in SO3-Free Ash in Ending Mid Char (wt%) 8.59 8.38 V921  Ti0p in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.46 0.46
V876  fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 8.39 8.53 V922 Ti0z in SO3-Free Ash in Char Withdrawn {wt%) 0.45 0.45
V877 Feg03 in SO3-Free Ash in Char Withdrawn (wt%) 8.23 8.18 V923 Ti0p in SD3-Free Ash in Char Entrained (wt%) 0.47 0.47
V878 Feg03 in SO3-free Ash in Char Entrained (wt%) 7.10 7.92 V925 . P205 in S03-Free Ash in Starting Mid Char (wt%) 0.09 0.08
V880  Al203 in S03-Free Ash in Starting Mid Char (wt%) 10.62 10.85 V926 P305 in SO3-Free Ash in Ending Mid Char (wt%) 0.05 0.05
V88l  Al203 in So3¥l=:ree Ash in Ending Mid Char (wt¥) 11.61 11.31 - V830 P205 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.12 o.n
V885  Al203 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 9.30 9.44 V931 P05 in SO3-Free Ash in Char Withdrawn (wt%) 0.19 0.20
vess  Al203 in SO3-FIree Ash in Char Withdrawn (wt%) 1.0 10.95 V932 Py0g in 503-Free Ash in Char Entrained {(wt%) 0.09 0.09
ves7  Al203 in S03-Free Ash tn Char Entrained (wt%) 7.22 7.15 V813 N in Starting Mid Char {(wt%) 0.16 0.16
V889 €a0 in S03-Free Ash in Starting Mid Char (wt%) 0.96 0.78 veld N in Ending Mid Char (wt¥) 0.07 0.07 -
V890 Ca0 in S03-Free Ash in Ending Mid Chéar (wt%) 0.78 0.89 vels N in Coal + Catalyst Feed (wt%) 1.1 1.0
v894  Ca0 in SO3-Free Ash in Coal + Catalyst Feed {wt$) 1.17 , 0.99 V819 N in Char Withdrawn {wt%) 0.12 0.12
V895 (a0 in SD3-Free Ash in Char Withdrawn {wt%) 1.04 1.1 “V820 N in Char Entrained (wt%) 0.08 0.08
V896 a0 in S03-Free Ash in Char Entrained (wt%) : 0.56 0.58 V805 0 in Starting Mid Char (wt%) 8.16 8.12
V822 €1 in SO3-Free Ash in Starting Mid Char (wtx) 8.21 0.19 V806 0 in Ending Mid Char (wt%) 9.83 9.72
¥823 €1 in SO3-Free Ash in Ending Mid Char (wt¥) 0.19 0.21 V810 0 in Char Withdrawn {wt%) 7.33 7.36

V827  C) in S03-Free Ash in Coal + Catalyst Feed (wtX) 6.0 0.09 V811 0 in Char Entrained (wt%) 10.37 10.16
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RECONCILED DATA
YIELD-PERIOD 207
UNIT OPERATIONS

Time _Date
From 8:30 3-13-77
To 8:30 3-14-78
Duration 24 Hrs
Percent of Time on Stream
Coal Feed 100
Steam 100
Syngas 100

Basifier Process Termperatures

Gasifier Bed Height (ft) Gasifier Temperature {°F)

43.2 1187
38.4 1271
32 1309
26.6 1324
2t.2 ) 131
16.0 1313
10.9 1296

6.4 1276

0.4 1225

YIELD PERIOD 207

UNIT PROCESS VARIABLES

Unit Temperatures Process, °F Metal, °F
Lockhopper 1 Top an 319
Lockhopper 1 Bottom 286 231
Lockhopper 2 Top 240 276
Lockhopper 2 Bottom 240 326
Gasifier Feed Line 645 900
Gasfifier Steam Line 1043 1102
Gasifier

Top of 8ed 1309 1335
Bottom of Bed 1225 1227
Total Bed Average 1293 1317
Rough Cut Cyclone
Cyclone Top 981 991
Cyclone Bottom 698 1023
Standpipe Top 818 1003
Standpipe Mid 814 1016
Standpipe Bottom 786 1043
Standpipe Slope Top 1052
Standpipe Slope Bottom 1202 998
Gasifier Backend
Cyclone Inlet - 631
Filter Inlet - 581
Scrubber Inlet’ 486 478
Scrubber Qutlet 73 -
Product Gas Meter 88 -

Unit Pressures

Lockhopper 2
Gasifier Feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Outlet

Filter Outlet
Scrubber Outlet

Product Gas Meter

1.
nz.

na3.
113.
3.

114.

D~

~
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FLULG-SDLIVS DATE,

Gasiffer Fluidized Bed Praperil s

fed Bottom Density (lbs/cf)

Bed Top Oensity {1bs/cf)

Bed Average Density (ibs/et}

Bed Height (ft)

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 {lbs/hr)

Dust Loading (1bs/acf)

Solids Captured (1bs/hr

Solids Escaping (lbs/nr

Overall Efficiency (Captured/Entecing, ¥2.%)

Solids Carryover Loss

Codl + Catalyst Feed (ibs/hr)
Total Carryover (1bs/hr)}
Cyclone {1bs/hr)

Fitter {1bs/hr)
Carryover/Feed (¥t.<)

Solids Carbon loss

PAASA LI LLE-L A8

Carbon in Feed (1bs/hr)
Carbon in Carryover {ibs/hr)
Carryover/Feed {Wt.%)

&

A (op et et

-
[
e
PERE -5 P
i

S Y :
N G €3 WA~ DO e 15 4

U1 T_CONVERSTONS

Cr . Tonsuny ticy

rarton in Fead® {1bs/hr) a,57
€ ¢iwo Trox Devolatilization** of Feed Coal {1b./he 2.45
Levboa Basified {hy difference] {1bs/hr) 3,38
Tora! Carben Comverted (1hs/hr) 7.44
Carboa_Coaiersion (C_fonverted/ in Feed)

sasivication Only (%) 58.2
Total, incleding Deeaiatilization (%) 81.¢
Carbon Distribution

Total Converted [3) 8.2
gEntrained () 1.6
nithdrawn (-} 5.8
Accuawslated (%) 4.7
Convirsion (Entrainment Backed Out) 92,7
Spacific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr) 26.9
Including Devolatilization 39.3
Staam Consumption

Stean inte Unit {1be/hr) 22.9%
Stesm Reactzd with Carbon (1bs/hkr) 5.82
Totel Steam Consumed (1bs/hr) 16.6%
Steam Conversion (Steam Consumed/Steam into Bed}

Gasivication® (3) 15.0
Tote) Zremaan Converted {3) £6.6
keaction Rate Paramaters

Carvon Conver ted/Steam Fed (Vos/ibs) 6.233
Vartan converted/Stean Fed (val/mol) G. 359
Carbon Converted/Bed Velume (Ybs/hr)/cft 06.879
Cort.on Converted/Bed Velume {mol/hr)/cft 06.073
Carbon in Bed/Stean Fad lbs/{1bsfhr) 0.88%
farpon in Bed/Stean Fed moi/{mol/hr) ] §.293

rgpsindes carben ia catalyst
rafeounad Fram seaadard ASTE davnlatilization test ot fosd coal

Reproduced from S

best available copy. m
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Catalyst Distribution®

Wt

K as K20

K a5 K2C03

Kas K

K Water/Acid,
Sotuble Ratio

K20, H20-Insoluble
K2C03 H20-Insoluble
K,H20-Insoluble
Carbon

K on Carbon

ASTM Ash

K on Ash

K;CD3 Free-Ash

K on X2C03 Free-Ash

Stiie Distribution

feed Coal + Catalyst

Top Char
Mid Char
Bottom Char
Cyclone
Filter

Particle Diameter (Microns)

YIELD PERIOD 207
UNIT COMPOSITIONS

Gasifier Char

Feed Top Mid Bottom tntrained
8.9 - 33.3 29.7 28,2
13.0 - 48.9 a6 4.3
7.4 - 27, 24.6 23.4
0.602 . 0.590 0.58% 0.744
3.5 . 13.7 12.3 7.2
5.2 . 20.1} 18.1 10.6
2.9 - 1.3 0.2 6.0
61.6 - 2).6 24.9 39.1
12.0 - 127.8 99.1 59.8
2.4 - 70.8 69.3 59.4
29.0 - 39.0 35.6 39.4
12.1 - 21.0 25.0 17.3
60.7 - 131.4 98.6 135.0

Cumulative WtX Less Than Mesh Size

T35 Mesh 200 Mesn 100 Mesh 50 Mesh 10 Mesh 20 Mesh 10 Mesh

Feed Coal + Catalyst

Top Char
Mid Char
Bottom Char
Cyclone
Filter

1.2 2.2 12.3 43.2
0.0 0.0 0.0 0.0
3.8 6.6 21.4 43.0
1.6 2.7 13.6 41.2
68.2 83.4 99.1 99.7
87.9 87.3 97.6 99.9
vVolume/
Number  Surface Weight
Mean Mean _Mean_
35 245 41
28 175 396
32 238 442
23 29 53
22 24 40

*Based on acid soluble analysis

96.2
0.0

94.
93.
98.
100.

2
3
9
0

100.0
0.0
99.9
100.0
100.0
100.0

Bulk Density
—_lbs/ef

45.0

21.9
25.0

Ultimate Analysis

Component

K

[

S

0

N

)

S03-Free Ash
Total

Solids Flow Rate
(1bs/hr)

Ash Element Analysis

$102
fep03
Al1203
Ca0
Mg0
T10;
P205

Na20
K20, Catalyst

Total

YIELL FERIOD 07
SOLIb:, COMPOSLVION

W% of Yosai Salvds. i

_ Ferq So0}ids yen Liteain
3.64 0.e5 VLA
61 6 26.4

4.2 3.9 N
12.% 5.8 {
0.87 0.32 [
0.08 0.15 VAR
17.2 61.7 [P

100.0 100.0 104. 6

15.32 2.07 B4
Wt of S03-Free Ash

26.8 29.9 21,

8.6 9.6 7

9.6 11.3 7.5
1.44 1 50 1.36
0.60 D.67 Q.43
0.52 0.46 G 80
0.1 0.4 0.08
0.85 0.63 [

51.48 45,77 6G.97
100.0 100.0 i
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YIELD PERIOD 207
YIELD PERICD 207 PRODUCT ™
PRODUCT GAS DATA
Unit Cas Yiglds
Product Gas Partial Pressures at Gasifier Exit Product Gas {Dry), Molx
Hz 51.1
11 ] 12.1
€02 10.5
Tota! Pressure, psie 113.7 CHg 9.4
' H2s 0.4
H2 48.3 N2 16.5
co 11.5 Product Gas (Dry, Nz-Free)
. Hz 61.2
CHa 8.9 o 14.5 .
CO2 12.6
€02 9.9 CHg 11.3
H25 0.5
HaS 0.4
Product Gas
Ha0 19.1 Hp 42.5
t 15.6 (c:g 10.1
N> . 2 8.7
° Chy 7.8
bl Hz0/C0 1.7 H2 0.3
. . Ho0 16.8
1 H20/C02 1.9 Nz 13.7
Product Gas (N2-Free)
Hs 249.2
¢ 1.7 |
02 10.2 |
Unit Gas Data . CHa 9.1 |
. ’ ‘ HzS 0.4
Syngas MdT, 1bs/mol 7.8 Hz0 19.4 |
Product Gas MWT (dry), Ybs/mo} 15.3 SCFH CHe/1b C Active Bed 6.1
Product Gas SCFH CHq/1b € feed 12.6
At OTM (dry). SCFH 1280.5 Moles CHg/mole C Feed 0.40
{bry, lip-Free), SCFH 1069.0 _
At Gasifier Outlet, SCFH 1539.2 Reaction Corresponding
{Includes N2 + Hzoi AEq:i‘ng;u;_\ at ?ﬁua} ;quﬂib;hln
Gasifier OQutlet, ACFH 630.3 . tive Bed Temp Equilibrium emperature
?fnc?ides"ﬁz 2 H20$ Equilibrium Constants {1304.8°F) Expression *F
?E Gasifier Qutlet, SCFH 1327.6 Graphite-Hz0: C + Ha0 = CO + H2 1.8833 1.9748 1309.9
xcludes Ng) Shift: €O + 30 = COp + H2 1.5083 2.1865 1163.4

At Gasifier Qutlet, ACFM 543.6 Methanation: €O + 3Hz = CH3 + H20 0.0644 0.0284 1358.7
(Excludes N2) Overall: 2C + 2Hy0 = CHg + (02 0.3345 0.2421 .




Flenant Balances

YIELD PERIOD 207 '

ERIQD 207 Input (Lhs/Hr):
MATERIAL BALANCLS

e Coal + Catalyst**

Gasifier Steam

Overall Matertal Balance ]
Gasifier Syngas
Input: Lbs/Hr Qutput: Lbs/Hr Total
Coal Feed (ex N2) 15.32 Produc ;
2 ct Gas {ex N2)  36.1% Dutput:
Gasifier Steam 22.95 Product Gas Ny 15.64 Product Gas
Gasifier Syngas 15.29 Product water 12.30 Product Water
Char Entrained 2.84 Char Entrained
Solids Withdrawn 2.07 Solids Withdrawn
. Total (ex N2) 53.37 Total [=x N3) £1.33 V Total
A - ]
™ Ac ] H
N cumulation 0.4 Accumulation:
o Closure: (Output + Accuml/ingat, % 100.0
| H wut | 3.0 Clesuire

(Cut * Accum)/in, ¥

Synthesfs Gas Balance

Input: _SCFH Qutput : SLEH Catalyst Balance

Gastfier Syngas 739 3 Hz + L0 {n Product Gas mpg 2 Input (Lbs/Hr):
Hy Mol% 77.8 Hz MoiZ 511 Coal ¢ Catalyst
€0 Mol% 22.2 €0 Molt 171 Qutput:

Balance: (Output/Input), % btnu 5 Char Entrained

Product Water

Solid Withdrawn
Total

Accunulation:

Closuve
(out ¢ accum)/in

#Carbon balance excludes catalyst carbonate

YIELO PERIOU 207

MATERIAL BALANCES

Carban* Hydrogen

9.52
0.0
5.20
14.72

13.00
0.0

0.55
14.66
0.06
100.0

0.56
2.57
3.06
6.19

.01
02

POQ

0.0
100.0

Acid Sol.
[

1.14

0.66
¢.0
0.19
1.15
-0.01
10¢.0

oefyludes carbon and oxygen in catalyst

Oxygen
1.93

20.38
6.93
29.24

17.92
10.92
0.27
0.12
29.23
0.01
100.9

Sultur Chlorins

0.4n
0.00%
0.126
0.102
0.644
-C 003
100.0

Waier Sol.
X

0.69

0.49
0.0

0.30
.79
0.02
i19.1%

0.0172
0.6
0.0

0.0v?

0.C

1.0
0.008
0.003
a.on}
0.00
You.0



YIELD PERIOD 207

MATERIAL BALANCES
YIELO PFRIOD 207

|
MATERIAL BALANCES |
|

¥ole Balsnce |

Lb-Moles/Hr
i 9

Ash Balantes Gas_Input € S |
C/H 503-Free 5G3-Free ‘
Input (Lbs/Hr): A3TH Ash Residue ASTM Ash C/H Residue Ha 1.517} - 3.035 - -
N co {0.433 0.433 - 0.433 - ‘
Coal + Catalyst 3.93 3.42 2.66 2.38 H20 (1.278) - 2.547 1,274 - |
Total 0.433 5.582 1.707 - ‘
Dutput: |
Entrained Char 1.69 .80 1.3 1.45 Solids Input ¢ H 0 s 4
Solids Withdrawn 1.44 t.42 1.28 110 Coal + Cat Feed 0.792 0.558 0.120 0.020 0.029
Totat 3.13 .21 2.59 2.55 Total Input
' Accumuiation: 100.0% 100.0% 100.0% 100.0% 1.226 6.140 1.827 ©0.020 0.029
8 Closure
pusr! {out + accum)/in, %
? Ash Element Balance : Gas_Qutput
Input (Lbs/Hr): $i02  Fep03 Al203 _Cal _MaD_ _S03 _Naz0 Ti02_ P203 Product Gas c H 9 3
Coal + Catalyst 0.715 0.229 0.255 0.038 0.016 131.217 0.023 0.014 0.003 H {1.725} - 3.450 - -
b 0:410) o0.210 0 0.410 :
Dutput: €0y {0.355) 0.355 - 0.710 -
CHg {0.318) o0.318 1.2 - -
Entrained Char 0.279 .0.092 0.098 0.018 0.006 0.278 0.012 0.007 0.00% HaS {0.013 - 0.026 - 0.013
. Ha0 (0.683 - 1.365 0.683 2.0
Solids Withdrawn 0.382 0.123 0.145 0.079 0.009 0.270 0.008 0.008 0.002 Total 1.083 6.112 1.802 0.013
Total 0.662 0.214 0.243 0.037 0.014 0.549 0.020 ©.012 0.002
Sclids Output c H S 4
Accumulation: 0.063 0.015 0.012 0.002 0.002 0.126 0.003 0.001 0.0 2
Char Entrained 0.093 0.008 0.017 0.004 0.017
Closure . 100 100 0 109 0 55 100 100 100 Char Samples Mithdrawn 0.045 0.020  0.007 0.003 0.012
(out + accum}/tn, % Char Accumulation 0.005 0.001 0.001 0.0 0.0
. Total Selids 0.143 0.028 0.025_ 0.007 0.029
fotal OQutput ¢ 0.226 6.140 1.827 0.020 £.029

Foceunuiation .
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vioo
i
{165
V166
V168
V173
V174
¥183
V185
yia8
V193
V205

v207

v208
V212
va2lé
V215
v222
¥eer
V232
¥257
v2s8
¥265
v266
V289
V292
¥293
V294
v295
V306
V307

Gasifier Steam {1bs/hr)

Char Withdrawn {1bs/hr)}

in Char Entratned {(wt%)

in Char Withdrawn (wti)

in Coal + Catalyst Feed (wtZ)

in Gasifter Starting Mid Char {(wt%)

in Gasifier Ending Mid Char {wtx)

€0 in Syngas (moli)

Acid Sol. X20 in Coal + Catalyst Feed (wtk)
0 in Eoal + Catalyst Feed (wt?)

Hp in Syngas {mol%)

€07 1in Product Gas (mol%)

CHy in Product Gas (mol%)

€O in Product Gas (mol%)

Hp in Product Gas (mol*)

Nz in Product Gas (mol%)

HpS in Product Gas (molY)

Carbon in Char Withdrawn (wtY)

Acid Sol. K20 in Char Fntrained (wti)

Acid sol. Kp0 in Char Withdrawn {wt?)
Carbon in Gasifier Starting Mid Char (wt%)
Carbon in Gasifier Ending Mid Char (wt)
Acid Sol. K20 in Gasifier Starting Mid Char {(wt%)
Acid Sot. K20 in Gasifier Ending Mid Char (wt2)
ASTM Ash in Char Entrained (wt%)

ASTM Ash in Char Withdrawn (wt%)

ASTM Ash in Feed Coal + Catalyst {wt%)

C/H Residue in Feed Coal + Catalyst (wt?)
C/H Residue in Char Entrained (wt?)

ASTM Ash in Gasifier Starting Mid Char (wtX)
ASTM Ash in Gasifier Ending Mid Char (wt%)

X T T T X

Measured Reconciled
.95
.07

22.
.07
0.28
.95

2
0

83

3.63

4

"

€2
62.
mn.
.82

e

.46
.46
.60
N
.41
.50
.50
.40
.40
s
.10
.45
77
.68
.69
.n
2,17
in
)
.22
6% .
.59

25

81

75
az2

28

.95
.64
.46
.46
21
.87
.46
.78
.50
.40
.14

V310
V320
¥321
Vil
V334
V336
v337
v338
¥3%0
y35d
V353
V354
V355
va07
Va1l
v495
v493
Fi84
F385
oGKQ
u(114)
u(:1s)
u(rie)
u(i17)
{i18)
u(119)
11(120)
u{121)
u(122)
u(123)
£EDD(1)

YIELD PERIOD 207

PROCESS VARIABLES

C/H Residue in Char Withdrawn (wt%)

C/H Residue in Gasifier Starting Mid Char (wt1)
C/H Restdue in Gasifier Ending Mid Char (wtl)
S03-Free ASTM Ash in Feed Coal + Catalyst {wt¥)
$03-Free ASTM Ash 1n Char Entrained (wt%)
S03-Free ASTM Ash in Char Withdrawn (wtX)
503-Free ASTM Ash in Starting Mid Char (wt%)
S03-Free ASTM Ash in Ending Mid Char (wt%)
S03-Free C/H Residue in Feed Coal + Catalyst (wtX)
504-Free C/H Residue in Char Entrained (wt%)
503-Free C/H Residue in Char Withdrawn (wt%)
503-Free C/H Residue in Starting Mid Char (wt3)
503-Free C/H Restdue in Ending Mid Char (wt%)
Coal + Catalyst Feed (1bs/hr)

Char Entrainad {1bs/hr)

Carben in Feed Coal (wtl)

Carbon in Char Entrained {wt%)

Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFH)

Product Gas Condensate (1bs/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 Cverall 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 8ed 4P (F-E) (in Hg)

Ending Overall Bed 4P (F-A) (in Hg)

Starting Bed 4P (E-D) (in Hg)

Measured Reconcilzd

67.84
69.76
59.76
17.66
49.68
60.57
62.78
62.78
14.58
52.96
54.83
58.62
58.62
16.28
2.84
61.56
35.95
70.50
167.20
12.88
1.40
3.00
2.80
0.00
7.20
1.70
2.90
2.80
0.00
7.40
0.00

68. 3¢
68.
n.
7.
46.
61.
61.
61.
15,
50.
53.
67.
55.
15.

2.
61.
39.
10.
174,
1.




YIELD PERIOD 207

YIELD PERIOD 207
PROCESS_VARIABLES

PROCESS VARIABLES

%easured Reconciled

Measured lteconcﬁ.erz

£00{6) Ending Bed aP (E-B) (in Iig) 0.00 0.00 V828  Ci in 503-Free Ash in Char Withdrawn (wtX) 0.15 0.15
DPOST  Deposits Accumulated on Gasifier Walls (1bs) 0.00 0.00 V829 €l in S03-Free Ash {n Char Entrained (wt%) 0.26 0.28
V280 S in Gasifier Starting Kid Char (wtX) 4.53 4.68 V836  Acid Sol, Nag0 in Gasifier Starting Mid Char (wt%) 0.5 0.50
v281 5 in Gastfier Ending Mid Char (wt%) 4.53 4.45 V837  Acid Sol. Nas0 in Gasifier Ending Mid Char (wt%) 0.51 0.52
Vi87 S in Coal + Catalyst Feed wtX) 3.78 4.15 V841  Acid Sol. Na20 in Coal + Catalyst Feed (wtX) 0.15 0.15
V245 S in Char Withdvawn (wt%) 5.30 4.94 V842  Acid Sol. Nag0 in Char Withdrawn (wtX) 0.39 0.3
V244 S in Char Entrained (wtX) 4.44 4.43 ¥843  Acid Sol. Naz0 in Char Entratned (wt%) 0.42 0.42
V243 S in Product Gas Condensate (wt%) 0.04 0.04 V898  Mg0 in SO3-Free Ash Starting Mid Char {(wtX) 0.45 0.42
V862  Si0z in SO3-Free Ash in Starting Mid Char (wt%) 23.32 22.95 ¥899  Mg0 in SO3-Free Ash {n Ending Mid Char (wt%) 0.35 0.48
V863 S10 in S03-Free Ash in Ending Mid Char (wtX) 23.32 24.45 V903 Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.68 0.60
! V867  Si02 in SO3-Free Ash in Coal + Catalyst Feed (wt2) 28.43 26.84 V904  Mg0 in SO3-Free Ash in Char Withdrawn (wt%) 0.64 0.67
no V8  S102 in SO3-Free Ash in Char Withdrawn (wtX) 31.92 29.92 V905  Mg0 in S03-Free Ash 1n Char Entrained {wt) 0.41 0.42
8 v868  Si0p in SO3-Free Ash in Char Entrained {wt¥) 20.48 21.29 V916  Ti0z in 503-Free Ash in Starting Mid Char (wt%) 0.34 0.32
' V871 Fepd3 in SO3-Free Ash in Starting Mid Char (wtX) 5.66 5.47 V17  Ti02 in S03-Free Ash in Ending Mid Char (wt¥) 0.3 0.36
V872 Fep03 in S03-Free Ash in Ending Mid Char (wt¥) 5.66 5.90 ¥621  Ti0p in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.60  0.52
V876  Fea03 fn S03-Free Ash in Coal ¢ Catalyst Feed (wth)  9.29 8.59 V922 Ti02 in SO3-Free Ash in Char Withdrawn (wt%) 0.45 0.46
V877  Fe203 in S03-Free Ash in Char Withdrawn (wt%) 9.51 9.60 ¥923  Ti02 in SO3-Free Ash in Char Entrained (wt%) 0.47 .50
V878  Feg03 in SO3-Free Ash in Char Entrained (wt%) 6.75 6.98 Y925  P205 in SO3-Free Ash in Starting Mid Char (wt%) 0.08 0.03
V880  Alz03 in SO3-Free Ash in Starting Mid Char (wt%) 8.99 8.93 V926 P05 in SD3-Free Ash in Ending Mid Char (wt¥) 0.08 0.03
V88l  Al203 in SO3-Free Ash in Ending Hid Char (wtX) 8.59 9.16 V930 P05 in SO3-Free Ash in Coal + Catalyst Feed (wt¥) 0.12 2.1
V885  Alg03 in SO3-Free Ash fn Coal + Catalyst Feed (wtX)  9.75 9.56 V031 P05 in SO3-Free Ash in Char Withdrawn (wt¥) 0.14 0.18
v8es  Alz03 in SO3-Free Ash in Char Withdrawn (wt%) 1.57 1n.31 V932  Pp05 in SO3-Free Ash in Char Entrained (wt%) 0.08 0.68
v8a7  AlgD3 in S03-Frac Ash in Char Entrained (wt%) 7.38 7.49 v813 N in Starting Mid Char (wt%) 0.1 0.11
vase Ca0 1in S03-Free Ash im Starting Mid Char (wt%) 0.81 0.79 v814 N in Ending Mid Char (wtX) 0.13 0.1
VB3¢  Ca0 in SO3-Free Ash in Ending Mid Char (wt%) 0.81 0.84 Y818 N in Coal + Catalyst Feed (wt%) . 0.87 0.87
V894 €a0 in SO3-Frae Ash {n Cgal + Catalyst Feed (wt%) 1.54 1.44 V819 W in Char Withdrawn (wt%) 0.12 0.12
V895  Ca0 in SO3-Free Ash in Char Withdrawn {wtZ) 1.48 1.50 Y820 N in Char Entrained (wt¥®) 0.13 0.13
V896 Ca0 in S03-Free Ash in Char Emtrained (wt%) 1.30 1.34 vaos @ in Starting Mid Char (wt%) 9.17 9.38
y822 ¢l 4n SOB—FI’GE Ash in Starting #id Char (th) 0.18 0.17 H V505 9 in End'lng Hid Char (Wt%) . . 9.17 9.27
vez3 C1 1n S03-Free Ash in Ending Mid Char (wtZ) 0.18 0.19 ¥y810 0 in Char Hithdrawn (wt%) ) . 6.18 5.76

V827 €1 in S03-Free Ash in Coal + Catalyst Feed (uwti) 8.09 0.08 vati 0 in Char Entrained (wt%) 9.26 9.55
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RZCONCILED DAIA
YIELD PERION 208

From
To

duration

Percent of Time on Stream

Coal Feed
Steam

Syngas

Casifier Process lemperatures

Gasifier ted Height (ft)
43.2
38.4

26.6
21.2
16.0
10.9

6.4

n.4

Time_ _Date
8:30 3-16-77
0.30 3-17-17

16 Hrs

100

100

100

Gasifier Temperzture (°F)
1137
1168
1213
1230
1220
1220
1206
1200
1077

Uit lemperatures

Lockhapper 1 Top
Lockhopper V1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
Gasifier Steam Line

Gastfiar
lop of Bed
Bottom of Bed
Total Bed Average

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

Gasifier Backend
Cycione [nlat
Filter Inlet

Scrubber inlat
Scrubber Qutlet

Product Gas Meter

Unit Pressures

Lockhopper 2
Gastfier Feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Outlet
filter Qutiet
Scrubber Qutiet

Product Gas Metar

YIELD PERIOD /38
UNIT PROCESS VARIABLES

Process, °F Katal, oF
296 - 3N
286 238
286 301
232 322
670 919

1072 1140
1230 1267
1077 1108
1192 1210
933 994
701 tp23
820 99¢%
818 1017
191 1042
1052
1083 1000
- 21y
- 461
422 400
79
91 -

Psis

115.8

116.9

161.7

161.7

12.7

nia

112.3

112.6

112.6

116.7
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YIELD PYRIOD 208
FLUIC-S0.10S DATA

Gasifier Fluidized Bed Properties

Bed Bottom Density (1bs/cf)

Bed Top Density (1bs/cf)

Bed Average Density (Ibs/cf)

Bed Height (ft)

Bed Holdup (1bs)

Bed Yolume {cf)

Average Bed Temperature (°F)

Space Velocity (bed) (cf/cf/hrj
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 (1bs/hr)

Dust Loading (ibs/acf)

Solids Captured ilbs/hr)

Solids Escaping (ibs/hr)

Overall Efficiency (Captured/Entering, He.%)

Solids Carryover Loss

Coal + Catalyst Feed (1bs/hr)
Total Carryover (1bs/hr)
Cyclone (lbs/hr)

Filter {1bs/hwr)
Carryover/Feed (Wt.%)

Solids Carbon Loss

A

Carbon 1n Feed (1bs/hr)
Carbon in Carryover (1bs/hv)
Carryover/Feed (Wt.%)

..
~N -

d 3 TN PO b

P ERERE

-~
AN ~—NO

[=]
?0 S e
tnene
-2

8.56
0.956
0.85
0.10

11.2.

5.49
0.58
10.1

YIELD PERIOD 208
UNLIT CONVERSIONS

Carbon_Cov. waption

Carbon in Feed™ {lbs/hr)

Carbon fam: Davolztilization*~ of Feed Cosl (1bs/hr)
Carbon Carified (Ly diffsrence) (1bs/hr)

Totai Carbon Converted {ibs/hr)

Carbon Conversion (€ Converted/C in Feed)}

Gasification Only (%}
Total, Inciuding Pevolatiltzation (%)

Carbon Distribution

Total Converted (%)}

Entrained (%)

Withdrawn (%)

Accumulated (%) -

Conversicn (Entrainment Backed Out)

Specific Reaction Rates [C Converted/C in Bed)

Gasificatfon Only {(3/Hr)
Including Davolatilization

Stesm Consviption

Stezn inte Unit (1bs/hr)

Steam Reacted with Carbon (1bs/hr)

Total Steem Consumed (1bs/hr)

Stezm Conversion (Steam Consumed/Steam fnto Bed)

Gasification® {%}
Total Stesm Converted (%)

Reaction Rate Paramaters

Carbon Converted/Steam Fed (1bs/lbs
Carbon Comverted/Steam Fed (mol/mol
Carbon Converted/Bad Volume (Ibs/hr}/cft
Carbon Converted/Ced Volume {mol/hr}/cft
Carbon in Ged/Stezm Fed Tbs/(1bs/hr
Cartlon in fcd/Steam Fed moi/{mol/hr

*Excludes carbon in catalyst

0.132
0.198
0.302

0.025.

3.985
5.979

w*fccumed Vroo standard ASTH devolatilization test of feed cosl
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Catalyst Distribution*

YIELD PERIOD 208
UNIT COMPOSITIONS

Gasifier Char

*Based on acid soluble analysis

WNt3 Feed Top Mid Bottom Entrained
X as X0 9.4 - 20.1 17.8 18.2
K as K2C03 13.8 29.5 26.1 26.7
K as X 7.8 - 16.7 14.8 15.1
K Water/Acid, 0.676 - 0.724 0.601 0.838
Sotuble Ratio
K20, H20-InsoTuble 3.1 - 5.5 7.1 2.9
K2C03, H20-Insoluble 4.5 - 8.1 10.4 4.3
K,H20-Insoluble 2.5 - 1.6 5.9 2.4
Carbon 64.1 - 45.4 44.9 55.6
X on Carbon 12.2 - 36.7 32.9 27.1
ASTM Ash 24.4 - 50.9 51.9 42.3
K on Ash 32.0 - 32.7 28.5 5.7
K2C03 Free-Ash 10.5 - 211 25.3 15.2
K on K2C03 Free-Ash 74.8 - 79.1 58.3 99.1
Stze Distribution
- Cumylative WtX Less Than Mesh Size
. S s B sh S s
Feed Coal + Catalyst 0.8 1.6 1.5 39.8 76.8 93.4
Top Char 0.0 0.0 0.0 0.0 0.0 0o
Mid Char 0.5 1.0 11.3 35.9 74.0 90.4
Bottom Char 0.1 0.9 1.7 31.7 72.4 90.9
Cyclone 38.5 46.9 65.1 82.3 96.3 97.9
Filter - - - - - -
Yolume/
Number Surface Weight
Particle Diameter {Microns) Mean Mean _Mean
Feed Coal + Catalyst 39 266 452 50.9
Top Char - - - -
Mid Char 47 287 489 20.0
Bottom Char 81 322 504 21.9
Cyclone 23 46 176
Filter - - .

100.0

0.0
100.0
100.0
100.0

Bulk_Density
— bs/cf

YIELD PERIOD 208

SOLIDS COMPOSITION

Ultimate Analysis
WtX of Total Solids, Dry

. Component —Feed Solids W/D Entrained

H 4.19 1.11 0.40

C 64.1 45.8 - 55.6

S 39 3.7 2.4

0 8.7 8.3 9.2

N L 0.3 0.28

4] 0.08 0.15 0.17

S03-Free Ash 18.0 40.7 32.0
Totalt 100.0 100.0 100.0

Solfds Flow Rate 8.57 1.5 0.96

(1bs/hr)

Ash Element Analysis

Wit of SOx-Free Ash

$102 , 21.7 32.8 24.8
Fea03 7.9 8.6 6.9
Al203 9.4 10.3 8.9
Ca0 1.19 1.25 0.88
Mg0 0.53 0.61 0.49
T10, 0.47 0.45 , 0.45
P205 0.10 0.10 0.09
Naz0 0.44 0.65 0.69
K20, Catalyst 52,34 45.21 56.80

Total 100.0 100.0 100.0

« [ ]



YIELD PERIOD 208 YIELD PERIOD 208
PRODUCT GAS DATA

PRODUCT GAS DATA

Unit Gas Yields

[ 4 [ X 1 3
Proﬂuct Gas (Dry), Mol% }

Product Gas Partial Pressures at Gasifier Exit

2 53.2
co 8.7
Total Pressure, psia na.z ggﬁ 10.6
9.4
Hp 48.9 . Hz5 0.3
@ N2 17.8
8.0 Product Gas (Dry, Na-Free)
CHa 8.6 Hz 64.7
€0 10.6
€02 9.7 €02 12.9
: CHg 1.4
H2S 0.3 Hz2S 0.3
Bo0 20.7 Product Gas
v Ha 43.4
N2 _ 16.4 co 7.1
8 €02 816
"o H20/¢0 2.6 CH 1.7
> i :zo 1g.z
Q H20/€0 2.1 2 A
: L N2 14.6
Product Gas (Np-Free)
H 50.8
0 8.3
Unit Gas Daia €0y 10.1
aﬂg ' 9.0
Syngas MWT, 1bs/mol 7.7 2 ‘ 0.2
yng ‘ H20 21.6
duct Gas MWT (d 1bs/mo} .8
Product Gas T {dry), 1o/ " SCFH CHa/1b € Active Bed 1.3
Product Gas ‘ SCFH CHg/1b € Feed 12.5
A d SCFH 736.7
t OTH (dry), 6 Moles CHy/mole C Feed 0.40
{Dry, Nz-Free), SCFH 605.3
At Gasifier Outlet, SCFH 903.0
(Includes Nz + H20 E ﬁ?ﬁ“f“ at Actual ?;ﬁ?‘i’%ﬁ'm"’ '
: quilibrium ctua
?fng?leegzogt},;gj ACFH 361.7 . , Active Bed Temp Eguﬂibr}m Tws;atun
Equilibrium Constants o xpression
At Gasiffer Outlet, SCFH m.s- 4 —{1215.27F) . _Expression
(Excludes Ng) ) Graphite-Ha0: C + Hp0 = CO + H2 0.7708 1.2790 1264.9
At Gasifier Outlet, ACFH 309.1 Shift: €0 + H20 = CO2 + H2 1.8947 2.8811 1072.1
(Excludes N2) Methanation: CO + 3Hp = CHa + H0 0.2829 0.0415 1333.3

Qverall: 2C + 2H0 = CHy + CO2 0.3185 0.1956 -
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Y1ZLD PERIOD 208
MATERIAL BALANCES

Overall Material Balance

Ingut: ibs/Hr Qutput:

Coal Teed {ex N2) 9.47 Product Gas {ex le)
Gasifier Steam 13.08 Product Gas Np
Gasifier Syngas 9.39 Product Water
Char Entrained
Solids Withdrawn
Total (ex N3) 30.94 Total (ex Np)
Accumulaiien: -0.43

Closure: (dutput + Accum)/Input, ¥ 100.0

E

funthesis fas Balance

Lbs/Hr
19.00

9.72

SCEH

Input: _SCFH Output:
Gasifier Syngas 462.9 Hz + CO 1n Product Gas 456.8
Hy MnlY 78.2 K2 Mol% 53.2
Ch Mot 21.8 CO Mol% 8.7

Bilance: {Qutput/Imput), 7 98.5

tlement Balances

Input (Lbs/Hr):

Coal + Catalyst**

Gasifier Steam

Gasifier Syngas
Total

Qutput:

Product Gas
Product Water
Char Entrained
So0lids Withdrawn
Total
Accumulation:

Closure

{Out + Accum)/in, 1

Catalyst Balance
Input (Lbs/Mr):

Coal + Catalyst

Output:

Chay Entrained
Product Water
Snlid Withdrawn
Yotal
Acciamulation:

Closure
(out + accum)/1n

YIELD PERIOD 208

MATERIAL BALANCES

Carbon* Hydrogen Oxygen Sulfur Chlorine

5.49 0.36 0.74 0.332 0.007
- 1.46 11.62 - - -
3.20 1.93 4.26 - -
8.69 .75 16.62 -.332 0.007
6.69 2.83 9.29 0.179 -

- 0.88 7.07 0.003 -

0.53 0.0 0.09 0.023 0.02
1.61 0.04 0.29 0.131 0.05
8.83 3.75 16.69 0.336 0.07
-0.15 0.0 -0.07 -0.003 0.0

100.0 100.0 100.0 100.0 100.0

AcidKSol. Hlte; Sol.
0.67 0.45
0.14 0.12

0.0 0.0
0.54 0.31
0.68 0.43
-0.07 -0.27
100.0 36.8

“Carbon baiance excludes catalyst carbonate
“Excludes carbon and oxygen in catalyst



Ash_Balances

Input _{Lhs/Hr):

Coal + Catalyst
Dutput:
Entrained Char
Solids Withdrawn
Total
Accumulation:

Closure
{out + accum)/in, &

Rsh_Element Balance

Input (Lbs/Mr):

Coal + Catalyst
Qutput:
Entrained Char
Solids iithdrawm
Total
Accumulation:

Closure
{out + aceum)/in, %

YIELO PERMGO 208
MATERIAL BALANCES

AT Msh  Restue A fdh O Residue

2.09 1.55 1.54 1.10

0.4 0.38 0.31 0.30

1.82 1.64 1.43 1.27

2.23 2.02 1.74 1.57

-0.14 -0.46 -0.19 -0.47

100.0 100.0 100.0 100.0
S102  Fep0y Alz03 _€a0 Moo _$03_ _Mag0 Ti0p  P2Os
0.427 0.121 0.145 0.018 0.008 0.632 0.007 0.007 0.002
0.076 0.02) 0.027 01003 0.002 0.075 0.0 0.001 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 0.008 0.002
~0.119 -0.023 -0.029 -D.002 -0.0802 -0.059 ~0.001% 0.0 0.0

00 100 j00 100 00 59 100 100 100

Mole Dalance
Gas_Input

Hz {o
co a.
H20 {0
Total (1

Solids Input
Coal + Cat Feed

Total Input

Gas Qutput

Product Gas

Squds Qutput

Char Entrained

Char Samples Njthdrawn
Char Accumulation
Total Solids

Total Qutput +
Accumulation

YIELD PERIOD 208
WATERIAL BALANCES

Lh-Molas/Hr
i d

T 3
- 1.9%0 0.0 -
0.266 0.0 0.266 -
- 1.452  0.726 -
0.266 3.362  0.992 -
c H 0 5 X
0.457 0.356 0.086 0.010  0.037
0.723 3718 1.039  0.010  0.097
¢ H g $
- 2.068 - -
0.169 - 0.169 -
0.206 - 0.412 -
0.183  0.731 - -
- 0.011 . 0.006
- 0.878  0.439 -
0.557 3.688 1.019  0.006
¢ H ) g g
0.044  0.004 0.006 0.001  0.008
0.134 0.0 - 0.018 0.008 0.014
0.0 -0.012 -0.004 0.0 0.0
0.166 0.030 0.019 0.005 0.09
S 0.723 3718 1.039 0.010  0.0V7
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YIELD PERICD 208 YIELD PERIOD 208

PROCESS VARIABLES PROCESS VARIABLES
Measured Reconciled Measured Reconciled
V100 Gasifier Steam (1bs/hr) 13.01 13.08° ¥310  C/H Residue in Char Withdrawn {wtX) 46.85 46.60
V111 char Withdrawn (1bs/hr) 3.5} 3.5% V320  C/H Residue in Gasifter Starting Mid Char (wtX) 47.18 47.95
V165 M in Char Entrained (wt%) 0.40 0.40 V321  C/H Residue in Gasifier Ending Mid Char {wtX) 44.88 48.22
V166  H in Char Withdrawn (wt%) n . V333 SO3-Free ASTM Ash in Feed Coal + Catalyst (wt%) 18.99 15.00
V168  H fn Coal + Catalyst Feed (wtX) LAY 4.19 V334 503-Free ASTM Ash in Char Entrained (wtX) 34.42 .97
y173 H in Gasifier Starting Mid Char (wtX) 1.04 1.04 v336 S03-Free ASTM Ash 1in Char Withdrawn (wtX) 41.99 40.69
ARL} W in Gasifier Ending Mid Char (wtl) 0.93 0.93 V337 S03-Free ASTM Ash {in Starting Mid Char (wtXx) 82.72 40.26
¥183 (0 fn Syngas (mol%) 22.20 21.82 Y338  SO3-Free ASTM Ash in Ending Mid Char (wt%) 39.27 39.95
V185  Acid Sol. K20 in Coal + Catalyst Feed (wtX) 8.42 9.42 V350  503-Free C/H Residue {n Feed Coal + Catalyst (wt%) 12.56 12.81
Vg8 0 in Coal + Catalyst Feed (wt) 8.59 8.67 V351 S03-Free C/H Residue in Char Entrained (wtX) .70 31.52
V193 Hp in Syngas (mol1) 77.60 78.18 V353  SO3-Free C/H Residue {n Char Withdrawn (wtX) 36.96 36.07
V205 €07 in Product Gas (mol%) 10.60 10.60 ¥354  503-Free C/H Residue tn Starting Mid Char (wtX) 36.50 38.45
V207  CHg in Product Gas (mol%) 9.40 9.49 V355  S03-Free C/M Residue in Ending Mid Char (wt%) 35.69 34.03
¥208 €O in Product Gas (mol%) 8.40 8.67 ¥407  Coal + Catalyst Feed (1bs/hr) 8.77 8.56
V212 Hp in Product Gas (mol%) 53.50 53.20 V473 Char Entrained (Ibs/hr) 0.96 0.96
V214 Ny in Product Gas (mol%) 17.90 17.84 V495  Carbon in Feed Coal {(wt1) 61.07 64.06
V215 HpS in Product Gas (mol%) 0.26 0.29 V498 Carbon in Char Entrained (wt%) 53.04 55.57
V222 Carbon in Char Withdrawn (wt%) 44.93 45.75 F384  Syngas Flow Meter (CFH) 44,54 44.43
V227 Actd Sol. K20 in Char Entrained (wt%) 17.96 18.16 F385  Product Gas Flow Meter (CFH) 97.48 100.73
¥232  Acid sol. K0 in Char Withdrawn (wt%) 17.78 18.40 PGKO  Product Gas Condensate {1bs/hr) 9.20 7.67
V257  Carbon in Gasifier Starting Mid Char (wt¥) 43.74 45.95 u({118) Starting Bed AP (B-A) (in Mg) 1.40 1.40
y258 Carbon in Gasifier Ending Mid Char {wtl) 47.09 46.62 U(115) Starting Bed &P (C-B) {in Hg) 4.90 4.89
V265  Acid Sol. K20 in Gasifier Starting Mid Char (wtX) 20.38 20.54 U(116) Starting Bed 4P (0-C) (in Hg) 3.00 3.00
V266 Acid Sol. K20 in Gasifter Ending Mid Char {wt¥) 20.67 21.60 U(117) Starting Bed AP (F-E) (in Mg) 0.00 0.00
v289  ASTM Ash in Ghar Entratned (wt3) 42.24 42.25 v{118) Starting Overall Bed &P (F-A) (in Hg) 9.40 9.29
y292  ASTM Ash in Char Withdrawn (wt%) 51.88 51.94 U(119) Ending Bed sP (B-A) {in Hq) 2.70 2.12
V293 ASTM Ash in Feed Coal + Catalyst (wti) 24.45 24.42 U(120) Ending Bed AP (C-B) (in Hg) 3.20 3.22
V294 C/H Restdue in Feed Coal + Catalyst (wt%) 18.02 18.11 U{121) Ending Bed 8P (D-C) {1n Hg) 2.80 2.82
V295 C/H Residue in Char Entrained (wt%) 39.52 39.47 U(122) Ending Bed 4P (F-E) (in Hg) 0.00 0.00
V306 ASTM Ash in Gasifier Starting Mid Char (wt%) 53.30 49.98 U(123) Ending Overall Bed aP (F-A) (in Mg) 8.80 8.76
V307 ASTM Ash in Gasifier Ending Mid Char (wt?) 48.46 51.04 £0D(1) Starting Bed aP (E-0) (in Hg) 0.00 0.00




YIELD PERIOD 208

YIELD PERIOD
PROCESS YARIABLES

PROCESS VARIABLES
Measured Reconciled

Measured Reconcilad

EDD(6) Ending Bed aP (E-D) (4n Hg) .00 0.00 ¥828  C1 in SO3-Free Ash in Char Withdrawn (wtf) 0.15 0.15
DPOST  Deposits Accumulated on Gasifier Walls {1bs) 0.00 0.00 Y820  £1 in 503-Free Ash in Char Entrained (wtx) 0.17 0.07
V280 S in Gasifier Starting Mid Char (wtX) 3.50 3.30 V836  Acld Sol. Naz0 in Gasifier Starting Mid Char (wt%) 0.22 0.22
V281 S in Gasifier Ending Mid Char (wt%) 3.28 3.45 V837 Actd Sol. Ma20 in Gasiffer Ending Mid Char (wt%) 0.18 0.18
¥i87 S in Coal + Catalyst Feed wtX) 4.00 3.88 V841  Acid Sol. Nag0 in Coal + Catalyst Feed {wt%) 0.08 0.08
V246 'S in Char Nithdrawn (wt2) 3.54 3.73 VBAZ  Acid So). Nagd in Char Withdrawn (wt%) - 0.26  0.26
V244 S in Char Entrained (wtX) 2.40 8.2 V843  Acid Sol. Na20 in Char Entrained (wt¥X) 0.22 0,22
Ve43 S in Product Gas Condensate (wt%) 0.04 0.08 V898  Mg0 in SO3-Free Ash Starting Mid Char {wt%) 0.62 0.59
V862 $i02 in SO3-Free Ash in Starting Mid Char (wtX) 28.26 28.68 V899 Mg0 in SO3-Free Ash in Ending Mid Char (wt%) 0.54 0.56
V863  S102 in SO3-Free Ash {n Ending Mid Char (wtX) 26.49 26.42 Y503  Mg0 in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.54 0.53
V867 §§02 in 503-Free Ash 1n Coal + Catalyst Feed (wtX) 26.70 27.68 V904 Mg0 in SO3-Free Ash tn Char Nithdrawn (wt%) 0.60 0.62
V868  Si02 in S03-Frae Ash in Char Withdrawn (wtX) 30.94 32.83 V905  Mg0 in S03-Free Ash in Char Entrained (wt) 0.49 0.49

1 va863 5102 in SO3-Free Ash in Char Entrained (wtZ) 24.36 24,80 ¥916  Ti0z in SO3-Free Ash in Starting Mid Char (wt%) 0.44 0.44

E V871 Fe203 in SO3-Free Ash in Starting Mid Char (wt%) 7.90 1.73 V917  Ti0z in SO3-Free Ash in Ending Mid Char (wt%) 0.45 0.45

— V872 Fep03 in S03-Free Ash in Ending Mid Char {wex) 7.28 7.43 V921  T10; in S03-Free Ash in Coa) + Catalyst Feed {wtX) 0.47 0.a7

I Y876 Fe203 in SO3-Free Ash in Coal + Catalyst Feed (wtX) 7.88 7.86 V922  Ti02 in SO3-Free Ash in Char Withdrawn (wt%) 0.4¢ 0.45
V877  Fe203 in $S03-Free Ash in Char Withdrawn {wt%) 8.38 8.63 V923  T102 in S03-Free Ash in Char Entrained (wt%) 0.45 0.45
V878  Fep03 in S03-Free Ash in Char Entrained (wt%) 6.89 6.94 ¥925 P05 in S03-Free Ash in Starting Mid Char (wt%) 0.10 0.10
V880 Al203 in S03-Free Ash in Starting Mid Char (wt%) 10.36 10.05 vo26 P205 in S03-Free Ash in Ending Mid Char {(wt%) . 0.09 0.09
vesi A1203 in SO3-Free Ash in Ending Mid Char {wt%) 9.41 9.69 V930 P205 in S03-Free Ash in Coal + Catalyst Feed (wt¥) 0.10 0.10
Y885  Al1203 in S03-Free Ash in Coal + Catalyst ‘Feed (wt) 9.42' 9.38 Vo3t Pa05 in 'SO3-Free Ash in Char Withdrawn (wt%) 0.10 0.10
V886 A1z03 in SO3-Free Ash in Char Withdrawn (wtX) 9.92 10.28 V932 Pa0g in S503-Free Ash in Char Entrained (wt¥) 0.09 0.09
v887  Alz03 in SO3-Free Ash {n Char Entrained (wtX) ' 8.77 8.85 V813 N {n Startfng Mid Char {wt%) 0.29 0.29
¥889  Ca0 in SO3-Free Ash in Starting Mid Char (wt¥) 0.93 0.85 V814 N in Ending Mid Char (wt%) 0.30 0.30
¥8e0  Ca0 in SD3~Free Ash in Ending Mid Char (wtY) 0.77 0.82 v818 N in Coal + Catalyst Feed (wt¥) 1.09 1.11
V894  Cal in SO3-Free Ash in Coal + Catalyst Feed (wt%) 1.26 1.19 ¥819 N in Char Withdrawn (wt%) 0.31 0.31
V895  Ca0 in S03~Free Ash in Char Withdrawn (wt%) 1.17 1.25 Y820  H in Char Entrainad (wt¥) 0.28 0,28
V896  Ca0 in SO3-Free Ash in Char Entrained (wtX) 0.87 . 0.88 V805 0'1,, Starting Mid Char {wt) 8.56 9.00
V822 €1 in SO3-Free Ash in Starting Mid Char (wtX) 0.15 0.15 va06 0 in Ending Mid Char (wt%) 8.96 8.58
V823 €1 in 503-Free Ash in Ending Mid Char {wt%) 0.17 0.16 V810 0 in Char Withdrawn (wt%) 7.99 8.26
Y327  £1 in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.08 - 0.08

va1 0 in Char Entrained (wt¥) .1 9.19
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RECONCILED DATA

Time Date
From 21:30 3-24-77
Te 21:30 3-25-77
Duration 24 Hrs
Percent of Time on Stream

Coal Feed 100

Steam 100

Syngas 100

Gasitier Process Temperatures

Gasifier Bed Height (ft) Gasifier Temperature (°F)

43.2 nai
38.4 1177
21 1302
26.6 1333
21.2 1318
15.0 1318
10.9 1302

6.4 1285

0.4 1178

YIELD PFRIOD 70c

UNIT PROCESS VARIMABLES

Unit lemperatures

Lockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bot.tom

Gasifier Feed Line
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
Filter Inlet

Scrubber Inlet
Scrubber Qutlet

Product Gas Meter

Unit Pressures

Lockhopper 2
Gasifier Feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Qutlet
Filter Qutiet
Scrubber Outlet

Product Gas Meter

Process, °F Metal,
310 323
303 256
256 306
225 304
735 961

1004 139
1302 1343
1178 1198
1291 1316
943 995
695 1026
818 1001
810 1017
783 1043
1052
1N oqn
- 541
- 484
419 409
73
88

N O WD -

Ao ro

(=]

IF
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FUTi-50LTDS PATA

Casitier Fluidized Bed Pronarties

B2d Bottem Density {Ibs/cf)

Bed Top Density (ibs/cf)

Bed Average Density (ibs/cf)

Bed Height {ft)

Bed Holdup (1bs)

Bed Volume (cf)

Averzge Bed Temperature (°F)

Space Vejocity {bed) {cf/cithr)
Bottom Superficial Velocity (ft/sec)
Top Superficial Velocity {7tfsec)

Cyclone Performance

Temperature (°F)
Pressure (psia)
inlet Gas Rate (SCFH)

. Inlet Gas Rate [ACFH)

Inlet Gas Velocity (ft/sec)

Solids Entering (1bs/hr)

Dust Loading (1bs/acf)

Solids Captured §1bs/hr

Solids Escaping (lbs/hr

Overall Efficiency (Capturcd/Entering, Wt.%)

Solids_Carryover Loss

Coal + Catalyst Feed {1bs/hr)
Total Carryover {(lbs/nr)
Cycione (lbs/hr)

Filter {1bs/hr)
Carryover/Feed (Wt.%)

Solids Carbon Loss
Carbon in Feed (Ibs/hr)

Carben in Carryover {lbs/hr}
Carryover/Feed (Wt.%)

—-—
w

L ——

:«O_w-!mu:g@uxr:

MR et

v e

NV WNEED

YIELD #ERIOD 209
UNIT_CONVERSIONS

Carbon_Consumption

Carbon fn Feed* (1bs/hr)

Carbon from Devnlatilization** of Fesd Coal (1bs/hr)
Carbon Gasified (by difference; (1bs/hr)

Total Carbon Converted (1bs/hr

Carbon_Conversion (C Converted/C in Feed)

Gasification Only (%)
Total, Including Devolatilization (%)

Carbon Distribution

Total Converted (%)

Entrained (%)

Withdrawn (%)

Accumulated (%)

Conversion (Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr)
Including Devolatilization

Steam Consumption

Steam into Unit (1bs/hr})
Steam Reacted with Carbon (1bs/hr)
Total Steam Consumed (1bs/hr)

Steam Conversion {Steam Consumed/Steam into Bed)

Gasification® (%)
Total Steem Converted (%)

Reaction Rate Parameters

Carbon Converted/Steam Fed (1bs/1bs})
Carbon Converted/Steam Fed (mol/mo})
Carbon Converted/Bed Volume (1bs/hr}/cft
Carbon Converted/Bed Volume (mol/hr)/cft
Carbon in Bed/Steam Fed 1bs/{1bs/hr)
Carbon in Bed/Steam Fed mol/{mol/hr)

*Excludes carbon in catalyst
**Assumed from standard ASTM devolatilization test of feed coal

N n

WO~
v oes .
N Sn 3o et e

0.096
0.144
0.577
0.048
2.025
3.038
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Catalyst Distribution*

K as K20
K as KpC03
K as K

K Water/Acid,
Soluble Ratio

Na as Ma20
Na as NpC03
Na as Na

Na Water/Acid,
Soluble Ratio

Carbon

Total M** on Carbon
ASTM Ash

Tota) M on Ash
M2C03 Free Ash
Total M on M2C03
Free Ash

Size Distribution

Feed_
4.7
7.0
3.9

0.64

3.3
5.7
2.5
0.98

62.6
10.2
28,7
25.9
12.0
53.2

YIELD PERIOD 209

UNIT COMPOSITIONS

r

Bottom

Entrained

Gasifier Cha

Jop — _Hid
10.8 11.4
15.8 16.7
8.9 9.4
0.53 0.48
7.6 1.9
13.0 13.5
5.6 5.8
0.93 0.93
55.4 50.1
26.3 30.5
40.9 46.4
35.6 32.9
12 16.3
120.0 93.8

10.8
15.9

9.0
0.5

7.4
12.7
5.5
0.87

48.2
30.0
47.7
30.4
19.1
75.9

11.8
17.4

9.8
0.59

8.4
14.4

6.3
0.97

50.3
32.0
42.2
38.1
10.4
154.6

Cumulative Wt% Eess Than Mesh Size
S S s S Mes 0 _Mes s

Feed Coal + Catalyst 3.2
Top Char 6.1
Mid Char 3.5
Bottom Char 4.6
Cyclone 83.5
Filter 99.7

Particle Diameter (Microns)

Feed Coa) + Catalyst
Top Char

Mid Char

Bottom Char

Cyclone

Filter

*Based on acid soluble analysis

5.7 18.3
10.4 33.0
6.4 19.9
5.9 14.6
94.0 99.3
99.7 100.0
Volume/
Number  Surface
Mean Mean
28 190
27 135
28 184
25 188
22 25
22 22

46.4
59.0
46.2
38.8
99.4
100.0

Weight

Mean_
410
362
423
448
34
22

80.7
83.4
78.7
79.1
99.7
100.0

93.8 99.8
93.1 100.0
92.7 99.9
92.1 9.9
100.0 100.0
100.0 100.0

Bulk Dengit

~ bs/ef
30.6
14.0
17.0
20.5

Ultimate Analysis

Component

Z2 O w»vw o =x

4]
503-Free Ash

Total

Solids Flow Rate
(1bs/hr)

Ash Element Analysis

$i07
Fep03
Al203
Ca0
Mg0
110,
P20s

Naz0
K20, Catalyst

Total

YIELD PERIOD 209
SOLIDS COMPOSITION

Wt% of Total Solids, Dry

_feed Solids W/D Entrained
.09 0.78 0.09
62.6 50.4 50.3

1.0 3.1 2.0
11.5 1.5 7.4
1.14 0.33 0.28
0.08 0.15 0.21
16.5 43.8 39.7

100.0 100.0 100.0

9.06 1.23 0.81
Wt of SO3-Free Ash

29.7 33.0 25.5

8.3 10.3 n.7
10.7 11.6 9.5
1.25 1.77 2.16
0.62 0.68 0.55
0.52 0.47 0.54
0.12 0.18 0.06

20.06 17.26 21.27
28.74 24.74 29.83
100.0 100.0 100.0




YIELD PERICD 209 YIELD PERIOD 209 |
|
PRODUCY GAS DATA PRODUCT GAS_DATA |
|
Product Gas Partial Pressures at Gasifier Exit Unit Gas Yields i
Product fas (Dry), Mol% |
Hy ’ 57.4
Tota) Pressure, psia 112.7 [oi] 11.1
€02 11.7
Hz 52.8 CHg 6.8
Hz2S : 0.4
co 10.2 N2 12.5
CHg 6.3 Product Gas (Dry, Nz-Free)
H2 65.7
o2 10.8 co 12.7
C02 13.4
H2S 0.4 CHa 7.8
H2S 0.5
Ho0 20.7
Product Gas
N2 11.5 H2 46.9
’ ce 9.1
! H20/C0 2.0 €02 9.5
= /€0 ik o3
— Ha0/C 1.9 2 .
o 2 : H20 18.4
] Nz 10.2
Product Gas (Mz-Free)
H2 52,3
Unit Gas Data co 10.2
R : €0y 10.6
Syngas MWT, 1bs/mol . 8.5 CHg 6.2
H2S 0.3
Product Gas MWT (dry), 1bs/mol 14.2 . Hgz0 20.5
Product Gas SCFR tHa/1b € Active Bed 1.8
At DT (dry), SCPH 807.5 SCFH CHa/1b € Feed 9.6
{Dry, Hp-Free), SCFH 706.2 Moles CHg/mole € faad 0.30
At Gasifier Outleg, SCFH 80 3
{Includes N2 + H20) . “
t Gasifier Outlet, ACFH 352.3 Reaction : Lovraspariing
?Ing?ﬂiesegz + ugos Ak i AEq':ﬂ‘lgrium at Resual gquﬂ‘lb:ﬁm
‘e ctive Bed Temp Equilibrium emperature
At Gasifier Quilet, SCFH 883.0 . Equilibrivm ionstants (1311 °F) Expressicn {°F)
{Excludes N2) ——— 3
At Gasifiar Quilet, ACFY 352.1 Eraphtia-tipi: © ¢ ol - 26 + Hy Z.0u0 3778 129
{Exclndes M) Shift: CO + HoO = €07 + 4o 1 <3 2.580 HER
Hethanation: €O =~ My = CHa + lah 8.0e3 0.018 1348
Overall: 20+ 2H20 © CHp + £0 2. 354 0.152 -
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RATERS vAL

Overall Materful Baiance

Input: ibaf¥s Output ;
Toal feed (ex Ky} 9.0% Braduct $as len Rpi
Gasifler Steam AL Product Sas W)
Gasi¥1er Syngas 1".21 Product Nater

Char {nirained
Solier Withdrawn
Total (2 Np) 35 4 Total (ex Ny}
Aocgnulation: 3.
Clgeure:  {Qutput » Soousjropud, % 10C.0

Synthesis Gas R.iwnce

laput: SIS Ouiput :
Gastfier Syngas L0803 Hz + £0 in Produci Gas
H2 Mol 7 Hz Moi% 57.4
o Mol 4.7 CG Mely N

Batance: (Gutput/Inest) T (0.8

Elenent_Balances
Input (1 bs/hr):
Coal + Catalyst®¥
Gasifier Steam

Gasifier Syngas

Tetal
Output:
Lbs/Hr Product Gas
i .69 Product Water
S, 89 Char Entrained
£.584 Solids Withdrawn
n.al TJotal
23 Accumulation:
35.38 Closure
(Cut + Accum}/1in, %
Catalyst Balance
Input (Lbs/Hr):
JACEH Coal + Catalyst

%53.6 Output:
Char Entrained

Preduct Water

Solid Withdrawn
Total

Accumulation:

Closure
(out + accum)/in, %

Y162 PERIOD 20y
MATTRIAL BALANCES

*Carbon balance excludes catalyst carbonate
*Excludes carbon and oxygen in catalyst

Cavbon™ Hydrogen  Oxygen
574 0.377 1.06
- 1.684 13.15
8.02 2.015 5.36
9.67 4.030  19.57
7.58 3.043 n.n
- 0.959 7.68
0.41 0.000 0.06
1.63 0.025 0.05
9.62 4.029 19.56
0.14 0.002 0.01
100.0 100.0 100.0
Acid Sol. Hater So).
K K
0.36 0.23
0.08 0.05
0.29 0.15
0.37 0.19
-0.01 0.01
100.0 88.2
[

Sulfur
0.370

0.370

0.270
0.003
0.016
0.099
0.388
-0.018
100.0

Acid Sol.
Na

0.23

0.05

0.18
0.23
-0.01
100.0

Chiorine °

0.007

0.007

0.002
0.005
0.007
0.001
100.0

Water Sol.
~_Na

0.22

0.15
0.20
-0.01
88.5



YIELD PERIOD 209

MATERIAL_BALANCES
YIELD PERIOD 209

MATERIAL_BALANCES
Mole Balance

Lb-Moles/Hr
H 0

Ash Balances Gas Input C S
. C/H $503-Free S03~Free
Input {Lbs/Hrj: ASTM Ash Residue ASTM Ash C/H Residue Ha (1.007) - 2.015 - "
Coal + Catalyst 2.2 1.89 1.51 1.32 ﬁgo {8332} 0335 e Fan :
output: Tota) (2.164) 0.335  3.658  1.157 -
Entrained Char 0.34 0.38 0.32 0.33 Solids Input c H 0 S K Na
20l1ds input —na_
Solids Withdrawn 1.56 1.60 1.42 1.25 Coal + Cat Feed 0.478  0.372  0.066 0.012  0.009  0.010
Total 1.90 1.98 1.74 1.58 Total Inout
1 Accumulation: 0.36 ~0.09 -0.22 -0.26 0.812  4.030 1.223 0.012 0.009 0.010
o, Closure 100.0 100.0 100.0 100.0
- {out + accum}/in, %
4
' Ash_Element Balance Gas Output
Input_(Lbs/Hr): Si0p  Fegdy AlpD3 _Ca0 _MG0_ _S03  Ti02 P20 Product Gas ¢ H 0 5
Coal + Catalyst 0.450 0.125 0.162 0.019 0.009 0.332 0.008 0.002 HS (1.224) - 2.447 - -
. c (0.237)  0.237 - 0.237 -
Output: . C02 (0.289) ©.249 - 0.498 -
Entrained Char 0.082 0.034 0.030 0.007 0.002 0.035 0.002 0.000 e, Ooeey Ol 230 I oo
Solids Withdrawn  0.467 0.145 0.165 0.025 0.010 0.150 0.007 0.003 o (50 oea Tod e 0.0
Total 0.549 0.180 0.195 0.032 0.011 0.185 0.008 0.003
Accumulation: -0.099 -0.054 -0.033 ~0.013 -0.002 0.037 -0.001 ~0,001 Solids Output ¢ i 0 $ K. M
Char Entrained 0.034  0.001 0.004 0.000 0.002 0.002
o ccum)/in, 3 00 100-0 100.0 100.0 100.0 100.0 100.0 100.0 Char Samples Withdrawn  0.136  0.025 0.003  0.003  0.007  0.008
’ Char Accumulation 9.012 0.001 0.001 -0.001 0.000 0.000
Total Solids 0.181  0.027 0.007 0.003 0.009  0.010
Total Output + 0.812  4.030 1.223  0.012 0.010

Accumulation

0.009
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V100
vitl
Y165
V166
V168
V173
V)
via3
V185
viss
vig3
V205
v2o7
V208
v212
v214
V215
v222
V227
V232
V257
v2s8
V265
V266
V289
v292
V293
V294
V295
V306
V307

YIELD PERIOD 209
PROCESS VARIABLES

Gasifier Steam {Ibs/hr}

Char Withdrawn {1bs/hr)

H in Char Entrained (wt%X)

H in Char Withdrawn (wtX)

H in Coa) + Catalyst Feed {wt%)

H in Gasifier Starting Mid Char (wtX)

H in Gasifier Ending Mid Char {wtX)

€0 in Syngas (mol%)

Acid Sol. K20 in Coal + Catalyst Feed (wt%)
0 in Coal + Catalyst Feed (wtZ)

Hz in Syngas (mol¥X)

€07 in Product Gas (mol%)

tH4 in Product Gas (mol%)

€O in Product Gas (mol%)

Hz in Product Gas (mol%)

N2 in Product Gas (mol%)

HpS in Product Gas (mol%)

Carbon in Char Withdrawn {wt%)

Acid Sol. X20 in Char Entrained (wt)

Acid sol. Kp0 in Char Wi{thdrawn {wtx)
Carbon in Gasifier Starting Mid Char (wt%)
Carbon in Gasifier Ending Mid Char {wtX)
Actd So}. K20 in Gasifier Starting Mid Char (wt¥)
Acid Sol. X20 in Gasifier Ending Mid Char (wt%)
ASTM Ash in Char Entrained (wt%)

ASTM Ash 4n Char Withdrawn (wt)

ASTM Ash in Feed Coal + Catalyst (wtX)

C/H Residue in Feed Coal + Catalyst (wt¥)
C/H Residue in Char Entrained (wt%)

ASTM Ash in Gasifier Starting Mid Char (wtX)
ASTM Ash in Gasifier Ending Mid Char (wtX)

Measured Reconciled

14.

1.
0.09
0.78
4.
]
0

25

1A

80
23

09

.56
.64
.00
q.
1.
75.
1.
6.
.60
56.38
12,
0.
49,
n.
10.
48.
52.
n.
1.
42.
47.
25.
21.
50.
50.
44.

62
52
00
70
80

70
49
68
92
8}
03
68
22
20
12
69
14
32
4
14
65

14.8)
3.23
0.09
0.78
4.09
0.56
0

24.67
20.65
37.60
37.60
54.23

V3o
¥320
Va2l
V333
V334
Y336
V337
v33e
¥350
vas1
V353
¥354
V355
van?
Va73
vag9s
V498
F384
F 385
PGKO
y{1a)
u(11s)
u(116)
u{117)
u(118)
v(119)
u{120)
(1)
u(122)
u(123)
£0D(1)

YIELD PERIOD 209
PROCESS VARIABLES

C/H Residue in Char Withdrawn (wtX)

C/H Restdue in Gasifier Starting Mid Char (wt)
C/H Residue in Gasifier Ending Mid Char (wt%)
503-Free ASTM Ash in Feed Coal + Catalyst {wtt)
S03-Free ASTM Ash in Char Entrained (wty)
S03-Free ASTM Ash tn Char Withdrawn (wt%)
S03-Fres ASTM Ash in Starting Mid Char {wtX)
S03-Free ASTM Ash in Ending Mid Char (wtX)
$03-Free C/H Residue in Feed Coal + Catalyst (wtX)
S03-Free C/H Residue 1n Char Entrained (w1}
S03-Free C/H Residue in Char Withdrawn (wtX)
S03-Free C/H Residue in Starting Mid Char (wtX)
503-Free C/H Residue in Ending Mid Char (wt%)
Coal + Catalyst Feed {1bs/hr)

Char Entrained (1bs/hr)

Carbon in Feed Coal (wt%X)

Carbon iIn Char Entrained (wt%)

Syngas Flow Meter (CFH)

Product Gas Flow Meter {(CFH)

Product Gas Condensate (lbs/hr)

Starting Bed AP {B-A) (in Wg)

Starting Bed aP (C-B)} (in Hg)

Starting Bed 4P {D-C) (1in Hg)

Starting Bed AP {F-E) (in Hg)

Starting Overall Bed aP (F-A) (in Hg)

Ending Bed aP {B-A) (in Hg)

tnding Bed aP {C-B) (in Hg)

Ending Bed AP (D-C) (1n Hg)

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

Ending Overall Bed &P (F-A) (in Hg)

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

Measured Reconciled

48.
50.
46.
16.
37.
44,
43.
38.
13,
42,
43,
42,
39.
9.
0.
62.
52.
49.
106.

L i - i -

49.
49.
a7.
16.
39.
43.
45.
37.
14.
40.
38.
45.
36.
9.
0.
62.
50.
48.
109.

O B OO — e D = o=@




YIELD PERIQD 209 YIELD PERIOD 209

|
PROCESS VARIABLES PROCESS VARIABLES 1

Measured Reconciled Measured Reconciled

EDD(6) Ending Bed &P {E-D} (in Hg) 0.30 0.30 V828 (1 in SO3-Free Ash in Char Withdrawn (wtX) 0.15 0.15 |
DPOST  Deposits Accumulated on Gasifier Walls {1bs) 0.00 6.00 V829 €1 in 503-Free Ash in Char Entrained (wt%) 0.21 0.2t |
V280 S in Gasifier Starting Mid Char (wt%) 3.16 3.22 V836  Acid Sol. Nap0 in Gasifier Starting Mid Char (wt%) 7.86 '7.95
V281 S in Gasifier Ending Mid Char (wt%) 2.60 2.56 V837  Acid Sol. Nap0 in Gasifier Ending Mid Char (wt%) 7.17 7.97
Vig7 S in Coal + Catalyst Feed wt¥) 3.70 4.03 V84l Acid Sol. Naz0 in Coal + Catalyst Feed (wt¥) 3.19 3.3
V246 S 1in Char Withdrawn (wt%) - 3.09 3.08 V842  Acid 50). Nag0 in Char Withdrawn (wtX) 7.44 7.56
V244 S in Char Entrained (wt%) 1.99 1.98 V843 Acid Sol. Na20 in Char Entrained (wt%) 9.20 8.44
V243 S in Product Gas Condensate (wt%) 0.04 0.04 V898  Mg0 in SO3-Free Ash Starting Mid Char (wt%) 0.61 0.62
v852  3i02 in S03-Free Ash in Starting Mid Char (wt%) 318 3114 V899  MgO in SO3~Free Ash in Ending Mid Char (wt%) 0.5 - 0.54
V863  S$102 in 503-Free Ash in Ending Mid Char (wi%) 27.31 27.66 V903  Mg0 in S03-Free Ash in Coal + Catalyst Feed {wt%) 0.61 0.62
V357  S$i02 in SD3-Free Ash in Coal + Catalyst Feed {wt%) 29.70 29.69 V904  Mg0 in SO3-Free Ash 1n Char Withdrawn {wt%) 0.69 0.68
. v868  $10p in SO3-Free Ash {in Char Withdrawn {wtR) 32.24 32.98 © V905  Mg0 in SO3-Free Ash in Char Entrained (wt) 0.55 0.55
ny V863 Si02 in SO3-Free Ash in Char Entrained (wt%) 26.00 25.47 V916  Ti0z in SO3-Free Ash in Starting Mid Char {wt%) 0.44 0.45
© V871 Fep03 in SO3-Free Ash in Starting Mid Char (wt%) 10.74 .32 V817  Ti0z in SO3-Free Ash in Ending Mid Char (wt¥) 0.51 0.50
y V872 Feg03 in 503-Free Ash {n Ending Mid Char (wtx) 8.24 8.00 V921  Ti0p in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.50 0.52
V876  Fez03 in 503-Free Ash in Coal + Catalyst Feed (wt%) 7.85 8.28 V922 Ti0z in S03-Free Ash in Char Withdrawn (wt%) 0.49 0.47
V877  Fea03 in $03-Free Ash in Char Withdrawn (wt®) 10.97 10.26 V923 Ti02 in SD3-Free Ash in Char Entrained {wt) 0.55 0.54
V878  Fep03 in S03-Free Ash in Char Entrained (wt) 10.93 10.66 V925  P205 in SO3-Free Ash in Starting Mid Char (wt%) 0.14 0.16
V880  Alp03 in S03-Free Ash in Starting Mid Char (wt%) 11.30 n.z2s . V926 P205 in SO3-Free Ash in Ending Mid Char (wtz) 0.10 0.09
Va8l  A1203 in S03-Free Ash in Ending Mid Char (wt¥) 10.23 10.31 V930 P05 in S03-Free Ash in Coal + Catalyst Feed (wt%) o.n 0.12
V8BS Al203 in SO3-Free Ash in Coal + Catalyst Feed (wtf)  10.78 10.72 ¥931  Pa05 in SO3-Free Ash fn Char Withdrawn (wt%) 0.26 0.18
V886  A1203 in SO3-Free Ash in Char Withdrawn (wt%) 11.49 11.65 V932 P05 in S03-Free Ash in Char Entrained (wt$) 0.06 0.06
ve87  Alz03 in S03-Free Ash in Char Entrained (wt%) 9.52 9.46 V813 N in Starting Mid Char (wt%) 0.18 0.18
¥8B9  Ca0 in SO3-Free Ash in Starting Mid Char (wt%) 1.80 2.02 V814 N in Ending Mid Char (wt%) 6.23 0.23
V830  CaC® in S03-Free Ash in Ending Mid Char (wt%) 1.10 1.04 V818 N in Coa) + Catalyst Feed (wtX) 1.14 V.18
V894 Ca0 in S03-Free Ash in Coal + Catalyst Feed (wt%) 1.13 1.28 V819 N in Char Withdrawn (wt%) 0.33 0.33
V895 Cad in SO3-Free Ashi in Char Withdrawn (wt%) 2.16 1.77 ¥820 N 1in Char Entrained (wt%) 0.28 0.28
V896  Ca0 in 503-Free Ash 1n Char Entrained (wt¥) 2.28 2.16 Y805 O in Starting Mid Char (wt%) 3.77 4.77
ve22 €1 in 503-Free Ash in Starting Mid Char (wt$) 0.15 0.15 V805 0 in Ending Mid Char (wt3) 5.35 5.34
V823 €1 4n S03-Free Ash in Ending Mid Char (wt%) 0.18 6.18 V810 O in Char Withdrawn (wt%) 1.49 1.50
V827  C1 in 503-Free Ash in Coal + Catalyst Feed (wt%) 0.08 0.08 . V81l 0 in Char Entrained (wt%) 7.51 7.43




RECONCILED DATA
YIELD PERIOD 210
UNIT OPERATIONS

Time Date
From 21:30 3-25-77
To 21:30 3-26-77
Duration 24 Hrs
Percent of Time on Stream
Coal Feed 100
; Steam 100
?g Syngas 100
(]
1 Gasifier Yrocess Temperatures
Cacifier god Height (FU) Gasifier Tawerature (1)
13,0 123
B 1188
2.0 1314
2605 1330
21.7 1314
16.0 1317
0.9 1300
5.4a iry2
oon tio!

YIELD PERIOD 210
UNIT PROCESS VARIABLES

Unit Temperatures

Lockhopper 1 Top
L.ockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
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

astier Hackend
Cyclone Inlet
Filter Inlet

Scrubber Inlet
Scrubber Outlet

Produci Gas Meter
Unit Pressures

Lockhopper 2
Gasifier Foed | ine
Bypass N2

“ynqgas In

tasifier

Gasilic: Top

Gasifier Botlom
Rough Cut Cyclone Cutlet
Filter Dutiler:
Scrubher Outiet

Froduct Sas Meter

Process, °F Metal, °F
299 317
283 233
229 305
227 306
7480 964
994 1128

1330 1378
1161 1196
1284 1313
943 995
687 1026
821 1001
814 1019
786 1pa3
105%
168 G
48
6Qq?
A74 oy
76
92
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YIELD PERIOD 210
FLUID-SOLIDS DATA

Gasifier Fiwidized Bed Properties

Bed Bottom Gensity (1bs/cf)

Bed Top Density (ibs/cf)

Bed Average Bensity (1bs/cf)

Bed Height (7t)

Bed Holdup {lus)

Bed Volume (cf)

Average Bed Temperature (°F)

Space Velocity (bed) {cf/cf/hw)
Bottom Superficial Yelocity {ft/sec)
Top Superficial Velocfty {ft/sec)

Cyclone Performance

Temperature (°F)

Pressure {psia

Inlet Gas Rate (SCFH)

Inlet Gas Pate (ACFH)

Inlet Gas Velocity (ft/sec)

Solids Entering {1bs/hr)

Dust Loading {1bs/acf)

Solids Captured §1bs/hrg

Solids Escaping (1bs/hr

Overall Efficiency (Captured/Entering, Wt.%)

Solids_Carryover Loss

Coal + Catalyst Feed (1bs/hr)
Total Carryover (lbs/hr)
Cyclone (1bs/hr)

Filter (lbs/hv)
Carryover/Feed (Wt.%)

Selids Carbon Loss

Carbon.in Feed (1bs/hw)
Carbon in Carryover {lhz/hr)
Carryover/Feed (W.%)

3 e w

O () vt et et
« . .
DWwRHOWMNHBOIW

-
[ ]

OV

-~

S GO U7 00 =t X3 ) =t

8.58
0.92
0.83
0.09
10.7

5.49
0.47
8.8

YIELD PERIOO 210
UNIT_CONVERSIONS

Carbon Consumption

Carbon in Feed® (1bs/hr)

Carbon from Develatilization** of Feed Coal (1bs/hr)
Carbon Gasified (by difference) (1bs/hr)

Total Carbon Converted (lbs/hr)

Carbon Conversion (C Converted/C in Feed)

Gasification Only (%)
Total, Including Devolatilization (%)

Carbon Distribution

Total Converted (%)

Entrained {%)

Withdrawn (%)

Accumulated (%)

Conversion (Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only {%/Hr)
Including Devolatilization

Steam Consumption

Steam into Unit (1bs/hr)

Steam Reacted with Carbon {1bs/hr)
Total Steam Consumed (1bs/hr)

Steam Conversion (Steam Consumed/Steam into Bed)

Gasification* (%)
Total Steam Converted (%)

Reaction Rate Parameters

Carbon Convertad/Steam Fed (1bs/1bs}
carbon Converted/Steam Fed (mol/mol)
Carbon Converted/Bed Volume {ibs/hr)/cft
Carbon Convarted/Bed Volume (mol/hr)/cft
Carbon in Bed/Steam Fed ibs/§1bs/hr§
Carbon in Bed/Steam Fed mol/{mal/hr

*Excludes cavbhon in catalyst

0.107
0.161
0.587
0.049
2.350
3.526

wifssumed from standard ASTH devolatilization test of feed coal
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Catalyst Distribution*

WX

K as X20
K as K203
X as K

X Water/Acid,
Soluble Ratio

Na as Nag0
Na as NpC03
Na as Na

Na Water/Acid,
Soluble Ratio

Carbon

Total M** on Carbon
ASTM Ash

Total M on Ash
M2003 Free Ash

Total M on M2C03
Free Ash

Size Distribution

Feed Coal + Catalyst
Top Char

Mid Char

Bottom Char

Cyclone

Filter

YIELD PERIOD 210
UNIT_COMPOSITIONS

Gas{fier Char

Particle Diameter (Microns)

feed Coal + Catalyst
Top Char

Mid Char

Bottom Char

Cyclone

Filter

Feed Top_ Mid Bottom Entrained
4.7 9.8 10.9 3.9 n.7
6.9 14.4 15.9 14.5 17.2
3.9 8.1 3.0 8.2 9.7
0.67 0.57 0.59 0.51 0.61
3.3 1.7 7.7 6.4 8.9
5.6 131 13.2 1n.o 15.2
2.4 5.7 5.7 4.8 6.6
0.88 0.93 0.89 0.84 0.92
64.1 53.3 51.8 59.0 51.4
9.8 25.9 28.4 22.0 31.7
24.7 42.9 43.9 43.9 43.1
25.6 32.2 33.5 29.5 37.7
12.2 15.4 14.8 18.5 10.9
5t.9 89.7 99.3 70.2 150.7
Cumulative WtY Less Than Mesh Size
325 Mesh 2 s sh 50 Mes 0 Mesh 20 Mes Mes
6.3 6.7 19.9 50.5 83.8 95.9  100.0
3.8 6.4 23.9 49.9 80.3 93.0 100.0
8.9 10.5 26.3 54.3 84.3 95.0 100.0
4. 5.6 14.2 39.0 76.1 92.9 99.9
79.5 91.4 99.5 99.7 99.9 100.0 100.0
Volume/
Number Surface Weight Bulk_Density
Mean Mean _Mean 1hs/ef
25 155 376 46.3
28 172 405 14.9
24 128 364 19.7
26 196 451 25.0
22 26 35

*Based on acfd soluble analysis

Ultimate Analysis

Component

zZ O v 0 X

cl
503-Free Ash
Total

Solids Flow Rate
(1bs/hr)

Ash Element Analysis

Si02

Feo03

Al1203

Ca0

Mg0

Ti0;

P20s

Naz0

K20, Catalyst

Total

YIELD PE

RIOD 210

501.105 COMPOSITION

Nt% of Total Solids, Dry

Feed Solids W/D Entrained
4.29 1.42 0.44
64.0 58.7 51.4
3.9 2.5 2.2
9.8 0.5 6.4
1.19 0.30 0.25
0.08 0.15 0.23
16.8 36.3 39.1
100.0 100.0 100.0
8.48 2.1 0.92

Wt% of SO3-Free Ash

5.3 3.3 24.4
9.9 10.4 10.6
10.2 1.9 8.9
1.86 2.03 2.13
0.68 0.93 0.65
0.51 0.49 0.54
0.18 0.25 0.10
19.6 16.7 22.7
27.9 27.0 30.0
100.0 100.0 100.0
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YIELD PERIOD 210
PRODUCT GAS DATA

YIELD PERIOD 210
PRODUCT GAS DATA

Unit Gas Yields

Product Gas Partial Pressures at Gasifier Exit
e Product Gas (Dry), Mol%
H

2 56.4
co 10.7
Total Pressure, psia 113.7 Coz 1.3
CHg 6.3
Hy 52.1 , H2S 0.3
N2 15.0
co 9.9
Product Gas (Dry, Np-Free)
CHa 5.8 Hz 66.4
co 12.6
€02 10.4 €02 13.3
CHy 7.4
HaS 0.3 H2s 0.3
H20 21.3 Product Gas
Ha 45.8
Mo 13.9 o 8.7
' _ €02 9.2
H20/C0 2.2 CHg 5.1
. . Hz 0.2
H20/C02 2.0 Hz0 18.8
N2 12.2
Product Gas (Np-Free)
Ha 52.2
co 9.9
Unit Gas Data C02 10.5
- CH4 5.8
Syngas MWT, 1bs/mol 8.6 H2S 0.2
Ha0 21.4
Product Gas MWT (dry)}, Ibs/mol 14.4
SCFH CHa/1b C Active Bed 1.5
Product Gas
SCFH CHa/1b C Feed 9.5
At OTM (dry), SCFH 830.2
Moles CHp/male C Feed 0.30
(Dry, Na-Free), SCFH 705.6
At Gasifier Qutlet, SCFH 1021.8
{Includes N2 + Haos £ ﬁ:;t:on . Actual Cgrrﬁggnging
2 . qu rium a ctua qu rium
B castrier Dutlery ACFH 402.2 Active Bed Temp Equilfbrim  Tenperature
o I (7 N
At Gasifier Outlet, SCFH 897.2 Equilibrium Constants (1309°F} Expression
(Excludes N2) Graphite-Hz0: C + Ha0 = CO + Hp 1.952 1.643 1290
At Gasifier Qutlet, ACFH 353.1 Shift: €0 + Ha0 = COZ + Nz 1.495 2.581 no7
(Excludes N2) Methanation: €D + 3Hp = CHg + H20 0.061 0.019 1386

Qverall: 2C + 2Hp0 = CHgq + CO2 0.347 0.132




YIELD PERIOD 210
MATERIAL BALANCES

Elsineny Satences

Input (ebs/Hr): Carbon* MHydragen Oxygen Sulfur Chlavire
Coal + Catalyst** 5.49 0. 365 0.84 0.334 0.007
YIELD PERIOD 210 Gasifier Steam - 1.685 13.48 - -
MATERIAL BALANCES Gastfier Syngas 419 2.039 5.58 - -
Total 9.67 4.089 19.90 0.334 0.007
Overall Material Balance Output:
Input: Lhs/Hr Output: Lbs/Hr Product Gas 7.44 3.036 11.67  0.206 -
Coal Feed (ex N2) 8.48 pioduct Gas (ex ¥p)  22.38 Product Water - 1.012 8.09 0.034 -
Gasifier Steam 15,18 Praduct Gas Nz 9.21 Char Entratined 0.47 0.004 0.06 0.020 0.002
Gas1fier Syngas 11.8¢ Product Water 9.1 Solids Withdrawn 1.24 0.030 0.01 0.054 0.003
! char Fntrained 0.62 Total 9.16 4,081 19 .83 0.314 0.005
R Solids WiZndrawn 2.n Accumulation: 0.52 ¢.008 0.07 0.020 0.002
I~
T 15 a8 Total fes 34,5 Closure 100.0 100.0 110.0 100.0 100.0
. otal {ex N2) 5 4 ota? lex Np) 34,57 (Out + Accum)/in, % i
Accumulation: 01,91
Closure: (Output + A —am}/laput, 3 1Ct.C
Catalyst Balance
Acid Sol. Water Sol. Acid Sol. vator Sol.
Synthesis Gas Balance Input (Lbs/Hr}: K K ___Na__ N
Input: SCRH_ utput: SCEH. _ Coal + Cataiyst: 0.33 0.22 0.2t 0.18
Gasifier Syngas 518.5 fiz + GO0 i Product Gas 557.1 Ovtput:
3 ined . . . .
My MoOTE 78.5 4 Mol1 55 4 Char Entraine 0.09 0.05 0.06 0.06
Product Water 0.0 0.0 0.0 0.0
CO Mo1% 25.5 o moix .7
501id Withdrawn 0.17 0.09 0.10 0.08
Balance: (Output/Input), % 107§
Total 0.26 0.14 0.16 0.14
Accwsulation: 0.07 0.05 0.0S 0.06
Closure 100.0 85.6 100.0 110.4

{out + accum)/ 1, %

+2: 4on balance excludes catalyst carbonate
<% 1rjudes carbon and oxygen in catalyst



Suput (Lbs/Hi):
f9al + Catalyst
Entrafned Char

Solids Hithdrawn

Total
fAccumulation:
i Closure
N {out + accum)/in, %

N
o1 Ash Element Balance

i Input (Lbs/Hr):
Coal + Catalyst

Qutput:
Entrained Char
Solids Withdrawn
Total ’
Accumulation:

Closure
{out + accum)/in, %

YIELD PERIBN 210

HEAERIAL SALAEES

ASTH Rsh
2.1

0.40
0.93
1.33
0.79
100.0

5102  Fe2l3
0.423 0.143

0.088 0.038
0.240 0.080
0.327 0.118
0.095 0.025
100.0 100.0

ngiggg gg%&fg;i ngsizg?gue
1.7 1.84 1.17
0.39 0.35 0.33
0.87 0.77 8.7
1.26 1.13 1.04
0.45 0.30 0.13
100.0 98.7 100.0
Alp03 _Cal 40 S03  Ti0z P20s
0.147 0.027 0.01G 0.694 0.007 0.003
0.032 0.008 0.002 0.046 0.002 0.0
0.084 0.016 0.007 0.168 0.004 0.002
0.116 0.023 0.010 0.214 0.006 0.002
0.031 0.004 0.0 ©.128 0.002 0.0
100.0 100.0 100.¢ 49.6 100.0 100.0

iole fizfanee

Gas lnput

Hy (1.0193
co (0.348
Ha0 (0.483)
Total {2.211)
Solids Input

Coal + Cat Feed

Total Input

Gas Output
Product Gas

HS {1.236)
Cl (0.234)
Cop 50.2473
CHg 0.138
H2S (0.006)
Hz0 {0.506)
Total (2.368)

Solids OQutput

Char Entrained

Char Samples Withdrawn
Char Accumulation
Total Solids

Total Output +
Accumulation

AATERTAL BALAUCES

Lb-Mnins/Hr

3 i 0

- 2,049 - -
0.348 - 0.342 -

- 1.68% 0.843 -
0.318 3.724 1.191 -

C H 0 S I We
0.457 0.355 0.052 0.010 0.009 0.009
0.805 4.090 1.243 8.010 0.009 0.009

c H 0 S

- 2.47 - -

0.234 - 0.234 -
0.247 - 0.495 -
0.138 0.552 - -

- 0.013 - 0.006

- 1.01 0.506 0.001
0.620 4,048 1.235 0.007

C H 0 S K Na
0.039 0.004 0.004 Q.001 0.002 0.003
0.103 0.030 0.001 0.002 0.004 0.004
0.043 0.008 0.004 0.001 0.002 0.002
0.186 0.082 0.009_ 0.003 0.009 0.009
0.805 4.090 1.243 0.010 0.009

£0.009
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YIELD PERIUD 210 YIELD PERIOOD 210

PROCESS VARIABLES PROCESS VARIABLES

Measured Reconciled Measured Reconciled

vioo Gasifier Steam {1bs/hr) 15.16 15.18 vilg C/H Residue in Char Withdrawm (wtX) 40.62 41.19
vin Char Withdrawn (1bs/hr) 2.1 2.1 V320 C/H Residue in Gasffier Starting Mid Char (wt%) 221 a2
V165  H 1n Char Entrained (wt%) 0.44 0.44 vi2l C/H Residue in Gasifier Ending Mid Char (wt%) 42.21 43.57
V166  H in Char Withdrawn (wt¥) 1.42 1.42 ¥333 S03-Free ASTM Ash in Feed Coal + Catalyst (wtX) 16.75 16.82
VI68 M in Coal + Catalyst feed {(wt%) 4.30 4.29 V33 S03-Free ASTM Ash in Char Entrained (wt%) 38.26 39.08
Y173 K in Gasifier Starting Mid Char (wt%) 0.92 0.92 V336 503-Free ASTM Ash in Char Withdrawn (wt%) 36.00 36.32
Y174  H in Gasifier Ending Mid Char (wtX) 0.92 0.92 V337  S03-Free ASTM Ash in Starting M1d Char (wtf) 36.78 38.03
V183 €O in Syngas (mol%) 75.00 25.47 v33s 503-Free ASTM Ash {n Ending Mid Char (wt%) 36.78 36.52
¥18% Actd Sol. K20 in Coal + Catalyst Feed (wi%) 4.62 4.69 V350 S03-Free C/H Resfdue in Feed Coal + Catalyst (wtX) 12.39 13.65
VI88 0 in Coal + Catalyst Feed (wt%) 9.75 9.75 V351 503-Free C/H Residue in Char Entrained (wt%) 37.36 36.13
V133 Hz in Syngas (mol%) 75.00 74.53 V153 S03-Free C/H Resfdue in Char Withdrawn (wt%) 36.09 33.46
V205 €Oz in Product Gas (moiX) 11.30 11.30 visg S03-Free C/H Residue in Starting Mid Char {(wt%) 35.10 37.85
vao7 CHg fn Product Gas {(mol%) 6.30 6.30 v3i55 503-Free C/H Residue in Ending Mid Char {(wtX) 35.10 31.27
V208 €O in Product Gas {mol%) 11.70 10.70 V407 Coal + Catalyst Feed (1bs/hr) 8.75 8.58
V212 Hz fn Product Gas (mol%) 56.80 56.41 var3 Char Entrained (1bs/hr) 0.92 a.92
vZla N2 in Product Gas (mol%) 15.20 15.00 Y495 Carbon in Feed Coa) {wt%) 64.35 63.96
V215 HpS in Product Gas (mol%) 0.135 0.729 V498 Carbon in Char Entratined (wtX) 52.21 51.43
v222 Carbon in Char Withdrawn (wt%) 59.01 58.74 F384 Syngas Flow Meter (CFH) 50.30 49.9
vaz7 Acid Sol. K20 in Char Entrained (wt%) 11.77 11.73 F385 Product Gas Flow Meter (CFM) 111.30 113.69
V232 Acid sol. K20 in Char Withdrawn (wt%) 9.87 9.80 PGKO Product Gas Condensate (1bs/hr) 9.3 8.83
¥257 Carbon in Gasifier Starting Mid Char (wtl) 51.80 50.50 U(114) Starting Bed 4P (B-A) (in Hg) 1.30 1.30
V258  Carbon in Gasifier Ending Mid Char (wtX) 51.80 52.17 U{115) Starting Bed AP (C-B) (in Hg) V.60 1.60
V265 Acid Sol. K20 in Gasifier Starting Mid Char (wtX) 10.85 10.92 U(116} Starting Bed AP (D-C) (4n Hg) 1.50 1.5C
V266 Acid Sol. K20 in Gasifier Ending Mid Char (wtX) 10.85 10.54 U(117) Starting Bed &P {F-£) (in Hg) 0.00 0.0¢
V289 ASTM Ash in Char Entrained (wt) 43.19 43.28 U{118) Starting Overall Bed aP (F-A) (1in Hg) 4.40 4.4¢
Y292 ASTM Ash in Char Withdrawn (wtX) 43.94 44.15 U{119) Ending Bed aP (B-A) (in Hg) 1.70 1.70
V293 ASTM Ash in Feed Coal + Catalyst ‘t%) 24.98 24.7 U(120) Ending Bed AP (C-B) (in Hg) 2.10 2.n
V294 C/H Residue in Feed Coal + Cataly.: {(wt%) 20.57 19.98 u(121) Ending Bed AP (D-C) (in Hg) 2.30 2.3
V295 C/H Residue in Char Entrained (wt%) 42.29 42.56 U(122) Ending Bed 4P (F-E) {in Hg) 0.00 0.0C
V306 ASTM Ash in Gasifier Starting Mid Char (wt%) 43.89 38.22 U(123) Ending Overall Bed AP (F-A} {in Hg) 6.10 6.12
vio? ASTM Ash in Gasifier Ending Mid Char (wt%) 43.89 51.78 EDD(}) Starting Bed aP (E-D) (in Hg) 0.00 0.00
[ 4 -




YIELD PERIOD 219
PROCESS VARIABLES

YIELD PERIOD 210
PROCESS VARIABLES

Measurad Reconciled

Measured Reconwiizd

EDD(6) Ending Bed AP (E-D) (in Hg) 0.00 0.00 va28 1 in S03-Free Ash in Char Withdrawn (wt%) 0.15 0.18
DPOST  Deposits Accumulated on Gasifier Walls (lbs) 0.00 0.00 va20  C1 in S03-Free Ash in Char Entrained (wt%) 0.23 0.23
v280 S in Gasifier Starting Mid Char (wt%) 2.53 2.57 V836  Acld Sol. Nap0 in Gasifier Starting Mid Char (wtX) 7.69 7.85
vesl S 1n GasiﬁetJ Ending Mid Char (wt%) 2.53 2.47 V837 Acid So1. NazC 1n Gasifier Ending Mid Char (wtZ) 7.69 7.30
V187 S in Coal + C'ptalyst Feed wt¥) 3.58 3.89 vaal Acid Sol. Na20 in Coal + Catalyst Feed {(wt%) 3.19 3.29
V246 S in Char Hithdrawn {wt%) 2.60 2.55 V842 Acid Sol. Na20 in Char Withdrawn (wtX} 6.43 6.07
V244 S in Char Entrained (wt%) 2.21 2.19 v843 ~ Acid Sol. Nag0 in Char Entrained (wt%) 9.26 8.88
V243 S in Product fas Condensate {(wt%) 0.39 0.39 V898  Mg0 in SO3-Free Ash Starting Mid Char (wtX) 1.00 L
V862 Si0z in S03-Free Ash in Starting Mid Char (wt%) 29.19 28.75 V899 Mg0 in S03-Free Ash in Ending Mid Char (wt%) 1.00 0.85
V863 5102 in 503'-Flree Ash in Ending Mid Char (wt%) 29.19 29.56 V903 Mg0 in S03-Free Ash in Coal + Catalyst Feed (wt2) 0.61 * 0.68,
V867  Si02 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 29,94 29.28 ¥904  MgO in SO3-Free Ash in Char Withdrawn {(wt%) 1.04 0.93
V868  S107 in SO3-Free Ash in Char Withdrawn (wt%) 31.43 31.25 V905 MgO in S03-Free Ash in Char Entrained (wt) 0.67 0.65
' V869 $§02 in S03-Free Ash in Char Entrained (wt%) 24.46 24.37 V916 Ti02 in 503-Free Ash in Starting Mid Char {(wt%) 0.53 0.62
m V87l Fe203 in SOa-free Ash in Starting Mid Char (wt¥) 8,55 8.57 ’ V917 Ti02 in 503-Free Ash in Ending Mid Char (wtX) 0.53 0.54
~ - yarz Fep03 in S03-Free Ash in Ending Mid Char (wt¥%) 8.55 8.50 V921 Ti0y in 503-Free Ash in Coal-+ Catalyst Feed (wt%) 0.52 0.51
1 V876  Fe203 in S03-Free Ash in Coal + Catalyst Feed {(wt%) 9.83 9.88 V922 Ti0p in S03-Free Ash in Char Withdrawn (wtX) 0.49 0.49
V877  Fe203 in S03-Free Ash in Char Withdrawn (wt%) 10.51 10.41 V923-. Ti0y 1in 503-Free Ash in Char Entrained (wt%) 0.54 0.54
V878  .Fep03 in S03-Free Ash in Char Entrained (wt%) 10.62 10.57 V925 P05 in $03-Free Ash in Starting Mid Char (wt%) .08 0.09
V880  Al03 in S03-Free Ash in Starting Hid Char (wt%) 10.37 10.35 V926 P05 in SO3-Free Ash in Ending Mid Char (wt¥) 0.09 0.09
V881  A1203 in SO3-Free Ash in Ending Mid Char (wt%) 10.37 10.37 V930  Pp0g in SO3-Free Ash in Coal + Catalyst Feed (wt¥) 0.18 0.18
v885  Alp03 in S03-Free Ash in Coal + Catalyst Feed (wt¥)  10.20 10.18 Vo3l P205 in 503-Free Ash in Char Withdrawn (wt%) 0.25 0.25
V886  Alz03 in S03-Free Ash in Char Withdrawn (wt%) 10.97 iv.,_ 10.92 V932 P05 in SO3-Free Ash in Char Entrained (wt%) 0.10 0.10
V887 A1203 in Sbg—Free Ash in Char Entrained {(wt%) 8.92 8.90 V813 N in Starting Mid Char (wt%) ' 0.22 0.22
v889 . CaD in SO3-Free Ash in Starting Mid Char (wt%) 1.24 1.24 ¥814 N in Ending Mid Char (wt%) . - 0.22 0.22
V830  Ca0 in S03-Free Ash in Ending Mid Char (wt3) 1.24 1.24 ¥818 N in Coal + Catalyst Feed (wt%) ' 1.19 1.19
V894  Cal in SO3-Free Ash 1n Coal + Catalyst Feed (wt%) 1.86 1.86 V819 N in Char Withdrawn {wt%) 0.30 0.30
V895  Ca0 in 503-Free Ash in Char Withdrawn (wt%) 2.04 0.03 V820 N in Char Entrained (wt¥) 0.25 0.2%
vag6  Ca0 in S03-Free Ash in Char Entrained (wt%) 2.14 2.13 v80S 0 {n Starting Mid Char ({wt%X) 7.54 7.55
V822 €1 in SO3-Free Ash in Starting Mid Char (wt%) 0.21 0.21 V806 0 in Ending Mid Char (wt%) . 1.54 0.50
V823 €1 in S03-Free Ash in Ending Mid Char (wt¥) 0.21 6.21 Y810 0 in Char Withdrawn (wt%) 0.52 0.52

v827 €1 in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.08 0.G8 y811 0 in Char Entrained {(wt%) 6.40 6.37
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RECONCILED DATA
YIELD-PERIOD 211
UNIT OPERATIONS

Time _Date
From 6:30 4-17-77
To 6:30 4-18-77
Duration 24 Hrs
Percent of Time on Stream
Coal Feed 97
Steam 100
Syngas 98

Gasifier Process Temperatures

Gasifier Bed Helght (ft)

43.2 1242
38.4 1187
321 1324
26.6 1325
21.2 1307
16.0 1308
10.9 1297

6.4 1272

0.4 1152

Gasifier Temperature (°F)

YIELD PERIOD 211
UNIT PROCESS VARIABLES

Unit Temperatures

Lockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
Gasifier Steam Line

Gasifier
Top of Bed
Bottom of Bed
Total Bed Average

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

Gasifier Backend
Cyclone Inlet
Filter Inlet

Scrubber Inlet
Scrubber Qutlet

Product Gas Meter
Unit Pressures

Lockhopper 2
Gasitier Feed Line
Bypass N2

Syngas In

Gasifter
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Outlet
Filter Qutlet
Scrubber Outlet

Product Gas Meter

Process, °F Metal, °F
281 289
278 244
258 290
247 308
628 815

1076 1160
1325 1374
1152 1198
1277 1307
956 1004
708 1045
826 953
780 991
719 1006
950
1158 998
- 539
- 508
425 429
79 -
95 -

-
od

NWwn o

oo,

o pe —
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YIELD PERIOB 27T
FLUID-S0LTOS_DATA

Gasifier Fluidized Bed Properties

Bed Bottom Density (lbs/cf) 19.3
Bed Top Density (lbs/cf) i2.1
Bed Average Density (1bs/cf) i5.7
Bed Height (ft) 3t.8
Bed Holdup (1bs) 89.3
Bed Volume (cf) 5.1
Average Bed Temperature (°F) 1301.8
Space Velocity (bed) (cf/cf/hr) 77.2
Bottom Superficial Velocity (ft/sac) ¢.61
Top Superficial Velocity (ft/sec) 0.6%
Cyclone Perfarmance

Temperature (°F) 539.4
Pressure (psia) 13.5
Inlet Gas Rate (SCFH) 1066.1
Inlet Gas Rate (ACFH) 250.6
Inlet Gas Velocity {ft/sec) 14,7
Solids Entering (1bs/hr) 1.7
Dust Loading (1bs/acf) 0.0069
Solids Captured (1bs/hr 1.5
Solids Escaping (lbs/hr 0.2
Overall Efficiency (Captured/Entering, Wt.%) §0.0
Solids Carryover Loss

Coal + Catalyst Feed (1bs/hr) 10.84
Total Carryover {lbs/hr) 1.72
Cyclone (lbs/hr) 1.55
Filter (ibs/hr)’ .17
Carryover/Feed gwc.%) 15.9
Solids Carbon_ Lass

Carbon in feed {1bs/hr) 6.46
Carbon in Carrygver {lbs/hr) (.64
Carryaover/Feed (Ht.% 2.8

YIELD FERIOD i1
UNLT CONVERSIZANS

Carbon Consumption
Carbon in Feed* (1bs/hr)
Carbon fram Devolatilization** of Feed Coat! (1bs/hr}

Carbon Gasified (by difference) (Ibs/hr}
Total Carbon Converted {1bs/hr)

tarbon_Conversion {C Converted/C in Feed)

Gasification Only (%)
Total, huciuding Develatilization (%)

Carbon Distribution

Total Converted (%)

Entrained (%)

Withdrawn (%)

Accumulated (%)

Couversion {Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Ued)

Gasification Only (%/Hr)
Including Devolatilization

Steam Consumption

Steam infto Unit (ibs/hr)

Steam Rsacted with Carbon (1bs/hr)
Total Steam Consumad (1bs/hr)

Steam Conversion (Steam Consumed/Stzam into Bed)

Gasificatien® (%
Total Steam Converted (%)

Reaction Rate Paramefers

Carbon Converted/Steam Fed (lbs/1bs}
Carbon Converted/Steam Fed (mel/mol)
Carbon Converted/Bed Volume é]bs/hr}/cft
Carbon Converted/Bed Volume {(mol/hr}/cft
Carbon in 8ed/Steam Fed 1bs/{Ibs/hr}
“arbon in Bed/Steam Fed mol/(mol/hr})

“Excludes cardbon in catalyst R
so)zsumed Trom.standard ASTI devolatilizatium tast of faed ceal

o0
b

0

_\:-—-m'_.aw
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s N =
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YIELD PERIOD 211 YIELD PERIOD 211

UNIT_COMPOSITIONS SOLIDS COMPOSITION
Catalyst Distribution®
Gasifier Char Ultimate Anslysis
Wty Feed _Top Mid Bottom Entrainad -
WtX of Yotai Solids, Uy
K as K20 1.0 31.6 .9 .5 32.0
K as K2C03 16.1 46.3 46.8 46.2 47.0 . Component __Feed Solids ¥/D Latryiped
9.1 26.2 26.4 26.1 26.6
Kas K H 36.2 a.70 .94
X Water/Acid, 0.688 0.792 0.729 0.679 0.796 '
Soluble Ratio ¢ 59.6 291 157
K20, H20-Inscluble 1.4 6.5 8.6 10.1 6.5 s 3.8 4.4 30
K2003, H20-Insoluble 5.0 9.6 12.7 14.8 9.6 0 12.6 7.9 6.4
K,Hz0-Insoluble 2.8 -4 7.2 8.1 5.4 N 0.98 0.23 0.22
Carbon 59.6 29.6 26.2 29.6 35.7
K on Carbon 15.3 88.4 101.0 88.4 74.5 a3 0.07 0.13 0.20
ASTM Ash 28.8 72.0 n.s 67.9 59.9 $03-Free Ash 19.6 57.5 53.5
1. . . . 44.4
. K on Ash 3.6 36.4 7.0 8.3 Total 100.0 100.0 100.0
ro K2C03 Free-Ash 12.5 24.8 23.9 20.8 12.2
« K on K2003 Free-Ash 73.1 . 1087 110.7 125.7 217.4
. Solids Flow Rate 10.84 1.79 .12
Size Distribution (1bs/hr)

Cumulative WtX Less Than Mesh Size

05 Wesh 200 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh

Ash Element Analysis

Feed Coal + Catalyst 1.1 4.0 10.9 44 .0 84.0 96.6 100.0
Top Char 2.2 7.4 29.0 52.1 78.3 90.0 100.0 Wt of SO3-Free Ash
Mid Char 1.0 4.7 18.6 43 .1 78.4 92.6 99.9 5102 24.6 25.2 22.7
Bottom Char 20.7 4. 11.5 37.0 75.2 9.8 99.7
Cyclone 90.5 95.7 9/.4  98.6 100.0 100.0  100.0 Fe203 7.5 9.5 6.8
Filter - . - - - - - A1,03 8.8 9.2 7.7
volume/ Ca0 1.35 1.77 1.20
Number  Surface Weight Bulk Densit
Particle Diameter (Microns) Mean Mean _Mean 1bs/cf Mg0 0.46 0.55 0.41
d 1 + Cat 37 239 399 44.7
Feed Coa Catalyst 7102 0.42 0.37 0.47
Top Char 34 177 423 20.8
Mid Char a0 223 431 23.9 P205 0.18 0.35 0.09
Bottom Char 28 222 465 25.7 Naz0 0.67 0.82 0.73
Cyclone 22 24 34
y K20, Catalyst 56.03 52.23 59.85
Filter . - _
*Based on acid soluble analysis Total 100.0 100.0 100.0
v v
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YIELD PERIOD 21} YIELD PERIOD 211
PRODUCT GAS DATA PRODUCT GAS DATA
Product Gas Partial Pressures at Gasifier Exit Unit Gas Yields
Product Gas {Dry), Mol%
Hp 53.5
Total Pressure, psia 113.5 (X1] 14.3
(w17 ] 12.0
Hp 50.§ CHa 1.5
H2S 0.3
co 13.5 N2 8.4
CHa 10.9 Product Gas (Ory, N2-Free)
H2 58.4
C02 11.3 o 15.6
Cop 13.1
HaS 0.3 CHg 12.6
H2s 0.4
Hso0 19.0
2 Product Gas
Na 7.9 Hz 44.5
co 11.9
H20/CO 1.4 C02 10.0
: " s 1
H20/CO: 1.7 2: a.
] 20/¢02 H0 16.7
) N2 7.0
\
Product Gas {Np-Free)
Hz 47.8
Unit Gas Data co 12.8
I — €02 10.8
Syngas MWT, 1bs/mol 8.7 CHq 10.3
_ , H2S 0.3
Product Gas MWT (dry), 1bs/mol 14.7 -H20 18.0
Product Gas SCFH CHa/1b € Active Bed 8.1
At DTM {dry), SCFH 837.8 SCFH CHg/1b C Feed 14.9
{Ory, Np-Free), SCFH 767.5 Holes CHa/mole C Feed 0.47
At Gasifier Outlet, SCFH 1006.1
(Includes N2 + Hzos Reacti c "
426.4 eaction orresponding
A e s hcss ACFH Equilibrium at  Actua) Equiibrium
) 2 Active Bed Temp Equilibrium Temperature
At Gasifier Outlet, SCFH 935.8 Equilibrium Constants . Expression °F
(Excludes N2) aroont o
Tet, ACFH 396.6 raphite-Ha0: € + Hy0 = CO + H 1.8296 2.4464 1332.9
?Exg%azgle;“z(;ut et Shift: ) €O + Ho0 = C02 + Hp 1.5195 2.2335 1156.0
Methanation: CQ + 3Hp = CHg + H20 - 0.0676 0.0256 1365.8
0.3438 0.3422

Overall: 2C + 2ZH70 = CHg + COp
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YIELD PERIOD 21)
MATERIAL BALANCES

Overall Materfal Balance

Input: Lbs/Mr Qutput: Los/Mr
Coal Feed (ex Nz}  10.73 Product Gas (ex N2) ?27.2%
Gasifier Steam 1%5.08 Product Gas N2 5.20
Gasifier Syngas 13.03 Product MWater 2.00

Char Entrained i.7?
Solids Withdrawn 1.79
Total (ex N2) 38.84 Total (ex Nz} 3B.76
Accumulation: 0.08
Closure: (Output + Accum)/Inpuz ¥ = 10C.0%
Synthesis Gas Balance

input: _SCPY_ Queput: _SCFH._
Gasifier Syngas 570.7 Hz + CO 1n Product Css Sh7.7
Hy Mol% 78.5 s MolX 53.
€O MolX 25.5 CD Mol% 14.2

Balance: (Output/Input), 2 = 99.5%

Elewenl Balances

Input (Lbs/hr):
Coal + Catalyst®*
Gasitier Stesfi
Gasifiar Syngas

Total
Outpyt:
Product Gas
Product Water
Char Entrained
so1ids Withdram
Total
Accumiiation:

Closure
{Out * Accum)/in, %

Caralyst Balance
tnput (Lbs/Hr):
toal + Latalyst
Gutput:
Char Entrained
Product Water
St Withdrawn
Totsl
Accumlation:

Liosure
{out + azcum)/in

YIELD PERIOD 211
MATERIAL BALANCES

Carbon® Hydrogen

6.46 0.39

- 1.69
4.62 2.26
n.or 4.34
10.04 3.42
0.0 0.90
0.61 0.02
0.52 0.01
n.z 4.35
-0.10 -0.00

100.0 100.0

Acid Sol.
K

e

0.99

0.46
0.0
0.45

0.90
0.08

100.0

Y avkhon baiumee eaciudes catalyst carbonate

Caiudes exrbon abg oxygen in catalyst

Oxygen  Sulfur Chiertno
1.3 U.388 ¢.00r
13.32 - -
6.15 -
20.9¢ 0.182 0.0Q7
13.55 0.20% -
7.1 0.0032 B
0.1 0.054 0.0603
0.14 0.072 oo
20.91 0.3\ 0 {0
00 0,007 0,007
100 0 100.0 100.0
Hate; Sul.
0.68
0.36
0.0
0.32
0.68
0.0
102.5
L4 [




Ash Balances
Input (Lbs/Hr}:
Coal + Catalyst

Output:
Entrained Char

Solids Withdrawn

?

S Total

[oX] -

w Accumulation:
? Closure

(out + accum)/in, %
Ash Element Balance

Jnput (Lbs/Hr):

Coal + Catalyst

Output:
Entrained Char

Solids Withdrawn
Total
Accumulation:

Closure
(out + accum}/in, X%

YIELD PERIOD 211

MATERIAL BALANCES

C/H S03-Free SO3~Free
ASTM Ash Residue ASTM Ash C/H Residue

3.12 2.50
1.03 1.04
1.22 1.21
2.25 2.26
0.87 0.24
100 100

$i02 Fep03 Alp03 _Ca0
0.522 0.160 0,186 0.029

0.209 0.063 0.07F 0.011
0.25% 0.098 0.095 0.018
0.469 0.160 0.166 0.029
0.054 0.0 0.020 -0.001
100 100 100 100

2.12 1.73
0.92 0.93
1.03 0.95
1.95 1.89
0.17 ~-0.16
100 100

90 503 Nag0 Tiop Pa0s
0.010 0.920 0.014 0.009 0.004

0.004 0.138 0.006 0.004 0.001
0.006 0.215 0.008 0.004 0.004
0.009 0.353 0.014 0.008 0.004
0.0 0.133 0.0 0.001-0.001

100 53 100 100 100

Moie Balance

Gas Input

Hz {1.121)
Cco §0.384
H20 0.837
Total (2.342)

Solids Input
Coal + Cat Feed

Total Input

6as_Output
Product Gas

H: (1.182)
C (0.316
(H17) (0.265
CHy (0.254)
H2S (0.008)
H20  (0.444)
Total (2.469)

Solids_Output
Char Entrained

Char Samples Withdrawn
Char Accumulation

Total Solids

Total Output +
Accumulation

YIELD PERIOD 211
MATERIAL BALANCES

Lh-Moles/Hr
H 0

[

- 2.243 - -
0.384 - 0.384 -

- 1.674 0.837 -
0.384 3.917 1.221 -

C H 0 S K
0.538 0.390 0.085 0.012 0.025
0.922 4,307 1.307 0.012 0.025

C H 0 S

- 2.363 - -

0.316 - 0.316 -
0.265 - 0.531 -
0.254 1.017 - -

- - - 0.008

- 0.839 0.444 -
0.836 4,286 1.29) 0.008

C H 0 S K
0.051 0.016 0.007 0.002 0.012
0.043 0.012 0,009 0.002 0.011

-0.008 -0.006 0.0 0.0 0.002
0.086 0.022 0.016  0.014 0.025
0.922 4.307 1,307 0.012

-0.025




ro
o

V100

vin

¥165

V166
V168
ARK)
viz4
via3
V185
vis8
V193
V05
v207
V208
y212
vi14
V215
veez
vae?
v23z
ves7
v2s8
V265
V266
V289
V292
¥293
V794
V295
V306
V307

YIELD PERIOD 211_

PROCESS VARIRBIES

gasifier Steam (1lbs/hr)

char Withdrawn (1bs/hr)

H in Char Entrained (wt%)

# in Char Withdrawn {wtX)

H in Coal + Catalyst Feed (wt%)

H in Gasifler Starting Mid Char (wt%)

H in Gasifier Ending Mid Char (wt%)

€0 1n Syngas (mol1%)

Acid Sol. ¥20 in Coal + Catalyst Feed (wiX}
0 in Coal *+ Catalyst Feed (wl%)

Hp in Syngas (mol%)

€07 in Product Gas (mo)X)

CHg in Product Gas (rol%)

€0 in Product Gas (mol%)

Mz in Product Gas (mol%)

N7 in Product Gas (moi%)

HpS in Product Gas (mol%)

Carbon in Char Withdrawn (wt%}

Acid Sol. K20 in Char Entrained (wti)

Acid sol. K0 in Char Withdrawn (wti}
Carbon in Gasifier Starting Mid Char (wtk)
Carbon in Gasifier Ending Mid Char (wt2)
Acid Sol. K20 in Gas{fier Starting Mid Char (wt%)
Actd So}. ¥20 in Gasifier Ending Mid Char (wti)
ASTM Ash in Char Entrained (wtX)

ASTM Ash in Char Withdrawn (wt%)

ASTM Ash in Feed Coal + Catalyst (wt%)

C/H Residue in Feed Coal + Catalyst (wt%}
¢/H Residue in Char Entraioed (wtl)

ASTM Ash in Gasifier Starting Mid Char (wtl)
ASTM Ash in Gasifier Ending Mid Char (wt%)

feasured  Reconciled

- 08
174

[= I

N
o

w O

.0
G

2

.66
.87
.40
.oe
8%
Rt

15.08

1.
0.
0.
3.
0.
0.
25.
10.
12,
/4.
12,
.
14,

[

I N

8.

0.
’9
32.
0.
27.
2.
28.
.05

N

§3.

79
94
70
62

u8

A3
.80
.07
0 . 6%
18
83.

83

¥310
V0
vi2y
V33
Y334
Y1336
v¥337
V336
¥350
vis
Y383
V354
V355
va07
V473
vaaqs
V498
F384
f38%
PGKO
u(1a}
u(115)
u(116)
u(riz)
Ui s)
U119}
U120}
Uiz
w122}
Li123)
Frn(l)

YIELD PERIOD 211
PROCESS VARIABLES

C/H Residue in Char Withdrawn (wtl)

C/H Residue in Gasifler Starting Mid Char (wt%)
C/H Residue in Gasifier Ending Mid Char (wtX}
S03-Free ASTM Ash in Feed Coal + Catalyst (wt%)
S03-Free ASTM Ash {n Char Entrefned (wt%)
503-Free ASTM Ash in Char Withdrawn (wt%)
S03-free ASTM Ash in Starting Mid Char (wtf)
503-Free ASTM Ash in Ending Mid Char (wt%)
S03-Free C/H Residue in Feed Coal + Catalyst {wtX}
S03-Free C/H Residue in Char Entrained (wt%)
S03-Free C/H Residue in Char Withdrawn (wt%)
S03-Free C/H Residue 1n Starting Mid Char (wi)
S03-Free C/H Residue in Ending Mid Char (wt%)
Coal ¢ Catalyst Feed (Ibs/hr)

Char {ntrained {lbs/nr)

Carban {n Fead Coal (wt%)

Carbon in Char Entrained (wt¥)

Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFH)

Product Gas Condensate (1bs/hr)

S-arting Bed AP (B-R) (in Hg)

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

Starting Be¢ AP (D-C) (in Mg)

starting Bed 4P (F-E) (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 3P (D-C) (in Hg)

Ending Bed 4P (F-£) (in Hg)

Ending Overal) Bed AP (F-A) (in Hg}

Starting Bed AP (€-0) (in Hg)

Measured Reconciiy!

66.99
69.27
69./5
20.47
55.69
55.95
57.68
59.72
1s.
55.
55,
56.
57
1.
1.
Se.

v
s
B 9 e -~ O O -
533358382 a

O_'_‘NCAC"NN\IWQ1
o w
~

N O N N
O 0 O w

[~ IS
S N O N e O b
(=] S oo o

67
656

.82
.86
72.
19.
53.
A7,
57.
60.
15.
54.
53.
59.
S3.
10.
1.
59.
35.

26
59
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YIELD PERLUD 211
PROCESS VARIABLES

EDD{6) Ending Bed aP (E-D) (in Hg)

OPOST
280
V281
V187
V246
V244
Y243
V852
V863
867
V868
V869
V871
var2

. V876

¥877
va78
Y880
vesl
yass
¥886
¥8g7
v8a9
(2314
y394
Y895
V896
va22
vez3
ye27

Deposits Accumulated on Gasifier Walls (1bs)
S 1n Gasifier Starting Mid Char (wt%)

S in Gasifier Ending Mid Char (wt%)

5 in Coal + Catalyst Feed wt%)

S in Char Withdrawn (wt%)

§ in Char Entrained (wt%)

S in Product Gas Condensate (wt¥)

$102 in S03-Free Ash in Starting Mid Char {wt%)
$102 1in 503-Free Ash in Ending Mid Char (wi%)
Si02 in 503-Free Ash in Coal + Catalyst Feed (wtZ)
Si0z in SO3-Free Ash in Char Withdrawn (wt%)

$102 in SO3-Free Ash in Char Entrained (wt%)

Fe203 in SO3-Free Ash in Starting Mid Char (wt%)
Feg03 in S03-Free. Ash in Ending Mid Char (wt3)
Fag03 in S03-Free Ash in Coal + Catalyst Feed (wt2)
Fe203 1n S03-Free Ash in Char Withdrawn {wt%¥)
Feo03 in S03-Free Ash in Char Entrained (wt¥)
Alp03 in SO3-Free Ash in Starting Mid Char (wt%)
A1203 in S03-Free Ash in Ending Mid Char {wt%)
A1303 in SO3-Free Ash in Coal + Catalyst Feed (wt%)
A1303 in SO3-Free Ash in Char Withdrawn (wt%}
A1203 in $03-Free Ash in Char Entrained (wt%)

Ca0 in $03-Free Ash in Starting Mid Char (wt%)
Ca0 in S03-Free Ash in Ending Mid Char (wt%)

a0 in $03-Free Ash {n Coal + Catalyst Feed (wt%)
a0 in SD3-Free Ash in Char Withdrawn (wt%)

Ca0 in S03-Free Ash In Char Entrained (weg)

€1 1in S03-Free Ash in Starting Mid Char {wt%)

C1 in S03-Free Ash in Ending Mid Char (wt%)

1 in SO3-Free Ash 1in Coal + Catalyst Feed (wi%)

0.0
0.0
4.98
5.18
3.50
4.64
3.10
0.04
26.97
27.717
24.44
26.98
22.32
9.05
7.53
7.94
9.42
6.65
9.48
16.31
8.50
9.63
7.75
2.20
2.20
1.3
1.84
t.21
DAY
0.17
0.035

Measured Reconciled

0.00
0.00
5.01
5.08
3.58
“4.43
3.1
0.04
26.91
27.23
24.59
25.18
22.73
8.56
7.86
7.55
9.48
6.81
9.75
9.88
8.76
9.25
7.1
2.30
2,08
1.35
1.77
1.20
0.12
0.16
0.07

V828
V829
V836
va37
vaa
V842
ve43
va98
v8gs
V903
Vg4
V905
V916
Y917
¥921
vgz2
V923
V925
V926
V930
v931
ve32
V813
v8ia
ysig
v819
V820
v805
v80a
V810
Vg1

YIELD PERIOD 211
PROCESS VARIABLES

€1 in SO3-Free Ash in Char Withdrawn (wtX)

€1 in 503-Free Ash in Char Entrained (wt%)

Acid Sol. Nap0 in Gasifier Starting Mid Char {wt%)
Acid Sol. Naz0 in Gasifier Ending Mid Char (wt¥)
Acid Sol. Na20 in Coal + Catalyst Feed (wt%)

Acid Sol. Naz0 in Char Withdrawn (wi%)

Acid Sol. Nag0 in Char Entrained {wt%)

Mg0 in SO3-Free Ash Starting Mid Char {wt%)

Mg0 in 503-Free Ash in Ending Mid Char (wt%)

Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt%)
Mg0 in SO3-Free Ash in Char Withdrawn (wt%)

Mg0 in SO3-Free Ash in Char Entrained (wt)

Ti07 in $03-Free Ash in Starting Mid Char (wt%)
Ti02 in S03-Free Ash in Ending Mid Char (wt%)
Ti0; in S03-Free Ash in Coal + Catalyst Feed (wt2)
Ti02 in S03-Free Ash in Char Withdrawn (wt%)
T102 in S03-Free Ash in Char Entrained {wt%)
P205 in SO3-Free Ash in Starting Mid Char (wt%)
Polls in SD3-Free Ash in Ending Mid Char (wt%)
P205 in S03-Free Ash in Coal + Catalyst Feed (wt%)
Pa05 in S03-Free Ash in Char Withdrawn (wt%)
P20 in SO3-Free Ash in Char Entrained (wt%)

N in Starting Mid Char (wt3)

N in Ending Hid Char {wt%¥)

N in Coal + Catalyst Feed (wt%)

N in Char Withdrawn (wt%)

N in Char Entrained (wt¥)

0 {a Starting Mid Char {(wt%)

0 in Ending Mid Char (wt%)

0 in Char Withdrawn (wt%)

0 in Char Entrained (wt%)

0.13
0.21
0.45
0.59
0.12
0.51
0.41
0.56
0.48
0.48
0.54
0.40
0.36
0.39
0.41
0.38
0.47
0.30
0.30
0.17
0.37
0.09
0.14
0.24
0.98
0.23
0.22
9.21
9.28
§.58
6.30

Measured Reconciled

0.12
0.20
0.51
0.48
0.13
0.47
0.39
0.53
0.50
0.46
0.55
0.51
0.37
0.38
0.42
0.37
0.47
0.32
0.27
0.18
0.35
0.03
0.14
0.24
0.98
g.23
0.22
9.25
9.05
7.91
6.37
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RECONCILED DATA
YIELD-PERIOD 212
UNIT_OPERATIONS

Time _Date
From 7:30 4-25-77
To 7:30 4-26-77
Duration 24 Hrs
Percent of Time on Stream
Coal Feed 94
Steam 95
Syngas 99

Gasifier Process Temperatures

Gasifier Bed Height {ft) Gasifier Temperature (°F)

43.2 1257
38.4 1280
32.1 1309
26.6 1m
21.2 1293
16.0 1288
10.9 1272
6.4 1247
0.4 - 1126

YIELD PERIOD 212
UNIT PROCESS VARIABLES

Unit Temperatures

Lockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
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 7 :ttom

Gasifier Backend
Cyclone Inlet
Filter Inlet

Scrubber Inlet
Scrubber Qutlet

Product Gas Meter

Unit Pressures

Lockhopper ?
Gasifier Feed Line
Bypass N2

Syngas In

Gasifier
Gastfier Top
Gasifier Bottom

Rough Cut Cyclone Outlet
Filter Outlet
Scrubber Qutlet

Product Gas Meter

Process, °F Metal, °F
272 284
266 224
292 283
213 368
686 943

1085 1193
1280 1357
1126 173
1265 1313
983 1020
888 1046
895 992
812 1040
774 1040
1033
170 1033
- 614
- 583
469 472
78 -
92 -

Psia

116.
17.
158.
162.

13,
nz.

112.
13,
13,

114,

-y LN R RT, ]

-~ o .0
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YIELY PERIOD 212
FLUID-SOLIDS DATA

Gasifier Fluidized Bed Properties

Bed Bottom Density (1bs/cf)

Bed Top Density (1bs/cf)

Bed Average Density (Ibs/cf)

Bed Height (ft)

Bed Holdup {1bs}

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 (ACEH)

Inlet Gas Velocity i(ft/sec)

Solids Entering (Ibs/hr)

Dust Loading (1bs/dcf)

Solids Captured (1bs/hr)

Solids Escaping (1bs/hr)

Overall Efficiency (Captured/Entering, W&.%)

Solids_Carryover Loss

Coal + Catalyst Feed (1bs/hr)
Total Carryover {1bs/hr)
Cyclone (1bs/hr)

Fitter {lbs/hr)}
Carryover/Feed (Wt.%)

Solids_Carbon Loss
Carbon in Feed (1bs/hr)

Carbon in Carryover [ibs/hr)
Carryover/Feed (Wt.%)

g
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YIELD PERIOD 212
UNIT CONVERSIONS

Carbon Consumption

Carbon in Feed* {1bs/hr})

Carbon from Devolatilization** of Feed Coal {1bs/hr)
Carbon Gasified (by difference; {1bs/hr}

Total Carbon Converted (1bs/hr

Carbon Conversion (C Converted/C in Feed}

Gasification Only (%)
Total, Including Devolatilization (%)

Carbon Distribution

Total Converted (%)

Entrained (%}

Withdrawn (%)

Accumulated (%)

Conversion (Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr)
Including Devolatilization

Steam Consumption

Steam into Unit (1bs/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 (1bs/1bs)
Carbon Converted/Steam Fed (mol/mol)
Carbon Converted/Bed Volume (1bs/hr)/cft
Carbon Converted/Bed Volume (mol/hr)/cft
Carbon in Bed/Steam Fed 1bs/{1bs/hr)}
Carbon in Sed/Steam Fed mo1/(mol/hr)

*Excludes carbon in catalyst
*xf\ssumed from standard ASTM devolatilization test of feed coal

22.80
7.12
10.9¢

3.2

0.208
0.312
0.686
0.057
1.261
1.892
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YIELD PERIOD 212
YIELD PERIOD 212
SOLIDS COMPOSITION
UNIT COMPOSITIONS
Catalyst Distribution* Ultimate Analysis
Gasifier Char
_ Nt Feed Top Hid Bottom  Entrained WX of Total Solids, Dry
i
X as K0 10.6 27.4 27.1 27.1 26.0 —-Component —Feed Solids WD Entrained
K as K2C03 15.6 40.2 39.8 39.7 38.1 H n 1.01 0.50
K as K 8.8 22,7 22.5 22.5 21.6 C 0.4 27.1 1.3
K Water/Acid, 0.851 0.785 0.759 0.735 0.832
Soluble Ratfo S 3.6 5.0 2.9
K20, H20-Insoluble 1.6 5.9 6.5 7.2 4.4 0 11.6 10.5 10.6
k2003, H20-Insoluble 2.3 8.6 9.6 10.5 6.4 N 1.05 0.21 0.26
K,H20-Insoluble 1.3 4.9 5.4 6.0 3.6
Carbon 60.4 3.7 1.0 27.8 43.3 3 0.06 0.14 0.17
K on Carbon 14.6 7.8 72.7 80.9 49.8 503-Free Ash 19.6 55.5 42.3
ASTM Ash 28.2 65.4 65.4 68.5 51.0 Total 100.0 100.0 100.0
K on Ash 31.3 4.8 3.4 32.8 42.3
K203 Free-Ash 12.3 24.5 24.9 28.1 1.9
K on K2€03 Free-Ash 7.9 92.9 90.2 79.8 181.2 Solids Flow Rate 16.89 3.34 3.56
{1bs/hr)
Size Distribution Cunulative WEE L Than Mesh S
- z
ry s‘." stive s gs3 s an s s 5 s s Ash _Element Analysis
Feed Coal + Catalyst 3.3 4.8 16.5 48.1 85.1 96.9 99.9 Wtx of SO3-Free Ash
. . . . 74.4 . .
Top Char 1.4 3.9 19.2 45.4 4 88.5 100.0 S102 ] 24,3 27.7 20.1
Mid Char 2.8 4.4 18.0 46.5 78.1 95.0 100.0
Bottom Char 1.7 1 9.3 32.1 729 90.9  99.9 Fea03 8.5 9.6 7.2
Cyclone 54.9 76.2 90.4 96.5 98.9 99.9 100.0 Al203 8.7 9.9 7.2
Filter 90.5% 91.3 93.9 97.3 99.1 99.7 100.0 Cad 2.06 2.45 1.73
Volume/
o1 Number Surface Weight Bulk Dengit Mg0 0.49 0.62 0.40
Partic) ameter (Microns) Mea 1bs/ef
article Dlameter (Mc Mean_ n_Mean 110, 0.39 0.81 0.41
Feed Coal + Catalyst 28 19 379 47.9
Mid Char 29 199 N2 22.5 Na20 0.89 0.67 1.26
Bottom Char 30 256 495 25.7 K20, Catalyst 54.29 48.22 61.45
Cyclone 23 33 73
Filter 2 24 8 Total 100.0 100.0 100.0
*Based on acid soluble analysis
» -




YIELD PERIOD 272 YIELD PERIOD 212
PRODUCT GAS DATA PRODUCT GAS DATA
Product Gas Partial Pressures at Gasifier Exit Unit Gas Yields
Product Gas {Dry), Mol
Hp 51.3
Total Pressure, psia 113.5 o 13.6
€02 13.9
Ha 47.2 CH4 11.7
. H2S 0.4
co 12.5 N2 10.1
CHy 10.8 Product Gas {Dry, No-Free)
Hg 57.0
(K1 7] 12.0 co 15.1
€02 14.5
HzS . 0.3 CH4 13.0
H2S 0.4
Ha0 ) ’ 21.5
Product Gas
N2 9.3 H2 41.6
co 11.0
H20/C0 . 1.7 €02 10.5
CHg 9.5
H20/C0 1.8 H! 0.3
Ha0 18.9
N2 8.2 -
Product Gas (Nz-Free)
’ Hz 45.3
Unit Gas Data o 12.0
EE—— €07 1.4
Syngas MWT, Tbs/mol 8.8 CHg . 10.3
H2S 0.3
Product Gas MWT {dry), 1bs/mol 15.4 Hp0 20.7
Product Gas SCFH CHa/1b C Active Bed 4.3
At D™ (dr;y). SCFH 1062.8 SCFH CHg/1b C Feed 12.2
(Dry, Np-Free), SCFH 955.8 ’ Moles CHg/mole C Feed 0.39
At Gasifier Outlet, SCFH 1311.2
{Includes N2 + H20) React Corresponding
eaction
?fnﬁ?f,}geﬁz"‘:t},’;ﬁ; ACFH 560.6 Equilibrium at Actual Equilibrium
At Gasifier Outlet. SCFH 1200.2 Active Bed Temp Equi'libr}um TGW‘PEPWN
1 u » . (1286,4°F) Expression (°F)
(Excludes Np) Equilibrium Constants tXxpression
At Gasifier Qutlet, ACFH 514.9 Graphite-H20: C + Hp0 = CO + H2 1.5795 1.8683 1304.0
{Excludes N2) Shift: €O + Hp0 = CO2 + H2 1.5776 2.0949 1178.6
Methanation: CO + 3Hp = CH4 + Hz0 0.0862 0.0381 1339.0
Overall: 2C + 2Hz0 = CHg + COp 0.3393 0.2725 -
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Element Balances

Input_(Lbs/Hr}:
YIELD PERIOD 212 Coal + Catalyst**
MATERIAL BALANCES Gasifier Steam

Gasifier Syngas

Overal} Materfal Balance Total
ingut: Lbs/MHr Qutput: Lbs/Hr output:
Conl Feed {ex N2) 16.72 Product Gas (ex Np) 35.24 Product Gas
Casifier Steam 22.80 Product Gas Np 7.91 Product Water
Gasifier Syngas 14.28 Product Yater 11.81 Char Entrained
Char Entrained 3.56 Solids Withdrawn
Solids Withdrawn .34 Total
Total {(ex Np) 53.80 Total (ex Mp) 53.95 Accumulation:
Accunulation: -0.15 Closure
(Out + Accum)/in, %
Closure: (Output + Accum)/Input, T 100.0
Synthesis Gas Balance Catalyst Balance
Input: _SCFH_ Qutput: LSCEH_ Input (Lbs/Hr):
Gasifier Syngas 617.9 Haz + €O in Product Gas 689.5 Coal + Catalyst
Hy FolX 781 Hy Mol% 51.3 OQutput:
C0 MolX 25.9 €O Mol% 13.6 Char Entrained
Balance: (Output/Input), ¥ 111.6 Product Water
Solid Withdrawn
Total
Accumulation:
Closure

(out + accum)/1n, %

YIELD PERIOD 212

MATERIAL BALAMCES

“Carbon balance excludes catalyst carbonote
** xcludes carbon and oxygen in catalyst

Carbon” Hydragen Oxygen Sulfur
10.21 0.63 1.95 0.609
- 2.55 20.25 -
5.08 2.43 6.76 -
15.29 5.61 28.96 0.609
12.90 4.24 17.77 0.320
0.0 1.32 10.43  0.004
1.54 0.02 0.38 Q.103
0.02 0.03 0.35 0.167
15.37 5.61 28.99 0.594
-0.08 0.0 -0.03  0.015
100.0 100.0 100.0 100.0

AcidKSol. Hate:So!.
1.49 1.27
0.77 0.64
0.0 0.0
0.74 0.55
1.5t 1.19

-0.02 -0.08
100.0 87.6
L ] -

Chlorine
g.010

0.010

0.006
0.005
0.0n

-0.001
100.0
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Ash Balances

Input (Lbs/Hr):
Coal + Catalyst

Output:
Entrained Char
Solids Withdrawn

Total

Accumulation:

Closure
(out + accum)/in, %

Ash Element Balance

Input {Lbs/Hr):

Coal + Catalyst

Qutput:
Entrained Char -
Solids Hithdrawﬁ
Total
Accumulation:

Closure
(out + accum)/in, ¥

YIELD PERIOD 212
MATERIAL BALANCES

ASTM Ash Reg4gue
4.76 3.85
1.81 1.76
2.30 2.10
4.12 3.85
0.65 0.0

100 100

Si0z Fep03 Alp03 _Cad

0.806 0.283 (.288 0.068

0.303 0.109 0.109 0.026
0.513 0.178 0.183 0.045
0.812 0.287 0.292 0.07%

~0.010 -0.004 ~0.004 -0.003 -0.001

100 100 100 100

100

S03-Free S03-Free
ASTM Ash C/H Residue

3.31 2.60

1.51 1.40

1.85 1.54

3.36 2.94
-0.05 -0.34

100 100
M0 _S03 _Map0 Ti0z P205
0.016 1.460 0.029 0.013 0.09
0.006 0.275 0.019 0.006 0.002
0.012 0.452 0.012 0.008 0.009
0.018 0.727 0.031 0.014 0.011

0.162 -0.002 -0.001 -0.002
61 100 100 100

Mole Balance

Gas Input

H2 (1.207}
Co §0.423
H20 1.205
Total (2.895)
Solids Input
Coal + Cat Feed

Total Input

Gas Qutput
Product Gas

Hs (1.438)
C (0.382)
€02 {0.365)
CHa {0.328)
H2S 20.070)
Hz0 0.656)
Total (3.179)

Solids Qutput

Char Entrained

Char Samples Withdrawn
Char Accumulation
Total Solids

Total Output +
Accumulation

YIELD PERIOD 212
MATERIAL BALANCES

Lb-Moles/Hr
H 0

C S

- 2.415 - -
0.423 - 0.423 -

- 2.531 1.265 -
0.423 4.946 1.688 -

% H 0 S K
0.850 0.622 0.122 0.019 0.038
1.273 5.568 1.810 0.019 0.038

¢ H 0 )

- 2.875 - -

0.382 - 0.382 -
0.365 - 0.729 -
0.328 1.312 0.0 -

- 1.311 0.656 -

- 1.31 0.656 -
1.074 5.519 1.767 0.010

C H 0 S K
0.129 0.018 0.024 0.003 0.020
0.077 0.033 0.022 0.005 0.019

-0.007 -0.002 -0.002 0.0 0.0
0.199 0.049 0.044 0.009 0.038
1.273 5.568 1.810 0.019 0.038
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“IELD PERIOD 212
PROCESS VARIABLES

YICLD PERIG) 212
PROCESS VARIABLES

Measured Reconciled

Measured Reconciled

V100 Gasifier Steam (1bs/hr) ?2.81 22.80 V3o C/H Residue in Char Withdrawn (wt%) 62.66 62.73
V111 Char Withdrawn (1bs/hr) 3.34 3.34 V320  C/H Residue in Gasifier Starting Mid Char (wt%) 61.63 51.51
V165 H in Char Entrained (wt%) 0.50 0.50 V321 C/H Residue in Gasifier Ending Mid Char (wt%) 63.69 63.81
V166 H in Char Withdrawn (wt%) 1.00 1.01 V333 S03-Free ASTM Ash in Feed Coal + Catalyst (wt%) 19.76 19.58
Y168 H in Coal + Catalyst Feed {wt%) N 3N V334 S03-Free ASTM Ash in Char Entrained (wty) 43,05 42.29
ARK] H in Gasifier Starting Mid Char (wt%) 0.48 .48 V336 S03-Free ASTM Ash in Char Withdrawn {wtX) 55.07 £5.46
V174 H in Gasifjer Ending Mid Char {wt%) 0.44 0.44 V337 S03-Free ASTM Ash in Starting Mid Char (wtX) 53.27 S1.88
V183 (0 in Syngas (mol%) 26.10 25.93 V338  S03-Free ASTM Ash in Ending Mid Char (wt%) 52.27 52.52
Vi85 Acid Sol. K20 in Coal + Catalyst Feed (wt%) 10.51 10.63 ¥350 503-Free C/H Residue in Feed Coal + Catalyst (wt%) 14.11 15.38
V188 0 in Coal + Catalyst Feed {wt%) 11.54 11.56 ¥351 S03-Free C/H Residue in Char Entrained (wtX) 41.58 39.25
V193 H2 in Syngas (mol%) 72.90 73.07 V353 S03-Free C/H Residue tn Char Withdrawn (wtX) 49.24 46.17
V205 C07 in Product Gas (mol%) 13.00 13.00 ¥354 S03-Free C/H Residue in Starting Mid Char {wtX) 50.62 54.47
va207 CHg fn Product Gas (mol%) 1n.70 11.70 V355 S03-Free C/H Residue in Ending Mid Char (wt%) 51.47 47.63
y208 C0 in Product Gas (mo)%) 13.40 13.81 vao7 Coal + Catalyst Feed (1bs/hr) 17.30 16.90
v2iz H2 in Product Gas {mol%) 51.60 51.27 ya73 Char Entrained (1bs/hr) 3.56 3.56
V214 N2 in Product Gas (mol%) 10.10 10.06 V495 Carbon in Feed Coal (wt%) 60.24 60.43
V215 H2S in Product Gas (mol%) 0.3% 0.36 V498 Carbon in Char Entrained {wt%) 42.65 43.34
V222 Carbon fn Char Withdrawn (wt?%) 27.77 27.67 F3a4 Syngas Flow Meter {CFH) 59.51 59.30
vez7 Acid Sol. X20 in Char Entrained (wt¥) 25.87 25.98 £385 Product Gas Flow Meter (CFH) 140.52 145.46
V232 Acid sol. K20 ¥n Char Withdrawn (wt%) 27.06 26.74 PGKO Product Gas Condensate {(1bs/hr) 0.00 11.46
v2s7 Carbon in Gasifier Starting Mid Char (wt%) 30.95 32.20 U(114) Starting Bed aP (B-A) (in Hg) 3.00 2.99
V258 Carbon in Gasifier [nding Mid Char (wt%) 31.52 31.31 LU(115) Starting Bed AP (C-B) (in Hg) 2.10 2.10
V265  Acid Sol. K20 in Gasifier Starting Mid Char (wt%) 26.07 27.38 U(116) Starting Bed 4P (D-C) (in Hg) 1.20 1.20
V266  Acld Sol. K20 in Gasifier Ending Mid Char {wt%) 27.69 27.84 U(117) Starting Bed aP (F-E)} {in Hg) 0.00 0.00
v289 ASTM Ash in Char Entrained (wt¥) 50.75 50.96 U(118) Starting Overall Bed 4P (F-A) (in Hg) 7.50 7.49
V292 ASTM Ash in Char Withdrawn (wtZ) 68.49 68.85 U{(119) Ending Bed aP (B-A) (1n Hg) 2.90 2.91
V293 ASTM Ash in Feed Coal + Catalyst {wt%) 28.49 28.17 u(120) Ending Bed aP (C-B) (in Hg) 1.90 1.90
V294 C/H Residue in Feed Coal + Catalyst (wt¥) 22.84 22.79 U{121) Ending Bed AP {D-C) (in Hg) 1.20 1.20
¥295 (/M Residue in Char Entrained (wt%) 49.28 49.33 U(122) Ending Bed AP (F-E) (in Hg) 0.00 0.00
V306  ASTM Ash in Gasifier Starting Mid Char (wt%) 64.28 54.77 U(123) Ending Overall Bed 4P (F-A) (in Hg) 7.20 7.22
V307  ASTM Ash in Gasf{fier Ending Mid Char (wt%) 64.49 73.72 EDD(1) Starting Bed AP (€-0) {in Hg) 1.20 1.20




YIELD PERIOD 212
PROCESS VARIABLES

YIELD PERIGD 212
PROCESS VARIABLES

Measured Reconciled

Measured Reconciled ¥828 €1 in SO3-Free Ash in Char Withdrawn (wtX) 0.13 0.14

EDD{6) Ending Red AP (E~-D) (1n Hg) 1.20 1.20 yaz9 €1 in SO3-Free Ash in Char Entrained (wt%) 0.16 0.17

0POST  Deposits Accumulated on Gasifier Walls {1bs) 0.00 0.00 . V836  Acid Sol. Nap0 in Gasifier Starting Mid Char (wtX) 0.43 0.4}

V280 S in Gasifier Starting Mid Char {(wt%) 4.08 4,06 V837  Acid Sol. Nag0 in Gasifier Ending Mid Char (wt%) 0.37 0.39

vzsl S in Gasifier Ending Mid Char {wt%) 4.60 4,61 '7:7.9] Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 0.19 0.18

V187 S in Coal + Catalyst Feed wt%) 3.63 3.60 v842 Acid Sol. Na20 in Char Withdrawn (wti) 0.36 0.37

V246 S in Char Withdrawn {(wt%) 5,03 4,99 v843 Acid Sol. Na20 1n Char Entratned (wtX) 0.51 0.53

Y244 S in Char Entrained {wt%) 2.87 2.88 V898  Mg0 in S03-Free Ash Starting Mid Char (wt¥) 0.64 0.62

V243 S in Product Gas Condensatas (wt%) 0.04 0.04 V899 Mg0 in SO3-Free, Ash in Ending Mid Char {wt%) 0.56 0.57

V862 S102 in S03-Free Ash in Starting Mid Char (wt%) 26,11 26,39 V903 Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.51 0.49

V863  Si02 in S03-Free Ash in Ending Mid Char (wt%) 26.50 26.52 V904  Mg0 in SO3-Free Ash in Char Withdrawn (wt%) 0.61 0.62

' V867  §$102 in SO3~Free Ash in Coal + Catalyst Feed (wt%) 248.27 24.34 V905  Mg0 in SO3-Free Ash in Char Entrained (wt) 0.39 0.40
n ve68  S$102 in 503-Free Ash in Char Withdrawn (wt%) 28.21 27.67 ¥916  TiDz in SO3-Free Ash in Starting Mid Char (wt%) 0.45 0.44
3 Y869 3102 in S03-Free Ash in Char Entrained (wt%) 20.03 20.14 Y917  Ti02 in SO3-Free Ash in Ending Mid Char (wt%) 0.40 0.4
s V871 Fe203 in SO3-Free Ash in Starting Mid Char (wi%) 7.7 7.82 V921  Ti0p in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.40 0.37
V872 Fep03 in SO3-Free Ash in Ending Mid Char {wt%) 7.90 7.81 V922  Ti02 in SO3-Free Ash in Char Withdrawn (wt%) 0.40 0.41

V876  Fe203 1n SO3-Free Ash in Coal + Catalyst Feed (wt%) 8.37 8.55 Y923 T102 in 503-Free Ash in Char Entrained {wt%) 0.40 0.41

Y877  Fez03 in S03-Free Ash in Char Withdrawn (wi%) 9.81 9.61 V925  P205 in S03-Free Ash in Starting Mid Char (wt%) 0.34 0.34

V878  Fep03 in S03-Free Ash in Char Entrained (wt%) 7.28 7.24 V926 P205 in S03-Free Ash in Ending Mid Char (wt%) 0.25 0.25%

Y880 A1203 in 503-Free Ash in Starting Mid Char (wt%) 9.29 9.37 V930 P205 1n S03-Free Ash in Coal + Catalyst Feed (wt%) 0.29 0.28

va81 A1203 in SO3~Free Ash in Ending Mid Char {(wt%) 9.45 9.41 ' Va3l P205 in SO3-Free Ash in Char Withdrawn (wt%) 0.48 0.47

Y885  Alz03 in S03-Free Ash in Coal + Catalyst Feed {(wt%) 8.63 8.70 y932 P20g in S03-Free Ash in Char Entrained (wt%) 0.15 0.15

vess A1203 in S03-Free Ash in Char Withdrawn (wt%) . 9.97 9.86 V813 N in Starting Mid Char (wt%) 0.18 .18

¥887  Al203 in $03-Free Ash in Char Entrained (wt%) 7.24 7.24 y814 N in Ending Mid Char {(wt?%) 0.21 9.21

¥889  €al in SO3-Free Ash 1n Starting Hid Char (wt%) 1.38 1.42 ¥y818 N in Coal + Catalyst Feed (wt%) 1.05 1.05%

V890 a0 jn SO3-Free Ash in Ending Mid Char (wt%) 1.33 1.29 V819 N in Char Withdrawn (wt¥) 0.21 0.21

y8e4  ¢a0 1n S03-Free Ash in Coal + Catalyst Feed (wt3) 1.93 2.06 V820 N in Char Entrained (wt%) 0.26 0.26

v895 Ca0 in S03-Free Ash in Char Withdrawn (wty) 2.60 2.45 v805 0 in Starting Mid Char (wt¥) 10.90 11.09

Y896  €ald in SO3-Free Ash in Char Entrained {wt%) 1.77 72 y806 0 in Ending Mid Char {wt%) 10.81 10.75

¥322 €1 in SO03-Free Ash in Starting Mid Char {(wt%) ' 0.17 0.16 ¥810 0 in Char Withdrawn {(wt%) 10.80 10.53

¥823  ©1 in 503-Free Ash in Ending Mid Char (wt¥) 0.5 0.16 V811 0 in Char Entrained (wt%) 10.52 10.56

y827 C1 in S03-Free Ash in Coal + Catalyst Fezed {wt¥%) 0.07 0.06




RECONCILED DATA

YIELD-PERIOD 213
UNIT OPERATIONS

_Time _Date
From 7:30 6-3-77
To 7:30 6-4-77
Duration 24 Hrs
percent of Time on Stream
! Coa) Feed 98
n
g Steanm 100
1 Syngas 100
Gasifier Process Temperatures
Gasifier Bed Height (ft) Gasifier Temperature (°F)
43.2 1139
38.4 1144
2.1 1307
26.6 1342
21.2 1312
16.0 1317
10.9 1305
6.4 1287
0.4 1220

Unit Temperatures

Lackhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
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
Filter Inlet

Scrubber Inlet
Scrubber Qutlet

Product Gas Meter

Unit Pressures

Lockhopper 2
Gasifier Feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Outlet
Filter Qutlet
Scrubber OQutlet

Product Gas Meter

YIELD PERIOD 213
UNIT PROCESS VARIABLES

Process, °F Metal, °F
294 305
289 255
297 343
214 277
733 990
882 964

1307 1360
1220 1236
1299 1338
919 995
838 1030
585 1009
438 1022
779 1041
1057
1189 989
- 551
- 487
439 433
89 -
100 -
Psia
115.3
116.7
160.7
163.7
113.7
116.3
113.2
113.7
11,7
114.7



= Ghe -

YIELD PERIOD 213
FINID-SOLIDS DAYA

Gasifier Fluidized Bed Properiies

Bed Rottom Density (lbs/=f)

Bed Top Density {dhs/c7)

Bed Average Density (1h3/cf)

Bed Height (ft)

3ad Holdup (1bs)

Bed Volume (cf)

Average Bed Temperature (°F)

Space Velocity {bed) (cf/cf/hr)
Bottom Superficial Velocity (ft/sec)
Top Superficial Velocity {ft/sec)

Cycione Performance

Temperature (°F)

Pressure (psia)

Inlet Gas Rate $SCFH)

Inlet Gas Rate (ACFH)

Inlet Gas Velocity (ft/sec)
So0lids Entering (ibs/hr)
Dust Loading (1bs/acf)
Solids Captured {lbs/hr
Solids Escaping (1bs/hr

Overall Efficiency (Captured/Entering, Wt.%)

Solids Carryover Loss

Coal + Catalyst Feed {1bs/hr)
Total Carryover (lbs/hr)
Cyclone (1bs/hr)

Filter (1bs/hr)
Carryover/Feed (Wt.%)

Solids Carbon Loss

Carbon in Feed {lbs/hr)
Carbon in Carryover (lbs/hr)
Carryover/Feed (Mt.%)

—

Ot Oi N O O O
.

~NHe .

-
W
R L

OBBNONN &S

oo

10.97
1.24
1.12
0.12

11.3%

YIELD PERIOD 213
UNIT _CONVERSIONS

Carbon Consumption

Carbon in Feed* (lbs/hr)

Carbon from Devolatilization** of Feed Ccal {lbs/hr)
Carbon Gasified (by difference) (1bs/hr)

Tntal Carbon Converted (1bs/hr)

Carbon Conversion (C Converted/C in Feed)

Gasification Only (%)
Total, Including Devolatilization (%)

Carbon Distribution

Tatal Converted ()

Entrained (%)

Withdrawn (3}

Accumulated (%)

Conversion (Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr)
Including Devolatilization

Steam Consumption

Steam into Unit (1bs/hr)

Steam Reacted with Carbon (1bs/hr)
Total Steam Consumed (lbs/hr)

Steam Conversion (Steam Consumed/Steam into Bed)

Gasification* (%)
Total Steam Converted (%)

Reaction Rate Parameters

Carbon Converted/Steam Fed (1bs/1bs)
Carbon Converted/Steam Fed (mol/mol)
Carbon Converted/Bed Volume (1bs/hr)/cft
Carbon Converted/Bed Volume (mol/hr)/cft
Carbon in Bed/Steam Fed ibs/(ibs/hr)
Carbon in Bed/Steam Fed mol/{mol/hr)

*Excludes carbon in catalyst

0.221
0.332
0.518
0.043
1.339
2.009

**Assumed from standard ASTM develatilization test of feed coal
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Catalyst Distribution*

Li1]

K as K20

K as K2003

K as K

K Water/Acid,
Soluble Ratio

K20, H20-InsoTuble
K2€03, Hp0-Insoluble
K,H20-Insoluble
Carbon

K on Carbon

ASTM Ash

K on Ash

X2(03 Free-Ash

K on K2C03 Free-Ash

Size Distribution

feed Coal + Catalyst
Top Char

Mid Char

Bottom Char

Cyclone

Filter

YIELD PERIOD 213
UNIT_COMPOSITIONS

Gasifier Char
M

Particle Diameter (Microns)

Feed Coal + Catalyst
Top Char

Mid Char

Bottom Char

Cyclone

Filter

Feed “Top 1d ttom Entrained
10.9 29.9 30.5 29.7 32.1
16.0 43.9 44.8 43.6 471
9.1 24.8 25.3 24.6 26.6
0.683 0.773 0.772 0.692 0.867
3.5 6.8 7.0 9.1 3
5.1 10.0 10.2 13.4 3
2.9 5.6 5.8 7.6 .6
59.0 31.3 30.3 28.2 36.5
15.4 79.3 83.7 87.4 73.0
28.5 65.5 65.6 69.3 58.3
31.9 37.9 8.6 35.5 45.7
121 20.6 19.8 24.8 10.2
75.0 1201 128.3 99.3 261.4
Cumulative Wt$ Less Than Mesh Size
T25 Wesh 200 Mesh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh
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
11 4.0 9.0 28.7 67.2 90.6 100.0
51.% 97.4 99.4 99.7 99.8 99.6 100.0
Volume/
Number Surface Weight Bulk Density
_Mean _Mean = _Mean __lbslef
30 206 423 50.8
26 120 352 20.4
29 167 301 1.3
34 279 522 23.7
24 32 a5

*Based on acid soluble amalysis

YIELD PERIOD 213

SOLIDS COMPOSITION

Ultimate Analysis

Wt% of Total Solids, Ory

Component ___Feed Solids W/D Entrained
H 3.58 0.39 0.01
C 59.0 28.2 36.5
S 3.8 5.0 3.2
0 133 9.5 9.3
N 1.05 0.21 0.34
ct 0.08 0.22 0.26
S03-Free Ash 15.4 56.5 50.4

Total 100.0 100.0 100.0
Sol1ds Flow Rate 10.85 2.56 1.24
(1bs/hr)

Ash Element Analysis
Wty of SQ3-Free Ash

S102 25.1 27.3 20.2
Feg03 7.3 7.6 7.1
1203 8.0 9.1 5.9
ca0 1.00 0.99 L
Mgo 0.49 0.52 0.35
Ti0; 0.40 0.37 0.38
P205 0.25 0.26 0.16
Na20 0.9 0.95 1.15
K20, Catalyst 56.53 52.93 63.66

Total 100.0 100.0 100.0
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YIELD PERIOD 213
PRODUCT GAS DATA

Total Pressure, psia
Hz
co
CHy
€02
H2S
Ha0
N2
H20/C0
H»0/C02

Unit Gas Rata

Syngas MHT, 1bs/mol
Product Gas MWT (dry). 1bs/mo?l
Product Gas

At DTM (dvy), SCFH

(Drys No-Free), SCFH

At Gasifier Outlet, SCFH
{Includes N2 + Hz0)

At Gasifier Qutled
(Inclndas Nz + Hzﬂi
At Gasifior Dutlet, SCFH
{Excludas N2}

ACFR

ACFH

Product Gas Partial Pressures at Gasifier Exit

113.7
53.7
14.6
10.5
12.2

0.3
17.0
1.2
1.4

Wit g

Lath

1

| Reproduced from
best available copy

YIELD PERIOD 213
PRODUCT GAS DATA

tinit Gas Yields

Proﬁuct Gas (Dry), Mol¥
2

€0

02

CHa

H2S

N2

Proguct Gas (Dry, Na-Free)
2

co

€02

CHa

H2S

Product Gas
Hz
co
e
Hzg
Ho0
N2

Product Gas (Hp-Free)

Hz

€0

€02

CHy

K28

Hz0
SCFH CHa/1b C Active Bed
SCFH CHa/th C Feed

Moles CHg/mole C Feed

Reaction
Equiiibrium at
Active Bed Temp

1311.7°F

_ . _bauiTihrfes Gonstades (1311.7°F)
Sraghin =il € % Mol -« 04 e 2.0u85
Shifes L0 + H20 = Gz - up 1.4837
Methaoation: €0 » Mz = {5 5 ;0 0.057%
Ovevetis A0 4 2Hal = CHy 4 002 RIS

—d d b (Y
SH.OONU'UI
SO ~n

—t— P ot and md ST
PEus®
WO

d
pRoLSNN
OO WN N

— ot f

e

H NOW=wWwD
o N e e s e
<o DWW N th

i5.2
0.48

Corrasponding

Actual | Equitibrina

Equitibrium Teny orature
Expression . (°F}

3.1389 IR
2.5382 [RIGENS
G.017 13¢50
1. 4407 -
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Qverall Materfal Baluncs

Input: Lha/Hr
Coal Feed (ex Mz) 10.85
Gasifier Steam 16,26
Gasifier Syngas 15.65

Total {&x W) N Y
Accumulation: -0

Quiput: Lbs/Hr
Produict Gas {2x MNz; 30.48
Product Gas iy 3.74
Product Natey /.58
Char Entrained 1.24
Solids Withd:awn 2.56

iotal (ex Np! 41,86

LClosure: (Outpes + AccumifIngut, ¢ 100

Input: SO
Gasifier Syngus 547.5
Hz Mol% i2.s
CO Mol% 27.5

Balance: (Output/irput), 5 98.8

Qutput: _SCRH
Hz *+ CO 1n Product Gas 640.0
Hz Mol% 55.5
£0 Mo'% 15.1

Element Balances
Input (Lbs/Hr):
Coal + Catalyst**
Gasifier Steam
Gasifier Syngas
Total
Output:
Product Gas
Product Water
Char Entrained
Solids Withdrawn
Total
Accumulation:

Closure
{Cut + Accum)/in, %

Catalyst Balance
Input (Lbs/Hr):
Coal + Catalyst
Output:
Char Entrained
Product Water
Sol{1d Withdrawn
Total
Accumulation:

Closure
(out + accum}/in ¢

YIELD PERIOG ¢13]
MATERIAL BAS WCES

*Carbon balance excludes catalyst carbonate
**txcludes carbon and oxygen in catalyst

Carbon* Hydrogen Oxygen Sulfur
6.47 0.39 1.44 0.420
- 1.7 13.55 -
5.64 2.50 7.51 -
12.11 1.60 27.50 0.420
11.07 3.74 15.43 0.249
- 0.85 6.73 0.003
0.45 0.0 0.12 0.040
0.72 0.01 0.24 0.127
12.24 4.60 22.52 0.418
-0.14 0.0 -0.01 0.002
100.0 100.0 100.0 100.0
lcidKSol. Hate’r(' Sol.
1.00 0.68
0.33 0.29
0.0 0.0
0.64 0.44
0.97 ' 0.72
0.03 0.003
100.0 1.0
v L}

£hlorine

0.009

0.003
0.006
0.009

0.0

100.0



Ash_Balances

Input (Lbs/Hr):

Coal + Catalyst

Qutput:
Entrained Char

Solids Withdrawn
Total

Accumulation:

- 62 -

Closure
(out + accum}/in, %

Ash Element Balance
Input (Lbs/Hr):
Coal + Catalyst

Qutput:
Entrained Char

Solids Withdrawn
Totatl
Accunulation:

Closure
(out + accum)/in, %

YIELD PERIOD 213
MATERIAL BALANCES

ASTM Ash  Recidue  ASIn Aon ¢/ s due

3.2 2.58 2.12 1.75

0.72 0.73 0.63 0.62

1.7 1.75 1.45 1.33

2.1 2.48 2.07 1.94

0.61 0.10 0.05 -0.19
$107_ Fepdy Mp03 a0 MO0 S0y _Map0 Tioz
0.533 0.155 0.170 0.021 0.010 0.972 0.919 0.009
0.126 0.045 0.037 0.007 0.002 0.092 0.007 0.002
0.394 0.105 0.132 0.014 0.008 0.328 0.010 0.005
0.520 0.154 0.169 0.02 0.010 0.420 0.017 0.008
0.013 0.002 0.001 0.0 0.001 0.121 0.002 0.00)
10 100 100 100 100 56 100 100

P205
0.005

0.001
0.004
0.005 .

0.001
100

YIELD PERIOD 213
MATERIAL BALANCES

Mole Balance

Lb-Motes/Hr
H 0

Gas Input 3 5
Ha (1.239) - 2.478 -
co (0.469) 0.459 0.0 0.469
H20 0.847 - 1.694 .  0.847 -
Total ( 0.469 4.172 1.316 ~
Solids _Input C H 4] S K
Coal + Cat Feed 0.539 0.330 0.090 0.013 0.025
Total Input

1.008 4.562 1.406 0.013 0.025
Gas Output
Product Gas '’ [ H 0 S
HB (1.327) - 2.655 - -
C (0.361) 0.361 - 0,361 -
o2 (c.301) 0.301 - 0.603 -
CHg {0.259) 0.259 1.035 - -
HaS {0.008) - 0.016 - 0.008
Hz0 (0.421) - 0.842 0.421 0.0
Total g.921 4.547 1.385 0.008
Solids Qutput C i} 4] S K
Char Entrained 0.038 6.0  0.007 0.001 0.008
Char Samples Withdrawn 0.060 0.010 0.015 0.004 0.016
Char Accumulation -0.011 0.005 -0.001 0.0 0.001
Total Solids 0.087 0.015 0.022 0.005 0.025
Total Qutput + 7.008 4,562 1.406 0.013 .0.025

Accumulation
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V100
vin
V165
V166
vies
V173
viza
vi83
vigs
v188
¥193
V205
V207
V208
V212
v2ia
ve1s
vazz
vez7
V232
v257
V258
V265
V266
V289
v292
V293
V29
V295
V306
vio7

YIELD PERIOD 213
PROCESS VARIABLES

Gasifier Steam (1bs/hr)

Char Withdrawn {1bs/hr)

H tn Char Entrained (wt%)

H fn Char Withdrawn (wt%)

H in Coal + Catalyst Feed {wtX)

H in Gasifier Starting Mid Char {(wt%X)

H in Gasifier Ending Mid Char (wt%)

€0 in Syngas (mol%)

Actd Sol. K20 in Coal + Catalyst Feed {wt%)
0 in Coal + Catalyst Feed (wt¥)

Hz tn Syngas {molX)

€07 in Product Gas (mol%)

CHg in Product Gas (mol%)

CO in Product Gas (mol%)

Hz in Product Gas (mol%)

N2 in Product Gas (mol%)

HpS in Product Gas (mol%)

Carbon in Char Withdrawn (wt1)

Acid Sol. K20 in Char Entrained (wti)
Acid sol. K20 in Char Withdrawn (wt%)
Carbon in Gasifier Starting Mid Char (wt%)
Carbon in Gasifier Ending Mid Char (wt%)

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

ASTM Ash in Char Entrained (wt%)

ASTM Ash in Char Withdrawn (wt?)

ASTM Ash in Feed Coal + Catalyst (wtX)

C/H Residue in Feed Coal + Catalyst (wt?)
C/H Residue in Char Entrained (wt%)

ASTM Ash in Gasifier Starting Mid Char (wt%)
ASTM Ash in Gasifier Ending Mid Char (wtX)

Measured Reconciled

15.
.56

29

o1l
39
58
06
23

5.58

.35
7

.67
.42
.14
.04
.53

.30
.76
.96
.47
.14
.00

15.

2.
.01
.39
.58
.06
.23
.48
.94
12
.52
.61
.83
Bk
.53

26
56

5.99

=]

.32
28.
32,
29.
31.
27.
29.
3.
58.
69.
.45
23.
58.
54,
78.

23
09
88
36
L1
24
s)
30
72

49
78
90
81

V310
V320
¥321
V333
V334
V336
V337
v33g
V350
V351
V353
V354
¥355
vao?
V473
V495
V498
F384
F385
PGKO
u(114)
u(115)
U116}
u(117)
u(118)
u{19)
u(120)
u(121}
u(122)
u(123)
EDD(1)

YIELD PERIOD 213

PROCESS VARIABLES

C/H Residue in Char Withdrawn (wt%)
C/H Restdue in Gasifier Starting Mid Char (wt%)
C/H Residue in Gasifier Ending Mid Char {wt®)

503-Free
S03-Free
S03-Free
503-Free
503-Free
S03-Free
503-Free
S03-Free
503-Free
503-Free

ASTM Ash fn feed Coal + Catalyst (wtX)
ASTM Ash in Char Entrained (wtX)

ASTM Ash in Char Withdrawn (wt%)

ASTM Ash 1n Starting Mid Char (wtX)

ASTM Ash in Ending Mid Char (wtX)

C/H Residue {n Faed Coal + Catalyst (wt%)
C/H Residue 1n Char Entrained (wti)

C/H Residue in Char Withdrawn (wt3)

C/H Residue in Starting Mid Char (wtl)
C/H Residue in Ending Mid Char (wtX)

Coal + Catalyst Feed (1lbs/hr}
Char Entrained (1bs/hr)

Carbon in feed Coal (wt¥%)
Carbon in Char Entrained (wt%)
Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFH)
Product Gas Condensate [1bs/hr)

Starting
Starting
Starting
Starting
Starting

Bed AP (B-A) (in Hg)
Bed AP (C-B) (in Hg)
Bed AP (D-C) (in Hg)
Bed AP (F-E) (in Hg)
Overal) 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 (F-E) (in Hg)

Ending Overall Bed AP (F-A) (in Hg)
Starting Red AP (E-D) {in Hq)

13

50.
56.
54,
56.
.00
51.
54,
53.
55.
.06
.24

58.

36.

61.
129

15

il

O N OO NN D e oD

53
39
32

75
62
43
18

05
86
68
50

23
20
96

.92
.92
.40
.30
10
.00
.40
.40
.30
.90
.00
.20
.60

Measured Reconciled
67.
64.
67.
.80

68.39
63.13
68.66
13.35
50.42
56.45
53.36
56.98
16.00
49.75
51.75
57.00
52.06
10.97
1.24
58.98
36.47
62.17
126.16
.19
.39
30
0
.00
.39
a1

.90
.00
.22
.60

Q U O O =N N O —~ — N~
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END{6)
DPOST
V280
v28i
vig7
V246
V244
V243
V862
V863
V867
vaes
V869
Va7l
ye72
V876
va77
vara
V880
V881
vaas
vase
vaay
V889
Y880
V894
V895
V836
v822
V823
va27

YIELD PERIOD 213
PROCESS YARIABLES

Ending Bed 4P (E~D) (in Hg)

veposits Accumulated on Gasifier Walls (1bs)

S in Gasifier Starting Nid Char (wt¥)

S in Gasifier Ending Mid Char (wt%)

5 in Coal + Catalyst Feed wt%)

S in Char Withdrawn (wt%)

S in Char Entrained (wt¥)

S in Product Gas Condensate {wt%)

$i02 in S03-Free Ash in Starting Mid Char {wt%)}
§10p 1in S03-Free Ash in Ending Mid Char (wt%)

5102 in SO3-Free Ash in Coal + Catalyst Feed (wi%)
$i02 in 503-Free Ash in Char Withdrawn (wt%)

Si0z in SO3-Free Ash in Char Entrained (wt%)

Feg03 in S03-Free Ash in Starting Mid Char (wt%)
Feg03 in SO3-Free Ash in Ending Mid Char (wt%)
Fe203 in SD3-Free Ash in Coal + Catalyst Feed {wt¥)
Fep03 in S03-Free Ash in Char Withdrawn (wt2)
Fep03 in SO3-Free Ash in Char Entrained (wtg)
A1203 1n SO3~Free Ash in Starting Mid Char (wt®)
Al203 in $03-Free Ash in Ending Mid Char (wt%)
Al203 in SO3-Free Ash in Coal + Catalyst Feed (wi%)
A1203 in $03-Free Ash in Char Withdrawn (wt%)
Al203 in SO3-Free Ash in Char Entrained (wt%)

€a0 in SO3-Free Ash in Starting Mid Char (wt%)
Ca0 in S03-Free Ash in Endirg Mid Char {wt%)

" a0 in S03-Free Ash in Coal + Catalyst Feed (wt%)

Ca0 in SO3-Free Ash in Char Withdrawn (wt%)

€a0 in S03-Free Ash in Char Entrained (wt¥)

€1 in 503-Free Ash in Starting Mid Char (wt%)

€1 in SO3-Free Ash in Ending Mid Char {wt%)

C1 in SO3-Free Ash in oal + Catalyst Feed (wt#)

Measured Reconciled

0.60
0.00
4.26
4.62
3.63
5.00
3.22
0.04
25.66
26.44
24.28
27.60
20.18
7.13
7.20
7.15
7.65
7.15
8.89
8.89
7.82
9.26
5.94
0.64
0.80
0.83
1.25
1.22
0.25
0.29
0.08

0.60
0.00
4.33
4.54
3.83
4.96
3.21
0.04
26.08
26.01
25.11
27.29
20.15
7.23
7.10
7.31
7.55
7.12
9.02
8.76
7.99
9.14
5.92
0.71
0.68
1.00
0.99
1.11
0.26
0.28
0.08

V828
¥829
V836
V837
vaal
V842
vga3
V898
V839
vg03
V904
V90S
V916
V917
ve21
V922
V923
V925
V926
V330
ve31
V932
V813
va14
veig
V819
V820
V805
V806
V810
Va1l

YIELD PERICD 213
PROCESS YARIABLES

€1 in SO3-Free Ash in Char Withdrawn (wt%)

£1 in S03-Free Ash in Char Entrained (wtX)

Acid Sol. Nag0 in Gasifier Starting Mid Char (wtX)
Acid Sol. Nag0 in Gasifier Ending Mid Char (wt%)
Acid Sol. Naz0 in Coal + Catalyst Feed (wt%)
Acid Sel. Naz0 in Char Withdrawn (wt%)

Acid Sol. Naz0 in Char Entrained (wt%)

Mg0 in SO3-Free Ash Starting Mid Char (wt%)

Mg0 in SO3-Free Ash in Ending Mid Char (wt%)

Mg0 in S03-Free Ash in Coal + Catalyst Feed {(wt%)
Mg0 in SO3-Free Ash in Char Withdrawn (wt¥)}

Ma0 in SO3-Free Ash in Char Entrained (wt)

Ti0z in SO3~Free Ash in Starting Mid Char (wtX)
Ti02 in S03-Free Ash in Ending Mid Char (wtX)
Ti0p in S03-Free Ash in Coal + Catalyst Feed (wt%)
Ti0p in SO3-Free Ash in Char Withdrawn (wt%)
T102 1n 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 (wtZ)
P205 in SO3-Free Ash in Coal + Catalyst Feed (wt2)
P20 in SO3-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%)

in Coal + Catalyst Feed (wt%)

in Char Withdrawn (wt%)

in Char Entrained (wt%)

in Starting Mid Char (wt%)

in Ending Mid Char (wt%)

in Char Withdrawn (wt%)

in Char Entrained {wt%)

O DO =2 2=

Measured Reconciled

0.23
0.27
0.60
0.64
0.17
0.55
0.59
0.48
0.55
0.46
0.55
0.35
0.39
0.44
0.39
0.38
0.38
0.09
0.05
0.20
0.36
0.17
0.10
0.18
1.05
0.21
0.34
10.48
10.36
9.39
9.23

0.22
0.26
3.63
0.61
0.18
0.63
0.58
0.50
0.52
0.49
0.52
0.35
0.40
0.43
0.40
0.37
0.38
0.10
0.13
0.25
0.25
0.16
g.10
0.18
1.05
0.21
0.34
10.52
10.33
9.54
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

Gasifter Process Temperatures

Gas{fier Bed Height (ft)

43.2
38.4
321
26.6
21.2
16.0
10.9

6.4

0.4

Time Date

7:30 6-14-77

7:30 6-15-77
24 Hrs

99

99

100

Gasifter Temperature (°F)
1143
1231
1307
1336
1306
1310
1301
1289
1253

YIELD PERIOD 214

UNIT PROCESS VARIABLES

Unit Temperatures

Lockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
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
Filter Inlet

Scrubber Inlet
Scrubber Qutlet

Product Gas Meter

Unit Pressures

Lockhopper 2
Gasifier Feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Outlet
Filter Qutlet
Scrubber Qutlet

Product Gas Meter

Process, °F Hetal, °F
265 279
251 218
264 259
236 303
730 988
877 939

1336 139
1253 1290
1299 1344
646 987
775 1107
711 1007
642 1066
703 961
1054
1151 99]
- 539
- 474
an 425
81
93

Psia

117.
116.
163.
163.

113.
116.
13.
104.
114,

O &~ W~

~N D o

~
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YICLD PERION 214
FLUID-SOLIDS DATA

Gasifier Fluidized Bed Proparties

Bed Bottom Density (1bs/cf)

Bed Top Density {1bs/cf)

Bed Average Density (1hs/cf)

8ed Height (ft)

8ed Holdup (1bs)

ded Volume (cf)

Average Bed Temperatura {(°F)

Space Velocity (bed) (cf/cf/hr)
Bottem Superficial Velocity (ft/sec)
Tap 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 {(1bs/hr)

Dust Loading (1bs/acf)

Solids Captured (1bs/hr)

Solids Escaping (1bs/hr)

Overall Efficiency (Captured/Entering, Ut.%)

Solids Carryover Loss

Coal + Catalyst Feed (1bs/hr)
Total Carryover (lbs/hr)
Cyclone (1bs/hr)

Filter (lbs/br)
Carryover/Feed {Mt.%)

Solids Carbon lLoss
Carbon in Feed (Ibs/hr)

Carbon in Carryover {lbs/hi}
Carcyover/Feed {Wt.%)

-

B

OO - O WO
.

e

——

[®)
COVs <w—
Ad-bbuLEay

YIELD PERIOD 214
UNIT_CONVERSIONS

Carbon Consumption

Carbon in Feed* (1bs/hr)

Carbon from Devolatilization** of Feed Coal (1bs/hr)
Carbon Gasified (by difference) (1bs/hr)

Total Carbon Converted (1bs/hr)

Carbon Conversion (C Converted/C in Feed)

Gasification Only (%)
Total, Including Devolatilization (%)

Carbon Distribution

Total Converted (%)

Entrained (%)

Withdrawn (%)

Accumulated (%)

Conversion (Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr)
Including Devolatilization

Steam Consumption

Steam into Unit (Tbs/hr)
Steam Reacted with Carbon (1bs/hr)
Total Steam Consumed {1bs/hr)

Steam Conversion (Steam Consumed/Steam into Bed)

Gasification* (%)
Total Steam Converted (%)

Reaction Rate Parameters

Carbon Converted/Steam Fed (1bs/1bs)
Carbon Converted/Steam Fed (mol/mol)
Carbon Converted/Bed Volume {ibs/br)/cft
Carbon Converted/Bed Volume (mol/hr)/cft
Carbon in Bed/Steam Fed 1bs/{1bs/hr)
Carbon in Bed/Steam Fed mol/(mol/hr)

*Excludes carbon in catalyst
**Ascumed from standard ASTM devoiatitization test of feed coal

6.37
1.73
3.83
5.57

16.19
5.75
8.94

85.2

1.683
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YIELD PERIOD 214
YIELD PERIOD 214
— SOLIDS COMPOSITION
UNIT COMPOSITIONS -

Catalyst Distribution* Ultimate Analysis

Wty Feed Top Gasii;iiedr Char Bottom Entrained Wti of Total Sollds, Dry
K as X0 8.8 29.2 29.3 30.1 .8 ——Component —feed Solids W/D Entrained
K as K2CD3 12.9 42.8 42.9 44.2 a5.2 H 3.82 0.28 0.47
K as K 7.3 24.3 24.3 25.0 25.5 c 60.2 22,4 1.4
K Water/Acid, 0.833 0.803 0.812 0.778 0.925
Soluble Ratio S 4.0 6.0 3.4
K20, H20-Insoluble 1.5 5.8 5.5 6.7 2.3 0 13.4 9.4 10.0
K2€03 H20-Insoluble 2.2 8.4 8.1 .8 3.4 N 1.12 0.14 0.20
K,H20-Insoluble 1.2 4.8 4.6 5.5 1.9
Carbon 60.2 28.9 25.4 22.4 34.4 “ 0.09 0.24 0.34
K on Carbon 12.1 83.7 95.5 1.6 74.2 503-Free Ash 17.4 61.5 51.2
ASTM Ash 26.7 69.3 72.2 77.7 62.0 Total 100.0 100.0 100.0
K on Ash 27.3 34.9 33.6 32.2 a.2
K2C03 Free-Ash 13.6 25.% 28.3 32.6 15.8
K on K203 free-Ash 53.7 94.8 85.8 76.7 161.2 Solids Flow Rate 10.57 1.10 2.20
{(1bs/hr)
Size Distribution .
- c:muhtive \sltl Less Ihan geshssue . . Ash Element Analysis
Feed Coal + Catalyst 0.8 2.8 14.1 44.8 84.2 96.5  100.0 Nt% of SQ3-Free Ash
Top Char 1.7 8.7 34.8 64.9 90.3 96.8  100.0 510 2.5 26.9 20.5
Mid Char 2.7 8.0 23.5 53.2 84.8 96.1 99.9
Bottom Char 2.0 6.4 22.6 53.2 86.3 96.6  100.0 Fe203 9.9 l0.2 8.4
Cyclone 75.0 90.9 99.9 99.4 99.7  100.0  100.0 A1203 8.8 9.2 6.0
Filter 93.2 94.0 94.6 97.2 99.4  100.0  100.0 Ca0 2.06 2.17 2.87
Number Zﬂl'r"."if Weight Bulk_Density Mg0 0.34 0.57 0.43
Particle Diameter (Microns) Mean Mean _Mean_ Ybs/cf Ti0p 0.43 0.40 0 45
Feed Coal + Catalyst 4 240 394 46.4
Top Char 9 158 306 18.5 P205 0.36 ' 0.46 0.14
Mid Char 3 174 362 23.5 Na20 0.83 0.87 1.12
Bottom Char 34 185 358 30.2 K20, Catalyst 50.58 49.31 60.11
Cyclone 22 27 38
Filter 22 23 4 Total 100.0 100.0 100.0
*Based on acid soluble analysis
« [
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YIELD PERIOD 214 YIELD PERIOD 214
PRODUCT GAS DATA PRODUCT GAS_DATA
Product Gas Partial Pressures at Gasifier Fxit Unit Gas Yields
Product Gas (Ory), Mol¥
Ha .52.6
Total Pressure, psia 113.7 ggz }gg
cH .
Hz 51.3 Hzg gg
co 14.5 Nz 10.5
CHg 8.5 Progtzlct Gas (Dry, Nz-Free) 5.7
c .
€02 12.7 ng o1
HpS 0.3 o 5.1
H20 16.1 Product Gas
45.1
' N2 10.3 ¢ 12.8
o H20/¢C0 1.1 ggz ‘;: g
& 1.3 Hzg 0.3
H20/€03 . Ha0 14.2
] N2 9.0
Product Gas (Na-Free)
Hy 49.0
Unit Gas Data ggz }g;
Syngas MWT, 1bs/mol 9.7 ggg 8;23
Product Gas MWT {dry), Tbs/mol 15.4 H20 15.5
Product Gas SCFH CHg/1b C Active Bed 3.4
(Dry.Nz-Free). SCFH . 824.2 Moles CH4/mo1e C Feed 0.40
At Gasifier Outlet, SCFH 1073.4
(Includes Nz + H20) Reaction Corresponding
At Gasifier Qutlet, ACFH . 827.8 Equitibrium at Actual EquiTibrium
(Includes Nz + Hz0} Active Bed Temp Equilibrium ' Temperature
At Gasifier ())utlet. SCFH 976.6 Equilibrium Constants {1308.4°F) Expression {°F)
(Excludes N2
Graphite-Hz0: C + HpD = CO + H2 1.9478 3.1437 1360.7
At Casifier Juelet, ACRH 3.2 Shift: €O + Ha0 = COp + Hp 1.4954 2.7689 1084.7

Methanation: CD + 3Hp = CH4 + H20 0.0609 0.0151 1402.5
Overall: 2C + 2Hp0 = CHy + CO2 0.3455 0.4132 -




YIELD PCRIDD 214
MATERIAL BALANCES

Overall Material Balance

Input: Lbs/Hr Gutput:
Coa) Feed (ex N2}  10.46 Product Gue (ax N2)
Gasiffer Steam 16.19 Product Gas N2
Gasifier Syngas 13.99 Product Water

Char Entrained
Soifds Withdrawn

Total (ex N2) 40.64 Total (ex N2)

- 99¢ -

Accumulation: -0.19
Closure: (Output + Accem)/Input % 100.0

Synthesis Gas Balance

Lbs/Hr
30.28

SCEH_

Input: _SCPM Gytput:
Gasifier Syngas 548.8 Hp + €O in Product Gas ¢21.5
Hy Mol% 70.4 Hy Mol% 52.6
CO Mol% 29.6 €O Mo1% 14.9

Balance: (Output/Input), ¥ ii3.6

Eiement Belouces

input (Ebs/Hr}e

Coal + Catalyst**

Gasifier Steam

Gas{fiar Syngas
Total

Output:

Praduct Gas
Product Water
Char tatrained
Solids Withdrawn
Total
Accumulattion:

Closure
(Qut + Accum)/in, %

Catalyst Balance

Input_(ibs/Hr):

Coa) ¢ Catalyst

Output:

Char Entrained
Product Water
Solid Withdrawn
Total
Accumuiation:

(losure
(out + accum)/in, 7%

YIELD PERIOD_214

MATERIAL BALAMCES

Carbon* Hydrogen

6.37 0.4
1.81

5.12 2.05
11.49 4.26
10.69 3.44
- 0.81
0.38 0.01
0.49 0.01
11.56 4.27
-0.07 -0.01

100.0 100.0

Acid Sol.
—*

0.77

0.28
0.0
0.55
0.84
-0.06
100.0

*Carbon balance excludes catalyst carbonate
“Ercludes cavbon and onygen in catalyst

Oxygen  Sulfur
1.42  0.422
14.38 -
6.82 -
22.61  0.422
15.91  0.2084
6.44  0.003
0.11  0.006
0.21  0.133
22.66  0.416
-0.05  0.006
100.0  100.0
Hate; Sol.
*0.64

0.26
0.0
0.43
.69
-0.09
92.3

Chioriie

0.009

0.009

0.0
0.005
0.009

0.0
100.0




’sh Balances
Input (Lbs/Hr):
Coal + Catalyst

Output:
Entrained Char
Solids Withdrawn
Total

Accumulation:

- (92 -

Closure
(out + accum)/in, %

Ash Element Balance
Input (Lbs/Hr):
Coal + Catalyst
Qutput:
Entrained Char
Solids Withdrawn
Total
Accumulation:

Closure
{out + accum)/in, %

YIELD PERIOD 214
MATERIAL BALANCES

ASTH Ash  Residue  ASIM Aen cslgsigﬁue
2.83 2.32 1.84 1.58
0.68 0.68 0.56 0.57
1.72 1.70 1.35 1.57
2.40 2.38 1.92 1.85
0.43  -0.06 -0.08 -0.26

100 100 100 100

5107 Fe20y Al203 _Ca0  Mo0
0.486 0.182 0.162 0.038 0.010

0.115 0.047 0.0

34 0.016 0.002

0.364 0.137 0.124 0.029 0.008
0.479 0.185 0.158 0.045 0.010

0.007 -0.003 0.004 -0.008 a.0
100 100 100 100 100

S03 Naz0 Ti02

0.799 0.015

0.103 0.006
0.360 0.012
0.463 0.018

0.141 -0.003
76 100

Q.008

0.003
0.005
0.008

0.0
100

0.007

0.001
0.006
0.007

0.0
100

YIELD PERIOD 214

MATERIAL BALANCES

Mole Balance

Lb-Moles/Hr
H 0

Gas_Input C S

Ha (1.016) - 2.033 - -

co {0.426) 0.426 - 0.426 -

Hz0 (0.898) - 1.797 0.898 -

Total (2.380) 0.426 3.830 1.325 -

Solids Input C H 0 S K
Coal + Cat Feed 0.530 0.401 0.088 0.013 0.020
Total Input 0.957 4,231 1.413 0.013 0.020
Gas Qutput

Product Gas [ H 0 S

Hs (1.277 - 2.5585 - -

Ci (0.362 0.362 0.0 0.362 -

Coz (0.316) 0.316 0.0 0.632 -

CHg {(0.211) o.2n 0.846 - -

H25 (0.008) - 0.015 - 0.008

Ha0 (0.402) - 0.805  0.402 -

Total (2.576) 0.890 4.220 1.397 0.008

Solids Output [ 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 Qutput + 0.957 4.231 1.413 0.013

Accumulation

-0.020
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v100
in
V165

" V166

vies
V173
V174
vias
y18%
vigs
V193
V205
vao7
V208
v212
y214
V215
y222
vaz7
V232
ves?
v258
¥265
V266
V289
V292
V293
v294
v295
V306
V307

YIELD PERIOD 214
PROCESS VARIABLES

Gasifier Steam (1bs/hr)

Char Withdrawn (1bs/hr)

H in Char Entrained (wtX)

H in Char Withdrawn (wt%)

H in Coal + Catalyst Feed (wt%)

H in Gasifier Starting Mid Char (wtX)

H in Gasifier Ending Mid Char {wtY)

€0 in Syngas (molX)

Acid Sol. K20 in Coal + Catalyst Feed (wtX}
0 in Coal + Catalyst Feed (wt%)

Hz in Syngas (mol1%)

€02 {n Product Gas (mol%)

CHg in Product Gas (mol1%)

€O tn Product Gas (mol%)

Hz in Product Gas (mol%)

Nz in Product Gas (molX)

H2S in Product Gas (mol%)

Carbon in Char Withdrawn (wtX)

Acid Sol. K20 in Char Entrained (wtX)
Actd sol. Kp0 in Char Withdrawn (wt%)
Carbon in Gasifier Starting Mid Char (wt%)
Carbon in Gasifier Ending Mid Char (wtX)

Actd Sol. K20 in Gasifier Starting Mid Char (wt%)
Acid Sol. K20 in Gasifier Ending Mid Char (wtX)

ASTM Ash in Char Entrained (wtX)

ASTM Ash in Char Withdrawn (wt%)

ASTM Ash in Feed Coal + Catalyst (wt%)
C/H Residue in Feed Coal + Catalyst (wt¥)
C/H Residue in Char Entrained (wt%)

ASTM Ash in Gasifier Starting Mid Char {(wt%)

ASTM Ash in Gasifier Ending Mid Char {wt%)

Measured Reconciled

16.
2.
0.
0.
3.
0.
0.

29.

.16

9

13.
70.
.00

8.
14,
52.
10.

0.
22.
30.
.09
25.
)

13

30

25

30.
28.
.90
.67

17
20
47
28
83
22
22
70

46
10

70
50
50
50
35
38
49

42

10
39

19
.20
.47
.28
.82
.22
.22
.55
.73
.39
.45
.00
.70
.9
.56
.51
.31
.39
77
.3
.90
.20
.75
.08
.99
.96
72
.97
.2l
.51
.95

V310
V320
Vil
Vil
V334
V136
V3137
V338
V350
V351
V353
V354
V355
vao?
va73
v49s
vags
F384
F385
PGKO
u{na)
u(115)
u(116)
u(17)
u{(118)
u(119)
u{129)
u(121})
u(122)
u(123)
EOD(1)

YIELD PERIOD 214
PROCESS VARIABLES

C/H Residue tn Char Withdrawn (wtX)
C/H Residue in Gasifier Starting Mid Char (wt%)
C/H Residue in Gasifier Ending Mid Char (wtX)

S03-Free
S03-Free
S03-Free
S03-Free
S03-Free
503-Free
S03-Free
S03-Free
503-Free
503-Free

ASTM Ash in Feed Coal * Catalyst (wtX)
ASTM Ash in Char Entrained (wtX)

ASTM Ash in Char Withdrawn (wtX)

ASTM Ash fn Starting Mid Char (wt%)

ASTM Ash tn Ending Mid Char (wtX)

C/H Residue in Feed Coal + Catalyst (wt%)
C/H Residue in Char Entrained (wt})

C/H Residue 1n Char Withdrawn {wtX)

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

Coal + Catalyst Feed (1bs/hr)
Char Entratned (1bs/hr)

Carbon in Fead Coal (wt%)
Carbon in Char Entrained (wt%)
Syngas Flow Meter (CFH)

Product Gas flow Meter (CFH)
Product Gas Condensate (1bs/hr)
Starting Bed aP (B-A) (in Mg)

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 aP (B-A) (1n Hg)

Ending Bed 4P (C-B) (in Hg)

Ending Bed AP {D-C) (in Hg)

Ending Bed oP (F-£) (in Hg)

Ending Overall Bed AP (F-A) (in Hg)
Starting Bed aP (E-D) (in Hg)

Measured Reconciled

76.
69.
.
19.
52.
.35
58,
58.
4,
52.
59.
56.
56.
10.
1.
61.
33.
51.
127.

61

O N O = = NN QO —~ — N~

8
57
42
27
59

22
LY4
46
81
n
99
27
72

17.
69.
7.
7.

£

51.
61.
57.
58.
14.
52.
57.
59.
54.
10.

1.
60..
34.
51

126.

"o - - N

O A O s s s

4¢



YIELD PERIOD 214
PROCESS VARIABLES

YIELD PERIOD 214 |
PROCESS VARIABLES

Measured Reconciled

Measured Reconciled

EDD(6) Ending Bed aP (E-D) (in Hg) 0.00 0.00 V828  C1 in SO3-Free Ash in Char Withdrawn (wt%) 0.23 0.24

DPOST  Deposits Accumulated on Gasifier Walls (bs) 0.00 0.00 v829  C1 in S03-Free Ash in Char Entrained (wt%) 0.33 0.34 |

¥280 S in Gasifier Starting Mid Char (wt%) ' 4.90 5.05 V836  Acid Sol. Nag0 in Gasifier Starting Mid Char (wt%) 0.55 0.58 i

v281 S in Gasifier Ending Hid Char (wt%) 5.80 5.62 V837  Acid Sol. Nap0 {n Gasifier Ending Mid Char (wt¥) 0.57 0.54 |

VI87 S in Coal + Catalyst Feed wt%) 3.82 3.99 Va4l Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 0.14 0.14

V246 S in Char Withdrawn (wt%) 6.17 6.03 V842  Acid Sol. Nap0 in Char Withdrawn (wt¥) 0.55 0.54

V244 S in Char Entrained (wt¥) 3.39 3.38 V843  Acid Sol. Na20 in Char Entrained (wt%) 0.58 0.57 |

v243 S in Product Gas Condensate (wt%) 0.04 0.04 V898  Mg0 in 503-Free Ash Starting Mid Char (wt%) 0.58 0.56 |

vgs2  S$i0z in S03-Free Ash in Starting Mid Char (wt%) 26.18 26.35 VB9  Mg0 in SO3-Free Ash in Ending Mid Char (wt%) 0.55 0.57 |

V863  S102 in SO3-Free Ash in Ending Mid Char (wt¥) 28.11 28.01 V303  MgQ in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.56 0.54 |
' w867 5107 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 26.46 26.47 V904  MgO in SO3-Free Ash in Char Withdrawn (wi%) 0.55 0.57 i
Dy v868 510z in SO3-Free Ash in Char Withdrawn (wt%) 26.76 26.88 V905  Mg0 in SO3-Free Ash 4n Char Entrained (wt) 6.43 0.43 |
© yge9  Si02 in SO3-Free Ash in Char Entrained (wt2) 20.29 20.50 V916  Ti02 in SD3-Free Ash in Starting Mid Char (wt%) 0.41 0.41 |
' V871  Fez03 in SO3-Free Ash in Starting Mid Char (wtX) 8.80 8.71 V817  Ti02 in SO3-Free Ash in Ending Mid Char (wt%) 0.44 0.44 !

V872  FepQ3 in S03-Free Ash in Ending Mid Char (wt?) 8.85 8.95 V921  Ti0p in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.43 0.43 |

V876  Feg03 in SO3~Free Ash in Coal + Catalyst Feed (wt%)  10.06 9.90 V922  Ti0p in SO03-Free Ash in Char Withdrawn (wt%) 0.40 0.40 |

Y877  Feg03 in S03-Free Ash in Char Withdrawn (wt%) 10.02 10.15 V923 Ti02 in 503-Free Ash in Char Entrained (wt%) 0.45 0.45 |

V878 Fep03 in S03-Free Ash in Char Entrained (wt%) 8.34 8.41 V925  Pp05 in SO3-Free Ash in Starting Mid Char (wt%) 0.40 0.39

y88s  Al1z03 in SO3-Free Ash in Starting Mid Char (wt%) 8.98 9.00 V926  Pp0g in S03-Free Ash in Ending Mid Char (wt%) 0.38 0.39

V881  Al203 in S03-Free Ash in Ending Mid Char (wt%) 9.69 9.68 V930  P205 in SO3-Free Ash 1n Coal + Catalyst Feed (wt%) 0.37 0.36

V885  Alz03 in SO3-Free Ash in Coal + Catalyst Feed (wt%)  8.83 8.83 V931 P05 in SO3-Free Ash in Char Withdrawn (wt%) 0.45 0.46

V886  Alz03 in SD3-Free Ash in Char Withdrawn (wt%) 9.16 9.18 V932  Po0g in SO3-Free Ash in Char Entrained (wt%) 0.14 0.14

v887  Alz03 in SO3-Free Ash in Char Entrained (wt%) 5.95 5.97 V813 N in Starting Mid Char (wt%) . 0.22 0.22

V889 Ca0 in S03-Free Ash in Starting Mid Char (wt%) 1.95 1.82 V814 © N in Ending Mid Char (wt%) 0.18 0.18

VB30  Ca0 in SO3-Free Ash in Ending Mid Char (wt%) 1.38 1.44 V818 N in Coal + Catalyst Feed (wt%) 1.13 1.12

y89s  Ca0 in S03-Free Ash in Coal + Catalyst Feed (wt%) 2,24 2.06 V819 N in Char Withdrawn (wt%) 0.14 0.14

V895  Ca0 in SO3-Free Ast in Char Withdrawn (wt¥) 2.05 2.17 V820 N in Char Entrained (wt%) 0.20 0.20

v896  Cad in SO3-Free A<i: li Char Entrained (wt?) 2.77 2.87 V805 0 in Starting Mid Char (wt%) 10.78 10.90

V822 €1 in SO03-Free Ash in Starting Mid Char (wt%) 0.24 0.23 V806 0 in Ending Mid Char (wt%) 9.95 9.89

v823  C1 in S03-Free Ash in Ending Mid Char (wt¥) 0.24 0.25 V810 0 in Char Withdrawn (wt%) 9.44 9,44

y827  C1 in 503-Free Ash in Coal + Catalyst Feed (wt¥) 0.09 0.08 V811 0 in Char Entrained (wt%) 9.90 10.02
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RECONCILED DATA
YIELD-PERIOD 215
UNIT OPERATIONS

From
To

Duration

Percent of Time on Stream

Coal Feed
Steam

Syngas

Gasifier Process Temperatures

Gasifier Bed Height (ft)
43.2
38.4
32
26.
2%,

Time Date

7:30 6-20-77

7:30 6-21-77
24 Hrs

100

100

100

Gasifier Temperature (°F)

1146
1156
1309
1335
1308
1312
1302
1289
1242

YIELD PERIOD 215

UNIT PROCESS VARIABLES

Unit Temperatures

tockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
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
Filter Inlet

Scrubber Inlet
Scrubber Outlet

Product Gas Meter

Unit Pressures

Lockhopper 2
Gasifier feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Tor
Gasifier Bottom

Rough Cut Cyclone Outlet
Filter OQutlet
Scrubber Outlet

Product Gas Meter

Process, °

245
216

236
250

128
1016

1309
1242
1300

645
746
701
644
718

1200

436
a9

99

F

Psia

7.
116.
163.
162.

mi.
6.
ni.
105.
14,

~4 w0~

NN W

) ~d

Metal, °F

263
190

280
316

987
1069

1359
1256
1343

987
Ho7
1009
1066
1010
1057

994

543
479
431
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YIELD PERICD 215
FLUYD-SOLINS PATA

Gasifier Fluidized Bed Properties

Bed Bottom Density (1bs/cf) 14.0
Bed Top Density {1bs/cf) 12.8
Bed Average Density (1bs/cf) 10.4
Bed Height (ft) 3.6
Bed Holdup (1bs) 67.5
Bed Volume (cf) 5.9
Average Bed Temperature (°F) 1309.2
Space Velocity (bed) (cf/cf/hr) 82.9
Bottom Superficial Velocity (Ft/sec} 0.72
Top Superficial Velocity (ft/sec) 0.76
Cyclone Performance

Temperature (°F) 543.0
Pressure (psia) 110.7
Inlet Gas Rate (SCFH) 1114.2
Inlet Gas Rate (ACFH) 285.5
Inlet Gas Velocity (ft/sec) 22.4
Solids Entering (1bs/hr) 0.9
Dust Loading (1bs/acf) 0.0032
Solids Captured (1bs/hr) 0.8
Solids Escaping (1bs/hr) 0.1
Overall Efficiency (Captured/Entering, Wt.%) 90.1
Solids Carryover Loss

Coal + Catalyst Feed (1bs/hr) 11.60
Total Carryover {1bs/hr) . 0.9
Cyclone (1bs/hr) 0.82
Filter (1bs/hr) .09
Carryover/Feed (Wt.%) 8.3
S0lids Carbon Loss

Carbon in Feed (1bs/hr) 6.61
Carbon in Carryaver (lbs/hr) 0,36
Carryover/Feed (Wt.%) 5.5

YIELD PERIQGD 215
UNLT CONVERSIONS

Carbon_Consumption

Cirbon in Feed* (1bs/hr)

Carhgn from Davotatilization*” of Feed Coal (ibs/hr)
Cirbun Gasified (by difference; (1bs/hr)

Tatat Carbon Converted (Tbs/hr

Carbon_Conversion {C Converted/C in Feed)

Gasification Only (%
Total, Including Devolatilization (%)

Carbon Distributfon

Total Converted (%)

Entrained {%)

Withdrawn (%)

Accumulated (%)

Conversion (Entrainment Backed Out)

Spacific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr)

Including Devolatilizatinm

Steam Consumption

Steam into Unit (1bs/hr)

Steam Reacted with Carbon (1bs/hr)
Total Steam Consumed {1bs/hr)

Stezm Conversion_{Steam Consumed/Steam into Bed)

Gasification* (%)
Tocal Steam Converted (%)

Reaction Rate Parameters

Carbon Converted/Steam Fed (1bs/1bs)

Carben Converted/Steam Fed {mol1/mol)

Carbor Converted/Red Volume (1bs/hr)/cft

Carben Converted/Bed Volume (mol/hr)/cft

Cavbut. in Bed/Steam Fed 1bs/(1bs/hr)

Cavbor in Bad/Steam Fed mot/(mo)/hr) '

*Excludes carbon in catalyst
s*fscumad from standard ASTY deyolatilization test uf feed woal

16.48
9.58

0.229
0.344
0.580
0.048
1.195
1.793
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Catalyst Distribution*

Wt}

K as Kp0

K as K2003

K as K

K Water/Acid.
Soluble Ratio

K20, Hp0-Insoluble
K2(03 H20-Insoluble
K,H20-InsoTuble
Carbon

K on Carbon

ASTM Ash

K on Ash

K2C03 Free-Ash

K on K2C03 Free-Ash

Stze Distribution

Feed Coal + Catalyst
Top Char

Mid Char

Bottom Char

Cyclone

Filter

_Feed

9.2
13.5
1.6
0.697

8
1
3
1
12.7
g
5
1
1

YIELD PERIOD 215

UNIT_COMPOSITIONS

Gas{fier Char
Top Mid Bottom Entrained
27.2 28.8 30.9 21.6
39.9 42.3 a5.4 10.5
22.6 23.9 25.7 22.9
0.798 0.737 0.678 0.875
5.5 7.6 10.0 3.4
8.0 1. 14.6 5.1
4.5 6.3 8.3 2.9
331 29.2 24.3 38.5
68.2 81.9 105.7 59.5
64.3 70.9 77.9 56.4
35.1 33.7 33.0 40.6
24.4 28.6 32.5 14.9
92.4 83.6 79.1 153.9

: Cumulative WtY Less Than Mesh Size

Particle Diameter (Microns)

Feed Coal + Catalyst
Top Char

Mid Char

Bottom Char

Cyclone

Filter

s sh 100 Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh
11 3.1 13.2 43.0 81.8 95.8
1.8 6.2 27.1 56.2 86.2 96.3
0.9 4.6 20.0 48.7 86.4 95.3
0.8 3. 13.7 40.2 77.4 93.6
72.9 89.3 99.4 99.6 99.9 99.9
0.0 0.0 0.0 0.0 0.0 0.0
Volume /
Number Surface Weight Bulk Density
Mean Mean _Mean 1bs/ef
36 239 A 46.8
36 180 349 17.4
42 213 387 18.9
4 251 443 27.8
23 27 40

*Based on acid saluble analysis

Ultimate Anolysis

.. _tomponent

0
N
Q
S03-Free Ash

Total

Sol1ds Flow Rate
(1bs/hr)

Ash Element Analysis

Wt% of Total Solics, Ovy

¥1ELD PERIOD 215

SOLIDG COAPOSITION

$102

Fe03

A1203

Ca0

Mg0

710,

P 205

Na20

K20, Catalyst

Total

__Feed Sollds W/D Enfralid
3.86 0.39 0.47
60.1 243 984

4.3 6.2 3.6
n.2 6.8 9.8
1.01 0.06 0.12
0.07 0.23 0.1
19.4 62.0 &7 .¢

100.0 100.0 100.0
1"n.m 0.91 2.5

I Wt% of S03-Free Ash
27.4 27.6 22.2
11.0 10.6 8.1

9.4 9.4 7.0
2.45 2.33 2.00
0.56 0.63 0.42
0.42 0.44 0.43
0.66 0.51 0.13
0.90 0.87 1.24
47.26 47.63 58.40
100.0 100.0 100.0
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YIELD PERIOD 215
PRODUCT GAS_DATA

Product Gas Partial Pressures at Gasifier Exit

Total Pressure, psia

Hz

co

CHg

€02

H2S

H20

N2

H20/C0

Ha0/C02

Unit Gas Data

Syngas MIT, 1bs/mol
Product Gas MWT (dry), Ths/mol
Product Gas

At DM (dry), SCFH

(Dry, Np-Free), SCFH

At Gasifier Outlet, SCFH

{Includes N2 + H20)

At Gasifier Outlet, ACFH
{Includes N2 + Hzos

At Gasifier Qutlet, SCFH
(Excludes N2)

At Gasifier Qutlet, ACFH
(Excludes N2)

113.7
83.1
14.0

7.8
12.2
0.3
11.6
1.1
1.2

9.1
15.1

969.0
855.7
114.2

444.9
1000.9

399.%

YIELD PERIOD 215
PRODUCT GAS DATA

Unit Gas Yields

Product Gas (Dry), Mol%
H

2
o1}
Co2
CHa
H2S
N2

Product Gas (Dry, N2-Free)
H

2
€o

Coz
CHg
H2S

Praduct Gas
H2
co
C02

CH
Hzg
H20
N2

Product Gas (Np-Free)

Hz
co
€02
CHg
H2S
H20

SCFH CHa/lb € Active Bed

SCFH CHa/1b € Feed

Moles CHs/mole C Feed

Equilibrium Constants

Graphite-H20:
Shift:
Methanation:
Overall:

C + Hp0 = CO + H2
CO + Hp0 = CO2 + H2
CO + 3Hp = CHg + H20

2C + 2Hp0 = CHg + CO2

feaction
Equilibrium at
Active Bed Temp

(1309.2°F)

p— — —t ot )
pmuma - B

i) s e e e
WO WO NWO W -~

-
.«
MNOWW W~

i gry
SWOohOoON:
e .

-t N

-
w B0~ - N
. e e s e
[*-] PRWNONO

—
—
.

(=]

0.37

Equilibrium
Expression

Actual

Corresponding

t Equilibrium

Temperature
(°F)

1.9620
1.4926
0.0602
0.3459

3.4059
3.1207
0.0120
0.4344

1369.8
1047.7
1419.2




YIELG PERIOD 215

Bk

Overall Materia} Balance
ihs/n

Input:

Coal Feed {ex Rz} Hials Prodpct 013 (o0 ting 3N o

Gasifier Steam 1643 predyst Gas ¥ g ¥
Gasifier Synga: paoE Eradrct Mater LN
~ frary Fntrainec G
o
4= A 1ide BIP dra
t Total (ex Ms} A0 PR TE -
Accumulation: 0.
Closure: (Outpus ¢ - 0 ;o ORI
Synthesis Gas Balance
Input: e ey e
Gasiffer Syngas 5AR. i BRI BN IR
Hy Mol% hCa Hn Moy T
CO Mol% 27.5 oo ta

Balance: (Qutpuisinpetl € 07

Reproduced from
7 best available copy.

PRE Los, i

YICLD PERIOD 205
MATERTAL BALANCES

Frome, 7 Uuir o7

Inpuy A Lbs/Hr) - Carban ™ Hydroaen
Ahpuy LTS A Lerpan ™ Hydroden

Loal + Cetalystw 6.61 0.43
Gaed ey Svem - 1.84
Gas (TP Svhyé s & 74 2.1z
Tetal 11.36 4.33
d b

Progu . o 19, 5¢ 3.6C
Froduct Kate - g 7%

faar Enfratied Q.33
Lot ids W) thuraei V.t 0.0’
ot .50 [k
Ate oy -3 0.0
CoanuT . 100 6 1007

A N EH TN

Acid Sou.
Tnpyi_ (Lps/in b k

il b letaiy. 0.8¢
SR

Lhar tatre o o 0.21%

EANISU N b 0.0

TR 0.61
etal 0.82
Jcamtation 0.02

A . 100.0

, B AN

. Batahe axcledes catatyst carbonate
o ca Lo v asygen in catalyst

i1, A7)

[ARUR

1
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Ash Balances
Input (Lbs/Hr):

Coal + Catalyst
Qutput:
Entrained Char
Solids Withdvrawn
Total
Accumulation:

Closure
{out + accum)/in, %

Ash Element Balance

Input (Lbs/Hr):

Coal + Catalyst
Qutput:
Entrained Char
Solids Withdrawn
Total
Accumulation:

Closure
(out + accum)/in, %

YIELD PERIOD 215
MATERIAL BALANCES

C/H S03-Free S03-Free
ASTM Ash Residue ASTM Ash C/H Residue
Mole Balance
2.85 2.42 2.14 1.66 e
Gas Input
0.51 0.50 0.43 0.41 H2 (1 053;
0 (0.395
1.95 1.84 1.55 1.38 ~ H20 (0.915)
Total (2.363)
2.46 2.34 1.98 1.79
0.38 0.08 0.16 -0.13 Solids Input
100 100 100 100 Coal + Cat Feed
Total Input
Si02  Feg03 Alg03 _€a0_ _Mgd SO3 _Nag0 Ti02 P20s
0.586 0.236 0.200 0.052 0.012 0.798 0.019 0.009 0.014
Gas Qutput
0.095 0.035 0.630 0.009 0.002 ©.086 0.005 0.002 0.001 Product Gas
0.428 0.165 0.146 0.036 0.010 0.409 0.013 0.007 0.008 25 %gg?;
0.524 0.200 0.176 0.045 0.012 0.494 0.018 0.009 0.009 Eﬂz (g:g;g)
4 .
0.062 ©.036 0.024 0.008 0.0 0.141 0.001 0.0 0.006 :zg 28-23?3
2 -
100 100 100 100 100 80 100 100 100 Total §2 641)

Solids Qutput

Char Entrained

Char Samples Withdrawn
Char Accumulation
Total Selids

Total Qutput +
Accumulation

YIELD PERIOD 215
MATERIAL_ BALANCES

Lb-Moles/Hr
H 0

C S

- 2.107 - -
0.395 - 0.395 -

- 1.829 0.915 -
0.395 3.936 1.309 -

C H 0 S K
0.551 0.422 0.077 0.015 0.021
0.945 4.357 1.386 0.015 0.021

C H 0 S

- 2.745 - -

0.361 - 0.361 -
0.314 - 0.62% -
0.202 0.808 - -

- 0.015 - 0.008

- 0.766 0.383 -
0.878 4,335 1.373 0.008

C H 0 S K
0.029 0.004 0.006 0.001 0.005
0.051 0.010"' 0.01 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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vioo
vinl
v165
V166
V168
V173
V174
vig3
V185
vias
V193
V205
V207
V208
V212
V214
V215
vee?
vaz7
V232
ves?
v2s58
V265
Y266
V289
V292
V293
V294
V295
V306
V307

YIELD PERIOD 215

PROCESS,_VARIABLES

Gasifier Steam (1bs/hr)

Char Withdrawn (1bs/hbr)

H in Char Entrained (wl%)

H in Char Withdrawn (wt%)

H in Coal + Catalyst Feed {wtX)

K in Gasi{fier Starting Mid Char (wt%)

H in Gasifier Ending Mid Char {wt%)

€O in Syngas (mol%)

Acid 50t. K20 in Coal + Catalyst Feed (wt¥)
0 in Coal + Catalyst Feed (wtX)

Hz in Syngas (mol%}

€07 in Product Gas (mol%)

CHg in Product Gas (mol1%)

€O in Product Gas (mol%)

Hy in Product Gas (mol%)

Ny in Product Gas (mol%)

HoS in Product Gas (molt)

Carbon in Char Withdrawn (wt1)

Actd Sol. K30 in Char Entrained (wt%)

Acid sol. K30 in Char Withdrawn (wt%)
Carbon in Gasifier Starting Mid Char {wt%)
Carbon in Gasifier Ending Mid Char (wt%)
Acid S01. K20 in Gasifier Starting Mid Char {wt¥)
Acid Sol. K20 in Gasifier €nding Mid Char (wt¥)
ASTM Ash in Char Entrained (wtX%)

ASTM Ash in Char Withdrawn (wt?%)

ASTM Ash in Feed Coal + Catalyst (wtl)

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

ASTM Ash in Gasifier Starting Mid Char (wt%)
ASTM Ash in Gasifier Ending Mid Char (wt¥)

Measured Reconciled

8.

2.
.47
0.
3
0

0.
27.
8.
1.
72.
V2.
7.

14

l}3.
Y.

0.
24.
27.
30.
32.7
21,
29.4%
?8.
56.
77.
2%.
21.:
55.
64.
17.4;

40
51

39

.87

16.

48
51
47
39
86
21

¥3lo
V320
v3izi
Vi3
V332
PRXY
vy
v338
V350
Vst
V353
kLT
¥ 355
V407
V473
v495
V493
£384
F 385
PGKO
u(1a)
(115}
u{116)
Uiz
Hmna)
u(neg)
u(120)
u(r2n)
u{122)
u(123)
€on(1)

YIELD PERIOD 215
PROCESS VARIABLES

C/H Residue 1n Char Withdrawn (wtX)

C/H Residue in Gas{fier Starting Mid Char (wtX)
C/H Residue in Gasifier Ending Mid Char (wt%)
503-Free ASTM Ash in Feed Coal + Catalyst (wtX)
S03-Free ASTM Ash in Char Entrained (wtX)
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 (wtX)
S03-Free C/H Res{due in Feed Coal + Catalyst (wtX)
S03-Free C/H Restdue in Char Entrained (wt¥X)
S03-Free C/H Residue in Char Withdrawn (wtX)
503-Free C/H Residue in Starting Mid Char (wti)
S03-Free C/H Residue in Ending Mid Char (wt%)
Coal + Catalyst Feed (1bs/hr)

Char Entrained (Vbs/hr)

Carbon in Feed Coal (wt%)

Carbon in Char Entrained (wtX)

Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFM)

Product Gas Condensate (1bs/hr)

Starting 8ed aP (B-A) (in Hg)

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

Starting Bed &P (D-C) (1n Hg)

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

Starting Qverall Bed aP (F-A) (in Hg)

Ending Bed sP (B-A) (fn Hg)

Ending Bed aP {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)

Starting Bed aP (£-D) (in Hg)

Measured Reconciled

75.
64.
72.
18.
46.
61.
52.

131,

~

S o NnMCeS NGO MNOoN

37
97
33
62

17

73.
67.
69.
19.
a7.
.99
54.
59.
15.
45.
55.
56.
51.
.00

0.
b0.
8.
.02
.67

61

n

—_—
w
-ow

'OU’O—'O—‘MONONO

58
10
68
45
21

12
56

1
4

10
08
15
37

9]
12

50

50

12
.70
.02
.00
.28
.98
.50
.98

.26

40



YIELD PERIOD 215
PROCESS_VARIABLES

YIELD PERIOD 215
PROCESS VARIABLES

Heasured Reconciled

Measured Reconciled

EDD(6) Ending Bed AP (E-D) (in Hg) 0.80 0.80 V828  C1 in $03-Free Ash in Char Withdrawn (wt%) 0.22 0.23
DPOST  Deposits Accumulated on Gasifier Walls (Ibs) 0.00 0.00 . V829 €1 in SO3-Free Ash in Char Entratned (wt%) 0.33 0.3¢
V280 S in Gasifier Starting Mid Char (wt¥) 4.79 4.92 V835  Acid Sol. Hag0 in Gasifier Starting Mid Char (wt%) 0.60 0.61
vasl S in Gasifier Ending Mid Char (wt%) 6.45 6.21 V837  Acid Sol. Nap0 in Gasifier Ending Mid Char (wt%) 0.64 0.67
Vi87 S in Coal + Catalyst Feed wt%) 3.9 4.28 Va4l Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 0.17 0.17
V246 S in Char Withdrawn {wt¥) 6.58 6.24 V842 Acid Sol. Nag0 in Char Withdrawn (wtX) 0.55 0.54
V244 S in Char Entrained (wtX) 3.57 3.53 V843  Acid Sol. Na20 in Char Entrained {(wt%) 0.59 0.59
V243 S in Product Gas Condensate {wt%) 0.04 0.04 vegs Mg0 in SO3-Free Ash Starting Mid Char {wt%) 0.57 0.56
ves2  S102 in SO3-Free Ash in Starting Mid Char (wtX) 27.17 26.80 Y899  Mg0 in SO3-Free Ash in Ending Mid Char (wtX) 0.52 0.53
V863  S102 in S03-Fres Ash in Ending Mid Char (wt%) 28.08 28,02 V903 Mgl in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.57 0.56
1 V867  Si02 in S03-Free Ash in Coal + Catalyst Feed (wt¥) 27.11 27.39 V904  Mg0 in S03-Free Ash in Char Withdrawn (wt%) 0.62 0.63
g v868  S102 in 503-Free Ash in Char Withdrawn (wt¥) 28.60 27.58 V905  Mg0 in SO3-Free Ash in Char Entrained (wt) 0.42 0.42
~J V869  Si02 in 503-Free Ash in Char Entvained (wt) 22.31 22.21 Y916  Ti02 in S03-Free Ash in Starting Mid Char {wt%) 0.48 0.44
1 V871  Fep03 in S03-Free Ash in Starting Mid Char (wtX) 8.65 8.95 V917 Ti02 in SO3-Free Ash in Ending Mid Char (wt%) 0.39 0.41
V872 Fep03 in S03-Free Ash in Ending Mid Char (wt%) 10.89 10.27 V921 Ti0; in 503-Free Ash in Coal + Catalyst Feed (wt%) 0.46 0.42
V876  Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 10.27 11.01 V922  Ti02 in S03-Free Ash in Char Withdrawn (wt%) 0.42 0.44
V877 Fez03 in S03-Free Ash in Char Withdrawn (wt¥) 11.42 10.62 ¥923  Ti07 in SO3-Free fAsh in Char Entrained (wtz) 0.42 0.43
V878 Fep03 in S03-Free Ash in Char Entrained (wtX) 8.25 8.14 V925 P05 in SO3-Freé Ash in Starting Mid Char (wt%) 0.10 0.10
V880  A1203 in S03-Free Ash in Starting Mid Char (wt¥) 9.1 9.18 V926 P05 in S03-Free Ash in Ending Mid Char (wt¥) 0.49 6.42
V881  A1203 in SO03-Free Ash in Ending Nid Char (wt%) 9.94 9.79 Y930 P205 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.55 0.66
vass A1203 in SO3-Free Ash in Coal + Catalyst Feed (wt%) ¢.17 9.36 ¥931 P205 in SO3-Free Ash in Char Withdrawn {wt%) 0.61 0.5%
v8gs6  Alz03 in SO3-Free Ash in Char Withdrawn (wt¥) 9.63 9.38 Y932  Py05 in SO3-Free Ash in Char Entrained (wt%) 0.13 0.13
vesy Al203 in S03-Free Ash in Char Entrained (wt%) 7.04 7.01 V813 N in Starting Mid Char (wt%) 0.1 0.11
vage Ca0 in S03-Free Ash in Starting Mid Char (wt%) 1.60 1.68 V814 N in Ending Mid Char (wt%) 0.01 0.01
¥890 Ca0 in SO3-Free Ash in Ending Mid Char (wt%) 2.17 1.98 V818 N in Coal + Catalyst Feed (wt¥%) 1.01 1.0%
veo4 (a0 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 2.20 2.485 V819 N 4n Char Withdrawn (wtZ) 0.06 0.05
V895  Cab in SO3-Free Ash in Char Withdrawn (wt%) 2.61 2.33 V820 N in Char Entrained (wt2) 0.13 0.13
V896  Ca0 in SO3-Free Ash in Char Entrained (wt#) 2.06 2.01 V805 0 in Starting Mid Char (wt%) 9.46 9,44
V822 €1 in 503-Free Ash in Starting HMid Char (wutX) ¢.30 0.27 V606 0 in Ending Mid Char (wt%) 7.74 7.7%
V823 €1 in S03-Fre: Ash in Ending Mid Char (wt%) 6.22 0.24 vg81o 0 in Char Withdrawn (wt%) 6.96 6.84
vaz7 €1 in S03-Free Ash in Coal + Catalyst Feed (wt%) .08 0.07 Va1t 0 in Char Entrained (wt%) 9.92 9.82




From

To

Duration

Percent of Time on Stream

Coal Feed
Steam

Syngas
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Gasifier Bed Height {ft)
43.
38.
32.
26.
21.

Gasifier Process Temperatures

2
4
1

RECONCILED DATA
YIELD PERIOD 216
UNIT OPERATIONS

Time Date

7:30 6-30-77

7:30 6-31-77
24 Hrs

100

100

100

Gasifier Temperature {°F)

1158
1179
1327
1336
1298
1306
1292
1278
1232

UNIT PROCESS VARIABLES

YIELD PERIOD 216

Unit Temperatures

Lockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
Gasifier Steam Line

Gasifier
Top of Bed
Bottom of Bed
Jotal 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 Top
Gasifier Bottom

Rough Cut Cyclone Outlet
filter Qutlet
Scrubber Qutlet

Product Gas Meter

Process, °F

204
193

302
239

716
929

1327
1232
1296

659
749
694
650
715

1170

425
89

100

118.
116.
154.
163.

113,
116.
ni.
106.
105.

4.

s
oV

~ I~ N

-0

Metal, °F

214
175

259
302

1000
973

1362
1231
1338

978
1106
on
1066
1025
1056

986

553
504
423
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YIULD PERIOH 216
.

FLINIn-50¢ 105 DATA

Gasifier Fluidized Bed Propertimc

Bed Bottem Density (1bs/cf)

Bed Top Density (1bs/cf)

Bed Average Density (1bs/cf)

Bed Height (ft)

Bad Holdup {1bs)

Bed Volume (cf)

Average Bed Temperature (°F)

Space Velocity (bed) (cf/cf/hr)
Bottom Superficial Velocity (ft/sexz)
Top Superficial Velocity (ft/sec)

Cyclone Performance

Temperature (°F)

Pressure {psia)

Intet Gas Rate (SCFH)

Inlet Gas Rate (ACFH)

Intet Gas Velocity (ft/sec)

Solids Entering (1bs/hr)

Dust Loading (Ibs/acf)

Solids Captured §1bs/hr)

Solids Escaping (ibs/hr)

Overall Efficiency (Captured/Entering, Wt.%)

Solids Carryovef Loss

Coal + Catalyst Feed (ibs/hr}
Total Carryover (lbs/hr)
Cyclone (1bs/hr)

Filter (1bs/hr}
carryover/Feed {Wt.%)

Solids Carbon Loss
Carbon in Feed (1bs/hr)

Carbon in Carryover {1bs/hr}
Carryover/Feed (Wt.%)

—

-
wy

[= 1R - RS T
2NN N LD e

e -
ADCNMN N O

553.0
110.7
1086.4
281.0
22,1

Reproduced from

[

best available copy.

YIELG PERIOD 216
UNLT_CONVERSIONS

farbou_Consumption

Carbon in Feed® (1bs/hr)}

Carbon from Devolatilization** of Fead Coal (ibs/hr)
Carbon Gasified {by difference) (ibs/hr)

Tatal Carbon Converted (lbs/hr)

Carbon_Conversion (C Converted/C in Feed)

Gasification Onty (%)
Total, Incliuding Devolatilization (%)

Carbon Distribution

Total Cenverted (%)

Entroined (%)

Withdrawn (%)

Accumulated (%)

Conversion (Entrainment Backed Out)

Specific Reaction Rates (C Converted/C in Bed)

Gasification Only (%/Hr)
Including Devolatiiization

Steam Consumption

Steam into Unit (lbs/hr)

Steam Reacted with Carbon {(1bs/hr)
Total Steam Consumed (1bs/hr)

Steam Conversion (Steam Consumed/Steam into Bed)

Gasification® (%)
Total Steam Converted (%)

Reaction Rate Parameters

Carbon Converted/Steam Fed (1bs/1bs)
Carbon Converted/Steam Fed (mol/mol)
Carbon Converted/Bed Volume (Ibs/hr}/cft
Carbon Converted/Bed Volume (mol/hr}/cft
Carbon in Bed/Steam Fed lbs/Elbs/hr)
Carbon in Bed/Steam Fed mol/(mol/hr)

“Fxcludes carbon in catalyst

LIS
1.78
2,56
4.31

0.037
1.967

«spssumed from standard ASTM devolatilization test of feed ceal
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Catalyst Distribution*

YIELD PERIOD 216
UNIT COMPOSITIONS

Gasifier Char
Wtl Feed Top Mid Bottom Entrained

K as K20 9.0 21.9 23.5% 25.9 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/Acid, 0,803 0.802 0.787 0.716 0.875
Soluble Ratio

K20, H20-InsoTuble 1.8 8.3 5.0 7.2 a0
K2C03 H20-Insoluble 2.6 6.4 7.4 10.6 4.3
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
ASTM Ash 25.% 54.1 61.1 72.8 47.7
K on Ash 29.8 33.6 32.0 29.0 42.0
K2C03 Free-Ash 11.6 211 25.6 34.5 11.4
K on X2C03 Free-Ash 74.3 86.3 76.2 61.3 176.5

Size Distribution

Cumulative Wt% Less Than Mesh Size

S Mes s s Mes s S

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 B2.2 94.4 100.0

Mid Char 0.8 2.3 13.0 35.7 72.3 90.9 100.0

Bottom 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

Filter - - - - - - -

Volume/
Number  Surface Weight Bulk Densit

Particle Diameter (Microns) Mean Mean _Mean ﬁ

feed Coal + Catalyst 29 192 a2 51.0

Top Char 37 194 385 15.5

Mid Char 39 268 488 17.2

Bottom Char 34 281 523 25.9

Cyclone 23 27 39

Filter - - -

*Based on acid soluble analysis

Ultimate Analysis

Component

zZ O wvw O T

a1
503-Free Ash
Total

Solids Flow Rate
(1bs/hr)

Ash Element Analysis

$102

Fep03

A1203

Ca0

Mg0

Ti02

P205

Na20

K20, Catalyst

Total

YIELD PERIOD 216
SOLIDS_COMPOSITION

WtX of Totsl Solids, Dry

__Feed Solids W/D Entrained
3.87 0.78 0.32
60.8 29.0 48.0

4.1 5.2 2.9
12.4 6.0 9.2
1.04 0.09 0.17
0.09 0.19 0.36
17.7 58.8 9.0
100.0 100.0 100.0
8.98 1.03 2.29

WtX of $03-Free Ash

27.5 N 20.2
8.9 10.3 7.7
9.1 10.3 6.5
).48 1.91 1.42
0.53 0.65 0.36
0.44 0.46 0.54
0.36 ‘ 0.46 0.10
0.89 0.90 1.33

50.80 43.89 61.85
100.0 100.0 100.0
[} ]




YIELD PERIOD 216
PRODUCT GAS DATA

Product Gas Partial Pressuras at Gasifier Exit

Total Pressure, psia

Hz

<o

CHa

€02

H2S

H20

N2

}120/C0

Hp0/€02

- L2 -

Unit Gas Data
Syngas MWT, 1bs/mol
Product Gas MWT {dry), 1bs/mol
Product Gas
At DTM (dry), SCFH
(Dry, Np-Free}, SCFH

At Gasifier Outlet, SCFH
(Includes N2 + H20)

At Gasiffer Outlet, ACFH
{Includes N2 + HzOS

At Gasifier Outlet, SCFH
(Excludes N2)

At Gasifier Outlet, ACFH
(Excludes N2)

113.7
50.3
11.8

6.2
1n.3
0.3
17.7
16.0
1.5
1.6

9.2
15.5

917.0
763.9
1086.4

437.0
933.3

375.4

YIELD PERIOD 216
PRODUCT GAS DATA

Unit Gas Yields

Product Gas {Dry), Moly
H

2
co

€02
CHg
H2S
Nz

Product Gas (Dry, Nz-Free}
H

2
Co
Co2
CHq
H2s

Product Gas

H2
co
€02

CH
Hzg
Ho0
N2

Product Gas (Na-Free)
H

2
Cco
Co
CHy
H2S
H20

SCFH CHq/1b C Active Bed

SCFH CHg/1b C Feed

Moles CHg/mole C Feed

£quilibrium Constants

Graphi te-i20:
Shift:
Methanation:
Overall:

C + Hp0 2 CO + H2
CO + H20 = €02 + H2
CO + 3Hp = CHg + H20

2C + 2Hp0 = CHq + CO2

Reaction

—y_y - )
O~ HHEN AAON~MNN
R e e
S200NMO NWUI D W

—
anomcob
.

—r
o« @ s .
- NCITO &N

—— Y

—
N DO Nw) =4
. s s e a a
W NN SN,

10.9
0.35

Equilibrium at Actual
Active Bed Temp Equilibrium
{13062°F) Expression
1.9072 2.2824
1.5035 2.7M27
0.0631 0.0159
0.3451 0.2247

Corresponding
Equilibrium
Tempspature

1325.4
1091.2
1398.8




YIELD PERIOD 216
MATERIAL BALANCES

Element Briances
Inpyt (Lbs/Hr): Carbon® Hydrogen Ox;gen  Sulfur  Chlorine
Coal + Catalyste+ S.46 0.34 1.2 0.366 0.008
YIELD PERIOD 216 Gasifier Steam - 1.77 14.03 - -
MATERTAL BALANCES Gasifier Syngas 4.59 2.02 5.1 - -
Total 10.0% 4.13 21.26 0.366 g0.qo8
Gveral) Matorig! baleace Output:
irnut: L83, Ny Qytput: Lbs/Hr Product Gas 8.90 3.20 11.9% 0.228 -
toal Feea [ v o)} 5.89 Product Gas {ex My)  76.24 Product Water - 0.90 /.15 0.003 -
Bastfler Stoam i5.800 Prodr st Gas Ny i1.32 Char Entrained 0.49 0.00 1.09 0.030 0.004
Gasifier Syngas e Moduct Watsr 8.06 Solids Withdrawn (.66 0.02 .14 0.118 0.004
1
o Char Entrained 1.03 Total 10.06 4.12 21.29 0.380 0.008
r;\\f Solids W thdvawn 2,29 Accumulation: ~0.01 0.01 -.08  -0.013 0.0
! Potal {ox My 7 Ly freal (e N j 17,61 Closure 100.0 100.0 149.0 100.0 10.0
fola x M) (3 1 (Jut + Accum)/in, §
Ac-unciatior: v
Cleeyre:  (Qutput - Areim)/input, ¥ 10C 0
Catalyst Balance
oL - AcidKSol. .iate’l(' Sol.
Synthesis_Gas_salence Inprt (Lbs/Hr): - -
Input: s Qutput : SCEH Coal + Catalysti 0.67 0.54
asiflar Sycger 04 Mz 00 in Provuct Gas 593.4 Qutput:
Hy Moix en Ha Mol% 52.4 Char Entrained 0. 0.18
Product Water
ra gt 27,4 ce toix 123 rofuct Hete 0.0 0.0
. 5110 Withdrawn 0.49 0.35
teiance:  {Dmeputy fapiiy G 1YY
iotal 0.70 0.53
Acomulation: -0.03 -0.09
Closure 100.0 81.4
{out + accum)/1n
*Carbon b ance exciudas catalyst carbongte
i xeludss carbon and vxygen in catalyst
. .
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Ash Balances

Input (Lbs/Hr):
Coal + Catalyst

Output:
Entrained Char
Solids Withdrawn

Total

Accumulation:

Closure
(out + accum)/in, %

Ash Element Balance

Input (Lbs/Hr):
Coal + Catalyst

Output: _
Entrained Char
Solids Withdrawn

Total
Accumulation:

Closure
{out + accum)/in, %

YIELD PERIOD 21§
MATERIAL BALANCES

ASTM Ash gggﬁggg
2.25 1.91
0.49 0.48
1.67 1.57
2.16 2.05

0.009 -0.14
100 100

$102 Fep03 Al203 _Ca0
0.437 0.142 0.144 0.023

0.081 0.031
0.419 0.139
0.500 0.170

0.026 0.006
0.139 0.026
0.165 0.031
-0.063 -0.028 -0.020 -0.008

100 100 100 100

S03~Free 503-Free
ASTM Ash C/H Residue
1.59 1.33
0.40 0.38
1.35 1.119
1.75 1.57
-0.16 -0.24
100 100
Ma0 _Sso3 _Nagg Ti0p  P205

0.008

0.001
0.009
0.010
-0.002
100

0.650 0.014 0.007 0.006

0.084 0.005 0.002 0.0

0.315 0.012 0.006 0.006
0.400 0.017 0.008 0.007
0.015 -0.003 -0.001 -0.001

92 100 100 100

Mole Balance

Gas Input

Ho {1.002)
co (0.382;
H20 (0.877
Total {2.261)

Solids Input
Coal + Cat Feed

Total Input

Gas Qutput

Product Gas

H (1.267)
cb (0-298)
€07 50.285)
CHg 0.157)
HzS {0.007
H20 (0.447
Total (2.461)

Solids Output

Char Entrained

Char Samples Withdrawn
Char Accumulation
Total Solids

Total Qutput +
Accumulation

YIELD PERIOD 216
PATERIAL BALANCES

Lb-Moles/Hr
H 0

C S
- 2.003 - -
0.382 - 0.382 -
- 1.754 0.877 -
0.382 3.757 1.259 -

% H 0 S X
0.455 0.345 ¢.070 0.0M 0.017
0.837 4.103 1.329 0.011 0.017

C H 0 S

- 2.535 - -

0.298 - 0.298 -
0.285 - 0.571 -
0.157 0.629 - -
- 0.017 - 0.007
- 0.894 0.447 -
0.741 4.072 1.31% 0.007

c H 0 S K
6.041 0.003 0.006 0.001 0.005
0.055 0.018 0.009 0.004 0.013
~0.001 0.009 -0.002 0.0 -0.001
0.096 0.030 0.012 0.004 0.017
0.837 4.102 1.329 0.011 . 0.017
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vig0
vin
Vi65
V166
V168
vi73
vi7a
v183
V185
viss
vie3
¥205
vz2o7
V208
V212
V214
vers
vaz2
va2r
V232
v2s7
V258
V265
V266
V289
v292
V293
V294
V295
V306
V307

YIELD PERIOD 216
PROCESS VARIABLES

Gas{fier Steam (1bs/hr)

Char Withdrawn (1bs/hr)

H in Char Entrained (wtX)

H in Char Withdrawn (wt?%)

H in Coal + Catalyst Feed (wtX)

H in Gasifier Starting Mid Char (wt})

H tn Gasifier Ending Mid Char {wt%)

€0 1n Syngas (mol%)

Acid Sol. K20 in Coal + Catalyst Feed {wtX)
0 in Coal + Catalyst Feed (wt%)

Ha 1n Syngas (mol%)

€0z in Product Gas (mol%)

CHq in Product Gas (mol%)

CD in Product Gas (mol%)

Hz in Product Gas (mol%)

Np in Product Gas {mol%)

H2S in Product Gas (molX)

Carbon in Char Withdrawn (wtY)

Acfd Sol. K20 in Char Entrained (wt%)

Acid sol. K20 in Char Withdrawn (wtX)
Carbon in Gasifter Starting Mid Char (wt¥)
Carbon in Gasifter Ending Mid Char (wt%)
Acid Sol. X20 in Gasifier Starting Mid Char (wt%)
Actd Sol. K20 in Gasifier Ending Mid Char (wt%)
ASTM Ash in Char Entrained (wt%)

ASTM Ash in Char Withdrawn (wt%)

ASTM Ash in Feed Coal + Catalyst (wtX)

C/H Residue in Feed Coal + Catalyst (wt?¥)
C/H Residue in Char Entrained (wt%)

ASTM Ash in Gasifier Starting Mid Char (wt%)
ASTM Ash fn Gasifier Ending Mid Char (wt%)

Measured Reconciled

15.
2.

26.

12.
73.
n.

12.
51.
16.

28.
24.
25.
38.
29.
24,

47.
72.
25.
21.
46.
60.
59.

OOuOP

17
29
32

15.

2.
.32
.78
.87
.30
.72
27.
.99
12.
72.
1.
.50
12.
52.
16.
.29
29.
24.
25.
8.
4%,
24,
24,
.69
73.
25,
21.
46.
55.
64.

OO wo o

47

80
29

60

42
40
80

33
38
70

00
14
81
28
26
19
94

05
07

v3io
v3zo
vzl
V33
¥334
¥ii6
vi37
V33
V350
V351
v3is3
ViS4
v3ss
v407
V473
v495
v498
Fi84
F385
PGKO
u(118)
u(11s)
u(116)
u(ny)
u{18)
u(19)
u(120)
u121)
u(122)
u(123)
£0D(1)

YIELD PERIOD 216
PROCESS VARIABLES

C/H Residue in Char Withdrawn (wt%)
C/H Residue fn Gasifier Starting Mid Char (wtX)
C/H Residue in Gasifier Endfng Mid Char (wt%)

S03-Free ASTM Ash in
S03-Free ASTM Ash in
503-Free ASTM Ash in
S03-Free ASTM Ash in
503-Free ASTM Ash in
S03-Free C/H Residue
503-Free C/H Residue
S03-Free C/H Restdue
S03-Free C/H Residue
S03-Free C/H Residue
Coal + Catalyst Feed

Feed Coal + Catalyst (wt%)
Char Entrained (wt%)

Char Withdrawn (wt%)
Starting Mid Char (wtX)
Ending Mid Char (wt%)

tn Feed Coal + Catalyst (wtX)
in Char Entratned {wt%)

in Char Withdrawn (wtl)

in Starting Mid Char (wtl)
in Ending Mid Char (wtX)
{1bs/hr)

Char Entrained (1bs/hr)

Carbon in Feed Coal (wtl)
Carbon in Char Entrained (wt%)
Syngas Flow Meter (CFH)
Product Gas Flow Meter (CFH)
Product Gas Condensate (1bs/hr)
Starting Bed aP (B-A) (in Hg)
Starting Bad 4P (C-B) (i{n Hg)
Starting Bed 4P (D-C) (in Hg)
Starting Bed AP (F-E) (in Hg)

Starting Overall Bed

8P (F-A) ({n 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 (F-E) (in Hg)

Ending Overall Bed AP (F-A) (in Hg)
Starting Bed aP (E-D) {in Hg)

Measured Reconciled

68.
58.
57.
17.
39.
59.
50.
.26
.04
.65
.76
.79
.93
.06
.03
.97
.41
.83
124.
.00
.90
.80
.90
.00
.80
.80
.70

O B QO = O - a0~ - @»

47
39
32
94
34
07
19

04

80
00

.40

20

68.
58.
57.
17.
39.
58.
49.
47.
14.
37.
51.
50.
44,
8.
1.
60.
47.
50.
127.

7
1
0
1
0
[
1.
0
1
0
4
0

62
22
47
79




YIELD PERIOD 216 - YIELD PERIOD 216
PROCESS VARIABLES PROCESS VARIABLES

Measured Reconciled Measured Reconciled

EDD(6) Ending Bed AP (E~D) (in Hg) 0.10 0.10 v828 €1 in S03-Free Ash in Char Withdrawn (wtX) 0.18 0.19
DPOST  Deposits Accumulated on Gasifier Walls (1bs) 0.00 0.00 V829 C1 in S03-Free Ash in Char Entrained (wt¥) 0.34 0.36
V280 S in Gasifier Starting Mid Char (wt%) 4.05 4.17 V836 Acid Sol. Nap0 in Gasifier Starting Mid Char (wt%) 0.53 0.56
v28) S in Gasifier Ending Mid Char (wtX) 4.05 3.96 V837  Acid Sol. Naz0 in Gasifier Ending Mid Char (wt%) 0.54 0.51
V187 S in Coal + Catalyst Feed wt%) 3.73 4.07 V841  Acid Sol. Naz0 in Coal + Catalyst Feed (wt%) 0.15 0.16
V246 S in Char Withdrawn (wt%) 5.24 5.16 VB42 Acid Sol. Na20 in Char Withdrawn (wt%) 0.55 0.53
v244 S in Char Entrained {wt%) 2.97 2.95 V843  Acid Sol. Naz0 in Char Entrained (wt%) 0.53 0.52
V243 S in Product Gas Condensate (wt%) 0.04 0.04 V898  Mg0 in SO3-Free Ash Starting Mid Char (wt¥) 0.60 0.60
V862 5102 in SO3-Free Ash in Starting Mid Char (wt%) 28.12 28.96 V899 Mg0 in S03-Free Ash in Ending Mid Char (wt%) 0.52 0.52
' V863  §102 in SO3-Free Ash in Ending Mid Char (wtX) 27.47 27.38 V903 Mg0 in 303-Free Ash in Coal + Catalyst Feed {wt%) 0.53 0.53
. V867  S102 in SO3-Free Ash in Coal + Catalyst Feed (wt¥) 26.48 27.48 V904  Mg0 in SO03-Free Ash in Char Withdrawn {(wt%) 0.65 0.65
> VE68  Si0p in SO3-Free Ash in Char Withdrawn (wt%) 31.49 3.0 V905  Mg0 in SO3-Free Ash in Char Entrained (wt) 0.36 0.36
; V869 $102 in S03-Free Ash in Char Entrained (wt%) 20.24 20.21 V916 Ti0z in S03-Free Ash in Starting Mid Char (wt%) 0.51 0.50
V871 Feg03 in S03-Free Ash in Starting Mid Char (wt%) 8.9 9.16 V917 Ti02 in S03-Free Ash in Ending Mid Char (wt%) 0.45 0.46
var2 Fep03 in S03-Free Ash in Ending Mid Char (wt%) 8.06 7.96 V921 Ti0p in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.45 0.46
Y876 Fe203 in S03-Free Ash in Coal + Catalyst Feed (wt%) 8.67 8.94 V922 Ti02 in 503-Free Ash in Char Withdrawn (wt%) 0.45 0.46
V877  Fe203 in S03-Free Ash in Char Withdrawn (wt%) 10.56 10.32 V923  Ti02 in 503-Free Ash in Char Entrained (wt%) 0.54 0.54
v878 Fep03 in S03-Free Ash in Char Entrained (wt%) 7.76 7.72 V925 P205 in S03-Free Ash in Starting Mid Char {wt%) 0.20 0.22
V880 A1703 in S03-Free Ash in Starting Mid Char {wt%) 9.43 9.67 V926 P20s5 in S03~Free Ash in Ending Mid Char (wt%) 0.19 0.18
V881 Al1203 in S03-Free Ash in Ending Mid Char (wt%) 9.33 9.20 Y930  Pz05 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.31 0.36
V885 A1203 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 8.81 9.08 Vo931 P205 in S03-Free Ash in Char Withdrawn {wt%} 0.66 0.46
V8856  A1203 in SO3-Free Ash in Char Withdrawn (wt%) 10.54 10.31 V932 P05 in S03-Free Ash in Char Entrained (wt%) 0.10 0.10 |
V887  A1203 in SO3-Free Ash in Char Entrained {(wt%) 6.49 6.47 V813 R in Starting Mid Char (wt%) 0.01 0.01 |
VB89  Ca0 in SO03-Free Ash in Starting Mid Char (wt¥) 1.25 1.31 vata N in Ending Mid Char (wt%) 0.08 0.08
V890  Ca0 in SO3-Free Ash in Ending Mid Char (wt3) 0.81 0.79 V818 N in Coal + Catalyst Feed (wt) 1.04 1.04
vaga Ca0 in 503-Free Ash in Coal + (;ata1yst Feed (wt%) 1.38 1.48 vaie N in Char Withdrawn (wt%) 0.09 0.09
V895  Ca0 in SO3-Free Ash in Char Withdrawn (wt%) 2.08 1.93 V820 N in Char Entrained (wt?) 0.17 0.17
V896 CaQ in S03-Free Ash in Char Entrained (wt%) 1.44 1.42 V805 0 in Starting Mid Char (wt3%) 7.02 7.06
V822  C1 in S03-Free Ash in Starting Mid Char {wt%) 0.28 0.25 V806 0 in Ending Mid Char (wt%) 6.17 6.18
Y823 Cl in $S03-Free Ash in Ending Mid Char (wt¥) 0.23 0.25 V819 0 in Char Withdrawn (wt%) 5.86 5.96
V827 €1 in SO3-Free Ash in Coal + Catalyst Feed {wt%) 0.10 0.08 y811 0 in Char Entrained (wt%) 9.18 9.19
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RECONCILED DATA

YIELD PERIOD 217

UNIT OPERATIONS

from
To

Duration

Percent of Time on Stream
Coal Feed
Steam

Syngas

Gasifier Process Temperatures
Gasifier Bed Height (ft)

43.2
38.4
2.0
26.6
21.2

16.0

10.9

6.4

0.4

Time Date

7:30 7-04-77

7:30 7-05-77
24 Hrs

100

100

100

Gasifier Temperature (°F)
1158
1193
1337
1336
1301
1308
1294
1280
123

YIELD PERIOD 217

UNIT PROCESS VARIABLES

Unit Temperatures

Lockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 8ottom

Gasifier Feed Line
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
Filter Inlet

Scrubber Inlet
Scrubber Qutlet

Product Gas Meter

Unit Pressures

Lockhopper 2
Gasifier Feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Qutlet
Filter OQutlet
Scrubber Outlet

Product Gas Meter

Process, °F Metal, °F
188 202
176 160
229 247
259 30
710 969
913 975

1337 1365
1231 1232
1298 1339
703 980
757 1107
693 1006
650 1066
719 1027
1058
1188 990
- 551
- 502
426 423
91 -
o -

105.1

14.7
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A SinIo gls

L 0L TS BT

Gagiriar Fluidlzed Bes Propeiiies

ged Botsom Denedty (1bs/ei)

ded Top Dansivy (Von/v5)

dad Aversge Demsaty {Yhs/o4)

sed Helght {f1)

Bed Hotdup {bs)

Bed Volume (cF)

Average Ped Temperature (O

3pace Velecity (bed) {e¥/¢f/hv)
Rottom Supevficial Yelonity {fifsu)

iyclone Performance

temperature (°F)

Fressure (psia)

Inlet Gas Rate {SCFH)

Iniet Gas Rate (ACFH}

inlet Gas Velocity {ft/sec)

unlids Entering {(1bs/hi}

Dust Loading {Ibds/acf)

3olids Captured (1bs/hr)

Solids €scapirg {1bs/hr)

iiverall Efficiency (Captursd/Entaring, WC.%)

S01ids Carryoves 10ss

Coai + Catalyst feed {Ibs/nrj
fotal Carryover (lbs/hr)
Cyclone {1bs/hr)

Filter {1bs/hr)
Carryover/Feed (Wt.%)

solids Carbon_Loss
Carbon in Feed (1bs/hr)

Caroon in Carryaver {Ibs/he)
Carryover/Feed (Wt.#)

!

Reproduced from -
best available copy. €

E o —e
RIRE v R YA N &) RECRGETY Xoe l o\ ]

TN A UG O

9,08
0.96
.90
i).06
10.8

5,31
0.428

[

STELD PERION 217

HNLT_COMy TR (ONS
Lavien Lonsumotion
Cavhon in Feed* (lhs/hr) .31
Lirion from Devolatilization™ of Feed Ceal {1bs/hr, 1.43
Carbon Gusifiad (by difference) {lbs/he) 4.86
10¥al Carhon Converted (1bs/hr) 4.29
Carcimn Conserzion (€ Convertsd/u In Feud)
Casification Only (%) 33.8
Totel, Including Levolatilizatica (%) 80.7
Cavoon BDistribution
Toeal Converted (%) 80.7
Eatvrained (%) 8.7
Withdrawn (%) 11.7
Accumulated (3) -1.1
Conversion (Entrainment Backed Out) 38.4
Spacific Reaction Rates (C Converted/C in Sed)
Gasification Only {%/Hr) 12.1
In;luding Devnlatilization 18.2
Stesm Consumption
Steam into Unit (Tbs/hr) , 15.70
Steam Resctad witn Carbon (1bs/hr) 4.28
Tutal Steam Consumed {1bs/hr) 7.64
Steam Conyersion {Steaw Consumed/Steam into Bed)
Sasification* (%) 27.3
Total Steam Converted (%) 48.6
Reaction Rate Parameters
rarbon Converted/Steam Fed (1bs/1bs) 0.182
Carbon Converted/Steam Fed (mol/mol) 0.273
Carbon Converted/Bad Volume (lbs/hr)/cft 0.473
Carbon Converted/Bed Volume {mol/hr)/cfi 1.039
Cavbon in Bed/Stsam Fed 1bs/{1lbs/hr) 1.560
Carbon in Bed/Steam Fed mol/{mol/hr) 2.251

“txcludes carbon in catalyst
£xAscumed from standard ASTM devolatilization test of Fead coal
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Catalyst Distribution*

(11

K as K20
K as K203

K as K

K Water/Acid,
Saluble Ratio

K20, H20-Insoluble
K2C03 Hz0-Insoluble
K,H20-Insoluble
Carbon

K on Carbon

ASTM Ash

K on Ash

K2C03 Free-Ash

K on K2C03 Free-Ash

Size Distribution

Feed Coal + Catalyst
Tap Char

Mid Char

Bottom Char

Cyclone

Filter

YIELD PERIOD 217
UNIT COMPOSITIONS

Gasifier Char
Mid

Particle Diameter (Microns)

Feed Coal + Catalyst
Top Char
Mid Char

Bottom Char
Cyclone
Filter

Feed Top Bottom Entrained
9.3 21.0 22.9 25.2 24.7
13.6 30.8 33.6 36.9 36.3
1.7 17.4 19.0 20.9 20.5
0.7N 0.776 0.749 0.700 0.835
2.1 4.7 7 7.6 4.1
31 6.9 N n.a 6.0
1.8 3.9 4.8 6.3 3.4
58.5 44.4 41.1 24.8 48.0
13.1 39.2 46.2 84.2 42.7
26.3 53.0 48.7 76.8 50.0
29.3 32.9 39.1 27.2 41.0
12.4 21.3 14.2 38.9 12.9
62.0 81.6 1341 53.7 159.2
Cumulative WtX Less Than Mesh Size
sh 200 Mesh Mesh 50 Mesh 30 Mesh 20 Mesh 10 Mesh
0.8 4.8 13.1 3.4 76.6 94.6 100.0
1.2 6.3 28.6 56.6 86.1 96.9 100.0
2.7 8.8 25.2 52.1 83.1 99.5 100.0
0.2 1.0 5.5 23.5 61.7 88.0 99.9
73.5 89.5 99.7 99.9 100.0 100.0 100.0
volume/
Number Surface Weight Bulk Density
Mean Mean _Mean Ibs/ef
41 249 447 49.0
42 182 343 13.7
3 m 373 18.1
55 363 572 26.8
23 27 38

*Based on acid soluble analysis

Ultimate Analysis

___ Component

zZ O v N x

Ql
S03-Free Ash

Total

Solids Flow Rate
(1bs/hr)

Ash Element Analysis

YIELD PERIOD 217

SOLIDS COMPOSITION

WtX of Total Solids, Ory

$i0p

Fez03

Al203

Ca0

Mg0

Ti0;

P20s

Naz0

K20, Catalyst

Totatl

__Feed Solids W/D Entrained
2.98 0.68 0.81
58.5 25.2 48.0
4.2 5.8 3.0
14.1 7.7 8.0
1.19 0.07 0.013
0.1 0.24 0.039
19.0 60.3 39.6
100 100 100
3.08 2.47 0.96
WtX of S03-Free Ash _
28.1 31.5 20.0
9.5 10.6 7.4
9.0 10.1 6.3
2.8 2.32 1.77
0.59 0.67 0.37
0.44 0.46 0.41
0.45 0.55 0.12
0.91 0.87 1.29
48.81 42.84 62.36
100 100 100
.



YIELD PERIOD 217
PRODUCT GAS DATA

Product Gas Partial Pressures at Gasifier Exit

Total Pressure, psia

Hz

co

CHg

COZ‘

HaS

Ha0

Nz

H20/€0

H0/¢02

- .6L¢ -

Unit Gas Data
Syngas MMT, 1bs/mol
Product Gas MHT (dry), lbs/mol
Product Gas
At DTH (dry). SCFH
{Dry, Ng~Free), SCFH

At Gasifier Outlet, SCFH
(Includes N2 + H20$

At Gasifier Outlet, ACFH
{Includes Np + Ha0

At Gasifier Qutlet, 30FH
{Excludes N2)

At Gasifier Qutlet, #OFN
{Excludes No)

855.
737.
1024.

N

(]

El

4127

306, -

[
[N RN

1

Reproduced from
est available cop

YIELD PERIOD 217
PRODUCT GAS DATA

Unit Gas Yields
Product Gas (Dry), Mol%

Ho 53.9
Co 12.4
Coz 12.7
CHy 6.8
H2S 0.3
No 13.8
Product Gas (Dry, Np-Free)
Ho ys T2 62.5
co 14.4
cop 14.7
CHa 7.9
Hzs 0.3
Product Gas
H2 45.0
co 10.4
co2 10.6
CH 5.7
Hzg 0.3
Hz0 16.5
N2 11.5
Product Gas {Na-Free)
Ha 50.8
co 11.8
L0z 12.0
CHa 6.4
H2S 0.3
Hz0 18.7
SCFH CHg/ b € Active Bed 2.5
SCFH CHg/'1o € Feed n.c
#ales CHy/mole © Faszd 4,35
fauLLion

LarreseLinding

fyaitibriom st agiusl Equitib: lui
lctive Bed Tenp  Equilibrium T S L
e St e neuhils i3S i) Eipriesz it e}
Grepitia dedt, 0 4 Hofl < T8+ Hy Toansy T, M3 R
Saice AU I * ) AR iy PR AX]
Mo it dagies v st G L e Loy L G160

L

Tiarat): meooozdpn o (g bt

« den
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Overail

Input:
Coal Faad [ri ¥
Gasitier Stoam

Gasifier “yoax-

Total (#x Ny)
Acrumuiation:
Siosviwr {Outpyr

Svethisis Gr: o raiunge

Irout:
Gasitier rngae

H

Z

lah

Mol B

Rijants,

2T Pt

foutput/ Tne

o1 ey BT

ne

i

Element Balances
Input_{1hs/Hr):
Cozl ¢ Catalyst®?*
Gacifier Steam

Gasifier Syngas

Total
Dutput. Lasfhe Output:
Deagont Ay {0 L) 1B B4 Product Gas
Prngnet Cug H- 8.74 Product Water
o i, Mg 4. 08 Char Entrained
Cr v Sntratue .96 50114z Withdrawn
BRI THE 1 TR oA Total
priat Jex 1) 21 Aecumulation:
Closure
(Out + Accum)/in, %
Catalysy Balance
Getpee LM Input (Lbs/Hr):
Mo s G0 eesnet €8 5673 Coat v Catalyst
Mo Rl Ria Qutput.
y! g - Char Entrained

<

Pyoduct Yater

Setid Withdrawn
ntal

Accurmtation:

Cicsure
{out + accum)/in

Y

s
i

{r: & PERIOD 217

MAVERIAL BALANCES

I

Cartna™  Hydrogen

5.31 0.27
1.75
4.3 1.98
a.70 4.00
8.67 3.08
0.7 0.90
0.46 0.01
0.62 0.0?
9.7% 4.01
-0.006 0.0
100, 0 100.0
AcIdKSol.
0.70
0.20
0.0
n.53
0.72
-0.03
100.0

“Carbon ~ajance excicdnr catalyst carbonate
*Excludes carben and oxygen ia catalyst

13.66
7.16
0.08
0.19

21.09

-0.03
100.0

Sulfur
0.378

0.3/8

0.213
0.002
0.030
0.144
0.394
-0.016
100.0

Haver Sol.
X

0.54

Chlorine
0.010

0.010

0.004
C.006
0.010
0.0

100.0



YIELD PERIOD 217

MATERIAL BALANCES
YIELD PERIOD 217

MATERIAL BALANCES
Mole Balance

Lb-Moles/Hr
Ash Balances Gas Input [ H 0 S
C/H S03~Free S03-Free
Input {Lbs/Hr): ASTM Ash  Residue  ASTM Ash  C/H Residue W2  (0.986) - 1.9 - -
c0 0.3553 0.365 - 0.365 -
Coal + Catalyst 2.39 2.01 1.72 1.35 H0  (0.871 - 1.743  0.871 -
Total (2.222) 0.365 3.714 1.236 -
Output:
Entrained Char 0.48 0.47 0.38 0.73 Solids Input [ H 0 S K
' Solids Withdrawn 1.91 1.79 1.49 1.30 Coal + Cat Feed 0.442 0.268 0.080 0.012  0.018
8 Total 2.39 2.26 1.87 1.69 Total Input 0.018 0.807 3.982 1.316  0.012
—ad
' Accumulation: 0.0 -0.25 -0.15 -0.33
Closure 100 100 100 100
{out + accum)/in, %
Ash Element Balance Gas_Output
Input (LbsfHr): $i02 Fep03 AlpD3 _Ca0 Mg0 S03 Nago Ti0z P205 Product Gas ¢ H 0 s
H (1.216 - 2.432 - -
Coal + Catalyst 0.485 0.164 0.155 0.037 0.010 0.705 0.015 0.008 0.008 e go.zm) oo281 . 0.281 :
o 0.287 p.287 - 0.573 -
Outgut: CHs §0.154; 0.154 0.617 - -
. s (0.007 - 0.0014 - 0.007
Entrained Char 0.076 €.28 0.24 0.007 0.001 0.075 0.005 0.002 0.0 Hgo (0.443) - 0,895 0.448 v
2.393 0.7 3.95 1.302 .007
Solids Withdrawn 0.471 0.159 0.151 0.035 0.010 0.385 0.013 0.007 0.008 Total (2.393) 22 3.%5 1.302  0.00
Total 0.547 0.187 0.175 0.041 0.011 0.461 0.018 0.009 0.009 Solids Output c " 0 s K
Accumulation: -0.062 -0.023 -0.020 -0.005-0.001 0.0 ~0.003-0.001 -0.001 Char E"tm"eﬂ 0.038  0.008 0.005 0.001  0.005
i Char Samples Withdrawn 0.052 0.017, 0.012 0.004 0.014
%‘“5“:@ . 090 100 100 100 100 65 ° 100 100 100 Char Accumelation -0.005 -0.001 -0.002 0.0 -0.001
out + accum}/in, % Total Solids 0.035 0.024 0.005 0.005 0.018

Total Qutput + 0.807 3.982 1.316 0.012 .0.018
Accumulation .
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vio0
i
V165
¥166
viea
i3
V174
vial
yigs
viss
vi93
V205
V207
v208
V212
V214

V215

v222
V227

V232

v257

v2s8
V265

V266

V289
V292
V293
V294

V295
V306

v307

YIELD PERIOD 217
PROCESS VARTABLES

Gasifier Steam {1bs/hr)

Char Withdrawn {1bs/hr)

H in Char Entrained (wtX)

H in Char Withdrawn (wt%)

H in Coal + Catalyst Feed (wt%)

H in Gasifier Starting Mid Char (wt%)

H in Gasifier Ending Mid Char {wtX)

0 in Syngas {mol%)

Acid Sol. K20 in Coal + Catalyst Feed (wt%)
0 in Coal + Catalyst Feed (wtX)

H2 in Syngas {mol%)

€0z in Product Gas (molX)

CHg 1n Product Gas (mol%)

CO 1n Product Gas (mol1%)

Hz in Product Gas {mol%)

Nz in Product Gas (mol%)

H35 in Product Gas (mol%)

Carbon in Char Withdrawn (wt%)

Acid Sol. K20 in Char Entrained (wt%)

Acid sol. K20 in Char Withdrawn (wt%)
Carbon in Gasifier Starting Mid Char (wt%)
Carbon in Gasifier Ending Mid Char (wtX)
Acid Sol. K20 in Gasifier Starting Mid Char (wtX)
Acid Sol. K20 in Gasifier Ending Mid Char (wt%)
ASTM Ash in Char Entrafned (wt%)

ASTM Ash in Char Withdrawn {wt%)

ASTM Ash in Feed Coal + Catalyst (wt%)

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

ASTM Ash in Gasifier Starting Mid Char {wt%)
ASTM Ash in Gasifier Ending Mid Char (wt%)

Measured Reconciled

16.70

2.48
.81
.68
.98
.20
.20
26.70

8.94
14.14
72.60
12.70

6.84

o a N C o

49.26
48.66
48.66

15.70
2.47
0.81
0.68
2.98
0.2-
0.20

27.02
9.26

14.10

72.98

12.70
6.84

12.44

53.88

13.83
0.30

25.17

24.70

25.84

37.87

39.57

20.02

20.70

50.02

77.04

26.27

22.15

48.82

45.95

51.10

V310
v320
kY4
Vil
Vil
V3136
v337
V338
V350
V351
V353
V354
V355
vag?
V473
V495
v498
Figa
F385
PGKO
u(114)
u(11s8)
3(116)
u{mz)
u{118)
u(119)
u(120)
u(121)
u(122)
u(123)
EDD(1)

YIELD PERIOD 217
PROCESS VARIABLES

C/H Residue in Char Withdrawn (wtX)

C/H Residue in Gasifier Starting Mid Char (wtX)
C/H Residue 1n Gasifier Ending Mid Char (wtX)
S03-Free ASTM Ash in Feed Coal # Catalyst (wt%)
S03-Free ASTM Ash in Char Entrained (wtX)
S03-Free ASTM Ash in Char Withdrawn (wt%)
S03-Free ASTM Ash in Starting Mid Char (wtX)
S03-Free ASTM Ash in Ending Mid Char (wtX)
S03-Free C/H Residue in Feed Coal + Catalyst (wi%)
503-Free C/H Residue in Char Entrained (wtl)
S03-Free C/H Residue in Char Withdrawn (wtX)
S03-Free C/H Residue in Starting Mid Char (wtX)
S03-Free C/H Residue in Ending Mid Char (wtX)
Coal + Catalyst Feed {1bs/hr)

Char Entrained (1bs/hr)

Carbon in Feed Coal (wt%)

Carbon in Char Entrained (wt¥%)

Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFH)

Product Gas Condensate (1bs/hr)

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

Starting Bed &P (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 aP (B-A) (1n Hg)

Ending Bed aP {C-8) (in Hq)

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

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

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

Starting Bed aP (E-D) (in Hg)

Measured Reconciled

75.
57.
57.
18.
42,
61.
39.
39.
13.
a.
59.
48.
48,

8.

59.
a5,
49,
120.

O &0 w0 = 6O —~O =N

12
42
42
59

25

72.
59.
55.
18.
39.
60.
43,
41.
14,
40.
52.
52.
44,

9.

58.
47.
49.
9.

~

Q O~ O ~- O -0 -

46
70
37



YIELD PERIOD 217 YIELD PERIOD 217

PROCESS VARIABLES PROCESS VARIABLES

Measured Reconciled Measured Reconciled

£DD{6) Ending Bed AP (E-D} (in Hg) 0.20 0.20 V828  C1 in SO3-Free Ash in Char Withdrawn (wtX) 0.22 0.24

DPOST  Deposits Accumulated on Gasifier Walls (1bs) 0.00 0.00 V829 €1 in S03-Tree Ash in Char Entrained (wt%) 0.37 0.39

V280 S in Gasifier Starting Mid Char (wtX) 4,34 4.482 V836 Acid Sol. Nap0 in Gasifier Starting Mid Char (wtX) 0.52 0.52

v281 S in Gasifier Ending Mid Char (wt%) 4,38 4,22 V837  Acid Sol. Nag0 in Gasifier Ending Mid Char (wt%) 0.52 0.51

Y187 S in Coal + Catalyst Feed wt%) 3.87 4.16 V841  Acid Sol. Naz0 in Coal + Catalyst Feed {wt%) 0.17 0.17

Y236 S in Char Withdrawn (wt¥) - 5.71 5.80 V842 Acid Sol. Nag0 In Char Withdrawn (wt%) 0.53 0.53

V244 S in Char Entrained {wt%) 3.12 3.12 V843 Acid Sol. Naz0 in Char Entrained (wt%) ‘ 0.51 0.51

V243 S in Product Gas Condensate (wtX) 0.04 0.04 V898  Mg0 in SO3-Free Ash Starting Mid Char (wtX) 0.62 0.64

¥862 .S102 in SO3-Free Ash in Starting Mid Char (wt%) 29.31 29.64 v899 Mg0 in S03-Free Ash in Ending Mid Char (wt%) 0.62 0.60

V863 5102 in S03-Free Ash in Ending Mid Char {wt%) 29.3) 27.76 V903 Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.56 0.59
' ¥867  $102 in SO3-Free Ash in Coal + Catalyst Feed (wt¥) 26.46 28.15 V904 Mg0 in SO3-Free Ash in Char Withdrawn (wt%) 0.71 0.67 |
o V868 $102 in SO3-Free Ash in Char Withdrawn (wt%) 31.82 31.53 V905 Mg0 in S03-Free Ash in Char Entrained (wt) 0.37 0.37 1
o V869  Si02 in $03-Free Ash in Char Entrained (wtZ) 19.88 20.03 V916  TiDz in S03-Free Ash in Starting Mid Char (wt%) 0.52 0.52
, y871 Fe203 in 503-Free Ash in Starting Mid Char (wt%) 8.74 9.29 V917 7102 in S03-Free Ash in Ending Mid Char (wt%) 0.52 0.52 :

V872 Fep03 in SO3-Free Ash in Ending Mid Char (wt¥) 8.74 8.23 V921 T10, in S03-Free Ash in Coal + Catalyst Feed (wtX) 0.44 0.44

V876 Fez03 In SO3-Free Ash in Coal + Catalyst Feed (wt%) 8.65 9.51 V922 Ti07 in SO3-Free Ash in Char ¥ithdrawn (wt¥%) 0.45 0.46 ‘

V877  Fez03 in SO3-Free Ash in Char Withdrawn (wt%) n.n 10.63 V923 Ti07 in SO3-Free Ash in Char Entrained (wt¥) 0.41 0.41 ;

V878  Fep03 in SO03-Free Ash in Char Entrained (wt%) 7.46 7.37 V925  P205 in S03-Free Ash in Starting Mid Char (wt%) 0.31 0.33 |

v88a A1203 in SO3-Free Ash in Starting Mid Char (wt%) 10.04 10.22 V926 P205 in SO3-Free Ash in Ending Mid Char (wt¥) 0.31 0.29 |

vasl A1203 in S03-Free Ash in Ending Mid Char (wt%) 10.04 9.74 V930 P05 in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.39 0.45

V885 A203 in S03-Free Ash in Coal + Catalyst Feed {wt%) 8.66 9.01 V931 P205 in SO3-Free Ash in Char Withdrawn {wtZ) 0.72 0.55

V886 A1203 in SO3-Free Ash in Char Withdrawn (w"¥) 10.33 10.12 V932 P20s in S03-Free Ash in Char Entrained (wt%) 0.12 0.12

V887  Al203 in S03-Free Ash in Char Entrained (wt%) 6.28 6.28 V813 N in Starting Mid Char (wt%) o.n 0.1

V889  Ca0 in SO3-Free Ash in Starting Mid Char (wtZ) 1.56 1.67 v8l4 N in Ending Mid Char (wt¥) 0.1 o.n

yeso Ca0 in S03-Free Ash in Ending Mid Char (wt%) 1.56 1.45 V818 N in Coal + Catalyst Feed (wt%) 1.19 1.19

V894 Ca0 in SO3-Free Ash in Coal + Catalyst Feed (wt¥%) 1.86 2.14 V819 N in Char Withdrawn {(wt%) 0.07 0.07

y895 Ca0 in S03-Free Ash in Char Withdrawn (wt%) 2.79 2.32 vezo N in Char Entrained. (wt%) 0.13 0.13

V896  Ca0 in 503-Free Ash In Char Entrained (wt%) 1.82 1.77 V805 0 in Starting Mid Char (wt%) . 14.54 14.14

vaz22 €1 in SO3-Free Ash in Starting Mid Char (wt%) 0.28 0.25 V806 0 in Ending Mid Char (wt%) 14.54 14.35

v823 C1 1n SO3-Free Ash in Ending Mid Char (wt3) 0.28 0.30 V810 0 in Char Withdrawn (wt%) 7.25 7.72

vez7 C1 1in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.13 0.1 Va1 0 in Char Entrained (wt%) 7.83 7.95
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YIELD PERIOD 218
UNIT PROCESS VARIABLES

RECONCILED DATA

Unit Temperatures Pracess, °F Metal, °F
YIELD-PERIOD 218
Lockhopper 1 Top 249 259
UNIT OPERATIONS Lockhopper 1 Bottom 247 228
Lockhopper 2 Top 263 247
Lockhopper 2 Bottom 229 329
Time Date
Gasifier Feed Line 655 879
From 7:30 7-11-77 Gasifier Steam Line 862 875
To 7:30 7-12-77 Gasifier
Top of Bed 1298 1374
Duration 24 Hrs Bottom of Bed 1227 1258
Total Bed Average 1296 1345
Percent of Time on Stream Rough Cut Cyclone
Cyclone Top 903 9
! Coal Feed 100 Cyclone Bottom 752 1108
N Standpipe Top 694 1906
[o5] Steam 100 Standpipe Mid 642 1066
p Standpipe Bottom n9 1024
. Syngas 100 Standpipe Slope Top 1057
Standpipe Slope Bottom 1203 398
Gasifier Process Temperatures Gasifier Backend
Cyclone Inlet - 536
Gasifier Bed Height (ft) Gasifier Temperature (°F) Filter Inlet - 485
43.2 nn Scrubber Inlet 481 428
Scrubber Qutiet 88 -
38.4 1151
Product 99 -
2.1 1298 roduct Gas Meter
2.6 1334 Unit Pressures Psia
Lockhopper 2 118.2
21.2 1303 Gasifier Feed Line 117.6
Bypass N2 155.7
16.0 134 Syngas In 163.7
10.9 1304 Gasifier .
Gasifier Top 14.7 )
6.4 1291 Gasifier Bottom 117.2
0.4 1227 Rough Cut Cyclone Outlet 4.5
Filter Outlet 107.5
Scrubber Qutlet 105.7
Product Gas Meter 114.7
. .
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‘1eiD PERIOD 218
FLUID-SOLIDS DATA

Gacifier Tlnidized Bed Proverties

Bed Bottom Density (1bs/cf)
Bed Top Density (lbs/cf)

Bed Average Density (1bs/cy)
Bed Height gft)
Bed Holdup {1bs)

8ed Volune {cf)

Average Bed Temperature (°F)

Space Valocity {bed) (ct/cf/hr)
Bottom Superficial Velocity (fiJsoc)
Top Superficial Velucity {tt/sect)

Cyclone Performance

Temperature (°F)

Pressure (psia)

Inlet Gas Rate (SCFM)

Inlet Gas Rate (ACFH)

Inlet Gas Velocity (ft/sec)

Solids Entering {1bs/hr)

Dust Ltoading (Ibs/acf)

Solids Captured (Ibs/hr

Solids Escaping (1bs/hr

Overall Efficiency (Captured/Entering, Wt.%)

solids Carryover Loss

Coal + Catalyst Feed (1Bs/hr)
Total Carryover (1bs/hr)
Cyclone (ibs/hr)

Filter (1bs/hr)
Carryover/Feed (Wt.%)

Solids_Carbon toss
Carbon in Feed (1bs/he)

carbon in Cavryover (1bs/hr)
Carryover/Fzed (Wt.%)

ot

-
(3]
CSCOoONo Ch G
T AN
[« X3 « o N
WO WD B

.

o
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w

8.50
1.18
1.10
0.08
13.9

12

O
-
A3

8.7

YIELD PERIO 218
UNIT_CONVERSIONS

Carbon_Consumption

varbon in Feed* (1bs/hr)

Carbon from Devolatilization** of Fred {oal {1bs/hr)
Carbon Gasified (by difference) (ibs/hr)

Total Carbon Converted (1bs/hr)

Carbon Conversion {C Converted/C in Feed)

Gasification Only (%)
Total, Including Devolatilization (%)

Carbon Distribution

Total Converted (%)

Entrained (%)

Withdrawn (%)

Accumuliated (%)

Conversion {Entrainment Backed Out)

Specific Reaction Rates (€ Converted/C in Red)

Gasification Only (%/Hr)
Including Devolatilization

Steam Consumption

Steam into Unit (1bs/hr)

Steam Reacted with Carbon (1bs/hr)
Total Steam Consumed (1bs/hr)

Steam Conversion (Steam Consumed/Steam into Bed)

Basification* {%)
Total Steam Converted (%)

Reaction Rate Parameters

Carbon Converted/Steam Fed (1bs/lbs

tarbon Converted/Steam Fed (mol/mol

farbon Converted/Bed Volume (1bs/fir)/cft

Carbon Converted/Bed Yolume (mol/hr;/cft .
Carbon in Bed/Steam Fed Tbs/(1bs/ar

Carbon in Bed/Steam Fed mol/(mol/hr)

*Excludes carbon in catalyst

NN b CTY
N Ch Oy —
(LR ]

0.169
0.253
0.420
0.035
1.449
2,175

*vpceumed from standard ASTA devolatiifzation test of feed coal
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YIELD PERIOD 218 YIELD PERIOD 218
UNIT COMPOSITIONS SOLIDS COMPOSITION
Catalyst Distribution®
Gasifier Chsr’ Ultimate Analysis
Wty Feed Top —_Mid Bottom Entrained
WtX of Total Solids, Dry .
X as K0 9.5 8.9 4.7 27.7 27.1 Comoonent Fesd Solids_H/D Entratned
K as K2C03 14.0 13.0 36.2 40.7 9.8 -—_omponent — - —_——
K as K 7.9 7.4 20.5 23.0 22.5 H 3.7 0.75 0.20
AU 0.5% 0.680 0.653  0.631 0.865 ¢ 60.2 2.7 10.2
S 4.2 4.7 3.8
K20, H20-Insoluble 1.9 2.8 8.6 10.2 3.7
K2€03, H20-Insoluble 5.7 4.2 12.6 15.0 5.4 0 1.9 n. 90
K,H20-Insoluble 3.2 2.4 7.1 8.5 3 N 1.04 0.08 0.17
Carbon 60.2 39.9 34.9 22.7 40.2
K on Carbon 13.1 18.5 58.7 101.1 56.0 € 0.14 0.32 0.4z
ASTM Ash 27.6 57.3 6.7 72.4 58.2 S03-Free Ash 18.9 60.3 86.2
K on Ash 28.7 2.9 33.2 3.8 38.7 Total 100.0 100.0 100.0
X2C03 Free-Ash 13.1 44.0 24.3 30.5 17.2
K on K2C03 Free-Ash 60.4 16.7 84.4 75.4 131.2
Solids Flow Rate 8.50 1.18 2.08
(bs/hr}

Size Distribution
Cumulative Wt% Less Than Mesh Size
s

3¢ S s H S s 0 _Mes ash €1 ¢ Analys]
Feed Coal + Catalyst 8.2 10.5 23.2 48.7  82.8  95.7 100.0 sh tlement Analysls
Top Char 11.8 35.9 75.3 88.7 98.0 100.0 100.0 WtX of SO3-Free Ash
Mid Char 2.4 7.8 25.7 52.4 836  95.0 100.0 $102 27.3 31 214
Bottom Char 11 4.4 15.1 40.9 77.9 95.0 100.0
Fe03 8.1 8.4 8.4
Cyclone - - - - - - -
Filter - - . - . _ R A1203 3.0 0.6 6.2
Volume/ Ca0 2.18 1.67 2.70
Number Surface Weight Bulk_Densfity
Particle Diameter (Microns) Mean Mean &qh!“ " bs/ef Mg0 0.47 0.61 0.39
Feed Coal ¢+ Catalyst 24 135 378 49.4 110, 0.37 0.49 0.a1
Top Char 28 72 146 18.6 P20 }
Mid Char 32 175 374 20.3 2 0.49 ¢.58 0.15
Bottom Char 38 234 429 24.9 Naz0 1.64 1.23 1.55
Cyclone - - - K20, Catalyst 50.44 4525 58.75
Filter - - -
Total 1.64 1.28 1.585

*Based on actd soluble analysis
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YIELD PERIOD 218
PRODUCT GAS DATA

Total Pressure, psia

Ha

co

CHa

Co2

H2S

Ha0

N2

H20/C0

H20/C02

Unit Gas Data

Syngas ¥MT, 1bs/mol
Product Gas MMT {dry), 1bs/mal
Product Gas
At DM (dry), SCFH
' (Dry, Np-Free), SCFH
At Gasifier Outlet, SCFH

(Includes N2 + Hz20)

At Gasifier Qutlet, ACFH
(Includes Np + Hz0)

At Gasifier Qutlet, SCFH
{Excludes N2)

At Gasifier Qutlet, ACFH
(Excludes Nz)

Product Gas Partial Pressures at Gasifier Exit

na.7
55.8
11.4
8.4
12.8
0.3
20.2
5.9
1.8
1.6

8.8
13.8

815.3
764.7
989.3
397.7

938.7

377.4

4 -
YIELD PERIOD 218
PRODUCT GAS DATA
Unit Gas Yields
Product Gas (Dry), Mol%
H2 59.0
&1} 12.1
coz 13.5
CHg 8.9
H2S 0.3
N2 6.2
Product Gas (Dry, Np-Free)
Hz 62.9
co 12.9
€02 14.4
CHaq 9.5
Hp2S 0.3
Product Gas
Ha 48.6
Co 10.0 .
Co2 1.1
CH 7.3
Hz§ 0.3
H20 17.6
N2 5.1
Praduct Gas (Np-Free)
H2 51.2
Co 10.5
€0z n.7
CH4 7.7
H2S 0.3
Ho0 18.6
SCFH CHa/1b € Active Bed 3.2
SCFH CHa/1b C Feed 14.2
Moles CHp/mole C Feed 0.45
Reaction Corresponding
Equilibrium at Actual Equitibrium
Active Bed Temp Equilibrium, Temperature
Equilibrium Constants {1307.3°F) Expression {°F)
,Graphite-Hp0: C + Hp0 = CO + H2 1.9284 2.1462 1318.8
Shift: €0 + Ha0 = CO2 + H2 1.4992 3.0896 1050.7
Methanation: (O + 3Hpz = CH4 + Hp0 0.0619 0.0185 1388.1
Overall: 2¢ + 2Hz0 = CHg + CO2 0.3451 0.2633 -




- 88¢ -

YIELD PERIOD 218

MATERIAL BALANCES

i Imment Dalances

Input_(ths/Hr): Carbon* Hydrogen Uaygen Sulfur Chiurine
YIELD PERIQD 218 Coal < Catalyst* 5.12 0.315 1.01 0.35¢4 0.0/
MATERIAL BALANCES Gasifier Steam 0.0 1.750 13.89 0.0 0.6
Gasifier Syngas 4.66 2.222 6,20 0.0 0.0
Overall Material Balance Total 9.77 4,287 21.10 0.35% 0.012
Input: Lbs/Hr Qutput: Lbs/Hr Cutput:
Coal Feed (ex N2) 8.41 Product Gas (ex N2) 25.92 Product Gas 8.91 3.345 13.45 0.224 0.
Gastfier Steam 15.65 Product Gas Nz 3.7 Product Water 0.9 0.926 1.35 0.003 Y
Gasifier Syngas 13.08 Product Water §.78 Char Entrained 0.47 0.002 0.11 0.045 0.045
Char Entrained 1.18 Solids Withdrawn 0.47 0.015 0.23 0.097 0.00?7
Solids Withdrawn 2.00 Total 9.85 4.288 2113 0.370 u.0tz
Total (ex N2) 37.14 Total {ex N3) 37.46 Accunulation: -0.08 -0.00 -0.03 -0.016 0.
Accumulation: 0.32 Closure 100.0 100.0 100.G 100.0 00
(Qut + Accumj/ tn, ¢
Closure: (Output + Accum)/Input, ¥ - 100.0 -
Synthesis Gas Balance Catalyst Bslance Acid Sal. Water Sol.
Input: SCFH utput : SOEH Input (Lbs/Hr): K X
Gasifier Syngas 564 .6 g 4 CO in Product Gas 572.5 Coal * fataiyst 0.67 0.40
M Mol% i M Mol% 53.0 Qutput
0 Molt 61 6 Moi% o Char Fntrained 0.27 3.23
Balance: (Qutput/Inputj, % =+ 1025 Protuct Hater 0.0 v
ot id Withdrawn 0.47 0.30
‘otal 0.74 53
Accunulation: -0.07 <0.08
Closure 100.0 123.3

{out + accum)/in, %

~Uarbon balance excludes catalyst carbonate
CxYudes carbon ang oxygen in catalyst




Ash_Balances

Input (Lbs/Hr):
Coal + Catalyst

Qutput:
Entrained Char
Solids Withdrawn

Total

Accumulation:

Closure
(out + accum)/in, %

- 68¢ -

Ash Element Balance
Input (Lbs/Hr):
Coal + Catalyst

Qutput:
Entrained Char

Solids Withdrawn
Total

Accumulation:

Closure
(out + accum)/in, %

YIELD PERIOD 218

MATERIAL BALANCES

ASTM Ash

2.4

0.69
1.51
2.20
0.12

S102  Fe203 Al203 _CaO Mg0

0.439

0.117
0.390

0.507

0.239

0.046
0.106

0.151

gggiggg ig%iF§§§ C;gsiggsgue
1.95 1.60 1.36
0.70 0.54 0.57
1.47 0.25 0.14
2.17 1.80 1.71
~0.22 -0.20 -0.35
S03_ _Nap0 Ti02 P20s
0.145 0.035 0.007 0.661 0.026 0.006 0.008
0.034 0.015 0.002 0.110 0.008 0.002 0.001
0.133 0.021 0.008 0.259 0,016 0.006 0.007
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 59 100 100 100

100

100

Mole Balance

Gas_Input

Hz (1.102)
Co (0.388)
H20  (0.868)
Total (2.358)

Solids Input

Coal + Cat Feed

Total Input

Gas Output

Product Gas

H (1.269)
& (0)260)
€0z (0.290)
CHy (0.191)
H2S (0.007)
H20 {0.459)
Total (2.478)

Solids Qutput
Char Entrained

Char Samples Withdrawn
Char Accumulation

Total Solids

Total Output +
Accumulation

YIELD PERIOD 218
MATERIAL BALANCES

Lb-Moles/Hr
H 0

C S
- 2.204 - -
0.388 - 0.388 -
- 1.737 0.868 -
0.388 3.947 1.256 -

C H 0 b K
0.426 0.312 0.063 0.0M 0.017
0.814 4,253 1.319 o.on 0.017

¢ H 0 S

~ 2.538 - -

0.260 - 0.260 -
0.290 - 0.581 -
0.191  0.766 - -

- 0.014 - 0.007

- 0.919 0.459 -
0.742 4,237 1.300 0.007

c H 0 S K
0.039 0.002 0.007 0.001 0.007
0.039 0.015 10.014 0.003 0.012

-0.007 -0.002 -0.002 0.0 -0.002
0.072 0.016 0.019 0.004 0.017
0.814 4.253 1.319 0.011  .0.017
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fIELD PERIOD 218 YIELD PERIOD 218

PROCESS VARIABLES PROCESS VARIABLES

Measured Reconciled Measured Reconciled

¥100 Gasifier Steam (1bs/hr) 15.64 15.64 ¥310 C/H Residue in Char Withdrawn (wtX) 71.2% 70.84
yin Char Withdrawn (1bs/hr) 2.08 2.08 V320 C/H Residue in Gasifier Starting Mid Char (wtX) 60.03 60.58
V165 H in Char Entrained (wtX%) 0.20 0.20 V321 C/H Residue in Gasifier Ending Mid Char (wtX) 60.03 59.54
V166  H n Char Withdrawn (wt%) 0.75 0.75 V3313 503-Free ASTM Ash in Feed Coal + Catalyst (wt) 19.92 18.87
yi68 H in Coal + Catalyst Feed (wt%) n 3.70 V334 S03-Free ASTM Ash in Char Entrained (wt%X) 48,63 46.17
V173 H in Gasifier Starting Mid Char (wtX) 0.48 0.48 v3i3e S03-Free ASTM Ash in Char Withdrawn (wt%) 59.97 60.34
vi7a H in Gasifier Ending Mid Char (wt%) 0.48 0.48 ¥33? 503-Free ASTM Ash in Starting Mid Char {wt2) 51.42 53.93
¥183 €0 in Syngas (mol1%) 25.00 26.02 v3i3a $S03-Free ASTM Ash in Ending Mid Char (wtl) 51.42 52.99
V185 Acid Sol. K20 in Coal + Catalyst Feed (wt¥) B.78 9.52 V350 S03-Free C/H Residue in Feed Coal + Catalyst (wt%) 14.97 16.04
V188 0 in Coal + Catalyst Feed (wt%) 11.81 11.85 v35) S03-Free C/H Residue in Char Entrained (wt%) 50.11 48.45
V193 Hz in Syngas (mol%} 74.20 73.98 V353 S03-Free C/H Residue fn Char Withdrawn (wty) 58.82 54.79
V205 C0p 1n Product Gas (mo1%) 13.50 13.50 V354 S03-Free C/H Residue in Starting Mid Char {(wt%) 49.76 63.59
V207 CHg 1n Product Gas (mol1%) 8.90 8.90 ¥355 503-Free C/H Residue in Ending Mid Char (wt%) 49.76 46.38
V208 CO in Product Gas (mo!%) 12.80 12.07 V407 Coal + Catalyst Feed {1bs/hr) 8.50 8.50
V212 Hy in Product Gas (mo1%) 57.90 59.00 V473 Char Entrained (1bs/hr) 1.18 1.18
V214 N7 tn Product Gas (mol%) 6.20 6.20 V495 Carbon 1r Feed Coal (wt%) 59.44 60.21
y215 HpS {n Product Gas (mol%) 0.35 0.32 V498 Carbon in Char Entrained (wt¥%) 37.77 40.18
V222 Carbon tn Char Withdrawn (wt%) 22.74 22.69 F384 Syngas .Flow Meter (CFH) 54,82 54.21
v227 Acid So). K20 in Char Fntrained (wt%) 26.74 27.12 F 385 Product Gas Flow Meter (CFH) 108.80 113.3
V232 Acid sol. Kz0 in Char Withdrawn (ut¥) 27.70 27.31 PGKD Product Gas Condensate (1bs/hr) 8.00 7.94
v257 Carbon in Gasifier Starting Mid Char (wt%) 34.91 32.50 U(114) Starting Bed aP (B-A) (in Hg} 2.30 2.30
V258 Carbon in Gasifier Ending Mid Char (wt%) 34.9) 33.51 Y(115) Starting Bed aP (C-B) (in Hg) 1.30 1.30
V265 Acid Sol. K20 in Gasifier Starting Mid Char (wt%) 24.67 2.4 U{116) Starting Bed aP (D-C} (in Hg) 1.10 1.10
V266 Acid Sol. K20 in Gasifier Ending Mid Char (wt%) 24,67 22.13 4{117) Starting Bed &P (F-E) (in Hg) 0.00 0.00
V289 ASTM Ash in Char Entrained (wt2) 58.10 58.20 $(118) Starting Overall Bed aP {F-A) (in Hg) 5.20 5.21
y292 ASTM Ash in Char Withdrawn (wt%) 72.40 72.69 U(119) Ending Bed aP (B-A) (in Hg) 2.30 2.3
V293 ASTM Ash in Feed Coal + Catalyst (.i%) 27.175 27.58 U(120) Ending Bed &P (C-8) (In Hg) 0.60 0.60
V294 C/H Residue in Feed Coal + Catalyst (wt:) 22.80 22.97 U{121) Ending Bed 8P (D-C) (in Hg) ' 1.50 1.50
V295 C/H Residue in Char Entrained {wt%) %9, 38 §9.22 U{122) Ending Bed &P (F-E) (in Hg) 0.00 0.00
V306 ASTM Ash in Gasifier Starting Mid Char (wt¥) 61.69 54.71 U(123) Ending Overall Bed AP (F-A) (in Hg) 4.60 4.60
V307 ASTM Ash in Gasifier Ending Mid Char (wtl) €1.69 67.85 £0D(1} Starting Bed AP (E-D) (in Hg) 0.50 0.50



YIELD PERIOD 218
PROCESS VARIABLES

AIELD PERTOD 218
PROCESS VARIABLES

Measured Reconciled

Measured Reconciled

EDD(6) Ending Bed AP (E-D) (in Hg) 0.20 0.20 V828 €1 in SO3-Free Ash in Char Withdrawn (wtX) 0.31 0.32
DPOST  Deposits Accumulated on Gasifier Walls (1bs) 0.00 0.00 V829  C1 {n SO03-Free Ash in Char Entrained (wt%) 0.41 0.42
v280 S in Gasifier Starting Mid Char (wt%) 4.01 4.04 V836  'Acid Sol. Nay0 1n Gasifier Starting Mid Char (wt%) 0.70 0.62
V28] S in Gasifier Ending Mid Char (wtX) 4.0 3.94 V837  Acid Sol. Nag0 in Gasifier Ending Mid Char (wt%) 0.70 0.76
vig7 S in Coal + Catalyst Feed wt¥) ©3.93 4.17 Va4l Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 0.35 0.31
V246 S 4n Char Withdrawn (wt%®) 4.78 4,68 V842 Acid Sol. Naz0 {n Char Withdrawn (wt%) 8.73 0.77
V244 S in Char Entrained (wt?) 3.83 3.85 V843 Acid Sol. Nag0 in Char Entrained (wt%) 0.69 0.72
V243 S in Product Bas Condensate {wt%) 0.04 0.04 V898  Mg0 in SO3-Free Ash Starting Mid Char {wt%) 0.59 0.63
V862  Si0z in S03-Free Ash in Starting Mid Char (wt¥) 30.16 29.81 VB9  Mg0 in SO3-Free Ash in Ending Mid Char {wt%) 0.59 0.55
' V863  Si02 1n S503-Free Ash in Ending Mid Char (wt%) 30.16 29.06 ¥903 Mgl in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.44 0.47
r> V867  Si0p in SO3-Free Ash in Coal + Catalyst Feed (wt¥) 26.48 27.34 V904  Mg0 in SO3-Free Ash in Char Withdrawn (wtX) 0.66 0.61
O V868 510z in SO3-Free Ash in Char Withdrawn (wtR) 32.32 31.08 V905  Mg0 in SO3-Free Ash in Char Entrained {wt) 0.40 0,39
, V869  Si02 in S03-Free Ash in Char Entrained (wt¥) 21.04 21.42 V916 Ti0z in SO3-Free Ash in Starting Mid Char (wt%) 8.05 6.75
V871 Fe203 in S03-Free Ash in Starting Mid Char (wt%) 7.97 8.17 V917 Ti02 in S03-Free Ash in Ending Mid Char (wt%) 8.05 7.58
V872  Fez03 in S03-Free Ash in Ending Mid Char (wt%) 7.97 7.70 V921 Ti02 in S03-Free Ash in Coal + Catalyst Feed (wt%) 0.37 0.37
V876  Fez03 in S03-Free Ash in Coal + Catalyst Feed {wt%) 7.75 8.05 V922 Ti0z in SO3-Free Ash in Char Withdrawn (wt%) 0.49 0.49
V877 Fez03 in S03-Free Ash in Char Withdrawn (wt%) 8.75 8.43 V923 Ti02 in S03-Free Ash in Char Entrained (wtX) 0.41 0.41
V878  Fep03 in S03-Free Ash in Char Entratned (wt%) 8.39 8.36 V925  P205 in SO3-Free Ash in Starting Mid Char (wt%) 0.04 0.14
Ve8¢  A1203 in S03-Free Ash in Starting Mid Char (wt¥) 10.65 10.63 V926 P05 in SO3-Free Ash in Ending Mid Char (wt%) 0.18 _0.14
V881  A1203 in 503-Free Ash in Ending Mid Char {wt%) 10.65 10.49 V936 P205 in S03-Free Ash in Coal + Catalyst Feed (wtZ) 0.47 0.43
VB85  A1203 in SO3-Free Ash in Coal + Catalyst Feed (wt¥) 8.90  9.m V931 Pa0s in SO3-Free Ash in Char Withdrawn (wt%) 0.6} 0.58
V886  Al203 in SO3-Free Ash in Char Withdrawn (wt%) 10.76 10.60 V932 P05 in SO3-Free Ash in Char Entrained (wt%) 0.15 0.15
V887  Al203 in SO3-Free Ash in Char Entrained (wt¥) 6.24 6.27 V813 N in Starting Mid Char (wt2) 0.10 0.10
ve89  Ca0 in S03-Free Ash in Starting Mid Char {wt%) 1.23 1.16 V814 N in Ending Mid Char {wt%) 0.10 0.10
V830  Ca0 in S03-Free Ash in Ending Mid Char (wtX) 1.23 1.28 V818 N in Coal + Catalyst Feed (wt%) - 1.08 1.00
V894  Ca0 {n S03-Free Ash in Coal + Catalyst Feed (wt%) 2.44 2.18 V819 N in Char Withdrawn (wt%) 0.08 0.08
V395 Ca0 in S03-Free Ash in Char Withdrawn (wt%) 1.59 1.67 vazo N in Char Entrained {wt%) ' 0.17 0.17
V896  Ca0 im S03-Free Ash in Char Entrained {wt%) 2.57 2.70 : V805 0 in Starting Mid Char (wt%) 8.74 8.63
va2z C1 in S03-Free Ash in Starting Mid Char (wt¥) 0.34 0.32 vaus 0 in Ending Mid Char (wt%) 8.74 8.62
V823 C1 in S03-Free Ash in Ending Mid Char (wt%) 0.34 0.36 VBI0 O in Char Withdrawn (wt?) .37 11.13

V827  C1 in S03-Free Ash in Coal + Catalyst Feed.(wt%) 0.15 0.14 V811 0 in Char Entrained {wt%) 8.79 9.00
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From
To

Duration

RECOUNCILED DATA

YIELD-PERIOB 219

UNIT_OPERATIONS

17:30
11:30

Percent of Time on Stream

Coal Feed
Steam

Syngas

100
100

Gasifier Process Temperatures

Gasifier Bed Height (ft)

43.2
38.4
2
26.6
21.

~N

16.
10.

o o

6.4
0.4

_Date

8-5-77

8-6-77
18 Hrs

Gasifier Temperature (°F)

1182
1165
1309
1326
1293
1297
1281

1263
1183

YIELD PERIOD 219

UNIT PROCESS YARIABLES

Unit Temperatures

tockhopper 1 Top
Lockhopper 1 Bottom

Lockhopper 2 Top
Lockhopper 2 Bottom

Gasifier Feed Line
Gas{fier 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
Filter Inlet

Scrubber Inlet
Scrubber Qutlet

Product Gas Meter

Unit Pressures

Lockhopper 2
Gasifier Feed Line
Bypass N2

Syngas In

Gasifier
Gasifier Top
Gasifier Bottom

Rough Cut Cyclone Outlet
Filter Qutlet
Scrubber Outlet

Product Gas Meter

Process, °F

259
247

283
237

607
888

1326
1183
1274

900
754
691
747
122

1195

479
81

93

114.

114,
108.
106.

114.

—~y

~ =

Metal, °F

278
214

309
180

873
902

1399
1235
1336

943
1103
1002
1062
1026
1054

997

564
519

438
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UNIT CONVER 3it-

§T

fa s

FLRID ;ﬂ!rn' N Carie Consumaiion

AR T K I A

Cartin in Fead® (1bs/hr) ' )
: Cartion Trom Dovolatilization** of Feed Crv bt
Gasifier Fluidized Bed Properiiss “srhen Gssif%v; {by differznce) (bs/hr) '

Tutal Carbon Coaverted (lbs/hr)

Bed Bottom Densi%y (lbs;cf) }?.3
Bed Top Denmsity (lbs/cf 2.1 Car ersi srted/C in Feed}
Bed Average(De?sity (ibsred) ;;', arhon Converiion (C Convorted/C in Feed}
Bed Height (ft -8 Basificakion Ouly (%) i
Bed Holdup (1bs) 62.5 Total, Including Devolatilization (%) P23
Bed Vo]umed(cf) (°F} 1?64./
Average Bed Temperature (°F 1282.0 arbes Distributio
Space Velocity (bed) {cf/ct/he) 102.1 Larben Disteibution
Bottom Superficial Velocity (ft/ven} 0.74 Total Converted (%) #42.%
Top Superficial Velocity (ft/sex) .80 Entreined (%) g1
Withdrawn (%) .1
! Cyclone Performance pccumtated (%) 1.2
Conversion (Entrainment Backed Out 1.2
ES ;emperatu?e (°§) 5?5,2 onvers ( )
w ressure (psia m. Specific Reaction Rates {C Converted/C in Bad
‘ Inlet Gas Rate SCFH% 1153.9 specific Reaction Rates (C Converted/C i Bad)
Inlet Gas Rate (ACFl 00.8 fiasification Only (%/Hr! 93.0
Inlet Gas Velocity (ft/sec) 25.3 Including Develatilization 41.9
Solids Enteri?? (}bs/?r) 2.5 neluding Devolatiliza
Bust Loading (ibs/acf ¢.00%1 Steam Consumpti
So}ids Captu:ed i1bs/hr; 2.0 msumpLion
Solids Escaping (Ibs/hr 0.4 Steam fnto Unit (1bs/hr) 26,16
Overall Efficiency (Captured/Entering, 1i.%) 9.7 Steak Feacted w;gh cérbon {1bs/hr} 5_42
Totat Steam Consumed (1bs/hr) 13.2%
¢ carsin [ d/Steam inxo Bed}
Solids Carryover Loss Steam Conversien (Steam Consumed/ it I3
Gosification™ (% 726.7
Coal + Catalyst Feed (1bs/he) 15.63 Totad Steam Coﬁvérted (1) 360
Tot$1 Ca?ryover)(lbs/hr) . 2.51
Cyclone (ibs/hr .99 Feaction Rate Parameters
Filter (Tbs/hr) 0.51 B .
Carryover/Feed (Wt.%) ' 16.40 Carbon Converted/Steam Fed {1bs/lbs} 0.178
. Cavrbon Converted/Steam Fed (mol/mol) {.267
Solids Carbon Loss Curben Converted/Bed Volume (1bs/hr}/cft 0. 805
. Carbun Converted/Bed Volume {mol/hr}/cft Q. GG7
Carbon in Feed (bs/hr) %.50 Carbun in Bed/Steam Fed 1bs/ lbs/hrg 0.772
Carbon in Carryover (lbs/hi} 0.97 Carton in Bad/Steom Fed mol/(mol/hr 1.158
_Carryover/Feed {t.%) 13,2

fFuslugae crvlon s cxtalest N
supasuread Troa starierd ASTM devolatiliziidor tuss of feed cosl

Reproduced from S
best available copy. g

i
!
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UNIT_CGASITIONS

1t Fal
Catalyst Distribution* Uitimate Snalysis

__Gasifier thar HEs of Totat Sugflde, P= o

Hey Feed —TYop Mg Botiom Entraived

— —_ — = . Component — feed 30i1gs WL B e

X as Xz0 9.8 27.6 29.5 32.7 32.2 . ) 78 o 13 .

K as K2€03 14.4 40.5 43.2 48 0 a7.? - i ¢

K as K 8.1 22.9 244 27.2 26.7 { 60.8 71.8 21,1

K Water/Acid, 0.445 0.770 0.6 0.628 0.428 g 1.4 £ 1

Soluble Ratfo

K20, H20-Insoluble .4 6.3 B.4 12.2 5.5 0 14.6 7.2 65

K2€03 Hp0-Insoluble .0 9.3 12.3 17.9 8.1 N 0.16 0.1 .18

K.H20-Insoluble 4.5 5.3 6.9 10.1 .6 cl 0.09 0.19 6.3

Carbon 60.¥% 33.0 29.8 23.8 371

K on Carbon 13.4 69.6 82.0 1.0 72.0 $03-Free Ash 16.2 63.7 49.5

ASTM Ash 24.9 65.6 68.4 75.1 59.7 Tota) 100 100 [

K on Ash 2.6 35.0 35.7 36.2 4.7

K2C03 Free-Ash 10.3 24.2 24.3 26.3 1.6

K on K2C03 Free-Ash  78.9 94.8  100.5 103.1 229.9 B gy " Rate 15.63 3.64 2.5)
Size Distribution

Cumulative Wt Less Than Mesh Size Ash Element Analystis
sh 20! s S 0 Mes 0 _Mes sh Mesh

Feed Coal + Catalyst 4.5 1.4 27.8  53.3 83.2  96.0  100.0 Wt of SQ3-Free Ash —

Top Char } 1.7 7.0 30.2 55.3 81.4 91.8 100.0 S102 25.7 29.6 V6.8

Mid Char 2.7 8.2 28.8  58.3 89.1 99.6  100.0 Fe;03 8.2 6.7 o9

Bottom Char 0.7 2.4 10.9 33.6 72.3 91.0 99.9

Cyclone 67.3 78.1 971 97.7 98.6  99.1  100.0 A1203 8.7 10.8 5.6

Fliter R . - . - - - Ca0 1.64 1.45 1.58

Volume/ Mgo 0.63 0.62 0.43

Particle Diameter (Microns) Nnu:::r S::::ce m 91‘13_2__%_1]““"“" Ti02 0.45 0.43 0.45

Feed Coal + Catalyst 28 149 361 51.2 P05 0.28 0.25 0.27

Top Char 37 176 392 19.6 Naz0 o7 065 :

Mid Char 32 162 n 21.9 : . -0t

Bottom Char 1] 280 493 25.8 K20, Catalyst 53.7 49.46 68.99

Cyclone 22 29 64

Filter - - - Total 100 100 100

*Based on acid soluble analysis
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PRODUCT GAS DATA
PRODUCT GAS DATA
Untt Gas Yields
Product Gas Partial Pressures at Gasifier Exit Product Gas {Dry), Mol%
Hz 52.8
Eg 18.3
2 15.8
Total Pressure, psia 114.7 ggg 7.8
0.4
Hz 49,0 Kz 4.9
co 17.0 Proguct Gas (Dry, No-Free)
2 55.5
CHa 7.2 gg 19.3
2 16.6
€02 14.7 CHa 8.2
HpS 0.3 H2S 0.4
Product Gas
H0 22.0 g% 42,7
14.8
1 N2 4.5 ggg 12.8
6.3
§ H20/C0 1.3 Hzg 0.3
: Ha0 19.1
) H20/€02 1.5 N2 4.0
Product Gas (Np-Free)
H2 44,
2 s
0 .
Unit Gas Data cu% 6.6
Syngas MWT, Tbs/mol 10.8 heo 1909
Product Gas MWT (dry), 1bs/mol 15.9 SCFH CHg/1b C Active Bed 4.0
Product Gas SCFH CHa/1b C Feed 7.9
At DTH (dry), SCFH 965.3 Moles CHg/mole C Feed 0.25
(Dry, Np-Free)}, SCFH 918.1 :
?Ensg3}::e§202tﬁggi SCFH 1193.9 Reaction Corresponding
Equilibrium at Actual Equi 1{brium
At Gasifier Out'letS ACFH 483.2 Active Bed Temp Equilibrium r Temperature
{Includes Nz + H20 Equilibrium Constants _{1292,0°)  _Expression (°F)
At Gasifier Qutlet, SCFH 1146.7
{Excludes Np) g;:;;l:'lte-HgO: cg + :20 = C0 + H2 1.6665 2.5791 1338.7
: + H20 = €02 + H 1.5561 1.9205 1210.
At Gasifier Outlet, ACFH 464.1 Methanation: CO + 3Hp = CH4 + Hg0 0.0789 0.0172 1393,5

(Excludes N2)

Overall: 2C + 2H0 = CHg + CO2 0.3470 0.2197
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MATERIAL BALANCES

Overall Material Balance

Input: Los,He

Coal Feed (ex Np; 15.60
Gasifier Steam 24.16
Gasifier Syngas 13.34

]

™N

O

(o)}

, Total (ex N2) 53.11
Accumulation: -0.93
Closure: (Output * Accum}/inpus, 1

Synthesis Gas Balance

Input: _SCTH_
Gasifier Syngas 467.1
Hp Mol% 66.1
CO Mol% 33.9

Balance: (Output/Input), % 147

Gutput:
Pioduct Gaz {en &:)
Produci. Gas o
Product Hater
Cher Entrained
Solids Mithdrewn

Totel {wr M2}

9.0

Dutput
Kz » U ip Product s
Hz Hol% £2.0
o Mol% 8.3

Elemew: falances
input (Lbs/Hr):
Ces) + Catalyst**
Gesivier Steam

Gasifier Syngas

Total
LivHr putput:
317.0? Froduct Ges
1.89 Product Water
16.87 Char Entrained
7.8 507ids Withdrawn
3.63 jotal
54,08 Accumulation:
Clesure
(Out + Accum)}/in, %
(atalyst Balance
_3LEH Loput_(Lbs/Hr):
686.1 £osl + Latalyst

Outpu!:
Char Entrained
Product Watev
30116 Withdrawn
rota?
Accummiation:

Closure
{out + accom)/in, %

YIELD PERIOD 212

MATERIAL BALANCES

ssrbon bilence excludes catalyst carbonate
awxcluger carbor. and oxygen in catalyst

Carbon* Hydrogen Oxygen Sulfu-
9.50 0.434 2.6 0.552
- 2.703 21.4¢ -
5.02 1.643 6.68 -
14.51 4.780 30.41 0.533
12.83 3.531 20.35 0.306

- 1.216 9.66 6.004
0.93 0.022 0.21 0.085
0.86 0.012 0.28 0.170

14.63 4.783 30.48 8.565
-0.12 -0.003 -0.07 -0.03?
100.0 100.0 100.0 100.6
AcidKSol. Hate;Sol.

1.27 0.57

0.67 0.55

0.0 .0

0.95 .62

1.62 117

-0.35 -i3.18

100.0 Pren

.

0.008
u.0c7
0.0
-13.003

100.0
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Ash Balances
Input {ibs/Hr):
Coal + Catalyst

Output:
Entrained Char
Sotids Withdrawn

Total
Accumulation:

Closure
(out + accum)/in, %

Ash Eiement Balance

Input (Lbs/Hr):
Coal + Catalyst

Qutput:
Entrained Char
Solids Withdrawn

Total
Accumulation:

Closure
{out + accum)/in, %

YIELD PERIOD 219
MATERIAL BALANCES

C/H $03-Free 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 2.1 2.31 2.10
4,24 4,16 3.56 3.25
-0.34 -0.78 -0.70 -0.95
5102 Fep03z Al203 _Ca0 Mg0 S03 Nag0 Ti02 P205

0.731 0.233 0.248 0.047

0.209 0.110 0.070 0.019

0.686 0.154 0.250 0.034
0.895 0.264 0.320 0.053

0.018 1.402 0.022 0.013 0.008

0.005 0.243 0.013 0.006 0.003
0.014 0.422 0.016 0.010 0.006
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 -0.001

100 100 100

100 100

44 100 100 100

Mole Balance

Gas_Input

Hz {0.815)
co (0.418)
H20

Total {2.578)

Solids Input
Coal + Cat Feed

Total Input

Gas Output

Product Gas

Hp (1.345)
co (0.467)
€02 0.403)}
CHa 0.199)
H2S {0.010)
] (0.604)
Totatl (3.028)

Solids Output

Char Entrained

Char Samples Withdrawn
Char Accumulation
Total Solids

Total Output +
Accumulation

YIELD PERIOD 219
MATERIAL_ BALANCES

Lb-Moles/Hr
0

C H S
- 1.630 - -
0.418 - 0.418 -
0 2.682 1.331 -
0.418 4.312 1.759 -
¢ H 0 S K
0.791 0.430 0.142 0.017 0.033
1.208 4,743 1.901 0.017 0.033
c H 0 S
- 2.689 - -
0.467 - 0.467 -
0.403 - 0.805 -
0.199 0.795 - -
- 0.019 0 0.010
- 1.207 0.604 -
1.068 4.710 1.870 0.010
€ H 0 S K
0.078 0.024 , 0.013 0.003 0.017
0.072 0.012 0.016 0.005 0.024
-0.010 -0.003 -0.004 -0.007 -0.009
0.140 0.033 0.025  0.007 0.033
1.208 4.743 1.901 0.017 0.033
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V100
i
V165
V166
V168
vi73
N7
V183
V185
visa
vi93
V205
v207
v208
V212
V214
va1s5
V222
vaaz
V232
vas?
vesa
V265
V266
v289
V292
V293
v294
V295
V306
v307

YIELD PERIOD 219
PROZESS VARTABLES

Gasifier Steam {1bs/hr)

Char Withdrawn (1bs/hr)

H in Char Entrained (wts)

H in Char Withdrawn (wt%)

H in Coal + Catalyst Feed (wt)

H in Gasifier Starting Mid Char (wt%)

H in Gasifier Ending Mid Char (wt%)

€0 in Syngas (mol¥)

Acid Sol. K20 in Coal + Catalyst Feed (wt%)
0 in Coal + Catalyst Feed {wtX)

H2 in Syngas (mo1%)

€07 in Product Gas (mol%)

CHq 1n Product Gas {mol%)

€O in Product Gas (mo)%)

Hz tn Product Gas (mol%)

N in Product Gas (mol%)

H2S in Product Gas (mo1%)

Carbon in Char Withdrawn (wt%)

Acid Sol. K20 in Char Entrained (wt%)

Acid sal. X0 in Char Withdrawn (wt%)
Carbon in Gasifier Starting Mid Char (wti)
Carbon 1n Gasifier Ending Mid Char (wtl)
Acid- Sal. K20 in Gasifier Starting Mid Char {wtX)
Acid So1. K20 in Gasifier Ending Mid Char (wtX)
ASTM Ash in Char Entrained (wt%)

ASTM Ash in Char W{thdrawn (wt%)

ASTM Ash in Feed Coal + Catalyst (wt3X)

C/H Restdue in Feed Coal + Catalyst (wt%)
C/H Residue in Char Entrained (wt%)}

ASTM Ash 1n Gasifier Starting Mid Char (wt%)
ASTM Ash in Gasifier Ending Mid Char (wt%)

Measured Reconciled

.03
.64
.97
.33

77

.35
.35

24.
.63
.97

Q C M O O W

16

33

.78
.35
.35
.88
.80
.56
.12
.80
.80
.34
.79

viio
V320
V32l
V333
Vi
V336
vi37
Vil
¥350
vis)
V3153
vis4
V35S
vao7
va73
V495
V498
F384
F385
PGKO
u(114)
u(115)
u{11e)
u(117)
u(118)
u(119)
u(120)
u(121)
u(122)
u{123)
EOD(1)

YIELD PERIOD 219
PROCESS VARIABLES

C/H Residue {n Char Withdrawn (wt¥)

C/H Residue fn Gastfier Starting Mid Char (wt%)
C/H Residue 1n Gasifier Ending Mid Char (wt%}
S03-Free ASTM Ash in Feed Coal + Catalyst (wt¥)
S03-Free ASTM Ash in Char Entrained (wti)
S03-Free ASTM Ash 1in Char Withdrawn (wt%)
S03-Free ASTM Ash in Starting Mid Char (wtX)
S03-Free ASTM Ash in Ending Mid Char (wt%)
S03-Free C/H Residue in Feed Coal + Catalyst {wtX)
S03-Free C/H Residue in Char Entrained (wt%)
SO3-Free C/H Restdue in Char Withdrawn {wtX)
S03-Free C/H Residue in Starting Mid Char (wtX)
S03-Free C/H Residue in Ending Mid Char (wtX)
Coal + Catalyst Feed (1hs/hr)

Char Entrained (1bs/hr)

Carbon in Feed Coa) (wt%)

Carbon 17 Char Entratned (wtX)

Syngas Flow Meter (CFH)

Product Gas Flow Meter (CFH)

Product Gas Condensate (1bs/hr)

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

Starting Bed 8P (C-B) (in Hg)

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

Starting Bed 8P (F-E) (in Hg)

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

Ending Bed aP (B-A) (1n MHg)

fnding Bed AP (C-B) (fn Hg)

Ending Bed 4P (D-C) (in Hg)

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

Ending Overall Bed aP (F-A) {in Hg)

Starting Bed aP (E-D) (in Hq)

Measured Reconciled

76.18
68.71
68.71
17.34
49.95
63.55
§7.21
57.21
13.43
48.94
64.60
57.53
57.53
15.25
2.51
61.57
37.58
44.72
128.10

74.
70.
67.
18.
49.5;
63.
59.
85.
14.7¢
46.
57.
63.
52.
15,
2.
60.
37.
44,
132.
10.

~N

PE22 O M=o N~
8583438
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PROCESS VARIABLES PROCESS VARIABLES

Measured Reconciled

YIELD PERIOD 219
|
|
|

Measured Reconciled ‘
|
|

EDD{6) Ending Bed 2P (E~-D) {in Hg) 0.20 .20 V828 C1 in S03-Free Ash in Char Withdrawn (wtX) 0.18 0.19

DPOST  Deposits Accumulated on Gasifier Walls (ibs) 0.00 0.00 : V829  Cl in S03-Free Ash in Char Entrained (wtX) 0.30 0.32 |

v280 S in Gasifier Starting Mid Char (wtX) 4.28 4.16 V836  Acid Sol. Naz0 in Gasifier Starting Mid Char (wt%) .49 0.49 |

V281 S in Gasifier Ending Mid Char {wt%) 4.28 4.37 V837 Acid Sol. Nag0 1n Gasifier Ending Mid Char (wt¥) 0.49 0.49

vig7 S In Coal + Catalyst Feed wt%) 3.63 3.4 V841 Acid Sol. Na20 in Coal + Catalyst Feed (wt%) 0.18 0.14

V246 S in Char Withdrawn (wt%) 4.63 4.67 V842 Acid Sol. Nap0 in Char Withdrawn (wt%) 0.44 0.44

V244 S in Char Entrained (wt%) 3.38 3.40 V843  Acid Sol. Nap0 in Char Entrained (wt%) 0.50 0.50 |

¥243  § in Product Gas Condensate {(wt%) 0.04 0.04 V898  Mg0 in SO3-Free Ash Starting Mid Char (wt%) 0.58 0.52

V862  S10z-in SO3-Free Ash in Starting Mid Char (wt¥) 28.60 27.64 V899  Mg0 in S03-Free Ash in Ending Mid Char (wt%) 0.58 0.62 |
' V863 510z in S03-Free Ash in Ending Mid Char (wt%) 28.60 29.38 V903  Mg0 in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.73 0.63 |
fo V867  Si02 tn SO3-Free Ash in Coal + Catalyst Feed (wt%) 26.40 25.65 V904  Mg0 in SO3-Free Ash in Char Withdrawn (wtX) 0.57 0.62 i
8 V868  S102 4n SO3-Free Ash in Char Withdrawn {wt%) 29.92 29.64 V305 Mg in S503-Free Ash in Char Entrained (wt) .42 0.43
' V869  .S102 in S03-Free Ash in Char Entrained (wt%) 16.81 16.82 V916  Ti02 in S03-Free Ash in Starting Mid Char (wt%) 0.47 0.45

V871  Fep03 in SO03-Free Ash in Starting Mid Char {wt?) 5.70 5.47 V917 Ti02 in SO3-Free Ash in Ending Mid Char (wtX) 0.47 0.48 |

V872 . Fez03 in SO3-Free Ash in Ending Mid Char (wt¥) 5.70 5.87 V921  TiOp in SO3-Free Ash in Coal + Catalyst Feed (wt%) 0.47 . 0.45 |

V876  Fez03 in S03-Free Ash in Coal + Catalyst Feed {wt%) 8.78 8.17 ¥922  Ti02 in S03-Free Ash in Char Withdrawn (wtX) 0.42 0.43

V877  Fep03 in S03-Free Ash in Char Withdrawn (wi%) 6.45 6.67 : V923 Ti02 in SO3-Free Ash in Char Entratned (wt%) 0.44 0.45

V878  Fep03 in S03-Free Ash in Char Entrained (wt%) B8.63 8.85 V925 P05 in SO3-Free Ash in Starting Mid Char (wt%) 0.13 0.14

V880  Alg03 in SO3-Free Ash in Starting Mid Char (wt¥) 10.76 10.65 V926 P05 in SO3-Free Ash in Ending Mid Char {(wt%) 0.13 0.12

vegl  Alz03 in 503?Free Ash in Ending Mid Char (wt%) 10.76 10.85 V930 P05 in SO3-Free Ash in Coal + Catalyst Feed {wt%) 0.24 0.28

v88s Al203 in 503-Free Ash in Coal + Catalyst Fead (wt%) 8.77 8.7 V831 P205 in SO3-Free Ash in Char Withdrawn {wt2) 0.31 0.25

veas A1203 in S03-Free Ash in Char Withdrawn {wt%) 10.85 10.89 V932 P205 in SO3-Free Ash in Char Entrained (wt%) 0.30 0.27

V887  Al203 in S03-Free Ash in Char Entrained (wtZ) 5.63 ~ 5.63 va13 N in Starting Mid Char (wtX) 0.10 0.10

V889  €ad in S03-Free Ash im Starting Mid Char (wtZ%) 1.07 1.03 ¥v814 N in Ending Mid Char (wt%) 0.10 o.10

V890 Ca0 in S03-Free Ash in Ending Mid Char (wt%) 1.07 1.10 V818 N in Coal + Catalyst Feed (wt%) 0.16 0.16

V894 €a0 {in S03-Free Ash in Coal + Catalyst Feed (wt%) 1.75 1.64 yg819 N in Char ¥ithdrawn (wt%) 0.19 0.19

y895  Ca0 in S03-Free Ash in Char Withdrawn (wt¥) 1.40 1.45 V820 N in Char Entrained (wt%) 0.19 0.19

V896 Ca0 in S03-Free Ash in Char Entrained (wt%) 1.51 1.54 V805 0 in Starting Mid Char {wt%) 8.01 7.93

V822 €1 in S03-Free Ash in Starting Mid Char (wt%) 0.22 0.20 V806 0 in Ending Mid Char {(wt%) 8.01 8.07

V823 €1 in 503-Free Ash in Ending Hid Char (wt%) 0.22 0.23 ¥810 0 in Char Hithdrawn (wtX) ’ 7.29 7.15

V827 . €1 in SO3-Free Ash in Coal + Catalyst Feed (wt¥) 0.10 0.09 Ve 0 in Char Entrained (wt%) 8.60 8.49




