FILE: 12S56111C T6Q3

CS5+-END PT
I50/NORMAL MOLE RATIO
c4
cs
c6
Cdm
PARAFFIN/CLEFIN RATTIO
3
c4
cs
SCHULZ-FLORY DISTRBTN
ALPEA (EXP({SLOPE))
RATIO CHA4/{l-A)e*2

ALPHA FRM CCRRELATION
ALPHA (EXFTL/CORR)

WiCH4 RN CORRELATION
WACH4 (EXPTL/CORR)
LIQ EC COLLECTION
PEYS. APFEARANCE
DENSITY
N, BEFRACTIVE INDEX
SIMULT’D DISTILATN
10 WT % @ DEG P

BANGE(16-84 %)

W s @aeor
Wr s e Jor

Table B9 (continued)

Al

82.49

0.0173
0.0281
0.0672
0.0592

1.1330
0.6649
2.0699

0.8780
5.2195

0.8957
0.95802

5.5421
1.4028

. OIL WAX

335.00
3sn.og
§71.00
791.00
asgq.00

411.00

24.50
T2.14

8l.68

0.0000
0.0244
0.0596
0.0571

1.1538

0.6508
2.0672

0.8957

5.5178

1.4633

OIL WAX

24.50
72.14

59.64

0.03338
0.0447
0.1660
0.1475

14.7314
3.0931
T7.6577

0.8402
T.9307

0.8907
0.9432

B.6729
2.3364

OIL WAX

259.00
304.00
518.00
764.00
237.00

460.00

34.50
T6.44

59.74

0.03648
0.0428
0.1299
0.1330

10.4804
2.2192
5.7200

0.8116
7.3217

0.8917
0.9102

8.3588
3.1103

OIL WAX

265.00
297.00
428.00
610.00
680.00

313.00

47.60
91.33

62.06

0.0404%
0.0423
0.9942
0.1402

8.4479
l.8742
5.3703

0.852%
11.0112

0.8906
0.9572

8.5542
2.8013

OIL WAX

262.00
306.00
5§18.00
739.00
806.00

433.00

32.67
79.15

[l ]



Table Bl0

FILE: 1257006A T6Q3 Al a8

EBESULT OF SYNGAS QPERATICN

RUN NO. 12570-06
CATALYST ©O,X11-7c12365 #12524 — 74 80 €C 38.43G(TO 58.53, +20G)

FEED H2:CO:ARGON= 50:50:0 # 400. CC/MN OR 300 Gasv
RUN & SAMPLE NO. 12570-06-01 570-06-02 570-06-03 570-06-04 570-06-05
FEED H2:CO:AR 50:50: 0 S0:50: 0 50:50: 0 50:50: 0 50:50: 0
HRS ON STREAM 23.50 44.50 120.00 139.00 162.50
PRESSURE,PSICG 299.20 300.20 301.20 300.10 299.00
TENP., C 240.00 242.00 241.5¢0 241.50 241.50
FEED CC/MIN 400.00 400.00 400.00 400.00 400.00
EOURS PEEDING 20.75 21.00 75.50 19.00 23.50
EFFLNT GAS LITER 345.78 344.42 1390.00 318.33 293.15
GM AQUEOUS LAYER 32.36 34.73 113.43 26.90Q 31.75-
G OIL 9.59 9.81 $9.38 20.19 23.47
MATERIAL BALANCE ’

GM ATOM CARBON % 93.84 91.63 113.92 102.87 101.45

GIM ATOM HYDROGENW 3 86.03 90.03 92.55 96.52 94.81

GH ATOM OXYGEN % 102.17 100.94 116.80 101.31 95.96
RATTIO CEX/(H20+C02) 0.5922 0.5910 0.8239 1.0764 1.0767
RATIC X IN CHX 2.2881 2.3567 2.2848 2.2512 2.2579
USAGE E2/CO PRODT 2.7522 2.4636 2.0663 1.8187 1.8437

FEED H2/CO FEM EFPLNT 0.9167 0.9826 0.8189 0.9383 0.9346
BESIDUAL H2/CD RATIO 0.6384 0.6518 0.5609 0.6733 0-6759
RATIO CO2/(H20+C02) 0.0127 0.0694 0.0778 0.0901 0.0810
K SEIFT IN EFFLNT 0.0082 0.0516 0.0474 0.0667 0.0596
SPEC ACTVTY SA,CO/X1l 0.3735 0.3953 0.50¢70 0.5980 0.5716
CONVERSION '

ON CO % 13.17 16.41 17.14 23.14 22.15
OR B2 % 39.54 41.15 43.24 44.8% 43.70
ON CO+H2Z % 25.78 28.57 28.39 33.6% 32.56
PRDT SELECTIVITY . WT %
CH4 8.73 11.60 7.67 S.91 6.41
C2 HC'S 1.58 1.96 1.57 1.39 1.35
c388 1.69 2.51 2.16 1.89 l.a5
C3E6= 3.50 2.40 1.85 1.60 1.72
C4H10 1.98 2.50 2.07 1.78 1.80
C4HBw= 6.28 5.36 4.51 3.93 4.01
CcSH12 3.50 4.65 4.07 3.56 3.38
CSH10= 4.55 3.64 2.36 1.99 2.04
C6HM14 4.49 6.32 4.16 3.61 3.61
CHH12« & CYCLO'S 0.00 0.00 0.00 0.00 n.oo
C7+ IN GAS 9.66 10.20 6.60 5.73 6.10
LIQ HC’S 54.03 48.87 62.88 68.60 67.74
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB~-GROUPING
cl -Cc4 23.76 26.23 19.93 16.50 17.13
Cc5 -420 F 36.52 35.25 27.67 26.33 26.27
420-700 P 35.46 18.89 24.53 26.76 26.24
700-END PT 4.25 19.54 27.88 30.41 30.35
- D145 -




FILE: 1257006A TEQ3

C5+-END PT
ISO/NORMAL MOLE RATIO
cd
cs
[
Cd=
PARAFFIN/COLEFIN RATIO
c3

c4
cs
SCHOULZ-FLORY DISTRBTN
ALPEA (EXP(SLOPE))
BATIO CHA/(1-A)w»2

ALPHA FRM CORRELATION
ALPHA (EXPTL/CORR)

WiCH4 FRM CORRELATION
WACHE{ (EXPTL/CORR)
LIQ EC COLLECTION
PEYS. APPEARANCE
DENSITY
R, REFRACTIVE INDEX
SINOLT’D DISTILATN
10 W % @ DEG F
16
50
84
90

BANGE(16-84 §%)

WD %@ 4207
WT s R00PF

Al

76.24

0.0000
0.0254
0.4183
D.0116

0.4620
0.3040
0.7481

0.8252
2.8563

4.5005
0.9159

4.1200
2.1182

345.00
382.00
514.00
649.00
688.00

267.00

26.50
92.13

Table B10 (continued)

73.67

0.0203
0.0452
0.4615
0.0561

1.0000

0.4506
1.2428

0.8975

5.1242
2.2639

21.37
60.01

80.07

0.0221
0.0448
0.1505
0.0556

1.0570

0.4429
1.6737

8.5052

3.0440
2.5184

16.67
55.67
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83.50

0.0256
0.0518
0.1608
0.0636

1.1281
0.4377
1.740%

0.8905
4.9261

0.8986

0.9910 _

4.8042
1.2302

368.00
418.00
657.00
516.00
987.00

498.00

15.67
55.67

82.87

0.0156
0.0476
0.1434
£.0537

1.0231

0.4325
1.6166

0.8934

4.8551
1.3209

16.45
55.19



Table 311

FILE: 1257006B T6Q3 Al

RESULT OF SYNGAS OPERATION

RON NO. 12570-06

CATALYST CO,XI1-TC123 553' ?12524 - 74 80 cc 38.43G(T0 58.53G,+206)
YEED H2:C0: ARGON= :50:0” @ 400. CC/MN OR 300 GRSV

RON & SAMPLE NO. 12570-06-06 570-06-07 570-06-08 570-06-09 570-06-10

FEED E2:CO:AR S0:50z 0 50:50: 0 50:50: 0 50:50: 0 50:50: 0
HRS ON STREAM 187.00 210.00 284.00 .307.00 331.50
PRESSURE, PSIG 301.20 295.70 295.90 303.20 299.80
TERMP. € 241.50 241.50 240.00 240.50 24G.50
FEED CC/MIN 400.090 400.00 400.00 400.00 4£00.00
HOURS FEEDING 24.50 23.900 74.00 23.00 24.50
EFFLNT GAS LITER 410.32 382.89 1228.70 381.33 414.33
GM AQUEOUS LAYER 34.30 32.65 105.11 31.56 33.02
GM OIL 24.42 24.63 75.34 23.63 23.91
MATERIAL BALANCE

GH ATCHM CARBON % l01.03 101.86 100.38 99.80 100.67

GN ATCH NYDROGEM 13 95.10 96.48 $7.57 95.0L 94.63

GM ATON OXYGEN % 100.49 100.21 98.25 98.37 99.81
RATIO CHX/(H20+CO2) 1.0269 1.0819 l.1078 1.0745% 1.0451
RATIO X IN CHX 2.2391 2.2492 2.2899 2.2291 2.2185
TUSAGE E2/C0 PRODT 1.8750 1.8385 1.8926 1.8788 1.9117

PEED H2/CC FRM EFFLNT 0.5413 0.9472 0.9720 0.9520 0.9401
RESIDUAL H2/CO BATIO 0.6808 0.6800 0.6972 0.6919 0.6874
RATIC CO2/(M20+C02) 0.0780 0.0802 0.0594 0.0622 0.0554
K SEIFT IN EFFLNT 0.0576 0.0593 0.0440 0.0459 0.0403
SPEC ACTVTY SA,CO/X11 0.5572 0.5936 0.6206 0.5789 0.5506

co % 21.81 23.06 22.99 21.92 20.83,
ON 852 % 43.45 44.76 44.76 43.26 41.96
QN CO+H2 % 32.30 33.62 33.72 32.33 30.97
PRDT SELECTIVITY.WNT 3
CB4 5.38 6.45 5.58 4.98 4.50
C2 HC’S 1.39 1.25 .44 1.24 1.22
C3H8 1.85 1.78 0.21 1.69 1.65
C3B6= 1.80 1.67 1,45 1.88 2.04
C4H10 1.74 1.64 1.44 1.57 1.57
CAHB= 4.25 4.01 i.a0 4.03 4.46
c5H12 3.20 3.16 2.60 3.00 2.80
CSH10=- 2.03 i.92 1.84 2.07 2.20
C6E1l4 3.38 3.21. 2.74 3.06 2.96
C6H1l2= E CYCLO’'S ¢.0S 0.06 0.09 0.12 0.18
C7T+ IN GAS 5.81 5.79 5.06 5.78 6.09
LIQ BC’S 69.10 69.45 65.74 70.56 70.33
TOTAL 100.00 100.00 l00.00 ico.o00 100.00
SUB-GROUPING
cl ~C4a 16.41 16.40 21.93 15.41 15.45
CS -420 F 25.70 25.26 22.95 25.56 25.83
420-700 F 26.59 26.55 25.1¢9 27.09 27.08
700-END PT 31.30 31.79 29.93 31.94 31.68
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FILE: 1257006B T6Q3

CS+-END PT
ISO/NORMAL MOLE RATIO
ce
<S5
=
Ca=
PARAFFIN/OLEFIN RATIO
c3

c4
cs
SCHULZ-FLORY DISTRETN
ALPHA (EXF(SLOPE))
RATIO CH4/(l-A)w*2

ALPEA FRE CORBRELATION
ALPEA (EXPTL/CCORR)

WACH4 FEM CORRELATION
WiCH4 (EXPTL/CORR)
LIQ HC COLLECTION
PEYS. APPEARANCE
DENRSITY
N, REFRACTIVE INDEX
SIMULT’D DISTILATN
10 wT % € DEG F

BANGE({16-84 X%)

wr s e4dur
WT % @ 700 F

Al

B3.59

0.0000
0.0409
0.1311
p.0525

0.9819

0.3954
1.5292

0.8983

4.8963
l1.1004

16.23
54.71

Table Bl1l (continued)

83.60

0.0000Q
0.037Q
0.13%7
0.0560

1.0168
G.3945
1.5993

0.8878
4.8081

0.8979
0.9887

4.9540
1.2215

380.00
420.00
671.00
961.00
1035.00

541.90

156.00
54.23

78.07

0.0000
0.0337
0.0991
0.0456

0.1411

0.3647
1.3771

0.8576

5.06045
1.1147

16.17
54.48

- 3148 -

84.59

0.0000
0.0348
0.1111
0.0412

0.8573

0.3766
1.4069

a.8982

4.9026
1.0167

16.34
54.73

84.55

0.0000
0.0278
0.0924
0.0433

0.7738
0.3398
1.2396

0.87990
3.0782

0.8982
0.95787

4.8831
0.9222

38l.00
419.00
655.00
988.00

1060.00

569.00

16.50
55.00



-

Table 312

FILE: 11€1713A T6Q3 Al

RESULT OF SYNGAS QOFERATICN
RUN MO. 11617-13

CATALYST CO,X9,X11-7TC123 $12524-79 240 ©C 122.2G(TO 177.4, +55G)
FEED B2:CO:ARGON= 50:50:0 @ 1212 CC/MN OR 303 GHSV
RUN & SAMPLE NO. 11617-13-01 617-13-02 617-13-03 617-13-04 617-13-05
PEED H2:CO:AR 50:50: 0 50:50: 0 50:580: 0 50:50: 0 60:=40: 0O
HES ON STREAM 72.00 93.50 122.50 242.00 165.50
PRESSURE,PSIG 303.80 *304.00 303.70 303.00 494.00
TEMP. C ) 245.00 240.50 240.50 240.00 257.50
FEED CC/MIN 1212.00 1212.06 1212.400 1212.00 1212.00
HOURS FEZDING 68.25 21.50 29.00 19.50 23.50
EFFLNT GAS LITER 2740.50 959.90 1285.50 892.80 619.56
GM AQUEOUS LAYER 535.99 141.11 187.75 124.78 227.92
GM OIL 312.86 92.3% 132.50 78.37 150.80
MATERTAL BALANCE

GM ATOM CARBCN % 97.05 101.27 102.54" 101.29 104.12

GHM ATOM EYDROGEN % 101.70 102.34 102.63 102.07 101.01

GE ATON OXYGEN 3% 100.76 101.00 100.40 101.45 87.50
RATIC CHX/{E20+C02) 0.8884 1.0096 1.0730 0.9841 1.1247
RATIO X IN CHX 2.2185 2.2098 2.2027 2.2097 2.3850
OSAGE H2/C0 PEODT 2.0288 1.9583 1.9168 2.0055 1.7880

FEED H2/CO FRE EFFLNT 1.0479 1.0106 1.0008 1.0078 1.4554
RESIDUAL E2/C0 RATIO 0.5756 0.6197 0.6084 0.6292 0.8829
BATIO €02/(HZ0+CO2) 0.0605 0.0468 0.0415 0.0348 0.1184
E SHIFT IN EFFLNT 0.0371 0.0304 0.0263 0.0227 0.1186
SPEC ACTVTY SA,.CO/X1l 0.7138 0.7703 - 0.3048 0.7362 0.5158
CONVERSION

OoON CO % 32.51 29.20 29.9% 27.50 63.25
ON B2 % 62.93 56.59 57.45 54.74 77.71
ON CO+H2 % 48.03 42.87 2.73 41.17 71.82
PRDT SELECTIVITY,WT %
cHA4 4.84 4.41 4.09 4.36 12.37
c2 HC’S 1.28 1.34 1.26 l.18 2.36
c3ga 1.32 1.2% 1.21 1.34 4.18
C3H6= 2.09 2.22 2.21 2.39 1.22
C4H10 1.21 1.26 1.19 1.35% 2.45
C4HB= 3.81 3.94 3.75 4.11 2.71
CSH12 2.23 2.34 2.21 2.51 3.29
CS5E10= 2.73 2.89 2.67 2.95 1.37
C6H14 2.34 . 2.51 2.27 2.61 2.77
CSH12= & CYCLO’S 0.50 0.59 0.60 0.76 0.29
C7+ IN GAS 4.83 5.83 5.03 6.35 4.56
LIQ BC"S 72.81 71.38 72.50 70.09 62.42
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GROUPING
cl -c4 14.55 14.46 13.71 14,73 25.29
C5 -420 P 27.20 27.55 26.47 28.14 27.27
420-700 * 28.55 26.47 25.34 25.70 21.51
700-2ND PT 29.70 31.53 34.48 31.42 25.93
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FILE: 1161713A T6Q3

C5+-END P?T
ISO/NORMAL MOLE RATIO
c4
cs
ce
Cqm
PARAFFIN/OLEFIN RATIO
Cc3
c4
c5
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOPE))
RATIO CH4/(l-A)*+2

ALPHA FRM CORRELATION
ALPHA (EXPTL/CORR)

WACH4 FRM CORRELATION
WRCH4 (EXPTL/CORR)
LIQ BEC COLLECTION
PHEYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT & € DEG F
16
50
84
90

HANGE(16-84 %)

WI % @ 420 F
WD % e T700F

Al

85.45

0.0205
0.0387
0.0971
0.0566

0.6023
0.3065
0.7935

0.8923
4.1696

0.9033
0.9878

3.6875
l.3122

345.00
386.00
639.00
904.00
§87.00

£18.00

20.00
59.21

Table Bl2 {(continued)

85.54

0.0171 .

0.0318
0.0835
0.0537

0.5551

0.3086
0.7882

0.9022

3.8387
1.1487

18.75
£5.83

86.29

0.0201
0.0339
0.0736
0.0538

0.5215
0.3053
0.8048

0.8847
3.0764

0.9028
0.9799

3.6663
1.1160

348.00
416.00
676.00
997.00
1072.00

581.00

17.50
52.45

~ Bl50 -

85.27

0.0157
0.0330
0.0767
C.0506

0.5356
0.32168
0.8288

0.5017

3.9354
1.1071

18.50
55.17

74.71

0.0311
0.0538
0.1365
0.1029

3.2569
0.8746
2.3368

0.3656
6.8469

0.8965
0.9655

6.9258
1.7866

304.00
349.00
626.00
988.00
l066.00

639.00

24.00
58.46



Table E13

FILE: 11617138 T6Q3 Al

RESULT OF SYNGAS QPERATION
RUN NO. 11617-13
CATALYST CO,X9,X11-TC123 #12524-79 240 CC 122.2G6(T0 177.4, +55G)
FEED H2:CO:ARGON= 60:40:0 @ 1212 CC/MN OR 303 GHSV

RUN & SAMPLE NO. 11617-13-06 617-13-07 617-13-08 617-13-09 617-13-10

FEED H2:CO:AR 60:40: 0 60:40: 0 60:40: 0 60:40: 0 60:40: O
HERS ON STREAM 1%0.50 243.00 263.50 290.50 314.50
PRESSURE,PSIG 498.50 503.20 499.90 498.60 498.30
TEMP. C 259.50 260.00 260.00 260.00 260.00
FEED CC/MIN 1212.00 885.00 1212.00 1212.00 1212.00
HOURS FEEDING 25.00 $2.50 20.50 27.00 24.50
EFFLNT GAS LITER 643.91 1047.70 513.70 €81.30 624.90
GM AQUEOUS LAYER 295.98 366.95 220.21 289.35 .259.21
Gn OIL 156.41 217.03 134,81 175.52 158.14
MATERIAL BALANCE

GM ATOM CAEBON % 102.20 101.16 101.26 100.55 99.64

GM ATOM HYDROGEN % i06.30 97.25 101.00 100.73 99.95

GM ATOM OXYGEN % 105.53 98.42 99.29 98.94 98.3¢9
RATIO CHX/(H20+CD2) 0.94863 1.0532 1.0351 1.0290 1.0229
BATIO X IN CHX 2.3348 2.3929 2.343¢9 2.3430 2.3482
USAGE H2/C0O PRODT 1.9703 1.8687 1.9087 1.9253 1.9427

FEED H2/CO PRM EFFLNT 1.5603 1.4421 1.4961 1.5027 1.5046
RESIDUAL H2/C0 BRATIO 0.8650 0.8359 0.8290 0.8373 0.8434
RATIO C02/{H20+C02) 0.0888 0.1018 0.0816 0.0767 0.0727
K SHIPT IN EFFLNT 0.0843 0.0947 0.0737 0.0695 0.0661
SPEC ACTVTY SA,CO/X11 1.3507 0.3110 0.4523 0.4418 0.4687
CONVERSION

ON CO % 62.91 58.70 61.79 61.15 60.15
ON E2 % 79.44 76.06 78.83 78.35 77.66
ON CO+H2 % 72.98 68.95 72.00 71.48 70.67
PRDT SELECIIVITY,WT &
[aa: ] 12.45 13.11 10.76 10.78 11.02
Cc2 HC’S 2.31 2.30 1.85 1.83 l.84
C3H8 4.17 3.84 3.11 3.05 3.05
C3IEG= 1.10 1.43 1.31 1.32 1.33
CAE10 2.39 2.36 1.99 1.95 1.94
C4HB= 2.51 2.81 2.52 2.48 2.46
CSH12 3.19 3.22 2.87 2.78 2.73
CSH10= 1.91 2.03 l.92 1.91 1.90
C6E14 2.85 2.88 2.75 2.64 2.48
C6El2= & CYCLO’S 0.89% 0.34 0.48 0.49 0.44
CT+ IN GAS 4.53 5.12 4.53 4.75 3.78
LIQ BC'S 61.70 60.57 §5.91 66.04 67.03
TOTAL 100.00 100.00 100.00 l00.c0 100.00
SUB~-GROUPING ’
cl -C4 24.94 25.84 21.55 -21.39 21.64
Cs -420 F 28.69 29.64 30.56 30.99 30.39
420-70C F 21.80 22.45 25.01 25.40 26.13
700-END PT 24.58 22.07 22.89 22.22 21.84
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FILE: 1161713B T6Q3

CS+-END PT
ISO/NORMAL MOLE RATIQ
(of |
5
o
C4=
PARAPFIN/OLEFIN RATIO
c3
c4
s
SCBULZ-FLORY DISTRETN
ALPHA (EXP{SLOFE})
RATIO CH4/{1l-A)**2

ALPHEA FRM CORRELATION
ALFPHA (EXPTL/CORR)

WYCE4 FEM CORRELATION
WYCH4 (EXPYTL/CORR)
LIQ HC COLLECTION
PHYS. APPEARANCE
DERSITY
N, REFRACTIVE INDEX
SIMULT’D DISTILATN
ID WT M @ DEG F
16
50
84
950

RANGE(16-84 %)

WI % @ 420 F
WT % @ 700 F

Al

75.06

0.0292
0.0556
0.2220
0.1097

3.6199
0.9221
1.6296

0.8969

6.9060
1.8021

24.83

60.16

Table Bl3 (continued)

74.16

0.0346
0.0622
0.2334
0.1082

2.5639

0.8125
1.53%83

0.8983

6.5792
1.9922

26.50
63.57

78.45

0.0329
0.0581
0.2239
0.1036

2.2643
0.7617
1.4517

0.8725
6.6226

0.8984
0.9712

6.5405
1.6459

299.00
343.00
586.00
887.00
975.00

544.00

27.33
65.27

- Bl52 -

78.61

0.0326
0.0572
0.2193
0.1038

2.2143

0.7629
l.4132

0.8979

6.6518
1.6213

27.89
66.35

78.36
0.0335

Q.0577

0.2240
0.1045

2.1989

0.7605
1.3565

0.8976

6.7241
l.6389

28.44
67.42



Table Bl4

*ILE: 1161713C T6Q3 Al

RESULT OF SYNGAS QPERATION
RUN NO. 11617-13

CATALYST C0,X9,X11-TC1l23 #12524-79 240 CC 122.2G{TO 177.4, +556)
FEED H2:CO:ARGON= 60:40:0 e 1212 ¢C/mN OR 303 GESV
RUNM & SAMPLE NO. 11617-13-11 $17-13-12 617-13-13 617-13-14 617-13-15
FEED H2:CO:AR 60:40: 0 60:40: 0 60:40: 0 60:40: 0 60:40: ©
HRS ON STREAM 337.50 405.50 435.00 458.50 482,50
PRESSURE,PSIG 502.00 500.10 502.60 499,30 500.00
TERP. C 260.00 259.50 260.00 260.00 260.00
FEED CC/MIN 1212.00 1212.00 1212.00 1212.00 1212.00
BQURS FEEDING 23.00 67.83 29.50 23.50 24.00
EFFLNT GAS LITER 596.60 1623.80 777.27 644.76 660.90
&M AQUEQUS LAYER 240.77 702.10 301.54 243.47 243.64
GM OIL 147.61 420.49 178.01 135.81 140.57
MATERIAL BALANCE

GM ATOM CARBON % 160.98 100.64 §9.63 99.78 - 99.28

GM ATOM HYDROGEN % 100.61 100.28 99.38 99.58 98.62

GM ATOM OXYGEN % 98.40 99.08 97.31 100.10 89.32
RATIO CHK/(H20+CO2) 1.0476 1.0293 1.0441 0.9941 0.9991
RATIO X IN CHX T2.347% 2.3556 2.3629 2.3716 2.3758
OSAGE H2/C0O PRODT 1.9281 1.9538 1.9495 1.9892 1.9872

FEED B2/CO FRM EFFLNT 1.4946 1.4947 1.4962 1.496% 1.4901
RESIDUAL H2/CO RATIQO 0.8447 0.8547 0.8509 0.8485 0.8495
RATIO CO2/(H20+CO2) 0.0717 0.0681 0.0672 0.0674 0.0674

K SEIFT IN EFFTLNT 0.0653 0.0625 0.0613 0.0613 0.0614
SPEC ACTVTY SA,CO/X1l 0.4682 0.4571 g.452¢ 0.4362 0.4298
CONVERSTION
ON CO % 59.99 58.22 58.74 56.85 56.30
ON H2 % 77.39 76.11 76.53 75.54 75.09
ON CO+HB2Z % 70.42 68.94 §9.41 68.¢5 67.55
PRDT SELECTIVITY.WT % .
c=d 11.01 11.50 11.51 12.21 12.37
c2 HC'S 1.83 1.83 1.95 2.04 2.07
c3HS 3.06 3.10 3.09 3.27 3.28
C3H6=- 1.32 1.29 1.25 1.32 1.34
C4H10 1.97 1.93 1.94 2.09 2.06
C4iHé= 2.48 2.459 2.53 2.67 2.65
CSE12 2.87 2.84 2.86 3.21 3.05
CSH10- 1.96 2.06 2.08 2.29 2.04
C6Hl14 2.72 2.30 4.86 2.74 -2.69
C6Hl2= & CYCLO'S Q.60 0.52 0.52 0.63 6.70
C7+ IN GAS 4.39 4.52 3.72 4.41 2.88
LIQ HC’S 65.77 65.51 63.70 63.11 64.87
TOTAL 100.00 100.00 1060.00 100.00 100.00
SUB-GROUPING
cl .C4 21.68 22.26 22.26 23.60 23.76
C5 -420 F 31.62 33.59 35.57 35.38 32.77
420-700 F 25.998 26.32 25.74 25.65 26.36
700-END PT 20.72 17.83 16.43 15.37 17.10
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FILE: 1161713C TEQ3

CS+-END PT
I1SQ/NORMAL MOLE RATIO
c4
¢S
c6
Clm
PARAFFIN/OLEFIN RATIO
c3
c4
cs
SCHULZ-FLORY DISTRATN
ALPHA (EXP(SLOPE))
RATIO CHE/{l-A)*%2

ALPHA FRM CORRELATION
ALPEA (EXPTL/CORR)

W3CH4 PRM CORRELATION
WICE4 (EXPTL/CORR)
LIQ EC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT’D DISTILATN
' 10 WT % €@ DEG F
16
50
84
90

RANGE(16-B4 %)

WZ v @ 420 P
Wr % @ 700 F

Al

78.32

0.0324
0.0569
0.2156
0.1060

2.2087
0.7655
1.4208

0.8708
6.5950

0.8978
¢.9699

6.6933
l.6452

295.00
342.00
570.00
853.00
835.00

511.00

29.00
68.50

Table Bl4 (continued)

T7.74 77.74
0.0340 0.0336
0.0576 0.0585
0.1322 l.3200
2.1019 0.1036
2.2686 2.3636
0.7491 0.7407
1,3402 1.3379
0.8874 0.8975
6.7724 6.7633
1.697%9 1.7025

32.60 33.80

72.78 74.21

- Blsh -

76.40

0.0326
0.056%9
0.1383
0.1024

2.3538
0.7535
1.3598

0.8583
6.0826

0.8975
0.9563

6.7698
1.8043

296.00
331.00
515.00

- 786.00

868.00
455.00

35.00
75.64

76.24

0.0332
0.0584
0.2235
0.1024

2.3418

0.7513
1.4515

0.8975

6.7724
1.82861

33.00
73.64
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Table Bl5

FILE: 1161713D T6Q3 Al

RESULT OF SYNGAS OPERATION

RON NO. 11617-13

CATALYST €G,X9,X11-TC123 $12524-79 240 CC 122.2G(TO 177.4, +55G)
FEED H2:CO:ARGON= 60:40:0 @ 1212 CC/MN OR 300 GHSV
RUN & SAMPLE NO. 11617-13-16 617-13.17
FEED E2:CCO:AR 60:40: 0 60:40: 0
HRS ON STREAA 505.50 573.00
PRESSURE,PSICG 498.50 500.90
TEMP. C 260.00 260.00
FEED CC/MIN 1212.00 1212.00
HQURS FEEDING 23.50 67.50
EFFLNT GAS LITER 642.77 1904.50
GM AQUEDUS LAYER 238.61 6§79.63
G OIL 137.31 353.84
MATERIAL BALANCE
GM ATON CARBON % 98.75 100.85
GN ATOM HYDROGEN % 98.66 100.07
GM ATOM OXYGEN % 88.76 95.70
RATIC CHX/({H20+C02) 0.9998 1.0221
BRATIO X IN CHX 2.3846 2.3847
USAGE H2/CO PRODT 1.9925 1.9687

FEED H2/CO FRM EFFLNT 1.4587 1.4884
RESIDUAL BE2/C0 RATIO 0.8553 0.8654
RATIO CO2/(H20+CO2) 0.0667 ¢.0696

K SHIFT IN EPFLNT 0.06311 0.0647
SPEC ACTVTY SA.CO/X11 D0.4299 0.4279
CONVERSION
ON €O % 56.55% §6.47
ON B2 % 75.20 T4.69
ON CO-HZ % 57.74 67.37
PRDT SELECTIVITY,.WT %
CH4 12.41 12.63
C2 BC'S 2.76 2.87
c3ga 3.29 3.27
CIH6m= 1.32 1.31
C4H10 2.06 2.02
C4{Bi= 0.31 2.55
CS5H12 3.08 2.94
CSH10= 2.05 1.93
C6H14 2.80 2.43
C6H12= & CYCLO'S 0.81 0.79
C7+ IN GAS 4.41 3.83
LIQ HC'S 64.69 63.43
TOTAL 100.00 100.00
SUB-GROUPING
cl -C4 22.16 24.65
cS -420 F 313.21 27.78
420-700 F 26.29 25.78
700-END PT 18.34 21.79
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TILE: 1161713D T6Q3

C5+-END PT
ISO/NOHMAL MOLE RATIO
c4
c5
<6
Cé=
PARAFFIN/OLEFIN BATIO
c3
ce
cs
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOPE))
RATIO CHA/(1-A)e#2

ALPEA FRM CORBRELATION
ALPHA (EXPTIL/CORR)

WiCH4 FAM CORRELATION
WACH4 (EXPTL/CORR)
LIQ BEC COLLECTION
PHYS. APPEARANCE
DEINSITY
N, REFRACIIVE INDEX
SIMULT'D DISTILATN
10 WT % @ DEG F
16
50
84
90

RANGE(16-84 %)

WI 3 @ 4207
W v @ Joo0rF

Al

77.84

0.0341
0.0577
0.2218
0.1052

2.3809

0.7658
1.4638

0.8971

6.8566
1.8106

31.00
71.64

Table 215 (continued)

75.35

0.0389
0.0563
0.1582
0.1052

2.3740
0.7658
1.47393

0.8784
8.5402

0.8969
0.9794

6.9384
1.8200

306.00
374.00
585.00
864.00
941.00

490.00

25.00
65.64
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I. Introduction

During the previous contract with DOE on the Liquid
Hydrocarbon Fuels Prom Syngas (DE-AC22-81PC40077, Mar. 1981 to
Sept. 1984), Union Carbide Corp. developed several cobalt-
based catalysts which showed good CS5+ conversions and good
stability. We also developed (ref. 1) a power law rate expres-
sion for one of these catalysts, as well as product selectivity
correlations (for its WtiCH4 make and itsg alpha parameter).

The measured syngas conversion rate of a tested catalyst
was then divided by the calculated syngas conversion rate of the
reference catalyst at the same operating conditions; this ratio
was called the Specific Activity.

These correlations for the reference catalyst were also
used in a fixed-bed reactor simulation computer program (Fig.
Cl) to provide process design data to the MITRE Corporation for
their techno-economic evaluation of the Union Carbide catalysts
(Pig. €2 and Pig. 1,9 of ref. 1).

One of the probless with a cobalt based catalyst for PT-
synthesis is the high methane make in its product slate (Pig.
C3). MNMethane has been found to be an economically undesirable
product. The extent of the methane make is a strong function of
temperature and the hydrogen/carbon-monoxide ratio in the reac-
tor. 1In order to inhibit the methane formation, we had to lower
the H2/CO feed ratio. Because this also caused a lowering of
the catalyst activity, we also had to lower the space velocity
to achieve our desired 85% overall conversion. The following
table summarizes the two cases of estimated process performance
we sent to MITRE Corporation in late 1984 for their economic
study based on the most promising catalyst at that time (with a
specific activity of 2.68) and on the catalyst we hoped to
develop in the future (with a specific activity of 3.64).

SUMMARY OF MITRE’S ECONOMIC STUDY, Apr.l2,85 (ref. 2)
(85% Conversicn in Single Stage Fixed-Bed Arge-Type Reactor)

CASE I CASE 1II
(realistic) {idealistic)
( case ) { case )
PSIG 300 300
TEMP C. 270 270
SA (Spec.Actvty) req’d 2.68 3.64
RF, Feed H2,/CO 1.208 1.394
Usage Ratio, H2/C0 consumed 1.6 2.0
SV, Space Velocity 300 350
CVSG, Conv. Syngas 85 % 85 %



wtiCcH4 12.29 & 7.82 %
alpha 0.86435 0.87995
Cost, $/g9al. gasoline $1.93 $1.387
AS ocne can see, the through-put in terms of the space velocities
for 85 3 syngas conversion were 300 (the realistic case) and 360
(the idealistic case) respectively.
Puring the present contract with DOE (DE-AC22-84pC70028),

Union Carbide has been experimenting with new additives and new
supports for the cobalt based catalyst. We have succeeded in

producing catalysts with significantly lower (about 10% lower)
methane makes under similar conversion rates, H2/C0 ratios,
temperatures and pressures.

conducted on the new catalysts.

It appears that the performance characteristics of the new
catalyst formulations are quite different from those of the
previous simple cobalt-loaded reference catalyst, and that new
reaction rate and product selectivty correlations should be

was chosen for the correlation work.

II.

conducted around variations of the promoter Xl1l.

The New Reference Catalyst

Hence a new reference catalyst

The catalyst chosen for the new reference has the compo-
sition denoted as Co,/X11/TC-123, which is a cobalt-based cata-
lyst, promoted by X11, and deposited on a newly developed Mole-
cular Sieve support TC-123.
promise in reducing the methane make, and many runs have been
The data of

Run 12570-02, reported as Run no.
Quarterly Reports, was chosen for the correlations; it was a

long run witd many data points.

The promoter X11 showed excellent

45 in the 5th and the 6th

All togather, this run operated

for a total of 1568 hours, or 65 days, and under many different
There were 53 data points, falling into
eight groups, with 5 levels of residual H2/CO ratios, 2 levels
of pressure, 2 levels of feed rate, and 2 levels of Lemperature;
An abbreviated

operating conditions.

however the temperature range was rather narrow.

list of the data is tabulated below:

Summary of the

Data

Run 12570-02 Co/X11-TC1l23 80 cc, 37.44 gm Oct 17-Dec 23,85
No. RFeed CCMN PSI T C Usage REC Sp.Actvy CVCO CVSG WCH4 ALPHA
A0l 1.1299 400 300 242 3.5325 .5383 1.6779 19.76 42.04 9.74 0.8045
A02 0.9774 " “ 241 1.8061 .5534 3.3151 33.84 48.03 3.55 0.9113
AODS5 0.9825 * " * 1.8703 .5574 3.1022 32.38 46.88 3.76 0.9026
A0S 0.9819 * - “ 1.8064 .S5775 3.0128 32.91 46.60 3.41 0.9056
All ¢.9960 400 300 241 1.8881 .5779 2.9455 31.91 46.17 3.39 0.8970C
- c4 -



Bl2 1.4222 400 300 241 1.8738 .9942 2.317S 48.66 57.73 7.30 0.8868
Bl3 1.4502 * - " 1.8599 .9977 2.6186 52.48 61.26 5.72 0.8920
B17 1.4587 * " * 1.9576 .9982 2.3724 48.00 57.74 6.13 0.8869 -

Ccl9 1.7119 * " 240 2.0542 1.3105 1.8847 53.97 60.79 12.09 .
C21 1.6859 * . " 1.9890 1.3013 2.0583 55.93 62.24 11.49 0.8762

D22 1.6545 4

0 9 1.9276 1.1778 1.8419 63.57 70.11 7.18 0.8882
D23 1.7137 *

n

L]

L]

2.0276 1.1902 1.7491 62.51 69.74 7.14 0.8886
2.0588 1.2145 1.5064 59.15 66.67 7.78 0.8960
1.9140 1.2283 1.5881 60.88 67.05 6.48 0.8B30
1.9391 1.1978 1.5569 59.33 66.11 7.06 0.8961

E35 1.7481 " y 1.9925 1.3566 1.4113 61.57 67.04 9.01 0.8%00
E38 1.7351 - 1.9792 1.3765 1.2894 59,51 64.82 9.06 0.8%13
E40 1.7282 " " " 1.9665 1.3577 1.3766 60.86 66.17 B.69 0.8912

P45 1.4744 833 500 240 2.1371 1.2219 0.9887 27.59 34.98 8.99 ¢.8915
F46 1.4312 * " " 2.0049 1.2254 0.9438 26.41 32.64 8.95 0.8803

D27 1.7139
D31 1.6457
D34 1.6376

T 20 3N

G48 1.6663 400 " 221 1.9570 1.5490 1.1104 28.76 31.89 7.33 0.8897
G52 1.7005 *~ - " 1.9327 1.6139 0.9795 27.15 29.49 8.10 0.8873

HS53 1.7012 * 300 238 2.0417 1.4500 1_.3082 42.45 47.81 13.43 0.86957
BS4 1.7133 * - " 2.1162 1.4661 1.1038 38.03 43.58 14.68 0.8654

Notations:

No. - sample number of the run, with the first letter for group
designation; the operating conditions were very close for the
same group designation.

RFeed - Feed ratio in moles H2/CO of the syngas feed.

CCMN - Peed rate in cc/minute at ambient condition, 70 deg. ¥, 1 ata.
PSI - Pressure in psig.

TC - Temperature in deg C.

Usage - Usage ratio, moles H2Z consumed per mole CO.

RHC - Residual H2/CO mole ratic in the Berty reactor - the actual

condition that the catalyst was exposed to.

Sp.Actvty - Specific Activity of the catalyst with respect to the pre-
vious rate correlation (of the simple cobalt catalyst of 1984).
- Conversion of CO, in percent.
CVSG - Conversion of syngas(R2+C0Q), in percent.

- Wt.% CE4 in the hydrocarbon preduct slate.

- the alpha parameter of the Schulz-Plory distribution for the
C3+ hydrocarbon fraction.

To get some idea on the performance of the run, the Wt3CH4
was plotted against the syngas conversion ir Figure C4 with the
data points shown by their group designations (such as the
letters A,B,C,D ete). The letters are in chronological order.
The data also showed the influence of various process variables
on the performance. For most of the time, the run was operated
under the condition of 300 psig, 240 deg.C and 300 SV (space
velocity); the data groups A,B,C and H are at these conditions.
The only difference between them was in the feed H2/CO ratio
(RP) and consegquently the residual H2/CO ratio (REC) in the

- ¢c5 -



reactor. 1In the groups A,B and C. we see the expected increase
in conversion and WtiCH4 by employing a feed progressively
richer in H2/CO ratio. 1In groups D and E, we see that higher
pressure (500 psig) gave a higher conversion with lesser methane
make. Prom D to E, we begin to see some evidence of deactiva-
tion. FProm E to F, the space velocity was doubled with the
expected reduction in conversion. From P to G, both the space
velocity and the temperature were reduced, with the temperature
having the predominant effect. The run was terminated at condi-
tion B, where the temperature, pressure and space velocity were
the same as the initial operating condition of groups A,B and

C, but with the feed H2/CO ratio very close to that of C. The
greatly reduced conversion between C and H can only be ascribed
to deactivation with an accompanying increase in the methane
make. :

. III. CO Rate Expression for Co/X11l,/TCl23 - Power Law Form

The material balance data of the Run 45 (11 tables in the
6-th Quarterly Report under filetype 5Q4) were used to deternine
the experimental CO conversion rate and the partial pressures
{(psia) of H2, CO, CO2, and H20. This was then used as a data
base for the rate correlation. The £irst data point was dis-
carded due to a very poor material balance (the consistency
ratio was 0.288). Pifty two data poixts remained.

The first attempt for the CO rate expression was of the
same power law form used previously (note - double asterisks for
exponentiation) =

pHZ**B2 TCOEF gm moles CO
Rate CO = Bl # --csavesn-- * ecw-ece  meececsecemc-oc-e
pCO**B3 19000 hr, gm catalyst
B4 * (tc - 240) Arrhenius Temp.
TCOEF = @XpP ------es=rs=-re-c-cscssceomo-canas Coeff. with 240 C

1.98726 * 513.15 * (tc + 273.15) as base tenmp.

with the resunlt as follows:

Set Bl B2 B3 B4 No. data points

(1) 1.545105 0.473133 0.216895 25.80126 52

Then the two data points in set H were kicked out because of too
much deviation {attributed to deactivation) with the results
given below:

Set Bl B2 B3 B4 No. data points

--- -wmw e - -—-——-—w .- ---—--a- - - - cmsssBmeesee e

(2) 2.366298 0.491148 0.320291 25.42718 50, set H out



B

Since the catalyst deactivated considerably over this 66 day
long run, the value of the parameters in set (2) represented the
behavoir of a mixture of fresh catalyst and aged catalyst. This
is not what we wanted. Hence in the next step, the data points
beyond 910 hours (or sets E,F,G,H) were kicked out of the data
fitting with the following results:

Set Bl B2 B3 B4 No. data points

- - --m - - - - mm-- P T ] - E R e - e - LI N T

{3) 0.9354636 0.606874 0.238821 (25.42718) 32,sets A,B,C,D

In this set, A,B,C and D had essentially the same temperature at
239, 240, 241 deg C., so we assumed the same activation enerqgy
of 25427 cal/gqmole, and correlated the other parameters Bl, B2,
B3 by regression. The value of the parameter in this set (set
3) is reasonable, particularly with respect to the 0.368 dif-
ference between B2 and B3.

This means that the rate will go up with the system pres-
sure at a power of 0.368. In the 1984 correlation, the differ-
ence was 1.1B6, a value that was found to be too high when we
raised the system pressure from 300 to 500 psig in the Berty
reactor.

Because of the narrow range of the run temperatures, the
value of the activation enerqgy coefficient, B4, is not as re-
liable as it could be, particularly since the value was obtain-
ed in the regression set (2), where the effect of deactivation
was not considered, and therefore may very well have been masked
by appearing as a temperature effect. Therefore, the activation
enerqgy value of 25427 calorie/gmole should be further refined in
the future with a data set covering a wider temperature range.

The goodness of the fit can be estimated by computing the
difference between the experimental and the calculated CO rate
according to the correlation, and expressed as a percent of the
calculated rate. The mean of the percent difference of course
should hover arcund zero, the standard deviation of the percent
difference gives a measure of the goodness of the fit. The
statistics for the percent difference was computed for set (3)
with the results below: )

Set (3) 32 data points Mean of sDifference 0.0924 %
Std deviation +/- 4.358 %
Std Error +/- 0.770 %

Iv. CO Rate Expression for Co,X11-TC123

Langmuir-Rinshelwood Form

The rate data can also be correlated in the
Langmuir-Hinshelwood form derived from considerations based on
adsorption sites. Some schools consider this form to be more
fundamental, and therefore more logical. Many variations of the

e






