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FIGURE 115
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Product Distribution
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TABLE 1SA RESULT OF SYNGAS OPERATION

BUN NO. 10011-14
CATALYST COBALT-UCC-101 #10042-17 80CC 49.6G (58.1 AFTER RUN, +8. 4G)
FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10011-14~01 011-14-02 011-14-03 011--14-04 011-14-05

BLEARSESTSE RLTSEcona Sisowmaeemsns EETESTIST SxoEnso s
FEED HZ:CO:AR 50:50: 0 50:50: 0 50:50: 0 50:50: 0 50:50: 0O
HRS ON STREAM 6.08 24,58 30.5 55.5 75.33
PRESSURE,PSIC 290 292 29 297 795
TEMP, C 218 219 21% 219 219
FEED CC/MAN 400 400 400 400 a0Q
HOURS FEEDING 6.08 18.50 5.92 25.00 19.83
EFFLNT GAS L1TER 18.45 398.80 128.50 $41.32 435.98
GM AQUECUS LAYER 12.50 17.58 4,91 23.13 16.27
GM OIL 0.87 2.66 0.99 §.19 3.31
MATERTAL BALANCE
GM ATOM CARBON % 63 .84 102.66 102.35 101.18 102.54
GM ATOM HYDROGEN % 78.70 101.14 101.%9 103.85 103.93
GM ATOM OXYGEN % 82.725 109.61 107.59% 167.50 107.87
RATTO CHX/(H20+C02) 0.2500 0.5099% 0.5%14 0,.5464 G.3853
RAT1O X 1N CHX 2.3248 2.4255 2.3603 2.3820 2.3974
USAGE HZ/C0O PRODT 2.0546 2.1192 2.1127 2.1022 2.10646
RATIO €02/ (H20+C02) 0.0021 0.00560 0.0054 0.0069 0.0102
K SH1WFT IN EFFLNT 0.00 0.00 0.00 0.01 g.01
CONVERSION
ON CO % 9.96 7.13 7.48 7.61 7.45
ON HZ % 41.27 22.61 21.29 22.04 20.89
ON CO+HZ % 27.25 14.81 14.37 14.92 14,22
PRDT SELECTIVITY.WT %
CHa 14.43 20.56 & 17.34 17.78 18.93
C2 HC'S 1.31 1.85 1.59 2.92 2.13
C3HSB 1.72 1.64 1.61 1.75 2.01
C3H6= 1.55 3.12 3.11 3.05 2.33
CaH1O0 2.67 1.97 1.85 1.88 1.83
CaH8« 1.83 3.358 3.76 4.06 3.65
C5H12 3.47 2.19 1.92 2.18 2.09
CSH10= 0.13 0.44 0.44 0.60 0.57
C&H14 $.37 3.18 2.94 2.98 2.73
C6Hl2= & CYCLO'S 1.01 2.55 3.66 3.17 3.29
C7+ IN GAS 34.47 31.07 30.76 28.68 29.24
LIQ HC'S 32.03 27.86 31.02 30.95 31.19
224
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TOTAL _
SuUB-GROUPING
Cl -C4
CS 420 F
420~-7200 F
JOO-END PT
C5+-END PT
1SO/NORMAL MOLE RATLO
C4
cs
cé
Ca=
PARAFFIN/OLEF1IN RATIO
c3
Ca
C5
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE TNDEX
SIMULT'D D1STLLATN
OWr %2 @DDEG F
16
50
84
90

RANGE(16-84 %)

WI%@a20 F
WI % @ 700 ¥

100.00

23.51
60.64
13.07

2.79
76.49

Q.5628
1.0050
2.0347
0.0000

1.0547
1.4088
25.3125

CLEAR OTIL CLEAR OTL CLEAR OIL CLEAR o1iL

311
326
419
589
685

263

50.50
91.30

100.00

32.72
48.70
17.08

1.50
67.23

0.1916
0.3383
0.8870
0.0000

0.5000
0.5307
4.8108

334
362
474
604
644

242

33.30
94.60

100.00

29.26
48.10
20.60

2.935
70.74

0.1318
0.2538
0.7712
0.0250

0.4923
0.4756
4.289%

344
381
513
645
674

264

27.00
93.40

100.00

31.44
45 .84
19.38
3.34
68.56

0.1180
0.1172
0.5435
0.0324

0.5481
0.44562
3.5094

0.7179
1.4380

351
3384
323
674
705

250

26.60
89.20

100.00

30.89
55.08
10.92

.12
66.11

- 0625
1242
-4462
.0404

0000

.8262
L4845
. 5833

W oo

YW OlL
G.?70
1.436¢

367
389
522
679
711

290

25.33
87.83



TABLE 158

RUN NO. 10011-14

CATALYST CORALT-UCC-101 #10042

RESULT OF SYNGAS OPERATION

FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV
RUN & SAMPLE NO. 10011-14-06 011-14-07 011~14.-08 011-14-09
LS aT N A 1 ST ELE TS S, e ==
FEED H2:CO:AR 30:50: 0 50:50: O 59:50: 0 50:50: 0O
HRS ON STREAM 78.41 95.41 102.33 119.5
PRESSURE, PSIG 289 291 290 292
TEMP. C 251 251 251 252
FEED CC/MIN 400 400 400 400
HOURS FEEDLNG 3.08 20.08 6.92 24.09
EFFLNT GAS LITER 52.81 314.78 109.15 384.59
GM AQUEOUS LAYER 7.39% 48.15 16.92 58.91
GM OIL 2.32 15.10 5.75 20.00
MATERIAL BALANCE
GM ATOM CARBON % 110.28 101.91 162.50 103.96
GM ATOM HYDROGEN % 110.43 102.79 105.44 106.50
GM ATOM OXYGEN % 116.15 108.31 108.40 109.30
RATIO CHX/(H20+C02) 0.8178 0.7923 0.8117 0.8290
RATIO X IN CHX 2.3970 2.3427 2.3289 2.3247
USAGE H2/C0O PRODT 1.9268 2.0001 2.0096 2.0198
RATIO C02/{H20+C0OZ) 0.0787 0.0a52 0.0414 0.0386
K SH1FT IN EFFLNT 0.03 0.03 0.03 0.02
CONVERSTION
ON CO % 26.16 25.34 26.02 26,05
ON HZ % 55.47 56.48 56.46 56.43
ON CO+HZ % 40.83 40.98 41.45% 41.43
PRDT SELECTIVITIY.WT %
CH4 17.85 15.81 15.26 15.11
C2 HC'S 2.51 1.98 1.87 1.83
C3H8 2.54 1.90 1.85 1.79
C346= 2.03 2.18 2.13 2.15%
C4H10 2.15 1.63 1.55 1.50
C4H8= 3.45 3.46 3.34 3.38
C3H12 3.08 2.38 2.24 2.10
CSH10= 3.89 3.86 3.7 3.80
C6Hl4a 3.86G 3.24 2.74 2.81
C6H1Z2= & CYCLO'S 2.94 3.3 3.20 4,635
C7+ IN GAS 15.62 16.88 15.87 15.62
LIQ HC'S 40.15 43 .37 46.19 45.26

226

~17 B0CC 49.6G (58.1G AFTER RUN,+8.4G)

011-14-10

6.97

107.53
109.35
111.44
0.875%
2.3130
Z.0200
0.0392

0.02

26.81
56.87
4l1.96

14.54
1.83
1.74
2.04
1.49
3.31
1.956
0.47
2.70
2.72

1a.37

52.84



TOTAL
SUE-GROUPING
Cl -Ca
CS -420 F
420-700 F
700- END PT
C5+-END PT
ISO/NORMAL MOLE RATIO
C4
CS
C6
Ca=
PARAFFIN/OLEFIN RATIO
c3
Ca
cS
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT £ @ DEGC F
16
50
84
90

RANGE(16-84 %)

WI %@ 420 F
WL %Z@J00F

10G.00

30.52
51.42
14.05

4.01
63.48

0.1779
0.4215
0.83722
0.0377

1.1944
0.6007
0.7708

100.00

26.94
47.51
21.25

4.29
713.06

0.1718
0.3520
0.7599
0.0399

0.8323
0.4338
0.5999

CLEAR Q1L
0.764
1.4330

2923
327
463
656
699

329

41.10
90.10

227

100.00

26.01
53.21
16.17

4.62
73.99

0.1617
0.3112
0.5689
0.0420

0.8293
0.4489
0.5787

126.00

25.76
46.77
z2.67
4.80
14 .24

0.14231
0.2866
0.6935
0.0449

0.7937
0.4293
0.5362

CLEAR OIL

0.768
1.4335

301
332
473
665
705

333

39.30
89.40

i

o
o
0
0

0
0
]

00.00

24.94
51.29
18.49

5.28
75.06

-1338
-2531
-6801
.0634

.8122
.4358
0253



TABLE 15C RESULT OF SYNGAS OPERATION

RUN NO. 10011-14
CATALYST COBALT-UCC-101 #10042-17 8OCC 49.6G (38.1G AFTER RUN,.+8.4G)

FEZD H2:CO: ARGON OF 50:50: 0 @ 40O CC/MN OR 300 GHSV
RUN & sSaMpLy ND. 10011-14-11 011-14-12 0ll-14-13 0l1-14-14 011-14-15
WEES o= craae—mes oo SRR LT IR EDRTrw s moewesn T
FEED HZ2:CO:AR 50:50: 0 sS0:%0: O 30:50: 0 50:50: O 50:50: 0
HRS ON STREAM 143.67 150.235 163.83 174.16 192.99
PRESSURE,PSIG 250 298 300 292 292
TEMP, C 252 252 252 252 252
FEED CC/MLN 400 800 800 800 800 .
HOURS FEEDING 24,17 6.58 18.58 5.33 18.83
EFFLNT GAS LITER 38R.93 231.71 638.74 183.69 652.57
GM AQUEOUS LAYER 59.55 i9.72 %8.12 16.32 58.69
GM OIL 24.94 8.23 22.22 6.80 23.00
MATERTAL BALANCE
GM ATOM CARBON % 107.63 97.34 93.62 95.12 94.87
GM ATOM HYDROGFEN % 107.79 103.9) 100,53 101.92 101.82
GM ATOM OXYGEN % 111 .26 97.72 97.17 96.380 97.67
RATIO CHX/ (H20+C02) 0.8313 0.9813 0.8292 0.9180 0.8655
RAT1O X IN CHX 2.3038 2.34813 2.3820 2.3603 2.3765

USAGE H2/C0O PRODT 2.0271 2.0921 2.0958 2.0943 2.0908
RATIO CO2/(H20+4C02) 0.0358 0.0246 0.0228 0.0243 0.0253

K SH1FT 1N EFFLNT 0.02 0.02 Q.02 0.02 0.02
CONVERS10N
-ON CO % 26773 20,79 18.91 20.24 19.52
ON HZ2 % 37.60 41.13 40.61 41.29 40.90
ON CO+HZ % 42.17 31.30 30.13 31.13 30.59
PRDT SELECTIVITY,WT %
CH4 14.28 16.07 18.07 17.04 17.78
C2 HC'S 1.72 1.84 2.09 1.92 2.02
C3H8 1.56 1.86 1.90 1.85 1.92
C3H6= 1.96 2.11 2.21 2.15 2.12
CaHlo 1.33 1.52 1.57 1.50 1.58
CAH8 = 3.09 3.27 3.43 3.32 3.56
T3H12 1.81 1.92 1.96 1.93 2.00
C5H10= 3.3¢0 3.70 0.5% 3.47 2.13
CoHls 2.43 2.36 2.50 2.50 2.65
C6H12= & CYCLO'S 3.06 3.28 1.41 1.43 1.46
‘C7+ IN GAS 1z.72 17.45 15.49 15.03 15.06
LIQ HC'S 52.74 44,563 48.77 47 .86 47.72



TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GROUPING

Cl -C4 23.%4 26.67 29.28 27.79 28.98
C5 ~420 F 44,42 | 44.10 40.19 41.83 4zZ.01
420--700 ¥ 24.47 21.51 22.24 22.39 21.28
100--END PT 7.17 7.72 8.29 7.80 7.13
C5+-END PT 76.06 73.33 10,72 712.21 71.02
130/NORMAL MOLE RATIO
C4 0.1269 0.0913 .0.0845%5 0.0978 0.0/88
cs 0.2401 0.1693 0.1384 0.1425 0.1537
ce 0.6401 0.5284 G.4139 0.4184 0.4853
C4= 0.0459 0.035%9 ©.0438 0.0442 0.0493
PARAFFIN/OLEFIN RATIO
c3 0.7614 0.8438 0.8203 0.8223 0.8629
Cé C.4168 0.4481 Q.4427 0.4352 0.4291
C3 0.5331 0.5063 3.2230 0.5a11 0.9145
LIQ HC COLLECTION
PHYS. APPEARANCE CLDY OJL CLDY OIL GLDY OIL CLDY OlL CLDY OIL
DENS1TY 0.767 0.774 0.771 0.771 0.769

N, REFRACTIVE INDEX 1.4332 1.4362 1.4348 1.4342 1.4337
SIMULT'D DLSTILATN

10 WT % @ DEG ¥ 299 323 314 320 311
16 330 3a4 336 341 333
50 an 505 450 485 476
B84 680 713 710 1702 702
S0 730 767 757 756 756
RANGE(15-84 %) 350 369 374 361 367
WL %2 @ 420 F 40.00 34.50 37.40 36.50C 3%.20
WI %@ 700 F 86.40 82.70 83.00 83.70 - 83.80



TABLE 15D

RUN NO. 10011-14
CATALYST COBALT-UCC-

RESULT OF SYNGAS OPERATION

101 #10042-17 BOCC 49.6G (58.1G AFTER RUN,+8.4G)

FEED H2:CO:ARGON OF 50:50: 0'@ 800 ce/mN & 60:30:10 @ 400 comn
RUN & SAMPLE NO. 10011-14-16 011-14-17 011-14-18 011-14-19 011-14-70
WBET TR =z, el A F ] RmESLII S mems.-

FEED H2:C0:AR
HRS ON STREAM
PRESSURE,PSIG
TEMP, <C

FEED CC/M1IN
HOURS FEEDING
EFFLNT GAS LITER
GM AQUEOUS TLAYER
GM O1L

MATERIAL BALANCE
GM ATOM CARBON %
GM ATOM HYDROGEN %
GM ATOM OXYGEN %
RATIO CHX/(H20+C02)
RATLIO X IN CHX
USAGE H2sC0O PRODT
RATLO COZ/{(H20+CLZ)
K SH1FT IN EFFLNT

CONVERSION
ON CO %
ON HZ %
ON CO+H2 %
PRDT SELECTIVITY,.WT %
CHa
C2 HC’S
C3H8
C3H6=
C4H10
C4H8 <
CSH12
C5H10-=
CoH14
CHH12= & CYCLO'S
C7+ 1IN GAS
LIQ HC'S

N N s

50:50: 0 50:50: 0 63:26:11 60:30:10 60:30:10

198.99
291
251

800
5.00
209.560
17.67
6.97

94 .39
101.43
96.73
0.8820
2.3810
2.0981
0.0244
0.02

19.02
39.55
29.65

13.02
1.99
1.96
2.28
1.60
3.47
1.96
3.38
2.66
1.38
14.57
46.73

215.66
291
252

800
16.67
587.56
48.51
20.19

96.66
101.83
98.04
Q.9298
2.3691
2.0929
0.0263
Q.02

19.46
40.08
30.0s8

17.53
2.07
1.89
2.05
1.52
3.18
1.95
3.32
2.29
3.17

14.47

46.57

238

223.25
293
252

480
7.59
116.90
18.72
3.88

103.00
103.03
82.11
1.3903
3.2234
2.4580
0.0877
0.33

76.82
67.05
69.389

55.63
6.40
71.44
0.46
4.84
0.62
3.60
Q.46
2.30
0.23
3.28
14.76

239.75
301
252

400
16.50
187.10
68.40
12.21

103.89
101.22
101.25%
1.0423
2.7349
2.1561
0.0708

0.12

66._83
72.54
70.60

31.81
4.32
6.42
1.05
4.88
1.99
5.13
1,72
3.1
1.30

10.23

26.02

247.50
295
232

400

1.75
88.23
23.88

5.39

162.25
100.85
105.01
0.9572
2.7167
2.1519
0.0617

0.10

64.50
71.83
69.37

31.11
4.21
6.21
1.14
4.73
2.23
4.98
2.05
4.89
1.67

11.05

25.6%



TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GROUPING

€1 -Ca 29.31 28.23 75.38 $0.49 49.66
€S -420 ¥ 42.79 43.08 15.18 36.01 39.11
420-700 F 20.98 20.87 6.79 8.90 8.27
700--END PT 6.92 7.82 2.66 4.61 2.95
C5+--END PT 70.69 71.77 24.62 49,51 50.34
ISO/NORMAL MOLE RATILO
c4 0.0926  0.0760  0.0722  0.0566  0.0582
cs 0.1391  0.1422  0.1175  ©.1045  0.1077
c6 0.3897 0.4407  0.2195  0.2499  0.2736
Ca= 0.0464  0.0478  0.1486  0.0760 0.0710
PARAFFIN/OLEFIN RATIO
c3 0.8209  0.8799 15.4174 5.8714  5.2156
ca 0.4469  0.4633 7.5589  2.363% 2.0548
€5 0.561%5  0.5724 7.5833 2.9033  2.3572
LIQ HC COLLECTION
PHYS. APPEARANCE CLDY OIl, CLDY OIL CLDY OIL CLDY OlL CLDY OIL
DENSITY 0.770 0.769 0.766 0.755 0.752

N. REFRACTLVE INDEX 1.4344 1.4345 1.4345 1.4280 1.4226
SIMULT'D D1STILATN

10 WI X @RDECF 307 311 321 263 260
16 334 335 340 297 796
50 470 480 49 432 403
84 693 710 717 717 528
90 748 764 117 176 721
RANGE(16-84 %) 359 azs 377 420 332
WI %@ 420 F 40.30 38.40 36,00 48.10 56.30
WI%@700F¥F 85.20 83.20 82.00 82.30 88.50

231



TABLE 15E RESULT OF SYNGAS OPERATION

RUN NO.- 10011.-14
CATALYST CORALT-UCC-101 #10042-17 80CC 49.6G (58.1G AFTER RUN,+8.4aG)

FEED H2:CO:ARGON OF 60:30:10 @ 400 CC/MN OR 300 GHsV
RUN & SAMELE No. 10011-14-21
b R ]
FEED H2:CO:AR 60:30:10
HRS ON STREAM 263.92
PRESSURE,PSIG 294
TEMP. C 284
FEED CC/MIN 400
HOURS FEEDING 16.42
EFFLNT GAS LITER 191.90
Cit AQUEOUS LAYER 41.39
GM OIL 7.52
MATERTAL RALANCE
GM ATOM CARBON % 110.34
GM ATOM HYDROGEN % 104.24
GM ATOM OXYGEN % 100.22
2ATIO CHX/(H20+C02) 1.1626
RATTO X IN CHX 3.1505

USAGE H2/CO PRODT 2.0743
RATIO CO2/7(H20+C02) 0.1914

K SHLIFT 1N EFFLNT 0.40
CONVERS LON
ON CO % 76.35
ON HZ? % 78.79
ON CO+HZ % 77.99%
PRDT SELECTIVITY ,WT %
CHa 52.82
C2 HC"S 6.25
C3RS 6.45
C3H6= 1.41
CaHls 3.75
CAHB= 1.50
CS5HLZ2 3.24
CoH10= 0.81
C6H14 3.10
C6H12= & CYCLO'S 0.53
C7+ IN GaAS 6.07
LIQ HC'S 14.07
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TOTAL 100.00
SUB-GROUPING

Cl -Ch 72.18

C5 420 F 18.01

420-.700 F 4 .88

JOO-END PT 4.92

C5+ -END PT 27.82
ISO/NORMAL MOLE RATIO

<4 0.2224

o 0.6701

ceé 1.4904

Ca= 0.0739
PARAFF1IN/OLEFLN RATIO

C3 4.3597

Cé 2.4060

<5 3.8948

LIQ HC COLLECT1ON
PHYS. APPEARANCE CI.D-CR QIL
DENSITY 0.769
N, REFRACTIVE INDEX -
S1MULT'D DISTILATN

10 WT % @ DEG F 317
16 346
S0 $67
84 817
90 866
RANGE(16-84 %) 471
WI % @ 420 F 30.30
WI % @ 700 F 65.00
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Summary of Task 2 Testing

This year has been'very successful for Task 2 screening.
Catalysts with superior qualities were identified. Data on octane
number of the gasoline is not yet available due to the size of the
samples. Qualitative statements about product guality have been
made by looking at the degree of isomerization of the product.
Samples large enough to measure the octane number will be collected
in the near future.

Table 16 summarizes the status of the Task 2 testing to date.
The true reference catalyst for any new system is that used at
Sasol. The second column marked Sasol was taken from data in Mohil's
final repori to DOE for contract EX~76~C-01-2276. The motor fuel
selectivity values are quite low. Column one has data from our
reference iron catalyst in Run 10011-6. These numbers are more in
line with what a state-of-the—art F-7 catalyst like Sasol's could
pProduce. The octane number of the gacsline produced by such a
catalyst is in the range of ~55, the octane number of straight chain
products. The data in column 3 is from Mobil's SG-2Ad catalyst
taken from the previously mentioned Mobil report. The data in
columns 4 to 8 are from Runs 10011~7, -11, -9, -10 and -14 respec-
tively. The iron based catalysts produce approximately as much
total motor fuel as either the Mobil or the reference catalysts.

The catalyst with UCC-104 has a slightly lower selectivity. The major
differences are in the ratios of gasoline to diesel oil.

Fe on UCC-10l and Fe/K+UCC-104 produce primarily gasoline.
(Note: “on® means pore-filled or precipitated:; "+" means physical
mixture). The Fe/K+UCC-104 produces a gasoline which should have a
high research octane number. The Fe on UCC-101 produces a less
isomerized product. Fe/K on UCC~10l and Fe/K+UCC-101 both produce
more diesel oil than the previous catalysts. The product from the
physical mixture catalyst is more isomerized than that of the pre~
cipitation catalysts. The potassium promotion of the Fe on UcC-101
significantly lowers the acid activity of the molecular sieve. The
quality of any of the diesel oil produced is unknown at this time.
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The really outstanding catalyst, from the standpoint of the
amount of total motor fFuels pProduction, is the cobalt catalyst {(pore-
filled on UCC-101). The gasoline fraction is somewhat isomerized but
not nearly to the extent with UCC-104.

The screening phase of Task 2, with little optimization, has
produced catalysts apparently at least as good as Mobil's, and because
of product quality superior to Sasol's. The UCC-104 (or UCC=-108) and
cobalt on UCC-101 catalysts show the most promise to be cptimized to
truly superior catalysts.
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