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FILE: 1256101A TISS1Q2

RUN NO.
YEED
RUN & SAMPLE NO.
FEED H2:C0:AR

RATIO CO2/(R20+C02)

K SEIFT IN EFTLNT

SPECIFIC ACTIVITIY SA

CONVERSION
ON CO X
oN B2 %

12561-02
CATALYST CO/X9/X10-TC-103 80 €C 37.1 G AFTER USE:58.0 (+20.9 G)
H2:CO OF 50:50 @ 400 CC/MN OR 300 GHSV

Table Bl

Al

50:50: 0 50:50: O

21.2 47.5
apo 300
241 240
400 400

21.20 28.25

218.50 as2.0

58.98 57.13

12.40 28.861

67.39 89.93

a2.79 96.74

86.27 93.24

Q.4694 0.8846
2.4083 2.3304
2.7353 2.0479
1.2273 1.0757
0.6183 0.6496
0.0753 0.0719
0.0503 0.0503
2.2072 2.4230

28.76 30.47

64.11 58.01

48.2¢4 4. 79

15.30 10.76
1.08 1.69
2.95 2.07
3.14 2.76
2.89 2.17
3.80 3.11
.n 2.44
2.77 2.38
4.44 3.43
1.60 1.39
9.80 7.14

49.11 £0.65

100.00 100.00

29.17 22 .56

42.3% 36.25

26.72 28.99
1.77 12.19
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RESULT OF SYNGAS OPERATION

( CAT#12524-11 )

12561-01=-01 551-01-02 561-01-03 561-01-04 S61-01-0S
SSEmsssws TrEETmerm

$0:50: 0 50:50: 0 50:50:

68.5
300
239

1.56

IDMI-'N!-‘I-‘NPN

[}

8
B 8 ph3aBEARE

e
~}
.

92.0
300
239

L

]

pekapabybaihy y3g

[
]
.

-

117.0
300

[s]



CS+=END PT
ISO/NORMAL MOLE RATIO
ca

c5
C6

Ch= ‘
PARAFFIN/OLEFIN RATIO
Q

ce
<5
SCHULZ-ELORY DISTRETN
ALPHA (EXP(SLOPE))
RATIO CEBS/(1-A)%e2

RANGE{16-84 X)

WI X @420 F
WIX@700F

Table Bl -(continued)

FILE: 1256101A TSS102 Al

70.83

77.44

0.0251
D.0614
0.2558
0.0591
0.7153

0.67353
0.9973

0.8440
4.4197

0.8320
1.0132

15.2636
0.7049

CLD OIL. LD OIL

- B29

82.65

0.0192
0.0805
0.2661
0.0629

OIL WAX

81.23

0.0210
0.0612
0.2311
0.0546
0.7240

0.6739
2.0777

0.8777
6.2287

0.8312
1.0560

15.5909
0.59873

OIL WAX

79.92

0.0263
0.0613
©.2523
0.0641

0.7951
0.7258
1.1699

0.7885
2.2476

OIL MAX



Table B2
FILE: 1256101B TS551Q2 Al

RESULT OF SYNGAS OPERATICON

RN NO. ° 12561-01
CATALYST CO/X9/X10-Ul03 80 CC 37.1 G AFTER USE:58.0 G (+20.9 C)’
FEED B2:C0 OF 50:50 § 400 CC/N OR 300 GASY { CAT#12524-13 )

RON & SAMPLE NO. 12561-01-06 561-01-07 S€1-01-08

FEED H2:CO:AR 50:50: 0 50:5%0: 0O S0:50: O
HRS ON STREAM 140.0 164.0 235.0
PRESSURE, PSIG 300 300 00
TEMP. & 260 239 239
FEED CC/MIN 400 400 400
BOURS FEFDING 23.00 24.00 71.00
EEFFLNT GAS LITER 343.00 340.00 1051.00
GM AQUEDUS LAYER &4.04 &4 .45 136.71
@M OIL 27.30 28.86 84.12
MATERIAL BALANCE
CM ATOM CARBON ¥ 95.72 91.98 94.64
QM ATOM EYDROGEN ¥  102.47 99.15 102.15
. GM ATOM OXYGEM ¥ 94.62 90.08 91.78
RATIO CHX/{H20+C02) 1.0436 1.0784 1.0341
RATIO X IN CHX 2.3190 2.316% 2.3203
USAGE H2/CO PRODT 1.9712 1.9486 1.9956
FEED H2/CO FRM EFFLNT 1.0705 1.0779 1.0794
RESIDUAL H2/C0 RATIO 0.7061 0.7085 0.7112
RATIO CO2/(H20+CO2) 0.0515 0.0501 0.0454
¥, SHIFT IN EFTLNT 0.0383 0.0374 - ' 0.0338
SPECIFIC ACTIVITY SA  2.0098 2.2054 2.0915
CONVERSION
ON CO ¥ 28.81 29.79 28.86
O8N H2 X 53.05 53.85 53.00
ON CO+H2 X 41.34 42.27 41.30
PRDT SELECTIIVITY . WT % )
CB& 10.29 10.09 10.57
c2z BC'S 1.29 1.61 1.58
C3H8 1.94 1.54 2.02
C3H6= 1.80 2.3 2.50
CAHIO 2.07 1.96 2.16
CqHB= 2.83 2.67 2.86
CSH12 2.41 2.3 2.54
CSH10= 2.05 1.90 2.06 )
C5H24 3.09 2.93 0.91 .
CEH12= & CYCLO'S 0.91 .87 1.12
C7+ IN GAS 7.58 6.65 7.33
LIQ BC's 63.75 64.83 64.34
TOTAL 100.00 100.00 100.00
SUR-GROUPING
1 -C4 20.22 20.50 21.68
CS =420 F 32.68 32.24 32.12
420-700 F 26.84 27.68 27.54
700-END PT 20.27 19.58 18.66

- B30 -
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Table B2 (continued)
FILE: 12561018 TSS102 Al

]

r—y
-

- C5+-END PT 79.79 79.50 78.32
ISO/NORMAL MOLE RATIO
o c4 0.0000 0.0000 0.0000
it s 0.0537 0.0545 ©.0639
i cs 0.2202 0.2247 2.4468
Ca= 0.0598 0.0576 0.0611
PARAFFIN/CLEFIN RATIO
P ca 1.0298 0.7555 0.7716
i - 0.7043 0.7098 0.7286
- cS 1.1421 1.1809 1.1982
N SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOPE)} 0.8745 0.8719 ©.8727
RATIO CH4/(1-A)**2 €.5303 6.1475 6.5224

ALPHA FRM CORRELATION 0.8289 0.8288 0.8286
ALPHA {EXPIL/CORR) 1.0550 1.0520 1.0532

WXCES FRM CORRELATION 16.5332 16.3299 16.23863
WiCHS (EXPTL/CORR) 0.622% 0.6176 0.644%
N

PHYS. APPEARANCE OIL WAX OIL WAX OIL WAX

DENSITY

N IVE INDEX

SINULT'D DISTILAIN

¢ 10 WT X @ DEG F 33s 338 328
16 373 Iz 3s9
50 568 563 548
84 826 a26 821
90 887 897 298
RANGE(16-84 %) 453 454 452
WIX®420F 26.10 27.10 28.20
WIX@700F 68.20 69.80 71.00
- B31 -
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ITI. Run 45 (12570-02) with Catalyst 45 (Co/X131/TC-123)

The purpose of Runs 45 and 46 was to evaluate two newly de-
veloped Molecular Sieves in comparison with TC-103, the most ef-
fective catalyst support developed to date; this rum tested TC-
123. Except for a slightly different pretreatment, the catalyst
wvas formulated by the same method as the promising Catalyst 32
(Fourth Quarterly Report, Co/X;1/TC-103). The theorerical con-
tent of Co and Xj;, respectively, was 8.2 and 1.6 percent.

Conversian, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. B23-26. Simulated distillations of the Cs* pro-
duct ar. plotted in Figs. B27-49., Carbon number product distri-
butions are plotted in Figs. B50-72. Chromatograms from simulat-
ed distillations are reproduced in Figs, B73-95, Detailed mate-
rial balances appear in Tables B3-13,

The test was rum for 1568 hours, more than twice the dura-
tion of the longest previous run in either contract. The test
conditions were varied in eight stages, A through E.

Both conversion and stability were excellent during Stage A
{259 hours on stream at 240C, 1:1 H5:CO, 300 psig). The syngas
conversion averaged about 47 percent, the methane production 3.6
percent, and the Cs5t production about 90 percent {the first data

point was excluded in each calculation). Corresponding values

- B32 -
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with the TC-103 containing :Catalyst 32 wvere about 42 percent, 5.5
percent, and about 85 percent.

Similar improvements were obtained in the quality of the
light gas frectiomn, C3-C4. The ratio of paraffims to olefins of
the C4's was 0.36:1 and the olefin conten: was 73 percent, as
against 0.50:1 and 67 percent respectively with the TC-103 cata-
lyst., From these results, the performance of TC-123 improves
substantially upon that of TC-103.

A low methane production permits the use of higher H9:CO
ratio feed to help achieve higher catalytic activity. The feed
was accordingly adjusted, in Stages B and C, to 1.5:1 and 1.75:1
H5:C0 respectively. The results, as compared with the TC-103

catalyst, were as follows (GHSV=300, 300 psig):

Catalyst 45 Catalyst 45 Catalyst 32

TC-123 TC-123 TC-103
Stage B Stage C
Temp, deg C 2540 240 260
Hop:CO 1.5:1 1.75:1 1:1
Coaversion, pct 57.7 62.2 58.0
Wt pct CHy 6.1 11.5 7.6
Cs*, pct 86.3 80.1 82.1

In Stage B, therefore, the conversion of this catalyst was
about the same at 240C as that of Catalyst 32 at 260C, but with
substantially better selectivity. In Stage C, raising the feed
H2:C0 ratio nearly dombled the methane production but raised the
conversion only 4.5 percentage points. Again the stability, in
both stages, was excellent.

Stage D tested the effect of raising the pressure from 300

- B33 -
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to 500 »sig while maintaining all other conditiens as in Stage C,
As usual with the typical Fischer-Tropsch catalyst, the result
was an initial increase in activity (from 62 to about 70 per-
cent), and a heavier product (methare reduced from about 12 to
about 7 percent, and Cs5% increased from about 80 to about 85
percent)}. The stability suffered, however, with conversion fall-
ing duriné the 331 hours in this stage at a rate of about one
percentage paoint every 83 hours., Such poor stability has usually
been accompanied by progressively degraded selectivity, but this
time the methane production remained constant at the relatively
low level of about 7 percent,

At two points during this stage, following Samples 25 and
31, the catalyst was briefly exposed to a pure hydrogen feed in
an attempt to boost its activity., Only a slight improvement re-
sulted, but if this is done at regular intervals throughout the
ren it may possibly serve to maintain the conversion at a more or
less constant level,

In Stage E, when the H9:C0 feed ratio was raised again to
1.85:1, there was a slight in¢rease in conversion, a twe percent
increase in methane production, and little or no effect 6n sta—
bilicy.

Two other variations tested were an increase in space veloc-
ity from 400 to 833 cc per minute in Stage F, and a reduction in
temperature from 240 to 220C in Scage G.

In Stage H, which concluded the run, the conditions of Stage

C were restored with the purpose of assessing the overall effect
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of the various process conditions which had been tested. By this

e

- time the catalyst had substantially deteriorated both in activity

|
PR

{(conversion about 45 percent as against a high of 61 percent) and
in selectivity (methane production about 14 percent as against a
low of 11 percent).

This is an important catalyst for its demonstration of the
superior properties of the Molecular Sieve TC-123 in yielding
high conversion, low methane, and high olefin content, as com—
pared with a similar formulatiom containing TC-103. The low
methane production, in turmn, makes it possible to enhance the
catalyst's activity still further by operating it in a more

hydrogen-rich environment than usual,

Test conditions at each stage (Figs, 23-26)

Stage Ho:CO psig deg C cc/min
A 1:1 300 240 400
B 1.5:1 " n "
C 1-75:1 " 1] ”n
D n 500 1" "
E 1.85:1 " " "
F 1.75:1 b " 833
G " " 220 400
H " 300 240 "
- B35 -
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