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Figure 36

Plot of the Hydrocarbon
Product Distribution
for Sampile 10011—-8-9
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TASLE 94 RESULT OF SYNGAS OPERATION

RUN NO. 1001115
CATALYST PPT-PE.K +AL203 #1G062-77 BOCC 84.2G {(98.7 AFTER RUN,+14.3G)

FEED H2:CO:ARCON OF 50:50: © @ A00 CC/7MN O 300 CHSY
RUN & SAMPLE NO. 10011-15-01 011-15-02 011-15%-03 011-1%-04 031-1%.0%
AN WS ML o RS NLA TR N LS N LR - S a W KLY )
FHEED H2:CO:AR 50:50: 0 50:30: 0 30:%0: 0 350:50: 0 $0:50: 0
HRS ON STREAM 5.0 23.67 28 .84 46,34 $1.34
PRESSURE,PSIC 29% 300 301 288 290
TEMP. C 250 251 251 251 251
FEED CC/HIN 400 400 400 400 400
HOURS FERDING 5.00 21.67 7.17 24 .67 5.00
EFFLNT GAS LITER %3.97 256.20 89.47 3r2.2% 70.9%
GM AQUEOUS LAYER 3.69 15.99 4.80 14.52 .72
oM OIL 5.29 22.9% 9.16 31.54 5.12
MATERLAL BALANCE
GM ATOM CARSON % 91.14 96.55% 104.03 101.92 101.78
GN ATOM HYDROGHN % 91.44 96.04 103.52 100.89 99.7¢
GM ATOM OXYGEN % 98.08 106,17 110.12 107.33 104.71
RATLIG CHX/{H204C02) 0.85669 0.8180 0.8936 0.8982 0.9351
RATIO X TN CHX 2.13189 2.2018 2.1927 2.1870 2.1900

USAGE H2/CD PRODT G.5523 0.62359 0.56438% 0.6565 0.6329
RATIO COR/{H20+COZ} ©.%08L 0.85189 D.8338 0.8205 0.8644

K SHIFY IN BFFLNT 35.6% 34.39 36.34 16.90 14,65
CONVERSION
ON Co % 95.83 $5.19 94.99 8%.61 9.70
ON H2 % 54,80 63.23 63.33 61.19 $2.40
ON CO+M2 % 80.29 19.25 19.20 15.47 66.19
PRDT SELECTIVITY ,WT %
CHé& $.10 7.52 7.15 6.94 1.01
€2 HC'S . 7.49 8.12 7.55% 1.19 6.90
C3Hs8 1.6 1.93 1.89 1.82 1.36
C3t5= 11.32 11.38 10.84 9.39 3.86
CaHlo 1.73 1.80 .75 1.68 1.78
Cihlife 9.17 8.93 3.64 7.66 1.36
CSH12 2.4% 2.5) 2.4) 2.25 2.25
C5H10= 1.23 6.34 6.17 5.38 5.32
CoHle 2.22 2.21 2.18 2.06 2.20
CHH1I2= & CYCLO'S 4.24 4.0%9 3.9 3.6% 3.0
C7+ 1IN Gas 12.53 12,37 11.90 13.62 14.06
LIQ HC'S 33.36 32.80 35.60 38.16 38.65
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TOTAL
SUBR--GROUP ING
Cl -C4
€S -A20 F
AZ0-T00 F
700-END PT
CS+ -KND PT
1SO/7NORMAL MOLE RATLO
Cu4
<5
o1
Chw
PARAFVFIN/OLEFIN RATLD
€3
C4
cs
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSLTY
N, REFRACTIVE INDEX
SINMULT*D DISTILAIN
W W %Y DEG F
16
50
84
90

RANGE(16--8% %)

WIX@GAW0TF
WI%eIneF

T 100.00

37.96
46.03
13.35

2.467
62.04

0.13%9%
0.157%
0.1980
¢.0000

0.150%
0.1817
0.3302

100.00

39.67
W4 .68
13.06

2.58
50.33

0.%1338
0.1540
0.1989
G.0000

0.1617
0.1942
.3841

CLDY O1L
0.773
1.4302

258
295
413
510
673

3%

32.30
92.10

95

i00.00

37.82
43.31
15.67

3.20
62.18

0.1330
0.158%
0.2118
0.00006

0.16460
0.1960
0.3820

100.00

34,87
45.06
16.71

3.3%
65.13

0.119s
0.1733
0.1862
0.0000

0.1807
0. 2122
0.4063

CLDY OoIL
0.727
1.4291

280
303
435
430
£90

an

At.40
91.20

100.00

33.17
43.43
*17.78
5.03
56.23

0.10%3
0.161a
0.1646
2.0000

0.2006
0.2331
0.4108



TABLE 98 RESULT OF SYNGAS OPERATION

RUN NO.  10011-1$ ,
CATALYST PPT-FE,K +AL203 #10042-77 BOCC 84.2G (98.7 AFTER RUM,+14.5C)

¥EED H2:CO:ARGON OF 50:50: 0 & 50:30:10 @ 400 CC/MN OR 300 GHSV
RUN & SAMPLE NO, 16011-13-06 ©11--15--07 O11-15-08 011-1%-09 OLi-15- 10
B AN R DTSRI BT WA WA TR NuriR L, U
FEED H2:C0:AR 30:50: 0 S50:50: © 50:50: 0 60:30:10 #0:30:10
HES ON STREAM 710.59 14,74 93.74% 100.74 117.24
PRESSURE ., PSIC 253 292 235 290 298
1EMP, C 251 2351 250 281 F4 31
FEED CC/MIN 400 &0 400 - 400 400
HOURS FEKDING 24.25 4.2% 23.2% 1.00 23.50
EFYLNT GAS LIwWER 361.89 63.43 A%4.14 100.20 348.52
GM AQLEOUS LAYER 8.36 1.30 7.09 8.28 27.79
GM OIL 27.7% 3.3 28.99 5.93 19.90

MATERIAL BALANCE
GM ATON CARBON % 104.61  104.83  104.42  108.82  111.52
GM ATOM HYDROGEN %  101.66  102.96  102.10  1202.25  105.17
GM ATOM OXYGEN % 109.05  107.4%  106.13  100.39  103.08
BATIO CHX/{H204C02) 0.9032  0.9408  ©0.9591  1.1846  1.142%
BATIO X IN CHX 2.1938  2.1861  2.1877  2.2683  2.2892
USACE M2/CO PRODT  D.5208  0.5286  0.8460  1.0702  1.0519
RATIO COZ/{H20-COZ} ©.85638 0.8709 0.8605  0.3552  0.56)9

X SHIFT 1IN EFFLNT 13.40 14.6% 11.44 3.2 13.62
CONVERS LON
ON CO % 171.346 11.67 12.96 91.07 90.935
ON H2 % 0.7 50.52 48. 74 49.66 49.07
ON CO+HZ % 64.26 64.22 §0.98 H4.04 61.58
PRUT SULECTIVITY,.WI %
CHa 1.2% 6.92 1.03 10.54 10.535
CZ HC'S &.72 6.353 56.43 2.3 4.17
CAIns 1.91 1.30 1.73 2.26 .35
CIAHE= 3.81 8.2% 7.82 10.80 10N
CAR10 1.84% 1.73 1.64 1.99 2.04
C4HEn 6.79 .65 6.19 7.92 B.46
C5H12 2.14 2.12 2.01 2.40 2.39
COH10= 4.34 4.86 4.53 6.60 6.26
CEH14 2.0& 2.00 1.90 2.25 .2
C6H12= & CYCLO'S 3.47 3.3 3.10 3.89 3.8
CFe IN GAS 14.383 13.78 13.37 13.01 13.57
LIQ HC'S 39.37 A2.02 44.23 29.97 29.40
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TOTAL 100.00 100.00 100.00 i00.00
SUL-CROUPING

Tl -L4 33.31 31.84 30.8% 41.4a%
C5 420 ¥ £3.38 35.%0 38.22 35.9%
420-300 ? ig.27 21.43 22.60 13.85
700--E8D PT 5.04 10.92 .32 2.2
C5+ -END 27 &6.69 68.16 £9.15 58.11
TSO/NORMAL MOLE RATIO
Ca 0.0%73 0.1020 0.09569 0.108%
€5 0.1530 0. 1lad7? 0.31691 0.1807
<o 0.1812 D.1540 0.1803 0.2030
Céw 0. 6000 0.0000 0.0000 0.0000
PARAFYIN/OLEFIN RATIO
<3 0.206% 0.20%4 D.2138 0.19%
C4 0.2612 D.2%18 0.255% 0.2413
€ 0.429% 0.425%0 0.4303 0.3531
LIQ HC COLLEBCTION
PHYS. APPEARANCE CLDY Ol ~ - CLOY OIL o -
DENSITY - - .
N, REFRACTIVE INDEX - -
SIMULT O DISTILATN
WUr %9 pec r 302 - 352 -
16 s - 392 .-
50 460 - 338 -——
B4 572 - 200 -~
$0 730 — 912 -
BANGE(16-84 %) 33s - 408 —
¥I% @420 ¢ 40.80 o 23.30 -~
UT %@ M0 F 8r.20 - 14 .40 -

97

100.00

42.28
35.02
13.358

8.1
37.12

0.10a8
0.15713
0.1939
0.0000

0.2099
0.2323
0.3101

CLOY O1L

337
a0
539
199

419

26.20
12.40



TAHLE 9C RUSULT OF SYNGAS OPERATION

RUN NO. 1001115

CATALYST PPT- FE,K +ALZ03 #10042-77 30CC 84.2C {(98.7 AFTER RUN, +14.5G)
¥een H2:CO:ARGON OF 60:30:10 @ 400 CO/MM OR 300 GHSY

RUN & SAMPLE NO. 10011-15~11 011~1%-12 O11-15-13

TR TN N R Ths oW R, R

FEED H2:CO:AR 60:30:10 50:30:10 60:30:10
HRS ON STRRAM 125.49 141.49 147.4%
PRESSURE , #SIG 293 296 298
TEMp. © 281 281 781
FRED CL/MIN 400 400 400
HOURS FEEDING 8.25 24.2% 6.00
EFPLNT GAS LITER 124.29 361.10 B7.9%
GM AQUEOUS LAYER 10.10 29.70 7.42
cm oIL 4.15 12.21 3.17

M‘IERIM. BALANCK
Gt ATOM CARBON % 103.09 102.67 102.84
GN ATON HYDROGEN T  103.74 103.40 102.61
Gl ATOM OXYGEN % 103.66 103.26 103.01
RATIO CHX/{H204C02) ©.9907 ©.99%05 0.9922
RATIO X 1IN CHX 2.3072 2.3 2.2934
USAGE H2/C0 PRODT 1.0158 1.0057 1.0027
RATIO CO2/{H204C02) 0.3614 0.3683 0.5664

E SHIFL IN EFFLNT 18.463 25.46 26.16
CONVERSION
ON CO % $2.39 94.52 94.81
ON H2 % . 46.77 47.33 al.92
ON CO«H2Z % S1.92 52.98 63.357
PROT SELECTIVITY.WT %
CHa 11.99 11.9 11.5¢
€2 HC'S 9.45 9.44 9.23
CIH8 2.72 2.64 2.58
Clltbm 12.18 12.13 11.98
CAHLO 2.40 2.28 2.22
CAHEw .74 2.50 $.59
C5HL2 2.78 2.65 2.67
CIHH10> 7.48 6.93 6.96
Qo6H1e 2.64 Z.54 2.51
C6H12+ & CYCLO'S 4.43 4.21 4.29
CT+ IN GAS 1a.70 16.53 16.40
L1Q HC'S 19.48 1%.23 20.02

98



TOTAL
SUR-GROUPING
Cl -C4
C5 -420 F
420-700 F
700-.END PT
C54~END PT
1SO/NORMAL MOLE RATLO
c4
<5
c6
Ca=
PARAFFIN/OLEFIN RATIO
c3
ca4
Ccs
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D D1STILATN
20 WT %+ @ DEG F
16 .
50
B
50

RANGE(16-84 %)

WT %@ 420 ¥
WL %@ 700 F

100.00

48.46
39.66
7.73
4.15
51.54

0.1064
0.1478
0.2084
0.0000

0.2137

0.2381
0.3617

99

100.00 100.00

47.90 47.14
40.37 39.98
7.63 B.77
4.10 4.10
52.10 52.86

0.1060 0.1049
0.1464 0.1%70
0.2065 0.2032
0.0000 0.0000

0.2073 0.2052
0.2315 0.2281
0.3721 0.3732

CLDY SLD CLDY SLD

309 319
339 348
474 480
152 753
805 813
413 407
39.00 35.75
78.70 79.50



Physical Mixture of Potassium Promoted Iron and UCcC-104, Run 10011-10

This physical mixture was synthesized from the same metal
component that was used in the previously reported physical
rixtures used in Runs 10011-6 and 10011-15. In this catalyst the
58C was UCC-104, one of the best Task 1 catalysts.

The conversion, product selectivity, percent iso- of the
pPentanes and percent olefins of the C,"s are presented in Figures’
41l to 44. The Schultz~Flory product distributions are shown in
Figures 45 +o 57. The C5+ product distributions of selected
samples are shown in Figures 58 to 61. Tables 10A through 108
contain the detailed material balance and selectivity data.

The metal component again had high initial syngas conversion
with characteristics similiar to those seen with the physical mixture
with °=A1203. This catalyst did not deactivate initially as
other catalyst had. The temperature increase from 250°C to 280°C
did not siénificantly alter the conversion or the H2/C0 usage ratio.
These are characteristics of the metal component and therefore they
should be similar to Run 10011~-15. The cause of the differences
between these two runs could be due to slight changes in the acti-
vation or process Parameters or even possibly an effect of the
molecular sieve. Further tests will help clarify this.

The product distribution is very different from that produced
in Run 10011-6 or 10011-15. This catalyst produces more gaseous
hydrocarbons than other catalysts (the reference iron or the
physical mixture with =A1203. The methane yield is above 10% .and
increased steadily over the run. The total C5+ decreased steadily.
The C5+ product accounted for only 50% of the total hydrocarbons
produced. This dropped to 35% by the end of the run at 280°C.

The c¢arbon number product distributions, Figures 45 to 57, have
some unusual features. There are marked deviations from a linear
distribution even in samples not immediately following a process
change. The later samples at the initial process conditions seem
to have a doukle = with excess products in the c20+ range. This
is very similar to what was seen in Run 10011-6 with the reference
iron catalyst. In this case, the effect could be due to the
molecular sieve. One effect of the sieve in these catalysts is

100
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to intercept intermediates. This affects the Probability of
chain growth, =. If the molecular sieve could not intercept
the larger intermediates, possibly for diffusional reasons,
the = of the heavier hydrocarbons could be greater than these
of the lighter hydrocarbons. At 280°C the S-F distribution
shows curvature, again giving less of the intermediate weight
hydrocarbons.

Almost all the CS+ preduct boils in the gasoline range
with some diesel o0il but very little heavier. The quality of
this gasoline should be significantly better than that of normal
P-T catalysts. The C4's show the product started out olefinic
but became more paraffinic as the run continuwed. The refractive
index of the liquid does not follow this trend. The liquid
product does become more parraffinic with time at 250°C but at
280°C, the liquid becomes olefinic again and remains that way
through the run. The iso-normal ratio of the pentanes shows
a2 sharp drop with time on stream. The chromatograms from the
simulated distillations presented in Figures 62 to 65, again
show this is not the case for the liguid as a whole. The liguid
product is highly isomerized throughout the run. The gasoline
produced should have a high octane number because it is so
isomerized. There was insufficient volume of liquid to determine
the octane number. Preparation of such a large volume of liquid
is outside the range of the exploratory portion of this task but
such testing of the promising catalysts will commence soon.

The yield of gasoline and diesel oil pProduced by this catalyst
is not extraordinarily high, but it is not unacceptable. I:
compares well with the other iron based catalysts. The remarkable
aspect is the indication of superior quality of the gascline.
This liguid product is more isomerized than that from the physical
mixture with UCC-10l1, run 10011-9. The chromatogram from the
simulated distillation of one of the samples from Run 10011-9 is
Shown in Pigure 65. The liquid from the present run is more
isomerized and pProbably much higher octane.
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FIGURE 41
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FIGURE 42

o0e 0Le oy 1]

-llllll-ll"-l!\l!./

UILAr)S U0 SINOY

097 o i dd

Loa 4 .

PO

P ——

o

o & 0ey-bIT

(svp)fo

—

*n-%0

et

e ey o Sy e

;

|

1§

OTT1007

0,083
p18d 008
ox*a

por

103



FIGURE 43
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FIGURE 44
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FIGURE 45 -

Plot of the Hydrocarbon
Product Distribution

for Sampile 10011--10--02
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FIGURE 46

Plot of the Hydrocarbon
Product Distribution
for Sample 10011—-10-04
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FIGURE 47
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FIGURE 48
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FIGURE 49
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FIGURE 50

Plot of the Hydrocarbon
Product Distribution

for Sample 10011—-10-11
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