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TASLE 13 RESULT OF SYNGAS CPERATION

RUN NO.  10225-18
CATALYST CO/TH+UCC-103 11884-12C 80CC 37.SG (37 8 AFTER PUN -.1-G)
FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10225-15-01 223—T=-GZ 225-16-03 225-16-04 225-76-05

S

FzED HZ2:CO0:AR '50:50: § 350:5C: O 50:50:.0 _50:50: 0 30:50: C
~ HRS ON STREAM 9.5 - 7.0 43.0 51.0 67.5
PRESSURE,PSIG 295 292 296 295 291
TEMP, C . : 272 272 272 272 - 272
FEED CCO/MIN o 400 400 400 400 .. 400
HOURS FEEDING 12.50 7.50 22.50 - 8.00" 24,50
EFFLNT GAS LITER 170,65 - 61,90 - 197.60  é8.25 210,90
GM AQUEDUS LAY‘R © o 48.67 18.58 58.21 21.05 64,46
- GM OIL- 25.00 10.2& 32.09 10.70  32.7¢
MATERIAL BALANCE '
GM ATOM CAREON % 93.54 89.04 89.44 - 89.51 89,57
GM ATOM HYDROGEN 2 98.20 94,85 95.19 96.02 - 97.08
GM ATOM OXYGEN % 96.73 91.01 90.25 9L.90 . 91.28
RATIO CHX/(H20+C02) 0.9342 0.9578. = 0.9820 0.9478  0.9627
RATIG X IN CHX 2.5007  2.4683  2.4730 - 2.4583 @ 2.4720
USAGE H2Z/CC PRODT -1.2848 1.3291  1.3878 1.4202  1l.4456
RATIO CO2/(H20+C02) 0.4051  Q.3725 0.3517 03221 Q.3153
K SHIFT IN EFFLNT - 8.27 C.24 0.2l g.18 g.18
CONVERSION
ON CO % 70.87 £5.40Q 67.12 64.87 64,48
ON H2 % 88.85 88.63 88.11 87.64 87.28
ON CO+HZ % 80.08 79.32 77.94 76.65 76.33
PRDT. SELECTIVITY,WT & .
CHa . 20,71 i9.5% 20.03 19.26 ‘19,89
C2 HC'S - J.61 3.36 3.42 3.34 334
coHe 4,77 4,19 4,06 3.91 - 4.00
C3Hé= : 1.63 1.54 1.45 1.58 1.53
CaH10 4.00 3.62 3.53 3.53 3.54
CaHgs= 1.23 2.3 259 2.65 - 2.83
CHlz - : 4.75 4.33 4,26 4,22 4,30
CSH1C= : 1.95 l.84 l.82 1.88 1l.88
CeHls 5.92 5.32 5.26 5.32 5:36
Cérl2= & CYCLO'S 1.55 - 1.45 1.50 1.51 1.5¢
C7+ IN GAS 9.70 9.25 8.92 9.61 $.00
LIQ HC's . - 40.19 42.85 43.15 43,17 42.92

TOTAL 100.08 100.00-  100.00 10C.00 100.00



SUB-GROUPING
Cl ~C4
C5 =420 F
420-700 F
700-END PT
C5+-END PT
ISO/NORMAL MCLE RATIO
ca
cs
cé
Ch=
PARAFFIN/QLEFIN RATIO
c3
C4
cs
SCHULZ-FLGRY DISTRBTN
ALPHA (EXP(SLCPZ))
RATIO CH&/(1-A)**2
LIQ HC COLLECTION
PHYS, APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT % @ DEG F
16
50
84
90

RANGE(16-84 %)

WT % @420 F
WT %2700 F

35.95
47.75
3-5.22

1.08
64,05

0.0244
0.1079

"0.3000

0.5027

2.7932
3.1559
2.3635

0.7776
4,1874

CLR OIL
0.748
1.4176

255
263
351
544
595

281

59.44
97.32

54.88
45.78
17.50

2.06
65.12

0.0236
0.1030
0.2989
C.1711

2.6012
1.3454
2.2957

54,83
$5.29

35.12
45.40
17.41

2.07
£4.88

0.0242
0.1078
0.5064
C.1739

2.5963
1.3154
2.2711

0.8C44
5.2335

CLR OIL
0.750
1.4200

258
288
410
388 -
£42

298

54.83
95.20

34.29
48.14
17.18

2.40
63.71

0.0248
0.1022
0.3002
0.1&75

2.3579
1.2785
2.1800

54,67

S4.,43

34,54
45.60
17.07

2.39
65.08

0.0238
Q.1078
0.3C87
0.1729

2.4957
1.3012
2.2281

0.8047
5.2181

CLR OIL
8.751
l.4198

238
290
410
550
647

>COo

54,67
94.45



TAELE 14 CRESULT OF SYNCAS CPERATION

RUN NO. 10225-18 '
CATALYST CO/TH+UCC-103 11884-14C 80EC 37.SG (37.8 AFTER RUN -.1 G)
FEED HZ :C0: ARGON GF 50:50: O € 400 CC/MN OR 300 GHSVY

RUN & SAMFLE NO. lGZZS-lu-Oé 225-16-07 225-16-09 225-16-11 22J-1

FEED H2:C0:AR --30:30: 0 50:50: O 50:50: G 50:50: 0 50:30: O

HRS ON STREAM 74.0 s1.5 . 116.3  139.5  144.8
FRESSURE,PSIE 298 258 32 299 298
&P, C o 272 272 272 272 272
FESD CC/MIN ‘ 500- . 400 - 400 400 400
HOURS FEEDING 6.58  24.00° . 24,75  23.25 = 525
EFFLNT GAS LITER = 57.15  210.80  241.26  228.25 - 48.65
GM AQUEQUS LAYER 17.49 - 64,59 7.53 64,00 14,54
GM OIL 8.65  31.88  31.83  25.61  6€.54
MATERTAL BALANCE | | '
GM ATOM CARBON % 90.73  9l.68  97.05 9414 . $2.13
GM ATOM HYDROGEN &  97.63 99,14  101.81 ~ 95,21 98,1z
GM ATOM OXYGEN % $2.88  91.50 98.79  98.08  94.87
RATIO CHX/(H20+C02)  0.9525 - 0.9951 0.9€15  0.9125 = 0.5383
RATIO X IN CHX 2.4665 2.4595  2,5047  2.5215 . 2.484%
USAGE H2/CQ PRODT . 1.4618 - 1.4895  1.4819  1.5121  1.5368
RATIO CO2/(M20+C02)  0.3057 0.2965  0.3025 % 0.2805  0.2666
K SHIFT IN EFFLNT 0.16 0.16 0.16 . Q.14 0.15
CONVERSION | |
 ONCO % 62.591  63.38  60.19  57.26  58.13
- ON H2 % 87.08 = 87.46  86.21  85.15  86.00
ON COsHZ % 75.44 . 75.89  75.52  71.57  72.51
PROT SELECTIVITY,WT % o
CH4 19.64 - 19.43  21.62 ' 22.06  20.57
C2 HC'S . 3.3 3.28 3.6l 378 3.4
C3He 3.94 . 3.85 - 4,35 . 4,42 4,16
C3Hé= 1.62 4,59 1.68  1.80 = 1.72-
C4H1O | 3.53. 3.41 3.81 4,00 3.69
CaHg= 2.70 2.54 2.67 . 2.93 2.71
C5H12 534 4,21 3.98 . 4.25 3.88
CSH1O= 1.97 1.81 1.79 2.2 1.80
C&HLS 5.31 5,17 © 5,10 5.36 _ 5.00
CéH1Z= & CYCLO'S 1.55 1.49 1.02 1.52 - 1.02 .
C7+ IN GAS 9.20 8.75 . 10.25  10.55  10.32
LIQ HC'S 42.87  41.67 4033 37.1 51,69

TOTAL - 180.00 108.00 - 100.0G 106.00 100.00
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SUB-GROUPING
Cl -C4
C5 =420 F
420-700 F
700-END PT
CS+=2ND PT
ISO/NORMAL MOLE RATIO
C4
cs
cé
Ci=
PARAFFIN/GCLEFIN RATIO
c3
c4
cs
SCRULZ-FLORY DISTRBTN
ALPHA (EXP(SLOPE))
RATIO CH4/(1-A)**2
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT Y @DEGF
15
50
84
$G

RANGEZ(16-84 %)

WT % @420 F
WT ¥ @ 700 F

34.75
45.40
18.5C

2.95
£5.25

0.0227
0.1017
0.2973
0.1696

2.3185
1.2618
2.1409

33.71
93.12

37.10
43,71
16.34

2.85
62.90

0.0252
0.1052
0.2958
0.1751

0.8011
1.2935
2.26C0

0.8075
5.2449

CLR GIL
0.748
l.4201

258
290
411
601
662

311

33.71
93.12
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0.00Ca
g.0982
0.3312
0.1796

2.4755
1.375¢9
2.15%4

0.8098
5.9207

CLR QIL
0.750
1.4206

257
291
411
601
665

310

53.71
92.92

39.01
43.64
14.24

3.11
60.99

0.0225
0.0967
0.3091
0.1756

2.3372
1.3183
109477

0.8111
6.1820

CLR 0IL
0.753
1.4208

258
293
411
619
678

326

53.53
9l.64

= & Ol
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.
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33.71
92.69



TAELE 15 RESULT OF SYNGAS CPERATION

AUN NO.  10225-16 .
CATALYST CO/TH+UCC-103 11884-12C 8OCC 37.3GM(37.8 AFTER RUN -.1 G)
FEED H2:CO:ARGON OF 50:50: O 8 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. - 10225-16-13 225-16-14 225-16-15 225-16-1§ 225-18-17

o . R o i S St S S B el s - A . el . s g D i S et
T S s S S S - — . b ‘s —— ———

FEED HZ:CO:8R ' 50:50: 0 50:2C: 0 50:30: 0 30:50: 0 50:50: O

HRS ON STREAM . 163.5 171.0 187.5 185.0  211.5
. PRESSURE,PSIE - 296 - 294 302 302 292
TEMP. C - 272 272 272 272 . 272
FEED CC/MIN 400 400 400 400 400
HOURS FEEDING 24.00 - 7.50 24,00 7.50  24.00
EFFLNT GAS LITER 235.88  68.85 218.65  66.10  217.70
GM AQUECUS LAYER 66.49  20.80  66.55  20.96  67.09
GM OIL 29.91 9.66  30.84 .  9.25 . 29.59
MATERIAL BALANCE - L
GM ATOM CAREON % 96,36  S1.34  91.69  88.62  85.89
GM ATOM HYDROGEN ¥  102.31  98.65  99.21  98.76  98.39
GM ATOM OXYGEN % 57.25  92.84  $2.58  98.75  92.04
RATIO CHX/(H20+C0Z)  0.9800 - 0.9654  0.5756  0.9508  0.9506
RATIO X IN CHX | 2.4867  2.4649  2,4686  2.4574  2.4778
USAGE H2/CO PRODT 1.5507  1.5724  1.5728  1.5821  1.5800
RATIO CO2/(H20+C02)  0.2679  0.2506  0.2536  0.2421  0.2468
K SHIFT IN EFFLNT  0.14 0.12 0.12 0.12 0.12
CONVERSION o S 4
ON CO % 57.84  57.96 58,76  .58.27 = s8.11
ON H2 % 85.15  85.59  86.12  86.18 85.62
ON CO+H2 %~ 71.91  72.30  72.98  72.85 . 72.49
PROT SELECTIVITY,WT % .
CHa 20.50  19.71  15.63  19.25  20.14
C2 HC'S 3.46 3.33 3.31 3.29 3.45
C3Ha 420~ 3.96 4.23 4,01 4,06
C3He= 1.75 1.67 1.57 1.89 1.62
C4H10 3.85 3.61 4,03 3.55 3.64
CaHg= ' 2.78 2.65 2.95 2.75 .2.65
CsH12 | 4,20 3.89 3.93 4.13 4,25
C5H10= 1.9  1.85 1.30 2.08 1.94
CéHl4 5.28 5.08 5.17 5.06 5.18
CsHI2= & CYCLG'S 1.50 1.43 1.41 1.40 1.48
C7+ IN GAS 10.81  10.09 16.15 1,74  10.07
LIQ HC'S .-39.72  42.73  41.53  41.87  41.5
TOTAL 100.00  100.00  100.00

100.00 - 100.00
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SUB-GRCUPING
ClL =C4
C5 -420 F
420-7C0 F
700-END PT
C5+=END PT
ISO/NORMAL MOLE RATIO
Ch
cs
cs
Ch= ‘
PARAFFIN/OLEFIN RATI
c3 |
C4
cs ‘
SCHULZ-"LORY DISTRBTN
ALPHA (EXP(SLCFE))
RATIO CH4/(1=0)**2
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT $ @DEG F
16 ‘
50
-8y
. S0

RANGE(16~84 %)

WT %3 @420 F
WT @700 F

36.54
45.07
15.48

2.90
63.46

0.0221
C.0s10
0.2997
0.1752

2.2890
1.3376
2.1021

C.8088
5.6061

CLR QIL
0.752
1.4200

258
293
411
603
667

310

53.71
92.69

34,94
45.41
16.35

3.06
65.06

' 0.0229

0.0%44
0.3047
0.1746

2.2633
1.3151
2.0435

54.00
92.83

36.10
44,81
16.28

3.01
63.50

0.0405
0.1072
0.3103
0.1859

2.0418
1.3286
2.9388

0.8101
5.4462

CLR OIL
0.751
1.4201

258
293
410
599
864

306

54.00
92.83

34,72
45.88
18.27

3.03
65.28

0.0237
g.1c87
0.3114
0.1728

2.0265
1.2478
1.9315

53.67
92.77

35.57
45.20
16.25
3.00
64,45

0.0228
0.1040
0.3C04
0.1788

2.3881
1.3287
2.1335

0.8092
5.5349

CLR 0IL
0.752
1.4205

258
296
411
599

d

863
303
53.67

T 92,77



TAELE 16 RESULT OF SYNGAS CPERATION
RUN NJ.  10225-18 - o
CATALYST = CO/TH+UCC-103 11884-~12C 8QCC 37.8GM(37.8 AFTER RUN -.1 G)
FEED H2:CO:ARGON OF SO0:50: 0 8 400 CC/mN OR -300 GHSV

RUN & SAMPLE NO.  10225-16-18 225-16-19

T A Bt et S e S0t i v a9

FEED H2:CO:AR  50:50: 0 50:50: Q.

HRS ON STREAM 219.0 235.5
PRESSURE ,PSIG 299 - 297
TEMP., C _ : 272 - 272
FEED CT/MIN 400 - 400
- HQURS FEEDING 7.50 24,00
EFFLNT GAS LITER 70.45 -223.60
GM AQUECUS LAYER 20.83 66.64
- GM OIL 8.43 26.97
MATERIAL BALANCE
&M ATOM CAREON % °1.03 $0.45
GM ATOM HYDROGEN % 97.96 98.18
GM ATOM OXYGEN % 93.71 . 93.08
RATIO CHX/(H20+C02) . 0.9381. Q.9395
RATIO X IN CHX 2.4821 2.5037
USAGE HZ/CC PRODT l.5844 1.5855
RATIO CC2/(H20+C02) = 0.2452 0.2468
- K SHIFT IN EFFLNT .12 0.1z
CONVERSION
ON CO ¥ 56.32 © 56.92
ON H2 & 85.08 85.28
- ON CO+HZ % - 71.22 71.68
PROT SELECTIVITY,WT %
CHa ' 20.65 - 21.15
C2 HC*'S 3.49 3.73
C3H8 S 4,26 4,45
C3Hé= 1.83 1.92
C4H10 3.78 J.86
CiHB= ’ 2.83 2.73
C3Hi2 4,49 4,81
CSH10= 1.94 2.14
Cé&Hl4a 5.38 5.37
Céedl2= & CYCLO'S 1.50 1.49
C7+ IN GA&S 11.25 18.35
LIQ HC!'S 38.58 38.40
TATAL . 100.00 100.00
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SUB-GROUPING
Cl -C4
C5 =420 F
420-700 7
700-END PT
C5+=END PT
ISO/NCRMAL MCLE RATIO
C4
cs
cs
Ch=
PARAFFIN/OLEFIN RATIO
c3
Ch
cs
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOPE))
RATIO CH&4/ (1-A)**2
LIQ HC CCLLECTICN
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10WT Y @DEGF
18
50
84
S0

RANGE(16~84 %)

WT 2 @420F
WT %@ 700 F

36.89
45.43
14,95

2.76

63.11

0.0220
0.1015
0.2981
0.1737

2 .2184

1.2885
2.2448

54.14

- 92.85

37.84
44.55
14.87

2.75
62.15

0.0260
0.10&5
G.3122
0.1787

2.2126

- 13656

2.0009

0.8052
5.5720

CLR OIL
Q.752
1.4204

258
296
410
598
663

302
54.14

" 92.85
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IX. Rua 8 (10225-17) with Catalvst 8 (Co/Th + UCC-103)

This catzlyst is the samé as Catalyst 7 except that it wes
formed into 1/16~-inch, instead of 1/8-inch, extrudates to inves-
tigate possible mass transfer problems.

Cogversion,-product selectivity, isomerization of ghe pen-
tzane, and perceht olefins of the Cs's are plotted asgzinst time on
stream in Figs. 126-129. Simulated distillations of the Cs5* pro-
duct for two samples are plotted in Figé. 130—131.. Cafhon number
product distributions are plotted in Figs, 132-136. Chromato-
grams from simulated distillatioms are repro@ucéd in Figs; 137~
141, 1Detailed m%terial-balances appear in Tables'l7-18.

The initial activity of this catalyst was extremely higﬁ,
with about 90.percent_conversiou.o£ the CO+Hg syngas. The water
gas shift activity was also very high initially, with 63 percent
of the oxygen rejected as COj. .The initial‘usagelof”the 1:1
Ho:CO feed was idezl at a ratio of 1.0:1.. Th& conversion fell
off rap;dly, howeaver, to s;abilize at about 73 percent; nearly
211 the 1oss due to deactivation of the CO conversion while the
Hy conversion was remaining relatively stzble. The water gas
shift activity dropped sharply, to less than 20 percent of the
oxygen rejected as COp (lower than that for Catalyst 7). The
usage ratio rose to 1.7:1—fhigheg thén that for Catalfst 7, but

not as high as the loss of water gas shift activity would indi-
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cate, since the hydrocarbon products were growing steadily less
hydrogen-rich with time, Despite its high iaitial activity,
therefore, the net overall activity of this catalyst was little
different from that of Catalyst 7. The greatest'difference be-
tween the two was in their water gas shift activities.

The selectivity was poor at the start of the run, yieldiné 2
product predominant in lights: 35 percent methane, high ian C9-Cy4,
and only about 40 percent total motor fuels, most of which was
gasoline., It improved rapidly, however, so that by about 60
hours on stream methane production had dropped to the more nearly
normal level of 20 percent, and C9-C4 production to the usual low
level for a2 cobalt catalyst. Production of motor fuels, mean-
while, rose to 63 percent--almost the same as that of Catalyst 7
and much higher than that of the reference catalyst (Tenth Quar-
ter Run 10112-15). Isomerization of the pentanes, initially
slight, fell off even further to the same low level as with Cat-
alyst 7. Olefinic content of the'Cy, initially low, stabilized
at a level above that of Catalyst 7 but below the level of most
cobalt catalysts. The liquid product was poorly isomerized, and
does not show a carbon number cut-off. ’

The £final activity of this catalyst is similar tc that of
Catalyst 7, the principal difference being its much higher ini-
tial activity. If there is a diffusion restriction due to the
larger egtrudata of Catalyst 7, it lowers the initial activity

out improves the stability,
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Fig. 126
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TAELE 17

RUN NO..  10225-17

CATALYST CO/TH+UCC-103 11684-21C 80 CC 37.

RESULT OF SYNZAS GPERATION

FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV
10225-17=01 225-17-02 225-17-03 225-17-0& 225-17-05

FEED H2:CO:AR
HRS ON STREAM
 PRESSURE ,PSIC
. TEMP. C

FEED CC/MIN
HOURS FEEDING
EFFLNT GAS LITER
&M AQUEOUS LAYER
GM OIL

MATERTAL BALANCE

GM ATOM CARBON &
GM ATOM HYDROGEN %

GM ATOM OXYGEN %

RATIO CHX/(H20+C02)

RATIO X IN CHX
USAGE H2/C0 PRODT
RATIO CG2/(H20+C02)
K SHIFT IN EFFLNT

CONVERSION
OGN CO %
CN HZ %
ON CO+H2 2

PROT SELECTIVITY,WT

CHé

C2 HC'S
£3H8

CIHé=
CAH1D
CiHg=
CSH12
C5H1C=
CéHls
Cérlz= & CYCLO'S
C7+ IN GAS
LIQ HC'S

TOTAL

et st s ant s

e6(43.5 AFTER RUN +5.8 G)

A S S e D 4D D A D U T e Y - R ot e
e

50:50: 0 50:50: 0 50:50: G 50:50: 0 50:50: Q

22.0
294
273

400
22.00
195.25
33.95
- 9.00

© 91.80

. 81.62
95.82
0.9214
2.8450
1.0525

g.82

-4
<

L
ui
.
un
[ ]

BRlkBREY

quwmmqu@
L ] L] [

N W

OUIoWNO

oo >
(v

=

100.Q0

29.5
255
273

400

7.50
60.80
17.60
10.02

97.45
104.79
97.19
1.0046
2.5829
1.2011
0.4568
0.38

84.7G .
94.47
89.76

. & . .
REKE

\0 &~

¢
g
o 00 >

N
WO HWIHWMN BB WE
£ oW o

N
i [ ]

~l

O\ 0

=
0
Q.
>

0
<
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j
0

46.0
297
275

400

24,00 .

193.85
' 56.32
32.29

92.37
93.04
92.96
0.5878
2.5178
1.2748

0.4294

0.25

74.37
$2.52

83.58

22.67
3.03

0 oo 0
12 ERBRNGA

1=

ui
O WWHENSLEW

.
) b\

(]

55.5
‘295
275

400
7.50 7

80.95
21.62
11.85

95.12

103.21
g7.80 -
0.9492 -

2.4734
1.3560
0.3618

.17 -

. 72,76
92.69
83.15

21.07
2.75
3.43
1.85
3.05

.99

3.57 .

2.26
4,29

2.21

8.33
44,40

_100.00

71.0
290
272

400
25.00
202.75
72.08
39.84

. 91.36
$7.09
93.40

0.5609

2.4242

1.4869

0.2842

.10

" 64,02
91.18
78.00

15,10
2.53
2,85
1‘96
2.82
3.01
2.8
2.39
3.78
2.42
7.15
49.38

icgo.co



SUB=-GROUPING
Cl <C4
C5 ~420F
420-700 7
70C-eND PT
C5+=END PT
ISO/NCRMAL MOLE RATIO
C4
CS
cs
Ch=
PARAFFIN/CLEFIN RATIO
c3
Ca
c3
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLCPE))
RATIO CH4/(l-A)**2
LIQ HC CCLLECTION
PHYS. APPEARANCE
OENSITY
N, REFRACTIVE INDEX
SIMULT'O DISTILATN
10 WT % @ DEG F.
15 . :
5G
84
90

RANGZ(16-84 %)

WT %@ 420 F
WT % @ 700 F

38.26
38.21
2.86
0.87
41.74

0.0431
0.1793
0.7181
0.2742

6.3157
2.6805
3.5960

0.7610

8.2150 .

CLR OIL
C.742
1.4175

2L4

272

'70.18
54,33

41.81
46.37
1l.64

0.18
58.19

0.0354
0.1551
0.5967
0.2011

3.8122

1.9604
2.7512

65.00
99.48

- 206 -

38.36
47,95
13.49

0.20
6L.64

0.021s
0.0%74
0.5283
0.1305

1.9274
1.1707
L.7337

0.7763
4,5305

CLR OIL
0.743
1.4206

250
258
373
519
580

261

65.00
99.48

35.15
44,49
18.70

1.65
64.85

0.0228

0.1030.

0.5675
0.1211

1.7713
g.9851
1.4517

34,15
96.25

32.08
45.28
20.79

1.85
67.92

C.0214
0.0824
0.5063
Q.0993

1.3829
0.8378
1.1534

0.8148
5.5702

CLR QIL
0.752
1.4218

255
282
412
584
631

202

54,13
96.25



TABLE 18 RESULT OF SYNGAS CPERATION

RUN NO.  10225-17 -
CATALYST CO/TH+UCC-103 11554-21c 80 CC 37.86(43.5 AFTER RUN +5.8 G)
FEE HZ:CO:ARGON OF S0:50: O € 400 CC/MN OR 300 GHSV :

‘ _0225-11-0/ 225-17-08 224-17-09 225-17-10

P

FEED HZ:CO:AR | 50:30: 0 320:50: @ 50:30: 0 50:20: O

HRS ON STREAM - 186.0. 173.5 - 190.0 - 196.5
PRESSURE,PSIG - 294 - 293 - 296 296
TeMP. C - 272 278 272 272
FEzD CC/MIN 400 400 400 400
HOURS FEEDING g5.00  7.50 24,00 6.50
EFFLNT GAS LITER 830.05 52.20  206.20 55.89
GM AQUEDUS LAYER 281.57 23.09 73.90 . 19,95
@M QIL . - 145,26 10.31 32.98 9.94
MA::R.AL BALANCE .
GM ATOM CARBON % 93.30 73.31 82.28 97.02 -
GM ATOM HYDROGEN % -~ 100.79 $7.8% - 98.03  103.56
GM ATOM OXYGEN % 93.84 84,89 92.12 96.08
. RATIO CHX/(H20+CQ2) 0.9879  0.8852 0.5338 l.0211
RATIOD X IN CHX | - 2.43%5 .. 2.5714 2.4615  2.4527.
. USAGE HZ/CO PRODT l.680% - 1.5521 1.701s 1.7075
RATIO COZ/(H20+C0Z) 0.1993  0.2645 | 0.1868  0.1945
K SHIFT IN EFFLNT . Q.07 0.1t . C.0é 0.07
CONVERSION ‘ . '
ON CO % 537.05 70.39 55.63 55.94
ON HZ % 89.18 92.94 88.68 88.71
ON CO+HZ % 73.73 82.85 72.92 72.86,
PROT SELECTIVITY,WT % :
C%A 15.88 26.33 20.91 20.40
CZ HC'S 2.69 3.24 - 2,78 2.64
C3Ha ' 2.74 3.51 2.84 2.88
C3Hé= o2 l.44 1.95 2.04
C4H10 2.53 2.80 2.61 2.71
CaHa= 2.79 2.55 . 2.86 - 3.04
Cari2 : 2.78 2.68 2.87 3.35
C5H10= 2.18 1.90 2.21 2.36
Cénle : 4,02 3.57 4,17 - 3.90
C&H1Z= & CYCLO'S 2.40 l.89 2.14 2.18
C7+ IN GAS 7.77 3.75 8.27 7.60
LIQ HC'S 48,353 44,33 46.38 46,90
TOTAL 100.00 100.00 100.00°  100.00



SUB-GROUPING
Cl -Ca
C5 ~420 F
420-700 F
700-END PT
C5+=END PT
ISO/NCRMAL MCLE RATIO
C4
cs
cs
Ch=
PARAFFIN/QLEFIN RATIO
c3
Ca
cS
SCHULZ-FLORY DISTRSTN
ALPHA (EXP(SLCPE))
. RATIO CH&/(1-A)**2
LIQ HC COLLECTION
PHYS. AFPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT $ @ CEG F
18
50
84
90.

RANGE(18=-34 %)

WT £ @420 F
WT %3700 F

52.54
42.20
2L.77

5.48
67.46

0.01%4
0.0744
0.4259
0.1003

1.3651
0.8732
1.2509

. Q.8268

§.63205

CLDY W+
Q.756
1.4242

257
296
436
622
671

326

47.75
92.80

39.89
38.49
18.17

3.45
60.11

0.027s
0.1209
0.5170
0.1543

2.5234
1.0566
1.3753

51.22
92.21

33.95
43.43
19.01

3.61
86.05

0.0195
Q.0757
0.3683
g.1012

1.4057
0.8806
1.2644

0.8241
6.7617

CLDY WH
0.756
1.4240

257
294
416
619
674

325

51.22
92.21

33.70
43.42
19.25

3.85
68.30

0.018s
0.0858
Q.4171
0.0571

1.3471
0.8601
1.3790

51.22
92.21



K Ruz 9 (10225—15).with Gatalvst 9 (Co/Th +Zn/UCC~107)

When UCG-107 was used im 2 Fi scher—Tropsch catalyst in Run
10112-11, reported in the V*nth Qua*ter, it seamea to deactivate
rapidly, presumably due to coking. Ion exchanged zinc;has been
shown to protect Molecular Sieves in hydrocrackinc catalysts from
deactivation, cnd the purpose of this runr was to test its effica-
¢y with UCC-107. UCC-107 was ion exchanged to zbout 45 perce=nt
of its ion exchange capacity with ziac to coastitute the'shapé
‘selectivé component. The catalyst was then prepared bj the same
procedure as was used for,Gaﬁélyst 1, with Zn/UGC-107 im place of

uCcC-101.

-
a
«

Conversion, producf selecﬁivity; isomerization of the pen-~
tane, and percent olefins ' of the C4's are plotted aéaiﬁst.time on
stresm in Figs. 142-145. Simulated distillations‘cf the C5% pro-
duct for two samples are plotted;in Figé.'1466147. Carbon number
produc; distributions are plotted in Flcs. 148-153. Chromato-

tams from simulated distillations are reproduced in Figs. 154-
159, Detziled matérial balances appear in Tables ;9—20.

| The initial comversion of the CO+Hg sfngés_was 74 percent,
‘nezrly as high as the 76 percent imitial converéioﬁ of the refer-
ence ca tzlyst (Tenth Quarter Run 10112-’3) But this cataiyst
wvas much more stable than the re;e;ence; aruéf.lls hours o=n

stream its conversion was still 73 percent as against 58 percent

- 209 -



for the reference catalyst. At 280C the conversion was 82 per-
cent, The water gas shift activity was a little better than nor-
mal, with 24 percent of oxygen rejected as COg. At 280C, howev-
er, the water gaé shift activity had risen to 40 percent oxygen
rejected as COg, so that despite the production of lighter, more
hydrogen-rich hydrocarbons, the H9:CO usage ratio fell off,

The selectivity at 270C was very steady. The methane yield
remaingd just under 20 percenf, comparaed with 24 percent for the
reference catalyst. The yield of C3~C4 was 15 percent, normal
for a cobalt catalyst. Total motor fuels held constant at 61-63
percent, with a 251 ratio of gasoline to diesel o0il. The yield
of heavies remained at 4-5 percent. All products were much more
paraffinic than those of the reference catalyst. The olefin con-
tent of the Cy4, initially 40 percent, increased during the runm to
more tﬁan 55 percent, The same pattern held true for the C3 and
C5 hydrocarbons. Even more extreme was the drop in isomerization
of the pentane, from an initial isopentane content of almost 70
percent to less thaq 20 percent just before the temperature was
raised, Chromatograms from the simulated distillations show the
same high initial isomerization and the same rapid decresase with
time, The Schulszlory plots show the excess methane, and what
may be a carbon number cut-off above C33.

The metal component of this catalyst is both active and sta-
ble. But the Molecular Sievas seems to deactivate as rapidly with
the zinc as without it. The zinc apnears to act as a hydrogena-

tion catalyst, and to deactivate as the Molacular Siesve cokes up.
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TABLE 189 - RESULT OF SYNGAS CPERATION

RUN NO.  10225-15 - . ‘
CATALYST CO/TH+ZN-UCC-107 11684-06C 80CC 33.1GM (38.7 AFTER RUN +5.58)
FEZD H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GRSV : .-

RUN & SAMPLE NO.  10225-15-0L 225-15-02 225-15-03 225-15-04 225-15-05

e e e e S A P S VAP SOAAAD U S Y el D < R T D S i i et o 4ol
p—

FEZD HZ:CO:AR 50:50: G 50:50: 0 50:50: 0 350:50: @ 30:50: Q
HRS ON STREAM 17.5 24.0 42.0 48,0 66.5
PRESSURE ,PSIG 257 - 30z =01 - 296 2593
=M. C 268 - . 270 - 270 2780 270
FEZD CO/MIN ' : 400 £00 400 400 400
HOURS FEEDING . 17.50 €.50 24,50 €.00 24,50
EFFLNT GAS LITER 156.45 58.60  226.95 66,45 2489.65
GM AGQUEQUS LAYER 44,14 18.38 - £69.28 15.04 €l.41
GM OIU - 15.11 8.07 " 30.41 7.78 31.78
MATERIAL BALANCE : _ o
GM ATOM CARBON % 86.20 94,75 93.62 104,31 100.48
GM ATOM HYDROGEN £ $0.32 103.44 10Q.65 102.77 101.65
GM ATOM OKYGEN 2 S3.73 $ 99,49 97.59 10s.91 98.37
RATIO CHX/(H20+C02) 0.8337 0.9078 0.91k87 0.9444 1.0488
RATIO X IN CiX 2.4875 2.4692 - 2.4542 2.5417 2.8738
USAGE H2/CQ0 FRODT 1.3444 1.2208 1.,4450 . 1.3814 1.4795
TI0 C02/(H20+C02) 0.3431 0.3540 0.3027 g0.359¢ g.3152
K SHIFT IN EFFLNT 0.22 0.25 0.17 0.22 Q.17
CONVERSICN , ' .
ON CO 2 61.87 €8.47 62.12 58,48 59.05
ON HZ ¢ 84,99 87.82 86.34 83,753 . 84,83
ON CO+H2 % 73.70 78.57 74,67 - T71.01 72.01
PROT SELECTIVITY,WT % ' : :
CH4 18.75 15.42 19,54 23,33 20.38
G2 HC®S 3,31 - 3.04 2.06 . 3,59 3,18
G3H8 3.71 3.62 3.63 - 4,32 4,50,
C3He= 1.74 1.51 1.8% 2.29 ‘2.05
CaH10 4,52 4,12 347 4,07 3.22
CaHg= 2.88 T 2.40 3.10 3.75 3.35
CsH12 .58 - 5.58 4,42 4,99 3.63
C3H1G0= 1.40 1.30 2,05 2.63 . 2.58
CéHls 8.02 €.88 4.02 4,21 4,39
CeHl12= & CYCLO'S 1.13 2.56 4,12 5.35 . Z2.92
C7+ IN GAS . 15.48 12.63 11.01 0.67 10,11
Ligd HC!'S 51.88 37.14 39.89 4Q.82 39.69
Q.00 100.00 100.40 100.00

TOTAL ' 100.00 10



SUE=GROUPING
Cl <C4
C5 =420 7
420-700 F
700-END PT
CS+-END PT
ISO/NORMAL MCLE RATIO
Ch
cs
cs
Cé=
PARAFFIN/OLEFIN RATIO
C3
Ca
cs
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLCPE))
RATIO CH&4/(1-A)**2
LIQ HC COLLECTION
PHYS. AFPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
IOWT $8O0EGF
18
50
84
90

RANGE(16-84 %)

WT %@ 420 F
WT %@ 700 F

2.0390
1.8297
4.4156

0.7657
3.5971

GRN OIL
0.752
1.4217

241
261
378
517
565

256

63.00
97.23

- &Ll
oo £
wm -t
Nwes

2.97
65.90

0.5819
1.8495
3.5003
0.0404

2.2785

1.6580
4.1678

47.50
$2.00

- 230 -

34,89
44,48
17.66
3.18
5.31

C.3199
1.0041
3.5018
0.0430

1.8314
1.0778
2.1012

0.8082
5.3115

QIL SLD
0.757
1.4284

255
289
424
$ 822
877

333

47.50
92.00

41.32
36.63
17.91

4.13
58.68

0.2921
0.8624
3.4986
0.0409

1.7974
1.0556
1.8571

46.00
89.88

36.69
41.88
17.42

4.02
63.31

0.1982
0.4903
0.7671
0.0456

2.0979
0.9257
1.3755

0.81s2
6.0333

QIL SLD
0.755
1.4255

258
299
440
647
701

348

45,00
89.88



TASLE 20 - PRESULT OF SYNGAS CPERATION

RUN-NO. -10225-13 ' o
CATALYST CO/TH+ZN-UCC-107 11684-068 80CC 33.18M (38.7 AFIER RUN +35. 6E)
FE=D H2:CO:AREON OF 50 50: 0 @ 400 CC/MN OR 300 GHSV .

RUN & SAM:’L... NO. 10225-15-07 225-_5-08 225-15-09 22;-.5-"0 223—1 S-L1

FEED H2:C0:AR 50:50: 0 50:50: G 50:50: 0 50:50: O 50:50: O
HRS ON STREAM 93,5 98,0 1145  122.0 . 138.5
PRESSURE ,PSIG © - 3oL - 303 287 . 308 . 305°
TEMP. C 27 270 270 281 - 281
FEED CC/MIN 400 400 400 400 400
HOURS FEZDING 27.00 - 4.50 . 21.00 7.50  24.00 .
T GAS LITER  241.80  40.50  192.00  55.05 . 178.40
GM AQUECUS LAYER 73.52  13.21  6l.64 . 14,72 . 47.09
GM OIL 36.19 6.42  29.96 - 5.81  18.59
MATERTAL BALANCE - o | . -
GM ATOM CARSON % 50.26  91.88  95.09  75.11 74,76
GM ATOM HYDROGEN %  96.50  100.74 ~101.74 84,38 . 83.09
GM ATOM OXYGEW % 91.03  93.78 9451  77.25 - 76.41
RATIO CHX/(H20+C02)  0:9819  0.9579  0.9686  0.9483  0.558l1
RATIO X IN CHX ~ . 2.4402  2.4297  2.4465  2.7570  2.7272
USAGE H2/CQ PRODT . - 1.5699  1.5824  1.5922  1.3301  1.3644
RATIO0 CO2/(H20+C0Z)  0.2459  0.2380  0.2382  0.4341  0.4105
K SHIFT.IN EFFLNT 0.1z 0.1l 0.11 0.31 0.28
CONVERSION o . |
GNCO% - ° 58,27 - 58.80  58.62 - 75.53°  72.16
ON HZ - 85.84 . 86.35  86.51  9S1.09  89.94
ON CO+H2 % 72.55  73.21  73.18  83.76 ~ 8l.52
PROT SELECTIVITY,WT % '- : : . |
CHa 15.43  '19.05 19.98 34,15  33.25
C2 HC'S 3.10 2.95 3.06 4.55 4,29
C3H8 3.42 3.26 - 3.1 5,05 4,51
C3He=- 2.00 - 1.91 1.87 1.1 1.65
C4H10 2.75 2.62 2.57 .95 3.35
CaHg= . 329 322 3.12 2.74 . 3.04
CSH12 - 2.96  2.72 2.60 3.54 -  3.08
CSH10= 2.54 2.47 2.47 2,18 - 2.4l
CeHla - 3.85 3.84 3.76 4,26  4.14
CéHlZ= & CYCLO'S ~ 2.89 2.88 2.88 2,37 2.65
C7+ IN GAS 9.01 52, .9 8.56 9.49
LIQ HC'S 48,76 48,17 45.57  27.25  28.14

TOTAL . 100.00 108.00  100.00 100,00 | 100.00



SUB-GROURING
Cl -C4
C5 =420 F
420-700 F
700-END PT
C5+=END PT
ISO/NCRMAL MCLE RATIO
Ca
Cs
cé
Ci=
PARAFFIN/OLEFIN RATIC
C3
Ch
cs -
SCHUL.Z-FLORY DISTRETN
ALPHA (EXP(SLCPE))
RATIO CH4/(1-A)**2
LIQ HC COLLECTION
PHYS. APPEARANCE
CENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
I0WT S@DEGF
15
50
, 84
$0

RANGE(16-84 %)

WT % @ 420 F
WT £ Q700 F

54.00
40.28
21.12

4,61
66.00

0.1419
0.2523
0.5644
0.0532

1.6323
0.8057
1.1525

0.8231
6.2097

OIL sLD
0.754
1.4250

258
300
448
648
703

348

42.20
89.70

33.01
4Q0.37
21.70

4.93
66.99

0.1384
0.2492
0.5399
0.0557

1.6305
0.7859
1.0732

42.33
89.33

33.79
39.93
21.42

4.86
66.21

0.11467
0.2004
0.5140
0.0588

1.8224
0.7946
1.0222

0.8242
6.4619

OIl sLD
0.754
1.4250

257
300
448
648
710

348

42,33
89.33

51.84
54.94
i0.82

2.40
48.18

0.1809
0.3551
0.6128
0.0987

3.4280
1.3928
1.5812

51.50
9l.19

50.10
36.25
11.17

2.48
49.90

g.1518
0.2237
0.5722
0.0898

2.6008
1.0638
1.2344

0.8049
8.7288

QIL LD
Q.753
1.4225

256
290
416
614
685

324

51.50
91l.13



XI. Run 10 (11723-01) with Catalvst 10 (Co/Th fja;Alooq)

This is a referencs catalyst, the szme as Catalyst lrﬁvcep;
that the Molecular Sieve was replaced ﬁith inactive a-41503 pol-
ishing powder with a l-microm= parﬁicle size, The test is very
short, but thefsame catalysf is tested egéin in Run 11.

Conversion, product sele;tivitj, isémerizétion 6f the pen-

" tzne, and percent olefins of the C4's are plotted égainst time on
stream in Figs. 160-163. A simulated distillation of one Cs*
product is plotted im Fig. 164. Carbon number ﬁroduct distribu-
tions are plotted in Figs. 165-166. ‘Gh;cmatcgrams from.;he simu-
lated distillations oﬁ two samples aré reprodudéd‘in.FigS. 167~
168. Detailed materizl Ealances appear in Table 21.

.Copyersion of the H3+CO syngés was extremely high at 270C.
The water gas shift activity.was excellgnt, with 80 percent of
the oxygen refected as COZ. Usage of the 1;1 Ho:CO éyngas;wés
less than 1.0:1 even though thée product was exceptiohally ﬁydro-
gen rich (3.2 hydrogens per carbon vs. the usuzl 2.3 to Z.4).

The selectivity, howeve;, was very poor, yielding a pro&uct
made up of 56 percent methéne, 23 percent C5-Cx, 23 ‘percent gaso~
line, 2 percent diesel oil, and 0.2 percent hea?ies."

Evidently this catalyst is a2 strong meﬁhanator. Uhy'thé

L

Co/Th metzl component acted so diff 1y in this rum than it

ry

has done ia other conbeﬁts is hard to expl in

- 233 -
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- TABLE 21 . FL.SULT oF SYNCAS CP:PF\TIDN

RUN NO.  11723-01 | :
CATALYST GO/t <BL205 #11684-28C 80 CC 48.9GM (47.1 AFTER RUN -l.SC)
FEmD HZ:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV -

RUN & SAMPLE NO. :11725-01-01 723-01-02 72:-01-03 :

e e

FEED H2:CO:AR  50:50: 0 S0:50: O 50:50: O
HRS ON STREAM 20.0 27.5 44,0
PRESSURE ,PSIC 290 . 295 288
TEM. C - 273 275 274
FEED CC/MIN 400 400 400
HOURS FEEDING 20.00 7.50 26,00
EFFLNT GAS LITER 207.65 - 77.10  249.15
GM AQUEQUS LAYER 13.15  6.05  19.31
GM OIL 179 . L& 5.20
MATERTAL BALANCE - '
GM ATOM CARSON % $1.41 9408 91,70
GM ATOM HYDROGEN %  95.78 -100.12  100.11
GM ATOM OXYGEN % 94,41 94,54 - 93.47
RATIO c.n/(HZﬁaCGZ) 0.5402  0.9918  0.9630
RATIO X IN CHX - 3.3087  3.1801 . 3.2510
USAGE H2/C0 PRODT 0.9692  0.9957  1.0052
RATIO C02/(H20+C02)  0.8205  0.7904  0.7884
K SHIFT IN EFFLNT 13.07  10.28 12,15
CONVERSION | -
ON CO % ' $6.69  96.40  96.59
N H2 % $0.95  90.78  89.83
.ON CO=H2 % 95,75  93.50  935.06
PROT SELECTIVITY,WT % |
CHA 57.72  51.93 - 56.12
C2 HC'S | . 7.45 6.72 6.79
C3Ha 8.53 8.32 7.66
C5HE= 8.50 0.70 0.66
C4HLD . 6.10 5.78 4,95
CaHE= 1.13  l.&0 1.4l
C5HL2 4.97 5.21 4.58
C5H10= 0.81° 0.50 0.84
CeHls 4,40 4,88 4.07
CéHlz= & CYCLO'S 0.49 0.70 0.64
€7+ I A3 5.41 7.52 6.59
LIQ Ho! 2.50 5.72 5.59
- TOTAL . 100.00 100.00  108.00.



SUE-GROUPING

Cl -C4 8l.42  75.06  77.59
CS -420 F 17.21  22.67  20.07
420-700 F 1.07 2.09 2.15
7C0-END PT 0.29 0.18 0.18
CS+-END PT 18.58 24,94  22.41

ISO/NORMAL MOLE RATI

C4 © 0.0729  0.0587  0.0497
cs 0.1705  0.1627  0.1457
cs 0.3786  0.3895  0.3540
Ci= 0.3368  0.2819  0.2595

PARAFFIN/OLEFIN RATIC

c3 . 16.2488  11.2502  11.0043
cs | 5.2347  3.4888  3.3974
c5 5.9476  5.6225  5.0774

SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLCPE))  0.7447 0.7221
RATIO CH4/(1-A)**2  8.8530 7.2650

LIQ HC COLLECTION
PHYS. APPEARANCE  CLR OIL CLR OIL
DENSITY 0.763 0.749
N, REFRACTIVE INDEX 1.4263 1.4202
SIMULT'D DISTILATN

10 W % @O0EGF 286 259
16 303 299
50 448 : 389
84 68 . 543
90 | 716 598
RANGE(16-84 %) 365 264
WT % @ 420 F 45.40  €0.33  60.33

WT %8700 F 88.30 96.87 96.87



XIT. Rum 11 (311677-07) with Catalvyst 11 (Co/Th + a=41-02)

This catalyst, the -seme as Catalyst.lo, was rerun to ocbtain
referehceld;ta‘for a catalysf without = Molecular Sieve.

Conversion, product selectivity, isomerization of the pen-
tzne, and percent olefins of"the Cs's aré'ploﬁted-against tige on
stream in Figs., 169-172. Simulated distillations of the Cs* pro-
duct are plotted in Figs.'173-l7é. Cérbon number product distri-
butions are plotted im Figs. 179-188, Chrémaﬁcgraﬁs frpﬁ simu-
lzted distillatioﬁs are reproduced in Figs. 1895198, Detaiied
materiél balances ;ppear in Tables 22-25,

‘At 270C, as in the previous run,.the conversion was extremesly
high (93 percent), znd deactivated only slightly;-ﬁhe wéter gaé
shift activity was very high, with more’than}SO gercént 6f the
oxygeﬁ:rejeéted as 602; and the H7:C0 usage ratic was less than
1:1. When the temperature was lowered to 250C the conversion
dropped to about 65 percent. The water-gasAshift activity alseo
drogpéd,.tc 68 percent of oxygen rejected as COg, still much
higher'than the initial values of othef catélyéts gt higher tem-
peratures. 3But at 250C, even though the water gaé shift activity
- was lower thaa at 27CC, the'hydrocarbon préducté were éoorer ip
hydrogen, so that the Ho:CO usage ratio was lower as welle-'
0.83:1, down from O.90§1 at 270C, Af 260C the conversion rose

again, to 85 percent; the water gas shift activity rose to the



-

same level as at 270C; and the usage ratio was between the 250C
and 270C levels.

At 270C the selectivity of this catalyst was poor, as it was
in the previous run. The product was extremely hydrogen-rich:
predominantly lights (more than 45 percent methane, 20 percent
C9-C4, less than 30 percent gasoline, 4 percent diesel oil, and
0.5 percent heavies), all of which were almost completely satu-
rated,

When the temperature was lowered to 250C, the methane produc-
tion dropped to less than 15 percent. C9~C4 production dropped
to 15 percent. The lights were more olefinic. The selectivity
to gasoline and diesel oil improved. The liquid product was
distinetly waxy, which was to be expected since the 2a-il303 has
no acid activity. The yield of total motor fuels was between 68
and 7i percent, near'the 72 percent maximum for a Schulz-Flory
digtribution,

At 260C the methane production was again rather high at 32
percent, C9-Cy4 production was up to about 21 percent, the lights
were highly paraffinic, and the production of total motor fuels
was low., The Schulz-Flory plots, as expected, show a straigzht
line distribﬁtion except for the excess methane. The chromato-
grams {rom the simulated distillations show that the liquid pro-
duct, like the pentane, was mostly n-paraffias.

The most significant finding of this test is the differential
sensitivity of the catalyst to temperature. Since its selectiv-

ity varies much more widely with temperature than its coanversion,



iowering the temperature sﬂbstaﬁtially improves the yield'of use-
ful products. The yield of Cy* hydrocarboms was 2.1 gm per hour
at 250C, 2.37 gn per hour =t 260C, zad 1.99 gm per hour at 270C.
At ZTOG,.althdugh_the conversion wes highest, the_yield of Cop¥
was lowest. This szme behavior was also observed fof.the‘05+
product, which was produced at 1.18 gm per hour at 270C, 1.60 gm
per hour at ZGOC{ and 1.73 gm per hour at 250C.

At 250C, thereforé, és compare4 with 260C znd 270C, tﬁe yield
frqm this catalyst was both higﬁest in desirable ffactions’and
lowest in undesireble by-pro&ucts. These findings point up the
value of an active catalyst whose selectivity cég be improved by

controlling the temperature,

- 247 -
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Fig. 179

Plot of the Hydrocarbon
Product Distribution

for Sample 10677—-07-01
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Product Distribution
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‘Fig, 185

Plot of the Hydreearbon
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TABLE 22 RESULT CF SYNGAS CPERATIC

RUN NO. 1lé77-07

CATALYST CO/TH + AL205 #11684-31C 80 CC 46.3GM (51.8 AFTER RUN +5,3G)
FED H2:CO:ARGON OF 50:30: QO @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NG. 11677-07-QL &77-07-02 677-07~03 &77-07-04 677-07=05

D AP D O A U 00D LS SIS Al D S D el TSt et v it S D S D S Al G A Wl s ) S oS S S S S
Pt R — e R e i e

FEED H2:CO:AR 50:50: O 50:50: 0 50:50: Q0 50:50: 0 350:50: O

}
[
~1
o8}

HRS ON STREAM 22.5 30.0 45,5 52.0 64.5
PRESSURE ,9SIG 307 303 301 298 305
TEMP. C 272 272 272 271 272
FEED CC/MIN 400 400 400 400 400
'HOURS. FEEDING 22.50 7.50  23.00 6.50  24.00
EFFLNT GAS LITER 218.55  74.45  231.00  63.50  248.05
GM AQUECUS LAYER 15.50 4,61 1414 4.04  14.90
GM OIL 6.81 3,08 9.44 3,17  1L.72
MATERIAL BALANCE
GM ATOM CARBON % 89.51  93.41  92.83  9l.1§ 94,52
GM ATOM HYDROGEN %  $0.00  92.85  92.50  91.08  94.81
GM ATOM OXYGEN % 93.23 94,07  S4.17  92.07  95.48
RATIO CHX/(H20+C02)  0.9332  0.9869  0.9729  0.9812  0.9807
RATIO X IN CHX 3.0902 3.0714  3.0595  3.0161 . '3.0217
USAGE H2/CO PRODT 0.9152  0.5251 .0.9148 0.9130  0.5101
RATIO CO2/(H20+C02)  0.8131  0.3295  0.8282  0.8235  0.8274
K SHIFT IN EFFLNT 12,40 13.93 - 13.47 13,1 13.75
CONVERSICN
ON CO % 96.44  96.62  96.01 ° 95.73  95.49
ON H2 % 89.86  90.25 88,80  87.93  87.09
ON CO+HZ % 93.15  93.45  92.41  $1.83  91.28
PROT SELECTIVITY,WT %
CH4 47.80  47.22  46.80 44,86 45,19
C2 HC'S 6.47 6.27 6.29 6.14 6.35
C3Hs 8.01 7.73 7.60 7.47 7.60
C3HE= 0.81 0.88 1.25 1.33 1.28
C4H1O0 5.87 5.53 5.51 5.25 5.03
CaHe= 1.74 171 1.94 2.17 2.11
C3H12 4.59 4.71 4.56 4.53 4.27
SH10= 1.10 1.08 1.28 1.26 1.73
CaHls 5.30 4,97 4.80 4,69 4.18
CéH12= & CYCLG'S 0.87 0.75 0.87 0.97 1.09
C7+ IN GAS 8.5 7.93 7.87 7.69 7.79
LIQ HC'S 8.75  11.22  1l.44  13.85  13.42
TOTAL 100.00  100.C0  1£0.00  100.00  160.20



SUB-GROUPING .
Cl =C4 -
C5 =420 F
£20-700 F
700-END BT
C5+=END PT

ISO/NORMAL MOLE RATIO

C4

. C5
cs

Cl=

PARAFFIN/OLEFIN RATIO

. C3
Ca
c5

SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLCFE))
RATIO CH4/(1-A)==2
L.IQ HC COLLECTION

" PHYS. AFSEARSNCE

DENSITY

YL GN OIL
0.757

N, REFRACTIVE INDEX 1.4180

SIMULT'D DISTILATN
oW g@eDnEe F

8
36
84
is)

RANGE(16-84 %)

WT

WT

-4
<
14
~

€ 420 F
@ 700 F

248
260
368
503
Sk

243

£9.00
98.20

. *

LK N

OOoOuvIinY
.

Oy Lo

N O W

A

0.0425

-Q.1109

0.32469

Q.2451

8.3751
3.1172
4.2495

€3.25

€9.18

| 26,62
3.88
0.33
30.82
0.0397
0.0s84

8.3360
0.1550

5.8122

2.6384 -

3.4525

0.7373
6.6735

YL @R OIL
0.742 .
1.4181

256
285
384
539
592

254

5.3685

2.3375
3.3340

5.6770
2.2588
2.4060

8.7489

. 7.2251

YL GN QIL
0.744 .
~l.sl84

256
282
383
542
599

260 -



TRELE 23 RESULT CF SYNGAS CPERATION

RUN NO.  11677-07 '
CATALYST CO/TH + AL203 #11684-31C 80 CC 46.3GM (51.8 AFTER RUN +3.2G)
FEED H2:CO:ARGON OF 50:50: G @ 400 CC/MN OR 3C0 GHSY

RUN & SAMPLE NO. 11677-07-06 677-07-07 677-07-08 677-07-09 577~07-10

T E T e T T e L ]

FEED H2:CO:AR 50:50: O 50:50: 0 50:50: Q0 50:50: O 50:5Q: 0
HRS ON STREAM 76.0 94,5 101.5 119.5 125.5
PRESSURE ,PSIG 202 304 300 205 302
TEMP, C 271 271 248 248 249
Fe=D CC/MIN 400 400 400 400 400
HCURS FZEDING 6.50 25.00 7.00 25.00 6.50
EFFLNT @AS LITER 64.95 250.85 74.80 277.C0 66.60
GM AQUEDUS LAYER 2.67 14.11 7.03 25.10 5.61
GM QIL 2.9 11.43 8.23 29,39 7.50
MATERIAL BALANCE ,
GM ATCM CARBCN % 20.98 9Q.41 84,39 85.16 = 80.15
GM ATCM HYCROGEN % 90.78 89.95 82.89 35.97 8l.17
GM ATCM OXYGEN % 91.75 - 92.02 86.93 SC.71 83.36
RATIO CHX/(H20+C02) 0.9840Q 0.9663 0.92%1 0.8624 0.5137
RATIO X IN CHX 3.0151. - 3.0124 -2.2941 2.3434 2.3391
USAGE H2/CQO FRODT 0.9037 3.8928 -~ 0.8924 0.8300 0.8313
RATIO C02/(H20+CQ2) 0.8337 G.3335 0.8368 0.6763 0.8952
K SHIFT IN EFFLNT 14,01 13.59 1.96 2.50 3.38
CONVERSION
ON CO % ® 95.23 94.84 66.52 72.78 74.63
ON H2 % 86.82 85.91 61.81 62.52 62.90
ON CO+H2 % $0.93 9Q0.39 64,19 &87.62 68,73
FRDT SELECTIVITY,WT %
CH4 44,89 44,86 12.78 14.72 14.55
C2 HC'S %.18 8,356 2.41 2.59 2.52
C3H8 7.868 7.59 1.91 2.51 2.53
C3HE= 1.29 1.40 3,83 3.57 3.15
C4H10 5.03 4,91 2.37 2.51 2.72
C4HB= 2.33 2.3 4,07 3,83 3.45
C2H12 4.3 4,20 2.48 3.24 3.36
C5H10= 1.83 1.58 3.47 3.39 2.582
Cérls 4.15 4,08 3.42 3.87 3.86
CéHiZ= & CYCLO'S 1.11 1.18 2.4% 2.17 2.01
C7+ IN GAS 8.02 7.78 10.93 9.93 3.05
LIQ HC*S 13,23 15.44 49,90 47,68 £0.42
TOTAL 1C0.Co 100.00 100.60 1500.00 wga.cao

{
-
w
o

s



SUS-GROUPING
clL -Ce
C5 ~£20 F
420~700 F
700-END PT
C5+=END PT
TSO/NORMAL MOLE RATIO
Ca’
cs
cs
Cé= .
PARAFFIN/OLEFIN RATIO
c3
Cs
c5 |
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLCPE))
RATIO CH&4/(1-A)%%2
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY ~

N, REFRACTIVE INDEX

SIMILT'D DISTILATN
10 WT ¥ @ DEG F
16
50
a4
g

67.25
28.10

- 4.31 ’
0.35 -

0.0306
0.0815
0.1787

£ 0.1495

5.0257

2.0510

2.1151

0.7375 -

é.5111

YL OIL
0.742
1.4180

258
287

386 .

521
575

34

€5.33
97.43

7.35

47.83
23.08
1.75
72.65

0.0214
0.0418
0.2573
0.0708

0.4752 ~

g.5622
g.6389

50.25
95,50

29.92
48,36
22.05

1.67
70.08

0.0177 -

C.057¢

0.0563

0.0743
0.6702
Q. 7742
0.5274

c.8132

| 4,2177

OIL 9D
0.769
1.4228

286
302
418
596
€28

294

50.25
196.50

46.25
$5.83



TAELE 24 RESULT CF SYNGAS OPERATION

RUN NQ.  11877-07
CATALYST CO/TH + AL203 #11684-31C 80 CC 46.3GM (51.8 AFTER RUN +3.3G)
FEED H2:CO:ARGON COF 50:50: O @ 400 CC/MN OR 300 Grsv

RUN & SAMFLE NC. 11677-07=12 &77=-07-13 877-07-14 677-07~15 677-07-16

e e ]
T e e R N R s A RN mi S mamin S o eSO M o = o ——— -

FEED H2:CO:AR ~ 50:50: O 50:50: 0 50:50: G 50:30: 0 50:50: O
HRS ON STREAM 148.5 166.5 190.5 198.0 214.4
PRESSURE,PSIG 299 298 295 297 302
TeEw, C 249 249 260 280 26l
FeeD CC/MIN 400 400 400 400 400
HOURS FEEDING 7.00 24.Q0 24.00 7.50 23.92
EFFLNT GAS LITER 79.20 282.90 274.45 79.15 257.50
GM AQUECUS LAYER 6.65 22.81 17.83 4.70 15.00
GM OIL 8.37 28.70 22.46 6.49 20.63
MATERIAL BALANCE
GM ATOM CAREON % 85.52 84,19 100.52 94,37 97.97
GM ATOM HYDRCGEN % 86.01 86,39 100.29 93.44 96.383
GM ATOM OXYGEN % - °0.01 84,19 100.25 93.45 97.39
RATIO CHX/(H20+C02) 0.8839 1.0001 1.0054 1.0200 1.0118
JRATIO X IN CHEX 2.3331 2.3312 2.7711 2,8132 2.8202
USAGE H2/C0 PRODT 0.8358 0.9752 0.8908 0.8914 0.8778
RATIC CO2/(H20+CC2) 0.6778 0.6027 0.7932 0.3112 0.8221
K SHIFT IN EFFLNT 2.82 1.67 8.85 8.11 10.69
CONVERSICN
ON CO % ‘ 70.65 60.14 87.92 89.65 92.12
ON H2 % 60.20 57.15 78.38 80.28 81.55
ON CO+HZ % 65.76 58.63 83.16 84.99 86.87
PRDT SELECTIVITY,WT %
CH4 14.29 l4.41 32.81 34,91 35.09
C2 HC'S 2.27 2.44 5.36 3.75 - 2.50
Cc3H8 : 2.49 2.56 7.18 7.04 7.39
CoHé= 3.40 2.50 1.08 0.95 0.90
C4H10 2.79 2.58 5.32 5.31 5.46
C4H8= 3.72 2.85 2.04 1.82 1.35
C3H12 3.29 2.92 5.13 5.04 5.13
CSH10= 3.26 2.67 1.72 1.52 1.65
Cals 3.50 3.10 4,79 4.48 4,58
CéHlZ= & CYCLO'S 2.3 1.83 1.07 Q.75 0.95
C7+ IN GAS ‘ 9.56 8.75 7.60 7.38 7.72
LIQ HC'S 49,30 53.37 25.91 25.03 23.48
TOTAL 1C0.00 1Ca.C0 100.00 1¢a.co 12c.20
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SUB-GROUPING
CIL =G4 '
C5 =420 F
420-700 F
700==ND PT
C5+=END PT
_SO/NGRM£L MOLE RATLG
"G4
G5
cs.
CA,_
PQRArr.N/G AIIO
EZ _
C5
SCHULZ-FLORY D¢S'R=‘V
ALPHA (EXP(SLCPE))
RATIO CH4/(1-A)*%2
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY /
N, REFRACTIVE INDEX
SIMULT?D DISTILATN
IOWTr *@DECF
18 :
50

' 5g

28.96
45.54

23.70
1.80
71.04

0.0171

0.0461
0.0577
0.0504

0.6977

. 0.7256
0.9785

48.27
96.35 -

27.35
45,04

25. 60
1

-./

72.65

0.0173
Q.0491
0.0712

c.078%
8.8770

Q.8734
1.0835

0.8551

5.2950

QL SLD
0.769

14241

253
302
441
589
645

257

48.27
96.35

53.79

32.87
11.86

1.48

48,21

0.0513
0.0888
0.1402

0.1625

6.3485

-2.5228

2.8932

0.7915
7.5498

0it SLD
0.757
1.422¢

48.50
94,28

epo
t—;"CIO

2E bbby
8Uw‘mmdkm

'0.1828
7.1032

2.8218
3.2227

56.43

93.88

56.30
33.58
-8.87
l.45

43,70

. 0.0313
- 0.08%4

0.1442
0.1757

7.8246
2.842%
3.0299

0.7532
8.2032

OIL SLD
0.748
1.4156

256
285
405
603
665

518

58.43
93.88



TABLE 25 RESULT CF SYNGAS CPERATICN

RUN NO. ~ 11677-Q7
CATALYST CO/TH + AL203 #11684-31C 80 CC 46.3GM (51.8 AFTER RUN +5.5G)
FEZD H2:CO:ARGON CF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NQ. 11677-07=17 677-07-18 677-07=19 &€77-07-20

O 0 Gk ) O D U Y U D ) D UMD A AR L P D S D G s S VD D D D AN S SO D ik

FEED H2:CO:AR 50:50: @ 50:50: 0 50:50: 0 50:50: O
HRS ON STREAM 220.7 23%,1 247.1 262.5
PRESSURE,PSIG 300 258 299 303
TeM?, C 262 282 261 261
FEED CC/MIN 400 400 400 400
HQURS FEEDING 8.25 24.67 8.00 23.42
EFFLNT GAS LITER 61.00 254 .60 85.00 250.70
GM AQUEQUS LAYER 3.65 14.42 5.04 14.78
GM QIL 5.68 22.40 7.47 21.87
MATERIAL BALANCE .
GM ATOM CARBON % 90.48 93.41 94,90 S6.16
GM ATOM HYCROGEN ¥ 82.73 $2.08 . $4.03 56.95
GM ATOM OXYGEN % 88.65 92.63 94.96 94,04
RATIO CHX/(H20+C02) 1.0451 1.0188 0.5988 1.0450
RATIO X IN CHX 2.7816 2.7489 2.7384 2.7612
USAGE H2/C0O PRCODT 0.8872 0.85%92 0.8550 0.8863
RATIO C02/(H20+C02) C.81%4 0.8236 0.8157 0.8140
K SHIFT IN EFFLNT 10.75 11.27 16.40 10.42
CONVERSION
ON CO % 92.42 91.63 50.94 91.25
ON H2 % 8l.88 79.50 78.50 79.51
ON CO+H2 % 87.17 85.61 84,75 85.26
PRDT SELECTIVITY,WT %
CH4 33.44 31.9¢ 31.53 33.25
C2 HC'S 5.43 5.27 5.21 4,93
C2H8 7.12 6.85 6.68 8.20
C3Hé= 0.89 1.15 1.28 1.20
C4H10 5.22 5.10 5.04 4,867
C4H8= 1.89 2.25 2.35 2.28
C3H12 4,94 5.00 4,91 4,67
CSH10= 1.61 1.51 1.88 1.94
CéHlsa 4,44 4,81 4,57 4,52
CéH12= & CYCLQ'S 1.02 1.18 1.23 1.2¢9
C7+ IN GAS 7.58 8.44 8.28 - 9,17
LIQ HC*S 26.43 28.51 28.95 25.92
TOTAL 100.20 10c.co 100.00 100,300



SUB-GROUPING .
Cl -C&
C5 =420 F
420-700 F
700-END PT
C5+-END PT
ISO/NORMAL MOLE RATIO
C4
cs
cs
Cé=
PARAFFIN/CLEFIN RATIO
>
Ca
- c5
SCHULZ-FLORY. DISTRETN
ALPHA (EXP(SLCPE))
RATIO CH4/(l-A)*=2
LIQ HC COLLECTION
PHYS. APFEARANCE
DENSITY
N, REFRACTIVE INDEX
_ SIMULT'D DISTILATN
10 WT ¥ @ DEG F
16
50
84
90

RANGE(15-84 %)

WT £@420F
W1 % @ 700 F

53.99
35.56
8.68
1.77
46.0L

0.0327
0.08%¢
0.1490
0.1768

7.6372 '.
2.6676

2.9857

60.54
93.29

52.56
37.05
8.64
1.77
4744

0.0271
0.0810

0.1503

. 5.7423

2.1945

2.5448
 0.7907

7.2961

CIL sLD
Q.738
1.4187

254
261
384
595
€€0

' 352

€0.44
93,29

- 285 -

52.07
37.71
8.86
1.58

47.93

0.0265

0.0812

0.1320

- 0.1418

5.0468
2.0721
2.4131

€2.09
94'21 )

52.50

- 37.87

8.33
1.50

47,50
'0.0261

0.0772
Q.1214
C.1574 -

4,9284
1.9832
2.3407

C.7884
7.4187

OIL SLD
0-7&4
1.4176

. 257
265
386 -
569
638

304

£62.09
94,21



XIII. Run 12 (10225-11) with Catalvst 12 (Fe/Rh + UCC-108)

According to UK Patent Application GB20997164, a catalyst
with Fe/Rh and ZSM-5 has very high selectivity for gasoline; the
purpose of this catalyst was to test the properties of the same
metal component in combination with UCC-108, A precipitate of
Feq03+XH70 was prepared in the same way as for the Tenth Quarter
Catalyst 11, and impregnated with a solution of RhClsy to give 2
percent rhodium on the catalyst., This metal componrent was then
physically mixed with an equal quantity of UCC-108, bonded with
15 percent SiOp, and formed as extrudates,

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the Cu's are plotted against time on
stream in Figs, 199-202. Simulated distillations of the Cs* pro-
duct are plotted in Figs. 203-204, Carbon number product distri=-
butions are plotted in Figs. 205-207., Chromatograms from simu-
lated distillations are reproduced in Figs., 208-210. Detailed
material balances appear in Tables 26-27.

The activity was low at 260C and improved very little at
higher temperatures. The water gas shift activity was no better
than average.

The selectivity was very poor, with high methane, very high

Co-C4, and very little Cs*. Isomerization of the pentane de-

™
")

creased with time on stream., The C, was highly olefinic,



usuzl with zn iron catalyst, and the olefin content varied in-

versely with the temperature. The chromatograms from the simu-
- 3 [~}

lated distillations show loss of isomerization with. time.

This does not appear to be a useful catalyst.
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TABLE 26 RESULT CF SYNGAS CPERATION

RUN NO. 10225-11
CATALYST FE/RH +UCC-108 #10252-88C 80 CC 39.3GM (40.1 AFTER RUN +.8 G)
[ H2:CO:ARGON OF 68:33: 0 81550 CC/MN OR 1013GHSY

RUN & SAMPLE NG. 10225-11-01 225-11-05 225-11-04 225-11-05 225-11-06

e oo i e s o et s e R g T Try——
===-—-=-—— SSESCSSES SSSINSsSRnT Somnoooos S=ossmoss

FEED H2:CO0:AR 66:33: 0 66:33: Q0 66:33: 0 66:33: 0 68:33: 0
HRS ON STREAM - 18.5 42.8 48.0 67.2 73.8
PRESSURE ,PSIG 153 212 198 211 201
TEMP., C 350 282 275 258 285
FEED CC/MIN 1350 1350 1350 1330 1350
HOURS FEEDING 18.50 24.08 6.42 24.58 6.58
EFFLNT GAS LITER . 98l.90 1294.54 349,11 1337.40 348,97
GM AQUEQUS LAYER 68.63 8l.14 25.18 56.48 27.33
GM OIL 1.29 1.65 0.5 2.50 .86

MATERIAL BALANCE
GMd ATCM CARECN % 100.83 108.49 103.62 92.11 $3.82
GM ATOM HYDROGEN %  100.74 105.03 102.08 92.12 94.09
GM ATOM QXYGEN % 101.96 103.89 102.45 94.10 95.62
RATIO CHX/(H20+C02) 0.9756 1.0943 1.0254 0.9367 0.9502

RATIO X IN CHX 3.0725 2.8794 2.7987 2.6692 2.7025
USAGE H2/CJ PRCDT 1.2141 1.2291 1.3252 1.6315 1.5081
RATIO CO2/(H20+C02) Q.5188 0.5780 - 0.4716 0.2547 0.3243
K SHIFT IN EFFLNT 3.74 5.75 2.81 Q.76 1.18
CONVERSION .
ON CO % 68.60 75.31 64.12 40.68 49.20
ON H2 % ’ 45,48 46,45 42.68 34,06 37.71
ON CO+H2 % 53.19 56.28 49,90 36.26 41.53
PROT SELECTIVITY,WT % ]
CHa 42.47 3l.84 29.12 25.23 25.81
€2 HC'S 18.37 16.83 15.84 15.10 15.84
C2H8 ‘ 3.61 12.94 11.29 8.47 1c.0L
CoHé= ‘ 5.2% 5.66 7.59 10.03 9.19
C4H10 5.81 4.75 4,55 3.89 4,03
Carg= 4,54 6.14 7.84 9.2 3.82
C3H12 1.77 2,18 2.29 2.34 2.26
CSH10= 3.57 4.45 5,41 5.98 5.82
CéHl4 1.50 2.02 1.97 1.50 l.80
Cérl2= & CYCLO'S 1.7 2.57 2.29 3.82 3.58
C7+ IN GAS 5.99 3.86 10.85 14,11 12.41
LIQ HC'S 8.92 .77 1.36 2.1% 2.32
TOTAL 100.00 1Cc.co 100.00 100.00 1C0.Q0
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SUB-SROUPING
Cl -C4
C5 =420 F
420-700 F
700-END PT
CS+~END PT.
ISO/NORMAL MOLE RATIO
C4
cs
cé
oo .
PARAFFIN/OLEFIN RATIC
c3
c4
es .
SCHULZ-FLORY DISTRBTN
ALFHA (EXP(SLCPE))
RATIO CHa/(1-A)**2
LIQ HC COLLECTION
' PHYS. APPEARANCE
DENSITY
' N, REFRACTIVE INDEX
SIMULT'D DISTILATN
IOWT $@DEGF
- 18
50
84 .
G

RANGE(16-84 %)

WT R @420F
WT $@700F

. 84£.50

14,78
. 0.63

g.0o
- 15.50

0.4979
1.0571

1.2784

1.153¢

1.733¢
0.7436
0.4815

.0.7263

5.6699

588
404
498
646 -

700

- 242

21.67
$0.00

CLRLT GR CLR LT @GR

325
354
447
600
656

246

41.00
93.47

- 301 -

75.85
23.24
-, Q.68
0.25
24.17

0.1654
0.5852
8.711s
0.207¢6

1.4568
Q.580L

C.41z1

31.33
81.88.

£9.74

28.31 .

©1.97
0.38
20.2¢6

0.09s0
GOZBB
0.2802

0.0000

0.8054

0.3871 .

0.3802

31.33
81.88

71.71
26.65
1.1
0.4
28.29
0.1045
0.2459
0.3067
0.0000

1.0387
0.4414 -
0.3947

31.35

gL.88




TAELZ 27 RESULT OF SYNGAS CPERATICN

RUN NQ.  10225-11
CATALYST FE/RH +JCC-103 #10252-88C 80 CC 39,3GM (40,1 AFTER RN +.8 G
FEZD M2:CO:ARGCN CF 66:33: 0 @1330 CC/MN OR 1013GHSV

RUN & SAMPLE NO. 10225-11-07

FEED H2:C0:48R 66:33: 0
HRS ON STREAM $0.0
PRESSURE ,PSIG 205
TEMP., C : 281
FEED CC/MIN 1350
HCURS FEZDING 22.83
Z°rLNT GAS LITER 1257.03
GM AQUEQUS LAYER 94.78
GM QIL 2.8
MATERIAL SALANCE
GM ATCM CARBON % 97.40
GM ATOM HYDROGEN % $7.30
GM ATCM OXYGEN % 98.51
RATIO CHX/(H20+C02)" 0.9699%
RATIO X IN CHX - 27031
USAGE HZ/CO FRCDT 1.5039
R]ATIO CO2/(H20+C02) 0.3314
K SHIFT IN EFFLNT 1.22
CONVERSICN
ON CO % 49,18
CN H2 % 37.45
~ CONCO+H2 % 41,36
PROT SELECTIVITY,WT %
CHa 25.84
C2 HC'S ’ 13.88
C3H8 10.01
C3Hé= 9.20
C4H10 4,04
CiHe= 8.83
cSH12 ‘ 2.37
CoHl0= 5.83
CéHla l.80
CéH12= & CYCLQ'S 3,58
C7+ IN GAS 12.42
LIQ HC'S 2.24

TCTAL 10t.C0

i
W
o
)

i



SUS-GROUPING o .
Cl -C4 : 71.77

C5 =420 F 26.69
420-700 F . 113
700-2MD PT 0.41 -
C5+-END PT 28.23

ISO/NORMAL MOLE RATIO

cL '0.1045-
s - 0.2459
cé | 0.3067
Ci= - 0.0000
PARAFFIN/OLEFIN RATIO
c3 | © 1.0387
C4 : 0.4414
cs 0.3947

SCHULZ-FLORY DISTRSTN .
ALPHA (EXP(SLOFE)) - 0.7658
RATIO CHa/(1-8)%*2  4,7111

LIQ HC COLLECTION - . - .
PHYS, APPEARANCE = YL-GN QIL
DENSITY 0.763
N, REFRACTIVE INDEX 1.4405
SIMULT'D DISTILATN

I0WT $@DEGF 343

15 376

50 ‘ 489

84 : 720

90 | 783

RANGE(1&-84 %) 344

WT % @420 F 31,33
WT¥@e70oF




YIV., Summary

The results from the tests reported this quarter are again
very informative. The series of additives for cobalt catalysts
has yielded another important modifier of cobalt activity. The
chemistry of a previously identified additive was further ex-
plored in combination with a different shape selective component.
The alternate means Qf combining the metal component and the
shape salective camponent had dramatic effects on the stability

and product distribution of the catalyst. Runs with the refer-

ence catalyst containing a-Alg03 pointed out the great changes in

selectivity possible with slight temperature changes. Ev¢en the
poér catalysts have contributed to the understanding of cobalt
Fischer-Tropsch catalysts;

The low percentage of additive Xg used in Catalyst 4 had .a
large effect on the catalyst's stability and final product dis-
tribution., The major disadvantage of most cobalt Fischer-Tropsch
catalysts is the excessive methane production. This additive
reduced the methane yield significantly, especially later in the
run., Furthermore, this additive also increased the vield of
olefins significantly.

Last quarter, the additive, X4, was shown to have effects
similar to Xg in a catalyst containing UCC-101. This quarter it

was shown to again increase the selectivity for olefins, this

- 304 -
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time in & catelyst containing UCC-108. However, in this formula-

‘tion, ¥z did not impart the previously observed great stability

to the cztalyst. The X4 catalyst again pfoduced a2 higher than
usual C9-Cy4 vield, which this time led to a slightly igferior
product distribgtion. |

A catzlyst with enhanced properties was produ;e@swhen the
hetal'cdmpongnt and the shape selectivevcompohen§ were.puf'in
more intimate contact as is shown in the results from Runs 7 and
8. The catalyst had extraordinary stability in both syngas con-
versioﬁ and the product distribution. There was a slight deacti-
vation during the fi%st 140 hours on stream, but it was rock
éteady‘thereafte:. Formation of the catalyst as 1/16-inch extru-
dateé increased the catzlyst's initial activity, espe;ially the
water gas shift activity. 'However, there was a greater init;al
deactivation folléwed by a slight deactivation to an aétivitf
similar to that of the l/é-inch extruéate. This method of formu-
lation appears to be an outstanding'way to cbmbiné'a cobalt;méial
éompoﬁent and 2 shazpe selective component. | |

The catalyst which combined thorium-promoted cobalt with

a-Al903 had the largest temperature dependence of the product

selectivity observed for any Fischer-Tropsch catalyst'fn this

program. The change of 20C in the reactor temperature had little

effect on the conversion but drastically affected the selectivi-

ty. The highest yield of liquids (Cs5¥), in grams per hour, was
obtained at the lowest temperature, 250C, which also had the

lowest totzl conversion. This just demonstrates the need for anm
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active catalyst which can be run at a lower temperature to im=-
prove selectivity.

The zinc ion exchanged into UCC-107 to hydrogenate coke pre=-
cursors seemed to be better at hydrogenating the desired Fischer-
Tropsch products than it was at stopping deactivation of the UCC-
107.

The results this quarter were very encouraging. Hopefully
many of these results can be combined into one catalyst exhibi-

ting great stability and improved product quality.



X

,apueqdlt B. Su:fac= Studlns

By M. Loaan, B. Vagsz, and G. A. Somor3a1
The study of the catalytic hydrqgenation of carbon monoxide
has continued this qua&ter with our work on molybdénum znd rhen-
ium surfaces.

Molvbdenum:

Rates and activation energies for the‘hydrogenatién cf CO
were determined (see Figs. B-l an§ B-2) on Mo(iGO)»single cTrys-
tals and Mo fcils, composed mainly of the closest packed (110)

face of bcc crystals. The reaction-is structure insensitive on

' the<e su?;aces, the rates and product avstrlbutvons being nearTY

identical, The . molybdenum work was extended bv ~adsorbing submon-
olayet quantities of potaSs1um on the surface as & promoter.

Adding potassium is found to have a promotion effect (see Figure
B-3) for up to ~0.2 monolayers (AES peak ratio Ko59/Mog21 =-O,4).
The rate of ethené production nearly tripled frdm'ihe~§otassium—

Tee surfatée to 2 potassium coverage of ~0.1 monolayers. The

+

selectivity of thn reaction remzins constant for the conditicns

" of our experim ents. Lhe effect of adding more- than O, 2 ‘monolay-

ers of potassium seems to be one of site blocklng.

Iron and Rhenium

Work on the Fe and Re systems continued this quarter with
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major emphasis placed on their oxides, Activation energies for

methanation on Re, Re+Na, Fe and FeOy are shown in Figs. B-4 and

]

he addi-

¥

et

"B-35. The large changes ia activation energy, E,, with
tion of oxygen or sodium imply that the rate-determining step is
changed. We have also confirmed that the product distributions
are altered as the surface is changed from clean to oxide and
alkali promoted metal surfaces. Again, with the oxide, less
change in product distribution is seen, Qut the catalyst surface
stays active for a much longer period of time. With alkali pro-

moters the product distribution is shifted to hydrocarbons with a

higher molecular weight.
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Fig. B=4
2 — T T l ;
Arrhenius Plot of Methanation Reaction
on Rhenium
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