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RESULT OF SYNGAS OPERATION

RUN ND. 12200-09

. CATALYST C0/X9/X10/X4-U103 12251-10 80CC 32 G (WT CHANGE + 6 G)

" FEED H2:CO OF 50:50 @ 400CC/ME OR 300 GHSV
RUN & SAMPLE NO. 12200-0%-01 200-05-02
WMEEETWMITENE TSEINRELCEITE

FEBED H2:CO:AR 50:50: 0 350:50: 0
HRS ON STREAM : 18.5 42.5
PRRSSUEE,PSIG 300 300
TE¥P, G 264 260
FEED CC/MIN 400 400
HOURS FEREDING 18.50 24.00
EFFLNT GAS LITER 284.95 407.40
GM AQUEGUS LAYER 30.66 34.18
GM OIL - 5.04 11.48
MATERIAL BALANCE

GM ATOM CARDON % 85.42 85.67

GM ATOM HYDROGEN % 84.13 91.03

GM ATOM OXYGEM % © 95,79 49.90
BATIO CHX/ (H20+C02) 0.5677 0.78086
RATIO X IN CHX 2.4414 2.3846
USAGE H2/C0 PRODT 2.7951 - 2.3424

FEED H2/CO FRM EFFLNT 0.9736¢ 0.9515
RESIDUAL H2/CO RATIO 0.6536- 0.6796
RATIO CD2/(H20+C02) 0.0280 0.0306

K SHIFT IN EFFLNT 0.0188 0.0214
SPECIFIC ACTIVITY SA  0.2906 0.3789
CONVERSION
OH CO % . 14,94 16.35
ON H2 % 42.90 40.26
ON CO+H2 % 28.73 28.01
PEDT SELECTIVITY,WT %
CHA . 17.02 14.05
c2 HC'S 3.35 3.00
c3us - 3.12 2.46
C3H6= 5.89 4.6
CAHL0 . 3.43 2.60
CANBx 6.05 4.75
o5H12 3.92 3.21
CSH10n 1.30 0.50
C6H1A . 4,46 3.26
C6H12= & CYCLO'S 3.10 2.64
C7+ IN GAS 17.37 14.23
LIQ HC'S 30.98 44.64
TOTAL 100.00 100.00
Table Bl5S
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SUB~GROUPING o
c1 -ca 38.86 31.52
_ C5 -420 F - 38.99 36.78 K
I : 420-700 F 18.12  27.9¢
. b ?%-EUD BT 4.03 3.7 . Eo
: CS+-END PT , 61.14 68.48 } - .
1k ISO/NORMAL MOLE RATIO ‘ :
{f ca 0.0311  0.0000 g
S cs 0.0537 ' 0.0490 : |
1 ce 0.0736  0.0000 .-
3 Ch= . 0.0000 0.0000 o
3 3 PARAFFIN/QLEFIN RATIO
3 c3 0.5061  0.5029 .
3 ca 0.5464  0.5280 ' -
: cs® 2.9310  6.1712 .
1 SCHULZ-FLORY DISTRBTY
ALPHA (EXP(SLOPE)) 0.8159  0.8209
RATID CH4/(1-A)**2  5.0213  4.3303 ;
] ALPHA FRM CORRELATION 0.8313 : 0.8296 -
ALPHA (EXPTL/CORR) 0.9815  0.9895 .
WZCH4 FRM CORRELATION 20.9859  20.6718 ,
1 i WLCHA (BXETL/CORR) 0.8112  0.5798 : -
: LIQ HC COLLECTION
: PHYS. APPEARANCE CLR OIL OIL WAX
3 DENSITY (* 40 C) - 0.7516% 0.7565%
L . N, REFRACTIVE INDEX 1.4221% = 1.4236%
SIMULT'D DISTILATN
] 10 WT % @ DEG ¥ 340 ' 340 _
5 16 178 373 :
v E . 50 517 495 ’ ;
i : 84 684 650 . :
i : 90 T 716 688 !
3 RANGE(16-84 %) 306 217 ' ) -
; W % @ 420 F 28,50  29.00 . .
it . WT%@700F 87.00 91.70 , :
{1
17 Table B1S5, cont
¥
3 ;
i
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IX. Run 17 (12200-10) with Catalyst 17 (Fe/R/UCC-103)

The purpose of this run was to test the use of iron &s the
Fischer-Tropsch active metal in intimate contact with UCC-103.
Because iron has been found to be generally less reactive than
ccbalt, the.catalyst was formulated usiﬁg the nmethod employed in
Catalyst 11, whose inigial activity was so extraordinarily high.

Iron oxide was promoted with potassium, then formed in close
contact with UCC-103 by the method used in Catalyst 11, The re-
sulting powder, after bonding with 15 percent silica, was extrud-
ed to 1/8-inch pellets. The final catalyst, containing 8.5 per-
cent iron and 0.2 percent potassium, was activated by CO reduc-
tion at 270C for 16 hours,

Conversion, product selectivity, isomerization of the pen~-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. B207-210. Simulated distillations of the Cs+
product are plotted in Figs, 3211-213. Carbon number product
distributions are plotted im Figs, B214-217. Chromatograms from
simulated distillations are reproduced in Figs. B218-221. De-
tailed material balances appear in Table Bl6.

The first three samples were invalidated by a leak in the
reactor at the beginning of the run. 1In Sample 4, at 41.5 hours
on stream, the syngas conversion was a very poor 23,1 percent.

Total motor fuels and Cst were considerabiy lower than with co-
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: balt systems, The rum was too short to yield any useful data on
;5 stability. -

?% The catalyst demonstrated two desirable p?operties in compar-
*ﬁ ison with the cobalt systems: a reduced methane'yield, and a sub-
? stantially higher olefin content of the C4's;‘on the order of 75
é percent as against the 60 percent generally obtained with cobalt.
; | The overall activit;, however, is unacceptably low,
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RESULT OF SYNGAS OPERATION

RUN NO.  12200-10 o

-

RATIO CO2/(H20+C02) 0.0849  G.0733  0.0686  0.1105 - i

.k CATALYST FE/K-U103 12251-17 80 CC 37.5 G (WI CHANGE +5.5 G) T
: g FRED H2:CO OF 50:50 @ 400 CC/MN OR 300 GHSV o :
1 E RUN & SAMPLE #0.  12200-10-02 200-10-03 200-10-04 200-10-06 oy
- o - . a . IWTTINWIRT '
v FEED H2:CO:AR  50:50: 0 50:50: 0 50:50: 0 50:50: O
T HES OF STREAM 1.5 66.0 30.7 116.2
3 - PRESSURE,PSIG 300 300 300 299
Tk TEMP. C 250 250 25¢ 250 ,
{ ¥ FEED CC/MIN 400 400 400 © - 400 3
: HOURS FEEDING 22.50 24.50 24.67.  25.50 ' :
. BFFLNT GAS LITER 129.60  207.39  212.31  444.80
3 GM AQUEDUS LAYER. 18.06 20.76 22.73  -24.18 =
: G4 OIL 2.94 5.33 5.10 6.28 il
: MATERTAL BALANCE ' '
i ¥ G¥ ATOM CARBON % 46.38 . 45.62 46.16 92.07 -
g GM ATOM HYDROGEN %  48.61 48.40 42,62 86.96
t GM ATOM OXYGEN % 51.36 50.08 51.56 94,94
; BATIO CHX/(H204+C02) - 0.5628  0.6226  0.5713  0.8097
a9 RATIO X IN GHX 2.2777  2.2442  2.2486  2.2867 o
; USAGE H2/CO PRODT 2.4032  2.3354  2.4592  1.9727 v
1 F FEED H2/CO FEM EFFLNY 1.0482  1.0609°  1.0748  0.9435 :
3 RESIDUAL H2/CO RATIO 0.7919  0.7833  0.7823  0.7607 -
ﬁ. K SHIST IN EFFLNT 0.0735  0.0620  0.0576  0.0943 -
17 SPRCIFIC ACTIVITY SA 0.4998  0.5742  0.5562  0.5109 ¢
Q - CONVERSION :
3 ON CO % 15.90 17.89 17.44 15.08 L —
i - ON H2 % 36.46 39.37 39.91 31.53 Co
f ON CO+H2 % 26.43 28.95 29.08 23.07 RS
§ 1 PRDT SELECTIVITY,WT % R
{ : CHA4 7.75 6.20 6.33 8.71 o
3k C2 HEC'S 7.03 . 5.51 6.04 - 6.02
{ & c3ne , 3.09 2.47 2.52 2.96
, CaH6= 2.36 7.63 8.00 9.02_ Lo
i e cAH10 2.92 2.38 2.43 2.87
i 4 CAHB= 8§52 °~ 1.21 "7.53 9.14 :
i CSH12 .z 2.57 2.68 3.29 ;
§ 3 CSH10= 1.94 1.78 1.73 6.79
kR C6H14 3.51 2.55 2.45 3.10
% C6H12x § CYCLO'S 3.10 2.76 2.92 2.85 —
1 F C7+ IN-GAS 20.58 16.65 16.54 16.74 .
o LIQ HC'S 28.86 42,28 40.79 28.52
g TOTAL 100.00  100.00  100.00  100.00 ;
4 £ L
1 % -
b § Table B1§
g ":
A "
3
’ - B272 -
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Table Bl16, cont

~ B273 -

CLR GIL CLR OIL
0.7675
1.4314

o s
SUB-GROUPIEG i
@l =G4 38.68 31.41 32.89
S =4Z0 F 42.42 39.42 38.56
420-700 F 17.72 26.58 24.39
700-END BT 1.18 2.49 4.16
GS+-EED PFT 61.32 66.59 67-.11
ISD/HORMAL MOLE RATIO
ca 0.0687 0.0668 0.0712 -
cs 0.0906. 0.0954 0.0986
cé 0.1225 0.0580 0.1048
Cém 5.0000 0.0000 0.0000
PARAFFIN/OLEFIN RATIO ~
c3 0.3146 0.3088 0.3009
ca 0.3310 0.3193 0.3111
cs 1.6152 1.4080 1.5028
SCHULZ~FLORY DISTRBTN
ALPHA (EXP(SLOPR)) 0.7487 0.8027 0.8214
RATID CH&/ (1-A)**2  1.2276 1.5933  1.9999
ALPHA FRM CORBELATION 0.8227 0.8233 0.8233
ALPHA (SXPYL/CORR) 0.9101 0.9750 0.9977
WRCH4 FRM CORRELATION 20.6666 20.5010  20.4822
WACH4 (BXPTL/CORR) 0.3751 0.3026 0.3114
LTQ HC COLLECTION .
PHYS. APPRARANCE CLR OIL CLR OIL
DRNSITY 0.7630 0.7663 0.7677
N, BEFRACTIVE IKDEX 1.428S 1.4304 1.4314
SIMULT'D DISTILATHN
10 WT % @ DEGC F 340 340 340
16 , aso ass 363
50 a57 486 490
84 553 626 669
90 595 667 701
RANGE(16-84 %) 203 271 306
WT % Q420 F 34.50 31.00 30.00
WIr%azwor 95.90 94.10 89.80

38.7Z
41.18
- 17.08
3.02
61.28

0.07335
0.0925
0.0579
0.0000

0.3129
0.3034
0.4703

0.8014
2.2082

0.8247
0.9717

20.0580
0.4344

340
362
491
669
707

307

29.350
89.40
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X. Run 18 (12200-11) with Catalyst 18 (Fe/K/UCC-~103)

This catalyst is identical, in composition and preparation,
to Catalyst 17, Run 12200-10, except that it was calcined at a
lower temperature and contained slightly more potassium,.

Conversion, product selectivity, isomerization cf the pen-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. B222-225. A gsimulated distillation of the Cxz*t
product of one sample is ploﬁted in Fig. B226. A carbon number
product digtribution for one sample is plotted in Fig. B227., A
chromatogram from simulated distillation of one sample is repro-
duced in Fig, B228. Detailed material balances appear inyTahle'
B17.

Both the activity and the.selectivity of this catalyst were
even poorer than with Catalyst 17. The product was lighter, less

olefinic, and higher in methane.
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RESULT OF SYNGAS OPERATION 1
RUN NO. 12200-11 :
CATALYST FE/K-U103 12251-28 80 CC 34.0 G (WT CHANGE +0.9 G ) T
FEED H2:C0 OF 50:50 @ 400 CC/MN OR 300 GHSV P
- t
RUN & SAMPLE NO. 12200~11-01 200-11-02 %
FEED H2:CO:AR 50:50:0 50:50:0 .
HRS ON STREAM 19.5 43.0 o
PRESSURE,PSIG 300 300 .
TEMP. C 250 . 251 s
FEED CC/MIN 400 400 3
HOURS FEEDING 19.50 23.50 o
EFFLNT GAS LITER 371.40 472.10 .
GM AQUECUS LAYER 6.35 7.85 -
G¥ GIL 0.22 0.51 :
MATERTAL BALANCE )
GM ATOM CAREON % 93.67 97.43
GM¥ ATOM HYDROGEN % 86.52 91.01 N
GM ATOM OXYGEN % 94.49 98.58 :
RATIO CHX/(H20+C02) 0.9226 0.8915
RATIO X IN CHX 2.4985 Z2.5183 T
USAGR H2/CO PRODT 1.3837 1.4395 ‘
FEED H2/CO FRM EFFLNT 0.9341 "
RESIDUAL H2/CO RATIO 0.8454 0.8558
RATIO C02/(H20+C02) 0.3675 0.3440 ;
K SHIFT IN EFFLNT 0.4912 0.4428 :
SPECIPIC ACTIVITY SA 0.4229 0.4016
CONVERSION g
ON CO % 14.54 13.41 ;
ON H2 % 21.78 20.66 b
ON CO+H2 % 18.01 16.91 oo
PRDT SELECTIVITY,WT % , :
CHA : 17.61 18.55 :
C2 HC'S 10.24 10.27
C3H8 5.89 5.91
C3H6= 11.47 10.60
CAH10 5.67 5.67
CAH8= 9.56 8.89
C5H12 5.01 4.93 g
C5H10=a 6.34 5.47 :
C6H1A aA.70 © 3.85
C6H122 & CYCLO'S 2.98 2.49
c7+ IN GAS 18.91 20.18 -
LIQ He'S 1.61 3.20
TCTAL 100.00 100.00 -
Table B1l7 ’
- B282 -
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‘SUB-GROUPING

Tl -C4 60.44

C5 —420 F 38.75

420-700 F 0.55

700-END BT ) 0,16

_CS5+-END PT 39.56
ISO/HORMAL MOLE RATIO

ca4 0.0358

es 0.0656

cé 0.1124

Ch= 0.0000
PARAFFIN/OLEFIN RATIO

€3 0.4901"

ca 0.5730

cs 0.7684

SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLGPE)) 0.6041
RATIO CH&4/(1-A)*%x2  1.1233

ALPHA FRM CORRELATION 0.8195
ALPHA (EXPIL/CORR)  0.7371

WXCli4 FRM CORRELATION 21.6545
WRCHA (EXPTL/CORR) 0.8131
LIQ HC COLLECTION
PHYS. APPEARANCE CLR OIL
DENSITY N/A
N, PEFRACTIVE INDEX N/A
SIMULT'D DISTILATHN
10 WT % @ DEG F
16 )
50
84
90 .

RANGE(16-84 %)

Wl % @agPp
WILe700r

Table Bl7, cont

5%,88
37 ;\‘6
2.26
0.40
40.12

0.0438
0.0596
0.0494
0.0000

£.5315
0.6153
0.8760

0.7216
2.3919

0.8189
0.8811

22.0748
0.8401

CLR OIL
N/A
WA

37
Al4
565
686
115

272

17.00

87.50
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XI. Run 19 (12185-09) with Catalyst 19 (Co/Xo/X10/X;/UCC-103)

This run i3 a second‘attempt to develop an effective catalyst

by iacorporating the three additives X9, X1g and X4 into the co-
balt/UCC~103 formulation of Catalyst. 11 (Rum 12200-06). The
first attempt, inFCatalyst 16 (Run 12200-~09), was unsuccessful.

Cobalt oxide was‘formed in close contact with UCC-IO% by the
method used in Run 11, then further promoted with Xg, X1g and X4.
The resulting powder, after bomnding with 15 percent silica; was
extruded to‘llB-inch‘pellets. The final catalyst contained 11.3
percent cobalt, 0.5 percent Xg, 0.7 percent Xlo'and 1.3 percent
X4 ,

Convergion, product selectivity, is;merization of the pen-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. B229-232, Simula?ed distillations of the Cs*
product are plotted in Figs. B233-2Z234, Carben nember product
distributions are pibtted in Figs. B235-236. Chromatograms froﬁ
gsimulated distillations are reproduced in Figs. B237-238. be-
tailed material balances appear in Table B18,

The initial activity, although higher than with Caéalyst 16=--
syngas conversion about 44,8 percent, specific activity 0,7, as
against 28.7 percent and 0.29 respectively--was still unaccepta=-

bly low.

Due to the nature of the new method of preparation, the X4

- B284 -
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:AN different sov?ﬁe than previously. A4s will be reported in Run 20,
subsequent analysis of the catalyst indicated that use of the new s )

Lo

I, LTI

used both in this catalyst and in Catalyst 16 wasg obtained from a

source resulted in a poisoning of the catalyst.
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RESULT OF SYNGAS QPERATION

g By . ——y N
RUM NO.  12185-09
CATALYST CO/X9/X10/X4-U103 12251-20-14 80 CC 42.4 G (WT CHANGE +2.8 G)
FEED H2:CO OF 50:50 @ 400 CC/MN OR 300 GHSV :
i RUN & SAMPLE KO. 12185-09-01 185-09-02
36 FERD H2:CO:AR 50:50: 0 50:50: 0
45 HRS ON STREAM 24.5 48.5
g PRESSURE, PSIG 300 300
£ TEMP. C 262 264 ~
K FEED CC/MIN 400 400 : X
; HOUBS FEEDING 24.50 24.00
EFFLNT GAS LIYER 335.00  349.15
. GM AQUEQUS LAYER 58.01 56.96
j GM OIL 10.70 14.28
: MATERIAL BALANCE
! GM ATOM CARBON % 91.89 94.82 -
- ‘ GM ATOM HYDROSEN %  93.39 98.16
:I S GM ATOM OXYGEN % 99.42  102.29
' RATIO CHX/(H204C02)  0.7558  0.7568 :
RATIO X IN CHX 2.4783 2.4592
USAGE_H2/CO PRODT 2.2778  2.3019

FEEDL H2/CO FRM EFFLNT 1.0163 1.0353
RESIDUAL H2/CO RATIO 0.537C 0.5813 ) .
RATIO CO2/(H204C02) 0.0656 0.0571 <!

Y. SHIFT IN EFFLNT 0.0377 0.0352
SPECIFIC ACTIVITY SA 0.7337 0.5577 o
CONVERSION g . o
ON CO % 27.53 26.38 -
K3 ON H2 % 61.71 58.66 4
: ON-CO+H2 % 44.76 42.80 :
PRDT SELECTIVITY,WT % . -~
CH4 18.53 18.09
1 Cz HC'S 4.11 "3.54 -
K C3H8 3.50 2.80
i " C3Hé= 6.60 5.50
: CAH10 3.76 . 3.08 . . -
CAHB= 6.33 5.41 o A
CSH12 4,38 3.34 '
CSH10= 4.84 4,19
1 C6H14 4.46 3.24
: C6H12= & CYCLO'S 3.31 2.62
l C7+ IN GAS 13.95 12.482
: LIQ HC'S 26.18 35.75
d a.
B TOTAL 100.00 100.00 ‘-
: Table Bl8
- B296 -




SUB-GROUPING
cl -c4
CS -420 F
. 420-700 F
700-END PT
CS5+-END PT
ISO/NORMAL MOLE RATIO
ca
c5
c6
Cé=
PARAFFIN/OLEFIN RATIO
c3
ca
cs
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOPE))
RATIO CHA/(1-A)*%x2

ALPHA FRM CORRELATION
ALPHA (EXPTL/CORR)

WRCH4 FEM CORRELATION
WICHA (EXPTL/CORR)
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULI'D DISTILATN
10 WIRQ@DEGCF
16
30
84
90

RANGE(16-84 %)

W% QA20F
WI ReQ700F"

42.92
40.32
14.90

1.86
57.08

0.0367
0.0757
0.0900
0.0000

0.5208
0.5721
0.8718

0.7852
4.0144

0.8410
© 0.9336

17.5659
1.0547

CLD OIL
0.7577
1.4265

301
341
480
647
678

306

36.00
92.90
36.00
92.27

Table B18, cont

-1

38.43
37.79
20.31

3.47
61.57

0.0358
0.0692
0.0379
0.0000

0.4852
0.5501
0.7752

0.8107
5.0514

0.8370
0.9686

9.2152
0.9417

OIL WAX

0.7730
1.427¢

303
344
489
658
696

314

33.50
90.3D
33.50
90.36
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XII. Run 20 (12185-11) with Catalyst 20 (Co/X9/X30/UCC-103)

This run continues the search for additives to stabilize the
cobalt/UCC-=103 Catalyst 11 of Run 12200-06, whose initial activi-
ty was exceptionally high. . Formulation was the same as for Cata-
lyst 16 (Run 12200;09) but omitting the additive X4.

Coﬂalt oxide was promoted with Xg and Xjg, then formed iﬁ
close contact with UCC-103 by the method used in Rum 11, The
resulting powder, aftef bonding #ith 15 percent gilica, was ex-
truded to 1/8-inch pellets. The final catalyst contained 11.9
perceat cobalt, 0.5 percent Ig and 0.7 percent X1g.

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4i's are plotted against timé on
stream in Figs. B239~242., Simulated distillations of the Cs*

product are plotted in Figs. B243-247, Carbon number product

distributions are plotted in Figs. B248-252, Chromatograms from -

simulated distillations are reproduced in Figs, B253-257. De-
tailed material balances apbear in Table-BI9.

The pe¥formance of this catalyst was similar in many respects
to that of Ca alyst 11 (Run 12200-06). Its comversion of syngas
wag initialli 88.8 perceﬁt, for a specific activity of about 7.6
(vs. 91.48 percent and 1235 respectively for Catalyst 11), and
deactivated rapidly to 62.0 percent, specific activity 2.3, at

115.5 hours on stream (vs. 68.5 percent, 4,0 and 165.5 hours re-
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spectively for Catalyst 11). Evidently the inferior activity of

Catalysts 16 and 19, both consisting of Co/X¢/Xjg/X4/UCC~103, was

due to the additive Xg4.

The initial water gas shift activigg was also extremely high,
with nearly 60 percent of the oxygen converted to QOZ, and de~
creased to 23 percent at 115.5 hours. These values compare with
an initial 69 percent for Catalyst 11, and a final 26 percent at
165.5 hours; the final levels with both catalysts were twice as
high as for any previous intimately contacted catalyst.

As to sélectivity,.the calculated alpha value and the Cgt
product were substantially lower than with Catalyst 11. Most of
the difference in this respect, however, is probably due to the
slightly lower activity of this catalyst,; resulting in a higher
residual H9:CO ratio in the reactor. In terms of ratio of weight
percent methane experimentally observed to weight percent pre-
dicted by the mathematical model, this catalyst actually produces
less methane than Catalyst 1l:

Catalyst 20, Rum 12185-11 1.09:1
Catalyst 11, Run 12200-06 1,28:1
The oclefinic content of the C4's varied with time, and level-

éd off at about 50 percent, as compared with about 60 percent for

Catalyst 1l.

An unusual. feature cf this catélyst is a carbon number cut-
off, as shown in the thulz-Flory plots. The effect appears to
be real, 'since it persisted evea after good material balanczes

were obtained. This is the most striking'difference between this

- B299 -
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catalyst and Catalyst 1ll.

This run has been useful for its demonstration that the addi-
tive X4 has probably been responsible for the poor activity of
certain previous catalysts. The additives X9 and Xjp have some~
what improved product selectivity, reduced the production of
methane, and induced a carbon number cutoff. ‘What is needed now

is an additive or treatment to improve the catalyst's stability.
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RESULT OF SYNGAS OPERATION SR

RUN NO.  12185-11 ) .
CATALYST CD/X9/X10-U103 12251-30-23 250 CC 108.2 G (WT CHANGE +49.4 G ) ‘ "

ool A

: FEED H2:CO OF 50:50 @ 1260 CC/MN OR 300 GHSV .
B RUN & SAMPLE NO. 18511.01 18511.02 18511.03 18511.04 18511.0S RO
:'.' . DDREAMTAMN  WOEARCURES  WNIUDNDN  FWIAITRRE  TIIAMIE TN ~ 7
; FEED H2:CO:AR . 50:50: 0 50:50: 0 50:50: 0 50:50: 0 50:50: O
3 HRS ON STREAM 20.0 42.5 67.0 92.0 115.5
PRESSURE, PSIC 300 300 300 300 300
! g TEMP. C 262 262 262 262 261
oF FEED CC/MIN 1265 1260 1260 1260 1260 ¥
13 HOURS FEEDING 20.00 22.50 24.50 25.00 23.50
A BFPLNT GAS LITBR ~ S15.75  513.86  649.19  841.80  841.45
g% GY¥ AQUROUS LAYER 104.72  167.30  205.10  185.61  171.53
& G¥ OIL 56.79  130.81  113.59  ,87.82  70.79 :
*}ié MATERIAL BALAHCE -
i GM ATOM CARBON % 88.43 90.53 85.45 93.81 94,51 =
}ga’ GM ATOM HYDROGEN %  90.58 89.47 94.35 96.13 96.01
GM ATOM OXYGEN % 91.13 95,91 89.40 96.98 97.85
l& RATIO CHE/(H204<02) 0.9454  0.8966  0.9103  0.9222  0.9138 oo™
i RATIO X IN CHX 2.6870  2.3730  2.4294  2.5030  2.4799 0
B USAGE H2/CO PRODT 1.0862  1.1686  1.5108  1.4993  1.5470
EH FEED H2/CO FRM EFFLNT 1.0244  0.9883  1.1041  1.0247  1.0159
RESIDUAL H2/CO RATIO 0.6385  0.3283  0.4442 0.4788  0.5031 .
g1 RATIO CO2/(H20+C02) 0.5959  0.4685  0.2909  0.3684  0.2825 : "
K SHIFT IN EFFLNT 0.9417  0.2895  0.1823  0.2135  0.1981 -
SPECIFIC ACTIVITY S& 7.5897 12.7630  4.0002  2.7086  2.3143
it CONVERSION .
i oN CO % 86.19 78.55 61.87 53.46 49.13 )
g% oM H2 % 91.39 92.87 84.66 78.26 74.81
{a ON CO+H2 % 88.82 as.67 73.83 66.01 62.07
PRDT SELECTIVITY,WT %
iy CHA 27.49 12.91 15.35 19.01 17.87
3 C2 He'S 3.43 1.91. 2.41 2.9 2.87 ,
el c3ua 5.44 2.55 3.25 4.02 4.11 i
w}f C3H6= _1.15 1.96 1.50 1.63 2.04 ;
13 C4H10 5.61 2.40 - 3,01 3.60 .
£ CAHB= 2.57 - 3.13 T 2.47 - 273 3.16
& CSH12 . 6.92 3.23 3.70 . 4.3% 4.64 -
2 CSH10= 2.52 3.03 2.42 2.10 2.44
s C6H14 .7.52 3.62 4.04 4.77 5.03
C6H12= & CYCLO'S 0.27 1.84 1.56 1.68 2.00 .
C7+ IN GAS 13.25 7.87 8.83 11.80 14.50 -
LIQ HC'S 23.73 55.57 51.45 41.34 37.63
TOTAL 100.00  100.00  100.00  100.00  100.00 e
Table B19
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SUB-GROUPING

c1 -cé 45.69 24.85
C5 -420 F 47.43 51.26
420-700 F 6.45 22.95
700-END PT 0.43 0.94
CS+-END PT 54.31 75.15

ISO/NORMAL MOLE RATIO

c4 0.0293  0.0138

cs 0.1278  0.0722

ce 0.2643  0.1537
Cé= 0.2294  0.0549 _

PARAFFIN/OLEFIN RATIC

c3 4.5172  1.2425

ca 2.1064  0.7404 -
s 2.6724  1.0372

SCHULZ-FLORY DISTREIN
ALPHA (EXP(SLOPE)) 0.7305 0.796%
RATIO CH&/(1-A)**2 3.7828 3.1313

ALPHA FRM GORRELATION 0.832S 0.8649
ALPHA (EXPTL/CORR) 0.8774 0.9214

WRCHS FRM CORRELATION 20.1838 10,1304
WRCH4 (BXPTL/CORR) 1.3620 1.2746
LIQ HC COLLEBCTION .
PHYS. APPRARANCE CLD OIL OIL WAX
DBNSITY 0.7310 0.7421
B, REFRACTIVE INDEX 1.4142 1.4192
SIMULT’D DISTILATE

10 WT % @ DEG F 209 231
% 243 258
50 ‘ 347 391
8a 486 559
950 533 599
RANGE(16-84 %) 243 301
WI % QA0 F 71.00 57.00
UIT%@700F- 98.20 98.30

Table B19, cont

27.99 33,95
43.71 42.90
25.21 19.60

3.09 3.56
72.01 66.05
0.0239  0.0223
0.0899 0.0912
0.1710  0.1706
0.1171  0.1124
2.0674  2.3475
1.1762  1.2726
1.4853 2.0169
0.8184 0.8185
. 4.6531  S.7713
0.8502  0.8466
0.9625 0.9668
14,6990 15.8328
1.0444  1.2009
OIL WAX CLR OIL
‘0.7521  0.7531
1.4244 1.4248
257 . 258
298 299
450 454
625 650
666 690
327 351
45,00 44.00
94,00 91.40

33.75
45.17
17.20

3.88
66.25

0.0192

0.0R18 -

0.1516
0.0916

1.9210
1.1357
1.8488

0.815G
5.2226

0.8442
0.9655

16.3551
1.0924

CLR OIL
0.7536
T 1.4254

259
300
453
661
703

36l

44.00
89.70
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XITI. Run 21 (12200-12) with Catalyst 21
: (Co/Xg/X10/%4/0CC-103+0UCC-112
Run 22 (12185=12) with Catalyst 22
Co/Xg/X10/X4/0CC-103). .

The purpose of these two runs was to test the effects of a
number of variations om the successful Catalyst 15 (Run 12185-"
08). As compared with Catalyst 15, both catalysts contained (a)
higher levels of cobalt oxide in close contact with UCC-103, in-
tended to improve the specific activity, and (b) higher propor-
tions of X; to cobalt, intended to raige the clefin content of
the product. In additiom, a new shape seléctive component, UCC-
112, was incorporated in Catalyst 21 to test its effect on pro-
duct qualitye. |

In Catalyst 21, cobalt oxide was promoted with X9 and Xjg,
then further promoted with X4, and formed in close contact with
UCC-103, as in Catalyst 15. The resulting powder was mixed with
UCC-112 in a weight'ratio of 1,125:1, and the mixture, after
bonding with 15 percent silica, was extruded as 1/8" pellets.
The finagl catalyst contalned 5.84 percent cobalt, 0.26 percent
X9, 0.29 perceat Xjg and 1 34 percent X4.

Catalyst 22 was formulated in the same way except without
UCC-112, The final catalyst contained 11.0 percent cobalt, 0,49
percent X9, 0.54 perceat Xjg and 2.354 pe}cent X4

For Catalyst 21 (Run 12200-12), conversion, product selectiv-

~ B322 -




IS e

ity, isomerization of the pentane, and percent olefins of the

Cs's are plétted against time on stream in Figs. B258-261, Simu-
lated distillations of the Cst product are plotted in Figs. B262-
268. Carbon number product distributions are plotted in Figs.
B269-275. Chromatograms from simulated distillations are repro-
duced in Figs. B276-282. Detailed material balances appesar in
Tables B20-21.

For Catélyst 22 (Run 12185-12), conQersion, preduct selectiv-
ity, isomer#gatioh of ghe pentane, and percent olefins of the
Ci's are plotted against time on stream in Figs. B283-286., Simu-
lated distillations of the Cs¥ .product are plotted in Figs. B287-
290. Carbon number product distributions are plotted in Figs,
B291-294, Chromatograms from simulated distillations are repro-
duced in Figs. B295-298. Detailed material balances appear in
Table B22, |

The specific activity of Catalyst 13, at 93 hours on stream,
was about 2.3. On a percent cobalt basis, the comparable specif--
ic activities of Catalysts 21 and 22 should have beea 1.6 and 3.0
respectively. Instead, the specific.activity of batalyst 21 at
90.5 hours was 0.71, and that of Catalyst 22 at 93.5 hours was
2.1, |

Both runs were too short to provide useful data on stability.
Catalyst 21, at the end of its 163.5 hour run, was still deacti-
vating at a rate of one percentage polnt every 20 hours., Cata-
lyst 22, which lacked UCC-112, appeared to have stabilized after

about 69.5 hours om stream st a syngas conversion rate of 58 per-
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cent and specific activity of 2.1. A similar initial deactiva-
tion was observed for the reference Catalyét 15, 2

The product selectivities of all three catalysts were fairly
similar. Raisiag the X4 content in Catalysts 21 and 22, as ex-
pected, improved the olefin content of the C4 fractiomns: 56 and
55 percent respectively at about 100 hours on stream, versus
ahout S50 percent for Catalyst 15;

Isomerization of the C5t's was nearly the same with both
Catalysts.21 and 22, The product of Catalyst 21, however, did . 2?
contain a small proportion of isomerized C4 olefins, which was
not detected in the product of Catalyst 22, The incorporation of
UCC-112 thus had little or no effect on product quality.

These two runs demonstrate that increasing the cobalt content - !

- does not in itself necessarily raise a catalyst's specific activ-
ity; that raising the X4 content in this type of formulation can
.& improve olefin production; and that UCC-l12, like cother second }

‘shape-~gelective components which have been added, contributes

P

little or nothing tc product gquality. ' ot
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RESULT OF SYNGAS OPERATION

L RUN NO.  12200-12 -
CATALYST CO/XS/X10/X4-UL03+U112 250 CC 107.5G (WT CHANGE +16.7 G)
£ FEED H2:C0 OF 50:50 @1260 CC/MN OR 300 GHSV
7
i F RUN & SAMPLE ¥G. 12200-12-01 200-12-02 200-12~03 200-12-04 200-12-05
o =R VTS e F g .
i B FEED H2:CO:AR 50:50: 0 50:50: 0 50:50: 0 50:50: 0 50:50: 0 .
?E HRS ON STREAM 19.5 42.5 . 6.5 90.5 115.5 -
i PRESSURE,PSIG 300 300 306 300 300
% i TEMP, C 262 261 261 261 261
35 FEED CC/MIN 1260 1260 1260 1260 1260
il HOURS FREDING 18.50 23.00 24.00 24,00  25.00
[ EFFLNT GAS LITER 783.75 1021.75  1092.40 1143.35  1234.20
i GH AQUEOUS LAYER 158.48  168.73  167.95  154.49  152.82
il GM OIL 36.61 47.54 49.27 45.48 40.37
it MATERIAL BALANCF '
4 GM ATCM CARBON % . 94.55 97.47 97.79  95.54 97.63 :
4 GM ATOM HYDROGEN %  91.81 93.95 94.76 = 99.79 97.08
GM ATGM OXYGEN % 101.62  103.37  102.59 98.64  101.65 ‘
RATIO CHX/(H20+C02)  0.7889  0.8059  0.8346  0.8847  0.8443
RATIO X IN GHX 2.3417  2.3905  2.3819  2.4488  Z2.4752 i
USAGE H2/CO PRODT 2.1452  2.1792  2.1627  2.1511  2.2013

FEED H2/C0 FRY EFFLNT 0.9%710 0.9639 0.9689 1.0445 = 0.9943
RESIDUAL H2/C0 RATIO 0.4546 0.5108 0.5382 0.6450 0.6163 ;
RATIO CO02/(H20+C02) 0.0736 0.0651 0.0598 0.0571 9.0582

: K SHIFT IN EFFLNT 0.0361  0.0356 0.0342  0.0391  0.0381 o

K SPECIFIC ACTIVITY SA  1.3416 1.0307 0.9289  0.7067 0.6708 i
it CONVERSION
=k ON CO % 30.55 27.16 26.52 - 26.52 23.85 =
: oN H2 % 67.48 61.40 59.18 54.63 52.80

oN co+l2 % 48.74 43.97 42.59 an.82 38.28 .
g PRDT SELECTIVITY,WT % . -

Ak CH4 10.64 12.62 12.32 16.58 13.04 .
a1 C2 HC'S 3.37 3.76 3.31 .+ 2.78 2.97

3 : C3H8 4.61 4.90 4.45 4.06 4.06
o C3H6= 3.31 3.10 3.05 3.06 3.29 .

EN CAH10 3.66 ° 3.69 = 3.65 3.45 3.62

p C4HE= 5.81 5.22 4,75 -+ 4.35 4.42 o
C5H12 4,05 4,27 4.44 4.28 4.31

3 CSH10= 4.99 2.79 3.34 3.95 3.83

: C6H14 4.38 4,21 4.81 4.46 4.91

K C6H12= & CYCLO'S 1.86 1.09 1.20 2.16 2.35

- C7+ IN GAS 21.54 16.74 16.81 15.31 15.34 ‘

3 LIQ HCG'S 31.79 37.62 37.84 35.35 32.86 —_—
.‘a . ‘. "_
4 TOTAL 100.00 100.00 100.00 160.00 100.00

1t

% i Table B20
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SUB-GROUPING .
Cl ~C4 . 31.39
C5 =420 F e 54.08
420~-700 F 13.10
700-END PT 1.43
C5+-END PT 68.61
IS0/NORMAL HOLE RATIO
C4 0.1328
c5 0.1587
cé 0.1745
Cé= 0.1510
PARAFFIN/OLEFIN RATIO
c3 1.3313
C& 0.6079
cS 0.7894

SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOPE)) 0.7703
RATIO CH4&/(1-A)**2  2.0162

ALPHA FRM CORRELATION 0.8491
ALPHA (EXPTL/CORR) 0.9072

W4CH4 FRM CORRELATION 15.0493
WXCH4 (EXPTL/CORR) 0.7072
LIQ HC COLLECTION
PHYS. APPEARANCE OIL WAX
DENSITY (* 40 C) 0.7578
N, REFRACTIVE INDEX 1,4268
SIMULT'D DISTILATN

10 WT % @ DEG F 260
16 _ 296
50 406
84 585
90 634
RANGE(16-84 %) 289
WL % @ 420 F 54.30
WE % @ 700 F 95.50

33.28
45.65
18.10

2.97
66.72

0.0369
0.0693
0.0313
0.0772

1.5110
0.6820
1.4903

0.8056
3.3379

0.8435
0.9551

16.5842
" 0.7609

OIL WAX
0.7568
1.4274

289
305
451
639
682

334

44,00

92.10

31.54
46.13
18.54

3.78
68.46

92.0302
0.0628
~ 0.0805
0.0757

1.3921
0.7406
1.2907

- 0.8127
3.5139

0.8409
0.9665

17.3732
0.7093

OIL WAX

0.7560 .

1.4266

298
aos
457
652
700

344

41.00
90.00

Table B20, cont

34.48
44.31
17.14

4.07
65.52

0.0255
0.0605
0.0360
0.0722

1.2650
0.7660
1.0537

0.8159
4.8899

0.8321
0.9805

20.1096
0.8243

OIL WAX
0G.7569%
1.4206%

298
336
479
668
711

332

40.00
88.50

36.40
43.23
15.97

4.40
83.60

0.0290
0.0525
0.0333
0.0693

1.1787
0.78%6
1.0951

0.8160
5.3263

0.8343
0.9780

19.4224
0.9286

OIL WAX
0.7486%
1.4216%

300
340
483
681
728

" 341

38.00
86.60
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RESULT OF SYNGAS OPERATION =

RUN NO. 12200-12 o ' Db
CATALYST CO/X9/X10/X4~UL03+U112 12251-14 250 CC 107.5 G(WT CHANGE +16.7 :
FEED H2:C0 OF 50:50 @l260C CC/MN OR 300 GHSV CRR

RUN & SAMPLE NO. 12200-12-06 200-12-07

T s

FEED H2:C0:AR 50:50: 0 50:50: O
HRS ON STREAM 138.5 163.5 3
PRESSURE , PSIG 300 300
TEMP.. C 261 262
FEED CC/MIN 1260 1260
HOURS FEEDING 23.00 25.00
EFFLNT GAS LITER 1148.30  1265.25
GM AQUEOUS LAYER 135.90  147.88 .
GM OIL 45.95 43.98 _
MATERTAL BALANCE
G ATOM CARBON % 99.70 98.88 : 2
GM ATOM HYDEOGEN %  99.19 98.25
GK ATOM OXYGEN % 101.33  102.40
RATIO CHX/(H20+C02)  0.9349  0.8601 ‘ : .
RATIO X IN CHX 2.4531  2.4855 "'
USAGE H2/CO PRODT 2.0991  2.1861

FEED H2/CO FRM EFFLNT 0.9949  0.9937 ' T
RESIDUAL H2/CO RATIO 0.6264  0.6299 | ,
RATIO CO2/(H20+C02)  0.0584  0.0592

K SHIFT IN EFFLNT 0.0396 0.0396 -
SPECIFIC ACTIVITY SA 0.6946 £.5031 L
CONVERSION :
ON GO % 25.02 23.38
o H2 % 52.79 51.43
ON CO+HZ % 38.87 37.36
PRDT SELECTIVITY,WT % )
CH4 " 16.96 18.42 ‘ “
€2 HC'S 3.02 3.24 .
C3H8] : 3.66 3.88 '
C3H6= 3.04  3.32 3
CAHLO © a.39 3.52 ‘ o
G4HBa 4.14 4.23 : .
CSH12 3.96 4.21
C5H10= 3.52 3.75
_C6H14 4.40 4.67 X
C6H12= & CYCLO'S 2.02 2.13
C7+ IN GAS - 14,07 12.60
LIQ HC'S 37.81 36.03 .
TOTAL 100.00 100.00
Table B21
- B352 -




SUB-GROUPING
Cl -Ca4
€5 -420 F
420-700 F
700-END PT
CS+-END PT
ISO/NORMAL MOLE RATIO
c4 )
cs5
c6
Cé=
PARAFFIN/OLEFIN RATIO
c3
ca
cs
SCHULZ-FLORY DISTRBTH
ALPHA - (EXP(SLOPE))
RATIO CHA4/(1-A)¥**2

ALFHA FRM CORRRLATION
ALPHA (EXPTL/CORR)

34.22
42.72
18.45

4.61
65.78

0.0311
0.0483
0.0341
0.0675

1.1507
0.7900
1.0923

0.8172
5.0758

0.8335
0.98C4

WRCHA FRM CORRELATION 19.6679

WICHA (EXPTL/CORE)
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY (* 40 C)
B, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT % @ DEG F
16
50
84
90

RANGE(16-84 %)

YT % @ 420 F
WI%Q@T700F

0.8625

OIL WAX

0,7479%
1.4210%

300
340
476
667
719

327
39.9%0
87.89

Table B2]l, count

36.60
41.06
17.83

4.50
63.40

0.0250
0.0549
0.0305
0.0000

1.1162
0.8049
1.091¢6

0.8145
5.3514

0.8332
0.9776

19.9785
0.92138

OIL WAX

|0.7489%
1.4217%

300
340
481
669
727

329

38.00
87.52
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Product Distribution
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