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RES~JLT OF SYNGAS OPERETZON 

RUN UO, 12200-09 
CATALYST CO/X91ZIOIZA-UI03 12251-10 80C~ 33 G (WT CHANGE + G G) 
FEED H2:CO OF 5 0 : 5 0  @ ~00CC/HN OR 300 GHSV 

R'JH& SAHPLE NO. 

FEED H2:CO:AR 
HI~S 0N STREA~ 
PRESSUEE, PSZG 
TEHP. C 

12200-09-01 200-09--02 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
18.5 4 2 . 5  

300 300 
264 260 

FEED CC/EIN 400 400 
HOURS FEEDING 18.50 26,. 00 
EFFL~ GAS LITER 284.95 407.40 
GH AQUEOUS LAYER 30.66 34,18 
G]~ OIL 5.04 II. 48 
K%TERIAL BALANCE 

G~ ATOE C.,AR~ON % 86.42 95.67 
G~ ATOM H~DRL'IG~g % 84.13 91.03 
G~ ATOH" OXYGEN % 95 • 79 ~ 9 . 9 0  

RATIO CHZ/(H20+C02) 0,5677 O. 7806 
RATIO X TN CHK 2.4414 2. 3846 
USAGE H2/GO PRODT 2.7951 • 2.3424 
FEED H2/CO FEH E.~'FLNT 0. 9736 0. 9515 
RESIDUAL HRJCO RATIO 0.6536" 0.6796 
RATI~ C02/(H'20+C02) 0.0280 0,0306 
K SHIFT I~ EFFLh'T 0.0188 0.0214 
SPECIFIC ACTZVI'IT SE 0.2906 0.3789 
CONVEP~I0~ 

OH C0 % 14.94 16.35 
OH H2 % 42.90 40.26 
ON CO+K'~. T~ 28 • 73 28.01 

PP.DT SELECTIVITY, WT 
CR4 17.02 14.05 
C2 HC'S 3.35 3.00 
C3H8 3 , 1 2  2,46 
C3HG- 5.89 4.67 
C41IlO 3.43 2 . 6 0  
C4H8" 6 . 0 5  4.75 
~-5H12 3 • 92 3 • 21 
CSH10" 1 • 30 0.50 
CSHZ4 ' 4.46 3,26 
C5H12: & CYCLO" S 3. I0 2.64 
C7+ I'~ GAS 17.37 14.23 
LZQ HC* S 30.98 44.64 

TOTAL 100. O0 100 .  O0 

Table B!5 
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b 

t, 

str~-G~o~rP ~NG 
Cl  ..Ca 38.86 
C5 -420  F 3 8 . 9 9  
420--?00 F 18.12 
?~j~K~ID PT 4 . 0 3  
CS+-END PT 6 i. 14 

ZSO/NOP, NAL ~OLE RATIO 
CA 0.0311 
C5 0 .0537  
C6 0.0736 
C4= 0.0000 

PARA~FZ~IOLEFI~ ECTIO 
C3 0 .5061 
Ca 0 ,5464 
C5" 2 .9310  

SCHULZ-FLOP.Z DISTRB2~,T 
ALPHA (EZPC~LOPE)) 0.8159 
RATIO CHA/CI-&)~2 5.0213 

31.52 
36.78 
27.9~ 

3:70 
68.48 

0.0000 
' 0 .0490 

0 .0000 
0 .0000 

0.5029 
0.5280 
6.1712 

0.8209 
4 .3803 

ALP~AFRJ~CORRELATIOU 0 . 8 3 1 3  : 0 .8296 
ALPHA (E~TL/COPJ~) 0 .9815  0 .9895 

~ a  BRM CORRELA.TZOU 20 .9859  
w~CH4 (E~--TL/¢OR2) 
LIQ HC COLLECTIO~ 

PHi3. APPEARA3~E 
DE~SITY (~ 40 C) 
~r, REFRACTIVE ImDEZ 
SZMULZ' D DISTILET~ 

I0 W2 % @ ORG F 
16 
50 
84 
90 

20.6718 
0.8112 0.6798  

CLROIL OIL WAZ 
0,7516x 0.7565~ 
I.A221~ 1.4236~ 

340 340 
378 373 
517 A95 
684 650 
716 688 

RANGE(16-84 %) 

T ~ %  @ 420 F 
~ %  @ 70O F 

306 277 

28.50 29.oo 
87.00 91.70 

Table BIS, conn 
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IX. Run 17 (12200-I0) with Catalyst 17 (FelK/UCC-I03) 

The purpose of this run was to test the use of.lron as the 

Fischer-Tropsch active metal in intimate contact with UCC-I03. 

Because iron has been found to be generally less reactive than 

c~balt, the catalyst was formulated using the method employed in 

Catalyst 11, whose Initial activity was so extraordinarily high. 

Iron oxide was promoted with potassium, then formed in close 

contact with UCC-I03 by the meuhod used in Catalyst II. The re- 

sulting powder, after bonding with 15 percent silica, was extrud- 

ed to I/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- 

rate, and percent olefins of the C4ts are plotted against time on 

stream in Figs. B207-210. Simulated distillatlons of the C5+ 

product are plotted in Figs. B211-213. Carbon number product 

distributions are plotted in Figs. B214-217. Chromatograms from 

simulated distillations are reproduced in Figs. B218-221. De- 

tailed m~terial balances appear in Table BI6. 

The first three samples were invalideted by a leak in the 

reactor at the beginning of the run. In Sample 4, at 41.5 hours 

on stream, the syngas conversion was a very poor 23.1 percent. 

Total motor fuels and C5+ were considerably lower than with co- 
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bali systems. The run was too short to yield any useful data on 

stability. 

The catalyst demonstrated two desirable properties in compar- 

ison with the cobalt systems: a reduced methane'yield, and a suB- 

stantially hi~her olefin ¢oatent of the C~'s~ on the order of 75 

percent as against the 50 percent generally obtained with cobalt. 

The overall activity, however, is unacceptab!y low. 
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CATAL~S~ 
FEED 

~.BSULT OF S~N(gAS OPF, RATrOg 

12200-10 
F@/K--0103 12251-17 80 CC 37.5 G (~J~ C',fJ~CE +5.5 G) 
H 2 : C 0 0 P  5 0 : 5 0  @ ~00CC11'~1' OR 300 GHSV 

RUM & SABPLg sO.  

~ED H2:CO:~ 
0ff STEEA~ 

PRESSORE, PSIG 
T ~ P .  C 

12200-10-02 200-10-03 200-10-04 200-10-06 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
~ . 5  66.0 90.7 116.2 

300 300 300 299 
250 250 250 250 

FgRn CC/aX~ 400 
HOUI~ FEF, DZh'G 22.50 
Blm'T.,~ICGa~ L:Z'~I~ 199.50 
~ f ~ t ~ O U S  ~ 18.06 
G~ Ol~ 2 .9~  
MAZERZALBALA~¢~ 

GH~ .mOM~0M % 46.38 
G~AZ0~HYDROGE~% 48.61 
G~ ,¢¢0~ 0 ~  % 51.36 

9Jt.TZ O C',tX/(H20+C02) 0.5624 
~,TZO Z ZN (',',;~X 2,2777 
U.~Gg H2/CO PROI~ 2.4032 
F~,9 H21CO FBJ~'L~JI¢ 1 . 0 4 8 2  
RBSZDUAL H2/COP..CTZO 0,7919 
P, ATZO C02/(H20+CO2) 0,0849 
~SI'I~J~ T.Ig'g~'F~ 0,0735 
SP~CZ~ZC ACT~VZTY ~ 0.4998 
COM1/ICB~ZOU 

0M CO % 1 5 . 9 0  
OM H2 % 3 6 . 4 6  
ON CO+H2 ¢ 2 6 . 4 3  

CH4 7.75 
C2 HC'S  7,03 
C3H8 3.09 
C3H6m 9.36 
C4H10 2.92 
C4K8- 8.52 
CSH'I.2 3 . 2 3  
C5H10= 1.94 
C6H.1,4 3.5~ 
C6H12= & CTCL0'S 3.10 
C7+ Z~C,a~ 20.58 
LZQ HC'S  28.86 

400 400 , 
24.50 24.67 1 

207.39 2 1 2 . 3 Z  
2O.76 22.73 

5.33 5.10 

45.62 
48.40 
50.05 

0.6226 
2.2442 
2.3354 
1.0609' 
0~7833 
0.0733 
0.0620 
O.5742 

17 .89  
39 .37  
28 .95  

46.16 
49.62 
51.56 

0.5713 
2.2486 
2.4592 
1,0748 
0.7823 
0.0686 
0.0576 
0.5562 

Z7.44 
39.91 
29.08 

6.20 G.38 
5.51 6.04 
2.47 2.52 
7.63 8.00 
2.38 2.43 
7.21 "7.53 
2.57 2.68 
1.78 1.73 
2.55 2.45 
2.76 2.92 

1 6 . 6 5  1 6 . 5 4  
4"2.28 40.79 

• 400 
25,50 

644,80 
-24.18 

6.28 

92.07 
86 .86  
94.94 

0.8097 
2.2867 
1.9727 
0.9435 
0.7607 
0,1105 
0.0945 
0.5109 

15.08 
31,53 
23.07 

8.71 
6,02 
2 .96  
9 . 0 2  
2,87 
9.14 
3.29 
6.7-9 
3.10 
2.85 

16.74 
28.52 

TOTAL 100,00 "t00,00 100,00 100,00 
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• ~ ,--c~ 3 8 . 6 8  31.-,~i 
c5 -420 F 42.42 39.4:~ 
420-700 F 17.72 26.68 
7oo;.sm) ~ 1 .18 2.~9 
CS+.-E~ eT 61.32 6~.59 

XSOINOPJSAL BOLE RATIO 
04 0.0687 0.0668 
C.5 0 . 0906 0 • 0954 
C6 0.1225 0.0580 
C.4- 0.0000 0.0000 

PA.I~A.FFZ~I/OLEFT.N ~TIO 
(:3 0 . 3 1 4 6  0 . 3 0 8 8  

C4 0.3310 0. 3193 
C5 1.6152 1.4080 

SCHULZ-FLOP~ DZSTRB~ 
ALPHE CEXP(SLOPE) ) 0.7487 0.8027 
ELTZD ~'q41 (I-A)*'*2 I. 2276 I. 5933 

32.89 
38.56 
24.39 

4.16 
6 7 ; I i  

0 .0712 
0.0986 
0.1048 
0.0000 

0.3009 
0.3111 
1.5028 

0 . 8 2 1 4  
1. 9999 

I ° . 

r :  

ALPHA ~ ~"ORRELA~O~ 0.8227 
ALPHA. C~D[P'/L/COI~) 0.9101 

~'£CH4 FI~COEBELATION 20.6666 
W't, CH4 (EZPCL/COg.E) 0 .3751 
LZQ l i e  COT,,I~GCZOI~ 

~ 1 . ~ .  A P P ~ I R C Z  CLR OTJ., 
11~E1~"Z 0. 7630 
N, BEFRACTZ%'E TJiDEX 1.4285 
SZNULT" D DZSTZ[JLTN 

I0 WT I; @ DEG F 340 
16 , 350 
50 457 
84 553 
90 595 

0.8233 
0 .9750 

20.5010 
0.3026 

CLR OIL 
0.7663 
1.4304 

340 
355 
485 
526 
667 

0.8233 
0.9977 

20.4822 
0.3114 

CL2 OIL" 
0.7677 
1.4314 

340 
363 
4go 
66g 
701 

38.72 
41.18 
17.08 

3 .02  
61.28 

° . •  

0.0735 
0.0925 
0.0579 
0 .0000 

I ¸ 

0.3129 
0.3034 
0.4703 

0.8014 
2,2082 

0.8247 
0.9717 

20.0580 
0.4344 

CLROIL  
0.7575 
1.4314 

340 
362 
491 
669 
707 

RAI;GE(16-84 %) 203 271 306 307 

M T ~  @ 420 F 34.50 31.00 30.09 29.50 
M T %  @ 700 F 95.90 94.10 89.80 89,40 

Table BI6, c o n t  
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Z. Run 18 (12200-iI) w~th Cata17st 18 (Fe/KI~CC-I03) 

This catalyst is identical, in composition and preparation, 

to Catalyst 17, Run 12200-10, except that it was calcined a~ a 

lower temperature and contained slightly more potassium. 

Conversion, produc~ selectivity, Isomerlzatlon of the pen- 

tane, and percent olefins of the C4's are plotted against time on 

stream in Figs. $222-225. A slmulated distillation of the C5 + 

producn of one sample is plotted in Fig. B226. A carbon number 

J.J 
.... -_:._~ ~:'~ :~ 

. . . . .  1:-:.'~ .'~ . ~  

& 

~°~ 

.o 

"° ", 

.°. 

~t 

1 

product distribution 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 ~ppear in Table 

B17. 

Both the activity and the selectivity of this catalyst were 

evenpoorer than with Catalyst 17. The product was lighter, less 

olefinlc, and higher in methane° 
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P~sm.,¢ o~' sn~c:,As oese~:~zo- 

RUM }iO. 
CATAL~T 
FEED 

12200-11 
FE/K-U103 12251-28 80 CC 34.0 G (WT CHA~GE +0.9 G ) 
H2:C0 OF 50:50 @ 400 CC/M~ OR 300 GHSY 

RUM & SAMPLE NO. 

FEED H2:C0:AR 

HR~ ON STREA~ 
PRESSURE, PSIG 
TEHP. C 

12200-11-01 200-11-02 

50:50:0 50:50:0 

19,5 4 3 . 0  
300 300 
250 251 

FEED CC/MIN 400 400 
HOURS FEEDING 19.50 23 . 50 
EF?LNT GAS LITER 371.40 a72.10 
GH AQUEOUS LA~ER 6 . 3 5  7.85  
G~ OZL 0.22 0.51 
~ATERZAL ~ C E  

GH ATOM CARSOM % 93 . 67 9 7 . 4 3  
GH ATOM HYDBQGEN % 86.52 91.01 
GH ATOM OXYGEM % 94.49 98 • 58 

RATIO CHX/(H20+C02) 0. 9226 0 • 8915 
RATIO X IM CHX 2.4985 2.5183 
USAGE H2]CO PHODT i. 3837 I. 4395 
FEED H2/CO FRM EFFLMT 0 . 9 3 4 1  
RESIDUAL H2/CO RATIO 0 .  8 4 5 4  0 • 8 5 5 8  
RATIO G 0 2 / ( H 2 0 - ~ ' 0 2 )  0 . 3 6 7 5  0 . 3 4 4 0  

SHIFT I3 ~ 0.4912 0.4~88 
SPEC~.-~ZG ACTIVITY SE 0. 4229 0. 4016 
COHVEP.SZO~ 

0~i CO % 14.54 13.al 
ON H2 % 21.78 20.66 
0~[ CO+H2 % 18.01 16.91 

PRDT SELECTIVIT~,WT % 
CH4 17 • ~I 18.55 
C2 HC°S 10.24 !0.27 
C3H~ 5.89 5.91 
C3H6= 11.47 10 • 60 
C4H10 5 • 67 5 • 67 
C~HS: 9 • 56 8 . 8 9  
C5H12 5 • 01 4 . 9 3  
C5H10:  6 • 3~ 5 . 4 7  
C6H14 4 . 7 0  3 • 85 
C6H12: & CYCLO'S 2 . 9 8  2 . 4 9  
C7+ :DI ~ 1 8 . 9 1  20.18 
LIQ HC ' S 1.61 3.20 

TOTAL 100.00  100 .00  

Table B17 
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p ,  

~;x,; .~ '~ •, r , . , . : . - , I ; ~  , : : ~  • .  , • 

¢1 -,;,..c~ 
C,5 --42O F 
420-700  F 
700-,.g]gD PT 
~5+--I~D PT 

ZSO/~'O~[AL MOLE RATIO 
Ca. 
(::5 
~6 

PARAFFIN/OLEFIN RATIO 
¢3 
Ck. 
C5 

S~4ULZ-FLORY DISTRBTM 
• ALPHA (EXP(SLOPE)) 
• " RATIO -~4/(1-&)'~'~2 

% . 

ALPHA FRM CORREL~TIOM 
ALPI.T.A (EXeTL,'¢Oe.e) 

I 

60.44 i ,88 
38.75 37~'~6 

0.65 2.26 
0.16 0.40 

39.56 40.12 

0.0358 0.0438 
0.0656 0.0596 
0.1124 0.0494 
0.0000 0.0000 

0.4901" 0.5315 
0.5730 0.6153 
0.768~ 0.8760 

0.6041 0.7216 
1.1233 2.3919 

0.8195 0.8189 
0.7371 0.8811 

22.oi48 
o.8131 o.88Ol 

CLR OIL CLR OIL 
NlA 

N/A 

W"a~[4 ~ CORRELA.TIO~ 21.6545 
W".,,mZ~, (EXPTL/COP.R) 
L'rQ H¢ COLLECTIO~ 

PHYS. APPEARANCE 
DENSITY ~ I A  
N, REFRACTIVE IHDEZ H/A 
SI~JLT' D DISTZLAT~ 

I0 WT % @ DEG F 
16 
50 
84 
90 " 

377 
414 
565 
686 

715 

RANGE(16-84 %) 

WT%@ 820 F 
i,'T % ip 70O F 

272 

17.00 
87.50 

• o 

Table B17, cont 
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II. Run 19 (12185-09).with. Catalyst 19 (ColXg/X]0~ ~ 

This run is a second attempt to develop an effective catalyst 

by incorporating the three additives Xg, ~i0 and X 4 in~o the co- 

balt/UCC-103 formulation of Catalyst. ll (Run 12200-06). The 

first a~tempt, in Catalyst 16 (Run 12200-09), was unsuccessful. 

.q 
-i 

°o 

-! 

. . 

Cobalt oxide was formed in close contact with UCC-I03 by the 

method used in Run 11, ~henfurther promoted with X 9, ~I0 and X A. 

The resulting powder, after bonding with 15 percen~ silica, was 

e~truded to I/8-inchpellets. The final catalyst contained 11.3 

percent cobalt, 0.5 percent ~9, 0.7 percent Xl0'and 1.3 percent 

-.! 

-o 

• f 

E J  

°: 

:i 

X4 ¸ 

Conversion, product selectivi~y~ isomerization of the pen- 

rate, and percent olefins of the C4ts are plotted against time on 

stream ~n FiSs. B229-232. Simulated distilla~ions of the C5 + 

product are plotted in Figs. B233-234. Carbc~ number product 

distributions are plotted in F~gs. B235-236. Chromatograms from 

simulated distillations are reproduced in Figs. B237-238. De- 

. ...'° 

°~ 

tailed material balances appear in Table B18. " 

The initial activity, although higher than with Catalyst 16-- 

syngas conversion about 44.8 percent, specific activity 0.7, as 

against 28.7 percent and O.29 respectively--was still unaccepta- 

.° 

bly low. 

Due to the aature of the new method of preparation, the X 4 
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used both in this catalyst and in Catalyst 16 was obtained from a 

different so~rce than previously. As w~l! be reported in Run 20, 

subsequent analysis of the catalyst indicated that use of the new 

o° . 

source ~esulted in a poisonin8 of the catalyst. 
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RESULT OF SY~GAS OPERATIOn/ 

RUM gO. 12185-09 
CATALYST CO/X91XI01X4-U103 12251-20-14 80 CC 42.4 G (~ CHA~GE +2.8 G) 
FEED h'2:CO OF 50:50 @ 400 CCINN OR 300 GHSV 

RUN & SANPLE ~0. 12185-09-01 185-09-02 

FEED H2:CO:AR 5 0 : 5 0 : 0  5 0 : 5 0 : 0  
HRS Og STREAM 24,5 48.5 
PRESSURE,PSI@ 300 300 
TEMP. C 262 264 

FEED CC/MIN 400 400 
HOURS FEEDZHG 24,50 24.00 
8~ 'LhT GAS LZI"ER 335.00 349,15 
GH AQUEOUS LAYER 5 8 . 0 1  56.g6 
GM OIL 10.70 14.28 
MATERIAL BALANCE 

C,M ATOM C.ARBON % 91.89 94.82 
GH ATOM HI'D~C"3EN % 93.39 98,16 
GH ATOM OXYGEg % 9g .42 I02,29 

RATIO CHK/(H20~C02) 0.7558 0.7568 
RATIO X IN ~IZ 2.4783 2.4592 
USAGE. H2/CO PRODT 2.2778 2,3019 
FEED H2/CO FR~ EFFLNT I. 0163 I. 0353 
RE~IgUAL H21CO RATIO 0.5370 0,5813 
IU, TIO CO2/(H20+C02) 0.0656 0,0571 
H SHIFT IN KFFLNT 0.0377 0,0352 
SPECIFIC ACTIVITY SA 0,7337 0.5577 
CONVERSION 

O~ CO % 27.53 26.38 
ON H2 • 61.71 58.66 
ON CO+H2 % 44.76 42.80 

PRDT SELECTIV~I'Y,~T% 
(2{4 18.53 18.09 
C2 HC'S 4.11 "3 .54  
C3H8 3,60 2.80 
C3H6= 6 . 6 0  5.50 
CAH10 3.76 3.08 
C4H8: 6.33 5.41 
C5H12 4.34 3 .34  
C5H10= 4 . 8 4  4.i9 
C6H14 4.46 3,24 
C6H12= & CYCLO'S 3.31 2.62 
C7+ IN GAS 13.95 12.42 
La:Q HC'S 26.18 35,75 

TOTAL 100. O0 100. O0 
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SOB-GROUPING 
C1 -C4 42 .92  38 .~3  
C5 -420  F 40 .32  3 7 . 7 9  
420-700  F 14 .90  20 .31  
700-ENDPT 1.86 3 .47  
C5+-.END PT 57 .08  61.57 

ZSOINORMAL MOLE RATIO 
C4 0.0367 0 .0358  
C5 0 .0757 0 .0692  
06 0 .0900  0 .0379  
04= 0 .0000  0 .0000  

PARAFFINIOLEFIN RATIO 

C3 0 .5208  0 .4852  
C4 0 .5731  0 .5501  
C5 0 .8718 0 .7752  

SCHULZ-FLOR~ DISTP~TN 
ALP~ (EXP(SLOPE)) 0 .7852  0.8107 
RATIO CH4/(I-A)~c*2 4.0144 5,0514 

ALPHA FRM CORRELATION 0.8410 

ALPHA (EXPTLICORR) " 0.9336 
0.8370  
6.9686 

WTICH4 FRM CORRELATION 17.5659 19.2152 
W~CH4 (EXPTLICORR) 1.0547 0.9417 
LZQ HC COLLECTION 

PHYS. APPEARANCE CLD OIL OIL WAX 
DEN~IT~ 0 .7577 0 .7730  
H, REFRACTIVE Z.~DEX 1.4265 1.4276 
SIhTJLT'D DISTILATN 

I0 WT% @ DEC F 301 303 
16 341 344 
50 480 A89 
84 647 658 
90 678 696 

~EC16-84 %) 

WT ~ @ 420 F 
% @ 700 F 

306 314 

36 .00  33 .50  
92 .90  90 .30  
36 .00  33 .50  
92.27 90 .36  

Table BI8, c o n U  
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X I I .  Run 20  ( 1 2 1 8 3 - 1 1 )  w i t h  C a t a l y s t  20 ( C o / I g / X ] o / U C C - 1 0 3 )  

This run continues the search for additives to stabilize the 

cobalt/YCC-103 Catalyst 11 of Run 12200-05, whose initial activi- 

Q ~ 

"! 

ty was exceptionally high.. Formulatiou was the same as for Cata- 

lyst 16 (Run 12200-09) but omitting the additive X 4. 

Cobalt oxide was promoted with X 9 and Xl0, then formed in 

close contact with UCC-103 by the method used in Run II. The 

resu!~ing powder, afte~ bonding wlth 15 percent silica, was ex- 

truded to 1/8-inch pellets. The final, catalyst contained 11.9 

percent cobalt, 0.5 percent X 9 and 0.7 percent XI0. 

Couverslon, product selectivity, isomerization af ~he pen- 

~ane~ and percent ulefins of t~e C4ts are plotted agains= time on 

stream in Figs. a239-242. Simulated distillations of the C5+ 

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

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

simulated dlstillatious are reproduced in. Figs. B253T257. De- 

tailed material balances appear in Table-Blg. 

The performance of thls. catalyst was slmilar in many respects 

~o that of Ca alyst 11 (Run 12200-05). Its conversion of syngas 

was initlall~ 88.8 percent, for a specific activlty of about 7.6 

(vs. 91.48 percent and 12.5 respectively for Catalyst 11), and 

-) 
L. 

-..." 

" 1  

' i 
. . 2  

i 
! 

o ° 

° ° a  

, : :  

. 
.: 

°o 

t 

d ~L~ 

deactivated rapidly to 62.0 percent, speciflc activity 2.3, at 

1 1 5 . 5  h o u r s  on s t r e a m  ( v s .  6 8 . 5  p e r c e n t ,  A.O and 1 6 5 . 5  h o u r s  r e -  

) 
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spectively for Catalyst ii). Evidently the inferior activity of 

Catalysts 16 and 19, both consisting of Co/Xg/XIO/X4/UCC-103 , was 

due to the additive X 4. 

The initial water gas shift activit.y was also extremely high, 

with nearly 60 percent of the oxyEen converted to C02, and de- 

creased to 28 percent at 115.5 hours. These values compare with 

an initial 69 percent for Catalyst ii, 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 selectivity, the calculated alpha value and the C5+ 

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, resultinE in a hisher 

residual H2:CO ratio in the reactor. In terms of ratio of weiEht 

percenu methane experimentally observed to weiEht percent pre- 

dicted by the mathematical model, this catalyst actually produces 

less methane than Catalyst 11: 

Catalyst 20, Run 12185-11 1.09:1 

Catalyst 11, Run 122Q0-06 1.28:1 

The olefinlc content of the C4ts varied with time, and level- 

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

Catalyst 11. 

An unusual, feature of this catalyst is a carbon number cut- 

off, as shown in the $chulz-Flory plots. The effect appears to 

be real, "since it persisted even after good material balances 

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

- B299 - 



catalyst and CatalTst II. 

This run has been useful for its demoustratio, that the addi- 

tive X¢ has probably been responsible for the poor activity of 

certain previous catalysts. The additives X 9 and XIO have some- 

what improved produ¢~ selectivity, reduced the production of 

methane, and induced a carbon number cutoff. What is needed now 

is an additive or trea~men~ to improve the catalyst's stability. 
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~Zb 'LT  OF S~GA~ 0PERATIO~ 

RUN NO. 12185-11 
CAT~L2~T CO/X91XI0-U103 12251-30-23 250 CC I08.2 G (~T ~HANGE +49.4  G ) 
FEED H2:CO 

RUM & SAMPLE ~O. 

FEED H2:C0:AR 
I-IRS OgSTRE, I~_ 
PRESSURE,PSZG 
TEZ~. C 

OF 50:50 @ 1260 CCI~N OR 300 C-~SV 

18511.01 18511.02 18511.03 18511.04 18511.05 

50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
20.0 42.5 67.0 92.0 115.5 

300 300 300 300 300 
262 262 262 262 261 

FEED CC/wr~ ! 2 ~ 0  1260 
HOUR~FEEDI.NG 2 0 . 0 0  22 .50  
• L~FI.:.,M~G,~ L~RR 5%5.75 513 .86  
G~fAQUEOUS LA2'ER 1 0 4 . 7 2  167 .30  
G;H OIL S0.79 130.81 

GMA:TOM CA~BO~ % 88.43 90.53 
~ATOHH2'DROGEB% 90.58 89.47 
GHA:ZOH 0X'J~G~% 91.13 95.91 

BATZO CI'IX/(H20+C02) 0.9454 0.8966 
PJ.TZO Z I / l e t  IX 2 .6 8 7 0  2 .3730  
U~AGEH2/~ PKODZ 1.0862 1.1686 
FEED H2/C0 ~ EFFLHT 1.0244 0.9883 
RESIDUAL H2/CO RAZZO 0.6385 0.3283 
~A~ZO C02/(H20+C02) 0.5959 0.4685 
~SI,IZI;'Z T.MEFFLNT 0,9417 0.2895 
SPBCI~ZC . ~ ' I " Z ~  ~ 7,5897 12.7630 

ON CO% 86.19 78.55 
ON H2 % 91.39 92.87 
ON ¢0+H2 ~ 88.82 8~.67 

PRDT S~.,~CTZVZ'~,W'E% 
CHa 27.49 12.91 
C2 HC'S 3.43 !.91 
C3H8 5.44 2.55 
C3H6= . 1.15 1.96 
04H10 5.61 2.40 
04I"I8= 2 .57  3.13 
C5H12 6.92 3.23 
CSZ~.O: 2.52 3.03 
C6H14 7 . 5 2  3.62 
C6H12: & CY~%0'S 0.37 1.84 
~7+1:~1'P-,~ 13.25 7.87 
LIQ HC'~ 23.73 55.57 

• ,.~:- :, 

" ' ;~  . . .  

'i 
°°- 

; 

1260 1260 1260 
24.50 25,00 23.50 

649.19 841.80 841.45 
205.10 185.61 171.53 
113.59 8 7 . 8 2  70.79 

85.45 93.81 94.51 
94.35 96.13 96.01 
89.40 96.98 97.85 

0.9103 0.9222 0,9138 
2.A294 2.5030 2.4799 
1 .5108  1.4999 1.5470 
1.1041 1.02~7 1.0!59 
0.4442 0.4788 0.5031 
0.2909 0.3G84 0.2825 
0.1823 0.2135 0.1981 
4.0002 2.7086 2.3143 

61.87 53.46 49.13 
84.66 78.26 74 . 81 
73 • 83 66.01 62.07 

15 • 35 19.01 17 • 87 
2.41 2.96 2.87 

3 . 25 4.02 4.11 
1.50 1.63 2.04 
3.01 3.60 3.7% 

• 2.47 2:73 3.1G 
3.70 4.36 4.64 
2.42 2,10 2.44 
4.04 a.77 5.03 
1.56 1.68 2.00 
8.83 11.80 14,50 

51.45 41.34 37.63 

100 • O0 100. O0 !00 • O0 100.00 100 • O0 

".( 

. 4  

. ;  
• 

• g 

°% 

J 

Table B19 

- B 3 2 0  

, m E t a l  mR ~ l ~ q q  m -ram ~-L- 
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k n I , _  o . o  

,,~.-. ,;.~ . . . . .  ~ S U B - G R O U P  

~',:~.';, • C1 .-C4 45.69 24.85 27.99 33.95 33,75 
i ~ : , -  C5 --420 F 47.43 51.26 43.71 42.90 ~5.17 

:( #'" 420-700 F 6.45 22.95 25.11 19.60 17.20 
• ,~ O0-END PT 0.43 0,94 3,09 3.56 3,88 

C5+-END PT 54,31 75.15 72.01 66.05 66,25 
: ~" ZSO/~OP, HAL MOLE RATIO 

: C4 0. 0293 0 • 0138 0,0239 0. 0223 0. 0192 
- C5 0,1278 0.0722 0.0899 0.0912 0.0818 - 

----~ .. C6 0,3643 0,1537 0,1710 0,1706 0,1516 
:. 04= 0,2294 0. 0549 0,1171 0.1124 0.0916 

• :: PAEAF~L~/OLEFIJ~ R&TZO 
C3 4,5172 1,2425 2.0674 2.3475 1.9210 

:" . C4 2.1064 0. 7404 • 1 • 1762 1-'27 26 1.1357 
• " C 5  2.6724 1.0372 1,4853 2.0169 1.8488 

SC3~JLZ-FLOR~ DZSTRS2~ 

• - ALPHA (E~9 (SLOPE)) 0. 7305 0. 7969 0,8184 0.8185 0.8150 
• RATIO CH4/(l-A)~r~2 3,7838 3.1313 4.6531 5.7713 5,2226 

I o 

r - 
i -  

t • 
; T "  

- - J i  " 

ALPHA FRff CORRELATION 0.8325 
ALPHA CEXPTLICORR) 0.8774 

0.8649 0.8502 0.8466 0.8442 
0,9214 0.9625 0.9668 0.9655 

WT, CH4 FR~ CORRELATION 20.1838 I0.1304 14.6990 15,8328 16.3551 
W~H4 (EXPTLICORR) 1.3620 1,2746 1.0444 1.2009 1.0924 
LIQ HC C O L L E C T I O N  

PHI'S. APPEARANCE CLD OIL OIL WAX OZLWAX C'~ OIL CLR OIL 
DENSITY 0.7310 0.7421 "0.7521 0.7531 0.7536 
~,  REFRACTIVE INDEX 1.4142 1.4192 1~4244 1.4248 1.4254 
S~-~JL~D DZS~ZLa2~ 

I0 WT % @ DEG F 209 231 257 258 259 
16 243 258 298 299 300 
50 347 391 450 454 453 
84 486 559 625 650 661 
90 533 599 666 690 703 

PJ~'GE(16-84 %) 243 301 327 351 361 

~ T %  @ 420 F 71.00 57.00 45.00 44.00 44.00 
~ T %  @ 700 F 98.20 98.30 94,00 91.40 89.70 

• o o  

q 
° 

• ° 

Table B19, COnt 
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XIII. Run 21 ~12200-12) with Catalyst 21 
(CoiXolX101X_~-IUCC-lO3+Ucc~112), 

Run 22 ~ 1 2 i 8 5 - 1 2  ) w i t h  C a t a l y s t  22 " 
(ColX~/X~OXl~IUCC'1o3~: 

The purpose of these two runs was to test the effects of a 

number of variations on the successful Catalyst 15(Run 12185-" 

- 

°..- 

• , ° 

08). As compared with Catalyst 15, both catalysts contained (a) 

higher levels of cobalt oxide in close contact wlth UCC'I03, in- 

tended to improve the specific activity, and (b) higher propor- 

tions of X 4 to cobalt, intended to rai@e the olefin content of 

the produc~. In addition, a new shape selective component, UCC- 

112, was incorporated in Catalyst 21 to test i~s effect on pro- 

duct quality. 

In Catalyst 21, cobalt oxide was promoted with X 9 and XIO, 

then further promoted with X4, and formed in close contact with 

UCC-I03, as in Catalyst 15. The resulting powder was ~ixed wi~h 

UCC-II2 in a weight'ratio of 1.125:1, and the mixture, after 

bonding with 15 percent silica," was extruded as I/8"'pellens. 

The final catalyst contained 5.84 percent cobalt, 0.26 percent 

X9, 0.29 percent XIO and 1.34 percent X 4 .  

Catalys~ 22 was formulated in the same way except without 

UCC-I12. The final catalyst conualued 11.0 percent cobalt, 0.49 

percent Xg, 0.54 percent ~I0 and 2.54 percent X 4. 

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

ity, isomerization of the pentan~, and percent olefins of the 

C~ts are plotted against time on stream in Figs. B258-261. Simu-- 

lated distillations of the C5+ product are plotted in Figs. B252- 

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 appear in 

& 
I 

.¢. 

,. 

o. 

Tables B20-21. 
• o 

For Catalyst 22 (Run 12185-12), conversion, product selectiv- 

ity, isomerizatlon of the pentane, and percent olefins of the 
,° 

C4ts are plotted against time on stream in Figs. B283-285. Simu- 

lated distillations of the C5+ .product are plotted in Figs. B287- 

290. Carbon number product distributions are plotted in Figs. 

B291-294o Chromatograms from simulated distillations are repro- 

duced in Figs. B295-298° Detailed material balances appear in 

Table B22. 

, ° 

!. 
The specific activity of Catalyst 15, 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 been 1.6 and 3.CI 

respectively. Instead, the specific activity of Catalyst 21 at 

90.5 hours was 0.71, and that 'of Cetalysn 22 at 93.5 hours was 

I 

b 

i 

g ,  . 

I 

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 point every 20 hours. Cata- 

lyst 22, which lacked UCC-I12, appeared to have stabilized after 

about 69°5 hours on stream at a syngas conversion rate of 58 per- 

- B 3 2 3  - 

I "I I I I 



I 

N 

cent and specific activity of 2.1. A similar inltial deactiva- 

tlon was observed for the reference Catalyst 15. 

The product selectlvitles of all three catalysts were fairly 

similar. Raisin E the X 4 content in Catalysts 21 and 22, as ex- 

pected, improved the olefin content of the C4 fractions: 55 and 

55 percent respectively at about I00 hours on stream, versus 

about 50 percent for Catalyst 15. 

Isomerization of the Cs+'s was nearly the same with both 

Catalysts 21 and 22. The product of Catalyst 21, however, did 

contain a small proportion of isomerized C¢ olefins, which was 

not detected in the producz of Catalyst 22. The incorporation of 

UCC-II2 thus had little or no effec~ on product quality. 

These two runs demonstrate that increaslnE the cobalt content 

does not in itself necessarily raise a catalyst's specific actlv- 

ity; that ~aislnE the X 4 content in this type of formulation cnn 

improve olefin production; and that UCC-II2, like o~her second 

shape-s:elective components which have been added, contributes 

little or nothinE ~c produc~ quality. 
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RESULT OF SYNGAS OPERATION 

RUN NO. 12200-12 
CATALYST CDI~9/XI01X4-UI03+UII2 250 CC I07.50 (WT CHANGE +16,7 G) 
FEED H2:CO 

RUN & SAMPLE ~0. 

FEED H2:O0:AR 
HRS ON STREAM 
PRESSURE~PSIG 
TEMP. C 

k i d  , L L 
• ' ,  : • , , . . . . ' ~ , - , ~ , ? ~ . ; ~ ,  

,.,. • .:, .~::-.-.~<, 
' ,  , t ,  o -o  i 

": I • ~,-~. • 
t 

~ o  ~ 

-? I 
%'; 

OF 50:50 @1260 CCIHN OR 300 GHSV 

!2200-12-01 200'12-02 200-12,-03 200-12-04 200-12-05 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
19.5 42.5 66.5 90.5 115.5 

300 300 300 300 300 
262 261 261 261 261 

1260 
23.00 

1021.75 
168.73 

47.54 

97.47 
93.95 

103.37 
0.8059 
2.3905 
2.1792 
0.9639 
0.5108 
0.0651 
0.0356 
1.0307 

27.16 
61.40 
43.g7 

12.62 
3.76 
4.90 
3.10 
3.69 
5 .22  
4.27 
2.79 
4.21 
1.09 

16.74 
37.62 

1260 1260 
24.00 24.00 

1092.40 1143.35 
167.95 154.49 

49.27 45,48 

97.79 
94.76 

102.59 
0. 8346 
2.3819 
2.1627 
0.9689 
0.5382 
0.0598 
0.034 2 
0. 9289 

26.52 
59.18 
42 .59  

12.32 
3 .31  
4 .45  
3 .05 
"3.65 
4 .75  
4 ,44  
3.34 
4 ,81  
i .  20 

16.81 
37.84 

95.54 
99.79 
98.64 

0.8847 
2. 4488 
2.15 II 
1. 0445 
0. 6450 
0.0571 
0. 0391 
0.7067 

26.52 
54.63 
40.88 

1 6 . 5 8  

2 . ~ 8  

4.06 
3.06 
3.45 
4.35 
4 .28 
3.95 
4.46 
2.16 

15.31 
35.35 

1260 
25.00 

1234.20 
152..q2 
40.37 

97 • 63 
97.08 

I01.65 
0 • 8443 
2.4752 
2. 2013 
0. 9943 
0.6163 
O, 0582 
O. 0381 
0 ,6708  

23 .85  
5 2 . 8 0  
3 8 . 2 8  

18 .04  
2 .97 
.~,. 06 
3 ,29  
3 .62  
4 .42  
4 . 3 1  
3 .83  
4 . 9 1  
2 .35  

15 .34  
32 .86  

FEED CC/MIN 1260 
HOURS FEEDI~,IG 19 • 50 
EFFLNT GAS LITER 783 . 75 
GH AQUEOUS LAYER 158.48 
GH OIL 36 • 61 
MATERIAL BALANCE 

GH ATOM CARBON % 94.55 
GM ATOM hYDROGEN 7. g1.81 
GE ATOH OXYGEN % 101.62 

RATIO CHX/(H20+C02) 0.7889 
RATIO X IN'CHX 2.3417 
USAGE H2/CO PRODT 2.1452 
FEED ~/CO FREt EFFLNT 0.9710 
RESIDUAL H21CO RATIO 0.4546 
RATIO C02/(H20+C02) 0.0736 
K SHIFT IN EFFLNT 0.0361 
SPECIFIC ACTIVIT~ SA 1.3415 
CONVERSION 

ON CO % 30.55 
0g H2 % 67.48  
ON CO+H2 Y. 48.74 

PRDT SELECTIVITY, ~T % 
OH4 10.64 
C2 H C ' S  3 .37  
C3H8 4 .61  
C3H6:. 3.31 
04E;10 3 . 6 6  
C4H8= 5 .81  
C5H12 4 .05  
CSHI0= 4.99 
C6H14 4 .38  
C6H12= & CYCL0'S 1.86 
C7+ IN GAS 21.54 
LIQ HC'S 31.79 

I00.00 I00.00 I00.00 I00.00 I00.00 TOTAL 

t 

t 
L 

'1 

°-. 

"2 

o ,  % 
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I d 

~:: C5 -420  F " 
:~ 420-700 F 
:~ 700-F.~D P~ 
• ~ CS+-E~D PT 

ISOINORMAL HOLE RATIO 
C4 

: C5 
C6 
C4= 

PARAFFIN/OLEFIN RATIO 
C3 .. 

C5 
• SCHULZ-FLORY DISTEBTN 
; ALPHA (EXP(SLOPE)) 

RATIO CH4/(I-A)*R2 

zo, 

f 
ALPHA FRM~ORBELATION 
ALPHA (EXPTL/CORR) 

3 1 . 3 9  33.28 31 .54  34.48 
5 4 . 0 8  45.65 46 .13  44.31 
13.10 18,10 18.54 17,14 

1 . 4 3  2.97 3 . 7 8  4.07 
6 8 . 6 1  66.72 68 .46  65.52 

0 . 1 3 2 8  0.0369 0 .0302  0.0255 
0 . 1 5 8 7  0.0693 0 .0628  0.0605 
0 .1745  0.0313 ~ 0 . 0 8 0 5  0.0360 
0.1510 0,0772 0,0757 0,0722 

1.3313 1,5110 1,3921 1,2650 
0,6079 0.6820 0.7406 0.7660 
0,7894 1,4903 1.2907 1.0537 

0.7703 0,8056 0,8127 0.8159 
2,O162 3,3379 3.5139 4,8899 

0,8491 0,8435 0.8409 O,8321 
0,9072 0,9551 0.9665 0,9805 

,?- . 

2 

i a 

t ~ 

I 

"~... 
I ̧" 
:..- 

I, 

o. 

WT~CH4 FRM CORRELATION 15.O493 
kT~CH4 (EXPTL/CORR) 0 . 7 0 7 2  
LZQ HC COLLECTION 

PHYS. APPEARANCE 
DENSITY (* 40 C) 
N, REFRACTIVE INDEX 
S~MULT'D DISTILATN 

10 WT % @ DEG F 260 
16 296 
50 406 
84 585 
90 634 

P..~GE(16-8~ ¢) 289 

I 

36.40 
43.23 
15.97 

4 .40  
63.e0 

0.0290 
0.0525 
0.0333 
0.0693 

1.1787 
0.7896 
1,0951 

0.8160 
5.3263 

0.8343 
0.9780 

16.5842 17.3732 20.1096 19.4224 
' 0.7609 0 .7093 0.8243 0.9286 

OIL WJ~X OIL WAX OIL WAX OIL WAX OIL WAX 
0.7578 0,7568 0,7560 0,7569 x 0,7486* 
1,4268 1.4274 1,4266 1.4206 ~ 1,4216" 

289 298 298 300 
305 308 336 340 
451 457 479 483 
639 6~2 668 681 
682 700 711 728 

334 344 332 341 

~..:: 

WT% @ 420 F 54.30 44,00 41,O0 40,00 38,00 
W2 % @ 700 F 95,50 92,10 90.00 88,50 85.60 

1 , i 

Table 820,  coat 

- 8351 

[ ]  

]- 

i" 

} 
.f. 

I :  
I I ,  

i" 
| 

I N  

i '  

' :L. 

; I  

. %  

t ,  

p" 

.|o 

:k ;L 

q 



h! l: 
i !: 

!I 

I I 

RESULT OF SYNGAS OPERATION 

RUN NO. 12200-12 
CATALYST CO/XFI~IOIX4-UIO3+UII2 12251-14 250 CC 107.5 G(WT CHANGE +16.7 
FEED H2:CO OF 50:50 @126C CC/MN OR 300 GHSV 

RUN & SAMPLE ~0. 12200-12-O6 200-12-07 

FEED H2:CO:~ 50:50:0 50:50:0 
HRS ON STREAM 138.5 163.5 
PRESSURE,PSIG 300 300 
TEHP.. C 261 262 

FEED CC/HIN 1260 1260 
HOURS FEEDING 23. O0 25.00 
EFFLNT GA~ LITER 1148.30 1265.25 
GH AQUEOUS LAYER 135.90 147.88 
G~ OIL 45.95 43.98 
MATERIAL BALANCE 

GH ATOM CAP, ON % 99.70 98.88 
GM ATOM HYDROGE~ % 99.19 98.25 
GH ATOM OXYGEN % 101.33 102.40 

RATIO CHX/(H20+C02) 0. 9349 O. 8601 
RATIO X IN CHX 2.4531 2.4855 
USAGE H2/CO PEODT 2.O991 2.1861 
FEED H2/CO FRM EFFLNT 0.9949 0.9937 
RESIDUAL H2/CO RATIO 0.6264 0.6299 
RATIO C02/(H20+CO2) O. 0594 O. 0592 
I( SHIFT IN EFFL~3T 0.0396 0.0396 
SPECIFIC ACTIVITY SA 0.6946 ~.6031 
CONVEI~ION 

ON CO ~ 25.02 23.38 
• 9~ H2 % 52.79 51.43 
ON CO+H2 ~, 38.87 37.36 

PRDT SELECTZVITY,WT % 
CH4 16.96 18.42 
C2 }!C'S 3 . 0 2  3 .24 
C3H8 3.56 3.88 
C3H6= 3 .04  3 .32 
C4HIO 3.39 3.52 
C~HS= 4 . 1 4  4 .23  
C5H12 3.96 4.21 
CSHIO= 3.52 3.75 
C6H14 4.40 4.67 

, 

C6H12= & CYCLO'S 2.02 2.13 
C7+ IN GAS 14.07 12.60 
LIQ HC'S 37.81 36.03 

TOTAL 100 . O0 I00.00 
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I I 

- ~i :'~ ' .'. • SUa-0ROUPZ~G 
i ~ ;  +:+...~~ Cl ,-.c4 
~+ . C5 -420 F 
, 420-700 F 

700-gND 1:~ 
C5+-END PT 

ISO/~OPJIAL MOLE BATZO 
C4 
."5 

• C6 
C4= 

PARAFFIN/OLEFZt; RATIO 
• : C3 

.... C4 
C5 

""- SCHULZ-FLOR~ DISTRBTD 

i ALPHA (EXP(SLOPE)) 
RATIO CH4/(l-A) ~2 

ALPHA F S ~ C O ~ T Z O ~ ,  
ALPHA (EXPTL/CO~) 

t 

34.22 36.60 
42.72 41.06 
18.45 17.83 

4.61 4.50 
65,78 63.40 

0.0311 0.0250 
0.0483 0.0549 
0.0341 0.0305 
0.0675 0.0000 

1.1507 1.1162 
0.7900 0.8049 
1.0923 1.0916 

0.8172 0.8145 
5.0758 5.3514 

0.8335 q,8332 
0.9804 0.9776 

( . 

.L 

° 

; .- . .  

: ° 

°.•~ 

I~;CHA F ~  CORRELATION 19.6679 19.9785 
W~CH4 (EXP¢LIOORP.) 0.8625 0.9218 
LIQ HC COLLgCTZO~ 

PHYS. APPKAItA~CE OIL WAX O~L WAX 
DENSITY ( *  40 C) 0.7479* 0.7489* 
~, REFRACTIVE INDEX 1.4210" "1.4217" 
SI'MULT'D D!STILATN 

I0 WT % @ DEG P 300 300 
16 340 340 
50 476 481 
84 667 669 
90 719 727 

RANGE(16-84 %) 327 329 

~'. % @ 420 F 39. O0 38. O0 
T~,'Z'% @ 700 F 87.80 87.5n 

Table D21, c o n t  
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