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iI. SCHEDULE 

The contract work was planned for the 36-month period begin- 

ning March 6, 1981. 

Work on the prosram is divided into four tasks. 

Task i, essentially completed, was the conversion of low 

molecular weight liquids, such as methanol and propylene, to 

gasoline and diesel fuel, With cata!ysts consisti~s of only a 

Molecular-Sieve component, Commonly designated as the shape- 

selective component (SSC). 

Task 2 is the conversion of syngas (carbon monoxide and hy- 

drogen) to Easoliae and diesel rue!, using ca~a!ysts cousistin~ 

of both an SSC and a transition-metal component (MC). 

Task 3 is a study of the surface effects and reaction inter- 

mediates present on various catalysts durin s the hydrogenation of 

carbon monoxide. This task is conducted under a subcontract with 

the University of California it Berkeley, and is directed by Dr. 

Gahor i. Somorjai. 

Task & comprises the management and technical reports for the 

contract. 

° . 
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III. ORGANIZATION 

Synthesizing "Liquid Hydrocarbon Fuels from Synsas" is the 

goal of a research and development program on catalysis conducted 

by the Molecular Sieve Department, Catalysts and Process Systems 

Division, Union Carbide Corporation. 

The work is performed at Union Carbide Corporation's Tarry- 

town Technical Canter, Tarrytown NY 10591. 

Principal investiEator is Dr. Jule A. Rabo. 

Program manager is Dr. Albert C. Frost. 
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IV. SUMMARY OF PROGRESS 

i. Task 1 

Task 1 has been essentially completed. There shou-!d be no 

future Task ! work. 

B. Task 2 

Twelve catalyst test runs were made from August through Octo- 

ber. Eleven of these runs (Runs 1 through ii) used nihe cata- 

lysts that contained cobalt or cobalt/thorium as the metal compo- 

nent, while the remaining run (Run 12) used a ca~a!yst that con- 

rained iron as the metal ~Omponent. 

Run f compared the efficacy of a Co/Th + UCC-10! catalyst at 

280C with that of the same catalyst previously run at 270C (Run 

3, Tenth ~uarter!y Report). Runs 2 ~hrouzh 5 examined the per- 

formance of catalysts containin s the additives XS, X6, and X 7 

i~corporated into their Co or Co/Th metal components and havin~ 

UCC-!01 as their shape selective components. Run 6 compared the 

performance of a Co/Th/X& + UCC-108 catalyst with tha: of the 

previously tested Co/Th/X 4 + UCC-!O! cata!yst (Run 9, Tenth Quar- 

~erl/ Report). Runs 7 and 8 compared the effect±veness of 1/8' 

inch and Ifl6-inch extrudates of C o/Th + UCC-108 (a modification 

of UCC-18!). Run 9 examined the efficacy of ion-excha/~ed zinc 

A 



as a coke inhibitor on the shape selective componen: of a Co/Th 

Zn/UCC-107 catalyst. Runs I0 and II examined the performance of 

a Co/Th + ~-I1203 reference catalyst at different temperatures. 

Finally, Run 12 examined the effectiveness of a Fe/Rh + UCC-!08 

catalyst. 

Unusually promising results were obtained in Run ~ with the 

Co/Th/X 6 + UCC-101 catalyst. The small amount of X 6 significant- 

ly reduced the yield of methane, increased the yield of olefins, 

and enhanced the catalyst's stability to a degree not previously 

observed. 

This same type of stability was also found in Runs 7 and 8 

with the Co/Th + UCC-103 catalyst, its unusual stability in both 

syngas conversion and product distribution is believed to be 

caused by the mixing of the metal and shape selective components 

in a manner that gave a more intimate contact between these com- 

ponents than that obtained in the past from the usual mixing 

method. 

The other runs were less successful. Run 6 showed that while 

the Co/Th/X 4 + UCC-I08 had a higher production of oiefins than 

that of last quarter's Co/Th/X& + UCC-101 catalyst, it had a 

poorer C5+ yield and poorer stability than that product. Run 9 

showed that the exchanged zinc in the Co/Th + Zn/UCC-!07 catalyst 

was nob successful in stopping the coking of the UCC-107. Final- 

ly, Runs 2, 5 and 12 showed that neither the cobalt catalysts 

containing the X 5 or X 7 additives, nor the Fe/Rh + UCC-108 cata- 

lyst, performed satisfactorily. 
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C. Task 3 

Studies at the University of California at B erke!ey, Under 

the direction of Professor G. i. Somorjai, have concentrated this 

quarter on ~he ¢ata!ytic hydrogenation of CO on molybdenum, rhen- 

ium and iron surfaces. 

Reactio~ rates, activati~n energies, and product se!ectivi- 

ties were fouid 60 be the same for both Mo(lO0) single crystals 

and for the closely packed (I!0) face o~ bcc crystals. Adding 

potassium was found to have a promotion effect, with the athene 

production nearly tripling from a --0.I monolayer of potassium. 

Large differences in the activation energies between Re and 

Re+Na and between Fe and FeO x implied that oxygen and sodium 

changed the rate-determining step of the methanation reaction. 

l 



V. CHANGES 

There were no contract changes durinE the Eleven~h Quarter. 
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Vi. FUTURE WORK 

Efforts during the next quarter will be directed at a contin- 

ued examination of cobalt cataiys~s wi£h additional sdditives. 

A. C. Frost 
Pra=~ram Manager 
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Appendix A. CATALYST TESTING 

By P, K. Cou~hlin, C. L. Yang, G. N. Lon~ and L. F. Elek 
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i. introduction 

The results of 12 runs conducted from August through October 

1983 are detailed in this report. All but One of the runs (R~n 

!2) used catalysts having metal components containing cobalt. 

The catalyst used in Run 12 had an iron-rhodium metai component. 

A run with this catalyst under different process conditions was 

reported last quarter. 

Like Run 12, many of the runs reported this quarter flow from 

previous results. The catalyst in ~un i is similar to catalysts 

reported last quarter but tested under different conditions. 

Runs 2 tO 6 are a continuation of the series of runs begun last 

quarter =o investigate the effects of different additives. Three 

oz ~he additives are new, but one, X 4, Was tested again. In the 

last quarter. X A was found to be a useful:additive for ca ta!ysts 

containing UCC-IOI. This quarter X 4 was used in combination with 

UCC-!08. Runs 7 and 8 test an alternative method of combinin~ 
J 

the cobait metal component and the Molecular Sieve shape selec- 

tive component. 

A catalyst containing UCC-I07 was reported in the Ninth Quar- 

ter! 7 Report. Unforzunate!y the acid activity of the UCC-I07 

deactivated rapidly. This quarter another catalyst containing 

UCC-!07, ion exchansed with zinc to inhibit coke formation, was 

tested in Run 9. 

i! - 



The reference catalTst containing a-Al203 in place of a Mo- 

lecular Sieve shape selective component is analogous to a similar 

reference catalyst prepared for comparing the iron catalysts and 

reported in the ;econd Annual Report. 
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II. RUN ! (!0225-I~) with Catalyst i (Co/Th + UCC-!0!) 

This catalyst, the same as the one i~ the Tenth Quarter Run 

I01!2-!5, is being tested in this run at 280C for comparison with 

=he previous results at 270C. The metal component was prepared 

by precipltati=g cobalt oxide with sodium carbonate from an aque- 

ous so!utio~ of cobalt nitrate. Ifter washing and drying, the 

cobalt oxide was impregnated with thorium nitrate solution to 

give 15 weight.percent thorium on the catalyst. The me~al compo- 

nent and the Molecular Sieve (UCC-~01) were then physically mixed 

in a 3:14 weight ratio, bonded with 15 weigh= percent silica, 

formed as 1/8" extr~dates, end calcined in air at 250C before 

loading into the reactor. The resu!ting mixture consisted of 

cobalt/thorium:UCC-!01:silica in a we±~bt ratio of 15:70:15. 

Conversion, product selectivity, isomerization of the pen- . -- d 

tane~ and percent o!efins of the C4's are plotted agai~s~ time on 

s~ream in ;~ I-4. Simulated distilia~ions of the C5+ mrod~ct 

for three samples are plotted in Eigs. 5-7. Carbon number pro- 

dnct distribut±ons are plotted in Figs. 8-16. Chromatograms from 

simulated distillations are reproduced in Figs. 17-25. Det~i!ed 

material balances for this r,an appear in Tables 1-3. 

This is ~ high!y active catalyst, with good maintenance of K 2 

conversion, a!though with some initial deactivation of CO conver- 

sion. Based on the data for the entire run !ength, the deactiva- 
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tion rate of this catalyst, tested at 280C, was one half that of 

the catalyst used in Run 10112-15, tested at 270C. The initial 

wa~er gas shift activity was good, with two-thirds of the oxygen 

rejected as C02. Usage of the I:I H2:C0 syngas, at about I, was 

highly efficient. The water gas shift activity deteriorated 

quickly at first, after which the conversfon stabilized. At I00 

hours on s~ream only 28 percent of the oxygen was rejected as 

C02. The H2:CO usage ratio increased initially due to the loss 

of water gas shift activity, and later due to the production of 

more hydrogen-rich hydrocarbons. 

The selectivity to liquid hydrocarbons, initially very poor, 

quickly improved and stabilized, and throughout the stable stage 

was comparable to the final product distribution of Run 10112-!5. 

Methane production, a very high 32 percent in the initial sample, 

dropped quickly to 21 percent, then rose gradually to 24 and 27 

percen~ at 150 and 200 hours on stream respectively. At 270C, in 

Run 10112-15, methane production was 15 percent initially, and 23 

and 24 percent at 150 and 190 hours. The C2-C 4 selec=ivity, 

about 14 percent, was almost the same as at 270C. The yield of 

total motor fuels was 60-55 percent, of which about two-thirds 

was gasoline, again similar to the yield at 270C. The yield of 

heavies was low, about 4 percent. In general, the selec=ivi~7 of 

this catalyst is almost the same at 280C as at 270C except for 

the somewhat higher methane production at 280C. 

isomerization of the pentane was fairly high for a cobalt 

catalyst, with a relatively constant isopentane fraction of about 
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30 percent; in the earlier run at 270C the isopentane fraction of 

the pentane was almost 40 percent initially and abouE 20 percent 

at the end of the run. The chromatograms from the simulated dis- 

• tillations of the ilqui~ product show that the !iq~±d was also 

isomerized. 

The initial Schuiz-Fiory plots show an excess of methane and 

a carbon number cut-off: plots of later samples also show the ex- 

cess of methane but no carbon number cut-off. The initiai non- 

linearity of the S-F plots does not seem to be due to wax build- 

up in the reactor. 

At 280C this catalyst produced results essen=ia!!y similar to 

those at 270C (Tenth Quarter Run I01!2-15). 
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TAE..E l RESULT OF SYNGAS CPERATION 

RUN NO. 
CAT~-4_YST 

10225-14 
CO/TH ÷UCC-!O1 #!i684-01C 80 CC 35.!GN (44.8 Ar"TER RUN +9.70) 
H2:CO:ARGON ' ~ 5 0 : 5 0 : 0  8400  CC/HN OR 300 GHSV" 

RUN & SA.~LE NO. 10225-14-01 225-14-02 225-!4-03 225-!4~07 

H2:CO:AR. 
HRS ON STREAM 
PRESSURE, P SIS 
TE~. C 

• 50:.50:0 50:.50:0 50:.50:0 50:50:0 
i9.5 26.5 42.3 9!.5 

303 306 300 301 
276. 27"7 277 277 

F~----D CC/,~LIN 
HOURS F"~!NG 
5"~CNT GAS CITER 
&M AQUEOUS LAYER 
GN OTI 

I',iAI'~AL 8ALAN~ 
GN ATOM CAg,@~N % 
&-~4 ATON HYDRO-~"N % 
GN ATON OXY-G,~"N % 

RATIO &HXI (H~O+C02) 
RATIO X ~N C.HX 
USAGE H2/CO PRODT 
RATIO C02/(H20+C02) 
K SH~T iN ~'Fi.NT 

400 400 400 400 
19.50 7.00 25.75 "' 23.17 
176.00 54.30 205.74 209.87 
26.38 14.93 54.91 66.~ 
l l . 0 3  . 9.60 35.10 34.].5 

9i.4~ 
86.92 
97.10 

0.8882 
2.7600 
0.9612 
0.6722 

i.35 

ON CO % 
ON H2 % 
ON CO-H-L~ % 

PRDT , . ~CTIV !TY ,~ "  % 
OH4 32.97 
C2 H~'5 4.64 
C3'H8 5.8 !  
C;-'HS= 2.00 
C4H!O 4.80 
C&HS= 3.45 
CSH12 4°74 
CSHZO= 2.24 
C~H, i4 7.06 
C~dl2= & CYCLO' S 2 .06  
C7+ IN GAS /5;05 
L!Q HC' S !7. i8 

90.07 89.79 98.30 
93.51 89.96 101.89 
93.32 89.58 100.48 

0.9372 1.0047 019562 
2.5108 2.4484 2.4311 
i.].z~1 1.2345 1.41_89 
0.0i42 0.4442 0~32_.o2 

0.52 0.28 0'!4 

86.63 83.59 T5.26 64.49 
90.72 92.22 90.53 89.80 
88.62 87.98 81.89 77.5"7 

22.84 20.40 20.1_0 
3.21 2.86 2.80 
3.65 2.84 2.45 
2 .0 !  2.67 2.56 
2.89 2.39 ! .84  
3.43 4.09 3.83 
2.86 2.36 !.7S 
2.45 2.99 3.00 
4.78 4.05 5.22 
2 .50  3.16 3.22 

I_0.09 lO.41 1!.77 
39.29 41.80 43.46 

T~AL !O0.O0 !00.00 !00.00 !00.00 !00.00 
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SUB-GROUPING 
0! .Ca 
CS -420 F 
420-700 F 
700-6"N0 PT 
C5,-5"N0 PT 

.T.SO/NORMAL MOLE RATIO 
Ca 
C5 
C6 
r_,,z: 

PARAFFIN/OU:.-FIN RATIO 
C3 
C4 
C5 

$CHb%.Z-FLORY OISTRBTN 
ALPHA (EXP(S.O:£)) 
RATIO CHa/( !-A)**2. 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
OENSiT7 
N, R'-----------------~:RACTIVE INDEX 
SIM.LT' 0 O!ST!LATN 

i0 WT ~ reDES F 

50 
84 
90 

RANGE(!6,.S4 %) 

,,,or ,~ ~ 420 F 
WT ~ 8 7 0 0  F 

5~.66 
4! .38 

4.84. 
O.ll 

4.6.34 

O. 1.957 
0.4.6~4 
1.2554 

0.04.73 

2.7703 
I.Y399 
2.0536 

0.7089 
3 . 8 9 0 4  

CLR OIL 
0.742 
1.4.192 

2/7 
Z55 
358 
4.86 
530 

231 

71.16 
99.35 

38.0a 
43.57 
16.!2 
2.18 
61.96 

0.2143 
0.4481 
1.42_5i 
0.0574 

1.7275 
0.8129 
i./353 

53.~3 
94.46 

35.24 
45.29 
17.15 

2.32 
64.76 

0.2366 
0.4272 
1.5003 
0.0754 

1.0160 

0.5647 
0.7679 

0.8031 
9.2619 

CLR OIL 
0.755 
1.4264 

2.51 
283 
407 
598 
650 

315 

53.43 
94.46 

33.58 
4~.~0 
18.47 
4.65 

66.42 

0.1861 
0.3385 
1.4117 
0.0800 

0.9129 
0.4645 
0..5654 

O, 8217 
6.3175 

GRN OiL 
0.752 
1.4306 

258 
296 

6:54 
707 

N58 

4.6.80 
89.30 
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TABLE 2 RESULT OF 8YN-GAS G=ERATION 

RUN NO. 
CATALYST 

1022_5-14 
COITH +UCC-!O! #! i684-0!C 80 CC 35.!GM C44.8 AFTER RUN +9.7G) 
H2:CO:ARGON OF 50 :50 :0  ~ 400 CC/MN OR 300 GHSV 

RUN & SAM2LE NO. 10225-i4-08 225-14-09 225-!4-I0 ~225-!4-!! 22.5-!~-12 

FED H2:C0:AR 
HRS ON $TPEAM 
PRESSURE, PSIG 
"rE-M =. C 

50:50:0 
99.0 
300 
277 

50:50:0 90:50:0 
~115.9 1~3.0 

309 300 
277 277 

90:50:0 
!39.9 

305 
• 276 

90:50:0 
147.0 
305 
277 

F~ CC/NiN 
HOURS F-~ING 
K~FLNT C.-~.S L/.TF.R 
&M AQUEOUS LAYER 
~4 OIL.. 

400 
?.50 

55.30 
2!.68 
i l . 2 3  

400 400 400 
24.00 7 .50 24.00 

20~. 92 66.40 22~. O0 
69.40 23..32 68.24 
39.92 10.30 32.88 

400 
• 7.90 
7~.60 
].9.94 
8.85 

NATEEAL BALAN~ 
GM ATOM CARBON % 
&M ATOM HYORO~:."N 
GN ATOM OXYC~"N % 

RATIO CH~</(H2O+C02) 
RATIO X IN CHX 
USAC~. H2/CO PRODT 
RATIO C02/(H2O+C02) 
K SH~r-T IN ~ L N T  

84.43 
99.25 
86.97 

0.95-56 
2.3944 
1.5010 
0.270i 

0.12 

92.45 
100.07 
94.27 

0.9616 
2.L~34 
1.4855 
0.2883 

0.15 

93.60 
99.77 
95.23 

0.9691 
2.49~ 
1.4982 
0.2891 

0.!5 

94.90 
102.69 
9~.0i 

0.9576 
2.4876 
1.9189 
0.2815 

0.!4 

95.51 
100.78 
96.54 
0.979! 
2.5202 
1.5122 
0.2939 

0.15 

CONERSiGN 
ON CO % 

ON H2 % 
ON C~.2  

PROT ~CTiV_,-TY, WT % 
CH4 
C2 HC'S 
C~H8 
CYril= 
C&410 
C4H8= 
0~%~12 
C5HI0= 
C6.H!4 
C~H12: & CYQ.O' S 
C7+ IN GAS 
LiQ HC'S 

66.84 
90.61 
79.'44 

18.25 
2 .43  
2,39 
2 .5 !  
! .78 
3.83 
1.99 
3.08 
3.24 
3.28 
9.40 

47.80 

64.30 
• 89.66 
77.48 

62.33 
88.82 
76.00 

20.74 2! .  ].9 
2.70 2.76 
2.39 2.40 

2.45 2.64 
1.79 2.14 
3.7.5 4 .0 !  
!.95 2.01 
3.06 3.!8 
3.i6 3.30 
3.18 3.54 
9 .  O! i0 .  !4 

45.79 42.64 

6!.91 
87.10 
74.84 

22.83 
2.90 
2.69 
2.31 
1.97 
3.69 
2.08 
3.02 
3.33 
3.14 
9.60 

42.44 

59.24 
89.68 
72.8 i  

24.26 
3.03 
2.92 
2.56 
2.15 
4.10 
2.39 
3.19 
3.54 
3.40 
10.78 
37.69 

TOTAL I00.00 lO0.O0 lO0.O0 lO0.O0 !00.00 
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SUB-GR- OUPLNG 
C1 -04 
C5 -420 F 
420-700 F 
700-4340 PT 
C5+4D40 PT 

ISO/NORN~L MOLE RATZO 
04 
05 
06 
C4= 

PARAFF!J4/OL~LN RA 1"I0 
C3 
Ca 
0S 

$CHULZ-r'7.0RY OISTRBTN 
alPHA (EXP(SLOPE)) 
RATIO CHa/(Z-A)**2 

LIQ HC COLLECTION 
PHYS. APPEARAN~ 
OS"NSZTY 
N, R~'RACTIVE INDEX 
SZNULT' 0 OiST31.ATN 

10 ,a ~ 8 0 £ G F  
16 
50 
84 
9O 

RANGZ(Z6-Sa ~) 

61" ~ @ 420 F 
WT ~ 0700 F 

31.2! 
43.54 
20.26 
5.00 

68.79 

0.1871 
0.3964 
1.3984 
0.0889 

0.9104 
0.4495 
0.~270 

47.17 
89.55 

33.83 
41.98 
19.40 
4.78 
66.17 

0.1741 
0.3845 
1.3888 
0.0796 

0.932A 
0.46i2 
0.62~2 

0.820 
6.8748 

GRN 0II- 
0.764 
1.4303 

257 
295 
434 
650 
704 

~5 

47.17 
89.~5 

35.20 
42.70 
18.07 
4.03 

64.80 

0.3917 
0.3715 
!.3469 
0.0800 

0.8911 
0.5160 
0.6147 

48.17 
90.55 

36.39 
41.61 
17.99 
4.01 
63.61 

0.1603 
0.3603 
1.2751 
0.0823 

!.ll06 
0.5iY7 
0.6704 

O. 8!85 
6.9278 

OIL & S.D 
0.763 
1.4300 

259 
296 
431 
6"53 • 
694 

r57 

48.17 
90.59 

3£.02 
40.53 
15.19 
4.26 

60.98 

0.1553 
0.361~ 
1.1888 
0.0828 

1.0886 
0.5078 
0.7307 

45.75 
88,,70 
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TABLE 3 PJ£SULT OF SYN~AS Gm~RATION 

RUN NO. 
CATALYST 
FEED 

10225-14 
CO/TH +UCO-iO! #!!£84-0!C 80 C0 35.!GM (44.8 A=TER RUN +9.7G) 
H2:CO:~RGON OF 50:50:0 @ '&O0 CC/MN OR 300 GHSV 

RUN & SA~LE NO. 10225-!4-13 225-14-14 225-14-15 225-!4-16 

F~'D H2:CO:AR 
HRS ON STREAM 
PRESSUP~,PSiG 

T E ~ .  C 

F ~  CC/NIN 
HOURS F '~ ING 
~--FLNT GAS LIT~,  
&M AQUEOUS LAYER 
GM OTJ.. 

MATE. TR/AL BALAN~ 
-624 ATOM CARBON % 
GM ATOM HYDROC~N % 
GM ATOM OXYG£N % 

RATIO CMX/(M20+C02) 
RATIO X iN CHX 
USA~ H2/CO PROOT 
RATIO C02/(H20+C02) 
K SHIRT iN ~--FL~NT 

CONVE'P, SZON 
ON CO % 
ON H2 
ON CO+H2 % 

~,~3T ~-..~CTiVITY, WT % 
OH4 
C2 HC'S 
C~,H8 
C;-H6= 
CZ~,lO 
C&H8= 
CSH~ 
05HIO= 
C ~ l A  
C6H12: & CYCLO' S 
C7+ iN GAS 
LIQ HC'S 

TOTAL 

50:50:0 
16"5.9 

~0i 
2,-'7 

50:50:0 
l~.O 

~6 
~0 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
187.5 I b~4.0 

304 304 
280 280 

4O0 400 4O0 40O 
24.00 7.50 24.00 6 . 5 0  

2'44.40 60.90 215.20 66.10 
63.82 18.85 60.33 !7.32 
28.~2 8.57 27.44 7.97 

81.84 89.61 100.92 
92.2! 97.40 !05.81 
83.43 89.2.! 99.56 

0.9619 1.009~ 1.0299 
2.5522 2.5689 2.9783 
1.5246 i.5i94 1.5!78 
0.2899 0.3056 .0.3Z2.6 

0.!6 0.16 0.1_5 

97.04 
103.0i 
97.48 

0.9901 
2.5431 
1.9359 
0.2881 

0.!6 

58.30 69.6~ 62.71 61.07 
84.67 87.41 87.36 87.43 
71.88 76.23 75.55 74.56 

2.5.40 29.83 26.59 27.20 
3.3.3 3.20 3.28 3.37 
3.0! 3.09 3.18 3.00 
2.35 2 .08  2.50 2.4,8 

2 . 1 9  2.26 2.52 2.'L~ 
3.78 5.45 A.O1 3.93 ' 
2.33 2.33 2 .3 !  2.28 
3.08 2.79 •3.07 3.17 
3.44 3.32 3.!6 3.70 
3.24 2.94 3.12 3.3! 

10.64 9.04 9.40 9.85 
37.42 39.66 36.76 35.95 

lOO.O0 i00.00 lO0.O0 lO0.O0 
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SUB-GROUp'r.NG 
Cl -C4 
CS -420 F 
4?0-7OO F 
700-END PT 
CS+-ENO PT 

iSO/NORMAL MOLE RATIO 
C4 
05 
C6 
C4= 

PARA~FLN/OLS~'IN RATIO 
0~ 
04 
C5 

$C~Z-r~_ORY OISTRBTN 
ALPHA (EXP (S.C4:E)) 
PATIO GN41 ( I -A)**2 

LIQ HC COLLECTION 
PHYS. ~EAPJ~NCE 
OENSlWY 
N, R~RACTIVE INDEX 
SD~LT' 0 OiST!LATN 

10 WT % @ OEG F 
16 
50 
84 
90 

RANGE(16-84 %) 

'6T % 8 420 F 
WT ~ ~ 700 F 

39.86 
39.85 
15.07 
4.2J 

60.14 

O. 1475 
0.3~70 
1.1078 
0.0827 

1.22-38 
0.5590 
0.7351 

0.82/5 
8.344! 

OIL SLO 
0.765 
!.4~10 

20 
299 
438 
653 • 
715 

~54 

45.75 
88.70 

~9.92 
39.46 
].5.57 

5.06 
60.08 

0.1611 
0.368~ 
1.1292 
0.0904 

!.4170 
0.6"~4 
0.8144 

48.00 
87.2.5 

42.17 
38.71 
14.43 
4.69 
57.83 

0.2061 
0.4226 
1.2849 
0.0983 

1.1689 
0.6052 
0.7309 

0.8~06 
9.2621 

OIL SLO 
0.764 
1.4305 

263 
299 
4.27 
668 

369 

48.00 
87.25 

42.!4 
39.17 
i4.11 
4.58 

57.86 

0 . i ~ 2  
0.3770 
1.2988 
0.0893 

I .  IS52 
0.5310 
0.6987 

0.8296 
9.3647 

OIL SLD 
0.767 
1.43L5 

254. 
299 
4o-7 
665 
732 

~66 

~8.00 
87.25 
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!Ii. RUN 2 (10225-12) with Cata!vst 2 (Co/X~ + UCC'lO!) 

This t e s t  continues a series, begun in the Tenth Quarter, in 

which the metal component (MC) is treated with an additive (the 

exact nature of which is not, in general, being discussed). It 

was prepared in ~he same way as Catalyst I except that the cobalt 

was impregnated, not with thorium, but with the additive 15 to 

give 4 weight percent X 5 on the catalyst. 

Conversion, product selectivity, isomerization of the pen- 

tane, and percent o!efins of the Cd's are plotted a~ainst time on 

st#eam in Fizs. 26129. Simulated distillations of the C5 + pro- 

duct for two samples are plotted in Figs. 30-31. Carbon number 

product distributions are plotted in Fi~s. 32-35.. Chromato~rams 

from simulated distillations are reproduced in Figs. 36-39. 

Detailed material balances appear in Tables 4-5. 

The conversion of syn~as, a!thou~h steady, was low, and there 

was little water sas shift activity, only 7 percent of the oxygen 

havin s been rejected as C02.- The selectivity also was steady but 

poor, with a high production n o t  only of methane (about 25 per- 

cent) but~ uncharacteristically for a cobalt datalyst, of C2-C 4 

as well. The total yield of motor fuels was correspondin~!y 

poor, wi~h less than 55 percen~ as C5+ and 2.5 percent as heav- 

ies. Isomerization of the pentane was about the same as in last 

quarter's Run 10112-15, which was lower than with Catalyst I. 
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The C4's are about one-half olefins, lower than with most caza- 

lysts reported thus far. The Schu!z-Flory plots show the high 

methane and suggest a possible carbon number cut-off, while the 

chromatograms from the simulated distillations reflect the poor 

isomerization of the pentane. 

Although the activity of this catalyst was fairly steady 

during the short run of less than I00 hours on stream, its level 

of activity was low and its selectivity no better than average. 

The additive tested is evidently of little on no value. 
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TABLE 4 RESULT OF SYNGAS.Q'-~ATiON 

RUN NO. 10225-12 
CATALYST CO/X5 +UCC-IO1 #10252-800 80 CC 75.7GM (36.7AFTER RUN +l. G) 

H2:CO:ARGON OF 50:50:0 8400 CC/MN OR 300 GHSV" 

RUN & SAM:LE NO. 1022.5-12-01 2.25-L?.-03 225-.~.-04 225-12-05 225-12-06 

FEED H2 :C0 :AR 
HRS ON STREAM 
PRESSURE, PSiG 
I '~,~:, C 

FED CC/EN 
HOURS F':~nING 
I~=R.NT GAS~TER 
GM AQUEOUS LAYER 
&MOIL 

MAT~RiAL B ~ALANC~ 
GM ATOM C;~.RBON % 
GN ATOM HYDROGmqq % 
GM ATOM OXYGEN % 

RATIO 5%XI (H20+002) 
RATIO X iN CHX 
USAGE H2/00 ,PROOT 
RATIO C02/(H20÷C02) 
K SH~T LN ~--~NT 

CONVERSISN 
ON CO % 
0N~% 
ON CO+H2 % 

P,:DT ~CTiV!TY ~ WT % 
OH4 
C2 HC'S 
C3H8 
C3H~= 
C4HIO 
C4H8: 
C~12 
CSHlO= 
C~H14 
C6H12: & CYCLO' S 
C7+ iN -G~ 
LZQ HC'S 

TOTAL 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
22.0 'Z~.O 

3!5 319 
266 270 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
52.5 71.0 78.5  
3 ! 6  7 1 ~  310 
2 7 0  270 270 

400 400 400 400 = 400 
22.00 24.00 6.50 25.00 7.50 
770.65 ~83.95 104.75 417.00 127.85 
40.70 41.67 11.36 43.68 !2.53 
6.69 9.95 2.65 lO.12 2.80 

95.74 
99.35 
97.55 

0.9084 
2.586-3 
2.077~ 
0;0760 

0.06 

99.41 
102.1'; 
103.68 
0.8305 
2.6415 
2.0625 
0.0687 

0.05 

95.77 96.24 99.27 
99.07 102.14 102,43 
98.36 99.~7 101.5"$ 

0.87"55 0.8570 0.9i13 
2.5972 2.5936 2.6008 
2.0353 2.0781 2,0788 
0.0744- 0.077-1 0.0779 

0.06 0.06 0,06 

22.77 24.64 23.84 23.!8 
50.05 50.41 49.81 47.94 
36.58 ;--7.79 37.07 35.97 

26.06 - 24.52 24.84 25.29 
6.26 5.~-7 3.&8 5.4 !  
6 .8 i  5 .6 !  5.78 5.32 
3 . 0 t  3 .09 2 .82  2 .72  
4 . 7 5  3.98 3 . 9 5  3 . 5 4  
3.69 7.43 3 .Lm, 3.3! 
4.77 3.90 3.96 3.65 
2.75 2.73 2.12 1.40 

• 4 . 8 7  4 .39  4 .  lO 7.83 
1.87 1.95 !.24 1,89 

i5. !0 14.52 35.91 16,40 
20.07 26.50 26.76 27.24 

23.22 
47.97 
3 3 . ~  

25.78 
5.5-5 
5.50 
2.89 
3.71 
3 . 5 4  
3.74 
2.81 
4.23 
2.04 

!6 .22 
24.30 

100.00 lO0.O0 100.00 lO0.O0 I_00.@3 
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SUB-GROLPING 
C1 -Ca 
C5 -420 F 
a.2.0-700 F 
7OO-:.~O PT 
CS+-KNO PT 

ZSO/NORMAL MOLE RATIO 
Ca. 
C9 
C6 
C~. 

P ~ ; ~ = ! N / O ~ i N  KATIO 
C3 
C~ 
C5 

SCHI/.Z..,-"LORY OISTRSTN 
ALPHA (EXP(SL~E)) 
RATI:0 CHL~I (I-A)*~ 

LZQ HC COLLECTZON 
PHYS. APP=_ARANr~ 
OEN&T.TY 
• N, P,~:RACTTVK ~IO'h'X 
SIMULT' 0 OISTILATN 

I0 WT %@OEGF 
!6 
SO 
84 
9O 

RAN~(!G-84 %) 

'61" % 8 700 F 

50.57 
37.82 
I0.60 
1.00 

49.43 

0.1952 
0.3389 
0.4520 
0.0000 

2.!606 
1.24~2 
1.6821 

0.7799 
5.3776 

YL OIJ. 
0.759 
1.4288 

315 
341 
448 
594 
632 

253 

42.17 
95.00 

46.01 
37.94 
14.73 
1.32 

53.99 

0.!891 
0.2885 
0.4057 
0.0000 

1.75"31 
1.1206 
I.~902 

0.7846 
5.2849 

YL OIL 
0.762 
1.42.90 

312 
343 
461 
616 
651 

27"5 

39.40 
95.00 

46.31 
36.56 
14.94 
2.19 

53.59 

0.1571 
0.2837 
0.3742 
0.0000 

1.9574 
1.1081 
1.8178 

36.00 
91.83 

45.59 
36.97 
!5.21 

2.2J  
54.41 

0.1380 
0.2439 
0.3525 
0.0000 

1.8654 
1.0328 
2.5385 

0.7986 
6.2325 

YL O.T.L 
0.766 
1.4306 

316 
346 
478 
648 
686 

36.oo 
91.8~ 

46.65 
5"7.31 
13.55 
2.49 

53.35 

O. 9J94 
0.2381 
0.~465 
0.0000 

1.8164 
i. 0!29 
1.2954 

34.00 
89.75 
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TABLE 5 P~.SULT OF SYNGAS O:~=:~TION 

RUN NO. 10225-1,2 
CATALYST COIX5 +UCC-!O1 #!02.52-80C 80 CC 35.7GM (56.7 AFTER RUN +l.OG) 

H~:CO:ARGON &= ~.~.~n~:m. 0 ~400  CC/NN OR 300 -GH, SV 

RUN & $AM=LE NO. 10225-12--07 

H2:CO:AR 50:50:0 
HR$ ON SI-£,EAM 96.0 
PR~URE:PSIG 33J. 
l=-E~9. C 270 

CC/MTN 400 
HOURS F ~  T..,NG 2.5.00 
E~.NT -GAS L!T-'~, 426.20 
GM AQUEOUS LAYER ~1.78 
GM 0]3. 9.32 

~T'~AL BIALANCE 
04 ATOM CARBON % 
&M ATOM HYBROG-_~N % 
GN ATOMOXYGEN % 

RATIO CHX/(H20:-C02) 
RATIO X IN CHX 
USAGE H21CO F~OOT 
RATIO C021(H20-~02) 
K SH~'mT IN ~---FLNT 

CO Vm: SZON 
ON CO % 
ON H2 % 
ON CO+H2 % 

PPdDT SELECTIVITY/El" % 
CH4 
C2 HC'$ 
C3H8 
C3H6: 
C4HIO 
C.L~8= 
O~HZ2 
CSH!O= 
C~Hi4 
C~Hl2= & CYCLO' S 
C7+ IN GAS 
LIQ HC'S 

TOTAL 

97.61 
102.42 
100.53 
0.8747 
2.6005 
2.0348 
0.0758 

0.06 

22.64 
46.79 
~5.00 

2.~.67 
5.32 

5.36 

2.78 
3.59 
3.52 

3.69 
2.82 
3.79 
1.84 

16.28 
25.37 

i00.00 
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SUB--C~OUP!NG 
C1 
CS -420 F 
420-700 F 
700-£ND PT 
CS+--£NO PT 

L50/NORM~L MOLE RATIO 
CA 
C5 
C6 
CZ~. 

PAR~'F, IN/OL£FiN RATIO 
C) 
C4 
C5~ 

SCHUI.Z--FLORY D!STRBTN 
ALPHA (~=(SLOF~)) 
RATIO CH4/(l-A)**2 

LIQ HC CCLLSCT!ON 
PHYS. P4=P~ARANCK 
OKNSITY 
N, R~':RACTiVE INDEX 
STMJLT' O DISTILATN 

!0 WT % ~DEG F 
16 
50 
8~ 
9O 

RANGZ(!~-BA %) 

V~" % a 420 F 

46.23 
37.02 
14.15 
2.60 
53.77 

0.1239 
0.2~80 
0.)036 
0.0000 

1.8400 

0.9858 
1.2710 

0.8008 
6.4698 

YL OIL 
0.766 
1.4311 

3Z5 

348 

660 
701 

~4.00 
89.75 
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• IV. RUN 3 (11677-01)with Catalzst 3 (Co/Th/X6 + UCC-!OI) 

~ 4  
• h_s catalyst continues the series of tests of metal compo- 

nent additives, it was prepared in the same way as Catalyst 1 

except that the thorium-promoted cDba!t was impregnated with the 

additive X 6 to give 2 weight percent X 6 on the catalyst.. 

Conversion, product selectivity, isomerization of tke pen- 

tane, and percent o!efins of the C4's are plotted against time on 

i 

stream in Figs. 40-43. A simulated disti!!a£ion of the C5+ pro- 

duct is plotted in Fig. 44: Carbon number product distributions 

are plotted in Figs. 45-46. The chromatograms from the simulated 

distillations are reproduced in Figs. 47-48. Detailed material 

balances appear in Table 6. 

Due to a number of mechanical failures this test had to be 

aborted after only 41 hours on stream. During the run the cata- 

!yst's activity was only fair; the water gas shift activity was 

very low., with less than I0 percent of the oxygen rejected as 

C02; and the usage of the H2:CO syngas was in a ratio of about 

2:!. The se!ectivity was about average for a cobalt catalyst: 

methane production was high; production of C5-700F was about 60 

percent, with a 3:1 ratio of gasoline to diesel fuel; and both 

the pentane and the liquids were somewhat isomerized.. 

The C4's , however, were highly olefinic, more typical of an 

iron than a cobalt catalyst. For this reason, and 6o investigate 
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the possibility of lowerin~ the methane production, the test was 

re-run and is reported next. 
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TAEK.E 6 RESULT OF SYNGAS C~RATION ': 

RUN NO. 1!677-01 
CATALYST CO/TH/XS÷UCO-IO1 11684-~C 80 CC 35.7GM (39.1 ~=TER RUN +3.4G) 
.~ H2:OO:ARGON OF 50:50:0 ~400 CC/NN OR 300 GHSY 

i1677-01-0! 677-01-02 ~77-01-03 

F-_-~ H2:CO:AR 50:50:0 50:50:0 50:50:0 
HRS ON STREAM i8.0 23.0 4!.0 
'PRESSUE, PSIG 298 300 306 
TEM "~. C 275 270 270 

F~-"~'n CO/MiN 400 , 400 400 
HOURS F-'~-DING 18.00 6.00 24.00 
~-"F~NT GAS LITER 239.40 74.60 3i5.80 
SM AQUEOUS LAYh-R 45.47 14.65 58.60 
GM OiL /.5.81 4.02 16.10 

MA i ~-Z-HZ~L S~L~,'CE 
GM ATOM CARBON % 
GN ATOM HYDROC~ % 
GM ATOM OXYGEN % 

RATIO CPD</(H20:-002) 
RATIO X TT.N CH',X 
USA~ H2YCO PROOT 
PATIO C02/(H20+002) 
K &'HII=T ~ ~--FI.N'T 

108.~-7 94.22 98J1 
100.88 " 93.98 96.32 
106.16 96.43 100.31 
! .0~8  0.9303 ' 0.9370 
2.5LI_~. 2. 4857 2. 5081 
! .  9662 2.0095 2.02~8 
0.1036 O. 0722 0.07!! 

0.04 0.03 0.03 

CONVERSZON 
ON C0 
ONH2.% 
ON 00+H2 % 

PRDT~-~_UECi'iViTY,WT% 
CH4 
C2HC'S 
C~-H8 
C3H~ 
C&H!O 
C"-~H8= 
CSH12 
CSH!O= 
C6H!4 
C~H32= & CYCLO'S 
C7+ING~S 
LZQ HC'S 

36.69 3.73 32.60 
75.34 70.62 69.59 
55.32 52.32 50.89 

23.69 22.68 23.75 
3.55 3.27 ~.24 
2.49 2.~3 2.~9 
~.76 3.64 ~.T7 
1.97 i. 89 !.99 
4.87 4.86 '4.97 
2.20 2.24 2.32 
3.69 3.80 3.88 
3.51 4o15 3.99 
3.90 4.19 4.30' 
].2.59 15.22 i~.95 
5-5.76 31.T5 31.37 

TOTAL. !00~00 100.00 i00.00 
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~@-GROUPLNG 
01 -C~ 
C5 -420 F 
420-700 F 
700-5"N0 PT 
CS+~_NO PT 

!SO/NORMAL MO_E RATIO 
C4 
C5 
06 
C4= 

PARAF~ IN/OL~=LN RATIO 
C3 
C4 
C5 

SCHULZ-~--LORY OISTRBTN 
ALPHA (£XP(S.O=E)) 
RATIO CH/+/(I-A) 

LIQ HC COLLECTION 
PHYS. APP~NCE 
C~NSITY 
N, P~:RACTIVE INDEX 
SIMULT' 0 OISTILATN 

i0 WT %~OEG F 
16 
5O 

84 
9O 

RAN~(16-8~ ~) 

WT % ~ /+20 F 
WT % ~ 700 F 

40.35 
40.82 
!5.3~ 
3.51 

59.65 

0.1606 
0.3Z16 

1.2222 
O. 0667 

O. 6~14 
0.391~ 

0.5799 

O. 8084 
6.4546 

GRN OiL 
0.767 
1.4312 

289 
313 
/+/+8 
6/+7 
704 

~-U4 

~.20 
• 89.60 

38.67 
1,3.66 
14.63 
3.03 
61.33 

0.1419 
0.2_955 
1.2475 
0.0627 

O. 6114 
0.3"760 
0.57/5 

90.4.5 

40.21 
~2.33 
14.47 
3.00 

59.79 

0.i~13 
0.7_585 
1.].515 
0.0653 

0.6288 
0.3865 
0.5808 

O. 8039 
6.17z~5 

GPa OIL 
0.76z~ 
1.4306 

291 
317 
4~7 
641 
695 

~24 

90.4.5 
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V. RU N 4 (11677-03) wi~h Cata!yst 4 (ColThlX 6 + UCC-!Oi) 

This catalyst, the same as in Run 3 (!1677-01), was retested 

due to mechanical failures in the first trial. 

Conversion, product se!ectivity, isomerization of the pen- 

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

stream in Figs. 49-52. Simulated distillations of ~he C5+ pro- 

duct for two samples are plotted in Figs. 53-54. Carbon number 

product distributions are plotted in Figs. 55-60. Chromatograms 

from simulated distillations are reproduced in Fi~s. 61-66. De- 

tailed material 5a!ances appear in Tables 7-8. 

The initial syngas activity was 59 Percent, as against 76 

percent with the reference cata!yst(Run !0!12-15). Most o~ the 

difference was due to lower CO conversion, resulting in turn from 

low Water gas shift activity, with only about :6 percent of. the 

oxygen having been rejected as CO 2 in contrast to 37-20% for the 

reference catalyst. UsaE = of the I:I H2:CO syngas was in a ratio 

of about 2:1. Because of the back-mixed nature of the Berry 

reactor, the effective exposure of the cata!yst to hhe syn~as was 

in a ratio of only 0.4:I. OrdinarilY, in such a CO-rich environ- 

ment the catalyst should deactivate quickly , But this catalyst 

proved remarkably stable, much'more so than the reference cata- 

lyst (I0112-!5). From the initial level of 59 percent and after 

more than 200 hours on stream, its conversion had dropped to only 
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5& percent; conversion of the reference catalyst, by contrast, in 

a little less time on stream dropped from 76 to 52 percent. 

After only &0 hours on stream this catalyst was more active than 

the reference catalyst. 

The selectivity was generally rather ~ood~ more significant- 

ly, it was relatively very stable throushouD the run. Methane 

production, initially 14 percent, rose after nearly 200 hours on 

stream to less than 18 percent; with the reference catalyst, in 

contrast, the correspondin8 values were 15 and 2& percent. In 

about the same time on stream, therefore, this catalyst's rate of 

methane production rose less than half as rapidly as that of the 

reference catalyst, and its total production of methane was some 

26 percent lower. 

.Production of C2-C 4 was also initially lower than with the 

reference catalyst, and remained lower throughout the run; thus 

the yield of C5+ was substantially higher. Since the wax yield 

was only 5 to 6 percent, the se!ec~ivity for total motor fuels is 

exceptionally good--69 percent initially, the same as with the 

reference catalyst, but falling only to 62 percent by the end of 

the run as against 55 percent with the reference catalyst. What 

sets this catalyst apart, in short, is not merely its better- 

Bhan-average selectivity, but its stability over time. if run at 

a slightly lower temperature, both its selectivity and stability 

may possibly be still further improved. 

The to~al motor fuel fraction consists, by calculation with a 

&20F Sasoline cut point, of approximately two parts gasoline to 

- 82 - 
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• ,, , 

one part diesel fuel. If the cut between gasoline and diesel 

fuel is made at 300F (a reasonable starting point for diesel 

fuel), then this catalyst produces more diesel fuel than gaso- 

line. The yield of heavies is low, as it was for the reference 

catalyst; the liquid product of this catalyst, however, is all 

liquid, while that of the referenae contained solid hydrocarbons. 

The difference is quantified in the pour points of the heavier 

fractions. The jet fuel from this catalyst has a pour point of 

-bE, as asainst ~F for the reference catalyst; the pour points 

of the diesel fractions from bo~h Catalysts are the same at about 

50?. These values suggest that the heavies from this catalyst 

may be less waxy than those from the reference. Isommrizatiou of 

the hydrocarbons does not seem to be the cause; both this cata- 

lyst and the reference have similar isopentane yields, and the 

chromatograms from the simulated distillations show that the 

liquid product is not highly isomerized. All major fractio~s of 

the product from this catalyst are more o!efi~ic than those from 

the reference catalyst: the C 4 being slightiy more olefinic; the 

gaso!ine fraction having &6 percent olefins as against 36 per- 

cent; and the jet fuel fraction containing ~5 percent oiefins as 

against 32 percent. Up to about Sample 11 the Schu!z-Fiory plots 

show a possible carbon number cut-off, but since it does not 

appear thereafter it may or not be real. 

This catalyst is especially promising by reason of its rela- 

tively !o~ yfeid of methane, its high yield of o!efins, and its 

exceptional Stability. 
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TAB.E 7 ~_=S'J_T OF SYNGAS O~:'C'P,~TION 

RUN NO. !!677-03 
CATALYST CO/TH/X6 +UCC-101 11684.-3C 80CC 35.80N (38,6 A ~ R  RUN +2.~G) 

U2:CO:ARGON OF 50 :~0 :0  @ 400 CC/MN OR~O0 GHSV 

RUN A SAMPLE NO. 11677-0~-0! ~'T~-03-05 6"77-03-07 6"77-03-09 ~77-0~-!1 

F=-~ H2 :CO :A.R 
HRS ON STREAM 
P-=t'aESSURE ~ PSiG 
TEM =. C 

F~.D CCIM.T.N 
HOURS FEEDING 
a-'  NT 
GM AQUEOUS LAYS, 
&4 OiL 

M~,TERiAL 8#I.~N~ 
GM ATOM CARBON % 
C--M ATOM HYDROGEN % 
-GM ATOM OXYG~ % 

RATIO CHXI(H20 :-C02) 
RATIO X iN CHX 
USA~ H2/CO PROOT 
RATIO C02/(H2O+C02) 
K SMZr"T .T.N ,---'¢FLNT 

CONWERSION 
ON CO % 
ON H2 % 
ON CO-M'12 % 

P,~DT Sm.O.~.~CTiViTY, WT' % 
CH4 
C2 HC'S 
C3H8 
CYH6= 
C&H!O 
C~S= 
C9~!2 
CSH!O: 
CFHI4 
06H17: & CYCLO'S 
C7+ iN GAS 
LIQ HC'S 

TOTAL 

50:50:0 50:50:0 50:50:0 
23.0 70.9 9 4 . 9  

295 297 297 
272 27! 270 

4OO 
23.00 
209.30 
59.  
2.~.83 

• 82.63 
78.2~ 
87.17 

0,8643 
2.3018 
1.8562 
0.0926 

0.0~ 

#8.72 
8!.~0 
99.43 

L'5.56 
2.12 
1.85 
2.74 
1.59 
3.94 
2.07 
~.22 
3.69 
3.~4 
lZ.23 
50.65 

!00.00 

400 
23.00 

249.70 
65.52 
26.40 

94.04 
95,2~ 
,95.79 

0.9514 
2.3503 

• 1.9844 
0.0609 

0,02 

38.68 
77.62 
58.27 

!4.14 
2.~5 
! 4  .,F .J 

2.87 
i."70 
3 .90 
2 .05 
3.28 
~ . ~  
4..85 

!1.97 
47.29 

i00.00 

- !0i- 

400 
24.00 

27.5. O0 
69.17 
26.50 

94'.89 
97.80 

Q .7..2 
0.9165 
2.38.53 
21o 6 
0.0543 

0.02 

 .o1 
75.41 
56.5O 

16.03 
2.49 
!.99 
2.76 
!.66 
3.88 
2.02 
4o10 
3.36 
~.46 

11.46 
46.79 

100.00 

50:50:0 
118.9 

293 
270 

400 ~. 
24.00 
284.95 
58~07 
22.83 

95.7-5 
92.48 
9A.93 

1.0299 
2.A!91 
2.0225 
0.0~6 

0.03 

35.34 
73.!1 
53.90 

!7.70 
2.62 
2.20 

3 .03  
! ,79 
4.2& 
2.20 
3,56 
3.99 
3.92 

12.93 
41.85 

1oo.oo 

50:50:0 
14N.4 

301 
270 

400 
24.50 

296.20 
59.2~ 
24.36 

96.51 
93.04 

9 6 . 1 2  
i.0 3 
2.4342 
2.0185 
0.0667 

0.03 

34.85 
72.54 
53.N5 

18.58 
2.62 

• 2.20 
3.!! 
•!.78 
4.24 
2.06 
3.38 
3.50 
3.65 
i0.76 
44.i2 

!00.00 

"# 



SUB--GROUPLNG 
C1 --04 
C5 -420 F 
420-700 g 
7 0 0 - ~  PT 
C5+-£N0 PT 

ISO/NORNAL MOLE RATIO 
84 
C5 
86 
84= 

PAR~'FIN/OLEFIN RATIO 
83 
C4 
85 

SCHULZ-~-q.ORY OiSTNBTN 
ALJ:HA (EYJ: (SLCPE) ) 
RATIO CH4/(l-A)*'w~l 

LiQ HC COLLECTION 
PHYS. APP~J~RANCE 
05NSITY 
N, REFRACTIVE INDEX 
SIMULT' 00iSTiLATN' 

10 WT ~ @OEG F 
15 
50 
84 
90 

RANGE(!6-84 ~) 

WT % ~ ~20 F 
'£r % '~ 700 F 

25.80 
46.14 
23.25 
4.81 

74.20 

0.2716 
0.4937 
1.7074 
0.05"~3 

O. 6435 
0 .3908  
0.6249 

GRN OIL 

~.60 
90.50 

26.94 
46.86 
21.70 
4.49 

73.06 

0.191~ 
0.3226 
!.2078 
0.0631 

0.6638 
0.4198 
O. 6082 

0.8188 
4 . 3 0 6 0  

CLOY OIL 
0.765 
!.4300 

282 
~04 
444 
645 
695 

3 ~  

44.60 
"90.50 

28.81 
46.07 
Zl.15 

.98 
7!.19 

O. 1453 
0.2.364 
1.0986 
0 . 0 ~ 4  

0.6895 
0.4125 
0.4788 

O. 8180 
4.8372 

GRN OIL 
0.785 
1.4294 

285 
306 
434 

• 6~--3 

685 

327 

46.33 
91.50 

31.55 
44.95 
19.01 
4.50 
58.45 

0.1272 
0.2085 
l.OZ~7 
0.0625 

O. 6912 
0.4097 
O. 6015 

O. 8208 
5.SL58 

CLOY OIL 
0.765 
1.4306 

287 
308 
444 
694 
709 

346 

43.83 
89.25 

32.53 
43.03 
18.82 

5.5~ 
67.47 

0.1092 
0.i966 
0.9495 
0.0615 

O. 6770 
0.406! 
0 . 5 9 ~F9 

0.8314 
6.5387 

CLOY OIL 
0.768 
1.4311 

285 
305 
443 
671 
7"50 

366 

44.60 
87.25 
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TAF./.E 8 RESULT OF SYNGAS OPL-RATION 

RUN NO. 
CATALYST 

!!677-.03 
COITHIX6 +UCC-!Oi 1168.4-~C 80CO ~5.8~4 (~8.6 AFTi'R RUN +2.8G). 
H2:OO:ARGON OF 50:50:0 @'400 CO/MN OR 300 C4~SV 

RUN & SABLE NO. 11o'77-0~-1~ 677-0-J-17 

r-~ H2:CO :##:, 
HRS ON STREAM 
PRESSURE,PSiG 
T~. C 

50:90:0 50:50:0 
168.8 214.i 

~04 ~0~ 
27o 27o 

C.~IM!N 
HOURS F-~iNG 
~'FLNT GAS LIT-~ 
~M AQUEOUS LAY~ 
C-M OiL 

400 
25.42 

295.41 
98.80 
2.1.81 

22.25 
269.76 
 .95 
25.07 

MAI~"~ BALANCE 
&M ATOM CARBON % 
GM ATOM HYORO-G~N % 
GM ATOM OXYG~ % 

F TiO O- I(HZO.' O2) 
RATZO X iN CH~ 
USAGE H2/CO PROOT 
RATIO 002/(H20+C02) 
K SHL-'T iN ~--FLNT 

91.97 
89.64 
91.15 

!.01~2 
2.4274 
2.0369 
0.0592 

0.03 

97.09 
96.58 
94.29 

1.0914 
2.4189 
2.0560 
O. 0556 

0.03 

CONV~S'rON 
ON CO % 
ON H2 % 

ON CO+H2 % 
PP~T SKLECTIV'-I-TY, WT % 

8H4 
C2 HC'$ 
0~'H8 
G;-H.6= 
C~iO 
C ..%H8= 
C5H!2 
O5H~0= 

O6H!4 
C6M12= & CYC/_O' S 
O7+ IN GAS 
L/Q HC'S 

TOT~I. 

34,69 
71.71 
53.00 

!8.17 
2.75 
2.5! 
3.5! 
2.i0 
4.1O 
1.9~ 
4.38 
~.6! 
.46 

1~.43 
40.04 

lO0.O0 

36.25 
73.93 
54.04' 

17.78 
2.54 
2.20 
2.91 

1 . 7 5  
3.69 
! .78  
3.09 
3.24 
3.!.~ 

10.74 
47.16 

zoo.go 

- 103 - 



~B~=ROUP!NG 
Cl -C4 
C5 -420 F 
420-700 F 
700-c~NO PT 
CS+--£ND PT 

L~O/NORNAL ~ RATIO 
C4 
C5 
C6 
C4= 

PARAFF!N/OLEFIN RATIO 
C~ 
C4 
C5 

SCHL~Z-FLORY OLSTRBTN 
ALPHA (EXP(~.OP~)) 
RATIO C~4/(1-A)*'2 

L~Q HC COLLECTION 
PHYS. APPEARANCE 
O£NS~TY 
N, REFRACTIVE INDEX 
SI~LT'D DIST~3.ATN 

I0 WT % @OEG F 
16 
50 
84. 
90 .  

RAN~( !g-84 %) 

'6; % a 420 F 
"'61" % ~ 700 F 

33.14 
42.76 
16.18 
7.92 
66.86 

0.1471 
0.1678 
1.02/.7 
0.0687 

0.682& 

O. &937 
0.4282 

0.8~57 
7.6346 

OIL ~.O 
0.761 
1.45"38 

296 
326 
47A 

809 

411 

39.83 
80.25 

~0.86 
4,2,07 
20.85 
6.2J 

69.14 

0.1].22 
0./.~6i 
!.00!i 
0.0706 

0.7207 
O. &593 
0.5622 

0.8361 
6.6188 

0~ ~O 
0.75 
1.4311 

95 
3~ 

4~ 
672 
~4 

42.60 
86.80 
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VI. RUN 5 (I0i12-21) with Cata!Fst 5 (Co/X7 + UCC-!0!) 

This catalyst continues the series of metal ~dditive tests. 

The metal component (MC) was prepared by precipitatin~a I:! 

weight solution of coba!~ and additive X7, physicaily mixing the 

MC with Molecular Sieve (UCC-10!) in a 3:i4 weight ratio, bondin~ 

with 15 weight percent silica, forming as I/8" extrudates, and 

calcining in air at 250C. The resulting mixture consisted of 

cobalt/XT:UCC-!01:si!ica in awei~ht ratio of 15:70:!5. 

Convarsion, product selectivity, isomerization 0f the pen- 

rate, and percent o!efins of the C~'s are plotted against time on 

"stream in Figs. 67-70. A simulated dis~i!!ation of the C5 + pro- 

duct is p!ottei in Fig. 71. A carbon number product distribution 

is plotted in Fig. 72, and the chromatogr~m from a simulated dis- 

~i!!ation is reproduced in Fig. 73. Detailed material ha!ances 

appear in Table 9. " - .  

The activity of this catalyst was very low, almost nil. its 

water gas shift activity was sufficient to satch the 10w Fischer- 

Tropsch activity. Selectivity was poor as well, with only about 

30 percent of the product as C5 +. 

This is an ineffective catalyst, with no apparent advantages 

over the reference cata!yst. 
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TA'~ 9 RESULT OF SYNGAS ~-"=.RATION 

RUN NO. i0~ ~.!.!2-2.! 
CATALYST CO/X7 + UCC-IOI !0232-7iC 80 CC ~3.9GM (34.1 ,%--TER RUN +0.2G) 
F-'r.~ H2:CO:ARGON OF 50:,50:0 ~ z~O0 CC/MN OR ~:00 GHSV 

RUN & SAM:LE NO. 

,~ H2:CO:AR 
HR$ ON STREAM 
PRESSURE:PHIG 
TKM:. C 

F-~---D CCIMIN 
HOURS ~ ! N G  
Er-FLNT GAS LITER 
r=M AQUEOUS LAYER 
~-40TL 

MAi'ERD~L B~LANr.,~. 
GM ATOM CARBON 
GM ATOM HYDROGEN 

• GM ATOM OXY-G_-.-.~ % 
RATIO CHv/(H20 '-002) 
RATIO X T_N OHX 
USAGE H21CO PROD]" 
PATIO C02/(H20+002) 
K SH~-T iN ~-:FLNT 

CONVERSION 
ON CO ,% 
ON H2,% 
ON 00+H2 % 

PROT S~.ECTiVITY~WT % 
CM4 
02 HC'S 
C3H8 
C3H6= 
C '~H!O 
C"-HS= 
CSH12 
CgHIO= 
C6H14 
C~12= & CYCLO' S 
C7+ iN GAS 
LIQ He' S 

i0!12-2!-01 !/2-21-02 ~-2!-03 

90:90:0 
18.0 

295 
230 

400 ' 
18.00 

383.99 
0.00 
0.00 

99.30 
• 96.16 
97.04 

1.3009 
2.6276 
1.2683 
0.9910 

!.i.5 

50:90: 0. 
25.9 
297 
2.50 

400 
7.90 

162.60 
0.00 
0.00 

100.82 
97.99 
98.37 
!.~80 
2.5446 
1.3249 
0.97_58 

1.0~ 

50:50:0 
42.0 
302 
250 

i 

400 
16.50 

356.85 
6.40 

• 0.45 

100.54 
!02.03 
102.28 
0.8490 
2.6739 
1.4528 
0.3229 

0.44 

!4.02 
16.86 
1~.42 

25.54 
12.58 
9.38 

13..76 
4.03 
7.40 
2.85 
4.02 
!.94 
2.36 

22.14 
0.00 

J.~.38 ].~.40 
16.65 20.42 
14.99 16.94 

2 ~ . ~  27.65 
12.~0 12.96 
5.42 5.40 

3/.71 10.94 
4.00 ~.89 
7.49 6.74 
2.9~ 2 .50  
4.~0 ~.52 

2.i~ 1.77 
2.7! ! . 9 9  

20.67 i8 .80 
0.00 3.85 

• . o : 

TOTAL i00.00 i00.00 100.00 
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SUB-GROUPT_NG 
01 ..C;~, 
C5 -420 F 
420-700 F 
700-~N0 PT 
CS÷--ENO PT 

LSO/NORMAL MOLE RATIO 
C& 
C9 

C6 
C4= 

PARAFFZN/OLEF!N RATIO 
C3 
C4 
CS 

SCHULZ-r-LORY D!STRBTN 
ALPHA ( i ' ~ (9 .OPE) )  
RATTO CHA/(I-A)*~/ 

LiQ HC COLLECTION 
PHYS. APPEARANCe. 
OENSITY 
N, ~ACT!VE INDEX 
SIHULT' 0 OISTiLATN 

!0 WT ,%~OEGF 
16 
50 
84 
90 

RAN~C!6-a4 ~) 

WT '% ~ 420 F 
WT '% a 700 F 

66.69 
~3.~! 
0.00 
0.00 

0.05&9 
0.12~I 
0.0000 
0.0000 

0.4365 
0.5260 
0.6891 

18.29 
86.00 

67.24 
32.76 
0.00 
0.00 

32.76 

0.0650 
0.I&75 
0.094~ 
0.0000 

0.4~20 
0.51.52 
0.6618 

18.29 
8~.00 

67.58 
29.28 
2.61 
0.54 

32.42 

0.0619 
0.1129 
0.0000 
0.0000 

0.4708 
0.5571 
0.69!7 

0.7485 
4.3715 

LT YW OIL 

391 
414 
546 
688 
727 

274 

18.29 
88.00 
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Vii, RUN 6.(10112-22) with Cata!yst 6 (Co/Th/X 4 + UCCr!08) 

This catalyst was run as a further test of X4, ~he additive 

used in the exceptionally productive Catalyst 9 (Run 10225-8) 

reported in the Tenth Quarterly Report. The metal component was 

prepared By impregnatim~ cobalt with 15 weight percent thorium, 

and impregnating the mixture with 13 weight percent X 4. This Was 

physically mixed with Molecular Sieve UCC-108 in a Co/Th/X4:UCC- 

108 weight ratio of 3:14, Bonded with 15 weight percent silica, 

and formed as extrudates. The final product was identical to the 

Tenth Quarter Catalyst 9, except that UCC-108 was used in place 

of UCC-!01. 

Conversion, product selectivity, isomerization of the pen- 

tane, and percent o!efins of the C4's are plotted a~ainst time on 

stream in Figs. 74-77. •Simulated distil!ations of the C5+ pro- 

duct for three samples are plotted in Figs. 78-80. carbon number 

product distributions are plotted in Fiss. 81-89. Chromatograms 

from simulated distillations are reproduced in Figs. 90-98. De- 

tailed material Balances appear in Tables I0-!2. 

Conversion of the syngas was 73 percent initially, as against 

76 percent with the non-X¢ containing reference catalyst (Cata- 

lyst 3 in the Tenth Quarter Run !0112-!5), and 53 percent at the 

end of the run. Maintenance of activity was sligh~!y better than 

with the reference catalyst, But not as ~ood as with this quar- 
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ter's X6-containing Catalyst 4, and far below that of the Tenth 

Quarter's X4-containing Catalyst 9. The conversion minimum at 

160 hours on stream is probably due to a problem which was cor- 

rected during the run; the resulting deactivation appears to have 

been overcome by the catalyst, so that the final conversion was 

at a level which might have been predicted from the initial slow 

deactivation before the sudden drop in conversion between 140 and 

180 hours on stream. The water gas shift activity was superior: 

initially more than 40 percent of the oxygen was rejected as C02, 

and by the end of the run it had dropped to only about 30 per- 

cent, as against 20 percent for the non-X 4 containing reference 

catalyst (Catalyst 3 in the Tenth Quarter Run i0112-!5). 

The selectivity is rather good, and similar to that of the 

reference catalyst. Methane production was-16 percent initially, 

and rose to about 25 percent by the end of the run; corresponding 

values for the reference catalyst were IS and 24 percent. High 

production of C2-C4, as with Tenth Quarter Catalyst 9, led to 

relatively low production of motor fuels, only 64-51 percent, 

some 5 percent lower than with the reference catalyst. The yield 

of heavies was also lower than with the reference catalyst. The 

proportion of gasoline to diesel oil was about 3:1. Isomeriza- 

tion of the pentane was very low, only about I0 percent--some- 

thing of an anomaly since UCC-I08 ordinarily produces a more 

highly isomerized product than does UCC-!OI. O!efinic content of 

the C 4 hydrocarbons was high, and increased with time on stream, 

apparently a characteristic property of additive X 4. The liquid 
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product was high in oiefins as wel!: 65 percent in the gasoline 

and 45 percent in•the jet fuel, • as against 36 and 32 percent for 

the reference catalyst. The pou@ point of the jet fuel was '!0F 

and that of the diesel oil !0F~ as against %F and 50F for the 

reference catalyst. Since the Schu!z-F!ory plots show no carbon 

number cut'off, the improved pour points may be attributed to the 

high o!efin content. " 

This is a useful and important catalyst, but it still falls 

short of Tenth Quarter's X4-containing Catalyst 9. "While the 

substitution Of UCC-!08 for UCC-10! did improve the production of 

olefins (the iig hter fractions of which could be o!igomerized to 

improve the yield of total motor fue!s)~ it lowered the c~a- 

!Tst's stability and somewhat impaired its product distribution. 

./ 
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TABLE 10 PJ£SdLT &= SYNGAS O~=~RATION : 

RUN NO. 101 ~.2.2-22 " 
CATALYST CO/TH/X'4+UCC-108 I02.52-90C 80CC 39.9GM (42.6 AFTER RUN +2.76) 
F~ H2:CO:ARGON OF 50:~0:0 ~ '400 CCIMN OR ~00 GHSV 

RUN & SAM=LE NO. 10!]2.~-22-0! ~-22-02 !/2-22-0~ 11~-22-05 132-22-06 

F~---n H2:CO:~R . 50:50: 0 50:50:0 50:50: 0 50:50:0 50:30:0 
HRS ON ST'~.AM !9.0 2~.5 43.0 66.9 72.5 
PRESSURE,PS!G . 299 - 298 297 33.2 ~09 
TE}~. C 272 ' 272 2 7 2  2 7 !  272 

. .= .  

F~_.O CC/N!N .... 400 400 400 400 4430 
HOURS ~ .T.N G 19.00 6.90 2"4.00 22.00 6.50 
EFFLNT &~S LITER 177.05 69.~ 260.60 305.70 75.10 
GM AQUEOUS LAYER ~8.25 14.50 5~.~4 48.~9 i4.~2 
GM OIL ].9.82 6.87 2-~. 36 23.05 5.93 

MAT'r_Pj. aZ. B,a!.ANCE 
GM ATOM CARBON % 
GM ATOM HYORO-G~ % 
GM ATOM OXYG:.~ % 

RATIO ~HX/(H20+C02) 
RATIO "X IN &u~K 
USA-~ H2/CO PROOT 
R~TIO C021 (HQ.O+C02) 
K SHEFT iN ~ :LNT 

89.19 
87.22 
9!.30 

0.949"5 
.2.3829 
• !.2270 
0.4199 

0.36 

98 ..52 
95.89 

• 10!.95 
0.9194 
2.40~4 
1.2441 
0.40,:~ 

0.34 

98.56 
96.87 
100,48 
0.9556 
2.4092 
12018 
0.~815 

0 2i 

i14,22 
107.25 
1/2.68 
1.O~SO 
2 . ~ 2 0  
i.3008 
8.4987 

0.35 

98.9"5 
97.50 

i0L78 
• 0.9320 
2.45-5A. 
!.5333 
0.3666 

0 20 

CONV£R&T.ON 
• ON CO % 

ON H2 % 
ON CO+H2 % 

PeAT ~.rCTiV!TY, WT % 
CH4 
C2 HC'S 
CFM8 
C3H6= 
C/~I.!O 
/C4H.8= 
C5Hi2 
CSNIO= 
C~14 
C6H12: & CYO.O' S 
C7+ iN GA~ 
L_~Q HC'S 

63.79 
81.5.5 
72.56 

!6.26 
3.~6 
4.03 
~.2! 
2,55 
4.69 
2.57 
5.88 
2.74 
4.36 

l~.!O 
37.!5 

60.8O 
79.92 
70.24 

17.~3 
~.~T 
4.12 
3.28 
2.60 
4.90 
2.59 
5.86 
2.7l 
4.38 

12.81 
39.75 

58.78 
79./_5 
68.88 

17.66 

Ao02 
3.24 
2 .46  
4 .8 !  
2 .5 i  
5,70 
2.66 
4,32 

33.79 

55.25 55.'~1 
75.62 76.51 
65.3.2 65.7"5 

!9.08 ~o62 
4.01 • 4~.05 
4.27 4 .33  
3.87 3 .5A  
2.57 2.69 
5.89 5 .70  
2.59 2.60 
5.85 5.62 
2.65 2.63 
4,.88 4.29 
1~.25 . 12.33 
30.99 .32.60 

TOTAL lO0.O0 100.00 100.00 !00.00 100.00 

- 143 - 



SUS-GROUPLNG 
C1 -CA 
C5 -420 F 
420-700 F 
700-~O PT 
CS+--ENO PT 

ISO/NORMAL MOLE RATIO 
CA 
C5 
C6 
C4: 

PARAFFIN/OL_~IN RATIO 
C3 
C4 
C5 

SCHULZ-FLORY OiSTRBTN 
ALPHA (EXP(EL.r~£)) 
RATIO ¢H4/(l-A)**2 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
OENSITY 
N, REFRACTIVE INDEX 
$Z~&LT' O OISTILATN 

!0 WT % a DES F 
16 
50 
84 
90 

WT % ~ 420 F 
WT % ~ 700 F 

34.18 
49.99 
14.25 
i.58 
65.82 

0.0777 
0.1054 
0.1812 
0.0000 

1.1993 
0.5240 
0.42_94 

O .7829 
3.4491 

CLR 0!L 
0.750 
1.424i 

253 
280 
398 
569 
62.3 

289 

57.40 
95.76 

35.90 
46.99 
!4.74 
2.77 
64.10 

0.0~'98 
O.lO04 
O. 1F70 
O.O000 

!.zooo 
0.5110 
0.42.99 

52.14 
95.36 

35.83 
47.04 
14.75 
2.38 
64.17 

0.0033 
0.0940 
0.L932 
O.OOO0 

1.1831 
0.~943 
0.4276 

0.797"$ 
4.2995 

CLR OIL 
0.75~ 
1.4261 

259 
295 
414 
603 
559 

308 

52.14 
9~.35 

39.79 
45.38 
12..85 
!.98 

60.21 

0.0342 
0.0931 
0.141~ 
O.O000 

1.05~i 
0.4~80 
0.4304 

0.7902 
4.~71 

CLR OiL 
0.754 
1.4236 

259 
297 
414 
594 
651 

297 

52.17 
93.52 

39.93 
a5.08 
!3.09 

1.90 
50.07 

0.0350 
0.0985 
0.1459 
0.0000 

!.1679 
0.4557 
0.4SO! 

5~.00 
94.16 
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T,O&LE I I  RESULT OF SYNr-&S OPERATION 

RUN NO. 1O112-22 
CATALYST CO/TH/X4+UCC-108 10252-90C 80CO 39.90M (42.6 AFTER RUN +2.70) 
F~ H2:CO:ARGON OF 50:50:0 8 400 CC/MN OR 300 GHSV 

RUN & SAN,=LE NO. i0!I__2-22-07 112-22-09 !12'22-!0 11_32-22-11 1i2-22-12 

a~ 

F~ H2 :CO: AR 
HRS ON STREAM 
PRESSURE ~ PSiG 
TEM =. C 

F~_~D CC/MIN 
HOURS ~ L N G  
~-r"FL.NT GA3 UZi'~, 
&-M AQUEOUS LAYER 
GM OIL 

~T~R~L 8AL ANC£ 
GM ATOM CARSON % 
&M ATOM HYORO~_UN 
ON, ATOM OXYGEN 

RATIO CHX/(H20+C02) 
RATIO X IN CHX 
USA~-- H2/CO PRODT 
RATIO C02/(H20+C02) 
K ~ , ~ T  iN ~-FLNT 

OONVERSi024 
ON CO % 
ON H2 % 
ON CO+H2 

PRDT 5ELECTiV~Y, WT % 
CH4 
C2 HC'S 
C3H8 
CYH~- 
C4H!O 
C4H8: 
C5H12 
CSHlO= 
C6H14 
C6H12= & CYCLO' S 
C7+ IN -GAS 
LIQ HC'S 

TOTAL 

90:50:0 
90.5 

302 
271 

400 
24.50 

286.05 
53.98 
2.~.36 

99.~5 
97.99 
I01.05 
0.9580 
• 2.4463 
!.~748 
0.3478 

0.27 

53.64 
75,96 
64.72 

19.34 
4.01 
4.27 
3.57 
2.62 
5.65 

2.53 
5,56 
2.55 
4.57 
12.69 
32.65 

!00.00 

50:50:0 50:50:0 50:50:0 50:50:0 
]J.5.5 122.5 ~9.0 145.8 

298 305 306 306 
271 272 271 2 7 2  

400 
25.00 

298.95 
53.30 
20.73 

99.22 
97:01 
180.90 
0.9574 
2.4660 
1.3879 
0.3.,44.3 

0.27 

51.74 
74.64 
0.06 

20.2! 
4,27 
4.35 
3.68 
2.65 
5.72 
2.53 
5.49 
2.59 
Z'.57 

33.26 
30.68 

i00.00 

543 600 
7,00 2.~.50 

1"78;00 470.95 
17.85 64.33 

5.65 20.37 

98.38 
94.19 
99.37 

0.9691 
2.4677 
1.5298 
0.2726 

0.2! 

~0.33 
65.25 
52.52 

20.58 
4.23 
4.00 
4.3"5 
2.55 
6.19 
2.39 
5 . 7 9  
2.45 
4.81 

.85 
26.82 

lO0.O0 

96.43 
93.03 
97.51 
0.9653 
2.4788 
!.5285 
0.2746 

8.22. 

40.12 
64.45 
52.07 

21.05 
4.62 
3.88 
4.25 
2.45 
6.09 
2.38 
5.84 
2.50 
4.85 

!5.33 
26.78 

!00.00 

651 
6.75 

180.50 
18.85 
4.89 

107.53 
]332.16 
187.97 
0.9846 
2.4857 
!.6130 
0.2384 

0.20 

32.65 
55.78 
43.92 

.4. ~i 
~ .96  
5.1! 
2.52 
g.58 
2.4g 
6.2i 
2;46 
4.79 
17.95 
23..93 

i00.00 
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SUB-GROUPING 
Cl --C4 
C5 -&20 F 
420-700 F 
700-£N0 PT 
C5+-~0 PT 

LSOINORMAL MOLE RATIO 
C4 
C5 
06 

P.~AFF.T.N/O~.LN RATIO 
C3 
C.% 
C5 

SCHULZ-FLORY DISTRBTN 
ALPHA (KXP(~.OPE)) 
RAT'ZO CH41 (Z-A)*~/ 

LIQ HC COULECTION 
PHYS. APPEARANCE 
DE'NSITY 
N, REFRACTIVE INDEX 
S.~MIT' O OIST~J.ATN 

i0 ~rr % aOEG F 
i6 
50 
84 ~ 
90 

RAN~ ( 16--84 %) 

'~ % ~ 420 F 
WT % a 700 F 

99.45 
45.53 
15.12 
!.91 

60.55 

0.0347 
0.0950 
0.i~05 
0.0000 

1.1407 
o.a,483 
0.4422 

0.7931 • 
4.5!78 

CLR OIL 
0.753 
!.z~256 

259 
296 
410 
583 
642 

287 

54.00 
94.16 

40,88 
44.6& 
12.54 
1.94 

59.12. 

0.0372- 
0.0919 
0.1529 
O.O000 

1.1274 
O.aZ~2 
0.447~ 

0.7931 
4.7214 

CLR OIL 
0.753 
!.42.~9 

260 
~00 
415 
591 
650 

291 

52.80 
93.69 

41.89 
44.38 
11.64 
2.09 

58.11 

0,0402 
0,0876 
0,1099 
0,0000 

0,8818 
0.3980 
0.4015 

48.80 
92.20 

~2.32 
43.97 
11;62 
2.09 

57.68 

0.0327 
0,0879 
O. L?J5 
0.0000 

0.8767 
0.3875 
0.3954 

0.7946 
4.9892 

CL~ OIL 
0.758 
!.4280 

287 
304 • 
428 
619 
67~ 

315 

48.80 

92.20 

42~. 18 
44.01 
9.86 
!.9~ 
55.82 

O. 0400 
0.0870 
0.1330 
0.0000 

0.7~93 
0.3701 
0.3858 

46.17 
9!. !~ 
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TABLE 12 PJT~SULT (l = SYNGAS OPERATION 

RUN NO. 
CATALYST 
F~. 

10!! ' ; -22 
CO/7HIX44JCC-108 !0252-900 80CC 39.9GM (42,6 AF'T~ RUN +2.7G) 
H2:CO:ARGON OF ,50:50:0 ~ 800 CC/MN OR 600 GHSV 

RUN & SA~L.E NO. i0 ~1!2-22-i~ 11/-22-14 i!2-~-13 !!2-22-!6 !~-22-!7 

F~ H2."CO :AR 
HRS ON STREAM 
PRESSURE.PSI"G 
TD~. O 

50:50:0 50:50:0 
!6~.0 170.0 

~0~ 304 
272 272 

50:50:0 
187.0 

305 
28i 

5 0 : 5 0 : 0  
1_94.5 

297 
28! 

50:50:0 
211.0 

302 
28i 

F ~  CC/NLiN 
HOURS FETING 
£=FLNT -GAS LITER 
&~ AQUEOUS LAYER 
GM OiL 

800 800 800 
24.00 7.00 24.00 

707.05 21~ ,00  678.25 
77.96 25.29 86.72 
20.22 6 . 0 9  20.89 

800 - 

7.50 
210.75 

27.26 
6.46 

800 
• 24.00 
675.70 
87.22 
20.67 

MATERIAL BALAN~ 
GM ATOM CARBON % 
GM ATOM HYORO~ % 
&-~ ATOM OXYGEN % 

P~TZO, ~'HX/(H20+C02) 
P~TZO X IN CHX 
USAGE H2100 PROOT 
RATIO C02/(H20:-~02) 
K SHIFT IN ~-FLNT 

96.5"3 99.70 !02.92 
93.32 98.14 97.70 
97.73 102.08 !02.87 

0.955"3 0.9i83 1.0014 
2.4931 2.4840 2.5606 

• !.6155 1.02.3 1.5010 
0.25~8 0.2184 0 J i 1 9  

0.!9 0.18 0.25 

102.66 
98.32 

101.80 
l.o265 
2.5526 

.1.5263 
0.302~ 

0.24 

100.76 
97.28 

100.90 
0.9955 
2.5580 
1.5371 
0.293_5. 

0.23 

CO~_RSISN 
ON CO ,% 
ONH2% 
ON CO+H2 % 

PPaT _~_ECTiVZfY, WT % 
CH4 
C2 HO'S 
C~H8 
O;-H6= 
O&UlO 
C ,4H8= 
C~H!2 
CSMlO= 
C6H14 
C6H12= & CYCLO' S 
C7+ iN GAS 
LiQ HG'S 

53.10 3~..!~ 41.81 42.02 40.83 
56.35 56.,~2 66.08 66.29 65.12 
4 4 . ~  44°93 55.~ 53.89 52.76 

It.76 ~.43 
4°90 4.56 
3.84 3.83 
4.82 4.88 
2.45 2 . 4 6  
6.34" 6.39 
2.4~ 2.38 
6.07 6.20 
2.57 2..,,=4 
4.88 . 4.81 
17.07 17.77 
22.88 22.75 

24.75 
5.02 
4.62 
4 .58  
2.76 

2.62 

2.68 
4 . ~  
9.00 
18.~ 

24.37 
4.90 
4.67 
4.66 
2.75 
6.50 
2.57 
6.24 
2.65 
5.03 
17.73 
I_7.94 

24.77 
4.93 
4.94 
4 . 8 3  
2.64 
6.23 

• 2.49 
6 . 2 8  
2.60 
4.54 

17.57 
18.78 

TOTAL 100.00 !00.00 lO0.O0 lO0.O0 100.00 
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SJB--GROUPLNG 
CI -C4 
C99 -420 F 
420-700 F 
700-END PT 
C.5+-ENO PT 

ISOINORMAL MOLE RATIO 
C4 
C99 
C6 
Ca: 

PARA~IN/OL_~D4 RATIO 
C3 
C4 
0.5 

$CHULZ-FLORY o'rSTRBTN 
ALPHA ( P(SLC Z)) 
RATIO CH4/(I-A)**2 

LiQ HC CO~CTION 
PHYS. APPEARANCE 
DENSITY 
N, REFRACTIVE ~NDKX 
SiM/,.T' D DiST!LATN 
10 WT ,% @ OEG F 
16 
50 
84 
90 

RAN~(16-84 %) 

WI" % c@ 420 F 
'El" % @ 700 F 

44.13 
43.57 
!0.29 
2.03 

55.89 

O. 03995 
0.09L5 
0.10998 
0.0000 

0.7~19 
0.37"/99 
0.3889 

0.7948 
99.1693 

CLR OIL 
0.761 
1.4289 

199 
3 2 4  
437 
630 
687 

306 

46.17 
91.14 

43.S6 
44.95 
9.52 
1.97 

56.44 

0.09977 
0.0853 
0.1154 
0.0000 

0.7492 
0.;-724 
0.37~i 

49.50 
9!.36 

48.20 
42.51 
7.71 
1.59 

51.80 

0.0417 
0.1047 
O. 19963 
0.0000 

0.9621 
0.4119 
0.4038 

0.7894 
5.5804 

CLR OIL 
0.758 
1.4281 

285 
303 
42~ 
625 
683 

322 

49.50 
91.36 

47.85 
43. !4 
7.52 
!.49 

52.199 

0.0407 
0.1090 
0.1729 
0.0000 

0.9560 
0.4088 
0.401.~ 

49.80 
91.69 

47.94 
42.63 
7.87 
!.56 

$2.06 

0.0416 
0.1092 
O. 1749 
0.0000 

0.8987 
0.4090 
0.3861 

0.7919 
5.7171 

CLR OIL 
0.758 
1.4282 

290 
306 
421 
615 
57-/ 

~!0 

49.80 
91.69 
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VIII. RUN 7 (I0225-!6) with Catalyst 7 (Co/Th + UCC-!03) 

This catalyst was prepared by promoting coba!t oxide with 

thorium while in contact with UCC-103 powder (a modification of 

UCC-!01). The mixture was bonded with 20 percent silica, and 

formed as !/8-inch extrudates. The final product contained !0 

weight percent cobalt. 

Conversion, product selectivity, isomerization of the pen-. 

tane, and percent oief!ns of the C4's are plotted against time on 

stream in Figs. 99-102. Simulated distillations of the C5+ pro- 

duct for three samples are plotted in Figs. 103-!05. Carbon num- 

ber product distributions are p'lotted in Figs. 106-115. Chromat- 
f 

ograms from simulated distillations are reproduced in Figs. 116- 

125. Detailed material balances appear in Tables 13-16. 

Compared with the reference catalyst (Tenth Quarte@ Run 

10112-15), this ca~a!yst is both more active and more Stahie. At 

the end of the run (235 hours on stream) the conversion of C0+H2, 

initially about 80 percent, had dropped only to 72 percent; cor- 

responding values for the reference catalyst were 76 percent 

initially and 52 percent after 188 hours on scream. The water 

gas shift activity was higher, although only slightly, with 40 

percent of the oxygen rejected as CO 2 initially and "25 percent at 

the end of the run, as against 37 and 20 percent for the refer- 

ence catalyst. •Usage of the I:I H2:C0 synges was less than 1.3:1 
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initially and remained below 1.6:1, as against 1.23:1 and 1.71:1 

for the reference ca~a!yst. The higher initial ratio is due im 

part to the fact that this catalyst produced a hydrogen-rich 

product with a constant 2.5 hydrogens per carbon, whereas the 

reference catalyst produced 2.3 carbons per hydrogen initially 

and 2.5 at the end of the run. 

The selectivity also was unusually stable. While the initial 

methane production was rather high at 20 percent, by the end of 

the run it had risen only to 21 percent; corresponding values for 

the reference catalyst were 15 and 24 percent. Furthermore, 

since production of C2-C 4 rose only from 15 to 17 percent (refer- 

ence values 13 and 15 percent), the yield of C5+ was above aver- 

age. Production af total motor fuels, a!thou~h somewhat lower 

initially than for the reference catalyst (63 vs. 69 percent), 

was again more stable; at 188 hours on stream (the term of the 

reference run), this catalyst was producing 61 percent total 

motor fuels as a~ainst 55 percent for the reference catalyst, and 

after 235 hours it was still producing nearly 60 percent. 0!e- 

finic content of the C4's was not very high, with only 40 percent 

as butenes--the most paTaffinic product yet produced. The same 

was true for the gasoline and jet fuel fractions, in which the 

o!efins were 15 and 12 percent respectively, as against 36 and 32 

percent for the reference catalyst. 

While no carbon number cut-off is evident from the Schulz- 

Flory plots, a possible cut-off may be inferred from the physical 

properties of the liquid product. The pour poin~ of the jet fuel 
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was 5F (vs. ~F for the reference), which is consistent ~±th its 

low de~ree of isomerization and unsaturation. Eowever, the pour 

point of the diesel oil was 35F, well above the 20F value o~ 

Catalyst 6, which was much hi~her in olefins, but substantially 

below the reference va!ue of 5OF. In addition, although the 

liquid product was poorly isomerized and highly saturated, it 
2 

nevertheless contained no solids. The lack of very heavy hydro- 

carbons is consistentwith the lower pour point of the diesel 

oil. 

This is another entry in our growing catalog of promising 

Cata!ysts. Its product distribution and stability are both ex- 

ce!ient, and its heavier products, despite their hi~h paraffin 

content, still have good flow properties. The cata!yst demon- 

strafes the potential benefits of intimate contact of the metai 
• Z" * 

component and the shape se!ctive component, effecuuated by its 

method of preparation. 
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