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TA~_LE. = 13 P~SULT OF SYNGAS ~.~--RATION ,. 

RUN NO. 10225-18 
CATALYST CO/TH+UCC-I03 11684-12C 80CC 37.9G (37.8 AFTER RUN -.1G) 
FEED H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN & SA.M=LE NO. i0~5-!6-01 22-5-16-02 225-16-05 225-16-04 22.5-16-05 

H2:CO:AR 
HRS ON STF~,~M 
PRESSURE,PSiG 
TD~. C 

a 

50:50:0 50:50:0 
!9.5 ' 27.0 

295 292 
272 272 

50:50:0 
~.0 
~ 6  
272 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
5!.0 67.5 
299 291 
272 272 

CCIM!N 
HOURS ~!NG 
B--'F'uNT GAS LITER 
GM AQUE~JSI.AY:-'R 
&M O i L  

400 400 400 
19.50 7.50 23.50 

170.65 61.90 197.60 
48.67 18.58 58.21 
26.00 10.24 32,09 

400 ,: 400 
8.00 .... 24.50 

68.25 2/.0.90 
2.!.05 64.46 
10.70 32.76 

~TERIAL BAL~ 
GM ATOM CARBON % 
GM ATOM HYDROC,-5~ % 
C-M ATOM OX¥ -GEN % 

RATIO "C, HX/(H20+C02) 
RATI8 X IN CHX 
USAr'-~-" H2/CO PROOT 
RATIO C02/(H20+002) 
K SH~-T ?N ~-FLNT 

93.54 89.04 89.44 89.51 89 .57  
98.20 94.85 95.39 96.02 : 9 7 . 0 6  
96.79 9i.01 90.25 91.90 91.26 

0.9542 0.9578 0.9820 0.9478 0.9627 
2.9007 2.4683 2.4750 2.4583 2.4720 
'1.28~8 !.3~91 1.3878 1.4202 1.'A456 
0.4051 0.3725 0.3517 0.52~1 0.~159 

0.27 0.24 0.21 0.18 0.18 

CONV~SiON 
ON CO % 
ON H2% 
ON CO÷H2 % 

PP/DT. S:J..~CTIVT_TY ~ WT % 
CH4 
C2 HC'S 
C~H8 
C;-H6: 
C&HlO 
C4H8: 
C5H!2 
C�H!O= 
C&H!4 
C~HI_2: & OYCLO' S 
C7+ INGAS 
L IQ H~' S 

70.87 59.40 67.12 64.87 64.48 
88.85 88.63 88.!1 87.64 87.28 
80,08 79.52 77.94 76.65 76.53 

20.71 !9.59 20.05 19.26 
3 .6 !  3.36 5.42 3.34 
4.77 4.19 4.06 5 .9 !  
1.63 !.54 1.49 !.58 
4.00 3.62 3.53 3.95 
1.2~ 2.59 2.59 2.66 
4.75 4 . 3 5  4.26 4.22  
i.95 !.S& 1.82 i.88 
5.92 5.59 5.26 5.32 
1.f5 ! .45 !.50 1.5i 
9.70 9,25 8.92 9.61 

40.39 42.86 43.1_ .3  43.17 

.t.9.89 
3.34 
4.00 
! .53  
3.54 
2.65 
4.30 
! .88  
5.56 
1.59 
9.00 

42.92 

TOTAL lO0.O0 !00.00 !O0.O0 lO0.O0 !00.00 
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SUB-GROUPING 
C1 -C4 
C5 -~20 F 
420-700 g 
700"~ND PT 
C5+-£N0 PT 

iSOINORM~L MOLE RATIO 
C4 
C5 
C6 
C4: 

PARAFFiN/OLEFLN RATIO 
C3 
r_.,4 
C5 

SCHULZ-r-LGRY OISTRBTN 
ALPHA (£XP(S.CP_:')) 
RATIO C.H41 (I-A)**2 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
OENSITY 
N, REFRACTIVE INDEX 
SIMULT' O O!STYTi.ATN 

!0 WT %~OEGF 
16 
50 
84 

90 

RANC~(I~-84 %) 

WT % a 420  F 
WT % ~700 F 

35.95 
47.75 
i5 .22  

1.08 
64.05 

0.0244 
O. 1079 
0.3000 
0.5O27 

2.7932 
3,1.539 
2 . 3 ~ 3  

0.7776 
4.1874 

O.g OIL 
0.748 
1.4176 

255 
2~ 
39! 
544 
599 

28! 

59.44 
97.32 

34.88 
45.76 
17.30 
2.06 
65.12 

0.02,~6 
0.1050 
0.2989 
O,1711 

2.~012 
1.3454 
2.29;--7 

54.83 
95.20 

35.12 
45,40 
17.ai 
2,07 
64.88 

0.0242 
0.1078 
0.~064 
0,!7~9 

2,5963 
1,3154 
2.2711 

O. 8044 
5.2355 

CLR OIL 
0.750 
1,4200 

258 
288 
410 
S84 
642 

298 

54.83 
95.20 

34.29 
46,14 
!7.16 
2.40 
65.71 

0.0246 
0.I022 
0.3002 
0.1675 

2.3579 
i.~785 
2.1800 

54,67 
92~.43 

34.94 
~5.60 
17.07 
2.39 

65.06 

O. 0238 
O. 1078 
0.~087 
O. 1729 

2,4957 
1.3012 
2,2281 

O. 8047 
5.2,161 

CLR OiL 
0.751 
1.4!98 

258 
290 
410 

• 590 
647 

300 

52~.67 
9 4 . 4 3  
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TASL.£ 14 RE.gJLT OF SYN-GAS ~RATION 

RUN NO. 10225'I 6 
CATALYST CO/TH+UCC-I03 11684-12C 80CC 37.9G (~7.8 AFTER, RUN -.1 G) 
FEED H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV " 

RUN & SABLE NO. i0~'~5-1-£.-06 22.5-16-07 225-!5-09 22_5-15-11 22.5-I_6-12 

H2:CO:~iR 50:50:0 50:50:0 
HRS ON ST-HEAN 74.0 9!.5 
P,~SU,RE .= , PSIG 298 298 
TE~,F. C 272 272 

~O:SO: 0 50:50:0 
!!6..~ ~9.5 

302 299 
272 272 

50:50:0 
!z~.8 

298 
272 

CC/MIN 
HOURS F-~----iNG 
Er?FLNT GAS L!T&R 
GH AQUEOUS LAY&R 
6}4 OIL 

400:-: 
6.50 

57..I.5 
17.49 
8.63 

400 
24.00 

7.3.0.80 
64.59 
~,1.88 

400 
24.75 

241.24 
67.53 
31.83 

400 
23.25 

228.23 
64.00 
25.61 

400 
5.25 

48.65 
14.54 
• 6.54 

MATER~L BAL.~ 
GM ATOH C~RBON % 
&~ ATON HYDRO~,a"N % 
&~ ATOM OXYGEN % 

RATIO CI-DK/(H20+C~02) 
RATIO X IN CHX 
USA-r~: H2/CO P'ROOT 
RATTO C-.P2/(H20+CI~2) 
K SH~-T IN h-=FLNT 

90.7-5 
97.63 
92.88 

0.9525 
2.4C=~5 
!.46i8 
o,3o  

0.16 

91.68 
99.14 
91.90 

0.9951 
2.4.599 
!.I,893 
0.2996 

0.!6 

97.0~ 
101.91 
98.79 

0.9619 
2.5047 
1'4819 
0.3025 

0.16 

94.14 
99.2.1 
9.8.08 

0.9129 
2.5215 
i.5121 
0.2805 

0.!4 

92.13 
98.1_4 
94.87 

0.9383 
2.481~ 
1. 68 
0.2666 

0.35 

CONVERSION 
ONCO% 

ONH2% 
ON CO÷H2 ,% 

wT PROT SELEOT~ViTY ~ ,= 
OH4 
C2 HO'S 
C~d8 
C~-H~-- 
C&HiO 
C4H8= 
C5H12 
05H!0= 
C~H!4 
C6H12= & CYCLO'S 
C7+ LN GAS 
L!Q HO' S 

TOTAL 

62.91 
87.08 
75.44 

/2.64 
3.31 
3.94 
1.62 
3.53 
2.70 
4.34 
i.97 
5.31 
i.55 
9.20 

42.87 

100.00 

6 .3B 
87.46 
75.89 

/9.43 
3.28 
3.85 
4.59 
3.41 
2.54 
4.2i 
!.81 
5.!7 
1.49 
8.75 

41.47 

!00.00 

60.19 
86.21 
73.52 

21.42 
3.61 
4.35 
!.68 
3.8i 
2.67 
3.98 
!.79 
5.10 
!.02 

f0.25 
40.35 

!00.00 

57.26 
89.// 
71.97 

2.2.06 
3.79 
4.42 
!.80 
4°00 
2.93 
4.29 
2.!2 
5 . 3 6  

!.52 
10.55 
37.18 

i00.00 

58. !3 
8~.00 
72.51 

20.57 
3.4~ 
4.16 
1.72 
3.69 
2.71 
3.88 
1,80 
5.00 
!.02 

!0.32 
41.69 

100.00 
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SdB-GROUPING 
C1 -04 
C5 -420 F 
420-700 F 
700-,-_"N0 PT 
CS+-KNO PT 

ISO/NORMAL MOLE RATIO 
C4 
C5 
C6 
Cz~ 

PAR~-'F!N/OL~"FIN RATIO 
C3 
C4 
C5 

SCHULZ-r'q.ORY OISTRBTN 
ALPHA (E'/,P(S.OPE)) 
RATIO CH4/(!-A) **2 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N, R~RACTIVE INDEX 
SIMULT' 00ISTILATN 

i0 WT % ~OEG F 
16 
50 
84 
90 

RAN~(16-84 %) 

WT % ~ 4 2 0  . 

~r % a 700 F 

34.75 
43.40 
16.90 
2.95 
65.25 

0.0227 
0.1017 
0.2973 
0.1696 

2.3185 
1.2618 
2.1409 

53.71 
93.12 

37.10 
43.71 
16.34 
2.85 

62.90 

0.0252 
0.1052 
0.2938 
0.1751 

0.8011 
1.2935 
2.2600 

O. 8075 
5.2449 

CLR OIL 
0.748 
1.4201 

t 

258 
290 
411 

• 601 
662 

31! 

53.71 
93.12 

37.53 
43.80 
15.81 
2.86 
62.47 

0.0000 
0.0982 
0.3312 
0.1796 

2.4755 
1.3759 
2.1_594 

0.8098 
5.9207 

CLR OIL 
0.750 
1.4206 

257 
291 
411 
601 
665 

3!0 

53.71 
Q ,2.,,2 

79.01 
43.64 
14.2z~ 
3.]J. 

60.99 

0.0225 
0.0967 
0.3091 
0.1756 

2.3372 
1.3183 
1.9477 

0.8111 
6.1820 

CLR OiL 
0.753 
1.4208 

258 
293 
41! 
619 
678 

326 

53.33 
91.64 

36.29 
44.41 
16.25 
3.05 

63.71 

0.0000 
0.0928 
0.3180 
0.1749 

2.3095 
1.3165 
2.0919 

53.71 
92.69 
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T A ~  15 P~SULT OF SYNGAS '3:=~P,~TION 

RUN NO. 10225-1B 
CATALYST CO/TH+UCC-103 11884-12C 80CC 37.9~M(37.8 AFTER RUN -.1 
FErn H2:CO:ARGON OF 50:50:0 @ 400 CC/M N OR 300 GHSV 

RUN & SA[.{:LE NO. 

G) 

!0~J-16-15 ~225-16-!4 225-!6-15 225-16-16 225-!6-!7 

FE.:D H2:CO :AR 
MRS ON $TREA.~4 
PRESSU,RE ~,PSIG 
TEN~.:. C 

50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
163.5 17!.0 187.5 195.0 21!.5 
296 294 302 302 292 
272 272 272 272 272 

F~ CCIN~N 
HOURS F-~DZNG 
E--F'uNT GAS LITER 
GM AQUEOUS LAY-~ 
~,I OIL 

400 400 400 400 400 
24.00 7.50 2 4 . 0 0  7.50 24.00 

2~5.88 68.85 218.55 66.10 217.70 
66.49 20.80 66.55 20.96 67.09 
m I 2~9__ 9.64 ~0.84 9.25 29.99 

~mT£,~RIAL B'ALANr./. 
GM ATOM CARBON % 
GM ATOM HYDRO--G£N % 
&4 ATOM OXYGEN % 

RATIO CHX/(H20+CO2) 
RATIO X iN CH, X 
USAC~ H2/CO PRODT 
RATIO C02/(H20+C02) 
K SHIRT IN ~-'TbNT 

96.36 91.34 91.69 88.62 
1-02.31 98.64 99.2! 96.76 
97.25 92.84 92.98 98.75 

0.9800 0.9654 0.9796 0.9508 
2. 4867 2. 4649 2. ~686 2. 4574 
1.5507 1.5724 1.5728 1.5821 
0.2679 0.25.06 0.0_.536 0.242! 

0.!4 O./.?. 0.1.2. 0.12 

89.89 
98.39 
92.04 

0.9506 
2 . 4 ,'7 7 8 

1.5800 
0.2468 

0.12 

CONVE~:{SION 
ON CO % 57.84 5 7 . 9 6  58.76 :58.27 
ON H2 % 85.15 85.59 86.12 86.18 
ON CO+H2 % 71.91 72.30 72.98 72.83 

PROT SELECTIVITY:WT % 
CH4 20.50 19.71 19.63 19.2~ 
C2HC'S 3.46 7.33 3.3! 3.29 
C~H8 4.20 3 . 9 6  4.23 4.01 
C3H,6: 1.75 !.67 1.97 i.89 
C4H!O 3.85 ~.61 4.03 3.55 
C~HO= 2.78 2.65 2.93 2.75 
CgH12 4.20 3.89 3.93 4 . 1 3  
CSH!O= !.94 !.85 1.30 2.08 
C6H14 5.28 5.08 5.!7 5~06 
C6H12: & CYCLO'S 1.50 !.47 1.41 1.40 
C7+ IN GAS !0.81 10.09 10.!.5 10~74 
LiQ HC'S 39.72 42.73 41.93 41.87 

58.1!  
85:62 
72.49 

20.14 
3.45 
4.06 
!.62 
Z.64 

• 2.6.5 
4 . 2 6  
1.94 
5.18 
! .48  

10.07 
4_..,0 

TOTAL !00.00 lO0.O0 !00,00 i00.00 i00.00 
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SUB- -GRCUPING 
C1 -CA 
C5 -420 F 
4.20-700 F 
700--~0 PT 
C9+-END PT 

!SO/NORNAL MOLE RATIO 
C4 
C5 
C6 
04= 

PARAr"F!N/OL~IN RATIO 
C3 
C4 
C5 

SCHULZ-,--'LORY OiSTRBTN 
ALPHA (EXP (SLOPE) ) 
RATIO CH4/( l-A)**2 

LIQ HC COH.LECT!ON 
PHYS. APPEARANCE 
OENS:b--Y 
N, R~RACTiVE LNDEX 
SL'WJLT' 0 OISTILATN 

I0 WT %aOES F 
16 
50 

• 8A 

90 

RAN~(16-84 %) 

WT % @ 420 F 

WT % ~ 700 F 

36.5A 
45.07 
/.5.48 
2.90 

63.46 

O. 0221 
0.0910 
0.2997 
0.1752 

2,2890 
1.3"576 
2 . ~  

0.8088 
5.6061 

CUR OIL 
0.752 
1.4200 

2_58 
293 
41! 
603 
667 

310 

53.71 
92.69 

34.9A 
45.41 
16.59 
3.06 
65.06 

0.0229 
0.0944 
0.3047 
0.1746 

2.2633 
!.31~l 
2.0435 

54.00 
92.83 

36.10 
AA.61 
16.28 
3.01 

63.90 

• 0.0409 
0.1072 
0.3103 
0.1839 

2.0418 
1.3266 
2.9388 

0.8101 
5.4462 

CUR OIL 
0.751 
1.4201 

258 
293 
410 
599 
66A 

306 

54.00 
92.83 

34.72 
45.88 
15.37 
3.03 

65.28 

O. 02~7 
0.1087 
0.3114 
0.1728 

2.0265 
1.2478 
1.9315 

53.67 
92.77 

35.57 
45.20 
16.23 

3.00 
64.43 

0.0228 
0.1040 
0.3004 
0.1788 

2.3881 
1.3287 
2.!33~ 

0.8092 
5.5349 

CUR OIL 
0.752 
1.4205 

258 
2.96 
411 
599 
565 

303 

53.67 
92.77 
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TA~_E 16 RESL~,.T OF SYNGAS O:~,ATION 

RUN NO. 10225-18 

CATALYST CO/TH+UCC-103 1188~-12C 80CC 37.9GM(37.8 AFTER RUN ",! 
FK~ H~:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN & SA.M=LE NO. 10775-16-18 225-16--19 

G) 

F~,-~n H2: CO: A~ 50: 50: 0 
HRS ON SI"P~.~N 23.9.0 
P -RESSLrRE, PSZG 299 
TD4:. C 272 

50:50:0 
~5.5 

~7 
272 

F ~  CC/MIN 400 '400 
HOURS F~-DLNG 7.50 24. O0 
~-FLNT GAS L_TT-~ 70.45 223.60 
&M AQUEOUS LAY~:~, 20.83 56.64 
GM OT_L 8.43 26.97 

14AT':2~AL B IALANCE 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 

RATIO &HX/(H20- C02) 
RATIO X IN CHX 
USA~ H2/CO PRODT 
RATIO C02/(H20+C02) 
K &HEFT IN ~--FLNT 

91.03 
97.96 
93.71 

• 0.9381 
2.4921 
!.5844 
0.2452 

0.12 

90.45 
98.18 
9~. 08 

• 0.9"995 
2.5037 
1.5859 
0.2468 

0.12 

CONV~m~ION 
ON CO % 56.32 
ON H2 % 85.08 
ON CO+H2~ 7 1 . 2 2  

PP~T ..~_.~ECT'r_ViTY,~¢i" % 
CH4 20.69 
C2 HC'S ~.49 
C~H8 4.26 
CYril- = !.8~ 
C4HIO 3.78 
CallS= 2.83 
CSH12 4.49 
CSH!O= ! . 94  
C~H14 5.38 
C~HI_2= & CYCLO'S 1.50 
C7÷ IN GAS 11.25 
r-CQ HC'S 38.55 

TOTAL I_00.00 

96.92 
85.28 
71.68 

• 21.13 
).73 
4.45 
1.92 
~.86 
2.73 
4.41 
2.14 
5.~7 

i.49 
10.35 
38.40 

lO0.O0 
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SUB-GROUPING 
C! -04 
C5 -420 F 
420-700 F 
700~--NO PT 
CS+--ENO PT 

iSO/NORMAL MOLE RATIO 
C4 
C5 
C6 
CZ~. 

PARAFFIN/OL~iN RATIO 
C3 
C4 
C5 

$CHULZ-~-~..ORY OISTRBTN 
AI.PHA (F .~ (S .~E) )  
RATIO £444/(!-A) 

L_T.q HC COLLECTION 
PHYS. APPEARANCE 
OENSITY 
N, REFRACTIVE INDEX 
S'tMULT' O OISTIJ.ATN 

!0'~ % ~OEG F 
16 
50 
84 
90 

RAN~(16-Sa %) 

WT % 8420 F 
WT % ~ 700 F 

36.89 
45.43 
14.93 

2.75 
53.11 

0.02-30 
0.i015 
0.2981 
0.!7~7 

2.2184 
1.2883 
2.2z,,4,~ 

54.14 
92.8:5 

~7.84 
44.55 
14.87 
2.75 
62.16 

O. 0260 
0.1063 
0.3122 
O. 1787 

2.2126 
1.3656 
2.0009 

0.8052 
5. S730 

CLR OIL 
0.752 
1.4204 

258 
296 
410 
598 
663 

302 

5A.!4 

92.85 
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IX. Run 8 (!0225r17)wit ~ C atalFs% 8 (Co/Th ÷ UCC-!03) 

This catalyst is the same as Catalyst 7 except that it was 

formed into !/!6-inch, instead of !/8-inch, extrudates to iave~ 

tigate possible mass transfer problems. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. 126-129. Simulated distillations of the C5 + pro- 

duct for two samples are plotted in Figs. 130-!31. Carbon number 

product distributions are plotted in Figs. 132-136. Chromato- 

grams from simulated distillations are reproduced in Figs. 137- 

141. Detailed material .balances appear in Tab!as 17-18. 

The initial activity of this catalyst was extremely high, 

with about 90 percent conversiom of the CO+H 2 syngas. The water 

gas shift activity was also very high initially, with 63 percent 

of the oxygen rejected as CO 2. The initial usage of the I:I 

H2:CO feed was ideal at a ratio of 1.0:I. Th~ conversion fell 

off rapidly, however, to stabilize at about 73 percent, nearly 

all hhe loss due to deactivation o~ the CO conversion while the 

H 2 conversion was remaining relatively stable. The water gas 

o ~  shl~u activity dropped sharply, to less than 20 percent of the 

oxygen rejected as CO 2 (lower than that for Catalyst 7). The 

usage ratio rose to 1.7:l-,higher than that for Catalyst 7, but 

not as high as the loss Of water gas shift activity would !..d_ 
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care, since the hydrocarbon products were ~rowing steadily less 

hydrosen-rich with time. Despite its high initial activity, 

therefore, the net overall activity of this catalyst was little 

different from that of Catalyst 7. The greatest difference be- 

tween the two was in their water gas shift activities. 

The selectivity was poor at the start of the run, yielding a 

product predominant in lights: 35 percent methane, high in C2-C &, 

and only about iO percent total motor fuels, most of which was 

gasoline. It improved rapidly, however, so that by about 60 

hours on stream methane production had dropped to the more nearly 

normal level of 20 percent, and C2-C 4 production to the usual low 

level for ~ cobalt catalyst. Production of motor fuels, mean- 

while, rose to 63 percent--almost the same as that of Catalyst 7 

and much higher than that of the reference catalyst (Tenth Quar- 

ter Run 10112-!5). Isomerization of the pentanes, initially 

slight, fell off even further to the same low level as with Cat- 

alyst 7. 0!efinic content of the'C4, initially low, stabilized 

at a level above that of Catalyst 7 but below the level of most 

cobalt catalysts. The liquid product was poorly isomerized, and 

does not show a carbon number cut-off. 

The final activity of this catalyst is similar to that of 

Catalyst 7, the principal difference being its much higher ini- 

tial activity. If there is a diffusion restriction due =o the 

lar~er extrudate of Catalyst 7, it lowers ~he initial activity 

but improves the stability. 
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.TA 'K.E .= 17 P~SULT OF SYNGAS O=~RATiON 

RUN NO. 
CATALYST 
FEED 

10.775-17 
CO/TH+UCC-'~03 11884-21C 80 CC 37.9G(43.5 Ar"F~R RUN +5.6 G) 
H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

10225-17-01 225-17-02 22__5-17-03 ~225-!7--04 ";225-17-05 

F ~  H2:CO:AR 
HAS ON STPZAM • 
PR~SURE,PSiG 
TE~.  C 

CC/MIN 
HOURS ~ ~":~-D!NG 
~FuNT -P_m.S LITER 
r,.%N AQUEOUS LAYER 
&N OiL 

~t~ ~RL~  BP,_ANCa 
GM 'ATOM CARSON 
&N ATOM HYDRO-~C.-r.~'N % 
~ ATOM OXYGsJ'N % 

RA]-~O C.HX/(H20+C02) 
RATIO X iN CHX 
USA~ H2/CO PRODT 
RATIO C02/(H20+C02) 
K SH.i,:T iN ~--R.NT 

CONVERSION 
ON CO % 

ONH2% 
ON CO÷H2 % 

PROT SELECTIVITY, WT % 
CH4 
C2 HC'S 
£~-~8 

C~H6= 
C4HlO 
C4H8= 
CSH12 
CSHIO= 
C6H!4 
C6H12: & CYO.O'S 
C7+ iN "GAS 
LIQ HC' S 

TOTA/. 

5 0 : 5 0 : 0  
22.0 

294 
2 ~  

400 
22.00 

195.29 
.93 

9o00 

91.80 
91.62 
95.82 

0.9214 
2.8450 
1.0525 
0 .6~1  

0.82 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
29.5 46.0  5~.5 71.0 
295 297 295 290 
27"$ 275 27~ 272 

400 400 
7,50 24.00 

60.80 19~.85 
!7.60 96.32 
!0.09 ~2.29 

400 400 
7..90 : 25.00 

60.95 202.75 
2! .62  72.08 
!1.95 39.84 

97.45 92.37 95.12 
104.79 95.04 103.21 

97.19 92.96 97.80 
1.0046 0.9878 0.9492 
2. 9829 2 .5 i78  2.47"34 
1.2011 !.2746 1.3560 
O. 4968 0. 4294 0.3618 

0.38 0.2~ 0.!7 

86.51 84.70 74.37 
93.54 94.47 92.52 
90.02 89.76 83.58 

72.76 
92.69 
83.1~ 

35.50 
4.73 
7.40 
1.12 
7.00 
2.92 
6 .95  
! .88 
7.35 
•1.28 
•12.46 
!1.83 

24.94 22.67 21.07 
3.46 3.03 2.75 
4 .95  3.93 5.43 
1.24 ! . 99  i .85  
4.84 3.72 3.05 
2.39 3.06 2.99 
5.04  4.08 3.37 

1.78 2.29 2.26 
5.58 4.86 4.29 
1.44 !.98 2.21 

10.58 9.3! 8.33 
33.76 ~ 9 . 1 1  44.40 

1oo.oo io0.oo zoo.oo !00.00 

91.56 
97.09 
93.40 

0.9609 
2.4242 
1.4869 
O. 2.842 

0.i0 

" 64.02 
91.18 
78.00 

~.10 
2 .5~  
2.8-5 
1.96 
2.62 
.0! 

2.83 
2 . 3 9  
3.78 
2.42 
7.15 

49.36 

!O0.O0 
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SUB-GROUPIN6 
C! -C4 
C5 -420 F 
420-700 F 
700-~0 PT 
CS+-~'NO PT 

iSO/NORMAL ,MOLS RATIO 
04 
05 
C6 
CA= 

PARAFFIN/OL_~LN RATIO 
C3 
CA 
C5 

SCHULZ-r~I-ORY OiSTRBTN 
ALmHA (EXP(SLOPE)) 
RATIO ~H4/(I-A)**2 

L!Q HC COLLeCTiON 
PHYS. APPF_ARANCE 
O~'NSITY 
N, RS':RACTIVE INOF.X 
SL~ULT'O O!STiLATN 

i0 WT %~OEG F. 
16 
50 
84 
90 

RAN~(16-84 %) 

WT % a 420 F 
WT % ~ 700 F 

58.25 
38.21 
2.86 
0.67 
41.74 

0.0431 
0.1793 
O. 7161 
0.2742 

6.3197 
2.6805 
3.5960 

O. 7610 
6.2!50 

CLA OIL 
0.742 
I. 4!75 

2!4 
251 

523 
607 

272 

70.!6 
94.33 

41.81 
a6.37 
11.64 
0.18 

58.19 

0.0354 
0.1551 
0.5967 
0.2011 

• 3.83.22 
i. 9604 
2.7512 

65.00 
99.48 

38.76 
47.95 
15.49 
0.20 

61.64 

0.0216 
0.0974 
0.5283 
0.1505 

1.9274 
1.1707 
!.7~7 

0.775"5 
4.5305 

CLR OIL 
0.747 
1.4206 

240 
258 

519 
560 

261 

65. O0 
99.48 

39.15 
44.49 
18.70 
1.66 
64.85 

0.0228 
0.1070 
0.5675 
0.1211 

1.7715 
0.9851 
1.4517 

54.15 
96.25 

32.08 
45.28 
20.79 
1.85 

67.92 

0.022.4 
0.0824 
0.5063 
0.0993 

1.3829 
0.8378 
1.1534 

0.8148 
5.5702 

CL~ OiL 
0.752 
!.4218 

255 
282 
412 
584 
671 

702 

54.15 
96.25 
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TABLE 18 RESULT OF SYNGAS O=ERATION 

RUN NO. 
CATALYST 
FEED 

10225-17 
CO/TH+UCC-103 11684-210 80 CC 37.9G(43.5 AFTERRUN +5.6 G) 
H2:CO:ARC-ON OF 50:~0:0 @ .'~30 CC/MN OR 300 OHSV 

!022_5-17-07 22_5-17-08 225-!7-09 225-!7-10 

F ~  H2:C0 :P%R 
HRS ON STREAM 
PRE$~qJRE, PSiG 
TE~.  C 

50:50: O 50:50: O 50:50: O 
166.0 !73.~ • 190.0 

294 293 296 
272 278 272 

FED OC/NZN 400 .4430- 400 
HOUR~F~ING 95.00 7.50 24.00 
&--£~NT G#~ LITER 830.05 52.20 206.20 
GN AQUEOUS LAY~ 291.57 23.09 73.90 
C~i OIL 145.26 10.31 32.98 

MATE. rmJ..ai..BAJ.ANCE 
GM ATOM CARBON % 93.30 79.31 89.28 
GM ATOM HYDRO3.h'N % 100.79 97.89 98.0~ 
GM ATOM OXYG~'~4 % 93.84 84.89 92.!'~ 

RATIO CHXI(H20+C02) 0.9879 . 0.8852 0.9358 
RATIO X IN CHX 2.4395 . 2.5714 2.461._.5 

USA-r~'- H21~3 PROOT 1.6809 ' 1.552.1 1.7016 
RATIO C02/(H20"..~C02) 0 .199~  0.2645 .. 0.1868 
K SHZr-T IN E~FL.NT 0.07 O.1& 0.06 

50:50:0 
~6.5 

296 
272 

400 
6.50 

59.89 
.95 

9.94 

97.02 
103.56 
96.08 

! .02U 
2.4527. 
1.7075 
O. !94S 

0.07 

CONVERSION 
ON CO % 57.03 70.~9 5 5 . 0  
GNH2 % 8 9 . ! 8  92.94 88.68 
ON C0+H2% 73.7~ 82.85 72.92 

PROT ~ C T i V i T Y , W T %  
CH4 L9.88 26.~'5 20.91 
C2HC'S 2.69 3.24 2.78 
C3H8 2.74 ~.5!  2.84 
C~-HO= !.91 1.44 1.93 
C4HIO 2.53 2.80 2.61 
C4H8= 2.79 2.55 2.86 
CSH12 2.78 2.68 2.87 
CSH!Q= 2.16 !.90 2.2.! 
C~HI4 4.02 3.57 4.17 
CON12= & CYcLO'S 2.40 !.89 2.14 
C7+ .iN GAS 7.77 5.75 8.27 
L!Q HC'S 48.33 &4'.33 46.38 

55.94 
88.71 
72.86, 

20.40 
2.54 
2.88 
2.04 
2 .7 i  
3.04 
3.35 
2.36 
3.90 
2 . !8  
7.50 

46.90 

TOTAL lo0.o0 !00.00 !00.00 100.00 
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SUB-GROUPING 
Cl -Ca 
05 -420 F 
420-700 F 
700-c.,~O PT 
CS,--ENO PT 

ISO/NCR,W~. NCLE RATIO 
84 
C5 
C6 
C4= 

PARAFFLN/OL..,~':IN RATIO 
03 
04 
C5 

SCHULZ-FLORY 0 ~STRBTN 
ALPHA (£XP(S Q=Z)) 
RATIO CH4/(l-A) **2 

L!o HC COLJ.ECT!ON 
PHYS. A~PEARANCE 
O~NSITY 
N, R~=RACTiVE INDF-X 
SINULT' O OIST!LATN 

i0 WT %aOEG F 
16 
90 
84 
90 

RAN (16-84 %) 

'6[ % ~ 420 g 
WT % ~ 700 F 

32.54 
42.20 
21.77 

3.48 
67.46 

O. 0194 
0 . 0 7 4 4  
0.42/9 
0.1003 

1.3651 
0.8752 
1.2509 

0.8268 
6.6305 

CLOY WH 
0.756 
1.4242 

257 
296 
436 
622 
671 

326 

a7.75 
92.80 

39.89 
38.49 
18.17 
3.45 
60.11 

0.0276 
0.1209 
0.5170 
0.1543 

2.3234 
1.0566 
1.3755 

51.22 
92.21 

33.9.5 
43.43 
19.01 
3.61 

66.05 

0.0195 
0.0757 
0.3683 
0.10].2 

1.4057 
0.8806 
1.2544 

0.8241 
6.7617 

CLOY WH 
0.756 
1.4240 

257 
294 
416 
6!9 
674 

32.5 

51.22 
92.21 

33.70 
43.42 
19.23 
3;65 
66.30 

0.0186 
0.0858 
0.4171 
0.0971 

1.3471 
0.8601 
1.3790 

51.22 
92.21 
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X. Rin 9 (I0225-!5)with Catalyst 9 (Co/Th + Zn/UCC-!07) 

When UCC-!07 was used in a Fischer-Tropsch Catalyst in Run 

IO!!2-!I, reported in the Ninth Quarter, it seemed to deactivate 

rapidly, presumably due to coking, ion exchanged zinc has been 

shown to protect Molecular Sieves in hydrocracking catalysts fmom 

deactivation, and the purpose of ~his run was to test its effica- 

CY with UCC-107. UCC-107 was ion exchanged to about 45percent 

of its ion exchange capacity with zinc to constitute the shape 

selective component. The catalyst was then prepared by the same 

procedure as was used for Cats!yst I, with Zn/UCC-i07 in place of 

UCC-!01. 

Conversion, product selectivity, isomerization of the pen- 

tane, and p~rcent oiefins of the C4's are plotted against time on 

stream in Figs. 142-145. Simu!at%d distillations of the C5 + pro- 

duct for two samples are plotted in Figs. !&6-!47. Carbon number 

product distributions are plotted in Figs. 148-153. Chromato- 

grams from simulated distillations are reproduced in Figs. 154- 

159 Detailed material balances appear in Tables 19-70. 

The initial conversion of the C0+H 2 syngas was 74 percent, 

nearly as high as the 76 percent initial conversion of the refer- 

ence catalyst (Tenth Quarter Run 10112-15), But this catalyst 

was much more stabie than the reference; after 115 hours on 

stream its conversion was still 73 percent as against 58 percent 
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for the reference catalyst. A~ 280C the conversion was 82 per- 

cent. The water gas shift activity was a little better than nor- 

mal, with 24 percent of oxygen rejected as C02. At 280C, howev- 

er, the water gas shift activity had risen to 40 percent oxygen 

rejected as C02, so that despite the production of lighter, more 

hydrogen-rich hydrocarbons, the H2:C0 usage ratio fell off. 

The selectivity at 270C was very steady. The methane yield 

remained just under 20 percent, compared with 24 percent for the 

reference catalyst. The yield of C2-C 4 was 15 percent, normal 

for a cobalt catalyst. Total motor fuels held constant at 61-63 

percent, with a 2:1 ratio of gasoline to diesel oil. The yield 

of heavies remained at 4-5 percent. All products were much more 

paraffinic than those of the reference catalyst. The olefin con- 

tent of the C4, initially 40 percent, increased during the run to 

more than 55 percent. The same pattern held true for the C 3 and 

C 5 hydrocarbons. Even more extreme was the drop in isbmerization 

of the pentane, from an initial isopentane content of almost 70 

percent to less than 20 percent just before the temperature was 

raised. Chromatograms from the simulated distillations show the 

same high initial isomerization and the game rapid decrease with 

time. The Schulz-F!ory plots show the excess methane, and what 

may be a carbon number cut-off above C25. 

The metal component of this catalyst is both active and sta- 

ble. But the Molecular Sieve seems to deactivate as rapidly with 

the zinc as without it. The zinc appears to act as a hydrogena- 

tion catalyst, and to deactivate as the Molecular Sieve cokes up. 
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Plot of the Hydrocarbon 

Product Distribution 
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TABLE i 9 RESULT OF SYNGAS C~-ATION 

RUN NO. 
CATALYST 

10225-15 
CO/TH+ZN-4JCC-t07 !1684-060 80CO 33.!GM (38.7 AFTER RUN +5.SG) 
H2:CO:ARGON OF :50::50:0 @ 400 CC/MN OR 300 PA-ISV 

SAM: Z No. !0225,15-0!  225-!5-02 225-'!5-03 225- ] / /04  22:5-15-0:5 

EKED H2:CO:AR 
HRS ON STREAM 
FRESSUE,PSTG 
TENf:. 0 

F ~  CC/~N 
HOURS F-'~ING 
~-FuNT GAS LiT=~R 
GH AQUEOUS LAYh'R 
C4~ OiL 

:50::50:0 
!7.5 
297 
268 

400 
17.50 

1..,5~.4:5 
44.14 
15.11 

50:50:0 50:90:0 50:50:0 :50:50:0 
24.0 42,0 48.0 66,:5 
303" 301 • 296 995 
270 270 270 270 

400 400 400 .... 400 
g.:50 24.50 6.00 24.:50 

58,60 226.9:5 66,45 249,6:5 
18,38 69,28 15,04 61,4! 
8,07 ~0,4! 7,75 31,78 

MAT-'~!AL BALaN~ 
GM ATOM CARBON % 
GM ATOM HYOROG:"N % 
-ON ATOM OXY~.N 

~TiO C.HX/(H20,-C02) 
RATIO X iN CHX 
U$AC~ H2/00 PROOT 
RATIO C02/(H20+002) 
K SH~=T iN ~-F~NT 

86.20 94.7:5 93.62 
90.32 i03.~ 100.65 
93.7~ 9 9 . 4 9  97.59 

0,8~;-~7 0,9078 0,9!~7 
2.487:5 2.4692 2.4.542 
1,3448 1,3508 1,44.'50 
O. ~43! O. 3540 O. 3027 

0.22 0.2.~ 0,17 

104.31 100,49 
102.77 10!,65 
106,91 98,37 
o.98~4 1.o,488 
2.5417 2.47"98 
1.3814 1.4795 
0.3~99 0.~152 

0.2.2 0,!7 

C~NVBRS!ON 
ON CO 

ON CO+H2 % 
P2~OT ,. ,~CTIVITY ~ WT % 

CH4 
C2 HC'S 

03H6= 
C4H10 
C4H~ ,~ 
C:sH12 
CSH!O= 
C~H,14 
C6H!2= & CYOLO' S 
C7+ IN GAS 
LT.Q He' S 

61'87 
84,99 
7,70 

19,7:5 
3,31 
3.7i 
1,74 
4,:52 
2,68 
6.38 
i,40 
8.02 
1,14 
L5.46 
31,88 

68.47 62.12 
S7.82 86,34 
78.57 74.67 

i9,42 19.54 
3.04 5,06 
3,62 3,69 
1,91 !;89 
A.12 3,47 
2.40 3,10 
5.98 " 4.42 
!,30 2,05 
6.68 4.02 
2,56 4.].2 
I_2.69 .1.].,0! 
37,14 39,69 

58,48 
8"5.~ 
71.01 

~ . 3 3  
.. 3.59 

4.32 
2.29 
4 . ~  
3 . 7  
4.99 
2.69 
4 . ~  
5 . ~  
0 . ~  

40.82 

59.05 
84,8~ 
72, O! 

20.~8 
.~,_.Lp 
4.50 
2.05 
3.22 
~.~5 
3.69 
2.5~ 
4.~9 
2.92 
!O.!i 
39,69 

TOTAL !00.00 !00=00 !O0.O0 i00o00 !00.00 
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SUS-GROUPLNG 
Cl -.C~ 
C5 -420 F 
420-700 F 
700--~ND PT 
C9+--£N0 PT 

iSOINORMAL MOLE RATIO 
CA 
05 
C6 
04= 

PA~IN/OLKFiN RATIO 
03 
C4 
C5 

$C:'~LZ-r'I.ORY OISTRBTN 
AL=HA (ID(P(S.C~E)) 
RATZO CH4/(!-A)~'~2 

LiQ HC COLLECTION 
PHYS. APPEARABCE 
O~NSiTY 
N, IREFRACTiV~" INDEX 
SiMULT' D OISTII.ATN 

!0 WT %~OEfig 
16 
50 
8A 
90 

Wl" % ~ 420 F 
WT % ~ 700 F 

~5.71 
~=2.50 
10.91 
0.88 
64.29 

0.6628 
1.98~7 
3.4970 
0.0364 

2.0390 
1.62.97 
~.4156 

0.7657 
3.5971 

C~N OIL 
0.752 
i .  42_L7 

241 
26t 
378 
517 
566 

256 

63 .00 
97 .2~ 

34.10 
46.40 
16.53 
2.97 
65.90 

0.5819 
1.8495 
3.5003 
0,0404 

2,2785 
1,6580 
4.1678 

47.90 
92.00 

34.69 

17.66 
3,18 
69,31 

0.3199 
l,OO&i 
3.5018 
0.0430 

1.8314 
1.0778 
2.1012 

0.8082 
.5.31/3 

OIL SLD 
0.757 
1.4266 

255 
289 
42~, 

• 622 
677 

333 

&7.50 
92.00 

Z~1.32 
36.63 
z7.gz 
4.15 
58.68 

0.2921 
0.8634 
3.4986 
0.0409 

1,7974 
1,0536 
1.8471 

46.00 
89.88 

36.69 
41,88 
17.&2 
4.02 

63,31 

O. 1982 
0.4903 
0.7671 
0.0496 

2.0979 
0.9257 
i.~759 

O. 8162 
6.0333 

OIL S-D 
0.755 
i.~255 

258 
299 
440 
647 
701 

~48 

48.00 
89.88 
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TAeLE 20 P~,5..,qJLT G~ SYN-GAS O=ERATiON 

RUN-NO. !0225-15 
CATALYST CO/TH+ZN-UCC-!07 !!6~84-0~C 8000 ~ . l , q  _,M (38.7 #FT'ER RUN +5.6G) 

H2:CO:ARGON OF 5 0 : 5 0 : 0  ~/4.00 CCIMN OR .300 GHSY 

RUN & SAM:LE NO, i022f~15-07 225-15-08 229-15-09 225-I..5-10 225-15-11 

FEED H~:CO:A~ 50:50:0 50:50:0 
HR5 ON STRE.~M 93.5 98.0 
P,~URE,PS.T.G 30! • 303 
TEM =. C 270 27D 

FEED CC/NiN 400 4OO 
HOURS ~ I N G  27.00 4.50 
~ T  GAS L...T.TER 24!.  80 40.50 
C~I AQUEOUS LAYER 73.52 /.~. 2! 
¢~4 OiL 34.19 6.42 

MATERIAL BALAN~ 
GM ATOM CARSON ,~e 

GM ATOM HYDROGEN % 
GM ATOM OXY-GSq % 

P,A~O O-~X/{H20~CrZ) 
RATIO X LN CHX 
USAGE H2/C0 PROOT 
RATIO C02/(H2O+C02) 
K SH~ .ZN  ~r---FL.NT 

CONVERSION 
ON O0 % 
ONH2 % 
&N CO+H2 "" 

PPJ]T ..~__~CTiV_TTY, WT % 
CH4 
C2 HC'S 
C.3H8 

C4HIO 
C4H.8= 
CSH12 
CSHIO= 
C~H14 
CEH12: & CYOLO' S 
C7+ LN GAS 
LIQ HC'S 

TOTAL 

90.26 
96.90 
9i.03 
0;9819 
2.4'402 
1.5699 • 
0.2499 

0.12 

58.27 
85:84 
72.55 

19.4.3 
3.10 
.3.42 
2.00 
2.75 
3.29 
2.96 
2.54 
3.85 
2.89 
9.01 

44.74 

100.00 

91.88 
I./30.74 
93.78 

0.9579 
2.4297 
1.5824 
0.2.380 

O . l l  

58.80 
86 ,~5  
73 .2 ! ,  

!9.05 
2.95 
.3.26 
!.91 
2.62 
.3.22 

• 2.72 

2.47 
3.84 
2.88 
8,92 

46.17 

!00.00 

50:30:0 50:50:0 
114.5 122.0 

297 300 
270 28! 

400 400 
2.1.00 7.50 

i92,00 55.05 
6i.fi4 14.72 
29.96 5.8! 

93.09 75.1_1 
101.74 84.38 
94.51 77.23 

0 , 9 6 8 6  0 , 9 4 8 3  
2.4465 2.7370 
1.5922 1.3~0! 
0,2},82 0.4341 

O.11 0.31 

58.62 
86.51 
73.18 

19.98 
3.06 

1.87 
2.57 
3.12 
2,60 
2.47 
3.76 
2.86 
8:95 

45457 

zoo.oo 

7 5 . 5 3  
91.09 
83.76 

34.!5 
4.55 

• 5,05 
!.4i 
3.95 
2.74 
.3.54 
2.i8 
4.26 
2.37 
8.56 

27.25 

1oo.oo 

5 0 : 5 0 : 0  
.L~8,5 

303 
28! 

400 
26.00 

178, 40 
• 47,09 

!8.59 

74.76 
83.o9 
76.41 
0.9581 
2.7272 
!.36 'a4 
0.4105 

0.28 

72.16 
89,94 
81.52 

.33.2_5 
:4.29 
4.51 

• 1.65 
.3.35 
3.04 
3.0g 
2.41 
4°14 
2.65 
9,49 

28.14 

zoo.oo 
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SUB-GROUPING 
C1 -C4 
CS -420 F 
420-700 F" 
700-,END PT 
C~--~NO PT 

iSO/NORMAL MOLE RATIO 
C4 
CS 
C6 

C4= 
PARAFFiN/OLKFiN RATIO 

C~ 
04 
CS 

SCHULZ-~--LORY OiSTRBTN 
ALgHA (EXP(SLOPE)) 
RATIO ~H4/(l-A)**2 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
CENSITY 
N, R~CT!VK INDEX 
Si}~JLT' 0 DISTILATN 

!0 ~T %@OEGF 
!6 

5O 
84 
90 

RANC~(!6-84 %) 

WT % a 420 F 
' ~  % ~ 700 F 

74.00 
40.28 
21.32. 
4.6! 

66.00 

0.1419 
0.2523 
0.564~ 
0.0532 

1.632~ 
0.8057 
!.!526 

O. 82~I 
6.2097 

OIL ~.0 
0.754 
1.4250 

258 
300 
448 
648 
703 

348 

42.S0 
89.70 

33.01 
40.57 
21.70 
4.93 
66.99 

0.1.~84 
0.2492 
0.5~99 
0.0557 

1.6305 
0.7859 
!.07~2 

42.33 
89.33 

.79 
79.93 
21.42 
4.86 
66.21 

0.1167 
0.2004 
0.5140 
0.0586 

I. 6224 
0.7946 
1.0222 

O. 8242 
6.4619 

OiL SLO 
0.754 
1.4250 

257 
~00 
448 
648 
7!0 

~48 

42.3~ 
89.~ 

51.84 
34.94 
10.82 
2.40 

48.16 

0.1809 
0.~55! 
0.6128 
0.0987 

3.4280 
1.3~28 
1.5812. 

51.90 
91.19 

50.10 
~6.25 
11.17 
2.48 
49.90 

O. 1318 
0.22~7 
O. 5722 
0.0898 

2.6006 
1.06)8 
1.2344 

O. 8049 
8.7388 

OIL 9.0 
0.75~ 
1.4229 

256 
290 
416 
614 
685 

324 

51.50 
91.19 
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~I.Run l0 (11723-01) with Catalyst I0 (Co,/Th, +=-A!o0~ 

This is a reference ca~aiyst, the same as Catalyst I except 

4~ that the Molecular Sieve was replaced w~h inactive g-A!203 pol- 

ishing powder with a !-micron particle size. The test is very 

Short, but the same catalyst is tested a~ain in Run II. 

Conversion, product seiectivity, isomerization olf the pen- 

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

stream in Figs. 160-163. A simu!ated distil!ation of one C5+ 

product is plotted in Fig. 16~. Carbon number product distribu- 

tions are plotted in Figs. 165-166. Chromatograms from the simu- 

lated distillations of two samples sre reproduded in Figs. 167' 

168. Detailed material balances appear in Tah!e 21. 

Conversion of the H2+CO syngas was extremely high at 270C. 

The water ~as shift activity was exce!lent2 with 80 percent of 

the oxygen rejected as CO 2. Usage of the I:I H2:CO syngas was 

less than 1.0:1 even though the product was exceptiona!iy hydro- 

gen rihh (3~2 hydrogens per carbon vs. the Usual 2.3 to 2.4). 

The selectivity, however, was very poor, yie!din~ a product 

made up of 50 percent methane, 23 percent C2-C4, 23 percent gaso- 

lime, 2 percent diesel oil, and 0.2 percent heavies. ~ 

Evidently this catalyst is a stron~ methanator. Why the 

Co/Th mete! component acted so differently in this run than it 

has done in other contexts is hard to explain. 
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Fig. 162 
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TA tBLE 21  P~suLT OF SYNGAS OP-~,ATiON 

RUN NO. 1172.3-01 
CATALYST COITH ÷AL207 #i_1G84-28C 80 CC 48,9GM (4711 g=TER RUN £!.8G) 
FE--n H2:CO:ARGON OF 50:50:0 @ 400 CC/MNOR 700 GHSY 

RUN & SAkPLE NO. : 1!7~-01-0! 72~-0!-02 723-0t--07 

F~?--.D H2:CO:AR 50:50:0 
H~RS ON STP~.AM 20.0 
P,.RESSURK,PSiG 290 
TEkP. C 275 

50:50:0 50:50:0 
27.5 ~.0 

295 288 
27"5 274 

F~:"O CCL~LIN 400 
HOURS F:'~ING 20.00 
$--FLNT GAS LiT~R 207.45 
~,f AQUEOUS LAYL'R 1~./5 
GM OiL 1.79 

NA.T"m.RiAL BALANCE 
GN ATOM CARBON g 
GM ATOM HYORO&.~N % 
GM ATOM OXY-G~"N % 

RATIO C,'-~/(H20 .+C02) 
RATIO X IN OHX 
USAC~ H2/CO PROOT 
RATIO C02/(H20+C02) 
K SHT_J--T iN ErF~4T 

~ 1 

95.78 
94.41 

0.9402 
7.7087 
0.9692 
O. 8203 
1~.07 

4OO 40O 
7.50 24 .00  

T7.!O 249.!,.5 
6.07 19.31 
!.~2 .5.20 

94.08 91.70 
• lO0.12 lO0.!l 

94.54 93;47 
0.9910 0.9950 
7.1801 7.25]-0 
0.9997 1.0052 
0.7904 0.7884 
10.28 12.i5 

CG"4YE~SION 
ON CO % 
ON H2 % 
ON CO+H2 % 

PRDT ~,.,~OTIV!TY,WT % 
OH4 
C2 HC'S 
C3H8 
C3H~. 
C4H!0 
C"~.8= 
C5H12 
CSHi0= 
CEHi4 
C='H].2: & CYO.O'S 
C7+ IN -GAS 
LiQ HC'S 

96.69 
90.95 
93.7~ 

 .72 
7.45 
8.53 
0.50 
6.10 
i.13 
4.97 
0.8! 
4,40 
0.49 
5.4! 
2.50 

96.40 96.59 
90.78 89.83 
93.50 93.06 

5 1 . 9 3  56,12 
6.72 6.79 
8.32 7.66 
0.70 0.65 
5.78 4.95 
1.60 1.4! 
5.21 4.38 
0.90 0.84 
4.88 4.07 
0.70 0.54 
7.52 6.59 
5,72 5.89 

TOT~i. i00.00 !00.00 i00.00 

- 243 - 



SUB-GROUPING 
C1 -CA 81.42 75.06 77.59 
C5 -420 F 17.21 22.67 20.07 
420-700 F i. 07 2.09 2.15 
700--~0 PT 0.29 0.18 O. 18 
CS+.-~'ND PT 18.58 24.94 22.41 

!SO/NORMAL MOLE RATIO 
04 O. 0729 O. 0587 O. 0497 
C5 0. !703 0. !627 O. 1457 
C6 0.3786 0.3895 0.3540 
C4= 0.~68 0.2819 0.2595 

PARAF'FIN/OLS"=iN RATIO 
C3 !6.2488 i!.2902 !1.0043 
C4 5.2J47 3 .&888 3 .~97~ 
C5 5.9476 5.6225 5.0774 

SCHULZ--r-LORY OiSTRBTN 
ALPHA (EXP(S.CzmE)) 0.7447 0.7223. 
RATIO CH4/ ( I -A ) *~  8.8550 7.2650 

LiQ HC COLLECTION 
PHYS. APPEAKANCE CLR OiL CLB OIL 
05NSITY 0.76~ 0.749 
N, RB=RACTIYK INOEX 1.4268 1.4202 
SLV~LT' 0 OISTiLATN 

!0 WT % ~ OEG F 286 2S9 
16 303 299 
50 448 ~89 
84 ~68 547 
90 7!6 598 

=mN (15-84 244 

;11" % ~ 420 F 45.40 60.~3 60.3~ 
WT % ~ 700 F 88.30 96.87 96.87 
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XII. R~= ll ~!!6!7r071 with Catalyst i! (Co/Th + =-A!~Q~ I 

This catalyst, the same as Catalyst 10, was rerun to obtain 

reference data for a catalyst without & Molecular Sieve. 

Conversion, product selectivity, isomer ization of the pen- 

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

stream in Figs. 169-172. Simulated distillations of the C5+ pro- 

duct are plotted in Figs. 173-178. Carbon number product distri- 

butions are plotted in Figs. 179-188. Chr0matagrams from simu- 

lated distillations are reproduced in Figs. 189-198. Detailed 

material balances appear in Tables 22-25. 

At 270C, as in the previo=s run, "the conversion was extremely 

high (93 percent), and deactivated only slight!y; the water gas 

shift activity was ~ery high, with more than 80 percent of the 

oxygen rejected as C02; and the H2:CO usage ratio was less than 

I:I. When the temperature was lowered to 250C the conversion 

dropped to about 65 percent. The water gas shift activity also 

dropped, to 68 percent of oxygen rejected as C02, still much 

higher than the initial values of other catalysts at higher tem- 

peratures. But a= 250C, even though the water gas shift activity 

was lower than at 270C, the hydrocarbon products were poorer in 

hydrogen, so that the H2:CO usage ratio was lower as well-- 

0.83:1, down from 0.90:1 at 270C. i~ 260C the conversion rose 

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

- 2~5 - 



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

and 270C levels. 

At 270C the selectivity of this catalzst was poor, as it was 

in the previous run. The product was extremely hydrogen-rich: 

predominantly lights (more than &5 percent methane, 20 percent 

C2-C4, less than 30 percent gasoline, 4 percent diesel oil, and 

0.5 percent heavies), all of which were almost completely satu- 

rated. 

When the temperature was lowered to 250C, the methane produc- 

tion dropped to less than 15 percent. C2-C 4 production dropped 

to 15 percent. The lights were more olefinic. The selectivity 

to gasoline and diesel oil improved. The liquid product was 

distinctly waxy, which was to he expected since the n-A1203 has 

=o acid activity. The yield of total motor fuels was between 68 

and 71 percent, near'the 72 percent maximum for a Schulz-Flory 

distribution. 

At 260C the methane production was again rather high at 32 

percent, C2-C & production was up to about 21 percent, the lights 

were hish!y paraffinic, and the production of total motor fuels 

was low. The Sihulz-Flory plots, as expected, show a straight 

line distriSution except for the excess methane. The chromato- 

grams from the simulated distillations show that the liquid pro- 

duct, like the pentane, was mostly n-paraffins. 

The most significant finding of this test is the differential 

sensi¢ivity of the catalyst to temperature. Since its se!ectiv- 

it7 varies much more widely with temperature than its conversion, 

- 2 " & 6  - 
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lowering the temperature substantia!ly improves the yield of use- 

ful products. The yield of C2+ hydrocarbons was 2.1 gm per hour 

at 250C, 2.37 gm per hour at 260C, and 1.99 =~m per hour at 270C. 

At 270C, although the conversion was highest, the yield of C2 + 

was lowest. This same behavior was also observed for the C5+ 

product, which was produced at 1.18 gm per hour at 270C, 1.60 gm 

per hour at 260C, and 1.73 gm per hour at 250C. 

At 250C, therefore, as compared with 260C and 270C, the yield 

from this catalyst was both highest in desirable fractions and 

lowest in undesirab!e by-products. These findings point up the 

value of an active catalyst whose selectivity can be improved by 

controlling the temperature. 
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TABLE 22 ,RESULT OF SYNGAS ~ERAT!ON 

RUN NO. 11677-07 
CATALYST CO/TH + AL203 #!1684-31C 80 CC 46.3GM (51.8 AFTER RUN +5.5G) 
F--~ H2:CO:ARGON OF 50:50:0 ~ 400 CC/MN OR 300 GHSV 

RUN & SAMmLE NO. 11677-07-01 6 7 7 - 0 7 - 0 2  677-07-03 6 7 7 - 0 7 - 0 / 4  677 .437-09 ,  

F~-~_--O H2:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRS ON STREAM 22.5 30.0 45.5 52.0 6 4 . 5  
PRESSURE,PSIG 307 303 301 298 305 
T~vP. C 272 272 272 27! 272 

F~---D CC/M!N 400 400 400 400 400 
HOURS'F=~DLNG 2.~.50 7 . 5 0  23.00 6.50 24.00 
Err'FLiNT GAS LITER 2!8.55 74.45 231.00 63.90 248.05 
&M AQUEOUS LAYER 3.5.50 4.61 14.14 4.04 14.90 
&MOIL 6.81 ~.08 9.44 3.17 11.72 

MATERIAL 8ALAN~ 
GM ATOM CARBON % 
&M ATOM HYORO~'N % 
GM ATOM OXY-C-~N % 

RATIO CHX/(H20+CO2) 
RATIO X LN CHX 
USAGE H2/CO PROOT 
RATIO C02/(H20+C02) 
K SHIFT IN ~mFI~NT 

89.91 93.41 92.83 91.16 94.52 
98.00 92.85 92.50 91.08 94.81 
93.23 94.07 94.17 92.07 95.48 

0.9332 0.9869 0.9729 0.9812 0.9807 
3.0902 3.0714 3.0595 3.0161 3.0217 
0.91.52 0.F251 0.9148 0.91.30 0.9101 
0.8131 0.8293 0.8282 0.82_35 0.8274 
12.40 13.93 13.47 13.17 13.75 

CONVERSI~ 
ON CO % 
ON H2 % 
ON CO+H2 % 

PRDT SS.£CTiVITY,WT % 
CH4 
C2 HC'S 
C3H8 
C3H6: 
C4H!O 
C&HO= 
C~H!2 
CSHIO= 
Cc~H!4 
C6H!24 & CYCLO'S 
07+ IN GAS 
LiQ HC'S 

96.44 96.62 96.01 " 95.73 95.49 
89.86 90.25 88.80 87.93 87.09 
93.1.5 93.43 92.41 91.83 91.28 

47.80 47.22 46.80 44.86 45.19 
6.47 6.27 6.29 6.14 6.35 
8.01 7.7~ 7.60 7.47 7.60 
0.81 0.88 1.2.5 1.3"5 1.28 
5.87 9.53 5.3! 5.25 5.03 
1.74 !.71 1.94 2.17 2.11 
4.69 4.71 4.56 4.33 4.27 
1.10 1.08 1.28 1.26 1.73 
5 • 30 4.97 4.80 4.69 4.16 
0.87 0.75 0.87 0.97 1.09 
8.59 7.93  7 .87  7 .69 7 .79  
8.75 i1.22 11.44 13.85 13.42 

TOTAL lO0.O0 IO0.CO !00.00 lO0.O0 lO0.CO 

it- 

4t 
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SU.=UG-ROU=~C- ' 

C! .-C4. •, 
C5 -4.20 F 

4 2 0 - 7 0 0  F 
700-END PT 
CS+-~-NO PT 

iSO/NOR,v¢~!_ MOLE RATIO 
04 
C5 
C6 
04= 

• P A R A . ~ ' i N / O ~ I N  RATIO 
C3 

C5 
SCHULZ-rq.ORY OiSTRBTN 

ALPHA (£Xg(S_OPE)) 
RATIO &H4/(1-A)*'~2 

LiQ HO COLLECTION 
PHYS. #gPEAP$4qCE 
OKN~'TY 
N, P~RACTIVE INDEX 
SiMJLT' D DISTILATN 
io ~ % ~ OEG F 
16 
5O 
84 

° 

9O 

P, AN~(i6-~ %) 

~7% ~ 420 F 
WT % @ 700 F 

70.70 
2~.-, ,  

2..5g 
0.]!5 

29.30 

O.OZ~.(8 
0.1165 
0,)557 
0.2572 

9.3903 
3.2518 
4.,1429 

O. 7038 
5 .4470 

YL &N OiL 
0.777 
1,4.180 

248 
7.60 
368 
503 
5m~ 

243 

69.00 
98 .~0 

69 25 
26.53 
.5 .80 
0.32 
30. ~5 

o.o~2~ 
0.i109 
0,3469 
0.2451 

8,3751 
3 .1172  
4.24-93 

6~.25 
97,1~ 

69,18 
26.62 
3,88 
0 "-- 

30.82 

0.0397 
010SBA 
0.~360 

• o . z ~ 5 0  

5.8129 
2 . 0 8 4 .  • 
3 .4525 

0.7373 
6.6733 

YL &R OiL 
0.74.2 
!.4181 

256 
285 
384 
539 
992 

23,4 
I 

0"5.25 
97.1~ 

67.21 
27,68 
4,0 
0.47 

32.79 

0,0~53 
• 0.0932 
0,3198 
0, i8~2 

5.3685 
2.;-375 
3.3)40 

67,5& 
27.51 
4,4.9 
0.46 
32.46 

O, 032.5 
0.0897 
O, 1938 
O. !~0 

5.6770 
2.2-988 
2.40~0 

0.7499 
7 ,22.'3! 

YL GN OiL 
0.7'44. • 
1.4184. 

2.56 
282 

542 
999 

260 

63. !3  6 3 . ~  
96.57 96.57 
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TABLE 23 RESULT ~ SYNGAS C~KRAT!ON 

RUN NO. 
CATALYST 

11577-07 
CO/TH + AL203 #!1884-3!C 80 CC 46.3GM (51.a AFTER RUN +5.5G) 
H2:CO:ARGON OF 50:50:0 ~400 CC/MN OR 300 GHSV 

RUN & SAM=L£ NO. 

FI~'D H2:OO:AR 
HRS ON STREAM 
PRESSIJRE ,PSIG 
~M =. C 

11677-07-08 877-07-07 877-07-08 877-07-09 677-07-!0 

50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
76.0 94.5 101.5 119.5 125.5 
302 304 300 305 302 
271 271 249 2~9 249 

F~'D CC/MiN 
HCURS r-----,--DING 

GM AQUEOUS LAYER 
GM OIL 

400 400 400 400 400 
6.50 25.00 7.00 25.00 8.50 

5&.95 250.85 76.80 277.00 56.80 
3.87 14.11 7.03 25.10 5.81 
2.99 11.49 8.23 29.39 7.90 

MATERIAL @AI..ANCF. 
GM ATOM CARBON 
GM ATOM HYDRO-~N % 
&M ATOM OXYG='-N % 

RATIO &4X/(H20+C02) 
RATIO X IN CHX 
USAGE H2/CQ PROOT 
RATIO C02/(H20+C02) 
K SHIFT IN ~-FI.NT 

90,98 90.41 84.~9 85.1g 80.15 
90.78 89.95 82.89 85.97 81.17 
91.75 92.02 88.93 90.71 83.36 

0.9840 0.9663 0.9291 0.8624 0.9137 
3.019!. 3.0124 -2.2941 2.3434 2.3~9! 
0.9037 0.8928 0 .8924 0.8300 0.8313 
0.8~-37 0.8~-~5 0.8388 0.6763 0.8952 
l~.O1 ].3.59 !.96 2.90 3.38 

CONV~-'RST.ON 
ON CO % • 
ON H2 % 
ON CO+H2 % 

FRDT SKLE.CTIVITY,'aT ,% 
CH4 
C2 HC'S 
C3H8 
C3H6: 
C'~HIO 
C4H8= 
C9H12 
CSHiO: 
CEH!z~ 
C~H!2: & CYCLO' S 
C7+ iN GAS 
L!Q HC' S 

95.2] 94.84 66.52 72.78 74.63 
86.82 85.91 81.81 82.52 62.90 
90.93 90.39 84.19 67.62 68.75 

&4.89 44.86 12.76 14.72 i&.55 
6.18 6.36 2.~i 2.59 2.52 
7.66 7.~9 1.9! 2.51 2.53 
1.29 1.40 3.83 3.57 3.15 
5.03 4.91 2.37 2.9! 2.79 
2.33 2.31 4.07 3.~3 3.45 
A.33 4.30 2.46 ~.24 3.06 
!.83 1.98 3.47 3.39 2.62 
4.1~ 4.08 3.42 3.67 3.86 
i. Ii 1.18 2.49 2.!7 2.01 
8.02 7.78 10.93 9.93 9.05 

/5.!8 13.44 49.90 ~7.68 50.42 

TOTAL !CO.O0 !00.00 !00.00 iOO.O0 ICO.CO 
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_mJB-~-ROUPING 
C! -04 
05. -4.2O F . 
420-700 F 
700-~_"N0 PT 
CS+.-ENO PT 

LSO/NORMa.L MOLE RATIO 
04 
C5. 
C6 

C'4: 
PARAEFIN/OLEFIN RATIO 

C~ 
04 
05 

SCHULZ-F'uORY DiSTRBTN 
ALPHA (EXP(m_.O:E)). 
RATIO CH4/(!-A) 

u!q HO COLLECTION 
PHYS, APF~C.az3ANCK 
OKNSIT~ 
N~ R~CTiVK INO~_~ 
SiMJLT'D O!STDLATN, 

lO WT % @OKG F 
16 
50 
84 
90 

RANGK(!~-84 %) 

WT % ~ 420 F 
~ % ~ 7 0 0 F  

67..~8 
28,05 

4.25 
0.34 

32.62 

0.05"~ 
0.087~ 
O. !870 
0.1606 

5.6508 
2.0848 
2.2947 

65.33 
97.4"5 

67.25 
28. !0 
4.3! 

0.35 
32.75 

0.0304 
0.08L5 
0.1787 
0.1495 

5.0Zo-7 
2.0510 
2.i151 

O. 7"~75 
6.5111 

YL OiL 
0.742 
1.4180 

258 
287 
386 
52i 

2.54 

65.33 
97.45 

27.35 
47.83 
25.08 
1.75 

72.65 

O. 021.4 
0.04!8 
0.237~ 
0.0708 

0.4752 
0.5622 
0.6889 

50.25 
96.50 

29.92 
45.~6 
22,05 
! .67 

70.08 

0.0i77 
0.05"70 

0.074~ 

0.6702 
0.7742 
0.9274 

O. 8132 
4.2177 

o± s.o 
0.769 
1.42.28 

286 
302 
4!8 
596 
628 

294 

50.25 
96.50 

28.99 

43.91 
25.02 
2.08 
7!.01 

o.o177 
o.0418 
0. !799 
O.0722 

0.7640 
0.7822 
1:/.;'70 

46.25 
 5.88 
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TA~LT. 24 

RUN NO. 
CATALYST 
F-EED 

RUN & SA,~&.E NO. 

RESULT CF SYNGAS CPERAT!ON 

11677-07 
COITH . AL203 #11684-~10 80 CC 46.3GM (51.8 AFTER RUN +5.50) 
H2:CO:ARGON OF 5 0 : 5 0 : 0  @ ~00 CC/MN OR 300 GHSV 

i!577-07-!2 677-437-19 677-07-!4 677-07-15 677-07-!6 

F-~=..O H2:CO :AR 
HRS ON STREAM 
PPKSSURE,PSIG 
TE~. C 

F~.O CC/,',t!N 
HOURS FEEDING 
~ N T  GAS LITER 
GM AQUEOUS LAY~-R 
GM OIL 

MATERIAL BALANCE 
GM ATOM CARBON 
GM ATOM HYORO~--~'N % 
&M ATOM OXYGEN % 

RATIO &HX/(H20+C02) 
RATIO X IN C;~X 

'USA-~ H2/CO PRODT 
RATIO C02/(H20+002) 
K SHIFT LN ~NT 

50:50:0 90:50:0 50:50:0 50:50:0 50:50:0 
149.5 146.9 190.5 198.0 214.4 

299 298 295 297 302 
249 249 260 260 261 

400 400 400 400 400 
7.00 20.00 24.00 7.50 2 3 . 9 2  

79.20 282.90 274.45 79.19 257.50 
6.65 22.81 17.83 4.70 15.00 
8.37 28.70 22.46 6.49 20.68 

85.52 84.19 !00.52 9A.37 97.97 
86.01 86.39 !00.29 9~.44 96.S3 
90.0! 84.19 100.25 93.45 97.39 

0.8839 1.0001 1.0054 1.0200 1.0118 
2.3331 2.3312 2.7711 2.8!~2 2.8202 
0.8558 0.9752 0.8908 0.8914 0.8778 
0.6776 0.6027 0.7932 0.8112 0.8221 

2.82 1.57 6.85 8.1! 10.69 

CONVERSION 
ON CO % 70.65 60.14 87.92 89.65 92.1.2 
ON H2 % 60.90 57.1.5 78.38 80.28 81.55 
ON C0+H2 % 65.76 58.6-5 83.15 84.99 86.87 

PRDT SELECTIVITY, WT % 
CH4 !&.29 !4.41 32.81 34.91 3 5 . 0 9  
C2 MC'S 2 . 2 7  2./-'2* 5 . 3 6  5.7"5 5 . 6 0  
C5148 2.49 2.56 7.18 7.04 7.39 
C;'H6= 3.40 2.50 1.08 0.95 0.90 
044410 2 . 7 9  2 . 5 8  5 . 3 2  5.31 5 . 4 6  
C~H8= 3.72 2.85 2.04 1.82 1.a5 
C5H12 3.29 2 . 9 2  5 . 1 3  5 . 0 4  5.  
CSHIO: 3.26 2.57 1.72 1.52 !.65 
C~H!Z~ 3.50 3.10 4.79 4.48 4.56 
C6H!2= & CYCLO'S 2.].5 1.8~ 1.07 0.79 0.95 
C7+ IN GAS 9.56 8.75 7.60 7.38 7.72 
LIQ HC'S 49.30 53.37 25.91 25.03 23.~8 

TOTAL 1CO.O0 1CO.O0 I00.00 lO0.O0 !CO.SO 
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Y 

SUB-GROUPiNG 
CI -C4 

C5 " 4 2 0 F  
420,-700 F 
700-£ND PT 
CS+-,~..NO PT 

ISO/NORNAL MOL .=" RATIO 
• C4 
05 
C 6 . .  " 
C4= 

P aR~FF~N/OI..~'~'EN RATIO 
C3 
C~ 

0-5 
~HULZ~--uORY D.T.STRBTN 

ALPHA (EXP(~_O=E)) 
RATIO CH~/(l-A) 

LiQ HC COLLECTION 
PHYS. APPEARANCE 
05NSI|-Y 
N, ~F~.~CT'rVE INDEX 
SIMULT' 0 OIST-da.ATN 

!0 WT % ~OEG F 
16 
50 
84 
90 

RANGE(Z6-84 ~) 

WT % ~ 420F 
WT% ~ 700 F 

28.96 
45.94 
23.70 
!.80 

71.04 

0.0171 
0.0~6! 
0.0-577 
0.0904 

O, 6977 
0.7256 
0.9785 

48.27 
9e.~5 

2z,35 
45.04 
25.66 

• "I a -  

72.6-5 

0.0179 
0.0491 
0.07.1.2 
0.0789 

0.9770 
0.8734 
1.0535 

O. 85-51 
5.2950 

OiL S_O 
0,769 
1.424! 

293 
~02 

599 
64.5 

'297 

48.27 
96 , , 3 5  

32.87 
!1.86 
1.48 

46.23. 

0.0313 
0.0886 
0.14,02 
0.1623 

6.3485 
2.-52.28 
2.8933 

0.793_5 
7.-54.98 

OIL ~..0 
0.757 
!.4226 

259 
~o 
439  
6!0 
654 

310 

4 .3o 
94.28 

53.75 
3U.34 
9.~-7 
1.53 

44.25 

0.0341 
0.0913 
0.I_580 
0,!828 

7.1032 
2.8218 
3.2227 

56.43 
93.88 

56.30 
• ~ . 3 8  

8,87 
!.45 

A3.70 

0.0313 
• 0.0894 

0.!a49 
0. i797  

7 .  8246 
2.8423 
3.0299 

0.7932 
8 . 2 0 ~ 2  

OiL 
0.748 
1.4!96 

256 
285 
4O5 
60"9 
666 

318 

93.88 

- 283 - 



TABLE 25 

RUN NO. 
CATALYST 
FEED 

RUN & SAblmLF_ NO. 

RESULT OF SYNGAS O=~RAT!ON 

11577-07 
CO/TH + AL203 #!!681~.]iC 80 C0 46.3GM (51.8 AFT-cA RUN +5.5G) 
H2:CO:ARGON OF 50:50:0 ~400 CC/MN OR ~00 GHSV 

11577-07-17 577-07-18 677-07-19 677-07-20 

F~ H2:CO :AR 
HRS ON SII~KAM 
PRESSURE, PSIG 
T~VP. 0 

FEED OC/,~I~ 
HOURS FEEDING 
~-r'FL.NT PC, AS L'rTER 
GM AQUEOUS LAYER 
GM OiL 

MATERT.AL 8ALAN~ 
GM ATOM OARSON % 
GM ATOM HYCROGEN % 
GM ATOM OXYGEN % 

RATIO CHX/(H20~02) 
RATIO X IN CHX 
USAC~ H2/gO PRODT 
RATIO C02/(H20+C02) 
K SHIFT IN ~'FLNT 

CONVERSION 
ON CO % 
ONH2% 
ON CO+H2 % 

PROT ~CTiVITY, WT % 
CH~ 
C2 HC'S 
O~H8 
C3H6: 
C~HlO 
C~H,8= 
C.~Hi2 
CSHIO= 
C6H!/4 
C6H12: & CYCLO'S 
87+ IN GAS 
LiQ HC' S 

TOTAL 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : S 0 : 0  5 0 : 5 0 : 0  
220.7 2-39.1 247.1  262.5 

300 2.98 299 303 
262 262 26!  261 

400 /400 400 /400 
6.25 24.5"7 8.00 23.42 

61.00 254.60 85.00 250.70 
3.65 14.42 5 .04 14.76 
5.68 99.40 7.47 21.87 

90.68 93./41 94.90 96.16 
89.7"$ 92.08 94.03 96.9~ 
88.69 92.6"3 94.96 94.0/4 

1.0491 1.0168 0.9988 1.0450 
2.7816 2.7489 2.7~8& 2.76].2 
0.8872 0.8592 0.8550 0.8869 
0.8194 0.82.36 0.8/97 0.8140 
10.75 1.1.27 10.40 10.42 

92.42 91.5"9 90.94 91.25 
81.86 79.50 78.50 79.31 
87.17 85.61 84.75 85.26 

~ . i 4  31.96 31.53 33.23 
5.43 5.27 5.21 4.93 
7.12 6.85 6.68 6.20 
0.89 1.14 1.26 1.20 
5.22 5 .  !0 5.0/4 /4.0"7 
! . 8 9  2.25 2.35 2 .28 
4.9/,, 5 .00 4 . 9 !  /4.67 
1.61 1.91 !.98 1.94 
/4.44,,. 4 . 6 !  /4.57 /4.52 
i. 02 !. 18 1.23 i. 29 
7.58 8./44 8.28 9.17 

26.43 25.31 26.95 25.92 

100.00 I00.00 !00.00 !O0.O0 
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SUB-GROUPiNG 
C1 -04 
C5 -420 F 
420-700 F 
700~END PT 
05~0 PT 

ISO/NORM2L MOLE RATIO 
C4 
C5 
06 
0,4= 

PARAFFIN/OL~IN RATIO 
C3 
C4 
C5 

$CHLLZ-FLORY DiSTRSTN 

RATZO ~H4/(!-A) ~Z 
LiQ HO CCI/.ECT~ON 

PHYS. APPEArAnCE 
D-D~SiTY 
N, FL.r~-RACT.T.VE i]~OE~( 
SIM,LT' 0 OiSTiLATN 

i0 WT %~OEG F 
16 
50 
84 
90 

RAN~_(iS-84 ~) 

WT % @ 420 F 
'EF ,~ @ 700 F 

53.99 
35.56 
8.68 
1.77 

46.01 

0.~27 
0.0896 
0.1490 
0.1768 

7. ~'72 
2.6576 
2.9857 

60.44 
93.29 

52.56 
37.03 
8.64 
1.77 

47.44 

0.027! 
0.08!0 
0.19L5 
0.1503 

5.7~23 
2.1945 
2.5446 

0.7907 
7.2.961 

OiL S.D 
0.798 
1.4!87 

254 
261 
• 384 
593 
660 

3"52 

60.44 
93.29 

52.07 
37.71 

8.56 
!.56 
47.9~ 

0.0265 
0.0812 
O. 13"50 
0.!418 

5.0468 
2.0721 
2.z~!3! 

62.09 
94.21 

52,50 
;-7.67 
8.33 
!.50 

47.50 

• O. 026! 
0.0772 
O. 123.4 
o.~'74 

4.9284 
1.98~2 
2.~407 

0.7884 
7.4187 

O~_SLD 
0.7z~ 
1.4!76 

257 
26S 
~86 
569 
6"58 

62.09 
94.~i 
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XIII. Run 12 (I0225-II) with Catalyst 12 (Fe/Rh + UCC-I08) 

~cord~n~ to UK Patent Application GB2099716A, a catalyst 

with Fe/Rh and ZSM-5 has very high selectivity for gasoline; the 

purpose of this catalyst was to test the properties of the same 

metal component ia combination with UCC-I08. A precipitate of 

Fe203"XH20 was prepared in ~he same way as for the Tenth Quarter 

Catalyst Ii, and impregnated with a solution of RhCI 3 to give 2 

percent rhodium on the catalyst. This metal component was then 

physically mixed with an equal quantity of UCC-108, bonded with 

15 percent SiO2, and formed as extrudates. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. 199-202. Simulated distillations of the C5+ pro- 

duct are plotted in Figs. 203-204. Carbon number product distri- 

butions are plotted in Figs. 205-207. Chromatograms from simu- 

lated distillations are reproduced in Figs. 208-210. Detailed 

material balances appear in Tables 26-27. 

The activity was low at 260C and improved very little at 

higher temperatures. The water gas shift aczivity was no better 

than average. 

The selectivity was very.. .Door, with h~gh_ methane, very high 

C2-C4, and very little C5~. Isomerization of the pen~ane de- 

creased with time on stream. The C 4 was highly o!efinic, as 
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. . 

usual with an iron catalyst, and the o!efin content varied in- 

versely with the temperature. The chromatograms from the simu- 

lated distillations show loss of isomeriza~ion with time. 

This does not appear to be a useful catalyst. 
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Fig. 209 
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TABLE 2~ 

RUN NO. 
CATALYST 
FEDD 

RUN &SAM=LE NO. 

RESULT OF SYNGAS C;~-.RAT!ON 

10225-11 
FI~/RH +UCC-I08 #!0252-88C 80 CC ~9.3GM (40.1 AFTER RUN +.8 G) 
H2 :CO :ARGON OF 66:~3:0 ~50 CC/MN OR I015C91SV 

10225-11-01 229-11-03 225-11-04 225-ii-05 225-11-06 

F~---~D H2:CO:AR 
HRS ON STREAM • 
PRESSURE ,Ps'rG 
"RZ~. C 

FED CC/MIN 
HOURS F--~O!NG 
£r~-FLNT GAS LITER 
@4 AQUEOUS LAY~ 
@4 OIL 

M A ~ I A L  BALANCE 
GN ATOM CARBON % 
GM ATOM HYOROGEN % 
GM ATOM OXYGr.,"q % 

RATIO CHXI (H20+C02) 
RATIO X IN CHX 
USAGE H21CO PRODT 
RATIO C02/(H20+C02) 
K SHIFT LN ~-PNT 

CONVERSION 
ON CO % 
ONH2% 
ON CO+H2 % 

PROT ~-_ECTIVITY, WT % 
CH4 
C2 HC'S 
O~H8 
C3"H6= 
C4H10 
C4H8: 
C.~H12 
CSHIO: 
C~H14 
C~H12: & CYCLO' S 
C7+ IN GAS 
LIQ HC' S 

TOTAL 

66:33:0 66:5-J: 0 66:33:0 66:33:0 66:5"5:0 
18.9 42.6 48.0 67.2 73.8 
153 2!2 198 2!! 20! 
350 282 275 798 265 

1550 1550 1550 1550 1550 
18.90 24.08 6.42 24.58 6.58 

981.90 1294.94 349.11 15"97.40 348.97 
68.63 81.14 25.18 96.48 27.33 
1.29 1.65 0.65 2.50 0.86 

100.83 108.49 103.62 92.11 93.82 
100.74 i05.03 102.08 92.12 94.09 
!01.96 103.89 102.45 94.10 95.62 
0.9756 1.0943 1;0264 0.9367 0.9502 
3.0725 2 .8794  2 .7987  2 .6692  2.7025 
1.3141 1.2291 1.92 1.6315 ~.5081 
0.5188 0.5780 ' 0.4716 0.2547 0.3243 

~.74 5.75 2.8! 0.78 1.18 

68.60 75.31 64.19 40.68 49.20 
45.48 46.45 42.68 34.06 37.71 
53.19 56.28 49.90 36.26 41.53 

42.47 31.84 29.12 79.23 25.81 
18.37 16.83 15.64 15.10 .1.3.84 
9.61 12.94 11.29 8.47 i0.01 
5.29 5.66 7.39 10.03 9.19 
3.81 &.~ 4.55 3.69 4.03 
4.94 6.!4 7.84 9.21 8.82 
1.77 2.19 2.29 2.34 2.56 
5.57 4.45 5.4! 5.98 5.82 
!.30 2.02 1.97 1.90 1.80 
1.76 2.57 2.29 3.82 3.98 
5.99 9.86 10.85 iA.ll 12.Al 
0.92 0.77 !.36 2.!! 2.32 

!00.00 !00.00 !00.00 lO0.O0 1CO.O0 
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SU~ROUP~NG 
C! -04 
C5 --420 F 
420-700 F 
700.-~L'NO PT 
CS+-END PT 

ISO/NORNAI. MOLE PATIO 
C4 
C5 
C6 
C4= 

PAP~EF!N/O -~IN RATIO 
C) 

C5 
SCHULZ-FLORY DiSTRBTN 

ALPHA (EXP(S_OPE)) 
Paso CH4/(1-A)~'2 

L!Q HC COLLECTION 
• P H Y S .  APPEARANCE 
DENSITY 
N, R~'~RACTiVE INDEX 
$i~4JLT' 0 07T.~T-.d.ATN 

i0 ~" % ~ D K G  F 
16 
50 
84 
90 

84.50 78. I_4 75.83 69.7~ 
I__4.78 2.!.40 23.24 28.81 
O. 63 0.41 0.69 " !. 07 
0.09 0.05 0.25 0.38 
].5.50 2.!.86 24.17 30.26 

0. 4979 O. !.526 O. 1654 0. 0960 
i .  0571 O. 6629 0..5932 O. 21~'9 
1.2784 0.8025 0 . 7 1 ! 6  0.2602 
!.1~'-36 0,~99 0.2076 O. 0000 

1. 7336 2.1819 1.4568 0.8054 
0.7436 0.7439 0.560! 0.3871 
O. 487_5 0,478~ 0 .4 !2 !  0 • 3802 

O. 726~ O. 6805 
5.6699 3.1181 

CI.R LT GR CLR LT GR 

388 329 
404 354 
498 " 447 
6~6 600 
700 656 

IRAN~(!g-..84 %) 242 2~6 

Vf[ % ~ 420 F 
WT % @ 700 F 

21.67 41.00 31.33 
90.00 9~.47 81.88 

3i.33 
81.88 

71.7! 
26.69 
1.18 
0.'-'2 

zs.29 

o.m 5 
0.2~59 
0.~0~7 
0.0000 

!.0~87 
0.Z~!4 
0.3947 

81.88 

~-wf 
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TAF_.LE 27 RESULT OF SYNGAS CP~ATION 

RUN NO. !0225-ii 
CATALYST FE/RH +UC~-!~8 #i0252-88C 80 CC 39.3GM (40.1 AFTER RUN ÷.8 G) 
F~'='_D H2 :CO :ARGON OF 66:33:0 @].350 CC/MN OR IOI~-GHSV 

RUN & SA~LK NO. i0225-I1-07 

H2:CO:AR 66:~: 0 
HRS ON STREAM 90.0 
RRESSURK,PSIG 205 
TD, P. C 251 

F~D CC/MIN 1350 
HOURS F~_DING 22.83 
~-':F~NT GAS LiiIKR ].257.03 
GM AQUEOUS LAYER 94.78 
GM Oil_ 2.99 

MATERIAL BALANCE 
GM ATOM CARBON % 
~M ATOM HYDROGEN % 
GM ATOM OXYGEN % 

RATIO CHX/(H20+C02) 
RATIO X ~ CF~X 
USA-GE H2/CO FRODT 
RATIO C02/(H20+C02) 
K SHIRT IN ~'=m~NT 

97.40 
97.30 
98.91 

0.9699 
2.7031 
1.5039 
0.3314 

1.22 

CONVDRSION 
ON CO % 
CN H2 % 
ON CO+H2 % 

PRDT S~.£CT!ViTY,WT % 
CH4 
C2 HC'S 
C3H8 
C3H6- 
C.4H1G 
C4H8= 
C5H.].2 
CSH!O= 
C~!4 
C~H12= & CYCLO' S 
C7+ LN GAS 
LIQ HC'S 

49.18 
37.A5 
41.36 

25.84. 
13.86 
i0.01 
9.20 
~.OA 
8.83 
2.37 
5.83 
i.~0 
3.58 
!2. ~2 
2.24 

TOTAL lO0.O0 

c 



SU.=--~ROUPING 
C1 -C4 
C5 -420 F 
420-700 F 
700--~IO PT 
05+--~.N0 PT 

!SO/NORMAL MO-E RATIO 
C4 
C5 .- 
C6 
C4= 

PAR~=FiN/OL~!N RATIO 
C3 
C4 
C5 

SCHULZ-r'7_ORY O!STRSTN 
ALPHA (~P(SLOPE)) . 
RATIO CH&/(l-A) -~ 

LiQ HC CO ~tLLECTION 
PHYS. APPEARgNC£ 
O£4SITY 
N, ~RAOTiV£ INDF.X 
S~M~3LT' O DiSTILATN 

lO WT %~OKG F 
16 
50 
84 
90 

e 42o F 
WT % ® 700 F" 

71,77 " 

26.59 
!.~ 
0.4! 

28.2~ 

0.iC~9 
0,2459 
0.~067 
0.0000 

1.0)87 
0.441~ 
0.3947 

0.7698 

YI..-n_N- OiL. 
0.78~ 
I.z.V~5 

343 
~-'76 
489 
720 
78) 

~i.;--5 
81.88 

t"  

~-,,d 
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XiV. Summar 7 

The results from the tests reported this quarter are again 

very informative. The series of additives for cobalt catalysts 

has yielded another important modifier of cobalt activity. The 

chemistry of a previously identified additive was further ex- 

plored in combination with a different shape selective component. 

The alternate means of combining the metal component and the 

shape selective component had dramatic effects on the stability 

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

ence catalyst containing a-A1203 pointed out the great changes in 

selectivity possible with slight temperature changes. E~en the 

poor catalysts have contributed to the understanding of cobalt 

Fischer-Tropsch catalysts. 

The low percentage of additive X 6 used in Catalyst 4 had a 

large effect on the catalyst's stability and final product dis- 

tribution. The major disadvantage of most cobalt Fischer-Tropsch 

catalysts is the excessive methane production. This additive 

reduced the methane yield significantly, especially later in the 

run. Furthermore, this additive also increased the zield of 

olefins significantly. 

Last quarter, the additive, X4, was shown to have effects 

similar to X 6 in a cata!yst containing UCC-101. This quarter it 

was shown to again increase the selectivity for o!efins, this 
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time in a catalyst containing UCC-108. However, in this fozmula- 

tion, XA did not impart the previously observed g#eat stability 

to the catalyst. The X 4 catalyst again produced a higher than 

usual C2-C 4 yield, which this time led to a slightly inferior 

product distribution. 

A catalyst with enhanced properties was produced when the 

metal component and the shape se!ective component were put in 

more intimate contact as is shown in the results from Runs 7 and 

8. The catalyst had extraordinary stability in both syngas con- 

version and the product distribution. There was a slight deacti- 

vation durin~ the first 140 hours on stream~ but it was rock 

steady thereafter. Formation of the cata!yst as I/!6-inch extru- 

dates increased the catalyst's initial activity~ especially the 

water gas shift activity. However, there was a greater initial 

deactivation followed by a slight deactivation to an activity 

similar to that of the I/8-inch ex£rudate. This method of formu- 

!ation appears to be an o~tstanding way to combine a cobalt metal 

component and a shape selective component. 

The catalyst which combined thorium-promoted cobalt with 

ia-i!203 had the largest temperature dependence of the product 

selectivity observed for any Fischer-Tropsch catalyst fn this 

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

effect on the conversion But drastically affected the selectivi- 

ty. The highest yield of liquids (C5+), i n ~rams per hour, was 

obtained at the lowest temperature, 250C, which also had the 

lowest total conversion. This just demonstrates the need for an 
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active cazalys~ which can be run at a lower temperauure to im- 

prove selectivi=y. 

The zinc ion exchanged into UCC-I07 to hydrogenate coke pre- 

cursors seemed to be better at hydrogenating the desired Fischer- 

Tropsch products than it was at stopping deactivation of the UCC- 

107. 

The results this quarter were very encouraging. Hopefully 

many of these results can be combined into one catalyst exhibi- 

ting great stability and improved product quality. 
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Appendix B. Surface Studies 

By M. Logan, B. Naasz, and G. A. Somorjai 

The stud7 of the catalytic hydrqgenation of carbon monoxide 

has continued tEi s quarter with our work on molybdenum and rhen- 

ium surfaces. 

Molybdenum 

Rates and activation energies for the hydrogenation of CO 

were determined (see Figs. B-! and B-2) on Mo(i00) single crys- 

tals and M o foils, composed mainly of the Closest packed (ii0) 

face of boa crystals. The reaction is structure insensitive on 

these surfaces, the rates and product distributions being nearZy 

identical. The molybdenum work was extended by adsorbing submon- 

o!ayer quantities of potassium on the surface as a promote#. 

Adding potassium is found to have a promotion effect (see Figure 

B-3) for up to ~0.2 monolayers (AES peak ratio K252/Mo221 = 0.4). 

The rate of ethane produckion neaz!y tripled from the potassium- 

~gee ~?~e ~6 a pokassium coverage of --0.i mono!ayers. The 

selectivity of the reaction remains constant for the conditions 

of our experiments. The effect of adding more'than 0.2 mono!ay- 

ors of potassium seems to he one of site blocking. 

• Iron an~ Rhenium 

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

methanation on Re, Re+Na, Fe and FeO x are shown in Figs. B-& and 

B-5. The large changes in act±vation energy , Ea, with the addi- 

tion of oxygen or sodium imply that the rate-determining step is 

changed. We have also confirmed that the produc~ distributions 

are altered as the surface is changed from clean to oxide and 

alkali promoted metal surfaces. Again , with the oxide, less 

change in product distribution is seen, but the catalyst surface 

stays active for a much longer period of time. With alkali pro- 

moters the product distribution is shifted to hydrocarbons with a 

higher molecular weight. 

"w 
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