
'I'ABLE 8C REBULT OF SYNGAS OI}ERATION 

RIIN 1.3. lOOJl.-5 
CATAI.YST ~203,1%K20, ~q~'I3-[IE,R~FERENCE CATAT,YST, 

.% FEED H2.(.O:AR 0F 50/5010.45/4~/tQ & 60130/iO 8 
& 

RUM & SAMPLE NO. iO011-6-11 OO1~-6-12 OOilub-]3 

00 CC 85.86 GM 

40OCC/MN OR 300 GHSV 
L 

oo l-G=,  0%] 

F~,I,:D I[2:CO:AI% 54:36:].0 60:30:10 60:~O:iO 60:30:.]0 
HRS ON ~TREAM !.24=.5 ].42.0 149.5 1.66.3 
?RHSSURE. PS TG 97 94 q8 93 
TEMP. C 253 .253 253 255 

FE~.D CC/MIN 400 400 400 400 

HOURS FEF, Dt,[NG 6.25 ].7.5 7.5 16.8 

~:FFLNT GAS LITER 109.5 315.7 136.6 304.9 
GM AQUI~OUS LAYER O.O 3.79 1.96 4 .73 
GM OIL & WAX 7.98 ].6.74 7.24 iB.q7 

50:30:10 
17.B .4 

97, 

2',3 

400 
5 

7.1 

130.5 
1.9 
5.89 

MATERIAI, SA[:ANCE 
9M ATOM C~RBON % 95.68 9~.O8: 9q.25 95.71 95.9q 
GM ATOM HYDROGEN % 93.75 91.9i '93.50 B9.30 90.70 

GM ATOM OXYGEN % 89.45 91.79 94.02 94.8] 94.04 

RATIO CHX/(H20+C02) 1.2058 L.1246 i. 1454 ] .02'47 ],.0528 

RATTO X IN CHX 2.1559 2.0695 2.0698 P,,0841 ~,~..O878 
USAG~ H2/CO PRODT 0.7142 0.7671 0.7858 O.7521 ~"O.7566 
K EFFLNT SHI~T REACI"M 22.69 .14.O7 13.27 12.28 ]3.50 

CONVERSION % 
ON CO 55.03 57.64 ' 68.89 67.49 69.24 
ON H 2  3 0 . 3 ~  2 6 . 2 2  2 7 . 6 ~  R 7 . 0 ~  2 7 . 3 2  
ON CO+H2 44.74 40.03 41.38 40.50 41.29 

PRDT SELECTTVITY.WT % 
CH4 5.42 6.74 6.49 6.95 5.99 

C2 HC'S 4.9]. 6.22 6.02 6.63 6.63 

C3H8 0.58 0.81 0.81 0.8U 0.93 

C3H6= 4.74 6.33 ~ 6.55 7.22 7.32 
C4HIO O.52 0.70 0.79, : O.I12 0.83 
C4H8= a 3.52 4.52 4.99 5.28 5.60 
C~HI2 0.82 1.14 1.13 1.29 1.31 
CSH]O-= .~.92 3.79 3.99 • 4.18 4.33 
C6H14 0.88 1.03 1.20 ] .38 ] .36 

C6H12= & CYCLO'S 1.85 2.17 2.53 2.72 2.59 
C7÷ IN GAS 9.76 ]1.89 13.87 13,.58 14.90 
LTQ HC'S 64.06 54.57 ~51.64 49.07' 4"?.21 

TOTAL 
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l Loo ].00 iOO L00 

SUP, G R O U P  INS 

C5 -420 V .2~.S~ ~.B.3~ ~O.~.O .~..~.B 

420-700 F 25'D~8 26.90 2 5 . 2 0 ;  ~1 .3,1 

7GO-END PT ~-- 30.%= -~9.37 1.8.95 LB..60 

C5 --END 'PT 80.29 74.59 74. ZS. 7.7..22 

Is0/NORMA|J MOLE RATIO 
C' I  . 1 3 8 7 .  . 1 2 3 5  . 1 . 3 0 4  . 1 3 8 8  

C5 .O903 . !.6 t'= l .O955 .20~4 
C 6 - . .LB99 . O75q .2007 . R34"I 
C4.., .0797 . O"154 .O846 . OBJ.2 

PARAFF CN/Or.F.F IN M RATIO 
C~. . 3478 . 3366 . 3327 . "~Oh8 
C3 . 1168 .121.8 . 1188 . il.b5 

C4 . 14~.5 • 145~ . 1.525 • 1.500 

C5 .2733 ~'. 2927 .2750 .2993 

r. IO [ [ C  COI,I,ECTION 

PHYS. APPEARANCE, WAX WAX WAX. WAX 

DENS T.TY 

• N. RF, FRACTIVE [ND~,X 
SIMULATED DISTILLATION 

]O WT % 8 DF.G E 4].0 397 402 "3B'/ 
] 6 448 4 2 4  4. R 9  4 1 ] .  
50 681t 602 608 ' 611 
84 983 889 ". 8RB 901 

LO44 " 97£ 966 975 9 0  r, 

~ANGE {16-B4 %) 53.5 465 459 490 

WT % 0420 F 11.9 

WT % @700 F 5 2 . 3  

1,1.5 
63.3 

15.2 

64.5 

IB .6 
6~. • 3. 

7 . 8 . 3 ]  
3 R . q 8  
1 9 . 6 4  

i9.07 

7] .59 

.1288 

.1727 

.211~, 

.O83L 

• ~,994 
.1210 

.1435 

.2938. 

WAX 

3 8 6  
4 £ 2  

9 ] . 4  
9 8 5  

5 0 2  

1B  . 0  
5 9 . 6  
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TAS[,E 8D RI~-SULT OF S %'NGAS O['E:RAT I ON 

RUN NO. IOOll-5 

CATALYST FE203. 1%K20. 

" FEED H2,: CO : AR OF 

I~9673-1£E,REFERENC}: CATALYST, 80 CC 86.86 GM 

5015010,45/,,45110 & 60130110 (a 40OCC/MNI-'OR 300 GIISV 

R[IN & SAMPLe- NO. iOOi,'T.,6-16 OOI-l. 6-i7 OO11-.6--i8 OO11-6-1.9 OOll 6-20 
• m =  ~=-= o-z ~ 

FRED H2:CO:AR 
HRS ON STRF, AM 
PRESSURE , PS £G 
T~IVIp. C 

60:30:10 60:30:iO - 60:30:.]O 60 : 30': 10 60:30:'10 
190 . 3 ] g 6  . B 2.15 • {~ :p._~s,]" • I 240 . 1 

9~ 92 94 ,].OO : 95 
~.81 ~.'92 ¢?.[]O 281 281 

~'F. I':D CC/MIN 400 400 400 400 400 

HO[IRS FEEDING lY,g 6-5 1.8.8 5.% l �.n 

EI"FLNT GAB LITER 281.0 91.4 310.9 90,6 31%,0 

GM AQU~:0UB LAYER 11..86 3 . 3  I| . 6  3.1 [2.38 
(}M o r L  & WAX 10.2.'] 3.75 1.5.46 ~ .49 L2.51 

MATI",R I AL BALANCE 
GM ATOM CARBON % 
CH ATOP[ HYDROGEN % 
GM ATOM OXYGEN % 
RATTO CHX/(H20~CO2) 

EAT[O K IN C}[X 

USAGE H2/CO PRODT 

K EFFLNT SHIFT REACTN 

95.83 79.46 80.85 95.74 83.]8 
9R.26 78.87 g%.OO ' 83 .O1 9i.h4 
97.12 77.72 87.Bq .~ gt.OO g4.73 

0.9724 1 . 0~44"]  1.O665 ] .1092 O.966L 

2. 1389:" 2.1q15 2.1870 2.1897 2,1331 

O.84Ql 0.8564 O. 8779,~ 0.8809 O.[1294 

I1.79 17.16],2 18. 5904 14.4073 12.5493 

CON-v-ERS ION % 
ON CO 79.55 
ON R2 35.OO 
ON CO÷H2 49.85 

PRDT .~?.LECTIV~T~f,WT % 
C[[4 8..[ 7 .. 

C2 IIC'.~ 7.90 

C3H8 0 . 9 3 "  

C3H6= i0.'28 
C41110 0.90 
C4}18- 8. iO 
C5H12 ] . . 7 1  
C5[{IO= 6 . 4 7  

C6HI 4 t. 94 
C6H12= & ,CYCI,O'S 3.80 
C7~ IN GAB 20.53 
LIQ HC'S 2 9 . 2 6  

~-. 

TOT~ L I00 

83.gR 8~.22 : 8t.30 "79.59 
35.73 35.09 35 .74 33 .g.~ 
~I.87 51 .31 53..22 49.20 

7 .79 7.48 7.65 8.32 

,46 7.14 7.14 7.61 

O. 93: 0.82 O. 86 O. 90 

,1.0.08 8.75 9. |7 9.7] 
0.89 0.79 O.83 0.85 
8..]8 7.10 "~ 7.32. 7.50 
l.b7 i.4~ 1.57 I. 60 

,I 

6 .3"i 5.44 5 .73 5.95 
i, 88 ] .51 1.64 ] .69' 

3 • 7 I. 3.18 3. ";, 2 ..,:.:-.'~. 63 
39.77 18.45 1"1.78 " L ' 3 . 3 4  

3 1  • 3 4  3 7  . 8 8  3 7  • 1 1  3 2  . g O  

10O I00 l OO . i00 
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SUSGi%OUP T NO 

C1 -C4 35.28 35..33 
Cb _41~.O !.' 41 .77 39,7'9 

420.,700 F "' 1:)..09 ].8.39 

7 O0-?.ND PT ig _46 h. 49 
C% - ? : N D  P T  63.72 ' 6 4 . 6 7  

JSO/NORMAL MOLl': R A T I O  
C4 . L366 .!425 

• C5 .1716 .16S~ 

Cfi .2445 .231.5 
C4 "-- . 0869 . 0931 

PARAF]~TN/OLEFIN M RATIO 
C2 .2301 .2144 

.. ~_3= ..o86_L .qs7 9 

c4 . ~ o 6 o  . ~ o 5 l  
C5 .2572 .2568 

r . t o  Hc C O L L E C T ' I O N  
~ n , s . . A  PPt.:m~Nc~. WAX ~ A X  

- .  DRNSIT~ 
N, KE,~:RACTI VR INDEX 
51ME[.ATV-D DTSTIr.LATION 

. [ .0  WT % ca DEG ~ 3sg 363 
16 390 40O 
50 558 56..5 
84 873 734 

90 955 795 

RANGE ( 16-84 %') 483 3 3 4  

WT % (4420 F 25.0" ";.O.b 
WT % ~7OO F 66,3 79.3 

32. tO 

41 •%8. 

3.7,58 

,75 

67.90 

• 1 4 8 2  
"",_e7-t 
. R 1 fl:*, 
.O85g 

. 2 3 6 0  

• q.895 
• 1074 

. ~.590 

WAX 

32 .q6 

39.22 

l q  .OO 
. ~ f f  

6 7 . 0 ~  

~. ( 3 0 4  
. I U 7 4  

- . 2 2 4 6  
.O870 

"-'2216 

.0894 
: , - - - . = . . - = - _ -  

. 1 0 B g  

. 2 6 6 ]  

W a X  

34 .89 

43.[4 

34.93 

7 .oa 

65.1.1 

. t535 
• .I t105 

. :).10 I 

. OB37 

.2145 

.0889 

.I091 

.2514 

WAX 

348 ?,53 340 
376 ,~g2 367 
508 527 502 

775 775: 757 

841 844 834 

399 : .383 390 

e 

3 0 . 5  2 5 . 0  " . 3 3 . 2  

75.g 76.2 78.6 
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'!'ABI,:R, 8E RE.SIIL% OF [~YNCAS OPERATTON 

' RIIN NO. iOO t I,-~:6 
CATAI,YST I,'F,203. L%K2¢). @9573-I LE.REFRRENCF, C.ATA'['.YST. 8()' CC 26.86 OM 
~':,:ED H2:CO:AL~ OF %O/50/O.45/451i0 & 60/30/10 '(.~ 4"OOCC/RN OR 300 GHSV 

RUN & SAMP'r,~: NO. lOOll.-B-~.i OOll,-h--2~, OOtl 6-2"3 0031 6-?.4 O0ti-6--~.5 

FEED H2 :CO:AR 50:30:IO 

HRS ON STREAM ?.46.4 

PRRSBURE . PS IG 97 
TEMP. C "- 28 

~' EF. D CC/MIN 400 
I{OUL~S FEED TNG ,5".-~ 
J~ 

T.:~'.~LNT GAS T,ITRR ..: ]'O4 .8 

tIM AOU|':O[JS LAYER" 2.6 

GM O[[, & WAX 5.66 

M~TF, R T AL BALANCE 

GM ATOM CARTOON % 99.3~ 
GM ATOM HYD~OGEIq % 93 .19 

o (;M ATOM OXYGEN % 90.47 
RATCO CHX/(H20+COR) 1.2LOl 
~AT~O X IT.' CHX 2. 1073 

IJSAGF. H2/CO PRODT 0.8372 
K EFFLNT SHTFT REACTN i9.3~ 
e 

CONVF, RSION % 
ON CO 82.51 

ON H2 :)4.83 

ON CO+H?, 50.72 

P~DT SF.LF, CTIVTTY,WT % 
CR4 7.45 

"~ C2 ~]C'S 7.OO 
C3TIB O. 83 
C3[16--I 8.77 
C4[llO O. 76 
C4HB= 6.85 

C5H12 I. 47 

C5H1,O= 5 . .~4 

C6H] 4 I. 64 

ChilL2'-- & CYCLO'S 3.30 
C7 D TN' GAS ]7.80 
I, TQ HC'S 3 8 . 8 0  

50:30:i0 60:30:L0 h0:30:i0 60:30:!0 

263.4., 287.7 3li.2 318.6 , 
93 93 96 33 

307 3Og 308 3 ].O 

4OO 400 400 400 
17.0 24.3 23.5 '7.4 

259.4 367.5 34"/.4 124.9 
16.93 26~46 ~7,04 5.33 

13.59 14.44 ].6.18 3.42 

98.49 89,97 90.24 8h.24 
94.96 93.49 94.16 93.28 
98.32 gl.OO 91.33 9"l.O~ 

L.O997 0.9805 O.9799 0.7829 
2.1588 2.1944 2.]858 2.2245 
0.9655 O.9887 0.9582 0.7728 
15.O7 19.12 20.46 1"7.89 

89.29 gi.54 92."47 83.47 

• 43.39 42.49 43.18 31-t) I 

58.69 58.84 59.61 49.10 

9.52 [O. g% 10.84 I 2 . 65 
7.46 8..%0 B .52 9.71. 
0.82 0.90 0.85 0.81 
9.92 1.0.6 h 10.28 1,O.58 
O .75 0 . 85 O. 79 O. 67 

7 , 6 5  ' 8 • 2"7 7 . 90 7 , 30 

I .60 1.70 1.55 1.35 

5.76 6.05 5.7D 5.43 

1.77 I.~]6 ] .84 1.64 

3.37 4.OR 3.67 3.65 
20 • 61 21 • 2~ ig . 48 ~.O . 23 
30 • 77 25 • 06 ~,8 • 49 ?.5 . 97 

TC ','" .~L IOO I00 tO0 i00 -: I00 
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t 

/ 

"S I|BGROIIP rNG 
{" t -C4 .~ I. • 65 

Ch --4"~.0 ? 40.HH 

420-700 F ,~ I~.70 

70{} END PT B.77 
"C5 -~:Wn PT : ~ 8 . 3 5  
[SO/NORMAl, MO[. ~" RATIO 

C4.. .1 .392 
C5 .1012 

C6 :~ ,2603 
C4-- .0B74 

PARAI:'FINIOI,EFTN M RA'PIO 
C 2  . 2 3 B 8  

C 3  ,0899 

C4 .1070 

C5 .2684 

LIQ HC COLLECTION 
Pt[Y.~ . R~PEARANCE WAX 

DENSITY 
N, REE, RACTIVE INDEX 
G T MI~r.ATF, D D T S'E I LLAT [ ON 

J.O WT % [~ DI~G F 3 4 9  
16 381 
bO 519 

84 764 

90 t342 

RANGF, ( 1.6-8d,., % ~ 383 

"WT % (~420 F 29.2 
~4T % @700 ~ 77.4 

36. I~. 

43.14 

12,q2 

7 .B2 
63 ,B8 

G 
.1353 
. ! 815 
• l.g41 

.Og72 

.2150 

• 0784 

.OqSl 

.2702 

wAk 

341. 
365 
51l 

81 .0  
883 

445 

32 .6 
74 .5 

dO .Og 

44.37 

tO :55 

4.99 

5g.9,] 

.1417 
• 1500 
.2199 
'.. o,~73 

• ~. I02 

. On'Ld" 

.0q90 

.2728 

WAX 
m 

3"32 
353 
• 474 

762 

872 

,I[I 

3 B. o 
B o . ]  

3¢). 18 

db .:48 

It.5! 

3 .g3 
60.8~. 

' .15'13 

• 1408 
%2527 
•0958 

• 2O7O 

.0792 

.0W67 

.2625 

WAX 

305 
331 
43S 

65g 

767 

338 

4 5 . 8  
8 6 . 2  

41 .72 

42 ,~3 

IJ •81 

4.23 
58.28 

.1467 
• 1291 
• 25"15 
• I o07 

• 2470 

•073]. 

.08gl 

.2423 

WAX 

330 
347 
469 

703 

797 

356 

3 8 . 2  
83 •7 

• , -lO0- 



'rADI,R 8F R E S U L T  OF ,3YNC, A$ OPERATION 

RUN ~O. 
CA' rA  5 Y S ' | '  
F I=:.]': D 

LOO£1 -6 
F. F203. ~L%K?..O, .9673--I.IRE,RI':FERENCE C;%TALMST. 
H2:CO;AR O!" 50/50/O,45/45/10 & 60/30./30 (a 

R[IN & SAMPLE NO. ]OO11-6-26 OO11-6-~,7 OO1J-6--28 

FEED H2:CO:AR bO:,30:/.O ~.60:30:10 

IIRS ON STREAM 335.7 34,2.7 

PRI":~SURE. PB [G 32 33 
'PREMP. C 3 t O 33.O 

F F,": D CClM~N 400 400 
HOURS FREED~NG J'7.1 7.O 
EFFLNT GAS r,E'PER 292.4 125-~ 
tIM AQUEOUS LAYER 9.O8 3.1. 

(3M OiL & WAX 9.1i 2.1.7 

SO CC H5.86 GM = 
4OOCC/MN OR 3 n O  G~[SV 

L~()I .I ,* 5 f 2  9 OO13.:6--30 

MATRRTAL BAI,ANCE 

GM ATOM CARBON % 87.86 88.67, 

GM ~TOM HYDROGEN % 94.51 92.1.5 
GM ~TOM OX'fG~:N % 93 .46 98.49 
~IATIO C}IX/(H20÷COT.) O.8751 0,7838 
RATTO X IN CI|X 2.2889 2.4505 

U.~AGE M2/CO PRODT 0.7896 O.7515 
K EFF~,NT SHIFT REACTN ]9.09 18".63 

CONVERS TON % 
ON CO 8].41 78.24 

ON ||2 31.05 30.29 

ON CO .l. [{7. 47.84 45.86 

PRDT SELECTIVITY,WT % 
CH4 i6.51 21.79 
CP. }|C'S ]O,18 12.12 

C3HB O,72 O.91 
C3H6= 8.78 9.90 
C4HIO O.54 O.63 

4 

C4H8= 6 . 0 4  6 . 64 
C5H12 ].,O6 i. 21 

CbKIO= 4.16 4.45 

C6[[14 1 . 29 i • 46 
C6H12= & CYCLO'S 2.90 3.O4 

C7+ IN GAS 18.60 19.~.~. 
LIQ RC'S 29.23 18.64 

60:30:i0 .50:30:]O GO:30:]O 

360.5 365.5 3~5.4 

31 31 31 
3] 7. 3J.2 310 

40O "OO 400 
17 .I~ ~..O 1 9 . 9  

31.7 .q 87.6 3tg.O 
8 ,31 2.44 1q.55 
% .07. ]..75 5 .:).6 e 

a- 

80.09 85 .05 78 .38 

96 .O.3 94.75 ')3 . 4 ] 
go.36 91 .OR 86 .15 

0.772.6 0.8674 O .8365 
2.5887 2.5605 ~..$495 
O.7911 O.84'31 I .O184 

2 8 .  "~5 2.3 .GO 1 2  . ~ . 3  

84 .48 8 3 . 9 1  84 .67 

29 .99 33 .O8 38.29 

46 .OF. 50 .OR 52 .OO 

~.8 . 77 29 • 62 26 - 94 
]3.35 12.79 i!.94 
t.O2 I .O4 O.g9 
9.53 9.20 10.49 
0.68 '. O.6~. 0.67 

5 . 8 9  5 . 3 5  6 . 5 6  
J . . 1 6  0 . 9 9  1 . 3 4  
3.53 3 .O4 3.69 

1.18 £.O9 I .54 
7..23 :.~. 94 2 .45 

15 . 4"7 15.20 19 • 7.0 

17.2] 19 . 12 14 . 7.0 

TOTAL iOO "tOO IOO " ] OO iOO 

,T.•. 
%-. 

•-i01- 



• .. 

5 U n G R O U P  f, NG 
(.'1. - -C4  42.77 

C% - 4 2 0  F 3 7 . 5 9  

,1~0 -700  =P L3 . 88 

7OO-F~ND P'£ 5 ;76 
C.5 .END PT 57 .23 

T.SO/N'3RM~L MOf,~: RATIO 
C4 . 1587 
C5 . 1 3 ' 0 6  
C6 .2484 
C4= : .1094 

PKRr%~'FIN/OE,E~IN M R~TIO. 
C2 ,8775 

C3 .0785 

'C4 ~- - " .0864 

( :5  . 2 4 8 2  

[,!q i~C C0Lf,F, CTTON 
P [ I Y S  . APPEARANCE WAX 
DENS ~T¥ 
N , REVRACT I%F~ .TNDF, X 
SIMULATED DIST ~LLAT~ON 

i O  WT % .C@ DRG 't9 3 3 9  
I .b 3 6 5  
h O  501 .  

84 ')) 74 1 

9 0  8 3 6  
, i  

RANGP,"( 16- 84 %) 375 

WT % 8 4 2 0  "F 3 2 . 8  
WT % ('4700 F 8 0 . 3  

51 . =) 13" 
3 4 . 8 2  

9 . 1 2  
• 4.08 
48.0~. 

.14"Ii 

.1326 

.2639 

.iO67 

.2935 

.0875 

.0914 

• ?,649 

WAX 

352 
381 

514 

764 

~54 

3 8 3  

2 9 . 2  
78 .I 

~9 .23 

2R .59 

S-.4l 
3.77 

40.77 ~ 

.1528 

.1429 

.2584 

.llSg 

.3561 

.]019 

.Ii07 

.3185 

WAX 

3 4 9  
3 8 0 .  
5 1 4  

7 6 5  

8 6 0  

3 n 5  

2 9 . 2  
78 .l 

5 8 . 6 2  
27.6% 

9.3l 

4.42 
41.38 

.153"2 
•14].O 
. 2 " 1 2 7  
, 1 2 3 8  

. 3 4 2 0  

.I074 

.Ii18 

.3158 

WAX 

< 3 5 5  
3 8 2  
5 2 ' !  

7 7 9  

e-l~/ 

397 

• ~.8.2 

76 .9 

'~ ' / •  5 g  
3 3  , 0 6  

6 . 2 2  
a . 1 2  

• ~.O17 
• ,~sl ~. 
. B051_ 
• / . 5 3 0  

. 3 4 5 6  

. O B g B  

. 0 9 9 3  

.3541._ 

WAX 

3 3 6  
3 6 3  

4 9 4  
7 7 3  

8"75 

41.0 

3 4  . 2  
78.0 
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TABLE 8G ° I~EGUT,'E OF SYNGil5 OPERATION 

O 

RUN NO. I00],I ,6 
CATALYST !,'I,~203, [%K20, I~9673-ilE,R}:F~,RENCE C-ATA[,YST, 

1:~::I,:D II2:CO:AR OF 50/£O O,45/45/tO & 60/30710 £a 

& 5;%MPtr,E: NO. ).OO].1-6-31 RIIN 
= = - - :  =.= =~'= = 

I.~ ?.R D H2~: CO : AR : 60:30:iO 
I {RS ON STREAM 3 q 0 . 6  
PR RS'.'~URE , PS TG 30 
'PT':MP. C 3 iO 

OO].] -6 -32 OO tl- 6-3"3 

5(.) : 3 ~ " :  I0 5 0  : 3 0  : 1 0  
4 0 " / . 9  4 ] 3  , 9  

3 ]  3 2  
3 1 0  3 I t  

FEED CC#MIN 400 400  !On 

HOURS FEEDING ' 5 . 2  17.3 6.(3 

EFFLNT GAS I,ITER 83.8 277.9 96.5 
GM AOUEOUS LAYF, R 4 . B7 17.47 6 .O6 
GM O[T., & WAX L.94 2.52 l.Ol, 

~ATRRI AL 13AL AN CF. 
C,M ~TOM CAR}ION % 7 6 . 3 2  
GM ~TOM [{YDROG~N % 95.1;: 

GM ATOM OXMG~.N % 7 8 . 3 , 1  
RATIO CHX/(H20~CO2] O.955"I 

RATIO X IN  CHX 2.49~9 

USAGE MR/CO PRODT 1.0674 
K HFFLNT 5HIFT REACTN 1'7.76 

CONVRRS ION % 
ON CO : 8 9 . 3 1  
ON El2 3 8 .  B'L 
ON CO÷['I2 5 3 . 2 7  

PRDT SEI,ECTIV[T~,WT % 
CI l4  2 4 . 1 1  

C2 [IC'S 10.48 

C3H8 0.87 

C3H6= 8.85 
C4 H IO O. 60 
C4H8= 5.57 
C51112 L. iO 
C51T] O= 3.35 
C61-[] 4 ] . .  55 
C6H].2= & CXCI,O'S 2.43 
C7v IN GAS 2 2 . 4 3  
LIQ I-[C ' B ].8.54 

,2: 
8 3  .OR 82 . 0 2  
9 3 . 1 5  9 2 .  Lt l  
9 2 . 2 3  91.18 

O. 81~O 0.8086 

2.5587 2.5665 

1.0103 1.0177: 
8 . 9 5  8 . 3 7  

• J- 

80 .,~8 79.52 
3R~70" 38 .53 
5 2  ~ 0 3  5 2 .  } .9 

28,87 28 .72 

12,67 12.93 

1.08 1.0g 
1 1 . 4 8  l] . 4 0  

,D 

O . 7 3  O .73  
6 . 9 7  7.02 
1.46 1.47 
3 . 92 3 . 87 
i .71 i .73 
2 . 6 8  2.58 

20.57 19.17 
7 .86 9.27 

TOTAL IO0 1 .00  i00 

80 CC 86.86 GM 

40OCC/MN OR 300 GI{SV 

OO]l-S 3 4  OO1]-6-3'% 

60:30: ).O 60:~O:.IO 
431 .i 43~ .! 

3 2  3 3  
3 ] 0  341 

400 

17.2 

2'18. n 
].b . R7 
4.5R 

[ 1 4 .  I R  
9 2  . %[, 
' 3 ] . . 8 ~  

o . 8 3 5 1  

2.5]26 

I. O] 80 
7.34 

'1OO 

7.0 

lib .4 
5.98 
O . 43  

8 3  . 5q 
9 3 .  L5 
92 ..63 

O. 8 0 " L 2  

2 .  8 2 7 5  

I . 0 4 2 0  
7 .ga 

'I 6.97 

3"1 ."/5 
50.82 

75 .40 
87.78 
50 .32 

25.51 

iI .96 

I .O4 

IO.4B 
O. "1o 
6 . 6 7 .  
1.41 
3 . 8 0  
I .68 
2.56 

].8. 62 
].4 , 62. 

foo 

40,77 

].3.40 
I. 5" I  

10.80 
0.83 
5.74 
1.38 
R. 27 
L . 5 2  
I . . 6 L  

16.~7 

"~ . 5 3  

I00 
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BURGROUP I NG 
C! ~-C4 50.59 

C5 -420 IP 3=7.76 
420 ~70Ch. ~" 7;:96 
7OO.-RND PT/ "~ . 59 
C.5 RND PT 49.4 | 

rGO/NORMA[.-~40[,E ~AT~O ,: 
C4 . ].73 (.) 
C:% .0744 

C6 .3144 

C 4..-. . 1 5 5 9  

PARAF. F!NIOLEFTN M RAT~0 

C~ . 3 3 2 3  
(~3 . O93  q 
C4 ,10~.6 
C5 ,3186 

LZO "H.C CO[,LF..CTION 
I"!{YS ; IAPPEARANCE WAX 
D'ENS TTY 

H . REFRACTIV~ ~INDF, X 
,'SrMULATED DT~TILLA~TON 

61.7q 

: ] 3 . 3 1  
:) . 50 
I .40 

38 . 2 J  

. .L61]g 

. 1 3 6 3  

. 2 6 5 9  
• 1512 

. 33R,1  
: .0895 

• 1015 
-, . 3 6 L 8  

_ ¢ , ,  

WAX. 

h!'. 8q 
3. I. ,99 

4 ,47 
. v~ 1 .6~ 

3 8 . 1 1 .  

. 1 7 a 7  

, 1 4 5 ~  
.3259 

.I 5.19, 

2"- .3644 
.09].4"" 

.1  OO0 

.3690 

WAX 

10 WT % ~ DEG F 335 ~' 336 340 

16 359 3~5g 368 

50: 478 467 480 

84 751 72'2 782 
go 857 815 814 

R A N G R ( 1 6 - 8 4  %) 3 9 2  ' 3 6 3  3~'4 

WT % @420 F 37.2 37.7 3'4, 
NT % ~7OO F 80.1 82.~ B ~  

"57.3!. 

"!4 . RI. 
6.2g 
2,-19 

• 17BG 
• = . 15hR 

• 30°1 l 
.1494 

.3645 

.0949 

• 1024 
.3611 

c 

WAX 

° 

3~.i 
341 

450 
0687 
7'89 

346 

42 ."O 

85 ,O 

7~ ,!2 

2A. (':5 
9. .58 
O , 2:~ 

2.6 .88 

.?.lOW 

. 1 6 0 ~ .  

.~yr,5 

.2077 

.5gg7 

,1391 - 

. 139~. 

.SqOl 

OIL 

NO 

r-TQc 

UT~. 

c-10 4_ 



'.rA.~TA': 8H RR:~U[,'~ OF .'~V-NGAS OP|'.'RATION 

'RUN NO. 

C~TALYST 
T, .',ED 

iO011-b 
F.E?.O3,3.%K~.Oo~ t~9573-11F, oRF.F~-:RENCE CA'fA[,Y~T, O0 CC H5.85 GM 

H2"CO:Ai{ OF 50/5Df0,45/45/10 & ~,O/30/]O (a 4OOCC/'MN OR 3OO GHSV 

RUN & ShMPL}, NO. 

FE]~D H2:CO:AR 
HR$ ON STREAM 
PRRSSURR,PSIG • 

T~MP. C 

I001. i--6--36 

fiO:30:iO 
455.5 

36 
342 

FEED CC/MIN 400 

HOURS FEEDING 17.4.. 
~FFLNT GAS LITER 300.9 
OM AQUEOUS LAYER I~.5";- 
G~ O~L & WAX ~.97 

MATERI~L BALANCE 
GM ATOM CARBON % 85.79 
GM ATOM HYDROGEN % 94.06 
GM ATOM OXYGEN % 9~.16 
RATIO C~XI(H20÷C02) 0.8503 

I%ATI'O X IN CHX 2.7443 

USAGE H2t.CO PRODT 1.O[77 
K EFFLNT SHIFT REACTN 7.90 

5 

C OhTirE RS T. ON % 
ON CO 77..20 
ON H2 : 3 5 . 2 3  
ON CO+~2 47.55 

PRDT 5ELZCTIVTTY,.WT % 
CH4 37 . 33 

C2 HC'S 12.54 

C3H8 %. 57 

C3||6= 9.47 
C4 ~[i0 O. 86 
C.4 ~18-~ 5 . 13 
C5}[12 3.. 31 
CSHIO- 2.03 
C6M14 J.. 50 
C6~12- & CYCLO'S I..63 
C7~ rN GAS '].3.34 
LIQ }TC'S 13.30 

TOTAL LOO 
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SUUGROUPTNG 
CJ C4 "." 66.Iiq 
C% -~RO '2 .. 23.6~ 
4RO-7'O0 ~ 6.20 
:700-~ND PT 3.29 
C5 -END OT 33.11 

~S'O/MORMAL MOLE RATIO" 
C4 .215B 
C5 "' .'.915 
C6 .5018 

C4": .]978 

PARAFF£N/OL~FIN M ~ATIO 
C2 .6789 
C~ .1584 
C4 .1611 
C5 .6R56 

[ . £0  IIC COLL~C'PION 
i ~ I y S .  ~PPEARANCE OIL 
DRNSITY 
N, RRFRACTIVE INDEX 
SIMULATED D~STILLATION 

lO WT % 8 DEG F 360 
!6 387 

50 516 
84 ~ 815 
90 929 

RANGE(16--8~ %) 428 

WT % 8 4 2 0  F 28.7 
WT % @700 F 75.3 
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Figure 37 

Plo t  ot" t h e  H y d r o c a r b o n .  

Product Distribution 

f o r  S a m p l e  10011-6-~  
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Figure 38 

Plot  of  t h e  l~ydrooarbon 
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Figure 39 

Plot of the Hydrocarbon 

Product Distribution 

for .S. arnple 10011-6--13 
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Figure 40 
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Plot of the  Hydrocarbon 

Product Distribution 

for Sample 10011--6--1g 
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Figure 41 
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Plot of the Hydrucarbon" 
z 

Product Distrlbutlon 

for Sample 10011--6--E'/ 
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RL~ 10011-7:UCC-201 

UCC-201 coLsist of a combination of iron oxide ~nd UCC-101. 

It was made by pressing-into pellets a powder of iron oxide pre- 

cipitated on UCC-101. The iron oxide is about 50 wt% of the 

powder. This t~e of catalyst wa% tested several times last 

quarter wi~h very disappointing results. This ~atalys~ specics 

was used in the~first syngas shakedown run and performed quite 

badly giving only 5% conversio~and 25% selectivity to C5+. The 

l~esul~s of the cur~en~ test are far superior to those of the first 

~un but still !ook~inferior to the results of other catalysts 
i 

reported this quarter. ~It~must be remembered that this catalyst 
3 

has almost no water gas shift activity. A large portion'.of the 

carbon in the conversion CO goes into hydrocarbqn formation. In 

contrast with alkali-promoted catalysts, hail of the carbon in 

converted CO goes into CO 2 f6rmation~ If the CO conversi6n of this 

catalyst is half that~of an alkali-promoted catalyst, the rate of 

prcduction~of hydrocarbons from: CO is the same. Because of the 

lack of water gas~shift activity in the catalyst, a 2~i H2:CO 

s~mgas was chosen as initial feedstock instead of the standard i:i 

H2:Cq syngas used with promoted catalysts. 

The results of the te~ting are presented in Tables 9A to 9E. 

~he conversion and hydrocarbon selectivity as a function of time 

on stream are pre~ented in Figures 42 and 43. Plots of the simulated 

distillation of the condensed hydrocarbon product~ from samples 

representative of the first three process conditions are presented 
i 

' in Figures 44 to 48. Plots of the hydrocarbon product distributions 

of these three conditions, graphed in a Schultz-Flory:format are given 
C 

in Figures 4~ to 51. 

'~ The process conditions investigated during this run were not 

nearly as varied as during the. immediately prior run. The initial 

reactor temperature and pressure were the same as in the previous run. 

Following the start, ,the pressure was increased to 300 to increase 

the syngas conversion. This condition, 300 250°C, with a 2:1 H2:CO 

syngas feed was the same used in the first run, 9710-18 where the 

conversion was only 5%. This time the catalyst was much more active. 
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After five days the temperature was increased from 250 to 280"C. 

This change was again to increase the conversion. After seven 

days on stream the feed was changed ~from 2:1 syngas to l:l syngas. 

The purpose of this change was to improve the product selectivity$ 

Lowering the hydrogen in the feed lowers the hydrogen in the products 

leading to heavier soiling hydrocarbons. The purpose of the final 

condition using 2:1 syngas at 310°C and 300 was to s@e the effect 

of the higher temperature on conversion and selectivity. Most.of 

the data taken during this run were of good quality. During a few 

samplidg periods sufficient condensed hvdrocarbon~product Vas 

produced to determine'boiling point distributiob~:bf ~he products. 

Density and refractive indices were not determined for any of the 

products. 

The conversion of the syngas was low at 250°C, averaging 

20%. The K2:C0 usage ratio of 1.85 indicated .'the catalyst was 

efficiently using the 2:1 syngas since the hydrogen and carbon 

monoxide were converted at rates proportional to their concentrations. 

The usage ratio, was so high because of the lack of water g~s shift 

activity. Almost all the carbon in CO converted became hydrocarbons; 

less than 15% went into CO 2. At 280°C the conversion of syngas 

increased by 60%. The H2:CO usage ratio~ropped to 1.6. This was 

because the water gas shift (WGS) activity increased relative to the 

Fischer-Tropsch activity. Slightly over 20% of the CO converted 

to CO 2. This lowered the usage ratio in spite of the fact..that, the 

hydrocarbons produced became more hydrogen rich. 

Switching to i:i syngas resulted in lower syngas conversion. 

The catalyst was not able to use that syngas effectively. The 

H2:CO usage ratio was still 1.4 while the feed ratio was 1.0. But 

the feed change did change the product distribution in the desired 

manner. The X in CH x dropped from 2.64 to 2.35 and the catalyst 

produced heavier hydrocarbons. At 310°C the W.G.S. increased so 

much relative to the F-T synthesis activity that the catalyst could 

not use the 2~I,H2:CO ratio syngas effectively. 

I' 

J 
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Besides having poor wate~ gas shift activity,,,unpromoted 

catalysts also have poor product seleotivities producing much 

methane and only-small arnounts of liquid hydrocarbons. In 

Run 97i0-18, this catalyst produced 30%.m~ethane, and'only 25~ 

C5+ products, none of which was collected'as liquid s in our ex- 

perimental operations. Under identiCal reaction conditions in 

this test the catalyst performed better than in 9710-18. It 

produced only 16% methane and almost 50% of the hydrocarbon 

priDduct was C5+,~some of which was condensed, and analyzed by 

Simulated distillation~ At 280°C with the 2:1 syngas fee~, 20% 

of the product was methane. ~'~en the feed was switched t9 i: 1 

syngas the methane dropped to 12% of the product. This was 

almost down to the level seen in the .promoted catalysts. 

The other light hydrocarbons analyzed in the gas phase 

revealed other aspects of the catalyst's performance. This 

catalyst hydrogenated more effectively than the reference ~ron 

catalyst. This aspect is seen, clearly in the C 3 and C 4 hydro- 

carbon contact. These hydrocarbons produced in this test ~ad 

much higher paraffin: ole~in ratios than the corresponding 

hydrocarbons produced by..the reference iron catalyst. The C 4, 

C 5 and C 6. paraffins, many of which were separated and identified, 

~showed ~his catalyst to produce a much more isomerized product 

than the reference iron catalyst. This was one of the desired 

effects of the molecular siege component. The switch from the = 

2:1 to the i:i syngas did not change the isomerization .ability 

of the catalyst but did produce a much more'olefinic produc~ 

:The effect of this feed change on the selectivity to C2-C 4 

products was much less than that to methane. The methane dropped 

45% after the switch to i:i syngas while the C2-C 4 selectivity 

only dropped 20-30%. 
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The overall selectivity to C5+ hydrocarbons was not out- 

standing~but considering the fact that this catalyst was not pro- 

moted, the selectivity was better than expected. Under optional 

conditions,,a catalyst which follows a Sohultz-Flory product dis ~ 

~ribution would produce 51% of the hydrocarbons in the range C 5 

to C12, ~R.T. 'tO 420°F. boiling range." At 250°C this catalyst 

produced 43% of the hydrocarbons in the gasoline range. At 280oc 
! 

with i:i syngas feed the catalyst produced up to 50% of the hydro- 

carbons in this range. Thus, this unpromoted cata!yst was almost 

as good at gaso!ine production as the theoretical best catalyst. 

A large difference does occur in the diesel oil range. The best 
t' 

gasol~ne catalyst would produce another 15%of the hydrocarbons 

in the ~iesel range for a to~al selectivity to motor fuels of 66%. 

However, the.s: unpro~oted catalyst pro~ced very little diesel oil 
V 

or heavier ~aterial~ This selectivit~ to total fuels is much le~s 

han, that ~f th~ '~theoretical" F.T. catalyst. 

: Analysis of the hydrocarbon product distribution indicated 

only the expected minor deviations from a Schultz-Flory distribu- 

tion. Each of these product distributions had only a single = 

value. Data for C6~to: Cll was unavailable because of the problems 

with identifying the heavy hydrocarbons in the gas analysis, un- 

fortunately, the mis%ing~pr~uct carbon distribution data accounted 

for a larger percentage of the hydrocarbons produced. There are 

possible major deviations from the straight line which will not be 

seen until correlations can be developed to estimate the dis- 

tribution of products in that carbon number region. The simulated 

distillation plots showed the expected smooth curves starting 

with sample #4. The chromatograms revealed more than just the 
11 

presence of unbranched hydrocarbons. This was expected from the 

analysis of the C 4 to C 6 hydrocarbons. Sample #2 had an unusual 

boiiing point distribution. The first part of the liquid, I0-80 

wt. %,~distilled in a range of 180oF. " The next 15% distilled 

over a 200°F. range. This was an unusually long high boiling 

tail. Sample #3 had a break in the smooth curves at 420°F. The 

reason for this high concentration of a single component, which 

is common in task i testing but not task 2, is unknown. 
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This catalyst had a good s~lectivity to gasoline. Un- 

fortunately the non-gasoline products were mostly gases instead 

of heavier liquids. While the catalyst had good activity and 

gasoline selectivity, the selectivity to total motor fuels was 

poor. 

L- 
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TARL|:: 9A RI~.~UI.T OP SYNGAS OPERATTON 

RUN NO. 10011-7 
CA"2A[,%'ST UCC-.;.OL,[F~:-UCC-L01}, ~q673-3]C 80 CC 6R.OGM 

FEED H2:CO:A[%GON OF 60/30/30 & 50/50/0 (,I 400 CC'/M'N 

RUM & SAMPLE NO. IDO-II-7-] I0011-7-2 10011-7--.~ 

FEED H 2 : C O : A R  60:30: tO 50:50: 
HRS ON STREAM 20.7 2 " I . 5  
PRESSURE,PS~G 103 198 
TEMP. C 2 5 0  275 

OR 300 GHSV 

FEF, D CC/MIN 400 400 

HOURS FEEDING 20.667 6.8 
F.F~LNT GAS LITER 470.2 140.8 
G.'v[ AOTJEOUS LAYER 1 .4 -. 4 .91 
C.M OIL O.O 0.59 

MAT?:I'% r K[, BA[,ANC~, '<'" 
OM ATOM CARBON % 9 3 . 2 6  - 

GM ATOM HYDROGEN_>% <~O.72 " 
GM ATOM OXYGEN % 9.) .82 - 
RATIO CHX/CH20÷C02) 0.9365 : - 

RATIO X tN C[TX 2.6653 - 
[ JBAGE }{2/CO LsRODT 1.6723. : - 
K EF~'LNT SH~FT REACTN O.6] 

IOO11r7-4 10011-7--5 

O 60:30:10 60:30:10 60:30: I.O 

45.8 70.0 74.:6 
302 307 301 
2 4 9  250 250 

400 400 4~O 
L8.25 24.167 4.583 

363.S 490.], 92.0 
L4.5 L9.')2 4.024 
1.16 1 . 3 9  0 . 2 2 6  

89,~4 94,04 q2.55 
08.O1 88.31 90.49 
94.61 99.34 96,65 

0.7508 0.76~6 O.R]Sg 
2.407]. 2.4804 2.4545 
1.8738 1.8272: 1.8478 

O.22 O.25 O . 2 ~  

CONV'ERS T ON % 
ON CO LJ .O2 
ON P[2 9 .7.3 

ON CO~ H2 ].0 • 17 

P~DT SELECTIV~TY,WT % 
C H 4  2 2  . 3 2 
C2 HC ' S 9,63 
C3H8 9 .O,7 
C3'H6 = 3 . 6 8  
C4~I10 6 . 65 
C 4 HQ "-" 4 . 5 3  
C5H12 9 . 1 6  
C5 HIO= O. OO 
C6HI,4 9.01 
Cb}{12-- & C%~CLO'S O.00 

C7÷ IN GAS 25.95 

LTQ HC'S O.00 

NO GC 

19.79 RO .4.8 22" B 2 
21 .59 22.56 23.65 
20.98 21 .84 23.3"7 

16.32 ]6.16 15.06 

: 9,bg 9.88 9.34 

6.70 6.23 6 . 5 0  
7.25 7.73 7.66 
4.27 3.91 3 m96 
8 .OO 8 .51 1.3.52 
5.07 4 .d4 4 .51 
0.85 0.88 0.88 

5.40 4.69 4 .50 
I. 22 1..43 i .30 

26'. L17 28.76 27.06 

R .76 "7.40 5.72 

TOTAL I OO I00 1 0 0  i00 I00 

.¢ 
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t%IIT%GROUP [NG 
C1 -C4 55.B9 57..23 
C5 -4.9.0 1" d4 , l l .  4 3 . 1 1  
420- 7OC) F O.OO 4.$5 
700 -END P"-' O.OO O . i l  

• Cb --END P"P 44. L] 47 .7:3 

1 5 0 / N O R M A L  MOi,~ RA'PIO 
C4 .405U . 1696 

C5 ] .7590 ,3791 

C6 3 . 9 7 7 5  .9381 

C4-" .0364 . 07.64 

PARAFFIN/0LEFIN M RATIO 

C2 :~ - 
C3 2.35o4 

C4 1.41Bl 
c5 "- 

[,[O HC CO[,LRCTION 
PH'~S . A~PRARANCE 

DRN5 £TM 

N, REgRACT['VE [NDEX 

B[MULATED DIST[LLATION 

IO WT % Ca DE~;"F NO 

£ b SAM 

50 PLR 

84 
• 9 0  

R.ANGE ( 3 6 - 8 4  %) 

WT % Ca42O F 

WT % 8700 F 

OIL 

311 

330 

405 

551. 
645 

221 

6 0 . 0  

9 5 . 2  

8.0433 

.8821 

.5156 
5.8073 

OIL 

3 2 8  

3 '~3 
4 3 0  
5~.F 
5 4 1  

: 1 6 2  

46.7 

9B .7 

,-_j 

52.40 
4 "~ . 42 

~I . 3 8  
o .oL 

4"/ . 60 

. [406 

:Y. 2705 
.7583 

.O371 

5.9935 

.7708 

.4439 
~.~862 

O [L 

3 2 8  

3 5 1  
438 

541 
569 

190 

4 3 . 5  
9 9  . g  

56.03 
40.77 

3 . 2 0  
O.OO 

43,9"7 

.1.390 

.2586 

• . 8 (I 1.3 

0 2 3 3  

. 1 5 5 2  

• 8087 

. 2 8 2 5  
4,97"14 

NO 

LIQ - 

UID 

•., ., ° 
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TARLR 98 Ri.:suI,'r O" '.;YNGAS OPF, RA'~£ON 

H.UN NO. J.(.)QI I -7 
CATAhY-qT IJCC-20.I . CFi.:-HCC-.|OI.) . l~9673-I~.C 80 CC 62.OGM 
F. EI'~D fIR:CO:ARGON OF 5 0 / 3 0 / 1 0  R, 50/50/0 fa 4 0 0  C C / M N  OR 300 GI[t~V 

RU~I & SA~r'LF. NO. lO01i-7-b t00] I-7-7 [O011-7-8 

FE~D H2:CO:AR 50:30:10 60:30:10 

HRS ON STREAM 92.4 iOO.i 
PR~SSURR,PSIG 30~ 303 
TRMP. C 250 2%1 

FE~D C C / M I N  4OO " 400 
HOURS FREDING I'1,75 7.667 
E.[FPLNT GAS LITER 3 5 3 . 3  152.8 

GM AOUEOUB LAYEK 15.586 7.17i 

GM 0~L 0.874 0.595 

MATER~AL BALANCE 
GM ATOM CA~BON % 9 1 . . l g  93.].9 
CM ATOM HYDROGEN % 80.71 B9.78 
GM ATOM OXYGEN % 96.80 98.29 
RATTO CI|X/(H20÷COR) 0.7527 ~.7863 
R~EIO X IN CHX 2.4898 2.4824 

USAGE H2/CO PRODT i'.8347 i..8332 
K E~FLNT SHIFT BEACTN 0.25 0.25 

< 

CONVERSTON % 

ON C0 ~ 1 . 5 B  2 3 . 2 3  
ON H2 2 3 . 2 4  2 4 . 6 9  
ON C0+H2 2 2 , 6 B  24.19 

PRDT SRLECTIVITY.WT % 
CH4 1 6 . 3 ] .  1 5 . 9 3  
C2 RC'S 10.23 10.3.7 
C3H8 6.44 6.40 
C3H6= 7.79 7.69 
C4HI0 3.97 3.85 

C4H8= 8.59 8.34 

C5H12 4.42 4.37 

CStI]0= l . O 3  0.98 

C 6 H L 4  4 . 8 8  4 . 5 2  
C5H12~ & CYCLO'S 1.62 1.48 
C7+ IN GAS R8.53 27.41 
L£O H C ' S  6.19 8.88 

TOTAL I00 i00 

60:30:I0 

II.6.4 
306 
251 

4O0 
16, 25 

319 . 2  
15 .]99 

! . 2 6 4  

9] .61 

8B .59 

96 .98 
O .7750 
2 .4821 

I. 8218 

0.26 

2 3 . 3 7  
24 ,77 

24 . 3 0  

15 . 88 
9 89 
6 34 
7 53 
3 93 

8 46 

4 29 

i • 02 
4.50 

1.52 

27.54 
9.02 

Z0b 

I00.l.I-.7-9 ].O0~ J 7-10 

l' 

60:30:,]0 ~9:30:t0 

1 2 3  . '7 . t 4 0 . 2  
302 2 9 9  
281 2 8 Q  

4 0 0  4O0 
7 .  3 3 3  .1:'7. 1 6 7  

127.7 .;287.5 

8.42 /. !9.25 

0 - 74 .v 2 . 00 

94.11 
88.68 
9 6 . 2 . 1  

O. 9390 
2 . 602 .0  
1 . 5 O g O  

0 . 9 4  

4 5 . 5 3  
3 7 . 3 5  
4 0 . 1 9  

18 . 67 

ii .28 

LO. 68 
6.54 
6.43 

6 . 5 1  
6 . 1 5  

0.53 

5.64 

0.88 

20.05 
6.62 

lOG 

87 .9[ 
83 .83 
91.66 

O. 8807 
2 .6169 
1 .5896 

O .70 
L' 

40.58 

3 5 . 6 0  
37 .31 

Ig .06 
lJ .OB 
31 .O1 
5.39 
6 . 4 3  
6 . 3 5  
6 . 5 8  

0.55 

5.78 

0 . 8 4  
18  . O0 
8 .94 

1.00 
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SUBSROU~ ~G 
C I  - C 4  5 3 . 3 2  5 2 . 3 8  b2..t2 
C5 -420 F 43.85 42.74 4 2 . 9 2  
4~O-7OO F R.82 4.44 4.73 
7~O-ENB P'P" O.OO 0.44 0.23 
C5 -END PT 47.58 47.52 47.88 

TSOINOR~AI, MOLE RATTO ~ 
C4 .1286 .llSg .10'%8 

C5 .~'R13 . R 0 9 3  .IS74 

C6 ,6647 .6521 .6i49 

C4~ .0419 .0210 . O 4 3 ' 1  

DARAF~"IN/OLE!~IN" M RATIO 
C2 ,7.0118 5.6982 

C3 .7894 .7940 
C4 . 4 4 5 6  . 4 4 6 3  

. Cb 4.1575 4.3533 

LIQ I.IC COLLECTION 
P[ - IYS .  APPEARANCE O]~L 

DENS ITY 
N. RF.FRACTIVE INDEX 
S I~ULATEb DISTILLATION 

i0 WT % ca DEG F 321 NO 
16 339 

50 413 [,[Q-- 

I]4 ,' 499 
90 520 U~.D 

-3. ":" 
"RANGE ( 16-84 %) 160~" 

WT % (~420 ~ 54.5 -'- 

WT :% 8700 F iOO ---- 

: it 

6.3539 

.7931 

.4483 
4.0764 

OIL 

3Rg 
346 
437 

564 

603 

21.8 

45 .O 

9"1  . 4 

I;O.] t 
3 6 . 2 0  

3 . 3 B  
0.30 

= 3 9  . 89 

• t807 

= 4 2 8 7  
t% 1677 
.0518 

% 

13 •0454 

I •5576 
. 9 ~ 2 8  

"t i . 3 t ) 3  I~] 

OIL 

3~.6 
346 

438 
57d 

624 

228 

d4 .3 

9=i .4  

59 .31. 
35.98 
4 .13 
0.58 

40.69 

.].249 

.3269 

.9331 

.0443 

13 .7%28 

1.9498 
• 9772 

II . 5267 

OIL 

313 
3.':18 - 

#1.30 

589 

65] 

251 

47 .3 

93 .-~ 
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'PAI3L E 9C RZ.~UI,T OF S Y N G A ' ;  01~I':I{ATION 

L~.IJN NO, [OO [ .I -'1 " 
CATALYST [ICC-201, ( F E - [ I C . C - I O . I . ' )  , 896"13'-IIC 80 CC 62.OGM 
I"I":RD HR:CO:~RGON OF 60/30/IO & 50/5010 ~ 400 CC/MN OR 300 GI[SV 

FUN & SA~P[.7. NO- I.OOIL-'7-13. OO.11-7-1~.' O01.I-'I 13 OO[ I-7- 14 IOOll .-7 - l~m 

FRED H :~,:CO:AR hO:30: LO 60:30:10 60:30:10 50:.50: O 50:50: 

lIES ON S'FREAM 147 ,3 163.5 i'!1.4 1.87.5 i')~.3 

PP, B,G SURI~,  PS ;.G ".%03 3 0 4  3 0  r) 3 0 8  ";O4 

T E M P .  C 2 8 0  2 8 1  2 7  a. 280 2~JO 

P 
FEED CC/M~N 400 400 400 400 400 

[[.OIIR"- FEEDING 7.O83 16.25 7.gl7 16.083 7.7~) 
F,F~[.NT GAS r.£T~R 145 .i 288 .3 141 .7 3 tO.2 1.49 .4 
GM AOUF, OUS r.AYER 9.48 18.94 9.i3 20.32 IO.O 
GM OIL 0.83 I .32 0.49 2, 16 I..86 

O 

MATERIAL BA[~ANCE 
GM ATOM CARBON % ].07.36 9%.]9 92.20 99.52 i01.29 

CM ATOM HYDROGEN % 101.75 87.38 88.53 96.29 97.73 

GM ATOM OXYGEN % 113..66 98.68 96.59 iO3,82 104,O2 

RATIO CHX/(HRO+C02) 0.8853 0.8949 0.S640 0.8143 0,8797 

RATIO X IN CHX 2.61h5 ~.64fi7 ~,6410 2.3936 2.3507 

USAGE H2/CO PRODT 1.6OO7 1.5907 1.5190 1.391.3 1..4286 
K EFFLNT SHIFT RRACTN O.58 0.69 0.65 0.33 O.31 

CONVERSION % 
ON CO 39.61 40.25 38.72 25.31 26.02 
ON ~2 35.]4 36.46 34.65 39.48 40.52 

ON CO+~[2 36.68 37.80 35.04 32.28 37.14 

VRDT SELECTIV[TY.WT % 
CH4 19 . 33 20".45 20.29 12 . 86 II . 12 

C~. HC'S IO.70 ii.34 IO.99 8.74 7.37 

C3H8 l.l .O5 1 .1 . .64  11 .73 5.51 5.2.'I 

C3 l[6-- 5 . 26 6 .O1 % .31 8 . 64 9.25 

C4|[I0 6.70 7.45 7.O5 3.80,: 4 .02 

C4}I8-= 6 . 2i 6 . 34 6.46 9 .38 6 . 87 
C5I[12 6.34 6.31 5.69 4 .37 4.O5 
C5~IO= O..%5 O.52 O.6! i. 1.3 3 .16 
C51114 5 .75 5.62 5.79 4.85 4.71 
CSHI~.-- & CYCLO'S O.U5 O.80 0.85 !.94 ] .93 
C7+ IN GAS 19.76 17.70 19.52 29.36 28.61 
L[Q HC'$ 7.5| 5.81 4 ,71 9.42 15.65 

TOTAL iOO 'IOO i00 IOO IOO 
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5URGROU.~ ~ NC, 
CL -C4 59.25 
C5 -420 F " 36.62 
420-700 P 3.86 
7 OO- F, ND PT O.R7 
C5 -END PT 40.7.5 

TSOINORMA[, MOLL,: RATIO 
C4 .1156 

C5 . 2 6 8 8  
C6 .9005 
C4"= . 0 4 5 2  

~ARA~FINIOLEF. IN M RATIO 
C2 14 . 4 4 6 5  
C3 2 . 0 0 6 5  
(:4 i. 0418 

C5 ].i . 2 6 2 1  
• [,IO HC COLLECTION 

L'*HYS . APPF.ARANCE O~L 

DENS I TY 

t5 

I 
] 

].I 

h 3  . R3 
.'%3. s 6  

2 . g 3  

O.1.7 
3h ,77 

. ! 3 9 4  

. R 3 7 4  

. 8 2 L 0  

. 0 5 9 7  

.3Bbl 

.R494 

.1339 

.7].81 

O l'.r, 

:61 . 8 5  
3 . 5 . 6 4  

2 . 3 8  
• 0 , ] 4 : '  

3 8 .  1.5 

.O97]. 

.22RI 

.7157 

.O457 

15 .4824 

2 . 1059 

1.O539 

1.O. 6839 

O T L  

48.93 
46.74 
4 .1~ 
O.t4 

5] .O7 

• 1.50.3 
. 2 4 2 4  
. g ' l ]  .'3 
. 0 5 4 2  

4.75%9 
. 6 0 8 6  
.3gob 

3.'7653 

o r E .  

43.88 
48 _37 

~. 7.4"8 
O. ~'I 

56.12 

.2061 

.R364 

I . OO00 
.0876 

4 .5547 

.5413 

.5~46 

3 .3839 

OTL 

N. REFRACTXVE INDEX 
SIMULATED DISTILLATION 

I0 WT % (a DEG F 327 320 328 2g9 302 
16 34 h 344-... 3 4 8  3 q 6  .'329 
':,0 4 3 5  433. 4 3 3  ,13.5 4 1 9  
B4 561 550 545 513 540 

90 : 611 600 591 568 577 

RANGE (16-84 %) 2 1 5  206 197 

WT % fa420 F 45.0 46.5 46.0 
WT % {@700 F 96.4 97.0 97..% 

187 " 

5 ~ . O  
g'H . 5 

• i 

211' 

5 0 . 5  
g8 3. 
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'."AH!.P. 9D RF:BUI,'r OF BYN~]AS OPZRATYON 

RUN NO. 
CATAL~IST 

tO(} I ] - 7  ~. 
IICC-.9.01 , (F]:R-IICC -IO1 ) , I [ r } 673 - I lC .  00 CC 
~12:CO:ARGON 01" 60/30/IO & 50/50/0 B 4t"}n 

RUN & t~AMP[,E NO. LOOI]-.7-1b 

0 
F]~RD H~I:CO:AR 50:50:0 50:50: 

fIRS ON STREAM = 21]..6 ~.17.9 

PR~:SSIIRE ,PS [G 308 308 

TEMP. C P.BI ~.80 

FRED CC/MIN 400 
HOURS FEEDING L6 .25 
RF.FL, NT G~.~ LTTER 299,3 
G~ AQUF.OUS r,AYE~ 21.74 
0[~ O T L  2 . 9 2  

M A T ~ I  ~, [ A L  B A L A N C E  
GM ATOM CARBON % 94.70 

GM ATOM HYDROGEN % 100.08 

GM ATOM OXYGEN % 97.55 

RAT/~O [:HXI[H20+CO~.) 0.8830 
RATIO X IN CHX 2.3513 

USAGE H2/CO PRODT ~i~.3597 
K ~FFLNT SHIFT I%EACTN 0.42 

00] i-7-i7 OO11-7-LB 

0 50:50: 

236.4 

302 

21] 1 

&2 . OCJM 
CC/MN OR .~OO C,I[,L~V 

l.l 

0 

OO] ~--7-k9 ~O01]-7-RO 

50:50:0 50:b0: 

242.4 259.7 

302 308 

282 281 

400 400 4 OO d OO 
5.25 ]8.58.~ 6.O L7,25 
4 .6 334 .5 " IO6.7 ~12,7 
8.32 25.O.3 7,64 ~ ~.3.O6 
l.Ol 3.22 ~.25 :2"" 51 : 

94 .?.6 93 . 44 95 . 89 91.37 

98.87 98.58 94.] i 104.55 

96 . 91 97.00 98 .79 g4 . 58 

0.8868, O.8572 {).8808 O. 8"17~ 
2.3484 2.3557 2.3504 2.3655 
1.3777 1.3255 1.3027 ~] .2766 

0.40 0.45 0.44 0.60 

CONVF, RS ION % 
ON CO 31.O2 29.84 3 J  .85 
O~ I12 41.85 41.O5 42.40 

ON CO+H2 36.59 35.58 37.27 

9RDT SF, LECTIV[TY,WT % 
CH4 11..49 11.41 12 .O9 

C?. HC'S 7.85 7.91 7.8g 

C3[18 " 4.82 5.00 4 .q5 
C3 }I6--- 8.2?. 8.79 8.62 
C4}~10 3.32 3 .41 3.P.7 
C4HB= 9.18 9 . 53 9.38 
C51112 3.7 I. 3.72 3.57 
CSI[!O= 1 . 14 1 . 21 ,.] .?.I 
C61{14 4.64 4 .43 .4.33 

C6[.[12= & CYCLO'S ~..~.O "2..05 2,05 

C7~ IN GAS .12.56" 32.45 32.11 
LZQ HC'B 10.84 10,O9 10.52 

31.33 .'35.65 
43 .60 41.74 

37.41 38.90 

ii. 94 I~.. 87 

7 . 95 8 . 33 

5 .u.6 5 .O1 
g .OO g . 4 5  
3 .49 3 .34 
9:.79 IO .02 
3 .7P. 3 .58 
1.25 t.33 
4 .91 4 .2! 

! .91 2 • IO 

28 .67 3 ]  .53 
~2.70 B .23 

~OT~L 100 100 iO0 iO0 ]00 
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(IRC, ROUP TNG 
CJ. -C4 ~.44 .qO 
C5 -420 F 50.O6 
420-7OO ~P 4 .8B :" 
7OO-.END PT O. !6 

Cb -~IND PT 55.10 

ch . t 4 ~ o  
C% . ~ R 4 9  
Cfi n-8454 

C4 -, .0580. 

,I 6.05 
dq .01 
4.41 
0.53 

53. q5 

. 1 3 9 6  

. 2 1 5 2  

.05"11 

4 6 . 2 1 .  
4 8  ,9'=i 

4 . 4 3  
0 . 4 1  

53  . 7 9  

. 1 3 7 q  

. t 9 7 3  

. 8 3 6 4  

. 0 5 8 8  

p A R A F F I N / O L E ] " r . N  M RA'?. IO 
C2 4 . 3 5 0 4  ~ . 42 .29  4 . 6 3 3 9  
C3 "' " . 5 5 9 5  . =';430 . 5 4 7 5  

• 34  97  . 3 4 4 9  . .",3 67  C4 % 
C~ 3 . i550 2 . qn71 ~. , B673 

[.TO HC COLLECTION 
:. PHYS. APPEARANCE OIL OIL Of L 

t, 
DENS I TY 
N. REFRACT ][VE TNDEX 
SIMULATED D £ST II,LATION 

10 W'P % ~ DEG F 2.92 302 2.94 

16 3 ] . 5  ' ] 2 9  3 ] 4  
50 4 i 3  421 4]2 

8 4  5 3 8  <' 5 6 9  5 4 6  

90 576 6 2 7  601 

RAMGE(]6-Sd %) 

4"I . 44 
46 . -".. 1. 
5 .35 
1..OO 

42..5& 

• 13t, o. 

.2064 

.943.5 

.O603 
#- W 

4 . ROOO 

. 5 5 " 1 3  

. 3 4 4 3  
2 . B B f i 4  

OLT, 

49.Q2 
47.09 
3.39 
0.50 

50.q8 

. ] R 8 6  

. 1 R 3 8  

. 8 4 2 2  

. 0 5 0 H  

4 . 3 3 6 B  
. 5 0 6 3  
. 3 2 2 0  

2 . 6 h 7 2  

OT L 

3DO R97 

327 318 
420- ~ 415 

600 575 
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2 2 3  2 4 0  2 B ~  R'73 2 5 7  

WT % ~42.O F 53.5 49.7 54.0 50.0 :. 52.7 

WT % (a7oo F 98.5" 94.4 96.1 92.t ~3.9 
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E 'C 

TAIII.,'R. 9E RI~::~tlI.T OF .~YNGAS OPERATION 

RUN N( ) .  
CATA[ YST 

FRED 

].OO11-7 
UCC-20.L.(~:'E-IICC--10L}. ~96"13-ilC BO CC 6~,..0C3M 
H2:CO:ARGONj OF t~O/30/!0 & 50/50/0 Ca 400 CC/MN OR 300 GII:3V 

RUN & SAMPLE NO. £00] t - ' l - P , ,  L i0011-7-?.2 

FE~D MR:CO:AR 
MRS ON STREAM 
pRRSSURE,PSIG 
TEMP. c 

50:50: O 50:30:]0 
265,7 283.6 

304 304 
R81. 313 

PI~ED CC/M;N 400 400 
[IOIJRS FEEDING 7.0 16.917 

EF~LNT GAS LITER 1 : ~ 6 . 9  ~79.42 

GM AOUEOUG LAYER 9.32 13.4 
GM O I L  L . 3 6  O . 8 9  

MATERIAL BALANCE 
GM ATOM CARBON % 9 0 . R ' 7  
GM ATOM HYDROGEN % 9 5 . 3 8  
(~M ATOM OXYGEN % iO1.67 
RATIO, CHX/(}[20+CO2)-0.8649 
RA'FZO X IN C~X 2.3438 

USAGE I{2/CO PRODT 1.3064 

K EFFT,NT SHIFTkREACTN O.41 

CONVERSION % 
ON CO 30,92 
ON H2 43.94 
ON CO÷If2 i%7.33 

PRDT SELECTIVITY.WT % 
CI[4 i~.24 
C~ HC'S 7.El 
C3K8 4.83 

C 3 H 6 =  8.95! 
C4H1.O 3 . 2 3  
C 4 ~ 8 -  9.53 
CSHJ.2 3.62 
CSMIO= 1.30 
C6H~4 4.05 
CY}[l~= 6 CYCLO'S 2.01 

C7÷ IN GAB : 30.80 
LIQ HC"S ~1.62 

° 

TOTAL I00 

94 .gtl 
89.96 
96.82 

(3.95'13 
3. 1287 
I. P.032 

5.48 

7 2 . 4 R  
4 6  . b J  

5 5 . 5 3  

• ' 1 2  . 4 J  

. 1 7 . 5 9  
1 4 . 4 " 7  
• 2 . ~ . 4  

6 .O7  
1.78 
3.84 
0 . 1 0  
2 .61 
0,14 " 

6 . 1 9  
2 . 5 5  

, '2  

IOO 
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SUIt~ROUP[NG 

C] -C4 c 45:60 84.56 

C5 .4RO P 47.1~} 13-5] 

420-700 ~ 5.24 1 . 6 " 7  

700-~ND P'F ~ l.bO 0.25 
C 5  • END PT 53.40 15.44 

~O/NORMA|. MOLE ~ATYO :' 
C4 ~ .1249 
C5 .%B80 
C 6  .886] 
C4- .0617 

PKRAFF[N/OLE?IN M RATIO 

C 2  4,2710 

CS .5150 

C4 ,3276 

C5 2.7122 

LTO [~C COLLECTION 
PHYS. APPEARANCE OT[.: 
D~NSTTY ; 
N. R~?RACT£VR £NDEX. 
STMULATRD ,DISTiLLATiON 

£O WT %"~ DEG F 300 

16 327 

50 435 

84 ~'607 

90 ' 677 

• RANGECI6-84 %) 2 8 0  

WT % 84~O F 46,~3 
WT % @7OO F • 91.7 

.7.O48 

.71197 
2 .2782 

.0689 

3 B . 9 1 3 5  

6.1746 

3.2815 

3 6 . 3 i l l  

2 

OIL 

372 

398 

501 

~ ,53  

7 O 2  

2 5 5  

24.3 
89.8 

• , - 1 3 2 -  
t '  
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RUN 10011-8:Fe + UCC-101 PHYSICAL MIXTURE 

This catalyst consisted of a physical mixture of potassium- 

promoted iron and UCC-101. Some of the sa/ne lot of reference iron 

catalyst as was tested in run 10011-6 was ground with a mortar and 

pestle. That powder was well mixed with an equal weight of UCC-101 

powder and the mixture pressed into pellets. In this catalyst the 

iron and molecular sieve were not in as intimate contact as they 
I% 

were in the previous catalyst where the iron was precipitated onto 

the molecular sieve. It w~s hoped that even in a physical mixture 

the components might be clos~ enough for the molecular sieve to 
t: 

react with reaction intermediates from the metal and transform 

them into desired products, it was hoped that this would elimin- 

ate the heavy waxes without destroying the selectivity, to motor 

fuels. It was also assumed that the grinding of the metal component 

and the slightly different process condition would not affect the 

product dis£ribution greatly. 

The material balances, conversions and hydrocarbon product 

selectivities are presented in tables 10A to 10G. Plots of the" 

conversion a rd product selectivity versus time on stream are pre- 

sented iX" figures 52 and 53. Plots of the simulated boiling 
t 

point distributions of the condensed products from samples repreu 

sentative of the process conditions employed are presented in :/ 

figures 54 to 58. Figures 59 to 63 show the hydrocarbon produc£ 
,% 

distribution of those representative samples. 

This run like run 10011-6 was quite extensive. The catalyst 

was on-stream for 17 days. ~he initial conditions used were 250oc 

with i:I H2:CO syngas feed. These were the same conditions used 

in run 10011-6 when the catalyst began to form wax. This time 

the reactor pressure was 300P instead of 100P. This higher pres- 

sure was intended to increase conversation. As was seen in run 

10011-6, the increased pressure was expected to produce heavier 

boiling hydrocarbons. After i00 hours on stream when the catalyst 

had reached a steady operation without solid was production, the 

feed was switched to 2:1 syngas. This change was made to slow 

down any possible deactivation of the catalyst while the liquid 

products from the first few'samples were analyzed. The results 

of this analysis were used to help decide on changes in the process 

conditions to maximize the gasoline and diesel fuel yield. The 
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catalyst was. put in a holding pattern while the analyses were 

performed. ~qhen the data was obtained, the feed was switched 

back to i:i syngas to restablish the activity of the catalyst. 

The reaction temperature was then lowered to 2200C to ~ncrease 

the diesel fuel in the liquid. However, the conversation suf- 

fered so badly by lowering temperature to 220°C that ~he temper- 

ature was increased to 230°C. Unfortunately this increase did 

not improve the conversion sign~f±cantly and the run was termin- 

ated after 17 days on stream. 

Generally the data from this run were satisfactory. 

Certain samples had s~gnificant problems and the results from 

these samples should be weighted with concern for reproductability. 

There were problems with pressure control during Sample #5 and 

the results are only estimated. Samples 10-13 showed only 

marginal quality material balances. Samples 16-18 also show 

experimental problems. These suspect samples however do not 

affect the interpretation of the results by changing process 

conditions. As can be seen in figures 52 and 53 the performance 

of the catalyst was reasonably constant at each process condi- 

tion. The consistency ratio for all the samples were close to 

one another, indicative good experimentive dmta. 

The conversion of syngas was high already at 250oc. The 

usage ratio being less than one suggests that the catalyst could 

efficiently use a lower H2:CO ratio syngas such as is produced 

in modern coal gasifiers. The ~atalystic activity was very steady 

and it did not show the large initial drop in conversion as this 

same metal catalyst itself had shown in run 10011-6. The reason 

for this difference is unknown. When the feed wasswitched to 

2:1 syngas, the conversion data showed that the catalyst would 
L 

no~ use such a hydrogen rich feed efficiently. After a week on 

2:1 feed, the feed was switched back to i:i syngas. Little de- 

activation had occurred in that week since the conversion and 

product selectivity returned to the previous levels. At 220°C 

the con version of syngas dropped to under 20%. At 230°C this 

increased slightly to 23%. 
I' 
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This catalyst had high water gns shift activity. This 

activity parallelled that found in F-T synthesis so that the 

selectivity for CO to either CO 2 or hydrocarbons ~emained con- 

stant. With l:l syngas feed at 250oC, 50% of the CO converted 

during the sampllng period became CO2.~ At 220oC th~s percentage 

was still 45%. ..This was in spate'of the fact that the shift con- 

stant had dropped by a factor of I0. The drop in WGS activity 

almost exactly parallelled the loss of Fischer-Tropsch a?tivity. 

The total activity of the system had dropped by a factor of 3 

during this period. 

The extent of chain growth w~s not as grea~ with this 

catalyst as with the rs~erence iron catalyst under similar con- 

d'itions. The cause of this may be known after a reference physi- 

cal misture of iron with ~A12o 3 ~s tested. The methane production 

at 250oc with i:i syngas feed was 15%. This methane selectivity 

was three times worse than that of the reference catalyst at 

2500C. It was even worse than that Of the unpromoted catalyst 

in run 10011-7 at 280°C with I:i syngas. Again, this was much 

worse than the referen,;~ and also worse than the unpromoted iron 

catalyst tested under ~ie same temperature and feed conditions. 
L 

I~ is to be considered, however, that this comparison 

with the unpromoted Sron catalyst is unfair since the catalysts 

have very different activities. The comparisons should be made 

at constant conversion. Often in catalysis the price which is paid 

for higher conversion is a loss in selectivity. When the temper- 

ature was lowered to 220°C, .the conversion was out to a level 

closer to that of the unpromoted iron catalyst~ but the product 

selectivity of this catalyst was not s~perior. This catalyst 

produced less than 10% methane. Deactivation at 220oc did hurt 
Co 

the product distribution leadzng to higher product±on Qf methane 

in the later samples. 

Analysis of the other hydrocarbons in the gas phase gave 

more information &bout the qualities of this catalyst. The changes 

in selectivity of these hydrocarbons generally followed that of 

methane but were lesser in degree. The catalyst had a greater 

hydrogenation ability than that of the reference. The paraffin- 

olefin ratio of the C 3 and C 4 hydrocarbons was much higher .in 
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thi~ run than in r~n i0011~6. The iso-normal ratio also showed, 

differences. Moderate differences in isomerization ability 

rarely show up in the C 4 and C 5 hydrocarbons because these paraffins 

are very difficult to isomerize° C 6 is the first paraffin which is 
• . 0 

easier to isomerlze. The higher iso/normal ratio of Cl0 in this 
: r" 

run resulted from the acid activity. 

Analysis of the condensed product .also added new informa- 

ti0n about the properties of this catalyst. The first observation 

was that the condensed hydrocarbon product was a liquid and not a 

solid' wax. Even under conditions where the reference catalyst 

produced significant methane and little condensed hydrocarbon 

product (30P, 310°C), the condensed product was still a solid wax. 

The fact that the condensed product was all liquid was not due 

to a smaller S-F ~ but because the condensed product was fun da- 

°mentally different. The first hint came from the lighter paraffins 

with the high iso/normal ratio. The chromatographs from the simu- 

lated distillation showed not only the normal hydrocarbons but 

also isomerized products. This Was the reason why the condensed 

products from samples 10011-6-35 and 36 were liquid. ~nother 

r~ason for the product being a liquid was seen in the plots of 

the simulated distillations. The boiling point distributions 

of the condensed products of this catalyst were not as wide as f 

were seen in run IQ011-6. The product distributions based on these 

distillations did not show the secQnd a starting at C20 as was 

seen in run 10011-6. The condensed product seemed to have only 

one ~. 

The products did deviate somewhat from a Schultz=Flory ,. 

distribution. The missing C6-CI0 data would be helpful to better 

: define this deviation. The most obvious problem with the product 

distribution plot was that the CI-C 4 data did not fit the CI0+ 

data. The lights appeared to have a lower u with a change pos- 

sibly in the region of missing data. The condensed liquid also 

= showed deviation from a S-F distribution, in sample #31 there :' 

was an apparent cutoff at %C22. at the upper end of the diesel 
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range. The most important aspect of this product distribution 

was that there was lower produc£ion of heavy waxes than pro- 

duced with the reference catalyst. This lower wax yield helped 

make the product liquid instead of solid. 

The C5+ liquid product had other significant aspects as 

well. At 250oc the C5+ and the gasoline portion of it were ob- 

tained in high yield. At 2200C the selectivity'to motor fuels 

was quite good. 50% of the hydrocarbon product boiled in the 

gasoline range and 70% boiled in the motor fuel range, displaying 

excellent=selectivity. A catalyst which followed a S-F distribu- 

tion, maximized for motor fuels, would give a maximum of 72% 

products in the motor fuel~range, with 46% in the gasoline range. 

This catalyst, while not considered the final of this 

type, was very encouraging for a first attempt at a physical mix- 

ture catalyst. Many of the goals of the formulation catalyst 

were met. :~The physical~mixture of the metal component and the 

molecular sieve gave an isomerized product, a sure indication that 

the sieve was influencing the product. No wax formation was ob- 

served as found with the metal component alone. In addition, the 

catalyst showed excellent product selectivity at 220oc. Unfor- 

~t'~ately, the conversation under this process condition was relatively 

poor. 
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TK~LF, 10A ~51J[o'_" OF 5YNGAS O?F.RATION 

RUN NO. 
CA'rA[.MST 
FEED 

I OOl ] -n . • 

~F.~(~'E.K),I]CC-IO.I ~iOO42-23 8OCC S2.'g(]R,+|7C~ W'~ GAIN AF'I'E~ 
[~.:CO:KRi3ON OF 50/30/10 ~ %0/50/0 (a 400 CC/M%I OR 300 C-,}ISV 

~IrN 

RUN ~ S~MP[.E NO. iOO11-I)-I iOOkl-B-2 IOOli-R-3 tOOIi-8-4 iOOil.-B-5 

FEED H2:CO:AR 

II25 ON STREAM 

PRESSURE,PSEQ 

TEMP- C 

FEED CC/MT N 
IIOII25 FR~DING 
F, FFLNT GAS LITER 
GM AO[/EOU5 LAMER 
GM OIL 

50:50: O 50:50:0 50:50: O 50:50:0 50:50: O 

17.L3 22.08 42.61 45.74 66.0 

295 294 ~W2 296 294 
25i 252 253 252 252 

400  400 400  400 400  
1 7 . 1 3 3 3  4 . 9 5  2 0 . 5 3 3 3  3 . ] . 3 3 3  2 0 . 2 5  

217. [ 64.8 269.O 4L.4 262.84 R 
7.91 2.32 9.56- 1.O6 2.58 

10.27 3.76 16.OO R.Sg 8.68 

MRTERTAL BALANCE 

GM ATOM CARBON % 88.].4 91.08 9] .82 94.15 

GM ATOM [{YDROGF, N % 86.~2 92.92 91 .6i 93,15 

GM ATOM OXYGEN % IOO.55 i00.O9 i0] .75 IOO.58 
RATZO CI~X/(H20÷CO2) 0.7527 O.8196 0.8033 0.8673 
RATIO )~ IN C}IX R.4831 2.4568 2.4569 2.4618 

USAGE H2/CO PRODT O.611"7 O.6440 0.6359 0.6462 
K F.FFLNT SEI-IFT RRACTN 31..54 32.52 30.26 36.99 

CONVER5 ION -% 
ON CO 92.24 92.2• 9L.86 91.88 

ON El2 63..94 61,37 61.99 62.28 

ON CO+FI2 77.24 7~.57 76.g5 77.16 

PRDT SEL~CTIVIT~,WT % 
CIi4 15.14 ' 14.33 14.87 ' 14.61 
C2 IIC'B 11.72 10.95 ].0.94 IO.60 
C3K8 8.02 8.46 0.54 8.69 
C3}{6= 7.81 7.58 8.78 7.20 
C41IlO 4.14 4 .O4 3.92 4 . IS 
C428-- 7.16 7.OO 6.57 6.85 
C5}[12 3.78 3.66 3.47 3.65 
CSHIO= O .75 O.75 O. 73 O .76 
C6}[14 3.69 3 .53 3 .27 3.39 

C6~[12,-~ & CYCLO' S 1.1"7 i.21 I ,15 ].,~,0 

C7~ IN GAS 15.39 ]4.57 13.01 13.94 

LI0. HC'S 20.43 23.94 24.75 24.97 

'C' 87.40 E 

82.32 E 

1OO.79 E 
0.7273 E 
2.6167 E 
0.5656 R 
80.60 E 
SYSTEM 
LEAKS 

93.44 

60.73. 

77,56 

20.42 E 

13 . 50 
10.55 R 
7.68 E 
4.78 E 
7 .13 E 
4 . 0 2  E 
O .79 E 
3.36 F. 

0.98 E 

IJ.. 40 E 

15.29 E 

TOTAL iOO .I O0 iO0 100 100 
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CL - C 4  54 .79 
C5 -420 F "]8.26 
420, 700 F 6 .76 

7OO-KND PT = O. 18 

C5 -|",~ PT 45.7,1 

TSO/NORMA[, MOf,V. RATIO' 
C4 .1840 

C5 . 3 3 2 7  
{:6 .9652 
C4-, .O459 

P,'%,1~.RI:~]: ' [NIOL}:F£N M KA'EIO 
C2 9 . 0349 
C3 1.O766 

C4 .5580 

E% 4,9221 

l ,  lO  HC COLt,ECT!ON 

PHYS. ~PPRARANCE OT[, 

DKNS[TY 0.734 

N, REF~ACT[VR iNDRX 1.4251 
SIM~/LATE.D DTS'PILF.ATiON 

iO WT % @ DRG F 2 4 3  
].6 263  
50 3"72 
84 507 

90 }: 546 

/ 
RANGE(16-84 %) ~' 246 

~T % @420  F 6 6 . 0  
WT % @700 E " 99.1 

t 

9 
: 1 

4 

5 ~ . 3 3  
3 7 . 6 8  

9 . 0 5  
0 . 9 3  

47.67 

.17]0 

.3054 
•9557 
• 04 97 

.147g 

. 0 6 5 3 -  

.%57¢ 

. 7 2 3 3  

OIL 

0.727 

1.42gi 

254 
276 
39 ] 
558 

627 

292 

5 8 . 3  
96.1 

3 
" T 

]O. 

O° 

].° 

3 . 6 3  
5 .}~1 
g . 3 3  
t . 2 3  

46.37 

.1308 

. 2 2 5 4  
,812B 
o57.,0 

6554 
9287. 

5759 

6 L 5 " ]  

O I L  
7 5 4  
4 2 8 4  

2 5 1  
2 6 8  
3 9 3  
5 7 7  
6 3 7  

3 0 9  

57 .3 

94 .9 

52. Og 
"' 37 , OO 

9.0't 

J. q7 

47.81 

• ] 375 

.2.] 68 

.755L 

.0594 

iO. 3347 
1 .1512 
.5844 

4 .5375 

OIL 

0.758 
L.43OO 

254 
282 
400 
611 

572 

329 

55.3 

9 2 . 6  

54. L5 E 
~5 .77 E 

7.40 E 

2.68 E 

35.84 F: 

.1034 

•. ] 657 
.6869 
•0665 

I0.7644 
1 . 3 2 4 l  
.6477 

4.9353 

OIL 

310 
336 
5O7 

711 

754 

375 

34 .i 
82 .5 
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TABLE 10B RESULT OF SMMC~AS OPERATTON 
m 

:AtlN NO. toOl I.-8 
CATALY'GT RF, F[F~.K)+UCC-].OI ~IOO42-~.3 8OCC 52.90M.-I.17C, WT GATN AP'rF..R RUN 
!,'F..RD HE:CO:ARGON OF 60/30/]O & 50/50/O ca 400 CC/MN OR BOO GHSV 

RUN & SAMPLF. NO. ~OO1,I-8-5 ]OOIi-8-7 ]OO].I-8-R iOO]].-B-9 1OO[i-8-.10 

FEED |I2:CO:~R 50:50; 0 50:50:0 50:50:=0-=-60":'30:10 50:30:10 

HRS ON BTRRAM 72.0 89.5 97.0 I14.Q_=...:__120.5 

P R E S S U R E , P S J G  2~9 ~96 299 ...... ~98 295 

TEMP, C 251 258 250 25]. 250 

FEED CC/MTN 400 400 ." dOO 400 400 
HOURS FEEDING 6.0 17.5 7,5 1"7.O 6.5 
~FPr,N~ GAS LITER 77.~ R7.6.7 99.7 R70.I 99.] 
GM AQUEOUS LAYER 2.96 8.56 3.27 16.619 4.6 
GM OTL 4.33 13.~7 5.78 3.50 ]..I 

n 

MATF, R T Ar~ BALANCE ,; 
GPI ATOM CARBON % 91.57 89.15 92.13 88.93 82.92 

GM ATOM HYDROGEN % 91.46 99.52 9P..40 94.65 87.51 

GM ATOM OXYGEN % 101.60 88.85 100.23 103.12 92.89 
RATIO CHX/(}[204-CO2) 0.8054 i.OO~9 O.8331 0.7558 0.8044 
RATTO ~[ IN CHX 2.4589 2.4857 7..,1650 2.7007 2.7108 

U S A G ~  H2/CO PROD']' 0.6376 0.7660 0.65.03 0.9045 0.8827 
K ~FFLNT SM~FT REACTN 3~..71 22.26 ~.4.57 7.7.69 33.03 

COMVERS YON % 
ON CO 92.85 89.g2 89,62 '}1.98 9] .89 

ON }[2 62.76 61.59 60.96 42.48 40.85 

ON CO+If2 77.82 74.98 75.27 58 .30 " 57.20 

PRDT SE[,ECT~VITY,WT % 
C[[4 14 .20 ]5.3~ L4 .77 2, n..54 22.87 

C~. }IC'S Ii.] 6 Ii.55 10.62 !5.06 15.00 
C3H8 - 8.69 8.90 8.59 ]2.O9 12..3 l} 
C~HS"= 7 . 60 6 . 99 6 . 61 'I . 82 4.85 

C4HIO 4.O4 4.O8 4 ,13 5.50 5.81 

C4 I18," " 7. ].8 6.78 6.6]. 5 . 38 5.45 
C5H12 3.65 3.63 3.65 4.58 4.81 

CSHIO-- 0.85 0.79 (( O.81 0.57 0.58 

C5[{14 3.58 3.48 3,37 " "~.99 '1.O8 

C6H12,'= & CYCLO'5 i.-31 1.2,2 I.]6 0.90 O.85 

C7-~. IN GAS ].5.04 1.4.'16 15.11 14.72 14.60 

LIQ HC'S 22.69 22.49 24.54 9.85 8.V2 

TOTAr. iOO ] OO IO0 100 IOO 
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5UBGROUPING~ 
CI -.C4 52.88 

(25 420 F 3 6 . 9 3  
420-70{} F 7.51 
7OO-END PT 2.68 
C% -END PT 47. i~ 

r 

[50/NO.BMIk[. MO[,E RATIO 
C4 .1301 
C5 .2102 
C6 .7887 

C4= .0645 

63.63 51.34 65.39 66.37 

3(,. q2 37 ,7]. :~ 9.43 RR .7% 

11.07 9.5~ 4.42 4.04 

| .37 I .42 0.97 O.BS 
46.37 4R.66 34.R1 33,63 

.1306 . LO36 .Og72 .O976 

.1702 .165]. .1585 .1631 

.653] .5989 .4990 .5026 

.0646 .0620 .0766 .0766 

PkRAFFIN/OI,EFIN M RATIO 

C2 9 . 6 2 4 6  10.6564 

C3 1.0907 !.2142 

C4 . 5 4 3 3  . 5 R l 3  
C5 " 4.1956 4.4461 

LIQ HC CO~,I,ECTION- 
PHYS. A~PEARANCE OIL OIL 
DRNS[TY O.758 O.758 
N, ~R~R~CTIVR ~ND~X L.4305 1.4274 
5[MULATED DTBTrT, LATIO~ 

iO WT % @ DEG F 256 254 
~6 285 280 

50 40~. 391 

84 634 578 

90 734 642 

RANGE[16-84 %} 349 

WT % @420 ~ 55.1 
WT % 8700 F 88.2 

11.2454 17.2140 17.3085 

1.2396 2 . 3 9 3 4  2.4368 

. 6 0 3 1  .9873 l.O283 
4.3756 7.8760 8.1260 

O~5 o'rr, oil 
o.747"~ o.767 
i.4293 i.4328 - 

257 295 313 

290 320 333 

403 447 446 
590  656 660  
647 69B 698 

"298 300 33R 317 

58 .O 55 • 4 44 .:3 44 '. O 
93.9 94 .2 90.2 90.3 
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TA,qLE 10C RESL)'L'.~ OF ~YNC~AS OPERATION 

I~,L IN NO. 
C AT A I.~Y'3']" 
D'E]':D 

],001 !..B 
REF[~I':,K)~-UCC-IO! ~tlOO47,-.23 8OCC h2. �GM, ~ t'IG~WT GAT.N AFTER 
H2:CO:ARGON OF 60/30/10 & 50/50/0 @ 400 CC/IUTN OR 300 GHSV 

R UN 

RUN & SKMb[,R NO. 1OO11-8-I L OOI]..-U-I.2 OO11-8-13 OO/I-8-14 IOO11 8- 15 

FEED H2:CO:AR 

HRS ON STREAM 

PR~SSURE,ESIC 

TEMP. C 

60:30:10 60:30:10 60:30:10 60:30:10 60:30: LO 

L37.O 145.0 16"1 .8 thg.l i86.! 
2 0 2 :  3 0 1  2 9 ~  294 2 9 7  
2 5 0  2 5 0  2 5 2  2 5 2  2 5 2  

FEED CCIMTN 
IIOII]IS FF, ED £NG 
EFFLNT GAS 'L~TRR 
GM AQUEOUS [,AYF, R 
GM Of ' I ,  

400 400 4 0 0  .400 4OO 
16 . 5 8 .O 16.75 7 .'2% ] 7 . O 

255 .5 123.8 259 ./5 1.12-8 254 .g i. 

12.15 5.8~ l.R .49 5.45 12 .O9 
3 .O8 1.44 7... 08 {3.94 2 . 98 

MATERIAL RALANCE 
GM ATOM CARBON % 83.45 81.29 80.95 86m77 87.68 

CM ATOM HYD~OC~F,N % 89.47 88.00 87.68 90.'16 91.79 

GM ATOM OXYGEN % 95.38 91.94'; gl .1'3 92.22 92.71 
RATIO CIIX/(H20~CO2) O.7719 0.7905 O.7981 0.8932 O.0014 
RAT%O X IN CIIX R.7384 2.7089 2.711"3 2.6"T}30 2.6819 

[TSACR HR/CO PilODT O.8734 O.8874 O.8970 O.9S83 O.031 6 
K EF~'I, NT SHIFT RF, ACTN 32.43 32.8]. 33.43 ~.] .59 34.39 

CONtrRRS [ON % 
ON CO gi.40 "91.77 92.12 92.18 92.87 

ON" H2 4 0 .  L4 4 0 " . 3 0  4 0 . 7 6  4 2 . 7 5  4 2 . 3 7  
ON CO ~112, 56.44 56.56 56.98 58.74 58.53 

~RDT SELF.CTIVITY,WT % 
C[14 24 .07 22.69 2R .85 20.70 7.1. !4 

C~. HC'S 15.46 14.78 3,4.79 13.26 ]3.38 
C3}[I] i2 . 38 12 . 59 12 . 58 1.4 . 03 t4 . O] 
C5~[6-- . 4.27 4.41 4 .I] 4.72 4 .50 
C~I[IO 5.68 5.86 5 .92 6.63 6.47 
C4~{B= 4 .9"/- 5.12 4 .87 5.69 5.42 

C51[[2 4.6"7 4.87 , 4.82 5.~0 5.43 
CSt|].O= 0.5,0 O. 53 O. 4 9 O. 53 0.51 

C61~14 " 4.00 4.23 4 .O6 4.81 4~57 

C6H12= & CYCLO'S 0.'78 ]..Ii 2.14 0.84 0.84 

C7+ TN GAS 13.53 14 .36 14 . II i'l.'2! 15.69 

LIQ HC'5 9.74 9.45 9.-.5 5.98 '~.O6 

TOTAl., iO0 I00 IOO IOO l.OO 
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:~URGROUD t'NG 

C5 -4"2.0 F 21l.O6 ?.'},'Jl 29.8d 
4 3 0 - 7 0 0  P "l.g4 4 . 0 q  "t.gO 
'7OO-[':ND PT 1.22 i, 14 L.15 
C5 -END P'." 3 3 . 2 2  .34.55 34.[1B 

IfiO/NORMAL MOLP. RATIO 
C4 .Oql 3 .O r ) 17 .0|171 

C5 .]480 . "490 .1455 

CG .4872 .4975 .4721 

C4- .O781 .O773 .O788 

[~ARAFFIN/OLF.I: ~ [hi M RATIO 
C2 19.3020 19 .¢1736 20.5609 

r; ( :3  2 .7661 2. .7231 2.921.2 
C4 I .1145 I .1.03:3 1.1739 
C5 9.O139 B.9301 g.5094 

LIO HC COLLECTION 
P[{YO. APPEARANCE OIL O£L O[L 

DENS ITY O.768 - O.734 

N. RF, FRACTTV~ £NDP-X 1.4320 - I..4317 

S IM[ILATED I] [ST [LL&TION 
].O WT % (a DRG ~' 2 9 4  299 303 
1.6 3 ! 9  3211 3 3 2  
50 437 445 4~, 
8d, .664 6S9 659 
90 " / 2 5  7-2,1 7 3 1  

RANGR ( ,t6-84 %} 345 

WT % (a42G F 47.O 

WT % Ca7OO E' 87 .5 

33]. 

44 .~ 

87 . g 

327 

45.5 

R7.6 

R5. o:~' 
"11 .f~.~ 

0 . 6 4  
3 4  . '-~7 

• o 9 c):', 

• [755 

•4689 

• c)7 '; ! 

19 . 5=~83 
~,, . B 3 3 [ i  

1 . 1 2 d 6  
30. 21.7g 

O[[, 

3 0 6  
3 3 g  
4 a h  
6 4 3  
7 1 2  

3O4 

44.4 

R 9 . 3  

6,1 . '~! 
" l O .  70 
"-3 .53 
0 • 88 

'15 .09 

.0t~66 

• 1 61%4 

.4461 

• 0"173 

21.8656 
~..g746 
1 . I 5.33 

± o  . 3 " / 4 0  

Oil. 

0.761 

1.4307 

3 0 3  
3 3 2  
4 4 2  
6 4 7  
7J.3 ." 

3 ] . 5  

4 5 . b  

8g.l 
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'PAI|LE 10D R ~ s t n . ' r  O. ~ BYN~AS OPI,':RA'PION . 

FtLIM "WO, LOO] i B 
CATAR,YST RE'h ' {~F, ,K~ *-IICC-~.LOI I).100,1"2,-23 8OCC g~..OC, M, ~-3.TGWT 
EE~D~I HR :CO:~RGON OF 50/'~O/]O & 50/'.,O/o @ 400 

[{UN~{& SAMPL!': NO. t o o l i - l ] - i 6  OO1].-8-17 OOLI-8-.IB 

!" I,I E D '[[2 :C0 :AR 60:30:I_0 50:50:10 60:30:i0 h0:50:]0 

Ht~.S ON STREAM : 192.1 ?.09.6 "2,15. [. 2 3 r ~ . 0  
P RE,G GIJRE, P$ [G 291~ 29b 294 30"~ 

T ,'R. M P. C. 2 5 3  250 ?.53 25~ 

GAIN AE"E}=R RUN 
CC/MN OR 300 GII'~,V 

OOJ i- 8- 19 l.OOlt-8 -:;.O 

FT~EI) CC/M;N 'tOO .. 400', 400 ,IOO 
I[OIIRS FEEI~ING 6 .O :~'"-:" i~5,: 5 . 5 ~. I g .'/~; 
I~?,.'/LNT GAS I,TT~,R 93.6 "RTO.p 84.3 305.]. 
C,M AQUEOUS LAYER 4 ,21 ';" i~..].5" :~.9 ]4.43 
GM O i l ,  0.92 -2 .'67 0.87 3.48 

6 0 : 3 0 : 1 0  

241  . l .  

2 9 3  
2'&2 

~oo,!, 
6 . "-~ ,~ 

94 .4 
4. ].2 

l .50 

MATER 1 AL R ALANCE :' ",: 
GM ATOM CARBON % 66.75? 59.60? 70.86? 88.78 ~9.87 

GM ATOM HYDROGF, N % 73.16 68.]4 74.80 9] .45 90.88 
GM ~TOM OXYGEN % 71 .45 55.87 75.77 gl.gP. 88.16 
RATIO CHX/(I~2OI-CO2) 0.8903 0.8465 O.8gO3 O, 9382 1 .0354 
8ATIO X ~N CI{X 2.6434 2.6267 2.6570 ~..h693 2.6332 

IJSA{~E £[2/CO PI%ODT O..98:35 1.OO57 O.9690 O.')564 O.987,1 
K ~F~'I,NT SHIFT REACTN 84.39? ]16.517 68.72"? 32.16 33.63 

CONV~RS [ON % 
ON CO 97.60 98.46 97.O1 92.43 92 ,.64 

ON H2 '" : 45.37 45.62 46.12 43.73 44.52, 

ON CO+H2 61.73 61.70 62.48 59.55 60.44 

PRDT SELECT~VITY,WT % 
CH4 90.00 19.65 20.24 2.o.40 ] 8.78 
CR I | C ' S  ].2.57 12.20 12.69 12.70 11.59 
C3118 £3.OO ].I.80 13 .79 14 .3~. 13.1d 
C31~6- 4.27 •.75 4 .31. 4 .7% B .87 
C4}IIO 6.25 5.91 " 6.57 7.12 iO.90 

C4H8= 5 .~6 6.92 5 .2~. 5.48 4 .g5 
C5H12 5 . 20 5 . 44 5 . 33 5 . 84 5 . 38 

CSHIO= O . 49 0 . 48 0.47 O. 51 O .45 

C6}[14 4 . 66 5 . 36 4 . 69 4.74 4 . 64 

C6H12= & CYCI,O'S 0.85 " 0.98 0.80 O.81 O.71 
C7+ IN GAS 18.93 18.13 17.50 15.50 15.31 
L£Q ~IC'S 8.5~. 9.37 8.40 7.83 10.19 

TOTAL 1.oo 1.OO ~ OO 1.00 LOO 

c" 
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GrI~GROUP[NG 
C1 -C4 
C5 -420 P 
420-7OO 
70Q-END PT 

C5 -END PT 

TSO/NORMAL MOLE RA'PIe 
C4 

C5 

C6 
C4- 

PARAFFIN/OLEFI-N- M RATIO 

C2 
C3 -' 
Cd 

C5 

L[Q HC COLLECTION 
~ [ [ Y S .  KPPEARANCE 

DENSITY 

6 1 . 3 5  
34.B'} 

" ~ . g 4  
O . S ~  

3B.65 

,0920 

.!717 

. 4 6 2 4  

.O7~8 

20.8550 
2.9027 

1.1485 

10.2538 

OIL 

N. REFRACTIVE INDEX 
BIMU[,ATED DI~T[Lf,AT~ON 

IO. WT % ~ D~G ~ 307 
1.6 340 
50 ~ 446 

84 528 

9 0  6 9 4  

RANGE(Z6-f14 %) 28d 

60.23.': 
34.86 

3.A8 

1.03 

39.77 

.OB40 

.1596 

.4124 

.O519 

20.3975 
3.0075 

0 . 8 2 ~ 5  
1 0 . 9 2 0 9  

O IL 

O .763 

1 .430] 

300 
39.6 
434 
G39 

7].7 

313 

62.n] 
3 2 . 2 9  

3 . n 3  
1.O7 

37.19 

.0905 

.]727 

.4150 

.0834 

21.3972 
3 . . 0 5 6 ' /  
~.2151 

10.gRo1 

OIL 

31.] 
:~39 
452 
662 

735 

323 

' 6,I.77 

31.!0 
3.30 
0.83 

3 5 . 2 : i  

i 'zolx 
.]645 

.43q6 

.O~b9 

2 3  
2 
.l 

it 

.8033 

.8754 

. 2 5 4 2  

.0496 

OIL 

O .7q8 

1.4296 

30R 

437 
636 

70B 

305 

WT % 0420 F" 44.2 47.6 41.7 47.2 

WT % ~7OO P gO.5 B9.O 87.3 Rg.4 

63 .33 
30 . 94 
4 .51 
I..2 £ ,, 

36.57 

.8393 

'. i(~18 
.4327 
.OBI 8 

23.644.~ 
3.2379 
2 .  ].271 

II.5847 

• OIL 

304 
338 

: 448 
LB. 60 

721 

• 322 

41~ .8 

8B .I 
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'rAn[,~. 10E RI,:SIIL'P C)l '° :~V.NGAS OP[.:RAT[ON 

¢ 
RUN' No, IOO~1-8 - 
CA'rA[,YBT'R~:F(FR,K) lIICC-tO[ ~tOO42-23 8OCC 52.gGM.,~t7G%~'? G~[N AI."FER i%UN 
?RED HE:CO:ARGON OF 60130/IO & 50/50/O (a 400 CC/MN OR 300 G[ISV 

RUN & SAMPT.,F., .NO. lOOI, L-8.-~.l O0]~-13-22 0011-8-.2:~ OO11.-U.24 IOOkl-8 25 

FEED H2:CO:~R 60:30:£O bO:30:]O 50:50:O0 50}50:00 50:50:OO 

HRS ON STREAM ~58.9 Rb4.1 283.3 288.3 305,4 

P R ] ~ S S U R E . P S I G  293 297 295 297 ~g8 
TEMP. C 252 2 5 2  25~ ~53 ~ R ( )  

[..|i,D CC/MYN 400 4OO 400 4()O 4OO 
IlOUY~S FI';ED3NG 17.8333 5. L667 19,?.5 4 .giR'l . !7.~8q3 
[':FFLNT GAS LITER 2.75.1 77,5 .".[~3.5 68.3 346.4 

GM AOUEOU", LAYER 12.4 3.52. 7.44 '!.76 5.23 
(;M OIL 3. i36  . I .II ] I .91 3-51 5.82 

MATER ~AL BALANCE :. 
GM ATOM CARBON % Q9.91 86.52 9]..31 92.77 90.36 
GM ATOM HYDROGEN % 92.55 89.08 95.72 96.82 94.35 
QM ATOM OX~C.RN. % 92..37 89.43 95.40 96.57 ¢)6.55 
RATIO C}[X/(K20+CO2] O.9515 0.9407 0.8868 O.g153 O.5741 
RATIO X IN CHX 2.6736 2.6722 2.4896 2.4"74h R.2276 

tIBAGE K2/CO PRODT 0.9523 0.9465 O.6841 0.6889 .0.7088 

K EF~[,NT Sl{I~'T RF.ACTN 33.20 33.48 20.68 21 .80 2.40 

.C 

COk~4ERS ION % 
ON CO 92.26 92.3] 86.28 B6.4~, ~.B. 41 

ON H2 43 ,'31 43.21 58.12 58.40 21..51 
ON CO+H2 59.31 59 ,26 71.87 72.11 24.94,., 

PRDT SELECTTVZTY.WT % 
CH4 20.42 2.0.73 id .94 14 .9] 7.S8 
C2 TTC'S IR.68 IR 86 9.'3:6 g.~.6 5..91 • ,=: °. 

C3I'I8 ] 4  . 2 7  L 3 - 9 0  9 . 9 6 '  9 . 8 1  2 . 3 2 .  
C3H6-- 4 .57 3 91 6".O4 % -:/ 5.76 5.91 

C4HI0 7.38 6.71 4.98, ,; 4 .88 2.26 

C4H8= 5.56 5.05 "6.88 :~., 5.b7 5.09 

CSHZ2 G.O4 5.67 4.57 4 .44 2.42 

CSHIO= 0.52 0.45 0.77 0.75 1.66 11 

C6|T14 4 ,86 d.70 4. LO 4' 4.O4 2.~.9 
C6H12= & CYCLO'S 0.78 0.77 1.21 %.17, : 1.12 
C7+ IN GAS 15.27 15.44 ]7.16 15.08 28.63 
[.IO [{C'S 7.56 9 ,79 20.02 ,.9.2.39 • 34.82 

TOTAL 100 iOO IC, O iOO iOO 

F 

L Q 
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SII.~C!',I):UP ! NG 
i:" -C4 54.q[I 
C5 -4~.¢~ " .~] 07. 
4",'.~-7nf% F. ". 3.20 
7OD-.F~NI] 'DT O . 08 
C~,-.E~D PT ~" 35.O~% 

[SO/NORMAL MOLE RATTO 
":': C~ , 1.100 

(.'5 .16I! 6 
Cf~ , 4 3 ~ ] 3  
C4 : • .O9~6 

PARAFFIN/O.LEFIN M RATIO 

cv. ~.4 . ~ . ~  
[:] 2.9794 

C4 1.2B 14 

c:5 1 ] .  2 5 5 6  
LIQ H{: COLLECTION 

PHYS. ~PPI~ARANCE OIL 
DL"NSITY O.766 
N, REFRAC.TTVF, ~NDEX 1.4~.94 
SZMULA..g'RD DI ST ZLLATION 

I.O ~4T % @ DF, G F :300 
| 6 327 
'.~O 435 

84 5 4 3  
9 0  707 

" fi3 . Ill 
31 .54 
d .d7 

O.B2 
36.82 

• O11.] 7 

.J565 

.40~] 

.OB30 

7.2.0015 
3 . 3 8 8 4  
1.2835 

] 2,2500 

OIL 

307. 
3.~3 
440 

69.0 

678 

5 2 . 1 6  
. ' IN . I]¢; 

" / .  ~ 1  

1..38 
47 . 114 

. O1]87. 

.15]O 

.4638 

.O569 

i 5.57].0 
l .5748 
.69B13 

5 .'#62.9 

OTL 

O .759 
].,4265 

7.59 
296 
406 

hg2 

6h3 

1.5 
! 

5 

II :.. 7. II 

37 .g3 
9 . 27 
1 .52 

4B. "12 

.159! 

.4~51] 

.0%70 

.5067 

.6266 

.7057 

.7956 

OIL 
.762 
.4278 

263 . 
7.97 
412 

607 

66~ 

'49.07 
5O. 08 
1:1.!8 
2 ..%8" 

70. ')'i 

.O80B 

.13gi 

.2640 

.C598 

t.1183 
.3740 

.47.7~ 
1.4137 

OIL 
O .775 
1.4S20 

330 
344 
467. 

637. 

678 

RANGE ( ].6-04 %] 316 7.87 ~.96 310 288 

WT % (~4"2.O F 47.0 46.0 55.1 %.]..8 4(~.I. 
WT % @700 ? 8g.4 91.6 93.1 t3 .2 gR.3 
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0 

'rARhE 10F RESULT Of" SV. NG~5 OPERATION 

R|)'N NO. 
CATA[.YST 
FEED 

IOO11 - U 
R(.:?(F!.:.K) ,UCC.-IOI ~]O{)42-23 I]OCC 52.q(]M.+i'IG W'I' GATN ~.FTE[£ 
EI2:CO:ARGON OF 60/30/£0 ~ 50/50/0 ~ 400 ,.'.C/~fi~ OR 3~O GHSV 

RUN & SAMPhE NO. ]OO11-B-26 OO11 8-27 OOII--8-.28 OOLJ-8 29olOO£i-8 

F~ED H2:CO:AR 

fIRS ON STRRAM 

PRESSI~E.PSIG 
TEMP. C 

FEED CC/M~N 
HOURS FEEDING 
EFFLNT GAS LITER 
(IM AOUROTIS LAYER 

GM OIL 

50:50:00 50:50:00 50:50:00 50:50/:?0 50:50:00 
3].2..I 329.6 353.2. 360.~ 377.3 

29~ 295 295 30,I 298 
219 219 221 231 231 

400 400 400 400 400 
6.75 17.5 23.6667 7.3333 16.833 

139.6 359.9 509.6 160.8 36~.6 
~.75 5.11 5.39 1.25 3.77 

2.81 7.ii 6 , 3 2  1.50 4.67 

MATERIAL BALANCE 
GM ATOM CARBON % 92.19 ° 3 . 2 8  91 .70 9h.17 95.33 

GM ~TOM I|YDROGEN % q6.48 96.45 96.05 98.7% 98.56 
GM ATOM OXYGEN %" 97.03 96.91. g3.75 98.64 97.83 
RATIO C|(X/(}120÷CO2) .7472 0.8067 0.8372 0.8408 0.8420 
RATTO X ~N CHX 2.1957 R.2303 2,3065 2.4103 2.3847 

UBAGR H2/CO PRODT 0.7097 O.7718 0.9470 O.8333 0.8597 
K EF~LNT SHI~T REACTN 2.75 2.37 1.36 2.29 2.O1 

CONVERSION % 
ON CO 30.13 

ON H2 22.21 

ON CO,H2 25.08 
J, 

PRDT SELF, CTIVZTM.WT % 
C|!4 " 6 . 9 U  
C 2  HC'S 5.52 
C 3 I { 8  , 2 . - 2 1  

C~}T6- 5.55 
C4 HI0 2 . II 

C4 MS= 4 . 90 
CSET] 2 2 . 4 0  
CSfflO.-- ] . 59, 

C611] 4 "2.. 61 

C6H12= & CYCLO'~ I .15 
C7~- ~N GAS 26.82 
LIQ }IC'5 -. .38. 18 

TOTAL tOO 

2q. 83 Ig. 27, 24.58 "24 . 63 

2..3 .76 18.39 20.98 21.51 

26 .77 18.80 P. 2 .76 "2.3. 12 

7 .118 iO. 55 I4 .04 13.3q 
6.16 7.38 9.00 8.42 
2 .77 3 .83 5.83 5.44 

%.:52 5.24 6.59 6.25 
2.26 2.6i 3.54 3.22 

5 . il 5.16 6.92 6.33 
2.52 2.60 3.45 3.O6 

1.31 |.32 1.35 L.21 

"2.63 P..63 3 .67 3.08 

]..33 1.12 I .26 I .17 
27.46 24.45 24.Og 2]..32 
35.15 33.O1 20.?.5 27 ~. 11 , 

LQO IOO !OO ]OO 

RUN 

"] O 
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t~ I/p.CIR OL/P .rNG 
C I , ,  C ,1 --r, R 7. ".l F. 

C', -4:~O F ,19.6]. 

" 4 P . O - ' / O 0  F 2n.52 

'1OO END P'P 2 . 5 2  

C5 -END PT = 7"A. 7,!. 

rG01NORMIW, MOLF, R/%'P['O 

C4 .OBgg 
C5 . I d H b 
[:5 .453g 
C4~ . f35(J7 

p AFtAI2FZN/OC.~FI'N ~1 RA'['ro 
C;l o t • itl5 P- 

C3 .3fl03 

C4 .41.60 

C5 L .  '1 f~7 8 

LTQ HC COLr,F,C'P[ON 

PHYS. APPEARANCE OIL 

DENS [TY ~ 0.780 

N. MI':L2RACTTV'R TNDI~.X 3 .~3t7 
.~ F MTILATED DI~T rLLAT]ON 

LO WT % (a DIt:,G 0' 335 

15 3 ,17 

%0 461 

Hd 621 

9 O 6 6  q 

RANGF. ( 16-B4 %) 27d 

WT % 8420 F 39.,1 
WT % BTOO F 93.4 

?.'} .70 

'!. 9 . 03 

l~l. n8 

~.. 39 

70,30 

.07 ft.", 

• 1.422 

.'3323 

.O553 

2.39iR 

.4787 

.42.72. 

1.8682 

orL 

O .770 

I .I131 ,~ 

329 
343 

-. 

"164 

528 

672 

2.115 

39.5 

- ' . : . . ~ . 9 3 . 2  

3~ .Oq 

• I "~. 50 

I:3 .72 

2 .DO 

65 .]2 : 

.0890 

. li3"; 

•2818 
• Ot% 'I 

4 . 6955 
• 5q7L 

.,1HOB 

I .9[38 

OIL 

o. "175 

i. 47"33 

: 1 4 1  
:172 

,183 

651 

697. 

27q 

34 .5 

91.2 

%. 

4r,. 9-~ 

4o. n~: 

13 ,7:1 

2 .  O o  

5,1 . 07 

• O9d 8 

.I'163 

.'4194 
•Obg7 

6.2 &O¢) 

.8,149 

.4D4.~ 

R .4840 
.d.. 

• - ,,... 

OIL 

341 
3"79 

497 

6=,9 

699 

280 

32.1 

q O . t  

a. '3 .  Oh 
"~. :|. XV 

1 u, .  I.,3 

I .50 

.~6.95: 

• 1.2 f, 4 

• .'4O47 
. O50¢~ 

h . 8275 

• 8294 

.dgl7 

2 . 4 5 8 1  

OI[, 

O .737 

I...4345 

"441 
","77 

509 

~80 

723 

3 O 3  

3] .I. 

87.1 
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'rAiL:.: 10G ~F.SUL'P OF ',~YNGA~" OI~F.RA'P I ¢')N 

RUN NO,  LC'){.)I L - 8  
C}%TALY'AT R E F { P F . . K )  - U C C -  t.{)1 
?F.I.ID H R : C O : A R C - O N I O F  f i O / 3 0 / l O  & 5 O / h O / O  

C 

It. I 0 0 4 2 , - 2 2 ,  gOCC b')..9(~M. +|70 W? GAIN AI"'"F.R RIIN 
300  G!I;;V 400 CC/MN OR 

lOOtt-S-3B 

50:50:OO 
408,5 

301 

RU,W ~, SAMPLE NO. lO0il - 8 - 3 1 .  O011-B-32 

FliED H~. : C.O : AR 50:50:00 50:50:00 
!iRS Oh' h,:J'REAM = :IB4.O 402.3 
[~REhL~I }RE.  I'~tl IG 2 9 4  3 0 4  
' I ' "~:¢P. C ;, 2 3 1  2 3 1  

FRED CC/~M IN 4OO 400 400 

IIOURZ FEEDING 6.6667 IB .33"~3 6.25 

:':FFT.NT GAS L[T~I< /.44 .8 389.0 t33.45 
C-M AOUEOUS LAYER 1 .37 3.B8 1.O:.8 
GM OET, 1.47 4 .99 1.48 

v 

MATER [ AL [~ALAN CE 
GM ATOM CARBON % 94 .25 g3 .3d 93 .64 
GM ATOM HMDROGEN: % 98 .26 96.34" 96.55 
GM ATOM OXYGF..N % 97.30 95.96 95.04 
RATIO CIIX/(H2OI.CO2) 0.8027 0.8308 0.8424 

~A'PIO X IN CIIX 2.4155 ~,,3864 2.4085 

U'.IAGE I121CO PRODT 0.8420 O.H4fi5 0.8358 

K F, FFLNT 5H~FT REACTN 2.09 2.O8 -2.28 

CONVER:~ I ON % 
ON CO 
ON H~. 
ON CO÷H2 

PRDT SELECTIVITY,WT % 
C|14 
C2 HC' S 

C 3 H 8  
{ :3116= 
C,IHIO 
C4 H8--- 
C5II12 
CSHIO-, 
CfiHl4 
C6H].2.. & C¥CLO' S 
C7 I- IN GAS 

t, Iq HC'S 

23 ,g6 24 .74 24 .Tb 
;:.0.66 21.4h 21 .Ii 
22.28 .. 2"3 .O7 22 .gO 

i£.37 

9.12 

5.7d 

,~. 28 
3 .45 
6 . 6 3  
3 3 6  
]. 3 d  
3 1 ~  
Z 1 7  

22 47 
2 2  9fi 

13 . 4'4 
8 .27 

5 .3S 

5 98 
3 2B 
5 g 6 
3 15 
i 20 
3 03 
i .O9 

2 1 . 8 3  
27.37 

14 .O4 
9,13 

5 .61 

6.19 
3 .35 
6 .27 
3 .19 
1.15 
3 .36 
I .OS 

2 2 . 7 6  
?.3.85 

TOTAL lOO 1OO 1 .00  
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~tI.~,GRO[JP rN(.] 
C! ,C4 ,1% .hO 

C5 -420 F 38.57 

4 2 0 -  "lOt) F L?., 5 8  
"1~O I':ND r"~' 3 . 2 6  
Ch --END PT 54 .4 t 

[50/NORMAL, MOLE RAT.~O 
C4 .0807 
t:5 . I 369 

Ch .3806 

C4 .-- .0593 

PARAFFIN/O[,EFIN M RATIO 
{:2 7.2745 

C3 .8726 
Ca .5027 
Ct, 2.4408 

[.IO ffC COLLECT£ON 
P[IYS. .  APPEARANCE OIL 
D H N S I T Y  
N, DEFRACTIVE [NDEX -" 
SIMULATED DISTILLATION 

[D HT % 8 DRG Y 342 

16 3 7 q  
~O 508 
8a 691 

90 729 

42.32 

39.42 

14 .84 
3 .42 

57 . 68 

.O814 

.1470 

.3800 

.O574 

7.1521 

.85g0 

.5304 
2.549g 

OIL 
0.755 
1.4340 

340 

370 

4gl 

6"/8 
71.8 

4 4 . 5 9  
3 9 . 4 6  
15 .05  

2 , 9  ~ 
55".41 

. O110 ] 

• L O 9 d  

. 3 6 9 4  

. O 5 7 q  

7.55gO 

_8640 

.S165 
2.6650 

OTL 

340 

57] 

495 
677 
7"I 6 

RANGE~I6-84 %) 3 t R  3 0 g  306 

WT % ~420 F 31 0 3 3 . 3  3 3 . 1  
WT % 8700 F 85.8 87.5 87.8 

J 
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III 

RUN NO. 1 0 0 1 1 - 0 8  
,= 

Figure 52 

"I ~ • 'h' ° ' I 

i ' ' I ~' ' I 
" 0 1  ' " ' ' ' I ~ 

/ i . I . I  ' I 

Figure 53" 

,o-t ' i ~ . . - . . . . . ~ ,  . I . 

' I I I i z, I 

t , , /  ~ , - "  i ~ = - ]  ' :1 I ~ 1  , , 

~ I ' : " ' - ~  f ,  , I 
4 o l  I \  ' I # ' - , . .  I I _ _ ~ , ._ . . . . _  r " ~  i / . . . , . . _  a 

• ?ooOr ÷ i ~  I i " 

o ~ ~o ~ 1o0 'lz,q ~ o  '~s 2oo ~ :~o ~ ~ao ~ ~ ~ .~o  4zs 
HOURS 014 

-i 6G".- 



u~ 
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: O 
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..... ~ ...... .~....~..: ....... ; ....... : ....... 

I- -,. 

i ~ '  . . . . .  

_ 1  

:\ 

..... i ...... i ...... ...... ! ...... ! ....... ! ....... i ...... 

~! .! i i i ! i i i\:" / 
.... ~ ....... : ...... ? ....... :. ...... . ...... - ...... : ....... : ....... "....~. 

B • 

W : 

~ . 

. . . . .  ,.. • . . . . . . . . . . .  ! . . . . . . . . . . . . . . . . . . .  

O~ 

~0 

O 
O 

L~ 

09 

nJ 

• d 

Lb 
v 

~m 

N 

c= 
g. 

m 
dm 

N 

.J 
aml 

C3 
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\! i ,: i ~ i~- ! I, ! i 
. . . . . .  ~ • : : 

~: : i : : :~ : : " 

........ : ...... ; ...... ~ ....... " ....... i ....... '...I" .." ....... ~ ....... " ...... • : • . : . : ~,~ : : : 
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................................. . . . . . . . . . . . . . . . . . . . . .  . . . . . .  

! 

i 

A ~  

I I I I - L • % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

Q_ 
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Plot of the Hydrocarbon 

Product Distribution 
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RUN~I0011-9:Fe'+ UCC-101'PHYSICAL MIXTURE 

This catalyst, similar to that used in the previous run 

10011-8, consisted of a physical mixture of potassium-promoted" 

iron and UCC-101. The difference was a source of the iron. 

Pota~saum-promoted, precipitated iron powder was ground slightly, 

mixed with an equal weight of []CC-101, pressed into pellets, and 

air calcined at 250°C for two hours. The evaluation of this 

catalyst was nowhere hear as extensive as the previous catalyst. 

Here, only one process condition was examined. This condition 

was the initial condition in the previous run, 300P at 250°C with 

i:i syngas feed. The test was envisioned as a strict comparison 

of this catalyst's initial performance to that of the previous 

catalyst. These process conditions have become the standard test 

to evaluate iron-containing F-T catalysts. 

The material balances, conversions and the hydrocarbon 

product selectivities of the seven samples are'given in tables IIA 

and liB. The conversion and selectivity data are also plotted as 

a function of time on stream in figures 65 and 65. The simulated 

distillation results of samples 3 and 5 are shown in figuEes 66 

and 67. P;ots of the product distribution of these two samples 

are shown in figures 68 and 69. Some of the data from this run 

suffer from experimental problems.~ The "%rst three samples had 

pood material balances. Since the material baiances of C, H and 

O are equally bad, it is conceivable that the flow rate of the 

feed could be lower than calculated. If the flow were lowered 

17% all the material balances would be acceptable, I00~i0%. 

This change~'wou!d not affect the conversion of the product 

selectivity. Another explanation of the poor material balances 

could be a low measurement, in~ the effluent gas flow, possibly 

caused by a leak before the test meter. Since the C:H:O ratio 

of the gaseous and condensed products are fairly equal, this 

error would cause changes in the conversion and product selectivity. 

If sample #2 were corrected for such an error, the conversion 

would only drop from 84% to 83%. The methane selectivity would 

increase to 11% and the condensed hydrocarbon selectivity decrease 
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to 29%. While these changes are not large, they do bring the 

sample more into l~ne with samples #4 and #5. The numbers from 

samples #2 and #3 are.probably generally correct but differences 

with the numbers from other samples should not be taken quanta- 

tively. 

At the beginning, the conversion was very high, but it 

decreased rapidly over the f~rst two days of operation. A 

similar phenomenon was observed in run 10011-6. In the ~resent 

run, the deactivation was even more severe; the syngas conversion 

leveled off at 30%. The H2:CO ratio showed the catalyst was using 

.the l~l syngas feed efficiently. The usage ratio d'id not change 

significantly over the course of the test. The constant usage 

ratio and fairly~constant product distribution Suggested that the 

water gas shift activity changed together with the F-T synthesis 

activity. The observation was also supported by calculation of 

the selectivity of CO to conversion to CO 2. In sample #5 this" 

quantity was 52% and in sample #7, 48%. This selectivity was 

constant in spite of the fact that the total C~,converszon had 

dropped by a factor of 2.5 and the shift consonant by a factor ; 

6f 5. /; 

The product selectivity of this catalyst was not out- 

standing, considering the catalyst's low ac~£ivity. The methane 

yield was 11-12% except for th~wo suspect samples. This 

selectivity was superior to that of the previous catalyst under 

the same process conditions. Analysis of the other gaseous hydro- 

carbons showed a high iso/norm~al ratio, as in the previous run, 

but the product was more olefinic than that of the last two tests. 

The selectivity to C5+ products was particularly good only for 

sample #3. The 47% selectivity to gasoline and 65% selectivity 

to total motor fuels was close to that of a "theoretical" SF 

type maximum gasoline catalyst. The selectivities for the other 

samples were reasonable but not outstanding. " 

The plots of the simulated distillation of the condensed 

products of this run were unlike those of the other molecular 

sieve containing catalysts. The boiling point distribution was 

very broad. The catalyst did not seem to be exerting much 

shape selective control. The product distribution for sample #3 
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had minor deviations from a S-F distribution. Sample #5 had 

a much greater deviation from a straight line. The dist!ibution 

was almost s sheped. The distribution did show some signs of 

carbon number cut off. 
This catalyst showed a strong initial deactivation to 

a steady but not highly active state. Only one of the samples 

showed high selectivity, to gasoline and motor-fuels. The other 

samples were marginal, the product distribution was somewhat 

broad but did show some signs of a carbon number cutoff. 
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-.T, AI3LE IIA RI{:~tlI,T OF 5YNGAS OPERATION 

RUM NO. 
C.. AT 7%L I ST 

FI~,ED 

IOOli--9 
UCC(FE.~}÷UCC-IOI, ~iOO42-55 80 CC 51.84 OM 
(68.40 G A2TE~ TE{~ RUN, ~16.56 GM) 
I{2:CO:ARGON OF 5~/'19/O ~ 400 CC/NrN O~ 3OO GIISV 

RUN ~ GAMPLE,.NO~ I0011-9-i '[0011-9-2 10031-9-3 100]]-9-4 iOOLl-g--5 

• . : . ,  

FEED [ I 2 : [ : O : A R  

HRS ON STREAM 

~RESSURS, P S  ] 'G 
TEMP. C 

.FEED CCIMIN 
HOURS FEED~ NG 
EFFLNT GAS LITER. 

GM AQUEO[IS LAYER 

qM O[[, 

51/49/0 :;0/50/0 51/49/O 51/49/O 

2 .O 24 .0 42.g RO.7 

294 290 ?.g5 298 
253 251 250 251 

r 

400 400 400 400 
2 . 0  24 .O i8.91.7 7.75 

~. L .  91 2 9 6 . 6 5  2 8 7  . 5 3  1 5 3 . 8 5  
1 . 35 15 . 2 0  I . ]  . 51 2 . 83;~  

i .70 2 0 . 3 q  1.2 • 2 6  2 • 9 3 0  

MATEi~I AL BALANCE 

GM &TOM CARBON % 75 .58 79.19 79.7]. 
¢'GM ATOM E~/DROGEN % 80.39 82.95 81.13 
GM ATOM OXYGEN % 85.19 91.36 82.S8 
~A'ETO CHX/(M20+COR) 0.7843 -O.7221 0.8754 

.,j RATIO x IN CHX 2.3435 2 . 2 6 9 6  2.2353. 
[I"-AGE H2/CO PI~ODT O.6~OO O.61,17 O.87L4 
K EFFLNT S~IIFT REACTN ?.8.58 12.10 1.96 

CONVERSION % 
ON C0 93.42 84.13 

ON IIZ 58.5'3 53.88 

ON CO+||2 74.95 6 8 . 6 5  

?RDT SF, LECTIVIT¥.WT % 
CH4 ii. 17 8 . 65 
C2 [{C' S 9.67 8.28 , .,:h 
C 3 } 1 8  3 . 5 3  3 . 6 3  "~-~ 
C3116.-. 7.86. 9 . 2 6  
Cd~[l.0 4.27 2 . 4 4  

C 4 I [ B =  5 . 8 4  7 . 86 

C 5 [ [ 1 2  5.79 2 , 51 

CSHIO= O. 41 0.87 

C6H1.4 5.88 3.06 

C61112.~ & CYCLO'S , 1.57 3.44 
C7+ IN GAS i1.35 14.90 
[,£Q HC'E 32.54 35.09 

TOTAL l oo .1.oo 
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4 3 . 3 4  

3 6 , 6 9  

3 9 . 8 9  

8 .  OO 
6.70 
2 .96 
b .12 
1.88 

5 . 6 0  

I .87 

O . O h  

i .94 
2 . 6 0  

18.32 
4 3 . 1 5  

IOO 

92 .79 

95 .65 
96.96 

O. 8046 
2 . 3 ~ . 6 8  
O .7gO1 

2.50 

34 . ] g  

27.38 

3 0 . 7 0  

11 . 1 .3  
. 5 3  

4 .3"7 
7 . 6 2  
2 . 6 3  

7114 

"2.62 

1 . 1 8  

2 . 9 7  
3 .  lO 

19.75 
28.96 

iOO 

'-31 / 4 q t o  

6 8 . 8 3  

2 9 3  
7 . 5 0  

4 0 0  . 
2.5 . ' )  L7 

S i 7  . 02 
q.47 

9.8 

9 R , 8 5  
95.49 
g ' l  . 7 8  

0 . 7 7 1 . B  
2 . 3 4 3 5  
0 .  7 7 4 ~ .  

2 . 5 4  

3 3 . 9 3  

9.7.00 

30.38 

1.1 . 7 2  
B .78 
4 . 5 8  
7.50 
2 . 7 5  

6.81 

2.80 

1.23 

3 . 0 4  
2 . 9 6  

18". 05 
29.78 

L O 0  

,'! 



SUBGROUPING 
i:l -C4 4R.4q 4 O .  t3 
(:'% -d20 F 42.28 .d2.~'i 
4 ~O-7C)O F 13.37 14.42 
7OO-~ND PT ~. 90 3. J2 
C5 -END P'P 5V.55 59.87 

fGO/NORMAL MOLE RATEO 

C4 0,7[67 0.2344 

C~ t.7655 O.4435 

C~ 2. 504 I 1.3083 
L 

C4.- 0 ,O250 0 .O545 
~ARAPFEM/OLE~IN M RAT;O 

C2 1.387g R.8107 
C3 e, O.4410 0.3742 
C4 0.7054 O.29q3 
C l '  1 3 . 5 8 3 . 7  2, 8007 

r,£Q HC COLLRCTEON 

P I I Y S .  APPEARANC~ 0 [ £ ,  

D~NS£T7 O.7~3 

N, R~FRACTTVF. INDHX 1.4337 

~IMUE, A'PED DISTILLATION 
tO WT % ~ DEC F NO 26]. 
]6 296 

50 LIQ- d20 
84 ~ 633 
90 UTD 6qO 

RANG~I6.-84 %) 3 3 7  

WT % ~420 F --- 50.0 
WT % ~700 F --- 91.] 

31 : : ~ ' l  
4 G. "l "i 
L7. ' 30  

,: 4 , LO 
6H, " f 3  

O-1818 

0.3312 

0.6647 

O.O620 

3.4029 
O.4613 
O.aR3O 
R.II6"/ 

orr, 
o, 7~'7 

.:i .4359 

294 
3L9 
424 

649 
596 

3'30.. 

49 .O 
%o. s 

• 1.2 . 4 5  
I 7, . -r,:! 
q . h O  

,.;n ..511 

o .  1675 

o .  2 8 5 " /  

O .  n58] 
oh 06~, i ) 

3. '/736 
o. 547~. 
0..3556 
2 . ] 679 

NO 

[ , l O -  

l l E D  

--N° 

4 2 . 1 5  
"l I 4 . 4  'q 
1 4 .  I.R 

G:'. 1 fi 

% 7 .  l.lh 
{, 

O. 14"]3 

0.2686 

0 . 8  h O 0  

n, 060 [ 

4 .0602 
0.5833 
O. 5qoo 
2 . 2.OH 6 

OIL 

0.753 

I . ~ 4 3 9 0  

3]7 
336 
~O7 

708 
746 

372 

35 .O 

82.5 
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'rAl~[,~ lIB R~StlLT OF SYNGAB OPERATTON ': 

RUN NO. 
• CAq' A [.YST 

I" V. Z D " 

1 O O 1  .I -9 
UCCC'PE.K~.+IICC--iO] . I~'LOO42-55 nO CC 5'.I..84 Girl 
(bll.40 O AJ"TI~R 'I?H.E R[JN. 4-L6.~6(3M) 
[[2:CO:AI%GON OF 53/49/O [a 400 CC/MN OR 300 GII~3U 

RUN & SAMPLR NO. LO0] I-9-6 i00ii-9-7 

FE~D ff2:CQ:AR 

IIRB ON STREAM 
I~REGSLfL'~E.PSIG 
TEMP. C 

% 1 / 4 9 / o  s o / 5 o / o  
v s . 3  e5  

2 9 6  2~9 ~ 
250 250 

FEED CCIM [tq 
[TOIIR~ FEEDTNG 

• ZI/I,'£,NT GAS LITFR 

GM AQOEOrJS t,AYER 

dM Or[., : 

'100 400 
6.'5 26.41.7 

1:30.4 526.65 

2.29 9 , 3 7 .  
2 . 6 1  !O.59 

~ATERIAL nALANCE 
GM ATOM CARBON % 93.77 
GM ATOM }{YI3ROGEN % 96.25 
GM ATOM OX'YG~N % 9B.50 
RAT[O CITX/(TT2OPCO2) O.7813 
RATrO X £N CHX ~ R . 3 4 3 2  

[|SAO~ H2/CO PRODT 6.)670 
K EF~T,NT GRT~T R~ACTN 2.69 

93.26 

96.83 
98.28 

0.7772 
~.3~z3 
0.7548 

2.83. 

: CQNVRKS[ON % 

" ".ON CO 34.6=, 

ON R2 27.25 

ON CO ~[12 30,86 

I/'RDT ~GE[,ECTTVZTY, rdT % 
- Cf{4 i I.. 80 

C2 }[C'S 8.61 
C:~ [tO 4.63 
C 3 f [ 6 =  7 . 24 
C'IHJ 0 2 .75 
C4}18 = 6 . 95 

C5}112 ?,,. 66 

CSHIO'= i .24 

C6H 1.4 3 . 0 2  

C6HL2-" & CVCLO'S 2..~6 

C7+ IN GAS 17.53 
T.~[0 HC'S 30.73, 

35.88 
28.04 

31..89 

12.O2 
8.R6 
4.73 
7.15 
R.Bt 
7.O0 
2.76 

1.23 

2.97 

2.97 

I . ' 7 . 7 8  
2q.74 

TOTAL 300 iOO 
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CI .C4 4J..98 ,I":.5~, : 
Ch -,1"J.O ? 313.30 39.09 

4 ~.~-7OO ? 14.34 I : ]  . O 6 .  
700 END DT 5.'~7 , ~ . 2 ~  
C5 -~ND P'l' 511.O2 57.~t4 

i . ~ O / N O R M R [ ,  MOLZ I'(ATrO 
C.-'!. 0 . I :34,4 0 • I 3 0  r) 
C% 0.2432 O.2394 
C6 0.778 t O.7417 

It 

C4 - 0.06.1.3 0.06.34 

.n/~RAFF[N/OLZEI"N M RATIO 

C2 4 .O245 

C:3 0. ,~ 102 

C4 0 . 3 0 ? , , 3  
C5 2.0909 

[.TO HC C05LF..CTION 
DIIYL~ . APPF,/iRANC'F." 
DRN.'3 £TY 
N . R~':~RACT'I".%/E ENDEX 
STMU~oATED DTST~[,LA'FTON 

IO'=WT'=- ' ; ,  "= ~ .  DEC, ]" NO 
<,,] 6 

": "bO ~ 5~Q- 

84 

90 

RANGE(J6-84 %) 

NT % @420 E 
WT % 87OO F 

UTD 

.4 

~ , i  3 4 5 4  
h 3 ] . 4  

o .'~ a'/4 
2.1837 

O £L CLOtJDV 

3 1 2  
327 

494 

713 

~" 754 

3 8 5  

38.3 
82.2 
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RUN 9972-11: UCC-201 

The catalyst was 50% Fe precipitated on UCC-101. "~ A 

different lot cf this material was used in run 10011-7. The 

lot of material used in this run was the same used in run 

10011-5, which was reported last quarter. That run used a high 

temperature hydrogen reduction as the activation step. This 

test was run parallel with run 10011-6. The activation procedure 

used was similar to the one used with the reference iron catalyst. 

The F-T synthesis condition was the same as the initial condition 

for the reference iron catalyst, and the reactor condition used 

in run 10011-.5, 100PSIG, 250°C, i:i syngas. 

The material balances, conversions, and hydrocarbon pro- 

m i~ . duct selectivities of the five sa ples~are given in table 12 

The conversion and product selectivity are plotted as a function 

of time in figures 70 and 71. The material balances are almost 

all over 100% implying that the feed rate was actually higher 

than that calculated. The catalyst was run for only three ~ays 

when, because of the poor conversion, the test was terminated. 

The product selectivity was not that bad for an u~romoted 

catalyst but because of the poor conversion, the selectivity 

deserves no special discussion. As was seen in run 10011-7, 

increasing the pressure to 300P may have increased the conversion 

~o a more reasonable level. 
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","a3hT. 12 R~.5U~,T OF SYNGAS DIiEL%ATION 
P 

RIIN N ( ) -  q'17~. -3.~ 
CATAI.YST UCC-2Ol ~gg.q'}.-U8 I}O CC 47.,556M (45.17 ~ AFTER TIIR RUN, 2.6BGM) 
I:'I~F.D }I2:CO:;%R~ON OF 50/~O/O @ 460 CC/M[N.' OR 345 G115%/ 

~UN & 5AMPLk ~. NO. 9972-Li-i 9972-I]-2 9972- il -~ 9972LI.|-4 9572- |I -5 

FER]) H2:CO:ARO 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 

~IR5 ON STREAM l~.O 22.5 ~4,0 66.4 72.2 

0RESS[;R~.PS£G I02 102 104 tO4 11.1, 
TEMP. C 252 252 252 252 250 

F~F.I} CC/MIN 460 460 460 466) 480 
HOUR~ VE~:D]N(~ 1.7 .B:13 4 .5 21 .5 ~.2~417 5.833 
F,I/~'LNT GAS LIT.I~R 567 .8 136~3 657.8 :,t~';.2 17B.3 
GM AOUEOIIB F.AMF.R O.31. ] ..|.9.'7 5.3~I 7 .2~..... " I .~7 
GM OIT, O.0 0.085 0.405 O.45 ." {I,O~ 

MATER£Ah BA[.ANCE 

GM ATOM CARBON % 

GM KTOM HYDROGRN % 

GM ATOM ..0XYG'~N % 
RATTO CHK/(II20+CO2) 
~ATI.O X CN CHX 

t/SAGE I~2/CO ~RODT 
E EFFLNT 5H~FT EEACTN 

L 
CO~.V~RS ION % :" 

ON CO iO. 60 

~N H2 13.65 

ON CO,H2 : 12.0g 

P!~DT 5EI,ECTIV[TY.WT % 

CH4 14.6 .3 
C2 HC ' 5 .,, I_2. 1.4 
.C'JfIIJ "1 . 77 
C3E~6- 9 . 0 4  
C4 ~I~.O • 4 .Bi 
C4EIB-- 9 . 2 4  
CSRi2 6 . V 3  

CSHI0= 0.84 

C6~I14 7. ].4 

C6H!2= & CYCLO'S 0,89 

C7+ IN GAS L" 3.131 

L~O }~C'S O.OO 

i].5.42 I.!.O , 97 1!3.75 9.3.17 Iti,~'i" 

114 . 55 llq.. 35 LOB . 17 93', S4 Ill , 85 

].15 . Z8 1.1] . 67 i15 . 09 g4 . 57 1.12 , 9B 
1.1.520 O.9250 O.762"/ O.8OO9 O.8514 
2.4914 2.4791 2 .5010 2.4334 2.4574 
.2.~e46 1.5554 ] .2678 !.35L32 1 .'}333 
0.77 0.50 0.53 0.44 O.=~6 

I0.77 9. B(') [0.87 [0.92 

15,49 14.29 15:22 14 .22 

13 . 3.0 12.00 13 - 53 12 . 64 

].4.27 .~ ].5.6! 1.2.95 13.66 

i] . 84 1.1. ].~R 1 ],. q.I  | :}.. 35 
7.58 8.04 7.]6 7.,~.6 
0,82 ~] .Sl| ~ . 4 6  9.39 

4 . 6 9  4 . 7 8  4 . 0 4  4 .  I 2 
9.O2 5.78 9.54 t~.||5 
6.57 "6.61E 4-54 4.5, 9 • 

0.82 " l .06E 0.95 1.07 

6, .97 6.71 !! ~ .93 5.2g 

O.87 ] .5,~?. ] .70 ].56 

25.12 24.01 29.71 30.g. 9 . 

2 . 4 2  2 . 8 4  3 . 1 2  0 . 0 0  

TO~'AL iOO I OO I. t)o tOO iOO 
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"II:H'H.H)III" ~ N¢: 
'=' Cq 57 .6R 

C. r, • ,I ;:'.~.~ E 4 7 . .  "313 

4R()-.7c)0 F ~,()o • 
7C)£] .. [':hid P'£ O • O() 

¢2% - E N D  P T  4 ~ . 3 R  
[~O/NO|~[~IA[., i~OI.,'E. .~A'£10 

C4 

' C5 
C6 

t% 'C4 = 

PARAFFIN/OLEF"T.N M RATIO 

C2 

~I e 3  

C, i  
C 5  

[,IQ HC COLLEC'£1ON- 
PI I '%"S .  APUF.,AMANCg: TL{/%CF, O I ' L  

DENS £T'{ 

N. REFRACTIVE INDEX:, - 

e, ~MUt,ATED,, D [ ST T L L A T  I ON 

tO WT % ca DE£~ F .... 

16 --- 

50 --- 

L14 

.90 " - - L  
/.. 

iANGF, ( %6-B4 %1) .... 

WT % @42.0 F 
WT % (a7OO V 

.. 

51, . ..'. "i 57 . 2.. 3 h"~ . I)% 5h. fla 

41..q{, 40.h4 4":.']u 4~..'~h 

~ . . 7 %  2 . o 5 ,  2 . . ' i  -| c) .c)c] 
Q .O7 O. O11 O. O'I ¢~. ¢~O 

43 _77 42. .']7 44 . 94 41. "35 

. 3 R 4 ~  
!.]2Sn 

2.3490 

. 0 2 3 7  

5.4974 

.8 L99 
:5ORO 

b 

--4' - - . -  
- - . . . .  

. 1713 . t ~ , 6 ~  

. : 3 H ! ' 3  . 3 4 1 7  

L . 0 ~ 2 9  L . 2 3 9 3  

h.54]h 7 .8597 

- . ' i 2 R ]  .7372 

- .408q .4038 

- d.6R6h 4.ogsg 

TRACR OT[, 'PRICE O[[. TRAC~ OT[, 

.'3"77 

'100 

475 

555 

5gO 

2.5 .O 

97 • I 

371. 

3')'I 

47 [.~:. 

%"I 

50'7 

178 

29 .O 

87 .5 

. .  ° 

- - . o .  

.r,. ..... 
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RUN 9972-12: Fe ON Y-52 

The catalyst consisted of 20~ iron oxide precipitated on 

sodium Y-52 zeolite. ~he activation used was similar to that 

used in runs 10011-6 and 9972-11 except that the initial CO 

treatment was done at pressure to better control the temperature 

in case of an exotherm. 2:1 syngas was sused as feed ~ince the 

catalyst had not been promoted and was not expected to have signi- 

ficant water gas shift ~ctivity. The temperature was raised from 

250oc to 280oc after four days on stream in an attempt to increase 

conversion. 

The material balances, conversions, and hydrocarbon pro- 

duct selectivities are given in tables 13A to 13C." Figures 72 

and 73 show the conversion and product seiectivity as functions 

of time on stream.. The simulated distillation of two representa- 

tive samples #4 and #ii are shown in figures 74 and 75. Figures 

76 and 77 show the product distributions in a Schultz-Flory format. 

The material balances ~ere'all high again implying that the feed 

rate was higher than expected.~ If that was the case, the only 

calculation affected was the material balance. The conversion 

and selectivity were not affected by this error. Only sample @5 

is suspect wi~h the.actual balance on hydrogen being 37% Higher 

than the balance on carbon. That sample is be~'t ignored, but the 
'~, 

rest should be accurate. The-~conversion of syngas was about twice 

that obtained with the previou-s catalyst. Similar weights of both 

catalysts were loaded into the reactor but this formulat~-6n con- 

rained.only 20% iron oxide while the catalys~rom the previous 

run was ~50% iron oxide. On an iron basis this catalyst was five 

times mor~ active than the last. The H2:CO usage ratio of 1:4 

= showed that the ~ata£ys~actually had some W.G.S. activity. At 

250 C approximately 25% Of uhe converted CO became C02~ When the 

reactor temperature was r~ised to 280°C the conversion did'not 

increase significantly and quickly dropped back to the level it 

was a£ 250°Co This behavior is a sign of catalyst deactivation, 

Even though the hydrogen content of the hydrocarbons ~ncreased 

with the increasing temperature,othe usage ratio actually de-: 

! creased. The water gas shift activity increased with respect 

• ~ "  -188- , .  



to the F-T synthesis activity. At 280°C approximately 35% 

of the CO converted became CO 2. The source of this WGS activity 

must have been the migration of the sodium from the Y zeolite 

out into the iron. While sodium is not as.good a promoter as 

potassium, it is effective. 

The p~oduct selectivity again had some good and some 

bad characteristics. At 250°C, the methane selectivity was 

" ~14%." This was %or too bad for an unpromoted catalyst with 2:1 

synqas feed. At ~80°~ the methane ,selectivity almost doubled 

to ~25~. This was poor ~ven for the unpromoted catalyst. Anal- 

ysis of the other gaseohs hydrocarbons showed the product from 

this catalyst to be intermediate between those of the reference 

iron catalyst and those of the other molecular sieve containing 

catalysts. Both the paraffin-olefin ration of the C 3 and C 4 hydro- 

carbons and-the iso/norma! ratio of c4, c 5, and C 6 paraffins were 

between the values for the two types of catalysts. What was im- ~' 

pressive about the product distribution was that at 250°C With 

2:1 syngas feed up to 50% of the hydrocarbons were in t~ie gasolin~ 

range. This was also seen in run 10011-7, another unpromoted 

-catalyst at 280°C and l:l syngas feed. In addition, with this 

catalyst there was more product boiling in the diesel fuel range. 

Looking at the product distribution in a Schultz-Flory 

formatexposed some unusual features of the gatalytic activity. 

The: low temperature sample, #4, shows marked deviationW from a 

straight line. In the high temperature samples this deviatibn 

became so great that the product distribution curve was almost 

S sha~ed. For sampl 9 #11 the product distribution was almost 

flat for C18-C27. The concentration on-l~ ~ropped 5% from C18 to 

C27. In sample #4 the concentration of C27 was only 30% that of 

C18. If the rest of the product distribution also fit two straight 

lines, this =cample would ioo~ like one from run 10011-6 with~a 

double e. The second e would be close to 1.0. I~h is concluded 

that this product did not fZt a Schultz-Flory distribution. 

-i 
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This catalyst performed well in p~oducing gasoline 

range products. Since the isomerization ability was better 

than that of conventionai F-T catalysts, the gasoline product 

quality should be slightly improved but not as much as the 

products from the other molecular sieve containing catalys~s 

which had higher isomerization activity. 
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TAI]LE I'3A RI".,~Ur.'P "OF SYNGA5 ~PERATION 

i~l)'N NO. 9q72- [2 ': 
CATALYST 2{)'hI"~l-Y52 ~9g39-85 I]OCC 44,b3~{M(47.]IG AFT:':R TIIF, RUN. ~-2.4HC, M) 

FEF.D :. II2:CO:ARGON OF 60/30/LO 8 400 CC/MIN ~R 300 G}ISV 

RIIN ,.~ "IAMF~I,I'; NO. 9972-. 1.2--I 

I.'I':~:D [!2 :CO:.AR 60:30: IO 
11R5 ON :~TR~.AM 21 .5 

PRESSUFLE. i ~5 I'G !00 
:'!':'~MP . ,C 2.53. 

qQ'F2. 12-2  9972:12 -3 

60:30:IO 
26,7 C" 
IO1 

25L 

FERD CC/MTN 400 400 

HOURS FEEDING 21.4157 5.333 
EF~LNT GAS "LT'PER 552.6 130.8 

• GM A '~UE(JUU LAYER 15.77 5.14 
GM O[L .1 .44 O.77 

997~.- t2 4 9L)7~.-12 -5 

bO:30:10 60:'~O :IO 60:30:I0 
46. [ 51 .4 ': 71 .~. 

95 95 9"I 

P,51 25J 2 5 1  

4 O0 ' ,I O0 40O 

19.4167 5.?,5 ]9.7h 
41J~.8 131.9 ~O5[.3 

"!.9 . 4 ' 7  4 . d I l 6,". 3 3  ': 
2 . , 9 1  ! .O'7 3.B6 

MA'PHL~IAr. BAI.ANCE 
UM ATOM ,CARBON % "L|2.79 113.66 1.O4.51 = i:.O.8:_9.6_,:_., ')3.57 
GM ATO~ [[XDROG~.N % .1,17.,43 1 . 1 2 . 7 2  ].i6,56 I!5,64 '|.28.50 

GM ATOM OXYGEN % ilb.7B ii.9.10 113.80 I14.O4 97.50 

[{AT[O CHX/(H20÷C02) 0,8579 0,5267 0.7077 O.823:;. 0.85].2 

t{AT/O X IN CHX 2.4093 2.3700 .o.,3910 ~.,3bO% 2.4298 

USAG~ H~./CO PRODT .[..3639 "i.4,",55 1.4139 .1 .d148 ] .5058 
K RFFI.NT 51{IFT RRAC.TN- 1.13 O.I15 O.89 0.93 1.15 

CONVF.R5 [ ON" % 
ON CO 2.9.48 3 0 . 5 5  29 .5B  2 0 . 1 7  3 3 . 0 0  
ON FIR 20.47 23 . 68 23.. ci7 21 . OO I 9 ._23 
ON CO,If2 23.39 25.9B 2 4  .O5 R3.61 2 2 . 9 1  

PRDT SE[,ECTIVTTY.WT % 
CI[4 14.9.1. 13.53 i4 . 43 ] 3.23 15.65 

C2 [IC'5 8.47 7.83 8.34 "!.78 ~.19 

C3HI] 4 .O2 4,26 4. ~,0 3.92 5.27 

C3H6-- 5.51 7.OS ";. 1 1"I 7.OB 6.48 
C41110 3,'76' 2. 67 2. G1 2.55 3.20 
C4II'~= ii. 20 7.35 7.42 7.41 6,93 
C5J112  3 . 5 2  3 . . 9 . 0  3 . 0 5  3 . 1 5  3 .  t'~"4 
CSlllO= l.iS 1..20 1.34 !.3n I .27 

C6H14 4 .O9 3 . 6 3  3 . !:,'4 "3 • 3 3  3 . 65 
C61[12= & CYCLO'S 2..15 2.02 2'.O5 ]..53 1.73 
C7+ IN'GAS 35.1JI :|5.27 3.1 .45 29.70 26.4'] 

L[Q HC'S 6,O1 1 ~ . . 0 3  1 4 . 3 8  ]8.63 17.68 

TOTAL i00 £OO 1.OO IO.O l.OC) 
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SIJIIGROUP ! NG 
CI. -C4 47.QQ 47..~6 4,1 .III 
C5 -420 F 4t~.5.5 '~().OO 47.39 
420. 700 'F 3 .'36 ,, 7 .O1 "I. i~;l~ 

700, END P'F O.II 0.32. O..~h 
(:5 -I':ND ,~P'I" 52.]2 57.34 56.82 

[S61NORMAL MO[,~ RKTF0 
C4 • 1151 .O816 .C675 
C5 , 1455 .].!85 .0942 
C6 .65:).5 .5153 .5265 
C4= .3 ],56 .O{~92 .O690 

pARAFI~TN/O[~E~N M RATEO 
C2 :' 4 .78R.4 4 . 24"13. 4 .703"I 
C3 .6956 .5761 .5589 
C4 , 3 2 4 J  . 3 5 0 1  . ' 1 4 0 3  
C.~ " 2 . 8 ~ 3 9  2 , 5 8 6 5  2 . 2 2 3 4  

L~O ffC COF, E,J.".CTI:ON 
PlIYS. ;kPPF, ARANCE 

DF.NS T']'M 
N. REFRACT LV~ TNDF.X 
S£MUI',AT~:D D FSTILLATIOI~ 

1.0 WT % (a DEG F 330 "-137 332 
1.6 ~, 345 364 344 
50 445 454 449 
84 569 589 573 

,-:90 ' 607 62}3 544 

(% 

RANGE ( T6..84 %) 2~.4 225 229 

WT % G1420 F 42.2 :39.0 41.4 
WT % @700 F 98.2 97.3 95.2 

4 L .9"1 
4'~ . "19 
LO .08 

2 .I~ 
58.07 

.O~85 

.L]37 

.5529 

.O750 

4 . 2 2 4 2  
= 5 2 8 0  
. 3 3 2 6  

2 . 2 L 0 3  

3 4 O  
~75 
48O 
665 
7]5 

29] 

34.3 
81{. 4 

4 ~, .74 
`15.65 
5.1.9 

2.42 

54 "2f, 

.OhOl 

.OgTl 

.3158 

.O71~ 

8 .  ~.3:3 ] 
. 7 7 6 3  
. 4 4 ~ }  

2 . 5 3 8 9  

2 8 2  
J::293 

,107 
61:}4 
' 728  

39J. 

51.3 
85.3 

r 

e 

% 
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TAm,Z 13B RI"SULT OF SYNGAS 

RUN N(}. 9972 -~..9 
CATA[,YS'P 20%FF,.,YS'A ~9939-85 8OCC 
FRT..D IL2:CO:ARGON OF 60/30/.Io 

RLYI~" ,',; GAFIDI'.E NO.. g972-.~2-6 

FEED II2.:CO:AR 60:30:10 

HRS ON STREAM 77.2 

PRF, S 5 LIRF.'. PBTG 9B 
q'RMP. C 2 5 1  

FRED CC/MIN 400 
I ,IOURS FF, HD [NC 5 . O833 
F.FFLNT GAS LITER ,tS"J.B 
GM AQIJEOUB LAYER 4 .37 
G,'M OIL o.g6 

MATERIAL BALANCE 

tim ATOM CARBON % I O'l.'13 

OM ATOM IIYDROGEN % 120.O8 

GM ATOM OXYGEN %, "1 I ]  .O~ 
~ATIO CHX/{H~.O÷COR) O.8721 
RATIO X IN CHM 2..3571 

II.~IXGR ll2/CO PROr l '?  I..4434 
K E~'FLNT SI[[FT ~F.ACTN 0.97 

CONVF, RS TON % 
ON CO 27.74 

ON ['T2 IB.g5 

ON CO ~}[') 2 .I.. 68 

PP.IY[' SEL~CT[VITY,WT % 
{:[[4 I 3 . 4 5  
C2 !rC'S ] 7 , . " ) 6  
C311B 4 .37 
C5H6= 6.7?. 
C4HI0 2.75 
C4 if8 - 6.99 

' C5~t12 3 . 0 6  

" C51[I0= t.36 

C6HI'I .:.' 3.24 

C6E[l~J' & CYCLO'S i.7B 

C7~ ~N GAS 28.27 

LIO HC'B L5.O7 

TOTAL 100 

OP F.RAT T ON 

44.63GM[47.11G AF'?,~;R '?HF, RUN.+~..48CM} 
M 400 CCIMTN OR 300 GHSV 

997~.-12-7 g972--]2-8" 9972.-] ?.-9 99"/2-i~ l O  

60:30:1,O {50:30:iO 60:30:10 60:30: tO 

g4 .4 LO| .4 ]19.2 125.0 

97 94 iOO: g9 

250 280 280 280 

400 4 0 0  400 400 
1.7.1667 7.O 17.75 5.7~ 

450. I 178 .8 466.4 152 . 2 
11.82 2.7 5.92 2..l.OR 

?. . .59 0 . 9 3  I . 1 5 - "  0 . 3 4  

1 Ii.,54 ]15.96 113.40 : ].t6.B8 

i!6.4h II'1.22 117.30 if9 . 94 

] 3.7.5). 1 i7.53 316.24 115.88 
o.7602 0.9479 O.H9 L2 O.gg99 
2.3739 2 . 7 0 7 g  2.7880 ~, .5943 
| .4278 I.,1055 I .1540 1.2072 

O. [IJ 3... '&Q ~.. 86 2 . 66 

2 2 . 9 i  3 9  • 5B 32, • 83  3 4  o 2 7  
"1 .7 .50  2 2  , 0 ] .  I 9 . 0 i  ~ 0 .  ) .6 

l g .  2, L~ 2 7  , B3 23  . 52  24  . T B  
:' ~ .  

1 3 . 8 1  2 ,'1 . FJ:;. 2 7 .  B " I  2 . 4  . 7 5  
7.5B 13 ,93 13.BS 12.F,7 
4 . 17 iO - 98 1 ]...58 IO. 07 
7.1.4 5 .O1 5.51 4 . 93 
2.66 5.21 5.62 r 5 .O3 
7.40 5.66 5.23 5'.34 
2.g6 4 .24 4.85 4 .26 

I..44 0.51 0.59 0,47 

3.6  4.06 4_22 3.9  

I . .B3  i. 3 o.9.  
 o.o4 i . , r7  
1"t.23 9.81 5.85" 4 .'13 

IOO 1.00 IOO IOO 
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:~I l!IGRO[]i' INC~ 
I:! C4 d7 .23 4",. 87 
Ch - d20 F ~ 4R.3.1 "!7.1U 
420-700 F 7 .9:1 7 .54 

7'OO-END P'F 2.53 2.'%1 

C5 -r"-ND PT 52.'?7 5'I.]3 

yS0/NO. RMA[, MOLT,: RAT[0 

C~l .0550 .0625 

Cb .O8 L 4  " ' . 0 9 8 4  
Ch .3225 .4892 
C41 .O708 .O595 

PA~AFF[N/OLEFTN M RATIO 
"" " C2 : .8"8~1"3 " "'%' ."&~,-40 

C3 .62OR .5567 

Cd : . 3793 .34"16 

?.., 1915 ~' ! .9941 C:5 :,. 

LTQ I~C COLLECTION 

P H Y S .  APPEARANCE 

DEN S t T Y  
N. RI':FRACTTVE TNOEX 

'.i IMULAT~D D [ ST IILr.ATION 
I O  WT % 61 D R G  F 34"~ 3 3 7  
l(a 382 3d5 
50 50,I 446 
84. 705 585 

• qO 746 73~. 

65-. 4c~ 
25.92 
5 .23 

2 . 4 5  

3/I .40 

.1157 

.2]I0 

. B 9 6 2  
• ]. IOO 

" g'. 5:4'~'4' 
R .O932 

• . 'JS"B5 

B .OB60 

3 7 9  
4 0 4  
5 5 1  

" 749 
784 

70. r~3 
.-.,n .7.] 

"~.. ,1 II 

I..68 

29 .'~7 

. 0 q 8 2  

• ].I175 

.71.72 

.O951 

• ~,, .OO53 

. I17 ~6 

8 .047] 

:3 n 4 
,. 407 

571 
760 

..792 

RANGF, (eL6-, 84 %) 323 340 345 "153 

WT % 8420 F 30.6 42.2 21.7 20.R 

WT % @700 F 83.9 U6.O 75.0 71.2,., 

.~ .44 

I~ . 2 8  

~ " 1 . 2 0  

.t997o 
• . 7 2 8  

• G q S l  
. 0 9 ~ 9  

l' :~. ~'7"O7 

• 9086 

8 . 7 2 " 1 3  

NO 

T~'Z Q .- 

u.'tD 

"7 
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TAnr,'.: 13C RF.SUT,T O~ t~YM~A.~I OPV.PA"2T,'~N 

CA'PA:,y.~,'r .".O%~21".-~{~2 ~9939'-,~% t~OCC d4. 63GM(47.1 iG AFT~.~ TI:r.F, ,RUN. I-2.aHGM) 
FF, ED "IIP.:CO:ARGON OF 50/30/IO ~ 400 CC/MIN OR .300 ¢IHSV 

RUN ~ .~AMPT,E NO. 99"7P. -1 R- L!. 99'77.- I.'2- ) 2 

FEED HR :CO:AR 50:30:I0 60:30:I0 

I[RS ON STRP. AM 141.6 155.8 
PR!".5 SURF. PS fG 1.00 104 
T .r.:MP . C. RSO RBG 

FEED CC./M ~N dOG 400 
HOURG F F.F.D~T N G 16,58~ 24.1657 

F.~':,'LNT GAS L~T.~.R : d40.5 . 544.9 

GM .~.Q[|EOIIS LAYER 6.074 : 9.44 

GM OIL 0.91] 0.85 

MA:t'ER r AL IIAL~NCE 
GM ATOM CARBGN % i|.4 .6R 
C~r4 ATOM HYDRGGEN % 1. i7.20 
t~M ATGM OXYGEN ~. i]8.:[.] 
RATIO CHX/(HRO~-COR] G.SdR7 
R~T~O X r~ CHX ~.7144 

USAGE H2/CO PR.0DT 1,1444 
.~ EFFT,NT 5HTFT REACTN 2.49 

Ii5.47 
3,18 .70 
137 .80 
O. gOTO 
2 . 77P. 1 

I. ~.~GG 
2 ,14 

CONVERS £ON % = 

.ON CO 30.65 30.07 

GN H2 ]8.].5 L8.90 
GN CO+ ~12 2~.. 25 2R.56 

"PRDT SELEC'PTVTTYoWT % 
C114 2 3 . 3 0  27.32 
C'~ llC'S lS.l t JB.58 
{'.':~']118 £1 ,77 I L.G4 
C3HG= 5,84 6,65 

C4H,] 0 5 , 9g 6 . 27 

C4H~v. 6.57 6.94 

C5[Ii2 b ,~4 5,21 

C5[II0= 0 . 57 O. 73 

C6[I14 4 .72 4,44 
C5|{12= ~ C'~CLO'S 2.9~, l,Og 
CTi. [N GAS J.2.18 13.48 
LIO HC'S , 5.6g 3.24 

TOTAL %-" ]:O0 IOG 
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~I;HGROIJP~NC 
Cl .C4 6fl.St] 

C'~ -420 F ~6.85 

4~p 700 F % 2.93 

70(5-END PT L. 54 

TS~/NORMAL MOLE ~AT~O 
C4 .O868 
C5 .i48g 
c6 .61Sl  
Cd= ~O957. 

pARAFF[NIOLE~IN M ~ATIO ~-- 

C2 

C3 

C4 

C5 
LI0 I!C COLL~CT[0N 

PITYS. APPEARANCE 
D~NSlTY 
N. ~EFRACTEVH TNDEX 
S£MULATRD D!S'~[[.LAT!ON 

IO WT % ~* DEG ~ 3B3 
[& : 405 

50 538 

84 766 

9(J 8O2 

14.3681 

t.9222 

.8677 

8.9342 

"11 .nl. 

2 t, • "I 0 
!..90 

O.q9 

28.19 

,1145 
. /48g 

, . S g & 2  
. 1075 

13 .4708 

1.5847 

.8717 

6.9608 

383 I. 
403 

513 
c~ 72~ j 

773 

RANG]~ ( J.6--84 %) 361 37. I 

WT % Ca420 F 21.5 2.q.2 
WT % C,,7OO F 73.O ~% ..l 
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'SUMMARY OF TASK 2 RESULTS "" 

Following last quarter's preliminary catalyst sqreening, 

this quarter's syngas testing led to substantial progress. By 

this time a reliable activation procedure was established. ,A 

state.~6f the art reference catalyst was fully evaluated. The 

results of that ~est were used to establish performance criteria. 

• A n'umber of molecular sieve .containing catalysts were tested. 

The results of those tests showed the beneficial effects of the 

:molecuiar sieve component. While none of the catalysts tested 

so fa~ produced more condensed product~ several showed signifi- 

cantly superior quality of the fuel product. • 

The r~feredce catalyst had an initial loss of activity 

followed by qu~ie~st~ble operation. The catalyst showed high 

syngas conversion and low selectivity to methane. Under slm~st 

all conditions tested, the catalyst produced a wax containing 

liquid product. Even under conditions which had poor selectivity 

to C5 + products and<.high gas production, the condensed product was ':' 

~solid. The products were mainly straight chain olefins. The 

hydrocarbon products exhibited a Schultz-Flory distribution with 

.=a double ~ that is, the C20+ hydrocarbons were fn higher con- 

r centration that would be predicted from the C!-C19 hydrocarbon 
L 

product distribution. 

The physical mixtures of promoted unsupported iron and 

UCC-101 had improved product distributions with the.exception of 

methane which was always highe~ than that of the reference catalyst 

under similar conditions. Operating conditions could be selected 

to keep the methane level acceptable, <10wt%. One physical, mix- 

ture catalyst had ver[ ~ood selectivity, to gasoline, 50%, and 

total motor fuels, 70%,at 220°C. The catalyst did pay the pri-de :'~'= 

for this superior selectivity with low conversion and some de- 

activation. The other physical mixture catalyst had one sample 

wi.th similar good. selectivity but that catalyst did not con- 

sistently show good product selectivity. The products from both 

catalysts were more isomerized and ~ess o!efinic (more saturated 

- 2 0 2 -  
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.T 

than those of the reference~'catalyst. This wo~uld resul£ in 

i m p o r t a n t  i m p r o v e m e n t  s~ b o t h  i n  g a s o l i n e  o c t a n e  a n d  d i e s e l  a n d  
c 

turbine fuel pour point. These catalysts, produced liquids, not- 

solid condensed product. Th~ SSC containing catalysts produced 

less very ~ heavy hydrocarbons :than the reference catalyst. 

Furthermore, the catalysts also showed signs of a carbon number 
: cl~. 

cut off in the_product.at the end of the liquid fuel range ieven 

at low reaction temperat%~res. 

: The~two unpromoted cataly.sts, as expected, did not have 

. . a s  f a v o r a b l e  a p r o d u c t  d i s t r i b u t i o n  a s  t h e  p r o m o t e d  c a t a l y s t s ,  
1 

Both produced up to 50% gasoline under various conditions. How- 

ever, the selectivity to ~otal motor fuel was not as impressive. 

The dron on sodium Y catalyst saw'~sodiummigration from the 

zeolite to the iron imparting wa£er gas sh-if£ activity to the 

catalyst. ~" 

The catalyst testing in Task~#2 went well this quarter. 

The testing-next quarter will cont~nu~ along similar lines of 

~attack. Molecular sieves will be iron loaded by physical mixture, 

precipitation'and occlusion techniques. All of~hese iron 

catalysts will'be" potassium promoted. Cobalt loaded molecular 

sieyes will aiso be studied next quarter. Some of these catalysts 
~ 

~ill b~ promot@d with thorium. :'~ ~" : 
:. r ~: 



:' G. A. Somorjai 

APPENDIX D : SURFACE STUDIES 

The purpose of our studies is to synthesize and evaluate 

new catalysts that produce olefins or other molecules from 

carbon monoxide and hydrogen. The new catalysts that were 

studied in this quarter included thorium oxide, Th02, and 

various rhodium compc~nds: Rh,.P/%2~ an~ Na2Rh~ 3. 

i) Thorium Oxide 

These studies are being carried out in the Lawrence Livermore 

:Laboratory where there are extensive facilities for handling 
r 

actinide elements and their compounds,that include thorium oxide. 

High surface area oxide was synthesized by precipitating thorium 

carbonate and th~nheating slowly up to 400Oc. CO 2 and H20 are driven 

off and oxide is produced ~ith a surface area of about i0 m2/gm. 

2) Rhodium Compounds 

- Many runs have been completed in this exploratory phase of 

carbon mop, oxide hydrogenation on rhodium foil and rhodium oxide :. 

.samples. The initial reaction rates and product distributions 

obtained are summarized in the following table: 

I I 
i CO :~H 2 3 : i 1 :'I 2 : 1 1 
i ~ a t i o  I ! i 

i i i 
6 i 6 , 6 , ;  

] i I 

' Total ! 

Pressure (arm) 

(at 3 O0 QC.) 
! Turnover 
[ Freguency CH 4 

wt% 
• CH4 
! 

i C 

C3+ 
i O~gen~tes 

15 i %10-3 ~ i. 57xi0 -3.i 
• ! 

9o I 29 I 64 
, ! 

7 ' 22 i • L 19 

3 I 25 Ii ~15 , 
! 

i(initial rate) I 

* Turnover frequency calculated by assuming all of oxide is surface 

o x i d e .  
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pres'sure ratio. 

We have found an inverse deuterium isotope effect on the 

rhodium foil, similar to that found on ruthenium by Kenn~r and 

Bell ( J. Cat. 67, 175-185 (1981)), with Rate (D2).:Rate ~2) = 1.4. 

A l s o ,  t h e  p a r t i a l  p r e s s u r e  d e p e n d e n c e  o f  t h e  r e a c t a n t s - h a s '  b ~ e n  

determined, Assuming a rate law of the form Rate =.K~6P~ 
, • 

t h e  v a l u e s  X = - 1  a n d  Y = +1 w e n e  o b t a ' i n e d .  A c t i v a t i o n  e n e r g i e s  ~:'~ 

for different total pre'ssure and different partia~ pressures of the 
.' r 

r e a c t a n t  g a s e s  w e r e  c a l c u l a t e d , ~ a n d  an  i n t e r e s t i n g  r e s u l t  was  

obtained. The activation energy did not=depend o~ the total 

p r e s s u r e  o f  t h e  r e a c t a n t  g a s e s , b u t  c h a n g e d  ~ i t h  t h e  CO..=to H2 p a r t i a l  

The results are shown in the table below: 

Rhfoil 

%, 

L" 

l ! CO:H 2 ratio 2:1 i:2 1:2 

Total Pressure 1 I i ~" I ~ 
(arm) ! :. 6. : : , 6 !~ 1 

E a ( K c a l / m o l )  i 22 .5  18 { 18 
- i 

Rate (D 2) :Rate(H 2) 1.3 1.4 i __ 

(at 300 O) : 
I 

Future work'on rhodium foils includes studying the ~effect of 

adding CO 2 and H20 to reaction gas mixtures, aiming to explain the 

change in activation energy by relating the fo:l~owing two possible 

methanation reaction pathways 

and 
2C0 + 2H2~CH 4 + CO 2 

CO'~+ 3H 2 ~H20 + CH 4 

through the water gas shift reaction 

CO 2 + H 2 ~CO + H20 

- 2 0 5 -  
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,, Also we 'are planning to look'for, catalytic oxides which 

have a strong enough littice to maintain:the oxidation state o~ 
¢ ': 

the active metal center under the reducing environment of the 

reaction. "~This work will include X ray photoelectro~ spectros- 

copy, auger, electron spectroscopy and thermal desorption, before 

and after each'run,to, see "if the integrity of.£he catalyst surface 
%, . , - . 

%s maintaihed during the. reaction. Oxides which have been prepared 

for this purpose include Na2.~/~0 3, TiRh0 3 , Sr4Rh0 6, FeRh0 3 

and CuRh20 4 . ..~ : 

• ' - 2 0 6 -  


