0 0 A O L y *
DE84015941 : NTls

“ | : - One Source. One Search. One Solution.

'\ LIQUID HYDROCARBON FUELS FROM SYNGAS.
ELEVENTH QUARTERLY REPORT,
SEPTEMBER-NOVEMBER 1983

" UNION CARBIDE CORP., TARRYTOWN, NY.
TARRYTOWN TECHNICAL CENTER

U.S. Department of Commerce
* National Technical Information Service




One Source. One Search. One Solution.

Providing Permanent, Easy Access
to U.S. Government Information

National Technical Information Service is the nation’s
largest repository and disseminator of government-
initiated scientific, technical, engineering, and related
business information. The NTIS collection includes

almost 3,000,000 information products in a variety of
formats: electronic download, online access, CD-
ROM, magnetic tape, diskette, multimedia, microfiche

and paper.

Search the NTIS Database from 1990 forward
NTIS has upgraded its bibliographic database system and has made all entries since
1990 searchable on www.ntis.gov. You now have access to information on more than
600,000 government research information products from this web site.

Link to Full Text Documents at Government Web Sites -
Because many Government agencies have their most recent reports available on their
own web site, we have added links directly to these reports. When available, you will
see a link on the right side of the bibliographic screen.

Download Publications (1997 - Present)
NTIS can now provides the full text of reports as downloadable PDF files. This means
that when an agency stops maintaining a report on the web, NTIS will offer a
downloadable version. There is a nominal fee for each download for most publications. ‘

For more information visit our website;

www.ntis.gov

; “‘k U.S. DEPARTMENT OF COMMERCE
c » % Technology Administration

k “ f National Technical Information Service
. ; Springfield, VA 22161

Ry o




o DE84015941
0O R

TECHNICAL PROGRESS REPORT
DE-AC22-81PC40077

Eleventh Quarterly Report
.September - November 1983

LIOUID HYDROCARBON FUELS FROM SYNGAS

DISCLAIMER

This report was prapared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any zgency thereof, nor any of their
employess, makes any warranty, express or implied, or assumes any legal Hability or responsi-
bility for the aczuracy, completeness, or usefulness of any information, apparatus, product, or
procsss disclosed, or sepresents that its use would not infringe privatély owned rizhts. Refer-
ence hersin to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does mot necessarily constitute or imply its endorssment, recom-
meadation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed hersin do not necessarily state or refiect those of the
United States Governrhent or any agency thereof.

‘Molecular Sieve Department
Catalysts and Process Systems Divisien
Union Carbide Corporaticn -
Tarrytown Technical Center
- Tarrytown, New York 10591

REPRODUCED BY: NTIS

U.S, Department of Commerce '
National Technical information Service
Springfield, Virginia 22161



Contents

Contract Objective .

Schedule . . . .

Organization . .

Summary of Progress

Chahges o« o ¢ e

Fﬁture Work . .

Appendixes

Catalyst Testing

Surface Studies

= ii -

[N

~ W

-

307



II. SCEEDULE

The contract work was planﬁe& for. the 36-month period begin-
ning March 6, 1981, |

Work on the pfogram is divided into four tasks.

Task 1, essentizlly completed, was the canversion of low
molecular weight liquids, such as methanol and propylene,‘to
gasoline and diesel fuel, Qith.catalysts consisting of only a
Molecular-Sieve component, commonly designaﬁed as the shape-

selective coﬁponedt (SsC).

Task 2 ié the conversion of syngas {carbon monoxide and hy
drogen) to gasoline and diesel fuel, using catalystsﬂconsiéting
of both an SSC and = transition-metal component (MC).

Task 3 is a study of the surface effects.and rezction inter-
mediates present om various catalysis during the hydrogenation of
carbon monoxide. This task is conducted under z subcontract with
the University of California at Berkeley, and is directed by Dr.
Gabor A, Somorjai.

Task & comprises the management and technical reports for the

contract.



IITI. ORGANIZATION

Synthesizing "Liquid Hydrocarbon Fuels from Syngas™ is the
goal of a research and development program on catalysis conducted
by the Molecular Sieve Department, Catalysts and Process Systems
ﬁivision, Union Carbide Corporation.

The work is performed at Union Carbide Corporation's Tarry-
town Technical Center, Tarrytown ﬁY 10591.

Principal investigator is Dr. Jule A, Rabo.

Program manager is Dr. Albert C. Frost.




IV. SUMMARY OF PROGRESS

A, Task 1

Task 1 has been esseﬂtiallyVéompleted‘ There shouwld be no
future Task 1‘work. | | |
B, Task 2

Twelve ¢atalyét test runs were made from August th;qugh Octo-
ber. Eleven of these runs (Runs 1 through 11) used nine cata-
lysts that coﬁtgined cobzlt or cobalt/thorium as the metal coﬁpo—
vnent, while the remaining rum (Rum 12) used a2 capalyét that con-
tainei iron a2s the metzl c0mp¢nént. |

Run I cémpared the efﬁica;y of a2 Co/Th +.UCC-101 catalyst at
280C with that of the szme céfalyst previocusly run-at 270C (Run
3, Tgﬁth Quarterl} Report). Rums 2 through S'exéﬁinedithe per-
formance of catalysts con;aining the additives X35, Xg, and X7
incaorporated imto their Ceo or Co/Th metal components aéd having
UCC-101 as their shape selective.components. Run 6 cdmpargd the
‘performance of a Co/Th/X4 + UCC-108 catalyst with that of the
previously tested Co/Th/Xs + UCC-iOl catzlyst (Runig, Tenth Quar-
terly Report). Runs 7 and 8 compared the effectiveness of‘l/Sé
inch and 1/16-inch extrudates of Co/Th + UCC-108 (a modificationm

of UCC-101). Run 9 exzmined the efficacy of ion-exchadged zinc

e



zs a coke inhibitor on the shape selective component of a Co/Th =
Zn/GCC-107 catalyst. Runs 10 and 11 examined the performance of

a Co/Th + a-311903 reference catalyst at different temperatures.

catalyst,

Unusually promising results were obtained in Run 4 with the
Co/Th/Xg + UCC-101 catalyst. The small amount of X4 significant-
ly reduced the yield of methane, increased the yield of olefins,
and enhanced the catalyst's stability to a degree not previously
observed. '

This same type of stability was also found in Runs 7 and 8§
with the Co/Th + UCC-103 catalyst. 1Its unusual stability in both
syngas conversion and product distribution is believed to be
caused by the mixing of the metal and shape selective components
in 8 manner that gave a more intimate contact between these com-
ponents than that obtained in the past from the usual mixing
method. -

The other runs were less successful. Run 6 showed that while
the Co/Th/X4 + UCC-108 had a higher production of olefins than
that of last quarter's Co/Th/X4 + UCC-10l1 catalyst, it had 2
poorer Cs* yield and poorer stability than that product. Run 9
showed that the exchanged zinc in the Co/Th + Zn/UCC~107 catalyst
was not successful in stopping the coking of the UCC-107. Final-
ly, Rums 2, 5 and 12 showed that neither the cobalt catalysts
containing the X5 or X7 additives, ner the Fe/Rh + UCC~108 cata-

lyst, performed satisfactorily.




C. Task 3

Studies at the University of Califormniz at Berkeley, tunder
the directién,of Profeséor G. A.,Somorjai, have éoncentrated this
quarter on the catalytic hydrogenation og CO on molybdenum, rhen-
ium and iron surfaces.

Reaction rateé, activation energies, znd product selectivi-
tiss were found to fe the same for both Mo(lOO) single crystals
and - for the closely packed (110) face of becc crystals. Adding
potassium was found to have a promotion effect, with the ethene
praduction nea:lj'tripling from a ~0.1 monolayer of potassium.

Large differences in the activation energies between Re znd
Re+Na and between Fe and FeOX.implied that ozxygen and scdium

changed the rate-determining step of the methanation reaction.



V. CHANGES

There were no contract changes during the Eleventh Quarter.



VI. FUTURE WORK

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

ued exzmination of cobalt catalysts with additional additives.

QX Qf‘;;?\

A, C. rrast
Prcgram Mznager
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I. Introduction-

The results of 12 runs conducted from August through October
1983 are detailed in this report. All but one of the rums (Run
12) used catzlysts haviag metal components contalning cobalt.

The catalyst used in Rum 12 had an iromn-rhodium metal component.

iy

run with this catélyst under different process coanditions was
reported last quarter.

Like Rum 12, mény 6f the runs reported this qua:ﬁer flow from
previous resuits, The catalyst im Run 1 is similar to catalysts
reported last quarter but tested under diffefent.conditions;

Runs 2 to 6 are 2 continuatiocn gf the series of runs begun last

LY

quarter to investigate the effects of different Zdd

(24

tives. Three
qf the additives are new; but otne, Xg,'was rested zgain.  Izm the
lzst gquarter,X; was found to be 2 useful zdditive for éatalysts
containing UCC-101. This guarter X4 was used iﬁ\combinétidn‘with
UCC-108. - Runms 7 and 8 test an alternative method'éf combining

the cobzlt metzl. component and the Molecular Sieve shape selec-

tive component.

g

catalyst con;aining UCC=107 was réporte§ in the Ninth Quar-
terly Report. Unfortunmztely the acid activity of the,UCC-lO?
deactivaeted rapidly. This quarter andth;r catzalyst containing’
UCC-~107, ion exchanged with zinc t& inhibit coke formation, was

tested in Rumn 9.



The reference catalyst containing a=-4l903 in place of a Mo-
lacular Sieve shape selective component is analogous to a siailar
reference catalyst prepared for comparing the iron catalysts and

reported in the Second Annual Report.

i
(8]
!
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IT. RUN 1 (10225-14) with Catalvst 1 (Co/Th + UCC-101)

This catalyst, the seme as the one in the Tenth Querter Rum

0112-15, is being tested in this run at 280C for comparison with

s

m

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

o

ous solution of cobalt nitrate. After washing znd drying, the
cobalt oxide was impregnated with thorium nitrzte soletion to
give 15 weight.percent thorium on the catalyst. The metal compo-

nent and the Moleculazr Sieve (UCC-101) were then physically mized

it
o}
2

3:1%& weight ratio,»bonded.with 15'weight percent silica,

formed as l/8"_ext:ud;tes, and -calcined ia aii at 250C before-
lozding into the reactor. The resulting mixzture cqnéisted.of

cobalt/tﬁorium:UCC—lOl:éilica in a weight ratio of 15:70;15.

th

Hy -

0]

Cénversioﬁ, produc; selectivity, isomerizatioﬁ e} pen-
tans, and percent olefins of the‘Cg's are plottéd agzinst time on
stream in Figs, 1-4. Simulated disfillatians of'the Cs+ product
for three sampies are plotted in Figs., 5-7. Carbon number pro-
ducﬁ distributions are plotted in Figs. 8-16. Chromaﬁogréms from

simuiated distillations are reproduced in Figs. 17-23. Detziled

material bslances for this

i

un appear in Tebles l-3.

This

M

s & highly active catalyst, with good mzintenance of Hop
conversion, although with some initial deactivation of CO conver-

gion. Based on the data for .the entire run lemngth, the deactiva-

- 13 =

vy precipitatidg cobalt oxide with sodium carbonate from am aque- -



tion rate of this catalyst, tested at 280C, was one half that of
the catalyst used in Run 10112-15, tested at 270C. The initial
water gas shift activity was good, with two-thirds of the oxygen
rejected as CO3., Usage of the 1:1 H9:C0 syngas, at about 1, was
highly efficient. The water gas shift activity detg;iorated
quickly at first, after which the conversion stabilized. At 100
hours on stream only 28 percent of the oxygen was rejected as
COp. The H9:CO usage ratio increased initially due to the loss
of water gas shift activity, and later due to the production of
more hydrogen-rich hydrocarbons.

The selectivity to liquid hydrocarbons, initially very poor,
quickly improved and stabilized, and throughout the stable stage
was comparable to the final product distribution of Rum 10112-15.
Methane production, a very high 32 percent in the initial sample,
dropped quickly to 21 percent, then rose gradually to 24 and 27
percent at 150 and 200 hours on stream respectively. At 270C, in
Run 10112-15, methane production was 13 percent initially, and 23
and 24 percent at 150 and 190 hours. The Co9-C4 selectivity,
about 14 percent, was almost the same as at 270C. The yield of
total motor fuels was 60-35 percent, of which about two-thirds
was gasoline, again similar to the yield at 270C, The yield of
heavies was low, about 4 percent. In general, thé seléctivity of
this catalyst is almost the same at 280C as at 270C excent for
_the somewhat higher methane production at 280C.

Isomerization of the pentane was fairly high for a cobalt

catalyst, with a relatively constant isopentane fraction of about

- 14 =
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30 percent; ian the earlier rum a2zt 270C the isopentane action o

-

ae

[

0 percent

)o.

(1)

entane was almost 40 percent initislly znd =zbout

m

t the end of the run. 'The chromatogrzms from the simulated dis-

h

il

-t

ations o

(24

the liquid product show that the ligquid was also
isomerized.

The initial Schulz;Flory plots show an excess of méthane and
a carbon nﬁmher cut-off; plots of later samples also show the ex-

izl non-

8
cr

cess of methzne but no cazrbon number cut-off, The in

L

linearity of the S~F plots does not seem toc be due to wax build-
up in the rezctor.
At 280C this catalyst produced results essentially similar to

those at 270C (Tenth Quarter Run 10112-15).
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TABLE 1 RESULT OF SYNGAS GPERATION

RUN NO.  10225-14 '
CATALYST CO/TH +UCC-101 #11684-0IC 8O0 CC 35.1GM (44.8 AFTER RUN +5.7G)
FEED HZ:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV:

RUN & SAMPLE NO. 10225-14-01 225-14-02 225-14~05 225-14-07

P T — e s .ottt
R R

FEED HZ:CG:AR.. -50:50: @ 50:50: 0 50:50: 0 50:50: O

HRS ON STREAM 19.5  26.5 £2.3 91.5
PRESSURE ,PSIG 303 306 - 300 301
TEMP. C 276 277 277 277
FEED CC/MIN 400 400 400 400
HOURS FEEDING 15.50 7.00  25.75 - 23.17
EFFLNT GAS LITER 176.00  54.30 205.74  209.87°
GM AQUEOUS LAYER 26.38 14,95  54.91  €6.63
GM OIL 11.05 . 9.60  35.10 . 34.15 .
MATERIAL BALANCE : .

GM ATOM CARSON % S1.43  S0.07  89.79  98.30.

GM ATOM HYDROGEN % 86.52  93.51  895.56  101.89

GM ATOM OXYGEN % $7.10 93.32 - - 89.58  100.48
RATIO CHX/(H20-C02)  0.8882  0.9572  1.0047  0.9562°
RATIO X IN CHX 2.7600 . 2.5108  2.4488  2,4311
USAGE H2/CO PRODT 0.9612  1.1211  1.2345  1.4189

| RATIO CO2/(H20+C02)  0.6722 . 0.5142  0O.4442 . 0.3202
K SHIFT IN EFFLNT - 1.35 = G.52 g.28 - Q.14
CONVERSIGN :

ON CO % 86.63  83.59  73.26  &4.4% -
ON HZ % $0.72  $2.22  S0.55  89.80
ON CO:H2 % 88.62  87.98  81.89 . 77.37
PROT SELECTIVITY,WT % - '

CH& | 32.97  22.84  20.40  20.10
C2 HC'S 4,64 3.21 2.86 2.80
C3He '5.81 3.65 2,84 2.45
C3HE= ' 2.00 2.01 2.67 2.56
C4H10 4,80 2.89 2.39 1.84
CaHe= 3.45 3.43 4,09 3.83
C3H12 S 4,74 2.86 2.36 1.75
CSH10= o 2.24 2.45 2.59 - 3.00
CeHla ' 7.06 . 4.78 4,05 3.22
CéH12= & CYCLO'S 2.06  2.50 3.16 3.22 -
C7+ IN GAS 13.05  10.09 10,41 11.77
LIQ HC'S 17.18  39.29  41.80  43.46

TQTAL 100.00  100.08  100.00  100.00  100.00
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SUB-GROUPING
Cl -C4
C5 =420 F
420-700 F
700-END PT
CS+-END PT
IS0/NORMAL MOLE RATIO
C4
cs
cé
Clh=
PARAFFIN/OLEFIN RATIO
c3
C4
cs
SCHULZ-FLORY DISTRETN
ALPHA (EXP(SLCPE))
RATIO CH4/(L1-A)**2
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10W S @DEGF
TP
50
84
0

RANGE(16-84 %)

WT % @ 420 F
WT X @ 700 F

53.68
41.38
4,84
Q.11
46,34

0.1857
0.4634
1.2554
0.0473

2.7703
1.3399
2.0536

0.7089
3.8904

CLR QIL
0.742
1.4152

237
255
358
486
530

231

71.16
99.35

58.04
43.67
1s.12

2.18
61.96

0.2143
0.4481
1.4251
0.0574

1.7275

0.8129
1.1335

53.43
S4.46

- 42

35.24
45.29
17.15

2.52
84,78

0.2366
0.4272
1.5005
0.0754

1.0160
0.5647
0.7679

0.8031
5.2619

CLR OIL
0.755
1.4264

251
283
407
558
650

315

53.45
94.46

33.58
43.20
18.47

4.65
66.42

0.1861

- 0.3385

1.4117
0.0800

0.912%
0.4645
0.5654

0.8217
6.3175

GRN QIL
0.752
1.4208

258
296
437
654
707.

358

46.80
89.20



. TEBLE 2 RESULT CF SYNGAS CPERATION

RUN NO. 10225-14 - |

CATALYST CO/TH +UCC-101 #11€84-01C €0 CC 35.1GM (44.8 AFTER RUN +9.7C)
FEZD H2:CO:ARGON OF 50:50: O @ 400 CO/MN OR 300 GHSY .

RUN & SAMPLE NG, 10225-14-08 225-14-09 225-14-10 225-14-11 225-14-12

et L L et B e T am——
p——— e b e~ s e i o

FEED H2:CO:AR 50:30: 0 50:50 O 30:50: 3 350:30: 0 50:50: G

HRS ON STREAM 99.0 . 115.5  123.8  139.5  147.0
PRESSURE,PSIG - 300 305 300 305 © 305
TEW. C 277 277 277 275 277
FEED CC/MIN 400 400 400 400 . 400
HOURS FEEDING © 7.50  24.08 | 7.58  24.00 . 7.50
EFFLNT GAS LITER - 55.30 203.92 ~ 66.40  225.00  73.60
GM AQUECUS LAYER 21.68  69.40 2132  68.26  19.94
GM OIL . 11.23  35.92 1030  32.88  8.85
MATERTAL BALANCE . -
GM ATOM CAREON % 84.43  S2.45 ~ 93.60 94,50  95.61
GM ATOM HYDROGEN %  $5.25  100.07  99.77 . 102.69  100.78
GM ATOM OXYGEN % 86.57 94,27  95.23 . 96.01L 96.54
_RATIO CHX/(H20+002)  0.9536  0.9616  0.9651  0.9676  0.9751
RATIO X IN CHX 2.3944  2.4434  2,4544  2.4876  2,5202
USAGE H2/CO FRODT 1.5010  1.4865  1l.4982  1,518%  1.5122
RATIO CO2/(H20+C02)  0.2701  0.2883  0.2851  0.2815  0.2935
K SHIFT IN EFFLNT . - 0.12 0.13 0.15 0.14 = 8.15
CONVERSION -
ON CO % 66.84 64,30  62.33  6L.51  59.24
ON H2 % | $0.61  '89.66  88.82  87.10 -  85.88
ON CO+H2 % 79.44  T7.48  76.00  74.85  72.81
PROT SELECTIVITY,WT % ' ' | |
CHA 18.26  20.74  21.19  22.85  24.26
C2 HC'S , 2,43 2.70 2.76 2.0  3.03
C3H8 2.39 2,39 2.46 2.65 2.92
C3HE= 2,51 2.5 2.64 2.31 2.56
caH10 1.78 1.79 2.14 1.57 2.15
CaHe= 5.85 3.75 4.01 3.69 4,10
CsH12 1.99 1.96 2.01 2.08 2,39
C5H10= 3.08 3.06 3.18 3.02 3.19
CEHLA 3.26 - 3.16 3.30 3.33 3.54
Cér12= & CYCLO'S 3.28 3.18 3.5 3.14 3.40
C7+ IN GAS © 9.40 9.01  10.14 9.60  10.78
LIQ HC'S 47.80 45,79 42,65 4244 37.69

TOTAL 100.00 100.00 100.00 - 100.00 100.00
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SUS-CROUPING
Cl -C4
C5 =420 F
420-7C0 F
700-END PT
CS+=END PT
ISO/NORMAL MOLE RATIO
Ca
cs
cs
- Ch=
PARAFFIN/OLEFIN RATIO
' c3
Ch
cs
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOFE))
RATIO CH4/(1-A)**2
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10WT $@DEGF.
16
50
84
50

RANGE(16-84 %)

WT %@ 420 F
WT £ @ 700 F

31.21
43.54
20.26

5.00
68.79

0.1871

. 03964

1.5984
g.0809

C.9104
0.4495
0.6270

47.17
89.55

33.83
41.98
19.40

4.78
66.17

0.1741
0.3845
1.5888
0.0796

0.9324
0.4612
0.6232

0.8263
6.8748

~ GRN 0IL

0.764
1.4303

257
295
434
650
704

355

47,17
83.55
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35.20
42.70
18.07

4.03
64.80

0.3317
0.3715
1.3469
0.0800

0.8511
0.5160

0.6147

48,17
50.55

36.39
41.61
17.99

4,01
63.61

0.1603
0.3603
1.2751
0.0823

1.1106
Q.5137
0.6704

0.8185
6.9278

oIl & SO

0.763
1.4300

259
296
431
633

337

48.17
90.55

694 °

1.0886
0.5078
0.7307

45,75
88.70



- TABLE 3 RESULT OF . SYNGAS CFERATION

RUN NO.  10225-14 :
CATALYST CO/TH +UCC-101 #11484-01C 80 CC 33.1cM (44,9 AFTER RUN +9.7G)
FEED H2:CO:ARGON OF 50 5Q0: 0 @ 400 CC/MN OR 300 CPSV

RUN & SAMPLE NG. 60225-14-13 220-14=14 225-14=15 225-14~16

e e L T —
T S S T e U T S e el D e R A GO S T e i i o o

FEED H2:C0:AR  ~  350:50: 0 50:50: O 50:50: 0 50:50: O
HRS ON STREAM 165.5  171.0 187.5  194.0
~ FRESSURE,PSIG . 301 306 304 304
TEMP. © 277 280 280 280
FEED CC/MIN | 400 400 400 400
HOURS FEEDING 24.00 7.50  24.00 6.50°
EFFLNT GAS LITER 264,40  60.90  215.20  66.10
GM AQUEOUS LAYER 63.82  18.85 . €0.53  17.32
GM QIL . 28,32 8.57  27.4 7.57
MATERIAL BALANCE
GM ATOM CAREON % 97.04  8l.84 89,61  100.92
GM ATOM HYDROGEN %  103.01 . 92.2%  97.40  105.81
GM ATOM OXYGEN % 97.48  83.43  .89.21  99.56
RATIO CHX/(H20+C02)  0.9901  0.961® 1,009  1.0295
RATIO X IN CHX 2.5431  2.5522 ° 2.5689  2.5783.
USAGE H2/CO FRODT 1.5359  1.5246  1.5194  1.5178
RATIC CO2/(H20+C02)  0.288L  0.2859  0.3056  8.3126
K SHIFT IN EFFLNT 0.15 0.16 0.16 .15
CONVERSION -
ON CO % 58.30  63.63  62.71  6L.07
ONH2 % . 84,67  87.41  87.36  87.43
. ON CO+H2 3 71.88  76.23  75.55  74.56
PROT SELECTIVITY,WT % . -
CH& 25.40  25.83 - 26.59  27.20
C2 HC'S 3.13 3.20 3.28 - . 3.37
C3Hs 3.01 3.09 3.18 3.00
C3Hé= 2.35 2.08' 2.60 2.48
C4H10 2.19 2.26 2.52 2.16
C4Ha= 3.78 3.45 4,01 3.95
CSH12 2.33 2.33 2,51 2.28
CSH1O= 3.08 2.79 . 3.07 3.17
CéHla 3.44 3.32 5.16 3.30
C&H1Z= & GYCLO'S 3.24 2.94 3.12 3.31
C7+ IN GAS 10.64 9.04 2.40 5.85
LI HC'S . 37.82  39.66 36,76  35.95
TOTAL 100.00  100.00  100.00  100.00
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SUB-GROUPING
Cl -C4
C5 =420 F
420-700 F
700-END PT
C5+=-END PT
ISO/NORMAL MOLE RATIO
Ca4
C3
cé
Ch=
PARAFT IN/OLEFIN RATIC
c3
C4
C5 ‘
SCHULZ=FLORY DISTR8TN
ALPHA (EXP(SLCPE))
RATIO CH4/(1-A)**2
LIQ HC COLLECTICN
PHYS. AFFZARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT ¥@DECF
16
59
84
90

RANGE(15-84 %)

WT %8420 F
WT % @700 F

39.86
39.85
16.07

4.23
60.14

0.1475
0.3370
1.1078

0.0827 -

1.2238
0.5550
0.7351

0.8255
8.3441

OIL LD
0.765
1.4310

265
299
438

633 -

715 -
354

45.75
88.70

39.52
39.46
15.57

5.0é
60.08

0.161l
0.3683
1.1292
Q.0904

1.4170

0.8334
C.8144

48.00
87.25

- 4§ -

42.17
38.71
14.43

4,69
57.83

0.2061
0.4225
1.2849
0.0983

1.1689
0.6052
8.7209

0.8306
9.2621

QIL SuD
0.764
1.4305

265
299
427
663
733

369

48.00
87.25

42.14
39.17
14.11

4.358
57.86

0.1632
Q.3770
1.2588
0.0893

1.1552
0.5310
0.6987

0.8296
9.3647

OIL sSLD
0.767
1.4315

264
299
437
665
732

366

48.00
87.25



ITI. RUN 2 (10225-12) with Catslyst 2 (Co/Xs_+ UCC-101)

This test continues z series, begun in the Tenth Quarter, in
‘which the metal component (MC) is tfeated with an additive (the
exact natufe ofiwhich.is not, in generai, being discﬁséed). It
was prepared in the samé‘way as Catazlyst 1 except that the cobzlt
was impregnated, dot with thorium, but with the aﬁéiti#e Zs to_
give & weight percent X5 on the catzlyst,
| .Convgfsioh, product selectivity, isgmerizztion of the pen-
tzne, and percent olefins of the C4’s are plotted agaiqst time on
streem in Figs. 26-29. Simulated distillations of the Cs* pro-
duct for two samples_are.plotted in Figs. 30-31. éarbon number
product distributions aré plotted in Figs. 32—35; Chromaﬁograms
from simulated distillationms are reprdducéd in Figs. 36-39,
Detailed'materiél'balances appeé: in Tables 4-5.

The conversion of syngas, zlthough sfeady, was léﬁ;'and there
waé little wzter gsas sﬁift activity, o;ly\? percent{of the oxygen
having been rejected as CO02.- The selectivity zlso was ste;dy but
poaor, with 2z high production fot only of methane (ébout 23 per- l
cent) but, uncharacteristically for z cobalt catalyst, of Co~Cys
as weil. The total yield of motor fuels was correspcndingly
poor, with less than 55 percent as Cs* éné 2.5 percent as heav=~
ies; Isomerization of the pentané was about the same as in last

quarter’'s Run 10112-15, which was lower than with Catszlyst 1.

- L7 -



The C4's are about one-half olefins, lower than with most cata=-
lysts reported thus far. The Schulz-Flory plots show the hizh
methane and suggest a possible carbon number cut-off, while the
chromatograms from the simulated distillations rgflect the poor
isomerization of the pentane,
Although the actiyity of this catalyst wasAfaifly steady

during the short run of less than 100 hours on stream, its level
of activity was low and its selectivity no better than average.

The additive tested is evidently of little or no value.

- 48 -
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TABLE 4 RESULT OF SYNGAS CPERATION -

RUN NO. 10225-12 ‘
CATALYST CO/X5 +UCC~101 #10252-8QC 80 CC 35.7GM (36.7 AFTER RUN 1. G)
FzED H2:C0:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSY' : :

RUN & SAMPLE NO.  10225-12-01 225-12-05 225-12-04 225-12-05 225-12-06

FEED H2:C0:AR 30:50: G 50:50: 0 'S50:50: 0 50:30: 0 50:50: G

HRS ON STREAM : 22.0 46.0 = 352.5 7L.0 78.5
PRESSURE,PSIG . 315 319 318 3157 310
. C 266 . 270 270 270 270
Fe=0 CC/MIN 400 400 400 400 = 400
HOURS FEEDING i, - 22.00 24.00 6.50 25.00 7.5Q
EFFLNT GAS LITER >70.65 283.95 104.75 417.00 127.85
GM AQUECUS LAYER 40.70 41.67 1136 45.68 12,53

GM QIL 6.69 9.95 2.63 10.12 2.80

MATERIAL BALANCE _ ’
GM ATOM CARBON % 98.41 - 95,34 95.33 9€.24 - 99,27
GM ATOM HYDROGEMN ¥ 102.12 = 99.35 = 99.07 102.14 102,43
GM ATOM CXYGEN 2 105.68 97.53 98.36 99.67 101.55
RATIO CHX/(H20+C02) C.8305 0.5084 8.8755 ° 0.8570 C.5113

RATIO X IN CHX -~ 2.6415  2.5865  2.5932  2.5936  2.6008 -
. USAGE H2/CQ FRODT - 2.0625  2.0375  2.9355  2.0381 ° 2,0388
RATIO CO2/(H20+C02)  0.0683  0.0760 0.0744. 0.6721  0.0779
K SHIFT IN EFFLNT 0.05 0.08 0.06 .08 0.06
CONVERSION - _ .
ON CO % 22.77  24.66 23,84 23,18  73.22
ON HZ ¥ . 50,05  50.41  49.81  47.94  47.93
ON CO+HZ % 36.5 37.79  37.07  35.93  35.77
PROT SELECTIVITY,WT %
CH4 : 26.06 - 24,52 24,84  25.29  25.38
C2 HC'S 6.26 5.37 5.48 5.41 5.63
C3H8 -  &.81 5.61 5.78 5.32 5.50
C3H&= 3.01 3.09 2.82 2.72 2.89
C4H10 4,75 3.98 3.95 3.54 3.71
C4Ha= 3.69 3.43 3.44 3.31 3.54
CsH12 £.77 3.90 3.96 3.65 3.74
C5H10= 2,75 2.73 2,12 1.40 2.81
CaHla 4,87 L 6.39 4,10 3.85 . 4.23
CéH1Z= & CYCLO!'S 1.87 1.95 1.24 1.89 - 2.04
C7+ IN GAS 15.10  14.5 15.51  16.40  16.22
LIQ HC'S 20,07  26.50 26,76  27.24  24.30
TOTAL 100.00  100.00 100.00  100.00  100.80
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SUB-GROUPING
Cl -C4
C5 =420 F
420-700 F
700-END PT
C5+-END PT
ISO/NORMAL MOLE RATIO
C4
c5
cé
Ca=
PARAFFIN/CLEFIN RATIO
c3
C4
c5
SCHULZ~FLORY DISTRBTN
ALPHA (EXP(SLOPE))
RATIO CHa/(1-A)**2
LIQ HC COLLECTION
PHYS. AFPEARANCE
_DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT $ @DEG F
16
50
84
90

RANGE(16=-84 %)

WT ¥ @420 F
WT S @700 F

5Q0.57
37.82
10.60

1.00
49.43

0.1952
0.3389
0.4520
0.000C

2.1606
1.2432
1.6821

0.7799
5.3776

YL OIL
Q.759
1.4288

315
341
448
594
632

255

42,17
95.00

46.01
37.54
14.73

1.32
33.99

0.1891
0.2885
0.4Q57
0.0000

1.7331
1.1206
1.3902

0.7848
5.2849

YL OIL
0.762
1.4290

312
343
461
818
651

273

39.40
95.00

- 64 -

46.31
36.56
14.94

2.19
53.69

0.1571
0.2837
0.3742
0.0000

1.9574
1.1081
1.8178

36.00
91.83

45,59
36.97
15.21

2.23
S54.41

0.1580
0.2439
0.3525
g.00ao

1.8654
1.0328
2.5285

0.7986

| 6.2326

YL OIL
0.766
1.4208

318
346
478
648
686

302

36.00
91.83

46.65
37.31
13055

2.49
53.35

0.1594
C.2381
0.5465
0.0000

1.8164
1.0129
1.2954

34.00
89.75



TAELE 5 RESULT CF SYNGAS CPERATION

RUN NQ. 10225-12 _ - .
CATALYST- CO/X5 +UCC-10l #10252-80C 80 CC 33.7GM (36.7 AFTER RUN +1.0G)
FEZD H2:CO:ARGON OF 50:50: G @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO.  10225-12-07

FEED H2:C0:AR  50:30: O -
KRS ON STREAM 96.0 -
PRESSURE,PSIG - 311

TEMP. C : 270

FEED CC/MIN . 400

HOURS FEEDING 25.00

EFFLNT GAS LITER 426.20

GM AQUECUS LAYER - 41.78

&M OIL 932

MATERIAL BALANCE -
GM ATOM CAREON % 97.61
GM ATOM HYDROGEN %  102.42
GM ATOM OXYGEN %  100.53
RATIO CHX/(H20+C02)  0.8747

RATIO X IN CHX 2.6005 -
USAGE H2/C0 PROOT 2.0348
RATIO CO2/(H20+002) 0.9758-
K SHIFT IN EFFLNT 0.08
CONVERSION ' )
ON CO % ' 22.64
N HZ & 48,79
ON CO+H2 % 35.00
PROT SELECTIVITY,WT %
C2 Ho! 5,32
C3H8 5.36
C3H6= - 2.78
C4H10 3.59
CaHg= - 3.52
C5H12 3.65
C5H10= 2.82
C&H1L . 3.79
C&H12= & CYCLO!'S 1.84 -
C7+ IN GAS 18.26
LIQ HC's 25.37
TOTAL 100.00



SUB-GROUPING

Cl -C4

C5 =420 F

420-700 F

700-END PT

C5+=-END PT
ISO/NCRMAL MOLE RATIO

Ci=

PARAFFIN/QLEFIN RATIO

c3
C4
Cs.

SCHULZ-FLORY DISTRETN
ALPHA (EXP(SLOPE))
RATIO CH4/(1l-A)**2

LIQ HC COLLECTION
FHYS. APFEARANCE
DENSITY
N, REFRACTIVE INOEX
SIMULT'D DISTILATN

10 WT ¥ G DEG F
16
50
84
S0

RANGE(16-84 %)

WT £ @420 F
WT % @700 F

46.23
37.02
14.15

2.60
53.77

0.1239
0.2280
0.3036
0.00ac0

1.8400
0.5858
1.2710

0.8008
8.4658

YL OIL
0.766
1.4311

325
348
484
660
701

312

34.00
89.75



.IV} RUN 3 (11677-01) with Catalvst 3 (Co/Th/X5'+ UCC-101)

This cztalyst continues the series of tests of metal compo-—
nent additives.i It was prepared in.the same way as Catalyst 1
exceﬁt thet the thorium-promoted cpbalt:was impregnated with the
additive Xg to give 2 weight percent X6}on the catalysﬁu

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the Cyi's are plotted agsinst time on
étregm in Figs. 40-43., A simulated distillzfion of fhé~Cé+ pro-
duct is plottéd in Fig. &44: ..Carbon number product dis;ributions
are plotted in Figs, 45-46. The chromatograms from the.simulated
distillations are reproduced in Figs. é7—48. Detailed material
balances appear in Table 6.

Due to 2 number of mechanical fzilures this test had to be
zborted aftrer only &1 hours on strezm. During ﬁhe'run‘the cata-
1ystfs activity was only fair; the water .gas shift activity wes
very low, with iess than 10 percent of the oxygen rejected as
G093 and the‘ugage of the Hg:C0 syangas was in a ratio of zbout
2:1, The selectivity was about azverzge far az cobalt catalyst:
methane production was high; production of C5-700F was about 60
percent, with a 3:1 ratio of gasocline to diesel4£gel; and beth
'the:pentane and the ligquids were somewhat iécmerized.,

The Ca's, however, were highly olefinic, more typiczl of an
iron than a2 cobalt catalyst. For tﬁis reason, and to iﬁvestigate
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the possibility of lowering the methane production, the test was

re-run and is reported next.
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Fig. 45

Flot of the Hydrocarbon
Product Distribution
for Sample 106877-01-01
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TARLE 6 RESULT OF SYNGAS GFERATION

RUN NQ.  11677-01
CATALYST CQ/TH/X&+UCC-101 11684-3C 80 CC 35.7GM (39.1 AFTER RUN +3.4G)
FEEZD - HZ:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

11677-01-01 £77-01-02 &77-01-03

FEED H2:CO:AR  50:50: 0 50:50: O 50:50: G

HRS ON STREAM ig8.0 25.0 41.0
PRESSURE ,PSIG ' . 298 300 206
=M. C ' 275 - 270 270
FEED CC/MIN - 400 . 400 400
HOURS FEEDING . : 18.00 €.00 24,00
EFFLNT GAS LITER 235.40 74.60 315.80
GM AQUECUS LAYER 45,47 14,65 58.40

GM OIL ' - 15.81 4.02 16.10

MATERIAL BALANGE .
~ GM ATOM CARBON % 108.37  94.22 - 98.31
GM ATOM HYDROGEN ¥  100.88 ° 93,58  96.12
. GM ATOM OXYGEN ¥ 106.16  96.43  100.31
RATIO CHX/(HZ0+C02)  1.0848  0.9303 ' 0.9570

RATIO X IN CHX 2.5115  2.4867  2.5081
USAGE H2/C0 PRODT 1.9662  2.0095  2.0238
RATIO CO02/(H20+C02)  0.1036 0.0722  8.0711
K SHIFT IN EFFLNT 0.04 0.03 0.03
CONVERSION
ONCO% . 36.69 33,75 . 32.60
ONHZ ¥ - 75.34  70.62  €9.59
ON CO+HZ % 55.32° . 52.12  50.89
PROT SELECTIVITY,WT ¥ ‘
CH& _ 23.69  22.68  23.75
C2 HC'S 3.55 3.27 3.24
C3H8 2.4 2.33 2.49
C3Hg= 3.76 3.64 3.77
C4H1O 1.97 1.39 1.99
CiHe= 4,87 4.86 4.57
CsH 2.20 2.26 2.32
CSH10= 3.69 3.80 3.88
CeHls - 3.51 4,15 3.99
CéHlz= & CYCLO!'S 3.90 4.19 4.30
C7+ IN GAS - 12.59  15.22  13.55
LIQ HC'S 33.76  31.73  31.37
100.00  100.00

TOTAL. 10c.00

)
~}
el

|



SUB-GROUPING
Cl -C4
C5 =420 F
420-700 F
700-END FT
C5+=END PT
ISO/NORMAL MCLE RATIO
c4
cs
cé
Ch=
PARAFFIN/CLEFIN RATIO
C3
Cs
cs
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLCPE))
RATIO CH4/(l-R)**2
LIQ HC COLLECTION
PHYS. AFPEARANCE
CENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT $¥QDEGF
15
50
84
$Q

RANGE(16-84 %)

WI % @420 F
WT %@ 700F

40.35
40.82
15.535

3.51
59.65

0.1606
0.3216
1.2222
0.0667

0.6314
0.3913
0.5799

C.8084
6.4546

GRN QIL
0.767
1.4312

289
313
448
&47
704

334
44,20

- 89,60

38.87
43.86
14.83

3.03
61.33

0.1419
0.2955
1.2475
0.0627

0.46114

0.3760

0.5725

44,33
9Q.45

40.21
42.33
14.47

3.00
58.79

0.1313
0.2585
1.1515
0.0655

0.6288
0.3865
Q.5808

0.8039
6.1745

GRN 0IL
0.764
1.42Q06

291
317
447
641
695

324

44.35
90.45



V. RUN & (11677-03) with Cetalvst 4 (Co/Th/Xs_+ UCC-101)

This catalyst, the same as in Rua 3 (11677-01), was retested

.
[~
(1]

to mechanical failures in the first trisl.

Conversion, product seléctivity,'isomerizatipn of the pen-.
tane, and percent olefins of the Cg's are_plotted against times on
stream in Figs,., 49-52, Simulated distilliations of the 05+'pro—
duct for'twq szmples are plotted inm Figs. 53-54, .Carbon nupber
Aproductvdistributions are plotted in Figs, 55-60. Chroﬁatograms
from simulated distillztions are rep}oduced in Figs{'ﬁl—éég' De;
tailed materizl balances appear in Tables 7-8.

The initial syngas-ac;ivity was 59 percent, as'againét 76
percent with the reference catalyst (Rum 10112-15)., Most of the
'differen:e was éue to lower CO conversion,'resultiﬁg in tura from
io% water gas shift activitf; withAonly about ‘6 ﬁercent ofyihe
'oxjgen having been rejecfed 2s CO0y in contrast to 37-20%_for the
reference catalyst. Usagé of the 1:1 H9:CO symgas wéS'iﬁ é ratio
of zbout 2:1. Becazuse of the béék-mixed nature of tﬁe Berty
reactor, the effective exposure:of'the qatalyét~to7the syngas was
in 2 ratio of only_G.&:l. Ordinarilj, in such a CO-rich emviron-
ment the catalyst should dsactivate guickly, but thié catalyst
proved remarkably stable, much more so than the reference czta-
lyst (10112-15); From the initial level of 59 percent and after

mere than 200 hours on stream, its conversion had dropped to only
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54 percent; conve?sion of the reference catalyst, by contrast, in
a little less time on stream dropped from 76 to 52 percent,

After only 40 hours on stream this caﬁalyst was more active than
the reference catalyst.

The selectivity was generally rather good; more significant-
ly, it was relatively very stable throughout the run.' Methane
production, initially 14 percent, rose after nearly 200 hours on
stream to less than 18 percent; with the reference catalyst, in
contrast, the corresponding values were 15 and 24 percent. In
about the same time on stream, therefore, this catalyst's rate of
methane production rose less than half.as rapidly as that of the
reference catalyst, and its total production of methane was some
26 percent lower.

. Production of‘Cz—C4 was also initially lower than with the
reference catalyst, and remained lower throughout the run; thus
the yield of Cs™ was substantially higher. Since the wax yield
was only 5 to 6 percent, the selectivity for total motor fuels is
exceptionally good--69 percent initially, the same as with the
reference catalyst, but falling only to 62 percent by the end of
the run as against 35 percent with the reference catalyst, What
sets this catalyst apart, in short, is not merely its better-
than-average salectivity, but its stability over time, If run at
a slightly lower temperature, both its selectivity and stability
may possibly be still further improved.

The total motor fuel fraction consists, by calculation with =z
420F gasoline cut point, of approximately two pafts gasoline to
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one part diesel fuel. If.the cﬁt between gasoline and diessl
fuel is made at 3OOF (a fgasonable starting point for diesel
fuel), then this catzlyst produces more diesel fuel than gaso-
line. The yield of‘heavies'is loﬁ}'as it was for thé reference
catalyst; the liquid product of this catalyst, howevef, is all
1iquia,.whi1e thét of the reference contzined sclid hydrocarbons.
The diffesrence is auantl fied in the pour pointskof the heavier
fractions, The jet fuel from this catalyst has a2 poﬁr uoint.ﬁf

-5F, as zgsinst GF for the reference caztalyst; the pour poin ts
of the diesel-fractions from'boph catalysts are the szme at zbout
50F. These vzlues suggest that the hezvies from this catzlyst
may be less waxy than those from the reference. Isomerization of
‘the hydroczarbons does net seem to be the czuse; both this cata-
lyst and the reference have similar iscopentane yields, and the
chroma*ocrams from the szmulated dlstlllatzons show that the
11 ld product is nat highly 1som°rlzed All majcr ;ractlcms af
the product from this catalyst are more oclefinic than those from
the referencs cataiyst: the C; being slight 1y more olefinic; the
gasoline fraction having 46 percent olefimns as zgainst 36 per-
cent; and the jet fuel fraction containing 45 percent olefins zs
against 32 percent. Up to about Sample 11 the Schulz-Flory plots
show z possible carbon number cut-off, but since it does not
appear thereafter it may or not be reél. |
This catalyst is especially promising by reason of ité rela-
tiv ly low yield of methane, its high 7ield cf o7ef’ns, and its
exceptional stablll;,.
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Fig. 53
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Fig. 54
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Fig. 56
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Fig. 58

Plot of the Hydrocarbon
Preduct Distribution
for Sample 10677—03—-11
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Fig. 60

Plot of the Bydrocarbon
Product Distribution
for Sample 106770317
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TAELE 7 RESULT OF SYNGAS GPERATION

RUN NO. 11877-C3
CATALYST CO/TH/XE -UCC-lG1 11684-3C 80CC 35.8GM (38.6 AFTER RUN +2.68)
FEED H2:C0:ARGON o 0 @ 400 CC/MN OR300 GHSV

RUN & SAMPLE NO. 11577%03-01 &77=03-05 677-03=07 677-03-09 &677-03-11

S S S D A D S s e s s o N DY B o i oo e TS o
S S T S S B il sk RS M U D SN L D D S Y T e i S s St el

FEED H2:CO:AR . 50:50: 0 50:50: @ 50:50: G 50:50: 0 50:50: O
MRS ON STREAM 23.0 70.9 $4.9 118,9 143.4
PRESSURE,PSIG =~ - 295 297 . 257 293 301
TEMP. C | 272 271 270 270 . . 270
FEED CC/MIN . a00 400 . 400 400 . 400
HOURS FEEDING . | 23.00  25.00  2£.00 24,00 24.50
EFFLNT GAS LITER = 209.30 . 249.70  275.00 284,95  296.20
GM AQUECUS LAYER 59.13 65.52 . 69.17  58.07  55.23
&M 0IL 23.83 26.40 26.50  22.83 24.36
MATERIAL BALANCE _ | .
© @M ATOM CARBON ¥ . 82.65 94,04 . 9£.89 95.75 96,51
GM ATOM HYDROGEN % - 78.23  95.23 $7.80  92.48 93.04
GM ATOM OXYGEN % 87.17  95.79 $7.92 94,93 - 96.12
RATIO CHX/(H20-C02) - 0.8643  G.951&  0.9185  1.0259  1.0173
RATIO X IN CHX 2.3018  2.3505  2,3853  2,4191  2.4342
USAGE H2/CO PROOT 1.8562 - .1.984%  2.0136  2.0225 - 2.0185
RATIO CO2/(H20+C02)  0.0826  0.0609  0.0543  0.0636  0.0867
K SHIFT IN EFFLNT . 0.03 0.02 - 8.02 ' 0.03 0.03
CONVERSION L o
ON CO % 38.72  38.€8 37.01  35.3& 34,85
ON H2 ¥ - 8l.30 ° 77.62  75.21  73.11 72.54
ON CO+HZ % 59.43 58.27 56.50 53.90  53.35
PROT SELECTIVITY,WT % , '
CHa 13.56 . 14.14 16.05 - 17.70 - 18.58
G2 HC'S - 2.12 2.35 2.49 2.62 2.62
C3HS 1.85 .99 1.89  2.20 - 2.20
C3HE= . 2.74 2.87 2.76 3,05 3.an
CAH1O 1.5 . 1.70 1.66 1.79 - '1.78
CiHe= 3.94 3.90 3.88 4,21 4,24
C5H12 2.07 2.05 2.02 2.20 2.08
C5H10= 3.22° - 3.28 £.10 3.56 '3.38
CéHla 3.69 3.65 - 3.35 3.99 3.30
C&H12= & CYCLO'S 3.34 4,85 3.46 3.92 3.65
C7+ IN GAS 11.23 11.97 11.46° 12,93 10.76
LIQ HC'S 50.65 57.29 46.79 . 41.85 45,12

TOTAL - 1lgc.oo 100.00 100.00 100.00 100.300



SUB~GROUFPING

Cl -C4 25.80 26.94 28.81 31.55 32.53

C5 -420 F 46.14 46,86 46,07 44,95 43.03

420-7C0 : 23.25 - 21.70 2L.13 19.01 18.82

700-END PT 4.81 4.49 3.98 4.50 5.63

C5+=END PT 74.20 73.06 71.19 68.45 67.47
ISO/NCRMAL MCOLE RATIO

Cs 0.2716 0.1913 0.1453 0.1272 0.1092

C5 . 0.4937 0.3226 0.2364 0.2085 C.1966

Cs - 17074 1.2078 1.0986 1.0447 0.9495

Ci= 0.0533 0.0631 0.0634 0.0625 0.061s
PARAFFIN/CLEFIN RATIO

c3 0.6435 0.6638 0.6895 0.6912 0.6770

C4 0.3908 0.4198 0.4125 0.4097 0.4081

c3 0.6249 0.6082 0.4788 0.6015 0.5933
SCHULZ-FLORY DISTRBTN

ALPHA (EXP(SLCPE)) 0.8188 0.8180 0.8208 0.8314

RATIO CH4/(l=A)**2 4.2060 4,8372 5.5158 6.5387

LIQ HC COLLECTION
PHYS. APPEARANCE -~ GRN OIL CLDY OIL GRN OIL CLDY OIL CLDY OIL

DENSITY 0.765 0.765 0.765 0.768

N, REFRACTIVE INDEX 1.4300  1.4294  1.4306  1.4311

SIMULT'D DISTILATN ‘
10 WT % @ OEG F 282 285 287 285
16 304 308 308 305
50 444 434 444 443
84 645 , 33 654 671
90 , 695 685 709 730
RANGE(16-84 %) ~ 341 327 346 366
WT % @420 F 44,60 44,60 46,33 43,83 44,60
WIT$@700F  $0.50 °90.50 91.50 89.25 87.25



TRAELE 8 'RESULT OF SYNGAS QOFPERATION

RUN NQ. 716""—03 : R :
- CATALYST CO/TH/Xé +UCC-101 1.684-30 80CC 35.8GM (:8 €& AFTER mUN +2.8G) -
FEED - H2:C0:ARGON OF 50: 50 0 @ 400 CC/MN OR 300 GHsY

RUN & SAMPLE NO, 11877-03-13 677-03-17

. et s ey s et
- S — ]

FEED HZ:CG#AR 50:30: 0 350:30: 0

HRS ON STREAM 168.8 21,1
' PRESSURE ,PSIG | 304 303
TEMP. C - 270 278
FEZD CC/MIN _ 400 400"
HOURS FEEDING 25.42 . 22.25
EFFLNT GAS LITER 285.41 282.76
GM AQUECUS LAYER 58.80 53.55
GM OIL , 21.81  25.07
MATERIAL BALANCE ‘
GM ATOM CARBON ¥ - 91.57 97.09
GM ATGM HYDRGGEN 2 89.584 9€.58
RATIO CHX/(PZO—CGZ) 1.0142 - 1.0%14
TIO X IN CHX 2.4274 2.4189
USAGE H2/CT FROBT 2.0389. 2.0580
RATIO CO2/(H20+C02) 0.0522 0.0558
K SHIFT IN EFFLNT g.03 0.03
CONVERSION -
CNCQ % 34,63 36.25
ON HZ % 71.71 71.93
ON CO=+H2Z 2 53.00 54,04
PRDT S:LECTLV"Y WT % ' ‘
CH& : 18.17 17.78
G2 HC'S : 2.75 2.54
c3H8 ‘ 2.51 2.20
C3He= 3.51 2.51
C4H10 2,10 - 1.75
Ca4Hg= 4,10 . 3.63
C5Hi2 1.93 1.78
C5Hig= _ 4.38 3.09
CeHla 3.61 3.24
Cérlz= & CYCLO'S 346 3.15
C7+ IN GAS : 15.43 16.7&
LIQ HC'S 40.04 47.186
TOTAL 100.00 100.00
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SUB=GROUPING

Cl -C4

C5 =420 F

420-700 F

700-END PT

CS5+=END PT
ISO/NORMAL MCLE RATIO

Ca=
PARAFFIN/CLEFIN RATIO
c3
C4
cs
SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOPE))
RATIO CH4/(1~A)**2
LIQ HC COLLECTION
PHYS. AFPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10WT $@DEGF
15
50
84
90 .

RANGE(16-84 %)

WT % @420 F
*WI @700 F

33.14
42.76
16.18

7.92
66.86

0.1471
0.1678
l.ozl7
0.0687

0.6824
0.4937
0.4282

0.8457
7.8346

OIL sSD
0.761

1.4328

296
326
474
737
809

411

39.83
80.25

30.86
42.97
20.85

6.23
65.14

0.1122
0.1561
1.0011
0.0706

Q.7207
0.4593
0.5622

0.8361
6.6188

QIL sLD
0.7&3
1.4311

295
321
457
672
734
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VI. RUN 5 (10112-21) with Catzlvst 5 (Ca/IZ+ + .UGG=-101)

This catzlyst continues the series of metal«additive tests.
The.metal component (MC) was pfepared'by precipitating:a 1:1
weight solutién of cobalt and additife X7, physically miéing the
MG with Molecular Sieve (UCC-101) inba 3:14 weigﬁt ratio, bonding
with 13 weight percent silicé, forming as 1/8" extrudates, and
calcining in air at 250C. The résulting mizture comsisted of
cobélt/X7:UCC—101:silica in a'weight ratio of 15:70:15.

Convérsion, product selectivity? iscﬁerization of .the pen=
tane, and percent olefins of the Cz's zre pl&tted agaiﬁst time om
stream in Figé. §7-70. 4 simulated distillatidn of tﬁe Cs* pro-
éuct’is'plotteé in Fig}'7l. 4 carbon nugber product digtribution
is plofted in Fig. 72, and the chromatogfam from.a sipulated dis-"
tillation is reproduced iﬁ.Figr 73. Detailed material hala;cés

appear in Table 9. | |

The activity of this‘catalyst was very lovw, almeost nil. Its
water gas shift écﬁivity was sufficient to match fhé'léw Fischer;
Tropsch activity. Selectivity was poor as well, with only'?bout
30 percent of the product as Cs*. |

’This is eﬁ ineffective catzlyst, with no apparent advantzages

over the reference catalyst.
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TABLE § RESULT CF SYNGAS CPERATION

RUN NGO, 10__2-2‘ ‘
CATALYST CO/X7 + UCC-101 10252-7iC 80 CC 33.5GM (:4 1 AFTER RUN +0. 28)
FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV  ©

RUN & SAMPLE NO. 10112-2.-.-01 112-21-02 112-21-03

- —— S S G . e WD S D s A
Pt

FEED H2:CO0:AR - 50:50: O 50:50: O. 50:50: O

~ HAS ON STREAM 18.0  25.5 - 42.0
PRESSURE,PSIG 295 257 302
TEMP. . C .. 250 - . 250 250
FEED CC/MIN .. 400 400 - 400

'HOURS FEEDING - 18.00 - 7.5  1lé.50
EFFLNT GAS LITER '383.55  162.60° 336.85
GM AQUEQUS LAYER 0.00 0.00 6.40
@M oL . 0.00 0.00 " 0.45
MATERIAL BALANCE : : S
GM ATOM CARBON % '99.30  100.82  100.54
GM ATOM HYDROGEN ¥ - 96,16  97.59 . 102.03
_GM ATOM OXYGEN % - 97.04 98,37 - 102.28
| RATIO CHX/(H20+C02) = 1.3009 . 1.3380  0.845Q
RATIO X IN CHX = - 2.6276  2.6466  2.6739
USAGE H2/CO PRODT . 1.2683  1.3245 . 1.4528
RATIO CO2/(H20-C02)  G.5510  0.5258  0.3229
K SHIFT IN EFFLNT 1.15 1.03 0.44
CONVERSION |
ONCOg% 14,02 13.38  135.40
ON H2 % . 16.86 - 16.65  20.42
ON CO+H2 % 15.42 14,99  16.94
PROT SELECTIVITY,WT % -
| CHa& 25.54  26.33  27.65
C2 HC'S ~ 12.58 12,30 12.96
C3H8 . 5.38 5.42 5.40
C3Hé= 11.76  11.71 10.54
C4H10 4,05 - 4.00 3.89
CaHg= ' 7.40 7.49 6.74
CSHIZ - 2.85 2.93 2.50
C5H10= : 4,02 4,30 3.52
CéHls 1.94 2.15. 1.77
C&H12= & CYCLO'S 2.36 . 2.71 1.99
C7+ IN GAS 22.14  20.67  18.8C
LIQ HC'S 0.00 0.00 3.85
TOTAL 100.00  100.00  100.00 -
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'SUB-GROUPING

Cl ~C4 66.69
C5 =420 F 33,31
420-700 F 0.a0
700-ZND PT 0.00
C5+-END PT 33.31

ISO/NORMAL MOLE RATIO

Ca 0.0549
cs 0.1241
c§ 0.0000
Ch= - 0.0000
PARAFFIN/CLEFIN RATIO :
c3 " 0.4365
C4 0.5260
cs 0.6851

SCHULZ-FLORY DISTRETN
ALPHA (EXP(SLOPE))
RATIO CHA4/(1~A)*¥2

LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'O DISTILATN

10 WT % @ DEG F

16 ~

50

84

50 .

RANGE(156-84 %)

WT %@ 420 F 18.29

WT % @ 700 F 86.00

67.24
32.76
0.00
0.00
32.76

0.0650
0.1475
0.0944
0.0C0C

0.4420
0.5152
0.6618

18.29
86.00

-
ooy
&

67.38
29.28
2‘61
0.54
32.42

0.0613
0.112s
0.00C0
0.0000

0.4708
0.5571
0.6517

0.7485
4,3715

LT YW OIL

391
414
546
688
727

274

18.29
86.00



VII. RON 6 (10112-22) with Catalyst 6 (Go/Th/X, + UCC-108)

This catzalyst was run 2s z further test of X4, the additive

used in the exceptionally productive Catzlyst 9 (Run 10225-8)
'répofted in the Tenth Quarterly Report. The metal compoment was
prepared by impregnatiﬁg cobealt with:lS weight percent ﬁhorium,
and impregnating the mixzture with 13.weight'per¢ent Xz. This was
physiczally mixed with Molecular Sieve UCC—}OS in 2 Co/Th/X4:TUCC~
108 weight ratioe gf 3:14, bﬁnded with 15 weight percent silica;
znd - formed a2s extrudates. The final product was identical to the
Tenth Quarter Catalyst 9, ezcept'that UCC-lOB‘was use5.i§ place

of UCC-101. . '

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted againmst time én
strezm in Figs. 74-77. Simulated distillatioms of the Cs5¥ pro-
duct for three szmples are plotted in Figs. 78-80; .Cafboﬁ number
pfoduct»distributions are plotted in Figs. 81-89.. Chromatogranms
from simulate@ distillations are reproduced in Figs. 90-98{ De-
tailed materizl balanceé appear in Tables 10-12,

Conversion of the syngas was 73 percent initially, as against
76 percent with the non-X; containing ?eference catalyst (Caté-
lyst 3 im the Tenth Qﬁarter Ruﬁ 10112-13), and 53 ﬁercent.at the
end of the run. Maintenance of activity was slighﬁly better than

with the reference catalyst, but not as good as with this quar-
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ter's Ig-containing Catalyst 4, and far below that of the Tenth
Quarter's I4-containing Catalyst 9. The conversion minimum at
160 hours on stream is probably due to a problem which was cor-
rected during the run; the resulting deactivation appears to have
been overcome by the catalyst, so that the final conversion was
at a level which might have been predicted from the initial slow
deactivation before the sudden drop in conversion between 140 and
180 hours on stream. The water gas shift activity was superior:
initially more than 40 percent of the oxygen was rejected as COq,
and by the end of the run it had dropped to only about 30 per-
cent, as against 20 percent for the non-I; containing reference
-catalyst (Catalyst 3 in the Tenth Quarter Run 10112-15),

The selectivity is rather good, and similar to that of the
reference catalyst. Methane production was-16 percent initially,
and rose to about 25 percent by the end of the run; corresponding
values for the reférence catalyst were 15 and 24 perceat. High
production of C9~C4, as with Tenth Quarter Catalyst 9, led to
relatively low production of motor £fuels, only 64-31 percent,
some 5 percent lower than with the reference catalyst. The yield
of heavies was also lower than with the reference catalyst. The
proportion of gasoline to diesel o¢il was about 3:1. Isomeriza-
tion of the pentane was very low, only aboutllO percent--some-
thing of an anomaly since UCC-108 ordinarily produces a more
highly isomerized product than does UCC-10l. Olefinic content of
the C4 hydrocarbons was high, and increased with time on streas,

apparently a characteristic property of additive Y. The liquid



product was high in oletlns as we’l 65 percent in the gasollne
and &5 percent in the jet fuel, zs agaznst'36 and_32 percent for
the reference catalyst.' The pout point of the jet fuel was.QIOF
and that of the diesel oilliOF,’ts agaiﬁSt @F aad 50F for thé
reference caztzlyst. Sigce’the Schulé-Flory plotsaéhow no carbon
number cut-off, the'improtéd.pour points maylbe'att;ibuted to the
high olefin content. |

Tﬁis'is a2 useful and important catalyst, but it still falls
'snort of Tenth Quafte* s X4-contaln1n° Catalyst 9. "While the
subst*tutlon of UCC-108 for UCC 101 dld 1mprove the production OL'
olefins (the lighter fractions of whlch ‘could be oligomerized t6
improve the yiel& of totgl motor fuels), it lowvered the czta-

lyst's stability and somewhat impzired its product distribution.
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Fig. 84

Flot of the Eydrecarton
Product Distribution
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Fig. 86
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Fig. 88

Plot of the Bydrocarbon
Product Distribution
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TABLE 10 . RESULT OF SYNGAS CPERATION |

RUN NO.  10112-22° S L
CATALYST CO/TH/X4+UCC~108 "10252-50C 80CC 39.SGM (52.6 AFTER RUN +2.7€)
FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV N

RUN & SAMPLE NG,  10112-22-01 112-22-02 112-22-03 112-22-05 112-22-06

U TS D D U AT SR et oty I D A A AN S A N AR Sl St S A e TS it S s S
P

PR

FIED H2:00:AR 50:30: Q- 50:50: Q 50:30: 0 50:50: O 50:50: G-‘

HRS ON STREAM - 19.0 25.5 43.0 660 72.5
PRESSURE ,PSIG 289 . 298 297 . 313 309
=P, C | 272 2712 272 271, 272
FEED CO/MIN L 400 400 400 400 400
'HOURS FEEDING 19,00 . 6.50 24,00  25.00 - 6.50
FFLNT GAS LITER .- 177.05  69.55 260.60 ° 305.70 75.10
GM AQUEQUS LAYER 38.25° 14,50  53.54 48,59 . 14.32
GM OIL 15.82 6.87.° 25.36  23.05 5.53
MATERIAL BALANCE | ‘ |
GM ATOM CARBON % - 89.19 98.32 98.56 114,22 58.935
GM ATOM HYDROGEN ¥ 87.22 - 95.89  96.87 107.25  97.50
GM ATOM OXYGEN % 91.30. 181.95  100.48  112.68  101.78
RATID CHX/(HZ0+C02)  C.9495  0.9194 ° 0.9556  1.0350 . . 0.9320
RATIO'X IN CHX  2.3829  2.4054  2.4092  2,4420  2.4534.
USAGE H2/CO FRODT = '1.2270  1l.2641  1.3018  1.,3008  1.3333
RATIO CO2/(H20+C02)  0.4199  0.4063 . 0.3815  B.4087  0.3666
K SHIFT IN EFFLNT 0.36 g.32 031 0.35 0.30
CONVERSION . ' ' |
ON CO % £3.79 60.80 58.78 55.26  55.11
ON HZ % . 8l.53  79.92- 79.15  75.62  76.51
ON CO+H2 % 72.56  70.24°  £8.88 65.12 65.73
PROT SELECTIVITY,WT % - - -
CHA | 16.26 = 17.33 17.66 15.08 19.62
C2 HC'S 3.86  3.67 5.64 4,01 £,05
C3H8 | 4.03 4,12 4,02 4,27 4,35
C3Hé= 3,21 3.28 3.24 3.87 3.54
C4H10 . 2.55 2.60 2,46 2.67 2.6
CLHE= - 4.69. .90 4,81 5.89 5,70
CSHIZ . 2.57 2.59 2.51 2.58 2.60
C5H10= . 5.88 5.8  5.70 5.85 5.62
C&rls 2.74 2.71 2.65 2.65 2.63
C&H1Z= & CYCLO'S 4,36 4,38 4,32 4,88 4.29
C7+ IN GAS - 13.10  12.81 ~ 13.15 13.25 12.33
LIQ HC'S . 37,15 . 35.75  35.79  30.99 32.60
TOTAL 100.00  100.00 100.00  100.00 ° 100.00
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SUB-GROUPING
Cl -C4
CS5 =420 F
420-~700 F
700-END PT
C5+-END PT
1SO/NORMAL MOLE RATIO
C4
cs
cé
Ch=
PARAFFIN/OLEFIN RATIO
c3
C4
¢s
SCHULZ-FLORY DISTRETN
ALPHA (EXP(SLOPE))
RATIO CH4/(1-A)**2
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMILT'D DISTILATN
10 WT % @ DEG F
18
50
84
90

RANGE(16-84 %)

WT X @ 420 F
WT %@700F

34.18
49,99
14.25

1.58
65.82

0.0377
0.1054
0.1812
0.0000

1.1993
0.5240Q
0.4254

0.7829
3.4491

CLR QIL
0.750
1.4241

253
280
598
563
623

289

57.40
85.76

35.90

- 46,99

14.74
2.37
64.10

0.0328
0.1004
0.1670
0.0000

1.2000

8.5110
0.4299

52.14
92.36

- 144 -

35.83
47.04
14.75

2.38
64,17

0.0033
0.0940
0.1552
g.0c00

1.1831
0.4943
0.4276

0.7973
4,2995

CLR CIL
0.753
1.426l

239
295
414
€03
659

308

52.14
93.36

39.79
45.38
12.85

1.8
60.21

0.0342
0.0931
0.1415
0.0000

1.0531
0.4380
0.4304

8.7902
4 .3371

CLR OIL
0.754
1.4256

259
297
414

594

651
297

52.17
93.62

39.93
45.08
13.09
1.90
60 Q7

0.0330
0.0985
0.1459
0.0coo

1.1679
0.4557
0.4301

54.00
94.18



TAELE 11 RESULT OF SYNGAS OPERATION
RUN NO.  10112-22 . ' | N
CATALYST ' CO/TH/X4+UCC-108 10252-90C 80CC 39.9GM (42.6 AFTER RUN +2.7G)
FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10112-22-07 112-22-09 ;12?22—;0 112-22-11 112-22-12

FEZD HZ:GO:AR ©50:50: 0 50:50: 0 30:50: 0 50:50: G 50:50: O

HRS ON STREAM 90.5 . 115.5  122.5 - 139.0  145.8
PRESSURE ,PSIG 302 258 305 306 . 306
TEMP. C 271 - 271 272 271 272
FEED CO/MIN 400 400 - 3543 600 - 651
HOURS FESDING 24,50 - 25.00 7.00  23.50 6.75
EFFLNT GAS LITER - - 286.05 . 298,95 128,00 . 470.95  180.50
GM AQUECUS LAYER ~ ~ 53.98  53.30  17.85 6433 18,85
GM OIL : . 22,36 20.73 5.65 - 20.37 4.89
MATERIAL BALANCE - . o
GM ATOM CARBON % 99.35  99.22 = 98.38  95.43 - 107.53
GM ATOM HYDROGEN % 97.99  §7.01 94,19  93.03 102,16
GM ATOM OXYGEN %  101.05  100.50 9.57  97.5L  107.57
RATIO CHX/(H20sC0Z)  0.9580  0.9574  0.9691  0.9653  0.9846
RATIO X IN CHX 2.4463  2.4660  2.4677  2.4788  2.4857
USAGE H2/CC PRCDT 1.5748  1.3879  1.5298  1.5285  1.6130
RATIO CO2/(H20+C02)  G.3478  0.3443  0.2726  0.2746  0.2384
K SHIFT IN EFFLNT | 0.27 0.27.  0.21 8.22 0.20
CONVERSICH - < S - S
ON €O % < 55.64  S5L.76  40.33 40,12 32.65
ON H2 % 75.96 7464 65.25 6445  55.78
ON CO+H2 % 64,72  63.06  52.52  52.07  45.52
PROT SELECTIVITY,WT % . - | -
CHz . 1934 20,21 20.58  21.05  21.49
C2 HC'S | 5,01 . 427 . 4.23 4,62 4,51
C3H8 £.27 435 4,00 3.88 ' 3.96
C3He= © 3.57 3.68 4,53 4.25 5.11
C4H1D - 2.62 2.65 2.55 2.45 2.52
CiHe= S 5.65 5.72 6.19 6.08 6.58
CSHL2 2.53 2.55 . 2.39 . . 2.38 2.46
CSHIO= 5.56 5.49 5.79 5.8 - 6,21
CéHLs 2.55 2.59 2.45 2.50 2.46
© CéHI2= & CYCLO'S 4,57 4,57 4,81 4.85 4,79
C7+ IN GAS 12.65  13.26  15.85  15.33  17.95
LIQ HC'S : 32.66  30.68  26.82  26.78  21.93
TOTAL 100.0

0 100.00 100.00  100.00  100.08



SUB-GROUFING
Cl ~C4
CS -420 F
420-700 F
7O00-END PT
CS+=END PT
ISO/NORMAL MOLE RATIO
C4
cs
cs
Ci= ‘
PARAFF IN/CLEFIN RATIO
c3
C4
CS
SCHUL.Z=-FLCRY DISTRBTN
ALPHA (EXP(SLCPE))
RATIO CH&4/(l-A)**2
LIQ HC COLLECTION
PHYS. AFPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
IOWT Y@QEGF

RANGE(16-84 %)

WT % @ 420 F
NT %@ 700 F

39.45
45.55
13.12

1.51
60.35

0.0347
0.0950
0.1305
0.0000

1.14Q7
0.4485
0.4422

G.7931 -

4.,5178

CLR QIL
0.753
1.4256

259
296
410
583

642

287

54.00
94.16

40.88
44,64
12.54

1.94
5%.12

g.0322
0.0919
0.1329
g.0c0c

1.1274
0.4462
0.4475

0.7931
4.7214

CLR OIL
Q.753
1.4259

260
300
415
591
650

251

52.80
93.69

41.89
44,358
11l.64

2.09
58.11

0.0402
0.0876
0.1099
0.0000

0.8818
0.3980
0.4013

48.80
92.20

42,32
43,97
11.62

2.09
57.68

0.0327
0.0879
0.1235
3.0000

0.8767
0.3875
0.3954

0.7946
4.9892

CLR QIL
0.758
1.4280

287
304
428
619
674

315

48.80
$92.20

44.18
44.01
g.86
1.94
55.82

0.0400
0.0870
0.1130
0.00a0

0.7393
0.3701
0.3858

46,17
9l.14



TABLE 12 RESULT OF SYNGAS CFERATION

RUN NO.  101l2-22 | ' 4
CATALYST (CO/TH/%4+UCC-108 10252-90C 80CC 39.9GM (42.6 AFTER RUN +2.7G)
.FEED.  H2:CO:ARGON OF 50:30: O @ 800 CC/MN OR 600 GHSY:

RUN & SAMPLE NO.  10112-22-15 L12-22-14 112-22-15 112-22-16 112-22-17

-
e e A e et et S e S D S i At e S e A i e St e gt e b s

FEED H2:CO:AR 50:30: 0 350:50: 0 50:50: O 50:50: 0 5Q:50: G
HRS ON STREAM 163.0 170.0 187.0 94,5 211.0
PRESSURE ,PSIG 304 304 . 305 297 . 302
. © , 272 272 281 | 281 281
FEZD CC/MIN ga0 800 800 800 - . 800
HOURS FEEDING : 24,00 = 7.00 24,00 . 7.50 -24.,00
EFFLNT GAS LITER 707.05 215.00 €78.25 21Q.75 675.70
GM AQUEQUS LAYER _ 77.96 25.29 86,72 27.26 . 87.22
GM QIL _ 20.22 1 6.09 - Z0.89 6.46 20.67
. MATERIAL BALANCE . : '
GM ATOM CARBON % . 96.53 99.70 0z.92 102,66 100.76
GM ATOM HYDROGEN % $3.32 98.14 97.70 98.32 - 97.28
GM ATOM OXYGEN % 97.73 102.08 102.87 101.80 - 100.90
RATIO.CHX/(H20+C02) Q.9553 g.9185 - 1l.0014  1.0283 0.9255
RATIO X IN CHX . - = 2.4931  2.4840  2.5806 2.5526 2.5380
USAGE H2/C0 PROCT . 1.6155 1.6323 1.5010  1.5263 1.5371
RATIC CO2/(H20+CC02) 0.2338  0.2184 0.3113 0.50z25 0.2915
K SHIFT IN EFFLNT C.ls | 0.8 0.25 0.24" 0.23
CONVERSION .
ON CO % 33.10 33.15 41.81 42.02 . 40.83
ON H2 % 56.35 56.92 66.08 £6.29  €5.12
. ON CO+HZ % 44,55 44,93 53.63 53.89 - 52.78
PROT SELECTIVITY,WT % :
CHa . N 21.76 21.43 24.75 24.57 24.77
CZ HC's 4.20 4.56 5.02 - 4.90 4.93
cHe ' .84 3.83 4.62 4,67 4.54
C3He= - 4,82 4.88 4,58 4,68 4.83
C4H1O 2.45 2.46 2.76 2.73 2.64
CaHg= _ 634 - 659 6.47 6.50 €.23
C3Hlz : 2.43 2.38 2.62 2.57 " 2.49
CSH10= €.07 8.20 6.30 8.24 = 6.28
Cérla 2.57 2.54 2.88 2.63 2.60
CéHl2= & CYCLO'S 4,83 . 4.81 4,80 . 35.03- 4,54
C7+ IN GAS 17.07 17.77 17.00  17.73 17.57
LIQ HC'S 22.88 22,75 18.41 | 17.94 18.78

TOTAL : 100.00 100.00 100.00 100.00 - 100.00



SUB-GROUPING
Cl -C4
C5 «420 F
420-700 F
700-END PT
C5+=-END PT
ISO/NCRMAL MOLE RATIO
C4
C5
Cé
Ca=
PARAFFIN/CLEFIN RATIO

SCHULZ-FLGRY DISTRBTN
 ALPHA (EXP(SLOPE))
RATIO CHa/(1-f)**2
LIQ HC COLLECTION
PHYS. AFPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'O DISTILATN
‘10 WT $ @ DEG F
16
50
84
50

RANGE(16-34 %)

WT %2 @420 F
WT X @700F

44,11
43.57
10.29

2.03
55.89

0.0355
0.0815
0.1058
0.0000

Q.7619
0.3725
0.3889

0.7948
5.1693

CLR QIL
0.761
1.4283

299
324 -
437
630
687

306

46.17
91.14

43.56
44.95
9.52
1.97
56.44

0.0577
0.0853
0.1154
0.0000

0.7492
0.5724
Q.3731

45.50
91.38

48.20
42.51
7.71
1.59
51.80

0.0417
0.1047
Q.156é3
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VIII. RUN 7 (10225-16) with Catalvst 7 (Co/Th + UCC-103)

.
th

This catal?st was prepared by promoting cobalt oxide w
thorium while iﬁ contact witﬁ UCC-IOvaowde; (2 modification of
UCC-101). The mixture was bonded with 20 percent silica, znd
formed as 1/8-inch extrudates. The finzal p;oduct cﬁnﬁained:lO
weight percent cobalt. |

Conversion, product selectivity, isomerizationm of the pen-.
tane, gnd.pefcenf olefins of the C4's are plotted egaiﬁst time on
stream in Figs. 99-102. Simulated distillations of tﬁé-05+ pro-
duct for three szmples are plotted in Figs. 103-105. Carbon num-
ber product diétributions are plotted ia Figs. 106~115. Chromat=-
ograms from simulzgted diétillgtions are reproduced in Figs., 116~
125.’ betailed material béiances appear in Tables 13-16,

Compared with the;reference cataljst (Ténth Quarte? Run
10112-15), this catalyst is both more active and morevéfable. At
the end of the run (233 hours on stream) the conversion'of CO+H2,
initiallf abéut 80vpe;cent, had droppéd only to 72 pércent; cor-
responding values for the reference catalyst were 76 pefcent

initially znd 52 percent after 188 hours on stream. The wzter

|2

gas shift activity was higher, although omly slightly, with 40
percent of the oxygen rejected as COg initially and ‘25 percent at
the end of the run, as against 37 znd 20 percent for the refer-

ence catalyst. Usage of the 1:1 H5:CO synges was less than 1.3:1
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initially and remained below 1.6:1, as against 1.23:1 and 1.71:1
for the reference catalyst., The higher initial ratio is due ina
part to the fact that this catalyst produced a hydrogen-rich
product with a constant 2.5 hydrogens per carbon, whereas the
reference catalyst produced 2.3 carbons per hydrogen initially
and 2.5 at the end of the run.

.The selectivity alsc was unusually stable., While the initial
methane production was rather high at 20 percent, by the end of
the run it had risea only to 21 percent; corresponding valves for
lthe.reference catalyst were 15 and 24 percent. Furthermore,
since production of Cy-Cy rose only from 15 to 17 percent (refer-
ence values 13 and 15 percent), the yield of Cs* was above aver-
age. Production of total motor fuels, although somewhat lower
initially than for the reference catalyst (63 vs. 69 percent),
was again more stable; at 188 hours on stream (the term of the
reference run), this catalyst was producing 81 percent total
motor fuels as agﬁinst 55 percent for the reference catalyst, and
after 235 hours it was still producing nearly 60 percent. Ole-
finic content of the Ci's was not very high, with only 40 percent
as butenes-~-the most paraffinic product yet produced.‘ The same
was true for the gasoline and jet fuel fractions, ia which the
olefins were 13 and 12 percent respectively, as against 36 and 32
percent for the reference catalyst,

While no carbon number cut-off is evident from the Schulz-
Flory plots, a possible cut-off may be infarred from the physical
properties of the liquid product. The pour point of the jet fuel

- 13 -



was SFV(vs, @F for the referenée), wﬁich is consi%tent with its’
low degree of isomerizétidn and umsaturation. However, the pour
point of the diesel oil was 35F, well above the 20F falue of
Catalystvé, wiich was mgth‘hiChe; in 6lefins, but subs;antially
below the reference value of 30F. In addition, althﬁﬁgh the

liquid product was poorly isomerized and highly saturated; it
_ 2 S
nevertheless contained no solids. The lack of very heavy hydro-

carbons is consistent with the lower pour point of the diesel
oil.
This is another entry in our growing catalog of promisiag

catalysts. Its product distribution and stzbility are both ex-

cellent, a2nd its heavier prcducts,véespite their high parzffin

T

content, still have good flow properties. he catalyst demon-
strates the potential benefits of intimaste contact of the metdl
component and the shape selctive compoment, effectuated by its

method of preparation.
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