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@ Catalysts comprising a silica molecular sieve modified
by a metal which forms acidic oxides selected from the
group consisting of Group VIB and VII8 elements and, a
Fischer-Tropsch catalyst wherein the ratio of zeolite to
Fischer-Tropsch component is from 0.1 to 10:1 can be
employed to produce gasoline quality liquid hydrocarbons
from synthesis gas. A process is employed which includes
the step of contacting synthesis gas having a ratio of
hydrogen to carbon oxides of from 0.1 to 10.0:1 over the
foregoing catalyst at a reaction temperature of from 100°C to
500°C and at a pressure of from one atmosphere (0.1 MPa) to
200 atmospheres (20 MPa) and at a gas hourly space velocity
of from 10 to 100,000. A method is also provided for the
preparation of the combination catalyst. The liquid hydrocar-
bon product is highly aromatic, essentially free of external
olefins and totally free of detectable oxygenates.
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MODIFIED SILICALITE CATALYSTS AND THEIR
PREPARATION AND PROCESS FOR THE USE THEREOF

The present invention is directed toward modified
silicalite catalysts and the use thereof for the production
of fuel grade liquid hydrocarbons from synthesis gas. The
catalysts and process disclosed are particularly suited for
the production of isoparaffins, internal olefins and
aromatics. A method for the.synthesis of the catalyst is
also provided.

Silicalite has the same structure as the alumina
containing zeolite 2ZSM-5. The acid form of 2ZSM-5 is often
used to convert low molecular weight alcohols or olefins to
gasoline. ZSM-5 can also be used in a combination catalyst
with a Fischer-Tropsch component, to give high quantities
of isoparaffins and aromatics. However, silicalite does
not have the acidity of ZSM-5 and its ability to "reform"
Fischer-Tropsch products to isoparaffins and aromatics is
greatly reduced.

The conversion of synthesis gas via Fischer-
Tropsch catalysts is a well known process. Such catalysts
generally produce liquid products which include components
such as organic acids, aldehydes, alcohols and olefins
which are undesirable for use as fuels. It is also known
to employ zeolite catalysts for the conversion of various
organic compounds. For example, U.S. Pats. No. 4,276,438
and 4,278,827 disclose processes for the conversion of
aromatic compounds to dialkylbenzene compounds. Each
process requires a particular type of zeolite catalyst
which has been modified with either a Group IB or a Group
IVB metal. |

U.S. Pat. No. 3,775,501 discloses a process for

- -the production of aromatics. from hydrocarbons and air over

a zeolite catalyst. U.S. Pat. No. 3,271,418 discloses a
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process for cracking petroleum gas o0il to produce high
octane gasoline over a zeolite catalyst where the original
alkali metal has been replaced by other cations.

Others have disclosed the use of Fischer-Tropsch
catalysts with zeolites in organic synthesis. U.S. Pat.
No. 4,279,830, for instance, discloses a two reactor
process for converting synthesis gas to oxygenates and
hydrocarbons by reducing CO in the first reactor over a
Fischer-Tropsch catalyst, where a zeolite is optionally
present, followed by treatment in the second reactor over a
zeolite catalyst.

U.S. Pat. No. 4,269,783 discloses a process for
the conversion of synthesis gases to hydrocarbon mixtures
such as olefinic naphtha with an aromatic content of less
than 20 weight percent.. The olefin plus aromatic content
of such products comprises at least 50 weight percent. The
zeolite component of the catalyst combination comprises not
more than 0.5 weight percent alkali metal.. -

Lastly, U.S. Pat. No. 4,086,262 discloses a
method for the conversion of synthesis gas to hydrocarbon
mixtures rich in aromatics. A heterogeneous catalyst
comprising zeolites and Fischer-Tropsch synthesis catalysts
is employed.

Thus, while the art provides catalysts and
processes for the conversion of synthesis gases and other
organic feedstocks to various hydrocarbons over mixtures of
seolite and Fischer-Tropsch catalysts, it has not disclosed
the preparation and use of a modified silicalite, Fischer-
Tropsch combination catalyst and the use thereof to produce

liquid hydrocarbons.

DISCLOSURE OF INVENTION

It is therefore an object of the present inven-
tion to provide a process for producing gésoline quality
liquid hydrocarbons from synthesis gas.

It is another object of the present invention to

provide a novel catalyst for converting synthesis gas to
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gasoline quality liquid hydrocarbons.

It is still another object of the present inven-
tion to provide a method for the preparation of a combina-
tion catalyst for the conversion of synthesis gas to liquid
hydrocarbons.

These and other objects, together with the
advantages thereof over the prior art, which shall become
apparent from the specification which follows, are accom-
plished by our invention as hereinafter described and
claimed.

' The catalyst of the present invention comprises
a silica molecular sieve modified by a metal which forms
acidic oxides selected from the group consisting of Group
VIiB ahd VIIB elements and, a Fischer-Tropsch catalyst
wherein the ratio of zeolite to Fischer-Tropsch component
is from about 0.1 to 10:1.

The process of the present invention produces
gasoline quality liquid hydrocarbons from synthesis gas
and includes the step of contacting synthesis gas having a
ratio of hydrogen to carbon oxides of from about 0.1 to
10.0:1 over a combination catalyst at a reaction temperature
of from about 100° C to 500° C and at a pressure of from
about one atmosphere (0.1 MPa) to about 200 atmospheres
(20 MPa) and at a gas hourly space velocity of from about
10 to 100,000. The combination catalyst itself comprises
a silica molecular sieve modified by a metal of a Group
VIB or VIIB element and, a Fischer-Tropsch catalyst wherein
the ratio of zeolite to Fischer-Tropsch component is from
about 0.1 to 10:1.

A method is also provided for the preparation
of a combination catalyst for the conversion of synthesisg
gas to gasoline quality liquid hydrocarbons. It includes
the steps of modifying a silica molecular sieve with a
metal which forms acidic oxides .selected from the group
consisting of Group VIB and VIIB elements and combining the
modified zeolite with a Fischer-Tropsch catalyst in a ratio
of from about 0.1 to 10:1.
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The method can include as further steps impregnating
the silica molecular sieve with a solution of the metal,
evaporating the solvent, calcining the modified silica
molecular sieve at temperature ranging from about 200° to
800° C for about one to 24 hours and reducing the combina-
tion catalyst with H; and/or CO at a temperature of from
about 100° C to 600° C, at H, and/or CO partial pressures
ranging from 0.001 MPa to about 5.07 MPa and for a period
of time of from about one to 100 hours prior to employing

the catalyst for the conversion of synthesis gas.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

The catalyst of the present invention comprises a
mixture or combination of a Fischer-Tropsch catalyst and a
silica molecular sieve, particularly silicalite, which has
been modified with a metal which forms acidic oxides
selected from Groups VIB and VIIB of the Periodic Table.

Silicalite.is described in U.S. Pat. No.
4,061,724 and is a nearly aluminum free zeolite of the
72SM-5 structure, the latter being a well-known medium port
zeolite. The silica to aluminum molar ratio in these
silica molecular sieves is on the order of more than 500:1
Si:Al (Si0,:A1,03>1000:1). Silicalite (II) is also
suitable, it being the silica analog of zeolite ZSM-11,
also a medium port zeolite. Silicalite (II) has been
described by Bibby, Milestone, Aldridge, Nature, 280, 664
(1979). Other silica polymorphs or dealuminated zeolites
are also suitable as is F-silicalite, the fluorine-
containing species described in U.S. Pat. No. 4,073,865.
The subject matter of the publication and two patents is
incorporated herein by reference.

The silicalites are modified by impregnation with
solutions, preferably aqueous or organic solutions, of
Group VIB or VIIB metal salts, preferably Group VIB and
particularly chromium. The metal introduced into the
silicalite can range from about 0.0l to about 20 weight

percent and is preferably between about 0.1 to 10 weight
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percent. The silicate is precalcined at temperatures
ranging between about 100° C to 800° C for at least one
hour to remove volatiles before being impregnated with the
metal salt solution.

The solvent is subsequently evaporated to produce
the impregnated, or modified, solid silicalite by a con-
ventional method such as roto-evaporation. The metal
impregnated solid is then dried to remove trapped solvents
and then calcined at temperatures between 300° and 800° C
and‘preferably from 400° to 700° C. Calcining times range
from about one to 24 hours. The calcined metal containing
silicalite is then combined with a supported or unsupported
Fischer-Tropsch catalyst, which includes any such catalyst
known in the art, either as an intimate mixture or as
separate particles. The Fischer-Tropsch catalysts include
all of those generally known in the art. The catalysts
employed in the examples were prepared according to the
methods outlined in "The Fischer Tropsch and Related
Syntheses" by H. H. Storch, N. Golumbic and R. B. Anderson,
(John Wiley and Sons, Inc., 1951) the contents of which are
incorporated herein by reference.

The ratio of modified sieve to Fischer-Tropsch
component may be from about 0.1 to 10 ana preferably
between about 0.5 to 5:1 by weight. The mixture of Fischer-
Tropsch component and modified sieve can be intimate or
present as separate particles in the reactor. When the two
components are combined as an intimate mixture, the powders
of the components (greater than 30 mesh) are combined and
thoroughly mixed in the desired ratio and a lubricant such
as graphite can be added to the mix. One to two weight
percent based upon the total catalyst weight is sufficient.
The mixture is then pressed into pellets or wetted and
extruded, followed by drying and calcination. Pelleted
catalysts are broken into 10-30 mesh particles before
pPlacement into the reactor.

The catalyst is finally placed in the reactor and
the Fischer-Tropsch component activated in a known manner
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such as by reduction with hydrogen, carbon monoxide or a
combination with or withou* the presence of a diluent such
as nitrogen. Reduction ccnditions are chosen to optimize
the activity of the particular Fischer-Tropsch component
present in the catalyst. They normally include heating to
a temperature of at least 100° C up to about 600° C at H;
and/or CO partial pressures ranging from 0.001 MPa to about
5.07 MPa and for a period of time of from about one to 100
hours.

In the process of the present invention, synthesis
gas, i.e., a mixture of hydrogen and carbon monoxide, in a
ratio of 0.1 to 10:1 H,/CO and preferably between 0.25 to
2:1 H,/CO, is reacted in the presence of the novel catalyst
in the vapor phase. The conversion can be conducted in
either fluid bed or fixed bed reactors, the latter being
exemplified herein, and the process is applicable to con-
tinuous or batch type operation.

The reaction temperature should be maintained
between temperatures from about 100° to 500° C, preferably
from about 150° to 350° C. Pressures may be from ambient
to about 200 atmospheres (20 MPa), preferably from ambient
to about 30 atmospheres (3 MPa). Synthesis gas space
velocities can range from about ten to 100,000 GHSV, or
volumes of gas passed over one equivalent volume of catalyst
per hour, and preferably from about 100 to 10,000 GHSV.

The use of a catalyst containing Cr-Silicalite
(about 3 percent Cr) with an Fe based Fischer-Tropsch
catalyst results in a liquid organic product containing
large amounts of isoparaffins and aromatics. This result
is much superior to the reforming ability of silicalite in
an unpromoted state and is also better in producing aromatics
than a combination catalyst containing HZSM-5 (Si0,/Al1,03%70).

In the examples reported hereinbelow, a catalyst
of the present invention was prepared in a two step process
as follows:

Step I
10.8 gms of Cr(NO3)3;°6H;0 was dissolved in 300 ml

of 2:1 water-acetone. To this solution 50 gm of silicalite
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which had been precalcined for 3 hours at 500° C and 1 hour
at 600° C was added. The mixture was placed on a roto
evaporation unit and the acetone slowly removed over a
period of 20 minutes. The system was heated over a water
bath and the water solvent was removed over the next 90
minutes. The moist solid was dried overnight (about 17
hours) at 150° C, and then calcined for 4 hours at 600° C
to decompose the Cr nitrate. The expected Cr content of
the catalyst was approximately 3.0 percent. The modified
silicalite was designated Cr-Silicalite.

Step I

Equal weights of a conventional Fischer-Tropsch
catalyst, 75Fe(II):25Fe(III):20Cu(II) and Cr-Silicalite
were mixed.with 2 percent graphite and thoroughly mixed on
@ roll-mill. The powder was then pressed into pellets.

The pellets were broken up and screened to give a 10-30

mesh fraction which was isolated and calcined. The catalyst
formed is one of the present invention and is designated as
Catalyst A.

Catalyst A was reduced and then run in a fixed
bed reactor for the conversion of synthesis gas as follows:
20 cc of Catalyst A was reduced at ambient pressure at a
temperature of 250° C under a flow of 50 SCCM (standard
cubic centimeters) H,, 50 SCCM CO and 900 SCCM N, over-
night. The pressure was increased to 1.04 MPa and flows of
>0 SCCM H, and 50 SCCM CO were introduced. The bath tem-
perature was increased to 270° C and a 1159 minute run was
conducted. A gas contraction of 10.7 percent was observed.
The Cs* liguid yield was 0.06 gms per hour.

For purposes of comparison, two catalysts not
part of the present invention, designated as B and C, were
also prepared by substituting zeolite and unmodified
silicalite for the Cr-Silicalite component of the inven-
tion. Preparation was as follows:

Catalyst B

The procedure of Step II was employed with the
acid form of a medium port zeolite, HZSM-5 (SiOz:A1203g7O:l)
substituted for the Cr-Silicalite of Step I.
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Catalyst C
The procedure of Step II was employed with
silicalite (Si0,:A1,03;>1000) substituted for the Cr-Silica-
lite of Step I.

In similar fashion, Catalysts B and C were

reduced and run in a fixed bed reactor as follows: 20 cc
of Catalyst B was reduced at ambient pressure at a tempera-
ture of 250° C under a flow of 50 SCCM H,, 50 SCCM CO and
900 SCCM N; overnight. The pressure was increased to 1.04
MPa and flows of 50 SCCM H, and 50 SCCM CO were introduced.
The bath temperature was 240° C and a 931 minute run was
conducted. The gas contraction observed was 11.5 percent
and the Cs™ liquid yield was 0.02 gms per hour. The bath
temperature was increased to 270° C and a 1539 minute run
was conducted. The gas contraction observed was 37.4
percent and the Cs¥ yield was 0.07 gms per hour.

20 cc of Catalyst C was reduced at ambient
pressure at a temperature of 250° C under a flow of 50 SCCM
H,, 50 SCCM CO and 900 SCCM N; overnight. The pressure was
increased to 1.04 MPa and flows of 50 SCCM Hz and 50 SCCH
CO were introduced. The bath temperature waé 251° C and a
217 minute run was conducted. The gas contraction observed
was 29.4 percent and the Cs¥ liquid yield was 0.17 gms per
hour. The bath temperature was increased to 260° C and a
937 minute run was conducted. The gas contraction observed
was 45.7 percent and 0.35 gms of cst product was produced
per hour.

The products obtained were subjected to analysis,
the results of which have been summarized in Table I. The
amounts of each product reported should be multiplied by

10" to obtain moles/gm.
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TABLE I

Products Comparisons for Catalysts A, B and C

Catalyst A B ¢
Cr-Silicate + HZSM-5 + Silicalite +
Fischer-Tropsch Fischer-Tropsch Fischer-Tropsch
Temperature 270° C 240° C 270° € 251° C 260° C
Vinyl Olefin 0.0 1.1 1.3 9.0 7.8
Internal Olefin 3.6 9.8 8.2 6.8 9.7
Vinylidene Olefin 0 1.5 2.6 0.8 1.2
Trisubstituted
Olefin 2.8 16.1 20.9 2.0 3.3
Alcohol 0.0 0.0 0.0  25.3 7.8
Ester 0.0 0.0 0.0 1.5 0.8
Aromatic 22.6 8.0 15.9 4.0 2.4
CH2/CHj 2.1 2.3 2.6 2.8 3.4

The products obtained from Catalyst A would be
the best for fuels as they contained no oxygenates and had
the lowest CH,/CHj3; ratio for the three catalysts employed.
The CH,/CH; ratio can be used to determine the chain length
or extent of branching. When this number is compared with
boiling point fraction data (not reported in Table I), it
is possible to determine branching. Generally speaking a
ratio of less than 2.5 is good for gasoline fractions and
2.0 is excellent. A value of 2.1 was observed for Catalyst
A,

Catalyst A was next compared further against
Catalysts B and C as well as other combination catalysts
not part of the present invention and three conventional
Fischer-Tropsch catalyst compositions which did not contain
any silicalite or zeolite. The comparison catalysts
included the following: Cobalt Fischer-Tropsch catalysts
alone over different supports; Iron Fischer-Tropsch catalyst
alone; Cobalt Fischer-Tropsch catalyst with zeolite, 50/50
mixture (Catalyst B); Cobalt Fischer-Tropsch catalyst with
silicalite, 50/50 mixture (Catalyst C); Cobalt Fischer-
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Tropsch catalyst with silicalite 33.3/66.7 mixture (Cata-
lyst D); Iron Fischer-Tropsch catalyst with zeolite, 50/50
mixture (Catalyst E); Iron Fischer-Tropsch catalyst with
silicalite 50/50 mixture (Catalyst F); and, Iron Fischer-
Tropsch catalyst with silicalite 50/50 mixture (Catalyst
G). Catalysts F and G were different in that the silica-
lite of Catalyst G was obtained from Union Carbide (S-115)
while the silicalite of Catalyst F was prepared under

the direction of the inventors named herein. More speci-

fically; the catalysts employed were as follows:

Examples No. 1-6

100Co:5ThO, : 8Mc0:2020Kieselguhr on alundum

Examples No. 7-8
100Co:5ThO; : 8Mg0:200Kieselguhr (10cc)+10cc-glass beads
Examples No. 9-12
75Fe (I1):25Fe (III):20Cu(II)
Examples No. 13-15
Catalyst B: 50%(100Co0:10Mg0O:5ThO,:100Kieselguhr)/50%25M-5
Examples No. 16-19
Catalyst C: 50%(100Co:10Mg0:5ThO;:100Kieselguhr)/
50%silicalite
Examples No. 20-22
Catalyst D: 1(100Co:8Mg0:5ThO,:100Kieselguhr)/2 silicalite
Examples No. 23-28
Catalyst E: 50%[75Fe(II):25Fe(III):20Cu(II)]/50%ZSM~5
Examples No. 29-31
Catalyst F: 50%[75Fe(II):25Fe(III):20Cu(II)]/50% silicalite
Examples No. 32-34
Catalyst G: 50%[75Fe(II):25Fe(III):20Cu(II)]/50% silicalite
Examples No. 35-36

Catalyst A: SO%[?SFe(II):25Fe(III):20Cu(II)]/SO%Cr—Silicalitf

In each series of examples, 20 cc of a specific
catalyst was selected, placed in the reactor after appro-
priate reduction of its Fischer-Tropsch component and then
subjected to multiple runs with increasing time being
reported in Table III.
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The Fischer-Trop:ch catalysts were first redﬁced
at ambient pressure or creater under gases at temperatures
and for times as set forth in Table II. The other catalysts
were reduced, usually at ambient pressure under a flow of
Nz, H: and CO, 900SCCM:5080CM:50 SCCM, respectively for
22.5 hours at 250° C. Synthesis gas conversion reactions
were subsequently conducted at a bath temperature of 252° C
and 1.04 MPa pressure unless otherwise stated. Reductions
of the Fischer-Tropsch components of Catalysts A-G appear
in Table III for the first numbered example following each
new catalyst. .

TABLE II
Reduction Conditions for Fischer-Tropsch Catalysts

Ex. No. T °C P MPa gauge Gas Time Hrs.
1 350 1.04 H»> 18
2 350 1.04 Ho 18
3 350 Amb. H, 4
4 350 1.04 Hy 16
5 350 1.04 H, 16
6 350 1.04 H» 16
7 400 . Amb. 3:1H2/N, 17
8 400 Amb. 3:1H, /N2 17
9 250 1.04 H, 22

10 250 1.04 H», 22
11 250 1.04 H, 22
12 250 1.04 Ha 22

Reactions of synthesis gas over the catalysts
were conducted under conditions set forth in Table III
which reports grams of organic liguid produced per
hour. Gas contraction reported in Table III is determined
as follows: [1- (volume gas out/volume gas in)]X100. Feed of
synthesis gas is given as SCCM (standard cubic centimeters).
Analysis of the liquid products by NMR was conducted and
has been reported in Table IV. The amounts present equal
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1x10~* moles/gm of liquid. Lastly, Table V presents pér
pass conversion and percent selectivity. Calculations of
the percent of CO converted to a particular product (% ppc)
and percent selectivity (% sel) for the gaseous products of

Examples were determined as follows:

[moles of CO in product/moles of CO fed] X 100
[SCCM product/SCCM CO (converted)] X 100

% pPpc
% sel



SE'0
L£°0

0154063

S0°0
£L°0
6T°0
L1°0
91°0
SZ°0
00°1
99°0
£Ev:0
10
0Z°0

-13-

(aty/swd) 3onpoag
dtuedip prnbyl Te3O0L

"utw 67
‘utw §

‘utw gg
"utw Q]
‘utu Zg

‘utw g

U],

- ay
s ay

s ay
a1y
cay
‘ay
cay
cay
*ay
-1y
a1y
“ay
‘ay

£¢
9T

1¢

81

8T
0c

N N N 0 NN N

11T d719VL

$52001J UOTS12AUO0) SBYH STSaYyjukg

ZL° L9 0/00T/0S 0sYy v0'T 81T .
AT TS 0/0S/0S oot 70T 6TC
- 0/00€/0 006 L0 -
%C o\wm\NOH SLE AV T9¢
a8y 0/05/06¢ 062 90°1 29¢
Z9T ¢1e/ Lot 006 ¥0°T Lye
aL 901/L0T 6£9 0 T IAXA
402 0/101/101 00zt ¥0°'T 0te
YAV 0/86/86 00¢T 70T €ee
8L 0/9¢1/59 00¢ v0°'T 9Lt
%40¢ 0/5L/59 012 0T 89¢
Z0%y 0/%TT1/€S 06¢ %01 ¢0?
4sy 0/8S/4%S 89T v0°'T 20t
468 0/6S/LS SLT w01 60¢
aL 0/65/85 SLT "0°T S8T

ueI3IoeIJUOY EN/%H/0D ASHO agdned ¢ ox3 T

%02
112

0s¢
0s¢
IANA
LET
vl
vt
LS¢
96¢
S6T
96T
[44)4
08T

pPa2d 1

ST
A
€T
4 3sTeIEd
A1
TT

yosdoal-aayost g

*ON ‘X%



SE0
L{1°o

0154063

?0°0
L0°0
L0°0
200

e 0
0s°0

-14-

910
A\

(ay/swd) 3onpoid
otuedag pynby1 TEIOL

‘utw L€

Y A

‘utw T

uTW 6¢
"utw T¢
"upw gy
"uTw Of

‘uyw g
utw gz

‘UTw 4g
Tutw hg
‘utw g7

.-H:

ST

LU

ay g

.E
-
1y
-
-

-.Hs

cay

.vﬂs

.“S
fay
-2y

.HL

91
6
ST
Y

12

L1
91

ST

1¢

%L SY 0/05/0§ 00€ %0°T TLe 097
%Y 67T 0/05/0S 00€ 70" T T92 162
- 006/05/0S 00¢ 0 - 0%
%1°81 0/002/0LT OETT Sh°eE $8¢ 0Lt
%0°S2T 0/00T/0S 00¢ (A £87 897
VAR 0/0S/0§ 00€ 70T [4:14 0Lt
%511 0/05/0S 00€ 70°T 84T 0%z
%6°S1 0/06/0S 00€ 70T 8yt (A4
- 006/05/0S 00€ 0 - -
%Sy 0/00T/0S 0sY 70°T VAA ST¢
%9°SS 0/0S/0§ 00¢ %01 (1124 o€
- 0/00€/0 006 L'0 - -
%6°9¢ 0/00T/0S 0SY 70T LY LE€T
%t 6T 0/0S/06 00€¢ 70°T 8yt Lee
%8°9¢ 0/0$/0S 00¢ 70°T 1€T €zt
- /00€/ 006 L0 - -
Uofjoeiauod  ¢N/H/0D ASHD 28ned ¢ oxa 1 pag 1

550001 UOTSJI9AUO) SBH STSaYyjukg

(penutauod) III ATUVL

€
o€
62
ERELISEEER)
4
L2
A
9z
34
L4
¥4

FEEELSCERR)

44

12

07
[(EEISTEER]

6T

8T

LT

9T

3 asd1eaed

*ON *Xd



0154063

-15-

90°0

9¢°0
0€£°0

(ay/swd) 3onpoag
Stuedag pInbrl TEIOL

utw 6T "4 6T
“ay 01<

"upw T Iy 9T
"utw TG 1y ¢
"1y 4z

QWTL

%L 0T 0/05/0S 00€ %0 T 8¢ 0.1

- 006/0S/0S 000€ 0 - -

%2°S9 0/05/0S 00€ 70T 65 192

% LS 0/05/0S 00¢ v0°1 65 T4

- 006/0S/0S 000€ 0 - -
U0T3I0BIIU0D TN/¢H/0D ASHO adned g oxa ], pad 1

S59004] UOTSAdAU0) SeH STSayIuig

(penuTiuod) 111 A14VL

9¢
S€
NEELSEEER
ve
€€
43
EEESTEER

"ON XY




0154063

~-16-

¢c

VA 0 8'L 0'te ¢'T L°6 8L VAR - - - - - T€
0y 0 £°6Z 9°'81 0°¢ 8°0 89 0°6 8'¢ - - - - - o€
EFSERLSEEER)
A 0 0 ¢§'9¢ 0'6 T 661 %'9 T°¢€ - - - - - 72
0°'T 0 0 %°LS 6T 8¢ L*8T L9 9'¢ 0L 09T S9¢ 9%T €6 T¢
a IskTeaed
0 0 012 96T ST 90 L°1T 8§ Yy - - - - - 6T
0 0 /R YA R N/ [ ¢°0 TTUET L*'9 6°% 9§ 002 0LE T6T 62T 8T
RIEELSTEE
0 0 0 6°6 80 - 8°9 £°¢ L't 19 I8T  TEE GLT €TT ST
0 0 6°T Ly Sy L’ L*ye T°L T°c 29 ¢8T 8%t ELT TCT v
4 1s4Te3ed
6°0 ¢°2T T°ST %%l 0°1 6°0 '8 VA 1% - - - - - ZT
L°0 Ly 8'8 C°81 0'T 6°0 £'8 0°8 8t %S [ A AR Nmﬂ, 12T TT
S0 (A4 ?*6C €°1¢ 0'T 0°T o'y £ a1 €S - - - - - 0T
AN 9’11 ¥°'6T B8°ST A 1 8¢ 6T L's LE 162  9T% 9¢Z 041 6
- - T°0T 6°%C - - t'9 L'8T S'9 tt ¥6Z  ¥0% TST 68T L
- 8T°¢ 8T #L°81 - - o hEtY KA A - - - - - - 1
3UOTY Isdfele)
yosdoai-iaayosig
Tay  PTOV. 9TV TEBAOL  u1jolo0 ut3ato UT3I9TO UTJIATO CHO/CHD %02 D, 'd'9 %96 %0G %9Z °'ON ‘X3
qnsial  PuapTTAUTA  Truasjul  TAUTA > % OAV TIOA JD. SIAWIS

UOTSADAUO) SBH STSayjudg wolad sionpoad pInbif

AT IT4VL



0154063

-17-

972t 0 0 %9 8°C 0 9°¢ 0 ¢ oL ¢8T  0L€ €9T 621 9¢

V 3sATe3eD

VAN 0 §'C 6°tt L 0°T 98T c'6 £'e €9 ¢81 LY T et ve

9 1skTe3en

AV PTIY ‘OTV  TeiOL UTIaT0 ur3j°io UTJ2TO VUTJBTO0 *HO/®MD %0z D, ‘d'€ %96 %06G 492 "ON °xj
QnsSTal SUdpFTAUTA Teuaejul  TLuyp > % OAV 1104 Jo SI@WIS

UOTSI2AU0) SBH STsayjudkg woly sionpolg pynbiq

(ponuTiuod) AI atavli



0154063

09°6T %9°8 - €E°TIE 06°TT - £¢°L2 8°8T - LS9y %861 - *aynba sed by
- - - - - - . ¥T1°0  0I'0 §0°0 - - - Tipsou
- - - - - - - - - - - - . TIYHSOH-¥
00'T w90 22°0 €0 TI'0  90°0 62°0 0Z°0 0T°0 LZ'T %S°0 LT°0 IRND-2
00°T %0 TZ°0 - - - Tv'0 82°0 %I'0 £€8°'T 8L°0 6£°0 SH"D-7
- - - - - - 90°0 %0'0 20°0 60'0 %0°0 20°0 SH"D~T
ov'z 90°T €S°0 78'¢Z 80°T %S°'0 9%*0 CE'0 9T°0 SS'T  99°0 €€°0 8H"D-T
o'z  90°T €6°0 T¢'T  9%°0 €20 L't 88'T  %6°0 %9'T 0L°0 SE€°0 0l OU
- - - - - - 90°0 %0°0 20'0 - - - OTHND-T
Z1°9 0L°C SE€'T 90'S T6'T 96°0 S6°0 99°0 €€'0 7%  88°T  %6°0 | 21ED
66°2 €T 99°0 ZE'T 0S°0 ST'O z6'z ¢0't  T0°T RL*T  wL*0  LE'O BHED
- - - - - - - - - - - - "D
9z'¢ T€'T 9T'T vgz 80'T %S'0 6L°T %2'T 29°0 Z6°T 78°0 1%°0 9R%D
Zy'8T TI°8  90°v 69'6 89°€ 48'T . L8'6 TB'9 Iv'E 09'%7 96°'T 860 "HO
9€°S7 8T'TT 65°6 G8'€z 90°6 ES'H 8L°0 ¥S°0 LT'O €1°T 8%'0 %Z'0 200
- - 96°LT - - 10°1€ - - GhGT - - 0L°8T 02

- - %0°TT - - 66°8T - - GS'wE - - 0€°TZ (auod) 00

539npoad

TdSy  0dd%Z  WOOS Tdsz  0ddZ  WODS 1AS%Z  0dd%  WDOS 1dS%  0ddx  WODS
5 3sA1e3ed - 61 0 3iséTeled - 81 g 3sdTe3e) - GT g4 asAteied ~ 41 *ON X3

5 ygnoayl y sasATele) 3JO AITATIVB[DS pPue (0D JO UOTSI3AUOD

A A9V



~19-~-

0154063

96°¢S

¢8°0
2970
8.°0
9¢°T
0z°¢
96°1
89°0
56°0
0z°y

(AR -
060 §Z°0
9¢°0 £T1°0
90 €270
08°0 O%°0
0e"T S9°0
9T°'T 8¢°0
o%°0 02°0
9¢*0 82°0
8yt  %C°T1

09°0T 92°9 €T°€
¢T°9T T6°6 9L°%

672 0€£°8¢

ST %1
-  Ly0T
- £5°67

T14SZ 0dd%4  WDOS

a4 3s£71e3ed - 97

8¢9 (AR -
S€'T  Tv'0  TZ°O
LE"® 8L'0 6E£°0
LS°T 82°0 %T°0
€2°T 22°0 TIT°0
ST't  85°0 6270
S0 80°0 %0°0
L0°8  ¥%°T L0
$6°9 wI°'T 29°0
8S°C 9%°0 €T°0
8%°9T %6°¢C 1
L0°0Z 8S°€ 6L°T
£ET°0% 91°t 8G°¢€
- - 80°1¥%
- - ¥6°8
T4S%  0dd%  WOOS

d 3sfye3ed - ¢g

97y T°81 -
8°'T 6L 0%°0
1°¢€ €T 690
ce- vee Z1°0
'T 09° 0€°0
£ € T L0
0

Sy 6°'T 660
¢°ST 679 (A%
9°T (9° £e”
- ¢°LS 978
- - % T1e

T1aS% 0ddZ% WOOS

a 3IsAyeaed - gz

9't9 %°9¢

8T <L° 8¢
'€ €T <9
9%*  6T*  OT'
T sv
0z €8 1y
0's  T'z  T'T

Sy 6°T S6°
) 6°¢ 0°¢
LS LT S8
- %8S 276¢
- - 8°0¢

T4S% 0ddaz WO0S

@ 3sATeaed - ¢

9 y3noayl v sisdTeie) jo LITATIOPT9S pPuB Q) JO UOISIaAUOn

(penutiuo)d) A A19VL

-~ *arnbe se8 °<byq

N:AmU:

ZIHSO-T

8H"D-0
EH"D~2
Snho-t
SH"D-T
0lyhou

OTRND-T

SHED
8HED
diEde)
’neo
"HD
200
00

(auod) 02
§30Nnpoag

“ON x4



0154063

-20-

1602 99°8T. -
T0°'T 26'0 9%°0
€5°0 8y'0 %2°0
"%°0 0%'0 0Z'0
%%°0 0%°0 0z'0
VAN 20°2 70'1
0y*T 81" 60°T
60°0 80°0 %0°0
10°¢ 9G¥ 87°C
SL*2 05°¢2 AN
86°S VAN TLe
70°L 0%'9 0z°¢€
082S 01°8 S0t
- - 6%
- - 6%°SY
13S% 0dd% WODS
A 3sdteied - TI¢

62T [N

8€°0 82°0 ¥1'0
Lh'z 08T 060
8y 1 80°T 750
80'0 90'0 £€0°0
€5y 0€'¢ §9°T
29°1 81T 65°0
£e 0 Pz 0 710
STy 0T°'¢ 66T
28°¢ AL AR
80" 1TY v6'6c L6 wt
- - 96 €T
- - w9°9¢
TdS% 0ddy WIDS

d 3Isdyeaed - O¢

w6

£S°T

%A
LL°0
560
S6°0T

06°8T

8 0¢
T€°0¢

TaS%

9v°e

9¢°0

9"
8¢’
oc’
00°

< O O o~

9.°9
9¢° 11
(AR

0ddi

820

18"
AN
0tT*
00°

N O O O

gL't
£9°6
TL°¢
€L TE
L2781

WO0S§

q IsATeIRD -~ [7

9 ydnoaya vy sasdTeae) Jo AJTATIDDTOS puk (0D JO UOISADAUOD

(penutiuo)) A A19VL

*arnbs sed

ziys

*by1
ou

TUHSO-T
8H"D-0

S11"0-1

By
"o
0lyh
0ty
M:

~T
-1
U
-T
)

8HED
THeD
92D

h

[4

(Auod

Ho
00
00
) 00

s32n

pol1d

.Oz

XY



0154063

-21~-

(]
L
~r

0°¢ - 61°1Z h°61 - *atnbs se8 °byq
- - 720 0Z°0 0T°0 ¢Isou
gy* vz* - - - TIHS D~
- - 960 75°0 9z°0 8HhD-0
- - 9%°0 (A0 T2°0 BH"D-2
8T" 60° 0€"0 8Z°0 ¥T1°0 SHYD-T
- - 76°1 9L°1 880 SH"O~T
€6° 94* 00°T 26°0 9%°0 0 Tyhou
" 09 og* 90°0 900 €00 IR
€1 90° ey 96°¢ 06°T SHED
9°1 80 LT 911 85°0 PHED
- - T9°0 8€°0 6T°0 AHZD
£°¢ 9°1T 6T"¢€ 26°¢ 9%° T 942D
1°¢ 9°2 98°¢ 8y°¢ LL°T "HO
L7 0T hg £9° %€ YL TE 18°ST 200
0°LL 5 8¢ - - 8Ty 00
- S 0T - - 78Sy (auo0d) 09
s30onpoag
0dd% NOOS 1as% 0ddy WODS ,
Vv 3sk1e3ed - of 9 3IskTeae) - ot “ON X3

9 y8noayl y sisdTeaed Jo LITATIDST9S pue Q) JO UOFSaAaauo)

(penuTiuo)d) A °Tqel



1l0

15

20

25

30

35

0154063

With reference to the tables, it can be seen
first from Table III, that the Fischer-Tropsch catalysts
produced the greatest amount of organic materials and that
many of the other examples reported organic product yields
higher than Catalyst A, Example No. 40.

In Table IV, it is seen that Catalyst A produced
the lowest amount of olefins and no oxygenates while
Catalysts B-G as well as the Fischer-Tropsch catalysts were
particularly high in olefins. Catalysts C, D, F and G
comprised unmodified silicalite and a Fischer-Tropsch
component;'for F and G, the same Fischer-Tropsch component
was employed and Catalyst G employed the same silicalite
selected for Catalyst A. Olefins that were produced by
Catalyst A were internal and trisubstituted which are more
useful than the others. More significantly, the highest
yield of aromatics was obtained with Catalyst A.

It is also to be noted from Table IV that the
best (lowest) CH,/CH; ratio was also obtained. Aas stated
hereinabove, the methylene to methyl ratio can be utilized
to determine the chain length or extent of branching. For
instance, comparing the ratio of a straight chain C;
paraffin (7/1) to that for a Cs paraffin (3.0/1) it appears
that the longer chain has the higher number. However, when
a Cg paraffin is branched, such as iso-octane the ratio
becomes 1/5 or 0.20, from which it is evident that branching
lowers the ratio considerably.

By comparing the CH,/CH3 number with boiling
point fraction data, i.e. SIMDIS (simulated distillation),
volume average boiling point and percent boiling under 204°
C, the usefulness of the product as a gasoline former or as
gasoline can also be determined. Inasmuch as greater chain
length increases the CH,/CH3; ratio while branching decreases
it and longer chain compounds have higher boiling points, a
ratio of about 2.5 coupled with a high percent of materials
boiling under 204° C, is indicative of a good gasoline
former while a value of 2.0 is excellent.

Based upon the satisfactory yields of liquid
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hydrocarbons, particularly the aromatics, the minimal
amounts of olefins and lack of oxygenates that have been
obtained when the catalyst of the present invention has
been employed in the process set forth herein, it should be
apparent that the objects of the invention have been met.
It is to be understood that the catalyst of the present
invention can be modified with other metals from Groups VIB
or VIIB than chromium. Similarly, other Fischer-Tropsch
catalysts can be employed.

It should be apparent to those skilled in the art
that the process of the subject invention is operable with
catalysts having fairly broad ratios of modifier to silica
molecular sieve and of silica molecular sieve to Fischer-
Tropéch catalyst and that the process is operable when
other temperatures, pressures and times are employed.
Similarly, parameters for the prevaration of the catalyst
can be varied from those which have been exemplified. It
is to be understood that these variables fall within the
scope of the claimed invention and that the subject inven-
tion is not to be limited by the examples set forth herein.
These have been provided merely to demonstrate operability
and, therefore, the selection of specific catalyst com-
ponents and process conditions can be determined without
departing from the spirit of the invention herein disclosed
and described. Moreover, the scope of the invention shall
include all modifications and variations that may fall
within the scope of the attached claims.
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CLAIMS:

1. A catalyst composition comprising:

a silica molecular sieve modified by a metal which
forms acidic oxides selected from the group consisting of
Group VIB and VIIB elements; and

a Fischer—-Tropsch catalyst wherein the ratio of
silica molecular sieve to Fischer-Tropsch component is
from 0.1 to 10:1.

2. A catalyst as claimed in claim 1 characterised in
that the amount of the metal in the silica molecular
sieve comprises from 0.01 to 20 percent by weight.

3. A catalyst as claimed in claim 1 or claim 2
characterised in that the elements are selected from
Group VIB.

4. A catalyst as claimed in claim 3 characterised in
that the silica molecular sieve is modified with chromium
in an amount of approximately three percent by weight
and the modified silica molecular sieve is combined with
an equal amount by weight of the Fischer-Tropsch catalyst.
5. A catalyst as claimed in claim 4 characterised in
that the Fischer-Tropsch catalyst comprises 75Fe(I1):
25Fe(I11):20Cu(lII). .

6. A catalyst as claimed in claim 5 characterised in
that it further comprises at least one percent by weight
of a lubricant.

7. A catalyst as claimed in claim 6 characterised in
that the lubricant is graphite.

8. A catalyst as claimed in any of claims 1 to 7
characterised in that the silica molecular sieve
comprises a substantially aluminum free zeolite having

a silica to aluminum molar ratioof more than 500:1.

9. A catalyst as claimed in claim 8 characterised in
that the silica molecular sieve is silicalite.

10. A process for producing gasoline quality liquid
hydrocarbons comprising the steps of:

contacting synthesis gas having a ratio of hydrogen
to carbon oxides of from 0.1 to 10.0:1 over a combination

catalyst at a reaction temperature of from 100°C to
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500°C and at a pressure of from 0.1 MPa to 20 MPa and
at a gas hourly space velocity of from 10 to 100,000,
characterised in that the combination catalyst is a
composition as claimed in any of claims 1 to 9.
11. A process as claimed in claim 10 characterised in
that the synthesis gas composition is 1:1 H2/CO.
12. A process as claimed in claim 11 characterised in
that the temperature is 250°C, the pressure is 1.04 MPa
and the GHSV is 300.
13. A process as claimed in any of claims 10 to 12
characterised in that it includes the further step of
reducing the combination éatalyst with H2 and/or CO
at a temperature of from 100°C to 600°C, at H2 and/or
CO partial pressures ranging from 0.001 MPa to 5.07 MPa
and for a period of time of from one to 100 hours prior
to said step of contacting.
14. A method for the preparation of a catalyst compo-
sition as claimed in any of claims 1 to 9 characterised
in that one modifies a silica molecular sieve with a
metal which forms acidic oxides selected from the group
consisting of Group VIB and VIIB elements; and

combines the modified silica molecular sieve with
a Fischer-Tropsch catalyst in a ratio of from 0.1 to 10:1.

15. A method as claimed in claim 14 characterised in

that it includes the further step of combining at least

one percent by weight of a lubricant with the modified
silica molecular sieve and the Fischer-Tropsch catalyst,
the lubricant preferably being graphite.

16. A method as claimed in claim 14 or claim 15
characterised in that it further comprises the step of
precalcining thq silica molecular sieve at temperatures
ranging from 100° . to 800°C for at least one hour prior
to the step of modification.

17. A method as claimed in any of claims 14 to 16
characterised in that the step of modifying includes the
steps of impregnating the silica molecular sieve with a
solution of the metal; evaporating the solvent from the

solution; and calcining the modified silica molecular
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sieve at temperatures within the range of from 300° to
800°C for one to 24 hours.

18. A method as claimed in any of claims 14 to 17
characterised in that it includes the further step of
reducing said combination catalyst with H2 and/or CO

at a temperature of from 100°C to 600°C, at H2 and/or CO
partial pressures ranging from 0.001 MPa to 5.07 MPa and
for a period of time of from one to 100 hours prior to
employing said catalyst for the conversion of synthesis

gas.
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