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[57] ABSTRACT

A method is disclosed for converting synthesis gas to
hydrocarbons enriched in linear alpha-olefins which
involves the use of a ZSM-5 type zeolite which is sub-
stantially catalytically inert and onto which is deposited
a carbon oxide reducing component including Fischer-
Tropsch type catalysts, such as iron, cobalt and ruthe-
nium.
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CONVERSION OF SYNTHESIS GAS TO
HYDROCARBONS ENRICHED IN LINEAR
ALPHA-OLEFINS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is concerned with an improved pro-
cess for converting synthesis gas, i.e. mixtures of gase-
ous carbon oxides with hydrogen or hydrogen donors,
to hydrocarbon mixtures enriched in linear alpha-ole-
fins utilizing a catalytically inactive (i.e. substantially
non-acidic) zeolite of the ZSM-5 type onto which is
deposited a carbon oxide reducing component such as
iron.

Processes for the conversion of coal and other hydro-
carbons, such as natural gas, to a gaseous mixture con-
sisting essentially of hydrogen and carbon monoxide
and/or dioxide are well known. Those of major impor-
tance depend either on the partial combustion of the
fuel with an oxygen-containing gas or on the high tem-
perature reaction of the fuel with steam, or on a combi-
nation of these two reactions. An excellent summary of
the art of gas manufacture, including synthesis gas, from
solid and liquid fuels is given in Encyclopedia of Chemi-
cal Technology, edited by Kirk-Othmer, Second Edi-

tion, Volume 10, pages 353-433 (1966), Interscience.

Publishers, New York, N.Y.

It is also well known that synthesis gas will undergo
conversion to reduction products of carbon monoxide,
such as hydrocarbons, at from about 300° F. to about
850° F., under from about one to one thousand atmo-
spheres pressure, over a fairly wide variety of catalysts.
The Fischer-Tropsch process, for example, which has
been most extensively studied, produces a range of
liquid hydrocarbons, a portion of which have been used
as low octane gasoline. Catalysts that have been studied
for this and related processes include those based on
iron, cobalt, nickel, ruthenium, thorium, rhodium and
osmium, or their oxides.

Recently, it has been discovered that the conversion
of synthesis gas into valuable products can be greatly
enhanced by employing a special type of crystalline
aluminosilicate zeolite exemplified by ZSM-5 in admix-
ture with a carbon monoxide reduction catalyst. Thus,
for example, in U.S. Pat. No. 4,086,262, there is dis-
closed a process for the conversion of syngas by passing
the same at elevated temperature over a catalyst which
comprises an intimate mixture of a Fischer-Tropsch
component and a special type of zeolite such as ZSM-5.
Said patent points out that the products produced are
hydrocarbon mixtures which are useful in the manufac-
ture of heating oil, high octane gasoline, aromatic com-
pounds, and chemical intermediates.

Although U.S. Pat. No. 4,086,262 is primarily di-
rected to multi-practice composite catalysts, i.e. the
crystalline aluminosilicate component (one particle) is
physically admixed with the Fisher-Tropsch compo-
nent (another particle), nevertheless, Example 5 of said
patent does disclose an iron-impregnated ammonium
exchanged ZSM-5 in an alumina matrix.

As can well be appreciated, the patent and technical
literature relating to the Fischer-Tropsch process, is,
indeed, extensive and the various catalysts reported in
the prior art have been used by themselves as well as in
admixture with catalytically inactive supports such as
kieselguhr. Although the reasons for using catalytically
inactive supports have varied, .nevertheless, it would
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appear that one reason for using the same was that it
resulted in increased surface area of the Fischer-
Tropsch component upon which it was deposited or
admixed and that it also aided in controlling the heat-
requirements of the overall exothermic reactions.

CROSS REFERENCE TO RELATED CASES

This application is related to Ser. No. 926,987 filed
July 21, 1978 and now U.S. Pat. No. 4,172,843.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The novel process of this invention is directed
towards an improvement in the process of converting
syngas to a very specific product; namely, one that is
enriched in linear alphaolefins. As has heretofore been
stated, the concept of contacting syngas with ZSM-5
type zeolites containing carbon oxide reducing compo-
nents is old in the art. In this connection, U.S. Pat. No.
4,086,262, previously referred to, as well as U.S. Pat.
No. 4,096,163 disclosed processes for conversion of
syngas utilizing ZSM-5 type zeolites in admixture with
carbon oxide reducing components, such as Fischer-
Tropsch materials.

However, all the heretofore mentioned prior art in-
volve the use of ZSM-5 type zeolites which were cata-
lytically active i.e. were acidic. As is well known in the
art, the use of an acidic material results in the ability to
be able to catalyze the transformation of hydrocarbons
into different products. i

The instant invention is concerned with a substan-
tially catalytically inactive support and is directed
towards the concept of using the particular pore diame-
ters of a ZSM-5 type zeolite in order to direct the con-
version of syngas to a particular product; namely, one
which is enriched in linear alpha-olefins. Thus, this
invention is not at all concerned with conventional
acidic catalysis, but rather, is concerned with the use of
substantially catalytically inactive materials which in-
fluence the selectivity or course of reactions when used
as a catalyst support for carbon oxide reducing materi-
als such as Fischer-Tropsch components.

The novel process of this invention enhances the
selectivity of the product to linear alpha-olefins, in gen-
eral, and more particularly to C4—Cs olefins. Linear
alpha-olefins are very valuable products and can be
used in a wide variety of chemical processes as is well
known in the art, such as the production of soaps, lubri-
cating oils, etc.

Another significant difference between the novel
process of this invention and the heretofore practiced
processes for the conversion of syngas involving
ZSM-5 type zeolite resides in the fact that the specific
products will not be obtained if physical mixtures of
ZSM-5 and carbon oxide reducing components are
used. In the vast majority of Fischer-Tropsch conver-
sion processes involving ZSM-5 type zeolites, mixtures
of discrete particles are utilized in order to effect the
transformation of a syngas into various products, either
enriched in olefins or enriched in aromatics. As will be
demonstrated later on by specific examples, in order to
obtain the novel distribution of linear alpha-olefins in
the process of this invention, it is necessary that the
carbon oxide reducing components, i.e. iron, cobalt or
ruthenium, be present within the pores of the ZSM-5
type zeolite. In this connection, methods for including
carbon oxide reducing components within the pores of
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ZSM-5 type zeolites are known in the art and the pre-
ferred technique involves impregnation of the zeolite
with an aqueous solution of a salt of the desired metal.
The nature of the salt is not critical and any water-solu-

“ble salt such as the chloride, sulfate, and nitrate can be

utilized although in the examples which follow, the
nitrate was the salt employed.

The expression ZSM-5 type zeolites as used through-
out the specification and claims is intended to include
zeolite ZSM-5, ZSM-11, ZSM-12, ZSM-35, or ZSM-38§,
as well as all materials having the x-ray diffraction pat-
tern of these zeolites irrespective of chemical composi-
tion.

ZSM-5 is more fully described in U.S. Pat. No.
3,702,886, the disclosure of which is herein incorpo-
rated by reference. )

ZSM-11 is more particularly described in U.S. Pat.
No. 3,702,979, the entire contents of which are herein
incorporated by reference.

ZSM-12 is more particularly described in U.S. Pat.
No. 3,832,449, the entire contents of which are being
incorporated by reference.

ZSM-35 is described in U.S. Pat. No. 4,016,245 and
ZSM-38 is described in U.S. Pat. No. 4,046,859, both of
which are incorporated herein by reference.

As has heretofore been stated, it is essential to the
novel process of this invention that the ZSM-5 type
zeolite be substantially catalytically inert so that it will
perform a sieving function only as opposed to a cata-
lytic transformation of the hydrocarbons produced
from syngas conversion. Another way of stating the
same thing is to say that the ZSM-5 type zeolite should
be substantially non-acidic. In order to obtain this con-
dition, various techniques can be utilized. It is known in
the art that the greater the aluminum content of a
ZSM-5 type zeolite which is present in the skeletal
structure, the greater opportunity there is to have ex-
changable sights which can be acidic. Conversely, the
lower the aluminum content the less availability there is
to provide acid sites via base exchange or other tech-
niques. Therefore, if the ZSM-5 type zeolite which is
used is substantially free of alumina, i.e. a silica to alu-
mina ratio of greater than about 1600, then no particular
caution ordinarily need be taken and such material can
be utilized in the “as synthesized state” for the reason
that these materials simply do not have sufficient inher-
ent acidity to be catalytically active under the reaction
conditions of this invention. On the other hand, if
ZSM-5 type zeolites of fairly high alumina content are
utilized, i.e. silica-to-alumina ratios less than 1600, spe-
cial precautions must be taken to ensure that the zeolite
is substantially catalytically inert. In this connection,
the zeolite can be base exchanged with alkali metal
cations, preferably sodium, in order to substantially
eliminate all acidity.

In this connection, a special test has been devised to
measure the acidity of various candidate catalysts in
order to determine whether or not they are operable in
the novel process of this invention. The test involves
measure of the rate of cyclopropane isomerization and
comparing it against 46 A.L silica-alumina as a refer-
ence standard.

The test procedure involves utilizing a 5 to 250 mg.
sample having a particle size of 20 to —200 mesh and
mixing the same with about 1 ml of Vycor chips and
loading into a 5 mm inside diameter Vycor reactor tube
which is heated in air at a flow rate of 150 ml per minute
to 538° C. and maintained there for 30 minutes. The
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sample is then cooled to 250° C. in helium at a flow rate
of 12-80 m! per minute. Cyclopropane (helium/cyclo-
propane, 4, vol. to vol.) is then introduced and the reac-
tor effluent analyzed by gas chromatographic tech-
niques. The contact time is adjusted to keep the conver-
sion with 0.5 to 50%. Since it is well known in the
literature that the isomerization of cyclopropane is first
order, rate constants may be determined at several tem-
peratures to check for diffusion limitations. Using the
above technique, the first order rate content for the
standard 46 A.l. silica-alumina catalyst is 63.3 se-
conds—! at 250° C. This value was arbitrarily assigned
an index of 1,000 so as to serve as a reference value.
Thus, the cyclopropane index (C.P.I Index) for a candi-
date catalyst with a first order rate constant of 0.633
would be determined as follows:

(1,000X 0.633)/63.3=10

Thus, the expression “substantially catalytically in-
ert” as used throughout the specification and claims is
intended to define a zeolite which has a C.P.L Index of
no greater than 10 as measured by the aforementioned
test.

The following table lists the values obtained when
subjecting various materials, including crystalline alu-
minosilicate zeolites, to the cyclopropane isomerization
test previously set forth.

TABLE 1

Cyclopropane Isomerization (CPI) Index

Materials k, sec—!1250°C. CPI
1. MgPHZSM-5 151 2400
2. 46 AL Si/Al Ref. Std. 63.3 1000
3. ZrOy 60.2 950
4. HZSM-5, SiO2/Al,03 = 1670 50.0 790
5. KHZSM-5 3.98 63
6. NaZSM-5, SiOy/AL03 = 70 1.36 21

- (exchanged with NaHCOQ3)

7. NaHZSM-5, Si0/A1,03 = 1670 0.441 7.0
8. NaZSM-5, SiOs/ALO3 = 600 0.125 2.0
9. NaZSM-5, Si02/A1,03 = 1670 0.050 0.8
10. FeNaZSM-5, SiOy/A1,03 = 1600 0.021 0.3

From the above table, it can be seen that there are
ZSM-5 zeolites which are operable in the novel process
of this invention, i.e. have a C.P.I. Index of no greater
than 10, as well as ZSM-5 type materials which are
inoperable in the process of this invention. Thus, for
example, Material No. 1 is a magnesium phosphorous
exchanged ZSM-5 and, as can be seen, its acidity is
higher than the 46 A.IL reference standard. Material No.
4 is an acid exchanged ZSM-5 zeolite having a silica-to-
alumina ratio of 1670 and, as can be seen, this material is
also inoperable in the novel process of this invention.
Material No. 5 is a potassium exchanged acid ZSM-5
and Catalyst No. 6 is a sodium exchanged ZSM-5, but
they simply have not been exchanged with enough
alkali metal to lower their acidity. Materials 7, 8, 9 and
10 would all posess a sufficiently low C.P.I. Index to be
potential candidates for the novel process of this inven-
tion, providing of course that a Fischer-Tropsch com-
ponent had been introduced within the pores thereof. In
this connection, Catalyst No. 10 is the very material
which was tested in Example 1.

The novel process of this invention is carried out at
temperatures ranging from about 500° to 650° F. and
more preferably from 550° to about 600° F. The novel
process of this invention is carried out at gas hourly
space velocities (GHSV), ranging from 400 to 20,000
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and more desirably from 500 to 6,000, based on fresh
feed and total catalyst volume. Hydrogen to tcatbon
oxides ratios can vary from 0.5:1 to 2:1 and more prefer-
ably are about 1:1, pressures ranging from 50 to 1,000
psig and more preferably from 150 to 400 psig are em-= §
ployed. .

The following examples will illustrate the novel pro-
cess of this invention.

EXAMPLES 1-8

In Examples 1-8 various materials were evaluated for
the conversion of synthesis gas as follows:
Example 1—ZSM-5 having a SiO2/AL0O3 ratio of
about 1600 and a sodium content of about 1.6
weight percent impregnated with an aqueous solu- 15

10

6
physically admixed with iron in the ratio of 1.03
grams TEK and 0:88 grams ZSM-5.

Example 6—ZSM-5 having a SiO2/A1;03 ratio of
about 70 partially base exchanged with sodium and
impregnated with an aqueous solution of iron ni-
trate to 1.0 weight percent iron.

Example 7—Same ZSM-5 as Example 1 but physi-
cally admixed with magnetite so as to contain 1
weight percent iron. - :

Example 8—Same ZSM-5 as Example 1 but impreg-
nated with iron nitrate to 10 weight percent iron.

Conversion of syngas (H2/CO=1) was carried out

over the above catalysts at 400-800 psig, 288°-316° C.
and 520-740 GHSV. The results obtained are shown in
Table 2.

TABLE 2 :

SYNGAS CONVERSION TO LINEAR ALPHA OLEFINS (LAO)
Example 1 2 3 4 5 6 7 8
Catalyst Support NaZSM-5 . NaKZSM-5 = Na—Mordenite - SiO2 KHZSM-5 NAHZSM-5 NaZSM-5 NaZSM-5
CPI Index 03 o4 T 91" 6.2 63.0 11.0 0.3 ‘0.3
Conversion, % 22 10 55 32 © 78 25 1L.8 53.8
Product Distribution, % : )
Methane 6.67 6.22 13.55 24.72 18.00 13.24 18.08 6.25
C,* Paraffins 18.01 19.21 29.88 37.88 29.19 50.39 29.43 . 22.80
Linear alpha olefins 48.25 67.04 37.01 16.34 4.7 5.06 26.82 45.08
Other olefins 3.18 3.82 17.14 17.48 40.56 26.59 ©9.34 4.58
Aromatics — — — 0.76 8.48 41 — —_
Alcohols 13.34 3 2:10 2.82 — . 001 16.33 16.67
Carbonyl Compounds - 10.55 0.84 0.32 — —_ — 4.62 .
% LAO in Olefins 93.8 94.6 68.2

tion of iron nitrate to 1.0 weight percent iron.

Example 2—Same as Example 1, except that 1 weight
percent of potassium is added.

Example 3—Sodium mordenite having a Si02/A1,03 15
ratio of 93 and a sodium content of 1.7 weight
percent impregnated with an aqueous solution of
iron nitrate to 1.0 weight percent iron.

Example 4—Si0; (Girdler T-1571) and magnetite
sized to 10/30 mesh and containing 10 weight per- 40
cent iron.

Example 5—ZSM-5 base exchanged with ammonium
ions and containing 0.95 weight percent potassium

48.3 10.5 16.0 742 90.8

As can be seen from Table 2, only the catalysts of
Examples 1, 2 and 8 were able to significantly enhance
the product in linear aliphatic olefins. Mordenite cata-
lyst (Example 3) did not enhance the product in linear
alpha olefins as well as Examples 1, 2 and 8, even
though its C.P.I. Index was low. ‘

Example 7 vividly demonstrates the criticality of
having the iron in the pores as evidenced by decreased
linear alpha olefins and increased methane.

Examples 4, 5 and 6 are obviously inferior. Example
8 shows that the concentration of iron is not narrowly
critical. - » :

" Complete product distribution for Examples 1, 2, 3, 4,
6, 7 and 8 are shown in the following Tables.

TABLE 3

Product Distribution of Example 1

Linear  Other

No. n-paraffins  Isoparaffins a-Olefins Olefins Alcohols Aldehydes Ketones  Acids

Carbon

1 6.67 —_

2 " 1.86 —_

3 1.86 —

4 1.70 trace

5 1.34 trace

6 1.90

7 1.34

8 1.1t

9 .80

10 |

11 © .66

12 .64

13 .50

14 43

15 w34

16 . .56

17 75

18 49

19 45

20 .37

21 .20

22 trace

23

— e 4.10 trace —
4.66 —_ 4.40 trace
8.55 —_ 1.06 < 0.18
6.12 0.50 .76 73
3.77 29 .69 81
3.84 .19 .66 128
3.00 .18 .51 1.32
2.53 15 .37 1.25
2.09 27 45 1.06
2.04 27 .14 . 105
1.94 .25 1 .81
'1.68 W18 .09 .68
1.43 .20 .61
1.29 . .16 .39
1.19 16 .26
1.01 A5 12
1.21 100 .

68 - .08

53 05

49

.20
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" TABLE 3-continued
_ Product Distribution of Example 1
Carbon : Lincar  Other ,
+~ No. ' n-paraffins Isoparaffins a-Olefins Olefins Alcohols Aldehydes Ketones * Acids
24 ’
25
26
27
28
29
30 : ’
Total 24.68 trace 48.25 318 13.34 1055 -
Other Campounds e
Aromatics - Naphthenes
[1] 0
.. TABLE 4
Product Distribution of Example 2
No. n-paraffins Isoparaffins . a-Olefins Olefins Alcohols Aldehydes -~ Ketones ' Acids
1 62 - — - 034
2 91 —_ 5.17 — 52
3 161 — 943 — 20
4 L12 trace 594 ‘098 32
5 21 ' 295 - 28 55 : 006
6 52 ' 195 21 15 008 .10
7 61 ’ 212 26 ) B ] 07
8 1.29 ' 281 19 34 08 08
9 1.06 391 35 19 - 06 08
i0 93 257 27 29 06
11 80 294 06 2 )
7] 86 305 15 7
i3 LI0 296 .18 12
4 1.03 2.80 17 01
15 75 259 13 0
16 66 233 .18
17 62 218 A7
18 66 " 1.99 06
19 61 1.88 .08
20 59 1.68 04
21 55 . 136 03
22 49 128 03
23 43 106
24 .36 iy A
25 29 . . .70
26 25 64
27 trace
28
29
30 .
Total 2543 trace 67.04 . 382 3.7 045 039
Other Compounds
Aromatics Naphthenes
0 0
TABLE 5
Product Distribution of Example 3
Carbon Linear  Other .
No. n-paraffins  Isoparaffins a-Olefins Olefins Alcohals Aldehydes Ketones  Acids
1 13.55 f— — — 046
2 9.48 — 339 0 — 74
3 473 — 1532 — .10
4 335 020 729 578 o7
5 249 23 405 246 1 012
6 1.67 .18 195 272 13 M4
7 191 20 146 223 .16
8 114 J2 92 130 13 /
9 24 08 ) .78 07 . 06
10 56 05 .52 57 05
i1 46 05 39 35 02
12 A48 05 31 s 01
13 34 04 26 - 23
14 29 03 14 21
15 26 02 .10 .10
16 23 02 08 .10
17 19 02 06 ki
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TABLE $§-continued

Product Distribution of Example 3

Carbon Linear  Other
No.  n-paraffins Isoparaffins a-Olefins Olefins Alcohols  Aldehydes " Ketones  Acids
18 .08 o .03
19 - .03
20 .02
21 02
2 .01
23
24
25
26
27
28
29
30
Total 42.13 1.30 37.01 17.14 2.10 0.32
Other Compounds
_Aromatics Naphthenes
0 0
TABLE 6
Product Distribution of Example 4
Carbon Linear Other . R .
No.  n-paraffins Isoparaffins a-Olefins Olefins ~Alcohols Aldehydes ~ Ketones  Acids
1 24.72 - — — 1.48 S
2 9.01 —_ .72 — 1.05 . I
3 6.84 —_ 10.32 — 0.29 ’
4 3.95 031 1.77 6.16 trace
5 2.73 53 .59 4.43
6 1.80 .82 31 2.93
7 1.70 .81 13 145
8 1.40 1.06 .20 1.33
9 1.04 1.36 14 .70
10 .81 1.13 22 .39
11 49 .84 21 25
12 33 .60 .20 14
13 .26 48 .14
14 A2 12 .03
15 .08 .06 .02
16 04 .03 . .01
17 02 .01 01
18 .01 trace
19 .01
20 trace
21
22
23
24
25
26
27
28
29 \
30
Total 53.80 7.93 '16.34 17.48 2.82
Other Compounds T
Aromatics Naphthenes
0.76 0.87
TABLE 7
Product Distribution of Example 6
Carbon . Linear  Other o " ‘
No.  n-paraffins - Isoparaffins a-Olefins Olefins * Alcohols Aldehydes Ketones  Acids
1 1324 . — - e S
2 5.88 — 2400 =T T
3 3.51 —_ 229 —_
4 3.14 2.01 037 719
5 1.55 2.19 trace 07 743 00 L
6 173 4.46 6.12
7 1.74 3.13 2.89"
8 1.79 2.86 42
9 1.60 295 47
10 .86 1.87 41,
11 75 1.4 - 46
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TABLE 7-continued
Product Distribution of Example 6
Carbon Linear  Other
No. n-paraffins Isoparaffins a-Olefins Olefins Alcohols Aldehydes . Ketones . Acids
12 33 .80 .20
13 .39 96 21
14 25 .57 13
15 12 31 04
16 05 17 .02
17 04 .16 trace
18 03 13
19 .03 .09
20 .03 .10
21 .03 .09
22 .02 09
23 .02 .05
24 .01 04
25 .02 .06
26 .05 .15
27 .06 .19
28 .08 23
29 .07 22
30 .19 .70
Total 37.61 26.02 5.06 26.59 0.01
Other Compounds
_Aromatics Naphthenes _ -
4.7 0
TABLE 8
Product Distribution of Example 7
Carbon Linear  Other '
No. n-paraffins Isoparaffins a-Olefins Olefins Alcohols Aldehydes Ketones  Acids
1 18.08 — — — 2.88
2 747 — 4.14 — 7.06
3 4.45 —_ 9.16 — 2.77
4 298 0.20 4.35 1.40 1.27
5 1.99 11 293 36 .59
6 1.01 47 1.37 .88 .39
7 .88 46 1.01 .88 33
8 96 44 95 1.21 37
9 98 .65 n 1.17 36
10 94 .65 .51 1.13 24
11 78 54 .38 .83 .03
12 .64 .36 29 .69 .02
13 .51 .26 .29 42 02
14 3t .20 23 13
15 .26 07 .16 .08
16 21 .03 A1 .05
17 20 .03 .08 03
18 .15 .03 .07 03
19 11 .02 .05 trace
20 .05 trace 02
21 .03
22 trace
23
24
25
26
27
28
29 . .
30 )
Total 42.99 4.52 26.82 9.34 16.33
Other Compounds i’ .

Aromatics Naphthenes

. TABLE 9
Product Distribution of Example 8
Carbon Linear  Other

No.  n-paraffins Isoparaffins a-Olefins Olefins Alcohols Aldehydes Ketones = Acids .
1 6.25 — — - L13 ot

2 3.96 — 5.93 — 292 002 -

3 271 0.18 9.60 — 1.55 14

4 1.63 .16 5.44 0.66 2.09 .30

5 1.13 36 315 .18 2.28 43

6 1.00 14 234 11 1.58 34



http://ww. Pat ent Gopher.com

4,418,155

13
TABLE 9-continued

14

Product Distribution of Example §

Ketones  Acids

Carbon Linear  Other

No.  n-paraffins Isoparaffins a-Olefins Olefins Alcohols Aldehydes
7 .76 17 3.09 09 1.01
8 1.09 .18 3.22 18 .69
9 .76 29 2.85 37 .63

10 1.09 .23 2.58 34 52

11 1.19 12 1.84 47 49

12 1.18 .18 1.40 45 37

13 1.16 1.04 43 .18

14 1.02 .81 .39 .08

15 .85 .63 .37 01

16 73 47 29

17 .64 35 .18

18 .56 .30 .05

19 47 .10

20 34 .04

21 23

22 12

23 02

24 trace

25

26

27

28

29

30

Total 27.04 2.01 45.08 4.58 16.67

Other Compounds

Aromatics Naphthenes

EXAMPLES 9-10

The following examples will illustrate the use of ru-
thenium as the carbon oxide reducing component. In
Example 9, the same ZSM-5 zeolite having a silica-to-
alumina ratio of about 1600 and a sodium content of
about 1.6 as was utilized for the preparation of the cata-
lyst of Example 1 was impregnated with an aqueous
solution of ruthenium nitrate, followed by calcination
overnight at 1000° F. and activation with flowing hy-
drogen at 482° F. at a pressure of 500 psig for two hours.
This resulted in obtaining a catalyst containing 0.5%
ruthenium.

The catalyst of Example 10 was prepared by subject-
ing silica to an aqueous impregnation with ruthenium
nitrate under identical conditions as in Example 9 so as
to obtain a material having a ruthenium content of 0.5
weight percent on silica.

Both materials had a C.P.I. Index less than 10 and
were then evaluated for the conversion of syngas (hy-
drogen gas/CO=2) at 600° F., 500 psig at a GHSV of
420. The results are shown in the following table.

TABLE 10

Effect of Support on Ru F—T Catalysts
Example 8 9
Catalyst 0.8 Ruon Si0; 0.5% Ru on ZSM-5
T°F. 600 600
P, psig : 500 500
GHSV, Hr. 420 420
H,/CO 2 2
Conversion, M % 21.6 253
Products, wt %
Alcohols 103 6.7
Aldehydes — 1.1
Ethers — 0.4
Hydrocarbons 89.7 91.8
Hydrocarbon Distrib’n,
wt %

Methane 43.4 2.8

30

45

30

.55

60

65

5.

.35
35
1.74

.18

17

15

14

12

.09

.07

.03

4.62
TABLE 10-continued
Effect of Support on Ru F—T Catalysts
Example 8 9
Catalyst 0.8 Ruon Si03 0.5% Ru on ZSM-5
Cy+ Paraffins 419 27.1
Olefins : _87 L=
100.0 100.0

*>95% linear alpha olefins

From the above table 10, it can be seen that even
though both catalysts had a C.P.I. Index of less than 10,
selectivity of the ZSM-5 catalyst for linear aliphatic
olefins is substantially higher than the silica base cata-
lyst. Thus, in order to obtain the novel product of this
invention, it is not enough that a material be used that
has a low C.P.I. Index but it must also be a ZSM-5 type
zeolite in order to provide the selective conversion
desired.

The examples also demonstrate another significant
advantage of the novel process of this invention,
namely, the suppression of methane make. Note that
Examples 1, 2, and 8 of Table 2 and Example 9 of Table
10 had significant suppression of methane.

What is claimed is:

1. In the process of catalytically converting synthesis
gas to hydrocarbons by contacting the same at elevated
temperatures over a catalyst comprising a ZSM-5 type
zeolite and a carbon oxide reducing component, the
improvement which comprises utilizing a ZSM-5 type
zeolite which is substantially catalytically inert and
which contains said carbon oxide reducing component
in the pores thereof and obtaining a hydrocarbon prod-
uct enriched in C4-Cg linear alpha olefins.

2. The process of claim 1 wherein said carbon oxide
reducing component is iron.

3. The process of claim 1 wherein said carbon oxide
reducing component is cobalt.

4. The process of claim 1 wherein said carbon oxide
reducing component is ruthenium.

5. The process of claim 1 wherein said zeolite is ZSM-
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