PATENT SPECIFICATION

Application Date: September 179, 1939,

906,0‘16‘

Date of filing Complete Specification: September 21, 1960

Complete Specification Publfshed: Sepiember 19, 1962

Index at Acceptance:—{Jasses H(3), AIN134; I(1), A3BL. and 2(3), B1G.

Internaiional Classification:—C01g, BO1j, CO7c,

COMPLETE SPECIFICATION

NO DRAWINGS

Improvements relating to the Production of Hydrocarbons and/or
Oxygenated Hydrocarbons

We, BDavip' Garr, SIDNEY LeoNaRD
SMiTe and Jory BiibreEp GEORGE CARLILE,
all three of Warren Spring Laboratory, Gui-

. nels Wood Road, Stevenags, Hertfordshire,
3 and all British subjects do hereby declare
the invention, for which we pray that a
patent may be granted to us and the method
by which it is to be performed, to be par-
ticularly described in and by the following
10 stateiment:—

This invention relates to the production
af hydrocarbons and/or npxygenated hydro-
carbons from gases comprising carbon
monozide and hydrogen and/or steam, using

15 a cutalyst. The oxygenated hydrocarbons.
referred to comprise alcohols and carboxylic
acids in patticuiar, but also such other axy-
genated compounds as  aldehydes and
ketones, The inveniion thus relates {o the

10 Fischer-Tropsch process and similar pro-
cesses, such as the Fischer-Pichler, Fischer-
Pichler-Ziesecke and Hydrocol proccsses.

According to the present invention an iren
oxide catalys; intended for use in the po-

25 duction of hydrocarbons and’or oxygenated
hydrocarbons from gases comprising carbon
monoxide and hydrogen and/or steam at
elevated temperatore and pressure ig sub-
mitted 10 a preliminary actvating treatment

30 comprising heating it al a pressure of from
substautially cae atmosphere to substan-
tially two atmosphares iy the presence of 4
gas of reducing character which contains
carbon mogoxide and hydrogen in the ratio

35 of 0.55 o 0.75 paris by volume of hydrogen
per part by volume of carbon monoxide.
We have obtained particularly uscful results
for example from such a gas when the car-
bon monoxide and hydrogen together com-

40 prise 90% to 99% of the fotal volume.

In general it is appropriate that the tem-
peraturcs al whick the preliminary activat-
ing ireatment is carried out should he 10 to

50 Centigrade degrees higher {han the pro-
duction temperature of the hydrocarbons
for which production the catalyst 1s inten-
ded. Thus the production temmperaturc may
for example be 265°C. and in this case a
suitable activating temperature is 2ZB5°C,
Maore - penerally, activating temperatures
within' the ramge 260-310°C. are normally
suitable. The duration which is appropriate
for the preliminary activating treatment
naturally varies according to the tempera-
ture vsed. and also according lp tha com-
posilien of the activating treatmeny gas and
of the catalyst itself, but in a typical case

it may for example be 15 t© 20 hours. The

gas mixture used for the preliminary activat-
mg ircaiment may contain other gaseous
substances in addition to the carbon mon-
oxide and hydrogen specified in the pre-
ceding paragrapl, examples of these being
carbon dioxide and nitrogen; the activating
05 may lhus have a composilion compar-
able to that of water-gas except in that the
ratio by volume of hydrogen (o carbon
monoxside is much lower than in waler-gas.
A specific example of 2 gas mixture suit-
able for vss in accordance with the inven-
tion 45 that comprising (by volume) 4%
CO.. 56'}5 CQ, 37% ., and 3% N, this
mixture has a H,"CO ratio of 0.6 volumes
of H; per volume of CO. .

If the production process in question uses
a slurry of cafalyst in high-boiling - point
hydrocarbons  and/or oxygenated hydro-
carbons, the novel preliminary activating
tregtment may be camied out after ihe
catalyst slurry has been prepared, ang in-
deed aftey the shury has been charged into
the reactor to be nsed in production. The
activating gas may then be introduced by
meang of the same equipment as is provided
for the subsequent introductiop of the pro-
duction gas, the introduction of the activat-
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ing gas baing maintained at a rats 1o give a
space velocity and/or linear velocity similar
fo that employed in production.
The iton oxide catalysts to which the
5 invention i most particularly applicable are
those composed of precipitated fron oxide
{consisting predominantly of ferric oxide)
together with small proportions (c.g. 1-2%)
of catalyst promotors such as cupric oxide
and potassium  oxide, hydroxide of
carbonate.

The novel preliminary activating freai-
ment is appropriate for a catalyst for use
with a variety of synthesis gases in the pro-
duction of hydrecarbons and/or oxygenated
hydrocarbons, ranging from ordinary waler-
gas to gas mixtures rich in carbop monoxide
comparuble with those used in the pre-
Hminary activating freatment iisell. The
20 H.°CO ratio by volume of the synthesis gas
may thus lie in the range 13 1o 0.55,

The preliminary activating trcatment of
the present invention has the advantage that
it makes possitle particularly high rate
of conversion of synthesis gas into products
in the synihcsis itself.

The following Examples illustrate the
inventlion.

HE

15

Example 1

The catalyst nsed consisted of precipitated
iron oxide together with 1.0 part of copper
as cupric oxide 1.5 parts of K:O per 100
parts of iron, the paris being by weight. It
way dispersed in a melted wax derived from
a Fischer-Tropsch synthesis in the approxi-
mate proportion of 100 grams of catalyst
per litre. The catalyst slurry was submitted
to a preliminary activating treatment com-
prising heating at 285°C. ang 1 atmosphere
pressure for 16 heurs in the presence of a
gas mixture comprising (with a variation
of + 05%) by volume 35.6% hydrogen,
5759 carbop monoxide, 4.9% curbon di-
oxide. and 20% mnitrogen, the 1,/CO ratio
being 0.62 volumes of Hp per volume of
C'0. Aficr activation, the catalyst was used
for synthesig with water-gas {comprising by
volume, 6.1% CQ, 399% CO, 49.0% H.
and 5.0% Ny H/CO == 1.23) at 265°C, and
10 atmospheres gauge pressure, with a
synthesis gas space velocity of about 275
volumes {at S.T.P.) per volume of slorry per
hour, The catalyst was found to have an
activity, with respect fo the conversion of
the water-gas into synthesis products, of
12.3 arbitrary units. To enable a comparison
to be made it may bs mentioned here that
when 2 similar catalyst was activated nsing
waier-gas with a Hy/CO ratio of 115
vatumes of H, per volume of CO, but othcr-
wite under - similar conditions, its activity
was only 4.1 arbitrary units.

Exgmple 2

The procedure followed was similar to

&5 that of Example 1, except in that the catalyst
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was used on synthesis not with watcr gas
but with the same CQO-rich gas as wag used
for sctivation. Affer 32 hours on synthesis
the catalysl was found to have un autivity
of 12.0 arbitrary units. and atier 104 hours
an activity of 9.9 arbitrary units.

Fxample 3

The procedure followed was similar to
that of Example 2, except in that the aclivat-
ing treatment was cacried out at 310°C.
instead of 285°C. Afier 25 hours on sym-
thesis the catalyst was found to have an
activity of 9.7 arbitrary uaity, and after 98
hours an activity of 12.1 arbifrary units, Tt
will be noied that as a result of the higher
activating feinperature the activily increases
over the approximate period of 100 hours
on synthesis instead of decreasing.

The same arbitrary umits are used in all
the Examples.

WHAT WE CLAIM IS:—

1. A prelimivary activaiing treatment
for an iron oxide catalyst inlended for nse
in the production of hydrocarbons and/or
oxygenated hydrocarbons from gases com-
prising catbon monexide and hydrogen and/
ot stearn at clevated temperature and pres-
sure, said treatment comprising heating the
catalyst af a pressure of from substantiatly
one atmosphers to substantially twe afmo-
spheres in the gresence of 2 pas of reducing
character which containg carbop monoxide
and hydrogen in the ratio of 0.55 to 0.75
parts by volume of hydrogen per part by
volume of carbon monoxide,

2. A {reatment according to claim 1
and in which the carbon monoxide and
hydrogen topether comprise 90 to o0v of
the total volume.

3. A treatment according to claim 1 or
claim 2 which is carried out 2t 10 to 50°C.
higher than the temperature of the produc-
tion of said hydrocarhons and/or said
oxygenated hydrocarbons in which the
catalyst is to be employed.

4. A trsatment according to claim 3 and
in which the treatment is carsied out at 2
temperature in the range 260 to 310°C.

5. A treatment according to claim 3 and
in which the production temperature is
265°C, apd the treatment lemperapure
285°C.

6. A treatment according to any of the
preceding claims in which the duration of
the treatment is from 15 to 20 hours.

7. A treatment according to any of {he

preceding claims and in which the gfas mix-
ture containg additional gaseous substances
not of a reducing character.
8. A treatment according to any of the
preceding claims and in which the gas mix-
ture comprises the following percentages by
volime:— 4% CO., 56% CO, 37% H. and
39 W

9, A trealment according to any preced-
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ing claim and in which the hydrocarbon
production process uses a slurty of the
catalyst [n high-boiling point hydrocarbans
and/or oxygenated hydrocarbons, the pre-
Twoinary activating trestmuent being carried
out after ths catalyst slurry has been pre-
pered ond preferably after the slurty has
been charged into lhe reactor used in the
production.

10. A treatment according to claim 9
end in which the actlivaling gas is introduced
by the same equipment as ig provided for
the introduction of the production fas, the
activating gas belng introduced at a rate at
least gufficient to keep zll the catalyst par-
ticleg in suspension.

11, A treatment according to any of the
preceding claims and in which the jroa
oxide catalysts are composed of precipitated
iron oxide, congisting predominantly of
ferric oxide. togefher with ecatalyst pro-
moters.

12. A treatment according 1o claim 11

and in which the catalyst promoters consist
of one or more of the following:~— cupric
oxide, potassimm  coxide,  pofassium
hydroxide, potassium carbonale.

13, The preliminary activating treatmcnt
for a catalyst substantially as hereinhefors
particularly described in Example 1 in the
Complete Specification.

14. The preliminary activating (reatment
for a catalyst substantially as hereipbefore

articularly described in Exumple 2 in the
plete Specification.

15. 'The preliminary activating treat-
meni for a catalyst substantially as hereis-
before particnlarly described in Example 3
in the Complete Specification.

For the Applicants
HOLLINS & CLARK,
Chartered Patent Agents
14, Woodlands Parade,

High Sirect, Watford,

Flestfordshira.

PROVISIONAL SPECIFICATION

Improvements relating to the Production of Hydrocarbons and/ox
Oxygenated Hydrocarbons

We, Davip Garl, SIDNEY LEONARD
Smitr and Jomy Hribrep (Gronee CARLILE,
all of Warren Spring Laboratory, Gunnels
Wood Road, Stevenage, Hertfordshire, and
al] British subjeets do hereby declarg this
invention to be described in the following

. statement:—
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This invention relates 1o the production
of hydrocarbong and/or oxygenated hydro-
carbons from gases comprising carbon mon-
axide and hydrogen and/or steam. using a
catalyst. The oxygenated hydrocarbons
referred to comprise alcehols and carboxylic
acids in particular, but also such other
oxygenated compounds as aldehydes and
ketones. The inveniion ihus relates fo the
Fischer-Tropsch process and similar proces-
ses, such as the Fischer-Pichler. Fischer-
Pichler-Zicscecke and Hydrocol processes.

According to the present invenijon an
iron oxide catalyst iutended for use in the
production of hydrocarbons and/or oxy-
zenated hydrocarbons from gases compris-
ing carbon monoxide and hydrogen andfor
steamn at elevated temperature and pressure
is spbmitted to 2z preliminary activating
treatment comprising heating it at a pres-
sure of the order of ong atmosphers in the
presence of a gay of reducing character
which contains curbon monoxide and
hydrogen in the ratio of (.55 to (.75 parts
by volume of hydrogen per part by volume
of carbon menoxide. We have obtained par-
ticnlarly uscful resulty for example from
such a gas when the carbon monoxide and
hydrogen together comprise 90% to 95%
of the total volume.

The preliminary activating treatment.
which is in the nature of a rcduction, is, as
already specified, carried out at a pressure
of the order of one atmosphere; by a pres-
sure of the order of one aimosphere we
mean 4 pressure nol exceeding two atmo-
spheres. In general it is appropriate that the
temperatures at which the preliminary
activating treatment is carried out should
be 10 to 50 Centigrade degrees Iigher than
the operating temperatures in the synthesis
proper for which the catalyst is intended.
Thus the operaling femperature may for
example he 265°C. and In this case a suit-
able activating femperature is 285°C. Mare
generally, activating temperatures within the
range 260-310°C. are normally suitable. The
duration which is appropriate for the pre-
lininary activating trestment mnaturally
varies according to the temperature uscd,
and also aceording to the composition of the
activating treatment gas and of the catalyst
itself, but in a typical case it may for
example be 15 to 20 houss. The gag mixture
used for the preliminary activating freaf-
ment may contain other guscous substances
in addilion to the carbon monoxide and
hydrogen specified in the preceding para-
graph, examples of these being carbon di-
vxide and nitengen; the aclivating gas may
{hus have a composition comparable to that
of walcr-gas except in that the ratio by
volume of hydrogen to carbon manoxide is
much lowsr thap in water-gas. A specific
exumple of a gas mixturc suitable for use
in accordance with the invenlion is that
comprising (by volume} 4% CQ,, 569% CO,
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37% H. and 39, N, this mixiure has a
H.ACO ratio of 0.66 volumes of H. per
volume of CO, ’

If the synthesis process in question uses
a shury of catalyst in high-boiling hydro-
carbong and/or oxygenated hydrocarboms,
the novel prelimigary activating treatment
may be carricd ouy after the catalyst slurcy
has been prepared, and indesd after the
shurry has been charged into ihe reactor to
be nyzd in acioul production. The activating
gas roay then be infroduced by means of the
same cquipment a§ is provided foi the sub-
sequent niroduclion of the synthesis gas
gas
being maintained at a rate sufficient to keep
all the catalyst particles in suspension;

The iron oxide catalysts to which the
invention is most particulaxly applicable are
those composed of precipitated iron oxide
(consisting predominanily of ferric oxide)
together with small proportions (e.g. 1-2%)
of catalyst promoters such as cuptic oxide
oxide, hydroxide or
carbonate.

The novel preliminary activating treat-
ment Is- appropriate for a variety of syn-
thesis gases, ranging from ordinary water-
gas to gas mixtores rich in carbon mom-
oxide comparable with those used i the pre-
liinary activating treatment itself, The
H,/CO ratio by volume of the synthesis gas
may thag lie it the range 1.3 to 0.53.

The preliminary aclivating treafment of
the preseni invention has the advantape that
it mukes possible a partiolarly high rate
of conversion of syniliesis gas inte products
in the synthesis iself.

The following Examples iliustrate the
invention, .

Example |

The catalysi used consisted of precipitated
iron exide fogether with 1.0 part of copper
as copric oxide and 1.5 parts of K.Q per
100 parts of fron, Tt wag dispersed in &
melted wax derived frotn o Fischer-Tropsch
synthesis in the approximate proportion of
160 grame of catalyst per litre. The catalyst

-glurry was submilted to a preliminary acti-

vating treatment comprising lheating  at

285°C. and | atmosphere pressure for 10
hours in. the presence of a gas mixiurc com-
prising hydrogen, carbon monoxide, carhon
dioxide, and nitrogen, the H./CO ratio being
0.63 volumes of H; per volume of CO. After
activation, the cafalyst was used on synthesis
with water-gas at 265°C, and 10 atmo-
sphetes gauge pressure, wiih a synthesis ges
space velovity of about 275 volumes (at
S. TP} per volume of sluery per hour. The
catalyst was found (o have an activity, with

‘Tespect to the conmversion of the waler-gas

into synthesis products, of 123 arbitrary
units. To e¢nable & comparison to be made
ii mey be mentioned here that whea a
similar catalyst was activated using water-
gas with a H/CO ratic of 1.15 volumes of
H; per volume of CO bui oiherwise undar
similar conditions, iis activity was only 4.1
athitrary units.
Example 2

The procedure followed wag similar Lo
that of Example 1. except in that the
catalyst was used on synthesis not with
waier gus but with the same CO-rich gas as
was used for activation. After 32 hours on
synthesis the catalyst was found to have an
activity of 12.0 arbitrary units, and after
104 hours an activity of 9.9 arbitrary units.

Example 3

The procadure followed was similar to
that of Hxample 2, except in that the acti-
vating treatment was carried out at 310°C.
instead of 285°C. After 25 hours on syn-
thesis ithe caialyst was found to have an
activity of 9.7 arbitrary unlits, .and-after 98
hours an aetivity of 12.1 arbiivary units. It
will be noted that as a result of the higher
activating temperature the activity increases
ovetr the approximate period of 100 houss
ou synthesls instead of decreasing, .

The spme urhitrary units are nsed in all
the Exumples.

For the Applicants
HOLLINZ & CLARK, .
14, VWoodlands Parade,
High Street. Watford,

Hertfordshire.
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