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.An Improved Catalyst and Method of Producing same 7

We, Stawparp Omn Devevormest Con-
PaNY, a corporation duly organised and
existing under the laws of the State of
Delaware, United States of Ameriea, of
Elizabeth, New Jersey, United States of
America, do hereby declare the nature of
this invention, and in what manner the
same is to be performed, fo be particu-
larly described and ascertained in and by
the following statement;—

The present iuvention is directed to an
improved catalyst and to a method for the
preparation thereof. The present inven-
tion is further directed to an improved
method for effecting the synthesizing of
hydrocarbons and oxygenated compounds
from carbon monoxide and hydrogen,

I is well known to the art to synthesize
hydrocarhons and oxygenated derivatives
of hydrocarhons by passing a mixture of
carbon monoxide and hydrogen over a
suitable catalyst at elevated femperatures
and pressures. This reaction is commonly
designated as the Pischer-Tropsch
synthesis and is wsnally capried out at
temperatures in the range of about 450°
to 676° F. and pressures in the range of
100 to 500 pounds per square inch. Such
rezctions have customarily been carried
out in the presence of ecatalysts comprising
the oxides of metals in Group VILI of the
Perigdic Table such as the oxides of iron,
cobalt, and nickel, Tt is also known to use
such oxides as catalyst either alone or sup-
vorted on an inert material such as
alumina, kieselguhr, and other such sup-
porting agents. It has also been known
to add to the aclive catalytic material in
the catalyst composition a substanes usu-

40 ally designated as a promoter which ex-

erts a specific effect on the catalyst activity
selectivity of the reactants to useful pro-
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ilm;ts, and on the active life of the eats-
yst.
substentinlly smajl guantities often per-
mit consistently high conversion of the
reactants to desired products over much
longer periods of operation than is oS-
sible when using an unprometed catalyst.

It is also known to the art that the pio-
duets obtained by reacting carbon mon-
oxide and hydrogen in the presence of a
catalyst vary in type, configuration and
molecular weight depending upon the type

of catalyst employed. Paraffinic and ole-

finic hydrocarbons awe the usual products
obtained in a reaction of this type while
the by-products consist chiefly of water,
oxygenated compounds and carbon mon-
oxide.
oxygenated compounds are predominantly
alecholic in nature and that small amounds
of esters, organic acids; ketones and alde-
hydes are wsually also formed. ’

W57

Catalysts containing promoters in -

45

b0

55

Experience has shown that the gg

It is an object of the present invention 65

t0 provide g mass suitable for use as 2
catalyst for conducting chemical "reac-
tioms. It is another object of the present
invention fo provide methods for prepar-
g waid improved catalyst composition.
14 18 still another object of the present in-
ventlon to provide an improved method for
reacting a mixture of hydrogen and car-
bon monoxide in the presence of a catalyst
to produce hydrocarbous and oxygenated
compounds.

The improved catalyst of the present in-
vention comprises a solid mass prepared
by mixing a major proportion of iron or
an iren oxide with a minor proportion of
an alkali metal ferrate and subsequently
confacting the mixture with a reducing
atmesphere at a° superstmospheric tem-

10
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perature. Prior o the reduection siep, the -~



2 641,261

mixfure is also desirably heated at a
superatmospheric  femperature in the
presence of an oxidizing gas. The incor-
poration of the alkali metal ferrate serves
5 o increase the catalytic activity of the
iron oxide so that at the temperatures of
the reduetion operation customarily em-
ployed in the Fischer-Tropseh synthesis
the synthesis of hydrocarbons and oxygen-
10 ated material is promoted. As the irom
oxide constifuent, & major porticn of an
iron oxide such as ferrofervic iron oxide or
alpha or gamma Fe,(, may be used, and
as the alkali metal ferrate potassium fer-
15 rate, E,Fe0,, or sodium, ferrate are emin-
ently suitable. Ii is preferred to employ
the alkali metal ferrate in the improved
catalyst ecomposition in an amount between
0.2 and 20%, based on the weight of the
20 iron oxide present in the mixture prior
to reduction.

One of the methods of the present inven.
tion may be described briefly as involving

- the preparation of a catalyst which method
25 comprises the steps of forming an alkali
" metal ferrate by adding to a mixture of
Fe(OH), and an alkali metal hydroside
an oxidizing agent such as bromine, add-
ing the thus formed alkali metal ferrate to

30 the iron or iron oxide catalyst, intimately
mixing the two, drying and pilling the
mixture, and heating the mixiure at an
clevated temperature in the presence of
air and subsequently in the presence of a

35 reducing atmosphere {o obtain the finished
catalyst. '

Anocther method of the present inven-
tion may be deseribed briefly as involving
the preparation of a catalyst comprising

40 a major portion of iron or iron oxide and
a minor portion of alkali metal ferrate as
the promoting material with the method
of preparing the ecatalyst ecomprising
metal nitrate, such as potassium mitrate,

4h igniting the mixture and affer ignition
washing the mixture with alechol, dry-
ing and adding selected amounts of the
reaction product o irom or iron oxide and
ball milling the mixiure in the presence

50 of olechol. After milling, the mixture iz
dried. pilled, and heated in a free-oxygen
containing atmosphere at an elevated
temperature. Prior to empleving the oxi-

" dized material as a catalyst it should be

65 subjected fo & reducing atmosphere at an
elevated femperature.

The present invention may further be
described briefly as involving contacting a
mixture of hydrogen and carbon monoxide

80 with o catalyst whick is obiained by sub-
jecling to a reduecing atmosphere at super-
atmospheric temperatures 2 major amount
of iron oxide and a miner amount of
allali wetal ferrate with the feed gases

68 mauintained tnder temperature and pres-

sure conditions fo cause the formation of
substantial amounts of hydroearbons and
oxygenated compounds,

It is preferred to contact the mixture of
hydrogen and carbon monoxide with the 78
catalyst at & femperature in the range of
450° to 675° F. and at a pressure within
the range of 100 to 500 pounds per
square inch gauge. It is also desirable
for the hydrogen and carbon momexide 786
to be present in ratios within the range of
2:1 to 1:1 and to use feed rafes within
the range of 100 to 1500 volumes of feed
per volume of catalyst per hour.

In the preparation of the catalyst mass 80
of the present invention, the alkali metal
ferrate is introduced into intimate admix-
ture with the iron oxide prior to the treat-
ment of the catalyst with an oxidizing
atmosphere and with a reducing atme- 86
sphere. As an example of the prepara-
tion of a suitable catalyst, irom oxide in

. the form of powdered ferroferrie oxide is
" mixed with an alkali metal ferrate, such

as potassivm ferrate, an aleohel, such as 90
ethyl aleohol, and the mixture thoroughly
milled prior to drying at a temperature

of 280° F. The dried catalyst composi-
tion is then pilled and heated at a super-
atmosphéric temperature to obtain an 95
active eatalyst. The superatmospheric
temperature to which fhe catalyst com-
position 1s heated in the presence of

an  oxygen - containing  atmosphere

is preferably of the order of 1000° B LK
Prior to use as o synthesis catalyst the
improved catalyst composition is subse- .
quently subjected to a reducing atmo- -
sphere such, as dry hydrogen gas at a tem-
perature preferably in the range Letween 105
700" and 1600° T'. to obkain an active cata-
lyst mnss suitable for use in the Fischer-
Tropsch synthesis,

While ferroferric oxide has been men-
tioned specifically as a component of thell0
catalyst composition, it is intended that
other forms of iron oxide, such as alpha
or gamma Iron oxide may be used in lien
of the ferroferric oxide. Similarly, finely
divided metallic iron may be substituted 11¢
for the <xide sinee on subsequent treat-
ment with ifhe fres oxygen-confaining
atmosphere, the metallie iron will he con-
verted to the oxide,

The alkali metal ferrates which may be 12(
employed in the eomposition of the pres-
ent invention are preferably sodium and
potassium ferrate with the laiter being
preferred. Towever, sodium ferrate may
suitably be employed in the improved 19r
composition. and although more expensive,
lithium ferrate may also be used. As ex-
amples of the preferred composition, i
may be mentioned that esmpositions com-
prising substantially 2 and 59 of potas- 13(
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sium ferrate and substantially 98 and 959

ferroferric oxide have been found suitable

in the syuthesis of hydrocarbons from. car-

bon monoxide and hydrogen over extended
5 periods of time,

‘While the alkali metal ferrate is prefer-
ably employed in the purified form, it is
no} defrimental to the use of the com-
position if it contains minor proporiions

1 of relatively innetive confaminants., For
example, the alknli metal ferrate may
cobtain residual amounts of potassium
bromide and potassiurn bromate formed
during the preparation. A typieal

16 analysis of the alkali metal ferrate com-
ponent of the improved composition is as

follows :
K, Fe, 159,
- EBr 204
20 KBO, LA

The potassium ferrate prepared as de-
seribed above is then employed in a cata-
lyst composition comprising five parts by
weight of potassium ferrate and 95 parts

256 by weight of ferroferric oxide and after
the mixture is oxidized and reduced as
heretofore described, it i an active cata-
lyst for synthesizing bydrocarbons,

Another mixture was formed in which

3¢ on initiel mixture comprising 37.5%
potassium ferrate, K, ¥eO,, and 62.5% by
weight of Te,0, with which was admixed

- ferroferric oxide to give a final mixture

eomprising %% by weight of K,Fe0, and

ab 98% by weighé of iron oxide which after

oxidation and reduction is an active cata-
Tyst for synthesizing hydrocarbons.

Another method of preparation which
results in a catalyst comprising 100 parts

40 ferroferric oxide to five parts by weight
of the alkali metal ferrate includes the
following steps.

A previously dried intimate mixture of
one part by weight of fine iron fillings or

45 iron powder and btwo parts by welgﬁj; of
potassium nitrate is placed on an iron
plate such that the mixture is distributed
as 4 continuong layer of about fwo centi-
meters in depth. To this layer is joined

50 a small guantity of approximately equal
paris by weight of fine iron filings or iron
powder and potassium nitrate. Tha latter
mixturg is then ignited and the redction is
allowed to contiaue until completion. The

85 formation of a demse, white cloud of
volatile potassium reguires suifable pre-
cantions for removal of the harmful
fumes. The reaction produet is a black
melted hydrosecopic mixture which is

60 allowed to cool. On cooling sufficiently
for handling it is transferred fo a vessel
containing absolute ethyl aleochol. The

> reaction mixture is washed with aleohol

by decantafion until it iy substantially
fres of alkeli, following which it is dried 65
by evaporation. in a vacuum. The dried
material is then added to a given weight
of iron oxide. The iron oxide employed
may be ferroferric oxide or it may be
alpha or gamma iron oxide.

The amount of the resction mixzture
added to the iron oxide may vary within

‘tather wide limits, but it is contemplated

that the amount of allali metal ferrate
will constitute between 0.2 and 20:9 by 5
weight of the mixture. The mixture of
iron, oxide and the reaction product has
added to it sufficient alcohol to permit
adequate milling. T4 is then mixed
thoroughly for about four hours by ball 80
milling and then dried at approximotely
110" C. and pilled. Then prior to the
final reducing treatment, the pilled mix-
ture is heated in a free oxygen containing
atmosphere, such as air at a temperature 85
of approximately 1000* F., for four and
one half hours.

The presence of small amounts of iren -
filings or iren powder and/or potassium
nitrates in the finished catalyst is not 90
objectionable, since the caleining in the
bresence of a free oxygen containing
atmosphers will oxidize the former to iron -
oxide and the latter will be decomposed to
potassia. gb

In  another method for preparing a
catalyst in accordance with the present
invention, a previously dried intimate
mixture of one part by weight of fine iron
powder and two parts by weight of potas- 100
sium nitrate was placed on an iron plate
and distributed as a layer of approximately
2 centimeters depth. A second layer of
approximately equal parts by weight of
iron powder and potassium nitrate wasigs
then placed adjgcent to the second layer.
The fivst layer was then ignited and the
reaction allowed to go to completion, A
dense white cloud of volatile potassium
formed which was removed from the re- 110
action zone. The reaction product was
cooled sufficiently for handling and re-
moved from the iron plate and heated in
a free oxypen containifg atmosphers ot
substantially 1000* F. for substantially 4 115
hours.  After the foregoing ~ealcining
operation, the resclion vroduet -was
ground into a fine powder. and pilled inko
one-eighth inch pills. Subsequent to the
pilling operation, the pills were placed in

120
a reaclion chamber and reduced in the

-presence of hydrogen for 94 hours ot o

temperature of 700° F. and at atmospheric
bressure. The hydrogen was passed over
the catalyst at o foed rate of hydrogen
of 1000 volumes per volume of catalyst
per hour, T

The alkali metal ferrate promoter, for

123
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example, potassium ferrate, to be added
- to the catalyst may be prepared in a
number of ways. In the preferred pro-
cedure, Fe(NO,),.9H,0 is reacted swith
5 ammonium bhydroxide to cause the pre-
cipitation. of Fe(OH), and the ferric
hydroxide thus formed is filtered and then
. glurpied wwith “water. The water is
admized with solid KOH and fo the mix-

10 ture is added slowly liguid brominoe and’

solid KOH until the mixture is saturated

with respect {o the latier. The reaction

mixture should be kept at a temperature

below approximately 140° F. The mix-
15 ture is then heated carefully with stirring
for substantially one-half hour at sub-
stantially 140° F., allowed to cool, and
the top layer removed from the reaction
mixiure. The fop layer is dried in a
vacuum, and then washed with aleohol
un#il substantizlly free of alkeli. The
alechol-washed material is also dried in a
vacuum fo produce a potessium ferrate
substantially free from contaminating
subistances.

The purified potassium ferrate is then
added to a powdered iron or to powdered
oxide of iron such us ferroferric oxide or
alphs and pamma ferrie oxides. Tt is
usually desived that sufficient potassium
ferrate he added to the active cafalylic
material such that the finished cafalyst
will contain from 0.2 to 20 weight per
cent. potassizm ferrate based on the iron
35 or iron oxide employed.

The mixture of potassium ferrate and
iron or iron oxide is milled, preferably in

" the presence of a small amount of alechol,

dried at o temperature of substantially
40 280° F. and pilled. The pilled material
is then heated at superatmospheric tem-
peratures in the presence of air and sub-
seguently with pressence of a reducing
atmosphere to obtain an active eatalyst
45 containing promoting quantities of potas-
sium ferrate. .
Phe presencs of both potassium bromide
and. potassitun bromate in small amounts
in the finished catalyst is nok objection-
50 ghle since both of these substances may

20

30

Lave a tendency to promofe the activity .

of the iren oxide catalyst in the hydro.
carbon synthesis reaction. ) o
The practice of the present imvention
55 may now be deseribed by reference to the
accompanying drawing which is a single
figure in the form of a flow diagram show-
ing a mode of practicing one embodiment
thereof. i
66  Turning now specifically to the draw-
ing. a mixture of earbon monoxide and
hvdrogen at the pressure desired for the
synthesis reaction is passed through an 1o~
let live representad by the numeral 11 into
85 reactor 12. Within reactor 12 is arranged

a catalyst mass 12 which has been pre-
pazed by the reduclion of a mixiure of
iron oxide and polassium ferrate. Since
the reaction of ecarbon monoxide and
hydrogen is exothermie, tremendous 70
amounts of heat are evolved .during the
reaction snd must be removed from the
catalyst bed 13. In order {o maintain the
temperature of the catalyst bed within
the limits required for optimum conver- 78
sion, a space is provided between reactor
bed 13 and vessel 12 and o suitable fluid
is passed into the space by iulet line 9
and withdrawn through outlet 10 for con-
;;)rt:llling the temperature of the catalyst 80
ed.
© The efffuent from the catalyst bed 13
containing unreacted ecarbon monoxide
and hydrogen, hydrocarbons and oxygen-
ated compounds such as alechols, carhon 85
dioxide and water is removed through
Iine 14 a2nd passes thromgh a cocling
means 15 wherein the major portion of
hydrocarbons and water are liquefied. The
mixture is withdrawn from cooling 80
means 15 and discharged into a settling
means 16 where the fotal mixture is separ-
ated into a hydrozarbon phase and a water
phase. Water is withdrawn continuously
from settler 18 through line 17 and the 95
hydrocarbon laver is withdrawn econ-
Hnuously through line 18. Non-conden-
sible materials contained in the efflnent
may be withdrawn from the fop of
settling means 16 through line 19;10(
these exit gases may be conducted to a
separation means, not shown, in order to
recover unreacted carhon monoxide and
hydrecarbon for reeyeling to the reactor
12 or may be recycled directly to thie re-106
actor.

The liquid hydrocarbon layer is passed

‘through line 18 containing pump 20 and

discharged imto a disHlling means 21,
heat being supplied by heating colls 22 {0110
heat the hydroearbons therein. Hydro-
carhon fraciions suitale for use as motor
fuels, diesel fuel or components of lubri-
cating oils mav he withdrawn from is-
#illine means 21 through Iines 23, 24, 25,116
26 and 27. A heavy bottoms fraction is
withdrawn through line 28 and may be
eplmlo,ved as a lubricating o1l or as a fuel
oil.

It will be recoanized by those skilled in 120
the art that the hydrocarbons withdrawn
from diztillation wnif 21 may be employed
for many purposes. For examnple, light
olefins, boiling in the range of G, and C;
hydrocarbons, may be alkylated with an 124
isoparaffin, such as ischutane, in the pres-
ence of a suitable catalvst {0 produce =
high octane motor fuel. Also, the liquid
fractions obtained in the synthesis process
mav be hydrogenated fo Improve the 13



641,261 ]

stebility and octance  characteristics
thereof. It is to be pointed out that it may
be desirable to recover oxygenated organic
compounds from both the water and hydro-
5 carbon phases removed from settler 16 ; the
more water-soluble oxygenated hydre-
carbons will be present in the water phase
whereas the high molecular weight oxy-
genated compounds which are relatively
10 insoluble in water will be present in the
hydrocarbon, phase.
‘While the above diseussion bas de-
seribed & method for carrying out the syn-

thesis reaction in the presence of cate--

15 lysts employing a fixed bed operation, it
is to be pointed out that other metheds for
carrying out the aforesaid synihesis reac-
tion may at times be desirable. For ex-
smple, the catalyst may be employed in
9p the form of & suspension in a gaseous
stream amd passed through the reaction
zane. The teehnigme for carrying oud re-
actions in o suspension of catalyst, com-
monly designated as a fluidized catalyst,
is well known and, accordingly, the details
of such an operation will not here be
given. The catalyst employed in the pro-
cess of this invention lends itself weil to
use either in the form of pellets or pills
for the fixed bed type of operation or o
nse as a Anely divided powder suspended
in a gasecus stream in the fluid catalytie
synthesis operation.
The practice of the presend invention
35 will be further illustrated by the follow-
ing exnmple:

To an aqueous solution containing 340
parts by weight of Fe(WNO0,),.0H,0 is
added 90 parts by weight of NH,OH. The

40 precipitated Fe(OH); is filtered dry end
then slurried with substantially 50 parts
by weight of distilled water. To the slurry
is added 50 parts by weight of solid KOH
and while the suspension is maintained at

45 2 temperature below 1407 F., 50 parts by
weight of liquid bromine and solid KOH
are added. = During this addition, the
materials are added gradually with con-
finnal stirving. Suffcient solid KOH is
added to the reaction mixture so that the
latter is eompletely saturated with respect
#0 the alkali. At this poins, it is preferable
to add an excess of solid KOX to the mix-
ture, for example-20 parts by weight of

55 excess alkali, before heating the mixture
with stirring at a temperature of 140° F.
for approximately one-half hour.

The heated mixture is allowed to cool
and the top layer comprising potasstum

80 ferrate is deconted from the total mix-
tore and dried under pariial vacuwm.

2

30

Alkaline material remaining in the dried
potassium ferrate wmay be removed by
suceessive washings and decantations with
aleohol, The potassiom ferrafe is then 65
redried wunder vacuwm and, as produced
in this manner, is substantially free from
alkeline contaminants and contains miner
portions of potassinm bromaie snd bro-
mide as illustrated by the following 70

ansalysis:

K,Te0, 76.09,
KBr 20.09
KBr0, 5.0,

To 100 parts by weight of ferroferric 75
oxide in finely divided form is added suffi-
cient of the above preparative to give a
catalyst comprising b parts by weight of
dried potassium ferrate and » small
amount of aleohol to permit adequate 80
milling, The mixture is then mixed
thoroughly for substantially 4 hours by
ball milbng, dried at substantially 230°
F. and pilled to a size desired for subse-
guent use in the synthesis process. The 85
pilled material is then heated in free ex-
cess air at substantially 1000> I, for sub-
stantially 4 hours and allowed to cool.

The beneficial resulis to he oblained by
using the above-prepared catalyst, con- 90
faining 5 parts by weight of potassizm .
ferrate per 100 parts by weight of ferro-
ferric oxide, in the hydrogenation of car-
hon monoxids are exemplified by the fol-
lowing deseripiion and dabe:

The catalyst prepared in accordance
with the above procedure is placed in a
reaction chamber and reduced in the pres-
ence of hydrogen for 24 hours at a tem-
perature of 700" F. and atmospheric pres- 10p
gure. The hydrogen is passed over the
catalyst at o rate of 1000 velumes of
hydrogen per wvolume of catalyst per
hour. A synthesis gas mixture compris-
ing one part of hydrogen per part of car- 106
bon monoxide is then passed over the cata-
lyst at o pressure of 150 pounds per square
inch gange, a temperature of 575" ., and
o rate of 200 volumes per volume of caba-
lyst per hour.

The advantages of the practice of this
invention will be illusirated by the fol-
lowing 4sbulated data obtained in the
foregoing run which lasted for 1736
hours. Tn some ‘of the columns in the fol-116
lowing table & range of values are given
and these respresent the maximum and
minimui figures obtained for the period
indicated.

85

116
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It will be apparent from the foregeing
data that the present invention allowed
operation for an appreciable length of
time while producing substantial quanti-

5 tes of hydrocarbons having a high con-
tent of alpha olefins and water containing
oxygenated hydrocarbons which was rich
in valuable oxygenated material.

Tt is important that o high content of

1 slpka olefing be produced in the synthesis
operation since these olefinic hydrocarbons
lend themselves to polymerization for pro-
duction of polymers having valuable
lubricating qualities. The heta olefins on

15 polymerization give polymers much less
valuable as lubricants., In fact the poly-
mers produced from beta olefins have
characteristics which make them unsuit-
able for use as lubricating oils.

920 Tn another example 840 parts of
Fe(N0,),.9H.0 was dissolved in distilled
H,0. A dilute solution of NH,OH was
added to the solution {0 precipitate
Fe(OH),. This was filtered and to the fi-

25 trate a solution of 50 parts of solid EOH

- dissolved in distilled wafer was added.
The mixture was stirred {o a smooth paste
while confrolling the temperature. To the
cooled material 30 parts of hromine was
added below the surface of the solution
while stirring vigorowsly. Solid KOH
was then added in small guantities until
saturation was obtained with the EQOH
being added to excess. During the addi-
35 tion of the KOH ihe temperature was
maintained no higher than 41% C, and at
approximately 20° (. The solution was
then carefully heated fo 60° (. for cme-
half hour, heat removed and the solution
cooled. After approvimately 24 hours,
the upper half of the material, herenfter
referred to as the upper layer, was re-
moved. The upper laver and the bottom
half, referred to as the lower layer, were
then separately evaporated under vacuum
at a femperature of 47° C. for fwo weeks,

30

40

45

After this period hoth the upper layer and’
lower layer were removed from the heat

treating operation and washed free of
50 EOH by repeated separate washings with
959 ethyl aleohel. The washed samples
were filtered ard dried under a vacuum.
The upper layer was analyzed as follows:

. Fe,0, 62.5°
ah K, Fe0, 87.554

- A weighed amount of material having
the ahove compoesition was then sus-
pended in 95% ethyl alechol to which was
added a weighed amount of ferroferric
oxide which was thoroughly mixed by
stirring to form a smooth slurry. The
slurry was dried in an oven at 95° C. with
air circulating freely for a period of 48

60

hours. The temperature was then raised

to substantiuily 110° €. and maintained 85
with the exception of a 12 hour period
when ihe temperature rose to substamti-
ally 160° C., for three weeks. The dried
material was pilled into & inch pills whick
wers caleined for 4% hours in the presence 70
of an oxygen-containing atmosphere at
1300° F, following which the material
was allowed to cool in air o atmospheric
temperature. The catalyst prepared in __
the foreguing manner comprised 29 hy 70
weight K, Fe), and 98% iron oxide and
was then employed for the synthesis of
hydrocarbens from carbon monoxide and
Liydrogen after being reduced in {he pres-
eunce of hydrogen for 24 howrs ni a tem. 80
perature of 700* T, and at atmospherie
pressure. . During the reduction treat-
ment the hydrogen was passed over (he
catalyst at the rate of 1000 volumes of
Lydrogen per volume of ratalyst per hour.

A synthesis gas mixture evmprising one
part of hydrogen per part of earkon mon-
oxide wans employed as the feed stoek, ihe
conditions of operation being 150 pounds
Dresstre, o temperaiure of 375° T.. and o 90
feed rate of 200 volumes of feed per
volume of catalyst per hour,

Ir synthesizing hydrecarbons in the
foregoing manner using the catalysi, it
was found that effective yields of C, and 95
heavier hydrocarbons could be obtained.
with the improved method of obtaining
the eatalyst, for over 600 hours. During
certain periods of the operation as murh
a$ 307 cc. of C, and heavier hydroearbons 100
per cubic meter of feed consumed twere
obtained. TDhuring longer periods, €, and
Leavier hydrocarbon yields ranging from
approximately 150 ce. to 237 ce. per cubie
meter of feed stock consumed were
obdained.

Although specific examples iHustrat-
ing the practice of the present invenfion
have been given, these examples are for
illustrative purposes only and are not in- 110
tended to limit the scope of the invention.
1t will be apparent to » worker skilled in .
the art that while specific examples of
preferred temperature and pressure ranges
for conducting the operation have been 115
given, other condifions may at times be
desirable and may be employed without
departing from the scope of the invention.

The invention has been illustrated.by
specific examples wherein the entalyst 120
mass comprises iron oxide and polassium
ferrate. It is within the spirit and scope
of the invention that the ferrates of other
alkali metals besides potassium may be
employed; specifically, sodinm ferrate 125
may be used as one eomponent of the cata-
lyst amnd, also, lithium ferrate may be em-
ployed. The latter may be less desirable

106
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to use than the sodium and potassium
ferrates in view of 1is more expensive

nature. It will usually be desirable, there- -

fore, that potassivm or sodium ferrate
5 will be the minor component of the eato-
lvst and iren oxide the major component,

Having now partieularly described and
ascertained the nature of our said inven-
fion, and in what manner the same is fo

19 he performed, we declare that what we
claim is:—

1. A method of preparing a catalyst
adapted for use in a Fischer-Tropsch
sypthesis comprising the steps of prepar-

15 ing a mixture of a major proportion of
iron or au iron oxide and a minor propor-
tion of an alkali metal ferrate and sub-
gequently comtaeting the mixture with a
reducing atmosphere at a superaimoe-
spheric femperature.

2. A method according to Claim 1,
wherein said mixture is heated at a super-
atmospheric temperature in the presence
of an oxidizing gas. prior to being con-
25 tacted with the redueing atmosphere.

3. A method according to Claim 1 or 2,
wherein the miyturs contacted with the
redpeing atmosphers contains the alkali
metal ferrate in an amount within the
range of 0.2 to 20 per cent. by weight
hased on the iron oxide,

4. A method according to any one of
(laims I—13, wherein the alkali metal
ferrate is substantially free from contam-
inating materials.

5. A method according to Claim 3 or 4,
wherein the mixtire contacted with the
reducing atmosphere comprises substanti-
ally 95% iron oxide and substantially
5% potassium ferrate,

8. A method according to any one of
Olaims 1—4, wherein the alkali metal
ferrate is potassium ferrafe.

7. A method aceording to apy one of
the preceding claims, wherein iron oxide

is ferroferric oxide, alpha ferric oxide,

20

af

40

45

or gamma ferrie oxide, .

8. A method according to any oune of
the preceding claims, wherein the mix-
ture is reduced at a temperature within 50
the range of 700° to 1600° T

9. A method aceording to any one of the
preceding claims, wherein the alkali metal
ferrate is prepared by igniting a mixture
of finely divided iron and alkali metal
nitrate.

10. A method according to Claim 8,
wherein the alkali metal nitrate is pofas-
sinm nitrate. - -

11. A method according fo Claim -9,
wherein the alkali metal ferrate is pre-
parcd by forming a first mixture of one
part of finely divided iron and two parts
of alka™ metal nitrate, forming a second
mixiure of equal parts of finely divided
iren and metal nitrate adjacent the first
mixture, igniting the second mixture,
allowing the reaction fo proceed to the
first mizture, completing the reackion of
the first and second mixture and recovering
the desired alkali metal ferrate.

12. A catalyst whenever prepared by a
method according to any one of Claims
1--11.

13. A process for the synthesis of 75
hydrocavhons =nd oxygenated organic
compounds from a gaseous mixfure con-
taining carbon monoxide and hydrogen by
contacking said gaseous mixture at a
superatmospheric temperature and pres- g0
T‘}re with a catalyst-according to Claim

14. A process according to Claim 13,
wherein said synthesis is carried cub at a
temperature within the range of 450" to 85
675° F. and o pressure in the range of
100 to 500 pounds per square inch gauge.
Dated this 2nd day of September, 1947,

D. YOUNG & CO.,
29, Southampton Buildings,
Chancery Lane, London, W.C.2,
Agents for the Applicants.
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