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The presenf Invention is directed to an im-
proved method for effecting the synthesis of hy-

drocarbons and oxygenated organic compounds

from carbon monoxide and hydrogen.

It is well known to the art to produce hydro-
carbons by the reaction of carbon monoxide
and hydrogen in the presence of a catalyst and
under well defined conditions of temperature,
pressure, and contact time, these conditions being
adjusted for the particular type of catalyst be-
ing employed. The products obtained by the
reaction of carbon monoxide and hydrogen also
vary in type, configuration, and molecular weight
depending upon the type of catalyst employed.
Paraffinic and olefinic hydrocarbons are the usual
products obtained in a reaction of this type; by-
products consist chiefly of water, oxygenated
compounds and carbon monoxide. Experience
has shown that the oxygenated compounds are
predominantly alcoholic in nature and that small
amounts of esters, organic acids, ketones and al-
dehydes are usually also formed.

Workers in the prior art have disclosed process-
es for hydrogenating carbon monoxide to produce
hydrocarbons using catalysts such as sintered
iron promoted with an alkali metal compound
and reduced in a hydrogen atmosphere, or by
the reduction or oxidation of iron or of metals
of the iron group in mixtures of hydrogen and
steam. The structure of the several iron oxides
is well known from the results of X-ray diffrac-
tion examinations. The prior art workers have
also employed as catalysts for the Fischer syn-
thesis process reduced FesOs: or reduced alpha

ferric oxide; these catalysts were prepared by re-

ducing promoted FesOu crystals directly or by re-
ducing alpha Fe:0; crystals.

In accordance with the present invention, car-
bon monoxide and hydrogen are brought into
contact with an iron oxide type catalyst under
suitable temperatures and pressures to produce
high yields of hydrocarbons as well as oxygenated
organic compounds. The iron oxides employed
as a catalyst in accordance with the present in-
vention may be selected from the class of com-
rounds illustrated by alpha or gamma ferric ox-
ide or ferro-ferric oxide to which has been added
a substantial amount of an alkali metal ferrate
such as potassium ferrate, K2FeOs. The mixture
of iron oxide and alkali metal ferrate is then
milled preferably in the presence of a small
amount of ethyl alcohol and dried at a tempera-
ture of about 230° F. and then pilled. The pilled
material is then heated at superatmospheric tem-
peratures in the presence of air to obtain an ac-
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tive catalyst containing a substantial quantity of
alkali metal ferrate. The oxidized material is
then subjected to a reducing atmosphere at su-
peratmospheric temperatures before it is em-
ployed as a catalytic agent.

Accordingly, the present invention may be
described briefly as involving the contacting of a
mixture of hydrogen and carbon monoxide with
a catalyst which is obtained by subjecting to a
reducing atmosphere at superatmospheric tem-
peratures a major amount of iron oxide and a
minor amount of alkali metal ferrate with the
feed gases being maintained under temperature
and pressure conditions to cause the formation
of substantial amounts of hydrocarbons and oxy-
genated hydrocarbons. .

It is preferred to contact the mixture of hy-

‘drogen and carbon monoxide with the catalyst

at a temperature 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 monoxide to be
present in ratios within the range of 2:1 to 1:1
and to use feed rates within the range of 100 to
1500 volumes of feed per volume of catalyst per
hour.

The catalytic mass comprising the reduced
mixture of iron oxide and alkali metal ferrate
may be formed in any convenient manner and
employed in the practice of the present invention.
As one method for producing the catalytic mass,
iron oxide.in the form of ferro-ferric oxide or
alpha or gamma iron oxide may be admixed with
a minor amount of dry alkali metal ferrate such
as potassium ferrate and a small amount of al-
cohol for adequate mixing. Usually from 0.2 to
20% of potassium ferrate, based on the iron oxide,
will be suitable. The resultant paste containing

- iron oxide, potassium ferrate, and alcohol may
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be dried and then heated in the presence of a free
oxygen-containing atmosphere at a temperature
of about 1000° F., and the resulting mass then
reduced with hydrogen gas at a temperature in
the range of 700° to 1600° F.

As another method of preparing a catalytic
mass comprising iron oxide and ‘potassium fer-
rate, a mixture of iron filings and potassium ni-
trate may be ignited on an iron surface and

“the ignited mixture washed with alcohol, dried,

and added to the iron oxide catalyst which then
may be ball milled in the presence of alcohol,
dried and pilled. After the drying and pilling
operations, the pills are heated in a free oxygen-
containing atmosphere at a temperature of about
1000° F, and the resultant mass then reduced
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with hydrogen gas at a temperature within the
range of 700° to 1600° P. prior to employment as
a catalyst in the synthesis of hydrocarbons.

The practice of the present invention may now
be described by reference to the drawing which
is a single figure in the form of a flow diagram
showing a mode of practicing one embodiment
thereof.

Turning now specifically to the drawing, a
mixture of carbon monoxide and hydrogen at
the pressure desired for the synthesis reaction is
passed through an inlet-line represented by the
numeral {1 into reactor 12. Within reactor 12 is
arranged a catalyst mass {3 which has been pre-
pared by the reduction of a mixture of iron oxide
and potassium ferrate.
carbon monoxide and hydrogen is exothermie,
tremendous amounts of heat are evolved during
the reaction and must be removed from the
catalyst bed 13. In order to maintain the tem-
perature of the catalyst bed within the limits re-
quired for optimum conversion, a space is pro-
vided between reactor bed 13 and vessel 12 and a
suitable fluid is passed into the space by inlet
- line 9 and withdrawn through outlet 18 for con-
trolling the temperature of the catalyst bed.

The efluent from the catalyst bed i3 contain-
ing unreacted carbon monoxide and hydrogen,
hydrocarbons and oxygenated compounds such
as alcohols, carbon.dioxide and water is removed
through line (4 and passes through a cooling
means (5 wherein the major portion of hydro-
carbons and water are liquefied. The mixture
is withdrawn from cooling means {5 and dis-
charged into a settling means 16 where the total
mixture is separated into a hydrocarbon phase
and a water phase. Water is withdrawn continu-
ously from settler 16 through the line 17 and the
hydrocarbon layer is withdrawn -continuously
through line i8. Non-condensible materials con-
tained in the efluent may be withdrawn from the
top of settling means 6 through line 19; these
exit gases may be conducted to a separation
means, not shown, in order to recover unreacted
carbon monoxide and hydrocarbon- for recycling
to the reactor 12 or may be recycled to the re-
actor as such.

The liquid hydrocarbon layer is passed through
line (8 containing pump 20 and discharged into
a distilling means 21, heat being supplied by heat-
ing coils 22 to heat the hydrocarbons therein.
Hydrocarbon fractions suitable for use as motor
fuels, Diesel fuel or components of lubricating oils
may be withdrawn from distilling means 21
through lines 23, 24, 25, 26 and 27. A heavy bot-
toms fraction is withdrawn through line 28 and
may be employed as a lubricating oil or as a fuel
oil. .

It will be recognized by those skilled in the art
that the hydrocarbons withdrawn from distilla-
tion unit 2f may be employed for many purposes.
¥or example, light olefins, boiling in the range of
C: and Cs hydrocarbons, may be alkylated with
an isoparafiin, such as isobutane, in the presence
of a suitable catalyst to produce a high octane
motor fuel. Also, the liquid fractions obtained
in the synthesis process may be hydrogenated to
improve the stability and octane characteristics
. thereof. It is to be pointed out that it may be

“desirable to recover oxygenated organic com-
pounds from both the water and hydrocarbon
phases removed from settler 16; the more water-
soluble oxygenated hydrocarbons will be present
in the water phase whereas the high molecular
weight oxveenated compounds which are rela-

Since the reaction of.
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tively insoluble in water will be present in the
hydrocarbon phase. ‘

While the above discussion has described a
method for carrying out the synthesis reaction
in the presence of catalysts employing a fixed bed
operation, it is to be pointed out that other meth-
ods for carrying out the aforesaid synthesis re-
action may at times be desirable. For example,
the catalyst may be employed in the form of a
suspension in a gaseous stream and passed
through the reaction zone. The technique for
carrying out reactions in a suspension of cata-
lyst, commonly 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 process of my invention

~ lends itself well to use either in the form of pel-
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lets or pills for the fixed bed type of operation or
to use as a finely divided powder suspended in
a gaseous stream in the fluid catalytic synthesis
operation. .
The practice of the present invention will be
further illustrated by the following example:
~ To an aqueous solution containing 340 parts
by weight of FPe(NO3)3.9H:20 is added 90 parts by
weight of NHsOH. The precipitated Fe(OH)s is
filterzd dry and then slurried with about 50 parts
by weight of distilled water. To the slurry is

* added 50 parts by weight of solid KOH and while
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the suspension is maintained at a temperature be-
low 140° F., 50 parts by weight of liquid bromine
and solid KOH are added. During this addition,
the materials are added gradually with continual
stirring. Sufficient solid KOH is added to the re-
action mixture so that the latter is completely
saturated with respect to the alkali. At this
point, it is preferable to add an excess of solid
KOH to the mixture, for example 20 parts by
weight of excess alkali, before heating theé mix-
ture 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 potassium ferrate is de-
canted from the total mixture and dried under
partial vacuum. Alkaline material remaining in
the dried potassium ferrate may be removed by
successive washings and decantations with alco-
hol. The potassium ferrate is then redried un-
der vacuum and, as produced in this manner, is
substantially free from alkaline contaminants
and contains minor portions of potassium bre-
mate and bromide as illustrated by the following
analysis: :
. Percent

KoFeOs o —— ———— 75.0
KBr ____ e e 20.0
KBrOsz —.__. e e 5.0

To 100 parts by weight of ferro-ferric oxide
in finely divided form is added sufficient of the
above preparation to give a catalyst comprising
5 parts by weight of dried potassium ferrate and
a small amount of alcohol to permit adequate
milling. The mixture is then mixed thoroughly
for about 4 hours by ball milling, dried at about

-230° F. and pilled to a size desired for subsequent

use in the synthesis process. The pilled mate-
rial is then heated in free excess air at about
1000° F. for about 4 hours and allowed to cool.
The beneficial results to be obtained by using
the above-prepared catalyst, containing 5 parts
by weight of potassium ferrate per 100 parts by
weight of ferro-ferric oxide, in the hydrogenation
of carbon monoxide are exemplified by the fol-
lowing description and data:
- The catalyst prepared in accordance with the
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above procedure is placed in a reaction chamber
and reduced in the presence of hydrogen for 24
hours at a temperature of 700° F. and atmos-

pheric pressure. The hydrogen is passed over-

the catalyst at a rate of 1000 vohimes of hy-
drogen per volume of catalyst per hour. A syn-
thesis gas mixture comprising one part of hy-
drogen per part of carbon monoxide is then
passed over the catalyst at a pressure of 150
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pounds per square inch gauge, a temperature of
§75° P, and a rate of 200 volumes per volume of
catalyst per hour. :

The advantages of the practice of my inven-
tion will be illustrated by the following data
obtained in the foregoing run which lasted for
1736 hours, the numerical values in each column
of the table representing the low and high figures
for the period indicated:

<

TABLE I
Temperature, F . 550 575 575 878 I 585
Pressure, P. 8. f. €.« oo 150 150 150 150
Feed Rate, V. /V JHr. . 200 200 200 . N 200
Hy/CO Ratio (Charge) .. ccoooeeo oo s 1.305 0.98-1.305 | 1.02-1.03 | 1.068~1.11 [ 1.03-1.05 | 0.92-1.0 | 0.956-0.96
Hours on Stream 4-28 28-190 196-244 244-316 316-436 436-556 . 556676
CO Conversion, Mol Per Cent 97.9 97.0-07.2 | 96.9-97.5-| 96.3-97.9 | 04.4-07.0 | 91.0-97.2 80.5-87.8
Hz+CO Conversion, Mol Per (‘ent.. 79.1 85.8-85.90 | 88.3-89.6 | 80.3-82.4 | 78.5-66.8 | 75.4-86.7 71.5-87.9
Output Yields, cc./M? of Hi+CO Cons. .
CA4-Hydrocarbon - - vevm v omocom oo 164 241-243 214-232 204-247 214~268 211-226 177-265
Water. - 54 4-47 12-35 46-50 23-59 39-48 - 33-36
Hydrocarbon Test Data: 1 . A . :
Specific Gravity. 0.7484 | 0. 7424-0. 7580 0.7720 0.7720 0. 7626 0.7727 | - - 0.5000
BRromine Number. .. _______ 53.6 §4..5-90. 6 63.0 - 6.0 69.7 66.6 . 644
Alpha Olefin 2___ 51.1-61. 6 50.2 50.2 57.5 55.9 45.8
Beta Olefin 2. g P 21.5-25.9 33 22.9 ). 20.9 2L5 25.1
Alpha/Beta Olefin Ratio... ... 2.3-2.85 2.47 2.47 2,75 2.60 1.82
Alcohol, Wt. Per Cent C‘sHuOH.._._--.. 3 4—7 4 1.65 1.65 1.21 1.54 8.44
("xrbonvl Wt. Per Cent (C:Hs):CO ...... 1 1.96 2.48
Acid, Wt. Per Cent C;HyCOOH._________ 1 1.00 1.57
Water Test Data: : .
Alcohol, Wt. Per Cent CoHsOH . ________ - 13.1
C')rbony] Wt. Per Cent (CH3)2CO.._..__ 1.53
Acids, Wt. Per Cent CH;COOH.___..____ 0.18

I Rased on recovered liquid produet.

2 Calculated as bromine number based on olefin type determination by-infrared absorption, uncorrected r‘orv oxygenated com -

pound interference.

Temperature, "1‘ ....................... 585 |
Pressure, p. .
Feed Rate, V. /V /Hr

150 150
200 ' 200
94 | 0.923-1.C3 0.96 |-0.771-0.99 |.

800 60

H,/CO Ratio (Charge) 0.
Hours on Stream 700-806 8G6-902 | 902-926 926-1070 Reduced with Hy at
[o]0] Convemon Mol Percent..._.._.._ 79.5 82,5 83.5-90.2 75.7 | 82.5-91.9 | 700° F. for 24 Hours
Hy4-CO Conversion, Mol Percent___..__ 7.8 73.2 | 83.5-90.2 62.8 [ 70.6-51.9 |- at 1000 .V./V./Hr.
Output Yields, ce./M3 of Ha+CO Cons i “and 0 p.s. i g.
Cy+Hydrocarbon - 195 223 191-231 28 188-223 |.

Water. 107 © 28 29-37 37 27-50
Hydrocarhon Test Data: 1

Specific Gravity ... 0. 7870

Bromine Number. - - 58.1

Alpha Olefin? _________. _— 7.0

Beta Olefin2._.._.___.__ - 27.4

Alpha/Beta Olefin Ratio_.__ - 1.71

Alcohol, Wt. Percent CsHyOH.___. . 7.48

C'\rhonyl Wt. Percent (C2Hs)2C0 .. 2. 69

Acid, Wt. Percent CsHyCOOH . ___. 1.34
Water Test Data: .

Aleohol, Wt. Percent C;HsOH_ ... 13.3

Carbanv] Wt. Percent (CH3)2CO._ 0.76

Acids, W¢. Percent CHsCOOH. ... 0.30

1 Based on recovered liquid product.

% Calculated as bromine number based on olefin type determination by infrared absorptlon, uncorrected for oxygenated com-

pound interference.

Temperature, °F 600 600
Pressure, p. s. - 150 150
Feed Rate, V. /V JHr_ _ 260 . 200
Hiy/CO Ratio (Chargp) - 1.053 |1.068-1.11 0.673 |..o_..___.. 0.861-1.163 |.____._.___

Hours on Stream

CO Conversion, Mol Per Cent. __.___.__ 9.4 | 95,
“Hz+CO Conversion, Mol Per Cent...__ 86.9 | 76.
Output Yields. ce./M3 of H;4-CO Cons.:
Ci+Hydrocarbon 124 1
ater_ __._.__.____._._ : 53

Hydrocarhan Test Data:t
Specific Gravity
Bromine Number.
Alpha Olefin.2.
Beta Olefin2__
Alpha/Beta Olefin Ratio_..____
Aleohol, Wt. Per Cent CsHyOH. _.

| 1088-1112 | 1112-1232 | 1232-1280 [ 1280- 1352 | 1352-1472 | 1472-1520] Reduced with Hj

at 700° F. for 24
Hours at 1000
V./V/Hr and 0

p.s i g
2-07.4 04.0 Joo . 89.8-90. 1
7-87.9 88.8 [oimnees 73.1-79.9
98-222 203 | 2 PR 171-205 | .
59-81 - 13 3060 |--onoco.

(‘arbonyl Wt. Per Cent (C»Hs)-zCO
Acid; Wt. Per Cent C;HyCOOH ..
Water Test Data:

Alcohol, Wt. Per.Cent C;HsOH____
Carbonyl, Wt. Per Cent (CHy)CO_
Acids, Wt. Per Cent CH;COOH...._

5.3 8.1 8.1 115
1.6 0.70 0.70 0.80
0.1 0.09 0.09 0.30

! Based on recovered liquid produet

% Calculafed as bromine number based on olefin type deteljminatmn’ by infrared absorption, uncorrected for oxigenated com-

pound interference.,
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Temperature, °F

Pressure, p. . L. g

Feed Rate, V., /V JHr. -

H/CO Ratio (Charge) - oo e

Hours on Stream....__...__.______
CO Conversion, Mol Per Cent.___._
H:4-CO
Output Yields, ce./Ms of Hz+CO Cony

C4+Hydrucarbon .................

Conversion, Mol Per Cent_ ...

600 575 625
150 150 156
_____ 200 200 200
____________ 0.878 | 0.904-0. 057 0.9851 |omem s
-1 1520-1544 1544-1640
- 84.3 47.9-74.4
............ 70.8 41.0-63.8
101 130-205
49 18-37

Hydmcarbon Test Data: !
Specific Gravity .. -

Bromine Number

Alpha Olefim2. .. . ___.

Beta Olefin 2.

Alpha/Beta Olefin Ratio_ - . -
Aleohol, Wt. Per Cont CsHy OH___ -

Carbonyl Wt. Per Cent (CaHs)2CO.

Acid, Wt. Per Cent CyIIsCOOM.__.__.____.

Water Test Data:
Alcohol, Wt, Per Cent C:HsOH.

Carbonyl, Wt. Per Cent (CII;):CO -

Acxds, Wt. Per Cent CH;COOH ... -

1 Based on recovered liguid product.

2 Caleulated es bromine number based on olefin type determination by infrared absorption, uncorrected for oxygenated com-

pound interference.

It will be apparent from the foregoing data
that the present invention allowed operation for
an appreciable length of time while producing
substantial quantities of hydrocarbons having a
high content of alpha olefins and water con-
taining oxygenated hydrocarbons which was rich
in valuable oxygenated material.

It is important that a high content of alpha
olefins be produced in the synthesis operation
since these olefinic hydrocarbons lend themselves
to polymerization for production of polymers
having valuable lubricating qualities. The beta
olefins on polymerization give polymers much
less valuable as lubricants. In fact the polymers
produced from bets olefins have characteristics
which make them unsuitable for use as lubricat-
ing oils.

Although specific examples illustrating the
practice of the present invention have been given,
these examples are for illustrative purposes only
and are not intended to limit the scope of the
invention. It is to be understood that the pres-
ent invention is directed to a method for obtain-
ing hydrocarbons and oxygenated organic com-
pounds involving contacting a mixture of CO
and H: at suitable temperatures and pressures
with g catalyst which comprises before reduction
a major portion of iron oxide, such as ferro-
ferric oxide, gamma or alphg iron oxide erystals,
and a minor portion of alkali metal ferrate. It
will be apparent to a worker skilled in the art
that while specific examples of preferred tem-
perature and pressure ranges for conducting the
operation have been given, other conditions may
at times be desirable and may be employed with-
out departing from the scope of the invention.

The invention has been illustrated by specific
examples wherein the catalyst mass comprises
iron oxide and potassium ferrate. It is within
the spirit and scope of the invention that the
ferrates of other alkali metals besides potassium
may be employed; specifically, sodium ferrate
may be used as one component of the catalyst
and, also, lithium ferrate may be employed. The
latter may be less desirable to use than the sodi-

um and potassium ferrates in view of its more -

expensive nature. It will usually be desirable,
therefore, that potassium or sodium ferrate will
be the minor component of the catalyst and iron
oxide the major component.

‘The nature and objects of the present inven-
tion having been fully described and illustrated,
what I wish to claim as new and useful and to
secure by Letters Patent is:

1. A process for producing hvdrocarbons and

oxygenated organic compounds comprising the

step of contacting a gaseous mixture of carbon

monoxide and hydrogen at a superatmospheric
5 temperature in the range between 450° and 675°
F. and at a pressure no greater than 500 pounds
rer square inch with a catalyst comprising a sub-
stantial portion of reduced iron oxide and alkali
metal ferrate to form a product comprising sub-
stantial amounts of hydrocarbons and oxygenated
organic compounds.

2. A process for producing hydrocarbons and
oxygenated organic compounds including the
step of contacting a gaseous mixture.of ecarbon
monoxide and hydrogen with a catalyst com-
prising a major portion of reduced iron oxide and
alkali metal ferrate at a temperature in the
range between 450° and 675° F. and at a pressure
no greater than 500 pounds per square inch to
form a produet comprising a substantial amount
of hydrocarbons and oxygenated organic com-
pounds.

3. A method for producing hydrocarbons and
oxygenated organic compounds including the
step of contacting a gaseous mixture of carbon
monoxide and hydrogen under superatmospheric
temperature in the range between 450° and 675°
F. and at a pressure no greater than 500 pounds
per square inch with a catalyst prepared by re-
ducing a mass comprising a major portion of iron
oxide and a minor portion of alkali metal ferrate
to produce a substantial amount of hydrocarbons
and oxygenated organic compounds.

4. A method for producing hydrocarbons and
oxygenated organic compounds including the
step of contacting a gaseous mixture of carbon
monoxide and hydrogen at superatmospheric
temperature and at a pressure no greater than
500 pounds per square inch with a catalyst pre-
pared by the reduction of a mass comprising a
major portion of iron oxide and a minor portion
of alkali metal ferrate to obtain a substantial
amount of hydrocarbon and oxygenated hydro-
carbon product.

5. A process for producing hydrocarbons and
oxygenated hydrocarbons including the steps of
passing a gaseous mixture of carbon monoxide
and hydrogen at a temperature within the range
of 450° to 675° F. and a pressure in the range of
100 to 500 pounds per square inch gauge over
a catalyst prepared by the reduction of a mix-
ture comprising a major portion of iron oxide
and a minor portion of alkali metal ferrate to
produce a substantial amount of hydrocarbons
and oxygenated hydrocarbons, removing product
78 from contact with the catalyst and recovering
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hydrocarbons and oxygenated hydrocarbons
herefrom. )

6. A process for producing hydrocarbons in-
cluding the steps of passing a gaseous mixture
of carbon monoxide and hydrogen at a tempera-
ture within the range of 450° to 675° F. and a
pressure in the range of 100 to 500 pounds per
square inch gauge over a catalyst mass prepared
by the reduction of a mixture comprising a major
portion of iron oxide and a minor portion of
alkali metal ferrate to obtain a substantial
amount of hydrocarbon product, removing prod-
uct from contact with the catalyst, and recover-
ing hydrocarbons and oxygenated hydrocarbons
therefrom.

7. A process in accordance with claim 6 in
which the iron oxide is ferro-ferric oxide.

8. A process in accordance with claim 6 in
which the iron oxide is alpha iron oxide;

9. A process in accordance with claim 6 in
which the iron oxide is gamma iron oxide.

10. A process in accordance with claim 6 in
which the alkali metal ferrate is potassium fer-
rate and is employed in an amount between 0.2
to 20% calculated on the basis of the iron oxide
present in the catalyst mass.

11. A process in accordance with claim 1 in

which the alkali metal ferrate is potassium fer-

rate. i

12. A process in accordance with claim 2 in
which the alkali metal ferrate is potassium fer-
rate. '
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13. A process in accordance with claim 3 in
which the alkali metal ferrate .is potassium
ferrate. a

14. A process in accordance with claim 4 in
which the alkali- metal ferrate is potassium
ferrate. i

15. A process in accordance with claim 5 in
which the alkali metal ferrate is potassium
ferrate.

MAX A. MOSESMAN.
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