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The present invention relates to catalytic con-
versions and improved catalysts therefor. More
particularly, the invention is concerned with im-

-proved iron catalysts for the catalytic synthesis

of normally liquid hydrc2arbons and oxygenated
compounds from CO and Ha.
~ Iron type catalysts are normally employed in
the synthesis of hydrocarbons at relatively high
temperatures of about 450°-800° F. and relatively
high pressures of about 3-1060 gtmosphere abs. or
higher, to obtain predominantly unsaturated and
oxygenated produects from which motor fuels
with high octane ratings may be recovered.

The extremse temperature sensitivity and rela~

tively rapid catalyst deactivation of the hydro-
carbon synthesis have led, in recent years, to

various attempts and proposals to employ the
so-called fluid catalyst technigue wherein the
synthesis gas is contacted with a dense turbulent
hed of finely divided catalyst fluidized by the
gaseous reactants and products. This technigue
permits catalyst replacement without interrup-
tion of the process and greatly improved tem-
perature control. However, the adaptation of
the hydrocarbon synthesis to the fluid catalyst
technigue “has encountered serious- difficulties,
particularly when iron catalysts are used.

Application of the fluid technique requires ease
of fluidization and attrition resistance in addi-
tion to the conventional characteristics determin-
ing catalyst activity, such as total desired yield
It is also desirable that
the catalyst be active in the temperature range
above 600° F. and still be highly selective to
Cs+ hydrocarbons, since under these conditions
high octance motor fuels are obtained. None of
the prior art iron catalysts complies satisfactorily
with all of these requirements.

Iron catalysts are usually prepared by the re-
duction of various natural or synthetic iron ox-
ides or by the decomposition of iron carbonyls,
the catalytic activily being enhanced by the ad-
dition .of such promoters as various compounds
of alkali metals or the oxides of chromium, zine,
aluminum, magnesium, manganese, the rare
earth metals and others in small amounts of
about 1-109%. While some of these catalysts ex-
hibit excellent activity characteristics they are
without exception deficient with respect to ease
of fluidization, and/or attrition resistance par-
ticularly when used in commercial runs of sev-
eral hundred hcours’ duration. Even fuidized
catalysts obtained from sintered iron, which have
been found to exhib’t excellent fluidization and
attrition characteristics show signs of disinte-
gration in long run operation. .

This general lack of mechanical resistance or
steady decrease of mechanical strength during
operation has been found to be closely connected
to a high rate of carbon deposition on the cata-
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lyst, encountered at the condifions required by
the synthesis using iron catalysts. The catalyst
disintegration which accompanies excessive car-
hon deposition is believed to be the result of a
migration of carbon inio the iron lattice by the
mechanism cf interstitial carbide formation fol-
lowed by distintegration of the carbide to free
carbon. 'This process may continue until the
catalyst mass contains about 99% of carbon.

It will be appreciated from the above that an
iron catalyst of satisfactory synthesizing activity,

‘selectivity, and catalyst life which may be used

in commercial operation without substantial
catalyst disintegration and carbon deposition is
a need strongly felt in the synthesis art. This
drawback of iron catalysts has been the major
obstacle in all attempts to apply the fluid cata-
1yst technique to the iron-catalyzed hydrocarbon
synthesis. The present invention overcomes this
ohstacle.

It is, therefore, the principal object of the pres-
ent invention to provide improved iron catalysts
for the catalytic synthesis of hydrocarbons from
CO and Ha.

A further obiect of our invention is to provide
an improved hydrocarbon synthesis process op-
erating in the presence of iron catalysts which
are not subjected to excessive disintegration and
carbon depesition.

A more specific object of our invention is to
provide an improved hydrocarbon synthesis proc-~
ess employing the fluid catalyst technique in the
presence of iron catalysts of highest disintegra-
tion rvesistance throughout runs of cemmercial
length. ‘ ‘

Other and further objects and advantages of
our invention will appear hereinafter.

_ In accordance with the present invention, car-
bon depostion on iron synthesis catalysts is sub-
stantially reduced and catalyst disintegration
correspondingly suppressed while activity, selec-
tivity and catalyst life are maintained at high-
est levels, when the iron preferably in the form
of its carbonate is combined with a metal car-
bonate base which in itself exhibits a high dis-
integration resistance and the composite is sub-
jected to a reduction treatment. While a wide
variety of metal carbonates may form, in com-
bination with iron, catalysts of good activity, se~
lectivity and disintegration resistance, superior
vesults have been consistently obtained by com-
hining iron carbamate, particularly ferrous car-
bonate, with the carbonates of metals of group IT

~of the periodic system, and more particularly of

one or more of the metals of calcium, barium and
zine. Ths relative proportions of the elements
in the unreduced catalysts of the present inven-
tion may vary within wide limits. However, this
jiron content should not be substantially lower
than about 0.5% by weight or sbout 1% by
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weight of ferrous .carbonate and not substantially
above abkeut-40% by weight with the other metal
carbonate being present in major proportions
such as about 60-99.5% by weight. Active car-
bonate-supported catalysts with over-all iron
concentrations of less than 0.5% by weight may
also be made provided that the iron is properly
distributed on the surface of the catalysts. A
distribution of about 5-40% by weight of ferrous
carpbonate and about 60-90% by weight of the
carbonate of a group IT metal is generally pre-
ferred.

An outstanding and surprising characteristic
of the carbonate catalysts of the present inven-
tion, particularly those comprising barium
and/or calcium carbonate, resides in the fact
that they afford excellent conversion and liguid
product -yields even in the absence of the con-
ventional catalyst promoters such as halides,
-carbonates or oxides of alkali metals which prior
to the present invention have been considered in-
dispensable for catalysts of satisfactory activity
and selectivity.

While we do not wish to limit our invention
{0 any specifie theory or probable reaction mech-
anism, it is believed that the carbonate bases give
the catalysts the proper alkalinity required for
‘high selectivity to liquid product.

Examples of catalysts useful for the purposes
of ‘the present invention include -composites con-
sisting of 80% BaCQO3: and 20% FeCOsz; 80%
CaCQC3z and 20% FeCOs3; 809 ZnCO3 and 20%
FeCOQOs; -ete.

‘These catalysts :may be prepared by any suit-
able method of coprecipitation, precipitation of
the iron component on the precipitated support,
impregnation or mechanical mixing, known per
se in the art of catalyst manufacture, followed
by reduction. A simple and expedient method
of adding the iron, -especially in very low con-
centrations, to the surface of the catalyst is by
the decomposition of iron carbonyl upon the
-catalyst. Although a number of different iron
compounds such as the .oxides, oxalates,
acetates, ete. may bhe used, :superior results have
been obtained when using the method of precipi-
tating ferrous carbonate on the precipitated
metal carbonate support.

The invention will be further illustrated by
the following specific examples.

Example 1

About 1141 gms. of BaCOs3, made by the addi-
tion of ammonium carbonate to a solution of
BaClz in distilled water, was slurried in 3 liters
of water. A solution of 344 gms. of FeCla.4Ha0
in 2 liters of distilled water was slowly added to
this slurry. Contact with air was kept at a mini-
mum during these steps. “The slurry was stirred
for one hour and an additional 149 gms. .of

FeCl2.4120 dissolved in 600 c¢. ¢. of water was ¢

added. ‘Then 285 gms. of ammonium carbonate,
dissolved in 1 liter of water, were stirred in and
the mixture was further stirred for one hour.
The precipitate was permitted to settle, washed

free of chloride by decantation, and the resulting -
shrdge ‘was dried over-night in an atmosphere of

-COz2 at about 300° F. and then pilled. The cata-
Ayst contained about 80% by weight of BaCOs and
20% by weight of FeCOs. It was reduced prior
‘touse with about 1000 volumes of Ha per volume

«of catalyst-per hour for 4 hours at about 900° F.

‘The catalyst so prepared was tested in a fixed
bed laboratory unit at about 630°-650° F., about
250 1bs. -per sq. in. pressure, a throughput of
about 200 volumes of synthesis gas per volume of
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catalyst per hour, and an Ha: .CO ratio of about
1:1., The results are summarized below.

CO eOnversion . ... __..o..ooememaaao. per cent_. 96
Cy yield, c. e./eu. m. Hy+CO consumed. ... _____________.__. 211
Carbon formation:

Selectivity to C, vol. percent COto Co .. ... 0.97

Belectivity to O er cent of reference 1____________________ 32
Catalyst age:

Lu. ft..0f CO gonverted perlb. of eatalyst- . ... ... . 69

Per.cent COr— after use_ ... _...._......... }Agreement within

‘Per-cent-COy— theoretical for BaCOz___... experimental error

1 Basis of comparison is:the carbon formation on a reduced catalyst
consisting of 99% precipitated iron oxide and 1%, potassium fluoride.

The above data show that carbon formation on
this catalyst is only a fraction of that observed
on the reference catalyst, while liquid product
yields at high temperatures are excellent in
spite of the absence of any catalyst promoter.
However, low .carbon formation is also evidence
of a lower disintegration tendency for catalysts
having a comparable abrasion resistance.

“The activity and selectivity of this catdlyst are
substantially maintained even after high tem-

. perature calcination. A sample of the fresh.cata-
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lyst was cdlcined for dbout 4 hours at 1600° I,
before reduection at 900° F. The -catalyst so

prepared was tested in -a fixed bed laboratory-unit

-at -about 630°-650° F., about 250 Ibs. per sq. in.
pressure, a throughput of about 200 volumes of
synthesis gas per volume .of catalyst per hour,
and an 'Hz: CO ratio of 1:1. The results aresuin-
marized below.

CO conversion_ __ ... per cent_. 94
Cs+ yield (c. c./cu. m. Hz~CO cons.) ____ 182
Cz+ yield (e. ¢./cu. m. H24CO cons.) —_._ 237

Carbon formation; i
Selectivity to C, vol. per cent CO to € __ 071
Selectivity to C, per cent of refer-

encel e - 44

Catalyst age:

Cu. ft. of CO converted per 1b. of
catalyst . ___ . 144
! Basis of comparison'is the carbon formation on a reduced catalyst
vonsisting 01.99% precipitated iron oxide and 19, potassium Huoride.

Example 11

A catalyst was prepared as described :in EX-
ample I. Howewver, 20.2 gms. of K2:CO3 was

stirred into the washed paste prior to drying.

The precipitate paste was then dried and pilled-as
described in Example I to form a catalyst con-

sisting of 80 parts by weight of BaCOs, 20 parts

by weight of FeCOs and 2 parts by weight of
K2003. The catalyst was reduced and tested
at the conditions of Example I. The results were
as follows.

CO conversion—....—meeeemr.pPer cent__ 96

Cs+ yield, e. ¢. per cu. m. H24+CO con-
sumed oo .. e o 211
Carben formatmn
Seleetivity to G, wvol. per -cent CO

A0 € e K19
Selectivity to C, per cent of refer-
ENCE e K20

Catalyst age:
Cu. ft. CO converted per 1Ib. of :
catalyst — o . 126

The data of this example show that the addi-
tion of a promoter to ‘the carbonate catalyst of
the present invention has mno appreciable ‘in-
fluence on liquid yields or carbon formation.

Example ITI

A solution of 344 gms. of FeCl2.4Hz20 in 1 liter
of water was slowly added to a slurry of 800 gms.
of CaCOs; in 4 liters of water. ‘To this mixture
there was then added slowly with stirring g solu-
tion of 225 gms. of ammonium carbonate in 1
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liter of water. After stirring for 1 hour, the pre-

. cipitate was permitted to settle and was washed

= free of chloride ion by decantation.

=

The precipi-
tate was then dried at 250° F. in a stream of COz

O and pelleted.
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The catalyst was reduced at 900° F. and tested
under the conditions of Example I with the fol-
lowing results. .

CO conversion_ - ________ per cent__ 96
Cs+ yield (ce./m.3 cons.) e 205
Catalyst age:
Cu. ft. CO converted per lb. of catalyst___ 79
Per cent CO3~— after use_ . ______ 49
Per cent COz~— theoretical for CaCOs sup-
ported iron catalyst. . _____ 49
Carbon formation:
Selectivity to C, vol. per cent CO to C__. 0.40
Selectivity to C, per cent of reference___ 16
Example IV

The catalyst was prepared as described in Ex-
ample III. However, 20.2 gms. of KaCO3 was
stirred into the washed precipitate paste. The
precipitate was then further treated as described
in Example III, the final catalyst containing 80
parts by weight of CaCOz, 20 parts by welight of
FeCO; and 2.parts by weight of KoCOs. A test
was carried out at the conditions of Example IIT
and had the following results.

CO conversion ... ________ per cent_. 86
Cs-tyield, c.c./cu. m. of H2+CO consumed. 2004
Carbon formation:

Selectivity to C, vol. per cent CO to C_. 0.40

Selectivity to C, per cent of reference__. 23
Catalyst age:

Cu. ft. of CO converted per 1b. of catalyst 133

The data of Examples IIT and IV show that the
carbonate supported catalyst of the invention af-
fords high activity and high liquid product sensi-
tivity at high temperatures and gives low carbon
formation, even in the absence of conventional
catalyst promoters.

Example V

A solution was made containing 733 gms. of
zinc chloride and 275 gms. of ferrous chloride
(FeO24H20) in 2 liters of distilled water. An
ammonium carbonate.sclution was made by dis-
solving 1480 gms. of ammonium carbonate in 6
liters of water. The two solutions were then
added simultanecusly with stirring to 5 liters of
distilled water. After stirring for 1 hour, the
precipitate was washed free of chloride ion and
dried at 250° F. Contact with air was kept at a
minimum during these steps.

This catalyst was reduced at 900° F. and tested
in a fixed bed laboratory unit at about 650° F
about 250 Ibs. per sq. in. pressure, m throughput
of about 400 volumes of synthesis gas per volume
of catalyst per hour, and an Ha: CO ratio of
about 1:1. Under these conditions, a CO con-
version of 85% was obtained. The Cs+ yield
(ce. per cu. m. of H2--CO consumed) was 160.
These data show that Group II metal carbonates
other than barium and calcium are suitable as
supports for highly active and selective iron cata-
lysts even in the absence of conventional cata-
lyst promoters.

Example VI

The catalyst was prepared as described in Ex-
ample V. However, 185 gms. of the filter cake
was slurried with water and 2.7 gms. of KeCOs3
wias then stirred into the paste. This paste was
dried and treated as described in Examuple V, the
final catalyst containing 80. parts by weight of
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ZnCoOs, 20 parts by weight of FeCO3 and 2 parts
by weight of K2COs.

This catalyst was tested at 650° F. but othel-
wise abt the conditions of Example V. Under
these conditions a CO conversion of 96% was
obtained. The C:+ yield (c. ¢. per cu. m. of
H2-4-CO consumed) was 200+-.

These results show that the zine carbonate sup-
ported catalyst is more sensitive to the addition

" of promoters than the barium and calcium car-

bonate catalysts. However, both types of cata-
lysts exhibit a promoter effect clearly different
from that of other types of iron catalysts. This
is demonstrated by the data of Example VII
below.

In this exampie it is seen that both Li20.Fe203
type catalyst and a zine oxide promoted catalyst
require promotion with K2COs in order to give
high selectivity to Ca-.

Example VII

A catalyst having the composition Li20.Fe203
was made by mixing 444 gms. of lithium hydroxide
into a paste of 842 gms. red iron oxide in 200 c. c.
of distilled water. After ball-milling for 18 hours
and drying over-night at 240° F. the catalyst was
calcined at 1600° F. for 3 hours.

A promoted catalyst having the composmon by
weight of 99Li20.Fe:03—1Ka2CO3 was prepared by
mixing 5 gms. K2COs3 into a paste containing 643
gms. of the dried Li20.Fe203 paste made as above.
After drying at 240° F., the catalyst was calcined
at 1600° F. for 3 hours.

A zinc oxide based ion type catalyst was pre-
pared by adding slowly 1016 gms. of

Fe(NO3)3.9H20

dissolved in 2 liters of distilled water to a slurry
of 1106 gms. ZnO in 3 liters of water. The slurry
was stirred until all of the iron had precipitated.
The precivitate was filtered, washed, reslurried,
filtered and washed. Half of the filter cake was
then dried at 250° F. and caleined for 3 hours at
850° ¥. The final catalyst contained 80 parts by
weight of ZnO and 20 parts by weight of Fe20s.

The other half of the washed filter cake was
made into a thick paste gnd impregnated with 5
gms. KeCO3. The paste was dried and then cal-
cined for 3 hourg gt 850° ., the final composition
being about 80 parts by weight of Zn0, 20 parts
by weight of Fe203 and 1 part by weight of K2CO:s.

These catalysts were reduced at 900° F. and
tested at temperatures above 600° F. with a feed
gas containing an Hz/CO ratio of about 1. The
results are summarized below.

Catalyst Base... ... Li20.Fe:0s 80 Zn0—20 Fex03
Promoter. .o __.oeeoaao- None | 1% K2CO3 | None | 1% K:COs3
Temperature, ° F_. 650 650 650 650
Pressure, p. s. L. g... 250 250 250 250
Teed Rate, v.fv./hr - 400 200 200 200
GO Conversion, per cent. 90 96 95 97
Cy-~ Yield (ce./eu. m.

CO-+H; Cons.)-_.____. 100 172 108 196
Hours on Stream.__.._.__ 246 Ed 207 208
Selectivity to C. (Per

cent of Reforence). ...~ 80 105 10 28

The above data illustrate the extremely strong
effect of alkali metal promoters on liquid product
and carbon selectivities, which is typical for usual
iron type synthesizing catalysts. It will be ob-
served that the catalysts of the invention differ
widely in this respect from non-carbonate cat-
alysts of the iron type.

It has also been found that the metal carbon-
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ate supported iron catalysts of the invention are
far superior to catalysts consisting essentially of
iron carbonate and this in spite of the much

‘higher iron content of the latter. This is demon-
strated by the following further example.

Example VIII

Perrous carbonate was precipitated by the
simultaneous slow addition of agueous solutions

‘of ferrous chloride and ammonium carbonate

to water under stirring. The precipitate was
allowed to settle and washed free of chloride by

.decantation. One-half of the washed precipitate

was dried in an atmosphere of COz and pilled.
The other half of the washed precipitate was

mixed with K2CO3; in amounts sufficient to in-

corporate about 2% of KaCOs in the final cata-
lyst, dried and pilled as described above.
Natural Siderite, containing FeCO:; (in a con-
centration corresponding to 40.4% Fe) and with
impurities of magnesium, silicon; manganese, cal-
cium, and aluminum was crushed to a powder,
calcined at 1000° F, in a closed pan, pilled and
recalcined at 1000° F.
. These three carbonate catalysts were reduced
in hydrogen and tested at {emperatures of 600°
F. and above, and at a pressure of 250 p. s. i. g.
with 1/1H:z and CO feed. The results are tabu-
lated below.

Catalyst ool FeCO; (Synthetic) | Siderite
Promoter ... oo None | 2% K;COs3| None
Temperature, °F. ... ____________ 600 600-650 600
Feed Rate, v./v./hr._______.____.___. 400 400 200
CO Conversion, Per cent CO-+Hj. _ 96 94 92
Cyt Yield (ce/eu. m. He+CO

(6745 o1 3 U, 173 162 100

In the foregoing examples we have shown the
use of a single metal carbonate as the catalyst
support. It will be understood however, that
similar results may be obtained when using suit-
able mixtures of the metal carbonates disclosed.

While the above experimental data were ob-
tained in fixed bed operation, the relative com-
parisons hold for fluid operation, even though
the higher gas throughputs, high recycle ratios
and high catalyst turbulence typical for fluid op-
eration quite generally cause a slight decrease of
conversion and liquid product yields and an ap-
preciable increase of carbon formation and cata-

‘1yst disintegration. It follows that the catalysts

of the invention, as a result of their greatly re-
duced carbonization and disintegration tendency
and their superior liguid product selectivities
even at high temperatures coupled with long

- catalyst life, are particularly useful for fluid

catalyst operation and in this respect greatly
superior to other catalysts of the iron type.
Catalysts, in accordance with the invention, suit-
able for fluid operation may be prepared substan-
tially as outlined in the above examples and sized
to particle sizes of about 20-150 microns, pref-
erably 50-100 microns. The conditions of fluid
synthesis operation are well known in the art and

-need not be specified here in any great detail

for a proper understanding of the invention by
those skilled in the art. Briefly, these conditions
may include catalyst particle sizes of 20-200
microns, superficial linear gas velocities of about
0.1-3 ft./sec., bed densities of about 10-120 Ibs.
per cu. ft., Hz: CO ratios of about 0.5-3, gas
recycle ratios of about 0-5, temperatures of about
550°-750° F'., and pressures of about 150-650 lbs.
per sq. in.
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The present invention is not to be limited by
any theory of the mechanism of the process or
catalyst nor to any examples given merely for
illustration purposes, but only by the following
claims in which we wish to claim all novelty
inherent in the invention.

We claim:

1. An improved iron catalyst for the synthesis
of hydrocarbons from carbon monoxide and hy-
drogen, consisting essentially of a reduced com-
posite of a major proportion of the carbonate
of at least one metal selected from the group
consisting of calecium and barium amounting to
not substantially less than about 60% by weight
and a minor proportion of iron amounting to
not substantially less than about 0.5% by weight.

2. The catalyst of claim 1 in which said iron
is present in said composite prior to reduction in
the form cf a carbonate.

3. The catalyst of claim 2 in which said carbon-
ate is ferrous carbonate.

4. The catalyst of claim 1 which contains a
small amount of an alkali metal promoter.

5. The catalyst of claim 4 in which said
promoter is potassium carbonate.

6. The catalyst of claim 1 which has a fluidiz-
able particle size of about 20-150 microns.

7. The catalyst of claim 1 in which said iron is
present in said composite prior to reduction in
the form of ferrous carbonate, said major pro-
portions are about 60-95% by weight and said
minor proportions about 5-40% by weight.

8. The catalyst of claim 7 in which said major
proportions are about 80% by weight and said
minor proportions about 20% by weight.

9. The improved process for producing valu-
able conversion products from CO and H: in the
presence of iron type catalysts which comprises
contacting CO and H: in synthesis proportions
and at synthezis conditions adapted to the forma-
tion of normally liquid hydrocarbons with a
catalyst consisting essentially of a reduced com-
posite of a major proportion of the carbonate of
at least one metal selected from the group con-
sisting of calcium and barium and a minor pro-
portion of iron.

10. The process of claim 9 in which said iron
is present in said composite prior to reduction
in the form of ferrous carbonate.

11. The process of claim 9 in which said con-
ditions include temperatures of at least 600° F.

12. The process of claim 9 in which said cata-
lyst i3 in the form of a dense turbulent mass of
finely divided particles fluidized by the gaseous
reactants and reaction products.

13. The process of claim 9 in which said con-
ditions include temperatures of about 550°~750° F.
and pressures.of about 150-650 1bs. per sq. in.
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