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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 hydrocarbons 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 3-100 atmospheres abs. |
~or higher, to obtain predominantly unsaturated
-and oxygenerated products from which motor
‘Tuels with high octane ratings may be recovered.

The extreme temperature sensitivity and rela-

tively rapid catalyst deaectivation of the hydro--

carbon synthesis have led, in recent years, to
various attempts and proposals to employ the
so-called fiuid catalyst technique wherein the
synthesis gas is contacted with a dense turbulent

bed of finely divided catalyst fluidized by the gas~ -

eous reactants and products. This technique
permits catalyst replacement without interrup-
tion of the process and greatly improved tem-
perature control.
the hydrocarbon synthesis to the fluid catalyst
technique has encountered serious' difficulties,

particularly when iron catalysts are used.

Application of the fluid technique requires in
addition to the conventional characteristics de-

‘termining catalyst activity, such as total desired

yield and active catalyst life, ease of fluidization
and attrition resistance, 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
oxides or by the decomposition of iron car-

‘bonyls, the catalytic activity being enhanced by

the addition of such promoters as various com-
pounds of alkali metals or the oxides of chro-
mium, zine, aluminum, magnesium, manganese,

the rare earth metals and others in small

amounts of about 1-10%. While some of these

.catalysts exhibit. excellent activity characteris-
- tics they are without exception deficient with re-

spect to edse of fluidization and/or attrition re-

‘sistance particularly when used in commercial

runs -of several hundred hours duration. -Even

fluidized. catalysts obtained from sintered iron,

which have been found to exhibit excellent fluid-
ization and attrition characteristics show signs
of disintegration in long run operation,

The cause of this general lack of mechanical
resistance or - steady : decrease ~of ‘mechanical

strength during operation:has been found to lie -
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in the high rate of carbon deposition on the cata-
lyst, encountered at the conditions required by the
synthesis using iron catalysts. The catalyst dis-
integration which accompanies excessive carbon
deposition is believed to be the result of a migra-
tion of carbon into the iron lattice by the mech-
anism of interstitial carbide formation followed
by disintegration 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
and selectivity, which may be used in commercial
operation without substantial catalyst disintegra-

* tien due to carbon deposit, is a need strongly felt

in the synthesis art. This drawback of:iron
catalysts has been the major obstacle in all at-
tempts to apply the fluid catalyst technique to
the iron-catalyzed hydrocarbon synthesis. The
present invention overcomes this obstacle.

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 object of our invention is to provide
an improved hydrocarbon synthesis process oper-
ating in the presence of iron catalysts which are
not subject to . excessive- disintegration due to
carbon deposition.

A more specifice object of our invention is to
provide an improved hydrocarbon synthesis proc-
ess employing the fluid catalyst technique in the
presence of iren catalysts of highest disintegra-
tion resistance .throughout runs of commercial
length,

‘Other and further objects: and advantages of
our invention will appear hereafter.

In accordance with the present invention, car-
bon deposition on iron synthesis catalysts is sub-
stantially reduced and ' catalyst - disintegration
practically eliminated by combining the iron with
another metallic element which is soluble in al-
kali lyes or in oxidizing solutions containing al-

‘kali lyes, and ‘which has no detrimental effect on

the hydrocarbon synthesis, to form an intermetal-
lic compound having a crystal lattice composed ex-
clusively of iron and said other metallic element.
We. prefer to use alloys or intermetallic com-
pounds of iron with silicon ‘and/or aluminum,
which have been found tc afford bhest results.

‘One or more such elements as lead, tin, manga-

nese, chromium, vanadium, titanium, etc. may

-also be used as. alloying components in combina-
“tionl with iron: “'The relative propeortions of the

elements in these compounds may vary. within
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wide limits. However, the iron content should
not be lower than about 10%. While we do not
wish to limit our invention to any specific theory
or probable reaction mechanism, it is believed that
by tying the iron atom to elements.of this type

- the iron is prevented from entering into com-

binations with carbon to form easily decomposing
carbides.

Examples of useful compounds of this type in-
clude ferro-silicon (74% Fe, 26% Si or 52% Fe,
48% S1) ; ferro-chrome (31% Fe, 68% Cr, 1% Si);
V-7 alloy (34% Fe, 31% Cr, 20% Si, 14% Mn,
1% Ti); ferro-titanium (23.2% Ti, 72.7%. Fe,
32% 8i, 0.8% C); ferro-vanadium (47% Fe,
52% V, 1% 8i); ferro-boron (80% Fe, 19% B,

1% 8i); ferro-alminum (85% Fe, 159 Al; 50%

Fe, 50% Al, or 40% Fe, 60% Al).

We have further found that the degree of car-
bon deposition and disintegration of catalysts of
the type described above is further reduced and
their activity and selectivity considerably in-
creased when these catalysts, prior to their use,
are superficially etched with an alkaline agent
which will selectively remove from the catalyst
surface at least one of the elements combined
with the iron. Agents suitable for.this purpose
include alkaline lyes of various concentrations,
best results being obtained when using caustic al-

“kali lyes, particularly caustic potash lye of about

5% to 40% concentration. Some of the etching
agents such as KOH or NaOH when allowed to

_remain on the catalyst similtaneously act as cata-

lyst promoters. -.

The etching time depends mainly on the tem-
perature and the concentration of the etching
lye and the type of element to be removed from
the catalyst. While the time may vary from a
few minutes to several hours, it is important. for
the low coking, non-disintegrating property of
our catalysts that only a minor portion of added
elements is removed from the catalyst surface and
most of the iron reimaing bound to another ele-
ment: - Thus, it has been found that best results
may be obtained by removing about 0.5-10% of
the non-iren coinponent, based on total catalyst,
by etehing from the alloy catalysts, on the basis
of material having a particle size falling mostly
within the approximate range of 100-325 mesh.
For instance in the casé of silicon alloys of the
particle size indicated, preferably about 1.5-3%
of the silicon is removed by etching, based on
total catalyst.

The iron catalysts useful for the purposes of
the present invention may be formed by mixing
the oxides of the component metals followed by
reduction ‘with a reducing gas such as Hz at a
temperature at which reduction of the oxidés to
the elements and solid solution of the latter oc-
cur. “When the component elements are avail-
able in the reduced state they may be fused to-

" gether, preferably in the absence of oxygen.

Other conventional methods of preparing com-
pounds of the type here involved may be.used.
The preformed iron compound may be etched
by mixing it with a suitable alkaline etching solu-
tion whereupon excess etching agent may be re-

. moved by washing with water, the catalyst dried
. in an inert atmosphere and the:dry composite re-

duced at temperatures of about 700°-1100° F. It
may subsequently be sintered in a reducing or

inert atmosphere at temperatures of 1000°-1600°-

F. - The catalyst is then ready for use in the hy-
drocarbon synthesis either in the form of granules
for fixed bed operation or in the form of finely
divided particles for fluid catalyst opefation.
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In some -cases, active catalysts of fair disinte-
gration resistance may be prepared from  the
intermetallic compounds without .etching. - This
is especially true if the compounds are surface
oxidized with steam or air and then reduced with
hydrogen. However, etching with alkalme agents
is critical for obtaining consistently reproducible
catalysts of highest activity, lowest carbonizing
tendency and most persistent dlsmtegratlon re-
sistance.

The invention will be further 111ustra-ted by the
following specific examples:

Example 1

690 grams of & ferrosilicon alloy containing
85% Fe and 15% Si was mixed with a solution of
10.1 grams of K2CCs in sufficient water to form
a thick paste with-the ferrosilicon. 'The paste
was dried at 250° F., mixed with 2% of a:solid
hydrogenated cottonseed oil as a pilling aid and

pelieted. The eatalyst was reduced at 900° F. in

a stream of hydrogen and tested in a fixed bed
laperatory unit at a temperature of about 650° B,
3 pressure of 250 lbs. per sq. in., a throughput ot
200 v./v./hr. and a Hz:CO feed ratio of 1:1. Re-
sults determined between hours 32-80 of the run
were gs follows: ’

CO conversion, percent______ . _______= 53
Yield Ca+, ce./m3 Ha-+CO____________._ o147
Yield C3+, ce./m.3 Fat-CO. oo _______ =~ 176
Ratio, Cat/C1b oL L 56
Mols ecarbon/100 mols CO reacting________ 25
Carbon selectivity, peircent of reference._.. 13.01

1B‘w.s1s of “comparison is the carbon formation on a
catalvst consisting of 999 precipitated iron oxide and
1% potassium fluoride at 95% CO conversion and a. Ciz-
neld of 180 to 200 ce. per m.3 H:--CO.converted.

The above data show that carbon formation
on the catalyst of the invention is only a fraction
of that observed on the reference eatalyst, while
liquid product yields remain satisfactory.

Example 2

3 kilegrams of the ferrosilicon of Exajmple 1

was treated with a boiling caustic soda. solution
of 60% strength untit 1.1 cu. £t. of hydrogen were
evolved and about 5% of Si removed. 'Theé prod-
uct was thoroughly washed with distilled water
and mixed with & solution of 30.1 grams of potas-

sium carbonate to form a thick paste, and dried

at 250° ¥. The dried material was mixed with
2% of a solid hydrogenated cottonseed oil as a
pilling: aid. and pelleted. - The catalyst was re-
duced and tested at the conditions given in Ex-
ample 1. The results determined during hours
31-76 of the run were as follows:

CO- conversion, percent __________________ 92
Yleld Cs-, ce./m. 3 Hz—f—CO _______________ 160
Yield ¢34, ce./m. 3 Hz-{—CO_____;_;___-,___ 221
Ratio, Ca-/Cr-o oo L Il Ll L 55
Mols carbon/100 mols CO reacting____._.__ R |
Carbon selectivity, pereent of refer ence_-.. 1160

* Basis. of comparison is' the calbon formation -on a
catalyst consisting of 999% precipitated iron oxide and
1% potassium fluoride at 959 CO.eonversion and.a Ci--
vield of 180 to 200 ce. per m.? HatCO converted:

The above data indicate that slight etching of
the alloy -catalyst in accordance with the inven-

. tion improves considerably. the liquid product

70

yield while only slightly increasing carbon forma-
tion, at a greatly improved CO-conversion.

Example 3

~ 590 grams of a ferrosilicon powder containing -
529 Fe and 48% Sl was mlxed with a solution of -
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»CO conversion, percent_. . _____ ..

.Yield Ci+, ce./m3 Ha+CO-..e
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10.1 -grams potassium carbonate in enough water »

to form a thick paste. - This was dried at 250° P
mixed with 2% of a solid hydrogenated cotton-

- ‘seed oil as a pilling aid and pelleted: - The catalyst
was treated with air and steam at 1900° F. and -

thereafter reduced and tested as described in Ex-

ample 1. ‘The results determined at hours 31-76
were as follows:

CO conversion, percent__ . i < . _._ R 46
Yield Cs4-, cc./m3 HoFCO Lo i - 142
Yield C3+-, ce./m3 H2+CO _____ e 207
Ratio, Cu4/Crf ool i 2 L con 48
Mols carbon/100 mols CO reactmg:-__r_;_;.. -.044
Carbon selectivity, percent of reference..._. 110

1 Basis .of comparison is the carbon formation on a
‘catalyst -consisting of 999% preeipitated iron oxide:and
1% potassium fluoride at 95% CO conversion and a C,--
vield of 180 to 200 cc. per m.? Hz-CO eonverted.

It will be seen that this catalyst affords satis-
factory yields coupled with an extremely low car-
hon formation.

Ezxample 4

3 kilograms .of the ferrosilicon powder of Ex-
ample 3 was treated with a solution of 795 grams
of sodium hydroxide in 4500 cc. of water at 175°-
200° . until 2.985 cu. ft. of hydrogen were evolved

and about 1.5% Si removed. .The material was:
thoroughly washed and impregnated with 25

grams of potassium carbonate in 50 cc. of water
and dried. The dried material was mixed with
3% of a.solid hydrogenated cottonseed oil as a
pilling aid and pelleted. The catalyst was treated
and tested as described in Example 3. The results

determined at hours 55-100 of the run were as :

follows:

CO conversion, percent. .. _________ - 98
Yield Cat-, ce./m3 Ho+CO_o oo 183
Yield Cs+, ce./m3 Ho--CO o oo luvie 237
Ratio, Cat/Crd oo il 626
Mols carbon/100 mols CO reacting_........_. 06
Carbon selectivity, percent of reference____ 16.01

*Basis of comparison is. the carbon formation on a
catalyst consisting of 999% precipitatéd iron oxide and
1% potassium-fluoride at'959% CO conversgion.and a C.-+
yield of 180 to 200 ce. per m.? Ho+-CO converted.

These data demonstrate that removal of about
1.5% Si from the catalyst of Example 3 in accord-

ance with the present invention leads to a sub-
stantial increase in liquid product yield at an ex~"
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‘E:cample 5

‘A catalyst was prepared substantially as out-
lined in Example 4 with the exception that 3,000

" grams of caustic soda were used until 5.7 .cu. ft.

" Yield Cs+, ce./m3 Ha-bCO____ . __________

.as. described in. Example 3. .
.mined at . hours 55-100 of the run were as fol-
'Iows

-Yield Ci+, ce./m3 Ha-CO_ oo ial 1

. Examples 3 to 6.

6
 Example 6

- 3,000 grams of the ferrosilicon powder of Ex-
ample 3 was treated with a solution of 800 grams
of caustic soda in 4,500 ce. of distilled water at
200° ¥, until 12 cu. ft. of hydrogen was evolved
and about 6% of Si was removed. . The product
was thoroughly washed, impregnated with 28
grams of potassium carbonate in 50 cc. of water

_and dried.. The material was mixed with 3 % ofa

solid hydrogenated cottonseed oil ag & pilling aid
and pelleted. The catalyst was treated and tested
-The results deter-

CO conversion per cent _____________ ».;__~ - 89

Yield Cs4-, cc./m3 Ha-+CO oo
Ratio, Cat/Crdr oL
Mols carbon/100 mols CO reacting..__..__ .18
Carbon select1v1ty, per cent of reference___ 1 10 0

1 Basis of compfuxson is the ecarbon formation on a
catalyst consisting of 999%. precipitated iron oxide and
1% potassium fluoride at 959% CO conversion and a Ci+
vield of 180 to 200 cc. per m.2 H.--CO converted. “

These data. clearly indicate a reversal in -thé
effect of Sirémoval from the catalyst in accord-
ance with the invention at a Si removal of about
6% because liquid preduct yield is considérably
lower and carbon formation considerably higher
than those obtained at the conditions of Exam-
ple 5. :

Example 7

1,200 grams of the powdsred ferrosilicon of
Example 3 was added to a solution of 1,200 grams
of caustic soda in 4800 cc. of distilled water and
heated to 195° . for two days, then 1600 cc. of
a 20% caustic soda solution was added and the
total solution was heated for about 40 hours.
Thereafter the excess liquid was replaced by a
fresh solution of 1200 grams of caustic soda in
4800 ‘cc. of distilled water and the mixture was
heated for 48 hours. The last step was repeated.
The product was thoroughly washed, impregnated
with a-solution of 6 grams potassium carbonate
in 500 cc. of water, and dried at 250° ¥. 'The
catalyst contained about 75% Fe, 24% Si, and 1%
K2COz. It was treated and tested as described in
The results determined at
hours 55-100 of the run were as follows:

CO. conversion, per cento_ .. ______ 93
Yield Cat, ce./m3 Ha-+COumo 92
139

TRatio, Cad-/Crt oo .356

55

of hydrogen were .evolved and about 3% of Si
removed. The test results determined under the: -

conditions of Example 4" at hours 55-100 of the
run were as follows

Yield Csd, cc./m3 He-CO o todiloinis

Rat0, Cath/Crob ot 636
Mols -carbon/100 mols CO reacting.__... - 0
Carbon selectivity, per cent of reference.... .10

i Basis of -comparison is the carbon formation on‘a
catalyst consisting of "99% -precipitated iron oxide and
Yo potassium. fluoride at. 95% CO. conversion and a (‘4 4
\wm of 180 to 200 ce. per m3 Hz:+CO cconverted. ;

The above data show that the removal of about
3% Si from the ferrosilicon. in accordance with

6

-Mols. carbon/100 mols CO rcactmg _________ .04
~Carbon selectivity, per cent of reference.__ 13.0

*“1Basis of comparison is the. earbon formation on 2
‘-eatdlyst couwsisting of 999 pwcmxtated iron oxide and

1% potassium fluoride at 95% CO conversion and a Cy+
vietd of 180 to 200 ce. per m. % Hy--CO converted.

" The data of this example demonstrate that re-
moval of about 50% of the Si present in the orig-

" inal alloy leads to. a substantial reduction of the

85

the present invention affords.excellent .yields.:

without any measurable carbon formation,

75

liquid product yield and thus to a catalyst of
‘felatively low ut1lity in spite of the faet that car-

bon formatlon ig little affected.
Eo:ample 8

Three samples of a ferroaluminum: contammg
40% Fe and 609% Al were treated with different
amounts of sodium hydroxide solutions contain-

ing the stoichiometrical NaOH equivalent to

12.5%, 50% and 190%, respectively, of. the- Al
present in the alloy. These treatments were con-
tinued until gas evolution ceased.  The .concen-
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tration of the caustic soda used in the prepara-

" tion of this catalyst may vary within wide limits,

lower concentrations requiring more elevated
temperatures. In general, a 20% caustic soda

--solutionis preferred. - When the alloy used as

the starting material is finely powdered, initial

cooling is required and as the reaction subsides

the solution is heated and held at about 212° P
for about 3 to 6 hours. The treated alloy is then
thoroughly washed apd dried in an inert atmos-
phere,

‘The three sampleg prepared as described above
were fested in a fixed bed laboratory unit at tem-
peratures. of about 600° to 625° F., a pressure of

300 1bs. per sq. in., a throughput of about 200

v./v./hr., and a H2:CO ratio of about 1:1. - The
results are summarized in the table given below.

MICI'OD. range: “Per. cent
044 .o __ e e e et et 28.5
5 4462 ____________ R 319
62-88 o iiaalle 204
B8 i 13.2
It will be noted from the above data. that the
10 catalyst of the invention from which 1.5% Si has
been removed by leaching combines: excellent
liquid product yields with satisfactory Tesistance
to dlsmtegratlon :
15 ‘ E.mmple 10

8

The screen analysis-of the ca»alyst after abhout
66 hours Was as follows: .

A sample of ferrosﬂicon containing 73 9% Fe,
26% Si afid 0.19% C. and having a part;icle size

12.5% - 0% - - 100%
Stoichiometric per cent |~ - = -
NeOH (basedon AD |\ | 0t/mICO+H:| o | Crb/m3CO+H:| . | Cokfm2 CO+H:
ol Consumed ** ¢ Consumed . Consumed
Run Hours °F - o, |
&G 1 600 |
175 1 600
240 { 800
205 | 600!
163 850 !
17571 &30 |
1 e 180 | 650 |
188-102.CITITTTITITIITT k 180 ... S,
1

“The .above data clearly indicate the consider-
able advantage of alloy catalysts partially leached
in accordance with the present invention over iron
catalysts of the Raney type from which the alloy
component has been alnost completely leached
out.

Ezample §

The catalyst prepared in accordance with Ex-

~aniple 4 was sized {0 obtain a product having a

screen analysis as follows:

35

40

of 8-14 mesh was etched by immersion in a 50%
solution of KOH at 180°-20C° F. for 11 minutes.
The etched material was dried in a stréam of
nitrogen at about 200° ¥, and thereafter reduced
at 900° P. with 1,000 v./v./hr. of excess Ho.

Another bateh of the same ferrosilicon sample
was etched with HF by treating with a 10.9%
HF solution in water for ahout 12 hour followed
by washing with distilled water.

The two catalysts prepared as described above

Ml(?rgi : ange: Pgr c?gn{, weretested in a 100 cc. fixed bed reactor at a Hz:CO
4462 777777 993 . Tatioof 1:1, a space velocity of 200 v./v./hr., and
6288 - 22.6 4% a pressure of 250 lbs. per sq. in. gauge. The test
88 e 11 results are summarized in the table below.
Table
Catalyst Preparation. [ ... .0 Etched with KOH Etched with HF

“Fours on Stream........ -

Opérating Temp, °F..
“Per Cent Conversion. ..
Cg4-/m:? of Total Feed._.
Ci+/m3 of Feed Converted
Tiguid Produet, Grav__
Br. No. (Vol.y..._..
Per Cent Oxygen_._..
4 Cut, Per Cent, Butylen
Per Cent Iso-butylene
Butene-2/butene-1.......
. n-butane/iso-butane..
Used Catalyst (Wax Free)
Per Cent C._....__..

Per Cent H ............ =

i) 63to] 163t0 | 261to | 63to
; 6| - 84

This catalyst was tested in a fluid hydrocar-

The data of vthis—last example show that the

bon synthesis unit at a temperature of dbout 95 etched.ferrosilicen. catalyst of the invention is

. 650° F., g pressure of about 200 Ibs. per sq. in,,

a recycle:fresh feed ratio of 1:1, a total gas
throughput of 1300 v./v./hr. and a H2:CO ratio
of 1:1. Theresults determined at run hours 23-35

were-as follows:

CO conversion, pereent .- ... _. |32

. Yield Cs-+, cc./m3 Hz--CO _________ 213
“Ratio; Cad-/Cr Lol loii L . 179

highly active and selective and that the carbon

" formation is negligible as compared to other iron

70

catalysts on which .carbon builds up to as mich
as-50% by weight at similar conditions. It should
also be noted that the carbon formed on the
catalyst.etched with KOH is.only a small fraction

“of the carbon formed on the HF-etched catalyst

and that the former is far superior with respect
to product yields particularly after about 160

'Mols earbon/100 mols CO reacmng ____.;_-_ 62 u hours on stream
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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 in-
herent in the invention.

We claim::

1. An improved process for producing valuable
conversion products from CO and H:2 in the pres-
ence of iron catalysts which comprises contacting
said CO and H: in synthesis proportions at syn-
thesis conditions with catalyst particles contain-
ing ferrosilicon from which about 1.5 to 3 weight
per cent of silicon based on the total catalyst, has
been removed by etching with a caustic alkali
solution and recovering a product containing
normally liquid hydrocarbons.:

2. The method set forth in claim 1 in which the
catalyst is in the form of a fluidized bed.

JAMES F. BLACK.
KENNETH K. KEARBY.
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