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The present invention relates to the synthesis of hydrocarbons by
the catalytic reduction of carbon monoxide with hydrogen. More particularly
. the invention relates to novel catalysts for this reaction and to a process

- for carrying out such a reaction utilizing the novel catalysts refsrred to.

In the aynthesis of hydrocarbons by the method commonly known as
‘ the Fischer-Tropsch process, carbon monoxide and hydrogen may be reacted at
! elevated temperatures and at atmospheric or higher pressures in the presence

of a sultable catalyst » to yield bydrocarbons ranging in molecular weight and

constitution all the way from methane to waxy materials, with the concomitant

formation of varylng amounts of oxygeneted material, depending on the nature

| of the catalyst and the reaction conditions.

i The reaction is generally carried out in a manner which will
yield substantial proportions of hydrocarbons boiling in the gasoline range
| a3 well as higher boiling hydrocarbons. Catalysts used in this synthesis

include cobalt, irom, nickel, or ruthenium, and these may be promoted with

i alkali metals, alkaline earth metals or thelr oxides, thoria or various
other known materials. The eatalysts of the prior art may be utilized on
inert supports, such as kieselguhr or the like. Using cobalt-contalning

catalysts, temperatures in the range of about 125-225C. may be used with a
.f preferred temperature being about 185-190C, Ordinery iren catslysts operate
| best in a narrow range close to 240C. while sintered iron catalysts require

temperaturss in the neighborhood of 3200.

The syntheais reaction is ordinarily carried out at atmospheric
or medium pressures, depending on the products desired and the catalyst
used; A preferred range of pressures suitable for general use is from
about 5 to about 15 atmospheres s but pressures up to 150 atmospheres or

even higher may be used. Flow rates are varigble depending on a number of

» factors such as catalyst, products desired, and the nature and extent of

cooling.

|
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Fused or sintered iron type catalysts for the synthesls of hydro-

carbons can be prepared by the reduction of Fesl,, ferroso ferric oxide,

which oxide may be obtained by the burning of iron with oxygen with the

* resultant formation of a molten mass of the iron oxide » followed by erush-

ing of the mass and reduction to the metallic state. It was found, howaver,
that the pure or unpromoted iron catalysts do not produce optimum results

in the reasctions particularly when used in finely divided, or fluldized

i form. Such results are manifested by lowered efficiency and increasesd

methane formation, as well as other effects. It was found that potassium

; oxide and alumina together function as effective promoters when incorporated

with the metallic iron.

The use of potassium oxide alone as a pramoter is undesirable
begause; if emuéh 1s added to increase the production of hydrocarbona to
an sconomic percentage of the carbon monoxide converted, the mroduct ie
too heavy. On the other hand, if less potassia is added, too much carbon
monoxide is converted to methane, carbon dioxlde and light gases. Alumina,
of itself, as a promoter, fails to function satisfactorily as a promtaf
to give increased ylelds of hydrocarbons in the desired boiling range, and

furthermore appears %o hinder the reduction of the iron cxdde.

The use of alumina in combinstion with potassium oxide in the
mroper proportions, to doubly promote the ironm catalyst provides a more
efficient catalyst and improves the product, as described in the aforesaid
co-pending application. The alumina appears to modify the effects of
potassium oxide and thus provides a means for narrowing the range of
product dlstributicn and at the same time obtaining product in the desired

range.
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It was also found that the reduction temperature 1s of great

Amportance in the preparation of these catalysts. Too high a temperature

j produces catalysts with low activity while too low a temperature results

"in catalysts which are difficult to control and the time required on the

reduction ia too long and bossibly never complete. It was further found that

. the optimum conditions for reduction are temperatures of 475-550C. for a

minmum period of 42 hours, after which reduction is substantially ccmplete.

1
l

An important feature of the invention dasur:n.bed in the co-pending applica-
‘tion is the c}iscovery that, while alumina hinders the reduction of the

catalyat at these temperat.urea the potassia combines with the slumina

Ia.nd reduces this effect, so that it 1s possible to use up to 3-4 weight

|

psr cent alumina provided that it 3s coambined with potassium oxide so
that the excess alumina does not exceed and is preferably below 2 weight
per cent. : Excess alumina is desirable because it is found that the alumina

i exeTts a surface effect on the catalyst, increasing ite rate of carbidiza-
tion and incressing the surface ares and its catalytic power for this

: synthesla. GSatisfactory renges for the potagsia content are 0.05-1.0

per cent of the original Fes0, and the alumina molecularly equivalent to

the potassia and in addition 1-2 weight per cent excess alumins {the total

| alumina not to exceed about 4 per cent).

In accordance with the present invention catalysts of the type
deseribed in the co-pending application referred to mey be mét.erially
improved in important respects by the incorporation of calcium oxide as
an added promoter and/or modifier, provided this sddition is carried out
in certain definite and critical proportions. Catalysts promoted with
1{20 and .412(:)3 alonz are highly effective, as discussed in said co-pending
application. However, such catalysts frequently become "wildw, resulting

in excessive temperature increases and consequent formation of undesired
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products, etc. This "wildness" is apparently due to excess wax formatlon

. and bulldup on the catalyst with resultant heat transfer difficultiss

 and uncontrolliavle reaction. It was further found, that calcium oxide,

when added to an alumina-potasaia promoted iron catalyst in certain definite

‘ proportions gave marked improvement in conversion and higher Cg + effi-

© glency. At the same time the catalyst could be operated for considersbly

longer perdods before requiring reactivation or re-reduction. The caleium

oxtde in proper proportions therefore was found to inhibit the formation

i, of free carbon and high molecular weight waxes.

An object of the present invention, therefore, is the provision

| of a novel catalyst for the synthesis of hydrocarbonas, and a process for

such synthesis utillzing said catalyst. More particularly, an object of
the invention is the provision of a reduced iron oxlde catalyst promoted
and modified by the incorporation of A].203, Kx0 and CaQ, and the carrying

out hydrocarbon synthesis from CO and H, mixtures using said catalyst.

In the preparation of the catalyst of the present invention
caleium oxdde is incorporated into the iron along with the other oxides

in the proportion of about 1 to 10 per cent by weight based on the Fe30,

from which the metallic iron is obtained by reduction. Preferably the

Ca0 is utilized in the proportion of about 3-7 per cent since it appears
to be most effective for the purpose in this concentration. The calcium
oxlde was found to bs ineffective or undesirable at lower concentrations,
and in the presence of K40 and A1203 appeared to act as an inblbitor for
the synthesis reaction. On the basis of metallic iron, the proportions
are: K0, 0,07-l.4%, Alz03,1.4-2.8% excess more than the molecular

equivalent of Al0; to the K20, and 1,3=13% Ca0.
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The following table contains illustrative axamples of the practice

of the ihvention:

1113-1

115
18
120-1
120-2

}RunNo.

cent, based on Fosok.

oxide, based on F°304’

| small bundles and weighed,

heat by means of a gas burner,

" Table T

Conversion data: .
Reaction Temperature

Pressure 250 Peig
Space Velocity, . 2400 - 2600
. Recycle ratio - - b8 _
Catalyst - Reduced Iron Oxide; promoted as indicated
N : ‘ 4 :
Catalyat - Con¥ersion £ Recovered Efﬁ.ciencr
1/4% K0 *+ 1 1/2% Aly04 9U=95 62-65 bl
1/2% K0 + 1 1/2% 1,05 95-96 69-76 5360
1/h% K20 + 1 1/2% A1503 + 1/4% Ca0 9495 65-68 h2-b6 -
1/2% X20 + 1 1/2% 1303 + 1/2% Cas 97-98 68-70 55-58:- -
1/28 K20 + 1 1/2% 41,03 + 5% CaD  98-99 T4=77 61-b5- - .
1/2% K30 + 1 1/2% 1303 + 5% Ca0 99 76~80 65-70

295%, (563°F. 1

The above data show that the Cs¢ erficiency of K20 + ,uzo pro-

to attrition during use.

moted catalysts is slightly decreased by the use of Ca0 as & promoter in

‘p small proportlons. On the other hand, 5% CaD effects a materisl increase
i both in conversion, and C3+ and Cs+ efficiency. The bensficial effect

| of the calcium oxide becomes apparent at concentrations of sbout 1 per
There appsars to bs no advantage in using more than
about 10 per cent, and catalysts containing more than 10 per cent calcium

have the disadvantage of comparatively low resistance

The catalyst may be prepared in the following manner:

Iron in the form of short lengths of wire or strips, is tied into

It 1s then placed in a

steel crucible of suitable

j dimensions and the crucible with its contents 1a brought to a dull red

The gas flame is then removed and oxygen

streams from two nozzles are placed on the heated iron, cgusing 1t to
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oxidize and melt., The oxygen streams are ejected with a velocity suffi-
cient to agitate the molten mass. The iron is complstely molten in ten

to fifteen mimuites. After the oxidation has continued for three to five
minutes beyond this point, the promoter is added in small amounts in gramu~-
lar form so that it is thoroughly fused and mixed with the molt.e_n material.
Thorough agitation is accomplished by means of,the oxygen jets. The
addition of the promoters requires about two minutes. The oxldation is
continued until it is complete, as evidenced by the formation of a crust
on the surface, followed by the cooling and hardening of the entirs mass.

The total oxidation requires about 25 minutes.

After the oxldation is complete, the mass is allowed to cool to
room temperature and is then broken out of the crucible and ground to the
degsired size, usually 65 to 140 mesh. It is then ready for the reduction
step which will be described subsequently.

The Fes0; may be prepared in other ways, as by oxy-hydrogen
fusion of Fey0g according to the following reaction:

3 Fel03 ——# 2 Fe30, + 1/2 02
The promoters are added to the iron oxlde before fusing and the product
is ground to the deslired mesh size. Feg0, from other sources may alsc be

uged as s starting material in the fusion.

The reduction step is carried out by introducing the finely
divided cxide into a vertical cylindrical reactor. The material is main-
tained in a fluldiged condition by introducing hydrogen int_o the reducing
zone at a velocity of about 0.3 feet per second (standard conditions)

and the reduction temperature is maintsined at a peint between 450-330C.

for a minimam period of about 42 hours and until reduction is complete.
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The optimum temperature for the reduction of the catalyst is about 500C,
When reduced at lower temperatures the catalyst appears to be "wildw
during the initial stages of the synthesis resction and temparatures are
. almost impossible to control. ™hen reduced at higher temperatures, among
~other effects, the activity of the catalyst falls off, In general good
results are obtained in the temperaturs range specified. During the

! reduction, space velocities of about 1500-2500 are preferably utilized.

1,
: The promoters may be added in the form of the oxides themselves 3

;or in the form of compounds thermally decomposable to form the oxides such

| as the nitrates, carbonates, hydroxides, sete. For example, potassium oxide
i
i

i may be incorporated as the nitrate or hydroxids » while the alumina may be
i

fincorporated as the oxlde, sluminate, aluminum nitrate, ete. Calcium

E

I}
i
i
I

oxide may be incorporated s the carbonate or the oxide itself,

The synthesis reactlon is preferably carried out in a vertical
cylindrical reactor. The catalyst, in finely divided form, preferably 65-
140 mesh, is introduced into the reactor and a mixture of Hy and CO in the
proportions of about 2 to 1, respectively, is flowed through the reactor
at a linear velocity sufficient to efficlently fluidize the catalyst. A

mimimum linear velocity of about 0.6 feet per second is required. The

catalyst is retained within the reasctor and is not carried over into the
product outlet, most of the catalyst settling by gravity and then being
re-fluidized. Small proportions of catalyst which might carry over are
prevented from doing so by providing & screen or other separating means
ahead of the cutlet. The result is what is known as a fluidized fixed
bed with a portion of the catalyst preferably remaining in & more or less
settled condition at the bottom of the chamber with the ma jor portion

existing in the chamber in & fluidlzed condition. The reaction is

g
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preferably carried out at a temperature of about 270-320C. and vith a apace
velocity of about 1500-3%00 (vol/vol. cat/hr). The preasure is preferably
sbout 150-250 pounds per sq. in. gauge. The products of reaction are
. recoversd for separation oi C3+ hydrocarbons and other desired materials,
‘from which a gaaoliﬂe boiling r#nge material is separated as the chief
‘product. A gaseous fraction, containing mostly unreacted CO and H2, ia

" pecycled to the reactor in a ratio of 3:1 to about 7.5:1 based on the

fresh synthesis gas feed. Recycling of tall gas has a two-fold function.
. First, it reduces the carbon monoxide concentration at the inlet so that

| an inordinate amount of reaction will not take place in the inlet zone
i

u of the reactor thus causing erratic temperatures. Second, it aids in

.’ maintaining the catalyst in a fluidized state.

The catalyst activity decreases slightly over successive periocds

|

?5 of 24 to 48 hours. In order to maintain a high level of activity it has

!

| been found that short perlodic flushings with hydrogen at reactlon tempera-
!

ture and pressure are sufflcient to restore the catalytio activity.

i
|
|
i
!
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I CLATM:

. l. A catalyst for the synthesis of hydrecarbons by the reduction
- of carbon monoxide with hydrogen which comprises metallic iron promoted by
. the incorporation of miner proportions of Ko0 and A1203 and containing

- 1.3-23% by welght of (a0 based on the metallic iron.

: 2. A catalyst according to Claim 1 wherein the K20 is in the
proport:l.on of 0,07 to 1.4 weight per cent and the A1203 is in the proportion
i o:[‘ an excess of l.4 to 2.8 per cent greater than its molecular equivalent

.; to the K.0.
i 3+ A catalyst for the aynthesis of hydrocarbons by the reductiocn
;, of carbon monoxide with hydrogen which comprises metallic iren formed by
t.he reduction of Feg0,, and promoted by the incorporation of 0.05-1.0
we:.ght per cent of K20 based on the F030 » A1203 in a molecular equivalent
proportion to the K>0 plus an excess of 1-2 weight per cent based on the

Fe30;, and Cab in the proportion of 1-10 per cent by welight of the anoh.

he A catalyst according to Claim 3 contalning about 0.5 per cant

K20 and about 5.0 per cent Cap.

5. A catalyst for the synthesis of hydrocarbons by the reduction
of carbon monoxide with hydrogen which is prepared by incorporating in
molten Faq0, 0.05-1.0 weight per cent 1'{29, based on the Fe30,, Alg03 in
a molecular equivalent proportion to the K20 plus an axcess of 1-2 walght
per cent, based on the Fea0s, and Ca0 in the proportion of 1-10 per eent
by welght of the Fe30y, cooling the resulting mixture and grinding the
cooled mixture to a finely divided form, and contacting the finely divided

mixture with hydrogen at a temperature of 450-550°C, to reduce Fes30y, te

metallic iron.






