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The present invention relates to an improved process
for the reduction of catalysts. The invention pertains
more particularly to an improved method of reducing
finely divided iron group catalysts suitable for synthesiz-
ing normally liquid hydrocarbons and oxygenated com-
pounds from carbon monoxide and hydrogen in a fluid
catalyst type of operation and to the hydrocarbon syn-
thesis carried out in the presence of catalysts so re-
duced. In brief compass, the invention permits a con-
siderable shortening of the time required for the reduction
of such catalysts by reducing the catalysts in the presence
of substantial amounts of previously reduced catalysis.

It is well known in the art to conduct hydrocarbon
synthesis reactions by contacting hydrogen and oxides
of carbon with catalysts of the iron group, particularly
cobalt and iron under various temperature and pressure
conditions. Small amounts of promoters are usually
added such as oxides of magnesium and the rare earth
metals for cobalt catalysts and oxides or salts of alumi-
num and alkali metals, particularly halides, carbonates
and oxides of sodium and potassium for iron catalysts.
These catalysts have been employed in fixed bed as well
as in fluid catalyst operation. In the latter technique
the catalyst usually comprises particles having particle
sizes in the range of from about 5-200 microns and
higher. These particles are maintained in a fluid ebuil-
lient state by means of up-flowing gases, the velocity
of which is in the range from about 0.3-5 ft. per sec. or
higher.

Temperature and pressure conditions depend largely
on the catalyst used and the type of products desired.
Temperatures of about 300-500° F. and pressures of
1-5 atmospheres abs. are most suitable for cobalt cat-
alysts and the production of a predominantly saturated
product. Iron catalysts rsquire temperatures of about
500-800° F. and pressures of about 5-100 atmospheres
to produce a predominantly unsaturated product rich
in oxygenated compounds. Feed gas ratios of at least
about 2 mols of Hz per mol of CO are most suitable
for cobait catalyst while iron catalysts are miostly em-
ployed at ratios of less than 2 mols of Hs per mol of
CO. . :

The catalysts are normaily prepared by reducing prop-
erly promoted natural or synthetic oxides or oxidic com-
pounds of cobalt or iron in a stream of hydrogen or
hydrogen containing reducing gas such as synthesis gas
at temperatures of about 500-1200° F. at atmospheric
or elevated pressures. This procedure has certain in-
herent disadvantages, the most important of which is
the time and amount of hydrogen required for reduc-
tion. For example, a synthesis plant having an out-
put of about 10,000 bbl. of oil per day requires a catalyst
charge of about 200-500 tons. Several hundred hours
of reduction time and many millions of cu. ft. of hy-
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drogen per hour are needed for the reduction of such
quantities of catalyst. Even in operations on a pilot
plant scale having outputs of about 5-10 bbl. of oil
per day about 500-2000 1bs. of catalyst must be re-
duced, which requires reduction times of 100-200 hours
at fresh hydrogen feed rates of about 500-1500 stand-
ard cu. ft. per hour and about 5000 to 35,000 normal
cu. ft. per hour of recycle gas in conventional oper-
ation. The present invention affords substantial “im-
provements in this respect.

In accordance with the present invention, iron group
synthesis catalyst, particularly iron catalyst itself is re-
duced with hydrogen-containing reducing gases in the
presence of substantial amounts of previously reduced
catalyst of the same iype. The reduction is preferably
carried out in fluid operation and with recycle of ex-
cess of hydrogen after removal of water in a2 manner
known per se. In the case of iron catalysts reduction
temperatures of about 500-800° F., pressures from about
15 to about 500 p. s. i. g. and total hydrogen through-
puts of about 10 to 40 standard cu. ft. per hour per
Ib. of carbon and oxygen-free catalyst may be used.
This total feed gas may contain about 0.2-5% of fresh
hydrogen. The ratio of unreduced to previously re-
duced catalyst at the start of the reduction period should
be about 0.5 to 5 1bs. of unmreduced catalyst per 1b.
of previously reduced catalyst containing less than about
5% of reducible oxygen.

When so operating, it has been found that the time
required for reducing the unreduced catalyst is only a
fraction of that normally required, with the additional
advantage of a correspondingly decreased fresh hydrogen
requirement. In commercial operation the invention
may be practiced, for example, by preparing originaily
a substantial excess of reduced catalyst, withholding this
excess from synthesis operation and employing the
amount of reduced catalyst so withheld in the reduc-
tion of all subsequent catalyst batches to be reduced.

The beneficial effects of the reduction process of the
present invention will be further illustrated by compara-
tive experimental data given in the following specific
examples.

EXAMPLE I

An ammonia synthesis type of iron catalyst was pre-
pared by the conventional method of fusing magnetite
containing small amounts of alumina and potassia. The
oxidic material had a composition about as foliows (on
a C and O-free basis)

Weight per cent
FeO 31.2
FeaOs oo 65.2
Free Fe o 0.1
Total Fe e 69.9
ALOs 1.73
KeO 1.09
SiO2 0.12
P .002
S e 004
Fet+:Fet++ ratio__________________________ 0.53

Five different batches of this material were successively
placed in a fluid type hydrocarbon synthesis reactor of
pilot plant size and reduced therein with about 600
standard cut. ft. per hour of make up hydrogen and
about 20,000 standard cu. ft. per hour of dried recycle
gas in five completely independent reduction stages at
the conditions and with the results tabulated below.
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Syela reduction rates and conditions on ammonia-type

fluid catalysts

Percent Oz on Cat.
Temp., ° F. G Lbs. g’ !
Run ' Reactor Sl%’g{”élal Cat. Reduction (Cand O Free Basis) Reduction
No Press., nlet ?édu(ga%" l’l;ime, é{ate, I]‘:P
g p.s. i g. : ani ours s per Hr.
Cat. | Reeydle TFefSec. ) Free) Start | Finish
650 |- 345 1.25 916 157 34.0 14. 4 1.14
650 42 350 1.15 518 127 34.7 9.3 1.04
725 45 260 1.12 410 116 35. 4 4.4 1.10
742 45 350 1.20 804 134 35.0 2.0 2.20
735 38 295 1.37 417 103 35.8 3.2 1.32
Avg.=1.36

*Average of carbon and oxygen free inventory at start and end of run.

EXAMPLE II
About 700 1bs. of the unreduced catalyst of Exampic

1 was added to the same reactor containing 763 lbs of -

the same type of catalyst which had been previously re-
duced at conditions similar to those of Example I for
about 116 hours to an oxygen content of 4.2%. This
catalyst mixture was reduced at the conditions and with
the results tabulated below:

25

action which comprises adding to said catalyst in the
initial oxidic formn a substantial proportion of the same
jron group catalyst previously reduced to contain less
than about 5% of reducible oxygen, reducing the mix-
ture with hydroges at a rate such that the reduction
petiod is about ¥4 to ¥4 of the time required to reduce
similar amouats of oxidic iron group catalyst uamixed
with previously reduced oxidic iron group catalyst.

Temp., ° Percent Oz on Cat.
0 B : !
Reactor Su\]]’)glrﬁ:éal Iﬁle)(si‘ug;;{'; Reduct. (Cand O Iree Basts) Redugct.
Press., Tnlet (C and O E:ime, %a7%i Lb.
.| p.osiigl ’ ours o/ Hour
Cat. | Recy. Ft.[Sec. | Tree) Start | Finish
732 47 355 1.40 ‘ 519 53 35.4 2.2 3.24

* Average of carbon and oxygen free inventory at start and end of the run.

It will be seen from the above data that reduction
in accordance with the present invention required only
about 15 to ¥4 of the time required to reduce similar
amounts of catalyst by the conventional procedure. The
improvement in the reduction rate accomplished by the
procedure of the invention amounts to almost 140%.
The savings in hydrogen recycle requircments are ap-
proximately on the same percentage basis.

While reference has been made in the above descrip-
tion mostly to reduction in fluid operation it is noted
that generally similar though considerably less pro-
nounced benefits may be desired in fixed or moving
bed operation, provided care is taken that the reduced
and unreduced cataiyst charges are intimately mixed
during reduction. iron catalysts of thc amimonia syn-
thesis type have been used in the above examples for
purposes of illustration. However, the invention is not
limited to these catalysts; it may be applied in a gen-
erally analogous manner to all other iron type catalysis
as well as to nickel and cobalt catalysts as will be ap-
preciated by those skilled in the art.

Numerous other modifications of the invention de-
scribed herein may be made by those who are familiar
with this art, without departing from the spirit of the
invention.

What is claimed is:

1. The improved process of preparing an oxidic iron
group catalyst for use in a hydrocarbon synthesis re-
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2. The process of claim 1 in which said catalyst is
an iron catalyst.

3. The process of claim 1 in which szid catalyst and
said previously reduced catalyst are maintained in the
form of a dense turbuient mass of finely divided solids
fluidized by an upwardly flowing gas.

The process of claim 3 in which said catalyst is
an iron type catalyst and is reduced at a temperature of
about 500 to 800° F. and a pressurc of about 15 to
500 p. s. i. g. at a ratio of about 0.5 to 5 lbs. of un-
reduced catalyst per 1b. of previcusly reduced catalysi.

5. The process of claim 1 in which said catalyst is
reduced and thereafter contacted with Hz and CO for
said synthesis reaction while in the form of a densc
turbulent mass of finely divided solids fluidized by an
upwardly flowing gas.

6. The process according to claim ! in which said
admixture is at the ratio of about one 1b. of previously
reduced catalyst per 0.5 to 5 1bs. of unreduced catalyst.
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