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This invention relates to the Fischer-Tropsch
process of synthesis of multi-link hydrocerbons
from hydregen and carbon monoxide in the
presence of a suitable cdtalyst, amd more par-
ticularly to a process of regenerating the catalyst
employed in the Fischer-Tropsch synthesis.

It 1s an objett of this invention to providc a
process whereliy o rekenerate the catalyst which
has been employed in the Fischer-Tropsch proc-
ess and the activity of which has been exhausted
after extended use in such process, in a more
lesting and more facile manner than was here-
tofore possible.

Other oblects and ihe manner in which the
zame are atteined, will appear from the following
description.

As is well known, the Fischer-Tropsch process
of synthesis of multi-link hydrocarbons from hy-
drogen and carbon monoxide, requires the pres-
ence of a catalyst, this catalytic material relying
for its catalytic activity on the presence of iron,
nickel or cobalt or mixtures of these metals.
Apart from these metals, the catalyst usually con-
tains actlvating additions of alkalis, alkaline
earth, magnesium, rare earth, thorium, copper or
manganese, The catalytically active metals and
thelr activating additions may be preeipitated on
carrler substances such is kieselguhr or the like.

When such catalyst has been used in the
Fischer-Tropsch process over a certain length of
time, its efficlency begins to drop. This reduc-
tion in activity is malnly due to the fact that high-
molecular organic substances produced in the
process are deposited on the catalyst. Over a
certaln period, the catalytic activity of such cata-
lysts may be restored by methods of treatment
whereby the high-molecular organic deposits are
removed from the catalyst. Thus, for example,
the weakened catalyst may be treated at syn-
thesis temperature with hydrogen or a suitable
fiquid. While such measures for the regenera-
tion of the catalyst may be frequent!y repeated,
it has been found that In the end the high-
molecular organic substances adhere so tena-
ciously to the catalysts that more drastic meas-
ures are to be employed, these measures includ-
ing dlssolution of the contact substance and sub-
sequent restoration by re-precipitation of the
catalytic metals. This procedure, however,
was found to be accompanied by the dis-
advantage that the deposits remaining in
the contact substance materially increase the
difficulty of restoring the catalyst. Thus, for ex-
ample, the filtratlon of the metal salt solution
produced by decomposition with acid is rendered
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more difficult by the presence of high-mnolecular
parafins cohtalned in the spent catalyst. More-
over, the re-precipitation of the catalytic métals
is affected by the fatty aclds and other oxygen
containing compounds which are produced from
the paraffins on the dissolution of the catalysts
in nitric -acid, the ¢ompounds referred to pre-
venting precipitation by the formation of -edm-
plexes. In view of these drawbacks, the prier-art
lacked any satisfectory method of completely re-
generating the catalyst once the treatments at
synthesis temperature of the partly weakened
catalyst were no longer of any aveil.

According to the present invention, the afore-
noted drawbacks are eliminated, and a very satis-
factory procedure of regenerating the completely
spent cetalyst Is arrived at in the following man-
ner. Prior to the dissolutlon In acld, the spent
catalyst Is subjected to a preliminary treatment
wherein hydrogen is passed over the spent cata-
lyst at a temperature materially In excess of the
synthesis temperature. While the main require-
ment is that the temperature of the preliminary
treatment should be materlally in excess of the
synthesls temperature, a temperature above 300°C
is generally indicated. Preferably this tempera-
ture should even exceed 350°C, a preferred range
for the temperatures useful in carrying out this
preliminary treatment with hydrogen being be-
tween about 3b60°C and about 400°C. We have
found that this prellminary treatment completely
removes the organic substances from the cata-
lysts, and it is by virtue of this complete removal
of the objectionable deposit that after the pre-
liminary treatment has come to an end the cata-
lytic material may be dissolved in an acid and
the catalytically active metals may he re-pre-
cipitated without the occurrence of any such det-
rimental effects as were enumerated above.

In the prellminary treatment with hydrogen, if
it 1s desired fo recover by itself the high-melting
hard paraffin that may be separated from the
spent catalysts, it is advisable to extract the cata-
lysts with a suitable solvent or a sultable scour-
ing agent prior to carrying out the preliminary
treatment with hydrogen. Preferably this ex-
traction step should proceed at temperatures
which exceed the melting points of the hard
paraffins. This extraction of the spent catalysts
not only results in the recovery of the high-melt-
Ing point paraffin, but moreover has the added
advantage that when the extraction 1s followed
immedistely by the preliminary treatment with
hydrogen, there results a substantial saving of
this gas.



The time required for removing the organic de-
posite from the catalysts depends upon the tem-
peratures employed and the velocity at which hy-
drogen is passed over the catalytic material. In-
creases of this velocity and Increases of these
temperatures tend to shorten the time period re-
quired for the preliminary treatment of the cata-
lysts. Thus it was found that the deposited or-
ganic substances could be completely removed
from the eontact substance within half an hour
by passing the hydrogen thereover at tempera-
tures from 350° to 400°C and at a velocity of
from 50 to 60 1 per hour per sq. ¢cm. This time
period, however, may be further reduced by addi-
tional increases in the velocity and the tempera-
ture of the treatment.

If it is deslred to eliminate the pyrophoric prop-
ertles of the contact substance so that it may
be brought Into contact with the atmosphere
without any danger of spontaneous combustion,
& certain amount of steam may be added to the
hydrogen embloyed In the prellminary treat-
ment of the contact substance, or else the pre-
liminaty treatment with hydrogen may be fol-
lowed by a subsequent treatment with steam, the
oxldizing action of the steam removing in both in-
stances the pyrophoric properties of the contact
substance.
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Example

A cobalt catalyst of the type conventionally em-
ployed In the PFischer-Tropsch precess of syn-
thesis of multi-link hydrocarbons from hydrogen
and carbon monoxide, which had been reactivated
a great many times In the synthesls furnace by
treatment with hydrogen at synthesls tempera-
ture until its activity had finally totally departed,
is treated with a rapidly flowing stream of hydro-
gen at 350°C. After the lapse of two hours the
catalytic mass has lost about 40% of its welght,
parafiln and other organic substances having been
withdrawn from the catalyst with the hydrogen,
80 to 85% of organic substances removed from
the catalyst in the form of & paraffiin with a melt-
ing point of from 60 to 65°C belng obtained. The
catalytic mass which under the hydrogen treat-
ment has lost practically all organic substances
previously deposited thereon, after coollng, s
molstened with water and dissolved in nitric acid.
The catalytically active metals are precipitated by
means of a soda solution from the metal salt solu-
tion thus obtained, after purification by fltra-
tion. The washed and dried catalyst is then re-
duced with hydrogen and now is again avallable
for use in & Fischer-Tropsach synthesls.
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