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This invention relates to improvements in

catalytic carbon monoxlide hydrogenation. It relates

particularly to improvement in the catalyst prepara-
tion in carbon monoxide hydrogenation.
5 Cobalt, nickel or iron catalyzers which are
used 1n catalytic hydrogenation of carbon monoxide must
be treated with reducing gases prior to their application.
It 1s not possible to obtain sufficient catalyzer activity
without this reduction. Carbon monoxide and/or hydrogen -
10 contalning gas mixtures are used 1ln this pre-treatment
which 13 called catalyzer reduction or catalyzer forma-
tion. The catalyzer reductlon is conventionally effected
outslde of the aynthesis oven, since prior to the present
invention 1t could only be accomplished with relatively small
15 layer heights at a temperature of approximately 300° C.
Up to the present time all efforts to reduce the carbon
monoxlde hydrogenation catalyzers in the synthesis ovens
have been unsuccessful., The pre~treatment in the synthesis
oven lteelf proved technically imposslible for two reasons.
20 First, the hydrogenation of carbon monoxide, i.e.
the synthesis proper is executed at normal and medium
pressures and temperatures between 180° and 220° ¢. In the
process about 80 to 120 parts by volume of the syntheals
gas per one part by volume of the catalyzer is put through
25 per hour. During the catalyzer reductlon a gas temperature
of nearly 300° C 18 required. The conventional synthesls
ovens may be used for temperatures up to nearly 250° ¢,
since the heat exchange installation, 1.e. the cooling
Jackets in the oven are bullt for a maximum steam pres;
30 sure of about 30 kg/bme. DPuring the reduction of the
catalyzer the pressure water circulating in the heat ex-

change parts would be heated to a temperature of nearly
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300° ¢ which would cause a steam pressure of nearly
85 kg/bma. The conventional synthesis ovens are not
constructed to withstand such pPressure.

Second, apart from these structural diffi-
culties, it has been impossible to effect the reducing
treatment in the synthesis oven itself because a certain
constancy of the catalyzer pre-treatment is required and
because of the height of the catalyzer layer to be main-
tained in the oven during the reduction. Conventionally
catalyzer reduction is performed with layers of only 20
to 40 ems. high, because no uniform reduction is possible
with higher layers. A still further obstacle lles in
the fact that the catalyzer during its reduction shrinks
considerably, sometimes up to 504 of its volume.

In the carbon monoxide hydrogenation the
catalyzers after their precipltation are formed while they
are s8ti1ll relatively moist. After being formed they are
dried at a temperature of nearly 110° c. A catalyzer
tube of 4 to 5 meters in length which is filled with the
formed and preheated catalyzer sometime shows a shrinking
of up to 50% of the original height of the catalyzer ir
the treatment with reducing gases 1s applied in the oven.
Thus, 1f the pre-treatment took place in the synthesis
oven 1t would be filled up to only 50% capacity with
catalyzer, which of course ig very uneconomical.

One object of this invention is catalyzﬁr reduc-
tion in carbon monoxide hydrogenation without the afore-
mentioned diffieulties.

A further obJect 13 catalyzer reduction which
may be effected in the synthesis oven. This and further
objects will become apparent from the following descrip-

tion.
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It has now been found that these difficulties
in the catalytic hydrogenatlion of carbon monoxide, i.e.
the uneven reduction of the catalyzer in layers of more
than 50 cms. in helight and the shrinklng of the catalyzer
columns, may be avolded in the followlng manner:

After the catalyzers have been formed and
partially dried at a temperature of nearly 110° C, they
are dried thoroughly for 6 to 24 hours at a temperature
ranging between 150° and 350° C and preferably 175° to
250° ¢ before thelr reduction and formatlon with gas
mixtures contalning carbon monoxide and/or hydrogen.

After the thorough drying the catalyzers are placed in

the synthesis oven in layers of more than 100 cms. high
and preferably in layers of 300 to 1,000 cms. in height.
These layers are then reduced with gas mixtures containing
carbon monoxide and/or hydrogen & flow speeds of about
100 to 200 cms/sec at 760 mm. Hg and 0° C.

The thorough drying of the unreduced catalyzer
at temperatures ranging from 150 to 350° C prevents the
subsequent shrinking during the reduction within the
synthesis oven. By operating with reduclng gases having &
linear speed of 100 to 200 cma/ sec. 1t 1s possible to
reduce catalyzer columns of 5 to 10 meters in length in an
absolutely uniform fashion in 60 to 120 minutes., With
the conventionally used reduclng gas speeds of about 20
to 40 cms/sec., 1t 1s imposaible to obtain a uniform re-
ducing action over the entire catalyzer column.

The reduction of the catalyzer, according to the
invention, can be carried out with water gas, hydrogeﬁ,
carbon monoxlde or other gas mixtures which contain carbon
monoxlde and hydrogen in any ratio desired. It has been
found eapecilally advantageous to free as completely as pos-

8ible the reducing gases from steam and carbon dioxide
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prior to their use. Under the conditions described, the

reducing pre-treatment of ocobalt and iron catalyzers can

be carried out at considerably lower temperatures than were
heretofore used, 1.e. between 150 and 250° ¢. Of course
5 1t 1s possilble to use higher reduction temperatures. The
. lower reduction temperatures are, however, sespecially
advantageous 1f the catalyzer may have a lower reducing
value and is to be used for the manufacture of hydrocarbons.
B There are no technical difficulties involved in
10  using high gas flow speeds during the reduction of the
catalyser within the synthesis oven, as synthesis 18 now
conventionally carried out at conslderably higher gas
speeds than were formerly used. For this reason the capaclity
of the gas blowers presently in use is alwaya high enough
15 80 that a speed of the reduction gas of nearly 200 cm/sec
(760 mm Hg and 0° ¢) may be obtained without any aiffi-
culty.
In the catalyst reduction or formation in ac-
cordance with the invention whieh 1s especlally suited for
20 iron catalysts, the subsequent carbon monoxide hydrogena-
tion may be carried ocut with approximately 10 to 20 times
of the normal gas load, 1.e. 1000 to 2000 volumes/Hr. of
gas per volume of catalyst. & satlsfactory removal of
reaction heat 1s thus obtained with the ume of uniformly
25 boiling liquids (as cooling media) even with synthesis
. tubes|having a diameter between 20 and 60 mm., the rates
of the synthesis gases to be in excess of 50 cm/sec, ,
preferably 200 cm/sec. (based upon 760 mm mercury, 0° c.,
and the empty tube cross section). The rates correspond
30 to the aforesaid gas loade of the eatalyst. At these
high gas speeds turbulent movements within the gas phase

take place which are sufficient to carry the heat of re-
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aetlion to the walls of the tube quickly and effectively,
Prom the walls of the tube the heat 1s effeciently removed
by the uniformly bolling cooling medium and the absorbed
heat of evaporation. The homogeneity of the cooling medium
insures, disregarding small hydrostatic differences, a
gufficient dissipation of the heat of reaction at all
levels of the catalyzer column. A harmful over-heating

of the catalyzer 18 thus completely avoided.

Numerous liqulds which boll within the tempera-
ture range of the synthesis at pressure which can be
easlly controlled are sultable for use as the cooling media
according to the invention. Water has proven to be the
most ldeal medium. However, its use 1s often impossible
becguse the steam.pressure produced at synthesls tempera-
tures of nearly 270° C exceeds 50 mg/cme. This steam
pressure requires the walls of the cooling system to be of
such strength that their construction cannot be accom-
plished economically. When using cooling media which boil
between approximately 250 and 280° ¢ at ordinary atmos-
pherlc pressure at pressures up to 10 to 20 kg/cme,
operation with comparatively thin walls 1s possible. The
following cooling media have been found particularly
suiltable for this purpose: glycol, aniline, nitro-benzol,
aliphatic or aromatic hydrocarbons of an adjusted molecular
slze and bolling poilnt. When selecting the cooling medias,
however, particular care must be taken that the boilling
point is such that evaporation takes place as sufficient
and Inténae dissipation of the heat of reaction is only
possible with this evaporation.

It haslbeen found particularly advantageous to
carry out the carbon menoxide hydrogenation according to

the invention with a cycloid circulation of the synthesis
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gases. When operating in this manner, 0.5 to 10 and pre-
ferably 1 to 4 parts per volume of the re-circulated gag
per unit part by volume of the fresh gas should be used.
The synthesis pressure may be maintained between 10 and
10¢ kg/bmz, the optimum gas pressures belng between 10
and 30 kg/bmz, and the inside dlameter of the synthesis
tubes may be as large as 20 to 60 mm, since a sufficiently
fast dissipation of the reaction heat takes Place due to
the turbulent movement of the fast flowing synthesis gases.
The process acecording to the invention has a
technical advantage in eliminating separate reduction
inatallations which are now required for the manufacture
of the catalyzers , and is very expensive in most cases.
This 18 possible as the reducing pre-treatment of the
catalyzers may be carried out in the synthesis oven itpelf,
This process also facilitates the transportation and fi11-
ing  1n of the catalyzqr, as 1t can be done without the
necesgity of having an bxygen-rree rrotective gas atmos-~
phere, asince the non-reduced catalyzer does not become hot

when handled in the open.



ey I
535080
Phe embodiments of the inventicn 1n which an

exclusive property or privilegs 1s clajimed are defined as

followss:

1. In the hydrogenation ol carbon monoxide using one
of cobalt, nickel and iron catalyzers, the improverent which
comprises partially drying the catalyst at a temperature of
about 110°C., then thoroughly drying the catalyst for 6 to
2} hours at temperatures of 150 to 350°C. contacting the
dried catalyst in layers of more than 100 cm. high with a
gas conbaining at least one of carbon monoxide and hydrogen
at a linear Tlow gpeed of about 100 to 200 cm/sec. at tem-
peratures not substantially below 150°C., and thereafter
intimately contacting said troated catalyst with a carbon
monoride hydrogenation gas mixture.

e Improvement according to claim 1, in which said
thorough drying is effected at temperatures of about 175 to
639G, and the catalyst Ls contacted with said gas mixtures
in layers 40O to 1,000 cms, in height.

3. Impfovament accerding to claim 1 in which sald gas
containing at least one of carbon monoxide and hydrogen is
fpeed of water and carbon dioxide to the greatest possible
extent before said contacting.

L Improvement according to claim 1, in whica said
contacting with the carbon monoxide hydrogenation gas mixture
13 effected with lndirect heat exchange withh a sucstantlally
uniformly bolling liquid with the treated catalyst firmly
arrenged in tubes of 20 to 60 mm. in diameter at gas speeds
of more than 50 cm/sec. in amounts of in excess of 500 parts

per volume of gas per hour per unit volume of the catalyste.
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Improverent according to claim t, in which said
intimate contacting is effected with gas veloclties of more
than 200 em/sec. with £a3 amounts being in excess of 100°
parts per volume Der unit part of catalyser,

6a Improvement according to claim 5, in which the
carbon monoxide hydrogenation 883 mixtures are contacted at
pressures between 10 and 100 kg/cm2,

Te Improvement according to claim 6, in which saiq
contacting is effected at £23 pressures between 10 and 30 kg/cma.
8, Improvement according to claim 1, in which said
carbon monoxide hydrogenation gas contains a mixture of 0.5
to 10 parts by volume of re-circulated gas per unit part by
volume of fresh gas,

: 9. Improvemnent according to claim 8, in which said
carbon monoxide hydrogenation gas mixture contains 1 to N
parts by veolume per unit rart by volume of fresh gas,

1a, Improvement according to clalm 1, in which said
intimate contacting between said carbon monoxide hydrogen~

ation gas and said catalyst is effected with saig catalyst

belng uniformly arranged in tubes and coeled in indirect

heat exchange with a liguid of a substantially constant
boiling point, said liquid being one which boils at 200 to
300°C. at pressures up to 10 to 20 kg/cm?2,

} 1l. Improvement according to claim 10 in which said

| cooling liquid 1s at least ons member of the group consisting
of glycol, analine, nitro-benzol, aliphatic hydrocarbons and

sromatie hydrocarbong,
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