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' COMPI.ETE SPECIFICATION

Improvements in oy relatng to the Catalytic Hydrogenation of
Carbon Monoxide

We, RUIncrivTe Axam;\*ansmnscnuz‘, than 10 mm, hag not been used in {ha
a German Gompany, of 0berhamsen~HoIten, industry sinee it wag assmed that g
Germany, and Lorer GESMTISCHAPY Tin catalyst particle of such a laxga size wonld 60
WirmMeraorNTYE w.b.H., o German Com. not he sufficiently utitized and that thera.

5 pany, of Irrankfurs, a.M.-Hedderuheim, fore the greatest possible outer surface
Gernany, do hereby declare the invention, ares of the catalyst particles wag degirable,
for which we pray that o patens May he vwhich surface preg is the greater per ynit
granted o wus, and the method by which volme of catalyst, the smeller the size 35
it is o be periormed, v be Paxtdewlarly  of the individys] Particles. Beeause of thig

1t deseribed in and by the following state- Bssumption it was beleved that o substan-
ment.— - Hal iwpaitment of {he synthesis womnid

Tha invention relstes o A process for the  regulf i the particle size were increaged.,
catalytic hydrogenation of carhon 1mon- Recenily, tuhes of dismeters uf 30 49 50 40
oxido. mm. have been used in the reactors for the

15 The cobalt, nickel and ron catalysts  catalytic hydrogenstion of carbol mon-
conventionally used iu the catalytio iydro-  oxida, The use of these larger tuhes was
genation of carbon Mongxide have, in made Possible by employing higher £ag
practics, had a particle size of approx-  veloeibies which bring ahout glronger 65
lmately 8 to 5 muin when the catalysts eddying of the gages wilhin the tabes,

20 have besn employed in figzed beds in fhe which in tum conriderably facilitates the
abgence of g Houid mediom. For this  removal of the heat of reasiion, Further-
purpose, the particle size of the catalyst more, catelysts having a smaller heat of
13 generally determined by the megh of the achivation than those previously used in 79
3creen through which the catalyst passes, the ndustry were devetoped, which per-

25 Thur i# the upper lunit for the particle  mjied higher excess teraperatures in the
size of the eatalyst iz 1o be 3 mm. the centre of the catalyst layer, so that larger
catalyst mugl ecompletely pass throngh a  tube dimensiong weys poagibie, However,
screen having o wmesh width of 5 ™I, > these improvements allowing the larger 75
Smm. The lower limit of 3 mm, for the dismeter of the fubes have had no influence

30 parlica gize of the oatalyst has been used om the eatalyst particle sizes used up to the
since paridcles smaller than 3 mm, increase  present timea,
the pressure drop of the £a8 upon ity fiow I61is an object of the invention to provide
bhrough the catalyst layer and siso Inerease a process for the catalytic hydrogenation 8¢
the danger of non-uniform gas impack. of carbon monoxide in Wwhich the faed gas

d6 I the pagt, the tubcs gr chambers of may have a lower H,:00 ratio then has
the Teactors used in the hydrogenation of hitherso been psed with, catalysts having
earbon monoxide have, in bractice, had the smalier sizos of particle, whilst giving
infernal diameters op thicknesses TesDnes- snbstacu‘uia.uy the same conversion, RS
tively, which did not exceed 10 1mm. These A Iorther ohject of the nvention {3 to

4¢ dimensions of the gynthesis spaees con- permit the hydrogenation of carbon mon-
trolled the upper limit of the particle size  oxide 4o pe carried onb with a more
of the eatalyst. Due to the Ineh that & uniform Agw of the synthesis gases.
sufficlently rapid removal of fhe heat of Anather object of the inveniion is to Dprovide 99
reaction was not possible,  larger thicknesy s Process for the eatulytie hydrogenation

45 or diamcter nt the catalysh layers or of carfon, monoxide, in which the pressure
columng has not been nsed Furthermore, drop in, the synthests &4563 geresy the bhad
4 calalyet having g Particle size greater of catalyst is lower than the pressure drap
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bitherto ususl m such hydrogenation.

It Lias now been fonnd, according to the
invention, thai the eatalytic hydrozenation
of carbon imonoxide ean be succestully

¢ carried ont using fixed eohalt, aickel or
iron eafalysts obtained by precipitation
from a solutivn of a salt, when the Particla
gize of the catalysiz is from 10 mm, to
25 mm., preferably not more than 20 mimn,,
and the catalysts are used in tubes the
internal diameter of which, is from 20 mm,
to D00 mm. and is preferably nob greater
" than 100 m, ¥ tubes having a velatively
small inner diameter such, for exainple ag
5 30 1. %0 BO m., are used, i v adrvan-
bageous to use eatalysts having a purticle
#iza of abuut 0.3 40 0.5 times the dinmetar
of the tube.

I catalyst chambers are nged, then, in
accordance with the invention, the aatalysh
18 nsed i layers of a thickness of fram,
30 mm. to 500 mm., the thickness of the
layers being delermined by the distance
between the plates of the eatulyst chambers.

Detafled  investigntions with cobalt
catalysts have shown #hat they are fully
utilised in their interior so that he TP PET
Yimit for the size of fhe egtalyst purticles
i3 nob Adetermined by efficicnt utitisation,
30 but by the tube diameter ur the distance
apart of the plates of the reactor. -

Experiments bave shown thut #he trong-
port velociby of the hydrogen in the interior
of the partinley ig substantially areater than
that of carbon monoxide. Due to thig the
larzer the calalyst particles are, the gregter
will be the H 0O ratio in the interior of the
particles ns cowparad with the ratio in the
£45 ppace bebween tle partisles. Thus by
using lsrger eotalyst particles and a feed
gas which, i5 poorer in Lhydeogen, the same
effect iy obitained as is obrained by ihe nsa
of smaller catalyst purticles and a g4 richer
in hydrogen, and without Sy approciable
refnction in eomversion occnrring in the
reactor. Thus, in the process aceording to
the jnvention it is possible to nge feed’ £ases
having an H,:CO ratio which is 1028 o
lower than was heretofore wused in the
50 industry when using extalyst particles of
smaller diemeter,

Tt is known that in carbon monoxide
hydrvogenation using, for cxample, fron
catialysts, the H,:(0 ratio fu the exit gas
i3 greater than the H 10O ratio in the feed
gas. Forthermore, if is known thai the
conrgs of the synthesis is congiderably
infineneed by this ratio. As hereiabefore
stated, by the used of larger catalyst
Particles, the H,:00 ratio within the
particles is increased. Thus it it is desired
to have the caiulyst fanckion at the
beginping of the eatalyst luyer ar column
as if the gus fed info it had a higher H,:C0
66 ratio fhen, Aespite the smaller rotin of
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H,:00 acteally Dresent, larger catalyst
particles showld be used at the beginuing
of the reaction puth than are used ut the
end. Since fhe Tatle . of H,:CO natorally
iucreases alung the reaction path, if the
catalyst particle size is decressed along the
reaciion path, the eatalyst at the beginning
of the path will operate ag if It were
confacted with o gas baving a higher
2C0 ratio.

Apart froin the advantage which ean be
obtained by the diffusion cffect, the use of
larger eatalyst particles fur the catalyte
hydrogenation of earbam monoxide hasg
86l further advantuges, It has been found
that when using fhese larger catalyst
particles aceording to the invention, a more
uniform. gas flow through the catalyst is
obtaived than is ubtained with the use of
catialyst pactieles of a smaller gize, Irorther-
more, the pressure drop over the reaciion
path decreases in a desirable manmner with
thig inevense of the catalyst particle size
aseording to the invention. For thiy reagon,
the gas throughput ean be increased ar, 80
with the sane gas throughput, the mechan-
ieal strain on fhe eatalyst particles ean be
reduced with & consequent reduetion in the
wear or disintegration of fhe particles.
Finally, in certain cases, partienlady for
the production of low-builing hydreearhons
or oxygen-containing organic rompounids,
the Ligher temperature 1 the interior of
the large estalysi Darticles as compared
with the lemperature Treveiling with the G0
use of smaller purticles under the same
synthesis conditions, muy be of advantage,

The catalysts are obtainad by -the
Precipitation of the solntion of the nitrate
of the meta! with un alkaline material,
for exanple, a solulion of sodium carbonute,
The solution of ihe eatalyst metal may algo
tuntain nitrates of activator metals auch
48 copper or other metal known to he
eficetive as an activator, and a supporting 110
material, sueh gz kieselgubr, may e added
The precipiiate 35 washed after which an
alkali-metal compound may beincarporated
in the precipitate. The moist mags is then
moulded In w thread press, the moulded 115
rods 5o obtained being then dierd in known
manver and sieved to gige, after breaking
of the dried rods if neeessary.

What we eclaim jsi— '

1. A proeoss for the hydrogenation of 120
earbon monoxide in the Presence of a fixed
anhalt, nickal or jron eatalyst, in which the
catalysh, obtained by Precipifation from
® solutlon of 4 salt, has a pavticle size of
from 10 mm, to 25 mm, and is used within 125
tubes having an imternal diameter of from
80 mm, to 300 mm. op is nged in layers of g
thickness ot from 30 mm. to 500 M,

2. A protess uccording o claim 1, in
which the eatalyst has a pucticle size of not 130

it
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more than 20 mm,

3. A procesy according Ho elsia 1 or
claim 2, in which the internal dismeter of
the tubes or the thickness of the layers is

5 not prester than 100 mm,

4. A process according 1o any one of the
preceding claims, i which fthe imternal
diameter of the tubes or the thicknesy of

- the layers iy not greater than 50 mm. and

10 the catalyst has a particle size of from 0.8
0 0.8 of the internal diameter of the tubes
or of the thickness of the layars.

8. A provess aseording to any one of the
Preceding claims, in which the H,:00 ratio

15 in the fead gas is 10259 lower than has
hitherto Been normally tsed with smaller
eatalyst particles in g fixed bed to give

substantially the same conversion,

6. A process according to any one of the
Preceding claimg, in which the particle size 20
of the catalyst deereases in the direction,
of gas fow.

7. A process for the hydrogenation of
carhon monuxide carried owhin the presence
of o fixed bed of a cobalt, nickel or fron 25
catalyst substantially as hereinbofore des-
eribed.

8. Hydrocarbong and oxygen-containing
organic compounds, whenever obtained by
the proccsy claimed in, any praceding claim, 30
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