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"The preaent procese relates to the conversion of carbOn

monoxide with hydrogen.

It is known that 1n the oonver81on of oarbon monoxlde

| with hydrogen into hydrocarbone hav1ng more than one earbon atom

“in the molecule the temperature must be kept within narrow 11mite,

1n partloular when ueing catalysts derived from nickel, cobalt
end iron.As is known, this is attended with conelderable diffi-
cultiee, ow1ng to the large amounts of heat evolved.

It has elready been proposed to maintain a constant
temperature in the sHaid conversion by‘0perat1ng in apparatue cOom—

prising several narrow reaction spaces geparate from each other

and bathed by a-cooling medium. ¥t was found, however, that within

& crose—section of these reactlon sPaoes congiderable dlfferen—

‘.ces in temperature may occur.

"I have now found that in the oonver81on of carbon mon—

‘oxlde w1th hydrogen:into hydrocarbons hav1ng more than one carbon
catom ‘in the moleoule not only a conetant temperature but also a
,-subetantlally uniform temperature level throughout the: reactlon
f spaoe ig, attalned by -using narrow “tubes bathea by a coollng me-
 d1um and .’ contalnlng the catalyst in. such a manner that the reaf.
tlng gases can siream slong the wall of, the reaction space through
'7a narrow paesageway, which is not or only llttle obstructed by

-_oatalyst whlle ‘in the mlddle of the tube no- or only 11tt1e inter-



-

.+2.11049. An/Ca. ' a44 4185

rs\a

terstitial Space remains not filled by catalyst.
The tubes may be filled with catalyst pieces in the form
of tablets or pellets having a diameter which is only a little
;smaller then the internal width of the tubes or with a catalyst
3 in the form of a rod of correaponding diameter. However, also
other forme for the catalyst'may be taken in accordance with the
: nreeent invention, for example, balls or egg-shaped pieces, which
' have & correepondlng diameter of cubes having the correeponding
size or prisme with a base of proPer size or also pieces having
leas regular forms, for example, irregular 1umpe. The tablets,
Hpeilete, e¢ylinders, prisms, balls, cubes and the like need not
necessgarily be arranged concentrloally in the tubes, but may lie
mone or less toward one sids of the tubes. This is generally the
oeee, if the conversion is carried out in inelined or horizon-
" tal tubes. When working in vertical tubes the catalyst may, if
desired, be arranged in such a menner, that at all places about
. the same dlstance between the catalyet and the wall of the tube
existe; in tubES-w1th a circular cross-section cencentrically
arranged cyllndrloal tablets or rods are used with advantage- with
tubee with alllptlcal or- polygonal cross-sectlon concentrically
arranged tablets or rods of correeponding'form can be used.
| The proces maynbe earnied eut in the gaeeoue phase or |
‘aleo in the liquid phase in a liquid medium.
When working in the gaseous phase in general tubes with )
_'an internal diameter of 5 to 25 mlllimetere, preferably 5 to 10
'milllmetera, are used with advantage The size of the catalyst

pieces is . then ad;usted to the 1nterna1 width of the tubes in eueh'



0.2.11049. A

a manner that annuiar spaoes.between»the catalyst and the wall of
the tubeAare formed, the éﬁefage breadth of which is about 0.2
to 2 mlllimeters, advantageously 0. 2 to 1 millimeter.

When working in the liquld phase wider tubes and wider
interstitial spaces Getween the wall of the tube and the catalyst
" may be taken, because owing to the higher specific heat of the_f
liguid mediuom the heat absorbing capacity in the reaction sgpace
is a larger one.

N The process is advantageoualy carried out ander pressure,
because in this case the heat may be better withdrawn. Pressures
of up to 25 atmospheres er also higher pressures up to 200 at-
_mospheres and more may be employed.

- The length of the conversion tubes and the height of
the catalyst layer may be seleocted within wide limits. In gene-
ral this smounts to more than 1 meter; for éxample 2 meters.

The conversion may be carrled out in. a single tube or ig
fa geries of tubes conneseted in parallel or also in several tubes
‘connected one behind the other or in geveral serles, connected |
one behind the other, of‘tubes connébfed in_parailel. In the case
of tabes connected one behind the cther the catalysts in the firet
tube,,or firét geries of tubes connected in parallel, are adﬁan—
tageoasij'filléd with'datalysts in the manner describeﬁ above;
in.fhe foliowind'tubes or series of'thbes, in which owing to the
fact that the conversion has already partlally taken place the
 deve10pment of heat is’ Smaller, the devices hitherto agual may

also be used.
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Wheh‘operating with fubos connected one behiﬁd,the t
other the pressure mgy‘be different in the various tubeo, for
‘exémple, 25 atmospheres in the first tube; 10 atmospheres in the
.'seoond tubé or in feverse order 10 afmospheres in the firet and
- 25 atmospheres in the second tube. |
B ‘ When operating with tubes connected in parallel thesge
are advantageously combined to bundles, for example similarly as
~.with steam producers welded or rolled into a header.
' In order to facilitate the filling of the tubes With
the catalysts, these may be wldened at one end. Sieves or fhe
like may be provided at the other end of the tube to hold the
catalyst in the tube. Also at the upper and en obstruction de-
vice may be plaood, which prevénts the catalyst being blown out,
when the‘gasos stream from below upwards.

' As'a;heat femovingxmedium bathing the conversion tubes
a,otreamiog 1iquid‘is most advantageously employed, the boiling..
~point of which 8% the pressure maintained on the said medium lies
at or'soméwhat below fhe’oonversion'tempefature, so that the heat
withdrawn from the tubes is removed by development of vapour.

“tBut also other coollng ligquids may be employed, if they =are passed
B sufflclently rapidly along the tubes - The. ecoling may also bs

'"effected by gases, for example, by those to be introduced into

T the conversmon, whereby, if necessary, én additional cooling me-

o dium may st111 be employed for part of the tube.
' The gas may be passed one or more times through each

] Lreactlon tabe or serles of reactlon tubes.
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The reaction tubes méy be filled wholly or partially
with the catalyst. In the -latter case the part of the tube not
filled'may serve:for the preﬁeétihg of the gases.

- The gases to be converted may be diluted with inert ga~

ses, such as=caiboﬁ dioxide or-nltrOgén.:The proportion of the

--llamdunts_of carbon.monoxide and hydrogen in the gas may be Belsc-

ted gcqqrding-foTercumstances'within.wiﬁe limiyé. Thué gases with
"ag exoess bf carbon monoxide or with an excess of h#drOgen may be
'emﬁoned'as_the‘case may be. Prior to the conversion the gases may
be subjeoted to anj degired pretreatment, for example 2 removal

of dust, a washing with orgenic liquids or & heating to high
temperaturesa., If the gasges aontain impurities, such as sulfur-or
sulfur compounds, they may be previously purified by one of the
usual'desulfuriziﬁg processes. ‘

The reabtion'temperatures may vary according to the
nature of the catalyst smployed and'#he'prevailing,pressure; tlhiey
Vusuélly lie between about lSOland 25000; |

Thelfolldwing'Example will fdrther illustrate how the
1nvent10n may be carrled out in practlce, but it should e under-
"étood that the invention is not llmited to the said Example.

' Example.

A vessel with parallel cooling walls at s dlstance of
10 mlllimeters from each other or a tubular vessel with cooling’
'tubes of lS,mllllmeters-dlametqr is- loosely filled with 2 ca-
.falysf;,whiéh cbﬁsists of‘BS parts of cobalt and 15 parts of

thorium oxide .on 85 parts of kieselguhr, in the -form of grains

...5....
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- having a diameter of 2 to % millimeters. If a gas with 30 per
‘cent by volume of carson monoxide and 60 per cent by volume of ‘
hydrogen (remalnder-inert gag) is then passed at 180°C and under
atmoepheric'pressure‘over this catalyet an .average yield of
-11qu1d and solid hydrocarbons of 89 grams per cubic meter of car-
. bon monoxide- hydrogen—mixture is obta1ned The differences in
:temperature occurring within the catalyet layer amount to about

15°C. If on the other hand the same catalyst is pressed to pel—
.flets of 5 millrmetere diameter, which are arranged in tubes of
6 millimeters diameter, and everage yleld of 105 grams per cubic
meter of carbon monoxide-hydrogen-mixture is obtained. No sub-
stential differences in temperature within the catalyst are ob-
eeGed in this case. | |

If the operation ie carried out in the same manner, but

under elevated pressure, the differences in temperature when wor-
Iking in the vessel with cooling walls and in the tubular vessel
with the w1de tubes are atill larger, and the formation of unde— |
'sired gaseous hydr0carb0ne, in particular methane, becomes. atill
"larger. If on the other hand the converselon is carrled out in
: the nerrow tubes fllled with catalyst pellets in accordance
with the present invention at elevated pressure (fer-example,
20‘etmoenheree or higher),'the yield of liquid and solid hydro-
_eerboné_increaeee.te 115 grams per cubic meter eflcerbon monoxide— o
hydrogen—mixture, and no difficnlties with regard to the removal

of heat;occur.
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What I claim ie:

1. A process for the catalytic conversion of carbon monoride

" with hydrogen inic hydrocarbons having more than one carbon atom

in the molecule which comprises operating in a narrow reaction
tube, bathed in a cooling medium, and containing the catalyst
iﬁsuch a manner, that‘the reacting gases can stream alopg the
walls of the said tube through a narrow passageway which is

at the most only little obstructed by catalyst, while irn the
middle of the tube at the most only little space not filled by
catalyst remains.

2. A process according to claim 1 wperating in a cylindri-
cal tube filled with cylindrical catalyst pieces, the cross-sec-
fion of which is only a little smaller than the internal width
of the tube. '

3., In the process claimed in e¢laim 1, operating in a tube
with an internai diameter of 5 to 25 millimeters in which the
space betweén the catalyst and the wall of the tube has an average
breadth of 0.2 to 2 millimeters, |

43_ In the process claimed.in claim 1 working under ele-

vated pressures.





