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Process of Carrying Out Exothermic Catalytic Gas Reactions

We, METALLGESELLSCHAFT AKTIEN-
GESELLSCHAFT, 3 body corporate organised
under the laws of CGermany, of 45,
Bockenheimer Anlage. Frankfurt-pn-tlie-

5§ Main, Germany, do hereby declare the
invention, for which we pray that a patent
may be granted to us, and the method by
which it Is to be performed, to be particu-
larly described 12 and by the following
statement: —

This invention relates to a process for
carrying out exothermic catalytic gas
reactions and especially for hydrogepat-
ing ecarbon monoxide fo higher hydro-
16 carbouns,

When carrying out exothermic cata-
Iytic reactions between gases, large guan-
tities of heat gre liberated. If it is neces-
sary for a favourable course of the reaction
tp confing the femperature range within
narrow limits, the catalysts are disposed
between heat-exchanging surfaces in such
@ Way as to eusure the transmission of the
heat of reaction, or g substaumtial part
25 thereof, to a cooling liquid, particularly

vooling water, For example in the pro-
duction of higher hydroearbons by the
catalytic hydrogenation of carbon mon-
oxide with the aid of cobalt er iron eon-
30 tact masses, the catalyst is accommodated
in stationary layers between cooling
elements lying close to one another, The
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cooling iz effected by boiling water uwnder

pressure. .

In the case of high velocity reactions,
the conversion takes place mainly in the
parts of the catalyst through which the
zas flows first, The bulk of the heat of
reaction is thus already liberated in those
‘Invers of the catalyst, while in the subse-
quent parts of the catalyst the degree of
conversion of the gas Decomes increas-
ingly smaller. In order to aveid impair-
ment of the catalyst or the possibility of
45 undesired reactions by the suddenly

liberated hieat of rveaction, the cooling of

the reaction chamber must he zo intense
that even in the layers in which the maxi-
mam heat of reaction is liberated, said
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cooling is sufficient to keep the tempera-50
ture below the permissible maximam, T
is then unavoidable that in the parts of
the catalyst in whick the residual com-
version. of the gases should fake place,
i.e., in which the gases reacting with onebd
another have only low coneentrations, the
withdrawal of heat becomes too great, so
that in these parts of the reaction cham-
ber the temperature falls progressively so
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that the rate of reaction soon becomes so 60 .

slow so as virtually to cease. The
ufilisation of the catalyst and of
the contact .-yeactor is  therefore
incomplete,

Attempis have already been made to 60
give the contact reactor a height of aboud

10 metres or more, in order to keep the
boiling cooling mediam in the lower part

of the cooling chamber of the contact
reactor under Ligher pressure than in the 70
upper part thereof, thus making use of
the hydrostatic pressure, to create in the
lower part of the cooling chamber higher
boiling temperatures than in iy upper
part. The atiainable difference in tem-
perature, even when using cooling media
such as diphenyl—ihe boiling point of
which varies to a greater extent with the
pressure than the hoiling point of water—
is however very low, since the vapours
rising in the cooling medium effect an
equalisation of temperature.

The method of carrying out xothermic
gas reactions in accordance with the
present invention is effected in eatalytic
reactors in which the liberated heat of
reaction is removed by heat exchange
surfaces and is transmitted to an evaporat-
ing cooling medium contained in a cham-
ber positioned within the reactor and in 50
whieh the gaseous reactants are passed
into the top and the renction products
withdrawn from the bottom of the reactor,

According to the present inveniion, in
order to obiain reaction temperatures 95
increasing from top 1o bottom of the
reactor, a cooling medium comprising
two or more organie lgmid constituents
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having different boiling points iz used,
the bueiling range of which cooling
medium ig substantially greater than and
_ includes the necessary range of reaction
§ temperature. - :
Thus, for example the boiling range is
so selecfed “that, on the gases passing
through the catalyst from top te bottom,
. the femperafure of ihe cooling medium
10 in the lower part is kept at Ieast more
than §° C., and advantageonsly more than
20° C., higher than in the uppermost
part. Thip boiling range depends, in any
individual case, on _the particular
"°15 reaction, on the extent of the degired
reaction: end on the opitimum  reaction
temperature,
“Mixtures of hydrocarbons are used for
_ example as oooling media, in such a way
20 that the heat of reaction is withdrawn by
evaporation -of the cooling agent, in the
gooling chamber, The gvaporation is
carried out in such g manper that more or
less sxtemsive rectification of the cooling
20 agent ocenrs. - This rectification has the
effeet that- in the lower layers, the
evaporation of the cooling agent fakes
. place at a higher temperature than in the
upper layers, -~
80 - The reetification of the cooling liquid
¢ mixture in the eooling chamber is, for
examrple; produced by filling the cooling
chamber with filling rings, spirals, balls
or the like packings. A suitable numhber
of grids or sieve trays may also be dis-
posed one ghove the other. Finally in
" many cases the ccoling chamhber may also
be designed as a rectification colummn with
_ bmbble trays and caps, _
4 - The rectification may be carried out in
. per se known manner, by introducing the
- -liguid mixture continuously or inter-
 mittently into the cooling chamber,
approximately - at ity mid-height, and
48 withdrawing the lower boiling con-
stituents of the liquid mixture from the
top in the form. of vapours and the higher
boiling constifuents I liguid form
from ~the ‘bettom of the cooling
60 chamber. The rectification may however,
also. be varied in such a way that
the liguid remains continwously or for
a  relatively Jong period of fime in
the cooling chamber, and thal only the
53 lower boiling constituents of the lgquid
are evaporated and are removed for
example from the top of the cooling chom-
ber in vapour form. Szid lower boiling
: constituents ‘are then condensed outside
80 the cooling chember, preferably whilst
utilising their heat of condensation, for
gxample for steam-raising and returned to
- the upper part of the cooling chamher af
a suitable point. ..~ R -
65 - As eooling medium for the catalyst use
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is made of mixtures of orgamie liguids,
-particularly of gaturated hydroparboms ox
ydrocarbon, compounds, such as paraffins,
diphenyl, or glycerine, For example the
ceoling medivm may consist of hydro-
carbon fractions whose hoiling range is
substentially greater and includes the -
necessalry range of reaction temperatures,
for example for reaction. temperatures .= -
between 250° and 800° . the boiling- 75
range might be from 150° C. 40 450° C. or ~.
above, Parafinic hydrocarbon fractions -
which cortain relatively large smounts of
C;=Cy; hydrvocarbons may. FTrequently
also be used. The selection of the boiling 80
range of the mixlures is determined by
the particular reaction temperature and
the design of the reaction chamber and
also by the degree of rectification obtain-
able with the mixture. In the case of a-
small degree of rectifieation or correspond-
ing distlladive -yariation of temperature
and -coneentration in the cooling chamber,
a greater boiling range is selected than in’
the case of a greater degreeof rectification: 90
By this adjustment it 1s possible to-male
the cooling independent of the nature of
the rectification. In addition, the cooling -
may be adjusted by the boiling eurve of
the cooling agent. For - examgple, the 95
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reaction conditions in the contact reactor - -

ay first require a.slow  and then an.
incregsingty faster ineresse of the cool- < - .
ing femperature. Thig requirement can
also he easily complied with by using 2100
cooling liguid mixture of suitable .com-
posifion, for example, fractions af prefer.
ably saturated khydrocarbons nr- hiydro-

carbon compounds having a boiling curve -
which is flat st the-beginning and rises 105 -
sharply towards the emi -0 e
.The same effect may be achieved by the

selection of the pagkings in the copling
chamber, for example by varying the dis-

tance of the packings from gne another or 120 -

the.size of the layer or layers of packing .~ - .|
bodies. o . - .
If the boiling limits of the egoling
Hquid mixture are selected to be corre- ,
spondingly wide, for exampleé from 180 115.
to 500° C., when usinrg mixitures of para- -
finic hydrocarbong as the cooling liguid
for the catalytic hydrogenation of earhon’
monoxide to higher hydrocarbons, given
sufficiently high cooling chambers and 120
BAITeW cross-sections it is even possible o
dispense with inserts in the cooling cham-.
bt_ar‘. Yt is then sufficient to wse only fhe
difference in femperature, which for -
example is creatéd by the constant veturn 195
ofthe evaporated lower boiling and re- -
condensed liquid constiivents in the upper
part of the geeling ghamber. L
Ahe vapours- of the cocling medium
which -escape from the cooling chamber 123
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may advantageously he used for steam
raising by passing them through a heat
exchanger in which boiling water is used
ag cooling mediwm. During the cooling
the hoiling water evaporates and is main-
tnined under a certain pressure, If this
pressure be altered, the {emperature of
the hoiling water and gimnltanecusly also
the temperiture of the condensing cool-
10 ing medium will be altered. Thus, the
temperature of the condensing cooling
medium can be easily adjusted by vary-
ing the pressure under which the boiling
water is maintained.
15 In order to enable the invention fo be
more readily understood, reference is
made to the accompanying drawings
which illustrate diagrammatically and by
way of example various forms of appa-
ratus suitable for carrying the same into
practical effect, and in which:—
Pig. 1 is a vertical section of one form
of contact reactor;
Figs. 2 and 3 show various forms of
25 cooling chamber;
Fig, 4 i a vertieal section of another
form of contaet reactor; and
Fig. 5 is g plan of Fig. 4.
Referring to Fig. 1, the reference
30 numeral I denotes the jocket of the con-
tact reactor, 2 the inlet and 3 the ontlet
for the gases, which flow threugh the
tubes 4 filled with catalyst. These tubes
are surrounded by the cooling medium,
35 which oceupies the space in the contact
reactor which is not taken up by the tubes,
In this cooling chamber are disposed sieve
trays 5 which may he designed, as shown
on an enlarged scale in Fig. 3, and be at
40 different distances from ome another, The
cooling medium vapours leave the reactor
throvgh the conmections 6, which lead
into the annular pipe 7. TFrom the
annular pipe, the vapours pass through
45 the pipe 8 into the heat exchanger 9, in
which they condense and give up the heat
thus liberated to water which enters the
heat exchanger through the pipe 10 and
leaves the heat exchanger as steam
50 through the pipe 11, The cooling medinm
condensate returns from the theat
exchanger 9 into the contact reactor 1
throngh a pipe 12.
If o sharper rectification iz required.
55 the cooling chamber may he designed in
accordance with the prineiple illusirated
in Fig. 2, in which trays 13 with caps 14
are disposed around the catalyst tubes 4.
15 are the overflows, which are advan-
80 tageously placed at a high level, in
order that the contact tubes may be
hathed as evenly as possible by the cooling
medium,
The invention may also be applied to
66 so-called lamina reactors, which are used
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for the catalytic hydrogenation of carbon
monoxide to hydrocarbons and, 1f desired,
hydrocarbon compounds,

Laminar reactors consist, as is well
known, of a rectangular container in 70
which are inserted vertically o large
number of sheets. Through these sheets
{(laminze), which are at o distance of
8 mm. irom one anoiher, numerous pipes
are passed, through which the cooling 76
water flows. Thege pipes terminate out-
sidte the reactor in horizontal collecting
pipes which in turn lead into vertical
riser pipes at each end, so that fonr riser
pipes, one at each eormer of the reactor, 80
are connected with a steam collector in
such g mwanner that water continwously
circulates through the cooling tubes and
pipes.

The ziser pipes on ome side of the 85
reactor are divided inte compartments so
that there is one compartment to each
collector pipe. Said risers are not directly
connected with the steam collector. The
riser pipes on. the other side of the reactor 90
are advantagecusly filled with packing,
sieve trays or the like. From each com-
partment of fhe subdivideq riser pipes,

a horizontal or slightly inelined, advan-
tageously external, connecting pipe leads 95
to those riser pipes conmected with the
steam collector. -

The mode of operation is then as
follows :m

The cooling agent is partially evapor- 100
ated in the cooling pipes. The vapour
evolved rises 46 the steam collector
through the riser pipes connected thereto,
The packing or the like prevents entrained
Liguid from being carried upward by the
vapour so that equalisation of tempera-
ture between the upper and lower por-
tions of the riser does mot occur. The
liguid thus retained by the packing flows
back through the connecting pipes to the 110
separate compartments of the subdivided
riser pipes, keeping these continuously
filled. :

In Figs. 4 and 5, 21 denotes the shell
of the reactor, 22 are the laminy sheets, 115
and 23 the cooling pipes. The cooling
Pipes are coiled and end in collector pipes
24, The collector pipeg 24 end at both
ends in the riser pipes 25. The riser pipes
on the reactor side Li are subdivided by 120
the partitions 26, whilst sieve trays 2
are disposed in the riser pipes on the reac-
tor side R. 28 are the connecting pipes,
which are guided from the riser pipes of
one side of the reactor to those of the 193
other side of the reactor. The riser pipes
of one side of thé reactor are connected b
the pipes 28 t0' the gteam collector 30. In
the steam callector 80 are provided heat
exchange tubes 31, which are in com-~ 130
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munication with the pipes 29, o that the

oil vapouls condense in the tubes 31. The

heat of condensation is given up to water
present in the steam collector 30, which

9 13 evaporated and taken off in the form of

steam througlh the pipe 32, 33 is the
water supply pipe to the steam. collector;
34 is the inlet and 36 the outlet for the
synthesis gases.

10 By the subdivision of the riser pipes en
one gide of the reactor, the comnecting
pipes 28 and, where fitfed, the inserts or
the like in the riser pipes on the other
side of the reactor, and alse by the cool-

15 ing tubes, various superimposed compart-
ments are creatéd. In these the cooling
medinm- ¢an circulate independently.
However, no permanent rapid mixing of
the ceoling media, which are contained

20 in the various superimposed compart-
ments, oceurs. Owing fo this fact and to
the return of the cooling medium con-
densate from the steam collector, the
effert is achieved that a kind of rectifica-

25 tion of the cooling medium ocenrs in the
riser pipes so that o higher boiling eool-
ing medinm composition cbtains in the
lower compartmeénts than in the compart-
ments lying thereabove. The reactor

H temperatures are likewise dependent on
the cooling medinm temperatures, so that
the lower parls of the catalyst im the
resctor work at higher temperatures than
the upper parts. The effect iz thereby

34 achieved that the conversion in all parts
of the catalyst, is approximately equal
and the imfluence, which would be pro-
duced by the decreasing comcentration of
the reacting gases on the rate of reaction

40 as they pass through the catalyst af the

. same temperature, iz balaneed hy the
increased rate of reaction due 1o the
biglher temperature,

] ) " ExiMPIE,

45 When producing hydrocarbons by tle
catalytic hydrogenation of carbon mon-
oxide by the proeess of the present-inven-
tion, there is used for the contact reactor,
whick mav be designed as shown in the

B0 draswing, a cooling medinm which hoils
between 180 and 2560° C. and constitutes
o mixture of saturated hydrocarbong with
a high. proportion of C,,, C,;, C; and a
smaller proportion of C,, hydrocarbons.

55 As catalyst, use was made of & mormnal
cobalt-therium cxide catalyst composed of
100 parts of cobalt, 5 parts of thorium
oxide, 8 parts of magnesinm oxide, and
200 parts of kieselgnhy.

60 The synthesis gas was a pressure gasi-
fieation gas, which had been produced
under a pressure of 20 atmospheres above
atmospheriz from brown coal and was
gomposed of ;—

Cco, 1.29%, BB
Cotm 0.1%
Co 23.3%
H, 54.6%, R .
CH, 18.6% . }
N, 2.39% - T T

The operation was_earried out._in ons
stage, with reeyeling of the synthesis pas,
using 1 volume of fresh gas to 2 volutnes
of recycled gas. The gas issuing from
the reactor, after separation therefrom of 75
the valuable condensible reaction pro-
ducts and of water, whs cotiposed of : — ~

), L TR% -
] - CnHm ©_0:5%.. '
. ) o 1.0%,. . 7 80
, H, 0.8% |
CH, . 82.3%
N 827,

The temperature at the top of the contaet’
reactor was 190° C. | It rose to 210° C. ot 8
the bottom. The gas load of the-catalyst
was 300 cubic metres per eubie meire of
catalyst per hour. The confact reaetor
worked at a gas pressure of 20 atms, The
yield was 60% of gasoling, 25% of 90
diesel oil, 12%, of crude paraflin,.and 3%
of hard wax. The gas obtained, from
which the lower beuzines, primcipally
those containing three or fomr ecarbon
atoms had not been separated out, eould 95
advantagecusly be used as pipeline gas
for long distance transmission or for use
in the chemical indusiry, as its calorific
valne smounted fo about 3000 cals. and
its methane content was over 809%. - 100
" “From the resulis bereinbefore get Torth
it ‘can be seen that the caialyst in the
hereindescribed process has worked up
“_rhe gas to the extent of 99.5% conversion
in a single stage operation, under 2 load 105
of three times that usual in the normal
Fischer-Tropséh synthesis, :

That we claim is:1—

1. A process of carrying out exother-
mic gas veactions. and especially for 1y
hydrogenating carbor monoxide o
higher hydrocarbons in catalytic reactors
in which the liberated heat of reaction is
removed by heat exchange surfaces and
transmitted to an evaporating cooling 115
medium contained in a cha];ﬁaef PosI-
tioned within the reactor and in which
the gaseous reactants are passed inio the
top- and the reaction produets are -with-
drawn from the bottem of the reactor,
charaeterised in that in order to ohtain
reaction temperatures increasing from toy
to bottom of the reactor, & cooling
medinm comprising two or more orgamic
liguid constiuents having different hoil- 125
ing points 1s used, the hoiling range of
which cooling medinm is substentially
grénter than and includes the mecessary
range of reaction temperature,

120
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2. Process ag claimed in Claim 1, in
which the boiling range of the cooling
medium is so selected that the cooling
medium temperature rises in passing

§ 1Irom the gas 1nlet to the gag outlet of the
confact reactor by more than 5° (.,
advantageously more than 20° C.

3. Process as claimed in Glaim I or 2,
in_ which substantially only the lower

10 boiling constituents of the cooling
medium are evaporated, and the vapours
are condensed in a cooling chamber cut-
side the reactor, for example by the use
of beiling water as heat exchange

16 medium and returned to the ecooling
medinm in the upper part of the chamber
containing the cooling medium and posi-
tioned within the reactor.

4. Process as claimed in any of Ulaims

20 1 or2, in which the vapours evolved from
the cooling medium are subjected to
rectification in the chamber containing
the cooling medium and positioned within
the reactor,

26 5. Process as claimed in any of Claims
1 to 4, in which fractions of preferably
saturated, hydrocarboms or hydrocarbon
compounds having a boiling eurve which
is flat at the beginning and rises sharply

30 towards the end and the boiling range of
which is greater than and includes the

necessary range of reaction temperature,
are used as cooling media.

6. Process as claimed in Claim 8, in
which when using boiling waler as con- 85
densing medium for the vapours of the
cooling agent the temperature of the
cooling agent is adjusted by varying the
pressure under which the boiling water is
maintained.

7. Process as claimed i Claim 4, in
which the cooling medium is introduced
at the wid-height of the chamber con-
taining the cooling medivm and posi-
tioned within the reactor, the lower 45
boiling constituents of the cooling
medinm are withdrawn in the form. of
vapour from the top, and the higher boil-
ing constituents are withdrawn in liguid
form. at the boitom of said chamber con- H(
taining the cooling medium within the
reactar.

8. Process of carrying out exothermie
gas reactions and especially for hydro-
genating earbon monoxide to hgher 55
hydrocarbons, substaniially as deseribed.

Dated this 20th day of June, 1949,
W, H. A. THIEMANN,
Prestige House, 14 to 18, Holborn,

London, E.C.1,
Agent for the Applica.n_ts.

Lesmingfon Spa: Printed for Her Majesty's Stationery Office, by the Conrier Press.—1988.
Published at The Pxtent Office, 25, Southampion I_Suildinp, London, W.0.2, from which

oopiss muy be chiined,
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fig. 4.
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2 SHEETS  p drawing is a reproduction of
the Original en g reduced scale.
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