20

o
o

4

1B

PATENT S

Na, 28671 /42,

PECIFICATION

£ T T

680,821

Date of Application and filing Complate Specification Nov, 8, 1249,

Cemplate Specification Published Oct, {3, 1952, °

{Under this application which was originally made under Section ¢1
of the Patents and Designs Acts, 1507 to 1946 a Spaclfication was -
laid open te public inspection on june 8, | $50.)

COMPLETS

SPRCIFICATION

Process and Apparatus for the Catalytic Hydrogenation of
Carbon Monoxide

AKTIENGESELL-

We
scmr&', u (rerman Company, of Ober-

I CHRCHEMIE

hausen—Holten, (Germany, do hereby
declare the nalure of this mvention and
in what manner the same is fo be per-
formed, to be particulaily deseribed and
ascertainsd in and by the following state-
menti—

In carrying oul the catalytic liydro-
genation of carbon mynoxide for the
menufacture of hydrovarbons andfaor
oxygen-containing derivatives thereoi,
large quantities of heat are evulved which
have to be removed ag quickly and com-
pletely as possible, uy otherwise the syn-
thesis tewperature increases fo sush an
extent thut there is an extensive produe-
tion of methune and other hydrovarbons
of low molecular weight. Jn practive, for
earrying out the carbon monoxide hydro-
genation, synthesis roactors are msed
which ave provided with an efiective heat
exclupge device, for ‘axample, ium_the
form of a system of tubes. The built-in
cooling tubes huve flowing through them
water or otler cooling ligquids, for
example, hydrecarhons, which take up the
Leat evolved in the synthesis.

For iechnical reasons, water vooling is
ﬁgnemlly preferred, Boiling  wader,

caunse of itz high heat of vaporisation,
offers, as cooling agent, one of the surest
means ior the removal of the consider-
able amount of heat evolved during the
reaciion, cffective removal of such heat
heing of decisive importance in the syn-
{lesis. IPurthermwore, boiling  water
enubles the heat of reaction so removed,
to be converted into useful stcam In a
simple and ready manner, Fach synihesis
reactor, or each wroup of gynthesis reac-
tors, iy provided for this purpose with 2
steam drum connected to the systom of
cooling tubes in the synthesis reacior.
Clonvection currents and local formativu
of steam result in the mnecessary water
circulation. Tnside the vuoling-tube sys-

tem. The steam generated is conlinuously
drawn off from the eteam drum mounted
ubove the synthesis reactor, so that the 3
conling temperature mey be regulated, in
lknown manner, by regulaling the pres-
gure at which the gheam is wi%ixdmwn.

Modern  synthesis reactors for lhe
hydrogenatiorn of carbon monoxide gener-
ally operate with the catalyst provided in
{lin, vertical layers or pockets or in nar-
row verbical tubes, The synthesis gas is
passed dewnweardly through ihe pockets
or tubes. The entrant synthesis gases are
so exiensively cunverted in the upper
part of each vertical layer or column of
vatalyst thot approximately the whole ui
tiie gas couversion hitherto obiained in
the reaclor has been cffected in the upper 65
hal? of the vertical layer or solumn of
catalyet, whilst the lower Lelf, for all

ractical purposes, has nol participated
in lhe conversion, and has lutherto heen
considered us a catalyst reserve, In some 70
circumatances this lower hall of the cata-
Iyst Alling can even produce undesirved
effects, for example, the hydrogenation of
olefinic bydrocarhons already formed to .
parsfiin hydrocarbnmg or the formativn of 75
carbon divxide by the following reaction:
CO+H,0=C0.+H,.

In the lower part of the valalyst filing
1o further appreciable conversion can
take place, stnoe the temperalure which 8
is maintained constant throughout the
whole layer or column of oatalyst, is no
longer suffieient, iu_the lower pari, to
elfcet conversion of the residusl syuthosis
gases. Tg obviate this disadvantage, the
layers or colwmng of catalyst have, in the
hi}_'rdrngenatiun of carbon monozide;
ulready been operated with a iemperature
rising in the divection of the gas flow. Tn
{his way {he upper part of each layer or
column of calalysi has been maintained at
the optimum temperature [or the sanvear-
pion of the freshly eulering gas, whilst
ihe temperature in the lower pari of the
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layer or column of catalyst has been raised
to such an axtent, that the residual and
unaconverted part of the symilesis gases
has also been converted iv u large exient.
a _To carry vuf this method of nperation,
the tubes or pockets containing the cata-
lyst were cooled by flowing steam or by
hydrocarbon fractions the individual com-
ponents of whioh boil over a broader tem-
19 ‘perature range.

This method of operation reprosents »
Turther development of the so-called pro-
gressive or multi-stage synthesis. This, ag
1s lenown, 1s operated with 2 to 8 gynthesis

15 reactors vonnected in series all Ailed with
the same catalyst mass, but operated at
progressively rising temperature. There
18 5 basie differencc only in so far thut in
this kmown mulii-stage synthesis, belore

20 passing inic the next reactor, the syn-
thesis products formed in the previous
reactor arve removed whally or in part
frem the gas stream by condensuiion.
When, the temperature of the layers or

25 cohunng of cafalyst in the dirschion of
the gas flow is raised in a single reactor
this pussibility does not exist. ~ T'he syn-
thesiy products formed in the couler vala-
lyst rone must be carried over in their

80 entirety into the hotler catalyst zonas,

The agcurate maintenance of a catalyst
temperatura increasing in the direclion
of the gas flow presents appreciable diffi-
eulties, in partienlar as in all tubes or

38 pockets, ns umiform a temperature
gradienl as possible 13 desired. 1% has
now been found that a more reguiai rise
in synthesis temperature {hroughout the
whala catalyst filling of u reactor can be

40) achieved if the aeacior iz providad with
a numper of zones each of which can
be cooled independently of the others.
This method can be used for synthesis
reartors operating at pressures below and

45 above elmospheric pressure, :

Accordiig to the invention thercfore, a
process for the production of hydrocar-
bons andfor oxygen-containing deriva-
tives thersol by the calalytic hydrogens-

60 tiou of curbon monoxide, ineludes the step
of indirevtly analing the eatalyst in sec-
tions by the evaporation of = liguid or
Hauids, each scofion Leing cooled inde-
pandently of the other sactions in the

55 same renctor and the conling of {he sec-
{ions belng controlled to meintain a cata-
lyst temperature which inersases in the

irection of How of the syuthesia pases.

It is of particular advantage that exist-

60 ing synthesls plants can he readily con-
verted for operation in accordance with
the invenfion. Kach synihesis reactor
must then have, in addition to the one
steam drum hitherte provided, a further

65 n~' steam drams, when the syathesis

operation is {¢ be carried owl, with % cool-
ing zones. The only further alteration
required is the installation of a faw pipes
for the conling medivuw. :

No  additional steam drums  ure 79
ragutred if seversl reaciors are comaeoted
together fu v number equal 4o the number
of cooling zones provided in each veaator.
The cooling medinnm circuits of all renc-
wrs are mimitarly disposed in relation sne
to snother i respect uf their zone fem-
Derature, und are combined iuto appropri-
ate vooling systems, cach system bemng
connected to oe ol ihe steam droms
already provided above the synthesis gg
TeR0hOTs.

Lhy process according 1o the invention
may be carried out purticularly -advan-
tagevusly with syntliesis reactors in which
the catalyst is contained in vertical Tert- 85
angnlar pockeis, which are bounded by
metal plates or sheets aud traversed, per-
pendicularly to the surtace of the plates
or shests, by numerous cooling  tubes
which are comnected to one auotner out- o4
side the furnace by elbows or headers to
tnled and outlet prpes. bynthesis reactors
of this type are known and are identifierd
in the fotlowing deseription and in the
fﬁlppe}:}ded claims, as ** multi-plate rcac- 25
ors *. .

,Ln the accompanying drawings, thern is
diagrammaticatly shown by way of
example, u mumber of syuthesis regotors
provided with meang for cooling the cata- 100
lysts In zones acovrding to the mventinn,

Fignre 1 shows, in vertical ssotion, a
multi-plale reactor provided with several,
separate steam frums; )

. Figuze 2 shows the method of conneet- 104

ing together several multi-plate reactors
each provided with o separate steam
rum; :

Figures 3 aund 4 show vorticsl sections
through multi-tubular reactors. 110

In Figure 1 & syuthesis resctor 1 is
shown, which is provided with verbioal
varallel metal plates or sheets 2 beiween
which the catalyst s disposed in known
nauner. — '[he synthesis gases enter the 115
reacior at 3 and the syufjlesis products
?lud. unconverted gases ure withdrawn ot

[

The multi-plute reactor shown by way
of example, iy provided with three Bepar- 120
ate nooling yystems 5, § and 7. Fach cool-
1n§ system comprises & number of cooling
tubes which, i g, mulii-plate reactor, pess
through the metal sheets or plates 2 in a
direction perpendicular ty the smrfaces of 125
the shaets or plates, the tubes ©omprising
0ne oooling systemy being conmueckad by
pes to the eorresponding steam drom.,
The tubes of the uppermost conling gys- .
tem 5 ars comnected by an inlet Dipe and 138




hy an oublel pipe to the steam drum 8;
the tubes of the cooling systems 6 and 7
are connected in similar manner to the
steam drums % and 10 respectively. Hach
5 of the steam drums is conneeted through
a separate reducing valve 11 to a gommon.
ipe through which the steam is with-

TaWI.

¥n this maunner, the pressure on tha

10 water in each of the coohing systems may
be independently controlled so that the
temperature in each of the zones of the
reaclor {raversed by the cooling systems,
may he maiutuined at the desired level.

16 Thus by mainiaining the pressure ol the
highest lovel in cooling system 7, at the
lowest level in cooling system o and at
an intermediate level in eooling system
8, the temperalure of the catalyst is con-

a9 trolled so that if increases in the divec-
lion. of flow of the gynthesis gases.

“If the synlhegis reactors in which dif-
ferent zones are to be maintained at dif-
fereni temperatures, are cperaled with

g5 only one steam drum each amnd several

reactors sro to he grouped together in a

multi-slage syntheals, then the nests of
cooling fubes wud the steam drums are

connected In the mauner shown in
a0 l*‘lfure 2. _ .
The synthesis reactors 12, 1& ,14 ore

cach formed, in a similar mauner to the
renclor shown in Figure 1, with three
cooling systems 15, 16 and 17 lying one
35 above the other to previde three couvling
zones with each reactor. Steam drume 18,

19 and 20 are provided above the reac-.

tors 12, 13 and 14 respoctively. As may he
seen from the lines of fow 1n Figurs 2,

40 the lowertaost cooling zons vl each of the
three synthesis reactors is connected tothe
steam drum 13, the middle cooling zone
of each resclor being connected to the
steam dpum 19 while the uppermost coold-

45 ing mone of each reactor is commected (o
the steam drum 20. By means of the
reducing valves 21 the individual steam
drums may be connected fo a cummon
wilthdrawal pipe 22,

50 Though the mcthod according to the
invention may be carvied out most simply
with synthesis reactors vperated at mor-
mal atmogpheric pressure, it i3 no way
limited to the use of such reantorss. Syn-

55 thesis reactors which arc operated af
superatmospheric pressures may niso be
cooled in zomeg in aceordance with the
invention. Suech reactors may be of the
multi-plaie Llype hercinbefore described

g0 or they may be of the mulii-tubular type.
By the term *° multi-tubular reector ” is
t0 be understoud a reactor im which the
catalyst iz conlained in narrow tubes
which arc beaded or otherwise held in

66 fluid-tight manner at both ends in tube

630,821 3

plates and are surrounded by the shell
of the reactor, through whick the cooling
agent is passed. If multi-tubular reaciors
of this type ars, during operstion, to be
covled in zohes or sections zccordmmg to 7O
the method of the invention, Iuribcr
intermediate plates or floors have to be
built into the reaclor, The zomes or sec-
fions formed by the intermediate plafes
or floorz are cack provided with an vublet 76
and inlet tur the cooling agent: T4 is in
this case advantagecus fo wse individual
reactor sections 23, 24 and 25 (Figure 3}
mounted with their respective snd platcs
or fcors divectly adjacent. The synthesis 80
gaces are passed inbo the reactor through
a pipe 26, and the synibesis produsts,
inciuding the unconverted gasus wre with-
drawn gt the bottom of the reacior
through an cutley 27.  The wuppermost 85
reactor section 28 Is provided with o cir-
cuil 28 tor the cooling medium, by means
of which ihe stcam generated i this cir-
cuit passex vul of the steam dram 29
throngh a reducing valve 30 into the mein B0
steam pipe 31. In a similar manuner, the
two reactor sections ¥4 and 25 are cooled
by the cooling medium in aircvits 32 and
38 respeclively, which are conmnected
through reduciug valves 34 and 35 to the D4
main steam pipe 81. ~ By appropriate
regulation of the reducing valves a0, 34
and 33, the teraperature at which the
couling agent in each of the circuits 28,
82 and 35 boils, may be varted, and the 100
temperature of the catnlyst in the rems-
tor scetions 23, 24 and 24 may we con-
wzolled so v Lo inorease in the direction
of the gay fow..

1t is also possiblc to provide the indi- 105
vidual reactors sections 1 separafs hous-
ingg or shells, as is shown schemutically
in Figure 4. The reactor sectiong 36, 87
snd 5% sre provided with separate cirenits
for the cooling agent end the circuits are
connected through reducing valves 39, 40
and 41 to a steam ounilet pipe 42. By regu-
lating the rcducing valves, the pressure
in each of the circuits may be varied go
as to maintain the temperalurs in each of 116
the three reactor sections ai the desired
level, The synthesis gases are passed to
the first reactor scetion 36 through the
pipe 43 fo stream successively lhreough
the sections 36, 37 and 38, after which 120
the synthesis produets and residnal gases
are withdrawn through a pipe 44. The
redncing valves 89, 40 and 41 are broughi
ints operation in such a way that ibe
loweet temperatnre of the conling apent 125
is in reaclor scetlon 36 snd the highest
in reactor section 88. In ibis way lhe
synthesis operation ean be carried out
with a catalyst the temperatura of which
rises in the direeticn of gas dow.
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- In order lo simplify the lustration,
only thies reactor sections are shown in
the drawings. 1t will be understood, Low-
ever, that 1% iy poswible tv vary this pum-
ber and to operate the synthesis with a
grenler mumber of cooling zones or sec-
tions if &n desired.

The temperatures mainlsined in the
individual vovling zones in the reactor are
dependent upon the condifions of opera-
fion of the synthesis, mainly upon the
type and age of the catalyst. It cobalt
catalysts are used, then for a synthesis
reactor opersting with three eooling

15 zvnes, the femperature of the cooling

to 185° T,

agent, which iy preferably water under
pressure, in the firgt or appermost zoue s
gencrally lield within the range 170° O,
- The middle reacfor zone is

enerally operated at a temperaturs
wetween 1807 C., and 195° €., whilst in
the lowesl zone temperatures within the
ragge 180% O, to 2107 C. are generally
nged. The temperaturcs are so chosen

25 within the given runges thal batween the

40
45

50

covling agent temperatures of the three
zones thers axist differences of approxi-
mately 107 (5, :

With iren catalysts, higher tempern-
tures for the wooling zones sre used. The
temperaiures are governed by the type
of catalyst and by the synthestg pressure.

1% is an advantage of the process of zone
cooling aceording to tle mvention thet,
with the use of & limited number of coul-
ing zones, u practically uniform rize of
vatalyst temperature in the direction of
flow of the synihests gny can be abtained.
At the positions where the individual
oyoling zomes meel, by virlue of the use
of material of good heut conductivity in
the constructiop of tlie tubes, 5 levelling
ant of the difference in temperature of the
cooling agent in adjacent zones is cliveted.
In earrying out the invenlion on a lurge
scale, each reaciur will generally be pro-
vided with more than three cooling zones.
The difference in the temperature of the
conling ageni in-adjacent gones may thea
be omly 2° C. to 4° C., which diflerences
are decrevsed in the layers or columns of
cabalyst o give & subslantially uniform
increase- In femperature in the catalyst
mass in, the direefion of gas flow, The uge

55 of “water under pressure as lhe cooling

60

agent s effective 10 provids a partien-
larly intensive cooling. I, om the other
hand 2 hoiling mixture of hydrocarhons
ig used to produce u catalyst tempersture
increaging in.the divection of the gus flow,
then a similarly intensive removal of Lient
at high temperature levels is not possible,

A carbon monoxide hydrogenation reac-
tor which is eooled by the methud aveord-

g5 ing to the inveation, provides nuiverous

advantages in synthesis technique.

By activation of catalyst layers. which
have not previonsty been used, or which
ure not completely spent, fie sams or o
higher gos conversiun can be obtained
with gas loads wppreciably higher than
those wtherto employed, so that the out-
but of the reactor may be considerably
mereased.  Lhe synmthesis temperstare,
reckoned as an average over the whole
catalyst layer, is in this case lower tham
the temperature of & catiysi bed vperated
at a nnilorm semperature. The formation
of mgher boiling hydrocarbens oy
therefore be appreciahly inoreased; or 1t
i possible to-obtain, in & single stage, a
gas utilization previously possible onky in
multi-stage operalion.  Yn this way the
formation of methane and other normally
gaseous hydrocarbons may, t0 a lurge
extent, bs suppressed, '

. The conversion ol the synthesis geg is,
 the process aceording to the invention,
spread substantially uniforaly ever the
whole catalyst layer. In this way nej only
is batter use wade of the catalyst, bict iis
life is also Jenglhened. In addition, tliere
s a eorrespunding increase in the sym-
thesds yield. : . '
_ The rise in synthesis temperature neces-
sitated by decreasc in the activity of thc
catalyst, may be varried out in an advan-
tageons manner by the process sccording
to the invention and it may be adapted to
the particular properties " of - individual
vatalysts, _

Umally, in ihe methad of oooling the
ratalyst necording te the invention, syn-
thesis gases may be uscd, the composi-
tiom of which, that is tv say, the carbon
monoxide-hydrogen ratio of which,.qorre-
sponds to the true utilization ratie. For
example il is possible to usc symthesis
gases bhaving such carbon monpxide-
hydrogen ratios that hitherto they tould
only be processed in u Synthesig wperation

(iR

Th

B0

85
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95
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110

provided with means for recyeling the .

gases, for example, synthesis gases which
contain une volume of carbon monoxide
por two volnmes, oy evew more than two
volumes, of hydrogen, In this manover, &-
further lowering of the symthesis - tem-

116

peraturc is possinle and the formation of -

hydrecarbons of greater molecular weighi,
13 increasad. s
Having now particularly desocibed and
ascertained the nature of our said inven-
tion, and in what mauncs the same is 1o
be performed, we devlare that what. we
claim is:— SR
1. A process for the produclion of
hydrocarbons and[or oxygen-containing
derivatives thereof by the catzlytic Iydro-
geawtlon of carbon monoxide, which
includes the step of indirectly oooling the

120
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eatalyst in sections, by the evaporation of
a liguid or liquids, each seclion being
vooled independently of the other sections
1o the same reactor, and the cooling of the
sertions being conbrolled to maintain a
catalyst temperature which incrcascs in
the direction of fHow of the synithesis
gases,

2, A process according o claim 1, in
which the lignid used for cooling s waler

. undor pressure.

3. Apparatus for carrying out the pro-
cess according to cleim 1 or claim 2,
which includes a mulli-plate reactor, s

15 hereinbcefore defined, provided with fwn

20

or mwwre independent nests of tubes
through which ']t].le gooling ligquid may oic-
enlate, each nest of tubesgijaiﬂg conneetad
by an inlet pino and an outlet pive v a
separule steam or vapour drum provided
wilh w pressure reducing valve and fhe
nests of fubes belng pogitioned one above
the other in the %irection of gas flow
through the reactor.

4. Apperatus acecrding to elaim 8, in
which a number of similar multi-plate
reactors, each provided wilh o steam or
vapour drum, are conueclted In paralicl,
the number of reastars beiny squal to the

- number of nesty of tuhes provided in each

reactor, wad the inlet and ountlet pipes
from corregponding nests of tubes = the
reactors belug connected fo the saame
steam, or vapour drum.

5. Apparatus for carrying out the pro-
cess aecording $o claim 1 or claim 2, whieh
includes » vertical, mmlfi-fubular reactor
as hersinbefore defined, divided into two
or wore superposed sections, a steam. or
vapour drum provided with a pressure
rednning valve for each section, ang inlet
and outlel, pipes connecting one secion
with ene drum,

G. A process for the production of
hydroc&rfons and oxygen-containing
derivatives thereof by the hidroganation
of earbon, monoxide, 1n which fhe reactor
or ropctors ig or ars vooled in the manper
hereinbefore deseribed,

7. Apparaius for carrying oub the pro-
cegs of eleim 1 or cluim 2, substantially
fa hereinbefore deseribed with reference
to Figure 1.

8, Appuratus for carrying out the pro-
cess of claim 1 ur claim 2, substantially
as hereinbefore described with reference
to Pigure 2.

9. Apparatus for carrying out the pro-
cess of claim 1 or claim 2, suhstantially
as hereinbefere described with reference
to Fig'ﬂre 3.

10. Apparatug for carrying out the pro-
cess of claim 1 or claim 2, suhstantially
28 hereinbefore deseribed with reference
to Figure 4.

TENDWARD RVANS & CO,,
14—18, Migh Holborn, London, W.C.1.

Loamington Spa: Printed for Hor Mujesty’s Siationery Office, by the Courier Press.—1853.
Pablished at The Datent Office, 25, Southampton Bnildings, London, W.C.2, from which
copies may be obtained. '
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