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CUMPLETE SPECIIMICATTION
Process for the Catalytic Hydrogenation of Carbon Monoxide

Wa, Hobpesems ABTIENGESELL-  and at temperatures which are

SCHAFL, g (ferman Company, of Oher-
haugen-Holten, CGermany; and Troper

enerally
» In the

within the range 180° C.—220°
about 80 o 120 volumes of the

DProcess,

IESEILAGIATT  ®in WARMBTHUENTE  synthesis 4as per volume of the catalyst
5 m.b.H., a German Compauny, of Trank- are ﬁzussed through per homr, During the 60
furt a.Main-Heddernheim, Germany, do oo NELS redu-cti-_:m 2 pas temperalure of

14

hereby declare the invention, for which
we.pray thet a patens may be granted to
us, and the methed by which it is to he
perloimed, 4o be partieular]ly deseribed
in and by the following staterment ; —
The invention zelates to the catalytic

nearly 300° C. is reguired. The nonven.
tronel synthesis resction may only he
uged: for temperalbures up tn about 250°
0., sinee the heat exchangs justallation,
that is to say, the cooling jackats ar tuhes
In the reactor, are built for & maximum

Lydrogenation af caThon menoxide to steam pressure of about 30 kg. per sq.
15 hydrocerbons with or without Oxygen-  em. -During {he raduction of the catalyst,
d

no
&5

30

35

it -

" of the catelyst without tlis

containing organic compounds gnd par-
tiewlarly to the preparation of an T
sapparted or carrier-frec vatalyst for use
in the hydrogenation of earbon on.
oxide.... ' .
- Cohali, nickel or iron valalysts which
are used in the oatalytic hydrogenation

the water under pressuie cirenlating
within the
heated o o {emperature nf uearly 300°
C. which would result in & sleam pressuve
of nearly 85 kg. er sg. cm. Onven-
tional synthesis veactors aTe not cop-
stueted to withstand saoh DPIessuTe.

ol carbon monoxide are treated with _S_ccangi, apart from these struetural
reducing gases prior-fo their wse as His difficulties, it has heen Impossible 1o
not possible to oblain adeguate wctivity effact the 'reducing trestment in  the

rednotion.
Carbon monoxide and/or hydrogen con-
taining gas mivtures ave used in this
pre-trestment, which iz called catalyst
reduction or eatalyst formution. The step
of catalyst reduection. is conventionally
ellecled outside the synthesis reaclor, sinee
prior fo {he présent inveption thd redue-
tion of an mnsupportad catalysi could
only e’ accomplished in relatively thin
layers at u temperature of appreximately
d00° C. Mitherto, all cfforis to reduce
unsupported carbon monoxide h dry-
genation - catalyets in  the synthesis
veactors lLave heen ynsuecessful. .
The pre-treatmeni in the synihesls
reactor ifgolf lus heemn teclinivally im-
possible’ £or twn reasons,” _
‘First, the hydrugenation of carbon men-
oxide, that isfo say, the synthesis proper,

4% iSeffected at novingl and medinm PressuTss
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synthesis reactor itgelf because a gertuin
tonstamcy in the catalysy Pre-tregtment
is required sxd hecguse of the heighi of
the catalyst Tayer to be maintained in
the reactdr, The reduction of am yp-
supnoréed watalyet Lias hitherto heen par-
formed with catalyst laver of g heiglt
of only 20 1o 40 oy, heeanse no wniform
reductiva has been possible with layers
of calalyst ol a greater hejoht, A still
further vhstacle Fies in the Fact that the
unsupported eatalyst, durinog ite redige-
Hon, shrinks considerably, sometimes 1o
the extent of 809 of its volums.

- I the hydrogenation of carbon mon-
oxide the vatalyst, after itg precipitation
from & ‘solution of onc vt its salls, ia
moulded whilst™ it {5 still relatively
moist; it is thon dried at g temperaturs
of about 110° ¢ When a catalyst tube
of & length of 4 to 5 motres ie filled with
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heat  exchanger would be
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the mouided unsupported catalyst which
hus been dried in the usnal manner at a
temperature of ghouwt 110° C., a shrink-
age of up to 0% of the origimal height
5 of the ratalyst column oeours if fhe
treatment with fthe reducing geses is
effected in the reactor. Thus, if the pre-
treatment takes place in the synthesis
reautor, the reactor would only comtain
10 unsupported eatalyst to the extent uf
abouf 50% ol ifs cupacity, which is un-
economical.
It hes now been found that, in the
catelytic hydrogenation of carbon mom-
15 oxide for the production of hydrovarbons
with or withouwt oxygen-containing
organic ecompounds, the mop-uniferm re-
duction of the unsupported catalyst in
layers of move than 50 ems. in height
20 and the excessive ghrinkege of the
coluinns of unsupported catalyst may be
largely or wholly avoided in fthe process
sceording to the invention.
According to the invention, & process
25 for the eatalylic hydrogenation of carbon
: maonoxide comprises the use of a cobalt,
wiekel or irom cslalyst which is un-
supported and which, prior to use in tha
bydrogenation, hes heen dried for a
30 perivd of from 6 to 24 hours at 2 tem-
peraturs within the range 150°—350° C.
and has thereaficr heen reduced In layess
or columns of more than 100 ecentimetres
in height with a gas mixtuwre contuining
35 curbon monoxide andjor hydrogen at a
flow velocity of approximately 10{—R00
ventimetres per seeond (760 mm. Hg. and
0° 0. :
_ The invention furiher comprises o
40 cobalf, nickel or iron cafalyst free fram
supporting material for use in the hydro-
genation of earhon monoxide, which
catalyst has been dried for a peried of
from 6 o 24 hours at a temperature
45 within the ronge 150°—350" . belore
bildg reduced or aciivated.

After the. unsupperted catalyst Tas
been moulded and then pariiaily dried
at a femperature of about 100°—L10° .,

50 it is dried thoroughly for a period ol 6
4u 24 hours at a temperature within the
range of “180°-350° (., prcferably
175°—350° C., before its reduction and
* formation ' with gas mixtures con-

9% taining cerbon monuside andfor hydro-
gan. Aftar this thermal treatment for
thorough drying, the catalyst is placed
in’ the synthesis reactor in layers or
goluwmms of o height of more than 100

60 ems. end preferably in Iayers or colurens
of a leight of 400 to 1,000 ems. The
thorough drving may, if desived, he
cvarried out In the synthesis reactor.

" These layers or noluuns of the catalysl

65 in the synthesis reactor are then reduced

with gas mixtures eontaining carban mon-
oxide andfor hydrogen at flow velocitios
of about 100 o 200 cms. fsec. (760 mm.
Hg znd 0° C.).

The therough drying uf the unreduced, 70
nnzupporied catalyst at {emperatures
within the range 150" C. ¢ 350° C. pre-
vents or greutly veduces the subsequent
shrinking during the reduelion of the
mnsupported catalyst within the syn- 76
thesis reactor. By operating with reduc-
ing gnses having u linear speed of 100
to 200 cms. fsec. it is possible to reduse
catalyst columns of a length of § to 10
melres in' a nniform manner in 60 o 120 80
minutes. With speeds for {he reducing
gas of about 20 to 40 cms./sec., such as
are usual in the methods of treatment
hitherto used, it is impossible to vbtain
o unidorm reducing action over the 85
entire column of {he unsupported: catu-
Iyst.

"The zreduction of the unsupported
catalyst, ascording to the invention, may
be effected with water gas, hydrogen, 00
sarbon monoxide or other gas mixtures
which *confain cathon momoxide ang
hydrogen in any desired ratio. Ti has
been found pariicularly advantageous io
remove, as complataly as possible, waler BB
vapour and carbon dioxide from the ze-
during geases prior to their nss. Tinder
the conditions hereinbefore described, the
redusing pre-treabment of wnsupported
cobalt and iron gatalysts may be effected 108
at considevahly lower lemperatures than
bave hitherlo been wused, for example,
the reduction may be effevted at tempera-
tures bebween 180° and 260° . Higher
reduotion temperalures may alse be used. 105
The lower reduction temperaiuves are,
however, pariicularly uadvantameous it
the calalyst is to have a Jower reduction
value and is to be used for the praduction
of hydeocurbons. , LiC

There are no technieal diffeulties in-
volved in using high gas flow speeds
dycing the reduciion of the calalyst
within the synthesis rearfor, ss the
synthesis is now comventionsally carried ELE
out at considerably higher mas speeds
than were formerly wsed, Tor this reason
the capanity of the gas blowers at present
m use iy slways great enough to permnit
a2 speed of the reduction gas of about 120
200 emfsey, (760 mm. Hg and 0° () to
ba obtained without sny difficulty.

Tn the reduchivn or formation of ihe
nnsupporled catalysts aecording +o fhe
process of the imvention, which Is parti-125
cularly suitable for iron catalysts, the
subsequent carbon monexide hydrogena-
tion may be carried out with approxi
mately 10 fo 20 fiwes the normal ges
load, that is to say, with 1000 io 2000 13(
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volumes of gas per volume of catalyst per
hour, and it is preferred that more than
500 volumes of gag be used per volume
of cutalyst per hour, 4iven with such high
pace veloities, o satisfactory removal
of the heat of reaction is obtained with
the use of uniformly boiling liquids ag
cooling media, and even with syuthesis
bubes or pipes having 2 dismelen of be-
twaen 20 and' 60 mm., if the rabes at
which the synthesis gnscs are passed over
the catalysts are preater than 50 em. [
sec., sud prefersbly greater thap 200
cnn fzec. (760 mm. Hy., 0° C., and calen-
ated on the ewply tube crass section),
The rates correspond to the afuresaid pas

~ loads of the catalyst. At {hese-high gas

30

G

45

speeds, turbulence ocours within ihe
#useous phase which is sufBeient to carry
the heat of reuction to the walls of the
tubes or pipes quickly and effectively,
From the walls of the tube the heat s
cifectively remaved by the latent heat
ubsorbed in the vaporisation of the gool-
ing mediwm. Homogensity ofitha eooling:
medivm  emgures, disregarding  small
hydrostatic differences,  un adequate
removal of the heat of reaction at all
levels of the catalyst column. Damage
through over-heating of the calalyst 1s
thus completely avoidad.

Many liquids which boil within the
temperature range of the syuthesis at
pressures which may be readily pon-
trolled, are suitahle for use as the cooling
media according :
has hean fouad to be {he best medium,
However, its use is nfteg impossible
because-the pressurs of stearn a4 synthesis
teroperatures of about 970° C. exneeds
60 kg. per sq. cm. This sleam presgure
requires the walls of the cooling system
fo be of such strength that their con-
structivn is wneconomicsl, By the uge of
appropriate cooling ‘medis which boil
within tha range 200°—300° C. at ordin-
ary atmospheric pressure or gt [ressures
of up to 20 ke, per 8q. om., operation
with comparatively thin walls is possible,

50 The following cooling mediz have heen

&0

8b

formd partionlarly suitable for {his pur.
pose: ethylens glyeol, aniline, nitro-
benzene, aud aliphatic or aromatic hydro-

carbous of suitabls molecular welght and

boiling puint, ‘When selecting the cgol-
ing’ med]leum, however, particular sare
must be faken that is boiling point is
such that vaporisation occurs mader the
operating conditions, as suffoient and
sfficient remaval of the heat of renction
is only possible with such vaporisation,

T# hag-been found partieulazly advan-
tageous v earry out the carbon monoxide
Lydrogenativn sceording to the inventinn

with a recycling of the exit gases. When

te the invention. Water -

692,284 3

operafing in s manuer, 0.5 io 10
volumes, Preferably 1 ty 4 volumes, of
recycled gas per volume of fresh gas aze
used. "The gynthegia bressure may bhe
maintained hetwean 10 and 100 kg. per
54. ¢m., the optimum §a5 uressures being
between 15 and 30 kg. per sq. cm. The
iuternal dimneter of the synthesis tubes
OF Ppes Way be ag large ag 20 to G0 mm,
stuce & sufficiently pgpid removal of the 75,
heat of venciion tales. place by reasyn of
the turbulenee of the fast Howing
synthesis gasas, .
- The process gocording to the invention
has the advantage of eliminaﬁng' the wuee
of a separets reductioy instellaticy whick
18, at presemi, required fop the produc.
tton of unsupporied catalysts, and which
16, In most cages, size.- Phis 13
Poasible as the redueing Pre-treatmendt
nf the unsupported ecatalysts may be

70

80

85

his process alsu facilitates the trons.
v6ion of tha catalyst to and itg intro.
duection inty the sgnhhesis reacior, ag +his
oan ba dons wig o1t the necessity pf
bhoving an oxygeo-froe protective £as
atmosphere,  ginees the non-reduced
calalyst  does net becoms Lot whan
handled in the open, 5]
The flow velocities of the gases wera
measured undsr {he conditions of gpera-
tlon in whigh the gases were used, and
were then converied 4o fgw velocities at
converted values of

0

J.‘P It ia. IOU

163)
- A progess for the catalytic hydrn-
: of earbon wonpxida with the
use of a cobalt, nipke] o Irem, catalyst
which 1a wosupported, in  whiel tha
catalyst, prior to use in the bhydrogeng- |14
bon, i dried for 5 period of G {o 24 hours
ab & temperatnre within the range 150°—.
350° 0. and g thersafier reduced in
layory of eolumus of more than 100 canti-
Molres in height with a Tas mixture coun- 114
taining carhen Monoxide and for hydro.
gen at o i f i

mm. Heg, and ¢° ).

2. A %lJrocess actording to elgim 1, in
which the catalyst s moulded and pre-
dried at a temparaturs of ahoui 100°
110° €. betore being dried foy 6—24
hours at 160°-—850° .

. A process according fo olaim j or
e%a-m; 2 in .which_ tiiil_e catalyst is dricd
ot a temperatyre n —
ot By within the range 175

4. A process according t0 uny ong of
the preceding clatms, iiéwhic}l ghe eatp- 130

120

123
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lyst is dried in layers of a height of 400
to 1000 centimetres. .

5. A process according to any gne of
the preceding claims, in which the gas

5 wmixiure used for the reduction of ‘%ha

" catalyst is substantially fres from water
vapour and sarhon dioxide,

G. A process accordivg to any ene of
the preceding claims, in which ike

10 catalyst is dried and reduced within the
hydrogenation reactor.

7."A process jocording o any one of
the precwding olaims, in which the dried
and rednoed eatalyst is lixedly provided

" 15 in tubes having a diamefar of 20—60
mm. through which synthesis gas is
passed al flow velocities of more than 50
cemtimetres per secomd (760 mm, Ilg,

- 0% 0., und ecalonlated on the cross-section

20 of an empty fubs} and in amounts greater
than 50(r volnmes of synihesis gas per
volume of catalyst per hour, the heat of
reaction baing vemoved by indirect heal
exchange with & substan{ially uniformly

25 Doiling lguid.

8. A& process according to clalm 7, in
which the How velocities of the synthesis
gas are greater tham 200 centimetres per
sceond. ; ’

30 9. A process according io clalm T ur
olaim 8, in which mure thun 1000
‘volumes of synthesis gas are passed aver
unit volume of the catalyst per hour.

10.. A provess according fo any one of

85 clatms ¥ ¢ 9; i which the synthesis, gas

within the range 10—L0F ks, per sq..em.,
preferably at g pressure within the range

iy passed over the' catalyst at a pressufe -

1530 kg. per ag. cm.

11. A process mecording 1o aoy one of 40
eleims 7 1o 10, in which {he synthesis gas
consists of 1 volume of fresh gag with
0.53—10 volumes of recycled gas, prefer-
ably 1—4 wolnmes of Tcr:ycledc Fas.

12, A process according to mny ome of 45
rlaims 7 to;1l, in which the substantially
uniformly boiling liguid has & beiling
point wilhin the range 200°—300° C. at
& pressure not greater thaw 20 ke, per
. (7, 50

18. A process according to claim 12,
in which the liguid is e'?hylene glhyeol,
aniline, nitrobenmems, or one or maore
aliphatic andfor aromuntic hydvocarbens.

14, A process uecording to any one of 55
the preceding vlaims, in which the cobalt,
nickel or irbn in the catulyst 15 ohtained
by precipitution from g salt solulioz.

15, A cobalt, nickel, or iron catelyst
{ree fron supporting materisl for use iu 60
the hydrogenation of corbou monoxide,
wwhich has been dried for a period of
to 24 hows af 2 {emperature within the
range 150° =350 C. before being reduced
or activated. 65

16. A pracess for the liydrogenation of
carbon mongxide, substantially as here-
inbefora descrihed.

17. Hydrocarbous and vxygen-contain-
ing orgumic compounds wherever ‘pro- 70
duced by the process of any one of vlaims
1 to 4 ond 16. '

..~ TDWARD EVANS & CO., -

14--18; High Holborn, London, W.(%1,
" Agents for the Applicants,

Leamington Spa: Printed for Her Mujesty's Stationery Office; by the Courier Press.—1953.

Fublighed at The Patent Office,

25, Southampton Buildings, Tondon, W.C.2, from which
coples may be obtained. .
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CORRRCTICN OF CLFRICAL ERFOR

SPECTFLCATION NO. AD2, 224

The follicwlig correction is in aceordance with the Declslon OF the rarintending
Examiner, acting for the Comptroller-fieneral, datad the [lrs day 07 August, 1853,

Page 1, 1ling 40, after "pre=treamentt ingert "OF an unsupboried catalysit,

THE PATINT QFFIQE,

DL August, 1035g T3 3€988/1(7) /3494 180 a/8% R
- a - i - L . L ] u-_-.-..:,.,-..-..\_. TASUCLL LR AL ety
n and by the fellowinmg statement: — that is te sav, the cooling ;u.ckets or tubes

The iavention reluies o the catalytic  in the reactor, are built for
Lydrogenation of carbon monoxide to steaw pressure of about 8
hvdrocarbons with or Without oxypen- . During the reduction of the vatalvat,

15 coniaining orgamic romponnds and par-  the warer  under pressupe vireulating 66
tienlarly to the preparvation of n un-  within the hegt exchuuger would e
supported or carrier-free catalyst for mse  heated o o temperature of nearly 3uy°
in the hydrogenation of carbon mon- (. whiech would result in 4 steam pPressure
oxide. of nearly 85 ky. per sy, em. Conven-

36 Gobalt, nickel or iron - atalysts whick tional synthesis reactors are not con- 63

are used in the catalytic bydrogenstion structad fo withetand suel, pressure,

of carbon monoxide "are ireated with Seroud, aparl from these structurgl

reducing gases prior-tp their yse as it s difficulties, it hae been impossible to

not possible {o obtain adequate activily effect the redueing treatment in  he

= of the cafalyst without {his reduchor. synihesis reactor ifself because a pertain 70
Carbon monoxide and{or kydrogen eon-  Comsianer in fhe catalyst pre-treatment
tuining ges mivinres are used in this  is requived and because of the height of
pre-freatment, which is galled catalyst  the catalyst laver o he maintaingd in
redaction or eutalyst formation. The step  thie renclor,  The reduetion ol an un-

30yt catalyst reduction is sonvenlionally  supported eatalyst lias hitherto haog per- i3
effected outside the synthesisreactor, singe formed with a catalyst layer of o height

prior fo the present inveation the vedue-  of only 20 to L0 ems. because uo uniform
tion of un  wnsupported catalyst could  yeduction lus been possible with layers
ohly be accomplished in relafively thin of catalyst of n greater height. A sill

32 luyers at a tempernture of approximately  further obstacle lies iu the fact that the 80
300° . Hitherto, all efforts to reduce msupported cutalyst, during s redue.
unsepported esrbon monoxide h rdro-  tion, shrinks considerably, someliyies to
genation - cutalysts in  the synihasiz the extent of 309 of its voltme,

Teactors have heen unsuceessful. i Iu the hydrogenation of carbon maon- )

40 The pre-treatment in the synthesis  gxide +le eatalyst, after its Drecipitation 85
reactor [lself has bLeen technivally im- from a solution of uue of its salts, is
possible for fwo reasoms. moulded whilst i s sl relatively

First, the hrdrogenation of carbon moil- - moist; it 18 then dried at g temperature
oxide, that is to say, the synthesis proper.. of about 110° €, Wlen o entalyst tube

45 [yeffectsd at nurmral and medim Pressures  of o length of 1 1o 5 nmictres is filled witl, 80

[F - - )

4 maximirm
kg, per sq,
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