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COMPLETE SPRCIFICATION
A process for the Conversion of Carbon Dioxide with Hydrogen

We, RNumnerevsssy ARPENGESELTL-
SCIATYT FUER DERGEAT TND CHuwmig, of
Hombery, Niederrheln, Germany, =a
German Body Curporate, do hereby

§ Jeclove the invention, for which we proy
that a patent muv be granted to ws, and
tha method by which it is to be performed,

to be partienlariv described in and by the

following stafement :—

The invention relates to o provess for
the eatalytie reduction nf carbon dioxide
with hydrogen with the production of
higher aliphatic hydrocarbons and oxXygen
conftainipg organic compounds.

T# is known to reduce carbon dinxide
with bydrogen to methane at atmospheric
pressure in the presence of a eatalyst vom-
prising & metal of Group 8 of the periodie
systern or melybdenmm or silver (zee
20 li'rans TVischer, Hsng Yropseh & Paul

Dilther. Brennsioffchemie 6, 263/71

(1923)). A great mumber of sxperiments
have nlen been made to obtain by the
catalytic reduction of carbon dioxide ab
2b utmospheric pressure, synthesis products
ollier than methane, sueh as oxygen-cun-
taining orgenic compounds or hydro-
carhons having more than one carbon
alom In the molacule (see Herbert Koch
80 & Hens Euester, Brennpstoffchemie 14,
945 /51 (1033); Yang Kuester, Brennsioff-
chemie 17, 221 (1830); Franz Fischer,
Theador Bulir & Albort Meugel, Brenn-
stoffchemie 18, 486 (1980)). In these
experiments the formation of hydro-
earbons of higher molceular weight than
methane was ohserved when pofassium
vompounds  were incorporuted In the
catalyst, Witk a1 bonrly throughput of
40 80 normal Litres of QO+ H, per litre of
regctor for a run of 80 howss, the maxi-
mum vicld per normal cubic metre of
€0, +H, (vormal=nat 760 mm mercury
pressure and 15° C.) obtained wk 200° C.,
45 using o cobalt eatalyst, was epproxi-
mately 15 gramy of hydrocarbons having
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more than one carbon atom in the mole-
oule, which would be egual To & space-
time wield in * merketable ' hydro-
carhons of onky 25.8 kg, per cubic metre
of reactor spara in 24 houra. The total
synthesis product consisted predominantly -
of methane its content of higher hydro-
varbons helng ag low as abont 24% (Hans
Kuaster, Brennstoffchemis 17, 221
(1936)).

Tt is also Twown {o employ elavated
pressure in the hydrogenation of carbhon
dioxide to products other than methanc
{sec Franz Fischer & Ilans Tropsch,
Brennstolichemic §, 224 (1924)). TUsing
vourpe iron turnings impregmated wit'ﬁ
KOH a8 catalyst, with temperatures
exceading 400°C, and gas pressuves in the
range B--136 atmospheres 15 mormal 65
cubic metreg _]Ojcr hour of o synihesis pas,
contulning €0, and K, in o ratio of 1:3
by volume, werve passed through the
redotor with reeyeling of the exif in 2
ratic of 5 volumes of meryele gus per
voelume of fresh gas. The apace velecity
through the veactor was 80. In velatioh
to the guantity of ecatalyst wsed, only 0.03
normul cuhic meire of synthesis ges per
kilogram of iron per hour was used. Grnder 76
Ythe conditions described, the formafion
nf hydrocarbong higher than methane did
not ceeur until the carhon monoxide con-
tent of the gas had risen o 19.3% by
volume, due to primary reduetion of the 80
carbon dioxide ty carbom monoxide, The
preaemee in the synthesis gas of a major
pereentame of carbon momozide wlich
must first be formed by reduction of the
carbon diozide by hydrogen was therefore 85
considered o be a hasic condition for the
formalion of hydrocarbons, The yield of
higher hydroearbons and  zlevhols
obtained by this known provesg was, how-
ever, very low us compared with the quen- S0
tity of methune formed.

The knowledge gathered with this pro-
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¢oss has afterwards led o suggestions (see
Herbert Koch & Huns Kuester, Brenn-
stoffchemic 14, 245 (1838)) firs} to convert
the €0, M, gus mixlure 1o o CO +H, )
& mixlure, using copper catulysls dor
example, to such 2 desrec as tn give o
synthesis gas snitable for wse in the
lnawn  lydmgenaiion of carbon mon.
oxide In aeeordunce with the Flscher-
10 Tropzel method,
Tn another sugrestion (German Patent
No, 283,787 (1913)) for the eatalvriie svn-
thesiz of hvdrpearhons at high pressure,
5 it was emphasited that the unse of carbon
15 Jioxide instead of ecarhon  monexide
would greatly reduee the formufion
of the higher, normelly lquid lydro-
carbons.

A process has noew bheen found which
permits the conversion of rarhen dioxide
to synthesis products whish may confain
as much as 80% ar more of hydrocarbons
containing more then two varben alums in
the molecule. This resull i3 achievad,
accurding to the invention, by conlacting
a gas mietare  eonfaining 0.2—I1.5
volumes of CO. per volume of H, twe or
more times with a hydrogenation citalvst
comprisine a metal of the 8th group of
the periodie svyslem, and eontaining §.1—
6% by weight of an alkali-metal com-
pound ealculated as {the alkali-melal
monoxide and based on the metal of tha
8th group present in the eatalyst, the
catalyst heinm wrovided us a fixed bed or

. as 2 suspension. in finely divided condition

in u Heuid mediom. the zas being con-
tucted with The vatulvst al a temperature
within the range 150° C.—280° C.. »nd
80 ot o rauge pressure within the rungs 1—
100 atmospheres and at a rate of at least
100 normal cubic mebres per cubic meire
of eatalyst space per hour, the greqtsr
part of the water and lheavier hwdro-
45 curbons being removed from the evit
gases which ave thereafter contaeted with
the same catalyst or with o similar
- cofulyst. Iz such mamner, omly partial
- conversivn of the carbon dinxide is
80 offanted at sach conmbact of {he gas with
tha catalyst . .

'The process is praferably effected wit™
wn iron catalvst at a femperatiure within
the range 240°--350° C, and af a pressnra
within the ranga 10—30 atmosphercs. Th~
rate of which the gas is condavted with
the ratalyst may vary over a very wide
range, with & minimum rate of flew of
100 normal cubie metres per cobic metre
of catalvst spuce per hour, In gene;'aL
rates of flow muceh in excess of lhe mini-
wm valne ara nsed. Altheoush the rale
of flow masx cxeeed 5000 mnormal cehic
melres of gas por cubip metre of catalyst
66 space per hour, 1t is preferved fo nperate
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with rutes of flow which do not exceed this
value.

The exit gases muy be reeveled or
severn] stuges may be emploved m series,
the exit gases fTom ane stage being passed 70
ty the next stoge, the water produced in
the synthesis being lorgely removed from
the exit gases before the exit gaszes re-
enter a synthesis chamler.

When proeseding in aceordanve with 75
the invention, the syuthesis temperature,
though eomparatively hioh, is within the
reaction ronditions spevified, neverilieless
below that at which appreciable amouuts
of methane are formed. :

The removal of water may be zcrom-
plished by cooling sndinr chemical op
physical sorption,  The use of shemical
sorptives, substantially ~neufral in
chemical reaction with respset to syn- 83
thesls preduels, for ewample, calelwm
chloride, and physieal adsorptives, aeling
by virtue of their surface active proper-
tes, sueh a3 aetivated cliareual, alumina,
sﬂlr_:a-g'ﬂ], bauxite, fuller's earth, hen~ 0
tonite, or the liks is preferred. The sup-
faee mcetive ugents alro offor 1he sdvan-
tage of simmitaneously separuting from
the gas mixture some of the hydroearhon
material, pazrticularly some of the nor- 93
maliy gaseons hydrocarbons,

The alkalicmets] compound nsed as
promoter n aeccordance with the inven-
tion is preferubly one having an alkaline
reaction, I aguecus solution, partienloziv 100
the exides, hydroxides, “carbonates,
silicates, phosphutes, horates of sodinm
and polessinm and the sodium and potas-
sium salls of organie acids, pariieularly
ui’{_wehe artd and its Lomolopnes.

To carry out the process aceording to
the invenfion, 1le catalvst mav he wsed
either iu the absinee or presence of a
liguid mediem, In the hydrogenation of
earbon disxide (e reaction heut per 11
volume of CO,+H, is about n third less
thun the reaction hoat developed by un
equal volnme of CO+H, in flie hvidro-
genation of carhon monoxide, and the
well - known technienl difienlties 115
cncounled in <isposing of the reaction
heat and countrolling the reaetion teni-
peraturg in (he hydrogenation uf carbon
inonoxide are, in conseqnence, much lass
in the process aceording to the invention.
1t is possible to wse the Ligh aias velneitics
throngl the reactor provided in arenrd-
ance With the inventivn even when using
2 fixed-bed graoular catalyst ip  the
absence of u liquid medinm, wnd withaut 125
the depusition of carbon reaching sneb &
degree as to choke the reuctor. In doing
g0, ¥ 15 desiruble to use the fixod-hed
catalyst fn a pariicle size of more than 1
mm, The fixed-hed catalyst muy slso be 130
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bathed or eoveloped in 2 suitable liguid

medinm.

When cmploying vatalysts surronnded

by 2 liguid medium in the hydrogenation

b of carbon dicxide according {o the inven-
tion, the percentage of higher molecnlar
hydrocarboas in_ﬂtﬁle total products may
be 9% or more. Iln addition, when
using more heavily alkulized cutalysts

10 suspended in o liquid medium, prodnets

are oblained which predominanily econ-

sist of solid hydroearboms. In contrast to

8 process employing & dry, dust-like

catalyst, these high mulecular produets

will not disturh the technical execniion
of the synthesis,

Wherever the expression °° catalyst
space *’ or one of similar import is used
hercin, i} is inlended to designate the
space oecupied by the cafalyst malerial
when used as a fixed bed or the space
octupied by the suspemsion when the
catalyst Is used as a suspension iy o ligquid
medinm.

B One of the primary faghors for e con-
version of a hiph percentage of the gas
aceording to ile invention 18 the Temoval
from the reaction gas, during syn!leesis,
of at least the major portion af the reac-

80 timm water which is theoretically pro-
dured in & quantity of 400 grams per nor-
mal cubic meire of (0, +3H, Thig ig
aceotplished by converting only a por
tion of the gas at any one tims, removing
the reaction water. or at least the major
portipn ihereaf, from the partly con-
verted gas and subjecting the remainder
of the gas to at least one, und preferably
severnl mmore conversions, with water

40 removal before each passage thromgh the
reactor or through a stape wherp q mylti-
stage process is employed. The exi{ gases
may be largely freed from water by caol-
ing for example, in a tempsrature below

4% 100° C., or Ly chemical sorption or by
physical sorption. ~ Upon removal of the
water, the exit gases are preferably
mixed with' fresh synthesis gas before
Leing subjected to further convorsion, The

B0 exil pases, as such, or fogether with
fresh gas, may be recycled to the same
reactor, or thev may he passad through o
second 2nd  if requirved, through a third

Methane, ethane, ethylsne - ~
Cy--Cy hydeocarbons - - -
Hydrocarhong hoiling in the range

15° 02007 G~ - .
Hydrocarhons builing in the range

200° C—820° C. - - .
Hydrocarbons boiling above 320° C.
Watersoluble aleohols €,—C, -

I15 The daily yleld of hydrocarbons havivy
three and more carbon atoms in the mole-
eule and oxygen-voutaining organie pro-

ilv

reactor in a wulti-stage process, with
water removal hefore each stage. Cooling 55
of _the exit was, is suitably effented hy
indirect water cooling, the steam pro-
duced being used to heat up the gas freed
from water prior to ts re-entry into the
reactor or its entry info g further stage. 60

Examprs L

A eonventional carbon menvxide hydro-
gemation iron catalyst obiained hy the
reduction of oxidie iron with hydrogen or
carbon monoxide and bydrogen in known
manner wag used, the catalyst containing
about 0.5% by welght of copper and 0.8,
by weight of E,CO,, in relation to its iron
content. Thiz catalyst waz plaged in o
pressure-resistant reactor (llamellae or
donble-tube type) in a fine granular state
with a particle size of less than 0.2 mm.
and trested at 280° C.—340° €. with syn-
thesis gas of the following composition
19.9% of CO.; 0.4% CO; 58.8% H,: 75
0.4% OH,, and 21% N.. The gug was
pessed uwnwardly through the reactor
under o pressure of 20 almospheras at
rates between approximately 100—250
normal lifres per litre of catalyst space 80
per hour, Once synthesis was slarled, the
fresh pus was continuously mixed with
three fimes its volume of exlt gas from the
same reactor, The exit gay issuing from
the top of the reactor was conled to 50" 88
C. ar less by indirect wuter eogling, in
which operation the water produced in
the reaction and the higher hydro-
carbuns were separated and deained, Part
wf the exit gas, now almost free from 99
water, was rcturaed o the synthesis Tas
inlet of the reaclor, whare it was mixed
m the stated proportion with fresh syn-
thesls mas and reeyeled through the
cudulyst, a6

A guantity of exit gas, corresponding
to the contraction of gas volume during
synthesis, was passed over active clar.
coul, with nr withoul previous expansion
to atmospheric pressure, for the adscep- 100
tgm of the low molecular hydrocarhons
WRRE Mg

With an average conversion of B5%,
€O, and 96% X, the following producis

66

o

are obtained ;- 106
lhgrams per Nebm. CO,+H,
i
1 (imeluding 78% of olefines)
87 {ivelnding 74% of olefines)
26
26
i1

duvts was about 500—600 ke. per éubic
metre of catalyst space, .
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Exauren 11
The hydrogenation eatulyst used lLad
heen obtzinedin knownmannerby the pre-
cipitatiop of a solulion of fereie nilrale
B with godium earhonate, and subszequent
reduction with a misture of carhon mon-
vxide and hydrogen. The eatalyst com-
tained 0.5% by weight of copper and
1% by weight of E,0 based on the iron
10 content, and it was nsed in particles hav-
ine g size in the range 0.05—0.5 mm. The
catalyst was charged inte a reactor which
was subdivided inte four sepurale gas.
tight chumnbers of the lamellw type, the
15 four chamhers being of different sizes,
{heir volume being in the ralio of 20:14:
18:11. The chamhers were connerted in
series by pipes disposed externally of the
reeclor, the pipes beime provided with
20 heat  sxchangers and  eondensate
separaturs.
T'nder a synthesis gas pressure of 20
atmospheres and af an initial lemperature
in the range 280" C.—300° C. a syniliesis

25 gas free from. curbun monoxide and eon-
taining  wpprusimately  20%  carbon

divzide and 64% hydrogen tugetler with
nifrugen und methane, was paszed info
the first and biggest reaction cliamber ot a
space veloeity through the reacior of 600
normul cubie mefres gasfoubic metre
eatalyst space per howr, The exit gos
from the first chamber then flowed sucees-
sively through the other three chambers,
woter and higher hydrocarbons being
largely removed from the mas hetween
each chamber. The eontraetion in the
volume of the synthesis gas over the four
chambers was about 60%. Over an
40 operating periad of 600 hours, with
gradusl increase of the synthesis tempera-
ture lo 820° C., 82% of the carben
dipxide used wus converled at the Legin-
ning of the run and 78%, at the end of the
yun. On ths average one normal eabic
melre of €O, W, uscd gave o yiel] of
126 prams of hydrocarbons of the follow-
ing eompnsition :—

30
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W by
59 weight
Methene, cthane, ethylene - - 12
C; + U, —hydrovarbons - - 7
Bydrocarbons hoiling in  the
range 20° C.—200° C. - - 24
56 Hydrocarhons Dboiling in  the
range 200° 320 C. - - 3l
Evdroearhons  bheiling  above
320° ©. - - . - - 33

Aleohols Cp—Us - - - 3

The olefine eunlent of the liquid pro-
ducts was 74%. Py evtracting the high
melecular produets from the catslyzf| the
catalyet was then used for u fnrther 300
hours with an average carbon diexide con-
G5 versiem of T2%.

60

Exsmee ITT

A catalyst of the same composition and
same purlicle size as that vsed In Example
IT was sngpended in a quantity of syn-
thesis oi] hoiling in fhe range 300° C,.— 70
340° (4 1o give a suspension containing
about 20% by weght of iren., TLis
suspension was charged into the renclor
used in Example T and used in syn-
thesis with o gas of the same composition
as that nsed in Bxumple I, the gas haing
pasted into the reantor at a rate of about
300 normai cubie meires per eubic metre
of suspeusion per Lour under olherwise
the same reaction conditions as those 80
used in Example Il. Good conversiom
results were obtained with a semewhat
betier vield of hydroeurbons of high mole-
culor weigh{ than ghtained in Txample IT.

What we clatm is:

1. A provess for the synthesis of ali-
phatic hydrocarbons huaving more thun
one carhon atom in the molecule and of
oxygen-containing orgonic  compounds,
which comprises contacting o synthesiz
gus coataining  earbon  dioxide and
hydrogen in #he ratio by volnme of 0.2 tn
1.5 €0,:1 A, with a hydmgenation
cutalvst comprising z metnal of the eighth
group of the periodie system, which
catalyst confains an slkali-mefal ecom-
puond in on amount, caleglated as the
wlkali-metal monoxide, of 0.1%--8% by
waight of the melal of the eighih group
present in the cutalyst. the eatalyst heing 100
provided as a fixed bed or as u suspension
in finely divided -condition in a lguid
mediym, the synthesis gas being con-
tacted with the eutalyst at a guuge pres-
sure within the range 1—Ii00 atmaspheres 1056
and at & femperature within the range
150° C.—330° C., und ot u rate of al least
100 normal ¢ubic metres per cubin metre
of catalyst apace per honr, g greater part
ol the water and of the heavier hydvo- 10
carbons formed during the synthesis bheing
removad from the exit gases which are
Thereaffer contacted with the same
catalysl or with o similar catalyst,

" 3. A process eccording fn claim 1, in 115
whir:h the process is earr.ed out 1n two or
mare stages.

3. A process aceording te claim [ or
claim 2, in which the prassure is within
(ke range 10--30 atmwosplerss,

£. A process according io any one of
the preceding claims, in which the tem-
perature is within the renge 240°—
3a0° C,

a. A process.according to anv onte of 125

80

88

120

.the preceding rlaims, in which the gas is
-contacted with the catolyst at a rate not

greater than A600 normal enbic metres
per cubie metre of catalyst spage per hour,
#. A proeess according te aly onc of the 130
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precedmg elaims, in which the eatalyst

is provided iz o fixed bed and has an

average particle size greater than 1 mm.

7. A provess according {o any omne of

b the preceding claims, in which the metal
of the eighth greup is Irun.

3. A provess wccording to any of the
preceding claims, in which the exit pas
1s eooled, directly or indireetly, 1o o fem-

1 perature Lelow 100° O, for the removal of
water.

B. A procesy according {o eny one of
elaiing 1 §u 8, iz which wuter is removed

. from the exii guses by chemical means,
15 for example, by absorption with caleiumn
chloride.

10. A process according ta any one of
elaims 1 fo 8, in which water is removed
from the exit gases by contacting the exit

R gazes with a surface active agent.

Il. A process aceording to elaim 10, in

which the snrface active agent is silica

gel, active carhon, fuller’s cayth, bauxile
nr henfonite, .

12, A process for the synthesis of ali- 35
phatie hydrocarbons and exywen-cvatain-
ng organie compounds, subsluntially as
described with reference fo any one of
Exumples 1 to 3. .

13. A proeesy for ihe synthesis of ali- 30
plalie hydrocarbong and oxygen-conbain-
ing organic compounds, substantially us
hereinbefore described.

14. Aliphatic hydrocarbons having
more than one carbon atom in the mole- 35
cule whenever produced by the process of
any preceding claim,

15, Oxyyen-containing organic com-
pounds whersver produced by the process
of auy ane of claims 1 to 13. 49

EDWARD EVANS & CO.,
14—18, High Holborn, Londen, W(.1,
Agents {ur the Applicants.
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