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COMPLETE SPECIFICATION.

Process for the Catalyfic Conversion of Carbon Monoxide info
higher Hydrocarbons by means of Hydrogen,

We, TR TN AETIINGESELL-
scuarr, of Oberhausen-Holten, Germany,
a Company organised and exisking under
the laws of the (derman State, do hereby
declare the nature of thiz invention and
in what meanner the same iz to be per-
formed, to be particularly deseribed and
ascertained in and by the following state-
ment - -

Tt has been found that when carbon
moooxide is cutalytically evnverted inbo
higher hydroesrbuns by the use of hydro-
gen, all the catalystz employed lose their
efficiency after a relatively short period.
An attempl has been made to compensata
the reduetion in yield by raising the tem-
perature, Buch an imorease of tem-
perature is, however, possible only within
narrow limits, and therefore reviviieation
is possible for @ short time only. Finally,
g further rise in temperature is impossible
by reason of tuo large a formation of
methene which then sets in. The catalyst
must therefore after a relatively short
periad of wse he replaced by & fresh
charge of catalyst. A ocatalyst thus spent
oapnot readily be revivified.

Tt hew Dbeen found that the life of
catalysie can be considerably lengthened
if those substances which settle in the
catalyst and exhanst it, such as paraffing
having a high meling point, are
removed at short intervals from the
catalyst before the substances in question
affect the ontalylie strength (o uny
a.p})reeia.b}e extent,

t hag long been known in conncetion
with {the synthesis of hydrocerbons, that
the effoctive life of o cubtalyst is longer
according as the rewction temperature can
be maintained low. Nevertheless, it has
not been possible to ensure longer effective
periode than for example one %o two
monthe, Iiven in these periads it has not
been possible {0 malutain  mweadooim
vields confinuously, and after the expiry
of onc to bwo months it has heen necessary

[Price La.]

to trest the catalyst again outside the
synthesls furmace. No method is Jmown
for permanently seenuring the desired
yields at low reaction temperatnres. Tho
present ivention indicates a method of
securing this reault,

The 7prejndicial effect of the non-
volatils reaction producis which szettle in
the catulysts is alrcady apparent afier a
few days. According to the invention,
therefore, thege substances are remaoved
from the catalyst at short intervals where-
by the oridinal ocatalytic effiddency is
restored without the necessity for raising
the reaction temperature. If for example
with cobult catalysts the non-volatile
reaction preducts are comtinmously re-
moved from  the cafalyst in sufficient
mesgure ab regular intervals, the effective
life of the zame eatalysts is inereased
many times, the catalytic efficiency
remaining umvaryingly high, without the
necesaity for considerably inoreaging the
reaction  temperatore  beyond  that
originally offcetive. In this way it is
furthermorc possible to maintain  the
reaction temperature so low that no harm-
ful quantities of those different Ty-
produats which are produced only at high
temperature, and which cannol he
rerooved at all from the catelyst within
the synthesis fummece, seitle in the
cabalyst. ~

If, generally, instructions are given to
work at a constant temperaiure sioh
instructions are fo be understood to mean
that & small increase of temperaimre is
not excluded so long as no injurious effect
regults. If the synthesis is at first carried
out at a temperature of 185° C, a wise of
temperature to about 190° C. would not
be excluded.

The non-voletile reacticn producis can
be removed fur example by dissolving ount
these substances by means of solvents or
mixtures of sclvents in known manmer,
for example with benzine, alechols or
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suitable fractions of the oils produced
during the synthesis itself. In carrying
gut the invemtion in practice, it is par-
ticolarly advantegeous to  effect this
cxbrnotion in the synthesis furnace itself,

without amy necessity for the catalyst fo .

be removed from it, according to the
preseit custom.

Furthermora, it has heen found that
the nun-volatile reaction products cun be
removed from the catulyst very simply by
treating the ocatalyst with hydrogen, or
gages Or vapowrs such as steam, that con-
fain or yield hydrogen, which vapours vr
goses can be wsed singly or in admixture,
Of particular importance in this con-
peetion is the further observed faect thab
this treatment cun be carrled onf
successfully at low synthesis teraperatures
such as 180° to 200° . For this reuson
the treatment of the catalyst with hydro-

om ran according to the invention be
kewise carried out in the synthesis
fornace itself cvem when these furnaces
are operated with water under pressure or
with ~civculating il as heat regniating
agent which admits of no appreciably
higher working temperatnres. I has hesn
found particulazly ecffective flrst of il to
extract the catalyst with a solvemt and
then tv treat it with hydrogen in ibe
manner hereinbefore deseribed.

The intervals at which the revivification
is effected may vary within Hmits. If, for
example, after ach revivification o smail
deop  in  catalytic efficiency {of for
examllalla 59%,) is permitted, it is sufficient
for the revivification to take place at
intervals of a few duys, such as once &
week, The deciding factor s that the
restoration of the initial activity is
obtained by the removal of nou-volatile
substances but not hy correspondingly
increasing the resciion temperature. The
shorter the intervals between the revivify-
ing operations, the smaller becoraes the
drop in yield in the intervals. For
examplo, the revivification muy be carried
out every second or third day or every
day, or it may be effected several times
daily, in which case the yield remsins in
practice unvaryingly bigh and uniform.

If the remo of “the non-volatile
remotion. products [rom the catulyst is
carried out at sufficiently short intervals,
the fluctuations in operstion of the fur-
nace are so slight that antomatically
operating parts may be employed for con-
verting the synthesis gus, and the gases
or vapours vsed for blowing off.

One puriicnlar advantage of smploying
the process according to the invention is
that the yield of lignid products is on an
average higher then it s possible io secure
by any othier known method with the same

Furthermore it has been found
that this process provides means for sub-
stantially paising the yield of the desired
higher moleenlar fractions of the reaction
products us ocompared with the synthesis
provesses which proceed without short-
interval Tevivifieation but with 2 con-
tinued rize of temperature.
The invention is fllmstrated by means
of the following examples :—
Eganrre 1,

A cafalyst of ecobalt, thorium and
Lieselpuhr is osused to act ab shout
185°—100° C. with a mixture of pases
congisting of 28—2a9%, cerbon monoxids,
56—060%, hydrogen, the remainder con-
sisting of carbon dioxide and nitrogen
Every 24 hours hydrogen at 180°—185°
C. is passed for onc hour through the
catalyst in the same quantity hourly us
ceviously was the synthesis gas. The
ich molecular paraffin hyﬁiocarbons
containgd in the catalyst snd formed
during synthesis are thus withdrawn
rtly as solid paraffin or high-boiling
gils, and partly as methene or ofher
gaseons  hydrocarbong. Directly after
the treatment with hydrogen a mixture of
guses is again passed over the catalyst und
this agein gives 100--110 gm. of liguid

catalysb.

_products per cnbie motre of the gas mix-

ture. . In this way it is possible to con-
tinwe for many months withont the
necessity for fresh catalyst. In case part
of the, higher melecular hydrocarbons to
be renaved are to be withdrawn from the
catalyst as far as possible nnchanged, the
catalysi is first trested with steam and
anly thes, with hydrogen.

L Examrim 2,

o obtain conversion of a considerable
art of the carbon monoxide inta paraffins
Ea,vi.h'g a ligh melting point, & mixture
of carbon monoxide and hydrogen is
passed over an alkaline iron catalyst ut o
temperature of from 2253° to 250° C. A
intervuls of four days, the temperature of
the catalyst is lowered tc about 1ie® C.
Thereupon ihe paraffins, which melt at a
high temperature, are dissolved out from
the catalyst within the synthesis furnace
with a benzene fraction hoiling at between
180 and 140° C. When the dissolvi
apuration is finished, hydrogen is passo
through the catalyst, while at ihe wume
time the temperature is again brought to
the point required for syntbesis with the
iron catalyst.  Shorily before this tem-
perature is reached, a gas mixfure ig again
assed over the catslyst and the gynthesis
is contimued wntil the next revivification
(efter .about four days). The extract is
separated by distillation into solvent on
the one hand and high boiling parafiins on
the other.
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Turther, it has been found thet for the
regeneration of catalysts containing per-
ticulsrly nickel and oobalt, those pgases
are advantageously employed which are
not omly free from carbon monoxide bub
also from ecarbon dioxide as the calalyst
elso in this spent conditfon effects con-
vergion of the oxides of carbon with the
hydrogen inte-methane, which conversion
in turn leads to w useless comsumption of
hydrogen. Furthcrmore it has been
found particularly advantagecus to ecarry
out the regeneration under prossure, pre-
ferably ot pressures of from 50 to 160
afmospheres,

For the revivification of the catalysts,
hydrogen or a gas free from oxides of
carbon and confeining hydrogen is passed
contineously through the synthesis fue-
pace during ¢he whole regeneration
operation, according to the directions
hercinbefore set forth for carrying oub
the process of the invention, the con-
dengible and vasily absorbed constituents
being removed from the issuing gases by
cooling and trestzment with aotive earbon,
and the residual gas leaving the adsorp-
tion plant being discarded. for example
for the revivitication of the vatalyste a gas
js  employed which
nitrogen and 75%, of hydrogen and is [ree
from impurities, that is to say for example
a syntheilc ammonia gas, the final gas
which leaves the adsorption plant contaimns
for examyple in addition to nitropen and
20%, of metbane, 45% of hydrogen, so
that only ahout onc third of the hydrogen
introduced into the syothesis frrnace is
consumed for +the regemeration of the
catalyst,

Hitherto this residual gas has not been
used over agsin for the regeneration of
the catalysts, on the assnyeption that the
gases  thus produged, for example
mothane, wduld interfere with the further
regemeration of the catalysts,

%t has furthermorc been. found that a
considerable esonomy in hydrogen ecan he
effected if the greater purt of the final
gases wstill containing hydrogen he
returned to ciyenlate in the synthesis
furnace to be regenerated and only a
correvpondingly smeller quantity of fresh
hydrogen introduced hourly inte the
gynthesis firnace during the regeneration
ProGess.

Whersns, for example, in the previcus
raethod 100 cubio metres of & synthefic
aramenia gas containing 25% of nitrogen
and 75Y%, of hydrogen passed through the
furnace continuously per hour, during the
regeneration of & synthesis furnace which
tokes shout 8 bows, abouk 809, of the
final gas Jeaving tbe adsorption plant can

.be refurnad by means of o blower to the

reduced  mefals  wnickel,
_copper, platinum or palladium, or the

contuins 26% of

synthesis furnace, so that each hour cnly
about 20 cubic metres of fresh gas con-
taining hydrogen reguires to be passed
into the synthesis fornace. By reburning
the final pases the hydrogen therein is
very thoranghly utilized, so that accord-
ing to the process the part of the final gas
which is not returned to the synthesis
furnace containz for example in addition
to 50%, of methane snd 25%, of nitrogen
only 25%, of hydrogen and thus socoeding
to the process 60 to 709, of the hydrogen
hitherte effestively introduced iz saved in
the regeneration of the catalysts.

A process for the industrial manu-
facture of formaldehyde has before heen
proposed  wccording to which gases com-
taining bydrogen and wewbon monoxide,
such as water gas and blast fwmece ges,
purified beforehand, are subjectéd under
normsl pressure and at a temperature
between 130 and 200° C. fo the aetion of
a catalyst comprising one or more of the

i iromn, oeobalb,

oxides of the said metals, the cabalysi
being repenerated by the passing through
it of a current of nitrogen or oxide of
nifrogen, the duration of fow of the re-
aclion gas and the regeperating gas being
respectively 90 seconds and #0 seconds n
the preferred instencs.

It has also been proposed to reactivate
cafalyuts cmployed in the synthesis of
methanol or. other oxygenated organie
compounds from mizfures of cerbon
monoxide and hydrogen by subjecting the
catalytic masses o the achon of hydrogen
or of a gas mixbure rich in hydrogen at
temperatures not rsubstantially exesed-
ing “those employed in the oatalytic re.
action, the cefulysts so reackiveted regain-
ing a very substantiul emount of their
catalytic power and in some cuses being
found snpericr 4o the origival condition.

Acecording to the process of the inven-
tion the czfalysts by the aid of which
higher hydrocarbons are produced from
mixtures of carbon end hydrogen are re-
lisved of the non-volatile reastion pro-
ducts that sre produced during synthesis
and that settle therein, by rcactivation at
short intervals in such manner thut theic
efficiency is not permibted to become im-.
paired and without the reaction tempera-
ture being substantially ncreased beyond
the inikial tempersture,

We are aware of Specifieation No.
457,934, which dJoscribes and oledms in
the manufacture and production of nor-
mally solid hydrocarboms of the paraffin
series by the thermal conversion of carbon
monoxide and. hydrogen in the presenco
of a solid catalyst and under a pres-
sure varying from stmospheric pressure to
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50 stmospheres, the step of continuously
‘passing t]lmje gaid catalyst through the re-
action space, then [reeing it ontside this
space ab Jeagh partly from solid paraffin
hydrocarbons deposited thereon, and sihe
sequently supplying it again to the re-
action space, and we make on claim thers.
to.

Having now partiewiarly described and
ascertained the nature of our suid inven-
tion end in what mapner the same is to
be performed, we declare that what we
claim is :—

1. A ess for the catalytic conversion
of earbon monoxide by mesns of hydro-
gen or gases containing hydrogen imto
kigher hydroearhons, hy the use of cobalt,
pickel, and iron -catalysts, which may
comtain activators sueh as magnesium and
thoriwm, charucterised in that the non-
volatile reaction producis which are pro-
duced during synthesis end which setile
in the catalyst are removed from the
catalyst by the action of hydrogen or-
gases ar vaﬁurs such as steam contain-

ing. oy yielding hydrogen or by the use
of aolvents, the revivification heing

effected ot such short infervals that the
efficiency of the catalyst is not permitted
to be impaired appreciably and without
the reaction temperature rising substan--

tially above the injtial temperaturs.
2. A provess according to caim I,
wherein the treatment of tho catalyst is

. parried out in the synthesis furnace,

3. A process according fo claims 1 and
3, pharacterised in that the revivifieation
of the catalyst is effected hy passing over
hydrogen, gases or vapours which contain
hydrogen or gases or vapours from which
hydrogen is split off, which gases or
vapours have been previously freed from
oxides of carbon or coutuin no appreciable
quantity of these gases.

4. A process according to claims 1, 2
and 3, characteriged in that the revivifica-
tion of the catalysts is carried out under
inereased pressure.,

#. A process weeording to claims I, 2, 3
and 4, characiexiscd in that the grester
part of the gases used for reuenerution
and freed of the condensible and readily
adsorbed reaction produets are returned
intn circulation in the synthesis furnace
during the regeneration, and only small
guantitics of fresh kydrogen or gasvs con-
taining bhydrogen are introduced into {he
synthesis furnzce.

Dated this 8th duy of December, 1936.

. EDWARD EVANS & CO.,
40—43, Chancery Lane, London, W.C.2,
: Apents for the AppHeants.

Abingdon ¢ Frinted for Fis Majesty's Stationery Office, by Bmgess & Sou,
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