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COMPLETE SPECIFICATION

Process for the Hydrogenation of Carbon Monoxide

We, RUMRCEEMIE AKTIRNCESELLSCHAFT of
Oberhausen-Holten, Germany, and Lunst
CGIESDLISCHAFT FUER WARRMETECHMIE m.b.H.
of Frankfurt am Muin, Germany, both German
Campanies, do hereby declarc the invention,
for which we pray that a patent may be granted
to us, and the method by which it iz to be
performed, to be particularly described in and
by the following statement -

The invention relates to a process for the
hydrogenation of carbon monoxide.

Tt is known that it is necessary in the
synthesis of hydrocarbons by the hydragenation
of carbon monaxide with iron cobalt or nickel
catalysts under atmospheric pressure and at
slightly elevated presaures up to about 3
atmospheres, to extract with a solvent the
fixed-bed catalysts which are 1nsed in tubular
lamellar reactors, at prodetermined higervals,
This is necessary because of the rapid decrease
in catalytic activity cuused by the deposition
of high boiling hydrecarbons on the catalyst
ewrface. Wany methods are known for the
removal or extraction of the high bailing
hydrocarbons from the catalyst, For example,
a portion of the liquid symthesis products
obtained in the hydrogenarion may he used
for the extraction of the catalyst. The moist
catalyst thus cxtracted is dricd and used again
in the synthesis. ['requent extraction coupled
with regeneration by hydregen or steam is
also known. This may be effected with dicsel
oil, particularly during the starting-up perind
which allows the use of low synthesis teropers-
tures without decreasing the high CO--H,
conversion,

Furthcr suggestions are mentioned in

RiCainer's “Die Kohlenwasserstoffsynthese nach
TFischer-Tropsch™, 1050, pages 8387, The
extraction of caislysts, particularly of cobalt
catalysts, cffected vn a large scale is also
deseribed in F. Martin, E. Weingaertner,
“Die Fischer-Tropsch®ynthese™,

The number of such refercnces in the
literature shows that the moaintenance of

{Price 35. 6d.]

catalytic activity in 2 process operated at
atmosphetic ov slightly elevated pressures, hy
extraction with = solvent has been dealt with
extengively. In general, however, the opinion
has been that extractions of this kind are not
neccssary in an elevated pressure synthesis
because operating above 8 atmosphcres there
was no comparahle decrease in yield. Indeed
better resulls and a longer catalyst life in
elevated pressure synthesis have been obtained
in practice by not extracting the catalyet with
a solvent.

It has been found that a modification of the
exiraction process brings about unexpected
improvements in synthesis product and catalyst
life in an elevated pressure synthesis. 'This
modification is described in the co-pending
AppLcation No. 5891/80 (Scrial Ne. 845559),
the subject-matter of which has been divided
out of the presenl Application. That co-
pending Application clatms a process for the
culalytic hydrogenation of carbon manoxide
carricd out at & pressure grenler than 8 atmos-
pheres ahsolute in which high molccular
weight preducts of the hydrogenation or
yynthesly are exivacted from the eatalyst at
intervals by mcans of a sulvent for the high
malecular  weight products and  without
shutting-off the synthesis gas andfor recycle
gas, the solvent being fed into the synthesis
zone in the lquid phase whilst its residence
thue in that zone is such that it does not
undergo degrudetion or cracking.

When a synthede diesel oil fraction obtained

by the catalytic hydrogenation of carbon

monnmide was used as the solvent, it was
noticed that the ameunt of methane formed
in the synthesis became higher and that,
particularly with sintered cutalysts, there was
an appreciable decreass in the olefin content
of the synthesis products. It was found that
this undesirable cffect arose from acids present
in the solvent.

Avcording to the present invention, in a
ptocess for the ecatalytic hydrogenation of
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carlon monoxide carried vut at a pressure
greater then § atmospheres absolute, preferably
between 10 and 80 atmospheres absolute, the
catalyst is cxiracted, without shutting-off the
synthests gos andfor reeycle gas, with an ol
which has been synthesiscd by the catalytic
hydrogenation of carbon monexide and which
has been treated with an alkaline material
beforc use. The amount of alkaline material
may be in excess of, for example from 10 to 50
times, the stoichiometric amount required to
neutralise the oil,

Practically any alkaline-rcacting moterial
may be need for neutralizing the frec acids
present, Of ~articular advantage, however, is
the use of the vxides incliding mugnesium
oxide, the hydrozides, the carhnmates and the
hicarbonates of alkali and alkaline earth metals.
Ammonia may alsu be used in certain instunces,

The treatment with allulis is not limited to
the use of aqueous selutions, With aqueous
solutions however, the extraction oil may be
passed upwardly through a suitable column
in countercurrent io the aquecus alkel solution,
or the exiraction ¢il 2o aqueons solution may
be contacted with each other in another
manner, for esaniple, in a vesscl provided with
a stirrer,

Particularly favonrable operation is possible
however, if the alkaline compounds are used
in solid form. The cxtraction off may, for
example, be tickled over the solid material
puched in a column or lawer, of the oil and
solid mmuterial may be stirred together after
which the estraction oil is allowed to settle
and is thereafter used. '

It is not always necessary to ncutralize all
of the acids cantained in an extraction oil. For
example, ao oil with 2 neutralization onmber
of 35 has been used satisfactorily for extraction
after treatment with alkali equivalent to only
7 neutrelizing, that is, as little as 201%, of the
acid. The neutealization number is the number
of mifligrams of potassium hydrowide required
to neutralize completely 1 gram of oil. It is
cenerally sufficient to use an oil with a neurrali-

f=]
zation rumber of about 320 and preferable

. 5-16.

"I'hc catalyst employed in the synthesis maj
be an-iron, cobali or nickel catalyst, an iron
catalyst, particularly a fused or sintered catalyst,
being preferred.

The extraction vil is, for example, withdrawn
fromn (he so-called intermediate separator, an
air-cooled separater generally provided down-
stream of what is known as the hot-separator
of the synthesis unit, The location of this
titermediate separator is, [or example, up-
streamn of the feat exchangers and the con-
densation proper, that is, upsircam of the
position where separation of the liquid syn-
thesis producis by water cooling is effected.
Naturally, the product withdrawn from this
intermediate separator docs not exclusively
comprise the usual bofling range of 2 diesel oil

fraction but contains also cunsiderable portions,
for cample, 10-207%, by weight, ol componnds
boiling above 820°C. and also substantial
portions of lower boiling compounds, that is,
campounds beiling below 180°C.  Although a
product with such a wide and hitherta womsed
boiling range was used for the extraction, it
could be abserved that the effect of the extrac-
tion is surprisingly even more favourable in
many cases then that obtained when using the
diesel oil fractivn boiling hetween about 180°C.
and 520°C. and generally used in the art.

The boiling range of the extraction oil is of
considerable 1mportance for the effect of the
process.  Dxtraction oils consisting of low
molecular weight hydroearbons, that is, such
as those of the gasoline fraction, are not very
suitable.
obtained when the oils nsed for the cxtraction
contained ot least 5095 and preferably more
than 75%, by weight of compounds boiling
hetween about 180°C. and 320°C. amd pre-
ferably between about 200°C. and 260°C. The
extraction oil should not have teo high a
content, preferably less than 109 by weight, of
constituents hoiling above 320°C. since uhstruc-
tions in the conveying equipment zud line can
oceur by flocculated soft and hatd paraffin,
especially st fluctuating tomperatures, and
cauee breakdowns. Noreover, the extraction
efficiency is more or Joss reduced thereby.

Tt hus been fownd, for example, (lut only 2
paor extraction efficiency is obtained with an
exiraction ail which is derived from the cold-
separator of a synthesis wnit and therefore
represents a synthesis product swwhich, after
extensive separation of the high molecular
weight hydrocarbons and the hydrocarbons
boiling in the diesel oil range, includes products
of the gasoline fraction. A product of this
kind had, for example, the following com-
positioni—

Boifing up to 18°C. 649, by weight
180°-320°C, 30% » .
390°-460°C. 5% . .

in vomirest to this, good results could be
obtained with an extraction cil derived from

_{he intermediate scparator of the synthesis

unit and having about the following boiling
tange:—

Up to 180°C. 189, by weight

180°-5320°C, 57% . ,,
320°-460°C, 23% . iy
abovc 460°C. 2% 1 ]

Even better extraction efficiency can he
obtained with a product derived directly
downstream of the intermediate separator. Ong
example of such a product had the following

compusition :—
Up te 180°C. 12%, by weight
180°-320°C. 80% . m

320°-4860°C. 8% » =
above 160°C. —
In the hydrogenation of carbon mrmoxide,

the synthesis products which muy consist of

(ond results were found to be
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- containing compounds or

hydrocarbons mised, as the case way be, with
oxygen-containing organic compounds are
preferably withdrawn in one or several seriee-
connected tanks filled with suitable packings
such us Raschig rings and located down-
stream of the hot-separator which, in the case
of normal condeneation, is arranged down-
stream of the synthesis reactor. The ges should
be passed through thesc tanks in an upward
direction. The presence of packing in the
tunks and the upward flow of the gas effect
a rectification effect which produces an oil
suttuble for use ag an extraction oil. Its content
of low boiling and high boiling compounds,
that s, componnds hoiling outside its ranpe
180°C. to 320°C, is about 209 by weight of
each and it 15 desirable that it should be less,
This kind of separation and recovery of
extraction il has been found to be particularly
gond since the process of the invention requires
an extraction oil in which the proportion of
compounds boiling below 180°C. and com-
pounds  Goling a%m'e 320°C. should each
not excecd about 10%, by weight. An extzuction
oil of this kind could very sirply he recovered
in the manner deseribed directly within the
condensation system for the synthesis products
without additional rectifying equipment. The
extraction efficiency obtaincd when using the
extraction oil thus obtained was at least as
good us the efficiency obtained when using 2
Diesel cil fraction obtained by distillation and
boiling between 200°C. and 280°C.

The provess is not only applicable to a
carhon monoxide hydrogenation oporatiun
which results in the preferred production of
hydrocarbons but also to synthesis processes
directéd to the preferred formation of oxygen-~
rimary aliphatic
wrmines Of wixlures of these three components,

Modern synthesis reactors for fixed-bed
catalysis consist chiefly of smonth tubes of a
dimneter of from 20 to 100 . and preferably
about 30-60mm. and an overall lemgth of
moze than 5 metres and particularly from 10
to 25 metres. These tubes are charged with
the catalyst produced in the conventional
manner, the catelyst being either in the un-
reduced or, preferably, in the reduced form,
as, for example, a sintered catalyst. When the
catalyst s churged in its reduced form, pre-
cautions have to be observed in the charging
operation; for example, the catalyst has to he
charged under & prolective atmosphere of
carbon dicxide or nitrogen, or it has to be
impregnated with paraffin wax.

Buch a modern syniliesis reactor is started up
by relatively rapidly increasing the temperature
to 150°C. Tollowing this rapid ineresse the
rate of ternperaturc increase is slowed down
as, for example, to 1-2 degrees C. per hour

‘The synthesis pressure may range Lelween
about 10 and 60 atmosphercs absolute, for
example, 80 atmospheres absalute. The gas
load may he 750 litres of gus per litre of

catalyst per hour and the recycle ratio may be
2511 (2.5 volumes of recycle gas per volume
of fresh gas).

The recycling of exit gas is of advantage in
many cuses. Lhe process of the invention is,

‘however, not limited to gas recycling. Snitable

synthesis pases are all gases containing carbon
monvxide and hydrogen and produced by
conventional gas production methods. The
ratio of CO 1o I in the synthesis gas may vary
between sbout Z:1 und 1:10 by volume.
The content of CO-11, in the synthesis gases
mey vary between zbout 30% and 100%, by
volume. A typical gas may contain 28%, CO,
50% H, by volume, the remainder being
methane, carbun dioxide and nitrogen.

Under the conditions described ahove,
narnely a synthesis pressure of 30 atmospheres
absolute, o gus loud of 750v{v/br. and a recycle
ratio of 2.5 :1, the synthesis gas being the
typical gas referred 1o, the frst CO4H,
conversion will be observed at temperatures in
the region of 190°C.

If, under these conditions the synthesis
regction were 10 be contimued in the conven-
tional manner, that is an increase in temperature
at & mors or less uniform rate were tu be
effected without carrying out an extraction,
then the further increase in CO4-11, canversion
would be relatively slow. For exwnple, in the
case of sintercd catalysts, a final conversian
of -ahout 70%, wonld not be reached under
these conditions at a lemperature of less than
280°-290°C.

Bxcept where highly active precipitated
catalysls are Leing wsed, extraction is started
fairly early during the initial operation. With
a fized-bad catalyst n porticolar, exiraclion
of the cafalyst s eﬂectef at intervals of 4 to
48 hours, preferably at intervals not greater
than 24 hours.

Short  exloiction periods are  preferred,
namely periods of less than 60 minutes and
preferably less than 30 minwtes. It is par-
ticulurly expedient in many cases to usé an
extraction period of less than 15 minutes. The
volume of exiraction oil charged to the catalyse
within 5 minutes shonld preferably be chosen
so that it 78 0,01 to 0.4 times end preferably
0.1 to 0.25 times that of the catalyst volume;
these figures apply to reactors having an overall
fength of shout 10 metres, Fur reacturs with
overall lenyths of about 20 metres, it is preferred
to charge the catalyst within 10 minutes with
a velume of exteaction liuid which amounts
to (.04 0.4 times and prefcrably to 0.1-0.25
times the catalyst volume. For reactors with
an overall length of about § metres, the volume
of extraction oil corresponding to (.44 to 0.4
times and preferably to 0.1 to 0.25 timaes the
catalyst volume is preferably charped to the
catalyst within as little as 3 minates. For
treactors with overall lengths ranging between
these sizes, there apply corresponding intet-
miediate values,
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The CO+H, conversion reached under the
shave-memioned conditions is, for example,
70%, at 2 temperature of 245°C.

"I'he above example shows the catalyst being
contected with 2 relaiively large amount of
liquid, which quickly removes by estraction
the high molecular weight cownpounds deposited
on it Otherwise these high melecalar weight
compounds remain there and inhibit the
synthesis reaction. T'he effeet of this measure
according to the invention is very impressively
demonstrsted by the increase in the carbon
dinxide content of the gas kaving the reactor.
This carhon dioxide value is dircetly connected
with the conversion in the synthesis reaction.
T+ shows an iocresse within 20 to GO minutes,
depending upon the duration of the extraction,
afrer which time the catalyst will reach ayain
its pptinum, activity.

Furthermore, in the case of a synthesis with
a fixed-bed catalyst, the results ere improved i
the pressure drop caused by the extractinm,
that is, by the short-time supply of relaiively
large quantities of extraction oil is controlled

in the reactor during ot immediately after the .

extraction. A pressure drop ranges belween
shout 0.2 and 5 atmospheres absolute and
preferably U.4 und 2.5 atmospheres abrolute,
rosults in increased catalyst activity und Ife.
As it known, reactors having an overall length
of hetween about 10 and 20 metres and con-
taining the catalyst in a stationary form as, for
example, a catalyst in the form of spheres or
small eylinders have a resistance or pressurc
drop of the order of 1-10, generally about
9.5 atmospheres depending upon the mech-
anjeal properties of the catalysis and the gas
rate, type of gus, recycle ralic and other
factors. Thefignres given above arc undlerstood
tn be in addition to the normal pressure Josscs
uhserved in the catalyst bed whe no extraction
heing carried ont. This “pressure cxtraction”
of the catalyst effects a particularly rapid and
substantially complete removal of the high
molecular weight products adhering to the
surface of the catalyst su that the setivity of
the catalyst is restored framediately or shortly
thereafter.

Turing the course of extended periods of
operation, & very slight decrcease In the conver-
sion may occur after a cortzin time and may
hecame more promonnced upun continuing
the operation. It has been found advantageous
in this case, as soon as the decrease in cof-
version becomes perceptible, to effcet one or
scveral extractions perferably in snccession, for
example, of twice the duration and double the
quantity of extraction oil, By this measurc, &
substantially complete regeneration of the
catalyst is attsined, 'I'he small amounts of
higher roolecular weight products which have
accumulated on the catalyst sucface In spite
of the routine extractions, are completely
temoved.,

Tt can hardly be avoided that small amounts

of water produced in the synthesis Temain in
the product and arc condensed, for example,
in the intermediate separator. This quantity
is generally not sufficiently large to separate
%0 it remains dissolved in the oi%y product. If
particitlar circurnstunces cause separation, the
lower aqueous phasc must be removed since
it may have an adverse effect on the catalyst
gctivity. The content of water in the extraction
oil should not exceed 39, by weight; it is
advantapeously less than 2% by weight and
preferahly below 1% by weight.

Wit highly active precipitated catalysts
stationarily arranged in tubes, the extraction
has caused difficultics in particular cascs. Such
bighly active precipitated catalysts are carricr-
less or contain only less than 30 parts of cartier
material and prefcrably less than 15 parts of
carrivy moterial based on the iron or other
catalyst metal present. These calalysts are
substantially more active than sintercd or
fused catalvsts of similar composition. They
permit the synthesis to be carried out at
temperatures which are too low for fused or
sintered catulysts, especially at elevated gas
loads such as 500 volumes of gas per volume of
catalyst per hour, 'I'he operation of the synthesis
with extraction, from the beginning of the use of
a fresh catalyst, proved impossible to carry
out successfully. The increase in activity
caused by Lhe extraction resulled in an increase
in conversion that {aflures in the catalyst at
the pas inlet side, purtially accompanied by
incroased resistance in the synthesis tubes,
followed. '

These difficultics can be avoided by operating
the highly active precipitated catalysts for an
extended period before subjecting them to an
extraction.

The precipitated catulysts are operated in
the synthesis unit under the usual conditions,
for example, at gas loads of between about 1K
and 1000 volumes of gas per volume of catalyst
per hour aud preferably 250-760 volumes of
gas per volume of catalyst per hour and
synthesis pressures of between 5 and §0
atmospheres snd preferably between 1O and
40 atmosphercs, It s possible to work with
once-threugh operation or with recyeling using,
for example, u recycle ratio of 1:11t0 5:17.
Since the timing of the initial extraction is
partially dependent upen the CO+17, con-
version, the CO -4 H, conversion should not for
this reason he too low, keeping above 60%
and preferably above 70%.  Highly active
precipitated catalysts may, for cxample, be
operated under the conditions mentioncd
ahove hetween about 210°C. and 230°C. without
subjecting them to extraction,

If the highty active precipitated catalysts
are operated for months and any slight decrease
in conversion is compensated hy an increase
in tempetature, the temperature reached after
a given operating period depends upon the
percentage conversion maintained during this
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time. If, for cxample, the CO4+H, conversion
is set at 809, temperatures in the region of
250°C. will be reucfwd after 2bout 4 months.
When operating with a conversion of ahout
70-759,, the same temperatures are reached
after 5-6 months. Tan long an operating
purind under the usual synthesis conditions
without extraction is not advantagcous sincc
the production of methane will reach a level
which is undesirable from the ecopomic and
technical point of view, for cxample, 15% of
the theoretical yield.

After the sald 4 or 56 months, the periedic
extractions arc started. At fOrst, the fnul
reaction temperature is lowered by about
20-30 degrees. in order ta avoid any troubles
in the synthesis operation.  The exiraction is
then effectzd in a careful manner, Itis preferred
to use an exlraction time of about 1020 minutes
and a quantity of extraction oil of about 15-209%,
by volume based on the catalyst contained in
the reactor. Naturally, the quantity of extrac-
tion oil is dependent upon the type of catalyst
and the boiling range of the synthesis produets.
A catalyst for the production of parafiin wax
will require more extraction oil than one
which gives a higher yield of gasoline,

The number of cxtractions 1s delermined
by the hoiling range of the primary products
of the particular cainlyst. It was possible, for
ezample, t© maintain a constant CO-H,
conversion of shove 809 with only one
cxtraction after esch 8-7 operating days. In
many cases, however, the intervals between
the extractinns have to be shortened to 48-72
hours anud in special cases even to 21 houss.

TUnder the extractinn conditions stated above,
the temperature is adjnsted so as to obtain
the CO+H, conversion desired which is in
general about 60%, and preferably above 70%,.
This operating temperaturs is mamtained until
# slight decrease of the conversion ocenrs, This
will not generally occur for scveral months,
fer example, 5-6 menths, after the beginning
of the first cxtvaction. It 1s preferred not
to further increase the rcaction temperature
at this time but to use somewhat more severe
exiraction conditions, for ezample, by reducing
the cxtraction tirmse, Incressing the quantity of
extraction oil aor increasing the number of
exiractions. It is also possible, however, to
combine these measures. The synthesis
temperatare js not normally raised until afl
these measures huve been applied.

This mecthod of worldng with highly active
precipitated catalysts allows very long operating
peciods of, for example, 12, 18 or 24 months
without the large increase in the production of
methane and corresponding decrease in the
vield of directly usable compounds, as found
in normal operation after 68 months.

The temperature at which the cxtraction
oil is charged to the catalyst s of no practical
importance with regard to the extraction
efficiency. It may be at room fcmperature,

but in general it should be somewhat waimer,
for example, 30-80°C. or higher. The relatively
large amount of liquid charged to the reactor
in so short a2 tie should not, however, be
allowed 1o cool the synthesis reactor nnduly.

If the extraction oil is derived from the
i[:n(hesis itself, the pump used for feeding

¢ cxtraction oil need only overcome the
pressure differcace between the reactor outlet
and inlet. With the previous methods naing
oil frum suother source, the feed pump had
to force the extraction oil at normal pressure
into the synthesis reactor at pressures somewhat
higher than the synthesis pressure.

Intervals between the extractions must not
be too long. Theworking method in aceordance
with the mvention offers the pessibility of
extracting several reactors in successton with
only one pump.

The mvention provides the possibility of
greatly improving the synthesis conditions.
‘Thus, a highly active precipitated catalyst
which, after 3% months operation without
having been treated in accordance with the
invention, gave u CO4-H, conversion of
ahout 65Y%, (volume of methane: 209, of
theoretical yield) at a load of 500 litres of
synthesis gas per litre of catalyst per hour
and 2 synthesis temperature of 288°C. Extrac-
tlon nccording to the invention at that stage
restored the CO--H, conversion to more than
709, (maethane volume: 13-15Y, of theoretical

ield). The temperature was only 245°C. and
the load 750 litres of synthesis gas per lire
of catalyst per hour. ‘This significant and

" completely unexzpected effect suggests the

possibility of incrcasing the catalyst life to
an nsual extent and maintaining high gas loads.
Taiul catalyst service times of 1-2 years or
more zppear to be possible,

The process of the invention is not limited
to a carbon monoxide hydrogenation with
fixed-bed catulysts, It is also wpplicable (o 2
methed in which a catalyst suspended in a
liquid is nsed. This method of carrying out
the synthesis iz varlously termed “wet syn-
thesis”, “slurry synthesis”, “Jiggling-bed syn-
thesis” or “liquid phase synthesie”. Extensive
studies showed that, In a wet synthesis, the
suspending oil originally used is discharged
with the reaction products within a relatively
slwrt e and that thereafter an equilibrivm
exisis between chicfly high molecular weight
products and relatively small amounts of low
buoiling products. Owing ta the preponderant
prescnec of high molecular weight compounds,
the solvent effect an the high molecular weight
compounds present on the catalyst surface is
relatively poor. The continuous or intermittent
supply of extraction oil causes a considerable
decrepse in the percentuge of higl olecular
weight compounds in the liquid phase and a
simultaneous increase in the proportion of Iow
boiling compounds, for exunple, in the
fraction boiling between zbout 320°C. and
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380°C. and preferably in the fraction boiling
betweer 180°C. and 320°C.  The result is
that the liquid phase continuously dissolves
the high molecnlar weight compounds present
on the catalyst and continuously regencrates its
activity.  Therchy, as with the fized-bed
cutalysts, 2 high activity is mintoined at
surprisingly low temperatures giving 2 high
CO--H, conversion with Inw methane pro-
duction with a high gas load. In contrast to
the synthesis with fixed-bed catalysts, it js
possible in the synthesis effected in a liquid
medium to carry out the extraction continususly
that is, to bring ahont the same eflect by the
continuous supply of small amounts of exlrac-
Gon oil as that obtained by intermittently
feceding larger amounts. In thiv continuous
operation the volume of extraction oil changed
per hour is 0.1-100%, advantageously 0.5-25%
and preferably 0.5-10%, of the volume of the
reaction space. The extruction ol is preferably
introdueed at the bottom of the reactor.

Of decisive importance for proportioning
the extraction oil is the fact that the propurtion
of higher molecular weight compounds boiling
above 320°C. in the Hquid phase should be
below 30%, and preferably helow 25%, =ad
most favourably below 10%. Tt is preferred
for lhe proper adjustment of the ratio of
compounds builing below 320°C. to compounds
boiling above 320°C., to distil several samples
and to adjust the guuntity of extraction oil per
unit of time in accordance with the resulr.

A special embodiment has been found to
be particularly suitable for the synthesis with
iron catalysts suspendcd in ligoids. This
emnbodiment invalves hatchwise or preferahly
continucus feeding into the reacror of amounts
between (.04 and 4 times the volume of catalyst
of low boiling compmnds having u Dboiling
range of abuut 180°-320°C., preferably hydro-
carbons. The amounts should he such that
the portion of high molecular weight hydro-
carbons boiling above 320°C. does not account
for more than 50%, by volume and preferably
less than 25%, by volume uf the suspending
liquid. It is known ta effect the hydrogenation
of carbon monoside with catalysts suspended
in liquids in such a manner thut although 2
relatively low boiling fraction of, for example
the dicse! oil boiling runge is generaily used as
the liquid medium In the initial. operation
of such catalysts, this liquid medium is en-
riched more or less rapidly during the course
of the synthesis with high boiling products
boiling above 320°C. Thus after a more or less
long operating period, the liquid medium, con-
tains almost only high boiling hydrocarbons and
emall portions of oxygenated compounds with
swall amounts of low hailing hydre-carbons
dissolved therein, These smounts are depen-
dent upon the particular synthesis pressure and
the synthesis temperature.

High concentrations of high melceulur
weight hydrocarbons in the suspending liquid

in a liquid-phase synthesis limit the gas load
and the percentage conversion, If care is now
taken hy the mcthod of the invention that the
content of high malecular weight hydrocarbons
does not excecd = certain mazimum, then a
considerable increasc in vouversion follows. It
is possible in many cases to inerease at the
same time the gas load and or to decreuse the
reaction temperaturs, '

The liquid phase or wet synthesis itself is
effected under ihe conditions usual for a wet
synthesis, that is, ut synthesis pressurcs of
between about 5 and 50 atmospheres and
preferably 10 and 30 atmospheres. The eas
Joad may range between 100 and about 600
volumes of gas per volume of catalyst per hour.

Recyeling ol synthesis gas to the usnal
extent as, for cxample, | volume of recycle
gas per volume of fresh gus or 2 volimes of
recycle pas per volume of fresh gas is possible
without diffienlty.  The ratio of carbon
monoxide 1o hydrogen in the syothesis gas
mzy he varied within wide limits. It is possible,
for example, favourably to process gases rich
in carbon monexide having a CO : H, volume
satio of 1.5 : §, but alsp hydrogen-rich gases
containing CO and H, ina volume ratio of
1 : 2 may be charged.

The batchwise or enntinuous feeding of the
extraction nil may be started as early as al the
heginning of the synthesis. It Is also possible
tu start the feeding at any other time thereafter.
The quaulity to he applied natucally depends
on whether the partienlar wet symthesis is
effected with the preferred production of low
molecular or high molecular weight compounds.
Tn the former case, considerably less exiraction
oil will be required.

From the earalyst composition and its mode
of proparation, and the other operating con-
ditions, it is possible to predict the approximate
boiling range of the products formed during the
wet synthesis and consequently the proportion
of hydrocarbons builing above 20°C. vrmed.
Since the rynthesis is generully started with a
hydrocarbon fraction boiling between 180°C
and 320°C. as the suspending liquid it is
possible on the basis uvf the estimated content
of products bailing above 320°C. o calcufate
the quantity of extraetion oil to be fed batch-
wise, for example, at intervals of 6, 12 or )
hours, or comtinnously. These results are
periodically checked by raking samples of the
suspending liquid.

If the wet synthesis is oporated with catalysts
for which the proportinn of products builing
ubove 220°C. is not known, the quantity of
extraction oif must be determined by inidally
taking sainples at shorter intervals,

The processing of the liquid product
leaving the reactor is effected in the manner
usual %or liquid-phase synthesis vperations. It
is advantageous in many c¢ascs to recover
direetly an extraction oil which mccts all
rcquirements by partial condensation in the

70

40

1

1G5

114

120

130



845,558

10

15

20

30

40

B0

60

required temperaturs tange.

The fecding of the eairaction oil in a liquid-
phase synthesis as well as the introduction
of the synthesis gas is effected in the bottom
part of the reactor either through a nozzle or
through ap immersion pipe. It is advantageons
to introduce the two media commonly, for
exmuple, through concentrie tubes, nozzles or
similar devices.

¥t is true that it has been suggested con-
tinucusly to add low boiling hydracarbons in
a liquid-phasc synthesis, This serves the
purpose af remaving somc of the heat of
reaction by evaporation. This, however, is

_not the process of the invention. The con-

nuouas addition of low botling hydrocarhons
such as hezane, heptane, octane or the like, or
of appropriate mizturcs docs not have the
effect of the measutres of the invention because
by far the greater part of the eaid hydrocarbons
evaporates immedigicly on feeding into the
synthesis reactor and the balance, due to its
lIow boiling range, is in any case unsuitable for
the extraction of high molecular weight
gomnpownds.

The process of the invention is also applicabla
to z carbon mouvxide hydmgenation carried
out with a fluidized catalyst bed or with a
moving bed of catalyst. Ae is known, one
difficulty of these two types of synthesis
consists in that the dust-like catalyst frequently
has the tendency to cake or to agglomerate
with the small amounts of paralfn wax whose
formation is almost unavoidable. Thiz may
cause collapsing of the fluidined bed and
disturb the synthesls operation, When using
the process of the invention in these types of

- synthesis, it is wdvantageous to spray the catalyst

with the cxtraction oil. hereby, small
residues of high molecular weight compounds
are removed [rom the catalyst surface and the
troublesome caking mentioned above, no
longer occnrs.

The reactants fed into the reactor may

‘consist of o comprise carbon monoxide and

steam instead of carbon monoxide and hydro-
gen. In this case, the steam reacts with part of
the carbon monoxide, with the aid of the
synthesiz catalyst, o praduce carbon dioxide
and hydrogen and it is the constituents of the
gases so produced which then react in the
synthesis reaction proper.

One method of camrying onr the process
of the inveation is diagraunmatically fMustrated
by way of example in the accompanying
drawing.

liresh synthesis gas cniers through line 4
and is fed by a pump 5 through line 7 into
line & in which it is mixed with recycle gas
which is ted through linc 8 by 2 pump 6§
the mixture of fresh eynthesis gas and recycle
gas passing from line @ into a reactor 10
containing a fized-bed catalyst (not shown).
The synthesis products leave the reactor [0
through line 11 and pass into 2 hot separator

12 surrounded by a stream jacket 13 into which
steam is fed at a pressure of 2.5 atmospheres.
High boiling products condense in the sepurator
12 and are removed through line 20. The
uncondensed material passes through line 14
into and vpwardly through a warm separator
15 packed with Raschig rings, in which separa-
tor Inicrmedizte boiling products are con-
densed, the intermediate boiling products being
drawn off at 21. The prodncts still in the
gascous phasc puss through line 16 into a
condenser 17 and 2 cold separator 18 from
which low beiling products are drawn off
at 22, Gas leaves the cold separator 18 through
line 18, part being withdrawn from the system
through line 28 and pert being recycled by
the pump 6 through line 8.

A part of the intermediate product condensed

A the warm separator 15 Is passed throngh line
27 into a neutralization chamber 28, containing
potassium hydroxide in solid form, through 2
line 29 into o reservoir 80, The Heuid in
reservoir 30 is drawn by 2 puinp 81 and passed
through line 82 into the reactor 10 in order to
cxtract the catalyst.

The process of the juvention is illustrated
in the following example.

Fxample.

100 parts of iron and 10 parts of copper,
both in powder form and in the highest
oxidation state, were Intimately mixed with 10
parts of ZnD on a rotating plate and then
mixed with crushed potassium carbonate 11 a
ball mill and thoroughly stirred. The mixture
contained 4 parts of KO in the form of
potassium carbonate per 100 paits of iron.
Water was slowly added by spraying and a
spherical product obtained which, by means
of a vibrator, was sicved to & grain size of
between 2 and 3.3 mm. Oversize particles
were crushed and recycled; nndersize particles
were returned to the rutating plate.

The sieved particles were dried for 24 hours
.at 120°C. which praciically completely removed
the twater.

Yollowing this, the %-m:ticles were sintered
for 30 minutes at 1150°C, This was followed
by a reduction at 350°C. effected for 4 hoors
with'a Hy/N, mixtnre at 2 flow velocity of 1.5
metres/sceond measured linear and cold. "The
rednction value or the percentage of free iron
(based on total iron) in the catalyst was there-
after about 95%,.

8 [litres of this catalyst were placed into a
vertical synthesis tube of 10 metres length
and 32 min. inside diameter. 'The catalyst
was aperated with a synthesls gas which had
a CQ : H, volume ratio of 1 : 2 and 2 CO--H,
content of 83%,. The synthesis pressure was
30 atmospheres absclute, the gas load or
space velocity was 100U litres of gas per litre
of catalyst per hour, and the recyele ratio was
2:1.

From the beginning of the synthesis,
periodic extractions were effeeted at intervals
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of 6 hours, each extraction lasting 5 minutcs
and being carricd out with 2 litres of Diesel afl.

{Tnder these conditions, a CO-+H, con-
version of 70752, was obtained at a tempera-
ture of 256°C.  The wolume of methanc
produced way between 14%, and 169, of the
theoretical vield sud the consumption ratio,
that is, the ratio in which the carbon monocxide
and hydrogen combined, was about 1.45.

From the 700th hour, the catalyst was
extracted with 2 diesel oil obtained in the
synthesis itself and containing about 9%, by
vieight of constituents boiling above 320°C.
and 8% by weight of copstizents Loiling
helow £80°C. Under these conditinns, the
catalyst was operated for months at unchanged
temperature and  with practically constant
synthesds resnits.

After a total aperating period of 4 menths,

the extraction oil desived from the synthesis

operation and having 2 neutralization number
UF about 55 was treated with alkali. This was
done in such 2 manner 4s to treat 2 quantity
of extraction oil for zhout 10 minutes in a
yessel provided with a stirrer with 20times its
chemical equivalent of selid KOH or K,CO,
Thercafier, the mixture was allowed to settle
and the top layer of clear liquid wus used for
the extraction. After the alkali treatraent, the
nentralization nurber of its oil was 7..

It was possible in this manner fo reduce
fhe volume of methane produced from its
former value of 18%, to about 9-10%; of the
theoretical yield. Af the same time, the volume
content of clefino in the normally guseous
hydrocarbons increased -by abont 15209,
and in the gasoline fraction boiling between
R0°C%, and 180°C. by sbout 5-8Y, by weight.
 After a further 2 monthe, the alkali treatmenl
of the extraction oil derived from the synthesis
operation wus effected with an aqueous
soludon  contaiming 90 grams of sudinm
carbonate per Gitre which wickled down
through « column packed with Raschig rings.
The extraction oil leaving the column had 2
neutralization mamber of 18, When this
product was used as the extraction oil, prac-
tically the same results were ohtained as
with its extraction oil treated with selid alkali
compounds.

In two further experiments, the treatment
with alkzli was effected at 50°C. for it had
previously been carried out at room lem-
perature,” By so incrcasing the temperaturc

" it was possible in the first case to cut the

stirring or contsct time by one half and still
reach the same neutralization number, whilst
in the second or countercurrent process, the
nentralizaton number could be reduced from
15 to about 9-10.

WHAT WE CLAIM IS:-

1. A process [or the eatalytic hydrogenation
of ecarhon monexide carried ont at a pressure
groater than 3 atmospheres, which includes
extracting the catalyst, without shutting-off

the synthesis gas andsor recycle gas, with an
oil which has been synthesiscd by the catalytic
hydragenation of carbon monoxide 2nd which
has been treated with alkaline material prior
1o use.

2. A process aceording to cluim 1, in which
the alkeline material is used in an wmount
in excess of the stoichrometric amount required
to neulralise the oil.

'3, A prowss according to any ome of the
preceding claims, in which the alkaline material
psed s io the eolid state,

4. A process according to uny one of the
preceding  claims, in which the residual
neutralization number of the extraction oil is
between 5 and 15,

5. A process according to any onc uf the
preceding claims, in which the catalyst is
an iron calalyst in a fused or sintered form.

8. A process accurding to any one of the pre-
ceding claims, in which the catalyst is extracted
at imtervals of not more than 48 hours.

7. A process according to any nne of claims
1 1o 4, in which a highly active precipitated
catalyst is used, the cetalyst being operated
for a perind of seversl months before the first
extraction.

8. A process according to any one of the
preceding claims, in which the duration of
cach extraction is less thun €0 mires.

9. A process according w claim 8, in which
the duration of cach extraction is less themn
15 minutes.

10. A process according to any one of the
preceding claims, in which the catalyst is
present as a fixed-bed.

11. A precess according i@ clann 10, in
ywhich with 2 reactor having an overall length
of zbwunt 10 metres, the yeentity of the extrac-
tion oil which is pessed over the catalyst in 5
minutes is from 0.04 to 0.4 times the volume
of the catalyst.

12. A process according to claim 10, in
which with a rescior having an overzll length
of about Y0 moires, the quantity of extraction
oil which is passed over the vatalyst in 10
minntes is from 0.04 to (1.3 times the volume
of the catalyst.

13. A provess according to claim 10, in.

which with a reactor having an overall length
of gbout & metres, the guaniity of extraction
oil which is passed over the catalyst In 3
minotes is from 0.04 tu 0.4 times the volume
of the catalyst.

14. A prucess according to any one of
claims 10 to 13, in which the extraction vil
is charged at such a rate that u pressure drop,
acrogs the fixed-bed catalyst, of between (4
and 2.5 atmospheres absolute is prescnt during
or immediately after extraction, in addition tv
the pressure drop observed in the synthesis
operation when no extraction is taking place.

15. A process according to any ons of
claims 1 to 5, in which the catalyst is sospended
in a Hquid medium,

70

30

g0

108

105

110

120

145

130



845,558

10

16. A process uccording to claim 15, in
which the extraction oifl 18 introduced, coo-
tinuousty or batchwise, at a rate of 0.5 to 23%,
by volumse of the reaction space per hour.

17. A process according to any one of the
preceding claims, in wlich the extraction oil
contains more than 75% of compounds
boiling between 200°C, and 280°C.

I8. A process according to claim 18 or
claim 18, in which the extraction ofl contains
not more than 20%, by valume of compounds
boiling above 320°C. und is fed into the
reaction space at a rate such that the content
of higher molecular weight hydrocarhons

boiling wbove 320°C. in the liquid in the
reaction space i3 mot more than 25% by
voluine.

19. A process uccording to any one of the
preceding  claims, in which the synthesis
pressurc 1s in the range 10 to 60 atmospheres
absolute.

20. A process for the catalytic hydrogenation
of carbon monoxide, substantially as hercin-
before dercribed in the Exumuple.

EDWARD. LVANS & CO,
53-64 Chancery Lane, Landon, W.C.2.
Agents for the Applicants.

‘Bournsmouths Printed for Her Majeety's Stationery Office, ? Richmond Hili Printing Works Lid.—1960.

Published at The Datcot Office, 25, Southampion Buil

, London, W.C.2, from which eoples

may be vbtained.
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e ey e s
synthesis of hydrocarbons by the hydrogenation
of carbon monoxide with iron cobalt or nickel
catalysts under armospheric pressure and at
slightly elevated prossures up to about 3
atmospheres, to extract with a solvent the
fixed-bed catalysts which are used in tubular
Iamellar reactors, al predetermined intervale,
This is necessary becausa of the rapid decraasce
in catalytic zctivity caused by the deposition
of high boiling hydrocarbons on the catalys(
surface. Many methods are known for the
remnval or extraction of the high boiling
hydrocarbens from the catalyst. For example,
a portion of the lguid synthesis products
abtained in the kydrogenation may be used
for the extraction of the calalyst. 1'he moist
catalyst thus extracted is dried and used again
in the synthesis. Frequent extraciion coupled
with regeneration by hydrogen or srean is
alse known, This may be uffected with diesel
oil, particularly during the starting-up periad
which allows the use of low synthysis tempera-
tures without decreasing the high CO—+H,
conversion,

Further suggestions are mentioned n
®ainer's “Iie Igohlcnwasserstuffsynﬂmse nach
Fischer-Tropsch”, 1930, pages §3.97. ‘The
extraction of catalyats, particularly of cobali
catulysts, etfected on a large seale is also
deserihed in F. Maptin, E, Weingaertner,
“Die Fischer-Tropsch ®ynthese”,
The number of such references in the
ltcrature shows that the malirtenance of

[Price 35, 64.]

- pheres ahsolute in  which

DS 82174/1(10/B486 200 10/8i

a2 BV,

It has been found that a modification of the
extraction process brings ahout uncxpecied
improvements in synthesis product and catalysi
life in an elevated pressure synthesis. This
modification is described in the co-pendin
Application No. 5691/60 (Serial No. 845559),
the subject-mutter of which has heen divided
out of th: present Application. That to-
pending Application claims q process for the
catalytic hydrogenation of carhon monoxide
carried out at a pressurc greater than § atmos-
high molecular
weight preducts of the hydrogenation or
synthesis are extracted from the catalyst at
inicrvals by means of a solvent for the high
molecular weight products and  without
shutting-off the synthesis gas andfor recycle
gas, the solvent being fed into the symihesis
sone in the liquid phase whilst its residence
time in that zone is such that it does not
undergo degradation or cracking.

When a synthetic diesel vil fraction obtained
by the catalyric hydrogenation of carhon
monoxide was used 25 the solvent, it was
noticed that the amount of methane formed
in the synthesis hecame higher und that,
particularly with siutcred catalysts, there was
an appreciable decrease in the olefin content
of the synthesis products. It was found that
this undesirable elfect arose from acids present
in the solvent,

According to the present invention, in a
process for the catalytic hydropenation of
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