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COMPLETE SPRCIFICATION

Process for the Hydrogenation of Carbon Monoxide

We, RUIRCHEMIE ARTTRNCHESEILSCHAFT of
Oberhausen-Helten, Germany, and Lurer
(GESELLSCHAFT FURR WAERMETECENIK m.b.I1, of
Frankfurt am Main, Germany, both German
Companics do hereby declare the invention, for
which we pray that a patent may be granted to
us, and the method by which it is to be per-
formed, to be particulerly described in and
by the following statement;—

The invention relates to a process for the'

hydrogenation of carbon monoxide,
Ttis known that it is necessary in the synthesis
of hydrocarbons by the hydrogenatinn of carbon

- monoxide with iron, cobalt or nidkcl catalysts

under atmospheric pressurc and at slightly
clevated pressures up to about 3 atmoseplieres,
0 extract with 2 soivent the fixed-bed catalysts
which are used in tubulur or lamellar reaetors,
at predetermined intcrvals. "This Is necessary
because of the rapid decressc in catalytic
activity caused by the deposition of high boiling
hydrocarbuns on the catalyst surface, Many
methods are known for the removal or extrac-
tion of the high boiling hydrocarbons from the
catalyst. Tor example, 2 portion of the Lquid
eynthesis products ohbtained in the hydro-
genation may he used for the extraction of the
catalyst. The moist catalyst thus extracted is
dried and used again in the synthesis, Frequent
extraction coupled-with regencration by hydro-
gen of steam is also known. 'I'his ‘may be
effected with diesel oil, patticularly during the
starling-up period which allows the use of low
synthesia temperatures without decreasing the
high CO4+H, conversion,

Further - suggestions are mentioned in
Kainer’s “Dis Kollenwasserstofisynthese nach
Fischer-Tropsch”, 1950, Pages 63-97. The
extraction of catalysts, particularly of cobalt
cutalysts, effacted on a larpe scale is also des-
cribed in F. Martin, E. Weingaertner, “Die
TMecher-Tropsch-Synthese”,

The number of such references in (he
literature shows that the mainteuance of
catalytic activity in a process operated at atmos-

[Price 3s. 6d.]

pheric or slightly elevated pressurcs, by
extraction with a solvent has been dealt with
extensively, In general, however, the opinion
has been that extractions of this kind are not
necessary in an elevated pressure synthesis
because cperating above 8 atmospheres as there
was no comparable decrease in vield. Indeed
better resnlts und a longer catalyst life in
elevated pressure synthesis have been abtained
in practicc by not extracting the catalyst with a
solvent,

It has now been found that certain modifica-
tions of the cxtraction process bring about
anexpected improvements in synthesis product
and catalyst life in an elevated pressure sy1-
thesis,

According to the invention, in a provess for
the catalytic hydrogenation of carbon monoxide
carried out at a pressuce greater than 8 atnos-
pheres ahsolute, high molecular weight pro-
ducts of the hydrogenation or synthesis are
exiracted from the calalyst at intervals with a
solvent for the high molecular weight products
and without shutting off the synthesis gas
andfor recycle gas, the solvent being fed into the
synthesis zone in the liguid phase whilst its
residence time in that zone is such that it does
not undergo degradation or cracking, The
synthcsis pressure is preferably between 10 and
60 atmospheres ahgolute. The cxtraction is
carried out in the synthesis reactor, preferably
at intervals.

The catalyst may be sintered, fused or
precipilated cobalt, nickel or iron catalyst, the
preferrcd catalyst being an iron catalyst in a
sintered ov fused form, '

‘The duration of each extraction is advan-
tagrously less than 60 inutes and preferably
less then 30 mimutes or even less than 15
minutes. Such short periods of extraction
require the use of relutively large flows of the
solvent. The surprising and unforseeabie
effect of this prucess is that catalysts extracted
in this manner permit the synthesis ta be carried
vut at temperatures which are 30-50 deg. C.
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lower than those reqnired by the same catalysts
under identiczl synthcws conditions when no
extraction is effected.  This considerable
deerease in the synthesis temperature s accom-
panied by a surprising mmprovement in the
synthesis produet, In spite of the decrcase in
the synthesis temperature the catalysts extrac-
ted in zccordance with the invention can be
exposed to high gas lnads (high space velocitics)
and atill sitain high conversion. The methad in
accordance with the invemtion offers advantages
not only in the so-called “‘slurry synthesis”, i.e.
a carbon menoxide hydrogenation with the
-catalyst suspended in a liquid, but particularly
i a synthesis operation with fixed-bed catalysts
where its outstanding efliclency can be very
clearly demonstrated,

The method zecording to the invention is
applicable to a carbon monoxide hydrogenation
operatian carried out for the preferred produc-
tion of hydrocarbons as well as to synthesis
processcs with the preferred formation of
oxygen-containing compounds or primary afi-
phatic amfnes or mixtures of these threc
cornponents.

Modern synthesis resctors for fixed-bed

" calalysts consist chiefly of smooth tubes of a

diameter of from 20 to 100 mm., particularly
abont 30-80 m., and an overdll length of more
thun 5 metres and particularly from 10 to 25
metres.  These tubes are charged with the
caralyst produced-in the conventional manner,
tlie catalyst heing either in the unreduced or,
which is particulusly favourable, in the reduced
form, as, for example, a sintered catalyst.
When the catalyst is charged into the reactor in
the reduced form, special precautions have to he
observed during the charging ouperalion, for
example, the catalyst has to be charged under a
protective atmosphere of casbon dioxide or
niirogen or it has to he impregnated with
parafhn waz.

Sich a modern synthesis reactor is started up
by relatively rapidly increasing the temperature
to 150°C. Following this rapid incresse, the
rate of tempetature increasc is slowed down as,
for example, to 1-2 deg. C, per hour,

The synthesis pressure may preferably range
hetween about 10 and 60 atmuspheres sbsolute,
for example, 30 atmospheres absolute. The gas
load may be 750 litres of ges per litre of
catalyst per hour and the recycle rativ may be
2.5 : 1 (2.5 volumes of recycle gas to 1 velume
of fresh gas).

The récycling of exit gas is of advantage in
many cases, The process of the invention is,
however, not lited (o gas recyeling., Suitable
synthesis gases include all gases contuining
carbon monoXide and hydrogen and produced
by conventivnal gas production methads. The
ratio of CO to H, in the synihesis gus may very
between about 2 ¢+ 1 and 1 : 10 by volume. The
content of CO+1, in the synthesis gases may
vary between about 30%; und 100%; by volurme,
A typical gas may contain 28%, €O, 50%, H, by

volume the remwinder being methane, carbon
dioxide and nitrogen.

Under the specific conditions described
ahove, namely, 2 synthesis pressure of 30
atmogpheres abselute, a gas load of 750 v/v/hr.
and a recycle rativn of 2.5 : 1, the synthesis gas
being the typical gas referred to, the first
CO+17, conversion will be observed at tem-
peratures in the region of 180°C.

If, under these conditions, the synrhesis
reaction were to be contimied in the conven-
tional manner, that is 2o incteese in {emperature
at a2 more or less uniform rate were to be
eflecled without solvent extraction of the
catalyst, then the further increase in CO--1,
conversion would be reladvely slow. For
example, In the case of sintered catalysts, a
final conversion of sbout 70%, CO+H, would
not be reached under these conditions at a
lemperature of less than 280°-280°C,

T'he extraciivn in accordance with the inven-
tion is generally applied carly during the initial
operation. A perfodic extraction of the catalyst
is effccted at intervals of 4 to 48 hours and pre-
ferably at intervals of 4-24 hours. As herein-
before stated, shart extraction periods arc pre-
ferred, pamely, sn extraction peifod of less than
&0 minutes and preferably Iess than 50 minutes,
It is particularly expedient in many cases to usc
an cxiraction period of less than 13 minmtes,
"The quantity of solvent to be charged Lo the
catalyst within 3 minutes should preferably be
chosen so that it Is 0.04 to 0.4 times and pre-
fernbly 1.1 to (.25 times that of the calalyst
volume; these figures apply to reactors having
an overall length of sbout 10 metres. For
reactors with overall lengths of about 20 metres,
it is preferred to charge the catalyst within 10
minutes with u guuntity of solvent which
amounts ta (,04-(0.4 times and prcferably to
(h1-0.25 times the catalyst volume.  For
reactovs with an overall length of about 5
metres, the gqueniities of solvent enrresponding
to 0.04 to 0.4 times znd preferably to 0.1 to .25
times the carzlvst volumc are preferably
charged to the catalyst within as little as 3
minutes. For reactors with overall lengths
ranging herveen these sizes, there apply corres-

onding intermediare valnes.

The CO-[-H, conversion reached under the
above-mentioned conditions Is, for example,
70%, at a temperature of 245°C.

The example shows the catalyst being con-
tacted within a very short time with a relatively
large amount of liguid, which quickly extra=rs
the high molecular weight compounds deposited
on it. Otherwise thesc high molecular weight
compounds remain there and inhibit the syn-
thems reaction. The eflect of the extraction is
very impressively demonstrated by the increase
in the carbom dioxide content of the gas leaving
the reaclor. This carbon dioxide value is
directly rclated to the conversion in the syn-
thesis reaction. It shows an increase within 20
to 60 ninutes, depending wpon the duration of
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the extraction, after which the catalyst wilt

2gain reach its optimum activity.

It has forthermore been found that in a
synthests with a {lxed-bed catalyst, the results
are improved if the pressure drop caused by the
extraction, that is by the short-time supply of
relatively large quantities of solvent, is con-
trolled in the reactor during ov jmmediately
after the cxtraction. A pressure drop between
about 0.2 and 5 atmospheres ebsolute and pre-
forably 0.4 and 2.5 utmospheres ahsolite
restlts in decreused mcthane production and
incrensed catalyst activity and life. As is
known, reactors having au overall length of be-
tween aboul 10 and 20 metres and containing
the catalyst in a stationary form as, for cxample,
a catalyst in the forn: of spheres or small
cylinders, have a resistance or pressure drop of
the order of 1-10, generally about 2-5, atmos-

pheras abeoluts, depending upon the mechani-

cal properiies of the catalysts and the gas ratc,
typc of gas, recycle ratio and other factors. The
figures given for the pressure drop cansed by the
extraction arc to be understood as being in
addition to the normal pressure drops ohserved
in the catalyst bed when no cxtraction is being
carried out. 'This “pressure extraction” of the
cutalyst cffects a particularly rapid and sub-
stantially coniplete removal of the polymerized
productsudhering to the surfaceof the catalyst so
that maximum activity of the catalyst is restored
immediarely or shortly thereafter,

The extraction can be effected with the con-
ventonal solvents used in this type of synthesis
cartied out at atmespheric pressure. Use is
preferably made of liquids obtained in the
carbon menoxide hydrogenation jtself and con-
taining not less than 50%, by weight of com-
pounds boiling above 180°C. as, for example
between abour 180°C. and 820°C, and prefer.
ably between about 200°C. and 260°C.

The solvent is, for example, withdrawn from
the so-called intermediute separator, an air-
cooled separator generally provided downstrear:
of what 1s known as the hot-separator of the
synthesis unit, ‘The location of this intermediate
separator is, for examnple, upstream of the heat
exchungers and the condensation wuit proper,
that iz, upstream of the position where separa-

tion of the liquid synthesis products by water

wooling is cficcted.  Naturally, the product
withdrawn from this intermcdiate separator
does not exclusively comprise the usual boiling
range of 4 diesel oil fraction but contains also
vonsiderable proportions, fur cxample, 10-209,
by weight of cumpeunds heiling ehove 820°C.
and also substantial proportions of lower boiling
compounds, that is, eompounds boiling belevw
180°C. Althongh a product with such a wide
boiling runge is used for the extraction, it is
observed that the effect of the extractinn is
surprisingly even morc favourable in many
cases than that obtained when nsing (he diessl
oil fraction boiling hetween about 180°C. and
320°C. such as is generally used in the art,

The boiling rangc of the solvent iy of con-
siderzblc importance for the effect of the
process. Selvents consisting of low molecular
weight hydrocarbons, that is, such as those of the
gasoline fraction, are not very suitable. Good
results werc found to be obtained when the oils
used as solvents, preferably products obtained
in the curbon monoxide hydrogenation itself,
include by weipht at least 30%, and preferably
more than 73% of fructions boiling berween
abeout 1B0°C. and 320°C. and preferably be-
tween about 200°C. and 266°C. "'The presence
of oxygen-containing and/for nitropen-contain-
ing comfﬂﬁnds in all fractions, even to the
extent of more than 10% by weight, is not
detrimental to the process of the invention. It
is unfavourable, however, if the solvent has too
high u content of constituents boiling above
820°C. since obstruetions in the conveying
equipment and line can oceur by foccufated
soft and hard paraffin wax, especially at flue-
tuating tﬁmtgeratures, and cause hreakdowns,
Muoreover, the extraction efficiency is more or
less reduced thereby.

Tt has been found, for exumple, that only a
poor extiaction efficicncy is obrained with a
solvent which is derived from the cold-separator
of a synthesis unit and thereforc represents 2

synthesis product which, after extensive separa-

tion of the high molecular weight hydrocarbons
and the hydrocarbons boiling in the diesel oil
range, includes products of the pasoline frag-
tion. A product of this kind had, for cxample,
the following compositios:—

Boiling up to 180°C. 649, by weight
180°-820°C, 309,
S20-480°C. 5%,

In contrast to this, good resnlts can be obtained
with a solvent derived from the intcrmediate
scparator of -the synthesis unit and having
about the following boiling range:—

Upto 180°C. .. . 18%, by wcight
180°-320°C, .. .. B7Y, .
J20°-460°C. . . 23%, 1

above 460°C. .. 2% .

Even better extraction cfiiciency can be

obtained with the use of a product derived
directly downstream of the intermediate separa-
tor. Une example of such a product had the
following composition:—

Upw 180°C. .. .. 129 by weight
180°=320°C. 80% .
320%460°C, ., .. 8%

abuve 460°C. .. .. —

In the hydrogenation of carbon monoxide,

the synthesis products which may consist of
hydrocarbens mixed, as the case may be, with
vxygen-containing organic compounds are pre-
ferably withdrawn in one or several serics-
connected tanks filled with suitable packing
such as Raschig rings and located downstream
of the hot-separator. Usually the hot-separator
is immediately downstrearn of the synthesis
reactor. ‘The gas is passed through these tanks
in an upward dircction and leaves them at the
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tup. The presence of packing in the tanks and
the upward flow of the pas, effect 2 rectification
which produces an ofl suitable for use as 2
solvent, Fts content of low boiling and high-
hoiling compounds, that is, cumpounds boiling
outside the ranpe 150°C. to 320°C, s shout 20%
of euch end if is desirable that it should be less.
This kind of separation and recuvery of solvent
Tins heen found to be particularly applicable
gince the process of the invention requires 2
solvent in which the proportien ul compounds
boiling helow 180°C. and compounds boiling
above 320°C. is Jess than 109, each, A snlvent
of this kind can very simply be recovered in the
manner described directly from the condensa-
tion system for the synthesis products without
additional rectifying equipment, The extrac-
tion effiviency ebtained when using this salvent
was at least as pood as that with a diesel oil
fraction hoiling betweén £00°C, and 280°C.

Tt appeared during the course of extended
periods of operation that, in certain circum-
stances, a very slight decrease in the conversion
eccurs after a ceriain dme and may becomne
more pronounced upon continuing the opera-
tion. It has been found advaniugeous in this
case, a8 goon as the decrease in conversion be-
comes perceptible, to cffect one or several
extractions preferably in  succession, for
exnmple, of twice the durarion and correspond-
ingly, double the quantity of solvent, By this
measure, ¢ sehstantially complete regepera-
Gon of the catulyst is attained. The smafl

~ amuunis of high molecular weight preducts:
which have sccummlated on the vatalyst surface

in spite of the ruuline extractions of the mven-
tivn, are rompletcly removed.

It can hardly be avoided that small amounts
of the water pruduced in the synthesis remain
in the product and arc cundensed, for example,
in the intermediute separator. This quantity is
generally not sufficiently large to separate so it
remaing dissolved in the solvent. If partienlar
dircumstances cause separation, the lower,
acqueous phase must be removed since it may
have an zdverse effect on the catalyst activity.
The content of water in the solvent should not
exceed 5%, by weight, Tt is advantagcously
below 224 and preferably below 1%, by weight.

The temperature at which the solvent is
charged to the catalyst is of no practical im-
portance with regard to the extraction efficicney.
Tt may be at room temperature, but, in general,
it should be somewhat warmer, say 30°-80°C.
or higher. Care should only be taken that the
relatively large arnount of liquid charged to the
reactor in so short a time does not cool the
gynthesis reacter unduly.

The method in accordance with the inventlon
offcrs the advantape that if products from the
synthesis itself are used as solvent, the pump
used for feedimg the snlvent need ouly over-
come the pressurc difference between the re-

actor outlet end inlet. With the previous work-’

ing methods end particularly when using oil

from another source as solvent, the feed pump
had to force the solvent at normal pressure into
the reactor at pressures somewhat higher than
the synthesis pressure,

It is not necessary to discentinue the syn-
thesis operation during the exfraction. The
guuntity provided of cxtraction oil is pumped
over the catalyst within the time provided while
the synthesis is proceeding,

Tt 3s not desirable for the intervals hetween
extractions to he tao long. In the process
according to the invention, several reactors can
b extracted in succession with only one pump,

The process in accordance with the invention
is also applicable to a carbon monoxide hydro-
genation operated with a (uidized catalyst bed
or 2 muving bed catalyst. s is known, one
difficulty of thesc two types of synthesis consists
in thut the dust-like catalyst frequently has the
tendeney to cake or agglomerate with the
smaller amounts of paraffin wax whose forma-
tipn is elmost unavoidable. This may cause
morc or less pronounced collapsing of the
Huidized bed and disturh the synthesis opera-
tion. YWhen using the process of the invention
in these types of synthesis it fs advantageous to
effect purification of the catalyst surfave by
spraying the solvent. Thereby, small residues
of high molecular weight compounds are re-
mnved from the catalyst surface in the single
operation so that the deposition of paraftin wax
which results in the troublesome caking men-
tioned above, no longer occurs.

It is possible tu work in a similar manner to
that deseribed for fized-bed cutalysts in the
liquid phase syntlesis.

Two methods of carrying out the process of
the invention are dizgrainmatically illustrated by
way of cxample in the accompanying drawings,
in which '

Figure 1 illustrates the process when carried
out with a fixed-bed catalyst, and

Figure 2, illustrates the process when carried
out as a liquid-phase synthesis, that is to say,
with the catalyst suspended in a liquid.

In Figure 1, fresh synikesis gas enters
through line 4 and is fed by a punp & threugh
line 7 ints Line 9 in which it is mixed with
recycle gas which is fed through line 8 by
pump G, the mixture of fresh synthesis gas
and recydle gas passing from line © into a
reactor 10 coutaining a fixed-bed catalyst {not
shown). The synthesis products leave the
reactor 10 through line {1 and pass inta a hot
separator 12 surrounded by a steam jacket 13
into which steam is fed at a pressure of 2.3
atmospheres. High boiling prodncts condensc
in the sépavatar 12 and are removed through
line 20. 'The uncondensed material passes
throngh line 14 into a warm_separator 15
packed with Raschig rings, in which separator
ntermediute boiling products arc vondensed,
the intermediate boiling products being drawn

off at 21.
phase pass through line 18 into 2 condenser 17

Tha products still in the gaseous
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and 2 cold separator 18 from which low hoiling
products are drawn off at 22, Gas leaves the
cold separator 18 through line 19, part bein;
withdrawn from the system through line 26 an
part being recycled by the pump 8 throuph
line 8,

A part of the intermediate produet condensed
in the warm separator 15 is drawn thwough line
28 by a pump 24 to be pussed throupgh line 25
at intervals into the reactor 10, as the solvent
to extract the catalyst.

in Tigure 2, fresh synthesis gas enters
through line 30 and is passed by = pump 31
through lines 32 and 33 into a synthesis reactor
34 in which the catalyst is suspended in 2 liquid
medimn. Recycle gas is mived with fresh gas
i the line 33, the recycle gas being fed through
line 35 by a pump 36.

A purt of the hquid in the reactor 34 passes
tirough 2 filter 52 and a line 58 into a2 hot
scparator 54 in which high boiling products are
condensed snd removed through Jine 55 whilst
mcondensed material passes ocut through
line £6.

The remainder of the synthesis produets are
withdrawn in gaseous form from the reactor 34
through ¥ne 37 and are pessed imto 2 warm
separator 88 packed with Raschig rings. A part
of the intermediate boiling product which con-
denses in reparator 58 is rewwoved through line
39 while another part is passed at intervals
through line 40, pump 41 and line 42 back
into the rveactor as the solvent to extract the
catalyst, |

Uncondensed gas leaves the warm separator
88 through Hne 43 and passes into a condenser
44 and then trough line 45 into a cold separator
16 fromr which the low bafling synthesis pro-
ducts are removed throngh line 47, Uncon-
densed gas leaves the cold separator through
line 48, part being drawn throngh Jine 49 by the
pump 36 for recycling, the remainder passing
out throngh the line 50,

The reactants fed into the synthesis reactor
may comprise carbon monoxide and water
vapour or steamn, In this casc, the steam reacts
with part of the carbon monoxide, with the aid
of the catalyst present, to produce carbon
diexide and hydvogen and it is the constitaents
of the ges mixturc so produced which are the
starlers for the synthesis reaction proper,

The process of the inventiun is illustrated by _

the following examples,
Example 1

100 parts of iron and 95 parts of copper, both
in powder forn. and in the highest oxidation
state, were intimately mixed with 10 parls of
ZnO on a rotating plate and then mixzed with
crushed potassiumy carbopatc in a hall mill and
thoroughly stitred. The mixture contsined 4
parts of K, in the form of polassium carbonate
per 140 pavts of iron. Water was slowly added
by spruying and a spherical preduct obtained
which, by means of a vibrator, was scived to a
particle size of between 2 and 3.5 mam, Over-

size particles were crushed and reeycled; under-
size particles were returmed to the rotating
plate,

The sieved particles were dried for 94 hours
at 120°C, which practically completely re-
moved the water.

Following this, the particles were sintered for
0 minutes at 1150°C. This was followed by a
reduction ut 850°C. effected for 4 hours with
a H,/N, mixture at a flow velocity of 1.5
metres/second meusured linear and cald, The
reduction valyc or the percentage of free iron
(Luscd on total iron) in the catulyst was there-
after ahout 95%,.

8 litres of this catalyst were placed in a
vertical reaction tnbe of 82 mm. inside dia-
meter and 10 metres longth, A synthesis gas
including by volume about 279 of carbon
inonoxide, 549, of hydrogen, the remainder
being methane, carhon divxide and nitrogen,
was charged at a rate of 500 volumes of gas per
volume of catalyst par hour. The synthesis
pressure was 30 atmospheres absolute. Part of
the tail gas wus reeycled to give a recycle ratio
of 2.5 : L.

The catalyst was luken into operation in a
carefid manner, The CO-4-H, conversion was
about 50%, after 170 hours and about 60, after
280 hours. Ar 2056°C., 70% conversion was
attained. The production of methane was 18%,
by volume of theoretical yield, and the con-
sumption ratio, 1hat is, the ratio in which the
catbon munoxide and hydragen combined,
way |.45.

After about 1000 hours, a gas having carhon
monoxide : hydrogen in a ratio of 1:8 by
volupue was used instead of the gas mentioned
above. During this stage of the run, the reaction
temperature was increascd by 2 deg. C. The
€0 Hy conversion was ahout 689, the volume
of methane produced was 20-21% of the
theoretical yicld and the consumptinn ratio was
about 2.0. .

After 2000 hours, the catulyst was extracted
at atmospheric pressure first using diesel oil
as solvent at about 200°C. and then a gasoline
fraction at about 120°C. After having taken the
catalyst again inte operation, 2 CO+H, con-
version of 8% was reached at a temperafure of
only 230°C. However, within & days an in-
crease in temperature by 35 deg. C. had to he
effected to muintain the conversion at this level.
No intennediate cxtractions had been effceted.

After 2300 hours, the catalyst was again
extracted at atmospheric pressura in the manner
described shove and thereafter again taken into
operation under the previous conditions at
£30°C. In addition, the catalyst was continu-
ously sprayed with diesel nil af a rate of 100 c.¢
of diesel ol per hour. In spite of this measure,
a continuous increasc in temperature Lad to be
effected in order to keep the CO vonversion at
ibe initiaily observed level of abont 702, Alsp
in this case, the final temperature was ahout
265°C.
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Afrer 2500 Lours, snother extraction of the
catalyst was effected in the same manner as at
the 2000tk Lour. Thereafter, the catalyst was
again taken into operation at 230°C. under the
previous conditions except that a gus Having
(20 : H,, voluzge ratio of T ; 2 was now uscd as
at the beginning of the run,  Moreover, periodic
extractions were sffected at intervals of 12
houts, each cxiraction lasting 5 minutes and
being carried out with 1.5 litres of diesel oil
{boiling Letween 200°C. and 260°C.) without
shutting down the synthesis operation. Under
these conditions, = CO41I; conversion of
gbout 72%, was obtained at 230°C. while the
volume of methane decressed to 149 of the
theoretical yield. The consurption ratio
rerugined heteween 1.5 and 1.6,

After 2800 hours the pas load was incrensed
to 750 litres of fresh gas per litre of catalyst
per hour. The synthesis pressure remained at
30 atmuspheres absolute. The reaction tem-
peratiure was inureased to 245°C. the recycle
rutio was 2 : 1.

Under these conditions, a constant CO-+H,
canversion of 71% was maintained up to the
3500tk hour. The volume of methane produced
was about 168%, of theoretical yicld und the con~
sumption ratio was shant 1.4,

During this tine, periodic extractions were
effceted at intervals of 8 hours, cuch sxtraction
lasting 10 minutes and being carried out with
1000 cc. of diesel oil.

Upon the termination of this step of the run,
the nperation was continued under the previous
conditians except that the extractions effected
at the same intervals were now carricd out with
a praduct derived from Lhe synthesis itself. For
example, between the 3700th and 8800th hour
there was used a synthesis product which
showed that no separation of wax at room
temperature and jnchided 18%, by weight of
constituents boiling up to 180°C. During this
period of 100 hours, no change of the synthesis
results with regard te conversion, production
of methane, consumption ratie and temperature
range oeeurred.

Following this, the extractions were cifected
with a synthesis product which, in contrast to
that mentioned in the preceding paragraph,
contzined about 30% ef constituents beiling
below 180°C., In this case the CO-H, con-
version decreased fromm about 71%, to G3%
while maintaining the previous extraction
conditions.

After this step of the run, a diesel oil fraction
boiling between 20°C, and 260°C, was again
used for the extraction, The CO--H,, conver-
sion did not change and remained between 70%
and 71%, and the volume of mcthane produced
remained between 14%, and 16%, of the theor-
etical yield.

Alter a total of 4000 hours of operation, the
run wes terminated hecause of a breakdown
and the catalyst was extracted in the reactor at
normal pressure in the manner described for

the first extraction.

Thereafter, the catalyst was slarted up again
at 2 gas load of 1000 litres per litre of catalyst
per hour, a recycle ratio of 2 : 1 and a pressure
of 80 atmospheres using 2 synthesis gas having
& CO tH, volume ratio of 1 :2. From the
beginning of actual synthesis, perfodic extrac-
tions were effected at intervals of 8 hours, each
extraction lasting 13 minutes and being
effected wirh 2.5 litres of diesel oil.

Under these conditions, 2 CO-+H, conver-
siun of about 649, was obtained at 255°C. The
volume of methane produced was 14%, of the
theoretical and the consumption ratio was about
1388,

When the extractions were effected at
intervals of & hours with the individual extrac-
tions lasting 6 mirutes and each being eacried
out with 1,3 Litres of diesel oil, an increase in
CO--TT, conversion to 2bout 719 was reached
while maintaining the previous synthesis
temperature, The volume of methane produced
was between 15%, and 168%, of the theoretical,
the consumption ratio being 1.4. The rua was
operated under these conditiens up to the
7000th hour without any change of the tempera-
lure range and the synthesis results. T{iere—
after, it wag discontinued in nrder to have the
synthesis tube availuble for a pew experiment.

Fxample 2

A catalyst mass was precipitated hy adding 2
sufficient quantity of a boibing sulutivn of the
nitrates of iron and copper in a ratio of
100 Fe : 5 Cu to a beiliug soda solution to
obtain a pH value of 7. Tins catalyst mass was
then washed with hot disrilled water to a resi-
dual alkali content of aboui 0.3% calculated as
weight percentage of 1,0 based on the weight
of iron prescit. This washed mass was fis-
pended in distitled water at rovm teurperature
and mixed with a solution of potassium waicr-
glass {potassimn silicate) containing suthcient
silicic acid as to give 25 parts of 810, per 100
parts of Fe, Sufficient nitric acid was then
added to pive, after filiration, a residual alkali
content of 5%, caleulated as abeve. The mass
was superficially dijed, shaped in suitable
equipment into small ¢ylinders of 3.5 mm.
diameter and subsequently dried for 24 hoursat
105°C, After this about 8%, water remained.

After sicving tu a particle size of between 1.5
and 4 mm. this catalyst was reduced for 60
nrinntes ot 230°C. with a mixture consisting of
78%, H, and 25%, N, by volume using a flow
volncity of about 1.5 metresfsecond, The per-
centuge of [ree iron (based on total iron) in the
catalyst was then 26%,. 8 Hires of the reduced
catalyst were carefully charged into 2 synthesis
tube of 10 metres length and 32 mm. inside dia-
metcr under a proteciive atmosphere of carbon
dioxide and the catalyst was taken into opera-
tion with a synthesis gas containing 85% by
volume of carbon monoxide and hydrogen in
a ratio 1 : 1.7. The synthesis pressure was 23
atmosphetes absolute, the recycle ratio was
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2.5 1 und the gas load was 500 litres of gas per
litre of catatyst per hour,

After carcful startingup for & period of
about 120 honss, 2 CO-{ Hy conversion of 729
was obtained at 2 temperature of 220°C. The

_ volume of merhane produced at this time was

ahont 5%, of theoretical yield and the consump-
tion ratio was ahout 1.5.

Under these conditions, the catalyst was
operated for 21 months. Thereafter, a gradual
incresse in temperature bacame necessary in
order to compeneate for u slow decreasa in
activity, Alter a total of 8000 hours on strean,
the final temperature was 264°C., the CO--H,

- conversion was about 689 and the volume of

methane produced had increased to 309, of the
theoretical.

After this time, the catalyst was extracted at
atmospheric pressure under the conditions used
at the 2000th heur in Txample ¥ and thercafrer
taken apain into aperation wnder the previous
conditions. Frem this time, diesel ofl in

amount of 1.3 litres was charged in the space of

6 minuter to the catalyst every four hours.
After starting-up in a careful manner, a CO4-H,
conversion of 70-71%] was obtained at a re-
action temperature of 230°C,  Thus, the
Teaction temperature was now 40 dep, C, lower
tlian the temperature after an operating time of
8000 hours, The volume of methune which was
at Lhat timé 30%, of the theoretical decreased to
12-14%, and the consumption ratic had
increased fromm 1.4 to 1.5, These resuits were
aacertatned in the 8300th hour of operation.

It was found that the number of exiractions
conild he reduced from 6 to 8 per day withowut
encountering a change in the synthesis results,
Howoever, a temporary extension of the interval
between two successive exirzelions from 8 to
24 hours resulted In 2 decrease in conversion
to 86%,. Thereafter, the aperation was con-
tinued with 3 extractions per day,

After 8700 hours on stream, the number of
extractions was decreased to 2 per.day, each
extraction being carried out with 1.3 litres of
dicscl ofl which was charged in 5 mimites. "The
synthesis resnlts remained practicslly constant.

After un operating period of 9800 hours, a
product derived from the synthesis operation
atself was used as solvent instead of the diescl
oil nsed so far, This product contained abont
10% by weight of constituents hailing below
180°C. and about 109%, by welght of const-
tuents boiling abeve 320°C.  The extraction
times - and iutervals remained unchanged,
taincly 5 minutes and 12 hours respectively,
and so did the percentage conversion, The
volume of methane produced was about -
12%, of the theoretical, Tnder these conditions,
the run was continued for months without the
necessity of uny increase in tempetatare of
vther change in the synthesis conditions,

- For comparison, the following figurcs may
he given: When conducting the synthesis in
known manner without solvent extraction of the

catalyst, & rcaction temperature of 230°C. was
reached after 3500 hours. The CO--H, con-

“version was 71% and the volume of methane

produced was 14-15%, of the theoretical,
During the following weeks, a gradual increase
in temperature had to be effected so that 240°C,
was reached after 2 total of 2500 operating
howrs, At that time, the CO-+H, conversion
was-unchanged at about 70%,. The volume of
methane produnced had, however, increased to
209, of the theoretical,

Thus, within a period of time of 2100 hours,
curresponding to 3 inonths, an increase in
temperature of (0 deg. C. was required in nor-
mal synthesis operation without solvent extrac.-
tion of the catalyst while the volume of methane
produced increased from ahout 14% to 209, of
the theoretical. In contrast to this, an increase
in temperature was uot required for a period of
3months upun uperating in accordance with the
invention with a catalyst which immediately
beforchand had been used for 11 months in
nermal synthesis operation without extraction.
The reaction temperature could be kept un-
changed at a level of 230°C, The volume of
methane produced remained likewise wun-
chianged at a level of 12%, of the theoretical and
was thus surprisingly lower than at the tine
when the corresponding formation of methane
was delermined at 230°C. in normul operation,
The hoiling ranges of the gaseous and liquid

raducts after about 3300, 5600 and 500G
wours, respectively, indicated compesitions by
weight as follows:- -

3500 Zrs. 5600 Ars, 9900 F-s.
C,C, 16%  9239% 1859
CoCro .. aU% 489 3759
C1—Cyg 24%, 189%, 22.3%,
ahove C,p 207, 3% 21.54%,

The olefin content of the several fractinns was
as follows:—

Cy-Cy 507, 45Y, 58,
ComCro 60, 579 858/
Cyy-Cr 45%, 429 5907
above C;;, .. — — -_
WIHAT WE CLAIM IS:

1. A process for the catalytic hydrogenation
of carbon monoxide carried out at a prassme
greater than 8 atmospheres absoluts, in which
high malecular weight produets of the hydro-
genation or synthesiz are extracted from the
catalyst at intervals by meuns of 2 solvent for the
high molecalar weight products and witha
out shutting off the synthesis gas andfor
recycle pas, the solvent being fed into the
synthesis zone in the Hquid phass whilst its
residence time in that zone is such that it does
not undergo degradation or eracking,

2. A process according to claim 1, in which
the synthesis pressure #s between 10 and GO
atmnospheres absolute,

3. A process according to claim 1 or cluim 2,
in which the catalyst is an iron catalyst in a
sintered ot fused form,

4. A process noccording to any one of the
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preceding claims, in which the extraction is
effected al intervals of not more thau 48 hours,

5. A process according to any one of the
preceding claime, in which the duration of each
extraction is less than G0 minutes.

6, A process according io any one of the
preceding claims, in which the duration of each
extraction is less than 15 minutes.

7. A process according to any one of the

preceding claims, in which the catalyst is
present as a fixed-bed.
. 8. A process according to claim 7, in which
with a reactor having an overall length of gbout
10} metres, the quantity of the solvent which is
pussed over the catalyst in 5 minutes is irom
(.04 to 0.4 times the volume of the catalyst,

9. A process according to claim 7, in which
with 4 reactor having an overall leugth of about
%) metres, the quantity of solvent which is
pussed over the catalyst in 10 minutes is from
.04 to 0.4 times the volume of the catulyst,

10. A process according to claim 7, in which
with a reactor having an oversll length of about
5 metres, the quantity of solvent which is

assed over the catalyst in 3 minutes is from
0.04 10 0.4 times the volume of the catalyst.
11. A process according to any one of claims

7 to 10, in which the salvent is charged at such o
rate that a pressure drop, across the fived-hed
catalyst, of between 0.2 and 5 atmospheres
absolute is present during or immediately afrer
extraction, in addition fo the pressure drop
observed in the synthesis operation when no
extraction is taking place.

12, A process according to any one of the
preceding claims, in which the solvent consists
of hydrocarbens andfor other liquids obtained
by the hydrogenation of carbon monoxide, the
solvent including more than 75%, by weight of
compounds hailing between 180°C. and 320°C.,

13. A process according to claim 12, in which
mate than 75% by weight of the compounds
boit between 200°C. and 260°C,

14. A process according to any onc of the
¢laims 1 10 6, in which a fluidized or moving bed
catalyst is used, the extraction of the catalyst
being effectud by spraying it with the solvent.

15. A process substantially es hereinbefore
deseribed with reference to Example 1 or
Exzmple 2.

EDWARD EVANS & CO,
§3-84 Chancery Lane, London, W.C.2,
Agents for the Applicants,
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