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This invention relates %o the catalytlc
hydrogenation of carbon monoxidse in liguid
suspensions of the catalyst,

In the hydrogenation of carbon monoxide, a
mixture of carbon monoxide and hydrogen conventionally
termed "eynthesis gaes" is brought into contact with

a sultable catelyst and 1s reacted to form saturated

.end unsaturated aliphatic hydrocarbons and also

oxygen-centaining derivatives thereof, This synthesis
ha: become generically known as the PFischer~Tropsch
aynthesis end the general conditions of pressure,
temperature, type and composition of catalyst and of
catalyst addltives essential for such synthesla arse
well known and established in the art,

When using a dry catalyst and psrticularly when
using it as a so-called fluid catalyst, l.e. a finely
divided catalyst which is virtually suspended in
the synthesis gas within the synthesis reactor, the
heat evolved by the exothermle nature of the conversion
may cause a runaway reaction leading to difficultly
controllshle increases in temperature beyond those
desirable for satisfactory yields, For the purpose of
providing conditions, for the Fischer-Tropsch type of
eynthesis, which permit of better control, the
proposal has been made to suspend finely divided
catalyst material in a liquid medium, preferably a
hydrocarbon mixture such, for example, as may be
obtained from the higher boiling components of the
synthesis products, This suspension can then be

cooled to remove continucusly therefrom excess heat,
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One of the disadvantages of this proposal, however,

is that it permits only a2 relatively low hourly
through-put of synthesis gasg. Thus, for example, a
catalyst oil suspension (hydrocarbon fraction boiling
between about 250° and 300°C.) containing from 10 -

50% by weight of base metal, such ag iron, in the
catalyst is only capable of utilising an hourly
throughput of synthesis gas of from about 10 - 100 normal
cubic metres per cubic metre of the catalyst oil suspension.
With this relatively low throughput of gas, the

reactor is not used to full capacity, as the maximum
yield of'synthesis producte obtained in a twenty-four
hour period is only 400 kilogrems per cubic metre of
reactor space.

One object of the invention is an improved
precess for the catalytic hydrogenation of carbon
monoxide utilizing finely divided catalyst in liguid
suspension.

Another object of the invention is a high yield
process for the catalytic hydrogenation of carbon
monoxide utilizing a catalyst suspension and
preferably an iron catalyst suspension in a hydrocarbon
oil.

The foregeing and still further objects of the
invention will be apparent from the following description:-

It has been discovered that when maintaining
certain critical conditions in a catalytic hydrogenation
0of carbon monoxide in the presence of o0il suspended

catalysts and preferably iron type catalysts,

-
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consideradble increases in yield rer unit of time_ and
volume of reactor can be obbtained, while at the same
time appreciably increasing the yield of the more
valuabls or more readily marketab_le products of the
synthesls, both on the bvasis of volume of gynthesis
g5 puy through the reactor as well as per welght
wnlt of gatalyst employed.

Aocording to the invention, synthesis gas is
continuously passed into a hydrocarbon suspension of
2 carbon monoxide hydrogenation oatalyst having a
concentration of the order of magnitude of from 50 —
500 grams of catalyst per litre of suspensions, and a
oabalyst parbicle siﬁe pf the order of magnitude of
from 0,002 ~ 1,0 mm., at a rate of gas flow, oxpressed
in N litres (N litre = 1 litre at 760 mm. mercury
pressure and 0°C,) per hour per litre of catalyst
suspension, equivalent to about 10 ~30 times the pex.
cent wolght of catalyst btase metal in %he suspension,
The oatalyst suspension of the above-given concentra~
tion and particle size of catalyst into whidh the
synthesis gas ip passed at the above—stabed rate of
flow 13 waintained under a pressure of the order of
magnitude of from 3 ~ 150 atmospheres (above atmoge
pherio) whereby within these limits the value of the
applied pressure is adapted to the rate of flow of the
synthesls feed gas in such a mammer that the rate of
flow of the compressed synthesis feed gos i3 substan-
tially maintained at a value per hour of an order of
mgnitude of from 5 ~ 100 Ylitres of gns under the
applied pressure per litre of oatalyst suspension.

iy
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When proceeding in accordance with the invention
and within the limits stated, an intiwate mixture
of synthesis mas and catalyst suspension is obtained
having a substantially constant volume of abouty 40-100
pei cent greater than the volume of the suspension
1tself and substantially independent of variations in
the rate of flow of synthesis gas provided that this
15 maintained within the limits specified, Under
these conditlons, the two phases of oil and gas will
form a substantially stable system as a substantlally
homogeneous mixture as illustrated in Figwre lb., With
a lower through~put of gas (Figuwre la) than that
provided in accerdsnce with the invention the individ-
ual gas bubbles will move up the liquid column separa—
tely and at different speeds, Their apeed in this
case 1lg governed by such factors as bubble size,
differentials between liquid and gas densities_',
viscoslsy, and surface tension of the liquid, The
gysten gas-liquid will then contain & maximum of
nsarly 10% by volume of gas, Upon inereasing the
ges Throuwgh~put to & value whioh équala or exceeds the
winipom gas through~put in accordance with the inven-
tion, the volume of the system gas-liguid will suddenly
expard by at least 40 — 70% and in many cases by 100%
and remain sonstant evenr it gas through-put 1s further
increased (Figure 1bv). The following observation is
then uade:- the gas bubbles are all gquite uniform in
size, separated only by thin layers or films of liquid
and the speed of thelr vertical movement is only a
fraobtlon of the speed of the vertical movemant of gas

5
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bubblas of equal size in the system illustrated in
Figure la. The bubblea of the system shown in

Figure lb, however, are at the same time vigoroeusly
torn aboub in a more horlzontal dlreetion, In this
gtate of exvanded volume in accordance with the inven—
tion, 35 ~ 50% of the volume of the system gas—liquid
consiste of gas bubbles, The sabalyst suspehsion,' in
effect, then floats asm & fine dispersion in between
the gas bubbles.

The effect produced by this condition on the
hydrogenation of carbon monexide 15 quite surprisirg.
Its moat consplouveus feature 1s that, starting with
low gas through-puts, the conversion of CO is only
moderate at Lirst, unbil the critical minimum gas
through-put is reached or exoeeded, at which point the
conversion will suddenly rise to nearly 100% and keep
on this le‘lrel although the other conditions remain
constant and even though gas through-put is further
increased to a multiple of its original velue, It is
to be noted that the state or physical characteristics
of the expanded volume gas-liguid suspension are dig-
tinctly different frowm those of a frovh state. In the
former the shape of the gas bubble 1s still alwmost
spherieal, resulting in an irregular thickness of the
liguid layers or film between the gas dbubbles, and the
two phases gng-liguld are In relative movement to each
other, In a froth, on the other hand, the gas bubbles
are Torced inbto polyhedrons and are separated by liquid
layers or films of substantially uniform thickness
which move together with the gas bubbles 1n the same

-6~
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direction.

If gas throughput is increased in execess of the
1imits stipulated in the imrentidn; the system gas-
liquid suspension is gradually deetrwoyed as a growina
number of gas bubbles will coalesce and rapildly break
through to the top (bubbling) (Figure lo), resalting
in sbiatifieation of gas and liquid, Gas conversion
will then suddenly £all,

Wnile the invention insures complete conversion
of gag independent of synthesis pressure and catalysy
concontration, the use of the higher range of catalyst
concentrations is coupled, according to the imvention,
with increased gas through~put and will allow, partic—
ularly when using increased synthesls pressurs, an
appraclable Lnereape in the time unit yield per aublo
mebtre of reactor space, whieh yleld may be as high as
4000 g of synthesis products in twenby-four hours.

The benefits obtained on the basis of prolonged
activity of catalyst snd high yields per unilt base
motal in the catalyst is, for example, demonstrated by
the faot that one ton of iron in the catalyst will
yleld en average of P00 tons of synthesis products
duriﬁé; the whole period of cabalyst service, of
about 90 days.

Though attempts have been made at wvarlous times
to check the formation of methane in the hydrogenation
of garbon moﬁoxide such as by using constanb low

synthesis tewperatures, no carbon wonoxide hydrogens-

tion process has hitherto been known which s ccessfully /

solves this problem, PFPreviously known methods of
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synthesls and particularly these conducted under
oonditions seeking relatively high outputs, produce
mothane in considerable quantitdes, This, however,
1s not the ease in the process of the present inven—
tion in which no appreciable Tormation of methane
takes Place, This effeot 4s particularly new and
unexpected inasgmuch as the many unsuceessful attempts
rade to control the uwrdesirably high formation of
rethane as part of the synthesls process have led to
the general agsumption that the formatlion of large
amounts of mothane is an unavoldable evil,

One of the advantages of the proceas of the
invention 1s that 1% Permits the utilization of highar
synthesis temperatures than are normally possible
within the limits required for relatively high output
yields. Ordinarily, ‘tomperatures shove approximately
250°%a, favour the production of wethane and the separa—
tlon of carbem, thereby resulting in poorer yields, and
1% 15 necessary that, in order to mintain a fair
8quilibriun in favour of the higher molecular hydro—
oarbons or hydrogarbon derivatives, fairly low tempera-
tures be ordinarily used,

tfhen broceeding in accerdance with the invention,
however, no such limitations oxist, and the reaction
temperature may be generally icept at least 10%-° ¢,
higher than is noruwally consldered a safe upper limit
for complete gas coniversion with 2 minimum of undesir-
able by~products, The upper Llimit of the Gemperature
is solely governed by the requirement that the rarticu-

lar hydroearbon or oil used for the suspension is nok

~Goe
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deleteriously affected by oracking reactions, and
ordimarily a temperature of 360°C, constitubes the
limit beyond which dange:b of oracking may be present.
For best results, we find it of advantage to use
average synthesls temperatures betwesn 200° and 360°0.,
and preferably between 220° and 320°C, Tt is thus
possible, by utillizing higher synthesis temperatures,
to take sdvantage of higher reaction veloolties and
thereby to prbmote the formation off predominantly low
moleoular, largely unsaturated and more highly
isomerized hydrocarbons without excesglive formatlon

of methane or appreclable deposition of carbon whersby

prractically the entire yield is obtained in the form

of desirable products, Thus the ultimate output of
synthesls products ber unit volume of synthesis gas
used 1s st1ll further increased,

The accompanying drawings show in cross-section;
a reactor suitahle for use in the process of the
invention, the only difference between Figures la, 1b
and lc being the differences in the two phase liquid-
g8 system hereinbefore referred to, with Figure la
showing less than the critical limitations for gas
through~put in accordance with the invention, Figure
lc an excesa of those oritical linitations, and Figure
1b an 1Lllustration of the two phage sysbem when opera-
ting within these liritations. The reackor as shown
comprises the outer cylindrical wall 1 enclosing the
reaction zone which is charged with the catalyst
8uspension, Gas inlet duct 2 is mrovided at the
bottom of the reactor and passes the synthesis gas to

-G
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and through a distributor 3 whioh is prefersbly formed
28 & porous filter made of, say, ceramic material,

The reactor sarries the exlt gag duct ? in cover 6 and
1s further provided with a withdrawal duct 5, A
sultable conventional arrangement for maintaining the
tenperature (not shown) may be provided by a double
Jacket through which a suitable heat exchange lignid
18 passed which, as is well underatood 4n the art, may
sexve elther as a heating medium op as a oooling
medium in accordance with the partionlar conditions
required in the reactor at any glven time. When the
synthesis gas is introduced into the reactor through
duct 2, 1t will be dis'bribu-t-gd and dispersed into the
liguid by way of the porous bed or filter member 3,
The dotted line 4 indleates the normal ligquid level
of the catalyst suspension before gas id inrroduoed
into the reactor, Idine 8 indicates the level of the
suspension-gas phases when operating within the
oritical limits of the invention, The large bubbles
indipating a breakdown of the homogeneous gag-
suspension phase are shown as gueh in Figure lec. I‘b.
is to be understood that in all cases where the
reacbor is 4o operate under a pos:.tive synthesis
preasure, suitable arrangements for the naintaining

of such pregsure (not shown) are inoluded,

The aynthesis ga8 usable in accorda.noe with the
invention ig the conventional gas wlxturs generally
applicable to the synthesis of hydroearbon products
in accordance with a carbon monoxide hydrogenation
rrocedure of the Fischer—Propsch type. Such synthesis

[ [ g P
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gas may include a gas product obbtained, for example,
by a typical weber-gas reaction or may have heen
generated in any other suitable menner well known in
the art for this type of reaction, The oil used for.
the suapension of the catalyst is preferably a hydro-
carbon oll product of a boiling range which, under
the conditlons of temperature and pressure at which
the particular carbon monoxide hydrogenation is to
proceed, will not appreciably volatilize, Thus, for
sxample, it is preferred to use a hydro~carbon pil
product fraction having a boiling point generally
gomewhat higher than the highest reaction temperature
that 13 to be used in the synthesis. Within the
general scope of invention, hydrocarbon product 0il
fraobions bvolling between 250 and 56000. are normally
gsatisfactory, Within the preferred embodiment of the
invention, however, it has been found to be of
advantage to use, for the suspension of the cabalyst,
an oil produot obtained in the synthesis itself and
having the requisite boiling range.

The catalysb used'in the process of the lnvention
way he any suitable catolyst conventionally employed
for carbon monoxide hydrogenatilion in accordance with
the Fischer-Tropsch type synthesis, Such catalysts
contain, as 1a known, metals of the 8th group of the
periodic sysbem, such ag iron, nickel, cobalt or
ruthenium. In accordance with the preferred embodi-
mant, however, it is preferred to use an iron catalyst.,
Iron type catalysts, as is well known, may be for

oxample, obbtained from ferric oxldes obtained or

-]l
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procesged from other types of iron compound, such

as iron salts, under particularly careful manufactur-
ing oonditions in accordance with well known practice.
Such iron type catalysts obtained from ferrie oxldes
are of exceptlonally high activity. As is well known,
the catalytle material is Tirst Antroduced into the
reaction zZone in the foru of the mebal oxide ox other
reduolble metal compound and is then subjeched to &
reducing reaction., This may be done either 4in the dry
state; or preferably, by suspending the oxide or other
redusible catalyst material in the oil to be used as a
carrier and subjecting the material therein to a
redﬁcing reactlion, for exzample, to the action of a
aynthesls gas whereby the catalytlc material is convert-
ed into 1ts active form, Active fenric oxide oatalyst
materials have the advantoge thot the active catqutie
matarinl ovtained therefrom will catalyze carhon mono-
xlde hydrogénation.to hydrocarbons even ot comparatively
low * hemperntures, Howsever, in order to produce low
boiling synthesis producte that are rich in olefines
and isohydrqcarbons{ the proeess in accordange with

the invention may utilize higher temperaturesd of the
280° to 320°C, range. Catalysts which are partidularly
suitable for use in the synthesis at such increased

temperatures by reasen of their relatively low
=12~
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sensitivity to such temperatures are, for example,
repragented by the following industriel materials:
hammer gcales, residues of ferrie oxide derived from the
alkaline dlsinbegration of bauxite, iron powder and irvon
filinga, Natural iron compounds, i,e., compounds of min~
eral origin that may be used for ocabalytic purposes in
accordance with the inventlon, may also include magnetlo
iron ore, red (oligiste) iron ore; brown iron ore,
(1imonite) needle iron ore, goothite, ruby iron mica,
bog~ore, iron spar-and materials of a similar type,

To the extent that the oabalysts euwployed for the
synthesis in liquid medium in accordance with the
invention are completely free from aotivators or
almost wholly consist of metals of the B8th group of
the ﬁeriodic_system or their compoundd, it is desirable
to add suitadle actlvating substances conventionally
knowp and used for synthesls of the Flescher~Tropach
type. When employing iron catalysts, the quantity of
activatior or éctivators, should not exceed 1% by welght

of the iron contained in the catalyst, Copper, for
example 1s such an actlvating addltive, Cobalt oxr
nickel catalysts may be actlvated by addition of _
thoplum, magneslum or copper or their compounds in
quantities of not more than a few per cent of the

satalyst basic metal contained in the catalyst.

—13-
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For a further inecrease in activity, alkali compounds
may be added to the catalyste, governed by the
desired quality of the synthesls producta,

A preferred method for the gonversion proceeding
in accordance with the invention, of the forsnamed
exldlo catelyst materials, partianlarly iron o;scide
oatalyst material into 1ts active férm; comprises
treating the material in particle form (prefexrably
ball mlll ground) in the hydrogenation reachtor in the
presenoce of oll and preferably as an oll dispersion in
auspension, at temperatures abowt 10° - 50°C, in
eXxo0ss of th'ose applied in the subsequent synthesis,
with ocarbon imonoxide or gases oonbaining cerbon
monoxide as the chief constituentr, under pressure of
1~10 atﬁoéphs:ces in excess of atmospheric presswure
and preferably 2 atmospheres in exoess of atmospherio
pressure at an hourly rate of gas flow wilthin the
reactor of more than 100 Netm of gas per oitbic motre
of catalyst suspension., With this kind of treatment,
high astivity and a fine, uniform dispersion of the
eagalyst owlng to particle bursting is abttained, If
iron catalysts of low tempexrabure sensitivi“by are used,
it is not necossary to inereass the conversion temper—
ature above the temerature of the subsequent synthesls
in the designated degree, In conseguence of the higher
rpaobion temperature of these par'b‘icular iron
catalysts the conversion with oarbon monoxide can
already- be operated at the seame temperature as those
of the reaction,

Tn another method for the conversion of oxidic

-18-
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catalyst material into its actlve form, a dry process
mey be used. In this case the particled material,
preferably ball mill ground material, in dry form is
subjected to a suitable reducing agent. This may be

effeoted in a reactor type chamber, it being desirable,

however, in this case to use a synthesis type gas
mixture rather than carboh monoxide or hydrogen alone,
In contrast to the conversion in the presence of an
oil medium, in which positive pressures are used,
ordlnary atmospheric pressure is preferable, higher
Pressures being detrimental to the conversion reactlion.
Rafes of gas flow in the reachtor down to about 50
Nebm for each ¢bm contaet volume are useful, By
reason, however, 4f the shortened reaetion period
requipad for conversion and the relatively high
actlviby of the catalyst, it is desirable to treat
the dry eatalyst materlal to be converted with a gas
mixture & a rate of flow preferably in excess of 600
litres per litre of contact materlal per hour of flow
at temperatures between 230° and 500%C, and in the
case of oxidic iron catalysts preferably between 300°
and 35000. and at normal atmospheric pressure or evem
reduced pressure., In gsome ecases slightly inereased
pressure may be used, Pressures, however, of the
order of magnltude preacribed for the oll contact
conversion method above deseribed, are to be avoided,
It is further possible to conduet this type bf dry
eatalyst material conversion with +he recycling of
oxdt gases or at least & porbtion thereof in volume

rroportion of one vart fresh gas for each ome to

15—
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thirty parts of exit gas, with or without removal
of ocarbon dioxide from the gas mixture, After the

. conversion, the activated cabalyst waterial obtained

in this manner is then ground with oil or otherwise
diepersed in the oil and 1s then ready for use in
accordance with the invention, When using the dry
material conversion method, the catalyst mterial

of the oxidic type need not necessarily be present

in finely subdivided form, It is possible to effaat
the conversion with materials presemt in relatively
large pieces. In fact, it is practically easier in
many oases to grind oxr otherwise subdivide the
reduoed oxi@ic catalyst materlal as compared with th?
non~reduced oxldic mterial. It is furthermore
possible in accordance with conventional and well-known
practice Yo obtain oxidic catalyst mterlal, such as
oxidic iron catalyst material, by suitable precipita-
tlon in the form of & very fine powder up to a finely
granular material; without the necessity of grinding
larger pleces. In this case, the reduced or activated
catalybic material is obtained in dry form in
sufficiently subdivided particles to be relatively
easily disgpersed in the oil in accordance with the
invention,

It 1s a well-known phenomenon that carbon
monoxide hydrogenation synthesis requires progressively
increasing temperatures commensurate with the pro-~
gragsive exhaustion of the catalyét in substantially
continuous operations, Ordinarily these i1ncreaged

temperatures are necessary for increased reactivity

~16~
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or rather %o compensate for lost activity of the
catalyst due to ite partial exhaustion, On the othex
hand, the increaged temwperatures give rise to the
formation of undesirable hy-products, When proceeding
in ascordance with the present invention, however,

the increased temperatures do not glye rise to such
formation of undesirable by-products, It iz thus
possible to raise the temperature gradually within the
reagtor and still not materially interfere with the
syn‘bhesig or its yields and actually To compensate
thereby for any losses that a partially exhausted

‘oatolyst may entail. It is thus possible in aocordance

with the invention substantially to maintaln the
beneficial results and yields even after a consider-
able time of operation and even though a portlion of
the catelyst may be exheusted, On the other hand,
the possivpllity of raising the temperature without
interfering with the reaction mechanism or egquilibaeium
in favour of undesirablely-products permlis ths main-
taining of a temperature range about 10° - 50%, in
exoess of thabt at which the synthesis was commenced
at which comversion of oxidic catalyst materials can
be sucoessfully effeoted, It is in this manner
possible to add, once the temperature of synthesis

is at the desired level at which oxidic catalyst
mterial can be converted to actlvated catalyst, in a
sontinuous or periodie operation, finely divided
cabalyst material in its oxidic form and pideferably
such oabalyst mterial already suspended in an oil of
the type within the reactor at Tthe time of the

17—
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additlon of the catalyst suspension. fiuch addition
should preferably be made from the gas entry side of
the reactor and may be either continuously or period-
ically effected with a corresponding continuous or _
periodic removal of used catalyst suapené,ion £rom the
gas exit side of the reactor, In this TANNSr, a sibe
stantially continuous synthesis operation is possible
subsﬁantialky unlimited in time, and constancy in
output can ve achieved, Instead non-aotivated i.e.
oxidic oatalyst material, activated or epent amd
regenerated catalyst material mny be used,

When proceeding in accordance with the invention
in its application to & redetor in which a predetor-
mined alkali or range of alkali content iz to be
maintained, and utilizing in the preferred embodliment
of the invention substantially continuous operation
ineluding the continuous addition or periodic addition
of catalyst material with commensurate removal of
spent suspension, it iz desirable for best results
substantiolly to maintain the alkali mebal comtent
constont within the reactor. This may be accomplished
by adding to the catalyst mterial to be freshly
introduced or adding together with such material a
gsomewhat higher alkali metal content thom is ordinarily
sontained in the catalyst materisl within the renctor
at thot time. This will mke up for the loss in alknli
metal which ocours when removing suspension f rom the
reactor and aids in keeping substantially constant Hhe
peraentage of hydrooarbons-in oxoess of 03 in fhe total
yleld., The predetermined renge of alkali metal conbent

-18~
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11es between 0,1% and 10% caloulated as the alkall
netal monoxide (e.gs K;0) in relaﬁion to the catalyst
metal content of the applied cabalyst, Sultable
alkali metal compounds are the oxides, hydroxides,
carbonates, hydrocarbonates, phosphates, silicates and
borates of sodium and potassium, furthermare their
formlates, acetates or the salts of higher organile
nodds, such as somps. The quantity of the ‘alkali metal
oompounds to be inbtroduced with fresh catelyat ‘suspen-
si-ori must be so large that abt least the loss in alkali
metal ie replnced, which loss occuwrs through removel of
oahalyst suspension from the meactor, If the forma-
tlon of a larger quantity of highe:c boiling synthesis
products 1s desired, which formation can be o btained
by inoreasing the allksli metal content of the cabtalyst
suspension, a correspondingl.y large amount of alkali
meval, compounds are introdueed.

Within o further ewbodiment of the invention, it
is found possible gso to adjust the conditions that
the process may be adapted to any porticular synthesis
mixture whether the mixture be, on the one hand, rich
in hydrogen, or, om the other hand, rich in carbon
monoxide, When wtilizing a gas mixture rich in
hydrogen in the iron contect synthesis the water prod-
used in the reagtion enters with part of the carbon
monoxide Into an eguilitwium reaction in aocordance
with the equationi-

CO + B0 .ooox 005 + Hy

This results in the removal of part of the carbon
monoxide from the synthesis gns, thus withdrawing

10w
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1t from the hydrocarbpn synthesls and so caualng lower
yilelds of asynthesls products. It has been found that 1t
Ls posslble within the process condltlona of the
inventlon as herslnbefore given, substantially to
eliminats this disadvantage and tq effectunte, oven with
geses rich in hydrogen, a practlcally complete utiliza-
tlon of the cerbon monoxlde with a maximum yleld of
aynthesls products per cublc metre of synthesls gas used,
Thla result ls obtelned by effecting & redused gagw
catalyst contact perlod which may be obitained by so
adJusting the rate of flow of the syntpesis ges through
the suspenslons that the suspensions remain in individusl
contact therewlth for only a relatively short periloed of
timo. The suspension of patalyst, however, is then
repeatsdly contacted with the synthesils gas whereby ench
Individual contact 1s at e relatively high veloolty or
raté of feed through the suspension while the aggpregate
of the contacts per time unit fall wlthin the general
rate of gas flow limltatlons herein specified in accord-
ance with the lnventlon. Thus, for example, gasea rich in
hydrogen (e.g. 2 vols. Hg : 1 vol. CO)are run at a
veloolty or rate of flow though the suspenslion up to
flfteen times as high as that employed for gasas rich in
cervon nmonoxide (e.g. 1 vol. Hp : 2 vols. CO). This
fifteon times velocity applies to each individual con-
tocting, andthe gases, having pmssed the suspenalon ot
that rate of flow, are then recontacted with catalyst
suspension for a sufficient number of times within the
genernl aggregate llmlts of rate of flow in accordance

wlth the Inventlon until substentially all of the carbon
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monoxide 1s effectively utilized. Thls repeated con-
taeting may be done by either recycling the emerglng
gages in ooch caée through the same suspension at the
higher rate of flow mentioned or by passing these gades
into and through successlve stages of a multiple stage
aynthesls unit. When recyeling part or all of the exib
gases In mocordance with this procedurs, 1t has been
found to be of advantage to ndd & certaln amount of fresh
synthesls gas to the mixture. Depending upon condltlons
affecting the conversion rablo Hy : CO such as predsure,
temperature, nature of catalyst and rate of fresh gas
feed, 1t hag boen found to e of advantoge to have the
ratic of rocyele for exlt gas to fresh feed gns from
obout 2 to 5 times as high as the volume ratlo Hp : €O
in the fresh feod gos.

It hes also sometbimes been found to bs adventageous
to add o suitable additive affocting the surface tension
of the oll in the catalyst suspension. Thls additive may
be one of the surface tension reducling type or of the
surface tonalon inereasing type. Sultable surface tension
modlfying agents unseful In -acoordance with the invenblon
ere, for exemple, the fatty acla salts of alkall metals
and of aluminlium, preferably sodium or aluminium stearats,
palmitate or oleato. Also usoful in thils direction are,
for example, pyrldine, higher bolling esters, proferably
those of inorganio acids such as phoasphorle acld estefs.

When uging multiple stage synthosls, the process
involves & pasgage of tho cobalyst suspension from sfage
to stago bto meot in each stege froesh synthesla gns.

In the prosess of the inventlon, betwoen 180 g ard
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195 g of hydrocarbons are formed from & normal cuble
metre of applied GO 4+ Hg, The propertles of the
hydrocarbona formed vary within wide limits and depend
on the catalyst and operating coﬁditions. For example,
products oan be produced whlch conslat predomlnantly of
0z ~ Cg olefines with a conslderabls percentage of
isohydrocarbons, or hydrocarbons predomlnantly solid

at normnl tempersture both with'a high and low degree of

branching and both with a‘high ond low olefine content.

In the prooess acocordlng to the lnvention, carbon
dioxlde 1s produced in large quantltles as a by=product
in the synthesis. It 13 expaﬁiaﬁt to re~use the oarbon
dioxlde in the gns generatlng process 1n order to reduce
the carbon dioxide to cerbon monoxlide. This Improvement
1s of partioular importance for the productlon of synthe-
sis gases in whilch the CO oontent 1ls to sxceed the Hé
sontent.

EXAMPLE 1,

In a vertleal reactlon tube 20 cm. ln diameter,
with o mantle surface of 700 cm. in helght which can be
cooled and haated, 10 - 15 Wobm per hour of a gas of the
composition & vols. CO 3 2 vols Hg are pasasd thfough &
sugpenslion of a catalyst contalning 10 kg of iron, 40 g
of copper and 100 g of KsC0z wlth a particle slze of
0.05 mn, in 90 kg of aynbthesls oil of the 3000 - 320°¢,
di=ztlllation range, for 20 hours, at 280°C., and under n
gos pressure of 12 atmospheres in excess of atmoapheric
pregsure.

Towards the end of thls perlod, a vivid synthesia

of hydrocarbons sets in. While the use of synthesls gas
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of simllor composition 1s continued, condltlons are
ndapbed to synthosis operntlon by reduslng tempereture

to £285°C., inorensing gas pressure to 25 atmospheres in
excess of atmospheric pressure and rolising gas throughput
to 25 Nebm of fresh gas per hour, The ocatalyst-oll
auspension will then form, togethor with the gas bubbles
rising at a oompuratively glow rate, & stebkle three-phase
system, the volume of whish is about 80% greater than that
of the suspenslon nlone, Undor these conditions, 96% -
79% of the oarbon monoxlde 1s tonverted. 183 g. of
syntheals products are Formed from a normal cubic metre
of ocarbon menoxide and hydrogen lntroduced.

Synthesis pfoduots inolude ;=

Porcentoge by welght.

Mothone 4+ ethane ]
Cz 4 Cy hydrocarbon

{ligutd gas) 21
Liquid hydrocarbons

up te 1B0°C, 55
Liguld hydroocarbons

1B0=~320°C . LV
Paraffin above 320°C. 4

The octone pumber of the 20°C, - 150°C. fraction
13 72 {motor method}.

80% of the 1llquld gas hydroesrbons are unsaturated,
Tho olefino sontent of the liquid products amounts o 78%
- 82%, the aleohol content belng 2%.

If, on the other hand, conslderably less than 10
Nebm of aynthesls gns are introdused Instend of 25 Eobm
per hour, the other operabting condltlons remaining

unohanged, the three-phase system of catalyst-oll-gas
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breaks down, belng redused to the two-phase aystom of
catalyat-oll the volums of whilch 1s only a few per cent
greater then that of the suspenslon 1taelf before the
Introduction of gos. Together with the decrease in
volume, the conversion of carbon monoxide drops below
70% snd ot bhe seme time, the percentage of Cy + C,
hydrocarbons in the total produsis »lses to 7%.
_ EXAMPIE 2. |

Perric oxide produced by precipitation from nitrate
of iron (III} with subsequent washing and rapid drying,
contailning 0.5% of copper and 0.8% of KpCOz, is orushed
to a partlcle alze of less than 0.05 mm in. the presence
of three times 1ts welght of aynthesis oll. This
catnlyst-oll suspenslion is mixed in s $all reacstion
cylinder ut 280°C. with a quantity of synthesis oil of
the 300° - 340°C. dlstillation range so as to yleld a
suspension containing 20% by welght of iron. At the
temperature of 280°C, thls snspension 1s treated for
16 hours with 100 - 200 Nebm of coarbon monoxide per hour
per c¢bm of suspengion under a prossure of 3 atmospheres.
After thls activation, 300 normal cuble metres per hour
of synthesis gas contalning 58% of oarbon monoxlde and
50% of hydrogen are passed through 1 obm of suspension
et an Inlitial temperature of 250°C. while the goa ia kept
under a pressure of 20 atmogpheres. Part of the exlt gas
1s, without expansion and aftor removal of the vemction
products which are separated at 30° - 50°C., agaln pasgsed
through the roastor together with fresh synthesis gas in
the ratlo of 3 volumes of recycle gas per volume of fresh

feed gos. 92% of the carbon monoxide and B7% of the
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hydrogen are converted. One normal cuble metre pf applled
CO + Hg will yleld 172 g of products of the followlng
composition ;~ 6% of Gy - Cy hydrocdrbona; 74% of liguid
gag and gasoline hydrocarbons with o dlatlllation end
point of 2000C; and 17% of hydrosarbons bolling above
200°0., The gasoline and liquld gas hydrocarbons contain
batwoeon 76% and 84% of olefines.

In order to malntaln an average gas throughput of
at lonst 90%, the catalyst 1s, after about 500 hours of
operatlon, gradually removed From the reaofor and
replaced by corresponding quaniltles of fresh or
regenorated catalyst at such d rate that the average
resldence time of the ocotalyst In the reamctor ls about
900 hours. Renewal of tho fluld medlium proceeds at about
the same rate as that of the oatalyst. The cabalysb
removed from the reactor 1is separated from the o1l and
may be re-used in the syntheéis after slmple regeneration,
9.ge Dy extraoctlion.

The deerenso in tho alkall content in the reactor,
whilch occurs upon removal of part of the suspension, 1ls
compensated for by providing the ocatalyst to be freshly
introduced with an alkall content which 1s correspondingly
highor.

EXAMPIE 3.

Active ferrilc oﬁido nearly roenbgenamorphous 1s
produced by preclpitatlon from & solubtlon of nitrate of
iron (IT11), containing 5 -~ 10% of Fe, with soda, soda lye
or amnonia wlth subsequent thorough weshing and repld
drying. If the nnturel copper conbtent ghould bs lower,

guch a quantlty of nitrate of copper ls added to the
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catalyst prior to tho preoipltatlon so as to obtain a
flnal copper content of about 0.5 - 1% of the iron.
Before drying 0.5% by welght of X5C03z (in relation to Fo)
1s cdded to the ferrle oxlde. The dry catalyst 1s mixed
with synthesis o1l of the 290° - 330°C, distillation
rango In the welght ratio of 1:3 and erushed to o particle
slzo of less than 0.0l mn.

This congentratod catalyst-oll suspension ls mixed
in 2 reaction oylinder of 12 metres height with synthetle
oll preheated to 280°C. of the 240 = 330°C. distillotion
range ot o ratlo $o obtain o suspension containing sbout
10% of iron.

Under o pressurs of 10 - 15 atmospherses in excess
of atmospherlc pressure, thls suspension is 1mm9diately
treated with 150 Nobm of synthesis gas per hour per ouble
motre of eatalyst-oll suspension at 270° - 2759¢. The
synthesls gas contelnas about 35% of €O and 554 of Hp. the
remalinder conslsting of COp and No. At the end of B to 10
hours, as soon as 96 - 98% of the CO 1s consumed, the
temperature is redused to 2B5°C, the throughput per hour
of synthesis gns ls Incrensed to 220 Nebm per cubic metrse
of reactor, and part of the exit gas, mixed with the
fresh synthesis gas, ls passed again over the cotolyast
In the ratio of 3.5 volumes of recycle gns por volume of
fresh feed gos, without previous expanéion. Before ne-
introducing the exit gas into the synthesls process, the
gas is freed from the synthesis hydroecarbons carrisd with
1% ond deposited at normal temperature, and from the
synthesla water.

The average service life of the catnlyst until the
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output drops to 90% of the initlal value 1s 800 - 1200
hours approximately. Within this perlod, the ocatalyst i1s
gradually replaced by fresh or regenprated catelyst
without any interruption in operation, to maintain the
output of the synthesis appavatus at a constant level.
The average synthesls temperature 1s 275°0.

The followlng results are obtalned :-

Hydroocarbons := 174 g per Nebm of applied €O + Ho
Composition := C7 + Cp | 3.5%
Oz + Cq4 16% olefine content 74%
05 - Cg 61%, olefine content 77%
C1p + higher 19.5%

In ndditlon 2.7% of water-soluble alcohols are
produced.

500 - 350 tons of Cg and highor hydrocarbons afe
produced per ton of iron. One eublc metre of renctor
will yield BOO kg of Cz and higher hydrocarbons in 24
hours .

By the use of a ontalyst alkalized with 1 - 3% of
KpC0s, while the high molecular paraffin hydrocarbons
accumilating In the reactor are qulckly removed, e.g.,
by Lfiltfobion of part of the suspension to be earriled
out contlnuously or at brlef intervals, a synthesis
product 1s formed which predominantly consists of hydro-
carbons solid at normal temperaturs with a yield of 170 ~
178 g per Nebm. 70% of this product has s distillatlon
end polnt above 320°C, while the Cy + Cp hydrooarbons
drop below 2%,

The yleld of thehigh molescular hydrocarbons boiling

above 320°C. cen be inereased to 160 g por Nobm of CO+H,
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and more by the continuous feeding into the ressctor of

corresponding quﬁntities of lower molecular hydroonrbons

bolllng below 320°C., these hydrocarbons being subject to

melecular enlargement during synthesis. For this purpose,

peraffin hydrooarbons con be used as well as olafineé.
EXAMPIE 4,

A ferruginous resldue from the conventlonal alkaline
disintegration of bauxite, containing about 60% of
Feglz, 1s freed from the maln part of 1ts NagCOsz + No.OH
content smounting to ebout 5 - 6% by washing with a little
hot water and 1ls mixed with about 24 by weight of K,C03
in relation to the Fe oohtent. After drying, the
catalyat las crushed in the pressnce of oil. Operation
can be started with CO at about 2 atmospheres in exoess
of atmospheric pressure or with synthesis gas oontaining
CO and Hp at 10 atmospheres in excess of atmospheric
Pressure, as has been described in Examples 2 and 3.

In & suspension of the catalyst In a synthetisally
produced hydrocarbon oll of the 200° - 330°C, distilla-~
tion range contalning 50 g of Pe per litre, 140 Nebm of
synthesls gas are converted per hour per cubic metrs of
fluid medium under the following conditions :~ Gas
pressure 15 atmospheres In excess of atmospheric Predsure;
tomperaturs 255° - 310°C. synthesls gaa contalning 54% of
€O and 35% of Hp, one single passage of gas. At a (O
conversion of inltlally 96%, and finally 88%, one Yicbn of
applied CO + Hp will yleld, on the average, the following
products ;-

Total hydrocarbons:- 182 g

Including C; + Cp hydrocarbons 16 g

[Pe =12 1
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liguid gas Cz + Ca 3] g with 8B% olefines
gasoline (15° - 200°C) . 95 g with 83% olefines
gas oll (200° -~ 320°) 28 g wlth 76% olefines

hydrocarbons above 320°C. 7 g

water-soluble alcohols 5¢g

Without regeﬁaration, onbalyst 1life da 600 - 700
service hours which 1s equal %o an ocutput af 250 - 280
tong of products (03 hydroocarbons and higher hydra;arbbns
up %o and 1ﬂoluding solid parafflrs) per ton of iron
contained in the ocatalyst.

EXAMPIE 6.

A catalyst produced by rapld thermal decompoaltlon
of ferric nltrate which contains 0.5% of copper and 0.5%
of KO in relation to the iron content is ground in @
ball mill with three timez its weight of hydrocarbon oil
produced during the synthesis and having a bolling rangs
280° - 320°C¢. and is introduced into a reactor prehesated
to 2B0°C. in which there 1s alveady a like amount in
welght of the amme synthesis oll. The whole suspenslon
contalns approximately 20-22 per cent by welgh$ of iron.
A quantity of sodium stearete equal to 2 percent by
welght of the iron content is added to thls suspension.
Inatead of sodlum gtearate, other salts of fatty =aeclds of
the alkell metals or of aluminium, pyridine or organic
estera of phoasphoric amcid may be. used, generally in
amounts between 0.1% and 4% by welght of 1ron in the
eatalyst. -

From the bottom of the reaction chamber, synthesis
gag (l.e. fresh gas) with a content of approximately 38

per cent by volume of hydrogen and 55 per cent by volums
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of oarbon monoxide ls paassed through the suapension in a
state of fine dlatrlbution under a pressure of 20
aimospheres wlth a apace wveloclty of 400 (L.8. 400
norrwyl ouble metres of synthesls gas per oublo mebtre of
suspenslon per hour). After 2-3 hours 96% - 98% of the
csarbon monoxlds 1s converted, Therewpon the synthesls
temporature 1s lowered within 24 hours from 280°C. %o
260°C. or 265°C. Over 400 working hours an average of
93 per cenﬁlof the oarbon monexide ls converted and over
700 hours an average of 90% CO is converted. Each normal
cuble metre of the applied aynthesls gas ylelds in the
boglnning an average of 182 grd., and over the whole
working period an average of 174 gra. of hydrocarbon
produc ts with more than two carbon satoms por mplecule
with a content of eoxygen-contalning organic compounds of
ahout 4 pér cent. 65 per cent of the aynthesls products
conslsta of the hydrocarbon fraction boiling within the
range 20° - 150°C., 17 por cent conslats of higher
boiling hydrocarbon oils and 16 per cent conslots of G-
and Oy~ hydrocarbons, Tha_proportion of olefines In the
antlre synthesls products amounts to nearly 82 per cent.

In the courge of 700 working hours, the synthesls
temperature is graduslly Increased to 295°C., During the
whole peried of oparation, nearly 2000 kgs. of synthesls
products are produced by 1 kg of iron 1In the catalyat.
The average output of hydrooarbons with three and more
carbon atoms per molecule emounts to 1530 kgs. daily per
cublc metre of catélyst suspenalon.

Similﬁr results are obtalned by employing other

sultable catalysts conventionally employed for carbon

=30=



640809

monoxide hydrogenation, for example, nleckel, cobalt or
ruthenlum catalyats. The methods for the preparation
and actlvation of such catalysts ars much the same as

the methods glven for the preparation and aectivatlon of

oxidle 1ron catalysts.
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined
as follows:-
1. A process for the hydrogenation of carbon monoxide,
which comprises passing a synthesis gas containing carbon
monoxide and hydrogen in synthesis proportions through a
sugpension in a hydrocarbon oil of a carbon monoxide
hydrogenation catalyst containing a metal of the 8th
group of the ﬁeriodic gystem, the catalyst having a particle
size of from 0,002 - 1 mm, and being present to the
extent of from 50 - 500 grams of catalyst-base metal per
litre of suspension, the flow rate of the synthesis gas
expressed in norm2l litres per hour per litre of suspension
being from 10-30 times the percentage content by weight of
the catalyst-base metal in the suspension, maintaining the
suspengion at a gauge pressure within the range 3 - 150
atmospheres, the pressure being adapted to the said flow
rate of the synthesis gas irn such manner that the flow
rate of the synthesis gas measured under that pressure
is within the range 5 — 100 litres per hour per litre of
catalyst suspension, whereby the nixture of gas and
catalyst suspengion attains a substantially constant
volume of about 40% to 100% greater than the volume
of the suspension when not inflated by the gas.
2. A process for the hydrogenation of carbon monoxide,
which comprises passing a synthesis gas containing carbon
monoxide and hydrogen in synthesis proportions through
a suspension in a hydrocarbon o0il of a carbon monoxide
hydrogenation catalyst containing a metal of the 8th
group of the periodic system as its main effective

constituent, the catalyst having a particls size of from
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0.002 - 1 mm. and being present to the extent of from

50 - 500 grams of the metal of the eighth group per litre
of suspension, the flow rate of the synthesig gag expressed
in normal 1itres per hour pesr litre of suspension being
from 10 ~ 30 times the bercentage content by weight of

the metal of the eighth group in ths suspensicn,

maintaining the Suspension at a gavge pressure within

the range 3 - 150 atmospheres, the bressure being

adaptad +o fhe gaid flow rate of the synthesis gag in
such manner thzt the flow rate of the synthesis £as
measured under that preséure is within the range 5 - 100
litres per hour rer litre of catalyst suspension, whereby
the mixture of gas and catalyst suspension attainsg a
Substantially constant volume of about 40% to 100% greater
than the volume of the suspension when not inflated by
the gas.

3. A process for the synthesias of hydrocarbens,

which compriges pasging a synthesig &35 containing

carbon monoxide and hydrogen in synthesis proporticns
through a Suspension of an iron catalyst in a hydrocarbon
0il, the catalyst having a particle size of fron 0.002 -
1 mmi, and being present to the extent of from 50 - 500
&rams of Fe per litre of Suspension, the flow rate of the
synthesis gag eXpressed in normal litres per hour per
litre of suspension being from 10 - 30 times the percentage
content by weight of Fe in the Suspension, maintaining
the suspension at a gauge pressure within the range

3 - 150 atmospheres, +the Pressurs being adapted to the
satd flow rate of the synthesis gas in such manner that
the flow rate of the Synthesis gas measured under

that pregsure ig within the range 5 - 100 litres
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per hour per litre of catalyst suspension, whereby the
mixture of gas and catalyst suspension attains a
substantially constant v-lume of about 40% to 100% greater
than the volume of the sugpension when not inflated by
the gas.

4. A process according to any one of claimg 1, 2

and 3, in which the hydrocarbon oil is one which will not
crack under the process conditions.

5. A proéeas according to any one of claimg 1, 2 and 3,
in which the boiling range of the hydrocarbon oil

lies within the range 250° - 360°0. |

6. A process according to any one of claims 1, 2

and 3, in which an agent effective to modify the surface
tension of the hydirocarbon oil is added to the oil.

7. A process according to any one of claims 1, 2

and 3, in which the temperature lies within the range
160° - 360°C.

8. A process according to any one of claims 1, 2

and 3, in which the temperaturs lies within the range
220° -~ 320°%.

9. A process according to any one of claims 1, 2

and 3, in which the catalyst contains one or more of the
metals copper, thorium and magnesium or their compounds
as activators.

10. A process according to claim 3, in which the
catalyst contains one or more of the metals copper,
thorium and magnesium or their compounds as

activators, the activator or activators constituting

not more than 1% by weight of the iren.

- 34 -



640809

1, A process according to any one of claims 1, 2 and
34 in which the catalyst containg one or more allkali
metal compounda,

12. A process according to any one of claims 1, 2 and
%, in which the catalyst contains one or more alkali
metal compounds, the alkali metal content, calculated

28 the alkali metal monoxide, of the catalyst being in
the range 0.1% ~ 10% by weight of the catalyst-base metal.
13, A process according to any one of claims 1, 2

and 3, in which spent catalyst is intermittently or
continuously replaced by active catalyst.

14. A process according to any one of claims 1, 2 and
3, in which spent catalyst is intermittently or
continuously replaced by active catalyst, the alkali
metal content of the active catalyst introduced being
higher than that of the spent catalyst removed.

15. A process according to claim 3, in which the
synthesis gas contains more hydrogen than carben
monoxide, the synthesis gas mixture being repeatedly
passed through the catalyst suspension at veloeity of
flow up to fifteen times greater than the said flow
rate, the total duration of contact between the
synthesis gas and the catalyst suspension during such
ropeated passages being within the limits of the contact
time when passed 2t a flow rate given in claim 3.

16. A process according to claim 15, in which

the synthesis gas is pagssed through the catalyst
suspension in the several stages of a multi-stage

unit.
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17. A process according to claim 15, in which the
recycled gas is admixed with fresh synthesis gas

at each passage through the catalyst suspenaion.

18. A process according to claim 17, in which

the ratio of rzcycled gas to fresh synthesis gas

is from 2 to 5 times the volume ratic of hydrogen

to carbon monoxide in the fresh synthesis gas.

19, A process according to claim 3, in which the
iron catalyst is prepared from 2 member of the

group comprising iron filings,iron powder, hammer slag,
ferric oxide derived from the alkaline disintegration
of bauxite, magnetite, red oligiste, iron ore, needle
iron ore, ruby iron mica, goethite, limonite, bod-ore
and iron spar.

20. A process according to any onc of claims 1, 2
and 3, in which the cataiyst-base metal, in the form
of an oxide or other reducible compound and before

use in the hydrogenation of carbon monoxide, is
subjected in finely divided form, in the presénce of oil,
to treatment with a reducing gas consisting largely

or wholly of carbon monoxide at a temperature 10° -
50°¢ higher than the temporature in the subsequent
carbon monoxide hydrogenation, and at an absclute
pressure of 2 - 11 atmespheres, preferably 3
atmospheres, the rate of gas flow boing in excess

of 100 volumes of gas per volume of catalyst and

oil per hour.

21, A process according to claim 1 or claim 2,

in which at least a portion of the catalyst suspension
is prepared by reacting a dispsrsion in a hydrocarbon

oil of a divided C0- reducible catalyst material in
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the form cof an oxldic compound with the synthesis
gas during the sald passing of the synthesis gas,
22, A process according %o clalm 3, in which at
least a portion of the catalyst suspenslon is
preparad by troeating a dispersion in a hydrocarbon
oil of & divided oxldic compound of ircn with the
gynthesis gew under the synthesis conditions of
temperature and pressure,

23, A process aceording to elaim 22, in which a

po' ticn of spent catalyst 1ls substantlally constantly
replaced during synthesis by a corresponding amcunt
of the said oxidic compound,

ol,, A process according to claim 23, in which the
catalyst suspension contains a determined alkall
content, the alkall content Dfrthe suspensicn being
maintained substantislly constant by the addition of
alksli during the replacement of spent catalyst by

the said oxidic coepound,
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