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COMPLETE SPECIFICATION

" Process for the Catalytic Hydrogenafion of Carbon Monoxide in
the Presence of a Liguid

We, TRHEINPRFUSSEN AKIIENGESSELT-
Seware rUEe BETanat wunp Coevix, of
(222) Homberg, (Kiederrheln), Germamny,
& German Joint Stock Company, do
bereby declare the invention, for which
wo pray that a patenf may be granted fo
us, and the method by which 1t is to be
performed, fo he pariicularly deseribed
1 and by the following stafement:—-

This invention relates to a process for
the catelytic hydrogenation of ecarbom
mopoxide in which the vutalyst iz sus-
pended i g liquid medinm,

In the hydrogenation of carhon mon-
oxide, a mixturs of carbon monoxida and
bydrogen conventivnally iermed “‘syn-
thesis gas™ is brought info contact with
a suilable catalyst and is reacted to form
saturated and umsaturated aliphstie
hydrocarbons and also oxygen-containing
derivativas thereof. This synthesis has
beeoma generically known as the Fizcher-
Tropsch synthesis and the general cone
ditioms of pressure, temperature, type
and composilion of catalyst and of cata-
Iyst additives essential tor such synthests
are well known and established in ihe
art.

When uging a dry catalyst and par-
ticularly when using it as o so-called
finid catalyst, i.e. a finely divided eata-

lyst suspended in the " synthesis gas .

within the synthesis reactor, the heat
evolved by the exnthermic nature of the
oonversios Moy cause 2 TUNLWRY leac-
tion leading to diffienltly eontrollable
increascs in temperalures beyond $hose
desirable for satisfactory vields. Ter the
purpose of providing conditions, for {he
Fischer-Tropsch type synthesis, which
permit of betler eonirol, the propuosal
has been made to suspend finely divided
eatalyst material in & lguid medium,
preferably o hydrocarbon mixture such,
for example, as may he obtained from
the higher beiling components of the
synthesis products. This suspension ecan
[Pricg” ~ =~ -

-

then be cooled tv remove continucusly
therefrom excesy heat. One of the ¢is-
advantages of this propusal, however, is 60
thet it permits only a relatively low
hourly thronghput of synthesis gas.
Lhus, for example, a catalyst oil suspen-
sion (hydrocarbon fraction boiling be-
fween, about 250° and 800° {1} contain- 55
ing from 10—B0% by welght of hase
wetal, such. as Irom, in the eatalyst-oil
suspension is only capable of wiilising an
hourly throughput of synthesis gas of
frown about 10—100 normal cabic metees 60
per cuble metre of the catalyst-uil
suspengion. With this relatively low
throughpi of gos, the reachor is nob
used to full capucily, as the masimam
vield of synthesis products obtained in z. 59
twanty-four period is only 400 kiloprams
por, cubic mebre of reactor space,

_Ome ohject of the invention is to pro-
vide an improved process for the cata-
lylic hydrogenation ol earbon monoxide 70
utilizing o finely divided catalyst in
suspension in a liguid.

Ancther object of lhe invention is to
provide a process for the catalyte hydro-
genation of carbon monoxide giving a T8
high yield wilh the use of a ecatalyet,
breferably an iron cafalyst, suspended in
a hydvoearbon oil. '

It has been found that by maintaining
certain critical comditions in o catalybic 50
bydrogenation of carbon monoxide in the
presence of oilsuspended catalysts and
preferably iron type calalysts, consider-
able inoreases in yield per wnit of time
and volume of reactox can be obtained, 85
while at the samc tima appreciably in-
creasing the yield ‘of the more valuable
or mere readily mazketable products of
the wyuthesis, both on the TDusis of
volume of synthesis ges put through the B0
reactor us well as per weight unit of
eatulyst employed,

Acoording {o the Inventiom, synthesis
gas. is continuously passed into u guspen-
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sion. of a carbon monoxide hydrogenation
vatalyst in a lLydrocarbon oil baving a
conceniration of the order of megnitude
of from H0—B00 prams of catalyst-basze

§ metal por lifre of suspension, the cale-
lyst parficle sime being of the order of
magnitude of from 0.062—1.0 mm., 3t a
rafe of gag flow, expressed in N lifres
{N litve=1 HLifre at 760 mm. mercury

10 pressure and 0° C.) per hour per litre .of
catalyst suspension, equivalemt to about
10-—30 times the percenfage confent by
weight of catalyst base meta] in the
suspension. The calelyst suspension of

15 the abuve-given  comcentration  and
partielp size of catalyst into which the
synthesis gns iz passed ab the ubove-
stated raie of flow T maintained under a

gaoge pressure of the order of magnilnde

20 of frum 8--{B0 abmospheres vﬁlereby
within these limiks the velue of the
applied pressure is adapled to the rate
of dow of the synthesis feed gas in such
-o munner that the rate of flvw of the com-

25 pressed synthesis fecd gng s substantially
maintained al o value per hour of an
order of magnitude of from 6—100 Iitres
of gas under the applied pressure per
litre of satalyst suspension.

80  When proceeding in zccordance with
the Invention and within the Iimite
stated, an intimate mixiure of synihesls
gas and catalyst suspension ig obfained
having s substantially constant volume

3% of about 40—I100 per cent greater than

the volume of the suspemsicn iself and

substantially independent of wuriutions
in the rate of flow of synthesis gra pro-
vided that this is maintained within the

Limits specified. Under these condilions,

tha two phases of oil and gas will form

a substantrelly stable system as a sub-

stentially homogeneons mixlure ps illus-

frated in ¥Fimare 1h of the accompanying
drawings, With o lower throughput of
gas (Figure Ia) than thai provided in
secordance with the invention, the indi-
viduel gas bubbles will wove up the

Iiguid eclumn separately and at different

50 speeds. Their specd in this case i
guverned by such factors as huhble size,
differentials between liquid end gos
Jensities, visvosity, and surface tension
of the liquid. The system. gas-liquid will

.85 then contain a maximum of wearly 10%

by volume of gas, TUpon inereasing the
gas throughput io e velue which equals
or exteeds the minimum gas throughput
in ‘accordance with the invenfion, the

60 velume of the system gas-liquid will
suddenly espand by ai leasi 40-70%
and in many eascs by 100% aznd remain
substantially constant even if gas
thronghnut is further ineressed (Figure

68571%). The following cobservation ias then

40

45

made:— the was hubbles are all sub-
standially wniform in size, separated only
by thin layers or films of liquid and the
speed of their verticul movement is only
a fraction of the speed of the vertieal 70
mevement of gas bubbles of eyual size in
the system illustrated in Figure la, The
bubbles of {hs system shown in Figure
1b, however, are at the same #Hme
vigorously torn sbout in a more hori- 79
sontal direclion. In this state of expanded
volimme In accordance with the inven.
twon, 35—-509% of the volime of the
system. gas liquid consists of gas bubhbles,
The cafalyst suspension, in effect, then 80
floats as o fine dispersion in hetween the
aag hubbles.

The effect produced by this eondition

.on the hydregenation of carbon monoxide

is guite gurprising, Its most conspicuous &0
featire is that, startinge with low gus
throughputs, the comversion, of CO is
only moderate at first, uniil the eritieal
minimum gas throughput is reached or
exceeded, at which poing the conversion 90
will suddenly rise to nearly 1009% and
will reynain substantielly at this level
altbougk the wother condnions rTemain
constont and cven though gas through-
put is further inereased to a muliiple of 95
its original value. 1t is to be noted that

the state or physical characleristics of
the ezpanded volume mas-liqnid suspen-
gion are distinetly different from those

of a froth state. In the former the shape 100
of the gas bubbles Iz sHlI almost
gpherical, vesulling Im an irregular
‘EZEII’B]II{BSS of the liqnid layers or £lma be-
tween the gas bubbles, and the two
rhases gas-Liquid ers in relative move- 105
went fo each other. In a froth, on the
other hand, the gas bubbles arg forced
infe polyhedrons and are separated by
liquid layers or dilms of substantially
waiform thickness which move together 110
with the mas bubhies in the same direc-
tiom.

If ges throughpuwt iz incressed in -
exeess of the lmifs stipulated in the
invention, the system gas-lignid suspen- 115
mian is gradually destroyed as g growing
number of gas bubbles will cnalesce and
rapidly ‘break threugh to the top
{hubbiing) (Figuwre 1le), resulting
stratification of gas and liquid. Gas con- (20
version will then suddenly fall.

While the_invention imsures substan-
tially complefe eonversion of gus within
the ranges of syuthesis pressmre and
catalyst coneentration set forth, the use 125
of the higher renge of calulyst concen-
tretions which iy coupled, aceording fo
the invention, +with increased gmas
throughput and ineressed synthesis pres-
sure, will allow an apprecible increase 180
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in the time wnit yield per cubic metra of
reactor space, which yield may be as
high as 4000 ky. of synthesis prodnets in
twenty-fonr howrs.

5  The benefils oblained on the hasis of

prolonged activity of cabalyst and high

yvields per wnit hase meta] in the cata-
lyst 18, for example, demonsirated by the

Tact that one ton of iron in the cafalyst

will yield an averego of 700 fons of syn-

thesis produets during the whols periad
of cabalyst service, of about 90 days,

Though atlempts have heen made at
varions times to check the formation of
19 methane in The hydrogenation of carbom

monoxide, wech ag by using constant low

gynthesis temperatures, no carbon mon-
oxide hydrogenation process has hitherfo
on een Imown which successfully solves

20 this problem. Previously kmown wmethods

of gynthesis snd particularly thoss con-

ductéd under conditiong sesking rela-
lively high ouwtputs, produce methane in
considerable quantilies, This, howsver,
iy mot $he caso in thy process of the pre-
sanf invention in which ne appreciable
formation of methame fakes plase. This
effect. is” new and uncxpected Inasmueh

oo @8 the many unsuccessful attempts wade

30 to eomtro]l the undesivably high forme-

ton of methane in the synthesis pro-

cess, have led o the genoral assumption
thai the formealion of largs samounts of
methane is an unavoidable evil.

One of the advanteges of the provess
of the invention iz that it permits the
whilizabion of higler synthesis tempera-
tures than arve mormally possible within
the limits vequired for relatively high
49 yutput yields. Ordinarily, temperatures

above approvimately 250° C. favour the
produchion of methane and the separa-
tion of carbon, thereby resulling in
poorer yields, and it is necessary that, in

45 yrder to maintain a fair equilibrimun in
favour of the higher molecular hydro-

. earbons  or hydrocerbom  derivafives,

fairly low temperatures be ordivurily

nged.

80 - Whan proseeding in secordabes with
the inventlon, howewver, the reaction
temperature muy be genemally kept from
10° 0. to 70° C. higher than is normully
econsidered a sale upper Hmit for sub-

60 stantielly complete gas conversion with
¢ minimum of undesirable by-products.
The upper limit of the temperafuwre i
governed by the rveguirement that the
parbicular fuydrocarbom or oll used for

60 the suspension is not  deleteriously
affected by orvacking, and ordimurily a
temperalure of 360° (). comsbitutes tha
limit beyond which denger of cracking
way be present, For best results, we find

8% it of advantagme to use averape synthesis

10

35

temperaturss between 200° C. and 360°C.
and preferably betwsen 220° C. and 520°
C. Tt is thus passible, by ntilizing higher
synthesis temperatures, to toke advam-
tagy of higher rveaction velonities and 70
thereby {0 promote the formation of pre-
dominantly low molecular, lazgely un-
saturated and more highly isowerizad
hydrocurbone withoui excessive forma-
tion of methane up appreciable deposition 75
of carbon wherehy practically the entire
yiald is obtaineq in the form of desire
able products. Thns the uliimate output
of synthesic producly per wnit volume of
synthesis gas used g sti]l firther in- gg
creased.

The accompanying dvawings show, in
cross-sechion, a reactor suiteble for use
in the proeess of the invention, the only
difference between Fignres la, 1b and To 85
being the diffsrences im the iwo phase
Liguid-gag systemn hersinbefore reforred
to, with Flgura la showing less than the
eritical limitatfons for gas throughput in
accordance with the invention, Figure 1c 90
an excess of those crvitical Iimitations,
and Figure 1b an illustration. of the two
phase systems when operating within
these limitutions. The weactor ny shown
comprises the outer cylindrieal wall 1 95
enclosing dhe reaction zone which is
charged with the cotalyst suspension,
Gas miet duet 2 is provided of the hotiom
of the reactur aud passes the synthesis
gas o und throngh a distributor 8 which
18 preferably formed as 2 porons filter of,
for exumple, cersmic materinl., The ro-
actor carmes the exil gus duct 7 in cover
G and iz further provided with a with-
drawal duet B, A enitable couventionsl
arrangoment for malutaining tho {em-
peruture (not ghown) may be provided by -
a douhle jackeb through which a suitable
heat exchange liquid is pessed which, as
ts well vnderstood in the art, may serve 110
sither as o heating medium or as & cogl-
ing medivm in accordance wilh the parti-
cular conditioms required in the reactor
ab sy givem time. When the synthesis
gas 15 infroduced info the Teactor through
duel 2, it will be distributed end dis-
Persed into the liguid by way of +the
porous hed or filker member 3, ‘The
dotted line 4 indicates the normal liguid
level of tho catalyst suspemsion before 120
gas is introduced mto the reaclor. Tdne
8 indicates the level of the suspension-
2as phases when operating wnder one sat
of conditions within the eritical limity of
the inventfom. The larme bubbles indi- 125
eating o Lreakdown of the homogeneons
gag-suspension phase are shown as such
in Wigurs le. Suitable waeame (not
shown) for mainteining the synthesis
pressure will wlse be tncluded.

100

105

115

130
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The synthesis gas usable in accordancs
with tho invention is the conventional
gas mixture generally epplicable to the
synthesis of hydroearbon producls in

5 accordenes  with @ carbon  monozide
hydrogenation, procedure of the Tischer-
Yropsch type. Such aynthesis gas may
include a gas product obtained, Zfor
exaraple, by a typical water-ges reaction

10 or may have been generated in any ofher
enitable mamner well kpowp in the art
for thiz type of reaction. The ofl nsed
for the susgemsion of the eaiulyst is pre-
ferably o hydweurbon cil of a boiling

15 pange which, undes the conditions of
temperaturs and pressure o which the
particular corbon monoxide hydrogene-
tion is o procced, will not appreciably
volatilize. Thus, for example, It is pre-

20 ferred lo use a hydrocarhon fraction hav-
ing an imitial boiling point somewhat
higher then the hiphest reaction {em-
pearature that iz to be used in the syn-
thesis. Within the gemeral soope of in-

95 wenhion, hydrocarhon fractivne beiling
hetwaen 250° C. and 360° €. are norm-
elly catisfactory. Within the preferred
enthodiment of {khe invention, however,
it has heen found o be of advoniage to

30 use, for {he suspension of the catalyst,
an oil prodnct obtaimed in the synthesis
ilself and heving the reguisite beiling
range. o )

The eatalyst nsed in the process of the

35 jovenlion may be any suitahle catalyst
convenfionally employed for earbon
monogide  hydrogenation. in aceordanes
with. the Fischer-Tropsoh fype synthesis.
Such ocatalysts coniain, as is” koown,

40 metals of the 8th gronp of the periodic
eyrtem, smch us ivom, mickel, eobalt or
ruthenium, Tn seeordance with the pre-
ferred emboiliment, heowever, it is pre-
ferred ta nse an irom catelyst, Iron type

4b catnlysts, as Is well lmown, may for
ezample, be obiained from ferrie oxides
abtained or processed from other iypes of
iron eompomnds, such aa iron salts, under
pariivulorly carefnl menufacturing con-

50 ditioms in accordspee with well known
practice.  Sueh iron type catelysts
obtuined from ferric oxides are of
exceptionally high activity. As is well
Lknown, the cotalytie material is gener-

55 ally first inteoduced Imte the vesetion
gong in tha form of the melal exide or
other reducible metal compound and is
than subjected fo 2 weducing reoction.
Thiy may he done either in the dry stute,

80 or prefersbly, by suspending the axide

_ or other redueible catalyst maierial in
the oi] to be used ag a earrier and sub-
jecting the materia] therein to a reduo-
ing reaction, for example, to ths aclion

85 of a synthesis pas whereby the calalytie

material is eonverted into ifs active form.
Active forric oxide ecatalyst materials
have the adventage that the aclive cata-
lytie material ohtained therefrom will
catalyse carbon momoxide hydrogenation 70
to hydrocarbuns even at comparatively
low temperatures. However, in order io
produce low boiling synthesis products
that are rich in olefines and ischydro-

carbons, the process in accordance with T8

the invention may wiilize Higher tem-
perztnres in the range 280° to 3320° C.
Qatalysts which are porticularty suitable
for use in the synthesis at such inercased
temperaturcs by Teason of their relatively 80
low sensitivily te sucl temperatures are,
for example, represented by the fullow-
ing indusfrizl meferials: hammer scales,
residues of ferrie oxide derived from the
alkaline disintegration of hauxite, iron 86
powder and iron filings. Netural ifron
compounds, i.e., compounds of mineral
origin that may be used for ecatalytic
purposes in accordance with the Ioven-
tion, may else nclide magnetic Iron 20
ore, red (oligiste) iron ore, brawn ivon
ore (limonite), needle iron ore, guelhile,
ruhy iron mica, bog-ore iron spar and
materials of p similar type.

To the extent that the catalysts em- 95
ployed for the synthesis in liguid mediom
in accordance with the invention are
completely free from activators or almost
wholly comsist of metals of the 8th
group of the periodic system or their 100
compounds, it Iz desirable tv add. suit-
able acivaiing substances conventionally
known #nd wused for synlhesis of the
Fischer-Tropsch type, When employing
irpu calulysts, the quantity of activator 105
or activators, other than an alkali-metal
compound or compounds, should wned
exnped 19 by weight of the irom com-
tained in the eatalyzt. Copper, for
exumple, Iz such an activating additive. 119
Cobalt or mickel catalysts may be
activated by addition of thorium, mag-
nesium or copper or their compounds in
guentities of not more than a few per
cent of the eatalyst basie metal contained 115
in' the catalyst— For o furthsr increese
in activify, alkali compounds may be
udded to the catalysts, governed by the
desired quality of Hhe synthesis pro-
ducts. .

A preferred. method for the conversion
roceeding in accordance with the inven-
tion, of the forememed oxidic catalyst
materials, particularly iren oxide cate-
lyst raaterial, mto their astive form,
comprises treating the malerial in per-
ticle form {(preferably hall mill ground)
in the hydrogenation reachor in the pre-
sence uf oil and preferably as a suspen-
sion in the o1l, at temperatures phout 130

120

125
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L¥—450° C. in excess of those applied in
the subsequenl synthesis, with carhon
monoxide or goases containing curbun
monozride as the chief constitnent, under
5 gouge pressures of 1—I0 atmosphores
and preferably at 2 atmwspheres yauge
pressuve at an hourly refe of gas fdow
within, the reector of more {han 100
Nebm of gus per vubic metre of eatolyst
10 suspension, With this kind of treatient;
high. activity and. y fine, uniform dis.
persion of the catzlyst owing fo particla
bursting iy attained. If iron cabalysts of
low {emperalure semsitivity are used, it
1515 Mo} necessary to incrsuse lbhe con-
version lemperature ahove the tempera-
ture nof the subsequent synthesis In the
desigmated degree. In consequence of the
higher rcaction tempsruture of these
20 parbficular iron catalysis the conversion
with carbon mouoxide can already he
operated at the same femporature as
thoze of the rcaction.
In anciher malhod for the conversion
25 of vzidic cafalyst matertal into iis aclive
form, a dry process mey be used. Tn this
cage the particled maberial, preferably
ball mill ground materisl, in dry form
1s gubjested to a suitable reducing agent.
This may he effected in g reactor Lype
ohamaher, it being desirable, however, in
this case to vse o synthesis fype gas mix-
ture wrather than ocarbon mopoxide or
bydrogen alone. In contrast to  the
5 treatmemt in the presenca of an oil
medium, in which positive pressures arve
used, ordinsry atmospherte  pressure is
preferable, bhigher pressures being Jefri-
mental to the activation reactiom, Rales

30

Coa
v

16 of gas flow in the reactor down to shout

50 Nebm. for each chbm catalyst volume

are useful. By reason, however, of the

shortened reaction pertod required for

activation amd the welatively high
45 activity of the calalyst, it is desirable to
lreat the. dry catalyst material to be
activated with & gas mixfure ab g rats
of flow preferably 1n excess of 600 litres
per litre of eatalyst material per hour of
Llow b lemperatures between 230" and
600° . and in the case of oxzidic iron
catalysts prefecably between 800° and
830° 0. and at mormal atvaospheric
pressuts ar cven reduced pressure. Tn
some cases slighily increased pressurs
may he used. Pressures, however, of thie
order of magnitude prescribed for the
activation in the prasemce of oil as hare.
imbefore deseribed, aze to be avoided. T
is further possible o rondnet this fype
of dry catolysh material -activation with
the reeycling of exit mases or st lesst a
portien thereof in volume proportion of
ong perb fresh gas for each one to thirty
85 parts wi exit was, with op witheut Te-

a0

60

moval of carhon diexide fvom the gas
mizture. After bthe activation, fhe
activateq catelyst matorial obbained in
this manmer Is then ground with oi] or
otherwise dispereed in the oil and is then 70
ready for use in accordunce with the in-
venfion. When using the dry maberial
activation method, the cutulyst material

of the oxidic type need not mecessarily |
be present in; finely subdivided form. It 5
is possible fo eflect the aclivation with
muicrials present in relatively large
pisces. In fact, it is easier in many cases

te grind or otherwise gubdivide +the
reduced oxidie catalyst malerial ag com- 80
Pared with the nun-reduced oxidic mate-
risl. It is furthermore possible in
acenrdance with eonvenlional and well-
Imown. practice to obtain oxidic vatalyst
material, sioh 23 oxidic iron catalyst
materizl, by suitable pracipitation in fhe
form of a very fine powder wp to 2 finely
grannlor material, without the mecessity
of grinding larger pieces, In this cuse,
the reduced or activeted catalylic mate- 90
rial is obtained in dry form in suffciently
subdivided particles to be relalively
easily dispersed in the oil in atcordance
wifh the 1nvention.

T is & well-known phenomenon thab
carhon monwxide hydrogenation syn-
thesis requires progressively increasing
temporatures commensurate with the
Drogressive exbaustion of the catalyst in
substantiolly  continnovs  operationy. 160
Ordinarily these ineressed temperatures
are Tiecessary for increwsed reactivity or
rather to cowpensate for lost activity of
the catalyst due to ity portial exhaustion.
On the ofher hand, the increased tem-
peratures give rise to the formation of
mndesirable Ly-pruducts. When proeesd.
ing in accordsnee with ths present im-
vention, however, the increased tempera~
tures do nol give rise to such formation
of undesitable by-products fo any appre-
clable extent. It is thus possible to raise
the temperature graduaily within the
reactor and still mot materially inter-
fere with the synthesis or its vields and 118
actually {0 compeusate thereby for any
losses ik a partially exhausted cetalyst
may entail. 1t is thus possible in zccord-
auce with the invention aubslamtially to
maintain thel bemeficial results and yields 120
aven after a considerable tims of opera-
tion ond even though a portion of the
catalyst may he exhansted, On the other
hand, the possibility of raising the tem-
perafure withont interfering with- the 125
reaotion mechanism or eguilibriom in
fyvour of undeairable by-produets, 1E{;e;;‘r'-
wity the meintaining of a temperatore
ranpe obout 10°—bH0° €, in excess of
that ot which {he synthesis was. com- 180

86

85

105

14}
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menced and of which activaiion of
oxidic culalyst materials ean be sucoess-
fully effected, 1t is in this mwanner
possible o add, once the femperainre of
gyathesziz is at the desired Ievel af which
axidie oatalyst material can be converted
to aclivated catalyst, in a continmous or
periodic operation, finely divided cuta-
lyst mnterial ip its oxidie form and pre.
ferably such catalyst meferial already
suspended jn an oIl of ihe {ype within
the resclor ai the Hme of the additien
of the calalyul suspension. Sach addition
should preferabiy be mede from the gas
entry side of the rcacior and may be
either combimuously or periodically
efferted with o corresponding confinwous
or periodie removal of used catalyst
guspension from the ges exit gide of the
reactor. Im this manner, 3 conlinucus
gynbhesis operalion 1s pussible substan-
tially unlimifed in fimse, and constaney
in cutput ean -be achieved. Instead of
nen-activaled, i.e. oxidie cataiysi mate-
1ial, activated or spemt and regcmerated
catalyst suaterin} may be used.

When proceeding in aceordance with
the invention in its application fo a re-
actor in which a predetermined alkali or
range of alltali eontent is to be muine
tained, end wutilizing in the preferred
embodiment of the invention substan-
tially continnons operation inoluding ihe
confipwous addition or perlodic addition
of vatalyst materia] with eommensuratc
removal of spent suspension, it is desir-
able for best zesults substantially fo
maintein the alkell metal rontent com-
stant within the rcaetor. Thig may be
aceomplished by adding to the cataiym:
material to be freshly mtroduced or add-
mg togcther with sach material g some-
what higher aikali mefal] content than iz

‘ordinarily contained im the cafalyst

wmatberiz] within the reantor at thet {ime.
This will make up for the loss in alkal
metal which woceurs when  remo.ing
suapension from the reactor and aids in
keeping. substantielly constant the per-
ceniage of hydrocarbong in execess of C,
in the total yicld. The predetermined

range of alkeli metal content licg he--

bween 0,19 and 10% caloulated as and
based on the weight of eatalyst haso

b wetal in the applied cofalyst. Szitahle

allali mete] compounds sre the oxides,
kydroxides, carbonates, Lhydrocarbomates,
phosphates, silieates snd borotes of
sodivm and potassivm, furthermore their
formates, acctates or the salts of higher
organic acids, such as soags. The quan-
ity of the alkali metal componnds to he
introduced with fresh cafalyst suape sion
musi bs sufficient to reploce the loss in
alkali mefal, which loss oceurs throngh

reroval of oafalyst suspension from the
rezctor. If the formation of a larger
quantity of higher boiling synthesis pro-
ducts is desived, which formation ecan be
obtained by inereasing the alkali metas
content of the catalyst suspension, @
correspondingly large amount of alkali
metnl compounds are introduced.
Within a further embodiment of the
invention, it iz found possible so to
alljust the condiftions that the process
may be adaptel fo any particnlar syn-
thesis mixture whether the miztare be,
on the ome hand, rich in hydrogen, or, on
the ottier hand, rick in earbon mas.oxide,
When utilizing a gas mixiure, rich in
hydrogen wiih an iron catalyst in the
synthesis, the water produeed in the
reaction enters with pavt of the carben
mouoxide inte an equLILIIUT TeAcTION Iu
accordance with the equation :—

This results in the Temoval of part of
the earbon wonoxide frume the synthesis
gas, thus withdrawing it from. the hydro-
earbon synthesis and so eausing lower

7

i3]

80

80

yields of synbhesis products. It has been -

found that it iz possible within fhe
rrocess conditiony of fhe Invention as

hereinbefore  given, substanfially 1o
eliminate this disadvantage and {o
effectuate, even with gases zieh im

hydrogen, w practically complate utiliza-
Hion of the ecarbon monoxide with a
waximum Field of synthesis prodncis
per cubic metre of synthesis gag msed.
This result & obtained by cllecting a
reduced gas-catalyst contact periad which
may he obtained by so adjusting the rale
of fHow of the synthesis gus throngh the
suspensiony within the sperified range
that the suspensions remain in fxdividual
contact therewith for only a relatively
short period of time. The synthesiy gas.
however, 1s then repeatedly contacted
with thp eatalysi suspension whevehy
chel individugl contaet is at a relatively
high velocity or rate of feed throngh the
suspension’ within the general rale of
gas flow limilalions hereln specified in
aecordanes with the invention. Thus, for
example, gases ricll in hydrogen (e.g. 2
vols, H.:1 wol. CO) are Tun af g velo-
city ar rate of flow through the suspen-

95

G

104

110

115

alon up to fifteen times as high as thatlZ0

employed for gases rich in carbon mon-
oxide (e.g. | vol. Hy:2 vols. CO). This
incréased rate of flow applies to cach in-
dividual contacting, and the gases, hav-
ing passed the suspension at {hut rate of
fivwr, ars then recontarted with eatalyst
smgpension for a sufficient number of
times within the limits of rate of flow of

125
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fresh synthesis gas in aceordance with,
the " invention wotil. substentially all of
the corbon monoxide is  effectively
utiliged. This repeated contacking may

§ be dono by eithep tecycling the emergent
gases In each cage through the same
suspension 2t the higher rate of flow
mentioned vr by passing fhese puses into
and through sucvessive slages of a

10 multiple stage synthesis unit. When ro-
eyeling parl or all of the exib gases in
vecurdance with this procedure, it has
been found fo be of advantege o add =
verdain, amouwnt of fresh synthesis gas o

16 the mixture. Depending upon econditions

affecling the convermon ratio H,:00

such as. preseure, temperatmre, nature of

catalyst end rate of [resh gas feed, it
thas been found to be of sdvantage to

20 hnve the recycls ratio [or ext gas to
tresh feed gas from about 2 o 5 times
o5 high as the volume ratio H,:CO in
the fresh feed gas.

It hos also somedlimes been Iound o

25 be advantageous o add a2 suiteble addi-
tive affecting the surfacs tension, of ihe
oil in the catalyst yuspension. This addi-
tive may he one of the surface tension
reducing type or of the surlace tension

30 mcreasing type. Suitabls surfoce tension
modifying agents useful in accordance

© wilth the invenllom ard, for exemple, the
fatty acid salts of alkali melals and of
elurninitm,  preferably  sodium ez

35 aluminium stearale, palmitate or oleaie.
Also usefnl in +this dirvection, are, for
example, pyridine, higher hoiling esters,
preferably those of inorgamic acids such
as phosphorie aeid csters.

40 hen using multiple stoge synilicsis,
the process 1nvolves p passage of the
catelyst suspension irom stage to sfage
to meet in each stago fresh synthesls gaa.

In the process of the invention, he-

45 {ween 180 wrams and 105 grams of hydro-
carbony are formed from a mermal cubic
metre uf applied $O- 5. The propertics
of the hydrocarhons formed vary within
wide limits snd depend on the catslyss

50 and operaiing conditions, For ezample,
products can be produced which cansisf
predominantly of Cy—C, olefines with a
considerable percentage of iso-hydra-
carbons, or hydrocarbons predeminantly

55 solid at norma] temperature hoth with a
high and low degres of bremehing and
both with o high and low vlefine content,

In the procesy according o the_; inven-
tion, carbon. dioxide is produced in largs
t0 gquantities a8 a by-product in the syn-
Ehesia. Tt is expedient to re-use the car-
bon, dioxide in the gas generating process

in order to reduce the carhon dioxide to
carbon monvxide, Thiz improvement is

65 of particular Importance for the prodwe-

tiom of synthesis gaseg in which the CO
content is o exceed the H, conient.
Exanrrr 1.

In u veriical resecfiom tube 20 cm, in
Jdismeter, provided.with a jacket 700 em. 70
in length through which a hest transfer
medinm ean b passed, 10—15 Nebm per
hour of & gas of the compusition 3 vola.
C0:2 vols. H, are passed through =
suspemsion of o catalyst conteining L0 7h
Kilograms of iron, 40 grams of copper
and 100 grams of K00, with g particle
size of U5 mm, ip Y0 Kilograms of
synthesis oil of the 800°—3820° €. distil-
lation range, for 20 hours, a4 230° C. and 80
under 5 gas pressure of 12 afmospheres
gauge.

Towards the end of #his peried, a
vivid synthesis of hydrocarbong sots in.
Wiile the nse of synthesia gas of similar 86
composition is pontinved, conditions ave
adepted 0 synthesis opeation by reduc-
ing the femperature to 258° ., incress-
ing the gns pressure to 26 atmospheres
gouge and rulsing gas throughput to 25 90
Nebm of fresh ges por homr. Tho ecada-
lyete0il suspension will them, form,
fogether with the gag bubbles rising at
a comparatively slow rate, a stable three-
phose system, the vwolume of which 18 Df
about 60% greater than that of the
suspension elone, Under these comgl-
tlons, D8%~—97% of the carbon mon-
oxide is converted, 183 g. of synthesis

products are formed from a normal eubie 100
metre of carbon monoxide and hydregen
itrodneed. :
Synthesis products imelude:—
Percentags by weight
Methane + ethane ] 105
(, +-0, hydrocarbon 21
Liguid hydrecarbouns
up to 180° (. 55
Liguid hydrocarbons
180°—d20° ¢. - 17 110
Hydrocarhons boiling
above 320° C. 4

The actons pumber of the 20° C—
150° G, fraction is 72 (motor method).

80% of the {,+1C, hydroearbons are 115
unsafuroted, The oleline coubeni of the
Lignid products amounts to 78%—82%,
the aleohol content being 2%. :

If{, on the other hand, considerahly
less than 1 Nebm. of synthesis gas are 120 .
introduced instead of 25 Kcbhm per hour,
the other operating conditions Temain-
ing wnehanged, the three-phase gystem
ul catalyst-oil-gas bresls down, heing
redured to the two-phase system of 125
cadalyst-oil the volume of whic{t 1s only
1 few por cent greater than that of the
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suspension ifself belore the introduciion
of gas. Togsther with the deerease in
volume, the conversion of carbon mom-
oxide drops below T0% and =i ths same
3 time, the percentage of <, +{} hydro-
carbons in the total produets rises to 7%.
" Exzawmrir 3.

_ Terria oxide produced by precipitation
from nitrade of iron (II1) with subse-
Hi guenf washing and rapid drying, com
teining 0.5% of copper and (.8% of
K,CO,, is crushed to o particls size of
less than 0.05 oz, in the presence of
three times its weight of synthesia oil.
15 This cotalyst-oil suspension Iz ‘mixed in
o tall reaction vyhinder af 280° . with
a gquantity of synthesis oil of the 800°—
340° (3. distilladion range so as to yield
o suspension containing 20% by welght
-af irop. A% the temperature of 280° C.
this suspension, iz treated for 16 hours
with 100—200 Nebm of carbon mongxide
per hour per ebn of suspension under a
pressure of 8 atmospheres, Alter tlus
aetivation, 300 normal suble metres per
hour of synihesis gus contoining 38% of
sarbon, monoxide and 50% of hydrogen
are passed through 1 obm of suspension
at an Imifial temperabure of 2507 C.
a0 while the gas is kept under o pressure
of 20 almospheres. Pard of the exif gas
is, without exponsion and afber removal
of the veaction Pmducts which =are
separated ab 80°—DH0° €., again_ passed
a5 through the resctor together with fresh
synthesiy gas ip the matio of 3 volomes
of recyole gas per volume of fresh feed
oas. 92% of the earbon monoxide and
87% of thg hydrogen are converted. One

$0 normal cubic metre of applied CO+H,
will vield 172 grams of products of tho
[ollowing eompositions : —6% of C.—C.,
hydeooarbons; 74% of y4+C, eand
wasoline hydrocarbons with a distillation
45 end point of 200° €; and 17% of hydro-
¢arbong  boiling ohove 200° C.  The
gasoline snd € +C: hydrocarhons con-

fain hetween 76% and 84% of olelines.
In order o mainiain an sverage gas
50 conversion of at least 90%, the catalyst
is, affer about 500 hours of operation,
gradually removed from the reactor and
replaced by corresponding guantities of
fresh or regenerated catalysh ut such a

55 rate that the average residence time of
the catalyst in the reactor is abows 500
hows. Renewsl of the fluid medium
proceeds at aboul the same rate as thab
of the cafalyst. The catalyst removed
60 from the veactor s meparated from the
oil and may be re-used in the synthesis
afier simple Tregeneration, e.g. by

extraclion. :

The ‘decrease in the alltali metal von-
6% tent in the reacior, which ocours upvn

82

25

removal of port of the suspension, is

compensated for hy providing ths eata-

lyst to be freshly infrodueed with an

alkali melal cunlent which 1s correspond-

ingly higher. 0
IixsnPrE 3. -

Active fervic oxide nearly roentgen-
amorphoug is produced by previpitation
from a solution of niirgie of iron {LLI),
containing 5—10% of Fe, with sodium 79
carbomate, caustic soda or ammonis with
subsequent thorough washing and rapid
drying. If the natural copper eontent
should be lower, such a quantily of
nitrate of copper is added to the eatalyst BU
prior to the precipitation so as fo obtain
a fnal copper conient of about 0.5-—1%
vf the iron. Belore drying 0.5% by
weight of E,C0, (in relation to Fe) is
added to the ferric oxide. The dry cata-
lyst 1y mixed with synthesis il of the
290°—330° ¢. distillalion rubge in the
weight ratic of 1:3 abd crashed 1o a
particle size of less thap ;01 mm.

This eoneentrated catalyst-oi] suspen-
sion is wmixed in o resetion eylinder of
12 metres height with syathetic ¢il, pre-
heated to 280° (., of the 240°
850° C. disbillution range in o ratio fo
obtain a suspensior confaining ahout 98
0% of iron.

Tnder a gauge pressure of 10—15 atmo- -
spheres, this smepension s immediutely
ireated with 130 Nebm of synthesiz gas
per hour per enbic meire of catalyst-oil100
suspension at 270°—275° . The syn-
thesis gas eontains about 35% of CO and
55% of 1T, thoe remainder congisting of

8L

00, and N,. At the end of 5 to 10 hours,

ay soop s 96—93% of the (O is con- 105
sured, the tcmperature is reduced fn
255° 0. the fthroughput per howr of
syothesis gas is increased to 220 Nebm
per cubie metre of reactor, and part of

the exibt gas, mised with the fresh W10
synthesis gas, iz passed again over the
catalyst in the rotio of 8.5 volumes of
recyels was per volume of fresh feed gas,
without previcus expansion. DBefure re-
introdneing the exit gas into the 115
aynthesis process, the gas iz freed from
the synthesis hydrocarboms ecarried with

it and separated at normal temperature,
and from the gynthesis waler, .

The average service life of the catalysl 120
wnti} the ontput drops to 90% of the
initiel velus iz 800—1200 hours approxi-
mately. Within this period, the catalyst
iy gradually replaced by fresh or re-
generated coatalyst withows any Inler 125
Tuption in operation, tn maintain the
autput of the syonthesis apperatus ot a
constant lovel. The overage synthegis
tempernlure 13 275° C.

The following results are ebiained:— 180
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Hydroearbons :-— 174 gramg per Nebm of applied CO+H, - -

Compositien:— €, 0, 3.5% .

. C.4+0; - 18%, olefine content T4% -
Ll Ce il 61%. olefine content 77%
5 . -0, +higher 19.6%

Yo -addition 2.7% of waler-soluble
= aleohols are produeed. .

8008560 tons of O, and higher hydrn-.
carbong are produced per fom of irom,
10 One vubic wmeire of reactor will yleld. 800.
ke, of 0, and higher hydrocarbong in

24 hours. S
By the use of a catalyst alkalized with
1—33% of E,0G0,, while the high mole-
15 cular puraffin hydrocarbons sceumulating
in the reactor are quickly removed, ey,
by filtrotion of part of the suspeusion to
be carried out continuously or ui brief
intervals, a synthesis produet is formed
20 which predominanily eonsists of hydro-
© varbone solid at normal tsmpersture
with a g’ield of 170—178 grams per
Nebuw. 70% of this product has a distil-
tabinn, end point ahove #20° (U, while
W the O, + G, hydrocarbons drup below 2%.
Thd yield of the high moleeular hydro-
rarhons boiling above 320° O, can he in-
creased to 160 grams pepr Nebm of €O+
H, and more by the continnons feeding
80 iuto the reacbor of corresponding gquan-
fities of lower moleenlar Bydrocarbons
. boiling  helow 320° £, these hydre-
carbens  belng  subjdet to  moleculor
enlargemsent during synthesis, For this
35 purpose, paraflin hydroearbons can be

usad a8 well a= olsfines, .

: Tota] hydroearbons ;o
T melading O, +C, hydrosarhons
: ' liquid gas C, +0, ’
gasoling (15°—200F £)
gas il (200°—320° {1.)
_ hydrorarhons abhove 3207 (.
75 . water-soluble alcohols

Without regemeration, casalyst lifa is
GO0—T00 service honrs which 1s egual to
un oubput-of 250--280 tons of praduets
{C, hydrocarbons =od bhigher hydve-

§ corbons up to and ineluding eolid
paraffins) per ton of iron contndsied ih
the eatalyst.

. © Exawprz i.

A cataelyst produeed by-repid thermal

A5 decomposition of ferrfe nitrate which
containg 0.5% of copper and 0.3 of
K0 in relation to the iron content 1s
gronnd in o ball mill with three times

- fta waight of hydrocarbon oil prodused

. Examrg 4. et
A ferruginous residue from the conven-
tiomal alksline disintegration of -buuxite,
confaining  ahont 0% of e, .40
freed from the main  paxt of iis
Nu;C0, + NuOH content, amounting te
abhout 5-—6%, by washing with 5 lidtle
ot water and is.mixed with about 2%
by weight of XK,00, in relation to 46
the Fe content. Affer drying, the cala-
Lysi is erushed in the presemoce of oil,
peration eon .be started with €O b
about 2 atmospheres gauge pressurs or
with mynthesis gag confaining CO and 50
I, al 10 atmospheres gange pressure, as
has heen deseribed 1n Ezamples 2 and

In 5 suspension of the cafalyst in o
synthetically predneed hydroearbon il 85
of the 200°—330° . distillation renge
contaiming 50 grams of Fe per litre, 140
Nebm of synthesis gas ave converted per
hour per cubic metres of fluid medium
under the following conditions:— (Gas 60
yreggure — 10 afmospheres gouge pres-
snre;  temperature - 255°—310° (%
synthesis gag containing 549% of OO and
85% of H,: one clngle passage of gas.
At o CO conversion of initizlly 86%, and 65
finglly 83%, ome Nebm of applied
0+ B, will yield, on the average, the
tollowing products: — -

182 prams
16 grams -
31 grams with 831% olefines
-85 grams with 83%: olefines
28 prama with 76% olefines
T prams
. A grams

during the syntlesiy and having a beil- 90
ing range 280°—320° €. and is Intro-
dured into a reastor preheated 4o 280° C.
in which thers is already a like amount
in weight of the same synthesis oil. The
whols suspension’ vontains approximately 95
20—22 per cent by weight of iron. A
quantity of sodium sicarale eyuul to 2
per cenl by weight of the fron content is
added to this suspension. Instead of
sodium stearate, other salts of fatty acidstqp
of the alkali metals or of alumininm,
pyridine or organic esters of phosphorie
ecid may be uséd, generally im amounts
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between 0.1% @yﬂ 4% -by weight of iron
in the catalyst, '
From the hbotiom of the reaction

chamber, synthesis gas (i.e. fresh gos)

with a content f appruximately 38 per

cent hy volume of hydrogen aud 55 per-

reat by volume of carbon monoxide is
puased through the suspension in o state
of fine distribution under & pressure of
ubmospheres with a.space velocity of
400 (ie. . 400, normal cubic metres of

-« synthesis gas. per cubic mebre of suspen-

sion per hour). After 2—3 hours 96%—..

98% of fhe carbon moroxide is converted..
Therpuyon the synthesis temperature is
lowdred within 24 honrs from 280° C. to

: 260° 0. or 268° O, Uver 400 worling

20

hours -an wverage of 98 per eent of the
carbon monoxide is converfed amnd over
700 hours an avevaga uf 20%. €O iz con-
verted. Rach normal onbic metre of the

- appled synihesis gos yields In  ibe

23

heginuning an_average of 182 grams, and
over the whole working period an
average of 174 grams, of Lydrocarbon
produsts with more fhan two carbon

" :atoms per molevule with a content of

30

35

40

sU

" hvdrogenation,
-enhalt or rothenfum

o
ar

60

vxygen-wuntaining organic compounds of
ahout 4 per cent. 65 per cent of the syn-
thesis products consiets of the hydro-
carbun fractien hoiling within the range
20°—180° ., 17 per cent comsisty of
higher hoiling hydrucarbon oils and 18
per cent consisfs of (b— and C, hydre-
carbons, The proportion of olefines in
the entire synthesis produets amounts to
nearly 82 per cent. )

In the course of 700 working hours,
the synthesiz femperatnre 7s grodually
inereased fo 2095° €. During the whole
period of operativn, mearly 20 Kilo-
gramg of synthesis produets are pro-
dured by 1 Kilogram of iron in the caba-
Iyst. The average output of hydrocarhons
with three and more carbon atoms per
molecule amounts to 1630 kilograms
daily per rubic meire of satalyst snspen-
1071,

Similar results are chtained by em-
ploying other suitable’ catalyets conven-
tionally employed for carbon monexide
for exmmple, nickel,
catalwsts. The
methods for the preparefion and activa-
fion of such na'tall.:ﬁsts are much the same
a5 the mothods given for the preparation
und ackivabion of oxidic fron rafalysts,

What we claim 18:— .

. 1. & process for the hydrogenation of
rarbon monoxide which comprises pags-

" ing a synthesis gus coubalning earbon

65

monoxide and hydrogen throngh a car-
bun monexide hydrogenation cetalyst in
suspensitn in 2 hydepeaibon oil,  the
sugpension renfalning H-H00 grams of

being of a particle size of 0.002—1 mm.,
the flow rate of fresh synthesis gas
expressed in normal litres per hour per
itra of suspension being I0—30 times
the perccnlage couteny hy weight of the
vabalyst-base metal in the suspension, at
o pressure within tlie Tange 3—J30
atmyspheres, the pressure being adapted
o tha said How rate of the synthesis mas
in such manner that ihe flow mate of the
synthesis gus, measured under that pres-
gurs, 1s within the range 5—L100 litres
per hour ]%fr Iitra of catalyst snspension,
wheveby the mixture of gas and catalysi
suspension, attaine & constant volume
about 4U0% to 100% greater than the
volume of the suspension itself,

2. A provess aceording fo claim I, in
which the eatulyst-base metal is g metal
of the Sth group of the periodiv sysiem.

3. A process nccording to claim 2, in
which fke catalysi-basg metal iz iron.

4. A protess according to any of the
preceding claims in which the hydrocar-
bon oil is vne which will not erack under
the process conditinns,

8. A process according to any of tho
preceding elaims, in which the boiling
runge of the hydrocarbon ol lies within
the meuge 250° €.—360° C.

6. A process according to any of the
preceding elaims, in which an agent for
modifying the surface tension of the oil
is wdded {o the oil,

7. A process according fe any of the
preceding claims, in which the tempera-
ture lies within the range 200° .
360° €. )

8. A process according fo elaim 7, in
which tha temperature lies within the
range 220° .C.—320° (.

9. A process according to any of the
preceding claims, in which the catalvst
aonteinsy oum or more of the metfals
copper, thorium and magnesium or their
wmpounds as activators,

16, A process aceording to claims 3
ond §, in which the acfivalor or activa-
tory ocopstitute nut more than I% by
weight of the iron. ’

il. A process according to uny of the
preceding cluims, in which the catalyst
containg one or more ellmli wmetal eom-
pounds.

12. A process aceording to elaim 11,
in_which the alkali metal content, cal
culated ag K,0, of the cutalyst is in the
range (L1%-—101% hy weight of the
catalyst-hase metal, .

13, A proeess according to any of the
preceding claims, in which the spent
catalyst s intermilbently or conlinuowsky
replaced with avtive catalyst.

" 14, A process acrording fo olaim 13,

ceafalysi-base meftal per litte, the catalyst -
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in which the active cefelyst contains a
higher alkali metal content than the
spent catalyst removed.

15. A process according to any of the
preceding claims, in which, with an
iron catalyst yud o gynthesiz gas contain-
mng more hydrogen than carbon nwm-
ozide, the synthesis gas is repeatedly
passed through the catalyst suspension
at an increased flow rade up o fifteen
times greater than the fAow rate used
with a synthesis gas rich in carhon mon-
oxide.

18. A process aceurding to elaim 15,
in which the gas is passed through the
catalysi suspension in the several stages
of a muMi-stage unit.

17. A process pecording 4o claim 16,
in which the recycled gas i= admixzed
with fresh ges mixbure at each passage
through the catalysi suspension.

18, A process amccording to eclaim 17,
in which the ratic of reeyeled gss tu
fresh gas mixture iz 25 iimes the
volume ratic of hydrogen to carbon
monoxide in the fresh gas mixture.

19. A process employing an iron cata-
yet aceording to any of the preceding
clpims, in which the 1ron catalysi i pre-
pared from iron filings, iron powder,
bammer slag, fervic oxide derived from
the alkaline disintegration of Iauxzile,

magnatite, red. oligiste iron ore, mneedlc

ipon ore, ruby iron mwica, gosthite,
lmonite, Bogore or izow spar.

20. A process according to amy of the
preréding claims, in which the catalyst.
base melal, in the form of ite oxide or
other veducible compound, ig ground
and before wse in the hydrogenstion of 40
carbop. monoside, is subjeeted, in the
presence of the hydrocurbon oil to freat-
meut with a reducing pas consisting
largely or wholly of carhon monoxide ab
a temperature 10°—50° (. higher tham 45
the temperatnrg in the subsequent carbon
monoxide hydrogenaiion, and af an
absolute” pressure of 2—11 atmnspheres,
preferably & atmospheres, the rate ol ges
flow heing in cmecss of 100 volumes of 50
gas per volume of catalyst and oil per
hour,

Rl. A process for the hydrogenation of
varbon monoxide, gubstantially as herein-
before deseribed with veference to auy of 55
the Bxunples. .

23. A process for the hydrogenation
of carbon monoxide, substanfially as
hereinhefore deperibed.

28, Uydroearbons end  oxygen- 80
conteining vrganic compounds whenever
produced by the process claimed in any
preceding olaim,

FEDWARD EVANS & CO.,
1418, High Holborn, Londen, W.CL1,
Agents for the Applicants.
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Process for the Catalytic Hydrogenation of Carbon Monoxide in
the Presence of a Liquid
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LIUPRUGL BYREBCSLE B0 Tle FENCTE]D COD-
ditions of pressure, temperaturs, typo
and composition of catalyst und of cata~
Iyst additives essential for such synthesis
are well Imown uud established in ihe
art.

When using a dry catalyst and par-
ticularly when using it ay a so-culled
finid catalyst, i.e. & finely divided sata-
Iyst suspended in the = synthesis gag
within the symthesis reactor, the heat
evolved by the exothermic natare of the
conversion mMey couse a TUNAWAY reac-
tion leading to diffienltly controllable
Increases in temperatures beyond tliose
desirable for satisfactory yields. For the
purpose of providing conditions, [or the
Fischer-Tropsch {ype synthesis, which
permit of better control, the Droposal
hay been mada to suspend finely divided
catalysi materiul in a liquid medinm,
oreferably a hydrocarbon wmiwture such,
for example, ag may ba obtained from
the higher boiling components of the
synthesls products. This suspension can
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lytic hydrogenation” of carbon monoxide
utilizing a  finely divided eatalyst in
suspension in & liguid.

Another objeet of the imvention ic i
provide a process for the catalytic bydro-
genntion of earbon monexide giving a
high yicld with the use of a cafa vat,
preferably an iron catalyst, suspended in
2 hydracarhon ofl.

It has heen found that by maintaining
sertain critica] conditions in a catalytic
hydrogenation of carbon monoxide in the
presence of oil-suspended catalysts and

preferably iron type eatalysts, consider-.

able increases im yield ver wait of time
and volume of reactor can he obtained,
while at the same time appreciebly in.
creasing the vield of the mors valuable
or more readily marketable products of
the synthesis, both on the busis of
volume of synthesis gas put through the
reactor as well as per weight wnit of
vatalyst employed,

ccording to the imvention, syrthesis
gos is continupusly passed inte s suspem.
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