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Process for the Catalytic Synthesis of Hydtoﬁarbons

(A. communivation to me from abread by
MWTALLGESELLSCHATT ARTIENGESLLL-
scHAFRL, of 45, Bockenheimer Anlage,
Frankfurt-on-the-Main, (fermany, a
Corporation organised pnder the laws
of Germany.)

[, Witzray Hans Arvor» THIEMANN,
Chartered Patent Agent, of 14 fo L8,
Holborn, Lomdon, E.CL1, a British Jub-
jeet, do herebj’ declare the nature of this
invention and in whet menner the same is
to bhe performed, to be particularly
described and ascertulned in and by the
following statement; —

Phis invention ralates to a process for
the catalytic conversion in the gascous
phase, of gases vonfaining carbon mox-
uxide and iydmg;en, into hydrocarbons
fontaining more than twe carbon atoms in
the melecule and mainly of olefinic and
poraffinie nature, at elevated temperatures
Delow those af which methane would
normally be exclusively formed, i.e. af
femperatures lying between 150° and
800° C. and under a pressure above 2
atmospheres and especielly under pres-
gnres of between 10 and 140 atmospherses
absolute,

Various processes and cetalysts have
been proposed for the conversion of gas
mixtures eontaining carbon monoxide and
hydrogen at elevated temperature and
wnder superatmospheric pressure, info
gaseous, Liguid and solid hydroearbons.
Previously proposed catalysts for ihis
purpose cuusist for example of hydrogen-
ating metals such as iron, nickel or L'ubgalt,
activators such as oxides of the rare earth
metals, or of aluminium, zine ocr the
allali metals end on oceaslon » oarrier
such as pumice stone, Mareover in the
yrcvicmsfy proposed processes it has been
suggested fo employ mixtures of carbon
monoxide and hydrogen containing a pro-

ortion of inert constituents such us car-
bon dioxide and nifrogen.

The present invealion is concerned
wibly hizhly active catalysts of the type
known to be switabls fur the Iischer-
Tropsch benzine synthesis at atmospheric
pressure and ab temperatures below those
ar which methans would he the chief
reaction produet (l.e. ué temperatures

[Price 1/-]
S

.a) The

lying between 160 and 265° C.) and
capable under those conditions, of produc.
ing more than 100 gramnes of Houid and
solid hydrocarbens per N.T.P, ecubic
mofre of synthesis gas calculated ou the
basis of 5 gas conitaining only carbon
monoxide and hydrogen.

. Such catalysts nonsist of a hydrogenat-
mg(i metel (espeeially cobalt), an achivator
and more than H0% of kieselguhr, which
latter sarves sz carrier substance, and they
have heen deseribed for example in
¢ Breunstolfchemie ' 1983, Veol, 4, page
61 et seq.

When used in syntheses carried oub
ander superwlmospheric pressure, cata-
Iysts of the foregoing type have been
found to give nneatisfactory zesults or
cven to be useless, on aceount of iheir
activity being tue high, which results in
the poves of the catalyst becoming choked
with paraffin and other resction products.

The present invention aims ob ohviat-
inge the drawhbacks arising when the here-
inbefore defined catalysts ave cmployed
for syntheses carried oul under swper-
atmospheric Eressure_- )

T'p this end, the present invention pro-
vides a process-for the catalytic conver-
sion in 1I;Jhe goaseous phase, of gases con-
taining carbon munozide and hydrogen,
inte hydrocarbons containing mors thun
two carbon stoms in_the molecule (and
mainly of olefinic and paraffinic nature) at
temperatures
300° C. and under g pressure above 2
atmospheres (especially under pressures
of botween 10 and 100 afmospheres
absolute), characterised by the use of
catalytic material as hereinbefore defined,
of the type coniaining hydrogenating
metal {especially -cobzﬁ‘t) an  avtivaior

{especially thoriam oxide) and more than
309 of kieselgubr and by the application
of une or more or -all of the following
measurey Vizi—
nse of catalyfic material cons
taining between (.5 and 50 gramwmes of
hydrogenating - metal per Iitre of ite
poured volume; ' - .

by The use of catalytio matferial having
an activator content below 18% -caleula,tei
op. hydrogenating metal;
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o) The uso of uscd catalylic material of
impaired activity;
d) Dilution of the synthesis gases

edpecially by the admixture {o the syn- .

§ thesis mas of recyele gases or of gaseous
reaction products of the synthesis, -
The iavention may be carried out by
using a diluled synﬁl
more than 209% of inert constitnents
10 gmd{or diluted metallic catalysts contain-
ing
and especially less than 50 grammes, e.g.

40 ‘grazimes hif not less than 0.5 gramme-
of hydrogenating metal per lifre of cop-
using: ocatalysis -

15 tapt mass; ‘andfor b
Loving a-low astivelor coanfent below
18%, caleculated on the quantity of
activated metal.

. According to one embodiment of the

‘90 inwentian, the compogition of the Herein

defined’ catelysts is modified in suck a
wmanyer that their activity as regards the
formation- - of " hydrecarbons appears
lessenad, when they are used under atmo-

. 95 spheric pressure,

Aecording o another embodiment of the
inyeniion the synthesis gas—which as a
rale centadus up to 809% of carbon mon-
oxide and up to 60% of hydrogen—is

80 diluted by ineressing the inert gas con-
stituents to abave 20%. _ The synthesis:
gas can_ be diluted in the most diverse
waye, for example by using for the syn-
thesis nnder slevated pressure, an end gas

25 produced in the known benmine syntheasis
under sfmospherio pressure by . thae.
Fischér-Tropsch method, or by using the

cnd gas produced in the methanol syns:

thesis, or by merely constaitly recycling

40 a part of the end gas produoced in accord-

ance . with - the -process of the present

- inyentlon . info the ourremt of fresh
originadine gas, -

The admixture of the fresh gas to the

48 rerycle gas need not necessarily be effsctad

before entry into the contact turmace; it

- is, in fact, possible with partioular advan-

toge, to effect the admixture of the fresh

gag about.in the middle of the reuction

50 zone, or distributed stagewise in equal or

unernal portions over a plurality of reac-

tion zones beyond the place :where the

regenerated: gas--enters the- synthesis

furnase. A more uniform disfribution. of

55 the reactiva over the whols contued fur-

nace is thereby achieved, while otherwise

tha main reaction is concénirated on the

zwone of entry of-the gas, when, in turn,

_the - danger of overheating and the:

80 incresscd formation of undesireble by-
products ocours, : c

5 . A diluted syntilesia fa& may 1%; 351'0;
e manner et

* 7 dueed in_a most.simp )
stayting in known manner with a normal

65 techmical synthesis gas containing about.

esis gas containing -

ess than 33% of hydrogenating metal -

- employed.

12% of inert gas constituents, und caus--
ing the same tu react under atmaspharie”
pressure with the known catalysts of the. .
IPigeher-Tropsch  benzine synthesis, as
degeribed, for example, in the periodical 7
*“ Brenunstoffchemis *” 1932, Vol. 4, pags

.61 onwards., The resulting end gus, after

separation of a portien or all of the reac-
tion products formed, is now ecompressed
te such a degree, if necessrry (hat the 7

- partial pressure of the rescting gas.con. .

stitnents (parbon monoxide and hydrogen)
iy appreximately equal to or exéeeds 1ho
partia]l pressure of the sameé gus con-
slilusnts contained in the initial gas of 8
the previous Fischer-Tropsch synthesis.
In the thus diluted form in respact of its
content of carbon monoxide and hydrogen
said compressed gas is then eonverted iu
a_second coufact furnaee, if desired in z 8¢
plurality of stages, under elevaled pres-
surs with the same eatalysls (for example
d3% of Co, 6% of ThQ, and 61% of
kieselguhr). . .. :
The reaciion temperatures in the stage 9
or the stages of the pressure part of the °
catalysiz may be madc equal to those that
are cugtomary for the synthesis wnder
svmespheric pressure.  Bui lower or
higher iemperatures may -also be 95
This depends, for example’
on the econdition of the contact mass, +he
pressurs level and the velocity of the gas,

- which according to the invention may ber

hifhcr Lthan 1 NTP litre per gremme of 100
cobalt in the eontact mass anﬁ per hour -
preferably above 1.6 NTP lifres (see
Fxample), '

In general, lower texperatures will be -
uscd with a fresh contacs mass ot a higher
presgzre and at low velocities, while
with a lower pressure or higher velocities
of the gos or old contact mass a hixher

reaction lemperatire iy preferable.

. Exawmiz. ' -
A synthesis gas of the composition
4% of N,, 2% of CO,, 4% of GH,, 80%
of U0 and 60% of H, (so-called frosh gas)
18 passed over & catalyst consisting of 839
of Cu, 6% of ThO, and 61% kieselguhr 115
mgidly arranged in & furnace betwesn -
parrew cooiing elements known “in the -
Fischer-Tropseh benzive synthesis at o
l_:er}nl:@qratura of 185_‘}1(}* a'rfd at slmo-
spherio pressure wish .a wvelocity of one 180
NPTP litre of carbom monoxide and hydroe
gen per gramme of cobalt per hour, and a

“yield of 11 grammes of bensine, oil and

paraffin is obigined, If this normal syn.
thesis gas is diluted with the end gases 135
resulting from this pressureless synthesis
by recycling methods, the gquantity of -

- recyeling gas being- for example three

wmes. the quantity of fresh gus ab the
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same temperature and pressure, a diluted
syalhesis gas is obtained, tomposad
appreximately of 10% of N,, 6% of CO,.
17% of CI, |- homologues, 22% of CO and
5 45% of H,. If onece again the fresh gas
throu_g}l ul is keph wt 1 NPT htre carbon
monoxide and hydrogen per gromme of
eobalt per hour, referred t0100% CO+H,
in the fresh gas, only 95 grammes of

10 liquid end solid hydroecarbons per NTP
cubio metre of fresh gas calenlated om
l60% CO+H, are ocbtained at almo-
spheric pressure und uw femperaturs of
150° 0.

15  Wheu now a pressure of 12 atmnospheres
and a temperature of 180" (). are msed
uuder ciherwise identical conditions,
especially as regards the fresh gas
throughput expressed in NTP litres per

20 hour, (2] grammes of liquid and soiid
hydrocarhons, and at 60 avmospheres anid
174" C. ps much as 138 grawmes of liguid
und solid hydrvocarbons per NTP cubic
metre of fresh gus ave obfuived, I,

25 finally, the pressure is increased to 200
atmogpheres, if is advisable still further
to increage the dilution of the gas on entry
into the contaet furnaee, for example by

- more intepsive reeyeling of the end gaa,

30 so that the gas entering the comtuct

* furnage has approsimately the following
compuogition :—

20% of N, 18% of GO, 429 of CII,,

A% of CO, and 17% of H,

35 Vith thiy diluted synthesis gas, at a tem-
perature of 170° . and at 200 abmo-
spheres pressure and under the same eon-
ditioms as regerds the catalyst, 148
grammes of lguid and solid hydrocarhons

40 ors then obtained per NTP cubie metre of
fresh gas (ealeulated for a 100% CO4 H,
containing gasi)

In order profitably fo usilise the end gas
resulting from, the above deseribed eulu-

45 lyte conversions earried out under super-
ulmospherie pressure, which still containg
carbon monoside and bydrogen, said end
pas is prefernbly eguin subjecled io the
game walalytic conversion under super-

50 atmospherie pressure in a secand contacs
furnace. .

The end gos from the hereinbefore
deseribed synthesis earried ent at 12
atmospheres pressure, may for instance

55 contain on an average zbout 10% of car-
bon monoxide and 209% of hydrogen,
after it hos passed throngh one or more
cuntact furnaces with muftipla recyeling.
If this end was, which represents w 0%

80 synthesis gas, is pussed into o forther con.
tact furnace working withomt reeyeling,
30 to 4} grammes ofgjiigher hydrocarbons
may still be produced per cuble metre of
end pus, It reoycling were also employed

656 in this further Hunece, only 20 grammes

of 11%11&1 hidmnarbons woald still be pro-
duced at the besl, quite apart from the
more expensive mathod of cperation of
recyeling,

1u view of the low synthesis gus content g
of the end gas of the (st stags, the
further stage in the absence of recyeling,
will preferably be operated with longer
treatment . times, higher temperature,
higher contact avtivity (for example more 75
concentrated contact material) or also
with further elevated pressure; each of
thess messures can. be used alome or all
together, e

The ratio of curbon monoxide to hydro- 8p
gen In the gases fed to the first furnace
group working with recyeling ean be kept
at 1:2. However, p gas more rich in car-
bon monexide may also advantageously be
selecled, thus obtaining better antiknock 85
products and at the same time a longer
life of the contact. The onigeing gases
of the first contact fuwrnace group then
nafurally likowise contain a gas richer in
carbon monoxide. As this pas is top poor 90
in hydregen for further econversion, il
will preferably he corrected, for example,
by the admixture of hydrogen vr by con-
verting a part of the GO content into M,
with the aid of steam before passing into 95
the geaond eontact: furnace group working
without reeyaling, . )

Insteald of ihe arrangement in series of
separale . contact furnace systems, the
recycling may also be restricted to one 100
part of the furnaee length in a single con-
taet furnace, while. only the second puzrb
of the furnace :is operated without
recyeling,

The two measures fur the modification 105
of the composition of the catalyst and the
gas composition of the gas prepared fo
the synthesis may be combined together
and with the condilions of femperaturs
and pressure in-manifold ways, partcu- 110
larly when the catalysis is carried out in &
plurality of stages, whirh may at the same
tima he stapes of different pressure.

Examples of individual ratalysis, fem-
peratures and pressures fo be employed 115
for the pressure synihesis of the invenfion,
and also the conneciion of the varidus
contact stages, are deseribed in greater
detail below.

The catalysts with which ithe present 120
invention iy eomcerned, consisb of a metal
or mixfure of metals having a hydrozen-
ating action, for example cobalt or pickel.
In addition; they contain metallic com-
potnds (for example of an oxidie nalure, 195
such as oxides, carbonates or the lke),
whick can be reduced only with diffculty
or not al.all, by hygl'op;en. Thege
metallie compounds. raise the yield con-
siderably. ahove the degree that may be 130
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otioined by ~the metal of thé cabalyst
alone, They ard herein referred to us
activalors. This aetual cafalyst {metal
or mixture of mefals plus activators) is

& deposited in a finel: d].‘:v:idcd form on to
kicselguhr so that 1¥he resulting product
consists to an extent of more than H09% of
Tieaslpahe.

{t is known that the percentage of acki-

10 vutors, referred to the metallic portion of
the catalyss, must he kept within definile,

fairly nurrow limits with 2 view . o

obtaining high yields; of, *° Brennstofi-

chemie 7, Vol. 12, Page 2256, 1031, 1n
16 thas publication the optimum: content of

thorium vxide in a cobali-thoria catalyst,
is given as 18% of ThQ}, veferred o the
eobalt content, With eliber a lower or 2
higher content of activator the yield and
20 alse the life of the contact fall off eon-

siderally when carrying out the synthesis

g} slmospheric pressure.
1t hes now heen ascertained that the
synthesis under elovated pressure, for
95 example 2 to 20 atmospheres pressure and
over, which heretoforo has mot been
guccessful with the hercinbefors defined
highly active catalysts, may be carried
out with complete success if the perccnt-
30 age of activated metals andfor activaless
in the catalyst is substantially reduced
bencath the optimem conbont for con-
ditivus of atmospheric pressure.
¥or example, in the synthelic produe-
35 tion of hydrucarbons from earbon. mon-
oxide and hydrogen ub a pressure of 10

atmospherss, a catalyst was used which
contained only 12% of thorium oxide or, .

if desired, ouly 5% of thorium cxide,
40 referred to the metallic cobalt present.
With this catalyst a yield of 130 grammes
of liguid produets was obfained per NTP
cohin metre of synthesis gas caleuluted on

a 100% CO+ H, contaming gas without .

45 recyciimg. At the same time it was found

to be convenient gireatly to redace the pro-.

portivn of catalyst Telatively to the
kiasslpuhr curvier material. For example,
the aforesaid cobalt-thorium  oxide-

50 kieselguhr catalysh, according to the’

invention, contained only 25 lg'rammes of
cobalt per litre of poured volume of the
loose contact material whereas a normal
contaet for a synthesls carried put at atmo-
55 spheric pressure with 33% cobalt, 18% of
thorium oxide (based on the amount of
"cobalt) and 81% uf kieselgubr, contuins
100 grommes of cobelt per Jitra of the
louse contact maas, -
g0 'The watio of the cutalyst to- the
kieselguhr carrier can be varied with the
pressnre of the synthesis. For example,

when a pressure of 8 etmospheres iz to bo

used, a eatalyst with a metal content of
65 from 20 to 50 gromanes per litre of looso

pouréd volume mey be cmployed. Tor
pressures of, for example, 10 atmospheres
a catalyst containing from 6 o 26
grammes of active metallic substance per
fitze of loose volume is suitable, When g
working with & pressure of 100 atmn-
spheres, thess fgures are changed o from
1.5 1o 1 grammes,

The thorium oxide may be replaced by

_other activators, for example oxidep or g3

carbonutes of uraniwm, aluminium,
magnesium, manganese, zirconium, beryl-
liwra, gerium, titenium, chromium o1 zine,
and the ratie of such ectivators {o the
hydregenating metal ecan be varied in the gg
mapner hereimbefore set furih. The rule
generally applies that the content of such
activators andfor hydrogenating metdls

.zmusl decrease as the pressure used for the

synthesis rises. 85
A. catalyst suitable for the pressurc syn-
thesis may also be obtained by invom-
pletely redueing the metal aching as 2
bhydrogen accepior-in the production of
the caialyst. Yor exumple, cobalt 00
hydroxide or oohalt carbbnate precipitated
on kieselgnhr may be rednced with hydro-
wen in such a way that only 80 to 85% o
aven 4U t6 70% of the cobalt is ponveried -
inte the metallic form 05
It many cases it is advisable to form the <
contact materinl out of a plurality of
layers, In eack of which the ecatalyst
possesses different ectivator and/or metal =

eontents; for exemple, the smallest eon- 100

tent of activator andfor activated metal
is chosen at the poing of eniry of the gus
and the greatest at the point of exit of the

pas,
+.The giald and the life ¢ the coniact 105

materials may further be increused by
maintaining at the point of enfry of the
g8 & lower temperature than in the other
parts of the contuet material or a part
thereof; for example, the lemperature 110
may be ullewed to increase f:omﬁie point

of fﬂtry of vhe gas either vniformly or by
arls.

! V7ith the foregoing catnlysts of lessar
activity, when us '?ilghe:r: temperatures 115
exceeding 185° C. a higher proportion of -
benwine (i.e. those hydrocarbon com-
pounds which boil below 200° C. ab atomo-
spheric pressure) is obtained.

- The sume effect is achisved hy the use of 190
diluted initial gases. .
. When older calalysts, which are
beginming to losa their activity, arc heing
used, the initial yield may ﬁs restored

_completely or almest completely, when 125

working under pressurs, if the through-
put of pas is increasingly reduced as the

“aeiivity of the catalyst falls off, Further-

more, the lessening of the nelivity of the

. ralalyst may be compensated to o cartain 180
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extent by increasingly raising the tem-
pereburc and/or the pressura.  ‘Whan
working with dilufed inikiel gas or with
recyele gas under pressure it-is ulsv
5 possible to counteract the fall in the
activity of the coniact material by increas-
ing the concentration of the coarbon mon-
oxide and for of the bydrogen, for example
by reducing the proportion of revyele gus
10 in the ioial guantisy of entering gas.
The amount of active -substance (i.c.
hydrogenating metal andfor aciivaior)
contaired in the eatalyst i1z advantage-
ously adjusted not only to the pressure,
15 under whieh fhe synthesis is carried out,
but also depending ou the composition of
the gas 1o bo freated. If the gas contains
luzge amounts of oxides of carbon and
hxd?;geﬁ, lfghly fdilute catu.l{s’g s
0p employed, whereas for gases voniaining
sial]l sapounts of oxides of carbon and
Lydrogen, xicher catalysts may he used
within the scope of the invention and alse
the catalysts of the known RFischer:
95 Tropsch eynthesis with high motal and
schivator contents, .
The proceas of the invention IME also
he uged when working with & plurality of
_ stages, both when the same pressure is
80 used iu all of the stages, uud when
different pressures are malutained in the
different stages. When working with the
game pressure in all stages, a somewbat
richer catalyst is pref-rably employed in
a5 the succeeding stage than in the firat
stage, For example, the activity of the
catalysts in the various stages Is so
selecfed that it incresses by stages
approximately in ths pame deg:ee as tho
40 amount of oxides of carbon an hydrogen
contained in the working pas decreases,
I the sume manner, the process of the
invention mauy be carried out whew the
ressure in the succeeding stages iz higher
45 in the first stage, but in this case 1t
is often convenient to employ cabalysts
of about the same activity in all stages,
Having now particularly desoribed and
ageertained the nature of my said inven-
50 tion and in what manner the same is fv
poerformed, I declare that what [
claim is:— .
1). A process for fhe oad o conyer-
sion in the gaseous phuse, of gasea con-
55 taining carbon monoxide and hydrogen,
into hydrocarbons containing more than
two carbon atoms in the moleculs (and
mainly of olefiuic and paraffinic nature)
atl temperatures lying between 1560 and
60 300° C. and under a pressure above 2
atmospheres (especially under pressures
of between 10 and 100 atmospheres
ahsolute), characterised by the use ul
catalytic material as hereinbefore defined,
g5 of the type conialning hydrogenating

metal (especially cobalt) an activator
(especially thorium exide) and more than
0% of kieselguhr and by the application
of one or more or wll of the lollowing
MEAyUTeS, Vig;— 70

&) The use of catalytic material con-
taining between 0.5 and 50 grammes of
hydrogenuting metul per lifre of its
poured volume;

b) The use aof catalytic material 76
beving un activator content helow 18%
caleulated oo hydrogenating metal;

) The use of wsed calalyc waterial
of impalred wctivily;

d) Dilution of t.yi:l.a syuthesis guses B0
espegially by the admIzture to the syn-
thems pas of recycle gases or of gaseous
reaction products of the synthesia,

2). Process as' claimed in claim I, in
which the eatalytic converaion is effeoted 85
in several stages in such = manner, that
an increase in the inegy gus congbitucnts
in the guses of reuctivn is offsel by a corre-
sponding increage in pressure in the indi-
vidnal stafeﬁ. : a0

4). Method of carrying out the prosess
claimed in claim 1, in which {he diluie
synthesis gas is a final gas which is
obtained in the hydrocarbon synthesis ai
atmospherio pressure or at a eubetantially 95
atmospherie  pressure (Fischer-Tropsch
benzine synbhesis) and which iz best
obtainad after separating o part or all of
the products of reaction, the final gas
being compressed to such 2 degrea, if 100
necessary, that the pariial preseurs of the
reacting gas constituents (rarbon moen.
oxide and. hydrogen) is ap-lproxi.mately
equal to or exceeds the partial pressure of
the sone gas constituents contained in the 105
initial gis of the previous Fischer-
Tropsch synthesis, -

4y, Process a3 claimed in claim 8, in
which the dilaotion of the iniiial gas of
the hydrocoxrbon  -synthesis fakes place 110
under pressure by oconstantly reeyeling
into the initial gas a part of the final gas
cbtained afier separating a paré of the
prodacts of reaction formed in game, the
guantity of recycled gas being a multiple 115
of the quantity vl [resh gos, if desired.

5), groees_a a8 claimed in claim I or 4,
in which one or several synthesis furneces,
working with recireulation of the
gases inlo the reaction gas, is or are 180
followed by one or several synthesis fur-
naced working withous recireulation of the
final gases, .

). Process as claimed iu eleim 5, in
which the synthesis furnaces operating 125
with racirculntion are operated with a gas
mixturs contuining more than one velume
of carboa monoxide per two volumer of
hydrogen and in which'the somposition of
the finol gases hefore or on embcring the 180
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synthesis furnaees operating
reciroulation iz correcied with regard o
its hydrogen content, . .
T).. Procesd s claimed in any of the
preceding claims, In which tha diminution
in the achivity of the catalyst during its
working life 15 connteracted by reducing

_the gas throughpui or, when using recyule

gug, reducing the ratio of recycle gas to
the tutal quantity of entering gas.

_-B). Process as plaimed in any of the pre-
ceding _claims, in which the catalyst

employed ia one which has been obiained

without

B.Y
ing us hydrogen accepter, =
9). The prodeds for the calalytic syn~
thesis of hydrocarboms, substentinlly as
deseribed. . . ’ ) '
10). Hydrovarbons whenever produced

by the process claimed In any of the pre-

ceding elaims,

"Dated this 2nd dey of December 108%.
ALBERT L. MOND & THIEMANN,
" 14 to 18, Holborn, London, 7.0.1,

Agents for the Applicant, - ~ -
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