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COMPLETE SPECIFICATION

Synthesis of Hydrocarbons which are Solid, Liquid or readily
Liquefiable from Carbon Monoxide and Hydrogen

We, BTUPIEY- UND VERWHRTUNGSGESELL-
ECHAFT MIT BESCHRINKTER HarTUNG, of
2. Eaiser-Wilhelm-Plais, Miilheim-Ruhy
Germany, o Body Corporate organisaé

b and evigiing under the Yaws of the
German State, da hereby declare the
nature of this ‘investion and in what
manner the same is to be performed, to
he particularly deserthed and sscertained

10 in and by the following statement ;—

Tt i3 known that oxygen-containing
compounds, for example methanol znd
such as are Iknown under the name
8ynthol, can be produced from sarbon

16 menoxide and hydprog'en by the use of
high pressures and of temperatures of
400° g or over. Tt is further kuown that
experiments have been carried omt in
which producls consisting partly of

20 oxygen-gontaining compounds ond partly
of hydrocarbons have been obtuineq using
ivon, contaek masses or catalyals that are
produced by the decoraposition of ferrie
nitrate, wnder a pressure of from 10 to

2b 15 abmospheres. Finally, it is known thai,
hydroearbona are obiained carbon
motoxide and hydrogen o4 ordinary
pressure with iron conlact masses or
catalysis.  According to the lterature

80 on the subject, it is possible 1o ohtain with
iron gontacl messes or catalysts ab atmo-
spheric pressura, yields of aliphatic
hydrocarhens of aboup from 30 4o 35 em.
per cubie mefre of 2 mixture of carhon

30 monoxide snd hydromen, that iy to say

Auring a veriod of as long as aboui 8 days.

while after thistime the catalvsty fme-
tion with sHll less efficiency, The vields
that. were obtained with precipilation
vontact masses or catalysls a,ng with
decomposition contact masses or catalysts
wern anproximately the same {° Brenn-

stolfchemie 7. Volume 16, page 2. 1036).

Among other proposals which have

45 heen made for reacting together carbon
monozide and hydrogen with the aig of
tron calalvels may he mentioned oms
designed for the production of paseous

.o this

olefinos fogether with saturated gascous
hydvoverbons which consisted in passing §Q
& gas mizture confeining an oxide of
carbon and hydrogen, preferably wnder
elevated ypressure, at elevaied {empera-
tures over g ¢atalysi comprising at least
one of {he meid)s iron and cobalt ut » 55
substentially lower velocity than that
required for the production of mainly
lignid hydrocarbons or derivatives there-
of. One method of preparing {he catalyst
i proposal consists in redusing g 60
joint precipitate obtained from iron and
palladimm ~ chlorides or nitrates with
hydrogen. The mag possed over such
catalyst contained more hydropen thap
carbon monoxide althongh in- other 89
examples vf this proposal the gas passed
over wn iron-containing cabalyst not pro-
duced by reduction pontained more carbon
moenexide than hydrogen, :
It has now ﬂen fornd {hat hydro- 70
carbong that are solld, liguid or readily
liguefiabla can be produced in an advan-
lageous manner from gases containi
carbon monoxide and hydropen in egu
amounts . or confaining more gearhom 7B
monoxide tThen hydrogen under pTESSHYres
betwesn 2 and 10 atmospheres and af
temperatures below 820° Centigrade in
the presense of* iron oatalysts, if the
eatalysts are couditioned by a praliminery 80
ireatment with gases conlafning carbon
monoxide urider mormal pressure or under
some other pressure that is lower than the
pressure usedin the subsequend produc-
tion of hy&mc@r@uns. : 85
If the prelithifiavy trestment is earried
oud tnder almospheric pressure, at o fem-
peratuze of for example 250° Centigrade,
this preliminary freatment {ekes ahont 5
hours. Tf, after this preliminary treat. 90
ment, {he pressure is changed 1o for
example 15 atmospheres, o high produe-
tion of -the desived hydvocarhons 1is
direclly obiained. If working im, how-
evar, commeneced without preliminary 96
trestment directly ab a pressure of 15
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atmospheres, the same bhigh production
canuoi be atiaine
According to the Invention, astonish~
ingly good yields of liquid hydracarbons,
5 the majority of which have 2 low hoiling
point, ean e ubiained over lung working
periods. In indusirial operation it is
advantageous to wuse miztures of carbon
monoxide and bydregen which pontain
19 the carbon moncxide in an gmount which
is af least the amount required by the

gguation
200 -+ H: =‘GO= 4 GHA,

thet i to say at best from 200 :1H, up
to 100:1H.. Whereas complete con-
varsion of such a gus mixhmre wag 2ot
possible ab opdinary pressure OT when
starting operation under synthesis pres-
sure it has been found fhai this conver-
giom can be caxried ot practically quanti-
{ativaly at a raised pressure between 2 and
- 100 atmospheres after the catalyst has
been firet subjected to a preliminery {reat-
ment according to the present invention,
for example sl stmospheric pressure.

Advantageously the pressure ond fem-
perature are determined in the synthesis
in relalion to each other. This is shown
sn the necompanying drawingy. Along
the abscissa are given the working tem-
peratures and along the ordinate the
pressures. The straight line ¢ indicates
for ‘warious working pressures the lower
temperaturs limit, at which the hydroear-
3% bon svnthesis can be carviad out with
a sufficiently high comversion. The
straight line @ shows thal the working
tempersture to be employed at the com-
mencement of the operation must be
selected to be higher accarding as tha
nressure selceted rises. The straighi line
b shows the upper temperature lmit at
whick it is possible tv waork while form-
ine liquid hydroearbons.. Tt is about
310° €. ai pressures from 10 to 80 afmo-
spheres. At higher temperatures other
reachons involving the formation of
gaseous and oxygen-containing products
start gradually $o predominate. The
inside. shaded szen of the drawing indi-
cotes the phveieal condifions up der which
{he ophimum results are secured when
emploving iren catelysts and gynthasis
gas rich in carbon monoxide. If for
exnmple fhe pressume be 10 atmospheres
2 partin]l ecopversion in_ the direction
desdred ig sreured at Poing 1 (temperature
230 to 285°). Xf ‘the temperature he
yuised to Point 2 (in this case approxi-
mately 240},
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80 maximum yields of liguid
hedrocarbons, are secured, that is 100 fo
150 gm. per cubic metre of gynthesis gas
arcording fo the volume of gns passed

through. The greater pert of the final
gas then consists of earbon dioxide, ineri 6b
consliiunents that may be present, gasol
that is alse formed and gaseous hydrocar-
bons. There is furthermors produccd
solid parafin ond a few grammes of Wa.er

per cnbic metre of ges, If b is desireld 70
tn coniinne operaifon during long
worldng periods, it i advantageous
gradually to increase the working tem-
peroiure by, for exemple, about 2 %o a°

per week in order fo maintain the con- 78
version constant. From Point 2 to Toint
8 {here are available almost 60°, If an
optimma conversion (thet is fo say u sub-
gtantially compleie conversion) of tha car-
bon monoxide is not required, Fhe tem-
perature may ba rajsed for o further short
period up fo about from 305 o 310°. At 30
atmosnheres the lower optimum tempera-
inre limi} in the use of the hersinbeforc
Jescribed contact mass or catalvst and gus
misture is wh from 260 to 2557 (Point 6
on the drawing). Up to Peint 7 there iz
aveilable ahont 47° or approximately five
months of warking,

The convergenee of the lines o and &,
and o* and & ay the hizher working pres-
sures. shmws that as the pressure Tises the
possible workine perieds become shorter
snd shorier, sinee the degree of imerease
of the working temperaiure which should 95
advantapeously be effected fa maintain
the conversion constznt remains the same
urfer the different pressures.

" Phe drawing shows that pressures above
100 atmosnheres eannot be used in the 100
process and that there is a rapid drop in
seonomy wi pressures above B0 aimo-
spheres. Finally ib will be seen from the
drawing lhat at almospherie pressure ov
ab a slightlr rpized vpressure it Is not 105
possible to secure economie vields. The
optimum econditions ave between 5 and 50
atmosphores.

Fipally. fo sceure good vields of the
higher hydrocarbons it is an advantage to 110
increase the eontact period of the mases
in the contact chamber to an extenl
?.-pprnmma,telv proportional to the work-
ine nresgurs, that is to say fo make avail-
ahle ad 20 atmospheres pressure 2 contact 115
perind of the gag on the contact mass or
eatalyst that is twice as grent s at 10
atmaosvheres pressurs.

T it is desired fo carry off by cvoling
with water {he heat genernted during the 12
cotiversion reastions, it is in certain pit-
cunistances advisable to work -umder o
nrasaute equa)l to the pressure exisling
in tha water chamber. for exemple at 260°
at 50 atmospheres and so om. because then 125
the conlact chambers are nob siressed
etther from the owlaide or from the inside.
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Exanrres,
EXAMPLE 1,
Ferrous chloride and cupric chloride

(iron :copper=4:1 by weight} are dis-
5 solved in water and precipitated while het
wit}, the theorctical gquantity of sedium
carbonate (instead of sodium ecarbonaie,
one may use for examplo polassium var-
bonale). The preeipitate is filtared off,
washed uniil practically free from alkali.
impregnated with 1/8% of potassium
carbonate (caleulsled en iron), dried ab
110° ¢, and granulated or pressed or
passed on carriers inle the reaction cham-
ber, for example a presgure fube. Ab first
in order to form the eatslyst a mixture,
for exampls of carbon monoxide and
hydrogen in the proportion of 1:2 by
volume, is passed at 240° . and at atmo-
spherie pressure over the dried preeipi-
tata. The contraction of the gas which
ogeurs as the result of ils conversion
increases over =z period of three days
slowly to 80%. Presture is now employed
and the process is continued for example
under 15 atmospheres and at 2680° O wiik
& mas mixiore theb containg carbon mon-
oxide and hydrogen in the proportion of
3:2 by volume, thal is 4 litres of gas
(calenlated ot atmospheric pressure) is
passed per hour over each 10 gm. of iren.
Coniraetion increases to 609%. The yields
of hydrocarbons amount to from 180
to 10 gm. per oubic metre of gas,
85 RO to 90 gm. consist of solid and liguid
hedroearbons that run off from the con-
tact mass into o heated -wessel that is
unuffected by pressure, aboui 50 pm. per
oubic metre cousist of highly volatile
bengine that is carried away with the
waste gas in the form of vapour and can
be recovered bv means of acHve rarbon or
in gome ofher manner, while the
ramainder consiste of the lower hydrocar-
bons formed, lknown as gasol. The
activily of the contact mass or catalyst
remains unaffected for months as the
working temperature pradually rises, for
example in four weelks by 5° €,

EXAMPLE 2.

A contact mass or cafalyst producerl
from forrie nitrate by thermal decomposi-
. tion {ab femperainres up to about 300° C)
was usad, the contact mess or catalyst
boing first alkalised with 1/4% of
polassivm  carbonate {caleulated with
respect to irom). This coniaet mage or
catalyst 1a deposited In suitabls eontact
apparatus in granular or cuvmpressed: form
or on inert carriers. Thizx contact appa-
ratws must ensure the complete removal
of the reaclion heat and the maintenance
of the temmerature constant. There is at
first a preliminary treatment with a gas
65 confalning earbon monoxide such as the
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gynthesis gas itself (8CO:2H,) undex
glmospharic pressurs and at o tempern-
ture Iying between 240 and 250° C., for
b %o 10 hours. At the end of this period
the gas eontracts to the extent of about
30%, due to converzions of curbon mon-
oxide and hydrogen. A change i now
made o z pressure of for example 15
almospheres and ahout the same tempera-
ture, and sbout 400 litres per hour of a
mizture of carbon mounoxide and hydro-
gen in the proportivn of 5:2 by volume
is caused to react per kg. of iron present
in the conteot masses or cafalysts, Thae
contraction affer comversion rises imme- 80
diately to shout 55%. The fnal gas con-
tains frowm, ebout 50 to about Y0% of car-
bun dioxide, whilé scarcely any wader is.
formed. If the temperature is radsed
every week by from 2 t¢ 8°, the eonver-
sion cau he maintained constent for six
months. Aboul 110 gm. of liguid hydro-
cathons are produced per cubip metre of
synthesis gas. Roughly 75%. thereof
boils at between. 80 aud 180° C. The con-
tent of unsafurated kydrecurbons rises
during the working pariod from aboui 40
to TI¥%. The henmine thus secured is &
motor fiel frea from kioock,

In addition to the iron eontact masses
ov catalysts menfioned In the examples
othery may be mied to which Lave heen
sdded substéncey such a5 manganese
compounds, or “diluents such as kiessl-
gnhr or gilice gel. The uge of contact 100
masses dr catalysts of irom, Instead
of nickel and" cobuli, & . not only
an eeoncmical advantage but 2 new
technical effect” is “derived iherefrom
by reasom of “the faet that it is now 1053
possible by means of the features of the
process of the invention to seeure, instead
of the small yields hitherfo obtained with
irow contact masses or catalysts that are
far inferior 4o thove using cobaly contact 110
masses or catalysts, about the same yields
while worldng for parlicularly long
periods of at least half u year.

The liguid hydroearbons ohtained are
distinguished by the fact that ebout 80% 115
boil ab even below 200° C. and by the
fact that thev have olefine contents of on
an average 50 to 60%, whereby the anti-
Inock properties of the fuel are improved
as 1a alsn their uwtililty for future chemical 120
treatment (for example to produes Tubri-
coling oils). ... .

Not only are low boiling liguid kydro-
carbons formed but there are also formed
considerable quantities of masel (up to 30 125
om. per cabie metre) which by reason of
its stifl higher olefine conbent Iz equally
suitable for further chemical treatment
(ta produce polymeric henzine, lubvicat-
ing oil, alooholy sle). 130

70

75

85

20

95



518,614

5

o

15

20

a0

We ars aware that in speeification No.
474,448 there is described and claimed a
process for the thermal conversion of eur-
bon monoexide with hydrogen inte liguid,
solid and for geseous hydrocarhons con-
taining more than vue carbon atom. in the
moleculs andor their oxygen-vontaining
derivatives which comprises confacting ai
a veacting temperalure varbon monexide
and hydrogen in the presence of = catalyst
which has heen prepared by precipitating
from w solution of s compound of a metal
of the iron group such difficultly-sclubls
or imsolubls compound of the seid metal
as is easily reducible to the metal by
heaiing in the presence of hydrogen,

adding to the precipitated compound such’
.eompound of another metal as]i)y

heating
yields an oxide not reducibla to metal by
hydrogen below 900° C. snd subsequently
heating the resulting mixture m the
preserce of & gas having a reducing action
to such a high temperature gbove 500° C,
and for sueh a long time that a partiel
sintering of the catalyst takes place.

We make no claim 1n this specification
to any process in which the preliminary
treatment of the catalysts with pases eon-
taining carbon monexide is effected hy
heating such eatalysts {to such s high
temperature above 500° (. angd for such
a long time thet o partisl sintering of the
eatalyst takes place.

Heving now particularly described and

ascertained the nature of onr said inven- 85
tion and in what manner the same is fo

be performed, we declare that what, sub-
juck to the foregoing diselaimer, we elaim

g s—

1, Tn a process for producing hydrocar. 40
bons that are s=olid, liguid or readily
liguefiable, from gases contaiming earbon
monoxide and hyd?mgen in equal amounts
or containing more carbon monoxide than
hydropen under pressures between 3 and 45
100 atmospheres and at fempsratures
beluw 820° Centigrode, in the pressnce of
iren eatalysls conditiening fhe cotalysis
by. 5 preliminary treatment with guses
conjaining cerbon monoxide nnder nor- 50
mal pressure or ander some olher pressure
that 15 lower than the pressure used in the
subscqueny produstion of hydroearbons.

'2, In the process as claimed in elaim 1,
using iron cafalysls that have been pro- 55
duced from iron sall solutions by precipi-
tation andfor by decomposition of iron
cdompeunds and whiek have been sub-
jeeted {o o preliminary treatment in
secordance with claim 1. 80

3. A mprocess for producing bydrocar-
bous “substantially as herainhefore de-
srribed in Esomples 1 and 2.

* Dated thiz 29th day of July, 1988
W. P. THOMPSON & CO.,

12. Chureh Street, Liverpoul, 1,
Chartered Patent Agents

Leamingion Spa: Printed for His Majesiy’s Stationery Office, by the Courier Press,——1040.
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I SHEET

[ This.Drawing is @ reprodicction of the Original on & reduced. scale]
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