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COMPLETE SPECIFICATION

Process for the Production of Low Boiling Hydrocarbons in the
Catalytic Hydrogenation of Carbon Monoxide

We, RHEINPREUSSEN — AETIENGESELL-
SCHAFT FUER BERCGBAU UND (SEMIE, of 22a.
Homberg {Niederrhein), Germany, a German
Joint Stock Company, do hereby declare the

5 jnvention, for which we pray that 4 patent
may be granted fo us, and the method by
which it is io be performed, to be particu-
larly described in and by the following
statement: — .

10 This invention relates to the catalytic
hydrogenation of carbon momnoxide. .

Jn the hydrogenation of carbon menoxide,
a mixture of carbon monoxids and hydrogen.
conventionally termed * synthesis gas,” is

15 brought futo contact with a suiiable cata-
lyst and is reacted w form aliphatic hydro-
casbons of both the suturaled and unsatura-
ted type, and also oxypen-containing derive-
tives thereof. This synthesis has become

20 generically known as the Fischer-Tropsch
synthesis, and the gencral conditions of pres-

sure, temperatures, type and compesition of-

cartalyst, aud of catalyst, and of catalyst addi-
tives essential for such synthesis, are well
25 known and established in the art.

It is also known to effect the synthesis with
the catalyst immersed in or coafed with a
liyuid medium, for example, a middle oil. a
heavy oil, @ paraffin oil, an enthracene oil or

804 liquid product of the synthesis itself. In
such known processes the liquid medinm
functioned as inert material or as a means of
removing the heal of reaction and its mole-
cules did not undergo any diminution in

35 sive.

Jt has now been found that in the synthe-
sis of liquid hydrocarbons boiling up to
200°C, by the catalytic hydrogenation of caz-
hon monoxide carried out in the presence of

40 aliphatic hydrocarbons boiling above 200°C.,
the synthesis conditivns can be so carrelated
that the said aliphatic hydrocarbons are
cracked. The yield of ligquid hydrocarboms
boiling uwp to 200°C. and obtained by direct

45 synthesis from the carbon monoxide and
hydrogen is thus supplemented by the similar
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hydro carbons formed as products of the

“eracking of the afphatic hydrocarbons boii-

ing above 200°C. Furthermore, when the
synthesis conditions ate so corrclaied, hydro- 50
carbons boiling above 200°C, and formed in
the synibesis from carbon monozide and
hydogen are also subject 10 cracking.

According to the invention, a process for
the production of Hquid hydrocarbons boil- 55
ing up to 200°C. comprises contacting a syn-
thesis zas containing 0.5-2 volumes of car-
bon monoxide to one volume of hydrogen
with a granular iron catalyst containing an
alkali-metal compound {calculated as the 6
alkali-meial monoxide) to the extent of not
more than 1% by weight of its total fron con-
teni. al & temperature in the range 160°—
3506°C., at 3 pressure in the range 2-150 at-
mospheres and at aspacevelocity in the range 65
30-3000 volomes per volume of catalyst per
hour inthe presence of aliphatichydrocarbons
which boil above 200°C. and which are liguid
under the process conditions, the tempera~
ture and pressure being so correlated that ihe 70
said aliphuatic hydrocarbons are cracked.

The preferred alkali-metal is potassiurn
and the preferred presswre liss within the
range 9-25 atmospheres. The carbon
monoxide/hydrogen content of the fresh gas 75
fed o the process should preferably be about
i.5 volumes of carbon monoxide to every
volume of hydrogen.

The products of the proccss according to
the invention consist mainly of normally 8¢
fiquid hydrocarbons of a predominantly ole-
finic character beiling up 10 200°C. The con-
version to these oletinic materials proceeds
with liitle formation of normally gaseous
hydrocarbons, particularly methane and 85
cthane, and the total formation of C,—C,;
hydrocarbons in relation 1o the. overall vield
of marketable synthesis prodocts romains
thus at a low order.

The process, in accordence with the in- 2}
vention, miay be carried out in any conven-
tional synthesis reactor, and conventional
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conditions of improved synthesis reaction
designed to utilize, or capable of utilizing. a
sub-divided catalyst materizl covered of
enveloped by a mediom normally liquid at
5least at fhe synthesis temperature may be
used, The covering Or enveloping of the
catalyst with the ligquid medium may range
from a simple coating of the sub-divided
catulyst material with the liquid agent o @
10 suspension of catalyst in the liguid medium.
Thus, in accordance with the invention, the
liquid rmaterial for covering or enveloping
the sub-divided catalyst may bc sprayed
from zbove on to, for examwple, granular or
16 pclietted catalyst materiaf during the syn-
thesis while the synthesis gag is passed
through the catalyst from bottom 10 top.
Altsrpatively, the sub-divided catalyst mater-
1al may be compleiely covered in the reaction
gp zone with the aliphatic hydrocarbons which
Jave boiling peiats above 200°C. In a fur-
ther modification, the catalyst may be present
as a snspension of relatively finely sub-
divided pacticies in ihe hydrocarhon
5 medium. Ay of the conventionally knows
jron catslyst materials usable for Fischer-
Tropsch synthesis may be emplayed In
accordance with the invention, provided they
possess an alkall metal conient, calculated as
40 the alkali metal monoxide (e.g., K.0). of not
more than 1% by weipht of the total fron
content.  The state of sub-division of such
catalyst material und the Lype of iron cala-
Tyst material used <hould be much and so co-
35 ordinated that the sub-divided catalyst is
comparatively readily wetted by the aliphatic
hydrocarhons boiling above 200°C. by which
i is to be covered of enveloped, Within the
referrcd embodiment of the invention, how-
40 ever, the caalyst material is used in the form
of dusts or relatively fne arits, permiting the
formation of suspensions of the material in
the alephatic hydrocarbons Boiling 200°C.
Both paraffins and olefins of nainral or
45 synthetic origin and free from catalyst
poisons are goitable aliphatic hiydrocarbons
for use in accordance with the prouess of the
jnvention. These should be Tiquid al least
at the synthesis temperature and pressure,
50 2nd liquid hydrocarbong _of the aliphatic
series, hoiling abovye 250°C., or such hydro-
carbons which are golid at normal fempera-
ves, and which are, for example, normally
produced W major gquantities in ordinary
55 catalytic carbon menoxide hydrogenation,
are subject Lo particularly rapid decomposi-
fion in thc process accarding fo  the
inyention.
Within the preferrod embodirment of the
g0 invention, the high yields of Yiquid hydro-
earbons boiling up 0 200°C. may be still
further increased by continuously recyeling
art of the ¢xit gases. the gases being intro-
duced into the reaction zone yogether with
g5 fresh gas in ratio of about 1 to 10 volumes

of exit gas per volume of fresh cas. Still
further increases in yield may he obtained by
separating from the recovered low-molecular
hydrocarbons andfor from the exit gases
hydrocarbon mulerial having 2 boiling point 70
above 200°C. and reintroducing it into ihe
catalytic reaction zone.

The rate of molecular size diminution of
the liguid hydrocarbons boiling above
200°C. greatly depends on operating condi- 75
tions and catalyst properties, that is fo say
the decomposition will be the quicker, the
lower the molecular size of the synthesis pro-
duct formed during the hydrogenation of
carbon monozide. It has been found, for 80
example, With syatheiic paralin _hydro-
carbons boiling above aR0°C,, that the rate
of decomposition is 60 grains and more per
Nebm (mormal cubic metre) of synthesis gas
put through the Teuctor. 85

The etfect obtained by the process accord-
ing to the invention depends on the usc of a
catalyst and of operaiing canditions which
yield a synthesis produci rich in liguid
hydrocarbons boiling below 200°C., whilst 90
the operating conditions are o correlaied
that cracking of the aliphatic hydrocarbons
hoiling above 200°C, is eficcted, The resi-
dence time 0f ihe said aliphatic hydrocarbons
in the synthesis zonme must be sufficient 1095
permit the cracking 0 roceed. The decom-
position of the said aEphatic hydrocarbons
into predominantly low molecular olefines in
the process according to the invention, is not
explained by the recently published agsertion 100
that the eurve of molecular gize distribution
of the decomposition products of hydro-
carbons is similar to the correls_%:onding curve
for o synthesis product (see Il Koch & W.
Gilfert, Brgnnstoif—(memie, 30, 213, 1949). 105
Contrary to whal might have been expected
from this assertion, the decomposition pro-
duct obtained by the process of the inven-
tion, though having the same high olefine
confent as the synthesis product, does not 110
show any additional farmaiion of methane
by reason of the dccomposition.  This isa
noteworthy point of basic difference between
molecular size diminution as provided in the
invention and that of ail other known crack- 115
jng pProcesses.

With the iron cafulysts used, the alkali
nietal comtent, ¢xpressed i terms of alkali
metal monoxide, should not exceed a margin
to be governed by catalyst conceatration and 120
synthesis temperaturc. When using suspett-
ded iron catalysts in the process of the in-
vention, the iron conteat may be as much as
50-500 grams of iron per litre of catalyst sus-
pension liquid, while the alkali metal con- 125
tent (expressed as the menoxide) should pre-
ferably range helween (.15 and 2 grams per
Jitre of the catalyst suspension Hauid.

EYAMPLE 1.

A pressure-resistant reactor, 3 metres in 130
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height. was charped from below fhrough a
finely perforated metal plate with a suspen-
sion of an oxidic iron catalyst containing 450
grams of iron, 5 grams of copper, and 1.1
5 grams of potassium in 4000 grams of Iigquid
pazaffin hydrocarbons beiling betwesn 300°
-, and 330°C., at & temperature of 270°C,
and a gas pressure of 1l atmospheres, a syn-
thesis gas containing CO and H, in the ratio

10 0f 3:2 and 4-5% of CO, at a space velocity
of 180 per Lour (ie.. 180 Ncbm per cuhic
metre of the catalyst suspension).

The total products—178 grams— [ormed
sl a conversion of 91% of CO per Ncbm of

15 CO+H,, tncluded. apart from higher beiling
hydrocarbons and small guantities of alco-
hols, 20 srams of methane and cthane and
96 rrams of hydrocarbons with an olefine
content of 84% and having more than 2 car-

20 hon atoms in the molceule and beiling up to
200°C. at 760 mm. Hg.

EXsMPLE 2.

A synthesis gus conlaining CO and H, in
the fatio of 3:2 and 4—5Y% of CO, was

‘25 passed upwardly, at a pressure of 11 atmos-
pheres and at a space velocity of 300 per
hour fi.e, 300 normal cubic metres per cubic
melre of cataiyst suspension), through a
finely perforaied metal plate into the suspen-

&0 sion of an oxidic fron catalyst containing 450
grams of iron, 5 grams of capper, and {.5
gramns of potassivm in 400 grams of liquid
parafiin hydrocarbons boiling between 300°
C. and 330°C., in the same reactor a3 used

35in Example 1. The synthesis temperature
was 270°C.

The tolal products-—182 gsrams—formed
at a conversion of 92% of CO per Ncbm of
applied CO+1I, included, aparl frcm

40 higher boiling hydrocarbons and smail guan-
tities of aleohols, 18 grams of methane and
ethane and 132 grams of hydrocarbons from
C, up to a boiling limit of 200°C. at 760 mm.
Hg., with an olefine coutent of 849,

45 Then, in accordance with the sicady de-
crease in the volume of the catalyst suspen-
sion a corresponding quantity of synthesis
hydrocarbons hoiling within the range 250°-
330°C., with an vclefine content of 7%, was

50 continuounsly pumiped into the reacter during
synthesis, and part of the exit gas, having
heen cooled down to 15°C, and mixed with
frash synthesis gas in e volume ratio of 1:1
without expansion, was pumped back into

55 the reactor.

The tolal emount of hydrcarbons ob-

tained was 218-220 grams per Ncbm of syn-
thesis gas used., confaining 16 grams of
methane plus ethane and 152 grams of hydro-
carbons having more than 2 carbon atoms 60
in the molecule and beiling up o 200°C.,
869 of which were olefincs.

TEXaMPLE 3.

A deposit of oxidic hydrates precipitated
at the boil from a common solation of the 65
nitrates of iron, copper and aluminiwm, and
containing these metals in the weight ratio of
100:0.5:0.7, was mixed with 1% of K.CO,
after washing, dried at 105°C, in a 1 cm.
thick layer and crushed to an average particle 70
size of 3 nun. This catalyst was charged inte
a verlical, cylinder-iype reactor baving a
height of 5 metres and is cquipped with ver-
tical fubes confaining a cooking agent for the
removal of the reaction heat. Synthesis gas 75
containing 1 volume of CO per 1.2 volumes
of H, was passed downwardly through the
reactor, and part of the exit gas, after having
passed the product separator., was pumped
back (o the synithesis gas inlet where it was 89
mixed with fresh synthesis gas and recycled
over the catalyst. The volume ratio of re-
cycled gas to fresh synthesis gas was ad-
justed to 2.5:1 approximately. Together with
the synthesis gas, aliphafic hydrocarbons 85
_ boiling above 200°C. were introduced from
the top of the reactor in a quaniity of aboul
50-200 grams per Nebm of synihesis gas, to
trickle on to the upper layer of the catalyst
bed. After sepazation from the exit gas, the 30
non-converted part of the added hydrocar-
bons, together with ihe synthesis products
boiling above 200°C., were separated from
the lower boiling producis and recvcled to
ihe reactor as described. ‘The synthesis con- 95
ditions were: synthesis gas pressure 15 ai-
mospheras, temperature 220°.300°C, The
average gas throughoul was about 200 nor-
mul cubic metres of frosh synthesis gas ver
chbic imetre of catalyst space per hour. = 100

Using a recyele ratio of | volume of fresh
gas per 2.5 volumes of recycle gas, approxi-
mately 389 ol the carbon monoxide iniro-
duced will react in one syathesis stage, form-
ing 164 grams of organic syuthesis products 105
per normal cnbic meatte of CO+H, used.

With a simulianeous throughput of 120
grams of aliphatic hydrocarbons of the 200°-
450°C. boiling runge per Nebm CO<1,,
total of 264 grams of hydrocarbons was 110
separated from the exit ges, having the fol-
lowing composition ; —

C,-Hydrocarbons
) C,~Hydrocarbons .- - e
115 Hydrocarbons hoiling  within  the
range 25°.200°C,
Fiydrocarbons beiling above 200°C.

142 grams Ncbhbm CO 411, with 869 olefines

10 grams Nebm CO+H.. with 389% olefines

14 grams Nebm CO 4-H,.. with 879 olefines

115
98 grams NebinCO+H,.

tn addition, a total of 14 grams of methane,
cthane and ethylene was obtained together

with 6 grams of water-soluble alechols. 129
What we claim is:—
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1. A process for the production of liguid
hydrocarbons boiling up to 200°C., which
comprises contacting 4 synthesis gas_con-
taining 0.5-2 volumes of carbon monoxide to

51 volume of hydrogon with & granular jror
catalyst containing an atkali-metal compound
(caleulated as the alkali-metal monoxide} to
the extent of not more than 19, by weight of
it total iron conteni, at a temperature in

10 the range 160° 10 250°C. at a pressure in
{he range 2-150 aimospheres and al & space
velocity in the eange 20-3000 volumes per
volume of catalyst per hour in the presence
of aliphalic hydrocarbons which boil above

15200°C. and which are liguid under the pro-
coss conditions, the lemperaivre and pres-
sure being so correlated that the said
aliphatic hydrocarbons are eracked.

2. A process for the production of liquid

20 hydrocarhons boiling up to 200°C. which
comprises passing 2 synihests gas containing
0.5-2 volumes of carbon monoxide 1o
volume of hydrogen throngh an jron catalyst
suspended in alipbatic hydrocarbons having

g5 beiling points ubove 200°C., at a spacc
velacity 1n the runge 30(-3000 voluines per
volume of catalyst suspension per hour, at &
temperaiure in the range 160°-350°C. and at
4 pressure in the range 2.150 atmospheres,

80 the catalyst containing an atkali-metal cowm-
pound {calouluied as the alkali-metal mon-
oxide) to the exicnt of not more than 1% by
“weight of its totat iron contemt, correlating the

temperature and pressure SO that the said
aliphatic hydrecarbons  are cracked, an
maintaining the quantity of the aliphatic
hydracarbons in the rcuction zone substail-
tially constant by replacing those which have

———
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hect cracked by aliphatic hydrocarbons 10

boiling above 200°C.

3. A process avcording [0 either of the
preceding claims, in which ihe pressare is
within the range of 9 to 25 atmosphercs.

4, A process according to any of the pre-

ceding  claims, i which the carbon 43

monoxide/ hydrogen gas mixture contains 1.3
yolumes of carbon manoxide to [ volume of
hydrogen.

5. A process according to any of the pre-
cedine claims. in which exit gases arc re- 5
cycled in a vatio of 1-1(' volumes per volume
of carbon-monoxide/hydrogen feed.

6. A process for the praduction of liquid
hydrocatbons boiling up 0 200°C., substan-

tinlly as hersiabeforc described with refer- 53

ence o Example §. 2 or 3.
7. A process for the production of liguid
hydrocarbons bailing up 0 200°C. and con-

gisting mainly of olefines. snbstantially as N
B

hereinbefore deseribed.

8, Liguid hydrocarbons boiling up to 200°
C. whenever produced by ihe process of any
of the preceding claims.

EDWARD EVANS & CO..
14-18, High Holborn, Londen, W.C.L
Agents for the Applicants.

printed for Her Majesty’s Stationery Office by Wickes & Andrews, Lid, BG4 303441954
published ai ‘The Patent Office, 25, Sout.hamn;on %%i‘ldixégs, London, W.C.2, from which copies
muy be obtained,
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302 liquid product of the synihesis jtsell. In fed to the process should preferably be about

such known processes the liquid medivm 1.5 ‘volmmes of carbon monoxide {o every
functioned as inert matstial or as 4 means of volume of hydrogen.

removing the heat of reaction and it mole-  Lhe products of the process according -to
cules did not undergo any diminmtion in  the invention CoDSIst mainly of normally 80
85 size. Hiquid. hydrocarbons of a.predominanily ole-

Tt has now been Found that in the synthe- finic character boiling up 10 200°C. The con-
sis of liquid hydrocarbons boilisg -up to Version fo fhese olcfinic materials proceeds
200°C. by the catalytic hydragenation of car- with litfle formation -of normally  gaseous
bon monoxide carried out in the presonce of hydrocarbons, particlarly methane and 86

40 aliphatic hydrecarbons hoiling above 200°C., eibane, and the total formation of C—C,

- the synthesis conditions can be so. cotrelated  bydrocarbons in relation i the overall yield
-that the said -aliphatic hydrocarbons afe  0f marketable synthesis products .remains
cracked. The yield of lignid hydracarbons {hus at a low order,
hoiling .up t0.200°C. and obtained by dircct  The process, in nccordance with the in- 90

45 synthesis from the .carbon “monoxide and vention, may.be carried out in any conven-

hydrogen is thus supplemented by the simflar  tional synthesis reactor, and conventional
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