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1, Heemut Picmcer, of German nationa-
lity, of Kaiserstrasse 12, 75, Karlsrobe,
Garmany, do hereby declare the invention,
for which I pray that a patent may be
granted to me, and the method by which
%t is w be performed, to be particularly
described in and by the following state-
ment:— :

The present invention relates to thc
synthesis of high-molecular weight, ie. at
least 50000 poraffinio hydrocarbons from
carbon monoxide and hydrogen using
rutheninm  catalysts. Ruthenium catalysts
have long been known for this synthesis,
see, for example, German S$pecification
705,528. In iliese operations the ruthenjum
catalyst is made by precipitating RuO
from potussium ruthenate solution. Com-
parutively high temperatores have hitherto
been used for the synthesis, because the
catalysts used were relatively inactive at
low temperaiures, and because one had to
keep above the melting point of the
paraffin formed in order to_prevent the
paraffin from being deposited on the
catalyst. The necessary operating pressurcs
were approsimately 100 to 2000 atmos-
plieres (. Pichler and H, Buofileb, Brens-
stof-Chemi 21, 257 (1940): P. Guyer, D.
Thomas and A. Guyer, Helv. Chim. Atac
42, 481 (1959)). The solid paraffins of high
melting point made by this process had
maximum molecular weights of about
20000, but the yields of high-molecular
weight paraffin hydrocarbons were low. If
the rolhepium catalyst was  alkelised
before use, for example by adding 5% of
¥,0, then a reaction product containing
209, of paraffin having a molecuiar weight

of 43,600 would be obiained. Even at 1000

atmospheres comparatively high tempera-
tures of c.g. 150-180°C had to be uscd.
Tt bas_now been found that one can
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10 3000 atmospheres or more and pre- 43

‘ferably 100 to 2000 but at substantially

Jower temperatures of from 80-135°C., ie.
helow (he melting range of the high-melt-
ing paraffins, provided that certuin condi-
tions are observed:

{1} One must operate in ihe presence Of
solvents for the high-moleculur weight
paraffins, ie., solvenls which dissoive the
high-molecular weight paraffios under the
redction conditions. The solubility of the
high-molecular weight synthesised pro-
ducts in the solvent determincs ihe lower
temperature Himit of the reactions accord-
my to the invention sinee below #0-90°C
the products are virtually insoluble.

(2) It is necessary io use a highly active
ruthenium catalyst prepared /n sitw in the
solvent mediuin by reacting the medium
with a ruthepium oxide which is espeeially
activated to such an extent that it reacts
with the solvent as soon as they ate
brought together. Only with these parii-
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cularly active catalysts is it possible to .

operate at the low {emperatures merntioned.
i.c. below the meliing tange of the high-
molecular welght praducts formed (maxi-
mum melting poinl approximately 135°C).

As a ruthenium-hydrocarbon complex is
feet formesd during the synthesis, sub-
sequent treatment must also be carricd out
t separate the ruthenium from the reac-
tion product.

Finally, it is advaniageous to ensure ithai
comiacl between the gaseous reactants and
the suspension of the catalyst in the sol-
vent i as intimaic as possible. This may
he done by shaking the reaction vessel or
preferably ~ by vigorows  stirring, for
example, by mcans of magnetic agitators.
" Suituble seolvents are organic compounds
which easily dissolve the resultant products
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under reaction conditions amd which do

pot have too high a vapaur pressure, such

as paraffinic hydrocarbons such us nonans,

apd aromatic and halogenated  hydro-
§ carbons.

From the poinl of view of synihesis, it
is very important to 18 highly active
ruthenfum calalysts. Ordinary rutheninm
catalysts obtained by precipitating  RuQ,

10 may be activated by irradiation with
proton, newirea Or eleclron, 1ays ur electro-
magnetic radiation, for cxample y TRYS

]
from a Co—source, or by healing in 2
high vacwum at from 100-130°C. Such
catalysts are so reactive that they react
jmmediarely on being brought iogether
with the solvent such as noname 0 jorm
carhon dioxide and wateT. Catalysts made
20 iu this way are several times more aclve

in the synthesis than ordinary RuO:;

catalysts. which, i should be pointed ont,

do not react with nonane,

Angther highly reactive catalysl may be

25 formed by introducing gaseous ruthenium
icicoxide into the solvent which is to be
psed in the synthesis. The RuQ, reacls
vigorously with the solvent to  form
extremely finely dispersed and extremely
active ruthenium. The solvents which may
e uscd are, for example, hydrocarbons

having 6-12 carbon atoms in the malccule,

particularly n-nopane.

The Ruf, is made from ruthenate solu-

35 tions by oxidatiom, for gxaraple wilh
chioring and by distilling the RuO..

Thus three ways of preparing active
ruthenium cafalyste which can be used in
the process af thie invention are:—

1,” Subjecting RuQ: to irradiation by
proten., feuiron OF dleciron Tays or by
electromagnetic  radiation, followed by
reaction with the solvent meditm.

2. Heating the RuQO. in a high vacuum
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45 followed by reaction with the solvent
medinm.
3. Reacting RuQ, with the solvent
medium.

The effcctiveness of catalysts made from

50 Ru0; can he fucther inereased by irradie-

tion with the agents hercinbefore men-

tioned. Iyradiation doving the teaction oOf

irradiation of the reaction suspension out-

side the rteaction zone during circulation,
55 may also be advantageous.

In the case of catalysts made from RuQ..
the addition of alkali, for axumnple, 1-3%
of KO0, (hased on the ruthenium in the
catalyst material), was also found to aid

60 the formation of high-molecular  sweight
hydrocarbons.

The synthesis itse is effiected in the
usual manner, by passing 2 mixture of
carhon monoxide and hydrogen into a sus-

&5 pension of ifie active ruthenium catalyst

in the said sojvemt at a lemperalurc of
W0-135°C.

Up to 30% and more, based on the total
product, of high molecuiar weight paraffin
having a molecular weight of 5000¢ 0o T8
mote than 100000 can be obtained in this
way at low lcimperaturcs of 120-130°C.

Due [o the low reaction temperatures.
cspecially below 150°C, the reaclion pro-
duct is dark im colour and it is hardly 75
possible io separate the catajyst. which is
thought to be chemicaily bonded to the
bigh-molecular weight paraiin. However.
it the reaction produce is then treated
with hydrogen at tomperatires of from B0
12 1e 150°C ot even higher, and at pres-
sures of from i00 to 200 atmospheres for
2 short time, for example, about 15
minutes, then the catalyst casily separates
from the solufton of the reaction products 85
in nonage. A pure white, extremely high-
nnlecalar weight paraffin is then obtained.
The temperalure used must be as Jow as
possible, as the long hydrocarbon chains
oiherwise split and thus cause the mole- W
cular weight to be lowered. This reaction

ts very obvious even at 160°C.

Another method of  splitting the
rathenium-hydroearbon complexes s treal-
ment with alcoholic potash lye. 95

The initially dark products of ruthenium
and ruthenium compounds are liberated hy
this treatment and give a clear colourless
high-molccular weight parafin.

Tn the practical performance of 1the
invention it has ben found to be especially
advantageous to use Iwo reaciors bath
filled with the solvent medium containing
the catalyst material and feeding to the
first reactor the rfeaction g£as containing
carbon monoxide and hydrogen and feed-
ine to the second reactor containing the
reaction produce hydrogen £as in order to
split the rutheniam-hydrocarbon complex,
removing the prodact and cycling the
catalyst together wilh the solveni medium
far ihe second to the first reactor, During,
the splitting of the rutheninm-hydrocarbon
complex # reactivalion of the catalysl
takes place so that, afier treatment and
separation of the resuliing high moiecular
weight  peralfinic hydrocetbons,  the
catalyst-solvent medium can be recycled.

Example 1

A rufhenium catalyst was made by
precipitating  RuQ; from @& potassiulii-
Cuthenate salution with methanol. The pre-
cipitale was washed and dried. The RuO.
catalyst was irradiated for 65 hours with
ihe v-rays [rom a Co™ source (dose: 4 x 1(0°
r'), in the preseice ol air or, with the
same results. in an evacuated glass {ube,
The jrradiated catalyst was extremely
active with bydrocarbons. 1t tcacted at

room temperatures with nonans, cAusHIE
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the catalyst to glow and the nonane to
decompose into carbon dioxide and water.
The suspension of the resultamt
ruthegium catalyst in nonuse was placed
5 in a shakiag auiocclave and paseous rede-
tant mixture {H;/C0=2) was passed into
it under a pressure of 1000 aimospheres.

A good rcaction was obtained at 132°C.

The amount of carbon menoxide and
10 hydrogen reacied by the cafalyst per gram

per hour was 8 to 10 limes the amount

rzucied by a nom-irradiated catalyst

‘Fhe reaction product which was sojuble
. in nonane at the reaction ieinperatire was
15 precipitated on cooling in the form of a
solid dark deposit. By subsequently treat-
ing this dark product with hydrogen at
145°C  and 20¢ atmospheres for 15
minutes, it was possible to separate pure
white paraffin from the catalyst.

274 per cent of the resultant parafiin
was insofuble in tolueng at 85°C. This
fraction had a mean molecular weight of
51.900. At 88°C, 9.49% with a molecular
25 weight of R4.700. was still insoluble in
- toluene,

Example 2

A RuOQ. catalyst made in the uspal way

by preeipilation was heated for five hours
at 110°C in a high vacuwn (at least 107
Torr). The thus activated catalyst also
reacted  when brought  together  with
nonane, causing combustion of the hydro-
carbon.
35  Even al 120°C, the suspensior of this
catalyst in nonanc showed high activity in
the paraffin synthesis. When fresh synihesis
sas had ben passed into jt several times
nnder pressure {the presstioe  dropped
from 1000 to 500 atmospherss each time)
a dark reaclion product was obtained.

The dark parafin was boiled under
reflux with a solution of 502, KOH in iso-
propanol  for five hours in eorder to
45 separate the ruthemium. Of the clear

paraflin obtained 40.3% was inseluble in
tolnene at 85°C. This fraction aad a mean
molecular weight of 58,000.
Example 3
50 Gaseous RuQ, was led into nonape in
2 stream of mitrogen. The resultant sus-
pension of the ruthenium catalyst in the
solvent catalysed a carbon monoxide-
hydrogen reaction even at 106°C. In order
55 o make larger quantities of high mole-
cular pataffins, fresh synthesis gas was
passed in several times under a pyessure of
1000 atmospheres at 120°C. T addition to
smali quantities of methane a4 reaction pro-
duct was formed which was solid at room
tempetatore.  This was hydrogenated at
140°C in order to separate the ruthenium.
A pure while high-molecuiar paraffin was
obtained, 39.27% of which was stilt
65 insoluble in toluene at 85°C. This fraction
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had a mean molecular weight of 105,000.

Example 4.

RuQ,, made by oxidising o perruthenaie
solution with chlorine and disiilling, was
mixed with nonane. giving rise to u violent
reaction and leaving extremely fincly dis-
persed ruthenfum in suspension.

The suspension was then placed in an
asutoclave end a mixture of carbon mon-

70

_oxide and hydrogen in a ratio of 1:2 was 75

passed into it umder a pressure of 1000
atmospheres. The autoclive was shaken.
A carbon monoxide-hydrogen reaction was
observed even at 100°C. Ap 120°C the
speed of the reaction wus great enough 80
for the synthesis to be carried out.
Synthesis gas was passed. in several times
under pressure in order to cive larger
guantities of a paraffin having a (CHp
repeating unit. A reaction product consist- 85
ing almost exclugively of solid paraffin
was obfained in addition to soell
quantities of methane. According to the
Jengsh of the reaction. the rcaction product
comained 10-25% of paraffin hydrocarbon 50
with 2 mean molecular weight of mors
than 100.000. _

It a modification of the invention, it bas
now been found (hai catalysts from other
glements from Group VIII of the Meg-
deleeft  Periodic  Table, for  example,
catalysts conaining iron. cobalt, nickel or
osmium. possibly together with activaiors,
can he aclivated hy irradiation like the
ruthenium  catalysts ‘and can then advan-
tageously be used for synthesising higher
hydrocarbons from hydrogen and catrbon
monoxide. Lower reaction tempcratures
can be used than would be used for non-
irradiated catalysts. and this aids the for-
nation of very bigh molecular hydro-
carbhons,

esides  irradiation  with + rays, the
catalysts nsed in this invention may be
activated by irradiation with proton rays,
eg. x Tays, meuiron rays or high energy
leciron rays, ie. | mega-electron-volt or
OVEE.

There are vurious possible
carrying out the process.

i, Trradiating the catalyst before it is
used for the reaction;

2. Toradiating the catalyst during the
catalytic reaction;

3. Incorporaling a radicactive isclope, 120
particularly radioactive ruthenium. in the
catalvst.

The first method iz technically the
simplest but is not equally successhul in
all cases. With methods 2 and 3 the activa- 125
tion is maintained during the catalytic
hydrogenation of the carbon monoxide.

WHAT | CLATM 18-

1. A process for preparing high mole-
cular weight paraffinic hydrocarbons which 130
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comprises reacting carbon monoxide and 120-150°C.
hydrogen at & temperature  of from 11. A process accopding lo any one of
g0°.135%C and a pressure of from 100- Claims 1-¢, wherain the high moleculat
3000 atmosphercs, the reacsion  Dheing weight product paraffinic hydrocarbosn is 0D
5 carried out In the presence of an organic recoversd from the reaction mixture by
hydrocarbon ©OF halohydrocarbon  solvent trealing  the  produel ruthenium-hydro-
medium capable of dissolving the high carbon compiex with an alcoholic alkaline
molovular  weight paraifinic hydrocarbon  lye.
product ai the Teaction temperaiure and in 12. A process according 1o Claim 11, 6%
10 the presence of 2 finely divided yuthepium  wherein  the progduct - ruthenium-hydro-
catalysi prepared iz St by reacting & carbon  complex is  treaied with an
highly active ruthenium oxide with sai alcoholic polussium hydraxide solution.
orgapnic solvent medium, the high mole- 13, A procoss according to any one of
cular weicht paraffinic hydrocarbon cub- the preceding claims. wherein the reaction 70
15 sequently ‘being recovered  from  the between the carhon monoxide and
ruthemiam hydrocarbon complex formed. fiydrogen s conducted at & pressure in the
2. A process according 10 Claim range 100-2000 atmospheres.
wherein the catalyst s prepared by activat- 14, A modification of the process
ing RuO. by iradiztion with proton. according to any one of the preceding 75
90 peutron or eleciron 1ays oOr with slectro-  claims, in which in place of the ruthenium
magnetic radiation and ceacting  the cawnlyst there is used as catalyst a com-
activated RuQ: with said solvent medium. pound of on element from Group VIII of
3. A process according to Claim 1, the Mendelect Periodic Tabls, other than
wherein the catalyst is prepared by activat-  ruthenium, activated by irradiation with B
25 ing RuQ: by heating under vacuiin at protom, meuiron O electron fays or with
{(0-130°C  and reacting the activated slectronmenetic radiation,
RuO., with the organic solvent medium. 15. A process according 1o Claim 14,
"4, A process according 10 Claim 2, in wherein the caulyst 5 activated by ¥
which the RuQ is activated by heating for radiation before being usad in the reac- B§
30 5 hours at 110°C in a vacuum of ot least ol
10+ Tort. 16. A process according 10 Claim 15,
5. A process according to Claim i, wherein the calatysis are aclivated by 7
wherein the catalyst is prepared by 1atro- radintion during fhe Tcactios.
ducing  gaseous RuQ, info the solvent 17. A process according to any one of B0
35 nedium. Claims 1-16. whersin there are used (wo
6. A process according o Claim 5, reaciors botd filled with the soivent
wherein the reaction medium conteins ag medium containing the catalyst material
alkali. and feeding lo the first reacior the reac-
7. A process according to Claim 6, ton gas containing carbon monoxide and 95
40 where the reaction medium contains from  hydrogen and fceding to  the second
i-59, by weight of K.CO; based on ihe reaclor containing the reaction product
weight of ruthenjum present in the catulyst hydrogen Sas S order to split the
material. rutheninm-hydrocarbon complex, removing
8. A process according 10 Claims, 5. 6 1he product, and cycling the caialyst 1001
45 or 7 wherein the catulyst is activated dur- together with the solvent medium from the
ing the reaction by ijrradiation with ¥ T2ys. second to the first reactof.
9. A process according io any vie of 18. A process according to Claim 1,
the preceding claims, wherein the solvent substantislly as hereinbefore described in
medium is nOBane. any one of the Examples. 15

50 10. A process according to any one of
the preceding claims, wherein ihe high
molecular weight product puraflinic hydro-
curbon is recovered from the reaction
mixture by (reatment of the product
55 ruthenium  hydrocarbon complex  with

hydrogen at 4 temperature  of from
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