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A process for the Synthesis of High Boiling Viscous Hydrocarbon
Mixtures

We, BULRCHEMIE ARTIENGESELLSCEANT,
Oberhausen-Holten, Germany, and LURGE
GESELLSCHAFT  FUER  WAERMETECHNIK,
M.5.H,, Frankfurt a.Main Hedernhcim, Ger-

5 mapy, both German companies, do hereby
declare the invention, for which we pray that
a patent miay be granted to us, and the method
by which it is to be performed, 1o be particu-
larly described in and by the following stare-
ment:—

The invention relates to a process for the
syathesis of mixtures of viscous hydrocarbons
of high boiling point.

The catalytic hydrogenadon of carbon mon-
oxide may fv)? effected with the use of fincly-
divided moving catalysts, the main or effective
constituents of which are metlals and/or metal
oxides of the eighth group of the periodic
system, The synthesis may be operated either
90 by the “ fluidized process ™ with the catalyst
maintained in 2 dense, turbulent, suspended
state, or with the use of puiverulent catalysts
which are continuously passed through ths
reaction zone in suspepsion in the gas stream.

The quantity of catalyst used in the fluidized
process is, in general, 400-—2000 grams of
catalyst per litre of the Huidized catalyst layer,
the particle size being geoerally above 0.25
mm. If the hydrogenarion of carbom mun-
oxide is carried out with pulvernlent catalysts
suspended in the synthesis gas, the quantity of
catalyst is, in gencral, 15—300 grams per litre
of synthesis gas. In the larter case, the particle
size of the catalyst is generally somewhat
smaller than in the fluidized process und lies,
for example, in the range 0.04—0.25 mm.

The flow rate of the synthesis gas when
working with Gnely-divided moving catalysts is
dependent on the particle size of the catalyst
46 and is, for example, 50——13000 centimetres per

second or more. ‘lThe synthesis temperatures
lie between 180° . and 400° C. The carbon
monoxide to hydrogen ratio of the gases to be
reacted may vary within wide limits and may

45 range, for example, between 1:1 and 1:3.

When using moving {ioely-divided catalysts,

the synthesis gases are in gencral recycled, with
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the use of up to 10 or more volumes of recycle
gas per volume of fresh gas. The conversion
of carbon monoxide may be, for example,
70-—80%, with gas contractions of approzi-
matcly 35—40% bring reached,

Fincly divided catalysts nsed in the moving
state for the hydrogenation of carbon mon-
oxide contain in most cases iron andfor iron
oxides as the main effective constituent, How-
ever, other merals and metal oxides of the
eighth group of the periodic systemn, particn-
larly cobalt and nickel, are also snitable for this
purpose. The catalysts are advantageously
activated by subsieatially non-reducible metal
oxides such, for cxample, as alkali-metal oxides,
siticic acid (silica), thorhmm cxide, manganese
oxide, magnesinin oxide, sluminium oxide,
tianinm  oxide, and slkaline carth ozides,
Muoreover, the catalysts may contain suitable
carrier materials such, for example, as kiesel-
guhr, bleaching or [uller’s earths, aluminium
oxide ur megnesium oxide.

Catalysts which are suitable for the hydro- 7

genation of carbon monexide carzied out with
moving catelyst masses may be prepared, for
example, by the combustion of iron powder in
a stream of oxygen, by fusing the iron oxides

fotmed thereby, impregnating them with potas-

sium compounds, crushing the mass to a stit-
able particle size and treating the granular mass
with reducing gases. By another method, the
catalyst has been preparcd by mixing iron
vxitte with more than 2% of potassiom carbon-
ate, sintering the mixture at 1000° C,, leach-
ing the mass with water to bring the content of
polassivm carbonate inte the range 129,
cruching the mass to a suitable particle size,
and reducing ihe granpolated catalyst in the con-
ventivnal manncr. Iron ores having a snffi-
ciently high content of iron may also be nsed
for the preparation of catalysts of this kind by
melting the iron ores. To 1lus case, the fnished
catulyst contalns aluminium oxide, titanium
oxide and siticic acid {silica} in addition o iron.
Moreover, 1.2—1.4% of potassivim oxide may
be admixed therewith.

- If gas mixturcs containing. czrhon monovide
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and hydrogen are reacted with finely divided

moving catalysts of the eighth greup of the

periedic system and preferably with catalysts
conteining jron and/or iron oxide at super-
b armospheric pressures and preferably ar gas
pressures ranging between 10 and 30 Klograms
per square centimetre and at temperatures
which are sufficiently high to give conversions
of more than 60-—70%, then a smaller propor-
tion of the synthesis producty is obtained as
dark brown to black Yquid or paste-like masses
of higher molecular weight, which may either
be separated from the condensed synthesis pro-
ducts a5 a residue upon distillation or may be
18 recovered in the working up and regeneration
of the catalyst as, for
with solvents or by means of steam These

- products are of very mixed composition which

18 detrimental to profitable utifization. These
0 products consist in ‘part of aliphatic com-
pouads, more or less having branched chains,
it part of mono- or polynudlear cydlic com-
ponnds, o part of cyclic compounds having
side chains. Moreover these compounds are
highly unsaturated and contain oxygen, which
is the cause of their dark colonr.

It has now baen found that mixtures of high
boiling, viscons Lydrocarbons mgy be obtained
from these hisgher molecular weight products,

According to the invention, a process for the
production of o mixture of wviscous hydro-
carbons of high boiling point from constittents
boiling above 340° € of the products contain-
ing aliphatic hydrocarbons, monomuclear and
pulymiclear compounds and uvbtained by con-
racling 2 gas containing carbon monoxide and
hydrogen in synthesis proportions at super-
atmospheric pressurc and ar g temperature
within the range [80°—400° C, with a finely-
divided, moving caralyst (he main constituent
of which #s a metal, and for an oxidg thereof, of
the cighth group of the periodic system ig cha-
acterised in that a fraction boiling above 340"
C. is separated from the prodncer and is hydro-
genated with hydrogen in the presence of a
hydrogenation cacalyst.

According to the invention forthermore, a
process for the synthesis of a mixture of vis-
cots hydrocerbons of high boiling point com-
B0 prises contacting a gas containing carbon mone

oxide and hydrogen in synthesis Propurtions at
superaimospheric pressure and at 5 tempera
ture within the ranpe 180°—400" C. with a
finely-divided, moving catalyst the main con-
B stituent of which is a metaf, and/or an oxide
thercof, of the eighth group of the periodic
system to yield a synthesis product conteining
aliphatic hydrocarbons, mononuclear and poly-
nuclear compounds, separating from the syn-
80 thesis product a fracdon boiling above 340°
C. and hydrogenating the separated fraction
with hydrogen in the presence of a hydropena-
tion catalyst at & pressure in the range 5100
kilograms per square centimetre and at a tem-
0 perature within the range 100°—300° C. in
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exampie, by extraction

the presence of 3 hydrogenation  catalyst,
whereby the cyclic compounds in the fraction
are partially decyclised and the OXyEen-con-
taining radicals and the unsaturated finkages
arc pattially or compietely eliminated.

" The gus containing carbon monoxide and
hydrogen is preferably contacted with the
catalyst ar & pressure within the range 10—
30 kiloprams per sgnare centimetrs apd at g
temperature within the range 250°—350° C.

The conversion of the pas mixtores contain-
ing carbon momoxide and hydrogen may be
effected with the catalyst in a dense, turbulent,
suspended bed by the fluidized process. Fow-
cver, pulverulent catalysts suspended in the 80
synthesis gas may also be used by suspending
15—300 pramg of a catalyst, of a particle size
below 0.25 mum., per litre of synthesis gas,

‘The fraction bofling above 340° C, iy prefer.
ably sohjected to bydrogenation, with 8b

ydrogen or u gas mixtire containing free
hydrogen, at a partial pressure of hydrogen
within the ranpge 2050 kp./sq.cm. and ar 2
temperature which is advantageously within
the range 230°—270" C; hydrogenation at a
partial pressure of hydrogen of about 30 ke./
sq.cm. and at 2 temperature of ghout 250° €,
has been found to be parricularly efective.

The catalyst employed in the hydrogenation
of the fraction boiling ahove 340° ., may
contain a metal of the eighth group of the
periodic system, and may advantageounsly he
the catalyst nsed for the hydragenation of the
carbon  rapnexide, However, other known
hydrogenation catalysts may also be used, a 100
catalyst consisting largely or wholly of a miv.
ture of nickel, magnesiz and kieselguhr being
particnlarly suitable. Other suitable hydro-
genation catalysts include Rancy nickel, mulyb-
denum sulphide and tungsten sulphide,

The hydrogenation proceeds smoothly and
results in products of Hght colonr which 18y
he easily separated into individual fractions by
distiflation or extraction processes,

It is of particular advantage i the synthesis 114
preducts boiling above 340° (. are diluted,
before the hydrogenation, with hydrocarbons
containing from 4 to 15 carbon atome in the
molgcule, The dilwent preferubly containy one
or more C,—C, hydrocurbons, In the hydro- {15
genation, the partial pressure of bydrogen i
preferably spproximately 30 kilograms par
square centimetre. Pure hydrogen or 05 X~
wres convisting of hydrugen amd inert con-
stiluents such, for crample, as nitrogen, ara 1920
used as the hydrogenating gases. The bydro-
genation  conditions  are advantageoysly
adjusted in such 2 manmer thar the b and -~
pulycyclic compounds contined in the nro-
ducts bolting above 340° C, are split up mto 125
alkylated mono- andfor  polycyelic hydro-
carbons.

The hydrogenated products are freed by clis-
tllation from the constitnents boiling wp 1o
5407 C. Before the distillation, the products 180
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may be subjected to a low temperature cooling

to separate the ceresin-dike hydrocarbons, If

the separatior of the hydrogenated products is

effected with solvenrs, the conventionally
b known exrracting agents such, for cxample, as
aliphatic or aromatic hydrocarhons or chlorina-
don products thereof and/or miztures thereof
or liguefied gases, for example, lignid sulphur
dioxide, mey be used.

The invenrion is ilfustrated by the following
cxamples: —

1Q

ExampIE 1

A product boiling above 340° C. of dark
brown colour and prepared by the hydrogena-
tion of carbon mumozxide cartied out at & gas
pressurc of approzimately 17 kilugrams per
sguare centimerre and at 4 synthesis tempera-
ture of 325" C. with the use of 2 pulvernlent
iron catulyst suspended in the synthesis gas
and with gas recycling, had the following
characretistics ; -~

15

Todive number -~ - 39.0
Neutralizatdon number 1.3
Saponification mumber 10.2
%0 Hydroxyl number - 2
Carbonyl number - 0
Molecular weight - - 371
Ash - - - - 0I108%
1000 grams of this O?nmeﬂs product were
80 mixed with 30 grams of a catalyst which con-

sisted of 61 parrs of nickel, approximarely 8
parts of magnesium oxide and 31 pats of
Keselgulir. The mizture was treated in an
autoclave provided with a sdrrer for 4 homrs
at a temperanre of 230° C. and at a pressure
of 30 kilograms per square centimetre with g
gas mixturc which contained 75 parts by
volume of hydrogen and 25 parts by volume of
nitrogen. After Egt: hydrogenation was finished,
40 the catalysr was separated from the hydro-
carbon mixture by fltwation.
The liquid {iltrute was light yellow in colour,
By fractivnation, 11.8%, of hydrocarbons boil-
ing up to 340° C. were separutcd therefrom,
46 The residue boiling sbove 340° (. amonnted
to 88,29 . This residue was mixed at 60° C.
with dichlorcethane jn a proportion of 1:4 and
was then cooled to —25° C, By filtering the
mixture et the low temperaturs, 23.5% of
60 ceresin-like  paraffinic  hydrocarbons of low
viscosity and an average pour point of approxi-
mately 30° C., and 76.5% of a lubricating oil
of approximatcly 6° E, were obiained,

EXAMPLE 2

A product bofling abave 343° C. of wvery
dark brown colour and prepared by the hydro-
genation of carbon menozide ar 2 pressure of
spproximately 17 ka. /sq.om. ang at a tempera-
ture of 360° C. with the use of a pulverulent
48 iron catalyst suspended in the synthesis gas,

had the following characreristics: —

5b

-of 1.4325 (#*3) and a molecular weight of 177.

lodine number - - 460
Neutralizstion mumber 1.0
Saponification number 26,5

Iydroxy] aumber - 8 65
Carbonyl number - - 4

Moelecular weight - - 467

Ash - - - 0.1449;

1000 grams of this synthesis product were
mixed with 4000 ce. of a samrated C, fraction 70
from the carbou monoxide hydrogenation. 100
grams of a pulvertlent catalyst comsisting of 63
perts of nickel, 7 parts of magnesium oxide
and 30 patts of keselgubr were added to the
mizture. The mixture was then meated for 4 75
bours at a total pressurc of 40 kilograms per
square centimetre eqeal 10 a hydrogen pressure
of approximately 30 kilograms per square
centimetre and at 3 temperature of 250° C.
with a gas mixrure which contained 25 volumes 80
of nitrogen and 75 volumes of hydrogen. After
the treatment with the gas mixture, the reaction
mizture was cooled and separated frum the
catalyst by filtration. The catalyst was
rewashed with the C, fracton used us the
dituent.

The Iiquid filtrate was almost colourless and
showed & bluegreen fuorcscence. It was
caoled to —10° C. and the solid hydrocarbon
mixture which sepurated upon cooling was
removed at the same temperature from the
Hquid constituents by filzation. The filirare
0 obtained was subjected to distillation ar
atmospheric pressure to remove the C; hydro-
carhong added before the hydregenation and
then subjected 0 2 vacunm distllation to
separate the constituents boiling betwecn 100°
C. and 346° C,

After the sepuration of the C. hydrocarbon,
approximately 100 grams of a ceresii-like wap
were obtained having 2 pour point of 73°
and a penetration number of 12, The distil.
Jate beiling between 100° C. and 340° C. had -
a density of 0,776 (20° C.), a relracive index

86

o0

BhH

1op

104
It consisied of approximatcly 409% naphthenic
and 609 paraffinic hydrocarbons, It conld be
separated by distillation fnto 50 grams of
gasoline and 150 grams of dicsel oil.

The residne boiling abova 340° €. com- 110
prisced 700 grams of a very light yellow, viscous
oil having the following characreristics :—.

Iodine number - . 0.

Nentralization number 0

Saponification number 0 116
Hydroxyl number - 0

Carbonyl number - 0

Density at 20° C. - 0.873

Refractive index  n?0, 1,4300

Viscosity at 50° C. -  4,10° E=213 SSU. 120
Viscasity index -~ - 104 :

Flash peint = - -  212°C

Conradson carbon test 0.27%

Molecular weight - 47D
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The Iubricaring properties of this ofl were
good.

What we claim fs:—

L. A process for the production of a mix-
ture of viscous hydrocarbons of high Boiling
point from constituents boiling above 340° .
of the producrs containing ztphatic hydro-
carbons, mononuclcar and polynucicar com-
pounds aad obtained by contacting a EAs col-
taining carbon monexide and hydmﬁen in syo-
thesis proportiens at superatmospheric pres-
sure and at a femperature within the range
180°-—400° C. with a finely-divided, moving
catalyst the main constirsent of which is a
metal, and/or an oxide thereof, of the gighth
group of the perindic system, characterised in
that a fraction boiling above 340° C, is scpar-
ated from the product and is hydrogenated
with hydrogen in the presence of 2 hydrogena-

2. A process for the synthesis of 2 mizrure
of viscous hydracarbons of high boiling point,
which comprises contacting a gas contaiming
carbon raonoxide and hydrogen in symthesis
proportbons at superatmospheric pressure and
at a temnperatare within the range 180°—400°
C. with a finely-divided, moving catalyst the
main constituent of which is & meta, and for
an oxide thereof, of the eighth group of the
periodic systens, to yicld a synthests prodoct
containing aliphatic hydrocarbons, mona-
nuclear and polynuclear compounds, separat-
ing from the synchesiy product a fraction Hoil-
ing abeove 340° C. and -hydrogenating  the
separated fraction with hydrogen at a pressare

in the range 3—I100 kilograms per square

centimetre and at a temperarire within the
range 100°—300" C., in the presence of a
hydregenation  catalyst, whereby the cpclic
compounds in the fraction are parfially
decyclised and the oxyen-containing radicals
and the umsaturated linkages are partizily or
vompletely eliminated.

3. A proecess uccording to dlaim 2, in which

40 the gas containing carbon monoxide and

5O

b5

85

Lydrogen is contacted with the catalyst at a
pressure within the range 10—30 kilograms
per square centimeter,

4. A process according to claim 2 or clahin
3, in which the gas containing carbon mon-
oxide and hydrogen is contected with the
calalyst at a temperature within the range
2540°—350° C.

5. A process according to any one of the
preceding claims, in which the scparated frac-
tion is frested with hydrogen or with gases
containing free hydrogen at a temperature
within the range 230°--270" C,; the partial
pressurc of rthe hydrogen being within the
Tange 20-50 kilograms per square cettimetre,

G. A process according to claim 5, in which
the partial pressure of hydrogen is aboutr 30
kilograms per squere confimetre and the tem-
perattre s about 250° C.

7. A process according 10 any one of the pre-

ceding claims, in which the separated fraction
is hydrogenated in the presence of a catalyst
containing a metal of the eighth group of the
periodic system,

& A process according to any one of clrims
2 to 4, in which the catalyst with which the
gas mixture conmining carhon monexide and
hiydrogen. is contacted, is in 4 denge, turbmlent,
fluidised state, :

9. A process according to any one of clajms
2 10 4, in which the catalyst is in the form of a
moving bed or mass, .

10, A process according to claim 9, in which
the catalyst is in suspension in, and is carried
along by, the gas mixture,

11. A process accarding to claim 10 in which
the gas mixture containg from 15 to 300 grams
of catalyst per lifre, the particle size of the
catalyst being less than 0,25 mm.

12. A process according to any one of claims
2 to 4 and B to 11, in which the mctal of the
cighth gronp in the caralyst contacted with the
mixture of cerbon monoxide and hydrogen, is
iron, cobalt or nickel,

13. A process according
which the metal iz iron,

14, A provess according to any one of the
Dreceding claims, in which the separated frac-
tion is hydrogenated in the presence of the

to claim 12, in

¥0
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catalyst contacted with the mixtare of carbon 85

mouoxide and hydrogen,

15. A process according to any one of claims
I to 12, in which the separated fraction is
hydrogenated in the prescnce of a nickel-con-
laining catalyst, - ]

16. A process according to claim 15, in which
the catalyst consists largely or wholly of a mix-
ture of nickel. magnesium oxide and kicsel guhr,

17. A process according to any one of the
preceding claims, in whid
tion is hydrogenated in
dilucnt.

18. A process according to claim 17, in
which the difnent consists of a hydrocarbon or
Lydrocarbons containing from 4 to 15 carbon
atoms in the molecule,

19. A process according to claim 1B, in
which the diluent consists of ome or more
C;—C, hydrucarborns,

the presence of a

20. A process according to any one of the i

preceding claims, in which the hydrogenation of

the separated fraction is effected to decom-

pose all or part of the di- and polyeyclic com-
rounds into alkylated mono- and/or polycyelic
vdrocarbons,

21. A process aceording to any one of the
preceding claims, in which the separated frac-
tion is, after the hydrogenation, separated into
ceresin-like paraffinic hydrocarbons of low
viscosity and @ Inbricatng oil
viscosity by a physical process, such as frac-
tional distillation,, extraction, fractional con-
centration by cooling, or the like,

22, A process for the production of migtures
of viscous hydrocarbons of high beiling point

of higher !
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suitable for use us, or in the production of, a EDWARD LVANS & CO,,
lubricating oil, substantially as described with - 14—18, High Holborn, London, W.C.1,
reference to Example 1 or Example 2. Agents for the Applicants.

23, Mixiores of viscons hydrocarbons of
5 high boiling point, whenever produced by the
process of any preceding claim,

Leamington Spa: Printed for Her Majesty's S{ationery Office, by the Courier Press.—1955.
Published al The Fatent Otfice, 25, Southampion Buildings, London, W.C.2, from which
vopies may he obiained.



