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COMPLETE SPECIFICATION
Process for the Continuous Prnd]?ction of Synthetic Lubricating

We, RUHRCHEMIE AKTIENGESELLSCAFT, Of
Oherhausen-Holten, Germany, a German
Company, do hereby declare the invention, for
which we pray that a patent may be granted

5 to us, and the methnd by which it is to be
performed, to be particularly described in and
by the following starement:—
The invention relates to a process for the
synthesis of lubricating oil, ) o
It is known to produce syntheric lubricating
oils by the polymerisation of normally lNquid
olefins or aliphatic hydrocarbon mixtures coa-
taining such olefins in the presence of
alurinium chloride. It has also been proposed
15 to effect the polymerisation moi cnly with
alumininm chloride alone bur with the simmi-
taneous use of the addition compound or com-
pounds of aluminium chioridc and hydro-
carbon, the so-called ©conracr oil ™, formed
20 from aluminium chloride and olefinic hydro-
carbuns in previous polymerisation batches,
Lubricating oil syntheses of this kind have
been carried out hitherto on & commercial scale
in batchwise operation in vessels provided with
25 stirrers or agitalots, The reaction times have in
gencral been between 10 and 20 hours so that
rélatively large reaction spaces have been
required and consequently only a Jow #g;ag—
time yield was obrained. Allempts are bemg
30 made 2t present to improve the space-time yield
by carrying out the process in coptinuons
rather than in batch eperation, However, when
the lubricating oil synthesis is carried out in
continuons operation in a vessel provided wirh
35 stirring means wherehy intimate mixing of the
reaction mixiure takes place in 2l directons
the vessel, only poor conversions are obtained
and the reaction product cbtuined siill contains
rclatively Jarge proportions of unconverted ole-
40 fins.  While the yield could be improved by
connecting several of the vessels in series, this
would entail a considerable outlay for plant and
heavy power or runsing costs without bringing
abeut a substantially increased space-time yield.
It has now been found, accordimg o the
invention, that the polymerisation of normallw
liquid aliphatic olefinic hydrocarbons for the
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be recyeled to the reaction zonc.

purpose of preducing synthetic lnbricating oils
tnay be carried our in continucns operation and
with, surprisingly gond space-time yields by 50
passing the olcE.uj.:w%:ydrocgrbuns toggher witg

a contaci oil upwardly through a substantially
vertical reaction zone, the contact vil compris-
ing ot consisting of addition compounds of
alominium chloride with a hydrocarbon or
biydrocarbons, and intimately admixing the con-
tact ofl with the olefinic hydrocarbons in a
horizontal direction in the reaction zone in such
manner as substantially to aveid an intcrmix-
ing in the vertical direction, whereby the ole- 60
finte hydrocarbons at any level of the reaction
zone are substmntially at the seme stage of
polymerisation. Thereafrer, the contact ofl is
separated from the reaction products and it may

65
The reaction zone is advantageously pro-
vided as a cylindrical vessel or tube of o length
which is great rclatively to its intcrpal dia-
meter, for eszample, the length of the vessel
or tube may be about 100 times that of its 70
internal diameter. Two or more of the vertical
reaction zones may be used if necessary or
desired, the several reaction zones being con-
accted in series.

The reaction product is removed from the 75
upper part of the reaction vessel and passed
mto omc or more settling vessels where it is
gllowed to separate into an upper layer and a
lower, contact vil layer. When two or more
reactfon vessels or zones are used in series, the
reaction product from each reaction vessel or
zoneg is prefevably so sepavated by setiling.

The stirring means used to admix the con-
tact ofl with the olefinic hydrocarbons in a
horizontal direction whilst substautially avoid- g5
ng intermizing in the vertical direction, may
hz constrincted in varfons ways. Tor example,
it may consist of a stivrer which extends over the
total length of the reaction vessel and on the
axis of which horizontal plates are secured at o
short distances apart. For the further imter-
mixing of the Hgwd in the horizontal direction,
small blade sdrrers may be nprovided berween
the individoal plares, However, any other type
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of stirrer may be used which maintains the
direction of motion required. The use of a
stirring mean which -consists of a rotating
cylindrical body of a length net substantially
toss than that of the reaction zone and provided
axially of the reaction zone, has been found to
be of particulsr advantage.  The distance
hetween the surface of the stirrer and the tube
wall js dependent on the diameter of the rcae-
Hon tube. Tor czample, for reaction rubes of
about 20 mm diamcter it Is preferably less
than 5 mm. The number of revolutions may
be vatied. However, it is in gemeral of the
order of 100 r.pam. If necessary or desired, the
15 romsng cylinder raay alsp be utilised for the
control of temperature, This Kind of stiming
effects an exmemely fine distribution of the
contact oil and the olefinic starting material, in
a substantislly horizontal direction while
2lmost completely avoiding an intermixing 03
fhe vertical direction. Therefore, the motion
of the reactants in the verdeal dircetion occurs
substantially only to the extent occasivoed by
the rate of jeed.  As a result, the reacrion mix-
ture which flows off from the top of the vessel
or zone, is not commingled with wnreacted
starling material. Therefore, the space-time yield
obtained with the method in accordance with
the invention cap. be said ta be a particularly
30 good ome as compared with the conventional
Datch operation. The residence time of the ole-
finic liydrocarbony and contact oil in the reac-
on zume or zones muy be from 3 ra 15 hours.
However, 4 residence time of not more thun
35 6 hours has generally been found to be suffi-
cient fur the complete conversion of the clefinic
starting rmaterial, whereas periods of 10—20
hours have hitherto been required for the same
conversion. .

Upon scttling, the reaction product separaics
into two layers. ‘The upper layer coptains the
polymerisation produces formed and is worked
up by diztliation in kaown mannet after the
removal of residnal sluminium chloride com-
pounds contained therein sud.- after nentralisa-
fion. The lowcr layer consists of the conract
oil which is recycicd to the reaction vessel A
portion of the comract oif circulating in this
Taammer is continously or intermitiently with-
%o drawn and replaced by freshly prepared contact
oil, "Fhus in conrast to the convenrional pro-
cesses, no aluminium chioride is charged to the
reaction vesset! in the new merhod uf carrying
out the synthesis. Nevertheless, the cireulating
contact ofl nsed as the catalyst possesses a prac-
tically unlimited lifetime, To maintain s
activity, only @ very small portion of the cir-
culating contzct il Is withdrawn and replaced
by freshly preparcd contact oil.

Fresh contact oil may be produced by react-
ing a small portion of the olefinic starting
material with alumininm chloride outside the
rencrion zome, This may he cffected, for
exarnple, by passing the olefinic material aver 2
65 sufficiently desp and statonary bed of
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aluminium chloride at temperetures of 407—
100° C., or by stitting or admixing the olefinic
muterial with atuminfum chlocide, The addi-
tion of a small amount of active contact oil
is frequently of advantage in thar it tends to 7
accelerate the contact oil forming reaction,

It has further been found that it is possible,
For the producrion of active contact oil, to avoid
the usc of aluminium chloride and o use
insread the cheaper, metailic sluminium, I 7
this case, the production of the contact oil is
effceted by reacting 2 smell portion of the ole-
finic starfing material with hydrogen chloride
and aluminium chips or granulated atnminium
at temperatures of 40°—100° C. and prefer-
ably of 50°—70° C. I is of advantage o
charge, at the beginning, a small amount of
finished contact ol in order to initiate the reac-
tion, In a preferred manner of carrying out
this reaction, wse is made of vertical reacrion 8
towers or tubes which are filled with metallic
gluminiam in the form, for example, of chips,
and which are provided with a suirzble device
fur feeding the aluminium. The olefinic start-
ing matcrial is tickled downwardly over the &
aluminium chips whilst the hydrogen chloride
is passed upwardiy into the tubes, It may also
be advantageons to provide the zeaction tube
with 2 siphon outlet so that it is completely
filled with hydrocarbon or comract oil. In this 9
case, longer times of action and increasing rates
of conversion into conract ofl are obtained with
a single pass. The reaction mixture obmined
at the lower omler of the reaction tube
sepatares, upon settling, info 2 lower layer of 1
the contact oil which has been produced and
an upper layer, This upper layer contajns
saturared starting hydrocarbons, polymerisation
products and cracked products. In addition,
gaseous cracked products, chiefly C; hydro- 1
carhons, are formed, A part of the olcfinic
starting material is thereby lost for the lubri-
cating oil synthesis with this method of pre-
ducing the contact oit, '

Tt was a grest step forward, therefore, when 1
it was found that one is not dependent en the
use of the olefinic starting material for the pro-
duction of active contact vil bul that the less
valnable by-products of the lwbricating oil
synthesis may be used for this purpose.  By- 1
products of this kind are present, on the one
hand, in the saturated hydrocarbon portion
obtained when the olefinic feedstock is a mix-
ture of olefizs and samrarcd hydrocarbons, and,
maoreaver, m the so-called lubricating ol first 1
runnings which distil over prior to the lubricat-
ing ofl proper, which first runnings consist of
polymers which boil between the upper bofling

oint of the hydrocarbons and approximately

40° C. and iz not yet of a pronounced inbricat- ¥
ing oil characrer. These two hydrocarbon frac-
tions give, when passed over aluminium, for
example, aluminium  chips, together  with
hydrogen chleride at lemperatures of 40°%—
100° C. and preferably of 50°—70° (., sur- 1
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prisingly good vields of contact oil of still
higher activity than that cbiained from olefinic
sirting material, alwuminium and hydrogen
chioride. It is of adventage for starting the
5 reaction simuirneously to pass in a small
amount of finished contact oil. Although a pare
of the hydracarbons charged is in this case also
gplit up or decomposed, the yield of lbricaring
il is mot lower since ne valuable olefins are
10 consnmed.

The contact oil produced from alumniniem,
hydrogen chloride and the by-products of the
luzbricating ofi synythesis which consist substan-
tially of satwrated hydrocarbons, is the pre-

15 ferred contact vil for use in the process of the
invention.  Moreover, its production s
effected in an exiremcly simplc manmer.

Tt is possible, if desired, to use alumininm
chloride instead of aluminium and hydrogen

20. chloride for the production of contact oil frem
suturated hydrocarbons of the lubricaring ofl
eynthesis or Jubricating oil first-runnings. How-
ever, it is also nceessary in this case to pass in
a small amount of hydrogen chloride. The

25 addition of small amounts of finished contacr
oil may also be of advantagé. In other respects,
this method producing the contact oil is carried
out in substentieily the spme manner as that
used in the production of contect oil from ole-

30 finic gtarting material and aluminium chieride.

The fresh contact ofl produced from
alurninium chieride and hydrogen chloride con-
tains some dissalved hydrogen chloride. Tt is
not necessary to remove this hydrogen chieride

35 since it even acts as en accelerator of the reac-
tion in the lubricating oil synthesis.

The nge of freshly prepared contact oil fur
maintining the activity of the contact oil cir-
culating in the synthesis has several advantages

4 over the method of maintaining the activiry of
the comtact oil by the addidon of solid
aluminium chioride formerly practised in batch
cperation. When adding solid aluminium
chloride, an exuct dosing s not very simple.

45 Moreaver, special measures with respect to the
apparalus must be taken in order to feed the
aluminium chioride in comminuted form, and
to protect it apainst moisiure while being fed,
These difficulties are removed by the prescnt

%0 process. The addition of the fresh contact oil
into the comtact oil cycle of the synthesis can
be controlled very accorarely and without
trouble or diffculty.

By virtue of the good space-time yield, one

55 single reaction vessel will generally be sufficient
for the complete conversion, However, it may
be usefin] or advantageous in some instances to
provide several of such reaction vessels in scrics
as, for example, when the conversion is to be

60 effected at differens temperature fevels as bere-
inafter deseribed. In this case, it is possible to
operate in such munner that the reaction pro-
duct, withont passing through an intermediate
settling vessel, is transferred from one rcuctor

63 directly into the next reactor, whilst each
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reactor is maintained at e different temperature
level. It is also possible, however, to provide
cuch of these reactors with a separate contact
ail cycle and to maiotain the aclivity of the
contact oil in each individual cycie by passing 760
the fresh contact oil into the Jast stage, whilst
the corresponding amount of contacr ofl with-
drawn from the last stage Is used for freshen-
ing or mainteming the activity of the comtact
oil in the preceding stage, and so cr. In this 75
nmanper, an incresse in contact oil activity in the
dircetion of the fow of the olefinic muateriel is
obtzined in addition 1o the increase in rempera-
e,

This manner of carrying out the process of 80
the invention is illustrared by way of ezample
in the accompanying drawing. The olefin-con-
taiming starting material is pessed from u
storayc vesscl 1 through linc 2 to the bottomn of
the first reactor 3, The reactor 3 is provided 8%
with a cylindrical stirred 4 and a water jacket 5
5 fur emperatare cuntrol.  Contact oil is intro-
duced inro the reactor 3 throngh line 6, The
reaction product passes through line 7 to 2
settling vessel 8. The contacr oil which sertles 9o
as the lower lager in wvessel 8, is recyeled
through line 6 to the reactor 3. For the freshen- -
ing ur mwintaining the activity of the dircular-
contact oil, a small amounr of contact oil is
drawn from the contact vil cycle of the sccond 95
reactor 12 through line 2 and an equal volume
of contact oil is removed from the entire system
through line 190,

The upper layer from the settling vessel & is
then passed through line 11 to the bottom of 100
the resctor 12. ‘This reactor, in 2 similar
manner to the firse reactor 3, is provided with
g cylindricyl sticrer 13; a water jacker 14, and
a settling vessel 13 downstream of the reactor.
The contact oil i recyeled viz line 16, Tor 105
the freshening of the consacr oil, a small
amount of contact oil is drawn from the contact
oil cycle of the third reactor throngh line 17,
an equal volume being withdrawn and passed
through line 9 into the coniact oil cycle of the
first reactor 3.

The upper layer from settling wvessel 15
passes through ling 18 into the third reactor 19
whick is likewise provided with a cylindrical
stirrer 20, a water jacker 21 and a settiing vessel
22. The contact oil is recyded through line 23.
The upper layer from the sertling vessel 22 is
withdrawn through line 24 as the fingl product
of the synthesis for further processing. A pare
of the circulating conracr oil is withdrawn
through line 17 and passed into the contact
oif cycle of the second reactor 12 and is
replaced by freshly prepared contact oil from
the storage vessel 25 through Jine 26, :

A cerrain increase in the guantity of tha con-
tact oil oceurs in the ofl synthesis, In order to
maintain the contact oil cycles at g constant
volume, these excess quanijtics of conract nil
are withdrawn through lines 10, 27 and 28,

Aliphatic olefinic bydrocarbons or hydro- 130

110

115

12¢

123



4. 776,436

carbon mixtures contzining aliphatic olefinic

hydrocarbons which are lquid at normal tem-

perature are used s the starting material for

the lubricating oil synthesis, It is not necessary
5 tp sct an upper limit on the olefin content since
diffieniiries cansed by undesirable imcreases of
temperature need not be feared owing to the
extremely good heat removal when canying
omt the ol synthesis in accordance with the
invention, in contrast to the former batch
synthesis. The olefin-containing hydrocarhan
mixtures may, for example, be obtained from
the products of the thermsal cracking of well
rchimed petrolenm paraffin hydrocarbons ar
15 waxes or from the prodiets of the hydrogena-
dion of carbon monoxide. It is also pussible,
however, 1o proccss directly with the same
sirccess olefin-cantaining primary products of
suitable boiling range obrained by the hydro-
genation of carbon monoxide, those obtained
by the recycle synthesis over am iron catalyst
being particulady suitable. As with the
cracked olefing, these primary olefins haye 2
high conteat (approgimarely 60—70%) of
rerminal or alpha olefins which, as is knvwn,
yield oils having particulazly good viscosity
characteristics.  Flowever, for the removal of
the oxygenated compounds conmined therein,
the primary olefins must be given a pre-treat-
ment which may be effected in known manner
by passing them over aluminium oxide at tem
peratures of approximately 350° C. Maorgover,
the quality of the synthetic lubricating oils
obtained is depcodent on the hoiling range of
35 the olefin mixure used. The viscosity and
tcmperstare behaviour or characteristics of the
oils as weli as the resistance to heat and oxide-
tion hecome better with increase in the number
of carbon atoms in the olefin molecules. How-
ever the pour point of the oils generally res-
tricts the usc oF glefinic hydrocarhons to those
coniaining less than 18 carben atoms in the
moleeude,

"T'he lubricating ofl synthesis is preferably
effected at a tcmperature within the range
15°-110° C., and, advantageously from 1)
to 8% of the contact oil in the synthesis s
replaced per hour by unused or freshly pre-
pared contact oil.

50 The reaction conditions in the lubricating
oil synthesis may be varied within wide lmits.
The method of operation according ro the
invention, allows such variations to be carried
out more easily than is the case in bawh
synthesis, perticularly owing to the betrer con-
trol the heat or convection currents. Further-
more, the process of the invention offers a
number of further possibilities of variations
such, for ezample, as the maintenance of the
countercurrent priuciple with respect to the
flow of the frash contact oil, wherein the fresh
comtact oil is fed to the lasr of & series of reae-
tion zomes aod an equivalent ameunt of con-
tacr oif is passcd from the last reaction zone to
65 the preceding reaction zone, and so en. It is
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possible, therelore, by ihe process of the inven-
tion, to produce oils of various viscosities.

In most cases the synthesis will be carcied
out i such a munper that, after having dis-
tilled off the sarurated hydrocarbons, the Jubri- 70
cating oil first runnings and, if nccessary or
desired, sma)l quantitics of a spindle ofl, a
residual oil is obrained which, at an absolute

essure of 5 mm He, hoils above 200° C, and

as a viscosity at 507 C. of 8—-12° Engler. For 73
this purpose, one single reactor is generally
sutfcient for carrying out the synthesis. The
temperatute is approximately 60°—20° C. and
the residence time is 3—6 bours. About one
volume of vontact oil per volume of olefinic 80
starting matcrisl is likewise added to the cycle.
It is also possible, however, 10 charge substan-
tially larger quantities of comtact oil. 1—2%
contact oil are withdrawn per hour from the
c;:lntact ail cycle and replaced by fresh contact 83
(1119 ’

Tor the production of oils of higher viscosity,
lower polymerication temperatures are used.
Moreover, the activity of the contact oil used
must be particulerly bigh. This is achieved by 90
adding Sarger guantities of [resh contacr oil and
by withdrawing the corresponding quantity of
contact oil from the cycle. In practice, two or
more teaction tnbes or zones conmected in
series are preferably used through which the 85
mixture of coatact off and alefinic starting
material passes in concorrent flow relation, The
reaction temperarure in the final resction zone
is advantagcously increased for a shorr period
ap to abont 50° C., but is maintained through-
o1t at a level which is nor above 30° C., whilst
the residence (ine of the reaction mixture in
the finzl reaction zone is from 1 to 3 hours.
The temperature in the other reaction zone of
zones is in the range 13°—25° C. with a
residence time for the reaction mizture of from
2 to 12 hours, the longer residence time being
necessitated by the lower reaction temperatuce,
From 39 to 5% of the circulating contact oil
is advantageously replaced every hour by
unnsed or fresh contact oil,

If oils of particularly low viscosity are to be
produced, relatively high temperatures should
be used, However, the remperatures should
not be substantially in excess of 90°—110° C. 115
To avoid too extensive a polymerisation which
results in oils of oo high a viscosity, it is pre-
ferred first to coniact the olefinic starting
material with 2 contact oil of lowest activity and
to increase the activiey of the contict oil
towards the end of the reaction. This may be
achieved in 2 simple manner by connecting two
or more Tesctors in serics and providing each
reactor with a separate contact oil cycle.

This manner of connecting the reactors
topether is illustrared in the accompanying
drawing. In this case, the reaction temperatures
ara substanrially the sume in all reacrors and are

‘eferably maintained witkin the range 90°—
110° C. with a residence time of from 3 to 6 130
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hours. About 19 of the contact oil used in
each of the Teaction zomes is preferably with-
drawn every hour, the contact ofl so withdrawn
from each zome except the first being fed into
the immediately preceding zone whilst an equal
amount of unused or [resh contact oil is fed
into the fifial zome,

The reaction conditions mentioned above for
the production of lubricating oils of various
viscosities apply to a circmlating conracr oil
which -has an uge of, or has been in use for,
several weeks, When starfing a new syathesis
with wholly fresh contacr oil, it is preferred,
owing to the vory high activity of the contaet
ofl, to adjust the quantity of circulating contact
oil, at first to about 0.1 velumes of contact oil
per volume of hydrocarbon feed rather than to
one volume of contact oil per volume of hydro-
carbon feed, and fo increase the quantity 1o the
20 latter vulue graduoally.

For ezample, the contact oil freshly farmed
in the syathesis will not be withdrawn during
this starting period.

The coatact oil wichdrawn from the conract
oil cycle of the synthesis muy be worked up In
kovwn mepner, for example, by exrraction with
hydrocarbons for the removal of the Iubricar
ing oil constimients contained in the contact
oil, or by decomposition with water. It may
also be advantupeous [first to use the contact
oil withdrawn from the synthesis for a pre-
treamment of the oletinic starting material, 'Khis
pre-iceatment is effected in a reactor of the
same comstruction as (hai of the synthesis
reactors, but the contact ofl used in such pre-
trearment will not be passed in a cycle through
the pre-wearing zone. The stafting material Is
introduced, together with the contuct vil with-
drawn from the synthesis, into the base of the
40 vessel and is withdrawn at the top ond passed
into a settling vessel. 'I'he upper layer obtained
therein is passcd to the synrhesis apparatus
proper while the contact vil cbtained as the
lower layer is passed to the contact oil process-
ing unit. During the passage of the startng
material through this pre-treatment stage, cer-
tain, components which are detrimental to the
synthesis are removed such, for cxample, as
when nsing cracked olefins, the dialefins which
are present in small amounts in the cracked ole-
fins and, when using primary olefiny obtained
by the hydrogenation of carbon monoxide, the
last residues of oxygenmated compounds. In
this way, deactivation of the contact ofl cir-
culating in the synthesis is reduc'ed, thus
maldng it possible to lessen the quantity added
for the freshening or maintaining the activity
of the contact vil, Moreover, a hetter udlisa-
tion of the aluminium chloride charged is
achicved, and that not only because the
atuminitm chioride is used for the removal of
the jmpurities but also because polymerisation
is initiated in the pre-treating siage.. .

The invention is iMustrated by the following
65 examples:—
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HxAMPLE 1

* A C,~Cy; hydrocarbon fracifon obtained
from the products of the hydrogenation of
carbon, monoxide carried out by means of an
iron, catalyst and boiling between about 160° 70
C. and Z90° C. wes uwsed #s the starting
material for the lubricating odl synthesis. The
fraction was first passed over an aluminfum
oxide catalyst at a temperanme of 350° C, at

u rute of one volnme of hydrocarbon fraction 735
por volume of catalyst per hour. The fraction
had an olefin content of 647, and was free from
oxygenated compounds (hydroxyl number

balow 1).
The apparatus used consisted of two series- 80
coanected glass tubes each of a lengrh of 1.5

maetres apd of 20 tpm inner diameter, in sach

of which a co-axial cylindrical sticrer of the
same lengrh and 13 mm outside diameter was
rotated &t about 150 rpm. The fwo mubes 85
were externally heated to 80°—85° C. by »
thermo-siphon.

60 ce. of the C, G,y fraction were intro-
duced per hour into the base of the first glass
tbe togerher with 60 cc. of 2 circulating con- 90
tact oil. The cirenlating contact ¢il had an
age of about 2 weeks., The rcaction mixinre
was passed from the top of the first tube to the
bottom of the gecond tube and was withdrawn
from the {op of the second tube into a sctding 95
vesscl where 1t separated into a lower contace
oil layer and an upper layer. The upper Iayer
was clarifisd with “ Tonsil * (Registered Trade
Marlk) and soda and separated by vacurm dis-
tillation into first runnings consisting of samr- 100
ated hydrocerbous, and a lubricating oil frac- -
ton which at 5 mm vaceum boiled above 185°
C. The quantity of comtacr ofl which had
newly formed was withdrawn from the lower
contact il layer. Ip this ron, it averaged abour
3 co./hr. 0.8 co of the remaining &0 cc, of
contact oil was withdrawn each houwr, and
teplaced by freshly prepared contacr oil, These
60 oo, of contact oil were then remrned
tagether with fresh C,,—C,, fraction to the
first reaction tube.

The fresh contact oil used for freshening or
maintafning the activity of circulating contact
cil may be prepaved in different ways: —

Contact oil a)} was prepared in the following 115
manfier;— -

1000 grams of the olefinic C;;—C,; fraciion
were stirred fur 6 hours at 40° C. with 60
grams of ainmininm chloride in a 2 litve stir-
ting flask. The mixinre was then allowed to 120
scttle and the lower layer of contact ol was -
separated from the npper layer. The yield of
contact oil was 170 grams., It conteined 110
grems of hydrocarbon marerial, so that abowut
11% of the hydrocarbon fraction charged had 125
been converted into contact oil. :

The production of contact oil b) was effected
in a glass tube of 2 matres length and 20 mm
inside diameter filled with aluminiom chips,
provided with a siphnn-like outlet and extern- 130
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ally heated to 60° C. The olefinic Cio—Cag
fraction was charged from above ar a rate of 90
grams per hour. At the same time, about 15
lires per hour of hydrogen chloride were
passed into the lowcr end of the tube. The
mbe was completely filled with liquid. 38
grams per hour of contact oil were sepatated
from the reaction product withdrawn from the
buse of the tube. Since the slumininm chloride
contens of this conmect oil was about 50%,
abont 209, of the Cyo—Cy, fraction charged
had thus heen converted into contact oil.
"The production of contact vil ¢) was effected
us follows: LOOQ grams of a saturated hydro-
carbon fraction obtained from the mbricating
oil svnthesis of an olefinic C,—C,; fraction
and boiling between 160° C. and aboot 340°
C, and 330 groms of alumeinioam chiotide were
stirred together for about 5 hours at 55° Coin
2 2000 cc. glass flask. About 1—2 litres per
hour of hydrogen chloride weee siranitancously -
introduced. TUpon the termination of the reac-
tiom, the lower contact ofl layer was scpacated.
The yield of contacr off was 668 grams. It con-
tained 322 grams of hydrocarbun material, that
is to say, about 32% of the saturated hydro-
carbon fraction charged had been converted
into contact oil. 350 grams of the upper layer

of the serled reactfion preduct could be
retrned to the process. With complete work- 3
ing up, 49.5%, that is praciically 50% of the
hydrocarbon charged was converted ingo con-
tact oil in this manner,

The production of comtact oil d) wes
effected in the same apparatus as thar nsed for
the production of contact oil b). The reaction
temperature was 60° C. 190 grams per hour
of the same hydrocarbon fraction as uscd in
Example ¢) were charged aud 135 litres per
hour ef hydrogen chloride were introduced into
the lower end of the tube, 533 grams per hour
of contacr ot wete scparated from the reaction
product withdrawn from the basc of the tube.
Fhe atuminium chioride content was 31%, that
is, 26 grams of hydracarbon material or about
14%, of the hydrocarben fraction charged bad
been converted into contact oil in & single pass.
110 grams of hydrocarbops from the upper
layer of the settied, reaction product could be
remened to the process. Upon complete work-
ing ap, 33% of the hydrocarbons cﬁa.rgcd had
thus been converted into contact oil.

Wwith the use of tfie contact oils a) to d), the
following percentages by weight of the olefins
of the C,;,—C,, fraction wers converted inio 5!
hrbricating oil,

4

a b C d
Contact ail - - - - - - a3 80 85 85 by wt.
Characeeristics of the lubricating oils: —
Viscosity at 50° G - -

“Pogler - - - 0~ T 12.0 11.5 12.5 12.0
Viscosity index - - - - - 123 123 124 124
Flash point °C. .~ - -~ - - 260 260 260 235
Pourpoint - - - - -~ —3a  —40 —38 —42
Copradson catbon test - - = - 0.03% 0.06% 003% 004%

These yields were gbiained in the third week of
¢he runs. Thercafter, they remained comstant
for months.
: ExAMPLE 2 ;
The apparatus consisted of four glass tubes
of 20 mm inside dimmeter which were con-
nected in series and in which cylindrical
srirrers of the same length as that of the tubes
and of 15 mm outside diameter were rotated at
about 150 r.pm. The first three tubes were
of 2 length of 2 metres whilst the lenath of the
fourth wube was 75 em. [he temperafire ia
tubes 1 to 3 was 20° C. and in tube 4 it was
50° C.
The starting material was a Gyo
carbon fraction of the same olefn content and
obtained from the same source as the fraction
nsed in Bxamplc 1. 45 cc. per hour of this
fraction were charged to the buse of tohe 1
together with 45 cc. of confact oil. The circo-
lating coneact oil had becn prepared in the
same manmet as that used in the preparation of
contact oil d) in Example 1 and had been io
use for 3 weeks., A quantity of contact ofl cor-

—C.,, hydro-

rezponding to that newly formed doring the 9
synthesis and amounting o asbout 2 c¢. per
hour was wirhdrawn from the comtct oil
cycle. From the remajning 45 ¢c. of contact
oil, 2 cc. were withdrawn per hour and
replaced by freshly prepared contact oil.

Frum the top of the last tube, the reaction
product was passed info a setthing vessel. The
upper layer obrained therein was clarificd with
*“Tonsit” (Registered Trade Mark) and soda
in known manner and fractioneted by vacuum Ut
disrillation. 18 grams of lubricating oil were
obtained per honr. This was cquai to a yield
of Iubricating oil of 83% by weight based on
the C,,—C,; dlefins charged,

The [ubricating oil had the [lollowing ¥
characteristics; —

9!

Viscosity at 50° C. - - 24.5 “Engler
Viscosity index - - - 125

Flash point- - - - 275°C,

Pour point - - - - —30°C, 1
Conradson carbon test - 0.08%
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HXAMPLE 3

The apparatus congisted of two glass tubes,

each of 2 metres length and of 20 mm inside

diametcr, which were connected rogether in

4 series and in each of which a cylindrical stirrer

of the same length as the tube and of 15 mm

outside diameter was rotated at 150 r.p.m. The

two reaction vessels were maintained at a tem-

peraturz of 100° C. by means of an oil jucket,

10 The starting malerial was a Cy—C,; hydro-

carbon fraction having the same olefin content

and derived from the same source us the frac-

tion used in Example 1, whilst the contact oil

had been prcpared in accordance with the

method used for the preparaiion of contact ofl

d) of Example 1 and had been in usc for 3
weeks.

60 cc. per hour of the C,,—C,; fraction and
an equal volume per hour of the comtact oil
were passcd from (wo feed vessels to the base
of the first reaction tmbe. The reaction mix-
iure was withdrawn from the top of the first
tube into omc of two alternately operated
settling receivers. After every 12 hours of reac-
tion time, the settling receivers were chanpged
aver. The reaction mixtuce was then allowed
to settle for 8 hours. Thereafier, the upper
layer was drawn off into the feed vessel of the
second reaction tntbe while the lower conracy
oil layer was passcd into the feed vessel of the
first tube afrer having separated the contact oil
newly formed in the synthesis (12 cc. of con-
tacr oil in 12 hours) and after having with-
deawn 8.5 cc. contact oil and replaced it by
35 8.3 cc. of contact oil drawn from the cycle of

the second reaction stage. The second reac-

tion tubz was in 2 similar way provided with
u feed vessel for the upper layer of the reac-
tion product from the first reaction stege and
40 with a feed vessel for contact oil, and with two
alternatively operated receivers which were

likewise changed after every 12 hours. After e

settling tme of & hours, the newly formed con-

tact oil (6 cc. in 12 hours) was drawn off and,
45 moreover, 8.5 cc. of contact oil were withdrawn

and passed to the first stage and replaced by 8.3

ce, of fresh contact oil. "Fhe upper layer of the

second stage was clarified in known manner by
a trearment with soda and  ““Tonsil ¥

0 (Registered Trade Mark) and fractionated by
vacuum distillation, The vield of lubricating
oil was 23.3 grams per hour, being 2 yield of
87% by weight based on the C,,—C,, olefins
charged.

55 The lubricatng oil Iad the following
characteristics 1 —

15

0

25

30

Viscosityat30°C. - -  60°E
Viscosity index « - - 123
Flash poimt - - - 260°C.
& Pourpoint- - - - —41FC
Conradson carbon fest - 0.06%

EXAMPLE 4
&0 ce. per hour of a C,—C,, hydrocarbon
fraction obtained by the hydrogenation of

carbon monoxide over an iron catalyst, which 65
had previously becn contacted at 350° C. with
an aluminium oxide catalyst and had a content
of oxygenared compounds of below 19 and an
olefin content of 65%, were cenveried into
lubricuting oil with the wse of 60 cc. per hour 70
of copract ol which had been prepared in
accordance with the method cmployed for the
prepararion of contact oil d) of Bxample 1 and
had an age of scveral weeks. The synthesis
was effected in the apparatus deseribed I 75
Example 1 using a reaction temperature of 85°
C. 1 cc. per hour of contact ¢il was withdrawn
from the contact oil cycle and replaced by fresh
contact oil. |

Upon working up the upper layer from the 80
setiling vessel, 2 vield of lubricating oil of 35%
by weight based on the C—GC,, olcing
charged was obtained. The lubricating oil had
the [ollowing characteristics:--

85
Viscosity at 50° C. - - 13.5 “Ingler
Viscosity index - - - 118
Tash point- - - - 243°C
Pour point - - - - —40°C,
Condradson carbon test - 0.04% 20

ExAMPLE 5

60 cc. per hour of a G,—C,; hydrocarbon
fraction, having an olefin content of 704%,
which had becn obtained from the rthermal
cracking of pataffins boiling above 320° C, and 93
produced by the hgdrogcuaﬁon of carbon moan-
oxide by means of an iron catalyst, were con-
verted mto lubricating ofl with the use of G0
cc. of contact ofl produced in accordance with
the method cmployed for the preparation of 100
coptact oil d) of Example 1 and having an age
of scveral weeks, The synthesis was effected
in the apparatus described in Bxample 1 using
a reaction teraperature of 80—85° C. 1.2 <c
per hour of contact oil were withdrawn from 103
the contact oil cycle and replaced by fresh
contact cycle. Upom working up the upper
layer from, the setsling vessel, a yield of lubri-
cating oil of 819% by weight based on the
C,—C,. olefins charged was obtained. The 110

lobricating oil had the following char-
acteristics 1 — .
Viscosity at 50" C. - - 13.2 “Iingler
Viscosity index - - -~ 116
Flashpoint- - - - 245°C. 115
Pour poimt - -~ - - —40°C.
Contadson carbon test - 0.089%
ExAMPLE G

60 cc. of the C,—C,; fraction of Ezample 3
prior to being charged to the Inbricating oil 120
synthesis were introduced into the lower end of
2 glass tmbe of 1 metre length and 20 mm
inside diamerer in which a co-axially provided
cylindrical stitrer of the same length and 15
mm outside dismeter was rotated at about 150 323
rpan. The glass tube, which was filled with
the contact ofl withdrawa from the lubricating



776,436

uil synthesis, was exterpally heatcd to 60° C. In

a seftling vessel downstream of the glass tube,

the C,—,; fraction was separated from the

contact oil and then passed to the lubricating

5 oil synthesis proper, 3.3 cc. per hour of con-

tact oil which hed been withdrawn from the

contact oil cycle of the lubricating oil syn-
thesis were simultancously passed in.

“T'he lubricating oil synthesis was effectcd in

10 the same apparatns as that used in Example L.

The pre-treated Cp~-C,, fraction was i~

duced together with 60 o, of contact oil. 0.7

ce. per hour of contact ofl were withdrawn

from thy contact ojl cycle and replaced by Eresh

15 coniact oit. Upon working up the upper lager

from the settling vessel i known maoger, &
yield of lubricating oil of 83% by weight baged
on the C,—0C,, olefins charged was obtainad.
The Ilubticeting oil had the following

20 characteristics :—

Viscosity at 50° C. - -~ 138 “Engler
Viscosity index ~ -~ - 119
Flash point- -~ - - 285°C
Pour point - - - -~ —42°C
2% Cohradson carbon test - 0.04%

What we claim is:—

L. A process for the synthesis of 4 lubricat-
ing oil by the pelymerisation of normally Tguid
aliphatic olefinic hydrocarbons, which com-

30 prises passing the olefinic hydrocarbons
together with a contact oil upwardly through 2
substantially vertical reaction zope, the contact

. ofl comprising ur consisting of addition com-
pounds of aluminium chloride with 2 hydro-

35 carbon or hydrecarbons, and intimately admix-
ing the olefinic hydrocarbons with the contact
oil in a herizonta! direction in the reaction Zone
in such moanner as subsmntially to ayoid an
intermixing in the vertical direction, whercby

40 olefinic hydrocarbons at any level of the reac-
tion zone sre substantially at the same stage of
polymerisation. :

3. A process according to Clem L, in which
she comtact oil is scparated from the reaction

45 products and recycled to the reaction zone.

5, A process for the synthesis of a lubricat-
fng oil by the polymerisation of normally Hguid
alipharic olefinic hydrocarbons, which com-
priscs passing the olefinic  hydrocarbons

sp together with a contact oil upwardly through
two or more vertical reactivn zones connected
together in serics, the contace oil comsisting of
or comprising aluminium chloride/hydro-
carbon addition compounds, separating the

55 olefinic kydrocarbons from the contact oil aiter
passage through each reaction zone and
vecycling the separarcd contact oil to the reac-
tion zonme from which it was withdrawn, the
olcfinic hydracarbons and the contact ail being

60 intimately admized in 2 horizontal direction in
each redefion zome in such menner as substa-
fially to ayoid an termixing in the vertical
direction. .

4. A proccss according to Claim 2 or Claim

65 3, in which a part of the Confact ail i3 con-

tinuously or inrermirtently withdrawn and
replaced by unused or ireshly prepared contact
oil

5. A process according to Cluim 4, in which
the unused or fresh contact oil is prepared out- 7
side the reaction zone from part of the hydro-
carbon feed and aluminivm chioride.

6. A process according to Claim 4, in which
the umused or fresh contact vil is prepared from
pazt of the hydrocarbon feed, aluminium and 73
hydrogen chloride,

7. A process according to Claim 6, in which
the part of the hydrocarbon feed used for the
preparation of the contact oil i passcd down-
wardly in counter-current fo the hydrogen 80
chloride thronogh a bed of aluminium in the
form of chips, granules or the like.

8, A process according ro Claim 6 or Claim
7, in which the preparation of the unused or
fresh contact oil is commenced in the presence a5
of a quantity of previously prepared contact oil.

9, A process according to Claim 4, in which
the mused or fresh contact vil is prepared from
ammuinium chloride and by-products of the
synthesis which consist substantially of sarur- 90
ated hydrocarbons.

10. A process according to Claim 4, I which
the umused or fresh contact oil is preparcd
from alnminium, hydrogen chluride, and by-
products of the synthesis which consist sub- 95
stantially of saturated hydrocarbons.

11, A proccss secording fo any one of the
preceding claims, in which each rcaction Is
cylindrical.

12. A procesy according o any one of the 100
preceding claims, in which the mizmg of the
hydrocarbons and the contact oil in 2 rcaction
zone is effected by mcans of a rotating cylin-
drical body of a length nor substantially less
than fhat of the reaction zone, the cylindrical 103
body being provided axially of the reaction
zone,

13, A process sweording 1o any one of the
preceding claims, in which the syothesis is
effected ot u temperature within the sange 110
15°--110° C

14. A process according tu any one of the
preceding claims, in which the residence tnme
of the olefinic hydracarbons and contact oil n
the reactivn zone or zoncs is from 3 to 15
hours,

13. A process according to any one of Claims
4 to 14, in which from i% to 8% of the con-
ract oil in the synthesis is rcplaced by unused
or freshly prepared contact il per hour.

16, A process according to any one of the
preceding claims, in which the olyeﬂnic hydro-
carbons and contact oil are used in about equat
voliunes in the symihesis.

17. A process acccording to any one of the 123
preceding cJaims, in which the synthesis is
effected ar a temperature in the range 60°—
90° C., the residence time of the olefinic hydro-
carbons and contact off in the reaction zonc of
zones being [rom 3 to 6 hours whilst from 1% 3130

115

120
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to 29, of the circulating contact oil is replaced
by unused or fresh contact oil per hoar,

18. A process according to any one of Claims

1 to 16, in which, for the synthesis of oils of

5 high viscosity, two or more Teaction zongs in

series are emploved, the temperature in the

final reaction zone being not in excess of 50°
C. with 2 residence time of from 1 to 3 hours
whilst the temperature in the other reaction

10 zone or zones is in the ranage 15°—353° C,,
with a residence time of {rom § to 12 hours,
from 3% to 3% of the circulating contact oil
being replaced by unused or fresh contact oil
per hout.

1§  19. A process according to any one of Claims
3 to 16, in which, for the synthesis of oils of
low viscosity, two or mere reaction zones each
provided with a separate circuit for the contact
oil are used whilst the temperature is main-

20 tained within the range 90°-—110° C. with a
residence time of from 3 o 6 hours,

20. A process according to Claim 19, in
which about 19, of the contact oil used in each

of the reaction zones is withdrawn cvery hour,
the contact oil so withdrawn from each zome 23
except the first being fed into the immediately
preceding zone whilst an equal amount of
nnused or fresh contact oil is fed into the final
ZODE,

21. A process uecording o any one of the 30
preceding claims, in which the olefinic¢ hydro-
carbons are pre-freated with contact oil which
has been withdrawn from the syathesis.

22. A continuous process for the synthesis of
a lubricating oil, substantially as hereinbefore 35
described.

23, A process for the synthesis of 4 lubricat-
ing oil, substantially as hersinbefore described
with refercnce 1o any one of the examples.

24, A lnbricating oil whenever prepared by 40
the process claimed in any one of the preced- -
ing claims.

EDWARD EVANS & CO., .
14--18, High Holbormn, Londan, W.C.1,
Agents for the Applicants.
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copies may be obiained,
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