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This invention relates to novel lubricating oils

and novel methods of preparing same.
" Broadly the invention comprises preparing
_ lubricating oils by feeding a normally gaseous
5 olefin, particularly isobutylene, into a normally
liquid reactive hydrocarbon diluent particularly
~ of the olefinic type, having from 6 to 24 carbon
atoms, .into .which liquid a Friedel-Crafts type

' catalyst, such as boron fluoride or aluminum -
10 chloride, has been dispersed as uniformly as pos--

sible, 1. e. by solution or suspension, the reaction

- being carried out at approximately 0-150°- F.,

preferably 40-80° F., whereby & substantial pro-

portion of the normelly gaseous olefin polymerizes

15 while another substantial proportion thereof re-

acts or condenses with the normally reactive hy-

drocarbon diluent to produce large yields of lubri-

cating oil having high viscosity index (low change

of viscosity with change in temperature) and

20 having a Saybolt viscosity of from about 40 sec-

onds to 400 seconds at 210° F. and preferably
from 40 to 200 seconds at 210° F.

Heretofore many processes have been proposed

for polymerization of olefins or for reacting ole-

o5 fins with other materials to make various types

of products and also many processes have been

proposed specifically for making lubricating oils.

However, most of these prior art processes have

either been attended with various operating diffi-

30 culties or have not been practical from an eco-

nomical point of view or do not produce the de-

sired type of lubricating oil. For instance, it'is

known that isobutylene, for example, can be poly-

merized at very low temperature, e. g. from —10°

35 C.to —50° C. or lower, to substantially solid poly-

mers having a molecular weight greater than 1000

or 2000 and possibly as high as 100,000 or more,

using boron fluoride as catalyst; and it is also

known that isobutylene can be readily poly- .

40 merized to dimer, trimer and other low molecular
weight polymers by reacting at somewhat ele-

vated temperatures, e. g. 100-300 or 400° F. (about °

40-200° C.). If is also known that lubricating
olls are produced by passing olefins such as
45 ethylene, propylene, butylenes and amylenes into
a hydrocarbon liquid such as petroleum. ether
containing aluminum chloride suspended therein.
Compared to the last mentioned process, the
present invention has a great advantage in pro-

50 ducing a substantially larger yield of product of
the desired viscosity range and besides makes an

oil having substantially improved properties. For
instance, by feeding isobutylene into a solution

of boron fluoride in di-isobutylene at tempera-

55 tures between about 30 and 70° F. according to

the present invention, oils are produced having.
Saybolt viscosity limifs between about 35 or-40
up to 200 or 300 seconds at 210° ¥., whereas by
using the same temperature range but reversing
the order of adding ingredients, namely by feed- 8
ing boron fiuoride into a solution of isobutylene
in di-isobutylene, products are made which have
an extremely wide range of viscosity, some of the
products averaging a Saybolt viscosity of 600 or
700 seconds at 210° F'., some averaging 3000 sec- 10
onds at 210° F., and some covering limits as wide

as 42 seconds for the lowest boiling constituents

" and 14,000 seconds at 210° F. for the highest boil-

ing fractions. . :

The preferred procedure of the present inven- 15
tion has the advantage that in order to produce
an oil having a certain desired viscosity at 210° . -
F. and a certain desired viscosity index, an oil is
produced having a higher flash than is obtained

‘when the process is carried out under conditions gg
resulting in the product having a wide range of

viscosity. In other words, the products having
a relatively narrow viscosity range as produced by
the preferred process of the present invention,
have higher flash points than the wide viscosity o
range oils produced by other processes.

In carrying out the reaction (polymerization

‘and/or condensation) of oleflns such as iso-

butylene with a reactive liquid hydrocarbon dilu-
ent such as di-isobutylene in the presence of a
catalyst such as boron fluoride, a primary fea-
ture of the invention is the particular order of
combining the raw materials because it has been -
found, for example, that feeding isobutylene into

a solution of boron fluoride in di-isobutylene gives gg
surprisingly better results than feeding boron

" fluoride into & solution of isobutylene in di-iso-

butylene even though substantially the same re-
action conditions and proportions of materials
are used in both cases. A still further advantage
of this process lies in the ease of controlling the
reaction as compared to the considerable fluctua-

tions in temperatures when the catalyst is added

to the solution of isobutylene in di-isobutylene.
The normally gaseous olefin which is the pri-
mary reactant according to the present invention
is preferably isobutylene although other olefing
such as ethylene, propylene, normal butylenes and
amylenes may be used. Iso-oleflns such as iso-

‘butylene or iso-amylene apparently are peculiarly so
adapted to produce the desired combination: of

polymerizgation and co-polymerization. They lead
to larger ylélds and superior products than.are
obtained with other normally gaseous olefins, Al-
though from an economical point of view it may gg
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mally gaseous olefins) in the gaseous state, it is
possible to use them also in a liquid state by using
a sufficient amount of pressure under the tem-
perature of operation. Also, instead of using any
particular single olefin, it is possible to use mix-
tures of several normally gaseous olefins or one
or more of these olefins mixed with an inert dilu-
ent such as one or more of the normally gaseous
parafiins having from 1 to 5 carbon atoms, such
as methane, butane, etc. or other inert gasés such
as -nitrogen or hydrogen. .

. It is preferred to use di-isobutylene, tri-iso-
butylene or other polymers thereof up through
the hexamer, because they are apparently pe-

culiarly adapted to react with the isobutylene or -

other normally gaseous olefin used and are more
susceptible to polymerization by themselves or
co-polymerization with the normally gaseous
olefin being treated. However, if desired, other
normally liquid reactive hydrocarben diluents
may be used, for instance, low molecular weight
polymers of normally gaseous olefins other than
isobutylene such as trimers, tetramers, etc. of
ethylene, propylene, etc. Although the theory of
the mechanism of the reactions involved in the

present invention is not entirely understood, it .

is believed that having the catalyst such as boron
fluoride dissolved or suspended in this reactive
hydrocarbon liquid diluent before adding the
isobutylene, accomplishes simultaneously several
advantageous results including that it permits
close temperature control and thereby makes pos-
sible the production of an oil having a relatively
narrow viscosity spread, and.'it facflitates the
desired polymerization of the iso-butylene to the
lubricating oil type of product rather than to
either low polymers such as dimer and trimer
or the very much higher substantially solid poly-
mers such as those having molecular weights
from several thousand up to 100,000. It also
permits carrying out the reaction at tempera-
tures such as 60° F. without the use of pressure
(if, on the other hand, boron fluoride were to be
fed into a solution of isobutylene in di-isobutylene
at 60° F\, the reaction chamber would have to be
kept under a sufficient pressure to keep the iso-
butylene in the liquid phase). The lower poly-

mers, especially dimer, trimer, etc. of isobu-

tylene have been found to be especially good
solvents for boron fluoride, approximately 1.0%
by weight being soluble as compared to about
0.1% by welght soluble in a saturated hydro-
carbon such as iso-octane at atmospheric pres-
sure. i

- Boron fiuoride is the preferred catalyst for the

reactions involved in the present invention be-
cause it actually dissolves to a suitable extent
in the -di-isobutylene or other reaction liquid
being used as diluent, instead of merely being
suspended therein in a finely divided solid con-
dition. However, other Friedel-Crafts type cat-
alysts may be - used such as aluminum chloride,
titanium tetrachloride or modified catalysts such
as boron fluoride dissolved in water or in -acids
such as sulfuric, phosphoric, ete.

The process may be carried out inseparate
batches but is preferzbly carried out in o con-
tinuous process as will be described more fully
later, In any case, when the polymerization and
condensation or co-polymerization have been
carried out to the desired extent for which a
reaction- time varying from a few minutes to
4 or 10 hours may be used, the product is pref-
erably treated first to separate the catalyst such
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be preferred to use the isobutylene (or other nor-

as by water washing or by distilling off the boron
fluoride at a temperature of 200° F., or lower if
partial vacuum is used, and then the product is
subjected to distillation or fractionation in order
to remove any light polymers or unreacted raw
material having not more than 2¢ carbon atoms
or having a molecular weight not more than
about 300 or 325, or in other words, it is desired
to recycle any product having a viscosity less
than about 40 seconds Saybolt at 210° ¥. This
separation may be effected by distilling or frac-
tionating at a temperature of about 400-500° F.

"at atmospheric pressure with steam or by using

a temperature up to about 300° F. at 5 mm. pres-
sure. . .

The residual product having a viscosity greater
than 40 seconds Saybolt at 210° F. may, if de-
sired, be separated by fractionation into a light
lubricating oil blending stock having a viscosity
of 40 to 100 seconds Saybolt at 210° F. and a
heavy lubricating oil blending stock having a vis-
cosity of 100 to 200 seconds Saybolt at 210° F.
Although even somewhat higher viscosity prod-
ucts such as those having.a Saybolt viscostty
of up to 400 to 500 seconds at 210° F, may be
used in motor oils by blending them with con-
siderably lower viscosity stocks, it is preferred
to regulate the operating conditions so that rela-

tively little product will be made outside the.

limits of 40 and 200 seconds Saybolt at 210° P,
In carrying out the reaction, the temperature
is preferably controlled within relatively narrow

10

15

20

30

limits and this may be done by several methods—

one is by controlling the rate of the addition
of the normally gaseous olefin and the other is
by the use of cooling. means, such as cooling
coils (either inside or outside the reaction vessel),
or the desired reaction temperature may be main-
tained by using some liquefled, normally gaseous
material (either one of the reactants or some
inert diluent) in the liquid phase by maintain-
ing the reaction vessel under suitable elevated
pressure and then releasing some of the pressure
if and when desired to cool the reaction liquid,
the. cooling being effected by absorption of the
latent heat of evaporation of the liquefied, nor-
mally gaseous material.

Various types of equipment may be.used in

i carrying out this invention, but for the sake of

illustration suitable equipment will be described
for carrying out the process, either by batch or
continuously. :

In the accompanying drawings, i

Fig. 1 is a diagrammatic sketch of suitable
equipment for batch operation which may, if
desired, also be used for continuous operation.

Fig. 2 illustrates an improved and more de-

talled layout for a continuous cyclic process.

Referring, to Fig. 1, boron fluoride is fed in
through inlet | and admixed with di~isobutylene
being fed in through inlet, 2 and the resulting
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solution passing through pipe 3 is met by iso=- -

_ butylene being fed in through inlet 4. The re-

action takes place in the pipe 5, which is pref-
erably provided with cooling means, such as a
cooling coil 6, iIn order to prevent undue rise
of temperature and the reuction products pass
through line 7 into still 8 where the boron fluoride
is distilled off overhead through discharge 8.
If desired, vhe boren fluoride may be recircu-
lated through line 10 and pump {1 into the orig-
inal boron fluoride inlet I. The boron fluoride

. may also be removed by water washing the prod-

uct leaving the cooling coil 6, or traces of boron
fluoride may be washed from the product leaving

70
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The résidue in still 8 which is main-
tained at a suitable temperature, such as about
200° F., passes through line 12 into another still
or fractionating column {3 maintained at about
400° or 500° F. at atmospheric pressure or up to
300° F. under vacuum (5 mm. pressure). From

" here, any unreacted di-isobutylene, together with

10

15

light polymers having a Saybolt viscosity less
than about 40 seconds at 210° ¥, is taken off
overhead through line 14 and, if deslred may be
recirculated through line 1§ into original di-
isobutylene inlet 2. .The bottoms taken off from
still 13 constitute the lubricating oil product hav-
ing a Saybolt viscosity above 40 seconds at

210° F. and, if desired, may be further frac-
tionated by suitable equipment not shown into

light and heavy lubricating oil blending stocks.
Referring to Fig. 2, which represents a con-
tinuous cyclic process in which only a portion
of the product is drawn off and separated. while
the remaining portion of the product is recycled,
boron fluoride is fed from a suitable source 16
through line {, which is preferably provided with
a suitable pressure controlling device, such -as

‘mercury seal 11, traps 18 and {9 and meter 20,
- into the upper part of coiled line 6 and the re-
active hydrocarbon liquid diluent, such as di--

isobutylene, is-fed from a suitable source 2i
through inlet 2 into the upper part of the same
coiled line 6.
through the coiled line 6 descends through line
22 through pump 23 and is met by isobutylene

~ being fed from a suitable source 24 through line

35
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4, which is preferably provided with calcium
chloride drier 25, caustic soda drier 26, safety
valve 21, pressure gauge 28 and manometer 29.
The isobutylene from line 4 meets the solution
of boron fluoride in di-isobutylenecoming through
line 22 and the reaction starts in line 5, the re-
action liquid then passing upward into the coiled
line 6 which is being cooled by a suitable bath
mixture 30 such as alcohol to which solid carbon
dioxide is added. The temperature of the liquids
at various stages throughout this -cyclic equip-
ment may be observed by having the thermom-
eters 31, 32 and 38 placed at proper points in
the equipment as indicated. Part of the reac-
tion products being discharged from overflow 34
pass through line 35 into a sultable washing
chamber 36 into which water is fed through
line 37 and from which some boron fluoride cata-

"lyst escapes through line 38 and may be recycled

into line ta for reuse. Any excess boron fluoride
that is forced through the mercury of seal 7
into line la, joints the recovered boron fluoride
from line 38. The washed lubricating oil prod-

uct is discharged through line 39 and may, if de--

sired, be further treated, as by fractionation,
etc., by suitable equipment not shown. Any low
molecular weight polymers below lubricating oil

. in boiling range and viscosity may be recovered

_ from the product and returned to diluent supply

- cycling is carried out at the proper rate and the:

70
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tank 21 and to the system through line 2.

In operating this cyclic equipment shown in -

Fig. 2 and described hereinabove, when the re-

raw materials are fed at the proper rate and
the desired equilibrium has been established, the
temperature difference between any of the three

thermometers 31, 32 and 33 should not exceed'

about 10° or 15° P\

When carrying out the inventmn, the higher
the temperature the lower will be the viscosity
of the product, other conditions being equal,

The bulk of the liquid rising

3

Also the temperature to be used will vary some-
what according to the raw material being used;
for example, with plant isobutylene (a crude

 commercial stock of isobutylene), which general-
1y contains small amounts of normal butenes as
-well as a small amount of butanes, it is best to

use & -reaction temperature of about 40° F.
whereas with a specially refractionated isobutyl-
ene, in other words, a practically pure isobutyl-_
ene, the reaction temperature should be some-
what higher, e. g. about 65° F. Cormercial sup-
plies of isobutylene may be obtained by separation
(by distillation or absorption, etc.) from the so-
called C4 cut from petroleum reflneries. The

separation of it may be obtained by cracking di--

isobutylene (readily prepared from a C4 cut by,

treating with sulfuric acid) or by dehydrating-

iso-butyl or tértiary butyl alcohol or may also be
prepared by dehydrogenation of iso-butane.

In addition ‘to .the reactive hydrocarbon
diluents mentioned previously, one may also use
a cracked wax distillate boiling- below the range
of hydrocarbons having a Saybolt viscosity be-
low 40 seconds at 210° F.  Another suitable stock
is a light polymer oil obtained by the polymeriza-
tion: of isobutylene up to & Saybolt viscosity of
63 seconds at 100° F. which is only slightly
heavier than s mineral sea] oil stock.

The proportion of the raw materials may vary
considerably according to the nature of the mate-

30

rials used, the reaction conditions such as tem-" -

perature, feed rate, etc., as well as the nature
of the finished product deslred Ordinarily, how-
ever, for every one part by weight of reactive
diluent such as di-isobutylene, it is preferred
to use between one-tenth part and 10 parts of
isobutylene and when boron fluoride is used as
catalyst, generally the amount used is not more
than about 1% (based on the weight of the oil
produced). In the recycling process the amount
used may be as'low as 0.1%. It is possible under

some circumstances, however, to use consider-:
ably larger amounts, e. g. up to 5 or 10% or °

more, particularly with some of the other less
effective catalysts and when other reaction con-
ditions are varied so as to-require larger amounts
of catalyst.

If the isobutylene is fed in at a high or fast»’

rate, the yield of oil of the desired boiling range,
e. g. 40 to 200 seconds Saybolt viscosity at 210° F.,

40
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decreases and also the viscosity at 100° P, is in- ’

" creased whereas if the rate of addition of 150~

butylene is slow, a ‘more uniform product is pro-

duced, 1. e. having a narrower viscosity range

(from the low to high boiling constituents) and
the yield of oil is increased due to much greater
co-polymerization.

The slow rate of adding iso-

55

butylene is preferred. . This means that in the -

continuous recycling process a high rate of cir-
culation of the BF:—di-isobutylene solution
should be used, and a relatively small propor-

tion of isobutylene compound to the amount of

circulated material should be fed into the sys-
tem.

Agitation also is a factor to be ‘considered in
that good agitation tends to -cause more co-

polymerization and produees a product having a

system this agitation is obtained by a high rate
of flow through the coil.

Some examples of detailed opera.ting condi-

tions and products are given in the following ex-

‘narrower viscosity spread. In the continuous

70

perimental data which are submitted for illustra- .

tion only and not intended to limit the inven- -

tion specifically thereto,
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made to compare the use of an inert diluent,
namely, test 1, normal heptane, as distinguished
from a -reactive hydrocarbon ‘diluent, namely,
test 2, a light isobutylene polymer oil having a
Saybolt viscosity of about 63 seconds at 100° F

In these tests the diluent was saturated wit'n
boron fluoride and a small excess.of boron fluoride
was added to the system continuously and the
isobutylene was fed into the solution. .

TABLE I

2,220,307
In Table I are given the results of two tests.

treated polymer, namely 230° F., is reduced to
120° F. in the treated polymer. Likewise, the
10%, 20% and 30% overhead points were all re-
duced in the treated polymer. :

Apparently, in carrying out the present.in-

- vention, particularly in the continuous recycling

process, a number of various reactions tend to -

come to equilibrium and the exact nature of this
equilibrium will depend upon the operating con-
ditions, such as the temperature, proportions of

Comparison of inert and reactive diluentsb'

ot Diluent fGrgms re- 0il botling asbova 450° F, with
) uen ractiona . team )
No. isobutyleng| Time | Temp. »

added Yield | Vis210° F. | V. L
. Hours | °F, |-Percent ’
) I 250 gm. n-heptane....___.______.__.__.__ . 548 4 65 32 85 53
Qe 250 gm. 63 vxs /100° F. po]ymer ........ 585 4 85 48 92 53

The above Table I shows that under identical
reaction conditions (e. g. time and temperature)
in the same apparatus and using substantially
identical proportions of materials (diluent and
isobutylene), the reactive -diluent, namely, the
63 vis. at 100* F. polymer, resulted in a yield
of 48% of oil boiling above 450° F, with steam,
which is about 50% greater yleld than the 327%
yield obtained with the normal heptane inert dil-
uent. Also the reactive diluent produced an oil

having slightly higher viscosity (92 seconds at’

210° F, compared to 85 for the inert diluent).
It is believed that a number of different reac-

‘tions are involved in the mechanism of the pres-

ent invention and that these reactions cannot be
summed up in any simple chemical equation in-

‘volving merely the polymerization of isobutylene

or co-polymerization of the isobutylene with the
di-isobutylene. For instance, it is believed that
some cracking of some constituents is involved
because the test results shown in Table II indi-
cate that even at a temperature as Jow as 40°
boron fluoride causes a certain amount of crack-

ing of a reactive hydrocarbon liquid diluent such -

-'as the light isobutylene polymer oil referred to

T8t

<
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~ for 3 hours at 40° F. Eﬂect of isobutylene feed rate and reaction time
. Tasre IT - on yield, viscosity and V. I.
Cracking effect of BFs on light isobutylene - : ‘
- polymer Oil bofling a:t%\;g] 450° F. wjth R
: - Ifobutylene‘ . :
. : njected— me,
TS| emedat | SEOOgm. | Bous | Yildper| g |
‘) uent/hr. cen 'Vis./210° F.
treates 40° F. . _onisobu- |secs. Saybolt | V+ I
tylene : -
Vis./100° F_.. 6.2 - 60.9 - —
1.6 1 208 43 5
| B range at 20 mm. g.g i : 133 ?8 . 1742
Percent overhead g pressure 7.0 1 3| - |
‘ Brof w0 @2
Tottlal.... P Ty : '2% s [ s &
10%.....- T 02 778 R ’ o P
318 300
—- % 33632 Temperature in above runs 35-40" F.
308 12 The above Table IO shows that with low iso-

78

above, namely, having a Saybolt viscosity of 63
seconds at 100° F. In these tests a sample of:
the untreated oil is compared with a sample of
the 'same oil after treatment with boron fluoride

materials, rate of feed, etc.
at least the following reactions are involved si-
multaneously and are all interrelated: -

1. Polymerization of isobutylene (or other nor-
mally gaséous olefin;

2. Polymerization of low molecular weight con-

" stituents of the reactive liquid hydrocarbon dil-

uent to slightly higher boiling constituents but

rot high enough to produce the desired lubricat- .

ing oils, e. g. polymerization'of di-isobutylene to
tetra-isobutylene;

3. Co-polymenzatlon of isobutylene with di-
isobutylene; B

4. Co-polyme"izatlon of isobutylene with tetra-
isobutylene;

5. Cracking of some of the constituents of the
reactive hydrocarbon liquid diluent: and

6. Cracking and/or polymerization of at least
some of the products of that cracking. :

The data given in the following Table III show

how the yield, the viscosity at 210° F., ahd the

F. . viscosity index vary with the feed rate of iso-
-butylene and the reaction time. These tests were

all carried out at 35-40° F., using boron fluoride

as catalyst dissolved in the light isobutylene pol-

ymer- ol having & Saybolt viscosity of 63 seconds
at 100° F. as the reactive diluent. .

‘TABLE IIT

The above table shows that when the light

polymer oil is treated with boron fluoride at 40°

F., a substantial cracking occurs as indicated by
the fact that the initial boiling point of the un-

-_yields in tests 5, 6, 7 and 8, for example).

butylene feed rate (as in.tests 5 and 9) rela-
tively - high yields of oll boiling above 450° F
with steam are obtained and the yleld decreasa

It is believed that-
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with increasing isobutylene feed rate (note the -

It
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is also apparent that the viscosity at 210° F. in-
creases (from 43 to 77 in tests 5 and 8) in direct
proportion to the isobutylene feed rate. On

the other hand, the V. I. (viscosity index) varies -
from sbout 60-80 in these tests, the exact value.

apparently being dependent upon the time as
well as the isobutylene feed rate, the highest
V. I. values being obtained in tests 6 and 7 when
the reaction time was one hour and in tests 9
and 10 when the reaction time was six hours.
The following Table IV gives the data from dif-
ferent tests in which the total amount of iso-

butylene added during each of the tests was

equivalent, although the rate of addition was
varied. These tests were all made under the
same general conditions as those in Table III,
two of them, namely tests 8 and 9, being the
same data as that shown in Table III.

. not vary greatly (only from 77-66) betweén yield

of oil boiling above 450° F. with steam (from
43 to 124%) based on the weight of isobutylene
In both Tables III and IV the fact that some
of the yields are far above 100% (of the iso-
butylene) shows that this high boiliing oil can-
not be derived simply from polymerization of
isobutylene itself, but must result from co-poly-
merization of isobutylene and the reactive diluent
used

All of the experiments shown in Tables I to
IV inclusive were batch experiments. Two other

10

batch experiments are shown in Table V inwhich . ‘

_ approximately % part by welght of refraction-

‘ated isobutylene was passed into one part by
welght of reactive diluent containing suspended
alumlnum chlorlde for three hours. -

TasLe V
Tests using aluminum chloride as catalyst
Test Reactive dlluent isobﬁtyl "I‘lme Temp. e%ifé%ggd
e -
No. wt.- | ene (gms.) hours | °F. | on the iso- V"-/”“‘f F.|V.L
Kind (gms.) h butylene .
16......| DisObUtylene. .- .noomomoeinene 1000 278 3! e 119 0.6 13
17.___.} Cs—Cp isobutylene polymer.._..... 1000 287 3 20 13 | 50.8 82

1TABL!: v

Effect of isobutylene feed rate and time when
. same total amount of isobutylene is used

In test 16 the temperature was 60° F‘ and the
diluent was di-isobutylene.

25

%

46

50

0il bolling above 450° F. with In test 17 the temperature was 20° F. and
Isobutylene steam the diluent was tetra-isobutylene (Cie~Ca0 poly-
Test |rategm./100gm.| Time, " mer), containing about 1% part of aluminum
No. uent/br. | hours Xeigldbaggg Vis.[210° F _chloride suspended therein. The high yields,
on isobuty-| Saybolt secs. | V* L 7119 and 123%, (based on the isobutylene tused)
lene - are an indication of & large ‘amount of co-poly-
. merization and/or condénsation.
}3 ------ %’2 ; é% ;; ;g The following Table VI shows the operatlng
5 10.8 6 124 86 76 conditlons used and results obtained in some
: _ ‘, tests using the continuous recycling process illus- .
Temperature in above runs 35-40° F. " trated in Figure 2 of the drawings.
Tanu; I
Tests in continuous recycling apparatus
Ratio iso- | ¢ : : :
Tt mamp, | Cilgtion sobuizone butvens | Pt | 0 Lty Bl | g
emp. ; rate, 'S; Ia 0 Vi, . 6 8 n =
No. | T0mP 00| (em.fe) cirenlation | o0uet ~ | Tomhry | Bobutylene | Cno pereqnt
°F. . :
8. 70| 42 1000, 2% 7.7 48 . 3200 32| 32
190 70 42 2000 48 9.8 5 © 6400 3.2 4
20.. - 50 140 1325 |- 9.5 147 57 - 4000 | 3.2 62
2. 50 70 663 9.5 14.2 57 2030 3.2 60
92l 40 140 660 4.7 0.5 55 2730 4.3 43
8. 40 70 660 0.5 12.1 80 . 2730 4.2 64
28,0 “© 42 660 5.4 142 130 27130 42 75

The above Table IV shows that when the same
total amount of isobutylene is added but the
rate of addition is varied (from 10 to 67 gms.

_of isobutylene per 100 gms. of diluent per hour),-

. the V. I. remains substantially the same (be-

%

tween 73—-76) and the viscosity at 210° F. does

'In the above Table VI the circulation rate

means the rate at which the fluld is pumped
through at line 5 and the cooling coil 6 in Fig-
ure 2. The per cent oil in stream refers to the
per cent of oil recovered from the washed olly
product coming from line 39. The. viscosity at
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. 210°. . refers to the oil in the previous column
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20

25
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in the table. The recycle added is the amount
of light distillate which is recycled into the dilu-
ent feed line 2 in Figure 2 of the drawings.
This recycle represents dimer and other low
molecular weight polymers of isobutylene which
come off by the steam distillation referred to
from the product obtained in line 39. -

-From the above Table it is noted that as the
temperature is decreased from 70 to 40, the yleld
is progressively increased. . Also, it is noted, par-
ticularly comparing tests 22, 23 and 24, that the
yield and viscosity at 210° F. are both increased
as the circulation rate is decreased, the amount
of isobutylene and recycle being hoth constant.

For -the sake of calling attention to the fact"

that the use of high temperatures generally
ténds to make a product having a narrower vis-
cosity spread, more detailed data on the distilla-
tion bottoms of the oils produced in tests 18 and
22 are given herebelow in Table VII. .

TaBLE VII
Study of heavy bottoms from tests 18 and 22

Bottoms* ‘| Vis.j100° F. | Vis./210° F.

' vis./210° F. bottoms, and 72% of 85 vis./210°

30% bottoms (525° F,
3% bottoms (830° F.
@4mm.). -

2189
7244

157.5
269

108
89

*The ‘percentages of bottoms shown are based on the total amount
of oil left after steam distlllation -at 450° F.

Although the lower boiling constltuents of both
olls had approximately the same viscosity (be-
cause both oils’ were free from lighter constitu-
ents) by steam distillation at 450° F., yet the bot-
toms obtained:from test 18 had a Saybolt vis-
cosity of only 157 seconds compared to 269 sec-
onds at 210° F. for the bottoms obtained in test
22. Therefore, inasmuch as in practice oil hav~
ing a 210° P. viscosity less than 40 seconds
would be removed, then the viscosity spread of
the lubricating oil produced in test 18 would be
117. (157 minus 40) whereas the corresponding
lubricating oil from test 22 would ‘have a vis-
cosity spread of 229 (269 minus 40).

The 33% bottoms obtained in test 22 shown
above as having a viscosity of 269 seconds at 210°

'F. had an average molecular weight of 691 where-

as a fraction having a viscosity of about 40
seconds at 210° P, has a molecular welght of
about 330 to 350.

By successive batch precipitations of the high
molecular weight fractions from polymer oil bot-
toms with benzol-acetone mixtures, or by pro-

_pane precipitation, fairly good yields of low vis-

cosity oils can be made from bottoms of inter-
mediate viscosity. 39% yield of 116 vis./210° F.
oil was obtained from a 380 vis./210° F. bot-
toms, 66% of 99 vis./210° F. oil from a '180

oil from a 134 vis./210° F. bottoms. Precipita-
tion of 1.6% of heavy ofl from the 134 vis./210°

V.1

- 2,220,307

F. bottoms lowered the viscosity to 118
vis./210° F

It is not 1ntended that this invention be lim-
ited to any of the specific examples given nor
by any theories advanced as to the operation
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of the invention, but only by the appended claims .-

in which it is intended to claim all novelty in-
herent in the invention as broadly as the prior

‘art permits.

We claim:

1. The process of preparing lubricating oils
which comprises dispersing a Friedel-Crafts type
catalyst in a liquid consisting of a reactive ali-
phatic hydrocarbon liquid diluent having ole-
finic groups and less than 25 carbon atoms, and
then contacting therewith a normally gaseous
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olefin at a temperature between the approximate -

limits of 0° and 150° F

2. The process of preparing lubricating oils
comprising dispersing a Friedel-Crafts type cat-
alyst in an isobutylene polymer comprising 2 to

. 6 monomers, and then feeding thereinto iso-

butylene at a temperature between the approxi-
mate limits of 0° and 150° F.

- 3. The process of preparing lubricating oils
which comprises dissolving boron fluoride in an

isobutylene polymer serving as reactive catalyst

solvent having from 8 to 24 carbon atoms and

then feeding isobutylene into the resulting solu-

tion at a temperature between the approxlmate
limits of 40 and 80° F. -

4, The process according to claim 3 in which
between about v and 10 parts by weight of iso-
butylene are used to one part-of the isobutylene
polymer feed.

5. The process according to claim 3 in which

25

lower boiling constituents are separated from the . -

reaction product and are recycled for use as re-
active catalyst solvent.
- 6. Process of preparing lubricating oils which
comprises dispersing a Friedel-Crafts type cata-
lyst in a cracked wax liquid substantially free
of aromatic hydrocarbons and having less than
25 carbon atoms and then feeding a normally
gaseous olefin thereinto at a temperature be-
tween the approximate limits of 0° and 150° F
7. The process. of preparing lubricating oils
which comprises dissolving boron fluoride into a

hydrocarbons having about 10 to 24 carbon atoms
per molecule and then feeding isobutylene into
tHe resulting solution at a temperature between
the approximate limits of 0° and 150° F

8. A hydrocarbon lubricating oll having a Say-
bolt viscosity above 40 seconds. at 210° ¥, and
a viscosity index above 30 ‘obtained by dispers-
ing a Friedel-Crafts type catalyst in a liquid
consisting of a reactive aliphatic hydrocarbon

;, 45

cracked wax liquid substantially free of aromatic '

diluent having olefinic groups and less than 25 -

carbon atoms, and then contacting therewith a
normally gaseous olefin at a temperature be-

F. - tween the approximate limits of 0° F. and 150° F'.

JAMES M. WHITELEY, Jr.
JEFFREY H. BARTLETT.



