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COMPLETE SPECIFICATION
Polymeric Viscosity Index Improvers for Lubricating Oils

We, PrinceroN CHEMICAL RESTARCH INC,.
a Corporation organised under the laws of
the State of Mew Jersey, United States of
America, of P.0O. Box 652, Proceton, New
Jersey, United States of America, do hereby
declare the invention for which we pray thar
a patent may be granted tous, and the method
by which it is to be performed, o be particu-
larly descrited in and by the following siate-
ment: —

This invention relates ro certain hydrocarbon
block copolymers which are useful as viscosity
index Improvers for lubricating oils; to lubri-
acting oils of improved viscosity index con-
taining these polymers, and to a process for
improving viscosity cheracteristics of oils with
the polymers. N

Ordinary lubricating oils, and particulasly
petreleur oils which are conventionally used
in inrernal combustion engincs generally show
a decrease in viscosity with increasing tem-
peratures. If the internal combustion engine
or the machinery containing the ofl is to be
initfally started and operated at 2z low tem-
perature for example in the colder climates

_or in the winrer, it iz nccocssury to use a

thinper, Yghter weight ofl if the oil is to have
initial fluidity at the low temperature for
starting and initfal lubrication. Such oils are
commonly available, for example, as winter-
grade oil, such ay SAE 10 weight or lower
As the engine operates and heats up the ofly
these ofls become thinmer, and at higher
cperating tcrperatures the thinner, lighter
weight ofl may nor have snfficient viscosity
for optimum lubrication, Furthermors, in
warmer weather, such as in sumumer, the
lighter weighr oi! js not suitable, and it is
pecewsary o chenge to a heavier weight odl,
for example to a 20 or 30 weight cil, This
characteristic of oil changing its viscosity with
temperature i meesured by a value referred
1o as the “viscosity iodex”.

[Pri 7]

In order to improve the viscosity fadex of
conventional petrolenm  ubricating ofls and
thus obtain an oil, such as the present com-
mercially availsble multi-grade, for example
the 10—30 weight oils, it has been proposed
to add to the ol certain oil soiuble polymers
which act as viscosity ndex Improvers. The
efficiency (referred to as “E™) of the viscosity
index improver is measured as the ratio of
the specific viscosity of the eil containing
the improver at 210° F ro its specific viscosity
at 100° ¥, An “E” value higher than 1
is gencrally desirablc becamse an oil which
hag a reduced tendency to thin with increase
in temperature is necessary 1o meet the engine
lubrication nerds at higher operating tempera-
toies.  The viscosity impeoving effickncy,
“E” of commercial products generally ranges
from 1.0 to 1.6,

The methacrylate polymers, sach as poly-
methacrylate caters are moest cornmonly com-
merically used as viscosity index fmprovers
for lubricating oils, Polyisobutylene and poly-
fumazate esicrs are also wed. _

Whilc these viscosity index improvers effec-
tively improve the viscosity index of ihe
lubricating oil wnd thus overcome the above-
mentioned problem and allow the markering
of a multi-grade oil which is suftable for all-
seusorr use, having an imitial viscosity low
encugh for starting in cold weather and yer
sufficient viscosity at higher femperatures,
they also bave a oumber of disadvantages,
such as high initia} cosr and rendency to
underge thermal depolymerisation wih =
resulrant limited Hfe,

The invention provides a viscosity index
mprover for lubricating ol comprising a
block copolymer having stereg-regnlar hydro-
carbon polymer blocks Inseluble in ofl at
below 0° C, and amorphous hydrocarhon
polymer blncks, the molecular weight of the
araorphous blocks preferably being at Ieast
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30% of the mslecular wright of the sterep-
regular blecks, scluble in il at ahove —20°
G, the copclymer being progressively solvate
able in labricaring ofl with increasing tempera.
ture znd completely solvatable below 350° C.

The molecular weights and oil solublitity
characteristics of the stereo-regular and amor-
phous blacks specified herein are these that
the blecks pur se would have as independent
ungituched polymers.,

The viscosity Index Improvers of the inven-
Hon have high efficiency, excallent compata-
bility with lubricating oil and irs additives,
and high thermal stability,  They may bo
produced ar a relatively Iow cost. :

The sterec-regular polymer blocks in the
copolymers used . the invention sre composed
of linear polymer chains consisting substan-
tially sclely of methylene wnits and Cranched

. chaing of methylene units or hydrocarbon rings

which are arranged in en czderly sparial dis-
wiburion to give the polymer ifs stereo-specific
characteristics.  Such stetec-regular hydro-
carhon polymers as a class are well known
as arc metheds for their preparation by poly-
merisaticn.

The sterco-regular polymer blocks in accor-
damcc with the invention geperslly have a
callective melecular weight batween 1,000 and
1000000, preferably berween about 50,000
and 1,000,000, as measured by inrrinsic vis-
Ccosity. They are prefrrably insolnble in
Iubricating il at below 20° C. ‘These blacks
are preferably ccmpletely solvamble below
110° C. :

Oil insolubility indicates a solubility of ess
thaa 0.1 by weight in an SAE Sw paraffinic
stock, and oll sclubility indicates a selubility
of at least 109% by weight in anp SAE 5w
parattinic stech,

Preferably the sttreo-regular palymer blocks
ave fsutactic polypropylens and /or polybutene-
1 blocks. Qther suitable sterev-reguiar poly-
mer Elocks Include wicreo-specifically poly-
merised pclymers or 4-methylpentene-1, 3-
methyl-butene-1, and siyrene; copclymers of
propyiene znd butene-1 containing, for ex-
ample, from 3—30 meol % of buteac-1, and
preferably from 5—20 mol 9% of butene-1;
sterec-specifically polymerised copolymers of
propylens and styrene conizining for crample
10—40 zwol % of styrene and preferably
frem 15——30 mol 9% of styrene; sierec-
specifically  polymerised copolymers of pro-
Pylens and ethylene comtaining from 5—25%
of ethylene and preferably from 10 to 20 mol
% of ethylene; sterec-specifically polymerised
copelymers of ethylene and butens-1 contain.
ing, for example, 5—30 mel percent of butene-
1 and preferably 15=-25 mol % butene-1;
and isotactic polypentene-1,

The amorphons blocks are simply amor-

'phcus hydrocarbon chains collectively having

a molecular weight of 1,000 to 1,000,000 and

preferably from 50,000 to 1,000,000 which if

in the form of a polymer per se would be
scluble in lubricating oil at a temperature
cf —20° C and above, and preferably ar a
temperatore of —30° ¢ and above.

Examrles of the amorphous hydrocarbon
polymer blocks include copolymers of pro-
pylene and butene-1 containing from 30—70
mol 9% of butene-], atacric poiybutene-1, co-
polymers of ethylene and butene-1 containing
from 40—70 mol & of hutene-1, copolymers
of prepyleas and C.—GC,, alpha olefins con-
taiming from 30—90 mol ¢ of the higher
alpha olefins, copolymers of propyiene and
cthylene contajuing from 25—70 mol 9% ethy-
lene and preferably from 30—60 mol 94 of
ethylene,  interpelymers  of C,—C., alpha
olefins, terpolymers of C—C., alpha olefins,
copclymers of ethylene and C—C., alpha
clefins conwaining from 3090 mol % of
higher olefins, and C.—C., alpha-olcfin homo-
rolvmers,

The amvrphous hydrocarbon polyraer blocks
axe preferably formed by the co- or inrer-
polymesisation of the monomer or monomers
used 1o form, the sterec-regular block with ome
or mere differing alpha-olefins having for
exainple a cathen comtent hevween GG
Alterratively, the amorphous hydrocarbon
poigmer block may be formed from the same
menemer used te form the stereo-rcgnlar
block under polymerisation condidons which
will not produce a sterea—regular poiymer, but
which will produce the required amorphous
ail soluble block,

The block copolymers used in the inven-
tion may be produced by known polymerisa-
tion techniques,  Thus, for example, the
sterec-regular block may first be formed by
polymerising the monomer, sich as butene-1
under conditions which will produce a srereo-
regular polymer.  After sterco-regular poly-
mer blocks of the desired molecular size have
been built, pelymerisation is continued under
conditiens which will allow the polvmer chain
to centinue to grow by polymerisation with
the formation of a srmicture which = amor-
phous bty the addition of further monomer
compenents, under polymerisation conditions
which will ngt form a stereo-regular c¢hain,
The ipitial stereo-specific polymerisation and
the centimmation thercof with the formation
of the amcrphous block may be cffecred in
the same reacticn zone using the batch method
or may be contnucusly cffectsd I 4 two-
reactien zene with the steres-regular chain
polymer passing into the second reaction. zone
for the cenrinuation of the polymerisation with
the fermation of the amorphous block. Pre-
feratly, however, the Block copolymers are
formed from monomer mistures which will
form both the stereo-regular and amorphons
tlocks. The black copolymers in accordance
with the inventon may be formed directly
from a piistare of monomers by usilising the
difference in their respective: reactivities. Thus,
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for example, it is possible to smr with a
mixture of propylene and butene-1, Isotactic
polypropylene will Initially form duve o its
greaver reactivity, and thereafier polymerisa-
tion of amorphous blocks will occur, with the
amounts of the amorphous material progres-
sively increasing without any requirement for
temperatire adjustment, et

Generally, the pelymerisation is initially
cfected to form the stereo-regular blovk using
highly dispersed stereo-specific caralysts, for
example the well-known Ziepler catalysts
formed from organo metallic compounds, such
as aluminivm trialkyls or alkyl afuminium
halides, and trapsition metal salts, for ex-
ample halides or alcoholates. Examples of
such catalyst systems include aluminiom rri-
ethyl, with tianfom, or vanadium tetra- or
wi-chioride, diethyl-aluminium chloride with
titanium or vanadiem tetra- or tri-chloridc,
lithinm aleminiom tetraethyl with titanfum or
vanadium tetra- or tri-chloride, and butyl
lithiom with titanium tetra. or tri-chloride
or vanadium terra- o tri-chloride. ‘The poly-
merisation is effected in an inert hydrocarbon
solvent, for example normal Leptane or pen-
tane under inert atmosphere, for example
nitrogen at moderate temperamres for example
between 30° and 150° C and prefezably §0°
and 120° C ar normal or slightly elevated
pressures, The initial monemer, for exarmple,
the buteme-1 alome or in mistwre with the
cthylene or propylene, the propylene and
styrene, or the propylene and ethylene, is fed
into the reactor, for example an antoclave con-
taining the above-described polymer system
and the polymerisation allowed to prucecd,
for example, for a peried of 4 to 1 hour
and then the polymerisation may be continued
under non stercoespecHfic condidons, When
effected in two stages, the second stage may
be inftiared by adding one or more further
alpha olefins and on increasing the tempera-

. ture, as Jor cxampls 1o between 60° and 130°

C. Thus, in the second stage, the tetnpera-
ture frr the suteclave may be vaised to between
1052 and 115° C and the butcne-1 addition
continued in admixture with a further alpha-
olefin, as for evample ethylene, propylene,
a8 C—Csy alpha-olefin or mixtures thereof,
After the polymerisation reaction is completed
with the formation of the mmorphous block
of the desired molecular size, the reaction
is discontioued by coofing and venting the
auteclave and the formed polymer recovered
and fsolated in the conventional manmer, as
for example by washing with ethylene glycol
and watcr to remove the catalyst resdue and
precipitating the polymer with methanel. or
distilling off the solvent leaving the polymer
residlue,

For continnous operation, the polymerisation
may be basically effccted in the same menner
and under the same conditions with the cata-
lyst solution being contimuously pumped in

series through two reactor stapes with the
nccessary vesidepce time in each smage and
with each stagc being effected under the con-
ditions and with the reactsnts specified above
for the stereo-specific and amorphous poly-
metisationy respectively.

The block copolymers obtajned in accor-
dance with the invention are admized with
the conventivmal lubricating oils in the conven-
ticnal manner as viscosity index improvers.
Thus, the block copolymers may be added to
the lubricating oils in amounts of 0.1 te 30%
and preferably 0.3 to 10% and most prefer-
ably 0.5 to 5% by weight of the Jubricating
oil. ‘The cils may be of any of the known
or conventional Iubricating oils for example
petrofenrn lubricating ovils of the conventional
weights uscd in internal combustion engines,
such as auiomotive cngines,  The ofl, for
example, may have a viscosity so that after
the additien of the block copolymer in accor
dance with: the invention, the oif will have ag
SAE rating of 10w-—30. The oil' may, of
course, contain any of the koown and con-
ventional additives, such as the conventional
detergents, dispersing aids, pour point depres-
vants, antt-oxddants and  koown viscosity
improvers,

addition, to use with the conventional
petroleure Tubricating oils, which, for example,
consist of conventional base stocks or base
stock blends with or without conventional
additives, the block copolymers, in accordance
with the invention, may be added (o uny other
liquid hydrocarbons for viscosity index Im-
provemlent, as for example synthetic lubricat-
g cils, such as Tischer-Tropsch produced
oils,

Viscosity index improvers are offen
mazketed as concentrared selutions in the hasc
oil, a5 for example i concentrations berwreen
10 and 30 end preferably 20 and 3095 by
welght of the base o, which i blended
with the hbricating oil. The hase il of
the concentrats may, for example, be a 100
S.U.8. (Saybolt Universal Second) paraffinic
oil. In connection with block copolymers in
accordance with the invention containing
amorphous  hydrocarbon  polymer  Glocks
formed from lower alpha oletins, that is alpha-
olefins containing wpy to 4 casbon atoms, rhe
same may tend to unduly thicken, the base oil
rendering handling of the concentrate difficult.

In accordance with a preferred cmhodiment
of the vendon, it has been found that this
nndne tendency to thicken the base ofl of the
concentrate may be avoided i the amorphous
hydracarhen pelymer blocks are Co—C,, alpha
olefin polymer blocks and the block copolymer
is formed as a rerpolymer additionally con-
taining a component formed from (.5 o 25
mol % and preferably from 1 to 20 mol 9%
based on the total momomer charged of a
higher zlpha olefin containing 5—25 and pre-
ferably 7—15 carbun atoms.  The higher
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alpha olefin sheuld be present in the poly-
merisation mixmre between complete farma-
tion of the block copelymer and should be
preferably present during the formetion of the
tsotactic blocks, Examples of higher alpha
olefing which may be used include pentene-1,
hexene-l, heptene-l, ocrene-1, nomene-l,
decene-1; dedecene-1, oetadecene-i, and mix-
mres of alpha-clefins available as fracsions,
as for example C.—C; fractions, C,—C, frac-
tiony, C,—C,; fracticns apd C G, frac-
tions.  Branched alpba olefins, sach as 3-
methyl-buiene-1,  4-methyl-pentene-1, iso-
burylethylene, neopentylcthylene, and  ifso-
amylethylene may zlso he used,

It is bolicved that the alpha olefin in the
fotmztion of the terpolymer randomly distri-
hutes in or adjacent to the isatactic polymer
blocks or in or adjacent to both the isorzcric
and amotphous polymer Elocks. The terpoly-
mer, having the: higher alpha olefin component,
hewever, enables the preparation of pourable
concentrated ofl sclmions of the polymer
without adversely affecting the cficiency cf the
poiymer as a viscosity index improver.

Preferably tic sterearegular Blocks have pro-
gressively increasing oil sclubility with in-
creasing temperature at a rate of berween 10
and 609 per 10° C. in hetween 20° and
100® C. znd complete oil selubility ar a

. temperature below 100° C,

It is believed that the block cepslymers in
accerdance with the invention perform their
viscosity index improving fumcton by the
Initial disschition of the amorphous bleck in
the oil ar a lower temporature which hiolds
the entire polymcr in solution while acumlly
the stereo-rcgular black remains substamtialfy
unselvated but progressively is solvated in the
oil with a temperature increase causing the
desired compenszation for the patural decrease
in viscosity with increasing temperarires. Tt
is thus believed that the unique ofl-solubility
characteristics cf polyprepylene as for cxample
compared ¢ linear polyethylene makes it pre-
ferable as (he sterco-regnlar polymer Hlock
in acéoridunce with the inventics. Other usable
stereo-regular polymer blocks, are for exomple,
isoracric polybutene-1 or isoractic polypentenc-
T, which latter disclves in ofl at shoutr 20°
G and is complerely soluble at 30° C so that
the same s not as desirable as soimctic poly-
butene-1 for normal lobricating oil use, bur
is & highly desirable compenent of a block
copnlymer useful as a viseosity index im-
prover for low temperature applicarions.

In view of the fact dhat the block copoly-
mers in accerdance with the invention are
subrtantally pure hydrocarbon products, they
ar? cempletely compatible with the oils and
any zdditive which, in tmm, is compatiblc
with the cfl itelf. Furthermore, the pro-
ducts may be considered ashless as they by
conventional catulyst removal techniques, such
as alcehol washing, may be reduced to an ash

content below 0.17; which is preferable for the
use hercin.  As compared with the conven-
tional wiscosity index improvers, as for cx-
ample, the mcrhacrylate polymers, the poly-
mers i accordance with the invenrion are
highly stable in use, do por undereo thermal
depolymerisation and have high shear stability.
Furthermore, they may be casily and inex-
pensivly produced by keown polymerisation
technigues,

While the block copulymers in accordance
with the invention preferably have a number
of altcrnating sterec-vegular and ofl-soluble
segments, it 1s however also possible tv pre-
pare ihe block copolymers having single,
sterec-regular and amorphous blocks and 1he
term “blocks™ as used in the claims is intended
to jnclude the limiting case a single block
of a component,

For the highest viscosity index (V.L) im-
proving cfficlency, the relative length of the
il-soloble block shouid be the minimum
reguired 1o held the polymwer in soluton ar
a lew temperature, us for example al 0° F.
This is dependent, ro 2 degree, on the type
of the pil steck in connection with which the
Improver is being used. In general, the mole-
cular weight of the amorghous hydrocarbon
pelymer block showld be at least 5054 of
the molecular weight of the stereo-regular
block with stereo-regolar and amorphous seg-
ments of approximete equal engrh being satis-
factory for most purposes,

The jfullewing Bxamples are given by way
of illstration and not of limitation:

TixaMpLE 1.

Te 2 eone lie sutoclave under a dry
nitrcgen armosphere was added a solution of
1.9 ml (15 m. mols} of diethyl alominium
chluride in 350 ml. of n-heprane. A titanium
trichicride catalyst (1.5 g) containing 1/3 mol
of aluminium trichtoride per mol of tiraniwm
trichicride was then added 1o the autoclave,
and the temperature was adjusted to 50° C.
50 grams of burene-] was charged to the
autoclave, and polymerisation was aflowed to
continue at that temperature for 45 minures.
100 grams of a mixture contzining 53 mol
% propylens and 47 mol 5% butene-1 was
then charged, the reactor was heated to 110°
C ever a 30 minute period, and was held ar
that temperature for an additional 30 minures,
The antaclave was then cooled and vented.

The viscous selution in the autoclave was

removed, washed with ethylene glycol and
water 1o remove caralyst residue and the poly-
mer was isolated by precipitation with
mcthanal.  After drying in 4 vacuum oven,
98 g of pelymer were obtained. The poly-
mer was completely scluble in warm heptane
and showed ¢ melt indev (190° C, 2140 g
load) of 4.0. The specific viscosity of z
0.5% solution of the polymer dissolved ig
an SAE 20 weight Mid-Continent stock was
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1.4 at 160° F and 1.75 at 210° F. Calomla-
tion, of the ratio gives a V.I improving effi-
ciency of 1.25. Iiy shear stability tests con-
ducted on 1.0% solutions of the polymer in
a naphthenjc base stock, the palymer was
greatly superior t¢ commercial methacrylare
V.I. improvers.

Examrrr 2,

The catalyst was the same as that used
in Bxample 1. A mixtwe containing 18 g
of styrene and 40 g of propylenc was added
te the autcclave ar 60° O Polymerisation
was allvwed to proceed for one hour. A small
sample of pelymer was removed at this point.

Infra-red analysis jodicated thar che polymer
contained 16 mel 9 styrene, 100 grams of

an equimelar mixture of dpl.‘upylma' and butene-
1 was then charged and the temperaiure was
raised to 100° C over a 30 minute period,
and was kept at that temperamme for ag
additional 30 mimmtes.  The polymer was
worked vp as in Example 1. $4 grams of
polyrter, heving z melt index of 11.9, wag
obtained. A 19 solwtion of this polymer in
a solvent vefined SAE 30 weight Mid-
Continent stock showed 5 V.I. improving
efficiency of 1.2.

HxaMrLE 3.

To a 1 fitre autoclave under a dry nitrogen
aimosphere was added a seludon, of 2.2 ml
(20 m. mols) of titanfum tcrachloride in 250

. of a straight mineml il {Texacy
(Registerd Trade Mark) Regal Oil B) pre-
viously treated with molccular sieves, A solm-
tion of 1 ml. (7.5 m moals) of triethyl ahs-
minium in 100 ml. #-heptane was added and
the mixture was warmed to 180° C over an
hour. The auroclave was then cooled to 50°
Coand 7.0 ml (525 m. mols) of triethyl
ahuninium in 50 ml. of mineral ofl was added,
Buiene-1 (50 g.) was charged and polymerisa-
ton was allowed to proceed 30 minutes, at
which time the pressurc dropped from 50 lbs,
gauge to atmosphereic pressmre. A mixture
(100 g} conmining equal molar amonnts of
propylene and butene-1 was charged, and
polymerisation was allowed to continue as the
temperaiure was increased to 100° € gver
45 minutes. The autoclave was them cooled
and vented. The viscous sclution was washed
with etlylene glycol and water. The heptane
was stripped in vacuo. A viscoms residue
weighing 368 g, and containing 128 gz of
bolymer was obtained. Dilution of a sumple
to 1% concentiation in a4 iypical Mid-
Continent SAE 10 weight stock pave a sola-
tion which showed a  viscosity improving
efficicncy of 1.22.

EXAMPLE 4.
The catalyst was the same as thar used in
Example 1. 100 g of batene-1 was charged
to tdwr autoclave at 55° €, After 1 hour

rolymerisation time, the antoclave was venterd
to remove any unpolymerised butene-l and
60 g of octene-1 were charged. The tempera-
mire was raised to 90° C over 20 irmates, and
polymerisation was allowed to continuc zt that
temperante for an additional 40 minmtes.
The polymer was worked up as in Examplc
1, and 132 grams of materfal were obtatned.
A 19 solution of this polymer in an SAE 10
weight Bust Texas Neural stock showed a
V.I. improving efficicocy of 1.18.

EXAMPLE §.

Example 1 is rcpeated, the temperature of
the pelymcrisarion being raised ro 110° G and
the propylene-butene-1 being charged afier
the Initial butene-1 had polymerised tu iso-
tctic butene-1 with a moleclar weight of
abvut 100,000, ‘The polymerisation ar the
higher temperature: was disconrtoned when the
amorphous copolymer block of propylene and
butene-1 had rcached & molecalar welght
between 200,000 and 300,000, A 19 solu-
tion of the block copolymer formed acied as
& viscosity index improver when used as a
1% solution in a conventional Inbricating oil
{Tezaco (Registered Trade Mazk) Regal (il
B).

ExamprEe 6.

Polymerisation is effected in the manmer
described in Hxample 1 using the caralyst
system  described therein, with however, a
mixture of propylene and tmrene-1 ss the
monomer conmaining amounts of prepylene
ranging between 25—75 mal 9% propylene,
In each case an excellent viscosity index
tmprover for hubricating oil #s formed.

EXAMPLE 7.

Bxample 5 is repeated cacepr that in place
of the mixtre of propylene and butene-1,
Z mizture of propylene and ethylene con-
mining abmir 30—350 mel % of ethylene
is introduced in the second polymerisation
stage where the polymerisation is cffected
at the higher temperamre,

EXAMPLE 8,

Example 7 is repeated, except in the second
stage instead of the propyicne-ethylene mix-
ture, an alpha-elefin having an average carbon
content between C, and G,, is used,

BXAMPLY 9,

Example 4 fs repeated but in Place of the
octene-1, 2 mixiure of etdylene and butene-1
containing 40—70 mol % of butene-1 is inrro-
duced. The polymcrisation is continnad until
the amorphous ethylene-burene-1 copolymer
iz built up to a molecular welght of 200,000,

ExamrLe 10,
Example 9 is repeared except that the
polymerisation is continied at the higher tern-
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peramure of 90° C and with 2 mixiure of
propylene and C,-—C,, alpha olcfins contining
ahout 30—00 mul ¢ of the C.—C,, alpha
clefins. The polymerisadon of the propylene-
higher alpha clcfin amorphous block wes con-
tinued 1o a molecular weighy of 200,000
300,000.

ExamprE 11.

Example 1 is repeated but the burene-]
initially charged is mixed with 80—85 mol
9 of propylenc and the polymerisaton of
the sterep-specific copolymer is continued to
a molecular weight of abour 100,000. The
mixture convaining the larger amount of
butene-1, that is 47 mol % was thea intro-
duced and. the polymerisation contipucd at the
higher temperatie until the amorphous poly-
mer hlock rteached a molecular weight of

300,000.
Examors 12,

Hxample 2 is rcpeated with the initial
steres-specific polymerisation being effected
to a molecular weight of 90,000 Theteafter
the polymerisation is continued at the increased
temperature of 100° C wtilizing propylenc
and an alpha clefin of an average carbon
content of C.—C,, in substantially egual
parts. The polymerisaton of the amorphous
copolymer is discontinued after a mwclecular
weight of 150,000 is achieved.

ExampPLE 13.

A mizture of propylene and ethylene con-
taining about 10—20 mol percent of ethylene
was stereo-specifically polymerised with the
catalyst system of Example 1 at a tempera-
ture of abont 40° C to a molecular weight of
abont 20,000,  Thereafter, the guantity of
ethylene In the gas mixture was raised to
about 50% and the polymerisation tempera-
e o ghor 90° C and the polymerisation
continued to a total molecular weight of the
block copelymer formed of abonr 250,000, the
black copolymer being purified by temoval of
the solvent and washing in methyl alcohol. It
is a good viscosity index improver for lnbri-

cating oil.
ExAMPLE 4.
Example 11 is repeated except that ethylene
is used in place of the propylene.

ExaMPLE 15.

Example 1 is repeared initiaily using,
however, pentene-l in place of the btene-1
to form an isotactic polypentene-1 block in
place of the isotactic pelybutene-1 Bblock.
Additionally, in place of the amorphous pro-
pylene-butene-1 copolymer block an atactic
pelybutene-1 block may be formed.

ExaMrit 16.
To a one gaflon autoclave, under a dry
nitrogen utmosphers is added a solution of
3.7 ml (30 mmols) of diethyl zluminium

chloride in one-litre of heptane. A titanjum
trichloride catalyst (3.0 g) containing 1/3 mol
of alumininm trichloride per mol of titanitm
trichloride is added und the temperature is
raised to G5° C. Sixteen gramis of hexene-1
1s added lellowed immediately by 56 g. of
Burene-1. Polymerisation is allowcd to con-
tinue for 30 minutes at 65° C. The reactor
is then vemted und 60 g of a mixture of
butene-1 and propylene containing 52 mol %
propylene is charged. Palymerisation  fs
allowed tor proceed for an additional 60
minutes at 65° G The autoclave is then
emptied and polymer is precipitated from the
viscous heprane sclution with isopropanol.
After drying, 85 grams of polymer are
chtained. This polymer, as a 1% solution in
4 100 8§.U.S8. peraffinic oil, exhibits 2 viscosicy
index improving efficiency of 1.23, and a 10%
soluticn of the polymer In the same base oil
is readily pourable. The hexene-1 constitutes
7.9 mcl % of the monomer charge.

ExAMPLE 17,

To a one galion awroclave was char, a
solution, of 5.1 ml 40 m. mols) of dicthyl
sluminiom chloride in 2-1. of s-heprane.
Tianfem trichleride (4.0 gy comaining 1/3
mel of AICI, per mol of TICl, was added
and the temperatore was raised to 75° G A
C,—C, alpha-olefin fraction (50 g) was added
fellowed immediately by 200 g 0% a butcne-1-
propylene mixture comizining 52 mol 9% pro-
pylene. Polymerisation was ailowed o con-
tinue two hours, whereupon the pressure in
the reactor had dropped o less than § psi
The polymer was isolared by conventional
techniques.  After drying, 165 grams of poly-
mer was cbrained. A 16 solution of this
polymer in 2 100 §.0.8, parafiinic vil show-
1.28, and a 106% solution of the polymer in
the same base stock was readily poursble. The
molecular weight of the polymer was esti-
matcd to be 800,000 from dilnre solurion vis-
cosity measurements, The C,—C, alpha-
clefin fraction constituicd 10 mol 7% of the
mononter charge.

ExamPLE 18.

To 2 one gallon awoclive, under a nitrogen
atmosphere, was added 2 litres of heptane
containing 3.0 g of TiCl, containing 1/2 mol
of AICI, per mol of TiCl, and 3.75 ml of
diethyl alumininm chloride. The reactor wes
closed and the temperature was raised to 60°
C. 4-methyl-pentene-1 was then pumped into
the reactor at a ruie of 5 g/minute, and
butene-1 was pumped into the reactor at a
rate of 2 g/minute.  Afwer 20 minuotes, the
addition of 4-methyl pentene-1 was termin-
ared, ‘The addition of butepe-!1 was allowed
to continne for a total of 50 minutes. After
an additicnal hour of polymerisation, the reac-
tioe was terminated by the addition of
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methanol.  After jsoluting and drying in the
converrtional manner, 71 g of a Block co-
polymer  (4-Methyl-Pentene-1-Butenge1  Co-
polymer) having a molecular weight of 900,000
was ohiained.

A 1% soludon of this polymer in a 100
§.U.S. nentral paraffinc oil alter standing three
days showed a viscosity index improving
cificiency of 1.99.

ExamprE 19,

Example 18 was repeated, using siyreoe in
place of 4-methyl-pentene-l.  The reaction
was cartied out av 80° C After 2 hours,
45 g. of & block copolymer (Styrene-Butene-1
Copulymer) was obtained which showed 2
viscosity index improving cificiency of 1.4
when measured ar the conventional tempera-
tures of 100° F and 210° B When the
viscesity Index improving efficiency was cal-
culated from mensurcments made ar 100° F
and 250° T, the cificiency was 1.8, indicating
that this copolymer is sujtable for use ar
temperatures higher than thase normally en-
counlered in automobile engines,

WHAT WE CLAIM IS:—

1. A viscosity index improver for Iubricar-
ing cil comprising a block copoiymer having
stereo-reguiar hydrocarbon  polymer blocks,
insoluble in ofl ar Dbelow 0* C, and
amorshous  hydrocarobn polymer  Blacks
soluble in oil at above —20° C, the copolymmer
being progressively solvamble in Tubricating
ofl with Increasing temperamre and completely
sclvatable below 150 C

2. A viscosity index improver according to
claim 1, in which the moleculay weight of the
amorphous blocks is at lepst 50% of thar
of the sterev-repwiar blocks,

3. & viscosity index fmprover according to
claim 1 or claim 2, i which said sicreo-
regular hydrocarhon polymer Wocks have
collective molecular weight between 50,000
and 1,000,000, are ingoluble in lubricating
ol at below 20° C, ynd complelely solvarable
in lubricating vil at helow 1100 ¢,

4. A viscosity index improver according 1o
claim 1, claim 2 or olaim 3 which the
amorphous hydrocarbon polymer blocks have
a colicctive molecular weight berween 50,000
and 1,000,000 and are soluble in lubricating
oil at above ~30° C,

3. A viscosity index improver sccording 1o
any one of the preceding claims in which the
amorphous hydrocarbon polymer blocks gre
Cyi—C,, alpha-olafin pofymer blocks and in
which the block copolymer is a terpclymer

additionally containing a component formed
from 0.5 10 25 mol %, based on the total
moncmer chareed, of ap alpha clefin having
3 1o 25 carbon atoms.

6. A wviscosily index improver according
o any one of the preceding claims in which
the sterco-regular Lydrocarbon polymer blacks
consist of Jsotacric polyburene-1, isotactic
polypropylene, isotactic poly ~ 4 - methyl-
peotene-1,  isotactic poly-3-methyl-butcne-1,
isoractic polystyrene, propylene-butene-1 co-
polymers, propylenc-styrens cupolymers pro-
pylene-ethylenc copolymers, ethylene burene-]
capalymers or isatactic polypentene-1, and jn
which the amorphous hydrocarbon pelymer
blocks consist of a polymer of gt least one
alpha clefin having from 2 1o 20 carbon
atoms,

7. A viscosity index improver according to
any one of the preceding oaims 1 which the
amerphous  hydrocarben polymer blocks are
Co—C,y alpha olefin pulymer Blecks and in
which ¢he block copolymer s 2 terpolymer
additionally containing a component formed
from 1 t0 200 mol %, based on the tofal
moneer charged, of an alpha olefiy having
7 to 15 carbon atoms,

8. A viscosity index improver acrording - to
Any onc of the preceding claims in which said
steres- v hydrocarbon bolymer Bblocks
have progressively increasing off  solubility
with increasing temperature 2t 2 rate of he-
tweene 10 and 609% per 10 degrees C, i
between 20 and 1005 C and complete pil
solnbility at a temperasture below 100° C.

9. A viscosity index improver prepared sub-
stantially u5 hereinbefore desceibed in any of
the Examples,

10. A lubricaring ol containing from (.1
to 30% by welght based op the oil of a
viscosity ndex improver according to any one
of the preceding clai

11, A method for irproving the viscosity
ndex of Iubricaring ofl which comprises ad-
mixing with the lubricating oil 0.1 to 309%
by weight, based on the oil of a viscosity
index fmprover according 10 any of claims 1
o 9.

12. A method for improving the viscosity
index of lubricating ofl substantially as here-
mhefore deserfhed in any one of the Kxampics.

13. Lubricating ofl medifjed by the methad
of claim 11 or claim 12
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