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| (71) We Esso RESEARCH ANDENGIN positiofis various tYPCOfaddltlvesforvm-

" BERING COMPANY, a Corporation duly, organ: cosity index improvement. In . raising the
- Ised-and existing under the laws of the Stats- viscosity index of lubricant.compositions by
. of Delaware, United States of America; of additives, recourse ha .made to the
.. Linden, .'New ~ Jersey, .United States of introduction. of Jong chained -cofipounds of
. ~Ame ¢ : r. polymers; generally. the
- for. which we pray: that a_patent may. be highest V.I., increase ing . obtained. from
granted to us, and the method by which itis polymers of the gréatest chain length. While
. to be performed, to be particulatly described  such polymeric products-have been generally
=10 -in -andby the following' statement:— . " satisfactory in VI _,’i_m_dp;‘ov_emqp_t,.-‘.t%er@: “hag
.+ - ‘This.“invention ‘is concerned with _oils been, prior to the present invention, a Limit

“containing certain Dpolymers prepared: from 1o V.I. improvement: without ‘incutring “cori-

‘America, ' do: hereby ‘declare’ the invention, the fatire of linear

‘ethylene and at Jeast one other alpha-olefin. commitant limiting factors.. . .0
s cAn important property of a lubricant For éxample, apart. from the a aipment
15" composition:is the rate at which its viscosity of V.IL improvement, :consideration, must
', Changes as a function of temperature. The also be given to the solubility of fhe polymer
relationship ‘between the Viscosity -and tem- - additive in the base compositior. 48 woll as
i . /perature is commonly expressed as the vis< the additive stability -against "breakdown
opy Cosity index (V.L). Lubricant compositions under shear stresses encountered in’its appli-
.20 :which change. little .in viscosity with ‘varia- cation. In the synthesis of polymeric V.IL
.+ ‘Hons in temperature have a greater viscosity -agents to date, it has gencrally been found

-5, -index than do- compositions whose viscosity ; that solubility’ and” shear 'stability are in-
- is materially affected by changes in tefi- versely proportio

mate / portional to the:molecular weight
:...~ ‘perature. One of the major requirements of of the polymer. Since. the greatest V.,
.25 ‘lubricating oils is theit satisfactory viscosity- has been obtained from “polym
. - femperature’ characteristics.” These charac- highest molecular weight, off
‘teristics. ate necessary in‘order that the oil§: disadvantageously, been sacrificed in order tg
Wwill ‘not-lose; their fluidity but will show an: . engure proper stability: in respect. sist-
. “.equally good performance within a relatively’- ance against’ sheat " stresses d ' to attain
--30 “wide temperature fange to which they inay : the desired -solubility of.the additives. Thus;
- :be exposed in service. The wider the pos- - the'V.L improving’ haracteristic. of additives
gible temperature variations, the smaller. has ‘been undesirably restricted by limitation
Should be the change in viscosity ‘with temr- . of one of the aforeméntioned ‘characteristics,
Cpooperature. o o 5t U Another feature of V.L improvers is the
35 ¢ In refining ‘natural petroleum oils or’in  amount of additive necessarily utilized | in
* preparing syntheti¢ oils,. it :is."economically  order to attain ‘the desired:V.I. improvemen,
feasible to improve their viscosity index only .- This measure of effectiveness of an additive,
- Up t0 a certdin maximum inasmuch as fur- . 4s reflected by the amounts utilized; ma ‘be
. ther:treatment has only an additional neglig- referred 10°as the thickening- pt)téqt:y-qty‘ the
- 40 :ible effect on viscosity index ‘Characteristics, - additive. readily :apparent, - therefore,
% - “Further: " marked : improvement can be - thatin “addition’ effective’ V.I. improve-

[ effected, however, by adding to said com- | ment with - accompariying. shear stability,
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solubility, etc., it is highly desirable to pre-
pare a V.L improver which has a thickening
potency such that smaller amounts of addi-
tive as compared to amounts conventionally
employed can be utilized to attain the desired
improvements,

In accordance with this “invention oil °

compositions comprise a major proportion
by weight of a lubricating oil and a minor
proportion by. weight of an oil-soluble poly-
mer comprising ecthylene and a Ci—Cis
alpha-olefin, said polymer having the follow-
ing combination of parameters: - _

(@) an ethylene content within the range
between 70 -and 91 mole %,
(b) adegree of crystallinity less than 25%,

{c) an 'L_/Iw/ﬁn ratio less than 4.0, and
(d) a viscosity average molecular weight
of between 10,000 and 200,000.

The polymers contained in lubricating oils
are found to have an unusual combination of
properties including excellent V.I. improv-
ing characteristics, high thickening potency,
low haze characteristics and superior shear
stability. Such combination of properties
renders the polymers especially useful in
lubricating oil of both the mineral and syn-
thetic type. In general, these ethylene-alpha-
olefin polymers may be described as crystal-
liné-amorphous, low molecular weight with
a narrow molecular weight distribution,
essentially unbranched random polymers
with relatively small regions of ethylene or
alpha-olefin, homopolymers sequences, ie.,
a degree of crystallinity less than 25%.

" A process for preparing these polymers is
described and claimed in our co-pending
Patent Application No. 31921/68 (Serial No.
1,239,082).. o

The C; to C,; alpha-olefins may be linear
or branched where the branching occurs
three or more carbon atoms from the double
bond, and while a single olefin is preferable,
mixtures of these C; to Cy, olefins may be
employed. It is' most preferred, however,
that the ethylene monomer be copolymerized
with propyiene. Suitable examples of C; to
C,, alpha-olefins include, among others,
propylene, 1-butene, l-pentene, 1-hexene,
1-heptene, l-octene, 1-nomene, 1-decene,
4 - methyl -1-pentene, 4 - methyl -1- hexene,
5 -methyl-1-hexene, 4,4-dimethy_1-.1-ﬁentene,
4 - methyl-1-heptene, 5 - methyl-1-heptene,
6-methyl-1-heptene,  4,4-dimethyl-1-hexene,
5,6,5 - irimethyl-1-heptene and  mixtures
thereof. = : o :

" When propylene is employed as the co-
monomer, . i.e., with éthylene, one. may also
use a C, to C;, alpha-olefin. These unsatu-
rated monomers are also preferably linear,
but :may be branched where. the branching
occurs three or more carbon atoms from the

“ ployed.

double I.bond, and, while a single olefinic
monomer is preferable, mixtures of these
C, to C,; olefinic monomers may be em-

The monomers may be polymerized in
the presence of various solvents, e.g. ali-
phatic, - naphthenic, aromatic and halogen-
ated hydrocarbon solvents, mineral oils, or
an excess of the higher alpha-olefin such as
propylene may be used. _

- The polymers used as additives in the oil
compositions of this invention may be ob-
tained by the use of hydrogen gas and a
specific Ziegler-type catalyst, e.g. a mixture
of an organo-aluminium halide and a vana-
dium oxy halide. Further details of the
method of polymerisation are described in

_our Patent Application No. 31921/68 (Serial

No. 1,239,082).
The ethylene-alpha-olefin polymers used

. in the oil compositions of this invention will

bave a viscosity average molecular weight

(Mv) of 10,000 to 200,000, preferably 30,000
to 100,000. Unless otherwise specified, the
term “molecular weight” as used herein
means molecular weight based on viscosity
measurement. The molecular weights indi-
cated herein and in the claims hereof were
determined by viscosity measurements in
decalin at 135°C and calculated by the

formula {n] = (K* X 107 Mv 0.74 in
which [n] represents intrinsic viscosity and
K* varied from 2.22 for a polymer containing
no ethylene, i.e., a homopolymer of propyl-
ene, to 5.86 for a homopolymer of ethylene.
In this connection, K! = 1.15K wherein K

relates m and Mv according to the method
outlined by G. Moraglio in Chimica I’ Indus-
tria 41, 984 (1959). : :

The polymers used in the compositions of
this invention may be further described as
containing from 70 to 91 mole %, prefer-
ably 78—88 mole %, of cthylene and from
9 t6 30 mole %, preferably 12 to 22 mole %,
of the aforedescribed alpha-olefin and when
propylene is used as the C; to C,, alpha
olefin, 0 to 10 mole %, e.g., 0.5—5.0 mole %,
of the C,—C,,; alpha-olefin. 3

The polymers used in the composition of
this invention have a degree of crystallinity
less than-25% and a- surprisingly narrow.
molecular weight’ distribution. The surpris-
ingly narrow molecular weight distribution
of the polymers is shown by the fact that

the number average molecular weight, ﬁn,
and the weight-average molecular weight,

Mw, of the ethylene-alpha-olefin polymers
are nearly equal in value. As is generally
known, ‘only when there is one molecular
species, all molecules of which have the
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- Mn and Mw be equal, The harrow mo
iny

M
: about'4.0: 1, preferably less than 2.6:
ldilte 22:10 T

. The determination of the ratio Mw/Mn
‘. was- made by tt ion: chromit
-.graphy (GPC) technique.”. The procedure
. used was.as, follows: four ;polystyrenc -gel
- separation- columns containing average' gel
« - pore sizes of 10°, 10% 10* and 10° A, respec-
' tively, g
- fractionation - of the hipplymgg. Fhé solvent
. .employed was trich

&,
distribytion, of the ‘polymers’ of: this

ention may be characterised by the ratio

s

/Mn “whereini" ‘said - ratio " is “less. thar

the. gel permeation chromto-

were connected - in  geries. for  the
lorobenzene, : and . the

-  separations were. conducted at '135°C -using

- +10 5 ml) and molecular ‘weight relevant to -
:these operating. conditions ;:was obtained. -
from the peak elution. yolumes of a series of
. . -harrow . polystyrene fractions of *known .

t2s

30

. ‘propylene, distribution curves, -

: -a flow rate of 1.ml./min. The ;
... introduged into the system as-0.

720 - tions using an. injection time of
“or . correlation . between : ¢lution. volume -(ex-

" ‘between

amples were
Wt % solu~
60 sec. A

pressed as “counts”, with one count. equal:

‘molecular weight. The: calibration standards™
-obtained from Pressure Chemical Co., Pitts~
- ‘burg, Pa. covered the molecular '

r weight range-

from 4,800 to 2,145,000. The standard‘mole-
weights, were converted to equivalént -
" "chain length values (&) and the correlation .
_ equivalent chain length and count
. number (elution volume) was employed in
“the -analysis of ethylene-alpha-olefin &g

e esmen o s g GPC dan i
ithe form of continuously plotted curves) for

- the " ethylene-alpha-olefin ‘samples essentially

followed classical molecular wejght distribu-
tion techniques. For. a given sample ‘the.

k)

. base line was-measured (in any convenient’

50 ;

60

units) at regular elution' volume intervals-

~over: the entire distribution., The interval
.-employed-was 4 count (23 m].). The height’
- at a given count was taken as a measure of
 the weight fraction of the sample having an
_ equivalent chain length corresponding 't

;hq;tggarticular elution volume, The measured *
~ heig

ts were then normalized. to -yield" th
corresponding -weight fractions which were
used to compute the number average equiva

55 lent “chain .length and .the. weighi\:__'__avq_r’ag@;?':

equivalent chain length.

-as the lubricating base oil. "~

.ployed as additives in the oil

 heptane. and. fhe Tike, employed - for - the
- n_ i Ues.  Lor. ¢ R S ‘e additive.. ST T e T
- -height of th¢ distribution curve above the: e

“: . With regard to the degree of crysallinity : - Rhe
..~ of the copolymers utilized in the present in.
#" vention, it was found that two, independen

-~ techniques employed to determine same led -
-to_unexpectedly..good .experimental agree:
., ment. The two methods utilized were X-rdy

ngly,: differential  thermal analysis

~diffraction : patternis. indicate.-a
ystallinity of less' than 25% and
egree stallinity within the
/ the ‘copolymers used
this m;en ion.' In ‘order for
to-exhibit supetior properties;
o allinity Shdi};d reside with-

65

70

n mnineral “‘oil may be
~ine; base material, such .as
.- naphthéne ' base '0r - mixed

75

‘paraffin base.distillate; or résidual. oils. Para-

Hin ‘base distillate “Iubricating -oil fractions
' in’ the -formulation - of ‘premium
grade motor oil suchi-as contemplated in-this
invention. Broadly speaking, a mineral lubri.

80

. cating oil having -an SUS viscosity ‘at 100°F

between about 50 and 1000 may be used. in
the: formulation- of the-improved ‘lubticants
of this. invention.. Usually the viscosity range
falls; between: 70- and” 300 SUS- at ~100°F,
‘The: well-known synthetic: Jubricating bases
of :the ester or, ether’ type may also bé used

85

Theé copolymers or terpolymers: are em-
: compositions
-of “this invention ‘in concentrations of less

than"509%, - preferably 0.1 to 10 wt.%, pre-

ferably betiveen 0.5 and 5.0 wt.% based on

‘the . composition * being " treated. So ‘as  to

-accomplish the desired oObjects. It is to be 95
understood that such ranges are flexible and
will be determined by the _particular charac~
ter of the composition, e.g.. lubricating -oil; 'to
which' the additive is added. Typically such
additives: are sold as .concentrates “wherein
the additive is present-in-amounts of from
3 to 50 wt.%,: preferably '10.to 25 wt.%,
‘based on thé total amouit of “the “hydro-
carbon. solvent, . e.g. mineral oils;. hexane,

100

105

-The polymersorthe terpolymers can b

- employed dlone in lubricant compositions of. .-

the: present--invention, ‘or if desired; can -be
employed in combination with-other viscosity
index." improvers. -in" ordet. 'to -afféct  that
chatacteristic_.of the-base lubricant- com:

110

" position. If ‘desired, said copolymers or ter-

olymers may be.employed in combination
vith other additives, for example, pour point
epressanits, detergent e- additives, -cor>

115

itors, and metal deactivators. - -

:rosion inhibitors, . anti-oxidants, * sladge ‘i~

~ Ethylene- and propylene .were continu- 120

-ously - polymerized .in the presence of n-
*: heptane -solvent, ., .VOClL;:ALEt;Cl,, *“and

hydrogen. The polymerization ‘reaction was

carried out in a twolitre glass ‘reactor
“equipped with-a.monomer inlet tube, catalyst 133
Inlet;, co-catalyst inlet,” solvent - inlet, refjyx



1,239,083

10

15

20

25

30

35

45

50.

55

condenser, stirrer, product recovery outlet
and a temperature control jacket.. Provision
was made to continuously control the rate of
addition of monomer, hydrogen, solvent,
catalyst and co-catalyst. The reaction was
carried out continuously under conditions of
constant volume ‘and pressure (i.e., 1 atm:)
by controlling the rate of feed introduction
and product removal. The ethylene and pro-
pylene monomers were purified by contact
with hot (e.g., 150°C) copper oxide and
molecular sieves. Purification of the solvent,
ie., n-heptane, was effected by passage
through a bed of alumina and silica gel.
Similarly, the hydrogen gas was dried by
passage through a silica gel bed. The entire
system was maintained oxygen and moisture-
free by blanketing with nitrogen. A solution
of vanadium oxychloride (VOCl;) in h-hep-
tane corresponding to a 0.03 molar solution
was introduced through the catalyst inlet
while a solution of ethyl aluminium sesqui-
chloride: (ALEt,Cly) in 'n-heptane - corre-
sponding to a 0.12 molar solution was in-
troduced through the co-catalyst. inlet, The
reactor operating conditions were as shown
in Table L -

o TABLE 1
Temperature, °C. o .55
Solvent Volume, litres @ 1 atm., 25°C. 1.5
Monomer Feed Composition .

Volume % propylene 75
Volume % ethylene 25
Monomer Feed Rate, litres/minute 3.0

Hydrogen Feed Rate, o
cc./minute @ 1 atm. 25°C 30
VOCI;s Catalyst Solution Feed Rate,

cc./min. : 1.0
Catalyst Composition, Al/V molar ratio 5.0
Reactor Residence Time, minutes 20

A sample of the product stream was re-
moved and a polymeric product was re-
covered by steam distilling off the solvent
and vacuum drying the product at 50°C,
0.7 weight % of the'polymer was dissolved
in a lubricating oil in order to determine
the V.I. and thickening efficiency of the re-
sulting oil composition. The copolymer re-
covered had the properties shown in Table IL.

' _TapLg II
Mole % Ethylene 710
Inherent Viscosity -
@ 135°C decalin, dl/g 2,01
VI @ 135 -
Thickening Efficiency * 27

@ Viscosity Index as determined by

ASTM D-567 in Reference Oil 150 which

is a solvent extracted, neutral, paraffinic-type
oil of about 46.53 SUS at 210°F and. 189.9
SUS at 100°F. o

@ Thickening Efficiency is the ratio of
Wt.9% polyisobutylene (20,000 Staudinger

mol. wt.) required to thicken Reference Oil
150 to a viscosity of 12 + .5 cs.at 210°F/
Wt.% ethylene-propylene  copolymer re-
quired to thicken Reference Oil 150 to the
same viscosity.

ExamMPpLE 2 '

‘This example serves to illustrate the cor-
relation between the degree of crystallinity
of a copolymer used in the oil compositions
of this invention and its potency as a V.L
improver. In this example, a number of
cthylene-propylene copolymers were pre-
pared in accordance with the procedure of
Example 1 except that the ethylene-pro-
pylene: feed ratios were controlled to give
various polymer compositions which were
examined for their degrees of crystallinity
by X-ray diffraction. The procedure utilized
was similar to that of Weidinger and Her-
mans, Makromolekular Chem., 50, 98 (1961).
The method of determining the crystalline
fraction in the ethylene-propylene polymer
consisted of: (1) obtaining a diffractogram
of the ethylene-propylene copolymer sample,
(2) measuring the amorphous and crystalline
areas of the diffractogram and (3) calculat-
ing the percent crystallinity from these two
measurements. ' :

The method is based upon taking a series of
diffractograms of ethylene-propylene-copoly-
mer samples that vary in crystallinity. The
data is normalized to the same absorbance. A
plot of the normalized crystalline area versus
the normalized amorphous gives a linear
relations between the two quantities. This
allows the calculation of the crystalling
fraction in any other sample from the ob-
served crystalline and amorphous- areas.

" 1.0 weight % of the polymer was dissolved
in the same oil as used in -Example 1 to
determine the V.I. and thickening efficiency
of the resulting oil composition, The V.L
of each of these ¢thylene-propylene copoly-
mer samples were compared at equal vis-
cosity average molecular weight (equal
thickening power) and the resulting data in
terms of percent crystallinity and V.I. are

presented in Table IIL
TasLe IIT

S Thick-

Sample Mole % ening ~ % '

No. Ethylene Power Crystallinity V.L
1 72 20 - 2.64 131
2 77 2.0 1147 136
3 78. - 20 13.87 140
4 80: 20 1975 136
5 81 20 2432 131
6 82 : * * *

* Insoluble in oil.
- It can be seen
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the polymer crystallinity has an important
effect on the V.I. properties of the polymer.

WHAT WE CLAIM IS:—

1. An oil composition comprising a
major proportion by weight of a lubricating
oil and a minor proportion by weight of an
oil-soluble polymer comprising ethylene and
a Cy—C,, alpha-olefin, said polymer having
the following combination of parameters:

(a) an ethylene content within the range
between 70 and 91 mole %, .
(b) adegree of crystallinity less than 25%,

(c) an Mw/Mn ratio less than 4.0, and
(d) a viscosity average molecular weight
of between 10,000 and 200,000,

2. A composition according to claim 1
wherein said polymer has an ethylene con-
tent of between 78 and 88 mole %.

3. A composition according to either of

claims 1 and 2 wherein the ratio Mw/Mn
is less than 2.6:1.

4. A composition according to any one
of the preceding claims wherein said poly-
mer has a viscosity average molecular weight
of between 30,000 and 100,000.

5. A composition according to any one
of the preceding claims wherein said alpha-
olefin is propylene.

6. A composition according to claim 5
wherein said polymer contains up to 10
mole % of a third monomer which is a
C—C,; alpha-olefin,

7. A composition according fo any one
of the preceding claims wherein the degree
of crystallinity is between 1 and 20%.

8. A composition according to claim 7
wherein said degree of crystallinity is be-
tween 3 and 18%.

9. A composition according to any one
of the preceding claims wherein said lubri-
cating oil has a viscosity of between 50 SUS
and 1000 SUS at 100°F.

10. A composition according to any one
of the preceding claims which contains 0.1
to 10 weight %, based on the total compo-
sition of said polymer.

11. A composition according to claim 1
wherein the amount of polymer is 0.5 to 5.0
weight % based on the total composition.

12. An oil concentrate comprising. a
hydrocarbon solvent and 5 to 50 weight %
based on solvent of the polymer as defined
in any one of claims 1—38.

13, An oil composition according to
claim 1 substantially as hereinbefore des-
cribed with reference to the Examples.

K. J. VERYARD,
15 Suffolk Street,
London, SW.1,

Agent for the Applicants.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1971.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.
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T of the preceding “claims ‘where;
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-the polymer crystalhmty has an nnportant
' eﬁect on the ' propemes of the polymer

rl?-."- An oil ‘composition comprising a
5%, major proportion: by weight' of a lubncatmg
. oil'and a minor. proportion: by weight of an
_* oil-soluble polymer comprising ethylene and
D GGy alpha-olefin, said polymer having
. .the’ followmg combmatlon of patameters
10 (a) an ethylene oontent within the- range
~ between, 70-and 91:mole %,
(b) a degree of:crystallmﬁy less than 25%,

(¢ an Mw/Ma fatio less than 4.0, and
'_(d) & v1scos1ty= average molecular wexght
. of between 0 000 and___200 000,

S 2 'composmon accordmg to. claim 1

- wherein ‘said ‘polymer has- an ethylene con-
tent -of between 78 and 88 mole %.

3 A composmon aoeordmg to elther of

-clalms 1 and 2 wherem the ratlo Mw/Mn

- is. less than2.6:1:

C A compo ition accordmg to any one
' of the preceding: claims: wherein ‘said ‘poly-
- mer has a viscosity-average molecular weight

.of between-30,000 and 100,000. "

.5.""A- composition accordi

oleﬁn is propylene N

6. A composition according to claim 35
wherein said polymer contains up to 10
mole % -of a third monomer which is a
C& r'y alpha'oleﬁn

7. A composition according to any one
of the preceding claims wherein the degree

of crystallinity is between 1 and 20%.

8. A composition according to claim 7
wherein said degree of crystallinity is be-
tween 3 and 18%.

9. A composition according to any one
of the preceding.claims wherein said lubri-

cating oil has a viscosity of between 50 SUS
and 1000 SUS at 100°F.

10. A composition-according to any one
of the preceding claims which contains 0.1
to 10 weight %, based on the total compo-
sition of said polymer

11. A composition according to claim 1
wherein the amount of polymer is 0.5 to 5.0
weight % based on the total composition.

12. An oil concentrate comprising
hydrocarbon solvent and 5 to 50 weight %
based on solvent of the polymer as defined
in any one of claims 1—38.

13. An oil composition according to
claim 1 substantially as hereinbefore des-
cnbed with reference to the Examples.

K. J. VERYARD,
15 Suffolk Street,
. London, S.W.1,
Agent for the Applicants.

Pnnted for I-Ier Majesty S Statlonery Office by Burgess & Son (Abingdon), Ltd.—1971.
Pubhshed at The Patent Office, 25 Southampton Bmldmgs, London, WC2A 1AY
: from whzeh copies may be obtained
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