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: ‘property.
:posmon Js. the: rate:at::
changes asa-function:of i
'latuomhxp ‘between . the viscosity and tempers-
sture is: comimonly expressed in the art as: the
‘viscosity: index: (V.L.).: Lubricant composmons

-in- temperature: have:
-than do compositions whose viscosity - is materi-

~and - 100°F.-and, €3
- measured 210°F: fvmcossty -anid -the’ .extra-
-palated 0°F, , viscosity -are: used to ca]m]ate
-the. viscosity -index of the oil. .. "

';_=(z1) Apphcanon No. 3747 69.:

- (30). lGonvenuon Apphcauon No. 837: 733
" (33) United Stiites of America (U: S)

© {52) Index at acceptance :-

'. ?’(72) Inventors N‘ORMAN JACOBSON, Dmmmwmpp M .
___.W‘NTA'WEIJL_amd.ED'WARDN'A HA

We,~ Esso. RESEARCH AND EN-
G-INEERIN‘G ComPANY;-a Conporation duly:or-
ganised” andexmurxgunsderﬂhelawsofﬂ\e

State.of. Delaware, United ‘Staites of ‘America,

-of: “Linden, New -Jersey, - United : States of

-Adnerica; do hereby declare- the invention-for
-which we pray: that ‘a_patent-may be granted
10148,

and ‘the ‘method - by which it is to'be
performed, to be parucmlarly descnbed m rarid

'by the. following ‘statement: ==+

- Thig: invention :is- conoerndd w11:h certaan
poly\mers : from- ethylene and-at least
one- othm' alpha-oleﬁn, :and Iubricating i oils

scontaining them, and: is -an: improvement in

oiir modification .of. :the invention of patent

‘application 60785 /70 (Seérial"No:' 1. 239,083)
-which: is. a divisional :of - patent apphcarmm
'31921/68 (Smal No, 1; 230?,082)

of @l u'bncam com
Whldhf dits " viscosity
iture.. The re-

- An. Jmiportant

which. ohange Jittle in wiscosity witli variations
greater : Viscosity: rindex

.ally-affected by changes.in ‘temperatire.’ Iny ghis

connection,: the ' viscosity. index - of -4 kabricant

.composition :has in the: Past ‘been .determined

by measuring the vmcosxtyofﬂneml at 2109F.
ating’ to.: -09F,. The

In the case: of -motor:.oils: which sconmm

" polymeric; viscosity index. iinprovers, the extra-

“polated ‘O°F, viscosity is ysually. much. lower
-thar:its. meastired: value since. motor oils. con-
Agining - polymmc : ealdldqug are: non-—New-
[Price: 25p] o

(22) F:led 25 ]uly 1969
" (61) Patent of Addifion fo:No. | 239 083 dated 4 July 19
G Filed. 30 June ..1969 m

' (45) Comiplete Specification piblistied 2 Sept 1971
+ 51 Intetnational Classification 'C:

C3P 13D2A 13D2B; 13FX 13G4-B '13HZB 13H3 13K2. -
EE .13L 13N2 13R2A 7‘0143 7CGA TBIA 7DI1B-

’CSIF" 462 491'510 5x11 512 523 526 5317537
9~55x 57T s7x 620632 640 649, 672°6;

trnpaﬁt a lhugh mscosr:y in-
éxtrapolated’ 0°F wswslty) 10

cogmzad ' “jndex: alone is' not a
tmenwaSum_ofanoﬂ’seﬁecnvenessm facili-
tating cold-ismnnng sand - minimizing - friction
‘and: engine-wear. “Accordingly, the direct- de-
“tenination of ‘the low teniperature (0°F:) wis-
«Cosity “of "a’inator oil wnider engine. conditions
-'by.-user-- suitable-device' such aé thé éngine
wiscosity simulator ‘disclosed -in 'U.S, Patent

‘Noy; 3,350,922, js* necessary ifi order 10 evalu- i

‘dte the' vlsmty characmsms mparted by a
-viscosity index i D
“'_ Beside the atmmnmt o V 'mxpmvem:ent

o-f pdlymer.ic V I agents 1o date, it has gerner-
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aity been found what solubility and stiear stabi-

“lity - are, inversely ‘proportiona} to’ithe mole-
scular weight of the polymer.- -Sihoe'the greatest
VI dfedthasbemcbtmned:ﬁrompolymers

_ pmper" =:s1abi'11ty i respect o
res:stance agamSt ‘sheair ‘stresses anid ito’ attain
the_ desxredsolubm of. thé additives, This,

g o ety mestticted by limitation

<of -onie of thie -aforémentioried dharacteristics. -

s Another feature of "V, im: 48 the

: provers
amount of addmve necessanly utiluzed in ordc'r

1o

75

~Amplovin chafactmsuc of additives ‘-

8
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- flected

to attain medeslred V.L mprovement This
measure of effectiveness of an additive, as re-
by the amounts utilized, may be re-

“ferred ito as the thickening potency of the

additive, It is readily apparent, therefore,

. that in addition to effective V.I. improvement

with accompanying shear stability, solubility,

E - etc., jtis highly desirable to prepare a V.I.
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~ improver which has a thickening potency such

that smaller amounts of additive as compared
to _amounts conventionally employed can be
utilized to attain the desired improvements,
Many of the commercialized wiscosity in-
dex improvers such as the polyisobutenes, poly-
polyacrylates and polyalkylstyrenes are de-
ficient in that they thicken motor oils to an
undesirably large degree at low temperatures
and/or exhibit substaptial shear breakdown

and/or are defidient in one or more of the’
other aforementioned viscosity index improver -

dh()mh s;ﬁs suggested as useful oil
er yiers Sug -as i
additives include ethylene/aipha-olefin poly-

iIn general, these oil additives are Jow mole-
‘cular weight ethylene/alpha-olefin copolymers
‘which are used to depress the pour point of

heating oils, Heretofore, however ethylene/

alpha-olefin polymers hgve not found wide
-acoaptance ‘as- libricant viscosity ipdex im-

provers, These ethylene based: pol

cularly copolymers of ethylene and propylene,

‘would not appear to be acceptable commercial
- viscosity index improvers since they wonld be

hazy oils and exhibit
index improvers. f?lydedd, as disoussed more
fully hereinafiter, the production of relatively
haze-free oil compositions containing ethylene-
propylene copolymers has been found to be

-extremely difficult,. Of course, 2 motor ol

containing a significans amoupt of visual haze
15 umcceptable from the view paint of con-
Sumer - appeal. and pogr performance  due 1o
the - presence - of ofl-insofubles *which eoyld
cause problems such as filter plusging, oil
Screen plugging ang polymer drop out as

-sludge especially in centrifugal pumps, -

sodbic polymer” s
PR e

.. In accondance with this invention, an essenti-
ally -hazesfree ofl composition useful as a
lubricant contains as a. V.1. improver.an -oil-
polymer mmss;gdegglene and a2
cterizead- by the followipg combination

-of parameters: (). an average sthylene ton.

the Tange.of bemween 60 and 80

‘mole -9, wherein_s3id polymer contains no
_more than 1.3%; by -weight of a polymer frac-

sion which fis insoluble in normal ‘decane at
45°C.; (b) u-degree ‘of crystatlinity fess than

'25%;3: (©)-an Mw/Mn (ie, weight average

molecular weight/number aversgé moleular

. Vitim

- cosity average mplecular weight of

- mer be

‘where the branching

noﬂbomene, 1;5-cyclodecadiene,

; and (d)
10,000 and' 200,000, The polymers of the in-
added to lubricating ofils, -are found to-have
the unusual combinatien of
ng
high thickening

weight) ratio less than 4.0 a vis-

stability. Such combination of properties ren-
der the ipolymers of this invention especially .

useful in lubricating oils' of both the mineral

The ' alpha-olefins which are of interest and
used in the prepargtion of the V.I. improvers
of this invention are those monomers contain-
ing from 3 to 18 carbon atoms per molecule.
The alpha-olefing may be linear or branched

where the branching oocurs three or more car-

“bon gtoms from the double bond, and, while

a single olefin is preferable, mixtures of these
G to Cy, olefins may be employed, It is most
preferred, however, that the ethylene mono-
copolymerized with propylene, Suit-
able examples of C; to C,, alpha-olefins in-

> among others, propylene, 1-butene, 1-

‘pentene,. 1-hexene, 1-heptene, l-octene, 1-
‘nonepe, - 1-decene, 4-methyl-I-pentene, 4-

e e 31 Fhigs-id g so
hyl - 1'- pentene, 4 - methyl .1 -
tene, '3 _ methyl . 1 . heptene, 6 - methyl-
51'6:5 - c’ubTAf dimethyl - 1 . hexzene,
While
preferred for the purposes of this invention,
whien propylene js employed: as the comono-
mer, le., with ethylene, it is alse pessible
to mse a third monemer which may be one

70

properties includ- -
excellent V.I. improving cheracteristics, - .

5
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95

ethylene-propylene copolymers are .-

100

or more of the aforedescribed C, to C,5 -

alpha-olefins and/or C, to C, non-conjugated
diolefins, These umsaturated monomers are
also preferably: linear, but may be brandhied
ooours three or more. car-

105

bon.atems from the double bond, and, while .. -

-a.single olefinic monomer is preferable, mix-

inmres of these olefinic

monomers may also be

contained in the polymer may range from 0

110

to sbout 10 mele 9, e.g. 0.5't0 5.0 mole %, -

; 'The diolefine which ate' useful for copoly-
‘menization ‘with ethylene and’ propylene in-

chde the bicyclic, alicyelic or aliphatic noncon-

jugated diolefins containing from 6 ito 28 car

115

bon atoms, ppreferably from 6 to 12 carbon - :.

aimoms ‘Examples of suitable monomers are
1,5-cyclooctadiene,  1,4-hexadiene, ~ dicyclo-
p:mtadien:, ‘methylene-norbornene, 5-vinyl-2-

The polymess of the invention cortain firom
60 to: 80 mole %, of ethyiene and 20 1040

mole %, of the aferedescribed C; ito Cys ‘alpha-

olefin, It is preferred, however, that the poly-

mer contain from 72 to 80 mole % ethylene
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e ethykeoaigha-ohefin paisiier G this

cular weight-(Mv) of 10,000 to "200,000; pre-
ferably 30
specxﬁnd, the temn “molecular weight™ ag: ased
herein means ‘moleculir welight ‘based on vis-
cosity -Measurement: The molecilar- ‘weights
thedhmemand'inﬂuec]mmhemfwere
dlenermh ‘by‘ . ; 3

cated. alhove m.onder 'fo Al
to be E cbmmama

etfiylene-propylene. copolymers, is_ relate
Abei - compositional. distribution - and
cular ‘Wﬂght Chstl!ibumon This is "

ight disl articularl
true in the case ethylene-propylene.
mers, It ‘has, been . found ‘that the

Tepr ‘intrinsic vslscosity and
' 2.22. for a polymm <ontain-

Y propyl:
omopolymer ozf “ethylene.
==1 15K wherem K Te-

ipolyiners
bawngmoneiﬂmnlsw't: Yo nfafmcuon
hldhls insoluble fin.normal decane at: 45°C
- produce - significant -amounts.. of, haze in
._'.'gly, the polymer. of "the ‘inven:

of ‘a:polymey fmmon wﬂm{h ds msq!uble in
norma|l decane at 45°C: The presénce of ;thls
midesired mmaal ble. . fr

: ; the polymers con 'ns a frac-
‘tion: wlluch has i '.h'lgh ethyléne content, i.e, an
ethylene content greater than the average: ethy-
Jene content of Irhe total polymer. It is: e high
‘ethylene fraction: whidh js msehﬂﬂe ¥ Aonma

.deeame at 45°C. Generally, he #

le/‘Mn

: xample l whemahmiml decane
contdining’a specified amount of-

0:758: gtam f ‘polymer in_100 milkili

Fourpolystyrenegal separa-
rmmnga:vmgegelpwemzes
0 A Tespectively, were

info ct?ﬁe

. Seconds, A -conehamon -
tween - eﬂrmuon vesl.ume (expressed.as: “counts”

wmmonecmmequaltOSmI)andmole-
cular weight relevani totheseoperaungcon-
ditions was obtained from the peak elution

,000 to 100,000 Unless: uuhmvmse-

B Ciondin o

' _—jso‘hm:ms usmg an injec-

1nvemuonwmuhaveawscmnyavmgemole-

80
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gel pea'meauon dhromato-
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-vention, it was

volumes of a .series” of ~narrow ‘polystyrene
fractions -of known molecdar weight. . The
calibration. standards - obtained: from Pressure
Chemicat Co., -Pittsburgh, -Pa.: covered ‘the
molecular weight .range: i firoin. . 4,800 - to

2,145,000, The standard - moleoular: weights

were converted to equivalent:chain -length
values (A) and the correlation between equiva-
fent chain length and:count number: (elution
volume) was. employed in ‘the analysis . of
ethylene-alpha-olefin, €.£., propylene, distribu-

The treatment of the raw GPC data (in the
form of continuously - plotted - curves) for the
ethylene-alpha-olefin samples_essentially fol-
fowed «classical molecular weight distribution

techniques, For a given sample the height .of

the distribution curve above. the:base line
was measured (in any convenient units) at;re-
gular elution volume intervals over the entire
distribution. The imterval employed was %
count (2} ml.). The height at-a given. count
was taken as'a measure of the, weight fFrac-
tion of the sample having an equivalent chain
length corresponding ito that particular. elution

volume. The measured: heights were jthen nor-

malized to yield the corresponding wreight
number average equivalen¢ chain length and
the weight average equivalent chain length.

Wit regand g0 e degree of ciysalinty
of the copolymers iilized ip the present in-
found that two independent

techniques employed' to determine same 'led
e otedly good expérimental sgresmicnt.
The two methods uiilized were x-ay dif-
fraction and differential thermal asalysi. .~

Accordingly, differential “thermal analysis
and X-ray difiraction’ patterns indicate a de-
gree of crystedlisiity wp to 25%. It is'prefenred,
Bowever, that the degree of crystallinity. be
w;ﬁ/mn the range of from gbout 3 to about

The polymers of this finvention -are pre-

pared by employing ‘Ziegler polymerization

techniques which will pradiuce 2 polymer: with-
in the scope of the defined parameters.. Ma

ny
Ziegler catalyst systems investigated, howeyer,

have produced polymers: falling outside” the

scope of . the' ipolymer definition . and. the re-

sultant polymers dmparnted vistbile: haze to. oil
itions containing same. . | . =
Thus, while theoretically various. Ziegler

U.S. Patent No. 3,051,690 should be suitable,
to date only vanadium oxychbloride and ethyl

aluminum sesquichloride- when used. jh. com-
bination with hydrogen have been- found to

directly yield -a ppolymer having -the irequisite
st dg’mbed -aboye; ~particularly -

with zespect - to-their relative freedom from
haze formation as:indicated by the character-

‘quch: a5 enhy}. alumbinum -

st .combinations such - as . described in -Vanadivm.
chloride (VOCls). FEAURT —_
* The monomers used in ithis invention should

fstic of dess than-1.3%, by weight of a poly-
rher :fraction:- wihich s insoluble in .normal

the Lpolymers:dt sthe  present invention is .to
‘especially : propylene,. i the:presence of . the
combimation . of : vanadinm :

70

gen and 2 solm.medlum.'Hydifogen may be -

introduced incrementally or substantially: at a

single. charge at: various .stages of thé poly-
‘erization - process; ‘and <an be- mixed with
an inert:gas such as nitrogen or with a.gaseous
monomer . and . sparged through . the. reaction
mixture; or retained as ia blankét over it, I is
preferred; o . t0.mix the hydrogen with
mmﬂmﬁ M,: o Jao L .

(]

catalyst systems were founid to'give unaocept- .

able polymers. as to haze formaton, crystal-
finity, moleoular wWeight distribution.and wide
conipositional distribution. Tt is. possible, how-
'ever, in sotie instanceg 0. use gelected Ziegler

85

catalysts which may :wﬁ:a:pﬁlymer;dq?amg} .

ing only -somewhat:from ‘the characteristos .

the present . invention, and {hen use 2 com-
Plemenitary separation technigue such as sol-
vent fractionation- to isolate. the polymer of
formed. Even in this case only a' rather nar-
row group of Ziegler catalysts. appear suit-
able, By way of illustration; the- present poly-
mer product can be prepared by polymerizing
.éthylene. and propylene in the . ‘presence: . of
hiydrogen and 2 ‘vanadiom : tetrachloride-€thyl
by dissolving the polymer ithus produiced :in
fiorinal. decane. &t 95°C. The: solution is then

100

“cooled to: about 45°C. and rthen. centrifuged . -

o remove the high éthylene content insoluble
fraction . and iproduce = soluble polymer frac-
#ion within the socpe, of tihe present invention.
‘It should be noted, however, the mere. removal

105

of the nonmal .decine-insoluble “fraction from -

will not: prediisce the présent Polymer product
since. the: ‘soluble. polyier. may. stifl dack the

110

7 molecular weight thstmbutmn, )

«thyléne ‘content and/or crystallinity.. .- -

- “Tihe: solublé; Ziegler catalyst. thuis preferred
is formed by mixing an alkyl-aluminum halide

X sesquichloride with

ich as!vanadium oxy-

115
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_ _______:glatalyst Composmon

Catalyst Concentrauon
in the feed, catalyst/:. -

total 1
"~ ratno

. :_Hydrogen Concentrauon, _
., mole-% based'on the .
. feed

':":chuon or oonﬁact tlme,

Monomer' _' eed Composmon

rano

monimer. welght

molw of monomer

1 %1072 t6 -'8~'-->< 10—

.10

) --;'_-mISSlOIl
./ 15 . like, they ma
P B 30 0%

When':n:he
‘emiployed. as a- miirior- Pro- :
in- ldbrxcwﬂng oils. sixch- as
-oils, automaitic trans- |

like, addbdunpropomons of 0.01

based: on oil.

pl'efemblyOSteZSbywmght,

The : proportions giving the best results will e

.:f'vau'y somewhat according o, the: nature- of the

"~ present in amounts
- preferably 6 to 25, 3
.:.amount of ‘the. hydmmbon,

' fthe additive, | it
-~ Un the ol composmons contaimng ; poly-
mm's of thzs i ; ;

.lubricating’ ol base
- Pumpose: for -which .
it a given case, Typmﬂy, Suich:

smckaudﬂlespemﬁc
lﬂhellllmcant:sitomve

soldasconceuumes

hapmne_and;ﬂle'

polymmc 'adduuves otf the. pnt-

;- Sent-invention ‘are
pomion 'welght
oﬂs, mdusmal oils, ‘greases; and. the .
pmfe:'ably 0.1 1o 100,-and mone-f,: i

fadli

s . clude,
°o _ B«Clds &g,

catmg
used in- the formulauon of premium grade
mutormlsu@aseonmmplatted,muh!smven
g:;z The " well-known - _synithetic . lubricating
! &eof

ntheesteror

basa 011 Broadly

between 70 andBOO SUS at 100°F
peaiﬁcmmp ofsyn'l.'lleﬁwbasemlslm
among :-others; . esters.of . -monobasic

Oanmg,estgrofﬁ-,_,,Oxoalcoholmth

%s'ebémme,'dm-nonyl adi-

,é- ), ‘esters of . glycols (&g Ci::Oxo
esner

plex wm (eg, the-

OLL ﬁ'acmons are

35

enher type may also. be

ester; of .C;.Oxo _alcoho} with, Cg =

lof tem'aaﬂhylene glycol SIEC. ), -com- "

55
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polyglycol type

-phenol stearate,

subjected to such

gion - fotlos
“genafion by treatrment with st
. sulfonation, as
. jected., - In. addition, it is

formed by reacting one mole of tetraethylene
glycol with two moles - of sebacic acid and
two moles of 2:ethyl hexanol, coriiplex ester
formed by reacting to one mole of
azelaic acid, one mole of tetrasthylene glycol,
one mole of Cs Oxo alcohol,
t(;f C. Oxo acid), esters of phosphoric acid
&8s
moles of the monomethyl ether -of ethylene
glycol with one mole of phosphorus oxy-
chloride, etc.), halocarbon oils (e.g., the poly-
mer of dhlorotrifluoroethylene contaiping 12
recurring units of chlorotrifluoroethylens),

-alkyl silicates (e.g., polymethyl siloxanes, poly- -

alkyl siloxane, ethyl polysilozanes, methyl-
phenyl  polysiloxanes, ethylphenol  poly-
siloxanes, efc.), sulfite esters (e.g., ester i
by reacting one mole of sulfur oxychloride
with two moles of the methyl ether of ethyl-
ene glycol, etc.), carbonates (e.g., the carbon-
ate formed by reacting C; Oxo alcohol with
ethyl carbonate to form a half ester and re-
acting this half ester with tetraethylene glycol),
mercaptals (e.g., the mercaptal formed by re-
acting 2-ethyl hexyl mercaptan with formalde-
hyde, formals (e.g., the mercaptal formed by re-

ing C.s Oxo alcohol with formaldehyde),
synthetic oils (e.g., the com-
formed by condensing - butyl alcohol
with 14 units of propylene oxide, elc.), or
mixtures of any of the above (or with mineral,
animal or vegetable oils) in any - proportions
may also be used.

The polymers of the invention can be em-
ployed alone in lubricant compositions, or_if

dwred, can be employed in: combination with

other viscosity index improvers in order to

affect that characteristic of the base .lubricant .

composition. If desired, the polymers may be
employed in combination with other additives,

+ for example, pour point depressants; detergent

type additives, such
sulfide, calcium
‘nickel - oleate,

‘as bariam .nonyl phenol

bagium octadecylate, calcium
zinc di-isopropyl salicylate,
calcium . cetyl . phios-

phates, ~barium di-tertizry-amyl-phen yl - sul-
fide, caloiuin petroleurn sulfonate, zin¢ methyl-

Kyclohexyl thioptiosphate and calcium dichloro- -

" The present invention also contemplates
that- ithe polymers
after-treatment -as may be
desired -to. fit them for-particular wses or t0
impart desired ancillary properties, It is to be
understood, ‘therefore, that ‘polymers of he

invention can be subjected to chemical modify- -

fing treatments, Such s halogenation, halogena-

. followeidt - by . dehalogenatior sulfohalo-
1 -chioride,
ang sulfur dioxide,
1 as any other reaction 1o
which hydrocarbon: polymers

or mixtures of ‘chlorine

allso. contemplated
that the polymers. of the invention can be

and one. mole.

the ester formed. by contacting three.

ertiary-amylphenol sulfide, placing

- described: herein - can be atnple, 0.9%, by

{(based on oil) were -blended ‘with the refer-

 polymers:h
" trents -and
‘may ‘be -sub-

. ‘blendied with other polymers so as 1o impart
vatious desired propesties ithereto. .

~The drawing is a grap: ic representation of
the - moleculsr. weight - distribution of ¢hree
different ethylene-propylene copolymers. The
aforedescribed gel permeation: chromatography
(GPC) technique was used in detenmining
these ~molecular . weight istribution curyes.
Other -properties of these polymers and. their
mdﬁhods,,;-pf.preparamion are given below in
Example 2.

ExAMPLE 1 '

70

15

' As has been pointed ous, polymeric addi-
amounts of

tives which impant significant f
visible haze to ofls are unaocceptable for use
in motor-oils. Ziegler polymers prepared from
ethylene and lower alpha-olefins, -
propylene, :would be

stantial amounts
these polymers are ‘essentially linear, rela-

tively high in molecular weight and do not
contain oik-solubilizing long alkyl side chains
such as the commecially available viscosity in-
dex i . In fact, a large: number of

polymerizations have been carried out msing
various Ziegler catalysts in conjunction with
a mumber of chain transfer

80

especially | -
expected, to form sub-. .
of haze in motor oils since -, ;

85

agents, In the

vast majority of these polymerizations, ¢hepro-. .

ducts produced were
fractionation to produce the
ing polymer; of the invention. :

The technique and apparatus which was
used herein for meast i ibed
in U.S. Patent No.

thaze measurement 1S

unsuitable or required

measi obtgined by passing 2
light beam. through a sample and measuring

a conventional light meter. The light trans-
mitted. through the oil sample is greatest for

The aomal haze measurement was matdle by
1 g a standard or reference il .contain-
ing none of the polymer to be evaluated in
the sample tube, passing a kight beam: there-
through and adjusting the fight meter read-
ing to.a reference level.” The haze-forming

. characteristios of a ‘polymer were
herein by
“‘geference 0il to

blending sufficient polymer into the
; give ‘an -oil - blend -having a
viscosity at 210°F, of
wweight of dhe test ‘polyiers

The . polymer-oil blend was then

“tested <in the’ apparatiss in the ‘same manner
' a5 the reference sample afid ‘the meter read--
iing. was

an oil blend
haze. less -than 13 units wouldt- be
considered acceptable for commerciel use.

observed. In this test,

. Ip this .example, ethylene-propylene co-

1 average molecular weights wwere

" copolyimers were prepared in-the: Meof

hydfogenandacwtwlystsystemwmismngdf

lowest idegree 'of-jh;aze.—'

12 '+ .5 cs. In ithis'ex- -

aving similar-average ethylene con-

aze 15 CCSOrIOLE: .
3,358,148, Briefly, the

100

_the. amount. of light ¢ransmitted by means.of . o
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i f?-dmon wsed for each caltalyst system differed

i t somewhat so that polymers having essentially

ide, | molecular weight could be made from each 1o
e catalyst systam.

- . the same average composition and average ;

~ Hydrogen
: " Parts per ..
Vanadmm Million Paits

_Ca‘talyst Ethylené ' Catalyst Used

Al/V: Mok
‘Ratio | -

53.'

VOCI,—Et,ALCl,
VCl;éi-EtsAlgCls
_____ B

100

'_ Tlhe rwwlﬁmg polyme:;s were evalua:ted
=I5 polymers' érs. were - ffrd ovwing
by conventional ‘fractionat. uprecnpxms.'

1" tion using the temperaturé efféct-ori-solubilit
-, 0.758 gramy of polyrher were dissolved in

S - below i i Tafble H
< ml, ofnormal :art'-

95°C. andmle& o

: amampenamlmeof45°c averapenodofabout
30. mimtes, The polymer was-then ceritri-
. fuged at 45°C. and 2000 mpm:for 12 !hours
to remove the. insoluble fraction which wasre- . : .. 7.
. covered and.‘weighed. 'Dhe resulrcs a:re gaven o

o

&

L
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Haze-Forming Characteristics of Ethylene-Propylene Copolymers
‘ Catalyst Used to Prepare Polymer
Unfractionated | quf-._gt,A%,ma VCl—Et,ALCl,  VClL,—EtALC
Polymer T l_’ol}"m_et A Polymer B ‘Polymer C

Mole % Ethylene 76 71 - 77
Inherent Viscosity

in decalin @ 135°C., di/g 1.6 1.5 o712
Haze Units* | ' 6 14 s ::" 93
Fraction of Polymer $oli1ble in.:n'-_decal_:.né @ 45°C _ :
Wt % Soluble . T 100,00 98.65 . 96.79
Haze Units* | 5 3 o
Fraction of Polymer Insoluble in n-decane @45°C. | R
Wt 9% Tnsoluble o e - 13 3.21
Mole % Ethylene R B 81  : e st
Inherent Viscosity - o

in decalin @ 135°C., dl/g - — S % 1.5

*Polymer evaluated for haze in- a reference oil which is Solvent 150 Neutral which is a solvent extracted,
neutral, paraffinic type oil having a viscosity of 150 SuS at 100°F... -~ . < . -

10

15

20

Referring to the above Table, it is seen
that although the polymers were essentially
of the same average composition and. average
molecular weight {(inherent viscosity) the poly-
mers were § ially different in haze-
forming: characteristics when blended with the
oil. For example, oil compositions contain-
ing Polymer A were very low in haze where-
as oil sitions contaiining Polymer B
were not good ‘in: iterms of haze, and oil com-
positions containing Polymer C were oom-
pletely unacceptable from the stamdpoint of
biaze, Table II also shows that Polymer B

was funther pirot to produce

further processed I ow haze-
fforming ipolymer (3 haze wnits) - within -the

scope of.the invention by removing: the poly-
mer fraotion which was_insoluble in normal
decane at 45°C., However, Polymer C was
not sufficiently fimproved with respect to haze-

oe 2 low haze-
" anhydrous h
_ffer agent whereas Polymer II was prepared

forming characteristics by iremoval of the poly-
mer fraction insoluble In normal decane at
45°C, since the soluble polymer fiaction had
a molecular weight distribution’ greater than
the 1imiits iof the polymer of this inyention,
_ BxAMPLE 2. @ ¢

1 is unimodal and has e narrow. molecular
weight distribution whereas Polymer II is
bimodal and Polymer ITI has a very broad

Polymer I corresponds. tto ‘Polymer A of
Example 1. Polymer I was prepared using
ic acid: g & chain trans-

withdut the use of a chain tratsfer agent. The
actual polymerization conditions are shown
below fin Table I,

25

30

35




. 700 002 Nem . VOC-BoAId 3

- 7-(1) One,gallon stxrred glass reactor mamtamed at 38

°c"'a:"'xa o
. (8 Mondmer feed cons1sted of 22 mole %

ethylene and ’18 mole 9, propylene

(3) One gallon stirred stainless reactor maintained at 42°C and 15 pslg_

 The’ mulacwlan weight - distribution (Mw/-- 3; portion of
Mn), thickening efficiency. and. sonic - break. caring

. down charagteristics of Polymers I II and"‘ "a consta

- 3 .?I]JI_ are shown - ibetow dn- Table TV, ‘
- .., With: respect 1o the sonic. brealdduwn, thits.
L standhndmwsurementf detmummng uhe:

rtheblend:ssubuecnadmsomcg
forcmatas;peexﬁ- : ]

ubicari '.comdmons_ ference
od: the sample under test js -Sample

vvamanwppmv fba‘,sestocktoaVIS—; PN
15 cosny at 210°F of 150 =+ 05 oennstokes

. (V1scomty of blend bdfore ltest-VISlcosx- of

_ blend alﬂter 'Dest) (10?'0),,_
(V1scosmy of blend before test-Vlscosm:y of base oily T

e
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TaBLE IV
Thickening % Sonic
Efficiency Mw/Mn Breakdown
Polymer I 2.2 2.2 8
Polymer I 1.6 34.4 - 18
27.2 - 54

Polymer III 1.6

As seen from the foregoing results, Poly-
mers IT and IIT which are polymodal and/or
have broad molecular weight distributions are
substantially less resistant to shear degradation
than Polymer 1 which has a narrow molecular
weight distribution. This is the case . even
though Polymer I (which is a polymer of the
invention) has the highest thickening efficiency.
Since shear stability is inversely proportional
to thickening efficiency, this example illu-
strates the impontance of molecular weight dis-
tribution on sh ility, '

shear stability. .
In specification ‘60785/70 (Serial No.

1,239,083) ‘there s described and claimed an

oil composition comprising a- major : propor-
tion by weight of a lubricating oil and a
‘minor proportion by weight of an oil-soluble
polymer comprising ethylene and a Cs—Cs
alpha-olefin, said polymer having the fol-
lowing combination of parameters: S

(a) an euhyldxe' content within the range be-
tween 70 and 91 mole %,
(b) a degree of crystallinity iess than 25%,

. (¢) an Mw/Ma ratio dess than 4.0, and

(d) a viscosity average molecular weight of
7 between about 10,000 and 200,000.

In said specification there is also described
and claimed an oil concentrate comprising a
hydrocarbon solvent and 5 to-50 weight %
based on solvent of an oil-soluble polymer
comprising ethylene and a Ceg—C,e alpha-

" olefin, said polymer having the following com-

bination of para

(a) an ethylene content within the range be- .

tween 70 and 91 mole %, .
(b) a degree of crystailinity less than 25%,
(c) an Mw/Mn ratio less than 4.0, and
(d) a viscosity average molcular weight of
between about ‘10,000 and 200,000,
We make mo claim to such oil compositions
and concentrates,

WHAT WE CLAIM IS (subject to the
foregoing disclaimer):-

1. A polymer comprising ethylene and a
C;—C,, alpha-olefine having the following
combination of parameters:

(@) an ethylene content within the range of

between 60 and 80 mole %, wherein said
polymer contains no more than 1.3% by
weight of a polymer fraction which is in-
soluble in normal decane at 45°C,,
b) a digree__of'fcrysmlﬂini-ty 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 polymer according to claim 1 where-
in the Mw/Mn ratio is less than 2.6.
3. Arpolymeraxicqrdingrcoanyoncofﬂm

preceding claims wherein said polymer has 2

viscosity average molecular weight of between
30,000 and 100,000, :

4, A polymer acocrding to any one of the
preceding claims wherein said polymer has an
ethylene content_of between 72 and 80 mole
o/, ‘and an Mw/Mn watio less than 2.6,

5. A polymer acconding to any onc of the
preceding claims which contains no more than
0.5%, by weight of a polymer fraction which
is insoluble in normal decane at 45°C.

6. A polymer according fo any one of the

ing claims wherein which containg no
fraction which s linsoluble in normal decane
at 45°C.°

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

8. A polymer according to claim 7 wherein
said polymer also contains up to 10 mole %
of a C,—C,, alpha-olefin, or a Ce—Cos noD-
conjugated diolefin or a mixture thereof.

9. A polymer according to claim: 1 substan-
tially as hereinbefore described with reference
to ‘either of the Examples.

10. A low haze oil composition comprising
a major proportion by weight of a lubricat-
inigoilandami'nérprapomionbywdgh't of
an oil-soluble polymer according to any one of
the preceding claims, '

11. A composition according to claim 10
wihtich contains 0.01 to 30%, by weight, based
on the oil, of said oil-soluble polymer. -

12. A composition according to claim 1
wherein said polymer is present in a concen-
tration of from 0.3 to 2.5% by weight based
on the oil.
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Tasre IV
Thickening - % Sonic
Efficiency Mw/Mn Breakdown
Polymer I 2.2 2.2 8
Polymer IT 1.6 34.4 18
Polymer II1 1.6 27.2 54
As seen from the foregoing results, Poly- between 60 and 80 mole %, wherein said
mers II and III which are polymoda] and /or polymer contains no more than 1.3% by 50
have broad molecular weight distributions are weight of a polymer fraction whidh s in.

5 s niatly less resistant to shear degradation soluble in normal decane at 45°C.,
than Polymer I which has a narrow molecular (b) a degree of crystallinity less than 259,
weight distribution, This is the case even (c) an Mw/Mn ratio less than 4.0, and
though Polymer I (which is a polymer of the (d) 4 viscosity average molecular weight of 55
mnvention) has the highest thickening efficiency. between 10,000 and 200,000,

10 Since Shear stability is inversely Pproportional 2. A polymer according to claim 1 where-
to thickening efficiency, ahis cxample illu- 4y the My /Mn ratio is less than 2.6
strates the importance of molecular weight dis- 3. A polymer according to any one of the
tribution on shear stability, . preceding claims wherein said polymer has a 60

In on 60785/70 (Serial No. viscosity average molecular weight of between

15 1,239,083) there is described and claimed an 30,000 and 100,000,
oil composition comprising a major propor- 4. A polymer acocrding to any one of the
ton by weight of a hubricating oil and a preceding claims wherein said polymer has an
Tumor proportion by weight of an oil-soluble ethylene content_of between 72 and 80 mole 65
polymer comprising cthylene and a Co—C,, % and an Mw/Mn ratio less than 2.6,

20 alpha-olefin, ,said polymer having the fol- °s polymer according to any one of the
lowing combination of parameters: preceding claims which contains no more than

.. 0.5% by weight of a lymer fraction which

(a) an ethylene content wl;u!nn the range be- is in/soliyhle ing};tomna-l tli’:cane at 45°C. 70
tween 70 and 91 mole Yo, . 6. A polymer according 1o any one of the
(b) 2 degree of crystallinity less than 259, preceding claims wherein which containg no

25 (c) an Mw/Mn ratio less than 4.0, and draction which is linsoluble in normal decane

(d) a viscosity average molecular weight of at 45°C, " :
between abour 10,000 and 200,000. 7. A polymer according to any one of the 75
In said specification there is also described preceding claims wherein said alpha-olefin is
and claimed an oil concentrate comprising a propylene,

30 hydrocarbon solvent and 5 to 50 7 " 8.°A polymer according to claim 7 wherein
based .00 solvent of an oil-soluble polymer said polymer also contains up to 10 mole %,
comprising ethylene and a G—C,, aipha- o , C,—Cy, alpha-olefin, or 2 C;—Cy, non. 80
olefin, said polymer having the following com- conjugated diolefin or a mixture thereof,
bination of parameters: o 9. A polymer according to claim 1 substan-

35 (a) an ethylene content within the range be-  tially a5 hereinbefore 4 ibed with reference

wween 70 and 91 mole ¥, to either of the Examples.
(b) a degree of crystallinity less than 25%, 10. A low haze oil composition comprising 85
(c) an Mw/Ma ratio less than 4.0, and a major proportion by weight of a lubricat-
d} a viscosity average molcular weight of ing oil and a minor propontion by weight of
40 between about 10,000 and 200,000, an oil-soluble polymer according to any one of
We make no chim to such il compositions  the preceding claims,
and concentrates, 11. A composition according to claim 10 of
whiich contains 0.01 to 30% by weight, based
WHAT WE CLAIM IS (subject to the on the oil, of said oil-soluble polymer,
foregoing disclaimer): - A composition according fo claim 11

45 . 1. A polymer comprising ethylene and a wherein said polymer is present in a concen-
Cs—C,s alpha-olefine having the following tration of from 0.3 to 2.5%, by weight based 95
combination of parameters: : on the oil,

(2) an ethylene content within the range of

Cm
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13. An oil concentrate oompnmng a hydro-
carbon solvent and 5 to 50 weight %, based
on solvent, of the polymer aocording 1o any
one of claims 1 to 9.
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