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A DIMENSIONALLY STABLE SOLID POLYMER BLEND
AND A LUBRICATING OIL COMPOSITION CONTAINING SAME

This invention relates to a novel solid dimensionally
stable polymer blend which is effective as a VI-improver
lubricant additive when employed in a lubricating oil

composition.

The art contains many disclosures on the use of
ethylene copolymer . additives . for lubricating oil
compositions. Ethylene-propylene copolymers and ethylene-
alpha olefin and non-conjugated diene terpolymers, as well
as- their functionalized derivatized modification are
‘illustrative of this type of oil additivk. The use of
copolymers as additives in lubricating oils dictates that
they possess certain essential properties. The copolymers
must be suitably soluble in the oil solution in’order to
provide the properties intended for the lubricating oil.
Additienaily, the copolymer must not promote undesired
reactions, either with the lubricating oil or with other
additive components . used in +the fully formulated
lﬁpficating 0il composition. . T

The basic building blocks of the copolymers of the
invention are primarily the monoolefins, such as ethylene,
propylene and higher alpha-monoolefins, optionally, with
minor amounts of a polyene, i.e., a non-conjugated diene
or triene. More specifically, the building_ blocks

- comprise ethylene and at least one C;-C,, alpha-monoolefin
polymerized according to known methods to produce the

copolymer or terpolymer additive.
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The' art contains many disclosures on the use of ethylene_
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functionalized and/or derivatized to add

additional

properties to the additive for incorporation in the
Jubricating oil formulation. While conventional amorphous
copolymers (OCP) and their derivatives show good viscosity

index improving properties in lubricating oils

they do not

possess good dimensional stability at molecular weights

suitable for modern premium lubricating oils.

An ethylene

copolymer that flows under ambient conditions, i.e., is
characterized by having cold flow properties, is not

dimensionally stable. !

Partially crystalline ethylene copolymers are also

known and are characterized by having

e&cellent

dimensional stability. The dimensional stability of a
copolymer ¢ is a particularly valuable property for

facilitating the shipping oxr transport (parti
storage and -handling) of a copolymer material.

cularly the
There are,

however, drawbacks to the usefulness of the partially
crystalline ethylene copolymers as lubricating oil
additives. Partially crystalline ethylene copolymers do
not provide satisfactory pour points and cold storage
properties to lubricating oil compositions. In addition,
these partieliy crystalline ethylene copolymers require

elevated temperatures for handling and storage.

They also

require special blending conditions in order to be useful

in a lubricating oil. -
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ethylene-alpha-olefln copolymers.
U.s. 4,863,623 discloses amorphous ethylene

copolymners, as well as their derivatized and
functionalized extensions, as useful additives in a
lubricating oil composition.” The disclosure in this
patent which relates to a VI-improver, dispersant, and
antioxidant additive for lubricating oils is incorporéted
herein by reference. :

The following patents illustrate the development of
ethylene copolymer lubricating oil additives as well as
their functionalized and derivatized modifications, to
witsr U:S. 3,316,177, 3,697,429, 4,089,794, 4,146,489;
4,219,422; 4,234,435; 4,235,731; 4,320,019, 4,505,834 and
4,507,515. - '

Both the amorphous and the partially cryétalline
ethylene copolymer lubricating oil additives may be
referred %o as olefin copolymers (OCP). Similar, the

functionalized and derivatized amorphous and the partially

. crystalline ethylene copolymer oil additives may be

refefred to as dispersant olefin copolymers, (DOCP).

An object of the invention is to provide a'novel
solid dimensionally stable ethylene copolymer blend useful
as a lubrlcant additive.

Another object of the invention is to provide an
ethylene copolymer blend comprising at least two types of
ethylene copolymers including an amorphous ethylene
copolymer and a partially crystalline ethylene copolymer.
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suitable for nmodern prenium | ubricating oils. An ethyl ene copet
flows under anbient conditions, i.e.,7is characterized by ha
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et hyl ene copol yners ang ﬁ KRy i and are characterized by having
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Is a particularly valkh Wdrider for facilitating the shipping or

transport (particularly the storage and handling) of a copolymer material.

~There are, howeverp g¢upehackeshedthorisahdl I89entiohNesPAd igtdVide an
crystalline ethyl ene copol oi| additives. Parti al

ners as lubricatin y
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handl i ng and %?%?g 9rT%5§ea?goc?g§u¥i§wsB£8gﬁr£BF3hding conditions in
order to-be useful in a lubricating oil. :

Another object is to provide functionalized and

derivatized ethylene 'copolymer blends that are
dimensionally stable and effective as multifunctionally
lubricating oil additives.

Another object is to provide novel lubricating oil

compositions.

The solid dimensionally stable polymer blend of the
present invention comprises: (1) a partially crystalline
.ethylene copolymer comprising 60 mol % or over, preferabiy
from 60 to 85 mol %_ of ethylene, up "to 40 mol %,
preferably from 15 to 40 Mol % of a C;-C;y alpha-monoolefin,
preferably propylene, and optionally from O to 10 mol % of
a non—-conjugated diene or. triene, having a numbe? average
molecular weight ranging from 40,000 to 250,000, and
preferablw a molecular weight distribution (MWD) from 1.2
to 7, and (2) an amorphous copolymér comprising from 40 to
65 mol % ethylene, from 35 to 60 mol % of a C;-C,, alpha-
ménSOIefin, and optionally from 0 to 10 mol % of a non-
conjugated diene or triene, having a number average
molecular weight ranging from 40,000 to 250,000,
preferably 50,000 to 150,000, with preferably a molecular
weight distribution ranging from 1.2 to 7.

e

The partially crystalline ethylene copolymer and the
T“%m - amorphous ethylene copolymer components of the solid
o dimensionally stable polymer blend of the invention may be

- prepared from ethylene and propylene, or it may be
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range of C;-C,, alpha-monoolefins. Mixtures of the C;-C),

alpha-monoolefins with ethylene may also be employed.

Complex polymér substrates, often designated as
interpolymers, are prepared using one or more additional
components. A third-componént geﬁerally used to prepare
an interpolymer substrate is a polyene monomer selected
from a non-conjugated diene or triene. The non-conjugated
diene component is one having from 5 to 14 carbon atoms in
the chain. Preferably, the diene monomer is characterized
by the presence of a vinyl group in its structure and can
include cyclic and bicyclo compounds. Representative
dienes include 1,4-hexadiene, vinyl norbornene, ethylene
norbornene, - 1,4-cyclohexadiene, dicyclopentadiene, 5-
ethylidene-2-norbornene, 5-methylene-2-norbornene, 1,5~
heptadiene, and 1,6-octadiene. Represenéative trienes
include 1-isopropylidene:3a 4,7,7a~-tetrahydroindene, 1-
1sopropylldenedlcyclopentadlene, dehydfo—
1sodlcyclopentad1ene, and 2~ (2—methylene-4—methy1 3-
pentenyl)[2.2.1]bicyclo—5rheptene. A mixture of more than
one polyeme can be used in the preparation of the
interpolymer. In general, the polymers employed are
prepared according to Ziegler-Natta polymerization
methods.

A partially crystalline ethylene copolymer may be
produced when the ethylene content employed in the
reaction is above 60 mole percent ethylene. The balance
of the reactants will be from up to 40 mole percent of a
C;~-C,, alpha-monoolefin, and from 0 to 10 mole percent of a
non-conjugated polyene component. The partially
crystalline ethylene copolymer will be characterized by
having at least 3 weight percent crystallinity up to 15
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and a molecular weight ranging from 50,000 to 150,000.
still more preferred partially crystalline ethylene
copolymer will comprise 75 to 85 mole percent ethylene
with the balance being from 15 to 25 mole percent of a C;-
Cjp monoolefin and from 0 to 1 mole percent of a polyene
and have a molecular weight from 60,000 to 100,000 and
from about 5 to 10 weight percent--crystalliriity.
Crystallinity of the ethylene copolymer throughout is
understood to mean weight percent crystallinity.

The partially crystalline ethylene copolymer may have
a molecular weight distribution ranging preferably from
1.2 to 7 or preferably from 1.4 to 3.)  still more
preferably, the molecular weight distribution will range
from 1.6 to 2.5. Molecular weight distribution refers to
the ratio of weight average molecular weight (ﬁw) over
number average molecﬁlar weight (Mn). The presence of at
least one* partially crystalline ethylene copolymer as
prescribed above 1is critical in order to prepare a
dimensionally stable polymer blend. The partially
cryséalline ethylene copoiymer'may be functionalized and
derivatized as described below.

The amorphous copolymer is prepared from ethylene and
at least one (,-C,, alpha-monocolefin and, optionally, a
polyene selected from non-conjugated dienes and trienes
comprising from 40 to 65 mole percent ethylene, frem 35 to
60 mole percent of a C,-C,, alpha-monoolefin, and from 0 to
10 mole percent of a polyene and will have a molecular
weight ranging from 40,000 to 250,000. Preferably, the
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amorphoﬁs copolymér is brepared from ethylene, propylene
and from 0 to 2 mole percent of the prescribed polyene,
and will have a humbe;_gverage molecular weight ranging
from 50,000 to 150,000. still more preferred, the
amorphous ethylene copolymer will have a molecular weight
from 60,000 to 100,000. | :

| ubricating oil additiv

The amorphous ethylene copolymer may have a molecular
weight distribution ranging preferably from 1.2 to 7 with
the preferred range being from 1.4 to 3, and still more
preferred range of 1.6 to 2.5. Amorphous ethylene
copolymers having a molecular weight between 40,000 and
250,000 are characterized by having cold flow properties.
The term cold flow property refers to the fact that the
prescribed amorphoﬁs ethylene copolymer will flow and not
keep its shape under ambient conditions. In others words,
it is not a dimensionally stable solid' and cannot be
shipped or transportedn'as a solid. However, these
amorphous copolymers are effective in dimensionally stable
blends for removing the serious deficiencies %hat. are
found in the partiélly crystalline ethylene copolymers for
use as }ubricant  additives. The amorphous ethylene
copolymer may be functionalized and derivatized as
dgsqribed below.

- The terms "polymer" and "copolymer" are used
generically herein to encompass ethylene copolymers and
ethylene terpolymers. The molecular weights given
throughout are '~ Number Average Molecular Weights as
determined‘by Gel Permeation Chromatography (GPC).

= Dimensionally stable solid polymer blends of
functionalized and/or derivatized partially crystalline
ethylene'copolymers and of amorphous ethylene copolymers

el



Anot her .object is to provide novel lubricating oil conpositions: The
s@lid dinensionally stable polyner blend of the present |nvent|on

conprises:. (1) a partially crystalline ethylene copol yrmer Feco Replace:
nmol % or over, preferably from60 to 85 nol % of ethyl ene, up t '"”1lﬂy

preferably from15 to 40 nol %of a (Jerr]-Cferr] al pha- nnnoGIef
preferably propylene, and optionally fromO to 10 mol % of aj non- conjugate
‘diene or triene, having a nunber average nol ecul ar wei ght ranglng from -
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solid ethylenically unsaturated compounds for  imparting
reactivity onto an ethylene copolymer include maleic
anhydride, fumaric anhydride, glycidyl methacrylate,. allyl
glycidyl ether, vinylbenzylchloride, vinyl azlactone and
crotonaldehyde.

- The grafted ethylene copolymers may be reacted with
a wide range of organic compounds to produce a grafted and
derivatized ethylene copolymer which is useful as a
multifunctional lubricating oil additive.

t

A Dbroad range of amines including monoamines,
polyamines and hydroxyamines having a reactive primary or
secondary amino group may be employed to derivatize the
grafted ethylene copolymers of the invention. Suitable
amines inelude aliphatic, cyclocaliphatic, aromatic, and
heterocyclic amines, including aliphatic-substituted

cycldaliphatic, aliphatic-substitdted aromatic, angd
alipﬁatic—substituted heterocyclic amines. Suitabie
amines include N-aminoethyl piperazine,
dimethylaminopropylamine, pyrrolidine and N-methyl
morpholine.

Particularly useful amines are the amino~aromatic

polyamines from the class consisting of N~arylphéhylenef

- diamines, e.g., N-phenylphenylenediamine, aminothiazoles,

aminocarbazoles, amino-indazolinones,
aminomercaptotriazoles, and aminopyrimidines.

-




di mensi onal | y stable polynmer blend of the invention may be prepared Trom

et hyl ene and propylene, or it nmay be .
prepared fromethylene and a higher olef in within the range C}iﬁiﬁﬁ}lgenke placed -
AMEHRTAN

Clerr]-derr] al pha-nonool efins. Mxtures of the CJerr]- C[er
al pha-monool efins with ethyl ene may al so be enpl oyed.
-pol yner substrates, often designated as interpolymers, are prepared using:
one or nore additional conponents. A third conponent generally used to
prepare an int erwmise@séﬁm:eemé Copol yreares rmasrprmseebecpzeelparem a
non-con uQE}:Eye 44 At hg o rreac‘:‘i‘.:.ng %h%oﬂiégc@k“ﬂa& ethylene copolymers

with a vinyl-containing compound. Suitable vinyl

compounds comprise the  <class consisting of N-
vinylpyridines, N-vinylpyrrolidones, vinylcarbazoles,
vinylimidazoles, vinylthiazoles and allylamines. Specific
compounds within this class includes 2-vinylpyridine, N-
vinylpyrrolidone, 1l-vinylimidazole, allylamine, 4-methyl-
5~vinylthiazole and 9~vinylcarbazole.

A number of solid ethylene copolymer blends were
prepared by varying copolymer structures, functionality
(non~dispersant olefin copolymer (OCP) or dispersant
copolymexr (DOCP)), molecular weights and composition.
Amorphous non-dispersant copolymers or dispersant olefin
copolywers were blended with a prescribed partially -
crystalline olefin copolymer consisting of approximately
60-85 mole percent ethyleﬁe. The dimensional stability of
the solid blends and the physical properties of solutions

of the blends in oil were determined. ’

Blends of a partially crystalline copolymer with an
amorphous copolymer can be prepared by various methods.
One method is to mix solutions of the two types of
copoiymers and then to devolatilize the mixed solutions to
produce a solid copolymer blend. Another method is to mix
two types of solid polymers, referred to as rubbers, in a
masticator, Brabender Mixer, or an extruder. In the
solution/devolatilization procedure, the solvent from the
solution of the partially crystalline ethylene copolymer
rubber and of the amorphous ethylene copolymer rubber is

- removed by evaporation.

The blend may contain from 10 to 70 wt.%, preferably

-9~



di ene conponent is one having from5 to 14 carbon atons in the—chan:
Preferably, the diene nononer is characterized by the presence. of a vin

group in its structure and can include cyclic and bicyclo cor Has . ”nﬁﬂmﬁﬁd
Representative di enes include 1, 4-hexadi ene, vinyl norbor nene ﬂ"ﬁ l
nor bor nene, 1, 4-cyc|ohexadiene, di cycl opent adi ene, 5- i ,1'

et hyl i dene- 2- nor bor nene, 5-net hyl ene-2-norbornene, 1,5- heptadlene
6-octadi ene. Representative trienes include 1-isopropylidene-3a,4, 7

7a- t etr ahydr g ndengy wtl'% ! %pbali}l‘.&h‘i?&eék lé‘EEQR?BTeaQbFBQymer daRyerem
| sodi cycl opent adi ene (2 ene- 4- et ) -

ent eny
[2.2. 1] bi cyct®- %e%@er’t@: ’5& nP‘Z?ﬁ?EaBiYmﬁQe tr8R o gf)ol ;Prf-g apgRPhAESysed
in the prepsépdlpmerof the interpolyner. In general, the polyners :
enpl oyed are prepared according to Ziegler-Natta pol yneri zati on
met hods. A partially crystalline ethyl ene copol yner may be produced
when the et hyI eneA C ovettdvaid efnmtopeép'anihbe a ediménaibaaamyvest&(blml anger cent

et hyl ene. %999: 0 cent -

of a C[err] err ﬁa m)noo tp%%ﬁn :gdéf lrb(g% Eﬂ%ggeg réglelggéﬁt %

non- conJugai@@le%@l§§nﬁel§bﬁp§ﬁeﬁhe non‘shﬁ?rgﬁﬁﬂbkﬁ (high mOlecular
weight) ethylene copolymers components of the copolymer

blend which are generally the high molecular weight
partially crystalline and amorphous ethylene copolymer
prescribed above. Various methods for reducing the
molecular weight of the polymers known to the art
including mixing polymers under elevated temperatures in
a soft or melt state in a mastificator (for example, a
Bramley-Beker mixer) Brabender Mixer or extruder. A high
temperature heating method or ultra sonic agitation can

also be employed. '

In the high temperature molecular weight reduction
heating of a copolymer blend, solid pieces’ of the
partially crystalline ethylene copolymer and of the
amorphous*ethylene copolymer (typically partly crosslinked
ethylene-propylene-diene terpolymer (EPDM)) are charged to
a h{gh pressure reactor containing a solvent, such as n-
hexahe, n-heptane, hexadecane or other suitable
hydrocarbon solvent for polymers. This mixture is stirred
at from about 130~150°C under nitrdgen pressure of about
1.38 MPa (200 psi) until the polymers are completely
dissolved. The temperature is then raised to about 290-
330°C and the mixture is stirred from 0.5-2 hours under
the above conditions. The solvent is then removed by_
evaporation under vacuum. The resultant solid polyner -
blends produced are tested for dimensional stability and
for their solution properties in oil.

-10-



crystalline ethylene copolynmer will be characterized by having at.|east 3

wei ght percent crystallinity up to 15 -
6 wei ght percent crystallinity and have a nunber average mmiﬁﬁakﬁg&wnk ho&
wei ght ranging from about 40,000 to 250, 000. preferably, the g l
crystalline ethylene copolyner has from4 to 12 wei ght percengﬂ!ﬂﬂ)ﬂlwmll "}
crystallinity conponent and a nol ecul ar wei ght ranging from5

150,000. A still nore preferred partially crystalline et hyl ene copol yrer .
will conprise 7pip d&ndehtrPeesast i \dmeEnsidinlhe Sedlshe epdBymgefrom 15

to 25 mole percent of a C3- Clerrl npnoolef in and from0 to L mole percent
of a pol yerelend are prepared as follows: .

A base oil or a mineral lubricating oil or synthetic
oil is heated to 27-150°C (80-300°F) in a vessel equipped
with a mechanical stirrer and a heating jacket. Pieces of
the polymer blend, generally 12mm cubes, are charged
gradually to the oil forming a mixture. The mixture is
stirred at 27-150°C (80-300°F) until the rubber is
completely dissolved, which may require from 1-24 hours.
The polymer content may be adjusted to a required

viscosity level.

EXAMPLES

.-The following tests were conducted on the solid

ethylene copolymer rubber blends or on their oil

concentrates:

Dimensional Stability Test

- L 4

A 25mm cube of the solid ethylene copolymer rubber is
- place_d.be'tween two 75 x 75mm aluminum plates at 25°C
temﬁg}ature. A 100 grém weight is placed on the upper
plate. for a period of seven (7) days. Any changes in the
dimension of the polymer cubes with time is observed and
described as follows:

excellent - no change

good - slight change
fair - significant change
poor . - flows

—11_



and have a nol ecul ar wei ght from 60,000 to 100, 000 and fronfabeu%—éLLLLJiL___*_
wei ght percent crystallinity. Crystallinity of the ethylene copolyner :
throughout i s understood to nean wei ght percent crystallinity: sqﬁeetHaSBEheRe placed
partially crystalline ethylene copolynmer may have a nol ecul ar

distribution ranging preferably from1.2 to 7 or preferably fr I"ﬂ
Still nmore preferably, the nolecular weight distribution wll range ro

1.6 to 2.5. Ml ecular weight distribution refers to the ratio of melght

aver age nol ecul ar wei ght (Mw) over -nunber average nol ecul ar wei ght (M)-.

The presence of at least onew partially crystalline ethylene copolyner:as
prescri bed cal in order to prepare a dinensionally stable

pol yrmer bl end. The partially crystalllne et hyl ene copol yner may be

functionalized a derlv ed .as_descri hous
copolyner is pre %rﬂlé‘r’ﬁ% n&ArF s °I egﬁqy&‘}?é"scf'ea\sr]é]%%ﬂ? =@

al pha- nUnoobgfDnﬁﬁarennmalnﬂddnnlngrﬂﬂkammmenﬁxxinﬁbfron1non conj ugat ed
di enes and trienes conprising from40 to 65 nole percent ethylene, from35-

to

hear Stability Index

Shear Stability Index (SSI) is determined as
Vbs - Vas
S8I . = —=—m——m—e——————— X 100%
TP

where Vbs and Vas are defined as the viscosities
' of polymer solution before and after

shearing, respectively. l

TP is defined as thickening power whlch is
determined by the difference between Vbs
and the viscosity of the solvent.
A 4
The (Vbs - Vas) is viscosity loss determined according to
the ASTM Method D-3945 (Proc. A).

Molecular Weight -

The molecular weights of polymers were determined by
Gel Permeation Chromatography, where:

Mw -~ weight average molecular weight
Mn - number average molecular weight
Mw/Mn - molecular weight distribution

-12-



60 nol e percent of a (Jerr]-(err] al pha-nonoolefin, and f7o
percent of a polyene and will have a nol ecul ar melght ranglngh on140 000 2
to 250,000. Preferably, the " eetﬁasBee‘chplacca

anor phous copol yner is prepared from et hyl ene, propyl ene and ff I
nol e percent of the prescribed polyene, and will have a nunbe

nol ecul ar wei ght ranging from 50,000 to 150, 000. Sti. | nore.
preferred, the anorphous ethyl ene copolynmer will have a nol ecul ar weirght
from 60, 000 to 100, 000. The anor phous et hyl ene copol yner may have a
mol ecul ar

Bench Dispersancy

A sample VI-improver being tested is blended into a
formulated oil which does not contain any dispersant to
make a 10 weight percent solution of the VI improver in
the formulated oil. This oil solution is then tested for
dispersancy in the Bench Dispersancy Test.

In the Bench Dispersancy Test, the dispersancy of the
experimental oil is compared to that of three reference
oil standards which give excellent, good, and €fair
results in the test. The numerical value of a test result
decreases with an increase in dispersant activity. A
value above 150 indicates that the sample provides no
dispersancy.

Cold _Storage Behavior of VI-Improvers
3

The cold storage behavior of a motor oil containing
the VI-improvers being tested was determined by utilizing
the ultra low tenmperature environmental chamber
(Thermotfon S~AC). This test allows for the determination
of.tﬁe stability of the formulation under cold temperature
conditions. An 18-hour cold temperature cycle was
employed with the temperatures ranging between -51 and
-15°C (-60 and 4°F). The samples were examined at -12°cC
(10°F), after eight weeks of storage under the noted
conditions.

EXAMPLE I

Polymer blends were prepared using different ratios

of a partially cryétalline random ethylene copolymer,

-13~



wei ght distribution ranging preferably from1.2 to 7 with the—peef—e#ed'—————

range being from1.4 to 3, and still nore preferred range of )
2.5. Anorphous ethylene copol yners having a nol ecul ar we|ghﬂhbéh B%ﬂRq*hﬂ”
40, 000 and 250, 000 are characterized by having cold flom1proper

termcold flow property refers to the fact that the prescribed I
et hyl ene copolynmer will flow and not keep its shape under anblent )

conditions. In others words, it is not a dinensionally stable solid and

Canno';] be SBéBEQHaQ'édt r pRIpmeteda,as angl_ ofl i dn amUQpﬁ‘gﬁl’s bleﬂh@&%fne
anor phous copol yners a ctive i pensi on ta e or
renovi ng th@°§8¥¥5‘ﬁ§ o‘fﬁ%%%e"c ‘ée's FR EymgFerE'oung'l}ﬂ% R %%’??a qfnds
crystallinewafEWtﬁuxampﬁbym&taﬁxﬁrmﬁeinaihdtnmmensdondhlStm@dlltYThe
anor phous e -fcﬁﬁﬁl Vi e; a zed
as descri bed® élq% ﬁﬁﬁ?h {E‘thé ?éfoféﬁggdbbésﬁgpé%g{" g¥é%2d
generlcalIyAhenélRoﬂdmsﬁb@npa§sr@ﬁﬁﬂﬁﬂﬂ?ﬁxumﬂyners and ethylene

t er pol ymers. The nol ecul ar melghts gi ven throughout are Nunber Average
Mol ecul ar Wei ghts as determ ned, b P rqeation romat ogr aph GPC
J For the ngen51o al Sta 1q§ty Teég] the %op%l%mgrs)

are prepared in a solid form. Both for the blends and for
the individual reference copolymers, the materials were
dissolved in n-heptane at 60°C for eight hours at a
temperature of 65°C (150°F) in a mixer equipped with a
mechanical stirrer, reflux condenser and heating jacket.
The heptane from the solution of the polymers was removed
by evaporation under vacuum. A 25mm cube was formed from
the polymer blend residue and cooled to room temperature.

Polymer A was a partially crystalfine ethylene-
propylene—-diene terpolymef containing approximately 77-80
mole ©percent ethylene, about 0.1-0.5 mol % wvinyl
norbornene, and the balance propylene, having a’ nunber
average molecular weight as measured by GPC of
approximately 100,000, a molecular weight distribution of
approximately 1.6, and a crystallinity of about 8%.

-,‘Polymer B was an amorphous copolymer containing
approximately 56-62 mole percent ethylene and the balance
propylene, having a number average molecular weight as
measured by GPC of about approximately 70,000, and a

" .molecular weight distribution of approximately 1.8.

_ Blends of Polymer A and of Polymer B were pfepared

”j{and tested for their Dimensional Stability against Polymer

..A and Polymer B as the references standards. The results
- are set forth in Table 1 below.




Di frensionally stable solid polymer blends of functionalized and/or
derivatized partially crystalline ethylene copol yners and of -.anor.phous. .

ét hyl ene copol yners may be prepared accordlnghsMQaHEﬂﬁmnR&num
practice of this invention. In general, ethylene copol y

with an ethylenically unsaturated reactive conpound in ordeﬂM Mﬂ, ﬁ
grafted copol yner anendable to a reaction with an am ne co

produce a multifunctional derivatized copol yner. - Suitable

ethylenically wunsaturated conpounds for inparting reactivity-onto an
et hyl ene copol yner include naleic

Table 1

Dimensional Stability Test

Polymer A ‘Polymer B ‘
Dimensional

Run Wt.% Wt.% Stability
1 (reference) 100 0] Excellent
2 35 65 Excellent
3 30 | 70 Good
4 - : 20 80 Poor
5 (reference) 0 100 ' Poor

EXAMPLE I
.

a partially crystalline ethylene copolynmer,
-designateé Polymer C, containing 77-80 mole percent
ethylene, and the balance propylene, having a number
average molecular weight of approximately 90,000, a
molecular weight distribution of approximately 1.9, and a
crystallinitf of about 7% was tested.

Blends of Polymer é and of Polymer B from Example I
were prepared and tested for their Dimensional Stability
against Polymer C and Polymer B as the references
standards. The results are set forth in Table 2 below.



anhydri de, fumaric anhydride, glycidyl nethacrylate, allyl glycidyl ether,

vi nyl benzyl chl ori de, vinyl azlactone and crotonal dehyde. —TFhe grafted
et hyl ene copol yners may be reacted with a w de range of organlc conmpounds- '
to produce a grafted and derivatized ethylene copolymerwh lwmshsnaﬁﬂggmﬁd

as a multifunctional lubricating oil additive. A by oad
am nes i ncl udi ng nonoam nes, polyam nes and hydroxyan1nes hav yw
primary or secondary am no group nay be enployed to derivatize t

et hyl ene copolymers of the invention. g4kt bl e am nes include allphatlc
cycl oal i phatic, aromatic, and heterocytﬁTC“anines, I ncl udi ng

al i phatic-substituted cycloaliphatic, aliphatic-substituted aromatic,
and aliphatic-substituted hgiRREHHdL stEaBb{ESty Test Sui tabl e am nes

I ncl ude - N- am noet hyl pl perazi ne, di nethyl'am nopropyl am ne,
pyrrolidine and N-net hyl norpholine.

-~

Polymer C Polymer B
Dimensional
Run Wt.3% Wt.% Stability
6 (reference) 100 0 Excellent
7 40 60 Excellent
8 30 70 Good
9 . 20 80 Poor
10 (reference) 0 100 Poor

EXAMPLE III

A partially crystalline ethylene co%olymer,
designated Polymer D, containing .77-80 mole percent
ethylene,» 0.1 to 0.5 mol % wvinyl norbornene, and the
balance propylene, having a number average molecular
weight of approx1mate1y 210,000, a molecular weight
dlstrlbutlon of approximately 1.9, and a crystallinity of
about 9% was tested as follows:

Three different blends of Polymer D and of Polymer B
from Example I were prepared. The blends were tested for
their dimensional stability against Polymer D and Polymer
B as references standards. The results are set forth in

ooe Table 3 below.



PaFt!cu!arIy useful am nes are the am no- aronatic polyanines fromthe cléss :
consi sting of N-aryl phenyl ene- diamnes, e.g. henyl phenyl é'he&healrﬂanéeenliephued;
ani not hi azol es, ani nocar bazol es, - ani no- |ndazoI|nones IHI IN

am noner captotri azol es, and am nopyri m di nes. I"l
9 ~Derivatized ethyl ene copolynmers nay al so be prepar ed by gra

or reacting the prescribed ethyl ene copol yners mnth a vinyl- contalnlng
conpound. Sui tabl e vinyl conpounds conprise t he cl ass

consisting  of N- vinyl pyridi nes,Tabi&i Byl pyrrolidones, :
vi nyl car bazol es, vinylim dazol es, vinylthiazoles and allylam nes. Specific
conpounds mﬁthln this class includes 2-vinylpyridine, N

Dimensional Stability Test

Polymer D Polymer B
Dimensional
Run wt.% Wt.% Stability
11 (reference) 100 0 Excellent
12 - 20 80 Excellent
13 12 88 Good
14 9 91 Poor
15 (reference) 0 100 Poor
i
EXAMPLE IV

A dispersant amorphous ethylene copolymer, dedignated
Polymer E, was prepared.containing 56-62 mole percent
ethylene, »40~35 mole percent propylene, and about 3 mol %
of pendant N-vinylpyrrolidone units, and having a number
avérage ﬁblecular weight of about 70,000, and a molecular
weigﬁt distribution of approximately 2. The test results

are set forth in Table 4 below.

Polymer'A from Example I was used in forming blends.
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vi nyl pyrrolidone, 1-vinylimdazole, allylamne, 4-nethyl- 5-vinytthiazote
and 9-vinyl carbazol e. A nunber of solid ethyl ene copo

were prepared by varying copol yner structures, functionality %P2§m£hMH£”nR laced
(non-di spersant ol efin copol yner (OCP) or dispersant copol yrrermmmm, ,m
nol ecul ar wei ghts and conposition. Amorphous non- dlspersantlco

di spersant olef in copolyners were blended with a prescrlbed partially _
crystalline olefin copolyner consisting of approxi mately 60-85 nol e percent
et hyl ene. The dinensional stability THbXéiet solid bl ends and the physica
properties of solutions of the blends in oil were determ ned. Bl ends
of a partially crystalline copolymer wth an_anorphous copol ymer can be
prepared by various nethodsDimensionaddStabidifvy Tegituti ons of the two

types of copolyners and then to devolatilize the m xed solutions to produce
a solid copolyner blend. Another nethod is to mx two types of solid
polyners, referred to as rubbers, in a masticator, Brabender M xer, or an

ext ruder. In the solution/ depolghétixati on poogmdur 8, the solvent from
the Dimensional

Run Wt.3 Wt.% Stability

16 (reference) 100 p Excelient

17 30 70 Excellent

18 20 80 Excellent

19 10 90 Fair

20 (reference) 0 100 Poor

i
EXAMPLE V

An efhylene copolymer, designated Polymer F was an
amorphous copolymer containing approximately 56-62 mole
percent ethylene, about 0.3-2.0 mol % diene, and the
balance propylene, having a number average molecular
weight as measured by .GPC of about 100,000, and a
moieéular weight distribution for approximately 5.0.

The polymer F is dimensionally stable due to
crosslinking.effects associated with use of diene. As a
result, this material shows high molecular weight
distribution. Its shear stability - as measured by the
Shear Stability Test in solution in o0il is low i.e. a
Shear Stability Index above 50.

Polymer D from Example IITI and Polymer F were blended

-18-




solution of the partially crystalline ethyl ene copol ymer rubber and of the
anor phous et hyl ene copol yner rubber is renoved by evaporati le\_iSSheetHasB-gé}ﬁ{eplaced-

bl end may contain from10 to 70 w. % preferably o ‘ M ATTE 3
10 20 to 50 wt.% of partially crystalline copolyner and fr H’HH,H&M,HU"‘ '
wt.% preferably 50 to 80 wt.% of anorphous copol yner.

preparing a dinensionally, stable and '

together in 'a ratio of 40/60 wt% by dissolution in
hexadecane. This mixture was stirred at from about "140-
150°C under nitrogen pressure of about 1.38 MPa (200 psi)
until the polymers were completely dissolved. The
temperature was then raised to about 300-310°C and the
nixture was stirred for 1 hour under the above conditions.
The solvent was removed by evaporation under vacuum. The
resultant solid polymer blend was tested for dimensional
stability and for its solution properties in oil. The
properties of this blend were compared to reference.
Sample 22 which is Polymer F processed to a similar
molecular weight by using the same operating conditions.
The results are set forth in Table 5 below.

Table 5
t

Dimensional Stabilftz Test for Heated Polvmers

Polymexr D Polymer F
. ' Dimensional
Run Wwt.% Wt.% Stability *
21" . 40 60 " Excellent’
22 (reference) 0 100 Poor

* samples after heating

Table 6 is a further comparison of the properties of
- polymers.

=] 9~



shéar stable ol efin copolyners blend invol ves reduci ng the ol ecul ar weight—

of the non-shear stable (high nol ecul ar wei ght) ethylene copolyners :

conponents of the copolynmer blend which are generally the TT ea*whwd
"l

wei ght partially crystalline and anorphous ethyl ene copoly
above. Various nmethods for reducing the nolecul ar melgh
pol ymers known to the art including m xing polynmers under. eIeva
tenperatures in a soft or nelt state in a mastificator (for exanple, a
Bram ey- Beker m xer) Brabender M xer or extruder. A high tenperature
heating method or ultra sonic agitat maergas al so be enpl oyed. In the
hi gh tenperature nol ecul ar wei ght reduction heating of a copolyner blend,
solid pieces of the partially crystalline ethylene copolynmer and of the
anor phous et hyl ene copol yner Propexhiés ofir Pbyvmenss! i nked

et hyl ene- propyl ene-di ene terpolyner (EPDM) are charged to a high pressure
reactor -containing a solvent, such as n- hexane, n-heptane, hexadecane
or other sui t abl e hydrocarbon sol vent for polynmers. This mixture is

stirred at from about 130-150[ eRfdiedifides Nitr OfiedaPr eSsur epifenahenal 1. 38
MPa (200 psi) until the polyner%vareﬂgonpletely
19

Stability Stability

Mn Mw/Mn Index

POLYMER D

Before Heating 210,000 1.9 55 Good
POLYMER F

Before Heating 100,000 5.0 48 Good
After Heating 75,000 2.4 22 Poor
POLYMER BLEND D/F

Before Heating 144,000 3.7 51 Godd
After Heating 75,400 2.1 20 Good

The foregoing examples illustrate that copolymer
blends prepared from a mixture of a partially crystalline:
ethylene copolymer and an amorphous copolymer have
excellent dimensional stability as opposed to amorphous
copolymers which exhibit poor dimensional stability.

In Examples VI through X below the solid ethylene
copolymers described in the previous examples were
dissolved in a solvent neutral oil having an SUS at 100°F
of 100. These solutions were then diluted with a pour
depressed solvent neutral oil having an SUS at 100°F of



di ss:ol ved. The tenperature is then raised to about 290- 330C and .t hé
m,xture is stirred fromO0.5-2 hours under the above conditions. The
solvent is then renoved by evaporation under vacuum The reﬁiulslieatrHasB&h laced]

pol ymer bl ends produced are tested for dinensional stability mlmlwlﬂ”m

solution properties in oil. G| concentrates
di nensionally stabl e polynmer blend are prepared as fol |l ows:
oil or a mneral lubricating oil or synthetic oil is heated to 27-150[err]C

(80-300[ err] E}oi Boa feraS&in 66 PP6Tution having a Kinematic Viscosity
of about 11.5 cSt. The oil solution of the ethylene
copolymer blends were then compared to the reference
copolymers for Shear Stability, Cold Cranking, and Pour
Point, according to ASTM methods.

For Cold Storage Stability Test, 10W-40 SG/CD
multigrade oils containing about 13 wt% of a viscosity
index improver (Polymer solution in  SNO-100) were
prepared. The preferred range of VI improver in the
lubricating oil may range from 5-25 wt.%.

e ]



with a mechanical stirrer and a heating jacket. Pieces of the-polynmer
bl end, general ly 12mm cubes, are charged gradually to the: 0|I fornlng a.
m xture. The mixture is stirred at 27- 150[err] C (80-300[ err] %mmfm83¢mmclmed

rubber is conpletely dissolved, which may require from1-24 h
pol ymer content may be adjusted to a required viscosity Ievel ""
EXAVPLES The following tests were conducted on the SO|Id et

copol ymer rubber blends or on their oil concentrates: Di wen5|ona
Stability Test A 25mm cube of the solid ethylene copolyner rubber is
pl aced between two 75 x 75mm al um num pl ates at 25[err] C tenperature. A

100 gram wei ght is placed on the upper plate for a period of seven (7)
days. Any changes in the EXAMPLE VI

0il Solution Properties

Sanple: _ Polymer A Blend Run 2 Polymer B
Kinetic Viscosity 11.5 11.5 11.5
100°C, cSt

ASTM D-445
Shear Stability 23 23 23

Index (SSI)*
ASTM D-3495 (A)
Cold Cranking 2800 3600 * 3700
Simulator (CCS) K
-25°C

ASTM D-2602

Pour Point, °C -27 ~30 -36
ASTM D~-97

CO1§ Storage Poor Good Good
10W=40 oil

* See description on page 10.
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di mensi on of the pol ynmer cubes with tinme is observed and described as
fol | ows: excel l ent - no change Thxsgf?eepnasBeenR laced

sli ght change : fair - significant change'
poor Mo RO

EXAMPLE VII

0il Solution Properties

Sample: Polymer C Blend Run 7 Polymer B
Kinetic Viscosity  11.5 11.5 _ 11.5
100°C, cSt

ASTM D-445
Shear Stability 29 27 - 23

Index (SSI)*
ASTM D-3495 (A)

Cold Cranking 3100 ~ 3400 3700

Simulator (CCS)
-25°C ' 4

ASTM D-2602

- .
Pour Point, °cC -30 ~33 -36
ASTM D-97

.

Cold_storage

 stability
10W~40 oil Poor Good Good
* See description on page 10.



The  crystallinity percent of polymers was deternined by Dﬁfferential

Scanni ng Col orimetry (DSC) Shear Stability I ndex

I'ndex (SSI) is determ ned as ' °et a&elkké‘%ced
SSI = e x 100% | |||||l
wher e Vbs and Vas are defined as the viscosities

pol ymer solution before and after : shearing, respectlvely

TP is defined as thickening power which is - determ ned by the
di fference between Vbs and the viscosity of the solvent.

EXAMPLE VIIT

0il Solution Properties

Sample: Polvymer D Blend Run 12 Polymer B
Kinetic Viscosity 11.5 11.5 11.5
100°C, cSt

ASTM D-445
Shear Stability 55 30 23

Index (SSI) * | ;
ASTM D-3495 (a) - '

Cold Cranking 2900 3400 3700
Simulator (CCS)

-25°C "

ASTM D-2602

Pour Point, °C -30 ~33 -36
ASTM D-97

Cold Storage

Stability
10W-40 oil °~ Poor Good Good
* See description on page 10.



The  (Vbs - Vas) is viscosity |oss determned according tmﬁmﬁd—&

D-3945 (Proc. A). Mol ecul ar Wi ght The nDIecuIa};¥ﬁ~§Q;§rpf

ol ymers were determined by Gel Permeation Chromatography, (iigkem s o Replaced
Mv - wei ght average nol ecul ar wei ght M - nunber & f H”m,m f
nmol ecul ar wei ght Mv Mh - nol ecul ar wei ght distribu ' - R

EXAMPLE IX

0il Solution Properties

Sample: Polymer A Blend Run 17 Polymer E

Kinetic Viscosity 11.5 11.5 11.5
100°C, cSt

- ASTM D-445

Shear Stability 23 22 23

Index (SSI)*
ASTM D-3495 (A)

Cold Cranking 2800 3400 3800
Simulator (CCS) t

~25°C )

ASTM D-2602

Pour Point, °cC -27 ~-30 -36
ASTM D-97

Cold Storage

Stability Poor Good Good
10W-40 oil

Bench Dispersancy Poor Good Good

* See description on page 10.
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13 ° Bench Di spersancy A sanpl e VI-inprover being,LﬂiLQQ_L§___5_R‘___
bl ended into a fornul ated oil which does not contain any dispersant to nmake

a 10 @ ht percent solution of the VI inprover in the fornuhatsg:al Thi s
oil segrtition is then tested for dispersancy in the Bench D sp EhfﬁJBenﬁhikmi
In the Bench Di spersancy Test, the dispersancy of the experi WEME[H" m,m :
conpared to that of three reference oil standards which gi'v b |
good, and fair results in the test. The nunerical value of a test result

decreases with an increase in dispersant activity. A val ue above 150
i ndi cates that the sanple provides no dispersancy.

EXAMPLE X

0il Solution Properties

Sample: Polymer ¥ Blend Run 21 Blend Run 22
Kinetic Viscosity 11.5 11.5 11.5

100°C, cSt

ASTM D-445
Shear Stability 48 21 20

Index (SSI)*
ASTM D-3495 (A)

cold Cranking 3650 3550 3800
Simulator (CCS)

—25°C  *

ASTM D-2602

Pour Point, °C -36 -30 -33
ASTM D-97

Cold Storage

Stability Good Good Good
10W—-40 oil
* See description on page 10.
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Col d Storage Behavior of VI-Inprovers The col d storage—behavi-or of -a—
notor oil containing the Vl-inprovers being tested was determ ned by

utilizing the wultra low tenperature environnental c hakhisgheet Has Been Replaced
(Thernotron S-AC). This test allows for the determ nation of . 1 1
of the fornulation under cold tenperature conditions. An 18 )
tenperature cycle was enployed with the tenperatures rangi ng between -

and -15[err]C (-60 and 4[err]F). The sanples were exam ned at -12[err]C
(10[err] F), after eight weeks of storage under the noted conditions.

EXAMPLE | POk*HEfalB%@—%/ﬁﬁleéEPQ{:Fd O 9ee! IR bRLh§s Yr 2
partially crystalline Tandom ethylene copolyner,
this invention, i.e., of a crystalline ethylene copolymer
with an amorphous ethylene copolymer provide new solid
- blends with excellent dimensional stability. The
dimensional stability vs composition depends upon both

" molecular weight and composition of the polymers.
Examples VI- X illustrate that these solid polymer

blends give motor oils with a Shear Stability Index below
30 and also provide good low temperature properties.
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14" designated Polymer A, and of an anorphous ethyléﬁé*ttmﬂﬂjnna*———————
designated, Polymer B. The resulting blends were tested forps
the O nensional Stability Test in conparison to the individua le mei'
Pol ymer A and Polyner B, as references. For the Di mensi

Test, the copoLynBLs—aLe—pLepaLed_in a solid form Both for t

for the |nd|V|durﬂ m l'ymers, the materials were dlssolved in .

n- hept ane at 60C mﬁ 'Imﬂmn)ﬂﬂat a ter‘rgerature of 65C (150[err]F) in a

m xer equi pped wi th & nechaniscak stirr8EAIMEs | yx condenser and heati ng

jacket. The heptane fromthe solution of the polyners was renoved by
evaporation %pder Vacﬁfﬂeﬁéfg% cubeéﬁﬁ%{ornpgo rgm polymer blend

comprising:

(1) a partially crystalline ethylene copolymer
comprising from above 60 mole percent
ethylene, up to 40 mole percent of a C;—Cy
alpha-monoolefin, and optionally from about
0 to 10 molé percent of a non-conjugated
diene or triene, having a number average
molecular weight from 40,000 to 250,000;
and

(2) an amorphous copolymer comprising from 40
to 65 mole percent ethylene, from 35 to 60
mole percent of a C;-C,, alpha-monoolefin,
and optionally from 0 to 10 mole percent of
a non—cohjugated diene or triene, having a
number average molecular weight ranging
from 40,000 to 250,000. 4

2. A digensionally stable polymer blend as claimed in
Claim 1, in which said partially crystalline copolymer has
from 3 to 15 weight percent crystallinity.

3. . A solid polymer blend as claimed in Claim 1 or Claim
2, in which said partially crystalline copolymer and said
ahorphous copolymer have a molecular weight distributions
ranging from 1.2 to 7.

4. A solid polymer blend as claimed in any preceding

claim, containing from 10 to 70 weight percent of said’
partially crystalline copolymer.

—-28-—



the‘polyner bl end residue and cooled to roomtenperature. Pol ymer A

was a partially crystalline et hyl ene- propylene di ene terpol ymer containing

apprOX| mately 77-8 ercent et about 0. 1-0. mlsrméetH%Bcallmyllued
nor bor nene, and the

, haV|ng a nunber averag
wei ght as neasure rOX|nately 100, 000, . h
di stribution of apprOX|nately 1 6 and a crystallinity oflabou "

Pol ymer B was an anor phous copol yner contai ni ng, apgrOX|natel nol e
percent et hy$ene Angolid Relyrer pPdgplems FHIINY 8F5 éng

ol ecul ar Weéﬂéﬂimas i asaies byaslC Qﬁoﬁp@@ﬁsamﬂmm elcppzﬂyﬁl@i' dsd a
nol ecul ar wei Sttlb gon of .a proggpgg Vy £3 Bl ends of Pol yner
A and of Pol ﬁEFEeg ¥aPayindq <o © oPrPPSF} Stensi onal Stability
agai nst Polyner A and Polymer B as the references standards. The results
are set fort9.|n Xagéifhtﬁ%fyﬁer blend as claimed in any preceding
claim, in which at least one of said partially crystalline
ethylene copolymer and said amorphous ethylene copo;ymer

is derivatized.

7. A solid polymer blend as claimed in Claim 6, in which
at least one of said partially crystalline ethylene
copolymer and said amorphous ethylene copolymer is
derivatized with a nitrogen-containing vinyl compound
having from about 3 to 24 carbon atoms selected from
N-vinylpyridines, N-vinylpyrrolidones, vinylcarbazoles,
vinylimidazoles, vinylthiazoles and allylamines.

t
8. A solid polymer blend as claimed in Claim 6, in which
at least one of said partially crystalline ethylene
copolymer and said amorphous ethylene copol¥ymer is
derivatized with a reactive monomer capped with an amine.
. »
9. A lubricating oil composition comprising an oil of
1ubricat:fng viscosity and a viscosity index improving
amoufit of the dimensionally stable solid polymer blend of
Claim 1.
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15° o Table 1 Brrenstomal———
Stability Test _Polyner A - Pol yner B '
* pik This Sheet Has Been Replaced

ABSTRACT

A -DIMENSIONALLY STABLE SOLID POLYMER BLEND
D A LUBRICATING OIL COMPOSITION CONTAINING SAME

AND A TLUBRICATING OIL COMPOSITION CONIALNLNL oA%D

A dimensionally stable solid polymer blend

comprising:

(1) a partially crystalline ethylene copolymer
comprising from 60 to 85 mole percent
éthylene, from 15 to 40 mole percent of ;-
C,, alpha-monoolefin, and from 0 to 10 mole
percent of a polyene, having a number
average molecular weight £rom 40,000 to
250,000, and : t

(2) an amorphous copolymer comprising from 40
to 65 mole percent ethylene, from 35 to 60
mole percent of a C;—Cy alpha-monoolefin,

. and from 0 to 10 mole percent of polyene,
having a number average molecular weight
ranging from 40,000 to 250,000. '
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wei ght of approximately 90, 000, a nol ecul ar wei ght distributi omef

apprOX|nater 1.9, and a crystallinity of about 7% was tested.
A DIMENSIONALLY STABLE SOLID POLYMER BLEND

AND A LUBRICATING OII, COMPOSITION CONTAINING SAME

This invention relates to a novel solid dimensionally
stable polymer blend which is effective as a VI-improver
lubricant additive when employed in a lubricating 611

composition.

The art contains many disclosures on the use of
ethylene copolymer additives for lubricating oil
compositions. Ethylene-propylene copolymers and ethylene-
alpha olefin and non-conjugated diene terpolymers, as well
as' their functionalized derivatized modification are
illustrative of this type of oil additive. The use of
copolymers as additives in lubricating oils dictates that
they possess certain essential properties. The copolymers
must be suitably soluble in the oil solution in order to
provide the properties intended for the lubricating oil.
Additidnaily, the copolymer must not promote undesired
reactiong, either with the lubricating oil or with other
additive components used in +the fully formulated
lubricating oil composition.

The basic building biocks of the copolymers of the
invention are primarily the monoolefins, such as ethylene,
propylene and higher  alpha-monoolefins, optionally, with
minor amounts of a polyene, i.e., a non-conjugated diene
or triene.  More SBécificallyL the building blocks
comprise ethylene”and-at least one C;~Cy alpha-monoolefin
polymerized accordlng to known methods to produce the
copolymer or terpolymer addltlve.
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There are many methods for copolymerizing the noted
olefins, and the resulting products may vary widely in the
specific olefin components, in their molecular weights,
and in the physical properties present in the £final
copolymer product. Amorphous ethylene copolymers have
been widely employed as additives for lubricating oil
compositions, either in the neat form or after being
functionalized and/or derivatized to add additional
properties to the additive for incorporation in the
lubricating' oil formulation. While conventional amorphous
copolymers (OCP) and their derivatives show good viscosity
index improving properties in lubricating oils they do not
possess good dimensional stability at molecular weights
- suitable for modern premium lubricating oil§. An ethylene
copolymer that flows under ambient conditions, i.e., is
characterized by having cold flow properties, is not
dimensionally stable.

Partially crystalline ethylene copolymers are also
known and are characterized by having ekcellent
dimensional stability. - The dimensional stability of a
copolymer is a particularly valuable property for
facilitating the shipping or transport (particularly the
storage and-handling) of a copolYmer material. There are,
howe\;er, drawbacks to the usefulness of the partially
crystalline ethylene copolymers as lubricating oil
additives. Partially crystalline ethylene copolymers do
not provide satisfactory pour points and cold storage
properties to lubricating oil compositions. In addition,
these partially crystalline ethylene copolymers require
elevated temperatures for handling and storage. They also
require special blending conditions in order to be useful
in a lubricating oil.
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210, 000, a eondailrmimgvdioghiethylene content and high ethylene content
ethylene-alpha-olefin copolymers.

U.S. 4,863,623 discloses amorphous ethylene
copolymers, as well as their derivatized and
. functionalized extensions, as useful additives in a
lubricating oil composition. The disclosure in this
patent whlch relates to a VI-:merover, dispersant, and
antioxidant additive for lubricating oils is J.ncorporated
herein by reference. ' '

The following patents illustrate the development of
ethylene copolymer lubricating oil additives as well as
their functionalized and derivatized modifications, to
wits U:s. 3,316,177, 3,697,429, 4,089,794, 4,146,489;
4,219,422; 4,234,435; 4,235,731; 4,320,019, 4,505,834 and
4,507,515. '

Both the amorphous and the partially cry’stalline
ethylene copolymer lubricating oil additives may be
referred %o as olefin copolymers (OCP). Similar, the
functionalized and derivatized amorphous and the partially
crystalline ethylene copolymer oil additives may be
referred to as dispersant olefin copolymers, (DOCP).

An object of the invention is to provide a novel
solid dimensionally stable ethylene copolymer blend useful
as a lubricant additive.

Another object of the invention is to provide an
ethylene copolymer blend comprising at least two types of
ethylene copolymers including an amorphous ethylene
copolymer and a partially crystalline ethylene copolymer.
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tested ws foll ows: ‘Three different blends of Polymer Dj
Pol ymer B from Exanple | were prepared. The bl ends were testd
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stability agai nst Polynmer D and Pol yner B as refqrdnce
The results are set forth in gable 3 bel ow
Table 3 —

A further object of the invention is to provide an T

ethylene copolymerxr blend comprising a partially
crystalline ethylene copolymer and an amorphous ethylene
copolymer free of cold flow properties.

Another object is to provide functionalized and
derivatized ethylene copolymer blends that are
dimensionally stable and effective as multifunctionally
lubricating oil additives.

Another object is to provide novel lubricating oil

compositions.

The solid dimensionally stable polymer blend of the
present invention comprises: (1) a partially crystalline
.ethylene copolymer comprising 60 mol % or over, preferably
from 60 to 85 mol %. of ethylene,' up ‘to 40 mol %,
preferably from 15 to 40 mol % of a C;~-C,p alpha-monoolefin,
preferably propylene, and optionally from 0 to 10 mol % of
a non-conjugated diene or. triene, having a numbe? average
molecular weight ranging from 40,000 to 250,000, and
preferabdy a molecular weight distribution (MWD) from 1.2
to 7, and (2) an amorphous copolymer comprising from 40 to
65 mol % ethylene, from 35 to 60 mol % of a C;~C,, alpha-
monoolefin, and oétionally from 0 to 10 mol % of a non-
conjugated diene or triene, having a number average
molecular weight ranging from 40,000 to 250,000,
preferably 50,000 to 150,000, with preferably a molecular
veight distribution ranging from 1.2 to 7.

The partially crystalline ethylene copolymer and the
amorphous ethylene copolymer components of the solid
dimensionally stable polymer blend of the invention may be
prepared from ethylene and propylene, or it may be

H— SR
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prepared from ethylene and a higher olefin wrth.m the
range of C;-C,, alpha-monoolefins. Mixtures of the C;-Cy
alpha-monoolefins with ethylene may also be employed.

Complex -polymer substrates, often designated as
interpolymers, are prepared using one or more additional
components. A third component generally used to prepare
an interpolymer substrate is a polyene monomer selected
from a non-conjugated diene or triene. The non-conjugated
diene component is one having from 5 to 14 carbon atoms in
the chain. Preferably, the diene monomer is characterized
by the presence of a vihyl group in its structure and can
include cyclic and bicyclo compounds. Representative
dienes include 1,4-hexadiene, vinyl norbornene, ethylene
norbornene, 1,4-cyclohexadiene, dicyclopentadiene, 5-
ethylidene-2-norbornene, 5-methylene-2-norbornene, 1,5-
heptadiene, and 1,6-octadiene. Represenéative trienes
include 1l-isopropylidene-3a,4,7,7a-tetrahydroindene, 1-
isopropylidenedicyclopentadiene, dehydro-
isodicyclopentadiene, and 2-(2—methylene-4-méthyl-3-
pentenyl) {2.2.1)bicyclo-5-heptene. A mixture of more than
one. polyene can be used in the preparation of the
intexrpolymer. In general, the polymers employed are
prepared according to Ziegler~Natta polymerization
methods. '

A partially crystalline ethylene copolymer may be
produced when the ethylene content employed in the
reaction_is above 60 mole percent ethylene. The balance
of the reactants will be from up to 40 mole pexrcent of a
C;~C,p 2alpha—-monoolefin, and from 0 to 10 mole percent of a
non-conjugated polyene component. The partially
crystalline ethylene copolymer will be characterized by
having at least 3 weight percent crystallinity up to 15
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forth in Table 4 bel ow ' Pol ymer Agfrom Exanple | was used in fornng !
bl ends. . -_ 18 S
Tabl e 4 '

weight percent crystallinity and have a number average
molecular weight ranging from about 40,000 to 250,000.
preferably, the partially crystalline ethylene copolymer
nas from 4 to 12 weight percent crystallinity component
and a molecular weight ranging from 50,000 to 150,000. A
still more preferred partially crystalline ethylene
‘copolymer will comprise 75 to 85 mole percent ethylene
with the palance being from 15 to 25 mole percent of a C;-
Cio monoolefin and from 0 to 1 mole percent of a polyene
and have a molecular weight from 60,000 to 100,000 and
from about 5 to 10 weight percent crystallinity.

Crystallinity of the ethylene copolymer throughout is
understood to mean weight percent crystallinity.

The partially crystalline ethylene copolymer may have
a molecular weight distribution ranging preferably from
1.2 to 7 or preferably from 1.4 to 3. Sstill more
preferably, the molecular weight distribution will range
from 1.6 to 2.5. Molecular weight distribution refers to
the ratio of weight average molecular weight (ﬁw) over
number average molecular'weight (Mn). The presence of at
least one* partially crystalline ethylene copolymer as
prescribed above is critical in order to prepére a
dimensionally stable polymer blend. The partially
cryséalline ethylene copolymer may be functionalized and
derivatized as described below.

The amorphous copolymer is prepared from ethylene and
at least one C;-C,, alpha-monoolefin and, optionally, a
polyene selected from non-conjugated dienes and trienes
comprising from 40 to 65 mole percent ethylene, from 35 to
60 mole percent of a C;-C,, alpha-monoolefin, and from 0 to
10 mole percent of a polyene and will have a molecular
weight ranging from 40,@00 to 250,000. Preferably, the
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An et hyl ene copol yner, designated Polynmer F was an

amorphous copolymer is prepared from ethylene, propylene
and from 0 to 2 mole percent of the prescribed polyene,
and will have a number average molecular weight ranging
from 50,000 to 150,000. Still more preferred, the
amorphous ethylene copolymer will have a molecular weight
from 60,000 to 100,000.

The amorphous ethylene copolymer may have a molecular
weight distribution ranging preferably from 1.2 to 7 with
the preferred range being from 1.4 to 3, and still more
preferred range of 1.6 to 2.5. Amorphous ethylene
copolymers having a molecular weight between 40,000 and
250,000 are characterized by having cold flow properties.
The term cold flow property refers to the fact that the
prescribed amorphous ethylene copolymer will flow and not
keep its shape under ambient condltlons In others words,
it is not a dlmens:.onally stable solid' and cannot be
However, these
amorphous copolymers are effective in dimensionally stable
blends for removing the serious deficiencies %hat are
found in the partially crystalline ethylene copolymers for

The amorphous ethylene

shipped or transported as a solid.

use as Yubricant additives.

copolymer may be functionalized and derivatized as
described below.
The terms '"polymer"™ and "copolymer" are used

generically herein to encompass ethylene copolymers and

ethylene terpolymers. The molecular weights given

throughout are Number Average Molecular Weights as
determined by Gel Permeation Chromatography (GPC).
Dimensionaily stable solid polymer Dblends of

functionalized and/or derivatized partially crystalline
ethylene copolymers and of amorphous ethylene copolymers



anohphogg copol ynmer contai ni ng approxi mately 56-62 nol e perce1«E§ﬂﬁ§%1
about 0.3-2.0 nmol % diene, and the bal ance propyl ene, havi ng|¥iypel:
average nol ecul ar weight as neasured by GPC of about 100,000, and a
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polymer F is dinmensionally stable due togrosslinking effects]associ ated

wth use of diene. As a result, this material shows high nol egcular~weight—
distribution. Its shear stability as neasured by the Shear Stability Test

o pous LT, Obk ¢ PrbpFbe® efepbath™ 2B L, pigecltale 0 thie
invention. In general, ethylene copolymers are grafted
with an ethylenically unsaturated reactive compound in
order to make the grafted copolymer amendable to a
reaction with an amine compound and thus produce a
multifunctional derivatized copolymer. Suitable
ethylenically unsaturated compounds for  imparting
reactivity onto an ethylene copolymer include maleic
anhydride, fumaric anhydride, glycidyl methacrylate, allyl

glycidyl ether, vinylbenzylchloride, vinyl azlactone - and

H

crotonaldehyde.

The grafted ethylene copolymers may be reacted with
a wide range of organic compounds to produce a grafted and
derivatized ethylene copolymer which is useful as a
multifunctional lubricating oil additive.

A broad range of amines including monoamines,
polyamines and hydroxyamines having a reactive primary or
secondary amino group may be employed to derivatize the
-grafted ethylene copolymers of the invention. Suitable
amines inelude aliphatic, cycloaliphatic, aromatic, and
heterocyclic amines, including aliphatic-substituted
cycloaliphatic, aliphatic-substituted aromatic, and
aliphatic~-substituted heteroéyclic amines. Suitabie
amines include N~aminoethyl piperazine,
dimethylaminopropylamine, pyrrolidihe and N-methyl
morpholine. .

Particlearly useful amines are the amino—-aromatic
polyamines from the class consisting of N-arylphéhylenef
diamines, e.g., N-phenylphenylenediamine, aminothiazoles,
aminocarbazoles, amino-indazolinones,
aminomercaptotriazoles, and aminopyrimidines.
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tested for dinensional stability and for its solution properties in oil.
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compounds comprise  the class consisting

of N~

vinylpyridines, N-vinylpyrrolidones, vinylcarbazoles,

vinylimidazoles, vinylthiazoles and allylamines.

Specific

‘compounds within this class includes 2-vinylpyridine, N-
vinylpyrrolidone, l-vinylimidazole, allylamine, 4-methyl-

5-vinylthiazole and 9-vinylcarbazole.

‘A number of solid ethylene copolymer blends were

prepared by varying copolymer structures, functionality
(non¥dispersant olefin copolymer (OCP) or dispersant
copolymer (DOCP)), molecular weights and composition.
Amorphous non-dispersant copolymers or dispersant olefin
copolymers were blended with a prescribed partially
crystalline olefin copolymer consisting of approximately
60-85 mole percent ethyleﬁe. The dimensional-stability of
the solid blends and the physical prgperties of solutions

of the blends in oil were determined.

Blends of a partially crystalline copolymer with an

amorphous copolymer can be prepared by various

methods.

One method is to mix solutions of the two types of
copolymers and then to devolatilize the mixed solutions to
produce a solid copolymer blend. Another method is to mix
two types of solid polymers, referred to as rubbers, in a

masticator, Brabender Mixer, or an extruder.

In the

solution/devolatilization procedure, the solvent from the
solution of the partially crystalline ethylene copolymer
rubber and of the amorphous ethylene copolymer rubber is

removed by evaporation.

.The blend may contain from 10 to 70 wt.%, preferably
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20 to 50 wt.%, of partially crystalline copolymer and from
30 to 90 wt.%, preferably 50 to80 wt.%, of amorphous
copolymer.

A method for preparing a dimensionally. stable and
shear stable olefin copolymers blend involves reducing the
molecular weight of the non-shear stable (high molecular
weight) ethylene copolymers components of the copolymer
blend which are generally the high molecular weight
partially crystalline and amorphous ethylene copolymer
prescribed above. Various methods for reducing the
molecular weight of the polymers known. to the art
including mixing polymers under elevated temperatures in
a soft or melt state in a mastificator (for example, a
Bramley-Beker mixer) Brabender Mixer or extruder. A high
temperature heating method or ultra sonic agitation can
also be employed. '

In the high temperature molecular weight reduction
heating of a copolymer blend, solid pieces of the
partially crystalline ethylene copolymer and of the
amorphous*ethylene copolymer (typically partly crosslinked
ethylene-propylene-diene terpolymer (EPDM)) are charged to
a high pressure reactor containing a solvent, such as n-
hexane, n-heptane, hexadecane or other suitable
hydrocarbon solvent for polymers. This mixture is stirred
at from about 130-150°C under nitrogen pressure of about
1.38 MPa (200 psi) until the polymers are completely
dissolved. The temperature is then raised to about 290-
330°C and the mixture is stirred from 0.5-2 hours under
the above conditions. The solvent is then removed by
evaporation under vacuum. The resultant solid polymer
blends produced are tested for dimensional stability and
for their solution properties in oil.
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0il concentrates of the dimensionally stable polymer
plend are prepared as follows:

A base oil or a mineral lubricating oil or synthetic

" 0il is heated to 27-150°C (80-300°F) in a vessel equipped

with a mechanical stirrer and a heating jacket. Pieces of
the polymer blend, generally 12mm cubes, are charged
gradually to the oil forming a mixture. The mixture is
stirred at 27-150°C (80-300°F) until the xrubber is
completely dissolved, which may require from 1-24 hours.
The polymer content may be adjusted to a required
viscosity level.

EXAMPLES
The following tests were conducted on the solid

ethylene copolymer rubber blends or .dn their oil
concentrates:

Dimensional Stability Test

A 25mm cube of the solid ethylene copolymer rubber is

. placed between two 75 x 75mm aluminum plates at 25°C

temperature. A 100 gram weight is placed on the upper
plate for a period of seven (7) days. Any changes in the
dimension of the polymer cubes with time is observed and
described as follows:

excellent - no change
good - slight change
fair - significant change

poor - flows
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75,000 ‘2.4 22 Poor POLYMER BLEND D/ F Before Heza;qh AN
144,000 3.7 51 Gobd After Heating 75, 400 .
Good The foregoing exanples illustrate that copol ynerj bl ends,

prepared froma m xture of a partially ci{ystalline ethylene icap yhb“f E°
an anor phous copol yner have excel |l ent dimensi onal stability jas|_opposed.to. ..l
anor phous copol yners whi ch exhi bit poor dinensional stabili tiy. In
Exanpl es VI' through X bel ow the solid ethyl ene copol yners descri-bed-in-the——-
previ ous exanpl es were dissolved in a solvent neutral oil having an SUS at

100[ err] F ofxr¢8Balliihity sol utions were then diluted with a pour depressed

sol vent neutral oil having an SUS at 100[err]F of

The crystallinity percent of polymers was determined
by Differential Scanning Colorimetry (DSC)

Shear Stability Index

Shear Stability Index (SSI) is determined as
Vbs - Vas
SSI = ———m——m——————— X 100%
TP

where Vbs and Vas are defined as the viscosities
of polymer solution before and after
shearing, respectively.

TP is defined as thickening power which is
determined by the difference between Vbs
and the viscosity of the solvent.

The (Vbs - Vas) is viscosity loss determined according to
the ASTM Method D-3945 (Proc. A).

Molecular Weight

The molecular weights of polymers were determined by
Gel Permeation Chromatography, where:

Mw - weight average molecular weight
Mn - number average molecular weight
Mw/Mn - molecular weight distribution



21 -, '13Q to forman oil solution having a Kinematic Viscosity of about
11.5 cSt .’ The oil solution of the ethyl ene copol yner bl ends.were fhen

conpared to the reference copolyners for Shear Stability, OﬂﬁﬁﬂgﬂgﬁgﬁﬁﬁﬂgﬁEET’
S . et L

and Pour point, according to ASTM net hods. For Cold or-age
Stability Test, 10W40 SG CD mul tigrage oils containingjapout, 13 w % of
a viscosity index improver (Polymer sofution in SNO 10p)| et MAY 1995
prepared. The preferred range of VI inprover in the lubricatbing oil my

range from5-25 wt. %

Bench Dispersancy

A sample VI-improver being tested is blended into a
formulated oil which does not contain any dispersant to
make a 10 weight percent solution of the VI improver in
the formulated oil. This oil solution is then tested for
dispersancy in the Bench Dispersancy Test.

In the Bench Dispersancy Test, the dispersancy of the
experimental oil is compared to that of three reference
oil standards which give excéllent, good, and fair
results in the test. The numerical value of a test result
decreases with an increase in dispersant activity. A
value above 150 indicates that the sample provides no
dispersancy. |

Cold Storage Behavior of VI-Improvers

The cold storage behavior of a motor oil containing
the VI-improvers being tested was determined by utilizing
the ultra low temperature environmental chanmber
(Thermotron S~AC). This test allows for the determination
of the stability of thé formulation under cold temperature
conditions. An 18-hour cold temperature cycle was
employed with the temperatures ranging between -51 and
-15°C (~60 and 4°F). The samples were examined at =-12°C
(10°F), after eight weeks of storage under the noted
conditions.

EXAMPLE 1

Polymer blends were prepared using different ratios
of a partially cryétalline random ethylene copolymer,
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designated Polymer A, and of an amorphous ethylene
copolymer designated, Polymer B. The resulting blends
were tested for stability in the Dimensional Stability
rest in comparison to the individual copolymers, Polymer
A and Polymer B, as references.

For the Dimensional Stability Test, the copolymers
are prepared in a solid form. Both for the blends and for
the individual reference copolymers, the materials were
dissolved in n-heptane at 60°C for eight hours at a
temperature of 65°C (150°F) in a mixer equipped with a
mechanical stirrer, reflux condenser and heating jacket.
The heptane from the solution of the polymers was removed
by evaporation under vacuum. A 25mm cube was formed from
the polymer blend residue and cooled to room temperature.

Polymer A was a partially crystalfine ethylene-
propylene-diene terpolymer containing approximately 77-80
mole percent ethylene, about 0.1-0.5 mol % vinyl
norbornene, and the balance propylene, having a number
average molecular weight as measured by GPC of
approximately 100,000, a molecular weight distribution of
approximately 1.6, and a crystallinity of about 8%.

Polymer B was an amorphous copolymer containing
approximately 56-62 mole percent ethylene and the balance
propylene, having a number averagé molecular weight as
measured by GPC of about approximately 70,000, and a
molecular weight distribution of approximately 1.8.

Blends of Polymer A and of Polymer B were prepared
and tested for their Dimensional Stability against Polymer
A and Polymer B as the references standards. The results
are set forth in Table 1 below.
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Table 1

Dimensional Stability Test

Polymer A - Polymer B
Dimensional
Run Wt.% wt. % Stability
1 (reference) 100 0 Excellent
2 35 65 Excellent
3 .30 70 _ Good
4. 20 80 Poor
5 (reference) 0 100 Poor
EXAMPLE II

A partially crystalline ethylene copolymer,
designated Polymer C, containing 77-80 mole percent
ethylene, and the balance propylene, having a number
average molecular weight of approximately 90,000, a
molecular weight distribution of approximately 1.9, and a
crystallinity of about 7% was tested.

Blends of Polymer C and of Polymer B from Example I
were prepared and tested for their Dimensional Stability
against Polymer C and Polymer B as the references
standards. The results are set forth in Table 2 below.
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Table 2

Dimensional Stability Test

Polymer C Polymer B
Dimensional
Run wt.% wt.% Stability
6 (reference) 100 0 Excellent
7 40 60 Excellent
8 30 70 Good
9 20 80 Poor
10 (reference) 0 100 Poor
EXAMPLE III
A partially crystalline ethylene copolymer,

designated Polymer D, containing .77-80 mole percent
ethylene,- 0.1 to 0.5 mol %

having a number average molecular

vinyl norbornene,
balance _propylene,

weight of approximately 210,000,
disfiibution of approximately 1.9, and a crystallinity of

a molecular weight
about 9% was tested as follows:

Three different blends of Polymer D and of Polymer B
from Example I were prepared. The blends were tested for
their dimensional stability against Polymer D and Polymer
B as references standards. The results are set forth in

Table 3 below.

S S e e

and the:




Sanpl e: Pol ymer C Blend Run 7 - Polynmer B Kinetic Viscosity

11. 5 ' 11.5 11.5 100[err]C, cSt ASTM D- 445 >
Stability 29 27 23 Index (SSI)* AST 1}’@395 eXT SERRT
Col d Cranking 3100 3400 3700 Simnul ato CCS T
-25[err] C ASTM D-2602  Pour Point, [err]L -30 - 332 MAY 1994
-36 ASTM D- 97 —

Table 3

Dimensional Stability Test

Polymer D Polymer B
_ Dimensional
Run wt.% wWt.% Stability
11 (reference) 100 0 Exéellent
12 20 80 Excellent
13 ’ 12 : 88 Good
14 9 91 Poor
15 (reference) 0 100 Poor

EXAMPLE TV

A dispersant amorphous ethylene copolymer, designated
Polymer E, was prepared containing 56—-62 mole percent
ethylene, +40-35 mole percent propylene, and about 3 mol %
of pendant N-vinylpyrrolidone units, and having a number
average molecular weight of about 70,000, and a molecular
weight distribution of approximately 2. The test results
are set forth in Table 4 below.

Polymer A from Example I was used in forming blends.



*

Cold Storage Stability 10W40 oil Poor Good
See description on page 10. REM ;
KU :::‘_:,”- i
|
18 % 224801556 |
Table 4 e st o1 ot = 2 e ,
Dimensional Stability Test
Polymer A Polymer E
Dimensional
Run Wt.% Wt.% Stability
16 (reference) 100 0. Excellent
17 30 70 Excellent
18 20 80 Excellent
19 10 20 Fair
20 (reference) 0 100 Poor
EXAMPLE V

\wn.

An efhylene copolymer, designated Polymer F was an
amorphous copolymer containing approximately 56-62 mole
percent ethylene, about 0.3-2.0 mol % diene, and the
balance propylene, having a number average molecular
weight as measured by GPC of about 100,000, and a
molecular weight distribution for approximately 5.0.

The polymer F is dimensionally stable due to
crosslinking effects associated with use of diene. As a
result, this material shows high molecular weight
distribution. Its shear stability as measured by the
Shear Stability Test in solution in o0il is low i.e. a
Shear Stability Index above 50.

'Polymer D from Example III and Polymer F were blended



EXAVPLE. VI | G| Solution Properties

Pol ymer D Blend Run 12 Polyner B Kinetic Viscosity 1

11.5 11.5 100[err]C, cSt ASTM D- 445 Shear Stabilfitly 55

30 23 z 2 MAY 1996
19

am————

together in a ratio of 40/60 wt% by dissolution in
hexadecane. This mixture was stirred at from about ‘140~
150°C under nitrogen pressure of about 1.38 MPa (200 psi)
until the polymers were completely dissolved.: The
temperature was then raised to about 300-310°C and the
mixture was stirred for 1 hour under the above conditions.
The solvent was removed by evaporation under vacuum. The
resultant solid polymer blend'was tested for dimensional
stability and for its solution properties in oil. The
properties of this blend were compared to reference.
Sample 22 which is Polymer F processed to a similar
molecular weight by using the same operating conditions.
The results are set forth in Table 5 below.

Table 5

Dimensiocnal Stabilifz Test for Heated Polymers

Polymer D Polymer F
' Dimensional
Run wt.% Wt.% Stability *
21 40 60 Excellent’
. 22 {(reference) 0 100 Poor

* samples after heating

Table 6 is a further comparison of the properties of
polymers.



I ndex (SSI) * ASTM D-3495 (A) - Cold Cranking 2900
3700 Sinulator (CCS) -25[err]C ASTM D-2602 Pour Point, [erg}-C.
=33 -36 ASTM D- 97 Cold Storage Stability 10W40 cﬂl/ﬁp?f

LAY M

Good Good * See description on page 10. Fm« ST
| 20 NPT N
i. Vi MAY vgn;-é [ !
i
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TABLE 6 e —— J
Properties of Polymers
Molecular Shear Dimensional
Weight Stability Stability
Mn’ Mw/Mn Index
POLYMER D
Before Heating 210,000 1.9 55 Good
POLYMER F
Before Heating 100,000 5.0 48 Good
After Heating 75,000 2.4 22 Poor
POLYMER BLEND D/F
Before Heating 144,000 3.7 51 Godbd
After Heating 75,400 2.1 20 Good

The foregoing examples illustrate that copolymer
blends prepared from a mixture of a partially crystalline
ethylene copolymer and an amorphous copolymer have
excellent dimensional stability as opposed to amorphous
copolymers which exhibit poor dimensional stability.

In Examples VI through X below the solid ethylene
copolymers described in the previous examples were
dissolved in a solvent neutral oil having an SUS at 100°F
of 100. These solutions were then diluted with a pour
depressed solvent neutral oil having an SUS at 100°F of



25+, . EXAVPLE | X O IREPP ARG o Orrmrrs
Properties Sanpl e: Pol ynmer A Blend Run 134 4 mfﬁ"-‘g SHEET
Kinetic Viscosity 11.5 11.5 11.5 100[errf] G, cSt ]

Z 7 MAY 1995

21

— Rt v e 1o encn s o s,

o omesran

130 to form an oil solution having a Kinematic Viscosity
of about 11.5 cSt. The oil solution of the ethylene
copolymer blends were then compared to the reference
copolymers for Shear Stability, Cold Cranking, and Pour
Point, according to ASTM methods.

For Cold Storage Stability Test, 10W-40 SG/CD
multigrade oils containing about 13 wt% of a viscosity
index improvexr (Polymer solution in SNO-100) were
prepared. The preferred range of VI improver in the
lubricating oil may range from 5-25 wt.%.



ASTM D-445  Shear Stability 23

(SSI')* ASTM D- 3495 (A) Col d Cranki ng
3800 Sinulator (CCS) -25[err]C ASTM D- 2602
-30 -36 ASTM D- 97
Good Good 10W 40 oi l

22
2800
Pour Poi nt,
Cold Storage Stability
22

EXAMPLE VI

0il Solution ?roperties

Sample: Polymer A Blend Run 2
Kinetic Viscosity 11.5 11.5
100°C, cSt

ASTM D-445

Shear Stability 23 23
Index (SSI)*

ASTM D-3495 (A)
Cold Cranking 2800 3600
Simulator (CCS)

-25°C

ASTM D-2602
Pour Point, °C -27 ~-30
ASTM D-97
Cold Storage Poor Good

10W-40 oil

* See description on page 10.
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Polymer B

ll'o 5

23

3700

Good



Bench Di spersancy Poor Good Good * See

description on page 10. e
: @I;LACEM.&MT SHEET
23 2 2 MAY 1996
EXAMPLE VII
0il Solution Properties

Sample: Polymer C Blend Run 7 Polvmexr B
Kinetic Viscosity 11.5 11.5 11.5

100°C, cSt

ASTM D-445

Shear Stability 29 27 23

Index (SSI)*

ASTM D-3495 (A)
Cold Cranking 3100 3400 3700

Simulator (CCS)

-25°C

ASTM D-2602
Pour Point, °C =30 -33 ~-36

ASTM D-97
Cold Storage
Stability
10W-40 oil Poor Good Good

* See description on page 10.



EXAMPLE X
Pol ymer F
11.

21

5

Q| Solution Properties
Bl end Run 21 Bl end Run 22 Kinetic Viscosity
11.5 100[err]C, cSt ASTM D- 445 Shear Stab
20 Index (SSI)* ASTM D- 3495 (A

24

EXAMPLE VITI

0il Solution Properties

Sample: Polymexr D Blend Run 12
Kinetic Viscosity 11.5 11.5

100°C, cSt

ASTM D-445
Shear Stability 55 , 30

Index (SSI) *
ASTM D-3495 (&)

Cold Cranking 2900 3400
Simulator (CCS)

-25°C

ASTM D-2602

Pour Point, °C -30 -33
ASTM D-97

Cold Storage

Stability
10W-40 oil Poor Good

* See description on page 10.

Sanpl e:
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L. |
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NT SHEET

Polymer B

11.5

23

3700

Good



3800 Si nul at or

- 36

Good

Col'd Cranki ng 3650 3550
-25[ err]*C ASTM D- 2602 Pour Point, [err]C
-33 ASTM D- 97 Cold Storage Stability
Good 10W 40 oil * See description on page 10. -
‘zé B
EXAMPLE TX

0il) Solution Properties

Sample:

Kinetic Viscosity
100°C, cSt
ASTM D-445

Shear Stability
Index (SSI)*
ASTM D-3495 (A)

Cold Cranking
Simulator (CCS)
-25°C

ASTM D-2602

Pour Point, °C

ASTM D-97

Cold Storage
Stability
10W-40 oil

Bench Dispersancy

* See description on page 10.

Polymer A

11.5

2800

Poor

Poor

Blend Run 17

11.5

22

3400

Good

Good

]

Polymer E

11.5

23

3800

Good

Good



27- | - Examples |-VI illustrate that the novel blends of this invention,
i.e., offacrystalline ethylene copolymer with an anorphous_ethyl ene

copol ymer provide new solid blends wth excellent dinens%EPEAC WiENT SHEET
stability. The di nensional stability vs conposition{de -Hper—— |
bot h nol ecul ar wei ght and conposition ofag he pol yners. Exagplqé %I- X
illustrate that these solid polynmer blends give notor oilsjwjthk Mg 1396
Stability I ndex below 30 and al so provi de good | ow tenperatuje_properties.

EXAMPLE X

0il Solution Properties

Sanple: Polvmer F Blend Run 21 Blend Run 22
Kinetic Viscosity 11.5 11.5 11.5
100°C, cst

ASTM D-445
Shear Stability 48 21 20

Index (SSI)*
ASTM D-3495 (A)

Cold Cranking 3650 3550 3800
Simulator (CCS)

-25°C

ASTM D-2602

Pour Point, °C -36 =30 =33

"ASTM D-97

Cold Storage
Stability Good Good ' Good
10W-40 oil

* See description on page 10.
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CLAIMS 1. A dinensionally stable solid pal_yner bl end

(1) a partially crystalline ethyl ene Rgpuhynerw“ {

conprising fromabove 60 nole percent et hyl ene, gL AG:
percent of a Cerr]-Cerr] al pha- nmonool ef in, an;ﬁoptlonally
f rom about 0 to 10 nol e percent of a non-conjuga ed < MAY
diene or triene, having a nunber averadge- nol ecul ar__wei ght
from 40,000 to 250, 000; and (2) an apor phous

copol ymer conprising from 40 to 65 nol e percent—ethyl ene,

from35 to 60 nol e err o
al pha- nonool ef i n, Examples I-VI &E&“&ﬁFﬁEﬁﬂ?Qa r&ﬁq;%?yﬂ% kdeddserEnt of

ercent of a CLerr

this invention, i.e., of a crystalline ethylene copolymer
with an amorphous ethylene copolymer provide new solid
blends with excellent dimensional stability. The
dimensional stability vs composition depends upon both
molecular weight and composition of the polymers.

Examples VI- X illustrate that these solid polymer
blends give motor oils with a Shear Stability Index below
30 and also provide good low temperature properties.



a ngn-conjugated diene or triene, having a | nunber aver age
(o]

nol ecul af wei ght rangi ng from 40, 000 to 250, 0§ PR

di rensional ly stable polyner blend as claimed in Claim1, i Jﬁﬂ%ﬁﬂﬁﬂ&&ﬁﬂ‘SHEET
partially crystalline copol yner has fron13 to 15 wei ght pergeft
crystallinity. A _solid polyner £0d as clainmed in Caj m,l k. m
2, in which said I|ne 'C'O‘pOl ymer and said afofp o%yAﬂg%
copol ymer have aIﬂﬂIﬂHﬂ"Nﬂ,ﬂﬂl di stributions rangi ng from ¥=2-t+e—+ 4,
A solid pol yner bl*end as c alsred | n angr.argsedi ng claim cojtai ni ng from 10
to 70 wei ght percent of said partially crystalline copol yner.

1. A dimensionally stable solid ©polymer blend

comprising:

(1) a partially crystalline ethylene copolymer
comprising from ébove 60 mole percent
ethylene, up to 40 mole percent of a C;-Cy
alpha-monoolefin, and opt.ionally from about
0 to 10 mole percent of a non-conjugated
diene or triene, having a number average
molecular weight from 40,000 to 250,000;
and

(2) an amorphous copolymer comprising from 40
to 65 mole percent ethylene, from 35 to 60
mole percent of a C;-C,, alpha-monoolefin,
and optionally from 0 to 10 mole percent of
a non-conjugated diene or triene, having a
number average molecular weight ranging
from 40,000 to 250, 000. '

2. A digensionally stable polymer blend as claimed in
Claim 1, in which said partially crystalline copolymer has
from 3 to 15 weight percent crystallinity.

3. A solid polymer blend as claimed in Claim 1 or Claim
2, in which said partially crystalline copolymer and said
amorphous copolymer have a molecular weight distributions
ranging from 1.2 to 7.

4. A solid polymer blend as claimed in any preceding
claim, containing from 10 to 70 weight percent of said
partially crystalline copolymer.
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. 5. Asolid polyner blend as clained in any pr ecedi ng cligqj

sai d anot phous ethylene copolyner is characterized by having ! i&f¥
properties.
in which at
sai d anor phous et

it

""“*————.—.—
al
L

e oS

Wl

L SHEE

R~ P

blend as clained in any prdcdding claim
I eastl ul I ﬁw ially crystalline ethyl ene jcqpdl @nignay aoek
i s derjgrati zed. 7. A soljid pol yner [

blend as clained in Cla|n16 in which at—t east one of said partTalty
crystalllne et hyl ene copol ynmer and sai d anor phous et hyl ene cepalyner is

derivatizedsy t haa S81idgeH1gREEADEIE vaslylclaampdunxh ham(ngm‘t'mﬂﬁ?emibutw?f"""“‘"“J
to 24 carbon_atons se

idi pe d
vi nyl car bazSF‘@'& rvi ﬁ?l |%1cf§}olr%? v%h\%%?ﬁlgglzo: esﬁglghél %&gﬁ%ﬁéﬁ s

characterlzed by having cold flow properties.

6. A solid polymer blend as claimed in any preceding
claim, in which at least one of said partially crystallipe
ethylene copolymer and said amorphous ethylene copolymer

is derivatized.

7. A solid polymer blend as claimed in Claim 6, in which
at least one of said partially crystalline ethylene
copolymer and said amorphous ethylene copolymer is
derivatized._with a nitrogen-containing wvinyl compound
having from about 3 to 24 carbon atoms selected from
N-vinylpyridines, N-vinylpyrrolidones, vinylcarbazoles,
vinylimidazoles, vinylthiazoles and allylamines.

8. A solid polymer blend as claimed in Claim 6, in which
at least one of said partially crystalline ethylene
copolymer and said amorphous ethylene copol¥ymer is
derivatized with a reactiye monomer capped with an amine.

9. A lubricating oil composition comprising an oil of
lubricat:'fng viscosity and a viscosity index improving
amount of the dimensionally stable solid polymer blend of
Claim 1.

m—




8.~ X~SO|Id pol yner blend as claimed in Claim®6, in which at |east one of

sai d parflally crystal line ethyl ene ‘copol yrmer .and sai d anor pho

vI ene

copolyner is derivatized with a reactive nmononer capped with |RB¥DA .%ﬁj;pgﬂEET
A lubricating oil composition conprising an oil of lubricatin rSCOStHty
and a viscosity index inproving amunt ofgthe di mensionally Statleﬁiﬂub 1992

pol ymer blend of Caiml.

ABSTRACT

A DIMENSIONALLY STABLE SOLID POLYMER BLEND
AND A LUBRICATING OIL COMPOSITION CONTAINING SAME

‘A dimensionally stable solid polymer blend

comprising:

(1)

(2)

a partially crystalline ethylene copolymer
comprising from 60 to 85 mole percent
ethylene, from 15 to 40 mole percent of ;-
C,, alpha-monoolefin, and from O to 10 mole
percent of a polyene, having a number
average molecular weight from 40,000 to
250,000, and '

an amorphous copolymer comprising from 40
to 65 mole percent ethylene, from 35 to 60
mole percent of a C;-C, alpha-monoolefin,
and from d to 10 mole percent of polyene,
having a number average molecular weight
ranging from 40,000 to 250,000. '
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