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The bresent inventicn relites to eopslymers of
utigatdrated dibasie daéid estérs ahd thely defiva~
tives With derylie ésters and related compotrnds.
The preseiit invetition further relates to the use
of polymeric materials of thig general tyve as dd-
ditives for lubricating oils &hd angldgous com-
positioris, arid to the formulsation of oil compPesi-
tionis, and the like, comtainifiy said additives as
new products of manufacture. The invention
further retates to the processés for producing
tlie produets of the character veferred to above.

I has mow been foumd, andg is the subjeet
mafter of the invention, that alpha-melhiylene
dicarboxylic acid esters reddily copolymierize
withh alpha, beta unsatursted monocarboXylic
compotinds to yield shear stable and thermally
stable oil seluble products which dig partzculaﬂy
valuable as lubricating oil additives sweh ds vig-
cosity index improvers, pour depréssants, #nd the
like..

It is well krown in the priey 4ft that DRENErAl
base lubricating oifs and, particularly, lubrieat-
ity oils siich as tHose used in the crank ¢ases of
attornotive engiries, have sericus Hniitaticns with

respect to pour point and Vi »osmy-tembera‘ture E

relationships wiiless they are prep

fully selectied miatgridls oF are m6dified {6 -
prove-their visedsity and, o1 their pouy characﬁer-
istics. Theé present invention has; as a
object, the produemon of anl improved dd
matreial for oily whicl: is stitable both for i
provitrg the Viscosity index and fof loweriiig the

pourpoint,

While reference is miade abéve t¢ Iibricants
for automstive crank cases, it will be undersﬁood
that the- itvention has application to other type
lubricants and is applicable generdly to hydro-
carbon oil- fractions such as hydraulic oils- and
in some instamces to synthetic o¢ils which are
employed- similarly te naturally oeccurring min=
eral oils. \

An important object of this invention is to
prodice polymeric materials which are stable dt
high rates of shedr and are stable when eém-=
ployed. in. internal combustion engines as a- éon-
stituent of the' Iubricating oil. A further object
of this invention. is to produce a polymerie: maw
terial which is ugeful for improving the viscosity-
temperature characteristics of oils without exces-
sively ifferessing the viscosity' thereof, and: which
may’ Be: used in: various hydrocarbon: base stocks
derived from various: erude cils; such: as pardfe
firic; naphthenic, asphaltic' or mixed base: A
still. further object is to: prepars g materidl which
-does: 1ot lose! its properties of depressing the poiir
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polits 6f 6ils tipoh repehted tyeles of temper-
atureé ¢hinge abgve and below the normial pour
volrts, Many materlals whieh are effective pour
poiiit depressors in lubridating eoils, for example,
become unsatisfactory affer being subjected to a
large number of temperature changes. This
property which is commonly referred to as pour
instability i§ highly objectionable under many
conaitionis where low temperatures are encoun-
tered arid ah object of this invention is to pre-
pare material§ and lubricating oils containing
sueh materials which are free from pour in-
stability.

As ah important aspect of the present mven-

5 tion, it Has been discovered that excellenb SHéar

stable and therthally stable pelyniéric lubricating
oil additives may be prodiiced by copolymierizifiz
alpha-methylené unsaturated dicarboxylic acid
esters, wherein the esterifying group contains
6 or less carbon atoms, with compounds having
the formula
1]11’ Rfii (ﬁ
bbb gwm

whefem B is hydrogen or an glkyl group, R’ 18
hydiogeri or a halogeti, R’/ is hydl ogen, 4 hdlogen
OF aft glkyl group, and R’ is A alkyl, aligelic
aralkyl or alphyl grotip éontainirie &t ieast § car-
bor aloms. I gehéral, whell R ang R’ are
alkyl, it fs preferréd that they bé relatively smal,
for example; methyl, sthyl; propyl, ifopropyl; eté.
Ariorig the conipothdy of thiy type ave esters of
acrylic acid, methaérylic 4616, s1pha-chler acrylic
geid, crofeénic acid, dlphs ehl(n crétonie aeid,
bets ¢hlor erotohic s¢id and miztiures therdof.
The alpha-methylene dicarboxylic acid esters
which: are- copelymerized with the alpha, beta-
unsatirated ¢omipounds have the following gen-
eral formula:

CH=~C—COOR
( éHz) n
o'¢'R!

whereini =0, 1, 2 or 3 or mixtures thereof, and

R and R’ are tﬁe Same OF différetit alkyt alioyelid:

aralkyl or alphyl group Utsuzlly c¢ontaining no

) 7 6 CarBOnt satoms. Examples 6f these

Y aiphasmetitylene malonic esters,

waeomc estérs; alpha methiylede glutaric esters
ang alpha~methy1ene adipic ésters.

i 1mportant it the prepsration: of copoly=
mers’ of the typ\, descmbed‘ hereln that hhele be

atoms. These long chams are supphed' by tne
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alpha-~-beta unsaturated compound. The pres-
ence of these relatively long chains is of value
in providing oil solubility and also for imparting
desirable properties to the copolymer. For the
production of pour depressants, it is essential
that there be side chains containing 10 or more
carbon atoms. These long chains may be sup-
plied by the alcohols which are used to prepare
the esters of the alpha-beta unsaturated com-
pounds.

For the production of unusually effective V. 1.
improvers, it is necessary to have short side
chains such as methyl, ethyl, butyl, etc. present
in the copolymer in addition to the long side
chains necessary to give oil solubility. These
short side chains are supplied by the alpha-
methylene dicarboxylic esters, It has been found
that copolymers containing methy] side chains
are usually more effective V. I. improvers than
similar copolymers containing ethyl, butyl or
longer side chains, and that, in general, the V. I.
improving potency of similar copolymers de-
creases as side chain length, as supplied by the
alpha-methylene dicarboxylic ester, is increased.
This is illustrated as follows:

3.6 Wt, Percent
Copolymer in Oil B !

Copolymer - .
Viscosity, )
8. U. 8./210° | V.1I.
Dimethyl Itaconate, 2% - cc-coeccmaccacaanan ) 147
Cy Oxo Acrylate, 989 - oo omemcccmccaae } 64.0

Diethyl Itaconate, 4%------_
Cs Oxo Acrylate, 96%. - -
Dibutyl Itaconate, 5%
Cg Oxo Acrylate, 95%.- -
Cs Oxo0 Acrylate

146

145
143

62.7

- } 62.8
63.4

1 0il B=lubricating oil having 45 S. U, 8. viscosity at 210° F, and
115 V. 1.

One commercially available alcohol mixture
suitable for the preparation of the esters may be
obtained from the hydrogenation of coconut oil.
Such a product is sold under the trade name
“Lorol” and is a mixture of saturated straight
chain alcohols ranging from 10 to 18 carbon
atoms and having a major proportion of laury!l
alcohol which has 12 carbon atoms. Other re-
lated products are made by separating this ma-
terial, which may be considered as g crude mix-
ture, into several different fractions having a
relatively higher proportion of the higher, lower,
or medium constituent thereof. The composi-
tion of Lorol per se and related products, “Lorol
B” and “Lorol R,” is approximately as follows:

Compositions of Mixtures of
Commercial Alcohols

Lorol | Lorol B | Lorol R
ercent... 4 3 1
r do.... 56.5 46 85
______________ do_... 22.5 24 13
do.... 14 10 1
1B mmcm e e cm e memm e Oceu 4 17 {ommmeaee
Average Number of Carbon Atoms. 12.8 13.5 12.2

In addition to straight chain alcohols such as
those contained in Lorol, branched chain alco-
hols can be employed. A source of branched
chain alecohols which are suitable for the inven-
tion are those produced from olefins, carpon
monoxide, and hydrogen by the “Oxo” reactmp.
Aliphatic alcohols produced as a by-product in

the synthesis of hydrocarbons from carbon mon-
oxide and hydrogen may also be used. Primary !
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aliphatic alcohols are preferred, although see-
ondary alcohols may be employed.

Also, alicyelic alcohols such as cyclohexanol,
methyleyclohexanol and hydrogenated alkyl
phenols, aralkyl alcohols such as phenylethanol,
and alphyl alcohols such as alkylated phenols,
cresols, efc., can be employed. The above-men-
tioned alcohols may contain functional groups
such as halogen, —NH2, —CN, —NO2, —OR,
—0—(CH2)»—0—R, etc., provided they do not
interfere with copolymerization or render the
copolymer insoluple. Whereas straight chain and
slightly branched aliphatic primary alcohols give
excellent results and are therefore preferred, the
other types of alcohols and their derivatives
mentioned above can be employed for preparing
the ester monomers which are copolymerized ac-
cording to the invention. It will be understood
that mixtures of alcohols of the same type or of
different types can be employed. In the case of
esters prepared from the alpha-methylene di-
carboxylic acid, mixed esters such as methyl
decyl itaconate can be copolymerized with the
alpha, beta-unsaturated monocarboxylic com-
pound with good results.

Half esters of alpha-methylene dicarboxylic
acids may also be used in the preparation of co-
polymers. The resulting products contain free
carboxyl groups which may be used as such or
which may be neutralized by reacting with an
alcohol, a primary or secondary amine or with
ammonia or with a metal-containing compound
to obtain an esterified, amidized or imidized
product or an ammonium or a metallic salt.

Various conditions of copolymerization may be
used in this invention involving either bulk or
emulsion techniques. In bulk polymerization
diluents may or may not be used. Temperatures
may vary from 25° C. to 150° C. for periods
ranging from 5 minutes to 100 hours and in the
presence of various types of catalysts such as
benzoyl peroxide, t-butyl hydroperoxide, cumene
hydroperoxide, and other peroxides, aluminum
chloride, boron fluoride, activated clays, ultra-
violet light, and the like.

The oil solubility of the finished copolymeric
material is governed to a considerable extent by
the ratio of the alpha methylene dicarboxylic
esters, which supply short side chains to the co-
polymer, to the alpha, beta unsaturated mono-
carboxy esters, which supply long side chains to
the copolymer, employed in the copolymeriza-
tion reaction. Examples of approximate maxi-
mum ratios giving copolymeric materials soluble
in a lubricating oil consisting of 949 solvent ex-
tracted Mid-Continent stock and 6% solvent ex-
tracted bright stock are as follows:

1 b

Wt. Ra-

Acrylate tio I/II

Itaconate Ester, Tster

Copolymers of higher ratios of short chain
esters to long chain esters may be soluble in
other types of lubricating oil stocks.

The average molecular weight of the finished
polymeric material should not be less than 1,000
or more than 50,000. The preferred range is
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about 5,000 te 20,000, a molecular weight of
7,000 to 17,000 being espeeially preferred.

The copolymers which are produced aeeord-
ing to this invention not only are-suitabls pour
depressants and viscosity index improvers bub
also are rust inhibitors, detergents, and gener-
ally improve the condition cof the engines in
which they ars used. 'These copolymers may
also be used in compounding greases, waxes, and
the like, and may alse be used in conjunction
with other additive materials such as pour de~
pressants, viscosity index improvers, rust inhibi-
tors, detergents, extreme pressure agents, dyes,
and the like.

The invention will beiter be undévstood from
the specific examples described hereinatter wWhich
are illustrative only and are not to be construed
as limiting the seope of the applicant’s invention.

EXAMPLE I

To 20 g. of dimethyl itaconate were added
180 g. of octyl, decyl methacrylaie (a mixture
of octyl and decyl methacrylates) and 154 g. of
a white oil having a 43 8. U. S. viscosity at
210° F. in a 3-liter stirring flask contained in an
oil bath. The mixture was then heated for 48
hours at '70° C. in a nitrogen atmosphere adding
1 gram of benzoyl peroxide at the start and 1
gram of benzoyl peroxide after heating the miz-
ture for 1 hour. A clear homogenecus copolymer
was obtained which was blended to 20% con-~
centration in a lubricating oil having a viscosity
of 43-44 8. U. 8. at 210° F. and this oil concen-
tration was employed directly as a V. I. im-
prover.

EXAMPLE IT

To 100 g. of dimethyl itaccnate were added 900

g. of octyl, decyl methacrylate and 755 g. of a 4

white oil having 43 S. U. 8. viscosity at 210° 7,
in a 3-liter stirring flask contained in an eil
bath. The mixture was then heated for 27 hours
at 70° C. in a nitrogen atmosphere, adding 5
grams of benzoyl peroxide at the start and 5
grams of benzoyl peroxide after heating the mix-
ture for 1 hour. A clear, homogeneous copoly-
mer was obtained which was blended o 40%
concentration in a mineral lubricating oil having
43-44 8. U. 8. viscosity at 210° F. and this oil
concentrate was employed directly as a V. 1.
improver.

EXAMPLE III

To 0.2 grams of dimethyl itaconate were added
9.8 grams of octyl Oxo acrylate, 10.0 grams of a
white oil having a 43 S. U. S. viscosity at 210°
P, and 0.10 gram of 100 mesh bhenzoyl peroxide
in a 30 ce. test tube. The tube was flushed with
nitrogen, stoppered, agitated to effect complete
solution, then heated for 30 hours at 70° C. in
an oil bath, A clear, homogeneous copolymer
was obtained which was blended to 20% con-
centration in a Inbricating oil having a viscosity
of 43-44 8. U. 8. at 210° F. and this oil con-
centration was employed directly as a viscosity
index improver. The octyl aleohol from which
the acrylate was prepared was made by the Oxo
reaction in the presence of a cobkalt catalysi of
CO, hydrogen and a Cr olefin fraction, obtained
from the polymerization of Ci:-Cs refinery gases
in the presence of phosphoric acid catalyst, form-
ing octyl aldehyde which was then hydrogenated
to the alcohol.
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EXAMPLE IV
"A copolymer of 1.7 g. of dimethyl itaconate
with 9.3 g. of decyl acrylate was prepared in a
similar manner to HExample IIi, employing 9.0
g. of white oil diluent and 0.11 g. of 100 mesh
benzoyl peroxide.

EXAMPLE V

A copolymer of 2.0 g. of dimethyl 1uaconate
with 8.0 g. of lauryl acrylate was prepared.ina
similar manner to Exampile ITI, employing 7.0
g. of white oil diluent and 0. 10 g.. of 100 mesh
benzoyl peroxide.

EXAMPLE VI

A copolymer of 3.2 g. of dimethy! itaconate
with 12.8 g. of Lorol R acrylale was prepared
in a similar manasr to Example IX, employing
11.1 g. of white oil diluent and 0.18 g. of 100
mesh benzoyl peroxide. This copelymer was 8150

useful as a pour depressant.
EXAMPLE VII

A copolymer of 0.4 g. of diethyl itaconate with
9.6 g. of octyl Oxo acrylate was prepared in a
similar manner to Example III, employing 10.0
g. of white oil diluent and 0. 10 g. of 100 mesh
benzoyl perox1de.

EXAMPLE VIIL

A copolymer of 0.5 g, of dibutyl itaconate with
9.5 g. of octyl Oxo acrylatec was prepared in a
similar manner to Example ITI, embloying 10.0
2. of white oil diluent and 0.10 g. of 100 mesh
benzoyl peroxide.

The following table illustrates the superiority
of examples of copolymers prepared according to
this invention over acrylate and methacrylate
polymers per se and a commercial viscosity index
improver as regards lower thickening power
and/or greater viscosity index improving power
in motor oil blends.

S. U. 8. 3.6 Wt, Percent
Vis./210° F.,i Copolymer in Oil B
Is! 20 Wt. )
opolyraer Percent
Copolymer; 8, U. S, V.1
in Oil A |Vis./210°F. v

Dimethyl Itaconate, 10%. ... .

Octyl, decyl Methacrylate, 90%.-- 323 6l 4 147
Example I

Dimethyl Itaconate, 10%. .. ._.._ . )

Octyl, decyl Methacrylate, 90%.__ 352 62.3 149
Example IT

Dimethyl Itaconate, 2% - -coeoo -

Octyl Oxo Acrylate, 98%__.______ 433 64.0 147
Example IIT

Dimethyl taconate, 15%,. ..

Decyl Acrylate, 86% oo ____.. : 660 4.1 154
Example IV

Dxmethyl Ttaconate, 20% - oo ovrr-m :

Laury! Acrylate, 80% ..o .__.. 501 68.1 152
Example V

Dimethyl Itaconate, 20%. ..

TLorol R acrylate, 80% ...... g 401 63.8 | 150
Example VI ; .

Diethyl Itaconate, 4% - ..___._

Octyl Oxo Acrylate, 96% ¥ 373 62.7 146
Example VII

Dibutyl! Itaconate, 5% . .- cceee oo I

Octyl Oxo Acrylate, 95%. - - 385 62.8 145
Example VIII

Octyl Oxo Acrylate, 100%. . 362 63.4. 143

Octyl, decyl Methacrylate, - 566" L7 147

Lauryl Acrylate, 100%-.-- = ..o 335 £6.1 141

Commercial V. I, Improver X.... 651 72.5 147

Qil A—solvent extracted lubricating oil havixig 43-44 8, U. 8. vis.
at210° ¥, 112 V, L,

Oil B—solvent extracted lubricating oil having 45 8. U, 8. vis. at
210°F,, 115 V. 1.

The following table illustrates the pour de-
pressing properties of copolymers prepared ac-
cording to this invention.
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Pour depressant properties of copolymers
A, S. T. M. _Pour
Percent Con- Point, ° F. of

Copolyrmer gepirationf | Blends n—

dient
Oil C 0ilD
None__ i, None +5 +20
Dimethyl Itaconate, 20%. ...
Lorol R Acrylate, 80%. .. ... 0.2 —25 —15
Example V1.

- 0il C—conventionally refined Pennsylvania 180 Neutral.
0il D—solvent extracted Mid-Continent +Bright Stock—S. A, E,
10 grade.

The following tables illustrate the superior
polymer stability characteristics of copolymers
prepared according to the present invention as
compared to the stability characteristics of other
type methacrylate-itaconate ester copolymers and

5

8
-sentially of a major proportion of a mineral oil
base stock and a small but viscosity index im-
proving amount of a copolymer of dimethyl
itaconate and a compound having the formula
R
CH:—-:([J—COOR'

wherein R is selected from the class consisting of
hydrogen and a methyl group and R’ is selected

10 from the class consisting of the alkyl group con-

taining from 8 to 24 carbon atoms.

3. A lubricating oil composition consisting es-
sentially of a major proportion of a mineral oil
base stock and a small but viscosity index im-

15 proving amount of a copolymer of dimethyl

itaconate and mixtures of octyl and decyl metha-
crylate.

4. A lubricating oil composition consisting es-
sentially of a major proportion of a mineral oil

a current commercial V. I. improver in both g¢ base stock and a small but viscosity index im-

laboratory tests and automotive enging tests.

proving amount of a copolymer of 1 mol of di-

Polymer breakdown characteristics

[McIntype pump test.i]
s Used Oil 4 Hr.
New 0il Sample
Vis. 20%
Copolymer Ccogonlcy her Wt : LPerc%}gt /
o . per- 0ss, Vis.
Oil A cent, Vis.F,‘ 210° V. L L‘t;sslin 210° F.,
Copol. . *** | Based on
Polymer
Dimethyl Itaconate, 10%-._ ...
Octyl, decyl Methacrylate, 90%. ... 323 2.75 75.8 122 2.0 16
Decyi atonate, 80%
ecyl Itaconate, 80%..- ...
Methyl Methacry]atg, 205, ST 356 3.40 76.1 134 7.0 39
-Commercial V. I, Improver X...... 651 2.05 71.0 123 4.8 31

! Copolymer oil blend circulated through Mclntyre gear pump at 200° ¥, and 1000 p. s. i. g.

Polymer breakdown characteristics
[32 hr. Chevrolet engine test.]

; Used Oil—32 Hr.
New 0il Sample
Copolymer Percent
Wgéf]’fr' Vis,/210° | y ; |Lossin Vﬂ‘gj;f&
Copol. F,8.U.8 V.L F., Based
on Polymer
Dimethyl Itaconate, 10%.-..__.
Octy}, decyl Methacrylate, 90% 1.2 52.0 | 127.2 5.6 12
Example IT

. Commerical V. I. Improver X_ 1.2 52,1 125.6 7.9 24

What is claimed is:

1. A lubricating oil composition consisting es-
-sentially of a major proportion of a mineral oil
base stock and a small but viscosity index im-
.proving amount of a copolymer of an alkyl ester
of itaconic acid wherein the esterifying group
. contains from 1 to 4 carbon atoms and a com-
pound having the formula

R
v CHz-—-J:—COOR'
wherein R is selected from the class consisting
of hydrogen and a methyl group and R’ is se-
lected from the class consisting of the alkyl group
containing from 8 to 24 carbon atoms.
2. A lubricating oil composition consisting es-

55
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methyl itaconate and 0.1 to 2.0 mols of mixtures
of octyl and decyl methacrylate,
THOMAS STANFORD TUTWILER.
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