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This invention relates to copolymers and lubri 
cants containing the same and, more particul 
larly, to new copolymers adapted for use as addi 
tives to lubricating oils to minimize their change 
in Wiscosity with change in temperature. 

Lubricating oils have the undesirable charac 
teristic of decreasing in viscosity as the tempera 
ture of the oil is increased. Oils with a low rate 
of change of viscosity with temperature are de 
sired for lubrication purposes, especially in appli 
cations Were widely varying temperature COIndi 
tions are encountered. Consequently, numerous 
materials have been proposed as additives to oils 
to minimize their change in Viscosity with ten 
perature. Many of the additives which hitherto 
have been proposed for decreasing the rate of 
change of viscosity with temperature have been 
quite satisfactory from this standpoint. How 
ever, Some of the most effective additives, which 
are polymeric materials, have too great a thick 
ening effect on the oil. In these cases the oils 
may have a satisfactory rate of change of vis 
cosity with temperature but they are too viscous 
for satisfactory lubrication at low temperature. 
Consequently, the most desirable lubricating oil 
compositions are those which have a low enough 
viscosity to permit ready flow at low temperature 
together with the characteristic of a Small de 
crease in Viscosity With increase in temperature. 
An object of this invention is to provide new 

copolymers. A further object is to provide new 
copolymers particularly adapted for use as addi 
tives to lubricating oils. A still further object is 
to provide an improved lubricating oil having a 
low enough viscosity to permit ready flow at low 
temperatures together with the characteristic of 
a small decrease in Viscosity with increase in 
temperature. Other objects will be apparent 
from the description of the invention given here 
in after. 
The above objects are accomplished according 

to the present invention by providing a Small class 
of copolymers, these being the copolymers of 
acrylonitrile or methacrylonitrile and alkyl esters 
in which the alkyl group contains from 10 to 18 
carbon atoms, inclusive, of acrylic or methacrylic 
acids, the acrylonitrile or methacrylonitrile 
amounting to 2% to 20% by Weight of the co 
polymer. The invention further comprises a 
lubricating oil in which a Small proportion of 
such copolymer has been dissolved. 

It has been found that the class of copolymers 
as defined above may be readily formed and that 
when dissolved in small proportion in lubricating 
oil, they give a lubricant having extremely de 
sirable temperature viscosity characteristics. 
The lubricant compositions of this invention 

contain the copolymers defined above in rela 
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tively small amounts, i. e., in amounts ranging 
from 0.1% to 10% by weight of the oil. Amounts 
ranging from 1% to 5% by weight of the oil are 
preferred, the precise optimum amount of any 
Specific copolymer being dependent on the par 
ticular alkyl group in the ester component and 
the proportion of the nitrile group in the co 
polymer, the particular type of oil being treated, 
and the specific degree of change in Wiscosity 
characteristics desired in the oil. Copolymers 
having the best Solubility in lubricating oils are 
those of the above defined class in Which the 
acrylonitrile or methacrylonitrile amounts to not 
more than 11% by Weight of the copolymer. For 
Convenience in storage and handling, more Con 
centrated solutions of the copolymers in lubricat 
ing oils may be prepared than would normally 
be used. For example, lubricating oil solutions 
containing 50% copolymer can be prepared and 
then diluted to the desired concentration at the 
time of use. 
The copolymers of this invention are effective 

additives to lubricating oils of all types obtained 
from petroleum, i. e., the paraffin base, the 
naphthenic base, and the mixed base oils, and 
also the ester type lubricants such as the alkyl 
esters of aliphatic dicarboxylic acids, e. g., di 
ethylhexyl sebacate. The lubricating oils may 
also contain in Solution or Suspension conven 
tional lubricating oil modifiers which impart 
other desirable characteristics to the oil, e. g., 
antioxidants. 
The lubricating compositions of this invention 

can be prepared by incorporating the copolymer 
in the lubricating oil by simply blending with 
stirring at Ordinary temperatures or, if desired, 
a mixture of oil and copolymer may be heated 
to elevated temperature, e. g., 100° C. to 130° C., 
with agitation to form a uniform dispersion. 
The copolymers of this invention can be pre 

pared by conventional bulk or solution methods 
of addition polymerization using conventional 
addition polymerization initiators. The poly. 
merization is conveniently carried out by con 
tacting a mixture of from slightly more than 2% 
to 30% by weight of acrylonitrile or methacrylo 
nitrile and from slightly less than 98% to 70% 
of an alkyl ester of acrylic or methacrylic acid 
in which the alkyl groups contain from 10 to 18 
carbon atoms, inclusive, with from 0.1% to 10%, 
preferably 0.2% to 2%, of a free radical-liberat 
ing type of initiator such as a peroxy compound, 
e.g., benzoyl peroxide or di(tertiaryamyl) perox 
ide, or an azo initiator, e. g., 1,1'-azodicyclohex 
anecarbonitrile or alpha,alpha'-azodiisobutyro 
nitrile, in the presence or absence of an inert 
Solvent such as a hydrocarbon, e. g., benzene, 
mineral oil or lubricating oil, and preferably in an 
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inert atmosphere, e.g., under a blanket of nitro 
gen. Or carbon dioxide. The mixture is then agi 
tated and maintained at a temperature at which 
the polymerization initiator generates free radi 
cals rapidly. The exact temperature selected 
depends on the particular initiator being used. 
Temperatures ranging from room temperature or 
lower to 150° C. or higher are suitable. 
The actual nitrile content of the copolymers 

obtained may be somewhat less than indicated by 
the proportions of the reactants because of loss 
Of acrylonitrile or methacrylonitrile. The ni 
trile monomers are relatively volatile and, hence, 
may be lost to a greater or lesser extent depend 
ing upon temperature of polymerization and the 
precautions taken to avoid escape of volatilized 
OOS 
The following examples wherein all proportions 

are by Weight unless otherwise stated, illustrate 
Specific embodiments of the invention. 

EXAMPLE 

A mixture of 18 parts of lauryl methacrylate 
(prepared from technical lauryl alcohol obtained 
by reduction of coconut oil acids and containing 
approximately 3% decyl alcohol, 61% dodecyl al 
cohol, 23% tetradecyl alcohol, 11% hexadecyl al 
cohol and 2% octadecyl alcohol) containing 
0.05% by weight of hydroquinone stabilizer, tWO 
parts of acrylonitrile, and 0.1 part of alpha, 
alpha-azodiisobutyronitrile is placed in a re 
action vessel fitted with an inlet tube reaching 
almost to the bottom and having an Opening for 
the escape of gas. The reaction vessel is placed 
in a water bath held at 55°-60° C. and stirring is 
effected, and an inert atmosphere maintained, 
by passing carbon dioxide gas through the inlet 
tube. Heating is continued for a period of 24 
hours after which any remaining unreacted 
acrylonitrile is removed by vacuum drying. The 
resulting polymer is clear and homogenous in ap 
pearance and is soluble in lubricating oils of both 
the naphthenic and paraffinic types. This co 
polymer of lauryl methacrylate and acrylonitrile 
contains 1.06% nitrogen. The combined acrylo 
nitrile content, calculated from nitrogen analysis, 
is 4.0%. 

Additional copolymers of alkyl acrylates or 
methacrylates and acrylonitrile or methacryloni 
trile containing from 2% to 20% of the nitrile 
components are prepared in a manner Similar 
to that of Example 1. The various copolymers, 
the particular proportions of the component 
monomers, and the proportion of alpha,alpha'- 
azodiisobutyronitrile catalyst used in the poly 
merizations are listed in Table I. 

Table I 
ACRYLATE/NITRILE COPOLYMERS 

ER: AER Copolyner Ce e 
Ex. No. (Monomer Proportions) of Mo- Content 

nomers) (Percent) 

2--------- Laurylmethacrylatefacryloni 
trile (80:20)--------------- - ... O 10, 25 

8.-------- Laury methacrylatefacryloni 
trile (90:10)---------------r 0.7 2.7 

4--------- Laurylmethacrylatefacryloni 
trile (75:25).------------- 0.7 8.04. 5--------- n-Decy acrylateracrylonitrile 
(90:10)---------------------- 0.7 6.0 

6--------- -----do------------------------- 0.7 5.5 
7--------- n-Decyl methacrylatefacrylo 

nitrile (90:10)--------------- 0. 4.4 
8---------- Laury methacrylatefnetha 

crylonitrile (95:5)----------- 0.7 2.5 
9--------- Lauryl methacrylate?metha 

crylonitrile (90:10)---------- 0. 6. 
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4. 
A significant measure of the suitability of a 

lubricating oil for use over a wide range of op 
erating temperatures is afforded by the 'slope' 
of the oil. This is the calculated slope of the 
line joining the points of intersection of the 
Wiscosities of the oil at 100°F. plotted as ordinates 
With the viscosities at 210°F. plotted as abscissas 
for different concentrations of additive. For 
practical purposes, the slope of the line may be 
determined with sufficient accuracy from the 
Wiscosity data of the oil at one concentration of 
the additive and the viscosity data of the un 
modified oil (the oil containing 0% concentra 
tion of the additive). In this calculation oils 
having the lowest values of slope exhibit the least 
change in viscosity with changes of temperature 
and, hence, are the most favorable. The slope 
Value is a particularly valuable criterion of the 
Suitability of a lubricating oil because it is in 
luenced to Such a slight degree by the thicken 
ing effect of the additive. An advantageous fea 
ture of the instant copolymers is that they have 
Such a relatively small thickening effect on the 
lubricating oil; this feature is not shown by the 
Slope values but, of course, is readily apparent 
from the viscosity measurement of the oil. 
Table II below illustrates lubricating oils of 

this invention containing copolymers of lauryl 
methacrylate and acrylonitrile in 1.5% concen 
tration in a mixed base lubricating oil. In each 
instance, 0.75 part of the selected copolymer is 
blended with 49 parts of a low viscosity Mid 
Continent pale oil. For purposes of comparison, 
there are also included (Examples A and B) 
lubricating oil compositions in which the copoly 
merS COntain a proportion of acrylonitrile out 
side the limits of the invention, as Well as a con 
trol containing no additive and a further com 
position containing lauryl methacrylate homo 
polymer. 

Title II 
LAURY METHACRYLATE / ACERYLONIERILE CO 
EYMERs (1.5%) IN MIXED BASE LUBRICATING 

Wiscosity of oil Approx. A. 
Ex. No Acrylonitrile in Centistokes 

Content 
(Percent) at 1000 F. at 210 F. Slope 

Control.------------- No additive- 2.53 2.88 -------- 
Lauryl methacrylate ---------------- 2138 496 4.26 
honopolymer. 

17. 12 4.06 3.9 
14.60 3.47 3.6 
2.05 4.89 4.25 
() () () 

i Insoluble in the oil. 

Table III below illustrates lubricating oil com 
positions of this invention containing various co 
polymers of acrylonitrile or methacrylonitrile 
with alkyl acrylates or methacrylates in concen 
trations of 1.5% and 3.0% in solvent extracted 
paraffin base lubricating oils. The concentration 
of additive in the oil is 1.5% down through Ex 
ample 17 and 3.0% in the remaining examples, 
the lubricating oils used in the two instances be 
ing Substantially identical as the two controls 
ShoW. For purposes of comparison, the viscosity 
data, are given, for each concentration of addi 
tive, of the lubricating oil containing a lauryl 
methacrylate homopolymer and, with respect to 
the 1.5% concentration of additive, Examples C 
and D have been included to illustrate lubricating 
oil compositions comprising copolymers failing 
Outside the Scope of this invention, the alkyl 
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group of the ester component not containing the nitrile as some of the nitrile component may be 
required number of carbon atoms. lost during the polymerization. 

Table III 
COPOLYMERS IN PARAFFIN BASE LUBRICATING OIL 

Wiscosity of Oil in 
E. Centistokes 

Ex. No. Copolymer (Monomer Proportions) Content 
(Percent) at 100°F. at 210 F. Slope 

Control---------------- No additive--------------------------------- 46.83 6.52 -------- 
Lauryl methacrylate ---------------------------------------------- 62.92 9.04 6.4 

homopolymer. 
Oglethacrylate acrylonitrile 6.9 (1) () (1) 
octyacrylate/acrylonitrile (90:10). 7.0 (1) (1) (1) 

3: acrylate/acrylonitrile 6.0 50.85 7.52 4.14 

LEaethacrylate acrylonitrile 2.7 59.94 8.79 5.78 
E.aethacrylate acrylonitrile 8.04 51.54 9.06 85 
75:25). 

15--------------------- RS: methacrylatelacrylonitrile 4.4 57.90 8.7 4.25 
16--------------------- Laurynethacrylate?methacrylo- 2.5 54.86 7.98 5.6 

nitrile (95:5). 
17--------------------- Lauryl methacrylate?methacrylo- 6. 49.13 7.6 3.78 

nitrile (90:10). 

(Concentration of additive in oil-1.5% in the above) 

Control---------------- No additive--------------------------------- 46.5 6.53 -------- 
Lauryl methacrylate ---------------------------------------------- 62.7 9, 20 6.2 

homopolymer. 
18--------------------- Lauryl methacrylate?methacrylo- 5.8 51, 96 7,89 3.84 

nitrile (90:10). 
19--------------------- LEithacrylate?acrylonitrile 7.0 4.5 12.15 4.92 
20--------------------- Elethacrylate acrylonitrile 8.0 74.7 12.61 4.65 

89:1). 
21--------------------- Lauryl methacrylatelacrylonitrile 7.5 86.7 4, 63 4.90 

(87.5:125). 

(Concentration of additive in oil-3.0% in above) 
1 Insoluble in oil. 
It will be understood that the above examples 

are merely illustrative and that the present in 
vention broadly comprises copolymers of acrylo 
nitrile or methacrylonitrile and an alkyl ester in 
which the alkyl group contains from 10 to 18 
carbon atoms, inclusive, of acrylic or methacrylic 
acids, the nitrile component amounting to 2% to 
20% by weight of the copolymer, and a lubricat 
ing oil containing a Simall amount, usually from 
0.1% to 10% by weight thereof, of such a copoly 
mer soluble therein. 
The ester component of the instant copoly 

mers can be an ester of either acrylic or meth 
acrylic acid but must be an alkyl ester in which 
the alkyl group contains from 10 to 18 carbon 
atoms, inclusive. Thus the decyl, dodecyl, tetra 
decyl, hexadecyl and octadecyl acrylates and 
methacrylates are all suitable. It is not neces 
sary that the alkyl radical be derived from a pure 
alcohol. Technical grades of alcohol having an 
average carbon content within the range of 10 
to 18 carbon atoms are suitable for use in the 
preparation of the ester component of these co 
polymers. The commercially available alcohols 
Such as technical lauryl alcohol obtained by re 
duction of the fatty acids in coconut oil and the 
analogous productS made by hydrogenation of 
carbon monoxide are especially Suitable as 
Sources from which the alkyl radical of the esters 
can be derived. 
The nitrile component of the instant copoly 

mers can be either acrylonitrile or methacrylo 
nitrile. This nitrile component must be present 
in the copolymer in an amount from 2% to 20% 
by weight of the copolymer and it should be real 
ized that having the two monomers in propor 
tions within this range in the mixture to be poly 
merized, does not necessarily mean the resulting 
copolymer Will have the requisite proportion of 
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The acrylic and methacrylic esters employed 
as COinonomers in making the polymers of this 
invention may contain a Small amount, e. g., 
abCut 0.05% by Weight, of stabilizers such as 
hydroquinone or m-dinitrobenzene as illustrated 
by Example 1. However, higher molecular 
Weight copolymers can be obtained by the use of 
unstabilized alkyl acrylate or methacrylate mon 
Omers. Furthermore, the polymerization rate is 
more rapid When Such stabilizers are not present 
in the polymerization mixture. When unstabi 
lized alkyl acrylates or methacrylates are em 
ployed in combination with acrylonitrile or meth 
acrylonitrile of high purity, substantially com 
plete polymerization takes place in periods of 
three to five hours. 
The copolymers of this invention are, in gen 

eral, Soluble in lubricating oils. There are some 
exceptions to this in that all of the copolymers 
are not Soluble in all types of lubricating oils al 
though each one is soluble in at least one type. 
The copolymers containing a proportion of acry 
lonitrile or methacrylonitrile toward the upper 
limit of the permitted range and at the same time 
a short chain alkyl group, i. e., one of only 10 
carbon atoms, in the acrylate or methacrylate, 
are leSS Soluble in the paraffinic type of oil than 
they are in the naphthenic or mixed base types 
of oils. Obviously, a copolymer soluble therein 
will be selected as an additive to any given type 
of oil. 
The copolymers of this invention are also use 

ful for converting a base oil to an oil having 
viscosities and a viscosity index in the range 
acceptable for power transmission oils used in 
automotive transmissions. The present require 
ments for torque Converter fluids in automotive 
transmissions and the like are a viscosity index 
of at least 150 and a Saybolt Universal viscosity 
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at 210 F. of 54-56 seconds. Some of the copoly 
mers of this invention are particularly effective 
in Such oils. 
AS many apparently widely different embodi 

ments of this invention may be made without de 
parting from the spirit and scope thereof, it is to 
be understood that the invention is not limited to 
the Specific embodiments thereof except as de 
fined in the appended claims. 
The invention claimed is: 
1. A lubricating oil containing from 0.1% to 

10% by Weight thereof of an oil-soluble copoly 
mer of a nitrile from the group consisting of 
acrylonitrile and methacrylonitrile, and an alkyl 
ester in which the alkyl group contains from 10 
to 18 carbon atoms, inclusive, of an unsaturated 
acid from the group consisting of acrylic and 
methacrylic acids, said nitrile amounting to 2% 
to 20% by Weight of Said copolymer. 

2. A lubricating oil containing from 0.1% to 
10% by weight thereof of an oil-soluble copoly 
ner of a nitrile from the group consisting of 
acrylonitrile and methacrylonitrile, and an 
alkyl ester in which the alkyl group contains 
from 10 to 18 carbon atoms, inclusive, of an un 
Saturated acid from the group consisting of 
acrylic and methacrylic acids, said nitrile amount 
ing to 2% to 11% by Weight of Said copolymer. 

3. A lubricating oil containing from 1% to 5% 
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by weight thereof of an oil-soluble copolymer of 
a nitrile from the group consisting of acryloni 
trile and methacrylonitrile, and an alkyl ester in 
which the alkyl group contains from 10 to 18 
carbon atoms, inclusive, of an unSaturated acid 
from the group consisting of acrylic and meth 
acrylic acids, said nitrie amounting to 2% to 
20% by Weight of Said copolymer. 

4. A lubricating oil containing from 1% to 5% 
by weight thereof of an oil-soluble copolymer of 
a nitrile from the group consisting of acryloni 
trile and methacrylonitrile, and an alkyl ester in 
which the alkyl group contains from 10 to 18 
carbon atoms, inclusive, of an unsaturated acid 
from the group consisting of acrylic and meth 
acrylic acids, said nitrile amounting to 2% to 
11% by weight of said copolymer. 

WILLARD E. CATLIN. 
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