
ADDITIVE FOR LUBRICATING OIL 

The present invention is concerned with an additive for biodegradable 

lubricating oils, more particularly to a poly((meth)acrylate) additive for vegetable oil 
based lubricating oil compositions and polyol ester based lubricating oil compositions. 

Ecological concerris have sparked interest in replacing mineral oil-based 
lubricants with biodegradable lubricants for use in applications, such as, e.g., two­
stroke engines for, e.g., boats and chain saws, and mobile hydraulic equipment, wherein 
the risk of exposure of a ll{bricant to the environment is relatively high. As used herein 
the term "biodegradable" broadly refers to any material that c~ be decomposed by a 
biological system. While a number of techniques for assessing the biodegradability of 
lubricating oils have been developed, none has, as yet, met with universal acceptance. 
At this early stage of development, vegetable oils and synthetic polyol esters have 
emerged as two promising candidates for replacing mineral oils as the base fluid to 
provide biodegradable lubricants. 

Vegetable oil-based lubricants exhibit several performance limitations, e.g., 
rela~vely poor low temperature fluidity, relative to· their mineral oil counterparts and 
there is an interest in improving the low temperature fluidity of synthetic polyol ester­
based lubricating compositions. 

According to the present invention there is provided a polymer, which . 
comprises from 70 weight percent (wt%) to 99.5 wt% first repeating units, each derived 
from a (Cg-C15)alkyl (meth)acrylate monomer, e.g. a (C12-C15)alkyl (meth)acrylate 
monomer, and from 0.5 wt% to 30 wt% s~cond repeating units, each derived from a 
(C16-C24)alkyl (meth)acrylate monomer. 

According to the present invention there is also provided a biodegradable 
additive, which comprises from 25 weight percent to 75 weight percent of a polymer 
according to the present inventiqn, and from 25 weight percent to 75 weight percent of 
a vegetable oil or polyol ester. 

According to the present invention there is further provided a biodegradable 

lubricating oil composition, which comP.Fises from 0.01 weight per cent (wt%) to 2 wt% 
of a polymer according to the present invention, and from 98 wt% to 99.99 wt% of a 
vegetable oil or a polyol ester. The lubricating oil composition of the present invention 
provides improved low temperature fluidity and low temperature storage stability. 
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According to the present invention there is still further provided a method for 

lowering the pour point of a vegetable oil or a polyol ester, which comprises adding 

from 0.01 parts by weight to 2 parts by weight of a polymer according to the present 

invention to from 98 parts by weight to 99.99 parts by weight of the vegetable oil or 

polyol ester. 

According to the present invention there is still provided the use, in a 
biodegradable lubricating oil composition comprising from 0.01 weight percent to 2 
weight precent of a polymer according to the present invention and from 98 weight 
percent to 99.99 weight percent of a vegatable oil or polyol ester, of the polymer to 
lower the pour point of the vegetable oil or the polyol ester. 

As used herein, the terminology "(meth)acrylate" refers collectively to acrylate 

and methacrylate compounds. Commercially available alkyl {meth)acfylate monomers 

typically comprise a mixture of alkyl (meth)acrylate esters. Such mixtures are referred 
to herein using the name of the ester species predominating in the mixture. 

As used herein, the terminology "(Cg-C15) alkyl" means any ·straight or branched 

alkyl group having 8 to 15 carbon atoms per group, e.g., octyl, nonyl, n-decyl, isodecyl, 

undecyl lauryl, tridecyl, myristyl, pentadecyl. Suitable (Cs-C15) alkyl (meth)acrylate 

monomers include, for example, octyl methacrylate, octyl acrylate, nonyl methacrylate, 

decyl methacrylate, decyl acrylate, isodecyl methacrylate, undecyl methacrylate lauryl 
methacrylate, lauryl acrylate, tridecyl methacrylate, myristyl methacrylate, pentadecyl 

methacrylate, pentad.ecyl acrylate and mixtures thereof. In a preferred embodiment, 

the {Cg-C15) alkyl (meth)acrylate monomer is lauryl methacrylate, myristyl 

methacrylate or a mixture thereof. 

As used herein, the terminology"(C16-C24)alkyl" means any straight or 
branched alkyl group having 16 to 24 carbon atoms per group, e.g., stearyl, cetyl, 

heptadecyl, nonadecyl, eicosyl. Suitable (C16-C24)alkyl (meth)acrylate monomers 
include, for example, stearyl methacrylate, cetyl methacrylate, cetyl acrylate, eicosyl 

methacrylate and mixtures thereof. In a preferred embodiment, the (C16-C24)alkyl 
(meth)acrylate monomer is cetyl methacr}rlate, stearyl methacrylate, eicosyl 

methacrylate or a mixture thereof. 

The polymer includes from about 70 wt% to about 99.5 wt%, preferably from 
about 82 wt% to about 97.5 wt%, first repeating units, each derived from a (Cg­

C15)alkyl (meth)acrylate monomer, and from 0.5 wt% to 30 wt%, preferably from about 

2.5 wt% to about 18 wt%, second repeating units, each derived from a (C16-C24)alkyl 
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(meth)acrylate monomer. In a very highly preferred embodiment, the polymer includes 

from 92.5 weight percent (wt%) to 95.wt% first repeating units, each derived from a 

(Cg-C15)alkyl (meth)acrylate monomer, and from 5 wt% to 7.5 wt% second repeating 

units, each derived from a (C16-C24)alkyl (meth)acrylate monomer. 

In a preferred embodiment, the copolymer exhibits a weight average molecular 
weight, determined, e.g., by gel permeation chromatography, from about 50,000 to 
about 1,000,000, more preferably, from about 150,000 to about 250,000. 

The molecular weigh-t of the polymer may be characterized in terms of a loss in 
viscosity upon shearing of a solution of the polymer, measured in accord with the 

method of ASTM D 2603 and reported as the "shear loss due to polymer". In a 
preferred embodiment, the polymer of the present invention exhibits shear loss due to 
polymer of from about 1 to about 36 after 3 minutes of sonic shearing. ··· 

The polymer of the present invention is made, for example, by a free radical 
initiated solution polymerization of (meth)acrylate monomers in an oil soluble diluent, 

in the presence of a polymerization initiator. 

Suitable polymerization initiators include initiators which disassociate upon 

heating to yield a free radical, e.g., peroxide compounds such as benzoic peroxide, t­
butyl peroctoate, cumene hydroperoxide, and azo compounds such as 
azoisobutylnitrile, 2, 2'-azobis (2-methylbutanenitrile). T-butyl peroctoate is ·pre~erred as 

the polymerization initiator. The mixture includes, e.g., from about 0~25 pbw to about 

1.0 pbw initiator per 100 pbw total monomer charge and_, more preferably_, from about 

0.6 pbw to about 0.8 pbw initiator per 100 pbw total monomer charge. 

The diluent may be any inert liquid that is miscible with the vegetable oil or 
polyol ester in which the polymer is to be subsequently used. Preferably, the diluent is 
a mineral oil, vegetable oil or polyol ester that is miscible with the vegetable oil or 
polyol ester in which the polymer is to be subsequently used. The mixture includes_, 
e.g., from 20 pbw to 400 pbw diluent per 100 pbw total monomers and, more 
preferably, from about SO to about 200 pbw diluent per 100 pbw total monomer charge. 
As used herein, "total monomer charge" means the combined amount of all monomers 
added to the reaction mixture over the entire course of the polymerization reaction. 

The reaction mixture may, optionally, include a chain transfer agent. Suitable 
chain transfer agents include those conventional in the art, e.g., dodecyl mercaptan, 

ethyl mercaptan. Dodecyl mercaptan is preferred as the chain transfer agent. The 
selection of the amount of chain transfer agent to be used is based on the desired 
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molecular weight of the polymer being synthesized. The reaction mixture typically 

includes, e.g., from about 0.5 pbw to about 1.0 pbw chain transfer agent per 100 pbw 

total monomer charge and more preferably includes from about 0.6 pbw to about 0.8 

pbw chain transfer agent per 100 pbw total monomer charge. 

In one method for preparing the polymer, the reactants are charged to a reaction 
vessel that is equipped with a stirrer, a thermometer and a reflux condenser and heated 
with stirring under a nitrogen blanket to a temperature from about 90°C to about 125°C. 
The reaction mixture is then maintained at a temperature from about 90°C to about 
125°C for a period of about"o.s hours to about 12 hours to form the polymer. 

In a preferred embodiment of the process, the polymetjzation initiator may be 
fed to the reaction vessel , either continuously or as one or more discrete portions, as the 
polymerization progresses, provided that the batch is then maintained ·at a temperature 
within the above-specified range with stirring for an additional period of about 0.5 

hours to about 6 hours subsequent to the last addition of initiator. 

A viscous solution of the polymer of the present invention in the diluent is 

dbtained as the product of the above-described process. 

The polymer is added to the vegetable oil or polyol ester in an amount effective 
to provide a lubricating oil composition having a desired pour point. 

In a particularly preferred embodiment, the polymer is added to the vegetable oil 

or polyol ester in the form of a relatively concentrated solution of the polymer in a 

diluent, e.g., a solution about 25 wt% to 75 wt% of the polymer dissolved in from 25 

wt% to 75 wt% of the above-described oil soluble diluent. 

As used herein, the terminology "vegetable oil" means an oil extracted from the 
seeds, fruit or nuts of plant and includes, for example, rapeseed oil, sunflower oil, 
soybean oil, coconut oil, peanut oil, com oil, and mixtures thereof. In a preferred 
embodiment, the vegetable oil is a grade of rapeseed oil having a low erucic acid 

content, more commonly known as canola oil. 

As used herein the term " polyol ester" means a partial or complete ester of 

saturated or unsaturated fatty acids with an alcohol having two or more hydroxyl 
groups per molecule of the alcohol. Preferred polyol esters are those of long chain, e.g., 

C12-C22, saturated or unsaturated fatty acids such as, e.g., !auric acid, palmitic acid, 
stearic acid, oleic acid, and linoleic acid, with alcohols having from 2 to 5 hydroxyl 
groups per molecule of the alcohol such as, e.g., neopentyl glycol, trimethylolpropane, 
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and pentaerythritol. Preferred polyol esters include, e.g., neopentyl glycol dioleate, 

trimethylolpropane trioleate, trimethylolpropane triisostearate, trimethylolpropane 

tripelargonate, pentaerythritol tetraoleate, and mixtures thereof. In a highly preferred 

embodiment, the polyol ester is neopentyl glycol dioleate, trimethylolpropane trioleate, 

trimethylolpropane triisostearate. 

In a preferred embodiment of the lubricating oil composition, the lubricating oil 

composition of the present invention includes from 0.06 wt% to 1.8 wt%, more 

preferably from about 0.3 wt% to about 1.0 wt%, of the polymer, and 98.2 wt% to 99.94 

wt%, more preferably 99.0 ·~%to 99.7 wt%, of the vegetable oil. 

In an alternative preferred embodiment of the lubricating oil composition, the 

lubricating oil composition of the present invention includes from 0.01 wt% to 0.5 wt%, 

more preferably from 0.01 wt% to 0.2 wt%, and still more preferably from 0.02 wt% to 

0.10 wt%, of the polymer, and from 99.5 wt% to 99.99 wt%, more preferably from 99.8 

wt% to 99.99 wt%, and still more preferably from 99.90 wt% to 99.98 wt%, of the polyol 

ester. 

The lubricating oil composition of the present invention may 41.clude other 

additives, such as, e.g., antioxidants and anti-wear_ additives, in addition to the polymer 

of the present invention. 

Some embodiments of the present invention will now be described in the 
folloowing Examples. 

Examples 1-10 

The polymer composition of Example 1 was prepared as follows. A monomer 

mix was prepared from 482.0Sg of lauryl methacrylate, 31.09g of stearyl methacrylate, 

25.00g of lOON solvent neutral mineral oil, l.2Sg of polymerization initiator (50% 

solution of t-butyl peroctoate in odorless mineral spirits, Lupersol PMS), and 2.7Sg of 

chain transfer agent (dodecyl mercaptan). To a nitrogen flushed reactor equipped with 

a condenser, addition tunnel, stirrer, and temperature control system were added 

216.86g (40 wt%) of the above monomer mix which was then heated to 115°C while 

stirring. A small exotherm carried the temperature of the reaction solution to about 

118°C. When the temperature returned to 115°C, the remainder of the monomer mix 

was fed into the reactor at a uniform rate over a time period of 60 minutes. Thirty 

minutes after all of the monomer had been added, a second feed of 1.75g of 

polymerization initiator (50% solution oft-butyl peroctoate in odorless mineral spirits, 

Lupersol PMS) in 75.00g of lOON solvent neutral mineral oil was added at a uniform 
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rate over a time period of 60 minutes. Thirty minutes after the initiator-in- oil solution 

had been added, 180.00g of lOON solvent neutral mineral oil was added rapidly to 

dilute the polymer produced in the reactor. The polymer-in-oil solution so produced 

was stirred for 20 minutes and allowed to cool to room temperature. Theoretical 

polymers solids for this preparation are 62.6%. The polymer-in-oil solution had a 

polymer solids content of 60.5 wt% (compared to a theoretical solids content of 62.6 

wt%), representing a 96.7% conversion of monomers to polymer. 

The polymer compositions of Examples 2-10 were prepared by a process 

analogous· to that disclosed'above for the composition of Example 1, except for the 

composition of the monomer mixture used. The composition of each of the respective 

monomer mixtures used to make the polymers of Examples 1-10 are set forth below in 

TABLE 1. The following monomers were used: lauryl methacrylate (LMA), stearyl 

methacrylate (SMA) and cetyl methacrylate (CEMA). 

Example# 

1 

2 

3 

4 

5 

6 

7· 

8 

9 

10 

TABLE! 

LMA(wt%) SMA(wt%) 

94 

100 

95 

92.5 

90 

85 

80 

75 

70 

55 

6 

5 

7.5 

10 

CEMA(wt%) 

15 

20 

25 

30 

45 

The polymer solutions of Examples 1, 2, 6 and 9 were added to polyol esters 

(trimethylolpropane tripelargonate (Emery 2934, Henkel Corporation, Cincinnati, OH), 

trimethylolpropane triisostearate (Emery 2951A, Henkel Corporation), 

trimethylolpropane trioleate (Emery 2964 A, Henkel Corporation), neopentyl glycol 

dioleate (Emery 2965, Henkel Corporation) and pentaerythritol tetraoleate (Emery 2898, 
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Henkel Corporation), in an amount effective to provide 0.06 wt% polymer solids 

("Emery" is a trademark). 

The pour point of each of the esters and several combinations of the respective 

polymers and esters were measured according to ASTM D 97. 

Results are set forth in TABLE 2 as pour point, expressed in °C, for each of the 

compositions tested. The esters are denoted in the table as trimethylolpropane 

tripelargonate (Ester A), trimethylolpropane triisostearate (Ester B), trimethylolpropane 

trioleate (Ester C), neopenty.l glycol dioleate (Ester D) and pentaerythritol tetraoleate 

(EsterE). 

TABLE2 

ASTM 097 Pour Point, °C 

folymei: 12olymer E§tei:A E§terB E§terC EsterD EsterE 

Ex# §Qlids, 

wt% 

-51 -30 -42 -30 -27 

1 0.06 -51 -24 -45 -45 -24 

2· 0.06 -30 -24 

6 0.06 -24 -24 

9 0.06 -24 -27 

Examples lA-lOA 

Each of the lubricating oil compositions of Examples 1A-10A was made by 

adding a respective one of the polymer solutions of Examples 1-10 to canola oil 

(Calgene C-102), in an amount effective to provide 0.39 wt% polymer solids in the 

lubricating oil composition. 

The low temperature stability of each of the lubricating oil compositions was 

evaluated by monitoring the appearance of two sets of samples of the respective 

compositions, each stored at -25°C. Canola oil alone was solid after one day at -25°C. 

The stability of a sample was defined as the number of days that the sample remained 

fluid under the test conditions. The results for both sets of samples of each of the 
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compositions of Examples 1A-10A are set forth below in TABLE 3 as stability at -25°C, 

expressed in days. 

Ex#, Lubricating 

Composition 

lA 

2A 

3A 

4A 

SA 

6A 

7A 

BA 

9A 

lOA 

ExamplelB 

TABLE3 

Ex#, Polymer 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Stability , -25°C 

(days) 

8,7 

1,1 

8,4 

8,-

5,4· 

5,6 

4,4_ 

..... ,4 

-,3 

-,1 

The lubricating oil composition of Example lB was made by adding the polymer 

solution of Example 1 to canola oil (Calgene C-102) in an amount effective to provide 

0.79 wt% polymer solids in the lubricating oil composition. 

The pour point of the each of the compositions of Examples lA and lB and of the 

canola oil alone were measured according to ASTM 097. The kinematic viscosity of 

each of the compositions of Examples lA and lB and of the canola oil alone were 

measured according to ASTM 0445 at several different temperatures. The Brookfield 

viscosity of each of the compositions of Examples lA and lB and of the canola oil alone 

were measured according to ASTM 02983 at several different temperatures. 

Results are set forth below in TABLE 4 as Pour Point, expressed in degrees 

centigrade (°C), Kinematic Viscosity, expressed in centiStokes (cSt) and Brookfield 

viscosity, e_xpressed in centiPoise (cP) for each of the compositions of Examples lA and 

lB and the canola oil alone. 
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TABLE4 

Canola Oil ExamplelA Example1B 

Pour Point (°C) -24 -33 -33 

Kinematic 

Viscosity 

<cStl. 40°C 35.95 37.38 38.76 

0°C 231.2 243.6 

-10°c 446.2 469.8 

-20°c 1026 1067 

-30°C 4239 
,;: 

3938 

Brookfield 

Viscosity 550 600 
CcP), -10°c 

-20°c 1450 1500 

-26°C solid 400 3300 

-30°C solid 3350 4350 .: 

-40°C solid solid solid 
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Claims: 

1. A polymer, which comprises: 
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from 70 weight percent to 99.S weight percent first repeating units, each derived 
from a (Cg-C15)alkyl (meth)acrylate monomer; and 

from 0.5 weight percent to 30 weight percent second repeating units, each 
derived from a (C16-C24)alkyl (meth)acrylate monomer. 

2. A polymer as claimed in claim 1, wherein the polymer comprises: 

from 82 weight percent to 97.5 weight percent first repeating units, each derived 
from a (Cg-C15)alkyl (meth)acrylate monomer; and 

from 2.5 weight percent to 18 weight percent second repeating units, each 
derived from a (C16-C24)alkyl (meth)acrylate monomer. 

3. A polymer as claimed in claim 1 or claim 2, wherein the (Cg-C15)alkyl 
(meth)acrylate monomer comprises lauryl methacrylate, myristyl methacrylate or a 
mixture thereof. 

4. A polymer as claimed in any preceding claim, wherein the (C16~C24)alkyl 
(meth)acrylate monomer comprises cetyl methacrylate, stearyl methacrylate, eicosyl 
methacrylate or a mixture thereof. ' 

S. A biodegradable additive, which comprises: 

from 25 weight percent to 75 weight percent of a polymer as claimed in any 
preceding claim; and 

from 25 weight percent to 75 weight percent of a vegetable oil or polyol ester. 

6. A biodegradable lubricating oil composition, which comprises: 

from 0.01 weight per cent to 2 weight per cent of a polymer as claimed in any of 
claims 1 to 4, and 

from 98 weight per cent to 99.99 weight per cent of a vegetable oil or a polyol 
ester. 

7. A composition as claimed in claim 6, wherein the vegetable oil comprises 
canola oil. 
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8. A composition as claimed in claim 6, wherein the polyol ester comprises 

neopentyl glycol dioleate, trimethylolpropane trioleate or trimethylolpropane 

triisostearate. 

~ . A method for lowering the pour point of a vegetable oil or a polyol ester, 

which comprises adding from 0.01 parts by weight to 2 parts by weight of a polymer as 

claimed in any of claims 1 to 4 to from 98 parts by weight to 99.99 parts by weight of 

the vegetable oil or polyol ester. 

10 . _Use, in a bio~~gradable lubricating oil composition comprising from 0.01 

weight percent to 2 weight precent of a polymer as claim~d in any of claims 1 to 4 and 

from 98 weight percent to 99.99 weight percent of a vegatable oil or a polyol ester, of the 

polymer to lower the pour point of the vegetable oil or the polyol ester. 
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