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ABSTRACT OF THE DHSCLOSURE 

Lubricating oil composition having an improved vis 
cosity index containing a polymer of a conjugated diole?n 
in the cis-1,4 form having a molecular weight ranging 
from about 75,000 to 2,000,000, and a lubricating oil 
composition of improved viscosity index having high 
thermal stability containing a hydrocarbyl phosphite. 

This invention relates to a novel mineral lubricating 
oil composition having an improved viscosity index con 
taining a polymer of a conjugated diole?n in the cis-l,4 
form having a molecular weight in the range of 75,000 
to 2,000,000. This invention also relates to such an im 
proved lubricating oil composition having an enhanced 
level of thermal stability containing a hydrocarbyl phos 
phite. 

Lubricating oil compositions for internal combustion 
engines must function under a wide range of temperatures 
including a cold start-up period, a warm-up period, and a 
relatively high engine operating temperature. A high pro 
portion of today’s automobiles are used discontinuously as 
on short shopping trips with the result that the lubri 
cating oil composition is constantly being heated and 
cooled over the broad range of temperatures. A motor 
oil composition must be suf?ciently ?uid at low or cold 
starting temperatures to permit easy starting and must 
also have su?‘icient viscosity at high engine temperatures 
to provide effective lubrication under these conditions. 
In addition to these requirements, there is a trend in the 
U.S. today to produce a single multi-viscosity motor oil 
which can provide the required lubrication in any season 
of the year ranging from the very cold northern winters 
to the hot southern summers. 

Since the viscosity index of many straight mineral 
oils is relatively low, i.e., the viscosity changes to such 
an extent with changes in temperature that the oils are 
not suitable as motor oils, it is conventional to add a 
viscosity index modi?er to a re?ned mineral lubricating 
oil to produce a motor oil composition which will pro 
vide effective lubrication at both low and high tempera 
tures. Many types of additives have been employed for 
this purpose including polybutenes, ethylene-propylene 
copolymers, polymethacrylates and polymers of unsatur 
ated organic compounds, such as aliphatic esters of un 
saturated monocarboxylic or polycarboxylic acids. The 
conventional viscosity index modi?ers are not entirely 
satisfactory, however. A widely used commercial viscosity 
index modi?er is believed to be responsible for the build 
up of undesirable deposits on the intake valves and ports 
of spark~ignited internal combustion engines with very 
detrimental elfects on the engine. Also, the trend toward 
all-season multi-viscosity motor oil compositions requires 
an inordinately high proportion of a conventional vis 
cosity index modi?er in the oil which is expensive and 
may reduce the lubricating properties of the oil. 

It has also been found that the service life of a 
viscosity index modi?er is adversely affected by today’s 
high speed engines. In the presence of the severe shear 
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ing action of the engine and at high engine temperatures 
the viscosity index modi?er tends to gradually lose its 
elfectiveness for controlling the viscosity of the lubri 
cating oil thereby seriously shortening the useful life of 
the motor oil. 
A novel lubricating oil composition of high viscosity 

index has now been discovered containing a relatively 
small amount of a viscosity index modi?er. There has 
also been discovered a lubricating oil composition of 
high viscosity index having an enhanced level of thermal 
stability. 

In accordance with this invention, there is provided 
a mineral lubricating oil composition of high viscosity 
index containing from about 0.1 to 5 percent by weight 
of an effective viscosity-increasing amount of a stereo 
regulated polymer of a conjugated diole?n of from 4 
to 5 carbon atoms having a number average molec 
ular weight in the range from 75,000 to 2,000,000 in 
which a substantial proportion of the polymer is in the 
cis-1,4 form. There is also provided a lubricating oil 
composition of high viscosity index and of enhanced 
thermal stability containing from about 0.05 to about 
2.0 weight percent of a hydrocarbyl phosphite repre 
sented by the formula (RO)3P in which R is a 
monovalent hydrocarbon radical having from 1 to 18 
carbon atoms. 
The viscosity index modi?er of this invention com 

prises polymers of C4 and C5 conjugated diole?ns having 
number average molecular weight ranging from about 
75,000 to 2,000,000 and in which a substantial proportion 
of the polymers are in the cis-l,4 con?guration. As a mini 
mum, the viscosity index modi?er should contain about 35 
percent by weight of the diole?n polymer in the cis-l,4 
form. It is desirable that the amount of the cis-l,4 
polymer in the total polymer should be as high as prac 
ticable, generally from 80 to 100 percent and prefer 
ably at least 90% of the total viscosity index modi?er. 
In general, the viscosity index modi?er will have a num 
ber average molecular weight ranging from about 75,000 
to about 2,000,000 with a preferred molecular weight 
range being from about 75,000 to 300,000. 
The viscosity index modi?er of the invention is formed 

from a conjugated diole?n having from 4 to 5 carbon 
atoms. Speci?c diole?ns which can be employed are 
butadiene, isoprene and 1,3-pentadiene. These diole?ns 
may be employed alone or in combination as copolymers 
to produce the viscosity index modi?er. 

Methods for polymerizing conjugated diole?ns to 
polymers of the cis-l,4 form are well known. The conju 
gated diole?n or mixture of corrugated diole?ns are 
polymerized at temperatures ranging from about 0° 
to about 100° C. in the presence of a catalyst, such as 
metallic lithium, lithium alkyls, such as ethyl lithium, 
n-butyl lithium, hexyl lithium, lithium dihydrocarbon 
amide, and complexes, such as titanium tetrachloride 
with aluminum trialkyls. Emulsion polymerization using 
free radical catalysts, such as alkali metal persulfates 
and organic hydroperoxides for example, is also a suit 
able method for preparing the diole?n polymers. How— 
ever, the emulsion polymers are higher in their content 
of trans isomer and are thus somewhat less desirable 
for the purpose of this invention than those in which 
metal alkyls are used as catalysts. 
The lubricating oil composition of the invention is 

prepared by blending a minor amount of the diole?n 
polymer into a lubricating oil base. In general, the lubri 
cating oil base will be a mineral lubricating oil, para?‘inic, 
naphthenic or mixed base oil, of lubricating viscosity. 
The lubricating base oils have viscosities ranging from 
about 75 to about 500 S.U.S. at 100° F. The solubility 
of the conjugated diole?n polymer in the mineral lubri 
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eating oil base is greatly facilitated by ?rst dissolving the 
polymers in a small amount of a solvent such as benzene, 
toluene or tetrahydrofuran, adding this mixture to the 
lubricating oil base and stripping off the solvent. Alter 
natively, a concentrate containing up to about l0% by 
weight of the polymer in mineral oil may be prepared 
by the same technique, and the concentrate added to 
give the desired concentration of polymer in the ?nished 
motor oil. In general, the polymers are added to pro 
vide a concentration ranging from about 0.1 to about 
5 weight percent of the lubricating oil composition with 
the preferred concentration ranging from about 0.2 to 
2 weight percent. 
The thermal stability of the lubricating oil composition 

of the invention is substantially enhanced by adding a 
speci?c oxidation inhibitor, i.e., a hydrocarbyl phosphite 
de?ned above, to the lubricating oil composition. E?ective 
phosphites' include tri-2-ethylhexyl phosphite, triethyl 
phosphite, tricyclohexyl phosphite, triphenyl phosphite, 
trinonylphenyl phosphite and the like. Other inhibitors 
which are known to be effective when used in solid elas 
tomers, both natural and synthetic were ineffective or 
harmful in the lubricating oil of the invention where the 
elastomer is in solution in mineral oil. In general, the 
hydrocarbyl phosphite is employed in a range from about 
0.05 to 2.0 weight percent of the lubricating oil composi 
tion, 
The following examples illustrate the practice of this 

invention. 
EXAMPLE 1 

Lubricating oil compositions were prepared from a 
mineral oil of lubricating viscosity containing a commer 
cial polybutadiene viscosity index modi?er. The viscosity 
index modi?er, Additive A, was a cis-1,4 polymer of buta 
diene having a number average molecular weight of about 
300,000 and consisting of about 90 percent of the cis-1,4 
form. Toluene was employed as a solvent for the polymer 
which was then dissolved in the oil, and the toluene 
stripped out by heating in a stream of nitrogen. The vis 
cosity, viscosity index and other properties of the base 
oil and of the additive-containing oils are shown in Table 
1 below. 

TABLE 1 

Base oil plus Base oil plus 
0.5% addi- 2% additivs 

Base oil tive A A 

Kin. vis. at 100° F. cs. _._ 73. 9 103.4 203. 7 
Kin. vis. at 210° F. cs. _ . 8. 44 12. 35 40. 5 
Vise. Index _______ __ 91. 5 107 134 
Your Point, ° F _____________ __ +10 +5 +5 

A very substantial increase in the viscosity index of 
the base oil was realized with increasing amounts of the 
viscosity index modi?er. Lubricating oil compositions 
corresponding to the above oils containing Additive A 
were highly resistant to shearing at an elevated tempera 
ture in an injector shear test, as described in SAE Paper 
Preprint No. 57A, SAE Summer Meeting, June 1958, by 
R. Rawson. _ 

The thermal stability of lubricating oil of this invention 
is substantially enhanced by the addition of an hydro 
carbyl phosphite as shown by the following examples. 

EXAMPLE 2 

The base oil in this example was a re?ned mineral 
lubricating oil having the following properties: 
Gravity, API ______________________________ __ 31.9 

Vis. kin. at 100° F. ________________________ __ 31.8 
Vis, kin. at 210° F. _________________________ __ 5.23 
Viscosity index ____________________________ __ 104 

Pour point, ° F _____________________________ __ 0 

The base oil was blended with a viscosity index modi?er 
to form‘ a lubricating oil containing 0.6 weight percent 
of a cis-1,4 polybutadiene having an average number 
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molecular weight of 280,000. The thermal stability of this 
oil and of a similar oil containing 0.2 weight percent of 
tri-(Z-ethylhexyl) phosphite as shown by the loss of kine 
matic viscosity at 100° F. was determined following treat 
ment in an Oven Test for 65 hours at 250° F. In this test, 
the oil is allowed to stand in a four ounce bottle stoppered 
with glass wool. Kinematic viscosity at 100° F. is meas 
ured at the beginning and end of the test. 
The oil containing the viscosity index modi?er but no 

phosphite suffered a loss of 21.4 percent in kinematic 
viscosity at 100° F. following the Oven Test. In contrast, 
the oil also containing the tri(2-ethylhexyl) phosphite had 
a loss of 3.5 percent in kinematic viscosity at 100° F. 
following the Oven test. The thermal stability of the oil 
with the phosphite additive was 82.5 percent better than 
that of the polymer-containing high viscosity index oil. 

EXAMPLE 3 

The base oil in this example was a compounded mineral 
lubricating oil consisting of 92.1 weight percent re?ned 
para?inc oil, 6.9 percent conventional detergent-dispers 
ant-wear inhibiting additives, 0.5 percent of a commer 
cial pour point depressant and 0.5 percent cis-1,4 poly 
butadiene of 400,000-450,000 number average molecular 
weight, the compounded oil having a kinematic viscosity 
of 53.8 cs. at 100° F. 

This base oil had a 20 percent loss of kinematic vis 
cosity at 100° F. after undergoing the Oven Test de 
scribed in Example 2 above. 

Adding 0.2 weight percent of tri-(2-ethylhexyl) phos 
phite to the above oil improved the thermal stability of the 
oil by 49 percent. 
Adding 0.2 Weight percent of tri(nonylpheny1) phos 

phite to the base oil improved its thermal stability by 30 
percent. 

Other oxidation inhibitors, such as 2,6-ditertiary butyl 
p-cresol, tertiary butyl hydroquinone, methylene bis 
(hindered phenol) and 2(N,N’di(sec.butyl_) p-phenylene 
diamine) which are known in the art as oxidation inhibi 
tors for solid elastomers were ineifective for improving the 
thermal stability of the oil containing dissolved poly 
butadiene, In fact, most of these additions produced a 
substantial degradation in the thermal stability of the oil 
containing dissolved polybutadiene. 

Novel lubricating oil compositions of high viscosity 
index based on a relatively small amount of a viscosity 
index modi?er as well as lubricating oils of enhanced ther 
mal stability have been described and shown to be highly 
effective. Obviously, many modi?cations of the invention 
may be made without departing from the spirit and scope 
thereof and, therefore, only such limitations should be 
imposed as are indicated in the appended claims. 
We claim: 
1. A lubricating oil composition comprising a major 

proportion of a hydrocarbon lubricating oil and a vis 
cosity index improving amount of a polymer of a con 
jugated diole?n of from 4 to 5 carbon atoms, said poly 
mer having a number average molecular weight in the 
range from about 75,000 to 2,000,000 and having a sub 
stantial proportion of polymers in the cis-1,4 form, and 
from about 0.05 to 2.0 percent by weight of a hydro 
carbyl phosphite having the formula (RO)3P in which R 
is a hydrocarbyl radical having from 1 to 18 carbon 
atoms. 

2. A lubricating oil composition according to claim 1 
in which R is an alkyl radical. 

3. A lubricating oil composition according to claim 1 
in which R is a phenyl radical. 

4-. A lubricating oil composition according to claim 1 
inh which said alkyl phosphite is tri(2-ethylhexyl) phos 
p ite. 

5. A lubricating oil composition according to claim 1 
in which said phosphite is tri(nonylphenyl) phosphite. 

6. A lubricating oil composition according to claim 1 
in which said polymer has a number average molecular 
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weight in the range from about 75,000 to 2,000,000 and 3,244,650 
having at least 35 percent in the cis-1,4 form. ‘3,296,134 

7. A lubricating oil composition according to claim 1 3,312,621 
in which said polymer is a polymer of butadiene. 3,329,613 

8. A lubricating oil composition according to claim 1 5 
in which said polymer consists of at least 90 percent 

1,458,320 of the cis-1,4 form. 
References Cited 

UNITED STATES PATENTS 
2,304,874 12/ 1942 Barnard _________ __ 252—49.8 
3,056,823 10/1962 Heckenbleikner et a1. 

252—49.8X 
3,115,465 12/1963 Orlolf et al. ____ _- 252—49.8X 

4/1966 
1/1967 
4/1967 
7/1967 

6 
Hecker et al. ____ __ 260—-967X 

Lee ____________ __ 252—49.8X 

Brownawell et al. _____ 252—59 
Fisher et a1 ________ __ 252—59 

FOREIGN PATENTS 
11/1966 France. 

DANIEL E. WYMAN, Primary Examiner 

10 W. H. CANNON, Assistant Examiner 

US. Cl. X.R.. 


