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[5 7 ] ABSTRACT 
The addition of minor amounts of an asphaltene and a 
zinc 0,0-di-alkylphosphorodithioate minimizes viscos 
ity increases of mineral lubricating oils containing hy 
drogenated butadiene-styrene copolymer V1 improv 
ers when subjected to extreme operating conditions 
that ordinarily cause substantial viscosity increases. 
The compositions are not subject to substantial viscos~ 
ity increases when heated to elevated temperatures for 
prolonged periods. 

4 Claims, No Drawings 



3,793,200 
1 

LUBRICATING on. ADDITIVES 

BACKGROUND OF THE INVENTION 

This invention relates to improved lubricating oils 
and processes of preparing the same. In accordance 
with another aspect, this invention relates to the addi 
tion of asphaltenes and a zinc 0,0-dialkylphosphorodi 
thioate to lubricating oils containing polymeric VI im 
provers to improve the viscosity characteristics of the 
lubricating oil formulation when subjected to high tem 
peratures for prolonged periods of time. In accordance 
with a further aspect, this invention relates to lubricat 
ing oil formulations containing hydrogenated butadi 
ene-styrene copolymers as VI improvers to which has 
been added the combination of an asphaltene and a 
zinc 0,0-dialkylphosphorodithioate to minimize the vis 
cosity increase of the oil formulation when subjected to 
extreme operating conditions that ordinarily cause sub— 
stantial viscosity increases. 
As is well known, the viscosity of lubricating oils var 

ies with the temperature‘Many oils must be employed 
over a wide temperature range, e.g., 0°F to 300°F, and 
it is important that the oil not be too viscous at low tem 
peratures or too thin at high temperatures. Variation of 
the viscosity temperature relationship of an oil is indi 
cated by the well-known viscosity index value. The 
higher the viscosity index, the less the change in viscos 
ity with change in temperature. Viscosity at 210°F and 
at 100°F is used to determine the viscosity index. 
Many attempts have been made to improve the prop 

erties, particularly the viscosity-temperature relation 
ship and shear stability, of lubricating oils. It has been 
proposed to add various materials to the lubricating oils 
for this purpose. Although some of the prior art addi 
tives have met with some success, most do not mini 
mize the viscosity increase of lubricating oils when 
heated to elevated temperatures such as 300°F for ex 
tremely long periods of time. 

In accordance with the invention, I have discovered 
that the addition of minor amounts of an asphaltene 
and a zinc 0,0-dialkylphosphorodithioate minimizes the 
viscosity increase of lubricating oils when heated to and 
maintained at an elevated temperature for prolonged 
periods of time. 
Accordingly, an object of this invention is to improve 

lubricating oils and especially the viscosity 
temperature relationship of mineral lubricating oils. 
Another object of this invention is to improve lubri 

cating oils by adding speci?c additives thereto to stabi 
lize the viscosity characteristics of the oil when sub 
jected to high temperature operating conditions. 
A further object of this invention is to provide new 

and improved mineral lubricating oils and methods of 
preparing the same. ' 

Other aspects, objects and the several advantages of 
the invention will‘be apparent to those skilled in the art 
upon further study of the speci?cation and appended 
claims. ‘ 

I SUMMARY OF TI'IE INVENTION 
In accordance with the invention, lubricating oils ex 

hibiting minor viscosity increases when heated to a high 
temperature and maintained at an elevated tempera 
ture for prolonged periods are produced by addition of 
minor amounts of a combination of an asphaltene and 
a zinc 0,0-dialkylphosphorodithioate to the oil. 
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2 
In accordance with one embodiment of the inven 

tion, a lubricating oil containing a hydrogenated 
butadiene-styrene copolymer as a VI improver is im 
proved with respect to its viscosity characteristics when 
subjected to high temperature operating conditions by 
the addition of an asphaltene and a zinc 0,0 
dialkylphosphorodithioate. 

DESCRIPTION OF THE PREFERRED ‘ 
EMBODIMENTS 

The zinc 0,0-dialkylphosphorodithioates that can be 
employed according to this invention are represented 
by the formula: 

\iL-S-—Zn—S-il/ 
R-o- \on 

wherein R is an alkyl having from 2 to 30 carbon atoms, 
the R’s can be the same or different, and they can have 
the same or different number of carbon atoms. 
Examples of speci?c compounds which can be used 

include: zinc 0,0-diethylphosphorodithioate, zinc 0,0 
diisopropylphosphorodithioate, zinc 0,0-di-n~ 
propylphosphorodithioate, zinc 0,0-dibutylphos 
phorodithioate, zinc 0,0-di-4-methyl-2-pentylphos 
phorodithioate, zinc 0,0-di-3,3-dimethyl-2-butylphos 
phorodithioate, zinc 0,0-didecylphosphorodithioate, 
zinc 0,0-dieicosylphosphorodithioate, zinc 0,0 
triacontylphosphorodithioate, zinc 0,0-diamylphos 
phorodithioate, and mixtures thereof. 
The zinc 0,0-dialkylphosphorodithioate compounds 

that can be employed according to the invention are 
well known in the art and can be prepared according 
to any known procedure. For example, mixtures of al 
kyls in these compounds can be prepared as described 
in US. Pat. No. 3,442,804. 
The ‘amount of zinc 0,0-dialkylphosphorodithioate 

employed can range from 0.5 to 1.2 weight per cent, 
preferably from 0.90 to 1.05 weight per cent. 
The asphaltenes that can be employed according to 

the invention are derived from conventional sources by 
conventional techniques. Known asphaltic products 
containing asphaltenes that can be used as additives ac 
cording to the invention include heavy asphaltic crude 
oils, straight run residues of asphaltic crude oils, sol 
vent tars produced by treatment of residues, cracked, 
residues, and various petroleum asphalts. The asphal 
tenes can be separated, for instance, from crude oils or 
other asphaltic sources by extraction with pentane or 
similar hydrocarbon solvents or other known solvents 
to separate same from the crude.‘ _ 

' The asphaltenes can be characterized as particulate 
materials and have the following characteristics as set 
forth in the PETROLEUM REFINER, Vol. 31, No. 2, 
page 138,,February 1952: a " 

Asphaltenes seem to be constant in composition, de 
spite source, as determined by carbon-hydrogen analy 
sis. They vary,‘ however, in molecular weight. Determi 
nation of asphaltenes is standardized, and the fraction 
is variously termed as pentane, hexane, or naphtha in 
soluble, depending upon the precipitant used. In char 
acter, asphaltenes are predominantly aromatic. Ulti 
mate analysis of Thurston and Knowles (IEC 28, No. 1, 
pp. 88-91, 1936) of asphaltenes from six different bitu 
mens show that they are composed of from 80 to 90 per ‘ 
cent carbon, 6 to 10 per cent hydrogen, 0.6 to 8 per 
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cent sulfur, and a small proportion of oxygen and ash, 
with possibly nitrogen and traces of chlorine present. 
The amount of asphaltenes employed according to 

the invention range from 0.001 to 0.2 weight per cent, 
preferably 0.01 to 0.1 weight per cent. 

In the preparation of the lubricating compositions, 
various mineral oils are employed. Generally these are 
of petroleum origin and are complex mixtures of many 
hydrocarbon compounds. Preferably the mineral oils 
are re?ned products such as are obtained by well 
known re?ning processes such as by hydrogenation, 
polymerization, dewaxing, etc. Frequently, the oils 
have a Saybolt viscosity at 100°F in the range of about 
60 to 5,000 and a Saybolt viscosity at 210°F of about 
30 to 250. The oils can be of paraf?nic, naphthenic, or 
aromatic types, as well as mixtures of one or more 
types. The additives of the invention have special ad 
vantages when employed with paraf?nic types of oil 
such as are obtained by solvent extraction of a suitable 
re?nery stream. Many suitable lubricating composi 
tions are available as commerical products such as 
those used as motor oils, fuel oils, automatic transmis 
sion oils, and the like. The invention is applicable to 
any of the lubricating oils having a problem with re 
spect to the viscosity when subjected to the high tem 
perature conditions for long periods of time. 
As indicated above, the lubricating oil to be im 

proved with respect to viscosity characteristics accord 
ing to the invention preferably contains a small amount 
of a hydrogenated butadiene-styrene copolymer. The 
amount of copolymer present is generally in the range 
0.5 to 5 weight per cent, preferably 1 m3 weight per 
cent, of the lubricating oil. 
The copolymers or VI improver additives that can be 

employed according to the invention have a molecular 
weight in the approximate range of 25,000 to 125,000, 
preferably 30,000 to about 75,000. The copolymer can 
be one containing from about 30 to about 45 parts by 
weight butadiene per 100 parts by weight of total 
monomers. The values for butadiene content of the 
polymers are actually those of the butadiene and the 
monomers charged. However, these values are very 
close to those for the butadiene content of the poly 
mers because essentially complete conversion is ob 
tained during the polymer synthesis. The copolymers 
have a vinyl content before hydrogenation of less than 
35 weight per cent. During hydrogenation ole?nic 
group hydrogenation is 95 weight per cent or more and ‘ 
phenyl group hydrogenation is 5 weight per cent or 
less. ‘ 

The copolymers can be prepared by any conven 
tional techniques known in the art such as those de 
scribed in U.S. Pat. No. 2,975,160, ‘R. P. Zelinski, is 
sited Mar. 14, 1961. For example, a mixture of butadi 
ene and styrene monomers can be polymerized using 
butyllithium as a catalyst and tetrahydrofuran as a ran 
domizing agent. The hydrogenation can be carried out 
in any manner known in the art such as by the process 
of U.S. Pat. No. 2,864,809, R. V. Jones et al., issued 
Dec.'l6, 1958, or that of U. S. Pat.‘ No. 3,113,986, D. 
S. Breslow et al'., issued Dec. 10, 1963, or that of U. S.' 
Pat. No. 3,025,278, S. J. Lapporte, issued Sept. 7, 
1965. The copolymer can be hydrogenated ‘over a re 
ducednickel-kieselguhr catalyst or over a nickel octo 
ate-triethylaluminum catalyst system. The hydroge 
nated butadiene-styrene copolymers are polymers 
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which have been suf?ciently hydrogenated to remove 

4 
substantially all of the ole?nic unsaturation leaving 
only the aromatic, i.e., phenyl group, unsaturation. 
The addition of the copolymers de?ned above to lu 

bricating oils to improve viscosity index is disclosed 
and claimed in copending application Ser. No. 
686,825, ?led Nov. 30, 1967, now U. S. Pat. No. 
3,554,911. 

In addition to the copolymer, asphaltene and zinc 
0,0-dialkylphosphorodithioate additives of this inven 
tion, the lubricating compositions can comprise one or 
more of the other additives known to those skilled in 
the art such as antioxidants, pour point depressants, 
dyes, detergents, etc. Examples of these additives are 
metal petroleum sulfonates, and alkyl succinimides. To 
be of commerical interest as a motor oil, lubricating oil 
compositions ordinarily have a viscosity index of at 
least about 134, preferably at least about 140. 

SPECIFIC EXAMPLE 

Tests were carried out to compare the viscosity in 
creases for lubricating oil samples with and without the 
additive combination of the invention by heating the 
samples in a forced air oven at 300°F for 60 hours. 
A 20 stock oil was clay-treated with Attapulgas Clay 

by heating 20 parts of oil with one partlof clay (by 
weight) to 320°F. The oil was separated by ?ltration 
through Celite. Following clay-treating, 2.5 weight per 
cent of a hydrogenated butadiene-styrene copolymer 
was added to the oil. 
A comparison was made betweenrthe vi's'cosities ob 

tained with the Mid-Continent SAE 20 stock thus pre 
pared containing no additional additive, containing an 
asphaltene and zinc 0,0-dialkylphosphorodithioate 
alone, and one sample containing both the asphaltene 
and zinc 0,0-dialkylphosphorodithioate. The viscosity 
at the beginning and at the end of the tests were: 

Additive in SAE 20 Oil 'SUS at 100°F PERCENT 
Stock Containing 2.5 wt. % Increase in 

Polymer Viscosity After 
60 Hr. at 300°F 

Initial Final‘ 

None 437 594 35 

0.1 wt. % Asphaltenes 437 603 38 

0.925 wt. % zinc 441 ' -715 62 
0,0-di(mixture of isobutyl ‘ 
and amyl) 
Phosphorodithioate" 

0.1 wt. % asphaltenes and 441 533 21 
0.925 wt. % Zinc 0,0-di 
(mixture of isobutyl and 
amyl) 
Phosphorodithioate“ 
' The average '01‘ six separate runs. A _ 

" Added 0.72 vol. percent ofa concentrate comprising 93.6 weight percent mixed 
iscbutyl and amyl phosphorodithioates and 6.4 weight percent inert diluent. The 
density of this concentrate was ‘1 .15 g./cc and the density of the oil was 0.84 g./cc. 

As can be seen from the above data, the viscosity in 
crease at high temperature for the lubricating oil for 
mulation can be substantially reduced by the addition 
of both an asphaltene and a zinc 0,0-dialky1phos 
phorodithioate in small amounts. As further demon 
strated by the above data, neither additive by itself was 
able to minimize the viscosity increase when the lubri 
cating oil was subjected to the high temperature severe 
operation. ' I 



3,793,200 
5 

The asphaltene used was Wafra asphaltene passing 
20 mesh and retained by 40 mesh screen. The asphal 
tene was precipitated by n-pentane from a Middle East 
crude that had been topped at 1,025 "F. The asphaltene 
represented 14.5 per cent of the charge and gave the 
following analysis: 

Carbon 82.7 wt. % 
Hydrogen 8.] wt. % 
Oxygen 0.67 wt. % 
Nitrogen 0.71 wt. % 
Sulfur 7.7 wt. % 

Molecular weight was about 3,000. Metal content was: 

V205 668 parts per million 
MO 156 parts per million 
redo, 945 parts per million 

I claim: 
1. A lubricating oil formulation having stable viscos 

ity properties when subjected to extreme‘ operating 
conditions which comprises: 

a. a major proportion of a mineral lubricating oil; 
b. 0.5-5.0 weight per cent of a hydrogenated butadi 
ene-styrene copolymer having a butadiene content 
of 30-45 weight per cent, the remainder being sty 
rene, and a molecular weight of 25,000—l25,000, 

2O 
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c. 0.00l-0.2 weight per cent of an asphaltene, said 
asphaltene being characterized as a particulate ma 
terial which is predominantly aromatic in character 
and having been separated from an asphaltic prod 
uct containing same, and 

d. 0.5-l.2 weight per cent of a zinc 0,0-dialkylphos 
phorodithioate wherein the alkyl groups have tw 
to 30 carbon atoms. ' 

2. A composition according to claim 1 wherein the 
mineral lubricating oil is a clay pre-treated lubricating 
oil and said asphaltene is composed of from 80 to 90 
per cent carbon, 6 to 10 per cent hydrogen, 0.6 to 8 per 
cent sulfur, and a small proportion of other materials 
including oxygen, ash, nitrogen, and chlorine. 

3. A composition according to claim 1 wherein the 
alkyl in the zinc 0,0-dialkylphosphorodithioate is a mix 
ture of isobutyl and amyl. 

4. A composition according to claim 2 wherein the 
mineral lubricating oil has a viscosity at 2l0°F in the 
range of 30-250 SUS and said hydrogenated butadi 
ene-styrene copolymer has a vinyl content before hy 
drogenation of less than 35 weight per cent, an ole?nic 
group hydrogenation of 95 weight per cent or more, 
and a phenyl group hydrogenation of 5 weight per cent 

1 or less. 
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