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@ Lubricant compositions.

@ Lubricant compositions for use in traction drives
are disclosed which incorporate a selected hydrocar-
bon type of base oils combined with specified
amounts of selected zinc dialkyldithio phosphatss,
alkeny! succinimides or their boron derivatives, car-
boxylic acid esters of polyaicohols. These composi-
tions provide traction drive apparatus with prolonged
fatigue life, high oxidation stability, high shear stabil-
ity, high traction coeffeicient, high wear resistance
<and rust-proofness.
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LUBRICANT COMPOSITIONS

This invention relates to fluid compositions suit-
able for use in traction drives.

Traction drive devices such as of bhall-cone,
cone-ring, wheel-disc, chain-sieve, toroidal and
plansetary roll types are designed to operate with
power transmission that takes advantage of the
rolling friction which develops as a resuit of a film
of oil being hardened at the contacting surfaces. In
general, lubricating oils for use in those traction
drives should meet the following requirements.

1. High coefficient of traction.

2. Enhanced oxidation stability, hence freedom
from sludge formation and high shear stability.

3. Rust-proofness to prevent pitching and flak-
ing at the contacting surfaces of the traction wheel.

4. High wear resistance to permit sufficient
lubrication of bearings, wheeis and actuators.

Known traction fluids are satisfactory in part,
not in whole of the above requirements. Various
additives have been proposed to compensate for
the missing qualities. However, the use of such
additives has in many instances resulted in re-
duced fatigue life of traction wheels, bearings and
gears and alsc reduced traction coefficient.

R4 -

(R1)a L

where R, R; and R, are alkyl groups of 1 -4 carbon
atoms, R and Rs are methylene, ethylene or
frimethylene groups which may ‘be substituted at
the hydrogen atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ are integers of 0 -2, and
x is an integer of 0 or 1; [I] a zinc dialkyldithio
phosphate in an amount of 0.1 -5 wt. %; [ll] an
alkeny! succinimide or its boron derivative in an
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it has now been found that fluid compositions
of superior characteristics can be obtained for use
in traction drives which incorporate a sslected class
of hydrocarbon compounds combined with certain
dialkyidithio-zinc phosphates, alkeny! succinimides
or their boron derivatives, and carboxylates of
polyaicohols.

It is therefore the primary object of the present
invention to provide improved traction fluid com-
positions which are capable of providing tfraction
drive apparatus with prolonged fatigue life, high
wear resistance, high traction coefficient, high oxi-
dation and shear stability, rust-proofness and other
characteristics desired to attain best traction perfor-
mance.

According to a first aspect of the invention,
there is provided a lubricant composition for use in
traction drives comprising: a base oil represented
by the formula

RS-

(R3)c
X

amount of 0.1 -5 wt. %; and [lll] a carboxylic acid
partial ester of a polyalcoho! of 3 -8 carbon atoms
in an amount of 0.01 -5 wt. %, each of the amounts
being based on the total composition.

According to a second aspect of the invention,

~ there is provided a lubricant composition for use in

traction drives comprising: a base oil represented
by the formula
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R4 -

(R1)a

where R, R, and R; are alkyl groups of 1 -4 carbon
atoms, R, and Rs are methylene, ethylene or
trimethylene groups which may be substituted at
the hydrogen atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ are integers of 0 -2, and
x is an integer of 0 or 1; [l] a zinc dialkyldithio
phosphate in an amount of 0.1 -5 wt. %; [ll] an
alkenyi succinimide or its boron derivative in an
amount of 0.1 -5 wt. %; [ll] a carboxylic acid
partial ester of a polyalcohol of 3 -6 carbon atoms

’

R4

(R1)a

where R,, R, and R; ars alkyl groups of 1 -4 carbon
atoms, R, and R. are methylene, ethylene or
trimethylene groups which may be substituted at
the hydrogen atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ are integers of 0 -2, and
x is an integer of 0 or 1; [l] a zinc dialkyldithio
phosphate in an amount of 0.1 -5 wt. %; [ll] an
alkenyl succinimide or its boron derivative in an
amount of 0.1 -5 wt. %, [Ill] a carboxylic acid
partial ester of a polyaicohol of 3 -8 carbon atoms

R4

(R1)a

(R2)b
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| Rs)e
X

in an amount of 0.01 -5 wt. %; and [IV] a polyolefin
in an amount of 0.1 -20 wt. %, the polyolefin
resulting from the homo-or co-polymerization of
olefins of 2 -8 carbon atoms and having an average
molecular weight of 200 -10,000, each of the
amounts being based on the total composition.

According to a third aspect of the invention,
there is provided a lubricant composition for use in
traction drives comprising: a base oil represented
by the formula

3

Rs

(R3)c

in an amount of 0.01 -5 wt. %; and [V] at least one
of molybdenum dithiophosphates and molybdenum
dithiocarbamates in an amount of 0.1 -10 wt. %,
each of the armounts bseing based on the total
composition.

According to a fourth aspect of the invention,
there is provided a lubricant compasition for use in
traction drives comprising: a base oil repressnted
by the formula
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where R,, R; and R, are alkyl groups of 1 -4 carbon
atoms, R. and Rs are methylene, ethylene or
trimethylene groups which may be substituted at
the hydrogen atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ are integers of 0 -2, and
x is an integer of 0 or 1; [l] a zinc dialkyidithio
phesphate is an amount of 0.1 -5 wt. %; [il] an
alkenyl succinimide or its boron derivative in an
amount of 0.1 -5 wt. %;[lll] a carboxylic acid partial
ester of a polyalcohol of 3 -6 carbon atoms in an
amount of 0.01 -5 wt. %; and [IV] a polyolefin in an

R4 -

(R1)a

where R, R; and R; are alkyl groups of 1 -4 carbon
atoms, R and Rs are methylene, ethylene or
trimethylene groups which may be substituted at
the hydrogen atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ are integers of 0 -2, and
X is an integer of 0 or 1.

Eligible substituting groups for R,, R, and R,
are methyl, ethyl, propyl and butyl, amongst which
methyl and ethy! are particularly preferred. Eligible
R. and R;s groups are methylene, methylmethylene
(ethylidene), dimethylmethylene, ethylene,
methylethylene, 1,1-dimethylethyiene, 1,2-
dimethylethylene, 1,1.2-trimethylethylene,
tetramethylethylene, trimethylene, 1-methyl-
trimethylene, 2-methylirimethylene, 1,1-dimethyl-
frimethyiene, 1.2-dimethyltrimethylene, 1,3-
dimethyltrimethylene, 2,2-dimethylirimethylene,
1.1.2-trimethyltrimethylene, 1,1,3-trimethyl-
trimethylene,  1,2,2-trimethyltrimethylene, 1,2,3-
trimethylirimethyiene, 1.1,2,2-tetramethyl-
trimethylene, 1,1,2,3-tetramethyltrimethylene,
1,1,3,3-tetramethylirimethylene and 1,2,2,3-
tetramethyltrimethylene.

~

10

(R2)b

25

30

35

45

50

amount of 0.1 -20 wt. %, the polyolefin resulting
from the homo-or co-polymerization of olefins of 2 -
8 carbon atoms and having an average molecular
weight of 200 -10,000; and [V] at least one of
molybdenum dithiophosphates and molybdenum
dithiocarbamates in an amount of 0.1 -10 wi. %,
each of the amounis being based on the total
composition.

Base oils suitable for the purpose of the
present invention are hydrocarbon compounds re-
presented by the formula

R5

J(Ra)e
X

Specific examples of the base oils include
dicyclohexyimethane, 1,1-dicyclohexylethane, 1,2-
dicyclohexylethane, 1,2-dicyclohexyipropane, 1,3-
dicyclohexylpropane, 2,2-dicyclohexyipropane, 1,2-
dicyclohexyl-2methyipropane, 1,3-dicyclohexyi-
butane, 1.3-dicyclohexyl-3-methylbutane,  1,3-
dicyclohexyl-2,3-dimethylbutane, 2,3-dicyclohexyi-
2,3-dimethylbutane, 2,4-dicyclohexylpentane, 2,4-
dicyclohexyl-2-methylpentane, bis-
{cyclohexylmethyl)cyclohexane, bis(1-cyclohex-
ylethyl)cyclohexane and bis(1-methyi-2-cyclohex-
ylethyl)cyclohexane, substituted compounds there-
of in which one or two methy! or ethyl groups are
bonded to the hydrogen atoms of the cyclohexyl
ring, and combinations thereof. Particularly pre-
ferred among those base oils are 1-cyclohexyl-1-
methylcyclohexylethane, 1-cyclohexyli-1-ethyl-
cyclohexylethane, 1-cyclohexyl-1-dimethyl-
cyclohexylethane, bis(1-cyclohexylethy)-
methylcyclohexane, bis(1-cyclohexylethyi)-
ethylcyclohexane, bis(1-cyciohexylethyl)-
dimethylicyclohexane and 2,4-dicyclohexyl-2-
methylpentane, and combinations thereof.

Zinc dialkyldithio phosphates useful as compo-
nent [{] hereunder are compounds represented by
the formula

S ~ _ -~ ORs

PN
ORyg
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where R, R;, R. and R, are alkyl or alkylaryl
groups having a carbon number of 3 -22, prefer-
ably 3 -15, and may be the same or different.
Particularly preferred alkyl and alkylaryl groups are
isopropyl, sec-butyl, isobutyl, n-amyl, isoamyl, 4-
methyipentyl, 2-ethylhexyl, decyl, isodecyl, nonyl-
pheny! and dodecyiphenyl.

The amount of component [I] to be added
should be in the range of 0.1 - 5 wt. %, preferably
05 -3 wt. %, based on the total composition.
Smaller amounts than 0.1 wt. % would fail to give
sufficient wear resistance and oxidation stability.
Greater amounts than 5 wt. % would result in
reduced rolling fatigue life and traction coefficient.

Alkenyl succinimides and their boron deriva-
tives are useful as component [li[ in the invention.
The alkenyl succinimides may be obtained by re-
action of polyolefins with maleic anhydride and by
subsequent conversion of the resulting inter-
mediates into the form of imides by reaction with
amines. Examples of the polyolsfins are those re-
sulting from the homo-and co-polymerization of
olefins of 2 -30 carbon atoms such as ethylene,
propylene, butens, pentens, hexene, heptene, oc-
tene, nonene, decene and dodecene, and also from
the co-polymerization of those olefins with aromatic
olefins such as styrene. The molecular weight of
the polyolefins is between 300 and 5,000. Exam-
ples of the amines to be here used include mon-
oamines such as methylamine, ethylamine, pro-
pylamine, butylamine, pentylamine, hexylamine,
heptylamine and octylamine, polyamines such as
athylenediamine, propylenediamine, N,N'-dimethyl-
propylenediamine, trimethylenediamine, N,N-dihex-
yltirimethylenediamine, decamethylenediamine, di-
(rimethylene)triamine, di(heptamethylene)triamine,
friethylenetetraamine, tripropylenstetraamine,
tetrasthylenepentaamine, pentaethylenshexaamine,
imidazoline, methylimidazoline, bis(aminoethyl)-
imidazoline, pyrimidine, aminopropylpiperazine and
bis(aminoethyl)piperazine, and hydroxy-substituted
amines such as N-mono(hydroxyethyl)-
ethylenediamine, N.N'-bis(hydroxyethyl)-
ethylenediamine, N-mono(hydroxypropyl)-
diethylenetriamine and - N,N'-bis(hydroxypropyl)-
tetraethylenepentaamine.

The borides or boron derivatives of the above
alkenyl succinimides are obtainable by reaction of
such succinimides with boron compounds selected
for example from boron oxide, boron oxide- hy-
drates, boron trifluoride, boron trichloride, boron
tribromide, alkyl or aryl borons, boric acid,
metaboric acid and tetraboric acid, esters of these
boric acids with alcohols and phenols and ammo-
nium salts thereof. The boron derivatives may be
synthesized by numerous methods disclosed for
example in U. S. Patent Nos. 3,281,428, 3,282,955,
3,284,410, 3,284,409, 3,344,069 and 3,533,945,
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Japanese Patent Publication Nos. 42-8013, 42-
8014, 47-45161 and 47-45162, and Japanese Pat-
ent Application (Kokai) Nos. 51-52381, 51-130408
and 54-87705. '

The amount of component [i] to be added
should be in the range of 0.1 -5 wt. %, preferably
0.5 -3 wt. %, based on the total composition.
Smaller amounts than 0.1 wt. % would invite in-
sufficient oxidation stability. Greater amounts than
5 wt. % would result in reduced rolling fatigue life,
traction coefficient and wear resistance.

Carboxylic acid partial esters of polyalcohols of
3 -8 carbon atoms are ussful as component [IlI] in
the invention. Examples of the polyalcohols include
glycerine [CiHs(OH):], pentaerythritol [CyHg(OH).],
sorbitol [CsHe(OH)s] and sorbitan [CeH,O(OH),]. Ex-
amples of the carboxylic acids are those having a
carbon number of 8 -22, preferably 12 -18, and
including decanoic -acid (capric acid), undecanoic
acid, dodecanoic acid (lauric. acid), tridecanoic
acid, tetradecanoic acid (myristic acid), pen-
tadecanoic acid, hexadecanoic acid (palmitic acid),
heptadecanoic acid (margaric acid), octadecanocic
acid (stearic acid), nonadecanocic acid, sicosanoic
acid (arachidic acid), heneicosanoic acid, de-
cosanoic acid (behenic . acid). dodecenoic acid,
tetradecenoic  acid, hexadecenocic acid, oc-
tadecencic acid (oleic acid), dodecadienoic acid,
tetradecadienoic acid, hexadecadienoic acid and
octadecadienoic acid (linoleic acid).

Specific examples of component [ll] include
glycerine  dodecancic  acid  monoester -
(monoglyceride laurate), glycerine hexadecanoic
acid monoester (monoglyceride palmitate), glyc-
erine octadecanoic acid monoester (monoglyceride
stearate), glycerine octadecenoic acid monoester -
(monoglyceride oleate), pentaerythritol dodecanocic
acid monoester (pentaerythritol monolaurats), pen-
taerythritol hexadecanocic acid monoester
{pentaerythritol monopaimitate), pentaerythritol oc-
tadecanoic acid monoester (pentaerythritol mon-
ostearate), pentaerythritol octadecenoic acid mon-
oester  (pentaerythritol monooleats), sorbitol
dodecanoic acid monoester (sorbitol monolaurate),
sorbitol hexadecanocic acid monoester (sorbitol
monopalmitate), sorbitol octadecanoic acid mon-
oester (sorbitol monostearate), sorbitol oc-
tadecenoic acid monoester (sorbitol monooleate),

- sorbitan dodecanoic acid monoester (sorbitan mon-

olaurate), sorbitan hexadecancic acid monoester
(sorbitan monopalmitate), sorbitan octadecanoic
acid monoester (sorbitan monostearate), sorbitan
octadecenocic acid monoester (sorbitan mon-
ooleate), sorbitan octadecancic acid triester -
{sorbitan tristearate) and sorbitan octadecenoic acid
triester (sorbitan trioleate), and combinations there-
of.
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The amount of component [ill] to be added
should be in the range of 0.01 -5 wt. %, preferably
0.1 -3 wt. %, based on the total composition.
Smaller amounts than 0.01 wt. % would be insuffi-
cient for rust-proofness. Greater amounts than 5 wt.
% would induce reduced rolling fatigue life and
fraction coefficient.

A first embodiment of the invention provides
lubircant compositions in which components [1] to -
[ll] are combined with base oils. According to a
second embodiment of the invention, selected
polyolefins are further incorporated to build dy-
namic viscosity and shear stability.

Polyolefins eligible as component [IV] here-
under are those having an average molscular
weight of 200 -10,000, preferably 1,000 -4,000, and
obtained by the homo-and co-polymerization of
olefins selected for example from ethyiene, pro-
pylene, 1-butene and isobutylene with use of a
Friedel-Crafts catalyst such as aluminum chiloride,
magnesium chloride, boron fluoride or titanium tet-
rachloride, or a complex compound thereof, if nec-

R0 -

v
RO

where R, and R., are alkyl, cycloalkyl, alkylcycloal-
kyl, aryl, alkylaryt or arylalkyl groups of 1 -24
carbon atoms, dis0<d2£4,andeis0se<4in
whichd + e = 4, and

Ri20
~

‘/fd——%——S
S

Ri30

P

where R., and R.; are as defined above, fis0 <f 5
4,andgis0sg<4inwhichf +g = 4,

Efigible R« to R.a groups are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, dodecyl, tetradecyl, hexadecyl, octadecyl,

eicosyl, docosyl, tetracosyl, cyclopentyl,
cyciohexyl, methylcyclohexyl, ethylcyclohexyl,
dimethylcyclohexyl, cycloheptyl, phenyl, tolyl,

xylyl, ethylphenyl, propyiphenyl, butylphenyi, pen-

P/

~

S
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gssary in combination with a co-catalyst such as an
organic halide or hydrochloric acid. Polybutene,
polyisobutylene, ethylene-propyiene copolymer,
ethylene-1-butene  copolymer and ethylene-
propylene-1-butene copolymer are particularly pre-
ferred.

The amount of component [IV] to be added
should be in the range of 0.1 -20 wt. %, preferably
1 -10 wt. %, based on the total composition. Small-
er amounts than 0.1 wt. % would be ineffective for
viscosity buildup. Greater amounts than 20 wt. %
would lead to reduced traction coefficient.

Third and fourth embodiments of the invention
are intended to make the resulting compositions
more highly resistant to wear and longer in rolling
fatigue life by further addition of selected molyb-
denum compounds.

Molybdenum compounds suitable as compo-
nent [V] in the invention are one or more of molyb-
denum  dithiophosphates and  molybdenum
dithiocarbamates represented respectively by the
formulae

MoSdQe

N

MoS+0¢g
2

tylphenyl, hexylphenyl, heptylphenyl, octylphenyl,
nonyiphenyl, decylphenyl, dodecylphenyl,
tetradecylphenyl, hexadecylphenyl, octadecyl-
phenyl, benzyl and phenethyl.

Specific examples of component [V] include
molybdenum diethyldithiophosphate sulfide, molyb-
denum dipropyldithiophosphate suifide, molybde-
num dipropyldithiophosphate sulfide, molybdenum
dibutyldithiophosphate sulfide, molybdenum dipen-
tyidithiophosphate sulfide, molybdenum dihexyli-
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dithiophosphate  sulfide, molybdenum dioctyl-
dithiophosphate sulfide, molybdenum didecyl-
dithiophosphate sulfide, molybdenum didecyl-
dithiophosphate sulfide, molybdenum di-

(butylphenyl)dithiophosphate sulfide, molybdenum-
{(nonylphenyi)dithiophosphate sulfide, oxymolyb-
denum disthyldithiophosphate sulfide, oxymolyb-
denum dipropyldithiophosphate sulfide, oxymolyb-
denum dibutyldithiophosphate suifide, oxymolyb-
denum dipentyldithiophosphate sulfide, oxymolyb-
denum dihexyldithiophosphate sulfide, oxymolyb-
denum dioctyldithiophosphate sulfide, oxymolyb-
denum didecyidithiophosphate sulfide, oxymolyb-
denum  didodecyldithiophosphate sulfide, ox-
ymolybdenum di(butylphenyi)dithiophosphate sul-

fide, oxymolybdenum di(nonyiphenyi)-
dithiophosphate  sulfide, molydbenum diethyl-
dithiocarbamate sulfide, molybdenum dipropyl-
dithiocaramate  sulfide, molybdenum  dibutyl-
dithiocarbamate sulfide, molybdenum dihexyi-
dithiocarbamate sulfide, molybdenum dioctyl-
dithiocarbamate sulfide, molybdenum didecyl-
dithiocarbamate - sulfide, molybdenum didodecyi-
dithiocarbamate sulfide, molybdenum di-

{(butylphenyi)dithiocarbamate sulfide, molybdenum
di{nonylphenyl)dithiocarbamate suifide, oxymolyb-
denum diethyldithiocarbamate suifide, oxymolyb-
denum dipropyldithiocarbamate sulfide, oxymolyb-
denum dibutyldithiocarbamate sulfide, oxymolyb-
denum dipentyldithiocarbamate sulfide, oxymolyb-
denum dihexyldithiocarbamate sulfide, oxymolyb-
denum dioctyldithiocarbamate sulfide, oxymolyb-
denum dioctyldithiocarbamate sulfide, oxymolyb-
denum didecyldithiocarbamate sulfide, oxymolyb-
denum  didodecyldithiocarbamate  suifide, ox-
ymolybdenum di(butylphenyi)dithiocarbamate sul-
fide and oxymolybdenum  di(nonyiphenyl)-
dithiocarbamate, and combinations thereof. Particu-
larly preferred are combinations of phosphates,
molybdenum dithiophosphates and molybdenum
dithiocarbamates.

The amount of component [V] to be added
should be in the range of 0.1 -10 wt. %, preferably
0.3 -5 wt. %, based on the total composition.
Smaller amounts than 0.1 wt. % would fail to pro-
duce sufficient wear resistance and roiling fatigus
life. Greater amounts than 10 wt. % would resutlt in
reduced traction coefficient and rolling fatigue life.

Thers may be used additives such as metallic
cleaning agents including alkali metal sulfonates
and alkaline earth metal sulfonates, anticorrosive
agents, extreme pressure agents, viscosity index
improvers, rust preventives and the like.

The invention will be further described by way
of the following examples.
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Inventive Examples 1 -8

Numerous tractive fluid compositions according
to the invention were formulated and prepared as
per Table 1.

Comparative Examples 1 -2

Two controls were prepared, one control using
only a base oil of the invention, and the other being
commercially available.

Performance test was made with the results
shown in Table 2.

Dynamic Viscosity

Measurement was made in accordance with
ASTM D 445 (Standard Test Method for Kinematic
Viscosity of Transparent and Opaqus Liquids).

Traction Coefficient

Four-cylinder rolling friction tester was used
with rolling speed 310 cm/second, load 90 kg/mm?
and slip rate 2 %.

Oxidation Stability

JIS K 2514 (Testing Method for Oxidation Sta-
bility of Lubricants for Internal Combustion Engine
Qils) was followed with temperature 165.5°C and
time 72 hours. Viscosity ratio at 40°C was deter-
mined.

Shear Stability
Test was made in accordance with ASTM D

2603 (Standard Test Method for Sonic Shear Sta-
bility of Polymer-Containing Qils) with sonic radi-

. ation 10 KH,, temperature 40°C and time 30 min-

utes. Viscosity reduction at 40°C was determined.
Woear Resistance

ASTM D 2268 was followed with speed 1,500
ppm, load 40 kgf and time 2 hours, using four
balls. Wear scar diameter was measured.
Fatigue Life

IP 305 (Testing Method for Uni-Steel Rolling

Fatigue) was followed. Length of time required for
L.:90 % life was measured.
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Rust Prevention

This test was made in accordance with ASTM
D 665 (Standard Test Method for Rust-Preventing
Characteristics of Inhibited Mineral Qil in the Pres-
ence of Water).
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It is to be noted that the compositions repre-
senting Inventive Examples 1 -8 are highly satisfac-
tory in respect of all the performance characteris-
tics tested. The controls of Comparative Examples
1 -2 were inadequate in wear resistance, fatigue
life, shear stability and rust-proofness.



16

0 208 541

15

(0°17) sueXxay
(Z°0) (0°2) 93eydsoyd —-o1okoTAyasmip
- (0°8) 23rINERTOUOW PTWTUTIOONS -0TYaIp - ( TAy3leT4xay o1dwexy
g susanqgdiiod | Toatayakasejuad TAuayTe ~TAINqOSTTp DUTZ -01240-T)S1q 9ATIUSAUT
(0°v) xawmA{Adod (1°0) (0°T) =prIoq (0°2) suejuad
— ausTAdoiad | sjraeveasostouom SpIWIUIOONS a3eydsydotya1p | ~TAy3zaw-z-TAxay sTduwexy
~-2uaTdyula uelI1qI0S TAusyTe -T&o9pTp DuTtz ~o72koTp-p’2 anTIUSDAUY
(z°0) (0°1T) (0°T) @23eydsouyd suejuad
— (0°y) | ®ereIPB3SOSTOUOH {PTWIUTOONS -0TY3TPTAXaY | -TAYyr2w-Z-TAXx3Y a1duexd
v auajngditod | 1o3rauzkisejuad TAuayTe -1AYy3e-z-Ip DUTZ -OT2R0TP-¥’2 9ATIUSBAUT
auexay
(1°0) (0°1) 9praoq (0°T) @93euydsoyd | -o(2Ad>TAY3awWIp
—_— _ @3evafoouocu SpTWTUTOONS -0TY3 1P -{ TAya=1ixay o1dwexy
1031ay3zidzseqzuad TAussite | ~tAdoadostTp DUTZ -OT0A0-T)S1q DATIUBAUT
(1°0) (0°T) @prioq (0°z) @3eydsoyd suejuad
— _ ElE-1oh felolifelill 9pPIWTUTOONS ~o1y3ipriusyd | ~TAyzaw-z-14Axay 91dwexg
uel1q3I0S TAuayTe -TAuoutp DUtz - —~OT24ADTP-p‘C 9ATIUDAUT
(1°0) (0°2) (0°T) @3eydsouyd suejuad
- —— @3jvIneyouow 4 OPTWIUTIDONS OTUY3ITPIAXay | —TAYylsuw-g-[AxXay a1duexyg
uelTqlIoOSs TAuayTe -1Ayaes-z-1p OUTZ —-oT2401p-b’¢ 9ATUSAUT

(al

juauodwod

[AI] 3usauodwood

[ITTI] 2usuodwod

[I1] 2usuodwoo

[1] 3usuodwod

110 8seq

(% "3Im)

uoT3IRINWIO]

a1dwexy

T s14dceq




18

0 208 541

17

—TAoBpe100~N UITM IpTIPAYUR DTUTOONS pPaINITIASANS
3ybTom 1wnoaTow) ousTAingosiijod jJo uorioesx Aq paatisp punodwod

00L’f aybtem IeinosTow obeisaw

0GSE‘T Aybram IeTnosTowm obeisae

00L'Z ybitom zeinosyom abeisaw

PIoE OTIOY pue SUTWEIpauUsTAYISwWIIY

(000'T

auTWETPRUaTAUISWTIFTADOOPEIDO~N YITM SPTIpPAYUE OTUTOONS PainlTasqns

(000'T 3yBToM aeTnostouw) sua7lingosiiAfod jo uorjzoeax Aq paatasp punodwoo

:aawi1odoo suathdoad-suaTiyls

:d suaangliod
'y ausangdiod «

:9pTIOQ 2PTWTIUIOONS TAUSYIE «

rapTwIutoOons TAUSYTR

Jonpoad TeIOIUMOD

z o71dwexy
aa13vIedwod

suejuad
—— - - - — —TAyasu-gz-Téxoy| 1 o1dwexy
~0T0AD1P-¥ ‘2| sataeaeduo)
(G°0) ®S3eweqrIed (Z°0) 93eaeals (0°T) ®pracq (0°z) 9=3eudsouyd suejuad
-oTYy2TIPTAINGIP (0°v) ~-0sTOUOW TO3J aprwIUTOONS -oTy3TpTAusuyd | —-1dyzsw-g-T1Axay| g srduexy
unuspgiATowiAxo ¥ suajngdtod ~Tayadkaseauad TAuayie ~TAuoutp outz .—o1okotp-y’2 aaTIUSAUT
(£°0) ®=23euydsouyd .
-0TY3TIP (TAX9Y (T°0) (0°T) 9praoq (0°T) @93rvudsoud auejuad
~TAy3s-z) 1P — 23e'IaInETOUOW 2pIWTIUTOONS -o1Yy3Tp | -TAyasw-z-1Axay| L, sTduexy
umuapgi TowAXo uel1qIOoS TAuayTe | ~-1Adoxdost1p OUTZ —-oT2ADTIP-¥ 2 aaTjuaaug
[A] 3usuodwoo [AI] 23usuodwod [TITI] Ausuodwod | [II] Ausuodwod [1] 2usuodwod 110 8seq o1durexy

(% "3IM)

uoTjleInuwiog

(P .

3400 ) 1

519c¢4d

10



20

0 208 541

19

Z o1dwexy
" €L SP°1 AR At 1 980°0 L°6C aaT3eviIvdwio)
pa3asni 1 a1dwexyg
ATBWaI13X3 S°9 9L"0 0°0 T 380°0 9°0¢ aaT13eaIRdUIO)
g aTdwexy
" 0°6 ov-o 1°0 0°1T L80°0 1°0¢ SATIUDAUT
L ardwexyg
" 1°6 16°0 0°0 2 1 L80°0 0°12 onTjuUsAU]
9 srdwexyg
" v-8 9y "0 T°0 0°T LB0"0 9°1¢ 9ATIUBAU]L
¢ at1dwexyg
" Z°8 09°0 T°0 0°T LB80°0 S°C¢t aa13uUBAUT
v orTdwexmy
n £°8 iv°o T°0 0°1 880°0 Z°0¢ anTjuaAUT
. ¢ o7dwexyg
" £°L GG 0 0°0 0°T L80°0 6°0¢C aATIUSAUT
Z Ttoduexyg
" 0°L LSO 0°0 0°T 880°0 6°0Z aaT13uUSAUT
1 @7dwexy
ss8T3isni "L €570 0°0 0°'T L8070 0°T¢C @AT3uUsAUL
0T v ‘1933weTp (0,079 ‘uora AUoovw
(ag ‘Yt IeDs. Je9M) [ -oupa1 A3TS00STA) | ‘OT3ea A3TSODSTA) (0,0¥9 ’3580)
ssaugooxd 92317 20UPASTSDI Aa111qEaS A31119®3S |3uartorgyLco A31s00sTA
-3sni1 anbraeys Ieam Ieays UOTJIPPTIXO uo1jloeviI] oTweulip opdwexd
@2 o0uUu®ewWIO I I g

[4 2 149¢®84§

11



21 0 208 541

Claims
1. A lubricant composition for use in traction

drives comprising: a base oil represented by the
formula

R4 -

(R1)a

where R., R, and R; are alkyl groups of 1 -4 carbon
atoms, R, and Rs; are methylene, sthylene or
trimethylene groups which may be substituted at
the carbon atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ are integers of 0 -2, and
x is an integer of 0 or 1; [I] a zinc dialkyldithio
phosphate in an amount of 0.1 -5 wt. %; [ll] an
alkenyl succinimide or its boron derivatives in an
amount of 0.1 - 5 wi. %; and [lll] a carboxylic acid
partial ester of a polyalcohol of 3 -6 carbon atoms
in an amount of 0.01 -5 wi. %, each said amount
being based on the total composition.

2. The lubricant composition according to claim
1 wherein said base oil is selected from the group
consisting of dicyclohexyimethane 1,1-dicyclohex-
ylethane, 1,2-dicyclohexylethane, 1,2-dicyciohexyl

S

R7 O/

where R., R,, R, and R, are alkyl or alkylaryi
groups of 3 -22 carbon atoms, and may be the
same or different.

4. The lubricant composition according to claim
1 wherein said component [ll] is an alkenyl suc-
cinimide resulting from the reaction of a polyolefin
of 2 -30 carbon atoms with maleic anhydride, fol-
lowed by conversion of the resulting reaction prod-
uct into an imide form by reaction with an amine.

5. The lubricant composition according to claim
4 wherein said polyolefin is selected from the
group consisting of homopolymers and copolymers
of ethylene, propylene, butene, pentene, hexene,

(R2)b
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R5 -

(R3)c

propane, 1,3-dicyclohexylpropane, 2,2-dicyclohex-
ylpropane, 1.2-dicyclohexyl-2-methylpropane, 1,3-
dicyclohexylbutane, 1,3-dicyclohexyl-3-methyl-
butane, 1,3-dicyclohexyl-2,3-dimethylbutane, 2,3-
dicyciohexyl2,3-dimethylbutane,  2,4-dicyciohexyl-
pentane, 2.4-dicyclohexyl-2-methylpentane, bis-
{cyclohexyimethyl)cyclohexane, bis(1-cyclohex-
ylethyl)cyclohexane and bis(1-methyl-2-cyclohex-
ylethyl)cyclohexane, substituted compounds there-
of in which one or two methyl or ethyl groups are
bonded to the carbon atoms of the cyclohexyl ring,
and combinations thereof.

3. The lubricant composition according to claim
1 wherein said component [1] is a compound repre-
sented by the formula

S~

.~ ORs
P

-7n-S < ORg
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heptene, octene, nonene, decene and dodecens,
and copolymers thereof with styrene, and said
amine is selected from the group consisting of
methylamine, ethylamine, propylamine, butylamine,
pentylamine, hexylamine, heptylamine, octylamine,
ethylenediamine, propylensdiamine, N,N'-dimethyl-
propylenediamine, trimethylenediamine, N,N'-
dihexyltrimethylenediamine, de-
camethylenediamine, di(trimethylene)triamine, di-
(heptamethylene)triamine, triethylenetetraamine,
fripropylenetraamine, tetrasthylenepentaamine,
pentaethylenehexaamine, imidazoline,
methylimidazoline, bis(aminoethyl)imidazoline,
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pyrimidine, aminopropylpiperazine, bis(aminosthy)-
piperazine, N-mono(hydroxyethylethylenediamine,
N,N'-bis(hydroxyethyi)ethyienediamine, = N-mono-
{hydroxypropyl)diethylenetriamine and N,N'-bis-
(hydroxypropyljtetrasthylenepentaamine.

6. The lubricant composition according to claim
4 wherein said component {ll] is a compound de-
rived by reaction of said alkeny! succinimide with a
boron compound selected from the group consist-
ing of boron oxide, boron oxide hydrates, boron
trifluoride, boron trichioride, boron tribromide, alkyl
borons, aryl borons, boric acid, metaboric acid and
tetraboric acid, and esters of said boric acids with
alcohols and phenols and ammonium salts thereof.

7. The lubricant composition according to claim
1 wherein said component [lli] is selected from the
group consisting of glycerine dodecanocic acid

R4 -

(R1)a

where R,, R, and R, are alkyl groups of 1 -4 carbon
atoms, R, and Rs; are methylens, ethylene or
trimethylene groups which may be substituted at
the hydrogen atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ are integers of 0 -2, and
x is an integer of 0 or 1; [I] a zinc dialkyldithio
phosphate in an amount of 0.1 -5 wt. %; [lI] an
alkenyl succinimide or its boron derivative in an
amount of 0.1 -5 wt. %; [lli] a carboxylic acid
partial ester of a polyalcohol of 3 -8 carbon atoms
in an amount of 0.01 -5 wt. %; and [IV] a polyolefin
in an amount of 0.1 -20 wt. %, said polyolefin

R4 -

(R1)a

where R,, R, and R; are alkyl groups of 1-4 carbon -

atoms, R, and Rs are methylene, ethylene or

trimethylene groups which may be substituted at

10
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monoester, glycerine hexadecanoic acid mon-
oester, glycerine octadecanoic acid monoester,
glycerine octadecenoic acid monoester, pen-
taerythritol dodecancic acid monosster, pentaeryth-
ritol hexadecanoic acid monoester, pentaerythritol
octadecancic acid monoester, pentaerythritol oc-
tadecenoic acid monoester, sorbitol dodecanoic
acid monoester, sorbitol hexadecanoic acid mon-
oester, sorbitol octadecancic acid monoester, sor-
bitol octadecsnoic acid monoester, sorbitan
dodecanoic acid monaester, sorbitan hexadecanoic
acid monoester, sorbitan octadecanoic acid mon-
oester, sorbitan octadecenocic acid monoester, sor-
bitan octadecanoic acid triester and sorbitan oc-
tadecenoic acid triester and combinations thereof.
8. A lubricant composition for traction drives
comprising: & base oil represented by the formula

N\

R5 -

(Ra)c

| —

X

resulting from the homo-or co-polymerization of
olefins of 2 -8 carbon atoms and having an average
molecular weight of 200 -10,000, each said amount
being based on the total composition.

9. The lubricant composition according to claim
8 wherein said component [IV] is selected from the
group consisting of polybutene, polyisobutylene,
ethylenepropylene copolymer, ethylene-1-butene
copolymer and ethylene-propylene-1-butene
copolymer.

10. A lubricant compasition for traction drives
comprising: a base oil represented by the formula

R5

(Ra)c
X

e

the hydrogen atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ and integers of 0 -2, and
x is an integer of 0 or 1; [l] a zinc dialkyldithio
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phosphate in an amount of 0.1 -5 wt. %; [ll] an
alkeny! succinimide or its boron derivative in an
amount of 0.1 -5 wt. %; [li] a carboxylic acid
partial ester of a polyalcohol of 3 -6 carbon atoms
in an amount of 0.01 -5 wt. %; and [V] at least one
of molybdenum dithiophosphates and molybdenum

R;00 -

Ve
RO

where R, and R,, are alky!, cycloalkyl, alkylcycioal-
kyl, aryl, alkylaryl or arylalkyl groups of 1 -24
carbon atoms, dis 0 d 4, and e is 0 e 4 in which d
+ & = 4, and/or a molybdenum dithiocarbamate
represented by the formula

Ri2Q

~

o N—
Ri30

where R.; and R,; are as defined above, fis C f 4,
andgis0g4inwhichf + g = 4.

12. The lubricant composition according to
claim 11 wherein said component [V] is selected
from the group consisting of molybdenum diethyi-

dithiophosphate sulfide, molybdenum dipropyi-
dithiophosphate sulfide, molybdenum dipropyi-
dithiophosphate sulfide, molybdenum dibuthyl-
dithiophosphate sulfide, molybdenum dipentyl-
dithiophosphate surfide, molybdenum dihexyi-
dithiophosphate  sulfide, molybdenum dioctyl-
dithiophospohate sulfide, molybdenum didecyl-

dithiophosphate sulfide, molybdenum didodecyi-
dithiophosphate sulfide, molybdenum di-
{butylphenyl)dithiophosphate sulfide, molybdenum
(nonylphenyl)dithiophosphate  sulfide, oxymolyb-
denum diethyldithiophosphate sulfide, oxymolyb-
denum dipropyidithiophosphate sulfide, oxymolyb-
denum dibutyldithiophosphate sulfide, oxymolyb-
denum dipentyldithiophosphate sulfide, oxymolyb-
denum dihexyldithiophosphate sulfide, oxymolyb-
denum dioctyldithiophosphate sulfide, oxymolyb-
denum didecyidithiophosphate sulfide, oxymolyb-
denum didodecyldithiophosphate sulfide, ox-
ymolybdenum di(butylphenyl)dithiophosphate sul-

P/

~

I
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dithiocarbamates in an amount of 0.1 -10 wt. %,
each said amount being based on the total com-
position.

11. The lubricant composition according to
claim 11 wherein said component [V] is a molyb-
denum dithiophosphate represented by the formula

MoSdQOe

|
S -JI—Mosmg-

fide, oxymolybdenum di(nonyiphenyi)-
dithiophosphate sulfide, molybdenum diethyl-
dithiocarbamate sulfide, molybdenum dipropyl-
dithiocarbamate suifide, molybdenum dibutyl-
dithiocarbamate sulfide, molybdenum dihexyl-
dithiocarbamate sulfide, molybdenum dioctyl-
dithiocarbamate sulfide, molybdenum didecyl-
dithiocarbamate sulfide, molybdenum didodecy!-
dithiocarbamate sulfide, molybdenum di-

(butyiphenyl)dithiocarbamate sulfide, molybdenum
di{nonylphenyl)dithiocarbamate sulfide, oxymolyb-
denum diethyidithiocarbamate sulfide, oxymoiyb-
denum dipropyldithiocarbamate sulfide, oxymolyb-
denum dibutyidithiocarbamate sulfide, oxymolyb-
denum dipentyldithiocarbamate sulfide, oxymolyb-
denum dihexyldithiocarbamate sulfide, oxymolyb-
denum dioctyldithiocarbamate suifide, oxymolyb-
denum dioctyldithiocarbamate sulfide, oxymolyb-
denum didecyldithiocarbamate suifide, oxymolyb-
denum didodecyldithiocarbamate sulfide, ox-
ymolybdenum di(butylphenyl)dithiocarbamate sul-
fide and  oxymolybdenum  di(nonylphenyl)-
dithiocarbamate, and combinations thereof.

13. A lubricant composition for traction drives
comprising: a base oil represented by the formula
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R4 -

(R1)a

where R,, R, and R, are alkyl groups or 1 -4 carbon
atoms, R, and Rs are methylene, ethylene or
trimethylene groups which may be substituted at
the hydrogen atoms with an alkyl group of 1 -4
carbon atoms, a, b and ¢ are integers of 0 -2, and
x is an integer of 0 or 1; [I] a zinc dialkyldithio
phosphate in an amount of 0.1 -5 wt. %; [lI] an
alkeny! succinimide or its boron derivative in an
amount of 0.1 -5 wt. %; [lll] a carboxylic acid
partial ester of a polyalcohol of 3 -6 carbon atoms

| (R2)b
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R5-

(R3)c
X

in an amount of 0.01 -5 wt. %, [IV] a polyolefin in
an amount of 0.1 -20 wt. %, said polyolefin result-
ing from the homo-or co-polymerization of olefins
of 2 -8 carbon atoms and having an average mo-

" lecular weight of 200 - 10,000; and [V] at least one

of molybdenum dithiophosphates and molybdenum
dithiocarbamates in an amount of 0.1 -10 wt. %,
each said amount being based on the total com-
position.
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