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LUBRI CATING O L COwWOsI Tl ON

Field of the Invention

This invention relates to a lubricating oil
composi ti on. More specifically, it relates to a
[ ubricating oil composition which has a superior friction
reducing effect and which has a superior fuel econony
effect .

Background of the Invention

In recent years, there have been nmany attenpts to
tackle environnental problens such as global warm ng, and
there has also been ‘demand for engine oils (lubricating
oil conpositions) to show a fuel econony effect. For
instance, low viscosity lubricating oil conpositions have
been discovered in which the friction coefficient in the
boundary lubrication domain is reduced by blending in
organi ¢ nol ybdenum conpounds (for exanple, see Japanese
Lai d-open Patent 2002-371292). Al so, |ow viscosity
| ubrication oil conpositions have been discovered in
which the friction coefficient in the boundary
[ ubrication domain is reduced by blending in organic
nmol ybdenum conpounds and further in which a fuel econony
effect is exhibited even in the hydrodynami c |ubrication
domain by blending in a lubricating oil base oil based on
specific esters (for exanple, see Japanese Laid-open
Pat ent 2005-041998)

Furthernore, |low viscosity lubrication oils have
been discovered in which it has been possible to exhibit
a superior fuel econony effect even without blending in
organi ¢ nol ybdenum conpounds, by blending in conbinations
of specific anti-oxidants (for exanple, see Japanese

Lai d-open Patent 2005-146010). Al so, as exanples of
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commercial engine oils sold as fuel economsing oils,
mention may be nmade of |low viscosity oils such as SAE
viscosity grades 5W30, 5W20 and OWN20 and |ow viscosity
oils blended with organic nolybdenum conpounds.

Apart from these, lubricating oil conpositions have
been disclosed which, as well as containing organic
nol ybdenum conpounds, are blended so that a sul phur
conponent is offered (for exanple, see Japanese Laid-open
Patent HO08-253785 (1996), Japanese Laid-open Patent 2004-
149762 and Japanese Laid-open Patent H09-104888 (1997)).
Lubricating oil conpositions have also been disclosed
whi ch contain nolybdenum conpounds and dithiocarbanmates
(t hi ocar banoyl conpounds) (for exanple, see Japanese
Lai d-open Patent H10-121079 (1998) and Japanese Laid-open
Patent HLO- 130680 (1998)).

Organi ¢ nol ybdenum conpounds are chiefly categorised
as three types: the so-called nolybdenum
di al kyl di t hi ophosphat es (which may be referred to bel ow
as MoDTPs) , the so-called nolybdenum
di al kyl di t hi ocar bamat es (which may be referred to bel ow
as MoDTGCs) , and those which are compounds in which the
nol ybdenum becones an amine conpl ex. Recently, MDTPs,
because they contain the elenent phosphorus, have hardly
been used in.Iubricating oils for internal conbustion
engi nes. This is because, if engine oils with MDTPs
added are used in actual engine oils, whenever trace
amounts of engine oil enter the conbustion chanber via
conpression rings or via engine valves and are burnt
together with the fuel, exhaust gases containing
el emental phosphorus derived from the MDITPs are enmtted,
and there is concern that they will have a detrinmental
effect on the apparatus for treating the em ssions and on

the life of the catalyst.
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On the other hand, MDTCs do not contain phosphorus,
and so are used as friction nodifiers in lubricating oils
for internal conbustion engines. It is known that MDTCs
forma filmon the sliding friction surfaces inside the
engine and said film contains "nolybdenum disul phide"
conpounds in which the elenental conposition ratio is
cl ose to nol ybdenum di sul phi de. MoDTCs contain sul phur
and nol ybdenum in their nolecules and so they break down
on a sliding friction surface and a film containing
nol ybdenum di sul phi de conpounds i s forned. These
nol ybdenum di sul phi de conpounds are believed to reduce
friction .

MoDTCs contain sul phur and nol ybdenum in their
nol ecul es, but the amount of sul phur relative to the
amount of nol ybdenum is conparatively small, and so it
has not been easy to form the nol ybdenum di sul phide
conpounds satisfactorily wth the MDICs alone. In order
to enhance the activity of film formation (formation of
t he nol ybdenum di sul phide conpounds), it has been
necessary to increase the sul phur conponent. For this
reason, a sul phur conmponent has been supplied from
outside (for exanple, see Japanese Laid-open Patent HO08-
253785 (1996), Japanese Laid-open Patent 2004-149762 and
Japanese Laid-open Patent H09-104888 (1997)). However,
increasing the sul phur conponent is not desirable,
because it accelerates clogging of the em ssions
treatment apparatus and poisoning of the catalyst. As
far as practicable, it is necessary to obtain a bigger
friction reducing effect by reducing the supply of a
sul phur component from out si de.

Li kewi se, conpounds in which nolybdenum has forned
an am ne conplex do not have sul phur in their nolecules,

and so find it difficult to create nolybdenum disul phide
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conmpounds beyond the MDTGCs. For this reason, the
friction reducing effect becomes extrenely snall. In the
case of amine conplexes, therefore, it has been
absolutely necessary to supply a sul phur conponent from
out si de .

This invention has been made in consideration of the
af oresai d probl ens. The aim has been to mninmse the
effects on em ssion treatnent apparatus and catal ysts by
reducing as far as practicable the anmpbunts of MDITCs and
sul phur conpounds contained, and so to offer, even where
these may still be present in trace ampunts, a
| ubricating oil conposition which has a superior friction
reducing effect over a long period and which has a high
degree of fuel econony.

Summary of the |nvention

According to the present invention, there is
provided a lubricating oil conposition, conprising (A a
lubricating oil base oil the kinematic viscosity of which
at 100°C is in the range of from 1.4 to 6 nmm/s, (B from
250 to 2000 ppm in terns of nolybdenum of a nolybdenum
di al kyl di t hi ocarbamate as expressed by the undernentioned
Formula (1), (o from 20 to 500 ppm in ternms of sul phur
of tetrabenzyl thiuram disul phide as expressed by the
undernentioned Fornmula (2 and (p from 0.05 to 3.0 nass
of an am ne as expressed by the undermentioned Formula
(3 or Formula (4 .

Chem cal Fornmula 1:

R! ﬁ X' x2 x4 S| R3
\ H N\ 14
N—C—S—Mg_  Mo—S—C—N )
/ Nof \
R2 X R*

(In Formula (1), R' to R4 denote alkyl groups, and X'
to X4 denote oxygen atons or sul phur atons.)

Chemcal Formula 2:
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Chemical Fornmula 3:

TS
H
\N—»C—RB (3)
]
R7

(In Formula (3), R° to R’ denote, each
i ndependently, hydrogen or an "al kyl group, aryl group or
al kyl aryl group” having from 1 to 23 carbon atons.)

Chemical Fornmula 4:
H"‘”‘N (4)

(In Fornula (4), R and R’ denote, each
5 i ndependently, hydrogen or an "al kyl group, aryl group or
al kyl aryl group” having from 1 to 23 carbon atons) .

The lubricating oil composition of this invention
contains (B from 250 to 2000 ppm in ternms of nolybdenum
of a mol ybdenum di al kyl di t hi ocarbamate as expressed by

10 the aforenentioned Fornmula (1), (o9 from 20 to 500 ppm in
terms of sul phur of tetrabenzyl thiuram disul phide as
expressed by the aforenmentioned Forrmula (2 and (p from
0.05 to 3.0 mass% of an am ne as expressed by the
aforementioned Formula (3 or Fornula (4), so that, as

15 well as nol ybdenum being supplied from the nol ybdenum
di al kyl di t hi ocarbamate, a sul phur conponent is supplied
t hr ough breakdown of the tetrabenzyl thiuram disul phide
and so it becones possible to forma film on sliding
friction surfaces inside the engine by neans of

20 nol ybdenum di sul phi de conpounds. Furthernore, because the
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tetrabenzyl thiuram disul phide has a high thernal
deconposition tenperature, it remains for |ong periods
within the lubricating oil conposition, only breaking
down little by little even inside the engine. Because of
this, it is possible over long periods to prevent | osses
of the sul phur within the lubricating oil conposition,

and it becones possible to forma film by neans of

nol ybdenum di sul phi de conpounds conti nuously. This also
means it is possible to exhibit a superior friction
reducing effect and a superior fuel econony effect. In
addition, the lubricating oil conposition of this
invention contains (p from 0.05 to 3.0 nmass% of an anine
as expressed by the aforenentioned Formula (3) or Fornula
(4), and so the tetrabenzyl thiuram disul phide, which is
difficult to dissolve in the lubricating oil base oil,
becones easy to dissolve readily in the lubricating oil
base oil. This neans that the aforenmentioned function of
t he tetrabénzyl t hi uram di sul phide as expressed by the
aforenentioned Fornmula (2) is exhibited nore effectively.

Detail ed Description of the |nvention

A form of enbodiment of the invention is next
explained in detail, but the invention is not limted to
the followng form of enbodinent, and so long as there is
no divergence fromthe essentials of the invention it
nmust be understood that nodifications and inprovements of
suitabl e designs may be made on the basis of the usual
know edge of those skilled in the art.

(1) Lubricating oil conposition:

One form of enbodinment of the lubricating oil
conposition of this invention is a lubricating oil
conposition which contains (A a lubricating oil base oil
the kinematic viscosity of which at 100°C is in the range

of from 1.4 to 6 m?/s (which may be referred to below as
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"constituent (A)"), (B from 250 to 2000 ppm in terns of
nol ybdenum of a nol ybdenum di al kyl di t hi ocarbamate as
expressed by the undernentioned Fornmula (1) (which may be
referred to below as "constituent (B "), (¢ from 20 to
5 500 ppm in terns of sul phur of tetrabenzyl thiuram
di sul phi de as expressed by the undermentioned Formula (2
(which may bé referred to below as "constituent (©") and
(p from0.05 to 3.0 nmass% of an am ne as expressed by
the undernentioned Formula (3 or Forrmula (4 (which may
10 be referred to below as "constituent (D"). Units "ppnt
are based on mass.

Chemical Fornmula 1:

R! ﬁ X! x2 x4 ﬁ R?

\ | NI /

N—C—5~Mi.  Mo—S—C—N ™
/ Noy \
R? X R*

(In Formula (1), R' to R# denote alkyl groups, and x*
to X! denote oxygen atonms or sul phur atons.)

Chemical Fornula 2:

c
/
N s—§—CN

O = = %0

Chem cal Fornula 3:

()

RS
:>NC’:R6 (3)
R7

(Iln Formula (3), R® to R’ denote, each
15 i ndependently, hydrogen or an "al kyl group, aryl group or
al kyl aryl group"” having from 1 to 23 carbon atons.)

Chemical Formula 4:
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N\ 4)

(In Formula (4), R® and R® denote, each
i ndependently, hydrogen or an "al kyl group, aryl group or
al kyl aryl group” having from 1 to 23 carbon atons.)

Because the lubricating oil conposition of this form
of enbodi ment thus contains constituent (B and
constituent (o , as well as nolybdenum being supplied
from the nol ybdenum di al kyl di t hi ocarbamate a sul phur
conponent is supplied through breakdown of the
tetrabenzyl thiuram disul phide and so it becones possible
to forma filmon sliding friction surfaces inside the
engi ne by neans of nolybdenum disul phide conpounds.
Furthernore, because the tetrabenzyl thiuram disul phide
has a high thermal deconposition tenperature, it remains
for long periods within the lubricating oil conposition,
only breaking down little by little even inside the
engi ne. Because of this, it is possible over |ong
periods to prevent |osses of the sulphur within the
lubricating oil conposition, and it becones possible to
forma film by nmeans of nol ybdenum di sul phide conpounds
conti nuously. This also neans it is possible to exhibit
a superior friction reducing effect and a superior fuel
econony effect. In addition, the lubricating oil
conposition of this invention contains constituent (D),
and so the tetrabenzyl thiuram disul phide, which is
difficult to dissolve in the lubricating oil base oil,
becones easy to dissolve readily in the lubricating oil
base oil. This nmeans that the aforenmentioned function of
constituent (¢ is exhibited nore effectively.
(1-1) Constituent A:

Constituent (A is a lubricating oil base oil the

SUBSTITUTE SHEET (RULE 26)
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ki nematic viscosity of which at 100°C is in the range of
from 1.4 to 6 mm/s. The kinematic viscosity at 100°C is
preferably in the range of from 1.4 to 5.0 nm?/s and nore
preferably in the range of from 1.4 to 3.5 m¥/s. I f the
kinematic viscosity at 100°C is lower than 1.4 mm¥/s, the
amount of evaporation when running at high tenperatures
becones large, which is not desirable. If the kinematic
viscosity at 100°C is higher than 6 m¥/s, the fuel
econony effect decreases, which is not desirable. The
ki nematic viscosity is the value determined by the nethod
in accordance with JIS K 2283.

Constituent (A is preferably one which contains at
| east one kind selected from a group conprised of (A)

m xed mneral oil base oils the kinematic viscosity of
which at 100°C is in the range of from 1.4 to 6 nm?/s
(which may be referred to below as "constituent (A)"),
(A2) polyal phaol ef ins, alphaolefin oligonmers or mxtures
t hereof the kinematic viscosity of which at 100°C is in
the range of from2 to 8 mm?/s (which may be referred to
bel ow as "constituent (A2)"), (A3) hindered esters,
diesters or mxtures thereof the kinematic viscosity of
which at 100°C is in the range of from 1.4 to 12 mM¥/s
(which may be referred to below as "constituent (A3)")
and (A4) lubricating oil base oils the kinematic
viscosity of which at 100°C is 7 to 50 nmm?/s (which may
be referred to below as "constituent (A4)"). The

pol yal phaol ef ins and al phaolefin oligoners may each be
one kind alone or may be mxtures of plural kinds.

The lubricating oil base oil used in the lubricating
oil composition of the present form of enbodi nent
(constituent (A ) preferably uses the followi ng base oils
(A) to (A4), alone or, if necessary, as mxtures.

(1-1-1) Constituent (A) :
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As nentioned above, constituent (A) is a nixed
m neral oil base oil the kinematic viscosity of which at

100°C is in the range of from 1.4 to 6 mf/s.

Specifically, it is a Goup |l base oil, a Goup Ill base
oil or a mxture of a Goup Il base oil and a Goup |1l
base oil. "Goup 1" and "Goup IIl" here are categories

for base oils as stipulated by the APl (American
Petrol eum Institute) .

As exanples of Goup |1 base oils nention may be
made of paraffinic mneral oils obtained by application
of a suitable conbination of refining procedures such as
hydrocracking and dewaxing on lubricating oil fractions
obtai ned by vacuum distillation of crude oil. Goup II
base oils refined by hydroref ining nmethods such as the
@Qulf nethod, as well as having a total sul phur content of
less than 10 ppm have an aromatic conmponent of not nore
than 5% and are ideal for possible use as base oils
blended in the lubricating oil conposition of this form
of enbodi nent. Goup Il base oils where the viscosity
index is "100 or nore but less than 120" are preferred,
but "105 or nore but less than 120" is nore preferred.
Goup Il base oils where the total sulphur content is
| ess than 300 ppm are preferred, and less than 100 ppm is
nore preferred, whilst less than 10 ppm is especially
preferred. Goup 1l base oils where the total nitrogen
content is less than 10 ppm are preferred, and |ess than
1 ppm is nore preferred. Goup Il base oils where the
aniline point is 80 to 150°C are preferred, and 100 to
135°C is nore preferred. The sul phur content is the
value determned by using the x-ray fluorescence
techni que (ASTM D4294 and JIS K2541-4) . The nitrogen
content is the value determ ned by neans of the

chem | unmi nescence nmethod of JIS K 2609 (Crude Petrol eum
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- 11 -
and Petroleum Products - Determination of N trogen
Cont ent)
As exanples of Goup IIl base oils nention may be

made of "paraffinic mineral oils obtained by application
of severe hydroref ining nmeasures on lubricating oil
fractions obtained by va.cuum distillation of crude oil",
"base oils in which GIL (gas to liquid) waxes synthesised
by the Fischer-Tropsch process, which is a technique for
making liquefied fuels from natural gas, or waxes forned
t hrough further dewaxing processes” are "refined by the
| sodewaxi ng process which is a dewaxing process involving
first solvent dewaxing then converting to isoparaf fins"
and "base oils refined by the Mbil Wx isonerisation
process". The viscosity index of Goup |1l base oils is
at least 120, and is preferably 120 to 150. Al so, the
total sul phur content of Goup IIl base oils is
preferably less than 100 ppm but is nore preferably Iess
than 10 ppm The total nitrogen content of Goup 1|1 base
oils is also preferably less than 10 ppm but is nore
preferably less than 1 ppm The aniline point of Goup
Il base oils is preferably 80 to 150°C, but is nore
preferably 110 to 135°C.

(1-1-2) Constituent (A2):

Constituent (A2) is a base oil the kinematic
viscosity of which at 100°C is in the range of from 2 to
8 m¥/s, and is a polyal phaolef in, an al phaolefin
oligomer (a-olefin oligonmer) or a mxture
(pol yal phaol ef in and al phaolefin oligoner) thereof.

Pol yal phaol ef ins are polynmers of alphaolefins (nonomners)
of various kinds. The pol yal phaol ef ins may also be

m xtures of a plurality of kinds of "polyners of

al phaol efins (nononers)". Al phaol efin oligoners are

oligomers of alphaolefins (nononers) of various kinds,

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2013/083791 PCT/EP2012/074820

- 12 -

and include also oligoners of hydrogenated al phaol efins
(rnmononers) .  The al phaolefin oligoners may also be

m xtures of a plurality of kinds of "oligoners of

al phaol efins". They may also be mxtures in which a
plurality of "oligomers of hydrogenated al phaol efins
(rmononers)” have been m xed together. The al phaol efin
oligoners may also be mxtures of "oligoners of

al phaol efins (nmononers)” and "oligoners of hydrogenated
al phaol efins (nmononers)".

There is no special restriction on the al phaol efins
(nmononers) , and nmention may be made for exanple of
et hyl ene, propylene, butene and al phaolefins with 5 or
nore carbons. In the manufacture of polyal phaolef ins or
al phaolefin oligoners, it is possible to use one kind
alone of the aforenentioned alphaolefins (nmononmers) or to
use two kinds or nore in conbination. The af orenenti oned
pol yal phaol ef ins may be manufactured by a single
pol ynerisation of one kind of alphaolefin or may be
manuf actured by co-polynerisation of two or nore kinds of
al phaol efi ns. In other words, the aforenentioned
pol yal phaol ef ins may be single polyners (honopolyners ) of
one kind of alphaolefin (nononer) or may be co-polymers
of two or nore kinds of al phaol efins.

(1-1-3) Constituent (A3):

Constituent (A3) is a base oil the kinematic
viscosity of which at 100°C is in the range of from 1.4
to 12 m?/s, and is a hindered ester, diester or mixture
(hindered ester and diester) thereof.

Hi ndered esters are esters of hindered alcohols and
fatty acids.

Hi ndered al cohols are polyhydric alcohols which have
neopentyl groups that contain quaternary carbon atons in

their nolecules, preferably having from 5 to 30 carbon
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at ons. The hindered alcohols also even nore preferably
have from 5 to 20 carbon atonms, and especially from 10 to
20 carbon atons.

As exanmples of hindered alcohols nmention may be made
of neopentyl glycol, 2,2-diethylpropane-l, 3-diol, 2,2-

di butyl propane-1, 3-diol, 2-nethyl-2-propylpropane-1 , 3-
diol, 2-ethyl-2-butylpropane-1 ,3-diol , trinethylolethane,
tri met hyl ol propane, ditrinethyl opropane,

tritrinmethyl ol propane, tetratri met hyl ol propane,
pentaerythritol, dipentaerythritol , tripentaerythritol,
tetrapentaerythritol and pentapentaerythritol. The

hi ndered al cohols which form hindered esters may be one
kind or two or nore kinds of these. H ndered al cohols
with a high viscosity are preferred, and

di pentaerythritol, tripentaerythritol and the like are
specifically preferred.

For the fatty acid a linear or branched fatty acid
having from 4 to 20 carbon atons is preferred. A fatty
acid with from 4 to 12 carbon atons is nore preferred,
and one with from b5 to 9 carbon atons is especially
preferred. As examples of linear fatty acids nmention may
be made of n-butanoic acid, n-pentanoic acid, n-hexanoic
acid, n-heptanoic acid, n-octanoic acid, n-nonanoic acid,
n-decanoi ¢ acid, n-undecanoic acid, n-dodecanoic acid, n-
tridecanoic acid, n-tetradecanoic acid, n-pentadecanoic
acid, n-hexadecanoic acid, n-heptadecanoic acid and n-
oct adecanoi ¢ aci d. The linear fatty acids which form
hi ndered esters may be one kind or two or nore Kkinds of
t hese. As examples of branched fatty acids nmention may
be made of 2-nmethyl propanoic acid, 2-nethylbutanoic acid,
3-net hyl butanoic acid, 2,2-dinethylpropanoic acid, 2-
et hyl butanoic acid, 2,2-dinethylbutanoic acid, 2,3-

di met hyl butanoic acid, 2-ethylpentanoic acid, 2,2-
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di net hyl pentanoic acid, 2-ethyl-2-nethylbutanoic acid, 3-
nmet hyl hexanoic acid, 2-nethylheptanoic acid, 2-

et hyl hexanoic acid, 2-propylpentanoic acid, 2,2-

di net hyl hexanoic acid, 2-ethyl-2-nmethyl pentanoic acid, 2-
nmet hyl octanoic acid, 2,2-dinethylheptanoic acid, 2-

et hyl heptanoic acid, 2-nethylnonanoic acid, 2,2-

di met hyl octanoic acid, 2-ethyloctanoic acid, 2-

nmet hyl nonanoi ¢ acid, 2,2-dinethylnonanoic acid and
branched fatty acids with 11 or nore carbons. The
branched fatty acids which form hindered esters may be
one kind or two or nore kinds of these.

In the case of using two or nore kinds of fatty
acids which form hindered esters, fatty acids of fewer
than 4 carbons (for exanple, n-propanoic acid) my be
used so that the average nunber of carbons of the "fatty
aci d-derived hydrocarbon groups” which form the hindered
esters (where the carbon nunber of the "fatty acid-
derived hydrocarbon groups” (nole nunber) is divided by
the hindered ester nunber (nole nunber)) becones 4 to 8.

The hindered esters can be manufactured by the
manuf acturing mnethods of the prior art. For exanpl e,
mention may be nmade of (a) the nethod whereby a hindered
al cohol and a fatty acid are directly esterified by
dehydration and condensation wthout a catalyst or in the
presence of an acidic catalyst. Mention may also be made
of (b) the nmethod whereby a fatty acid chloride is
prepared and the fatty acid chloride obtained and a
hi ndered al cohol are reacted. Mention may further be
made of (c¢) the nethod of manufacture by
transesterif ication of esters of |lower alcohols and fatty
acids with hindered alcohols. Specifically, it is
preferable to manufacture hindered esters by any of the

aforenmentioned nethods (a) to (c) by using hindered
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al cohols of having from 5 to 30 carbon atons and fatty
acids having from 4 to 20 carbon atons.

As exanples of diesters nention may be made of
di carboxylic acid diesters and dihydric alcohol diesters.
Of these, dicarboxylic acid diesters are preferred. For
the diesters it is possible to use one kind of diester
alone or to use a conbination (by mxing) of two or nore
ki nds of diester.

For the dicarboxylic acid diesters, diesters of
ali phatic dicarboxylic acids and nonohydric alcohols are
preferred. For dihydric alcohol diesters, diesters of
al i phatic nonocarboxylic acids and dihydric alcohols are
preferred.

As exanmples of aliphatic dicarboxylic acids nention
may be made of malonic acid, nethylmalonic acid,
di mrethyl mal onic acid, ethylmalonic acid, diethylmlonic
acid, glutaric acid, dinethylglutaric acid,
diethylglutaric acid, di-n-propylglutaric acid,
diisopropylglutaric acid, dibutylglutaric acid, adipic
acid, dinmethyladipic acid, diethyladipic acid,
di propyl adi pic acid, dibutyladipic acid, succinic acid,
met hyl succinic acid, dinethylsuccinic acid, ethylsuccinic
acid, diethylsuccinic acid, dipropylsuccinic acid,
di butyl succinic acid, pimeric acid, tetranethylsuccinic
acid, suberic acid, azelaic acid, sebacic acid,
dodecanoic diacid and brassylic acid.

As exanpl es of nmonohydric alcohols, nention may be
made of nethanol, ethanol, propanol, isopropanol,
but anol, pentanol, hexanol, heptanol, octanol, 2-

et hyl hexanol, nonanol, decanol, isodecanol, undecanol,

dodecanol, tridecanol, tetradecanol and pent adecanol

The nonohydric alcohols which form esters with the two

carboxylic acids in dicarboxylic acid nolecules may be
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As exanpl es of aliphatic nonocarboxylic acids
mention may be made of acetic acid, n-propionic acid, n-
butyric acid, isobutyric acid, n-valeric acid, n-hexanoic
acid, a-nethyl hexanoic acid, a-ethylvaleric acid,

i sooctylic acid, pelargonic acid, n-decanoic acid,
i sodecanoi c acid, isotridecanoic acid and isohexadecanoic
acid.

As exanples of dihydric alcohols nention may be nmade
of ethylene glycol, propylene glycol, butylene glycol, 2-
butyl - 2- et hyl pr opanedi ol and 2, 4-di et hyl - pent anedi ol

The diesters preferably have a carbon nunber for all
nol ecules of 20 to 42, but a carbon nunmber wthin the
nol ecules of 22 to 30 is nore preferable and a carbon
nunber within the nolecules of 22 to 28 is especially
preferred. Furthernore, diesters which consist of a
conbi nation of carboxylic acids having from 3 to 18
carbon atons and al cohols having from 5 to 20 carbon
atons are preferred. The esterif ication of the
carboxylic acids and alcohols can be carried out by the
known art .

(1-1-4) Constituent (A4):

Constituent (A4) is a lubricating oil base oil the

ki nematic viscosity of which at 100°C is in the range of

from 7 to 50 nmm¥?/s. Constituent (A4) is preferably a

lubricating oil base oil corresponding to Goup 1, Goup
1, Goup Il or Goup IV in the base oil categories of
the APl  (American Petroleum Institute) standards. It may

also be a mxture of two to four kinds of these (Goups I
to Iv) . Since constituent (A4 is incorporated in the

lubricating oil conposition with the purpose of nodifying
the viscosity and pronoting dissolving of additives, the

%C, as sStipulated by ASTM D 3238 will be at |east not
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less than 2.0, but preferably not less than 3.0 and nore
preferably not less than 3.5.

As specific exanples of constituent (A4 nention may
be made of paraffxnxc mneral oils and bright stock.
(1-2) Constituent B:

Constituent (B is a nolybdenum
di al kyl di t hi ocarbamate as expressed by the undernentioned
Formula (1). '

Chemcal Fornmula 1:

R! ﬁ X' ox2 x4 S R
\ IR N/
N—C—S—M&]  Mo—S—C—N (1)
/ Ny \
R2 X R*

(In Formula (1), R' to R* denote alkyl groups, and X!
to X4 denote oxygen atons or sul phur atons.)

In the nol ybdenum di al kyl di t hi ocar bamat e, t he
el emental analysis value for the nolybdenum is preferably
in the range of from 9.5 to 10.5 mass %, and the
el emental analysis value for the sulphur is preferably in
the range of from 7.0 to 14.0 mass %.

Constituent (B) is incorporated in the lubricating
oil conposition of this form of enbodinent in the amount,
in terms of nolybdenum of from 250 to 2000 ppm but
preferably from 300 to 1800 ppm and nore preferably from
350 to 1600 ppm If it is less than 250 ppm the anount
of film formed by the nol ybdenum di sul phide conpounds
becones small, so that the friction reducing effect and
the fuel econony effect are reduced, which is not
desirabl e. If it is greater than 2000 ppm corrosion of
non-ferrous netals is caused, which is not desirable.
This would al so nean the expensive nolybdenum is used
wort hl essly, which is not desirable from the standpoints
of conservation of resources and reduction of costs. The

content of constituent (B in the lubricating oil
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conposition can be determned by carrying out an
el emental analysis using ICP (Inductively Coupled Plasm
atom c em ssion spectroscopy) analysis apparatus (which
may be referred to below as the ICP nethod) . The anopunt
of nol ybdenum can also be neasured by the |CP nethod.
The alkyl groups R', R2, R3® and R4 contained in the
nol ybdenum di al kyl di t hi ocarbamates as expressed by the
aforementioned Fornula (1) are each independently
i pophilic groups of 2 to 30 carbons, and it is
preferable if at |least one of these four Iipophilic
groups is a secondary |ipophilic group.
(1-3) Constituent (o :
Constituent (o is tetrabenzyl thiuram disul phide as
expressed by the undernentioned Formula (2).

Chemcal Formula 2:

H2 22
C J—
N /
yalk RN
—C S S C—
Ha Ha

For the tetrabenzyl thiuram disul phide, the
el emental analysis value of sulphur is preferably 23.5 %
1.0 mass %, and the elenental analysis value of nitrogen
is preferably 5.1 £ 0.5 mass %.

Constituent (o is incorporated in the lubricating
oil conposition of this form of enmbodinent in the anount,
in ternms of sulphur, of from 20 to 500 ppm but
preferably from 50 to 350 ppm nore preferably from 80 to
350 ppm and especially from 150 to 350 ppm If it is
| ess than 20 ppm the anount of sul phur supplied by
constituent (B beconmes snmall, and the amount of film
formed by the nol ybdenum disul phide conpounds becones
small, so that the friction reducing effect and the fuel

econony effect are reduced, which is not desirable. | f
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it is greater than 500 ppm, the anount of sul phur
supplied by constituent (B wll becone too large, and
t he amount of sul phur in the exhaust gases enitted by the
engine will increase, so that the catalyst to clean the
engi ne' s exhaust gases will be poisoned by said sul phur,
which is not desirable. The content of constituent (¢
in the lubricating oil conposition can be nmeasured by
using the x-ray fluorescence technique (ASTM D4294 and
JI'S K2541-4) .
Because the vapour pressure of constituent (¢ is

| ower than that of tetraal kyl thiuram disul phides, even

if the anbunt used is small it is unlikely to be
volatilised inside the engine and so it will supply a
sul phur comnmponent reliably to the sliding surfaces. By

virtue of this, formation of a film of nolybdenum

di sul phi de conpounds on the sliding surfaces can be
pronoted, and said film can be nmaintai ned. Al so, because
t he amount of constituent (¢ used can be made small, it
is possible to inhibi t‘ poi soning by sul phur of the

catal yst used for cleaning the exhaust gases. Were the
vapour pressure to be high, it would volatilise inside
the engine and eventually disappear, so that a film of
nol ybdenum di sul phi de conpounds would be unlikely to form
on the sliding surfaces, which is not desirable.

(1-4) Constituent (D :

Constituent (p is an amne as expressed by the
undernentioned Formula (3 or Forrmula (4). Amnes as
expressed by the undernentioned Formula (3 are prinmary
amines, and the am nes as expressed by Fornula (4 are
secondary am nes. In other words, constituent (D
contains no tertiary am nes. This is because it is
difficult to dissolve tetrabenzyl thiuram disulphide wth

tertiary am nes. From the standpoint of solubility of
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tetrabenzyl thiuram disul phide in respect of the base
oil, primary amines are preferred over secondary am nes
because it is then easier to dissolve the tetrabenzyl

t hi uram di sul phi de. Constituent (p my also be a

m xture of primary amnes as expressed by Fornmula (3, a
m xture of secondary am nes as expressed by Fornmula (4
or a mxture of "primary amnes as expressed by Formnula
(3) and secondary am nes as expressed by Fornmula (4)"

Chem cal Fornmula 3:

R5
|
/N~—c~—R (3)
y l

(In Formula (3), R® to R’ denote, each
i ndependently, hydrogen or an "al kyl group, aryl group or
al kyl aryl group"” having from 1 to 23 carbon atons. It is
preferable if at least one of RO to R’ is an "al kyl
group, aryl group or alkylaryl group"” having from 7 to 23
carbon atons .)

Chemcal Fornula 4:

\ 4)

(In Formula (4), R8 and R denote, each
i ndependently, hydrogen or an "al kyl group, aryl group or
al kyl aryl group"” having from 1 to 23 carbon atons. It is
preferable if at least one of R® and R® is an "al kyl
group, aryl group or alkylaryl group”" having from 7 to 23
carbon atons.)

The lubricating oil conposition of this form of
enbodi nent contains from 0.05 to 3.0 massl of constituent
(D), but preferably contains from 0.05 to 2.0 nmass% and

nore preferably contains from 0.05 to 1.0 nassl. | f
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there is less than 0.05 nass% the effect of inproving
"solubility of tetrabenzyl thiuram disul phide
(constituent (o ) in respect of the lubricating oil
conposition" nmay be reduced. If there is nore than 3.0
mass% in cases where a zinc dialkyldithiophosphate is
used as an anti-wear agent, the anti-wear effect of said
zinc dial kyl dithiophosphate may be reduced.

It is preferable if the amnes (constituent (p ) are
l[iquid at room tenperatures of 20 to 25°C

By incorporating constituent (p it is possible to
improve the solubility of tetrabenzyl thiuram disul phide
in respect of the lubricating oil conposition. By virtue
of this, it is possible to effect dispersion (dissolving)
of the tetrabenzyl thiuram disulphide uniformy in the
lubricating oil conposition, which nmeans it becones
possible to forma filmwth the nol ybdenum di sul phide
conpounds effectively.

In order to inprove wear-resisting properties, it is
preferable to incorporate a zinc dialkyldithiophosphate,
which is an anti-wear agent, in the lubricating oil
conmposition of this form of enbodi nent. However,
constituent (p , which is incorporated in the lubricating
oil conposition of this form of enbodinment is, as
nmenti oned above, a primary amne as expressed by Fornula
(3) or a secondary am ne as expressed by Fornula (4 . |If
a zinc dialkyldithi ophosphate and an am ne are thus
incorporated in the lubricating oil composition, the
anti-wear agent effect due to the zinc
di al kyl di t hi ophosphate may be reduced by the anine. For
this reason, and from the standpoint of not reducing the
"anti-wear agent effect due to the zinc
di al kyl di t hi ophosphate”, it is preferable if the steric

hi ndrance of the substituent groups linked to nitrogen in
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constituent (p is on the large side.

For this reason it is desirable if, in the case of
primary am nes as expressed by the aforenmentioned Fornula
(3), the substituent groups linked to nitrogen atons are
tertiary alkyl groups. It is also preferable if, in the
case of primary amnes as expressed by the aforenentioned
Formula (3), at least one of R®> to R’ of constituent (D
is an al kyl group, an aryl group or an alkylaryl group
having from 7 to 23 carbon atons. It is also preferable
if two of RS to R” are alkyl groups, aryl groups or
al kyl aryl groups. Further, in order to enhance the
solubility of the tetrabenzyl thiuram disul phide, and to
enhance the friction reducing effect w thout reducing the
wear-resisting properties of the zinc
di al kyl di t hi ophosphat e, it is desirable if constituent
(D is a mxture of primary amnes in which "the
substituent groups linked to nitrogen atonms are tertiary
al kyl groups" (tertiary alkyl-linked primary am nes) and
primary amines in which "at |east one of RS to R of
constituent (p) is an aryl group or an alkylaryl group"
(aryl-linked primry am nes) .

Also, in the case of secondary am nes as expressed
by the aforementioned Formula (4), it is desirable if at
| east one of R8 and R® in constituent (p is a tertiary
al kyl group, aryl group or alkylaryl group. It is also
desirable if both RS and RO are tertiary alkyl groups,
aryl groups or alkylaryl groups. Further, in order to
enhance the solubility of the tetrabenzyl thiuram
di sul phide, and to enhance the friction reducing effect
wi thout reducing the wear-resisting properties of the
zi nc di al kyl di t hi ophosphat e, it is also desirable if
constituent (p is a mxture of secondary amnes in which

"at least one of R® and R® in constituent (p is a
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tertiary alkyl group and does not contain an aryl group
or an alkylaryl group” (tertiary alkyl 1linked secondary
amne) and a secondary amine in which "at |east one of R8
and R® is an aryl group or an alkylaryl group" (aryl
linked secondary am ne) .

Also, in order to enhance the solubility of
tetrabenzyl thiuram disul phide, and to enhance the
friction reducing effect wthout reducing the wear-
resisting characteristics of zinc
di al kyl di t hi ophosphates , it is desirable either if

constituent (D is a mxture of the aforenentioned

tertiary alkyl linked primary amines and the

af orenentioned aryl linked secondary amines or if it is a
m xture of the aforenmentioned tertiary alkyl |Iinked
secondary amines and the aforenentioned aryl |I|inked

primary am nes.

As specific exanples of constituent (D, nmention may
be made of anmines of the "Prinene (RTM anmines series"
sold by Rohm and Haas Japan K K, (for exanple, Prinene
81-R (RTM and Prinmene JMT (RTM ) and Di-tridecyl an ne
sold by Japan Chentech Ltd. Primene 81-R (RTM is a
tertiary alkyl-primary amne mxture, and the carbon
nunber of alkyl groups linked to nitrogen atons is 12 to
14. Primtene JMT (RTM is a tertiary. al kyl -primary -am ne
m xture, and the carbon nunber of alkyl groups linked to
nitrogen atoms is 18 to 22.

(1-5) O her additives

It is preferable to add to the lubricating oil
conmposition of this form of enbodi nent, as required, at
| east one kind of other additive selected from the group
consisting of netallic detergents, ashless dispersants,
anti-wear agents (zinc dialkyldithiophosphates), rust

preventatives, metal deactivators, anti-oxidants ,
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viscosity index inprovers, pour point depressants and
def oaners. Further, it is also possible to incorporate
in the lubricating oil composition of this form of
enbodi rent at |east one kind of other additive selected
from the group consisting of demulsifiers and rubber
swel ling agents. The aforenentioned other kinds of
additive may be blended in alone or in mxtures of a
plurality of kinds. Of these, it is preferable to
incorporate at |east zinc dialkyldithiophosphates, whi ch
are anti-wear agents, with a view to inproving the wear-
resisting properties of the lubricating oil comnposition.
(1-5-1) Metallic detergents
For netallic detergents at |east one kind of

netallic detergent selected from the group consisting of
al kaline earth netal sulphonates, alkaline earth netal

phenates and alkaline earth nmetal salicylates is

preferred. Metallic detergents are nornmally sold
commercially, and so can be procured, in a form diluted
in a light lubricating base oil, but it is preferable to

use those with a nmetal content of from 1.0 to 20 mass %,
and it is nore preferable to use those with a netal
content of from 2.0 to 16 mass %.

The base nunber of the nmetallic detergents (alkaline
earth netal detergents) is not specially restricted, but
a value of not nore than 500 nmgKOH/ g is preferable, and a
value in the range of from 150 to 450 ngKOH g is nore
preferable. Base nunber here neans the base nunber
determned in accordance with "9." (Perchloric acid
nmet hod) of "Petroleum products and |ubricants -

Determ nation of neutralisation value" in JIS K 2501.
The content of netallic detergent in the lubricating oil
conmposition is not specially restricted, but, relative to

the total lubricating oil conposition, is preferably in
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the range of from 0.1 to 10 mass %, and nore preferably

in the range of from 0.5 to 8 mass %, but is especially

in the range of from 1 to 5 mass %. If it exceeds 10
mass %, this will give rise to early occurrence of
clogging of the emssions aftertreatnment apparatus, in

particular the DPF (Diesel Particulate Filter) , which is
not desirable.
(1-5-2) Ashless dispersants

For ashless dispersants it is possible to use any
ashl ess dispersants generally wused for lubricating oil
conposi tions. As exanples nention may be made of "nono-
succi nim des or bis-succinimdes” having in their
nol ecules at least one "linear or branched" "alkyl group
or al kenyl group” having from 40 to 400 carbon atons,
benzyl am nes having in their nolecules at |east one
"al kyl group or al kenyl group” having from 40 to 400
carbon atoms, polyamnes having in their nolecules at
| east one "al kyl group or alkenyl group” having from 40
to 400 carbon atons, or products thereof nodified by, for

exanmpl e, boron conpounds, carboxylic acids or phosphoric

aci d. At tinme of use, it is possible to blend in one
kind or two or nore kinds selected from any of these. In
particular, it is preferable to use as ashless

di spersants bis-type polybutenyl succinimdes , bis-type
pol ybut enyl succinimde derivatives, or mxtures thereof.
The weight average nol ecular weight of "alkyl groups
or al kenyl groups"” present in the nolecules of the
ashl ess dispersant is preferably not |ess than 1000, but
nore preferably is not |less than 2000, especially
preferably is not less than 2500 and nost preferably is
not |ess than 3000. I f the weight average nolecul ar
weight is less than 1000, the sludge dispersion

characteristics wll be inferior because the nol ecul ar
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wei ght of the pol ybutenyl group, which is a non-polar
group, wll be small. Al so, the amne portion, which is
a polar group which has a risk of becom ng an activation
poi nt for oxidative ageing, beconmes relatively |arge and
so there is a possibility of deterioration of oxidative
stability. From t hese -standpoi nts, the anmount of |
nitrogen contained in the ashless dispersant is
preferably not nore than 3 mass ®, but nore preferably is
not nore than 2 mass % and especially is not nore than 1
mass %. Also, the anmpbunt of nitrogen contained in the
ashl ess dispersant is preferably not less than 0.1 nass
%, but nore preferably not Iess.than 0.5 mass %. From
t he standpoint of preventing deterioration of |ow
tenperature viscosity characteristics, however, the
wei ght average nol ecul ar weight of "alkyl groups or
al kenyl groups” present in the nolecules is preferably
not nore than 6000 and nore preferably not nore than
5000. The wei ght average nol ecul ar weight of "alkyl
groups or al kenyl groups" which the ashless dispersant
has in its nolecules preferably lies wthin the
aforenmenti oned range irrespective of whether it is mono-
type or bis-type.

The content of ashless dispersant in the lubricating
oil conposition of this form of enbodinent, relative to
the total lubricating oil conposition and in terns of
el emental nitrogen, is preferably not |ess than 0.005
mass %, but nore preferably not less than 0.01 mass % and
especially not less than 0.05 mass %. The content of
ashl ess dispersant, relative to the total lubricating oil
conposition and in terns of elemental nitrogen, is also
preferably not nore than 0.3 mass %, but nore preferably
not nore than 0.2 mass % and especially not nore than

0.15 mass %. |If the anpbunt of ashless dispersant is |ess

SUBSTITUTE SHEET (RULE 26)



WO 2013/083791 PCT/EP2012/074820
- 27 -

than 0.005 mass %, it may be that sufficient detergent
effect cannot be displayed. Also, if the anount of
ashl ess di spersant exceeds 0.3 mass %, |ow tenperature
viscosity characteristics and derulsif ication
characteristics nmay deteriorate. It is preferable if the
lubricating oil conposition of this form of enbodi nent
contains a succinimde-based ashless dispersant with a
wei ght average nolecular weight of not nore than 8500.
Satisfactory sludge dispersion characteristics wll thus
be displayed and the |ow tenperature viscosity
characteristics wll be superior.

Also, in the case where ashless dispersants nodified
by boron conpounds are used, the anobunt of said ashless
di spersant, relative to the total Ilubricating oil
conmposition and in ternms of elemental boron, is
preferably not less than 0.005 mass %, but nore
preferably not less than 0.01 mass % and especially not
less than 0.02 mass %. The amount of said ashless
di spersant, relative to the total lubricating oil
conmposition and in ternms of elenental boron, is also
preferably not nore than 0.2 mass %, but nore preferably
not nore than 0.1 mass %. |If the amount of ashless
di spersant nodified by a boron conmpound is smaller than
0.005 mass %, it may be that sufficient detergent effect
cannot be displ ayed. Also, if the amount of ashless |
di spersant nodified by a boron conmpound exceeds 0.2 mass
%, |ow tenperature viscosity characteristics and
denul sif ication characteristics nay deteriorate.

(1-5-3) Anti-wear agents (zinc dialkyldithi ophosphates)

As exanples of zinc dialkyldithiophosphates which
are anti-wear agents, nention may be nmade of zinc
di i sobutyl di t hi ophosphate and zinc di 4-nethyl 2-

pentyl di t hi ophosphate . As well as having a function as
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an anti-wear agent, the zinc dialkyldithiophosphate also
has a function as an anti-oxidant . The anount of zinc

di al kyl di t hi ophosphat e, relative to the total |lubricating
oil conposition and in terms of zinc, is in the range of
from 0.02 to 0.15 nmass %, but preferably in the range of
from 0.05 to 0.12 mass %, and further it is especially in
the range of from 0.06 to 0.10 mass %.

(1-5-4) Rust preventatives:

As exanples of rust preventatives nmention may be
made of petrol eum sul phonates, al kyl benzene sul phonat es,
di nonyl napht hal ene  sul phonates, netal salts of
sul phonates, amne salts of sul phonates, zinc
napht henate, al keny'I succinate esters and polyhydric
al cohol esters.

(1-5-5) Metal deactivators:

As exanples of netal deactivators nention may be
made of imdazoline, pyrimdine derivatives,
al kyl t hi adi azol es , nercapt obenzot hi azol e, tolyltriazole,
benzot ri azole or derivatives thereof, 1,3,4-thiadiazole
pol ysul phides , 1,3, 4-thiadiazolyl-2 ,5-
bi sdi al kyl di t hi ocarbamates , 2-

(al kl yl di t hi 0) benzoi m dazoles and (- (o-
car boxybenzyl thi o) propionitrile
(1-5-6) Anti-oxidants: '

As exanples of anti-oxidants nention rmay be nmade of
t he am ne-based anti-oxidants of the known art generally
used for lubricating oils, such as the aromatic ani ne
conpounds al kyl di phenyl am nes , al kyl napht hyl am nes ,
phenyl - a- napht hyl ami nes , al kyl phenyl - a- napht hyl ami nes , or
phenol - based anti-oxidants of the known art, such as
4,4'-nmethyl enebis (2,6-di-tert-butyl phenol ) and 4,4'-
bis (2,6-di-tert-butyl phenol ), each respectively either

alone or in plural conbinations, or conbinations of these
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am ne-based anti-oxidants and phenol -based anti-oxidants
(1-5-7) Viscosity index inprovers:

As exanples of viscosity index inprovers nention may
be made of non-dispersant type viscosity index inprovers
and dispersant type viscosity index inprovers. As
exanpl es of non-dispersant viscosity index inprovers,
mention may be made of polynethacrylates and olefin
pol ymers such as ethyl ene-propyl ene copolyners, styrene-
di ene copol yners, polyisobutylene and polystyrene. As
exanpl es of dispersant viscosity index inprovers nmention
may be made of polynmers which conprise copolynerisation
of nononmers that form the aforenentioned non-dispersant
type viscosity index inprovers and nitrogen-containing
nononers. Viscosity index inprovers are desirable
because they can effect an inprovenment in the viscosity
characteristics of the lubricating oil conposition. The
viscosity index inprover is preferably incorporated in
the amount of from 0.05 to 20 mass % relative to the
total lubricating oil conposition.

(1-5-8) Pour point depressants:

Pour point depressants can be freely selected,
according to the characteristics of the lubricating oil
base oil, from any of the known pour point depressants,
but a polynethacrylate is preferred. The wei ght average
nol ecul ar weight of a polynethacrylate wused as a pour
poi nt depressant is preferably in the range of from 10000
to 300000, but nore preferably in the range of from 50000
to 200000. Pour point depressants are desirable because
they can effect an inprovenent in the |ow tenperature
flow characteristics of the lubricating oil conposition.
The pour point depressant is preferably incorporated in
an anount of from 0.05 to 20 mass % relative to the total

lubricating oil conposition.
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(1-5-9) Defoaners:

For defoanmers it is possible to use any conpounds
normally used as defoaners for lubricating oil
conposi tions. As exanples nention may be nmade of -
silicone-based defoaners such as polydinethyl siloxane
and fluorine-based defoaners such as fluorosilicones,
which are fluorine-nodified silicones. One kind or two
or nore kinds freely selected from any of these of these
compounds may be blended in optional anmounts, and used as
a def oaner.

(1-5-10) Demulsifiers:

As exanples of demulsif iers, mention may be nmade of
pol yal kyl ene gl ycol -based non-ionic surface active agents
such as pol yoxyethyl ene al kyl ethers, polyoxyethylene
al kyl phenyl ethers and pol yoxyethyl ene al kyl napht hyl
et hers .

(1-5-10) Rubber swelling agents:

As exanples of rubber swelling agents, nmention may
be made of various am ne conpounds and esters.
(1-5-11) Friction nodifiers:

As exanples of friction nodifiers (FM , nention may
be made of organic nolybdenum compounds such as
"ol ybdenum di al kyl di t hi ophosphates and ami ne conpl exes
of nol ybdenuni, fatty acid esters, fatty acid am nes,
fatty acid ami des, neutral phosphate esters, amne salts
of phosphate esters, thiophosphate esters and sul phurised
oils and fats. Friction nodifiers can be added in the
smal |l amount of 0.1 to 2 mass% relative to the total
lubricating oil conposition, being used chiefly to reduce
friction.

(2y Method of manufacture of the lubricating oil
composi tion :

G ven next is an explanation of the nmethod of
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manuf acture of one form of enbodinment of the lubricating
oil composition of this invention.
The nethod of manufacture of one form of enbodi ment
of the lubricating oil conmposition of this invention is a
method in which a lubricating oil conposition is obtained
by m xing together (A a lubricating oil base oil the
ki nematic viscosity of which at 100°C is in the range of
from 1.4 to 6 nm?/s (constituent (A), (B from 250 to
2000 ppm in ternms of nolybdenum of a nol ybdenum
di al kyl dirthiocarbamate as expressed by the aforenentioned
Formula (1) (constituent (B ), (¢ from 20 to 500 ppm in
terms of sul phur, of tetrabenzyl thiuram disul phide as
expressed by the aforementioned Fornmula (2) (constituent
(o) and (p from 0.05 to 3.0 mass% of an am ne
(constituent (p ).
(2-1)
As an exanple of the nethod of mxing the

af orenenti oned constituent (A , constituent (B ,
constituent (¢ and constituent (D , nention may be nade
of the nethod whereby, in a tenperature range of 80 to
125°C, constituent (o and constituent (D) are dissolved
in a small anmount of constituent (A and, after cooling,
constituent (B is mxed with the mxture of constituent
(A, constituent (¢ and constituent (p . It is also
possible to dissolve constituent (B in constituent (A
(the lubricating oil base oil) in advance, but it is
preferable to dissolve constituent (B in the mxture of
constituent (A , constituent (¢ and constituent (b
after dissolving constituent (9 and constituent (p in
constituent (A (the lubricating oil base oil) and
cooling, because constituent (A (the lubricating oil
base oil) is heated in order to dissolve constituent (¢ .

(2-2)
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As a nmethod of m'xi'ng constituent (A , constituent
(B) , constituent (¢ and constituent (b, the follow ng
method is also preferred. That is, the preferred nethod
is one whereby a lubricating oil conposition (the
lubricating oil conposition of this invention) containing
"(A a lubricating oil base oil the kinematic viscosity
of which at 100°C is in the range of from 1.4 to 6 mf/s,
(Bp from 250 to 2000 ppm in ternms of nolybdenum of a
nol ybdenum di al kyl di t hi ocarbamate as shown by the
af orementioned Formula (1), (¢ from 20 to 500 ppm in
ternms of sul phur, of tetrabenzyl thiuram disul phide as
shown by the aforenentioned Fornmula (2 and (p from 0.05
to 3.0 mass% of an am ne" is prepared by preparing an
amine solution (which may be referred to as solution (X
bel ow) by dissolving tetrabenzyl thiuram disul phide as
expressed by the aforenmentioned Formula (2 in a liquid
m xture of an amine and a base oil (for exanple,
constituent (A4)) in the tenperature range of from 80 to
125°C. Then, said amine solution (solution (X), a
lubricating oil base oil the kinematic viscosity of which
at 100°C is in the range of from 1.4 to 6 m¥/s, and a
nol ybdenum di al kyl di t hi ocarbamate as expressed by the
aforenmentioned Fornmula (1) are mixed in the tenperature
range 6f from 50 to 70°C. The base oil is preferably in
an amount of the same order as th‘e am ne. By mi xi ng
constituent (A , constituent (B, constituent (¢ and
constituent (p) at the sane tine, and making the
temperature of the whole in the range of from 80 to
125°C, constituent (A or constituent (B) may give rise
t o deconposition due to heat, thermal degradation or
oxi dative ageing. But if dissolving is promoted by
creating a high tenperature of from 80 to 125°C only when

preparing a small anobunt of am ne solution (solution
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(¥ ), and the tenperature when m xing constituent (B) and
a large anount of constituent (A is kept in the range of
from 50 to 70°C, it will be possible to avoid
deconposition due to heat, thermal degradation and
oxi dati ve agei ng.
(2-2-1) Solution (x :

As nmentioned above, it is difficult to dissolve the
tetrabenzyl thiuram disulphide in constituent (A (the
lubricating oil base oil) . For this reason, in the prior
art irrespective of application or purpose, tetrabenzyl
t hi uram di sul phide has not been used nuch as an additive
in lubricating oil compositions. On the other hand, by,
for example, mxing the tetrabenzyl thiuram disul phide as
well as an amine with constituent (A (the lubricating
oil base oil) in the temperature range of from 80 to
125°C, as nentioned above it beconmes possible to nake the
tetrabenzyl thiuram disul phide dissolve readily in
constituent (A (the lubricating oil base oil) . However,
there may also be deterioration of the lubricating oil
base oil or the additives, depending on type, by virtue
of the heat, and, where practicable, it is preferable to
avoid heating the lubricating oil base oil and additives
nore than is necessary.

In response to issues such as those nentioned above,
the inventors have discovered that an am ne solution
(solution (x ) obtained by dissolving tetrabenzyl thiuram
di sulphide in a liquid mxture of an amne and a base oil
(for exanple, constituent (A4)) readily dissolves in
constituent (A (the lubricating oil base oil) . By
virtue of this, the problem whereby "the tetrabenzyl
thiuram disulphide is difficult to dissolve in
constituent (A (the lubricating oil base oil)" has been

resolved, and it has become possible to prepare, easily

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2013/083791 PCT/EP2012/074820

- 34 -

and while preventing deterioration of the constituents, a
[ubricating oil composition in which tetrabenzyl thiuram
di sul phide has been dissol ved.

Solution (x is an "am ne solution containing
tetrabenzyl thiuram disul phide and an am ne" obtained by
di ssolving tetrabenzyl thiuram disulphide in a liquid
m xture of an amine and a base oil (for exanple,
constituent (A4). The amne is the aforenmentioned
constituent (p) which fornms part of the lubricating oil
conposition of this form of enbodi nent. The tetrabenzyl
thiuram disul phide is the aforenentioned constituent (0
which also forns part of the lubricating oil conposition
of this form of enbodi nent. Constituent (A4 is a
[ubricating oil base oil the kinematic viscosity of which
at 100°C is in the range of from 7 to 50 nm¥/s.
Constituent (A4) is preferably also a lubricating oil
base oil which corresponds to Goup 1, Goup II, Goup II
or Goup IV of the categories stipulated by the API
(Anerican Petroleum Institute) . It is also possible to
use mxtures of two to four kinds of these (Goups | to
V). Constituent (A4) is incorporated in the lubricating
oil conposition with the purpose of regulating the
viscosity and aiding solubility of additives. The "%C,"
of constituent (A4) as stipulated by ASTM D3238 is
preferably not less than 2.0, and nore preferably not
less than 3.0 but not nore than 5.0.

The proportion of tetrabenzyl thiuram disul phide
contained in solution (x is preferably in the range of
from 20 to 50 mass %, but nore preferably in the range of
from 30 to 50 mass % and especially in the range of from
30 to 40 mass %. If it is less than 20 mass %, it wll
be necessary to add nore of solution (x in order to

achieve the desired value for the concentration of the
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tetrabenzyl thiuram disulphide in the lubricating oil
conmposition, so that the amount of am ne added becones
too large, which is not desirable. If it is nmore than 50
mass %, it becomes difficult for the tetrabenzyl thiuram
di sul phide to dissolve, which is also not desirable.

It is preferable if the tetrabenzyl thiuram
di sul phide is dissolved uniformy in solution (x . In
this case, it can be assessed as "unifornt if there is no
precipitation visible to the naked eye.

(2-2-2) Method of manufacture of solution (x :

As nentioned above, the nethod of manufacture of the
amne solution (solution (X)) is a nethod whereby an
amine solution is prepared by dissolving tetrabenzyl
t hi uram disul phide (nelting point: 124°C) as expressed by
the aforenentioned Formula (20 in a liquid mxture of an
amine and a base oil in a tenperature range of from 80 to
125°C. .

After dissolving the tetrabenzyl t hi uram di sul phi de
in the liquid mxture of amine and base oil, solution (x
is preferably cooled to 20 to 50°C, but nore preferably
cooled to a room tenmperature of from 20 to 25°C Even if
solution (x is cooled to such tenperatures, the
tetrabenzyl thiuram disulphide wll not separate out.

The nethod of dissolving the tetrabenzyl thiuram
di sul phide in the liquid mxture of am ne and base oil is
not specially limted, but a preferred nmethod is to add
the tetrabenzyl thiuram disulphide to the liquid mxture
of am ne and base oil and to agitate them For the
method of agitation, a preferred nethod is to place the
tetrabenzyl thiuram disul phide and the liquid mxture of
amine and base oil in a vessel (a dissolving tank or the
like) and to use paddles or a stirrer for the agitation.

It is also possible to agitate by installing a punp
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outside the vessel containing the tetrabenzyl thiuram

di sul phide and the liquid mxture of amne and base oil
and circulating the liquid inside the vessel by neans of
t he punp.

(2-2-3) Manufacture of lubricating oil conposition:

After preparing solution (x , the lubricating oil
conposition of this invention is prepared by m xing
together said solution (x , a "lubricating oil base oil
the kinematic viscosity of which at 100°C is in the range
of from 1.4 to 6 m¥/s" and a "nol ybdenum
di al kyl di t hi ocarbamate as expressed by the aforenentioned
Formula (1)" in the tenperature range of from 50 to 70°C

For the "lubricating oil base oil the kinematic
viscosity of which at 100°C is in the range of from 1.4
to 6 nmm?/s" the aforenentioned constituent (A which
forms part of the lubricating oil conposition of this
form of enbodinent is preferred. For the "nol ybdenum
di al kyl di t hi ocarbamate as expressed by the aforenentioned
Formula (1)" the aforenentioned constituent (B which
forms part of the lubricating oil conposition of this
form of enbodinent is preferred.

The tenperature at which solution (x , the
"lubricating oil base oil the kinematic viscosity of
which at 100°C is in the range of from 1.4 to 6 mMm®/s"
and the "nol ybdenum dial kyl di t hi ocarbamate as expressed
by the aforenentioned Forrmula (1)" are mixed is in the
range of from 50 to 70°C. If it is |lower than 50°C, it
becomes difficult to dissolve solution (X and the
"ol ybdenum di al kyl di t hi ocarbanmate as expressed by the
aforementioned Formula (1)" uniformy in the "lubricating
oil base oil the kinematic viscosity of which at 100°C is
in the range of from 1.4 to 6 nmm#/s". If it is higher

than 70°C, there is a risk that thernmal degradation may
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occur, which is not desirable.

The nethod of mxing solution (x , the "lubricating
oil base oil with a kinematic viscosity at 100°C in the
range of from 1.4 to 6 m®/s" and the "nol ybdenum
di al kyl di t hi ocarbamate as expressed by the aforenentioned
Formula (1)" is not specially limted, but a preferred
method is to add solution (x and the nolybdenum
di al kyl di t hi ocarbamate to the lubricating oil base oil
the kinematic viscosity of which at 100°C is in the range
of from 1.4 to 6 nm?/s and to agitate them For the
method of agitation, a preferred nmethod is to place
solution (x , the "lubricating oil base oil the kinematic
viscosity of which at 100°C is in the range of from 1.4
to 6 nMm?/s" and the "nolybdenum dial kyl dithi ocarbamate as
expressed by the aforenentioned Formula (1)" in a vessel
(a dissolving tank or the like) and to use paddles or a
stirrer for the agitation. It is also possible to
agitate by installing a punp outside the vessel and
circulating the liquid inside the vessel by nmeans of the
punp .

It is preferable to add solution (x to the
"lubricating oil base oil the kinematic viscosity of
which at 100°C is in the range of from 1.4 to 6 mm?/s" so
that the "blended anobunt of tetrabenzyl thiuram
di sul phide relative to the total Ilubricating oil
conmposition becones 20 to 500 ppm in terns of sul phur”.
Further, the anount of solution (x added will nore
preferably be in the range of from 50 to 350 ppm based on
t he aforenentioned sul phur conversion, preferably in the
range of from 80 to 350 ppm based on the aforenentioned
sul phur conversion, and nost preferably in the range of
from 150 to 350 ppm

It is preferable to add the "nolybdenum
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di al kyl di t hi ocarbamate as expressed by the aforenentioned
Formula (1)" to the "lubricating oil base oil the
ki nematic viscosity of which at 100°C is in the range of
from 1.4 to 6 m?/s" so that it is present in an anpunt
of from 250 to 2000 ppm in terns of nolybdenum relative
to the total lubricating oil conposition. Further, the
amount of nol ybdenum di al kyl di t hi ocarbamate added is nore
preferably in the range of from 300 to 1800 ppm in ternmns
of nol ybdenum and especially in the range of from 350 to
1600 ppm in terns of nolybdenum

When solution (x is mxed with the "lubricating oil
base oil the kinematic viscosity of which at 100°C is in
the range of from 1.4 to 6 mm¥/s" and the "nolybdenum
di al kyl di t hi ocarbamate as expressed by the aforenentioned
Formula (1)", it is also possible to add "other
additives". As exanples of the "other additives" nmention
may be nmade of the "other additives" which can be bl ended
in the aforenmentioned form of enbodi ment of the
lubricating oil conposition of this invention. The
amounts added of each of the "other additives" are
preferably determ ned so that the preferred blend anopunt
of each of the "other additives" is as blended in the
aforenenti oned form of enbodinent of the lubricating oil

conmposition of this invention.

Exanpl es
G ven below in nore specific detail is an

expl anation of exanples of the present invention, but the
invention is in no way limted by any of these exanples.
Solution X

50 g of tetrabenzyl thiuram disul phide as expressed
in the aforenentioned Fornmula (2), 25 g of amine-1 (an
am ne as expressed by the aforementioned Fornula (3)), 25

g of amne-4 (an anmi ne as expressed by the aforenentioned
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Formulato (4)) and 50 g of "base oil 2", a paraffinic

m neral oil being constituent (A4), were mxed together
in a conical beaker, and a uniform yellow solution
(solution (X-1)) was obtained by raising the tenperature
to 130°C and agitating by neans of a stirrer for 15

m nut es. By this neans, it was possible to dissolve the
af orenenti oned tetrabenzyl thiuram disulphide in the
aforenenti oned amne and "base oil 2", the paraffinic
mneral oil which was constituent (A4), and to obtain
solution (X-1) . After this, solution (X1) was cooled to
room tenperature (25°C) . Even though solution (X1) had
cooled to room tenperature, no crystals (crystals of
tetrabenzyl thiuram disul phide) separated out. Sol uti on
(X-1) is one exanple of Solution (x . Amine-1 was
procured from Rohm and Haas Japan Ltd, and its trade nane
is Primene JMT. The trade nane of am ne-4 is Naugal ube
640 (an al kyl di phenyl am ne) made by Chentura Inc. of the
USA. Table 3 shows the conposition ratios for solution
(X-1) . Table 3 also shows the conposition ratios for
Solution (X-2) and Solution (X-3) . "Sanceler TBZTD' made
by Sanshin Chemical Industry Co. Ltd. was used for the

t et rabenzyl thiuram disul phide.

Lubricating oil conposition

Next, to the conical beaker were added 8.9 g of the
gasoline engine oil package additives for GF5 (GF5
package), 0.3 g of solution (X-1), 0.7 g of a "nolybdenum
di al kyl di t hi ocarbamate as expressed by the aforenentioned
Formula (1)" (organic nolybdenunm), 9.3 g of a viscosity |
index inprover, 0.4 g of a pour point depressant and
0.03g of a defoanmer solution, and finally 80.37 g of
"Base oil 1" were added.

The commercial package Oronite made by Chevron Japan

Ltd. was used for the gasoline engine oil package

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2013/083791 PCT/EP2012/074820

- 40 -

additives for G5 (G5 package) . It contained a blend of
a nmetallic detergent, a succininmde and a boron-nodified
succi nimde, a zinc dialkyldithiophosphate, an anti -

oxi dant, a metal deactivator and a rust preventative.
Solution (X-1) was added so that the content of
tetrabenzyl thiuram disulphide in the lubricating oil
conposition becane 235 ppm in ternms of sul phur. The

nol ybdenum di al kyl di t hi ocarbamate was added so that the
content of nol ybdenum di al kyl di thi ocarbamate in the
lubricating oil conposition becanme 700 ppm in terns of

nol ybdenum A comercial product of trade nane "Adeka
Sakur a- Lube 525" nmde by Adeka Co. Ltd. was used for the
nol ybdenum di al kyl di t hi ocar bamat e. A non-di spersant type
of ethyl ene-propyl ene copolyner viscosity index inprover
was used for the viscosity index inmprover. A 3%
concentration of polydinmethylsiloxane in kerosene

(pol ydi met hyl sil oxane : kerosene = 3 : 97 (mass ratio))
was used for the defoamer solution (commercial nane
SHF12500, made by Dow Corning Co. Ltd.). The units "ppnt
are based on nass.

Next, the tenperature of the mixture in the conical
beaker was raised to 70°C, and the lubricating oil
conposition was obtained after agitating with a stirrer
for 20 m nutes. The kinematic viscosity at 100°C of the
| ubricating oil composition was 8.3 mm¥/s. The kinematic
viscosity was determined by the nethod of JIS K2283.

Base oil characteristics

Base oil 1 was a Goup IIl base oil (kinematic
viscosity at 100°C. 4.21 mm¥/s, VI (viscosity index):
123.) Base oil 2 was a paraffinic Goup | base oil
(kinematic viscosity at 100°C. 7.6 m?/s, VI (viscosity
index) : 99) . Base oil 1 was constituent (A) in

lubricating oil base oil (A and base oil 2 was
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consti tuent (A4) in lubricating oil base oil (A). Base

oil 3 as used in Exanple 8 and shown below was a Goup |

base oil (kinematic viscosity at 100°C. 4.56 mn?/s, VI

(viscosity index) : 99) . Table 4 shows the

characteristics of base oils 1 to 3.

Table 4 shows the

values for "%C,", "%C\" and "%Cp', deternined by the

met hods of ASTM D3238-95.

A "friction test" was carried out

, by the rrethod

shown below, on the lubricating oil conpositions

obtained. The results are shown in Table 1.

In Tables 1 and 2, the rubric "O

denotes the mass (g) of the total noly

gani ¢ nol ybdenunt

bdenum

di al kyl di t hi ocar banat e relative to the total |lubricating

oil conposition, and the "amount added (ppm) in ternms of

nmol ybdenunm’ of the nol ybdenum dialkyld
relative to the total Ilubricating oil

rubrics Solution (X-1), Solution (X-2)
and Solution (X-4) respectively denote
%) of solution (X-1), solution (X-2),

solution (X-4) respectively relative t
lubricating oil conposition. The rubr

of solution (X)" denotes the content

i t hi ocar bamat e

composi ti on. The

, Solution (X-3)
the content (nmass

solution (X-3) and

o the total

ic "Am ne content

(mass %) of am nes

in "solution (X-1), solution (X-2), solution (X-3) or

solution (X-4)" relative to the total
composi ti on. The rubric "Thiuram cont
denotes the total anobunt of tetrabenzyl

di sul phide added (nass %) relative to

| ubricating oil

ent in Solution X"
t hi uram
the total

lubricating oil composition and the "anpunt added (ppm

in terms of sul phur” of tetrabenzyl thiuram disul phide

relative to the total Ilubricating oil

package" neans the gasoline engine oil

composi ti on. "G5

package additives

for G-5. "GF-4 package" neans the gasoline engine oil

package additives for G4 . The rubric
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viscosity" denotes the kinematic viscosities at 100°C
(m¥/s) of the lubricating oil conpositions obtained.

Friction test

The friction coefficients for the lubricating oil
compositions obtained were determined by the method
stipulated in ASTM D 2714-94 (LFW1 friction test), and
the width of the wear scar after the test was confirmed.

The conditions for measuring the friction
coefficient were a test load of 1069 (N , étest durati on
of 30 (minutes) and test speed of 546 (rpm (1 (ms)).
The tenperature of the test oil was set at 75 £ 3°C for
the initial 15 minutes, and then the tenperature was
raised at a rate of 5°C/minute up to 120°C, after which
it was fixed at 120 = 3°C until conpletion of the test.
Measurenents of the friction coefficient were carried out
respectively at an oil tenmperature of 75°C 15 minutes
after start of the test, at an oil tenperature of 100°C
about 20 minutes after start of the test and at an oil
tenperature of 120°C 30 minutes after start of the test
(inmedi ately before conpletion of the test) . |In the case
of width of the wear scar, the lower the value the better
the wear-resisting properties, and it is preferably not

nmore than 0.90 mm
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Table 2 (continued)
Comp. [Comp. [Comp.
Fx. 10 Ex. 11 [Ex. 12
Base oil - 1 | Mass % 70.40 {71.10 [81.40
Base oil - 3 | Mass 3 7.00 [7.00
GF-4 package iMass % 9.00 9.00
GF-5 package ?Mass % 8.90
Molybdenum iMaSS ° 0.70
dialkyldithiocarbamate EAs Mo (ppm) [700
Solution X-1 iMass %
Solution X-2 i Mass %
Solution X-3 éMass %
Solution X-4 éMass %
Amine content of ' Mass 2
solution X ; °
Amount of thiuram- i As sulphur
derived S . (ppm)
Viscosity index i Mass % 12.60 [12.60 [9.30
improver :
Pour point depressant EMass % 0.30 0.30 0.40
Defoamer solution éMass % 0.00 0.00 0.00
Total 100.0 ([100.0 |100.0
Kinematic viscosity b
o tmm“/s 9.830| 8.266
@100°C :
{011
; temperature |5 103 [0.128 [0.123
1 75°C
iOil
Friction coefficient | temperature o 069 [0.125 [0.125
1 100°C
101l
i temperature 9 072 |0.121 [0.128
§120°C
Wear scar width after inm1 0.9 0.93 0.90
test :
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Table 4
Base o0il | Base o0il | Base o0il
-1 - 2 - 3
Base o0il group Group
(API category) TII Group I | Group I
Kinematic 5
, , o | Mm“/s 4.21 7.6 4.56
viscosity 100°C
L mm?/s 55.1 24.4
40°C
Viscosity index 123 99 99
Pour point L°C -15 - -12.5 -20
Flash point °C 214 256 228
Sulphur component | Mass $| 0.0008 0.6 0.5
%Ca 0 3.2 3.4
ASTM D3238-95 %Cy 22.4 30.7 30.1
%Cp 77.6 66.1 66.5
Exanples 2 to 9, Conparative Exanples 1 to 12
Apart from the changes to the various conditions
shown in Tables 1 to 3, lubricating oil conpositions were
prepared in the same way as in Exanple 1. "Friction
tests" using the aforenentioned nethod were performed on
the lubricating oil conpositions obtained. The results
are shown in Tables 1 and 2.
"Amine- 1" to "Anmine-6" in Table 3 were as follows.
"Am ne-1" was "Primene JMT " (RTM procured from the
conmpany "Rohm and Haas Japan." "Amine 2" was "Prinene
81R' (RTM procured from the conpany "Rohm and Haas
Japan. " "Amine 3" was "Di-tridecyl am ne" sold by "Japan
Chenmtech Ltd.". "Am ne-4" was "Naugal ube 640" (RTM nade
by "Chentura Corp. USA". "Naugal ube 640" is an
al kyl di phenyl ani ne. "Am ne-5" was "Farmin DML098" (RTM
made by Kao Ltd. Farmn DMLO98 is a dinethyldecylam ne
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"Am ne-6" was “Farmin D6098" (RTM nmade by Kao Ltd.
"Farmin D6098" is a dinethylpalmtylanine . "Amne-1" to
“Ani ne-4" contained constituent (D) . In Table 3, the
tetrabenzyl thiuram disul phide was "Sanceler TBZTD' made
by Sanshin Chemical Industry Co. Ltd.

It can be seen from Tables 1 and 2 that if the
anmount of nol ybdenum di al kyl di t hi ocar bamat e added is the
same, lubricating oil conpositions where a tetrabenzyl
t hi uram disul phide has further been added have a | ower
friction coefficient (Exanples 1 to 9, Conparative
Exanples 1 to 12) . From the results of Exanple 2 and
Exanple 3, and Exanple 5 and Exanple 6, it can also be
seen that the friction coefficient can be lowered by
increasing the anmount of tetrabenzyl thiuram disul phide
added in the presence of a nolybdenum
di al kyl di t hi ocar banat e. From the results of Exanples 2
and 5, and Exanple 3 and Exanple 6, it can be seen that
the friction coefficient stabilises at the various
tenperatures and exhibits |ow values through an increase
in the amount of nol ybdenum dial kyl dithi ocar banat e added
in the presence of tetrabenzyl thiuram disul phide. The
lubricating oil conposition of Exanple 2 (Exanple 3)
conbi nes use of tetrabenzyl thiuram disulphide and a
nmol ybdenum di al kyl di t hi ocar banmat e and so, notw thstanding
the fact that the anount of nol ybdenum
di al kyl di t hi ocar banat e added is smaller than in the
lubricating oil conposition of Conparative Exanple 7
(Conparative Exanple 8), the friction coefficient at
120°C of the lubricating oil conposition of Exanple 2
(Exanple 3) has a lower value than the lubricating oil
conposition of Conparative Exanple 7 (Conparative Exanple
8). Also, as regards width of wear scar, it can be seen

that it is less than 0.90 mm in the case of Exanples 1 to
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7 and 9, but in the case of Conparative Exanples 6 to 8,
where nol ybdenum di al kyl di t hi ocarbamate has been added,
the wear scar is nore than 0.90 mm From Conparative
Examples 1 to 5 and 9 it can be seen that there was no
friction reducing effect with just an amne and
tetrabenzyl thiuram disul phide.

From Table 1 it can be seen that in the case of the
[ubricating oil conpositions of Exanmples 1 to 7 and 9 the
friction reducing effect is superior, the wear scar w dth
being low and the friction coefficient being low, and so
the fuel econony effect is superior. Further, solution
(X-4) was used in the preparation of the lubricating oil
conposition of Exanple 8. Solution (X-4) contained
"am ne-2" and did not contain "am ne-4". VWhereas, in the

case of "am ne-2", alkyl groups which do not have very
much steric hindrance are linked to the nitrogen atons,
in the case of "amne-4", which is an alkyldi phenyl am ne,
substituent groups with large steric hindrance are |inked
to the nitrogen atons. Normal ly, amines inpair the
effect of the wear-resisting properties of zinc

di al kyl di t hi ophosphates , but amines that contain
substituent groups with large steric hindrance are not

apt to inpair the effect of the wear-resisting properties

of zinc dial kyldithiophosphates. For this reason, if
"am ne-4" is incorporated in the lubricating oil
conposition, it means the effect of the wear-resisting

properties of zinc dialkyldithi ophosphates is not I|ikely
to be inpaired, but if a lubricating oil conposition
contains "amne-2" and, as well, does not contain "am ne-
4", this neans the effect of the wear-resisting

properties of zinc dialkyldithi ophosphates wll be

i mpai red. For the above reasons, the value of "wear scar

width after the test" of the lubricating oil conposition
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of Exanmple 8 increased. The size of the "wear scar wdth
after the test" is preferably not nore than 0.90 mm
though if it is of the order of 0.94 mm for practical
purposes it is considered to be a usable value.

It was confirmed that the tet rabenzylb t hi uram
di sul phide incorporated in the lubricating oil
conposition of this invention is less prone to
volatilising than tetraal kyl thiuram disul phides, and
that the proportion of sulphur remaining is higher.

Vol atility Tests

The evaporation |osses of the sul phur-based
additives (tetrabenzyl thiuram disul phide and so on) were
deternmined by the test method for determ nation of
evaporation loss in engine oils as stipulated in ASTM
D5800 (Noack evaporation loss test) . Mre specifically,
t he sul phur-based additive was dissolved in a Goup III
base oil the kinematic viscosity of which at 100°C was 4
m¥/s, and a Noack evaporation |oss test was perforned.
The masses of sul phur before and after the test were
neasured, and the rate of remaining sulphur was
calculated as (100 x (mass of sulphur after the test) /
(mass of sul phur before the test)).

The volatility tests were carried out on tetrabenzyl
t hi uram di sul phide (Commercial nanme: "Sanceler TBZTD'
made by Sanshin Chenical Industry Co. Ltd.), and on
tetraal kyl thiuram disul phides (tetraethyl thiuram
di sul phide (conmercial nanme: Nocceler-TET, nmade by Quchi
Shinko Chenical Industrial Co. Ltd.), tetrabutyl thiuram
di sul phide (commercial nanme: Nocceler-TBT, nmade by Quchi
Shinko Chenical Industrial Co. Ltd.) and tetraoctyl
t hi uram di sul phide (comercial nanme: Nocceler-TOT-N, made
by Quchi Shinko Chem cal Industrial Co. Ltd.)).

The results of the volatility tests were that the
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rate of remaining sulphur in the tetrabenzyl thiuram
di sul phide was 12.18% the rate of remaining sulphur in
the tetraethyl thiuram disul phide was 8.04% the rate of
remai ning sulphur in the tetrabutyl thiuram disul phide
was 7.67% and the rate of remaining sulphur in the
tetraoctyl thiuram disul phide was 10.45%

From the above it can be seen that the rate of
remai ning sul phur in the tetrabenzyl thiuram disul phide
was higher than for the tetraal kyl ‘t hi uram di sul phi des.
In can be seen by virtue of this that by using
tetrabenzyl thiuram disul phide, not only is a high
friction reducing effect manifested but em ssions of a
sul phur conponent that will cause deterioration of the
catal yst function also becone snaller.

Constituent (p was not incorporated in solution (X-
5) and solution (X-6) but a tertiary am ne was
i ncor por at ed. For this reason, in the cases of solution
(X-5) and solution (X-6) crystals separated out above
120°C, and above 125°C the crystals did not dissolve.
For this reason, solution (X-5) and solution (X-6) could
not be used to pronote dissolving of tetrabenzyl thiuram
di sul phide in base oils

The lubricating oil conposition of this invention
can ideally be used as a lubricating oil conposition to
be used in internal conbustion engines such as autonpbile

engi nes .
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CLAI MS
1. A lubricating oil conposition conpri'si'ng:

(a) a lubricating oil base oil the kinematic viscosity
of which at 100°C is in the range of from 1.4 to 6 M¥/s,
(by from 250 to 2000 ppm in ternms of nolybdenum of a

5 nol ybdenum di al kyl di t hi ocarbamate as expressed by the

under nentioned Fornmula (1) ,

R ‘S\ X' x2 x4 ﬁ R3
\ |l N\ /
N—C—S—Mo]  Mo—S—C—N ™
/ Nog \
R? X R*

wherein in Formula (1), R! to R* denote alkyl groups, and
X1l to X4 denote oxygen atons or sul phur atons,
(¢) 20 to 500 ppmin ternms of sulphur of tetrabenzyl

10 t hi uram di sul phide as expressed by the undernentioned

)
: 0
@C\ /
/N—ﬁ—S—S——C"—N )

| AN
H2 H2

and (d) 0.05 to 3.0 mass% of an ami ne as expressed by the

Formula (2

undernentioned Formula (3) or Fornula (4).

.TS
H
\N——C——RG (3)
]
R7

wherein in Formula (3, RS to R’ denote, each
15 i ndependently, hydrogen or an "al kyl group, aryl group or

al kyl aryl group” having from 1 to 23 carbon atons,

\ (4
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wherein in Formula (4), R® and R® denote, each
i ndependently, hydrogen or an "al kyl group, aryl group or
al kyl aryl group"” having from 1 to 23 carbon atons.
2. The lubricating oil conposition in accordance wth
Caim 11l in which lubricating oil base oil (A contains at
| east one kind selected fromthe group consisting of:

(A) nxed mneral oil base oils the kinematic
viscosity of which at 100°C is in the range of from 1.4
to 6 mM¥/s, (A2) polyal phaol ef ins, alphaolefin oligoners
or mxtures thereof the kinematic viscosity of which at
100°C is in the range of from2 to 8 mm®/s, (A3) hindered
esters, diesters or mxtures thereof the Kkinematic
viscosity of which at 100°C is in the range of from 1.4
to 12 nmmt/s and (A4) lubricating oil base oils the
kinematic viscosity of which at 100°C is in the range of
from7 to 50 m¥/s.

3. The lubricating oil conposition in accordance wth
Caim 1l or Caim 2 which contains at |east one kind
selected fromthe group consisting of netallic

detergents, ashless di spersants, zinc

di al kyl di t hi ophosphates, rust inhibitors, netal
deactivators, viscosity index inprovers, pour point
depressants and def oaners.

4. The lubricating oil conposition according to Claim 2
or 3 wherein (A) is a lubricating oil base oil
corresponding to Goup Il or Goup Ill in the base oil

categories of the APl (Anmerican Petroleum Institute)

standards, or a mxture of Goup Il or Goup Ill base
oil .
5. The lubricating oil conposition according to any of

claims 2 to 4 wherein (A4) is lubricating oil base oil

corresponding to Goup 1, Goup II, Goup IIl or Goup IV
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in the base oil categories of the APl (Anerican Petrol eum
Institute) standards.

6. The lubricating oil conposition according to any of
Clains 1 to 5 conprising from 300 to 1800 ppm in terms of
nol ybdenum of a nol ybdenum di al kyl di t hi ocarbanmate as
expressed by the abovenentioned Fornula (1) .

7. The lubricating oil conposition according to any of
Clains 1 to 6 conprising- from 50 to 350 ppm in terns of
sul phur of tetrabenzyl thxuram disul phide as expressed by
t he abovenenti oned Fornula (2) .

8. The lubricating oil conposition according to any of
Claims 1 to 7 conprising from0.05 to 2.0 mass% of an

am ne as expressed by the abovenentioned Formula (3) or
Formula (4) .

9. Use of a lubricating oil conposition according to
any of Clains 1 to 8 for providing an inproved friction
reduci ng effect.

10. Use of a lubricating oil conposition according to
any of Caims 1 to 8 for providing an inproved fuel

econony effect.
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