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temperature correlation. Especially, this invention relates to an engine oil that is
hardly deteriorated on contact with nitrogen oxide gas (NOx) and that can work
stably for a long time.

10 BACKGROUND OF THE INVENTION

Automobile spark ignition and diesel engines have valve train systems,
including valves, cams and rocker arms, which present special lubrication
concems. ltis extremely important that the engine oil protects these parts from

15 wear. Further, it is important for engine oils to suppress the production of
deposits in the engines. Such deposits are produced from non-combustibles
and incomplete combustibles of hydrocarbon fuels (e.g., gasoline, diesel fuel oil)
and by the deterioration of the engine oit employed.

20 - Engine oils use a mineral oil or a synthetic oil as a base oil. However,
simple base oils alone do not provide the necessary properties to provide the
necessary wear protection, deposit control, etc., required to protect intemal
combustion engines. Thus, base oils are formulated with various additives, for
imparting auxiliary functions, such as ashless dispersants, metallic detergents (i.e.,

25 metal-containing detergents), antiwear agents, antioxidants {i.e., oxidation
inhibitors), viscosity index improvers and the like to give a compounded oil (i.e.,
a lubricating oil composition).

Meanwhile, combustion gas produced in a gasoline engine or a diesel
30 engine is mostly exhausted from the exhaust pipe as exhaust gas, but a portion
of the combustion gas leaks through a gap between piston and cylinder to blow
into the crankcase as blow-by gas. Since the blow-by gas contains nitrogen
oxide gas (NO,} of high concentration, it oxidizes and deteriorates an engine oil
(crank case oil) charged in the crank case. Recently, since lightweight motor cars
35 are required in view of saving energy (improving fuel-efficiency), the crank cases
of the engines are apt to be made small. Therefore, the amount of the engine oil
charged in such a small crank case is lowered and the relative amount ntofntrogen -
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15 wear. Further, it is inportant for engine oils to suppress the

producti on of deposits in the engines. Such deposits are produced from
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(e.g., gasoline, diesel fuel oil) angd.by the deterioration of the
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oxidation inhibitors (e.g., zinc dithiophosphate, oxidation inhibitors of phenol
type) and detergent-dispersants {e.g., ashless dispersants, metal-containing
detergents) have been added to engine oils. However, since recent engines are
15 apt to be used under severe conditions as is described above, the known
additives cannot satisfactorily prevent engine oils from deteriorating. Theretore, it

is desired to take measures to meet this problem.

The use of phenol sulfides in lubricating oils is well known in the art.

20
U.S. Patent No. 3,236,770 discloses a lubricating oil having a
dialkytthiocarbonate, and either a metal diakyl dithiophosphate; a basic alkaline
earth metal sulfonate; or a basic alkaline earth metal alkyl phenol sulfide.
25 U.S. Patent No. 3,240,705 discloses a 2,2™-trithiobis-(4-halo-6-

alkylphenol).

U.S. Patent No. 4,302,683 discloses an organo-molybdenum complex
prepared by reacting a hydrocarbyl substituted thio-bis-phenot with a
30 molybdenum source.

U.S. Patent No. 4,764,294 discloses an engine oil having a base oil, a
metal phosphate, a metal carbamate, and a para alkyl hydroxy-aryl sulfide.

35 The use of dithiocarbamates in lubricating oils is well known in the art.
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of the engines-are apt to be made snmall. Therefore, the anount of the

engi ne oil charged in such a small crank case is l'owered and the

rel ati ve anmount of nitrogen

- 2- oxi de introduced into the cran%.case as bl ow by gas per the
amount of the charged engine oil is i'lncreased. Consequently, the
deterioration of engine oil is apt to be pronoted. In addition to the
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are 5 descnbes a crankcase lubricant containing a viscosity improver, an ashless

dispersant and methylene bis{dibutyldithiocarbamate). The patent further

teaches that the composition may also contain various other additives, for

example, detergents, dispersants, viscosity improvers, extreme pressure

agents, antiwear additives, etc., as well as other oxidation inhibitors and corrosion

10 inhibitors and cites an extensive list of extreme pressure agents, corrosion
inhibitors and antioxidants, including zinc salts of phosphorodithoic acid.

The use of methylene bis{dibutyldithiocarbamate) as an oxidation inhibitor
in lubricating oils, in combination with other ingredients, is also disclosed in U.S.
15 Patent Nos. 4,125,479 and 4,880,551.

U.S. Patent No. 4,879,054 is directed to cold temperature greases and
teaches using dithiocarbamates such as Vanlube 7723, i.e., 4,4'-methylene
bis(dithiocarbamate}, in such greases to provide extreme pressure antiwear

20 properties. Examples 13-18 describe using Vaniube 7723 and
triarylphosphate as replacements for lead naphthenate and zinc dithiophosphate.

The use of dithiocarbamates as extreme pressure antiwear additives is
also taught by U.S. Patent No. 4,859,352, and U.S. Patent No. 4,648,985
25 teaches that the combination of dithiocarbamates with zinc dithiophosphate and
copper salts of carboxylic acid provide lubricants with extreme pressure
properties.

U.S. Patent No. 4,383,931 discloses using lubricating oils containing an
30 oil-soluble molybdenyl bis-B-diketonate in combination with zinc
dithiophosphate. Methylene bis(dihydrocarbyldithiocarbamates) are used as
ashless antioxidants and extreme pressure agents.

U.S. Patent No. 4,501,678 discloses using fubricating oils containing an
35 alkyl thiocarbamoyl compound and either a molybdenum thiocarbamoyi
compound or a molybdenum organophosphorodithioate.
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10 desired to be protected fromthe deterioration as far as possible.

Htherto, in order to inhibit the oxidation and the deposition of
sl udge, additives such as oxidation inhibitors (e.g., zinc
di t hi ophosphate, oxidation inhibitors of, phenol type) and

detergent-di spersants (e.g., ashless dréﬁersants, met al - cont ai ni ng
detergents) have been added to engine oils. However, since recent engines
are 1 5 apt to : L 1k b?ﬁa" Es&an'k ove, the
known addi t_llg'{/%élsﬁégg?mo %ﬁgﬁg?g@?%agﬁéknt %@g&ne oﬁ@ﬂpra‘%m

det eri or at ialgd thinearbamay! compound and a de3 tikigdiagolesompovad.Thbe ails caBet thi s
problem gigo cpntain, am tHéﬁthsPéLﬁﬁﬂhe&Bk%hggéehd}n' ubricating oils is
wel | known in t saart. 20 U S. Patént No. 3,236,770 discl oses
a | ubri cat iHgaaePhosRhoredithioates. g 4| kyl t hi ocarbonate, and either a netal

di al kyl &di t hi ophosphate; a basic al kaline earth netal sulfonate; or a
basi c al kaline earth netal gl fid U. S. Patent No.
3,240, 705 discloses a 2,2'- R =0 U S. Patent
No: 4, 302, 683 di scl oses an organo- nol ybdenum conpl ex prepared by

;gﬁfi;”g a hydr opRg Brdsent'nvbhiioH Srovides % BWpHBEpRBloud ibricating oiP! ybdenum
: composition that is hardly deteriorated on contact with nitrogen oxide gas (NO,)
10 and which can work stably for a long time. That composition has a major amount
of a base oil of lubricating viscosity, from 0.5 to 20 wt.% of metal-containing
detergent, from 0.1 to 3 wt.% of zinc dithiophosphate, from 0.5 to 15 wt.% of
ashless dispersant, and from 0.05 to 5 wt.% of a sulfur-containing phenol

derivative.
15
The sulfur-containing phenol derivative is selected from the group
consisting of:
. OH
1|
20 R\ : , CH2SR?
CH, SR
C
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U S. Patent No.- 4,764,294 di scl oses an engine oil having a base oil, a
netal phosphate, a netal carbamate, and a para al kyl hydroxy-aryl sulfide.
35 The use of dithlocarbamates in lubricating oils is well known in
the art - 3-

U S. Patent No. 3,876.550 discloses | uBﬁ'cati ng conpositions contai ni ng

an al kyl ene bis(dithiocarbamate), as an antioxidant, and a substituted

PUCIE 261 prardiiER R, Wil i B s U RHSEH © |

R[ er r ] R] er r anatiybgrogpaf dyto d8cagban aomefé: Rf.keand R7areithe samp 6F t he pat ent
5 descri beg; ' { B '?&ﬂb’é ' . ' an
ashl ess alﬂér| st_?ie‘rhgéﬁr ﬁggémgkr?hlé'we'é@éi g"’&?tﬁt’?f’ i thi oﬁggr ar’ngpgga The

t an thyle
pat ent furt FRRrese san@ﬂg&g@p[ﬁak%mea@e $i on may al so contain various

ot her adglitives, for
Preferably, the sulfur-containing phenol derivative comprises 0.1 to
3 wt.% of the composition. The alkyl groups of the sulfur-containing phenol
derivative should have 1-14 carbon atoms. Examples of preferred sulfur-
containing phenol derivatives are 2,4-bis{(octyithio)methyl}-o-cresol, 2,2-thio-
10 diethylenebis{3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate}, or tridecyl 2-(3,5-
di-t-butyl-4-hydroxybenzylthio)acetate.

Preferably, the low-phosphorous lubricating oil composition also has from
0.05 to 8 wt.% of an alkylthiocarbamoyl compound represented by the formula:
15
R? S S R!!
N N/
N—-C—X)—C—N _
Rl N\ R12
20
wherein R?, R0, R'! and R12 are the same or different and each represents an
alkyl group of 1-18 carbon atoms, and (X) represents S, S-S, S-CH,-S,
S-CH,-CH2-S, S-CH,-CH,-CH,-S or S-CH,-CH(CH,)-S. Preferably, RS, R0,
R and R are independently selected from alkyl groups having 1 to 6 carbon
25 atoms. More preferably, the dithiocarbamate compound is methylene

bis(dibutyldithiocarbamats).
Preferably, the zinc dithiophosphate is a secondary alkyl type.

30 This invention can further involve an additive concentrate having100
weight parts of a metal-containing detergent, from 10 to 700 weight parts of an
ashless dispersant, and from 2 to 200 weight parts of the sulfur-containing phenol
derivative described above.

35 It is an object of the present invention to provide an engine oil
composition that is hardly deteriorated on contact with nitrogen oxide gas (NO,J},

-

as Been Re‘lmd

|

This S

[l



exanpl e, detergents; dispersants, viscosity inprovers, extrene pressure
agents, antiwear additives etc., as well as other oxidation inhibitors and
corrosion 10 inhibitors and cites an extensive |ist of extrene pressure

agents, corrosion i nhibitors and agtioxidants, including zinc salts
of phosphorodithoi c acid. he use of nethylene ,
bi s(di butyl di thi ocarbamate) as an oxidation inhibitor in lubricating

oils, in Cormidﬁé i@la wfd(]o.gmsran' f%jélPéBrﬁpoélﬁoﬂh%PcéH ws&u%isﬂywews 15

Pat ent Nos. 125,479, an

4,879, 054 |§’@PF@€1‘%B't'PQe€8P‘l§’°t MW@Q&P&'&M@&MQ t'me teaches usi ng
dlthlocarbanates such as Vanl ube 7723 i.e., 4,4"- nethylene

bi s(di t hi ocarbamate), i |
20 properties. Exanpte e -GS HTE 5

triaryl pfosphate as replacenents for Iead naphthenate and zinc

b e6sur e ant s weay "5 roadast asgectfie (RGedt iflehilo WP 8TNG Bl BampoRiIGH™
4,859, 352, ANeMpNisNG baseoil,ap. ashlesslispessary, ammtamdetemrammatuon
of dithi ocardmm,gg Math n&'é’ﬁﬂfﬁk—téﬁn‘%ﬁﬁ @h@héldﬁ?ﬁaﬂva copper salts of

carboxylic acid pro |de% ubricants wth treme pressure properties.

10 Representative examples of the sulfur-containing phenol derivative
employed for the invention are the compounds represented by the following
formulae (1), {2) and (3):

OH
15 R! | CH,SR?

o

0 | CH,SR?

20 -
Rl

N ORS—+- S
- N
No

R./
25 a L g and

N /
HO — R6SR7
3y roswr &

()

wherein R, R2, R3 and Re are the same or different and each repi'esents an alkyl
group of 1-18 carbon atoms; R¢, RS, R¢ and R7 are the same or different and

35 each represents an alkylene group of 1-3 carbon atoms; and R’ represents an
alkyl group of 1 to 4 carbon atoms.
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U S. .Patent No- 4,383,931 discloses usi ng lubricating oils containing an 30
ai | -sol ubl e nol ybdenyl bs-[err]-di ketonate in conbinatioen with zinc
di t hi ophosphate. Met hyl ene bi s(di hydrocar byl di t hi ocarbamates) are used as

ashl ess antioxi dants and extrene pressurg agents. : U. S. Patent
No. 4,501, 678 discloses using lubricatinig"oils containing an 35 al kyl
thlocarbannyl conpound and either a nol ybdenum t hi ocar banoyl conpound

or 2 fTD' ybdenum VEGES% ggggﬂﬂi ’@‘bﬁéi\bpéérﬁ'auve of the égrg}sulae (), (or(ihis hg oil's
cont ai ni ng Sesot digpers ‘S@ab%%ﬁrﬁ‘&m@g}%&(ﬁ aneys & ﬁ!‘t"’gs @”Fhlaé"dl azol e
conpound. Thfetal-dohtaiAig detergents, ashless dispersants, zinc dithiophosphate, viscosity
index improvers and the like, in the same manner as known engine oil
5 compositions (i.e., engine oils).

A variety of metal-containing detergents, ashless dispersants, zinc
dithiophosphates, viscosity index improvers and base oils are known. These
known materials or their analogous compounds can be employed for the

10 preparation of the engine oil of the invention. Representative examples of
these materials are described below.

BASE OiL

15 The base oil may be a mineral oil or synthetic oil or a blend of mineral oils
and/or synthetic oils blended to give a base oil of the desired intemal combustion
engine oil viscosity. Typically, individually the oils used as its base oil will have a
viscosity range of about from 10 to 120 cST at 40°C and will be selected or
blended depending on the desired end use and the additives in the finished oil

20 to give the desired grade of engine oil.

METAL-CONTAINING DETERGENT

The metal-containing detergent may be a metal phenate or a metal

25 sulfonate. The metal phenate is an akaline earth metal salt of sulfide of
alkylphenol having an alkyi group of about 8-30 carbon atoms. Generally
employed alkaline earth metals are calcium, magnesium and barium. The metal
sulfonate is an alkaline earth metal salt of a sulfonated aromatic compound or a
sulfonated mineral oil derived from lubricating oil having a molecular weight of

30 about 400-600. Generally employed alkaline earth metals are also calcium,
magnesium and barium. The metal phenate and metal sulfonate can be used
singly or in combination. Also employed are other metal-containing detergents
such as salicylate, phosphonate and naphthenate of alkaline earth metals. These
detergents can be employed single or in combination. The aforementioned

35 phenate and sulfonate can be employed in combination with these other metal-
containing detergents. The metal-containing detergents may be of a neutral type
or of an over-based type having an alkalinity value of 1 50-300 or more. L

"



al so -cont ai n, anong "ot her things, sulfurized oxynol ydenum

or ganophosphor odi t hi oates. 5 - This SheeSUAIRENR dplaceliHE
| NVENTI ON The present invention provi _des ous
| ubricating oil conposition that isghardly deter act
with nitrogen oxide gas (NJerr]) 10 aﬁg whi ch can work sta or a long
time. That conposition has a nmj or anount of a base oil of | ubricating
viscosity, from mO0. 1
Yo 5 ut. Yhof 2incl {fﬁ%*%'o% e o 8l foorporptelfind & Bhanp
di spersant, R&® gmountof 'QGVB«MW zﬂﬂmmef"&ﬁmmolhg phenol
derivative. 15 The sul fur-containing phenol derivative is
sel ected fromthe group COA@#IEE& BISPER%(}\NT [err]

5 .

Examples of the ashless dispersant used for the invention include
succinimides, succinic esters, and benzylamine, each of which has an alkyl or
alkenyl group of a molecular weight of about 700-3,000. In addition to these
compounds, their derivatives (e.g., borated derivatives) are also employable.

10 The ashless dispersant is generally incorporated into an engine oil in an amount
of 0.5-15 wt.% per total amount of the engine oil.

ZINC DITHIOPHOSPHATE

15 The zinc dithiophosphate, used as an anti-wear agent or an oxidation
inhibitor, generally is zinc dihydrocarbyl-dithiophosphate having an alkyl group of
3-18 carbon atoms or an alkylaryl group having an alkyl group of 3-18 carbon
atoms. This agent is generally incorporated into an engine oil in an amount of 0.1-
3 wt.% per total amount of the engine oil.
20
VISCOSITY INDEX IMPROVER

Examples of the viscosity index improvers are poly-(alkyl methacrylate),

ethylene-propylene copolymer, styrene-butadiene copolymer, and

25 polyisoprene. Viscosity index improvers of dispersant type (having increased
dispersancy) or multi-function type are also employed. These viscosity index
improvers can be used singly or in combination. The amount of viscosity index
improver to be incorporated into an engine oil varies with desired viscosity of the
compounded engine oil, and generally in the range of 0.5-20 wt.% per total

30 amount of the engine oil.

The engine oil of the invention may contain various additional additives
other than those described above, if desired. Examples of such additional
additives include known extreme pressure agents, corrosion inhibitors, rust

35 inhibitors, friction modifiers, anti-foaming agents and pour point depressants. In
addition to these additives, other oxidation inhibitors (e.g., hindered phenol), anti-
wear agents and multi-functional additives (e.g., organic molybdenum



wherein R err],” Rlerr] Rerr] and Rerr] are the sane or different and each
r-epresents an al kyl group of 1 to 18 carbon atons; R err], Rerr],
Rlerr], and Rerr] are the sane or different and each represents an

al kyl ene group of 1 to 3 carbon atons; agd R represents an al kyl
group of 1 to 4 carbon atons. 5 Preferably, the

sul fur-contai ning phenol derivative conprises 0.1 to 3 w.%of the
conposi ti on. compeurdkyich as magigbdenunh ditbiophosphate) mayibesempioyed in
derivative s ﬁ@“éﬂ nge 1- 14 carbon atons. Exanples of preferred sul fur-
containing p i vatives are 2,4-bis((octylthio)nmethyl]-o- cresol,
2,2-thio- 10 dlethylenebls(3 (3,5- d|-t but yl - 4- hydr oxyphenyl) proplonate),
or tridecyl 2:(3,5 SULFURCONTAINMNGY BHENOU DERIVATRRE! a! €.
Preferably, the |OMthOSp orous lubricating oil conposition also has from
0.05 to & wt% of an al kyl t hi ocarbanoyl conpound represented by the formul a:

Details of the sulfur-containing phenol derivative characterizing the present
invention are described below.

As is described above, the sulfur-containing phenol derivative preferably
10 used for the invention is a compound represented by one of the following
formulae (1), (Il), and Qlt):

OH
1 1
R\ /Cﬂzst
15
' R
0 CH, S
20 R'
ORS— S
HO R4C/
AN
) o)
R' .
m L 4% and
25
R!
ORS
HO 6 QR7 4
— R6SR7C
N\
Rl/ O
30 (1

wherein R, R2, B3 and R® are the same or different and each represents an alkyl

group of 1-18 carbon atoms; R4, RS, R, and R? are the same or different and

each represents an alkylene group of 1-3 carbon atoms; and R’ represents an
35 alkyt group of 1to 4 carbon atoms.
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5 - . ' [err] 20 wherein R err] Rerr],
Rlerr] and R err] are the sane or different and each represents an

al kyl group of 1-18 carbon atons, and (X) represents S, S-S. S-CHerr]-
S-CHerr]CHerr]S, S-CHerr]-CHerr]- q S-CHerr]CH(CHerr])-S.
Preferably, Rerr] Rerr], Rlerf]'"and Rlerr] are independently

sel ected from al kyI groups having 1 to 6 carbon 25 atons. Mre preferably,

t he dithiocarbang}
i o( di but vl i h| ocar fofgfRiY vesulfeiribhifing phenol deB\(atlves are per se known

di t hi ophospl@&tQxidatiop irhibitnra ferplastics: thpﬂggsentgyentors ha"qq!s§°¥¢f9€ faton can
further i nvaheiPefeCtReRiproventanairs bilstrem Hetéraati) wei ght parts of a

nmet al - cont ai ni'ng detefgent, from 10 to 700 wei ght” parts of an ashl ess
di spersant, and from2 to 200 wei ght parts of the sul fur-containing phenol
derivati §e descr iThedlieyigreups iRhe above farmutaeemay bpat straight ¢creaim typecort

I nvention gt e iShailtypdd' EXanPlks of them include methyl, ethyl, propyl, n-butyl,
isobutyl, pentyl, isopentyl group, heptyl group, octyl group, 2-ethylthexyl, nonyl,
decyl, dodecy! and tridecyl. Particularly preferred are alkyi groups having 1-14
carbon atoms. Examples of the alkylene group in the formulae are methylene,
10 ethylene and propylene.

Each of the sulfur-containing phenol derivatives of the formulae (1), (), and
(I) can be used singly or in combination with other sulfur-containing phenol
derivatives. Preferably, the sulfur-containing phenol derivative of the formula (1)
15 is used in combination with the sulfur-containing phenols derivative of formulae (i)
or {ll).

The sulfur-containing phenol derivative is generally incorporated into an
engine oil in an amount of 0.05 to 5 wt.%, preferably 0.1 to 3 wt.%, per total
20 amount of the engine oil.

As is described above, the sulfur-containing phenol derivative is used in
combination with a dithiophosphate such as zinc dialkyldithiophosphate or zinc
dihydrocarbyidithiophosphate, which are known oxidation inhibitors for engine

25 oils. The preferred weight ratio is in the range of 1:0.1-1:20, particularly 1:0.2-
1:10 {= sulfur-containing phenol derivative:dithiophosphate).

DITHIOCARBAMATE COMPOUND

30 Preferably, the engine oil composition of the invention further contains an
alkylthiocarbamoyl compound represented by the following formula:

R® S S R
N N/
35 N— C— (X~ C— N
Rl( N\ R2
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conposition that is hardly deteriorated on contact with nitrogen oxi de gas

(NJerr]), - 6-

and particularly to provide an engi ne oil conposition that can work stably
even if exposed to nitrogen oxide of high concentration for a |ong
tinme. DETAI LED DESCR TI ON OF THE I NVENTION 5

In its broadest aspect, the present invention is an engine oil conposition

conpri si ng whéreireRYIAW, AN a@ﬂWeaﬁe tﬂie%%ﬁ‘ié@rrdlﬁereﬂtéﬂﬁéécm@bfe’s!emm
deter gent, azﬂqr/] group ofq’ H]cargg hr%tseané]&)a}egsayesen s S, §r§ aé Eﬂ gSIOhenOI

derivative
S-CH,-CH,-S, S-CHz-CHa-CH,-S or S-CH,-CH(CH,)-S.

5 The alkylthiocarbamoyl compounds of the above formula are known
compounds, which are employed as a vulcanization accelerator or an additive of
gear oils and turbine oils. The alkyl group in this formula may be of straight chain
type or branched chain type. Examples of the alkyl group are methyl, ethyi,
propyl, n-butyl, isobutyl, pentyl, isopentyl, heptyl, octyl, 2-ethylhexyl, nonyl,

10 decyl, and dodecyl. Preferred are alkyl groups having 1-10 carbon atoms.
Concrete examples of the alkylthiocarbamoyl compounds include methylene
bis(dibuty! dithiocarbamate), bis(dimethyithiocarbamoyl)-monosulfide,
bis(dimethyithiocarbamoyl)disulfide, bis{diamylithiocarbamoyl)disulfide, and
bis(dioctylthiocarbamoyl)disulfide. Further, metal dithiocarbamates such as zinc

16 dithiocarbamate, copper dithiocarbamate and molybdenum dithiocarbamate are
also employable. These compounds can be used singly or in combination of
two or more compounds.

The alkylthiocarbamoyl compound is generally incorporated into an engine
20 oilin an amount of 0.05-8 wt.%., preferably 0.1-4 wt.%, per total amount of the
engine oil.

When the alkylthiocarbamoyl compound is incorporated into the engine oil
of the invention, the preferred weight ratio of the compound to the sulfur-
25 containing phenot derivative is in the range of 1:0.1 to 1:20, particularly 1:0.2 to
1:10 (= sulfur- containing phenol derivative:alkylthiocarbamoyl compound).

EXAMPLES

30 The invention will be further illustrated by the following examples that set
forth particularly advantageous method embodiments. While the Examples are
provided to illustrate the present invention, they are not intended to limit it.

Various engine oils set forth in Table 1 were prepared from the same
35 components such as paraffinic mineral oil (viscosity index value: 100), viscosity
index improver and additives package (i.e., a mineral oil in which the same
ashless dispersant, metal- containing detergent and zinc dialkyidithiophosphate
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10 Represent ati ve exanpl es of the sul fur-containing phenol
derivative enpl oyed for the invention are the conpounds represented
by the follow ng formulae (1), (2) and (3): [err]

-12.

10

15

20

25

30

35

are dissolved), and various additives set forth in Table 1. The viscosity of each
prepared engine oil was adjusted to SAE 10W30.

40 ml of each prepared engine oil and 2 m! of regular gasoline were
mixed, and then iron-copper catalyst (1/6 scale of the sample regulated in the
oxidation test of JIS-K-2514) was added to the mixture. The obtained mixture
was heated to 140°C. At this temperature, nitrogen gas containing 0.8%
nitrogen monoxide (NO) and wet air were continuously introduced into the
mixture at the rate of 5.7 1/hour and 15 1/hour, respectively. While the gases
were blowing into the engine oil, the amount of deterioration of the oil was
observed in the following manner.

The engine oil was periodically sampled and charged in an optical cell of
0.1 mm thickness to measure IR absorption spectrum. The amount of nitrate
ester formed in the sampled oil was evaluated by the absorbance at 1630 cm.
The lifetime of the sampled engine oil was determined by the time when the
absorbance was reached to 0.2

- ——
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wheretn Rlerr], -Rlerir], Rerr] and Rlerr] are the same or different and
each represents an al kyl group of 1-18 carbon-atons, Rerr], Rerr],

Rlerr] and Rlerr] are the same or different and 35 e h D SR8 ES Replatedan
al kyl ene group of 1-3 carbon atons; and 1% represenT \mm m group

of 1 to 4 carbon atons.

-7~ The sul fur-containing phenol derivat nmul ae
(1), (1) or (I11) is Table |
Engine oil samples :
Sample No. 1 2 3 4 5 6 7 8

5 Viscosity index improver

of dispersant type 57 67 57 67 567 57 57 57

Additives package 65 65 65 65 65 65 6.5 6.5
Oxidation inhibitor

of amine type - 0.6 - - - - - -
10  Oxidation inhibitor
of phenol type - - 04 - - - - -
Sulfur-containing
phenol derivative (I} - . - 03 0.5 0.15 0.15 -
Sulfur-containing
15 n rivativi - - - - 0.15 - - 0.15
Sulfur-containing
phenol derivative iy - - - - - 015 - -
Dithiocarbamate
compound - - - - - - 0.15 0.15
20 Paraffinic
ineral oi 87.8 872 B74 875 875 875 875 875
Lifetime (hour) 50 79 86 115 120 116 122 126

As is described above, paraffinic mineral oil {viscosity index value: 100)
25 was used for the engine oils set forth in Table 1 as a base oil, and each of the
engine oils was prepared to satisfy the viscosity condition regulated in SAE
10W30 of API service. Further, other supplemental additives such as anti-
foaming agents were added when they were required. Details of the additives
set forth in Table 1 are as follows:
30
Additives package: Mixture of boric acid-modified succinic imide
(ashless dispersant), calcium sulfonate (metal-containing detergent) and zinc
dithiophosphate (of secondary alkyl type). The weight ratio of these
components is 100:40:40 in the order described. This package, at 6.5% wt%,
35 resulted in the phosphorus level of 0.08 wt% of engine oil samples.

Oxidation inhibitor of amine type: Dialkyldiphenylamine



di ssolved or dispersed in a base oil together with various additives, such

as net al - cont ai ni ng detergents, ashless dispersants, zinc
di t hi ophosphate, viscosity i ndex inprovers and the like, in the sanme
manner as known engine oil 5 conpositiars (i.e., engine oils).

A variety of netal -containing detergents);®ashl ess di spersants, zinc
di t hi ophosphat es, viscosity index inprovers and base oils are known. These

or oparati on of t nOXEen HIABASP ST pRRARI e 2R AIRERIEN ot s of

these materials are descri bed bel ow.

BASE O L 15 Sulfif-contsinth gmh P8 (B! 2A-bi [OZW‘ nohl! or
abl endof mneral, oils ano# r s%?ﬁgﬂmcwgi(ﬁszg !élrslgfeagwg i %teﬁ\yg ase oil
of the desi r&8®nt ernal . combusti on engine oi|l viscosity. Typically,

individu@8ly the oils used as its base oil wll have a vi scosity range .
of about from 10 cST, 40[ err1,C .and wi el ected or,
bl ended dependi ngéﬁnaf %8’@%’5?‘5%8%985 bgeivaﬂue tddé ig'aﬁprqe)%@wf%ﬁ‘eh%% i ni shed
oil 20 to ¢gid/&-di-trbutidsi-hydroxyphieny)prepiohate}oi | .
METAL- CONTAI NI NG DETERGENT '
Sulfur-containing phenol derivative (ltl); Tridecyl 2-(3,5-di-t-butyl-4-
10 hydroxybenzyithio)acetate

Dithiocarbamate compound: Methylenebis(dibutyldithiocarbamate)

As is clear from the test data set forth in Table 1, each of the engine oils of
15 the present invention {i.e., the engine oils of No. 4 - No. 8), in which the sulfur-
containing phenol derivative had been added, exhibited littie deterioration and a
long lifetime, even if exposed to nitrogen oxide of high concentration.
Particularly, the engine oils of No. 7 and No. 8, in which the sulfur-containing
phenol derivative had been incorporated with an alkylthiocarbamoy! compound,
20 exhibited longer lifetimes than others.

The engine oil composition of the present invention, which is prepared by
incomporating a sulfur-containing phenol derivative to a composition of a lubricating
base oil, an ashless dispersant, a metal-containing detergent and zinc

25 dithiophosphate, is hardly deteriorated on contact with nitrogen oxide (NO,) gas
of high concentration and can work stably for a long time.

While the present invention has been described with reference to specific
embodiments, this application is intended to cover those various changes and
30 substitutions that may be made by those skilled in the art without departing from
the spirit and scope of the appended claims. :

-
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The netal -containing detergent may be a netal phenate or a netal 25
sufonate. The netal phenate is an akaline earth netal salt of sulfide of
akyl phenol havi ng an al kyl group of about 8-30 carbonat ons—Ceneral |y
enpl oyed al kaline earth netals are cal cium, magnesi u rium The

net al sul fonate is an al kaline ear#-netal salt M Mﬁﬂ’l:
aromati ¢ conpound or a sul fonated mneral oil derdve ating
oi I havi ng l,ec ght of 30 about 400-600. Cenerally enp oyed

al kal i ne ea tﬂﬁ ‘g?@nﬁﬁéal so cal cium magnesi um and barium The
nmetal phenate and netal sulfonate can be used singly or in

conbi nati ong Al such
as salicyl at1e & ﬁ?&gﬁé g’°§§§’bﬁ%§ﬁ%ﬁ%@e"‘gﬁm a &g@gg%&f‘ﬁ&%@al s. These
detergents can mlmc@mp siBgngl e or in conbination. The aforenentioned 35
phenat e gnd sul&anaéﬁ, Wﬁmpb ollelﬁBﬂ%Ht tistids wth t hese ot her

eter

net al - ntai ni'ng detergents nay be

of a neutral ty rom r@BVB ﬁ@'é‘é"'t'% elegeMg an alkalinity val ue
of 150-300 or nfe)e.from 0.5 to 15 wt. % of ashless dispersant,

(d) from 0.1 to 3 wt.% of zinc dithiophosphate, and
(e) from 0.05 to 5 wt.% of a sulfur-containing phenol derivative selected

10 from the group consisting of:
OH
) S
R\ ,CHg SR?
15 Cl
CH,SR3
0 2
R’ .
20 . ) /ORSﬂ— S
HO-- R4C
A\
). (o]
R’ 2
(i) L , . and
25 R
. \ ORS
/
HO — R6SR7C
A
Rv/ 0
(iif)
30

wherein R?, R?, R?, and R® are the same or different and each represents
an alkyl group of 1 to 18 carbon atoms; R4, RS, R, and R? are the same or
different and each represents an alkylene group of 1 to 3 carbon atoms; and R’
represents an alkyl group of 1 to 4 carbon atoms.
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8 . The netal -containing detergent is generally"ihcorngang\
unt of "the

I nto an engi ne oil I n an anmount of 0.5-20 wt. % per

engi ne oil. ASHLESS D

Exanpl es of the ashless dispersant used.{gt the inventioh ia H/l/l///l!/
succi ni m des, succinic esters, and benzylam ne, each of whi ch has &n =l kyl
or alkenyl group of a nDIecuIar wei ght of about 700-3,000. in addition’

to these 2. coATiow-phosphdreus lubricatirg oileompesition according to Glaimat wherdin ar e

an ongine o 1| 1 e Uil ERaNE SngH BEARRS spif RSP to's WSERERRT The ™ ©
engi ne oil . composition. ZI NC DI TH OPHOSPHATE 15

The zinc dithi ophosphate, used as an anti-wear agent or an oxidation
inhibitor5 generally is zinc dihydrocarbyl-dithi ophosphate having an al kyl

group of 3. 3 Alowphosphorgus Hubrigating-oib¢anypesition aeesrding 4@ Glaimahwherejn
group of 3-18car fp@nalkyl groups of the sulfur-containing phenol derivative have 1-14 carbon

atoms.

4. A low-phosphorous lubricating oil composition according to Claim 1 wherein
10 the alkyl groups of the sulfur-containing phenol derivative is selected from
the group consisting of 2,4-bis{(octylthio)ymethyl}-o-cresol, 2,2-thio-
diethylenebis{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}, and tridecy!
2-(3,5-di-t-butyl-4-hydroxybenzylthiojacetate.

1§ 5. Alow-phosphorous lubricating oil composition according to Claim 1 wherein
the zinc dithiophosphate is a secondary alkyl type.

6. A low-phosphorous lubricating oil composition according to Claim 1 further
comprising from 0.05 to 8 wt.% of an alkylthiocarbamoyl compound

20 represented by the formula:
R? S S R
N | 4
N—C—X—C—N
4 N\
25 R! R12

wherein R®, R, R'! and R'2 are the same or different and each represents ‘
an alkyl group of 1-18 carbon atoms, and (X) represents S, S-S, S-CH,-S,
S-CH,-CH2-S, S-CH,-CH,-CH2-S or S-CHy-CH(CHg)-S.
30
7. Alow-phosphorous lubricating oil composition according to Claim 6 wherein
Re, R'9, R'' and R'2 are independently selected from alkyl groups having 1
to 6 carbon atoms.

35 8. The low phosphorous oil composition of Claim 7 wherein the

dithiocarbamate compound is methylene bts(dnbutyldlthtocarbamate)
A
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atoms. This agent i's generally incorporated into an enanem\i n an
anmount of 0. 1. 3 w.%per total ampunt of the engine oil. 20 ™ —
VI SCOSI TY | NDEX | MPROVER Exanpl es of the va m,””{e

i mprovers are poly-(al kyl methacryl ate), 47 et hyl ene-
styrene- but adi ene copol ymer, and 25 polYi soprene Vi scosi ty |'-ndevx

| nprovers of dispersant type (having increased di spersancy ) or

mul ti-functign AwRidiive édr@@ntra@fww% : These viscosity index

i nprovers can be sin t.lon he apount of viscosity
i ndex i rrprz§)e ?%m&&f%@@ﬁ&ép&p@g&m 6'“519%‘%3’%8% | varies with

desired vi scosi (i) ofrolh$0 to 700 weight pa dsdfmgsﬂessdlspemdtmﬂeral ly in the

(ange of 05200 ﬁ%&%ﬁ@%&%ygﬁg#t’ésﬁ*v%ﬁ@%%eﬁ el e

other thén those deselecbddromﬂwgroupfconelstlmgaq Exanpl es of such additional
addi tives include known extrene pressure agents, corrosion inhibitors, rust
35 inhibitors, friction (S%ILI ers, anti-foam ng agents and pour point
depressants. In addi t to these additives, other oxidation
inhibitors (e.g., hind®%dohepCH2SRht i - wear agents and

mul ti-functional additi @ organi ¢ nol ybdenum
I

10

18 HO @ R4C/
\\0

M L - and

20 R’

HO 6 7/
‘-—R SR C\\o

(i) R

25
wherein R?, R2, R?3, and R® are the same or different and each represents an
alkyl group of 1 to 18 carbon atoms; R¢, RS, R¢, and R7 are the same or
different and each represents an alkylene group of 1 to 3 carbon atoms; and
R’ represents an alkyl group of 1 to 4 carbon atoms.

30

10. An additive concentrate according to Claim 9 wherein the alkyi groups of the

sulfur-containing phenol derivative have 1-14 carbon atoms.

11. An additive concentrate according to Claim 9 wherein the alkyl groups of the
35 sulfur-containing phenol derivative is selected from the group consisting of
2,4-bis{(octylthio)methyl}-o-cresol, 2,2-thio~diethylenebis{3-(3.5-di-t-butyl—

—
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-9- . conpounds ‘such as nol ybdenum di t hi ophosphat e) may be. enpl c oyed in’
conbi nati on. SULFUR- CONTAI NI NG PHE Rl VATI VE 5
Details of the sulfur-containing phenol derivative ch%@E

pr esent invention are descri bed behgw

above, the sulfur-containing phenol derivative preferably 10 usé‘d fsor* he
invention is a conpound represented by one of the follow ng formul ae

(1), (1) and (1 hlnydroxyphenyl)propionate}, and tridecyl 2-(3,5-di-t-butyl-
4-hydroxybenzylthiojacetate.

5 /
P
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30

35



[err].
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-19-

ABSTRACT

An engine oil composition having a base oil, an ashless dispersant, a
metal-containing detergent, zinc dithiophosphate and a sulfur-containing phenol
derivative. Examples of sulfur-containing phenol derivative include 2,4-
bis{(octyithio)methyl}-o-cresol, 2,2-thiodiethylenebis{3-(3,5-di- t-buty!-4-
hydroxyphenyl)propionate}, and tridecyl 2-(3,5-di-ti-butyi- 4-
hydroxybenzylthio)acetate.

e
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. : Horofs-t 6%
30, . ereRlEPR[AﬁIE’E} Sﬂi{mrsr] Rassr] gnd Rlerr] are the sane or different
and each F Firesemtbnapagddy]... to age§r.oup jof 1-18 carbon atoms, Rerr],
Rierr], Rg#rdnigng R Sfpdd ke s

egang or different and each
represent smm,@h,}g,yg{ggnq)aggdqgghgg carlpon atons; and R represents an 35
al kyl grouqﬁtbsgmi % pagd 008

.......... 1.
-10- v ,ﬂé Toli| ¢ ahove ‘&ul f ur - cont ai ni ng phenol derivatives
are per sée A >—0Xi ‘dati o , the present

i nventors have di scovered that Ei-o‘ﬂ bﬁﬁgf'@#@i&gﬁéﬂ# t engine oils
fromdeteriorating. 5 DA\ IROSITIONS | ae may be
of straight chain type or

~ This invention relates to improved lubricating oils having excellent
5 characteristics in anti-wear, detergency, oxidation stability and viscosity-
temperature correlation. Especially, this invention relates to an engine oil that is
hardtly déteriorated on contact with nitrogen oxide gas (NOx) and that can work
stably for a long time.

10 BACKGROUND OF THE INVENTION

Automobile spark ignition and dieset engines have valve train systems,
including valves, cams and rocker arms, which present special lubrication
concems. It is extremely important that the engine oil protects these parts from

15 wear. Further, it is important for engine oils to suppress the production of
deposits in the engines. Such deposits are produced from non-combustibles
and incomplete combustibles of hydrocarbon fuels (e.g.. gasoline, diesel fuel oil)
and by the deterioration of the engine oil employed.

20 Engine oils use a mineral oil or a synthetic oll as a base oil. However,
simple base oils alone do not provide the necessary properties to provide the
necessary wear protection, deposit control, etc., required to protect intemal
combustion engines. Thus, base oils are formulated with various additives, for

- imparting auxliary tunctions, such as ashless dispersants, metallic detergents (i.e.,

25 metal-containing detergents), antiwear agents, antioxidants (i.e., oxidation
inhibitors), viscosity index improvers and the like to give a compounded oll {i. e »
a Iubrlcaﬂng oil eomposlﬂon)

Meanwhile, combustion gas produced in a gasoline engine or a diesel

30 engine is mostly'gxhausted from the exhaust pipe as exhaust gas, but a portion
of the combustion gas leaks through a gap between piston and cylinder to blow
into the crankcase as blow-by gas. Since the blow-by gas contains nitrogen
oxide gas (NO,) of high concentration, it oxidizes and deteriorates an engine oil
(crank case off) charged In the crank case. Recently, since lightweight motor cars

35 are required in view of saving energy (improving fuel-efficiency), the crank cases
of the engines are apt to be made small. Therefore, the amount of the engine oll
charged in such a small crank case is lowered and the relative amount of nitrogen
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?

branthed chai n type Exanpl es of theminclude nethyl, ethyl, propyl,

n-butyl, rsobutyl, pentyl, isopentyl group, heptyl group, octy group,
2- et hyl hexyl, nonyl, decyl, dodecyl and tridecyl. Particularly
preferred are akyl groups having 1-14 carbon atons. Exanples of the

akyl ene group in the fornul ae are nethyl ene, .23 ethyl ene and propyl ene.
Each of the sulfur-containing phenol derivatives of the forrrul ae (1), (11),

and (III)can beuse singly or in conmbination with
sul f ur - cont ai ni ng P& ucecﬂg the grankcase ps Qy)ggqur eamountofthe

sul f ur-cont ai ni ng ﬂmmem@mohblmﬁedt Gensaqmllﬁlt(ddeteﬁoraum ofsagtneriml 1s

conbination with t H?ﬂoﬂ? %OQSUG )
or(I1r). Q&ta%e‘# ana nol e vatlve | oq_ %rally
i ncorporated into &pgines are éﬁg" s?’#&a?&@ﬁ%a @BSRG(?"EFW gﬂ
preferably 0.1 $0 Bower)%he pmcmtraﬁdn amitmmunmdsfinbtw By gasis further increasing.

As i s described above, the sul fur-containing phenol derlvatlve Is used in

combi nation with a dithj o%hWh as Z*\Qﬁ gg d| t | ophosphat e- or

zi nc di hydr ocar by N&-olis ke Marg s

for engine 25 oi | and ffioee increasingcOnee an lsngina oil is deﬁedoratedldtsmidgalmﬂs

éefl \1/at1| \2/2 df’?[”t BEW a&sﬂd&e is depositedf il thd Grarit édse! TRERIGH, Urigiha ik ard

|ped to tected from the deterioration as far as possible. Hitherto, in
order to inhibit the oxidation and the deposition of sludge, additives such as -
oxidation inhibitors (e.g., zinc dithiophosphate, oxidation inhibitors of phenol
type) and detergent-dispersants (e.g., ashless dispersants, metal-containing
detergents) have been added to engine olls. However, since recent engines are
15 apt to be used under severe conditions as is described above, the known

addttives cannot satisfactorily prevent engine oils from deteriorating. Therefore, it
is desired to take measures to meet this problem.

The use of phenol sulfides in lubricating oils is well known in the art.
20 . ' '

U.S. Patent No. 3,236,770 discloses a lubricating oil having a
diakkylthiocarbonate, and either a metal diakyi dithiophosphate; a basic alkaline
earth metal sulfonatg: or a basic alkaline earth metal alkyl phenol sulfide.

25 U.S. Patent No. 3.240 705 discloses a 2,2'-trithiobis-(4-halo-6-
alkyiphenol).
" U.S. Patent No: 4,302,683 discloses an organo-molybdenum complex
prepared by reacting a hydrocarbyi substituted thlo-bis-phenol with a
30  molybdenum source.

U.S. Patent No. 4,764,294 discloses an engine oil having a base oil, a
metal phosphate, a metal carbamate, and a para alkyl hydroxy-aryl sutfide.

35 The use of dithlocarbamates in lubricating oils Is well known in the art,
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A

DI THI OCARBAI\/A‘I‘E COVPOUND 30 _ Preferably, the engine oil conposition
of the invention further contains an al kyl t hi ocar banoyl conpound
represented by the follow ng formul a: [err]

wherein R err],

Rlerr], Rerr] and Rlerr] are3the same or different and

each represents an al kyl group of 1-18 carbon atons, and (X

represents S, S-S S . J = - -
S-CHerr]-CHerr]-CH Sr-(rb %' g]a %e?ft §9° . éerg? zn eesf%ﬁ_de"vg éomposmons containing

10

15

20

25

30

35

an alkylene bis(dithi mate), as tioxi and a substituted succinic acid
as a rust inhibitor. The alkylene dithiocarbamate is represented in the patent by
the formula R'R2N-C{S)-S-alkylene-S-C(S)-NR*R¢. Example 5 of the patent
describes a crankcase lubricant containing a viscosity improver, an ashless
dispersant and methylene bis(dibutyldithiocarbamate). The patent further
teaches that the composition may also contain various other additives, for
example, detergents, dispersants, viscosity improvers, exireme pressure
agents, antiwear additives, etc., as well as other oxidation inhibitors and corrosion
inhibitors and cites an extensive fist of extreme pressure agents, corrosion
inhibitors and antioxidants, including zinc salts of phosphorodithoic acid.

The use of methylene bis(dibutyldithiocarbamate) as an oxidation inhibitor
in lubricating oils, in combination with other ingredients, is also disclosed in U.S.
Patent Nos. 4,125,479 and 4,880,551.

U.S. Patent No. 4,879,054 is directed to cold temperature greases and
teaches using dithiocarbamates such as Vanlube 7723, i.e., 4.4methylene
bis(dithiocarbamate), in such greases to provide extreme pressure antiwear
properties. Examples 13-18 describe using Vanlube 7723 and _
triaryiphosphate as replacements for lead naphthenate and zinc dithiophosphate.

. The use of dithiocarbamates as extreme pressure antiwear additives is
also taught by U.S. Patent No. 4,859,352, and U.S. Patent No. 4,648,985
teaches that the combination of dithiocarbamates with zinc dithiophosphite and

properties.

"copper salts of carboxylic acid provide lubricants with extreme pressure

-
s

- U.S. Patent No. 4,383,931 discloses using lubricating ofls containing an
oil-soluble molybdenyl bis-B-diketonate in combination with zinc |

dithiophosphdte. Methylene bis{dihydrocarbyldithiocarbamates) are used as

ashless antioxidants and extreme pressure agents.

U.S. Patent No. 4,501,678 discloses using lubricating oils containing an
alkyl thiocarbamoyl compound and either a molybdenum thiocarbamoyl
compound or a molybdenum organophosphorodithioate.

REPLACEMENT SHEET
18 MAR 1997




5. ° " The al kyl t hi ocar bampyl conpounds of the above formula are known
conpounds, which are enployed as a vul cani zati on accel erator or an additive

of gear oils and turbine oils. The alkyl group in this fornula may be
of straight chain type or branched chain type. Exanples of the alkyl
group are nethyl, ethyl, propyl, n-butyl, isobutyl, pentyl, isopentyl,
heptyl, octyl, 2-ethylhexyl, nonyl, 10 decyl;4and dodecyl. Preferred are
al kyl groups having 1-10 carbon atons. Concrete exanpl es of the

al kyl t hi ocar banoyl conp d

di t hi ocarbamate), bis(di ﬁg{epﬁwt@ﬁ%%@éP%O\gﬁlnsﬁhﬁé&h}%ﬂ’s containing an

bi s(di met hyl t hi ocarmoﬂlmmbﬂ% 4hiaiazclaeampounds Theiclie camnd

bi s( dllgct él E EI ocar Eﬁlﬁ’bdrﬁaﬁuéﬁ\ oA other fhirs! sbunmtﬁ@do@éﬁdwqmgigbanat es such as
zinc i t hi ocar ocar bamat e and nol ybdenum
di t hi ocarbamate ar e&%%%ggwgégﬁ These conpounds can be used

singly or in corfbination of two or m)re conpounds. i The
al kyl t hi ocar banoyl conpound is-gen ] : ' an engine 20 oil
in an anount of 0.05-8 wt.% preferably 0.1-4 w% per total anount of the
engine oil. VWhen t he akyl t hi ocar banoyl corrpound IS

i ncor por at ed into the eriheRresentinventiopprovidesiajowrphosphoroutiubrieatingaly
wei ght ratio of thecopsposttiondhitds harilyedetérivrated on conatbwiitniPbge dxidegas/ (N €

's inthe r angfo Ofaﬁ&ﬁ%ﬁ&n%ﬁ?&aﬁ?f&a%ﬁﬁy fha?e&nb&monhasamajoramount
of a base oil of lubricating viscosity, from 0.5 to 20 wt.% of metal-containing -
detergent, from 0.1 to 3 wt.% of zinc dithiophosphate, from 0.5 to 15 wt.% of
ashless dispersant, and from 0.05 to 5 wt.% of a sulfur-containing phenol

derivative.
15 . :
The sulfur-containing phenol derivative Is selected from the group
consisting of:
. OH
1 |
20 R! ,CH3 SR
. ‘@{ )
CH2 S
0 2
25 - : _1
R’ e
ORS4- S
HO- R4
C\\o
—
R _ 2
30 M G 47 and

R’
OFS
/
HO — RSSR7C
A\
35 | o
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1:.10 (= sul fur- containing phenol derivative:al kylthiocarbanoyl conpound).
EXAMPLES 30 The invention will be further illustrated by the

fol |l owi ng exanpl es that set forth particul arly advantageous net hod
enbodi mrents. While the Exanples are provided to illustrate the
present invention, they are not intended todrmt it . Vari ous
engi ne oils set forth in Table 1 were prepared fromthe same 35 conponents

such as paraffinic mpagrgh e 'éz | e yre'uﬁ@ea&nwa rehf@Ad eddribBRsbets
i ndex i nprover and ad | ves %g&j)sﬂ m gﬁs sanme
ashl ess di spersar@h, a“ﬁéﬂQuP Qfdﬁ?dﬁ &é?"@? 'nR®eR% apd fiY are the same or
di al kyl di t hi ophosiiffeaérst and each represents an alkylene group of 1 to 3 carbon atoms; and R'
12 represents an alkyl group of 1 to 4 carbon atoms.
5 )
Prefarably, the sulfur-containing phenol derivative comprises 0.1 to
3 wt.% of the composition. The alky! groups of the sulfur-containing phenol
derivative should have 1-14 carbon atoms. Examples of preferred sulfur-
containing phenol derivatives are 2,4-bis{(octyithio)methyl}-o-cresol, 2,2-thio-
10 diethylenebis{3-(3, S-di-t-butyl-dnhydroxyphenyl) proplonate}. or tridecyl 2-(3,5-
di-t-butyl-4-hydroxybenzyithio)acetate.

Preferably, the low-phosphorous lubricating oil composition also has from
0.05 to 8 wt.% of an akyithiocarbamoyl compound represented by the formula:

15
R® s S Rl
Selw L
N—- — —
Rx( : \Rlz
20

wherein R?, R, R and R'2 are the same or different and each represents an
akyl group of 1-18 carbon atoms, and (X) represents S, S-S, S-CHy-S,
§-CHp-CH,-S, S-CH,-CH,-CH,-S or S-CH,-CH(CH,)-S. Preferably, R¢, R0,
Rt and R'2 are independently selected from alkyl groups having 1 to 6 carbon
25 atoms. More preferably, the dithiocarbamate compound is methy(ene
bis(dibutyidithiocarbamate). -

Preferably, the'zinc dithiophosphate is a secondary alkyl type

30 This invention can further involve an additive concentrate having100
weight parts of a metal-containing detergent, from 10 to 700 weight parts of an
ashless dispersant, and from 2 to 200 weight parts of the sulfur-containhg phenol
derivative described above.

35 It is an object of the present invention to provide an engine oil
composition that is hardly deteriorated on contact with nitrogen oxide gas (NO,),




are-di ssol ved), .and various additives set forth in Table 1. The viscosity
of each prepar ed engine oil was adjusted to SAE 10VBO. 40
m of each prepared engine oil and 2 ml of regular gasoline were 5 nixed,
and then iron-copper catalyst (1/6 scale of the sanple regulated in the

oxi dation test of JI S K-2514) was added to the m xture. The obtai ned

m xture was heated to 140C. At this tenpeture, nitrogen gas

contai ning 0.8% nitrogen nonoxi de (NO and wet air were conti nuousl y

ospect i vely. i | o THpeRBiY iEoRlich 3 b"§‘“@°ﬁ'f°°5\v3$w ok 3yabiy gt

amount of deterior at%ﬁses#twmi@gemomaso @9@9%@‘%‘06 ﬁ iM&wi ng

manner . The engine oil was perlodlcally sanpled and charged in
an optical cell of 0.1 RE : Q1A 3 ARy spectrum
The amount of nitrate 15 ester T U1 ‘ ' evdl uat ed by
t he absorbance at® 1630 cnierr] . . The Ilfetl me of the sanpl ed engine

oi | was determ ned by t hdn its broadbstaspéat, the presehtinvdrition & areengieoihcommpasition? .
20 comprising a base oil, an ashless dispersant, a metal-containing detergent, zinc
dithiophosphate and a sulfur- containing phenol derivative.

10 Representative examples of the sulfur-containing phenol derivative
employed for the invention are the compounds represented by the following
formulae (1), {2) and (3): .

: OH
18 RI :l ,CH3 SR
' . CH,SE :
CH :
0 C e
20 - -
Rt
ORS+- S
HO - R4C/
| N\
7 o
R _ 2
25 . a L - 4% and
f — R6SR7
"o AN
30 R ) - QO
1))

wherein R, R2, A3 and RS are the same or different and each represents an alkyl
group of 1-18 carbon atoms; R¢, RS, R¢ and R7 are the same or different and

35 each represents an alkylene group of 1-3 carbon atoms; and R' represents an
alkyl group of 1 to-4 carbon atoms.
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The sulfus-containing phenol derivative of the formulae (1), (i) oc (Il) is
dissolved or dispersed in a base oil together with various additives, such as
metal-containing detergents, ashless dispersants, zinc dithiophosphate, viscosity
index improvers and the like, in the same manner as known engine oit
compositions (l.e., engine oils).

A variely of metal-containing detergents, ashless dispersants, zinc
dithiophosphates, viscosity index improvers and base oils are known. These
known materials or their analogous compounds can be employed for the
preparatlon of the engine oil of the invention. Representaﬂve examples of
these materials are described below.

BASE OIL

The base oil may be a mineral ol or synthetic oil or a blend of mineral oils
and/or synthetic olls biended to give a base oil of the desired intemal combustion
engine ol viscosity. Typically, individually the oils used as its base oil will have a
viscosity range of about from 10 to 120 cST at 40°C and will be selected or
blended depending on the desired end use and the add‘:tives in the finished oil
to give the desired grade of engine olf.

METAL-CONTAINING DETERGENT

. The metal-containing detergent may be a metal phenate or a metal
sulfonaﬁe 'lhemetalphenatelsanakahaeaﬂhmetalsaltofsulﬁdeof
akylphenolhavhganakylgroupofaboma&carbonatoms. Generally
employed alkaline earth metals are calcium, lpagneslm\,andbadun “The metal
suWebmaMeMmeﬁ!sa&ofasdfonatadawmammpoundora '
sulfonated mhera! oil derived from lubricating ol havlng a molecular weight of
about 400-600. Generally employed akaline earth metals are also calcium,
magnesium and barium. The metal phenate and metal sulfonate can be used
singly.or in combination. “Also employed are other metal-containing detergents
such as salicylate, phosphonate and naphthenate of alkaline earth metals. These
detergents can be employed single or in combination. The aforementioned
phenate and sulfonate can be employed in combination with these other metal-
containing detergents. The metal-contalning detergents may be of a neutral type
or of an over-based type having an alkalinity value of 150-300 or more.

J—

e ]
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-13- ' _ , Tabl e | Engi ne oi |

sanpl es Sanpl e No. 1 2 3 4 5 6 7 8 5
Vi scosity .i ndex inprover of dispersant type 5.7 5.7 5.7 5.7 5.
5.7 5.7 5.7 Addi ti ves package 6.5 6.5 6.5 6.5 6.5 6.5 6.5
6.5 Oxi dati on inhibitor of am ne type - 0.6 - -
- - - 10 Oxidation inhibitor of- gphenol type -
0.4 Sul fur-contai ni ng phenol derivative(l) - - 0.3
0.15 0.15 0.15 - Suf ur - cont gi ni

The metal-con nt':lqurgent is generally incorporated into an engine oil
in an amount of 0.5-20 wt.% per total amount of the engine oil.

ASHLESS DISPERSANT

Examples of the ashless dispersant used for the invention include
succinimides, succinic esters, and benzylamine, each of which has an atkyl or
alkenyl group of a molecular weight of about 700-3,000. in addition to these
compounds, their derivatives {e.g., borated derivatives) are also employable.

10 The ashless dispaersant is generally incorporated into an engine oil in an amount
of 0.5-15 wt.% per total amount of the engine oll.

ZINC DITHIOPHOSPHATE

15 The zinc dithiophosphate, used as an anti-wear agent or an oxidation
inhibitor, generally is zinc dihydrocarbyl-dithiophosphate having an alkyl group of
3-18 carbon atoms or an alkylaryl group having an alkyl group of 3-18 catbon
atoms. This agent is generally incorporated into an engine oil in an amount of 0.1-
3 wt.% per total amount of the engine oil.
20 ' : .
VISCOSITY INDEX IMPROVER

Exampiles of the viscoslty index improvers are poly-(alkyl methacrylate),

ethylene-propylene copolymer, styrene-butadiene copolymer, and

25 polyisoprene Visédsity index impravers of dispersant type (having increased
dispersancy) ormulli-funeﬁon type are also employed. These viscosity index
_ lmpfovers can be useds!ngly or in combination. The amount of viscosity index
improvertobelnoorporated into an engine oft varies with desired viscosity of the
compounded englne ofl, and general!y inthe range of 0.5-20 wt.% per total

30 amount ofthe engineoil. T

The engine oll of the Invention may contaln various additional additives
other than those described above, if desired. Examples of such additional
additives include known extreme pressure agents, corrosion inhibitors, rust

35 Inhibitors, friction modifiers, anti-foaming agents and pour point depressants. In
addition to these additives, other oxidation inhibitors (e.g., hindered phenot), anti-
wear agents and multi-functional additives {e.g., organic molybdenum
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15 .phenol derivative(ll) - - - 0.15 - 0.15

Sul f ur-cont ai ni ng . phenol derivative (lI11) - - - - -

0.15 - - Di t hi ocar bamat e conpound - - - -

- 0.15 0.15 20 Paraffinix m neral oi I 87. 8 87.2 87.4 87.5
87.5 87.5 87.5 87.5 Li feti me(hour) 5§ 115 120 116
122 126 As i s described above, raffl ni c m neral oil

(viscosty index value: 100) 25 was used for the engine oils set forth in
Table 1 as a base @npoundid stk asoholyidanum dittiiiosphale) mayase mp%&@ﬁ: to-

satisfy the visco %*‘;(%éa@gl tion regulated in SAE 10WMBO of servi ce.
Further, other sup additives such as anti - foam ng agents
were added when they were required. Details of the additives set forth
in Table 1 are as follows: SYLFUR-CONTAINING { PHENGIIXBEBIVATIVE ure of

bori c acid- rmdi% I ed succinic imde (ashl ess dspersant), cal cium

sul fonate (neta

cont ai ni ng deter ent) and zinc di t hi.ophosphat e ( of
secondary al kyl type). Detailsqfthesulfueeontaining pheral derivative ghasesterizing the present
100: 40: 40 I n the Grdentionans dobaibed Beiow. package at 6.5%w% 35 resulted
in the phosphorus |evel of 0.08 w % of engine oil sanples.
As is described above, the sulfur-containing phenol derivative preferably
10 used for the inventionis a compound represented by one of the following
formulae (1), (1), and (lll)

OH

t |
R ,CH2SR
15 |

]
o CH4,SR®

20 I r

@ L . . 1% and
25 : g '

s ' 174 - 0
so mm R
wherein R, R?, R3 and R®are the same or different and each represents an alky!
group of 1-18 carbon atoms; R4, R*, R¢, and RY are the same or different and

each represents an alkylene group of 1-3 carbon atoms; and R' represents an
35 alkyl group of 1 to 4 carbon atoms.

REPLACEMENT SHEET
18 MAR 1997

[T




Oxi dation Inhibitor of am ne type: Dialkyldi phenyl ani ne

- 14- . Oxi dation Inhibitor of phenol type:

2, 6-di -t-butyl - p-cresol Sul fur-containing phenol derivative
(I) 2,4-bis((octylthio)methyl)-o- cresol 5

Sul fur-contai ni ng phenol derivative (11): 2,2-thio-diethyl enebis(3-
(3,5-di-t-butyl - 4- hydroxyphenyl ) propi onate} * 10- Sul f ur-cont ai ni ng
phenol derivative (I11); Tridecyl 2-(3,5-di-t-butyl-4-

Although the above sulfur-containing phenol derivatives are per se known
as oxidation inhibitors for plastics, the present inventors have discovered that
they effectively prevent engine oils from deteriorating.

5 The alkyl groups in the above formulae may be of straight chain type or
branched chain type. Examples of them include methyl, sthyl, propyl, n-butyl,
isobutyl, pentyl, isopentyl group, heptyl group, octyl group, 2-ethythexyl, nonyl,
decyl, dodecyl and tridecyl. Particularly preferred are alkyl groups having 1-14
carbon atoms. Examples of the alkylene group in the formulae are methylene,

10 ethylene and propylene.

Each of the sulfur-containing phenol derivatives of the formulae (1), (i), and
(I1f) can be used singly or in combination with other sulfur-containing phenol
derivatives. Preferably, the sulfur-containing phenol derivative of the formula (i)
15 is used in combination with the sulfur-containing phenols derivative of formutae (1)
or {i).

The sulfur-containing phenol derivative is generally incorporated into an
engine oil in an amount of 0.05 to 5 w&.%, preferably 0.1 to 3 wt.%, per total
20 amount of the engine oil.

As is described above, the sulfur-containing phenol derivative is used in
combination with a dithiophosphate such as zinc dialkyldithlophosphate or zinc
dihydrocarbyidithiophosphate, which are known oxidation inhibitors for engine

25 oils. The preferred weight ratio is in the rangeof 1:0.1-1:20, particulady 1:0.2-
1:10 (= sulfur-containing phenol derivative: dithlophosphate)

 DITHIOCARBAMATE COMPOUND

30 | Préferd:ly. the engine oil eomposmon of the invention further contains an

alkylmiocarbamoyl oompound represented by the following formuta:
R9 s R!!
Ny P N I
Rl{ . N\ Ri2
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1 0 hydroxybenzyl t hio)acetate Di t hi ocar bamat e conpound:

Met hyl enebi s(di butyl di t hi ocar bamat e) As is clear fromthe
test data set forth in Table 1, each of the engine oils of 15 the present
invention (i.e., the engine oils of No. 4 - No. 8). in which the sul fur-
cont ai ni ng phenol derivative had been added, exffblted little deterioration
and a long lifetinme, even if exposed to nitrogen oxide of high
concentrati on. Particularly, the engine oils of No. 7 and No. 8, in
whi ch the sul fur-conivherimge, R, R‘phn@aﬁzatenhe/wnwdmrhendeammpmemm

\(/)vj[ Lgrgn atkythiocar bgﬁ@rgﬁgﬁ)gw%%npgﬂyt QM é’ @ﬁg&{’se@égﬁ% | nvén | on

which is prepared byS-CHz-Chzr8eSoeHatG h'zﬁm S %23%8%)1 §- phenol

derivative to a conposition-of a Iubrlcatlng base oil, an ashl ess
di spersant, a netgl-conta S
hardly deterioratéed on co Wéfgr%%a'éen 86\1"81& @ﬁb o??t]ﬁsém%&vn
hi gh concentration afempeundsywhichareemployed er tororanadd‘mveof

Wil e the present i nmmmmmmmwgmwmswmmapumamm

i men hi
SRS S s o PR AR B i e M4
departing from propyl, 'ethy "0"
10 decyl, and dodecyl. Preferred are alkyl groups having 1-10 carbon atoms.
Concrete examples of the alkylthiocarbamoyl compounds include methylene
bis(dibutyl dithiocarbamate), bis(dimethyithiocarbamoyl)-monosuffide,
bis{dimethyithiocarbamoyl)disulfide, bis(diamyithiocarbamoyi)disulfide, and
bis(dioctylthiocarbamoylidisulfide. Further, metal dithiocarbamates such as zinc
15  dithiocarbamate, copper dithiocarbamate and molybdenum dithiocarbamate are
also employable. These compounds can be used singly or in combination of
two or more co’mpounds. |

The akylth:owrbamoyl compound is generally incorporated into an engine
20 oilin an amount of 0. 05-8 Wt.%., preferably 0.1-4 wt.%, per total amount of the
engine oil.

When the alkytthiocarbamoy! compound is incorporated into the engine oil
of the invention, the preferred weight ratio of the compound to the sulfur:
25 - contalning phenol derivative is in the range of 1:0.1 o 1:20, particularly 1:0.2t0
1:10 (= sulfur- oontainng phenot denva!we'akwhioearbamoyl compound).

EXAMPLES

30 . -The lnventlon will be further illustrated by the following examples that set
forth particularly advantageous method embodiments. While the Examples are
provided to lllustrate the present invention, they are not intended to limit it

Various engine oils set forth in Table 1 were prepared from the same
35 components such as paraffinic mineral oil (viscoslty index value: 100), viscosity
index improver and additives package (i.e., a mineral oil in which the same
ashless dispersant, metal- containing detergent and zinc dialkyldithiophosphate
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t he spi rit and scope of the appended cl ai ns. 35 -15- What

is clained is:

1. A | ow phosphorous |ubricating oil conposition for

i nternal conbustion engines

10

18

20

- 25

30

35

-12.

are dissolved), and various additives set forth in Table 1. The viscosity of each

. prepared engine oit was adjusted to SAE 10W30.

40 mi of each prepared engine oil and 2 ml of regular gasoline were
mixed, and then iron-copper catalyst (1/6 scale of the sample regulated in the
oxidation test of JIS-K-2514) was added to the mixture. The obtained mixture
was heated to 140°C. At this temperature, nitrogen gas containing 0.8%
nitrogen monoxide (NO) and wet air were continuously introduced into the
mixture at the rate of 5.7 1/hour and 15 1/hour, respectively. While the gases
were blowing into the engine oll, the amount of deterioration of the ol was
observed in the followirig manner.

The engine oil was periodically sampled and charged in an optical cell of
0.1 mm thickness to measure IR absorption spectrum. The amount of nitrate
ester formed in the sampled oil was evaluated by the absorbance at 1630 cm.
The lifetime of the sampled engine oil was determined by the time when the
absorbance was reached to 0.2.




conpri si ng: (a) a mpjor anobunt of a base oil of lubricating

Vi scosity, . (b) fromO.5 to 20 wt. % of netal -containing
det ergent selected fromthe" group consisting of a netal
phenate and a netal sulfonate, (c) fromO0.5 to 15 wt. % of
ashl ess di spersant selected fromthe group consi sting of
borated succinim des and succinic esters, 13- (d) from0.1to 3 w.
% of a secaqondary al kyl zinc dithiophosphate, (e) fromO0.05to 5
wt. % of a sul fur-cont ai ni ng phenol derivati V’ﬁb@ql ected from
t he group consi sti n-g : =t
ngine oil samples
Sample No. 1 2 3 4 5 6 7 8

5 Viscosity index improver

of dispersant type 57 57 67 57 57 57 57 57
Additivespackage 65 65 65 65 65 65 65 6.5
Oxidation inhibitor
of amine type - 06 - - - - . .
10  Oxidation inhibitor _
of phenol type - - 04 - - - - -
Sulfur-containing
phenol derivative (I) - - . 0.3 0.5 0.15 0.15 -
Sulfur-containing
15 phenol derivative (If) - - . . 0.15 - - 0.16
Sulfur-containing
phenol derivative i} - - - - - 015 - -
Dithiocarbamate
compourid - - - - - - 0.15 0.15
20 Pamfinc | ' |
mineral of ~ 87.8 872 87.4 87.5 87.5 87.5 87.5 87.5

Lifetime thour) 50 79 86 115 120 116 122 126

. Asis described above, paraftinic mineral oil (viscosity index value: 100)
25 was used for the engine oils set forth in Table 1 as a base ol and each of the
engine oils was prepared to satisfy the viscosity condition regulated in SAE
10W30 of API service. Further, other supplemental additives such as.anti-
foaming agents were added when they were required. Details of the additives
set forth in Table 1 are as follows:
30 : -

Additives package: Mixture of boric acid-modified succinic imide
(ashless dispersant), calclum sulfonate (metal-containing detergent) and zinc
dithiophosphate (of secondary atkyl type). The weight ratio of these
components is 100:40:40 in the order described. This package, at 6.5% wt%,
35 resulted in the phosphorus level of 0.08 wt% of engine oil samples.

Oxidation inhibltor of amlIne type: Dialkyldiphenylamine
[REPLACEMENT SHEET
18 MAR %97




wherein'Rlerr], Rlerr],Rlerr] and Rlerr] are the sane or different and each

represents an aI kyl group of 1 to 18 carbon atons; R err],
Rlerr], Rerr], and Rlerr] are the same or different and "~ each
represents an aI kyl ene group of 1 to 3 carbon atons; and R represents an
al kyl group of 1 to 4 carbon atons; and (f) fromO0.05 to 8 wt.
% of an al kylt hi ocarbanoyl conpound representidd by t he
formul a:

Oxidation Inhibitor of phenol type: 2,6-di-t-butyl-p-cresol

Sulfur-containing phenol derivative (f): 2,4-bis{(octyithio)methyl}-o-
cresol

Sulfur-contalning phenol derivative (lf): 2 2-th|o-d|ethyleneb|s{3-
(3,5-di-t-butyl-4-hydroxyphenyl)propionate}

Sulfur-containing phenol derivative (lll); Tridecyt 2-(3,5-di-t-butyl-4-
10 hydroxybenzylthio)acetate

Dithlocarbamate compound: Methylenebis(dibutyldithiocarbamate)

As is clear from the test data set forth in Table 1, each of the engine oils of
15 the present invention (i.e., the engine oils of No. 4 - No. 8), in which the sulfur-
containing phenol derivative had been added, exhibited little deterioration and a
long lifetime, even if exposed to nitrogen oxide of high concentration.
Particularly, the engine olis of No. 7 and No. 8, in which the sulfur-containing
phenol derivative had been incorporated with an alkyithiocarbamoyt compound,
20 exhibited longer lifetimes than others.

The engine oil composition of the present invention, which is prepared by
incorporating a sulfur-containing phenol derivative to a composition of a lubricating
base oil, an ashless dispersant, a metal-containing detergent and zinc

25 dithiophosphate, is hardly deteriorated on contact with nitrogen oxide (NO.) gas
o ofhigl'nconeentfaﬁonandeanworkstablyforabngtlme

While the present invention has been described with reference to specific
embodiments, this application is intended to cover those various changes and
30 substitutions that may be made by those skilled in the art without depamng from
the spirit and scope of the appended claims.

35




- 16-

[err] wherein Rerr], Rerr],

Rlerr] and Rlerr]. are the same or different and each represents an

al kyl group of 1-18 carbon atons, and (X) represents S, S-S, S CH[ err]
S CHerr]-CHerr]-S, S CHerr]-CHer CHerr]-S, or S
(CHerr]) -S.
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What Is clalimed Is:

1. A low-phosphorous lubricating oil composition for intemal combustion
engines comprising:
(a) amajor amount of a base oil of lubricating viscosity,
(b) from 0.5 to 20 wt.% of metal-containing detergent,
(c) from 0.5 to 15 wt.% of ashless dispersant,
(d) from 0.1 fo 3 wt.% of zinc dithiophosphate, and
(e) from 0.05 to § wt.% of a suffur-containing phenol derivative selected
from the group oonststing of.

OH
Rl

\/

{
CH,SR®

CHJ, SR? .

0)

R ORI s

Ho m/
No

R/

RI

HO" | 6 SR7 C/ o
| —R N,

V4
(iiiy R

wherein RY, R2, R?3, and R® are the same or different and each represents
an alkyl group of 1 to 18 carbon atoms; R¢, RS, RS, and R? are the same or
different and each represents an alkylene group of 1 to 3 carbon atoms; and R’
represents an alkyl group of 1.to 4 carbon atoms.
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3. A'Iowphosphorous | ubricating oil conposition according to claim1
wherei n : Rrerr], Rerr], Rerr], and R err] alkyl groups of the —-

sul fur-cont ai'ni ng phenol derivative have 1- 14 ¢
A | ow phosphorous lubricating oil conposition accordi ngaHﬂm”ﬁ";]m ’mgﬂﬂL
t he sul fur-cont ai ni ng phenol derivation is selected forom

consi sting of 2,4- bi s{(octyl t hi o) met I‘ryﬁe}-o cresol

2-t hi o-di et hyl enebi s{3, 5-di -t-butyl - hydroxyphenyl)bropionate}
and tridecyl 2-(3,52di - Adutphdsphofod W'&H%Rmaccordm@@@bﬁuﬂwhéem

the PO ne it o h%r%nmﬁiﬁﬁé’{ﬁéé BTt oo L% ati or

an al kyl aryl gr oeqm: Qﬂg an al kyl group of 3-18 carbon atons. 6.
A | ow phosphorous lubricating oil conposition according to claim1 wherein

err er err] and re. |nde dent seleated fro
Z[ Kyl I groups h a\% 5 g[kgwpillosph o@%ﬁ%{qa Sitioc acoc?’rdlng t6 Clain 1 wherein
the atkyl groups of the sutfur-contaming phenol derivative have 1-14 carbon
atoms.

4. A fow-phosphorous lubricating oil composition according to Claim 1 wherein
10 the alkyt groups of the sulfur-containing phenol derivative is selected from
the group consisting of 2,4-bis{{octyithio)methyl}-o-cresol, 2,2-thio-
diethylenebis{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}, and tridecyl
2-(3,5-di-t-butyl-4-hydroxybenzylthio)acetate.

15 5. A low-phosphorous lubricating oil composition according to Claim 1 wherein
the zinc dithiophosphate is a secondary alkyl type.

6. A low-phosphorous lubricating oil composition according to Claim 1 further
comprising from 0.05 to 8 wt.% of an alkyithiocarbamoyl compound

20 represented by the formula:
R® s s R!!
N t  /
N—-C—&X—C—N
25 Rl( RI12

wherein R?, R, R'Y and R'2 are the same or different and each represents
an atkyl group of 1-18 carbon atoms, and (X) represents S, S-S, S-CH,-S,
S§-CH2-CH2-S, S-CHy-CH;-CH2-S or S-CHz-CH(CH,)-S.
30 -
7. Alow-phosphorous lubricating oil composition according to Claim 6 wherein
R?, R19, Rt and R'2 are independently selected from alkyl groups having 1
to 6 carbon atoms.

35 8. The low phosphorous oil composition of Claim 7 wherein the
dithiocarbamate compound is methylene bis{dibutyldithiocarbamate).
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7. - The | ow phosphorous oil conposition of claim®6 wherein the

di t hi ocar bamat e
Page 3 :
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9.

10.

11,

~conpound is methyl ene bi s(di butyl dithiocarbamate).

cro AU O

An additive concentrate comprising:

(a) 100 weight parts of a metal-containing detergent,

{b) from 10 to 700 weight parts of an ashless dispersant, and

(c) from 2 to 200 weight parts of a sulfur-containing phenol derivative
selected from the group consisting of:

OH

1|
R\ @ /CI-IzSR’
f
CH,SR®

— -

Rl

\\0

R/ .
(D) L. i and

R OR®

HO 6 7/
— R6SR C\\0

(iii) | Rv/

wherein R1, R2, R?, and R® are the same or different and each represents an
alkyl group of 1 to 18 carbon atoms; R¢, RS, Re, and R? are the same or
different and each represents an alkylene group of 1 to 3 carbon atoms; and
R rep:esents an alkyl group of 1 to 4 carbon atoms.

An additive concentrate according to Claim 9 wherein the atkyl grodps ofthe
sulfur-containing phenol derivative have 1-14 carbon atoms.

An additive concentrate according to Claim 9 wherein the alkyl groups of the
sulfur-containing phenol derivative is selected from the group consisting of
2,4-bis{(octyithio)methyl}-o-cresol, 2,2-thio-diethylenebis{3-(3,5-di-t-butyl-
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9.. Am additive concentrate conpri sing: (a) 100-weight parts of

a netal -containjng detergent, (b) from10 to 700 wei ght paT‘*t‘S~0L ..

an ashl ess di spersant, and (c) from2 to 200 Hm
sul fur-contai ni ng phenol derivative 5 sel ect ed m,’@ #"

consi sting of:
-18-

4-hydroxyphenyl)propionate}, and tridecyl 2-(3,5-di-t-butyl-
4-hydroxybenzylthio)acetate.
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25 * wheren Rlerr], Rerr], Rerr], and R err] are the sane or
different and each represents an al kyl group of 1 to 18 carbon
atons; Rerr], Rerr], Rerr], and R err] are the sane or

different and each represents an akylene group of 1 to 3 carbon atons; and
R represents an al kyl group of 1 to 4 carbon atons. 30 10. An
additive concentrate according to Claim9 wherein the al kyl groups of the
sul fur-.cont ai ni ng phenol derivative have 1-14 carbon atons.
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LOW PHOSPHOROUS ENGINE OIL
COMPOSITIONS AND ADDITIVE COMPOSITIONS

ABSTRACT

An engine oil composition having a base oil, an ashless dispersant, a
5 metal-containing detergent, zinc dithiophosphate and a sulfur-containing phenol
derivative. Examples of sulfur-containing phenol derivative inciude 2,4-
bis{(octylthio)methyl}-o-cresol, 2 2-thiodiethylenebis{3-(3,5-di- t-butyl-4-
hydroxyphenyl)propionate}, and tridecyl 2-(3,5-di-ti-butyl- 4-
hydroxybenzyithio)acetate.
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11. An additive concentrate according to CaimQ9 wherein the alkyl groups

of the 35 ° ——sulfur-containing phenol derivadtiv®REPLATEMENESHEEDS { NeG

gréup”consi st of T2, 4- bi s{(octyl tihitb Desdripyibh - pagdiesoto paged .....
2, 2~t hi o- di et f@ﬂ ;di -t-butyl - # Claim(s) ed 35 to paged .%..
- pr gpl onai®}, ang 1 Desmbh(s?- Eﬁ ..... di ¢ phgsay! -

4- hydroxybenzylth|o)acéta?e

What is claimed is:

B Abstract : paged .. to paged T

DATE OF RECEIPT .54 ........

1. A low-phosphorous lubricating oil composition for internal combustion engines

comprising:

(a) a major amount of a base oil of lubricating viscosity,
(b) from 0.5 to 20 wt. % of metal-containing detergent selected from the
group consisting of a metal phenate and a metal sulfonate, .

(c) from 0.5 to 15 wt. % of ashless dispersant selected from the group
consisting of borated succinimides and succinic esters,

(d) from 0.1 to 3 wi. % of a secondary alkyl zinc dithiophosphate,

(e} from 0.05 to 5 wt. % of a sulfur-containing phenol derivative selected from

the group consisting of:
OH

Rt | CH,SR2
\@/
{
CH,SR®

@ -

HO — R6SR7C
L{Op-reswré

74
(i) R

O

wherein R'. R?, R?, and R® are the same or different and each represents an alkyl

group of 1 to 18 carbon atoms; RY,

RS, R%, and R’ are the same or different and

each represents an alkylene group of 1t0 3 carbon atoms; and R represents an

alkyl gnpup of 1 to 4 carbon atoms; and

(fy from 0.05t0 8 wt % .of an alkyithiocarbamoyl compound represented by

the formula:
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N R A

N—C—(X)—C—N
Ri0 R

wherein R®, R®, R'" and R' are the same or different and each represents an
alkyl group of 1-18 carbon atoms, and (X) represents S, S—S, S—CH,—S, S—
CH,—CH,—S, S— CH—CHy— CH,—S or S— CHy— CH (CH3)} —S.

A low-phosphorous lubricating oil composition according to claim 1 wherein
R', R?, R® and R® alkyl groups of the sulfur-containing phenol! derivative have 1-
14 carbon atoms.

A low-phosphorous lubricating oil composition according to claim 1 wherein the
sulfur-containing phenol derivation is selected from the group consisting of 2,4~
bis{(octyithio)methyl}-o-cresol, 2, 2-thio-diethylenebis{3,5-di-t-butyl-4-
hydroxyphenyl)propionate}, and tridecyl 2-(3,5-di-t-butyl-4-hydroxybenzyithio)-
acetate.

A low -phosphorous lubricating oil composition according to claim 1 wherein the
zinc dithiophosphate has an alkyl group of 3-18 carbon atoms or an akkylaryl
group having an alkyl group of 3-18 carbon atoms.

A low-phosphorous lubricating oil composition according to claim 1 wherein R,
R, R" and R are independently selected from alkyl groups having 1 to 6
carbon atoms.

The low phosphorous oil composition of claim 6 wherein the dithiocarbamate
compound is methylene bis(dibutyldithiocarbamate).
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LOW PHOSPHOROUS ENGINE OIL
COMPOSITIONS AND ADDITIVE COMPOSITIONS

ABSTRACT

An engine oil composition having a base oil, an ashless dispersant, a
metal-containing detergent, zinc dithiophosphate and a sulfur-containing phenol
derivative. Examples of sulfur-containing phenol derivative include 2,4-
bis{(octyithio) methyl}-o-cresol, 2 2-thiodiethylenebis(3-(3,5-di- t-butyl-4-
hydroxyphenyl)proplonate}, and tridecyl 2-(3,5-di-ti-butyl- 4-
hydroxybenzylthlo)acetate.
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