- 2- For exanple, sulfurized oxynDbedenun1d| mlocarﬁanate
has been proposed as a friction nodifier, -as disclosed by, e.lgg. U&Ra
3,356, 702. Conpounds whi ch have been used as oi | ness agent preparat'i‘ons,
such as glycerin ester, have been al so,proposed as friction nodifiers, as
di scl osed by JP Publicatlon No. 62- 543% However, it has
been clarified that sulfurized oxynnlybdenun1dithiocarbanate, although
decreasing friction coefficient to sone extent at |ow tenperature, suffers
a decreased effect of reducing friction at high tenperature seen as an
increase in friction coefficient, and that it cannot exhibit the friction-
reduci ng effect sufficiently substanably, even at | ow tenperature, for an
equi pnent required to operate continuously for extended peri ods.

It is also known that zinc dithiophosphate (ZnDTP) shows a

friction- rget GROVNBAOF THED QRAFEQTIONe | ubri cant However, there
Is a reqwmrggrﬂmmm—mr—%ecause phosphoric acid

resulting fromconbustion of the phosphate damages oxi dation catalysts in

t he exhaust gas cl ean-up system Under these circunstances,
devel opmi&i@.@.ﬂ.’ﬁ@.&ﬁﬁ%si tion which exhibits a friction-reducing
effect over a wi de tenperature range has been earnestly denmanded, because
of wi dely changing conditions under which an autonobil e engine, and hence

t he | ubricant theref g?l | NVENTI ON
It is an object of t.ﬁ{w ;ﬂ@gﬁﬁ gﬁﬁﬁg ﬁ? %]1 01}3%1\%53351&/%\/\%%& ind superi or
to the corpseed dithidcaftaintite dorivative! h%cthé&%!‘?f&ﬂmﬁﬁgth% ste! h fabiticanki ch can
keep friction coefficient at a | ow | evel a wde terrperature range, in

additive containing the same as the effective component, and a lubricant

composition containing the same, more particularly a new compound having the

metallic components of zinc and molybdenum in the same molecule, a method

producing the same, a lubricant additive comprising the same, and a lubricant

composition containing the same.
PRIOR ART

Recently, energy saving has been promoted in all industrial fields
for environmental preservation. In particular, automobile engines are required to
reduce friction loss in the engine, because loss of kinetic energy resulting from
friction generated in the power transmission system increases fuel consumption.

Reduction in friction loss in the engine has been pursued by
improving lubricants, in addition to designs of engines themselves. A number of
methods have been proposed to reduce friction by, e.g., decreasing viscosity of
the base oil, and use of new friction modifiers, to reduce friction in the boundary

lubrication region and thereby to reduce fuel consumption.

This Sheet Has Been Re epla
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- 3- particular at high tenperature, and exhibit the friction-reducing
effect substainably in an engi ne operating continuously for extended

peri ods. DESCRI PTI ON OF THE | NVENTI ON The present
invention is directed to a new conpound,ko di t hi ocarbamate e derivative
having the netallic conponents of zinc and nmol ybdenum i n the sanme nol ecul e
whi ch shows a notable effect of reducing friction, to a nethod for

produci ng such nateri zﬂl‘etxémﬂﬂa siifunzedoxymolybilemum dithiocachamate has beet t 0 a

of "t he. pr o SERPOSCAAIA i ta'”g 8 G b, e SRR

wnerei n. A SERGUGE MR S MRS BRRDIogs setrfparation ey elycern

ester, have been also proposed as friction modifiers, as disclosed by JP
Publication No. 62-54359.

However, it has been clarified that sulfurized oxymolybdenum
dithiocarbamate, although decreasing friction coefficient to some extent at low
temperature, suffers a decreased effect of reducing friction at high temperature
seen as an increase in friction coefficient, and that it cannot exhibit the friction-
reducing effect sufficiently substanably, even at low temperature, for an
equipment required to operate continuously for extended periods.

It is also known that zinc dithiophosphate (ZnDTP) shows a
friction-reducing effect, when incorporated in a lubricant. However, there is a
requirement to reduce phosphorus content, because phosphoric acid resulting
from combustion of the phosphate damages oxidation catalysts in the exhaust gas
clean-up system.

Under these circumstances, development of a lubricant
composition which exhibits a friction-reducing effect over a wide temperature
range has been earnestly demanded, because of widely changing conditions

under which an automobile engine, and hence the lubricant therefor, are used.

SUBJECT TO BE SOLVED BY THE INVENTION

It is an object of the present invention to provide 2 new compound
superior to the conventional friction modifier, required for a lubricant which can

keep friction coefficient at a low level over a wide temperature range, in



[efr]
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Ein Zn-(-Y)[err] is represented by-

[err]

or -SR[err], and Rerr] to Rlerr] are each a hydrocarbon

group having a carbon nunber of 4 to 30, which nay be the sane or
different.

a ZI nc- nol ybdenum based dithi ocar banat®-represented by general fornula

(-

A particul ar enbodi nent of the present invention is

Zn. Mo[err] S[err] [SCSN(R err]Rerr])][err]

Yd vxhereparﬁéular at digtetaneestutey and exhibitcthe fricfon-Ffueing effectis 1 or 2, b is
cis 2or 4, dis 2when ais 1l or dis 4 when ais 2, andR[err]

2 or 3,
Rerr],

car bon

R] substainghlyri

rinjan-engitR] eperjting eontinuouslytfpr exteadedpetjedsup havi ng a

DECRIPTION OF THE INVENTION

The present invention is directed to a new compound of

dithiocarbamate derivative having the metallic components of zinc and
molybdenum in the same molecule which shows a notable effect of reducing
friction, to a method for producing such material, to the material as a lubricant
additive and to a lubricant formulation containing such material.

The first item of the present invention relates to a zinc-
molybdenum-based dithiocarbamate derivative represented by formula I:

17}
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wherein, A is Mo-Z or Zn-(-Y)z,
Z in Mo-Z is represented by:

—s—c—w(R‘

Y in Zn-(-Y)z is represented by:



nunber of 4 to 30, which may be the sane or different The
second itemof the present invention relates to a nethod of producing the
zi nc- nol ybdenum based dit hi ocarbamat e -derivative represented by fornula (1)
or (l1-1), conprising stages of: (a) reaction of sulfurized
amoni um nol ybdat e -4 -5-

(NH err])[err]MJerr]S[err] 2H err]O or (NH err])[err]MJerr] S[err]

2H err]Owith an alkali metal salt of sulfite and al kali netal salt of

di al kyl dithiocarbamate in an aqueous sol ytion, and (b)
reacti on of the above product with a zincYhalide to synthesize
Zn[err]MJerr] S[err] (M@ E~+RX[err] _gp__z I\_/_Eharr] S[err] (dtc)[err] X[ err],
foll owed by reaction of thé# hal ogen portign of the above product with an
alkli metal salt of aliphaic aci.d, sulfonic acid or alkyl thiol, to forma
zinc salt of aliphatic acid, sulfonic acid or alkyl thiol.

The third itemof the present invention relates to a lubricant additive
conprising the 4zi nc- mol ybdenum based dit hi carbamate derivative, represented
by formul aof+§Romand| - 1) . The fourth itemof the present

of | 1 ncor pB 48 B0 a7 £aT EYasocarton FOMR AR A ATo0F PRIDES P00 BBl oc e
represent g W e Teind or'diftBfent.

A particular embodiment of the present invention is a zinc-
molybdenum-based dithiocarbamate represented by general formula (I-1)

Zn, Moy, Ss [SCSNR'R)]. Y4

wherein Y is represented by:
o

-Q-C-R?, -0-S-R3,
0 o)

or-SR% aislor2,bis2or3,cis2or4,dis2 whenais 1 ordis4 whenais
2, and RY, R? R® R* and R’ are each a hydrocarbon group having a carbon
number of 4 to 30, which may be the same or different.

The second item of the present invention relates to a method of
producing the zinc-molybdenum-based dithiocarbamate derivative represented
by formula (I) or (I-1), comprising stages of: ‘

(a) reaction of sulfurized ammonium molybdate



PREFERRED EMBODI MENTS OF THE | NVENTI ON The

zi nc- nol ybdenum based dit hi ocarbamate derivative of the present invention

is a conplex salt of polynuclide or nolybdenurm having the netallic

components of zinc and nol ybdenumin the same nol ecul e, represented by

general fornula (I): -5~ A S [err]
-6 - wherein Ais Mb-Z or Zn(-Y)[err], indicating that either M-Z or
Zn-(-Y) [ er(HIHh MO3Si3 €PH Ofbrt(l\ﬂ-léjbt{@ O'gthodralkald metalaltofi S
represent ed E isiferr 3%"' err] is represented by: [err]

or -SR[er r$ul.ﬁ$mahd alkali metal salt of dlalkyl dithiocarbamate in an aqueous solution,

and

(b) reaction of the above product with a zinc halide to synthesize
Zn;M0,S4(dtc). Xy or ZnMo;S, (dtc) Xs, followed by reaction of the halogen
portion of the above product with an alkali metal salt of aliphatic acid, sulfonic
acid or alkyl thiol, to form a zinc salt of aliphatic acid, sulfonic acid or alkyl
thiol.

The third item of the present invention relates to a lubricant
additive comprising the zinc-molybdenum-based dithicarbamate derivative,
represented by formula (I) or (I-1).

The fourth item of the present invention relates to a lubricant
composition comprising a lubricant base oil incorporated with the zinc-
molybdenum-based dithiocarbamate derivative, represented by formula (I) or
(I-1).

PREFERRED EMBODIMENTS OF THE INVENTION

. The zinc-molybdenum-based dithiocarbamate derivative of the
present invention is a complex salt of polynuclide or molybdenum having the

metallic components of zinc and molybdenum in the same molecule, represented
by general formuia (I): |

N\

et

in

N
NE



Rlerr] to Rlerr] are each a hydrocarbon group having a carbon nunber of 4
to 30, which may be the sane or different.. The hydrocar bon
groups useful for the present invention include alkyl having a carbon
nunber of 4 to 30; al kenyl having a carbon nunber of 4 to 30; and aryl
havi ng a carbon nunber of 6 to 30, wbith-may be substituted by an al kyl
group having a carbon nunber of 1 to 24. An aLkyl or al kenyl group having
a carbon n ¢inck iSMeZaf Zrs-(¥9s,tindicating Yherrepther My-Z Sr&n-gonyhd ity in oil
and friction reducing. effect. These include straight- or branched-chain

al kyl  gr offsentincthe sitgA\and whasei: . octyl, 2-ethyl hexyL nonyl, decyl,
undecyl , ly.tridecyl ..tetradecyl pentadecyl hexadecyl, heptadecyl
octadecyl,ggﬁgﬁéﬁ%é§vqﬁ ;déﬁéyl; and straight- or branched-chain al kenyl
groups, such as hexenyl, heptenyl,égptenyl, 2- et hyl hexenyl, nonenyl,
decenyl , undecenyl, dodecegw C+Ndetenyl, tetradecenyl, pentadecenyl
hexadecenyl, octadecenyl, nomadedé@wl and ei.cosenyl. In particular, an

al kyl group having a carbon gunber “6f 6 t 18 is preferable as R err] and
Rlerr], where the two al kyl groups (R err] and

-7- Rlerr]) may be the sanme or different. A straight- or branched chain
allyl or nge yl ..group is preferable as each of Rlerr] and Rerr], and an
al kyl or al n‘&'r@k 1$gFQﬂI}§S¢iat\¢ﬂr’C§’3 a carbon nunber of 6 to 24 is preferable
as Rerr]. The zi nc-nol ybdenum based di t hi ocar bamat e
derivative, represented by general formula ¥l) or (l1-1), is a dinuclide of
Mo when Ais Zn-(-Y)[errL]gxanpkes of_EBe inﬁglides i ncl ude the
fol | owi ng conpounds: Il - I_ :
Zn[err]Nb[err]S[err][SCSN(R[aDr]R[enr])][err&((IIP@[err])[err]

|1
EZPl[%a;r]l\/b[glr_[gﬁ{'%ﬁ][SCSN(R[err]R[err])][err](OSCIerr]R[err])[err]'

R' to R’ are each a hydrocarbon group having a carbon number of 4 to 30, which
may be the same or different.

The hydrocarbon groups useful for the present invention include
alkyl having a carbon number of 4 to 30; alkenyl having a carbon number of 4 to
30; and aryl having a carbon number of 6 to 30, which may be substitated by an
alkyl group having a carbon number of 1 to 24. An alkyl or alkenyl group
having a carbon number of 6 to 20 is particularly preferable for solubility in oil
and friction reducing effect. These include straight- or branched-chain alkyl
groups, such a hexyl, heptyl, octyl, 2-ethyl hexyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
nonadecyl and eicosyl; and straight- or branched-chain alkenyl groups, such as
hexenyl, heptenyl, octenyl, 2-ethyl hexenyl, nonenyl, decenyl, undecenyl,
dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, octadecenyl,
nonadeceny! and eicosenyl. In particular, an alkyl group having a carbon
number of 6 to 18 is preferable as R' and R’, where the two alkyl groups (R® and



and

Zn[err]Mo[err] S[erre] [SCSN(R[err] Rl erre] )] [err] (SR err])[err]

(1v) More concretely, they include: [err] [err]
[err] and [er] -7 - 8- The

zi nc- nol ybdenum based dit hi ocarbamate derivative, represented by general

the 11 nuch oo b the e e SRS, ASeRighl o fached Shain 81451 oF IRy
Znol er 1] Shryuplik PretiiaBie s baResr R did RY (AR 25y o 8k aryl group having

a carbon number of 6 to 24 is preferable as R®.

The zinc-molybdenum-based dithiocarbamate derivative,
represented by general formuia (I) or (I-1), is a dinuclide of Mo when A is
Zn~(-Y),. Examples of the dinuclides include the following compounds:

Zn;Mo,S{SCSNR'R%)],(OCOR?), 1))

Zn;Mo,S[SCSN(R'R’)(OSO;R%)4 ey
and

ZnyMo;Ss[SCSNR'R*)L(SR*)4 av)

More concretely, they include:

ZoM o,S‘[S —%—N{CH;-CH-CH;-CH;-CH;-CH;);I z(OﬁQfHaa)‘ L)) -

S &ﬁ{s

Za.M c,&[s—c-N{CHz-CH-ca,-cn,-cm-cm)] (OCC7H1=) (1-2)
] | 2 ] ”

Csz 2 0
QHIQ CgH!g
] - 1
Z M d',S‘[S——%-N{CHz'CliH-CH:-CH;-CH;-CH:);I 030, T-n
S Catls - “
and

Z oM 0_5‘[5 -—ﬁ,—-N{C H:+CH-CH: -c:-:z-cxz-cas)_} (SC-.:H:S)‘ Iv-n

S Hs Jz



Zan[err]S[err][SCSN(R[err]R[err])][err](osqerr]R[err] (Vl) and
ZnMo[err] S[err][SCSN(Rerr]Rerr])4(SRlerr])[err] (Vi)
More concretely, they include: [err] [err] [err] and
[err] _9- -

-s.

The zinc-molybdenum-based dithiocarbamate derivative,
represented by general formula (I) or (I-1), is a trinuclide of Mo when A is
Mo-Z. Examples of the trinuclides include the following compounds:

ZnMo3S[SCSN(R'R%)1(OCOR?), 4

ZnMo;SSCSNR'R)](OSO:R%), VD

and
ZnMosSy[SCSNR R)L(SR*), (VI
More concretely, they include:
ZaMosS, S-C-N-ECH,-CH-CH;-CH:-CH;-CH;) (OF%Ew)_ V-1)
§ CHs . Lo 7

Z oM °’S‘[s—|c|:'N {cm-c{:x .CHz-CHa+-CH; -c:rh)_] (Gﬁcvﬂt s)z
N

-2
L (V-2)

o CHis  GHy
ZnMO,S.[S-C‘N{CH,-(l';H-CH;-CH;-CH:-CH;)] OSO,‘@@ (VI-1)

g‘ 3Hs ' 2

and
anoas‘[S—C-M{CH:-CHCH:-C—Iz-CHyCHa)l 5C~.=H:s> © (VLY
I} He A 2



The zi nc-nol ybdenum based dit hi ocar bamate derivative represented by general
formula (1) is a conplex salt having Zn and Mo in the sane nol ecul e, and
its structure is identified by the el enentary anal yses, such as the
conmbustion thermal conductivity nethod (CARLO ERBA Tester) for C and H,
heating IR nmethod for O Kjeldahl nethod’lln accordance with JI'S K-2609)
for N, and mcro- t|trat|on (in accordance with JIS K-25 14) and inductively

coupl ed rfplasma eni s$h ME@WRSFQZ@MWM@MQ h JIS K-0116)
for S. The dinucl i dentified the mentar al es whi ch
show t hat tﬁ@m&%mﬁeﬁr@ ﬁiﬁ@a 34* 2 ¢4 290 M s
constitute I MF gQts and
that Md/ Zn rati gﬁﬁé@ﬁygﬂlﬁﬁs&s esé‘rﬁ?t}g he exa%l es ﬁe tr| nucI i de
i s also i detid édwwntmmmﬁﬁﬁwambaqcmamm TeRa)FoPC ad H O,
N and S that constitute the conpound, which show that Md/Zn ratio is 3.0.
The zi nc- mokEy Mehngr[&Moaﬂfﬂﬂ{DpK_miMmahdd l(m/&'dcmdamé Wlthe]lﬁrlé-%ﬁﬂ)

i nventi on, ted general fornula pr.od ced by
the fol | owi #gpwemgancro- tration (in accordanges rJ&S &%Mm

Synt hoor s orougie 3 piSe SRR seRnesbry fICH in B °Cﬁ%§es;\v§ﬁ'f§qﬁ%€é>
reaction of e TheWnaiclid dmowﬁﬁaéﬁeakgtgg%?gxw giaRfsed WHidEshdpp! | owed

by reaction of the above product wth a al I"phati c acl

sul furic acthhtdhe abserved bomntents of the elements of CMVH] ©, Moand Stthitycontshmwret hod of
the present invention for producing the zinc-nol ybdenum based

di t hi ocar bagasibcomppyad arednagresment withthesheorstical contents and that do/dn
e
sulfite a”db 't}ig) erng% (};se%’ﬁ ggggg&m%s?t?%ﬁ@,waswgo&amus

sol uti on,
- 10- the compound, which show that Mo/Zn ratio is 3.0.

The zinc-molybdenum-based dithiocarbamate derivative of the
Ppresent invention, represented by general formula (I), may be produced, e.g., by
the following method:

The zinc-molybdenum-based dithiocarbamate can be produced by
a two-stage process involving (1) synthesis of sulfurized molybdenum dialkyl
dithiocarbamate, and (2) reaction of the product in the preceding stage with a
zinc halide, followed by reaction of the above product with a metal salt of
aliphatic acid, sulfuric acid or alky! thiol. |

More concretely, the method of the present invention for producing
the zinc-molybdenum-based dithiocarbamate derivative comprises two states of:
(a) reaction of sulfurized ammonium molybdate [(NH,).MO-S,; - 2H,0 or
(NH4):MOs8S,3 . 2H,0] with au alkali metal salt of sulfite and alkali metal salt of
dialkyl dithiocarbamate in an aqueous solution, and (b) reaction of the above



product with a zinc halide (ZnX) to synthesize
Zn[err]M[err]S[err](dtc)[err] X[ err] or ZnMWo[err]S[err] (dtc)[err]X[err],
foll owed by reaction of the halogen (X) portion of the above product with
an alkali nmetal salt of aliphatic acid, sulfonic acid or alkyl thiol, to
forma zinc salt of aliphatic acid, suFf®nic acid or alkyl thiol.
(-SCSN(Rferr]Rlerr]) can be used for dtc in the above fornul ae).

Di nucl i de oproliict with a zinc halide (ZoXe syntiresizetZpMeSqdto)es, stZiMoySed
nol ybdenum&tal kyl dithiocarbamate [ Mo[err] %ﬁrr] (SCSN Rlerr]Rlerr])][err]
(wherein R @)Xz dalloyed by raactionef the balegsn abpyoprpdaet | i er] by

orerr] ol ith AR AR alighe Cacia, lé&ﬁ”]a&f%{lmt%?@m o

S s e ok MU

reacti on anfor@deeiptherubovefaimulagls for the above reaction are not limted,
except that it is effected in a nitrogen or argon atnosphere, and can be

selected freely. For exanple, it is possible to produce the objective

compound by_cont.i nu ly stirring the reaction systemat room tenperature.
The second the reaction product obtained in the first stage

with a zinc halide (ZnX in a m xed solvent of a hal ogenated hydrocarbon and
al i phatic al cohol, and continues the reaction further by adding an al kal i

metal salt of aliphatThe &itdtagtrepites s@firized malybdenididpdlkyo the reaction
system Sodi um or potassium sa can pe freely used as the al kali netal

salt. The sdﬂthaentrbainatm[MggﬁxéS@ﬁNm ()]aa(nﬂmremsR rmﬁklmttbdhydmcdubng as it

is serviceable as a sol vent for the, reaction. D chloronmethane is one of the
exanpl es. TEOUPSMpEsHbD edreamr trr:a,cbeu d apmeninm mplybdated, and

AR AR R i PN st M L
thiols usef gahi rd.\ﬁ:ﬂf'capﬁﬁﬁft@tm 'aﬂ\ﬁﬁﬂééxﬁrko'lﬂf&d.’ UPhese alkali metal salts are not
limited, and those of sodium and potassium can be used. The reaction and
operating conditions for the above reaction are not limited, except that it is
effected in a nitrogen or argon atmosphere, and can be selected freely. For
example, it is possible to produce the objective compound by continuously
stirring the reaction system at room temperature.

The second stage reacts the reaction product obtained in the first
stage with a zinc halide (ZnX) in a mixed solvent of a halogenated hydrocarbon
and aliphatic alcohol, and continues the reaction further by adding an alkali
metal salt of aliphatic acid, sulfonic acid or alkyl thiol to the reaction system.
Sodium or potassium salt can be freely used as the alkali metal salt. The solvent
of halogenated hydrocarbon is not limited, so long as it is serviceable as a
solvent for the reaction. Dichloromethane is one of the examples. The solvent
of aliphatic alcohol is also not limited, and methanol is one of the examples.
Zinc halides useful for the present invention include zinc chloride, fluoride,

bromide and jodide. The alkyl thiols useful for the present invention include



mercaptan with an al kyl group having a carbon nunber of 1 to 20. The
reaction conditions are not limted, except that the reaction is effected
in a nitrogen or argon atnosphere. For exanple, it can be effected at room
t enper at ur e. The above two-stage process gives
Zn[err]Mo[err] S[err] [ SCSN(R[err] R erre])][err] (OCOR[ erre]) 4,
Znferr]M[err]S[err][SCSN(Rlerr] Rerr]yllerr](OCSdJerr]Rerr])[err] or
Zn[err]MJerr]S[err][SCSN(Rlerr] Rerr])][err](SRerr])[err] as the

2,551V i 5 AN S 1000 TR
el ement ar v @ditidrR 8 oY BftiteiNeicebithat AR IsURRted UPnitioREHGEd [ S 8

new conpound conposed of a conhp salt contalning zinc and ' ybdenum in

t he sanme nudrgonlatmospherSEor &atupleit ta be effétted ut roote terhpédature.
The trinuclide of Mo can be produced by the sanme manner as that used for
produci ng the dinuclide, except that sulfurized anmoni um nol ybdat e

(NH err])[err] Mo[err],§ er 2H err]0 is used as the starting material.

(NH err])[err] M[err] 3ted V‘Q‘ﬁ[%? QPROCEFSBI¥eRd with an alkali netal salt
f | fit I i 5 j2al iy h edid fd

Vol or 1] Sa; SORCRFSTER A )RREORS, ARVOIS S CERIERNIOSTELCRL P, e

ngyf hteﬂi \(/)v: zaztxxga%%%mm(m’ekém,(sm‘ 29 thebbjebittd Sordpduhd & Righipuries anld Or

Zn[ er r ] Mo[ ehigh Sfieldrdf(appaiuimataly 78%eor highérer r ] (OCOR[ err] ) [err]
Zn[err]Mo[err] S[err][ SCSN(Rerr]Rerr])][err](OCSOerr]Rerr])[err], or

It is confirmed by various analyses such as ¢lementary and ICP
analyses that the reaction product thus produced is a new compound composed
of a complex salt containing zinc and molybdenum in the same molecule, as

described earlier.
Trinuclide of Mo

The trinuclide of Mo can be produced by the same manner as that
used for producing the dinuclide, except that sulfurized ammonium molybdate
(NH4):Mo03S)3 ' 2H;0 is used as the starting material. (NH;):Mo03S;3 * 2H,0 is
reacted with an alkali metal salt of sulfite and alkali metal salt dialkyl
dithiocarbamate, to prepare MosS,[SCSN(R'R?)], which is reacted with a zinc
halide, and ihcn with an alkali metal salt of aliphatic acid, sulfonic acid or alkyl
thiol, to form:

Zn;Mo;Ss[SCSN(R'R*)]((OCOR?),,

Zn,Mo3S[SCSNR 'R*)1((OSO,R*); or



- 12 - Zn[erre]M[err]S[err] SCSN(Rerr] R err])][err](SRerr])[err]. The
trinuclide can be produced, as is the case wwth the dinuclide, at a high
purity and high yield of approximtely 70% or hi gher. The
starting materials of sulfurized ammn_ilgrp mol ybdat e :
(NH err])[err]Mf[err]S[err] 2H err]O and (NH err])[err]Mo[err] S[err

2H err] O can be synthesi zed by the t hQd proposed by A | Ler et al

( Chemi stry%@sﬁdﬁ?@&&&rﬁﬁa@% i&gem@ﬁmq Pl‘&ééﬁ?%ﬂgﬁé%t,hef&‘ﬁa-s.59).
The zi nc- mol.yxbdenum Rased. dit hi ocarbamate. deki yative. resent

i nvention ivgﬁﬁﬂ?oﬁﬂg& aﬁ%%%ﬁb’&ﬁ“&ﬁ&?@& ?PPW%HQ[%NS@%& it can be
used as a fidedei On nodi fier, antiwear agent, extrene pressure agent and
oxidation inhibitor. O these, it is particularly useful as a friction

nodi fier which shows a notable friction-reducing effect at high

tenperature. It is also useful as an oxidation inhibitor for various fuels,
begi nning wi th gasol iThe sartingineaterialyiof sulfurizedammoniyme melybdatee, t he
t

Formila {1)NbhosMestus a1 i (NLoarsys GEMacER pe P BEERRA Y e S0l vent
ane or mor digng roptied B4, WAiier oFdl Chithidl By MRy PARRL RS RiRE £, "
i ncor por at ﬁq%dﬁbﬂ“m&‘f& '@éqg—;gg(_)%%osi tion of the present invention is

not limted, can be sel eéted “adéquately for specific purposes. Some

typi cal exanples of the base oil include mneral, synthetic and vegetable
oil. M neral base oil includes a |ubricant, fr%ct i on of
vacuum di stillate ofMFMMM@M@@@#PFW@%&&#W%VEP the er nedi at e

or naphthenic crude, . which is eat by yari Kef i nj o) es,

i ncl udi ng SQ}'FMI’DY@HOHIT’]_ 50 qﬁﬁ%ﬁ@é?iﬁ@%\‘ aﬂg@’wgt Fﬁ&ﬂ%’é"%ﬁ&&?’g I"ni shi ng,

sol vent  dewgying 4 £{2idhthddifier, antiwear agent, extreme pressure agent and oxidation
inhibitor. Of these, it is particularly useful as a friction modifier which shows a

notable friction-reducing effect at high temperature. It is also useful as an
oxidation inhibitor for various fuels, beginning with gasoline and middle
distillates. As the additive, the zinc-molybdenum-based dithiocarbamate
derivative represented by general formula (I) can be used after being
appropriately dilute with a solvent, such as mineral oil, or as a component for an
additive package comprising one or more other additives.

Lubricant base oil to be incorporated with the lnbricant
composition of the present invention is not limited, and can be selected
adequately for specific purposes. Some typical examples of the base oil include
mineral, synthetic and vegetable oil. '

Mineral base oil includes a lubricant fraction of vacuum distillate
of an atmospheric residuum from paraffinic, intermediate or naphthenic crude,
which is treated by various refining processes, including solvent refining,
hydrocracking, hydrotreating, hydrofinishing, solvent dewaxing, catalytic



dewaxi ng, clay treatnment, and a conbination thereof; vacuum resi duum which
Is treated by sol vent-dewaxi ng and then by one or nore of the above
refining processes; isonerization-treated wax; and a conbi nation thereof.
Aromati c solvents, such as phenol, furfural and N- et hyl - 2- pyrol i done, are
used for sol vent ref| ni ng, and Ilquefle&i3 propane and MEK/tol uene are used
for sol vent de\/\/aX| n Catal ytic dewaxi ng may use shape-sel ective zeolite as
the catal ysh rfgautreamt,caud ceombination thereof; vdcupma nesidyorn fwhichvisat i c

hydr ocar bo 1 or ovver as deternm ned by the n-d- t hod, _especially for
oxi dat | on 3#%95 { B GolvERirdenng and this s ¥e o8 aTH oF 30 PR SHDEH;

o hyar ot r SRDEer AR tased AT R R ifriin eBE S FaANE o7~

parti cul ar | ys1vened %@HWPn%ﬂI fulrfWar andN-meth&]-&(—wroHdo@’ ggé‘ﬁ%écﬁ/ E)ase oi |

i ncl udes poly[err]-olef ol I gomer ( exen 1- octene),
pol y(| - dec esodyent refiiag) a:kcbhqmﬁbcbpmspmmm MEKAbene ateyliseddbesoletnty |

benzene (e. dodecyl benzene, tetradec benzene, di(2- ethylhexyl)

benzene, %ﬂwm ﬁugdewweglm%yse %’GPWH@RSWCW e as iesdasal

al kyl at ed hen I he t her .. | at ed en I

et hgr and gq%ﬁé ¥ ?8 ° %ﬂ&ﬁ%’lﬁﬁ p\%ﬁ“ﬁ‘&é’?ﬁ AromaL ﬁ‘lyhé’fﬁg? 'dl bé,m c
d I

avelaic. o e‘?.‘%%ée cerfied ) e 2 matsa] Gpteial R5riARGPURH ™ ©1 €

the like) amlgicﬁC&iDh&Mdbsﬁafﬁd&t&ﬂbmé&%ﬁtex&aeﬁcbn/hﬁﬂydroFMe?&Mﬂ al cohol s,
et hyl ene gldgxg di et hyl ene gl ycol nonoether, propylene glycol, and the

fembhimc ailhioglpdes hydiodeacked nngydrmma anlcm'mmmings to 12 and

like); est

pol yol s (e ent ri methyl ol prop taerythritol

di pent aeryt %ﬁh&hg'r%"lﬂfllf’w mcqln@ym#msyab .P ot le®er.c onpounds,
such as polyoxyalkylene gl ycol, pol yoxyal kyl ene gl ycol ester

pol yoxyal kyl ene egcoI et her, phosphoric ester, silicone oiI, and the

|1 ke). tic base oil i . g ;

Veget abl e base oil i nc udes castoorl,nc}%dgggg}ayd(,l 0;1)%1 m %oco ," %CM 1e,

sunfl ower chdxena)) qmﬂjf(el-dmtkm), poly(1-decene) or the like, and a mixture hereof),
polybutene, alkyl benzene (e.g., dodecyl benzene, tetradecyl benzene, di(2-
ethylhexyl) benzene, dinonyl benzene and the like), polyphenyl (e.g., biphenyl,
alkylated polyphenyl and the like), polypheny] ether, alkylated dipheny! ether
and_diphenyl sulfide , and a derivative therefrom; esters of dibasic acids (e.g.,
phthalic, succinic, alkyl succinic, alkenyl succinic, maleic, azelaic, suberic,
sebacic, fumaric, adipic acids, linolic acid dimer, and the like) and alcohols (e.g.,
butyl, hexyl, 2-ethylhexyl, dodecyl alcohols, ethylene glycol, diethylene glycol
monocther, propylene glycol, and the like); esters of monocarboxylic acids
having a carbon number of 5 to 12 and polyols (e.g., neopentyl glycol,
trimethylol propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and the
like); and other compounds, such as polyoxyalkylene glycol, polyoxyalkylene
glycol ester, polyoxyalkylene glycol ether, phosphoric ester, silicone oil, and the
like).



Lubricant base oil can be prepared by bl endi ng base stocks to adjust
desired properties, such as viscosity, for specific purposes. For exanple,
it is preferable that a |ubricant has a kinematic viscosity of 2 to 30
merr]/s at 100[err]C, nore preferably 3 to 10 mmferr]/s for internal
conmbustion engines, and 2 to 30 nmjerr}{}Ms~at 100[erre], nore preferably 3

to 15 mjerr]/s, for automatic transm ssions. The | ubri cant
conposi tion of the présgutable busnbil iacledeyuastorsrapeseeds palat, cogoaut] olive,of
zi nc- nol ybdenum based di.t bi ocarbamate derivative . incorporated into the

above base @Pﬂﬂ‘@&ﬂﬁi@g‘twhkhe derivative is 1 to 30 mmol per kg of the
| ubricant conposition, preferably 1.5 to 20 mmol / kg, and respective
gquantities of nolybdenumand zinc are 150 to 4000 ppm preferably 200 to

3000 ppm and 60 to 319196#&5% . n the

| ubri cant conposition. e deF#%gi?%gg%é?&%g¥fQﬁﬁﬁ%agﬁﬁﬁkfgaﬁﬁgtgffect at a
content belgdjusk desired sfopenties, stch & i‘rigé‘dsif?ﬂ, for specifiv piftposes! |F2§Texﬂlﬁﬁle,
incremental increase In performance relafive to the quantity of the

deri vati ve iis preferablerthatsbubeicant hascd kingmatic viscosity of 2 to 30hm®isubr i cant
conposition of the present invention,can be used for various types of

| ubri cant, HXEE, morepseferably 3itatl@rmn’/sc fortinternalrcombyistion engines,randi 2 to
transm ssi ons, hydraul%c nmachi nes. gears, etg. |t may be incorporated, as
required, wQmm/eab00fomore prferably 3 te &5 amm’/sqforautaraatic FersTAISSIONS; c osi t v

I ndex i nprover, netal-based detergent ashless dispersant, oxidation

I nhi bitor, extreme pressure agent, antiwear agent, netal deactivator, pour
depressant, corrosi onpey R g ATNe N | £ etc.

i th TFBE Hithicl coRGH of i uSsent HafiniBR SRipriseS bo

pol ynet hacradeqistenpiftity 80kncsablybitmite-based dithidchvbafiaty dérdiigvene
copol yner - based, styrene/ but adi enemr]]f/drogenat ed copol yner-based, etc. If

present, i tin'r_cgrpmtndﬁm theo abavebaseanil. 3Quantityoafithe detivdtive is 1 to 30 mmol
per kg of the lubricant composition, preferably 1.5 to 20 mmol/kg, and respective

quantities of molybdenum and zinc are 150 to 4000 ppm, preferably 200 to 3000
ppm, and 60 to 3000 ppm, preferably 100 to 2000 ppm, based on the lubricant
composition. The derivative may not fully exhibit its effect at a content below 1
mmol/kg, and its effect will no longer reflect an incremental increase in
performance relative to the quantity of the derivative at a content above 30
mmol/kg.

The lubricant composition of the present invention can be used for
various types of lubricant, such as those for internal combustion engines,
automatic transmissions, hydraulic machines, gears, etc. It may be incorporated,
as required, with one or more types of adequate additives, such as viscosity
index improver, metal-based detergent, ashless dispersant, oxidation inhibitor,
extreme pressure agent, antiwear agent, metal deactivator, pdu: depressant,
corrosion inhibitor, another type of friction modifier, etc.



The netal - based detergent includes sul fonate, phenate, salicylate and
phosphate of an alkali and al kali-earth netal, such as sodi um and potassi um
for the former and cal cium nagnesium and bariumfor the latter. O these,
sul fonate, phenate and salicylate of cal¢ium nmagnesium and barium are
particularly preferable. If present, iflfé normal ly contained at 0.1 to 5%
by wei ght The ashl ess di spersant includes imde

al kenyl succi nat e and Theviscosity inndex improver inghides polymethaerybate-based, and its

boron derivat.i ve inic,acid ester,-based. |f

benzy] am,ne: basged, and suc
oresent . 1 {PoSAbRIFISbBSH. ShHiEae proBIGRs Sepoyiist bty pyTene butadiens

The oxi datiQn,inhi bifor i,ncl ] N S l.dyi b kyl at ed
di phenyl am ﬁ%‘}mﬁ%ﬁ%g @%Fﬁ‘gﬁ‘t‘ﬁ%aﬁﬁg“gﬂh I%I@#égﬁ gﬁgﬁy -ler rB]%

napht hyl am 319%@}1@@ tbased inhibitors, such as 2,6-di-t-butyl phenol and
4,4' - methyl enebi s- (2, 6-di -t-butyl phenol); and zinc

di al l yl di t hi ophosphate. |If present, it is normally contained at 0.05 to 5%

by wei ght . The extreme pressure ent includes,dibenzyl
sul fide and di butyl dThematalebased d mcindeﬁ%lftgnaa%pﬂ?l%ﬁﬂkmw at

0.05%to 3%b I gh . . The aniiweal age I nc es.esters of
phosphor i o 3Y BOSEEALR f 1 akak apd alkatireprAglalyeh o8 Yaip B POBFRER
phosphor ous ' sGldi i;na'!Fﬁ I Frﬁﬂﬁl | 5% by
wei ght . ﬂﬁ‘%g foﬂn;er%ﬁ i g%t a Bleact F@a@g?aﬁ'c ??ﬁégéé’) ’
benzot ri azohsiféiie, phensR dndaalivflaterdicalcium, magnesium and barium are

particularly preferable. If present, it is normally contained at 0.1 to 5% by

weight.

The ashless dispersant includes imide alkenylsuccinate and its
boron derivative, amide alkenylsuccinate and its boron derivative, benzylamine-
based, and succinic acid ester-based. If present, it is normally contained at 0.05
to 7% by weight.

The oxidation inhibitor includes amine-based inhibitors, such as
alkylated diphenylamine, phényl-a—naphthylamine and alkylated phenyl-a-
naphthylamine; phenol-based inhibitors, such as 2,6-di-t-butyl phenol and 4,4'-
methylenebis-(2,6-di-t-butyl phenol); and zinc dialkyldithiophosphate. If
present, it is normally contained at 0.05 to 5% by weight.

The extreme pressure agent includes dibenzyl sulfide and dibutyl
disulfide. If present, it is normally contained at 0.05% to 3% by weight.

The antiwear agent includes esters of phosphoric acid, acidic
phosphoric acid, phosphorous acid and acidic phosphorous acid. If present, it is
nommally contained at 0.01 to 5% by weight.



t hi adi azole. If present, it is normally contained at 0.01 to 3% by wei ght.
‘The pour depressant includes ethylene/vinyl acetate copol yner, condensate
of chlorinated paraffin and naphthal ene, condensate of chlorinated paraffin
and phenol, polynethacrylate and pol yal kyl styrene. If present, it is
normal Iy contained at 0.1 to 10% by wei ght. O her additives
may be freely used, so long as they dejseot danage the function of the

zi nc- nol ybdenum based dit bi ocarbamate derivative of the present invention.
Some of the preferred enbodi nents of the present invention are |ubricant
conposition, conprising: (1) zinc-nol ybdenum based

di t hi ocar bamat e der i Th¢ et degtivdeinincidey benzotriazole and its derivdtive, and

thiadiazole. If present, it is normally contained at 0.01 to 3% by weight.

The pour depressant includes ethylene/vinyl acetate copolymer,
condensate of chlorinated paraffin and naphthalene, condensate of chiorinated
paraffin and phenol, polymethacrylate and polyalkylstyrene. If present, it is
normally contained at 0.1 to 10% by weight.

Other additives may be freely used, so long as they do not damage
the function of the zinc-molybdenum-based dithiocarbamate derivative of the

present invention.

Some of the preferred embodiments of the present invention are
lubricant composition, comprising:

(1) zinc-molybdenum-based dithiocarbamate derivatives
represented by: '



[err] and wherein, R err] and Rl err] are the sane or different
al kyl groups having a carbon nunber of 6 to 18, Rlerr] is an al kyl or

al kenyl group having a carbon nunber of 6 to 20, R err] is an al kyl or

al kyl aryl group having a carbon nunber of 6 to 30, and R err] is an al kyl
group having a carbon nunber of 6 to 18, (2). a lubricant
conposi tion conprising a base oil whichcontains at | east one of the

zi nc- nol ybdenum based dit hi ocarbamate derivatives represented by general
formulae (11) through (VIl1) at 5 to 30 nmol/kg, and (3) a
| ubricant conposition conprising at |east one of the zinc-

ol
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mol ybdenum based di t hi ocarbamate derivatives represented by general
formulae (11) through (VI1') incorporated with at | east one type of
additive selected froma group consisting of viscosity index inprover,
nmet al - based detergent, ashless disper sané, oxidation inhibitor, extrene
pressure agent, antiwear agent, netal ad4ctivator and pour depressant
PREFERRED EMBCDI MENTS OF THE | NVENTI ON The present

i nvention is described nore concretely by exanples and conparative
exanpl es. . 1 s _The base 0j.l» used.for the,ex | e d -
conpar at i ve™bEEb Rsand,Ry arg aﬁeé%rﬂr\ﬂégf“?ggp‘ﬁrﬂ‘ .Séﬁﬁc"i@yt i cal
method 0 35888 8P6 10 18PR™ % A atk)For dikBiy1320kp GAVRE S ARt it BerUEYP

Lubri cant Bgsgo @ is an alkyl or alkylaryl grgip B&fng AQarbst huimberaifl § (030)amdt i c
viscosity: 4.2 errﬁnls at l%l%{(glryr]C) é Paraffinic |ubricant
stock: Raf f Riid$ an alkylgseip/learting 1 icarbon mmbdrtdf 6otoel )|

Aromati c hydrocarbon content (%[err]): 6.0% Performance Assessnent

Met hod

(2). a lubricant composition comprising a base oil which contains
at least one of the zinc-molybdenum-based dithiocarbamate dertvatives
represented by general formulae (IT) through (VIT) at S to 30 mmol/kg, and

(3) a lubricant composition comprising at least one of the zinc-
molybdenum-based dithiocarbamate derivatives represented by general formulae
(IT") through (VII') incorporated with at least one type of additive selected from a
group consisting of viscosity index improver, metal-based detergent, ashless
dispersant, oxidation inhibitor, extreme pressure agent, antiwear agent, metal
deactivator and pour depressant.

PREFERRED EMBODIMENTS OF THE INVENTION

The present invention is described more concretely by examples

and comparative examples.

The base oil used for the examples and comparative examples, and
friction/wear test method as the analytical method to assess performance of the

Tubricant compositions are also described below:



Friction/wear test method A reciprocating friction tester
(SRV friction tester) was used to determne friction coefficient under the

foll owi ng conditions: Friction material : St eel
(SUJ-2)/steel (SUI-2) cylinder/disk Tenper at ur e: 80
and 120[erre] C Load: ~-19- 400N

Frequency: 50Hz Test tinme: 15 m nutes

Friction cdaibkicaneBise Qilan averaged | evel of the val ues neasured for the
last 3 mnutes during the test tine of 15 mnutes. Stability of the

coefficient is assessed by the range of its fluctuation.

- 20 - EXAWMPLE | (Production of Dinyglide of M) .

(NH err])M[err] S er ﬁeﬁfﬂig% nsut Ozﬁﬂﬂmqm%wssw&gs‘r-ammﬁli at 10°6) | hexyl )
di t hi ocarbanate (21.3g, 60mmol) were transferred in a nitrogen atnosphere
to a 1L four-mouth flask equi pped with a dropping funnel, agitator,

ther momet er and i t 1 qapgrEi O REaR diok: RattHi ' 3A0Biveth HBLBRcd GiA00eT 10
phenol

Aromatic hydrocarbon content (%C,): 6.0%
Performance Assessment Method
Friction/wear test method

A reciprocating friction tester (SRV friction tester) was used to
determine friction coefficient under the following conditions:

Friction material: Steel (SUJ-2)/steel (SUJ-2) cylinder/disk

Temperature: 80 and 120°C

Load: 400N
Frequency: 50Hz
Test time: 15 minutes

Friction coefficient is an averaged level of the values measured for
the last 3 minutes during the test time of 15 minutes. Stability of the coefficient
1s assessed by the range of its fluctuation.



di ssol ve them and stirred at 60C for 8h while 300nL of an aqueous sol ution
di ssolving 199 of potassiumsulfite was added dropw se over two hours. The
product was extracted with 300nL of ether. The extact was filtered, and the
filtrate was subjected to evaporation upger a vacuumto renove the ether.
The residuum was extracted with 501 of nethanol three tines, and the

extract was 0 vacuumto renove the nethanol,
to obtain m&‘“@gﬁ@ﬁﬁgﬁ ﬂ@%ﬁl\g@)(l) (yield: 85%. [err]
Zinc chloride (2.72g, 20mmvl) and the above internediate (1) (9.53g.
10mml ) were transferred to a four-nouth flask, to which 300m of a m xed

sol ution of dichl oronm]qﬁ)gmq@sg meHaan. @mﬁﬁnm) and/pomssiumdi(2stirred for

8h in a nitrogen atnosphere at roomtenperature. Next, | QOnL of a nethanol

(Ren 100 gr e ey onet e eceog Shapslisormmiimis st | 1
a;hre;eg ngatﬂﬂ? Z%%émzﬁw;&a?@'% GIURRE ng %%Bﬂf&‘@gféié%fFab%oaas
\c,i\;:sgt\l;eceicltwéﬂgbﬁl %@:@@Hg Qﬁ(’&t’@gg’% {%ﬁgg mmﬁé’éu@ ? g?;?r:ateer
4.5cm JIengt ﬁ%%’%iﬁg\@%@a% wthﬁ?%grqgﬂhd %‘wmﬁ'hémﬁgxane

sol uti on wedisktlethgs 19 6L peHtssi %umrwmrm@pweswmmmbmn 18. 79
of the follow ng product” (yield: 84.

8
- 21 - product was extracted With w(hnbm?aad;craﬁﬂxd ©traxt avag filtered, amdithe ar e

I ven bel ow
J filtrate was subjected to evaporation under a vacuum to remove the ether. The

residunm was extracted with SOmL of methanol three times, and the extract was

subjected to evaporation under a vacuum to remove the methanol, to obtain .
16.2g of the following intermediate (1) (yield: 85%).

£ CHCHy G CHy CH,)‘:] "
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Zinc chloride (2.72g, 20mmol) and the above intermediate (1)
(9.53g, 10mmol) were transferred to a four-mouth flask, to which 300mL of a
mixed solution of dichloromethane and methancl (50:50 by volume), and stirred
for 8h in a nitrogen atmosphere at room temperature. Next, 100mL of a
methanol solution dissolving 12.8g (40mmol) of a potassium salt of oleic acid
and then 100mL of dichloromethane were added to the above, and the mixture
was stirred for 24h at room temperature. It was then subjected to evaporation
under a vacuum to remove the dichloromethane and methanol. The residuum
was dissolved in 100mL of hexane, and the solution was filtered. The filtrate
was subjected to Sephadex G-10 column chromatography (column inner
diameter; 4.5cm, length: 20cm) and then treated with 100mL of hexane. The
hexane solution was then subjected to evaporation under a vacuum, to obtain
18.7g of the following product (yield: 84.8%):



El ementary anal ysis results: Observed conposition

C 57.6% H 92% O0: 5.9% N 1.30, S 11.4% Theor et i cal
conposition C 57.60, H 9.1%, 0: 5.8% N 1.3% S

11. 4% | CP (inductively r’%upl ed rf plasnma en ssion
spectroscopy) result EXMPLE 2 (Production of

Trinuclide of M) (NH)[err] I\/b[erer] Sferr] ' 2H err] O (15. bq,
20mmol ) and pot assi um di (2- et hyl hexyl) dithiocarbamate (21.3g, 60mmmovl)

were transferred in nitrogen atnosphere to a four uth flasgl,@qw pped
with a droppi gy ftllgls @E'O-rCh td&er&fbﬁéHerC'-h?;g n- bl owi ng™pi'pe, to
whi ch 300nL of wat er SI ad\ded di ssol ve the nd stifted at 60C for 8h
whil e 300niL of an aqueo@s sol ut d| ssol ving 199 of potassimsulfite was
added dropwi se over two hours. The product was extracted with 300nL of
ether. The extract was filtered, and the filtrate was subjected to
evaporation under a vZbegitmentaryrandIGhhanalysie results are given below:

- 22 - residuumwas extracted with 50nL of methanol three tines, and the
extract was subjected to evaporation under a vacuumto renove the nethanol,

to obtain 3 1.Qg of thﬁﬂ,ﬂéﬂ&\gﬁﬁg&ﬁg?ggﬂﬁgi ate (2) (yield: 929%.

Observed composition

C: 57.6%, H: 92%, O: 5.9%,N: 1.3% S: 11.4%
Theoretical composition

C: 57.6% H: 9.1%, O: 5.8%,N: 1.3%, S: 11.4%

ICP (inductively coupled rf plasma emission spectroscopy) result
Mo/Zn: 1.0

EXAMPLE 2 (Production of Trinuclide of Mo)

(NH,).Mo5S;3 - 2H;0 (15.5g, 20mmol) and potassium di(2-
ethylhexyl) dithiocarbamate (21.3g, 60mmol) were transferred in a nitrogen
atmosphere to a 1L four-mouth flask equipped with a dropping funnel, agitator,
thermometer and nitrogen-blowing pipe, to which 300mL of water was added to
dissolve them, and stirred at 60°C for 8h while 300mL of an aqueous solution
dissolving 19g of potassium sulfite was added dropwise over two hours. The
product was extracted with 300mL of ether. The extract was filtered, and the
filtrate was subjected to evaporation under a vacuum to remove the ether. The



[err] Zinc chloride (1.36g, 10mml) and the above
‘internediate (2) (16.8g, 10mmol) were transferred to a four-nmouth flask, to
whi ch 300m. of a mi xed sol ution of dichloronmethane and net hanol (50:50 by
volune), and stirred for 8h in a nitrogen at nosphere at room tenperature.
Next 100nL of a methanol sol ution dissé#ving 6.4g (20mmol) of a potassium
salt of oleic acid and then 100nL of dichl oronet hane were added to the
above, andresidnum was extracted svith 5em L fofmélihnclt threvotime s, qnel the extractiwaswas t hen
subj ect ed %eeva oration under_a vacuumto renove the dichl oronet hane and

met hanol . Gted tejevAROKation adss a amgunm togomove the meskanol4epbtHa sol ut i on
was filter The, fLl.fjrate.was subj e d. adex G 10 col umm

chonmat ogragﬁygegghﬁiﬂﬂmﬁ\%ﬂﬁ@?gésm% %ﬁgth: 20cnm) and then treated
wi th 100nL of hexane. The hexane sol ution was then subjected to evaporation
under a vacuum to obtain 19.0g of the follow ng product (yield: 82.0%:

[err]
El emrentary anal ysi s MS,%%'[SS'U:“N CH;-CH-CH

-CH.-CHsEryBd compgsy tion
C 54.0% H 9.01% O .

J9%IN 275%(S: 16. 2%
= CaHs '

Zinc chioride (1.36g, 10mmol) and the above intermediate (2)
(16.8g, 10mmol) were transferred to a four-mouth flask, to which 300mL of a
mixed solution of dichloromethane and methanol (50:50 by volume), and stirred
for 8h in a nitrogen atmosphere at room temperature. Next, 100mL of a
methanol solution dissolving 6.4g (20mmol) of a potassium salt of oleic acid and
then 100mL of dichloromethane were added to the above, and the mixture was
stirred for 24h at room temperature. It was then subjected to evaporation under a
vacuum to remove the dichloromethane and methanol. The residuum was
dissolved in 100mL of hexane, and the solution was filtered. The filtrate was
subjected to Sephadex G-10 column chromatography (column inner diameter:
4.5cm, length: 20cm) and then treated with 100mL of hexane. The hexane
solution was then subjected to evaporation under a vacuum, to obtain 19.0g of
the following product (yield: 82.0%):

- ot CE..C3 .8 A
ZoM Oﬁ{S—ﬁ-N{Ch;-CH-Cﬁ;-Q‘-:'C nz.CH,):](O?O': .1r33>z

S 2fls



Theoretical conposition C54.0% H 8.8% 0: 2.8% N
2.4% S 16.6% | CP result Mo/ Zn: 3.0
EXAMPLE 3 (Production of Dinuclide of M) The internediate
(1) synthesized by EXAMPLE 1 (9.53g. 10 ) and zinc chloride (2.72g,
20nmol ) were transferred to a four-nmouf i’ flask, to which 300nL of a mixed
solution of dichloronmethane and net hanol, (50:50 by volune), and stirred for
8h in a nitrogen at ms@mtaﬁaﬂd&ﬁistfé-ﬂ#& ature. Next, 100mL of a nethanol
sol ution dissolving 9.6g (40mml) of a potassiumsalt of l|auryl mercaptan
and then 100nL of dichl oronethane were added to the above, and the m xture

was stirred for 24h at It was then subjected to
6 é E@ﬁg&éﬂﬁe

evaporation under a vacu o re di chl or onet hane and nehanol . The
resi duum was di ssol ved |n 100rrL of hexane, and the solution was filtered.
The filtrate was subject to Sephadex G 10 col utm chr omat ogr aphy (col umm

i nner di ameter 4.5cm | Byt5Kh.0%80dm9.0% Q: h29%,NacdVo bt 1612361 of hexane.
The hexane sol ution was then subjected to

- 24 - evaporation under a vacuum to obtain 15.4g of the follow ng

product (yield: 81. 7%i‘heorctical composition
C:54.0%, H: 8.8%, O: 2.8%, N: 2.4%, S: 16.6%
ICP result
Mo/Zn: 3.0
EXAMPLE 3 (Production of Dinuclide of Mo)

The intermediate (1) synthesized by EXAMPLE 1 (9.53g,
10mmol) and zinc chloride (2.72g, 20mmol) were transferred to a four-mouth
flask, to which 300mL of a mixed solution of dichloromethane and methanol
(50:50 by volume), and stirred for 8h in a nitrogen atmosphere at room '
temperature. Next, 100mL of a methanol solution dissolving 9.6g (40mmol) of a
potassium salt of lauryl mercaptan and then 100mL of dichloromethane were
added to the‘ above, and the mixture was stirred for 24h at room temperature. It
was then subjected to evaporation under a vacuum to remove the
dichloromethane and methanol. The residuum was dissolved in 100mL of
hexane, and the solution was filtered. The filtrate was subject to Sephadex G-10
column chromatography (column inner diameter: 4.5cm, length: 20cm) and
then treated with 100mL of hexane. The hexane solution was then subjected to



[err] El ementary anal ysis results: Qobser ved

conposition C 52.1% H 9.1% N 1.6% S: 20.2%
Theoretical conposition C52.1% H 9.0% N 1.5% S: 20.4%
| CP result Mo/ Za: 1.0 E LE 4 (Production of Trinuclide of
Mb) The sane procedure as uSed for EXAMPLE 3 was repeat ed,
except 16.8 10mm|) of the |nter di ate syn Eem zed LE 2,
1. 36g of ziSYAPERGSRwder c}’agfu% ﬂ’g?d%’ pt(ypc daunyl
mer capt an ?-., sed to obtain 17.1g of the foIIovm ng product (yield:
79. 6% : V@e r/']jl The el enentary and | CP analysis results are
gi ven bel ow. - 25 -
zn,Mo,s‘[s-ﬁ—N{cHrcn.c::i,-caz-cm-ct-:;)z](Scuﬂzs)‘ (I¥-1
s :
Elementary analysis results:
Observed composition

C: 52.1%, H: 9.1%, N: 1.6%, S: 20.2%
Theoretical composition
C:52.1%, H: 9.0%, N: 1.5%, S: 20.4%
ICP result

Mo/Zn: 1.0

EXAMPLE 4 (Production of Trinuclide of Mo)

The same procedure as used for EXAMPLE 3 was repeated, except
16.8 (10mmol) of the intermediate (2) synthesized by EXAMPLE 2, 1.36g of
zinc chloricie and 4.8g (20mmol) of a potassium salt of lauryl mercaptan were
used to obtain 17.1g of the following product (vield: 79.6%):

ZnMo,S.[S-C-N{CH:oCH-CH:-CHz-CHz-CHa)l SCubas) viz-U
1] -4 bl
S Hs

The elementary and ICP analysis results are given below:



El ementary anal ysis results: Observed conposition

'C. 51.4% H 8.8% N 2.70% S: 20.7% Theoreti cal
conposition C51.4% H 87% N 2.6% S: 20.9%
| CP result Mb/ Zn: 3.0 EXAMPLE 5 A | ubri cant

conposition (Sanple G| 1) was prepared by incorporating 2.2g (1mmol) of
t he conmpound (Conpound (1)) obtai ned by EXAMPLE 1 and represented by
formula (11-1) into 197.8g of 100 neutral oil. [err] Sanple O1I 1,

cont ai ni ng 5mmol / kg HB@}I . ppm of Zn and 959ppm of Mbd, was
anal yzed for its per C}F%nc E‘;alﬁr#ér?s I'Ction/wear test, described earlier.

The results are given in Table 1. As shown, it shows a low friction
coefficient at 80 and 120[err]C, and good stability of the coefficient.
Observed composition

C: 51.4%, H: 8.8%, N: 2.7%, S: 20.7%
Theoretical composition
C:51.4% H: 8.7%, N: 2.6%, S: 20.9%
ICP result
Mo/Zn: 3.0
EXAMPLE 5

A lubricant composition (Sample Oil 1) was prepared by
incorporating 2.2g (1mmol) of the compound (Compound (I)) obtained by
EXAMPLE 1 and represented by formula (1I-1) into 197.8g of 100 neutral oil.

Zn.M O-§<[S "ﬁ"N{CHz'(I:H 'CHz'G'{z'CH:'CHJ>;' (O%C‘.?Hu)‘ (II-1
5 CaHs = 9 |

Sample Oil 1, containing Smmol/kg of Compound (I), 654ppm of Zn and
959ppm of Mo, was analyzed for its performance by the friction/wear test,

described earlier. The results are given in Table 1. As shown, it shows a low
friction coefficient at 80 and 120°C, and good stability of the coefficient.



- 26 - EXAMPLE 6 The sane procedure as used for EXAMPLE 5,
except quantity of the 100 neutral oil was increased from 197.8 to 397. 8g.
was repeated to obtain Sanple Gl 2. It was analyzed by the friction/wear
test. The results are given in Table 1. EXAMPLE 7 A

| ubricant conposition (Sanple OG1 3) was prepared by incorporating 2.3 1g
(1Immol) of the conpound (Conpound (I1))gobtained by EXAMPLE 2 and

represented by formula (V-1) into 197.68 of 100 neutral oil. [err]
Sanple O Imm ng 5mol / kg of Compound (I1), 327ppm of Zn and
1439ppm of , nal yzed for its performance by the friction/wear test,

described earlier. The results are given in Table 1. EXAMPLE 8
The sane procedure as used for EXAMPLE 7, except quantity of the 100

neutral oil was incr¥héssmé petbelire &5uded 6P EXCONIPLIERS, dxe tityof bt ai n

Sanple Ol 4. It was analyzed by the friction/wear test. The results are

gi ven i n Tthel K)0mneutral oil was increased from 197.8 to 397.8g, was repeated to obtain
Sample Qil 2. It was analyzed by the friction/wear test. The results are given in

Table 1.
EXAMPLE 7

A lubricant composition (Sample Oil 3) was prepared by
incorporating 2.3 1g (1mmol) of the compound (Compound (II)) obtained by
EXAMPLE 2 and represented by formula (V-1) into 197.6g of 100 neutral oil.

- T CH-CH-+CH;-CHa-Ch QOCC.,H, (V-1)
ZnMOyS{S % N{Cdz CH-CH: Q_‘Iz CHz C"ia)z]( Tt ..J)z
4

1Hs

Sample Qil 3, containing Smmol/kg of Compound (II), 327ppm of Zn and
1439ppm of Mo, was analyzed for its performance by the friction/wear test,
described earlier. The results are given in Table 1.

EXAMPLE 8

The same procedure as used for EXAMPLE 7, except quantity of
the 100 neutral oil was increased from 197.69 to 397.69g, was repeated to obtain

Sample Oil 4. It was analyzed by the friction/wear test. The results are given in
Table 1.



. 27 - EXAMPLE 9 A lubricant conmposition (Sanple QI 5) was
prepared by incorporating 1.892g (1mmol) of the conmpound (Conpound (I111))
obt ai ned by EXAMPLE 3 and represented by formula (IV-1) into 198.11 g of 100
neutral oil. [err] Sample G 5, containing 5mvol/kg of Conpound (II11),
654ppm of Zn and 959ppm of Mp, was anal yzed for its performance by the
friction/wear test, described earlier. TRe-results are given in Table 1. As
shown, it shows a low fiction coefficient at 80 and 120[err]C, and good
stability ofEXAMPEE i cient. EXAMPLE 10 A | ubri cant
conposition (Sanple Q1 6) was prepared by incorporating 2.15g (1nmol) of

t he conmpound (Conpound (1V)) obtained by EXAMPLE 4 and represented by

ESL?‘;! ﬁij(nfgv' Sl | kg ofA BIHRARH SORPOPIROnA SpIe DL SR BTERISANN of M f_’ms
The. Y ecul t < perboPie”] A2 Cyditiot) G ki chpl il ChpiSiha (AT bIIGRLEF" ' "

coefficient EXARYPEES drdieprésentedBirfdinfila IVAY) irith 19811 1gtT 100X duinGl Bil! -

ZaM o:S‘[S-C-N{C Hz-CH-CHz-CHz-CHz-CHa.)} (sczzHcs) (Iv-1)
S sHs z

Sample Oil 5, containing Smmol/kg of Compound (1), 654ppm of Zn and

959ppm of Mo, was analyzed for its performance by the friction/wear test,

described earlier. The results are given in Table 1. As shown, it shows a low

friction coefficient at 80 and 120°C, and good stability of the coefficient.

EXAMPLE 10

A lubricant composition (Sample Oil 6) was prepared by
incorporating 2.15g (1mmol) of the compound (Compound (TV)) obtained by
EXAMPLE 4 and representéd by formula (VII-1) into 97.85g of 100 neutral oil.

Z aMosS, S-C—N{CH;-CH-CH;-CH;-CH:-CH;) SC12H25> (VII-1)
] cl: . 2 2

als
Sample 0il 6, containing Smmol/kg of Compound (IV), 327ppm of Zn and
1439ppm of Mo, was analyzed for its performance by the friction/wear test,

described earlier. The results are given in Table 1. As shown, it shows a low
friction coefficient at 80 and 120°C, and good stability of the coefficient.



-28 - EXAMPLE 11 A lubricant conposition (Sanple QI 7) was
prepared by incorporating 1.66g (I nmol) of the conpound (Conpound (V))
obtai ned by the sanme procedure as used in EXAMPLE 1, except a potassium
salt of 2- ethylhexoic acid was used in place of a potassiumsalt of oleic
acid, and represented by fornmula (11-2Y28nto 198.34g of 100 neutral oil.
[err] Sanple O 7, containing 5nmmwl/kg of Conpound (V), 654ppm of Z[err]
and 959ppmEXAMPLEA] anal yzed for its performance by the friction/wear
test, described earlier. The results are given in Table 1. As shown, it
shows a low fiction coefficient at 0.03 at 80 and 1200C, and good stability

of the coefficient ri cant co osition
(Sanple O1 8) was éﬁﬁ?‘&?ﬂbwmaeﬁﬂﬁm(ﬁm&@ﬂo'égw t he conpound

& pot asei uibedPP P%‘"g%%#*@om& R G %%ﬁﬂyeﬁowaéfnéss?ﬁ?f“

salt of .ol %hﬁe%béedﬁ@@sh@éﬁﬁﬁﬁ%ﬁi@%g@gﬁngﬁ'w 2. 97g of 100

neuval oi l [lerr] Sanple 8, containin npound (VI),

327ppm of aﬂx;dheumaemomﬁsmnplw aflapymsiuhpsaltbsolaﬁfioid,rmﬂce by the
friction/wear test, described earlier. The results are given in Table 1.
represented by formula (II-2) into 198.34g of 100 neutral oil.

ZnM O:&[S-%“N{CH: '!CH'CHz-CHz'CHz'CHa)] (O%C’H“) (I1-2)
S d3 0 ‘

T4l

Sample Qil 7, containing Smmol/kg of Compound (V), 654ppm of Zn and
959ppm of Mo, was analyzed for its performance by the friction/wear test,
.described earlier. The results are given in Table 1. As shown, it shows a low
friction coefficient at 0.03 at 80 and 120°C, and good stability of the coefficient.

EXAMPLE 12

A lubricant composition (Sample Oil 8) was prepared by
incorporating 2.03g (1mmol) of the compound (Compound (VT)) obtained by the
same procedure as used in EXAMPLE 2, except a potassium salt of 2-
ethylhexoic acid was used in place of a potassium salt of oleic acid, and
represented by formula (V-2) into 197.97g of 100 neutral oil,

(™ e / s..CH. '.,.. TaeC HasCH 7:1 ~2i

ZnMo,S‘[S C-N{ CHz-CH-CHa-CEz-CHy Cn;)J(Oﬁ:C Eis) (v-2)
S CZHE 4

Sample Oil 8, containing Smmol/kg of Compound (VI), 327ppm of Zn and

1439ppm of Mo, was analyzed for its performance by the friction/wear test,
described earlier. The results are given in Table 1.



-29 - EXAMPLE 13 A lubricant conmposition (Sanple Gl 9) was
prepared by incorporating 2.92g (I nmol) of the conpound (Conmpound (VI1))
obtai ned by the sanme procedure as used in EXAMPLE 1, except a potassium
salt of dinonyl napht hal enesul fonic acid was used in place of potassiumsalt
of oleic acid, and represented by forrmula (I11-1) into 197.08g of 100
neutral oil. [erre] Sample G| 9, 19 ontai ning 5ol / kg of Conpound
(VI), 654ppm of Zn and 959ppm of M, wa$ anal yzed for its performance by

t he frICthﬂkxﬁiﬁ est described earlier. The results are given in Table 1
EXAVPLE 14 EXAMPLE 13 © A | ybri cant conposition (Sanple Ol 10) was
prepared by |ncorporat|ng 2.679g (1mmol) of the conpound (Conpound (VII)
obtai ned by the same procedure as used in EXAMPLE 2, except a potassium

salt of dinonyl napht hghghesdsk tom| SSlﬁgrhwgS% )vpastﬂ e@bypot assi um sal t
of oleic acid, and represented b? V-1) i'nto 19 339 of 100 neutral
oil. [ancc}rporﬁmgﬂ 928 Lmird]) cbuhhanmpwnar(@kﬂﬂ@ndf(vmypmﬁdw ),

327ppm of Zn and
the same procedure as used in EXAMPLE 1, except a potassium salt of

dinonyinaphthalenesulfonic acid was used in place of potassium salt of oleic
acid, and represented by formula (III-1) into 197.08g of 100 neutral oil.

C9H1.5 CgH:s

Zn.MosS, [S—%-N{CH;'(I'JE'CHz-CHz-CHz-CI-I;);l csg,@/ (F11-1)

i Czﬁs i 4

Sample Qil 9, containing Smmol/’kg of Compound (VI), 654ppm of Zn and
959ppm of Mo, was analyzed for its performance by the friction/wear test,
described earlier. The results are given in Table 1

EXAMPLE 14

A lubricant coniposition (Sample Qil 10) was prepared by
incorporating 2.67g (1mmol) of the compound (Compound (VIDI) obtained by
the same procedure as used in EXAMPLE 2, except a potassium salt of
dinonyinaphthalenesulfonic acid was used in place of potassium salt of oleic
acid, and represented by formula (V-1) into 197.33g of 100 neutral oil.

CHig GHys
ZM 035"-5—":[.". {CHz-ch 'CHz-CHz-CHz-CHQ} 0S0s vi-1
e S ) e

&

Sample Oil 10, containing Smmol/kg of Compound (VI), 327ppm of Zn and
1439ppm of Mo, was analyzed for its performance by the friction/wear test,
described earlier. The results are given in Table 1.



1439ppm of Md, was anal yzed for its performance by the friction/wear test,
described earlier. The results are given in Table 1.

- 30 - COWPARATI VE EXAMPLE 1 The base oil of 100 neutral

oil as Sample G| (a) was analyzed for its performance by the friction/wear
test, described earlier. The results are given in Table 2. As shown, it has
a high friction coefficient, 0.16 at 8G[3@rre]C and 0.17 at 120[err]C, and
is poor in stability of friction coefficient at 120[err]C. COMPARATI VE

EXAVPLES 2 SMPARATIVE EXAMPLEEANDI @ Ol's (b) and (c) were prepared by
I ncor por ati ng neutral ol W respective 250 and 500ppm (as

nol ybdenun) of MDTC, and anal yzed for their perfornmance by the
friction/wear test, described_earlier. The results are iven in Table 2.
COVPARATI VE EXAMPLE 4 The base oil of 100 neatialib aSampls Oild(s) ies gaalyaedfor he

d d f ARATI VI MPL P d
place of NoEFEEE nﬁﬁﬁmﬁi@%ﬁw%ﬁaﬁ@% b 16 gHF EER | et
descri bed eq iyfie2 TAS shEot! fihat a%igh Kfdidn cob#htitng 0.16 SR 0F7HAVE S

120°C, and is poor in stability of friction coefficient at 120°C.

COMPARATIVE EXAMPLES 2 AND 3

Sample Oils (b) and (c) were prepared by incorporating 100 neutral
oil with respective 250 and 500ppm (as molybdenum) of MoDTC, and mﬂﬁed
for their performance by the friction/wear test, described earlier. The results are
given in Table 2.

COMPARATIVE EXAMPLE 4

Sample Oil (d) was prepared by the same procedure as used for
COMPARATIVE EXAMPLE 3, except MoDTP was used in place of MoDTC,
and analyzed for its performance by the friction/wear test, described earlier. The
results are given in Table 2.

COMPARATIVE EXAMPLE 5

Sample Oil () was prepared by incorporating 100 neutral oil with
500ppm (as molybdenum) of MoDTC and 1000ppm (as phosphorus) of ZnDTP,
and analyzed for its performance by the friction/wear test, described earlier. The
results are given in Table 2. As shown, it has a low friction coefficient of 0.05
and good stability of friction coefficient at 80°C, but a much higher friction



Sample G| (e) was prepared by incorporating 100 neutral oil wth 500ppm
(as nol ybdenun) of MDTC and 1000ppm (as phosphorus) of ZnDTP, and anal yzed
for its performance by the friction/wear test, described earlier. The
results are given in Table 2. As shown, it has a low friction coefficient
of 0.05 and good stability of friction coefficient at 80[err]C, but a nuch
hi gher friction «31- - 31 -
coefficient of 0.10 and poor stability of friction coefficient at

o A A 5 S
1 32 . that it has jpsufficignt friction-relgted charggterigfics af high tempef@fte |



Base Q| Refned M neral Ol -------

- Zi nc nol ybdonum based Conpoud * Comupound (1 ) mol / kg
5 2. 5 * Conpound (I11) mmol / kg 5 2.5 *
Conpound (111) mmol / kg Conpound (1V) mmol / kg

5 Conpound (V) mol / kg Conpound (VI') mmol / kg :

5 * Conpound (VI1) nmol/kgc Conmpougyl (VI 11) nmol / kg Per f or mance

Asessment Friction-rel ated Characteristics Coef fi ci ent of
Friction Q 03 0.04 o 0; 03 0. 04 0. 03 0. 03 0. 03 0. 03

0. 03 0. 03 Stability of coeffici ent Good Good Good Good Good
CGood Good Good CGood of Fricti dable ! Coefficient of Friction 0.
03 0 I\A O n'.) [\ [\A Q.02 n m-—"ﬁ" n2 . n CL [ake] ,D ﬂ’-?

Stabilify of coefficient 1"6%0 2aye H&f“- G@Béﬁ :;L@ ERaup pL2 @g@lr@g 1 bod
Good Gpod 3 5 7 3 9 0 | 11 Iz | 13| 14

Chem ca

Fornmul a¢ *Conpound (1) Sample Oils [,
Zn[err] Mo[err] S[err 2FEH) [erg ] dt rr re] Heer rr
||[| ] rr%oun!jgll\](( nl\) Ert! rféﬂf* 4]((-E$h] LC% g% ERE
o err] ﬁlg_ggg;% remmmmeenaNede 2 COPEHUMANAAdrR] Ofl  -=memmeememmceeeeen
Zn2Mo[ ek et Gt - S CH- e -
V-1 COTPo m&mwb[errw[err],[(z EHf errjdtciferr]{S;
d er r] H| ecCrdepjnd( hpmol/ke | 3§ 2.5 VI -l Gonpodind
(V) Zn erCP-}PMmé[fbmt]ﬂzkerr] [K2-EH) Ferrdd t cl[err](PCQerr]H [jerr]
I1-2 * Cofpeawd Dl Znl Mo[efrr] S[lerr] | [(24EM[erre]ld t ¢/l dft c] {[err} (C
C O c[ ef r comyotad (Hpaymol e ' 5 Yl 2. [erfr]

+ Campound (V) mmol k¢ 3

+ Compound (V) munol, kg 8

[¢]]

+ Compaund (VI} mmol,/ k¢ ) . 1 -

+ Compound (Vi) mmei./ k¢

-Performance Assessment
" Fricton-related
Charactaristcs

- RQT .

Cosfficieat of Fricdon | 0,03 | 0.04 | 0:03 | 0.04 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03

Seabiliey of Coefhicient | 204 | Good | Good | Good | Geod | Good | Good | Good | Good | Good
.. 20T . .

Coelficianc ol Fricuon | 0,03 | 0.04 | 0.03 | 0.04 | 0.037| 0.03 | 0.03 [ 0.03 | 0.03 | 0.03
Seabulity uf Coeifictent | Sand Geod | Good | Good| Good | Good | Geod | Good | Good | Good

of Fricrion

Chemjcal

Formulae
+ Compound () Zn:MOzS4[(2-EH):dtc]z(OCOC17H3:]4 [I-1
* Compound (I) ZnMosS«{(2~EH):dtcl(QCOC::Hii)1 V-1
- Compound () Zn:Mo:S.{(2-EH):dtc]:(SCi:His)« Iy-1
; Compound (V) ZnMo:S.((2—EH)adt cle(SCi3H:s)z2 VII-1
* Compound (V) Zn:Mo:S.J(2~EH);dtcl.(0COC:His)a II-2
- Compound (V) anO:Sd[(Z'—EH)zdt c]{0COC+His) 3 _ ¥-2
- . * CgH;s CGHIQ
* Compound (I} Zn:Mo:S.[{2~EH).dtec]; 0S0; m-1
P 3
Gy GHy
VI=-1

- Compound (V) ZnMo3sSJ{{(Z=EH):dtec]. 0S0-=<



-33 - Table 2
COVPARA  ARA- | COVPAAI - COXPAAA- COB1PARA-
TIVE TIVE Tl VE TIVE TIVE EXAVPLE
EXAMPLE EXAVMPLE EXAMPLE EXAMPLE
Sample Qs a b C d
e Base Q| -33- Refined Mneral Ql------
* Mo DT C (Ho, ppm 250 500 500 *Mo
DT P (M ppnm 500 * ZnDTP (P ppm
1000 Per f or mance . Assessnent Friction-related Characteristic
8[err]C Coefficient of Friction Table® 16 0. 14 0.08 0.09
0. 05 Stability of Coefficient of Frietromr— Cood Good Good Good
Good Coeffidqient of Friction suunuﬁ cu(nﬂﬂ,x co G]»mlél-o,m,\ cfdPiai-} 0. 11
0.10 Stabilitly of Coefficient of EGhdz QY .| Poor
Poor MoDTC. sulifi ded ocynol ybdenum dj (%FL-EE %ﬁﬁ m" %ﬁphqu%L amat e
(Asahi Denka, Sakyral ube 100) MDTP: suft1 ded oxyr%bdeél
di (2- et hyl hexyl ) dijt t hi ophosphat e (Asahi Rig kur al ubej 300)
ZnDTP: zinc di (2-qthyl hexyl)di thi ophospﬁhage (Glg)a. 5660)] -
c d e
Base Oil. A B -Refined Mineral Qi]------
» Mo DT C (Mo, ppm) 250 | 500 500
| *MoDTP Qo.prm) | 500
-ZnDTP @, o) 1000
Performance Assessment
Fricdon-related Characteristies
- 80C
CoefSicient of Friction 0.16 | 0.14 | 0.08 { 0.09 | 0.05
Stability of Caefficient of Friction| (Good Good | Good | Good | Good
| - 120T
Coeffcent of Fricdon 0.17 [ 0.14 [ 0.05 | C.11 | Q. 10
Stabilicy of Coefficient of Friction| Foor | Poor | Poor | Poor Poor

MoDTC: sulfided oxymolybdenum di(2-ethylhexyl)dithiocarbamate
(Asahi Denka, Sakuralube 100) |

NIODTP: sulfided oxymolybdenum di(2-ethylhexyl)dithiophosphate
(Asahi Denka, Sakuralube 300)

ZoDTP: zinc di(2-ethylhexyl)dithiophosphate (Oloa, 3660)



- 34 - The anal ytical results of the sanples prepared by
EXAMPLES and COVPARATI VE EXAMPLES show t hat the zinc-nol ybdenum based

di t hi ocarbamat e derivative of the present invention as a lubricant additive
has a notable friction-reducing effect, because the |ubricant conposition

i ncorporated with it has a lower friction coefficient and better stability
of friction coefficient than the one incmporated with MoODTC or ZnDTP.

CLAI Ms: 1. A zinc-nol ybdenum based dithi ocarbamate represented by

general formula (1)  The analytidafteshits of the samples prepared by EXAMPLES and
COMPARATIVE EXAMPLES show that the zinc-molybdenum-based
dithiocarbamate derivative of the present invention as a lubricant additive has a
notable friction-reducing effect, because the lubricant composition incorporated
with it has a lower friction coefficient and better stability of friction coefficient
than the one incorporated with MoDTC or ZnDTP.



wher ei n, Is Mb-Z or Zn+Y)[err], Zin Md-Z is represented by: [err] Y
I n Zn- (Q’mwﬂ“ ed by: [err] or -SRerr], and R err] to

Rl err] n]f arbon group having a carbon nunber of 4 to 30,

whi ch may be the"sams di fferent . 2. The zinc-nol ybdenum based

di t hi ocarbamate derivative of claim1l, réﬁr’esent ed by general formula (1-1)
- 36 - Zn[err] Mo[erre] S[lerr] (SCSN(Rerr]Rerr])][err]

Y[ err] c:LAIMS:l) wherein Y is represented by:

1. A zinc-molybdenum-based dithiocarbamate represented by
general formula (T)

S——7n< )2 (I)

wherein, A is Mo-Z or Zn<-Y),,
Z in Mo-Z is represented by:

Rl
Ve
-S-C-N \R-"

S

Y in Zn~(-Y), is represented by:

30

-O-C-R?, -0-S-R3,

or -SR*, and
R' to R’ are each a hydrocarbon group having a carbon number of 4 to 30, which

may be the same or different.

- 2. The zinc-molybdenum—balscd dithiocarbamate derivative of
claim 1, represented by general formula (I-1)



[err]or slor2 bis 2o 3 cis2o0or 4 dis 2 when ais
1 or ‘ﬁfﬂil M d Rerr] to Rerr] are each a hydrocarbon group
haV|n er of 4 to 30. 3. The

zi nc- nol ybdenumbased di thi ocarbama derjevative of claiml or 2, whichis a

conpound sel ected froma group consisting of the conpounds represented by

| f I 1) t h ’
Znor v o err] G ]| SRS FHESMARA M Yy cocmyer ) G (1)

err])
Zn[err]Mo[err] S[err] [ SCSN(R[err] Rl err])]2(CsOerr]Rerr])[err] (rrn)
Zn[err]Mo[err] S[err] (SCSN(R[err]Rerr])][err] (SRerr])[err]
ZnMo[ err ] S evhietdi GO sehfdddy:] ) | [err] (OCOR{err])[err]
Zn\o[err] S[err][SCSN(Rerr]Rerr])][err](OCserr]Rerr])[err] (V1)
and ZnMo[err] S[err] [SCSN(R @r]Rerr])][err](SR err])[err]

(Vi) wher ei n, R[err] to Rerr] are each . hydrocarbon group having a
car bon nunber of to 30, whic be t se or different.
- 37- 4. A netﬁ'gﬂf progtgcﬁsﬁg t he zi nc-nol ybdenum based
di t hi ocarbamat e derivative of cla|m1 or 2 represented by formula (I) or
(1-1), _
or-SR’,ais1or2,bi520r3,cis20r4,disthenais10r4whenai52,
and R' to R are each a hydrocarbon group having a carbon number of 4 to 30.

3. The zinc-molybdenum-based dithiocarbamate derivative of

claim 1 or 2, which is a compound selected from a group consisting of the .

compounds represented by general formulae (IT) through (VII):
Zn;Mo,S4[SCSNR'R*)];,(OCOR?)4 m
Zn;Mo,8,[SCSN(R'R)|(OSO,R")4 ()
Zn;Mo,S4[SCSNR'RH)L(SRY, av)
ZnMo;S4[SCSN(R'R*)J4(OCOR>), \2)
ZnMo;SSCSN(R'R*)1(OSO;R’); (VD)

and

ZnMo;S{SCSNR'RH)J«(SR*), (VD)

wherein, R' to R’ are each a hydrocarbon group having a carbon number of 4 to
30, which may be the same or different.



conprising stages of: (a) reaction of sulfurized amoni um

?I'il:-l{g(rjfﬂmm’wm qu re]r ?/f[ ?r ;nge\r/mr][ h* grl;'[ :Ir rk!alol O:nat al salt of sulfite

and al kdli “net al* sa f di al kyl dithiocarbamate in an aqgueous sol uti on,
and (b) reaction of the above product with a zinc
hal i de (ZnX) to synthesize Zn[err] MJ[e37]-S]err]

(dithiocarbamate)[err] X[ err] or ZnMo[err]S[err] (dithiocarbanmate)4X2,

fol lowed by reaction gf A hﬁﬁh&@bp?xgﬂu%tth@%ﬂ%tm Bg,&ﬁ&y, d&Regduct with an
, S 1I"d or al kyl

alkali netal salt of aliphatic ac ulfonic ac thiol, to form
a zinc salt dithiotarbssdte derivative of dlainnl or2representeidiy foniubd () or a-1),

5. A lubricant additive conprising the zinc-nolybdenum based

di t hi car bamgoBpgising stegescofst claim 1 or 2, represented by fornmula (1) or
(1-1). 6. A | ubricant corrposi tion conprising a |lubricant
base oil incorporated with the zinc-nol ybdenum based dithi ocarbamate

derivative of claim or (1-1).
derivative of claim {apreattion BPhRHCA kuitfohfiHotybdate
(NH,):Mo,S;; * 2H,0 or. (N_H4)1MO3S,3 . 2H,0 with an aikali metal salt of sulfite

and alkali metal salt of dialkyl dithiocarbamate in an aqueous solution, and

(b) reaction of the above product with a zinc halide (ZnX) to
synthesize Zn,Mo,S4(dtc), X, or ZnMo;S, (dtc).X;, followed by reaction of the
halogen portion of the above product with an alkali metal salt of aliphatic acid,
sulfonic acid or alkyl thiol, to form a zinc salt of aliphatic acid, sulfonic acid or

alkyl thiol.

5. Alubricant additive comprising the zinc-molybdenum-based
dithicarbamate derivative of claim 1 or 2, represented by formula (I) or (I-1).

6. A Ilubricant composition comprising a lubricant base oil
incorporated with the zinc-molybdenum-based dithiocarbamate derivative of
claim 1 or 2, represented by formula (I) or (I-1).
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