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; MNOPQRe3eTr QD6Tr *, WO 111/ 9.1 SO~ PCT/ US01/ 1-t 982 NANGCSI ZED PARTI CLES OF
MOLYBDENUM SULFI DE AND DERTVATI VES AND USES THEREOF | claimthe benefit
under Titwe® dd4sddnited States Code, 120 to U.S. Provi si ongdr/Hpnaliseat i on
Nunber 60/208,573, filed June 2, 2000, entitled NANCSI ZED PARTI CLES OF
MOLYBDENUM SULFI DE AND DERI VATI VES AND USES THEREOF. BACKGROUND OF THE

| NVENTI ON *159159* 1. Field of the Invention This invention relates to
organo nol ybdenum derivatives and their use as nultifunctional friction
nodi fi er, anti weaNANQSIZIP PARTICLES GRMOLYBDENUM SUNMADE or | ubricants.
2. Description of Rel atsdp AERREATIVES/ANDJESES FHERIOY are seeking to

i nprove the fuel econony of cars on the road through |egislation (CAFE
requirenents) putting this responsibility on the car manufacturers who, in
turn, transfer fgal w;e hi
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addi tives L4 P&ﬂ SURFIDE ANDC ant conposi tions.
It is an OBEBIVAFIVESN ANDWUSES TJREREQ¥.ovi de a friction nodifier additive

that inparts a reduction in the coefficient of friction to a IL,HMMMH“W"""“
gt I

conposite on. In addition, zinc dialhyldithiophosphates (ZDDP)
used in fornul ated oil s BACKGROEND QFRTHE INDWENTIONaddi ti ves for «nmEe
than 50 years. However, zinc dial kyldithi ophosphates give rise to ash,

whi ch conty i but ' te matter in autonotive exhaust em ssions.
Regul at oryf'agenﬁgi&a@gﬁé%egﬁéoﬂg to reduce em ssions of WO 1) 1/ 9~50~
PCT/ i 1S01/ 1-1 98@ zinc i nt 9 { hZ envi ronrpaqnt. I :21 ad(gj ti orgi,ﬂt.he et)hosphorus is
al so suspected of° [TFIHIHGHEC SEHADP SRR AR A DEORIEH er s, used
on cars to reduce pollution. It is inportant to limt the particulate

matt er and"PERnGHPRA fcsopwepdififti giweaGicKEemS Brepyye. g lpddan gddisivesioy

envi ronnmental reasons, but it is also inportant to mai ntain, undi m nished,
the anti - vebncaatsd anti oxi dant properties of the lubricating oil. In view of
t he af orenmentioned shortcom ngs of the known zinc and phosphorus-contai ni ng
addi tives,2,it iPeariptiont¥Repltb®Alrt Of this invention to provide anti-wear
and anti oxi dant additives that contain neither zinc nor phosphorus. In
devel opi ng | ubry 1+RG, Qi ,de
addi tives that %{%Art? gaﬁlf#@?srt})@ﬁ%ﬁg%ﬁq g?ﬁpﬁgﬁhiﬁ%&e@%?g %tf 55’?}16 ricating

oil's and the road through legislation (CAFE requirements) putting this responsibility on the car

manufacturers who, in turn, transfer some of this responsibility to the lubricant oil
manufacturers via engine oil specifications. It can be seen that as these fuel economy
requirements become more stringent, friction modifier additives become more important
to incorporate into lubricant compositions. It is an object of this invention to provide a
friction modifier additive that imparts a reduction in the coefficient of friction to a
lubricant compositi on.

In addition, zinc dialkyldithiophosphates (ZDDP) have been used in formulated
oils as anti-wear and antioxidant additives for more than 50 years. However, zinc
dialkyldithiophosphates give rise to ash, which contributes to particulate matter in

automotive exhaust emissions. Regulatory agencies are seeking to reduce emissions of
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nmol ybdenum conpounds are known to be useful as friction nodifiers,
anti-wear, extrene pressure, and antioxidants in |ubrication oil

conposi t i wosi/9ldmgocar bamat e additives for |ubricating oil spepasdiiigedar !y
nol ybdenum cont ai ni ng t hi ocar bamat es have been discl osed in the patent
literature. For exanple, U S. Patent Nos. 4, 395, 343; 4,402, 840; 4, 285, 822;
4,265,773; 4,272,387; 4,369,119; 4,259,195; 4,259, 194; and 4, 283,295, all
to DeVries and King, disclose a variety of nolybdenum sulfur, and nitrogen

cont ai Ni NGiLOiRROthe @virdrihedny din@iddionineGAb s9§ als BidpeAES oFMAfiAL tRS
antioxidants for lubricants. U S. Patent . 3,509, 051 discloses various

nol ybdenu I | ity ri d -am +~Whi ch
,are said ?%gg%hﬁég?E%Qgggg%??ﬁ%%%%ﬁg%gﬁ%%gﬂf%ﬁgg?@cog%bgﬁﬁéﬁﬁgﬁgﬁﬁgricating
oils. A1/9-1S(1.4 PCT/US(11/1.1982 | exes of | ybdenum oxi,des and
it ogen- dBHit BeAHIRIHF BB aAtH o g aR AMRSH crerts it EFERGR BECAANCh: ar o
.said to have utility as additives for lubricants, are disclosed in US.

Pat ent No.engirapgemgigeasyng,dus s also mmpoaiant 19, 1BainfRyy, updimigshed, the antikpaart o

Coupl and et al. U S. Patent No. 3,541,014 to LeSuer discloses nol ybdenum
conpl exes anfl a@xioxigant|profdrids-of oind labricatigg oo uisdsef the afgrementienddased G oup | |
nmetal sulfonates that are said to i nprove extrene pressure properties and

antiwear heREshingS of thel kibivh GARtang PIBPRbAISARRtainnd RIMMRAE A further
di hydr ocar byl di t hirocar bamat e conmpound said to be useful as an additive for

I
| ubri cant s_ii. L - .« Pat.en 4. 0f L rai.et al. US.
pat ent - No. 058555 806 fiohlo Brobiq N ar R et ind R aR WoRait i 1 g
conpositions_ by the reaction of an acid of nol ybdenum or salt thereof,
phenol or MSIAYIEIRCNUINPEMNORS on product therewith, and a primary or
secondary am ne. The preferred am nes are di am nes such as

t al | ow subst i t ulnetkvelopmetikbyicete alisathierechaan beerhimamy ftemped wairgdde condensat i on
products. An optional but preferred ingredient in the reaction mxrture is
at | east o@itiieh tiR0limipdreadi-SRa6%ABE oilifee pidderiidad WibrieamipdiRiang composi tions
are said to be useful as additives in lubricants and fuels, especially in

| ubri cant syyegrBblARn B KEORR 96 BE Ss AN HAlRMARAIY Gnfldar . Sul T ur
r i ng nmoly d

and phosphor ts-cont ai denum conpositions sald to be useful for

i mprovi ng fuel econo for .internal, conbusti.on engi.nes are di sclosed in
U'S. Pt ert e B SH! anbindsidgiy BLWRHONOR SBOmBSRURET 4 315, 826 di scl oses
mul ti purpose |ubricant additives thgt, are prepare%t y reaction of carbon

di sul fide with TRpeaBIyHaafdiiyades Watcahng s, mEIqaryapRlYRAsBY N i des havi ng

basi c nitrogen functions. The subject additives function WO 111 /9-t511
PCT/ US( 11/ ont@ifig thiocarbamates have been disclosed in the patent literature. For example,

U.S. Patent Nos. 4,395,343; 4,402,840; 4,285,822; 4,265,773; 4,272,387, 4,369,119;
4,259,195, 4,259,194; and 4,283,295, all to DeVries and King, disclose a variety of
molybdenum, sulfur, and nitrogen containing compounds, including dithiocarbamates,
that are useful as antioxidants for lubricants.

U.S. Patent No. 3,509,051 discloses various molybdenum
dialkyldithiocarbamates, derived from secondary amines, which are said to be useful as

antioxidant and antiwear compounds for lubricating oils.
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as dispersants and are said to possess excellent anti-frictional properties
and to inpart anti-wear and anti-oxi dant properties to a lubricant. U S
Pat ent Nowo14404673 di scl oses the preparation of anti-fripgt¢t/ogadeksti ves
for lubricating oil by reacting a sulfurized organic conpound having an
active hydrogen or potentially active hydrogen with a nol ybdenum hal i de.

U S. Patent No. 4,479, S83 discloses a lubricating oil conposition that
contains a relatively |ow | evel of phosphorus and is said to have

particularly i @?xﬂgﬁgeg %f rﬁélyﬁd}mﬁx’ﬂ% gncpﬁ%%ﬁ E%ﬁaiﬁﬁgtmo%s{ggriin@ﬁ%in n ester

of a pol ycarboxylit aci I?cer t al

di thi b t t | t t
o yLSEﬁana%ﬁwmrp el S R B WRSRORARG 1 at i Quo

life of gears. at nt No. 4,765, 91S dlscloses tile preparation of a

P
| ubricati rbeCéﬁ’aed auU@ |P\ﬁéenr9w0r 3440539 taLanseny Phyal@pgl §eS \A?attenlt AN 4ditd.478t r ogen

-conmpound to forma reaction product, reacting said reaction product with an

aci di ¢ nol tplictemplamd @orbound to forn~ an internediate reacti on product, and
reacting said internediate reaction product with a sulfur conpound to

produce a | ubriga PagndNb. @@dlbwﬁ) Lé&uer dPabeéatm&?odeﬂmﬁ%m%bees%ﬁcl oses

nol ybdenum conpl exes prepare by reacting (a) a atty oi |,

di et hanol ouyr, es are
sai d to i o LRGeS0 bR Y RQ%PE*H.* ca{é?*h%
conp05|t|ons and to decrease fuel consu n internal nbustlon
engi nes usTH§UE FRHIPIOVEXITOIG BIesyLe REeRFTE r’(’%b ({11&1 eer UOBemP%l’c Rericgnygs, 996

di scl oses a lubricating conposition conprising a ngjor anmount of an oil of
Iubrlcatlﬂ@nuﬂ§&@§$ty and a m nor anount of an additive having the formula
MbZL4 wherein L is a |ligand sel ected from xant hates and nuxtures thereof

and, in parti cuAatolybdentinalilggirdraryiiithibcsibamaiecsdinpound siid of bewsehnas ad ons t o
render the additive soluble in the oil. In general, the xanthate |ligand, L,

will have Jdﬂﬁme%&quﬁrxgaxﬁﬁs%%cfbémﬁm 3L OBt NG, 45398F’R)tS%tSaiél9ra1 &.a498, 809

di scl oses oil soluble copo yners derived from éthyl ene and 1-butene that

have a number aywey pgenR| e@,‘ik@%?‘ﬂfs&%esl?ﬁé %@ﬁﬁaﬁ&?b'f mbly aé&&uﬁnn&nzmﬁgg at

| east about 30 percent o chal termnate

et hyl vi nyl dcagiRitidhObP She r@mmﬂtowh ea@ofi Biolybaeh iR B il thereof) Bherdl 8AL €r t han
about 50 wei ght percent, and which formsolutions in m neral oil free of

pol ymer agddehydé esndeasatidatpesduchehérdmithl mghd psoatyt @rsecundagamine nEint s.
Lubricating oil additives, particularly dispersants, produced by the
funct i onal preferiedaméned adediamees sechias tallofv- sub@@@teﬁdpmeﬁwﬁns demenesaidgheio have

enhanced performance (e.g., inproved dispersancy and pour_point) in
formaldehyde condensation products. An optional but preferred ingredient in the

reaction mixture is at least one oil-soluble dispersant. The molybdenum-containing
compositions are said to be useful as additives in lubricants and fuels, especially in

lubricants when combined with compounds containing active sulfur.

Sulfur and phosphorus-containing molybdenum compositions said to be useful
for improving fuel economy for internal combustion engines are disclosed in U.S. Patent
No. 4,289,635 to Schroeck.

U.S. Patent No. 4,315,826 discloses multipurpose lubricant additives that are
prepared by reaction of carbon disulfide with thiomolybdenum derivatives of

polyalkenylsuccinimides having basic nitrogen functions. The subject additives function



| ubricating oil conpositions, attributable in part to the conbination of
properties characterizing the copolynmers The preparation of nanosized
sur f ace- capadssdaor gani ¢ sul fides via internedi ate rever sepdi/gE@RAYH2Si on
formation is described in the follow ng references: Boakye et aL J. Coll.
Ir~te~face Sci. 163(1): 120-129 (1994) describe the synthesis of nolybdenum
sul fi de nanosi zed particles in the range of 10-80 nm wi t hout

sur face-cappi ng reagents WO 01/ 9~50. ~ PCT/ US01/1~982 Deng et al., Chem
Lett. (6):A%BspRBdAntsha8 dle siﬂ%rﬂo@@s@emnelt AT RInk CpropatieastY tb Impbak®

nanoparticles capped with an electric neutral surface capping agent of 2,2

bi pyri di ne dtlnwézﬂdanﬂrﬂl{?' ﬂ%ﬁéﬁaﬁé&l%é&% ?%J Xsucm nate (AQT) reverse

.mcelle. Huang et al. 75 (1997) describe copper

nanoparti cl es vi nyl pyrrolidgne)_and_ pr.epa d by t he
reduction of Coﬁpi aﬁ“@?’e?é%%% és g Breﬁaréf‘?szlg@tt‘ﬁ%‘%? razi ne
-under reflux. Meldrumet al. J. Chem Soc. Faraday Tiaf~s. 91 (n) 673 680
(1995) deslgbrientingod by seapsing @rsul(ﬁirmed iorgapEy ecinepeuad daving amadtiverhydioggr pr
nanoparticl es, generated by the sodi um borohydride reduction of aqueous
silver ni tpicﬁéx&ia\l]@rtahii\m Igdebgentiiihsr RoRbdaruhebatidg. sul f osucci nate reverse
mcelles in 2,2,4-trinmethyl pentane and capped with octadecanethiol. Mtte

et al., J. Ph~~gd Iphehf Rb: 2479 §3id&l:l%9e@a 19@&&&1@&1 @eﬁasas%@omhﬁeédn%aﬁnwat

have been used to synt hesize 5.6 nmsilver sulffde particles. These

nanoparti c| [ dodecanet. h ext racted from erse

m cel | es, E’E‘VaHZ%W g%ﬁﬁ%é)a&}"ﬁ“% tlﬁﬁaéd l‘(i\iﬁveéj agt{cu%ﬂ? 1m5rov5c} °chen-~.
9904) :16425-16429 ( 1995) describe utiljzation of dodecanethiol for
surface calspveiBs alfowams&?écaepases aniestere! hastsebel ifaf weqhesélyw PEni et al.
Snf Rev. Lettef~s 3(1):1215-1218 (1996 ) describe synthesis of silver

sul fi de seglicooldndtacnelectednasaldlitbivcagbpmatewi t h dodecanet hi ol . St ei gerwal d et
al. J. Anmef-. Cher~a. Soc. 110(10):3046-3050 (1988) describe a synthesis of

nanomet er - si zedUcds. Patent Bloo#, 50U.688 dtlogesarigbmanet@itdihiag hodgrlsfuani n i nver se
rnicell ar sol ution and chem cal nodification of the surface of these

cluster WO 01/9-45(1-t
PCT/ USF | 1/ %g]gﬁ@gﬁggéﬂéﬂe?a @Pﬁ&%@ﬁﬁ%ﬂﬂ%&r}ﬁn@ g %S%foggg“(r%) 752- 758

(1995) descri beps%f?er.@?(ﬁ?e ﬂsg,l'a?s gdsc oS %%r%luon OF a lu%plgf;[,tm\geord adaitRRa" ed by

usi ng tl uopheno

by reacting a triglyceride with a basic nitrogen compound to form a reaction product,
reacting said reaction product with an acidic molybdenum compound to form an
intermediate reaction product, and reacting said intermediate reaction product with a
sulfur compound to produce a lubricating oil additive.

U.S. Patent No. 4,889,647 discloses molybdenum complexes prepared by
reacting (a) a fatty oil, (b) diethanolamine, and (c) a molybdenum source. The
molybdenum complexes are said to impart antifriction and antiwear properties to
lubricating compositions and to decrease fuel consumption in internal combustion

engines using them.



as a capping reagent by controlling the ratio of Cd++ to
bis(trinmethylsilyl) sulfide as a source of the sulfide ion in reversed

m cel | es.wighfigugoynat el y, a problemrenains in that many nopyHdeinuads?
conpounds exhi bit poor solubility in lubricant oils. No disclosures are
known to the present inventors that teach or even suggest nanosize
particles conprising a nol ybdenum sul fur noiety whose surface is nodified
with an appropriate ligand that prevents the coagul ati on of the

nanoparti cl es i |4 ] j .ocar bons
or simlar so|3@%%gﬁﬁﬁkﬁgﬁiﬁgf?ﬁ%?g#%ﬁ?@%%ﬁ“@ﬁ@?@%ﬂ%%‘%@ﬁg%gg?%ﬂ%gp
anti oxi dant propertieges xtreme. pressure properties, and.friction nodifying
properti edmdin Bhf o3 I AR ERT A GrBOLTRAIRYY R4 RYEMTHEN The
additives of the present invention are conplex reaction products prepared
in a seri dorroplaMendt, wharsin Firca bghtid selpeted dom xenthptrsand mistutdsithereolandsi zed
-particles [ MoSx] whose surfaces are nodified with one or nore appropriate

| i gands t dnpagticank, tahthate guihghisofficieht uisbenafiopbo atohsso agidepthevi de
solubility and stability therefor in hydrocarbons or sinular solvents Mre
speci fi calqfitielieuleas S oil. MKSRhEAN tnéxaqlmaﬁ&%g%ﬂd 110 Al I EGANboGOIROSI ti on
conprising: A a lubricant, and WO O1/ 9- 450" PCT/'USO01/ 1-4982 B) at | east
one nol yb gn%&p talining conpound in the formof surface capped nanosi zed
particles ™© ¥he ﬁ@ﬂ%Tal formula ~Z)n(X- Rkm wherein: Z is an inorganic

noi ety conprising;nnlybdenun1and sul fur in the forn1o%ﬁfarticles havi ng

di mensi ons i n tHe PaikgeNss O.#PS AV Adiselpses oilgokisls ropelymersderived fipm s a
surface-cappi ng reagent wherein Ris a C4 to Czo straight or branched chain
al kyl or althylemetand keihakoaihkyihave adiuoder averagrdnaledidaraveight besveenfabiogtt i onal
group capabl e of specific sorption and/or chem cal interaction with the

nol ybdenuny sed fad 7,500,8k Yeasthbbot 30gerbetiRE hll pblyntet efilsesrnhatéd Witht he
particles; mis an integer representing the anount of surface-capping

ange of fvHEIche eftyb ARG (B Ceq A Dt ke e M R B Sent.
et o el b PSSR AR LA Byt o
determined by light scattering measurements. Lubricating oil additives, particularly
dispersants, produced by the functionalization and derivatization of these copolymers
are said to have enhanced performance (e.g., improved dispersancy and pour point) in
lubricating oil compositions, attributable in part to the combination of properties
characterizing the copolymers
The preparation of nanosized surface-capped inorganic sulfides via intermediate
reverse microemulsion formation is described in the following references:
Boakye et al. J. Coll. Interface Sci. 163(1):120-129 (1994) describe the

synthesis of molybdenum sulfide nanosized particles in the range of 10-80 nm without

surface-capping reagents



the general fornmula ~Z)n(X-Rymwherein: Z is an inorganic noiety conprising
nol ybdenum and sul fur in the formof particles having dinensions in the
range of Wwopamogdagut 1 to about 100 nm WO 01/9.t50-4 PClp0d 1414382 (~- R
is a surface-cappi ng reagent wherein Ris a C4 to CZO strai ght or
branched-chai n al kyl or al kylated cycl oal kyl radical or radicals and ~i is
a functional group capable of specific sorption and/or chem cal interaction
wi th the nol ybdenum sul fur noiety; n is the nunber of nolecules of Z in the
particles; mi inje r enti r f - i ng
reagents rel at islelg{géotryé’ g?%\"él é&%@?ﬁ ?%:143? (gér}ﬁ) ta E%HB%? ﬁévegg y%ﬁ%gc arc‘?%F dsa:‘wﬁn t he
range of fra bout 1:1 to aboyt 10:1, wherejn fhe process co i ses the
steps of : %Pﬂacés PR S LR iaLWff@sﬁf%nggr?@eat ot 23

hydr ocar bon-sol ubl e surfactant solution in an organic solvent or solvent

m xture armpﬁmlrwqué@dismﬁlm-atqthﬁmml)aukﬁwwn@@(@@%&rqvmﬁgamlb. nmol ybdenum

- (M) conmpound; B) if necessary to create a nol ybdenum sul fur noiety,
converting the Hedgrer abd) Ldiganiimbd@anTz 1 1O Wpodrdesonitevidppeommopaticient 0 a

thi o-derivative by reaction with hydrogen sulfide; C) adding a surfactant

that chem Gahéd/withpef . inYlol o IME Pin Bt B$ bfﬂxetr?cﬁlcﬁgh ybaeppurpul fur

noi ety; D) renoving water and the organic solvents) fromthe nhucroenul sion

and extract ie{lge i%hgatgxpinégﬂeéﬂﬁgeﬁu%gw ilﬁl;yt%%&fn%%%gtjr%hn)? products thereof in

the form ot &urTacescappe nosi ze &St & sui tabl e or gani c
solvent; and E)_renovin sai;qj S\L;Si tapl e organi 11/9-tsl | ~
4"h

c_sol vent . VO | .

PCTI US( 11/ 1. t 9g¥elifam st @y Q4 Figs ’éil”é-og’—’d@?iézii-ééo1(1399[5hé°ifi§he of the
surface-cagped nanosi ze nol ybdenum sul fi de derivative particles as friction
modi f yi ng,thaiferimatian of thin partiendatp fiks from siluerchanopariasiesd generatdd by thees f or
| ubricating oils. The present invention is also directed to lubricating oil
conposi ti aidivedb@bhgdrity raddctibh bf aduedgs slivier Aifdteavithin sodium(bis-2-ethylhexyl)
functional - property-inproving anount of the surface-capped

sulfosuccinate reverse micelles in 2,2,4-trimethylpentane and capped with

octadecanethiol.

Motte et al., J. Phys III 7(3):517-527 (1997) describe reverse micelles that have
been used to synthesize 5.6 nm silver sulfide particies. These nanoparticles are coated

with dodecanethiol, extracted from reverse micelles, and then dissolved in heptane.

Motte et al., J. Phys. Chem., 99(44).16425-16429 (1995) describe utilization of
dodecanethiol for surface capping of various metal sulfide nanosized particles.

Pileni ef al. Surf. Rev. Letters 3(1):1215-1218 (1996 ) describe synthesis of
silver sulfide semiconductor clusters encapped with dodecanethiol.

Steigerwald et al. J. Amer. Chem. Soc. 110(10):3046-3050 (1988) describe a
synthesis of nanometer-sized clusters of CdSe using organometallic reagents in inverse
micellar solution and chemical modification of the surface of these cluster compounds

to form a PhSe layer on the CdSe surface



nanosi ze nol ybdenum sul fur noi ety-contai ning particles described above.
Preferably, the present invention is directed to a conposition conprising'
A) a | ubrwganteys@B) surface-capped nanosi ze nol ybdenun~/ sul petusot/ 14982

noi ety-containing particles; and, optionally, C one or nore auxiliary
additives selected fromthe group consisting of dispersants, detergents,
rust inhibitors, antioxidants, netal deactivators, anti-wear agents,
antifoamants, friction nodifiers, seal swell agents, demulsifiers, VI

i nprovers, and pour point depressants. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fi gures 1 throu¥anahidy & ot\G:8DEWLMASEA Ibn.208e3 ) 1SRUESRr(@bos)aledéridelifzef Or mat i on
of partially substituted thionolybdate derivatives. Figure 4 is a W

spectrumc ety g | j4GHY < foll nectra of
manos! zad onte o 0 s RS ropB¥e R e 8oL O i) (2
Figure 5 is the . UST spectrum aof | ybde Lsul f.ide nanaparticl es prepared
-in the preqthtaPPhe f‘r‘%&?ﬁ? @b%%’f@ﬁ’@g@?}/& 'Qrﬁr}@, Jfocpls(trmtg’]ﬂg’i( %‘k@eﬁs a

PCT/ US01/ 1- Q982 DESCRI PTI ON OF THE PREFERRED EA' | BODI MENT(S) The present

i nvent i on s efdbe sulfidpion dmraversedpesiles on, e.g., a lubricating oil
conposition, conprising an organo nol ybdenum additive that inparts friction
nodi fi cation, abhfomeantelyex prabiem penesisdinehat ariny malytelehurp compobiinds exhibitt he

| ubricant. The additive is a reaction product of any water-soluble

i nor gani ¢ pRIrBABMNMNAHRAHNG 296 BlsMBshrbdark REoWA U DréRheinl @iord tha
reversed m croemul sion with hydrogen sulfide at an appropriate pH value to

forma nol e i.de .Lvat | c | he f,0l | g ¢ 1 cal
react | ons: ERRDO ! Sepdebpet e Boiigs BRGRIYIS Pt ot U ol FRESE
MbOS3-" ~ MoQOS~, + 3, MoS~ z H --~ MbS3 The approach of the present

i nventi on FHECHH Io\{gﬁ@j Y"B&ﬁ’éﬁpﬂﬁpﬁge#@wé@t W%&Setﬁﬁlcg?%’%‘%t B8 i zed with
one or nore selected surfactants {e..g. , tetral kylammonium salts) in a
conveni ent nanopeigles nd providen theiri sptubilay ambstabilitytimbydrpsarbers asimilar ses t he
nol ybdenum salt solution in the interior of the reverse m croenul sion.
Subsequent sdlvenes, shidhdrthértimphd?Ss aetb-wlehispropertibe ahtivxiddnt propeftidypéxdreate M0S4 z
nanoparticles (depending on the pH value of the aqueous solution) in the

interior ofreSdups PRPERE AR fridtthSdiffiBATbp Qs ldbrRalifSil BYApQ&AImBON
chai n- cont ai ni ng
SUMMARY OF THE INVENTION
The additives of the present invention are complex reaction products prepared in
a series of reactions. The additives are molybdenum sulfide nanosized particles [MoS, ]
whose surfaces are modified with one or more appropriate ligands to prevent the
coagulation of the nanoparticles and provide solubility and stability therefor in
hydrocarbons or similar solvents

More specifically, the present invention is directed to a lubricant composition

comprising:

A) a lubricant, and



|l i gand such as a dial kyl anune, a dial kyl dithiocarbamte derivative, or
the like provides 11 WO 01/ 9. L50-4 PCT/US01/ 1-1L982 nodification of the

nanopart iwbapwoface, thereby fixing their size and shape mAgysnmAQydsdi ng
reasonabl e solubility and stability in hydrocarbon-type lubricating oils.

In this approach the size and shape of nodified [ MoS,] nanoparticles are
governed by the structure of the m croenul sion and by the concentration of
the respective nol ybdenumsalts in the agqueous core of the m croenul sion.
The foll ow ng conmpounds are exanples of water-sol uble inorganic nol ybdenum

conpounds that gan bg jHSeEnd MolyBBemMNERRShHc CbmbBendRItHO AR RUsSMAdeL de
derivatives: Sodiumtetrathi onol ybdate Na2MBS, ~; Ammmoni um

tetratl uor‘r&' é ; - c1.20d] dat e Na2Mb04; Ammoni um
pananol ybda Q?%%%@%%W?ﬁ }éérjlrgl]rggﬁjrrulylgxi de Mb03; and hydrates thereof.

The nol ybdenum sul fide derivatives forned according to the above reaction
.scheme in the interior of the revergg) (R€crRpenul sions represent a di spersion
stabilized by one or nore surfactants Iin one or nore appropriate organic
sol vents. The surfactants that can be utilized in the practice of the
present i n¥Bereiton are oil-sol uble cationic, anionic, and nonioitic
surfactants capable of formation of reverse m croenul sions in non-pol ar

sol vents, such as parafF i SO- para=n, ar tic o kyl.aromat i.c .

vl ocar bons. AT AEEE: Ry RRRI e MRS st afur BRI pbferiger,
01/950-4 PCT/USQ1/ 1-t982 The fol | ow ng conpounds are exanpl es of

oi | - sol ubl kaving dimersignsdn thegengeef fhun abey 1ite abpe M0aP®ir ati on of the reverse

m croemnul sions: Cationic Surfactants Cetyltrimethyl ammoni um brom de (CTAB,
Fl uka); Tricapr

T oo e sy T O e

chain alkyl or alkylated cycloalkyl radical or radicals and X is a functional group capable

of specific sorption and/or chemical interaction with the molybdenum/sulfur moiety;
n is the number of molecules of Z in the particles;

m is an integer representing the amount of surface-capping reagents relative to a

single particle; and
the ratio of m to n s in the range of from about 1:1 to about 10:1.

In another aspect, the present invention is directed to a process for preparing a
molybdenum-containing compound in the form of surface-capped nanosized particles of

the general formula
(2)(X-R),
wherein:

Z is an inorganic moiety comprising molybdenum and sulfur in the form of

particles having dimensions in the range of from about 1 to about 100 nm;



Ani oni ¢ Surfactants Sodi um bi s(2-ethyl hexyl)sul fosucci nate (AOT) (Fl uka);
Noni oni ¢ Surfactants Triton X-100 (Aldrich); Ti~iton X-114 (Aldrich). In
order to woaMjedsn4f urther flocculation stability, the nolybeepnusoigydszi de
particles are capped with an appropriate surface-capping reagent in
accordance wth the follow ng schene: n MbS3 aggregati o ~ ~MbS3~n MbS3 ~
-~ MR~ ~~ MS3 ~ (~nn 13 W O1/9-450-t PCT/LIS0111-4982 The
surface-cappi ng reagents represented by the general formula R X are

sel ected fromthe conmpounds conprising a CZ-C4o0 straight or branched-chain

alkyl or al kyl abeonsudl GahKY Lt RalrPluEat] RY SRR afing!  0nal g7 oup

X that is capable of specitic n an enf ca raction wwth a

-nol ybdenum sul fi,de noiety. | es of functional. groups.capable of

Speniti . shbpedrnaic S b Al S ndl Lt o i S Rt BRAGHRTRY sl  ur
noi ety include am nes, ami des, imdes, dithiocarbamates, thiuram

di sul fi desgrauarcaRable ofr wapific saption pad/pi ghemiqa} itespetiomywitli feR) i s sel ect ed
fromthe group consisting of alkyl am nes, dialkyl am nes, trialkyl am nes,
car boxyl i cmatybdenundswlfir bwistlyj ¢ aci ds, carboxylic acid amides, dicarboxylic
acid diamdes, alicyclic imdes, ammonium or al kali netal

di al kyl di t hi ocar bamat es, di val ent netal pis-dial kyl dithiocarbanates,
trival ent netal M{%% §nHHn§F‘l?ﬁ‘H?1F?H"E§(9§er'§ﬁg? Raticlest v aal kyl t hi uram

di sul fides, and derivatives thereof. Preferably, the al kyl am nes, dialkyl

AN

. , 9 trial . - ) oY R
:nmdneR:S% a?g i néég’égﬁﬁaﬁtﬁﬁfggﬁg%ﬁ%é’ {hre tgﬁﬁl hgéﬁétfg%%ﬁgl st ﬁ,ﬁ%%(r)r?ll aﬂg/edtr@oagen,

strai ght or,. qr anlg.hfd-c ain d-Cz$ alkyl, C--C3~ alkylaryl, and aryl.
Pref er abl ySP¥RE¥EEHEXY1 i ¢ aci ds, dicarboxylic acids, carboxylic acid
am des, and dicarboxylic acid diamdes are of the formula OR&/QA X m WO

01/ 9~5U. ~ the ratio of m to n is in the range of from about 1:1 to about 10:1;

wherein the process comprises the steps of:

A) creating a reversed microemulsion comprising a hydrocarbon-soluble
surfactant solution in an organic solvent or solvent mixture and an aqueous solution of a

water-soluble inorganic molybdenum (V1) compound;

B) if necessary to create a molybdenum/sulfur moiety, converting the water-
soluble inorganic molybdenum (VI) compound into a thio-derivative by reaction with

hydrogen sulfide;

C) adding a surfactant that chemically interacts with and/or adsorbs on the

molybdenum/sulfur moiety;

D) removing water and the organic solvent(s) from the microemulsion and
extracting the molybdenum/sulfur moiety-containing products thereof in the form of

surface-capped nanosized particles with a suitable organic solvent; and

E) removing said suitable organic solvent.



PCT/ USOL/ 1 (®82 wherein X is OH NHz, NHR4, or |VRARa and R4 is an straight
or branched-chain, saturated or partially unsaturated, alkyl noiety of from

1 to 40 cwopbhapsaons, e.g., methyl, ethyl, propyl, butyl, meptydi/issexyl,

2- et hyl hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl, nonadecyl,
ei cosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, triacontyl,
pentatriacontyl, tetracontyl, and the |like, and isoners and m a-tures

thereof. Preferqpl é(veséﬂf“?rt\%f:lﬂé%ﬁ lais6 dirdtdé \%%s@ﬁf fhla%uxff&re\-:a:'&gﬁéd MBpofkd O R6

wherein RS is hydrogen, R, or an allylene am ne eln palrs of

B R T A A R eI

t he ammoni um or al kali netal dial hyl dithiocarbamates are of the fornmula 8
R\ N C - +pressgreviand antionilant addigves fprduprigting 0982 wherein R8 and R9 are
i ndependently sel ected fromthe group consisting of (Cl-C~)al kyl and Mt is

Na+, K+, or N e i .al.. bi s-di al kyl di t hi ocar bamat es
are of the for%ruf?égﬁr%ge?{t %ﬁ)fx@n Ig%lssgéﬁ%&ggg) gg%/l\ﬂetlrngioﬁl Cgh]%g%éo%gmg] em@él ected
fromthe gro consi sti.ng, of . -C24)al kyl and M2 is Fe+', Zn+2, Pb+2, or
Cu+2. Pr ef%wgﬁwsngtq#@n@ﬁ @afptmgag&w@i)a% -mRTevige amwmftsth? SefersRacds are of
the formula Ra S\ C/NMNR~- Rs Rs S\Mt3. S\C/N\Rs RO/NNC/ S S S wherein Rg and

RO are sel waspsige mobivdemun/gulbumaiensostainng pattiqley degpabedishgve. and M3 is Sb+3
or Bi +3

Preferably, the present invention is directed to a composition comprising’
A) a lubricant;

B) surface-capped nanosize molybdenum/sulfur moiety-containing particles; and,

optionally,

) one or more auxiliary additives selected from the group consisting of
dispersants, detergents, rust inhibitors, antioxidants, metal deactivators, anti-wear
agents, antifoamants, friction modifiers, seal swell agents, demulsifiers, VI improvers,

and pour point depressants.
BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 through 3 are UV spectra that are illustrative of the formation of

partially substituted thiomolybdate derivatives.

Figure 4 is a UV spectrum containing no absorption bands, which is typical of

the spectra of nanosized inorganic particles formed in the interior of reverse micelles.

Figure S is the UV spectrum of molybdenum suifide nanoparticles prepared in

the presence of isopropyloctadecyl amine.

10



Preferably, the tetraal kyl thiuramdisulfides are of the fornula 16 WO
(11/9-450-t PCT/USOL /1.4982 wherein Rg and R9 are independently sel ected

fromthe woaup4ziansi sting of (C Cza)allryl. The foll ow ngpERORALGSES are
exanpl es of those that can be used to adsorb on and/or react with the
surface of the nolybdenum sul fide derivative nanosize particles of the
present invention: Sec-butyl am ne; |sopropyl (octadecyl)am ne; Docosanoic
(behenic) acid (CZZ carboxylic acid) (Schuchardt, Minchen);

Al kenyl succinimd ; Y PR gﬁgﬁﬁ i ical Co.);
Sodi um di ( 2- et hyl E)e]g%)i %gl?ﬁ?lgtc(;mrbarm?gjwy odi u%%@egggcy|t;g} t hi ocar banat e
(Uniroyal Chemical Co.); R /S S\ ~Rs 99 RS S Ry

. Tetra( 2- et hyl héRhd presant imxentdhinsprbéid ebes, lubetand Crepositiony le)at, b lubrécatiog sill f i de
(LTniroyal Chemical Co.). The al kenyl succinimdes, as well as other ashless

di sper sant@mpasigbH! cdrfprls &rc?ﬁédo%olgtsdemhﬁaddnmmﬁdt%p@fﬁsefﬂeﬁ&pri bed bel ow.
17 WO O17/9.1511. 4 PCT/USUL/ 1~' )82 Various types of ashless dispersants

hyar ocar bAtoUBrGiet TR AfePEifelfe HAEHARbERR Al Rhudfy 1AL *' 10

conpositions,. The term "polynmer"” is used herein to refer to any hydrocarbon
group, ei ta98HivE ﬂ%&%@ﬂorbigrqdﬁﬁeo&apy wawgpwpmn%a@sw?@éﬁmC%led e of

t he nost common types of polynmer is polyisobutylene (PIB) based on a

hydr ocar bahssolvad in tfe aqueanstiaterienafraagecrssl micodeamulsien with hydroperosulfidecah about
500 to about 3000 Another type is based upon ethylene, al pha-olef n

copol yrmer g@hgiprsprigte gHRARNBES faed agibdaacsilfde degivainte dcbbriingfto ftlicom about
500 to about ?5,000. The polymers can be functionalized, by which is neant

that they GAfwhg chemical reactions:

2 H,S 2 HS 2 HS 2 H,S _
Mo0,”? —2—= Mo00,§? —2"> Mo00,S,’——2=Mo0S,” —2—=MoS,”

+
Mo0S,? —E o~ MoOS, + MoS,

The approach of the present invention includes the formation of reverse
microemulsions stabilized with one or more selected surfactants (e.g.,
tetralkylammonium salts) in a convenient solvent or solvent mixture wherein the
mixture comprises the molybdenum salt solution in the interior of the reverse
microemulsion. Subsequent interaction with H,,S results in the formation of MoS; or
MoS,? nanoparticles (depending on the pH value of the aqueous solution) in the
interior of microemulsions. Further reaction with a long hydrocarbon chain-containing

ligand such as a dialkyl amine, a dialkyl dithiocarbamate derivative, or the like provides

11



chemcally nodified to have at |east one functional group present wthin
their structures, which functional groups are capable of; (a) undergoing
further clwemieaosreaction (e.g. derivatization) with ot herpacy@nhass and/ or
(b) inparting desirable properties, not otherw se possessed by the polyners
al one, absent such chem cal nodification. Mre specifically, the functional
groups) can be incorporated into the backbone of the polyner or as pendant
groups fromthe polymer backbone The functional groups) typically will be

pol ar and medificutionREtiey nap&ele setfate, terdBy fAingSheilsizd@ldodiepe arind/ or  bor on.
They can be attached to the saturat ed hydrocarbon part of the polymers via

substi t ut llﬂwaﬁg%as@sﬁ@m@gox Bllt?@n@kﬁqh o @g%@gﬁ Ol?e ps&%ahh Bil®' In this_

. cycl oaddi t'i on réacti ons. native rou can

LPC?LE"LﬁEﬁ@Pﬂf&@’J%? S o o RS Bl s A ad&%tESrZi >

- PCTJUSOL1/1.1"182 Functl onal i zation of the pol yner backbone with substituent
functi onal“"@‘%‘ﬂ‘b@ WQP‘E’QFWISWI"‘M@Y@?F %Cé‘itwlloérﬁ’if ¢hegspeetivoamplyhdenypef er abl y
a ternunal ethylenic unsaturation, present in the polynmer for reaction with
a conpoundaltomtthe adlung)uspommfmdmiqtdmgﬂsidwe functional group. Thus, reaction

of these functional corrpounds and t he pol yrrer can occur through a variety

of nmechani sns. and ef red fun s i ncl ude ogen,
car boxyl mater |t§sg B?@ |a5%?x %fl'stoi”% Qinorganie drg! {5@?‘““‘

al cohol s, am nes, ketones aI dehydes, and the | i ke. Usef ul
funct i onaldomwoinds thateani berised ingheismthasistof sheemalybdenum wifiletdsrivativesat i on,
i.e., the reaction of the polynmer at the point of unsaturation with mal ef i ¢

acid or anhydri | ogenatjon .o polymer at the olefinic bond and
subsequent reaqublﬁng?mﬁﬁ hggﬁgﬁﬁﬁ?@(‘ispol ymer with an ethylenically
unsaturated functional conpound; reaction of the polynmer with an

unsat urated funghhRRrim EREARMACyRIAtd e, )ON6S,; r eact i on absent hal ogenati on;
reaction of the polynmer with at” | east one phenol group, which permts

derivatization in a Manni ch Base-type condensation; reaction of the polyner
at its point ofSadigamaighdateNayMaDcar bon nonoxi de using a Koch-type
reaction wherein an acid group, such as an iso acid or neo acid is formned;

reaction of the rr-with e f compound by free radical

addi tion using MW@% E’éﬂlytbgﬁtf’zﬁﬁ% M%aﬂd’ reacti on of the polyner by air
oxi dation nethods, epoxidation, chloroam nation, or ozonolysis. The

fol owing are iNfbiBUERN MRxide MoO,;

and hydrates thereof.

The molybdenum sulfide derivatives formed according to the above reaction
scheme in the interior of the reverse microemulsions represent a dispersion stabilized by
one or more surfactants in one or more appropriate organic solvents. The surfactants
that can be utilized in the practice of the present invention are oil-soluble cationic,
anionic, and nonionic surfactants capable of formation of reverse microemulsions in
non-polar solvents, such as paraffin, iso-paraffin, aromatic or alkylaromatic

hydrocarbons, halogenated hydrocarbons, or mixtures thereof.

12



Reaction products of functionalized polyner derivatized wth nucleoplulic
reagents, such as am ne conpounds, e.g, nitrogen-containing conpounds;

or gai uc hwaraeys@r oup- cont ai ~ung compounds, such as phenol pcapshialiophol s;
and/ or basic 19 WO O1/9.tS11-1 inorganic materials. PCT/USO1l /i (@82 Mre
specifically, nitrogen- or ester-containing ashless dispersants conprise

oi |l -soluble salts, am des, imdes, oxazolines, and esters, or m xtures

t hereof, of the polynmer enployed in the practice of the present invention,
functional i zed Thd folloviie crthothdedrbexathples aftdibsoldlle anfaythtsdBatdan®st er
derivatives thereof, said polyner having dispersant range nol ecul ar wei ghts
as def | ned,sagheiRIpOSaticflothRAR RO RidHBRLLRAR! [ zed pol ymer is mixed wi th
at | east one of am ne, alcohol, 1nc uél ng pol yol, am noal cohol, and the
like, to formthe dispersant additives. One class of particularly preferred
di sper sant@ationid Sui€xctdnitose derived from a pol yner and functionalized nono-
-or dicarbohylic acid material, e.g., succinic anhydride, and reacted with
(i) a hydroxy cagnpound, e.g.,.pentaerythritol, (ii) a polyoxyal kyl ene

pol yani ne, e. g. Cetyistimgthylammapiusn Bromided GBABaRk®: (iii) a pol yal kyl ene

pol yam ne, e.g., polyethylene diam ne or tetraethylene pentam ne, referred
to herein as T [r .d] .LRcl udes those
derived fromf ﬁ%ﬁﬁgﬁ%ﬁgf&] p0§§@%@gpggi‘@§®%%® %fét ??éréch ol yal kyl ene

pol yam ne, e.g., tetraethyl ene pentam ne, and/or (ii) a polyhydric al cohol
or pol yhydr OXY-Méﬂﬁﬂtkihmzﬁgs-@%bd&hﬂéﬁiﬁm%ldMEéAa@geﬂ@®4§4,QAldricE}ﬂDt aerythritol

or trisnethyl ol am nonet hane 2. Reaction products of a hydrocarbon pol yner
functionalized with an aromati ¢ hydroxy group and derivatized with

al dehydes AwspeSuafabtanfsor mal dehyde) and ami nes (especial |y pol yal kyl ene

pol yam nes) through the Mannich reaction, which may be characterized as

"Manni ch di spergapts”. 20 VV 9.450-4 PCT/ USD1/1 P82 Reacti on
products of a h%ﬂ%Q‘%ﬁ'ﬁﬂ‘dgﬁwﬁﬁ@%%‘&Pmﬂ%’(\féogéﬁ”géhcti onal i zed by reaction
wi th hal ogen and then derivatized by reaction with amnes (e.g., direct

am nat i on)yombak&uaRtMntsPo! Yal kyl ene pol yam nes. These may be characterized
as "am ne

Triton® X-100 (Aldrich),
Triton® X-114 (Aldrich).

In order to provide further flocculation stability, the molybdenum sulfide
particles are capped with an appropriate surface-capping reagent in accordance with the

following scheme:

n Mos§, aggregation_ [MoS,].

R)

[Mos3 L 4+ mR—X [MOS3 ]n(x

m

13



di spersants” and exanpl es thereof are described, for exanple, in U S

Pat ent Nos. 3,275,Sb4; 3,438,757; 3,454,S55; 3,565,804; 3,755,433;

3,822, 209wand/e$:84, 197, the di scl osures of which are her epa/usiaguear at ed
by reference in their entirety. Derivatized Pol ymer From Am ne Conpounds
Useful am ne conpounds for derivatizing functionalized hydrocarbon pol yners
conprise at |east one am ne and, optionally, can conprise other reactive or
pol ar groups. \Were the functional group is a carboxylic acid, ester, or

derivative therepi surfa&:e-%%@:ﬁx&?re%&ﬂ Ite??es@ﬂ{écpﬁy %h% geﬁérgll RinddiRdex fs~here the

functional group 1s an e reacts wt amne to forman am no

al cohol . Where the functional group.is alide, the amine rea to

G oplace (e o et it GrCgr ST SrOahabop Ges . i ¢
reacts with the amne to forman imne. Anmne conpounds useful as

nucl eophi | dkylpted evelpalkyliradical encadiosls Ruandha finstionph grquprathat isccanglle o€ ar bon

pol ymer include those disclosed in U S. Patent Nos. 3,445,441; 5,017, 299;
and 5, | 02, §pebific abiptioe aad/yr cheatcs imtateibreitie h mddgbdeming swlfidemofety. hei r
entirety. Preferred am ne conmpounds include nono- and (preferably)

pol yam nes, of about 2 to about 60, preferably about 2 to about 40, nore
preferably abouExamples efifanatiops) greurs capable ehspeeiBirsorptian andionehemiead about 12,
preferably about 3 to about 12, and nore preferably about 3 to about 9

ni t rogen atersction vithethamofybdemm/Silsenaiety medudecamibes, ydegdaidey] am nes or
can be hydrocarbyl am nes that include other groups, e.g., 21 WO 01/ 950-4

PCT/ USO1 / ditHiS2bamyailésO thturamQliftiidedl] dagboky @r QiiRSandand Hige. 9r oups, nitriles,
i m dazol i ne groups, and the like. Hydrofzy anunes having 1 to about 6

hydroxy groups, preferably 1 to about 3 hydroxy groups, are particularly

useful . Pref er rBegfapbindXd¥)ds sgl¢opeibirom thagrionn censising o€ slkyl anainesd diatkyl hose of
the general formulae: to mR~NR (l) Iz and Ro Ro (CH2)r~ 1" I t "CH)r'
N (1) RllanidefRidalifiensnes, dArboxdylid acil, dicathostylRlaidl earbovdipacidaniities, sel ect ed
fromthe group consisting of hydrogen, C to C25 straight or branched chain

al kyl radi Gghboxfc bRl didmiddd, Kicdlic frfideO aftbhodluhy befigalf metacal s, C2 to Az
hydroay am no alkyl ene radicals, and O to Ch al kylanvho CZ to C6 al kyl ene

radical's, &Qﬂymﬁiﬁ)g&%axﬁgés, %%,Q]e%gglie&ﬁ gﬂ-aciﬂll\(ylgigrggcrairbsa%la%espgiv%fe}ét r%fetai E’les-

dialkyldithiocarbamates, tetraalkyl thiuram disulfides, and derivatives thereof.

Preferably, the alkyl amines, dialkyl amines, and trialkyl amines are of the

formula
RIR*R’N

wherein: R', R?, and R? are independently selected from the group consisting of

hydrogen, straight or branched-chain C,-C,; alkyl, C,-C,, alkylaryl, and aryl.

Preferably, the carboxylic acids, dicarboxylic acids, carboxylic acid amides, and

dicarboxylic acid diamides are of the formula

Q—/0O

N



formula: * -~-(CHZ)r" N-~H to wherein R is as defined above, and wherein
r, r', and r" can be the sane or a different 22 WO 01/9.150.1

PCT/ USO1/ Wol@Bdsé4nt eger of from2 to 6, preferably 2 to 4;pandséi/avst t' can
be the sane or different integers of fromO to 10, preferably 2 to 7, and
nore preferably about 3 to 7. Preferably, the sumof t and t' is not
greater than 15. To assure a facile reaction, it is preferred that R ,
R11, Rz, R's, r, r', r", t, and t' be selected in a manner sufficient to

provi de t hgheRIPRWGE, NfH Rl genkie a’i‘lﬂ(i{“(xé ) st%éﬁﬂ of Bﬁh@ﬁ’éd Shaff least 1
primry or secondary am ne group, preferabl y at least 2 prinary or

d h f b f I
e R Wi i DRSO A P2
EEge Stk e e

1, 3-di am nopropane; 1, 4-di am nobut ane; 1, 6-di am nohexane; poI yet hyI ene
anunes, suthdegyl, do@tchlytred@eylt tetradeqyb, pentailesyhiexadecyl.cheptadierd, oatadecrlet hy| ene
pent arri ne; pol ypropyl ene am nes, such as 1, 2-propyl ene di am ne,

- (1, 2- pr oyl ase)decyil,ceico3el, héﬁeic(o&ylﬁd@cro@jdyirﬁﬁgﬂ,ttéﬂranisﬂ@pentacosyl, triacontyl,
N, N- di rret hyI 1, 3-di am nopropane; N, N-di-(2-am noethyl) ethyl ene di am ne,
N, N-di - Y. p AT ropyl am ne;
N—dodecy 933 tgé%cg%ﬂeﬂegﬁéorﬂeéﬁﬁﬁgﬁﬁy Poxyrrg’i lyllgi%gﬁ%yrrtrhs@ﬁéﬁe (THAM ;
di i sopropanol am ne; diethanol am de; triethanol am ne; nono-, di-, and
tri-tall ow am nessferabsiy the Erﬁxnyph@irilidmaresﬂdh fagnuik:( 3- am nopr opyI ) nor phol i ne;
and m xtures thereof. Monoanm nes include nethyl ethyl am ne, nethyl
octadecyl am nes, anilines, diethylol amne, dipropyl amine, and the Iike.
23 WD O1/9511. 1 PCT/ USOL/ 1. 1982 O heg useful am ne conpounds i ncl ude:
alicyclic dianmines such as 1, 4-di (am Bonet hyl) cycl ohexane, and
het erocyclic nitrogen conpounds, suchj]as imdazolines, and N am noal kyl
pi perazines of the general formula (IN): H-NH~CHz p x N N~CH2-~NH-H (I11)
wherein p and g are the sane d? are each integers of from1l
to 4, and x, y, and z are the sane\or dii/~erent and are each integers of
fromlto 3. I~-TOn-limting exanple uch am nes incl ude 2-pentadecyl
i m dazol i ne; N-(2-am noethyl) piper@azine; and the |ike. Conmercial m xtures
of am ne conpounds can advant ag sly be used. For

wherein R® is hydrogen, (C=O)NHR’, or an alkylene amine wherein pairs of nitrogens
are joined by alkylene groups, R® is hydrogen, straight or branched-chain (C,-

Co0)alkyl, and R” is H or (C,-C,g)alky!l.

Preferably, the ammonium or alkali metal dialkyldithiocarbamates are of the

formula

R S
Y
N——C\
R’ s—M"
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exanpl e, one process for preparing al kyl ene am nes involves the reaction of
an al kyl ene di halide (such as ethylene dichloride or propylene dichloride)
wi t h ammowpaoaych results in a conplex mxture of al kyl grer/asoingsgawher ein
pairs of nitrogens are joined by al kyl ene groups, form ng such conpounds as
di ethylene triamne, triethylenetetramne, tetraethylene pentam ne, and

i sonmeric piperazines. Low cost poly(ethyl eneam ne) conpounds averagi ng
about 5 to 7 nitrogen atons per nolecule are available comercially under
desi gnat i owBersind{? sad R°Red independertly, selebrb iom the g’ consisking BOIC Ty, atkyE- | 00",
etc. Useful am nes al so include pol yoxyal kyl ene pol yam nes, such as those
of the forpiwar:34,+ 19~Sl 1.1 PCT/US01/ 1~982

NHZ- al kyl eér?e&l-l?l- ICS}%gT k{flv’\?nre- *m-NH2 (1V) where mhas a value of about 3 to
70, preferably 10 to 35; and the fornmula: R14 -(-al kyl ene-(-0Oal kyl ene-) n
-NH2) a (V) wherZPreferfidy the dizhlent métabliodialkyidithiotrbaimbtes btecofftheforsutan t hat t he
sumof all the n values is fromabout 3 to about 70 and preferably from
about 6 to about 3 5, and R~ is a polyval ent saturated hydrocarbon radical
of up to 10 carbon atons wherein the nunber of substituents on the R14
group is represented by the value of "a,, which is gn integer of from3 to
6. The al kyl ene groups iR\either tSrmMa—t8V) or (R can be straight or
branched chai ns cont ai ni ng\about to about\?, and preferably about about 2
to about 4 carbon atons. ThE"pO'Icg\oxyal kyl engC m nes of formulas (1V) or
(V) above, preferably pol y,dxyal ki\ene di amMes and\ gol yoxyal kyl ene

tri anunes, can have numb®r averages mol ecul & wei gh®& rangi ng from about 200
to about 4,000 and preferably from about 400 to about 2,000, The preferred
pol yoxyal kyl ene pol yam nes i nclude the pol yoxyet hyl ene and pol yoxypropyl ene
di am nes and the pol yoxypropyl ene triam nes havi ng average nol ecul ar

wei ghts r ' g . | byam nes

A e conmer ATy SO by el nel &an thCBiup IORERL KT C TR BE KT

Hunt sman Chem any,, I nc. under the trade designations "Jeffam nes

D- 230, 045%,'»%%18%?8{?2*800, T-403, etc. Other suitable anunes include

bi s(pcrraam no cycl oheayl) nethane oligoners. 2~ WO U1/ 9. ~5U. 4

PCT/ USUL/ t - Q982p Ll tifjarh Dirsvildnt A8 8daidiRi QR R6LABRhResRe l0? the formula

|
S%T/N\Rg 1({8
R S—\M+3/S~\C/N\R9
| B |
N S S
R9/ \C]/
S

wherein R® and R® are selected from the group consisting of (C,~C,,)alkyl and M™ is

Sb*? or Bi*?,

Preferably, the tetraalkyl thiuram disulfides are of the formula
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The thiocarbamate salts useful in the practice of the present invention are
characterized in that the alkali netal dialkyldithiocarbamte represents a
conmpound wbh dipgsoiormula s R N C M+ wherein R8 and RO are imdepsiidesd! v
selected fromthe group consisting of (Cl-C24)alkyl and M+ is Na+, Ki-, or
NH4+. Al so useful are the divalent netal bis-dialkyldithiocarbamates of the
formula R~S M2 s 9~ ~ ~ 9 RS S Rwherein Rg and RO are selected from
the group consisting of (Cl-C24)al kyl and Mt2 is Fe+2, Zn+2, Pb+2, or Cu+z
Al so usef uivhéerem RE@dtRCia¥@ reBpendeitd) selocied TebnatHe)r sl &1@%@1%)@1”%95 of the
formula 26 WO 01 /9-450-4 Ra S\ CNNRs Rs Ra S\ M3~S\ T N\ Rs~N~C/'S S |
S PCT/ US(lSl'/?alE 82 wherein Rg and R~ are selected fromthe group consisting
.of (G C4)% “and Mt3 is Sb+3 or Bi +3. Thiuram di sul fi des useful for
this invention are of the formula: R\ ~~\\ ~a NCCNRs/ \S S Rs

wher ei n Ra and R fallewis chegmunbeste2kaisles dicaogl thst cah be ket wraddordwnf | des
.and their synthesis useful for this invention are disclosed in U S. Patent

No. 4,501, §%r re&m{hstlﬁé g@ﬂg& o?fthé’mblgﬁ'dén§m%ffﬁlie’ae}i RleRRh&iRbaRYc1ds&frer ence

inits entirety. Exanple t hi ocarbamate salts and their synthesis useful

for this itn\e/epégc%r}narl disclosed in US. Patent Nos. 3,674,824; 3,678,135,
t he di scl oglurpesS BN are herein i ncor porated by reference in their
entirety. 27

Sec-butyl amine;

Isopropyl(octadecyl)amine,

Docosanoic (behenic) acid (C,, carboxylic acid) (Schuchardt, Munchen),
Alkenylsuccinimide (Polyisobutenylsuccinimide) (Uniroyal Chemical Co.);
Sodium di(2-ethylhexyl)dithiocarbamate;

Sodium di(hexadecyl)dithiocarbamate (Uniroyal Chemical Co.);

Tetra(2-ethylhexyl)thiuram disulfide;
Tetra(hexadecyl)thiuram disulfide (Uniroyal Chemical Co.).

The alkenylsuccinimides, as well as other ashless dispersants, useful in the

practice of this invention are described below.
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WO O1/9~50~ PCT/ USOL/ 1~982 General Synti-~esis of Additives The process for
maki ng the nol ybdenum based friction nodifiers of the present invention is

ui uque i nwiot@/ogsapl icity and appearance. This process inclmu@ggsdingoet eps of
i) creating a mcelle solution of a suitable surfactant in an organic

sol vent or solvent mxture, ii) creating a reverse m croemul sion by

addi tion of an aqueous solution of an appropriate water-soluble inorganic
nol ybdenum conpound to the micelle solution, iii) adding an appropriate

sur f ace- cappi NgVagagehecaRES c@g‘peﬁsdﬁt@mké}glseéblﬂﬁude@ﬁééd Bednidetdy Mol ybdenum
sulfide, iv) reacting the nol ybdenum corrpound in the aqueous m Cr oemul si on

core w th fyde9aen, M/bfﬁer;\%tlgxgé ﬁg@rog l{rg(gl%ggl%quageegmt;ég %{FUSeYﬁ tHe emovi ng

.wat er and or gani c s m Xture ract

nol ybdenu ul fur noi et t ai ni pg. nangsi ze articles thus for dwlth an
appr opr i a%‘gg%ﬁ“%?ﬁ“po %“Svoﬂ TERAL ARG 2& ‘{Sﬁ‘g ﬁb’rt&i?ﬁ%‘élfoea‘lyr}gé’fﬂc 8T088| vent
.to yield the additive in the form of surface-capped nanosi zed particles. 28
W O 01 /9- gmepieitheTpugschediortiogs, cmdaining 404 SR varbonr atntse| e @dhemosin and
Reverse M croemnul sion Generally, the reverse mcellar solutions fornmed by
any surf actamhoi yypes 6£pdlymet 5 pobiisvbitylene (HIB)dadedin) hydlédtattynohainrofder se

m croenul sion on addition of an aqueous solution of any inorganic salt. The

reverse mﬁlﬁhﬁearavé@g@momﬁlaﬁ@@h (Mﬁﬁof%n\{%a&ls%ottaa@o%t%oéU%at%antS as
well as the reverse m croenul sion nade from sal d nucel [ar solutions within

Sur  act ant 3o LBefd FRSrUBNE TohpRIcRh R RS Crifhs B HRLE: fispbe”

t et raal kyl ammnl um hﬁl i.des, such as cetyltrinet hé‘l anmoni um brom de (CTAB);
tricapryl neekgHlanYES h(%ieh@ﬁr%@bmwaw@%@é 004y - 336) :
met hyl tri al kyl (Cg-C o) arrrmnl um chl ori de (AdogenO 464, AD-464); ii) anionic

type: sodium b| : i (GAOT), - b |J j.oni ¢ type:
Triton X-100 (T %B@%mﬁs @-%%83?% b ?ﬁ“(hr'%?{%ﬂ'%‘?{ %‘5‘}]8% (11/9- 450- 4
chemically modified to have at least one functional group present within their
structures, which functional groups are capable of: (a) undergoing further chemical
reaction (e.g. derivatization) with other materials and/or (b) imparting desirable

properties, not otherwise possessed by the polymers alone, absent such chemical

modification.

More specifically, the functional group(s) can be incorporated into the backbone
of the polymer or as pendant groups from the polymer backbone The functional
group(s) typically will be polar and contain hetero atoms, such as P, O, S, N, halogen,
and/or boron. They can be attached to the saturated hydrocarbon part of the polymers
via substitution reactions or to an olefinic portion via addition or cycloaddition
reactions. Alternatively, the functional group(s) can be incorporated into the polymer
by oxidation or cleavage of a small portion of the end of the polymer (e.g., as in

ozonolysis).
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PCT/ USOL/ 1- 4982 Tabl e 1 No of Surfactant Or gani cAmount of added.

sol ution(concentration, sol vent/sol vent agueous salt

sol uti onRasuwitoass/ Lm xture, nmL1CTAB (0. 01) Chl or of or m hexangdhydo1afieg30

w. % ear solution( 1:1 v/v), 10M O ~4H Q2CTAB (0.001) Chl orof orm S~I of 40
wt . % ear sol utionisooctane (1:1 v/v), (NH-)6M, 0z24~4H20103CTAB

(0.1)Chl oroform 35al of 40 wt. % ear sol utionisooctane (1:1

v/v), (NH4) 6MO~-O244HZOL04AL- 336 (0. 25) Benzene, 54~1 of S wt. % ear

sol uti onMd O ~4irichAhali3dfor &tﬁ@%@%ﬁn@f RdcRbdhe Wi subsBiuemt Mhet!dkhigRbups
solution(NH Mo O ~4H O6AL-336 (0.055)Benzene, 55~,1 of 10 wt. % ear

sol ution ~AH. Q7 i . =, . .

sol uti onmy@6 QW%A?& %‘g%ﬁ?gr_n&%séﬁror%lfgfb%ra@gg ,t lﬁlal %&Y%’.‘%}ﬁsgggamn’

sol uti onMb O ~4H (A 0,.21)Chl oroform S20.1 of. 2 wt. % ear solutionM O
~4H mOAOPrEi?P&t!)‘)tg PE%B%BF%%%“&BB%W&%’&WHW SOpIng B LB t8?1( 1:1
-v/iv). 5 N MbO11AOT (0.15)Isooctane, 510al of 2 wt.%l ear sol utionN
Mb012TX- 100n¢tpnalgreenz dhes, regetion obthesepfupgtiong eampoyisfsietdohrpplymes e | 00

(0. 10) Benzene- hexane2~,1 of 2 wt.% ear solution(1l:3 v/v), 5N MO014TX- 100R
(0. 10) Cycl abexthnmghSBvaribtyodf rheahtniSfd. elsefslaind tprefafed/Bdidhdndd RO include
(0.10)Benzene- hexane2~1 of 1 wt.% ear solution(1:3 v/v), 5N MO 30 WO
OL/ 9- t SO- 4yak¥gbh LEaPdd 1 AdtetiaRrRéhid avids CEAR: st S BPhayaAd&N aRehored in

chl orof orm n-al kane 1’'n a concentration of about 0.01°to about 0.1 nol/L.
The n-al k t hat ed .ipnckyde, but are not limted to, pentane,
hexane, hegﬁgﬁse?agggsgﬁggﬁ%%g’ %g(%ﬁeefrl%' and m artures thereof. Reacting a

Mol ybdenum Conpound in the M croenul sion Aqueous Core with Hydrogen Sul fide
The reverse m cusgmfhfdtngli L6064 adabiict( inddhde) dad fe nal imidad tot haRstidd)ak., do not
include a sulfur atomare reacted with hydrogen sulfide (HzS) by bubbling

gaseous hygg ?cfhgfr??rilﬂ%‘gfegaﬁggﬁér%ﬁﬂe oirﬁ%?uﬂ%ﬂﬁxrﬁ‘ﬁ&{ﬁlﬁl@a,fehcg&d SNt @g&e&' on

proceeds sim I n aqueous sol ution, y step

substitution for,.ox n_atons | bdat e api gn. Dependi n n pH val ue,

o ther 1 ni DARASGieh SR pEERER e SBrlE SRS al St E OB dR S ot om)
that are soluble in water or MbS3 sedinent at pH |lower than 7 are fornmed.

| nt er act i oelagengtad patymes svtheancsienioally gynseturpied denciipesl sompsund Fiacterel by ULV
spectra in order to clarify the influence of reaction conditions on its
resul t. Tyhe palyiner witirSainBatuesnedofinactivaelecoatymang by dre 'leacidsaction28dennm 316 nm
and 467 nm [M(OS3]2' - at 308 nm 396 nm and 457 nm [MO2S2~z' - at 320

nm and 393hadBenit®si) @&dctive b¥ thelpdlywit Qith a%amtm@n&??%mﬁkhiﬁérﬁtﬂs- 1-3 are

illustrative of formation of a partially substitute hi onol ybdat e
derivativey.; i §?E§19 L Ei ak sy 0L} § and is
typi cal ofde yggzﬁfg%??%ao ngcjr%olﬁ;%Sézg’c?% ic%gé%élgﬁlmé" péaar%?(lqg?%géP %&Bﬁ%ﬁ&ﬂﬁﬂ{bﬂg
interior of.the reverse mcelles. .31 . 1/9-1S0-.4 PCT/USfI|/]1-4982
Depends ng. ShATSETGAR AL EH G PRR R e SBTGUPGACRH R MR AngHDT t ho

nmol ybdenum (VI') conpound wi th hydrogen sul fide may proceed either to form

t hi onol ybdaroep.suFh agian isp acidas $1e0 geid $1iopved; sepobipn op thetpolymar dgtrthed at
Figures 1-3 (pH >_5), or to form MbOS2 or MbS3 sedinents directly within

t he m cr oefimttionahcanpemdbydseaadital ptitiidobusidglp tiet reiidal cdtalyitearpHeratlione of t he
solution is achieved by addition of a

of the polymer by air oxidation methods, epoxidation, chloroamination, or ozonolysis.
The following are illustrative:

1. Reaction products of functionalized polymer derivatized with nucleophilic
reagents, such as amine compounds, e.g. nitrogen-containing compounds; organic

hydroxy-group-containing compounds, such as phenols and alcohols; and/or basic
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desired amount of hydrochloric acid directly to the m croenul sion

cont ai ni ng nol ybdenum derivatives solution and before reaction with

hydr ogen weoldijogns Addi ng an Appropriate Surface Cappi ng Agantusoa/ishybdenum
Sul fi de Nanop: ~rticles Nanosize particles of inorganic material often
possess limted floccul ation and/or sedinmentation stability in an organic
medium Utilization of a surface-capping agent to inprove the floccul ation
stability is known in the art; however, none of the surface capped nanosize
i nor gani ¢ jp&ihhie hese gy be dissolved in a non-polar organic medium

Mol ybdenum sul fides readily form conpl ex conpounds with a nunber of
conpounds, such as organi ¢ am nes, carboxylic acids,

di al | "yl di t hi opHospiperificalys nidrogen-i or akte-esntaming adhlasskdidpdrsahis@ompliseri ¢ aci d
derivatives The present invention is directed to the utilization of these
groups of GBIt dhides emedes fxeLolmad Rhagstels HOMMKBEIeNAETRY | dritite

.nanoparticles in order to enhance their flocculation stability and to
solubiliz ' - ' . SU rd s and

pet rol eumtSiHith sobIARR B e el Pl srench P Gyof fiepalid BEEHBERS 71 o2
Sur f ace- cappi ag of | ydenuni sul f ur noi et y-contai npg .nanoparticl es,

accor di ng 43‘5 ‘%’éb%'gg éﬁﬁs Ph@i@ﬁ&ﬁ“{ﬁﬂr &Eieh dgéyaﬁlg?q%pwgg%yapp LA ¥ on of a
desired anount of the surface-capping agent either before formation of a
rever se mdispsesant singe mokdcular welghtstag defingddrereifiabave.ever se mi cr oenul si on, or
even after the reaction of the nol ybdenum derivative in the aqueous core of
the m croenul si Wi t h dr.ogen sulfide. Addjtion of the surface-capping
agents does notgg]fe?%cﬂne negﬁlfgcgp%lym{arh‘é ”Bh%drﬁ"ﬁgpt feast ops 8€a'f“He’t£‘é°%° terior
of the reverse mcroenulsion, and the resulting spectra for nanosize

mol ybdenurinduding pelyehemiraaicohak andyihg dike.darfoym fhealispgrantadditives eOapelashed i n
t he absence of any surface capping agents, e. g., see the UV spectrum of
mol ybdenunofgattiquttelynaefepad tispéremtyinelpdesatiosenderived fomsepadpmerfand

i sopropyl oct adecyl amine, presented in Fig. 5. Renoving Water and Organic

Sol vent s ffa¢fidnaRzddansid-oR didattionylR, ackiflafeidh), 8@t isieridib entyatiidan veacted f i de
Nanosi zed Particles The solution obtained in the previous step, which is

cl ear browy,. & i p e i G.cles,

sur t act ant 7 BOULR SUpAGR, EQCREREIKRAC IR SO BRIARAERE °3.
organi ¢ sol vents and/or sol.vent m xtures are readily renoved vapor ati on
and vacuuni-&r 9?‘%@%@“@%‘%@?‘86@@@5%@3 PQ@!P%W‘FB‘EPQ)‘%'{“HE S%ir P‘gg‘%‘-ﬁﬁlﬁ ed

mol ybdenum sul fi de nanoparticles is achieved by selective ehrtraction with
an appr oprdiamme op(tstegethyleng meateming! weferred totheraimaeTBPAc Another prefeirgdact ant s,
the suitable solvent is tetrahydrofuran (THF), which does not dissolve any
si gni f i candispersant class includes those derived from functionalized polymer reacted with (i) a

[= S
)

polyalkylene polyamine, e.g., tetraethylene pentamine, and/or (ii) a polyhydric alcohol
or polyhydroxy-substituted aliphatic primary amine, e.g., pentaerythritol or

trismethylolaminomethane

2. Reaction products of a hydrocarbon polymer functionalized with an aromatic
hydroxy group and derivatized with aldehydes (especially formaldehyde) and amines
(especially polyalkylene polyamines) through the Mannich reaction, which may be

characterized as "Mannich dispersants".

20



anount of tetraallrylamoni um halide surfactant, but extracts the final
surface-capped nol ybdenum sul fi de nanosi ze particles. Evaporation of THF
yi el ds t hwodesisoed conmpounds of this invention. 33 WO OlF@r+ssil4982

PCT/ USU1/ 1-t982 Final additives of this invention are usually prepared by
di ssol ving the synthesized surface-capped nol ybdenum sul fi de nanosi ze
particles in the correspondi ng surface-cappi ng agent of this invention so
as to forman additive concentrate suitable for blending with a | ubricant
oi | of any3.typeRedReibh ptriublslods deldicabyh pbEiet tHao Adfe ek Ainsitialieéd By

hydr ocar bons, diesters, polyol esters, alkylaromatic conpounds, silicone

b d oil ol f ! - : , : i ke. Us
based 1| SeaObORE el 18 doiORTABAS DI QRTINS (el |1k Lse
comti nat | R SRR SR YOl RLLY TRUTSd 8. LUl SoLing

.typical additives found in lubricating oils are dispersants, detergents,
rust i nhi blisnsFsantss and exangaesttereaivrp degcaibed Jenexamplen i UsSoBatent Nos.f ri cti on
nodi fiers, seal swell agents, denmulsifiers, VI inprovers, and pour point
depr essant}27568; 3e43$,733; $45RA0 B, SAOS®L; 89858109, 3,822,200 aslF, 04,191 thé usef ul
| ubricating oil conposition additives. Exanples of dispersants include

pol yi sobutd{émr@smm&mréa&eixﬂﬂ&MFéﬁwbélX@ﬂee@amheiawti@gt ers, Mannich
Base ashl ess dispersants, and the |ike. anpl es of detergents include

metal lic phenates, netallic sulfonates, netallic salicylates, and the |iKke.
Exanpl es of anti oxi dantDeninditized EolynreatFroanAbdne Componndonbi nati on with the
additives of the present invention include al kyl ated di phenyl am nes,

N-al kyl at ed ph | enedi anunes ,. hi ndered. phenalics, .al kyl at ed

Pydr oqut nones,  URIEYRG O HS tir RHg 2 B ions el By SEREER sphewet 5. of
sol ubl e copper conpounds, and the |ike. Exanples of anti-wear additives
that can bompsisd at leagomioiaméne and, owticmallh sam denpiiseexthesfreackive pr palent i nventi on
i ncl ude organo borates, organo phosphites, organic 34 wO111/9-~S0O 4

PCT/ USUL/ 1grd@p? Wihkefelthe fiowtienah progpéoapaboxidic azidnesteli at derivative thespfiésphat es,
zinc diaryl dithiophosphates, phosphosul furized hydrocarbon, and the |iKke.

Exanmpl es ofeadts inGthi 188 o BRI th fhSar fidtie CWhebEtH T@EhtibRal GRdTY 18 ah bPdkyMit h t he
friction nodifiers of the present invention include fatty acid esters and

am des, or I u b J | 14 fies,
ol ybdenurieaa i HE SEHTL TP At ifo oTRhUP IR BhEAIL A6 I PHRE
the amine reacts to displace the halide. Where the functional group is a carbonyl group,

it reacts with the amine to form an imine.

Amine compounds useful as nucleophilic reactants for reaction with the
functionalized hydrocarbon polymer include those disclosed in U.S. Patent Nos.
3,445,441; 5,017,299; and 5,102,566, all hereby incorporated herein by reference in
their entirety. Preferred amine compounds include mono- and (preferably) polyamines,
of about 2 to about 60, preferably about 2 to about 40, more preferably about 3 to
about 20 total carbon atoms, and about 1 to about 12, preferably about 3 to about 12,
and more preferably about 3 to about 9 nitrogen atoms in the molecule. These amines

can be hydrocarbyl amines or can be hydrocarbyl amines that include other groups, e.g.,
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An exanple of an antifoamant is polysiloxane, and the |ike. Exenplary of
rust inhibitors are the pol yoxyal kyl ene polyols, and the |Iike. Exanples of
VI i mpr ovewosoiisdsude ol ef i n copol yners and di spersant ol efpar/oopolysrer s,
and the |like. An exanple of a pour point depressant is polynethacryl ate,
and the like. 35 WO O1/9. ~50. ~ PCT/ US01/ 1~982 Lubri cant Conpositions
Conposi tions, when containing these additives, typically are blended into

the base oil in anpbunts that are effective to provide their nornal
att endant fydneky @BupAIRRRS bidups HBE AAEroN8s HtkilcBntd 26K RMbYE g BhY He like.
| mprover1 -ydlz)?‘ 364%0rrog?cg)nu?nhi t;i t%rrog}.gdl - e301. ol - 1. r)é\gigdati gnl "

h~l ubi t or O - : P ] - 0 - el .k
-l mprover 0. g&r_o x’éggﬁ%gha‘f&%g& g"?‘g‘éﬁ?@ﬁ %ﬁétgr?uh%i %%{e(r)arbgéfg%at%uga_}%ﬁ%g;y 3Pour
Poi nt Depressant 0. 01 .- 1150.8& - 9 5ﬁnt i .foam 3@9 Agent s0. 001 .- 0.10.001 -
0. 01Ant | weSIPURY &Fft Raytigarly. ussyil oBreterrqd apainey aregiiphalic, sajurpted aggnes, - 4rrj cti on
-Modifiers0.01 - 30.01 - 1.5Lubricating Base G | Bal anceBal ance The additives
of the pregelndingihesstaf the seoeabifosmulabstituted for a portion of the friction
nodi fier, and/or the oxidation inhibitor, and/or the anti-War agent. Wen
ot her additives are enployed, it may be desirable, although not necessary,
to prepare additive concentratges corrpr';lsi ng concentrated sol utions or
di spersions of the subject a N.i\ves/B this invention (in concentrate
anount s herei nabove described), tdfether with one or nore of said other
additives (said concentrate when donstitutird an additive nih-ture being
referred to herein as an additivegpackage) whereby several additives can be
added sinultaneously to the base oil to formthe lubricating oil 36 WO
01 /945(1-4 PCT/USII1/1.t982 conposition. Dissolution of the additive
concentrate into the lubricating oil may be facilitated by sol vents and by
m Xi ng acc%ﬂﬁlpani ed by mld heating, but this is not essential. The
concentrate or additive-package will typically be formulated to contain the
additives in proper anounts to provide the desired concentration in the
final formulation wgeh the additive-package is corT;%roed with a
predet erm ned anmount of base lubricant. Thus, the bj ect additives of the
present invention can _a.d.g o(s 1\ _a s qff base ojd, or other
conpati bl e sol vents aI;ﬁg vviteﬁIJdt er 'd gi rag]gé' agxgktives (Itlb form
addi ti ve- packages cggitai ning active iipgredients inYollective anounts of
typically fromabout 2.5 to about 908 and preferably from about 15 to
about 75% and nore preferably from about 25 to about 60% by wei ght
additives bRoblh®Raner.qoe! Al R PLERRILARA YL Lok SPLAUS CoRBLMG dpase of
The final formulations may enploy typically about 1-200wt. % of The
addi tive- pac e Wwth-the r i ej ase 9il.~Al~o0 | ght
CRARER. el dRaleh D RO SR AT Bl p A Gl S &

per cent ages’ expr ed Her seTn

alkylene radicals, C, to C,, hydroxy amino alkylene radicals, and C, to C,, alkylamino
C, to Cq alkylene radicals, and wherein R" can additionally comprise a moiety of the

formula:

* —{*(CHz)r.r——IT—%H

RIO

wherein RY is as defined above, and wherein r, r', and r" can be the same or a different
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based on active ingredient (Al) content of the additive, and/or upon the
total weight of any additive-package or fornmulation that will be the sum of
the (Al) waghusaf each additive plus the weight of total wit/ussi/idédauent .
In general, the lubricant conpositions of the present invention contain the
additives in a concentration ranging fromabout 0.05 to about 3 0 wei ght
percent. A concentration range for the additives ranging fromabout 0.1 to
about 10 wei ght percent based on the total weight of the oil conposition is
pref erred. infegedbefrpinef ters, pebferable @tbriabhdnandNga beshé kdne abdilerelt 2 t 0 about
5 weight percent. G| concentrates of the additives can contain from about
1 to about;

ngHn? i g@% in acarrier
-or diluent mo%eyﬁ u ??{): g?’lrﬁlraggaibwgf(gg’gds“irdtnz&e% %%%@gégz

PCT/ US01/ 1,4982, .| ener he additives of the present. invention are

usef ul i n BrepriecpP SR of bnd g et Bl dikasShpRdRt nsraan 4 of |

- basestock is any nat ur al el 12synlt:‘}heti c lubricating base oil stock fraction
havi ng a kpreéareadithabR scBsi, & aR~ 1007, €".6f anslgoks sefected inbmuanngopfficiint teror e
preferably about 3 to about 150 cSt, nost preferably about 3 to about 100
cSt. The | pluvideahe¢ cgmpoundbafBPatmdde (Epandy@#) cethi tygidalfyradteastal primbhryl atbri cat i ng
oils, synthetic lubricating oils, or mxtures thereof. Suitable lubricating
oi | basest guhfiddri @mier&as PrdrOGkS a0 Rlaii NREnkty or SQTRANG ahligRhps YMchet i ¢
wax and wax, as well as hydrocrackate basest ocks produced by hydrocracki ng
(rather th ex j ti [ ts of the
Cr ude. Nt oSy RPISER e BF 2oy R GlaP R e Aty Mg GREBAORE, 70 ! o
rapeseed oils,. castor oils and lard oil), petroleumoils, mneral oils, and
oi |'s deri vERNRIP 3hicad A PrRary grine srayps et keag; 1I’§“‘?H¥ﬂf?i6*§y ﬁﬁ/g:a%@ar bon oils
arid hal o-substituted hydrocarbon oils, such as polynerized and

i nt er pol ynescondady amieigneupsal kyl benzenes, pol yphenyls, al kyl ated di phenyl

et hers, al kyl ated Bi phenyl ethers, aklylated Bi phenyl sulfides, as well as
their derivativ anal ogs and honpl.ogs thereof, and.the |like. Synthetic

| ubricating oil g%BTI’gB&?%%aﬁﬁ’geséﬁqlﬁg’i?@ﬁega%w GRPBANIRLLIAe; 1t or ol yrer s,

copol yners, and derivatives thereof, wherein the term nal, hydroxyl groups
have been wdcditnisgethynesdSedipminonrangne; led-Aiapiinqbung;oht-dgminolerateher suit abl e
cl ass of synthetic lubricating oils conprises the esters of dicarboaylic
aci ds wi t hpalyethylesd amioés, ahchodsalisthylEist teamings efetiylens tetyamihe ttetracthyilaneal so

i ncl ude those made from CS to Cl2 nonocarboxylic acids and pol yols and

pol yol et hgémam®me; polypropylene amines, such as 1,2-propylene diamine,

di-(1,2-propylene)triamine, di-(1,3-propylene)triamine,
N,N-dimethyl-1,3-diaminopropane; N,N-di-(2-aminoethyl) ethylene diamine,
N,N-di-(2-hydroxyethyl)-1,3-propylene diamine; 3-dodecyloxypropylamine;
N-dodecyl-1,3-propane diamine; tris hydroxymethylaminomethane (THAM);
diisopropanol amine, diethanol amine; triethanol amine; mono-, di-, and tri-tallow
amines; amino morpholines, such as N-(3-aminopropyl)morpholine; and mixtures
thereof. Monoamines include methyl ethyl amine, methyl octadecyl amines, anilines,

diethylol amine, dipropyl amine, and the like.



WO O1/9~s0-4 PCT/USQOL/1-1982 Silicon-based oils (such as the polyal kyl -,
pol yaryl -, pol yal koxy-, or polyaryl oxy-siloxane oils and silicate oils)
conpri se woatpesesusef ul class of synthetic |ubricating oilgcT/@&dans?
synthetic lubricating oils include liquid esters of phosphorus contaiiung
acids, polyneric tetrahydrofurans, polyal phaolefins, and the |ike. The

| ubricating oil may be derived fromunrefined, refined, re-refined oils, or
nuxtures thereof. Unrefined oils are obtained directly froma natural
source or synt hétliec ussfulranting orgpounde dlcludshaiceclicaliarhiags swatl abi t umen) wi t hout
further purification or treatnent. Exanples of unrefined oils include a

shal e oi | obtfiaffebnbthRT & cYoHek B, nd BtOOEYINE nBRPEA tbRPouriisPRICh 8§ €um oi |
.obtained directly fromdi'stillation, or an ester oil obtaihed directly from

an esterifj j p SS.,: | LS th tthout further
t r eat ment .in&%ﬁoﬁgﬁ’ %‘? s'azl?“égagllgﬂi ﬁgefmc?gp ﬁ{eh%tgﬁrrl% |fé§§9‘8ﬁﬁ "except that
-.refined oils have been treated in one or nore purification steps to inprove
one or nore properties. Suitable purification tecluiiques include
distillation, hydrotreating, dewaxyng, olve?t extraction, acid or base
extraction, filt i on,.an r [ 17| of ith nown.f o those
skilled in th %ﬁ%q}gﬁ i}rpeE; E tJaiLnbd)“lﬁg/lq ,—iﬁhg Y ned oils
in processes simlar to those used\to oftain the refined oils These
re-refined oils are also known as reclained or reprocessed oils and often
are additionally processed by techniques for renoval of spent additives and
oi | breakdown products. Lubricating oil base stocks derived fromthe

hydr oi somenjzalin fan®t aretheGae 3k AFFcRt UnEste Bl RBEeR! @ OO th B, £RANDINat i on
with the aforesaid natural and/or synthetic base stocks. Such wax i Somerate

oil is pro e hydeoi soneri zat i of . nat ur gl nt.neti c waxes or
m Xt ures t%’;&fzg%F l?%fi/geaa ]ea&h@%errslﬁts%%ngrr ‘ngaé:b ?‘%ﬁgeé%?gﬁr?fé? .toﬁtﬁg?iﬁl es are
typically the slack waxes recovered by the sol yvent_ dewaxin f m neral

oi I's; 39 CSXA® /cg-su@omnﬁcwlwé@irpfn@é%yzwéq«r@{% aguneeliylypi cal Iy the
~ax produced by the Fischer-Tropsch process. The resulting isonerate
product i spipgrariosldny theddfeect ed t o sol vent dewaxi ng and fractionation to
recover various fractions of specific viscosity range. Wax isonerate is

al so characterized by .possessi very high.,viscasity indices erally
having a VI of GOTTERGH MSG ey ol darbdiicy eanadvinsbecanivie divt g,

foll ow ng dewaxi ng, a pour point of about 20C and | ower. The additives of
the presentxampleRne BrPcsssoppisaiing dliylensamipesiavalvisihoesaction of apealkylenes f er ent
| ubricating oil conpositions. The additives can be included in a variety of
oi I's with dHibblidedaidhrag ettiybane slidhjoridecir pdopytena dichloaide awith synmtdmé, didhubr i cati ng
oils and m xtures thereof. The additives can be included in crankcase

| ubri cati nges@itd if afc@mpldxahicnirg BF hiRfleAdSnBIWhESHI fAls bBfiklogens 4¢ Rimsdl by
conmbusti on engi nes The conpositions can al so be used in gas engine

| ubri cant sal@lgﬁé)éx%ﬁpi T@Fniiﬁf‘mcﬁ’co?d'btoﬁlqaastajs(ﬁiettﬂﬁé?@erEtﬁan,ntrfekﬂﬂiile%tetranﬂne,

tetraethylene pentamine, and isomeric piperazines. Low cost poly(ethyleneamine)
compounds averaging about 5 to 7 nitrogen atoms per molecule are available
commercially under designations such as "Polyamine H", "Polyamine 400", "Dow

Polyamine E-100", etc.

Useful amines also include polyoxyalkylene polyamines, such as those of the

formula.
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gear lubricants, conpressor lubricants, nmetal-working |ubricants, hydraulic
fluids, and other lubricating oil and grease conpositions The additives can
al so be uwediiopsogot or fuel (both gasoline and diesel) conpasi/tsanses2The
advant ages and the inportant features of the present invention will be nore
apparent fromthe follow ng exanples. ~to WO 01/9-t50.4 PCT/ USO1/ 1. ~982
EXAMPLES Preparation of Surface-Capped Ml ybdenum Sul fi de Nanoparticl es

Usi ng Various Surface-Cappi ng Agents Organi c Anmine Mdification Exanple 1

| sopr opy| oc Nl ettt (p@-A{ityRas) GLy| t ri met hyl ammoni um RO de (0. 652 )
was dissolved in 45 nL of chloroformand 100 wiL, of a saturated aqueous

sol ution of (NH426|\/b,02a~2H20 was added Wth stirring. The opaque sol ution
was heat edWhengamhasq yalueet abegbd taR® papfarably 1itods:; al Bedpitiwer e added, and
10 drops of concentrated aqueous HC solution, resulting in a clear

| ution. d A til k |1 I bt ai ned,
Then 11 mL 8 R R B bl ssolving o) 77g &P oS oot

i sopropyl oct adecyl amine in 50 nL of chloroform (M: N~I:S) was added. Three

days | at er whékin Inebwelie o b letoaqoowidt thd préasion that fiesuhd ofdi then kalaed ut i on
containing small sedinent, the residue was stirred with 30 nL

Cont 2l hi g QSR RLL 10 S R o, Xk B AP PR R 85, col ul

cont ai ni ng sorme r ., and the resu ear solution
was evapor at.ed. | e, .2 sec.,-Butyl am.e B (0.757 was .di ssal ved in
100 - or CHFIe SRR SER STOB 0 cabon Apmevh R AR | "o
saturated aqueous sol ution, of (NH4)6M~0~4~2H20 was added W th stirring,

fol | owed b9t supstituentyen gherfd o SFQUR: 16 APPARHGRISH &Y Hre valus Qft'p o rYvhiGhhis @R iteg8t| t ed i n
a clear solution. HZS was bubbled in over a one hour period until the color

becanme gr agffoorodrtp 6t e 280ylenel groways is etther fornyla(lih er W s cardhiesiraighher eupon t he
sol ution becane a deep brown. Twenty-four hours later, all the solvents

were 41 MiGhéled nSiAslcorthidinabddd 2leolddhBdt B\aap pfFérablyfaboi dbbet 2les kbomohut i on,

the residue was stirred with 15 nL of tetrahydrofuran (THF), undi ssol ved
CTAB cont a&[}g&gatﬁ&gp MbS3 was filtered off, and

The polyoxyalkylene polyamines of formulas (IV) or (V) above, preferably
polyoxyalkylene diamines and polyoxyalkylene triamines, can have number average
molecular weights ranging from about 200 to about 4,000 and preferably from about
400 to about 2,000. The preferred polyoxyalkylene polyamines include the
polyoxyethylene and polyoxypropylene diamines and the polyoxypropylene triamines
having average molecular weights ranging from about 200 to 2,000. The
polyoxyalkylene polyamines are commercially available and can be obtained, for
example, from the Huntsman Chemical Company, Inc. under the trade designations
"Jeffamines D-230, D-400, D-1000, D-2000, T-403, etc. Other suitable amines include

bis(paraamino cyclohexyl) methane oligomers.



the resulting dark clear solution was evaporated to yield 0.1279 g of a
dark substance. Ex:~nple 3 Al kenyl Succininnide Al kenyl succinimde (ASI,
1.7 nm,) Wwomamoeaacti on product of |ndapol H 1500 (polyi sobptybsrnigyessi t h

mal efi ¢ anhydride, which is then reacted with triethyl enetetraam ne (TETA),
(LTni royal Chem cal Conpany) solution (0.2185 g ASI in 5 nL chloroform was
di ssolved in 100 nL of a 0.01M solution of CTAB in chl orof orm hexane
solution (1:1 v/v) with stirring After 10 mnutes, 0.05 nL of a saturated
aqueous sol ution of ( NHDwiemd DisutfidesatideThibearpandi€ Sali) opaque

m croemul sion (ASI : M = 1.6:1 1 by noles). Addition of approximtely 8.5
p,L, of concentrated aqueous HCO resulted in a clear solution, into which
excess H., S wasThrincaghampriesalis ussfulgn therpsacsise of tharprespahipwantiondfg gr een to
brown and, after 24 hours, a brown precipitate fornmed. O ganic solvents

wer e evapoclatrastbrizad ér thatithewiRali tnheal rdddleyddithi vvasbasdate repebsents B comourld off
.freshly distilled THF, the undi ssolved matter was filtered off, and the THF
was evapor ge@skmulde resul ting residual brown substance (0.0523 g) was
nanosi zed nol ybdenum sul fide particles nodified wwth ASI in a nodifier to
Mo ratio of approximately 1:1. ~.2 WO (1 1/9~50~ PCT/USII 1/ 1~982 Exanple 4
Al kenyl Succini m de Al kenyl succinimde solution (0.85 nL of 0.2185 g ASI
in 5 inL chloroforn) was dissolved in 100 nL 0.01M solution of CTAB in a
chl orof orm hexane solution (1:1 v/y) with stirring. After 10 m nutes, 0.05
m. of a saturated agueous sol uti o}ﬁgf (NHAPsMb~Q2a was added to produce an
opaque m croenul sion {ASI . Mo = 0.3%6:1. ¥/by noles). Addition of
approximately 7 ~, L of concentrated I&ﬁu"‘ us HE@ resulted in a clear
solution, into which excess HzS wag bubbl ed- The sol ution turned opaque and
its color changed from greenish t® brown. BFteM 24 hours the sol ution was
still opaque and brown and no precipitate had forned. The organic sol vents
wer e evapor ated under vacuum the residue was stirred with 15 nL of freshly
distilled THF, . the i ssolved matte s.filtered off, .and e TH S
evapor at ed% s End 5] 76 oo Seipcisd drpr e rouR SoRISHAR 0% @g-waﬁwﬁnum
sulfide particles nodified with ASI in a nodifier to M ratio of

appr oxi mat @dM] isNaERane1 MHg. Al kenyl Succi ni ni de A saturated aqueous

sol ution of (NH4)6M702~ (0.05 nmL) was added to 100 ni 0. 01M CTAB sol ution

i hl or of i ] . After 5 pi . f
Al kenyl | succi ni eaacag) the by alen et Pl RhiocaBael BE BB vas added

to

RS S—M=2—g~ R
\_/ N/
9 \\ // \ 9
R S S R

wherein R® and R’ are selected from the group consisting of (C,-C,,)alkyl and M* is

Fe, Zn*?, Pb*%, or Cu*?,

Also useful are the trivalent metal tris-dialkyldithiocarbamates of the formula
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produce a col orl ess opaque m croenulsion (ASI Mo = 1.6:1.1 by noles). The
addition of approximately 6 ~, L of concentrated aqueous HO resulted in a
cl ear solwbioops0s nt o whi ch excess HZS was bubbl ed The sol worarseshosty
turned brown. After 24 hours, the organic solvents were evaporated under
vacuum the residue was stirred with 15 nL of freshly distilled THF, the
undi ssol ved matter was filtered off, and the 43 WO O1/9. 150
PCT/ US01/ 1~982 THF was evaporated. The residual brown substance (0.094 g)
was nanosi zed nol ybdenum sul fide particles nodified with ASI in a nodifier
to Mo ratio of approximately 1:1. Exagl e G A kenyl Succinim de Exanple 5
was repeated except that the ASI sol utjon was added to the CTAB sol ution
_first, and then the saturated ﬁgueous ol ution of (NH4)~M~024 was added.
Hydrogen sul fide was bubbl ed i QQ%er periyod of gpproximately 2.5 hours.
Product isolation resulted in 0.1062 g of Rnanosi Zed nol ybdenum sul fi de
.particles nodified with ASI in a mpdifier to Mo rjati o of approximtely 1:1.
Car boxylic Acid Modification Exanpge 7 DggQsanoi &N (behenic) acid;, CZZ
carboxylic acid Seven ~L of saqgratgﬁhgﬁueo aﬁhﬁﬁFRﬁlnnlybdate sol ution
was added with stirring to 7 nH of 0.0 ﬁD||H CTAB solution in a 1:1 v/v
i sooct ane-chl orof orm m xture, en thel-m xturle was stabilized by addition

of concentrated aqueous HG 4 (¥ UrQp)—After m nutes, HAS was bubbl ed
into the slightly blue solBtion tugung it yellow, and 0.19 nlL of a solution
containing 0.0282 g behenic acid i 5 nL of chlorof ormwas added. Excess

HZS was further bubbled in. After 84 hours, a light brown sedi nent forned
The residue, after renoving all solvents, dissolved in chloroform and
benzene (eaxeed K'and@ARe sélécrédRohakd goup as@distingbf éc VO, SRkt ¥17 is
PCT/ US01/ 1- 4982 Exanpl e 8 Docosanoi ¢ (behenic) aci Two nL of behenic acid
sol ution 2 165+g of behenic acid in 10 nL of chloroform was dissolved in
100 nL of 0.01M solution of CTAB in chloroformhexane solution (1:1 v/v)
with stirring. After 10 nunutes, 0.05 nL of a saturated

Thiuram disulfides useful for this invention are of the formula:

RY s S R®
/) \
N—C/ \c——N
R’ S—§ R’

wherein R® and R’ are as described above.

Examples of thiuram disulfides and their synthesis useful for this invention are
disclosed in U.S. Patent No. 4,501,678, the disclosure of which is herein incorporated
by reference in its entirety. Examples of thiocarbamate salts and their synthesis useful
for this invention are disclosed in U S. Patent Nos. 3,674,824; 3,678,135, the

disclosures of which are herein incorporated by reference in their entirety.
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aqueous sol ution of (NHa)6Mb~024 was added, producing an opaque

m croenul sion (C22 acid : Mo = 1:1.3 by noles). Addition of approximtely
5.5 ~, L ofvocamqentrat ed aqueous HO resulted in a clear sopgti/ySiyi4ogit o

whi ch excess HZS was bubbled for 2.5 hours. The color of the solution
changed fromgreen to brown. After 24 hours, the organic solvents were
evaporated in vacuum the residue was stirred with 15 niL of freshly
distilled THF, the undi ssolved matter was filtered off, and the THF was
evaporated. A residual brown geRehRSyaRhésHh MK dditiveesul ted, representing
nanosi zed nol ybdenum sul fide particles nodified with behenic acid in a
nodifier to Mo ratio of approximately 1:1.3. Diallryldithi ophosphoric Acid
. Derivatives MdTh¢ pracessifoEsakipg thean@lybdenamhasérbftigtionlmoHifiephafdhhpnesent Aci d
Fifty mL of aqueous saturated ammoni um nol ybdate sol uti on was added to 10
mL of 0. Ol invadtioh iGIABus 1l itit simplicitn ahd aphmmee.Cc Thie padoessinelinded the stepy of: m Xt ur e
.under reflux, followed by 75 ~, L of concentrated aqueous HCl. Then 0.07 ~, L
of a solution containing Q. | g di-2-ethylhexyl-dithiophosphoric acid in 2
nL chl or of & m we§atg e icele seigtiofy ofo, wpla@isv@vqt@tman ghganie selve o S pubbl ed
in. Twenty-four hours later, a sedinent was fornmed that was isolated by
filtrati onsolvimemiktnke, br own solid thus obtained dissolves in chloroform
THF, and slightly in benzene, CCl4 and sec.-C,, F3gNHZ. 45 WO 01/9511-4
PCT/ US111/ 1-1982 Di al kyl di t hi,ocar bam é\ﬁ‘ d Derivati vesbqubdi fication

Exanpl e 100Tet r SERAGHEFISP THFTGPEMSSN Sy AAHen SEED AqURUS IR iy r am
disulfide (THDTS) solution (1.5 nL of 0.204 g THDTS in 5 nL of chloroform
was di ssol appdopriatd petartsolyblegnggaris/motibdeiurm compamaRoithe wivete sfletion, hexane
solution (1:1 v/v) with stirring. After 10 mnutes, 0.05 nL of a saturated

mcr oomul b ( HABHSHD SROREE SitiyERaRaes feoh P G BB c1y 5 0

of concentrated aqueous HC resulted in a clear solution, and excess HZS
(about 300reastng¥ish mekdeppm gulfidte sol ution's col or changed from
| i ght-brown to dark green-brown. After 24 hours, no visible precipitate had

the resi dul) was 2P B heRhBRRbARSMAEIT b, FPRRLAET ol vocuum

undi ssol ved tter s filtered olffcl and, t he THF was evaporated. The
resi dual bPEASLydste dompa gaomolyydspHe desiNgiYe ed nol ybdenum sul i de

particles nodif ed with THDTS in a nodifier to Mo ratio of approximately

1:1. The whol e x%ﬂmh% ‘t%ﬁeiagarﬁ ggzr{rrgg'g&saltyﬁémime?»eae%iorb%&@a,e Exanpl e 11

Sodi um di (Hexadecyl) car

vi) extracting molybdenumy/sulfur moiety-containing nanosized particles thus

formed with an appropriate solvent, and

vil)  evaporating the appropriate organic solvent to yield the additive in the form of

surface-capped nanosized particles.

28



Sodi um di (hexadecyl ) dit hi ocarbamate (NaHDTC) solution (1.5 nL of 0.204 ¢
NaHDTC in 5 nL chloroforn) was dissolved in 100 nL, of a 0.01M sol ution of
CTAB i n cWoan@fieum hexane solution (l:1 v/v) with stirringeci$arnsd

m nutes, 0.05 nL of a saturated aqueous sol ution of (NHa)~M~Qz; was added
to produce a light-yellow solution (NaHDTC Mo = 1:1 by noles). Addition of
approximately 2.5 ~ L of concentrated aqueous H@ resulted in a clear

sol ution, and excess HZS (about 300 ni) 45 WO 01/ 9~SO. | PCT/ USU1/ 1- 4982
was bubbl ed in. UTreating iRevearss Micklir Selheing add (Reveale MivrdemiulBionAf t er 24
hours, no visible precipitate had formed in the solution. The organic

sol vents were evaporated under vacuu the residue was stirred with 15 nL
of freshly di st Pepesallyrthe reyeree micghar selujiens feamed by apssuriaptant wge (Fationignd t he
THF was evaporated. The residual brown substance (0.043 g) was nhanosi zed
mol ybdenunansadié,icieopinic) careformuadeddredmiorddmuliadil off @iditioraofandiquesus t 0 Mo
-ratio of approximately 1:1. The whol e sanple conpletely dissolves in 5 nL

benzene. RicRRRMAIIAY iftrgheeidattl T8S rétdsehickitR cbleAots HAHIRRE bY Iv@ﬁ&lsliygéspl e 12
Lubricant Conposition A The sanple obtained in Exanple 1 was di ssolved in

0.2 g ASI mupﬁ?t%lh@q Wll%pﬂltét e@e%e%n&?&%@m&jrm%e Eéx% sgd miBifr & ﬁgns The
sol ution was ered uce a dark-brown conp 05| i'on“contai ni ng about
5 w.%of the d|t|ve ackage e 0Si B The
Sanpi o obrSitBdhs Hopk s ae@r%%wdw@g&rev@asqn%%dn Taffe AsiiTBRurasifag 1o about
60 C, and 5 nL of T46 oil was added. The sol ution was flltered to produce a
dar k- br owrseBipothis inventios irckidsi ng about 5 wt. % of the additive package.
Exanpl e 14 Lubrl cant Corrp03| t| on C The sanpl e obtained i n Exanpl e 3 vvas
di ssol ved . to a f T4
added. The sol u?qtgﬁwwé{ © fwtf‘a’[a ‘8“‘6‘92‘ Pceé %lcggs eqq r(l.)merﬁi}él %831 | on
cont ai ni ng3 about S W.%of the addl tive package. PCT/ USO1/ 1~982
Exanpl e 1 CEHABLsHposipetiiammaii gipride @Bﬂ&ﬁﬁ%@ﬁ%@%ﬁﬁal e 4 was
di ssolved in 0.2 g ASI on heating to

methyitrialkyl(C,-C,,)ammonium chloride (Adogen® 464, AD-464);

ii) anionic type: sodium bis(2-ethylhexyl)sulfosuccinate (AOT);

1ii) nonionic type: Triton® X-100 (TX-100), Triton® X-100 reduced (TX-100R).
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about 60 C, and 5 nL of T46 oil
produce a dark-brown conposition containing about 5 wt.

% of

was added. The solution was filtered to

the additive

package. woanpus416 Lubricant Conposition E The sanpl e obtgimneshiigegxanpl e

5 was dissolved in 0.07 g ASI on heating to about 60 C. An additional 0 06
g ASI was added to inprove solubility, although sone solid particulate
material remained, which was later filtered off. Then 1.6 nL of T46 oil was
added. The solution was filtered to produce a dark-brown conposition
containing | ess than about 10 wt. % of Taleladdi ti ve package. Exanple 17
Lubri cant  Composi Si@ttdnt The| sanpOegiy al ned | AnktaiBf fAldedwas| di ssol ved | n
0.132 | 5S6n gt abo%l@ﬁt/&)l%@ 4 450l s sollfe0 | Wagsafded
The sol {felugen pas fHoﬁ/Efe tp prnqi HEE A, ar k- br own corrp05| tiop contai ninpg
about 5wt 9p Exan t—C ST tion
The sanpl elobi ai geg‘El (ELUIQ( pf:§ \%@iﬁ ¥ Ivedliso“h gé)dl%’%élASI gﬁ:ah%OA?tl%lg to
.about 60_C, nd. 5. . _of T46 mI ed_ | TRNHsMg iltered to
producel|a dar k- 51MWA (€60Dos| t i dmhlerefarai-ni ng abdultofB0OwWt. % of | Rlsansition/e
package| 48 |V1' O 011 9-tSQ tsobGaNndJSOLV/A»,(O8 ANEYeMpL@,,- 4B, Qubf i cant
Conmposi tion H|l The sanpl e obtained ilh Exanple 7 was di ssolved}in 0.149 g| ASI
on heatingszto|abeuia® 6 and Fhiordkordd6 0|I et O heat;elggsdlﬁ)n&pout
60C. Sone sol{d particulate zﬁﬁ ffj{ The warm
sol utioh was ¢lear, but coo FE?I’B&%@ 1nlb\%z é)FMPUr?éﬁ?Iégul ed in sedipent
f or mat i ep—Ft-s—sanple—ras—not eot. cu ||p| € L —caft nprS’l tt-on] |
The sanmpl e?obf aifled Eo‘garrpl e BEMWESH ssof ved 4 065‘ g(vASI l%’é%ﬁ?‘l‘ﬂj‘ I o
about 6Q_C, and S m_T46 oil_ was added. The éEHthsM@rDméHz@ll ered to
produce|a fark KlIoBR6 (dEPos) t i Chlocwtntmini ng abaud ob5 wt.%86 of I Bkeansdutionyp
package| Exanple 21 Lubricant Conposi ti on i ned i n Exanpl e
9 was dissSgrvedarm3s @ B5PSI ONgBRARLE Flear Slud oi |
was added. The sol utlg) V\Z filtere to pr con{)osll'ltclﬂgn
cont al n ng ah;"Jut Q AVAVA OA nf 1 ha arldl t | Ve n luuhr Cant
conposi ti oh K Th@"ﬁéﬂ'&@ Lot ai nBEI‘%eHeEsxarrpl e 1 U‘vﬁ§°d’i’“‘sé’ol vedcrqarfﬁf"zm{:j‘ AS|
on heating tolabout 60 C,_ahd S nlL of T46 pi KNHWasMaddedH,Phe| sol ution was
filtered te® produsasa (olark- pr o@hloesfornss tipn coplt¢fi10iwgsabout Cransolitiad | t he
addi tive package. (NH,)Mo,0,,4H,0
9 AOT (0.21) Chloroform, 5 20ul of 2 wt.% Clear solution
(NH,)sMo0,0,,-4H,0
10 AOT (0.19) Chloroform-isooctane 10pl of 2 wt.% Clear solution
(1:1viv). 5 NaMoO,
11 AOT (0.15) Isooctane, S 10pl of 2 wt.% Clear solution
Na,MoO,
12 TX-100 (0.10) Benzene, 5 2ul of 10 wt.% Clear solution
Na,MoQ,
13 TX-100 (0.10) Benzene-hexane 2ul of 2 wt.% Clear solution
(1:3v), 5 Na,MoO,
14 TX-100R (0.10) Cyclohexane, 5 3ul of S wt.% Clear solution
Na,MoO,
15 TX-100R (0.10) | Benzene-hexane 2ul of 1 wt.% Clear solution
(1:3v), 5 Na,MoO,
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49 WD 01/'1511-4 PCT/ US01/ 1-4982 Exanpl e 23 Lubricant Conposition L The
sanpl e obtained in Exanple 11 was dissolved in 0.2 g ASI on heating to
about 60 fo@pdsq nL of T46 oil was added. The sol ution wascfFisdiauead t o
produce a dark-brown conposition containing about 5 w.% of the additive
package. SRV Tri boneter Determ nation of Friction Coefficient and
Antiscu~ng Properties Friction coefficient nmeasurenents were perforned
using SRV vibration triboneter (Optinol Instruments GrbH, Germany) for the

bal | -area pair Pfdfd:r@lﬁly,C(Dl]?BBllsﬁéﬁlﬁ)l@yecﬁﬂlsMi?ed i tiprifsien: h-alkdh@th 4 rom 20 to 1000
N. Friction coefficient versus | oad val ue was neasured, as well as

| oad- carrngeﬁtmdohto\faesmm {8 S Ul gﬁaﬁe%rthgt bl fsdf © assumed

.to be thos enonstratin ower val ue I on coe ICI ent and a

hi gher val ue f .scuffin Lubri nt C osi tions nt ai t he

T ster oL e, R ata nel AmisBs i PERERF i odB AN PURES S RETSIAE: i on ¢ he
.basis of Turbine G| T46 and included different anpbunts of the

nol ybdenunﬁ@émeatwm addi tives Tribol ogi cal properties of the |ubricant
conposi tions of this invention are conpared with those of a conposition

cont ai ni ng % Q bden oxosu {05 i sooctwl dit hioc
conpl ex (Co#}:?\(l)\%tl"tlg og\lww‘%"e“em mn%xé% ai th 'cme[m“l e ‘AT?"neo g@\%‘éﬁl Ser.
Khim, No.5:2151 (1991). 50 WD soged Bulle, '+ o5t results are present ed

in Table 2. Tabirge 2&0Ep afitrob@bidouE Ebmginingatblyddatiisofutibsd ihand&aaf f i ci ent
Val ueA8000. 098B8000. 098C9000. 097D10000. 0 7E8000 098F7000. 100G9000. 099H

S, 5745 A LGB RO TR SR

brom de ( CITA&nge(n u?tEc':le d?rect?y into the lnzlcrom%rsnu slo?xs he reacitlgn proceeds similarly to
that in aqueous solution, i.e., by stepwise substitution for oxygen atoms in molybdate
anion. Depending on pH value, either thiomolybdate anions at pH 7 or higher (step-by-
step substitution) that are soluble in water or MoS; sediment at pH lower than 7 are
formed. Interaction of the molybdate-containing microemulsions was monitored by UV
spectra in order to clarify the influence of reaction conditions on its result. Typically,
[MoS,]* anions have absorption bands at 241 nm, 316 nm, and 467 nm; [MoOS;)* - at
308 nm, 396 nm and 457 nm; [Mo0Q,S,]* - at 320 nm and 393 nm, respectively, in

water.

UV spectra presented in Figs.1-3 are illustrative of formation of a partially
substituted thiomolybdate derivative. The final spectrum in Fig.4 contains no
absorption bands and is typical of UV spectra of nanosized inorganic particles formed in

the interior of the reverse micelles.
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100 mL in CHO 3, stirred for a period of 15 mnutes, and then the m xture
was diluted with 100 nL, hexane (solution A). Al kenyl succinimde (0.2188
g) was diwsoliwashsin 2 m, of CHCL3 (solution B). Freshly rgegiy&iadd zed
salt (NH4) 6Mb~0z4 was dissolved in distilled water to give a saturated
solution (roomtenperature, approx.40 % by weight) (solution C). A quantity
of 1.327 nL of solution B (approx. 2,2 x 10'4 nol) was added with stirring
to solution A. Ten minutes later, 100 ~, L of solution C (approx. 2.8 x 10'S

nol of salt, 1-BBFéhd_in%'Ghm@bm@udﬁ&h@wuyﬁltﬁtﬁ)r@tﬂé&é&ﬁ)&ﬁrdf@l&e- Finally,
0.2 nmL of hydrochloric acid (36 % by weight, 2 x 10'3 nol) was added. The

solution t oAl ~50~ [ | ear and
.col orl ess. H’iﬁlngcesgﬂgfc%%urb\\@a/@tﬁg%ﬁoggl %"ﬁﬁ?&gﬁp%ﬁgéerdﬁﬁ% %gflf?”{s;ol ution over
a period of .2.5 hours i xteen hours |l ater (the next day) all,  yolatile

mat t er wasth“ﬁﬂavgglt%%éﬁwgﬁﬁé’eﬂ HPR tﬁ’%?gﬁ”t?fés%’%ﬁdia& igueyiré Wﬁ@ dried
.under reduced pressure (0.1 nmHg). Ten nL of freshly distilled

t et r ahydr of}yioate foTiMoG8s oaidSy sedimette diregiyduchimtin mikmemuldian sueas filtered
through a porous glass filter (precipitate left on filter (CTAB) was

W ute). Theore@spHLant AdRkHmdAt 8Mhe SR HILOBE 1B SolBNGPR aakiBebd % ANdAT aunder
reduced pressure (tenperature less than 60 C) and dried to "give 0.1505 g of

a dar k- br oyn. t ance, A l. sugci-nim de, (Q.30] . was_added to the

eai due. andryB AERRE mybiCER o BEE YR P St BhighERBRHIE i wo
manual |y using a glass rod. This product was tested in the Cameron-Plint
machi ne” af tn@}y%sa“f%dqrey@ﬂmsaﬁpmowe% refegrtne with hydeeggnjulfides Al keny!

Succi ni m de Cetyltrinethyl anmoni um brom de (CTAB) (1 1355 g, 0.03 nol) was

di lved in 1 j f A ] th
o ssol ved U Ry o Shcogfid SORhe caBpR AQthe ) My B Rullh e
succinimde (0.4370 g) was dissolv in 4 oL of GHC13 (solution BB).

Freshly re-crystallized salt, (NH4 aiclesas di ssolved in distilled
water to give a saturated solution (roomtenperature, approx. 40 % by

wei ght) (sol uti %g@zaﬁﬂ?&i‘&%fiiﬁd@é%ic ﬁra?e?iaﬂ&ﬁ&fpo%%sygﬁﬁfg%ﬁgc{ﬁagpﬁgﬁ(il/ol?’. X

10'4 nol) was a wi'th stirring to solution AA an olution C
(approx. 4 ded usi ng a

m Ccrosyri n@eéjlré?}jt%équll %%%l il&??’? f?@’@“ﬁﬁ@ﬂ ﬁ@kiﬁ@%‘éhp&ﬁ%ﬁ&%@%p% iaé?ﬂt
10' 3 nmol ) was added. The_ sol utjon thus obtained was clear_ and colorless. An
excess of FpISOVRmEhe Blopelaipn sabalityis kneavigdhg s dowesen, nprmotthe surface-

capped nanosize inorganic particles may be dissolved in a non-polar organic medium.

Molybdenum sulfides readily form complex compounds with a number of

compounds, such as organic amines, carboxylic acids, dialkyldithiophosphoric acid

derivatives, and dialkyldithiocarbamic acid derivatives The present invention is

directed to the utilization of these groups of compounds for the surface-capping of

molybdenum sulfide nanoparticles in order to enhance their flocculation stability and to

solubilize them in non-polar organic solvents, such as hydrocarbons and petroleum-

6riginated lubricating oils.

32



WO 111 J9~S0-4 PCT/USO1 /1.1982 over a period of 5 hours, at the end of
whi ch, the solution had becone opaque. Sia-teen hours |ater (the next day)
al | vol atwloa)y1saéoser was renoved under reduced pressure andedheshalssd

resi due was dried under reduced pressure (0.1 mmHg). Fifteen nL of freshly
distilled tetrahydrofuran (THF) was added to the residue and the m xture
was filtered through a porous glass filter (the precipitate |eft on the
filter (CT,AB) was brown). The resultant dark-brown solution was evaporated

to dryness undeBSuifg@uepinplof ssolytRleqiRRTalaidiE-doastnrghaRofRtiélds, and dried to
give 0.2526 g of a dark-brown substance. Al kenyl succinimde (0.505 g) was

added to t Q&o?ﬁgé ﬁ:’;ﬁlﬁ gf’%eﬁthﬁy&'%h r%]ngg?g%xgné’c\?ﬁfl e Q&&ﬁoﬁ Bt Hlesfre@nd

.thoroughly m xe y using a ro s product was tested in the

Camer on- Pl i nt ine after bein af,mu ed. into an. engi ne oil

Carrr on- Pl PP P Rt Fianniat 5P bR B R Bl on Coet 1 ci ent
.Testing The anti-friction properties of the oil solubilized nol ybdenum
nano- par t i Bi@eemylsigny afier gher formpion ok 1evespe Biresigluen. areven ¢iardbdri ned in the
Caneron Plint TE77 Friction Test. The fully formulated lubricating oils
test ed conteacti@dofthd melhtbdesgm detivativadtdiht iaqesoud hercafdhe imicesenmdsien wiht ed f or
effectiveness in a notor oil at increasing tenperature points and conpared

to an i denhydragenf ifitel AddonbttheirficBRaprihEhgents dBREnbi A¥ect the cbakbef3, the
nunerical value of the test results (Coefficient of Friction) decreases

with an in : Tl : r riction
Coef 1 ci enfiouapiselieacisEih tERRT of etbitits MEHEISOIR b Pirehiie™ (21 O0
01/ 9. 450 PCT/ USU1/ 1~982 The,test pr. edur.e[' for deter 'ﬁli ng the friction
coet f1 ol enfPSRHTR RO TARO tsr P YO BTt BuIAGE ATl AT PG HEHB RO aA 54RO ne | s
as follows. Ten nL of an oil sanple containing additive is placed in the

t est chanbebtaingd isthe@bssnoe pf anyf susfaceeanpingagenis.ifeg- deasdhe HVoweetriSOH BO1
Gauge Plate (RC 60/0.4 mcron). A reciprocating specinen, a 16 mml ong
nitrided sheéibdeawmekulfidendropamicits praphed,in 612 pregencd of ipdpacpdoandecdp of the -
steel plate under 50 Newton |oad, allowed to heat up to 35 C fromroom
terrperaturgmgl\éa#reggltégmlﬁggiand mai ntai ned at 35 C for 5 mnutes. Then,
with the 50 Newmton load in place, the reciprocation frequency of 5 Hertz is
begun with a 15 mllinmeter anplitude stroke I ength. The tenperature is then
ranped up to SBe@ovingrWaCrmimliQesamanSolvents fieiom tlee ReadpnQViixtord amidnut es. The
|l oad i s then increasxtrictingGlie Molybdenum Sulfide Nanosized Particles

The solution obtained in the previous step, which is clear brown, contains
surface-capped molybdenum sulfide nanoparticles, surfactant, water, and organic
solvent and/or solvent mixture Water and organic solvents and/or solvent mixtures are
readily removed by evaporation and vacuum drying of the residue, while isolation of the
surface-capped molybdenum sulfide nanoparticles is achieved by selective extraction
with an appropriate solvent. For example, in the case of cationic surfactants, the
suitable solvent is tetrahydrofuran (THF), which does not dissolve any significant
amount of tetraalkylammonium halide surfactant, but extracts the final surface-capped
molybdenum sulfide nanosize particles. Evaporation of THF yields the desired

compounds of this invention.
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Newt ons and the tenperature is ranped up to 165 C over 1 hour. Friction
Coei ~cient data are col |l ected between 60-160 C. The flat specinen is

cl eaned bwtoMamasgsuns wi t h hexanes and #500 emery cloth. A pewusaymbszpi n or
surface of the dowel pin is used each tinme. A reference oil is run
alternately between experinental oils. The sane flat specinen is used until
the reference oil no | onger provides reproducible results. The notor oil
formul ation tested is a SAE 10W 30 grade containing dispersant, detergent,
anti oxi dant, r uBinal atditbiet of thip@uentipaiard usdelpr gepaad by AskblMhg kivgor over, and
anti-wear additive. Friction nodifier was added as a top treat to this

formula. 5¢nihebQd fdrdackLaPpek RETHAHGH s{xﬁid@%%dsﬁmaﬁic?l’es% .cQJ?r‘eE;%x%n'ahlgHi gh

.Frequency Friction Machine Friction ResultsAdditivew, % (in oi'l)NM™(pptn)
i i , ~ L.C. ; ~ E(1~) ~ . ~
(@ID 228' L:)CCO?JFE%?-%IEI\E%IH@Qe%bg&l}lcsol%)l{chglt:l()&/\év%ébto8{())rrg%n%]:id1|€lvg %ogcentrgtgosm%gle()f F ()

+CEx. 241. 53110, 1150. 1140. 1110. 0900. 0550. 048Ex. 251. 52600. 11 50. 1130. | 100. 1150.
1050. 064Nofor blending with a lubricant oil of any type: petroleum-based or synthetic comprising

FM 0. 0--0. 1250. 1270. 1300. | 330. 1300. 125CFM21. 0--0. 1150. 1180. 1150. 1150. 1210. 1
21MoDTC 0. $aithefio 8pdiot&®ohg Jeshi) PoRy8batd§ alkykRomatid bemporihds ailicensi | is a
fully formul ated 10W 30 gasoline crank case notor oil containing no

friction npged o, poRphEiyl ethen Muathdted By FOCIRIG] Ald the @k | abl e friction
nodi fier based upon a m xture of fatty acid am des, glycerol esters, and

glycerol. 3 MODTC is a comercially avail abl e nol ybdenum di t hi ocar banat e.
Addi tive from Exanpl e 24 cont ailseavith OthenrAddikives t herefore the oil with the

The additive of this invention can be used in combination with other additives
typically found in lubricating compositions, as well as with other friction modifier
additives. The typical additives found in lubricating oils are dispersants, detergents, rust
inhibitors, antioxidants, anti-wear agents, anti-foamants, friction modifiers, seal swell
agents, demulsifiers, VI improvers, and pour point depressants. See, e.g. U.S. Patent
No 5,498,809 for a description of useful lubricating oil composition additives.
Examples of dispersants include polyisobutylene succinimides, polyisobutylene
succinate esters, Mannich Base ashless dispersants, and the like. Examples of
detergents include metallic phenates, metallic sulfonates, metallic salicylates, and the
like. Examples of antioxidant additives that can be used in combination with the
additives of the present invention include alkylated diphenylamines, N-alkylated
phenylenediamines , hindered phenolics, alkylated hydroquinones, hydroxylated
thiodiphenyl ethers, alkylidenebisphenols, oil soluble copper compounds, and the like.
Examples of anti-wear additives that can be used in combination with the additives of

the present invention include organo borates, organo phosphites, organic
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additive from Exanpl e 24 contai ned 311 ppm Mb. Additive from Exanple 25
contained 1.73 wt. % My, therefore the oil with the additive from Exanpl e
25 cont ai wed1268b4ppt N Mo. Addi ti ve MoDTC cont ai ned 5. 83 wpctdh14éd3er ef ore
the oil with the additive MoDTC contai ned 309 ppm Md. 55 WO 01/150.1

PCT/ US01/ 1- 4982 In view of the many changes and nodifications that can be
made w t hout departing from principles underlying the invention, reference
shoul d be nade to the appended cl ainms for an understandi ng of the scope of
t he pr ot ecgulfoncdstainmgadongyodads, tzine dialiye dithiophosphates, Wic QlardS( 1. 4 CLAI M5 What
is clained is: 1. A lubricant conposition conprising: A) a lubricant, and

PCT/ USQL/ 14iii&shoBhhatds, bBekphoRiM¥Erisdl HAHRAIN CANE @b Nk IESAMEWTTritdbdt he form
.of surface capped nanosi zed particlés of the general fornula ~Z)~~X~ Rm

wher ei n: I i i i . kS fur in the
Form of parpRERRAZEA R Sed B Bk AP R ROL B BROS G Bt ' Bbout
100 nm (X-R) is.a surface-capping reagent wherein Ris a C4 to C20

strai ght omvmt@ﬁewét&f HY Acid|egigrs 4pd aHl“%‘;ﬂ efgawe Bphibdenuey corppaunds|  or
radicals and X is a functional group capable of specific sorption and/or

cheni cal i mogbdauinodialkiyithiotdreamasesy nubdybdetvsn diatly! divhiephosplmtess andihe hikeber  of
nol ecules of Zin the particles; mis an integer representing the anmount of

sur f ace- canpieRdnpl6 a9 en hiifo hattiiyFolyorars] Ml BeMREL Egddplagnd dufte ratio of m
tonis in the range of fromabout 1:1 to about 10:1. 57

inhibitors are the polyoxyalkylene polyols, and the like. Examples of VI improvers

include olefin copolymers and dispersant olefin copolymers, and the like. An example

of a pour point depressant is polymethacrylate, and the like.
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WO 01/ 9~S(1~ PCT/ USQOL/ 1~982 2. The | ubricant conposition of claim1l wherein
Zis selected fromthe group consisting of MoS3, MbSzO NaZMbS4, Na2MbS30,

( NHa) ZMo S0 (1deuZMoS30, and hydrat es t hereof .

claiml wherein (X-R)

anunes, diallyl amnes, trialkyl am nes, carboxyl
aci ds, carboxylic acid am des, dicarboaylic acid

i mdes, ammonium or al kali netal dialkyldithiocar
bi s-di al kyl di t hi ocar banat es,

tetraal kyl thiuramdisulfides, and derivatives th

conpositio
Jtrialkyl

am nes
i ndependently selected fromthe group consisting of hydrogen,

n of

8Ia|m3 V\/nereln t he, al kyl
SPWOgitiops, Whep CRfRIging tl’&SRﬁF!IdWHéSr &H‘Pa“mfe hended AR are
straight or

ani nes,

The | ubri cap¢T/095Qsed2t | on of
is selected fromthe group consisting of alkyl

ic acids, dicarboxylic
di am des, alicyclic
bamat es, dival ent netal

er eof .

di al kyl am nes, and

t rLwialientt Gorhpositienss- di al kyl di t hi ocar banat es,
4. The | ubricant

br anched- cbase @ildh a@ogntalthaplare @B ciietogirkyia i, noamel atepdant SisctioD 01/ 9. t S1) ~
*PCT/ US01/ 1- 1982 5. The lubricant conposition of claim3 wherein the

car boxyl i cract+ads—aiearboxy+e—actds—earboxyHec—pect-d—anedes—and
di car boxylfi ¢ acCdnffiositiosies are of Brbad Wsight & O Ra/ Créferbal Weight %s QH,
NH2, NHRa, [ or NRAR4—and R4 TS arm strarght—or branched=charm,—saturated or
partially unsat Yrehdegrover kyl noi ety ofl f¥2om 1 to @0 car bod 2 ons. 6. |The
| ubri cant osit]on .claim3 vVnerelnthe alTcyclic |mc|es are of |the
fornul a Rs OFJ OR0 BPh R$ is hyd?-Bhed, (C=0) NHR | g0 ]anléIJI end ani ne
wherein pairs r are joine Il yleng gr ou i s hydrlogen,
st rai ght 3’7 hrd:glmdaéfo I E ?sf -(‘Ann\g(fﬁgfg and Rlis Hao m(Cll Ssz al Kyl . ~9
WO 01/ 9-5(])l -4 PCBlgﬁq.sla;lnll 4984 The | u@ql ggnt conppsition &i gl aim 3 wherein
t he ammoni pm-er—al-kat—retal—diatkytdi-thi-ocarbamates—are—effheformjla g R
N C R9/ \§ MlubelGil Biow Yapranet RO are imdependent|y| sel ecteol f18m the droup
consi sti ng of (C=C24)at kKyt—and— W15 N+, K=, —orT N~
Detergents/Rust Inhibitors 0.01-6 0.01-3
Pour Point Depressant 001-1.5 0.01-0.5
Antifoaming Agents 0.001-0.1 0.001 - 0.01
Antiwear Agents 0.001-5 0.001-1.5
Seal Swellant 01-8 0.1-4
Friction Modifiers 0.01-3 001-15
Lubricating Base Oil Balance Balance

The additives of the present invention would be substituted for a portion of the

friction modifier, and/or the oxidation inhibitor, and/or the anti-wear agent.

When other additives are employed, it may be desirable, although not necessary,

to prepare additive concentrates comprising concentrated solutions or dispersions of the

subject additives of this invention (in concentrate amounts hereinabove described),

together with one or more of said other additives (said concentrate when constituting

an additive mixture being referred to herein as an additive-package) whereby several

additives can be added simultaneously to the base oil to form the lubricating oil
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8. The lubricant conposition of claim3 wherein the divalent netal bis

di al kyl di t hi ocarbamate is a conpound of the formula RR /S M2 S\ %g 9~ ~ ~
9 RS S Rwharesin R8 and RO are selected fromthe group cops/gtiingosaf
(d-C24)al kyl and MWZ is Fez, zZn+', Pb+Z, or Cu~2. 60 WD 01/9-t511

PCT/ USOL/ 1. 1982 9. The lubricant conposition of claim3 wherein the
trivalent nmetal tris dialkyldithiocarbamates are of the fornula R8 S\
CNMR9O Rs Rs S\Mt3. .5\C/N\R9O RO/NNC/S S S wherein Rs and RO are sel ected

from t he geomipositivns iBitiohgiodfof {id adddtealokyent@tednidiBe ubriSing @Irm&f 6. 10. The
| ubricant conposition of claim3 wherein the tetraal kyl thiuramdisulfides

are of thepipfad gy B)lv*er{ts.san%\byﬁhixmg“acgorﬁ;a%ie% 8 Wﬁ&kiﬂ%j%tcz ﬂg?gl gare

.i ndependently sel ected fromthe group consisting of { yl. 61 WO

fl1/9~50.t_P 1/1~982 .11. The |ubricant .co itdon.of .claim.l wherein
the moly bRt ontar TR s st et Vi SOERO Her Rutea 5 8 nos e
‘particles | s ggpl oyed in an anount of_ about 0.2 to about, 5% by weight. 12.
The | ubri cRERISHNBHRDIORA agoupts 49 poviderthe desited cangsnirationindbe fiadst one
additional additive selected fromthe group consisting of dispersants,

det er gent sformuktion mineh ithecadditivespiaclmge dacunshinetewinh a gedetermmed ampuntndfi - wear
agents, antifoamants, friction nodifiers, seal swell agents, denmulsifiers,

VI i mpr ovefsge hitiaiO Uhub 0h8 kutfeR b8GE AU T thelSreseht RIvERBRSah Bk 2RIQPR! | Ng a
nol ybdenum cont ai ni ng conpound in the formof surface-capped nanosi zed

particles it o §ols ~ 7~~~ R~ [N RV - LQr gani c
a1l 5 Bl B0t LOEPUL e SFTRTDITMMI o e
additives to form additive-packages containing active ingredients in collective amounts
of typically from about 2.5 to about 90%, and preferably from about 15 to about 75%,
and more preferably from about 25 to about 60% by weight additives in the appropriate

proportions with the remainder being base oil The final formulations may employ

typically about 1-20 wt. % of the additive-package with the remainder being base oil.

All of the weight percentages expressed herein (unless otherwise indicated) are
based on active ingredient (AI) content of the additive, and/or upon the total weight of
any additive-package or formulation that will be the sum of the (AI) weight of each
additive plus the weight of total oil or diluent.

In general, the lubricant compositions of the present invention contain the
additives in a concentration ranging from about 0.05 to about 30 weight percent. A
concentration range for the additives ranging from about 0.1 to about 10 weight percent
based on the total weight of the oil composition is preferred. A more preferred
concentration range is from about 0.2 to about 5 weight percent. Oil concentrates of
the additives can contain from about 1 to about 75 weight percent of the additive
reaction product in a carrier or diluent oil of lubricating oil viscosity.
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particles having dinmensions in the range of fromabout 1 to about 100 nrrt;
(X-R) is a surface-capping reagent wherein Ris a C4 to CZp straight or

br anched- glpaiiwsglskyl or al kyl ated cycl oal kyl radical or raghigaks e X is a
functional group capable of specific sorption and/or chem cal interaction
wi th the nol ybdenum sul fur noiety; Il 1S the nunber of nolecules of Z in
the particles; mis an integer representing the anmount of surface-capping
reagents relative to a 62 WO O1/9. 150 single particle; and

PCT/ USO1/ 1: 498211t gedefaliith®additivis bothe présehilintéifioh aroeseil if 4 oafiedpept 1:1 to
about 10: I; \/\herel n the process conprises the steps of: A) creating a

rever sed mpHORIHIGRIARRRNRT TRL NrifMCIAGALARR S BIBLE P LafLAOT SOl uti on

<in an organi ¢ sofvent or sol vent m xtre and an aq tron of a

ol ybaenURRetPEsR of afOK A0SR Ry RS B wS hebe RS R ee” " ©

* ol ybdenum (VI é conpound into a tlvo- der| vative by reaction with hydrogen
sul fide; o3t 4P eSta mpe pregrably ahavie tebawtcRllopt.imhast Perierablyiabantahid@) or

adsor bs on t he nol ybdenum sul fur noiety; D) renoving water and the organic
sol vent s) dbrominl Ot eStmi Thedebmdating oil basdstexk cache dygived fommaplodElnbngaing f ur
noi ety- contai ning products thereof in the formof surface-capped nanosized

particles yist E{yxﬂqe‘iféllﬁ&Maﬁng)maaf ﬁuﬁ@ﬂeyweofalsduﬁﬂe rusﬂpaﬂn@gm&ﬁwst&%bt abl e
organi c solvent. 14. The process of claim 13 wherein Z and

o oup conshept %gﬁ’%?@%%%%ﬂmk;é@%@%%éﬁ W@%&%ﬁ}fﬁz&i‘%ﬁﬁ bpm the
15, o pr BlUSEGaRRFRRckS ABIRE? R PHAORIEHDE e ebFolsF STRAEB ant 1 s a

cationic, anionic, or non-ionic surfactant.
the aromatic and polar components of the crude. Natural lubricating oils include animal

oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), petroleum oils, mineral
oils, and oils derived from coal or shale.

Synthetic oils include hydrocarbon oils arid halo-substituted hydrocarbon oils,
such as polymerized and interpolymerized olefins, alkylbenzenes, polyphenyls, alkylated
diphenyl ethers, alkylated diphenyl ethers, akiylated dipheny! sulfides. as well as their
derivatives, analogs and homologs thereof, and the like. Synthetic lubricating oils also
include alkylene oxide polymers, interpolymers, copolymers, and derivatives thereof,
wherein the terminal hydroxyl groups have been modified by esterification,
etherification, etc. Another suitable class of synthetic lubricating oils comprises the
esters of dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils
also include those made from Csto C,, monocarboxylic acids and polyols and polyol

ethers.
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16. The process of claim15 wherein the hydrocarbon-sol uble surfactant is
cationic. 17. The process of claim 16 wherein the surfactant is

t et r aal kyhanunasisum hal i de. 18. The process of claim 17 whargisoiiiies:2
surfactant is cetyltrimethylammoni um halide. 19. The process of claim 18
wherein the cetyltrinmethylamoniumhalide is dissolved in

chloroformn-al kane (1.1 v/v) in a concentration of 0.0l to 0.1 nol/L. 20.
The process of claim19 wherein the n-al kane is selected fromthe group
consi sting of p8ilicenmbasedolafruch hetheaolyalkytt polpargndalyadiraays cand ni xrt ures
thereof. 21. The process of claim 13 wherein the aqueous sol ution of

wat er - sol upbl@arylRay-ghdiage Gi$ yrgiiare 6ilé) toprivecbter hasulRHss e5sntHedp or equal
-to 8. 64 V\D 01/J-tS0-4 PCT/USOL/ 1- Q@82 22. The process of claim 13

wher ei n th {n%%ﬁl@”btl’ié? ntﬁé‘t@gh@%a'u}{ bl REREL M@%Qe&%‘? BB§ ﬁ%r bs on the

rml ybdenun nol ety he m cr oe STon 1 h ) or step
23. The pr.ocess. of a m13 inth r f.act ant chem cally

i nt eracts Wﬁﬂ’“&ﬁ&?‘g? pé’ ﬁée%ﬂ‘%ﬁcéfﬁ%f Wg'éﬁ’ltf}ﬁd? P?‘Eﬂﬁ‘ﬁiis(ﬁt y is selected

fromthe group consisting of alkyl amnes, dialkyl amnes, trialkyl am nes,

car boxyl i ¢ aci d¥he Bbegatisga/i mey becdarived é@ﬂb‘@%?ﬁﬂeé refinef], serrefined oils.©4r boxy! i ¢

acid diamdes, alicyclic imdes, ammonium or al kali netal

di al kyl di t thixvems ﬁmlmfeﬂnrcﬁmdloﬁmrermamdtﬁimcdj’ fbioyd whitural somegebarsghthstic
trivalent netal tris-dialkyldithiocarbamates, tetraal kyl thiuram

di sul fi dessou@é'éj(eckerdo\éﬁtshé{@%rttgleeﬁ@%tun%ﬂ) wTﬁ&t%r@?&@%ﬁnﬁéatﬁh%‘r Meginephier ei n
t he al kyl am nes, di al )yl amnes, trialkyl amnes are of the formula

RIRZR3N whg ﬁ%qﬂeﬁ&f un?gﬂnea%ﬂs B%H't%e% s'h@g%ﬂ%@ Ethre&%{fS%%%e{qrﬁ@ the group

consisting o0 dr ogen Str anche 0-C34

al kylaryl, and. aryl. 1.1 LSO PCT/ 1-t982 25. cess of
cl ai m 23 WAREHqR, @ﬂ?@tre P@&&V@hﬂﬁn%&h&@% ot 5@&1@99? Orggieysr OL[&E@BB‘? lic acid
am des, and di carboxylic acid diamdes are of the formula 0 Ra/C\~ wherein
X i's OH Neizectixirm amestelifipRtiomproressi eachf sihichiigthen ysechvidhatidarthdiai n,

saturated or partially unsaturated, alkyl nmoiety of from1 to 40 carbon
atons. 26. trédimept. Refmnd ofls sleaimila? o vieameéfmet bils alceptythbt refined oiyhase e of the
formula RS ON O RG
been treated in one or more purification steps to improve one or more properties.
Suitable purification techniques include distillation, hydrotreating, dewaxing, solvent
extraction, acid or base extraction, filtration, and percolation, all of which are known to
those skilled in the art. Re-refined oils are obtained by treating refined oils in processes
similar to those used to obtain the refined oils These re-refined oils are also known as
reclaimed or reprocessed oils and often are additionally processed by techniques for
removal of spent additives and oil breakdown products.
Lubricating oil base stocks derived from the hydroisomerization of wax can also
be used, either alone or in combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or

synthetic waxes or mixtures thereof over a hydroisomerization catalyst. Natural waxes

are typically the slack waxes recovered by the solvent dewaxing of mineral oils;
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wherein RS is selected fromthe group consisting of hydrogen, (C=O NHR ,
and al kyl ene am nes wherein pairs of nitrogens are joined by al kyl ene
groups; Rwoi@sakected fromthe group consisting of hydrogemesid/1gészai ght
and branched-chain (C2-C400)al kyl; and R is hydrogen or (C -C20)al kyl. 66
WO O1/ 9~50~ PCT/ US01/ 1~982 27. The process of claim23 wherein the al kali
nmet al dial kyl di t hi ocarbanates are of the formula s RN C R/ \'S Mt wherein
R$ and R9 are independently selected fromthe group consisting of

(C - Cz4) al &ythetinavalves are tiyseally ltherwap praduded by2ide FisakerpFropsshsprofesg] Rhen 23
wherein the divalent nmetal bis-dialkyldithiocarbamtes are of the formula R

\ /'S Mz Srestiltifig SoRefatSpRdoBEE 8y pical$ s@ﬁ]é&twtoadoﬁzehnd@m%emdl fyacEehfiohed from
-the group consisting of (Cl-Cz4)allyl and Mtz is Fe+2, Zn+2, Pb+' ", or Cu+a

67 0 Ol BEHISOH drd2neSspd e 1BR0RES i@mlidianige vherel n the

trivalent nmetal tris |'uocar are of t ornmula Rs S\
GNP b AN RSN SNGSE S DI AReRiae |
PSS o 450, preberpblg HldasH 35 and higher o, folowing dewxing, 3 pour point of sbawt <«

20°C and lower.

The additives of the present invention are especially useful as components in

many different lubricating oil compositions. The additives can be included in a variety

of oils with lubricating viscosity including natural and synthetic lubricating oils and

mixtures thereof. The additives can be included in crankcase lubricating oils for spark-

ignited and compression-ignited internal combustion engines The compositions can

also be used in gas engine lubricants, turbine lubricants, automatic transmission fluids,

gear lubricants, compressor lubricants, metal-working lubricants, hydraulic fluids, and

other lubricating oil and grease compositions The additives can also be used in motor

fuel (both gasoline and diesel) compositions.

The advantages and the important features of the present invention will be more

apparent from the following examples.
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wherein R8 and R~ are independently selected fromthe group consisting of
(A-Cz,~)alkyl. G .A".AaL.AL.A". Au . A, . A . A .AL. AaL. AuL. ANL. ANL. Aa" . AL. A
" ANL. A( Lwéloidgsos A(L. A; 9. Aa . A(L. A L. AL. AL. AN . A PCT/US01/14982

L% AL% As. AL. A" . AL. ABN . AL. A" . A( . A(9L. A(L9. A9L. AL% A % AN99. AL. A9% Aa . A’ 9
AL A A %AL.AL LA %A . Aa L A(9. AL AL. AL. A9% AL9. AL% Al L. A9. A9% AL. ALi %Ch
$ONI Qa-;

9| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c EXAMPLES

g/ kn{ 035Zu| wr nhrephestiabdfcSyréadec@impddcMbbdideat meSulfific Nanapaaiches] ca) ca) ca] ca
Ul ca] ca] ca] ca] ca] ca] ca] cajgimleChhgedscSilradec@dppind neeB&VODzupkf a\ W ca] ca] ca]
. ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
] ca] cal] caU] ca] ca! LJ

[Tgtimm /R (#{ #A##$dSSS (raAR]!

-aj ga] ca] ca] caV] ca]( cg] cal] ca] cé?gg{?{@c/ '@g l‘g ég’f‘c"g‘]a!:;ﬂ:g?yafigfggfggfgfgg 0C/o
VYREMBEEE M """ - (9 * +D, AYid_Z

i’;l] C?/} ca} ca} ca\/chg] ((:;a?(U} ((:%j )c &%%?meegﬁg’g?‘g??ﬂ%glgg] (L:ﬂa]cgll\cqa]cg?]cg?]cg?]cg
caVljcalcaljca D,,,-]1--.V.w.....

3n8| wr mhcY] ca] Cetyléamethylemmutiua promide({Ge2ca)] was) disspbyafl énf T 8ilcad] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! nB3*4r 4445' 5| 55586j 667797778c88889T

9993: {: ! : &hlsroform and 100 pL of a saturated aqueous solution of (NH,){Mo0,0,,2H,0 was
{vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca? ca] ca] ca] ca] ca] ca] ca]

?? LE?LE?LZ@@@&&@gﬁ %O@g%g%iﬁﬂ%}t tohfrézP\WII (Ozg (():% t%na a(I:l g]zg a] ca] ca]
o e et hslaclot el kL
ca] ca] ca] ca] ca] ca] ca] ca] ca] c%ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] c
a] ca] ca] calesdiinging clear|splption REKgeHK] M@KQK&W@WNHEL{ ?Pzupkf
a\W]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca

U] c*a] c”a] emhined, aldncHl] B ]of a]sohitioa jobmrjred |be a}ssellinEPPPARRIFQQO=RRRS+S~SSSCTKTMT
PTTTXTATdTpTTTT?UNUPUXUl wr mhc”Y] ] ]] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] c$a

. VHVWWW
K, X D O ey ol ool € haf carcal cal ca

calca]ca cal cal calcalcalcal.c al.cal.c C a a a] cal.ca] calcal Z
B4 00 vy siay A shieRidt ol CELERVEE AN Qi T i T3] <31 ¢3¢
a] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal.cal] ca] ca] ca],ca] ca] ca] ca
] ]ca] ]ca! (L:J]dj %fg]é’%'é’léfth% qugﬁiﬁ]g‘@@]éﬂﬂ]R@]Ml‘f&ﬁfﬂe'ﬁ“%ﬁk&?ﬁl]rﬂl Hl‘ ﬂ]"f"]e}jca} ca} ca} ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] caj ca!lca] cajc
a] ca] ca] cajetdiringthyigmmonium bromide JCT ) containing some MoS; was filtered off, an
nn" n2n~nn%owoopAppp9qqq?rjrrsUsssStttuu”uf{u} xsnic”Y]]]]]ca] caU] ca] ca] ca] ca]
ca] ca] ca] cthkeesutted darkeidac sdlondpicahcajapalacal ca) ca) cal] ca] ca] ca) ca] ca] ca] ca] ca]
ca]cal{uu
vl 1/\ V' f/VVVB\N\MNWXf I xyy>zzz5{ M {{, | | |gy }~n~}xsnid_Z]]]]]]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] (‘sgl ggﬂé‘l lia‘l./ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal n~~~~Q no ' ‘

Whz25{ vql gb c a] calcal ca]c al cal c cgl calcalcalcalc a] ca] ca

ca] ca} cg] ga} z:qa} %k@a@c&]ﬁé}“ﬁ%}‘@%@%‘gﬁlﬁéﬁd&f %g%%i@%‘é“ %‘Eﬁ%}‘@ﬁ%‘ﬁﬁ#l@@ } 1] I:a] 1:
a]J c"a] c4a] ca] cal] ca] ca] ca] ca] i:n%]dca] ca] cal] ca] ca] ca].ca] calca]ca caI]_Ica] cal ca]
ca] ca] ca] calLcfhegdnea]Qrgihungdredunl phsaturated aqueous solution of (Il'H,,)‘sMo7 54" 2H,0

&6F(| val gb] X]]]1] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]caJca]c
a] ca] cal] caheaddealwat siadigg fsldvead ai il eatorcbmfd¥éd agueous HC solution,

cfr~ytoje [V]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]

cau] cal caUcatlaaleelclicaloahnl £ak AL BAedBnQint Ebfe fodlreinh yhghl X 11 cal
ca] ca] ca] caJ ca] ¢ca] ca] caU[ caJ cal ca] éa] ca cat] cal calca]cal cal'calcalca]ca]ca]ca
ca] ca] ca] caU] ca] ca] ca! WAUP4* 455* wr mhec” ) ca] cal.ca] ca] ca] cal] ca]ca]ca]c
b cal co] cafa] s REATRAPEay RN o] SAF b LHF ST Adiech PORRTE tFca] cal o) &
si 6+z#w#u{ Dl wmhc”Y] ]]] ca] ca] ca] ca] ca] ca] ca] ca] caLca] ca] ca] ca]calca]caJca]c
a] cal] ca] csjlatidritzkarat e dpemhroainc dlwaite-&fuw dpoa]laat, 2 8lg: solvents were
A kmad| wmhe”Y] ] ] ] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj;ca! JRNkagl s) ~*X*| wrmhc”Y] ] ] ] ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]
cal calca]ca] ca]ca! M (x,<:>"gN9/|wnmhc”Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calcal gcp3xg
VNEY| wr | fa[ V] ] caU] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca! | C?$oazf y48| wmhc”Y]]c]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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Alkenyl Succinimide

Alkenyl succinimide (ASI, 1.7 mL) (the reaction product of Indapol H-1500
(polyisobutylene) with maleic anhydride, which is then reacted with
triethylenetetraamine (TETA), (Uniroyal Chemical Company) solution (0.2185 g ASI in
5 mL chloroform) was dissolved in 100 mL of a 0.01M solution of CTAB in
chloroform-hexane solution (1:1 v/v) with stirring After 10 minutes, 0.05 mL of a
saturated aqueous solution of (NH,),Mo,0,, was added to produce an opaque
microemulsion (AST : Mo = 1.6:1 1 by moles). Addition of approximately 8.5 pL. of
concentrated aqueous HCI resulted in a clear solution, into which excess H,S was
bubbled. The color of the solution changed from green to brown and, after 24 hours, a
brown precipitate formed. Organic solvents were evaporated under vacuum, the
residue was stirred with 15 ml. of freshly distilled THF, the undissolved matter was
filtered off, and the THF was evaporated. The resulting residual brown substance
(0.0523 g) was nanosized molybdenum sulfide particles modified with ASI in a modifier

to Mo ratio of approximately 1:1.
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(NH,)iMo,0,, was added to produce an opaque microemulsion (ASI . Mo = 0.56:1.1
by moles). Addition of approximately 7 WL of concentrated aqueous HCl resulted in a
clear solution, into which excess H,S was bubbled. The solution turned opaque and its
color changed from greenish to brown. After 24 hours the solution was still opaque
and brown and no precipitate had formed. The organic solvents were evaporated under
vacuum, the residue was stirred with 15 mL of freshly distilled THF, the undissolved
matter was filtered off, and the THF was evaporated The residual brown substance
(0.04 g) was nanosized molybdenum sulfide particles modified with ASI in a modifier to

Mo ratio of approximately 1:2.

Example §
Alkenyl Succinimide

A saturated aqueous solution of (NH,){Mo,0,, (0.05 mL) was added to 100 mL
0.01M CTAB solution in a chloroform-hexane mixture (1:1 v/v). After 5 minutes, 1.7
mL of alkenyl succinimide solution (0.2185 g of ASI in 5 mL chloroform) was added to
produce a colorless opaque microemulsion (ASI Mo = 1.6:1.1 by moles). The
addition of approximately 6 UL of concentrated aqueous HCl resulted in a clear
solution, into which excess H,S was bubbled The solution slowly turned brown. After
24 hours, the organic solvents were evaporated under vacuum, the residue was stirred

with 15 mL of freshly distilled THF, the undissolved matter was filtered off, and the
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Example 6
Alkenyl Succinimide

Example 5 was repeated except that the ASI solution was added to the CTAB
solution first, and then the saturated aqueous solution of (NH,);Mo,0,, was added.
Hydrogen sulfide was bubbled in over a period of approximately 2.5 hours. Product
isolation resulted in 0.1052 g of nanosized molybdenum sulfide particles modified with
ASI in a modifier to Mo ratio of approximately 1:1.

Carboxylic Acid Modification
Example 7
Docosanoic (behenic) acid; C,, carboxylic acid

Seven pL of saturated aqueous ammonium molybdate solution was added with
stirring to 7 mL of 0.01 mol/L CTAB solution in a 1:1 v/v isooctane-chloroform
mixture, then the mixture was stabilized by addition of concentrated aqueous HC! (1
drop). After 30 minutes, H,S was bubbled into the slightly blue solution turning it
yellow, and 0.19 mL of a solution containing 0.0282 g behenic acid in 5 mL of
chloroform was added. Excess H,S was further bubbled in. After 24 hours, a light

brown sediment formed The residue, after removing all solvents, dissolved in

chloroform and benzene (except for CTAB, in the latter case).
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hexane solution (1:1 v/v) with stirring. After 10 minutes, 0.05 mL of a saturated

aqueous solution of (NH,);Mo-,0,, was added, producing an opaque microemulsion
(Cy, acid : Mo = 1:1.3 by moles). Addition of approximately 5.5 WL of concentrated
aqueous HCI resulted in a clear solution, into which excess H,S was bubbled for 2.5
hours. The color of the solution changed from green to brown. After 24 hours, the
organic solvents were evaporated in vacuum, the residue was stirred with 15 mL of
freshly distilled THF, the undissolved matter was filtered off, and the THF was
evaporated. A residual brown substance (0.037 g) resulted, representing nanosized
molybdenum sulfide particles modified with behenic acid in a modifier to Mo ratio of
approximately 1:1.3.
Dialkyldithiophosphoric Acid Derivatives Modification
Example 9
Di-2-ethylhexyl-dithiophosphoric Acid
Fifty mL of aqueous saturated ammonium molybdate solution was added to 10
mL of 0.01 mol/L. CTAB solution in isooctane-chloroform in a 1:1 v/v mixture under
reflux, followed by 75 pL of concentrated aqueous HCl. Then 0.07 pL of a solution
containing 0.1g di-2-ethylhexyl-dithiophosphoric acid in 2 mL chloroform was added
{10 molar % relative to Mo) and excess H,S bubbled in. Twenty-four hours later, a

éediment was formed that was isolated by filtration. The dark-brown solid thus

obtained dissolves in chloroform, THF, and slightly in benzene, CCl, and sec.-C,H,NH,.
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Tetra(hexadecyl)thiuram disulfide (THDTS) solution (1.5 mL of 0.204 g
THDTS in 5 mL of chloroform) was dissolved in 100 mL of a 0.01M solution of CTAB
in chloroform-hexane solution (1:1 v/v) with stirring. After 10 minutes, 0.05 mL of a
saturated aqueous solution of (NH,);Mo,0,, was added to produce an opaque
microemulsion (THDTS : Mo = 1:1 by moles). Addition of approximately 5 pL of
concentrated aqueous HCI resulted in a clear solution, and excess H,S (about 300 mL)
was bubbled in. The solution’s color changed from light-brown to dark green-brown.
After 24 hours, no visible precipitate had formed in the solution. The organic solvents
were evaporated under vacuum, the residue was stirred with 15 mL of freshly distilled
THF, the undissolved matter was filtered off, and the THF was evaporated. The
residual brown substance (0.0673 g) was nanosized molybdenum sulfide particles
modified with THDTS in a modifier to Mo ratio of approximately 1:1. The whole
sample completely dissolves in 3 mL benzene

Example 11
Sodium di(hexadecyl)dithiocarbamate

Sodium di(hexadecyl)dithiocarbamate (NaHDTC) solution (1.5 mL of 0.204 g
NaHDTC in 5 mL chloroform) was dissolved in 100 mL of a 0.01M solution of CTAB
in chloroform-hexane solution (1:1 v/v) with stirring, After 10 minutes, 0.05 mL of a
saturated aqueous solution of (NH,){Mo,0,, was added to produce a light-yellow
solution NaHDTC Mo = 1:1 by moles). Addition of approximately 2.5 HL of

concentrated aqueous HCI resulted in a clear solution, and excess H,S (about 300 mL)
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undissolved matter was filtered off, and the THF was evaporated. The residual brown
substance (0.043 g) was nanosized molybdenum sulfide particles modified with
NaHDTC in a modifier to Mo ratio of approximately 1:1. The whole sample
completely dissolves in 5 mL benzene.
Preparation of Additives and of Lubricant Compositions
Example 12
Lubricant Composition A
The sample obtained in Example 1 was dissolved in 0.2 g AST on heating to
about 60° C, and 5 mL of T46 oil was added. The solution was filtered to produce a

dark-brown composition containing about 5 wt.% of the additive package.

Example 13
Lubricant Composition B

The sample obtained in Example 2 was dissolved in 0.2 g ASI on heating to
about 60° C, and 5 mL of T46 oil was added. The solution was filtered to produce a
dark-brown composition containing about 5 wt.% of the additive package.

Example 14
Lubricant Composition C

The sample obtained in Example 3 was dissolved in 0.2 g ASI on heating to
about 60° C, and 5 mL of T46 oil was added. The solution was filtered to produce a

dark-brown composition containing about 5 wt.% of the additive package.
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Lubricant Composition E
The sample obtained in Example 5 was dissolved in 0.07 g ASI on heating to
about 60° C. An additional 0 06 g ASI was added to improve solubility, although some
solid particulate material remained, which was later filtered off. Then 1.6 mL of T46 oil
was added. The solution was filtered to produce a dark-brown composition containing
less than about 10 wt.% of the additive package.

Example 17
Lubricant Composition F

The sample obtained in Example 6 was dissolved in 0.132 g ASI on heating to
about 60° C and 4.486 mL of T46 oil was added. The solution was filtered to produce a
dark-brown composition containing about 5 wt.% of the additive package.

Example 18
Lubricant Composition G

The sample obtained in Example 7 was dissolved in 0.16 g ASI on heating to
about 60° C, and 5 mL of T46 oil was added. The solution was filtered to produce a

dark-brown composition containing about 5 wt.% of the additive package.
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ambient temperature resulted in sediment formation. This sample was not tested.

Example 20
Lubricant Composition I

The sample obtained in Example 8 was dissolved in 0.2 g ASI on heating to
about 60° C, and 5 mL T46 oil was added. The solution was filtered to produce a dark-
brown composition containing about 5 wt % of the additive package.

Example 21
Lubricant Compeosition J

The sample obtained in Example 9 was dissolved in 0.2 g ASI on heating to
about 60° C, and 5 mL of T46 oil was added. The solution was filtered to produce a
dark-brown composition containing about 5 wt.% of the additive package.

Example 22
Lubricant composition K

The sample obtained in Example 10 was dissolved in 0.2 g ASI on heating to
about 60° C, and 5 mL of T46 oil was added. The solution was filtered to produce a

dark-brown composition containing about 5 wt.% of the additive package.
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10%@& () -1 Y! 1084@% Ldibometer Determination of Friction Coefficient and Antiscuffing
Properties

Friction coefficient measurements were performed using SRV vibration
tribometer (Optimol Instruments GmbH, Germany) for the ball-area pair (friction point)
at 50 MHz, stepwise loading from 20 to 1000 N. Friction coefficient versus load value
was measured, as well as load-carrying ability of the lubricant tested. Better results are
assumed to be those demonstrating a lower value of friction coefficient and a higher
value of scuffing load.

Lubricant compositions containing the surface-capped nanosized molybdenum
sulfide particles were prepared on the basis of Turbine Oil T46 and included different
amounts of the molybdenum-containing additives Tribological properties of the
lubricant compositions of this invention are compared with those of a composition
containing 1 wt.% of molybdenum oxosulfo-(diisooctyldithiocarbamate) complex

(Composition M), see Zaimovskaya T.A. et al. Izv. AN SSSR. Ser. Khim., No.5:2151

(1991).
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A 800 0.098

B 800 0.098

C 900 0.097

D 1000 0.097

E 800 0.098

F 700 0.100

G 900 0.099

H 900 0.098

1 1000 0.097

J 1000 0.097

K 800 0.099

L 900 0.097

M 700 0.100

(comparative)
Example 24

Alkenyl Succinimide

Cetyltrimethylammonium bromide (CTAB) (0.757 g, 0.02 mol) was dissolved in
100 mL in CHCY,, stirred for a period of 15 minutes, and then the mixture was diluted
with 100 mL hexane (solution A). Alkeny! succinimide (0.2188 g) was dissolved in 2
mL of CHCl, (solution B). Freshly re-crystallized salt (NH,);Mo,0,, was dissolved in
distilled water to give a saturated solution (room temperature, approx.40 % by weight)
(solution C). A quantity of 1.327 mL of solution B (approx. 2.2 x 10™* mol) was added
with stirring to solution A. Ten minutes later, 100 lLL of solution C (approx. 2.8 x 10
mol of salt, 1.93 x 10" mol Mo) was added using a microsyringe. Finally, 0.2 mL of

hydrochloric acid (36 % by weight, 2 x 10 mol) was added. The solution thus obtained
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was clear and colorless. An excess of H,S was bubbled through the resultant solution
over a period of 2.5 hours. Sixteen hours later (the next day) all volatile matter was
removed under reduced pressure and the solid residue was dried under reduced pressure
(0.1 mm Hg). Ten mL of freshly distilled tetrahydrofuran (THF) was added to the
residue and the mixture was filtered through a porous glass filter (precipitate left on
filter (CTAB) was white). The resultant dark-brown solution was evaporated to dryness
under reduced pressure (temperature less than 60° C) and dried to give 0.1505 g of a
dark-brown substance Alkenyl succinimide (0.301 g) was added to the residue and the
entire mixture was heated to 60° C and thoroughly mixed manually using a glass rod.
This product was tested in the Cameron-Plint machine after being formulated into an
engine oil.
Example 25

Alkenyl Succinimide

Cetyltrimethylammonium bromide (CTAB) (1 1355 g, 0.03 mol) was dissolved
in 150 mL CHCIL,, stirred for a period of 15 minutes and the mixture was diluted with
150 mL of hexane (solution AA) Alkenyl succinimide (0.4370 g) was dissolved in 4
mL of CHCI, (solution BB). Freshly re-crystallized salt, (NH,),Mo,0,,, was dissolved
in distilled water to give a saturated solution (room temperature, approx. 40 % by
weight) (solution C). A quantity of 1.99 mL of solution BB (approx. 3 x 10 mol) was
added with stirring to solution AA and 150 WL of solution C (approx. 4.2 x 10" mol of
salt, 2.94 x 10" mol Mo) was added using a microsyringe. Finally, 0.3 mL of
hydrochloric acid (36 % by weight, 3 x 10” mol) was added. The solution thus obtained

was clear and colorless. An excess of H,S was bubbled through the resultant solution
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over a period of 5 hours, at the end of which, the solution had become opaque. Sixteen

hours later (the next day) all volatile matter was removed under reduced pressure and
the solid residue was dried under reduced pressure (0.1 mm Hg). Fifteen mL of freshly
distilled tetrahydrofuran (THF) was added to the residue and the mixture was filtered
through a porous glass filter (the precipitate left on the filter (CTAB) was brown). The
resultant dark-brown solution was evaporated to dryness under reduced pressure
(temperature less than 60° C) and dried to give 0.2526 g of a dark-brown substance.
Alkenyl succinimide (0.505 g) was added to the residue and the entire mixture was
heated to 60° C and thoroughly mixed manually using a glass rod. This product was

tested in the Cameron-Plint machine after being formulated into an engine oil

Cameron-Plint TE77 High Frequency Friction Machine Friction Coefficient

Testing

The anti-friction properties of the oil solubilized molybdenum nano-particles in a
fully formulated lubricating oil were determined in the Cameron Plint TE77 Friction
Test. The fully formulated lubricating oils tested contained 1.5 wt. % of the additive.
The additives were tested for effectiveness in a motor oil at increasing temperature
points and compared to an identical formulation without the friction modifier. In Table
3, the numerical value of the test results (Coefficient of Friction) decreases with an
increase in effectiveness. In other words, the lower the Friction Coefficient value the

better the additive is at reducing friction.
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The test procedure for determining the friction coefficient with the

Cameron-Plint TE77 High Frequency Friction Machine is as follows. Ten mL of an oil
sample containing additive is placed in the test chamber so as to cover a flat stationary
hardened ground NSOH B01 Gauge Plate (RC 60/0.4 micron). A reciprocating
specimen, a 16 mm long nitrided steel dowel pin (6 mm diameter, 60 Rc), is placed on
top of the steel plate under 50 Newton load, allowed to heat up to 35° C from room
temperature over 10 minutes and maintained at 35° C for 5 minutes. Then, with the 50
Newton load in place, the reciprocation frequency of 5 Hertz is begun with a 15
millimeter amplitude stroke length. The temperature is then ramped up to 50° C over 10
minutes and maintained at 50° C for 5 minutes. The load is then increased to 100
Newtons and the temperature is ramped up to 165° C over 1 hour. Friction Coefficient
data are collected between 60-160° C. The flat specimen is cleaned between runs with
hexanes and #500 emery cloth. A new dowel pin or surface of the dowe! pin is used
each time. A reference oil is run alternately between experimental oils. The same flat

specimen is used until the reference oil no longer provides reproducible results.

The motor oil formulation tested is a SAE 10W-30 grade containing dispersant,
detergent, antioxidant, rust inhibitor, pour point depressant, OCP VI Improver, and

anti~wear additive. Friction modifier was added as a top treat to this formula.

54



$10% $109M& () -+ $109M& () -+ $109& () -+ $L00& () -+ $L0%A& () - +) 2s6$yZ; 4C
10 $109W& ()- +0 $109M& () -+ $L09M& () -+ $L09ME () -+ $L09M& () - +) ?s6$i O4C!
10 $10% SHAIMBE)- + S1OME () -+ SLO0ME () -+ SL0ME () -+ S1POMESEI)Yr9927S6SYZ;
4C 10 $109%A&' ()-+0 $109A&' () -+ $100&' () -+ $100A&' () - +

$109&' () - +) ?s6$&' | O4C! 10 $10% $109%&' () -+ $10%&' () -+ $L0%&' () - +

$109M& () -+ $109& ()-+) ?2s6$' (*5CRayZ; 4C 10 $109M& ()-+0 $109M& () - +
$109M& () -+ $10%& () -+

Table 3

Cameron-Plint High Frequency Friction Machine Friction Results

Additive | Wt 9% Mo CofF | CofF | Cof F | CofF | CofF | CofF
(noi) | (ppm) | (W@ | W@ W@ ) (W | W@ | W@
(noil) | oo | goec | 100°C | 120°C | 140°C | 160° C

Ex. 24 1.5 311 0.115 | 0.114 | 0.111 | 0.090 | 0.055 | 0.048
Ex. 25 1.5 260 0.115 | 0.113 | 0.110 | 0.115 | 0.105 | 0.064

No 0.0 - 0.125 | 0.127 | 0.130 | 0.133 | 0.130 | 0.125
FM?
CFM? 1.0 - 0.115 | 0.118 | 0.115 | 0.115 | 0.121 | 0.121

MoDTC* | 0,53 309 0.110 | 0.113 | 0.100 | 0.085 | 0.065 | 0.525

! The reference oil is a fully formulated 10W-30 gasoline crank case motor oil

containing no friction modifier.

> CFM is an ashless commercially available friction modifier based upon a mixture of

fatty acid amides, glycerol esters, and glycerol.
> MoDTC is a commercially available molybdenum dithiocarbamate.

Additive from Example 24 contained 2.07 wt % Mo, therefore the oil with the

additive from Example 24 contained 311 ppm Mo.

Additive from Example 25 contained 1.73 wt. % Mo, therefore the oil with the

additive from Example 25 contained 260 ppm Mo.

Additive MoDTC contained 5.83 wt. % Mo, therefore the oil with the additive

MoDTC contained 309 ppm Mo.
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$109N' () - +) ?s6%abcdepgi HAC 10 $10% $10W&' () -+ $10%& () -+ $109N& () -+
$L0W&' () -+ $L0WN&' () -+) ?s6$qruyZ; 4C1 10 $109& () -+0 $109N&' () -+
$109&' () wo GIQML () -+ $109& () - +) ?s6$i JOC!  $109&' () - +PS/OME 1092~ +
$L0N' () -+ P10 () -+ P10 () -+ $L109N& () -+) ?7s6$yZ; 0OC!  $10 $109& () -+
$109&' () -+ $10WN&' () - +W 10K () -+ $10%\&' ()-+) ?s6$ i QOC!  $10 $10%
$109M&' () -+ $109& () -+ $L0N& () -+ $LOWK () -+ $10%& () -+) ?s6$#. >MyZ; 0Cl
In view of the many changes and modifications that can be made without
departing from principles underlying the invention, reference should be made to the
appended claims for an understanding of the scope of the protection to be afforded the

invention.
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$10 $109M& ()-+0 $L09M& () -+ $109& () -+ $L0WN& () - +

$109\&' () - +) 2s6SMNOPQWKI COC! $10 $10% $1090& () -+ $109%\&' () -+ $L109& () -+
$109\&' () WO BLOSME' () - +) 2S6$XY\j yyZ; 0C!  $10 $10%\&' () -+0 BLOAME /{82
$109\&' () -+ $L09 ()-+ $10%\& ()-+) ?2s6$dJOCI  $10 $1 $109\& () -+

$109&' () -+ $109&' () -+ $109&' () -+ $10%A&' () - +) ?s6$yZ; OC
S$109ME () - +W S109M& () - +W $109%& () -+ $10%&' () - +) ?s6$i COC!

$10 $109&' () - +

CLAIMS
What is claimed is:
L A lubricant composition comprising;
A) a lubricant, and
B) at least one molybdenum-containing compound in the form of surface-

capped nanosized particles of the general formula
(Z2)o(X-R)y,

wherein;

Z is an inorganic moiety comprising molybdenum and sulfur in the form of

particles having dimensions in the range of from about 1 to about 100 nm;

(X-R) is a surface-capping reagent wherein R is a C, to C,, straight or

-

branched-chain alkyl or alkylated cycloalkyl radical or radicals and X is a functional

group capable of specific sorption and/or chemical interaction with the

molybdenum/sulfur moiety;

n is the number of molecules of Z in the particles;

m i$ an integer representing the amount of surface-capping reagents relative to a

single particle; and

the ratio of m to n is in the range of from about 1:1 to about 10:1.
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$10 $10% $1090&' () -+ $L0& ()-+ $109& () -+ $109& () -+

$109M& () - +) 7s6$) 8yZ; 0C!  $10 $109M& ()-+0 $109& ()-+ $L0W& () -+
$109M&' () WO SLOBMR () - +) ?s6$89: : HNOJJOC!  $10 $1 $109%& () peThkopANss] ) - +
$10000& () -+ $109& () -+ $LOWE () - +) 2s6SO0POTUMWIT3!  Ps' ! 1092 & () -

S 11094" 1& () - YAO#+10#10# ; 10%& () - $109M& () - +) 2s6$Zma| [ : uT3!

| s109%4" 1& ()- | F10%4" 1& ()- F F10%"1& ()- y1094"1& ()- | 1094"1& ()-

|t 109" 1& ()- cf |[[:uT3! 9% 1094"1& ()- f#1094"1& ()- 19! 1094"1& ()-
Y1094" 1& (2- | Toeddbt®agt)conlpbeitid dREIgin T whiereinlBlis seleRBHFRAM 11& drpup

0! 1094" 1& ()- .1094"1& ()- F ,1094"1& ()- |*gl09%4"1& ()- ' 1094"1& ()-
+./01: vUA! consi‘s@ %‘%f Mos MBS@%U&&M&S Na WS’L@DWFMOSM +),MoS;0, and

LM 109% & ()-101"1101"1101 1094 f&
hydrates thereof.
3. The lubricant composition of claim 1 wherein (X—R) is selected from the group

consisting of alkyl amines, dialkyl amines, trialkyl amines, carboxylic acids, dicarboxylic
acids, carboxylic acid amides, dicarboxylic acid diamides, alicyclic imides, ammonium or
alkali metal dialkyldithiocarbamates, divalent metal bis-dialkyldithiocarbamates, trivalent

metal tris-dialkyldithiocarbamates, tetraalkyl thiuram disulfides, and derivatives thereof.

4, The lubricant composition of claim 3 wherein the alkyl amines, dialkyl amines,

and trialkyl amines are of the formula
R'R*R*N

wherein: R, R? and R? are independently selected from the group consisting of

hydrogen, straight or branched-chain C,-C,, alkyl, C,-C,, alkylaryl, and aryl.
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0%
1096 &

& 10% & ()- L10% & ()- Y10% & ()- 1109% & ()- ,
10% & 8

& ()

&

) -

W e| [ :vual *10% & ()- (10% & ()- F S&L0% & ()- #10% & ()- !
“Efmlﬂ%'-&' ()-1&*+, | [NA4l 10"10"10" ,;10% & ()- pSHO%BK09r F1
10%& ()- / 10%& ()- , 109%& ()-,,}(|[:NA4! 10 1094"1& ()- 109%A"1& ()-
109%4" 1 () 9109%"1& ()- ~110% & ()- " “110%"1& ()-(~ w[:NAd! 10
1094" 1& () - 109%4"1& ()- ML0%"1& ()- Y10%4"1& ()- ylood"1& ()-

910%4"1& ()-WJ| [: NA4! 10 F. &10%4"1& ()- ,10%4"1& ()- ) 109" 1& ()-

1094" 1& () 5. %&1QHe hibficént-combpsitiokof plaitf § Nieiein tho LarbbllicTabQb, dicarbd Q" 1& () -
7 1094"1& ()- 4y109%4"1& ()- 2 109%"1& ()- OMLOYA"1& ()-}*|[:NA4!l ~ 10
3109 & () élgfocg‘rb@(yhcl&r@ é?ﬂn@)zs aﬁ@%ﬁ’c&rlfo& lic, &md Md‘%s ﬁl)e of the formula
L' 110% & (- 45| 109 & () - 10% BT M e ()- F
S10% & ()- 3 109 & () 5*{|[ NAG! 10 F. 10%& () - 0%& ()- )10% & ()-

109% & ()- % 10% & ()- | S#gl0% & ()-q| [NA4!l 10" 10" 10" ,: 10% & ()-
7°10% & ()- 4 10% & ()- 210% & ()- s010% & ()- 5}&s|[:NA4l 10 Y 10% & ()-
Y10% & ()- Ys10% & ()- |F 10% & ()- 1 100§ & ()- "M 10% & ()-i| [ NA4!

10(10(10( ,;10% & ()- |Z10%& ()- Yy- g%& ()- IL10%& ()- Y

z10% & ()-6}] =NA4! ~ 10gqV! 1096 & () 2qu % & ()-2qV1 10% & ()-2 | 10% & () -

dL: 1 10%-! ~& ()-T /L:110% "1 & ()-

| 5>hL, 4qV! 10% & () - 2qV! 10% & () - 2 qV! 10%8’}() 2qV! 109 & () - 2qV! 10% & () - 2'
| >JK_hst eGraqV! 109 & ()-2' 1 qV! 109% & () - 2qV! 10% & ()-2qV! 10% & ()-2' ! qV! 10%
& () - 2e E+4qieded¥K &S O)XF, ONHL,] DR, () NRARA dridR &S @ stPaiyit 10 Wiatichdd-chain,qV! 10% &' ()
- 2qV! 109% & () - 2hL, 4qV1 109 & () - 2qV| 10% & ()-2' 1 qVI 10% & () - 2q\V! 10% & () - 2qV
110% & () - Zathit a?%eﬁfﬂeﬁly'u%@a&&t% alky! A¥ied OB ) 12 AYedBUh &tdns 2aV! 1098 & () -
271 VI 10% & () - 2U Kl zeEt4qVi 1096 & () - VI 10% & () - 2qVI 10% & ()~ 2qV! 10% & () -
2'1-qVI 109% & ()-2qV! 10% & () - 2hL, 4qu 109% & ()-2qV! 1096 & ()-2' 1 qV! 109% & () - 2
qV1 10% & ()-2qV! 10% & ()-2' | +zdC, 4qV1 10% F -10% ! & ()- | * 10%!& ()- F
3(10% ! & () qV! 1096 & ()-2' 1 qV! 10% & () - 2#wiuxy| [ -410[!1 : 109% ! & () -

| 710% ! & () 1& ()- 13.1009 1 110% ' & ().-. .

| @! 109 ! &9() - 33‘}1 QPA&&@WW&OH? %1"8* (gher tﬁfﬁ@éﬁl&*@?es peLhdin & () -
Yy 10%"&& 109! & ()-10[!10[!>=|[: A410[!1 IT 10%! & ()- Yy 10%! & ()-
| LMLO%! & fgrmufa 109! & ()- Y10%! & ()- Y10%! & ()-88|[:A410[!1

19" 410%1! & ()- Y% 10%1! & ()- F "10%! & ()- Y@ 10%! & ()- Y10%! & ()- |
109! & ()- A[|[:A410[!1 114 10%! & ()- I, 210%! & ()- 1/!110%! & ()-
|-109m! & ()- F +109%! & ()- 1f)-109%! & & -[hvU410 z "M 10%r8 () -

M 10%wn! w& () -10n! 10n! 10n! ; 10%! & () - \ | 810%! & () -

| 6t 109! & ()-kn{[:vU410 z Iy10%1'& () NJL10%)! & ()- 1109%! & () -

| 109! & ()- |1 10%! & ()- Ys- 109 0z $10%! & ()-J 11"
109! & ()- Y @10%! & ()- 110%! & (v |g J0%!& ()- | 10%! & ()-RN| [:vU410
z 110%! & ()- J y/10%! & ()- L-310%! & ( +10%! & ()- (109! & () -

10%! & ()-kvU410 | 9GLO%! &' () -

(

wherein R® is hydrogen, (C=O)NHR’, or an alkylene amine wherein pairs of nitrogens
are joined by alkylene groups, R is hydrogen, straight or branched-chain (C,-C,q)alkyl,

and R7 is H or (C,-C,g)alkyl.
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POM 10% & ()- | ~9M 10%! & ()-10n! 10n! 10n! ; 10%! & () -

3f 100! & ()-ag|[:vU410 |110%! & ()- | @0%! & ()-1 10%!& ()- | 10%! & ()-

F 109! & Wo oly@lo% ! & ()-1s|[:vU410 1& 109! & ()- °$ 10%ERiushi/lios:

"10%m! & ()- | 10%! & ()- |Z10%m! & ()- L10%! & ()-)~~|[:vU4l0 3Y10%! & ()-

| 1f 109! & ()-1 F @10%! & ()- -10%! & ()- *F10%! & ()- (f

109! & ()-X[\]~(xvU410 | L109&! && ()- SL 1109 & ()-10n! 10n! 10n! : 10%! & () -

710%1! & ()- 5 109! & ()-x,<:|[:vU410 109&! && ()- S, 109%&! && ()-

10981 && () 7. | 109l &lrichnt compakitiésiof plaim 1 OMBteRRLhE mnrdriunt 04 lkali GEOAE! && () -

“$f 109! &&' ()- 3" 109! && ()- 109! && ()- 109&! && ()- vy

10961 € () hallMERBU AQHE (e B 0% & () 108 8108 €108 & « 109 68 ()-

+f 109&! &&' () - Y ( 109&! && GyN[ [ vU410 b YsGLO% !: & ()- |F 10%!: & ()-

1 Z10% !: & ()- 3 10% &() | 10%!:& ()- 6l 1094 & ()-9/|[:vU410 b | %

10% ! : & ()- 1 f# 10%!:& ()- |09 10%1:& ()- Y- 10%!: & ()- | 10%1: & ()- YS
& ()

10% ! “g|[:vU410 b |32 10% ! /1@8() 111Q% ! : & ()- If/ 10%!:& ()- 3
9-10%!: & ()- * 10%!: & () Y 10% I\ & () 3{«u410 \ 10%1|& ()-

L10%! & ()-10:!:10:!: 10 :10% ! 10% !

| &610% ! : & () - p3x|[ vU410 3100/ml&y 0%n! & () @0%1!&'()- >,

109! & () - 109%! & ()- s10%! & {¥-xgV| [ S\é + L110%! & ()- 109! & ()-
S10%! & ()- 10%! & ()- s10%! & ()- F 10%! |[ vU410 |.10%! & ()- @
10%! & ()- *10%! & ()- '310%! & ()- 9%R10%! & () # 109! & ()-EYuT310 |

10%! & () - whereihR R4 Rare kndepAdeady seldcteifrdm-the flohP YRmsistifig (of (T LG, Jdlia)l 10n!
. 10%! & ()-1C[[:uT310 | 10%!& ()- 1s10%I& ()- Fy 10! & ()- |z
1091 & () - ahd 861 8o J& bARHMY, & ()-2%0| [:uT310 Y (10%! & ()- %SL0%! & () -
| F#10%! & ()- 9! 10%1 & ()-'110%! & ()- |10%! & ()-0az|[:uT310 6,
1091 & ()- 3 10%! & ()- 110%! & ()- y/10%!& ()- L- 10%l & ()- +@
10%1! & ()-2ZvU4A10 Y-10%! & ()- |"L10%! & ()- 910%! & ()-10n! 10n! 10n!

L 10%)1 & ()- , 8Y10%! & ()-fy4|[:vU4l0 YFLOWI & ()- | 10%!& ()- 3

@oun! & () - @00 1& ()-_Ys 10%! & ()-. Y tyl

| f #10%! & F@‘Pf‘é%% C(OJ“POE‘E)‘%PgC‘f‘ Ef%‘i &%%ﬁa?e% %ﬁﬁﬁﬂs& ()- Ysz
10%! & () - SE|1[ vU410  0S10%! & ()- |Y. 10%! & ( . 1091 & () -

1) 109! & ( dialkyldithgeadramate s ¢ ConpoRNG 9ft‘hgfcgmle4 tlo%nl & ()-

L>1109%/& ()-1L"1109JU& ()- L !10%! & ()-10n! 10n! 10n! 10%1!& ()-1C[:uT310
| Z10%! & () - Y10%! & ()- | YmLO%! & ()- |, 10%! & ()- YnTLO%n! & ()-

YMLO%! & ()-7|[:uT310 F 0% 10%:3& ()-' %109 & ()-' |y#10%! & ()-

L' 10%! & ()- | GlO%! & ()¢ | gl0%! & ()Mau :uT310 _410%! & () -

1 210%! & ()- 010%! & () - \& 10%11 roiowm! & (R F

*210%! & () - FI JKLbvUA10 %l& )- b 9 110%,|& (F- ~ 9 110%[!x& ()-
10n! 10n! 10n! ; 109! & ()- 37N gﬁ&() bPP|[/ 470 10%! & ()-b |
10941 & ()-~ Sy 10%!& ()- /&210%\ X \R9

wherein R® and R? are selected from the group consisting of (C,-C,,)alkyl and M** is

Fe*?, Zn™, Pb*, or Cu*s.
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S10% ! & ()

-1 10%!& ()- PC[:vU410 GY(MO0% a& ()-b &L0%!& ()-~

s$10% ! & ()- F's109%!& ()- 10%!& ()- | T 10%!& ()-5*t|[:vU410

410% ! & (WwdoRdBg' & ()-~ 0 10%!& ()- |F. 10%!& ()- | , TPOVUsE/(dbs2
OY(MLO% ! & ()-t=vU410 10%! & ()- Y' 10%!& ()- " 10%!& ()-10['!10[!10[!
- By 109%!& ()- =5|[:vU410 9S10%! & ()- 10%! & ()- 10%! & ()-

;109! & ()
109! & () -

sf100m! & ()- 3 109! & ()- 3KOS|[:vU410 #F 10%! & ()-

1109 & ()- 109! & ()- Y Z10%m! & ()- . 010%[& ()-&
10%! & () - &S8] | [The Lk ant @hipdsiti&h Of elalm G ZdBe4 Rie(t)ivalent MAMtti& () -
F+10%! & ()- )10%! & ()- | &GLO%! & () - @DEF xvT310 ¢
"M 10%n& (dialitylddhiQ¥eadiatds-are M he¥nfuld ) - 10n! 10n! 10n! ; 10%! & () -

.@10%! & ()-~{|[:vT310 g 10%H & ()- f 10%H & ()- | &10%H & ()- G

10% & () -

10%H & () - H T{Z9NA410 10 | MLO%&! && ()- | | @ 10%&! && ()- 1Y 10%&! && ()- ~
OL! 10% & ()-!9L! 10% *& ()- 9L! 1@@}&'()1\19 |[:NA410 10 3 L! Y109%&! &&' () -
- 1109 && ()- | 109%&d]

1098 &&' ()

S

1094 & ()- | 10%H & ()- {#0|[:vT310 g '10%H & ()- % 10%H & () -
| #@O0%H & ()- S 3 10%1 & ()- &L0%H & ()- 10%H & ()- 1||[NA410
*1OH! 10H! 10H : 10%4 & ()- 110%4 & ()- /RO%H & ()- | s-10%H & ()- 9*m

(lgqf 3INg? R

wherein R® and R® are selected from the group consisting of (C,-C,,)alkyl and M*? is

Sb*® or Bi*®.

10.  The lubricant composition of claim 3 wherein the tetraalkyl thiuram disulfides

are of the formula

N-——C/ \C-—-N
AR\ ;
R s S R

wherein R* and R are independently selected from the group consisting of (C,-C,,)alkyl.
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SFL0%&! && ()- 109%&! && ()-k"u|[: NA410 10 /109%& && ()- | - 109%& &8 ()- F
3+100@) && ()- ' 109! && ()- | %L0%I &&' ()- | y#10%&! &' ()- O uT310

1094 & () WA0198000% $ [& ()-! M 10%GG& ()- > M 10% & () - PORISADRLLOL &

L 109! &&' ()- . 9~+[:uT310  10%H & ()- 10%H & ()- Y 10%H & ()-

109 & ()- &10%H & ()- 10%H & ()-+=|[:uT310 ' 10%H & ()- %0% & ()
#g10%4 & ()- s!f10%H & ()- Fnl0%H & ()- 109 & ()-4| [ NA410 10H 10H! LoH .
1094 & ()- 010%H & %. J10964 & ()- S, S10%H & ()- & 10%4 & ()- | " #f HNA410
10H 10' b 109%! &h¢ JubgicamOusmn@sitipn of claidysh Miefein the ndiglnnig: qontaining

109! & ()-#/ @P\ b _?NA410 10H  10%! & ()-0  10%! & ()-0 10%! & ()-0
10%! & 8 @ortr)ql&%m! i&'td form FRNThR-dappabrmbsipéd/istides QMPIc%ed i £n amount
-10%! & 0]

of about 0.2 to about 5% by weight.

12. The lubricant composition of claim 11 further comprising at least one additional
additive selected from the group consisting of dispersants, detergents, rust inhibitors,
antioxidants, metal deactivators, anti-wear agents, antifoamants, friction modifiers, seal

swell agents, demulsifiers, VI improvers, and pour point depressants.

13. A process for preparing a molybdenum-containing compound in the form of

surface-capped nanosized particles of the general formula
(Z)o(X~R)p,
wherein:

Z is an inorganic moiety comprising molybdenum and sulfur in the form of

particles having dimensions in the range of from about 1 to about 100 nm;

(X-R) is a surface-capping reagent wherein R is a C, to C,, straight or
branched-chain alkyl or alkylated cycloalkyl radical or radicals and X is a functional
group capable of specific sorption and/or chemical interaction with the

molybdenum/sulfur moiety,
n is the number of molecules of Z in the particles;

m is an integer representing the amount of surface-capping reagents relative to a
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10%!' & ()-0 10%!'& ()-o0 10%!& ()-o0'bv|}eGt4 10%!& ()-o0o'b 10%!'& ()-o0
10%!' & ()-0 10%!'& ()-o'b 10%! & ()-o0eE+4 10%!'& ()- 10%! & ()-o0

10%! & () wo oided%ed & ()-0'b- 10%!' & ()-o0 10%! & ()-ohL, 4 pdPRbK463r O
10%! & ()-0'b 10%! & ()-0 10%! & ()-o0

single particle; and
the ratio of m to n is in the range of from about 1:1 to about 10:1;
wherein the process comprises the steps of:

A) creating a reversed microemulsion comprising a hydrocarbon-soluble
surfactant solution in an organic solvent or solvent mixture and an aqueous solution of a

water-soluble inorganic molybdenum (VI) compound,

B) if necessary to create a molybdenum/sulfur moiety, converting the water-
soluble inorganic molybdenum (VI) compound into a thio-derivative by reaction with

hydrogen sulfide;

C) adding a surfactant that chemically interacts with and/or adsorbs on the

molybdenum/sulfur moiety;

D) removing water and the organic solvent(s) from the microemulsion and
extracting the molybdenum/sulfur moiety-containing products thereof in the form of

surface-capped nanosized particles with a suitable organic solvent; and

E) removing said suitable organic solvent.

14.  The process of claim 13 wherein Z and the water-soluble inorganic molybdenum
(VI) compound are selected from the group consisting of MoS,;, MoS,0, Na,MoS,,

Na,Mo8S,0, (NH,),MoS,, (NH,),MoS;0, and hydrates thereof.
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10%!' & ()-0'beGt4 10%!'& ()-0o'b 10%!& ()-o0 10%!& ()-o 10%m!& ()-0'b
10%! & ()-oeE+4 10%!' & ()- 10%'& ()-o0 10%'& ()-o 10%!'& ()-o0'b-
10%! & ()wo 012Q86%! & ()-ohL,4 10%!& ()-o0 10%!' & ()-0'b POPOLE (19820
10%!' & ()-0 10%!'& ()-0'beE, 4 10%!'& 10%! & ()-o0

15. The process of claim 13 wherein the hydrocarbon-soluble surfactant is a cationic,

anionic, or non-ionic surfactant.

16.  The process of claim 15 wherein the hydrocarbon-soluble surfactant is cationic.

17.  The process of claim 16 wherein the surfactant is tetraalkylammonium halide.
18.  The process of claim 17 wherein the surfactant is cetyltrimethylammonium
halide.

19. The process of claim 18 wherein the cetyltrimethylammonium halide is dissolved

in chloroform:n-alkane (1.1 v/v) in a concentration of 0.01 to 0.1 mol/L.

20. The process of claim 19 wherein the n-alkane is selected from the group

consisting of pentane, hexane, heptane, octane and isomers and mixtures thereof.

21. The process of claim 13 wherein the aqueous solution of water-soluble inorganic

molybdenum (VI) compounds has pH less than or equal to 8.
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10%!' & ()-0 10%!'& ()-o0 10%!'& ()-o'b 10! & ()-o0)=MIC, 4 10%! F
%R10MW & ()-0 Y's10N & ()- "TI0OMW & ()- sLI10%M & ()- 10%!& ()-o' bBE/[:,4 1

12 109 & W0 01/9480410% & ()- |. 109 & ()- If,T 10% & ()- | ObCHO%W1&i4682- '
109 & ()- JMNOP] nvU4 Y'L1098 & ()- L1098 & ()-10! 10! 10! :109% & () -
|F7TM 10% & ()- |,5109% & ()-npn|[:vU4 1:110% & ()- 1Z10% & ()- 110% & () -
11109 & ()- 1Y 109 & ()- |- 109 & ()-nk|[:vU4 109 & ()- 10% & () -

10% & ()- 10% & ()- 109 & ()- |L10% & ()-3/|[:vU4s .10%W & ()- +y
1098 & () - 23209 &hé proceskQffdckirh )13 \Mldréfﬂ@?ésﬁr&étantﬂlaim%n&aﬂQ n‘@ér)wts Wfith- 410!

10% & ()- 9- 10% & ()- 69110% & ()- * 410% & ()- " 2 10%& ()- 90 10% & ()-
./ ?PTbA41 )

L10% & () - %bl/lﬂoé%fé‘%{(i"fﬂﬁ%llyb?%‘% ﬁ‘%)m (’Iletgi%%dggé §° thFi’%‘g’%&‘%S@“ RAS8 & () -

| 108 & (), [£109& ()-K —IH|[ A410! ' 109% & ()- 3W10% & ()- F

#8109 & ()A)iD 16847 () 91098 & ()- 1098 & ()-172""" Fés#viwk| [ : - 410!
109 & ()- S2910%W & ()- &010W & ()- -10W & ()- + 109 & ()-
)10%& () - witx#ty##, $$$$%A410! - 1098 & ()- 10% & ()- ~@10% & ()-
11098 & ()- | u"110% & ()-10! 10! $%M0B&s&E | [: A410!  10% & ()- s10%W & ()-
9! 10% & () S10% & ()- 109 & ()- 10W& ()-'m' (h(( )|[:A410! |+F10% & () -
| @10% & 23- &Tbep®icess-of sipim@3avaiefsin tig sublpignt(that chpmically @it¢rpets with
)Z2)1)")_) )0)))vU5104! 1098 & ()- Y' 10% & ()- ~10% & ()-10!10!10! ;10% & ()-
-109% & () - ad/o écbsbﬁbSBElﬁMma;@%&uﬁ)/sxﬂfulﬂ%&y (s)selfébt‘ee%a&l (h)e'g%d{Q%I&Sﬁﬂ 1411098
& ()-41109% & ()-4!110% & ( ) fF&741 1098 & ()-4! 109 & () - 4110%&() Aohi

0 o 4 SR, G, 00

4110%&( S 411008 & () 41 1 0 G Ns U« dx 2741 1006 &41 1094
& () - 41 1005%0¢ &uailé%fad a@f%g lig: aeja Jartighs &?@@%@6% n(r)mamk%ﬁlsaw *] A2
741 109% &4! 10%& - Aohi s4| 4110% & ()-4110% & ()-41 109 & ()-| ******* 2741 10%
| 841 1098 & fptaydi d@h{oyadvam@% gliyalent mealabgs-4iy d&b%@b@atﬂs 10%1@ yetal » « x % x}
aA?74! 109 &4! 109 & ()-4! 10% & () - Aohi s4! 41 109 & ()-4! 1098 & () -*****x* 27411
098 &4! 1098 Sis(Jialky1DRbSirbImates] Obailky) thurdodiilf{des, 4ind ARBiRitivEs tHelddPd & () - *****
*aA?74! 109 &4! 10% & () -4!10% & ()-4!10% & () - Aohi s4! 41 1098 & () - *****++_274]
1098 &4! 109% & ()-4! 1098 & ()-4! 109 & ()-4!10% & ()-4!10% & ()-4! 109 & () - ++++
++aA?74! 109 &4 109% & ()-4110% & ()-4!10% & () - Aohi s4! 41 109 & () - +! +' +- +3+9+
2+ ?74110% &4! 10% & ()-4!10% & ()-4!10% & ()-4!10% & ()-4!10% & () - 4! 10% &

2+ Gt + X+ ’? | 0 L "().- 4l 0 ! - 44- 1,09 L ()-4l : - Aohi s
O o o A PR A R R s g Rl Bl e 000"
()-4! 10/6&1% Y V\]Ilj-X+++— a@74!10% & 10% & ()- 10% & ()- S109% & () -
4110% & Sfithey oomyla, FoWe- | [ 74110%-10%8 & ()- Y +10% & ()- (10%& ()- Y
&10%&() #10%8 & ()- “1f10WB & ()---..... X..vU4411 v "M 10%& ()- <
R'R?R’N

wherein R}, R? and R? are independently selected from the group consisting of hydrogen,

straight or branched-chain C,-C,; alkyl, C,-C,, alkylaryl, and aryl.
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"M10%!'i & ()-10!'10!10! ;109 & ()- 2109 & ()-
“010% & ()-.# ./1/2/3/ 4/ AN H vUI4l 1  10%@B@ ()- 910%&E@ () - 10! 10! 10!
;1098 & () WO A& ()- Isg 108 & ()-H\///1] O][:vWddl 1l | 1S4/ (ups2 3
-109%@B@& ()- |" 10%@B@ ()- 3 10%R@& ()- Y F109%6&6& ()- | 10%@&@ () -
0, 050~00g11|[:vU44!1l | &Q10%@BE@E ()- |!'410%B@ ()-' | 10%@&@ ()- 3
10%@B@ ()- Y, : 10%@B@ ()- 10%B@ ()-11102d2222|[:-410@@ , ; 10%B@& ()- 3
f210%@B@ ()- |/ 10%@B@& ()- 3 -&10%RER@& ()- 3 *10%&R@& ()- | 3(G
10%@&@% () 222230ReBMbASTO@R@3 wha¥s!iie dayboxylid ke dicdrbexyHichomds, catboxylicH
10%s! & ()- "M 10%! & ()- 10@&@L0@@x440556Q6| Z9A410@@ ) 10%s! & () - &
109& () -f  2di@%ides (Al dicatOS@Ai&atili-diankidQ4pe & l(hkformula
.3110%! & ()- Q6 T6UBVE6WE67" 7p7vUA10 910% & ()- ( & 109 & ()-3' F 109 & ()-
LM 10% & ()-10s! 10s! 10s! ; 10%s! & () - p7788#8v88|[ vU410 -110% & ()- +
108 & ()- ) 91109 & () - 109 & ()- 110% ()- 109% & ()-88888899"9vU410 |
-Z10% & ()- " 109 & ()- L10% & () - 10! 10';[1)' 10%& ()- & 10% & ()-
A999999: [ [: VU410 Y 10% & ()-  10% & ( @O0% & ()- y@ov& ()- @0%&' ()-
3 10%& ()-:W::::;|[:vUa10 -&10%&4,@/ \IrlO%& ()- #10% & ()-
#1008 & ()-- 10% & ()- |Y109% & ()- :R:T:":: ,?x,vu410 109! & () - 1008 ()-
10%! & ()- COM 109! & ()- 10! 10! 10! ;109 & ()-:; 9<Ge<<<|[:vU410 - 109%& ()--
)10%! & ()- &L0%!& ()- !nml0%!& ()- Y10%!& ()- p 109%& ()-
<<<! =$=98&=' ==| 0bU410 JL !10% & ()-10s! 10s! 10s! ; 10%s! & ()- L6& 10%s!& ()-
- 10%! & ( yvherein XQ9QHENE, NERS|or SRRY ndRYis 8n stedightios bianchedt g sdthrated
1098 & ()- 10% & ()- L
or partially unsaturated, alkyl moiety of from 1 to 40 carbon atoms.

26.  The process of claim 23 wherein the alicyclic imides are of the formula
R’
0] N O
RS

wherein R® is selected from the group consisting of hydrogen, (C=O)NHR’, and alkylene
amines wherein pairs of nitrogens are joined by alkylene groups; R° is selected from the
group consisting of hydrogen and straight and branched-chain (C,-C,y)alkyl; and R is

hydrogen or (C,-C,g)alkyl.
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1098 & () - f 1098 & ()-We??2?2?2: @[:bU410 )10%W & ()- F' 10%W & ()-
$LI0WB & ()- Y'10%B & ()- 109 & ()- yYI0% & () - @DAMAAAB| [ : bU410 Y
S8' 10% & Wo 01/Ms@l0% & ()- 3F 10% & ()- Oyl0% & ()- . F10%&r/Ake1/149s2
y, 10% & ()-BBBBB B5BEBBvU410 F 10%! & ()- " 10%!& ()- 10%!& ()-

L10%s! & ()-10! 10! 10! :109% & ()-BBBWOCC(D| [: vU410 F10%! & ()- F MLOY%! & () -
f@0%! & ()- 9& 10%s! & () - Y 10%;! & ()- Y F10%! & ()-(D: DDDD: EE| [ : vUA410
9'f10%! & ()- %0%! & ()- "z10%! & ()- @Y 10%!'& ()- Y z10%! & () -
s10%! & () 2 EEELFhhiobdds M&&Qﬂ% Whesinkifls hikall ke &ialioytditBibRi®hdates are of the

| 1Y10%s! & ()- ,/ 10%s!& ()- VY )glo%s!& ()- FFFG$G>< [ NAA1010 | 10%y' g& () -
|z 10%0" 9& Y 10%' g& ()- |'!'10% g& ()- |"s10%' g& ()-
-L10%g' 9& ( &§ G‘iiHHZI L[ NA41010 | 210%" J& ()- FO& 10%y' g& () -

F) MLO%y' g& ()-' F!! 10%g g& ()- YFglO%g g& ()- 110% g& ()- I111173JIKvU410
10%&() | @0% & () - 108 & ()¢ 9 !'10% & ()-10g' g10g' g10g' g

;1099 9& () KkKKLwLL$I\/|[ vU410 R\M%O%& $)- 1t1098 & ()- 108 & ()- s

1098 & () - 108 & ()- S 108 & ()-9% [NA41010|10!10! , 1098 & () -
+10% & ()- y)& 1098 & ()- |&t 10% &=CL$10% & () - M\/IVD(NNNN| [ NA41010
9110 & ()- sF -10% & ()-3 3 SL0%& () - \9' 1098 & ()- I1"L10% & () -
910% & () - N=OOOODPP| [ : NA41010 - R10% & ()S—=M 108 & ()- y)9'10% & () -
310% & ()- YS10% & ()- 3109% & () - PPPPPPPP/ QvU410 I, " 110%s!& () -

10%s! & () - L10%s! & ()-10!10!'10! ;109 & ()- &010% & ()-/QrQ

Q?Q QQQ [ : whird Reland RYErednde andenﬂjlﬂs‘}@tsﬁ f(c)mth 2H®! Bnidting of((il %}ﬁllﬁ) and

10%& ()-, 1Y 10%s! & () - Q?$ R@RRR| [ : vU410 fO%;l & ()- 0Y%s!

110%s! & () W SE /y@ ﬁqﬁf -- S10%s!'& () - L! 10%s! & () - RRRRRRR<SKSvU410 3Y
S109% & () - Mgsll &‘?QT) 108 & ()- L109B & ()-10s!10s!10s! @
10%! & () - KS[ SxSzSSS+T|[:vU410 F $: 108 & ()- 31098 & ()- 3s!10% & () -
109%& () -

28. The process of Claim 23 wherein the divalent metal bis-dialkyldithiocarbamates are

of the formula

- +2

RB\ /S—M si /R

wherein R® and R® are independently selected from the group consisting of (C,-C,,)alkyl and

M*is Fe'?, Zn*?, Pb™, or Cu*.
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@109 & ()- s 10%°& ()- +TBTITTT||[:vU410 F $:10%W & ()- 3109 & () -
;108 & ()- F.&&10%B& ()- L' 10%BW& ()-- L' 10 & ()-- Normal" "Headi ng
13] c¢" " Hewd owp4®] c" "Headi ng 33]c" "Headi ng 43]c" "Headi ngch8ker/149¢deadi ng
63] c" " Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Fontji T&+l 05 ;L@ EeHM:QSEV\] dkr ku{ 3%/0+z] KEQ. x
_&+3,/ V35! 8& ?CFJMZI?\/XZ\’\ bdf hj | nprtvxz| ~%D, nB2;
All ?2PXUZcl {un~wJA8LK(=! +d29?EMRT | k5g&LI ! " $% T) F+-. My02 3459g7892; <
>? ABCEHFIO Il KKNADre: Mbm&mmﬁréiﬁ theajidkdérg mjdial oD dislkyMinkioddrbargdhesGe Xn19r +
?{' agMX80+, (>Uy[ x: "xVozbPt =S{ +#bvnn- TK ! w#$%
))))*9* d* |0*f’{ﬁe*f§)iblﬁgmx+v+ .H 0124Q@6p78"79: ; ; <=WP@B( DEFA KSMWNP/ QQRKS+TT
"HEUR () *+, - /0123456789
<= >’>@\BCDEFGHI JKLM\IODQ?STUVV\XYZ[ \]"~_"abcdef ghi j kl mopgr st uvwxyz{| } ~
P"H#$UR' ()*+, -./0123456789: ; <=>?@\BCD6Ti nes New RomanAri al Couri er New'h Root
*Ent r yWor dDocunent r | " #$9& ()*+, -./01%3456789: ;
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ] " _~ achef ghi j kl mopqr st uvwxyz{| } ~
I"#$9R ()*+,-./0123456789: ;
<=>?@BCDEFGHI JKLMNOPQRSTUWKYZERIX absef ghi | ki mgopqr st uvwxyz{| } ~
| " #$UR () *+, -./0123456789: ; <=>? @BEPEFGH JRL I]{

" S\M \C/ ~gs

v —
f

wherein R® and R? are selected from the group consisting of (C,-C,,)alkyl and M** is Sb**

or Bi*3,

30.  The process of claim 23 wherein the thiuram disulfides are of the formula

R S——S8 R
N— C/\ /\C—‘—N<
R’ \ S g / R’

wherein R® and R are independently selected from the group consisting of (C,-C,,)alkyl.
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