"COVPCSI TI ONS FOR | MPROVED FRI CTI ON DURABI LI TY I N PONER TRANSM SSI ON FLUI DS
FI ELD The present invention relates to transm ssion fluid conpositions and
nmet hods for use in transm ssions having steel-on-steel contact. Further,
the present invention relates to conpositions and nmethods for inproving
steel -on-steel friction. BACKGROUND There has been a steady growth in the
nunber of autonobil e manufacturers using or planning to use continuously

variabl e trans@oMPOSITIONSSFORTMPROV K FRACMIUN DU A BULKMBIN C
transm ssions. CVTs have been shown to i artlaﬁgroved fuel efficiency and

driving performance as WlQWIER ARANSMISH QNI npared to conventiona
automatic transm ssions. CVIs may contain a steel push-belt, chain and
pul |l ey assenbly, or disk assenbly (in the case of toroidal CVTs), in
conmbi nation with a torque converter PIEEDne other formof a start-up
device. Torque is transmtted through netal -nmetal contact between the
pulley and the belt or chain or disk. Efficient transm ssion of torque

requires rel gph gfels%hthﬁ\gzﬂ él%??éte% J&f&ﬂssmfmrﬂu?& St s%@h@ﬁiadmﬁlse

bet ween, for t an ey or c ain and the pulley. Low
frictiom mnh&sauhsﬂlavmgsteebdm ptpelgmntmct évmhenaheawexanphwcnmlates to

Steel -on-steel fri therefore a cri requi renment for

transm SEPBIFIHISEY &E@l@ﬁ%ﬁ*ﬁﬁﬁ@“m%ﬁﬁﬂdﬁﬁﬁ? ﬁgqﬂﬂh met hods for inproving
steel -on-steel friction are increasingly desirable. BRI EF DESCRI PTI ON OF
EMBODI MENTS I n an enbodi nent, a power transmtting fluid for use in a
transm ssi on having steel -on- st dBACKERQENPmy conprise a maj or anount of
a base oil and at |east one thiadiazole or derivative thereof, wherein the
fluid has inproved steel-on-steel friction properties. The thiadiazole may

be present i Thae hagBesita stfadapeywth th B2 nwdnberQdf a®idbile manufacturers using or
planning to use continuously variable transmissions (CVTs) in place of conventional automatic
transmissions. CVTs have been shown to impart improved fuel efficiency and driving
performance as well as reduced emissions compared to conventional automatic transmissions.

CVTs may contain a steel push-belt, chain and pulley assembly, or disk assembly (in

the case of toroidal CVTs), in combination with a torque converter or some other form of a
start-up device. Torque is transmitted through metal-metal contact between the pulley and the
belt or chain or disk. Efficient transmission of torque requires relatively high steel-on-steel
friction with minimal wear between, for example, the belt and pulley or chain and the pulley.
Low friction can lead to belt slippage or even catastrophic wear. Steel-on-steel friction is
therefore a critical requirement for transmission of torque, and thus, compositions and

methods for improving steel-on-steel friction are increasingly desirable.
BRIEF DESCRIPTION OF EMBODIMENTS

In an embodiment, a power transmitting fluid for use in a transmission having steel-on-
steel contact may comprise a major amount of a base oil and at least one thiadiazole or
derivative thercof, wherein the fluid has improved steel-on-steel friction properties. The

thiadiazole may be present in an amount of about 0.05 wt% or more.



I'n anot her enbodi nent, a continuously variable transm ssion may be

| ubricated with a fluid as described herein. In another enbodi nent, a

nmet hod of lubricating a transm ssion having steel -on-steel contact may
conprise adding to, and operating in, the transm ssion a fluid as descri bed
herein. In another enbodi ment, an additive conposition for use in a
transm ssi on having steel -on-steel contact may conprise at | east one
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sufficient to provide a coeffjcient of friction of about O. 085 or greater
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or derivative thereof present in an amount sufficient to provide a coefficient of friction of

about 0.085 or greater in a steel-on-steel application.
DETAILED DESCRIPTION OF EMBODIMENTS

The present disclosure describes compositions and methods that optimize performance
requirements for steel-on-steel friction. Compositions and methods for using thiadiazoles to
improve steel-on-steel friction are presented herein, providing an improved delivery of high
steel-on-steel friction.

In an embodiment, a power transmitting fluid according to the present disclosure may
be used in a transmission having a steel-on-steel contact. Such suitable transmissions may
include various types of continuously variable transmissions (CVTs), such as push-belt, chain,
and disk-type CVTs. Further, other such transmissions may include automated manuals,
manual transmissions, or dual clutch assemblies.

Power transmitting fluids according to the present disclosure may comprise at least
one thiadiazole or derivative thereof. Suitable thiadiazoles or derivatives thereof may include
thiadiazole, alkylated thiadiazoles, mono- and/or di-substituted thiadiazoles, as well as

mercapto- and other substituted thiadiazoles, such as (a) 2-hydrocarbyldithio-5-mercapto-
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‘Power transnitting fluids according to the present disclosure nmay conprise
at |east one thiadiazole or derivative thereof. Suitable thiadiazoles or
derivatives thereof may include thiadiazole, alkylated thiadiazoles, nono-
and/or di-substituted thiadiazoles, as well as nercapto- and ot her
substituted thiadiazoles, such as (a) 2-hydrocarbyl dithio-5-nercapto 2

1, 3,4-thiadiazole or 2,5-bis-(hydrocarbyldithio)-1, 3, 4-thi adi azol e and

m xt ur ed,3, $heliedifzolé b) 2, 2—b1dqwdmm1bmdhmm)d s h4-tinediaagie eadlmdktdrels Hicaahfabple; and
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tertiaryhmigaptan. In another procedure, DMID is chlorinated to formthe
desired bissul fenyl chloride which is then
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wherein R and R' may be the same or different hydrocarbon groups, and x and y be integers
from 0 to about 8, and the sum of X and y being at least 1. A process for preparing such
derivatives is described in U.S. Pat. No. 2,191,125 and comprising the reaction of DMTD
with a suitable sulfenyl chloride or by reacting the dimercapto thiadiazole with chlorine and
reacting the resulting disulfenyl chloride with a primary or tertiary mercaptan. In another
procedure, DMTD is chlorinated to form the desired bissulfenyl chloride which is then
reacted with at least one mercaptan (RSH and/or R' SH). U.S. Pat. No. 3,087,932 describes a
one-step process for preparing 2,5-bis(hydrocarbyldithio)-1,3,4-thiadiazole. Compositions
prepared in this manner are described in U.S. Pat. No. 2,749,311. It will be understood by
those skilled in the art that the reactions referenced and described above may produce some
amounts of the monohydrocarbyldithio-thiadiazole as well as the bis-hydrocarbyl compounds.
The ratio of the two can be adjusted by varying the amounts of the reactants,
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‘reacted with at | east one nercaptan (RSH and/or R SH). U S. Pat. No.
3,087,932 describes a one-step process for preparing

2, 5-bi s(hydrocarbyl dithio)-1, 3, 4-thiadi azol e. Conpositions prepared in
this manner are described in U S. Pat. No. 2,749,311. It will be understood
by those skilled in the art that the reactions referenced and descri bed
above may produce sone anpunts of the nonohydrocarbyi dithio-thiadiazol e as
wel | as the bile-phgmraioan ¢ thydorpdyhditio-5-Tirecapid-i 3, bthiddezolosthaciap thee
adjusteg?g% varyi ng the anmounts of the reactants. 3 The preparation of
2-hydr odSMFdi t hi o- 5- mer capt o- 1, 3, 4- t hi adi azol es having the formula: N-N
R S S CGCGSSH S where R is a hydrocarbyl substituent, is described in
U.S. Pat. No. 3,663,561. The conpositions are prepared by the oxidative
coupling of equinolecular portidas—Mf a hydrocarbyl mercaptan and DMID or
its alkali netal nmercaptide. Th& coppositions are reported to be excellent

sul fur scavengers l@ﬂaée_uggj_g I ncpreyvent ishg copper corrosion by active
sul fur. The nono-nercaptans use iythe preparation of the conpounds are
represented by the fornula R SHfwherein R is a hydrocarbyl group
containing fromabout 1 to about 58 carbon atons. A peroxy conpound,
hypohal i de, or air, or m xtures thereof, can be utilized to pronote the
oxidative coupling. Specific exanples of the nono-nercaptan include nethyl

mer capt avhers Boig edygrocaibybabstinenthis dpscrived subaRat oc§166486taldean, and | ong

e el L 0 S RTINS oPon

about 3 hydrozhdyt méftaptan pRdPMITD ios (b bk yli a1eeal uidréfptidp.eThertohpotitions Fbe

t hi adi azol e qr derivative thereof may be present in an amobunt of about 0.05

W % reported to be excellent sulfur scavengers and are useful in preventing copper corrosion by
active sulfur. The mono-mercaptans used in the preparation of the compounds are represented
by the formula R' SH wherein R' is a hydrocarbyl group containing from about 1 to about 28
carbon atoms. A peroxy compound, hypohalide, or air, or mixtures thereof, can be utilized to
promote the oxidative coupling. Specific examples of the mono-mercaptan include methyl
mercaptan, isopropyl mercaptan, hexyl mercaptan, decyl mercaptan, and long chain alkyl
mercaptans, for example, mercaptans derived from propene polymers and isobutylene
polymers especially polyisobutylenes, having about 3 to about 70 propene or isobutylene units
per molecule.

The thiadiazole or derivative thereof may be present in an amount of about 0.05 wt%
or more. As a further example, the thiadiazole may be present in an amount of about 0.095
wt% to about 5 wt%, or in an amount of about 0.095 wt% to about 1 wt%, or in an amount of
about 0.3 wt% to about 0.5 wt%. Further, the thiadiazole or derivative thereof may be present
in an amount sufficient to provide a coefficient of friction of about 0.085 or greater in a steel-
on-steel application. As a further example, the thiadiazole or derivative thereof may be
present in an amount sufficient to provide a coefficient of friction of about 0.09 or greater in a
steel-on-steel application.
The embodiments of the present disclosure may provide a fluid or additive

composition that has improved steel-on-steel properties. Such properties may be compared to

a fluid comprising less than the disclosed amount of thiadiazole or derivative thereof.
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‘'or nore. As a further exanple, the thiadiazole may be present in an anount
of about 0.095 w%to about 5 W% or in an anmount of about 0.095 wt%to
about 1 w% or in an anmount of about 0.3 wt%to about 0.5 wt % Further,
the thiadi azole or derivative thereof may be present in an anount
sufficient to provide a coefficient of friction of about 0.085 or greater
in a steel- on-steel application. As a further exanple, the thiadiazole or
derivative tHereembodiyneneof the psesentt invention, alvathidiazolefrhayi ‘t&rﬂirdctly |addaadj tda a

coefficient of fr.iction_of.about 0.09 or eater. in a steel t eel
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properties may be conpared t d conprising less than the discl osed

anmount @bqumcadﬂambmlmwﬂhiemavsmmmm ﬂh@r@ufom tenperagwreenbodi ment of t he
present invention, the thiadi azole nmaybe directly added to a power

transm ssion fluid to i nprove steel-on-steel friction. A process for

prepari Bhstlpgis transm ssion fluid additives of the present invention may
conpri se conbi ni in an sequence a thiadiazole with a transm ssion fluid
at room tenpéi%rabqgg@entsaé%e rgsentERTSHHPHERY SOWPTishRMAIos BNt afiachese otk may

cont enpitie AP iBFSAEES sBhve Rt Brormuin R Boller ARET MR bt B prsase
i nvent i dnveikiyn hfaydﬁrdleﬂeéﬂ frara irathgd] titad catingboil G syrithgicdubricatiay bilf)ahd enixtures

| ubricatjng oils, and mxtures t hereof Further, the base oil may conprise
any sui tthgFe phuthes;the base qflmay conyrisp aawswiaple tagg oihor pasterecfbage oils for a

appl i Catﬂaﬂibulér%@?%ﬁoxﬁ”ﬁ%h%%%b%dnﬁ&ﬁ%&% 1ﬁ§eeri}¥ rrlgsgc}pr%ﬁi\é& desh | écfhét?xf’k addi tive

package “‘concent . Further, sone I ments conprise a uent,
e. g., a mckagemnbnanirate. Rudhdrusomic amyodiraentsnlaydesiptiec #diheenhleendd dityent oil.
' addi.t.i The dil.yent may be

SOl bl | iy S 0503 SN RO S  PoGkagE, Theyllent oy be
present faBkARY ThE Uiladk $radHebinphiblt DRhGVASEHH bAY/6r thé a8MiliVaPARaGL. | RNt MRy
diluent may be present in any suitable amount in the concentrate. A suitable diluent may
comprise a process oil of lubricating viscosity.
The base oil may comprise a mineral oil, mixture of mineral oils, a synthetic oil,
mixture of synthetic oils, or mixtures thereof. Suitable base oils may comprise a Group I,

Group I1, Group III, Group IV, or Group V base stock. Suitable base oils may be

manufactured from the gas-to-liquid process.

Other Components

In addition to formulations and methods employing a thiadiazole to improve steel-on-
steel friction, the lubricating fluids of the present invention may include other optional
components. These may include, for example, one or more of an extreme pressure agent; an
antiwear agent; an antioxidant or an antioxidant system, such as an amine antioxidant or
phenolic antioxidant; a corrosion inhibitor or a corrosion inhibitor system; a metal
deactivator; an anti-rust agent; a friction modifier; a dispersant; a detergent; a dye; a seal swell
agent; an anti-foam agent; a surfactant; a viscosity index improver; a perfume or odor mask;
and any suitable combinations thereof. For example, while friction modifiers may be

routinely added to lubricating fluids, the particular type and amount of friction modifier is
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‘conprise a process oil of lubricating viscosity. The base oil may conprise

a mneral oil, mxture of mneral oils, a synthetic oil, mxture of
synthetic oils, or mxtures thereof. Suitable base oils nay conprise a
Goup |, Goup Ill, Goup IIl, Goup IV, or Goup V base stock. Suitable

base oils may be nmanufactured fromthe gas-to-liquid process. O her
Conponents In addition to formul ati ons and net hods enpl oyi ng a thiadiazol e
t o i npr awniyustapé kpeeific tottieheetis bﬁéa'cbpartlt:hlar ipphicaticat i Tig emboditsentd ofithe pr esent
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suppl enent al I ubr| cating oil additives ui tabl e ashl ess di spersants that
may be Uy w&@égnen}waﬁxﬂéanamm’rsmflaanef hgsr enerpis macdsnbewyds,

hydr ocar byl sucm nam des, m xed ester/am des of hydrocarbyl -substitut ed
succinic acid, hydroxyesters of hydrocarbyl -substituted succinic acid, and
Manni ch BXalPidat i on products of hydrocarbyl -substituted phenols,

];8;32 lngg[] ?/gﬁ %?qr;dﬂ%g}gsggfn %@Ifl ?f%mlﬁi@gné%&}ehtgst% e evalula{]e\(/lefgr eifettiveness in
modifying steel-on-steel friction. Each fluid had identical concentrations and differed only in
the amount of the thiadiazole component. In this example, a mono alkyl thiadiazole was used.

The data shown in Table 1 was acquired using a push-belt CVT dynamometer test
developed by Van Doome Transmissie. Table 1 shows steel-on-steel friction results
measured at low pulley ratios for two different concentrations of thiadiazole. The standard
deviation of measurement at the low ratio was 0.0016, which was established through
reference runs taken over an extended period of time with a reference fluid, as recommended

by Van Doorne.



‘hydrocar byl -substituted phenyl acids. Mxtures of any of these dispersants
may al so be used. EXAMPLE Two transmission fluid formulations were tested
and evaluated for effectiveness in nodifying steel-on-steel friction. Each
fluid had identical concentrations and differed only in the anmount of the
t hi adi azol e conponent. In this exanple, a nono al kyl thiadiazole was used.
The data shown in Table 1 was acquired using a push-belt CVT dynanoneter

t est developed by Van Doorne Transm ssie. Table 1 shows steel -on-steel
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The results show that at the low ratio, steel-on-steel friction increases significantly
when the weight percent of thiadiazole is increased. For the top ratio and overdrive ratios, the
steel-on-steel friction results were equivalent. In evaluating the data shown in Table 1, the
objective or goal in these measures of friction is to approach 0.090, preferably to be as high or
close to 0.090 as possible. Thus, the results from Formula (2) are superior to those from
Formula (1).

The present disclosure thus provides a composition for increasing steel-on-steel
friction using thiadiazole or a derivative thereof. The compositions and methods described
herein will allow the formulation of transmission fluids with applications in continuously
variable transmissions as well as conventional automatic transmissions and with different
kinds of start-up clutches.

As used throughout the specification and claims, “a” and/or “an” may refer to one or
more than one. Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, percent, ratio, reaction conditions, and so forth used in
the specification and claims are to be understood as being modified in all instances by the
term "about.” Accordingly, unless indicated to the contrary, the numerical parameters set
forth in the specification and claims are approximations that may vary depending upon the
desired properties sought to be obtained by the present invention. At the very least, and not as
an attempt to limit the application of the doctrine of equivalents to the scope of the claims,

each numerical parameter should at least be construed in light of the number of reported
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'steel -on-steel friction results were equivalent. In evaluating the data
shown in Table 1, the objective or goal in these neasures of friction is
to approach 0.090, preferably to be as high or <close to 0.090 as possible.
Thus, the results fromFornmula (2) are superior to those from Forrmula (1).
The present disclosure thus provides a conposition for increasing
steel-on-steel friction using thiadiazole or a derivative thereof The
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speci ficati onWhH@ltf@maﬁ%t 6h$°éosa§ﬁph®>bieml¢59ﬂ§e¢lnaﬂmﬁdytavbwmeqfé%ﬁtrﬁgom pon
th d t At
the ver y T ERufbREESAAT oo QRS nAmE B RO Rrd A8 BEBRABLaENEY" | DO
doctrin en@dlﬁeqwny %@ﬂtmdtﬁetfditﬁa@ empare abt fckeicted ao the, spet&ﬁc bBnbodimehe akt

par anet e houl d | east trued in light of the nu ported 7
signifi cfraﬁﬁ ﬁ' bw g%aﬁa %yoaiguay ge%nealﬁﬁgﬂﬂvogw%ﬁ qsan@féewgg lmltﬁl

Not w t h%@éﬁ‘i‘i’oﬁ%aﬁ'&ﬁ&hé&% U RS ihfeftiod RMYESveR A nRAIRARLE! Ercgﬁ%lé tE'Qm orth the
broad scope o e inventioh are approximations, the ndnerica ues set
f ort h i miteimatisgeellingovithimthelspiitané scopp of thednemitiopr eci sel y as p055|ble Any
nuneri cal val ue, however, inherently contains certain errors necessarily

resulting fromthe standard deviation found in their respective testing
measur enent s.



Wil e the present disclosure has been described in sone detail by way of
illustration and exanple, it should be understood that the enbodi nents are
susceptible to various nodifications and alternative forns, and are not
restricted to the specific enbodinments set forth. It should be understood
that these specific enbodinents are not intended to limt the invention
but, on the contrary, the intention is to cover all nodifications,

equi val &CiuaIMa&nd alternatives falling within the spirit and scope of the
invention. 8 CLAIMS 1. A power transmtting fluid for use in a transm ssion
having a steel-on-steel contact, conprising: (a) a major anobunt of a base

oi I'; and, (Dpodér tlrﬁﬁﬁﬁtﬁ\%lﬁuid%adéeaﬁgltﬁn%gsﬁsﬁ ih&ﬂh{; ¥ tebNGH-eeél BRASENt in an
anount of about 0.05 % or nore, wherein the flTuid has inproved

st eel - or¢oBEGINgf ri ction properties. 2. The fluid of claim1, wherein the

t hi adi azol e rise n I re,.of .(a) 2-

hydr ocar byl dic(&]r?rg?@{ %@8‘5@5&3}) ,%?lh%f‘ﬁi adi azol e,

2, 5- bi s- (hydrrandigt e thiatdjazdle 3r éeri\'ialt‘iivad‘ie?a)(ﬁ?)ﬁaserﬁﬁﬁl abbikited abheoeos ; (b)
€,

2- hydrocarbyl t hi o- 5-nercapt o- 1, 3, 4-t hi adi azo and (c) products from
conbi ni MfaPr BPIS, sol ubl e di spersant with 2, 5-di nercapto-1, 3, 4-t hi adi azol e

DMID); and ] j im 1, wherein the
'E hi adi) azol e f@%%ﬁeﬁlﬁ?lel@%{l? ﬁ&egtsgielegg%te%infékﬁ?n 13?)!3&% ranched or cyclic

saturated or unsaturated hydrocarbon group. 4. The fluid of claim1,
i in an ampunt of fromghout 0.095 w%to

wherein th hj adi azol e i.s present .
About 5 2wl DBt Shelimy I pireesn the SAiAZ0I FRIMBRYYS OREOT RPERAB0he | 5 present i n
an anmoUuiydRfcafbly RIFLARS HerCipf-1 M4t R BBRUS, sbi (Wicarbyldithio)-1,3,4-
thiadiazole, and mixtures thereof; (b) 2-hydrocarbylthio-5-mercapto-1,3,4-thiadiazole; and (c)
products from combining an oil soluble dispersant with 2,5-dimercapto-1,3,4-thiadiazole

(DMTD); and (d) mixtures thereof.

3. The fluid of claim 1, wherein the thiadiazole is substituted with at least one linear,

branched or cyclic saturated or unsaturated hydrocarbon group.

4. The fluid of claim 1, wherein the thiadiazole is present in an amount of from about 0.095

wit% to about 5 wit%.

5. The fluid of claim 1, wherein the thiadiazole is present in an amount of from about 0.3

wit% to about 0.5 wi%.

6. The fluid of claim 1, wherein the fransmission comprises one or more of a belt-type

continuously variable transmission (CVT), chain-type CVT, and toroidal CVT.

7. The fluid of claim 1, wherein the improved steel-on-steel friction properties are improved

relative to a fluid not comprising the cited amount of the thiadiazole.



‘6. The fluid of claim1, wherein the transm ssion conprises one or nore of
a belt-type continuously variable transm ssion (CVT), chain-type CVT, and
toroidal CVT. 7. The fluid of claim1l, wherein the inproved steel-on-steel
friction properties are inproved relative to a fluid not conprising the
cited amount of the thiadiazole. 9 8. The fluid of claim11, wherein the
base oil conprises one or nore of natural lubricating oils, synthetic

| ubri cat8. ri[jhe(ﬂdié of dagh bj wheareiashd bese e fcomPrise’ cme pt houoofsiapureldnbrdatiag oils,
transm ssi #]Brlcate Wltdh t he f%wd of claim1. 10. A nethod of

| ubri catR etéc Apeadsgndiaisings el - on-steel contact, conprising adding
to, and operating in, the transmssion a fluid as set forth inclaiml. 11.
An additive conposition for use in a transm ssion having a steel-on-steel
cont act ,9. A ecopiueisly vamablewsnsmisséon lnbrichtal witke therfluid of ¢laiini Ve t her eof present
in an anount of about 0.5 wt%or nore, wherein the fluid has inproved
steel-on-steel friction properties. 12. The additive conposition of claim
11, wheri@l M freeholdlof dbirikd@ga ﬁ@ﬁiﬁﬁés&ﬁﬁhaﬂﬁ% el seeeDEontdcB)comprising adding

2- hydr ocar byl di t hi o- 5- mer capt o- 1, 3, 4-t hi adi azol e,

2, 5 bi stewdrﬂ@éwlsguutherir@fmlsswmﬂ%a&%ﬁtéczr&v@claaml m xtures thereof; (b)
2- hydrocar byl t hi o-5-nercapto-1, 3, 4-thi adi azol e; and (c) products from
conbining an oil soluble dispersant with 2,5-di nercapto-1, 3, 4-thi adi azol e
(DMID) ; ldndhd afditivedontpesitivh ésrant inlBtrankiessicihdvingea stesHomsstdel oasntaxft claim11,
wherein the thi adiazole i.s,.presen{ jin_ an_ anmoynt of fromabo 35 W% t o
about 1CORPIsIng At legstong fypdi afiyq tharegt prepeat A aameung P i‘bﬁ’uf

thi adi azpbeol SR GRERIN ﬂ‘?.ﬂgﬁi @%piove& stebll t@éi‘%HEncﬁﬁ eﬁ%;r/erﬁ& about 5 wt %

15. The additive conposi aim 11, reln t ansm ssi on
conprlses one or nore of a belt-type continuously variable transm ssion
ditive conp OS'tIOP of

e CVT, and t
it 1 192 e obinoRpioe pLaRR 4 b whsiein e iatipls comprises Snoer tore &
(a) 2-hydrocarbyldithio-5-mercapto-1,3,4-thiadiazole, 2,5-bis-(hydrocarbyldithio)-1,3,4-

| thiadiazole, and mixtures thereof; (b) 2-hydrocarbylthio-5-mercapto-1,3,4-thiadiazole; and (c)
products from combining an oil soluble dispersant with 2,5-dimercapto-1,3,4-thiadiazole
(DMTD); and (d) mixtures thereof.

13. The additive composition of claim 11, wherein the thiadiazole is present in an amount of

from about 0.95 wt% to about 10 wt%.

14. The additive composition of claim 11, wherein the thiadiazole is present in an amount of

from about 3 wt% to about 5 wi%.

15. The additive composition of claim 11, wherein the transmission comprises one or more of

a belt-type continuously variable transmission (CVT), chain-type CVT, and toroidal CVT.

16. The additive composition of claim 11, wherein the improved steel-on-steel friction

properties are improved relative to a fluid not comprising the cited amount of the thiadiazole.
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properties are inproved relative to a fluid not conprising the cited anount
of the thiadiazole. 10 17. A continuously variable transm ssion |ubricated
with the additive conposition of claim 11. 18. A nethod of lubricating a
transm ssi on havi ng steel -on-steel contact, conprising adding to, and
operating in, the transm ssion a additive conposition as set forth in claim
11. 19. A nethod of making a power transmtting fluid having steel-on-steel
frictionndi peaninngusly eqiébid transmdssiondnfridagidngitlaithd iaddjtive canpasitoon efrobaimt of a
base oil . a thiadiazole in an anmount of about 0.05 wt% or nore. 20. A power
transniﬁﬂing fluid for use in a transm ssion having a steel-on-steel
contact, conprising: (a) a major anount of a base oil; and (b) at | east
one thiadiazole or derivative thereof present in an amount sufficient to
provi de 18. domkthiodiof hibrigatirfig 4 ransonissidn balvogt stadl-085test captash tcomprising adding
steel-on-steel application. 21. The . fluid of .claim wher ei n.t he

Chi o aJrwdgpetps i Ehomipiopr Higiy¥ sbuRbsifoarer BEIREEH crent ¢
provide a coefficient of friction of about 0.09 or greater in a steel-on-

steel application. 11 L ) . o .
19. A method of making a power transmitting fluid having steel-on-steel friction-improving

capabilities, comprising adding to a major amount of a base oil a thiadiazole in an amount of

about 0.05 wt% or more.

20. A power transmitting fluid for use in a transmission having a steel-on-steel contact,
comprising:

(a) a major amount of a base oil; and

(b) at least one thiadiazole or derivative thereof present in an amount sufficient to

provide a coefficient of friction of about 0.085 or greater in a steel-on-steel application.
21. The fluid of claim 20, wherein the thiadiazole or derivative thereof is present in an

amount sufficient to provide a coefficient of friction of about 0.09 or greater in a steel-on-

steel application.
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