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PONER TRANSM SSI ON FLUI DS W TH ENHANCED EXTREME
PRESSURE AND ANTI WEAR CHARACTERI STI CS FI ELD OF THE .

I NVENTION 5 The present disclosure relates to fluids
havi ng i nproved characteristics particularly for
extrenme pressure and antiwear applications. The fluids
di scl osed herein may include fluids suitable for use,

for exanp ER PRARK | FSURAYS i ﬁiﬂcm 0
BACKG?QJN!EIS@&E $HE I I\ﬁgil\ll'rrs?r(]é\lml\ggv an dﬂggtgﬁce €ED!

t r ans nEXIREMEVRESHURE ANBIANTIREARCGCHARACTRRISTICS
autonotive industry. These new systens often invol ve
hi gh energy requirenments. Therefore, conponent
protection technol ggrimnelr PRAEIRYENDEINTL O neet the

I ncreasing energy requirenents of these advanced
systens. 15 Extrenely high netal -on-netal pressures

are pr. nt_i.n.n r to ¢ .and .manua ‘e

£ r anomegrs TS AL LT B aRte iR shemmctegivic
qratidulide UsH et trvae pbhuee ard dufiSdhrsppRdationsO IThedEl dilosed herein
aut omat ed _nmanual transm ssions, Hi gh pressures are .
dnayoinclgdeQuds suitablg for use Jorfaamples inROWehHSAEYHCR applicatigas.
autonotive differentials and power transm ssion gear
drive conponents. The high pressures present in such
transm ssi on 20BAGK@ERAUND IORTHEENVIENTBONean t hat

| ubri cants used in these, systens st for

b i t.abl )
such &Y% dnedpneed (TRSTHESHAT YSENSAS @gﬁgb‘@&?@%@% aupppotive

Qs .Sﬁegeun{e_?y Steml SaLLERbIE er%%gggg Péghﬁ&h%ﬁeig. g erefore,

conponents. Thus, there conti e a or
adoipbieng protesorciachnobgy meustbadevalogedioanenthe Seirgasing energy
under extr | y .hi gh,pressure operating conditions.
éﬂﬂﬁ@?@@ﬁPF@%“i v ?@E%W%P%o add various additive
packag8sremely MEHGHRAL Sn-fretal prRESIEs 88 PEseht iHinbwer automatic and
i ncl uding, anong other things, extreme pressure
anpenaldransmissionsastich asptept anforpaticitenrsraiasionssgantioneysly variable

SRbHRREE Sl R RS0 b PG are s

GhedsentGe rfous ek britOamBHReAk Suchad dutvnda RS dif¥rehisle ¥nd power
i mprovers. However, not all additives interact

- piebyRistiehgopr givegenpongiih Bredignmessuies PESEOUNMMARIY tfstipgon

LNVENTLGN. HioRE 6 5k, HMERALAR il ARe LRdkiMnust be suitable
I nprovenen extrene pressure an
for such extreme pressure applications to prevent wear and avoid seizure of the rotating

and contacting components. Thus, there continues to be a need for additives, which
reduce wear and prevent seizure under extremely high pressure 6perating conditions.
Commercially, it is known to add various additive packages to automatic
transmission fluid, including, among other things, extreme pressure agents, antiwear
agents, antioxidant systems, corrosion inhibitor systems, metal deactivators, anti-rust
agents, friction modifiers, dispersants, detergents, anti-foam agents, and viscosity index

improvers. However, not all additives interact predictably or well with one another.
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antiwear performance of fluids by the inclusion
therein of sulfurized fatty oil in an anount
sufficient to provide at |east about 1,000 ppm sul fur
to the fluid, and dialkyl 5 thiadiazole in an anmount
sufficient to provide at |east about 500 ppmsulfur to
the fluid. Extrene pressure and antiwear performance

are surprisingly Frﬁ#‘ conbi ne
sul furized fatty Sm | ang di al Kyl thi g{éﬁazol e

conpofidwetpsesem ilventdsrelansrto the dinpyvembig ©f extenpquedsure and

PR pepice & dh bty Sserit RSy o e

SiHouhCuitient #Pprb®idP aA¥dsHSbdul PODEHRH Suldir QP He PRI, b dialkyl
about 2,500 ppm particul arly about 1,300 ppmto

abadiazok; inGo apennt ssdficiant to proviteatileast ahout Rmm;uk@dr to the fluid.

t |ad|azole|n an am)u% sufficient.to e that
C Bhr i A RADR Bt i trish Sy aBPRe for s e
26fibine saliiatred Bty anP AflkyS tHiddidzoleQohipBndokdih Gevelsinteddieing

to introduce sul fur in the above-indi cated m ni mal
thege respectiveaopts of subfer intpghe Beily oi | nmy be present in
an an%?’@rﬁ%%l%? gfz?éfft aoﬂlﬁd ﬂ%lu%& &ﬂf&g fat?y &l Wan ﬁn‘tm%ﬂﬁsﬁﬁ&ent

di al k resen I'N an” anoun

wlﬁmﬂide doredhout 1 Oﬁm@n\l\m eﬂil)tlt@ ,500q3pin, partidutatly &houba3e0pem to
total weight of the fluid cogg}c')smlon I n one

a‘aw‘f PP apme%%lar%%ﬁﬂmd aehialioyltipjadiazole inpp@amognt sufficient to

AR Fﬁ%ﬂfa‘# ARy SRR bR 00
g}]ﬁ%ﬁﬁﬁfﬂ)fﬁm is 2,5 20

deriv tehé'-‘?i%!-}r gﬁg&? Qlj'angdl?;lgmmal devels, thy sulfurized
e dx'ﬂﬁéy I?e ﬁf@deﬁf in3HAHOLnt QI aQé\ft 9. SOM % 1§ RbuRs BWA9K, and the

anmbunt of an additive conposition contailning
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ittt X S, :
3 e S o ef P OO S P Bp Rt i e B Rl e,
eGaRGHZEd PRRANRES ifthe HARGted RFholRACsul i BB REGAnsyRirifiedas

25 measured according to a Falex EP test of ASTM

m@mede Angthaelialicy dnadiazokd used inl the indicaied Rm@iwids At y one
h |
Rl RORREB Gkt ebPae ih BB PelBol 1 SO0 1 n°°

cont r IndsotheNcrabedink:s, MMl ididea s Magdtaniobst of base oil, and a minor
above-indicated failure | oad performance criteria.

In
- ROV Of A pdsFENCPEMPOSIHPR CRIAIRINY EesPesHe apanty gl)(A) sulfurized fatty

f

YA a0y TR B SR g
exhitpiting failore, load? which exceed 1750 pounds at 100°C and 150°C, respectively, as
measured according to a Falex EP test of ASTM D-3233. A power transmission fluid
including only one of components (A) or (B}, but not both, in compliance with the
above-indicated minimum respective sulfur contribution amounts will not achieve the
above-indicated failure load performance criteria.

In another embodiment, an additive comprises (A) sulfurized fatty oil in an

amount sufficient to provide at least about 1,000 ppm sulfur to the fluid composition,
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and (B) dial kyl thiadiazole in an amount sufficient to
provi de at |east about 500 ppm sulfur to the fluid
conmposition. I n another enbodi nent, an additive
conposition contains respective anmounts of (A)

sul furized fatty oil and (B) dial kyl thiadiazole

whi ch, in conbination, are effective, 5 to provide a

R R S e

ﬁﬁﬁg%ﬁﬁfﬁﬁ@@ﬁﬁ@dggloho a Fal ex EP test of ASTM D- 3233.
I n anot her enbodi nent, a nethod for inpraqving extrene

pr ess bt @noklid cabodiggnt, alpéfiﬂ’fl%wﬂﬂﬂﬂ greRlips respective amounts of
gn%&%fv\&/el%éd @8)' ?ﬁ it S%)Lﬂ?aﬂg?g 'ﬁg%%%r%z Jvﬁlcﬂqg QQP atfl(gluﬁrg eHQctwe
aopiovids mgndmaiksion fiaid exlibiting &l b)xdsauqtnald ehtceed B7 0 qaoluadyat

rising sulfurized fatty qil in an

3060% de1r§8 G.gespeeitve ea%measgléfé@cqor@@é%%ﬁﬁ%ﬁfﬁ ofi/AT™M D-
fluid, and dial kyl thiadiazole in an anount

sufficient to provide at |east 500 ppmsulfur to the

fI ui din awdhei)ambp:ﬁmnﬁ, algwﬂh:d forl inipovimg @tﬂanpcw@sure and/or wear
nsmttln arat rein the ressure

a TBANG3,P0 Ws %ar?pm BAPLSES, @3 ipg &t t A pqwer

XA B RPERAHE, %alaw&)cro fn FE? 4 RLOBMGRAd (’tﬁ) af additive package
transm SSl on w t hout sai ul I n anot

eorbpratimgesul {urizednfatthoidi inofn annmmésmﬁmgﬁttm Erosmie\at least|1i00@ ppix

Stk B B, B VP2 R BEA b i AR 3 Rl soo
peidishifiveo BROKAG And QVBckAting IhSAiAl i 1he pewetdnymBiihg dppatitus,

amount sufficient to provide at |east 1,000 ppm
shipfein the @xtrqw nrmm andVerweardierprmaner isdmeoyied rlaivg to the

BRI, P BPF e Pl S Ry SRR A SRRy,

t r ansd &piklen emb@dunem[ ourthod of glcteasing ﬁletsbm@eifw ofetrdrisinéssion
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of "a transni ssion w thout sajid fluid.” The extreng
FATBRIESGS BDCAREEAR fitAsmisaoTha feid somprsingy e akspeibiand Gan

9%11&%9%%?&§n% Elﬁﬁl?lzéc{] ggt)il %‘Moﬁ? sufficient to provide at

vant'age y usea i n 4 w vari et

: baﬂlll,ﬂﬂatplpnmﬂﬁn mahmﬂmd,gandf@dkﬁ xlaad:hﬁ);le inknantoontshifwient to

tra anU| 2 tra smssion flyuids, . .

Iioaﬁes'ﬁfé 100 prm égﬂwﬁ”ﬁﬂ% Ssl?fgce?l?? ?}f the repismipsion
R)%JI RIANR kY the $@%ic8 BeEofd t?aﬁ&%ﬂls%ﬁh Qﬁﬁout%ﬁﬁl i thiall

I ub I cants. The toregoi ng general description and the

f ol | ofhegxtietegiréssate dod antivpar enhanced additigerpdrapysitions of
nator only and are intended to ovi de, fur.the

SiBrdiRngs b miinyardon mhg Be hi s feasshorRi A it vy SF

applications, including, for example, in automatic transmission fluids, manual

transmission fluids, fluids used in dual clutch transmissions, fluids used in continuously
variable transmissions, and gear lubricants.

The foregoing general description and the following detailed description are

~-exemplary and explanatory only and are intended to provide further explanation of the

present invention, as claimed.
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30 3 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Vehi cl es neeting stringent demands of consuners
require durability and performance in all of the

vehi cul ar systens. One of the npbst inportant systens
Is the power transm ssion system ("transm ssion")
which transmts the power generated by the 5

st RO AD BESERIPTION QRAGLE PRERASRED PABADIIERTS

- .t he . mo&thiadessideting stridgad dasands o paistmensrequirp ldacbilityT el

transm ssjo ually,includes, ipter alia, a clutch,
ey el of ﬁ%\@%ﬁf@a& RN Dine oL mpStmiHog Rl Sysighsis the
PRV traRdstoR sy ddlf (RAWEGHisEBh™) W@ rdnSmitd Bie \#3%@11 senbMted by the
changi ng the gear ratio. D sCrimnating consumers
priomobile ongirssiothe Whegks. Bdeingrome nftie niasteamilen systems én theo

hj m | eage between, servi ci..nq), and.extended.life . .
ehEle, Mg RS SRy 1 s S Rl The efasmission
tu @S Thhsded, Inler el alcREALWIth Plafés S tBRRACESveRtEr, and a plurality of
performance which were previously met with approval

- &eas oalich e eatvarydebiverstl éntae wheely by chaggmgtthegear ratio.

| ect ' ) | h .
o A bt FORE R RO NBT Sy e
Cldph inilegneDeyvecn keradelng),tahd RS dEl 10 cxXpevthne ya Fidwadstawih the

in 15 aerodynam c body design generally result In

pacsbaliiew trasmisyion fechnelpgies, ofd siandands of perforpancervhiglhyere
' ' densi ¢ | d high
g vfb%@tﬁr%‘ie% V\W.htag?ll&&@% n$W E%‘%’ﬁ“%h@ﬁtg’fg}s“%ﬁ%an | gher

perating tenperatures. chal | enge
| ubr i Taatdwnpileleetrenitailyf controllal enedited timtchECCC) designs, as well

transnmission fluids wth new and uni gque rf ormance )
BT eI RPrL it ﬁepﬂmuﬂgslhvawgﬂfaaﬁ son gV sl adgnces in
e ahd Hody deiigh lerdiHL AT b SRR L Wi bhalledismissions
fvhichttérsita lopohtavdatt ldghes thagy densiilel endliighe epemtng femperatures.
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equi.renent’s, of ECCC ~ CVI, and other designs while _ =
B HATTS Cllehes MRk SIP B os P e T pesiision fuids
ith hdw andanig VS formanREhardteAstics Rt 181 8rf@Candftichbn
operate under increasingly severe conditions, the oils
derabilityo Original esmipmenh mepufectaresniQIBVIg wssirahtdmatiotmasmdissien

TS B Ss SOSh DRSSy ccc.

VT, aabahdriiesipnd whikattahSigReficiéit pOFHinEaLOMm the Antiwear arena.
changes, the oil_ additive packages ideally would be

f or nufiaPederdEnspigsion fpids ererresised wiieh praraip vade inpepsingly

A Sy BER L By Gy 165, b R P B 47,
formulated to endure higher temperatures and pressures. To reduce equipment problems
and increase the interval between transmission oil changes, the oil additive packages
ideally would be formulated so that important oil properties change as little as possible
in the face of these stresses. An important characteristic of a power transmission fluid
is its extreme pressure properties. High metal-on-metal contact pressures found in
newer automotive transmissions and in gear drives can cause damage to transmission
parts and gear drives if the lubricant used in the system is not formulated to provide

sufficient extreme pressure protective properties. Such damage may take the form, e.g.,

4
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IS its extreme pressure properties. Hi gh
nmet al -on-netal contact pressures found in newer
aut onotive transnmissions and in gear drives can cause
damage to transm ssion 30 parts and gear drives if the
| ubricant used in the systemis not fornmulated to
provide sufficient extrene pressure protective

j es. o | e ke t for . f
R RRLC 8 co-PHfs SEAGRAE Lo R Forseigh R, nfidy el or
Rpallingi All biesephehonigha niBl leidgdtimetely t6 dédrhdation irdnsaifission
t hese phenonena may | ead ultimately to degradation in

PrapEnAnes askbregkags of cribinel dransraissipn emppEcs. criti cal
transmg sshQo: éhﬁ&ﬁh .

ef f ec{pf @%ﬁ\%gﬁ'&g%\% ?r%%%vrﬁ‘ﬁd t hger\%ear pr%@FaeI%%blem associated
adthomitahatied trabsmbdidnsasuich amto medt teneadsafi0EM auouwbiladesigners
neet the needs of .OEM autonphi |l e desigpngrs and

5 b o7 Rended TR A PR GG ARG 1 Te and

dur abifhig'iventifh &ér@ﬁ%%@wﬁy%ﬁm&é&? (SHHERR phdshire)

and antiwear (extrene pressure probl em by provi di ng
arobdann byrprovisling amrastringagic drangrhission flind thae rihibiis good ewideme
extrene r.essur e .and aq%%fmeaﬁﬁgerfornance during its
PIFRET ! oG PEEBIRE BIDGI i %enbodi ment of this

| nVents fRotdasdeSvittParinibddaRcht 3f BPV¥RVentibh S padvided a power

fluid which surprisingly gives inproved extrene .
preesseisgien Hnd iswepaismglyesi Yesimproved exfismermasssere an¢h pafiwear

i MBI Qv rfQk in one.of its. enbodinents..th
RGNk QAU Pt SRR CinRa | YLER PP e
poweédtransmisEibn Stidfdofitali bulfigtized @iiyda in ah ameadisusieiut to provide
1,000 ppmsul fur to the fluid, and dialkyl thiadiazole
pleash abaw LAPO nom suifurite therdluid, gngdiglkybibiagiazole am an ampeint

?ﬁﬁﬁcﬂ%ﬂﬂb ?;kﬂvﬁdérat Iegsttaﬂc?utfslfoﬁ gﬁlg shitu?B .‘Eﬁer}ﬁﬁdﬂ{mﬁ&h bodiment,
e powe transm ssi on contains sulturize at Yy
thel polRr Bimsaission tfluid) Chintaine nilfuriaed fartp vil drearadroouint dufficent to
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m f o about 2,500 ppm_ particularly ahout 1,300 ppm R
blvidsateut 100 gbmIBAbod & D pmePrR@I AR AN Bl

Z - v - 13 . . -
B B R o R el Wi i o aBlo i @8 R hrovice
alit 500pBO & gbont 1,864 fipum, prdicAlrly hbout 560 th abont B560pgnenlfur to

O e AT AR R
SoltdibifiioR Sphobfts %%pli%ﬂde @\cheRl bﬁétﬁﬂlhzéd?a?j bR GiaRkS1 thisdlazole as

forth herein, e conbined sulfur added to the fluid
$oy fartichesein, fthe ¢onstinddesuitfyr asided torthic fluiddlyithe sulffarizel fatty i and

TR O SR ST -
sdi6reRiaicularly at least about 3,000 ppm.

In one embodiment, the fluids of the present invention are used in formulating
automatic transmission fluids which exhibit failure loads which exceed 1750 pounds at
100°C and 150°C, respectively, as measured according to a Falex EP test of ASTM-D-
3233. The Falex EP test described in ASTM D-3233 is incorporated herein by reference.
There are several tests available to the lubricant and automotive industries to evaluate
the extreme pressure/antiwear-enhancing capability of a transmission fluid. One of the

most challenging of these tests is the Falex EP test, which measures the load at which an
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25 I'n one enbodi nent, the fluids of the present

invention are used in fornulating automatic

transm ssion fluids which exhibit failure | oads which
exceed 1750 pounds at 100C and 150C, respectively, as
nmeasured according to a Falex EP test of ASTM D 3233.

The Fal ex EP test described in ASTM D-3233 is

[

( BERLPEYS REEY PRy B BNEH cond BB rBHY el pin and
i mab iGaertilaks.t bulsricahtfathee 80ndibmedoitheebefailure to maintain torque or by

PRI ——
tIBﬁ%Qn\toWeH?bﬁt%lsb hRcansd @Pﬁl@l‘ﬁgﬁ f5id telﬁﬁérﬁtlﬂréﬁﬁﬁ&ér Pecitillifions call

| oad at which an 5 oil s to successtully

-I fobeil teatperatuyes ofaipdd 155CH It ot suconmombos an ail lta)pfatfomgvell in

I ck t f
R B e 4 B P S il B et Y Pelex B
seitzure of the bl ocks against the pin. The test is
severe not_only because of the high |oads involved,

but all8aueshersuhediment pithpprgsent inyprfionenpether of auprowbgextreme
f
TRSGH bt RSB ok ARG AL Bl e

ineth®oapaises emldi.i@ttﬁ iadll op@ainglif SdnSuttmatidtrahfigisS e Buit (AEF)
show poor. performance in the Falex EP test. In

&ﬁ@?ﬁ@lﬂg @ﬁﬁé@&lmmm ofhasgpiband2) » mingrEmonnt of apadditive
Xbm| Hg?ﬁ(ﬁlv\%ﬁgh SSthpiElE, as BLEMY E(ﬁnnl?tﬂlgﬁg rsuﬁﬂhﬁég??ﬁf %1} ({ll‘hd dialkyl

pertornmance I n automatic transm ssions 1's
Tlhiedzé@lmﬁhmﬂspmnmm@emmdddagnbﬂ hegginl ﬂpparratﬂgn@s used herein,

an mag i C mss an ATF I‘]Sﬂ 1
S DL ogHEmgrd ity og o et o
Hana@sittin \seqer,qlg;}p;g@ﬁgt hﬂ{‘w&ﬁhé?h conpri ses, as essent i al

corrponents sul furi zéd fatty oil and di al kyl
t hi adiAdthotgh the addigve @spesitio €ompeuﬂntsr<haseﬂaedbehime d¢sedbed
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el SR TR o & FvcliSt hef Birehet may PEfpeeE et Ainckisns

drvbdby the kathé Ekﬂn%&leﬁtrﬁﬂ SRl hdt Be RONEBed hdPhsdidrh Gmiting
and wetting. Al though the additive conposition

Johent s descrl bed bel ow are described occasionally

h f f
of ot HeT PSR rsRs T oo Bl by s RN BREUR of
5l wildnd atmiber ediGt 6ﬂ£ﬁd1d&ﬁv@cd]ﬂ;5tﬁ§ﬂioﬂr Tht kdditivé@mposition

fupction. 20 In an enbodi nent, power transm ssion
fchidgs geijernepresrees and gagiwear aﬁmman@ﬁ improviag amewults gfrpsulfurized

%ﬁl aﬁ?ﬁﬁ{bﬁkﬁﬁmg&iaﬁi&h%%&n&?@o& tion. The additive

Additive Package

Component (A): Sulfurized Fatty Oil
Component (A) comprises a sulfurized fatty oil. For purposes herein,

“sulfurized fatty oil” refers to sulfurized fatty acids, sulfurized fatty esters, individually
or as mixtures thereof. Sulfurized fatty acid esters are preferred. The sulfurized fatty oils
may be animal or vegetable in origin. Suitable sulfurized fatty oils include, for example,
a sulfurized fatty acid ester containing about 10% sulfur and a sulfurized sperm oil
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i ncl udes extrene pressure and antiwear performance

i nproving anmounts of a sulfurized fatty oil and a

di al kyl thiadiazole in conbination. 25 Additive

Package Conmponent (A): Sulfurized Fatty G| Conponent

(A conprises a sulfurized fatty oil. For purposes

herein, "sulfurized fatty oil" refers to sulfurized

f y esters, individually or

J%b%¥§§%#gs tﬁ %BH?R§@%F lurzed fatty acid esters are

pr ef erlnenie paitieulatdnibodirherebuftatilé sulfiikal By oily/intladasilfifiked
ble sulfurized fa oil's

b eaiog reltrioksy S a5 o fprbeadh Pt ot Rt 4380 ¢, which
c&@& iohte mkcgora%&)ﬁeﬁab B&* ef@BtbealnYtlle gﬂab&lﬁgnﬁ e%mmr%b

6 replacenent ontalning a out 10A)sm
peens¢stanifisd trighiveddaslditjvedas & ettﬂiabamcﬂnpnnm@ompmlyg 00 less than

o S el iR o e B 55 ol fgigsaturaed

Vﬁ!tﬁﬁbldsd esCwhdrbin @Sto@l £id &ﬁﬂﬁdﬁ@ﬁﬁ?} ﬁﬁm@ﬁr}ﬁfaeteﬁied as comprising
reference. I n one enbodi nent, a sulfurized 5

tIRQIR élwtab@mfzﬂe@pl‘%’wqf@w@maﬁ:@atqu@nlda less thasatwut b miol%of d

SRyl A s bk P S 2B e iR i naving

o [l Gatbopbtomatifdudih@inbe B sfout BNGlolh sdt@hidd blishdtiebaills having
acid conponent is further characterized as conprising

wde d 4cahAn algmstand desgdhanabeut s menl essaturated @mham apids hawiag 18 or

et S Al L OSPESHLY ofFf
kiasdribed fir 1Q. Pa. NG 400980, whiolBesciiptions dteﬁ@cdi@;fr&e& hé®in by

about 10 nol % saturated aliphatic acids having 6 to
T8¢ Don atons, and |ess than about 15 nol % sat urat ed

al i ph
S o ot St o il IR For SRR R fnd il
aslfurived &ﬁyd:eﬁmowhispbtﬂfnnmd&letﬁidtestemmwyﬁﬁﬁarbohs ch -
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elbie 8 bleraniC Sl g sy omp e BULSipped faity

elspl e, sulfurized lard oils, sulfurlzed fatty
conmpounds, sulfurized nmethyl esters, sulfurized
hydrocarbons, sulfurized oleic aC|d sulf sized fatty
> . and sulfurlzed fatty

TE OTrpottet Di al kyl Thi adi azol e
Component (B) comprises a dialkyl thiadiazole, including but not limited to an

ashless diatkyl thiadiazole.
Dialkyl thiadiazoles suitable for the practice of the present invention may be of
the general formula (I):

N N
.
— S §~——=C C——8——(8),

N7

Rz

wherein R, and Ry may be the same or different hydrocarbyl groups, and x and y
independently may be integers from 0 to 8. In one aspect, R; and Ry may be the same or




Conmponent (B) conprises a dial kyl thiadiazole,
including but not limted to an ashless dial kyl

t hi adi azol e. Di al kyl thiadiazoles suitable for the
practice of the present invention may be of the
general formula (1): 25 N-NR- (S x S | C-S-(9 vy
RZ wherein Rl and R2 rmy be the sane or different

HEBAC A e BHRE on B0 Wit o PRSRRALT Rl bl i

- tﬁmengm ghfoui' 6 € dtoat B \arbdnl 4AGaS, patticaladN f6m abbut 8 to about 12

10

15

arqQmati c, saturated or unsaturated hydrocarbyl group
m%@tm%m%MY@cmaaﬁv@&wﬂs car bon at ons,

gﬁgt Ix an%ﬁt!}t/lﬁlggiga%@l %ch&ogesgﬁcll%ﬁgz}t? b}%h}(cﬁﬁtfagﬂgjlﬁ]ﬁ(agﬁgm_

- tthiadielzel@o [Bxaniples Ioﬂdthsr snjtable dﬂ(ldyj/tlniablmbhyhldluﬂéllfm) example, 2,5~

ittt i - B rolenor oy drasaRpyyto) s petcapto-134-

I
e T o1 3, 4

t hi adiSaitable dialkyh thidsiiazeolee rlso dwtiele st swrhlas deticribegl ip U.S. Pat.

SO 28 o) Al 3, 8 S SRR

3rdR éorPerdted herbith B forerRB Mk Od o fRitaikyl QE'ﬁleH\ﬂ)'léé |Bf formula (I) with

descriptions 10 are incorporated herein ref erence.
vhonoatkgkthigfliagoled gy alsthbeased »Gthérsthe fcope pﬁﬂme are@tmt nwenhon

oo Atised B, @8 i IiYedth rolf S gl i R i i

topdifary e, GAaEIM welll i t6 thosONENQIGA iR, Spscified, it Refers to a
its ordinar sense, which is well-known to those

£keupi haying g cagpen giom dlsm!z attached toythe remajndpepia pelegple and baving

SRR RN oSBT bl B R ok

hydr oQB)r bmo@hwnmbgituenﬁmﬂpis efiphitic(y.dr, aﬂxardnallkegm Whisyclic
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(1) hydrocar bon substituents, that is,

I
&49 E pgb&fqa@w L.yeloalkenyl\subsiituents and romatig-; aliphatice, ang gligyclic-

G Yoma ARSI Vo KESE WG PP

sonlnpleteﬂmlantl@ amgthenpdrtionm sf thy eldleukybgl, ivasbsiushietogether form
the.ri conpl eted through another portion of the

ﬁBF‘]é??'GPgmf]@aB two substituents together form
(2) substituted hydrocarbon substituents, that is, substituents containing non-

~ hydrocarbon groups which, in the context of the description herein, do not alter the

predominantly hydrocarbon substituent (e.g., halo (espectally chloro and fluoro),
hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy);

(3) hetero-substituents, that is, substituents which, while having a predominantly
hydrocarbon character, in the context of this description, contain other than carbon in a
ring or chain otherwise composed of carbon atoms. Hetero-atoms include sulfur,
oxygen, nitrogen, and encompass substituents such as pyridyl, furyl, thienyl, and
imidazolyl. In general, no more than two, or as a further example, no more than one,

non-hydrocarbon substituent will be present for every ten carbon atoms in the
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20 an alicyclic radical); (2) substituted hydrocarbon
substituents, that is, substituents containing non-
hydr ocar bon groups which, in the context of the
description herein, do not alter the predom nantly
hydr ocar bon substituent (e.g., halo (especially chloro
and fluoro), hydroxy, alkoxy, mnercapto,

SR el 8o s LRk B

Wyiitogarbghgrogp.a predom nantly hydrocarbon character,

in the context of this description, contain other than
carbon in a ring or chain otherw se conposed of
RSHeAURE Cobifoftds @A (sic! ude sul fur,  oxygen,
nrtrogen, and enconpass substituents such as pyridyl,

f uryl Extrieine lpyEIS$uramtl antiwedochatagteristios ageingrened form proves

30 AR og T e AT 4 PR B PP and an

QUditiVe EB@ApdERIoR PRoVAIREEL 1b4akt Attt 0.8 -wilvy Of @ 361z Ety il
ié pically, there wl be no non-hydrocar bon

@@P‘Pltﬁabm» piiel atfeast abpur GbawbiA ofghaxdiplkyltbisdiaredd (Crrapasent

CRIPARELH et o Wil B g st S PR SIS EO Fo RRonCH 0L,

fehﬂibﬁnwht e flied édiﬁ;ﬁﬁetltﬁh%dmhﬂs SlftirRed fafty B8] if kn ﬁﬂﬁl!dﬂbf Qliout
a base oil, and an additive cor%sml on providi ng

Dk %40 abaut 505wy, mrtésularkiabai O (i wh%do ehaut §.09¥4%, and more

él al %gllqﬁ?hl g@l azg‘ﬁ) . C%%%fitgﬁ?ﬁ% @na]dgaglgfgds/%rgge{%@%n amount

: bﬁﬁbﬂut 05 gines wfabbiae.dasto, pardticalady alstat 0.53wet.%¢ engtesi 1.0on.%,

In an 10 e odlmsnt the fl uid conposj tion co in )

s s e b vt o B Wizht o the fuid
5.0 wt. % particularly about 0.73 wt.%to

aot 3.0 wt.% and nore particularly 0.75 wt.%to

about Aﬁ)c@vcwtraﬁ@mwnm fiid idchidinghordyl ommezaf] oempenqmtse(ss’é ot (B)pbut not
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t. of 0,15 W . %t p.about
B P emabrpe aBi e eposcindieted MU fepetirve AT gqgiribution
mﬁab&npaﬁﬂo@ﬁﬁfobﬁﬁm@a Wh bR s @GP Exiibithg %&1111?@1%5&&, which

on total weight of the fluid 15 conposition. A power
excaed h dgioundstdt d0@PG andll LGP Gigespattyveln es weasomdpormding to a

b P bty B 20 um r espoct i ve sul fur cont 1 buti on

anounts can not predictably provide a transm ssion
fluid exhibiting failure | oads which

~ Other Additive Components

The power transmission fluid may also include conventional additives of the
type used in automatic transmission fluid formulations and gear fubricants in addition to
the extreme pressure and antiwear performance improving co-additives described above.
Such additives include, but are not limited to, metallic detergents, dispersants, friction
modifiers, antioxidants, viscosity index improvers, copper corrosion inhibitors, anti-rust
additives, antiwear additives, antifoamants, pour point depressants, seal swell agents,

colorants, metal deactivators, and/or air expulsion additives.




exceed 1750 pounds at 100C and 150C, respectively, as
nmeasured according to a 20 Falex EP test of ASTM
D-3233. (O her Additive Conponents The power

transm ssion fluid may al so i nclude conventi onal
additives of the type used in automatic transm ssion
fluid formul ations and gear lubricants in addition to

nd antiwear perfornance
?(’50“11 Beftit): e scri bed above. Such additives

o | ncl u d&:tabuhetalhe detetgehts May @gtibeallybetimlldded stk eﬂ@ﬁﬁi Package
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épersants frictijon nodifiers, antjoxidant

IS EERRIGSio EREds ofhe BieTs InVERiPe A SBblg saegiic détergent may
CP:' dnYiBsol it heuﬁﬁp&.ov%géeﬁ'sﬂl?ﬁf alR4 6%94?“199@9111}1{1&{%%:11 one
a nti seal swe

amant's, pour point depressants,
agarrsof the ﬁiliowiug xjdicmibatbnate @mmixalrﬁﬂhereaﬁxd( 191 salfenic acid, (2)

B el pe 40 S BBl et s BRI Al Bpenol

gd (63% eesidid phob rt%qgidtch&%c@ﬁiéﬁ%eat 1635S{bnk URES Thudsh-8)

fluirds of the present iInvention suitable netallic
@é@@h@@‘ﬁ ﬂmm Suﬁc&nntgaramphnsph@m astid may ineluda Ithqse prepared by

| t | kal i th
DHFARAGH oF B 108 pRe el moRiroBub e BaVibge Bl Guat ypidnt of
abatit 11088) WhE agﬁés\moﬁziﬂg dbefitdubR B4 fhodphdius tidhloride, ; phosphorus

carboxylic acid, (3) a salicylic acid, (4) an a

priipl de( Bl)osnh@;m penfasléide, @lhksuhowélmlﬂonde@nd syl6yr, white

r y at |east one
gﬁ&gﬂiﬁc arcg ﬁ%ﬁalﬁ &rﬂw §$p31§)§1%81% cégond uch an organic
phospBaitatge slts dlamludeﬁieu@eﬂ ol b Basell S118I0E thaPieshint) @alcium, or

treatment of an qlefin_ polymer (e.g., polyi sobu | ene
RUGi A adusthsr esample, suiiabisalty may dn Lmaalew@)s nage, galcium

RBBROLihE étﬂ%n@tg %ﬁxf,&igﬁl. g &oﬂgg Hﬁ’ﬁﬂﬁen {h@ll}{c?!‘zglg%henate.

phosphor us ept as orus*pen
Sb@s;ghdj‘fbé,%l 7thl ori de and suI fur, white phosphorus 7
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anda sulfur hali or orot’hioic chloride.
Sui t aaﬂewi‘ﬁal?%e ?tﬁlc‘f(‘&g’ém?ég?t?%?ﬂ%?feéw Hslerggnis that gontam
%lcmaﬂmﬁah&h Hﬂlbi.u% of FkfFin rASticn {ottpé Qzﬁ&mﬁ SRRRAE

may i ncl ude

sui tabl e sa magnesi um sul T onat e,
owiaticsipreseb insthe figegee, Tlaisnio gnd:rﬁhhanemahm;mgmtwmll have a low

EQSS‘:? at‘%@“égﬁgﬁ%&;‘g eei?)g{’eef Q?&FE gélglrtqé%{]s? g] E?CI;] [ matenales utilized in
PoRind ORI EEbIRERY irdRIIE bABEkyTic At (ARG Fic ABIE 08P ndiN Bl fonic

contaln
a01ds sulfurized alkylphenols and the like.
The term “overbased” in connection with metallic detergents is used to designate

metal salts wherein the metal is present in stoichiometrically larger amounts than the

- organic radical. The commonly employed methods for preparing the overbased salts

involve heating a mineral oil solution of an acid with a stoichiometric excess of a metal

o neutralizing agent such as the metal oxide, hydroxide, carbonate, bicarbonate, or sulfide -

30

at a temperature of about 50°C, and filtering the resultant product. The use of a
"promoter” in the neutralization step to aid the incorporation of a large excess of metal
likewise is known. Examples of compounds useful as the promoter include phenolic
substances such as phenol, naphthol, alkyl phenol, thiophenol, sulfurized alkylphenol,

10




10

15

stoichionetrically equival ent anmounts of netal in
relation to the anount of acidic noieties present in
the detergent. Thus, in general the neutral detergents
will have a | ow 20 basicity when conpared to their
over based counterparts. The acidic materials utilized
in formng such detergents include carboxylic acids,

Al ic6¥denSat RS :pﬁﬁiuc@ bk iR BRBRIGE witid AHRAbIE suBGARS; alcohols such as
sul furized al kyl phenols and the |i'ke. The term

Tostharioh Jepiopinel, ootanel cethdenaslydel,steanil Ricohal sndreyelnhexyl alcohol;

A8 Soies ST DR o Rine S P TR A DN B ¢ e
Zhpkthgiami, srtdodatylanlibe Aqimwmayly@ffe&t%%ﬂmatfbp%spi@rg the

preparing the overbased salts involve heating
palts comprisesinixing an e¢id ayithesi ereess oha hasia dkalink ewrdt mptel

G . i Zine ent as 4 he.
TEAEARY TRl B oo P BA0 o BRARRS Bl TR RR P e atam
sldvhied eemiratare tsadhaR 160t O (e2@PCabout  50C, and filtering
t he r;sult nt product. The use of a "pronoter" |

n the
neut r arPeRlss shswiekls megalspptaining Jefpgantigpelinde Rulgtre pot limited to,

| . . .
P Gl P AL S AR G
sudiamﬁnlfemtfs asﬁi’am cpihgmjdlhtﬁ, Tmrf]iimﬂn ledli,cylateky kodblie pidnate, a

t hi.o nol., s uri a phengl., 10 an o

& SP4"YR PHPISS & YR s aﬁﬂwécmw? & gHEhigm; ¢
§m~§ta@élz & Fithidth GRARKS a SUARiZAS 1ithiTRh PAGELe: 2 h@n&ééﬁ@{‘ﬁhfonate, a

octanol, ethylene glycol, stearyl alcoho
oyaghesihan parbodydaéi@l magnesismaaliaytade, sudgnesura phénateg a sulfurized

henyl ene, di am ne.. phepot hi azi ne, enyl - bet a . .
BT BhieB. » St RO REA ey o iy salcylate, a
ehitiaa] pheRatt Bl UBHriZ@caR P AhdnB@, 4 PRassrinPaHoRate 3l fotassium
conprises mxing an acid wWith an excess of a basic
strkexyl#e anotaskiumesaltylate @uiotassiimi phgnate ersulfaningd aotabsiums t
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* Bl EORE RO i e ES0BE SAR B St I e

silfigized gibt phetiaied FughdtlerarhplBgindRte s GMkS, okl Petassikh,
are not |imted to neutral and overbased salts of

stleinms ek magnesismealt abahydiplyzestihorphosyifustved elefinaving about 10
v, ' I ' . Car I
RBLACR000 coptbr i 8P U LY O S plb BRI AR R o an
sliphaticrsyiizgtusddepheolicichmipoumndhavingrabbe, 10ao kbdud 21000 carbon atoms.
ar boxyl at e, lif ium .salicylate, a lithium phenate,
VELIUFRET X@dples gludre WAL Odivg. RREFREYTAHCAIM A Alagnesiim
I L 0 . - - -
S Bl R 28 o TR 3l D A iptie ombonyic
aad endmmsyudthemsanidgr akkali ahd aliabineaaith meta s#lts of oit ablublerorganic

sal i cyl at e, . .
acids. S&ym.n&u:e OP a neutral or an overbased salt of two or more different alkali and/or

alkaline earth metals can be used. Likewise, a neutral and/or an overbased salt of

- mixtures of two or more different acids can also be used.

As is well known, overbased metal detergents are generally regarded as
containing overbasing quantities of inorganic bases, generally in the form of micro
dispersions or colloidal suspensions. Thus the term "oil-soluble" as applied to metallic

detergents is intended to include metal detergents wherein inorganic bases are present

11
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15 cal ci um phenate, a sulfurized cal cium phenate, a

pot assi um sul fonate, a potassium carboxylate, a

pot assi um sal i cyl ate, a potassium phenate, a

sul furized potassium phenate, a zinc sulfonate, a

zinc carboxylate, a zinc salicylate, a zinc phenate,

and a sulfurized zinc phenate. Further exanples

| 1R #@ﬁoﬁe&esmmmﬁaepy%u% BRMUN thS @G skhibe é@mal term,
magnesi um salt ‘of a hydrol yzed phosphosul furize

oinagniyeh s pichgletstgsuts vilen mxetdmnmﬂmm oifs, i@bveaandhche sanormsay as if

e RS AT BRI Bt o B R s Rcmin "

1detdr@entnefetred tdRPeifi @E@.@nar@%&ﬂ@tunes@dﬂéﬁ i BAsicS émlrl%%ed
include a |ithium sodium potassium calcium and

retkplieetelar abiglipe mthawt@mopmngcorgmcbw@sah@ aci d and an
i phat b
i e GadiBeht bt R B 3R R8skl e

Sdtltdrgentsfand lalkakind men@algaamam@em'gaﬁs aréwll khowe tdlhos'e skilled
&j}ﬂral or an overbased salt of two or nore different

sivglyreparisd inthe pafepiditerptyre: See. er example, U.S. Pat.
| . .
Ll%%e%éﬁlosazrmg%‘?é‘ 2 @32#331 2,078 98§§§b -S3l7h 1?§,02,%9e2,205,

m xtures of "'two or ’aci can a
W3, 012,390,805 2. 4k61881 2,45V S Babs4d , 346t 2148584 legont/S1;ar e

oo LCRR 287 T R ReB L BB S BT et

%1@99!102 6% @53@81’35049@ 695, 9@@'3' pf %h §§§Pﬁ*ﬁ3‘3@§ 109;hus

he term™oil-50l ub as apple
CB@@QHQ@Iﬁ,&ﬁﬁ BT 31,9@716931(1 41160,0R%| 48, 58@; 4l3HH4edd84740;

e P BB P B e BsBF 7o | - ol bl e i 1 the
stri ctThs ﬁmldﬁetérgaué @1li%ed inl thR HMARo&nSHakiRal i SRMle
when nmixed into base oils behave much the same way as

|bp1'0n@ﬁé peukat andfer] dvyrbawd alloliaf Aijalifiesash vaetaliconteininggletergents.
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M6 Lo F:pind Bt i B Regsh g S oo example, U

rpautxroa.ls,,.4so§a8<:3 6,584y 8 lsgglsspl 390860 #] 4,969008} arfdl 4,965,004.
al kal i ne earth netal - contai ni r% or gani c acid salts.

Met hodéhikegpy efiective segantiod thegnetalip delerzants maydg mpel togaliance
HEUeRARE o AR R chliSh, G RERL p@fe Aot R 885 o about
Sloil ltd ﬂhibut 0. rz witlieirathe finshel fuid enas ¥ Alrther @paiple; trobdatiolie0.05 to
pat ent e. See, for exanple, U S. Pat. Nos.
Qb%’éﬁlfﬁ o1 '%S%FSb%ﬂWQ 095, 538; 2, 144, 078: 2, 163, 622;
2,270, 183: 2.292,205: 10 2,335, 017: 2, 399, 877:

2,416, 281; 2,451, 345; 2,451, 346; 2,485,861; 2,501, 731;
CobinehBd)): DishpaSae20; 2, 671, 758; 2, 616, 904; 2, 616, 905;

2,616,906, 2 6, 911; . . .
Component 83) comp]ﬁses at least one oil-soluble dispersant. Suitable

dispersants may include ashiess dispersants such as succinimide dispersants, Mannich
base dispersants, and polymeric polyamine dispersants. Hydrocarbyl-substituted
succinic acylating agents are used to make hydrocarbyl-substituted succinimides. The

hydrocarbyl-substituted succinic acylating agents include, but are not limited to,

-hydrocarbyl-substituted succinic acids, hydrocarbyl-substituted succinic anhydrides, the

hydrocarbyl-substituted succinic acid halides (especially the acid fluorides and acid

12
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2,616, 924; 2,616,925; 2,617,049; 2,695,910; 3,178, 368;
3,367,867; 3,496, 105; 3,629, 109; 3, 865, 737;

3,907,691; 4,100, 085; 4,129,589; 4,137,184; 4,184, 740;
4,212,752; 4,617,135; 4,647,387; and 4, 880, 550. 15 The
netallic detergents utilized in this invention can, if
desired, be oil-soluble boronated neutral and/or
OMESrRR9CShBrthk didrs BF @ L6y 1 Sb i it b

det er gg)nt S. I\/letrﬁods #1 @%@%ﬁ%‘g‘ tﬁ%ug%%{t%%gfdgne@aﬁgﬁe%
dadtabplyder s thasecaaning bpth 7 carbdntorex)athipd ig, hyltoSarbylPabstituted
Nos. 3,480,.548; 3,679,584;: 3,829,381; 3,909, 691;
%@@%@‘%ﬁ efinfuedion g oarbeplie acylipedeeiit t | ve anount

of t herymbatiyl Sutdgh @R Phend B¥nk Gredfff HyQefBAZR p6lyoREn

t he .benye?i ts yof this i nglentl onr,1 typi cal%et hege% ve o
edhiarippied polyalstin o€ appirdpriateamgleciflaromigh odth maleio dnlyaride oBimilar

0.3.wW.%in the f.inished fluid .as_a further

Sefbrsbie Fepd Sop st oe Ginaes thesaBlin e, Shi s may
findlindd) BGt akd hdtdimifted 1) ARRAE adi®)imbliSRE, SRk adid, (GRARORRI!

(D comprises at least one oil-soluble dispersant.
StarerpPdd, igrepiermhydtide. sipconicacid siteeenie ahydiide aresanenis acid,

. i il m. ' n nni gh bas .
5 i BEic U Ol RAE A0S, MRl a8 fipgtvimateic
Hyid; bo@inmidic acitisdndting 1@, inshidBihecodeMicaliinpacidgdaide aad Rwer
used to make hydrocarbyl -substituted succinindes. The
I??) GHEEFER! - subst i tut ed succinic acyl ati ng agents
i nclu i 1] . .
nydr o g EitouR el of hEUH chibvary fepending upon the intended use of
hlg@knbd sfﬂutgd! :sucsmhsanh : ydtﬁchg. Fysicdllyl the aﬁﬁsgiﬂif]ddf@gchﬁbhﬁydﬁdes will

ro -substi tyted, succi nj c agj al i des

Fé%f‘paeﬁ%i’%{by HT@“BSFE fomy a&avti%sgk%ég%e%?&@@m Bevaes) |
e ARy drD Syl W eI RO 0R sk S edly
thevera kiadrdrerbyh growp pf attouad0 tosbotity5@0 catkot ylonmsw ith high enblecular
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SRR SRR sEchig oy Gcs, R B rBore GOt fastes Soprabes Aterage
RiRuly w{e@,ﬁ@g\mg;n@e e o1 k&Y B8 make et Qibstdteduccinic

pol yol efin of appropriate nolecul ar weight with maleic
anhydrdesdaay igehule amixtorerds diffdrént mokssulanweighteomposents multing

-acyl atin ents. .Syc eact ant
e Bl 20 B s PRl g S B o Rr R nyigne
pipslienéyahd Bobtydne.t artaric acid, itaconic acid,
Itaconi c anhydride, citraconic acid, citraconic
anhy dihej@oleratigelnalsicaahylride & plgfimedneiaty wislele dt ey vary, for

%ﬁiﬂﬁo@b@%ﬁﬂ ROt £8; or MBI hEmABLS 1:1 to about 3:1. With

olefins such as polyisobutylene having a number average molecular weight of about 500

to about 7000, or as a further example, about 800 to about 3000 or higher and the

cthylene-alpha-olefin copolymers, the maleic anhydride may be used in stoichiometric
excess, €.g. about 1.1 to about 3 moles maleic anhydride per mole of olefin. The
unreacted maleic anhydride can be vaporized from the resultant reaction mixture.

Polyalkenyl succinic anhydrides may be converted to polyalkyl succinic
anhydrides by using conventional reducing conditions such as catalytic hydrogenation.
For catalytic hydrogenation, a suitable catalyst is palladium on carbon. Likewise,
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10 acid, hexylmaleic acid, and the |ike, including the
correspondi ng acid halides and | ower aliphatic
esters. The nol ecul ar wei ght of the olefin can vary
dependi ng upon the intended use of the substituted
succi ni ¢ anhydrides. Typically, the substituted

succi nic anhydrides will have a hydrocarbyl group of

f 5 r : [, .

BP0 R M o i 20 BB od OES ing Bt

| radhcirgadondigiond. | di spersants will typically have a

hydr ocar by roup of about 40 to about 500 carhbgn

at ons ?ﬁwmﬁvaﬁﬁygﬁr P@Y%Ewhﬁubstwé% AR the syeinip galydrides employed
[ r i s

L A ot S B ot R Rl Cor B b of

ohexfo-elefingss pattitwdantimlcmonbebsfins, shel ast atliydehespropylaies and butylene.

hydri des. may .include a m xture of different
oSS e iploS OB BLo 246 A 0 sy e s a2 rther
RRAMPR! ébéﬁih 3 fbrhbeﬁt ﬂﬁ%ﬂ&:a&ﬁﬂ Bth¥dhfitle &bﬁé-bl&ﬁﬂ%agﬂﬁé s

such as ethylene, propylene, and isobutylene.
podnylengs udylerfe, particilarlypisolyudyleebe 1 tostent,@hd f-decemey Hplyolefins

wi.del w.. |t vary..for . exanmple, .fromabout 5.1 to
Bt frah oSl el iy, PP abrob e,
3hd the\olyalphadlefihs}odiced from PedicspRULdebaRe having a
nunmber average nol ecul ar wei ght of about 500 25 to

about Trremme erabodirents, ftha ashisss dispergahtemaxinolute ggormaore alkenyl

. | . f ef hyl ene- al pha-ol.efi .
S0l B & et R et e s PG T b orming
ah Grhidlb igeowpt Mhe alkexyl ciniRidds il ®6 forined bY QodRAténaBmethods
nol es mal ei ¢ anhydrj de per nole of olefin. The

Swiheds by baating agialkeansyerinig ankyardpacidapad esterd aqd bakidener lower

SR B0 AP RBEUT P o
awdvjro anbydride/mey bamadorudily bydrating e of polpolefin enbmaleic
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such .as cat al t|o .hydr.ogenation.”  For catalytic |

H@H%aﬁ%%shfsoaigﬂ‘iyqq abfiedo 3y bea prdymerqir gapdymer of a
tron, | ’ gl

KT Amoslchi e oflche R KERY oA oDl e HRE. HiBhe A mmber

egiagsi majeadardyeight irsthe Tange pHibyoat kY0 toaboytG0Ghkdnmrnined by gel

substijituent qgn the i ni e anhydri des enpl oyed
H%ﬁﬁ%@“‘é‘ﬁﬂ%@ﬁ%@gﬁi ved from pol yol efins, which

are PAMARHhiH mePBOLMPRY& 8 iforpniiP i aSMIES Mspersant include any
particularly 1-nono-ol efins, such as ethyl ene,

hablaye ahlsast aneipimany|agrieo gro¥p whivhren tdactftp forengl icyidaigraayand

DAYt SRt SR br 2ot O n S LTS andor ATeadt dnd i dSky1

~group. A few representative examples are: N-methyl-propanediamine, N-

dodecylpropanediamine, N-aminopropyl-piperazine, ethanolamine, N-ethanol-
ethylenediamine, and the like.
Suitable amines may include alkylene polyamines, such as propylene diamine,

dipropylene triamine, di-(1,2-butylene)triamine, and tetra-(1,2-propylene)pentamine. A

 further example includes the ethylene polyamines which can be depicted by the formula

H>N(CH,CH,;NH),H, wherein n may be an integer from about one to about ten. These
include: ethylene diamine, diethylene triamine (DETA), triethylene tetramine (TETA),
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exanpl e, about 3 to about 12 carbon atons. O her

sui tabl e nono-ol efins include propyl ene, butylene,
particul arly isobutylene, 1-octene, and 1-decene.

Pol yol efins prepared from such nono-ol efins include
pol ypr opyl ene, pol ybutene, polyisobutene, 10 and the
pol yal phaol ef 8 produced from 1-octene and 1-decene.
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halide, or lower 15 al Kyl ester with an anfne

dolvagiing mixteres menentain siporiamouytsafibraoched speries Bnd cyclic species
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g%ou gg(b%ggeg@f%lgtpee rm ned ]glf/: "té‘;e]% m@‘bgfsoeo?yﬁggfp% cotme a“ﬁydnde
ehpelpsik gyt Gay Wfiréia sbutilelhorByut38: Enpl oyed in
form ng the ash] ess di spersant include any that have

at | eddgompembpdiments, therashissytlisnpssaphmahinglifle theaeeducts of the
R I B0 Al B B R P 8vicns
pymtamme;] Lwit@ah@ocagebdr@mbﬁﬁﬂlkgsms y }qtlic\aleidem anl’gddg‘ae afade by
N- et - pr.o edi am ne, . odec ropanedi am ne,.
Rﬁaﬁnfﬁ%%&&ﬂqgfﬁn Bishas PRigIsobYtRAG 8 %m% psnﬂﬁﬁce{aﬁmalm with an
Shénli 808 H13eH: Biteylie A bb Sy, Rl L i 1Y acid,

i ncl ude al kyl ené pol yam nés, su as propyl ere

diraariaweid, odihp libeyhadeding misdnien ef two or more such substances.
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Skaaonsid o i hobing wkrmeonof tvo or more uch ubstanors.
et 1 2 PRiyABInG B0 e Als? Sufble Rrrecpasine e disperants spibed berein
by e O s S0 O GO LLEN N PURBL £ h oy e S

hegzk-1,6-pbenyigrediemineeNtpheayloli$-phenylengdienine, anddNphienyl-1,2-

n tam ne, . diethylene triamn DET. .

A RO it SeRRS TR, mihigmicole,

Paiiodenz0ehiddldzt0) andpaihcaly o oR; Aenaci ol EiMoinddes;
the like, includi naﬂm xtures t her eof in which case n
AminoRETelos pEe-indazelnesies; arinpgicaptetriagilesh aminoheringigines;

' [ ' rqup.at each end so
Eﬂﬁg%@%{}ﬁ?%%ﬁé%ﬁ%lﬂs lrla’-éﬂnﬁgétﬂﬁ) %ni%aﬁﬂe, 1—(§-am1nopr0py
imidazole; and aminoalkyl morpholines, such as 4-(3-aminopropyl) morpholine. These
polyamines are described in more detail in U.S. Pat. Nos. 4,863,623 and 5,075,383.
Such polyamines can provide additional benefits, such as anti-wear and antioxidancy, to
the final products.

Additional polyamines useful in forming the hydrocarbyl-substituted
succinimides include polyamines having at least one primary or secondary amino group

and at least one tertiary amino group in the molecule as taught in U.S. Pat. Nos.
5,634,951 and 5,725,612. Examples of suitable polyamines include N,N,N",N"-
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al kenyl succi ni m des and bi s-al kenyl succi ni m des.

Commercially avail abl e ethyl ene 5 pol yam ne m xtures

may contain m nor anmounts of branched species and

cyclic species such as N-am noethyl piperazine,

N, N - bi s(am noet hyl ) pi perazine, N, N -

bi s(pi perazi nyl)ethane, and |ike conpounds The

Iﬂkyl%éﬁtlé%ﬁﬁés (TR tIRNBI teRRRY éﬁdi &hd central

conpositions falling in the range corresp ng to
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itabl e | ecul ar weight, with an_ 15 unsaturated
5@? 6‘%‘-"?‘3 and aicaly SRR PP oTe @a@ aboufh? ggrbon atoms each,

3Rk Wiﬁdhqﬁa JERLa8 Forfd Pgut 1 b Y0B: 4Saftoh 9 fo egélf €ad 4 Kiffther

i ncl udi ng moxtures of two or more SUC ances.
Raimplej thess atklybgroapemay somsthiyl aidloe ethyl groapa Robgniibereactants of

%I}%BSPF’ %T%gh'}?q %ﬁéﬁ?ﬁ‘gﬁg@gﬂéﬁﬁrxgg (Lbdl‘(/elAPA) and N-methyl piperazine.

N- phe .
N phe ;@Wwdm%?’%ﬁglﬁg ﬁgilagfr? ggllq&ﬁ% el BRpSunds, oligomers or polymers

Nomhl@nygl at IBaQOph pnyheedeconilng mﬁmmba[ahhdh efwghetihg Avithdte

R 2o R B e Ryt EvamRs ofhydroxyamines
iR ER R cAinamat ﬁmrﬁéﬁ?xﬁtﬂaﬁ&%ﬁé' (hEagol e

am nocar bazol es; am noi ndo am nopyrr ol es;

amimmpaw@s_thamlﬂom@mmﬂﬁb aBanclaminer diethariodmmine (DEA), partially

(

20

25

30

DDA Bk ens ARDARS e EPR QG MR 3P0), 5

by, ipRipafdiib] A (9 ddok e PR fEAbBAERe, ShE Pano-1,3-
4- (3-am nopropyl) norpholine. These 25 pol yam nes are

gepangdild in nore detail in U S. Pat. Nos. 4,863, 623

and 5; '
benef Fggél")fé jo %@%ﬁ% ?)a{v%g&r&%ﬁ%s an ge:(l é%\cglgf/ Q&? gt L@ﬁ’ahde
friap zdngp lﬁodwbbat 1: Adsatioubhadl . @ﬁio}tﬁmémq)lwsﬁ mibleirfitio of amine to

L)’f[}' ‘@g% Ell? car byl -substituted succinimdes

PR l Clﬁla\ﬁfsﬁg)r a@hxdééémaaﬁ@gﬁﬁw%wb} .5:1 to about
s@gondary amino group 30 and at |east one tertiary
amno group in the nolecule as taught in U S. Pat.

Nos. Shé&Riceohp (MpﬁrSEQt?ﬂ@ eﬁshZ)e dpatptas! difpessant midee for

N, N, N 15
aan?emby %%atin%cdl gigpersanf with malelc anhydride and boric acid as described,

- for example, in U.S. Patent No. 5,789,353 to Scattergood, or by treating the dispersant

with nonylphenol, formaldehyde and glycolic acid as described, for example, in U.S.
Patent No. 5,137,980 to DeGonia, et al.

The Mannich base dispersants may be a reaction product of an alkyl phenol,
typically having a long chain alkyl substituent on the ring, with one or more aliphatic
aldehydes containing from about 1 to about 7 carbon atoms (especially formaldehyde
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tetraal kyl di al kyl enetriam nes (two termnal tertiary
am no groups and one central secondary am no group),

N, N, N ,N'-tetraal kyl tri al kyl enet etram nes (one

termnal tertiary amno group, two internal tertiary
am no groups and one termnal primary amno group),
N, N, N, N, N''-pentaal kyltrial kyl enetetram nes (one

¢ . ) . . ) . L ar
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contain no nore than about 12 carbon atons each,
\if9l¥emimmy contain fromabout 1 to about 4 carbon atons
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esteaspolmedradlemenmplefimdinying|frogo asras 2 &r asdt § pasben atoms. The
SRR SRRy SRR KV B, ATSRIPOE B s on

a8 8 Girthec examiple, @t leasn Ayt 50 Carbéx &0k @sprotidb yehseuadilnebility
15 suitable for use herein include .
Iojhs Z\@pﬁyqugt Eﬁﬁ gheﬁﬂpﬂgnelp\égﬂpg a GPC number average molecular weight

BELRERERR 600 &1 YUBA S000 e Wbl o re MOER LB A Sivity and low
hestaHeWhy&re;utdyqdémnﬂﬁghe{rfrmlecmimnwg@t leMs(ﬂRG)sedl. Especially

H -3PQ), 3- am no- 1, 2-pr,opanedi ol ,

SRla T hisatbon Srsvar xR H st nsd pglyers made from a
BB HBhten Shd @RS st@irh 0 Of ami ne to

hydrocar byl -substituted succinic acid or anhydride

may r &nigablé Mennighbase disparsants mby bt Manbich basdmsltiemsispersants
exanmple of ;a.nole ratio of ‘amne t L R
AP oY penderstip du Bheuio BLrePorEn Stlone Shain RHYeRaThRe: ny
EetRGRtddphEh G RathH frokn Bbokt 1| @ ARRAYL.5 nfol&k JFforfREichPdLHAI Rfn

di spersant may al so be a gost-treat ed di spersant nade,
fignrut .5 te alaawd R anolesofpplyalkiyiege pelpandingper sant with nal ei ¢

B RS A B e SR
toredhing Yasid@nihe § &t oil sWldHNIARNYoRPEMEH example, pendant alkyl
formal dehyde and g éCO|IC acid as described, for

geupraying g legstgboutipaghen afesns)s Sudvmargials arepustated by et
%&%%oggrge%eﬁg’{cﬁsfﬁ%ﬁ% e ﬁ&rﬁ&@ tsﬁclf%%e?ﬁ n%tﬁa%%ﬁ&té,%nyl decyl

ether or relatively high molecular weight olefins, with aminoalky! acrylates and

‘aminoalkyl acrylamides. Examples of polymeric polyamine dispersants are set forth in

U.S. Pat. Nos. 3,329,658; 3,449,250, 3,493,520; 3,519,565; 3,666,730; 3,687,849; and
3,702,300. Polymeric polyamines may include hydrocarbyl polyamines wherein the

“hydrocarbyl group is composed of the polymerization product of isobutene and a

raffinate I stream as described above. PIB-amines and PIB-polyamines may also be

used.
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30 typically having a |l ong chain al kyl substituent on
the ring, with one or nore aliphatic aldehydes

contai ning fromabout | to about 7 carbon atons
(especially formal dehyde 16 and derivatives thereof),
and pol yam nes (especially pol yal kyl ene pol yam nes).
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pol yanine di spersants su
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grodps’ havi’ng east ’a éut
412648 }5; 4Slﬁ§lt95lﬂa4 4835,003s 5,&BE9$0 kb Re 26443 thegrein mcorporated by

5% er pol yners fornmed from vari ous nononers such as

57 net hacryl ate, vinyl decyl ether or relatively

hi gh npl&e4 %%{‘A@ﬁlﬁi‘ﬂie a@*ﬂE{/s’lﬁsggir’yhﬂﬁths Q%ﬂﬁ%ﬁld larsant Borated

acryl ates a am noa am des. npl es of
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dispersant, succinamide dlspersant, succinic ester dispersant, succinic ester-amide

dispersant, Mannich base dispersant, or hydrocarbyl amine or polyamine dispersant.
Methods that can be used for boronating the various types of ashless dispersants
described above are described in U.S. Pat. Nos. 3,087,936; 3,254,025; 3,281,428;
3,282,955; 2,284,409; 2,284,410; 3,338,832; 3,344,069; 3,533,945; 3,658,836;
3,703,536; 3,718,663; 4,455,243; and 4,652,387.

The borated dispersant may include a high molecular weight dispersant treated
with boron such that the borated dispersant includes up to about 2 wt.% of boron. As
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3,702,300. Polyneric polyam nes may include _

hydr ocar byl pol yam nes wherein the hydrocarbyl group

i s conposed of the polynerization product of isobutene
and a raffinate | stream as descri bed above.

Pl B-am nes and PI B- pol yam nes may al so be 30 used. 17
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bbiohdg e fdtOfuid | east one hydroxyl group in the

nol ecul e, such as a succinimde dispersant,
succi nam de di spersant, succinic ester dispersant,

TYhfpoRdE (85 WalinAl Afnts

In addition to the extreme pressure and antiwear enhancements achieved using

Components (A) and (B) in transmission fluids at the relatively high rates indicated
herein, the antiwear characteristics of the finished fluid also optionally may be further
modified by addition of supplemental antiwear agents. The supplemental antiwear
agents may include phosphorus-containing antiwear agents, such as those comprising an
organic ester of phosphoric acid, phosphorous acid, or an amine salt thereof. For
example, the phosphorus-containing antiwear agent may include one or more of a

dihydrocarbyl phosphite, a trihydrocarby! phosphite, a dihydrocarbyl phosphate, a
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25 di spersant, Mannich base di spersant, or hydrocar byl

am ne or polyam ne dispersant. Methods that can be

used for boronating the various types of ashl ess

di spersants described above are described in U S.

Pat. Nos. 3,087,936; 3,254,025; 3,281, 428; 3,282, 955;
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di spersant and/or may be free of phosphorus.
di spersant rray be present in the power transm ssion
intonModifiers15 about 0.1 wt.%to about 10
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\N[/ rthe t he I transm ssian.flyi.d nmay L
ol o licton Mdincl RSP in A BRREL AR kic Hijds Fiéease friction
bavadehrdésne F S tHetmerfibtird S tor qﬁélB BoIR@WBY cluith 88 iRk @ﬁhtch) at
{olﬁéslld may i ncl ude from about Ww.%to about 5 wt.

. ahgpf@plg Qﬂﬁ‘lC@j}-Y&h@ﬂOClﬂ{@l ﬁaw:}fe that has a posmve

%{c)}?ég d I spe ragg a%tsgg’\ép# (%}@Flggrfgag%ﬂ% dgmifﬁzfzse“s?%f}lp

mamsr@eg shnddermls{emﬂ)haﬁhsmpht of boron in 20 the
flnlshedflw such as for exanple, fromabout 50 to

about Frighion gitisys inslugn suchicompeinss a5 plintatic pmines peethoxylated
éﬂp‘ﬁhﬁjc amines, ether amines, alkoxylated ether amines, aliphatic fatty acid amides,

acylated amines, aliphatic carboxylic acids, aliphatic carboxylic esters, polyol esters,
aliphatic carboxylic ester-amides, imidazolines, tertiary amines, aliphatic phosphonates,
aliphatic phosphates, aliphatic thiophosphonates, aliphatic thiophosphates, etc., wherein
the aliphatic group usually contains one or more carbon atoms so as to render the
compound suitably oil soluble. As a further example, the aliphatic group may contain
about 8 or more carbon atoms. Also suitable are aliphatic substituted succinimides
formed by reacting one or more aliphatic succinic acids or anhydrides with ammonia or

primary amines,
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Conmponent (B): Antiwear Agents In addition to the
extrene pressure and antiwear enhancenents achi eved
using 25 Conponents (A) and (B) in transm ssion
fluids at the relatively high rates indicated herein,
t-he antiwear characteristics of the finished fluid

al so opti onal |y may be further nodified by addition
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phosphorus in the power transm ssion fl ui

federengsy Irémwmbowtemwnﬁmiéh@ Eintign madifie athepidan the
anmount sufficient to
pr OW @cﬁl@%&p‘isﬁ 8Ut™ 300 parts per mllion by

wei ght of phosphor us in the power transm ssion fluid.

The power transm ssion fluid may i ncI ude from about

0. 01" BHe Hierimids iy inciudeic o Miesst A gampound having the following
]l::t_or us-contai ning anti wear agent. As a further

exanple, the power transm ssion fluid may include

fromabout 0.2 wt.%to about 0.3 wt.@ of the

20

phosphorus-containi'ng antivvear agen . As an exanpl e,

t he power transm ssgn /cl ude from about
0.1 wm.%to about O f butyl hydrogen
phosphite or 0.3 wt. % to about 0. % an am ne salt
of a sulfurized di butyl hydrogen pH6sphate 15
Conponent (F): Friction ré‘r'(?r Fr|ct|on nodi fiers
are used in automatic transnfssion ids to decrease
friction between surfaces (e.q. th menbers of a
orque con rte tch [e.2 shlftlng clutch) at |ow
s||d|Y’Yer§1r5l “is a friction- vs.-velocity
(-v) curve that has a %qsmlve

SCH —

R:Z’/

~ wherein either R? or R? may be hydrogen, but not both, and wherein R! and R*

may be independently straight or branched chain hydrocarbon groups containing from
about 1 to about 34 carbon atoms such that the total number of carbon atoms in R' and
R? is from about 11 to about 35; X is an amino group derived from ammonia or a

primary amine; and
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20 slope, which in turn |l eads to snooth clutch
engagenents and mnimzes "stick-slip" behavior
(e.g., shudder, noise, and harsh shifts). Friction
nodi fiers include such conpounds as aliphatic am nes
or ethoxylated aliphatic am nes, ether am nes,

al koxyl ated ether am nes, aliphatic fatty acid am des,

acyl at ed am.nes,..al jphati.c carboxylic acjds,. aliphatic

e Doy PerenSanon 5Bt 1 aTRREe i Pafthatind anoiiide ay be
c&nﬂww,lieﬁqtm%tn%neia i€l @ohydrile0@ZQlet AR an irRérhaldefin containing
am nes, aliphatic phosphonates, ali E’h'atl c phosphat es,
aHbophi to @by 36 shibep Alena: il intemab hlsfin being fopisd Hp emesizing the

t:Ce .- ' h | i [ I t ai
oy SO o 8 ind SR S BRR sReElo R et
SiktebbDbI¢figy. | THeQbd¢Rb® maP imdivedhlchitnobat aMBLA: ofanonia and may
al i phatic group may contain_ about 8 or nore carbon

ledAusd elavhted binpergtaresivith fietremoval b€ wateut ed

succi nhn f . reacti Ne Ol e .

a1 T phar TS TR0 B e B iRl P lfoncpguipivted
pli¢thaioy araifensvhicOthe Nealgibatd RydibeebyIBbstifiehiic et (k&€ one straight
reaction product of a succinic anhydride and _ _annoni a

shaigafiphatic hydropasbylpreup-freec pretyenia pussturatinn aad ayipg in the range

%'f‘&ﬁ&[iilﬁt |l W Aomshort chain al kenyl group, for
exanpl e, e al kenyl group nmay include from about 12

to akugxadfplearasoitatid fitdon Fodifiee systenhis compoded ioffh dembination
y inclu n apout Cl2 to _about C36 5 aliphati
s ek P{b@dﬁ@ewcgwﬂsoa@. ylagibsititge disiranel gt @10 a frast one N-
i V. . _ ' : .
P e T A GimAR AR AN ol
diydrpparbyl-tubstiteant &si ab leastebae steaightrobhin dbplaatic Apdratartyll Fréup free of

T I T T
FEhE TR BorRSrni eSQidnRachifid sFHERRRARL FRh8AU.S. Pat. Nos.
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pliication No. 020037, hereih incorporated by

gpeiqaﬂéﬁand 5.h4l.6%me enbodi ments, no non-netallic
PR S e SR —
?‘gﬁt??ﬁga?ﬁ?e@f’%mﬁ.@}% aeiROTPAMBIEHB Ry drogyA1IRe of ipk BairddGhe
same or different, each contain from about 2 to about 4 carbon atoms, and in which the
aliphatic group is an acyclic hydrocarbyl group containing from about 10 to about 25
carbon atoms, and (ii) at least one hydroxyalkyl aliphatic imidazoline in which the
hydroxyalkyl group contains from about 2 to about 4 carbon atoms, and in which the
aliphatic group is an acyclic hydrocarbyl group containing from about 10 to about 25
carbon atoms. For further details concerning this friction modifier system, reference
should be had to U.S. Pat. No. 5,344,579.

Another suitable group of friction modifiers include polyolesters, for example,
glycerol monooleate (GMO), glycerol monolaurate (GML), and the like.
Generally speaking, the compositions may contain up to about 1.25 wt.%, or, as

a further example, from about 0.05 to about 1 wt.% of one or more friction modifiers.
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O wherein Z may have the structure: RI RCN wherein
either R or R2 may be hydrogen, but not both, and
wherein R and R2 20 nay be independently straight or
branched chai n hydrocarbon groups containing from
about 1 to about 34 carbon atons such that the total
nunber of carbon atons in R and R2 is fromabout 11
t®..a s A LS am no group derived from amoni a
o‘?"@%ﬁ"ﬁ(ﬁ’ﬁ'ﬁ?ﬁﬁcﬁl’f ﬁ@,g and 21 wherein, in addition to or
i n t henabieembodivents tdatogadngRbmponaai Hia¢ banfeidlel dethany
be farnmed by reacti nﬁl mal ei ¢, aci d, anhydride, or

omppsifipas, Aqfioxidants msluds phenolic agfinxidanispjomaliaming antigxidants,
F o DHEGIE S AR, oS ChEPles Il YRS, Wamples of

| phasdlic aatiotiddntsincindad, Gidireet-bitglpheadol, liquidatigiuresaf Eridnir €
i ot a R AL N R S bRt TN
QJu@y\Iﬁ{eﬁgl),Q,Qﬂﬁ%ﬁh?Ieﬂéb%y%éﬂ'iyi&!?& t-ﬁ)ﬁ@éﬁé{lﬂg% @%tﬁ%lﬁ?%bﬁdged

group of “friction nodifiers inclu
IWB‘BEW bphepbls.cand $14'-thiotes(2-rostay irateatbugyipheasl).i N Nivdi-seo- Hukyd-

e

BB GBS b oo,

pheiyl APHaCnAphEs! sl SR iRt RANED GiphdhyldBnds2 FHEmplke iftiude
about 14 to about 20 carbon dtons. An’exanple of "a
& stesispldy hipdered wHiamollitylated phorals hisphenolsrpd simdaroic aaid
] |.an f l.east e N-alphat.ic . ..

AEPE i Roufinefins B0 DBl ShiRlieidans inyhe prapsgpision
Gkl ddmpakitipibadeb@ibey BeremanBytangfashiaboti @D 116 kBRI BY) W% based
diam ne in which the N-aliphatic o
Ry dhedetal weiebtaf tha fluid Esmujationt Ap e fgrthepewample, antignidashasay be

' j r r f acetylenic
3%&32?3{? é@?g%ggﬁ%%ﬁ%‘il‘tr%f %%%ggﬁgﬂgoe%%{“ about 14 to
about 20 carbon atoms. Further details concerning

20
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his friction nodifier systemare set forthin U'S
0 : N%¥nd 5, 441, 656. Another fri-ction

o St AR el
tmbediinetxs bfithe pyederd diselokyt. Judupsteridieinolydé henocarboxylic acids
and polycarboxylic acids. Examples of suitable monocarboxylic acids are octanoic acid,
decanoic acid and dodecanoic acid. Suitable polycarboxylic acids include dimer and
trimer acids such as are produced from such acids as tall il fatty acids, oleic acid,
linoleic acid, or the like. Another useful type of rust inhibitor may comprise alkenyl
succinic acid and alkenyl succinic anhydride corrosion inhibitors such as, for example,
tetrapropenylsuccinic acid, tetrapropenylsuccinic anhydride, tetradecenylsuccinic acid,
tetradecenylsuccinic anhydride, hexadecenylsuccinic acid, hexadecenylsuccinic
anhydride, and the like. Also useful are the half esters of alkenyl succinic acids having |
about 8 to about 24 carbon atoms in the alkenyl group with alcohols such as the
polyglycols. Other suitable rust or corrosion inhibitors include ether amines; acid
phosphates; amines; polyethoxylated compounds such as ethoxylated amines,

ethoxylated phenols, and ethoxylated alcohols; imidazolines; aminosuccinic acids or
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20 sanme or different, each contain fromabout 2 to
about 4 carbon atons, and in which the aliphatic group
is an acyclic hydrocarbyl group containing from about
10 to about 25 carbon atons, and (ii) at |east one
hydr oxyal kyl aliphatic imdazoline in which the

hydr oxyal kyl group contains fromabout 2 to about 4

c ons aliphatic gro
SRS Bl B B el bl S s i BBy ot
abfitttire® bf stioh et Biofd kA Thitiers dal bl hedd. dBk ainbéint of corrosion
concernl ng this friction nodifier system reference

ter pdha-fsansiission Juidfgemulaginns sle@ edstragein pragrange from about

&Hé)g?tg%g%(oéasgeé(g&ﬁl ?&al%q cer fgﬁr%ﬁ%o eate (avo),
gI ycerol nonol aur at e (Gl\/L) and the like. Cenerally
Beakl ng, the conpositions.my contain up to about

penbel): Seppeg Lorrggon Inhibiioker exanpl e, from about
O 05 tig sghe 0 |
SR Eﬁlbbdlﬂfeng &%PQQ%S@&W}}IH an‘r}éylsc%ﬂsumte another class
eqﬁaddﬁmmsabhaﬁt urwhsdmnn tte@ompusitsnsmSyclbeomponhdidiactude

t t d l.ud h |
Pl Moics. a0 Bineled BRI RN OO s | 2
Hféﬁﬂﬂlllﬂlz‘éleafb‘lﬂ%kﬂ@% ltrl ESAEL5010 I?i%ﬁ&?ltﬁfz%le A Ehpto

ot hers. | es of enollc anti oxi dants 1 n¢l ude
.Zveazminaz@@,ﬂﬁbtilmrq@h@rﬂd 4- thladq@aotb Aimareaptes 5-diydioearbylthig-1,3,4-

ATl o
%} 4@&&1&%%&%@&%&1@@0? 1,3.4-

t- butyl phenol ), m xed net hyl ene- br | dged polya Kyl
diazales. Suiable compounds include the 1,3 ,4-thiadiazoles, a number of which are

% ﬁla&iems%m e&t%; P@IH?% é’ﬁy él%{esé cchmBXlaP(pnes%?ltrlazoles such as

sec Ianne

4elyhﬂmmwilﬂﬂm a@cﬂﬂahiamlb mmgazwaﬁmﬂkymhma JAtidiiDyle.
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ne,’ henyl - . al pha, - napht hyl am ne, “and
%%adalg g)flélaa%} niPF BRRaREE coptpsian inkibition; thagadditivee
%?ﬁth.%ﬁ] 1133’ béyng.ggd ﬁqmﬂc% Haﬁérﬁregg[‘g%lg{hgg ﬂférigﬂ:?é (JEEd in the present

ol's and cinnam ¢ acl I VES
dmrhiioretbienhsice b:etream‘ presEine aﬁdmmm;treaefaro@axmgéw}d:ﬁ mkedin t he

ARk o BSR o S e A i
hat @{maeﬁ%azeie& arf eﬁéial)f é%th@%&éarﬁﬂih fldrfine A &rﬁdﬁfcﬁs!aﬁ{de by

exanp e, ant|OX|dant 15 present I N an anount
known plooedurds. sewtfopmmbm& Pat. Noww2, 765, 28G0h st 2,760,933;

SShSH Syas0: 2R SeL RN B3 Uee T s *1

Component (J): Viscosity Index Improvers

Viscosity index improvers for use in the above described fluid transmission and
gear lubricant compositions may be selected from polyisoalkylene compounds,
polymethacrylate compounds, and any conventional viscosity index improvers. An
example of a suitable polyisoalkylene compound for use as a viscosity index improver

includes polyisobutylene having a weight average molecular weight ranging from about
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enbodi nents of the present disclosure. Such materials

i ncl ude nonocar boxylic acids 20 and pol ycarboxylic

aci ds. Exanpl es of suitable nonocarboxylic acids are

oct anoi ¢ aci d, decanoic acid and dodecanoi c aci d.

Sui t abl e pol ycarboxylic acids include dinmer and

trimer acids such as are produced fromsuch acids as

tﬁ)'() lt? I&kéeut E,}Eg Rl%{‘)(%ﬁ‘ie?tg P‘raabf(in da I%]]th#.l‘n %1? ??ﬁecor ?rgo'réji%cosny index

t he use

. mwhsmf&d@mlorthmo&caﬁrﬂe@m al kenyl succinic

anhydrj de corrosion inhibitors such as, for exanple,

25 t eté“é‘ﬁ}l’lé ﬁ@ﬁ%@%ﬁﬁmar%rs aydetlidestaenenyrlsigCsFmi

D e Bl 8 A R PR RS I iyprovers, Migtures of
dld ﬁbregomgqﬂedmts}daa alse baised aanlellds dﬂpersamdlctda@etsaﬂnmnmmdant
Al.so us ‘5,% are the half esters of al kenyl succinic
YCHdOHRIgPISBut 8 to about 24 carbon atoms in the

al kenyl group with alcohols such as the polyglycols.

O her sw tabI e rust or corrosion inhibitors include

&omy & thosphat es; am nes;

pol ye h Iat . tho Iated am nes

b hos RSt %%F% R Ry Py S o fnPORe Rt Ritable
ifed e &@pdihk B@ﬁposﬁﬁﬁn@ OPbHne irﬂilﬁto?s%@isbé&elec%a O8] diN@dhby es
thereof, and the like. Materials of these types are

pehauylates] suyfagtants, aad the likeniThe amewnt of antifesm agent inghe

used. The a o
GRS AN R iR F40mE néRT o BB e 001 wrsto
Bbsui0|5akd. riseiasahe ed wehedMheBymuReR A & Ardbpékample,
0.01 to about 2.0 wt.% based on the total weight of
apEors agent Maydr presert i n prapunt fioym ahoypat Wt%tpébwsﬁ 1 wt.%.
I nhibitors In sonme enbodi nents, copper corrosion
inhibitors nmay constitute another class of additives
gggmgpﬁn(EkHS&wSWdBQ§n$in t he conpositions Such
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conpo ncI de thia Ies riaz and.” o

t hi adi 9 6‘? gwvel Prb‘rsé‘é ¢ %&sﬁn@m&ﬁﬂi gamp qsmoea@esmbed

H@r@ﬁlqg §éléb¥é?i ffom gﬁ Yluble REREE ol g&%ﬁﬂe s[ﬂfﬁfeglaﬁd mixtures thereof.
decyltriazol e, 5ecy £riazole , mer cap

bererallyhspealahe the:mcfst siuin’ele dmstem—indludi: the hdltpateb azbdtes, and

S 8B Y PR 4 s aancs
gorﬁnxthfe%(ﬂlfewd R CREYES H 1R or tnofe élﬂfe}bh@@b@swldfétersqeg dialkyl

bls(Q%drocarbyldlthlo) 1, 3,4- thiadiazol es.
@p&tmné tadkyl aeelatss, etedicanialse beustd3 E&amtiﬂmﬁ saglometsriala include

LRSSl b AL e B bS8 e
sebacic acid, and the n-butyl, isobutyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, and tridecyl diesters of phthalic acid.

Other esters which may give generally equivalent performance are polyol esters.
Suitable sulfone seal swell agents are described in U.S. Pat. Nos. 3,974,081 and
4,029,587. Typically these products are employed at levels in the range of abdut 0.25
wt.% to about 5 wt.% in the finished transmission fluid. As a further example, they may
be provided in an amount of about 0.25 wt.% to about 1 wt.%.
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tolyltriazole with a 1,3, 5-thiadi azol e such as a
2,5-bis(alkyldithio)-1, 3,4-thiadi azole. Regarding

di al kyl thiadiazoles, for inparting corrosion
inhibition, that additive previously has been used in
much smaller treat levels than the |evels used in the
present invention to enhance extrene pressure and

fglt Iat g?@r cﬁ)é)ag%&%lg%ggﬁwnen §§1 ‘fSB‘:“BlféléaﬂfY el ng {l?g@yc acid, (ii)

- lsplicfealed oﬁ@'ﬁ)eﬁhﬂ')ahc -'ﬂfi& The §d1ﬂht$§ﬂrﬁ%%%§§mﬁfd%e used in

general |y synthesized from hydrazi ne and carb
aimouhts iirthe pange loh Grom aboevicleidwbett. 1 53 if the ﬁmshwbﬂlgsl [n the case

o i 3inesy g Ry g e yigySagh 1y SO Bl g g o

GBOR QR labbuk)10 W% C Gehdrilly dpefing, IR MRS ﬂle\fh(ﬂéaﬂért%lght of the
i ndex i nprovers for use in'the above described fluid

adipatenichadatarrphthalagge the highsr shoald bectbepetirate wibmrfhtg/fmomg
§§4 ted from pol yi soal kyl ene conpounds,

gymet hacryl ate conpounds, and any conventi onal
viscosity index inprovers. An exanple of a suitable

pol yi soal kyl ene conpound for use as a viscosity index
Qﬁﬂlﬁéml udes pol yi sobutyl ene having a wei ght

aver a [

about “ BB e L0 id SO BV Y UcRRle chigdeBeh
910 maselyw @€ ased] guch asied. SolvmitR‘eéQs obC.1f SdventiRed 064 as set forth

erent_nol ecul ar wei gh SU|t e viscosjty X,
9%'{’5% ofthe Jmerie gaﬂ%ﬂ gxtg%ééq:rglsts ond ﬁ)rlsts and

EH%' ssei KYAT5Y Maﬁhﬁéﬁﬁw (@-ﬂé @nggpaiaysﬁﬁgmaﬂ fRERSI tY

I ndex | npr over s Xt ur es o or egol ng products
éamnaltIStReﬂd)msﬁre&TeddDjIe mpra&enipea senytmiamakl amount, such as about

TR i Rk ot 4ECS 1) come enbodi ment s, a

foam i nhi bitor may form another conponent suitable 10
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for use in the conpositions. Foaminhi'bitors nay be
uetl i cones, pol yacryl ates, surfactants,

d the | ike. Th i 1 L
20l T AR 3 A G AR e D comir
AR a0 (8 bl Ghali, w1uiify, AR UinDoRinthding fackage.

the total weight of the for ation, a further

Ehedipieat oil ngeds fodwrpoatyatible malk thebsse el éml thie B vapaskpge. In one
%ﬁ’&&ﬁ?&?ﬁw QirQehe ngre@eﬁtqn A hcdrrhteth atmoth of between about 5 to

about 20%, although it can vary widely with application. Generally speaking, less

diluent is preferable as it lowers transportation costs and treat rates.

Additives used in formulating the compositions described herein can be blended
into base oil individually or in various sub-combinations. However, it is suitable to
blend all of the components concurrently using an additive concentrate (i.e., additives
plus a diluent, such as a hydrocarbon solvent). The use of an additive concentrate takes
advantage of the mutual compatibility afforded by the combination of ingredients when
in the form of an additive concentrate. Also, the use of a concentrate reduces blending

time and lessens the possibility of blending errors.
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Component (L) Seal Swell agents The seal swell agent
used in the transm ssion fluid conpositions described
herein is selected fromoil-soluble diesters,

oi | -sol ubl e sul fones, and m xtures thereof. Generally
speaki ng the nost suitable diesters include the

adi pates, azelates, and 20 sebacates of C3--C13

al kanol's (or m xtures thereof), and the phthal ates of
C4-C13 al kanols (or m xtures thereof). M xtures of
PR ©ff nore different types of diesters (e.g., dialkyl
adipates and di al kyl azel ates, etc.) can al so be used.
Ex anp Temswission dinidswf drei puésenti invdntidee typidally (bud ootecessarily

2-et hyl h [, i . d tri.d | ..di est f
htige e e ST aor BRou & B i o 3 sor Spp g
BddiH{e/packagd UMY incluB& thy bxtreR@XpressulRitiWear cdfiinting combination
nonyl , d , 25 undec%} dodecyl, and tridecyl

I ecyl , A
of adfudred ity pib enddlinlkybibiadiazdle pethe presatbed widition fewglsdneae

PRy o A Sl BE R CERER it & BOEk REkflaby e moior
kinSuntBfibase Milsind db&lil 40 O8.Ys tiboutR(020% 28 4n addiivecaintposition
t hese products are en_EI oyed at levels in the range of

sonseining thessulfiygizogh ey eibans digkylthisdipzole indhe respectig fevels

g sslgn fluid. As a further exanple, they may 30
g{g prov??jﬂg%'i n an anmount of about 0.25 wt.%to about 1

W . % BasthilSunitabldl for seedh fawmlding geminsisstorefliil @ompositions
oi | -solubl e dialkyl esters of (i) adipic acid, (ii) .
aeopubinectodhs la}fewnmﬁ)f Sslﬁftﬁ‘ifrprél %Pg!heﬁ sféfi Blgglgﬂam
RS IffoR Nl B Hafie fimpPUTRAH Sedehhc (B3 ke oi, lard
bil) astveellea seneralflubrivatiphoifeduab esliquidpettolenat eild andishkyent treated
transm ssjon fluyid should Il ip.the r e of from5,.. .
St st igecsb oS of Desopefisie patifchts fmixef gousinic-
higRhictfiRs "OEIS ALY Rk 84 ofdhale®e aldfliupable, TREBAGRNE
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or phthal'ate, the higher shoul'd be the treat rate -
ipichllnhasheviscositiyadi fog exanapigdm dmup3d treztout M eStppd. as adugther

col or ant - added t qQ,t flLui 0O give it

SOPRAE Hor bHET o BBERCl ot b fop - b, S Gatviy Bom g gas-o-
].g%ﬁ&ipm@égglarﬁso@ﬂtabléol vent Red 24 or C.I. Solvent Red
164, as set forth in the "Color |Index" of the

Amer i Bumthotis sie ingtude hydrpeareon eilssudhesobmserized agb| or i st s
BB IBLRLY L, BIRIPRS SSNRRUAGHS b bt
qupefyeders dic.)dydlphapletias fichiap paly(ickiekends)ipohi-(1asontiit), poly(l-
ge%ggesi%tcéabn%uéﬁxtures thereof; alkylbenzenes (e.g., dodecylbenzenes,
tetradecylbenzenes, di-nonylbenzenes, di-(2-ethylhexyl)benzenes, ete.); polyphenyls
(e.g., biphenyls, terphenyl, alkylated polyphenyls, etc.); alkylated dipheny! ethers and
alkylated dipheny! sulfides and the derivatives, analogs and homologs thereof and the
like.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc.,

constitute another class of known synthetic oils that may be used. Such oils are

exemplified by the oils prepared through polymerization of ethylene oxide or propylene
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15 200 to about 300 ppmin the finished fluid.
Conponent (N): Diluent |If the additives are provided
in an additive package concentrate, a suitable carrier
diluent is added to ease bl ending, solubilizing, and
transporting the additive package. 20 The dil uent oi
needs to be conpatible with the base oil and the

P4 SRR et BB SRSt et oS-

- iudybophepylene abeul e@&%vﬁ%hﬁ@&&i};elfﬁol%hr%@tﬂf%uﬂom
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15

vvlth ﬁqgﬂl' cation, Cenerally speaking, less diluent is
& ohpolyethylgpeglycal hayiaga mokacilen weigbt of abaut 300d£00,

AR Oy M AAES TR 5P,
i atel) o miers- biyd polycambosglic edtss thefeof, doidxamblepthe acétkk%i&&fsters,
it. blend all of_ the conmponents

. bl
Mpﬁéﬁﬁmaﬁtﬁ@ Arthe i (Roasideiprie of temethyleneglycol.
addi tiAgsher Qiablssoﬁqur'}hl:ﬁbe&fs Hfa b8 Sisétl VHEQGRS %? s of

sol vent). The use an a e concentrate

atierdiroxaiieadids (lge phthahmdmd; autha: hmdi Jialkgyl aicfcﬂnajm:ﬂﬂsbylkéﬂw
nbi.nat. f. t ip the, f f

SHRHTEP g Gl R0 peclncg, b i sciecia SimbeHEk 26, adipic

rSUERIeiOhaa dindd, I%Qloﬁi‘c Bid241kY 1 |n?e§(§§@ il QKRR %@ﬁ»r{lﬁ %c)sfds, etc.)

of bl endi gg_ errors. 26 Bas€ Q1 Transm ssion
ofithraearigiyed alephols (gt husyl aloppolchdxyal¢dhal, dodecyl alcohol, 2-

ARG TR R olol, BURNE byl okl A S o . Prlme elveol, etc)
Bpedifie W@%SME&BMCHQE Hﬂ)ﬁﬁ{l ﬁcﬂﬁate d 2-ethy1hexy1)sebacate di-n-

extrene- pressure/antlmear enh anC|n3. g I nati on
15Q

bexy ifignarat, digetylscbacateadiisopetsl azglatet ecak @ze@tfatdlqcné phthalate,

I
PTG ST -
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15 or acid-treated mneral lubricating oils of the
paraffinic, naphthenic or m xed paraffinic- naphthenic
types. O ls derived fromcoal or shale are al so
suitable. The base oil typically has a viscosity of,
for exanple, fromabout 2 to about 15 cSt and, as a
further exanple, fromabout 2 to about 10 ¢St at 100
C. Further, oils derived froma gas-to- liquid process
are alé{fﬁé’éffet%‘nﬁ‘%‘.‘Psﬂﬁ@xfﬂlﬂWéﬁt‘i c oil's include
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No. 5,882,505; or hydroisomerized and dewaxed using processes disclosed in U.S. Pat.
Nos. 6,013,171; 6,080,301; or 6,165,949.

Unrefined, refined and rerefined oils, either natural or synthetic (as well as
mixtures of two or more of any of these) of the type disclosed hereinabove can be used
in the base oils. Unrefined oils are those obtained directly from a natural or synthetic
source without further purification treatment. For example, a shale oil obtained directly

from retorting operations, a petroleum oil obtained directly from primary distillation or
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et hyl hexyl al cohol, ethylene glycol, diethylene glyco
nmonoet her, propyl ene glycol, etc.) Specific exanples

of these esters include dibutyl adipate,

di (2- et hyl hexyl ) sebacate, di-n- hexyl fumarate,

di octyl sebacate, diisooctyl azelate, diisodecyl

azel ate, dioctyl phthalate, 15 didecyl phthalate,
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decene, mixtures thereof, and the Tike. " PAGs may have
a vi sdogéreyal ghe fncillarpadsitiveZompondnts are éploged iirthawibtio minor
3 to about. 1

,.or _from out 4 to about 8.cSt at 1
GMOERS FPTIEEIP TBRREYe @Fﬁ‘ba@wal% @%”%C?e"f@ﬁ 2pd pRPgHic Bﬂ'g@ base
fluid. The amounts will thus vary in accordance with such factors as the viscosity
characteristics of the base fluid employed, the viscosity characteristics desired in the
finished fluid, the service conditions for which the finished fluid is intended, and the

performance characteristics desired in the finished fluid.
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Moreover, such components can be blended in the form of separate solutions in a
diluent. It is preferable, however, to blend the additive componénts used in the form of a
concentrate, as this simplifies the blending operations, reduces the likelihood of blending
errors, and takes advantage of the compatibility and solubility characteristics afforded by
the overall concentrate.

Additive concentrates can thus be formulated to contain all of the additive

components and if desired, some of the base o0il component, in amounts proportioned to
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finished ATF conposition, are conpatible with the

ot her conponents of the conposition, and do not
interfere significantly with the performance
properties of the 15 conposition, such as the extrene
pressure, antiwear, friction, viscosity and/or shear
stability properties, needed or desired, as
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Ceristic . ot b ) _
EOBOISL Lo Wl S8 ORPRbR 08 st s tipyepion may
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fiom ssh geraponentsykitlihays 3 Bashqeint ehahounlHfiIHG grabryn gaing the
W?ﬁ%&&@g' 01-1.00 D 1.00-15.00 E 0.00-1.00 F
Mo1e T 8°f8*s. 00 H 0.01-0.30 1 0.00-0.50 J
i- 8' %gogier trar@n@mdits of khelentbodindhts Mérdin AR0BRAMIattY to provide
. 0- 25, in
enhanced extr(eme pressure properties for applications where metal-to-metal contact is
made under high pressures, e.g., pressures in excess of 2 GPa. Such fluids are suitable
for automatic and manual transmissions such as step automatic transmissions,
continuously variable transmissions, automated manual transmissions, and dual clutch

transmissions. High metal-to-metal contact pressures such as those found in automotive

20

25

30

transmissions, for example, may cause damage to transmission parts if a lubricant is
used that does not possess sufficient extreme pressure protection characteristics.
However, power transmission fluid compositions as described herein have greatly
improved extreme pressure performance characteristics. Further, the power transmission
fluids of the present disclosure also are suitable for use in transmissions with an
electronically controlled converter clutch, a slipping torque converter, a lock-up torque
converter, a starting clutch, and/or one or more shifting clutches. Such transmissions
include four-, five-, six-, and seven-speed transmissions, and continuously variable
transmissions {chain, belt, or disk type). They also may be used in gear applications,
such as industrial gear applications and automotive gear applications. Gear-types may
include, but is not limited to, spur, spiral bevel, helical, planetary, and hypoid. May be
used in axles, transfer cases, and the like. Further, they may-also be useful in

metalworking applications.
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tra ion fluids of the enbodiments herein are .
fest ﬂé@ orbgcky rldg .Va%ousmnaﬁ@@an EHPPSHONS WeElgyted at 100°C and

ps@Re E%b. grate%a@fe%rg %‘?&‘iﬁ. gﬁlmg &elBt e%kn 5{%@&%@& temperaturcs.

pressures, e.g., press
Highexlpedstootizire Gigaify Bettdn ek trermelpressue &) pa’ﬁd»rmanéa) rThe baselme

ut i ¢ _and nanugl nsm ssi ons such as step
AifedRabre sl o BT COmPPIIS| y var | abl e
transni ssi () Wictitc qea;g%ﬂtsnﬁ&ﬂ%o&trm&masémm gnd
transm ssi ons. High netal -to-netal
cont act pr &g dinceen suditicss- fivsiboitdlHdoiahow Bt SowbYe ve
(c) Anti-oxidants — from about 0.01 to about 2.0 wt.%
(d) Anti-rust agents — from about 0.01 to about 0.3 wt.%
(e) Dispersants— from about 0.5 to about 10.0 wt.%
(f) Anti-foam agents — from about 0.0001 to about 0.5 wt.%
{g) Base Oil (mineral or synthetic) — balance of baseline fluid
A series of test fluids was prepared by dissolving a dialkyl thiadiazole and one of

various sulfurized fatty oils in different respective amounts in baseline fluid. The

additive package is dissolved in the baseline fluid at a total concentration of 14-17%.
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transm ssions, for exanple, nmay cause damage to

transm ssion parts if a lubricant is wused that does

not possess sufficient extreme pressure protection
characteristics. However, power transm ssion fluid
conpositions as described herein have greatly 20

i nproved extrenme pressure performance characteristics.
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These experimental results show that that test fluids containing high
-concentrations of both sulfurized fatty oils and dialky! perform very well in the Falex EP
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15 used to determne the failure | oad of test fluid
for purposes of the tests run and described bel ow.
The failure | oads reported bel ow are averages of two
experinments run on a given test fluid back-to-back.
The various transm ssion conpositions were tested at
100C. and 150C. A separate sanple of each test fluid
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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 i light of the number of reported significant digits and by applying ordinary
rounding techniques. Notwithstanding that the numerical ranges and parameters setting
forth the broad scope of the invention are approximations, the numerical values set forth
in the specific examples are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily resulting from the standard
deviation found in their respective testing measurements.

Other embodiments of the present invention will be apparent to those skilled in
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oi | Thi adi azole, 0.10% 0.10% 0. 40% 0. 50% 0. 10% 0. 40%
0.10% 0.40% 0. 10% w.% ppm S from 350 350 1400 1750

350 1400 350 1400 350 thiadiazole Falex EP | oad,| bs,

1375 1875 2125 1625 1875 2000 1750 1750 1750 100C

Fal ex EP | oad,|bs, 1000 1000 1750 1875 1500 1750 750

1500 2375 -- 150C 10 Table 1 (continued) Cbnponent Ex.

Sul f. Fatt SF04,. SFO4, SF04

S gy nsidraion e e oating Bigte a9 prgick of e gyondgp
. Fditdlysed B8Qinl 404 idtdRd 2R the s?bd}ﬁﬂﬁbﬂﬂh les®e 466idered as
0.17%0.40%0.17% w.% ppm S from 1400 600 1400 600
t?ﬁe@ma@z@}ﬂb vaith aiuepopea, s of the uventigbeipnipdieaisd by the
#ﬁ fxnEP oad, |bs, 2000 1500 2000 2000 150C

ese xperlnental results show that that test fluids
cont ai ni ng hi gh
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concentrations of both sulfurized fatty oils and
di al kyl performvery well in the Falex EP 34 test.
Specifically, the transm ssion fluids tested that
cont ai ned sufficient 2,5-
di hydr ocar byl ner capt o-1, 3, 4-t hi adi azole to contri bute
at least 600 ppm S and sufficient sulfurized fatty
q&téha contribute at least 1,000 ppm S exhibited a
farture | oad performance of at |east 1750 pounds at
bot h 100C and 150C (see Exanples 1, 2, 4, 6, 5 and 7).
anpl 5.had fai.l.ure | oads that were both
sonemha?’g(%n%ofygbco Hﬁﬂg, but they were nonet hel ess
consi st @ptd iajbi Ghoinfolabate oilGapar at i ve Exanples 1- 5,
in which the transm ssion fluids tested contained
ei t her @ Munmpt:ar@wt of @addltlve compnsmg

dihydrocar ont r..but
at least 6 ppm@ or intgyu Heg %%O%téﬁﬁ?cﬁ%t e‘?fot“g?? Gast

mbbuttloom)qmms'tﬂmr&)théﬂhﬁaﬁtnp&sﬁ&ﬂa@@m S, exhibited a
failure Io%g for rmnce bel ow 1750 pounds at 100C
and/ or 150&5) @mgunt; tp previde at least
%B&ht@ob ﬁ'sh}iﬁﬁo'tﬁ@ﬂlﬁd%ﬁﬁ&%dhg 1750 pounds, but it
was th e conparative exanple to achi eve that
result. At numerous pl aces throughout this

peci fi ref.erepce has been nmade to a_ nunber, of
oS EZ*F@H{ comROFitian hclei dvhea%%mt%tﬂngmamé iIpreRLis )

AHEARRANRAE I fotids !abdum 006 g%ﬁ t§lhiRf Egrﬂ%ul'ﬁjr b e i

set forth 15 herein. roug out

spapditiane andrenzpodent|(B) lsg);res'éiaf 'in am ethount ‘sefificiehtte\provédesabout 500
re than Unl ess othervvl se indicat ed,

gi}]ln nuﬁ%i}é@%@g@r lzlhetg‘ﬂfl FOPREMN  § ngredi ent s,

properties such as rml ecul ar wei ght,” percent, rati o,

reaction conditions, and so forth used in the
3peci flibe ﬂmdmmﬁ@u@n of glaimal, @Vherﬁllb@mnmems{ﬂb @@r%nfbmang

20

- 25

- SQTASIGp

TRl i LR Gl ST e

mmpcrsnml amla:l’oﬁﬁﬁhﬁﬁ $Bpie prdsextlian fndilie sEHeiehitb pAIvihbout 550
and clainms _are approxinmations that may vary dependi ng

DB o hout 4890 prm sy e theifhid eqmpgisttiono be obt ai ned by

the present invention. At the very |east, and not as

an attenpt to limt the application of the doctrine

&f eqUlhatbid Iubmpd)si)ticiﬂ"tff chaiaie whbretnhemblird 38LfueAlded to the fluid

nuner i cal ﬁ@r houl d ‘51 | east be 25 construed in
by a&f glhyldhigdierole mrleastipbyut 55@Mhepm.

by appl yi ng ordlnary roundlng t echni ques.

Not wi t hst andi ng that the nunerical ranges and

par antheflgd senpd:aitgm dfeldih 1t hzhex’einamhbﬁmd pelﬁsn‘fadﬂd&tbto the fluid

(%OEI}/I%qultﬁlog zre(c)l)gatty oi o ndS dialiqq thla 1gzeorlcle fs%east ﬁ)oﬂ’? 28,5 (?Oelt)pm.

6. The fluid composition of claim 1, wherein combined sulfur added to the fluid
composition by the sulfurized fatty oil and dialkyl thiadiazole is least about 3,000 ppm.
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in the specific exanples are reported as precisely as
possi bl e. Any nunerical value, however, inherently
contains certain errors necessarily resulting fromthe
standard 30 deviation found in their respective

testing neasurenents. O her enbodi nents of the present
invention wll be apparent to those skilled in 35 the

ar.t  f reHe D edrhfsRion O cBim 1 NOhGBIR Cbinp&int ﬁ{) is peSdtt f an

and practice of the invention disclosed herein. . It

i anquit efred leastiahent O het.-%p ard ¢oneponew{Bhis@resgeirip he smbent of at least

j a X lLary onl W th a true scope and
ga(é?‘?ﬂ. (?ﬁ’g‘?g"@h@asfi‘ﬁ?/‘g%“%ﬁyfﬂléf‘ﬂ%ﬂlﬂ%i cated by the
following clains. 36 CLAIMS: 1. A fluid conposition,
conprising.. (1) a mmjor anpunt of a base oil, and 5
&) a Thedbid eompnesition of glainy fawhergin cempeent({Adds pregen in an

ized f 0,Qd | 1. S ICi .

St P2 ol b S il coltob i Bl amount
corposntdfahout Arid Wik tal alsduk $10 vitl¥h Adkalzal e tronsaisstorouid.
sufficient to provide at | east about 500 ppm sul fur
to the fluid conposition. 10 2. The fluid conposition

£ ol Ao y . - )
rount TE ] SRS SN vkl bl B A e an
200t qf phows O 7 wit: Yotto abdue 310 wi.%d, andeompendnit (B)), is present in an amount

a8 o oLtk 0d3om iyt LoSReS Prasoonglruimiion Bid.
the fluid conposition. 15 3. The fluid conposition of

claim1, wherein conponent (A) is present in an
afounilhe daidicompasitiomoflan Yavheteiuconipadedt (A in fireseabioan

2.1 I o 0 th [ iti .and .
R AR H v b i 3Dt o SRR ) i ent fy on
RinOwItGE aBdU0 03 Vi3 to Bvt 1.0 vAlYe Wascd drfle RENES s druid 0
the fluid conmposition. 20

U
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1. The fluid c'omp(')hsit‘ioﬁ of claim 1, wherein compoﬁent (A)is ﬁresent inan
amount of about 0.75 wt.% to about 3.0 wt.%, and component (B) is present in an

amount of about 0.35 wt.% to about 1.0 wt.%, based on the transmission fluid.

12. The fluid composition of claim 1, wherein component (A) is sulfurized

transesterified triglyceride.
13.  The fluid composition of claim 1, wherein component (A) is selected from the
group consisting of a sulfurized faf, a sulfurized fatty acid, a sulfurized fatty acid ester,

and a sulfurized fatty olefin.

14.  The fluid composition of claim 1, wherein component (B) is a compound of the

formula:
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4. The fluid conposition of claim1, wherein conbined
sul fur added to the fluid conposition by the

sul furized fatty oil and dial kyl thiadiazole is |east
about 1,500 ppm 5. The fluid conposition of claima1l,
wherei n conbi ned sul fur added to the fluid 25
conposition by the sulfurized fatty oil and dial kyl

t hi adi azole is | east aboput—2-500 ppm 6. The fluid

- conposition of claim1, ereiy?conbined sul fur added

to the fJuid ﬁ onpogi ti by t sulfurized fatty oi
and di al%gyl t %di a?ol e I's. | e&s abgut 3,'080 ppﬁi 37
7. The fluid conposition ofSclaim 1, wherein component
(A) is present in an anount of at |east about 0.5

i BRI e Sk bR R B R B

 TihdébehdeRtiPmay BE itdgdisdr P UROS, dnbi A Rfn GBI yloeinphR 1@k .

conmponent” (A) is present in an anmount of about 0.5
w.%to about 5.0 wt.% and conponent (B) is present

A an n an .anmpount. .of . about . 0,15 . % ,o about ,.
130 ne BB confRaROR WL € Rt e fcore B8 SRR ditferont
hiydiothrb ARe s Havidig fim SBoat Molaboth EY @irborcasgmenent (A) is
present in an 10 anount of about 0.7 wt.%to about 3.0
wt.% and conponent (B) is present in an anobunt an

un . 00 ¢ Uty, 1. . 9% sed on
T h8 e BilpoRigpolifaigtf O yRERA R R mel hatRE e
differant hydrabebeigloupdapinp abdut GAd abasut P2 esBo atbfhsAhd x and y each
anount of about 0.73 w.%to about 3.0 w.% and
@'@nl’ponent (B) is present in an 15 anmount of about 0.3
w.%to about 1.0 w.% based on the transm ssion
fluid. 11. The fluid conposition of claim1, wherein
tanpofibefluid&pmpssifioresiaddimi 1) whereimeommpohestf(ARBASE- 0. 75

%.t 0 about. 3. . % and conponent (B) is present
PRy thion A bindiesagsr oABRAGE Botet 10 we 0%

15
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based on the transmission fluid. 20 12, The fluid"
conposition of claim1l, wherein conponent (A) is
£8)| f ui’he Bdid compnstat eicldimddwheregl the basedd.cotrPrisésloae or more of

fluid, c ositio f claiml1,. wherein conponent .(A) is
ittt 80 Finore REnsts SR iy Titie P irter DLsatertpls 8q
mlturcdf fibthfall AZSHHERE b1%, A% Hbasd off dbfivid 88 a FRkhet-BEpeh or
ester, and a sulfurized fatty olefin. 14. The fluid
gasripogridisecess: cl aim 1, wherein conponent (B) is a
compound of the

19.  The fluid composition of claim 1, wherein the base oil has a kinematic viscosity

of from about 2 centistokes to about 10 centistokes at 100° C.

20. = The fluid composition of claim 1, wherein the additive composition further
comprises one or more of a detergent, a dispersant, a friction modifier, an antioxidant, an
antiwear agent, an antifoam agent, a viscosity index improver, a copper corrosion
inhibitor, an anti-rust additive, a seal swell agent, a metal deactivator, and an air

expulsion additive.
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formula: 30 38 N-N Il Il RL-(S) z SC CGS(9y RZ
S wherein R, and R2 may be the sane or different
hydr ocar byl groups, and x any y independently may be

“integers fromO to 8, and the sumof x and y being at

least 1. 5 15. The fluid conposition of claim 14,
wherein R, and R2 are the sane or different

dr o i .18 . .
O o R AR Rl RsAOR ot
vdnemetunt & abantdl 0RZt. Y5ay atat 2hrert, 3@ besed ion 16k Miid E@nposition.
hydr ocar byl group havi ng about 8 to about 12 carbon
atons, and x and y each are 1. 17. The fluid

. i 2, 5-
gggngdrocarEi?dfﬁhlo§g @gﬁﬁ %ggg gbg§ﬁ% >

derivative thereof. 15 18. The fI ui d conposition of

¢l.,ai m ei.nt ri ses.one or, nore of
et s oSN b G 2 shersin GF Brt e g
Qohtindusly ¥hidle RinsiyRioaet i ¢ oils, a mxture of
natural and synthetic oils, and a base oil derived
from a Fi scher Tropsch or gas-to-liquid process. 20

. T id co it f cl i 1, .wherein the ba
g nade el P RoaPos ™ e i iBisgmpoh AR Guren
aenthistéiekes to about 10 centistokes at 1000 C. 20. The

fluid conposition of claim1, wherein the additive
conposition further 25 conprises one or nore of a

%ﬁ{ Ie(r)g?l %{:ﬁm%l&pg{ a%%tZQ %hérefn%é 25 s1ofno§m‘pn§eé<; ap autgmatlc

weatr agent,  an ant
tiaggnissiéry | ndex i nprover, a copper corrosion
i nhibitor, an anti-rust addi tive, a seal swell agent,
a nmetal deactivator, and an air

26.  The transmission of claim 22, wherein the transmission comprises a manual

transmission,

20
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27.  The fluid composition of claim 1, wherein the fluid is suitable for use in a
transmission employing one or more of an electronically controlled converter cluich, a
slipping torque converter, a lock-up torque converter, a starting clutch, and one or more
shifting clutches.

28.  The fluid composition of claim 1, wherein the fluid is suitable for use in a belt,
chain, or disk-type continuously variable transmission, a 4-, 5-, 6-, or 7-speed automatic
transmission, a manual transmission, an automated manual transmission, or a dual clutch

transmission.

29.  The fluid composition of claim 1; wherein the fluid is suitable for use in an

industrial gear or an automotive gear.
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expul sion additive. 39 21. The fluid conposition of
claim1l, wherein the additive conposition is present
in an anmount of about 10 wt.%to about 20 w.% based
on the fluid conposition. 22. A transm ssion
containing the fluid conposition of claiml1l. 5 23.
The transm ssion of claim 22, wherein the transm ssion
C30TP! | £98hidle c6RAPHAG M SoTne Mt laMahEnikdicH) 8 Bk Rsiod thcluding
The transm ssion of claim22, wherein the transm ssion
chePridadslaimddal clutch 10 transmission. 25. The
transm ssion of claim22, wherein the transm ssion
conprises an automatic transm ssion. 15 26. The
t31ans nA 96hiclB cohptding MiZRreniAICIhe diffekditial ihal 08 5 JhiRant
conpri.ses a manual _ transm ssion. 27. The fluid
wgglﬁgﬁlﬂh@ﬂu@fcompawﬁv@fwlei nthe fluidis suitable
for use in a transm ssion enploying one or nore of an
electronically controlled converter clutch, a 20
s32. ppiAfuideogpsisiag avesjdreimounat dfbae-oll aidd Giiter amioMerdfearn ,
tarting ¢Jutch, and one_or nore shifting clutches,

%‘é.afﬂ‘rﬁ EOTPPQH U CORBESI TPEeCiSte amoaptnof (Algvepered fegoil and (B)
fdiéﬂé}q ﬂﬁ)}'-édj%!é RRLE i e mb‘ﬁ‘igﬁdnn%ﬁ@ citlidve, 10 PRAIE: a ﬁ’ﬁnsT_ission fluid

di sk-type contindously variabl'e transnission, a
SxhibBing fmhirdloagrewekiclaetaeadii 756 polhdstat A0S i 160°C,aespectively, as

manual . transm ssi_on, au ual transm ssion,
St dde SRR 6 R ol e ek AAM B e (1 70
conposition of claiml1, wherein the fluid is suitable
for use in an industrial gear or an autonpbtive gear.

38. 40 The fluid opaipositien obetpin 3, mhermin congponent §AJlisgpresent in an
transm sk o the . trgnsm,ssj [ ncl udin the.fluid of
B Sl ndas FIPEFRERL P B S5 F e Bhid camrdsion
@hd t@hRINehaB) isPrédeai iR Gn 3mbliRishfR RNt to provide at least about 500 ppm
sulfur to the fluid composition.
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34.  The fluid composition of claim 32, wherein component (A) is present in an
amount sufficient to provide about 1,000 ppm to about 2,500 ppm sulfur to the fluid
composition, and component (B) is present in an amount sufficient to provide about 500

ppm to about 1,800 ppm sulfir to the fluid composition.

35.  The fluid composition of claim 32, wherein component (A) is present in an
amount sufficient to provide about 1,300 ppm to about 2,100 ppm sulfur to the fluid
composition, and component (B) is present in an amount sufficient to provide about 550

ppm to about 1,500 ppm sulfur to the fluid composition.

36.  The fluid composition of claim 32, wherein the fluid is suitable for use in a
transmission employing one or more of an electronically controlled converter cluich, a
slipping torque converter, a lock-up torque converter, a starting clutch, and one or more

shifting clutches.
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5 containing the fluid conposition of claiml1l. 32. A

fluid conprising a major anobunt of base oil, and a

m nor anount of an additive conposition containing

respective amounts of (A) sulfurized fatty oil and (B)

di al kyl thiadiazole which, in conbination, are

effective, to provide a transm ssion fluid 10

exhibiting failure | oads which exceed 1750 pounds at

100C and 150C, respectively, as neasured according to

ad’kal ekheHRrid e&hp(o:sitioﬁﬁf Maita 32 3heradd the Thuid Elsuitadble for use in a belt,
03| i.on of clai erei n, conpanent . (A)

&g@e ik Ly R Confiagg YW ediagFpissign, &l“mﬁq " ofe it -fresi putomatic

aﬁ%‘ﬁus@mﬁ Q0mBRA §éﬂsfrﬁk.rsmhoaﬁ Dfeorhditt HamRRaRhhd ?ﬁ, or aidal clutch

and conponent (B) I's present In an anount suf cl ent

tfl‘ﬁnptmselpue at | east about 500 ppm sulfur to the fluid

conposition. 34. The fluid conposition of claim 32,

wher ei n conponent (A) is present in an anount

S3g f i citRMuid ébrﬂ%d@,mo%famwgz IvHERE, e Pl Pis SdRBle 18r @8Gn an

ppm sul fur to e fluid 20 conposition, and conponent

(iBjusirial geas oedn aytpmelivegepiunt suffici ent to provide

about 500 ppmto about 1,800 ppm sulfur to the fluid

conposition. 35. The £1 ui d conposi tion of claim 32,

\#9er eidtrasimaienionfaing the BoRIS@RIposifoRsf clamBNt

sufficient to provide about 1,300 ppmto about 2,100

ppm sul fur to the f|UId 25 conposition, and conponent

%@Lu.t S%Lg%% %%%ﬁ“{’ out 1%8%&]:&% &é su ‘sgfroﬂtcg&gﬁj%e@% uid

mommmﬁhﬂy0@&&ﬁ£&mﬁh@mkhU|d conposition of claim 32,
wherein the fluid is suitable for use in a

transm ssion enpl oying one or nore of an

@l ect HAR LG A ¥siGPHE di ! @dwﬁgx@x?ﬁ%f{(%sﬁhééfoﬁlzo gnseégl dual clutch
sllpplng torque convertef oc torque converter,
drassmisgiomg cl utch, and one or nore shifting clutches.

zl)
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41°37. The fluid conposition of claim32, wherein the
fluid is suitable for use in a belt, chain, or

@msk Y0 BakRibdisH X ERlinh 39261 @BinGhd frARSMLRR cBMprids 4n automatic
, 6-, or 7-speed autonatic transm ssion, a manua

ﬂﬁ@ﬂ@ﬁﬁ@slon an aut omat ed manual transni ssion, or a
dual clutch 5 transm ssion. 38. The fluid conposition
of claim32, wherein the fluid is suitable for use in

4B, | MUy GhdshdsiGRFClAh 30 WwhHER TR than8mSdh comprises a manual

transmission.

44. A vehicle comprising an engine and a transmission, the transmission including
the fluid of claim 32.

45. A vehicle comprising a differential, the differential including a lubricant
containing the fluid composition of claim 32. -

46.  Anadditive composition comprising:

(A)  sulfurized fatty oil in an amount sufficient to provide at least
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10 39. A transm ssion containing the fluid conposition.
of claim32. 40. The transm ssion of claim 39, wherein
the transm ssion conprises a continuously variable
transm ssion. 15 41. The transmi ssion of claim 39,
wherein the transm ssion conprises a dual clutch
transm ssion. 42. The transm ssion of claim 39,

e e thANSM S§iON. conpl.i ses.an automatic
AP o i WiBE RS BT EBIRERR 38000 OF ' ol m 3o,
wher ei n t heB) r ankdlkyl shigdiafode iy dns@foudt SRdIET! to provide at least
transm ssion, 44. A vehicle conprising an engine and a

tabawsY0ppmomliug tedhe Mud spmpesiém. i ncl uding 25 the fluid
of claim32. 45. A vehicle conprising a differential,
the differential including a |ubricant containing the
f47ui d Awadiiisietdomposifiorcdamitainil respertiée amduntaofiiA) iswléurized fatty

o L i ERBHezAls Wi i pomapinonce ot dprondse0
. M o |
PR AbibH F]ufd‘éxhﬁﬁm% e Rﬁﬂ%)?ﬁich leQdted ‘i"?fg) }(o@ué;‘ejétgpﬁéd and

t hi adi azol e i n an anount sufficient to provi

1168%%, resppctivel y5> @0mersmmed abdonding o 4 Ralex ER it afohPOdiR-3253.

5 47. An additive conposition containing respective
amounts of (A) sulfurized fatty oil and (B) dialkyl

4Rl adi PRI WY ifBrovidd BERE PALLRE andé vk Pﬁfdﬂn\éﬁce ih ower
provide -a transmssion fluid exhibiting Tailure |oads
Wahsrhittegepperatly senpsingds at 100C and  150C,

respectivek. s. yreasured ,.according to a Fal ex . EP test

of Aot B0 e BRiR 380 RE BERBEhe brripRouRt fid opeidbe @
BbassSHI, and\ () 2R hd B paPRigk RbAMFASIAg bllfiPR¥Efatty oil in an amount
transmtting apparatus conprising: 1) adding a fluid

sTigienplowsevide et & 000mprag i 2 e ke dinliyldhiadiazole in an

AERARh et o AP A0 do B bRl BRARERAL V2
suf fi Q) egierdting pieoilidl thé pbwastandmfil Aparatius] Whidreih the dxereme
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fluid, and dial'kyl thiadiazole inan
pressure and/or wear performance is improved relative to the extreme pressure and/or

wear performance of a transmission without said fluid.

49.  The method of claim 48, wherein the base oil has a kinematic viscosity of from

about 2 centistokes to about 10 centistokes at 100° C.

50.  The method of claim 48, wherein the additive composition further comprises one
or more of a detergent, a dispersant, a friction modifier, an antioxidant, an antiwear
agent, an antifoam agent, a viscosity index improver, a copper corrosion inhibitor, an

antirust additive, a seal swell agent, a metal deactivator, and an air expulsion additive.

51.  The method of claim 48, wherein the power transmitting apparafus comprises a

transmission.
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15 anount sufficient to provide at |east 500 ppm
sulfur to the fluid; and 2) operating the fluid in the
power transmitting apparatus, wherein the extrene
pressure and/ or wear performance is inproved relative
to the extrene pressure and/or wear performance of a
transm ssion w thout said quid 20 49. The met hod of

Ghai m : .
TE o Eop iR R ik 18, 86 pciBR s i ETEphptog pomprises oo
dedusirial gdee er @t autGifiotive gbfr. The nmet hod of cl ai m 48,
wherein the additive conposition further conprises one
or nore of a detergent, a dispersant, a friction
adi T iLhedl of‘ﬁfcfegﬁﬁhgﬂletscrvﬁ:@ 1@0b¢ é"&eﬁfsm%émﬁ%@ﬁbnsﬁ@o erating in
anti foam agent, a viscosity index inprover, a coppe ?
@dransmgisginn A ﬂmdnotrmnsmgn a) abust oilsindqbdint addmve packagé comprising

swel L t, .a nmetal tor an expul.si o
Siffrized 955 1R o RSy sy R tyic Bde A D00 o B S The
FRYE bind dialk§ihtadiaR6le 3PRAGASHS s@HBRA 6 ?&)v?de at least 500 ppm sulfur
transm ssi on. 30 43 52. The nethod of cl aim 48,

e dluid, wherepothe sertfncah&ﬁftﬂaq rapsmpsin as m@r@mdpela@woéhﬁ
ar or _an e gear. 53. A nethod of
SHOHELE oy EH3hisRbn PO RIS P2l o on

conprising operating in 5 a transmssion a fluid
conprising: a) a base oil, and (b) an additive package
conprising sulfurized fatty oil in an anount
sufficient to provide at least 1,000 ppmsulfur to the
fluid, and dial kyl thiadiazole in an anount sufficient
to provide at |east 500 ppmsulfur to the fluid,
wherein the service life of the transmssion is

i mproved relative to the service life of a

transm ssion without said fluid. 44
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