FUNCTI ONAL FLUI DS COVPRI SI NG ALKYL TOLUENE SULFONATES 100011The piésent
invention relates to functional fluid conpositions suitable for wuse in
systens and nachi nes conprising relatively noving and coupling parts. In
particular, the present invention relates to functional fluid conpositions
suitable for use in heavy machinery, especially in high-power-output
tractors, transm ssions, hydraulics, and' the |like. The present invention
further pertains to a new and i nproved class of friction nodifying agent
that can be used to render such favorable frictional characteristics to
functional fluids. Mreover, the present invention is concerned with

nmet hods of prayidj imal frictional characteristics to machi nes housi ng
the functio na?lyl1J ’ﬁﬁf}g@ME% SPARRISYSA KXY aEOQURYE SULRMBY 4TS
Furthernore, the present invention relates to the nmethods of preparing
.such functh&nﬁ fluid conpositions. [00021The ter "functional fluids"
enconpasses!®4li ous tY@eser invepiierstelaiasdd fainanal fvid exmppdigonstst@diotor f | ui ds,
automatic transm ssion fluids, manual transm ssion fluids, hydraulic
fluids, powdi 8EEEmsigd maghives, cofipubids rdlgivelysaoving dnduowsling paddsnpconponent s,
as well as fluids of various other capacities. These fluids typically do
more than niweétwar hppiesat invgnticheclnee b fnesiohigtuih QuSR LML iRBL I8 use they
provi de one or nore functionalities other than, or in nost cases, in

addi tion t oheabybrilndry, csibllaatdhibh-poatr-§iune thabal hidsESsIRY @H&Pli& Le

machi nes to operate nore effectively and/or efficiently. Thereforeé,

functional tht likelsThegnebedtanRams LithEURGEONA ndd éﬁgﬂﬁg@ﬁg'&%’s@ RidaSast one

-of their functions is typically related to provi rication'to the

machi ne conpedigMSadeiTR: S80bd 88 & A T veral, functions, and
characteristipsf§§%%he functi onal f?ﬁ%ggﬂgéggﬁéiﬁgﬁg lﬁ%%ﬁaﬁﬁgm?ﬁhptional
fluids by ai@ﬂét{ohMQﬁgidsTmr&ﬂ/ler,fﬁﬂ%ﬂréée}{ﬁﬁv&%gn chucggééﬁr?q%ﬁ%t}fbﬁlz#%g cof ey ! ncl ude,

for exanple, viscosity index’i rovers, oxidatio
corrosi on/ ryistiainRBLAL 1oL S; . g rsants, pour i nt depressants, foam
i nhi bitors ,‘Hde‘rriu? g#"ﬂ“&eﬁ?’g‘,st’ogge‘g‘g&%%‘éﬁt°§ o Bacbinel Rarngips funcrion {IBids At fi er s,

and ot hers._ The: Jdnventian relates to a new class of friction
nodi fiers. ?%%g%?{&%? ﬁg%hﬁﬁcﬁggé%ﬁéer?%i ?ﬂ”ﬁﬁ”{lﬁ’fetfh%mﬁﬁﬁm grveatipnsiates fethe er ms g
"friction nodifyi agent” and "friction nodifier" interchangeably, for the .
pur pose of r?%féc%lpggrgﬁ "’igﬁ%‘ghatf‘f‘ﬂw,m}aﬁ: i FRRROSHIOABAI fyi ng agent nay refer to a |
mat eri al tQ@@)as oth $ t hap_ a ponventLonaI friction nodifier. Rather, the
term "frictiP 8! modi fS; Mg gRAt ORI EES epepmnagsea gahius tiTas offidids,i es or
affects the frjctjon properties of a fluid to which it is a part. The

t ext book, IRFBHHHENQTCHRPIDICT ot OMERHSTRYC EanbRiREICATIABNSanRl thaiselssiced.
(Marcel Decker Inc., New York) (2003), defines friction at page 204, as
"the resi stisydraybafiuide eoventidring dinidsn@pioyfer uanatihsrwdagn édmgoaspect  of
transnmtting notion." In conventional lubricating oil conpositions,
friction mediveil ey Buids & veriawrotlien capanpiey. TiRgbadS BickNy 86 LR M6t ¥eRY, surfaces
-that cone into contact with each ot her dining operation, thus reduci ng wear

to these siuhiasesg, thSpadides dat hobse 88t MRURHITSGRS, IPYG & Qe together, the
l-ubricant is squeezed out between them During ?ﬂ?ﬁ p#%é@?g, the friction

modi fi er s Emctibaitishshg aph, hesaim Ad30nRdiONLe ko UH AR Lher eby

retai ned between the surfaces, displaying a nolecu orientation

er pendi cukaktidmasik C e |ev of . cont act_and | ower the
19 ri Eti on. I’% %«gr%ggﬁg%ﬂrg@g?%ﬁ%%{n%ggﬁ O?’)?ﬁta%gm%rﬁgﬁjf‘g’vte peingé?lrleiﬁc ﬂﬁnre t han

reduci ng ff gL IR ! fluids,. These fl ui are used with
relatively ﬁo{ﬁ‘% M&E%J‘%gﬁ%P?{%gé E)Oabret'?‘%f‘fﬂ C“&PE’S ﬂéﬂcgi gg@t‘g*b?}ri?qsé‘l’ﬁﬁfi mrer sed
therein. T .uids,thu t. keep.t.he friction |levels at an opti nal

| evel , suf ?gg%‘%l{‘?‘bs ¥ oy ﬁ%@e@?”ﬁ"&%&%@ﬁ?v@t%éﬁthsﬁeﬁcwauc?mbwngl so
sufficient%x hi. qhso.that the relatively noving and coupling parts may
accurately eﬂ%ﬁ%% YHd di sengage wit hout sl i ppage.

[6603] The several functions and characteristics of the functional fluids are

bestowed upon the functional fluids by additives. Typical additives for functional fluids



the | ubrication needs of the machines. For exanple, tractor fluids are used
to lubricate the transm ssions, gears, bearings, hydraulics, power steering
conmponent s, nechani cal power takeoffs, and oil-i mersed brakes in machi nes
driven by tractors. Wen a functional fluid is used to |ubricate the
hydraulics in a tractor, it may also be called a tractor hydraulic fluid.
Used in a tractor, .a functional fluid my provide for brake capacity,
engagenent 4 FLEndagBRRENE: SECpEldPdPaREBe Ters | oridares iInbanEpTe.carsFied Tuphd

di ssipation of heat generated during operation. In nodern tractors, power
brakes can eénhihigrspEspstsaptiep@i paie gprscornishieadi isbibitypederbultifiche anlivees t ype
brakes are preferred because of their superior braking capacity. Further
anong t he diagenthrsakesellbite fetiort mpéifors, and oihpiteihe prdeakaseraica rpaef ey 4 ed
because the functional fluids effectively isolate the brakes fromdirt and

grime. Despinke dihese rkhowmatiNant ages of wet disc brakes, they often suffer
at | east one prom nent drawback, nanely, brake chatter (also known as brake

squawk) . Br qbﬁ)zﬁhat L el/}i%‘égiﬁ er‘é‘@%{s@il?e&% LR GHERYAT A QL9 T‘fﬂtcng%moidﬁyﬁ ni N

material or reaction plate™ 1S so large as to create harnonic vibrati

t he equi prent . These.vi.brations,usually lead. to objectionable and .
unpl easant é%ﬁ%d%“%e?ﬁgﬁ%ﬂ¥?ﬁg% ??%ﬁ%?é%*@&ﬂ?bﬁ%ﬁ?hmh%ﬂp%FgwésmdPgﬂﬁﬁﬁﬁied.
100061To cogbat brak?.chatter, per sons skLILgd_in the art have, for

exanpl e, addBeH¥YPETTHRS AFE PRErECsRchmasTial Grey P HBgerrophadiRit fdction
tractor fluids or tractor hydraulic fluids. Oten, however, these

convent i onalmqdifiest iRewhorgle foyinndriegarmediiong deanghérs tchanyfdgaindbatunedificad e
~for use for various reasons. First, brake chatter is but one of the nany
~i.ssues t hat affastt threfrador popediewhtn 1forimwiath ngs apdrr athorexfobuk,dwri@NT act or
hydraulic fluid. For exanple, the capacities of both the wet brakes and the

pover t akeofAptteas:ase vat Wayscaaoss dar@gk, Conventd nakefhi CNERYork)
nodi fiers such as di ol eyhydrogen phosphite, while effective in reducing the

brake chatt ?ﬁ%@eﬁ aRies ARE0EL a%? fzmtié ‘T’iﬂ: rek‘i%ﬁ&e?%(?tgsrﬁeag 10 %Q/?r#'tsﬁvgr

| owering of 't brake and t ake cl ut ches capaci making it

difficult to e e the clutches and/or bring the equi nt to stop.

Ther ef or e, gp?tﬁgﬁ%ﬁiydn §ﬁ??(§8?ga?wlgﬂgorﬂo%‘di 39 Fﬂ@veﬁggﬁl@% 1€ Peduce
friction, it shoul.d only do so_to a certain extent rather than as nuch as
possi bl e. TKEMPEYHPRS Efgcﬂpfl s prvigovindo siaple reditcy thsrasicien Gpivepn gurfaces
conprom se is reached to mnimze brake chatter while maintaining the

br ake/ ¢l ut chha apmeiintp egntagicwidr dichgiher darisgippabli@, thractdiciy weat tothese act or
hydraulic fluid would pass both a wet brake chatter test and a wet brake
capaci ty testrfaSectpetifidadigaatsbe pmfyct mact olospanishat henudrhan: i heudraksaut

di scs are exposed to the sane fluid, a suitable tractor fluid or tractor

hydraul i c fldivewordnd Dubhd 63 oteS8e AARRAKE RN thealskiRhONiEG Poner and
means to dissipate heat. As a result, many known friction nodifiers cannot

~be used in faa@o%&{&fﬁ%asmcegfmmgg @%tiﬁiﬂ@@i)wexn bR sﬁyﬂgégggi&@gﬁiﬂggtn?olecular

-lubrication to or otherw se protec e non-bra par tance,

fluids containing dioleythydrogen phosphite are not used in tractofs
because ¢ he Earary B SIS £GP OErp sahet Ui G gharm dnd IG5 dreul ar 1 y
when the gears are used at high tenmperatures. Furthernore, an apt
functional frigHa flBcopBIson. Ficier srogiyingtagsnis éypieathrdonmoisitbasigdecipg opert i es
and certain other capacities such as water-tolerance or filterability.
Theref ore, toctqwahitfuyctiasaidluidsacihese flhids drearsed maditrolatigle maukingcarfd aoudling

gi ven functional fluid nust pass tests besides the wet brake chatter and
capaci ty teshSs (RnikanRasigaAy iBHeiedditindin0 Miksd BSHSHIB Y dsNEIMARSs fiic@bn
exanple, a spiral bevel test and a straight spur gear test, each giving

i ndi cat i ons |Qf|ExX b SPBmBY 185 Wi SHREQARSILL ﬁiaredegpgzcg%\fé&gégr}ﬁh%,fdu%fi&

constitute another prom nent group of functiona n aut'omati c

transm ssion L.SEs r.Dj rive unit .a torgue converter, and one or
rore friot i SRRl At B Ph i Ra B g Sylelindnin S RO Agghan Hita s

aut omati cal | ﬁ{ an intricq%e hydraulic control unit. A manual transm ssion
conpri ses aﬁ%@ spagees &fithgrt YigRHSnent s, but the one or nore friction brakes
or clutches are engaged and di sengaged mnanually. A typical but sinplified
clutch assenbly conprises plain steel plates that come into contact with

ot her steel plates, the latter plates being covered on both sides with a
friction material, such as, for exanple, conpressed paper inpregnated with
aresin, lhere are many simlarities bétween a clutch assenbly of a

transm ssion and a set of disc brakes of a tractor. For exanple, here the
entire clutch assenbly is inmersed conpletely or partially in the

transm ssion fluid, just as the disc brakes are i mersed conpletely or



[ 0009) Furt her exanpl es of functional fluids include, for exanple, hydraulic
fluids, which enbody a simlar set of nulti-faceted considerations. One
type of hydraulic fluid is the tractor hydraulic fluid, which is discussed
above along with various other functional fluids suitable for use in
tractors. Aside fromthe usual Iubricant addi tives such as, for exanple,
-ant i oxi dant rrosiqn inhipit minhibjtors i -wear agents,
viscosity iﬂH@i?lnpro jBpiongy P FHF”%@ﬁH@§§HkF§‘O&%¥EQ§ENW§H§ ional and

di spersants, and seal swellants, frlctlon modi fying agents are typically
enpl oyed i nieHeldcatipningesistos Uisrraeabiness Fooetinamel tetctas Kiurdg-arangde lubricate
slipping-free operation of the hydraulic systens. |Indeed, hydraulic fluids
typically réquhm&nkh@n&thmshmﬁngih&mmuﬁﬁppow&dﬁ&ykmgmagenmﬁammmhmﬁeﬁion
properly. The need for friction nodifying agents becones especially acute

when the rebakéMekdmlsi &SoiREHVEER] BORM inYnddadedriNBl bPaasbif agrRs: are sl ow.
This is because, as the relative speed between two contacting surfaces

di m ni shes, ﬁ&d&ﬁoxﬁé!%‘xc?é%uf fol 1M Ak f@ﬁ?c‘fraﬁh&om%gﬁ{% gh?ﬁmy a%%‘ﬂetdaﬁ%ieé n

i ncreased physical contact, higher friction, an er wear of

surfaces. Fri n nt.s are t use n,.there are
exacti ng ac%ﬁ§%E§w¥gquﬂi%%eg?%pﬁailC%i%%ﬂmlPW%eroc gg““§%iﬁh§ak?or
exanmple, in nunerically con | | ed nmachi ne tools en t u i ng

SuUrf aces ar GTHANE LRI OFEHE ARSI & VS CW@’E@% A4 AP TR on i s
usual l'y high in hydraulic systens, because surface asperities nust be
lifted over dispieatiioniient eameiatedsiyring opeation plerofien whiosy paweobrekesathi sh a
~conti nuous hydrodynam c lubricating filmthat separates the coupling
surfaces. Thelreforéhealrsmitypbbethbddeayhd, buf thaiddcrgpe lonkes dreipreifeadddscaihe
hydraul ic el enents, but also achieves and maintains an optinal |evel of

friction arr@ngu,triaap&wma;\n@g SphdiBC E8r§Or A oh @ THRIMBN kW QY QR g%@ro%hon
under various speeds, |oads, and material conbinations. 10010IAccordingly,

a suitable irHﬁll@fsle@ Bk ed bl ﬁjefXWéH %c%s@%hgﬁm@u& g?ll idferfebliGh %Blaﬁ%ﬁ% blakes
neither too low for the a curate engagenent glsengage nt o re atively
novi ng part ghy.s n e .l evel of
wear and t edPr Shien Rt P! @S%%ﬁ%%@ &@éagsaefwwglf?‘ e REn ARG ng
agent, which # [ts i mproved nﬁlctl nal %ﬁgcterlstlcs to various
functional FYTES CoF OUE PIRIDGR; CarOF R ke RARG(hGdme Ve brkca

| ong-chai n nDIecuIe conprising a polar end group and a non-pol ar |inear
hydr ocar bon S@Haiikn. Bﬂ&kéng@ﬂttam@ﬁaw esUhe Birgieyarpiips o€ Biel fickusorisalont o a
nmetal surface, chemcally reacts with the surface, or otherwi se attach to

t he surf acercantiod platehe shisdrcosan beatedhrannmiextilendsnsiintle: dguépriamcthearal 1 ui d.
Chains fromnultiple friction nodifying nolecules then Iink with one

anot her and Wirddbuk heuOkhes t@@}ﬁ’%@ﬂ&mﬂ)&: A Udnpeeabddisblirtdd bbRphAtéd fHmaRe t he
metal surface. 100121Persons Iled in the art are aware that many

friction nngg{ ﬁEﬁr@H&ﬁﬁQﬁ%a&ﬂﬁfﬂéﬁ in conventional lubricating oils are

-of ten noneth ss unsuita use in functional fluids because the

i scussed abUDBT for qesorier Tk (o PRPaRaR fireod BREBHFIRG. agent

nmust be capabl e of reducing frjction, but only to a certain extent so as to
achi eve t heafldsadricigsepiiisrpah agfiplytyd g%@flm}/\m% 3 g philwAy ongeditat e
operation. Furthernore, some conventional friction nodifiers are known to
chemically bydqahly'fsﬂ@iés.l Qfienthovaetr, teshcorvinetiorad iidtionesodifyatg @geetsnevddsari |y
or optionally included in the functional fluids, effectively conpeting with
t hese ot her raddi thi Vesdshosuiedidifpaticofnr ofridikecsunt aEies, wakd B ibagormifal
parts. 100131There have been sustained efforts in the art to devel op new

friction mogiefyhfigisaQE MHab neii ﬁ@a@hﬁesééarwh@efohﬂuréaﬁgQu%ctfopﬂsid'&wacwru' ds. A
few agents have bBeen identified to date and sone of those are descri bed

i mor overont Y05, 1T SR bEMAP U bh ks bERT ARFR 00 Bhd bl el o

[ le for
suitable fo iutc%es are always considered. Conventional friction modifiers such as dioleyhydrogen

phosphite, while effective in reducing the brake chatter, can be associated with an



functional fluids are amnes, am des, or other nitrogen-containing
conpounds, which woul d, anong ot her things, raise the nitrogen content of
the fluids and restrict their potential scopes of application as a result.
For exanple, U S. Patent No. 3,634,256 disclosed an automatic transm ssion
fluid containing (1) a friction nodifier selected fromthe group consisting

of oxyal kyl at ed phati,c tertiar | L2 al ky
|mdazoI|ne§“?('é€"3ab PRI AP de Eﬁﬂh@bgék%é w’aﬁﬁ?@&%&?%ﬁ@?“&hd“ﬂ@%&ures
thereof; and (2) an oil-sol uble yal kenyl substituted succin mde of an
al kyl ene polityBfye pEficy! & enpageihe o Rﬁﬂmsa@ﬁgﬁﬁggJ&P§§W@§@ﬁt@ﬁéﬂhe?1@H%®hat|c
transm ssion fluid conprising a ngjor anmount of an oil of lubricating

vi scosity, ahlbugh asfifigdt ricgioamulntyingfagenichoolkd iedecffobtiowitntould bnhado s deenyl
succininmde; (2) a Goup |l nmetal salt of a di hydrocarbyl dithiophosphoric
aci d; (3) aakeitahkonniadicf phangs 6AOPAURGsIHRI. eﬁie&@sﬁiﬁ@gﬂ')rk‘]ﬁ@n BHRUR R&B&bLEL | NY
of: (a) fatty acid esters of dihydric and other pol yhydric al cohols, and

oi | sol ubl e gxyaliyh @E&qp@%ﬁbcv@réa%ﬁéi tfoh%ﬁrgfze bfi%)c ciqéﬁérmﬁ@'rg lﬂdﬂrﬁlﬁ@hgf | ow

nol ecul ar wei ght am no acid (c) N-fatty alkyl-N N-diet anol (d)

N-fatty al k am f

al kyl - N, r\Lol)6%""‘@’Ci\d}‘?’l ‘t(“ﬁ%m%g Q§%@ gl%m‘% Sr%‘gg‘sle tor %L et hyiraplisfiidang (4)
a basic sulfur ed gLEalln% h neta ny 1p enate. This coq203|t|on was
i ndi cat ed tS’OB Fre a4t Py G ‘E‘%F@é‘% ePIRKE FAPAGHDITEY i PR REFAISS] ons
of passenger cars More recentl U.S. Patent No. 6,803,350 disclosed a
tractor fl ufdREyaGeT RITHPtler fﬂf‘al”d%/? brekwdigrs ye wypasve ththesrmalugd. lassisthlp| e
~fatty acid amde and a fatty acid ester derived froma pol yhydric al cohol.
“ That tr act otraftbuilddwagagai by draulexthiidbivbulgdobrieant theehatt-emke patsaatigrodtié cs.
100151The art al so taught the use of several netal salts of fatty

hydr ocar byl psutfmdat@ss asdifdipat han nodiréduar mahd khows ti@RalmddiBéd Sandodbe
exanple, U S Patent No. 3,410,801 described a hydraulic fluid suitable for

use in a welslifthahosMetam ePmR iUy o bdvedd QR uen@mbfraéam %Q}Pgmer@;set he
reacti on product of an overbased neta? hydrocarbgn sulfonate and a fatty

aci d. Recen 0 i osed t e of kenyl
sul f onat es %:Jrlo}féfcb #gﬁognbg{ﬂ?er}{arg\b T01t m?t%&:e ﬁgldg ngédlnl%dlg gﬂ?gém{g&n ghﬁp{ﬁe are
capacity, wherein.the al ken ulfo ate was.an, al kali metal or al kaline
earth netal“@éP?jgﬁhﬁugﬁLéﬁi gagﬁ‘Y%ﬁ‘@O%Bﬁﬁgﬂéﬂﬁﬁéﬂﬁﬁ$éﬁ?%WWﬁxture of

pol yal kenes conpr|5|ng reater than about 20 nole percent al kyl vinylidene
and 1, 1- di aP#jirulpgpivbes T 61&9@@@1@}%66@%@?1 drnpespiormst iFerthgrose antept fusglidnshat e
salts have been used to nodify friction in certain functional fluids. For
exanpl e, U. SuidHat esetin Noctos; fbd o830etteughtressufd prioderfios afdacamatir @btratapacities
transm ssions conprising a friction nodifier that was a three-conponent

m xture of Gih =8 wiklrablegakd oofilt@abiygr ouRrdden, sd:ani & 2ei@or i 6P i@yr be a
nmetal salt of an aromatic hydrosul fonic acid or a retal salt of a

~non-aromati g J}Xﬂfcoﬁiﬂhfaoé;'v&l ﬁﬂcﬁiona AdidBn & ?ngstggtg b ?de@ dfl @Ltlﬁ%wéke chatter anU

dlthlophosphorlc aci d; a chlorlna paraftfin wax reover,
Patent No. 3,25 cIo 0] | SSi on onS| n
essent i al | y SR B SP B ARERT 56 Pintlly s FR SRS S shignt

amount of a frlctlo nDdlfler t hat was anot her fthree-conponent m xture of
(1) an over BREEESHINKR THE SPY e HEE caﬁgﬁ%ﬁl&emCéuplpbﬂa@txgemmr%urﬁay be an
aromatic sulfonate or a non-aromatic sulfonate; (2) a polyaryl polyam ne
havi ng the PopPatilca: (122)1S--",, N(Etz) (1) [00l171wherein X i s oxygen,

sul fur, or a nethylene radical and Ris a G to Cs al kyl radical such as

met hyl , et hyl0g7pr opyl| Transopsepyludsotytltutciaaotbet ylomiterddytonp,of @mctiondiexyl ,
octyl radical; and (3) a zinc salt of an unsaturated fatty acid having from

12 to 18 canben. AhUEmARaRhghRGoh QohpAtesRali®Me didld urihh @8 qRAEISeAMSinde
|ncluded to affect the frictional characterlstlcs of the fluid, because

"none of th i@k
yor i n comby may T aR it Hey e 4O B R e e B i PR AR BT e
60- 62. . _ , .
an intricate hydraulic control unit. A manual transmission comprises a similar set of

components, but the one or more friction brakes or clutches are engaged and disengaged



[001810On the other hand, aromatic hydrocarbon sul fonates such as al kyl aryl
sul fonat es have been widely applied as detergents or dispersants in
functional fluids. For exanple, U S. Patent No. 3,899,432 disclosed a
functional fluid conprising an oil of lubricating viscosity, and an
effective anmount of each of (1) (}oup Il salt of hydrocar byl sul fonic acid,
(2) overbased group, 11. al;sa. dr oc sulfonic a ; (3) G oup
1 salt o dndRocs oyt e apCney reabhaomirer PR sy plgiabikare
and (5) sulfurized m xture of oleflns and fatty acid esters. The neutral
sul f onat e s&MP§OHaFevigRBCT e plgiEs dBe atpr posd bwag epvarel er hpbesidegeddrgency
and di spersancy, whereas the overbased sulfonate salts were said to inprove
t her mal st alfii¢ticnymatamgli oxh datidomamgled comasiesded papi itiimpregnSiedivtidrd ypsinl. S,
Patent No. 3,920,562 disclosed a functional fluid especially suitable for
use as an authorakd Giahy ARSHHESI twédnud dueh aRi®iNG! At fRIIOSsi @aHdnt scobf @ Oi |
of lubricating viscosity, and an effective anount of each of (1) an al kynyl

succi ni m deprfi) ofa GEQMP Hok e d@k 12 the @iEm@ dﬂlttﬁ’%@@xﬁ@fyqy hmﬂleitsea ephgsRhpori c
acid; (3) a hydroxyl fatty acid ester of hydroi ¢ or "pol yhydri c al cohol or

oi | - sol ubl © SPRIVRRY e fghigal he> ugtm}énﬁe%sc AL rﬁmgfsga*g iS22

of a hydrocar onic acid "act]

"prevent the osit of co for

oper ati on o?agﬁﬁ @?éﬁ§@5ﬁ$§@#fﬁ§lghéggﬁ %ﬁjbhg?gﬁFJ? jor g@@ﬂﬁhg?ﬁsline
66, to colum 8, line 2. In yet another exa . S. Patent No. 4, 253,977
di scl osed a CPUHEPREHARNFRiss AN Fidn aierfwiéa)@dnn&t@pmorfd& flaids omheehhvirase thever
~extended period of tine, conprising an overbased al kali or alkaline earth
“nmetal salt gfara aM/bkrami@gx, byahsisuhdah aneé pacidt, thafuads Kyl hyplhehatcentr@rand power

sul furized al kyl phenol as a detergent. That particular functional fluid
conposi ti on tahser. CyRpificsied aauitibletringmigndi flhie Hrohdds sweki®i tieonasr @b kyl or
al kyenyl C4 to C10 dicarboxylic acid having about 6 to 30 carbon atons, or

the reacti onpipde! (OfadsRRYo Ghakifobih 6 AR PNk Gi ANDXEHH &Ml Bn@Riiowin
al dehyde/ tri s- hydr oxynet hyl “am nomet hane adduct. 1001910ver based alky% aryl

sul f onat es A |.so ] ] i i ty,

f oami ng pr o\;{)\@r {??C%SL% c}tkwgmlh}fpﬁ t ggrrs,ﬁ)éeg% ?ﬁloq{ger%?mﬁlg ?thélhtsg%mf?ed el%pll%hﬂog in
U S. Patent No,, 6,4 xture of . sul fonat es_of alkaline
carth ot al STERETE RIS Fslbi GretHEary Hahbt MoyE SBRER (S Ur bt o and
15 to 50% of a heavy al kyl aryl sulfonate was reported to have good

sol ubility, P¥¥e¢ble (i.e., no skin formation) at roomtenperature, and have
ot herwi se good detergent/di spersant performance in U S. Patent No,

6, 054, 419. To8heavy akkerhl mramheteukfearsad bg pofsornswkillqah et arf focivaldetet wo
types: (1) dialkyl aryl sulfonates, wherein the two al kyl groups are both

l i near; and cb@posmne for sip@blitphdeydnsaisyion Sk dsoMAoes parwiietes danttb@ised Kyl
substituents are branched chains of certain lengths. A slightly nodified

~mxture of alkahl.lf Gah EB'mH%ta%n @ltﬁ)ééch%?é?y IOn%lblf E}Qﬁéﬁa%n}éﬁs Raldhclp have

i-mproved characteri'stics as a detergent and/or dispefsant In a conpani on

np g p np

Eur opean Pa ent |cat n 984019 |ed e .conpri sed
20 to 70% o;brea r?g “‘unér@ AR IMSSRERY m‘?“‘feq ey Sn%il%érq BUBOsEE 8

branched non pheny u 10 Al kyl aryl sul fonates have al so
f ound occasic g%t%élﬂﬂﬁg k&ﬁ rFQﬂFﬁgé' &F@““ﬁd@oéﬁﬁﬁﬁQQWJBFgﬁwPhtent
No. 3,451, 930 dlsclosed a high-load gear oil especially suitable for use in
rear axl es andictermbredcyeleneishingmicdnsiue Thaudiaghselieade f dheradeatficonventignal

devel oped foll ow ng the unexpected finding that a conbi nation of three
conmponent s: ffidfjonanodifikalin ageress tdinped al frisdbital ebbidithydy ecmcborns Brahifaoniyci;aci d
havi ng a nol ecul ar wei ght of about 400 to about 900; (2) a netal salt of

a dial kyl ditt hiveRRQs BRAbH CovAGlk hicRNEk fBYiva iRk drahesh QYR e AkdeeXer t ed
a synergestic inprovenent in the |oad-carrying capacity. f00211 have

found that Gerialfmahky! eﬁt%ige@ﬁat%ﬂgﬁﬁg‘?%@ Rk BeBosSsS ﬁﬂ%afegpéﬁhe

fictional propertles and may serve cti'on nodi fyi agent

functi onal t.ol.uene s fon alt or a mxt re,9 t hese
salts of theeHEEade s Ra erﬁﬁﬂa ey He et

nodi fyi ng agent in_a particular functlonal ui d. For exanple an al kyl

tol uene sul feFRaHES %ﬁ%n%PCYaoiﬁb%la% tgrag apgd §€16%S<fﬂiﬁ@maﬁ@§é’nw FHRRSAING T rray
be used as the sole friction nodifying agent in a given functional fluid,

or it may be used in conjunction with one or nore other conpatible frlctlon
modi fiers to provide the desired |evel Sof friction for that particul ar
fluid. The present invention provides such al kyl toluene sul fonates, as
wel | as functional fluid conpositions conprising these sulfonates. The
present invention further provides nethods for preparing these functional



SUVMMARY 100221The present disclosure relates to a class of new and i nproved
friction nodifying agents suitable for use in functional fluids, especially
in tractor fluids, tractor hydraulic fluids, transm ssion fluids, hydraulic
fluids, and the like. Specifically, the friction nodifying agents of the
present disclosure conprise al kyl toluene sulfonate salts. In sone

enbodi ments of tq resent di scl osure, the al kyl toluene sulfonate salts
are prepar edB{Vely fat sliding elaich geads pLshish Wet‘ﬁ”% B8Ry ip 28l G1eazgdnsausiigen

sul fonating the alkylated t ol uenes, followed by the introduction of netal
sources. Theﬂ@kﬁywOEﬁWd@ﬁeﬂﬁWHmﬁm%ﬂEhsékt@ﬂﬁmﬂmhemEWEseﬁm“bmsbhmgmn@.and

m xtures thereof provide inproved frictional characteristics to the
functional fwhitldscadwstthecmpein frkhaodal petiiranmoddid vinrg Icapadidhie ©fhathe

al kyl toluene sulfonate salts of the present disclosure is not

subst anti al IfyicGbiinbdishiedagdnt HRACIRE SSLHARLIOF bEBK-OL hderd RMRat 1Mk GhryaR&
sonetines introduced into the functional fluids by, for exanple, certaln

viscosity ”Q)‘iléwfk %rp%{;xl‘i'& eﬁer's&xs %Qﬁleﬁ?pwe%ﬁtawol 39 oﬁ1r ﬁr%@%rs I&lﬁ%m \;vﬁ'l%h are

functional flul s of the present disclosure can use e presence of

chl oride ion a first as |ded a func i ona

f1uid conposep mnﬁ%??@?ﬁﬁwﬁwﬂﬁﬁhﬁ F““%?“ﬁFéSW f%?déﬂﬁﬂﬁf f an oi

of lubricating visco |&% and (b) a friction-nodifying amount of one or
ol

nore oi | - sol'tfBFBISEPR uene sul fonate salts represented by the fornula:

wherein Rl is a netal sulfonate group and R2 is an al kyl group derived from
a single i sdillzed | ifwether whepia obfungtipak flyids iefludes freximpld, hidnadic
-olefins, wherein 5 %to 80% of each of the isonerized linear olefins are

~branched, anthidwvmhivdrenvitody eistmitdrect ofinadlii dhecnmidichyidagtiand Wte 19He b damecor

nore oil-soluble al kyl toluene sulfonate salts in the functional fluid is

0.15 wt. % tiidisGhWractd hydraulic fluid, which is discussed above along with various other
functional fluids suitable for use in tractors. Aside from the usual lubricant additives such
‘as, for example, antioxidants, corrosion inhibitors, foam inhibitors, anti-wear agents,
viscosity index improvers, pour point depressants, detergents and dispersants, and seal
swellants, friction modifying agents are typically employed in these fluids to promote
smooth and sticking- and/or slipping-free operation of the hydraulic systems. Indeed,
hydraulic fluids typically require the inclusion of friction modifying agents to function
properly. The need for friction modifying agents becomes especially acute when the
relative motions between heavily-loaded mating surfaces are stow. This is because, as the
relative speed between two contacting surfaces diminishes, the lubricant film thickness
also decreases, resulting in increased physical contact, higher friction, and higher wear of
the surfaces. Friction modifying agents are also typically used when there are exacting
accuracy requireme.nts for the coupling process, such as for example, in numerically
controlled machine tools, or when the coupling surfaces are made of different materials.

Moreover, the initial friction is usually high in hydraulic systems, because surface

asperities must be lifted over one another until sufficient speed is achicved to establish a



[ 0022b}In a second aspect, there is provided a nethod of achieving optinal
frictional characteristics and maintai ning such characteristics in a
machi ne conprising relatively noving and coupling parts, the nethod
conprising: (a) imersing at |east sone of the surfaces of the relatively
nmovi ng and coupling parts in a functional fluid as defined above; and (b)
operating the machine in the presence of the functional fluid. f0022cllin a
third aspectContipgius hydrogrpamigdebricaties fibe thot separiteighacauphiog pothsrs-f | ui d
conposition conprising blending the foll ow ng conponents; (a) an oil of
| ubri cati ng Viesglosi,  ypitabhahydp)uliodbridnotmpielubiitatsoha bl daalikgitmeas, bangso
sul fonate salts represented by the fornula: wherein Rl is a netal
sul f onat e gratipvanshdRBainmiamnalpkylal greup fdetdnveshferBatdipsihagheck s anerh zed
linear olefin or a mxture of isonerized |linear olefins, erein 5 %to 80%
of each of thevdns aRBLhs8&alibNe@er %r&fds@?ee@&ﬁo SARENEGeri @G nfoitdipgy wherein
the concentration of the one or nore oil-soluble al kyl toluene sulfonate
salts in th ctiona LA ) - 90t .4 % 00 A first
enbodi nment g[PB%kﬂe pr es‘ié%{oqrdélllé& %%l%ra %ép)fé\@%“é)f{%rﬁ‘s lé“gu}f%l?rgwi%ﬁ[ler\rfgéoﬁf@fnﬁ%} agent
suitable for,use i.n a functional fluid. The frictjon nodifyi agent of
this enbodi HEAtS Egﬂﬁ f%’égwéjﬂl WERE{UTFIE FREAFETSTH 0 r@lé‘tegg@ﬁfr??%[fggl?ﬂ]g‘gy second
enbodi ment of the present disclosure pertains to a functional fluid
conposi ti on MPYRE PRST 800 Mighcto tBfaherp Moyt kg assurassppiabld lagel @f miepcaniddenr.
nodi fyi ng agent of the first enbodinent. The functional fluid of this
aspect is esPediradehyingeriitcalirevifiersugs e fagioa needltgr agehuivdychantpras tngrroved
~hydraulic fluid, a transm ssion fluid, or a hydraulic fluid, but may al so
"be used in dibgsnaralchinassticorprarsun qincedal Ffluely novi ng and coupling parts.
[0025] A third enbodi nent of the present disclosure pertains to a
functional figoid of thegt nekRARRH B agch I Sl g (o3 oT! modi f yi ng
agent of the{ figst enbodi ment, the frictl 6%n- nodi ff/%1 %ggcg%%lctﬁ(%lg&g? which is
not substant | - di.n i ' e of aghl oni i-on 026],A
fourth enbo |OijH nt farﬂoﬂéer%ggggdedﬂ}tahg?‘s@ﬁ%@gﬁgﬁﬁﬁr}i@pﬁ%b@ g%galf"r ?g? F%ﬁr en]d
nodi fyi ng agent of, the first enbodinent, the friction-nodifyi capacity of
Wht ch 1 5 ot SuLStheh P TR SHEA e G sy BB EANOraGhGh fhsc o ats
[0027] This disclosure, in a fifth enbodi nent, provides a nethod of naking a
or otherwise attach to the surface, while the hydrocarbon chain extends into the functional

fluid. Chains from multiple friction modifying molecules then link with one another and
with the other components in the fluid to form a film on the metal surface.

j0012] Persons skilled in the art are aware that many friction modifiers suitable
for use in conventional lubricating oils are often nonetheless unsuitable for use in
functional fluids because the latter have more demanding functional and compatibility
requirements. As discussed above, for use in functional fluids, a friction modifying agent
must be capable of reducing friction, but only to a certain extent so as to achieve the least
possible wear without sacrificing smooth and accurate operation. Furthermore, some
conventional friction modifiers are known to chemically or physically interact with other
additives that are necessarily or optionally included in the functional fluids, effectively
competing with these other additives for occupation of the surfaces on the moving metal

parts.



functional fluid of the second and third enbodi ments. [0028]1n a sixth
enbodi nent, this disclosure also pertains to a nethod of providing and
maintaining optimal levels of friction in machines conprising relatively
novi ng and coupling parts by applying the functional fluid of the second or
third enbodi nent. [00291Persons skilled in the art will understand ot her
and further objects, advantages, and features of the present disclosure by
reference t 6041 fol | dicTighadeses riabisd eHETAIN EDDESERIG @V [fe¥eB01Var i ous
preferred features and enbodi nents are descri bed bel ow by way of

non- | i m ti ngnddifyusy aeatisondabl§ 0031d TherprefentionalVigntsi dnferedgativhatoban
functional fluid conposition conprising one or nore al kyl toluene

sul fonat e sadldrsifiad td ddre thdonmost thydenge agerbsd bédpeciThécabhythelbigedhityh

tol uene sulfonate salts of the present invention are salts of oil-soluble

al kyl t ol uengnsitlafomica f@call@ﬁmu@-&ear@/&}{hpisz'eHﬁHFs sul fonate salts of the
present invention nay be any type of salts, including alkaline earth

metal salts, 10 i):’ll Fal i %oti%herf?lngoﬁ H\%d e%fzderﬁrheﬁixa%mlt%lé/ré\”é,igc%]ﬁls?f al kyl

t ol uene sulfona e salts Sent -l nven "'y
Mor eover , e sal resent, invention are often overb%ﬁg Ealts
e¥el

al t hough ne ERe) Onglaﬁltlés %{F éméﬂeéo‘”%ﬂéﬁ%ﬁf QPN tFpREN-SIB g ROpRgY

invention may further be overbased with carbon di oxi de. The one or nore

al kyl t ol uen@usd;laporgoehes 41ings. sisctthe nigioaerrentpHvé e Badneg etietdhsived from
al kyl toluene al kylates that are the al kyl ati on products of toluene and

| i near ol ef ipagntiflsscppesicd appicharist aodlrdoylt pEesoasipkil].$.athtdnn Noh& 63¢,25@nd f or
~purpose of the present invention, the term'a linear olefin" refers to a

“non-cyclic eliwidstd afeaomdii@hnsmiisien flhideantatligl (10 a Usathrt @odfikydeticRdtthen
t ol uene can be branched or unbranched. Furthernore, the linear olefin used

to al kyl at e it he ot QL Henein n%%m op@a 1@1&9@ hlifhaBib @&t@%ﬁﬁ&nl %d@x%ﬂ@ uF ﬁéﬂ‘) the

ol efins with varying nunbers of ‘carbon atons he singl é ol efln an

olefins in tn}ﬂ? a%lxgelé f(g ?herhl?eng $ %iﬁ% lth%%gfgcﬁg&tﬁ% CIM(?[ egtalﬁ m(? t}?e% ]leir(er(]) d

ol efins Regar €SS 0 I ns, or ating
etoml ary oD e 6ot Pa BT Sh D S et g PR i el e o
Friction Mdifyin ents [0033]The friction nodifying agents of the
present i nvé)ﬁﬁqﬂbwgc%) paedigplrypd another automatic transmission fluid comprising a major
amount of an oil of lubricating viscosity, and an effective amount of each of the
following: (1) an alkenyl succinimide; (2) a Group Il metal salt of a dihydrocarbyl
dithiophosphoric actd; (3} a friction-modifying compound selected from the groﬁp
consisting of: (a) fatty acid esters of dihydric and other polyhydric alcohols, and oil
soluble oxyalkylated derivatives thereof, (b) fatty acid amides of low molecular weight
amino acids, {¢) N-fatty alkyl-N,N-diethanol amines, (d) N-fatty alkyl-N,N-di-
(ethoxyethanol) amines, () N-fatty alkyl-N,N-di-poly-{ethoxy) ethanol amines, and (f)
mixtures thereof; and (4) a basic sulfurized alkaline earth metal alkyl phenate. This
composition was indicated to be particularly suitable for use with automatic transmissions
of passenger cars. More recently, U.S, Patént No. 6,803,350 disclosed a tractor fluid

comprising a friction-modifying amount of an oil-soluble fatty acid amide and a fatty acid



tol uene sulfonate salts. These salts can be prepared from al kyl toluene
precursors by nethods described below. |I. The Al kyl Tol uene Precursors
10034] An al kyl toluene precursor of the present invention nmay be originally
derived froma conventional Fr del-Crafts reaction that al kylates toluene
with an olefin. An al kyl toluene precursor of the present invention may
conprise an al kyl chain that is about 3 to about 50 carbon atons |ong.

Anot her al ky®tet geieddrgn s pahdotirioticend phaidestoriliwenes end ragxhdohgridsatian

al kyl chain that is about 10 to about 40 carbon atonms |ong. Yet another al
t ol uene precbnggrchafcteheiiqer esent i nvention may conprise an al kyl chain that
is about 18 to about 30 carbon atons |ong. The toluene ring nmay be |inked
to any posi t[persjon t heltaldaydlschagn lexeRpt sé@ialpeghtadnolizan hihecabky|
chain. As persons skilled in the art will appreciate, "position 1" on an

~al kyl chai n igh@fiss 4sQriti £BAIRR iROSIiLAN MAfidd e reRsnplk, tiRe peRAI M, On the
ot her hand, the al kyl chain can be linked to the toluene ring at any carbon

position, e o) i : o] . | .group of the toluene
Pt t ached YL BRI AL Rl MALER HESTRG e s TR S eiBrbis e
single olefin or a mxture of various.olefins, .although the latter is
Cypical |y t HECRmeGdiiy i8R gaht o/ dhe BROTQEMTORY s AP BSSDRRG EIEH hwHgPS
olefin or a mixture is used to al kylate the toluene, the olefins are

pref erabl y issdfais g fayapidrdlecply. dopelaterd dNoprilde.0t6 disglosshis ver ofaf t er
the al kylation step, but are preferably isonerized prior to the al kylation
step. At | egsiyadiivout sudiobses moectpmef Bnidbioyproatole utpidted braftbaud cla@¥capandty,
particularly preferably, about 1.5%to about 35 % of the olefins in the

al kyl ati on agensinalicepdalabanyokefinag. wismnailkAxaom] & Mkalfnkicih arwIod] 654 ng
agent of the present invention, the alpha olefin content is about 10% In
anot her exerngl@lRent kiGddi0 ReiReify Adn a96RIurObt B(nﬁa@ﬂ%% t%ﬁltélp%()ifl}e{g Bida RN thahne

al pha olefin content is about 16% On the other hand, Fns in the
al kyl ati on mpxt, 1ed. ng ..hut are preferably not
entirely un%%3ﬁg%§3gﬁé$é%ggggpgg%g%%% &ggé?éﬁ%ggdﬁngﬁ&)of the olefins are
br anched, referabl about 10% t o, about 60% of the olefins are

br anched, gﬁéﬁﬁﬁrticuﬁg?%??maﬁdﬁWnTﬂ©§$%0%%Bﬂﬁu @@ﬂ%?§¥E%V%V§PWﬁ Qre
branched. In an exenplary friction modifying agent of the present

i nvention, apwlity Tkvppin ¢areirofuasiang! fluds hkomgseioled i Pt Riph 240 bA3Agent
are branched. In another exenplary friction nodifying agent of the present
i nvention, adbot a2sid of frhetralefiansmissionheomprxenk ofreftion naddifpdrabatormsagent
are branched. In yet another exenplary friction nodifying agent of the
present i nveRict@bmpbot nBRMOH (I he netakilnst 4 Rydrbesrhdxadioal efeid) vaikyhat bon
agent are branched. 100361Met hods of isonerizing olefin are known. Persons
skilled in thge@r daldofBh GRIhHicUSArRNBoAE a8l or §38Liall R oF Y RER-aRimAL! di C _
catal ysts for this purpose. Specifically, the aC|dic catal ysts can be solid
or liquid. .0f kn ol i i, al ysts may .be suilabl.e. bui a
ool i d cat at S PRRREFHE e RAAHE RELISI SRR T bl G £ gt
oxi de can be ong selected fr atural zeolites, synthetic zeoglites,,

synt heti c rrrﬂaé’drél I 3axs e Yef&?&- Efrﬁa qaée%Sg’F% %S)S,Cf%ﬁ PRYFY EngByian fud al yst
conprises the acid forns of an acidic clay, or an acidic nolecular sieve,
or a zeol i t eonsistingesamtialie chgapormoshyel ohingral ldagntisg 0il.amdstsnattsmadsef ul
acidic clays, including, for exanple, nontnorillonite, |aponite and

saponi te, may abigcidler meeidicf thanwasdnatiad kiyreocompshang mix tusysTt(hednd evenkear i al s.
Pillared clays may al so serve as al kyl ation catal ysts. O her nol ecul ar

si eves Wit h ;gnaek R RRRbetRAEEN SYISHRIS whitdVih B LN ERARHP AhiforatZeS: Rh- | ess
than 5.5 angstrons, may al so serve as acidic catal ysts. Exanpl es include

SM 3, MAPO = . _ , ZSM 22, SSZ-20,
ZSM 35, SUZ¥%?nﬁﬁf%@%$ﬁ6§§§?%§%H%$%§$E?§% 0W§%V%?ﬁgﬁ?%§ferrierites. These
catal ysts are descri beg..for. exanpl g ia”UéNDBCCK OF MOLECULAR SI EVES by
Rosanmari e Szostak (New York, Van N 5 é' ei nhol d, 1992), and in U S
Patent No. 5,282, 858, whi:@e -@ i ncorporated by reference. [0037] The
i someri zation process can bé car¥ied out, for exanple, at tenperatubes
rangi ng from about 50C to about 280C. Because olefins tend to have high
boiling points, the process is preferably carried out in the |liquid phase,
in batch or continuous node. In the batch node, a stirred autocl ave or

gl ass flask, which may be heated to the desired reaction tenperature, is
typically used. On the other hand, a cdhtinuous process is nost efficiently
carried out in a fixed-bed process. In a fixed-bed process, space rates,

whi ch neasure the rates of contact between the reactants and the catal yst
beds, can range from about 0.1 WTSV to about 10 or nore WHSV (Le., weight




whi ch particular levels of isonerization may be achieved. Specifically, the
| evel of isonerization is typically characterized by the anount of al pha

ol efins and the | evel of branching in a particular olefin sanple or

m xture. The anount of al pha olefin and the |evel of branching can in turn
be determ ned using various conventional nethods, including, for exanple,
Fourrier Transfornmed Infra Red (FT1R) spectroscopy. In a typical FTIR
spect r oscopPtddt hod, tHErcEddf Owwip%lr“@érﬁr@g*éﬁthbmarcﬁﬁa Bl i CenChe
measur ed by follomnng t he absorbance of a particular sanple at 910 citil
and conpar i nigyl tadice! tusbk a9 i@t dtigdsprbednsepwbyc dlivhriathivon, (Sary] esywhetyl,
known al pha olefin levels. The |level (or percentage) of al pha olefin in the
cal i brati onosgnphiesl; ead (he 00 alngdn vhettuaxanplee acili hatnt 3Cnouant i @kbone

nucl ear magnetic resonance (NVR) spectroscopy according to known protocols.

100391The peioaRntags:«fs BranGhidng aaanabaes %gﬁ%ﬂﬁé&h@éﬂj Jam%tthfmmnat
spectroscopy by follow ng the absorbance of a sanple at 137 Thi s

absorbance cALIESPANISrER il B0t Bl Jelal %Rér%l YbRY Akl %e%qeg, an'zﬁet nyl

groups. The absorbance of an i'Soneri zed I'n sanplei1s onpared to

t he | 378-cni..absor banc I|b atio . .

br anchi g1 Gogras mypite iy YL St Edioarhdl eftat R Eubh e s firs
hydr ogenat ed, converting the unbranched portion to n-al kanes and the

br anched poﬁpﬁﬁﬁlid”ﬁﬁéaéﬁed al kanes. Gas chronatography is then used to

di stingui sh the unbranched n-al kanes fromthe branched al kanes, the
proportion §018hi ch cénmrtbt atheshand, agagehzdicathoandhinatesisesteds alky!tahdt
~olefin mx. [0040] To achieve the desired | evels of isonerization in a

v particul ar ell@fratesiiaxd be, widelpewplonl skdekdrgehts or difgeraints i@ dmcaibsd fIuids. dleef i ns
of different but known isonerization |evels. For exanple, the skilled

person may @kﬁ&nﬁeﬂ@rst PeRst 106, BRALI, cﬁ&%‘k‘é@%@u@dtﬁlhinﬂimﬁéoﬁpﬁgﬂgﬁh gitkg 15%
al pha olefins, with 2 portions of a 25% branched olefin m x B conprising 5%

a'e,;ﬁii‘il pha- of SrichEE FRuEET A e Bt st b e ARG TG SRR &
0. 5%

bref o abl . t&ﬁ%{i{ 0 oo Bt 86w TLRa B et ar g rreras b Craterd! sop

to about 35% ha olefins. Suitable olefins in this regard nma be about

5%t o about s80% @h&ﬁe%@yl hiiwhprrbrer apidy(4) abeaty! Phowmhels: Al 5@
branched, and particularly preferably, about 14%to about 31@6branched.

100421The alkylueat dfonelstsepddiity fed prteseibe hewmen sildmanase! it akes plideerpridor t o,
simul taneously with, or after, the isonerization step. It is however

preferred thaprobbevwa®omBekial dosrpgsh@Par@icdisifessdpef arleréhehadbkybatd anfahep, so
that the olefins that are used to al kyl ate toluene conprise isonerized

ol efins. [O0Q43]Vatisauso kRPWRe ckyhatdtomy BiRQHR6AMMB uH S8 bitien MBS L Re

al kyl tol uene

. [J.8. Patent No. 3,920,562 disclosed a functional {iuid especially suitable for use as an
automatic transmission fluid comprising a major amount of an oil of lubricating viscosity,
and an effective amount of each of (1) an alkyny! succinimide; (2) a group Il metal salt of
a dihydrocarbyl dithiophosphoric acid; (3) a hydroxyl fatty acid ester of dihydroic or
polyhydric alcohol or oil-soluble alkyoxylated derivatives thereof; and (4) a group Il
metal salt of a hydrocarbyl sulfonic acid “act{ing] as a detergent and dispersant,” to
“nrevent the deposit of contaminants formed during high temperature operation of the

system containing the functional fluid.” Column 7, line 66, to column 8, line 2. In yet

another example, U.S. Patent No. 4,253,977 disclosed a functional fluid with improved

10



precursors. For exanple, a typical alkylation reaction, which takes pl ace
in the presence of a hydrogen fluoride catalyst, nay conpetently serve this
purpose. A high toluene-toolefin charge/nolar ratio, for exanple, at about
10, is used in a single reactor in order to increase the alkylation rate
vs. isonerization and dinerizat. on rate, yielding a reaction product that
conprises a high |evel of nonoal kyl toluene. Various other nethods can al so
be used to &@hf BiwiogloRdaen oKt cBerded @garipy ohlimay e mprisoriease wyleseealkeloer i s
used as the preferred vessel in which the reaction wuld take place.

[ 0044] The akkylimt ¢aoth petalceisfbypilwakiby! tdikes Eidae abty] ahérenper atuifieizedngi ng
from about 20C to about 250C. Simlar to the isonerization process

di scussed abmyephenbEasal dkydrathiOThRr Re@&Sari fin@lREEN@BlYnBasikibedls®dbmpRscd a

i quid phase to accommpdate the liquid olefins at these tenperatures. The
al kyl ati on pr tdyat I 1.9 ti it the
f or mer mde%ﬁﬁﬁgﬁ%dg%i tgﬁ ‘g%téni‘&% dgld‘ﬁ!é)gtoggﬂiglgjﬂs(f*ﬁ??é%aggﬁgé Ia%g“‘%}r%‘té Ss
flask, and m@th the.l atter node garried out, i

‘ ‘ ( . | _ fi d- hed o
oot o n Bt su S RLR ool Br fR LA Bt b Rl BES R T vaiae

reaction te r at , . for exanple, at about 100C to about 200C. Pressure is
i ncr eased bgﬂﬁéﬁﬁgkgfd%35éBw“g&@?@ﬁﬁém@§FW§h§WE@HH@*the pressure i s above

t he bubbl e point pressure of the toluene at the reaction tenperature. After
pressuri zi ngftlfe syst ereresedhdkidasylsedopiessser elsotme vndapepat imrrove! t hen
increased to the desired reaction tenperature. Alternatively, toluene may
be i nt r oducednpattolity helwebgt traratg peacticonotvenrer atiunaimA skirofvrrafitid éor
.olefin is then introduced into the flow of toluene before the m xture cones
“into contactxamilb, ihhescdialiyred shied4Regandk@ssoofik fihacmdelthishifalkatihe

al kylation reaction is carried out, the reactor effluent typically conta ns

al kyl 't ol ueng,(Xae M disERCRSS skl HaNRaTN8nEXAST PhdRl YaNMaRAMJNS b DY ed

by distillation, stripping evaporation under vacuum “or ot her neans known

to those skilled inyth Ll 2. The Al | uene | f.onat lts 10046] The
alkyl ol nofbe SRy oNl E-Eahvatns Pl YRS RIGHRE LS B A Suhdd by
t he general fornula: wher ei n {ﬂgis nmetal sylfonate group, and R ) is

_ L) , .9
an al kyl gr SUBRURBIEEUEP lerpiprEatdck i REFGEHEWEGIE08NAE € ESAN ISP he present
invention are oil-soluble. 100471These salts are derived fromal kyl tol uene
sul f oni ¢ acipddomuiniein 1éan PhisnpNedaldd! By Tl reanatiknbary hal@nkips of Gt
precursors. Specifically, the al kyl toluene precursors described above may
be sul f onat @glide teonyent jlodalkyhays sulsuakesashasimge avSeliBetouiham bbihl m
Sul fonation nethod. Applying that method, the alkyl toluene precursor is
m xed with §n&R34A @) frahbiopgolfyi A BB eulpyhaGHEMIJBENG: alky BAESTRAGES) -
branched chains of certain lengths. A slightly modified mixture of alkaline earth metal
alkyl phenyl sulfonates was said to have improved characteristics as a detergent and/or
dispersant in a companion European Patent Application No. 98401968.7. That modified
mixture comprised 20 to 70% of a linear mono alky! phenyl sulfonate and 30 to 80% of a
branched mono alky!l phenyl sulfonate.
16020] Alkyl aryl sulfonates have also found occasional use as load-capacity
improvers. For example, U.S. Patent No. 3,451,930 disclosed a high-load gear oil
especially suitable for use in rear axles and tractor transmissions. The high-load

formulation was developed following the unexpected finding that a combination of three

components: (1) an alkaline earth metal salt of a hydrocarbon sulfonic acid having a
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100481The sul fonate salts of the present invention can be prepared by

nmet hods known to those skilled in the art For exanple, they nay be obtained
by reacting al kyl toluene sulfonic acids with sources of suitable netals.
An exenpl ary nethod conprises conbining a reactive base of a netal, such as
a hydroxide, wth an al kyl toluene sulfonic acid. This is conventionally

carried out i of droxylic pronoter such as water;

al cohol s suc hﬁgﬂs@g\g?ﬁ%ﬁgﬁpﬁafgﬁtoﬁoqﬁéﬂ%%&eé (ﬁra Bl el agfiglkisl dithegrdhosphoric
typically in an i nfr; S?Lﬂ\gent, in which the resulting sulfonate salts- my
be di ssol ved.2*fha"d B4 &PER Ik wersagioa; exgrtadal Jyypctieaieithpréfdnamnt trhide load-
reactive bases of the netals are converted into the netal sulfonates, the
reacti on prorf8feis capatiisol vents can be renoved by distillation and ot her
conventional nethods. 100491The netals that formthe al kyl toluene

sul fonate sallf&1pf t he We hsenfouhdvRntiroin BRY/! Qﬁu@&@}éu@%sﬂgtpﬁgs%sst&%{r?ﬁ%e

capable of formng salts with alkyl toluene sulfonic acids. I'n a partictlar

enbodi ment offri¢th@apse j i et al o n alkali netal_or
al kaline earth matlf'}ltc . ﬁgﬁgs %ﬂearlﬁ% gﬁ}gaaﬁ% ﬁgtlggrﬁd&g? réqaagepésf lgrflgncthém%aﬂ%‘iiﬁu%&e
bari um magnegij i The.term."al kali netal" refers to [ithium
sodi um pot agg(%@r%%gagﬁtd%% é(é“(]:r@eos'fi‘r’lu]rﬁ’llx %S%Fkﬁzﬁﬁﬁﬂfﬁoﬂt © BICPGY fHERt@niba Preway
of the preseﬂttbi qéenti n, .the g%t_al is an alkaline earth nmetal. In yet

anot her speci i %€ BHBYiHEND BedfHas seaddine paricakrifomtionhleluigt Bbr dampéd, ahum
100501The al éiél toluene sulfonate salts of the present invention may be

ei ther neut r dfYidplushesBtesats sslllors. mier bhsed aftlhiepriesdrs iaraiaharR6t aidized by
.a metal content in excess of that which would be present according to the
st oi chi onet r iespletitietimenadifvat agentiima ghenSuhénat Bumiab: ha Be Luefbased.

The term "base nunber" or '13N' refers to the amount of bage equi valent to

milligrams ofonK@okibMweR@nglbAMdE O%FEHrﬁ;ﬁati .lyﬁiczi%n%%ﬁérs'?o'F'Rr &t s deslipt

al kal i ne. products and thus a greater alkalinity reserve. e | es

can be det ergidied phyiod [ : -ho i ncluding, for exanple, ASTM.
test No. D2896 and ottoh'e%ﬁa%lgﬁﬂg%{/'té éﬁﬁ%?bﬁgﬁf%sgm PRET oS P Vifes ch plkab

nunber" or " ' rs.to.t nt base equivalent to mlligrans of
KOH in one g@%%eo%uﬁogﬁtg?’ias r%ﬁiqﬁfsfégg‘gt?m‘?’ﬁé‘é‘g OEHPE I IgRe compPeing deee sulfonates.

i nter changeaﬁlﬁy wi th "base nunber" or respectively. The term"| ow

over based" reFérSeRyIEBRIIHrENoTidabmathods fur patrpuing6hese Tivetibeal i dy gl
overbased” refers to a BN or TBN of about 60 or nore. fO0051. 1The al kyl
tol uene sul fematkens it affecotha fristipn selstaniamgentatioaymayvibe ard shglnpemiy @l or
over based salts. Accordingly, they may have a TUN of about 0 to about 400.
The al kyl tetmremersshinkonate salts of the present invention are preferably
overbased to provide a TBN of about 2 to about 400, and preferably highly

overbased to have a TBN of between abQiiniRPa Q about 400, nore preferably
about 220 to about 380, and particul ar‘l‘y—'p'rege'r ably about 280 to about 350.

~An exenpl ar ypgahkyl to]uene sul fonate salt of the present invention is
“highly over ggaseti Wi ﬁL%Pfﬁ%N rlogpoistates i claspopyved eeved fidktipeact i on
condi tions far.overbasing: are_known in the art, for exanple, as generally
di scl osed i WogifEng ﬁ&?’&ﬁﬁgfﬂg’ie for woimignctiqnal Ekidssespaciatpor adcte hadeimetby
reference to the extent it does not conflict with the disclosures and the
cl ai ns herehlfﬂra‘#@rﬂ‘{i%trﬁﬁ%‘g@ﬁwnifhw@nhj«hnuiia fleidovexiasiing Spyciheaigame ed out
with carbon dioxide. It is believed that the carbon-di oxi de treatnent may

| ead to thegf@mmidk | | oi dal .. di spersi on nmetal base. Typically,
the overbased sa tg?@? géeﬁg "g?’ésp éeﬁ?&idﬁ'?/gs %%Oﬁquﬁeeg%%mﬂe iS‘H%Pﬁ%S%tF'eIE &NBe of
met hanol arfdbR{imerie of thptesent disvsab slendtie! ofucatdutfoiaraalilHO531The al kyl

tol uene sulfonate salts of the present invent on are useful as

prepared by first alkylating toluene with isomerized olefins, then sulfonating the alkylated

toluenes, followed by the introduction of metal sources. The alkyl toluene sulfonate salts

of the present disclosure and mixtures thereof provide improved frictional characteristics

to the functional fluids. Furthermore, the friction—rﬁodifying capacity of the alkyl toluene
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additives in functional fluids in anmounts sufficient to provide the desired
frictional properties to the qui ds, and to inprove brake and clutch

capacities in pachi nes_housin ose. fluids. Typj. cal t | east about 0.15
W% of a si EIEEEERGRr PEPEER !sg e SR e 2R AR s is
used in a finjshed. funct.i,onal id of the nt. i nven varlo
enbodi nent s Sfﬂlof’ﬁ%mﬂfe ﬁqaﬁens\? ? P’Sﬁm‘m‘?&“éﬂwﬁ@ ‘fﬂféiﬂﬂ?’;@%@%@’u fr ?Wpe
finished functional fluid may range from about. 0.15 wt. % to about 4.0 wt. %
or from aboufetiViosyy My dierasal s g moguigeturipppicsseis. 1hes Wie buenabout
2.5 w.% An exenplary finished functional fluid of the present invention

conpri ses abdfuils & ti® pservslinfiosrecen baisad @mltheydrestwk abedorggidheonat e sal t mxture.

The Function I |UI ds 54] The f ctlonal fluyid of Ih re i nvention
conpri ses on&%talnore IPJa%efo Tla§pe% e df eprBYlgg‘Jér’r’t fhmetion E’ El'ﬁ‘P%S‘ e

an anount gr &ﬁ‘ﬁ}ﬁ{smtglﬁﬁr&dﬁg@we A%k n¥jor aFRNBF &lah)bil dﬂ]@bﬁi@tﬁﬁg 9!5&03@% aInB €b)

m xture of base oil's is present I n an anpunt greater than about % or
great er t han? dbgipn-m@lifvingreamerntgpfeateepr mvsh odtsolublegalkyl toyeny andianan saltse
total mass o n fluid. An exenplary functional fluid of the
present |nve1fr1P}ege§lted%r¥§§lél 16s%)(rg;@hlabout 88 w.%of a m xture of base oils. ]
10055] The base oils may be derived from @Hgeral oils, synthetic oils or
vegetable oils. A base oil having a viscgsity of at |east about 2.5 cSt at
about 40C and a pour point at or bel ow t 20C, preferably at or bel ow
about OC, is desirable. The base oil sy y derived fromsynthetic or

nat ural sources.. Suitable base oilRy ®ied fromany one or

~conbi nation of Goup |I through G oup tocks as defined in Anmerican

- Petroleum Institute Publication 1509, is herein incorporated by
reference. Suitabl e base oils may also include various newly devel oped base
stocks, for wheseip|Re,is tatroefel swématgrgrovinft Falit 9o plkyberag depived ﬁ@’nommeVG+
Goup Hit or, u 111+ 9 r 5

oot by sk TEhB AR AR O NI AT BB RS A3 A S G
devel oped baseh @f@hﬁ(&omaﬁzdaiehﬁem rtﬂeﬁm atarhrmtﬁed)l@dEﬁJﬁhEDWheDe&nﬂieeﬁlcabnn

Chevron's pro ts/ base oils websi
(vvww. chevr dﬁocﬁﬁzmgpwa%%toé/tﬁ? 508 G hpe kst grL felyenempdifopate solis gy Mt ur al

base oils meyndtRahIURS is00rs wX 8wl £¢ wilogeral oils and vegetable oils.

Mneral oils suitable for use as the base oil of this invention include,
for exanple, [ﬁmbéf finiica seaphd lepric therg istrevided lasmethed efr achipviienaptinngl used
in lubricati co Is n for
ot e, oo BPuS ORI p b ARLSLSARAPECH § AN e

viscosity i nﬁﬂatw@y nfcvingexriTpbwplink yyehirto C the braeihsd nbihptisiag 0(d) smn&ys‘mﬁ@eﬁ le@st

esters, and m xtures thereof rocarbon synthetic oils,
some lilthe surfaces of thwe atrvely moving an couplhng parts in a %mctlona} fluid as

 defined above; and (b) operating the machine in the presence of the functional fluid.
[0022¢] In a third aspect, there is provided 4 method of inaking a functional fluid
composition compriéing biénding the following components; (a) an oil of lubricating
viscosity; and (b) one or more oil-soluble alkyl toluene sulfonate salts represented by the

formula:

wherein R; is a metal éuifonate group and R, is an alkyl group derived from a single
isomerized linear olefin or a mixture of isomerized linear olefins, wherein 5 % to 80 % of
each 6f the isomerized linear olefins are branched, and further wherein the concentration
of the one or more oil-soluble alkyl toluene sulffonate salts in the functional fluid is 0.15 _.

wt. % to 4.0 wt. %.
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i nclude, for exanple, oils prepared fromthe pol ynerization of ethylene,

hi gher ol efins, exanples of which include pol yal phaolefin or PAO or from
hydr ocar bon synt hesi s procedures using carbon nonoxi de and hydrogen gases
such as in a Fisher-Tropsch process. Useful synthetic hydrocarbon oils
include liquid polymers of al pha ol efins having the proper viscosity.
Especialb% ﬁfer| are_the hydrogenated liquid oligonmers of C6 to C 2 al pha
ol efins H¥Al as | Adebshembpdimspt of jtkewiresent diskipburbarremestood fpcdper

Vi Scosi ty, . I; . be. used. Useful synthetic esters
i ncl ude e§?§$258 ﬁghgggr %%?Bf%ﬁggﬁﬁgﬁggg‘ﬁg §§§9%8§§#V@gﬁé?ﬁgfaﬁk wel | as
nmono- hy deokgdimkekanopssand apol pblese sillfipiatakltexanpl es are di dodecyl adi pat e,

pent aery i.tol tefracaproat di-2- ethyl hexy| ad pate, d |auryl sebacate,
and the F%E@. CDnﬁ%é?aggf:%?gg$@b8% @3P¢%ﬁﬁﬁ@%LﬁW@§mﬁwnﬁﬁhéjh§ﬁwﬂﬂ

di car boxfihid ccoagiosisiof RethNBRRoveanGlictomy i doaneks i vised.
Bl ends of ”“ﬁﬁﬁ%% oils with ggntﬁe?icq%@%glare |i§e%f§§“§€§3%??%#ﬁ§ useful .

[ 0058] An2&RE it prahRdimental ng fuppépnst flvidef grivsendt i eppeditiionitemplfoys a

m xture @f & i [ = (L P/ .E ETM 150N and EXXON
MOBI L(r) Kﬁ\g}%ﬁ%g%ﬁ aﬁg%%é?xgéﬂlﬁ%ﬁ%:@%‘ﬁg%gnoﬁmfj h%rqﬁ%‘géﬂ{c itidrent i on
cont ai nsbw nfayiabsoibgruserbigiotlyer ngckinoumimpofsingmelatvel ymbeinglaky bodptihu e, sul f onat e

salts as; cribed, herein. .Typically, at | east about 0.15 w . % of one or
nor e aIk§@§$oluenéqgﬂ?ﬁ%ﬂ§?3%£5Pf&wé¥%mWH£$ﬁﬁéﬁIﬁﬁaﬁsﬁhﬁéﬁﬁﬁﬁﬁﬂﬂﬂﬁuid of
the presetthd neamti embodmeher @Mptisidehe E@ARRNHAILRE Qfent! &Ylnd 9 yene

sul fonate salts in the functional fluid ranges fromabout 0.15 w.%to
_about 4. 809 LBE EGOBBPGBIRE $apasiatoukich isnaisulbgangia i diminBhésl it . % and
~parti cul @k biesticeberabhioe iHom about 1.5 wt. % to about 2.5 w.% An exenplary
functional fluid of the present invention conprises about 1.8 wt.% of an

al kyl toll0&He sul fordauéh smbodimiert of ghe [p0060] Basbdes pehainalikyd fti@louene

sul f onat . _ resent .invention, the functional fluid nay conprise
other a ?@?&%§a§%t5e§%$ﬁg§ %B%P%ﬂ%t” LSO IRIHY 188 /P2 AHBAKAIS I ®an be

bl ended dubstanialledieinishatinghnplantd endesti@sosonbi nati ons of conponents. The
fol | ow ditive, conponents are provided as exanples of conponents that
may be P[gggﬂabl y e g’%‘éﬁ”‘%‘f’ Holifth [embpdimegt. tievidesop metifodt Hempirins ent

i nvent i ORctbAGRAYSY ho Yo SREHFAREDoIMEnRE added to the functional fluids
of the present invention. Dispersants, and typically those of the ashless
(et al - {PBE] ki nddn ar eixthy sinbadignusibi fisclbsupe iatsanpastadmdidf unetihonalf f1 ui ds
to mai ntain.i Si ' | ybl erial.s resulting from oxidation

duri ng s 4R ISR bRRR SRy TokElbBer sheie prasipe s oy or
deposi t inovien anétabplyar pats BN dsRieS thediBPESHATLIDINEKRsEMnE WP €S an
oiI-squbhgdggléneric hydr ocar bon backbone havi ng functi onal groups that
are capéﬁ?@ enssociating with particles to be dispersed. Many types of
ashl ess dispersants are known in the art, including am nes, alcohols,

-am des, or ester polar noieties attached to the pol ynmer backbones via
“bridgi ng groups. The ashl ess di spersants of the present invention nay be
chosen from for exanple, oil-soluble salts, esters, am no-esters, am des,
i m des, and oxazolines of |ong-chain hydrocarbon-substituted nono and

di carboxylic acids or their anhydrides, thiocarboxylate derivatives of

| ong- chai n hydrocar bons, |ong-chain aliphatic hydrocarbons having a

pol yam ne attached directly thereto; and Manni ch condensati on products
formed by condensing a | ong-chain substituted phenol with fornml dehyde and
pol yal kyl ene pol yam ne. Exanpl es of suitable ashless dispersants may

i ncl ude "carboxylic dispersants,” which are reaction products of carboxylic
acyl ating agents (acids, anhydrides, esters, etc.) conprising at |east 34
and preferably at |east 54 carbon atons with nitrogen-containing conpounds
(such as am nes), organic hydroxyl compounds (such as aliphatic conpounds

i ncl udi ng nonohydric and pol yhydric al cohols, or aronatic conpounds

i ncl udi ng phenol s and nephthol s), and/or basic inorganic materials. Succ n
m de di spersants are a species of qagboxylic dispersants, which may be
produced by reacting hydrocarbyl -substituted succinic acylating agent with
organi ¢ hydroxyl conpounds, or with am nes conprising at |east one hydrogen
atom attached to a nitrogen atom or with a m xture of the hydroxyl
conpounds and am nes. Exanples of suitable ashless di spersants al so

i nclude, for exanple, am ne dispersants, which are reaction products of
relatively high nolecular weight aliphatic halides and am nes, preferably
pol yal kyl ene pol yam nes. Exanpl es thereof have been described, for exanple,
in US Patent Nos. 3,275,554, 3,438,757, 3,454,555, 3,565,804, and the

| i ke. Exanpl es of suitable dispersants also include, for exanple, "Mann ch



present invention. Such detergents may include, for exanple, sulfurized or
unsul furi zed al kyl or al kenyl phenates, sulfonates derived fromsynthetic
or natural feedstocks, carboxylates, salicylates, phenal ates, sulfur zed
or unsul furized nmetal salts of nultihydroxy al kyl or al kenyl aromatic
conpounds, al kyl or al kenyl hydroxy aromatic sul fonates, sulfut tzed or
URS111furtzed | or gl kenyl .naphthenates, tal salts of al kanoic acids,
netal salts o{{ﬂjlélgi al kyl 8?03¥%%I mmﬂﬂ&’gfﬂ?‘{%ﬂ@%@%% e fughersibjestsc al

m xtures thereof Such netal -containing detergents nmay be overbased or
neutral . Over basedzspbdlcavrnvihnimgndecisgeht siomye odhedpiviayer based or

| ow- over based. 100631Anti oxi dants are optionally added to the functional
fluids to reddeseripthe.t endency of nmineral oils to deteriorate in service.
Such deterioration may ot herwi se | ead to deposits of sludge and

varni sh-1i ke debris on netal surﬂmg@glljﬁgnggtqQ@hq@mfeterioration may al so
| ead to an unacceptable increase Tn VIiSCOSIiTy 1m 1 | uids, inpairing the
per f or mance o e machj t tional fluid d/ or

Garmi ng  he Lolati vely  asoy i osma? Kkt d N ROR ol il b wee
known in the t . including, .for exanple, phenol-type (phenelic). oxidation
i nhibitors, §ﬁ£0hggn%P§%PE%@PW?rene-bis(2,6-di-tert-buty|phenol),

4,4 -bis(2,6-di-tert-butyl phenol), 4,4 -bis(2- methyl-6-tert-butyl phenol),
2, 2" - met hyl enld®®tls(4- netlfiresnt eventinmplagisdnelinctignat fluid composition comprising
but yl dene- bi s(3-net hyl-6-tert-butyl phenol),

4, 4" - i sopr opydnedenerbhléy Rlobaede stiémabdajts phémoloh modifying agents. Specifically, the

2, 2" -nmet hyl ene- bi s(4-net hyl - 6- nonyl phenol ), 2,2'-isobutylidene-bis(4, 6-

- di et hyl phencilRyf (@yie-subhyte esle-diitsd gresm@t hitlenBorc e lselReXVd; RARRAL hiky! toluene
2,6-di-tert-butyl-4- ethyl phenol, 2,4-dinethy1-6-tert-butyl-phenoF,

4, 4" -thiobi s(sgromt Byids 6ThEhiky bRlehP RERM e i i
2’ 2' -t hi obi s(4- not hyll Serpen ybut Vi phe%{&)e, saiatﬁlgfthe present invention may be any type

e S A A SRS U

- phenyl - a- napht hyl am ne, a kyl at ed- a- napht h-yl am ne. QO her types of

oxi dati on inﬁﬁﬂ%?%ﬁ@yﬂﬁgogg@?hﬂé?“?8ﬂﬁ%%5ﬁﬁﬁé9fé@ﬁ%ﬁﬁﬂmﬂWﬂé®aﬁbawﬁmem(e.g.
zinc dithiocarbamate), nethylene bis-(dibutyldithiocarbanmate), and the
like. [0064Fdke Merchprethgrstits ofghe pesent émenppe ssurfenagertisednalts, béthbmgl uded
in the functional fluid conpositions of the present invention, especially
when the fl uindgraisaishire alde doteptables €Tliersahe af the ghidsyntTaCAIHIA S SURRLESHS ar m
tractors. As their nane inplies, these agents reduce wear of noving

metal lic par bSerbiearpliesrain Gugile agBAbSe bnabrABARISANALSSnaE L RAELES,
esters, sulfur-containing conpounds, nolybdenum' conpl exes, zinc

ST e PRASESUR ol TR TSR 0N R A

trichl orostearat hl, ori nated na hal .ene, fl uoro-al kyl pol ysi | oxane, and
I ead napht heRSPASt PEbASTEREY SPeadlichiny & f InireFRiord dvdirans 3K e ddedr t o
the functional fluid. These agents t¥pically fall into two broad

cat egori es: 0B RIS pEs R} Iavratisnrtha smdatlinger elgbmt rcferatmk netherclic

conpounds. Noni oni ¢ pol yoxyet hyl ene surface active agents include, for
exanpl e, - pol glesiy.etdnebuhiesly athe Viheatofedm uspdky okylatajit erigerdri gh e badneBkdr
et her, pol yoxyet hyl ene nonyl phenyl ether, pol yoxyethyl ene octyl phenyl

et her, pol yoxybeirejibd: nBuretdybres tredfrighr bhe bsedisl Mot b RRS: (i E%Ye)ith@{zber 1
pol yoxyet hyl ene sorbitol nonostearate, and pol yethyl ene glycol nonool eate.

aher rust- i flbblfAG: GRARANDIPolbARL WARalRfe SXANRL Br cAbORLLG:ATHI A0

other fatty acids, dicarboxylic acids, netal” soaps, Yy acl

metal salts sul foni ¢ id  partial .carboxyljc acid ester of

pol yhydri c éﬁ%@ﬂ%ﬁ%*&ﬁ%o%ﬁgédhﬁgﬁEk LEede PEga ¥§F%?@8A%W3 HAlB ripiineap

i ncl ude denuI%;fi S %ﬂgfuP&%ionﬁé | ui ds, especially when such fluids are
used in envitSHiedraaidss af fsdenets ghhsshaiasi Grviicthep thaalkdatinareenhievisingld e.
Typi cal dernulsifiers include, for exanple, the addition product of

al kyl phenol ot @tamivéve, bxverst, these piofinstary e senattontplatybethodanshts,

pol yoxyet hyl ene sorbitan ester. [0067]1n addition to the friction-nodifying
amount of alidopterizod pemetosht biphtien sept s, the functional fluids of the
present invention nmay optionally conprises one or nore
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other friction nodifiers. These other friction nodifiers may be sel ected
from for exanple, fatty alcohols, 1,2-diols, borated 1,2-diols, fatty
acids, amnes, fatty acid am des, borated esters, and other esters.
100681As it is known in the art, many additives are multifunctional For
exanple, a particular conpound may be included in the lubricating fluid to
provi de dispersancy in addition to antiwear properties. Suitable

mul ti functi dA&i2laddi t i Wdgssiotledritbe spdcoiicde jiAprplcentagaslafuin waghtaxyenl ybdenum
cht hi ocarbamate, sul furized oxynol ybdenum or gano phosphorodit hi oat e,

oxynol ybdenubhaBricddy dBrdifieng dgamt®| ybdenum di et hyl at e am de,

am ne- nol ybdenum conpl ex conpound, and sul fur-contai ni ng nol ybdenum conpl ex
conpound. [QO6RA functticafadiod hyiligyiah afdhes PrBs gRberdt AKAtb O MKk QRtt onal 1y
i nclude one or nore viscosity index Improvers. They include, for exanple,

pol ymet hacr yl,gt.&s §L§fﬂ%ﬁfﬂ@%hi¥m frese %Ht@ﬂir?@@%x@é%éf lﬁ%ﬂleaiﬁﬁgmu&%eﬁr%curfors b

styrene-i soprene copol yners, hydrogenated Styrene-isoprene copol yners,

pol yi sobut yl el and di spersant-type viscosity index inprovers. [0070] For

certain appﬂ?@g?%ﬁﬁg?ﬂﬁﬁﬁﬁ%%Yional fluid of the present invention may al so

i ncl ude one or _nor our point depressants, including, for exanple,

pol ynet hyl Hetﬁ&&#ﬁkéﬁ olusgsobres{isPEbver, a functional fluid of the present

invention may conprise one or nore foaminhibitors. Suitable foam

i nhi bitors ilH¢}lde, fotn ebkshielusne picRyisomdithapicydnainyepatymay be odginaihy|

silicone polyners, and |ike nolecules. 10072] The functional fluid

conposi t i onsleafed hrempr eswnttidnalientde bOradsecdcoipmih-atikglaby (dnawnwvitethold8n. The

fornulation is typically carried out at the additive manufacturing plant or

- bl endi ng f acid hiky tohithe PREUGEHNPAEE bicodts itanial Ay Bempsan Atedhiy thand.

1007310ten all the additives, except for the viscosity index inprovers and

pour point depresgantg: st LOAE N tothef MG LM IAL BrllirsAARH hi ¥R shRCKage

at is subsequentlyqﬂﬁendedg?nto&gasegstogketo ﬁaﬁé‘?%ﬁﬁéﬁﬁd %Fu%gségﬁbe of

such concentrates i s _conventional . and Il _kn ... The ncentrates are

Formul at ed (B CORPATH CRY B ar rrvedRt 155 sERT e ARg: 38%68°Y 53R dofie ¢ ne
te i s

desired cong ntr%%io in the final f%rnulation when the concentr
Conbi ned wi {7 @ PPETR K AIABUPERBEAT 61 BESE! BIYFaien may comprise an alky chain

that is about 18 to about 30 carbon atoms long. The toluene ring may be linked to any

position on the alkyl chain except for position 1 on the alkyl chain. As persons skilled in
the art will appreciate, “position 1" on an alkyl chain refers to the carbon position at the
end of the chain. On the other hand, the alkyl chain can be linked to the toluene ring at
any carbon position, except for the position at which the methyl group of the toluene is
attached.

[0035] The olefin that is used to alkylate the toluene can be a single olefin or a
mixture of various olefins, although the latter is typically the alkylation agem‘of choice,
Regardless whether a single olefin or a mixture is used to alkylate the toluene, the oletins
are preferably isomerized. They may be isomerized prior to, during, or after the
alkylation step, but are preferably isomerized prior to the alkylation step. At least about
0.5%, more preferably, about 1% to about 50%, and particularly preferably, about 1.5%

to about 35 % of the olefins in the alkylation agent are alpha olefins. In an exemplary
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Chl oride Conpatibility 100741There may be occasionally a need to use the
friction nodi fying agents and functional fluids of the present invention in
the presence of certain amobunts of chloride ions. For exanple, the process
to manufacture al kyl toluene sulfonate salts may itself introduce chloride
ions into the environment wherein a friction nodifying agent of the present
i nvention is used because one or nore chloride-containing conpounds may be
added to nodiifipnvpedsang yetpl thg Prdsen! ipregtbiessthe piabin alplia cenEsisis apo APt i on
nodi fyi ng agents that can be used in the presence of chloride ions is

t her ef or e deésinahérexampsug fridtion crddolyinpodiefityi e pgentt snieatioh ehcuggth albfirhout
necessarily renoving the chloride ions. 100751The friction-nodifying
capaci ti es ebnthesabdyllctol oene swrhonatie slalitsinandafkyunebh analirefhai gts of
the present invention are not substantially dimnished in the presence of
chloride i omgancACEOr GHoRfcKed, BuhaE p@ﬁ@dﬁl?f‘h%%@lﬁﬂ@}ﬁ%rzi?@ﬁ&i ek by, ta@(ﬁﬁe

functi onal f|UIdS are |Ik€MAS€ conpati ble with the presence of c¢hl ori de.

Typical ly, the ;boﬁ @%Jgﬁ@%ﬁ%ﬁ&k&l 88 vfge{m 2l kvl 10l i a&@fﬁ) onat e

salts and func |ona resent T are. not anttally

di m ni shed in th resence of. u P prefera up to about 20
ppm and paft %E?W%B@P@?%? faﬁstwt@ ﬁyba% B shiverC L oF PRGIGRER 1 an
exenpl ary enbodlnent t he presence of about 50 ppm of chloride does not
subst anti al Ibya0ahe. ningwh pepkry Btdlien mrddy g mnhﬁﬁb@pwr@mvanm glerug 14%
functional fluid prepared according to the specifications of the present

i nvention. Bothemitiposeshahixetidelprdsdmion apeende dryachbe henothtnotemplary
~substantially dimnish" refers to a reduction of not nore than 5% 10%

- 20% or 30%faétidy hedifang apdit by ihe groandsidnyion AGGAr ZHN G yhe BLRNL R rhigbs are
said to not substantially dimnish the friction-nodifying capacity of a

certain al kléheﬂn%kﬁék@oﬁéﬁcﬁ?ﬁ@%@an%ﬁé& /IH‘yéttéHo%le%xﬂPfél dl‘gfcﬂ&@lno&%ﬁg‘é@&@ Its

friction-nodifying capacity in the presence o I's at |east out

70% about %?%fe QS% m% n?onor 0%%@0191% 1tn§h(1j;rrfl(:t Qﬁ”&ﬂﬂ} nn C? acity
rae 187817 Wge dryiAden Sl

in the absence fis i nvent on W '§t ood
by referenc ng follomﬁng exanpl es, which are not to be consi dered as
i native ofrfFEe cope. EXAMPLES 100771The fol |l owi ng exanpl es are provided
toillustrate the present invention without limting it Wile the present
invention hd®¥den dedéethphiburerivateetieiteclaospedrispes dalsdn taws, this
application is intended to enconpass those various changes and

substi t ut i ongicdlatuspaye bbatrteaé vy typtroslecskd tdtaldsts fortthie pargosa $voidtcally,
departing fromthe spirit and scope of the appended claims. Exanple 1:

| mprovi ng  Stugt dcediBegakamwayn bt kelid @nigval. ue sudderSivakintsd btibicshed sts may
functional fluid sanples were prepared. Their friction- nodifying

capaci ties wer SRiRAM tgg'oiwca@ 948 m%ﬁ%ﬁﬂ%%lf%ﬂ@ etan'o% e%ﬁe%%a trﬁéhegﬁrs' gned

to sinulate the con I ons un s or wet clutches

MY Operate., ;de can be one selected from: natural zeolites, synthetic zeolites, synthetic molecular

sieves, and clays. Preferably, the solid acidic catalyst comprises the acid forms of an
acidic clay, or an acidic molecular sieve, or a zeolite having an average pore size of at
least 6.0 angstroms. Useful acidic clays, including, for example, montmorillonite,
laponite and saponite, may be derived from naturally-occurring or synthetic materials.
Pillared clays may also serve as alkylation catalysts. Other molecular sieves with one-
dimentional pore systems, having average pore sizes of less than 5.5 angstroms, may also
serve as acidic catalysts. Examples include SM-3, MAPO-11, SAPO-11, SSZ-32, ZSM-

23, MAPO-39, SAPO-39, ZSM-22, S57-20, ZSM-35, SUZ-4, NU-23, NU-86, and
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The device in which the tests were carried out conprised a brake disc,
whi ch was lubricated in an open oil sunp wth Functional Fluid Sanples 1 to
10 and Conparative Functional Fluid A, which are |isted belowin Table 3.
The device further conprised friction pads, which were in contact with the
brake disc, and a shaft that rotated the brake disc. During each test, a
certain level of pressure was applied on the friction pads, and an
el ectri c noterrdroventhdis isanrtest d hegt etdy whilcaleshitbelr k exainge, indbNPBDEKI N
its original position. At a particular pressure level, a reading of maxinmum
resi sting taorjqieLrceashsd:vastbliilvstnade Sacohddeaf Yerk, Vae Nohahid Réiahdld, t o
rotate was recorded. Ten of these 0.25- second cycles were carried out at
each pressurieobevel in A3, BYeAAge B, 353K eRichrihibey H oMK alaue.
readi ngs, yielding a 10-round average nmaxi numtorque, which was then
di vided by | evel 1oL ; : LI i 1.C... Kk I.ctdon
val e 10078 FRL Negar: e Banrror Barar et e e S AR R
sul fonate instead.of an alkyl tol ) fonate m xtu of th resent
Tvent o, T afalPe SN B0 GRE S i ST RuPve IR s i
t he Functional Fluid Sanples. and Co rative Fluid Sanple A The. increase
in static bP8HKARAPTPIFE Wﬁf%%%ga@?@ indiceidHihebrssyndaistoacetigorhe
static breakaway friction values of the Negative Control Sanple [Y] from
the val ues @fodehdn figrketdhgnade. pisiirer! Saag b esorapiessCorparikeh vey be brdeSantpt e A
[ X]. Functional Fluid Sanples Ito 10 and Conparative Fluid Sanple A
exhi bi t ed sidgsitedireanioniteopeatsies, intypically esedr €akiheayhel hingd, k@ontiralouesrocess is
.-[0080] A efins of various branching/isonerization levels (Aefins Ito VIII
~in Tabl e 1) ek effitionad ch@icaloRPRr £hitdiebadl feyéat. BN AEENb&I ;ﬁrbms,"sga&frhﬂas,m xes"
in Table 2). These olefin m xes were then used to prepare al kyl tol uenes
(ATs Ito X i, ! LT9. : ' ,

. W é&%lﬂ%}%u?e) thuI&c?%ﬁ}%@Fa%t %?Qf\e;ér:f;tﬁ'ﬁggée%%n\(sealﬁitﬁ @Q%y%%&edsé can range

non-i soneri ze n(conp) e to alkylate uéne,
yi el di ng AT(coO 2$@¥ 0 are t ative C ntro%y c%a e, the
sane, non-ig%wgg%%ééﬁ efﬁ%kg%ﬁﬁ§[§§HBP§ F&5ﬁ§~d¥%@%?%f%¥ F%? p%enzene,
yielding AB(-) (Table 2). These_al kyl ated precursors were sul fonated by
convent i onalwerl’r%}([ Iﬁ’ga%m}é/ﬁfcﬂ?r ggu‘tﬁ‘n éﬁ%@:@mtﬂs Wr%ecgi“l‘qﬁhﬁ?)lﬁf@ﬁﬁ at'hish capbhbggied
described herein. The sul fonation products were then introduced to additive
packages at '¢8wcispiredicraing emacrawsul thopeioln den dbobe hedial bedpne iGimoupasedfo Ca2+
to the fluids. Other conponents of the additive packages are also listed in
Table 2. 1008diA)dt bsdl Aarabihom pf alewe t 8°C fonbbud] 71§ it h&erosiesredajpngsheng t he
AB(-) and the AT(conp), were highly overbased to give a TEN of about 320.
Tabl e 1: The c&abfst Bl THS eAdidr Al ROMaMNUEDRE§ally-branched and isomerized olefin is

then collected. In both batch and continuous modes, the resulting partially-branched and

isomerized olefin mixture typically contains a certain olefin distribution (alpha-olefin,

beta-olefin, internal-olefin, trisubstituted olefin and vinylidene-olefin) and branching

content, which can be differentiated from the non-isomerized olefin.

[00G38] Persons skilled in the art are able to choose isomerization conditions under

which particular levels of isomerization may be achieved. Specifically, the level of

isomerization is typically characterized by the amount of alpha olefins and the level of

branching in a particular olefin sample or mixture. The amount of alpha olefin and the

level of branching can in turn be determined using various conventional methods,

including, for example, Fourrier Transformed Infra Red (FTIR) spectroscopy. Ina
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Branchi ng_Level s Al pha-O efin Concentrations 12.1% defin 1 20-24 20.4%
Aefin Il 20-26 54.8% 1.6% A efin I1l 20-24 25.0% 1. 1%

typical FTIR spectroscopy method, the level (or percentage) of alpha olefins can be
measured by following the absorbance of a particular sample at 910 cm™ and comparing
it to the 910-cm'absorbance of calibration samples with known alpha olefin levels. The
level {or percentage) of alpha olefin in the calibration samples can be obtained, for
example, from e quantitative nuclear magnetic resonance (NMR) spectroscopy
according to known protocols.

10039] The percentage of branching can also be measured by FTIR spectroscopy
by following the absorbance of a sample at 1378 em™. This absorbance corresponds to
the extent of deformation vibration of methyl groups. The absorbance of an isomerized
olefin sample is then compared to the 1378-cm™ absorbance of a set of calibration
samples with known branching levels. Typically, a particular olefin mix to be tested is
first hydrogenated, converting the unbranched portion to n-alkanes and the branched
portion to branched alkanes. Gas chromatography is then used to distinguish the
unbranched n-alkanes from the branched alkanes, the proportion of which correlates to
the percent branching level in that ofefin mix.

[0040] To achieve the desired levels of isomerization in a particular olefin
mixture, a person skilled in the art can also mix olefins of different but known
isomerization levels. For example, the skilled pefson may mix 8 portions of a 45%-
branched olefin mix A comprising 15% alpha olefins, with 2 portions of a 25%-branched
olefin mix B comprising 5% alpha olefins, to achieve a mixture AB that is 41%-branched
and comprising 13% alpha-olefins.

{0041} As described above, the olefins used to alkylate toluene in the present
invention comprise at least about 0.5%, more preferably, about 1% to about 50%, and

particularly preferably, about 1.5% to about 35%, alpha olefins. Suitable olefins in this
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Aefin IV 20-26 23.4%31.9% A efin V 20-24 21.2%5.6% A efin VI 20-24 17.5%
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regard may be about 5% to about 8G% branched, more preferably, about 10% to about
60% branched, and particularly preferably, about 14% to about 31% branched.

[0042] The alkylation step of the present invention may take place prior to,
simultaneously with, or after, the isomerization step. It is however preferred that the
isomerization step occurs before the alkylation step, so that the olefins that are used to
alkylate toluene comprise isomerized olefins.

[0043] Various known alkylation methods can be used to make the altkyl toluene
precursors. For example, a typical alkylation reaction, which takes place in the presence
of a hydrogen fluoride catalyst, may competently serve this purpose. A high toluene-to-
olefin charge/molar ratio, for example, at about 10, is used in a single reactor in order to
increase the alkylation rate vs. isomerization and dimerization rate, yielding a reaction
product that comprises a high level of monoalkyl toluene. Various other methods can
also be used to achieve alkylation, but nearly always, a one-stage reactor is used as the
preferred vessel in which the reaction would take place.

[0044] The alkylation process typically takes place at a temperature ranging from
about 20°C to about 250°C. Similar to the isomerization process discussed above, the
alkylation process is preferably carried out in a liquid phase to accommodate the liquid
olefins at these temperatures, The alkylation process may be activated in batch or
continuous mode, with the former mode being carried out in a heated and stirred
autoclave or glass flask, and with the latter mode carried out in a fixed-bed process.
[0045] In the fixed bed process, the catalyst is heated to the desired reaction
temperature, for example, at about 100°C to about 200°C. Pressure is increased by means
of a back pressure valve so that the pressure is above the bubble point pressure of the
toluene at the reaction temperature. After pressurizing the system to the desired pressure,

the temperature is then increased to the desired reaction temperature. Alternatively,
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20. 7% 11. 7% A efin VIl Aefin(conp) 20-26 0 Non-isonerized 20-24 0
Non-isonerized Table 2: The Al kylation Agents & Friction Mdifying Agents
Packages Additive Package

toluene may be introduced into the .reactor at reaction temperature. A flow of the olefin is
then introduced into the flow of toluene before the mixture comes into contact with the
catalyst bed. Regardless of the mode in which the alkylation reaction is carried out, the
reactor effluent typically contains alkyltoluene, mixed with excess toluene. The excess
toluene can be removed by distillation, stripping evaporation under vacuum, or other
means known to those skilled in the art.
2. The Alkyl Toluene Suifonate Salts

[6046] The alkyl toluene sulfonate salts of the present invention are represented

by the general formula:

R ;——’T RZ
\/ (D)

wherein R, is a metal sulfonate group, and R; is an alkyl group. Moreover, the alky!
toluene sulfonate salts of the present invention are oil-soluble.
[0047] These salts are derived from alky! toluene sulfonic acids, which can be
prepared by sulfonating the alkyl toluene precursors. Specifically, the alkyl toluene
precursors described above may be sulfonated in conventional ways, such as using a
SO4/Alr Thin Film Sulfonation method. Applying that method, the alkyl toluene
precursor is mixed with a SOs/Air falling film made by CHEMITHON® or
BALLESTRA®.
[0048] The sulfonate salts of the present invention can be prepared by methods
known to those skilled tn the art. For example, they may be obtained by reacting alkyl
toluene sulfonic acids with sources of suitable metals. An exemplary method comprises
combining a reactive base of a metal, such as a hydroxide, with an alkyl toluene sulfonic

acid. This is conventionally carried out in the presence of a hydroxylic promoter such as
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Sul fonatc (Wwt.% AT # Aefin mxes Branch (%9 Optional Conponents 1.8 1
80% Aefin 1 20%Aefin Il 27.3 Exanples** of optional conponents that can
be favorably enployed in the packages, selected fromone or nore of: a)
antioxidants; b) anti-wear/extrenme pressure agents;

water; alcohols such as 2-cthyl hexanol, methanol, or ethylene glycol; and typically in an
inert solvent, in which the resulting sulfonate salts may be dissolved. The reaction
mixtures are {vpically heated. After the reactive bases of the metals are converted into the
metal sulfonates, the reaction promoters and solvents can be removed by distillation and
other conventional methods.

[0049] The metals that form the alkyl toluene sulfonate salts of the present
invention may be any known metals that are capable of forming salts with alkyl toluene
sutfonic acids. In a particular embodiment of the present invention, the metal is an alkali
metal or an alkaline earth metal. The term “alkaline earth metal” refers to calcium,
barium, magnesium and strontium. The term “alkali metal” refers to lithium, sodium,
potassium, rubidium, cesium and francium. In a further embodiment of the present
invention, the metal is an alkaline earth metal. In vet another specific embodiment of the
present invention, the metal is calcium.

[0650] The alkyl teluene sulfonate salts of the present invention may be either
neutral or overbased salts.  Overbased materials are characterized by a metal content in
excess of that which would be present according to the stoichiometry of the metal cation
in the sulfonate said to be overbased. The term “base number” or “BN” refers to the
amount of base equivalent to milligrams of KOH in one gram of sample. Thus, a higher
BN reflects more alkaline products and thus a greater alkalinity reserve. The BN of
samples can be determined by a variety of methods, including, for example, ASTM test
No. D2896 and other equivalent procedures. The term “total base number” or “TBN”
refers to the amount of base equivalent to milligrams of KOH in one gram of functional
fluid. These terms are often used interchangeably with “base number” or “BN,”
respectively. The term “low overbased” refers to a BN or TBN of about 2 to about 60,

The term “high overbased” refers to a BN or TBN of about 60 or more.
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c) detergents d) rust inhibitors; e) non-alkyl toluene sulfonate friction
nodi fiers; O multi-functional additives; g) foaminhibitors; h)

denul sifiers; i) dispersants; j) seal conditioning agents 1.8 Il 80%
Oefin 1l 20%Aefin IV 21.0

[0051] The alkyl tb}uenc sulfonate salts of the present invention may be either
neutral or overbased salts. Accordingly, they may have a TBN of about 0 to about 400.
The alkyl toluene sulfonate salts of the present invention are preferably overbased to
provide a TBN of about 2 to about 400, and preferably highly overbased to have a TBN
of between about 60 to about 400, more preferably about 220 to about 380, and
particularly preferably about 280 to about 350. An exemplary alkyl toluene sulfonate
salt of the present invention is highly overbased with a TBN of about 320.
[0052] Methods and reaction conditions for overbasing are known in the art, for
example, as generally disclosed in U.S. Patent No. 3,496,103, which is incorporated
herein by reference to the extent it does not conflict with the disclosures and the claims
herein. For the present invention, the overbasing may be carried out with carbon dioxide.
It is believed that the carbon-dioxide treatment may lead to the formation of a colloidal
dispersion of metal base. Typically, the overbased salts of the present invention are
formed in the presence of methanol and xylene, and in the absence of chlorine,
[0053] The alky! toluene sulfonate salts of the present invention are useful as
additives in functional fluids in amounts sufficient to provide the desired frictional
properties to the fluids, and to improve brake and clutch capacities in machines housing
those fluids. Typically, at least about 0.15 wt.% of a single alky! toluene sulfonate salt
or a mixture of such salts is used in a finished functional fluid of the present invention.
In various embodiments of the present invention, the amount of sulfonates in the finished
functional fluid may range from about 0.15 wt.% to about 4.0 wt.%%, or from about 0.5
wt.% to about 3.5 wt.%, or from about 1.5 wt.% to about 2.5 wt.%. An exemplary
finished functional fluid of the present invention comprises about 1.8 wt.% of a certain
alkyl toluene sulfonate salt mixture.

The Functional Fluids
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[0054] The functional fluid of the present invention comprises one ot more base
oils, which are present in major amounts (i.e., an amount greater than about 50 wt.%).
Generally, the base oil or the mixture of base oils is present in an amount greater than
about 60 wt.%, or greater than about 70 wt.%, or greater than about 80 wt.%, based on
the total mass of the functional fluid. An exemplary functional fluid of the present
invention comprises about §8 wt.% of a mixture of base oils.
[0055] The base oils may be derived from mineral oils, synthetic oils or vegetable
oils. A base oil having a viscosity of at least about 2.5 ¢St at about 40°C and a pour
point at or below about 20°C, preferably at or below about 0°C, is desirable. The base
oils may be derived from synthetic or natural sources. Suitable base oils may be selected
. from any one or combination of Group I through Group V base stocks as defined in
American Petroleum Institute Publication 1509, which ts herein incorporated by
reference. Suitable base oils may also include various newly developed base stocks, for
example, those that are informaily referred to as Group I/+, Group {I/+, or Group III/+,
as well as other base stocks that are currently used by skilled persons in the art. General
descriptions of these newly developed base stocks can be found in various places, for
example, at Chevron’s products/base oils website
{(www.chevron.com/products/prodserv/BaseOils/gf4 fag.shtml).
[0056] Natural base oils may include, for example, mineral oils and vegetable
oils. Mineral oils suitable for use as the base oil of this invention include, for example,
paraffinic, naphthenic and other oils that are ordinarily used in lubricating oil
compositions. Suitable vegetable oils may include, for example, canola oil or soybean
oil.
{0057} Synthetic oils of proper viscosity include, for example, hydrocarbon

synthetic oils, synthetic esters, and mixtures thereof. Hydrocarbon synthetic oils may
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include, for example, oils prepared from the polymerization of ethylene, higher olefins,
examples of which include polyalphaolefin or PAO, or from hydrocarbon synthesis
procedures using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch
process. Useful synthetic hydrocarbon oils include liquid potymers of alpha olefins
having the proper viscosity, Especially useful are the hydrogenated liquid oligomers of
Cs to Cyp alpha olefins such as [-decene trimer. Likewise, alkyl benzenes of proper
viscosity, such as didodecyl benzene, can be used. Useful synthetic esters include esters
of monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy alkanols
and polyois. Typical examples are didodecy! adipate, pentacrythritol tetracaproate, di-2-
ethythexyl adipate, dilaurylsebacate, and the like. Complex esters prepared from
mixtures of mono- and dicarboxylic acids and mono- and dihydroxy alkanols can also be
used. Blends of mineral oils with synthetic oils are likewise potentially usetul.

[0G58] An exemplary functional fluid of the present invention employs a mixture
of two Group I base oils, EXXON MOBIL® AP/ CORE™ 50N and EXXON
MOBIL® AP/E CORE™ 600N.

[0059] A functional fluid of the present invention contains a friction-modifying
amount of one or more alkyl toluene sulfonate salts as described herein. Typically, at
least about 0.15 wt.% of one or more alkyl toluene sulfonate salts are included in a
functional fluid of the present invention. Preferably, the concentration of alkyl! toluene
sulfonate salts in the functional fluid ranges from about 0.15 wt.% to about 4.0 wt.%,
more preferably from about 0.5 wt.% to about 3.5 wt.%, and particularly preferably from
about 1.5 wit.% to about 2.5 wt.%. An exemplary functional fiuid of the present
invention comprises about 1.8 wt.% of an alkyl toluene sulfonate salt mixture.

{0060} Besides the alky! toluene sulfonate salts of the present invention, the

functional fluid may comprise other additives as described below. These additional
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components can be blended in any order and can be blended as combinations of
components. The following additive components are provided as examples of
components that may be favorably employed, without limiting the scope of the present
invention.

[06061] Various dispersants may be added to the functional fluids of the present
invention. Dispersanlé, and typically those of the ashless (metal-free) kinds are typically
used in lubricants and functional fluids to maintain in suspension insoluble materials
resulting from oxidation during use, thus preventing studge flocculation and
precipitation, or deposition on metal parts. An ashless dispersant generally comprises an
oil-soluble polymeric hydrocarbon backbone having functional groups that are capable
of associating with particles to be dispersed. Many types of ashless dispersants are
known in the art, including amines, alcohols, amides, or ester polar moieties attached to
the polymer backbones via bridging groups. The ashless dispersants of the present
invention may be chosen from, for example, oil-soluble salts, esters, amino-esters,
amides, imides, and oxazolines of long-chain hydrocarbon-substituted mono and
dicarboxylic acids or their anhydrides, thiocarboxylate derivatives of long-chain
hydrocarbons, long-chain aliphatic hydrocarbons having a polvamine attached directly
thereto; and Mannich condensation products formed by condensiag a long-chain
substituted phenol with formaldehyde and polyalkylene polyamine. Examples of
suitable ashless dispersants may include “carboxylic dispersants,” which are reaction
products of carboxylic acylating agents (acids, anhydrides, esters, etc.) comprising at
least 34 and preferably at least 54 carbon atoms with nitrogen-containing compounds
(such as amines), organic hydroxyl compounds (such as aliphatic compounds including
monohydric and polyhydric alcohols, or aromatic compounds including phenols and

nephthols), and/or basic inorganic materials. Succinimide dispersants are a species of
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carboxylic dispersants, which may be produced by reacting hydrocarbyl-substituted
succinic acylating agent with organic hydroxyl compounds, or with amines comprising
at least one hydrogen atom attached to a nitrogen atom, or with a mixture of the hydroxyl
compounds and amines. Examples of suitable ashless dispersants also include, for
example, amine dispersants, which are reaotion produets of relatively high molecular
weight aliphatic halides and amines, preferably polyalkylene polyamines. Examples
thereof have been described, for example, in U.S. Patent Nos. 3,275,554, 3,438,757,
3,454,555, 3,565,804, and the like. Examples of suitable dispersants also include, for
example, “Mannich dispersants,” which are the reaction products of alkyl phenols in
which the alkyl group contains at least 30 carbon atoms with aldehydes (especiatly
formaldehyde) and amines (espectally polyalkylene polyamines). These dispersants
have been described, for example, in U.S. Patent Nos. 3,036,003, 3,586,629, 3,591,598,
3,980,569, and the like. Suitable ashless dispersants may even include post-treated
dispersants, which can be obtained by reacting carboxylic, amine or Mannich dispersants
with reagents such as dimercaptothiazoles, urea, thiourea, carbon disulfide, aldehydes,
ketones, carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitrile epoxides,
boron compounds and the like. Post-treated dispersants have been described, for
example, in U.S. Patent Nos. 3,329,658, 3,449,250, 3,666,730, and the like. Suitable
ashless dispersants may also include polymeric dispersants, such as those described in,
for example, U.S. Patent Nos. 3,329,658, 3,449,250, 3,666,730, and the like. The
disclosures of the herein patents, to the extent they do not conflict with the disclosures
and claims herein, are incorporated in their entirely by reference,

[0062] Metal-containing detergents may be added to the functional fluids of the
present invention. Such detergents may include, for example, sulfurized or unsulfurized

alkyl or alkenyl phenates, sulfonates derived from synthetic or natural feedstocks,
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Negative Control Package A efi n(conp) * The al kyl benzene sullonate in
the Negative Control package (i.e., 1.9 w.9% provided an equi val ent anount
of Ca24 to the package as did the al kyl toluene sulfonates in he other
packages (i.e., 1.8 wt.%. ** The optional conponents listed in this colum
are nerely exanples of the type of conponents that can be enpl oyed for
pur pose of the prﬁsent I nvention. They are |isted hcrein to jllustrate the

clai med i nvent iR At FOGE A nihengier U pesborniel iaddr sy spaTRAgRL of
Table 2 were further blended with a certain m xture of base oils, one or
nmor e vi scosiltyirexypiovien glkeavidgrondicoronmmuadp alisy! poiiiend dpdess aneaticThe
finished functional fluids and their conponents are listed in Table 3.
sulfonates, sulfurized or unsulfurized alkyl or alkenyl naphthenates, metal salts of
alkanoic acids, metal salts of an alkyl or alkenyl multiacid, and chemical or physical
mixtures thereof. Such metal-containing detergents may be overbased or neutral.
Overbased metal-containing detergents may be high-overbased or low-overbased.
[0063] Antioxidants are optionally added to the functional fluids to reduce the
tendency of mineral oils to deteriorate in service. Such deterioration may otherwise lead
to deposits of sludge and varnish-like debris on metal surfaces. The oxidation .
deterioration may also lead to an unacceptable increase in viscosity in the fluids,
impairing the performance of the machines that house the functional fluid, and/or
damaging the relatively moving and coupling parts. Many antioxidants are known in the
art, inciuding, for example, phenol-type (phenolic) oxidation inhibitors, such as 4,4'-
methylene-bis(2,6-di-tert-butylphenol), 4,4'-bis(2,0-di-tert-butylphenol), 4,4'-bis(2-
methyl-6-tert-butylphenol), 2,2 -methylene-bis(4-methyl-6-tert-butylphenol), 4,4'-
butyldene-bis(3 -methyl-6-tert-butyl phenol), 4,4'-isopropylidene-bis(2,6-di-tert-
bulylphenol), 2,2-methylene-bis(4-methyl-6-nonylphenol), 2,2'-isobutylidene-bis(4,6-
dimethylphenol), 2,2'-methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di-fert-butyl-4-
ethylphenol, 2,4-dimethyl-6-tert-butyl-phenol, 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol), and bis(3,5-di-tert-butyi-4-hydroxybenzyl).
Antioxidants may also be of the diphenylamine-type, which include, for example,
alkylated diphenylamine, phenyl-c-naphthylamine, and alkylated-a-naphth-ylamine.
Other types of oxidation inhibitors may include, for example, metal dithiocarbamate

{e.g., zinc dithiocarbamate), methylene bis-(dibutyldithiocarbamate), and the like.
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Functional Fluid g Additive Package (6.85 wt.% O her Conponentsi 1-10 1-10
Vi scosity Index Inprover4.75 wt. % Pour Point Depressant0.20 wt. % EXXON

MBI L(r) AWE CoreTM 150N54. 70 wt. % EXXON MOBI L(r) AP/ E CoreTM 600N33. 50

wt. % Conp. Functional Fluid A Conp. Pack. A 10083] Static breakaway
friction values were determ ned. Each sanple or

[0064] One or more anti-wear/extreme pressure agents may be included in the
functional fluid compositions of the present invention, especially when the fluids are
blended for use in heavy-duty machines such as farm tractors. As their name implies,
these agents reduce wear of moving metallic parts, Fxamples of such agents include
phosphates, carbamates, esters, sulfur-containing compounds, molybdenum complexes,
zine dialkyldithiophosphate (primary alkyl-, secondary alkyl-, and aryl-types), sulfurized
oils, sulfurized isobutylene, sulfurized polybutene, methyl trichlorostearate, chlorinated
naphthalene, fluoro-alkylpolysiloxane, and lead naphthenate.

[0065] One or more rust inhibitors may also be added to the functional fluid.
These agents typically fall into two broad categories: nonionic polyoxyethylene surface
active agents, and other compounds, Nonionic polyoxyethylene surface active agents
include, for example, polyoxyethylene lauryl ether, polyoxyethylene higher alcohol
ether, polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl phenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene
sorbitol monostearate, and polyethylene glycol monooleate. Other rust-inhibiting
compounds include, for example, stearic acid and other fatty acids, dicarboxylic acids,
metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial carboxylic
acid ester of polyhydric alcohol, and phosphoric ester.

[0060] It is not uncommon to include demulsifiers in functional fluids, especially
when such fluids are used in environments where water contamination is prevalent or
inevitable. Typical demulsifiers include, for example, the addition product of
alkylphenol and ethylene oxide, polyoxyethylene alkyl ether, and polyoxyethylene
sorbitan ester. |

10067} In addition to the friction-modifying amount of alkyl toluene su!_fonate

salts, the functional fluids of the present invention may optionally comprises one or more
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conparative sanple (value [X]) was neasured in parallel with a negative
control sanple (value [Y]) to account for experinental variability. The
results for Functional Fluid sanples Ito 10 and Conparative Functi onal
Fluid A are listed in Table 4. Table 4: Test Results Sanple g Static
Breakaway Friction Values (mB) =1X1 Static Br eakavvay Fri ction of Negative
“Control (mni i ncrease i.n Static.Breakaway Fric Va(“g

Pc FIYI 17 4%%61”1147@1@1@3 gty <'7e6(3_{§76r friction modiiiers may e%c ected rom, or

example, fatty alcohols, 1,2-diols, borated 1,2-diols, fatty acids, amines, fatty acid

amides, borated esters, and other esters.
[0068] Asitis .kno‘wn in the art, many additives are multifunctional. For example,
a particular compound may be included in the lubricating fluid to provide dispersancy in
addition to antiwear properties. Suitable multifunctional additives include, for example,
sutfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum organo
phosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum diethylate amide,
amine-molybdenum complex compound, and sulfur-containing molybdenum complex
compound.
[0069] A functional fluid of the present invention may optionally include one or
maore viscosity index improvers. They include, for example, polymethacrylate-type
polymers, ethylene-propylene copolymers, styrene-isoprene copolymers, hydrogenated
styrene-isoprene copolymers, polyisobutylene, and dispersant-type viscosity index
improvers.
[6070] For certain applications, a functional fluid of the present invention may
also include one or more pour point depressants, including, for example, polymethyl
methacrylate.
[6671) Moreover, a functional fluid of the present invention may comprise one or
more foam inhibitors. Suitable foam inhibitors include, for example, alkyl methacrylate
polymers, dimethyl silicone polymers, and like molecules.
[6072] The functional fluid compositions of the present invention are formulated by
known methods. The formulation is typicaily carried out at the additive manufacturing

plant or blending facility, but the compositions can also be formulated by hand.
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[6073} Often all the additives, except for the viscosity index improvers and pour point
depressants, are blended into a concentrate or additive package that is subsequently
blended into base stock to make finished fluids. Use of such concentrates is conventional
and well known. The concentrates are formulated to contain the additives in proper
amounts so as fo provide the desired concentration in the final formulation when the
concentrate is combined with a predetermined amount of base oils.

Chloeride Compatibility

[0074] There may be occasionally a need to use the friction modifying agents and
functional fluids of the present invention in the presence of certain amounts of chloride
ions. For example, the process to manufacture alkyl toluene sulfonate salts may itself
introduce chloride ions into the environment wherein a friction modifying agent of the
prc—:sen{ invention is used because one or more chloride-containing compounds may be
added to modify viscosity during that process. Having a class of friction modifying
agents that can be used in the presence of chloride ions 18 therefore desirable as such
friction modifying agents can be used without necessarily removing the chloride ions.
[0075] The friction-modifying capacities of the alkyl toluene sulfonate salts and
functional fluids of the present invention are not substantially diminished in the presence
of chloride 1ons. Accordingly, other additives and the base oils in these functional fluids
are ltkewise compatible with the presence of chloride. Typically, the friction-modifying
capacities of the alkyl toluene sulfonate salts and functional fluids of the present
invention are not substantially diminished in the presence of up to about 10 ppm,
preferably up to about 20 ppm, and particularly preferably up to about 50 ppm of
chloride ions. In an exemplary embodiment, the presence of about 50 ppm of chloride
does not substantially diminish the friction-modifying capacity of a certain functional

fluid prepared according to the specifications of the present invention. For purposes of
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the present invention, the term “not substantially diminish” refers to a reduction of not
more than 5%, 10%, 20%, or 30% of friction-modifying capacity. Accordingly, chloride
ions are said to not substantially diminish the friction-modifying capacity of a certain
alkyl toluene sulfonate salt/mixture or a functional fluid when its friction-modifying
capacity in the presence of chloride is at least about 70%, about 80%, about 90%, or
about 95%, of its friction-modifying capacity in the absence of chloride.

[0076] This invention will be further understood by reference to the following

examples, which are not to be considered as limitative of'its scope.

EXAMPLES

[0077] The following examples are provided to illustrate the present invention
without limiting it. While the present invention has been described with reference to
specific embodiments, this application is intended to encompass those various changes
and substitutions that may be made by those skilled in the art without departing from the
spirit and scope of the appended claims.

Example I: Improving Static Breakaway Friction Values
[0078] Various finished functional fluid samples were prepared. Their friction-
modifying capacities were measured in a static breakaway friction bench test designed to
simulate the conditions under which a set of wet brakes or wet clutches may operate.
The device in which the tests were carried out comprised a brake disc, which was
lubricated in an open oil sump with Functional Fluid Samples 1 to 10 and Comparative
Functional Fluid A, which are listed below in Table 3. The device further comprised
friction pads, which were in contact with the brake disc, and a shaft that rotated the brake

disc. During each test, a certain fevel of pressure was applied on the friction pads, and
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Exanple 2: Chloride Conpatibility [0084] Chloride conpatibility of a
friction nodi fying agent, i.e., an al kyl toluene

an electric motor drove the shafl to rotate while the brake disc was held in its original
positionn. At a particular pressure level, a reading of maximum resisting torque reached
within 0.25 seconds after the shaft starts to rotate was recorded. Ten of these 0.25-
second cycles were carried out at each pressure level. An average was taken from the 10
maximum torque readings, yielding a 10-round average maximum torque, which was
then divided by the level of pressure to arrive at a static breakaway friction value.

[0079] The Negative Control Sample comprised an alkyl benzene sulfonate instead
of an alkyl toluene sulfonate mixture of the present invention, in an amount that provided
the same concentration of Ca®* as in the Functional Fluid Samples and Comparative
Fluid Sample A. The increase in static breakaway friction values were determined by
subtracting the static breakaway friction values of the Negative Control Sample [Y] from
the values of the Functional Fluid Samples and Comparative Fluid Sample A [X}.
Functional Fluid Samples I to 10 and Comparative Fluid Sample A exhibited significant
increase in static breakaway friction values.

[0080] Olefins of various branching/isomerization levels (Olefins [ to VI in Table
1) were mixed to prepare the alkylation agents (the “olefin mixes” in Table 2). These
olefin mixes were then used to prepare atkyl toluenes (ATs I to X in Table 2). - To
prepare the Comparative Package A, non-isomerized Olefin(comp) (Table 1) was used to
alkylate toluene, yielding AT(comp) (Table 2). To prepare the Negative Control
package, the same, non-isomerized Olefin{comp) (Table 1), was used to alkylate
benzene, yielding AB(-) (Table 2). These alkylated precursors were sulfonated by
conventional methods such as the SO+/Air Thin Film Sulfonation method described
herein. The sulfonation products were then introduced to additive packages at
concentrations that would provide about the same amount of Ca®" to the fluids. Other

components of the additive packages are also listed in Table 2.
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sul fonate salt made from al kyl toluene precursor (AT) XI, and a functional
fluid, i.e., Functional Fluid Sanple 11, was determ ned using Conparative
Functional Fluid B. Conponents of these sanples are listed in Table 5.

Al kyl toluene precursor (AT) Xl had a branching | evel of about 20.7% and an
al pha ol efin content of about 11.7% 10085]A static breakaway val ue of a

Negative Con | fluj npr.i sing a Ca2+-. equi val ent anount of al ky
bonsene sult BiE i risfad ﬂa’rw%m\?}wtﬁdr’ﬁ&%g FEnarernss B SR natrhe
parallel with Functional Fluid Sanple 11 and Conparative Functional Fluid
34 B. This WdilemnmayerHeghls gbeparede ehicon BHef sbatiBeé0.br eakaway val ues of
the sanples to yield the "static breakaway friction increases” results in
Tabl e 5. 1008&bFunct i dited Ofelfiusd Sanpl e 11 and Conparative Functional Fluid
B both showed hi gher breakaway friction values than the Negative Control
fluid, suggestding thaj cideseudidets ds dreddiinhaeyisnpr oved-ditinGlon@R@itions
properties. | Dhén pr esenpe24of chl ori deon %l uid Sanpke 14 did not
substanti al | @lefli i ni sh2&he friction-¥ddifyi ng capacityiof the al kyl tol uene
sul fbnat e sabte§nith t hato-34 ui d. Tabl|es® %Functional !Fl%wid Sanple 11
Conpar ati ve Pifiet onal 2Eouid B 1. 8 wBA49%AF sul f onatde?XI% (20. 7% br anched)
Package may| &i8bVopti bt y conpri selléne’ar 56 %

Olefin VI 20-24 17.5 % 2.0 %
Olefin VIi 20-26 207 % 11.7 %
Olefin VIII 20-26 0 Non-isomerized
Olefin{comp) | 20-24 0 Non-isomerized
Table 2: The Alkvlation Agents & Friction Modifving Agents Packages
Additive | Sulfonate | AT # Olefin mixes Branch | Optional Cemponents
Package | (wt.%) (%)
#
i 1.8 i 80% Olefin 1 273 Examples** of optional
20% Olefin 1l components that can be
2 1.8 {1 §0% Olefin 1 210 favorably employed in the
20% Olefin IV packages, selected from one or
3 1.8 I 80% Olefin 111 31.0 more of?
20% Olefin 1
4 1.8 iV 80% Olefin 11 24.7 a) antioxidants;
20% Olefin IV b} anti-wear/extreme pressure
5 1.8 V 100% Olefin V 21.2 agents;
6 1.8 V1 80% Olefin V 17.0 ¢) detergents
20%4 Olefin VI ) rust inhibitors;
7 1.8 VIl 100% Olefin V1 175 e) non-alkyl teluene sulfonate
8 18 VI 90% Olefin VI | 15.8 friction modifiers;
10% Olefin VI ) multi-functional additives;
9 1.8 X §0% Olefin VI | 14.0 g) foam inhibitors;
20% Olefin VI h} demulmﬁers;
(0 K X [00% Olefin VI | 20.7 i} dispersants;
Comp. i AT Olefin(comp) 0 1) seal conditioning agents
Pack. A {comp)
Negative R AB(-) Olefin(comp) 0
Control
Package

* The alkyl benzene sulfonate in the Negative Control package (4e, 1.9 wt.%) provided an equivalent
amount of Ca*’ to the package as did the alky! toluene sulfonates in the other packages (i.e., 1.8 wt.%).

** The optional components listed in this column are merely examples of the type of components that can
be employed for purpose of the present invention. They are listed herein to illustrate the claimed invention
without limiting it.

[6082] The Additive Packages of Table 2 were further blended with a certain
mixture of base oils, one or more viscosity improvers, and one or more pour point

depressants. The finished functional fluids and their components are listed in Table 3.
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1.8 wt. ¥AT sul fonate Xl
opti onal
of the follow ng conponents:
ant i oxi dants;
detergents;

conponents as

Table 3:

(20. 7% branched) Package conprises the sane

i n Functi onal

rust
tol uene sulfonate friction nodifiers 0 foam

inhibitors g) dispersants; h) denmuisifiers; i) multi-functional additives;
T Components of the Finished Functional Fluids

c)

Fluid Sanple 11 and at the sane nore
* concentrations which nay be one or

b) anti-wear/extrene pressure agents;
e) non-al kyl

i nhibitors;

nore a)

Functioual Flaid Additive Package Other Components
# £6.85 wt.%)
i-10 i-10 Viscosity Index Improver 4.75 wi%
Comp. Functional | Comp. Pack. A Pour Point Depressant 0.20 wi.%
Fluid A EXXON MOBIL® AP/E Core™ 150N 54.70 wi.%
EXXON MOBIL® AP/E Core™ 600N 33,50 wt.%
[0083] Static breakaway friction values were determined. Each sample or

comparative sample (value {X]) was measured in parallel with a negative control sample
{value ['Y]) to account for experimental variability. The results for Functional Fluid

samples 1 to 10 and Comparative Functional Fluid A are listed in Table 4,

Table 4: Test Results
Sample # Static Breakaway Static Breakaway Increase in Static
Friction Values (mm®) | Friction of Negative Breakaway Friction
=[X] Control (mm’) = [Y] Values (mm’) = [X-[Y]
1 17463 {7010 453
2 17617 17010 607
3 17653 17010 643
4 17340 17010 330
5 17869 17110 759
6 17364 16924 440
7 17951 16881 1670
8 16555 15965 590
9 16923 15965 958
10 16638 15965 673
Comp. 17766 17441 325
Functional
Fluid A
Example 2: Chloride Compatibility
[0084] Chloride compatibility of a friction modifying agent, i.¢., an alkyl toluene

sulfonate salt made from alkyl toluene precursor (AT) X1, and a functional fluid, i.e,
Functional Fluid Sample 11, was determined using Comparative Functional Fluid B.
Components of these samples are listed in Table 5. Alkyl toluene precursor (AT) XTI had
a branching level of about 20.7% and an alpha olefin content of about 11.7%.

[0085] A static breakaway value of a Negative Control fluid comprising a Ca*'-

equivalent amount of alkyl benzene sulfonate instead of alkyl toluene sulfonate was

obtained in parallel with Functional Fluid Sample 11 and Comparative Functional Fluid
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J) seal conditioning agents. 50 ppmcr Oher conponents in the functional
fluid: selected from * a) antioxidants; b) anti-wear/extrenme pressure
agents; c) rust inhibitors; d) detergents; e) non-al kyl toluene sulfonate
friction nodifiers; O foaminhibitors g) dispersants; h) denmulsifiers; i)
mul ti-functional additives; and j) seal conditioning agents.

B. This value was then subtracted from the static breakaway values of the samples to
yield the “static breakaway friction increases™ results in Table 5.

[0086] Functional Fluid Sample 11 and Comparative Functional Fluid B both
showed higher breakaway friction values than the Negative Control fluid, suggesting that
these fluids both had improved frictional properties. The presence of chloride in Fluid
Sample 11 did not substantially diminish the friction-modifying capacity of the alkyl

toluene sulfonate salts in that fluid.

Table 5

Functional Fluid Sampie 11 Comparative Functional Fluid B

1.8 wt.% AT sulfonate X1 {20.7% branched) | 1.8 wt.% AT sulfonate X! (20.7% branched)
Package comprises the same optional components

Package may also optionally comprise one or as in Functional Fiuid Sample 11 and af the same

more of the following components: * concentrations, which may be one or more
selected from: *

a) antioxidants; a) antioxidants,

b) anti-wear/extreme pressure agents; b} anti-wear/extreme pressure agents;

¢) rust inhibitors; ¢} rust inhibitors;

d) detergents; d) detergents;

e) non-atky! toluene sulfonate friction modifiers; | ¢) non-alkyl toluene sulfonate friction madifiers;

f} foam inhibitors f) foam inhibitors

g) dispersants; g) dispersants;

h)y demuisifiers; h) demulsifiers;

i) multi-functional additives; and i) multi-functional additives; and

J) seal conditioning agents. 1) seal conditioning agents.

50 ppm CF Oppm CI

Other components in the functional fluid; Other components in the functional fluid:

a) 0.20 wt.% pour point depressant a) 0.20 wt.2% pour point depressant

b) 475 wt.% viscosity index improver b} 4.75 wt.% viscosity index improver

¢y~ 88 wt.% EXXON MOBIL® AP/E CORE™ | ¢) ~ 88 wt.% EXXON MOBIL® AP/E CORE™

Base Oils (mixed) Bage Oils {mixed)

Static Breakaway Friction Increase = 1346 mm® | Static Breakaway Friction Increase = 673 mm’

* The following is a non-limiting list of optional components that may be favorably employed.
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0 ppnCl Qther conponents in the functional fluid: a) 0.20 w.%our point
depressant b) 4.75 wt.%iscosity index inprover c¢) - 88 w. % EXXON

MBI L(r) AP/E CORETM Base QO ls (m xed) a) 0.20 wt. % pour point depressant
6)4.75 wt.% viscosity index inprover c) - 88 wt.% EXXON MBI LO AP/ E CORETM
Base O ls (mxed) Static Breakaway Friction Increase = 1346 inm Static

Br eakawayywERiret comnmsfgase = 673 nmm * The following is a non-limting
|ist of optional components that nay be favorably enployed. WHAT IS

CLAI MED | S: L. A functional fluld composition comprising an admixture of. (2} 2 major amount of an oif of

lubricating viscosity; and (b} & friction-modifying amount of one or more oil-soiuble alkyl toluene sulfonate salts

represented by the formula:

CH,

wherein R, is & metal sulfonate group and ¥ is an aliyl group derived from a single isomerized finear olefin ora
mixture of isomerized linear olefins, wherein 5 % 1o 80 % of cach of the isomerized linear olefins are branched,
. and further wherein the friction-modifying amount of the one or more oil-soluble alicyl toluene sulfonaie salts in

the functional fluid is 0.15 wt. % to 4.0 wt. %4,

2. The functiona! fiuid composition of claim 1, wherein the one or more afkyl toluene sulfonate saits

are chosen from alkali metal salts and alkaline earth metal salts,

3. The functional fluid composition of claim 2, wherein the one or more alkyl toluene sulfonaie saits

are alkaline earth metal saits.

4, The functional fluid composition of claim 3, wherein the one or more atkyl toluene sulfonate saifs

are caicium saits,

5. The functjonal fluid composition of claim 1, wherein the one or more alky! toluene sulfonate salts

are overbased salts.

6, The functional fluid composition of claim 5, wherein the one or more alkyl toluene sulfonate salts

are overbased with carbon dioxide.

7. The functional fluid composition of claim 1, wherein each of the one or more alky! teluene sulfonate

salts hes g total base number of 0 to 400.

& The functional fluid composition of claim 5, wherein each of the overbased salts has a total base
number of 60 to 400,

9. The functional fuid composition of claim 8, wherein each of the overbased salts has 2 total base
number of 250 o0 380.
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1. A functional fluid conposition conprising an adm xture of: (a) a nmgjor
anmount of an oil of lubricating viscosity; and (b) a friction-nodifying
anount of one or nore oil-soluble alkyl toluene sulfonate salts represented
by the formula: wherein R is a nmetal sulfonate group and R2 is an al kyl
group derived froma single isomerized linear olefin or a m xture of

i sonerized linear olefins, wherein 5 %to 80 % of each of the isonerized

| i near ol efins are branched, and further wherein the friction-nodifying
anount of the one or nore oil-soluble alkyl toluene suifonate salts in the
functional fluidis 0.15 wt. %to 4.0 wt. % 2, The functional fluid
conposi ti on Hf T&F Aingional A eygiofitiqnné claime. whergipsagh efltheyiverbastdueiidasatbhlonat e
sal t s apge shasedrzboemeal kali nmetal salts and alkaline earth netal salts.

3. The functional fluid conposition of claim?2, wherein the one or nore

al kyl toluene sulfonate salts are al kaline earth metal salts. 4.

The functlonﬁlWﬁbﬁmdmmﬂﬁm@smMmmmmanQMaLwmﬁmnmhamermm%mewmﬂ@m@ﬁﬁmﬁ& al kyl

tol. ueng,s HL: Ef%i@@t% fofﬁlfq Didfe re%%aq%]ﬁilggal%gk} l%actmgrisomerlﬁc% lmc%ar (ﬁetj n.ls“l \Qfﬁh unnaél fluid

conposition o alm wherei n the one or uené sul'fonate
salts are overbased salts. 6. The functlonal fluid conposition of
claimb5, whereime hb@iofN 8ui® EornkPaEiSond) K It Phdi@n@e Shlid Snate, @1?40@ HRES
overbas%gﬁmn h car bon di oxi de. 7. The functi onal d)conp03|t|on
of clai 'Herei n each of the one or nore al kyl toluene sulfonate salts
has a total base nunber of 0 to 400. 8. The functional fluid

composi tion of 1l &htfoy M@&%Qﬁ%@t\alﬁf M PHEDBASELSRILR B8R L0t &

_base nunber of60 t uncti ona nposi ti on of

f claln1BdM%W@P@#h“@§@W“%#ﬂ@ﬁékﬁvérbased salts has a total base nunber of 250
to 380. 10. The functional fluid conposition of claim9, wherein
each of the %%Q%mt 300

ts has.a t 350. .
11. The funct onal Fﬁ?gmg'ﬁﬁgﬁF?? mﬁ? dﬁﬁFﬁVfﬂp&H@/éﬁﬁ“?ﬁémﬁﬁ@“%V“hDre
al kyl t bhegerkdinsart fignateénssal ts are derived from al kyl toluene precursors
prepared by reacting isonmerized linear olefins with toluene.
15. The functional fluid composition of claim 14, wherein 1.5% to 35% of each of the isomerized

linear olefins are alpha olefins,

16. The functional fluid composition of claim 1, wherein 10 to 60% of each of the isomerized

linear olefins are branched.

17. The functional fluid composition of claim 1, comprising 0.5 wt. % to 3.5 wt. % of the one or

more alky] toluene sulfonate salts.



12. The functional fluid conposition of claim11, wherein the single olefin

is aCgto C30 linear al pha ol efin. 13. The functional fluid
conposition of claiml1l, wherein the olefins in the mxture of' olefins are
chosen fromCl8 to C30 |inear al pha olefins 14. The functiona

fluid conposition of claim1, wherein 0.5%to 50% of each of the isonerized
| inear ol efins are al pha ol efins. 15. The functional fluid

conposition of claim 14, wherein 1.5%to 35% of each of the isonerized
l'inear olefin L cti.ona

conposi ti on Of ﬁl %mgilegﬁ?i\%ﬁ c&@ogﬁdfooftclglméogy Psu&gapﬁwt ?r{ gwl"t S)Oorrffé}}ei DN | i near
ol ef i ns marecll} talyens gefonate salis. 17. The functional fluid conposition of claim
1. conprising 0.5 wt. %to 3 5 w. %of the one or nore al kyl toluene

sul fonate sak%sqff oot fluid SO: The functional fluid composition of claim1,
conprising 1 ungiopgh iy %‘)r’\’z&os‘“%oé?nytoﬁ‘:éOfWé’r SrdingstaEnsal il congirigiagene or

sul f onatercsdfitigs selected from t}&@rouﬂ' hﬁsﬁtiﬂ@ Gﬂ(li oinadxidahttli( D rlﬁsom?i&ﬁjrst, (0 BenofisieRy one of
the pre ne ditives selected
from t hgﬁ(ﬂjﬁ%%]p‘ﬁ‘]é%ﬂﬁ L Iltyngtflej? Iild[e?éog)glgo 91&:? éﬁ vm%))q: y md%i( mpr %verbi (P) niult- (3)
demul si fqnétf%aal additjves; H> éiﬁi’eﬁﬁﬁ”t mﬂwqﬁgexagem@sm feeRts; t(%amurapinweprpaameﬂ@

sul f onat®@s,inHithrs\i HAOEkLENY; dnd O XschiBEPMWBISagekt®) Mul tifunctional additives;
(7) dispersants; (8) anti-wear/extrenme pressure agents; (9) pour point
depressants; (10) foaminhibitors; (11) detergents; and (12) seal

condi t i oni ng2&déntisctional fluid comp@ﬂilonﬂﬁaalfnunwhdr@mab frfcliati-todefpimp @pidith 6Mhof cl ai m
1, wher conposition is not
ﬁsubstan??ﬂ1%9&3§%#%%gﬁﬂ H?ﬂﬁ%ﬁkgg?%§£%§%£%¥ﬂgh%ﬂ§Fde i ons. 21. The
. functional fluid conposition of cIa|n120 wherein the friction-nodifying

capacity of thernsampRsi m@eomp%sxmtofaumhametemthyfr;@tlom}ﬁwﬁhﬁgkaba!am}Jf@nepr esence
of up to 10 nctk§Q§¥EfIU|d conposi tion

of clai 2L mpﬁh ?%Pﬁﬁ?wgh%??ﬁ@F8H”WHﬁﬁ?§?ﬂh gﬁ?Wt d%he conposition is

not substantially dimnished in the presence of up to 50 ppm of chlori de.

23. A net ho%ofhe%mu%\ﬂ'd%@ cglﬂl%dsm fairr?ﬁli Qrﬁaq in &Qﬂ[cﬁ&r}l’ggdllgﬂl% al%ac% gf the

n'alntalnlng such characteristics in a nachi ne conprisin vey m)V|ng
and cou ﬁqq}mgtuﬂd? 1% subﬁt%alwttm@aweé er§plﬁgof up to 50 ppm of chloride.
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(a) imersing at |east sone of the surfaces of the relatively noving and
coupling parts in a functional fluid of claim1l: and (b) operating the
machi ne in the presence of the functional fluid. 24. The net hod
according to claim 23, wherein the functional fluid is a tractor fluid, a
tractor hydraulic fluid, a transmssion fluid, or a hydraulic fluid.

25. The nmethod according to claim 24, wherein the functional fluid is a
tractor hydraulic fluid. 26. The nmethod of any one of clainms 23 to
25, wherein the functional fluid further conprising one or nore additives
selected fromthe group consisting of (1) antioxidants; (2) denmulsifiers;
(3) rust inhiBi hah&hod éf)acflﬂ'elfﬁg |09ﬂnﬁﬂfﬂicﬁ(‘:ﬁiamghe§®§éﬂsﬁcst mtmzﬂﬁﬁmﬂfgsu@ﬁ kyl

tol uene sul fonates; (5) pour polnt depressants; (6) viscosity 1ndex

i pr ovecBarageysticy i Madits eaweising gglativaly moyngend evipling datits theasethddd)
antlmeagéﬁégﬁg pressure agents: (10) dispersants; (11) detergents; and
(12) seal conditioning agents. 27. A method of nmaking a functiona
fluid conposition conprising blending the foll ow ng conponents; (a) an oi
of lubricating viscosity; and (b) one or nore oil-soluble al kyl toluene
sul fonate salts represented by the fornmula: wherein RL is a netal

sul fonate group and R2 is an al kyl group derived froma single isonerized
linear olefin or a mxture of isonerized linear olefins, wherein 5 %to 80
% of each of the isonerized linear olefins are branched, and further
wherein the concentration of the one or nore oil-soluble al kyl toluene

sul fonate salts in the functional fluidis 0.15 wt. %to 4.0 wt. %

28. The nmethod according to claim27, further conprising bl ending one or
~nore additives selected fromthe group consisting of: antioxidants; rust
inhibitors; friction nodifying agents that are not al kyl toluene

sul fonates; viscosity index inprovers; denulsifiers; pour point
depressants; antiwear/extrene pressure agents; nulti-functional additives;
foaminhibitors; detergents; seal conditioning agents: and di spersants
into the functional fluid conposition. 29. The nethod according to
claim?27, wherein 0.5 wt. %to 3.5 w. % of the one or nore al kyl toluene
sul fonate salts are blended into the functional fluid conposition.

30. The nethod according to claim?27, wherein 1.5 wt. %to 2.5 wt. %of the
one or nore al kyl toluene sulfonate salts are blended into the functional
fluid conposition. 31. The functional fluid conposition according
to claim1, wherein the functional fluid is a tractor fluid, a tractor
hydraulic fluid, a transmssion fluid, or a hydraulic fluid,
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(a) immersing at least some of the surfaces of the relatively moving and coupling parts in a functional

fluid of claim 1; and (b) operating the machine in the presence of the functional fluid.

24. The method according to claim 23, wherein the functional fluid is a tractor fluid, a tractor

hydraulic fluid, a transmission fluid, or a hydraulic fluid,

25. The method according to claim 24, wherein the functional fluid is a tractor hydraulic
fluid.

26. The method of any one of claims 23 to 25, wherein the functional fluid further comprising
one or more additives selected from the group consisting of (1) antioxidants; (2) demulsifiers; (3) rust
inhibitors; (4) friction modifying agents that are not alky! toluene sulfonates; {5) pour point
depressants; (6) viscosity index improvers; (7) foam inhibitors; (8) multi-functional additives; (9) anti-

wear/extreme pressure agents; (10) dispersants; (11) detergents; and (12) seal conditioning agents.

27. A method of making a functional fluid composition comprising biending the following
components; (a) an oil of lubricating viscosity; and (b) one or more oil-soluble alkyl toluene sulfonate

salts represented by the formula:

CH,

wherein R, is a metal sulfonate group and R, is an alkyl group derived from a single isomerized linear
olefin or a mixture of isomerized linear olefins, wherein 5 % to 80 % of each of the isomerized linear
olefins are branched, and further wherein the concentration of the one or more oil-soluble alkyl

toluene sulfonate salts in the functional fluid is 0.15 wt. % to 4.0 wt. %.

28. The method according to claim 27, further comprising blending one or more additives
selected from the group consisting of: antioxidants; rust inhibitors; friction modifying agents that are
not alkyl toluene sulfonates; viscosity index improvers; demulsifiers; pour point depressants; anti-

wear/extreme pressure agents; multi-functional additives; foam inhibitors; detergents;
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seal conditioning agents; and dispersants into the functional fluid composition.

29. The method according to claim 27, wherein 0.5 wt. % to 3.5 wt. % of the one or more

aikyl toluene sulfonate salts are blended into the functional fluid composition.

30. The method according to claim 27, wherein 1.5 wt. % to 2.5 wt. % of the one or more

alkyl toluene sulfonate salts are blended into the functional fluid composition.

31. The functional fluid composition according o claim 1, wherein the functional fluid is 2

tractor fluid, a tractor hydraufic fluid, a transmission fluid, or a hydrautic fluid.
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