- friction modifier. Rather, the term

FUNCTIONAL FLUIDS COMPRISING ALKYL TOLUENE SULFONATES 100011The present-— ...

invention relates to functional fluid compositions suitable for use in systems and machines comprising
relatively moving and coupling parts. In particular, the present invention relates to functional fluid
compositions suitable for use in heavy machinery, especially in high-power-output tractors,
transmissions, hydraulics, and’, the like. The present invention further pertains to a new and improved
class of friction modifying agent that can be used to render such favorable frictional characteristics to
functional fluids. Moreover, the present invention is concerned with methods of providing optimal
frictional characteristics to machines housing the functional fluids and maintaining such characteristics
therein. Furthermore, the present invention relates to the methods of preparing such functional fluid
compositions. 100020Kie teyRw fupctiona M%M%%E@Mﬁ‘%i%@@? %Hitﬁ%ﬁwﬁ% ding for
example, tractor fluids, automatic transmission fluids, manual transmission fluids, hydrautic*fluids,
power steering fluids, fluids for use with power-train components, as well as fluids of various other
capacities. Thed@fhids typicily esmotevthaiomerely Wiitisating the:mashings hat hause them.
Rather, they provide one or more functionalities other than, or in most cases, in addition to, lubricity.
The additional fiffctionialifiesanby @haisedhermschindsiieonacisraaieeffaativelyandlor efficiently.
Therefore, functional fluids tend to be multi-functional fluids, although at least one of their functions is
typically relatedPi'5t%digRisser s ts el arichifimcompohentsimposried tharein.s300031 The
several functions and characteristics of the functional fluids are bestowed upon the functional fluids by
additives, Typig?ﬂagﬁ(‘ﬁ’ﬁ\%g‘%‘ﬁ fiReteH A laY TRayMtiader briexampleyidscasity ihdeximprovers,
oxidation nhibit rsl.ﬁorr?gion/rust inhibitors, dispersants, pour point depressants, foam
inhibitors,demulSTisss, ARHRASAF JarfEI S AriFE RSHEOT R Ao Hivdifievsoand dtsers. Mteopresent
invention relat(.e. 581%1 new %Iatstga?fcggcét}%o{g rgodifiers. [00041Although persons skilled in the art often
use the terms "friction mo n%nng agent” a

i BIERSE Ashitsietrveritiisgabehprageriepurpose of the
present inventi it odifying agent may refer to a material that is other than a conventional
Aha AR w#ﬁ%ﬁgrﬁ r%%%“ﬁg‘i’r’%éﬂéa%‘}ﬁn rRRFCTEERyY G ent s mbdifies or affects

the friction propgstiesQf &AL ich it.1 . The textbook, LUBRICANT ADDITIVES, CHSTRY
& APPLlCAﬂcI?El&s, R@dﬁék,%éﬁ %%%?gﬁ %%3?:%%{{%3? eav%*‘[wm Pronsha e mbiisiistihge 204,

as "the resistanggapady meetsvilgseying.overangihgr body.in respect of transmittingmotion™ In
conventional lubricating oil compositions, frictiorim modifiers gir% ﬁo%%sfotsif?ﬁ’gﬁt/’?é}&ﬁfg’fﬁ |‘I}?F(;tion

‘between surfacestibad eOpmeanie: caokathwithaachLiherduring;operation, thus reducing wear to these

surfaces. Specifically, as the surfaces move closer together, the lubricant is squeezed out between

them. During th@§¢¥bcess, thedfriatiortmadtifiersiindihe- lbriganibesame agkotheg gnto the surfaces,
thereby retained between the surfaces, displaying a molecular orientation perpendicular to the
surfaces to redoeedie levekehpbntastaniiidyerthedfictiansinssompanson istionmedifying agents
typically do more than reducing friction in functional fluids. These fluids are used with relatively moving
and coupling pafssitdardiafieast pariatipinmadises, thersitor Thesadlygsdhusmushkesmibe friction
levels at an optimal level, sufficiently low to prevent excessive wear and tear, but also sufficiently high
so that the rel&fvVeH/ aidbtsy ahwreeuphihgranscitiay ddeacalelysempaghanddisengagasnithout
slippage.

- lubricating the machines that house them. Rather, they provide one or more
functionalities other than, or in most cases, in addition to, lubricity. The additional
functionai?ties may enable the machines to operate more effectively and/or efficiently.
Therefore, functional fluids tend to be multi-functional fluids, although at least one of
their functions is typically related to providing lubrication to the machine componen(s
immersed therein, |

16003} The several functions and characteristics of the functional fluids are

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

1



the lubrication needs of thechines. For example, tractor fluids are used to lubricate the transmissions,
gears; bearings, hydraulics power steering components, mechanical power takeoffs, and oil-immersed
brakes in machines driven by tractors. When a functional fluid is used to lubricate the hydraulics in a
tractor, it may also be called a tractor hydraulic fluid. Used in a tractor, a functional fluid may provide
for brake capacity, engagement and disengagement of power keotT clutches; and transfer and
dissipation of heat gene r%tg .durin oPerat‘ipn\u In.modern tractors, power brakes can either be of the
drum-type or thenzﬂgé£ 3;51 C U tHE B AYPE BrAkEE S BRERSITEY BrtatNe BHARR SUBFRN BraR g
capacity. Further n%o_ngﬁt e disc brakes, the wet-type or oil.immersed brakes are preferred because
the functional .f|Llei%é hEtivaly S8l ad the BrakSS i gl éﬂ?j”bH"rPlg’.%b%ﬁﬁ@“fﬂ%@@’ﬁn%%ﬁwm
advantages of wet disc brakes, they offen suffer gt}le\a{s_t ne \%%pmi?gnt drawback, namely, brake

] Bt JEEUTS Wher& the oGl VaRARGA°E théFriction

chatter (also kndWwn 48 Brake Squawk). Braks'eh
material or reaction plate is.sQ I{arge as Iio create harmonic vibrations in the equipment. These

. . nﬁw Clasy OSE) TiCHO !1f)d1 1ers. : : .
vibrations usually lead to objectionable’ and unpleasant sounds being emitted from the equipment
when brakes ar%i{ﬁﬁﬁged. 100Q61To yc‘P:)mbat bquﬁeé;ihat}ﬁr, persons Sk'"![ed in the art have, for_ .

example, added'friction modifiers such ‘s diolcylhydrogen phosphite to tator sl & trastsy ng

hydraulic fluids. %ﬂgﬁ,§1 wever, these conventional fricti [;]mQ(g' ing agents yould render the fluids
unsuitable for u51 %)r veilr%ou]s'i réagélﬁg. i(rjgt,i ﬂrgl%emé}%’é tlé% Fs{%Iu f%/ eélr %{‘eoril‘“&ﬁ)}j S80S IEY st be
oth e et el O B O R TP

XG
both the wet brakes and takeoff clutches are always consi ered. Conventional frictidn

modifiers such a}ﬁ(gggil%yhggmgeﬂ@&%p}ﬁig%@g i}g %fft lve in reducing. the brake chatter, can be
associated with an unacceptable simultanéods ow%r%rggﬁé’f ‘tlﬁfénlft)rai gC%nta %éﬁ%e%ﬁ%‘lmﬁéjﬁ\gébgggjasc?ﬁes,
making it more %HMHF%?H&%% m?g[l égi]) S q\pq r bri €0 uipmept to s herefore, although
a suitable friction modifying agent s ouHJI regfceufnég?ggﬁ%}éﬁgﬁg 8nlity o]%?)c é%a% ((;:Iié’r?é{ijr? extent rather
than as much as\pRasible. Eneretling ison evRlisslereoly ARe.ALARICh . GomPLaMise Iz,
reached to minimize brake chatter while maintaining the brake/cluich capacities.” Accordingly, a
suitable tractor flishy, gl veriRulc lLid wopld.pass ol et BiakS, (IALGHIRSL AN @ we brake
capacity test. Second, because many tractor parts other than the brake discs are exposegf’[o the same

fluid a suitable %%ﬁ%ﬂH!ﬁf?mr%@wchMﬁ{%‘éﬁlﬂw&w&!ﬁAubriﬁ_act&&%%%ﬁﬁ?%%%%}%f (1§ and provide

power and means to dissipate heat. As a result, many known friction modifiers cannot be used in

tractors becauS%&ﬁ%&mm@pttﬁm]nﬁmﬁegdﬁgt&ﬂw%igﬁﬂgwmﬁc%th%rméﬁm@%%esn%ag ake

parts. For instance, fluids containing dioleylhydrogen phosphite ‘are not used in tractors because the

additive is knowik40 gy (i £ igh 9aarWeasRASEHA Y When the gerrs Ale.uses & high

temperatures. Furthermore, an apt functional fluid for use in tractors must offer extreme-pressure

properties and cerigin-othgr-caragities sHeh amvaterstdleranse Qrditerahilityyfherefore 1o aualify as a
tractor fluid or tractor hydraulic fluid, a given functional fluid mustpass tests besides the wet brake

chatter and capaeity-tastadmentonsd apoye cuchiadditiopaliests: mav.nalude,fanexample. a spiral
bevel test and a straight spur gear test, each giving indications of extreme-pressure properties.
[0007iTransmissign fheigds aenstitiieRroterasominaNaseHPof furctional luids, AR AMOmALG ar
transmission comprises a turbine drive unit, a torque converter, and one or more friction brakes or
clutches that areengagedangdisenargethavtematicaly:-by.anHotkicare hysrarlic.consual.unit. A
manual transmission comprises a similar set of components, but the one or more friction brakes or
clutches are engageshand &B&q&g%@ﬂgtﬁﬁﬁﬂﬁlﬁlﬂé/di&‘y’iﬁ@iQ@é@t‘d&?ﬁfb@ﬂﬂﬁ%%@tﬁ§§@@&'ﬂ%ﬁ?mpfiSeS
plain steel plates that come into contact with other steel plates, the latter plates being covered on both
sides with a frictierimatedahcsisehiatuifer exampln;eompressedinaResivNadnalsd with-a.485ip- There
are many similarities between a clutch assembly of a transmission and a set of disc brakes of a tractor.
For example, heretheeniicecludshpassemuiviscisvnersedcomplately; 9 patialkinibs ansmisgion
fluid, just as the disc brakes are immersed completely or partially in the tractor hydraulic fluid.
Accordingly, likaetheir draatopiydraciie fuids countespagsransreigsion duids argtyRisalhy also
multi-functional fluids. They lubricate the gears and bearings, transfer heat, and provide the fluids for
hydraulic controhsfidi petveiiflansian: Speaificallyy aswitable g apsprssion-fuidprovides-suficient
friction for the clutch plates to transfer power, allowing the transmission to shift smoothly and allowing
it to lock Lip during &ishiflafromionesgggadgde. another within a certain specified period of time, but not
too much friction to cause wear and tear of bearing surfaces and the clutch plates. [00081Several
parameters are used by persons skilled in the art to evaluate compositions for suitability as
transmission fluids. Those parameters can be used individually or in combination with each other. One
of those parameters is static or breakaway torque (Ts), which measures the relative tendency of
engaged parts such as clutch packs, to slip under load. Ts is typically determined upon completion of
certain predetermined cycles of dynamic torque evaluation sequence. The use of conventional friction

modifiers in attempts to improve frictional stability may reduce this breakaway Ts to levels that are too
lowvwr at which the relatinvie tendencyy of ennaaned narte tn <lin 1inder lnoad become 1inaccentabhle That



100091 Further examples of functional fluids include, for example, hydraulic fluids, which embody a
similar set of multi-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
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! 88 Sticking- ARSI BikG- e sherardh o thdedyarasre ydidmenrigtedal and
hydraulic fluids typically require tr;lg i __\céusion of friction modifying agents to function properly. The need
for friction modifé?ﬁg%ﬁé\ﬁ??%g% & Bsgrardiiacdie’ whanithe Faave widtioha prtwedbicate
heavily-loaded _a}ing surfaces are slow. This is because, as the relative speed between two
contacting su rfa&é“s“&il%m|§H8§f”tﬁ8aﬁ§b\£l/%£3ﬂféfﬁ1ﬁW@RH%%sp&%’(%rd“’é‘*d?@a%é§}1?€%ﬁ‘ﬁﬁ% RcHETEsskd
physical contact, higp%yifricgon, and. hi%her wear of the surfaces. Friction modifying agents are also
typically used whSH thEre are ¥chig %ﬁ?&%@?ﬁﬁﬁi%ﬁ?@ﬁ%%‘r THe Lo bipiiF Broce¥sc’dch as for
example, in nur’r}eri(‘:[aIIX, (l:?lntrﬁll‘ed‘ 1 al_cklirls)e.tqorlls, or when the coupling surfaces are made of different
materials. MoreoVer. the initial friction'is HUSy I%ﬁ% Iﬁf}&r‘é’dﬁ”c‘isgé‘fé‘ﬂﬁf Beeatlse W dsperities
must be lifted over one anott ?aniti s ffipg’ent_ S[P‘e‘?d_i$ ?Chie.vegl ts.ﬂ establish a .continuous
hydrodynamic lubricatitrg filh that Separates the Cotphng SR HAGIRY R AKuitABIE Hy draulic fluid
not only lubricates the hydraulic element: E,Sg,llj;aaglesoea?hifevesrgngEmaépt‘ in%qn optimal level of friction
among the coupling SUrfacEs-s0 as to prevent Uneven operafion tider VArSEtS dpeddssioht! and
material combingtions,.100101Accordingly, a suitable functional fluid would provide a level of fric on
that is ne titer to%%%{%v%%b%rﬁtﬁe%@: %g%%(gyg&iem b %%{ioé%Se?ﬁgrg%e%rleﬂfl of Fg’lgﬁ%ﬁf{/gﬁ‘ ing‘Parts, nor
too high so that VO n unacceptable level of wear and tear. The present jnvention provides
such a friction rr%ggtl ?igrggogl&%%%v’ﬁ% pi?noﬁah% Cllrlﬁ%rtg% r}c %r?alf'%—ﬁ 3§@§§E€§Q{8r'£%6%[g}ﬁ%&f8nal
fluids 100111A typical fricti ifying agent my e a long-chain melecule comprisin ap(ﬁar end
group and a norg@ggl% #rll(fé%)ﬁ ﬁry?’c?%(% bgg géﬁigi'ma #ECESBP jcgﬁz’gger%%%eﬁ &r 6%‘ysu‘f}£{|’|§/p§d°sro? Sonto a
metal surface, ¢ ically.reacts. with the surface, or.otherwijse attach, to the surface while the
hydrocarbon chgﬁ%&%%ﬁ%%%ﬁe@éﬁ%ﬁgﬁﬁﬁg era}%nscggrrlr%}rﬁ u I‘t(liélcélg ﬁ%t i\é%yrﬁ%?j?lt‘%%elr‘hg\gé%ﬁles
then link with o [ With t e nts in the fluid to form a film on the metal
surface. 10012%035;%@? gl% eldmigf thﬁégglgtE %r@%%%g ?ﬁ’éﬁ‘l‘afﬁ”gﬁt;%h‘f&?gﬁ” r%{oélsﬁ(;%f%a&éﬁslta{l%?g (?gre Use in
conventional lubyjeating el g pfiemAANsElessUNSHIAbIs for s In fynelanal uids.pgeause the
latter have more demanding functional and compatibility reduirements. AS discussed above, for use in

functiona fluids, & Hetery/mRYIAGRGENT TSR GaRAHIE. O (EAING THEtan, Byl only o g certain

extent so as to achieve the least possible wear without sacrificing smooth and accurate operation.

Furthermore, squigcanKEAIANG frickion madifiees airdnown te EhRMiall.anpsipaly pteract with
ul

other additives that are necessarily or optionally included in the functiona , effectively competing

with these Othew&%%&t%99@9&9&98@@&@%9[@%{%&%ﬂéﬂd%d?ﬂ@éfdﬂgcﬁ@s_éﬁlggf.ffﬁme@%%%@ere have

been sustained efforts iii the art to develop new them) modifying agents suitable for se in various
functional quids@eﬁlfﬁyyeagm@,hﬁg@egg%gﬁgmjﬂed to date and some of those are described below.
There nonetheless remains a significant eed for alternatives and/or improvements. 100141A number

of the friction magjiigys identified -8msuitahle: {488, IBersons skilled in the art have, for example,
added friction modifiers such as dioleythydrogen phosphite to tractor fluids or tractor
hydraulic fluids. Often, however, these conventional friction modifying agents would
render the fluids unsuitable for use for various reasons. First, brake chatter is but one of
the many issues that must be addressed when formulating a tractor fluid or a tractor
hydraulic fluid. For example, the capacitieé.of both the wet brakes and the power takeoff
clutches 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 amines, amides, or other nitrogen-containing compounds, which would, among
other things, raise the nitrogen content of the fluids and restrict their potential scopes of application is a
result. For example, U.S. Patent No. 3,634,256 disclosed an automatic transmission fluid containing (1)
a friction modifier selected from the group consisting of oxyalkylated aliphatic tertiary amines,
1-hydroxyalkylL2 alkyl imidazolines (e.g., 1-hydroxyethy1-2-heptacecyl-2-imidazoline) and mixtures
thereof; and (2) an oil- = P‘Ie alken I substltuted succinimide of an alkylene polyamine U.S.

Patent No. 3,933/65' gé’s"é% ‘8tH“t AR SHASSIBRCHHE RbrBHiseg S Bieaniotiiesf an
oil of lubricating \{lsc(ggltﬁ?(:%tan effectlv Tiu}nt ofe c of the following: (1) an alkenyl succinin de;
(2) a Group Il metal salf ¢ inydrocarb {’d’ hl%p } 5&d’?§%%l@ﬁ8hm 0dityihteEdRIBound
selected from the & group cons qls[t!nq &a})gfa}t&y acid ester ric and other ponhF)(drlc alcohols,
and oil soluble oxya kg?afiedl erivatives there TTY&% Y5ty aé?d‘ ‘r SO I6UP olSbar %éﬁf)a&ﬁlﬁ%
acids, (c) N- fatty Ikyl-N, N d| th noI mlnes N-fatty. alkyl- N N-di(ethoxyethanol) amlnes (e) N-fatty
alkyl-N,N-di-poly-(e é(%oxy ethano amlr@'%gs‘;isa];ltL dgtf‘?'nllxtulr@ theedfsy 'd”%j igtsustevelifPrderaitikaline
earth metal alky e. This compaosition wa icated to b ticularly sul able for use with
automatic transr%)tiiﬁ?sgs'??([)]r‘?»:i,h 34 p%%%éﬁ‘%‘r“ééfé rkf?o?éar(i%én lmU“S g AT e aEe Rmeded a
tractor fluid comgiré%lg/g %ECEKO ole( mount of ﬁnb?n -solubl ieé% acid alglde and a fatty acid

ester derived from a polyhydr dLicoho H"lﬁc\tbr fiulidas L5 TGRSO QieenErdrd

characteristics. 10X QJJFC%EQ%%%% tabugpt thenlEIS{g tot ns(ec\{efsaj En%aslb salts of fattygydr %%Sbyl

sulfonates as friction modifiers in unctlon or example, PAEN RO, 3FPHB0IGEE ibed a

hydraulic fluid S%tﬂg]‘?ri%t&%%m%t‘ﬁ’%t ﬁlct{'t pcsg/ <{,”91§§t rlsm}goag{:tl n- modl%g amou t of the

reaction product of an overbascd metal hy rocarbon sti fona?e anc t§} FUF REEhYI S, Patent

|de prov
brake and clutch capac wherein the polyalkenyl sulfonate Was an alkall meta tt<¥§|ﬁ1“e t\ﬂ(f%etal

sait of @ polyalkgne sulfpnic.acc daren oma medue A g %%%%% OWPJI'?%Q&QFBW fhapabout

20 mole percent alkyl vinylidene and 1,1-d alkyl isomers. 10 n occasion, aromatic hycri\roca %yl

sulfonate salts havg been wseddomedifyfriction in §§5t U?)W&CQS&ﬂlatE %mcg{tgﬁ( m tlet#; %islzéatent

No. 3,451,930 taught a fluid for farm tractor transmiSsions comprising a ctlon modifier that Was a

three-componeny. saixture QbALpax iRl Sall.of A mdrogarhe Q&ngln@ %%% gh,ma (5) S)ngI [etglsalt

of an aromatic hydrosulfonic acid or a metal salt of a non-aromatic h drosu |c a nc salt of

a dialkyl dithlophgsphar & asidapdd3)achlorinated Rai(ﬂﬁ%"‘(% M%@@Y&tn&t gﬁfa&%ﬂt No.

3,259,583 disclosed power transmission fluid consisting essentially of a major amount of a mineral

lubricating oil, apgh@-amall amontofeahan madifigriatwas anether (hige-com %rhefﬂtfﬂttéﬁ%‘f?af’f (1)

an overbased alkaline earth metal petroleum sulfonate, which may be an aromatic sulfonate or a

non-aromatic sutfanate: (%) a pelvaryLnalaminehaving the formulae i 20N MNER2) M plisvl radical
such as methyl, ethyl, propyl, isopropyl, butyl, tsobutyl, t-butyl,liexyl, octyl radical. and (3) a zinc salt of

an unsaturated {aily acichavineriiem oA garbomnalome. Arcerding.[o,that Baenk afl fares parts

must be included to affect the frictional characteristics of the flwd because "none of these materials

alone possesslegdantidirtionab Naparties-aRHEY Iﬁtﬁ@rﬁ&!@@ét@m&%{e@@l@w't?@téft%%%ﬂ@ﬁ&b'tors '
Column 1. lines 60-62. 1001.810n the other hand, aromatic hydrocarbon sullonates such as alkyl aryl

capacity tests mentioned above. Such additional tests may include, for example, a spiral

bevel test and a straight spur gear test. each giving indications of extreme-pressure

properties.

10607] Transmission fluids constitute another prominent group of functional

fluids. An automatic transmission comprises a turbine drive unit, a torque converter, and

one or more friction brakes or clutches that are engaged and disengaged automatically by

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



sulfonates have been widely applied as detergents or dispersants in functional fluids. For example,
U.S. Patent No. 3,899,432 disclosed a functional fluid comprising an oil of lubricating viscosity, and an
effective amount of each of (1) Group 11 salt of hydrocarbyl sulfon ¢ acid; (2) overbased group Il metal
salt of hydrocarbyl sulfonic acids; (3) Group Il salt of dihydrocarbyl dithiophosphorie acid; (4) tricresyl
phosphate; and (5) sulfurized mixture of olefins and fatty acid esters. The neutral surfonate salts were
said to provide improved water tqj\?%ance, dle}eﬂ)rgerc ha}qqkdisrersancyl whereas the overbased
sulfonate salts Were Said to improve tharar St }&/ RtORIA O AIRE T el it B St e S
Patent No. 3,920,562 disclosed a functio al flgidtfes?ciall}/ suitable for use as an automatic
transmission fluid COMPrising & Major amotAt st AR 81 8r fiBHE QR ittusty mhot kil dtettile! amount
of each of (1) an.alkynyl syccimmide; (2) a group Il metal salt of a dihydrocarbyl dithjophosphoric acid;
(3) a hydroxyl fa%%y;‘“?f%%‘%% er aoq; H}%ffé%o.?@ro‘%ﬁ%?\gﬁ%;&ﬁg‘ glcot ?%‘?‘p&ﬁ-%mb%‘&yﬁ%/gk@ﬁtéﬁﬁerivatives
thereof; and (4) a-group Il metal.sa!t, opa g({lrocarbelﬁ&llfo.nic agio[ '('zil_ctlin%] as a detergent and

the deposit of contaminants formea during High tEHpErAtl ! ﬁegr(ﬁtfgﬁ%ﬁhe

dispersant,” to "prevent the deposit of contaminants

system containing the functional fl J(? Column, 7, line 66,.to column 8, line 2. In yet another example,
0.S. Patent No. 41353 877 Gistitsad A TaneHonaT LI Wi rBFo Vet STARE 1 B bR B s

extended period Of fime;,cqmprising gvgrlgps d aI!I;aIi r alkaline earth metal salt of a hydrocarbyl
sulfonic acid, anoalﬁyi bhénate, ora Ssgtﬂ uﬁ)zle a y}F‘E aégriig agésga dé (ecrsgcérr(ft.1 Hha Sp%’ar il %@@H&fenal

fluid compositio mprised.a frict odifier that was either a ejk | or al en liC . t0,C10
dicarbo_xylic _aci r??v%nﬁgfog%%éstﬁg {f;&)éﬂg%g%%% %tici)gms}c ort eiéydc%%%ﬂﬁrgd{ﬁ% [8 @n?g%limgiﬁ%%arboxyl c
anhydride with ag. gideiyee iyl ninly L Aminamethans adduet A0HaROYebased al an

co patlglliﬁly, } 5er&

sutfonates were also known to impart improve solubility, foaming properties, Tow color,

and minimal sicip formatien, Ifglr,.gxgggg)!g iH H.Sd 5’ l;goth 6,479,440, A mixture of alkyl phenyl
sulfonates of aIkEaIine earthc?ne als compl;is?ng’ 5% t% 85% g}? i%@lﬁgﬁﬁ%ﬁé}-gﬁﬂ lﬁﬁgﬁfloéﬁﬁfrﬁ)gt\ggénd 15

to 50% of a heayy,alky! agyl.sffonate Wﬁ‘%ﬂﬁpﬁﬁﬁ%@sl&%vﬁégf?%go%%%?w&}‘ﬁg%qlﬁ'x(:i];:edh 79, KN

formation) at room temperature, and have otherwise good detergent/dispersant performancein U.S.

Patent No. 6,054, e amalkybask ol AL ARIGDL e o pes: (i clll
) y alkylaryl'sul ,

sulfonates, wherein the two alkyl groups are both linear. and (2) mono or poly a )r/‘l sullonatcs

wherein the alkyl sybstitugris.ang pranehed.chains eficeriaindengths: A %@Qmwgﬁé%ﬁﬁ%%@é%% of

alkaline earth metal alkyl phenyl sulfonatcs was said to have improved characteristics as a detergent
and/or dispersanfin &gPRPARENTARESRN BURREARRIGAIAR NG BEANLIGE 7. Lhamedifigd mixture
comprised 20 to 70% of a linear mono alkyl phenyl sulfonate and 30 to 80% of a branched mono alkyl
phenyl sulfonate,|4Q9201Alkyl 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 axjggsind tracter ansHIssRRSs AheukbighsloadJiormulation was devslopad.fellowing the
unexpected finding that a combination of three components: (1) an alkaline earth metal salt of a

hydrocarbon sulferigagidharing.aasmelesuanweight efiahaut AQR L0, ahaut 800, (2)a pgtal salt of a

dialkyl dithiophosphoric acid; and (3) a chlorinated hydrocarbon; exerted a synergestic improvement in

the load carryingreapidaitily F00R1bAMe: havenfoumd: sopt.aartain akyt tRluens sHfanate salts ppssess
desirable frictional properties and may serve as friction modifying agents in functional fluids. The alkyl

toluene sulfonatersalhah:a wtitererof thiese sRISOESNR:RERSENT IBYENKIgNLMaY: ARy Ok RE ihe only

friction modifying agent in a particular functional fluid. For example, an alkyl toluene sulfonate salt or a

mixture of salts ofilg piesens Myentian way. be ussgisathasels fHctiopdmedifyingisgentinggiven
functional fluid, or it may be used in conjunction with one or more other compatible friction modifiers to

provide the desipeeilevehpkirictiansfor thatpacticujat Buitatha prgsentdnvention Breviges,sush alkyl
toluene sulfonates, as well as functional fluid compositions comprising these sulfonates. The present

invention furtheripravides sigthods.demprenaringibesetunctionalfividsardaring themdaaliest the
friction levels among relatively moving and coupling parts in certain machines. SUMMARY

to levels that are too low, at which the relative tendency of engaged paris to slip under

foad become unacceptable. That slippage can impair the drivability and safety of the

vehicle to which the transmission is a part. Another often-used parameter, the “lock-up,”

measures the tendency of the clutch to grab and release intermittently when operating at



100221The present disclosure relates to a class of new and improved friction modifying agents
suitable for use in functional fluids, especially in tractor fluids, tractor hydraulic fluids, transmission
fluids, hydraulic fluids, and the like. Specifically, the friction modifying agents of the present disclosure
comprise alkyl toluene sulfonate salts. In some embodiments of the present disclosure, the alkyl
toluene sulfonate salts are 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 disGIBRUFE ARY FKERESHRBBEEH GhinBiih e God Fricnskat EHbr semtistestesthe
functional fluids. Furthermore, gﬁ friction-modifying capacity of the alkyl toluene suffonate salts of the
present disclosuf’élféﬁ%? SEBSEAREANY @iﬁﬁﬁ%gﬂ’é’ﬁ’%t 8! BrELBHCRAGH BAIGTE o NI SakibhraRip d.”
sometimes introdugg into the fulnct_ilqnal fluids by, for example, certain viscosity modifiers used in the
manufacturing procsssBS it e RINGISHAIATHY BFHRS prasent tidtrssule tdmbahieiutin the
presence of chlogide.ions. %O 2alln a filist spect, there js provided a functional fluid compaosition

AU (27 RS S o A ki VRSCBEAYP i oy short

comprising an admixture of.
friction-modifying amount of one r more, oli - olutile aqlk%/]I‘tolqene sulfonate salts represented by the
formula:  wherem RIS & metal sUIfohate' group Bid'R3'S 4it A Groapeistveaion Wiy
isomerized linear, olefin ol a r@ji%(tt%?geof,igomefi;e linear olefins, wherein 5 % to 80% of each of the

f 8 BrancheH SR FiREr Whis & e B ISHRURARY ‘SHGGACSS the one or
n

s
isomerized linear olefins ér
more oil-soluble glkyl tolue eha%lgonate salts in the functional fluid is 0.15 wt. % to 4.0 wt. %.

ansmission
[0009] Further examples of functional fluids include, for example, hydraulic
fluids, which embody a similar set of multi-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 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 slow. 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 requirements 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 {riction is usually high in hydraulic systems, because surface

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



10022b1In a second aspect, there is provided a method of achieving optimal frictional characteristics
and maintaining such characteristics in a machine comprising relatively moving and coupling parts, the
method comprising: (a) immersing at least some of the surfaces of the relatively moving and coupling
parts in a functional fluid as defined above; and (b) operating the machine in the presence of the
functional fluid. [0022c]En a third aspect, there is provided a method of making a functional fluid
composition com rising blepding the fallowing components; (a) an oil of lubricating viscosity; and (b)
one or more oil-<SIUBIE ARYETOSHRAGH IS L Hap thdereriasystHs fovnling suftisrein R1 is a
metal sulfonate %rgup and R2 is ﬁg %‘l)’ﬁll ggou derived from a single isomerized linear olefin or a
mixture of isomeriZ&t &=t SIEARY WidPBI 5ok Bo869y of WadcoftRd 1SEMERZSMirbableHH? are
branched, and further wherein the concentration of the one or more oil-soluble alkyl toluene sulfonate
salts in the funct%‘néﬁ‘ffﬁié‘qg B8 WIS A B HAYS AODSE2AREL RAiBBARNE R BF tResfeset o
disclosure pertains to a friction modifying agent suitable for yse in a functional fluid. The friction
modifying agent Bf this embodimEht com pnrﬁ%éé/ ‘ghoﬁwot‘baﬁe[iﬁé%u o Glateal a1 AC8Econd
embodiment of t sent dis¢losure pertains, tq a functional fluid composition with improved
frictional propert@gfg ¢ n%&h%ﬁl “ﬁ%g%a%‘gﬁ?%‘?%%F%W@H%é)(%‘?ﬁﬁ‘éﬁﬁ & R ESHA fluid

comprising A frictio
of this aspect is ﬁ;s,{%egiaé%%t#ittg\(pkg Lotr(}u £.as a 1tr ,ectorj_fluid, a tractor hydraulic fluid, a transmission
fluid, or a hydraulic fitid: but may 2150 be Uesd i Sther FACHh AL T iEaRaLtVE MEking and
coupling parts. 100251 A third embog{r&%ent i%famﬁJp[e‘vg,&tl‘lgl(ggcIosure pert

MOVING afts, Nov oo

nt D re p %lg] to_‘? .fgnctriqnal fluid of
the second embodiment, comprising afriction modifying ageht of ths i BfaBodRentEthand tear.
i i sl vt cnic g St b it el

100261A fourth embodiment of the present disclosure pertains to a™ri first
embodiment, the;igHARrMAZINANGA PRI QL WRIGRISAPheyRstantially diminished in the presence of

chloride ions.
[0611] A typical friction modifying agent may be a long-chain molecule
comprising a polar end group and a non-polar linear hydrocarbon chain. The polar end
group either physically adsorbs onto a metal surface, chemically reacts with the surface,
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.
[6012] 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
requiterents. 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.



100271This disclosure, in a fifth embodiment, provides a method of making a functional fluid of the
second and third embodiments. [0028]In a sixth embodiment, this disclosure also pertains to a method
of providing and maintaining optimal levels of friction in machines comprising relatively moving and
coupling parts by applying the functional fluid of the second or third embodiment. [0029]Persons
skilled in the art will understand other and further objects, advantages, and features of the present
disclosure by reference to the following description. DETAILED DESCRIPTION 10030jVarious
preferred featurd8Hnd embodifhefitd aire esciBedBaIBrEy Walofhsndmitiiyinustiatons.
[0031)The present invention relates to a functional fluid composition comprising one or more alkyl
toluene sulfonat8'8aie 48 AEREHHBEI NG SdREaepsctHasiiynahd dwyl olfanasarfdinte Eaks of the
present invention are salts of oil-sojuble alkyl toluene sulfonic acids. The alkyl toluene sulfonate salts
of the present inVERTISIT Ay HE &MY 1)PE of Metarsafss tHORUmMGCakalife eapts hltar sairs aRali
metal salts, and the like. An exemplary group of,z}lkyl toluene sulfonate salts of the present invention
are calcium salt§.1%’ch‘%‘3{}é’r?ﬁiﬁé{£éll KTORRE HIBLERTTRDERIFORCAF often overbased salts, although
neutral salts are also acceptable. The salts of the present invention may further be overbased with
carbon dioxide. ﬁﬁ!‘%%@e or méte WRYF IO SIS h R LHRS dHTRR!5rEasrtiAbENBATRAY be derived
from alkyl toluenfe al%(%latﬁ that are the gjk%%tiqn produgts of toluene and linear olefins. As it is
understood by peraoRE akitdd THtha B ErtrfSr hUrpdEs! FHME preartpatem tHedteri iginear
olefin" refers to a nO@cycl‘ic pl%in. ,%\cco_‘rdilngtliy, the linear olefin used to_al,lglate the toluene can be
branched or unbiSHcHed ElrhernorELinE e r SEfs Useeris i it the 18ribHa Bsh Beeither a
single olefin or a mixture of olefins with vtar{xing num@egg of carbﬁr a%trpms. The single olefin and/or the
olefins in the miXtUrES ard preferabhy SelaCied oM C18 8 30 Hear vlefifis Regardieds of the length
of the chains, or whether the alkylating agent is a single olefin or a mixture, however, these olefins are,
in some exemplglrilcg)r%%droﬂ}rﬁgr? é%ls%%aeng%sdg%)ﬁ?oﬁlflogtﬁ%n}afmw&ﬁi gté- plion modifier selected from

the group consisting of oxyalkylated aliphatic tertiary amines, t-hydroxyatkyl-2 alkyl
imidazolines (e.g., 1-hydroxyethyl-2-heptacccyl-2-imidazoiine) and mixtures thereof; and
(2) an oil-soluble polyalkenyl substituted succinimide of an alkylene polyamine. U.S.
Patent No. 3,933,659 disclosed 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 I metal salt of a dihydrocarbyl
dithiophosphoric acid; (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 thereot, (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, (e} 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. Patém No. 6,803,350 disclosed a tractor fluid

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



The Friction Modifying Agents 100331The friction Audit)/ g agents of the present invention comprise
alkyl toluene sullimate salts. These salts can be prepared from alkyl toluene precursors by methods
described below. I. The Alkyl Toluene Precursors 100341An alkyl toluene precursor of the present
invention may be originally derived from a conventional Friedel-Crafts reaction that alkylates toluene
with an olefin. An alkyl toluene precursor of the present invention may comprise an alkyl chain that is
about 3 to about 50 carbon aéoms Iorgg. Anather alkyl toluene precursor of the present invention may
comprise an alkyI*LHARHET IEEB SRV 46 HAY LarbBAL Atari DAY, et Ebtrerhikil toribigi-
precursor of the (E[)rgesent invention may comprise an alkyl chain that is about 18 to about 30 carbon
atoms long. The 1BRIShE Y IHAY 68 linked to any position on the alkyl chain except for position | on
the alkyl chain. i@gﬁ%rsons sk'ﬁl din t}}g art will appreciate, "position |' on an alkyl chain refers to the
carbon position at tha'end of the EHHIA “OK 8. StieFhand e hikyidrath cAdae fivkeertsi e toluene
ring at any carbon QOSj ion, exce t for g?% positign at Wh'cﬂé’;{]q methyl group of the toluene is
attached. [003515‘flll'|((ajrb1 Gib-HA IS T EEE 18 AN A THE I cdry bE A S GI& olefiftgaitixture of
various olefins, alt the latter is typically the glkylation agent of choice. Regardless whether a
single olefin or gﬁﬁ@u%@%@‘iféé%‘% ‘é%ﬁséfg%ﬂf@ube%ﬁ{é%’?ﬁéo |find e BrEterably TEohetizBES Théy
may be isomerizgd prior to, during, or after the alkylation step, but are preferably isomerized prior to
the alkylation stegpl.t' ﬁ?lfe%lgta }3 ot 6%%?%%%0&%%%%I?/foaéﬁ%f)]l‘l olf())"gll%lﬁ% B e B O arly
preferably, about 1.5% to about 35 %.qof the olefins in the alkylati ent.are alpha olefins. In an
exemplary fricti(')sﬁjﬁr%%%}l /ing %igde;’)tr?t% lariefgﬁ’ﬁecg%érﬁt?ﬁ\;”e‘r?t%ﬁi}it é}'gﬁ)%%gé%i 'eonte tt?écé‘ﬁf)f}{ 10A. In
another exemplar lf,i tion,m ,if?(in .agent of the present invention, the alpha olefin content is about
16%. On the oth%%/ fi e éiﬁ%sl#\?fﬁ}g ﬁﬁﬁa@%nsn%x Gre ey BEs 'éfll‘?:‘ﬁgﬂ BitheHEE But
are preferably nofentirely unbranched. Preferably, aboyt 5% to ,aﬁo‘ut 0% of the olefins are branched
T ihe p&%%ﬂ% q ﬂ% fae vy $40 8 }<alybmcta %d?la%%nﬁfﬁféﬁfgﬁ%%ﬁiﬂ{ $4% to

more preferably, about [0% to oﬁ?%b%% of the olefins are branc
vention, about LIk o o AT e AN TR o Ak A BUaTer et e
euemplany MRS s e o e e defne e
0036 Methoci b Kdmerizing Sl e Kagun oL e Sl T A & LI ok S b a s

two types of acidl aialvsis plifis Aupase; PRPAITER!Y: e asidlk catalysis 6AR be salidyay iquid. A

number of known solid acidic catalysts may be suitable, but a solid catalyst having at least ohe metal

oxide is preferred Jhe.melalioxide-cande; ans srisslad bamm: natyalpeolies.cunlefic zeolies

synthetic molecular sieves, and clays. Preferably, the solid acidic catalyst comprises the acid forms of

an acidic clay, of,an agifisomalesulansieNg Ph 2,2e0lte having &R AYELAAS POIE. $i4 ,%ﬁ%l%%%%@

angstroms. Useful acidic clays, including, for example, montmorillonite, laponite and saponite, may be

derived from nafprallyiaaausring aesyRibeligmaiesials. Rillared clays mayalse, servg as.alkylation

catalysts. Other molecular sieves with one- d nentional pore systems, having average pore sizes of

less than 5.5 angﬁ&@@aﬁ‘dﬁ@ya@a@@?av,%@saﬁieﬁﬁaﬁmt&nﬁézﬁmmmw@ 2 &) Mo Qiddeq
SAPO0-1.1, SSZ-32, ZSM23, MAPO-39, SAPO-39, ZSM-22, SSZ-20, ZSM-35, SUZ-4, NU-23, NU-86,

and paraffin wax. Moreover, U.S. Patent No. 3,259,583 disclosed power transmission fluid

Har

consisting essentially of a major amount of a mineral lubricating oil, and a small amount
of a friction modifier that was another three-component mixture of (1) an overbased
alkaline earth metal pefroleam sulfonate, which may be an aromatic sulfonate or a non-

aromatic sulfonate; (2) a polyaryl polyamine having the formula:

(R;)N\@ /@waz)
X

(0



natural or synthetic ferrierites. These catalysts are described, for example, in HANDBOOK OF
MOLECULAR SIEVES by Rosamarie Szostak (New York, Van Norsrand Reinhold, 1992), and in U.S.
Patent No. 5,282,858 which are hereby incorporated by reference. [00371The isomerization process
can be carried out, for example, at temperatures ranging 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 continugus mode. In the hatch mode, a stirred autoclave or glass flask, which may be heated
to the desired re4&idh temperafire sy pidaiy teet! Bnthe BiEY irakdedcdntifdoisidrodeds is most
efficiently carried out in a fixed-bed prcic ss. In a fixed-bed process, space rates, which measure the
rates of contact ﬁgﬁ/é%%ciﬁéqgéé?dﬂfé ginﬁfhéicﬁxiﬁw t SRR ARG SRR ko ol v St
about 10 or more WHSY (i.e., weight of reactant feed per wejght of catalyst per hour). The catalyst is
Charged ino the FEACEBT AR cam b WSt 16 8 TR LA BERARSHE. THE Lt e also
be heated before it is exposed to the catalyst b F, An exotherm of about 10C to about 15C is often
observed along T BatAlb &t BLHL FHETORAAT CHULHE BRI Barha kBranHes R orhERLed
olefin is then collﬁfct,e‘ . In both| atc agciggnti,‘r]upus mc;c}!%es,uthe[ resu tinf] ﬁgrtiql‘l y-branched and
isomerized olefifi Mixture BypiCally CORtAINS A tartain 618k GBS YABRR &S I5&t A Blefin,
internal-olefin, trisubstituted olefin an \yjp&igj(ep -‘olr%fi,r[]) fnd brggchjng content, wpi h can, be
differentiated from the non-1somerized-olefin. 100381 Perdons skifsd'in the a7 Ar ABIE S choose
isomerization C%(()jliLtIiE%?lsl ugg&r%h;h 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 icular olefin,sample or mixture. The amaunt of alpha.olefin and the level of
branching can ?ﬁ{%ﬁgbe deterg)rﬁlﬁllqgﬁoﬁ}sl{iﬁg%/%éﬁétﬂgﬁé%%% %@rﬁ'ﬁobrﬁgt%% sr,wi[rffé’la%{gﬁgaff‘%}r @igr Iple,

F ierT f ed | A ical FEUR Ct | |
rourter Tarslouep i SEA ST\ ESUERERR 0 I FUE Sheoreon g e e

olefins can ured by ing sorbance of a particular sample
at 910 criil and eomparing & 19 4e, 33 carprange ol callbraion sampiep i Known alpng olefin
levels. The level (or percentage) of alpha olefin in the calibration samples can be obfained, or ,

example, from "%tﬂﬂ%ﬁ%@%%%@%%@%%ﬁ%&%5%%%;&&9%%@349 éﬁc)t@%é?ﬁ’é 9&?‘8?‘%”&-&%&%‘3‘%}"’”

protocols. 100391 The percent ranching can also be measured by spectroscopy

following the absgehance. of gﬁ%@@@a%dlg%%mm%aﬁmmﬁr}%ﬁo%%z%@g@ﬁ&%@@ ?@;t fe8r§1p I

deformation vibration of methyl groups. The absorbance of an Isomeriz In sample’i

compared to th%él'ggﬁa%n%&-épﬁ%m%@&ﬁo i 8sRbAtcRiRraton; sampIsR W known Brapghing. levels.

Typically, a particular oletin mix t0 be tested is first hydrogénated, converting the uhbranched portion

to n-alkanes andthg,RrapehathPartionds hranched alkangs. as ghtpmatography s henisemito

distinguish the unbranched n-alkanes from the branched alkanes, the proportion of which correlates to

the percent branghing, lavehin: hat Qlefin duix JA0404Tuaghieua dhe desiird leve!s ol dsemgfization in a

particular olefin mixture, a person skilled in the art can also mix olefins of different but known

isomerization leyals. fQE sxample,Jhe sidlied persen may mix S AAHOASIGL& 4ane: RIANEhEH Qiefin mix
A comprising 15% alpha olefins, with 2 portions of a 25%-branched olefin mix B comprising 5% alpha

olefins, to achievesa paixiine AB thatis Adebranched angaomprising 3% alpherolefing. 109411As
described above, the olefins used to alkylate toluene in the present
automatic transmission fluid comprising a major amount of an oil of lubricating viscosity,
and an effective amount of each of (1} an alkynyl succinimide; (2) a group II metal salt of
a dihydrocarbyl dithiophosphoric acid; (3} a hydroxyl fatty acid ester of dihydroic or
palyhydric alcohol or oii-soluble alkyoxylated derivatives thereof, and (4) a group 11
metal salt of a hydrocarbyl sulfonic acid “act{ing] as a detergent and dispersant,” to
“prevent the deposit of contaminants formed during high temperature operation of the

system containing the functional flid.” 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



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 regard may be about 5% to
about 80% branched, more preferably, about 10% to about 60% branched, and particularly preferably,
about 14% to about 3 1% branched. [00421ion step of the present invention may take place prior to,
ultancously with, or ler, the isorncrization 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 olefif§ EOBHAPY A BRIE Wriowh Allde bR dénearr v st s makebtiehiiyh iotuene
precursors. For example, a typical alkylation reaction, which takes place in the presence of a hydrogen
fluoride catalyst Ay EHPBIBATY S8 tHiy Horssad. sal Mgt ik rie-tdbld mhaluegelmeldfurtiol for
example, at about 10, is used in a single reactor in order to increase the alkylation rate vs.
isomerization arid ‘bRz atiGH At Vidling &l it iperiiitinal sbhsprses & tighsievenorised a
monoalkyl toluene. Various ather methods can also be used to achieve alkylation, but nearly always, a
one-stage reactdF RS AV Hdaretarratifre et tn tiaha Ybhetior-wolirg tae rared 100841 The
alkylation process typically takes place at a temperature ranging from about 20C to about 250C.
Similar to the iso%%} Falfor S CREL fiEtu SR AR HREsNGiAY dpngrobaissdis parsrdiblgdarhieds out
in a liquid phase to acc?&moﬂ?ée,g e liquid olefins at these temperatures. The alkylation process may
be activated in bAIEh*Sr eBHEHTONS THEHRX A L ¥8FHERHE WS Befigicarried out in a heated and
stirred autoclaviqc%% ss flas a.ng( wit fige latter mode carried out in a fixed-bed process. 100451In
the fixed bed protebs the catalySHISHeatsd! 5 tha HE&HIsT MeHEd kRS AELFE P BXRITIAE, at about
100C to about 200C. Pressure |s increased by means, of a back pressure valve so that the pressure is
above the bubbie BAIAY BTSSP B the (OTUMHE BRE €adhan tHipaRALHE ARG dheCurdin HE
system to the desired pressurge, the temperatyre, is.then increased to the desired reaction temperature.
Alternatively, tofuene rﬁﬁa{ﬁ;‘e‘si‘n%raott l}Cﬁgg' iét%y%é@éa&owgi%%’ G amperatatioAsieh bftid Bfefin is
then introduced intg the flow of tolueqes!??tfo§g0}hei_rpixjure comeﬁb\i(?tt contact with the catalyst bed.
Regardless of thé Inods in WhICH the Tkylation réacton 15 CaRTed St PHE Ye ALIST 8B & Sicatls?
contains alkyltoluene, mixed with excess toluene. The excess toluene can.he removed by distillation,
stripping evapor%ﬁ%ﬁe&ﬁééir& yg@ﬁﬁrﬁ?o?% el means er?c))%\(/}vﬁlk%etlgﬂg %?zﬂgéjlf%tﬂrgbé?tgl 2 The Akyl

Toluene Suifonais, Sl APASHTIS. Al plUens suioAE SRS LG RIERSkayenton are

performance in U.S. Patent No. 6,054,419, The heavy alkyl aryl sulfonates of that patent
include two types: (1) dialky! aryl sulfonates, wherein the two alkyl groups are both
linear; and (2) mono or poly alkyl aryl sulfonates, wherein the alkyl substituents are
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 Buropean Patent Application No. 98401968.7. That modified
mixture comprised 20 to 70% of a linear mono atkyl phenyl sulfonate and 30 to 80% of a
branched mono alkyl phenyl sulfonate.

10020} Alkyl aryl suifonates 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

11



by the general formula: R2 (II) wherein R1 is a metal sulfonate group, and R2 is an alkyl group
Moreover, the alkyl toluene sulfonate salts of the present invention are oil-soluble. 100471These salts
are derived from alkyl toluene sulfonie acids, which can be prepared by sulfonating the alkyl toluene
precursors. Specifically, the alkyl toluene precursors described above may he sulfonated in
conventional ways, such as using a S03/Air Thin Film Sulfonation method. Applying that method, the

Ikyl tol AR [ i falli i [ by CHEMITHONO or BATLESTRAO.
e B BT

[00481The sulfonate salts of the present invention can

in the art. For example « gy may, Reiptaingd by reacting alkyl toluene sulfon ¢ acids with sources of
suitable metals. An exemplarj;/@ method (:om([?))%iiIse52{1;(!-|,‘F)(?>rrr]1b{l%i%rg%%élJ FeadieBHS S B Yl Sudi dend-

hydroxide, with art@ugyh%)géggg@ylfonic acid, This is conventionally carried out in the presence of a
hydroxylic promoter such as water* alcohols such as 2-ethyl hexanol, methanol, or ethylene glycol,

and typically in aryggert solvent,in. which:-th Iting sulf alts may be dissolved The reaction
mixtures are typically rﬁeated. After the reaciﬁtic\[/(%c;ﬁ dqsgélqsag} %Egafltr?g are %Pélalc)fBH%rféﬁsiﬁﬁf%Ffé Pri’ét&%@ite(

e, e recclon A JENSOURNS eR e RN Y ASHIEn and s convoioral

methods. [00491The metals that form the alkyl toluene sulfonate

any known metalgiihataie capable.qt fonming salts with-alkyl toluenc.sulfon ¢ acids. In a particular
embodiment of the present invention the metal is an%lgg?lhr%/seetséa#%br %naé%ﬁ?ﬁ%“éaﬁﬁ%www

"alkaline earth matalbsefersin, ¢alcium, hasi esiym and strontium. The term "alkali metal”
i ng@g&ﬂ ;ﬁ d Pfdrﬂw a]rltn Eﬁ@?ﬂb&éﬁh@é%f%@

sy . . ot unc
refers to lithium, sodium, potassium,rubidium, cesium and francium AR

present inventionithe mata:is.an akaling sasth,metal. In.yet another specific embodiment of the
present invention, the metal is calcium. 100501 The aII%;I] St‘yé%uc’eor?ghseuﬁber%?é UAftedttieaylesermd as

invention may bealgither nesid LaveLh salts, Qv ed materials are characterized by a metal
content in excess of that which woul beggi;%gsent ac%oréﬁ%%?}t%ﬂﬁ]%%s%fjc i8r-H)}rWth8 igddncation in

the sulfonate saighigh@yerbased: TR S RASE, r' or "BN" refers to the amount of base
equivalent to milligrams of KOH in one g;ram of samlgi%gtiﬁﬁ&s?g higher § rer8ARLMidrdskaRed

products and thus\algreatetiatkRIIN I 8s8IVET A8iBN9fS les.can be determined hy a variety of
methods, including, for example, ASTI\% test No. D2896 aeng{gét)ﬁ%?igaa?\%ﬁgrﬁrﬁ‘fg%eé;oﬁiﬁlfé’s?lﬂ]e term

"total base numbelticat efEERie-Snesamaunt OHEASE.LAIVAIN! I3 milligrams of KOL in one gram of
functional fluid. These terms are often used interchangeably wi‘%ﬁs hz%% %%%lesrl'n%tﬂP%epMMST he

term "low overbaSedireeéarsiosatiN AirHM HARRUIAIAROH, G0 I8 term high overbased” refers to
a BN or TBN of about 60 or more. }S}f % eparmg {H%S@ %gnctional??ﬁugs and

using them to affect the friction levels among relatively moving and coupling parts in

certain machines,

SUMMARY

[0622} The present disclosure relates 1o a class of new and improved friction

modifying agents suitable for use in functional fluids, especially in tractor fluids, tractor

hydraulic fluids, transmission fluids, hydraulic fluids, and the like, Specifically, the

friction modifying agents of the present disclosure comprise alkyl toluene suifonate salts. In some

embodiments of the present disclosure, the alkyl toluene sulfonate salts are

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

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

of the present disclosure and mixtures thereof provide improved frictional characteristics

to the functional fluids. Furthermore, the friction-modifying capacity of the alkyl toluene
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1005 11The alkyl toluene sulfonate salts of the present invention may be either neutral or o erbased
salts. Accordingly, they may have a TAN of about O to about 400. me alkyl toluene suffonate salts of
the present invention are preferably overbased to provide a TAN of about 2 to about 400, and
preferably highly cvébaissaltochiyerastaNsoloparicer absian6iyciaboske0o, theamesprefariably about
220 to about 380, apd.particularly preferably about 280 to adbrout 350. An exemplary alkyl toluene sul
fonate salt oFthe PSSLTk IAverRtBAGHIS BUATBASAE RAPFATAK Dralioitionel oustviamoasael
reaction conditions for overbasing are known in the art, for example, as generally disclosed in U.S.
Patent No. 3,496 T05 Whith i€ E8rEraiet eWefﬁeb FIBRASHEL SIS Sident T dsed notedimmat with
the disclosures a d.g1e laims herein, For the present invention, the overbasmg may be carried out
with carbon dioxid&’ Wg PEREvEY it meecardsrgoRdy resthent thsy 96400 the formation of a
colloidal dispersigpogbapetal base, Tyipicaliysdhe envetbasegrsalieof dheupresent invgation g fosmed in
the presence of methanol and xylene, aér%%i the apsence of chlorine. 100531 The alkyl toluene
sulfonate salts of tHeFptEReAt i?i%gﬁ‘ﬁg?? @%@fmﬂ%@* ATSHTLL A GH Glomaratie RS (Ricient
to provide the desireidtitstiondikpigpartiesso dhefitids aectairprave biake ancelitehsanacites in
machines housingﬁghosetfgl%dsth%gical , at least about 0.15 wt.% of a single alkyl toluene sulfonate
salt or a mixture of'such salts iS Uséd In a finished functional fluid of the present invention. In various
embodiments of the present invention, the amount of sulfiipates in the finished functional fluid may
range from about 0.15 wt.% to about 4.0 wt.%, or from gbout 0.5 wt.% to about 3.5 wt.%, or from about
1.5 wt.% to about 2.5 wt.%. An exemplary wished fupetiogal fluid of the present invention comprises
about 1.8 wt./0 of a certain alkyl toluene sulfonate alt mixture. The Functional Fluids 100541The
functional fluid of the present invention compri S gpe or mofe bése oils, which are present in major
l%) G%j

amounts (i.e., an amount greater than about 50 wt.%), ally, the base oil or the mixture of base
oils is present in an amount greater than about 60 w-t.%; or greater than about 70 wt.%, or greater

than about 80 wizbasgd Bnathetatatimassobthepfundtional BuidiAn exemplarydanrsianakiiud of the
reoet Ivenier oo ol o il mifuis o brm i i e bl e
Vsyhthe 0 b ! & &/ UREEBsy brrYeagiabout
2.5 cSt at about @€ afdha paumpied direabelefinabout Ba:Hpicfesdbfyeier bhloywmn UG ois
gglseiz‘g'f' The bage QIR A RS ASHYRY oM Y aHe s OL A A BAUISER:3 Wigkle hasq oils may be
functional fluid is 0.15 wi. % to 4.0 wt. %.
[0622b] In a second aspect, there is provided a method of achieving optimal
frictional characteristics and maintaining such characteristics in a machine comprising
relatively moving and coupling parts, the method comprising: (a) immersing at least
some of the surfaces of the relatively moving and coupling parts in a functional fluid as
" defined above; and (b) operating the machine in the presence of the functional fluid.
[0022¢] In a third aspect, there is provided a method of making a functional fluid
coxﬁposition comprising b[énding the following components; (a) an oil of lubricating
viscosity; and (b) one or more oil-soluble alkyl toluene suifonate salts represenied by the

formula:

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. %.
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. from any one or combination of Group | through Group V base stocks as defined in American
Petroleum Institute Publication 1509, which is herein incorporated by reference. Suitable base oils may
also include various newly developed base stocks, for example, those that are informally referred to as
Group I/+, Group 111+, or Group lll/+, 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 i@%}ﬁ)le, at Chevron's products/base oils website

(www.chevron: m/prod&ts/ﬂ?ﬁd%%@ﬁ%’é’@i&?g‘ﬁﬁaﬁ%I)d@@%@il\mm’mbbas&oﬂsﬁcﬁmy include,
for examplepitipral oilsrand veBetalecails: Minetalpi utalle farise apis.ass ol gfihis
invention include,.for examgiléesl,?garaf{'n e, naphthenic and other oils that are ‘ordinarily used in

diment oo AP PEdRI4BIE TR SHElude, for example, canola oil or soybean

lubricating §1ncgn1iposftlon :
oil. 10057 1$8ftkktic oils &f properaiscosinsindnde: foeexample.hydracarben synthsticqils, synthetic
esters, and mi?at%%sf tgse,{egf W} rlrg)carbogf?}/.nt_heti oils may include, for example, oils prepared from
the polymerization of ethylene. highBrolafinaC &k BIaRLH fhfem Rititisetp BIvERhameiise PAO, or
from hydrocaerénidynthesioprodistmes kisingedarhon mbadyitie:and:hydiggen gasesiguahas in a

Fisher-Tropggh,progess, ul ic hydrocarbon ails include liguid polymers of alpha olefins
having the proper viscosj{ig/l.% %iéﬁz[g%#fﬁ/géfgcfetﬁé Ky dPEGERAIRY ﬁa doBIfgBYErlist Besito c17
alpha olefin&EMas Asgéeanadiimshet ikashives alkybbienzenks of propenyiscosiypshghas didodecyl
benzene, campg used. Usefulisypthetic sstersy ters of monocarboxylic acids and
polycarboxyl%c acids, as well as mono-h'ydroxy g}%ﬁ?g@g glﬁg %%1% S %chéﬁ aéx%%%?é’@@ié‘ﬁidodecyl
adipate, peii a&?ﬂﬁe‘t’&ﬁ%tl"é’&%‘fﬁﬁﬁ?&:diCQméfF_ﬁ}ﬂ@eWI ‘é@'ﬁa&,rdﬂéifpﬁﬂl&bgeatep_ﬁndaéhe‘iwe. Complex
esters prepareddraenmintures:iehmeaes anddicarRoxylic,agids andmongs; ?;Vduog'gﬁ‘ﬁ%ﬁg% ga%l;aAnnols can

also be used. Blends of“mfner,al oils with synthetic oils are likewise potentia
exemplary HinhBESRATH0E Pt pTBSent invention employs a mixture of two Group [base oils, EXXON
MOBIL(r) AP#ESTORE' . LEQi arch Bxs e MOBIL (B, AWE GOREEM S00M,[Q05914 fupnstional fluid

of the present ({){}vpntig(}ne I(]:toqr_lft%u]jlns a frictifg)n-_modifying amount of one or more alkyl toluene sullonate
salts as described Herein, ypl%gﬂfff S RALPSBL P D IS R ibriBsraRRsTE dlkyTtistnénaosulfonate
salts are inslbdiedtial fuditionstivid taf threspresentinvantiassPreferably, the concentration of alkyl
toluene sul{g{gﬁ? salts in-fhe usrg%gopgl if}luidfr%%ges f%gm about 0.15 wt.% to about 4.0 wt.%, more
preferably from about 0.5 wt.9% to about 3.5 Wt. Yl BAFREURAAY S et oth B9 S wt.% to
about 2.5 Vitngionaldkeehplahy faeotibaad fhiid efteljpresent invention comprises about 1.8 wt.% of an
alkyl toluerny onate sgit mixture sides the alkyl toluene sulfonate salts of the present
invention, tlr?ﬁwaﬁctional Eflllluélnerégg)é C%Aﬁgﬁgé%?he% ad ﬁ’i’{/%g}lées 3%%0%%%%&8\/\5 Thebehdditional
components BAfibe Bl TaddHMMY eptisrehieydarpbérbiemded medombinatiprisiof compenents. The
following agdifivie comRNBNIS re-Rraidsed RSAMAIES.ALSAMARREIS fhatmay, be favorably

employed, withoutscope of the present
pioy emLod.iument.p P



invention. (0061)Various dispersants may be added to the functional fluids of the present invention.
Dispersants, and typically those of the ashless (metal-free) kinds are typically used in lubricants and
functional fluids to maintain in suspension insoluble materials result ng from oxidation during use, thus
preventing sludge 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 associaﬁgg ith parti?,lgrss ot%s b isi?ers,gd. Manﬁ‘lt pes of ashless dispersants are known in
the art, including amings, alcohols, amides, of S5tar BOIAP b fiheraes thatbetyisc sackbones
via bridging groups. The ashless dispersants of the present invention may be chosen from, for
example, oiI-soIubI@dgﬁ{ﬁgge@sﬁ‘?sf?a(i?ﬁ?ﬁSfé}%?&fg?eﬁhﬁiﬁggsfﬁﬁiWe?feéﬁ‘EF%g?a%%ﬁ?f&”Bfaong-chain
hydrocarbon-substéte%tceg mono and dicarboxylic acids or their anhydrides, thiocarboxylate derivatives
of long-chain hydrocangns, long-chain aliphatic hydrocarbons having a polyamine attached directly
thereto; and Mannich condensation products [ormed b _:.o‘_. a long-chain substituted phenol
with formaldehyde and polyalkylene polyamine-ExérptesoFsuitabld-dehless dispersants may include
"carboxylic disper »+ which are reactio rogd cts of carboxylic acylating agents (acids, anhydrides,
esters, etc.) comp?%éi'r%]at least 34 and SF%?%% @j“' Aes 4GE§PB%‘H‘5%WW%%IB%EW%MMQ
compounds (suchoqsrhgg)jlnrgﬁ? origlarslégangggoxyl compounds (such as aliphatic compounds including
monohydric and polyhydric a

cohols, or aromatic compounds including phenols and nephthols), and/or
basic inorganic m grals. Suecipimide dispersants are a species of. carboxylic dispersants, which may
be produced by re?éctg:n hydrocl{a]iPE3}i’-rselgi%x}o‘itfpu\tee%t’gﬂ/?c?il'gﬁg‘sza*t aﬁ‘ﬂ’?&éﬂ’d‘@hﬂ%ﬂnﬁ8?‘@%?ﬁBlﬁpdmayrlsmg
compounds, or wigﬁ@mi esc rising at least one hydrogen atom attached to a nitrogen atom; or
with a mixture of the hycﬁ‘ox@l%%])r%é%%% esséir$§ %&r%alﬁ%lg? xarrlﬁsf?fs%?%ﬁﬁﬁﬁ@%ﬁ%@&%ﬁéﬁé@n@%so

include, for exam ine dispersants, which, are reaction products of relatively high molecular
weight aliphatic hg\lﬁdyeﬁéml E%‘gﬁﬂ?ongpes e S Vé)'ﬁﬁ%'ﬁ‘?iﬁ%@ E&%’tlﬁf:ﬂéé%{ﬁé%gﬁﬂﬁ’%%een

amines, pre era%ly p(ﬁya :yllé}n
described, for xar%l]%hﬁla &g:.igs_P%eng &Iﬁgflﬂ %gg%ﬁ 3 438L’757 ilzﬁﬁ454,555_; 3,565,804, and the like.

Examples of suitable dispersants also | e, for g@&fﬁ% SR PHSPEYSAYRUOR MK bremidype

reaction products gf alkyl phenols, in,which the alkyl groupn contains at leas Sj(i}carbon atoms with
aldehydes (espec(i)ally forma de%y e)a %E}Eﬁlee%aégﬁlgg%ﬁf} E)Soli‘}gﬁgl%]ﬁ?tﬁﬂ SriHebeHigsetn

dispersants hav SCIi le, in U.S. Patent Nas. 3,036,003, 3,586,629, 3,591,598,
3,980,569, and tre{eep i 1%%@%55; idgr%fe@?&?;‘%le’?s%ﬁ 8“%53?%&%%%& RASSPRSIYEIIAN e saleatts,

which can be obtained in rhoXvii amigle r Ma 1nich dispersants with reagents such as
dimercaptothiazo%%,gu%{%ﬁ%ﬁ’r%ﬁ%gﬁ%gﬁl%?sﬂﬁﬁ é‘,{)éﬁ‘&%ﬁqyagsﬁfﬂg HELY 6y Tl Sctikough

hydrocarbon-substi ini ] nitrile epoxi boron compounds and the like,
Post-treated disngrgtla%%%lﬂaé\:/%gb%lgﬁ %Xe%%% ed. ftlgéee%(atr%B?e?ﬁﬁ]%?ﬁé%g{gﬁwgf’%%g@f%é?%,449,250,

3,666,730, and thg like. Suitahl ispe ay also incl olymeric dispersants, such as
those described %\e}%‘uc?r% Séxampleg,ag.gg!?gaﬁigfrlgtpN ;ﬁs%%%%réggr%a&y;ggt{%@%@%r% gaﬁﬁ ﬁ?e‘}m(e. The
disclosures of the,hetgi : d t.conflict with the disclosyres and claims
herein, are incorg}oraéteg??ﬁ@fﬁeigﬁeﬁ%% %¥%%2%\é%.ﬁl%gé§%ﬁ§t§}lg Eﬁﬁ%ﬁ rggr? a&%t@’?g%‘r}ﬁa%%@‘/ be
added to the fungtignal flu i lon letergents, may include, for example,
sulfurized or uns%Ifl%égdggfy{%%gf?&g@t?%gﬁfﬁé &%&)ﬂﬁgtgs(}grer%%%&r%%@%%f%ﬂ?f{r’% 4t
feedstocks, carb@xyi | -sulfuri t.unsulfurized metal salts of ,
multihydroxy alky! or g’f@ﬁgﬁ%ﬁﬁi@ﬁ%@%ﬁfﬁw{ %Zf%a er?y’ﬁi%%r%%é%r&ﬁ%ﬁci%ﬁl [sfastic
sulfrized or unsyized allyher. Akl Aapyhenies: melAl ksl plkanole adids, mefal sals ofar
i i feof SUCH RIS ﬂ%ﬁ?%‘?ﬂ%

alkyl or alkenyl multiacid, and chémical or physical mixtures the ch'metatt fig® éfergents
may be overbasggiprigulral Querhased metalcopiaining detergents may be high-overbased or
low-overbased. 100631Antioxidants are ’optionaelly added to tﬁg ??ﬁ]:é)enﬁ%fﬁ%g %Cr%l?:nlu%te_I &2
tendency of minggalieilsdgdetariaraie in.senigss sHsh deterioration may otherwise lead.to deposits of
sludge and varnish-like debris on metal surfacess. The og;(s%aéoﬁna %Fgﬁgra%ﬁgﬁ%gég}go ?élgdg gn
unacceptable ingleasela/viseRINIMING Huds:mraitng he.pey ¢§ pf the-machines that house
the functional fluid, and/or damaging the relatively movir%a an(!;){1 c&J%%?gg%ga?gﬂ\%ﬁyoalﬁfﬁiﬁ%ts are
known in the artoiichidingg foniexaninie RhenPkiYRe dRhapolic).exidation inhibitors, such as 4.4'-
methylene-bis(2,6-d -tert-butylphenol), 4,41%bis(2,6-di-tert-butyl&ené%i,@gﬁgﬁfg agent1s a single
methyl-6-tert-busydphesialmeneiianervisd ety Grlethutyiphenal); 4.4 butyldene-b
s(3-methyl-6-tert-butyl phenol), 4,4'-isopropylidene-bis(21:6’-éli-ter%u?ﬁgﬁég%ﬁ,em%O%mentS’
2,2'-methylene-mmyh@ragmy@g[gpglﬁ@%ylidene-his(4,6- dimethylphenol),
2,2'-methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4- ethylphenol,
2,4-dimethy1-6-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-buty1-4-hydroxybenzyl). Antioxidants may
also be of the diphenylamine-type, which include, for example, alkylated d phenylamine,

phenyl-oc-naphthylamine, and alkylated-a-naphth-ylamine. Other types of oxidation inhibitors may
inchide for evampnle metal dithincarbamate (e a4 7ine dithinecarbamatel methvlene



these agents reduce wear of moving metallic parts. Examples of such agents include phosphates,
carbamates, esters, sulfur-containing compounds, molybdenum complexes, zinc
dialkyklithiophosphate (primaryalkyl-, secondary alkyl-, and aryl-types), sulfurized oils, sulfurized
isohutylene, sulfurized polybutene, methyl triehlorostearate, chlorinated naphthalene,
fluoro-alkylpolysikaxane, and lead naphthettate. 1006510ne or more rust inhibitors may also be added
to the functional fluid. These agents typically fall into two broad categoriesnonionic polyoxyethylene
surface active adéfit$land othEiEsimpdisruise Nerdie pBIvssratspns siivaeekiativecagents include,
for example, polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonyl
phenyl ether, polydkyctiilane HaiiRgAidther, polyoxyethylene octyl stearyl ether, polyoxyethylene
oleyl ether, polyoxyethyrene sorbitol monostearate, and polyethylene glycol monooleate. Other
rust-inhibiting coMipotnds incId‘él“@,ffb“rt@?a’h‘ffﬁét?é‘%éé‘ﬁ%%%ﬁ‘y%%ﬂﬁ%?tfﬁtwlﬁéﬁé}éﬁwwyﬁé acids,
metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial carboxylic acid ester of
polyhydric alcoh&i 47y ﬁr‘ﬂéj‘é‘ﬁﬁﬁﬁ%}@stgh%%@éﬁ?ﬁ%%@%‘”ﬁ%@ﬁ]%ﬁ SHdRIgengeRsG TSt
functional fluids, es ecdially when such fluids are used in environments where water contamination is
prevalent or ine\fﬂlléighg. T{picaPEAfURSHiers include, for example, the addition product of alkylphenol
and ethylene oxide, polyoxyethylene alkyl ether, and polyoxyethylene sorbitan ester. 100671In
addition to the fri ‘tioﬁgﬁ%‘& InGPAHBEAT6F LiRYMoluene sulfonate salts, the functional fluids of the

present inventioiﬂrﬂrgg&/ optionally ¢ mgri €S one or more, %ther friction modifiers These other friction
modifiers may ba selcted frofm for exAHISTE: AR SibRIEE P3:Ehis N cTEEEMA LRI P4 acids
amines, fatty aci a}miaefs_{5 borated estersi inq gpﬁh%[ sters. 100681/ yijis,mknown in the art, many
additives are multfanctional. ForexAmpIa, ‘d Sartcuiar CSHpEE %@3 ARl i theunRtating
fluid to provide d/iﬂi)erl%aﬁnc in addition to 'itli wear praperties Suitable multifunctional additives
include, for example: SUUrZad Bxymolybachir ifhio: \FSQH%@‘@Jufﬁ’mgé‘ﬁe&%warl/b}&%mmtdﬁgano

phosproredioal gy TEMEIEIIT RangACTice COMED B JoIEE K, e

amine-molybdenum complex compound, and's n

invention may comprise an alkyl chain that is about 10 to about 40 carbon atoms long.
Yet another alkyl toluene precursor of the present invention may comprise an alkyl 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 17 on an alky! chain refers to the carbon position at the
end of the chain. On the other hand, the alky! 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 tofuene can be a single olefin or a
mixture of various olefins, although the latter is typically the alkylation agent‘of choice.
Regardless whether a single olefin or a mixture is used to aikylate the toluene, the olefins
are preferably isomerized. They may be isomerized prior to, during, or after the
alkytation step, but are preferably isomerized prior to the alkylation step. At least about
().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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more 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. 100701For certain
applications, a functional fluid of the present invention may also include one or more pour point
depressants, including, for example, polymethyl methacrylate. 100711Moreover, a functional fluid of
the present invention may comprlse one or more foam inhibitors. Suitable foam inhibitors include, for
example, alkyl mBtHEEHISKE pEIMErs! altstyrsnbonaEnibesy aha ted irolecales Abou7tEThe
functional fluid compositions of the present invention are formulated by known methods. The
formulation is typicANy e U St et QddirRAE FER GRS DAL BIeRting fdE P B ehe

compositions can also he formulated by hand, 1007310ften all the additives, except for the viscosity

index improvers A" bbtfr hSiHt lcfe/rfireggaihtsmat‘é B‘I‘SHd‘e‘ﬁ HES 5B EEAMALE S mitelitve PHeKege that is

subsequently bl§nde into base St%]élﬁ %make finj fdes Use of such concentrates is
conventional and Wi E (W\/H“ C H'traat“e@ rYﬁtfﬂhté’Hlt@ycBﬂ}t’athHbdad)dﬁfﬁe@th sheper
amounts so as tQ I‘OVI ed caongentration in the final formulation when the concentrate is
combined with a’ Peaét r‘r‘(li 48 B CHloNHECURPRONE O A PHR P A é

occasionally a ne the frlctlo odifying ag d functional fluids of the present invention in
the presence of 82%&8@%&&’6% Cot %\b UEY iﬁ iﬂfﬁt@ khe gt i Hﬁaﬁtﬁ%{ataw@r
toluene sulfonat% sa tg may its itself |ntroduc§ chlorlde{g s into the (;@(lronment wherein a friction
modifying agent of tieSreSAE HUERtGH i fSKE BEEALERGHEBY Fhate Wﬂéﬂﬁ‘é‘rﬂﬁfhl?‘tboﬁbh#p/bunds

may be added to modi |cos du.rlq at €ss. Havrn a class qf fric difying agents that
can be used in thgn é) fy{“ “ RIGT g (hF FETOTE TES 3‘51 £ 1%5&: oeaﬂwg'agents

-— [
ofc loride ionsis

can be used without n es rerqow the chIorlde lons. 10075 fr ctlon Odl capacities of
the alkyl toluene?suﬁ‘gl s@lﬁs% fel” Pungﬁon t1n¥etlh1éoﬁi’rea§)é)ht]%1§/en &%}%&Hgﬁ
diminished in the resenc eapgghllprlqe ons, cgrdI c)( raddltlv the bas iJs in these

S B R PR Ty GHOR B thying

i
functional fluids are Ink Ise compatible wi e presence o

capacities of the al%% oI ene sulfo ate t%%gytif ﬁlc oingl qurd fthe &sentr ntlon are not
yu

substantially dimin din thlenv?gsienbe of up to about 1 m m referab %%’Sﬁt “hd

particularly prefebrz% ;ngg to about 50 ppm of chloride ions. In an exemplary embodlment the presence
of about 50 ppm o oride does not substantially diminish the friction-modifying capacity of a certain

functional fluid prgpased accorging 9. the; sRacHiIGAlNSAf (e RIgssNLIVENTioN, EQL pUrposes of
typically use one of at least two types of acidic catalysts for this purpose. Specifically,
the acidic catalysts can be solid or liquid. A number of known solid acidic catalysts may
be suitable, but a solid catalyst having at least one metal oxide is preferred. The metal
oxide 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, montmoritlonite,
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, 887-32, ZSM-

23, MAPO-39, SAPO-39, ZSM-22, S§7-20, ZSM-35, SUZ-4, NU-23, NU-86, and
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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 diiish 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%, outs friction-modifying capacity in the bsence of chloride.
100761 This invention will be further understood by reference to the folio examples, which are not to be
considered as | iENECPIESES R XS PLIESS Kot TALT RE ARSI SRAMBIES Brd pFBVItEE 6
illustrate the present invention without limiting it. While the present invention has been described with
reference to spegifit @hisddintentel tRiSaPPIEAHER & itahdbE to eiboMpadvmmed Fairlidhanges
and substitutions that may be made by those skilled in the art without departing from the spirit and
scope of the applé)rf&éda&éff%’sjs%fépﬁﬁféﬁﬁp?o%ﬁﬂég StatieBledkaWEY EHUBRVARER 166781 arious
finished functiong] f%u?j_d sampleg were prepared. Their friction- modifying capacities were measured in
a static breakavvgw Hation bench tESIESHINRE SHI&t the BaritiSn £ RYEPRRICH 'S 8B SR
brakes or wet clutches may operate, The device in yhich the tests were carried out comprised a brake
disc, which was ’f%f@&@&%ﬁ* ol Lblp% (oﬁc’s%iﬁ‘\%ﬁrh unCHGHAR RIGRPSSRdSRYS Tphka!edmparative
Functional Fluid A, which are listed be_lgéw" Tqbleﬁ. The device further comprised friction pads, which
were in contact With the Brake diss Bl é&é AFPHRAE FOthBd tha BrERNERSe DRAAY YT WSO certain
level of pressure Wa]s %onptlquopp }Ehe f(rii_ctio[]{.gq S, %nq( an electric %torvplrove the shatft to rotate while
the brake disc was held'in its SHginal PoSition At H paricUIACHEsSare 808 Feabme oFmadhtum
resisting torque {ﬁggﬂ@g?@%@ig 9215 %S%QQQS F\Ite( EE e shaft tarj£ sto YJOt te was recorded. Ten of these
0.25- second cyCles wera carried Out at each presure feVel “An Hverage iis Tcai HHowT e as
maximum torque readings, yielding a 10-round average maximum tarque, which w' s then divided by
the level of presgﬁorse?f?o ariﬁ\fygya%g%%t?cub}%gkgi)\(/\?éf;/gﬁlgc ion Vatue! Tgb’%gitleﬁiep N&GEHTBE RIS
Sample eksed an alkyl benzene sulfona e é%%%?fje?f an :ﬂlgyl tolyene SLéIf%nate ?Tix_t re of the present
invention, in an amount that provided the Same concentration of Ca2 a8 IAtha Y HctsHaf Bldid e
Samples and C arativ ' le A. The increase, in ic breakaway. friction valyes were
determined by S%%ﬁ?a%%%)’]%?t 'Lﬁﬁ?ﬁ%gﬁl\%&ﬁ ﬁfc%jgﬁe\/%é}lﬂle§§) 't(fié‘?(?é%lgtﬁle“@g%at’? Y@grlﬁ%le EY]
from the values gf the. F ional Fluid S les.and Comparative Fluid Sample . Functjonal Fluid
Samples 1 to 10%%@&%%%%?53%6&1? rggﬁ&&é;%ag/)?hfﬁifggrgfgn}ﬁgja%hﬁﬁ%%{aggé%% af%]b}%%gﬁeét\?vgy

friction values. to the desired reaction temperature. The olefin can also be heated before it is exposed to

the catalyst bed. An exotherm of about 10°C to about 15°C is often observed along the
catalyst bed. The reactor effluent containing partialiy-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.

{0038} 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 1n 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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[008010lefins of various branching/isomerization levels (Olefins Ito VIII in Table 1) were mixed to
prepare the alkylat on agents (the "olefin mixes in Table 2). These olefin mixes were then used to .
prepare alkyl toluenes (ATs Ito 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, yieldin AB%%%Table 2). These alkﬁlated precursors were sullonated by conventional
methods such ag’éﬁé' IRSTHA P s irshediohmetroe upsEipat HerbinpThel sliiforatibn products
were then introduced to additive packages at concentrations that would provide at;lout the same
amount of Can' (3 tHE TGS, 'OfRareaMisoherHeiseed adaiive sacragisaard! dlsalisted inTabieR.
100811All sulionation products,, including the ones cornp s g thB(-) and the AT(comp), were highly
overbased to give'a TEN'OF HBob BB aasI8 B IR O iH! Dlefi rldkrssHINUmberst he
Branching Levelf AIP a-Olefin Concentrations .20-94 20.4% 12,1% Olefin II- _

‘ evel (or percentage) ot alpha olefin in the calibration samples can be obtained, for
example, from "C quantitative nuclear magnetic resonance (NMR) spectroscopy
according to known protocols.

160391 The percentage of branching can also be measured by FTIR spectroscopy
by following the absorbance of' a sample at 1378 cm™". 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 olefin mix.

[6040] 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 person 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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20-26 54.8% 1.6% Olefin 11l 20-24 25.0A 1.1% Olefin IV 90-76 214% 31.9% Olefin V Olefin VI 20-24
21.2A 5.6%

regard may be about 5% to about 80% branched, more preferably, about 10% to about
64% branched, and particularly preferably, about 14% to about 31% branched.

[60472] The alkylation step of the present invention may take place prior to,
simultaneousfy 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.

[6043] Various known alkylation methods can be used to make the alkyl 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.

[3044] 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.
[6645] 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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Non-isomerized

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 inte 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 distiliation, stripping evaporation under vacuum, or other
means known te those skilled in the art,
Z. The Alkyl Toluene Sulfonate Salts

10046] The alkyl toluene sulfonate salts of the present invention are represented

by the general formula:

CH;

[{{”"""""}" WRZ
K/ (In

wherein R, is a metal sulfonate group, and R, is an alkyl group. Moreover, the alkyl
toluene sulfonate salts of the present invention are oil-soluble.

{6047} These salts are derived from alky! toluene sulfonic acids, which can be
prepared by sulfonating the alkyl toluene precursors. Specifically, the aikyl toluene
precursors described above may be sulfonated in conventional ways, such as using a
S505/Air 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 skitled in 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 alky} toluene sulfonic

acid. This is conventionally carried out in the presence of a hydroxylic promoter such as
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20-24 0 Non-isomerized Table 2:The Alkylation Agents & Friction Modifying Agents Packages
Additive Package # Stilfonate (wt.%) AT # 7 Olefin mixes Branch OA,/1 1.8

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

H0049] The metals that form the alkyl toluene sulfonate salts of the present
inveniion may be any known metals that are capable of forming salts with aikyt toluene
sulfonic 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 caleium,
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 yet another specific embodiment of the
present invention, the metal is calcium.

[9050] The alkyl toluene sulfonate saits of the present invention may be either
neutral or overbased salts, Overbased materials are characterized by a metal content in
cxcess 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 oi 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
{luid. 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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[605%] The alkyl toluene 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 1o
provide a TBN of about 2 to aboui 406, 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. 3,496,105, 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 alkyl toluene sulfonate salts of the present invention are useful as
additives 1n functional fluids in amounts sufficient to provide the desired frictional
properties {o the fluids, and to improve brake and clutch capacities in machines housing
those fluids. Typically, at least about 0.15 wt.% of a single alkyl 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
alky! toluene sulfonate salt mixture.

The Functional Fluids
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10054} The functional fluid of the present invention comprises one or more base
oils, which are present in major amounts (7.e., an amount greater than about 50 wi.%).
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 88 wt.% of a mixture of base oils.

0551 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
otls may be derived from synthetic or natural sources. Suitable base oils may be selected
from any one or combination of Group [ through Group V base stocks as defined in
American Petroleum Institute Publication 1509, which is herein incorporated by
reference. Suitable base oils may also include various newly developed base stocks, for
example, those that are informally referred to as Group U+, Group II/+, or Group I11/+,
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/gfd_faq.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.

{0657] 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 PAQ, or from hydrocarbon synthesis
procedures using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch
process. Useful synthetic hydrocarbon oils include liguid polymers of alpha olefins
having the proper viscosity. Especially useful are the hydrogenated liquid oligomers of
Cs to Cypalpha olefins such as [-decene trimer. Likewise, alky! benzenes of proper
viscosity, such as didodecy! benzene, can be used. Useful synthetic esters include esters
of monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy alkanols
and polyols. Typical examples are didodecyl adipate, pentaerythritol tetracaproate, di-2-
cthylhexyl 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 useful.

[0058] An exemplary functional fluid of the present invention employs a mixture
of two Group I base oils, EXXON MOBIL® AP/E CORE™ 50N and FXXON
MOBIL® AP/E CORE™ 600N,

[6359] 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 wt.% to about 2.5 wt.%. An exemplary functional fluid of the present
invention comprises about 1.8 wt.% of an alky! toluene sulfonate salt mixture.

[G060] Resides the alkyl 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.

[0061] Various dispersants may be added to the functional fluids of the present
invention. Dispersants, and typically those of the ashless (metal-free) kinds are typically
used in lubricants and functional fluids to maintain in suspension insofuble materials
resulting from oxidation during use, thus preventing sludge 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 polyamine attached directly
thereto; and Mannich condensation products formed by condensing 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 polyhydsic alcohols, or aromatic compounds including phenols and

nephthols), and/or basic inorganic materials. Succinimide dispersants are a species of
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ABU * The alkyl benzene sulfonate in the Negative Control package (i.e., 1,9 wt.%) provided an
equivalent amount of Ca21 to the package as did the alkyl toluene su foliates 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 Iwrein to
illustrate the claimed invention without limiting it. [0082]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 depressant§aTie fliishaes femdtionhl fuiaavdrpivdirccomponetits mhe distedtin Fabkei BtefFunctional
Fluid 1-10 Comp, Functional Fluid A 10083!Static breakaway friction values were determined. Each
sample or compaitivel samibib(vae ) ivasadabufeekin paratielitha nedgativercontropsamgle

(value [Y]) to account for eerrlmental variability. The results for Functional Fluid samples | to 10 and
Compa 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 reaction products 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 (especially
formaldehyde) and amines (especially 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
disciosures 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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ve Functional Fluid A are listed in Table 4. Table 4:Test Results Sample # Static Breakaway
Friction Values (mrpri) - IXI Static Breakaway Friction of Negative Control (min3)- 1Yl Increase in Static
Breakaway Friction Values (min") = IX1-1y 1 , 453117463 17010

carboxylates, saticylates, phenalates, sulfurized or unsulfurized metal salts of multi-
hydroxy alkyl or alkenyl aromatic compounds, alkyl or alkenyl hydroxy aromatic
sulfonates, sulfurized or unsulturized atkyl or alkeny! naphthenates, metal salts of
alkanoic acids, metal salts of an alkyl or alkenyl multiacid, and chemical or physical
mixiures thereof. Such metal-containing detergents may be overbased or neutral.
Overbased metal-containing detergents may be high-overbased or low-overbased.
[0663] 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, including, for example, phenoi-fype (phenolic) oxidation inhibitors, such as 4,4'-
methylene-bis(2,6-di-tert-butylphenol), 4,4'-bis(2,6-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-tert-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-butyl-4-hydroxybenzyl).
Antioxidants may also be of the diphenylamine-type, which include, for example,
alkyfated diphenylamine, phenyl-c-naphthylamine, and alkylated-o-naphth-vlamine,
Other fypes of oxidation inhibitors may include, for example, metal dithiocarbamate

{e.g., zinc dithiocarbamaie), methylene bis-(dibutyldithiocarbamate), and the like.
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[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. Examples 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, methy! trichlorostearate, chlorinated
naphthalene, fluoro-alkylpolysiloxane, and lead naphthenate.

100651} 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 laury! ether, polyoxyethylene higher alcohol
ether, polyoxyethylene nonyl phenyl ether, polyoxyethylene octy! 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.

10666] Jt is not uncommon 1o 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 atkyl ether, and polyoxyethylene
sorbitan ester.

0067} In addition to the friction-modifying amount of alky! toluene sull'fonate

salts, the functional fluids of the present invention may optionally comprises one or more
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other friction modifiers. These other friction modifiers may be selected from, for
exampte, fatty alcohols, 1,2-diols, borated 1,2-diols, fatty acids, amines, fatty acid
amides, borated esters, and other esters.

[0068] As it is known in the art, many additives are multifunctional. For example,
a particular compound may be inciuded in the lubricating fluid to provide dispersancy in
addition to antiwear properties. Suitable multifunctional additives include, for example,
sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum organo
phosphorodithicate, oxymolybdenum monoglyceride, oxymolybdenum diethylate amide,
amine-molybdenum complex compound, and sulfur-containing molybdenum complex
compound.

16069] A functional fluid of the present invention may optionally include one or
more 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
IMpProvers.

[6078] For certain applications, a functional fluid of the present invention may
also include one or more pour point depressants, including, for example, polymethyl
methacrylate.

10671} Moreover, a functional tluid of the present invention may comprise one or
more foam inhibitors. Suitable foam inhibitors inciude, for example, alkyl methacrylate
polymers, dimethyl silicone polymers, and like molecules.

[0672] The functional fluid compositions of the present invention are formulated by
known methods. The formulation is typically carried out at the additive manufacturing

plant or blending facility, but the compositions can also be formulated by hand.
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[0073] 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 to provide the desired concentration in the final formulation when the
concentrate is combined with a predetermined amount of base oils,

Chlovide Compatibilisy

[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
present 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 is therefore desirable as such
friction modifying agents can be used without necessarily removing the chloride ions.
[6675] 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 ions. Accordingly, other additives and the base oils in these functional fluids
are likewise 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,
preterably 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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Example 2: Chloride Compatibility 00841Chloride compatibility of a friction modifying agent, i.e., an
alkyl toluene sulfona e salt made from alkyl toluene precursor (AT) XI, and a functional fluid, i.e.,
Functional Fluid Sample II, was determined using Comparative Functional Fluid B. Components of
these samples are listed in Table 5. Alkyl toluene precursor (AT) XI had a branching level of about
20.70/n and an alpha olefin content of about 11.7%. 100851A static breakaway value of a Negative
Control fluid comprising a equivalent amount of alkyl benzene sulfonate instead of alkyl toluene
sulfonate was obtafig I HFAHET SRR (HE ORAl DTS EHip Idi mitisharcdern paratdedtgnRcional Fluid
B. This value was then subtracted from the static breakaway values of the samples to yield the "static
breakaway frictioR'Hera8esrd it iy T APIE° 2bBEw rIREb A FrarS amplecardigiC orhlsaidtive
Functional Fluid B both showed higher breakaway friction 'alines than the Negative Control fluid,
suggesting that th¥SEitide HStANAB TR GUE e runs G ropdtedr aHE presemd srdm6Rts h Fluid

Sample 11 did not substantially giminish the, friction-modif%{ing capacity of the alkyl toluene ullonate
salts in that fluid. ¢ é\lﬁléo ene suifonate salt/mixture or a functional fluid when its friction-modifying

capacity in the presence of chioride s at least about 70%, about 8§0%, about 90%, or
about 95%, of its friction-modifying capacity in the absence of chioride.
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
10078] 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 level of pressure was applied on the friction pads, and
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Functional Fluid Sample Il Comparative Functional Fluid B 1.8 wt.%AT sulfonate XI (20.7%
branched) 1.8 wt.%AT sulfonate XI (20.7% branched) Package may also optionally comprise one or
more of the following components: * a) antioxidants;

an electric motor drove the shaft to rotate while the brake disc was held in its original
position. Ata particular pressure level, a reading of maximum resisting torque reached
within G.25 seconds afier the shaft starts io rotate was recorded. Ten of these (.725-
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.

[BG79) The Negative Control Sample comprised an alicyl 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 Sampfe [Y] from
the values of the Functional Fluid Samples and Comparative Fluid Sample A [X].
Functional Fluid Samples 1 to 10 and Comparative Fluid Sample A exhibited significant
increase in static breakaway friction values.

{00807 Olefins of various branching/isomerization levels (Olefins I to VIII in Table
1) were mixed to prepare the alkylation agents (the “olefin mixes” in Table 2). These
olefin mixes were then used to prepare alky! toluenes (ATs 1 1o 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 SO3/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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b) anti-wear/extreme pressure agents; c) rust inhibitors; d) detergents; e) non-alkyl toluene sulfonate
friction modifiers; I) foam inhibitors g) dispersants; h) demulsifiers; i) multi-functional additives and j)
seal conditioning agents. Package comprises the same optional components as in Functional Fluid
Sample Il and at the same concentrations which may be one or more selected from: * a) antioxidants;
b) anti-wear/extreme pressure agents; c) rust inhibitors; d) detergents;

[6081] All sulfonation proeducts, including the ones comprising the AB(-) and the
AT{comp), were highly overbased to give a TBN of about 320.

Table 1; The Olefins

Olefin # Carbon Numbers Branching Levels Alpha-Olefin Concentrations
Olefin 1 20-24 204 % 121 %
Olefin 11 20-26 %48 % 16 %
Olefin 11 | 20-24 25.0 % Pl % B
Olefin IV 20-26 234 % 319 %
Olefin V 20-24 212 % 56 %
Olefin VI 20-24 175 % 120 %
Olefin VI 20-26 267 % 11.7 %
Olefin VI 20-26 0 Non-isomerized
Olefin(ecompy | 20-24 o Non-isomerized
Table 2: The Alkvlation Agents & Friction Modifying Agents Packages
Additive | Sulfonate | AT# Crefin mixes Branch | Optional Components
Package | (wlL%) (%)
#
1 1.8 f 80% Olefin § 273 Examples** of optional
20% Olefin it components that can be
2 1.8 fl 80% Olefin 1 210 favorably employed in the
20% Olefin 1V packages, selected from one or
3 1.8 I 80% Olefin i1 31.0 more of:
20% Olefin 11
4 .8 Y 80% Olefin {1t 24.7 a} antioxidants;
20% Olefin 1V b} anti-wear/extreme pressure
5 1.8 \4 100% Olefin V 21.2 agens;
6 1.8 V1 80% Olefin V 17.0 ¢) detergents
20% Olefin VI d) rust inhibitors;
7 18 Vil 100%4 Olefin VI 17,5 e) non—alkyl toluene sulfonate
8 13 VI 90% Olefin Vi | 15.8 friction modifiers;
10% Olefin VI ) multi-functional additives;
9 18 X 80% Olefin VI | 14.0 g) foam inhibitors;
20% Olefin VIII k) demulsifiers;
10 I8 X 100% Olefin V1T | 20.7 1) dispersants;
Comp. 1R AT Olefin(comp) A 1) seal conditioning agents
Pack. A {comp)
Negative | g* AB{) Olefin(comp) 0
Control
Package

* The alkyi bcnzule sulfonate in the Negative Control package (i e, 1.9 wi.%) provided an equivalent
amount of Ca™ to the package as did the aikyl toluene sulfonates in the other packages (e, 1.8 wi.%).

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

[6682] 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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e) non-alkyl toluene sulfonate friction modifiers 1) foam inhibitors g) dispersants; h) demulsifiers; i)
multi-functional additives; and j) seal conditioning agents. 50 ppm CI- 0 ppm CI- Other components
in the functional fluid:

Table 3; Components of the Finished Functional Fluids
Functional Fluid Additive Package Other Components
# ) G8Swt%y J
1-10 1-10 Viscosity Index Improver 475 wit |
Comp. Functional Comp. Pack. A Pour Point Depressant (.20 wt.% |
Fluid A EXXON MORBIL® AP/E Core™ 150N 34.70 wt.%
N EXXON MOBIL® AP/E Core™ 600N 33,50 wit.%

[0683] Static breakaway [riction values were determined. Each sample or
comparative sample (value {X]} was measured in parallel with a negaiive control sample
(value [ Y]) to account for experimental variability. The resulis for Functional Fluid
samples 1 to 10 and Comparative Fanctional Fluid A are listed in Table 4.

Fable 4: Test Resulis

Sample # Static Breakaway Static Breakaway Increase in Static
Friction Vaives (mm’) | Friction of MNegative Breakaway Friction
= [X] Control (mm”) = [ V] Values (mm’) = [X|-|Y] |

i 17463 17010 453

2 17617 17010 607

3 17653 17010 643

4 17340 17010 330

5 17869 17110 759

6 17364 16924 440

7 17951 16881 1070

8 16555 15965 539G

9 16923 15965 958

10 16638 15965 673

Comp. 17766 17441 325

Funetional

Fluid A

Example 2: Chioride Compatibility
10884} Chloride compatibility of a friction modifying agent, i.e., an alkyl toluene
sulfonate salt made from alkyl toluene precursor (AT) XI, and a functional fluid, i.e.,
Functional Fluid Sample 11, was determined using Comparative Functional Fluid B.
Components of these samples are fisted in Table 5. Alky! toluene precursor {AT) XI had
a branching level of about 20.7% and an alpha olefin content of about 11.7%.
{0085} A static breakaway value of a N'egaiive 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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a) 0.20 wt.% pour point depressant b) 4.75 wt.% viscosity index improver c) - 88 wt.% EXXON
MOBIL(r) ART CORETM Base Oils (mixed) Other components in the functional fluid: a) 0.20 wt.%
pour point depressant b) 4.75 wt.% viscosity index improver c)- 88 wt.% EXXON MOBIL(r) AP/E
CORETM Base Oils (mixed) Static Breakaway Friction Increase = 673 nitti' ponents that may be
favorably employed. Static Breakaway Friction Mcrease - 1346 mm3  "- The following is a

non-limiting list of optional com ] . )
his value was then subtracted from the static breakaway values of the samples to

yield the “static breakaway friction increases” results in Table 5.

[0486] 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 sulfonaie salts in that fluid.

Table 5

Functional Fluid Sample 11 Comparative Functional Fluid B

|.8 wt.% AT sulfonate X1 (20.7% branched) | 1.8 wt.% AT sulfonate X1 (20.7% branched)
Package comprises the same optional components

Package may also ontionally comprise one or as in Functional Fluid Sample 11 and at the same

more of the following components: * goncenirations, 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; c) rust inhibitors;

d} detergents; d) detergents;

e) non-alkyl teluene suffonate friction modifiers; | e) non-alkyl toluene sulfonate friction modifiers;

) foam inhibitors ) foam inhibitors

g) dispersants; £) dispersants;

h) demulsifiers; h} demulsifiers;

i) multi-functionat additives; and i} multi-functional additives: and

1) seal conditioning apents. i) seal conditioning agents.

30 ppm CI Oppm  CI

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

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

by4.75 wi.% viscosity index improver b) 4.75 wt.% viscosity index improver

c) - 88 wi.% EXXON MOBIL® AP/E CORE™ | ¢} - 88 wi.% EXXON MORIL@ AP/E CORET™

Base Oils {mixed) Base 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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WHAT IS CLAIMED IS: I. A functional fluid composition comprising an admixture of: (a) a ma_tjor
amount of an oil of lubricating viscosity; and (b) a friction-modifying amount of one or more oil-soluble
alkyl toluene sulfonate salts represented by the formula: wherein R1 is. a metal .sulfona.lte group and
R- is an alkyl group derived from a single isornerized 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 friction-modifying amount of the one or more oil-soluble alkyl toluene sulfonate salts _in the _
functional fiifdAd A1yt W48 o wt. %. 2. The functional fluid composition of claim I, wherein
the one or more alky! toluene sulfonate salts are chosen from alkali metal salts and alkaline earth
metal salts 3. TR RO TR Eohipasitita B remie ovhbraitio e ontobrmbré alkyl toluene
sulfonate satiae Hikadineeedithefietal-saksying amodnt The functiensduidecnm positionahelaims3,
wherein the:gnenen mereratkyltoluene sulfonate salts are calcium salts. 5. The functional fluid
composition of claim I, wherein the one or more alk%élﬁoluene sulfonate salts are overbased salts.

6. The functional fluid composition of claim 5, whergin the one or more alkyl toluene sulfonate salts are
overbased with carbon dioxide. 7. The functigral fluid composition of claim 1herein each of the
one or more alkyl toluene sulfonate

wheremn R, is a metal sulfonate group and R, is an alkyl graup derived from a single isomerized linear olefin or a
mixture of isomerized linear olefing, wherein 5 % to 80 % of each of the isomerized linear olefins are branched,
and further wherein the friction-modifying amousnt of the one or more oil-sofuble alkyl toluene suifonate salts in

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

2. The functional fiuid composition of claim 1, wherein the one or more alky! toluene sulfonate salts

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

3. The functional fluid composition of claim 2, wherein the one or more alky! toluene sulfonate salts

are alkaline earth metal salts,

4. The functional fluid composition of claim 3, wherein the one or more alkyl toluene sulfonate salts

are caicium salts.

5. The functional fluid composition of claim 1, wherein the one or more atkyl toluene sulfonate salts

are overbased salts.

6. The functional fiuid composition of claim %, wherein the one or more alkyl toluene sulfonate salts

are overbased with carbon dioxide.

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

salts has a total base number of 0 1o 400,

8. The functional fluid composition of claini 5, wherein each of the overbased salts has a total base

number of about 60 to 400.

9. The functional fluid composition of claim 8, wherein each of the overbased salts has a total base

number of about 250 ic 380.



salts has a total base number of O to 400. 8. The functional fluid composition of claim 5, wherein
each of the overbased salts has a total base number of about 60 to 400 9. The functional fluid
composition of claim 8, wherein each of the overbased salts has a total base humber of about 250 to
380. 10. The functional fluid composition of claim 9, wherein each of the overbased salts has a
total base number of 300 to 350. 11. The functional fluid composition of claim I, wherein the one
or more alkyl toluene sulfonate salts are derived from alkyl toluene precursors prepared by reacting
isomerized linear olefins with toluene. 12. The functional fluid composition of claim 1, wherein the
single olefin is a C18 10 C,n linear alpha olefin. 13. The functional fluid composition of claim 1,
wherein the olefln@mﬁh? mlxgltljarleﬂof olefins are c| chosen from C18 to Cm linear alpha olefins. 14.
The functional fluid compasition of ASRPE AHSISID. 5ok B B0ws bf it 5P fabriatreitinear
olefins are BisH4"NEHHS 00 0 3545 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 |, wherein 10 ta-60% 2f,6a¢h:9tiheisamerized,line: gr%’!ﬁ s, are branc ﬁ dotuene st

functional f|LiId .comp d|E|on o]f claim 1, comprising 0.5 WL 96 10 3.5 Wt, 96 Of the one or more alkyl
toluene sulfonate Salfg! om alkg, t@i"H‘@Wﬁ%ﬂ’(ﬁﬁ‘élf}f“ﬁﬂﬁeﬁ%f%@fﬂ%f?‘lﬁ?%éﬁ?‘d‘ﬁea‘t@ﬁ%ﬁﬁﬁ‘@i@ﬂ@f\m % to
2.5 wt. % of the one or more alkyl toluene sulfonate salts. 19. The functional fluid composition of

any one of the preceding.clatms fiuitben comprisingRNe:e6 MR additives selested from the group
consisting gf (1) antioxidants; (2) rust inhibitors; (3) demulsifiers; (4) friction modlfylng agents other

than alkyl toluene sulfonates; (5) viscosity index improvers; (6) multifunctional additives; (7)
dispersants; (8) anti-wear/extreme pressure agents; (9) pour point depressants; (10) foam inhibitors;
(11) detergents; dad 2y semhdchiditiommgi@genitsaim 1, wherein the olefins in the mixture of olefins are

chosen from C,5 to Cyy linear alpha olefins.

t4. The functional fluid compoesition of claim 1, wherein 0.5% to 50% of each of the isomerized

linear olefins are alpha olefins.

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

mere alicy! toluene sulfonate salts,



20. The functional fluid composition of claim 1, wherein the friction-modifying capacity of the
composition is not substantially diminished in the presence of chloride ions. 21. The functional
fluid composition of claim 20, wherein the friction-modifying capacity of the composition is not
substantially diminished in the presence of up to 10 ppm of chloride. 22. The functional fluid
composition of claim 21, wherein the friction-modifying capacity of the composition is not substantially
diminished in the presence of up to 50 ppm of chloride. 23. A method of achieving optimal
frictional characteristics and maintaining such characteristics in a machine comprising relatively
moving and coupliag parscthemeiheseemersing:(2) inmesingatleass seme of e surfaces of the
relatively movmﬁﬁs?ﬂd]goggm%%artﬁ in a functional fluid of claim'1; and (1)) operating the machine in
the presence o functio 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 Blain@épavhereintheifispctianalfuiciis ﬁé&&ﬁﬁ@rcia}fﬁl{@uﬂﬁeﬂb@%pnsmg 8- ofhe

method of ABy QnE:9LClaimS: 3310125, d yrther comprising one ar more
additives s Ie Ied fron{;{g{'ﬁa%rou Eons EE%M% ﬂ%&?@ants 2(; demt?ﬁ qﬁ%rs )rUSTInﬁIT’)ItOI’S 4)

friction mo %y g Aget E5PE R éﬂ%‘?laf e (fﬁ)”ﬁ@ﬁ?ydﬁﬁqf d@ﬁ?é%a(ﬁﬁsm{@) viscosity
index |mpr8&?é§*§“{’73dfb1&m it ibsrsRngs Y Phaiti- ﬂmdtvdnalemmm&w(@f) éntineaniexitpratspressire

agents; (1@-aispersants] (Lkjegetergants: ang (L sealcoaglitioning agents. 27. A method of
making a functional fluid composition comprising blending the following components; (a) an oil of
lubricating VISCOS ; and_(b) one or more oil-soluble alkyl toluene sulfonate salts represented by the

formula:  whereif RI 16 4Avatal SuiftSHERSSEISLAS dritn R acarnaliyFighoumerifivisc frovitvSimgle
isomerizeddineafiolefinwrhsmiktlitelofisdmen zedlineas olefinsdwherein 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 tglyeH]e §ullona Its in tl}e functlon% fluid is 0.15 wt. % to 4.0 wt. %.

nctlona compm 1on of clan {,rem the frictton-modifying capacity of the

composition is not substantiafly diminished in the presence of up to 10 ppm of chloride.

22, The functional fluid composition of ciaim 21, wherein the friction-modifying capacity of the

composition is not substantially diminished in the presence of up to 50 ppm of chloride.
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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; antiwear/extreme
pressure agents; multi-functional additives; foam inhibitors; detergents; 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 alkyl 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 to claim I, wherein the functional fluid is a tractor fluid, a
tractor hydraulic fitid,“a Trafefidsieieing arwhyéraiticaflalduacteristics and maintaining such

characteristics in a machine comprising relatively moving and coupling parts, the method

comprising:



(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 hydrautic
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 alkyl 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 blending the following
components; (a) an oil of lubricating viscosity; and (b) one or more oil-sofuble alky! toluene sulfonate
salts represented by the formula:

CH;

wherein R, is a metal sulfonate group and R, is an afkyl 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-sofuble alkyl

toluene sulfonate satts in the functional fluid 15 0.15 wt. % to 4.0 wi, %,

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; antj-

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

29. The methed according to claim 27, wherein 0.5 wt. % 10 3.5 wt. % of the one Or 1ore

alky! toluene sulfonate salis are blended into the functional fluid compositicn.

30. The method according to claim 27, wherein 1.5 wt. % t0 2.5 wi. % of the one Or more

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

31. The funciional fluid composition according to claim 1, wherein the functional fluid isa

tractor fluid, a tractor hydraulic fluid, a transmission fluid, or a hydraulic fluid.
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