WD 2010/ 096167PCT/ US2010/ 000457 - 1 - METHOD FOR REDUCI NG FRI CTlI ON WEAR OF
FORMULATED LUBRI CATING O LS BY USE OF IONIC LI QUI DS AS

ANTI - FRI GVOGhoAMd167 WEAR ADDI TI VES BACKGROUND OF THE | NYENTIS&NoBOEED OF THE
| NVENTI ON  100011The present invention.yfelates to the reduction of friction
and wear in engines lubricated with fornmulated |ubricating oils by the use
of additives. DESCRIPTION OF THE RELATED ART 100021Ion|c | i quids which are
|l ow mel ting point salts comp '. ‘.ve been of
interest for |ubri cMESRQRIIGR,
nonf | ammabi | ity &RMISEAd] d QINIEE ability.
100031US2007/ OOZICI@JIDS NS ANHdFR@CEIOWANEInWEARDAEDHQV% t he base
oil, anionic liquid formed of an anion and a cation and having an ion
concentration of 1 nol/dnB or nore. In describing the ionic liquids as base
oi |l s per ' tensive detail in discussing the

ani on and2&at¥d ctiitte - cat es the need for the ionic liquid
system t -free to avoi d undesirable corrosivity and
l oss in nggdéﬁgiﬁﬁﬂae le.erggﬁi identifies imdazolium pyridinium

al kyl ammoni um anong ot hers as suitable, useful cations and BF4- and PF6-
anong nun@' E SWH@He@e&”lrﬁf@ﬁﬂo%’e%é@k& 1181 sERSion! &b Fiotidiiafd Udkar in
hexaf | uor ophosphat e,” al kyl ammoni um t et raf | uor oborate, anong others are

di scl osedergginéelubgicateidtvaith dofnoulatesielubsichtibg odabiyrtbe mas ef additives.per se. Any
of the ionic liquids enbraced by the reference can be used in conbination

w th various addltlves and nmay al so be used in conbination with m neral
oils and ferenc es on to recite that the "physical
properti es—& u“.u .kﬁl?gﬁfﬁEf E et to predict fromthe nol ecul ar
structure thereof, and properties such as viscosity, V|5005|ty i ndex and

pour poi nﬁ)ﬂtﬁgrnoﬁﬂm\é@ Ocﬁﬁ&? K981 84 I%Mﬁ}gégﬁlqgﬁﬁ TiS rf'gag‘} EX iofi€and

controlle rcation  of Arest ure

[0007].) &%@A;huh&ve hRneRf thideS 368 IuBACHESH tdpph@dﬂbﬁs %cgﬁsehloghthelr
nol ecul ar wei ght N-hydrocarbyl substituted quateérnary ammoni um salts :
(hydr oc arimmvodamrﬂnwemtmﬂmhmbilay and gtherfmabmm&hanicaBoad) dsctdocpenisaint s
and detergents The cation in '858 is high nol ecul ar wei ght quaternary
armoni um $APIEY t he anion is hali de, nitrite, nitrate, carbonate, borate,
al kyl borate, bicarbonate, al kanoate, phosphate, al kyl phosphate, dialkyl

phosphat e i,al k (th phat.e and th i.ke. [0005].U.S. 2007/0027038

t eaches i [%%éﬁ i éﬁ?ﬁi‘fﬂwﬁﬂ@ i cﬁlge%ﬂ% 1 el@bﬁﬁ%’ﬁte {rgp ghaﬁﬁhe %gsehp ed

wi th hydr i Ra Iy i de

Al byl amot e SARP Rl i ifh 400 RERRaBLAink 3l fon cofittithud s
anmoni um suaei/ginti ole nfae! A dRdebing the 16n11:0M\&@1d&Uild bas©roilsl ptrede, the
lubricating oil where its effectiveness as a dispersant is evaluated in the

Bench VC fedetencé 080 Ung» estensives detail oim diseussmg tthe raoiwt i g ogation

am ne-containin
componegnts and indicates the need for the ionic liquid system to be substantially

water-free to avoid undesirable corrosivity and loss in v150051ty. The reference
identifies imidazolium, pyridinium, alkylammonium among others as suitable,
useful cations and BF,” and PF¢ among numerous suitable anions. Materials such
as alkylpyridinium ﬁexaﬂuorophosphate, alkylammonium tetrafluoroborate,
among others are disclosed as being suitable for use as lubricating base fluids per
se. Any of the ionic liquids embraced by the reference can be used in
combination with various additives and ‘may also be used in combination with
mineral oils and synthetic oils. The reference goes on to recite that the “physical
properties of ionic liquids are difficult to predict from the molecular structure

thereof, and properties such as viscosity, viscosity index and pour point cannot



di spersants, such as succinimdes, wth fluorophosphoric acid to produce an
adduct. This adduct was added to |lube oil and was evaluated for its ability
to passi waDeotlweti7sper sant agai nst attacki ng fl uorocar lpom/tse@®00450008] WO
07/ 055324 teaches a synthetic lubricant2eonprised of a cation selected from
the group consisting of imdazoliumcation, pyridiniumcation, quaternary
anmoni um cati on, quaternary phosphonium cation and a

i qui o osBRdll W sbnithfife JRkin LagRRtAlon Y e JARREyleR RGPS, [fhebon ©

l'iquid us Ionic of t

f ormul a: %d‘@@)g) (Ab - X- ( (Qe ) - (Bc - (CNhd W

2010/ 096167P US2010/ 000457 - 3 - where X is boron, carbon, nitrogen,
oxygen, alum num silicon, phosphorus, sulfur, arsenic or selenium Qis an
organi c g[0®od] AU.S.datértt£468,858erached tienadéition eftigtbméblecikla) veeight
integers I ncluding zero. DESCRI PTION OF THE_ | NVENTI ON 100101The present

i nvent i onNithydtpearbyt gubstitueaduauatgriary cimumeniny saktar(hydrocarkem spmpeasikt i on

engines lubricated with |ulyricatj oil..by the addifion to the |ybricating
o of ” armalgsulanweieb dimt g0 dRe D) s iesiatis ARG el @Ren§o AT | vo
anount of «d=@nj Cy, .1 QL i o i t of
Toni ¢ 11 quioay sy hish efechlar SelBE? Hoal@haly mBRGRERE W THE Allof]s HERME

pref er abl yitafe, ¥ilate! chfbonbte, buigte, afkyaberate, lbidartbonated Qldntate gphdsphater abl y
about 0.1 to 0.5 wt % based on the total weight of the lubricating oil

f or nul at i alkyl plespbpteyaiakyi phospbate; dialkyl dithiophesphate and thei ldre.and an ani on,

t he bond being an ionic bond. [0013] The ionic |iquids used as additives in
the present invention conprise one or nore cations ionically bonded to one

or nore all088%. [BE12097/9023038& trachps porialiquits asdipsp@ils ApdetscomRPISNts he
Formul ae: which4cén be mixed with hydrocarbon base oils or synthetic base oils. Ionic

liquids include alkylammonium salts.

[0006] U.S. Patent 4,326,973 teaches quaternary ammonium succinimide salt
and adds it to a 10W40 fully formulated lubricating oil where its effectiveness as a

dispersant is evaluated in the Bench VC Test.

[0007] U.S. Patent 4,747,971 teaches the reaction of amine-containing
dispersants, such as succinimides, with fluorophosphoric acid to produce an
adduct. This adduct was added to lube oil and was evaluated for its ability to

passivate the dispersanf against attacking fluorocarbon seals.

[0008] WO 07/055324 teaches a synthetic lubricant comprised of a cation
selected from the group consisting of imidazolium cation, pyridinium cation,
quaternary ammonium cation, quaternary phosphonium cation and a

bis(fluorosulfonyl)imide anion.

[0009] JP 2006/351856 is directed to ionic liquid used as lubricating oil. The

ionic liquid is material of the formula:

(NC)a — (A)y — X — ((Q)e ) — (B)e — (CN)q4



(a) OR 5 N+or / R50 (b) R5 0 \), OR5 N+ R5 R5 W's)
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where X is boron, carbon, nitrogen, oxygen, aluminum, silicon, phosphorus,
sulfur, arsenic or selenium, Q is an organic group, A is an integer greater than

zero, and (b) to (e) are integers including zero.

DESCRIPTION OF THE INVENTION

[0010] The present invention is directed to reducing friction and wear in
internal combustion engines lubricated with lubricating oil by the addition to the

lubricating oil of an additive amount of one or more ionic liquids.

[0011] By additive amount of ionic liquid(s) is meant for the present invention
an amount of ionic liquid(s) in an amount in the range of about 0.01 to 5.00 wt%,
preferably an amount in the range of about 0.1 to 1.50 wt%, more preferably

about 0.1 to 0.5 wt% based on the total weight of the lubricating oil formulation.

[0012] Ionic liquids are salts formed of a cation and an anion, the bond being

an ionic bond.

[0013] @ The ionic liquids used as additives in the present invention comprise

one or more cations ionically bonded to one or more anions.-

[0014] Typical suitablé cations may be fepresénted by the formulae:



- 5 - wherein each of RlL to R12 may be the sane or different and are

sel ected fromthe group consisting of hydrogen, -OH Cl to Cl16 al kyl
group(s) ,wG2otin9&7al kenyl group(s) wherein the al kyl orCalusenploog@soup(s)
may contai n heteroatom substituent groups selected from-CN, -S03H, -OH C1
to C8 fluorocarbon group(s), C6 to o aryl group(s), C7 to Cl2 aryl al kyl
group(s), C7 to C12 al kylaryl group(s), all of which group(s) nmay have an
et her bond, Cl1 to C8 al koxy group(s) g1and wherein R5's are the sane or

di fferent aﬂﬂ are Rel ected from hydrQgen, Cl to C10 aIKyIﬂ2C1 te Cl10

hydr oxyal kyl ,\C6 yo Cl10 aryl, Cgto (12 aﬁflalkyl C7TR 2 ,kagaryl and
(a), (b) and ébj*ére i ntegers ran 1 to 30, prede tp 10, and
nlxtures of SN @ailons [ 0015] Pr g¢f erabl y, the catloe§ ar Red from

one or re group consi st ing whereirn R1,” R27R3 RIR* R5 and
R6 may be ne orgadi f f er entRand e s&ected fromRhe p &nsisting
of hydrogen, C&{to C8 al kyl groups, to C10 aryl groups,;Cr o Cl2

arylal kyl or C7 to Cl2 al kylaryl growas, preferably Cl toR7 é?kyl groups
and C6 aryl groups. WO 2010/096167PCT/ US2010/ 000457 - 6 - [0016] Mbst
preferably the cations are selected fromone or nore of the grpup

consisting of: CH3 5.V\/C4H9 CH3 N+RTAKRD CH3 NN+C6H5 N+ &lre

: 6
\ , ﬁ . ’ .R10 R
R | N?" R4 R ’ ® R3 R N+ ]
R2 RS RZ R2 R3
1 1 6
T T R1 R2 R Rs ,
N/ R R
4 N+_ 2 4 Pt 2

LT T T RAKE

3

R1

R® .

\ “HO—\ﬁE)ORS

or



C611-113 WC6H 1 3 100171The anion is selected fromthe group consisting
of BX4-, Al 2X7, Ga2X7-, PX6" wherein X is halogen, preferably fluorine or
brom ne, wosbigpmefeer ably fl uorine, RL70S03-, Ri 7S03-, S®¢TAIS20Q8045NC3-,
(CN)21\1-, R172PO4-, Ri 8C00", R170000, - & 8P02-, SCN-, HQ( R18) C00,

HS(R18) C00, R18S", (CnE, 503-, (CnF(2n+1.41-1,)C00-, F(HF), ((CnF (2n+1
-X)11x)Y 003 G, ((Ca F(2n+l-n) Hx)r0z)2N- (wherein Y" is a carbon atom or

a sul fur . e the i 1S Y anme
or i 11 cr ShfEin $A88 o R o 02 nly Yl Sprhe, S ileRAR Yo A RYs g ST
may be t hgrouphBordistiigh beh§atodend TOINECANBLOR! AlkyDN gkSupB),i Of €J&T, abkeh§l an
i nt eger ogr O@to 13, zgfi slhgn iént eger of ?1 toR3 m,zer%kY'ﬁg)s a£ car bs’on atgm and
0 to 4 whegroup(s)iwhereguthelalkylt @malk&iyt' group(s) med) dontai( I@ttroabom ppstitueher ei n
Y is a hydrogen atomor a fluorine atom wherein when a plurality of Y s are

present t BOpPFaglested: iamsal, 0P Oglls f@Hs Su1 tolemhleprocarhonrgoupts)pbataCicy of
(C',Y (2",40) groups e th a or o ffere fr one_anot her s an
i nt eger O?ryg g(rgu%{‘é ’Rgg%séﬁng%}gxf,mgau (gj’ éil‘b'i%lrt;@,la}lfg@grﬂogr@wksgr ﬂl gt)r
al kyl or 687 Rfale U 84 (RS €1 t0/Cs RL8diwh&tid 0 C10
al kyl | %wﬁgt@%&{gr@s%l , g diele Clzﬁgréyl al |’<yt|1 o &?ﬁ%&gwg‘;&?ﬁ%%‘aﬁlw ,§0h19
OR19 wher R’ Rhfe il €in¢ or @2Termhk yhd a2 elelikd fromhigydroge32C atd CRRalkyhyCpe t he
sanme or different and sel ected from hydrogen or Cl to C22 al kyl, anion of
t he - f or mutog€ 10 hydroxyalkyl, Cg to Cyg aryl, C; to Cy;, arylalkyl, C; to C,, alkylaryl and (a),

(b) and (c) are integers ranging from 1 to 30, preferably 1 to 10, and mixtures of

such cations.

[0015] Preferably, the cations are selected from one or more of the group

consisting of:

R1 S R1
oI
N+ '
L4 R? R3
R® .R5 R’ R
/- Rt— P*__R2 7N\, s
1 4 ’ N\/N R
R N* R
RN Rs
R2 R

wherein R!, R?, R®, R*, R® and R® may be the same or different and are selected
from the group consisting of hydrogen, C, to Cjg alkyl groups, C4 to Cyq aryl
groups, C; to C;, arylalkyl or C; to C,, alkylaryl groups, preferably C, to C4 alkyl
groups and Cg aryl groups.



wherein each of R13 to R16 may be the sane or different from one another
and is/are groups selected from (C, F(2n+1-x)Hx) wherein n and x are as
previ ouslwoadefwvmesy and WD 2010/ 096167PCT/ US2010/ 00045PCTRIS2010/00RR) Q N-
di azol ate triazol ate -6-

[0016] Most preferably the cations are selected from one or more of the group

consisting of:

7 N*
| \ /
N N*— C:H \
\.T+ o N &% ' C,Hg CHs
CH,4 o
6113
’ C6||_’13
N+/ ’ H13Ce — P*— CeH1s . Hy3Cg— N*— CgH13
| CiqHag CgHq3

[0017] The anion is selected from the group consisting of BX,, A12X7', Ga X7,
PX¢ wherein X is halogen, preferably fluorine or bromine, most preferably
fluorine, R‘7oso3', R'’S05, 80,7, PO,”, NO5, (CNLN’, R",PO,;, R'*COO;,
R'70CO0, R'®PO,, SCN’, HOR'®)COO", HSR'*)COO'", R™S", (C.Fams10Hy)
SOy, (CFaminH)COO, F(HF),, (CoFam1nH)Y O)C,
((C, Fipany H)Y'O,), N~ (wherein Y’ is a carbon atom or a sulfur atom; when

more than a single Y  is present they may be the same or different from one

another, a plurality of (C, F,,,,_,, H,)Y'O, groups may be the same or different

from one another), n is an integer, X is an integer of 0 to 13, z is an integer of 1 to
3 when Y’ is a carbon atom and 0 to 4 when Y’ is a sulfur atom, B(C,,,Y"(z,,,+1)4',
P(C,,,Y”(z,,,ﬂ))g wherein Y is a hydrogen atom or a fluorine atom wherein when a
plurality of Y''s are present they may be the same or different from one another, a
plurality of (C,,,Y”(z,,,ﬂ)) groups may be the same or different from one another, m -

is an integer of 0 to 6, R is hydrogen, C, to C,4 alkyl, C¢ to Cyg aryl, or alkyl or



tetrazolate N wherein Rx is Hor Cl to Cl2 hydrocarbyl, preferably H or Cl
to C6 hydrocarbyl and Qis the nunber of available carbons in the ring,

di C2- C20 wbkylo/stehi ophosphat e, di C2- C20 al kyl dit hi ocarbanst@oandsm Xt ur es
of such anions. [0018] ' Preferably thé&-anions are selected from one or
nore of the group consisting of tetrafluoroborate, hexafl uorophosphate,
bis(trifluoronethyl sulfonyl imde, 0 (F3SCS O

alkylaryl, R'® is C, to Cy alkyl, Cg to C,q aryl, Cs to Cy, arylalkyl or C; to Cy,

alkylaryl,
S OR™
N\ 7
P
7\
°S OR19
where R" is C, to C,, alkyl,
S R20
AN
© C — N
N AN
S R2!

wherein R?’ and R*! may be the same or different and selected from hydrogen or

- Cj to Cy, alkyl, anion of the formula:

R14 R13
R™ O,
R’ R16

wherein each of R' to R'® may be the same or different from one another and
is/are groups selected from (C,Fu+1.Hx) wherein n and x are as previously

defined, and



N - S - CF3) 0 0 di(C3-Cl12 alkyl) dithiophosphate, di(C3Cl12 al kyl)
di t hi ocarbamate. WD 2010/ 096167PCT/ US2010/ 000457 - 9 - natural or

synt heti cwbas®/®sweck(s) or base oil (s) boiling in the | roTiusationg4e7 |

boi ling range of between about 100 to 4&%0C. In the present specification

the terns base oil (s) and base stock(s) are used interchangeably. [0020] A
w de range of lubricating base oils is known in the art. Lubricating base
oils are both natural oils and synthetic oils. Natural and synthetic oils
(or mixtures thereof) can(B&gsed unrefined, refined, ar_refR¥gned (the

latter is al'so known as recl ainmed of reprocessed oil). [Unrefined oills are
t hose obtained directly fy a natufal or synthetic solrce \\used wi t hout
added pur figzelate on.| Thes /i nd| ude shal e, oi | trigzolataed direc’l y fyom
retorting operations, petirgleumoil|obtained directly ffromuyrifrary

distillation, and ester oilNobtai-red directly froman ésteri N caten
process. Refined oils are simlar to the oils discussed for unrefined oils
except refined oils are subjected to one or nore purification steps to

i nprove at | east one lubricating oil property. One skilled in the art is
familiar with many purification processes. These processes include sol vent
extraction, secondary distillati on(R)aoi d raction, base extraction,
filtration, and percolation, Rerefined oils jare obtained by processes

anal ogous to refined oils but uddngam B | that has been previously used.

[ 0021] G oups |, téttazoldté, |V and are bfload categories of base oil stocks
devel oped and defined by the Anerican PétroleumlInstitute (APl Publication
1509; www. APl .org) to create guiMelinesNfor | ubricant base oils. Goup |
base stocks generally have @ vi ssgsji tyi ndex| of between about 80 to 120 and
contain greater than about 0.03% sujjfLur and/pr |ess than about 90%
saturates. Goup Il base stacks generally e a viscosity index of between
about 80 to 120, and contain | ess than or equal to about 0.03% sul fur and
greater than or equal to about 90% saturates. Group |Il stocks generally
have a viwhesin R isdéor(Cead €, hiydrocabloylt ptéforaoyl H ontGi to Cgdyydrdecarbypl

equal to about 0.03% sul fur and greater than about 90% saturates. Goup |V

i ncl udes #Hl yQI phatheernumber ) availghle \cashers sinodke| AEgyddiChame akpkks
included in G - LV, Th bl e _bel e, i i f h
of t hose fiebfotite BiGaCh et el Bireinal Y TBhUAS LrRpR ShidgRe O ¢

Properties N
[0018]  Preferably the anions are selected from one or more of the group

consisting of tetraﬂuoroboraté, hexafluorophosphate, bis(triﬂuorofnethyl sulfonyl

imide,

o) o)
| |

(F;€ — S——N"— S — CF,)
H H
O o)

di(Cs-C,; alkyl) dithiophosphate, di(C;C,, alkyl) dithiocarbamate.

[0019] The lubricating oil to which the ionic liquids can be added is any

lubricating oil comprising one or more base stocks(s) or base oil(s) selected from



Saturates Sul fur Viscosity Index Goup | <90 and/or >0.03% and >80 and <120

Goup Il >90 and <0.03% and >80 and <120 Group IIl >90 and <0.03% and >120
G oup |V woebuwdwsieépol yal phaol efi ns (PAO and GIL produc®PsT@ESeap/08048f | ot her
base oil stocks not included in Goups-?; Il, Il or IV [0022] Natural oils
I nclude animal oils, vegetable oils (castor oil and lard oil, for exanple),

and mneral oils. Aninmal and vegetable oils possessing favorable thernal

oxi dat i venglahi bt ynfiRicPRads Shelcd) bNBa0tdiI8) bBilkiy il e Rbrithlisig i

preferred. ner al vary w y as to therr cru elsource; for exanpl e,
as to whebbiding Fzigeas L bp@vethf asout, 1 TRPEUSOPCC, IO theTp¥&ent specification the
paraf finic-naphthenic. O ls derived fromcoal or shale are also useful.
Nat ur al otdrmsibasy ofl(Sandase stavk(searh aded segrdhangeatdyr producti on and
purification; for exanple, their distillation range and whether they are
straight run or cracked, hydraqrefined, or sglvent extracted. 100231G oup ||
and/ or G Q20| | Aypuidspirpee of dubreatigbase alk syknewa 1§tt§§I@§t,- Lﬁgﬂﬁ%ﬁl%

syt opRld SySE o SRNHRLERT DT AR S FATR 60 ShSITBIEIGF
mixtures thereof) can be used unrefined, refined, or rerefined (the latter is also
known as reclaimed or reprocessed oil). Unrefined oils are those obtained directly
from a natural or synthetic source and used without added purification. These
include shale oil obtained directly from retorting operations, petroleum oil
obtained directly from primary distillation, and ester oil obtained directly from an
esterification process. Refined oils are similar to the oils discussed for unrefined
oils except refined oils are subjected to one or more purification steps to improve
at least one lubricating oil property. One skilled in the art is familiar with many
purification processes. These processes include solvent extraction, secondary
distillation, acid extraction; base extraction, filtration, and percolation. Rerefined
oils are obtained by processes analogous to refined oils but using an oil that has

been previously used.

[0021] Groups I, II, III, IV and V are broad categories of base oil stocks
developed and defined by the American Petroleum Institute (API Publication

1509; www.API.org) to create guidelines for lubricant base oils. Group I base

stocks generally have a viscosity index of between about 80 to 120 and contain
greater than about 0.03% sulfur and/or less than about 90%. saturates. Group II
base stocks generally have a viscosity index of between about 80 to 120, and
contain less than or equal to about 0.03% sulfur and greater than or equal to about
90% saturates. Group III stocks generally have a viscosity index greater than
about 120 and contain less than or equal to about 0.03% sulfur and greater than
about 90% saturates. Group IV includes polyalphaolefins (PAO). Group V base
stock includes base stocks not included in Groups I-IV. The table below

summarizes properties of each of these five groups.



[ 0024] Synthetic oils include hydrocarbon oil such as polynerized and

i nterpol ynerized ol efins (pol ybutyl enes, pol ypropyl enes, propyl ene

i sobut yl eme 2mpobisier s, et hyl ene-ol ef i n copol ynmers, andPCT/US2010/000457

et hyl ene- al phaol efin copol yners, for exgnple). Polyal phaol efin (PAO oil
base stocks are a commonly used synthetic hydrocarbon oil. By way of
exanpl e, PAGCs derived from C8, Cl10, Cl2, Cl4 olefins or m xtures thereof
may be utilized. See U S. Patents 4,956, 122; 4,827,064; and 4,827,073,

whi ch are—incorporat-

2010/ 096167PCT/ US2010/ 000457 - 11- 1002@6%%9@8@& byl ar omatics canh be

used as pase—ot+t—or—pase cofrpofent an—beany ch nmotecul e

that contains at |east aﬁﬁﬁ?l“atg% of lits WSPH]J:IF derilved W %irhcr&(natl C

noi ety sfuch ?H@ [PenZenaq) Ig/ery a7 ngg@ga/e?g%a Mot €T g 0P d 936
se e

derivatijes. hydr ocar byl "aronmati cs inc al kyl —benzenes al kyl
napht hal ene@m@f; Ky! [di phewy ekl deq, akgykopapdt hgl s, angydndkmUEnyl
sul fides| _alkylated pis-phenol A, alkylated thiodi phenal . and the iiKe. The
aromati cjs d@roupellhonp- al ky0edred, dijal ky0 886 angol yal kyl at eell20and the | i ke.
The aronmtic _can be no-_or poly-flunctionalized, The hydrocarbyl grgups

can al so beGrmmdN sed of rinﬁhldﬁépobfahdla@‘?ﬁ@&ﬁb‘b@) aad@mlprgﬂil&ﬁ%)s al kynyl,

canyvl

| |k IUU \l CTl SO, ATTU " UU1TC T CUI
o oupe. | TeORgal Year by I DREAE I FRRENPY SO GEpuRs | - DBGT V0s0 wi t h

a range of—abuut—C8tou about Co oftenberng preferred. A mxture of
hydrocarb ou of. referred. .The oca ro ional |
contain soed) @%m iy iy ernne b SeanedRrg st Dagd Taghpt o 1Y
aromatic &

provi ded g{ %"gﬁ@ag‘%‘ﬁfm ?ﬁ? ]f%ﬂ% é{m ?ésg’)é é%gr%gﬁlrssgggéégl Saltlﬁlga g@éb%eype

aronati c tietrihl ox\asivessthbidity aianlseG;sedf QP IRX nBRirsl 36118 efherad ciBoute 50
cSt are preferred, with viscosities of approximately 3.4 cSt to about 20

cSt hom;] t lenpneéevrngi mbf]mleparlecflla V@Fr Wwidely hes ﬂ@yﬂneacqmldylsoaremeﬁoi @xamivg% :
ol of i no. SUBATES 56 Sie bARLENE, NadLEise O BTk BBEHBNiT na%lgﬁtsﬁc e
of simlag,Qleff Eﬁl cbr 5 ldré%(i)s ILﬁsE'effo 1(519 gln& %&;ﬁ/s(? g%outﬁgg@d

aromatic in a rlcant 0| sit1on can

pr ef er abl yseafey theit Eﬁcﬁl@ﬂ@ﬁtana%@éuﬂldﬁﬂ f6r @fa@ﬁ;ﬂéaﬂiel/r dibalatidYadrpeatieut
15% dependi ng on the application. 100261Esters conprise a useful base
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butane, trinethylol ethane, pentaerythritol and/or dipentaerythritol with
one or nore nonocarboxylic acids containing fromabout 5 to about 10 carbon
atonms. These esters are widely available comrercially; for exanple, the
Mobi | P-41 and P-51 esters of ExxonMbil Chem cal Conpany. '

[ 0029] Non- conventi onal or unconventional base stocks and/or base oils

i nclude one or a mxture of base stock(s) and/or base oil(s) derived from
(1) one or nore Gas-to-Liquids (GIL) materials, as well as; (2)
hydrodewaxed _or hydr0| sorrerlzed/cat (and/ or sol vent) dewaxed base stock(s)



conbi nati on, transformation, rearrangenment, and/or
degradati on/ deconstructi ve processes from gaseous carbon-contai ni ng
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butynes. GIL base stocks and/or base oils are GIL materials of lubricating
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all of which are material$ already well known to the practitioner skilled
in the art and docunented in LUBRI CANTS AND RELATED PRODUCTS by Kl amann,
Verlag Chem e, Deerfield Beach, Florida (ISBN 0-89573-177-0), "Lubricant
Additives" by M W Ranney, Noges Data Corporation, Parkridge, New Jersey
(1978) and "Lubricant Additives", C V. Smaltheer and R K. Smth,

Legi ers- Hel en Conpany, C eveland, Chio (1967). [0036] The ionic liquid can
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preferably about 50C with slurry. To the heated solution of ionic liquidis
then added the zinc or nolybdenum DDP or zinc or nol ybdenum DTC. 100391 The
m xt ure iwothembiert her heated at a tenperature betweenPabaso1$00d467 120C,
preferably about 90C for a tine sufficildnt for the ionic liquid and the
zinc or. nolybdenum DDP or DTC to interact, preferably about thirty m nutes
to two hours, preferably about one hour. A light brown clear solution is
formed up ol 1:n04; e J.o0: E Ul k or DTC
can be ool R mERClaRIAiE det LIy ERGIOME, &S lbn I RGRE B R )
nore pref gi@l Varlétd dfaldbhbls SidH as baxie a%ﬁbﬁmkr}/aﬂ:bﬁok dodedyl diestiol, 2-
preferably 1:1 If it was already intended that the lubricating oil contain
such zi ncethylhexly) bitehameBDPSpecifit@xantpdes af these éypasmfrasters isclode Dtk DTC
used as premx with the ionjc liquid can nt. for all or part of the

cco (
treat |evedipate, s diB-eshplhsxybreebasaei a 1'6ﬁif‘giYh:alﬁ1913F4f?enéwwlorseé’éﬁfi‘tﬁ on to
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above thedﬁmg; sé¥achiePe@r DTC originally intended for addition to the oil,
but | ess can be enployed. 100401 The anount of such prenix added to the
| ubricating oil is an anmount sufficient to add to the lubricating oil an

amount of [0027]c |PAtitwaily tiFuRkOABIRED! éRadaleattgReOvhadindte Gbldintd By 0 wt %
ionic liquid, preferably about 0.1 to 1.50 % ionic liquid, nore

pr ef er abl eagtingond of mareqdByhydri¢ aleobolsi prafarabde e hindeted palyels (srdhyas  of
the lubricating oil iorrmiya ion. WD 2010/ 096167P /USZ.OlOiQO 457 - 17 -
EXAMPLES theanpicepentyl ooReyOks:t oris at‘%ﬁPR?ﬂ@g ergéY > 0i 1 yiolal 6ha88- f or

its anti - i -frictiz0 r engli oi | nt ai ped 9
wooof anca0eeFowrpbuEl - SHsRERt T s AN ARPinG; pshFREARCROD BITC
anti - f Oana@%ma@wth%éslwm Al oi® Gl Eshthihihd @t Jeakk UboLE At cArBYR| atéfBP (at
0.1 % and MIly DTC (at 0.1 w% . To separate sanples of this oil was
added 0. 1pmeféfabhdiCsitdu@ld gcidé suah iasumtumated straight dbainl fattyaacids Hacluding
anti-wear/antj-friction performnce of each m xture was evaJ uated. .

[ 0042] Thecamylic aeud/ @rtic-a¢idst laprc perd.omysiste a@f&th?ém(b‘il‘F awaJs sicpsicuatidd by

PErR conaftiar Bt hienit 512 BF AR HorkBanghReh Bdhta Fftn. ARl 4a8G7Y
Step 1: Fﬁh&%ﬁﬁfbd%};ttry':dciiﬁ §RA JEASH RId, W thPEutRDf Zay BMHERSmterfals.

tenperature rising om30 to 180C at 2 CUmnute. Stép 2: Friction #2:
Friction neasured for 60 m nutes while holding tenperature at 180C.

[ 0043] The G(Hgﬂrs rSifitables sgﬁ&leﬁbeés@éﬁ e6mipondisl @chide W@ esters of trimethylol

2010/ 096167PCT/ US2010/ 000457 - 18 - Table 1  War Scar, micron Friction #1
propane, trimethylol butane, trimethylol ethane, pentaerythritol and/or
dipentaerythritol with one or more monocarboxylic acids containing from about 5
to about 10 carbon atoms. These esters are widely available commercially; for

example, the Mobil P-41 and P-51 esters of ExxonMobil Chemical Company.

[0029] Non-conventional or unconventional base stocks and/or base oils
include one or a mixture of base stock(s) and/or base 0il(s) derived from: (1) one
or more Gas-to-Liquids (GTL) materials, as well as; (2) hydrodewaxed, or
hydroisomerized/cat (and/or solvent) dewaxed base stock(s) and/or base oils
derived from synthetic wax, natural wax or waxy feeds, mineral and/or non-
mineral oil waxy feed stocks such as gas oils, slack waxes (derived from the
solvent dewaxing of natural oils, mineral oils or synthetic; e.g., Fischer-Tropsch

feed stocks), natural waxes, and waxy stocks such as gas oils, waxy fuels



Friction #2 Reference G |: 5WB0 178 0.119 0.082 0.1 wt%of IL in QI
1-butyl -4-nmet hyl peridiniumtetrafl uorborate 145 0.097 0.081

1- but yl - 4awoebtwdopwri di ni um hexaf | uor ophosphat e 140 0. 092C®/U32010/000457
2-benzyl-3-net hyl i ni dazoliumtetraflurdBorate 138 0.085 0.082

1- benzyl- 3- net hyl i m dazol i um hexaf | uor ophosphat e

hydrocracker bottoms, waxy raffinate, hydrocrackate, thermal crackates, foots oil
or other mineral, mineral oil, or even non-petroleum oil derived waxy materials
such as waxy materials received from coal liquefaction or shale oil, linear or
branched hydrocarbyl compounds with carbon number of about 20 or greater,

preferably about 30 or greater and mixtures of such base stocks and/or base oils.

[0030] GTL materials are materials that are derived via one or more synthesis,
combination, transformation, rearrangement, and/or degradation/deconstructive
processes from gaseous carbon-containing compounds, hydrogen-containing
compounds and/or elements as feed stocks such as hydrogen, carbon dioxide,
carbon monoxide, water, methane, ethane, ethylene, acetylene, propane,
propylene, propyne, butane, butylenes, and butynes. GTL base stocks and/or base
oils are GTL materials of lubricating viscosity that a re generally derived from
hydrocarbons; for example, waxy synthesized hydrocarbons, that are themselves
derived from simpler gaseous carbon-containing compounds, hydrogen-
containing compounds and/or elements as feed stocks. GTL base stock(s) and/or
base oil(s) include oils boiling in the lube oil boiling range (1)
separated/fractionated from synthesized GTL materials such as, for example, by
distillation and subsequently subjected to a final wax processing step which
involves either or both of a catalytic dewaxing process, or a solvent dewaxing
process, to produce lube oils of reduced/low pour point; (2) synthesized wax
isomerates, comprising, for example, hydrodewaxed or hydroisomerized cat
and/or solvent dewaxed synthesized wax or waxy hydrocarbons; (3)
hydrodewaxed or hydroisomerized cat and/or solvent dewaxed Fischer-Tropsch
(F-T) material (i.e., hydrocarbons, waxy hydrocarbons, waxes and possible
énalogous oxygenates); preferably hydrodewaxed or hydroisomerized/followed by
cat and/or solvent dewaxing dewaxed F-T waxy hydrocarbons, or hydrodewaxed
or hydroisomerized/followed by cat (or solvent) dewaxing dewaxed, F-T waxes,

or mixtures thereof.



1- buty1- 3- et hyl i m dazol i um tetrafl uoroborate

1-butyl-1-nmethyl pyrrolidiniumtetrafl uoroborate

1- but yl - woebtwdopaerr ol i di ni um bi s(trifl uoromet hyl sul f onpCriuseae/o0®@27 0. 116
0.092 trinexyltetradecyl phosphoni um t etlfaf | uor obor at e

t et rabut yl phosphoni um tetrafl uoroborate t et r ahexyl amoni um

tetrafl uoroborate 128

[0031] GTL base stock(s) and/or base oil(s) derived from GTL materials,
especially, hydrodewaxed or hydroisomerized/followed by cat and/or solvent
dewaxed wax or waxy feed, preferably F-T material derived base stock(s) and/or
base oil(s), are characterized typically as having kinematic viscosities at 100°C of
from about 2 mm?¥s to about 50 mm?%s (ASTM D445). They are further
characterized typically as having pour points of -5°C to about -40°C or lower
(ASTM D97). They are also characterized typically as having viscosity indices of
about 80 to about 140 or greater (ASTM D2270). |

[0032] In addition, the GTL base stock(s) and/or base oil(s) are typically
highly paraffinic (>90% saturates), and may contain mixtures of
monocycloparaffins and multicycloparaffins in combination with non-cyclic
isoparaffins. The ratio of the naphthenic (i.e., cycloparaffin) content in such
combinations varies with the catalyst and temperature used. Further, GTL base
stock(s) and/or base oil(s) typically have very low sulfur and nitrogen content,
generally cbntaining less than about 10 ppm, and more typically iess than about 5
ppm of each of these elements. The sulfur and nitrogen content of GTL base
stock(s) and/or base oil(s) obtained from F-T material, especially F-T wax, is
essentially nil. In addition, the absence of phosphorous and aromatics make this

materially especially suitable for the formulation of low SAP products.

[0033] The term GTL base stock and/or base oil and/or wax isomerate base
stock and/or base oil is to be understood as embracing individual fractions of such
materials of wide viscosity range as recovered in the production process, mixtures
of two or more of such fractions, as well as mixtures of one or two or more low
viscosity fractions with one, two or more higher viscosity fractions to produce a

blend wherein the blend exhibits a target kinematic viscosity.

[0034] The GTL material, from which the GTL base stock(s) and/or base oil(s)
is/are derived is preferably an F-T material (i.e., hydrocarbons, waxy

hydrocarbons, wax).



0.069 0.074 1-butyl -4-nethyl peridiniumDDP (Cl12) 78 0.07 0.051

1- butyl - 4- met hyl peridi nium DTC (C12) 96 0.078 0.066 [0044] As can be seen,
i n gener avotzhw/qsw3ence of the ionic liquid in the | ubriPcattsagoodd4sT esul ts
in the oil exhibiting wear and frictionSproperties no worse than and in
nost instances significantly superior to those possessed by the original
formul ated oil. Exanple 2 [0045] I n anot her set of experinents t he
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exanples to whic he prem x was ad had had the ZDDP or

backed- oupérbornidreed fadditiviese seldprak fseomt kisterpéres ardispersarts, Z@BEnohc Mahi[-C
added to the oil via the ionic liquid prem x would be the same as the
anount of om@wSouanmmT@w@ms,u othenantieweare additiyes, gimdmai ajoepdntaiths
present. The ZDDP
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Prem xed w
modifiers, etc., all of which are materials already well known to the practitioner

skilled in the art and documented in LUBRICANTS AND RELATED PRODUCTS by
Klamann, Verlag Chemie, Deerfield Beach, Florida (ISBN 0-89573-177-0),
“Lubricant Additives” by M. W. Ranney, Noges Data Corporation, Parkridge,
New Jersey (1978) and “Lubricant Additives”, C. V. Smaltheer and R. K. Smith,
Legiers-Helen Company, Cleveland, Ohio (1967).

[0036] The ionic liquid can be added to the base stock and/or base oil as such
or to formulated lubricants comprising base stocks/base oils and at least one

additional performance additive.

[0037]  When the lubricating oil is a formulated oil which contains at least one
_ of zinc or molybdenum, dialkyl dithiophosphate or zinc or molybdenum dialkyl
dithiocarbamate, preferably zinc dialkyl dithiophosphate (ZDDP) or molybdenum
dialkyl dithiocarbamate (MoDTC), the anti-wear/anti-friction effect on the ionic
liquid is unexpectedly increased when the ionic liquid is premixed with the zinc or
molybdenum dialkyl dithiophosphate or zinc or molybdenum dialkyl
dithiocarbamate prior to addition to the lubricating oil; that is, the ionic liquid and
the ZDDP or MoDTC are mixed together and added as é premix to the lubricating
oil. The alkyl groups can be the same or different and can be selected from Cs to
Cy, primary or secondary alkyl groups, preferably they are secondary alkyl
groups. Premixing can be accomplished by simply adding the ionic liquid and the
zinc or molybdenum DDP or zinc or molybdenum DTC together with sufficient

heating for the ionic liquid and the zinc or molybdenum DDP or DTC to react.



Wear Scar, micron Friction #1 Friction #2 War Scar, Mcron Friction #1
Friction #2 Reference G |: 5WB0
WO 2010/096167 PCT/US2010/000457
-16 -

[0038] Preferably the ionic liquid alone is heated at from 30 to 120°C,
preferably about 50°C with slurry. To the heated solution of ionic liquid is then

added the zinc or molybdenum DDP or zinc or molybdenum DTC.

[0039] The mixture is then further heated at a temperature between about 50 to
120°C, preferably about 90°C for a time sufficient for the ionic liquid and the zinc
‘or. molybdenum DDP or DTC to interact, preferably about thirty minutes to two
hours, preferably about one hour. A light brown clear solution is formed upon
cooling. The ionic liquid and the zinc or molybdenum DDP or DTC can be
combined in any ratio, but preferably in a ratio of 1:10 to 10:1, more preferably
1:4 to 4:1, still more preferably 1:2 to 2:1, most preferably 1:1 If it was already
intended that the lubricating oil contain such zinc or molybdenum DDP or DTC
material, the amount of such DDP or DTC used as premix with the ionic liquid
can account for all or part of the treat level of such DDP or DTC material
originally intended for addition to the lubricating oil; that is, the amount of DDP
or DTC material added to the oil as premix with the ionic liquid is not in addition
to or over and above the amount of DDP or DTC originally intended for addition

~ to the Qil, but less can be employed.

[0040] The amount of such premix added to the lubricating oil is an amount
éufﬁcient to add to the lubricating oil an amount of ionic liquid in the
aforementioned range of about 0.01 to 5.0 wt% ionic liquid, preferably about 0.1
to 1.50 wt% ionic liquid, more preferably about 0.1 to 0.5 wt% ionic liquid based

on the total weight of the lubricating oil formulation.



0.1 wt%of ILin Ol 1- butyl -4-met hyl peridiniumtetrafl uoroborate 124
0. 067 0.056 136 0.054 0.050 1-butyl-4-nethyl peridi ni um hexafl uorophosphat e

113 0. 059wW0.20029487 0. 047 PCT/US2010/000457
-17-

EXAMPLES

Example 1

[0041] A formulated 5W30 engine oil was evaluated for its
anti-wear/anti-friction performance. The engine oil tested contained 9 wt% of an
additivé treat adpack, friction modifier, dispersant, detergent, anti-foamant, anti-
oxidant, and including in the 9 wt% treat level ZDDP (at 0.1 wt%) and Moly DTC
(at 0.1 wt%). To separate samples of this oil was added 0.1 wt% individually of
various ionic liquids (IL) and the anti-wear/anti-friction performance of each

mixture was evaluated.

[0042] The anti-wear/anti-friction performance of the oil was evaluated by

subjecting the subject oil to standard HFRR laboratory test ASTM (D6079):
HFRR conditions: 2°C/minute for 75 minutes, temperature range 30 to 180°C.

Step 1: Friction #1: Friction measured during the 75 minutes with temperature

rising from 30 to 180°C at 2 °C/minute.

Step 2: Friction #2: Friction measured for 60 minutes while holding temperature

at 180°C.

[0043]  The tests results are presented in Table 1:



0. 039 1-benzyl-3-nethylimdazoliumtetrafluroborate 102 0.044 0.026 98
0.022 0.019 1-benzyl-3-nethylim dazolium hexafl uorophosphat e

1- but yl - woebtwidsrsrdazol i um t et raf | uor oborate PCT/US2010/000457
1-butyl-1- et hyl pyrrolidiniumtetrafl udBeborate

Table 1
Wear Friction | Friction
Scar, #1 #2
micron
Reference Oil: SW30 178 0.119 0.082
0.1 wt% of IL in Oil : ‘
1-butyl-4-methylperidinium tetrafluorborate 145 0.097 | 0.081
1-butyl-4-methylperidinium hexafluorophosphate 140 0.092 0.09
2-benzyl-3-methylimidazolium tetrafluroborate 138 0.085 0.082

1-benzyl-3-methylimidazolium hexafluorophosphate
1-butyl-3-methylimidazolium tetrafluoroborate
1-butyl-1-methylpyrrolidinium tetrafluoroborate
1-butyl-3-methylpyrrolidinium 182 0.116 0.092
bis(trifluoromethylsulfonyl)imide
trimexyltetradecylphosphonium tetrafluoroborate
tetrabutylphosphonium tetrafluoroborate

tetrahexylammonium tetrafluoroborate 128 0.069 0.074

{1-butyl-4-methylperidinium DDP (C,,) 78 0.07 0.051

1-butyl-4-methylperidinium DTC (C,,) 96 0.078 0.066
[0044] As can be seen, in general the presence of the ionic liquid in the

lubricating oil results in the oil exhibiting wear and friction properties no worse
than and in most instances significantly superior to those possessed by the original

formulated oil.

Example 2

[0045] In another set of experiments the formulated 5W30 lubricant was
additized with 0.1 wt% of various ionic liquids but the ionic liquids were added as
premixes with either ZDDP or MoDTC. The adpack added to the 5W30
lubricating oil in the case of the examples to which the premix was added had had
the ZDDP or MoDTC backed-out/omitted from the adpack so that the amount of
ZDDP or MoDTC added to the oil via the ionic liquid premix would be the same. |
as the amount of ZDDP or MoDTC present in the reference oil when no premix- |
was present. The ZDDP used was a secondary C; to Cq alkyl ZDDP while the
Moly DTC was a C4 alkyl Moly trimer DTC. The results are provided in Table 2:



1- butyl - 3-met hyl pyrrolidiniumbis(trifluoronmethylsulfonyl)imde 166 0.088
0.09 160 0.064 0.069 Tri hexyl tetradecyl phosphoni um tetrafl uoroborate

Tet r abut yWohosphers7um t et r af | uor obor at e19 PCT/US2010/000457
Table 2
Premixed with ZDDP Premixed with MoDTC
Wear Wear | Friction | Friction
Scar, | Friction | Friction | Scar, #1 #2
micron #1 #2 Micron

Reference Oil: SW30
0.1 wt% of IL in Qil

1-butyl-4-methylperidinium tetrafluoroborate 124 0.067 0.056 136 0.054 0.050
1-butyl-4-methylperidinium hexafluorophosphate 113 0.059 0.052 137 0.047 0.039
1-benzyl-3-methylimidazolium tetrafluroborate 102 0.044 0.026 98 0.022 0.019

1-benzyl-3-methylimidazolium hexafluorophosphate
1-butyl-3-methylimidazolium tetrafluoroborate
1-butyl-1-methylpyrrolidinium tetrafluoroborate
1-butyl-3-methylpyrrolidinium 166 0.088 0.09 160 0.064 0.069
bis(trifluoromethylsulfonyl)imide
Trihexyltetradecylphosphonium tetrafluoroborate
Tetrabutylphosphonium tetrafluoroborate
Tetrahexylammonium tetrafluoroborate 110 0.06 0.049

All premixes were made by heating the ionic liquids to a temperature of about -
'50°C with stirring. To that solution was added an appropriate amount of ZDDP or
MoDTC to achieve a 50:50 molar ratio, and the mixture heated to 90°C with
stirring for one hour. The amount of premix added in each case was sufficient to

introduce 0.1 wt% of ionic liquid per se into the lubricating oil.

Example 3

[0046] The anti-wear and anti-friction performance of a particular ionic liquid
per se and as premixes in various ratios with ZDDP was also investigated. The

results are presented in Table 3:



Tet r ahexyl ammoni um t et raf | uoroborate 110 0. 06 0. 049 Al'l prem xes were
made by heating the ionic liquids to a tenperature of about 50C with
stirring.woaotdmmsiesol uti on was added an appropriate anoeot/uskolADDRSDr MODTC
to achieve a 50:50 nolar ratio, and thé€0m xture heated to 90C with stirring
for one hour. The anobunt of prem x added in each case was sufficient to

I ntroduce 0.1 W% of ionic liquid per se into the lubricating oil. Exanple
3 100461The anti-wear and anti-fri Ct"fa%'i'e gerfor mance of a particular ionic
liquid per se and as prem xes in various tatios wth ZDDP was al so

i nvestigated. The results are presented in Tabl e [3yeafO
2010/ 096167PCT/ Us2010/ 000457 - 20 - Table 3 Wear Sggla’tr ) FMc?iroRn I@iét%ﬂ pn #1
Micron #1 #2

1-butyl-4-methylperidinium tetrafluoroborate 264 0.11 0.085
(NEAT)
1-butyl-4-methylperidinium tetrafluorobotate + 591 0.122 0.177
ZDDP (50:50molar ratio) (NEAT) :
1-butyl-4-methylperidinium tetrafluoroborate + 566 0.134 0.18
ZDDP (25:75 molar ratio) (NEAT) :
1-butyl-4-methylperidinium tetrafluoroborate + 584 0.127 0.189
ZDDP (75:25 molar ratio) (NEAT)
ZDDP NEAT 584 0.13 0.295

As can be seen, the ionic liquid per se and as premixes in various ratios with -
'ZDDP when evaluated as such and not being added to lubricating oil (i.e., neat)
exhibited quite severe wear scar values, and Friction #1 and Friction #2 results no
better ,fhan, and as premixes, significantly inferior as compared to the SW30
formulated oil per se (Table 1) or as additized with ionic liquid premixes (Table
2). One would not have expected ionic liquids or ionic liquid premixes which
when evaluated as such exhibited poor wear scar and friction test performances to
have the positive influences they exhibit when added in an additive amount to a

lubricating oil formulation.



Friction #2 1-butyl-4-nethyl peridiniumtetrafluoroborate (NEAT) 264 0. 11

0. 085 1-butyl-4-nmethyl peridiniumtetrafluorobotate + ZDDP (50: 50nol ar

rati o) (NEODP10#®8160. 122 0. 177 1-butyl-4-net hyl peri di ni urCrasSe@blosasobor at e
+ ZDDP (25:75 nolar ratio) (NEAT) 566 2134 0.18 1-butyl-4-nmethyl peridini um
tetrafl uoroborate + ZDDP (75:25 nolar ratio) (NEAT) 584 0.127 0.189 ZDDP
NEAT 584 0.13 0.295 As can be seen, the ionic liquid per se and as

prem xes | \/I%}ifs,ous rati os with ZDDP when eval uated as such and not being
added to icating oil (i.e., neat) exhibited quite severe wear scar

val ues, and Friction #1 and Friction #2 results no better than, and as
prem xes, significantly inferior as conpared to the 5WB0 formnul ated oil per
se (Table 1) oil. as Adahethotefbrweddcingriction gnd dvqar émintemal Cambas@yn One

woul d. not have expected ionic liquids or ionic |liquid prem xes which when
eval uat edergineybbricatadowitb dubrentingail commrisirgia baseoil ghdaasaddiiéyd or mances
Coony oA oRTEb e B R G R 50 e BB v

or dispersant by the addition to the lubricating oil of an additive amount of one

or more ionic liquids.

2. The method of claim 1 wherein the additive amount of ionic
liquid(s) is in the range of about 0.01 to 5.00 wt% based on the total weight of

the lubricating oil.

3. The method of claim 2 wherein the ionic liquids are salts formed

of cations and amine joined thfough an ionic bond.



WO 2010/ 096167PCT/ US2010/ 000457 -21- CLAI MVs: 1. A nethod for reducing
friction and wear in internal conbustion engines lubricated with

| ubri cat iwgQ 20i0/096¢wApri sing a base oil and an additive amolruS2ab/oai45t east
one additive selected fromanti-oxi dar€?-anti-wear, detergent or dispersant
by the addition to the lubricating oil of an additive anbunt of one or nore
ionic liquids. 2. The nethod of claim1 wherein the additive anount

Cotal wei ght oF + el T feidior 88R SvhERiincl oy e s BAREE T he.

ionic liquids are salts forned of cations and am ne joined through an ionic

bond. - 22 - 4. The met hod of cl ai m§1 wherein the cations are selected from
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R5 0 X(b) OR51 N+ RS5R5 wherein each of R1 to R12 may be the sane or
different and are selected fromthe group consisting of hydrogen, -OH Cl1
to C16 alwgl2ogromemis), C2 to C8 al kenyl group(s) wherei rCrhis2abloydssor

al kenyl group(s) may contain heteroatoe@substituent groups selected from
-CN, -S03H, -OH, Cl to C8 fluorocarbon group(s), C6 to C10 aryl group(s),
C7 to C12 arylal kyl group(s), C7 to Cl12 al kylaryl group(s), all of which
group(s) may have an,ether bond, Cl to C8 al koxy group(s), and wherein R5's
are the sane or diFferent and are selected from hydrpgen, Cl1 to Cl10 al kyl,
Cl to Cl10 hydroxya

yxd% t yIQW?OQﬁaI kyl, C7 to Cl12
al karyl and (a), (b) a ( are integers randigg from1l to 30, preferably
1 to 10, and m xtures of \puch cations, and the anions areggel ected fromthe

group consisting of BX4-, Al 2X7, Ga2X7-, PX6- wherein X is hal ogen,

R170S03-, Ri 7S03-, SO, PX-3, NO3-, (CN2N, R172pO4-, R18C00-, R170000-,
R18P02-, SCW HQ R18) Ooﬁa‘RIEﬂ‘G?Q RMQCFR n+1-x) Hx) S03-,
(CnF(217+1-x)f1x)C_8 0-, F(HF)n-, (({OE

(2n+1-x)|—Ix)Y((CnF(B, +1,)14,)Y 0,)2N (wherein Y' is a carbon atomor a

sul fur atom when nore than a single Y is present they nmay be the sane or
different fromone another, a plurality of groups nmay be

the same or differegt from one another), nis an integer, x is an integer

of 0to 13, z is aR | eger of 1 to 3-wh —h§ a carbon WO

2010/ 096167PCT/ US2010/ O 0457?/—211—-%?0m and 0O ¢t r@ﬁ'é is a sulfur
atom B(CnY (2m+04-, P(CmY (2mtl))6- wherein Y- is a hydrogen atomor a

f1 uorine at om wherei n whelN a plurality of Y-s are present they may be the
sanme or different fromne other, a plurality of (Cn¥-(2m+0) groups may
be the sane or di-ffgent fromopne another, mis an integer of 0 to 6, Rl7

i s hydrogen, Cl toR10 al kyl, to C10 aryl, or alkyl or alkylaryl, Ri8 is
Cl to C10 alkyl, G to, ClO,aryl, C7 to Cl2 arylalkyl or C7 to C12

al kyl ar yl wherimeach of R 1@Ryhmay tritheisameron ¢iffepentandyare selegtpddrom the R

\(/)\A:egii ? O%gg%%%yiggyﬁfgg{d%?ge@;mm; f6%rll%rf]tgr%1rllg(s§,e&§ &)t 89 a{kre(r)lgfl hydrogen

' group(s) wherein the alkyl or alkenyl group(s) may contain heteroatom
substituent groups selected from —CN, -SO;H, -OH; C, to C; fluorocarbon
group(s), C¢ to Cyq aryl group(s), C; to Cy, arylalkyl group(s), C; to C,, alkylaryl |
group(s), all of which group(s) may have an ether bond, C, to Cg alkoxy
group(s), and wherein R’’s are the same or different and are selected from
hydrogen, C, to Cy alkyl, C,; to Cy( hydroxyalkyl, Cs to Cyg aryl, C;to Cy;
afalkyl, C; to Cy, alkaryl and (a), (b) and (c) are integers ranging from 1 to 30,
preferably 1 to 10, and mixtures of such cations, and the anions are selected from
the group consisting of BX,", ALX;, Ga, X7, PX¢ wherein X is halogen,
R0805", RS0y, SO;, PO,?, NO5, (CN),N", R',PO,", R"*C00", R''0CO0,
R"¥PO,, SCN', HO(R'*)COO", HS(R'*)CO0", R"*S", (C,F2,11.9Hy) SO5,
(CoF 2m1-0H)COO", FHF), ', (CoF 2r41-0H) Y O)3C, ((CoF 10 HA) Y O, N
(wherein Y’ is a carbon atom or a sulfur atom; when more than a single Y~ is
present they may be the same or different from one another, a plurality of
(C.F(2n+1-)H,) Y 'O, groups may be the same or different from one another), n is

~ an integer, X is an integer of 0 to 13, z is an integer of 1 to 3 when Y is a carbon



WD 2010/ 096167PCT/ US2010/ 000457 - 25 - wherein each of R13 to R16 may be
the sane or different fromone another and is/are groups selected from

(C, F(2n+Iwo)bioyosedser ein n and x are as 2previ ously defi nedT/tsea0/00046R% NN
tetrazolate NN\ N/ wherein Rx is H or?4Cl to Cl12 hydrocarbyl, and Qis the
nunber of available carbons in the ring, di C2-C2 0 al kyl dithiophosphate,

di C2- C20 al kyl dithiocarbamate and m xtures of such anions. WO

2010/ 096 164RETHYBAGU ARAE T 2 RBIAP arcHRCBILIOY, Ol P, ¥ er f 0 Lhe

cations are selected fromone or nore of oup ‘consi st ng of: 5 < N
R2 whereilR YR4¥Rydrogen atom or a fluorine atom wherein when a plurality of

Y s are present they may be the same or different from one another, a plurality
of (C,,,Y”(z,,,ﬂ )) groups may be the same or different from one another, m is an
integer of 0 to 6, R is hydrogen, C; to Cyg alkyl, C¢ to Cy aryl, or alkyl or
alkylaryl, R"® is C; to Cyq alkyl, Cg to Cyg aryl, C; to Cy, arylalkyl or C; to Cy,

alkylaryl,
S oR"
) N
P
7\
°S OR"®
where R'? is C; to C, alkyl,
AN
C — N
N AN
S R2!

wherein R* and R?! may be the same or different and selected from hydrogen or

C, to C,, alkyl, anion of the formula:

R14 R13

R SO,



wherein R, R2, R3, R4, R5 and R6 may be the sane or different and are

sel ected fromthe group consisting of hydrogen, ClL to C8 al kyl groups, C6

to C10 arwb2grooepsy C7 to Cl2 arylalkyl or C7 to Cl2 al legirarsgéiogomaps, and
the anions are selected fromone or nor25-of the group consisting of

tetrafl uoroborate, hexafl uorophosphate, bis(trifluoronethyl sulfonyl imde,
(F3C - 'N S CF3) 0 0 WD 2010/096167PCT/ US2010/ 000457 - 27 - 6. The

et hod of Bkl Rk BT ol S8} e i Bl SFEnl HUTh ARE Mok ST e

is/are groups selected from (C,F,+1-nH) wherein n and x are as previously

defined, and
N (0 — (RM)q —
N N
diazolate @ ) ,  triazolate <—“ ‘\N
L N- _ ' A N'/ |
(R9q
N N
tetrazolate ” ”
N N
NS
N_ —_—

wherein R* is H or C; to C;, hydrocarbyl, and Q is the number of available
carbons in the ring, diC,-C,y alkyl dithiophosphate, diC,-C,, alkyl

dithiocarbamate and mixtures of such anions.



NN /N + C6HS 1\ 1+ CAHO CH3 C4H9
WO 2010/096167 PCT/US2010/000457
-26 -

5. The method of claim 4 wherein the cations are selected from one

or more of the group consisting of:

R1 A R1
SR
N+ : ‘
[ : :
R® RS R R®
7\ R Pt 2 7\ RS
R1 N+ R4 i N\/N :
RN Rs
RZ R3

wherein Rl, Rz, R® , R4, R’ and R® may be the same or different and are selected
from the group consisting of hydrogen, C; to Cg alkyl groups, C¢ to Cjy aryl
groups, C; to Cy, arylalkyl or C; to C;, alkylaryl groups, and the anions are
selected from one or more of the group consisting of tetrafluoroborate,

hexafluorophosphate, bis(trifluoromethyl sulfonyl imide,

o) o)
|

(F3 — S—N"— S — CFy)
H
O o)

di(Cs5-C,, alkyl) dithiophosphate, di(Cs-C;; alkyl) dithiocarbamate.



and the anions are selected fromone or nore of the group consisting of
tetrafl uoroborate, hexafl uorophosphate, bis(trifluoronethyl sulfonyl imde,
(F3C - SwoNeo&er CF3) 0 0 WD 2010/ 096167PCT/ US2010/ @00ABZ010280457. The
method of claim1l1, 2, 3, 4, 5 or 6 wher?di-n the ionic liquid is prem xed

wi th zinc or nol ybdenum di al kyl dithi ophosphate or zinc or nol ybdenum

di al kyl dithiocar bamate 8. The nethod of claim7 wherein the al kyl groups

i al ky! Z.iji“fm"é nr bad e dateairs WHRIRARE TR 4L PEBlen IR o 3
to Cl12 prb t %r%gﬂ%rohsﬁhﬁ lofgroups. 9. The nethod of claim7 wherein
the ionic qU| ? l?ee Zi ng nol ybdenum di al kyl dit hi ophosphate or

zinc or nol ybdenum di al kyl dit hi ocar bamate are conbined in a ratio of 1:10
to 10: 1. 10.The nmethod of claim 7 wherein the ionic liquid(s) and the zinc
or nol ybdenum di al kyl dithi ophosphate or zinc or nolybdenum di al kyl

di t hi ocar b&iaf e are prepared é}q (a) heating t honic liquid al one
to a tenpergture of from30 t $20cC. (b) adding to\the heated ionic
liquid the Z2inc or nol ybdenum|di al kyl dithi ophosphat zinc or nol ybdenum

di al kyl di ar bamat e. heating the m xturg\of (b) to a

t enper at uge between 50 to 12(»(;{\{(/0N+a_t suff|C|ent fo\nthelonlc l'iquid
i nmol ybdenum di al™yl dit hi oBhosphat e OyH4i @Hky!

di t hi ocar barTate to interact.

CaHg
CH
’ CeH13
, CeH1z
N+/ ' H13Ce — P*—— CgHy3 ,  HizCe— NJ{._-CGH'13
C.4H
C,Hgy 147129 CgHis

and the anions are selected from one or more of the group consisting of

tetrafluoroborate, hexafluorophosphate, bis(trifluoromethyl sulfonyl imide,

o) o)
H |

(F;C —S—N — S — CFy)
| |
O o)

di(Cs-C,; alkyl) dithiophosphate, di(C;C,;, alkyl) dithiocarbamate.



11. The nethod of claim7 wherein the sole source of zinc or nol ybdenum
di al kyl dithi ophosphate or dial kyl dithiocarbamate in the |ubricating oil

i's from tWe 2proans 67 - PCT/US2010/000457

7. The method of claim 1, 2, 3, 4, 5 or 6 wherein the ionic liquid is
premixed with zinc or molybdenum dialkyl dithiophosphate or zinc or

molybdenum dialkyl dithiocarbamate.

8. The method of claim 7 wherein the alkyl groups of the zinc or
molybdenum dialkyl dithiophosphate or zinc or molybdenum dialkyl
dithiocarbamate are the same or different and are selected from C; to Cy;

primary or secondary alkyl groups.

9. The method of claim 7 wherein the ionic liquid(s) and the zinc or
molybdenum dialkyl dithiophosphate or zinc or molybdenum dialkyl

dithiocarbamate are combined in a ratio of 1:10 to 10:1.

10.  The method of claim 7 wherein the ionic liquid(s) and the zinc or
r_nolybdenﬁm dialkyl dithiophosphate or zinc or molybdenum dialkyl
dithiocarbamate are prepared by:

(a)  heating the ionic liquid alone to a temperature of from 30 to 120°C.

(b)  adding to the heated ionic liquid the zinc or molybdenum dialkyl
dithiophosphate or zinc or molybdenum dialkyl dithiocarbamate.

(¢)  heating the mixture of (b) to a temperature between 50 to 120°C
for a time sufficient for the ionic liquid and the zinc or molybdenum dialkyl

dithiophosphate or dialkyl dithiocarbamate to interact.

11. The method of claim 7 wherein the sole source of zinc or
- molybdenum dialkyl dithiophosphate or dialkyl dithiocarbamate in the

lubricating oil is from the premix.



