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IONIC LIOQUIDS AS LUBRICATING OIL BASE STOCKS,
COBASE STOCKS AND MULTIFUNCTIONAL
FUNCTIONAL FLUIDS

FIELD

1801} This disclosure relates to compositions that ionclude an ionic hquad alkyl
aramonium salt {e.g., tetraalkylammonium cation and bis{trifluoromethanesulfonylyimide
andon} or aun ionic Hquid jdazeohumw salt (e.g., 13-dialkylinndazolium cation and
bis{irifluoromethancsulfonyljimide anion}, a lubricating o1l base stock and lubricating o1l
containing the composition, a multifunctional functional fluid containing the
compeosition, and a method for improving solubility of an ionic lignid in a fubricating oil
by using as the lubricating o1l a formulated oil comprising a lubricating oil base stock as
a major component, and an ionic liquid alitylammonium salt cobase stock, or an ionic

liguid imidazolinm salt cobase stock, as a minor component.

BACKGROUND

6602} lonic liquids arc useful as solvents in chemical synthesis, clectrochemistry,
and other applications due to theiwr vltra-low vapor pressure, non-flammmability, and high
thermal stability. lonic liquids are comprised of ions. Conventional tonic liquids include
those where the cation is l-alkyl-3-methylimidazoliom, N-alkylpyridinium, or
tetraalkylphosphoninm. The organic cations, which are generally relatively large
comparcd with simple norganic cations, account for the low melting points of the salts.
Agptons range from simiple inorganic anions to large complex anions. The synthesis
process does not mvolve high pressures (usually ambient air) or high temperatures

{usually 60-80°C).

[B003] lonic hquids have features that make them attractive for tribological
applications, including neghigible volatility, non-flammability, high thermal stability, and
better intrinsic performance. These characteristics may avoid the need to add expensive

additives to factlitate lubrication, as in the case of conventional mineral-gil-based
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[R)

tubricants. Detergents may not be necessary becanse ionic liquids act as solvents,
defoamers may not be necessary due to the ultra-low vapor pressure of ionic Hquids,
anti-oxidants may not be necessary due to the high thermal stability of ionic liquids, and
anti~wear additives may not be necessary if ionic liquids form boundary lubricating

films.

66064} Limited publications have shown the potential for using ionic liquids as a new
class of lubricants. U.S. Patent 7,754,664 discloses a lubricant or lubricant additive that
is an ionic liquid alitylammonium salt. The alkylammonium salt composition comprises
an  tomic  liquid  alkylamamominm  salt  represemted by the  fornumila
RaNHawy LIF3C{CF2),8(0) o N where x is 1 to 3, wherein R is independently Cy to Co2
straight chain alkyl, branched chan alkyl, cycloalkyl, alkyl substituted cycloalkyl,
cycloalkyl substituted alkyl, or, optionally, when x is greater than 1, two R groups
comprise a cyclic structure including the nitrogen atom and 4 to 12 carbon atoms, and v

is mdependently O to 11,

[(0O5] Armmontum salts of partial esters of phosphoric and thiophosphoric acids are
commercially available as extreme pressure and antiwear additives for lubricants and are
disclosed in US. Patent Nos. 5,464,549 and 5,942,470, Other patents disclosing
ammonium salts of other large anions for lubricants include U.N. Patent Nos. 3,951,973,
4,115,286 and 4,950,414 where the anions are trithiocyanurate,
bisf(mercaptohydrocarbyljethylenedioxyiborates, and cyclophosphetane  devivatives,

respectively.

[6086] U.S. Patent Application Publication No. 2009/0270286 discloses a synthetic
lubrication oil that comprises an ionic hquid containing an organic cation sclected from
the group consisting of an imidazolum cation, a pyridiniom cation, a quaternary
aramonium cation and a quaterpary phosphonium cation and a bis(fluorosulfonyliimide
anion, and one comprising an ionic liquid composition which comprises an 1onic Hquid
{A) containing a f-cthyl-3-methylimidazolium cation and an tonic liquid (B1) containing
a l-methyl-3-propylimidazohum cation and/or an ionic liguid (B2) containing a

1-methyi-3-isopropylimidazolium cation.
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[6687] However, there remains a veed to develop ionic hquads that exhibit superior
lubricating propertics as the primary lubricant or as hubricant additives, and that also
exhibit solubility i conventional base stocks, c¢.g., Group -V basc stocks. lonic
hubricants with anions that permit superior thermal stabilility are also desirable for

lubricants and lubricant additives.

[G008] In particular, there is a need for base stock which would be suitable, for
cxample, for special bearing applications such as for operation at greater than 250°C,
where conventional hydrocarbon lubricants start decomposing, but many ionic higuids
arc stable. Most ionic liquids, however, have little to no solubility (<1%} in nonpolar
hydrocarbon oils, e.g., Group -1V base stocks. Therefore, there is a present need to

cvelop 1onic hiquids with good solubility in nonpolar lubricating basc oils.

66091 The present disclosure provides many additional advantages, which shall

become apparent as described below.

SUMMARY

[6010] This disclosure relates in part to a cornposition comprising:
(1) anonic Hguid alkylarmrooniur salt represented by the formula
RN J[FCS(O), N (5

whercin R 18 independently €, to Cys straight chain alkyl, branched cham alkyl,
cycloalkyl, alkyl substituted cycloalkyl, cycloalkyl substituted alkyl, or, optionally, two
R groups comprise a cyclic structure meluding the nitrogen atom and 4 to 12 carbon
atoms; wherein the 1onic liquid alkylammoniuro salt has a structure sufficient to exhibit

at least partial solubility in one or more Group I-V base stocks; or

{ii}  an ionic liquid imidazolium salt represented by the fornula
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wherein R' and R’ are independently a €, to Cay straight chain or branched chain alkyl
group, a Uy to Cyg aryl group, a Gy to Cyy arylalkyl group, a Cy to Cyy alkylaryl group, a
s to Cx alkenyl group, a € to Ty alkoxy group, a Cs to Cy alkinyl group, ora Cy to Cg
acyl group, provided at least one of R' and R” is a Cyo to Cys straight chain or branched
chain alkyl group; RY, R* and R® are hydrogen; wherein the ionic liquid imidazolium salt
has a structure sufficient to exhibit at least partial solubility in one or more Group -V

base stocks.

16011 This disclosure also relates in part to a hubricating oil base stock comprising:

(i} an ionic liquid alkylarnmonium salt represented by the formula
RN [P CS(0) LN t¥

wherein R s independently C; to Cys straight chain alkyl, branched chamn alkyl,
cycloalkyl, alkyl substituted cycloalkyl, cycloalkyl substituted alkyl, or, optionally, two
R groups comprise a cychic structure meluding the nitrogen atom and 4 to 12 carbon
atoms; wherein the ionic liguid allkylammonium salt has a structure sufficient to exhibit

at lcast partial solubility 1n one or more Group -V base stocks; or
(i1} anionic hquid imidazoliura salt represented by the formula

-

b

‘\“‘:\ “A\. ,J\ - 'R‘l

5

& RY IR OS8O BN )

. pi 3 . ‘ \ . : . ,
wherein R and R are independently a C; to Ty straight chain or branched chaiu alkyl

group, a C4 to Cyp aryl group, a €5 to Oy arylaikyl group, a2 €5 to Ty alkylaryl group, a
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s to Cg alkenyl group, a € to Ty alkoxy group, a C; to Cx alkinyl group, ora C to Gy
acyl group, provided at least one of R' and R is a Cyo to Cyq straight chain or branched
chain alkyl group; R, R* and R’ arc hydrogen; whercin the ionic liquid imidazolium salt
has a structure sufficient to exhibit at least partial sohubility in one or more Group -V

base stocks.

6612} This disclosure further relates in part to a lobricating ol comprising a
lubricating o1l base stock as a rajor component, and an 1onie higuid alkylammonium salt
cobase stock or an ionic liguid imidazolium salt cobase stock, as a minor component;

wherein the ionic hiquid alkylammonium salt is represented by the formula
RN [FCSOn LN (H)

wherein R is independently C; to s straight chain alkyl, branched chain alkyl,
cycloalkyl, alkyl substituted cycloalkyl, cycloalkyl substituted alkyl, or, optionally, two
R groups comprise a cyclic structure wnchuding the nitrogen atorn and 4 {o 12 carbon
atonts; wherein the ionic liquid alkylammonium salt has a structure sufficient to exhibit
at least partial solubility i one or more Group -V base stocks; and the ionic biquid

irnidazolium salt is represented by the formula

B IRCSOREN @

wherein R and R are independently a C; to Cos straight chain or branched chain alkyl
group, a T to Cyg aryl group, a Gy to Ty arylalkyl group, a €y to Ty alkylaryl group, a
C, to Cy alkenyl group, a € to Cy alkoxy group, a C; to Cy alkinyl group, or a € to Cy
acyl group, provided at least one of R and R” is a Cyo to Cos straight chain or branched
chain alkyl group; R%, R* and R’ are hydrogen: wherein the ionic liquid imidazolium salt
has a structure sufficient to exhibit at least partial solubility in one or more Group I-V

base stocks.
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{6813} This disclosure yet further relates in part to a voultifunctional functional fluid
comprising:
{1} an ionic liquid alkylamnmonium salt represented by the formula
RN CS(0) N (H

wherein R 18 independently € to Uy straight chain alkyl, branched chain alkyl,
cycloalioyl, alkyl substituted cycloalkyl, cycloalky! substituted alkyl, or, optionally, two
R groups comprise a cyclic structure wnchuding the nitrogen atorn and 4 {o 12 carbon
atonts; wherein the ionic liquid alkylammonium salt has a structure sufficient to exhibit

at least partial solubility in one or more Group I-V basc stocks; or

(1)  an ionic liquid imidazolinm salt represented by the formula

R? B A O8O0 LN (D

wherein R' and R’ are independently a C to Ca straight chain or branched chain alkyl
group, a Cs to T aryl group, a Gy to Cy; arylalkyl group, a C; to Cy; alkylaryl group, a
C, to Cy alkenyl group, a C; to €y alkoxy group, a C; to Cy alkinyl group, ora € t0 Cp
acyl group, provided at least one of R and R¥ is a Cyg to Cay straight chain or branched
chain alkyl group; R, R* and R’ arc hydrogen; wherein the ionic liquid imidazolium sait
has a structure sufficient to exhibit at feast partial solubility one or more Group -V base

stocks.

6814} This disclosure also relates in part to a method for improving solubility of an
wnic liguid in a lubricating oil by using as the lubricating oil a formulated oil comprising
a lubricating o1l base stock as a major component, and an jonic Haguid alkylammoniom
salt cobase stock or an ionic liquid imidazolium salt cobase stock, as a minor component;

wherein the ionic liquid alkylammoniom salt is represented by the formula
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RN P O8(0 N (H

wherein R 18 independently €y to Cyg straight chain alkyl, branched chain alkyl,
cycloalkoyl, alloyl substituted cycloalkyl, cycloalioyt substituted alkyl, or, optionally, two
R groups comprise a cyclic structure including the nitrogen atom and 4 to 12 carbon
atoms; wheretn the lonic higuid alkylammontam salt has a stracture sufficient to extubit
at least partial solubility in one or more Group -V base stocks: and the ionic liquid

inudazolinm salt is represented by the formula

e
}{X - SN - RI
o \\if N
f} e
§ B CSORLN (2)

wherein R' and R’ are independently a € to Caq straight chain or branched chain alkyl
group, a {s to T aryl group, a Cy to Cyz arylalkyl group, a O to €y alkylaryl group, 2
C» to Cyx alkenyl group, a € to Ty alkoxy group, a Cy to Cy alkanyl group, or a C; to Gy
acyl group, provided at least one of R'and R is a Cpo to Coy straight chain or branched
chain alkyl group; R, R* and R” are hydrogen; wherein the ionic liquid imidazolium salt
has a structure sufficient to exhibit at least partial sohubility in one or more Group IV

base stocks.

[6815] In addition to improved sohubility and dispersibility for polar additives and/or
shudge gencrated during service of lubricating oils, improved fuel efficiency can also be
attained in an engine lubricated with a lubricating oil by using as the lubricating oil a
formulated o1l in accordance with this disclosure. The formulated oil comprises a
hubricating oil base stock as a major component, and an ionic liquid cobase stock as a
mingr component. The lubricating oils of this disclosure are particularty advantageous

as passenger vehicle engine ol (PVEQ) products.

LHBY It  has been  surprnisingly  found  that  tetraalkyl  ammonium
bis(trifluoromethanesulfonyl) imide tonic liquids of this disclosure are soluble in Group

V basc stocks such as esters and hydrocarbons such as alkylated naphthalene {AN).



WO 2014/092953 PCT/US2013/071041

Most conventional ionic liquids are polar and have little or no solubility (<1%) in
nonpolar hydrocarbon oils.  The tetraalkyl aramonium bis(trifluoromethanesulfonyl)
iroide 1onic liquids of this disclosure surprisingly exhibit desired base stock propertics
such as high thermal stability and low volatility in addition to being highly sohuble in
synthetic base stocks such as esters (Esterex ' A51: di{tridecyl) adipate) and alkylated

naphthylene (ANS).

(60617} Further, 1t has  been  swrprisingly  found  that  imidazolium
bis(trifluoromethancsulfonyl)imide ionic liquids of this disclosure are highly soluble in
Group V base stocks such as esters. Maost conventional ionie liquids are polar and have
little or no solubility (<1%} in nonpolar hydrocarbon oils. The imidazolium
bis{trifluoromcthanesulfonyliimide ionic lquids of this disclosure surprisingly exhibit
desired base stock properties such as high thermal stability and low volatility in addition
to being highly soluble in synthetic basc stocks such as esters (Esterex’'™ A5l

di{tidecyl) adipate).

G018} Further objects, features and advantages of the present disclosure will be

understood by reference to the following drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[6019] Fig. 1 sets forth properties of the ionic liquids of Examples 1 and 2 (i.e,, Kv at
100°C, Kv at 40°C, viscosity index, solubility in di{tridecyl) adipate cster, solubility in

alkylated naphthalene ANS, and therwogravimetric analysis (TGA)).

[6028] Fig. 2 sets forth propertics of the ionic liquids of Exaraples 5, 7,9, 11 and 13
(i.e., Kv at 100°C, Kv at 40°C, viscosity index, solubility in di{tridecy!) adipate ester,

solubility 1n alkylated naphthalene ANS, and thermogravimetric analysis (TGA)).
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BETAILED DESCRIPTION

(6021 Al nurnerical values within the detailed description and the claims herein are
modified by “about” or “approximately” the jndicated value, and take into account
experimental error and variations that would be cxpected by a person having ordinary

skill in the art.

Ionic Liquid Coropositions as Basc Stocks, Cobase Stocks and Multifunctional

Functional Fluids

16622} As indicated above, the compositions of formoula (1) of this disclosure

comprise an ionic liquid alkylammonium salt represented by the formula

RN [F:CS(On LN (1

wherein R 18 mdependently Cy to Cyy straight chain alkyl, branched chain alkyl,
cycloalkyl, alkyl substituted cycloallkyt, cycloalkyl substinuted alkvl, or, optionally, two
R groups comprise a cyclic structure including the nitrogen atom and 4 to 12 carbon
atoms. The ionic liquid alkylammoniom salt has a structure sufficient to exhibit at least

partial solubility in one or more Group -V base stocks.

{3823} Hlustrative R substituents include, for example, CsHy, Caly, CsHys, CeHua,
CeHys, CoHai, CoHys, CiaHypg, CsHas, and the like. The R substituents can be the

same or different.

(6024} The composttions of formula (1) of this disclosure have a viscosity (Kv o)
from 2 to 400 at 100°C, and a viscosity index (V1) from 100 to 300. As used herein,
viscosity {Kvige) s deterroined by ASTM D 445-01, and viscosity index (VI is
determined by ASTM D 2270-93 (1998}, The compositions of formula (1} of this
disclosure have a Noack volatility of no greater than 20 percent, preferably no greater
than 18 percent, and more preferably no greater than 15 percent. As used herein, Noack

volatility is determined by ASTM D-5800.
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[B025] lonic liquids of formula (1) of this disclosure comprise ammonium {¢.g.,
tetraalkylammonium) salts with a bis(perfluorcalkancsulfonylyimide anion.  These
aramoniurm salts display good viscositics for lubricating surfaces at high and low
temperatures. These salts display good thermal stability relative to conventional motor
otls where the 1onic liguid displays an onsct of decomposition that is greater than 250°C.
These salts display a solubility, preferably at least 5% or greater, more preferably at least
10% or greater, and most preferably at least 15% or greater, in one or more Group -V

base stocks. The melting points of the salts are low, generally below 25°C.

[6026] The ammonium salts of formula (1) can be prepared from the appropriaic
organic amine, RyN, where R is as defined above for the ammmonium salts. The amine is
mixed with an equal wolar quantity of hthium bis{perfiuorcalkanesulfonylimide,
LiT[F:C8{0). 1:Nat room temperature. The addition of a small molar excess of aqueous
HCL selution results in the cxothermic formation of the desired ammonium salt and
Hithiom chloride as a two layer system. The ammouniurn salt lonic hquid lower layer s
subsequently separated from the top aqueous layer. Multiple washings with deionized
water removes LiCl and excess HCI from the amomownium salt ionic Hguid.  The
aramonium salt can be dried by heating under vacuum, for example heating to 70°C

under vacuum for 4 hours,

[B027] HHustrative ionic liquid alkylammonium salts of formmla (1) of this disclosure

can be represented by the formulae

[CeH,y 3]41\1*,{}?3 CS(OR LN
[CoH 71N [F5C8(0), N
[C1oH 14N [F1CS{0): 1N and

[C12Has 4N [F2CS(O), [oN

[G028] Preferred ionic liquid alkvlanmmontum salts of formula (1) of this disclosure

mclude tetraoctylammonium bis{tritluoromethanesulfonylimide having the formula
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tetradecylammonium bis{trifluoromethanesulfonyimide having the formula
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and the like.

[6029] As also indicated above, the compositions of formula (2} of this disclosure

comprise an lonic liquid imidazolium salt represented by the formula

JECSO) BN (2

wherein R' and R® are independently a C; to Cay straight chain or branched chain alky]
group, a Uy to Cyg aryl group, a Gy to Cyy arylalkyl group, a Cy to Cyy alkylaryl group, a
s to Cx alkenyl group, a € to Ty alkoxy group, a Cs to Cy alkinyl group, ora Cy to Cg
acyl group, provided at least one of R' and R’ is a Cyo to Coy straight chain or branched
chain alkyl group; and R% R* and R® are hydrogen. The ionic liquid imidazolium salt
has a structure sufficient to exhibit at least partial sohubility in one or more Group -V

base stocks.



Aq nomsodurosop £9g0 ‘0sn [eLnsnpul 3o ymodmsia g worg 019 ‘dnosd owuwmm Ao NN
ue “dnoid oummeAyRwip-N'N ¥R Ag poyndwioxe st dnoid ounwe 2 pue o
‘dnosd jhozusg v dnosd (A4ng v dnos8 [Koodosd » ‘dnoa® (500w we Aq poyndmoxo
s1 dnos8 Lo oy o0 ‘dnosd Axomng-y ' “dnosd Axodordost ue ‘dnosd Axodosd-u
ur ‘dnosd AvoypR op ‘docd Ayvoypw v AQ poyndwoxd st dnoid [Kxoyie 0wl puw
“o10 “dnosd [Auidoad-7 v “dnoid [Aundosd-1 ue ‘dnosd [Audyio us £gq pougndmoxo st dnord
Aaie oyl ‘yang e ‘dnoad Kuoxey-7 v ‘dooid [KAesjucd-7 v fdnosd [Luspeing-¢y
ue ‘dnoid jLuong-7 v ‘dnoid jAusdoidost ue ‘dnoad [Auadoxd-1 ue ‘dnoad 1471 ue ‘dnoad
[Auia B Aq pagipdwoxe st dnou® (luoyie oy p 030 “dnosd [Axoyooks v ‘dnosd 1A1medo)ado
2 ‘dnosd [Adoxdopoko » “dnoad [Axoy ® ‘dnosd 1Auod v ‘dnoxd 14nq Ao v “dnoad (g
Arepuocds v ‘dnosd (Aingost ue “dnosd 1A3ng v ‘dnosd [Kdoados ue dnosd 1Adosd v “dnosd

Fmo ue ‘dnosd [Amouw v 4q poyrpduwmoxo Ajsomads o sdnoid 14oys osog iccanl

"popwny Afyeaioads jou
1 SPUOQ POIBIRSUN SO IO I0QUING oY) pue ‘puoq opdin 10 puoq djqnop mwopuodopur
30 o1dn{uos v miwmpuod Avwr A4 I2UNg PO AT1R013I0ads 10U ST POWRIUOD 8¢ ¢ WO
0I010Y 0Y) IO JOGUING J4} PUE ‘() PUR § ‘N WIOH PO WIOTE 01015y ® urejuoo Aevw dnoid

1Aow pue dnosd jAxope ‘dnosd ([Kupe “dnosS Kudye ‘dnosd Ay caoge o, lzconi

“STIRYO OPIS U0 UONORIOIUL JB[NOS|OULIOHI
Ag asearoul A1IS0281A JO DUSH JO OSNBOSG 2[GRIIRX j0U ST 2NjeA WNMIXBW JA0GE U
IOAD IOQUING IO UOGIED ® PUR ‘POYDURIQ IO POUIBYD JYSIENS 0q ARUI SJUSMLISONS 380U L
‘01 01 1 Apgeregead Suepnonaed [qus pue 7y o1 § Aigeiepoad Apmmonaed ‘g1 03 | Ajqricgoad
ST JOOIOU) JOQUUNG WoE uogied g ‘dnoid 140w ue 1o dnosd [Axove ue ‘dnoid jAuie us

"inosS Auae ue ‘dnosd [Afe Ue 208 O 01 Y SHOWIISGRS 0y} 210U 9580 © U] l1cea]

puoq s1din 30 puog
sigqnop wopuddopur 1o x1eSnfuod v wisiuod AT IDUUNY DUR ‘(O PUB § N WOH PRIOOJSS
WO 0I30Y B wiejuod Avw dnoid Kov oys pue dnoid [Axoye oy ‘dnosd Aanye oy ‘dnoid
[Auosie oyi dnosd [Aype oy pue “‘dnoad omwe uve 1o ‘dnosl onm e ‘dnosS ouedo v “dnosd
SPIUE UR IO ‘SUI0IR UOGIRD O] 01 [ ey goma ‘dnoid jAoe ue 1o dnoid [Axoye ue ‘dnoid

iAue ue ‘dnoid Aooyie ue ‘dnoid [K3e poyouwrig 10 poursys WSS B ‘wore ud3o[ey

& wow uodoupky v oq Apuspusdopur gord Aetl o 0 Y SUOMNSQNS oy, locasl

~ Z‘{ -
TPOTL0/€T0TSN/LDd €S6760/Y10T O



WO 2014/092953 PCT/US2013/071041

enzymes and increased biodegrability are valuable, and thus an alkoxyl group, an acyl
group, an amide group, a cyano group, a nitro group, an amino group, otc. can be

mentioned.

[(6034] As the imidazolium cation shown by the above formula (2), 1,3-substituted
froidazolivre cation, 18 preferably used from a viewpoint of casy synthesis.  The
substituent in the derivatives may be same or different, and a substituent which may

contain a multiple bond or a branched chain roay be useful.

[B035] Preferably, R' and R’ arc independently a C, to Coy straight chain or
branched chain alkyl group, a Cs to Cio aryl group, a €y to Ty arylalkyl group, a Cy to
Cy, alkylaryl group, a C; to Cs alkenyl group, a € to €z alkoxy group, a Cr to s
alldnyl group, or a C, to Cg acyl group. Al least one of R and R” is a Cjp to Cyy straight

chain or branched chain alkyl group. R?, R and R® are preferably hydrogen.

[6036] The composttions of formula (2) of this disclosure have a viscosity (Kviw)
from 2 to 400 at 100°C, and a viscosity index (V1) from 100 to 300. As used herein,
viscosity {Kvige) s deterroined by ASTM D 445-01, and wviscosity index (VI 18
determined by ASTM D 2270-93 (1995). The compositions of formula (2} of this
disclosure have a Noack volatility of no greater than 20 percent, preferably no greater
than 18 percent, and more preferably no greater than 15 percent. As used herein, Noack

volatility 18 deterroined by ASTM D-5800.

(6037} fonic liquids of formula (2} of this disclosure comprise imidazolium {(c.g.,
1,3~-substituted immdazolium) salts with a bis{perfluoroalkancsulfonylrmde  anton.
These imidazolinm salts display good viscositics for labricating surfaces at high and low
temperatures. These salts display good thermal stability relative to conventional rootor
oils where the 1onic liguid displays an onsct of decomposition that is greater than 250°C.
These salts display a solubility, preferably at least 5% or greater, roore preferably at feast
10% or greater, and most preferably at least 15% or greater, in one or more Group -V

base stocks. The melting points of the salts are low, generally below 25°C.
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[6038] The immdazolivro salts of formula (2) can be prepared by conventional
methods such as an ion exchange method or a metathesis reaction can be applied. For
mstance, the ionic liquid can be obtained by an anijon exchange reaction using a
halogenated salt of an organic imidazolium cation to be used and an alkaline metal salt of
a bis(fluorosulfonylimide anion. The halogen in the halogenated salt is exernphified by
chlorine or bromine. The alkaling metal in the alkaline metal salt is exemplified by

sodium, potassium, ctc.

[3839] Amounts of the halogenated salt of the organic imidazolium cation and the
alkaline metal salt of a bis(fluorosulfonyllimide anton to be used in the above reaction
are not specifically limited, and 0.5 to 2 equivalents, still preferably 6.8 to 1.2 equivalent
of the alkaline metal salt of bis{fluorosulfonylimide anion relative to the halogenated
salt of the organic imidazolium cation is preferable. In a case of over the above range,
economical cffect tends to be lowered because the amount over the range does not give
mfluence upon a reaction yicld, and in a case of less than the range, on the other hand, a
large amount of non-reacted starting material remains to bring tendency of lowering a

reaction yield.

[6846] HHustrative ionic liquid imidazolium salts of formula (2) of this disclosure can

be represented by the formulac
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[B041] Preferred ionic liguid fmidazobum salts of formula (2) of this disclosure
include  1-methyl-3-decylimidazolium bis(trifluoromethanesulfonyl)imide having the

formuia

O
NN

F.e” N (5{/ oF

I-methyl-3-hexadecyhimidazolium  bis{trifluoromethancsulfonylyimide  having  the

formuia

e/ O ]
Nor N
F3C/ \\\\O y\CFB

I-butyl-3-decylimidazolium bis(tritluoromethanesulfonylimide having the formula

/’/\\/\\N//\\N/\\//\W\
—/ ©

O N G
NN
F3C‘/ \}x‘@ d{f TSCFy

I-butyl-3-hexadecylimidazolium bis(trifiuoromethancsulfonylimide having the formula
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and the like.
13842} The ionic hquids of this disclosure are organic salts (100% ious) with a

melting point below 100°C cxhibiting no measurcable vapor pressure below thermal
decornposition.  The tonie hiquids are clear bright synthetic fluids with wide viscosity
range {from single digit to >100 ¢St} at room termperature. They are liquid over wide
temperature range {(often over 300°C), and they don’t evaporate like most other Hguids.
The ionic liquids have low freeing points and their typical structures (imidazolium,
pyrrolidium, ammontum, pyridinium, phosphonium, etc.) looks like surface interactive
friction/wear type tube additive. Typical properties of ionic hquids tuclade Hguid below
100°C, 100% ions (strongly polar), low viscosity, virtually no vapor pressure, thermal
and hydroiytic stability, non flammable, regenerative, broad hquid range (>300°C), 1onic
liquid propertics (viscosity, acidity, basicity, density) can be tunable using cations and

anions, and the bike,

(6043} Advantages of the ionic liquids of this disclosure include: 1} reduced parasitic

Y

[¢]

enecrgy losses by reducing friction, 2) extended service life and waintenavce cycl

because of wear reduction, 3) expanded high temperature lubricant usage because of high
s ) & &
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thermal stability and 4) safer transportation and storage becanse of non~flaramability.
Thus, the lubricants of this disclosure can improve and replace many hubricants that are

currently being used with potential friction and wear reduction.

[3044) lonic hguids are currently in use, for example, in chemical synthesis and
separation, food science, cellulose processing, paint formulations.  Other potential uses
of ionic liguids include, for cxample, solvents, catalyst/supported catalyst/solvent for
catalyst, separation {(c.g., gas absorbent/storage/extraction), electrolytes, performance
additives {e.g., plasticizers, dispersing agents, compatibilizers, sohubilizers, antistatic

agents, and the like.

[(045] The ionic liquid compositions of this disclosure exhibit unique propertics
which result from the compostie properties of the wide variety of cations and anions. In
a comparison of a typical ionic liguid, e.g., I-cthyl-3-methylimidazolinm cthyl sulfate
{mp <-20°C), with a typical inorganic salt, e.g., table salt (NaCl, rap 801°C), it becomes
gbvious why there is a difference between them. The jonic Hquid has a significantly
lower symmetry. Furthermore, the charge of the cation as well as the charge of the anton
is distributed over a larger volume of the molecule by resonance. As a consequence, the
solidification of the ionic hiquid will take place at lower temperatures.  In some cases,
especially if fong aliphatic side chains are involved, a glass transition is observed instead

of a melting point.

[B846] The strong tonic {Coulomb-} interaction within the ionic hguids of this
disclosure results in a negligible vapor pressure (unless decomposition occurs), 4 non-
flammable substance, and in a high thermally, mechanically as well as electrochemically
stable product. In addition to this desirable combination of properties, the ionic liquids
offer other favorable properties, for example, very appealing solvent properties and

trnmiscibility with water or organic solvents that result in biphasic systems.

[3347] The choice of the cation has a strong impact on the properties of the ionic
hiquid and will often define the stability. The chemustry and functionality of the ionic
hguid is, in general, controlled by the choice of the anion.  In accordance with this

disclosure, the possible combinations of organic cations and anions allows for designing
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and fine-tuning physical and chemical properties by introducing or corabining structural

motifs and, thereby, making tailor-made materials and solutions possible.

[3048] The ionic liguid 15 primanly salt or moxture of salts which melts below room
temperature. lonic liquids may be characterized by the general formmia Q' A", where
Q' is quaternary ammoniur, quaternary phosphoniur, guaternary sulfoniurm, and A is a
negatively charged ion such as CU, Br, NOy', BEy, BCL,, PFy7, SbFy, AICL, CuCly,
FeCls', and the like.

[6049] The ionic hguids of this disclosure may provide more significant friction
reduction if used as neat basestock or cobasestock.  These fluids may establish a
tribolayer that is physically adsorbed onto and/or chemically react with the metal

surfaces to effectively reduce friction and wear under boundary lubrication.

[O508] This disclosure provides lubricating otls usctul as engine oils and in other
applications characterized by excellent solvency charactenistics. The lubricating oils are
based on high quality base stocks including a major portion of a hydrocarbon base fluid
such as a PAO or GTL with a secondary cobase stock component which is an ionic
liquid alkylammonium salt or an ionic liquid imidazolium salt as described herein. The
lubricating oil base stock can be any oil boiling 1n the lube ol boiling range, typically

ctween 100 to 450°C. In the present specification and claims, the terms base oil{s) and

base stock(s} are used interchangeably.

6051 In the lubricating oils of this disclosure, the lubricating oil base stock is
present i an amount from 50 weight percent to 99 weight percent, preferably from 55
weight percent to 95 weight percent, and more preferably from 60 to 90 weight percent,
and the ionic bquid alkylammonium salt cobase stock or the ionic hquid imidazolium
salt cobase stock is present in an amount from 1 weight percent to 50 weight percent,
preferably from 5 weight percent to 45 weight percent, and more preferably from 10 to

60 weight percent, based on the total weight of the fubricating oil.

[6052] The viscosity-teraperatare relatiouship of a lubricating ot 18 one of the critical

criteria which must be considered when selecting a lubricant for a particular application.
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Viscostty Index (V1) 1s an empirical, unitless nurober which indicates the rate of change
in the viscosity of an o1l within a given temperature range. Fluids cxhibiting a relatively
large change in viscosity with temperature are said to have a low viscosity index. A low
Vi oil, for example, will thin out at elevated temperatures faster than a high VI el
Usually, the high VI otl is more desirable because it has higher viscosity at higher
temperature, which translates into better or thicker lubrication film and better protection

of the contacting machine elements.

[B0S3] In another aspect, as the oil operating temperature decreases, the viscosity of
a high VI ol will not incresse as much as the viscosity of a low VI ol This is
advantageous because the excessive high viscosity of the low VI oil will decrease the
cfficiency of the operating roachine.  Thus high VI (HVI) oil has performance
advantages in both high and low temperature operation. V1 is determined according to
ASTM method D 2270-93 19981 VI is related to kinematic viscosities measured at

40°C and 100°C using ASTM Method I3 445-01.

[(054] This disclosure also provides multifunctional functional fluids coraprising an
ionic Hauid alkyvlamomontum salt. The jonic hguid altkylammonium salt is represented by

the formula

RN [FACS(O) 1N (1)

wherein R is independently €y to Cyg straight chain alkyl, branched chain alkyl,
cycloalkyl, alkyl substituted cycloalkyl, cycloalkyl substituted alkyl, or, optionally, two
R groups comprise a cychic structure including the vitrogen atom and 4 to 12 carbon
atoms. The ionic liquid alkylammonium salt has a structure sufficient to exhibit at least

partial solubility n one or more Group -V base stocks.

[(O55] This disclosure further provides multifunctional functional fluids comprising
an ouoic hquid vvudazolium salt. The torue bquid imidazoliam salt is tepresented by the

formula
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wherein R' and R’ are independently a C; to Coy straight chain or branched chain alkyl
group, a Uy to Cyg aryl group, a Cr to Cyy arylalkyl group, a Cy to Cyy alkylaryl group, a
s to Cx alkenyl group, a € to Cg alkoxy group, a Cs to Cy alkiuyl group, ora Cy to Cg
acyl group, provided at least one of R' and R’ is a Cyo to Cy4 straight chain or branched
chain alkyl group; R%, R and R are hydrogen; wherein said ionic lquid imidazolium
salt has a structure sufficient to cxhibit at lcast partial sohubility in one or more Group

-V base stocks.

[B056] For ionic Hquid basc stocks of this disclosure, the ionic hHguid
alkviammonium salt base stock or the jonic Hquid imidazolium salt base stock is present
in an amount from 50 weight percent to 99 weight percent, preferably from 55 weight
percent to 95 weight percent, and wore preferably from 60 to 90 weight percent, of the
ionic liquid formulation. For ionic liquid mulitifunctional functional fluids of this
disclosure, the ionic hguid alkylamroonium salt base stock or the iomic lhiguid
imidazolium salt base stock is present in an amount from 5O weight percent to 99 weight
percent, preferably from 55 weight percent to 95 weight percent, and more preferably

from 68 to 90 weight percent, of the flud.

Lubricating Oil Base Stocks

[B0S7] A wide range of lubricating oils are known in the art. Lubricating oils that
are useful in the present disclosure are both natural oils and synthetic oils. Natural and
synthetic oils {or mixtures thercof) can be used unrefined, refined, or rerefined (the latter
is also known as reclaimed ot reprocessed oily. Unrefined otls are those obtained directly
from a natural or synthetic source and used without added purification. These include
shale oil obtained divectly frovo retorting operations, petroleum ol obtained divectly frova
primary distilation, and ecster oil obtained directly from an csterification process.

Refined oils are similar to the oils discussed for unrefined oils except refined oils are
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subjected to one or more purification steps to improve the at least one lubricating oil
property.  One skilled in the art is familiar with many purification processes. These
processes  include solvent extraction, sccondary distillation, acid coxtraction, base
extraction, filtration, and percolation. Rerefined oils are obtained by processes

analogous to retined oils but using an o1l that has been previously used as a feed stock.

[G058] Groups I, 1f, I, IV and V are broad categorics of base oil stocks developed
and defined by the American Petroleum Institute (API Publication 1509; www APLorg}
to create guidelines for hubricant base oils. Group 1 base stocks generally have a
viscosity index of between 80 to 120 and contain greater than $0.03% sulfur and less than
90% saturates. Group I base stocks generally have a viscosity index of between 80 to
120, and contain less than or cqual to 0.03% sulfur and greater than or cqual to 90%
saturates. Group I stock generally has a viscosity index greater than 120 and contains
less than or equal to 0.03% sulfur and greater than 90% saturates. Group IV includes
polyaiphaoiefins (PAO). Group V base stocks include base stocks not included iu

Groups I-1V. The table below summarizes propertics of each of these five groups.

Base Oil Propertics

Saturates Sulfur Viscosity Index
Group 1 <90 and/or >0.03% and >80 and <120
Group I >9{ and <(3.03% and >80 and <120
Group I >90 and <3.03% and >120
Group IV Includes polyalphaolefing (PAQO) products
Group V AH other base o1l stocks not included in Groups L 1, [ or IV

[(059] MNatoral otls include animal oils, vegetable oils {castor oil and lard oil, for
example), and mineral oils. Animal and vegetable oils possessing favorable thermal
oxidative stability can be used. Of the natural oils, mineral oils are preferred. Mineral
oils vary widely as to their crude source, for example, as to whether they are paraffinic,
naphthenic, or mixed paraffinic-naphthenic. Otils derived from coal or shale are also

useful m the present disclosare. Natural oils vary also as fo the method used for their
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production and purification, for example, their distillation range and whether they are

straight run or cracked, hydrorefined, or solvent extracted.

[3060] Group I and/or Group HI hydroprocessed or hydrocracked base stocks, as

o

well as synthetic oils such as polyalphaolefins, alkyl aromatics and synthetic esters, 1.

Group 1V and Group V oils are also well known base stock oils.

(6061} Syuthetic  oils  melude  hydrocarbon o1l such  as  polymerized and
mterpolymerized  olefing  {polybutylenes, polypropylenes, propvlene isobutylene
copolymers, cthylenc-olefin copolymers, and ethylenc-alphaoletin copolyrmers, for
example). Polyalphaolefin (PAQ) o1l base stocks, the Group IV AP base stocks, arc a
commonly used synthetic hydrocarbon otl. By way of example, PAQs derived from Ca,
Cio, Cpp, Cyy olefins or mixtures thereof may be utihzed. See UK. Patent Nos.
4,956,122; 4,827,0064; and 4,827,073, which are incorporated herein by reference in their
entirety,  Group IV oils, that is, the PAO base stocks have viscosity indices preferably

greater than 130, more preferably greater than 135, still more preferably greater than 140.

[6062] Esters in a voipor amount may be useful in the lubvicating oils of this
disclosure. Additive solvency and seal compatibility characteristics may be secured by
the use of esters such as the esters of dibasic acids with monoalkanols and the polyol
csters of monocarboxylic acids.  Esters of the former type include, for exampie, the
csters of dicarboxyhic acids such as phthalic acid, succinic acid, sebacie acid, fumaric
acid, adipic acid, linoleic acid dimer, malonic acid, alkyl malonic acid, alkenyl malonic
acid, etc., with a varicty of alcohols such as butyl alcohol, hexyl alcohol, dodecyl
alcohol, 2-cthylhexyl alcohol, etc. Specific examples of these types of esters inchude
dibutyl adipate, di(2-cthylhexyly scbacate, di-n-hexyl fumarate, dioctyl scbacate,
diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate, dieicosyl

sebacate, etc.

[3863] Particularly useful synthetic esters are those which are obtained by reacting
one or more polyhydric alcohols, preferably the hindered polyols such as the neopentyl
polyols; e.g., neopentyl glycol, trimethylol ethane, 2Z-methyl-2-propyl-1.3-propanediol,

trimethylol propane, pentacrythritol and dipentacrythritol with alkanoic acids containing
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at least 4 carbon atorus, preferably Cs to Csg acids such as saturated straight chain fatty
acids inchuding caprylic acid, capric acids, lauric acid, myristic acid, palmitic acid,
stearic acid, arachic acid, and behenic acid, or the corresponding branched chain fatty

acids or unsaturated fatty acids such as oleic acid, or mixtures of any of these materials.

[6064] Esters should be used in a amount such that the improved wear and corrosion

resistance provided by the lubricating oils of this disclosure are not adversely affected.

[6065] Non-conventional or unconventional base stocks and/or base oils include one
or a mixture of base stock(s) and/or base oil{s) derived from: (1) one or more Gas-{o-
Liguoids (GTL) matenals, 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, raneral and/or non-mneral o1l waxy feed stocks such as gas oils, slack
waxes (derived from the solvent dewaxing of natural oils, mincral oils or synthetic oils;
¢.g., Fischer-Tropsch feed stocks), natural waxes, and waxy stocks such as gas otls, waxy
fuels hydrocracker bottoms, waxy raffinate, hydrocrackate, thermal crackates, foots oil or
other mineral, mineral oil, or even non-petroleum ol denived waxy materials such as
waxy materials recovered from coal liquefaction or shale oil, linear or branched
hydrocarbyl corapounds with carbon number of 20 or greater, preferably 30 or greater

and mixtures of such base stocks and/or base oils.

[B066] 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, mcthane, cthane, ethylene, acetylene, propane, propylene, propyne, butane,
butylenes, and butynes. GTL base stocks and/or base otls are GTL materials of
lubricating viscosity that arc generally derived from hydrocarbons; for example, waxy
synthesized hydrocarbons, that are theruselves derived from simpler gaseous carbon-
containing compounds, hydrogen-containing compounds and/or elements as foed stocks.
(GTL base stock(s) and/or base oil{s) include oils boiling 1uv the tube oil boihng range (1)
separated/fractionated from synthesized GTL materials such as, for cxample, by

distillation and subsequently subjected to a final wax processing step which nvolves
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cither ot both of a catalytic dewaxing process, or a solvent dewaxing process, to produce
tube oils of reduced/low pour point; (2} synthesized wax isomerates, comprising, for
exarnple, hydrodewaxed or hydroisomerized cat and/or solvent dewaxed synthesized
wax or waxy hydrocarbons; (3) hydrodewaxed or hydroisomerized cat and/or solvent

cwaxed Fischer-Tropsch (F-T) material (i.c., hydrocarbons, waxy hydrocarbons, waxes
and  possible analogous oxygenates) preferably bydrodewaxed  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.

6867} (GTL base stock{s} and/or base oil(s) derived from GTL materials, especially,
hydrodewaxed or hydroisoracrized/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
typicaily as having kinematic viscosities at 100°C of from 2 mm®/s to 50 mm’/s (ASTM
D445). They are further characterized typically as having pour points of ~5°C {0 -40°C or
lower (ASTM D97). They are also characterized typically as having viscosity indices of

80 to 140 or greater (ASTM D22706),

[G068] In addition, the GTL basc stock(s) and/or base oil{s) are typically highly
paraffinic (>90% saturates), and may contain mixtures of monocycloparaffins and
nulticycloparaffing in combination with non-cyclic isoparaffins. The ratio of the
naphthenic {(i.e., cycloparathn) 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 contaiming less than 10 ppm, and more typically
fess than 5 ppm of each of these elements. The sulfur and nitrogen content of GTL base
stock{s) and/or base oi(s) obtained from F-T material, especially F-T wax, is essentially
nil.  In addition, the absence of phosphorous and aromatics make this materially

cspecially suttable for the formulation of low SAP products.

[8069] The term GTL basc 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
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one, two or more higher viscosity fractions to produce a blend wherein the blend exhibits

a target kinematic viscosity.

{6870} The GTL woaterial, frorn which the GTL base stock{s) and/or base oil{s} 1¢/are

derived is preferably an F-T material (i.¢., hydrocarbons, waxy hydrocarbons, wax).

[B871] Base oils for use i the formulated lubricating oils useful in the present
disclosure are any of the variety of oils corresponding to AP Group L Group 1, Group
HI, Group IV, Group V and Group VI ous and mixtures thereof, preferably API Group
B, Group HI, Group IV, Group V and Group VI oils and mixtures thercof, more
preferably the Group 1 to Group VI base oils due fo their exceptional volatility,
stability, viscometric and cleanliness features. Minor quantities of Group I stock, such as
the amount used to dilute additives for blendimg wnto formulated lube ol products, can be
tolerated but should be kept to a minimmum, 1.e. amounts only assoctated with their use as
diluent/carrier oil for additives used on an “as received” basis. Even i regard to the
Group I stocks, it is preferred that the Group I stock be in the higher quality range
assoctated with that stock, 1.¢. a Group I stock having g viscosity index in the range

100 <Vi< 120,

6672} In addition, the GTL base stock(s) and/or base oul(s) are typically highly
paraffinic (>90% saturates), and may contain mixtures of monocycloparaffing and
multicycloparaffins i 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) and hydrodewaxed, or
hydroisomerized/cat {and/or solvent) dewaxed base stock{s} and/or base oil{s) typically
have very low sulfur and nitrogen content, generally containing less than 10 ppm, and
more typically less than 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, 15 essentially nil. In addition, the absence of phosphorous and aromatics make
this material especially suitable for the formulation of low sulfur, sulfated ash, and

phosphorus low SAP) products.
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[6673] The basestock componeunt of the present fubricating oils will typically be from
50 to 99 weight percent of the total composition {(all proportions and percentages set out
in this specification arc by weight unless the contrary is stated) and more usually in the

range of R0 to 99 weight percent.

Other Additives

[6674] The formulated lubricating o1l uscful in the present disclosure may
additionally contain one or more of the other cornmonly used hubricating oil performance
additives including but not himited to dispersants, other detergents, corrosion inhibitors,
rust inhibifors, metal deactivators, other anti-wear agents and/or extreme pressure
additives, anti-seizure agents, wax modifiers, viscosity index improvers, viscosity
modificrs, fluid-loss additives, seal compatibility agents, other friction modifiers,
lubricity agents, anti-staining agents, chromophoric agents, defoamants, demulsifiers,
cntulsifiers, densifiers, wetting agents, gelling agents, tackiness agents, colorants, and
others. For a review of many commonly used additives, see Klamann in Lubricants and
Related Products, Verlag Chemie, Deertficld Beach, FL; ISBN §-89573-177-0.
Reference is also made to “Lubricant Additives Chemistry and Applications” edited by

Leslie R. Rudnick, Marcel Dekker, Inc. New York, 2003 ISBN: §-8247-0857-1.
[B075] The types and quantitics of performance additives used in combination with
the instant disclosure in lubricant compositions arc not himited by the exaraples shown

herein as illustrations.

Viscosity Improvers

687 6] Viscosity improvers (also known as Viscosity Index modifiers, and V1
umprovers} increase the viscosity of the oil composition at clevated temperatures which

increases film thickness, while having limited effect on viscosity at low teraperatures,

{6877} Suitable viscosity improvers inchide high molecular weight hydrocarbons,
polvesters and viscosity mdex improver dispersants that function as both a viscosity

index improver and a dispersant.  Typical molecular weights of these polymers are



WO 2014/092953 PCT/US2013/071041

-3

between 10,000 to 1,000,000, more typically 20,000 to 500,000, and even more typically
between 50,000 and 200,000,

[6678] Examples of suitable viscosity woprovers are polymers and copolymers of
methacrylate, butadiene, olefins, or alkylated styrenes. Polyisobutylenc is a commonly
used  viscosity index froprover.  Another suitable viscosity index improver s
polymethacrylate (copolymers of various chain length alkyl methacrylates, for example),
some formulations of which also scrve as pour point depressants.  Other suitable
viscosity index improvers inchude copolymers of ethylene and propylene, hydrogenated
block copolymers of styrene and isoprene, and polyacrylates {copolymers of various
chain length acrylates, for exampie). Specific examples include styrene-isoprens or

styrene-butadiene based polymers of 50,000 to 200,000 molecular weight.

[6679] The amount of viscosity modifier may range from zero 0 8 wt%, preferably
zero to 4 wit%, more preferably zero to 2 wt% based on active ingredient and depending

on the specific viscosity modifier used.

G086} Typical antioxidant include phenohic antioxidants, aminic antioxidants and

gil-soluble copper complexes.

{6081} The phenolic antioxidants nchude sulfurized and non-sulfurized phenolic
antioxidants. The terms “phenolic type” or “phenolic antioxidant” used herein includes
compounds having one or more than one hvdroxyl group bound to an aromatic ring
which may itself be mononuclear, ¢.g., benzyl, or poly-nuclear, e.g., naphthyl and spiro
aromatic compounds. Thus “phenol type” mcludes phenol per se, catechol, resorcinol,
hydroquinone, naphthol, etc., as well as alkyl or alkenyl and sulfurized alkyl or alkenyl
derivatives thercof, and bisphenol type compounds inchuding such bi-phenol compounds
hoked by alkylene bridges sulfuric bridges or oxygen bridges. Alkyl phenols inchude
mono- and poly-alkyl or alkenyl phenols, the alkyl or alkenyl group containing from
3-100 carbons, preferably 4 to 50 carbous and sulfurized derivatives thereof, the number

of alkyl or alkenyl groups present in the aromatic ring ranging from 1 o up t© the
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available unsatisfied valences of the aromatic ning remaining after counting the number

of hydroxyl groups bound to the aromatic ring.

13682} Generally, therefore, the phenolic anti-oxidant may be represeoted by the

general fornmmla:

o
i
’\R i:

wherein R is a C,-C | alkyl or alkenyl proup, a sulfur substituted alkyl or alkenyl group,
preferably a C,-C alkyl or alkenyl group or sulfur substituted alkyl or atkenyl group,
more preferably C,-C, alkyl or sulfur substitated alky! group, most preferably a C-C
alkyt group, R% is a C-C g alkylene or sulfur substituted alkylene group, preferably a
1-Csp alkylene or sulfor substituted alkylene group, roore preferably a C,-C, alkylene

or sulfur substituted alkylene group, v is at least 1 to up to the available valences of Ar, x
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ranges from 0 to up to the available valances of Ar-y, 2 ranges from 1 to 10, v ranges
from 0 to 20, and m is @ to 4 and p is § or 1, preferably y ranges from 1 to 3, x ranges

from 0 to 3, z ranges from 1 to 4 and n ranges from G to 5, and p 15 0.

(3083 Preferred phenolic antioxidant compounds are the hindered phenolics and
phenolic esters which contain a sterically hindered hydroxyl group, and these include
those derivatives of dihydroxy aryl compounds in which the hydroxy! groups are in the
o- or p-position to cach other. Typical phenolic anti-oxidants include the hindered
phenols substituted with C+ alkyl groups and the alkylene coupled derivatives of these
hindered phenols. Examples of phenolic materials of this type 2-t-butyl-4-heptyl phenol;
2-t-butyl-d-octyl phenol; 2-t-butyl-d-dodecyl phenol; 2,6-di-t-butvl-4-heptyl phenol;
2,6-di-t-butyl-4-dodecyl phenol; 2-methyl-6-t-butyl-4-heptyl phenol; 2-methyl-6-t-butyl-
4-dodecyl phenol; 2,6-di-t-butyl-4 methyl phenol; 2,6-di-t-butyl-4-cthyl phenecl; and
2,6-di-t-butyl 4 alkoxy phenol; and

OH
t-(butyl) /H/ t—butyl
O

C -~ G e © o O (G~ C)

[3384] Phenolic type antioxidants are well known in the lhubricating industry and
comracrcial examples such as Ethanox® 4710, Irganox® 1076, Irganox® L1035,
Irganox® 1010, Irganox® L109, Irganox® L1IR, Irganox® L135 and the like are
tamihar to those skilled in the art.  The above is presented only by way of

exemplification, not limitation on the type of phenolic antioxidants which can be used.

[B085] The phenolic antioxidant can be emwployed in an amount 1o the range of 0.1 to
3 wt%, preferably 1 to 3 wit%, more preferably 1.5 to 3 wi% on an active ingredient

hasis.
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[3086] Aromatic aroine antioxidants include pheuyl-o-naphthyl amine which is

described by the following melecular structure:

%_@ RZ>
Q0

wherein R” is hydrogen or a C; to Cyg linear or Cz to Cyy branched alky! group,

preferably Cy to Cyp linear or Ca to Oy branched alkyl group, more preferably linear or

branched C4 to Cg and u is an integer ranging from 1 to 5 preferably 1. A particular
& o

example is frganox L06.

{3887} Other arorvatic amine antioxidants mclude other alkylated and non-alkylated
aromatic amines such as aromatic monoamines of the formula R*R’R'N where R® is an
aliphatic, aromatic or substituted aromatic group, R is an arorsatic or a substituted
aromatic group, and R'® is H, alkyl, aryl or RVS(O)R" where R'' is an aikylene,
alkenylene, or aralkylene group, R is a higher alkyl group, or an alkenyl, aryl, o1
alkaryl group, and x is 0, 1 or 2. The aliphatic group R® may contain from 1 to 20 carbon
atoms, and preferably contains frorn 6 to 12 carbon atoms. The aliphatic group 15 a
saturated aliphatic group. Preferably, both R® and R’ are aromatic or substituted
aromatic groups, and the aromatic group may be a fused ring arornatic group such as
naphthyl. Aromatic groups R® and R may be joined together with other groups such as

S.

[BO8E] Typical aromatic amines antioxidants have alkyl substituent groups of at least
6 carbon atoms. Examples of aliphatic groups include hexyl, heptyl, octyl, nonyl, and
decyl. Generally, the aliphatic groups will not contain more than 14 carbon atoms. The
general types of such other additional amine antioxidants which may be present mclude

diphenylamines, phenothiazines, imidodibenzyls and diphenyl phenylene diamines.
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Mixtures of two or roore of such other additional aromatic amines may also be present.

Polymeric amine antioxidants can also be used.

[6089] Another class of antioxidant used in lubricating ol compositions and which
may also be present are oil-soluble copper compounds. Any oil-soluble suitable copper
cormapound roay be blended into the lubricating oil.  Exaroples of suitable copper
antioxidants include copper dihydrocarbyl thio- or dithio-phosphates and copper salts of
carboxylic acid (naturally occurring or synthetic). Other suttable copper salts include
copper dithiacarbamates, suiphonates, phenates, and acetylacetonates. Basic, neutral, or
acidic copper Cull) and or Cu(ll) salts derived from alkenyl succinic acids or anhydrides

are know to be particularly useful.

[6696] Such antioxidants may be used wndividually or as wmixtares of one or rore
types of antioxidants, the total amount cmployed being an amount of 0.50 to 5 wt%,

preferably 0.75 to 3 wit% (on an as-received basis).

Detergents

60691 In addition to the alkali or alkaline carth metal salicylate detergent which is
an cssential component in the present disclosure, other detergents may also be present.
While such other detergents can be present, it is preferred that the amount employed be
such as to not mterfere with the syncrgistic ctfect atiributable to the presence of the

salicylate. Therefore, most preferably such other detergents are not employed.

[092] If such additional detergents are present, they can include alkali and alkaline
carth metal phenates, sulfonates, carboxylates, phosphonates and mixtures thereof.
These supplemental detergents can have total base nurnber (TBN) ranging from neutral
to highly overbased, i.e. TBN of § to over 300, preferably 2 to 400, more preferably 5 to
300, and they can be present etther individually or in cornbination with cach other in an
aroount in the range of from 0 to 10 wt%, preferably 0.5 to S w6 (active ingredient)
based on the total weight of the formulated lubricating oil.  As previously stated,

however, it is preferred that such other detergent vot be present in the formulation.
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13893} Such additioval other detergents mclude by way of example and not
limitation calcum phenates, calcium sulfonates, magnesium phenates, magnesium

sulfonates and other related components (including borated detergents).

Dispersants

(6894} During engine operation, oil-insohuble oxidation byproducts are produced.
Dhspersants help keep these byproducts in solution, thus diminishing their deposition on
metal surfaces. Dhspersants way be ashless or ash-forming in nature.  Preferably, the
dispersant is ashless.  So-called ashless dispersants arc organic materials that form
substantially no ash upouv combustion. For example, nou-ractal-coutaining or borated
metal-free dispersants are considered ashless, In contrast, metal-containing detergents

discussed above form ash upon combustion.

[(695] Suttable dispersants typically contain a polar group attached to a relatively
high molecular weight hydrocarbou chain. The polar group typically contains at least

one element of nitrogen, oxygen, or phosphorus. Typical hydrocarbon chains contain 50

to 400 carbon atoms.

[3696] A particularly usctul class of dispersants are the alkenylsuceinic derivatives,
typically produced by the reaction of a long chain substituted alkenyl succinic
compound, usually a substituted succinic anhydride, with a polyhydroxy or polvamino
comapound. The long chain group constituting the oleophilic portion of the wolecule
which confers solubility in the oil, is normally a polyisobutylene group. Many examples
of this type of dispersant are well known commercially and 1o the literature. Excmplary
patents describing such dispersants are U.S. Patent Nos. 3,172,892; 3,219,666, 3,316,177
and 4,234,435, Other types of dispersants are described n U.S. Patent Nos. 3,036,003,
and 5,705,458,

(6697} Hydrocarbyl-substituted succinic acid corapounds are popular dispersants, o
particular, succinimide, succinate esters, or succinate oster amides prepared by the

reaction of a hydrocarbon-substituted succinic acid compound preferably baving at least
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50 carboun atoms 1o the hydrocarbon substituent, with at least one equivalent of an

alkvlenc amine are particularly uscful.

[3098] Succimudes are formed by the condensation reaction between alkenyl
succinic anhydrides and amines. Molar ratios can vary depending on the amine or
polyarmine.  For exarople, the molar ratio of alkenyl succinic anhydride to TEPA can

vary from 1:1 to 5:1.

(6099} Succinate esters are formed by the condensation reaction between alkenyl
succinic anhydrides and aleohols or polyols. Molar ratios can vary depending on the
alcohol or polyol used. For example, the condeunsation product of an alkeoyl succinic

anhydride and pentacrythritol is a useful dispersant.

{68100  Succinate ester amides are formed by condensation reaction between alkenyl
succinic anhydrides and alkanol amines. For example, suitable alkanol amines include
ethoxylated polyalkylpolyamines, propoxylated polyalkylpolyamines and
polyalkenylpolyamines such as polyethylene polyamines. One example is propoxylated

hexamethylenediarine.

[06161] The molecular weight of the alkenyl succinic anhydrides will typically range
between 800 and 2,500, The above products can be post-reacted with various reagents
such as sulfur, oxygen, formaldehyde, carboxylic acids such as oleic acid, and boron
compounds such as borate esters or highly borated dispersants. The dispersants can be

borated with from 0.1 to 5 moles of boron per mole of dispersant reaction product.

[66162] Mannich base dispersants are made from the reaction of alkylphenols,
tormaldehyde, and amines. Process aids and catalysts, such as oleic acid and sulfonic
acids, can also be part of the reaction mixture. Molecular weights of the alkylphenols

range frora 800 to 2,500.

[36103]  Typical high molecular weight aliphatic acid modified Mannich condensation
products  can  be  prepared  frorm high  mwolecular  weight  alkyl-substituted

hydroxyaromatics or HN(R}, group-containing reactants.
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[68104]  Examples of high roolecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols. These
polyalkyiphenols can be obtained by the alkylation, in the presence of an alkylating
catalyst, such as BFi, of phenol with high molecular weight polypropylene,
polybutylene, and other polyalkylene compounds to give alkyl substituents on the

benzene ring of phenol having an average 600-100,000 molecular weight.

[G8165]  Examples of HN(R): group-containing reactants arce alkylene pelyarines,
principally polyethylene polyamines.  Other representative organic  compounds
containing at least one HN(R}), group suitable for use in the preparation of Mannich
condensation products are well known and inchide the mono- and di-amino alkanes and
their substituted analogs, ¢.g., cthylamine and diethanol amine; aromatic diamines, ¢.g.,
phenylene diamine, diamino naphthalenes; heterocyclic amings, e.g., morpholine,
pyrrole, pyrrolidine, imidazole, imidazohidine, and piperidine; melamine and their

substituted analogs.

[60106] Examples of alkylene polyamine reactants inchude cthylenediamine,
diethylene triamine, ftricthylene tetraamine, tetracthylene pentaamine, pentacthylene
hexamine, hexaethylone heptaamine, heptacthylene octaamine, octacthylene nonaamine,
nonacthylene decamine, and decacthylene undecamine and mixture of such amines
having nitrogen contents corresponding to the alkylene polyamines, in the formula
HoN-(Z-NH-3,H, mentioned before, 2 is a divalent ethvlene and n is 1 to 10 of the
forcgoing formula. Corresponding propylene polyamines such as propylene diamine and
di~, tr-~, fetra-, pentapropylene iri-, tetra~, penta- and beoxaamines are also suitable
reactants. The alkylene polyamines are usually obtained by the reaction of ammonia and
dihalo alkanes, such as dichloro alkanes. Thus the alkylene polyamines obtained frovo
the reaction of 2 to 11 moles of ammonia with 1 to 10 moles of dichloroalkanes having 2
to 6 carbon atoms and the chlorines on different carbons are suitable alkylene polyamine

reactants.

[66107]  Aldehyde reactants useful in the preparation of the high molecular products

useful in this disclosure include the aliphatic aldehydes such as formaldehyde {also as
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paraformaldehyde and formaling, acetaldehyde and aldol (B-hydroxybutyraidehyde).

Formaldehyde or a formaldehyde-yielding reactant is preferred.

[66108]  Preferred dispersants  include borated and nowv-borated  succinivoides,
inchading those dertvatives from mono-succinimides, bis-succininudes, and/or mixtures
of mono- and bis-succinimides, wherein the hydrocarbyl succinivaide s devived from a
hydrocarbylene group such as polyisobutylene having a Mn of from 500 to 5000 or a
mixture of such hydrocarbylene groups. Other preferred dispersants include succinic
acid-esters and amides, alkylphenol-polyamine-coupled Mannich adducts, their capped
derivatives, and other related components. Such additives may be used in an amount of
0.1 to 20 wt¥s, preferably 0.1 to & wt%, more preferably 1 to 6 wt% {on an as-received

basis} based on the weight of the total fubricant.

Pour Point Depressants

[66109] Conventional pour point depressants {also known as lube o1l flow improvers)
may also be present. Pour point depressant may be added to lower the minimmm
temperature at which the fluid will flow or can be poured. Examples of suttable pour
point depressants include alkylated naphthalenes polymethacrylates, pelyacrylates,
polyarylamides, condensation products of haloparathn waxes and aromatic compounds,
vinyl carboxylate polymers, and terpolymers of dialkylfumarates, vinyl esters of fatty
acids and allyl vinyl cthers, Such additives may be used in amount of 0.0 to 0.5 wt%%,

preferably § to 0.3 wit%, more preferably 0.001 to 0.1 wi% on an as-received basis.

Corrosion Inhibitors/Metal Deactivaiors

[68118]  Corrosion mhibitors are used to reduce the degradation of metallic parts that
are in contact with the hibricating oif composttion. Suitable corrosion inhibitors include
aryl thiazines, alkyl substituted diracrcapto thiodiazoles thiadiazoles and roixtures
thereof. Such additives may be used in an amount of §.01 to 5 wt%, preferably 0.01 to
1.5 wt%, more preferably 0.01 to 0.2 wt%, still more preferably 0.01 to 0.1 wt% (on an

as-received basis) based on the total weight of the lubricating o1l composition.
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Seal Compatibility Additives

[68111]  Scal compatibility agents help to swell elastorneric scals by causing 2
chemical reaction in the fluid or physical change wn the elastomer.  Suitable seal
compatibility agents for lubricating oils include organic phosphates, aromatic esters,
aromatic hydrocarbons, esters (butvibenzyl phthalate, for example), and polybutenyl
succinic anhydride and sulfolane-type scal swell agents such as Lubrizol 730-type seal
swel additives. Such additives may be used i an arnount of 0.01 to 3 wit%, preferably

(0.01 to 2 wi¥ on an as-received basts.

Anti-Foam Agents

[68112]  Anti-foarn agents may advantageously be added to lubricant compositions.
These agents retard the formation of stable foams. Stlicones and organic polymers are
typical anti-foarn agents. For example, polysiloxanes, such as silicon oil or polydimethyl
stloxane, provide antifoam propertics. Aunti-foam ageunts are comyuercially available and
may be used in conventional minor amounts along with other additives such as
demulsifiers; usually the amount of these additives combined is less than 1 percent,
preferably 0.001 to 0.5 wt%, more preferably 0.001 to 0.2 wi%, still more preferably
0.0001 to 0.15 wt% {ouv an as-received basis) based ou the total weight of the lubricating

oil composition.

Inhibitors and Antirust Additives

(66113} Antrust additives (or corrosion inhibitors) are addifives that protect
hubricated metal surfaces against chemical attack by water or other contaminants. OUne
type of anti-rust additive 15 a polar compound that wets the metal surface preferentially,
protecting it with a film of oil.  Another type of anti-rust additive absorbs water by
mcorporating it in 8 water-in-oil emulsion so that only the oil touches the surface. Yet
another type of anti-rust additive chemically adheres to the metal fo produce a non-
reactive surface. Examples of suitable additives include zinc dithiophosphates, metal
pheoolates, basic wetal sulfonates, fatty acids and amines. Such additives may be used

in an amount of .01 to 5 wit%, preferably 0.01 to 1.5 wit% on an as-received basis.
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[68114] v addition to the ZDDP anti-wear additives which are essential components
of the present disclosure, other anti-wear additives can be present, including zinc
dithiocarbamates, molybdenum dialkyldithiophosphates, molybdenum dithiocarbamates,

other organo molybdenum-nitrogen complexes, sulfurized olefins, ete.

[66115] The term “organo molybdenum-nitrogen coroplexes” embraces the organo
molybdenum-nitrogen complexes described in U.S. Patent 4,889,647, The complexes
are reaction products of a fatty oil, dithanolamine and a molybdenum source. Specific
chemical structures have not been assigned to the complexes. U.S. Patent 4,889,647
reports an infrared spectrum for a typical rcaction product of that disclosure; the
spectrum identifies an ester carbonyl band at 1740 em™ and an amide carbony! band at
1620 e’ The faty oils are glyceryl esters of higher fatty acids containing at least 12
carbon atoms up to 22 carbon atoms or more. The molybdenum source is an oxygen-
containing compound such as ammonium molybdates, molybderum oxides and

mixtures.

(381161 Other organo melybdenum complexes which can be used in the present
disclosure are tri-nuclear molybdenum-suifur compounds described in EP 1 040 115 and

WO 99/31113 and the molybdenum coraplexes described in ULS. Patent 4,978,464,

[66117] In the above detailed description, the specific embodiments of this disclosure
have been described in connection with its preferred embodiments. However, to the
extent that the above description is specific to a particular embodiment or a particular use
of this disclosure, this 18 intended to be tllustrative only and raercly provides a concise
description of the exemplary embodiments. Accordingly, the disclosure is not imited to
the specific embodiments described above, but rather, the disclosure includes all
alternatives, modifications, and equivalents falling within the true scope of the appended
claims. Vartous modifications and variations of this disciosure will be obvious to a
worker skitled 1o the art and it 18 {o be understood that such modifications and variations
are to be inchided within the purview of this application and the spirit and scope of the

claims.
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EXAMPLES

[60118]  All starting materials and solvents were purchased from cornmercial sources
and used without further punification.  All reactions were cartied out in oven-dried
glassware. 'H and “C NMR spectra were acquired in CDCly on a Bruker 400 MHz
spectrometer. 'H and P'C chemical shifis (8) are given in ppr refative to the residual
protonated chloroform peak. Fourier transform infrared (FTIR) spectra were recorded on

a Nicolet Nexus 470 spectrometer,

Example 1

Svnthesis of tetraoctvlammonium bis{trifluoromethanesulfonvDimide

[68119] A solution of lithium bis(trifluoromethancsulfonybyiraide (2.30 grams, 8.03
mmol} in 3.3 milliliters of de-tonized water and 6.6 milliliters of acctone was added
dropwise to g solution of tetraoctylammonium bromide (4.00 grams, 7.30 mmol) in 15
milliliters of acctone and 5 milhiliters of de-ionized water. The reaction mixture was
stirred at roorn temperature for 12 hours. After the reaction was completed, acetone was
removed by rotary evaporation.  Dichloromethane (30 mililiters) was added and the
organic layer was washed with de-ionized water (3 x 20 milliliters). The organic layer
was theo dried over MgSOy, filiered, and councentrated by rotary evaporation to afford
the product as a clear liquid (5.20 grams, 96% vield). "H NMR (400 MHz, CDCls) 8
3.15 (mo, 8H); 1.61 (m, 8H) 1.42-1.15 (m, 40H): 0.89 (¢, 12H). C NMR (160 MHz,
CBCL)y 6 1215, 1183, 5K.58, 31.54, 2888, 28.86, 26.03, 22,52, 21.74, 13.96. IR (film)
2036, 2028, 2858, 1484, 1468, 1352, 1225, 1194, 1137, 1057 ecm™.
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HExample 2

Synthesis of tetradecvliammonium bis{trifluoromethanesulfonyliimide

[68120] A solution of lithium bis(triflnoromethanesulfonylyimide (1.92 grams, 6.67
mrmoly i 10 milliliters of acctone was added dropwisc to a solution of
tetradecylammoniom bromaide (4.00 grams, 6.07 mmol) o 80 mullilders of acetone at
50°C until all components were completely dissolved. The reaction mixture was stirred
at room temaperature for 16 hours.  Afier the reaction was completed, acetone was
removed by rotary evaporation. Dichloromethane (30 milliliters) was added and the
organic layer was washed with de-ionized water (3 x 20 wihiliters). The organic layer
was then dried over MgSQ,, filtered, and concentrated by rotary evaporation to afford
the product as a clear liquid (4.79 grams, 92% vield). "H NMR (400 MHz, CDCL) 3
3.14 (m, 8H); 1.61 (m, 8HY 1.44-1.22 (m, 56H); 0.88 (1, 12H). “C NMR (100 MHz,
CDCly 6 12153, FIB3, 58.73, 31.81, 2934, 2925, 29.20, 2894, 26.09, 22.61, 21.81,
14.02. 1R (film) 2026, 2856, 146%, 1352, 1225, 1196, 1137, 1058 cm™.

Exampie 3

Lube Properties and Thermal Stability of lonic Liguids

[68121] The kinematic viscosity {Kv) of the ionic liquid products of Examples 1 and 2
was measured using ASTM standards [3-445 and reported at temperatures of 100°C (Kv
at 100°C) or 40°C (Kv at 40°C). The viscosity index (VI} was measured according to
ASTM standard -2270 using the measured kinematic viscosities for cach ionic liquid

product.
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[G8122]  The thermal stability of the ionic liguids of Examples 1 and 2 was evaluated
using TGA. The 50% wi. loss is shown in Fig. 1. Al ionic liquids showed 50% wt. loss
at greater than 390°C. Thus, thesc results show that the ionic liquids of this disclosure
are thermally stable. Properties of the fonic Hquids (Kv at 100°C, Kv at 40°C, viscosity
index, solubility in di{tnidecyly adipate ester, solubility in alkylated naphthalene ANS,

and TGA} are set forth in Fig. 1.

Example 4

Synthesis of -methvl-3-decvlimidazolium bromide

[681231  To a solution of l-methylimidazele {(10.00 g, 121.8 mmol} in toluene (50
millihitersy was added 1-bromodecane (29.63 grams, 134.0 mmol) drop wise at room
temperature.  The reaction mixture was refluxed for 12 hours. A white precipitate
formed after cooling the reaction mixture to room temperature.  After filtration, the
product was washed with hexanes (4 x 50 milliliters). The isolated product was then
further dried in vacuum at 50°C for 2 hours to completely remove any residual solvents
or moisture. The product was obtained as a slightly vellow viscous hiquid (35.1 grams,
95% vield). "H NMR (400 MHz, CDCL) 3 10.38 (s, 1H); 7.51 (¢, 1H)Y; 7.35 (1, 1H); 4.28
{t, 2H}), 4.09 (s, 3H) L87 (m, 2H) L31-119 (m, 14H); 0.82 (4, 3H). IR (flm) 3139,
3064, 2955, 2924, 2854, 1571, 1466, 1378, 1170 cm™.
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Example S

Svnthesis of |-methvl-3-decviimidazolium bis{iriflugromethancsulfonviimide
\N /\N P

\—/
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(661247 A solution of lithiom bis(trifluoromethanesulfonyhimide (3.26 grams, 11.37
mmol) in 10 milliliters of de-ionized water was added drop wise to a solution of
I-methyi-3-decylimidazolium bromide (3.00 grams, 9.89 mmoly in 10 milliliters of
de-ionized water. The reaction mixture was stirred at room temperature for 16 hours.
After the reaction was completed, dichloromethane (30 mihiliters) was added and the
organic layer was washed with de-ionized water (3 x 10 nulliliters). The organic layer
was then dried over MgSOy, filiered, and concentrated by rotary cvaporation to afford
the fonic liquid as slightly yellow liquid (4.78 grams, 96% vieldy. 'H NMR (400 MHz,
CDCliy 0 875 (s, 1Hy, 7.31 (¢, 1H), 7.30 ¢, 1Hy;, 4.16 (&, 2H); 3.94 (s, 3H); 1.84 (m, 2H);
1.31-1.25 {m, 14H}; 0.88 (t, 3H). IR (film} 3136, 3121, 2928, 2857, 1573, 1468, 1352,
1194, 1137, 1059 em™,

BExample 6

Svynthesis of |-methvi-3-hexadecvlimidazolium bromide

(661251  To a solution of l-methylimidazole (5.00 grams, 60.9 mmol) in toluene (50
millditers) was added I-bromohexadecane (2045 g, 66.99 mmol) dropwise at room

temperature.  The reaction mixture was refluxed for 12 hours. A white precipitate
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formed afier cooling the reaction muixture to room femperature.  After filtration, the
product was washed with hexanes (4 x 50 milliliters). The isolated product was then
further dried in vacuo at 30°C for 24 hours to completely remove any residual solvents or
moisture. The product was obtained as a white solid (22.8 grams, 97% yield). 'H NMR
(400 MHz, CDC13) 8 10.74 (s, 1H); 7.27 (¢, 1H) 7.21 (t, 1H); 4.32 (¢, 2ZH); 4.14 (s, 3H);
1.92 {m, 2H); 1.36-1.25 (m, 26Hy; 0.88 (1, 3H). IR {film} 3140, 3054, 2925, 2854, 1571,
1467, 1265, 1170 emv”.

Example 7

Svnthesis of 1-methvl-3-hexadeeviimidazolium bis{triflugromethancsulfonviimide

I N N N N N N
e/ o
O G
SN
P’ N f T
[66126] A solution of lithium bis{trifluoromethanesolfonylivaide (2.58 grams, 8.71
mmol) in de-ionized water (7.5 milliliters) was added dropwise to a solution of 1-methyi-
3-hexadecylimidazolium bromide (3.00 grams, 7.92 mmel} in de-ionized water (7.5
milliliters) and acctone (5 milliliters).  The reaction mixture was stirred at room
temperature for 16 hours. After the reaction was completed, acetone was removed by
rotary evaporation. Dichloromethane {30 milliliters) was added to the reaction mixture
and the organic layer was washed with de-tonized water (3 x 10 milhiliters). The organic
laver was then dried over MgSO,, filtered, and concentrated by rotary evaporation to
afford the product as a white solid (4.42 grams, 95% vicld). 'HNMR (400 MHz,
CBCLIORO0 (s, TH)y, 724 (1, THY 7.23 (4, 1H); 4.19 (1, 2H), 3.98 (s, 3H}; 1.87 {m, 2H);
1.33-1.25 (m, 26H); 0.87 (1, 3H). IR (film} 3154, 3098, 2926, 2855, 1572, 1467, 1351,
1266, 1226, 1198, 1136, 1059 em’™.
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Hxample 8

Synthesis of 1-butvi-3-decvlimidazolium bromide

(661271 To a solution of 1-butylimidazole (10.00 grams, 80.52 mmol) in toluene (50
millditersy was added 1-bromodecane (23.15 grams, 104.67 romel) dropwise at room
temperature.  The reaction mixture was refluxed 16 hours.  After cooling to room
temperature, toluene was decanted and the crude product was washed with hexanes (3 x
100 milliliters). The isolated product was then further purified by vacuum distillation to
completely remove any residual solvents, moisture, and starting materials, The product
was obtained as white solid (25.0 grams, 90% yield). 'H NMR (400 MHz, CDCL) 8
10.77 (s, TH), 7.33 (1, 1H); 7.30 (¢, 1H); 4.38 (m, 4H); 1.92 {m, 4H); 1.45-1.22 (m, 16H);
0.98 {t, 3H); 0.88 (1, 3H). IR (film) 3130, 3061, 2957, 2026, 2855, 1563, 1466, 1378,
1165 cm™,

Example 9

Svnthesis of 1 -butvl-3-decvliimidazolium bis{trifluoromethanesulfonviimide

O N O
Y
FBC/ \\3 d{f \CF:%

[68128] A solution of lithium bis(triflucromethancsulfonylhyimide (3.02 grams, 10.50
moly i 10 milliliters of de-ionized water was added dropwise to a solution of 1-butyl-
3-decylimidazolium bromide (3.00 grams, 9.55 mmol) in 30 milliliters of de-ionized
water. The reaction mixture was stirred at roors temperature for 12 hours,  After the

reaction was completed, dichloromethane (30 millilitersy was added to the reaction
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mixtare and the organic layer was washed with de~lonized water (3 x 20 milliditers). The
organic layer was then dried over MgS8Q,, filtered, and concentrated by rotary
evaporation to afford the product as slightly yellow hquid (4.60 graras, 97%
yield). 'H NMR (400 MHz, CDCL:) 3 8.86 (s, 1H); 7.30 (1, 1H); 7.28 (1, 1FH); 4.20 (m,
4H); 1.86 (m, 4H); 1.40-1.20 (m, 16H); 0.97 (¢, 3H); 0.88 (1, 3H). IR (film) 3148, 2929,
2858, 1565, 1468, 1352, 1226, 1195, 1136, 1058 cm™.

Example 10

Svynthesis of 1-butvl-3-hexadecvlimidazolium bromide

T ™y //\%//\\/W\WW\

\\:'""_""/BrE“)

[66129] To a solution of I-butylimidazole (5.00 grarvas, 40.26 mmol} in toluene (50
milliliters) was added 1-bromohexadecane (13.52 g, 44.28 mmol} dropwise at room
temperature.  The reaction mixture was refluxed for 16 hours.  After cooling to room
temperature, toluene was decanted and the crude product washed with hexanes (3 x 100
milliliters). The isolated product was then further purified by vacuurn distillation to
completely remove any residual solvents, moisture, and starting materials. The product
was obtained as a white solid (15.9 grams, 92% yield). 'H NMR (400 MHz, CDCIL3) 3
10.70 (s, THY, 7.36 (4, 1H); 7.32 (4, 1HY; 438 (m, 4H); 1.92 (m, 4H): 1.46-1.20 (m, 28H);
0.99 (t, 3H); 0.88 (1, 3H). IR (film) 3150, 3035, 2957, 2925, 2854, 1562, 1466, 1378,
1264, 1165 em™.

Example 11

Synthesis of 1-butvi-3-hexadecylimidazolium bis(tnifluoromethanesulfonviimide
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[66136] A solution of lithiom bis(trifluoromethanesulfonyhimide (3.02 grams, 10.50
mmol) in 10 milliliters of de-ionized water was added dropwise to a solution of 1-butyl-
3-hexadecylimidazolium bromide (3.0 grarns, 6.98 mrnol) in de-ionized water (20
mifliliters) and acetone (1 mulliliters). The reaction mixture was stirred at room
temperature for 12 hours.  After the reaction was completed, dichloromethane (30
milliliters} was added to the reaction mixture and the organic layer was washed with de-
ionized water (3 x 20 milliliters). The organic layer was then dried over MgSQOy,
filtered, and concentrated by rotary evaporation to afford the product as a clear hquid
(3.95 grams, 90% vyield). "H NMR (400 MHz, CDCly 3 8.91 (s, 1H); 7.22 {t, 1H); 7.21
{t, TH);, 4.20 (o, 4H); 1.90 (m, 4H); 1.40-1.19 (m, 28H); 0.98 (1, 3H), 0.88 (4, 3H). IR
(film) 3148, 3114, 2925, 2854, 1564, 1467, 1352, 1226, 1196, 1136, 1059 cm™,

Example 12

Svynthesis of 1-benzvi-3-decvlimidazolium bromide

[66131] To a solution of I-benzylimidazole (10.00 grams, 63.21 mmol} 1o toluene
(150 milliliters) was added 1-bromeodecane (18.17 grams, 82.17 mmol) dropwise at room
temperature.  The reaction mixture was refluxed for 16 hours.  After cooling to room
temperature, toluene was decanted and the crude product washed with toluene (3 x 100
milliliters). The isolated product was then further purified by vacuum distillation to
completely remove any residual solvents, moisture, and starting materials. The product
was obtained as g slightly yellow liguid (21.6 grams, 90% vicld). "H NMR (400 MHz,
CDCL) 6 10.68 (s, 1HY, 7.52 (m, 2H); 7.38 {m, SH); 5.64 (s, 2H); 4.29 (1, 2H), 1.91 (m,
Z2H); L38-1I8 (m, 14H); 0.88 {1, 3H). IR (film)} 3127, 3063, 2955, 2925, 2854, 1606,
1560, 1497, 1457, 1377, 1208, 1157, 1079, 1030 em ™.
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Exampie 13

Synthesis of 1-benzvl-3-decvliirnidazobium his{trilluoromethanesulfonvimide
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[66132] A solution of lithium bis{trifluoromethanesulfonyliimide (3.02 grams, 10.50
mmol} in acetone {9 milliliters) and de-ionized water (3 milliliters) was added dropwise
to a solution of I-benzyl-3-decylimidazolium bromide (3.46 grams, 9.12 mmol} in
acctone (15 milliliters) and de-ionized water (5 milliliters). The reaction mixture was
stirred at room temperature for 4 hours.  Acetone was removed upon reaction
completion. Dichloromethane (30 milliliters) was added to the reaction mixture, and the
orgamc layer was washed with de-ionized water (3 x 20 mulliliders). The organic layer
was then dried over MgSQy, filtered, and concentrated by rotary cvaporation to afford
the product as a clear liguid (5.02 grams, 95% yield). "M NMR (400 MHz, CDCl1) &
8.95 (s, 1H); 742 {m, 3H);, 7.37 {(m, 2H), 7.22 (¢, 1H)Y:, 718 (1, 1H) 5.35 (s, 2H), 418 (4,
2HD); 1.87 (m, 2H); 1.33-1.20 (m, 14H); 0.87 (1, 3H). ). PC NMR (100 MHz, CDClL) 8
13524, 13247, 129.60, 129.55, 12882, 122.54, 12230, 121.44, 118.24, 53.54, 50.29,
31.80, 30.03, 2935, 29.25, 29.18, 28.80, 26.07, 22.62, 14.05. IR (fikm) 3147, 2928,
2857, 1562, 1499, 1459, 1352, 1197, 1136, 1058 em™.

Lube Propertics and Thermal Stability of lonic Liguids

[68133] The kinematic viscosity {Kv) of the ionic liquid products of Examples 5, 7, 9,
11 and 13 was measured using ASTM standards D-445 and reported at temperatures of
100°C (Kv at 100°C) or 40°C (Kv at 40°C). The viscosity index (VD) was measured
according to ASTM standard B-2270 using the measured kinematic viscosities for cach

product.
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{38134  The tonic hquids of Examples 5, 7, 9, 11 and 13 have good viscosity 1ndex.

All five ionic liguids are highly soluble in di(tridecyl} adipate ester base stocks.

[381358]  The thermal stability of the tonic liquids of Examples 5,7, 9, 11 and 13 was
evaluated using TGA. The 50 % wt. loss is shown in Fig. 2. All ionic hquids showed
50% wit. loss at greater than 400°C, while PAO 4 showed S0% wt. loss at 261°C under
same conditions. Thus, the results show that the ionic liquids of this disclosure are
substantially more stable than hydrocarbon fluid PAO 4. Propertics of the ionic Hquids
(Kv at 100°C, Kv at 40°C, viscosity index, solubility in di{tridecyl) adipate ester,

solubility in alkylated naphthalene AN3, and TGA) are sct forth in Fig. 2.

[68136] Al patents and patent applications, test procedures (such as ASTM methods,
UL methods, and the like}, and other documents cited herein are fully incorporated by
reference to the extent such disclosure is not inconsistent with this disclosure and for all

jurisdictions in which such ncorporation is permitted.

(661371 When numerical lower Himits and mumerical upper limits are listed herein,
ranges from any lower himit to any upper limit are conternplated. While the dlustrative
embodiments of the disclosure have been described with particularity, it will be
understood that various other modifications will be apparent to and can be readily made
by those skilled in the art without departing from the spirit and scope of the disclosure.
Accordingly, it is not mtended that the scope of the claims appended hercto be limited to
the examples and descriptions set forth herein but rather that the claims be construed as
encornpassing all the features of patentable novelty which reside m the present
disclosure, including all features which would be treated as equivalents thereof by those

skilled in the art to which the disclosure pertains.

[66138] The present disclosure has been described above with reference to numerous
cmbodiments and specific examples. Many variations will suggest theraselves to those
skilled in this art in light of the above detailed description. Al such obvious variations

arc within the full intended scope of the appended claims.
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CLAIMS:
I A composition coraprising:
(i) an jonic liquid alkylammoniam salt represented by the formula
R4N'[F3CS(0) 2N (H

wherein R is independently €, to Cyp straight chain alkyl, branched chain alkyl,
cycloalkyl, alkyl substituted cycloalkyl, cycloalkyl substituted alkyl, or, optionally, two
R groups comprise g cyclic structure including the nitrogen atorn and 4 to 12 carbon
atoms; wherein said ionic liquid alkylammonium salt has a structure sufficient to exhibit

at least partial solubility in one or more Group [-V base stocks; or

{11} an ionic liquid imidazolium salt represented by the formula

s
2;1\ v -~ R’
Rt B IRCSOREN @

wherein R' and R” are independently a C; t0 Caq straight chain or branched chain alkyl
group, a Cg to Cyg aryl group, a 7 to Cypy arvialkyl group, a C5 to Cyp alkylaryl group, a
C; to Cy alkenyl group, a €, to U alkoxy group, a €, to Cg altkinyl group, or a ) to Cg
acyl group, provided at least one of R' and R7 is 2 Cyg to Coy straight chain or branched
chain alkyl group; R”, R* and R® are hydrogen; wherein said lonic liquid imidazolium
salt has a structure sufficient to exhibit at least partial solubility in one or more Group |-
V base stocks.

2. The cornposition of claim | whercin the tonic liquid alkylaramonium salt of

formula (1) is represented by the formula

{C?)H] '7]4N7+,{F3 CS(O)Q}:N ot
FC1oH NGRS CS(0) BN,
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and wherein the jonic hquid imidazobiur salt of formula (2) is represented by the

formula
\N“&\\%J/\\/"\\// A NEl N &
R PN WS " e P e N
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o - o
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3. The composition of claims 1-2 wherein, in formula (1), R is independently CiHs,

CyHo, CsHyy, CoHyps, Celyy, CioHp, CrpHos, CiaHoe or CgHaa: and wherein, in
formuia (:2} Rl i8 CH3, (32}'55,, (33}'{7, jgg Hg, (\Qiij s C@Hm, Cg}'{n, CNHQ‘E, or C QHQS,
and R is CyoHoy, CiaHas, CraHow, CrgHaa, CisHar, or CaoHay.

4. The composition of claims 1-3 wherein said ionic liquid alkylammonmm salt of
formula (1) has a solubility in one or more Group 1-V base stocks of at lcast 5%, and said
ionic liquid imidazolium salt of formula (2} has a solubility in one or more Group IV

base stocks of at least 5%,

5. The composition of claims 1-4 wherein said one or more Group I-V basce stocks

comprises a Group V base stock.

6. The composition of claims 1-5 having a viscosity (Kv g ) from 2to 400 at
100°C, a viscostty tndex (V1) frora 100 to 300, and av onset of thermal decomposition

temperature greater than 250°C.
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7. A lubricating o1l base stock comprising:
{1} an lonic liguid alkylaromoniuro salt represented by the formula
RN [FACS(0): N (1

wherein R is independently C; to Cyg straight chain alkyl, branched chain alkyl,
cycloalioyl, alkyl substituted cycloalkyl, cycloalloyl substituted alkyl, or, optionally, two
R groups comprise a cyclic structure including the nitrogen atom and 4 to 12 carbon
atoms; wherein said wonic ligquid alkylarroonium salt has a structure sufficient to exinbut

at least partial solubility in one or more Group I-V base stocks; or

{11} an ionic hquid imidazoliuro salt represented by the formula

R? B A O8O0 LN (D

wherein R and R® are independently a Cy to Cog straight chain or branched chain alkyl
group, a Cg to Cyp aryvl group, a Gy to Cyz arylalkyl group, a Cy to Cyp alkylaryl group, a
C, to Cy alkenyl group, a Cy to Cy alkoxy group, a €, to Cy allanyl group, ora G 10 Cp
acyl group, provided at least one of Rland 7 isa 10 10 Coyg straight chain or branched
chain alky! group; R%, R and R” are hydrogen; wherein said ionic liquid imidazolium
salt has a structare sufficient to exhibit at least partial solubility in one or vaore Group I-

¥V base stocks.

5. A hubricating ol comprising a lubricating oil base stock as a major component,
and an 1onic higuid alkylaromoniur salt cobase stock or an jonic liquid imidazolium salt
cobase stock, as a minor component; wherein said ionic liguid alkvlammonium salt is

represented by the formula

R4N[FaCS(0n N (1)
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wherein R 18 mdependently C; to Cy¢ straight chain alkyl, branched chan alkyl,
cycloalicyl, alkyl substituted cycloalkyl, cycloalkyl substituted alkyi, or, optionally, two
R groups comprise a cychic structure including the nitrogen atom and 4 to 12 carbon
atoms; wherein said tonic liquid alkylammonium salt has a structure sufficient to exhibit
at least partial solubtlity in one or more Group I-V base stocks; and said ionic liquid

imidazohium salt is represented by the formmula

o B IECSORLN )

wherein R' and R are independently a €, to Cy4 straight chain or branched chain alkyl
group, a Cg to Cyp aryl group, a Cy to Ty arvlalkyl group, a Ty to Cyy alkylaryl group, a
s to Cy alkenyl group, a C; to Cy alkoxy group, a Cs to Cy alkinyl group, ora C» to Cy
acyl group, provided at least onc of R' and R¥ is a Cyg to Cyq straight chain or branched
chain alkyl group; R, R* and R” are hydrogen; wherein said ionic lquid imidazolium
salt has a structure sufficient to exiubit at lcast partial solubility 1n one or more Group I-

Y base stocks.

9. The lubricating oil of claim § wherein the hubricating otl base stock comprises g

Group L, i, HI, IV or V base ol stock.

10, The lubricating oil of claims 8-9 wherein the lubricating oil base stock is present
in an amount from 50 weight percent to 99 weight percent, and the ionic liquid
alkylammonium salt cobase stock or the fonic hquid inudazolium salt cobase stock 1s
present inn an amount from 1 weight percent to 50 weight percent, based on the total

weight of the lubricating oil.

1. The lubricating oil of claims 8-10 wherein the ionic liguid alkylammonium salt of

formaula (1) 1s represented by the formula

[CsHp]aN [F3CS(01]N or
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FCioHo N IR CS(On LN,

and wherein the jonic hquid imidazobiur salt of formula (2) is represented by the

formula
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it. of Exampie 13

12, The lubricating o1l of claims 8-11 wherein said ionic liquid alkylammonium salt
of formula (1) has a solubility in one or more Group -V base stocks of at least 5%, and
said fonic Hguid imidazolium salt of formula (2} has a solubility in one or more Group I-

Y basc stocks of at least 5%.

13, The lubricating o1l of claims 8-12 wherein, in formula (1), R is independently
Cably, Calds, CsHyy, Cells, CeHyr, Ciollay, CiaHys, Calye or Cigllas, and wherein, in
formula (2}, R is CH:, CoHs, CiHy, C4He, CsHyy, CeHys, CeHyr, CigHny, or CioHos,
and R is CioHy, CiaHos, © a4, CigHas, CigHag, or CogHyy

4. A multifunctional functional fluid comprising:
(i} an ionic liquid alkylarmmonium salt represented by the formula

RN [F2CS(0) 1N (1)
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wherein R 18 mdependently C; to Cy¢ straight chain alkyl, branched chan alkyl,
cycloalicyl, alkyl substituted cycloalkyl, cycloalkyl substituted alkyi, or, optionally, two
R groups comprise a cychic structure including the nitrogen atom and 4 to 12 carbon
atoms; wherein said tonic liquid alkylammonium salt has a structure sufficient to exhibit

at least partial solubtlity in one or more Group I-V base stocks; or
(1)  an 1onic liquid imidazolinm salt represented by the formula

B

R!

R

\N«:j"“ \'\Ne"'

.,
R F

JFCS0: LN {2

wherein R and R are independently a €1 to Cay straight chain or branched chain alkyl
group, a Cy to Ty aryl group, a Oy to Cy;y arvialkyl group, a €y to Cy; allkylaryl group, a
C; to Cg alkeny! group, a C; to Ty alkoxy group, a €, to Cg altkinyl group, or a C) to Cg
acyl group, provided at least one of R'and R isa Cig to Cyy straight chain or branched
chain alkyl group; R”, R* and R® are hydrogen; wherein said lonic liquid imidazolium
salt has a structure sufficient to exhibit at least partial solubility in one or more Group |-

¥ base stocks.

15, A mcthod for improving solubility of an ionic liquid in a lubricating otl by using
as the lubricating oil a formulated o1l comprising a lubricating oil base stock as a major
component, and an ionic liquid alkylammonium salt cobase stock or an ionic liquid
inudazolinm salt cobase stock, as a minor component; wherein said onic ligmd

alkvlammonium salt 1s represented by the formula
RN CS(0) N (H

wherein R s independently C; to Cyp straight chain alkyl, branched chain alky],
cycloalkyl, alkyl substituted cycloalkyl, cycloalkyl substituted alkyl, or, optionally, two
R groups comprise a cyclic structure including the nitrogen atom and 4 to 12 carbon

atoms; wherein said ionic liquid allkylammonium salt has a strocture sufficient to exhibit
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at least partial solubility in one or more Group -V base stocks; and said jonic hquid

irmidazolium salt is represented by the formmla

b B IFCSOn LN (2)

wherein R' and R are independently a C to Cay straight chain or branched chain alkyl
group, a Cg to T aryl group, a Ty to Cyp arylalkyl group, a Ty to Ty alkylaryl group, a
C; to Cg alkenyl group, a Cy to Cy alkoxy group, a € to Cy altkinyl group, ora Gy to Cg
acyl group, provided at least one of R' and R¥ is a Cyg to Cyy straight chain or branched
chain alkyt group; R”, R* and R are hydrogen; wherein said ionic liquid imidazolium
salt has a structure sufficient to exhibit at least partial solubility 1n one or more Group

I~V base stocks.



