FRI CTI ON MODI FI ERS AND/ OR VEEAR | NHI Bl TORS DERI VED FROM HYDROCARBYL AM NES
AND CYCLI C CARBONATES Field of the Invention The present invention rel ates
t o car barmsiDes10e3ong i nproved wear inhibition and fri ctiPCh/UsR@90s253
properties as part of a lubricating oil conposition. Background of the
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such as gl ycerol nonooleate, are well known in the art as friction
nodi fiers and as wear inhibitors. The probl em associated with these

conpoynds is that the ester fu&élag?giéw ig I$asi|y hydr ol yzed whi ch
resul tsS in the production of f ,-a corrosive agent. In this

i nvention, norghst glelsent anemiibh eeldtey etobegibapiftearefiny impesitdangeareyl am ne
wi th glycerol carbonate or ethylene carbonate. Surprisingly, we have found

that the [ Bastiden ogy of i ,laﬁp'og Y, oLt Car RbEndaS
exhi bi ted gooééantaﬁ@me%?ogerwgéln%nce %g%g%go% féﬁt?ongper orrr% cel.
Pr evi ousl§ m?)@é?fi al ycerol nonool eate had shown acceptabl e anti-wear
per f or man % Rive al so found that the reaction

10 Background of the Invention

Antiwear additives and friction modifying additives are frequently
blended with lubricants in order to prevent wear, reduce fuel consumption,
and increase the operating life of machinery. Glycerol esters, such as
glycerol monooleate, are well known in the art as friction modifiers and as

15  wear inhibitors. The problem associated with these compounds is that the
ester functionality is easily hydrolyzed which results in the production of free
oleic acid, a corrosive agent.

In this invention, more stable carbamates have been prepared by
reacting oleylamine with glycerol carbonate or ethylene carbonate.

20  Surprisingly, we have found that the reaction product of oleylamine and
glycerol carbonate has exhibited good anti-wear performance and good
friction performance. Previously, only glycerol monooleate had shown
acceptable anti-wear performance. We have also found that the reaction
product of 2-ethylhexylamine and ethylene carbonate, or the reaction product of

25 oleylamine and ethylene carbonate, has also exhibited good friction

performance.



product of 2-ethyl hexyl am ne and et hyl ene carbonate, or the reaction
product of ol eyl am ne and et hyl ene carbonate, has al so exhi bited good
frictionwerbwseieee. Sunmary of the Invention This i nveRCirams2em/odi2sected to
a lubricating oil composition conprising a major anmount of base oil of

| ubricating viscosity and a m nor anount of an additive conprising the
reacti on product obtained by reacting a cyclic carbonate and a hydrocar byl
am ne having the formul a: Rl'?d}lmniag E‘)Wh%hj@étjio% hydr ogen, or a hydrocar byl
group containing 1 to 40 car , a hydrocar byl group
containing 1 tq 40 carbon. atons. In a preferred enbodi.nent, the cyclic
carbonat e i s gl PRSP iokeaed A Hpucalag 6y CampoRiion CBBJFA fe, and
the reaction product is glycerol carbamate. G ycerol carbnmates have

i mproved Wa@r ameupt of dasarril of jubricaingrdsaosdy andopninos AraaUMaRT adf t he

| ubricating oil conposition. In other enbodinents, the carbamate is a
reacti on pdditivet compasiogclthe reachomapmdusticobtageet byl eeactowy kronatcic and a
hydr ocar byl am ne such as 2-ethyl hexam ne or ol eyl am ne. Detail ed

Descripti earbohatdand avsarosarbyinrfine:Rird B fodhales to a carbamate
additive, conprising the reaction product of a cyclic carbonate and a

hydr ocar b'paqyne, whi ch may be

in which R" is hydrogen, or a hydrocarbyl group containing 1 to 40 carbon
atoms, and R? is a hydrocarbyl group containing 1 to 40 carbon atoms. In a
preferred embodiment, the cyclic carbonate is glycerol carbonate, the
10 hydrocarbyl amine is oleylamine, and the reaction product is glycerol
carbamate. Glycerol carbmates have improved wear inhibition and friction
modifier properties as part of the lubricating oil composition. In other
embodiments, the carbamate is a reaction product of a cyclic carbonate, such
as ethylene carbonate, and a hydrocarbyl amine such as 2-ethylhexamine or

15 oleylamine.

Detailed Description of the Invention

This invention relates to a carbamate additive, comprising the reaction

product of a cyclic carbonate and a hydrocarbyl amine, which may be

20 incorporated into a lubricating oil composition. Such lubricating oll
compositions having this additive are particularly beneficial for reducing wear

in tractor hydraulic fluids, and may be useful in other lubricating oil
applications such as engine oils and gear oils. Such lubricating oil
compositions having this additive may also provide for excellent friction

25  reduction properties in the aforesaid applications.
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incorporated into a lubricating oil conposition. Such lubricating oil
conpositions having this additive are particularly beneficial for reducing
wear in twecowoshedr aul ic fluids, and may be useful in ®CHARS2000/0572631t i ng
oil applications such as engine oils and gear oils. Such lubricating oil
conpositions having this additive may al so provide for excellent friction
reduction properties in the aforesaid applications.Definitions The term

" hydrocarﬁ)\éi'r']-ti footes a group having a carbon atomdirectly attached to the

remai nder nol ecul e and havi ng predom nantly hydrocarbon character.
Such groups may. includg he following: ( 1 dr ocar bon oups; that is,
ST ohar i or® o e i RvBCattily s arpubinatii § tarege Pl echy

cycl oal ken , aromatic, aliphatic- and alicyclic-substituted aromatic,

1) ! ! .
aromati c- §éﬁ%ﬂ@d ufedhel FqsRaiNHer o0fd the i Byiecue gredpsaviaad Pregomingatly Such
groups are known to those skilled in the art, and non-limting exanples
i ncl ude mbydpicartetrhytharactey! , Sdelty groupst achayy lincloge| dfwe x yollowihgny(1,)
individually or in conbinations thereof, etc.; (2) Substituted hydrocarbon

groupss t Piglirdcairb @ QeSS aRbRig)idNBhand - RYglr anan e ikea}, idligpelics (eMgi, ch do
not alter the predom nantly hydrocarbon character of the group. Those

Killed i t oW it bstkt ; i limti
SKille '?wﬂ?ﬁlg@r or""'dyl:tg%ﬁ}e@g@{ Cafdmatit, %F?ﬂ)r?at%éal% g y‘é‘ﬁe Jic-StibtiAgg! 1 m ting

exanpl es hal o, , hitro, cyano, Xy, acyl, etc., and
OPL1 Onal | ¥iorf e, HEEREA AL GHRR b Nforctie SREURR, U Goudll! Ly RRETRE. nant 1y
Such groups are known to those skilled in the art, and non-limiting examples
include methyl, ethyl, octyl, decyl, octadecyl, cyclohexyl, phenyl, individually

10 or in combinations thereof, etc.; (2) Substituted hydrocarbon groups; that is,
groups containing non-hydrocarbon substituents which do not alter the
predominantly hydrocarbon character of the group. Those skilled in the art will
be aware of suitable substituents, and non-limiting examples include halo,
hydroxyl, nitro, cyano, alkoxy, acyl, etc., and optionally, (3) Hetero groups;

15  that is, groups which, while predominantly hydrocarbon in character within the
context of this invention, contain atoms other than carbon in a chain or ring
otherwise composed of carbon atoms. Suitable hetero atoms will be apparent
to those skilled in the art and non-limiting examples include nitrogen, oxygen
and sulfur.

20 “Cyclic carbonates” include those having the formula (l) below. An
example of a cyclic carbonate wherein Rs and R4 are hydrogen is ethylene
carbonate. Propylene carbonate is an example of a cyclic carbonate wherein

Rs is hydrogen and R4 is a methyl group. Glycerol carbonate is an example of

a cyclic carbonate wherein Rs is hydrogen and R4 is a CH2>-OH group.

-3-



context of this invention, contain atons other than carbon in a chain or
ring otherw se conposed of carbon atons. Suitable hetero atons wll be
apparent wo20tpases08killed in the art and non-linmting eramjlSeaiosbiide

ni trogen, oxygen and sul fur. "Cyclic carbonates” include those having the
formula (1) below. An exanple of a cyclic carbonate wherein R3 and R4 are
hydr ogen i s ethyl ene carbonate. Propylene carbonate is an exanple of a

cyclic Caf:BﬂﬂaltaiI]V\herei n Ris hydrogen and R4 is a nmethyl group. dycerol

car bonat e anple of a cyclic carbonate wherein R3 is hydrogen and R4
is a CH2-OH gr .Formula (1) Carbamates are prepared by reaction of a
hydr ocar byl am ang4a cyclic carbonate. The hydrocarbyl amine is shown by

the following fprmulga (11): Forrmula (I1) RILR2ZNH in which Rl is hydrogen, or
a hydrocagpyl group ¢ontaining 1 to 40 carbon atons, and nore preferably, 8
to 28 carbon azoms and R2'fs a hydrocarbyl group containing 1 to 40 carbon

atons, and norg prefekably 8 to 28 carbon atons. The hydrocarbyl group in
R1 and R2 may~be a |lingar and/or branched, al kyl and/or al kenyl group. In a
preferred enmboth nent he cyclic carbonate is glycerol carbonate, the
hydrocar byl am nenys ol eyl am ne, and the carbamate is

O
Carbamates are prepared by reaction of a hydrocarbyl amine and a
cyclic carbonate. The hydrocarbyl amine is shown by the following formula

5 (ll):

Formula (Il

R'R°NH

10 in which R' is hydrogen, or a hydrocarbyl group containing 1 to 40 carbon
atoms, and more preferably, 8 to 28 carbon atoms and R? is a hydrocarbyl
group containing 1 to 40 carbon atoms, and more preferably 8 to 28 carbon
atoms. The hydrocarbyl group in R' and R? may be a linear and/or branched,
alkyl and/or alkenyl group. In a preferred embodiment, the cyclic carbonate is

15  glycerol carbonate, the hydrocarbyl amine is oleylamine, and the carbamate is
glycerol carbamate.

Glycerol carbamates which are obtained by reaction of glycerol
carbonate with a primary, and optionally a secondary, hydrocarbyl amine,
such as saturated or unsaturated mono-amines, or mixtures of hydrocarbyl

20 amines derived from fatty acids, such as coco, oleyl, or tallow, preferably,
-4-



gl ycerol carbamate. G ycerol carbanmates which are obtained by reaction of
gl ycerol carbonate with a primary, and optionally a secondary, hydrocar byl
am ne, SO 208)/086308r at ed or unsat urated nono-am nes, or PEITAISC00QH67263
hydrocar byl am nes derived fromfatty acids, such as coco, oleyl, or
tallow, preferably,oleylamne. Non limting exanples of primry and
secondary hydrocarbyl am nes include oct yI am ne, decyl am ne, dodecyl -am ne,

d h | | ami ne,
o eyt ant 20 Aing] SXRETIHY. CSorBfed B A End RERBINAR, PiarolAR L 2" 16
"ot 11 decMifthe. mgud%u?eiﬁléa'g}@,ameﬁﬁlawnC03%5&ﬁrawfenée{?gégcy?amme

2-octyl dodeyl ani ne, cycl ohexyl anine, , dibenzyl am ne, diphenyl am ne,

di cocoami h@XQdQﬁy@R@@ppétaﬂlemé'ém'Q@ benzamine. nbgeylpmlm,-@eﬂaﬁym%éfpm am ne,
and N-net hyl cycl ohexyl am ne,. I n another enbodi ment, carbamates are

obt ai ned byampkcArreen mﬁfrbarnékmt\lnxbnb)t eteairylarrmq)(fbnnxamma:lﬁm’oaeﬂnyl

am ne, preferably 2- ethyl hexylam ne. I n another enbodi ment, carbamates are

obt ai red by D eashi Az Nodkh)y leb6arditich Iaths |Hext anding! isrmrdedymﬁm@alzbyl
am ne, preferably oleylamne. dycerol carbonate can be produced by met hods

known froghfyﬁ‘tfc bhfie a%trﬁﬁﬁldgﬁﬂgf’r\np@% Jcﬁgﬂd@ fhe, ! &d H)f‘%xy,:%t‘ Hyl ane

6, 025, 504, |nco porat'e ein reference inmits éntirety
car bonat M [ro-0 z?l%npngdafb%%ng%mnﬁé alc%coamlne (for example Armeen 2C from

Akzo Nobel), di-2-ethylhexylamine, and N-methylcyclohexylamine,.
In another embodiment, carbamates are obtained by reaction of
10 ethylene carbonate with a primary hydrocarbyl amine, preferably 2-
ethylhexylamine. In another embodiment, carbamates are obtained by
reaction of ethylene carbonate with a primary hydrocarbyl amine, preferably
oleylamine.
Glycerol carbonate can be produced by methods known from the prior
15 art as described, for example, in U.S. Pat. No. 6,025,504, incorporated herein
by reference in its entirety. Ethylene carbonate can be produced by methods
known from the prior art as described, for example, in U.S. Pat. No. 4,314,945
and U.S. Pat. No. 4,233,221, incorporated herein by reference in its entirety.
In a preferred embodiment, glycerol carbamates are prepared by
20 reaction of oleylamine 1 and glycerol carbonate 2, in reaction scheme (l)
below. The reaction occurs at a molar ratio of oleylamine to glycerol
carbonate of 0.5:1 to 2:1, preferably 0.75:1 to 1.5:1 and more particularly 1:1,
and at a temperature range of between 60 °C and 180 °C, and more

preferably between 80 °C and 120 °C. A mixture of products is obtained. The

-5-



known fromthe prior art as described, for exanple, in US. Pat. No.
4,314,945 and U. S. Pat. No. 4,233,221 , incorporated herein by reference in
its entireoypoldesomspr ef erred enbodi ment, gl ycerol carbararas2ewecpsepar ed
by reaction of oleylamne 1 and glycerol carbonate 2, in reaction schene
(I') below. The reaction occurs at a nolar ratio of oleylamne to glycerol
carbonate of 0.5:1 to 2:1 , preferably 0.75:1 to 1.5:1 and nore

e, gyt RSN G PSSR Dot 100
o e, T agL P15k e T R 5 TS s

gl ycerol, hydroxyethyl am nes, and diol eyl urea. Hydrocarbon sol vents or

ot her i nepfd §ilg¥nireamhlydpecaibed splyenkeor @fier inght Selvemsasapeazsae, Nt ol uene,
and xyl enes. Reaction schene ( |) After the carbamate conpounds of this

i nvent i onther reaictomeslcht dselgemegneh doluacergut atledes.nt o a | ubricating oil
conposition conprising a base oil of lubricating viscosity and ot her

addi tisye conmponents, by the direct blending of the carbamate conpounds wth
the lubricating oil conposition. The anmount of carbanmate additive conpounds
in the | uplbegddh Beh&hb (gorrposi tionis present in a "mnor anount," which
refers to Ton of the additive within the lubricating oil
conposition of |ess than abgut 40 wt % In sonme enbodi ments, a "m nor
amount” of additive refers tjo a concentration of the additive within

R R OH
NH, 0”0 | I

~ + HN 0 HN 0 OH

8 — Y oy T \n/ \)\/

o o
6 HO OH
1 2 3 4
10 After the carbamate compounds of this invention are formed, they may

be incorporated into a lubricating oil composition comprising a base oil of
lubricating viscosity and other additive components, by the direct blending of
the carbamate compounds with the lubricating oil composition. The amount of
carbamate additive compounds in the lubricating oil composition is present in
15 a “minor amount,” which refers to a concentration of the additive within the
lubricating oil composition of less than about 40 wt %. In some embodiments,
a “minor amount” of additive refers to a concentration of the additive within
the lubricating oil composition of less than about 30 wt%, of less than about
20 wt %, of less than about 10 wt %, of less than about 1 wt %, or of less

20 than about 0.5 wt %.



the lubricating oil conposition of |less than about 30 wt% of |ess than
about 20 wt % of less than about 10 wt % of less than about 1 w % or of
| ess t harwealzo1wos0zo8 wt % Base O | of Lubricating Vi scosiPCY/UB@9loera3 oi | of
| ubricating viscosity enployed in the present invention may be mneral oils
or synthetic oils. A base oil having a viscosity of at |least 10 cSt (mmR/s)
at 40 C and a pour point below 20 C, preferably at or below 0 Cis

desi r abl eBPEQ?)ipgrslﬁJB?iclaﬁ?w%&%itgeri ved fromsynthetic or natural sources.
§°f0 e

M ner al ol r-use as ase’oil in this invention include, for

exanpl e, paraffjnic, naph nic.and. other oils that are ordjnarily used in
b | cat i g of TMEdHssPT PhREMCaR NistoatbenipSyed e rssenkAenlidn bor n
hydr ocarbon synthetic oils and synthetic esters and m xtures thereof having
the desi r BE@WPE BURERA OilgipasyBtREHE PilSY rft Rase ©ildiavingrayvisasity @ atfeastexanpl e,
oils prepared fromthe polynerization of ethylene or higher al pha ol efins
(pol yal ph46laSti(mnot/s PR@Q° Granfcr @ pohy goint dvetown 26§ G, ersfesalply et ed iveésy usi ng
car bon nonoxi de and hydrogen gases such as in a Fisher-Tropsch process.

Usef ul5 syt etis ciddrebrRe Ao base | Silsi malyulg ddriveddirg®l yyrnsti®©foraddtbeal ol ef i ns
havi ng the proper viscosity. Especially useful are the hydrogenated |iquid

o o Teensblte! L e U BB pIE el e
Usef ul Syg;[(gr%tpie? Sasr%?flrnslc,i Hg;l)ﬁ{ﬂgmtchgngsét%re? ocl)lfs o5 BPd‘uXér'n?/ Ssce'od In and
lubricating oil compositions. Synthetic oils include, for example, both
hydrocarbon synthetic oils and synthetic esters and mixtures thereof having
10 the desired viscosity. Hydrocarbon synthetic oils may include, for example,
oils prepared from the polymerization of ethylene or higher alpha olefins
(polyalphaolefin or PAO), or from hydrocarbon synthesis procedures using
carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process.
Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins
15 having the proper viscosity. Especially useful are the hydrogenated liquid
oligomers of Cs to C42 alpha olefins such as 1-decene trimer. Likewise, alkyl
benzenes of proper viscosity, such as didodecyl benzene, can be used.
Useful synthetic esters include the esters of monocarboxylic acids and
polycarboxylic acids, as well as mono-hydroxy alkanols and polyols. Typical
20 examples are didodecyl adipate, pentaerythritol tetracaproate, di-2-ethylhexyl
adipate, dilaurylsebacate, and the like. Complex esters prepared from
mixtures of mono and dicarboxylic acids and mono and dihydroxy alkanols

can also be used. Blends of mineral oils with synthetic oils are also useful. For

example, blends of 10 wt % to 25 wt % hydrogenated 1-decene trimer with 75

-7-



pol ycar boxylic acids, as well as nono-hydroxy al kanols and pol yols. Typi cal
exanpl es are di dodecyl adipate, pentaerythritol tetracaproate,

di - 2- et hywberylosasspat e, di |l auryl sebacate, and the |i kePCCarspdooncess er s
prepared from m xtures of nono and di carboxylic acids and nono and

di hydroxy al kanol s can al so be used. Blends of mneral oils with synthetic
oils are also useful. For exarrple bl ends of 10 wt %to 256 Wt %

hydr ogenaj ed, thdgtfwfe) tyd i&ﬂ?%ingﬁ‘a‘tl %ti)lgr%a% eg %ﬁgntqygrlfz H’%OEorrponent s

mneral ol e excel’l en |cat ng Ol ases.

The fol |l ow %%addltlve conponents are exanples of sone other additive
conponent t can be favorably enployed in the present invention. These
exanpl es of additives are provided to illustrate the present invention, but
they are not intended to limt it: ( 1) Ashless dispersants: alkenyl

succi ni ni Rer AQdiEys ComRranamtsi des modified with other organic conpounds,
and al kenyl succinimdes nodified with boric acid, al kenyl succinic ester.
(2) Oxidation iThai ffollowing :edgitimemshpowﬁsoa'rejanampleahbf)iscnme: other

4,4 -methyl ene bis (2,6-di-tert-butyl phenol),

4, 4" - 1§ s( ad@itidé coaigonenty thalieanlbe fadobipiea{ployet inytheGres@iitinbetitidnphenol )
2,2' -nmet hyl ene bis(4 net hyl - 6-tert-butyl -phenol), 4,4'-butyl

'de“ebls(% ] 6?988&%9%‘?@ dvided t llustrate th t t
-i sopr ogg(lIB i de % , b- Id| -terﬁibru‘{”ye gnlo %rae e present invention,

2 2 - met hBLFﬂ%y@ré(n%t Wéﬁc’@d% ﬂﬂﬁ'Yt. phenol ), 2,2'-isobutylidenebis(

(1) Ashless dispersants: alkenyl succinimides, alkenyl succinimides modified
with other organic compounds, and alkenyl succinimides modified with boric
10 acid, alkenyl succinic ester.
(2) Oxidation inhibitors: (a) Phenol type oxidation inhibitors: 4,4'-methylene bis
(2,6-di-tert-butylphenol), 4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-
tert-butylphenol), 2,2'-methylene bis(4-methyl-6-tert-butyl-phenol), 4,4'-butyl
idenebis(3-methyl-6-tert-butylphenol), 4,4'-isopropyl-idenebis(2,6-di-tert-
15  butylphenol), 2,2'-methylene-bis(4-methyl-6-nonylphenol), 2,2'-isobutylidene-
bis(4,6dimethyl-phenol), 2,2'-methylenebis (4-methyl-6-cyclohexylphenol),
2,6-di-tert-butyl4-methyl-phenol, 2,6-di-tert-butyl4-ethylphenol, 2,4-dimethyl-6-
tert-butyl-phenol, 2,6-di-tert-4-(N,N'-dimethyl-aminomethylphenol), 4,4'-
thiobis(2-methyl-6-tert-butylphenol), 2,2'-thiobis(4-methyl-6-tert-butylphenol),
20 bis(3-methyl4-hydroxy-5-tert-butyl benzylysulfide, and bis (3,5-di-tert-butyl4-
hydroxybenzyl). (b) Diphenylamine type oxidation inhibitor: alkylated
diphenylamine, phenyl-.alpha.-naphthylamine, and alkylated alpha-

naphthylamine (c) Other types: metal dithiocarbamate (e.g., zinc



, 6di net hyl - phenol ), 2,2'-nmethyl enebis (4-nethyl-6-cycl ohexyl phenol),

, 6-di -tert-butyl 4-net hyl - phenol, 2,6-di-tert-butyl 4-ethyl phenol,

, 4- di metWol208/08038t - but yl - phenol PCT/US2009/067253
2,6-di-tert-4-(N, N -di met hyl - am nonet hyl phenol ), 4,4'-

t hi obi s(2-net hyl -6-tert-butyl phenol),

2,2"-thiobis(4-nmethyl-6-tert-butyl phenol),

bi s( 3- net A- 5- = I lys ' -and_bi 5-
i-tert-bu%ﬂﬂ'§9Q'§r§’%ﬁr)%§§/be'ﬁ§'§f’9gh§’ﬁ) ‘%&%ﬁﬁ'ﬁé ;grgldrﬁ’gﬁ’ini/ogeg 8§<)'il”§het("§8h |grr‘1 i bitor:
al kyl ated _di phenyl.am ne, phenyl -. al pha. - napht hyl am ne, and al kyl at ed

al phanaph%ﬁﬂﬁ?%@s?gg’uaﬁgﬁ'oﬁ?mgtﬁit al dithiocarbamate (e.qg.,

zi ncdi t hi ocarbamat e), nol ybdenum oxysul fi de succi ni m de conpl exes, and

net hyl eneb?)s Ryt mhlélltoréi ("i‘/ntbw REfRt) (2)( Bipnianit polaxyethyrene Adtface ust
agents) (a) Nonionic pol yoxyethyl ene surface active agents: pol yoxyethyl ene
| auryl et hetive ageptsx ypetlyoxyetteyldney tauryaketwnp pobowgethyleoley bighet raj¢ahod

nonyl phenyl et her, pol yoxyethyl ene octyl phenyl ether, polyoxyethyl ene octyl
stearyd ebher, polgbytigehs| gyl etidiepolyoR)athyirae MotapeemR dhéo!

nonost ear at e, pol yoxyet hyl ene sorbitol nono-oleate, and pol yet hyl ene gl ycol

s BN SO o S A, e,
mey o DBl e bl RSB oD ShehP KR eRlE el

et hyl eneoxi de, pol oxyet hyl ene al kgl et her, and r[;%ol yoxyet hyl ene sorbitan
ester. and polyethylehe glycol monooléate. (b) Other cornpodnds: stearic acid and

4
2
2

other fatty acids, dicarboxilic acids, metal soaps, fatty acid amine salts, metal
10 salts of heavy sulfonic acid, partial carboxylic acid ester of polyhydric alcohol,

and phosphoric ester.

(4) Demulsifiers: addition product of alkylphenol and ethyleneoxide,

poloxyethylene alkyl ether, and polyoxyethylene sorbitan ester.

(5) Extreme pressure agents (EP agents): zinc dialkyldithiophosphate (aryl
15  zinc, primary alkyl, and secondary alkyl type), sulfurized oils, diphenyl sulfide,

methyl trichlorostearate, chlorinated naphthalene, fluoroalkylpolysiloxane, and

lead naphthenate.

(6) Multifunctional additives: sulfurized oxymolybdenum dithiocarbamate,

sulfurized oxymolybdenum organo phosphoro dithioate, oxymolybdenum
20 monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum

complex compound, and sulfur-containing molybdenym complex compound.

(7) Viscosity index improvers: polymethacrylate type polymers, ethylene-

propylene copolymers, styrene-isoprene copolymers, hydrated styrene-



(5) Extrene pressure agents (EP agents): zinc dialkyldithiophosphate (aryl
zinc, primary al kyl, and secondary al kyl type), sulfurized oils, diphenyl
sul fide, wethw/osvzoschl or ost earate, chl ori nated napht hal @a&/US2009/067253

fl uor oal kyl pol ysi | oxane, and | ead napht henate. (6) Muiltifunctional
additives: sulfurized oxynol ybdenum dithi ocarbamate, sulfurized

oxynol ybdenum or gano phosphoro dithi oate, oxynol ybdenum nonogl ycehde,

oxynol y bd%%gl%r&’é %E)Eré‘y%egg ﬁ{;}ioﬂﬁso )é@ﬁé,méhﬁ b&i%ﬁ&%ﬁ?@?ﬂ)@ )ﬂ/i&?ﬂ%ﬂ? ﬁigggx and

sul fur - cont-ai hing m’conpleX conpoun SCOSI

i nprovers; polynethacrylate type polyners, ethyl enepropyl ene copol yners,
styrene-i &8 Pé(é[as'copol ynmers, hydrated styrenei soprene copol yners,

pol yi sobut yl ene, and di spersant type viscosity index inprovers. (8) Pour
poi nt dep(%d%%ft@'ntrﬂﬂ@’ﬁ%%&m& nﬁiymgmwmﬂéacryé}e-mam | nhi bitors: al kyl

met hacryl ate pol yners and di nethyl silicone polynmers. ( 1 1) Metal

det er gent §9) dwlahur inhdxitoos: ahisilil methamdatd kydlymersal dehydintieylasgisonal kyl or
al kenyl aromatic sul fonates, sulfurized or unsulfurized netal salts of

nul ti -gydpeyners Kyl 1)oMeddikestetgattomallfgizeanvoundsifurddey bikgr orldieayll hydr oxy
aromatic sulfonates, sulfurized or unsulfurized al kyl or al kenyl

napht henﬁhﬁématgg}éikgﬁg'ééﬁee | Caﬁt{;r%ﬁﬂé’isﬁlf&%tgégsdﬁ?i%d%?'uh%ul‘ﬂjri rﬂ%{‘a\f' or

al kenyl tiacid, and physical mxtures thereof. n-limting
exampl es Qhus il A%y BRGE) S8 Hird SRomhallE Bripo AdS2 BT o iR R 2N
hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl
naphthenates, metal salts of alkanoic acids, metal salts of an alkyl or alkenyl
10  multiacid, and chemical and physical mixtures thereof. Non-limiting examples
of suitable metals include alkali metals, alkaline metals and transition metals.
In some embodiments, the metal is Ca, Mg, Ba, Sr, K, Na, Li or the like.
The base oil of the present invention is present in a “major amount.” A
“major amount” of a base oil of lubricating viscosity refers to a concentration
15  of the oil within the lubricating oil composition of at least about 40 wt %. In
some embodiments, “a major amount” of a base oil of lubricating viscosity
refers to a concentration of the oil within the lubricating oil composition of at
least about 50 wt %, at least about 60 wt %, at least about 70 wt %, at least
about 80 wt %, or at least about 90 wt %.

20 To further illustrate the additive and the lubricating oil compositions of

this invention, the following non-limiting examples are provided.

25
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In sone enbodi nents, the nmetal is Ca, My, Ba, Sr, K, Na, Li or the Ilike.
The base oil of the present invention is present in a "major anpunt." A
"maj or arsOrepio/oshH308 base oil of |ubricating viscosity r@CENS2000/067253
concentration of the oil within the lubricating oil conposition of at |east
about 40 wt % In some enbodi nents, "a major anmount” of a base oil of

| ubricating viscosity refers to a concentration of the oil wthin the

| ubricating oil conposition of at @Mout 50 wt % at |east about 60 wt
% at |east about 70 wt % at |eas 80 Wt % or at |east about 90 wt
% To further illustrate the additi ve and the lubricating oil conpositions
of this invention, the followng non-limting exanples are

provi ded. Exanpl es EXAMPLE 1 React iEBH\BPbEUCt of O eyl am ne and d ycerol
Carbonate A 1 L glass reactor equipped with an agitator was charged with

ol eyl &ni ne (473. 9Regction SVodndt®f KAeWdmire and &ityerrolahtonate 213 ny KOH g;
avai l abl e from Akzo Nobel as Arneen (r) OLD) under a nitrogen atnosphere

and heat ed 1 d 33eGeaCtorcayuipped mbibnan eagitafor2wds aharded Withrobleylagnviaé | abl e
from Huntsrran as JEFFSOL (r) glycerol carbonate) was added via an addition

funnel F‘47329é§‘ @MS80 Fﬁkﬂert?a%‘éh' O ol XhiHeBv RS 67921139141 PKOHEOGvhabIan
addi ti ona EXAVMPLE 2 Reaction Product of Q eyl am ne and d ycerol
Car bonat e, Akzo Nobel as Armeen® OLD) under a nitrogen atmosphere and heated
10 to 100°C. Glycerol carbonate (212.47 g, 1.80 mole; available from Huntsman
as JEFFSOL® glycerol carbonate) was added via an addition funnel over 2
hours. The reaction mixture was heated at 100°C for an additional 5 h.
EXAMPLE 2
15
Reaction Product of Oleylamine and Glycerol Carbonate
A 500 mL glass reactor equipped with an agitator was charged with
oleylamine (221.63 g, 0.84 mol based on an amine value of 213 mg KOH/g)
20 under a nitrogen atmosphere and heated to 100°C. Glycerol carbonate (99.35
g, 0.84 mol) was added via an addition funnel over several minutes. The
reaction mixture was heated at 100°C for an additional 4 h.
EXAMPLE 3
25
Reaction Product of Oleylamine and Glycerol Carbonate
A 500 mL glass reactor equipped with an agitator was charged with
oleylamine (217.53 g, 0.826 mole based on amine value of 213 mg KOH/g)
30 under a nitrogen atmosphere and heated to 155°C. Glycerol carbonate (97.52

g, 0.826 mol) was added via a syringe pump over 2 hours. The reaction

mixture was heated at 160°C for an additional 4 h.
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A 500 nL gl ass reactor equipped with an agitator was charged with

ol eylamne (221 .63 g, 0.84 nol based on an am ne value of 213 ng KOH Q)
under a rwoOnowasomBnosphere and heated to 1000C. d ycer @CTa®mewoM61283 (99. 35
g, 0.84 nol) was added via an addition funnel over several mnutes. The
reaction m xture was heated at 1000C for an additional 4 h. EXAVPLE 3
Reacti on Product of O eylam ne and d ycerol Carbonate A 500 nL gl ass
react or equi pped with an agi tatormghgwed with oleylamne (21 7.53 g,
0.826 nol e based on am ne val ue o myg  KOH/ g) under a nitrogen

at nosphere and heated ta 1550C,. d ycerol. car ate 7.52 0.826 nol) was
added via a syri E&@Cg%%r‘?fiéﬁqoﬁqq’G‘&FX'?'mf'PueeaF‘agg\W%ﬁﬁf ﬁﬁm Cwas heated at
16Q0C for an additional 4 h. EXAMPLE 4 Reaction Product of Dodecyl am ne and
d ycerdl BGadiondtle glasporenctorglegsipnesadyity asyagiséer Wwash charged twithr was
charged with dodecylam ne (281 .35 g, 1.52 nol) under a nitrogen atnosphere

and heat edotlecyddmirte A80C5 G ¥ olol candemandrdgeh7stindaspherd a6d medtg¢d was
added via an addition funnel over several mnutes. The reaction m xture was

heat ed at to/ @Beuf 0°@n (}Wtf@rbli @mbnaté(wg.w.sﬁm%a\ﬁ/bé Ay dadodichn of
A eyl am ne and d ycerol Carbonate
addition funnel over several minutes. The reaction mixture was heated at
70°C for an additional 2.5 h.

10
EXAMPLE 5

Reaction Product of Oleylamine and Glycerol Carbonate
15 A 1 L glass reactor equipped with an agitator was charged with oleylamine
(462.61 g, 1.76 mol) under a nitrogen atmosphere and heated to about 160°C.
Glycerol carbonate (207.38 g, 1.76 mol) was added via an addition funnel
over several minutes. The reaction mixture was heated at 160°C for an
additional 4.5 h.

20
EXAMPLE 6

Reaction Product of Oleylamine and Glycerol Carbonate
25 A 500 mL glass reactor equipped with an agitator was charged with
oleylamine (256.15 g, 0.97 mol based on amine value of 213 mg KOH/g)
under a nitrogen atmosphere and heated to about 70°C. The reactor was
placed in a cooling water bath to remove the heat of reaction and keep the
reaction mixture temperature below 90°C. Glycerol carbonate (114.83 g, 0.97
30 mol) was added via an addition funnel over several minutes. The reaction

mixture was heated at 70°C for approximately an additional 3 h.
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A 1 L glass reactor equipped wth an agitator was charged with ol eyl am ne
(462.61 g, 1.76 nol) under a nitrogen atnosphere and heated to about 160Q0C.
G ycerol wearbwmoims(207.38 g, 1.76 nol) was added via arCadsemon’2funnel
over several mnutes. The reaction mxture was heated at 1600C for an
additional 4.5 h. EXAMPLE 6 Reaction Product of O eylamne and G ycerol
Carbonate A 500 nlL gl ass reactor equipped with an agitator was charged with
ol eylam ne (256.1 5 g, 0.97 nol based on ami ne value of 2 13 ng KOH g)
under a nitrogen atnosphere and heated to about 700C. The reactor was
placed in a cooling water bath to renove the heat of reaction and keep the
reaction mxture tenperature bel ow 900C. d ycerol carbonate ( 1 14.83 g,
0.97 nol) was added via an additi EAXAMRKEI 7 over several minutes. The
reaction m xture was heated at 700C for approximately an additional 3

h. EXAMPLE 7 React ReactiornBoeduasdf Qleylamirienanchkthyiems Cengor@debonate A 500 ml _
gl ass reactor equipped with an agitator was charged with ol eyl am ne (327. 20

g, 1.24 npl 50@sedl oglagsi reaciad weuifped IWtMTarkKGdligtoruntey changéd ogitn
at nosphere and heated to about 700C. The reactor was placed in a cooling

wat er bat Blety%rﬁi%‘)c@ﬂib?gbeﬁm Ghol Baséd & BRfin&S8RILd b 218ARTJ ROMAgyt ure
tenperature’at about 7Q0C. Et hyl ene carbonate ( 109. 38 g,
under a nitrogen atmosphere and heated to about 70°C. The reactor was
10 placed in a cooling water bath to remove the heat of reaction and keep the
reaction mixture temperature at about 70°C. Ethylene carbonate (109.38 g,

1.24 mol) was added via a syringe pump over several minutes. The reaction

mixture was heated at 70°C for approximately an additional 4 h.

15 EXAMPLE 8
Reaction Product of 2-Ethylhexylamine and Ethylene Carbonate
A 500 mL glass reactor equipped with an agitator was charged with
20 oleylamine (164.06 g, 1.27 mol) under a nitrogen atmosphere and heated to
about 70°C. The reactor was placed in a cooling water bath to remove the
heat of reaction and keep the reaction mixture temperature at about 70°C.
Ethylene carbonate (111.8 g, 1.27 mol) was added via a syringe pump over
several minutes. The reaction mixture was heated at 70°C for approximately

25 an additional 4 h.

30
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1.24 nol) was added via a syringe punp over several mnutes. The reaction
m xture was heated at 700C for approximately an additional 4 h. EXAMPLE 8
React i on WoaduwatsomwB 2- Et hyl hexyl ami ne and Et hyl ene Car b@Q&tuS2009861253rL gl ass
reactor equipped with an agitator was charged with ol eyl am ne ( 164.06 g,
1.27 nmol) under a nitrogen atnosphere and heated to about 700C. The reactor
was placed in a cooling water bath to renove the heat of reaction and keep

the reaction m xture te”perﬁEF{?%)WA%R&E‘EXA%&EEt hyl ene carbonate ( 1 11.8
g, 1.27 nol) was added via a syringe punp over several mnutes. The

reaction m xture was heated at gé& F apg% OXI mately an additional 4

h. PERFORMANCE EXAMPLES Ant i - Ve UIPVEBEPIORE 9% e ant i - wear properties of the
foll owi ng exanpl es were evaluated in a fornul ated baseline oil. This
fornul@ted oi | Themtirwesr @rqpeﬂﬁ%@ftthﬁgouﬂwmamaauae% wese evaluated in @ypi cal
anounts for particular purpose; this included a zinc

di al kyl di fdrmaybdited dhestetine soilm Xiis dorofulatet coilicempnisad ra hgravatieg geinasd a seal
swel | additive and a corrosion inhibitor. The formul ated baseline oil was

t hen t op- hyegiaves imithéir &ditsrarlogntétfor Pedticuldrepaippeer Mis Gl bdetrbeziné Exanpl e
2 or 0.3 w %of glycerol nonool eate, a standard anti-wear additive. The

three for guigidiison¥dphalded #¥ditabeddi@uilEontaining detergents, a seal

swell additive and a corrosion inhibitor.

10 The formulated baseline oil was then top-treated with either 0.3 wt. %
of the glycerol carbamate of Example 2 or 0.3 wt % of glycerol monooleate, a
standard anti-wear additive. The three formulations were then evaluated in the
proprietary ZF-Standard V3, S19-2 Wear Test Method available from ZF
Friedrichshafen The results are summarized in Table 1.

15

TABLE 1
ZF Standard Gear Wear Test Results

Formulation Weight Loss (mg)
Baseline 577
Baseline + glycerol monooleate 8
Baseline + Example 2 13

20 The lubricating oil composition containing glycerol carbamate of
Example 2 demonstrated comparable anti-wear properties to the lubricating

oil composition containing glycerol monooleate.

Friction Modifier Properties
25
The frictional properties of the following examples were evaluated in a

formulated baseline oil. This formulated oil comprised a 45N Group |l

lubricating oil and additives in their typical amounts for particular purpose; this
-14-



proprietary ZF-Standard V3, S 19-2 Wear Test Method avail able from ZF
Fhedhchshafen The results are summarized in Table 1. TABLE 1 ZF St andard
Gear WearwOesto/®exal t s Formul ati on Wi ght Loss (ng) BaseCras2®@9%MeBasel i ne H
gl ycerol nonool eate 8 Baseline H Exanple 2 13 The lubricating oil
conposition containing glycerol carbamate of Exanple 2 denonstrated
conparabl e anti-wear properties to the lubricating oil conposition

cont ai ni ng, cﬂ*&éu%. W%%E@én‘?m.&%' Chd. B“m"{f?r%[és bt cﬁ W?fu%{eeéf I?E'Jnﬂ‘c“ onal
properties 0 ovm n exarrp es were eva orrru

basel i ne oi | aed rlsda45N G oup 11 bricating oil
and addi tP%té'rl'rr‘S plﬁ[ﬁrge p é’%‘l“”éﬁ’r%%ﬁ?g TPISIUTE O P EAN% ANBRESE éarytﬁf‘& ncl uded
4.0 wt. % succinimde 48.5 mllinoles of a m xture of cal ci um cont ai ni ng
det er gent githipphesphaies.es b2 awtri % ofe ¥ FHtiorgdantand S owbiarhy of ne

di t hi ophosphates, 1.2 wt. % of an antioxidant, 0.5 wt. %of a

suf | uhzed/snﬁhrjzlmdémetybdatem:i iIsuctidanidenporplex Q. 8.3mwt. %obf aa poaur  pointt
depressant , 10 ppmof a foaminhibitor and 4.8 wt. % of a viscosity index

i nprover . depressant , 10 ppm of a foam inhibitor and 4.8 wt. % of a viscosity index

improver.

The formulated baseline oil was then top-treated with either 0.5 wt. %
of Example 2 or 0.5 wt % of a borated glycerol monooleate, a conventional
friction modifier. The three formulations were then evaluated in a proprietary

10  mini traction machine (MTM) friction test available from PCS Instruments.
This MTM friction test applies a certain load between a steel ball and disk.
The ball is rolling as well as sliding relative the disk. The load, speed is
designed into a profile that covers all the friction conditions of a gasoline
engine. While testing, the ball and the disk are immersed in the lubricating oil
15  to evaluate the lubricating effect of this oil (meaning that the friction coefficient
between the ball and disk is measured under this profile with the lubricating

oil). The results are summarized in Table 2.

20
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The fornul ated baseline oil was then top-treated with either 0.5 wt. % of
Exanple 2 or 0.5 vt % of a borated gl ycerol nonool eate, a conventi onal
friction woanfospio8The three fornul ati ons were then evalPGRUSAM6ES3
proprietary mni traction machine (MIM friction test avail able from PCS
Instrunments. This MIMfriction test applies a certain | oad between a steel
ball and disk. The ball is rolling as well as sliding relative the disk.
The | oad, speed is designed into a 'PA@I{. I2e that covers all the friction
conditions of a gasoline enngﬁvl Igl\hl.l e efg nﬂr the ball and the disk are
imersed in the lubricating (U, TET EeeHES | ubri cat | ng effect of this
oil (nmeaning that the friction coefficient between the ball and disk is
measured under this profile with the lubricating oil) The results are
summari zed in Tabl e 2. TABERMRUIAIRNFri ction TestintRggafiansofmiadal ftigtiovayi ng oi |
conposition containing glycerol carbamate denpnstrated superior
anti-friction pBepelinel es to the lubricating oll conposi39.6m cont ai ning

gl ycerol nonoo| eate. That which is clained: 1.| A lubricating oil conposition
conprising a m RyEOL [ ricating v ity and @ m nor
anount of an agglgf?lve cg%ﬁfg%l@ﬂg%{(ﬁem?g%?#%n pr oduct 1o t'g?ned by reacting
?l ;:ycl ic car bonmxg*}%@J?m byt—amnethaving—the f8\3|217ui a—<(+)—RLR2NH

Baseline + Example 8 83.36

Baseline + Example 7 109.62

The lubricating oil composition containing glycerol carbamate
demonstrated superior anti-friction properties to the lubricating oil composition

containing glycerol monooleate.
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in which RL is hydrogen, or a hydrocarbyl group containing 1 to 40 carbon
atons, and R2 is a hydrocarbyl group containing 1 to 40 carbon atons. 2 .
The | ubriwetorgsaioB conposition of claiml wherein Rl i $CISL@YBH725Dr a

hydr ocar byl group containing 8 to 28 carbon atons. 3 . The lubricating oil
conposition of claim?2, wherein said hydrocarbyl conprises a |linear and/or
branched, al kyl and/or al kenyl group. 4 . The lubricating oil conposition

of claim ' 15 .a hydrocarbyl group containing 8 to 28 carbon
atons. 5 %hmhﬁhg?:&é&éﬁg%g oi |l conposition of claim4, wherein said

hydr ocar byl conprises a |inear and/or branched, al kyl and/or al kenyl group.
6 . The lubricating oil conposition of claim1 wherein said hydrocar byl
anmine is & pri felkrigaingeoil gomppgHion ErMRESING @ BiaorcRPYRt o base Pl @fai m 1
wherei n sajhceisd | Gs&HitOBAECal Mis episitht! gpﬁnt %dﬂ[\fé“l%oﬁgi?%'in? gﬂ& of

et hyl ene carbonat e, propylene carbonate, and glycerol carbonate.8 . The

| ubri cat i repabioh prodpots obiairedby aleacting. af aydlisecarbonptel shaigg Aydiosagtyl one
co-additive.selected from é% an ashl ess di spersant; (b) an oxidation

i nhi bi t or 8NS5 Nvigadhe 7ud (N e) an extrene pressure agent: (f) a

mul tifunctional additive; (g) a viscosity index inprover; (h) a pour point
depr essant ! i) a foaminhibitor; and (j) an emulsifier. 9 . The

| ubri cati RgRONH conflpsition of claim 1 wherein said reaction of said

10 in which R' is hydrogen, or a hydrocarbyl group containing 1 to 40 carbon
atoms, and R? is a hydrocarbyl group containing 1 to 40 carbon atoms.

2. The lubricating oil composition of claim 1 wherein R"is hydrogen, or a
hydrocarbyl group containing 8 to 28 carbon atoms.

15
3. The lubricating oil composition of claim 2, wherein said hydrocarbyl
comprises a linear and/or branched, alkyl and/or alkenyl group.

4. The lubricating oil composition of claim 1 wherein R%is a hydrocarbyl
20 group containing 8 to 28 carbon atoms.

5. The lubricating oil composition of claim 4, wherein said hydrocarbyl

comprises a linear and/or branched, alkyl and/or alkenyl group.
25 6. The lubricating oil composition of claim 1 wherein said hydrocarbyl

amine is a primary amine.

7. The lubricating oil composition of claim 1 wherein said cyclic carbonate
30 is selected from the group consisting of ethylene carbonate, propylene

carbonate, and glycerol carbonate.
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cyclic carbonate and said hydrocarbyl am ne occurs at a nolar ratio of

hydr ocarbyl am ne to cyclic carbonate of 0.5:1 to 2:1 and at a tenperature
range of wetwaso®® O0C and 180 OC. 10 . The | ubri cati ngPorluse@apeRss i on of
claim9 wherein said hydrocarbyl am ne conprises ol eyl am ne, and wherein
said cyclic carbonate conprises glycerol carbonate. 11. The lubricating oil
conposi tion of claim1 wherein said hydrocarbyl am ne conprises

2-et hyl heyyl anirge. 30, WAeb I A3y 6 Icifhat BORALE CERPIIRES: fidw! ene

car bonat e rlca ing o1 composition or cla erein said
hydr ocar bgsheacm aedidoargelsstad ofhﬁml ¢a) ae, amésm@rgamu(d) @ycbkidatien bonat e
conprises_glycerol carbonate. . The lubricating oi conp05|t|on of claim

1 wher ei ni I@rr@a\@tfﬂ%“HUHérf@au&e) 31 exlspEP PSP ALt 4 MNTOBCLR base
oi | of |ubgfpb! | nﬁlﬁgéw MdeHmp W C,F{h@%%&ﬁoiuglrﬁp%ésém% e foatatl d

addltlvelsawe I't’or
5 inhibitor; and (j) an emuIS|f|er.

9. The lubricating oil composition of claim 1 wherein said reaction of said

cyclic carbonate and said hydrocarbyl amine occurs at a molar ratio of

hydrocarbyl amine to cyclic carbonate of 0.5:1 to 2:1 and at a temperature
10  range of between 60 °C and 180 °C.

10.  The lubricating oil composition of claim 9 wherein said hydrocarbyl
amine comprises oleylamine, and wherein said cyclic carbonate comprises
glycerol carbonate.

15
11.  The lubricating oil composition of claim 1 wherein said hydrocarbyl
amine comprises 2-ethylhexylamine, and wherein said cyclic carbonate
comprises ethylene carbonate.

20 12. The lubricating oil composition of claim 1 wherein said hydrocarbyl
amine comprises oleylamine, and wherein said cyclic carbonate comprises

glycerol carbonate.

13.  The lubricating oil composition of claim 1 wherein said reaction product
25 is formed prior to addition to said base oil of lubricating viscosity.

14. The process of claim 1 wherein said additive is a wear inhibitor or a

friction modifier.

30
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