WO 01/ 07543 PCT/ USOQ 17545 | M DAZOLE THI ONE ADDI TI VES FCR LUBRI CANTS
BACKGROUND OF THE INVENTION 5 1. Field of the Invention This invention is
rel ated toWM9788nt s, especially lubricating oils, and, BRETAS00/17545
particularly, to a class of ashless and nonphosphorus-contai ni ng anti wear,
antifatigue, and extrene pressure additives derived fromim dazol e
thiones. 1o 2. Description of Related Art In developing lubricating oils,

t here have been many attenpts to provide additives that inpart
antifatigue, antiwear, and extrene pressure properties thereto. Zinc

di al kyl di t hi ophos pIRIIEFAZORIPrHFONE EBDIYFPES FOR UUBRICANTS | S as
antiwear additives for nore than 50 years. However, zinc

di al kyl di t hi ophosphates give rise to 1s ash, which contributes to '
particulate matter in autopntd 1SS d regulatory
agenci es are seeking to re@@émﬁgimm@t he ‘environnent. In
addi ti on, ’phosph sp a .gonponent of ZDDP, is suspected of limting’
t he service 'Ilfg'réﬁ“fﬁéeﬁ'ﬂf “V’clc converters that are used on cars to

reduce pol | ution. is inmportant to limt the particulate matter and

pol lution forned H‘Eﬁrmﬁgﬂ@ﬁgﬁ Telatedde lvbsicants hpeciathylubtitating ilaand,@rore r onnent al
reasons, but it is also inportant to maintain undi mnished the antiwear
propert i es qfarticutarly tord alass ofigshleiss and monphaphovis-donpeimhgamiveat maifstigue,
shortcom ngs of the known zinc and phosphorus- containing additives,

ef forts havemnbegferi@piessufe 48dRivesigerlved Fofdtidddole iHioddi ti ves that contain

nei t her zinc nor phosphorus or, at least, contain themin substantially
reduced , 2, Description of Related Art
In developing lubricating oils, there have been many attempts to provide
additives that impart antifatigue, antiwear, and extreme bressure properties thereto.
Zinc dialkyldithiophosphates (ZDDP) have been used in formulated oils as antiwear
additives for more than 50 years However, zinc dxalkyldnhmphosphates give rise to
15 ash whlch contributes to pamculate matter in automotive exhaust emissions, and
regulatory agencies are seeking to reduce emissions of zinc into the environment. In
addition, phosphorus, also a compenent of ZDDP, is suspected of limiting the service
life of the catalytic converters that are used on cars to reduce pollution. It is important
to limit the particulate matter and pollution formed during engine use for toxicological
» and env:ronmental reasons, but 1t is also 1mportant to mamtam undxmxmshed the
antlwear propertles of the lubncatmg oil.
In view of the aforementioned shortcomings of the known zinc and phosphorus-
containing additives, efforts have been made to provide lubricating oil additives that
contain neither zinc nor phosphorus or, at least, contain them in substantiall.y reduced

25 amounts,



. 25 anmounts. -1 WO 01/07543 PCT/US00/ 17545 Illustrative of non-zinc, i.e.,
ashl ess, non-phosphorus-containing lubricating oil additives are the

reacti on piwoddeiss of 2, 5-di mercapto-1, 3, 4-thi adi azol es aRgcylgg@%lg&%t ed

nono-, di-, and tri-glycerides disclosed in U S. Patent 90 and
t he di al kyl dithiocarbamate-derived organic ethers of U S. Patent No.
5,514,189. s U S. Patent No. 5,512,190 discloses an additive that provides
antiwear properties to a lubricating oil. The additive is the reaction
product of 2,5-dinmercapto- 1, 3,4-thiadiazole and a m xture of unsaturated
mono-, di-, and tyi ceri.des.. Al.so isclosed is a |ubricating oil,
additive with ant {‘lk)glé tive of peit-ging.d € ﬁfée‘lﬂ’“m?“’?l’(l? s eagfaining nbricating gil
unsaturated nmpng-, di-, and triglycerides with diethanolamne to provide an
10 i nt er nedi é‘?‘gnYeééE"c'?’BFFaB‘FQ?oﬂiegucgﬁﬂf%%@!Eﬁfqﬁ@mtlh?eﬁhﬂ‘bmmé gnsagated on
product with 2,5- dinercapto-1,3,4 thiadiazole. U S Patent No. 5,514,189
di scl oses t haong, di-kand tdiglyeeridesrdinglasedind 8 Ratait Nor 5519, 190atndahesdibtkye been
found to be effective antiwear/antioxidant additives for |ubricants and
fuels. 15 U. 8ithiPearbamatNderived offfadic efifersaofd).S, Bl K435, sli451890s €

N-acyl -thi ourethane thioureas as antiwear additives specified for

| ubri cantssor hydualPaentNelisgs 2,150 @istiosésaf adif e Bht préRddsQngaRaNg 1 ef erences
are incorporated herein by reference in their entirety. -2 WD 01/07543
PCT/ US00/ 1754rperties to a lubricating oil. The additive is the reaction product of 2,5-dimercapto-
1,3,4-thiadiazole and a mixture of unsaturated mono-, di-, and triglycerides. Also
disclosed is a lubri_cating oil additive with antiwear properties produced by reacting a
mixture of unsaturated mono-, di-, and triglycerides with diethanolamine to provide an
1 intermediate reaction product and reacting the intermediate reaction product with 2,5-
dimercapto-1,3,4 thiadiazole.
U.S. Patent No. 5,514,189 discloses that dialky! dithiocarbamate-derived
organic ethers have been found to be effective antiwear/antioxidant additives for
lubricants and fuels.
15 U.S. Patent Nos. 5,084,195 and 5,300,243 disclose N-acyl-thiourethane
thioureas as antiwear additives specified for lubricants or hydraulic fiuids.
The disclosures of the foregoing references are incorporated herein by reference

in their entirety.



Il SUMVARY OF THE | NVENTI ON The present invention relates to i mdazole

t hi one conpounds of the formula s HNRA R NH S wherein Ry, R2, R3, and
R4 are i nsvpmndsmt |y sel ected fromthe group consisting pérusmnadasyl ,
functionalized al kyl, and hydrogen. In the above structural fornulas, R

R2, R3, and/or R4 can be a straight or branched chain, fully saturated or
partially unsaturated, alkyl noiety, preferably having fromI| to 40 carbon
atons,.e.g., nmethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,

hexadecyl, is heptadecyl, octadecyl, oleyl, nonadecyl, eicosyl, heneicosyl,
docosyl, tricosyl, tetracosyl, pentacosyl triacontyl, pentatriacontyl,
tetracontyl and t he i ke, and isSoners m xtures thereof . Addi tional ly,

RlL, R2, R3, and/or R4 can baUNMARY H{F*WWEH&THQN chain, a fully
saturated or partially unsaturated hydrocarbon chain, preferably havi ng
froml to 40 carBespresenmpyention mlﬂeamllmidamthbmesgmmungs oftbs fagmulaet er oat ons,
such as, 20 oxygen, sulfur, and nitrogen, which may take the form of

et hers, polyethers, suITides, am nes, and amdes. This is what is neant by
"functionalized alkyl." -3 WO 01/07543 PCH#,USOQ 17545 The i m dazol e thione
conpoundss of this invention are useful as]ashless, non

R4

R- NH

wherein R, R,, R;, and R, are independently selected from the group consisting of
1 alkyl, functionalized alkyl, and hydrogen.

In the above structural formulas, R,, R,, R;, and/or R, can be a straight or
branched chain, fully saturated or paﬁially unsaturated, alkyl moiety, preferably having
from 1 to 40 carbon atoms, e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,

15 heptadecyl, octadecyl, oleyl, nonadecyl, eicosyl, :heneicosyl, docosyl, tricosyl,
tetracosyl, pentacosyl, triacontyl, pentatriacontyl, tetracontyl, and the like, and isomers
. and mixtures thereof. Additionally, R,,R,, R;, and/or R, can be a straight or branched
chain, a fully saturated or partially unsaturated hydrocarbon chain, preferably having
from 1 to 40 carbon atoms, within which may be estér groups or heteroatoms, such as,
20 oxygen, sulfur, and nitrogen, which may take the form of ethers, polyethers, sulfides,

amines, and amides. This is what is meant by "functionalized alkyl."

nam



phosphor us-contai nisng antifatigue, antiwear, extrene pressure additives for
| ubricating oil's. The present invention also relates to lubricating oil
conpositi woiewsapri sing a s lubricating oil and a funct PODES00/17545
property-inprovi ng anount of at |east one im dazole thione conpound of the
above formulas. More particularly, the present invention is directed to a
conposition conprising: (A a lubricant, and (B) at |east one im dazole

t hi one conmpound of the formula: 10 HNR4 R NH RZ S is wherein Rls R2,
R3, and R4 are independently selected fromthe group consisting of alkyl,

functionalized altkyimidatk fioie o@apounddofifisGiveRtiftiare RéeThlldSaiekd 3bR-
DESCRI PTI ON OF THE PREFERRED EVMBCDI MENTS The i m dazol e thi one conpounds of

the present o, AyERkEBnRhing CRERARE dntfbeal, Wirerh OpAULR additiVed B RbricdlingNH  RY2S

oils.

The present invention also relates to lubricating oil compositions comprising a
s lubricating oil an(i a functional property-improving amount of at least one imidazole

thione compound of the above formulas. More particularly, the present invention is

directed to a composition comprising:
(A) alubricant, and
(B) at least one imidazole thione compound of the formula:

10

R NH

15 wherein R,,R,, R,, and R, are independently selected from the group consisting of

alkyl, functionalized alkyl, and hydrogen.



wherein R, and R2 are independently selected fromthe group consisting of
al kyl, :o functionalized alkyl, and hydrogen. is |In the above structura
fornul a, MQOIZS43R3, and/or R4 can be an al kyl noiety, pprermsearsasof | to
40 carbon atonms, nore preferably of | to 18 carbon atons, nost preferably
of I to 10 carbon atons, and can have either a straight chain or a branched
chain, a fully saturated or partially unsaturated hydrocarbon chain, e.g.
nmet hyl, ethyl, 15 propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,

hept adecyl, octadecyl, oleyl, nonadecyl, eicosyl, heneicosyl, docosyl,
tricosyl, tetracosyl, pentacosyl, triacontyl, pentatriacontyl,

tetracontyl, and th i j - and m xtures
thereof . R Ro.  ROESHIRRAICHORTEE IRefatknrd sBURIE Y "0t o
preferably | to 18 carbon atons, 20 nost preferably of 1 to 10 carbon
atoms, and can bahejmigggolethione spraprungds,ef the present inyerition greccompawnds ofitheu| | v
saturated or partially unsaturated hydrocarbon chain, wherein said chains
may cont ai nfergmda: groups or heteroatons, such as oxygen and/or sulfur -5
mwr pCf/ Ug00117545 WD 01/ 07543 and/ or nitrogen, which may take the form
of etherss polyethers, sulfides, am nes, i des, and the like. As enployed
herein, the term"alkyl"” is also intended o include "cycloalkyl." Were
the alkyl is cyclic, it preferably f BmMm 3 to 9 carbon atons,

e.g., cyclopropyl, cyclobutyl, cyclopentyl} cyclohexyl, cycloheptyl,

cycl ooctyl, R; NH

wherein R, and R, are independently selected from the group consisting of alkyl,
1o functionalized alkyl, and hydrogen.

In the above structurai formula, R;, R;, R;, and/or R, can be an alkyl moiety,
preferably of 1 to 40 carbon atoms, more preferabl_y of I to 18 carbon atoms, most
preferably of 1 to 10 carbon atoms, and can have either a straight chain or a branched
chain, a fully saturated or partially unsaturated hydrocarbon chain, e.g. methyl, ethyl,

15 propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl, nonadecyl, eicosyl,
heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, triacontyl, pentatriacontyl,
tetracontyl, and the like, and isomers, e.g., 2—ethylhéxyl, and mixtures thereof. R,,R,,
R,, and/or R, can have from 1 to 40 carbon atonds, preferably 1 to 18 carbon atoms,

20 most preferably of 1 to 10 carbon atoms, and can be either a straight chain or a
branched chain, a fully saturated or partially unsaturated hydrocarbon chain, wherein

said chains may contain ester groups or heteroatoms, such as oxygen and/or sulfur

P—



nonyl, and the like. Cycloal kyl noieties having 5 or 6 carbon atons,
i.e., cyclopentyl or cyclohexyl, are nore preferred. ppgaisborrrsésl |y, R, and
R2 and/or R3- and R4 can be fused together as part of a Spiro cyclic alkyl
group CH2§6H%&"CH2, where n = 0-4. As noted above, Rl, R2, R3, and/or R4
can al S°Be ydrogen; it is preferred, io however, that no nore than three
of Rl, R2, R3, or R4 be hydrogen. In other words, it is preferred that at
| east one of the ring carbon atons of the im dazole thiones of the present
i nvention have an al kyl or functionalized al kyl substituent, as defined
herein, attached thereto. It is nore preferred that all of RlL, R2, R3, and -
R4 be al kyl and nost preferred that they all be nethyl. is Those skilled
in the art wahd/br nitnegenswhiokl mah take shrecfony ofsthersyipdyetbers, sulfidesaenivesef ul  as
described in this invention can be prepared from cyanohydrins derived from

any si npl ealgicoRad te liked @3 eaployBd hérein] thelteknt'aRAS i o infepdedrte philei on of
these imdazole thiones include, but are not limted to, propanone,

but anone, 3-grifil P 0hra R Rky] R cyRRDIPREISy SoRER RGRB%e 9 carbon atoms,
4- et hyl - 2- pént andne, 2-hexanone, ~ 3- hexanone, 20 net hyl - 2- hexanone,

5
2- hept anone,_ _3-h n - < | - 2
cycl opent an Sﬁé ,cy‘g%?@ﬁ’e%iﬁ)gwg? 8&‘3@%@%6‘ ? ‘gﬁ%ﬁ@' c}é&h%!‘%?ﬁg%ﬁgagqmm ef erred
i daol ot Arasnsesh e tallke cCXGRIT mstehes BvRES 914 CoRI AR tepent anal
hexanal , heptanal , 2-et h¥ll heptanal, and the like. The use of the im dazole
t hi one conpsydiepsniy] o ¢yclohpxid.cwr mere peeferredipr ove t he

Additionally, R, and R, and/or R, and R, can be fused together as part of a spiro
cyclic alkyl group CH,(CH,),CH,, where n = 0-4.
As noted above, R, R,, R, and/or R, can also be hydrogen; it is preferred,

1o however, that no more than three of R, Ry, R;, or R, be hydrogen. In other words, it is
preferred that ét least one of the ring carbon atoms of the imidazole thiones of the
present invention have an alkyl or functionalized alkyl substituent, as defined herein,
attached thereto. It is more preferred that all of R,, R,, R, and R, be alkyl and most
preferred that they all be methyl.

15 Those skilled in the art will understand that analogous imidazole thiones useful
as described in this invention can be prepared from cyanohydrins derived from any
simple ketone or aldehyde. Preferred ketones for the preparation of these imidazole
thiones include, but are not limited to, propanone, butanone, 3-methyl-2-butanone, 2-
pentanone, 3-pentanone, 4-methyl.-2-pentanone, 2-hexanone, 3-hexanone, 5-

20 methyl-2-hexanone, 2—heptanone; 3-heptanone, 4-heptanone, 5-methyl-2-heptanone,

cyclopentanone, cyclohexanone, cycloheptanone, and the like. Preferred aldehydes for



antifatigue, antiwear, and extrene pressure properties of a lubricant. $
CGeneral Synthesis of Additives of this Invention The im dazole thione -
conpoundwaoir/ovssd present invention were synthesized as ptolusewdsss! nto a
1000 mL three neck round bottom fl ask, equi pped with a nechanical to
stirrer, thernoneter, and dropping funnel, was placed 494 nL of (NH4)2S
(22.69%9 . To this was added with stirring a m xture of 106.8 nL of acetone
and 131.6 nlL of acetone cyanohydrin. The reaction was exotherm c and the
tenperature rose to 50 C. The mxture was heated to 60 C. and held for
t here for ctign.mxture s filtered,
i aratchﬂ ﬂﬁgglﬁrﬁgaioﬁ tﬂxgneg mJL‘ lrnlgt%% x%o%ﬂaxtgb ﬁ&ﬁ“‘fﬁa .

and the product rlnse I ce water *g. Use with

O her Addi t | ves The ves of this invention can be
used as ei (PRYFNAL hsxana Fnall’le‘?% 1%68}}%8@?@;,[3 ‘; nt for the zinc

di al kyl di t hi oph hates currently used The can 20 al so be used in

conbi nati on wi tﬁ-ﬁgl’??é’rf thedi W@é%Pwoemo}ﬂ}deOémnmtmm genroveghoi | s, as
well as with other ashless, antiwear additives. The additives typi cal | y
found in [ADtatigue arngve@r,lasd exteemefpogssurg properties off adpbniceant s, det er gent s,
corrosion/rust inhibitors, -7 WO 01107543 PCTI USCan7545 anti oxi dants,

anti wear sagents, anti foamant s, friction nodifiers, seal swell agents,

dermul sifiers, VI inprovers, pour point depressants, and the |ike. See, for

exanple, U 'S. Patent ienefl $9ih8ifof Qidifval2aii RiveRfio’ Useful |ubricating
oi | conposition

The imidazole thione compounds of the present invention were synthesized as

follows.
Into a 1000 mL three neck round bottdm flask, equipped Qith a mechanical
10 stirrer, thermometer, and dropping funnel, was placed 494 mL of (NH,),S (22.6%). To
| this was added with stirring a mixture of 106.8 mL of aéetone and 131.6 mL of acetone
cyanohydrin. The reaction was exothermic and the temperature rose to 50 °C. The
mixture was heated to 60° C. and held for there for 1 hour, then cooled to 10 °C. The
reaction mixture was filtered, and the product rinsed with icé water and dr_ied. Yield:

1s 106 g.

Use with Other Additiveé
The imidazole thione additives of this invention can be. used as either a partial or
complete replacement for the zinc dialkyldithiophosphates currently used. They can
20 also be used in combination with other additives typicallf found in lubricating oils, as

well as with other ashless, antiwear additives. The additives typically found in

lubricating oils are, for example, dispersants, detergents, corrosion/rust inhibitors,




additives, the disclosure of which is incorporated herein by reference in
its entirety. s-Exanples of dispersants include polyisobutylene

succi ni m sasor/opsaByi sobut yl ene  succi nate esters, Manni chPBEAISOHMSes s

di spersants, and the |ike. Exanples of detergents include netallic
phenates, netallic sulfonates, netallic salicylates, and the |iKke.
Exanpl es of antioxidants include al kyl ated di phenyl am nes, N-al kyl ated
phenyl enedi am nes, hindered phenolics, alkylated hydroqui nones,

hydroxyl ated i o thiodi phenyl ethers, alkylidenebi sphenols, oil soluble

copper Comng&maném,zmgr ddekS; antiFosRfiRs SFichbn AB&IHYE AealddRii hhetfs that can be

used in conbination wth the additives of the present invention include

b ) ' . Qi ds,
o oa e ks PP EAR TR AREL iR e RGBT

phosphosul fyrjzed hydr r , and.the like. The follow ng..s are
exenpl ary ox{gﬁﬁ?"& 8i g%@eg]%gﬁﬂa g?&“@%?é???‘&l“l“i’“’é% qll;‘t‘ﬂ“@%f‘f‘fi’t‘n The
Lubri zol Corporation; Lubrizol 677A, Lubrizol 1095, Lubrizol 1097,

Lubri zol 13egditivesote sisplosurg o which iy ingasporsted dereinrby referspee g its SBiTELY- anong
others. Exanples of friction nodifiers include fatty acid esters and

am des, osg&mamples ghdispersants mbolerpdlyisobutlylehel srvamimidesapddyischutiensc ar bamat es,

nol ybdenum di al kyl dithi ophosphates, and the like. An 20 exanple of an

ant i f oamant sucira®d egterd, Mannieh Baswhshless dispemantérand Mtike eEgdmples afst i nhi bi t or

I s a pol yoxyal kyl ene pol yol, and the |ike. Exanples of VI inprovers include

olefin -8 YRRt tRhrieRETAERRNLD Sl FORMMAE, Trcdet iSRS AN 6! of i 1

copol yners, and the |ike. An exanpl’e of a pour point depressant Is

pol ymet hacr yjat %ﬁn?#g%uoggﬁtic#ﬂg{fa%s iRARASARNEY biffleny RINAR! M 9M1adNt | Wear agents

that can be ‘use

phenylenediamines, hindered phenolics, alkylated hydroquinones, hydroxylated

10 thiodiphenyl ethers, alkylidenebisphenols, oil soluble copper compounds, and the like.
Examples of antiwear additives that can be used in combination with the additives of
the present invention include organo borates, organo phosphites, organic
sulfur-containing compounds, zinc dialkyldithiophosphates, zinc
diaryldithiophosphates, phosphosulfurized hydrocarbons, and the like. The following

15 are exemplary of such additives and are commercially available from The Lubrizol
Corporation: Lubrizol 677A, Lubrizol 1095, Lubrizol 1097, Lubrizol 1360, Lubrizol
1395, Lubrizol 5139, and Lubrizol 5604, among others. Examples of friction modifiers
include fatty acid esters and amides, organo molybdenum compounds, molybdenum
dialkyldithiocarbamates, molybdenum dialkyl dithiophosphates, and the like. An

20 example of an antifoamant is polysiloxane, and the like. An example of a rust inhibitor

is a polyoxyalkylene polyol, and the like. Examples of VI improvers include olefin



exanpl e, the zinc dial kyl dithiophosphates and the zinc diary] ,
di t hi ophosphates. 5 Suitabl e phosphates include di hydrocar byl - T
di t hi ophosyoherrozss3 wherein the hydrocarbyl groups cont ai pcausemessage of at

| east 3 carbon atons. Particularly useful are netal salts of at |east one ]
di hydrocar byl dithi ophosphoric acid wherein the hydrocarbyl groups contain '
an average of at |east 3 carbon atons. The acids fromto which the

di hydrocar byl dithi ophosphat es- can be derived can be illustrated by acids

of the formula S1 I P RsO/ \SH OR6 15 wherein R5 and R6 are the sane

or different _and ar kvl cloal kyl . ara o al kar vl substi tut ed
subst anti al F@pﬂ%%g g’éfé)‘%mragg‘%i%%? “® 8ryyimve§1' F\‘fieti’g h?e' a‘%@eﬁ“”e%@a&ﬁ&%‘“@’r oups,
1e acid each have, on average, at

and wherein the R5.,and R6. groups in. t
| east 3 car H‘B‘?Tessé‘ftd?r%gy ’B?‘hggﬁﬁ"g’t %’q’%ﬂf

% hydrocarbon” is neant radicals
containing substituent groups 20 (e.g., | to 4 substit uentwg oups per
radi cal noi ety) Bapmseatatieg epaventiogakantiwegragents bat aan beysed inalwrdg; folo not
materially affect the hydrocarbon character of the radical. -9 WD 01/07543
PCT/ US00/ 17 exdmpl&pleczific dialeylbdithiophosphatssiardathd zindGagyhdithiéithospidies.al s i ncl ude
| sopropyl, isobutyl,
5
Suitable phosphates include dihydrocarbyl dithiophosphates, wherein the
" hydrocarbyl groups contain an average of at least 3 carbon atoms. Particularly useful
are metal salts of at least one dihydrocarbyl dithiophiosphoric acid wherein the - |
hydrocarbyl groups contain an average of at least 3 carbon atoms. The acids from
10 which the dihydrocarbyl dithiophosphates can be derived can be illustrated by acids of
the formula
i
i
RO~ | gy
OR

15
wherein Rs and R, are the same or different and are alkyl, cycloalky), aralkyl, alkaryl
or substituted substantially hydrocarbon radical derivatives of any of the above groups,
and wherein the R; and R, groups in the acid each have, on average, at least 3 carbon
atoms. By "substantially hydrocarbon" is meant radicals containing Substituent groups
20 (e.g., 1 to 4 substituent groups per radical moiety) such as ether, ester, nitro, or halogen

that do not materially affect the hydrocarbon character of the radical.

- !lIIIJ



_n-butyl, sec-butyl, -n-hexyl, heptyl, 2-ethyl hexyl, diisobutyl, isooctyl,

" decyl, dodecyl, “tetradecyl, hexadecyl, octadecyl, butyl phenyl,

0, p- di pentyOpbemsyd , octyl phenyl, polyi sobut ene- (ol ecul apcmesmhtsss

350) - substituted phenyl, tetrapropyl ene-substituted s phenyl,

R-oct yl butyl napht hyl , cycl opentyl, cycl ohexyl, phenyl, chlorophenyl,

o-di chl orophenyl, bronophenyl, naphthenyl, 2-methylcyclohexyl, benzyl,

chl orobenzyl, chloropentyl, dichlorophenyl, nitrophenyl, dichlorodecyl and
xenyl radicals. A kyl radicals having fromabout 3 to about 30 carbon

atonms and aryl ragjeeicexafipiés agsuitaagkasah radit4ls ﬁ_t?ﬁg{, issﬁgypgﬁgfg%@t ons are

preferred. Particularly preferred io R6 radic of from4

to 18 b I i 4 Lk o [ obt ai nabl e by
the react i on”aPS aRs oA, Pa AR, - Phohen Rl dy °§qu’§4yh§9§fgﬁh e,
ction invglves m Xi at ratyre qf about 20 C.to o
:rg?esl of t he%érﬁg%ﬁg}’e’ga&ﬂhgﬁg?eﬁx}"t?’ﬂng%&"ﬂoq’%'glpﬂtz&ﬁﬁ‘y?ﬂﬁﬂghfﬁém atsul fi de].c
drogen sulfide is liberated as the reaction takes place. 1s Mxtures o
gly cohgl s, phBﬂ‘&Sg‘,’“tWF-(B’a[q‘i?’eéwels@ Bysepiyted phepyl, tetrapropylesespbstimitedo C30
al cohols, C6 to C30 aromatic al cohols, etc. The netals useful to make the

phosphat e saphesyl, feactydientyinanhthyl, ayelopénty], Gelobexyl, iphenybtchiarophehyigi num | ead,
tin, nolybdenum nanganese, cobalt, and nickel. Zinc is the preferred

net al . Exanpb-eichirirophenyl] bromopigngl) Raphiisehyl; 2meiyldyephénd, behdy), t he acid 20
i nclude lithium oxide, |ithium hydroxide, |ithiumcarbonate, lithium

pentylate, selbieBenzgk bleropSfift, HRhIBHARERE IrophEH, WRHFRLRRYAIR xefdi UM
F e, p p €

nmet hyl at e, sodi um propyl a sodi um phenoxi de,” pot assi ufm oxi pot assi um

hydroxi de, PRRIR! ARYHAERA0 Aiving frd ab$ht31b Wornt 30 Ebdn oSt i a4r}5'l radicals

having from about 6 to about 30 carbon atoms are preferred. Particularly preferred
10 Rs;and Ry radicals are alkyl of from 4 to 18 carbon atoms.

The phosphorodithioic acids are readily obtainable by the reaction of
phosphorus pentasulfide and an alcohol or phenol. The reaction involves mixing, at a
temperature of about 20 °C. to 200 °C., 4 moles of the alcohol or phenol with one mole
of phosphorus pentasﬁlﬁde. Hydrogen sulfide is liberated as the reaction takes place.

15 Mixtures of alcohols, phenols, or both can be employed, e.g., mixtures of C; to C;,
alcohols, C; to C,, aromatic alcohols, etc.

The metals useful to make the phosphate salts include Group I metals, Group II
metals, aluminum, lead, tin, molybdenum, manganese, cobalt, and nickel. Zinc is the
preferred metal. Examples of metal compounds that can be reacted with ﬂ;e acid

20 include lithium oxide, lithium hydroxide, lithium carbonate, lithium pentylate, sodium
oxide, sodium hydroxide, sodium carbonate, sodium methylate, sodium propylate,

sodium phenoxide, potassium oxide, potassium hydroxide, potassium carbonate,

-10 -



pot assi um net hyl ate, silver oxide, silver carbonate, nagnesi um oxide,

magnesi um hydr oxi de, magnesi um carbonat e, nmagnesi um et hyl ate, nagnesi um

propyl at ewo amgsaesi um phenoxi de, cal ci um oxi de, cal ci um pgrhusoohess cal ci um
carbonate, calcium methylate, cal cium propylate, calciumpentylate, zinc

oxi de, zinc hydroxide, zinc 5 carbonate, zinc propylate, strontium oxide,
stronti um hydr oxi de, cadm um oxi de, cadm um hydroxi de, cadm um carbonat e, |
cadm um et hyl at e, barium oxi de, barium hydroxide, barium hydrate, barium '
carbonate, bariumethylate, bariumpentylate, alum num oxide, alum num
propyl ate, | ead. oxide, .|l ead hydroxide; lead carbonate, .tin oxide, tin
Lty e, BRI IREIE SR Dok T ot BREPsy B e

pentyl ate, io_nickel oxide, nickel hydroxide, and nickel carbonate. In some
i nst ances, DYHOXiA%pasaesitm Sarberate aagagsiim ibylate: meanesium pronyiats. ar | y
carboxylic acids or metal carboxylates, such as, small anounts of the netal
acet at e or magesasinm phengxidesel¢iumoxida paleiumihydroxide caldim parbenate; ealcvmnt Wi | |
facilitate the reaction and result in an inproved product. For exanple,

t he use of mpthylate balviunbifopyflate) cakivacpdnsiiate,izincioxidepzite hyatroxide, vint h t he

requi red anmount of zinc oxide facilitates.the formation of a zinc

phosphor odli tdtbéates zind PROpYIatH st HtiuMdxide, sHBhEIm BYPEERIAE cadihiuti 83dLs 15 wel |
known in the art and 1s described in a | arge nunber of issued patents,

i ncl udi ng Uca%miaﬂ?&gi?xm,scadgﬁhﬁl?gar%ie, cadnmd eﬂ1§§ie, gad'ﬁ%soég b 3, 442, 804,

the di sclosures o I ch” are hereby I ncorporate eference. Al so

i conpoulie o oAt bk, Bt Yol Bl Bl B8 100"

i scl r f i ch i r.eby i ncprpor ren In.i [ :
Ei| |SC osure a um\ll\r’{zxmc oxides, anz?mgt?xx prop():'I?ttef)l%:a\&1 ct)xelge, Pe%d Iiu)er r(e)x1§eﬁeeadl cglrt;o}laﬁe,etﬂnt 'rety

oxide, tin butylate, cobalt oxide, cobalt hydroxide, cobalt carbonate, cobalt pentylate,
10 nickel oxide, nickel hydroxide, and nickel carbonate.

In some instances, the incorporation of certain ingredients, particularly
carboxylic acids or metal carboxylates, such as, small amounts of the metal acetate or
acetic acid, used in conjunction with the metal reactant will facilitate the reaction and
result in an improved product. For example, the use of up to. about 5% of zinc acetate

15 in combination with the required amount of zinc oxide facilitates the formation of a

zinc phosphorodithioate.
The preparation of metal phosphorodithioates is well known in the art and is
described in a large number of issued patents, including U.S. Patent Nos. 3,293,181;
3,397,145; 3,396,109 and 3,442,804, the disclosures of which are hereby incorporated
20 by reference. Also useful as antiwear additives are amine derivatives of
dithiophosphoric acid compounds, such as are described in U.S. Patent No. 3,637,499,

the disclosure of which is hereby incorporated by reference in its entirety.

-11-
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WO 01/ 07543 PCT/USOCO' |1 7545 The zinc salts are nost conmonly used as
"antiwear additives in lubricating oil in anounts of 0.1 to 10, preferably
0.2 to 2, wbordtsdbased upon the total weight of the | ubrPCEUSOY7ES|
corrpositi on. They mmy be prepared in accordance w th known techniques by
first formng a dithiophosphoric acid, usually by reaction of an al cohol or
5 a phenol with PISS and then neutralizing the dithi ophosphoric acid with a
suitable zinc conpound. M xtures of al cohols can be used, including

m xtures of primary and secondary al cohols, secondary generally for

i nparting i nprovef,antd ke %&an?ﬂwé‘rﬁy aqd aP Eﬁtmay ad(ﬁtWes iﬂﬁﬁﬁ@hng bigbi i ty.

M xtures of the two are part y useful. In general, any basic to or
neutral zinc. co nd

car bonates afeé™ ?@qggﬁg g’l éggfe]% cho%{e%}; “&302 ]%é&j‘%%n ﬂgycfg ali)%gﬁtfsdrfé%uent |y
contain an excess, of . zi nc nﬂlsto use of a excess of the basic zinc
conpound i n {RBc3tRgol SPmPesitaR, Thex e or prepaEd 3t 31 Srcordpnre it keopy|

di t hi ophosphates (ZDDP) are oil soluble salts of _dihydrocarbyl esters of
di t hi ophosphigelmiques by firsh frminga dighiephesrbhen aeid, usyalbythy reastipw of angalcobs! gror nul a:
S -- LZn R50 S OR6 20 wherein R5 and R6 areas described in connection
wi th the ps eaplomsl] wioh Bif; and thed AevidliCibg thesidBiophisphBUOdcikd Gullba suitable zinc

compound.

Mixtures of alcohols can be used, including mixtures of primary and secondary
alcohols, secondary generally for imparting improved antiwear properties and primary
for thermal stability. Mixtures of the two are particularly useful. In general, any basic

10 or neutral zinc compound could be used, but the oxides, hydroxides, and carbonates are
most generally employed. Commercial additives frequently contain an excess of zinc
owing to use of an excess of the basic zinc compound in the neutralization reaction.

The zinc dihydrocarby! dithiophosphates (ZDDP) are oil soluble salts of
dihydrocarbyl esters of dithiophosphoric acids and can be represented by the following

15 formula:

S

I
g >Nt
OR,

20 wherein R; and R, are as described in connection with the previous formula.
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Especially preferred additives for use in the practice af the present
i nvention include al kyl ated di phenyl ani nes, hindered al kyl ated phenol s;

hi nder ed wblpybmsxd phenolic esters, and nol ybdenum di t hornssolemes es. s
Lubri cant Conpositions Conpositions, when they contain these additives, are

typically blended into the base oil in anobunts such that the additives
therein are effective to provide their normal attendant functions.
Representative effective anounts of such additives are illustrated in

TABLE 1. 10 TABLE | Additives Preferred Wight % Mdre Preferred Weight %

V.I. Inprover 1 éeciﬂ q:r&ﬁ ation
I nhi bitor 0.01- S‘E% ﬂf%&ﬁd%ﬁggﬁggﬁlgghf - cé”oﬂh@ﬂrfﬁeggma ioﬂ | ow

Pornt . Depr A1QHf Wéidlﬁaef@?ﬁﬁ%e@’ﬁ* “a%%%* Rl SRR © 0010, 01

20 AntlwearA nt 000 E E Swellant 0.1-8 01.4 Friction
Modi fi er Opé‘i IC§SigHe: an e&H’B ithjosdjPamRales ng Base O | Bal ance
5 Lubricant Compositions

Compositions, when they contain these additives, are typically blended into the
base oil in amounts such that the additives therein are effective to provide their normal

attendant functions. Representative effective amounts of such additives are illustrated

in TABLE 1.
10 | ‘TABLE 1 |
Additives . Preferred Weight % More Preferred Weight %
V.I. Improver . 1-12 _ 1-4
Corrosion Inhibitor 0.01-3 0.01-1.5
Oxidation Inhibitor 0015 | 0.01-1.5
15 Dispersant 01.-10 | 0.1-5
Lube Oil Flow Improver - 0.01-2 0.01-1.5
Detergent/Rust Inhibitor 0.01-6 0.01-3
Pour Point Depressant 0.01-1.5 0.01-0.5
Antifoaming Agent - 0.001-0.1 0.001-0.01
» Antiwear Agent 0.001-5 0.001-1.5
Seal Swellant 0.1-8 01.-4
Friction Modifier | 0.01-3 o 0.01-1.5
Lubricating Base Qil Balance Balance

-13-




T -13 1 AID WD 01/.07543 PCT/ USOQ 17545 When ot her additives are enpl oyed,
it may be desirable, although not necessary, to prepare additive

concent r aasosr i Si ng concentrated sol uti ons or di sper PCHASOWE7S4he
subject additives of this invention, together with one or nore of said

ot her additives (said concentrate when constituting an additive m xture
being referred to herein as an s additive-package) whereby several

addi tives cam be added sinmultaneously to the base. oil to formthe

| ubricating oil conposition. Dissolution of the additive concentrate into

the lubricating q] oS be.facilitated solv t.s.an m xin
acconpani ed by m ﬁ'gﬁf"ﬁ%ﬂ’é“’e%? e‘f’ﬂll%ge‘{)gt Wtbe @R? %?h°u$ﬁé°td§ﬁ%§a%¥’r ate or
addi tive-package will typically be formulated to contain_the additives in
proper armunwr?mrepadémva@ometrﬁ@ssqomsms consaptEated selutigns orflisnsesions ghthe

formul ati on when the additive-package is conbined with a predeterm ned
amount of baswidctdsiditiven of thiStiuentioh ¢ogsthsi with opgietimérg efsaid otheradgditivent

i nvention can be added to small anounts of base oil or other conpatible

sol vent s al ofsgid condehtratt ndien castitutibg an addttivieinvieturd lreirfgaeferrad di hereir apackages
containing active ingredients in collective anounts of, typically, from
about 2.5 } Oadfunfkélpadkh Tgﬂﬁilﬁé?éﬂy seiXirl BN cah bO BAdEE srAMdbeokS] yitotebas 75

percent, and nore pre erably from about 25 percent to about 60 percent by

ht addit
\lesg m? 1I'h'Ji)a"IlF)sfna ﬂ# or rru o%(% rslﬂiiogglgggsiﬂﬁg&e%{]&ddn@e csm%h?%g%pﬁgnght

Pre o ont b BaEhis Fs%ﬁs?%ﬁﬁﬂ%@f»ﬁf&l@%ﬁ%e By R R pRAR R iy "oy

heating, but this is not essential. The concentrate or additive-package will typically be

formulated to contain the additives in proper amounts to provide the desired
10 concentration in the final formulation when the additive-package is combined with a
predetermined amount of base lubricant. Thus, the subject additives of the present
invention can be added to small amounts of base oil or other compatible solvents along
with other desirable additives to form additive-packages containing active ingredients
in collective amounts of, typically, from about 2.5 to about 90 percent, preferably from
15 about 15 to about 75 percent, and more preferably from about 25 percent to about
60 percent by weight additives in the appropriate proportions with the remainder being
base oil. The final formulations can typically employ about 1 to 20 weight percent of
the additive-package with the remainder being base oil.
All of the weight percentages expressed herein (unless otherwise indicated) are
2 based on the active ingredient (AI) content of the additive, and/or upon the total weight
of any additive-package, or formulation, which will be the sum of the AI weight of each

additive plus the weight of total oil or diluent.
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20 based on the active ingredient (Al) content of the additive, and/or upon
the total weight of any additive-package, or formulation, which wll be

t he sum ofwé pge784s wei ght of each additive plus the wei gliFTR;soJ/ﬁgfél oi |l or
di luent. -14 WO 01/07543 PCT/ US00/ 17545 In general, the ['ubrican
conpositions of the invention contain the additives in a concentration
rangi ng from about 0.05 to about 30 wei ght percent. A concentration range
for the additives ranging fromabout 0.1 to about 10 wei ght percent based
on the total weight of the oil conposition is preferred. A nore preferred
concentration range s s _frromagbout Q.2 tp. about.5 wej .cent. Ol
concentrates of alf'%&“ adﬁx[e_il!\xpégzaxi*gﬂmp%s&tmngpﬂthf F'B’ﬁ?téoﬁo‘iﬂf’{aﬁ‘%ﬁg‘gﬁ%‘fff 7 wei ght
percent of the additive reaction 6 du%t iB a. carrier or diluent oil of

| ubri cat i ng*HFMUEAHLLEERNS . r°F‘habQB'n(g Sgﬁ°,a P 0 NFIRDE PreRit oft COpRENIERtOBE Nt
invention are useful in a variety. of lubricating oil base stocks. The

| ubri cat i ngrange foptheadditiyesaangingfigm abeus Od| to gbous § b weight per¢eyt based prethei ng oi |
base stock fraction having a kinematic viscosity at 100 C of about 2 to
about 200 ctotal weightof the el eorafuisitioa oprefefed. 0A alvoeprefe®d cdiicententidn rangé
preferably about 3 to about 100 cSt. The lubricating oil base stock can be

derived fy o@fiead aboad 0.2 wiboGes Weight peidefit. Giy édnbéitiates bEMhe baditived@a®i | S, or
m xtures thereof. Suitable lubricating oil base stocks include base stocks

obt ai ned byedna@iFbh2B5itNo Gbowk ¥5 Wakthi SerdofiidadtRive réRtidEblod e in &
hydr ocr ackat e base stocks produced by hydrocracking (rather than. solvent

extracting),. .t RFW 4 [ SOJRnent s of the crude. Natural
| ubri cati ngcaglli%?grlailrilc u'B ieggﬁplgncga%glﬁlws, sﬁ'ch as, lard oil, vegetable oils
1S and oi s dBaksER) b afSior B Pore avention e vseRlia avaiely of |1 M e

oils,

lubricating oil base stocks. The lubricating oil base stock is any natural or synthetic

10 lubricating o0il base stock fraction having a kinematic viscosity at 100 °C of about 2 to
about 200 cSt, more preferably about 3 to about 150 cSt, and most preferably about 3 to
about 100 cSt. The lubricating oil base stock can be derived from natural lubricating
oils, synthetic lubricating oils, or mixtures thereof. Suitable lubricating oil base stocks
include base stocks obtained by isomerization of synthetic wax and wax, as well as

15 hydrocrackate base stocks produced by hydrocracking (rather than solvent extracting)
the aromatic and polar components of the crude. Natural lubricating oils include animal
oils, such as, lard oil, vegetable oils (e.g., canola oils, castor oils, sunflower oils),
petroleum oils, mineral oils, and oils derived from coal or shale.

Synthetic oils include hydrocarbon oils and halo-substituted hydrocarbon oils,

20 such as, polymerized and interpolymerized olefins, alkylbenzenes, polyphenyls,

alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as their derivatives,

analogs, homologues, and the like. Synthetic lubricating oils also include alkylene

-15-
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.Synthetic oils include hydrocarbon oils and hal o-substituted hydrocarbon
oils, 20 such as, polynerized and interpol ynerized ol efins, alkyl benzenes,
pol ypheny| WO 0147%43| at ed di phenyl ethers, al kyl ated di phenPCTR&SOG17845s, as
wel | as their derivatives, analogs, honol ogues, and the |ike. Synthetic

| ubricating oils also include al kylene -15 ~ n.ma WO 01/ 07543

PCT/ USO0/ 17545 oxi de pol yners, interpolynmers, copolyners, and derivatives
t hereof, wherein the termnal hydroxyl groups have been nodified by
esterification, etherification, etc. Another suitable class of synthetic

| ubri cati ng oXideSpobangts, iifegpolyRRrs 8o imét, and UG aloehdrbofovhdSinid h @ variety
of al cohols. Esters useful as synthetic oils also 5 i ncl ude t hose nmade from

G5 to C Z maosahgssokiCerés vé’“lglad.r %d{iﬁﬁdfby%&gﬁﬁ%%ﬂletlﬁ%i@%ﬁw etc,

Silicon-based oils”(such as the polyal pol yary koxy-, or

pol yaryl oxy-sil o Ll I}l cat Kl.s). conprise. anot her useful class
of synthetic | ugﬁl{&?]zf?%‘hgab%irl?ass.go%dyﬁgjf’&é&%f]ﬁ%wg@ﬂ?ﬁwqr{?ﬁ ' ﬁﬁsfff Pg i ncl ude
liquid esters of osphorus- contajning. acids, polyneric_tetrahydrofurans,
poly a-ol ef icfﬁ rb‘ﬁ&gc?‘ﬁ@s Vit @ variedy ?#chqhglﬁr' ters vsefubds sypthgtiapiis@lsei ved from
unrefined, refined, rerefined oils, or mxtures thereof. Unrefined oils
are obt ai rfedr@indedbeseymadedromuCitaGirmenosabprdicarids gud padydlsandgolyot ethéms, . |
coal, shale, or tar and bitunmen) w thout further purification or treatnent.
Exanpl es of unr efSilived-basddwils Gsuchi dethe pelyalkel-giolyanyis, ablyaliloxi-yect |y from a
retorting operation, a petroleumoil obtained directly fromdistillation,
or an est er polyaryitityesilorahei dlsdhd sititdty oily) @ompiisc@nbMer dsbfPélasadf Pyrde@sS, each
of which is then used without further treatnment. Refined oils are simlar

to unrefi neduitidaing &K WRberlshRhetlTlibi@HnS billSinBAYE1 QL Bsters of phosphorus-

containing acids, polymeric tetrahydrofurans, poly e-olefins, and the like.

10 The lubricating oil may be derived from unrefined, reﬁned, rerefined oils, or
mixtures thereof. Unrefined oils are obtained directly from a natural source or synthetic
source (e.g., coal, shale, or tar and bitumen) without further purification or treatment.
Examples of unrefined oils include a shale oil obtained directly from a retorting
operation, a petroleum oil obtained directly from distillation, or an ester oil obtained

15 directly from an esterification process, each of which is then used without further
treatment. Refined oils are similar to unrefined oils, except that refined oils have been
treated in one or more purification steps to improve one or more properties. Suitable
puriﬁcation techniques include distillation, hydrotreating, dewaxing, solvent extraction,
acid or base extraction, filtration, percolation, and the like, all of which are well-known

20 to those skilled in the art. Rerefined oils are obtained by treating refined oils in

processes similar to those used to obtain the refined oils. These rerefined oils are also
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treated in one or nore purification steps to inprove one or nore
properties. Suitable purification techniques include disti’llation,

hydr ot r eagboge7sehewaxi ng, solvent extraction, acid or bdSI/ESH/IEEY | on,
filtration, percolation, and the like, all of which are well-known 20 to
those skilled in the art. Rerefined oils are obtained by treating refined
oils in processes simlar to those. used to obtain the refined oils. These
rerefined oils are also -16 WO 01/07543 PCTI US00117545 known as recl ai ned
or reprocessed oils and often are additionally processed by techniques for
renoval of spent additives and oil breakdown products. Lubricating oil base
st ocks deri kmmmlgmdmum%ﬁﬁémlimdmﬁﬁn%adfé}ieowé’yPr%ﬂe%dglé used, either
al one or in conbination with the aforesaid natural and/or synthetic s base
st ocks. Suc kechaiguésforremaval ofspent additives ansbell bryakdnen pyaduefssoneri zat i on of
natural or synthetic waxes or m xtures thereof over a hydroisonerization
cat al yst. Nat ur alubriatifisoifibsse isiopkdeirived frina tisd ydioissmesizationofwek eckyby t he

sol vent dewaxing of mneral oils; synthetic waxes are typically the wax

produced by ,ishee Gicackiter bANSGH cohBiaaEsh will e aforSail nhtaghl asdiorsyatetior oduct
Is typically subjected to sol vent dewaxing and fractionation 10 to recover

vari ous fEa%%Je%{L%ké?aé{JcH%aﬁ soRRe h{lf s irSfued by/the BESisotérizatisPoBlaglrsl 1 S al so

characterized by possessing very viscosity 1ndices, generally having a

VI of at |east 130 r ef er.abl t | t - | r , oW ng
dewaxi ng, a%ﬁyﬁfheﬁﬁi‘”ﬁ?"‘sﬁ ml%‘BB tﬂgj}a-r %%?fsrc? r}%'ﬁ'g’\l/\s/(lggr'.e H%ﬁ%@ﬁgﬁ%ﬂ% \l/\félgjr%lf t he
present invention are especjally useful onponents i.n I s many .different
| ubri cat i ng "8xes astypisally hﬁﬁis“.gk %@Séﬁ‘iﬁ’l"?’re@g%&@gﬁvﬁg%W%’f‘%%i(s]mﬁnﬁa OPari ety
of oils with lubricating viscosity, including natural and synthgtic

| ubri cat i ngsyitheicayages are typically the wax produced by e Fischer-Tropsch process. The

resulting isomerate product is typically subjected to solvent dewaxing and fractionation
0 to recover various fractions having a specific viscosity répgé. Wax isomerate is also

characterized by possessing very high viscosity indices, generally having a VI of at

least 130, preferably at least 135 or higher and, following dewaxing, a pour point of

about -20 °C or lower.

The additives of the present invention are especially useful as components in

15 many different lubricatihg oil compositions. The additives can be iﬂcluded in a variety
of oils with lubricating viscosity, including natural and synthetic lubricating oils and
mixtures thereof. The additives can be included in crankcase lubricating oils for spark-
ilgnited and compression-ignited internal combustion engines. The compositions can
also be used in gas engine lubricants, turbine lubricants, antomatic transmission fluids,

» gear lubricants, compressor lubricants, metal-working lubricants, hydraulic fluids, and

other lubricating oil and grease compositions. The additives can also be used in motor

fuel compositions.

-17-
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- mxtures thereof. The additives can be included in crankcase |ubricating

" oils for spark- ‘ignited and conpression-ignited internal conbustion

engi nes. W@oreyM3osi ti ons can al so be used i n gas engi nPOIVHSON/TEM S,
turbine lubricants, automatic transm ssion fluids, 20 gear |ubricants,
conpressor lubricants, netal-working lubricants, hydraulic fluids, and
other lubricating oil and grease conpositions. The additives can al so be
used in nmotor fuel conposiitions. -17 WD 01/ 07543 .'PCT/ US00/ 17545 The
advant ages and the inportant features of the present invention will be nore
apparent fromthe_follow ng exanples. . EXAMPLES Fouy-Ball Anti War
Testing s The antn\ﬁéﬁYa“ﬁﬂng@'}dt‘ﬁ%gnR?F‘aﬂqféa‘WS% the prgeent We‘m"é‘dl’}ﬂtbei'?f“‘a fully
formulated lubricating oil were determned in the Four-Ball War Test
under the ASppmEntftong theifedowingaximplesns. The ful ly formul ated | ubricating
oils tested al so contained I weight percent cunene hydroperoxide to help
simul ate the environnent within a r EXAMBLESNngi ne. The additives were
tested for effectiveness in a notor oil fornulation (see to description in

Tabl e I') and conpared to an i dehiBal Atiwedratds@iy Wi th and wi t hout any
zi nc di al kyl di t hi ophosphate. In Table 2, the nunerical value of the test

cf foct i vers, - TRNCEyRRREPP TR B po AT at R ARRE A flly M AReCOnC "

. 0 _
Formulation fﬁbx(u\‘%n{% oil were determined in the Four-Ball Wear Test under the ASTM D 4172

test conditions. The fully formulated lubricating oils tested also contained 1 weight
percent cumene hydroperoxide to help simulate the environment within a running
engine. The additives were tested for effectiveness in a motor oil formulation (see

10 description in Table 1) and compared to an identical formulation with and without any
zinc dialkyldithiophosphate. In Table 2, the numerical value of the test results

(Average Wear Scar Diameter, mm) decreases with an increase in effectiveness.

TABLE 1
SAE 10W-30 Motor Oil Formulations
15 Component Formulation A (wt%)

Solvent Neutral 100 22.8

Solvent Neutral 150 60

Succinimide Dispersant 7.5

Overbased Calcium Phenate Detergent 20

20 Neutral Calcium Sulfonate Detergent . 0.5
Rust Inhibitor . 0.1

Antioxidant ! 0.5

Pour Point Depressant 0.1

OCP VI Improver 55

25 Antiwear Additive' 1.0
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Sol vent Neutral 100 22.8 Solvent Neutral 150 60 Succini.m de Dispersant 7.5
Over based Cal ci um Phenate Detergent 2.0 20 Neutral CalciumSul fonate
Detergent“;emﬁ -agyst inhibitor 0.1 Antioxidant 0.5 Pour fejri§eol’esas essant
0.1 OCP Vi Inprover 5.5 25 Antiwear: Additive' 1.0 -18 WD 01/07543
PCT/USOCQ' 17545 ' In the case of No antiwear additive in Table 1, sol vent
neutral 150 is put inits place at 1.0 weight percent. TABLE 2 Fal ex
Four-Ball War Results s Conpound Fornul ati on Wear Scar Dianeter, mm No
antiwear additive A 0.93 Zinc A 0.46 dialkyldithiophosphate 2,2,5,5- A

0.479, 0.480 10 tetramethylim dazole
! In the case of No antiwear additive in Table 1, solvent neutral 150 is put in its place at

1.0 weight percent.

TABLE 2
Falex Four-Ball Wear Results
5 Compound Formulation Wear Scar Diameter,

: mm

No antiwear additive _ A 0.93

Zinc A 0.46

dialkyldithiophosphate : : ' :
2,2,5,5- A 0.479, 0.480
10 tetramethylimidazole
thione

In view of the many changes and modifications that can be made without
15 departing from principles underiying the invention, reference should be made to the
appended claims for an understanding of the scope of the protection to be afforded the |

invention.

-19-

T



.thione 1In view of the many changes and nodifications that can be nade
wi thout is departing from principles underlyi:ng the invention, reference
shoul d be W@8EI7S4 t he ended clains for an understandmcg‘msoomﬁes scope of
the protection to be aff?ﬁﬂﬂc"m“ln"”mﬂﬂﬁl on. - | WD 01/07543

PCT/ USO0/ 17545 111111) 2 II11I LCLAIIVB VWhat is clained
Is: 1. A conposition corrpr|S| ng (A a | ubricant, and 5 (B) at |east one

i m dazol e t hione conpound of the formula: 3 HNRA- NH RY i RZS 10
wherein R, R2, R3, and R4 are independently selected fromthe group
consisting of alkyl, functionalizedgglipg and hydrogen. 2. The
conposition of claiml wherein the lubricant is a lubricating oil.

What is claimed is:
1. A composition comprising:

(A)  alubricant, and

5 (B) atleast one imidazole thione compound of the formula:
3
HN R,
R; NH
R, S

wherein R, R,, R;, and R, are independently selected from the group consisting of

alkyl, functionalized alkyl, and hydrogen.
2. The composition of claim 1 wherein the lubricant is a lubricating oil.

3. The composition of claim 1 wherein the alkyl is a straight chain alkyl, a
branched chain alkyl, an alkyl containing a cyclic structure, a fully saturated

hydrocarbon (alkyl) chain, or a partially unsaturated hydrocarbon (alkyl) chain.

20 4. The composition of claim 2 wherein the alkyl is a straight chain alkyl, a
branched chain alkyl, an alkyl containing a cyclic structure, a fully saturated

hydrocarbon (alkyl) chain, or a partially unsaturated hydrocarbon (alkyl) chain.
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1s 3. The conposition of claiml| wherein the alkyl is a.straight chain,

al kyl, a branched chain—alky—an—atkyl—Ttontaining a cycli'’c structure, a
fully sat wostieds4s hydr oc in, or a parti al PGT/USKATMS at ed
hydr ocar bon (al kyl) chaim‘lﬁm}ﬁ'm”m!ﬁﬂmo& tion of claim2 wherein the !
al kyl is a straight chai c , & vranched chain al kyl, an al kyl

containing a cyclic structure, a fully saturated hydrocarbon (al kyl) I
chain, or a partially unsaturated hydrocarbon (alkyl) chain. -20 WO .
01/07543. PCT/USOQ 17545 c¢ L s 5. The conposition of claim1l wherein at

| east one of R, TREGdRbsitRNSS E¥dink $ wheref! 4 Ydast orblaf R, B, k), 868 R, it 8n Aifyicar bon
atons. 6. The conposition of claim2 wherein at |east one of R/, §§, R3,

and R4 is an.a [ ml to 18 carbon atons. 7. The
conposition°%?L§fgﬁﬁﬁ§83§8$3@%”%§§h of R, R, R3, and R4 is an alkyl chain

of froml to 18 carbon atons. r0 8. The conposition of claim®6 wherein each

of R, R, R3, and R4 is an alkyl chain of from1l to 18 carbon atons. 9.

The conposition of claim7 wherein each of R, g? R3, _and R4 is gethyl.

is 10. The Sonpodhe sasmpasitiop okrlaing2 yyherew at leastone g Rp Rz RpandRy is amafkply | o

methyl. 11. The conposition of claim1l wherein at |east one of R, R2, RS,

and R4 i ssachdinoffrororiabil 8 eatbombtems. chain of from | to 18 linear carbon

atons containing at | east one nenber selected fromthe group consisting of

et her oxygen, sulfide sulfur, and am ne

-z

7. The composition of claim 5 wherein each of R;,R;, R;, and R, is an alkyl chain

of from 1 to 18 carbon atoms.

10 8. The composition of claim 6 wherein each of Rj,Ry, R;, and R, is an alkyl chain

of from 1 to 18 carbon atoms.
9. The composition of claim 7 wherein each of R,,R,, R;, and R, is methyl.
15 10. The composition of claim 8 wherein each of R,,R,, R;, and R, is methyl.
11.  The composiﬁon of claim 1 wherein at least one of R;,Rz, R;,andR,isa
functionalized alkyl chain of from 1 to 18 linear carbon atoms .containing at least one

member selected from the group consisting of ether oxygen, sulfide sulfur, and amine

20 nitrogen within the chain.
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20 nitrogen within:the chain. -21 WD 01/07543 PCT/USCQO 17545 1111111 111111
LILjY LLrrr 1 rerr = cLs 2. The conposition of claim2 wherein at |east
one of R waRm/0768, and R4 is a functionalized al kyl chaiPcTafsed/r7848 [to 18

| i near carbon at ons contalni-ng—at—teast—one nenber selected fromthe group

consi sting of ether ox ) ' fur, and amne .s nitrogen within
the chain. 13. The con‘iﬂﬁmmﬁ ﬁj&‘l | wherein the imdazole thione is
present in a concentr als e of fromabout 0.01 to about 10

w% io0 14. The conposition of claiml| further conprising at |east one
additive selected fromthe group consisting of dispersants, detergents,
corrosion/rust inhibitors, zinc dialkyldithiophosphates, VI inprovers,
pour point depressants, antioxidants, and friction nodifiers. 1s 15. The
conposi tion & clBiesompositionef claighd Phermgt leastioaa et Roke Belahd Riisasel ect ed
fromthe group consisting of dispersants, detergents, corrosion/rust

i nhi bitors, fmndonalizesd dtptl ghaihiobfibmdihaB dissar varbomptowy cordaining at lepsd ong
depressants, antioxidants, and friction nodifiers. 20 16. The conposition
of claiml fmemberseloteyfiom thg geduplcomsidting pEetherrdxggens sl fdet smifur, bndaminke gr oup
consi sting of zinc dialkyldithi ophosphates, zinc diaryldithi ophosphates,

and m Xt ur esnfagéPRthintHechain.

13.  The composition of claim 1 wherein the imidazole thione is present in a

concentration in the range of from about 0.01 to about 10 wt%.

100 14.  The composition of claim 1 further comprising at least one additive selected
from the group consisting of dispersants, detergenté, corrosion/rust inhibitors, zinc
dialkyldithiophosphates, VI improvers, pour point depressants, antioxidants, and

friction modifiers.

1s 15.  The composition of claim 2 further comprising at least one additive selected
from the group consisting of dispersants, detergents, corrosion/rust inhibitors, zinc
dialkyldithiophosphates, VI improvers, pour point depressants, antioxidants, and

friction modifiers.

20 16.  The composition of claim I further comprising at least one member selected
from the group consisting of zinc dialkyldithiophosphates, zinc diaryldithiophosphates,

and mixtures thereof.
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1 1 CL S 17. The conposition of claim2 further conprising at |east bne
nmenber selWOORWS4X rom t he group—eensisting of zinc dial kydadvuseeroms4sosphat es,

zi nc diaryl dithi ophosphate es thereof. s 18. The conposition
of claiml wherein R a %\‘m nd R4 are fused t oget her as part
of a Spiro cyclic al kyI CH2) iICH2, where n 0-4. 19. The
conposition of claim?2 vvherel n R and R2 and/ or R3 and R4 are fused
together as part of a Spiro cyclic alkyl group CH2(CH2)"CH2, where n = 0-4.
10 20. The c nposjition of claiml _further copprising at Ieast one addltlve
sel ect ed m t RBe §RBRASItCBE Flaim 2 further %“Wﬁs%éﬂleﬂﬁtﬁﬁ%ﬁ‘ﬁmﬁ?ﬁsﬁ@?ed hi nder ed
al kyl at ed phenol s, hindered al kyl at ed phenolic esters, and nol ybdenum
di t hi ocar bafemethe groyp pansisting of gnpdisikyldihiopltosphatgspzinc dlanﬂdzémopbmpbauesu ng at
| east one additive selected fromthe group consisting of alkylated
di phenyl am asdmihomesitherzdf.al kyl at ed phenols, hindered al kyl ated phenolic
esters, and nol ybdenum dit hi ocarbanates. - 2 3

s 18.' The composition of claim 1 wherein R, and R, and/or R, and R, are fused

together as part of a spiro cyclic alky! group CH,(CH,),CH,, where n = 0-4.

19, The composition of claim 2 wherein R, and R, and/or R; and R, are fused
together as part of a spiro cyclic alkyl group CH,(CH,),CH,, where n = 0-4.

10
20.  The composition of claim 1 further comprising at least one additive selected
from the group consisting of alkylated diphenylamines, hindered alkylated phenols,

hindered alkylated phenolic esters, and molybdenum dithiocarbamates.

15 21.  The composition of claim 2 further comprising at least one additive selected
from the group consisting of alkylated diphenylamines, hindered alkylated phenols,

hindered alkylated phenolic esters, and molybdenum dithiocarbamates.
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