SULFURI ZED POLYI SOBUTYLENE BASED WEAR AND OXI DATION 5 INHI BI TORS FI ELD OF
THE I NVENTION This invention is directed in part to sulfurized olefin

' conpositions and conponents prepared by sul furizing polyisobutyl ene(s)
contai ning a high concentration of the 10 nethyl vinylidene isonmer (highly
reactive polyisobutene, HR PIB ), at suitable tenperatures and to the
resulting reaction products, including the polyisobutyl-1, 2-

di t hi ol e-4-cycl opent ene- 3-t hi one conpounds and derivatives thereof. This
invention also discloses of the process to prepare the sulfurized
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sul furi zed almefdungs sid dhivhiedsude sul furized C3 -Cg ol efins such as
i sobutyl ene are described by U S. Pat. Nos. 3,703, 504;

BACKGROUND OF THE INVENTION
Sulfurized olefins, €.g. sulfurized isobutylene and lubricant compositions containing
20 such sulfurized isobutylene, are well known in the art as lubricant additives imparting

extreme pressure and antiwear capabilities.

The metal surfaces of machinery or engines operating under heavy loads, wherein
metal slides against metal, may undergo excessive wear or corrosion. Often the

25 lubricants used to protect the metal surfaces deteriorate under such heavy loads and as
aresult, do not prevent wear at the points of metal to metal contact. Consequently,
the performance of the machine or engine will suffer, and in aggravated cases the
machine or engine may become completely inoperative. While sulfurized olefins
have shown some benefit when added as lubricant additive, in many instances their

30  application is limited since some types of sulfurized olefins have: an undesirable
corrosion property (especially towards copper), generate malodorous by-products in

operation, and/or have stability and compatibility issues.



3,703,505; and 3,873,454. These patents and U.S. Pat. No. 4, 240, 958
generally 5 enploy nethods of preparing their sulfurized products wherein
the olefin is sulfohalogenated with a sulfur halide at sonme stage in their
synthesis. Sulfurized ol efins have al so been prepared by the direct

sul furization of olefins with sulfur and hydrogen sulfide, see U S. Pat.
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3,364, 232 discl oses high nol ecular weight trithiones prepared by reacting
an 30 ofef prodoftsate albjdstlk@@l edyhidinds mixterheapt mdpnersc pilysilfidasr and a

substituted trithione. Thus, it is well known that many net hods have been
used for producing organic sulfides by treating olefins. It is also well

known that mRewirsdlshifiriZE6n Of SiRRhEsueh &9 Hﬁﬁ%hiﬂ&l@%n@ﬁr‘ﬁsébiﬁl%e Rith kuthii cant
additives. Sone of the prior art teaches hi ones ar’e undesirabl e
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triissobutylene is employed, these patents describe the formation of exclusively 4-
20 neopentyl-5-tertiary butyl-1,2-dithiole-4-cyclopentene-3-thione with a minor amount
of organic sulfides and polysulfides. The direct sulfurization process employed
elevated temperatures at both low and elevated pressures. U.S. Pat. No. 3,697,221
discloses of several 1,2-dithiole-3-thione derivatives as intermediates to the thionium
methosulfates. U.S. Pat. No. 4,042,514 discloses of alkylthio and alkylarylthio
25  derivatives of 1,2-dithiole-3-thiones. U.S. Pat. No. 4,194,980 discloses cyclic
sulfurized olefins prepared by reacting an olefin with a cyclic polydisulfide. U.S. Pat,
Nos. 3,345,380, 2,535,706, 2,535,705 describe methods of making various thiones by
reacting elemental sulfur and isobutylene and other unsaturated hydrocarbons. U.S.

Pat. No. 3,364,232 discloses high molecular weight trithiones prepared by reacting an

30  olefin of at least 30 carbons in the presence of sulfur and a substituted trithione.

Thus, it 1s well known that many methods have been used for producing organic
sulfides by treating olefins. It is also well known that many sulfurized organic
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di t hi ol et hiones), or high levels of thiones in conbination with various
conplex sulfurized m xtures. Typically these thiones need to be renoved.
Dithiolethione-free 5 sulfurized ol efin conpositions have been prepared by
the reaction of sulfur, isobutylene and hydrogen sulfide as exenplified by
U S. Pat. No. 4,344,854 noted above, or U S. Pat. No. 5,135,670 also
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reaction product and resulting polyisobutyl-1,2-dithiole-4-cyclopentene-3-thiones
reaction products are thermally more stable relative to the conventional sulfurized
isobutylene, do not have a strong odor, and are anticipated to be more stable in the

20  presence of acids. Accordingly, there is a need for methods to prepare and use these
reaction products, to the components themselves as well as mixtures thereof, and to
compositions employing them.

SUMMARY OF THE INVENTION

25  This invention relates to sulfurized olefin compositions prepared from sulfurizing
high methylvinylidene polyisobutylene(s) “HR PIB” at suitable reaction temperatures
and to the resulting sulfurized product and resulting polyisobutyi-1,2-dithiole-4-
cyclopentene-3-thione compounds “PDCT” produced therefrom, including the use of
such compounds and/or compositions, and lubricant compositions containing them as

30 well as derivatives thereof. More specifically, the compositions and compounds of
the present invention are prepared by sulfurization of a highly reactive
polyisobutylene having at least 25% of a methylvinylidene isomer and wherein the

polyisobutylene has a number average molecular weight in the range of about 120 to
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about 600 with a sulfur source at a reaction tenperature in excess of about
175 C. Accordingly, a process for preparing a sulfurized olefin
conposition conprising reacting polyisobutylene having at | east 25% of a
met hyl vi nyl i dene i soner and wherein the polyisobutyl ene has a nunber
average nol ecul ar weight in the range of 5 about 120 to about 600 with a
sul f ur sour aboutt608 witex $ullm stenparatartenitempetatassin@kcesabbatioul T55 € S
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pol yi sobutyl -1, 2-di t hi ol e-4-cycl opent ene- 3-t hi one conpounds, of which the
| atter are produced in a ngjor anount. In general a conmercial product
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i mproved results when enployed in |'ubricating conpositions. AEcordingly
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1, 2-di t hi ol endi&yelaapentensiB .t hi one isomers formed. 4 The principal
sul furization product and derivative thereof, referred to herein as
As is frequently the case with olefin sulfurization products, the reaction product is
20  typically a mixture of products because of competing or sequential reactions which
can result in secondary or derivative products, such as dialky, cyclic and the
polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compounds, of which the latter are
produced in 2 major amount. In general a commercial product will be a mixture of
sulfurized compounds since often there is litfle benefit to isolate the individual
25 compounds. However, it has been shown in some applications further purified
polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compounds demonstrate improved
results when employed in lubricating compositions. Accordingly this invention is
directed to the resulting polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione
compound(s) and mixtures thereof. Especially preferred are the various polyisobutyl-

30 1,2-dithiole-4-cyclopentene-3-thione isomers formed.



pol yi sobutyl -1, 2-di t hi ol e-4-cycl opent ene-3-thi one, can be represented by
the formula: 5 FORMULA | wherein R is hydrogen or nethyl; X is sulfur or
oxygen; mis an integer froml to 9; and nis O or 1, with the condition
that when nis O then R is nethyl, and when nis |I 10 then R is hydrogen.
Preferably X is sulfur and in one aspect, RL is nethyl and in another, Ri
i s hydrogen Tharbﬁ'nq:ipﬂselfnriiamm ptddont dndrdehieativertbareofe seférdartb Gateimas

conposition(s at_are thernall stable, resistant to acjd attack and are
Coetur bs oxobis utpﬂr-@gsfhﬁthéﬁ%-gﬁwydéﬁavtsl?e-inthw%a?n hereRered B gpna:

antioxidants in lubricants, functional fluids, and nornmally liquid fuels.
The sul furized high nethylvinylidene polyispbutylene product and resulting
pol yi sobutyl - 1,2-dithiole-4-cyclop entene-'3 -thi one conpounds are
particularly suited for engine and gear |ybricants and accordingly one
aspect is directed to Iubrlcatlng ity ons conprising an oil of

| ubricating viscosity™s sk
pol yi sobutyl -1, 2-di t hi ol B : S jJone conpounds of this

i nvention. These | ubtt [ ‘ iti n be further formulated with
addi tional additives, par sgft s, Fetergents, oil soluble
phosphor ous contai ni ng conpounds selgcted fromextrene pressure agents and
antiwear agents, and al kali-netal borates. Accordln% Xi Iubrlcatlng
conpositfons can be initially fornulation with the B

pol yi sobutyl -1, 2-di t hi ol e-4-cycl opent ene-3-thi one conpounds of this
invention or top treated with an anount suitable for EP, antiwear or
anti oxi dant property desired. 5 DETAI LED DESCRI TI ON OF THE | NVENTI ON The

present invention relates to th r ion of sulfurized o eflns and
other pol yi"i§HiR 1 15 hydregen g meﬁuﬁf ‘-‘%ﬁ?ﬁ‘@ﬁ@e@r{ll‘ﬁ%ﬂ@t@& #8ilttPdhs usi ng
a | ow mD' SGHE Afis U6} gmrlttmhg%ﬂdlﬁ&? t WRePR i &QQRHY%I%@@@ 884 (en ﬁhﬁl n
reagent. Highly 5 reactive polyisobutyl enes are valued for use in
t he | ubddcathangR,0b hydrddért. Prederablyd st suyfunsarei mmeamm’eRamhbmybmmﬁuced in the
chem cal |ndus The valued HR PIB polyners are characterized by the
presence of %8¢ éﬁﬁy&‘ &S;\H‘L%“?ﬁ‘?ﬁunt s of 2- methylvinylidene isomers, RC(CH3)
=CH2 where R is a polyisobutyl residue, and a nolecul ar wei ght preferably

in the range of about 500 to 5000. In addition to val ued
The present invention further provides Jubricating composition(s) that are thermally

stable, resistant to acid attack and are useful as extreme pressure (EP) and/or antiwear

15  agents and/or antioxidants in lubricants, functional fluids, and normally liquid fuels.
The sulfurized high methylvinylidene polyisobutylene product and resulting
polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compounds are particularly suited
for engine and gear lubricants and accordingly one aspect is directed to lubricating
compositions comprising an oil of lubricating viscosity and one or more of the

20  polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compounds of this invention.
These lubricating compositions can be further formulated with additional additives,
such as dispersants, detergents, oil soluble phosphorous containing compounds
selected from extreme pressure agents and antiwear agents, and alkali-metal borates.
Accordingly, lubricating compositions can be initially formulation with the

25  polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compounds of this invention or top

treated with an amount suitable for EP, antiwear or antioxidant property desired.



.10 hi gh nol ecul ar wei ght products, there exists an under utilized | ow

nol ecul ar weight HR PIB distillate generally regarded as a waste product.
Such net hyl vinyli dene polyisobutylenes are typically prepared using boron
trifluoride catalysis. The preparation of such polyi sobutyl enes in which
the nethyl vinylidene isomer conprises a high percentage of the total

ol efin conpDETAWED DESRITIONIORTHEINRNTIONS. 15 4, 152, 499 and

4,605, 808, the disclosures of which are incorporated herein hy reference.
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This mnvention is directed to compounds and compositions prepared by sulfurization
of a highly reactive polyisobutylene having at least 25% of a methylvinylidene isomer
20  and wherein the polyisobutylene has a number average molecular weight in the range
of about 120 to about 600 with a sulfur source at a reaction temperature in excess of
about 175 °C. One aspect of this invention is directed to low molecular weight
polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compositions, compounds and

derivatives represented by the formula I:

25
FORMULA 1



15 including at |east 25% of the nethyl vinylidene isoner. These
conpositions can be farther purified to specific isonmer conpounds using
separation techniques known in the art for exanple, distillation, solvent
refining, crystallization, and the |like. H GHLY REACTI VE POLYI SOBUTYLENE 20
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about 160 tgraa%rufucg@em esgg iﬁéﬁéaféa-bspg%}"@aﬁ pze@)lsotg%ﬁn%%ﬁ E"‘i’}étg]% in
this invent '0911@15@)130%{13)1&% @n@& ﬁ-ﬁnoﬁ‘é lﬁapbé&tmhlvaﬁeusbp@ylmﬁém isthgere! ef i nic

bonds of a prefierred I'ow nol ecular wei g PI B ‘conprise at |east about
25% et Al viimhhdide aigleasd A6 Brutf, thqmetthehahj/lydem 1stoher r'%mg@canﬁposahmatcalﬂwﬁ) to

Dr of er abl y ABOUE PBO6H b SBBAE S0 RERPRGF HTEdSREeF So A FEOBTE I ene
é SSSéGL mi)fhé)ﬁ‘ﬁ EHr%ﬁﬁﬂEe! %?tglﬁibﬁ,%h@ﬁaﬂeﬁaﬁ@gyﬂwaﬁlrzgﬂiel{,)%(ﬁd feliges than 50%
pon wei g .
HIGHLY REACTIVE POLYISOBUTYLENE
20  ltis generally known by those skilled in the art that the commercial HR PIB
production process described above generates a HR PIB distillate byproduct that; (i)
contains mostly CgHg to CogHsg oligomers (average Ci4Hag), (11) exhibits a relatively
low average molecular weight of about 200 and, (iii} contains 2-methylvinylidene in
the amount of at least about 25%. This low molecular weight distillate byproduct,
25  which amounts to several percent of total HR PIB production, has little value and is
typically sold as a fuel product. Thus, a need exists in the chemical industry to
develop a valuable use for the HR PIB distillate byproduct. The present invention
fulfills this need by providing a process for preparation of sulfurized olefins and other
polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compositions and derivatives

30  thereof, preferably employing the HR PIB distillate byproduct, or fractions thereof.

For purposes of this invention, the term "polyisobutylene” refers to a HR PIB
containing at least about 25% of a 2-methylvinylidene isomer and is further defined as
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Preferred | ow nol ecul ar wei ght HR PIBs conprise | ess than about 32 carbon
atons, 15 for exanple, one or nore of: 32 carbon atons, 28 carbon atons,
24 carbon atonms, 20 carbon atons, 16 carbon atons, 12 carbon atons, and 8
carbon atons. More preferred | ow nol ecul ar wei ght HR PI Bs conprise from
about 8 to about 28 carbon atonms. Most preferred | ow nol ecul ar wei ght HR
P1Bs conpri sempriong aboxtreldt Highly adnotive ZBycanbylensatggmerdyrlafagnefeded ow

nol ecul ar Wellyghqtl HR PI .ES hhave a nol ecuk}g: 0 V\€i t of about. 448 or |ess.
More pref er FEEOTBMHSHIE CRFEIE Gy Rt meg 16 Palvastis OLEOMEE AN MRk ght  of
about 120 t @, abi0Uta A9 aMOHhts BE €L 68dnaus (mleﬁgyb@gz@%ﬂmitm R Pl B has a
nol ecul ar wei ght of about 168 to about™ 392. The™HR PI'Bs of thfs invention
may be mi xt evesgafioiepdanweighl inlthavanpt elcaboar 1 heioghout 28, pefeyitdphuihy| ene

conponents of varyj I lar, weights. A mxture of .lo ecul wei ght
'R P o oRSt b BetEaH A B ioibrefranfi Bl i ste Bb ol loign ing" 37
mol ecul es. @heav% Qir BB 29(9). tdick HROWVENhde@l) iBYs oM onSeayt é]ﬁpld?%e?ﬁR' ow
nol ecul ar wei ght HR PI B nol ecul es that have been separated according to

carbon nuniB& disEBatedypioghe; ThedRiPIEbardxpli? prefeiseddew dicdedulareveighs IR ovi de

o C32. ol oeF deifis  WREACS:; SR R Sidken BBt P ety oo 11

i S mai nt ai n@Blot258% foradet 398 meaREETtrablyRbeherneth dvow 9% e6dleden WRIght HR
PIBs of this invention are those that are used as a mnixture of varying

nol ecul 4P wereserably ahowr G etor abgut Yivo mstid inyidane isgrrer HRUMRLeRd (istlre may
h th ' ; 3 - 240
hndmore pr A oSl BRI AbotilsIin OM' 36 0BRO0Y, dla hoduelly DD

wei ght HR PloBHR XiBur e may conprise the followng: 5 about 5 w. %to about
20 wt. % C8H16, about 35 wt. %to about 55 wt. % Cl2H24, about 20 wt. %to
about 30 wt. % Cl6H32, about 8 wt. % to about 15 wt. % C20H40, about 2 wt.

% to about @’I%mecf/%%%gulaﬁﬂgigﬁmﬂffﬂﬁs é%ﬁgﬁ?segf%%sw%ﬁ%QEt% Yrborathhs 6.

C32H64 and hi gher species nmay conprise a % or less of the total.
In a noig poretampdd carbodioneat 32 chbolL8ldh, 28 earbendumd, 34 ubdiheombdie

mxture wwth the 10 r i ning wei ght percents j ust ed accardi ngly.
Pref erabl y, ‘#7808 moﬁsufggarg%%ﬁpﬁs Cmﬁqwo%tqqafyﬁaﬁiﬂ“i%ﬂ%%m ent of from
about 50 t 0 QT Pbw bR WIBRETRPEBEEGRDYse from about 8 to about 28 carbon

atoms. Most preferred low molecular weight HR PIBs comprise from about 12 to

about 28 carbon atoms. Preferred low molecular weight HR PIBs have a molecular

20 weight of about 448 or less. More preferred low molecular weight HR PIBs have a
molecular weight of about 120 to about 392. Most preferred low molecular weight
HR PIB has a molecular weight of about 168 to about 392.

The HR PIBs of this invention may be mixtures of individual low molecular weight
25  polyisobutylene components of varying molecular weights. A mixture of low
molecular weight HR PIBs might comprise any or all of Cg, Ci3, Cis, Cag, Cas, Cagand
Csz molecules. One embodiment of this invention may comprise the use of low
molecular weight HR PIB molecules that have been separated according to carbon
number. For example, a HR PIB mixture may be distilled to provide compositions
30  that comprise one or more of Cg, Ci2, Cis, Can, Cas, Cag, or C33 molecules, with the
proviso that when diisobutylene is employed it is maintained in a fractional amount.
Preferred Jow molecular weight HR PIBs of this invention are those that are used as a
mixture of varying molecular weights. A preferred low molecular weight HR PIB
8



from about 60-85 % net hyl vi nyl i dene and having a M of from about 175 to
about 225. 15 There are several advantages to using the presently enpl oyed
pol yi sobutyl ene oligonmers to prepare sulfurized products including the

pol yi sobutyl -1, 2-di t hi ol e-4- cycl opent ene-3-thi one and derivatives thereof;
for exanple: (1) the sulfurization reaction can be carried out at el evated
t enper at ur emixtoahay owe plicftiticd avdrdge hbRxalbt Weiklt (M) olikbduit 250 soew,
previously under utilized feedstock, which can be conprised of 20 specific
car bon numbét? Hrdaeeiegnelerallyniram gbeutdf/> e pravt é45-f ract i ons or, nost

desirably, wuse of the total, unfractionated HR PIB distillate byproduct,
with or without renoval of inert solvent (2%to 10%; (3) the

sul furi zat i drprefeaed ioonmosoube weaht HBRPIBuhixatre nelyabimpeks/ the dolswinhenper at ur es,

2 ot hy! 1 nGRIBEAE TS abee J0 oA EHllPBRUIEL TaRCPHRLE COT A byect under

25 reacti on gRRdh bt NS0 8ot 30 %U‘%‘CJ)GH?%', Sut ENRETab Ub&ut 16 RT 4B th

conventional diisobutylene, and; (4 | der, low tenperature reaction

condi tions ekt Bevieipbehew 8 wio YeOndlugland et et Kote. abSWLIWR % SDsHvgy

sui tabl e sulf sopr.ce can.be used for the . sul furizati of the HR PIB

El emental s P’Hﬂ‘ an aﬁ%&e%l%sdm %Pénprégﬁlaﬁ’ﬂlﬁ 2d‘iwox/?J ﬁrelfasssq;g?%tr?}aéu:ﬂ? f 08 %ydr at es
are wel | kngwferfdmtRtin &R HE Cealary/repieRd abhehe Bb&feahizblry wethapent al  sul fur
is used and which can be heated to the nolten state to hasten the reaction

ki net i c¥0 antprpimingiveeeht hercerss adinstethacoordinglymRtsferalblyl, the mjsurdsicdaiainsdi t hi ol e

derivatives i ncl ydin rcapto c onent si.~.akt hough the.l atter .of. which
can be furt high naegfg%‘ﬁ%éigg%‘eicﬁ%n’t %FB‘?@BB&‘% é$ -/“.i? nore afid more prefetably

di t hi ol e- 4- gy6l @DQM@BE%mbmF;mli@@ﬁ@ﬂﬁii Helviipsa MIf, of REmULESEINS thayeit i on. 5
The amounts of sul fur per nole of HR PIB conpound are, respectively, about
1.0-3.5 gra%i-atom; and about 0.1-1.5 noles. The preferred ranges are about
2.0-3.1 gram atons and about 0.4-1.25 noles respectively, and the nost
desirabl e ranges are about 2.5-3.0 gramatons and about 0.8-1.0 nole

r espect i ¥el Therenrdaiedl apanapesonsisinghie presady aniptoyvad eolyivobogisned at | evel s
to provide these ranges.

they nay be®agmelp %FFP%H%‘HF%%%-PCO E’% HH ‘lf‘ﬁﬁg %@é’ﬁ)ﬂ;@g'%}%‘géqgi?higgﬂ“at ens

cyclopentene-3-thione and derivatives thereof, for example: (1) the sulfurization
reaction can be carried out at elevated temperatures under low pressure; (2) flexibility
in utilizing a new, previously under utilized feedstock, which can be comprised of

20  specific carbon number fractions, a mixture of selected fractions or, most desirably,
use of the total, unfractionated HR PIB distillate byproduct, with or without removal
of inert solvent (2% to 10%); (3) the sulfurization reaction can be carried out at
relatively lower temperatures, which because of the greater reactivity afforded by the
presence of 2-methylvinylidene results m a liquid product and no solid product under

25  reaction conditions as is usual in low temperature reactions with conventional
diisobutylene, and; (4) milder, low temperature reaction conditions can be employed

to control fragmentation.

SULFUR

30  Any suitable sulfur source can be used for the sulfurization of the HR PIB. Elemental
sulfur, hydrogen sulfide, sulfur dioxide, sodium sulfide hydrates are well known and
are commercially available. Preferably elemental sulfur is used and which can be
heated to the molten state to hasten the reaction kinetics and minimize the formation

9



they are present so as to be consuned in anounts within these ratios. The
tenperature range in which the sulfurization reaction is carried out is
generally about 50 C - 350 C. The preferred range is about 170 C - 300 C,
wi th about 175 15 C - 225 C being especially suitable. At the "I ow
tenperatures, generally below about 140 C sulfurization reaction generally
favors for maf mono-afndpolysidides, dlﬁﬁmﬂ?ﬂﬁdhrmﬁveshhﬂucbngﬁﬂrd’agd) cdﬁﬁmhemes. The

b essur s, ek G BB o e (i peBhy CRABHOILS Prdobisbui e,  t he
Pressur e nisghoRal Uiabloh HAEUEHORS cGHoh Aok R IRAHESR: elfveﬁm.reactl on) but

may al so be 20 exte y applied ssure exact pressure devel oped
during the reaction is dependent upon such factors as the design and

operatio t he syst t he re e era ure, e vapor, pressure
of “the. rSactlhAgoRS o EE s H R STBRYR Bl FETNE e BUNLEa G510t he
reaction. Prehenied RHABARS. Pl%%ﬁ&é@%‘h%&f&% RResYout £0-3 abawt- 500
psig. In a preferred aspect, hydrogen sulfide liberated in the reaction is

25 neut r al i 2@thsand abewh\edt ] 26 wediesrsspacvaly,sod disbepstalesipbheianges araibba@lt means.

The presenc h dr en ulfi.de n_r.educe .th of the d S|red

pol yi sobut y? S?E albg\l}ch %E@r{f‘%lﬁée%e‘itm g'ng“ ﬁ%%b%pselr?’tfo&ﬁ’s By forning
si de reacti o@gtantstaie inhedird!%dat Bwels $a/plovdecaRste iRiged Th 88mPEREiuGs s anldn such
instance excess HR PIB can be enployed, 30 It is frequently advantageous to

i ncor pol @t e comiraippapReraiinas theymay be pdmixgd el 1y rehe hryonamassipalanee badst i on
m xture. Tyl%q%'% rcg%?§§a§{oeoe%%h&{n%d(lﬁéﬁIauf’ilé yitl lfﬁ, Eeraﬁﬁé.d boric acid) ‘or
Ia €s an S

basi ¢ mat er I norgani ¢ oxI such ‘as sodi um
hydr oxi de, cal cium oxide and sodiumsulfide); with the nost desirable

bei ng nitrogen bases including 10 anmpni a and am nes. The am nes | ncl ude
primary, sed®AEEPRETARE feRF 1P AF %ch the anlEzaBon reafiqe's camesi@flwseﬁeerﬁ&mrocar by

radical s ar gpalikylec astloc. 3habloHrreathii@i¥ b 76 B8 bl ecanin aoikany about

1-20 carbon atons. Sui'tabl & am nes incfude aniline, enzyl am ne,
di benzyliam #,- MGdémlr@Hsp@;aIWHHMy.lf}anthmeLowf’aémpmmmsnmrdﬂy&eIow

et hyl di propy] a enyl benzyl am ne N-di.et hy Ibu m.t o] ui di ne
and 2, 3- xy|4>%ntr@8 “cruliatonrontel ﬁeleéﬁﬂa%mrﬁ ST nﬁfﬁiﬁswﬂ P8} i di ne,
N, N- et hyl gyt ﬁx@feh@ﬂ '&ﬁ}uoﬁédoeﬂ‘ﬂe%&%on Y bt aiaueed uhsk; %ﬁhééﬁﬁenér Pesqreher red
basi c catal yst's 1 nclude ammoni a and prinmary, secondary, or tertiary
al kyl anmi nes ahelevated priessutes] E¥evated pressures can be by autogenous pressure (1.6, the
pressure which naturally develops during the course of the reaction) but may also be
20  externally applied pressure. The exact pressure developed during the reaction is
dependent upon such factors as the design and operation of the system, the reaction
temperature, and the vapor pressure of the reactants and products and it may vary
during the course of the reaction. Preferred process pressures are at atmospheric to
about 500 psig. In a preferred aspect, hydrogen sulfide liberated in the reaction is
25  neutralized or removed, such as via a scrubber or other suitable means. The presence
of hydrogen sulfide can reduce the yield of the desired polyisobutyl-1,2-dithiole-4-

cyclopentene-3-thione compositions by forming side reactions with the HR PIB,

sulfur and mercaptan products. In such instance excess HR PIB can be employed.

30  Itis frequently advantageous to incorporate materials useful as sulfurization catalysts
in the reaction mixture. Typically these are acidic (such as sulfonic acid, boric acid) or
basic materials (such as inorganic oxides and salts such as sodium hydroxide, calcium
oxide and sodium sulfide); with the most desirable being nitrogen bases including

10



carbon atons in the al kyl radicals. Representative amnes of this type are
10 net hyl am ne, dinethylam ne, trinethylam ne, ethylam ne, diethylam ne,
triethylamne, di-n-butylamne, tri-n-butylamne, tri-sec-hexylam ne and
tri-n- octylam ne. Mxtures of these am nes can be used, as well as

m xtures of ammonia and amines. It is also believed that addition of the
desired pol yinsodnid yd-alpidesd Théamlbes uvfbim@mpaey]tsemd&ytdnﬁma:réam oduct to the
reaction m xt y act a catalyst. 15 The a nt of c ytic materi al
used is gené‘V‘grloF%f pegpvhgeis tpg aﬁ]@'][ ?‘j‘ﬁstarﬁﬁ {ﬁéyl ﬁSaiBh ound. In
the case of o¥ﬁ1%1ﬁk'é%f1@661ﬁ9m%%ﬁ’c“i‘ 80 &R0 PATLAS. S?ﬁt’a@l'e%ﬁhﬁas 1n(§9@é15n19né)005 0.5
nol e per nole of olefinis preferred, and about 0.001-0.1 nole is

especi al | y desiyianhe, diMZﬁllaB‘mlqade@?em]tdmlmﬁ, nﬂélth)éanmﬁoﬁallwmmM@, Nay be water,

either a st. or a en or. r of t e cat al yst
Coci ted Ber eHsBRVE e Tine Redisi BT aming MRSV EBAER R MASWERAT MY apout
1-25% by m'Zfﬁjiylﬁiﬁnet AgsohiBcfill BredRMP&RH: arthliRs M@ RSRoRdine WaNer i s, however,

not essentia d when certain types of reaction eqwggent are used 25 it
may be advameél@émltdmeepmdu@me,tmdrr@@@ﬂ|qum0bmieTh%m9 ahbpa¢ FatalypRy dr ous

condi tions. The net hod th| i nvention |s [ t he
Sbsence o dbGsTyaa B brtnin SEHAR b A am B B bl 13,

someti mes beathes afoddd i thenlk@gadicad ].{Hpiié‘sélﬁﬁltﬁ\leadnhlﬁed Frakis ,typmrdsral I y I I qui d
organic diluent in the reaction. The nature of suitable diluents wll
readi | y 1Be apsdlalanine: @Hteﬂb’é@l@%lTﬂn@ﬂl}"ﬂﬂmlﬂﬁéﬂﬁ’tl%mmialdlqth%la@i‘% required for
the reactio 0 I n [ ents, ratios
t her eof , thgn%tfe? Qlﬁln%hgl?ll]% %ée ﬁgﬁlﬁyﬁ%%geéﬁ%e or X@g‘grﬁ%e o) ItC{:lat al ysts,
and the pur icttylafing. MlmaQGMSse a]ihﬁemwbsas@if a$ well aeadttinen o'fsmmnieeni ently
followed by nonitoring the pressure in the reaction ve { reaction

can be considBéamnes. Happeebelsime et pddipeeaidhe é@‘@@@Pg"ﬁ?g‘f‘tY b2 2% ﬁBﬁﬁ@T ant
val ue. Foll gwiag, %%%n@g%ﬂg@{:foﬁﬂct% Hele c‘flﬁbfrﬂﬁ%\ﬁeﬂ ﬂ‘é&itak“é%aQsz{ he procedure

descri bed herei antl a materi als are
renoved.l5The nature of these

The amount of catalytic material used is generally about 0.05-2.0% of the weight of
the HR PIB compound. In the case of the preferred ammonia and amine catalysts,
about 0.0005-0.5 mole per mole of olefin is preferred, and about 0.001-0.1 mole is
especially desirable.
20
Also present in the reaction mixture may be water, either as a catalyst or as a diluent
for one or more of the catalysts recited hereinabove. The amount of water, when
present, is usually about 1-25% by weight of the HR PIB compound. The presence of
water is, however, not essential and when certain types of reaction equipment are used
25 it may be advantageous to conduct the reaction under substantially anhydrous

conditions.

The method of this invention 1s usually carried out in the absence of solvents and
diluents other than water. However, it may sometimes be desirable to use a
30  substantially inert, normally liquid organic diluent in the reaction. The nature of

suitable diluents will readily be apparent to those skilled in the art.
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|l ow boiling materials will vary according to the amount and type of
reactants used and 10 the reaction conditions. It wll also vary to sone
extent according to the use to which the sulfurized product is to be put,
as well as such things as odor and flammbility considerations, recycling
needs of reactants and by-products, and the |ike. Mdst often, the product
shoul d have Tae tilresbquirid for thbossetiabric cdthpltedwf esrpdeyendtmgvon tH® C and

desi rably above about %00 C as determ ned by ASTM Procedure 3. 15

Ref er ence i §°28FY TRURFSNETEOIAIPNRASHIGR SaRREA IS BIC RIFFCRIEPT GOSPRE QURAAYEh t o
starting ma hal s R :S) | i b

materi al s vm'taﬁ ﬂ%ﬁ% g I nglélﬁeggaﬁ%ﬂeagg# ggj@gf‘ﬂg?? %ggéangtcg??eanllés?mgﬁgni%f?b& whi ch
can be remmoagoringithagdéssiren theeeastipt aeselathd roaptios whif belemisidesydeci al | y when
the starting 20 ?l e}fli n cont ai ng Ies§ tt han 9 carpon atonms, and under those
ci r cumst ancE¥IPI Ehar the RESsRe IVRS OTHRA CoPtid % ont ai n no more than about
5% by wei ght of such starting materials, nercaptan and nonosul fides. If
these materials are gaseous at anbient pressure and tenperature, they may
be rermpved Fallpeing the prsparatn eidhe prgrzpe mixdastiyohe pwse@ire degstibed hey nay be
recycled if, deglpsd Jlb@tatnﬂgllfﬁfEm%oihgs%aﬁaghﬁta'rel: r%mso%g&.ﬁth’éqﬁa{‘% SFmales: 1t
may 25 be necessary P'oresor 0 stk e& ques as di'sti’l att on s

at mospher i ¢ jgw BoisiuE erabdrial ity Bicadtdihg &t the BmetintSihnd ity dTgeactined ked aundsef ul
met hod i s the passage of an_inert gas such as nitrogen through the m xture
at a suil®abthe reeghisacanditans Havibradsosisreto somegtens acpoelipgilo the pentatdyelaphy and
ol ecul ar .‘"ﬂfetéuﬁﬂuﬂ%é ofRY iAh 32 éfaf, 2l Sel1'dl sucgﬂhx%gé/ assc?c{c;'r‘!ﬁd ﬁg&fmh@n the
reacti on m xture nay ‘be conveni eéntly renbved, 1A NDS I'nstances,” by
decanti ng t bendidegatictis peodliaf nedds of weakctaals ane bppadduets, sl thddikesMiesi red, such
conventional techniques as filtrafion or centrifugation may be used. 12 A
further opt PHR&RIDSPEALGSeHE havs HBesharomtgpave 3her &W%feﬁaé@ 3ogattent of

th | furi i j: h i d
e sul f Urbgedy BEGE! b0l AeE) 30 H8SEHLREM MRS PRRYE: bRar educe

active sulfur. By Ive s I's neant su in a formwhich can
cause sféai nReferafcecogpemadntd ASTM Pracedwndsddicedmsl. DIStl&ndard tests are
available to determ ne sulfur activity. As an 5 alternative to the
treatment to reduce active sulfur, nmetal deactivators can be used in the

| ubricants GBI foGtdhife Sidlelidlsi a9 CATPRSPIH cﬂ:‘?ﬁ)dﬁi‘ldﬁs?ytﬁe foVEdfASN. 1N
some instances, such as in nmetal working lubricants, high levels of active
sul fur may bsterials will often include unreacted starting materials and solids which can be
removed. In addition, mercaptans and monosulfides, especially when the starting
20  olefin contains less than 9 carbon atoms, and under those circumstances it 1s preferred
that the product contain no more than about 5% by weight of such starting materials,
mercaptan and monosulfides. If these materials are gaseous at ambient pressure and
temperature, they may be removed in part simply by venting the reaction vessel, and
they may be recycled if desired. In the case of less volatile starting materials, it may
25  be necessary to resort to such techniques as distillation at atmospheric pressure or
vacuum distillation or stripping. Another useful method is the passage of an nert gas

such as nitrogen through the mixture at a suitable temperature and pressure. Large

scale gas chromatography and molecular distillation may also be useful.
30  Any solids present in the reaction mixture may be conveniently removed, in most
instances, by decanting the hquid product. If further removal of solids is desired, such

conventional techniques as filtration or centrifugation may be used.
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desired and it may then be preferred not to reduce active sulfur. 10 Wen
active sulfur is to be reduced, any of several nethods known in the art my
be enployed. An illustrative nmethod is treatment with an al kal i - net al
sulfide as described in U S. Pat. No. 3,498,915. Specific fractions of the
pol yi sobutyl -1, 2-di t hi ol e-4-cycl opentene-3-thiones can 15 further

separ at ed i Bt farthBroptiphdl etepanpieneehsd bhthughenvian isotis ntaaiani efitks. For
exanple, distil]ation of the mxture can l.ead to various. purjties of the
fractions. ;%ng’él,zeé prodghahianed py ‘&F@Cl RerRRgER P e et e VR SV kit Bt 16

| somer s ar engest Eafrt Q Mt £Lﬁfﬂi’;{1f9 SrwhiREL %%ééﬁ?‘irna tfﬁ%ﬁ]ﬁe‘%%@m under

at nospheric conditions using reflux to have a lonand a Cl2_32
fraction. Thieskr fmtcialsofsndad tdsts drelatdiieblepodettinede swfio a20vipr édami nat el y
Cl2, Ci16, C20

,  C24, 8, or C32 fractions or mxtures thereo i ncl udi ng
i 1t ur 655 i ERTESIEED T B TR TR AIAE Uiy BB SO TGOS GHS BHUBALDL her ot o.
Preferably glheny@hisQeataRRhy/ s el ed codpBlitibtisrenid it st ant&ne- 3- t hi one
isoners are enriched to be at least 10 w. % and nore preferably at | east

30 wt. % andhstapsts, probfas iraikial workiembibrica0s, Weh 19yads off debive otléir neyrgsosi ti on.
Under certai,n.ci.rc t ances, substanti al | urified .25 isomers can be
obt ai ned. Qdﬁsé?ed(%[’)éjgséﬂaglntﬁ?}lé%?r T nﬁg{? %%&gr?ﬁ{“(’ﬁ/seu&fuf‘o i nprove such
gqualities as the odor, color and staining characteristics of the

sul furized conpositions. These may include treatnment with acidic clays
such as &updfhemiactiyosulfinds toiberedvcedrny Bf saygrel mehods kaovem i the a@aydas vat ed

char coal . 4108 oA R RE NSRS el LIRIDIRAS AL SR Ot Tequired

when a basi C I"oye desire

pol yi sobut ylestriBedinthiSoP&t- Mo cY ¢dN)PENt ene- 3-t hi one conposi tions can
oxidized with a peroxidic conpound to for the resulting
pol yi sobut enyl -1, 2-dithi ol e- 3-one conposition(s). The thiocarbonyl group

can be T eadighyfoRYaIdSEr i Rl QIR 2-ai8i QDB o8B hiolid Chnadueous

pot assi um per manganat e, eous “nefcuric 5 acetate, y orination
f ol | owed5 by finyiae edpasitat intd iBBRle@ATd METIOWVREOEdLEING e tdctitighesatliong o |

i TPl y bl endi BBy HERAGOF e REopD S IFor o JREp S sy OE (AR | Ofoof

if lower boiling point components such as the CgH,4 isomers are desired to be
removed the reaction can be carried out under atmospheric conditions using reflux to
have a Cg fraction and a C.3; fraction. These fractions can be further purified into

20  predominately Cz, Cig, Ca0, Cas, Cas, 0r Cs; fractions or mixtures thereof, including
mixtures with Cg prior to the sulfurization reaction or subsequent thereto. Preferably
the various polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione isomers are enriched to
be at least 10 wt. % and more preferably at least 30 wt. % and most preferably at least
50 wt. % of the total composition. Under certain circumstances substantially purified

25  isomers can be obtained.

Other optional treatments may be employed to improve such qualities as the odor,

color and staining characteristics of the sulfurized compositions. These may include

treatment with acidic clays such as Super Filtrol and filtration through fuller's earth,
30  activated charcoal, alumina clays or the like. Such treatments are often not required

when a basic catalyst is employed.
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10 highly reactive polyi sobutyl ene having at |east 25% of a

nmet hyl vi nyl i dene i sonmer and wherein the polyi sobutyl ene has a nunber
average nol ecul ar weight in the range of about 120 to about 600 with a
sul fur source at a reaction tenperature in excess of about 175 C with an
oil of lubricating viscosity (base oil). The oil of lubricating viscosity
may be m xedf ¥dsirbd tthepdlgsobiiting2 Rahisis pbyypenlend-LitidteRbopdsicysd @pent ene- 3
15 thione conpositions of the present invention, typified by Formula |I. The
conpounds  SKIAHE Wil e REPSHiGRaRAREbLTEr edeTidinte eotiashiariitele or
package wth _var.l o r | L [ h i '

Paci i rate BrondeRysrBhRr R dhhEay Sol iR BORLARK B LS BRaban o
concent r at i @oowpfbyadditineriesith AeoccopRads@S painahpmate) bESRRbUY MeRDELON ar e

bl ended with base qil concentration_at which they provide 20 wear

prot ecti en &ﬁﬂat&r‘érobd’octhﬁorgﬁfl%fcﬁloi‘”ﬁd H&Yeialysind conpatible with ot her
additives in the desired finished lubricating oil. Conpatibility in this
i nstance generally nmeans that the present conpounds as well as being oi
sol ubl e i n tTABRIATINDLCOMP@SKTTOMSe al so do not cause other additives to

reci pitate_uyunder. normal conditions, Suitable oil solubility/comatibilit
e 1 or T i e Pt IR BT B AN PG T BRISBIE o be Y

determ ned B¥edaRQSSYy didly et S1ahikifkhé borhPosidth @bparttPbehiuphiidtfof a
solubility "testing procedures. For exanple, precipitati'on froma

fornul atléd [highly reaciivegpadyibobuidenpdwivirigon last 25bpEnmethyhdiylidens ispatsoend 20 C -
25 C) can be ,neasured.by.either. actual precipitation fromthe oil -
composi £ i on B ORLHSIARIIER o 2 EvieBr e SnER G R I e gttt es
formati on ofabbikSIQOUH bISoUNEB0 Rathtal st fESsoud@ at b reHR SN iR rMiude 1h BXdBI gt 1 on s
desired, typical I7y the lubricating oil conposition of the invention

cont ai ns ab@@eutfl7eCovidh an ¢l of InbricaingyisspeityAlbrse @) 0Fhe ol ®f lwbricatingror e

Compos: ti on e 2Rl ilon Mg RR MR Ik R AR e Rge o7y

sol ubl e 1sul fikibhZ eshessithey 86 the ppésemxdaneshtiby, tpidfel bpFoamplally Thebothybee havi ng
a nunber average nol ecul ar weight in the range of about 120 to about 600
with a sul f ®f legny@iiogmay alsenrehicnded3s papugeairpls or package Wih vargusc,

Especial ly : y t.S:: fOr . i vat . ~ and 5

m xt ur es thg’?}gefcr)g a‘ﬁlﬁ/g?sgﬁgl%%ﬁ’g?@@‘l%% : 1’3%1 Jetolfg%wgeg}ihdﬁéfﬁ%@%é{ﬁ%ﬁ cont ai ns
about from composition containing the desired concentration of additives. The compounds of the

present invention are blended with base oil a concentration at which they provide

20 wear protection and are both soluble in the oil and compatible with other additives in
the desired finished lubricating oil. Compatibility in this instance generally means
that the present compounds as well as being oil soluble in the applicable treat rate also
do not cause other additives to precipitate under normal conditions. Suitable oil
solubility/compatibility ranges for a given compound of lubricating oil formulation

25  canbe determined by those having ordinary skill in the art using routine solubility
testing procedures. For example, precipitation from a formulated lubricating oil
composition at ambient conditions (about 20 °C - 25 °C) can be measured by either
actual precipitation from the oil composition or the formulation of a "cloudy" solution
which evidences formation of insoluble wax particles.

30
If an engine oil formulation is desired, typically the lubricating oil composition of the
invention contains about from 0.01 to 5 wt. %, preferably 0.05 to 3 wt. %, more
preferably about from 0.05 to 1 wt. % based on the total weight of the composition, of
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0.1 to 1l w. %of said wear protectant. The present conpounds are

conpati ble with, and can be advantageously used with, zinc

di t hi ophosphates to i ncrease wear protection or nore preferably to reduce
t he amount of zinc dithiosphosphate which would otherw se be requested to
provide a given | evel of wear protection. If a gear 10 oil fornulation is
desired, typivwal byotédimt belbdted fbinnBe MiblicahyRdisdotubdsudfuritdiecdnmpaants on
contains about froamO0.01 to 10 wt. % preferably 0.5 to 8 w. %. nore
preferably PRI Byisaflinga@obyisbutdgnedqying vawmbst aveptesrmedlabilyr WeighhiBbout
from2 to 4 9 r4 L . i S - nvention
and even m)rﬂ(g4 rpa}lé?f %ﬁ?gﬁ/ﬁt%h% %{):%trgggﬁﬂt sf%gﬁ# g@“ﬁ%ﬁ ga{%%:%ctt)lgfsl é%ﬁ(g)%aﬂ#%éﬁt ot al
wei ght of t hkecaenPds tC.oBspediallyf heefdrtddrare edmprgnenislof famulrak degvdtivesized i n t he

| ubricati_ng oil copposjtions o e present. invention are generally
Lai | or edt o TREEBRRH MGEerdoigb3e R G Ve ine SRS corl R ReRt B of |,
cutting oil o el wkok o?%a?dfﬂlleﬁ‘rbpir?i\@@t%@t. RS hrcSht @&n?éhrﬁ@gferl%rrﬂiahbletvﬂﬁa,base oi |

typically wll be a mnera or synthetic oil of viscosity suitable for
use in the cndokcbsadveftagepugly used withatine ditiopltasphatesigiinreeaseipieans gasol i ne

LBt | cat | ng FOYER B GeLT pronel do IFGr 8 arEyn e Aol P ST, £ 1
24 cSt at 2Lehutd 6@8rvde bR qhdsRidit6 Btdvid: Dhilen BYIRE viRF pree@tibh ONT 2 ¥t heti ¢

or natural sources. Mneral oil for use as the base oll in this i nvention
i ncl uded Oparcafformiplatiomigsiasirrdniypicaliy thetinknicabing oil chmpogitien of e iwientign used i n

| ubricating qil.25. ¢ QShti Qn vt heti c,okl.s ioncl ude bot h-hydrocarbon
bynthoc o oiPhtaigf 3o88THRRR bioL B30 wD %, DLkt sTn B Ve e P a1

i ncl ude |'i quibButiredy mes S vaf %ahhevea ngdre peeferiilyifitgn bttt BOPETo 4/ W8.CASITL Y.
Especial ly useful are the hydrogenerated |iquid oligoners of C6 to Cl12

al pha ol ef i riBe sgmzadreactipnaupduct pf tis inventieaind 8verngnREF PreferPbhes of proper
i it i : ..eynt het i t
Uhetude: § he BB OB 1 RN Bl AR S BB 1 To e ds

as well 18s nonohydroxy al kanol s and pol yols. Typical exanples are
di dodecyl adj pate, pentaerythritol _tetracaproate, di-2-ethy] hexyl adipate,
di | auryl sebald¥t/BbrG3HE AR Q) @ﬂ.miwﬁ?ﬂ @@%Eﬁ@ﬁ@lﬂgwwg}@&t@% e PIGFEs of

o0 SRR e G L s ) il >0 e
oil, cutting oil, etc. For example, where desired as an engine oil, the base oil typically
will be a mineral oil or synthetic oil of viscosity suitable for use in the crankcase of an

20  -internal combustion engine such as gasoline engines and diesel engines which include
marine engines. Crankcase lubricating oils ordinarily have a viscosity of about 1300
¢St at 0 °F to 24 ¢St at 210 °F (99 °C) the lubricating oils may be derived from
synthetic or natural sources. Mineral oil for use as the base oil in this invention
includes paraffinic, naphthenic and other oils that are ordinarily used in lubricating oil

25  compositions. Synthetic oils include both hydrocarbon synthetic oils and synthetic
esters. Useful synthetic hydrocarbon oils include hiquid polymers of alpha olefins
having the proper viscosity. Especially useful are the hydrogenerated liquid oligomers
of Cs to Cy 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

30  esters of both monocarboxylic acid and polycarboxylic acids as well as monchydroxy
alkanols and polyols. Typical examples are didodecy] adipate, pentaerythritol
tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate and the like. Complex esters

prepared from mixtures of mono and dicarboxylic acid and mono and dihydroxy
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and synthetic oils may al so be advantageous, for exanple to provide a given
viscosity or viscosity range. In general the base oils or base oi

m xtures for engine oil are preselected so that the final lubricating oil,
containing the various additives, including 5 the present wear protectant,
has a viscosity at” 100 C of 4 to 22 centistokes, preferably 10 to 17

centi st okes apdaeblEBAEalRY 6 @eab¥ndsdotaridis @RREd] 5119 Kkesthetid/disGal InYinkhR

| ubricating oil conposition will contain a varlety of conpatible additives
desired to iﬂﬂﬁbﬁmﬁheﬁﬁﬂiﬂéH@Y@fts@ﬂ@raﬂ}/%aﬁeéu&,Iﬁ@fGﬂiﬁlfﬁlp%@@m"tﬂﬂﬁ BiHER Migewity 10
conposi tion Nyt I ed Such
addr 1 ves PEFEHEY RheRn A eRRbLRY Gl BBt AT Sahe SRS

over based opgaﬂtﬂe&BdﬂmnmbémanamdeQgﬂHJmﬂmﬂmﬁgﬁﬁbaﬁeds@hﬁﬂ&k&&d&dﬂg
salicyl ates, dispersants, ashless dispersants such as various

pol yal ky? su&ﬁwwwgar@rotsﬁﬁl}tawﬂ wiresibnitd 08 cCpfeb tastscentisfkes. i nhi bit ors,

Foam | nhi b1 bl Ao OLA i EPSIOABH o RbLOK AN Snidgkudi ng Lhe so 15

call ed viscosity | Nprovers, |spersant I nprovers and, as

not ed above, other corr05|on or wear inhibitors |nclud|ng OX|dat|on

i nhibitors uch s_phenol . conpounds.and, am ne conpoun anlng agents
such as di @%ﬂ?gﬁﬁﬁﬁ P01l SPTEPOGRREH ‘%H%PaFQB%YP PR E1ers such as

hi gher fatt MdﬁﬁV&%BSl%mQﬁpﬁ&QMS%)IOIJ@{II(%SQB%BI fni @181 Weticafifg by aci d ami des,
esters of fatty acids, uri zed fat's, acidic 20 phosphate esters, acidic

phosphi 1@ esomp@SItlm drprndingroh ﬁrmanmdman@ osavgl, baamdtlssmsled Suchabditivemt s
corrosion |nh tor i ugg as btenzotrl Z0 eta%l éo'ﬁ”%; Vi SCOS # %{ i ndex
i mprovers (\}b‘ﬁ’ @%"18 BT JECRETPS SHAVASTE @PS:%SY SPGB such
as acrylic ap@hymei and@&éﬂ@é%éd/bh&laﬁ@|aﬁd@d”l1c§mksOdlﬂfdrslnﬁomleéﬁ@i%per@ﬁﬁs pour
poi nt depressants such as acrylic polyner, nethacryllc pol ymer,

pol ybut ene, Syl @sadanyu%mq}yaélmésmuumsiepm palyalylsucsinaic acidgsiees, st t hese
addi L ives a6t U861 050, PR A DL o0 dan SOKBNE RRPSPOT 0Us

contai ni ng agents |n e es repared Trom os phor ous ~aci

al i phat 1§ okallydoi®ioki€y mﬁeﬁmmml@wb@umyﬂerﬁhovp Ievexdhﬂd]awbtedl@b@&phat e,
di ol eyl phosphate, nono & di but?gl phosphat e) and esters prepared from 30
phosphor i c AthercorFRsion QrptReE iy r%.m@h"ﬂtqu} atigh aMabifars Asd @8 phephos phat e,

di octyl %&ﬁﬁ@ﬁrﬁm ahi &{\?VJOH@%@ ﬁéf‘%amﬁlgca Lnts dﬂ%%ﬁaetﬁ?@%fg@ﬂg{ | i phati ¢

phosphoni c acrts 1n atrc as an ave e range
of about 12ahépalyattyials fmrohoudeﬁér@ eEchads éyighiat faytydzeﬁie;hlglmﬂ aldohbl,s,s Pat. No.
4,158, 633. T{)e aliphati¢c group can be
aliphatic ammes fatty acid amides, esters of fatty acids, sulfurized fats, acidic
20 phosphate esters, acidic phosphite esters, organic molybdenum compounds, and solid

lubricants; corrosion inhibitors such as benzotriazole and thiazole; viscosity index

improvers (which may be active type having increased dispersability) such as acrylic

polymer, meﬁiacrylic polymer and olefin copolymer; and pour point depressants such

as acrylic polymer, methacrylic polymer, polybutene, polyaikylstyrene and

25  polyvinylacetate. Some of these additives are further described below.

Suitable oil soluble phosphorous containing agents include esters prepared from

phosphorous acid and aliphatic or aromatic alcohols (dilauryl phosphate, dipheny!

phosphate, dioleyl phosphate, mono & dibutyl phosphate) and esters prepared from
30  phosphoric acid and aliphatic or aromatic alcohols {(monooctyl phosphate, dioctyl

phosphate, trioctyi phosphate, etc.). Dimethyl esters of aliphatic phosphonic acids in

which the aliphatic group has an average in the range of about 12 to about 24 carbon

atoms are fully described in U.S. Pat. No. 4,158,633. The aliphatic group can be
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16 saturated or unsaturated, and branched or straight chain in structure.
Preferred are the dinethyl esters of aliphatic phosphonic acids wherein
the aliphatic group has an average in the range of about 16 to about 20
carbon atons. Most preferred are the phosphonate esters wherein the
aliphatic group is'relatively pure and contains about 5 18 carbon atoms or

a mxture okaphestonsdea@s! #ldrafthbdbediraidte cidih Rhahiclird TOUREed 8RMAAI N an
average of about 18 carbon atoms, such as mixture derived from commerci al

techni cal gABERRYIsster efpiiplaticarpsrhoniryasids avherrin Hie-afiphaiic group has an
phosphor us- 594}5 Ogtgﬁaﬁgébf"ﬁ% tP@g/a%rPteZE]t a%xﬁ§]ﬁ\5f5 gsp%-'rédé’rs 10 used

in the prac S |nven 1on 1 nc ers o orus a IdS am ne

salts of phohpasnse estdrsls/harth pb @slplmlbtgso@qs telgetbledy sure ExdERt£igs sousui t abl e
conmpounds whi ch be used as@Phosphorus contalnln% antiwear and/ or
B

extreme dreddf éoag%ﬁ"ﬁsor TR IRl RhOSPRAIRSCAICHY IR YHRYS iab@%a,tw;ﬂﬁ@%honat es
and phOSphak&ﬁ?xn%ﬂ%vgﬂagé'QMB%ﬁ E&’ P&pﬁ&ﬂp'stu@l?as @E&ﬁ}e% éc# ﬁérﬁsy' phosphat e,
ut ey

cresyl di pheny osphat tri osphat e, triol phosphat e,
trilauryl phmmphanﬂtmmnuhhgy&mpﬁokghﬂﬂendar|octyl phosphite, triphenyl
phosphite, tricresyl phosphite, tricyclohexyl phosphite, dibutyl l|auryl
phosphonate, dibutyl hydrogen phosphite, dioleyl hydrogen phosphite, and

tolyl phosphipicg Iﬁ&bﬂﬁ'eéjﬁfmsﬂlﬂifhs @oﬁ'ftﬁﬁrng’%ﬁﬁ@gartaaﬁlo"f‘ @k@&néﬁﬂe&s”ﬁré’%%&% an be
enpl oyed are"am ne salts of partially esterified phosphoric, phosphorous,

phosphot®c, uaﬂdn@szpﬁunméﬂasud@nnmmmnbdeeﬂ@abfsmnphmhmapﬁbnmmﬁamudsfand

the lik d ih I i t of .

dodecy! phosBREPPECAEH B Bedhasiar foidiasigie SrTOHFLTh BAFL Lgnpage pipich

di t hi ophosphgfibe waed @kpﬂob;ﬂw@ﬁstaﬂ@athgaﬁmeamn&a} ExtRimihrbestine agefi@sphori c
acid, the dilaurylammoni um salt of 2-ethyl hexyl phosphoric acid, the dioleyl

amoni um saitelusie tohydipearp ebpibites ph@ﬁp&ionaémnéwpaémwg, wdradiersrby}s The

t d I hat |1
have rom  DiognB AR ko h BB, bty S BRERER. Sl pufiBies &
ni trogens (‘wh&eyitphesphatl BRaRy] pHBkHRSG @hﬁutquahegmin@ymctyt PldspRigd, tufigHenyl
preferably has from1 to 3 nitrogens wth the carbon to nitrogen atomc

ratio pref ePBoiphite.drefeRnd pheohite, tﬂ@yoi@)exym#@s@ateedlbu%laafﬁlwéomhoaafﬁ,de sal t
portion of Hnﬁlt}q 'h'i%% or Sﬁ&iﬁméj 4 orféﬁ ﬂp&%@&%fosﬁlﬂ%é %@{olﬁ%ﬁgéph\m& acid

dipropyl ester. Among the amine salts which can be employed are amine salts of
partially esterified phosphoric, phosphorous, phosphonic, and phosphinic acids; amine
20  salts of phosphonic acids and the like. Specific examples include the
dihexylammonium salt of dodecylphosphoric acid, the diethyl hexyl ammonium salt
of dioctyl dithiophosphoric acid, the octadecylammonium salt of dibutyl phosphoric
acid, the dilaﬁi’ylammonium salt of 2-ethylhexylphosphoric acid, the dioleyl
ammonium salt of butane phosphonic acid, and analogous compounds.
25
The ester, amide or amine salt portion of the dithiophosphate will generally have from
1 to 20 carbons, preferably 4 to 10 carbons, and from 0 to 5 nitrogens (when the
amide or amine salt is employed, that portion preferably has from 1 to 3 nitrogens
with the carbon to nitrogen atomic ratio preferably ranging from 1 to 10). The ester,
30  amide or amide salt portion of the dihydrocarbyl dithiophosphate antiwear agent will

contain stable organic moieties such as hydrocarbon or ethoxylated hydrocarbon

groups.
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contain stable organic noieties such as hydrocarbon or ethoxyl ated

hydr ocarbon groups. 17 Exenpl ary di hydrocarbyl dithi ophosphate am des

i nclude the ethyl am de of di-4- methyl-2-pentyl dithiophosphate, the butyl
am de of diisoctyl dithiophosphate, the am noethyl am de of

di t etrapropenyl phenyl dithi ophosphate, the diam no diethylene 5 am de of

di t et rapropenyl phenyl dithi ophosphate, and di am no di et hyl ene am de of di-
2-ethyl -1-hexyl dithi %Ehosphat_ e. Metal containi &gﬁrtﬁhosphorus compounds are
forned by rEseuplay dhwirasabd dithisphosphiptenodisesy e eyl emigdieoh dednet al

oxi de, for hLe ZI NG . 0X] I - j

di t hi ophos pﬁ%ﬁ%b}ceﬁh}f\%t@?bgogag%gﬁh%:%@gpﬁ%?lg%ggdl# %c%Sﬁ%ﬂg?@%o%EI} JtQ’SF%f erably
from5 to lZmamethghsmidanddireeprapeaiphabl dithiopiosphite, tBe dambhondicthne ef er r ed
to herein, the term "hydrocarbyl " represents nonoval ent organi c_radi cal
conposed® ed@Etatditelasepany phegd Jithicahess %rﬁn%ﬁiﬁmwp Ddersiaveide 8 dir ner t
substi tuent §-sﬂ§5f—1b@e 58S Ihe hydrocarbyl may be aliphatic, aromatic or
alicyclic or conbi néﬁ’lpéns&d}%g%%efeof, for exanple, aral kyl, alkyl, aryl,
cycl oal kyl, al kyl cycl oal kyl, etc., and may be saturated or olefinically

unsat ur at ed enmpl ar, dr.ocar byl groups .i ncl.uyde thyl... ethyl, propyl,
ol Bt M O RaR YA ERPATS: Snato st s jeridy fracige minydF et
stearyl, ph@ﬁmbphé%sﬂaﬂd aci®ivity b BERAxi 1@ 1BE lex atp IR RRIIIRE MHe hydrocarbyl

di propenyl phenyt, “tetrapropenyl phenyl, tolyl, etc. The primry, Secondary

or tertil@rypbyidnof dreaiihiaqphospheri 8ciduill meuadlydlapy &dm biet20 dagbdmsanched- chai n,

i d d it f :
D phat i o gPRaab S it n TSy Bl BnbubnD FEE Ra A AE T, cent
of sec-but yko pdreiahdk tdrfn B8 caABN"REREQNAN MosARNNS Gt trdtidl la&hpudedz

pentanol, and nost preferably further conbined with a zinc neta
Parti cul ar | ysseptiadfyeafhadrogen atd eirbgrd Palcamoy Pmpwes phioend gresiiusatsesay bl ude t he

. di t hi ¢ e . _ . h zi
G i o- phos BItRe 1o ibyesdhan O A9 u3 Retc Rt BERRIDACGS gfiBls™ =

3,151, 075; ®edB, 60 dxantn]d Alalkd7alk s, 495 975alknl alkdicy7iBa1R0K etckaab nofy behese
patents is incorporated herein by reference in their entirety. Exenplary

zi nc_di hydr searesyd orglafimehsapiaeied. Exrmnie hydrecadyl godes wluée methyl,
di t hi ophosp ?gl&g gﬁ&%ﬂﬁ,%u%} yéntyll,ségﬂl%mﬂ}lp eqt}tlm-gtﬂpfﬁ%ﬁh?ﬁ&yl, DL, isooctyl,

di - 4- net hyl
stearyl, phenyl, benzyl, ethylbenzyl, amyl, propenylphenyl, dipropenylphenyl,

tetrapropenylphenyl, tolyl, etc. The primary, secondary or tertiary hydrocarbyl groups

20 may be employed, but the branched-chain, primary groups are preferred, even more
preferred are mixtures of aliphatic groups and in a preferred embodiment, at least 75
mole percent of sec-butyl alcohol is used and preferably combined with 4-methyl-2-
pentanol, and most preferably further combined with a zinc metal. Particularly
preferred metal dihydrocarbyl phosphorodithioates include the zinc dithiophosphates.

25  Patents describing the synthesis of such zinc dithio-phosphates include U.S. Patent
Nos. 2,680,123; 3,000,822; 3,151,075, 3,385,791, 4,377,527; 4,495,075 and

4,778,906. Each of these patents is incorporated herein by reference in their entirety.

Exemplary zinc dihydrocarbyl dithiophosphates include zinc di-n-octyl

30  dithiophosphate, zinc butyl isooctyl dithiophosphate, zinc di-4-methyl-2-pentyl
dithiophosphate, zinc ditetrapropenylphenyl dithiophosphate, zinc di-2-ethyl-1-hexyl
dithiophosphate, zinc diisoctyl dithiophosphate, zinc dihexyl! dithiophosphate, zinc
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di t hi ophosphate, zinc ditetrapropenyl phenyl dithiophosphate, zinc

di -2-ethyl -1-hexyl dithiophosphate, zinc diisoctyl dithiophosphate, zinc
di hexyl dithi ophosphate, zinc 18 di phenyl dithiophosphate, zinc

di et hyl phenyl dithi ophosphate, zinc dianyl dithiophosphate, zinc butyl
phenyl dithi ophosphate, zinc dioctadecyl dithiophosphate. Alkali-netal
borates or Qipheafleshiophophhteatine deihlyiphemyidithidphéuphate] ziasdiaxiyt eme pressure
5 additives and are available comrercially. Exanples of the .alkali-netal
borates or RyePRResEhatpiROItyl PhENd dIBEPALTNEs By dicelafsryt atluoplngPkaei um
borate hydrate represented by KB3O5H20 and NaB3CGbH2O, respectively. These
al kali-nmetal borate hydrates are, for exanple, prepared by the steps of

di ssol vi ng pdtassicabbgrates sohlydraps theyedf aveivekd] larnd/nbiothecaraas ettiemev@messureso t hat
the atom.c r %}o of _boron,

tq al kali-netal 10 ( assi um or. sodi um) woul d be
in the rangdddive Bder %{a_ﬁalﬁss?laﬂﬂﬁwﬂﬁm XFBRISH ?f the ke B LFHRE HES TS0l ut f on
in an oily 0l GRr&TMAY ﬁ%&s_@iuﬂl,edﬁrﬁtéll‘l%/@a{%aalnﬂ@Sdiﬁﬁarﬁﬁatgﬁgzé’ljate sul fonate or

an ashl ess di spersant of succinic imde type, and allowng it to react to
obt ai n t he daséserdd by &BExOs Ho0 anldéNdBaOmtla0, resplicipely s iloesel allqli-nietal bdratee

particles. Th ear .l ubricating oi onposi t.i.on.of the i.nventign conprises
Phe alkal | - HGaRS B S SRS BoPyarare ERERa of AT dne aBERETar HO0Hk o' 1. 0
W, %N t endBroRideRAd BAriE MR GWater & BhEHAROMIOriB of BoRnGo Wicali %aetBlOr €
preferably 0.08 to 0.5 wt% This anpbunt corresponds to about 0.6 to 15 w.

% of al k@l i (prdessiunber wdamorwanidbainethe range of 20rio #de(botontliabiameiag, oi |
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2, 5- di méf capidrate, tBerdof iniaadiranol & 0.4 1wel € ant’% 1btehiyie b Do@ob ybritbintp -

1, 3, 4-t hi adi azol es, 2-nercapt o-5- hydrocarbyl dithio-1, 3, 4-thi adi azol es, 2, 5-
bi s( hydr ocaP ?IPWi}’(?)(_-%ltPé);é‘-"Ek%ﬁdﬂ?réféffé@?fya‘%@ to 0.5 wt%. This amount

2, 5- bi s(hy dr.ocaeByhdh LBER)0. 6 ot 5wt t’@hﬁﬂ%ﬁ%ﬂﬁeﬁ?bofﬁ?ﬂ%r@l@&%?&”’h@ﬁo?ﬂf‘fﬁ@unds are
the 1, 3,4-thradrazol es, especially the 2-

hydr ocar byl ditirichiiegeiivesmpysiton] ifHIAOADTI @tpezpndsjuahel gotessium borate

2, 5-bi s hydﬁ'lggr%{c?gclanqun%rrzzliﬁl)y available from Chevron Oronite Company LLC, Houston TX,

20 boron content: 6.8 wt. %)is employed as the alkali-metal borate.

One type of copper corrosion inhibitors which can be used in the practice of this
invention is édrnprised of thiazoles, triazoles and thiadiazoles. Examples include
benzotriazole, tolyltriazole, octyltriazole, decyltriazole, dodecyltriazole, 2-mercap-
25  tobenzothiazole, 2,5-dimercapto-1,3,4-thiadiazole, 2-mercapto-5-hydrocarbylthio-
1,3,4-thiadiazoles, 2-mercapto-5-hydrocarbyldithio-1,3,4-thiadiazoles, 2,5-
bis(hydrocarbylthio)-1,3,4-thiadiazoles, and 2,5-bis(hydrocarbyldithio)-1,3,4-
thiadiazoles. The preferred compounds are the 1,3,4-thiadiazoles, especially the 2-
hydrocarbyldithio-5-mercapto-1,3,4-dithiadiazoles and the 2,5-bis(hydrocarbyldithio)-
30 1,3,4-thiadiazoles, a number of which are commercially available. Other suitable
inhibitors of copper corrosion include ether amines; polyethoxylated compounds such
as ethoxylated amines, ethoxylated phenols, and ethoxylated alcohols; imidazolines;
and the like.
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30 1, 3, 4-thiadiazol es, a nunber of which are commercially avail able. O her
suitable inhibitors of copper corrosion include ether am nes;

pol yet hoxyl at ed conpounds such as ethoxyl ated am nes, ethoxyl ated phenol s,
and et hoxyl ated al cohols; imdazolines; and the like. 19 Suitable antifoam
agents for use in the conpositions of this invention include silicones and
organi ¢ polyners such as acrylate polyners. Mxtures of silicone-type

anti foam agents such as the liquid dialkyl silicone polyners with various
ot her 5 subSté#desntdpemapeds @rm@@tmth@comitms opthisingentiginingdrds are

silicones m n ne or nore
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polycarboxy

produced frd figﬁ ); ('fﬁlﬁi t‘?’gﬁ%k%’& h@P%amél'é@ h%t yi%’g@% d g; et he

i ke. O her SU|tabIe corrosion |nh|b|tors i ncl ude 20 alkenylsuccinic aci ds
in which the al kenyl group contains 10 or nore carbon atons such as, for
exanpl e, t eflhaforopestitng nayiatsosoniing ruseinhibden dijd wucld mslcgla@pm,pound or
hexadecenylsucc n

ic.acid the.like: |o hai n_al a d| rboxyllc
nerds 1t nd ihEtfr BiundDEn b pe ey 8T B SRk R S RE PR
mat eri aljs. 26rfANRESuck BidtGald mglu@@m&mblemc@%bﬁyﬁt aa,mscsﬁcmr— of the above
mentioned additives, each additive is typically blended into the base oi

in an amounethyiiegrnainas.daundywsid, sdistic @@dmﬁlrprt@\ﬂcuie ofefsacirb dinpledr 4qighct i on.
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e a Crankcas

when used as an en and
mcluding dlmer and trimer ac1ds such as are produced from tall oil fatty acids, oleic

acid, linoleic acid, or the like. Other suitable corrosion inhibitors include

20  alkenylsuccinic acids in which the alkenyl group contains 10 or more carbon atoms
such as, for example, tetrapropenylsuccinic acid, tetradecenylsuccinic acid,
hexadecenylsuccinic acid, and the like; long-chain alpha-omega-dicarboxylic acids in

the molecula;weight range of 600 to 3000; and other similar materials.

25  When lubricating compositions contain on or more of the above mentioned additives,
each additive is typically blended into the base oil in an amount which enables the
additive to provide its desired function. Representative effective amounts listed as
mass percent active ingredients when used as an engine oil and preferably a crankcase
lubricant are illustrated herein: ashiess dispersant from 0.1 to 20 and preferably 1-8;

30  detergent from 0.1 to 15 and preferably 0.2 to 9; metal dialkyl dithiophosphate from
0.01 to 6 and preferably 0.05 to 5 based upon phosphorous content; antioxidant from
0 to 5 and preferably 0.01 to 1.5; pour point depressant from 0.01 to 5 and preferably
0.01 to 1.5; antifoaming agent from 0 to 5 and preferably 0.001 to 0.15; supplemental
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| ubricant are illustrated herein: ashless dispersant fromO0.1 to 20 and
preferably 1-8; 30 detergent fromO0.1 to 15 and preferably 0.2 to 9; netal
di al kyl dithi ophosphate from 0.01 to 6 and preferably 0.05 to 5 based upon
phosphorous content; antioxidant from O to 5 and preferably 0.01 to 1.5;
pour point depressant fromO0.01 to 5 and preferably 0.01 to 1.5;
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one o1 sol BEREoBNEERR Pt bm i et R RURp e R BafLRrEaC) i 230 Boe
pressure agepdi 680 ¢/ idnH dutfAsoudden tiSeactiBn MndePatdreGn Whoesdbf 175t°€), GR)5Qb bor on
content of an alkali-netal borate or hydrate thereof. Additionally such

gear | ub®i catliwig % briehes ofobepntiosas cantehieaf{t leasteong foilshlublef hiopRlvir el

addi tional components: 0.1 to.5 . % based upon_ t he i of jd 15 -
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% based upon.c4tibe .0t hin efmSei brérlEniteabl analkaipRE bbak afhydtatdé east one
copper corrosion inhibitor; 0.01 to 0.1 w. % based upon the_ wei ght of
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Chi cheni ng. dNHETGH ROV GEAHRS SRV AN b PSR egPRes o g R The
S?Z e 11 1S QAN WY ok BREd o heAVRAMNor 8HA hiteic8fin dMhRRIRAGE of Rfst! O 2!
one foam inhibitor; and, 0.01 to 0.1 wt. % % based upon the weight of said lubrication
composition of at least one antirust agent.
20
The present lubricating compositions also include greases containing the present oil
such as the base oils described above as well as more viscous mineral, natural, or
synthetic oils and a thickening agent to provide the desired consistency to the grease.
The base oil is generally used in an amount sufficient to balance the total grease
25  composition, after accounting for the desired quantity of the thickening agent, and
other additive components including in the grease formulation. A wide variety of
materials can be employed as thickening or gelling agents. These can include fatty
acid metal salts or soaps, such as calcium, or lithium stearates or hydroxystearates,
which are dispersed in the lubricating vehicle in grease-forming quantities in an
30  amount sufficient to impart to the resulting grease composition the desired
consistency. Other thickening agents that can be employed in the grease formulation
comprise the non-soap thickeners, such as surface-modified clays and silicas, aryl

ureas, calcium complexes and similar materials. In general, grease thickeners can be
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25 conmposition, after accounting for the desired quantity of the thickening
agent, and other additive conponents including in the grease fornulation.
A wide variety of nmaterials can be enployed as thickening or gelling
agents. These can include fatty acid netal salts or soaps, such as
calcium or lithium stearates or hydroxystearates, which are dispersed in

the | ubri catinpBy¥@Whihloiidt BeRas @isb6lvelvhen Geeant tteir@guited t@ipe?uny Wi
sufficient to inpart to the resulting grease conposition the desired
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gener al , gr easlee ddsid ckeeerSeatdnvdmtiol enpl oyed which do not nelt or dissolve
when used at the required tenperature within a particular environnent;
however,”in all other respects, any material which is normally enpl oyed

for thi Ckenil‘ﬂgg%erﬁ%dehﬁ&q mgfn%ﬁfeg%a&diﬂbﬁac}n ecfr%Hée‘ﬂE}f.ﬁRﬁﬁé}?&ay‘B@n be

used in the present I nvention. 5 The prese ention al so provides an
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| ubricating viscosity either as the sole additive or, in conbination wth
ot her - addi L e enires (et Badiibe Bidkoray! fincomabs Bifieh n
viscosity i XmbrREOyRiuse R Rere 1BArciBE fistRRY LRty IMBrovkSie @ehdrilly Ndex

i nprover is generally 10 added to the base oil by the |ubricant

f or nul al®r . pddpdus thesbage eifl by thedubriesing formulagesn déws raarefesohaddifise about from
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0.,5to 50 wt. % nore I 040 . % of .t ul furize ;
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i nvention agslfisitel pely@dbulyRSE ecatBbLhioalct Ghi Bbphind I\eihas bef Mepeskaant s) to
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provide the concentrate with a TBN of about from 60 to 180 preferably 60

to 120; andinvsaiien and syffidert bagie materist Eymieaily grverbaped detgirentshte preyidh thaent oi |
o . g : gt . h
O L R L 1 T

exception o e concen

vari ous 18t heo wadddi gréfeedlycdinsd deredfs defidnabll r bihenedonextibRtiaadecpani¢se and
generally w ll, contain about from30 to 60 w... % of an ashl ess di spersant
and frequetfigd diuent. Withghe genezal gxerption af the,V IdmpgverFhesqugentide Wt er gent i n

addi tion toghhe ﬁ?rta%\g%ﬁﬁﬁ%ﬁﬁé S MHditivER SoRRHEY dfraflY HoRASEdhidear gent

needed to provi
use and generally will contain about from 30 to 60 wt. % of an ashiess dispersant and

frequently will also contain neutral or slightly alkaline detergent in addition to the

20 overbased detergent. The amount of overbased detergent needed to provide the
requisite TBN will, of course, vary with the TBN of the overbased detergent but
typically will be 20 to 80 wt. % of the concentrate. The concentrate may also be
provided as an individual concentrate containing about from 85 to 95 wt. % of the
present sulfunzed reaction product or compound of formula I and about 5 to 15 wt. %

25  of an inert organic liquid diluent designed for formulation either into an additives
package or directly into the base oil. Additive packages or concentrates may also be
provided for greases, though generally such packages will contain little more than the
compounds of the present invention and perhaps other antiwear or extreme pressure
agents.

30
Included in the lubricating oil compositions of the present invention are engine oils
such as diesel engine oils, as noted above, including those used in marine diesel
engines, locomotives, power plants and high speed automotive diesel engines,
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requisite TBN will, of course, vary with the TBN of the overbased detergent
but typically will be 20 to 80 wt. % of the concentrate. The concentrate
may al so be provided as an individual concentrate containing about from 85
to 95 wt. % of the present sulfurized reaction product or compound of
formula | and about 5 to 15 wt. % 25 of an inert organic liquid diluent
desi gned f ogadolingubmingosmgtict hed canirossars; Andiidral €aideackadieg autonibtiect [y into
the base oil_. Additive packages or, concentrates may _al so be provided for
greases, t h&Ui syEsAqmatic feRsyission Juds peyer Stsiiag ﬂundﬁﬂlq? BOYrE2kshan the

conpounds 0ff1u¥d§?gé%%gﬁfﬁlguic}glg§ﬂ&ﬂ off %@ ?ut@ﬁfoﬂ@@?pi&tlvlﬂ_ el A WRALoCOY 28Xt T ene

pressure agents: int ubricating oll conpositions of the
present i nveil$ whithaperagngideeexdichs pressofes deadlirgistempenagirneonditias, mgonbt ed

lants and RPTPs BGHH oG PO DN BEat on drHRS M3 saett R B h.
engi nes and -6QIRERSSANariolsHikdriitNAtrial bid 4RI duglgudisng autonmotive fluids

such as autonmatic transm ssion fluids, power steering fluids and power
brake fluids; gear oils including such oils are autonotive spiral-bevel

and wor m gegr axl.e Lls which,operate under.extreme pressures, |oad and
Femper at ure 6 aA iR R PR GRS At AP TBRETT M5 B gh epeed,
| ow torque angeradWnIRAR Be phipaled b9TkEIHEM pestRdireh 8NSHaOE MATifieMRno tedof

i ndustrial oils and cuttlgcg oils. The various additive materials or classes

of mat edfal sndiEserantizarcisetly aedatln fam cormareihsarepdA disingel yrepared by
known proce%{i’éiﬁﬁes‘” dhut %%tié}Pﬂ'ﬁ]Eﬁ & ?e”ées&ibeefﬁf?f 013191119?%& 16 QYRS Bo AT €
apl e ?%O PC S. |s€|ng 0o &

I
. £, .
readlly aval m comner cl al source varirous “additives

and their fNwCHj100,548 ahdU. R PanNe 5303386 Hrekbyincepataas b refetndd) of U. S
Pat. No. 4,119,549 and U. S. Pat. No. 5,397,486, hereby incorporated by
reference. EXAMPLES 15 The foll ow ng exanples are included to denonstrate

preferred erﬁtaﬁglg,lrﬁtrﬁ%s of the invention. It should be appreciated by those
of skill in e ar hat the techniques disclosed in the exanples that

fol |l ow Ay Mhpfaienhg eempiegare fodtided ow deracnshytetheferredismbtdmenis of tiect | on
vell i the At oF siaud DS apprvcinted BY thoad Or S e ee Mir H e S
disclosed in the examples that follow may represent techniques discovered by the
inventor to function well in the practice of the invention, and thus may be considered
to constitute preferred modes for its practice. However, those of skill in the art
20  should, in light of the present disclosure, appreciate that many changes may be made
in the specific embodiments that are disclosed and still obtain a like or similar result

without departing from the spirit and scope of the invention.
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to constitute preferred nodes for its practice. However, those of skill in
the art 20 should, in light of the present disclosure, appreciate that nmany
changes maybe nade in the specific enbodiments that are disclosed and
still obtain a like or simlar result wthout departing fromthe spirit
and scope of the invention. 23 Conparative Exanple A Preparation of

sul furized iCoahpuiayiveRgarbpleuy at ed di al kyl pol ysul fides fromreacting

i sobutyl ene_wi th hydrogen sulfide and elenental sulfur can be represented
by the foll BWpﬁ@tIP@aét ylgrzed fepEYSNG - HzZS Sx 2. S8 Typically these

conpounds a e ptan is
gener at ed |l§§tt é‘(?(lﬁrﬁﬁs:{l tlg%@ﬁ ol 0% l%gmg{fq l}%?glt?? %%(Qy%éﬁyﬁuéﬁ%g%?-t but yl
10 pol ysul f eesntaByulfiacet bd teprasaned by therfgllqnaagtmwnoxmsnindml ons m xtures and
pr edom ngt ely separated fractions of di-sulfides, tri-sulfides and
tetra-sutffide di-t-butyl polysulfide conmpounds can be formed. These
reaction products were|jcharacterized by GCMS, g four mejor products were

detect ed. These produc}|s ar &- BeP denced e g mat ogr am by four

maj or peaks with increlsi ngTetenti®n ti corre ding to 15 the di-
ely. The conpounds were
conpound, a nolecular ion is

tri-, tetra-, ul% Sedes respecti

characterized by the nmass spectra; for eac

present (i.e. 178, 210, 242, and 274 rﬂz for the sulfides listed), and a
base peak at 57 rrgé attri but ed to th tt{a fra msnt n%HThese
conpounds aréPE Eﬁ%qmgpua@%tfﬁatﬁpére "Faot‘ %tﬁl'bp@ ¥re x averages
3 and 4 arelnfei\f%? bAR5 gai%%at&BPSh@ﬁﬂst Pﬁ' S BRRe?By étﬁﬁmztﬁa%@tema Ybufyrom -

Chevron Phi Chem cal- Conpany Houston TX. The latter was used
herein a8 Ctpnh'amlaﬂea/e‘BBmeﬁ;llg cmtr@mmmmndmoammﬁms BidPpregomataiadn of

Sl . LSS hen OB She L AL SE e ORI B a9

compounds can be formed. These reaction products were characterized by GCMS;

four major products were detected. These products are evidenced in the gas
chromatogram by four major peaks with increasing retention times corresponding to
15  the di-, tri-, tetra-, and penta- sulfides respectively. The compounds were
characterized by the mass spectra; for each compound, a molecular ion is present (1.e.
178, 210, 242, and 274 m/z for the sulfides listed), and a base peak at 57 m/z
attributed to the t-butyl fragment ion. These compounds are commercially available,
for example CgH,3S, where x averages 3 and 4 are available as TBPS 344 and TBPS
20 454, respectively, from Chevron Phillips Chemical Company LP, Houston TX. The

latter was used herein as Comparative Example A.
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reaction conditions, tenperature reactant charging or by enploying a
catalyst. The 5 al kyl-al kenyl products forned are presented by the

foll owi ng scheme: H2S/ S8 Sx x=1-7 These reaction products contain a m xture
of al kyl -al kenyl type polysulfide products 10 with al kyl/al kenyl disulfide
and al kyl /al kenyl trisulfide as predom nate conponents. The m xtures al so
cont ai n cyclgogngardtiveBxbsler, B di al kenyl sul fides and di sul fides,

al kyl I di al kenyl' di- and trisulfides as well as other sulfides. These
product s wePEeparaign of pulfiizes isobelylony cenris IFKBISSo| | owi ng tabl e outlines the

structures, i I [ r 1y d af, the
conpounds dtyf{(grg? Ié%l !e%%zliﬁ))ti3%%88%1{19%%?%1%(%%{@%%%3&% 2§1e t @rﬂ%}s{%ﬂ Iéharge
rati os of t hexctioh esndittons] enpenhserasednt diachinder bycamsienhg atcatahst. f Diie a

typi cal sanple. 25 Table 1. Sulfurized isobutylene conplex m xtures Sul fide

St r uct ur e VolRERREEnYIgEodYsIs A Ehire presentesthy DigToliowmgschsmey  w .. 140 S 2
17615-20 CsH esz MIl. W.: 176.34 S320825-30 C H16S3

H,S/S
%.

x=1-7

These reaction products contain a mixture of alkyl-alkenyl type polysulfide products
10 with alkyl/alkenyl disulfide and alkyl/alkenyl trisulfide as predominate components.
The mixtures also contain cyclic trisulfides, dialkenyl sulfides and disulfides,
alkyl/dialkeny] di- and trisulfides as well as other sulfides. These products were also
characterized by GCMS. The following table outlines the structures, identified from
the mass spectra, for the majority of the compounds detected in a typical sample;
15  included are the mass/charge ratios of the molecular ions observed, and the

concentrations for a typical sample.
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Mol . W.:
Mol . W.:
Vander bi | t
Conpany of

208.41 2301-5 Cl2H22s2 Mol.
262.50 Commercially available products are sold as Vanl ube SB,
Norwal k CT and Mobilad C 100, ExxonMbbi l

Conpany I nc.,
which the latter

W.:

Conpar ative Exanple C Sul furization of cormer cially avail abl e

230.43 s2 Cl2H 2S3 2623-10

Chem cal

5 was used herein as Conparative Exanple B.

triisobutyle A $YRIE SQ]E'ES}EEQE(% x ¥tabl e triisobutylene (TC
Aneri ca) hav{&ﬁa l'8ss t %ghs 2% 10 ma{ﬂﬁv Vi nv i dene, contai ned about 45%
2,2, 6, 6-t el Balfidt Bythetdrenet hyl ene hept aneMahgtulaaboy /s 3PVeight %
2, 2, 4, 6, 6- pentanet hyl 3—heptene—was--t-eated—2-5+wle—equivalents] of
sul fur. 362. '2 of the triisoputylene and 173g (5. 4nvol) |of sulfur
were reacted nder St‘,oncn\' simlar|to thqgg descr)bed j 8 example 2.
After about 6 Houcg.sat a put 180 C (reflux), the yield of sulfurized
products was 49%MshWeh4q ncliuded | ess 15;than 1% of
4,5-di al kyl-1,2-dithiole-4-cycl opentene-3-thione hy G The alkyl 26
groups on th hiol et hi one were t-butyl and neopentyl as evidenced in the
mass specl nchuded.t he nol egul ar |on 260 M z, an8| fragment ions
57, 189, 2 . 5 Preparati drf® of Sul furi
Pol yi sobut of the invenption: Exanple|l
S5 208 25-30
CSH1683
Mol. Wt.: 208.41
Mol. Wt.: 23043 |
C12H°233
Mol. Wi.: 262.50

10

15

Commercially available products are sold as Vanlube SB, Vanderbilt Company Inc.,

Norwalk CT and Mobilad C-100, ExxonMobil Chemical Company of which the latter

was used herein as Comparative Example B.

Comparative Example C

Sulfurization of commercially available triisobutylene

A typical commercially available triisobutylene (TCI America) having less than 2%

methylvinylidene, contained about 45% 2,2,6,6-tetramethyl-4-methylene heptane and

about 53% 2,2,4,6,6-pentamethyl-3-heptene was treated 2.5 mole equivalents of
sulfur. 362.9g (2.16mol) of the triisobutylene and 173g (5.4mol) of sulfur were

reacted under conditions similar to those described in example 2. After about 6 hours

at about 180 °C (reflux), the yield of sulfurized products was 4% which included less
than 1% of 4,5-dialkyl-1,2-dithiole-4-cyclopentene-3-thione by GCMS. The alkyl
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Preparati on of polyisobutyl-1,2-dithiole-4-cycl opentene-3-thione "PDCT"

m xtures froma high nmethyl vinylidine C8 -C32 polyisobutene fraction.
1904.8g (10.7nol) of a high nmethyl vinylidine content |ow nolecul ar wei ght
PIE 10 having a nunber average nol ecul ar wei ght of 178, approximtely 74%
met hyl vinylidine content (and a weight fraction of each oligoner of

appr oxi mat egysugPorhe dithioleided waRauty hndvheoén Gl 2dBAderabOit thetrad . %0
Cl6H32, about 11 wt. % C20H40, about 4 wt. %CZ4H48 and about 2 wt. %

C28H56 Wi t hspeetae vaneuwe kdest theamlpalagson RAP avt.cni fmamenyiopns/, dﬁP&G&s ogr aphy
and nucl ear sonance spectroscopy) and 1017.5g of 15 el enental

sul fur vverez%ﬁgﬂ(g%%ﬁc%zea 5 liter stainless steel autoclave. The autocl ave
was flushed with nitrogen, and then seal ed. The reactants were stirred and
heated to 200C over bout The tenperature was then maintained

bet ween 200 5Ra B0/ H%deﬁg’éﬁ’zw%e@’&%’ﬁé’ f i i EoRour s such that the
pressure ingiheyaytocl ave did not exceed 200psia. The reaction was cool ed
to anbi ent Tenperature and the autoclave 20 was vented through a caustic
scr ubber. Zﬂm@gaﬂén af mtdyikobugyl- 162 -dithiate- 4ty combtenc 3hthiqpe PR hixhwer ed, and

then stripp renove, sol Product. contai.ned 29.3% sulfur, as

anal yzed vmg' OkLE‘t@%@?}?Yﬁ%PPSﬁ Fdl 32%9% ReA@TR 552, and 49.5% of the
PDCT" s of f ogg 1b7§§01)cmr1ﬁ &reth%/?dm Mdlmter&%mu@ar%vep&rﬁmaﬂ on of
PDCT m xtures from a hi'gh nme vinyl'i di ne C12- C32 pol yi sobut ene

fracti o} 4bavidga anwrwbrﬁg@mO&cubmmmhewlBr, appepghtatghp V4unehe t hat had
b distilled,.t. he | i nb | ecul
wetght of 188Yife S L TRER: YRR ki Nisnrenel MRne Bl B R o

were heat edcgmd, solf 4B 6. wmm24,aab8utt3m9% et M5 pb&tte 1 winvAC3HRE ekoglass
round bottomflask equi pped with a nechanical stirrer, heat mantle,

t her nocoupl ¥t % &npdeandreodcnvt: & Ceflss wehtgse @b@@éﬁ@%@;zﬂm asrchgreaterigedl et |
and caustic [ sed 27
ond caust oSOt LB LLEn IS Rl OB JER SO DB 0o
about  11550Ciemthiahsuifue wWeye dob@ 1R&Qta<ﬁlless@teeaaﬁt@&1a+e. The atoulavd waour ;
they were held at 200C for out 20 m nutes, then heated at 220C for 2.5
hours. Aft eflugsd Mlﬁ}gntr@g%@tpﬁ then sealed. The reactants were stirred and heated to 200°C

over about 2 hours. The temperature was then maintained between 200 and 220°C

under autogenous pressure for 3.5 hours such that the pressure in the autoclave did not

exceed 200psia. The reaction was cooled to ambient temperature and the autoclave

20  was vented through a caustic scrubber. 2440g of a dark red oil was diluted with
pentane, filtered, and then stripped to remove solvent. Product contained 29.3%

sulfur, as analyzed with a LECO SC-32 sulfur analyzer by ASTM D1552, and 49.5%
of the PDCT’s of formula I as characterized by GCMS.

25 Example?2
Preparation of PDCT mixtures from a high methyl vinylidine C,,-Cs; polyisobutene

fraction:

497.4¢ (2.51mol) of a low molecular weight polybutene that had been distilled to

remove the Cg 1somers, having a number average molecular weight of 198 and 73%
30  methyl vinylidene content, and 201g of sulfur were heated and stirred, under a

nitrogen atmosphere, in a 3 neck glass round bottom flask equipped with a mechanical

stirrer, heat mantle, thermocouple, temperature controller, reflux condenser, nitrogen

inlet, and caustic scrubber. A gentle sweep of nitrogen was continuously passed
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tenperature the product was diluted with 400nl of heptane and filtered
through 5 di at omaceous earth. The solvent was renoved to yield 447.4g of a
dark red, viscous oil that contained 23.8% sul fur. Exanple 3 Preparation
10 Adistillation fraction containing Cl16
I somers, that included about 66 w % nethyl vinylidene, from polyi sobutene

was sul furi Zigduitthe veReNAId s%tdﬂib&aﬂ‘hé ReaB R eRe hehtedlh @0 Btfdont 980°t:hl S

of PDCT from | sobut ene Tetraner

Exanpl e were characteri zed as chromat ography nass spectrosco
'y e

anal ysi s. TReeswyeagd tabl

f or mul as,

per cent of t

|l on, m z\\ei
31638.3 3
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15
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Example 3

Preparation of PDCT from Isobutene Tetramer

A distillation fraction containing C;4 isomers, that included about 66 wt%
methylvinylidene, from polyisobutene was sulfurized in a manner similar to example
2. The products of this Example were characterized by gas chromatography mass
spectroscopy (GCMS) analysis. The following table contains molecular structures or
empirical formulas, mass charge ratios for molecular ions observed, and weight

percent of the majority of the composition.

Table 2. Sulfurized reaction product from high methyl-vinylidene isobutene tetramer

Sulfide Molecular lon, m/z | Weight %
C16H23S 252 1.2
C16H3S: 288 , 1.5
Ci6H23S, 284 3.2

316 38.3
(Ci6H33)2S2 514 15.4
(C16H33)233 546 3.1

The polyisobutyl-1,2-dithiole-4-cyclopentene-3-thiones, wherein n is zero R is

methyl and n 1s one R, is hydrogen; are the major products and account for about 40%

of the product by weight; the mass spectrum of this compound exhibits a molecular
ion at 316 m/z with a **S isotope peak (m+2 peak) corresponding to three sulfur

atoms per molecule and fragment ions at 41, 57, 148, 189 and 203 m/z. Characteristic
28

orr aiteie] efbewiul Bgursthey, weterhedd #2008 rr i caI
r ? wei ght 15
ﬁéut%%ﬁﬁg:& %%rﬂt%#e‘a at 5%%‘3#6& 3’5 Ho%&&g rﬁﬁ’t%g &Eoé%g fo fc%?)gle b
product f rommpejﬂurmthbpfoductnydsldﬂa&el wistodneing heghunaurel filGutd ihdeddhl ecul ar
ht % C16H235 %ﬁl 2 C16H32522881. 5 C16H2&822843 2RL nS 2s
¢ gojveni wag Fesagved 36 Yiglost4y 48 fahslsﬁsﬁls%m 20 The

pol yi sobutyloﬂlthgtCghgameglzgwMﬁlrppentene 3-thiones, wherein nis zero Rl is



methyl and n is one Rl is hydrogen; are the major products and account for
about 40% of the product by weight; the mass spectrumof this conpound
exhibits a nolecular ion at 316 mz with a 34S i sotope peak (m+2 peak)
corresponding to three sulfur atons per nolecule and fragnent ions at 41,
57, 148, 189 and 203 m z. Characteristic 28 of the PDCT's is an intense
148 m z fragiePHOT sREAKnteHRe 148 miLhidh&@Rialpebr. TRl A Settdidoeg1are the
second nost abundant conpound type present in the mxture; the mass
spectrum f orpd}ﬁ@lﬁdcsm‘cfflnml@cmmbsttab@lnctahbcqmnoelcdl bepe presantan tlmmlwrz, theth the

K f
Cons at 41, TeEgsoo g G5 RSN MR RS Wt QTR BT TGN wR2S (he” T

yield of PDGEBt@peQQHﬂ: doﬂii@poﬂldiﬁg fasadiur ibesgrpewade, aid ﬁriynsenlt aeat ign may be
purified,_ for examp distillation or chromat ogr ag}aé Exan(gl e 4 10
Af BRET3 ¢omi

Purifi cabi o789 ;981 M%é@fhi%ﬂ mfz. At §iaptcipated frag (el v bes (PDCT' s

el oot um. g8 TR L L SR Cnd B, B e A e e 1R P

and sul fur climillaiion oigchreampgapls ot her than PDCT's. Fractions containing
the desired dithiolethiones were 15 coll ected usi ng hexane: ethyl acetate
9:1 as eluent. Renoval of solvent froma set of fractions yielded a
product thatg fd ned 88.4 weight percent of C8, 12, 16, 20 PDCT's by CC
t he product %ﬁed about 33% sul fiu. Performance Exanpie 20 The

foll ow 1§ emmi;ﬁlcaiaortosfqztogdsdbhedarﬂ dwieale-4pcoppenices 3-tenesgR (I ess ur e
properties cﬁa p%ni dation properties. The base line formul ati on enpl oyed a
f or mul at ed )s fornulated oil conprised a lubricating oil and

addi tives i ']AE:HE]SIE FloVPE £ 1@M@E3§nf19d by H@'Lbcﬁludﬁhc%@l Roafin. THé §olhﬁ‘ﬁ| uded a
Goup Il base oil of a vi scosHy grade of 5W20 . %of a

mol ecul ar \A/evagHIUSb@JSw:th hexane o @trtwb@ngactad H:Bnﬁlﬁi'ear@sgﬁutmnmmmge 25

di spersant, ase TBN 17.c
ot R an svaphind s b hEY & PRt e a i e R R el irenl cono
ZnDTP, Q55 Whllectéh @in@hdkaRbiemyl ac@me@mmuu@ﬁ@ Rafbval 3P sblfent ifeeP8 kdtpfi ndex
i nprover. This formulation
fractions yielded a product that contained 88.4 weight percent of Cg, 12, 16,20 PDCT’s

by GC; the product contained about 33% sulfur.

Performance Examples

20 The following examples tested the antiwear properties, extreme pressure properties
and oxidation properties. The base line formulation employed a formulated oil. This
formulated oil comprised a lubricating oil and additives in their typical amounts for
particular pu}bose; this included a Group II base oil of a viscosity grade of SW20, 3
wt. % of'a 2300 molecular weight post treated ethylene carbonate bissuccinimide

25  dispersant, 1 wt. % of a low overbase TBN 17 calcium sulfonate, 2.4 wt. % of a high
overbase TBN 250 calcium phenate, 0.6 wt% of a secondary alcohol ZnDTP, 0.5 wt.
% of a diphenyl amine antioxidant, and a viscosity index improver. This formulation
is referred to herein as a low phosphorous basestock since the phosphorous content is
approximately 0.08 wt. % on the basis of total phosphorous in the lubricating

30  composition.
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is referred to herein as a | ow phosphorous basestock since the phosphorous
content is approximately 0.08 wt. % on the basis of total phosphorous in
the lubricating 30 conposition. 29 Exanple 5 Anti-wear properties Four
Bal | Wear Test The Four Ball War Test was preforned in a manner simlar to
ASTM D- 4172 (4-bali wear), as described bel ow. Sanples of the

pol yi sobuty Fxampléd=sdi thhgjmﬂp@){,gﬂt@pentene- 5 3-thi one conpounds prepared

accordi ng to , Exanple 3, and a commercially available sul furized
i sobut yl eneF?‘Gd??gEW%ﬁ%t Exanple A), were top- treated to the baseline |ow
phosphor us t to 0. 25
wei ght percgﬁ% &Hfﬁ %ove% %u%ggﬁ@%lgggée ?h‘%ﬂaﬁ%ﬁaﬁ\’?& ?{72’ 33 t abl e.
These f or mulvaiigthstdesdribed belowe Samd@ad itk wilyisobucidtl Daithialeh-c gdtdeaatapeng st eel

ball 10 bearl ngs, for 48 hours _at 160C wi th 15L/hour of al rfl ow bubbl ed
t hr ough % he3whiPne copppasednpysaarsd P@%F&“’c%@&e brfsmplpal Em ear test

apparat us u§6rﬂ1%813kc%\%%ﬁﬁz{b8féulmlzéérsoblﬁglié a\f’?tﬁ/em % Qve?e ag €s

starting fr g I ncrenent rotati ute. The
wear i ndex Waaied:ml theibasehok Iomophotsplmmemtométntdmalﬂmaﬂ: augme oﬂ&timhaa& shows

the wear tes esyl.ts. .The products . of e 1 an le 3 were both
more ef f ect Pf/%5éﬁ 385%*%?13?4%5%&&}6 bﬁ&‘i’]EtXrWé 3558 @FSOH ng&%ﬁ%@ﬂ%ﬁbm one or
the baseli fh%lewlfﬂésegﬁ)%@fa@d'té@ o%%@}y efgl_é\]m &}Qdétfbn%m '&@1%51’1111%35\&?61 ball

performance worse than the baseline. “The product of Exanp 1 gave
si gni fi t&nt bsarings.tier 4pkouratintplte witholrfpdread of wrfldve bhded ihnmghme diabl e 3.

or oper {1 oo: 1758 aed A o e e B8 st pERpSe g B RB SR B el e 2.
Exanpl e 3, ame loadmas atglie iE¥a fﬁgéﬁtﬁftlﬂgﬁ@mt RbOAIOT0KE indah®ds @K1 J08me

pressure wear test apparatus. is test is used to evaluate the |load carry
fggam ty of re#iass peumthate. fihg Wegointer wapeadedaied rewrap vanens of thhdoasampl es wer e
15  Table 3 shows the wear test results. The products of Example 1 and Example 3 were
both more effective at controlling wear than the baseline formulation alone or the
baseline with Comparative Example A which in contrast, gave performance worse
than the baseline. The product of Example 1 gave significantly better performance

compared to the baseline.

20

Table 3. Wear index results
SAMPLE Treat rate, %S basis | Wear Index
Basestock (base line) 0 179
Example 1' 0.059 82
Example 3' 0.039 165
Comparative A" 0.054 331

! Added to basestock ol

Example 6  Extreme pressure properties:

25  Falex Extreme pressure wear test
The products of Example 2, Example 3, and Comparative Example A were tested on a
Falex extreme pressure wear test apparatus. This test is used to evaluate the load carry

capacity of an oil under high contact pressure conditions. The samples were top-
30



SAMPLETreat rate, %5 basi sWear | ndex Basestock (base |ine)0179 Exanple

110. 05982 Exanpl e 310. 039165 Conparative A 0.054331 30 treated to the
basest ock above at 0.20 to 0.25 weight percent treatnent. These formulated
test oils were not pre-aged. The Fal ex tests were conducted at room
tenperature, under” 400 pounds |oad and rotation of the pin at 290 rotations
per mnute tbaed &NBe BRdEEtobIOhDRWIang 28 10 Q&'@v'eidht peckidreafmdnt.MHatd es at 250
pounds | oad. Test results, 5 shown as we | oss of the pin at the end of
the test, oforgatlaied f@%ﬁr%ls“feﬂth@%ﬁg@ \/’\Félle&g&x tesity werercondustcdeai@do@r t he test,
are in Tabl th and
t he product ?61%13 e -mr% 'lgl?d%lé%(rﬁgérl{g@g ncogglg% n?‘% %d %’oﬁano%%(gg@&%u& such
that sei zur ¢rdind hemt follewiig. a lilxeakTﬁhtheeloé of E&hﬁ%teér ﬂSISO@@SndstISacSANHhEQ{ﬂ@at
rate, %5 Seizure (Yes/No)W_ Loss (ng) basis Basestock 0%rn/a é@gasel | ne)
Exanpl e 20. 850NBS sightdps ofhamo vhitg cud pbBe 485106 20 soZURiighep ded A
Added to ba T. 1,2,
and 3 and c ﬁ%%tr%gﬁ ‘%{ed OI‘:ng%p egrei gl%é a@% EEF %&ﬁg@ﬁ%ﬁ@@%ﬂ%@?@g@r t est
ri g nodifi edxdoople Ashalake pddét of GmeinplePhisnprovedribe lvgd capaciie of the baseline

such that seizure did not occur.

10 Table 4. Falex Test Results

SAMPLE Treat rate, %S Seizure (Yes/No) Wt Loss (mg)
basis

Basestock 0% Y n/a
(baseline)
Example 2' 0.060 N 35
Example 3' 0.039 Y n/a
Comparative 0.054 N 18.5
Example A'

! Added to basestock oil

Example 7  Gear Test
The products of Examples 1,2, and 3 and comparative Examples A and B were tested
15 onanFZG g;ar test rig modified for “shock load” conditions according to the
procedure described by B.-R Hohn et al in Scuffing load capacity test in the FZG gear
test rig for gear lubricants with high EP performance, presented at the Fifth CEC
International Symposium on the Performance Evaluation of Automotive Fuels and
Lubricants 13-15 May, 1997, in Gotegorg Sweden. The FZG “Shock Load” Gear Test
20  was performed to evaluate the antiscuffing properties of the compounds of this
invention. The products of Examples 1 through 3 and two commercially available
sulfurized isobutylenes, Comparative Example A and Comparative Example B. The
FZG Gear Test employed the additive at 0.9% sulfur in Chevron 600 neutral oil.
ASTM D 5182 details the standard procedure and equipment for the FZG Load Stage

25 test. Inthe shock load method, the gears were loaded in stages, starting with load
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procedure described by. B.-R Hohn et al in Scuffing |load capacity test in
the FZG gear test rig for gear lubricants with high EP perfornmance,
presented at the Fifth CEC International Synposiumon the Performance

Eval uati on of Autonotive Fuels and Lubricants 13-15 May, 1997, in CGotegorg
Sweden. The FZG "Shock Load" Gear Test 20 was perforned to evaluate the
anti scuf fi ngiaps PPBAH 18RbS h B r GIINOMARS aRf schitb® TablRVedtnt00s thd k@t product s

of Exanples 1 through 3 and two commercially available sulfurized

i sobut yl enesesulthspawvaes the segaapvacAtantilasgsaraed. ve Exanple B. The FZG
Gear Test enployed the additive at 0.9% sulfur in Chevron 600 neutral oil.
ASTM D 5182 details the standard procedure and equi pnent for the FZG Load
St age 25 tedgublelsFAhEsipbRdad gad téget hod, the gears were | oaded in stages,
starting with load 31 stage 1 until 10 nmmof a gear t.ooth-surface are
scuffed. Table 5 ¢(OAMPRE the test resylTEST BROURTasStegmatsrlge 4t which
this failure occufred. Table 5 FZG "shocl%ai}l‘ﬁgg;@eear test SAMPLETEST RESULT
- Stage at which failure occurred Exanplie anpl e 211 Exanplie 38 '
Conpar ati ve Exanpl @x&hpleGonparative Exanple B1l 5 The products off Exanpl es
1 and 2 gave performance conparable to thhe commercially availablle
sul furi zed i sobut yF&magle 2Exanpl e 8 Rear |DifferentialllAxel Test 10 The L-42
Rear Differential el test—was perfornmgd—to evaluatg the—conpounds of this
i nvention enpl oyeol,E))((%ngteezjrb | ubri cant for|mul ations. T%e products aof Exanpl es
| through 3, ConpajoaipaeivErxEBbRA A t hrjiough B were jtiested for anti-scoring
properties under thigh speed and shock gonditions using DANA nodel 44
hypoi d rear axle bpyonperativaExampleddl desdri bed in ASTM publication STP 512A
Test I‘ESBIHS, i n Fable—6,—are

The products of Examples 1 and 2 gave performance comparable to the commercially

available sulfurized isobutylenes.

Example 8  Rear Differential Axel Test

10 The L-42 Rear Differential Axel test was performed to evaluate the compounds of this
invention employed in gear lubricant formulations. The products of Examples 1
through 3, Comparative Examples A through B were tested for anti-scoring properties
under high speed and shock conditions using DANA model 44 hypoid rear axle by the
142 method described in ASTM publication STP 512A. Test results, in Table 6, are

15 the scored area on the pinion and ring gears and a pass/fail based on comparison to a
reference oil formulation. Samples were tested at various concentrations based on
sulfur content for the lowest concentration of the commercial products to pass. The
pass/fail criteria requires that there be less quantity of scoring on the ring and pinion
gears than on the associated pass reference oil test. To pass, Comparative Example A

20  required a sufficient amount of additive to provide 1.1% sulfur. At this concentration
of sulfur the compositions of Example 1 and Example 3 did not perform as well as the
reference oil. However, it is contemplated that at concentrations of sulfur greater than

1.1 and less than 1.8 the compositions of Examples 1 and 3 would pass.

25 A second test was preformed using the lowest amount of a commercially available

product Comparative Example B to pass this test. To pass, Comparative Example B
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15 the scored area on the pinion and ring gears and a pass/fail based on
conparison to a reference oil fornulation. Sanples were tested at various
concentrations based on sulfur content for the | owest concentration of the
commercial products to pass. The pass/fail criteria requires that there be
| ess quantity of storing on the ring and pinion gears than on

t he-associ atgfhiRas sy el1BrERS Shahil &élﬁsﬁable-@ER%ﬁle_%%ﬂﬁ@E@Edp%ﬁo%W' e A 20
required a sufficient anount of additive to provide 1.1 % sulfur. At this
concent r at | grotegsfongiy [l By sulfie i ermesisen trsoroparitkveniiaaple Bndn Beampihas 3 di d

not perform as | . as. the. refer 0j_l- ver,, Lfq,l8,.C ed t hat
ot comcent r SpnestEetsr T AR B aTPETL F diptivg EVSRHEE patd s Pk RGB!

conposi ti onsowér ttpOphpsativelPthndleBul d pass. 25 A second test was prefornmed
using the | owest anount of a commercially available product Conparative
Exanpl e Bto pass this test. To pass, Conparative Exanple B 32 required

1. 7% sul fur. .1 A8 ¢hawr Lo fabl e 6, Exanple 2 provided superior gear
protection ata 1.8&)sulc%ur In conparison to Conparative Exanple B. In fact,

at this cqrsPeviPLBEtI on of Mdirhtey%SEﬁScmirg&ea%]uanti t{Reefilt Scorilng Area %
data is thrlee tinmes |ower then Conparati anple B4 5 Table 6. L42 Test
Results SAVPLETreat rate,| 9%5coring ARE® 9ResulRiMsEsi s & 2l on(Pass/ Fail )
Conpar at i ve4i; Xanmpt e A Exanpte 11 12733Fartf Exanmpte 31. 23339Fai |
Conpar ative 1. Pass Exanpl g1 B Exanpl @121. 856Pass Exanpha 9
M ni -t ract ij@xaipthine Eval uation

Example 1 1.1 27 33 Fail

Example 3 1.2 33 39 Fail

Comparative

1.7 14 21 Pass
Example B
Example 2 1.8 5 6 Pass

Example 9  Mini-traction Machine Evaluation
The products of Example 1 and the product of Example 4 were evaluated using a PCS
10 Instruments Ltd., London UK, Mini-Traction Machine (MTM) tribometer. The MTM
tribometer was set up to run in pin on disk mode using polished disks of 52100 steel
from PCS Instruments, and a 0.25 inch stationary ball bearing, also of 52100 steel
from Falex corporation, in place of a pin. The test was conducted at 100 °C for 40
minutes at 7 Newtons load at a sliding speed of 200mm/s, following a break-in period
15  of 5 minutes at 0.1 Newtons and a sliding speed of 2000mny/s. Test results, in Table 7,
show the wear scar generated on the ball bearing as measured with an optical
microscope by conventional methods. Reported are the average wear scar from 4 test
runs. Tests results from a commercially available zinc dithiophosphate are included
for comparison purposes. The product of Example 4 afforded superior wear protection
20  under the conditions of this test. Product from Example 1 was tested at 3 different
concentrations in Chevron 100 neutral oil; product from Example 4 was tested at

- equal sulfur compared to example 1 at 1.9 weight %.
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The products of Exanple 1 and the product of Exanple 4 were eval uated using
a PCS 10 Instrunents Ltd., London UK, M ni-Traction Machine (MM
tribometer. The MIM triboneter was set up to run in pin on disk node using
pol i shed di sks of 52100 steel from PCS Instrunments, and a 0.25 inch
stationary ball bearing, also of 52100 steel from Falex corporation, in
place of a mable 7MIEM R8trewAs conducted at 100 C for 40 mnutes at 7

Newt ons | oad—at a slidi ng spee of 200mms. foll ow ng a break-in nan'_)d 15
of 5 ninut @SaBPID. 1 Newt ons anfV: %Ialdéiﬁl’{el%b@bd of| WEOGA GMTest resllts,
in Table 7} show the wear scaf ngsi ed on the hall bearing as neasured
with an optlical mcroscope by conventl onal nethods. Reported are the
average weamExge@le from 4 test |runs. Jeskg.resultg froma cesmercially

avai |l abl e ¢J_ng_d4_Lm~aphosphaLe_aLeq_mLLLded_Lor_coapaLLson_§uLpgses_ The
product of @%&Wﬁleel 4 af forded puperi or-ORéare protedti on 20 didler the

condi tions Lﬁxa e test—Produrt |runi Wn@u eI wgstestedgy 3 different
concentratilo n evron 100 neut r al product| from Exanple 4 was

tested at Qquﬁxlblewl fur conparpd to exarpl® 1 at 1.9 wei ghtisg 33 Table 7
MIMtest résults Qnrrpl e\W % additive in 100 \War Scar (rﬁ Neutral O

Exanpl e 10. @1@@%75 _Exanpl e 11 0 wt. bd 78 ¥exanpl e [11.9 wt . 1‘7@28 Exanpl

e
41.9 w. (V ua i ZTTIC
d h h %%ﬁco 3.1' ZIHC hlo@@??{)% tbezﬁ'gn %u& &ﬂla | d
i ophospi %ﬂﬂwlca% lgyeg 5 o eqfﬁgpr8f<%ﬂ§l§%%£w%e"p£ye

at a concent?Sii
shown from THBIS® Phostph@foﬁ? oduct of Exanple 4 unexpectedly yields a superior
result cénpared to ZnDTP in this wear test. This data suggests that ZnDTP
may be As shown from Table 7, the product of Example 4 unexpectedly yields a superior
result compared to ZnDTP in this wear test. This data suggests that ZnDTP may be
replaced by a suitable amount of PDCT in low phosphorus lubricating oil
formulations.
10
Example 10  Oxidation Test
Oxidation studies of the product from Example 2 were carried out in a bulk lube o1l
oxidation bench test as described by E.S. Yamaguchi et al. in Tribology Transactions,
Vol.42 (4), 895-901 (1999). In this test the rate of oxygen uptake by a given volume
15  ofoil, with added metal catalyst, is monitored at constant pressure and temperature,
171°C and ZPsig O, for the test results reported in Table 8. The time required for 250
ml of oxygen uptake for a 25g sample, and the time a which a marked increase in the
rate of oxygen uptake was observed, is reported, for a baseline formulation and the

baseline formulation top-treated with 0.5 weight percent of the product of Example 2,
20  inthe following table.
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repl aced by a suitable amount of PDCT in | ow phosphorus |ubricating oil
formul ati ons. 10 Exanple 10 Oxidation Test Oxidation studies of the product
from Exanple 2 were carried out in a bulk lube oil oxidation bench test as
described by E.S. Yamaguchi et al. in Tribology Transactions, Vol.42 (4),
895-901 (1999). Inthis test the rate of oxygen uptake by a given volune 15
of oil, w tTaslddedkiomionl TegeR&uyst, is nonitored at constant pressure and

t enper at ur 171C and 2psig 02 for the test results reported-in Table 8.

The time redestPeE s 250 (ﬁoqﬁ%wééﬁ upt ake forTQmQB@msanple and t he
time a whi €ase rate of ~oxygen U kKe-was observed,
i's reportej?S@%r 5Q§§%%3$%e fozggTaélon and the taselig%§fornu ation
top-treated with 0.5 wei ght perB&slin®f Ekl@plroduct] of Example 2 20 in the
followi ng table. 34 Table. 8 Oxidation Test. Resultg Test
Par amet er s F&iHgsed Powtilife, Hr s| Paehng?2 uptake/2598ase|iﬁ%17 3 Baseline +
Exanpl e 221.7 Increased 02 upt SE 3I-t-Basetrme anpte 228.6 35
CLAI MS: 1. | A conposition prepaﬁ§ﬁg@K%LEFI§ F;atlor of am%ﬁghly reactive 5
pol yi sobutyl ene having at |east 25% of a nethylvinylidene isoner and
wherein the polyi sobutyl ene has a nunber average nol ecul ar weight in the
range of about 120 to about 600 with a sul fur source at a reaction
tenperature in excess of about 175 C. 10 2. The conposition according to
Claim1 wherein the polyisobutylene noiety is selected froma m xture of
C8H16 to C32H64 oligoners. 3. The conposition according to Claim1 or 2
wherei n the pol yi sobutyl ene )
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conprises about 5 wt. %to about 20 wt. % C5H16i about 35 wt. %to about 15
55 wt. % Cl12H24, about 20 wt. % to about 30 w. % Cl6H32, about 8 wt. % to
about 15 wt. % C20H40, about 2 wt. %to about 8 wt. % C24H48, and about
0.5 w. %to about 2 wt. % C28HS6 and | ess than 2 wt % C32H64. 4. The
conposition according to Claiml wherein the reaction is carried out 20 at
or bel ow at nospheric pressure. 5. The conposition according to Caim1l
wherein the polyisobutylene noiety is selected froma m xture of Cl2H24 to
C32H64 ol igoners. 25 6. The conposition according to Claim1l wherein the
pol yi sobutyl en€LABMSty has about 40 to 95 % net hyl vinylidene isomer. 7.
The conposition according to Claim1l1l or 6 wherein the polyisobutylene

moi ety has ablout %c@mp%u%mrémpqlbyﬁlglfqrueh@wfsaﬁiﬁhlyrmﬂse The conposition

according to daim1 wh t.h en r rage

nol ecul a:? wei ght i Otl)ﬁio uayr%ene ho? ! n%baéﬁe[aﬁ())gg} %ﬂ‘am%the@ﬁ 5\@{51%%@8%%%\’09

conposi tion aCCOl’dl\ﬂ]garélﬁ tlﬁpdlmdbwyleﬁe Ndserinibet beerpgd nrblaallat weigheinhis a

nunber average nol ecul ar_ wel g in the range of about 175 to about 225. 10.
A conpound of Forfﬁ%&f‘a‘)f]?boﬁt 1]?@ ta ghqut 699 Wlt%oa spbfur goprcepat peactign FORMULA |

wher ei n temperature in excess of about 175 °C.

10 2. The composition according to Claim 1 wherein the polyisobutylene moiety

1s selected from a mixture of CgHi4 to CazHgq oligomers.

3. The composition according to Claim 1 or 2 wherein the polyisobutylene
comprises about 5 wt. % to about 20 wt. % CgHm, ébout 35 wt. % to about
15 55 wt. % CiHz4, about 20 wt. % to about 30 wt. % CsHagz, about 8 wit. %
to about 15 wt. % CypHag, about 2 wt. % to about 8 wt, % CasHas, and
about 0.5 wt. % to about 2 wt. % Ci3Hse and less than 2 wt% CazHga.

4, The composition according to Claim 1 wherein the reaction is cairied out
20 at or below atmospheric pressure.
5. The composition according to Claim 1 wherein the polyisobutylene moiety

is selected from a mixture of Cj2H34 to Cs3Hg4 oligomers.

25 6. The composition according to Claim 1 wherein the polyisobutylene moiety

has about 40 to 95 % methylvinylidene isomer.

7. The composition according to Claim 1 or 6 wherein the polyisobutylene moiety

has about 60 to 85 % methylvinylidene isomer.
30

8. The composition according to Claim 1 wherein the polyisobutylene has a

number average molecular weight in the range of about 150 to about 240
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R, is hydrogen or nethyl; X is sulfur or oxygen;, mis an integer from1l to
9; and nis O or 1, and when nis 0 then R, is nethyl, and when nis | then
R, is hydrogen. The conpound according to Caim 10 wherein R, is nethyl
and X is sulfur. The conmpound according to Caim210 wherein R, is hydrogen
and X is sulfur. The conpound according to Caim10 wherein mis at |east
2. The conpound accBiedprmpositipn@eearding tv (Apiay eord Wieredn te polyiselypeylensddgsd | . to 6.

The conpound according to Claim10 or 14 wherein ! i omlto
5 A brocess for phOie ArE ShikPuR vel R ST IReTh Dol H o8Bk 10T
reacting a polyisobutylene having at |east 25% of a nethyl vinylidene

i somer and wherein the polyisobutyl ene has a nunber average nol ecul ar 37
wei ght in the HangeAsbmpbung ofigmuée labout 600 with a sul fur source at a

reaction tenperature in excess of 175 C. 5 17g,1018. 19. 15 20. 21. 20 22.
2523. 24. 3025.

FORMULA 1
wherein
R, is hydrogen or methyl;
10 X is sulfur or oxygen;
m is an integer from 1 to 9; and
nis 0 or 1, and when n is O then R, is methyl, and when n is 1 then R,

is hydrogen.

15 11.  The compound according to Claim 10 wherein R, is methyl and X is
sulfur.

12.  The compound according to Claim 10 wherein R; is hydrogen and X is
sulfur.

20

13.  The compound according to Claim 10 wherein m is at least 2.

14,  The compound according to Claim 10 wherein m is an integer from 1.to 6.
25 15.  The compound according to Claim 10 or 14 wherein m is an integer from 1 to 5.

16. A process for preparing a sulfurized olefin composition comprising:

reacting a polyisobutylene having at least 25% of a methylvinylidene

isomer and wherein the polyisobutylene has a number average molecular
37



26. The process of Claim 16 wherein the polyisobutylene noiety is selected
froma mxture of C8H16 to C32H64 ol i goners. The process of Caim16 or 17
wherein the polyisobutyl ene conprises about 5 w. %to about 20 wt. %
C8H1G about 35 wt. %to about 55 wt. % Cl2H24, about 20 wt. % to about 30
W . % Cl6H32, about 8 wt. %to about 15 wt. % C20H40, about 2 wt. %to
about 8 wt. % C24H4&;ghaidthabmge o abowit1 2096 tiwut &ddwith2 swifur $uE2BIHBE6 and | ess
than 2 w % C32H64. The IErocess of. d ai %113 17 wherein the

pol yi sobut yl ene mpiFEAC}oR EPpEralpedy exqesg, 5mcxture of Ct2H24 to C32H64

ol i goners. The process of Claim 16 wherein the polyisobutyl ene noiety has
at least 50 % nethylvinylidene isoner. The process of Claim16 or 20
wherein the pdfilyi sGlbatpydcessofiftinmt Y6 hasreat thlecpab,/ﬁso'ﬁﬂtyle%em&:tid:tyliwe&t;dtdddene

i soner. The process of (. ai mq# ﬁ\f§f51{ere n t pol {l sobutyl ene has a nunber
aver age ol ecul ar AEIXHE o hige 13?16 BOMeE%S0 t o about 240 The process
of Claim16 or 22 wherein the polyisobutyl ene has a nunber average

nol ecul ar weight in the range of about 175 to about 225. The product
produced accorldi ng The plicessmwf CBim Ther Wrwhbmn tlpmﬂuewyla@ct?@mm?ﬁg byt ¥ ai m 18.

A lubricating conpqsi §i.an risg b SCOSI ty;
38 5 b. a sulfurized 6‘1"8%"%‘9‘%5 tsl/?; B%V’ ?’bé’g{c]%f‘fli' Dptcbati y:t’g%%{tjtp ahe**havi ng
at least 25% of a JmB&IT0IWI. Pyl HBHE30 06 C, AN A6berewh % heabopol g chut yl ene
has a nunber average nol ecul ar weight in the rag]ge of ~about 120 to about

600 witH a sul fur ﬁmﬁi@ea@@t&theézd@ﬁbwtt%%ﬁu e aPhabak Beskt. g lo175 C; c.

an ashl ess di sper Sa%o&t 2 wt. % CygHsg and less than 2 wi% CaHgs.

19.  The process of Claim 16 or 17 wherein the polyisobutylene moiety is selected

from a mixture of Cy3H34 to CiyHgg oligomers.

15
20.  The process of Claim 16 wherein the polyisobutylene moiety has at least 50
% methylvinylidene isomer.
21.  The process of Claim 16 or 20 wherein the polyisobutylene moiety has at least 70
20 % methylvinylidene isomer.
22.  The process of Claim 16 wherein the polyisobutylene has a number
a\;érage molecular weight in the range of about 150 to about 240
25 23. The process of Claim 16 or 22 wherein the polyisobutylene has a number
average molecular weight in the range of about 175 to about 225.
24, The product produced according to Claim 16.
30 25.  The product produced according to Claim 18.

26. A lubricating composition comprising:
a. an oil of lubricating viscosity;
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d. a detergent; and e. a netal dialkyl dithiophosphate. 10 27. A gear

| ubricating conposition conprising: a. a major anount of oil of lubricating
viscosity; b. 0.5to0 80 w. %in terns of sulfur content of a sulfurized
olefin prepared by reacting a polyisobutylene having at | east 25% of a

met hyl vi nyl i dene i soner and wherein the polyisobutyl ene has a 15 nunber

average nol ecul ar wei gbBiifiiryed B%ﬁh%ﬁﬁr@bﬁ%é&hg%&lﬁ%b@gﬂw{e haOR@ ¢ th a

sul fur source at a reaction tenperature i'n excess “0.05 to 5.0
W. %in terns of pholepsiddtuef xoathshindiders ispraesandovieran thes ol ubI e

Bt vear agents: and SUaCRg Bl B8 SR L ORkD PR wPBSRh ElR ehe o
an al kal i -netal borat ebaut 12(hieckbatiesicheitieatulfiz8ourtb et geattidnubmpeatirdth
conposi tjion according to Caim27 further conprising at |east one of the
fol | owi ngy addi ti onal E’Eﬁ’?fﬁo?felﬂts 5C;25e. 30f. g. h. 0.1 to 5 wt. % based upon
the wei ght of saidJulri g osition of at |east one ashless

di spersant; 0.1 to 0.8 V\fl?és ﬁ% ‘upon the wei ght of said lubrication
conposi tion of at d eadttergeet; @ogper corrosion inhibitor; 0.01 to 0.1 w. %

based upon the wei ght of l bri conposition of at |east one foam
inhibitor ; and 0.(1 E‘H‘eﬁﬁi%ﬁ\%ﬂ’lg}g’* E g%feupon t he wei ght of said

| ubrication conposition of at |east one antirust agent. 39

10 27. A gear lubricating composition comprising:
a. amajor amount of oil of lubricating viscosity;
b. 0.5 to 8.0 wt. % in terms of sulfur content of a sulfurized olefin
prepared by reacting a polyisobutylene having at least 25% of a
methylvinylidene isomer and wherein the polyisobutylene has a
15 number average molecular weight in the range of about 120 to about
600 with a sulfur source at a reaction temperature in excess of 175 °C;
c. 0.05to 5.0 wt. % in terms of phosphorous content of at least one oil
soluble phosphorous containing compound selected from extreme
pressure agents and antiwear agents; and
20 d. 0.04to 1.0 wit. % in terms of boron content of an alkali-metal borate or

hydrate thereof.

28.  The gear lubricating composition according to Claim 27 further
comprising at least one of the following additional components:
25 e. 0.1to 5 wt. % based upon the weight of said lubrication composition
of at least one ashless dispersant;
f. 0.1to 0.8 wt. % based upon the weight of said lubrication composition
of at least one copper corrosion inhibitor;
g. 0.01 to 0.1 wt. % based upon the weight of said lubrication
30 composition of at least one foam inhibitor ; and
h. 0.01 to 0.1 wt. % % based upon the weight of said lubrication

composition of at least one antirust agent.

39



