SULFURI ZED POLYI SOBUTYLENE BASED WEAR AND OXI DATION 5 INH BITORS FIELD OF
THE | NVENTI ON This invention is directed in part to sulfurized olefin
conpositions and conponents prepared by sul furizing polyisobutyl ene(s)
containing 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-
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BACKGROUND OF THE INVENTION
Sulfurized olefins, e.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

~maetal slides against metal, may undergo eXcessive wear or corrosion. Often the

25  lubricants used to protect the metal surfaces de;ceriorate 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 _erigine 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 stab_ility and compatibility issues.




C3 -Cs olefins such as isobutylene are described by U S. Pat. Nos.

3, 703, 504; 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 sulfohal ogenated with a sul fur halide at
sone stage in their synthesis. Sulfurized ol efins have al so been prepared
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exanmple, in U S Pat. Nos. 2,995,569 and 3,796, 661. When triisobutylene is
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4,194,980 discloses cyclic sulfurized ol efins prepar reacting an
ol efi n wi t heampgiaids by sontpefing Anfdlef@nic fegstoFlawith shidis: andl 134 g880The20!665, 706,

2,535,705 d i 0 i ng,various thiones . reacting el enent al
surtur and. REp SR I el A b Al sryegtas BHSAEOTS pat o o,
3,364, 282 dpaduosas aﬂkﬂkhlmb/lip‘dlt@ﬂﬁ&@in@hﬁre& bhd PoIPRBSC P&%ﬂﬁag& by reacting
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substituted trithione. Thus, it is well known that nmany nethods have been
Ef‘ g\c/imf ?Lafr zgﬁ girgcg ls?lglrg?i%iteign gfggﬁ%%@h% d}igo%%wler}% D Fids Su'tylle%le iw?th%'uﬁt?r wel |
is described, for example, in U.S. Pat. Nos. 2,995,569 and 3,796,061, When
triisobutylene 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 einployed
elevated temperatures at both low and elevated pressures. U.S. Pat. No. 3,697,221
disbloses of several 1,2-dithiole-3-thione derivatives as intermediates fo the thiontum
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
sulfunized 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 Jeast 30 carbons in the presence of sulfur and a substituted trithione.

Thus, it is 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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conpositions are useful as lubricant additives Sone of the prior - art
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which is suitable for use, fof eXa
reaction prodentxampt: Uss Bht Neg 5,338 468 employing elemental sulfur, 1sobuty[ene and an

pol yi sobutyl -1.2-dith tene 3-thiones reaction products are
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characteristics; which is suitable for use, for example, as a lubricant additive. Such
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

Disclosed are sulfurized olefin compositions prepared from sulfufizing high methylvinylidene
polyisobutylene(s) "HR PIB" at suitable reaction temperatures and to the resulting sulfurized
product and resulting polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compounds "PDCT"
produced therefrom, including the use of such compounds and/or compositions, and hubricant

compositions containing them as well as derivatives thereof,

In one aspect, there is provided compositions and compounds 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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As is frequently the case with olefin sulfurization products, the reaction product may
typically be a mixture of products because of competing or sequential reactions which may
result in secondary or derivative products, such as dialky, cyclic and the polyiscbutyl-1,2-
dithiole-4-cyclopentene-3-thione compounds, of which the latter may be produced in a
major amount. In general, a commercial product may be a mixture of sulfurized
compounds since often there may be little benefit to isolate the individual .
compounds. However, it has been shown in some applications further purified
polyisobutyl-l,z-diﬂlio1e-4-cyclopentene—3-ﬂ1i0ne compounds may demonstrate improved
- results when employed in lubricating compositions. Disclosed are polyisobutyl-12-
_dithiole-4~cyclopentene—3-thjone compound(s) and mixtures thereof. Especially preferred
may be the various polyisobutyl—l,Z-dithiole-4-cyclopentene-3-thione isomers formed.
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pol yi sobutyl -1, 2-di t hi ol e-4-cycl opent eue- 3-t hi one conpounds may denonstrate
i nproved results when enployed in lubricating conpositions. Disclosed are
pol yi sobutyl -1, 2- dithiole-4-cycl opent ene-3-thione conpound(s) and m xtures
thereof. Especially preferred nmay be the various

pol yi sobutyl -1, 2-di t hi ol e-4-cycl opent ene-3-thione isoners forned. 4 --- -
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referred to herein may be i

pol yi sobut yI -p@bfiSObilbdhiaﬂbthml%ﬁ'@B’@@mmE@@ér@Qﬂﬁi ende represepted bythelenulad by
the forrula: R n~S inS X FORMJILA | wherein Rt is hydrogen or nethyl;
X is sulfur or oxygen; in is an integer fron1¥ato 9; and nis 0 or 1, with
the condition that when n is O then R is nethyl, and when nis 1 then RL
is hydrogen. Preferably X is sulfur and in ong¢ aspect, R is nmethyl and in
another, R is hydrogen. G (S provided the product

there is provided a

| ubricating viscosity; b)
a sulfinrized ol efin prepar feagting a_polAisobutyl ene having at

| east 25% of a nethyl vinyliderte iso e apd” wherei n t he pol yi sobut yl ene has
a nunber average nolecular weight in tké range of about 120 to about 600
with a sulfur source at a reaction tenperature in exgﬁ%@ﬂﬁﬁJQZS C, c¢) an
ashl ess dispersant; d) a detergent; and e) a netal di

di t hi ophosphate. In still another aspect, there is provided a gear
“lubricating conposition conprising: a) a major anpount of oil of

| ubricating viscosity, b) 0.5to0 80 w. %in terms of sulfur content of a

sul furized ol gL, .RY: i utylene having at.|east
25% of a net h{/llév}nﬁ%ﬁgg{ ne g’feﬁs{glﬁrglrgﬁl ﬁg@ﬁg?@% %11 @ﬁ%elﬂf&w? %B@?gﬂ g[r?gl hLPs a
nunber aver ag@dwisdtul larwithvide gintdition thhewhemngss ©fheaBRQUE mEaR],t-ad afiRutn §Q0

with a sul fur,source -a reactiqgQn_tenperature in
_ theén R; 1s hyadtrogen. ﬁre?eralﬁy }E 15 r;Blfur and 1n one aspect, R; is methyl and in

another, R; is hydrogen.

In one aspect, there is provided the product produce:d as defined above.

In yet another aspect, there is provided a lubricatingcomposition comprising: a) an oil of
lubricating viscosity; b) a sulfurized olefin prepared by reacting a 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 about 600 with a sulfur source at a reaction
temperature in excess of 175 °C; c¢) an ashless dispersant; d)a detergent; and €) a metal dialkyl
dithiophosphate.

In still another aspect, there is provided a gear lubricating composition comprising: a) a major

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 ieast 25% of a

~methylvinylidene isomer 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 175 °C; ¢) 0.05 to 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 d)0.04 to 1.0 wt. % in terms of boron content of an alkali-metal borate or hydrate thereof,
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excess of 175 C c¢) 0.05to 5.0 wt. %in terns of phosphorous content of at
| east one oil soluble phosphorous containing conpound sel ected from
extrene pressure agents and antiwear agents; and d) 0.04 to 1.0 wt. %:in
terns of boron content of an al kali-netal borate or hydrate thereof. 5

Di scl osed_ are |l ubricating conposition(s) that nmay be thermally stable,

I
resi stant isjosgd pe Llubricating cogpgitenés) b may ba tenallystablepresistagt o aciRftagind/ or
ant i wear AQaR! el Oltrehitph3BP Parldfor ahithed: S8R and IGHLARRs ol Ui ds. and
normal ly liquid fuels. The sulfurized hig meChyl vinyll déne
pol yi sobUycants, funelimet fleidel and gotmallydigpiol fuels.oBhet syl futized hiitt hi ol e- 4-

cycl opent =13- 1 hj be .part.icul arl L for engi ne and
gear | ubr@%{gﬂﬁ %“Rfﬁg%?’gf?@@g%g? yp%ﬁ%t and 6%38#1%%6%’%8%%%%3310%641 ubri cati ng
conposi t igynlepemensr3-diiorg: cdmpoinids iy Belfartictbirdyngityd e egdihy araONBrigntgTor e of
t he pol yibq%]gbut%éf- I1 2-di t hi ol e- 4-(§¥Fcl,opent‘e_ne: 3- thione conpounds di scl osed.
These | ubPH ST NG SRp aheet BRsbedifrclsd te IHbripalingrcompaplpRFOMDIBINE 8@t i onal
addi ti vesof hisHebtimsviloSRE hiPdtcor isoRhih1-BR o -2 S

cont ai ni ng,_a corrp%nds ggl ected Pgﬁ%ggg??g%oprtglss’%lrdiemllggeeﬁtbga%g{egg?i wear
agent s, dhdnarwmapoundedistlosdsolhtse subritatong aimpgkiipnd eab bic Giathien rrmobipdsiiti ons

can be injitiall ormul ation. with the, - T, ..

pol yi soblr}dtdélluf) &?1324‘9‘@@{’?% %"}cé-aﬁ&@??ffaé’ffeH?t@i‘ggr-‘té-(fﬂl"ﬁog’r'i’ée RSP IACORa i sed or
top treatcampiidd scletled BRI xtrEMb bRRR dRhtsERd aﬁﬁ@é%&?&@ﬁ&é@ﬂeﬁ?m
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| ubricating oil additive industry and are conmercially produced in the
chem cal industry. These valued HR PIB polyners are characterized by the
presence of significant anpbunts of 2- nethylvinylidene isoners, RC(CH3)=CH2
where R is a polyisobutyl residue, and a nolecular weight preferably in
the range of about 500 to 5000. In addition to valued 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 nethyl vinylidene
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pol yi sobutyl enesare typically prepared using boron trifluoride catalysis.
The - preparation of such polyisobutylenes in which the nethylvinylidene

i soner conprises a high percentage of .the total olefin conposition is
described in U S. Pat. Nos. 15 4,152,499 and 4, 605,808, the discl osures of
whi ch are incorporated herein by reference. This invention is directed to

conpounds ang, Hiy r I ion of a highly reactive
pol yi sobut yl enlge)P avi %gﬁggéﬁgggﬁﬁg& 0 Ezﬁ@%@%m i dene isoner 20 and
wherei n the ddlepisebinydntine rélass & the PagarANalA9e Y-8 GWIRE MELERE in the
range of about 123@5@_@?&& 600 with a sul fur source at a reaction

t enper at ure PRV Li%\%tﬁrcmeetena%ethéws@emp@ﬁti@mﬁ usingralomt i on i s
directed to In%gﬁq)‘ﬁwé- 1R MBS AL . .

pol yi sobut yl - 1, 2-di t hi ol eE%ycFé‘ﬁe nothélﬁ%b-uéyll?]ﬁ?soar%ethec%lﬁ% S52erYndlieymounds
and deri Yat rspetve pplyisslriviedest(fiR REB)fa0¢ maihed for uk in the Bibricitirg 0if BddftiFORMULA
| 6 wherei n_iljiél e’rs h(y%rogen or. @t h)(/il : cﬁ‘ni s sul fur .or oxygen; in is an

i nteger fromyt te 8°¢HGKHTRGUay Bodyced inthe ¢hegiea] dpfusitsn ThesstvalsddiR is 0
then Rl i s mpiByblynaAdaraBitadtedifed by thhSRsBlkcl refegably Xis
sul fur and in one aspect, Rl is rretyhyl Earsld ierﬁsﬁﬁ{ﬁgﬁ}nﬁ%@é ydr ogen.
Preferably, maiyldnylidemegomets, K6(Chkp=(], wbere Roisefpaivdiibyi résdife, ndad nor e

referably 2 . er,aspect, in i ter an one. Conpounds of
Igor mul a | ha\?{é)?%lﬁlsaé %@28%62?%?]?’ é‘g cgange ?flﬁi’Oﬂ{f@e SHQQUH’OQCQ’F%@W@‘@GI fur
conpound$)  highanasculgh wdilalprédiice) re &disth Bh ORES utifiSedBl/ m@l%mélar wei ght
s ar

1, 2-dithiol e-ggil%f%i‘?nes. However, as used herein such conpoun
referred to Byligfiate generadlyapeardpsban sewest@pradion dhich anthyivinglidgneci f i cal | y

as pol yi sobupybisdmdo@dhiddobs; ene- 3-thiones, since they are
pol yi sobut yl E)StEquSst_llﬁefut esgé.r_ }i;ﬁ)éé%lgry?g%%?%q%s&ge@éﬂn 3?@5)“218 Rl 6§ri €using a
si ngl e pol yi pebatiibreotsuoh pglyis@butylenes in which the methylvinylidene isomer comprises

a high percentage of the total olefin composition is described in U.S. Pat. Nos,

15 4,152,499 and 4,605,808, the disclosures of which are incorporated herein by

reference.

This invention 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 welght 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 wei ght
polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compositions, compounds and

derivatives represented by the formula I:

25
FORMULA I




fraction such as tri-isobutylene, tetra-isobutyl ene, penta-isobutylene,
hexa-i sobutyl ene or hepta-isobutylene; these fractions may contain various
pol yi sobut ene isomers 15 including at |east 25% of the nethyl vinylidene

i soner. These conpositions can be further purified to specific isoner
conpounds usi ng separation techni ques known in the art for exanple,

distillation Vien finin [ allization, and.the |ike, H GHY
REACTI VE PC].W‘%%E@VEE\EG 85" P?ﬂﬁe@%i’%wﬁfﬁwww is Hpistegskipmeldioith t he
‘art that theaomive) @ 1awitHRhEEEdiPGdEedhan Y 888 . i
generates a HR PIE distill altt e b;/pr oduct th%t; (1 )ﬁlg%%teglpﬁgg%@@ﬁ@ 183H16 to

CZ8H56 ol i gotER &1 fxlwirogse. Pretqpidy X isisulfursdsd ibions aspece Rats methyl akdoiy aver age
nol ecul ar wej ; iji.)_contains 2- hyl vi nyl i dene in

t he anount o%&g!%er’ﬂ&alg?l 92%5%?0%%&)an%11{§1% %nvﬁnrtr?ﬁe’é@ﬁirér {g%?tei‘%oﬁ?p fepbly ldpe
bypr oducts, 25awhinote prefeubiys2 t®5.S &Y SicherPEFE M iﬂ%reatté}ttﬁ!m 5. REEmpsafy Gk idOn,

has little val ue dis typically sold as a fuel product. Thus, a nee
exists int ore}%ﬁ]l&ame alsadiGer Fejerrest todm e Bhaspspadauaiohatioselfioonifoendk Pl B

distillate bymedhiol TREnd! 856DBhed L0 o &bkl 8 LRl sneed b
providing a process for preparat ?%dﬁg%ﬁggtﬁ?fluzrélglé%legl tgl%olnﬁss‘ %ﬂge}fﬁrhé

pol yi sobut ylusgd hergin sich cempownds laopefitresdee 3s 1 [B-diftSol6 PR EIpeh@AS 38R nes
derivatives r eof referably enploying the HR PIE distillate

bypr oduct , oaslgfr%léea}gf?%cﬁ%caﬁﬁélfs 88&80%1*%’5@&0‘?{ HaelsA-gyclapgniens-Avibioneswincehe term
" pol yi salsut hensré poBi®batyl sutdtitdied’l B contai ning at | east about 25% of a
2-met hyl vinylidene isoner and is further defined as 7 ------ S

conprising a mxture of highly reactive polyisobutylene oligoners. In a

preferred i . i d,mxture contains. npstly H16 to C28H56

ol i goners a%%%%%ﬁ?i%ﬁ%Sroabcetﬁr%aéii(?%\%%ﬁtg’_élg%fp"&ﬁiylﬁlq QJigesrs (aver age

C14H28), exHidotiom mghais mamnmemk@qwtﬁtyw&%ga{ta-'id&bﬁ@y?en%b i85 u?ﬁgﬁg 120
, an re -

to about 600, hEref,erabl y in the 5 range of ! to about
pref erabl y % BERa-isobygdens: thasrolirctipgs may cabieit va2®0s pelaisobvtenaigemefs about

200) . Sysh KRR 'y 1S ] {:90. may enpl oy the HR PIE.
distillate éypr olg%g\tsl.%#' (Sa/or}ff:atﬁe} %F’éﬂ}xg%&isﬁ%}e Iﬁalrﬁ?rgﬂé‘?%&ammwlﬂﬁ @& hear
wei ?ht E:? Puther pnyifitd & secifieasinaoonpodidd FEHYpYiaRYh tGEARUEORIAM in
pre er ably luk %rp E)r%}%ar}%gle? éistillation, solvent refining, crystallization, and the like.

HIGHLY REACTIVE POLYISOBUTYLENE

20 Itis generally known by those skilled in the art that the commercial EIR PIB
‘production process described above generates a HR PIR distillate byproduct that; (i)
contgins mostly CgHig to CogHse oligomers (average Ci4Hzg), (ii) exhibits a relatively
low average molecular weight of about 200 and, (1ii) 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 sulﬁin'i_ed olefins and other
polyisobutyl-1,2-dithiole-4-cyclopentene-3-thione compositions and derivativeé

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

7




about 25%to about 95% nore preferably about 40%to about 95% and even

nore 10 preferably about 60%to about 90% net hyl vi nyl i dene i soner.

Di i sobutyl ene (CsH16) rmay be present in a fractional anounts fromO0%to

| ess than 50% based upon weight of HR PIE. Preferred | ow nol ecul ar wei ght
HR PI Bs conprise | ess than about 32 carbon atons, 15 for exanple, one or

nore of 32 ¢ n.atons, 28 .carbon atons, 24 carbon_atons, 20 carbon
atons, 16 ca'?c[)rgél)rrﬂsél% IR G %ﬁhr%fiﬂﬁ%?dé‘ﬁﬁb%ﬁ@&’rﬁéﬂﬁmﬁ%n@.a mefearedr ef er r ed
| ow nol ecul aembeiighht, bﬁdﬁiiﬁﬁreﬁ&ﬁmﬁsﬁﬁoﬁtrﬁmfﬂgﬁ% ﬁsga}%ﬁm mfaBmgfr bon

ro

atons. Mst preferred | ow nol ecul ar wei ght PI'Bs corprise about 12
to about 28°THHBEHCEATGhemOWepECHED: dlagmrs Gralage CndlhghexHiktBEBs have a

nol ecul ar 20, ' J 48 or | es VD, referred | gw nol ecul ar

Vel ght o pi LT thoiBhad Wl Prlane e bOR0 B 0 0 mpieTaumte nos:
preferred | oangodElcidl taabowidghf andHiRoRR B faas1din TR A6H 8F abMat 965 (%bo t 168
to about 392. The HR IPl Bs of this invention nmay be m xtures of 1ndividual

| ow ol ecul 2T REFTgH: Of gut )y SuelbHRRIBriscid inbisdnvantiof: mar eraplgy el R ul ar
wei ghts. A ng | Lar. weight- HR Pl Bs. m ght conprise_any or
all of Cs, c”?f?‘“%%a?éb o@“&ﬁ?ﬁ%ﬁ%ﬁgﬁ@%@aﬁﬁgﬁﬁ&w A of
this i nvent iR cemprisompleas ebota Sts metiylioyidei®b @t AreRIIP In 1R BB o
nol ecul es th tﬁ%%/etbqfﬂrﬁg arated gcordi r:]cﬁ; to carbon nunber. FOr
exanpl e, a HR° % EpHE mgEe pretarahly abput 40%rie vbert 5bmpodicvétomsre30 t hat
conpri sgQon&réfer hoaf 6693 646m : .. C32 nol es, with
the provi sg) t ha%WMen_ d(%g%%%ﬁgenoe ie-l(sﬁggmnralﬁ%é%edlgfgrgeri' gljlrlrsa%l%ﬁﬁyé?nﬁgggljﬁﬁ a
fractional dP®UPR prescmt bf efracipnplownowitefoindy, weleghthar R BITBse Dipdnideht
i nvention aro%fiﬁ that are used as a mxture of varying nol ecul ar
wei ghts. A préeterred | ow nol ecul ar weight HR P1B 8 m xture may have the
nunber average nol ecul ar weight (M) of about 150 to about 240 and nore
preferably fro a‘gout 175 to about 225. A preferred | ow nol ecul ar wei ght HR
Pl B mi xt urePﬁﬁfgﬂe 15 meleculae weight B Pidis coBipriboless thambbowBRearbauton2) W . %
C8H16, akout % , WL, % Cl12H24 about . % to about 30
W, % C%gmzf?lsg’éégﬁu?h’s‘gn\tf\x%.r ﬁ&?‘?%f g’gc?&fbofé'&%‘?’ g/&@B’M@FﬂSs 32 cifbon atoras, 50

carbon atoms, 16 carbon atoms, 12 carbon atoms, and 8 carbon atoms. More

preferred low molecular weight HR PIBs comprise from about 8 to about 28 carbon
atoms. Mc?st 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 Cs, Cia, Cis, Cag, Cyg, Cogand
Cszmolecules. 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, Cao, Cay, Cag, 0r Cay molecules, with the
proviso that when diisobutylene is employed it is maintained in a fractional amount.
Preferred low 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
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about 2 wt. %to about 8 wt. % C24H4s, and about 0.5 wt. %to about 2 wt. %
C28H56. (C32H64 and hi gher species may conprise about 2 wt. % or |ess of
the total. In a nore preferred enbodi nent, the C8H16 are renoved fromthe
above m xture with the 10 remmi ni ng wei ght percents adjusted accordingly.
Preferably, the m xtures contains a high nethylvinylidene content of from

about 50 to %%{ % Or rhr%re and re preferabl from about 60-85 %

y
met hyl vi nyl i ‘Geie cARY 1Ly g ter 2pirass BateayauveighiiMg ohBbrit 150 263bas Ther e

are several 2divaidtiegeprdfrabsi fidn bBSutATS SNy 284Pl oyed pol yi sobutyl ene

oligonmers to prepare sulfurized products 1 ncluding the :
pol yi sobutyl -1, 2-di t hi ol e-4- cycl opentene-3-thione and derivatives thereof;

for exanpl e: i .0 ti.on can be carried out at el evated

t enper at ur est %%195 %‘?@8%%@%%‘?‘%’?1gF‘z‘jﬂ‘&ﬁéﬁ%P‘ﬁfﬁ: By CPRPEES e ZpMeviagnew,

previ ouslSy uabders wt.i% kxzsibut eedat Bk, WAbSH 363R. PECBBRY §SEH %’tu%?%speci fic
nos

carbon nunmber fracti Qns, a mxture of selected fractions or,
desirably, 0SBl Bt feta2hoat 30 whi% Losiormiouic WR % 1Baletis L 5 Inrta¥eCh¥iay, oduct |

o PuCT ot § e 7 REOX®) ab ot s WIS SRl Sl fPB.5 Syttt Diapb e S Costise

sul furization reaction can be carr
t enper at ur es;Mhiaod highengseies nayenprieaitant 2 @act oty AtEObaedrPyY s

presence of 2-methylvipylidene sults in a liquid product and no solid

pr oduct und@fefg%e(i]éﬂk?d}%‘ﬁn%gﬁo@i&ﬁ@ﬁ@ rgrgoyed ﬁi@‘ﬁg‘le 3hevE ovixtuenpshdhar e
reactiong WrkhaguenbhiRa It ; m | der. | ow .

t enperat ure r[ eglc?{gon.(g:o_(r?gi tefltggégjl%%ﬁ%%drg@%pb?ggferﬁ(bg‘}’é%en P%e)[}‘ulef Pﬁﬁ‘@ﬁ?m i on.
SULFUR 30 Avgh methykyiniyéidend dantens ofifiom abant $0etowsed of fort hed fiokd petagijon of

the HR PIB. | n sul fur.  h ogen_ sul fide, sulfur_ dioxide, sodium
sul fi de hydrﬁg%“gggeoé‘& gb“\ﬁél/r? “}?ﬁ%ﬁ“}é/‘ﬂ%ﬁn &P‘éﬁ%%é%i%ﬂfr%mab%tllaélt@abcrlwtef erabl y
el emental sakfur is used and which can be heated to the nolten state to

hasten the reaction kinetics and mnimze the formation 9 of npbno- and
pol ysul fides, dithiole derivatives including nercapto conponents;  although

e 15T, S SN L D ASRETRERHG o BB Bl
. oligomers to prepare sulfurized products including the polyisobutyl-1,2-dithiole-4-

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 in 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 ére 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




‘pressures. BT

5 The amounts of sulfur per nole of HR PI B conpound are, respectively,
about 1.0-3.5 gramatons 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 desirable ranges are about 2.5-3.0 gramatons and about 0.8-1.0 nole
respectively. In batch operations, the reactants are introduced at |evels

to provide t ranges. lLp.seni.-.confi.nuous.and.10 conti nuous operations,

t hey maybe a"gﬁ"%é’ag%‘?l’%wlﬁ%‘%% g}ﬂb‘f}@ %ﬁvﬁlvﬁﬁ%ﬂ’(ﬁj&??&‘ﬁ&@aﬁﬁﬁoﬁpOnﬁlﬁﬁéy are
present so asthbogtibic taRS YMRHichRaRBD ARHS: &ééoﬁipﬁséch%&eth%?hly?s%bu&*ﬂ- 2
tenperature Lange i n which the sulfurization reaction fs”carrirred out is
general |y &bBiple-4ydopergere-Ethiphecqpnptstione df thapgescitsinadivion. 170 C - 300 C,
with about 175 15 C - 225 C being especially suitable. At the "Il ow'
tenperatures, generally bel ow about 140 C sul furization reaction generally

favors f 6r mithcamonhtspdisykud fer dese ANERTAB coblpBuit ﬁ%%eé&@ti@'él%/m%ﬂ?ﬁoswe
reacti on can be conduct gd under at nmospheric pressure or at elevated

SHt & 4-lchmolss. Hie niateogé rangss peabsurk0-Gil gam-t he
pressure wWhizendald ' t he rse.of the reaction) but
may al so be 20 ext (;Hrb%{éil?(@q?pl)p pggr%y gedstfs?’glryéfgnd'lj‘rﬁlgLﬁleofg%?mrﬁ{’lgg%ﬁe@ aﬁeﬂ%@hnped
during the f2eadligmmiaomsiapesidend.stpdmotiietpebaedpria bakhtoperadess @ and
operation of tFets%st m Ee?;f reaction  tenperature, and the vapor pressure
of the react&htL"S 1"6?0618 % leyiels toprovide Biateyrangsss ingmisenigmions endf t he
reactiomgp Preheiuogd AEABSh i bout 500
psig. In a Sr ef eror egﬂgspect, %ggﬁ?(%gﬁmgﬁafa?%nﬁaiﬁg}rggﬁég%fatﬁg%lgmre;bﬁltg’i on is
25 neutral i 248 2% Present ve ds toshecdonasmed iz amasintsubitien tiosse edtiver  sui t abl e means.

The presence of hydrogen sulfide can reduce the yield of the desired
pol yi sobutyl -1, 2-di t hi ol e-4- cycl opent ene-3-thi one conpositions by formng

- side react i ahs temgRattiteratfi? idlvhich 86lshiina06n FBEEEPIA QAN E SenelallySUCh
y a

i nstance excess HR PIB can be enployed. 30 It is frequent vant ggeous to

“i ncor por at e 2hRHtEPI"HI-S50Er The neefermdirangeziaebor 174C61-BHOSC, iwithtabeut act i on

m xt ur eg5 TypioC t I el h.as.sul fonjc acid, boric acid) or
basi ¢ il e?/?jal gb% ggéﬁﬁ%&sﬁ%}%}l agrlﬁﬂl %&8§$§§§ g?ﬁvd t?&??rg{”ﬁfc Renzallphlonn :
hydr oxi de, eldutild0PCaxifaiézatiod remton grrfesdifyi fBe0rs foMralioh B%a@%ﬁé@s%ﬁ%f e

bei ng nitrogen bases .jncl uding 10 ammonj a and am nes. e am nes I nclude
primary, se rmgt'% etgﬂﬁ B¢ ii}hey‘eachon can be conducted under atmospheric pressure or

at clevated pressures. Elevated pressures can be by auto genous pressure (i.e., 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 var;
during the course of the reaction. Preferred process pressures are at atmospheric to
about 500 psig. In a preferred aspect, hydrd gen sulfide liberated in the reaction is

25  neutralized or removed, such as via a scrubber or other suitable means. The presence

 ofhydrogen sulfide can reduce the yield of the desired polyisobutyl-1,2-dithiole-4-

cyclqpentene&-ﬂlione 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



hydrocarbyl am nes wherein the hydrocarbyl radicals are alkyl, aryl,

a?/al kyl, ;I karyl or the like and contain about 1-20 carbon atons. Suitable

am nes include aniline, benzylam ne, dibenzylan ne, dodecylam ne, _

napht hyl am ne, tallow am nes, N 5 ethyldi propylanne, N-phenylbenzylam ne,

N, N- di et hyl butyl am ne, mtoluidine and 2, 3-xyli dlhn?a. Al slo_ gfsef ul are
lic_amnes such as rrolidipe, N, N nethyl pyrrolidine, .

Bie';)g; ?g%/(r:le, %@Iﬂoafana a&ﬁﬂ”?fu?ﬁ%f“?lw&? mf"ﬁ’él_eﬁ'r'léqfaé%rsé‘ﬂm@a@’l andéetianysts i ncl ude

ammoni & and ydsoRiby aSARANARIN IR iR HAT Yadlldkaaliaes axlag, aheul 1-8

carbon atons in the alkyl radicals.” Représentative am'nes’ of "thi's pe are

10 net hyl ami fféhe kerarchgdnia aout tlr3hertion aerhn Suitebleyhdmisriscludh atilyd, am ne,

i i D= ne, tri-n-butyla e, tri-sec-hexylam ne and
trion ooty vt eR R NGine, fadefvia) ega%ﬂlﬂwnas%ﬁe e Nas T
i s 5of ipir@pylanicie AN Ibérizylathid, SONRELh S e dhat, AYGLdi
(rzlne)s(it trjggs;gl y?hggﬂf?ly 2-edi tﬁr?ielgjll e- ZZ-agl)icl %ggﬁtﬁengl!%g’t Nl one procfflﬂcgtjant%o t he

| - - -
reaction m xferdlfigg- Alsp ugefubare hetgropyelic apinharchee pprolafing A ML yti ¢ mat eri al

i -0b- . i PM conpound. In,
used is gen f 09 t he, wei ght olihgt H
the case of el?ﬁﬂg&%ﬁel? eﬁ%’%l érr?r@}ﬁ’ ég'rgé\l © 4 gin éﬁeal t%%”%@&%ﬂ" ?ﬁt@bﬁ%- 0.5
mol e per noligclofle ahefonin dndl ppinefrerseashdasNer R a@y&ﬁﬁn&;lﬁviﬂﬁ'a@ohﬂ-%
"especially desira Ie..Z'S)l Ais present in the reaction mxture may be water,
e Fher as a CHINFYES By 8§ké(?’éﬁd}°& nkepressptagiie aminegof thivtypet e cat ?: yst; ,

i haaPR¥En ggllxg : resent., is usually abou
rlegggmeg;b\?\;?gﬂ? of teﬁgﬁﬁéﬁ 1Bﬁ%bﬁ{p%%ﬁg%?ﬁggggg?e%%éwg?ﬂaWEr i's, however,
not essent i ditcthpldminm di-odntdamineyipies- boﬁylmﬁ@ttﬁ?acmax%ﬂﬂﬁﬁt Eapa:hﬁhnusﬁ 3;50:] g
may be advant ageous conduct the reaction under substantially anhy
co%di tions. n"fﬁ%“ﬂ@?h‘%@"%@ Pﬁfhﬁsﬁ AR P8P useds o avathas srixirescp fggnmenia t he

bsence of s@lbveiid. Mg alsdibelORIIHALAG A DA WRLE K pdTQWRN SN 4 LilBY,
2orsneati nmes be desirable taos_ use a 30 sgﬁsl?ant@g}ﬁl@felr _r'PeOlr_Q, ng_f ma% fiﬁl lloreqw d
organi ¢ di | defclansniche-3rthigae praductTth ¢havatetion nafkturs wiayabl & diakaient s wi | |
readi |y ge apparent to those skilled. in the art. :

The amount of catalytic material used is generally about 0.05-2.0% of the weight of

. _ the HR PIB compound. In the caée 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 is 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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11 The tine required for the reaction to be conpleted wll vary dependi ng
on the reagents, ratios thereof, the reaction tenperature, the presence or
absence of catalysts, and the purity of the reagents. The course of the
reaction is conveniently followed by nonitoring the pressure in the
reaction vessel; the reaction can be considered 5 conplete when the

pressure | ev . capstant val.ue. Following the preparation of the
sul furized ﬂ(qtstﬁrg%fr%@ﬁf éfmﬁﬁ%Eeé’la‘b%md’&cempgﬁ‘éafwr%é?wﬁiﬁw‘g}g FuBst antial |y
all | ow boi |iengentstgios ah@ed] &e&@i&ﬁﬁ@%mp@?ﬁuﬂ%?iﬂérp%s@ﬁcet#}%genclz Q‘f\’cﬁgﬂggtkng

materials wll vary according to the anount and type of reactants used and

10 the reacti"9rileBHHY Gt HirsreagantsyThe cenrspofithe yeactions smenestianly faticwedlbyng to
the use to VWRhGRridNBe Sk ' r i;S;to be put, as wel]l as such

t hi ngs as odor ar?éltgfI%m%#ﬁntz@gr%gﬁgf%ésrs%lt#‘85%%0%?§8%P?ﬁ‘6“ Bds of

react ant & argnipletp mbeu thespressoct etids bithea cMsint vafueen, the product shoul d
have a flash point above about 30 C, preferably above 70 C and desirably
above about 100 C as determ ned by ASTM Procedure D93. 15 Reference is al so

made t o ASTMJR6S E8%e 1 . b to startin terials
such as the HR Pi co%ﬁlgg%?tﬁéﬁﬁ%ﬁéﬂgglﬁ&gﬁ%wﬁ%pgﬁéﬁrgdﬁoﬁp%ften

i ncl ude unr dweEsieaboye.ubstanfiakytadiriow/beilapdnseliild arevbinehed ahe Beture 6Mmyed. 1 n
addi tion, s and .monosul fi des, especially when the starting 20

ol efin conpgl&&;%}@gsm%ﬁ%ﬂs 1 IPHATCALOO Bt and Hips 9éreerienismsedanks | t
i's prefaoredhe fehétion dbAdRIoATUEilf ARG het) t@QorHPE?ﬁe{nJ%@oﬁﬂ%% ﬂ%(:)/ o YL ght of
such starting materials, . mercaptan ahd nonosul fi des. these materlals
are gaseous B Su¥pzehproguelss i ke piricks wahgpemuel things dshuelyr amyflarmesitioyed- i n

t sinpl . i |..and th b led if
fosi a1 1 DRIl PR R SR i RPmabe s . ipdis be

necessary t oftersbe prdd&ctsshehldtlﬁebﬁliﬂ%lﬁﬁoiﬁtsa%ivé%édt%bb@?p%?er?&l BONETd C.
mdistillation or stripping. Another useful nethod is the

pressure or .. vacuu
passage of aft ai“agﬁ“ 5abayg @howtd 0Ri°Cras determined iy A S BrooedurceD93. a suit abl e
G S 1At on e ety frade 4 ARV B R EEP RS IPLSR T T The reaction
m xture may be conveniently renmoved, in nost instances, by decanting the
liquid pr Odlfl%dditlién ousrtgrPuelé mra?crlrl% saslucl(lj fas t%g lﬁl?%ﬂ% iorg;e)gtilgd%g,’ thz lljc():vt/1 boiling
materials 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 is 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 bg necessary to resort to such techniques as distillation at atmospheric pressure or
vacuum distillation or stripping. Another useful method is the passage of an inert 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 liquid product. If further removal of solids is desired, such

conventional techniques as filtration or centrifugation may be used.
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conventional techniques as filtration or centrifugation may be used. 12 A
further optional step in the nethod of this invention is the treatnent of
the sulfurized product, obtained as descri bed herei nabove, to reduce
active sulfur. By "active sulfur” is neant sulfur in a formwhich can
cause staining of copper and simlar materials. Standard tests are

available to ] fur actiyi As. an 5 alternative to the

t r eat ment toAggﬁ%erg P ggrtlaﬁ\'éleepsnﬁfhfed??tg?ég%ﬁmsd@&%f‘ioi}éﬁ %Péreét_ﬁ"r?nb%f’%eq in the

| ubricants confusized p@dudigotisthbding ZeRekiv@AMROSh oS0 PhdukDhGive AR Q. In
sone instanges, such as in netal working lubricants, high I'evel s of active

1

sul fur may beéci¥egiliuagisapant suliwain 2 fem whichrat equsedtamotg afsoppatacd act i ve

sul fur. 10 : i S 1S t reduc an sever al, net hods
known in th\elé'vigl?l E@%g{fﬁgles Sk%%ﬁ%%ﬁgﬁ.ﬁ%\%%ﬂﬁﬁﬁg? ?%‘FW@XFF@%%&&“Y@'W@& nment with
an al kal i metl@imaivt té the t@stmeste screibecthciive Shifir, Mafal ddetivalerd 88r 8d BsecaSpeci fi ¢
fractions of t?@ iogj%l%i sobutyl -1, 2-dj t hi ol e-4-cycl opent ene-3-thi ones can 15
further sepaP&tUPHCARE somaREgIhe sl fkizee Aempesiions ghs inventéars In swhai ques. For

exanpl e, di shithhdt] @bh 9f intfi&afd a0, t [40ous ities of the
fractions. Also, 1f Iomglr b%ﬁ?’ﬁﬁg{g@b@nt %:Sgﬁ h%%\e;fsgof;aﬁﬁﬁe gugf R CBHL6

i soners are 4Bt adl it mapehenrtenuefeded het heabice activanlfae carried out under
at nospheric conditions using reflux to have a C3 fraction and a Cl2. 32

fraction. These fractions can be further purified into 20 predomni nately

Cl2, ClE0 CWheCadiveGaBur i€ko bBRAAERAC bl POSseQEral X SN ERL ar LG edi Ng

m xtures with C8 prior to the sulfuriZation reaction or subsequent thereto.
Preferably amdoxas AguBussetiye methot ys trdat@enli with ad alkdli-oytd] apifidt @ne- 3- t hi one

i soners are i at, | 10 wt. % and nore preferably at |east
30 wt. %an&ﬁ%dsbt%ﬁglgré#%rpaa’gﬁglo'§t4gs§2§‘t 50 wt. % of the total conposition.

Under certain circunstances substantially purified 25 isoners can be

- obtai ned. OQher, optignal treatnments may be enpl oyed to inprove such
qual i ti es aPERECImGHons fdhopoluisebuiylal. Hidithiodharcaclopertets tthiadestche

sulur | 35 SRS cpOs e THERE TP BRI LAMIRL R SCHE o 01272,
- charcoal , alenaipk, disalaionrof tlivamixinee caiSlial) td vARIEPAEGePsRhOFE@DNBOAIdLUI T ed
' if lower boiling point components such as the CgH ¢ isomers are desired to be
removed the reaction can be carried out under atmospheric conditions using refiux to
have a Cs fraction and a Ci,.3; fraction. These fractions can be further purified into
20  predominately C,z, Cis, Cag, Cos, Cag, or Cso fractions or mixtures thereof, including
mixtures with Cg prior to the sulfurization reaction of 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 preferébly 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 fuiler's earth,
30  activated charcoal, alumina clays or the like. Such treatments are often not reéuired

when a basic catalyst is employed.
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when a basic catalyst is enployed. 13 If desired, the o

pol yi sobutyl -1, 2-di t hi ol e-4-cycl opent ene- 3-thi one conpositions can
oxi di zed with a peroxidic compound to for the resulting

pol yi sobut enyl -1, 2-di t hi ol e- 3-one conposition(s). The thiocarbonyl group
can be readily converted to a carbonyl group by treatnent w th aqueous

i te, . or.a us nercuric 5 acetate, or by chlorination
ol Foved by VBT oo BaTRNES TRASSIPE NS STHEF SO EP LS |
conposi t i onsoxddizéwitphesRRidié BMeRimAN. Q&Whp?esﬁﬁfﬁg?%%tbh?épﬁpiﬁp h8de Ly

sinply blending or m xing the conposition prepar y su ri’zatron of a
10 highly reh€hs sanpasitipnéobliby fhéerartmayi gouptcat basiaditomwiertad to a carbonyl

net hyl vi nyl i i ein the polyisobutylene has a nunber
avergge rrgl e%u a]rji’a/el g%?n?i@vgth;%ﬁgéorugr?ﬁéaswgl BLEP26: PP RBIH B M th a
sul fur sour ceetate, ar bedtbiimmioh €slpereat bif Bydrilyg¥cess of about 175 C with an

oi | of lubricating viscosity (base oil). The oil of lubricating viscosity
may be m xed with the resulting polyisobutyl-1,2-dithiole-4-cycl opentene-3

15 thione c [t @@t invention, typified by Formula I. The
conpounds %@gﬁ%@%ﬁ%g‘%@g&gﬁa SO0 be preblended as a concentrate or

package wi t HThednbrinasing otl hempasddirsi ofele prasdud envRRREOR B @nkétib@sy t0
facilitate bl endi of l.ubricating conposition containing the desired
concentratiéﬁqﬁ¥mgﬁ%?F?§’ CHCHEOTBRPR R SoBpOtiHen prrpad by sulvamtioomfar e

bl ended 1y t Iy #iv ; 515;@{,] | t i Vi 20. wear

pr ot ect ilgdn glrl]%@g?eeagét% %Olglgl ub Eﬁﬁdv?xﬁge&éﬁ@?%% oéf%%%ﬁl&ngﬂ% I_%%I.S%I{“ﬁrgarnd .
addi tives i nvher¢ia thtgmilyiscbutyleriestasd nuntber ewdragegnoliebulaGosight ﬂlnltlhé rén\tg;e of “thi Is

i ei ng oi
soi ubl o1 1 PRECAZS P BaH 60D M HERGFSEAt 18 NGE [CaRgaEt Mecatdit | ves t o
pr eci pi t at e aboater75ve i ae SMF fubABingSHidoaR) Bra0l bil). SAlUPI Afl%‘i&a‘?ﬂgat' bility
ranges for a.given conpound of |ubricating ol fornulation can-be

det er mi ned BYECPSibBanbgmipdayith the rssubticig folyiscting- Ia2-titbisierdy cyclopbrtene-3- |

ol o0 LS gt LA AGEE SRR, G R oot 20
25 C) can bef tedsvertidn myayeildotterpretieided]as RIcosE bRl drPAck de8 it GarRivk
conposi tion 0 rer El(ri] 1tiffe%ri1r1ru tlLeaz;[pipgo%ri?xIe r?{tit')'sctloofggi i;atesglltarlljéilrlg gf a lubricating
compositibn 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 pfotection and are both soluble in the 0il and compatible with other additives in
- the desired finished lnbricating 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 cén be determined by those having ordinary skill in the art using routiné 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
14 |



whi ch evidences formation of insoluble wax particles. 30 If an engine oil
formulation is desired, typically the lubricating oil conposition of the
i nvention contains about fromO0.01 to 5 wt. % preferably 0.05 to 3 wt. %
nore preferably about fromO0.05 to 1 wt. %based on the total weight of
the conposition, of 14 a wear protectant selected fromthe |lubricating oil

sol bl sul 4Lt COMAUITS, oo AR50 B £ SRCLLRD B bl syl ene having

a nunber average nol ecul ar weig | _

with a sul f yresmed nereatting o @Aty [ERORBARL Mfi@nbdt avE4EEaD Q1L (Ridkt in
Especially preferred are components of formula I, derivatives, and 5

m xtures t héReEPEe RbAkeub! &} torakppt 000 wih Fllﬁléllﬁir@atllicﬁgt@rﬁﬁp@@l teperaton iai nsd
about from .1 ' r n T resent. co unds
are- conpat i be%gés\fmb? %iS V%ngsfgggﬁuggkgﬁgﬁ r§§89&d§§%}l?su3sfef8”wel?ﬁ: eﬂvﬁﬁves’ A

di t hi ophésplmaixéses theient rdaseprafesably, phohdetitg OmpaEifien Boehiak abbut fom r educe

t he anount inc. dithi osphosphate which would otherw se be requested to
pr gvi de a gﬂ{/]eﬁ’ Hng\t/%" © fm%’f“ I%P@P@BY- 15 PresentLogparndsgire perapyitlewithi on i s

desired, typingakh be k@nlagBRisGALA%il bint ARShAd ARk hSadaWERL i ON
cont ai ns about f_ro?n 0.0fgtos%g}svw. I% lgregglrgﬁ?%?got?og%av&.63‘% nor e
pref erabl y Pagetitonfargrare preferblyto réducatic aaveent ofwinc dittedehabhatd whioh about

- 4 119 . h f.uri zed,reacti on product of this_ jinvention
;Lgme\zleﬁlormrv%gu rl)(} (e{%%%%ef ‘%/e rt%ﬁ Se%{eggfr’rﬁ’gﬁﬂ‘é{%a &t oF gervﬁﬁ‘?fgwqaf PrAeronlferggat ot al
wei ght a0 lott fommulasid jsaBsirckbtploalty wRrubalding ofidompBlidBR e ufl ihvenisfd 10 the

lubricating oil conpositions of the present “invention are generally
tail ored toCcPHainggheytiijam (8 telQwtngpméeradily 0.5gedrwiobs, miraguserabsl  oi | |

cutting oil I I ere desire an engine_oil, the base oil
Cypi cally | Zdfiiropsf o TR, fia SRR Sforg SRorHER Aot Pof Fortdat by Supt al o
for use in thvesutfuandt@seionfpreduc2Of this inhéRionahd ePdMSLd RBfRME g such as

' ngi nes. whi ch i nclude nmarine engines.

asol i ne engi nes and di esel _ n

gCrankcase Igﬁmpﬁlgfaqgﬁé Qﬂq“iaI@S%ﬁeﬂé?ﬂith?toﬁﬂdwlﬁlt@f§@G§HWSJ@bnabout 1300 cSt
at 0 F 49 24 cSt at 210 F (99 ) the lubricating oils may be derived from
synthetic or natural sources. Mneral oil for use as the base oil in this
i nventi on +The lubricating oil, or base oil, used in the lubricating oil compositions of the present

~invention are generally tallored to the specific use e.g. engine oil, gear oil, industrial
+oil, cutting oil, etc. For example, where desired as an engine oil, the base oil typically
- +iwill be a mineral oil or synthetic oil of viscosity suitable for use in the crankcase of an
20 zinternal combustion engine such as gasoline engines and diesel engines which include
marine engines. Crankcase lubriéating 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 liquid polymers of alpha olefins
having the proper viscosity. Especially useful are the hydrogenerated liquid oligomers
of Cs to Cy3 alpha olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper
viscosity such as didodecyl benzene can be used. Useful synthetic esters inchide the
30  esters of both monocarboxylic acid and polycarboxylic acids as well as monohydroxy
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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i ncl udes paraffinic, naphthenic and other oils that are ordinarily used in
| ubricating oil 25 conpositions. Synthetic oils include both hydrocarbon
synthetic oils and synthetic esters. Useful synthetic hydrocarbon oils
include liquid polymers of al pha olefins having the proper viscosity.
Especially useful are the hydrogenerated liquid oligoners of C6 to Cl12

| ph | efi 1-d try . .Li kew se, . al k b of er
i Scasity sudkebE R R b o eefo Ceatbesy hrngerccebt of

i ncl ude the @ sgathenioitfmpPhlio FORORATLRENN i edfhfl30 FrflVELaLBPRILdshy aci ds
as well as nonohydroxy al kanol s and pol yols. Typical exanpfes are

di dodecyl adtpAtcesitiyangadn genmralites base otlp ackase ot maixtudés r endind didusel adi pat e,
di l auryl seb j : esters. prepared fr.om m.xtures of
nono and di car "‘g"fﬁa i%gtﬂghgiﬂléﬁ%ﬁa I%{r%ﬁ%%&&f) H%?‘ﬂ’r‘%éz efgn?;llllsl?élﬂg’r@&c‘ﬁﬂu P80 be
used. Bl éndsthebrevant weaspmiceeing hadk Viscosynt hed *C o00id 5 22ndnmiinekal s  and
synthetic oils rggx ﬁdso 7be advant ageous, for exanple to provide a given
viscosity dieisrabbok] o\l 7icenpaokgsang axue arefernlyiade 18 icentistakepase 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 vi scoshypycadly thkOgbiating 4iltconBDsitientiil tokein,a vapiesf @rahipwtibR to 17

centi st okes Hﬁ nor, e. g(ﬁferabl_ 13 to 17 centi §t_okes. Typically the

| ubri cati ng_agl. VEDBOES 13 GtPaly YAPoBbMRRFHen o hs flarsgediubdestnaiaibl e addi ti ves
- desired 100 iGoRPoLitMRAERHSINRIARRE %érﬁ@ulﬁloerfdh%e Bﬁ&‘bés@%ﬁ LSy e AgsQls! 10
- conposi tion depending on the particular end use an Base 8IVs {sed” Such
additives iAdhdrmeutalanddiasigrigtongeptscsudie nenajeat sndsarcibaasd o@bnicallfamndes

overbased or i S nd.nornmal..a over based enates and
sal i cyl at es,agg?lélg%aﬁs%élﬁgéﬁagﬁ ngg%at?fiaé%g?lécé’ﬂ#?’ g?ﬁ?ﬁa‘ﬁ% F?Sd{’r%’ersams
pol yal kyl sucaétniswadess polyalyaddotnsdis ok Bbiga§istetmieicd edidts rysihi bi tor's,

f oam i nhi bi t,or.g,, pour point dispersants, antioxidants, including the so 15
cal l ed vi scddibiors,fgen ighjpyors,meuppeintdisprrsgpts: sativxidants, meholimg heand, as

not ed. ahqve, rQSi . r 4. nhibi-ters includi,ng oxidation
i nhi bi tg?s it S%ﬁfgggops)]ﬁ}g{?ggf tggrlr%éﬁﬁ%s gfs rgar%tsgnggwgﬁﬁ&g,’ %J@F?Qg%(’ﬂ& agent s
such as di methey cpmdsjsi droxeun énhibinats preludags odiddton ifkibRék @icH®didcher s such as

higher fatty acids, higher alcohols, _aliphatic amnes, fatty acid am des,
esters of f&PEYOUKlsqRd ARRerGoppoERds; de©aming agepts such as dimethylpolysiloxane

and polyacrylate; friction modifiers such as hugher fatty acids, higher alcohols,
aliphatic amines, 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, methacrylic polymer and olefin copolymer; and pour point depressants such
as acrylic polymer, methacrylic polymer, polybutene, polyalkylstyrene 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, diphenyl
phosphate, dioleyl phosphate, mono & dibuty! phosphate) and esters prepared from

30  phosphoric acid and aliphatic or aromatic alcohols (monooctyl phosphate, dioctyl
phosphate, trioctyl phosphate, etc.). Dimethyl esters of aliphatic phosphonic acidsin
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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20 phosphate esters, acidic phosphite esters, organic nol ybdenum conpounds,
and solid Ilubricants; corrosion inhibitors such as benzotri azole and
t hi azol e; viscosity index inprovers (which may be active type having
i ncreased dispersability) such as acrylic polyner, nethacrylic polymer and
ol efin copol yner; and pour point depressants such as acrylic polyner,

rechacr 1 ROLIES: B Shepholsl ki shunen shdege. Rl ACE o o

Sonme of these a ives are escribe ubl e

phosphor ous dinethyl aiengo 2dphbtic pishlisiic agiewieRirtpatRshatic grdupthesphor ous
acid and aliphatic or aromatic alcohols (dilauryl phosphate, diphenyl

phosphate, &rgrey tBﬁffé‘}Sﬁ&fé?O%ﬁéo bt Buegrbop Aivsph ias) pafrired steths prepar ed
from 30 pho%ﬁ@éﬂ)ﬁlblﬁat@%]tgrs Mbrahk h&ticf) 8%}(5)%r@fa'tigel??%%&%dsﬁﬁn%é#ﬁaéﬁﬁtyl

phosphat e, diocty phosphate, triocty Sphat'e, esters
of al i phati d8phbephemiscorachisurepf phébphbndid estak ipaichchgslghatibaoupn aver age
in the range Otf' about 12 %_Q%Oab?gt §4 carbon _atons are fully described in
U S. Pat. NGOMAInpEgvgrage oyphoul lg carbon atogisysishas migkue gergigd ed or

unsaturatedcmﬁﬂgﬂgﬂq&gmgglg@dghﬁahghgh%gggn in structure. Preferred are the
di ret hyl esters of aliphatic phosphonic acids wherein the aliphatic group

has an average in the range of about 16 to about 20 carbon atons. Mbst
e esters.wherein the aliphatic [

preferred are t na roup.i s
Perati vely popEitnaRER St AR Sus T Rt st ol B e e anBsFe
phosphonat e ugsitifttise practidel oFfihik irealibPhRRIdE cSERWIPhoGRBRARI BidR MANE 5ABSrOf
about 18 carbon atons, such as m xture derived from comercial technical

grades of oP&9APheis gpiteland pyqspheris peidabters: Bsapplos phoritablecontpaimdsighieint i wear
o o I RS A X A B B SEP eh or s
aci ds and phebplkeoriugirecirblylehbgihites, PhasphotstePindptidspiktes, eaT@aymdsawii ch  may
R e T AR A S TG
0 oF8TDE IR BBy AMREDALS SHERG EORETY
tributyl phphgihiie tritresyd phedphgthdsipjrilolexyt phgspisicy dibupfi oaphi ftesplinagl esy|
phosphi te, Tc'i{blu@f ﬁ%{&)rggé(r}/ I'Jhcl%tﬁﬁf?é? G&oﬁgjl hgif!ir%%gry ;ljh(ls%]glrtg,lang ?c?l?r gh%ggﬁigfc 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 hexy! ammonium salt
of dioctyl dithiophosphoric acid, the octadecylammonium salt of dibutyl phosphoric
acid, the dilaurylammonium salt of 2-ethylhexylphosphoric acid, the dioleyl
ammonium salt of butane phosphonic acid, and analogous compounds.
25 .
The ester, amide or amine sait portion of the dithiophosphate will generally have from
1t020 carbons, preferably 4 to 10 carbons, and from 0 to 5 nitro géns {(when the
- amide or amine salt is employed, that portion preferably haé 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 dihydrocarby! dithiophosphate antiwear agent will
contain stable organic moieties such as hydrocarbon or ethoxylated hydrocarbon

groups.
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di butyl hydrogen phosphite, dioleyl hydrogen phosphite, and tolyl
phosphinic acid dipropyl ester. Anong the am ne salts which can be

enpl oyed are anine salts of partially esterified phosphoric, phosphorous,
phosphoni ¢, and phosphinic acids; am ne 20 salts of phosphonic acids and
the like. Specific exanples include the dihexylammonium salt of

dodecyl phosphoric acid, the diethyl hexyl amoniumsalt of dioctyl

di t hi ophosphoric acid, the octadecyl ammoni um salt of dibutyl phosphoric

aci d. the difhaig @EELasa ikhisbhepRib YREXHMBSRO O FardBb de athe di ol eyl
ammoni um sal t of butane phosphoni ¢ acid, and anal ogous conpounds. 25 The
ester, am dengthylahperiykdifhionhesphasm thf butflendit bf dipfooiyptisitiephwisphatgeiner al | y

have from : . - preferahly 4 .10 carbons, .and fromO to 5

it rogens. (viuaodRuRLEPRRasRE 8L o i aehoRBiAR 1 dam ot ehine

pref erably hasdé obdditetrabmpdnytphdnyleifisiophtisphaté, BAd GRMNAA dleth i 2RH80 Adi0M C
ratio preferaé)tLy ranging froml to 10). The ester, 30 am'de or am de salt
portion of t%h -ﬂi‘h‘@ﬂ’%é&h@?hoﬁﬂhﬁﬁi ophosphat e antiwear agent will contain
stabl e organic noieties such as hydrocarbon or ethoxyl ated hydrocarbon
groups. 17 Exenpl ary di hydrocarbyl dithi ophosphate am des i nclude the ethyl

~anide of di Metaheaihing phesphytusdbipbopiBaspivaied b hechug ¥ Hingmicdabef

dii soctyl dithi ophosphate, the am noethyl am de of ditetrapropenyl phenyl
di t hi Ophospfq;t?xg),pﬁ?ﬂ)imﬂf aﬂfiﬁ%}ﬂtﬁ Brhy Pefe féra?ﬁrra%e ginc giadet Taphuessbyheny |
di't hi 0phoSpfighen Gike HiRTHIBRRN LAY NPy ol nth (B 26LAMLs] - hexY!

di t hi ophosphat e. Metal contal ni ng phosphorus corrpouncfs are tormed by
reacting a or¥fguabbiczerhylto 1dicathionyaod plooe prefaabls fwint 6 ta8 oRbahs. Axireferred or

exanple zin xide,, The hydrocarbyl 10 portion of the dithiophosphoric
cerarw 11 ude BREGY the e P SER spresim R mongy P kBN AISH STHRSSD

car bons, andsdmeipflyarslhlnd cABbE thPnfnG ARRARE ofiferd &ESALEH: kg pher € N,

the term "hydrocarbyl™ represents a nonoval ent organic radica nposed
essenti al | y PéBeHy §hdhedioesidylaasbumalipbatic, arammticamelioydicof combmbtiensbst i t uent s

My be 181 e3elor, B M OSADY bR o, RldaR R iSO o Clna Ty ¥ € O
: saturated or olefinically unsaturated. Exemplary hydrocarbyl groups include methyl, |
| cthyl, propyl, butyl, pentyl, 4-methylpentyl, 2-cthylhexyl, hexyl, octyl, isooctyl,
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 preféxred 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 zine 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 diteu'apropenylphenyl dithiophosphate, zinc di-2-ethyl-1-hexyl
dithiophosphate, zinc diisoctyl dithiophosphate, zinc dihexyl dithiophosphate, zinc
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15 thereof, for exanple, arallcyl, alkyl, aryl, cycloalkyl,

al kyl cycl oal kyl, etc., and may be saturated or olefinically unsaturated.
Exenpl ary hydrocar byl groups include nethyl, ethyl, propyl, butyl, pentyl,
4- et hyl pentyl, 2-ethyl hexyl, hexyl, octyl, isooctyl, stearyl, phenyl,
benzyl, ethyl benzyl, anyl, propenylphenyl, di propenyl phenyl ,

t et rapropenyl.phenyl.., .t gl etc i mary,. secondary or. tertiary
hydr ocar byl Aé&b gél%ofﬁﬁ%p@ée é}ﬂ&%ﬁiﬁﬂg{l?{&?d{h‘eplb?saﬁ%ﬁéa%%w pri nary

groups are piidfchbgshatee¥@b b [ §IRbPIRAPRAE, zr’&&oX&Hé@@e { gighib groups
and in a pr efler(r@gdggﬁbodl rr\air:\ﬁtgfwhenI9 elastﬁ75p mol e pelr ctentc9of1 s}e@?ﬁ lﬁaQ

al cohol is used and preferably conmbined with 4-nethyl-2- pentanol, and nost

preferably f nmet al. . Part cul ar | referred
netal di hydr[%)lﬁc(%llr;I g{ﬁtﬁ%ﬁgsphoﬁgﬁrapﬁ%%%%?%cﬂ? W@ﬁLlf&BWPﬁlé }%aﬁtcasc?%frﬁigﬁﬁﬁﬁélﬁﬁat es.
25 Pat ents dﬁaﬁmbarnnaré heaibyhidoashaciafly SEb@dih &96T tHE AiRhinRbosBhatLs | ncl ude
U S. Patent A Nos. 680, 123; 3, 000, 822 3,151, 075; 3,385,791; 4,377,527;

4,495,075 aryd ra&esme@beclué%waﬁfw hexie lpmr@masd s@xmrmb@rq@@hﬁref@ herein by

reference in di h rb i pphosphat es

i ncl ude zinc Jggéﬁfeggﬁl@%y%l t EI opEo% %Z(br}%‘%)ecn ﬁese%b%g S

1 ¥ ophospltSove skt e s o dionaliopaii (‘Fm‘“m)
itetraprop phen i.t hi gphosphate, zinc et hyl -1 - hex

di t hi ophos pﬁ’aﬁ@ ‘%%@ bAFiF agdy rater 6pf ﬁ%?s%mwéaﬂ%?ﬂaoraﬂ Ffé&lwh -metal

di t hi ophgsphgdiesivéh BPsod}lﬁn}jﬁvmﬁwlm Bt rgh%o&gf@ﬂ)aé ggbcé'bﬁl/ﬁ kgh%@tx phenyl -

di t hi ophosphate, zinc dianyl dithiophosphate, zin ut y heny
di t hi ophosplﬁaﬂpew%l the selilgat mdeoyly sdlutih aphiasinas ﬁeutra/l\hllkalzme mihahetbbr ates or

hydrates ther of are we e art. ag extre pressure 5 additives
and are avail %rfaée% L‘%Fsaﬁﬂmﬁfsaﬁg%#b‘%@wdfmg?l@pﬁl%ge alloyinedt ispchites or
hydr at es t hebeef ihemebidenyaaiansthe BROsAE @shydbAliguiand ydrate
represented by, KBSCBI—IIZO gﬁgiNaBSCBHZO reglgééfctl vlgmy %ggwﬁ}égorﬁé%ea?al

borate hydMgirisating el C‘PIBPOSét%Hth |the inyertien @dniivises the abitabipsete! bathtesul vi ng

pot assi ( b Ci ter so that the atomc
ratio o# Wbo?lgd&% gtha daﬁ.‘?aﬁ:ng%)&?%g{ géé’fctu% 18331?3&1 H{OWBF #be in the
range of 2. Qrdferalyd). (Qﬂomrmmval%ﬁhbmrm&ﬁfamyo@ss@arsswm THe ai@uit i on in an
oily solution contgl ning a neutral alkaline earth netal sulfonate or an

ashl ess di sFRFERARIYP 2RO il Y- de of giksali-matel barato ok mgirate theseafdadhe t o
lubricating oil composition, if OLOA9750 (dispersion liquid of potassium borate

| hydrate, commercially 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 comprised of thiazoles, triazoles and thiadiazoles. Examples include
~ benzotriazole, tolyltriazole, octyliriazole, dccyltriazole? 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, especiélly the 2-

_ hydrocarbyldithio-5-mercapto-1,3,4-dithiadiazoles and the 2,S-bis(hydrocarbyldithio)-
- 30 1,3,4-thiadiazoles, a number of which are commercially available. Other suitable
~ inhibitors of copper corrosion include cther amines; polyethoxylated compounds such
as ethoxylated amines, ethoxylated phenols, and ethoxylated alcohols; imidazolines;
and the Iike. | |
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obtain the desired hydrate in the formof a dispersion liquid of fine
particles. The gear lubricating oil conposition of the invention conprises
the al kali-nmetal borate or 15 hydrate thereof in an anmount of 0.04 to 1.0
w. %in ternms of boron content, preferably 0.05to0 0.6 w. % nore
preferably 0.08 to 0.5 wt% This anpbunt corresponds to about 0.6 to 15 w.
% of alkali-netal borate or hydrate thereof in the |lubricating oil
conposition, if OLOA9750 (dispersion liquid of potassiumborate hydrate,

Fall . _ . : TX, 20
commer ci al | 538l dBlin 1 RMsAEWAR 1t GMciERIBARY iibioRHALE)

boron content: 6. %is enployed as t nme orate. One type
of copper conkegiepmd ergihi polymenhiuch ag acryhe pdpders n Mikergrafetlicoge-ofpet hi s

invention is_conmprised of thiazoles, trjazoles and thiadiazoles. Exanples
i ncl ude penaz“g‘?‘??f%%%ﬁngs, Sty ps f‘ﬁqayifil@l?}f%%aﬁiﬂnﬁ Pl ihsol o,
dodecyl t i5i azbstandds BRS GaieRetil@8RZA! Hf RER Lfxtures are silicones mixed with an

2, 5-di mercapto-1, 3, 4-t hi adi azol e, 2- mer capt o- 5- hydr ocar byl t hi o-

1, 3, 4- t hi adi%pdpiepolymenssilicppepmbeadywitioesr tyhete aiminss 148 sificdnesdiiezdobigls, 2, 5-

bi s(hydrocarhyl thio)-1.3 4-thi adi | es, ;and. 2 5-hi s(hydr.ocar byl di t hi o) -

1, 3, 4- thi adi azotcr)?{eoge a%m% CSFbé)f( glﬁ?eé;gé ﬁ%ﬁﬁ‘%&%n’é@én&ﬁg‘g igrg‘f}l&@tl“?ﬂsaﬁfiaazol es,
especi al |y tdimethyl sficsmealr iy (:iyag rabfaf aeRIRERr &f SpdiyAidrh AdiRialgs and the
2,5-bis(hydrocarbyl dithio) 30 1, 3,4-thi-adiazoles, a nunber of which are
conmer ci al | YN Baset98hiietn dlprdwed pattiahfatiy o sstef ofopplahydrisralasiobn

i ncl ude-gt h ) ' I x|, at ng ch . 0 at ed

ami nes, lgt hgyy ‘gagg%pﬁgﬁg%@ﬂ gfr% aZ’tO o%q%g{% ge ai’%%%t Coef%l,n%i?%%ég?gﬁones; and
the like. 13,55 30 amddiv) afi abkoxplgedtatiphaic aie(U.8. RHEN6IIBRIGAHONS of this
invention include silicones and organic polyners such as acrylate

pol ymers. M xtures of silicone-type antifoamagents such as the liquid

di al kyl si | igRSroRAkyIRRSaMId Coh®lih Q Ysst mm@-
effective. Typical of suc ﬁmn% xtour els are st foé'gl;l%ggﬁ %g%es\/?ﬁg?‘%g%xﬁfﬁ%gro% ate
pol ymer, si lamuhgs ofitxepbunds haongthepropryy «imhikising aodoséed bffeneas meteed Wit h
one or re_am ne carboxyl ates, O her ch m xtures include conbinati ons of
a di me?ﬁyl Sgﬁﬁ?egbﬁgilé?%g%% frchds OQ'SB&%?‘? %‘Pn?céchyy %Pﬁg%% et a
pol yhydric atgoiabnditladd, 1afmaé acianytidheidt Biinitid hdid, A8 abiomydigkadigparti al
fatty acid ester of a pol yhydric al cohol
~ linolenic acid, behenic acid, cerotic acid, etc., and oil-soluble polycarboxylic acids
including dimer and trimer acids, 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 alkeny! 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 molecular 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 pro{/ide 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: ashless dispersant from 0.1 to 20 and preferably 1-8;
30  detergentfrom 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
- 20



10 (U.S. Pat. No. 3,235,499); (iii) a polyal koxylated aliphatic amne (U.S
Pat. No. 3,235,501); and (iv) an alkoxylated aliphatic acid (U S. Pat. No.
3, 235, 502). The formulations nay also contain a rust inhibitor. This may be
a single compound or a mxture of conpounds having the property of

i nhi biting corrosion of ferrous netal 15 surfaces. Such materials include
oi | -sol ubl e nocarbox&j c.ac et hyl. hexanoi ¢ _acid, lauric acid,

myristic aci®dTVEHWEEE EoRP &P bglsbé‘? Erag@ to q #:priancmaditigr form (o At aci d,
beheni ¢ aci grefeRbRL © 1a%s@03131ﬁod1ﬁaﬁﬁloﬁ'd 3R ERBlYERl RoxY! | ¢ ac ds

including dinmer and triner acids, such as are produc romtall oil fatty
aci ds, ol ei cAddatéoally thessiadildivaeindy bondddddo higker oiChoranlatin trathceanges r 0si on

i nhi bi tors 'floep80 AKEIV SHEELLC, BCLARlch: @%@ﬂﬁﬂoﬁ%g-%m“p

contains 10 of nore car

t et r apr openyhsoiCahdiing of6il 8f ubt4RPesRoYitSE 831 tHi10 vﬁc%%refe&%ﬁd 8G6 'S}d \%HC cinic
acid, and the |like; |ong-chain al pha-onega-dicarboxylic acids in

mol ecul ar web FhErPapkRUIMF coBentod azotieized wicfot epared by teactivgaa er i al s 25 When

hidl 1 ves ISR GRS SRt Rul B0 B FRASH R iadFe APRETpRERR IR 4
amount whi ¢ pobyimbligbent hes a adabéd sierdge nml&illaﬁi Sveidls idesiraeg JfUBehd 120-10

Represent ati e mounts |i st ed as mMass per cent active i ngredl ents
whgn used as%%‘ﬁ g@h ?Rfea%il I SPHCHEr srdisnferaperatirdagzeess oGy cand-05fe

30 det ergont 1o B ro Ha PPNl PO A pREh G Y O

30 detergent fromO.1 to 15 a prefera
di t hi ophos pleanteininrgnemp@uod s¢lectéd fnch qutrefe pedabyre Qgdifs 4ral mtivaae dgarpHn

hosphor ous t : tioxi da t from 0O to 5 and preferabl 0 01l to 1.5;
Bou?ppoi nt 8%%%8(3 @ 1DQrEn BOTLGTY © Eﬁ%ﬁ%ﬁ%ﬁ}‘?}'}alb@%ﬁp{ drats;

anti f oam ng tﬁwaﬁt Adﬂﬁi@h@ﬁ;t uch Og%&dluaﬁéeftﬁg%mwer Qo{ﬂgﬁsés%t %a&t%ne%lf% enent al

20 anti wear ents fromOQO to 5 preferably O 2; friction nodifier
formO to 3 %1 mg)a@@mtbpgmgomtsw1vtp§oras?/¢l;asncbu|pdn te W‘enghm@sa;ld) 6 and

refera i gse addi tiv Y. to a gear
gl| for%%/a?ﬁlbg%ca{nﬁl %nmé) rgg’ aP%% |°E?5‘%‘ Bg{fgers%véié‘i%gp f/ag%ﬁ? yPe gear
| ubri cating theoumglsu dflsmﬁ lﬁlﬁmnbﬁ e@mpékxfi)rﬁ?ﬂa@!eaﬁrﬂ?ﬂé%&fﬁr cBhbsi8h idHibkdrcat i ng
vi scosity; % preferably 0.5 to 8 %in terms of sulfur

to ) :
content of Q OélIP pdr‘inz e(elb%gle@flp?fﬂ theepragte of pard tubsisationgecamposition of at least
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
synithetic 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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pol yi sobutyl ene having at |east 25% of a nethyl vinylidene isoner and
wherein the polyisobutyl ene has a nunber average nol ecul ar weight in the
range of about 120 to about 600 with a sulfur source at a reaction
tenperature in excess of 175 C, 0.05 to 10 5.0 wt. % in terns of
phosphorous content of at |east one oil sol uble phosphorous containing

conmpound sel ected from extrene pressure agents and antiwear agents; . 0.04
to 1.0 w. %% OXGgr‘ﬁ]%lg%so BerBAlt 85&‘15%%’3 whenpsed pliRe reqrsied terpRraites WithiRy dr at e

thereof . Addigar@igdd davEbiieeREwd Rk Sﬁ‘blﬂ%ﬂr&s?&%"%ﬁ ﬁﬁgg?{gﬂﬁfﬁ hgt |east one
of the follow ng additional conponents: 0.1 o0 5 V\% Yo based upon the

wei ght of sdiogmally embloyedfarshickeniper gellog luikrarrtoadbtidoive fastbgegsases

di spersant; .8 W. % based upon the weight of said lubrication
conposi tion co?%spgﬁ(%gg?e %rr?%enégﬁ“ﬁggo%or rosion inhibitor; 0.01 to 0.1 wt. %
based upgn the wei ght of said lubrication conposition of at |east one foam
inhibitor; and, 0.01 to 0.1 wt. 9% % based upon the weight of said .

| ubri cat i on Theduesssl myeHiopralspprpades anpsiditivietakage ongerventrate wiheh prebent

| ubricating it . inel eas caont ai.ni ng the present oil
such as the aggésﬁgﬁg% %P%g@#%gﬁqgsﬁgﬁqi@ egtil e{/\%’ﬁﬁe %‘ge ?r@#lgv‘;\’/grslgocﬁgfg’rlﬁ 8P al ,
natural , or witysthtreddditives | (Seaadiln thhadhens pgkagenl to? coReMi Desddary desi r ed
consi stency .to the grease. The hase oil is generally used in an anount

sufficient tFFIMRROET PREUELEER Ycendesirod thegngsasits mepx iraproger iagers@ibi ng f or
t he desijped jg4aind : [ ' rf&qﬁﬂﬁ Ltive

corrponer%'? S iaﬁcl uditaééb?sfr? 0:11@ %?llel%lgggﬁtm nmu %?%’%ﬁaﬁga&pﬁgﬁéda%@é of

mat eri al s canndeatreteooiaat ahsut fndmo Wehhiorsd vor: Ygmbtd prafeaddnt so 4Thess of dr

include fatt aci.d metal salts or soaps, such as calg¢ium or_ lithium
st ear at es Oﬁxﬁwgwgﬁﬁiﬁugﬁ‘@?,feéﬁquﬁ?@%ﬂ@im of e § fBhe prgtanhg
vehicle in gheA§6n bRd éﬂfﬂ&eﬂ%@fc'nﬁé.t@ﬁal'(ﬂfpﬁ!ﬂll?gvﬁ[}@sléﬁtde&y%efn'tsg';/@ﬂrt&v{]dgrthémart

to the resulting grease conposition thé desire consi sten
t hi ckeni ng &gessngateryeth ¢ ABNoef abapl fogre §Oito 180 prefirelds €Ofto i Al aatliabout ictonpri se

e T Se 2oL GOy 24EB S AR Sk g™
thi ckeners dignidakluedil Veitipihe peterithixetptibd oT@he VEIhproverdins eeh¥@rakaninused at
"the required tenperature wthin . .
_ frequently also contain various other additives considered desirable from the intended
use and generally will contain about from 30 to 60 wt. % of an ashless dispersant and
frequenﬂy 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 sulfurized reaction prdduct 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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a particular environnent; however, in all other respects, any materi al
which is nornmally enployed for thickening or gelling hydrocarbon fluids
for form ng greases can be used in the present invention. 5 The present
invention al so provides an additive package or concentrate which may be
added to an oil of lubricating viscosity either as the sole additive or in
conbination wth other additives. (Generally, the additive package w ||
not cont ai n @SHELYLHPG enFREFARdiCAPPERF s Hupdipaal Bydningidme WEnetsl t he

Vi scosity i LR I -al: ; : : I he

| ubri cant fc% %atutggﬁ 9?@?&? gg&glg%}@r/fr%gs’Z’gg@ff%glﬁglﬁtﬁ@%%ﬁ%&ée r?garﬁe ai ns
about from (luids; gears@lswacludmgrench opls efeenuihetivk spoaldfevat andeadn-pe axle

sul furized p l,ene.reaction product an ound of. fornula | of

| yi,sqbut .
the present 0%is ﬁ}ﬁ&ﬂﬁl’] atﬁﬁad?ﬁfiﬁ?r&? B’F‘ng%?fs & dﬁﬁ&é‘?cr’i? ratage copdiions, Bypfh ased

det er genss) ég&z@f FDpetifink M derQRIACEIRE kFdeR, Wt Brihic BRINIRE spRaWigh tRmud0 to 180
preferably 60 to 120; and about 1 to 15 10 wt. %preferably ™2 to 6 wt. % of
a di | uent oiconditiops #k varionpathebindustmaroils end epttivg olls.qui d diluent. Wth the

general exception of the VI inprover, the concentrate will frequently also
contain various other additives considered desirable fromthe intended use

and gener al IBhewatibucaidittdemabalt of C184FE36F th@reBBls Ibscrife®hbdB aasSMBEs
di spersant and . frequently will also contain neutral or slightly alkaline

det er gent i A3leds pheandemeparel B emaseacederas oy ehvicuTmedidieations thereof
A : o get L |
o ol R R DR oK S DR Sl . TR oLt =2

vary with the over base e 20 to
80 wt. % of atlthiveomcktheir dtretiod vefor arvtgiié databadbiy cdlsmnsdeandpronfildsdpas an

i'ndi vi dual ncent.rate i ni.ng gut fromB85 to 95 wt. % of the present
sul furi zed ﬁ@%éﬁ%ﬁ%ﬁ&@@ﬂ%éﬂw @%rﬁ%@&f‘éﬁoﬁwmwraowmra%wes to 15 wt.
% 25 of an inert organic liquid diluent designed for fornulation either

into an additives package or directly into the base oil. Additive packages
or- concent r #4VMBWES| so be provided for greases, though generally such

PaCKaDS 4 e S R 4 e SRRRIBER P Bl G
: mvention. It should be appreciated by those of skill in the art that the techniques
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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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, |oconotives, power plants and high speed
autonoti ve di esel engines, 22 gasoline burning engines and conpressors;
functional fluids including autonotive fluids such as automatic

transm ssion, fl uids, teering fluids and power brake fluids; gear
oils incl ud&@%&@%ﬁ@ﬂﬁﬁé aut onotive spiral-bevel and worm gear axle
oi I's which oR&IAlRnWIdeeEl (MR gsSsures, load and tenperature

condi tions, hypoid 5 gear oils operating under both high speed, |ow torque
and | ow spe@dturﬁﬁ@dlaﬂ@rl golesul Gdesdirarh oresting thobatylane svitht ly@drodenduBtdeiaad oi | s

and cutting Qils various add tiv eri.al s ot sses of materials
descri bed af§ ngmgggq%ﬁéﬁﬂ © T et p?ygﬁgPaﬁﬁ”%e“%?¥55¥gﬁn%y known
procedurgs or obvious nodifications thereof 10 and frequently are readily
avai l abl e from comercial sources. Alisting of various additives and their
function is for exanpl g descyihgd in cal ums S nd 10 of U . S. Pat. No.
4,119,549 and U.S. Patj} No. 7,486, heé orated by reference.
EXANPLES 15 The foll e&g@ples are kficljuded t nstrate preferred
~enbodi nents of the “invention. 81t should b apprecji ated by those of skil

in the art that the techniques disclosed in the exanples that follow may

represent techniques discovered-by the inventor to function well in the
practice of TypRallpiRE dtpounBsak busHar@vile +66 @&b%%c%% wﬁ&e‘%%ﬂ%}l' tute
preferred nodes for its practice. However, those of skill in the art 20

shoul d, in Megptapfs gereraedindhe fisit siepofollowed bppulémzatlen tdmbldnthrtyomﬁanges

b d h di
by ai n 201 RS, RECk Ay BORRITIG S b ey R Gt repformt e

scope of t heeparat@hfra@ions 3BdiGamts Aki-yefi desamp t&rPaendy (ﬁtmﬂyzq;fo@éamdéﬂ zed
i sobutyl ene Sat urat ed dial kyl a190| ysul fides fromreacting isobutylene with

hydrogen s uPPRRRINgs gan b Ewmsd ol hesdiepefioncpriadprts wern dweastesidedy Bol | owi ng
reaction Schﬁﬁ“?najor products were detected. These products are evidenced in the gas

chromatogram by four major peaks with increasing retention times corresponding to
15  thedi-, tri-, tetra-, and penta- sulfides respectively. The compounds were
characterized by the mass spectra; for each compound, a molecular ion is present (i.e.
1_7’8, 210, 242, and 274 m/z for the sulfides listed), and a base peak at 57 m/z
atfributed to the t-butyl fragment ion. These compounds are commercially available,
for example CgH 55, 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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5L HZS Sx 2. S8 Typically these conpounds are prepared via a two step
process where t-butyl nercaptan is generated in the first step, followed
by sul furization to yield di-t-butyl 10 polysulfides. By carefully
controlling reaction conditions m xtures and predom nately separated
fractions of di-sulfides, tri-sulfides and tetra-sulfide di-t-butyl

pol ysul fide . conpoun can pe forned. These reaction products were
characteri z L 22, maj or products were detected. These products
are evi dencq@tepa}aﬁdaﬁofgaguﬁiydqm@ﬁémo%@lémrxnmOr peaks with increasing
retention tinmes corresponding t di-, tri-, tetra-, and penta-

sul fides r e%@tﬁtqwlv alkﬁsallmrybbpn@slyw{@e ngkiaractebée fce‘dleti)bytcheng%s
spectra; for cular jon.is rese 17 210,
oo a2 748N eBRRRAT CopetrARis SR b ot B SR Natea St s
attributed takflhekenybptbihctd foR@BR Be préfRntedBSIRe LU EHe@Ee comercial ly
avai l abl e, - for exanpl e C8H18Sx where x avéerages 3 and 4 are avail able as
TBPS 344 and TBPS 20 454, respectively, from Chevron Phillips Chem cal
Conpany LP, Houston T¥. The latter herein as Conparative Exanple

A. 24 Conparative Exahple B s Rarati omg “éul [ i sobutyl ene conpl ex
m xt ures More conpl ex|l|al ky: ypel: poI ysul"fl de

1 Xxtures can be forned
by changing reacti ditions, tenpergture reactant ing or by
enpl oying a catal yst. The 5 alkyl- alkenyl products fofmed are presented by
the follow ng scheme: H2S/ S8 Sx x=1-7 These reaction products contain a
m xture of -al kyl -al kenyl type polysul fide prdelcts 10 with al kyl / al kenyl
di sul fide and al kyl/al kenyl trisulfide as predoni nate conponents. The
m xtures al so contain cyclic trisulfides, dialkenyl sulfides and
“di sul fides, Ttﬁlsé(lsehétthnqirkmﬁ coftain 8 A xfukd @ﬂmr&yldm&n@ﬁtyp@bbiy@ﬂﬁ@é PRIdus! fi des.

These pr oduct s were als
with alkyl/alkenyl disulfide and alkyl/alkeny] trisulfide as predominate components.

The mixtures also contain cyclic trisulfides, dialkenyl sulfides and disulfides,
-alkyl/dialkenyl 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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characterized by GCMS. The followi ng table outlines the structures,
identified from the nass spectra, for the majority of the conpounds
detected in a typical sanple; 15 included are the mass/charge ratios of the
nol ecul ar i ons observed, and the concentrations for a typical sanmple. 25
Tabl e 1. Sul furized i sobutyl ene conplex m xtures Sulfide Structure

(o) .
Mol ecul ar cslln?b %E W%E Yo f s 140 2-5 CSHI ZS ; Mel. W.: 140 SZ 176

15- 20 C8H16 igorgvlenecoppleomgRreRH-6ss  Mel . W .: 208. 41 r 230
1-5 cl2H279 il SthucBE - W .7 23074371 194 1%9,51 hum:é_:z 2, WL
262. 50 Commerci al I y available products are sof Oaé nll ub%%éée Vahder bi | t
Conpany I ng., Ik CT and Mobil ad C-100, Exxonl\/bbll Chem cal Conpany of
whi ch the ljatt f ed herein as |Conparative Exanmple B. Conparative
Exanpl e C Sul fyri %aﬁlson ofy;conmercial |yl avai |l & e triilsobutdfene
Mol. Wt.: 140 i
\]/\Sz
S, 176 15-20
Mol. Wt.; 176.34
Sy 208 25-30
CeHi6S;
Mol, W.: 208.41
Y\S \\\ .
5= 230 1-5
! Ci2Hz28; i :
Mol. Wit: 23043 i ]
ClezzS:s
Mol. Wt.: 262.50

Commercially available products are sold as Vanlube SB, Vanderbilt Company Inc.,
Norwalk CT and Mobilad C-100, ExxonMobil Chemical Company of which the latter

5  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%
10 methylvinylidene, contained about 45% 2,2,6,6-tetramethyl-4-methylene heptane and
about 53% 2,2,4,6,6—peutamethyl-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 fo those described in example 2. Afier about 6 hours
at about 180 °C (reflux), the yield of sulfurized products was 4% which included less
15 than 1% of 4,5-dialkyl-1,2-dithiole-4-cyclopentene-3-thione by GCMS. The alkyl
_ _ Yy



A typical comercially available triisobutylene (TClI Anerica) having | ess
than 2% 10 net hyl vi nyl i dene, contai ned about 45%

2,2,6,6-tetramet hyl - 4- net hyl ene heptane and about 53%

2,2,4,6, 6-pentanet hyl - 3-heptenewas treated 2.5 nol e equivalents of sulfur.
362.99 (2.16nol) of the triisobutylene and 173g (5.4nol) of sulfur were
reacted under conditions simlar to those described in exanple 2. After
about ‘6 hourgoupsongdhefithioltuene wartbriyl andacqpealydapgviduicedi heamass oduct s

was 4% whi ch,Lb 1SS % -
&5 il kyl P35 gy FRR EgacOnt BACHE R, 260 iz and foggpt o, 7 452,405 26
groups on t R7dantdildolmtzhi one were t-butyl and neopentyl as evidenced in the

mass spectrum whi ch i ncluded the nol ecular ion, 260 nlz, and fragnent ions
57, 189, 203, 227, and 245 mz. 5 Preparation of Sulfurized

Pol yi sobut vl 8pg,04b8 0Bl Rtd beyiswa&gzahé @m;gom@sa@? Einterdfloppar ation of
pol yi sobutyl - 1, 2-di t Hi ol’e- 4- cycl opent ene- 3t hi one "PDCT" m xtures froma

hi gh net hyl Bxampild Hi ne C8 - C32 pol yi sobutene fraction. 1904.8g (10. 7nol) of

a high nmeth vinvlidine.con t, l.ow o) ecul ar . weight PI,. , havi ng a
nunber aver ﬁiég)aﬁ%?lo Coﬂipgfylﬁo\épéﬁ—ﬁ ’26?1%9@24‘%99&‘ eﬁﬁ?gﬁpnﬂap Hyture
vinylidine denighaneypMpiQR Cf Logbbaikoblicaashom goner of appr oxi matel y
16 wt. % CB8H16, about 41 wt. % Cl2H24, about 26 wt. % C16H32, about 11 wt.

% C20H40, ad&0f-8g (1Gwmobofa highgnethrviayisline conjgnt low ardssmérmeight PiBce
nt s (qf ' by t h d |
Pronet; 481 e S RS DA AGkARLEER e DT 00 BIARLARY AT P2 o

charged to aifyliditeafonsha{ant asseigitdeictiaubDelch vl gorhbeofaippasdiayelwaswt, b4 ushed
with nitrogen, and then sealed. The reactants were stirred and heated to

200C over &bt BBOHAME: FieHee AR 26 i afasHih abruial AttaafedetitseA 200
and 220C urgles, @yHOOSAPHSPS SSHIC, 0N RelIUE S RHGIL LAt LS REESAUT 11

t he autocl ave dl%“_no exceeg 200psi a. e reaction was“c to anbi ent
-t enper at ur e bargds threnatrigrgibanead 20claasnametie tesbimea ghectrosapsy mod BT .
24409 of _a dark r dlgl;u{/was di | ut ed_w ent ane, filte&ﬁd and then

¥ sy %

stripped>t o % e chpgediiaa 5 E?%Qt&}rﬂ[i%a sisgl dggelaye £l autgelayswps 2 ed
wi th a LECOfcheddviM hitkgeAal Y#& sch¥d ARV I AR weRNGird 8 -andtheated 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 é.nd 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? :
Preparation of PDCT mixtures from a high methyl vinylidine C12-Cs; polyisobutene
fraction:
497.4g (2.51mol) of a low molecular weight polybutene that had been distilled to
remove the Cg isomers, 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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of the PDCT's of fornula | as characterized by GCMS. 25 Exanple 2
Preparation of PDCT m xtures froma high nethyl vinylidine Cl2-C32
pol yi sobutene fraction: 497.4g (2.5l nol) of a | ow nol ecul ar wei ght
pol ybut ene that had been distilled to renove the C8 isoners, having a
nunber average nol ecul ar wei ght of 198 and 73% 30 net hyl vinylidene
content, and 201g of sulfur were heated and stirred, under a nitro

at nospher e, thiough therissse! grdhassubberideseactants Vergdieated i tshue ahiabentd SHE%hanl cal
stirrer, he%er{raaévh%azeﬂ% 786 O BYE-a LETBEAR | BoB0 Ry AdrEheld a?ﬁbobéf for
condenser nitrogen 1nlet, and caustic scru 5 e SWee

ni t rogen waszboori( mirmirs| memh%aﬁatZZO‘tm famlﬁlhcmhe Nﬁ&&ebh@m rscmubber The

reactants were heate eflux at, a 180G, . then ed to 200
Cover ¢ ortegrta deeadbu ip el HEALoRE hegtan st G tubek

m nut es, st NeRatbRAbRMs Bhrtl? %@Qs&l%nt%vzé rE‘rﬁH‘l}&i to'%’ﬁél@ U4 @Q bi 8ark Ped, Q/?ﬁbus
tenperature the product was luted with hept ane and filtered

t hrough 5 dlcakfbmmde?ér&%sulﬁhe sol vent vvas rem)ved to yield 447.4g of a
dark red, viscous oil that contained 23.8% sul fur. Exanple 3 Preparation
of PDCT from | sobutene Tetramer 10 A distillation fraction containing Cl16
i soners, thaixahiped sided about 66 wt % nethylvinylidene, from polyisobutene

was sul furized in a manner simlar to exanple 2. The products of this
Exanpl e meré*@ﬁﬁﬂ&@ﬂéﬁi¥éﬁﬁﬁyl@@@m@WHEW@ﬂ@graphy mass spectroscopy (GCMVB)

anal ysi § T%d{sﬁ llzt?éﬁ f?zﬂ:tltoﬁl%lﬁ i %t@lls %%H}@PS fifal n%iud%&a out%g%vqt‘yor enpi ri cal

formul as, nass rat os Serve and wei ght 15

percent of tﬂmhymh@hdém, ﬁbmtﬂwylﬁmwms Ivteis@ﬁl-fuﬂ_@ﬂhﬁaznanﬁbﬂ diithzedxa@plkt i on
product from high nethyl-vinylidene isobutene tetraner Sulfide Ml ecul ar
lon, mz vxe.?gﬁlihe%r@simofltb% xpmpletwere charggignzsyl byggs chegmatography mass

spectroscopy (GCMS) analysis. The following table contains molecular structures or
empirical formulas, mass charge ratios for molecular ions observed, and weight

15  percent of the majority of the composition.

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

Sulfide | Molecular lon, m/z | Weight %
CigHasS 252 1.2
CigH328, . 288 : 1.5
CiH2sS, 284 3.2

316 38.3
(Ci6Hz3)2S, 514 15.4
(Ci6H33)2S5 546 3.1

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



Cl6H28S2 284 3.2 R S *A2 s 316 38.3 S n=QL RIH CH3 (Cl16H33)2S2 514
15.4 (Cl6H33)2S3 546 3.1 20 The

pol yi sobutyl -1, 2-di t hi ol e-4-cycl opent ene-3-thi ones, wherein nis zero RL is
methyl and n is one Rl is hydrogen; are the najor products and account for
about 40% of the product by weight; the mass spectrum of this conpound
exhibits a molecular ion at 316 mz with a 34S isotope peak (m+2 peak)

cor r espondi 9§ thedRGF eas suintanse 143 ovis ipgmentopepedke Thndi-teiraigolerivl- i ons at 41,

57, 148, 18 n 3 niz. act.eri sti 28 of, the P »S.1S .an i ntense
24 s 11 adnonnAgs e s Rl AGH PRI coffoti Smicrbet i wed R Petithie
second nost naRyRERFLmAeNHe dnU idexhiliRgeRd mbRchiBLioRiak b LA 8i/z Wil the¥iss
spectrum for the disulfide exhibited the nolecular ion at 514 nfz with the

34S i sot opdSofpsIPcElp FYESHIHINS BV i fus @tanay P mETecule pnGrERERgNdong#Hd f r agnent
lons at 41, 60, 9. : | &y t the

yi el d of '§P "?’c’gghﬁg’ %‘gd l?ﬁgzégggﬁ%?g{egé%g%én@gﬁ% @E?ﬁ%@%i on may be
purified, fdncreasedrilhe coypodidstafithiatinwention makbe paiidHel, dphaxaniptabpl e 4 10
Purificati ora_ o.E tpoI [ obutgl -1, 2-dithiole-4-cycl opentene-3-thiones (PDCT s
of Exanpl e disfillationy rfglf%m?t #P%anpl e 1 was purified by HPLC on a silica
gel colum. The colum was flushed with hexane to renove unreacted HR PI B
and sul fur containing conpounds other than PDCT's. Fractions containing

t he desiredEdambledt et hi ones were 15 col | ected usinghexane: ethyl acetate 9:1
as el ue%. m

%rqg\c/a%{oncgf p(s)gzlis}(/) Gttyl-fl ,rZQdit}?iofa%—cscz)Jlopent_ene~3 -thiones (PDCT’s of
Example 1)
A sample from Example 1 was purified by HPLC on a silica gel column. The column
was flushed with hexane to remove unreacted HR PIB and sulfur containing
compounds other than PDCT’s. Fractions containing the desired dithiolethiones were
_15' collected using hexane:ethyl acetate 9:1 as eluent. Removal of solvent from a set of

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 o1l comprised a lubricating oil and additives in their typical amounts for
particular purpose; this included a Group II base oil of a viscosity grade of 5W20, 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 2 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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fractions yielded a product that contained 88.4 wei ght percent of C8,

12,16, 20 PDCT's by GC, the product contai ned about 33% sul fur.
Performance Exanpl es 20 The foll owi ng exanpl es tested the antiwear
properties, extreme pressure properties and oxidation properties. The base
line formul ati on enployed a fornmulated oil. This fornulated oil conprised
a lubricating oil and additives in their typical anounts for particular

pur pose; Eé_lilﬁﬁléudeéﬂfi"v@aéﬂﬁpleﬁl@éase oil of a viscosity grade of 5W0, 3
wt. % of a g\gﬂ%zgpg;% wei ght post treated et hyl ene carbonate

bi ssucci nimd i sper sant 1 w. %of alow overbase TBN 17 cal ci um

sul fonat e, ZhdFotr. B Weaal¢st ghs pmfamlmls'ﬂ aﬁmdn&mnﬁaj ol ARTHeHaT2 (4-Balb W %

of a secondar al cohol % of am ne anti oxi dant,
and a vi scog’e > 4s4lgaspbe %%P Ver ”%F%Oﬁ%?%ﬂly’éa]? {]séiyﬁh&k’efir‘cé’ﬂlol:’%m?@r ein as

a | ow ph535DQQHBH@c&ﬁﬁ@ﬁh@?&gﬁfeﬂ%@c&rﬁ& 95‘@§Bﬁﬁ’l%quﬁx£tﬁ%%n5nd§ appr oxi mat el y
0.08 wt. % on the basis o otal phosphorous in’the Tubricating 30
conposi ti oncomﬁlemmveﬂ@lmlfunménsoputyimb(Cemparﬁtmr EBambIe Wgawertdst- The

in a manner simlar to ASTM D-4172

I(:ZuLa:B?I I - P%tegﬁ’sf%ﬁﬁgsé}‘ﬁ%@ Oé%ra%gwm%&%mgv%g%se engine o1l at a treat Tate

pol yi sobut ybfd.22o dic me@gmpérc@mbmemo%@omﬁnﬁromb@cnﬁu@qmmﬂgwmcepar ed -
according to Exanple 1, Exanple 3, and a comercial |y avail abl e Sul furized

i sobutyl eneta@t%rﬁi@ﬁfafqméla@déﬁﬁww)ere gedan pp pxidetierpbaih coptaihes Hagddiallne | ow
phosphojus t 8 il at A48 2 to 0.25
wei ght %@r cgéjagn%gg’ fi)*?g H(g%%]/gtﬁo%r(rjru ﬁ} ?ﬁﬁfﬁ%ugé’gﬁl di nvé b’flgﬁlteﬁ?m&ﬁq %\?\A%IIQ t abl e.
These for wmﬁésedgé(esms WireSest@l ¢h agedlliveansippaiatisaRindattd, Caasd aund; ng st eel
ball 10 bearl ngs, .for 48 hours at 160C with 15L/hour of airflow bubbl ed
through t he9%kg load v arplisd dry stages satias dom bikeomitt 10kmimprempatsrat f 804

t
AR R R b R R S G i S

wear index was cal cul at ed from novement of the load arm 15 Tabl e 3 shows

the Wea[S te tble% Hclngvss tthe%r ers? %gglttss Tﬁe pro uc S o?ExamSl %@xamp e Were

both more effective at controllmg 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 Exﬁeme 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-
o 30



~both nore effective at controlling wear than the baseline formulation al one
or the baseline with Conparative Exanple A which in contrast, gave
performance worse than the baseline. The product of Exanple | gave
significantly better performance conpared to the baseline. 20 Table 3.
Wear index results SAMPLE Treat rate, %5 basis War |Index Basestock (base

line) 0 179 e.l' 0 059 82 3 0,039 165 Co ative A' 0.054
331 Added t%e%gggbt%b@ﬁes ?“1% %Q&Wl@%%@ﬁ Wrigh Pt Fféatﬁreggg%ﬁees: 25

Fal ex ExtrenBrmdileses Wsolakret®preldi@d PR BELS (afs atPhdictd FXGR! e 3, and
Conparative Exanple A were tested on a Falex extrene pressure wear test

appar at us. ThRPBRerpEsy, upderdedorpdsdoad wnt retatine of Gedbic ar 290 rotipas perymiafitean oi |

under high i.tions, The.sanpl were to QO treated to
he baseat ookt 2RawaP HR3EE. BEAE S bORY o MpRRen St PRiatft. Tinasdfs
formul at 6d tsheswn as Wweigheloss 6pthe Pirtatagechd offike fedl, BXad REhuSe WEKEEpSRNMIGIEd at
room tenperature, under 400 pounds |oad and rotation of the pin at 290

rotations pdloRiditie&nd af thedest.train Fablg Hulhsgorr trstatt pFbasle hegwmiraraivai nut es
at 250 pounds,hoRdy JJEGE h&fild (Mp i | [n at the
end of the test,8 Qraas sg?zur{eslﬁ?mtﬂﬁ)éégar 50%\%\% elggé(f)alpl‘oi%?y(?f;th%%gsegﬁ% of the
test, are i sudathhieseurddhd oopedur.eat ment of both the conparative exanple A
and the product of Exanple 2 inproved the | oad capacity of the baseline
such that seizure did not occur. 10 Table 4. Falex Test Results SAMPLE

Treat rape, T4Ble®riMk TebfeSu9) W Loss (nmg) basis

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

| Basestock 0% Y n/a
(baseline)
Example 2! "TT0.060 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 - onan FZG gear 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 propérties of the compounds of this
mnvention. 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. In the shock load method, the gears were loaded in stages, 'starﬁng with load
31 '



Basestock 0% Y n/a (baseline) Exanple 2 0.060 N 35 Exanple 3 0.039 Y n/a
Conparative 0.054 N 18.5 Exanple A' 1 Added to basestock oil Exanple 7
Gear Test The products of Exanples 1,2, and 3 and conparative Exanples A
and B were tested 15 on an FZG gear test rig nodified for "shock | oad"
conditions according to the procedure described by B.-R Hohn et al in
Scuffing | oad capacity test in the FZG gear test rig for gear |ubricants
wi th high EP@3gedf sriHdNdBm adsanoad sitfagqyse mpuffad. Calde Sicapeingdes Shal

osium o RRNG t of tive Fuels and Lubricants
fﬁ?ES May, ?8%@%Sﬁﬁ%é%%egorﬁﬁgﬁgﬁgﬁ?hgﬁgﬂ&%é?' ock Load" Gear Test 20 was
performed to evaluate the antiscuffing properties of the conpounds of this

i nventi on. p Gl f anples 1 through 3 and two comrercially

avail abl e’ gggkﬁ{€g§d8$§%ﬂ&%§ﬁ? &St Conparative Exanple A and Conparati ve
Exanpl e B. The FIGQ {garglest enployedt ifiddiver a WSOy in
Chevron 600 neutral oil. ASTM D 5182 deta??g%t%]ge staﬁé@?? procedure and
equi prent for the|FZG Load Stage 25 test| fallnretdveusétock | oad net hod, the f
gears were | oaded Hs—stages;—starti-ng—-wth—toad—31-stage—t—unt 10 Mmoo
a gear tooth surfaé@a gygcuffed. Table b contains the test results, shown

as the stage at whiggh, i TaiTure occurfed: " Tabre S;FZG™shock pad" gear
test SAMPLE TEST RESULT - Stage at _which| failure occurred Exanplp 1 11

Exanple 2 11 Exanpixenpls3 8
| Comparafive Example A 11
Comparative Example B 11

5

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 o1l. 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
' ' 32



Conparative Exanple A 11 Conparative Exanple B 11 5 The products of

Exanpl es | ‘and 2 gave performance conparable to the commercially available
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However, it} is contenplat¢tadihat at c¢@igent r at | pRsodf S(HafdfFaigr ept er than
1.1 and | esls—than—21-8-thelconposi-tionsof Exanples 1 and 3 wouldf pass. 25 A
second t est| YREPBREYr med ! usi ng,the llowest amolnt of al comrercially |
avail abl e p}g,pdqhbqéACorrpar ative 'IJ—_’xarrpI e B tlo paps tis festt®Yo phss,
Conparative Exanple B _32|required 1..7% sulfur] As shown from Tabl e 6,
Exanpl e 2 pribsengdell superi or gedl pr @t ectdon atp 138% sjul f uFajl N conpari son
t o Conpar ati-ye—Exappl-e-B—+ntact—att-this cohcentration of addjtive
Exampl e 2 3 %@5@? y of Sgorind2Areal% daa is|thP8e tfi nesFail ower then
Conpar at i ve EXaiRhdy B © Jable 6. taz Test Resplts

1.7 14 21 Pass

Example B

Example2 1.8 5 6 Pass

Example @  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 steet
from PCS Instruments, and a .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 ZOOMS, following a break-in period
15 _ of 5 minutes at 0.1 Newtons and a sliding speed of 2000mm/s. Teét results, in Table 7,
show the wear scar generated on the ball béaring as measured with an optical
microscope by conventional methods. Reported are the average wear scar from 4 test
runs. Tests results from 2 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 af 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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SAVPLE Treat rate, %5 Scoring Area % Result basis Ring Pinion (Pass/Fail)
Conparative 1.1 11 12 Pass Exanple A Exanple 1 1.1 27 33 Fail Exanple 3
1.2 33 39 Fail Conparative 1.7 14 21 Pass Exanple B Exanple 2 1.8 5 6
Pass Exanple 9 Mni-traction Machi ne Eval uati on The products of Exanple 1
and the product of Exanple 4 were evaluated using a PCS 10 Instrunents
Ltd., Londo Tract on Machine (MIM triboneter. The MIM
tribometer araasgﬁséMﬂ\ét?%r?H %in pin on di sk node using polished disks of
52100 steel| Saiaen PCS | nstrumentwe, og@aghiavPinlfogl NCH Sﬁ@a&'semmyba' beaying,
al so of 52100 steel from Falex corporation, in place of a pin. The test
was conductjed at 100 C for 40 erutab@llat 7 Newt ons load at a sliding speed
of 200mM s,~foltov ng—a ot eak=th pclr 5—m and
a sliding sp%Xe E?VIIZOOOmﬂs Test resuqégt/? n Table 7, sho he wear Bscar
generated qQrEdhgpibal | bearing ds nmeasyreg:w,th an optl cal™ j£roscope py
conventiongl_nethods. Reportedlare the average weall scar from4 test funs.
Tests resul|tBampded a comer ci alll y availl%tatéézi nc di 't hi ophosm‘&t e are

i ncluded fig < bug‘%)gl -soh purpose |||L—1C¢r Hl f)bl. of I._I\Ulllr.ll € A%if{;r ded

superior wgar ction 20 uncer the ions of this te roduct | from

Example 1 empasted at 3 different qopgerirations 1 n Chevipn 100 neagral

p:

“oil; produdt.fromExanple 4 was tested at equal._sulfur conpared to expnpl e

1 at 1.9 WEIijTR%olS 3secpainy akokitinedithiogsuphae Ganmp kec-Wtandkeaddi ti ve in 100
Wear Scar ( gmjthylisobutylcarbinol) and employed at a concentration of approximately 0.2 wt% in
terms of phosphorous.

5
As shown from Table 7, the product of Example 4 unexpectedly vields 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

Ex_ample 10 Oxidation Test
Oxidation studies of the product from Example 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). 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 2psig O, for the test results reported in Table 8. The time required for 250
ml of oxygen uptake for a 25 g 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  in the following table. |
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Baseline + Exanple 2 21.7 Increased 02 uptake Baseline 13.1 Baseline +
Exanple 2 28.6 35 CLAIMS: 1. A conposition prepared by sulfurization of a
hi ghly reactive 5 polyisobutyl ene having at | east 25% of a nethyl vinylidene
isomer and wherein the polyisobutyl ene has a nunber average nol ecul ar

wei ght in the range of about 120 to about 600 with a sulfur source at a
reaction tenperature in excess of about 175 C. 10 2. The conposition
according to Claim1l wherein the polyisobutylene noiety is selected froma
m xture of C8HL6 to C32H64 oligoners. 3. The conposition according to daim
1 or 2 wherei grlalmgRol yi sobutyl ene conprises about 5 wt. %to about 20 w.
% C8H16, about 35 wt. %to about 15 55 wt. % C12H24, about 20 wt. % to
about 30 wt . 6 CLORE2mAbRish pitphed B4 &ffuABRIth of8 Hifnly edsRaio, about 2 wt
%to about 8 wt. % C24H48, and about O. : out w. % C2H56 and
l ess than 2 wt % mﬁﬂwobmyleﬁhbammgrpblsaat i26% asfwoetdylrvglydldera laormnlanmer ein the
reaction is carried outth fi gwb] Watm) eric press ?lrglilt 31
conposi ti on accor dAGILPEPSIFCRURRE aﬁaPH@ Broarvﬁa&?ﬁlﬁ at

sel ected froma m s 8f HouCl20Réatont ERRWEA aQLirgOmRES at25ea@t10ﬂ_he

conposi tion according to Caiml wherein the polyisobutylene moiety has
about 40 to 95 % miEmpraiRyD pxeaeof dwmkt 7S . The conposition according to
Claim1 or 6 wherein the polyisobutyl ene noiety has about 60 to 85 %

met hyl vi nyl i dene isomer. 30 8. The conposition according to Caim1l wherein
the poligi sobupyl enEhé\a@nposnmmrﬁ@e@rd@woatgglmmﬁwlﬂﬂle\wgmmﬂeﬁmof@gﬂge of

about 150 to about 240 36
1s selected from a mixture of CgH ;4 to Ci2Hsa ol1gomers

3. The composition according to Clatm 1 or 2 wherein the polyisobutylene
comprises about 5 wt. % to about 20 wt. % Cghl, about 35 wt. % to about
15 55 wt. % Cy2Ha4, about 20 wi. % to about 30 wt. % CisHiz, about 8 wt. %
to about 15 wt. % CseHyo, about 2 wt. % to about 8 wt. % Cy4Hag, and
about 0.5 wt. % to about 2 wt. % CygHss and less than 2 wi% C3:Hes.

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

is selected from a mixture of C;3Hy, to CipHes 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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9.- The conposition according to Claiml or 8 wherein the polyisobutyl ene
has a nunber average nol ecular weight in the range of about 175 to about
225. 10. A conpound of Formulal: R nS mS 5 X FORMJILA | wherein R,
is hydrogen or nmethyl; 10 Xis sulfur or oxygen; mis an integer from1l to
9; and nis O or 1; and when n is O then R is nmethyl, and when n is 1 then
R is hydrogeg. 15mjleompbgusitieadid Crah dongwheeinhiad poyiQbubRahAR aR, 1S
methyl and X is sulfur. 12. The conpound according to Caim 10 wherein Rt

- is hydrogen and Xi snurshdrfauerag® thol@ulaf vesigho irpihe nahgaof obdit g5 toal@uai2ns. 10
wherein mis at least 2. 14. The conpound according to Caim 10 wherein m
‘is an integer from1l- to 6. 25 15. The conpound according to Caim 10 or
14 wherein mi ?O_an A%ﬁ.g,%[mé beRIiRr:S. 16. A process for preparing a

sul furized ol efin conposition conprising: reacting a polyisobutyl ene having
at |east 25%of a methylvinylidene isomer andiwherein the polyisobutyl ene
has a nunber average nol ecular 37 weight in the range of about 120 to
about 600 with a sulfur source at a ctiontenperature in excess of 175
C. 17. The process of Caim 16 rej obutylene noiety is

sel ected S

S
5 X
FORMULA I
wherein
R; is hydrogen or methyl;
10 X is sulfur or oxygen;

m is an integer from 1 to 9; and
nisQor 1, and whennis 0 thenR; 1s methyl, and when n is | then R,

1s hydrogen.

15 11.  The compound according to Claim 10 wherein R, is methyl and X 1s
sulfur.

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

sulfor.
20 7
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 cdmprising:
reacting a polyisobutylene having at least 25% of a methylvinylidene

isomer and wherein the polyisobutylene has a number average molecular
' 37



5 froma m xture of Co5H16 to C32H64 ol igoners. 18. The process of C aim 16
or 17 wherein the polyisobutylene conprises about 5 wt. %to about 20 wt.
% C8H16, about 35 wt. %to about 55 wt. % Cl2H24, about 20 wt. % to about
30 wt. % C16H32, about 8 wt. %to about 15 wt. % 10 C20H40, about 2 w. %
to about 8 wt. % G24H48, and about 0.5 w. %to about 2 wt. % C28H56 and
| ess than 2 w % C32H6 1 aces i e t he
pol yi sobut yl ene noi etl%/tm %er 86 trlts)zr(r)ﬁ %”@t‘slq?r)‘em%lfa%ﬁﬁg@% étr(]‘}32H64

ol i gomers. 15 20. Eﬁ@upﬁ&ﬁ@g@umklﬁkaba$bﬁ1mﬁﬂ1e|n t he pol yi sobutyl ene

noi ety has at |least 50 % nethylvinylidene isoner. 21. The process of Claim
16 or 20 wherein the polyisobutylene noiety has at |east 70 20 %

met hyl vi nyl i dgpe

ol y! sobutyl end: had A PRESes CHTuTESaRRSh Beari Rublattfotvle st o

about 1% to aboutﬁ%ﬁoaaﬁxﬁﬁhoﬁm@{@hpgg§§4@ﬁgdﬁgmln 16 or 22 mhereln the

pol yi sobutyl ene has a nunmber average nol-ecul ar weight in the range of

about 175 to about 225. 24. The product produced according to Caim1l6. 30
25. The produgly progieed acsesdhng of &7 hakfiuthoridfutinl UBIISALLAEs
conposition conprisin 3'VIS osity; _

sul furized ol efin mte?daﬂoeaﬁohlyzawa% OgHmaakﬁmlt gb smb)attg!h‘leacm SBamti %gﬁ;aﬂu, I east

narber aver age. ol SEONGAD Wk PoHR ARt Shut g aroubht. % badst SRt Pe00
with a gyl fur sourfc%dg;o @ooge@%' ANoBURSY AL Y1 €0, R SBGRYS HL AT C o an

ashless di sper sant t er gent
about 2 wt. % CysHsg and less than 2 wit% CaaHgs.

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

from a mixture of Cj3H;, to Ci;Hes 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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e. a netal dialkyl dithiophosphate. 10 27. A gear |ubricating conposition
conprising: a. a mgjor anount of oil of lubricating viscosity; b. 0.5 to
8.0wm. %in terns of sulfur content of a sulfurized olefin prepared by
reacting a polyisobutylene having at |east 25% of a nethylvinylidene

i soner and wherein the polyi sobutyl ene has a 15 nunber average nol ecul ar
wei ght in the range of about 120 to about 600 with a sulfur source at a
reaction tenperaturls iasubhcaesiolefn gpiepar@l by ceacln®s polyiseb@tylsne hging at er s of

phosphorous content of a ast one .oil..sol ubl e phosphorous contai ning
conmpound sel ect ed froﬁ?aéﬁ%%r‘%ﬁgaanin@%‘ﬂ? ‘feélﬁésr?fréer&ﬂ@“glﬁ’fei‘ & agents; and 20
d. 0.04 to 1.0 wt. % ixBlyi@biE1& HASLANmEeRMse HloldmiA @bt iiicabhnhaifat e or
hydrate thereof. 28. The gear |ubricating conposition according to C aim 27

further conprising a@bpedgf tepkous 609 Methfaiulsnsavgeeatdireidnalterspirporeent s: 25
e. 0.1te 5 w. %based 1pgp+&-wei ght of said lubrication conposition of
at | east "one ashless dispersant; f 0.1 to 0.8 w. % based upon the wei ght
of said |ubricationc.canmassedsididpersaht;at | east one copper corrosion
inhibitor; g. 0.01 to 0.1 wt. % based upon the weight of said lubrication
30 conposition of af RestredHe®bam inhibitor ; and h. 0.01 to 0.1 wt. % %

- based upon the wei ght a%étﬁlaﬂiﬁkﬁdua{ﬂi&ﬁtoisﬁﬁte.COm:’OSi tion of at |east one

antirust agent. 39

10 27. A gear lubricating composition comprising:
a major 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;
¢. 0.05to 5.0 wt. % 1 terms of phosphorous content of at least one oil
soluble phosphorous containing compound selected from extreme
pressure agents and antiwear agents; and
20 d. 0.04 to 1.0 wt. % 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. 0.1 to 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.
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