~J. A (1979), "Engine Ol Additive Effects on the De

*METHOD FOR FORM NG TETRAOXY- SI LANE DERI VED 5ANTTVWEAR FI LM5 AND LUBRI CATI NG
O L COMPOSI FI ONS THEREFROM HELD OF THE | NVENTI ON The present invention is
directed to nethods for formng antiwear filns from 10 tetra-functional
hydr ol yzabl e sil ane conpositions, products containing hydrolyzed and/or
condensed tetraoxy-silane conpounds and to use in lubricating oi
conpositions and to the formation of protective filns, i.e. antiwear filns
in components to be lubricated therefrom More particularly, it . is
directed to a class of non-phosphorus and non-sul fur containing additives
suitable for use as antiwear 15agents, antifatigue agents, and extrene
pressure agents and di scl oses nethods for using these agents in

[ubricating of | cMRIEON ROR FGREKERONIICKOKNESIONENTHENIPlags phor us,
particularly the phosphorus deli Vered é zinc 20 di al kyl di t hi ophosphate

(ZDDP) , ®has been the prYIEWEARFIRMS LEPSICARNG QY- f or nmul at ed
lubricants for the past 50 yeaip ﬂ‘j'N ﬁﬁﬁ ested that phosphorus
may -poi son. catal ytic conver{éers gssgk on-gasoll ne%?\qel ed engines to reduce
exhaust ‘em ssions of unburned hydrocarbons and oxi des of nitrogen
[ Spear ot , F. (1977), "Engine O Phosphorus Effects
on. 25 Cat a@?ﬁ?@ﬁ&éﬁmﬁ mance in Federal Durability and H gh Speed
Vehi cl e Tests, " ThAret& Mimeibn P@@%teﬁ?@ﬁ%ﬁiod%r%ﬁlﬁ% Dntivear tﬁﬁ’tﬂﬁ'ﬁ% arot,
erioration of a

St oi chil Bnetétracfpsions] bydsolyzahls giane compodjesseprotugneonTaning hydiolRaper

790941; Ue L. chi and Aki yama,
K. (1994), RF?°$§§§§QP¥%§X¥ SandoplPdfis gy to VTR I Watingoit o Nonol Lo
Thr ee- Wy @ampbayam and to @eyg@mtBans praectiveAmd eehaiticddar RaRah 940746] . As

~the environnental j ons over ni tail pi pe em ssions have tightened,
the all omﬁP'é‘Pe‘&ﬁﬁlESéﬁgPé‘faﬁfHﬁfeéft E‘;Sﬁ%@ﬁhwgtﬁspwvéaﬁb@ Hds dirgcted thasiaseeh

signifi Can'&lbﬂ-ph@éiﬂlﬁﬁl@ and Ho4-BQFur c%%ﬁé@ﬁhﬁ%&%ﬁi%b%?ﬁ eﬁ%ﬁ&/gzs}t ent of
engine oil are likely in the next category aps 05 wt. %
Many pafti akonslantifabens agentst andmalemeemsm agents &yd chscl&ehmeeholfieécn partially
or 5 total ope approach.Zhang et al. [Zhang, Z.

Yamaguchi , lué g@eg%%s%alfﬂu cag%ﬂlgg%'wos‘ WS\ v Tribofil ms Generated From
ZDDP and ashl ess di al kyl di t hi ophosphate (DDP) on Steel Surfaces, Part 1,

G owt h, Wear, and Mrphol ogi cal Aspects," Tribology Letters, Vol. 19, 3,
pp 211- 220 BAGRESROY (iil[ﬁéwmﬂnd mor phol ogy of tribofilmns,

generated from g Rg%“ andﬁét?r?clfe Pﬂgsﬁﬁo%(agh‘;e%hgoeygmrubbl ng tinmes (10

seconds to 10 hou
20  dialkyldithiophosphate (ZDDP) has been the predominant antiwear agent in

fully formulated Iubricants for the past 50 years. Studies have suggested that
phosphorus may poison catalytic converters used on gasoline-fiueled engines to
reduce exhaust emissions of unbumed hydrocarbons and oxides of nitrogen
[Spearot, J. A., and Caracciolo, F. (1977), "Engine Qil Phosphorus Effects on
25  Catalytic Converter Performance in Federal Durability and High Speed Vehicle
Tests,” SAE Technical Paper 770637, Caracciolo, F., and Spearot, J. A. (1979),
"Engine Oil Addjtiv;a Effects on the Deterioration of a Stoichiometric Emissions
Control (C-4) System," SAE Technical Paper 790941; Ueda, F., Sugiyama, S.,
Arimura, K., Hamaguchi, S., and Akiyama, K. (1994), "Engine Qil Additive Effects
30 onDeactivation of Monolithic Three-Way Catalysts and Oxygen Sensors,"
SAE Technical Paper 940746]. As the environmental regulations governing tailpipe

emissions have tightened, the allowable concentration of phosphorus in engine oils



(0.1-5 w. % ZDDP), using atomc force mcroscopy (AFM, X-ray

phot oel ectron spectroscopy ()CPS), and X-ray absorption near edge
structure () CANES) spectroscopy at the 0, P, and S K-edges and the P, S,
and Fe L-edges. The mmj or conponents of all filns, generated using a
Caneron-Pfint tester, on 52100 steel are Zn and Fe 15 phosphates and

pol yphosphagf%eer. ﬁ&iﬁ?!ﬁﬁ@%@dﬁc@ﬂ.c Srlic e SR Eﬂéﬁ)ﬂ@ﬁﬁ cbhichBoftAgingeen
measured usi ng P K-edge NES and XPS profiling For "ZDDP, a very

si gni f i cantoiptredihlytie tifeident ¢atdgony, GO0, ta pethapkP.0f ortn®. af ter 10 seconds,
while filmdevel opnent for DDP is substantially slower. However, for both
additives, the average filmthickness increases to 600-800 A after 30

m nutes of rubbimgay pefislrseludiOnt exel whereQither®n, Be6f $hSiet@en phgiaBRbE Wear
properties of pure ZDDP_ and in conbination with DDP at different rubbing

limes and dSHEystipiRatesh i grerappiash Zbarpetalddhamed Z- Ifempgyachioling. Kagel under
al | condi tinsebfa, BeM ORTRREROLARRE R IDME ddERf1APENt 15 superi or
r, verse effec

to that 25 of DDP. Howeve as no a t on the perfonnance
of ZDDP whehialkfidithivphesphaiei{RBR) os GggbStifngs,Faett], DbRvihaWdae anded wi t h ZDDP,

t her eby redygci t he, amount, of tot sh Al roach that
reduce>s/ as%lﬁ’}%@&f’é‘} %ﬁg’g{;b rl\}ﬁlh?(@’a]:‘?‘l%ff’ Yol 42, 2 %%q§%§%8$ lates to
a conposi t i18p grdANBA Sofioldgof HiEHRR U efaAI R TDESP M 4 bepfRepul a:

[err] wherein [err] are independently hydrocarbyl groups, and X1 and X2
are 10 lOndepwiangopigutbingsimgnd Orpepandg te 0 Bourgrmid caceatiazengl at ed

ni t r ogen- cqptak Qi 0 I f . i phatic
Car bon at ong. 1 HoRZ Aotk AT, Pueribiliafn S rpiiRled il

c ?1 npr ihs es (@)sct&)ssngﬂﬂ’_sp,l”mﬁ phﬁerymﬁcgmipﬁ meﬁdedgél ﬁ:rucht;a (XANES) 3pécdrtoscg@9n d
phosphor us conpoun i_ng.a phgosphorus acid, osphoruys acid ester,
phosphor us %&bed(gg%l EPH %&?‘e@%qsi E\?Qtﬂiifi/% ng Rad %8#4'?4%6% ¢ MU AIBMOREHS Of #lhe
inventive CORROSHtAR st \CAmEOIRS1irS Btk [h PAOGLKA ke 2h ofd J6@! 1 N earth
metal salt of an organic sulfur acid, carboxylic acid, or. phenol. In one

enmbodi ént , phosghatesaed pplyphasphies iTheamerage thidkmessarfpirdss plospite films has

t hi ocar bamgt These., co itho u i Ry-PrQvi gi | ubricating
conpositi (r)nralbse%érrln(f a?“ﬁ%%ﬁ”%%’?#%%t%ﬁé%ﬂfga?{egag% ©f %@E& ? Srvgﬁferti es.
Speci fi cal | ygnifibigrt pledsphae il sbokit $00 ASBUKRfoems 8RErUI0 s2Ehnds, WHIRCHIR

hydraulic f|uids, which show enhanced antiwear and anti score perfornmance.
In U.S. Pat®yelopgenifonBBPaa substamiialhe slowsn dlosyer e fardpath additiisarthe es are
claimed for IS il j Q0 i it -havi I and
anti oxi dant Srso B0k e 6h0Rb0 Afick sY SRR PhBhE RS aci
and an 28t hdevdmgmdl orpieefeasizgdp| y 25 3, 3' -t hi odi propi onic acid and

N-i soei cosyl oxypropyl-1, 3-di am nopropane which is post-reacted with an

al i phatic al cohol, preferably ol eyl alcohol, an aliphatic am ne,

preferably a tertheGhwks fedderfd SO ZDHYP hdlif cehkhhRRPSBRITISE ar ef erably
a tributyl phosphite. The post-reaction product contains at |east one

ester, an dbffergpinbbing Hewp rohaencentsians oteat 2l besp.cxpaingd {1 ors fourd dhatBal |
test were Angeanl &mﬁﬂﬁﬁgr‘[ﬁe Bgrfélﬂl%nce of ZDDP as an antiwear agent is superior to that

25  of DDP. However, DDP has no adverse effect on the performance of ZDDP when the

two are mixed, suggesting that DDP can be used with ZDDP, thereby reducing the

amount of total ash.



‘30 beneficial antiwear performance. A supplenental wear inhibitor that
cont ai ns no phosphorus is described in U'S. Publication No. 2003/0148899
Al . This disclosure provides a lubricant oil conposition, having enhanced
wear - preventive characteristics for a diesel engine operating with | arge
gquantities of soot in the oil (soot content: 0.20-4.0 wt. %, and is
especi al | y sui t aphghbOHhnahabh 858 +Hd8ACEH | ¥=F di esel
engi ne equi ﬁped Wt h arlljpexhaust gas rec%gF%f{R%gg%?EG?g agg.%.nf]fal@ﬁe

cl ai med | ubMNPchAt4.834 relatnsio 8 cempesidomcainpsisiaghidde coiripouahppssdited ba

m neral andjarg. .hetic oil incorporated with at |east three additives
that are a sulfurized oxynol ybdenum 10 dit hi ocarbamate at 0.03 to 0.50 w.
% as Mo; a zinc dial kyldithiophosphate at 0.04 to 0.05 w. %as P; and at
| east one netallic salt of alkyl saljcylate selected fromthe group
consisting of a Ca salt of alkyl saficylat at 0.004 to 1.0 wt. %as Ca,
My salt of alkyl salicylate at 0.00f to 0.6p wt. %as My, and Zn salt of
alkyl salicylate at 0.006 to 1.BOOW-S-¥BRpsPAR® al | percentages bei ng based
on the whol e conposition. 15 Bench/tests in SRV friction/wear tester were
conduct%d. The above referencesgpkgrgely descrppe P- or S-containing

suppl enéntal wear inhibitors. Uﬁfort unately the tightening of em ssion
requirenents requires wear inhibitors with no P, S, and Zn.

Tri al kyl si | anes Ver e di scl osed to add thermal stability 20 to |ubricants
in US Patent NE™¥M572 791 and phenyltrial kyl silanes were disclosed for
oxi dation inprovenent in U S. Patent No. 5,120,485. Trifunctional

hydrol yzabl e silaneg have found some applications in fuels and | ubricant
conposi tions; UK. e And Roareindspen®ady diydiorabpgradu td%' mdKbares of an

or gani cyi t; b QM. LA | r a_ trial koxysilane for use in fuel
conposi %?on%%pg%a(? gﬁ%’%ﬁg% ‘%bgﬁs @’?g‘%&imééi’%@sgn v "P?Iﬂtf‘”in&}a(oxysi ly1)
al kyl pol ysasinigotied has: asbititast of helkadt i1 0laliphatigreaibps atonsd, Bdbmg

pol ysi | oxaneslép The bis.and.polynmerjc sil ane conpounds showed a reduction
in the Fal e0RYGEFN (e fveriivs copmostioptarthos rmprises £6) ¢ segond RheghamsPat ent

No. SU- 2459&&@9@pth&,lt,ha&@@ﬁxajeisééan%ﬁasﬂhsmsic%ﬁ@tm&ﬂsuiﬁé Q{gﬁosﬁﬂ _ea(gi ch
improve the antifriction and anticorrosion characteristicS o ?u ricating
oi | s when wasi phosphamaatid eoter, 2haHhosueiciyhialt, prdetivatil therb8h it owmr e

trial kogyor i .of the general fornmula (Al 3Si ere ALkO is
an al kgl)xgy gefqlg%gj?& ?@ggfvl?%ﬁ“fe QIAOSIgP ﬁ?ﬁﬂpé?eé@ WA Oé \é\ﬂéﬁq%ncti onal

group such easthsugsl sal ofNdnlatp GO @Rk, c&iox Al M), or phenol. IFHRAt Britain
Patent No. 1 441 335 discloses |ubricant conpositions to inprove

anti f at i guereROasTH; the nysetite mppsiigngunhsiepyntises{Era tivradmats. dhegol yner
derived f | i : - S i s Cl-24
S kyl Cor C3goLfibf SOk B orlink Mbridlilk L sl Rhd fithERE alidsy -

wher e al koxyidh ktianemleantiwasar propratiesy Spepfically; tsentpdsitins-diti@eCare vl ei n
the sum,of n.plus is.2,t.0 24.in the case of Rand 2 to 12 in the case of
R, 207 A iRctor Vdsadlic fuig, M@%ﬁogvnerﬁial?cegﬁgﬁwgsﬂn@Be%scoze@er&@wce-

di scl oses additives consisting of silane conpounds, e.g., a): R1Si (OR) 3,
b): (R)2Si (OR 2, _and c): R%S)GBSi OR where (R=H, C1.18 al kyl, C2-18

al kenyl , €648 arIw"L,?-S-al%?aemN;- 0564 %l aabwpir aptanbexitling poapettas ningaizmead, 0,
and/or S at . i i L0 r l...carbonyl .. alkoxycarbonyl,

al kenoxycarf%g%ny mgérmiz)%ly gé(b;?lggr agﬁilt{{'?é%ggfﬁ CBYEY aﬁ?é‘flﬁmxﬁh pgquft’r?ééyare (i)
| ubri cat i nghodactimnproduct bbmthichictrbolvGefdamnd engiee smiRMpretazislg 0. 05- 10 wt .

% the additjye(s): (ii). i taining. (A). the additive(s); (B
2 et el entabplprniotic BALBNONTISOq ey A BIPYha (B aRIPBAe R PR L[ &)
and (D) an Rsbrehéte®with 3R eLSRAE Gfoholl B&f@%ﬁiﬁted'rx b)ﬁ/lcg{mﬁ ﬁ?&ﬁﬁh&@ Love

cleanliness of the piston of engines and t bw a reductioh of
anount of pEYSTRbEasItGp Sxtaneneapl ess uicigenisticapdfeeatilen- t ype oil i ness

oY SERANGRLOhRR AS ST Py AR5 B S SRS 1

are also sald ve hig rictio
phosphonate functional group. Data from a Four-Ball test were given in support of the

30  beneficial antiwear performance.



"SUMVARY OF THE | NVENTI ON This disclosure relates to a nethod for
formng an antiwear filmonto a wear conponent, that is a conponent which
is subject to wear. This antiwear filmcan be forned on internal engine
conponents which are subject to wear, either prior to assenbly or forned
in-situ for exanple when a tetra-functional hydrol yzabl e silane conpound
is presented in a lubricating oil nmedium Accordingly, in a first aspect,
there is provided a nmethod for formng an antiwear filmon an internal
engi ne corrponentA sqmpengitalgveac Diitatr itrg cantsins ﬁapbosphozamisidms@mahn wear i ng

conponent i i -func dr oI bI e si.lane
conpound o?U fshggbd g?xgﬁo%(ioﬁ,ﬁﬁég@d’&ht[g VE‘?SH{% E‘dﬁsr E‘fm’tt RYr eof |
wher ei n eacdsmbokisioh 1S RRRABMY wetl-fet afivhcamPatBEstRE Bt EQRBLSkANY  Of
hydroxyl_, al koxy, aryloxy, acyl oxy, amno, nonoal kyl ami no and di al kyl

ami no: ~ and WGEFBE yatharesquanisics eh&otén the eil(gqot aoﬁtme@ 2O Wk Phamed is0
h by f f f db
t her eby Orégbé?:zd‘_l I%)s:ﬁ]et%lg A rQés 38: l?xﬂg]?g@é] %%%H&grgﬁiﬁg? ﬁ?e@elt%% fltecte y

heating (for exa rom I'ng an engl ne to
provi de a raqbippﬁgwuthdnrethdgaanecatoulaﬁ&sﬂi@l@smm Atieichgmedifubaicant oflr by the

addi tion of a su tabl cat etc In a secon aspect there is
provi ded a P’é’aﬂ pn B‘? par %ga%fﬂt%’énpﬁﬁ%‘éfsasmgﬁ ﬁ?‘iﬁrasryin ‘éo} ubri cant
conposi t i ofn e WA ot dasBthRIQHIHIEDMA 2k sAIARARE oQ%njn ' cating

Vi scosi ty; 5to 10% of a tetra-functional hydrol ane

b
conpourd s elitbiacadamatsrat 0103 te B ointh @fMt)mzmgdmﬂdy&hﬂhmnhowhla‘gechml ysi s
duct th t dent |
EEOZ(I;C hydr g:ar% q (%g\gvgu/%)asssié’l agg&%f)a?t 0&&‘?%%}%; P%W@Sﬂ g?lécty ‘f‘gsei?&‘s%?‘?%f?‘g ht yaﬁd

branched chié groalb kyﬂs;snﬁgﬁf@aja&ylt ofalkmanbgadelﬁyb 00&€y1.0 val %akYda, My YI al kyl
I‘OUpS havi ng one or nore substituents

and substit dr gcar byl
sel ec'tJ ed :‘rsg]rtrf’ﬁyg%; ?Ylatﬁl%k BR02 taQ R wiop %M&@n%Zﬁﬁﬁéﬂfikﬂi}dﬁéh%ﬂ%féﬁbndentIy

straight a r (‘fj@aglt g@_g

i nt eger of r@Jdetgotag c) g%h%%ho%%é) o?ﬁggﬁtﬂg%%%?&g ng % of an
al kenyl15sudiﬁndiltﬁstaenﬂRéfp@lcsazﬂWedetmederbrcondwteﬂSO to 3000 aver age

nol ecul ar wei ght pol yal kyl ene; wherein the percent additive is a weight
percent based upon the total weight percent of the lubricating oil
conposi tion; and'hepbswdeftflerdBs latdedy AeteriBOPDYUK-LOMARRGIsBSHIHBLASE W d

| ubricant to |ubricate an internal wear conponent surface of the engine.
One enbodi rEbiters. Unlpeenately thy Highigningot evisyien requirernets wauiresiyerrol yzabl e
silane co lqu t ting is
per o mod byt otk s'akd S5l BPRLH A8 i d B AE

f or mul 2Ped tedubkicotthizy USdBatentvids W%Sandiphpﬁﬂﬁﬁﬂ:tylsﬂdﬁs@#@e tisslosed for

maybe. | neoP BRI ITRTSNGEnG fh Potent NP Qb T Tl G FYSRGaPes. f ound
i n ot or Oisflsnes A diolRd fHHEShMISHRRNN SudldYrst 1AMRABGmEdRioht;AN8! PMe the

hydroly2|ngﬁgnd condensi ng step can be conducted in the presence o
cat al yst 4541 4B disclesss ddditive muistiresofan oogansnmiitvain i zratich dooelemtempl e may

metal wear paf e RRGE RS LSy PR R i o PRp R SR sas ildpglaees o

parti c@bar bs-{idkerysia) myrlaﬂizsmmﬁdas@@wlelw@&@k Mﬁlﬁh}ggr Fé moRidepound i s
sel ected frOfntlhe co%og 8 }he formula | or a _hydrolysis product
t her eof - o Polysiloxanes 1s and polymeric silane compounds showed a réduction in the

Falex 4-ball wear scar using the ASTM D 4172 test.

Russian Patent No. SU-245955 (Jun. 11, 1969) discloses lubricant additives
30 which improve the antifriction and anticorrosion characteristics of lubricating oils
when vsed in amounts of 2-35 % weight, preferably 5% wt are trialkoxyorganosilanes

of the general formula (AIkO);SiRR' (where AlkO is an alkoxy group, R is alkyl, aryl



(R)at-CCRi ) 4-a(l) wherein each R is independently a Cl_20

hydr ocar byl group selected fromthe group consisting of straight and
branched chain al kyl, cycloal kyl, al kcycloal kyl, aryl, alkaryl, arylalkyl
and substituted hydrocarbyl groups having one or nore substituents

sel ected from hydroxy, al koxy, ester or am no groups; each Rl is

i ndependently straight and branched chain al kyl, cycl oal kyl and aryl; and
a is an integer of 0 to 4. The acyl oxy-substituted silane conpounds
typically. ars F@%&h%&l& KRRt J%en&nm S35 Qlokss Suchha NILhEOSIKORH, Olhst i t ut ed
si |l ane conpouﬁ us preferably a; is an integer from1l to 4, and nore
preferabbyCNy 4, wth tetraal koxysilane being particularly preferred The
met hod for formng the wear filmcan enploy a m xture of the 5
tetra-functional hydrolyzable.slinme conmpounds or a single conmpound.

Addi tional |y, Gl SriRi $yasht ey 1@ BB} gRclbsustiteicantantrpotiiions ta surface of
an-internal wearing conponent of the eﬁ%l ne w
Ot

parti al | ipmoeveantifatipye edsitainiigagaet B é’éﬂ%ﬁ@%?éﬂf‘j@%’ﬁ?’éd by the fornula

Il 10ati Si 0 £=9an wh r BY).aviyar ed gzabl e noi ety
i ndepend}eg‘ﬂ J?ET" L atfislk g{ﬁe agggﬂ%g@gir?grﬁs%gﬁg o¥3 al koxy, g%yl oxy, and

acyl oxy, al&ﬁ%@@};ﬂllﬁbﬂyﬁ]k@tl mﬁﬂRﬁ}ﬂmeykabﬂbrdczgf dhmyaﬂ@épﬁmnt ly sel ected
fromal kyl, aryl, substituted al kyl, gg}t §u?) @I tu eecl sum rein the
subst i tu%hQXbenPQﬂﬁéﬂre&%Igﬁlpdﬁﬁe%e@Fe Ve m h d%‘ et her, anino,

monoal ky;lﬁ‘ ztodizﬁéh# e’b? ﬁ{&'zd@ 12GARkR of RFET Capt 0 "thi oet her,

acryl ox cyano, e, ylcarbonyl, sul fonic acid and phosphoric
acid; and n is an integer of 1, 2 or 3. 20 This further contacting

b duct ed prj )1 i i
i ol y2abl e SFPal SOEORT a0/ e O RGr Efse
subsequen, st fgﬁ&%ﬁﬁhu@@ v AR {SOR)gH) a(Rﬁ)gSnQ@Rﬁnaid d)ydrol yzabl e

si l ane conmpound. Uni'que wear fi ‘ms can be forned b ({J; glf(nbl nati on of
tetra- fL(R@)sS@.’thWh@:B (RVHK GhyzallyleCsisladwayl bapsti o ddhg £ 1y '

B?gd%?;oob%%%& 88 aneaf&ypa{lggpﬁ an%‘?E Qﬁﬁ@d%ﬂ{l{é@gﬂ;e%?ﬁg?&}% osur e fo-rr21e

an ant i wiedxytdrbon ORPYarB&IH Or agfloayczebdmﬁ;emarﬁs 5§ oyl Alsorcdaimedint | wear
agents, e. Z 30 Accordingly,. as enbodi nent of. t@ﬁ HP e(zge
di scl oswre() blbdmf@@t%kpoﬁfé’oél%néG%ﬁmb'rgefﬁ’é‘?@ﬁ‘eﬁ&%}’%‘?l 3 t hod for

10T M N9 e LRI B ﬁmﬁasﬂu%@émmﬂgi}w%&ﬁaﬁﬁ»@@@t@@@m&ﬂsl ng: contacting

a surface wear i ng conponéent of the eg%l ne with a
tetra- fwﬂrmhr:@s)adl abysércﬂl yehbﬂxexmm@msmbumt@ﬁ apdd)garseh-A1eef or nul a

Si-X 4 hyd duct th f dent |
sIeI ect e?ﬁgsrpr%‘ r 151be’r OV(%%E?%HE {?S%E’Fmﬁ rﬂ%l ?5939@&?5%&65%9 ggg; egcwyoxy

am no, nRAeRk-Kl1RW NRJAESLHSBdnktint aﬂpl’iwphc&ﬁudtyby dxwénﬁprﬂ@uw&gen‘rendenm ng
the tetra-functional silane to thereby forma film The te affunctr onal

hydr ol yzakgesiypandinesmipuunvers adiegeand Peﬂﬁlll?o‘}lé&f"rhﬁlea"flcﬂﬁ’r“FB ¥ oil medium
whi ch ey o0k 8l hrOhAS haif 9 nhl o/ iEn WRLOR 18king effects. |

SUMMARY OF THE INVENTION

This disclosure relates to a method for forming an antiwear film onto a wear
component, that 1s a component which is subject to wear. This antiwear film can be
formed on internal engine components which are subject to wear, either prior to assembly
or formed ‘in-situ for example when a tetra-functional hydrolyzable silane compound is
presented in a lubricating oil medium. Accordingly, in a first aspect, there is provided a
method for forming an antiwear film on an internal engine component comprising:
contacting a surface of an internal wearing component of the engine with a tetra-
functional hydrolyzable silane compound of the general formula Si-X4 or hydrolysis

product thereof, wherein each X is independently selected from the group consisting

5



be incorporated or affect the filmformation. Thus an enbodi nent is
directed to the products prepared thereby. A particularly
preferred product is prepared by the process of: 10preparing a |ubricant
conposition conprising: a) a mgjor anount of a base oil of lubricating
viscosity; b) 0.5 to 10 %of a tetra-functional hydrolyzable silane
conpound is selected fromthe conpound of the fornmula | or a hydrolysis

product thereof: 15 (RO) Si a OCR ) 4-a(l) wherein 20R is
i ndependent | é(f %{ th;gégu@mﬁﬂ m@ﬁcﬁtﬁ(ﬁmﬁlﬁddjﬂ dialyipngansi st i ng
of straight an nche

chain al’kyl, cycloallc al kc cloalkﬁhn aryl,
al karyl, ar yMIHngolym@ w@bsmdmmg@lmm- tiong] Sléﬂ%%@e Vg HEor nore
substituents.s ed from dr XY, [Oths; 25R1 is
|ndependentI§h°§'ty(r35qtll§t‘ﬁmgﬁan 3]ﬁl§ﬁ %ﬁggﬁ% %E[qlrea C%gggg |%and aryl; and
a is an integph A t0G0d Y by operating an engine to prov1de arubblng underload on at

least one contacting surface, or by the addition of a suitable catalyst, etc.

In a second aspect, there is provided a product prepared by the process of:
preparing a fubricant composition comprising: a) a major amount of a base oil of
lubricating viscosity; b) 0.5 to 10% of a tetra-functional hydrolyzable silane compound

selected from the compound of the formula I or a hydrolysis product thereof:

(RO—-}a—Si-'(—OgR1 )

@

wherein R is independently a Cj.20 hydrocarbyl group selected from the group consisting
of straight and branched chain alkyl, cycloalkyl, alkcycloalkyl, aryl, alkaryl, arylalkyl and -
substituted hydrocarbyl groups having one or more substituents selected from hydroxyl,

alkoxy, ester or amino groups; R; is independently straight and branched chain alkyl

cycloalkyl and aryl; and a is an integer of 0 to 4; ¢) 0.5 to 10% of a detergent; and d) 1 to
20% of an alkenyl succinimide dispersant derived from a 450 to 3000 average molecular
weight polyalkylene; wherein the percent additive is a weight percent based upon the
total weight percent of the Iubrica‘ting oil composition; and operating an internal
combustion engine using said lubricant to lubricate an internal wear component surface

of the engine.
One embodiment is directed to wherein the tetra-functional hydrolyzable silane

compound is in a lubricating oil medium and thus, the contacting is performed by via

the lubricating oil. The lubricating oil may be formulated with other additives such as

dispersant, detergents, anttoxidants etc. which can affect the hydrolyzing and

condensing and/o maybe incorporated into the wear film. Other conventional

additives found in motor oils could be added and serve this purpose. Additionally the

hydrolyzing and condensing step can be conducted in the presence of a catalyst. The

catalyst may be formed as a contaminant and for example, may be introduced by

operating the engine and thus may be water, acid gases or metal wear particles

produced by the combustion process.



c) 0.5to 10 % of a detergent; and 30d)1 to 20 % of an al kenyl

succi nirni de di spersant derived froma 450 to 3000 average nol ecul ar

wei ght pol yal kyl ene; wherein the percent additive is based upon the
total weight percent of the |ubricating conposition; and 5operating an

i nternal conbustion engine using said lubricant to |ubricate an internal
wear conponent surface of the engine. The product prepared by this process
may include a heating step to heat the lubricant to a tenperature of about

20 to 300 C, nore preferably greater th_an?lglbgitatl 1100 }CJ: 10 DETA% LED
DESCRI PTI ON Agiatticslarly psefarred ghra-TorgRlYdolyZeBly SURIFFSIREEt Kat contai n

an oxygen brid romthe silij hiod Gkt @dgofl - €.
=Si-OR,. ﬁé&geglrﬁ&?%rﬁe crorenﬁﬁ%%ﬁp%lgggﬁﬂéé Is)?llt%.&?gﬁﬂg%@n%%unds cont ai ni ng four
oxygen bridges were derivatives of orthosilicic acid, Si(OH4. Silicic
acid behaves as though it is dibasic with pKs at about 9.8 and 1511. 8 and
can form polyners such as silicasgels and sillicates by condensation of the
silanol groups or reaction of si{R© PioisOCRoMoNl y organic silicon
conpounds are referred to by their ordani ¢ nonenekature, for exanpkB the
al koxy derivatives Si (0C21104 is tetraethoxysilane and the acyl oxy
derivatives Si (00CCH3)4 is tetraacetooxysilane. 20 . The esters of
orthosilicic acid,and their | ower condensation stages are not regarded as
organosi | anes i nYPHEDst ri ct est sense; since unlike

or gano( organoxy) si |l anes, tetra(hydrocarbyl oxy)silanes can be synthesi zed

directly fromsilicon or suitable natural silicate nd.al cohol s.

o g Grog8 GimiT
Tet r a( hydr ocar by¢ash{R) isindenersiontly a Ca-zefuisospapi gioyp spleded IpMPE &P Bns whi ch
are sonmewhat dependent. . t he: Shr@- & 1, afkcftOaR§Iesyl 0 remain
i ntact or t%orﬁlggﬂ%gf%ﬁmé gé‘%i] ﬁ}apﬁ{éadf@%&%g)g’pﬁcgﬁén. SAORRIISELy .
Tet r a( hydr ogiRargy laeyiatksli dnd Retstimeiyd hpdrbedarhylgoups hirgog onmernaresBRTliaNk: i ons
in the polyneric hydrolysates and thus can | ead 19 g0 ‘ﬁldréf)&{.dgnﬁ. | ms t han
Al kyl and St O BRERHAF e CS It G RA TR TR FE it -

rrx coordi nati ons.
Li kew se, "R{}? | ' Mg ycl i and@RR kay £ is @ringaertdfdlto #onol ayer .
The filmcou d&géﬁ%ﬁéﬁ%ﬁ%ﬁ%ﬁ@ of rr?ﬁcti I? e_r(.nﬁ'sl}'he mul til a¥.%[ﬁ coul d be

ei ther int eTb@mkvdy@dbmt@dgﬂw dopPOUNGE _ _FW(Y%TFFYE?E? iﬂsé"_fpli f8r mi xed, or
both and arg j 1} Lagt Lol MR PYoIRGleadORASLA AR thhEoRIkMIPS,is These il ms

can al so coMf $RcE aCt I ve conponen such

ba



detergents, antiwear agents, dispersants, etc. which can |l ead to uni que
protective filnms. The formation of coval ent bonds to the surface proceeds
with a certain amount of reversibility with the degree of hydrogen bondi ng
decreasing with further 5 condensation. Likew se with the renoval of water
the bonds may form break and reformto relieve internal stress of the
filmand |likew se can permt a positional displacenent of interface
conponents. Hydrolysis on adsorption onto a netal surface has been
observed at ; t -hGthack ANRTyEhEe Badg patital
phosphat e eéégggaﬂﬁﬁgg%Qfﬁ%ﬁgﬁg?gggm%g§M%e reactive? Fbmeve%? botlralﬂy

adsor pti on gnatforrad. 10 netal surface and rubbing under |oad are typically
needed to produce the mature antiwear filmin the case of the esters of
orthosilicic acid. The filnms thus produced have been found to contain S

and are effecti Ve RSP tirfth V88 vecardinS@a Rmploythaixexaopihes bel ow. 15The
Si-O-R bond undergoes a variety of reactions apart fromthe hydrolysis

and condénsdetimfunctiine] tiolyyabiodibng cempeundpioyangs rompungi Addiyonaly.

stability wit.h increased _steri.c I I L7 thaqak Koxy groups
can decreas ‘fHEBFQfﬁﬂﬁP“H§§F§F§§¥8&“%%@ﬁ§?§%§%£§?§??§%25 an :
tetra(aryl oxphpbhaanesthpesgias svidugeridytnothedwhizalde sibink adgitimesdre i qui d
behavi or over a broad tenperature range what wi dens with Iength 20 and

br anchi ng ofenrreienisd by thafeanile Il Acyl oxy- and ani no-substituted silanes are
typically nore susceptible to hydrolysis than the al koxysilanes. The

i ncreased rate can be attributed to the acidic or basic character of the
bypr odudds. Thus catal ytic anounts of(Ra $i€ORn)saci d are often addedDto
accelerate this rate. Table Aillustrates sonme physical properties of
commercially avail able silane esters. The silicon ester conmpounds of

t he present Qh@%%pégcﬁ @)I{T?%:r RS iPh BPALRLANIY nidiety Bideprni@Rly selectdy filohethe C
C

pat hways. The ol dest principal nethod of silicon ester production was
descri bed bgrovprofbstingmf atkox8AB8yyrtand 9rdoxBSi C14 +4 C2H5OH Si (0C2H5) 4 +4
HC1 - Catalyzed direct reactions of alcohols using silicon netal
introduced in the 1940s and 1950s (see U. S. Patent Nos. 2,473,260 and

3,072, 799) becangadhmgis Ahdn-ERIVEEST1aEroup tiapdndeytlyi seletcted fbaOAEyH anyl,
production of the |ower esters via use of,L a 10 netal.al cohol ate catal ysis,
U S. Pat ent stistituediadieylzad subgiéivd arnd oheriaity suhaithay! CHFaLFRWAr e

al koxysi | angs_ | t tarificati AREES Uplfide@b| Midés practica
when t he algﬁﬁ%%i %nﬁnﬂ@% éF?F%e dgggmﬁ%gh-bofling poi nt and t he | eaving
al cohol canciboxytmsesptbythitietter, doalonn cyohddehyde piviterbrayhenl foesacid

al koxysi | anes, can be exepplifi.ed as fol . x15 1. =-Si Cl+ (RO)3CH RCl +
ROOCH 2. Si @dnh%@@ﬂﬂ@%nﬂl&@ a%m-%‘-‘:%f P%ﬁ\f% (catal yst)-* SiOR + H2

20
This further contacting may be conducted prior to contacting with the
tetra-functional hydrolyzable silane compound of the formula Si-X4, concurrent or '
subsequent with the contacting with the tetra-functional hydrolyzable silane |
compound. Unique wear films can be formed by this combination of tetra-functional

25  hydrolyzable silane compounds and a partially non-hydrolyzable silane component
represented by the formula I1.

The products prepared according to the methods of the present disclosure form an

antiwear film which may serve as a replacement for current antiwear agents, e.g. ZDDP.

30 Accordingly, as embodiment of the present disclosure is directed to a product prepared
according to the method for forming a wear film on ‘an internal engine component
comprising: contacting a surface of an internal wearing component of the engine with a tetra-

functional hydrolyzable silane compound of the general formula

7



4. Si OH + HOR+ H20 205.----- Si Cl+ CH3NO2 - -SiOCH3 + NO2Cl 6. =-Si SR + HOR
==-SiIOR+ RS 7. Sid + HOC(O)R -="SIiOC(0)R + HCl 8. ==SiC + HONRR'+ HCl
25Acyl oxysi | anes are readily produced by the reaction of an anhydri de and
a chlorosilane. Ami nosilanes are formed by the reaction of hydroxyl am nes
~with chlorosilanes and renoval of |iberated hydrogen chloride by base.
Processes for preparing acyl oxysil anes and al koxy-acyl oxy-sil anes,
particularly di-tert-butoxydi acetoxysilanes, are disclosed in US. Patent

Nos. 3,296, 19%; xgoﬁggmi}-g%sfprg@uéﬂ%}%f&é%raﬂgacﬁ%@mpeﬁ%@ma&wﬁcﬁ@t' on

Publ i cati on No. Tetr aal koxysi |l anes typically are prepared
in slurry-phate gmupeomsisﬁygbhhﬁdrsxydr drkegs aylosherdbxy, tanens ohoneatkyl gniod t en

the product itse The cat t can be c r. 12 . a.copp corrpound
but is usual | §® alg)r A0 BR y?mg@{lcgfon%gﬁ% 3$ tgtlr |f5‘Pﬁ°)“BB$l Sy Bl cohol .
Such processegeRheifhad1asefe téﬁalfm%noﬁﬁtt@afolﬂ%e sifan@ 2 émBOfrid o%n%@S 197;

4,113,761, 4,288,604 and 4, 323, 690. Likewi se for trial koxysil anes, t he

Direct Syrft he@n}domd@ceb@neattp!goykm@@ﬂ@l\ymﬂtmﬁr songpin plagk additsies vosh mar ti cl es
mai ntai ned Si Ok S rBora 24 Q or affncta%ﬁe feva 19'?‘115)0' lén%d?rﬁ%%n:{gs (Elre%{%g t?fh%éj%ﬁon

to react with an npérat ur e

is discl osed pmpetdec&heﬂ'éhy.ent Nos. 3, 641, 077, 3,775,457; 4, 727 173;
4,761, 492; 4,762,939; 4,999, 446; 5,084,590; 5,103, 034; 5, 362, 897;
5,527,937. Slurry-phase reactors for the Direct Synthesis of

al koxysilartes an%ﬁaﬁﬁgu%ﬁpﬁﬁé%geh P&ﬁcﬂggrepﬁe@pyeﬁx@t;)?&ebibfa bat chwi se or

conti nuous 10 nod W se peratl a singlfe addition of silicon
and catallgst is nmmahéncmﬁcbmposiﬁoﬂmw_get and al cohol is added

continuously, or intermtiently, the.sjlicon js fully reacted, or
reacted to a desi P)ed d%ﬁ‘?ﬁ%aﬁpu%?ﬁae as‘f?%o{ﬁ’h‘écaﬁ%?ﬂﬁ%‘?s“@’ypl cally is added

in the gas phase gyt |4 qu @'?%aﬁﬁteﬁq%dﬁ@ﬁauh%aiﬁm&@i@a&fefeb@ potddl i§ONt i nuous
operati on, S|I|con and catalyst are added to the reactor initially and
selected from the compound of the formula I or a hydrolysis product
thereof:

15

(RO‘t—Si—(—OﬁiR1 )

4y
wherein

20 R is independently a C;_yo hydrocarbyl group selected from the group
consisting-of straight and branched chain alkyl, cycloalkyl, alkcycloalkyl, aryl,
alkaryl, arylafkyl and substituted hydrocarbyl groups having one or more substituents

selected from hydroxy, alkoxy, ester or amino groups;
25 Ry s independently straight and branched chain alkyl, cycloalkyl and aryl; and
a is an integer of 0 to 4;
c) 0.5 to 10 % of a detergent; and

30 d} 1 to 20 % of an alkenyl succinimide dispersant derived from a 450 to
3000 average molecular weight polyalkylene;

8



15t hereafter to maintain the solids content of the slurry within desired
[imts. The batchwi se node is illustrated in U S. Patent Nos. 4,727,173,
5,783,720, and 5,728,858. The desired reaction products are renoved from
the reactor in a gas phase mxture along with unreacted al cohol. Isolation
of the product is acconplished readily by distillation according to known
procedures. Continuous Direct Synthesis of 20 trial koxysilanes is
disclosed in U S. Patent No. 5,084,590 and of tetraal koxysilanes in U S
Pat ent Nos. 3,627,807; 3,803,197 and 4, 752,647. The hydrol yzabl e
tetraftmetional 3vherairethe pswknd additivehebdsed ppdrathe totaloreight @etcattrafdbe i ng oi |
conpositionsg .and.in the film coating conpositions of the present 25

i nvention h%ﬁ?%ﬁﬂﬁcqqﬁ%F¥%hﬁﬁpgroups attached to the silicon atom Theses
tetra-functional hydrolyzable silane conpounds are of the general formula
Si - X4 or hydrol ysis product thereof, wherein X is independently selected
fromthe’group c@PERERY Hynkmagembysion caplnguying sa¢fubgkigantde beigdte ani no,
nonoal kyl ag i ! i LSl ndent |y
el ot ot of HeBtuch e ondhRBog PG pick: P BENK: frebirg BERRE UMy 1
acyl oxy. Therdeysimodyinelotiea heaingstepriphestable hnbyiche tdwy nplsanee obybonait er |

undergo al chglysis,.transesterithations reactions, and/or produce
polysiIoxanggt%g¢fJEF?VEE“%?d@5ﬁﬁ§h§§@¥ﬁﬁp“§hg“¥§tracoordination of these
si |l ane compounds provide for three dinmensional filmformation with the

si mul t aneous properties of having great hardness and hi gh nechani cal
resiIieh@e.Dﬂ%%diﬁmhpﬂﬁﬁﬁiﬂﬁﬁﬁﬁle group" in connection with the present

i nvention refersgh; rou Lch e i i.rectl.v_capahl e .of
under goi ng condeﬁgg‘ﬁ%%mggé%lﬁgﬁé&§ﬁ8e§£§ %#@%gﬁétgﬁ%%ﬁ%?‘ﬁ%ﬁ§n§$emhich IS
capabl e of [ryaytht yiticoigatumde tha@gimp kidipei.c a8iHO-RO Mhe edrtieyt edpyrtyd ot @ity a
conpound, which is capabl e of undergoi ng ¢ondensation reactions, .

Appr opr i at eSEETHFARRAVEIS sRNTURIBE SoUr PRy 2eF bdacs wepdrsiyatives Shenthqsypac
optionally Lgfqt eg; f [e" . t , the 10
Form " non. ool b e e g d L K R , "Fo o
group nbt cap8lhecof fomntpobmats nebtas pilica gelsgoi sijicatenisiermdtnsetion eftbti ons

under appropriate conditions ar..of hydrolyzing under t.he conditions |isted
2bove for hUPDl FORRGRIHECR) af S Isite. GPTeS YK Sl ErRa e
preferred afe@ferkdmetotb?ttﬁeaf é;%aﬁb inemehcluel, %ry@@ﬂ})ﬁ: thé ARG, LPVROHRIS sel ect ed
fromthe conpound of the formula | or a hydrolysis gyoduct thereof: 0 )
SitoCRi ) aSHOCaHs), is tetraethoxysilane and the acyloxy derivatives Si(OOCCH3)4 i

tetraacetooxysilane.

20
The esters of orthosilicic acid and their lower condensation stages are not

regarded as organosilanes in the strictest sense; since unlike 6rgano(organoxy)silanes,

tetrathydrocarbyloxy)silanes can be synthesized directly from silicon or suitable

natural silicates and alcohols. Tetrathydrocarbyloxy)silanes have a wide variety of

25  applications which are somewhat dependent on whether the Si-O-R; bond is expected

to remain intact or to be hydrolyzed in the final application.

Tetra(hydrocarbyloxy)silanes may contain up to four matrix coordinations in
the polymeric hydrolysates and thus can lead to more rigid films than alkyl and
30  aryltrialkoxysilanes which have three matrix coordinations. Likewise,
monoalkoxysilane can only form a monolayer or partial monolaver. The film could be
a monolayer of multilayer. The multilayer could be either interconnected through a
loose network structure, intermixed, or both and are in fact formed by most deposition

9



4-a (1) wherein R is independently a Cl-20 hydrocarbyl group

Sel ected fromthe group consisting of straight and branched chain al kyl,
cycl oal kyl, al kcycl oal kyl, aryl, 25al karyl, arylal kyl and substituted
hydr ocar byl groups having one or nore substituents sel ected from hydroxy,
al koxy, ester or am no groups; Rl is independently straight and branched
chain al kyl, cycloalkyl and aryl; and a is an integer of O to 4. The

substituted tbyaifea mivic fInRWAS aﬁb%o@thﬁaaﬁm&mmera&@e&mhip@ﬁmgw@m vi a
al kyl ene or arylene bridging groups, which_may be interrupted by oxygen or

CNH groups SECTZmS, Rt GHR ARSI, (ISRAISHFH- 156 Wﬂ%ﬁh&é‘l‘l@?@t%‘ﬁlﬁ‘@ BPEEY kyl  ani no
where the al f JARRAEt hers,
pol yhydric a iﬁcoﬁﬁ$§%§?ﬁﬁmiﬁgg%ﬁmh%ogﬁgﬁgﬁémnﬂk bé§§€gg?gg¥§?g al co onS|s
mjtﬂ t he (RﬁfﬁngMp?@hmﬂmhsﬁy?weafhyhagkdwm?mgdkmewmkpwybfh?me gusually a
Thus. for SexaBrEba; PREHERIL ParenCano bEAFEaE bR OHogTy EBT Shoet her
residues to ré@ﬂil@&?czite{?erﬁ%n@ilfaeééé od IR &1d Hk@ﬁise@ﬁﬂ"@éi’ﬁu@f Rﬁ)nalTO repl ace

5 four ethox roups typically a small anmount of a catal i s enpl oyed,
such as sodidigplacemfairofinierftoeiompraerds. Hydradxsiten adseaptipe gn ral Iyetp}%lr £¢ ed

t et raal kyox r C ented by the
formula Si %ﬁ#&%ﬁﬁ%ﬁ%&ipmﬁggg E%gkg §£F£B§§§ P% gpﬁgg%ﬁﬁ Simlarly,
al cohol ysi s phbspghb® ek®ets '&hﬁ@;ﬂm&fa&emaﬁbe Mc;mnﬂuwtamﬂ lmt]h hdsarptivn cakecohol s

to form am noal kox 5|Ianes Par ul arl ferr 10 ycol nonoet hers
are sel éat edn@ft?léﬁﬁfy %’ épﬁ?}?%mfe 0PI Ghearﬁﬁmﬁ@o is Cl1.5

al kyl . Par Uiagual Hﬁ%fe%raﬁ@gf BT BErsr SRR A, Tk §n8 s | %Huced

HO (CH2CH2) . N( R202 ere R21 1s |n§ependent I'y hydrogen or 6 al kyl,
preferably &valbdc;zlfomd td padlthyﬂ Siand anpeféecpveingrevshijngivedrkas seen-mhgl ysi s
products of forqu g can be fornmed via the hydrol ysis and condensati on of
the compoun@&®BP%FBHM a | and for 15 exanple R above may be represent ed
by -Si (OR)3 groups thus form ng one or nore sil oxane bonds. Exanpl es
of tetra-functional silanes represented by the formula I are hydrol yzable
silane &9 rrpou nds The SO+ Ricbond smd engecsyyd warttehfsackionypagfiron the hydrolysis
t et r amet hoxyg

totr ai sopr ooy BBl R ML BlFank EbiAPERRAKKHL @RSty with
tetral cis( rrmdmgldaita&xmlk,l ihemased tsederod ltled zﬂl(omtgrm»py paod@Exsars tHeaate of

11 et hoxy eORRPEI SRS RO TR RN Oines PSRV BRI ane,
tetra-(4- We%ﬂxihtﬁaxnﬂit}ﬁyétﬁwo%%r z?ﬁl%ﬂ&jtetnﬂiefaﬁlré 2t @Ry W ith it

Hydrol ysi s products be represented by poly-(di nmet hoxysil oxane),

- pol y(di 8@ hoxyd blrancdmtyiy the ebbystittionts: AeXipxpH z@ﬁm%mb@&wfé)sﬂanes are
tetrakis(t | d
N L e R R e e e

groups are be attributed to the acidic or basic character of the byproducts. Thus catalytic amounts

of amine or acid are often added to accelerate this rate. Table A illustrates some

phystcal properties of commercially available silane esters.

10



‘tetracet oxyoxysilane, silicon tetrapropionate and silicon tetrabutyrate.
The met hod and products prepared thereby of the present invention my
enpl oy a conposition which further includes fromabout 0.1 to about 50 wt.
% based on the total weight of the |ubricating conposition of a conpound
of formula Il below, or a mxture of hydrolysis products and parti al
condensates of one or nore silane 5additives of formula R (i.e.,
trifunctionaf silanes, difunctional silanes, nonamctional silanes, and

m xtures thereof)—i-n-addition to t;; tetrafunctional sjilanes.of fornula I.
The sel ecti of Bt Be Fddit Forgdl Sngh fie AddiitHves| Enegr par at into the
| ubri cati ng gcﬁﬁﬁpgsﬁti%nﬁ off t&ﬁe%rﬁs;dﬁt gn ent | ch i |§ (%:‘pencegjpon t he
particul ar pg(g)éjtg’esgtgbﬁ enhancey Dr Fngared it 8 |eRf Bl the|lubricating
conposi ti on &S e of | Eil 131 ¢oati W0 he| GotBon=| i | ang| additi ves
are represenfddl Biy=t HB! £qr gl %Rgoén 8il (DR, < (& 2 mhere|n is a 1, 2
or 3; the - QR mofiety igs 8 %drol gzah &g&m% %ﬁdéﬂ% tthe 15 same or
di fferent i ¥512018 R |Exanp| es &f ﬁﬁy(ﬁo_ zablz a( lm]roups are for
exanpl e, al %yg(pgef%rgﬁly Clr 6 -al&bxg, glich , flor]exanpl e|] net hoxy,
ethoxy, n-prepgbXy. i -Br gdoxy and bulgxy):| anyl pxyl (preferfably €6-10
-aryl oxy, sqghDas,gqu g?anple, phe1§§y§§ and Acyll oxy [fdr exapple Cl.6
-acyl oxy, sd§@$é§,qid% Nanmpl e, acet oxy ®ar propi gnylioxy). 20 RLO is a
non- hydr ol yz@Bt &|gr pup| whi ch npy optiopaljl y|cafry alfuhctfi onal | group.
Exanpl es of - ’g”ar@ akky| Lbref er Ichasaaak ﬂ,r_auﬁ s nyl, ethyl,
25n-propyl, isbgiopyl<| giibgt vl s-kutyl @ng tgbt@y@, qgargylg, Aexyl or
cyclohexyl), gndyasyls( pHeferably €6 40 (aKy|S| stick| a8] ¢log exanpl e,
phenyl and nagh@iyS) .iSeecPlite] exampligsHf 9 upLt oaakégéﬁdéé of .the
radi cal R10 argEtlhé| hyldédxd# et hek] an roS| W8hédI 'Kyl ahino, di AlFyl ani no,
am de, carbox§}5f30 el capt-f- thioeLherTmacryl x\¢cyaho | alde e,
al kyl car bonyl ,g-%lﬁ)n’ﬁc%mﬁj%nd pRosPh&r|i B| d€| & |gBoups L2 (Thesg| fmnct i onal
groups are bomgl&r g)»ﬁhg sgliZon aRor@Vviy Bl k| €he? %yl end t?nNi dgi ng
groups, whichfmy de dnperaupted by @ygﬁnﬁc)r%sﬁfgrgt 5 orgt -NH- -
groups. The séfg']g bej g i @'@u‘ps ape led\ved tf o example, fromEhe 16
S8 & & o ¥ ol ol o & ¥ 7| ¥ 9
FEEE EER 2
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-above-nentioned al kyl, or aryl radicals. The radicals R10 preferably
contain froml to 18, in particular from1l to 8, carbon atons. Exanpl es of
silane additives represented by the above-defined fornula are 5

met hyl t ri nmet hoxysi | ane, ethyltrimethoxysilane, propyltrinmethoxysilane,
butyl trimet hoxysil ane, isobutyltrinethoxysilane, hexyltrinmethoxysilane,
4- met hyl - 2- penty ki i 1] ] .Hﬁﬂﬂy
decyltrinethoxys??g%g%9%§%?8ﬁ§9y fgﬁﬁg% 5%%@% gﬁgéh ¢ prepared by a

cycl ohexyl netdesdumbenef Simthesic patheaysliTetohddsthpnreigabmgtholl afieilicon ester

2- (3-cycl ohexenypet hyl ri oxysil.ane, ,1 - cyanapr opyl t ri met hoxysi | ane,
3-cyanoprop9¥iP&&W@F%ﬁ%?gﬁﬁéﬁg,‘ﬁlﬁ%$ﬂy?§g&%gﬁ%§Fﬁginethoxysilane,

phenet hyl t ri met hoxysi | ane, 3-nercapt opropyl trinmethoxysil ane,

3-am nopropyl tri met hoxysi | ane, pheq¥ltrinethpx si | ane,

3-i socyahopr opyl t ri met hoxysi Pirlet 4 C2HsOH — Si(OC;Hs)s + 4 HC

N- (2- am noet hyl ) - 3-am nopropyl t ri net hoxysi | ane, 15

4- (2- am noet hyl am nonet hyl ) phenet hyl t ri net hoxysi | ane,

phenyl tri et hoxysChialyzed édirdry teacii@tshdxicohblamsing pilioply hietal etttodxyesi ihaine

oct Y1 11 ot DgY R AR O ERIN B MO P ahatd sy h B OEr B AR R ane,
cycl ohexyl neihimkicidl @icheotys} inahe1 9@3%@?@@&&%'6‘1‘ FHebRESLRrd FRQse of a
3- et hoxypropyl tri nmet hoxysilane, 20 2-e Q%Ihex | trimethoxysil ane,

2- et hy| Hexymetal alcplenlyts chtalysis, B-SePhisnie.obl 3 741k Aaothexspsithemial method

3- propoxypr Lt I NCE ) vl trjneth ilane, .

- ot noxyet nyTrh RhaPRs R B8t o BRETRRMR, T PRIy B Ractical
%4n?thoEyfpuhm@ﬂhmk@hﬂf&%bpmﬁﬂ%&ihﬁp?ﬁgﬁbamhgpb@kbﬁmaa&mvﬁgahmﬁbh@my
pol yet hyl epeoxy) pr opyl 1.t r.i met hoxysi | ane, i !

[ met hoxy( poﬂwﬂﬁf{}’g@%%}eba@nﬁ@ﬂﬁ Propetatiys yrethods ef alkoxysilanes can be

[ met hoxy ( pobyeidnd-aas Rk opy! ] - tri et hoxysil ane,

[nethoxgépolyethyleneoxy)ethyl]triethoxysiIane, and the |ike. 30Although a
condenshtion catalyst is not an essential ingredient of the lubricating

conposi tions of the prgsent, l-venti on. [ o nmet hods herein, the
addition of a co%densé%l ﬁ(§gﬁ%ﬁ€§?*SgﬁﬁgﬁigthFﬁ#gﬁfornation, abr asi on
resi stance and other fsiopemi05s-oESide +agati ng i ncl uding stability,

porosity, caustic resistance, water resjistance and the |ike. Wen
enpl oyi ng a condénsat TOR t A (estalystne =ai8BntHof catal yst used can vary

wi dely, but w Il generg@lhy. bRy eseibringay anount from about 0.005 to

about 1 wt. % based on Eﬁe t ot al sg?$ds %? t he conposition. 5Exanpl es of

cat al yst& whi ch &an beSiChe N ed=SitH 1 ubi0Cht i ng conpositions of the

present inventiop or n er abl,y..ar rovi ded when such | ubricating
8 orp BYS8 1 HORTe: PRI 6748

conpositions areenpl elr d use, for exanple as lubricants
for engines, gears, hysicawlHOC{OR ds=SieiqO)rRHe(]) metal acetyl acet onates,
(ii) diamdes, (iii) imdazoles, (iv) amnes and amoniumsalts, (V)

i norgani c aci ds, 8.or gati€El AHONR R OorgaMMRBUIHEHAI ¢ aci ds, and their ami ne
salts, (vi) alkali netal salts of carboxylic acids, (vii) alkali and

~al kaline earth nmetal hydroxi des and oxides, (viii) fluoride salts, and

(i x) orZfanonet al Acyloxysiuses aexaapil eprodiiceslighhe adasfigrsd fanianhyditie dndra gr oup

(1) such conpounds as al um num zinc,. iron and cqbalt acetyl acetonates;
group (ii) %ﬁw&iﬁmea%%@ﬂ 55 a5 G Py e rgir@ﬁnegﬁﬁk anyies with
2-met hyl i m Qﬁé&hi@ane&%x%%ﬂ&%ﬁl‘&f 1HRERd hylSaahRRB Yy base. Processes for

1- cyanoet hyl- 2-propyl i m dazol e; for group (iv), such conpounds as
benzyl di met pigpamigrsyloapgilanesand; allrdxyersybixgteelamaseparfiodartyr oup (v), such

conmpounds hy.dr Qc i cid ulfuric.acid, QRidri cgﬁ%) ti i.d,
CrTET or omedrenaiouf-A5hEnat: SHaRsRE fuvs PAatnBE chpseife 298366 um
acet at €30 f 05,897,850a{MEhrppead Patent AFpHLHIAS Paslistidh WS, hyds 0x3.de, and
pot assi um hydr oxi de, for

Tetraalkoxysilanes typically are prepared in slurry-phase Direct Synthesis

processes wherein the solvent is often the product itself. The catalyst can be copper or
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20 group (viii), tetra n-butyl amonium fluoride, and for group (ix),
dibutyltin dilaurate and tin di(2-ethyl hexonate), and the I|ike. In a
further aspect, the present invention provides a conposition derivable
froma partial condensation of the above defined composition. By "partial
25 condensation"” and "partial condensate" in connection with the present

nave react e W S PRAr ng g By NG Ok WA he Pl P Nl bRl Lo

avai | abl e f elcol]lcOHmtieneasico arerdisudesed in UTS, Pateat Nys. 3620800] ABOXb¥Hensat e

means t hat t %..,pr ef b | east 309 re preferably at |east
50% of the %&&#’2@2%#&:806%83ﬁgzgrég}l)sf‘l'ﬁgﬁmsﬁiﬁ tpﬁlg)P’éYnsﬁﬁ?eSE%‘ﬁdensat iyon
30r eact i on. Direct Synmsia?&tda@renﬁﬁ@ﬁcém&ﬁ@npra@ﬁ%d difotaHalilesRhAKlatiRa

conposi tion, derivable froma conplete condensation of "'the above defined
conposi t3 oni §Wypensiorpn ait Mentghich badegsatventrandiare madmioaeicowithiantalaohel gr esent
invention ig, oEaR t ] . he. ; e,arqups in the

m xture havgIl r eac%de%. %ﬁ%’aﬁéfﬁg Oggér%‘lt"te}ﬁesqgsgfﬁgéeé/néﬁ'g Ir)ralgeiglﬁs that little
or no hydr oNpz8b84d 07708385 A ETEl, TR 7578t kAb1 4910k, 76203004999, 446) SLEsACIG0oON. 5

2 oarti ot oo b R RS S Lk onl St kR aeachoss s D aeR SeaLeuRRbe. 11 o
by react i Ngalkbgys0HRAAE PR aRbx {4MEn GONRPEE 6ﬂ%e&ﬁmt&ﬁngﬁe§;&0ﬁﬁﬁﬁ’&ﬁt in me

presence of .water and a catalyst, such as ‘an acid or a base. 10
a sti | 114 urmede. Inbplebvise pperajiors seinglé addithon ofisilidos eng casvliystds madast thed f or

por 11 on of THATLHPEuSEARA RESAAL AR SR lon Bt Bt il Phcd above

Pref er abl y, sititen islfilai regded; 08 kdab@d a8 aldbdrcgiulegiet aF Corversidd, 8 agsharal ly at a
tenperature of about, 20 to 300 C dependi ngméS on_ if and the t\glge of

catal yst ch@BEALY wadded wdhe sesphpsg bdiqyrkrhnea pdditionsis elso feasthde.diir i ng of t he
conposi t i oNgIMRRRoRRRL G =1 j heAk) H?ﬁ] pl ace

si mul taneou%l y W tﬁ)%ora su’bsgEecc"i)ti}eaﬁr}t8 c?l%j){sﬁglg)aég% i 8at| Ohn&%%l elglglé‘?rposi tion
onto the suthstepfitrdo 2QiintbBRhCATIANGOBetS FANDS BRI AT el BROTHONS

The lubricafli .0l 1 conppsitians he es [ v I can be

conveni ent %at%g‘élﬁ%?lgge E;ﬁ’%%tr Bférﬁ;ﬂt%%ts ‘ﬁ?@’]n%’ gﬁééﬁ%ﬁ& yzabl e
tetra-funct$0r@BssThaaesiel réft8oR hesHbls ddneatlvb@RoRRthé RAGE h Pbdspratder
additives, with an oil_of |ubricati n% viscosity (base oil). The conpounds
of the i nveRiNW alag aitswErerstesacaiiob derlatiamofihe prededids ancempBghed eadklage
with vario t el i L i i af: j acilditate

bl endi ng o%a%%‘gjrulogg? %%%lﬁgg%h&%ﬁgggﬁggsggoﬁﬁﬁg ? pé& ?ite%?lrtﬁeeggé)glncent ration
of addiZ( vetsialkbhpsiloespe disdiosaf intlh&. PatestaWs. 5084590 and offearadlkengddahasiis h base
oil using centrati whi e vide inproved antiwear effect
and are bom(\sgg‘fnﬁﬁﬁlgoﬁh%?ﬂgb&vgléﬁh&gﬂﬁp‘gﬁﬁbé ‘with other additives in the
desired finished lubricating oil. Conpatibility 30 in this instance

general |y neans that the present conmpounds as well as being oil soluble in
the applicabl e tFhedtydrelyeably teafoctienal sitanseussfid ér thadointilatem afdher eci pi t at e

d : Lk ' I j | Lubi | itv/ cor i-Bi | f
2 given consstnnige! e b ffidiniths GRPk b i SRIRE hdierintnba byt hose

havi ng 2 di ingention have four functional groups attached to the silicon atom. Theses

tetra-functional hydrolyzable silane compounds are of the general formula Si-X, or
hydrolysis product thereof, wherein X is independently selected from the group
consisting of hydroxyl, alkoxy, aryloxy, acyloxy, amino, monoatky! amino and
dialkyl amino. More particularly X is independently selected for the group consisting
30 of Crealkoxy, Ce.10 and aryloxy, Cr¢ acyloxy. The hydrolyzable groups employed
may be hydrolyzed by water, undergo alcholysis, transesterifcations reactions, and/or

produce polysiloxanes derivatives by condensation. The tetracoordination of these
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'skill in the art using routine solubility testing procedures. For exanple,
precipitation froma formulated lubricating oil conposition at anbient
conditions (about 20 C -25 C) can be neasured by either actual
precipitation fromthe oil conposition or the formulation of a "cloudy"”

sol ution which evidences formation of 5insoluble wax particles. The
| ubri cat i ngsitdre .cofpoRaBPréide fol BREL dithchbiBndlUikni BRh4tIE At the AIRASInEHRNS Of
the present invention are generally tailored to the specific use, e.g.,
engi ne oi | , PEwsHics pf havinggreathardness 4nd high wieehgnisal resifigrce. For exanpl e, where
desired as a crankcase engine oil, 10the base oil typically will be a
mneral oil or synthetic oil of viscosity suitable for use in the
crankcase of an [Fht¢ ermdhydrolybatit pampt hgédmedionvidsthg predtitigvedtigh Resrsand

di esel engines which.include marjne engi nes, Crankcase |ubricating oils
ordinarily &8P yhichsttheris gi‘re‘&]é’ a@g@gw&@ggo&lgg ?P”%G’E%u%fe@ﬁm%&“@% F
(99 O . Theabgibprif@bbigtiodl be whiRY: iDafdslel o8 afoly oSt NGk sprdie Nat ur al
sources. Natural oils include animal" oils and "15veget abl'e oils (e.g.,
castor oil, consgtitipnsi thyreby yigkling asomporadawhishlis caphble ofimdgrgoifgr use as the
base oil in .Sk I I affini,c,. naphtheni.c and other oils
that are or ﬁﬁ%ﬁ%#@ﬂﬁ%%%ﬁﬁnhﬁﬁ%ﬁﬁ§§fﬁﬁéﬁg?'m%%ﬁ%%g PEE@?C%%?PW%ing

sol vent t r eadrelitiorByshtonilheiatteepretenot b a tomiendatish estallE0 peedidinebg Esses.
Preferrg? oils of lu rlcqéing viscosity used in this invention should have
a vi scotY t y'Hdagn-gydgryzitie grouptas ycd i thegirgsent ny @iign reforsfo@ graypsuot |
preferred a I b oup IV and
preferably ?ﬁ?ﬁ?éﬁgﬁﬁgﬁﬁg&gbﬁﬁgﬁéﬁﬁ &%@Xﬁggkﬁﬁgg t S%g%gbg%§58§2||y

bl ended wi t porditéang or of IgydnollygEing ondsrltse ¢andliticohe likiod hbdwedoolrairblyningyin het i ¢
oils and syﬂhpefiqﬂesters. Useful synthetic hydrocarbon oils include
liquid polyn% Y5t %gﬁﬂggolefins havi ng the proper viscosity. Especially
useful are the hydrogenerated liquid oligoners of C6 to 25 Cl12 al pha

ol efins_such as l1l-decene trinmer Likew se, al kyl benzenes of proper

vi scosi 1y such aMows erstiedyly pelersf areths tee-fugeiipnaleirelyzablnsitiaei ¢ esters

i ncl ude thecﬁ@% 3s Q1 c@éaté]?ﬂ%boag)%ﬁ%éi'o!fﬁae%hﬂuﬁ &é’%ﬁ@éi@@%&’d icf acids as
wel | as nono roxy al'kanol's an ol'yol's. Typi cal "ex S are di dodecyl
adi pate, petiemef:ythritol tetracaproate, di-2-ethyl hexyl adipate,

di l auryl sebacate and the |ike. Conplex esters 30 prepared from m xtures of
nono and di carboxylic acid and nono and di hydroxy al kanols can al so be
used. Blends of various mneral oils, synthebic oils and mnerals and

synthetic oils may al so be adva e%us _forllexanpl e to provide a given

Vi scosity or viscosity range.lﬁK%@n ga?rtﬁécgége oils or base oil

m xtures for engine oil are preselected so that “the final |ubricatibhg
oil, copfaining the various additives, including the present fuel econony
additive conposition, has a viscosity at 100 C of 4 to 22 C, preferably 10
to 17 centiwheakies and nore preferably 13 to 17 C. 5Typically the

| ubricating oil conposition will contain a variety of conpatible additives
desired to inpart various properties to the finished |ubricating oi
conposition dep § [ i used. Such
addi tives incIpggqiﬁgg%gg%ﬂﬁgﬁgﬁéEﬁ%ﬁ%&ggggggigﬁﬁggﬁggggﬁ?%%g%ch as

nat ur al andcayetibgebdraighy amd erageliefl hamedkydmyclvelkyh hlkapdodids mated phenat es

and sal4Lcyl i rsant.s,. 10. and/ or. ashl ess di spersants. . Also
i ncl udeé ar %k%?héi?yla iatnlg\&}’ %Shgutjjf%%%égo%aﬁ?m%‘}psi‘a‘élﬂg 51,16 Pr ke SHRSHBERY i er s,
rust inhi bi $ebcted fieraMydroRy, Kol Sest@dred Boust; R iBaeHcbderiitdh@ighgdant s,

i ncluding the so called viscosity index (VI) inprovers, dispersant VI

i nprovers afitf brauchgd chaam akyl eycladkylied agdi ?‘%S]sq isan drtegor af O fnfhi Bhea or s.

substituted hydrocarbyl groups are attached to the silicon-oxygen via alkylene or
arylene bridging groups, which may be interrupted by oxygen or-NH- groups or
30 terminated by an amino, monoalkyl amino or dialky! amino where the alkyl group is

from 1 to 8. Thus, glycols and glycol monoethers, polyhydric alcohols or polyhydric
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"THE DETERGENT Metal detergents have w dely been enpl oyed in engine
oil lubricating formulations to neutralize the acidic by-products of the

"~ conbustion process and/or 20 lubricant oxidation and to provide a soap

ef fect and keep pistons and ot her high tenperature surfaces clean thus
preventing sludge. A nunber of different surfactant types have been used
to produce gihtfidseah bé ke MAlalBbBEBERISthe CROVBRUEHBIR] 851 Qlly T8k
detergents included: sul phonates, alkyl phenateS,” sul furiZed aFkyI

phenat es, cadfiFekprutkae (usuallyamethexy Olpﬁg@?@ﬁdwm),etg [foramelyghn dptirepteds .
Commer ci al [oTe-RTok s : neutral .or .overbased.
Over based rrg?al de:tts %?g%h@u%@g%% l)ré’atleﬁé&%;rxgrglllj%n%&g%?E%?%@%?’i%ﬁco m xt ure
of hydr ocar bonwgthdetesidgesio replicd thibe ethexpamiues osfolf ethbxy @oirgk. Talgyleg@henol |,
car boxyl ﬁte etc..., netal ?xi.d or hydroxi des (faor exanpl e cal ¢ci um oxi de or
cal ci um Ry dF & Y rrs Paigile As gt of 3 eatelystasepRiaged, s¥eh agspdim For
exanpl e for tpfepad AIRgi ABaPMRERAS PYrt ¥ Vol ation,
t he cal ci um oxi de or hydroxi de reac@ﬁ%?ﬁg&ggg‘ggﬁgy@éﬁgﬁ%@i de to

f orm cal ci udioghgiyeriapenoctips asgeprsaenfedby thei formda SHOULEIL AR K vdrreRcess of

CaO or Ca i . tal ~cont.ai ni
ash- 19 :)r m ﬁ]g?r@ et eigcg‘é;ndtag&l Eﬂ%ﬁ g E{Lg%%gglcﬁhglgflg P 5%%@”[“%09‘3@%% ég.gpgi enove
deposi ts andombictdivithnanine alcblEsls o flrmrausihod Nyl ireE. Partidiei Bifefepdaci ng

wear angocor osiron and exte di%ﬁ engine |ife. Detergents generally
conprise’a BOlC8rMAREHR A SHeqt go‘l’i'&éﬁ)dﬁ%gﬁé)n&GWhWﬁéls m thdggnd
conpri ses aryPiat, Sl PafhcaRndGdh ' salts may
contain a substant] alyliy stcoi c%%%ﬁ?(?%ﬂggngﬂuérﬂﬁogﬁ%z@&%t%%&i n whi ch case
they are ustHGHAGEd:NEFa0: wheredtomid independerttlydiydsmen st Canalkvip predertplyi cal | y

have a tota nupher, or 1BN (as can,. asured by ASTM D2896) of from
0to 80. A é’?‘é‘%?la%dé:ﬁ?ﬂ@?d Eloﬁ%{’%?erﬁ@é’ gllaﬁ%{}pﬁé P[}’é’érpﬁ%%“&wgd fwﬂ%ieaﬂ ng
excess met abe 6medwiicthé Bydtolysis An@¥bsRnttioR Y IR PbuMdstdT fénAs | Fhf f9as
(e.qg., i;rbon 10 di oxide)._ The resultlgg_overbase det ergent conpri ses
neut r al 1% ed ¥RSRIF §abpvamay hergmsente Ay ePi(OR) ngivppsthup frmgong. or nesxe bonat e)
m cel | e. Sugihauerhaged detergents may have a TBN of 150 or greater, and
typically will have a TBN of from 250 to 450 or nore. 15Detergents that
may be used include oil-soluble neutral and overbased sul f onat es,

phenat es, sul furized phenate t.hi gphosphonat es, .sal i ¢yl ates, and

napht henat es and 6%@?8 %ﬁ?@%'g{!ﬁﬁ?@?éﬁw&%r%ﬁe@?déV the fl‘?Ef”élla,I articularly
the alkali Bydralykadlé Si8neabthpPouRik 8k1Setc® £9m hEBFdubBongQfli WP POt assium
lithiu cal cium and rmagnesi um The nost cormonly use§ nmetals are cal cium

and nagtitsi EHROGRICEYSiRTE, feisachorysiloae feteapsonoxiysilaet telrgenprepaxysithnien a

| ubricant, aRdy, - L andlor . esi um W t-h sodi um
Particularly convéﬁ?é%‘?teﬁéltsgﬁhg*eﬁer gég%@a%ﬁ%ﬁgﬁeﬁﬁxﬂﬂamover based cal ci um
sul f onat es tetraking@ueliBNypfopbxYsil20, tetaliS@ihorgeths:af)sikng over based cal ci um

phenates and, sul furized, phenates having TBN of from50 to 450 and neutr al
and overbas%&%@?ﬁ@q’ﬁﬁﬁh yegﬁxé'?s&}ﬁ?%%‘in@%ﬁeé@w&%ﬂﬁg a TBN of from 20 to

450. 25 Con@intbidx9aetHelyighe H98RsSumMhst oxer bas ) . bot h,
may be used. X9 Sul f%nat es rray}g‘%% pr pg@gd%ﬁgﬁﬁﬁg#@%{%ﬁgﬂ%ﬂm ch
are typtxal 1 tele-£2-pbylhoyoxydsdlasell f onati on of al kyl substituted aromatic
hydr ocar bons such as those obtained fromthe fractionation of petroleum or
by the al kylation of aromatic hydrocarbons. 30 Exanpl es included those

obt ai ned by al kyHsdrohgishesiueRanayt 6 Mgfb@entwb)eﬁ%y-(ﬂﬁ&lfﬁ&%iﬁiﬁn@)gi phenyl or

t heir hal ogeogy@e.r : vatives. The al kyl ation may be carried out i'n the

presence ofP xygitoxgne) oy dppeipry distoryslasandng from about 3 to nore

than 70 car@ghki hodRBoAhKRnY ettt c i.n, from about 9
to about 80 or 2 rm(r))égc%@l%on at Sms, g?%&ggﬁﬁﬁg%ir%ﬁr% a otﬁf" %E% Ifqo about 60
car bon 3 onsfdifésm, axdeytlesflveftafinstiodalai lonastvith anyledyyerodfaroi | sol ubl e

sul fonat es t%{rao%lto&%roxgrsﬂgﬁjé, fSl lr(}(ljl’(l:teg‘%ll)l%%loql%%é a%% Sﬂl%gltl Ee?:llra &glqatev.m th
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-50xi des, hydroxi des, al koxi des, carbonates, carboxylate, sulfides,
hydrosul fides, nitrates, borates and ethers of the netal. The anpunt of
nmet al compound is chosen having regard to the desired TBN of the final
product but typically ranges from about 100 to 220 wt. % (preferably at
| east 125 wt. 9% of that stoichionetrically required. 10Metal salts of
phenol s and sul fy | eaction w.th a

appropri ate net aﬂéc%lgn%(%%)%?dd] gﬂggﬁéégregﬁggg egéein)gérh%%/ r %e%?]&lg@%ﬂno Hﬁ%ﬁt ral or
over based pemoplug bsompysitien whichifimeitkr brycluvet Kiodsabuat 0.1 ko abvnt 50 withe, Baskd

Sul furized phenols may b repared by reacting a phengl with sulfur or a
sul fur cpnt%ﬁﬁﬁf&%‘ﬁﬂé&ﬂ?&%&& RCALE TIRPOYEA et sarbRound gf faamukoth 8H&M: de or
sul fur di hadd Hgixti@ of AYdRRERISHR s\l GhrtARAl SonkienIRRSF 8hd ¥ Mbrétsihgs Of
conmpounds in which 2 or nore phenols are bridged by sul fur contai ning

bridges.5 additiveapbbupriatle(dettofugehions] sibangs, disiattiang] silkees, mpanfupetigragpar ed

by reacting, ar pg%ic carhboxyl i C] it n r,opri at e .net al . conpound
such as anq%%ﬁﬁémgr e§ F§§¢%ga§%‘oﬁéﬁ Fé%ﬂgw“%ggﬁﬁﬁ?gﬁOEFHHE®1% may be
obt ai ned byTiedehwtion vetht additivtnl ishartelddRives intbomitaliiaio the dricktihgof t he

aromatic carboxyljc acid can contain heteroatons, such as nitrogen and
oxygen. Pr efO5ngsitons phike prsseitynegHem v densng upen B RaricBIdE ProRevties it &4 er abl y

the noiety NS 51 ” ; . 1S a
preferred H%?@%sﬁqﬁﬁgbf?gﬁ%??%gcar%gggfﬁgqgg?ﬁgﬁgi&ﬁgﬁgg?ﬁﬁgﬁégggm%g nor e
ar omat i K nollks dpdionalsiiete @iditore awrreprosatdidnzibadormiubgl, eit her fused or
connected via al kyl ene bridges. The carboxylic noiety may be attached
directly or indirectly to the aromatic noiety. Preferably the carboxylic
acid group is attached directlym@,&i@H by atomon the aromatic ngpety,
such as a carbon atomon the benzene ring. Mre preferably, the aromatic
noi ety al so contains a second functional 30 group, such as a hydroxy group

or a sul fonate gruipn i oCRRbDRY LAGAGY: 9@@@5{%@@@%& Rl e 1o 2

carbon atomon the aronmati'c noiety. rre aromatic
car boxyliSi ¢ saoieds ddffeargailico =il ©r AcEdsn@edof Isydidlyuablke OR] epioupd aredsr t her eof ,

such as hydrocarb substituted salicylic acid and deriyvatives thereof

Processes f%‘f’m?iﬁ’ %%P?‘&&ﬁ@ef’r#b'r&e%& K Séf"h?ﬁtf%%‘fﬁ’?%f gﬁg’é’f‘y’t%‘gﬁ” salicylic
acid, are kipwok® ilphGeRy ki bhedy) Bridis @fetferaﬁzlcé%'la&-ﬁoge's@& A prtypically
5 prepared by carboxylation, for exanpl'e, by the Kol be-Schmtt process, of

phenoxi des, cxam@lc, pheriexy), endecylayl (forgapmplel Cys -Bevlobt siohed, fonoxavedlty in a

di luent, i i . \M ncar boxyl at ed phenol. THE DI SPERSANT 10The
dispersantQ%%%F%éég&ﬁﬁﬁ$ﬁgy¥onpositions of this invention can be ashl ess
di sper2@nts such as an al kenyl succinimde, an al kenyl succinic anhydride,
an al-kenyl succipate ester, and the |ike, or m xtupes of such di spersants.
Ashl ess di spersadhe¥ %?%‘”%@HF%’I‘HWPB Ghipay ¢ Y cProypactionsd such
group is 15ggig ected to copol ymers which contain a carboxylate ester with
one or nore additional polar function, including amne, amde, im ne,

i mde, hydroxyl carboxyl, and the |ike. These products can be prepared by

copol yneri zat i Orh)&;nplleos%? R(fp 3k %ﬂ{%ﬁ k&éfe%%i)y b!\/sb -Salk%rl, such as methyl, ethyl,
25  n-propyl, isopropyl, n-butyl, s-butyl and t-butyl, pentyl, hexyl or cyclohexyl), and aryl
(preferably Cg.q9 -aryl, such as, for example, phenyl and naphthyl).

Specific examples of functional groups of the radical R, are the
hydroxyl, ether, amino, monoalkylamino, dialkylamino, amide, carboxyl,

30 mercapto, thioether, acryloxy, cyano, aldehyde, alkylcarbonyl, sulfonic acid and
phosphoric acid groups. These functional groups are bonded to the silicon atom via
alkylene, or arylene bridging groups, which may be interrupted by oxygen or sulfur
atoms or --NH-- groups. The said bridging groups are derived, for example, from the
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‘met hacryl ates with nononmers of the above function. Such groups include
al kyl nethacryl ate-vinyl pyrrolidinone copol yners, alkyl

met hacryl at e- di al kyl am noet hyl 20 net hacryl ate copol yners- and the |ike.
Addi tional Iy, high nolecular weight am des and pol yam des or esters and
pol yesters such as tetraethyl ene pentam ne, polyvinyl polysterarates and
ot her polys ] b ) LEPRR
N—substitutggﬁﬁgﬁ%ﬂﬁﬁgyﬁk%%E%ﬁg?hgﬁgg{ﬁgﬁﬁgggsgggﬁgno éﬁ%ﬂ%?g%%?kenyl
succi ni nm de$ tal® iypasicnlyr Gemi Meod, farbem sthmsr eacti on of al kenyl succinic
acid or anhydride and al kyl ene pol yam nes. These conpounds are general ly
considered to have the fonnul a 24 wherein Rl is a substantially

hydr ocar bon r adi Bedmgplayofngiafe il rédressticd by thd vovaldeshedbintia ad000, that

is, R :}5 a hydracarbyl radical, preferably an al kenyl radical, containing
about  30° t oMsBBtiImsthex¥silpe rttlimethoxyrilans, reapirkysthoesiangi cal of 5 2 to

10, prefer a%&lﬁn%ﬁo@ysilﬁ@%?%@ggﬂtﬂﬁﬁﬁh silaﬁ%,%rexﬂ;ﬂ;gngiﬂoﬁ%ﬂm%e lected froma

C -C4 al kyl of al koxy o en, . preferably rogern, and x is an
i nt eger fr ofandethyd-2hentydiretlexatilape CoctydtrBoet Tty sikoeddeytamethboysilangduct  of

al kyl ene or _al kenyl ene. sucgi ni ¢ id or ydri de and al kyl ene pol yam ne
will conpri %1%§¥W9%H? Sg?necS &Fﬁﬁ&?ﬁ@% YSLEE nam ¢ aci ds and
succi ni m dedimetioMEuRthoxidilans, EGBS%QM{eyeﬂ elQaRSHBRMiIBné,Ni s reaction

e

product_ as a succinim.de of the described fornmula, since this wll be a
princi pHfl conpywempylimefexysilenaiecyarprropyiinethessiitncs ucci ni m de and bi s

al kenyl sucginiand; Ge e . nol e ratio of

pol yam ne ton’éﬁ& é%ﬁﬁ’@%%%@“%%h@ p%#?ﬁ%%?@?ﬁ%glﬁgm ne used. Charge

nol e rat i os3-wiergaptopaspyieiniethoxysiting) Sagiroppgybfimathouysithhd, may produce

pr edom nat el no al kenyl 15 succinim.de. Charge nole ratios of polyam ne
to succi ni cp%eﬁlgﬁlﬂmg%o@b%%?e’ T’?OWpﬁ?@éE@éeﬂﬂﬂxé(ﬁgﬁWnant |y bis al kenyl

succi ni m deN-(2-aminoctAR8-abifsR it &fo-8kitgRy| succinim des can be

prepared by reacting nmal eic anhydride wi'th an ol efinic hydrocarbon
fol | oneltP by4{%a’élmmglyimnmsﬁlwbphﬂyemkemythomlm@hmﬁdmﬂiwmilada with the
~al kyl ene po ) ] cal of t 8] formula, that is, the
al kenyl rad%%gl%éaﬁ%xy%;@?@géﬁgh e@@?ﬁyelgaéle?gugaﬁée\{%dﬁyf/ﬁ - prepared from an
ol ef i n nonoivebutglaidtiRixysilgef hawylidethox yxilaed, bowitatissysildiy)s, the al kenyl

radical is gbtai.ned b olynerizing an glefin _containing from2 to 5
car bon at on%® En? ?)Fﬁséaf%yHY‘B%%XUBH&HWSH@%CY%‘?}@EW}}XXEEWW%H@ ng from
about 450 t@_cg{,}{ggmﬁﬁﬁ&hgiﬁhhﬁb,g@tﬂ@‘@gbm {r@&ﬁﬁﬁgﬁm@%ﬁg@g i fied by ethyl ene,

propyl ene, 1-Dbutene, 2-butene, 'iso , and mXxturés thereof. In a

pref er r¥d adsbothexylirimethwersiline detliyihexiylicethayystienepr epar ed by reacting a

Bg: g:: tg: :Rgueﬁtl%%%rgf)ﬁmanrl]e gﬂsﬂgne%Ip?op%rr}ygrlolﬁ%li:rlemngthg)%!'s}ﬁgnng, ne. The
3-methoxyethyltrimethoxysilane, 3-ethoxyecthyltrimethoxysilane,

3-propoxyethyltrimethoxysilane,
2-[methoxy(polyethylencoxy)propylheptamethylirisiloxane,
25 [methoxy (polyethylencoxy)propyljtrimethoxysilane,
[methoxy(polyethylene-oxy)ethylJtrimethoxysilane,
[methoxy(polyethyleneoxy)propyl]-tricthoxysilane,
[methoxy(polyethyleneoxy)ethylliriethoxysitane, and the like.

30 Although a condensation catalyst is not an essential ingredient of the
lubricating compositions of the present invention or essential to methods herein, the
addition of a condensation catalyst can affect film formation, abrasion resistance and
other properties of the coating including stability, porosity, caustic resistance, water
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30 succinic anhydride is the reaction product of a polyal kyl ene
(preferably polyisobutene) with mal eic anhydri de. One can use conventi onal
pol yi sobut ene, or high nethylvinylidene polyisobutene in the preparation
of such pol yal kyl ene succi ni ¢ anhydri des. One can use thernal
chlorination, free radical, acid catalyzed, or any 25 other process in

this prepar : i ] el ydri des
are thernal ?és}s%%g\e po ylhg?)' tyl% ﬁ%ﬁlgg%g Ia%?%d%hﬁ%ﬁc?ﬁ%% Hg%és%lrlmg E‘i n U’S.
Pat ent No. 884t 1BFBcanchihowidedit, botwPl BB8Aratls e prdsedt in an ainSuntFetne aboto.

3,172, 892; Lxture of thermal apd .ch] ori,nation Pl MA.described in 5 U.S.
ot oot N BB Bl Pl ok TR p R Pl Rl D P bR i T n b s Pat ot
No. 4, 234, 435; Pol yPI BSA described in U S. Patent Nos. 5,112,507 and

5,175, 225; high succinic ratio-PoJ%PlBSA described in U S. Patent Nos.
5,565, 528 and 5, Eagnplegef cptabusty which an g Beprpaksicdriniodabiigpting SOmpegiaens Nos.

pol ybut ene. THAEREFT AR TR Rl e FRERE o By B SIuPuERe v T fene
5, 137, 980; héompositions ari etnpiateddn BielSAtendeieuder fomekdngiie aetubyibatitnfori dene

pol ybut ene descri bed Ln Eur opean Pat%%t ication Publijcation No. 0 355
895 ter pol TS PFEEA HH@@H ﬁ‘é‘ S:ieif: gredy) tylggetonaten 41y HamIdesy ¢ onj ¢

aci d Pl BSA gapghiubetksi () dnstne B m MumRaifs] Zv)qgérgﬁ’tﬂg abilg %E’%ﬁﬁb gadent
Application Publication No. O 542 380; and purified PlIBSA 15 described in
U.S. Patnt orgenicsulioge aads, andi theirasppasalaiverikabippetalalts ofcatbsiylic acidan No.

0 602 863. ' , nent. e. at ed
her ei n by ré?ﬁ?@%@%h?%&@ﬁgvﬁkgﬁﬁﬁggg@3&$%%%%%§§§F%@%@%Q&?H%%%ﬁégggnhydride
iibpaeferabhx%@gmm?mﬂfgbgmﬁﬂwkm&pgsbﬁhﬁhﬁﬂ?%@gﬁdﬁuddﬁn@?ﬁ@QQgﬁﬁﬁre?

enbodi nent, the pql yal kyl ene succini c, anhydride is a polyi sobuteny

succi ni ¢ anfYEPIUEES BEAMREUEL ZivpEen a%%zaﬁ AoV laeAttAsagroWRi ght of at | east
450, nore pfpfgs ; . @&H&H § W E re preferably
from at Ieag? aggﬁ%&g%%’?%%é%gﬁggfggﬁ. ‘Hﬁggﬁzgﬁ%?%g?h%?g?erred

enbodi nkht , 2ethyl-étmeteylohidpmly skl pmocthyt 2ipropyliendazdie; Gegraipeivnpichyed. | n

this enbodi nent, the .m xt.yre pr.eferabl pr.a ses | ow 25 nol ecul ar

wei ght ol y ATRTHKE AL eRey e By R eyt LR leha anh o e oM &k u ar

wei ght pol yaldaybaneusddggiickloan Ayidl slriec asRapRen acidydcaiducaf,er ably, the |ow
nmol ecul ar wej ght conponent . has a nunber average nol ecul ar. wei ght of from
about 450 t BiiBeranethageromie agid Ty FRUPDT b Suthegompouady assefiyehesstath dar a

nunber aver ecil g&hgg . : ﬂu?ﬁﬁﬂ Sf nor e
preferably,g%§¥ﬂﬁphgghgaw'n 33§%8&& Ie%%%%%&mgﬁgﬁt conp%ﬁgﬁgéiare

pol yi sobut egsolup $vid itetracn-butyl/ainimdesun Ahdretenand e Eyoup b i diogy ol dbloudager

wei ghts pol yal kyl.ene_succini¢ a dr.j de conponents can be conbined as a
di sper sant %ﬁi%%ﬂﬁﬂﬁﬁw € ]§TﬁT%QG¥e@k% ot her above referenced di spersants
as identified above. The pol yal kyl ene succini c anhydri de can al so be

incorporated with the detergent which is anticipated to inprove stability
and conpati bi | i tip dfurthpreaspeat cthe presertinxcantion mméi%s arppyBdonlarivablee

detergent | E‘o&%a?&ﬁgf)ﬁ(feﬁse{t{oﬁrgf CheatfoQe ﬁeﬁ?erdcc%ﬁltpogﬁon. By "partial
25  condensation" and "partial condensate” in connection with the present invention is
meant that some of the hydrolyzable groups in the mixture have reacted while leaving
a substantial amount of hydrolyzable groups available for a condensation reaction.
Typically, a partial condensate means that at least 20%, preferably at least 30%, more
preferably at least 50% of the hydrolyzable groups are still available for condensation

30  reaction,

In another aspect, the present invention provides a composition derivable from
a complete condensation of the above defined composition. By "complete
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‘5wei ght of the detergent m xture and preferably fromabout 1.5 to 4 wei ght
percent. The preferred pol yal kyl ene am nes used to prepare the
succinimdes are of the fornmula: A k-(-N-Ak-)-N R3R4 10R2 wherein z is an
integer of fromO to 10 and Alk, R2, 113, and R4 are as defined above. The
al kyl ene am nes include principally nethyl ene am nes, ethyl ene am nes,

butyl ene antdifiensaRbPAY AR AT RAR thPFREN BREnEH 9 BRanBXMNEREr ATLAGS
heptyl ene am nes, 15 octylene am nes, other pol ynethyl ene am nes and al so

the cyclic bydolyrblhgrghes infbamibgurs have saaeted dhipicadly ascomplete sendassatad ani no
al kyl - subst | i, pe ']g%§. T re exenplifi ifically by

et hyl ene di 15_‘%1&%33?3‘? frﬂrilPee rﬁ')ﬁ/jl neOWZeat%r?%%ﬁ}ll%ser,%m%lrn oagﬁlaebgégfogi%§%eﬁ %‘5“’8 ecanet hyl

di am ne, octeactinhyl ene di am ne, di heptanethyl ene triam ne, tripropyl ene
tetraam ne, tetraethyl ene pentam ne, trinethyl ene di am ne, pentaethyl ene
20 hexam ne, ditrinethylene triam ne, :

2-hept y1- 3- (2- ann@BihePysbbet ik $o&eht iRferfiolBrdWdes a'p §H~ i

N, N-di met hy1-1, 3-pr opanes%)d? am %e, 1,13- bi gi(qg an(}iers]ggnﬂ?% |on18%g%?%%e,

1- ( 2- ani noppaPYLOF cppletearpndensate, contairdiRthanboreatelinkd porppositidnriey remding

2-met hyl - 1-£2- am nobutyl ) pi perazi ne. H gher hompl ggs such as_are obpt ai ned
by contiens: 116 cpRBbERR e G nts on SrrGe PR W wst e SEmithee®

| i kewi se ar gcatslgftiduch 3danThdd of hyphene anmines are especially useful. They
are described in sone detail under-the heading "Ethyl ene Am nes” in

Encycl o]d?adi a of Chem cal Technol ogy, KirkQhner, Vol. 5, pp. 898-905
(1nterscience Pul b shiPhtneNalod O proknQhvenfiBf a6 pRvIEL MANGRG R Ne 1S
used in a generic sense to not e g class of "pol'yam nes conformng for the
nmost part tioeating astbatecanBisikP eGP aH2hplyalg to ahleas iapogidnsofaine sunfaeger
from1l to 10,,Thys, it includes, fo X | e, _ethyl en i am ne, diethylene
trianine, 5ONBE B S@ﬁgtﬂfeectopﬁ)z?ﬁ’i ‘H_B? % éﬁ?‘ﬁggﬁ?‘ieeﬁ@gﬁém%&ﬁ? S\%‘amﬁ% ﬁ?ﬁ’é’?ghyl ene
hexani ne, aglthRebdtrateds cakbe, geﬂéyall%fdﬂﬁ{enﬁiemﬁ lof 8BHE 2O IBEER: 8§RAdIR t he

al kenyl succini mi de conmposition of the present invention can be prepared

by co nv’e& i Ohi] Im%ﬂ@ém@§?t@@é Pl_l%gﬂ-df @@pbﬁ@éﬁ py be &e-l}aated As (oIS
5! 334, 321. et fitfonpolifin §ion Py o Sl Ematv iR Pt elind i faltihhen 0 oy

i ncor por at edmjtancehidy enberisabsehednt tethkiapplioatibn of tk lcoppogiisesnto McS 0

i ncluded wit tg)i n the term"al kenyl succinimdes" are post-treated 15

succi ni m de¥8TRR as post -treat nent processes involving borate or ethylene
carbonat e di scl osed by Wl lenberg, et al., US. Patent No. 4,612, 132;

Wl | enberg, et al., U 'S Patent No. 4,746,446; and the |like as well as

ot her p¥hst - UBRIGE A BRIGA TIHE OMPOSTHINS por at ed herei n by

s 1 ((HES S (7 €10
reference inits i et r r abl carbonat e-treat ed al kenyl
succinimde is a pofﬂfllfl)%l%}eﬂ%é)ﬁscﬁ%l P%IEPTIX tgg i lqueg?r?rb%?ln%lf?gﬂ%lém% havi ng
a nol ecul arpreparghby sifnphbblctdind 00Mhixipg eearyabllyzableasi SO ctional 5ilthe oFEice
preferably from 1300 to 2300, and g}r eferably from 2000 to 240Q, as well as
m xt ures of PEHESBVANi®aptigraliyey ihother pidifivssamith an pH of Bibgeag Bsropy
reacting, : i JaTe I A ] 8 inic
nord dor] e ecoiDE B il RRRt L ho Iirgnforintl el of br BRI A ORI U at el
aci di ¢ eagemackapd with wiriefis atheambllitavey ok tharmpprepri2® saitds tagaciliaig bicnidingU. S.

Patent No. c?f’ a7I:1I'1§1‘i09ani%g Icgr(ﬁg(l; 180rnaéoe11 ajgflrg%endebs}{‘eé ggn%gz'r?t?a %’n of additives. The

compounds of the present invention are blended with base oil using a concentration at
which they provide improved antiwear effect and are both soluble in the oil and
compatible with other additives in the desired finished lubricating oil. Compatibility
30  in this instance generally means that the present compounds as well as being oil
soluble in the applicable treat rate also do not cause otﬁer additives to precipitate
under normal conditions. Suitable oil solubility/compatibility ranges for a given
compound of lubricating oil formulation can be determined by those having ordinary
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Preferably, the al kenyl succinimde conponent conprises from1l to 20

wei ght percent, preferably 2 to 12 weight percent, and nore preferably 4
to 8 wei ght percent of the weight of the |ubricant conposition. 30
Preferably a m nor anmount of antiwear agent, a netal dihydrocar byl

di t hi ophosphate is added to the lubricant conposition. The netal is
preferably th]!&?nthl"ﬂﬁuﬁﬁ!n@l‘dft&%%ﬂlﬁl %ééhx?ﬂi&%éﬂi@éseFMaﬂﬁlePresem I n amount
of 0.1 to 2.0 nass 28 percent but ically. | ow phosphorus conpositions
are desir edprgejptmi@nd’rqwalf@caﬂﬁ% hhbuh@tumlsmoempa abmplblgmnémoes 25 to

0 o
b of er abl v, CBH205T Ry R e R Bt B P bR Reg RomBERG e ™

ant i oxi dantccﬁ:ﬂ;ﬁbsﬂ:ﬁhhlov\ﬂ&rfoﬁﬁﬂ@lﬁfdd)iﬁﬁ‘ cldiidy‘hﬁ)lhmtbf wmah bﬂ@e&e@ﬂiﬁﬁﬁbﬁ opn. Such
conmpoun may be epare in accordance with known techni ques by first

f or mi ng “a d:i“F‘HP]blﬁ ¥t%€- aci d, usually by reaction of an al cohol or a
phenol with P2S5 and then neut raI i zing the dithiophosphoric acid with a
sui tabl e zinc conpound. M xtures of alcohols nay be used including

m xtures of pri nBrejubmeitige odnetdraye ail,oshdinsthe Btanpimgsibfonssiioak obthel s

include, but are.not.restrict 0 ovvin list: i.so-prapanol,
i so- oct anol preﬁengmvg%qn THETHY ?gfltglg%ﬁ& ﬂllg gl?%fflhco‘fse . engitie Oif, gea oil
met hyl - | - peintiadi@al 2iloéytting oD &R, @Bﬂéxalﬁ:lw}ﬂ:)‘é d&ﬁ%@ﬁ@i craﬂﬂﬁse engine oil,

- 2-met hy] -1 - ﬁropanol The hydrocar byl ‘groups_can pri mar secondary,
or nixtitres é?eé’élftypléalb’m e BEIRY M0 Sm@e@oﬂlaﬂ\ﬁmm %17 eaEns

d :
Nor sover ) vheh SRR ddtBbh BRK: Alon STEANRAL Kn 0 AT

pref erabl y éfgires mmnhenchrdmnamn@ér@mdsl Qraﬂﬁcatse; LibDoatingpds ovdinadlgndas y al kyl

T5 s o6 prrotany SRy GPasaly T oestar 2o G R e had ey -

but an- 2- ol - @Rgibd BerfRE Froth dynPeds bAAMral EMRPes RERrA6AE BlchRE ahind oAPbRd
derived fromderived from'sec-butanol and nethylisobutyl carbinol and nost

preferadl y visstebiewils Iﬁfég seastdseilaleed oidoesiveellys mipkral @érl‘émtal off er ypetaal
di hydr ocar hghﬁt rhb %%ﬁt?o 'ﬁgl\ﬁdgoéar%%% h%)h[ﬂ% dot}%fr o%ls Fhosphor us

cont ent - of ri ca 1 ng OI conp m)un S are present 1n t he

| ubri cat i ngordidariborpdii lubdenting oﬁrcﬁmpdaﬁans’,}ﬁlﬁﬁmﬂlﬁgmvsﬁﬁﬁéfﬁéﬂ hyé@xpr essed as
mass % 25 el enent aI hosg‘horu of 10 or }fr eferably 0,08 or |ess,
and nore pr&faisds ol rapsch Pé%’FFeastP rigdhelly fafriglén@rma vigsssitio 0. 07,

I'n a parti cydedid thidthdnfivh SEo S REE 2 v1§&ﬁltkﬂpfek%§5’ﬂlgﬂst 05 Lo GOMBRSIERR does
not contain a metal dihydrocarbyldithi ophosphate and anot her “aspect of

this | ud8ri cHiG be mefermdmmlﬁﬂdrﬁmﬁﬂﬁl%e@s&s&iﬂG@up)}ﬂnougnlﬂwpdNosphor us

additive COR i nhi.bit r .antjoxid educe
the tendency E?S%tabl Gkr(s)ul% ?(gg drﬁg? ]flgit?rﬁs ‘3‘8’%3\9?8%“"‘\% Eﬁn@g{g} oration
can be evi denegd. $5mtlie|tle oflt dduele ot hyadbeahdnymttdoidSansll syeietiaders.

varni sh-1i ke deposits on the netal surfaces and by viscosi t%l growth Such

oxi dati on i VsrfHisypihetiq dreraeb o %Héﬁ@ﬂdepm@)pglymgrs@amhe ogeding iwaving the

proper viscosity. Especially useful are the hydrogenerated liquid oligomers of Cs to

A 25 iz alpha olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper
viscdsity Such as didodecyl benzene can be used. Useful synthetic esters include the
esters of both monocarboxylic acid and polycarboxylic acids as well as monohydroxy
alkanols and polyols. Typical examples are didodecyl adipate, pentaerythritol
tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate and the like. Complex esters

30 prepared from mixtures of mono and dicarboxylic acid and mono and dihydroxy

alkanols can also be used. Blends of various mineral oils, synthetic oils and minerals
and synthetic oils may also be advantageous, for example to provide a given viscosity
or viscosity range. In general the base oils or base oil mixtures for engine oil are
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metal salts of al kyl phenol t hi oesters having preferably C5 to C12 al kyl

si de chains, cal ci um nonyl phenol sul fide, ashless oil sol uble phenates and
sul furized phonat es, phosphosul furized or sulfurized hydrocarbons,

al kyl -substituted di phenyl am ne, al kyl- 5 substituted phenyl and
napht hyl am nes, phosphorus esters, netal thiocarbamates, ashless

t hi ocar baﬂ'&%ﬁdé(ﬁé@éﬁhéﬁﬁe ARA 16HAdRHRC 81 RRABLER: MeS B MIIRAGDI S

(di butyl di thi ocarbamate), ethylenebis (dibutyldithiocarbamate), and

i sobutyl di Bwludingthe presenthfupf dednempl adidithiesempbsition.dps a Pisedsétyraéd phenol type
oxi dati on i b b f.r the.qr nsi stin - o

44 ot yl S EbEE o P BB TG ReS R RSBk £3 10 17 .

104, 4' -bi s(2,6-di-tert-butyl phenol),

4, 4" -bis(2-nmethyl-6-tert-butyl phenol), 2,2'-nethylene bjs .

(4- met hy'i( -6-tert JIBBF%HY-%% gFgtingpieonmasiiion juHepitgin a variety of compatible

( 3- met hyl - BaddBfides RdidddRg ) various properties to the finished lubricating oil

4, 4" -isopropylidenebis(2,6-di-tert-butyl phenol),

2, 2' - met hy| eareprisg{on-deperdjeis @ tha pagicplac el Yse and base oils used. Such additives

2,2'-isobutyli -bi s(4.,6-di net hyl phenol 2. 2' - et hyl enebi -

met hy 1 6- oy e BHE RS et ATEb Ba P i Giskis foch 4odBhiH B BgPased

2, 6- di - t er t efguiliy tulonalds ahdyibidhe and ovetbsked pABiak ins tatdUdi¥peridmesnol ,
2,6-di-tert-4- (N Mimethyl am nonet hyl phenol), 4,4 -thiobis

( 2- met hif} - canddorashigss disasEsABs) , 2, 2' - t hi obi s(4- met hy1-6-tert - but yl phenol ),
bis (3-nethyl-4-hydroxy-5-tert-butyl benzyl)- sulfide, and bis
(3,5-di-tert-butyl -4-hydroxybenzyl). D phenyl am ne type oxidation

i nhi.bi tor: al kyl Atsedndidedenydthen adjtives sydhats ediiwedryleedte dricligphangifiars, ne and
a hindered 20 phenolig¢c antjoxidant primaril , 5-di -tert-butyl

hydr oxci nna?f‘lsﬁ:"%g“?’:& mcg’f@ IB#’gﬁBWeEO‘EERV’Iﬁgg?%@?&ﬁ% 15@“5’5 H&‘E‘Hﬁ’?&/ﬁ’ﬁﬁ? ne, and
al kyl at ed- ac41RRiBydiGThdE-(VI) improveis, SpiBrshMSV BiRGRSveds dudl S AR81 IR i er is
needed. Such friction nodifier is preferably an oil soluble organic
frictiob m@ﬁlﬁﬁ@ﬁoﬁlﬁé@rb@ﬂdﬂb@ﬁpﬁ- the lubricating oil 25 conmposition in an
amount of fromabout 0.02 to 2.0 wt. % of the lubricating oil conposition.
Preferably, from0.05 to 1.0, nore preferably from0.1 to 0.5 w. % of the
friction nofHEIMETERGHES®EI. Friction nodifiers include such conpounds as

al i phatic am nes, or  ethoxylated al]|phatic amnes, aliphatic fatty acid

am des, aliphati %I%%ﬁﬁ%%/tﬁga‘éFc‘iVlﬂgﬁ%ﬂePﬁﬁ@?qY@d&’h?w@‘ﬁl ]é‘%”égztt’éltgs of polyol s
such as gl yeemlatiesd 8meueflizt #d #id08¢ptb@R tsf B onftustorPirotdsy GREBE Ol eate,
boric esters of glycerol fatty acid nonoesters, aliphatic carboxylic

est er - a4 delybrieant phidation andde phoyirdst wap affepaikeemppisiophatdestherdiiglphat i ¢

o oup vsual T reanrErElal oGt BLERROBRIE Sher ch o Et Befalicr ' ne

conpound  stypésiizivy beér ussd tdifroduccRE fre.eseNbatnyY deterpentp) €smebn Skt 61
friction rmdi{ala rs are found in U S Patent No. 3,933,659 which discloses
fatty acid Beabidergepts mgluded: sulphgnates, plgyiphepatey sylfiniasg alkyhphamatescl oses

gl ycerol esgghs di ' i6S; : t 5551131@%1’ whi ch
di scl oses ester gp{t)?s’ Cd;@ ngeg’lchl%e%ﬁcoiﬁégg’aaﬁgpghﬁa}ai?%ég Wt %%5?%%%?2 U. S.
4,530, 201 wtingtallysefarrpd tof asmeeidalvo vatbdsed! Qyenbaded mutad aleeagentscoapr i si ng

esters constituted wth | ycer.ol , fatt cid and a ric acid, said
ester havi n%engm lgé)lr(\ﬁu\%d %ﬁ%ﬁ%‘fﬂaﬁﬂg @61115&6‘%/9{@]1}!&005{%033, ?65%‘3?9 Pyid 208 d

resi due con@magul%zﬁ@hdﬂ,%mdﬁ;mcy Aedbiyiated. ahkl oxilHhylkidg (Birt 0 24
carbon atons and 1.5 to 2.0 noles of a g ycerol residue, both per unit

nol e of a bERIPlLEIduReidg s calnivay Bydigeider andipsoeterssudlnasestiares used singly
or in conbi Lon, ' sai r [ id.residue
and said gl lgg%r 0 a?gg'%a u'eﬁ%g?%gﬁteg%tﬁtg %ée{éﬁ%rbf}cogéa %Iage;%ecgg%éé% S‘lﬁg&%ltez 1ﬁm)l es or
mor e baX¥ed wmbdhation,¢hofalditve oxatelohyliozideaiatty eith thecgasdduScarbat divxiddao
3,779,928 ich %l scl oses aéﬁamﬁé hos(ggoni C a]fcieg Sﬂlbts; U S._ Patent No.

3, 778, 375 W2 SR FBRYELG JAE F1EIH pAd e iTghzed YHHbERHEESE (AU M an

ol eam de; apgO¥NSo Bah e¥tsuldBrats, 932, 290 15 whi ch di scl oses reaction
products of di-(lower alkyl) phosphites and epoxi des. The di scl osures of
the above references are herein incorporated by ref.erence. Exanpl es of
nitrogen containing friction nodifiers,,,nclude, but are not limted to,

i m dazol i nes, am des, am nes, al koxyl at'ed am nes, al koxyl ated et her

am nes, am ne oxides, am doam nes, nitriles, betaines, quaternary am nes,
imnes, amne salts, am no 20 guanadi ne, al kanol am des, and the |ike. Such
friction nodifiers can contain hydrocarbyl groups that can be sel ected
from strai ght chain, branched chain or aromatic hydrocarbyl groups or

adm xtures thereof, and nmay be saturated or unsaturated Hydrocarbyl groups




"The lubricating conposition of the present invention may al so contain a
viscosity index inprover or VII. Viscosity Index |nprover. Exanples of the
viscosity 30 index inprovers are poly-(al kyl nethacrylate),

et hyl ene- propyl ene copol yner, styrene-butadi ene copol yner, and

pol yi soprene. Viscosity index inprovers of dispersant type (having

i ncreased di sperFRABCYIntShinRrabH-elihOdetérgpfs Anttieh sPbRABRLEWRH:s td hese
viscosity index inprovers can be used singly or in conbination. The

amount of vIcEBErrgmpYsdspositsng e poif eepealizamor sest dthdbitorn tleerely sdeging o |
. L . r . _ . . 3
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in the range anount
EXAMPLES  head withea fong bpdriopiobid tail. Bie pelat Head cmptites afmdthioait ofj aeaddiol es,

which s forth particul arly.advant ageous enbodj nents. Wiile the exanpl es
are pr o&t detfEfY° g?’i“ﬁ%‘{“:‘iaﬁe %/atluté' DY eeB n?ﬂ@éﬁf’?%h’, stpigRymeire gpqual Hf%‘ﬁded to
limt it. 1RcBKANDAiEh dasd they are usABy HbREbERAd REmAT br eRHRQG1HE, i80S/ 00fd t he

present invention (Exanple 1-8 and Conparative Exanples A, B, and C) were

mp
prepar ed ac@sicdilnbaves tolabbage ngmbeper TN t(2sren. bsmasamured by AN T D289h)o
basel i ne oi iR | Gt ratl
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| ubri cant. Betabeahpdubhé (dlg., af otile obagkbxide voikll arpacidiaped(cfrcaboanpl es 1- 8.
The basg|ine ojl rised approximtely 75 w. % of ap oil of |ubricating
vi scosi fﬂ/ ‘ﬁ_&ﬁé%%ﬁgg‘ﬂﬁlﬁﬁﬂ’%éseéﬂeﬁ&ﬂn SRR oS nentTRlRd dverEenis Pbase
oil's, a sucGinj&4erdsRehaant .gmcéf&haeg&i&narsﬁeéhw&sl L@éd%e%tﬁg&&s-mé’@ of or a

bi s-succi nim de prepared froma 2300 avg 20 nol ecul ar wei g

pol yi sobut yhayee 18 of hiCcoragrentel; antbtypically wilthbaweye DENydfiome? S(RtoSt5itor %:of a
bor at ed bi s-gluecci nimde prepared froma 1300 avg nol ecul ar wei ght

pol yi sobut ylinené succi nic anhydride with a heavy pol yam ne, approxinmately
4.5 wt. %of a 140BN salicylate detergent prepared m xture of C18-30 al pha
ol efins, and Cm s_branched ol efins Cgpr epared for exanple as disclosed in

U. S. Patent PublPeigigens thabmaydeyscomohid oisebblencstpoad evaderadn by
f i 0y i e i . g 16 BN cal ci
onenerrs UbRSRERE indod ALRN MRLRLS A gl g1 1 o' 1 U

synthetic a ohate pre a mxtu 0 0 al pha
ol ef i ns andnaphibsnisessmdndinbr ofilefoluids capprydatesnaftaahstal] paticuldsiptheanikadopral part

m xt ure of t.i oxi dants.conprising a.m xture. of .an octyl.ated/butyl ated
i phony| ami AEPER s8R el Pt HoERorE Tyt AR sy and

3, 5-di - t er t mbgHeyilimdl T'hd thoByshndx i 1R A SRl ke SalciBmbdneckighmkhicgst er,
approximately 0.7 wt. % of a secondary ZDDP derived fromderived from
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sec- but%hol manbothde pyaspridn detgrasaispisebin a lihrieank and puxtyrespyf icalgBoe apsddyy mer
< ol “"ant _ . D ; f

S oup 11 or agtchBi il odtAcPARRY Bt R ALEROEE Bl AT T DT

present i nveverbased calliemBakehdteschaoing TRN of Som ¥ todisDiesutrabind, ovéitmpat sant |,
det ergent, oxi.dation inhibitor

, JJoaminhibitqQr, viscosity index inprover,
and m ner al “H32%¥8 P FIF@teSéSﬂﬁﬁltﬁé‘He\%’?‘%?FB?aéglgvﬁ%.°§ﬁ§81. %}@ﬁépﬁgn@ﬁar ative
Exanpl e A agmdsvaitaskdimaAheyiam &Q@kmrﬂ§a1§cpﬁat£%€inF@erm o FERIMAGLASDHY €
Exanpl e B was prepared with baseline oil and a top-treat of approxi mately

0.7 wt .25 ofombizaense! Zgprentsewhethen dvertaagkdrineatral Ar bathy thay bepacdat | ve
exanpl e, Conparative Exanple C, was prepared with the baseline oil and a
top-treat of approximately 1 w. % of an Cctyltriethoxysil ane.

Sulfonates may be prepared from sulfonic acids which are typically obtained
by the sulfonation of eﬂkyl substituted aromatic hydrocarbons such as those obtained
from the fractionation of petroleum or by the alkylation of aromatic hydrocarbons.

30 Examples included those obtained by alkylating benzene, toluene, xylene,
naphthalene, dipheny! or their halogen derivatives. The a]kylatidn may be carried out
in the presence of a catalyst with alkylating agents having from about 3 to more than
70 carbon atoms. The alkary! sulfonates usually contain from about 9 to about 80 or
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‘Conpar ative Exanple D was commercial available Cl-4 fully-formulated
engine oil. 10 Table 1. Conposition of O Sanples Tested 15 Conparative
Exanpl es Exanpl es Cl123456738 '

more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl

substituted aromatic moiety.

The oil soluble sulfonates or alkaryl sulfonic acids may be neuiralized with
5  oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,
nitrates, borates and ethers of the metal. The amount of metal compound is chosen
having regard to the desired TBN of the final product but typically ranges from about
100 to 220 wt. % (preferably at least 125 wt. %) of that stoichiometrically required.

10 Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may
be prepared by reacting a phenol with sulfur or a sulfiur containing compound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are

15 generally mixtures of compounds in which 2 or more phenols are bridged by sulfur

containing bridges.

Carboxylate detergents, e.g., salicylates, can be prepared by reacting an

aromatic carboxylic acid with an appropriate metal compound such as an oxide or

20 hydroxide and neutral or overbased products may be obtained by methods well known
in the art. The aromatic moiety of the aromatic carboxylié acid can contain
heteroatoms, such as nitrogen and oxygen. Preferably, the moiety contains only
carbon atoms; more preferably the moiety contains six or more carbon atoms; for
example benzene is a preferred moiety. The aromatic carboxylic acid may contain one

25 ormore aromatic moieties, such as one or more benzene rings, either fused or
connected via alkylene bridges. The carboxylic moicty may be attached directly or
indirectly to the aromatic moiety. Preferably the carboxylic acid group is attached
directly to a carbon atom on the aromatic moiety, such as a carbon atom on the
benzene ring. More preferably, the aromatic moiety also contains a second functional

30 group, such as a hydroxy group or a sulfonate group, which can be attached directly

or indirectly to a carbon atom on the aromatic moiety.

23



‘Conponents W. %W. %W. %W. %W. %W. %W. %W. %W. %W.
% Tet r aet hoxysi | ane 21.61

10

15

20

25

Preferred examples of aromatic carboxylic acids are salicylic acids and
sulfurized derivatives thereof, such as hydrocarbyl substituted salicylic acid and
derivatives thereof. Processes for sulfurizing, for example a hydrocarbyl-substituted
salicylic acid, are known to those skilled in the art. Salicylic acids are typically
prepared by carboxylation, for example, by the Kolbe-Schmitt process, of phenoxides,
and in that case, will generally be obtained, normally in a diluent, in admixture with

uncarboxylated phenol.

THE DISPERSANT

The dispersant employed in the compositions of this invention can be ashless

dispersants such as an alkenyl succinimide, an alkenyl succinic anhydride, an alkenyl

succinate ester, and the like, or mixtures of such dispersants.

Ashless dispersants are broadly divided into several groups. One such group is
directed to copolymers which contain a carboxylate ester with one or more additional
polar function, including amine, amide, imine, imide, hydroxyl carboxyl, and the like.
These products can be prepared by copolymerization of long chain alkyl acrylates or
methacrylates with monomers of the above function. Such groups include alkyl
methacrylate-vinyl pyrrolidinone copolymers, alkyl methacrylate-dialkylaminoethyl
methacrylate copolymers and the like. Additionally, high molecular weight amides
and polyamides or esters and polyesters such as tetracthylene pentamine, polyvinyl
polysterarates and other polystearamides may be employed. Preferred dispersants are

N-substituted fong chain alkenyl succinimides.

Mono and bis alkenyl succinimides are usually derived from the reaction of
alkenyl succinic acid or anhydride and alkylene polyamines. These compounds are

generally considered to have the formula

R1\_<O

N— Alk-(N-Alk),-NR3R4

Rz
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wherein R! is a substantially hydrocarbon radical having a molecular weight from
about 450 to 3000, that is, R! is a hydrocarbyl radical, preferably an alkenyl radical,
containing about 30 to about 200 carbon atoms; Alk is an alkylene radical of

2 to 10, preferably 2 to 6, carbon atoms, R* , R?, and R* are selected from a
C;-Cy.alkyl or alkoxy or hydrogen, preferably hydrogen, and x is an integer from

0 to 10, preferably 0 to 3. The actual reaction product of alkylene or alkenylene
succinic acid or anhydride and alkylene polyamine will comprise the mixture of
compounds incliding succinamic acids and succinimides. However, it is customary to
designate this reaction product as a succinimide of the described formula, since this
will be a principal component of the mixture. The mono alkenyl succinimide and bis
alkenyl succinimide produced may depend on the charge mole ratio of polyamine to
succinic groups and the particular polyamine used. Charge mole ratios of polyamine
to succinic groups of about 1:1 may produce predominately mono alkenyl
succinimide. Charge mole ratios of polyamine to succinic group of about 1:2 may

produce predominantly bis alkenyl succinimide.

These N-substituted alkenyl succinimides can be prepared by reacting maleic
anhydride with an olefinic hydrocarbon followed by reacting the resulting alkenyl
succinic anhydride with the alkylene polyamine. The R! radical of the above formula,
that is, the alkenyl radical, is preferably derived from a polymer prepared from an
olefin monomer containing from 2 to 5 carbon atoms. Thus, the alkenyl radical is
obtained by polymerizing an olefin containing from 2 to 5 carbon atoms to form a
hydrocarbon having a molecular weight ranging from about 450 to 3000. Such olefin
monomers are exemplified by ethylene, propylene, 1-butene, 2-butene, isobutene, and

mixtures thereof.

In a preferred aspect, the alkenyl succinimide may be prepared by reacting a
polyalkylene succinic anhydride with an alkylene polyamine. The polyalkylene
succinic anhydride is the reaction product of a polyalkylene (preferably
polyisobutene) with maleic anhydride. One can use conventional polyisobutene, or
high methylvinylidene polyisobutene in the preparation of such polyalkylene succinic
anhydrides. One can use thermal, chlorination, free radical, acid catalyzed, or any

25



‘1.9 Am nopropyltriethoxy silane 0. 533 ZnDTP (secondary al kyl)
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other process in this preparation. Examples of suitable polyalkylene succinic
anhydrides are thermal PIBSA (polyisobutenyl succinic anhydride) described in
U.S. Patent No. 3,361,673; chlorination PIBSA described in U.S. Patent '
No. 3,172,892; a mixture of thermal and chlorination PIBSA described in
5 U.S. Patent No. 3,912,764; high succinic ratio PIBSA. described in
U.S. Patent No. 4,234,435; PolyPIBSA described in U.S. Patent Nos. 5,112,507 and
5,175,225; high succinic ratio PolyPIBSA described in U.S. Patent Nos. 5,565,528
and 5,616,668; free radical PIBSA described in U.S. Patent Nos. 5,286,799,
5,319,030, and 5,625,004; PIBSA made from high methylvinylidene polybutene
10 described in U.S. Patent Nos. 4,152,499, 5,137,978, and 5,137,980; high succinic ratio
PIBSA made from high methylvinylidene polybutene described in European Patent
Application Publication No. 0 355 895; terpolymer PIBSA described in U.S. Patent
No. 5,792,729, sulfonic acid PIBSA described in U.S. Patent No. 5,777,025 and
European Patent Application Publication No. 0 542 380; and purified PIBSA
15 described in U.S. Patent No. 5,523,417 and European Patent Application Publication
No. 0 602 863. The disclosures of cach of these documents are incorporated herein by
reference in their entirety. The polyalkylene succinic anhydride is preferably-a
polyisobutenyl suiccinic anhydride. In one preferred embodiment, the polyalkylene
succinic anhydride is a polyisobutenyl succinic anhydride having a number average
20 molecuiar weight of at Teast 450, more preferably at least 900 to about 3000 and still
more preferably from at least about 900 to about 2300.

In another preferred embodiment, a mixture of polyalkylene succinic

anhydrides are employed. In this embodiment, the mixture preferably comprises a low

25  molecular weight polyalkylene succinic anhydride component and a high molecular
weight polyalkylene succinic anhydride component. More preferably, the low
molecular weight component has a number average molecular weight of from about
450 to below 1000 and the high molecular weight component has a number average
molecular weight of from 1000 to about 3000. Stilt more preferably, both the low and

30 high molecuiar weight components are polyisobutenyl succinic anhydrides.
Alternatively, various molecular weights polyalkylene succinic anhydride conrponents
can be combined as a dispersant as well as a mixture of the other above referenced
dispersants as identified above.
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The polyalkylene succinic anhydride can also be incorpofated with the
detergent which is anticipated to improve stability and compatibility of the detergent
mixture. When employed with the detergent it can comprise from 0.5 to 5 percent by
weight of the detergent mixture and preferably from about 1.5 to 4 weight percent.

The préferred polyalkylene amines used to prepare the succinimides are of the

formula:

H,N——Alk~{-N-——Alk-F-NR3R*
Z

R2

wherein z is an integer of from 0 to 10 and Alk, R? R?, and R* are as defined above.
The alkylene amines include principally methylene amines, ethylene amines, butylene
amines, propylene amines, pentylene amines, hexylene amines, heptylene amines,
octylene amines, other polymethylene amines and also the cyclic and the higher
homologs of such amines as piperazine and amino alkyl-substituted piperazines. They
are exemplified specifically by ethylene diamine, tricthylene tetraamine, propylene
diamine, decamethyl diamine, octamethylene diamine, diheptamethylene triamine,
tripropylene tetraamine, tetraethylene pentamine, trimethylene diamine, pentacthylene
hexamine, ditrimethylene triamine, 2-heptyl-3-(2-aminopropyl)-imidazoline,4-methyl
imidazoline, N,N-dimethyl-1,3-propane diamine, 1,3-bis(2-aminoethyl)imidazoline,
1-(2-aminopropyl)-piperazine, 1,4-bis(2-aminoethyl)piperazine and 2-methyl-1-(2-
aminobutyl)piperazine. Higher homologs such as are obtained by condensing two or |
mote of the above-illustrated alkylene amines likewise are useful.

The ethylene amines are especially useful. They are described in some detail under
the heading "Ethylene Amines" in Encyclopedia of Chemical Technology, Kirk-
Othmer, Vol. 5, pp. 898-905 (Interscience Publishers, New York, 1950). The term
"ethylene amine" is used in a generic sense to denote a class of polyamines

conforming for the most part to the structure

H,N(CH,CH,NH)_H
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Baseline G| 100 99.3 99 98.04 98.43 99.01 98.04 97.47 97.09 98. 14 98. 47
Total 100 100 100 100 100 100 100 100

wherein a is an integer from 1 to 10.

Thus, it includes, for example, ethylene diamine, diethylene triamine,

5 triethylene tetraamine, tetracthylene pentamine, pentaethylene hexamine, and the like.
The individual alkenyl succinimides used in the alkenyl succinimide composition of
the present invention can be prepared by conventional processes, such as disclosed in
U.S. Patent Nos. 2,992,708; 3,018,250; 3,018,291; 3,024,237; 3,100,673; 3,172,892;
3,202,678; 3,219,666; 3,272,746, 3,361,673; 3,381,022; 3,912,764; 4,234,435;

10 4,612,132;4,747,965; 5,112,507, 5,241,003; 5,266,186; 5,286,799; 5,319,030,
5,334,321; 5,356,552; 5,716,912, the disclosures of which are all hereby incorporated

by reference in their entirety for all purposes.

Also included within the term "alkenyl succinimidés" are post-treated

- 15 swvecinimides such as -post-h*eatment processes involving borate or ethylene carbonate
disclosed by Wollenberg, et al., U.S. Patent No. 4,612,132; Wollenberg, ct-al., U.S.
Patent No. 4,746,446; and the like as well as other post-treatment processes each of
which are incorporated herein by reference in its entirety. Preferably, the carbonate-
treated alkenyl succinimide is a polybutene succinimide derived from polybutenes

20 having a molecular weight of 450 to 3000, preferably from 900 to 2500, more

preferably from 1300 to 2300, and preferably from 2000 to 2400, as well as mixtures
of these molecular weights. Preferably, it is prepared by reacting, under reactive
conditions, a mixture of a polybutene succinic acid derivative, an unsaturated acidic
reagent copolymer of an unsaturated acidic reagent and an olefin, and a polyamine,

25 such as taught in U.S. Patent No. 5,716,912 incorporated herein by reference.

Preferably, the alkenyl succinimide component comprises from 1 to 20 weight
percent, preferably 2 to 12 weight percent, and more preferably 4 to 8 weight percent
of the weight of the Iubricant composition.

30

Preferably a minor amount of antiwear agent, a metal dihydrocarbyl
dithiophosphate is added to the lubricant composition. The metal is preferably zinc.
The dihydrocarbyldithiophosphate may be present in amount of 0.1 to 2.0 mass
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100 100 100 20Performance Testing Three different bench wear
tests were conducted to exam ne wear perfornance. They are the Electrical
Cont act Resistance (ECR) bench test, the H gh Frequency Reciprocating R g
(HERR) bench test, and the Mni-Traction Machine (MIM bench test. The

|l ast two instrunments are sold by PCS Instrunments Ltd., 5 London, UK For

the ECR benghct@siut typhally &) bh&i086brhpQPorR a8 ERPUNsP@EOW I n Table 2.
10Tabl e 2. Tri boneter Test ndi tions and Tri bocouple Material Materi al

Har dness  Suffdreocabiigihionsosphetc is smplrebatdt Heto 1. Siprefeneblyd. 5850 ¢rmBisanet er
Bal I') Fl at %,iﬁlfthe lubricating oil composition. Preferably, zinc dialkylthiophosphate (ZDDP) is

used. This provides antioxidant and antiwear properties to the lubricating
5  composition. Such compounds may be prepared in accordance with known techniques

by first forming a dithiophosphoric acid, usually by reaction of an alcohol or a phenol
with P,Ss and then neutralizing the d:ithiophosphoﬁc acid with a suitable zinc
compound. Mixtures of alcohols may be used including mixtures of primary and
secondary alcohols. Examples of such alcohols include, but are not restricted to the

10 following list: iso-propanol, iso-octanol, 2-butanol, methyl isobutyl carbinol (4-
methyl-1-pentane-2-ol), 1-pentanol, 2-methyl butanol, and 2-methyl-1-propanol, The
hydrocarbyl groups can be a primary, secondary, or mixtures thereof, e.g., the
compounds may contains primary and/or secondary alkyl groups derived from
primary or secondary carbon atoms. Moreover, when employed, there is preferably at

15 least 50, more preferably 75 or more, most preferably 85 to 100, mass % secondary
alkyl groups; an example is a ZDDP having 85 mass % secondary alkyl groups and 15
mass % primary alkyl groups, such as a ZDDP made from 85 mass % butan-2-ol and
15 mass % iso~octan61. Even more preferred is a ZDDP derived from derived from
sec-butanol and methylisobutylcarbino! and most preferably wherein the sec-butanol

20 is 75 mole percent,

The metal dihydrocarbyldithiophosphate provides most if not all, of the
phosphorus content of the lubricating 0il composition. Amounts are present in the
lubricating oil composition to provide a phosphorus content, expressed as mass %

25  elemental phosphorus, of 0.10 or less, preferably 0.08 or less, and more preferably
0.075 or less, such as in the range of 0.025 to 0.07. In a particularly preferred aspect,
the lubricating oil composition does not contain a metal dihydrocarbyldithiophosphate
and another aspect of this lubricating oil composition contains essentially no added
phosphorus additive component.

30

Oxidation inhibitors or antioxidants reduce the tendency of base stocks to
deteriorate in service, which deterioration can be evidenced by the products of
oxidation such as sludge and varnish-like deposits on the metal surfaces and by
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'Rc = 62 0.02 Rc = 58 0.046-0.056 Load, N Initial Contact Pressure, GPa
Initial Contact Area, cnR Sliding Speed, enf Sec. Tenperature, C Run Tine,
Sec. Atnosphere 4.90 0.71 6.9 x 10-5 17.3 100 1200 Laboratory Air

15Si mul t aneous neasurenents of ECR and the coefficient of friction for
each bl end were nmade using a ball-on-disk triboneter. Test conditions and

material s aheco%uﬁgﬁm &hich b kRBbE ivhibiRed ﬂchﬁ@hﬁﬂ%d @H@holish glalihdghtner e of

52100 steel, the disk hardness being Rc = -and the slider hardness being

Itc = 62. Bapiwlisbakylphenalthioesierihaying mﬂeraébéas ini Gih alitybtide elwinson of
0 s Of LGP LAE RIS ARSI ] ol o mud g, v 0°
Model 5P Taphogsphostifilived sl bdléurieddyéroparboig akel-hbsBiatedriftibhfating, alkyl-
5  substituted phenyl and naphthylamines, phosphorus esters, metal thiocarbamates,
ashless thiocarbamates (preferred are dithiocarbamates are methylenebis
(dibutyldithiocarbamate), ethylenebis (dibutyldithiocarbamate), and isobutyl
disulfide-2,2"-bis(dibutyldithiocarbamate). Preferred phenol type oxidation inhibitors
are selected frony the group consisting of: 4,4'-methylene bis (2,6—-di—tert—buty1phenol),

10 4,4-bis(2,6-di-tert-butylphenol), 4,4"-bis(2-methyl-6-tert-butylphenol), 2,2'-methylenc
bis (4-methyl-6-tert-butyl-phenol), 4,4'-butylidenebis (3-methyl-6-teti-butylphenol),

4 4-isopropylidenebis(2,6-di-tert-butytphenol), 2,2"-methylenebis(4-methyl-6-
nonylphenol), 2,2"-isobutylidene-bis(4,6-dimethylphenol), 2,2'-.methy1enebis (4-
methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-methyl-phenol, 2,6-di-tert-butyl-4-

15  ethylphenol, 2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-4-
(N,N'dimethylaminomethylphenol), 4,4'-thiobis (2-methyl-6-tert-butylphenol), 2,2'-
thiobis(4-methyl-6-tert-butylphenol), bis (3-methyl-4-hydroxy-5-tert-butylbenzyl)-
sulﬁde; and bis (3,5—di-tert—butyl#-hydroxybenzyl). Diphenylamine type oxidation
inhibitor: alkylated diphenylamine, octylated/butylated diphenylamine and a hindered

20 phenolic antioxidant primarily 3,5-di-tert-butyl-4-hydroxcinnamic acid Cy.9 branched
alkyl ester, phenyl-o-naplithylamine, and alkylated-a-naphthylamine.

In some instances a friction modifier is needed. Such friction modifier is
preferably an oil soluble organic friction modifier incorporated in the lubricating oil
25  composition in an amount of from about 0.02 to 2.0 wt. % of the lubricating oil
composition. Preferably, from 0.05 to 1.0, more preferably from 0.1 to 0.5 wi. % of
the friction modifier is used. Friction modifiers include such (‘;ompomlds as aliphatic
-amines or ethoxylated aliphatic amines, aliphatic fatty acid amides, aliphatic
carboxylic acids, aliphatic carboxylic esters of polyols such as glycerol esters of fatty
30 acid as exemplified by glycerol oleate, boric esters of glycerol fatty acid monoesters,
aliphatic carboxylic ester-amides, aliphatic phosphonates, aliphatic phosphates,
aliphatic thiophosphonates, aliphatic thiophosphates, etc., wherein the aliphatic group
usually contains above about eight carbon atoms so as to render the compound
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‘di aneter ball bearings, Grade 5. For Grade 5 bearings, the industry
average surface roughness specification is 0.02 pm (0.8 pin.). After
ultrasonic cleaning in reagent-grade hexane and reagent-grade acetone and
t horough air drying, the balls were used as sliders. No surface topography
characterization other than average surface 5 roughness was carried out
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hydrocarbyl groups that can be selected from straight chain, branched chain or

aromatic hydrocarbyl groups or admixtures thereof, and may be saturated or

unsaturated. Hydrocarbyl groups are predominantly composed of carbon and

hydrogen but may contain one or more hetero atoms such as sulfur or oxygen.

25  Preferred hydrocarbyl groups range from 12 to 25 carbon atoms and may be saturated

or unsaturated. More preferred are those with linear hydrocarbyl groups.

The lubricating composition of the present invention may also contain a
viscosity index improver or VII. Viscosity Index Improver. Examples of the viscosity
30 index improvers are poly-(alkyl methacrylate), ethylene-propylene copolymer,
styrene-butadiene copolymer and polyisoprene. Viscosity index improvers of
dispersant type (having increased dispersancy) or multifunction type are also
employed. These viscosity index improvers can be used singly or in combination. The
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“Tenper aturell6C Tri bocoupl €52100/ 52100 Frequency20 Hz Stroke Lengthl nmm
Length of Tine20 MM Test Engi ne Soot 6% 10For the HFRR bench test,
conditions are nore severe than the ECK test to mmc valve train
conditions which in diesel engines may reach 250, 000-300, 000 psi (rmaxi mum
[ M Ceehan, J. A, and Ryason, P. R, "Preventing Catastrophic Canshaft

Lobe Fai | ur embiintle®VisEssi§ $ARR 1Bbrvel tFighBGBorat-AG08: %ﬁgné’é ies with
200- 01- 29491. Theresi ) got(% sn'ltagrtup and g(g?r%rlaet gﬁgtagp S tﬁ?tﬂggﬁw makes

its stroke flesggd sisegsityodihezbmpoyhdetigaigine oikeanrd garallgiimthetrergs afilsS-2@asur ed.

The PCS MIM,in rulgEE dified so that a 1/4-in. dianeter Falex 52100
steel test Mf)vi'til/l%bfvm E%%%Zioa ehetljllg]dl(‘a?r(’)llc‘)vvas substituted for the pin hol der

that came with the instrument [Yamaguchi, E. S., "Friction and War
Measurenents Using a 20 Modified MIM Tri boneter,™ | P.com Journal 7, Vol.
2, 9, pp’ 57-58 (August 2002), No. TPCOWO00009117D]. The instrunent was
used in the pin-on-di sk node and fUﬁx&m‘gLE%' iding conditions. It is
achieved by fixing the ball rigidly in the special holder, such that the
bal | has only on€hgiayesionafillbedetlombyttoe flliosingexatripéesdwbikch sditfertbondi ti ons

o, oo Bl AR o RO A T o R
the present invention, they are not intended to limit it.
10
EXAMPLE 1-8
The lubricating oil compositions of the present invention (Example 1-8 and
Comparative Examples A, B, and C) were prepared according to the weight
percentages shown in Table 1. The baseline oil composition depicted as Comparative
15  Example A, was prepared as a baseline oil typical for a generic low emission diesel
lubricant. Several blends of the baseline oil prepared for Examples 1-8. The baseline
oil comprised approximately 75 wt. % of an 0il of lubricating viscosity, namely a 2:1
mixture of neutral oils - 100N and 220 N base oils, a succinimide dispersant mixture
of approximately 4.75 wt. % of or a bis-succinimide prepared from a 2300 avg
20 molecular weight polyisobutylene succinic anhydride with a heavy polyamine, 2.5 wt.
% of a borated bis-succinimide prepared from a 1300 avg molecular weight
polyisobutylene succinic anhydride with a heavy polyamine, approximately 4.5 wt. %
of a 140BN salicylate detergent prepared mixture of Cig.3p alpha olefins and Cyg.y5
branched olefins (prepared for example as disclosed in U.S. Patent Publication No.
25 US 2004/0235686 disclosed herein by reference in its entirety); and approximately 0.6
wt. % of'a 16 BN calcium synthetic alkylarylsulfonate prepared from a mixture of
Ca0-40 alpha olefins and Cyo.15 branched olefins, approximately 1 wt. % of an equal
part mixture of antioxidants comprising a mixture of an octylated/butylated
diphenylamine and a hindered phenolic antioxidant primarily 3,5-di-tert-butyl-4-
30  hydroxcinnamic acid Cy.9 branched alkyl ester, approximately 0.7 wt. % of a
secondary ZDDP derived from derived from sec-butanol and methylisobutylcarbinol,
an ethylene-propylene copolymer and foam inhibitor. The baseline oil was a 10W-40

blended oil made from Group IT oils. To a baseline oil was added the silane additives
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of the present invention. The baseline oil consists of diluent oil, dispersant, detergent,

oxidation inhibitor, foam inhibitor, viscosity index improver, and mineral base oil.

Comparative examples were also prepared. Comparative Example A as stated
5  above, contains the baseline oil. Comparative Example B was prepared with baseline
oil and a top-treat of apﬁroximately 0.7 wt. % of the same ZDDP used in the baseline.
A third comparative example, Comparative Example C, was prepared with the
baseline oil and a top-treat of approximately 1 wt, % rof an Octyltriethoxysilane.

Comparative Example D was commercial available CI-4 fully-formulated engine oil.

10
Table 1.
Composition of Oil Samples Tested
15
Comparative Examples -
Examples ,
A B C 1 2 3 4 5 6 7 8

Components Wt. % | Wt. % | Wt. % | Wt. %{ Wt. % | Wt % | Wt % | Wt % Wt %| Wt. % | Wt. %
Tetracthoxysilane 2 1.6 1 1
Tetrabutoxysilane | | 2 2.6 3 | |
Tetrapropyoxysilane ' 1.9
Aminopropyltriethoxy - 0.533
silane
/nDTP (secondary 0.7
alkyl)
Octyltriethoxysilane 1
Baseline Gil 100 |} 993 | 99 |[98.0498.43199.01 }98.04197.47|97.0998.14 | 98.47
Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

20 Performance Testing .
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20 10 10 10 5 10 Length of Time 70 MM Test Diesel Engine Soot 9% 5
Engi ne soot obtained fromthe overhead recovery system of a engine testing
facility was used for this test. The soot was made into a slurry with
pentane, filtered through a sintered glass funnel, -dried in a vacuum oven
under an N2 at nosphere and 10 ground to 50 nesh (300 pm maxi num before

use. The obj ect i Ygrepliffddk bRSdH WEr YA WG TBK ARG QiR waPar ti Cl es that

woul d give rise to abrasive wear as seen in nodern engl nes. To prepare
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di scs amd t EeRdogalKs were placed i n individual containers and subnerged
in Chevron 450 thinner. Lastly, the test specinens were ultrasonically
cl eaned by placing themin a sonicator for 20 m nutes. Wear results
fromthe three bench F@ShsE@RdwpdeEehﬂedeknmﬁabmhnﬁmhﬂédumwt@ﬂﬁnuyalues
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10 Tabie 2.

Tribometer Test Conditions and Tribocouple Material

52100 Steel
‘ Material : Slider (0.635 cm
Diameter Ball) | ~ Flat Disk

Hardness Rc=62 Rc =158
Surface Roughness, Ra pm 0.02 0.046-0.056
Load, N | 4.90
Initial Contact Pressure, GPa 0.71
Initial Contact Area, cm’ 6.9 x 10
Sliding Speed, cm/Sec. 17.3

- Temperature, °C 100
Run Time, Sec. ‘ 1200
Atmosphere Laboratory Air

15 Simultaneous measurements of ECR and the coefficient of friction for each

blend were made using a ball-on-disk tribometer. Test conditions and materials are

summarized in Table 3. Both the disk and the slider were of 52100 steel, the disk

hardness being R, = 58 and the slider hardness being R, = 62. Before each run, the

disk was polished with a succession of grades of silicon carbide abrasive papers and
20 cloths to a final average surface roughness of 0.046-0.056 pm (~1.8-2.2 pin.) as

measured with a Model 5P Tallysurf. The sliders were purchased 0.635 c¢m (1/4-in.)
34



"Table 5. Bench Test Results Sanple G| Tested War Scar D aneters
Ef fectiveness of FilmlInsulation By ECRd (Relative), EO4 nY ECRa, p.mb
pm MI'Me, tun EXAMPLES 1 140 150 424

HFRR

10

15

20

25

30

diameter ball bearings, Grade 5. For Grade 5 bearings, the industry average surface
roughness specification is 0.02 pm (0.8 pin.). Afier ultrasonic cleaning in reagent-
grade hexane and reagent-grade acetone and thorough air drying, the balls were used
as sliders. No surface topography characterization other than average surface
roughness was carried out for the disks. For the sliders, the average surface roughness
specified by the Grade 5 classification was assumed to apply and no other surface .

topographical measurement was made.

The disk was clamped in a cup that rotated. A spring-hinged arm held a collect
chunk in which the ball was firmly clamped so that it slid and did not rotate, When the
ball was lowered onto the disk, the arm was constrained by a strain gauge. Output
from the strain gange was continuously recorded on one channel of a two-pen strip
chart recorder. A deadweight was used to calibrate the strain gauge, resulting in the
coefficient of friction being directly recorded. ECR was measured using a voltage

divider circuit.

Voltages measured by the strip char recorder were reproducible to about +2%.
Obviously, coefficients of friction and ECR voltages, being dependent upon contact
conditions, were less reproducible. Past experience with coefficient of friction
measurements with this tribometer had shown coefficients of friction in short-term
tests, such as those employed in the present work, were reproducible to about 5-12%,
depending on the sample. Not surprisingly, resistances, especially those in the
megohm range, varied as much as a factor of two, reflecting the nonuniformity of

contact conditions.

On completing the run, the collet chuck holding the ball was removed from the
tribometer and the war scar on the ball was briefly examined under a 100 power
microscope. Marks were then made on a ball near the wear scar with a marking pen to
facilitate finding the scar. The collet chuck was loosened, thus freeing the ball, which
was mounted for photomicrography at 100X magnification. Wear scar diameters
(WSD) were measured on the 100X photomicrographs. Two perpendicular diameters
were measured: wear scars were either circular or elliptical. In the case of elliptical

wear scars, major and minor diameters were measured, and the diameter of a circle of
35



4.55 2 120 143 407 4.62 3 140 159 433 4.57 4 120 159 460 4.58 5 120 144
455 4.54

equal area calculated. Diameters (or equivalent diameters) of at least two wear scars

were averaged to obtain an average wear scar diameter for each oil tested.

For the HFRR bench test the relevant conditions are shown below in Table 3.

5
Table 3.

HFRR Bench Test Conditions
Load 9.806 N, 1 Kgf
Initial Contact Pressure 1.41 GPa
Temperature 116°C
Tribocouple 52 1.00/52100
Frequency 20 Hz
Stroke Length I mm
Length of Time 20 Min. Test
Engine Soot 6%

10 For the HFRR bench test, conditions are more severe than the ECR test to

mimic valve train conditions which in dicsel engines may reach 250,000-300,000 psi
(maximum) [Mc Gechan, J. A., and Ryason, P. R., "Preventing Catastrophic Camshafi
Lobe Failure in Low Emission Diesel Engines," 2000, SAE Paper 200-01—2949];
There is both startup and complete stop as the ball makes its stroke from start to

15  finish. Again, wear scar diameters are measured.

The PCS MTM instrument was modified so that a 1/4-in. diameter Falex
52100 steel test ball (with special holder) was substituted for the pin holder that came
with the instrument [ Yamaguchi, E. S., "Friction and Wear Measurements Using a
20 Modified MTM Tribometer," IP.com Journal 7, Vol. 2, 9, pp 57-58 (August 2002),
No. IPCOMO000009117D]. The instrument was used in the pin-on-disk mode and run
under sliding conditions. It is achieved by fixing the ball rigidly in the special holder,
such that the ball has only one degree of freedom, to slide on the disk. The conditions

are shown in Table 4.
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Table 4.

Test Conditions for MTM

Load 14N
Initial Contact Pressure 1.53 GPa
Temperature 100°C
Tribocouple 52100/52100
Speed mm/Sec, - Min.
3800 10
2000 10
1000 10
100 10
20 10
10 i0
5 10
Length of Time 70 Min., Test
, Diesei‘Engine Soot 9%

Engine soot obtained from the overhead recovery system of a engine testing

facility was used for this test. The soot was made into a slurry with pentane, filtered

through a sintered glass funnel, dried in a vacuum oven under an N, atmosphere and

ground to 50 mesh (300 pm) maximum before use. The objective of this action was to

make reproducible particles that would give rise to abrasive wear as seen in modern

EGR engines.

To prepare the test specimens, the anti-corrosion coating of the PCS

Instruments 52100 smooth (0.02 micron R,), steel discs was removed using heptane,

hexane, and isooctane, Then, the discs were wiped clean with a soft tissue and

submersed in a beaker of the cleaning solvent until the film on the disc track had been

removed, and the track of the disc appeared shiny. The discs and test balls were
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*130 235 634 2.59 B 150 178 558 4.13 C 100 151 510 4.37 D 150 97 408 3. 39
10aECREl ectri cal Contact Resi stance

placed in individual containers and submerged in Chevron 450 thinner. Lastly, the test

specimens were ultrasonically cleaned by placing them in a sonicator for 20 minutes.

Wear results from the three bench tests are presented in Table 5 below. Lower values

5 indicate less wear.

Table 5.
Bench Test Results
Wear Scar Diameters Effectiveness of Film
Sample Oil HFRR, | Insulation By ECR?
Tested ECR?, pm pm MTM®, pm | (Relative), E04 mV
EXAMPLES '
1 140 _ 150 424 4.55
2 120 143 407 4.62
3 140 159 | 433 4.57
4 120 159 460 4.58
5 120 144 455 4.54
6 120 156 403 4.49
7 170 158 451 412
8 160 161 470 4.53
COMPARATIVE EXAMPLES
A 130 _ 235 634 2.59
B 150 178 558 4.13
C 106 151 510 | 4.37
D 150 97 408 3.39
10 *ECR Electrical Contact Resistance

"HFRR High Frequency Reciprocal Rig
‘MTM  Mini Traction Machine
ECR arca measured as the sum of 2000 measurements of the voltage across the

contacting surface

15
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‘bHFRR Hi gh Frequency Reciprocal Rig eMIM M ni Traction Machi ne dECR area
nmeasured as the sum of 2000 neasurenents of the voltage across the
contacting surface 15 Fromthe overall results shown in Table 5,

t he wear performance of the silanecontaining blends representing the
present invention shows inprovenent relative to Conparative Exanple B,
prepar ed with ba%ﬁJn!l e og*aﬂallqg&ltg'sﬂo% ?_ln %@éS%&emﬁ#&d};%&ﬁce%ﬁ{@'%ﬂé shows
equi val ent or better perfornance In e r €e out our areas conpar ed
to a conmmer comthinigig-bleriis kdpyestatingitha pectertrigyontion showd ilppévdncptitctativettle  ECR

result, the Mresult, and the relative filminsulation of EXx le 2

exceeded th%ﬁ%ﬁﬁ%ﬁ?‘%ﬁf%@pBPﬁFFﬁ‘I"éfﬂﬁ?asﬁhlﬂﬁ(émﬁ%Mff@&f Z%%Fn??% show
the result okahplem how I8P PBSiéd JePloHRARY 3 (RINCE SRS fo edsar 9€r the
nunber, the greater filmformation domnates relative to the filmrenoval

processes. FempHpdtocorpamersioh CI-a0fulixdompidatad etpinesoily fie parsicular, it EGRmat i on

processes t tive Ex le D uggest.i n at insulati.ng film
of Exanpl e g&'?lé’qgmﬁﬁé@ﬁv%bus r%%tavecfglﬂ%%%ﬁétt?&%ﬁé%‘ﬁlpﬁ#S’ffﬁﬁ(ge&t%?tr?

20-mi nut e t €smpafatinpBrahply ®, Bpasphen froleat BERMUTINE shex hoSeddnsdfilmal t hough
gi ving excel lent 15 wear scar dianmeter in the ECR test, was nuch |ess

effective tma@%m‘@?@nirﬁnt)ﬁfé FecEsede haslaresyheprmbsn thagrrtedileh test s,
as wel |l as thgafibd Bhh ' ?ﬂ?é Ja=ToN S ygg% bﬁh%q%ﬁ[? S: 1. A
met hod for forrz}i ng an gﬁ%l?é\}\éetg)r%t i mﬂ%lg an ilnl?rce)r na-g' engl ne orrspdélﬁent

conpr i stthg: Esanplacishoys grestef fibe fofmationipnicesseathanmmpacptise @xpmpkedd, of t he
engine with_a tetra-functiqnal dr zahl e .si | ane. conpound of. the general
forraula Si §1}§§e§}ngﬁ9ﬂkﬁzﬁ ’%‘ﬁ%’ﬂﬁ%f}f ﬁ%ﬁ’i’é@‘égfs RitEmebhroRitang cpybe

i ndependent kyst@ldaiioaghdut &1 A0 iarOwR. consi sting of hydroxyl, al koxy,

aryl oxy, acyloxy, am no, nonoal kyl am no and di al kyl am no; and
hydr ol yzi ng and condensing the tetra-functional silane to 10thereby form a

film 2. The net ; i J r ing the

ntornai_vear | ng. SaRAART BRI E: (Gl Midnos kit A BOIR LRAIBRL "] (o

15 3. The nethodaatonetd nghd BCR tastnwds mukietees effativé das ExamlecOmithet | ng,

hydr ol yzi ng_and, con en%a%m% n stepasS arleascﬂ?ngluct ed hy operating
e

sai d engin omore demanding ench fests, as wel m sulation

measurements.
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204. The net hod according to any one of the preceding clains, wherein the
hydr ol yzi ng and condensing step is conducted in the presence of a

catal yst. 5. The nethod according to Claim4, wherein the catalyst is
selected fromthe group consisting of (i) metal acetylacetonates, (ii)

di anai des, (iii) 25im dazoles, (iv) amnes and ammoniumsalts, (V)

i nor gani ¢ AWHAS, ISCTRAIMEDaSE ds, organi ¢ sul fonic acids, and their amne
- salts, (vi) alkali netal salts of carboxylic acids, (vii) alkali and

al kaline earth netal hydroxides and oxides, (viii) fluoride salts, and

br etedi ng. ol aims, _wharrRofior B A ebRarm i BrgRlismenel | me compound
I's in a lubricati n@ngiohentedijiising: éontaéting a surifee ofld internal wearing
: 5 component of the engine with a tetra-functional hydrolyzable silane
- compound of the general formula Si-X4 or hydrolysis product thereof,
wherein each X is independently selected from the group consisting of

hydroxyl, alkoxy, aryloxy, acyloxy, amino, monoalkyl amino and dialkyl
| amino; and hydrolyzing and condensing the tetra-functional silane to
10 thereby form a film. )

7, 2. The method according to Claim 1, forther comprising heating the
internal wearing component of the engine to a temperature of 20 to
300 °C. | - |
15
3. The method according to Claim 2, wherein at least one contacting,
" hydrolyzing and dondeﬁsing, or heating steps are conducted by operating
- said engine.

20 4. The meiihod according to any one of the precediﬁg claims, Wherem the
hydrolyzing and condensing step is conducted in the presence of a
catalyst. - ' )

5. ‘The method according to Claim 4, wherein the catalyst is selected
from the group consisting of (i) metal acetylacetonates, (if) diamides, (iii)
25 " imidazoles, (iv) amines and ammonium salts, (v) inorganic acids, organic
acids, organic sulfonic acids, and their amine salts, (vi) .aIkaIi metal salts of
carboxylic acids,. (vii) alkali and alkaline earth metal hydroxides and
oxides, (viii) fluoride salts, and (ix) organometalic groups.

30 6. The method according to any one of the preceding claims, wherein the
tetra-finctional hydrolyzable silane compound is in a hubricating oil

medium,
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10. 15 The met hod according to Claim6, wherein the |ubricating
oil further conprises at |east one additive selected fromthe group

consi sting of detergents, dispersants, and anti oxi dants. The net hod
according to Claim7, wherein the lubricating oil further conprises water
as a contamnant. The nethod according to any one of the preceding clains,
wherein X is independently selected fromthe group consisting of Cl1_6

al | coxy, ©6.10 aryloxy, Cl_6 acyloxy. The nethod according to any one of
clainms 1-5 and7.7-9, wikeenethschacostingtofGlaiot 6, Weih;l@rlob@mﬁhgeﬂﬁmﬂmne

compound is selectedfromt e d of t for la 1 o %Jolysis
product thereof: OSQRRISCHRLIC @8@1@3&@5"8&3 &om (gﬁo%qogmglm% endently a
G . zohydr ocar byl gr gig &ﬁkgﬁgﬁgaﬁ@%ﬁdtahﬁoﬁ@gj@up consi sting of straight
and branched chain aIkyI ‘cycl oal Kyl, al kcycloal kyl, aryl, alkaryl,

aryl al kyl and substltuted hydrocarbyl groups having one or nore

substitugnts sglected I lﬁﬁ%l
each R1 |§s i ndépendent ral dzﬁi’%mﬁg brancﬁ%ﬁie?%%?%lﬁ&ﬁngcyc ﬁrkyl
25and aryl; and a l@n@ﬁsbﬁv@@ﬁ&sméo@a}m 11. The met hod according to

Cl ai'm 10, wherein a is an integer from1l to 4. 3012. The net hod accordi ng
to Caim1l, wherein ais 4. 41

9, The method according to any one of the preceding claims, wherein X is
independently selected from the group consisting of Cy_g alkoxy, Ce.1g

10 - aryloxy, Ci¢ acyloxy.
10. The method according to any one of claims 1-5 and 7-9, wherein the

tetra-fimctional hydrolyzable silane compound is selected from the
compound of the formula I or a hydrolysis product thereof:

15

(RO-)R—SE—(—;Ogm ) _

wherein
each R is independently a C;.5 hydrocarbyl group selected from the
20 group consisting of straight and branched chain alkyl, cycloalkyl,
alkcycloalkyl, aryl, alkaryl, arylalkyl and substituted hydrocarbyl groups
having one or more substituents selected from hydroxy, alkoxy, ester or amino
groups;
each R is independently sﬁ'a.ight and branched chain alkyl, cycloalkyl
25 and aryl; énd

a is an integer of 0 to 4.
- 11 The method according to Claim 10, wherein a is an infeger from 1 to 4.

30 12. The method according to Claim 11, wherein a is 4.
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The met hod according to Caim12, wherein Ris independently selected from

al kyl, aryl, alkyaryl and arylallcyl. The met hod according to Caim13,
wherein Ris i ndependently sel ected from strai ght and branched chai n al kyl
groups. .The nethod according to Caim 14, wherein Ris CL.6 alkyl. The

met hod according to daim14, wherein the tetra-functional hydrolyzable
~silane conpound is sel ected from t he group consisting of

t et ranmet hoxysi |l ane, tetraethoxysilane, tefrapropoxysilane,

t etrai sopropoxysil ane, tetrabutoxysilane, tetraisobutoxysilane,

t et raki s(met hoxyet hoxy) sil ane, tetraki s(nmethoxypropoxy)sil ane,

t et raki s( et hoxysgt hoxy g hddikod éc%fdﬂ%j@(@!ﬁﬁﬁ‘%%ﬂ{e?%R% hyerihipype,

tri met hoxyet hoxysi | ane, di met hoxydi et hoxysi I ane, trlethoxyrnethoxy5|lane
tetra-(4-methyl 2 p%ﬁ@ﬁﬁjh@ﬂh&ﬁbaaﬂdﬂkﬁvvbnﬁzwﬂé&hylhexoxy)5|lane The
met hod according to G aim 16, wherein the tetra-functional hydrolyzable
silane conpound is tetraethoxysilane. The nethod according to any one of

clainms 18-17, wherei nTat mdBast aconding toiFaidn 53)RectdinR elindystindsadpy! group.
The met hod according to C aim 18, wherein the at | east one substituted

hydrocar byl group islegtediftesn straighh ad drrgnched shsialkl@rows. an ani no al cohol .
The method according to any one of the preceding clains, further
conprising contacting a surface of an internal wearing conmponent of the
engine with a Harti al The nmthddyadeaidisgpbl(Eaim |4 vdiemiidR tis Ce; alkpk esent ed by
the formula Il (R10)n SKOR404-n 01) wherein: 5 each ORIi group is a
hydrol yzabl e noiety i ndependent I y sel ected formthe group consisting of

al koxy, 1@ryl oxps, and Sﬁ%’rom AR tem&mam%e{w%@lta@% &HaPUp

i ndependent|y sel ecte aryl, substituted a
substituted aryl, \M)drcdyzablemlasmb@npmmnhs s¢lected ﬁomrﬂmetgroqaborgtauugoﬁel ected

from hydroxyl, ether, i al k n am de,
carboxyl, nercapt oe‘ Wé;}l %I%)?F%’Q Exg;%ﬁ%x Pﬁ@%@%’é: al kyl car bonyl ,
sul fonic acid and na%imp%p éﬁme,, teﬁﬁlﬂxté)'é_ysﬂaﬂes tehBishBitegRltaed, 1,2 or 3.

21. The method accordin aim 20, wherein the surface of -an internal
wearing conponent d¢ m@&gm@hw@')wangxte@@hs(a@ﬂmmpmwmmrt| ally non-

15 _ tetrak]s(ethoxyethoxy)mlane, tetrakis(methoxyethoxyethoxy)silane,
trimethoxyethoxysilane, dimethoxydiethoxysilane,
triethoxymethoxysilane, tetra-(4-methyl 2 pentoxy)sﬂane and tetra-(2-

‘ ethylhexoxy)silane.

20 17. The method abcording to Claim 16, wherein the tetra-functional
- hydrolyzable silape compound is tetracthoxysilane,

18 The method according to any one of claims 10-17, wherein at least one R

is a substituted hydrocarbyl group.

25
19. The method according to Claim 18, wherein the at least one substituted
hydrocarbyl group is derived from a glycol monoether or an amino
alcohol.
30 20, The method according to any one of the preceding claims, further

comprising contacting a surface of an internal wearing component of the
engine with a partially non-hydrolyzable silane additive represented by
the formula I
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20hydrol yzabl e silane additives represented by the fornmula 22. The net hod
according to any one of clains 20-21, wherein the tetra-functional
hydr ol yzabl e sil ane conpound and the non-hydrol yzabl e sil aneadditives are
represented by the fornula Il are mxed in an oil of l|ubricating
25viscosity prior to contacting the surface of an internal wearing
conponent of the engine. 23. The nethod according to any one of clains
20-22, wherein the 01211 group is selected fromthe group

consi sting of Cl.6 all coxy, ryl oxy, 30Cl_6 acyl oxy. 24. The

met hod according to any onéR%ﬁr%ﬁg?#éhﬁo-ZS, wherein the partially non-
hydrol yzabl e silane additive is selected {lomthe group consisting of

met hyl trirnet hoxysilane, ethyltrinethoxysilane, propyltrinethoxysilane,
butyl trimet hoxysil ane, isobutyltrinmethoxysilane, hexyltrinmethoxysilane, 4-
met hyl-2-pentyl triejhoxysi | ane, octyltrinmethoxysil ane,

decyl tri nmet hoxysi | ane, cycl ohexyl tri nmet hoxysi |l ane, -

cycl ohex$l net hyl tri net hoi cysi | ane, di net hyl di net hoxysi |l ane, 2-(3-

5cycl ohexenypethyl trine si |l ane, .3-.cyanopr | t.rinmet hoxysi.l an 3-
cy)a/mopr opyl %/IPI rre%/hoxygarc?‘ralﬁg?/‘ %%%fshayl"f%’-@%gﬁgﬁ cﬁ%/tyr’f%(hgg?(&;egﬁ%ﬁﬂg‘gegfom
phenet hyl t ri met hoxyhé q@ag codsibiicefliagxycayloky, sl abdsygi | ane, 3-

am nopropyl tri net hoxysi | ane, phenyl trinethoxysil ane, 3-
i socyanopropyl tri met hoxysil ane, N-(2-am noethyl) - 3-

10am nopropyl trinmet ho i a - : B
am noet hyl am nonet hyl %ﬁ%‘gﬁ"ﬁ%fl?ﬂl drto o?&}g Gg g‘:d gﬁ?ﬁl}(??l%%t%dof@%i | ane,

et hyl t rilet hoxysi | angkyl pirpl ghbstinettd alkylk ahduubstitbiet whily whdrbintlssdbatieent
i sobutyltriethoxysi.lane, hexyltriethoxysil sn(ﬁ olct | tri et hoxysil ane,
decyl tri et hoxysi | a2 fpHoppergwR selest AYSrARYL, ether, amino,

15cycl ohexyl met hyl td ﬁﬁ&*ﬁﬁ,aaﬁuﬁﬁTﬁM@ 40 BYbEA Eh S| thfyager.3-
ethoXypropyItrineth%§§%| ane,b2-et yl hexy trfniefﬁ%kygﬁégnb, Z?EQ
et hyl hexyl t ri et hoxysiilays cy@hc ahiskyds; elsylcanbpmyds subfoyrici dcaivnd pBosphoric

propoxypropyl trineth l%%LIane, 3- et hoxyet hyl t ri met hoxysi | ane, 3-
et hoxyet hyl tri met hé’ﬂofé ne and 3-propoxyet hyltri nethoxysil ane. 20

15

n is an integer of 1, 2 or 3.

21. The method according to Claim 20, wherein the surface of an internal
wearing component of the engine is first contacted with the partially non-

20 hydrolyzable silane additives represented by the formula IL

22. The method accor&ing to any one of claims 20-21, wherein the tetra-functional
hydrolyzable silane compound and the non-hydrolyzable silane additives
are represented by the formula II are mixed in an oil of lubricating
25 viscosity prior to contacting the surface of an internal wearing component

of the engine.

23, The method according to any one of claims 20-22, wherein the ORy;

group is selected from the group consisting of C; ¢ alkoxy, Cgy( aryloxy,
30 Cys acyloxy.

24, The method according to any one of claims 20-23, wherein the partially non-
hydrolyzable silane additive is selected from the group consisting of
methyltrimethoxysilane, ethylirtmethoxysilane, propyltrimethoxysilane,
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25. The nethod according to any one of clains 20-23, wherein the partially
non- hydrolyzable silane additive is selected from 3-

am nopropyl tri net hoxysi | ane, 3-am noporpyltriethoxysilane, 3-

am nopropyl tripropoxysilane, 3-am nopropyltributoxysilane, and 4-

25am nobutyl tri et hoxysil ane. 26. The nethod according to any one of clains
20-23, further conprising pre-blending the tetra-functional hydrolyzable

sil ane conpound and the partially non- hydr ol yzabl e sil ane additive
into an oil of | ubr| cat| n | SCOSity 30l.east one additi | ect ed
fromthe group condiub %Eﬁ"yﬂi’t“é Qh?té’]tmﬂf"i‘ iéexyé'ﬁ‘&leé'?ﬂxly a ts.

27. A product prepq{1 ac flﬁﬁs tg(f) léd Janl. 44 28. A
product prepared accord ng to th thod Cl?eu r%qgl 29 A product prepared

according to the n&iehydﬂmndth@wlme?cyﬂalex&ltpmcﬂimmmcepar ed according to
the nethod of C aim 22 r.oduc cor in.to met hod of
Claim26. 1032. A prcé’éﬂé llﬂlg'ﬁ @V"Yﬁ%{éﬂg?@%g@ ygl[}) tfig°a | ubri cant
conposi tg on conpri %?JEIGEexenyl)ethylﬁ‘)ﬁ)letﬁoiE%IQ{i%éf@hﬁﬁpr@yﬂﬁn‘pﬂﬁﬁ y&itdne Of-

| ubricating viscosi to % of a tetra-functional
hydrol yzabl e sil an@ywmwﬁanw&mﬁ@eﬁmﬁtm@ reatyoimethozysilane, f ornul a |

or a hydrolysis 15 phene it Sk, § B %rcapidyfitrinethoky k) 3-

anunopropyltzimeﬂloxysilanc, phenyltrimethoxysilane, 3-
isocyanopropyltrimethoxysilane, N-(2-aminoethyl)-3- -

10 - aminopropylirimethoxysilane, 4-(2-
aminocthylaminomethyl)phenethyltrimethoxysilane,
phenyltricthoxysilane, ethyliriethoxysilane, propyitriethoxysilane,
butyltriethoxysilane; isobutyltriethoxysilane,' hexyltriethoxysilane,
octyltriethoxysilane, decyltriethoxysilane, cyclohexyltriethoxysilane,

15 cyclohexylmethyliriethoxysilane, 3-cyanopropyliriethoxysilane, 3~
ethoxypropyltrimethoxysilane, 2-ethylhexyltrimethoxysilane, 2-
ethylhexyltriethoxysilane, 3-ethoxypropyltrimethoxysilane, 3-

_ i)ropoxypropyltrimethoxysilane, 3-mcthoxYefhy111‘imeth0xysilane, 3-
ethoxyethyltrimethoxysilane and 3-propoxyethyltrimethoxysilane.

20 |

25. The method according to any one of claims 20-23, wherein the partiaily non-
hydrolyzable silane additive is selected from 3- '
aminopropyltrimethoxysilane, 3—aminoporpy1triethoxy$ilane, 3-
aminopropyltripropoxysilane, 3-aminopropyltributoxysilane, and 4-

25 * aminobutyltriethoxysilane.

26. . The method according to any one of claims 20-23, further comprising pre-
blending the tetra-fimctional hydrolyzable silane compound and the partially non-

hydrolyzable silane additive into an oil of lubricating viscosity with at
30 least one additive selected from the group consxstmg of detergents |

dispersants, a.nd antioxidants.

217. A product prepared according to the method of Claim 1.
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Is %,

20wherein R is independently a Cl1-20 hydrocarbyl group selected fromthe
group consisting of straight and branched chain al kyl, cycloallcyl, :
al kcycl oal kyl, aryl, al karyl, arylal kyl and substituted hydrocarbyl groups
having one or nore substituents selected from hydroxy, 25al koxy, ester or
am no groups; Rl is independently straight and branched chain al kyl,
cycloal kyl and aryl; and a is an integer of 0 to 4, : c) 0.5to 10 %
of a detergent; and 30d) 1 to 20 % of an al kenyl succininm de di spersant
derived froma 450 to 3000, average nol ecul ar wei ght pol yal kyl ene; wherein
the percent add®ive i %9%@?@%@6%@%&%3&%%@@? aim 6 t ot al

wei ght percent of the lubricating oil conposition; and operating an

i nternal conbustion engine using said |ubricant to |ubricate an internal
wear conponent 28ur f aceAgirodive peapatedacc@Binghe thermethed offClajua7ed by t he
process of Claim32, further conprising heating the lubricant to a
tenperatute of 20 to 300 C.  METHOD FOR FORM NG TETRAOXY- S| LANE DERI VED

ANTI VEAR FI LN 3pND LUBRIge6FIcbNG dphed SRESE T4 BN AHERERAGH ABSTRACT

Disclosed is a method for formng an antiwear filmon an i nternal engine
5conponent conprising: contacting a surface of an internal wearing

conponent of 4y A product prepared according to the method of Claim 26.

10 32. - A product prepared by the process of:
preparing a lubricant composition comprising:
a) a majbr amount of a base oil of Iubricating viscosity;
b) 0.5 to 10 % of a tetra-functional hydrolyzable silane compound
selected from the compound of the formula I or a hydrolysis
15 product thereof:

(RO-aa—Si—(—OE(l))& ')H

20  wherein
| | | R is independently a Ci.50 hydrocarbyl group selected from the
group consisting of straight and branched chain alkyl, cycloalkyl,
alkcycloalkyl, aryl, alkaryl, arylalkyl and substituted hydrocarbyl
groups having one or more substituents selected from hydroxy,
25 zﬂkoxy, ester or amino grbups;
R, is independently straight and branched chain alkyl,
cycloalkyl and aryl; and
a is an integer of 0 to 4;
c) 0.5t010% of2 detergent; and
30 d} 1 to 20 % of an alkenyl succinimide dispersant derived from a
450 to 3000 average molecular weight polyalkylene;
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the engine wiith a tetra-functional hydrolyzable silane conpound of the
general. fornula Si-X4 or hydrolysis product thereof, wherein X is

i ndependently sel ected fromthe group consisting of hydroxyl, alkoxy,

aryl oxy, acyl oxy, am no, nonoal kyl am no and di al kyl am no; and -

hydrol yzi ng and condensing the tetra- 10functional silane to thereby form

a film Al so disclosed are whyeth the parent dddtieans wellht PO bhsedRiped wsed by
t hese nethods. (no suitable figure) '
total weight percent of the lubricating oil composition; and
operating an intemal combustion engine using said lubricant to lubricate

an internal wear component surface of the engine.

33. 'The product prepared by the process of Claim 32, further comprising
heating the lubricant to a temperature of 20 to 300 °C.
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10

METHOD FOR FORMING TETRAOXY-SILANFE DERIVED ANTIWEAR
FILMS AND LUBRICATING OIL COMPOSITIONS THEREFROM

ABSTRACT

Disclosed is a method for forming an antiwear film on an internal engine
component comprising: contacting a surface of an internal wearing component of
the engine with a tetra-functional hydrolyzable silane compound of the general
formula Si-X4 or hydrolysis product thereof, wherein X is independently selected
from the group consisting of hydroxyl, alkoxy, aryloxy, acyloxy, amino,
monoalkyl amino and dialkyl amino; and hydrolyzing and condensing the tetra-
functional silane to thereby form a film. Also disclosed are mixed silane films and

the products produced by these methods.

(no suitable figure)
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