METHOD FOR FORM NG TETRAOXY- SI LANE DERI VED 5 ANTI VEAR FI LMS AND

LUBRI CATI NG O L COWCSI TI ONS THEREFROM FI ELD OF THE. | NVENTI ON The present
invention is directed to nethods for formng antiwear filnms from 10
tetra-functional hydrolyzable silane conpositions, products containing
hydrol yzed and/or condensed tetraoxy-silane conpounds and to use in

| ubricating oil conpositions and to the formation of protective filnms, i.e.
-antiwear films in conponents to be |lubricated therefrom Mre . :
particularly, it is directed to a class of non-phosphorus and non- sulfur
contai ning additives suitable for use as antiwear 15 agents, antifatigue

- agents, and extrene gressure agents and di scl oses nethods for using theéese

agents in lubricat BOD EQRFOQRMBYG TRIARKGRYISILANETDERINWENT| ON

Phosphorys, particul arl zinc 20

diaIkyId?thiophosphate‘%%E@ﬁ?ﬂgﬁggigég§$ﬂﬁilﬁﬁgﬁgﬁr HtOHnt | wear agent in
full y formul ated |ubricants COMPOSIPEONSTHERRFROM Udi es have suggested
t hat = phosphorus nay poi.son catalytic converters used on gasoline-fuel ed

engi nes to reduce exhaust enissions of unburned hydr ocar bons and oxi des of

nitrogen [ $RRAEDOOF PHEA N&Wf](?ﬁr acciolo, F. (1977), "Engine Q|
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Techni cal Pamar JoHA9ktd tddmdas _Sﬁane C%H% ﬁﬁtﬁ%d‘?ﬁo nse é;lkﬂe%a"f’in g Bﬂ Hamaguchi ,

S., and Akiya K. (1994), ™Engi ne trve on Deactivation
of Monol |thi°%m1Wﬁ“é‘§15\Aa§1 tméblmtmnmgrmgerﬁtﬁe,nsoml reabfilmd &chni cal  Paper

940746 t tail m i '
nave t1 ght esenboftRl GBI Re i tud, BTt ot areded Ip arigint of s 1
has been si gm—bhmhbth ah@ doced furfdhialifig ARG IsRRDI4 fbrh@@d@o QSRPT Us

contentlg) ine _oil are likely in the next category, to perhaps
0. 05 wt1° % ag ts, antifatigue agents, and éxtreme pressure agents and discloses methods for

using these agents in lubricating oil cornpositions.

BACKGROUND OF THE INVENTION
Phosphorus, particularly the phosphorus delivered by zinc

20  dialkyldithiophosphate (ZDDP), has been the predominant antiwear agent in
fully formulated lubricants for the past 50 years. Studies have suggested that
phosphorus may poison catalytic converters used on gasoline-fueled engines to
reduce exhaust emissions of unburned hydrocarbons and oxides of nitrogen
[Spearot, J. A., and Caracciolo, F. (1977), "Engine Oil 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 Additive 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 Oil Additive Effects

30 on Deactivation of Monolithic Three-Way Catalysts and Oxygen Sensors,"

' SAE Technical Paper 940746]. As the environmental regulations govemmg tailpipe

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



Many partial solutions exist, where either Zn, P, or S have been partially
or 5totally elimnated. In one approach Zhang et al. [Zhang, Z.,
Yamaguchi, E. S., Kasrai, M, Bancroft, G M, "Tribofilnms Generated From
ZDDP and ashl ess di al kyl di t hi ophosphate (DDP) on Steel Surfaces, Part 1,
G owth, Wear, and Morphol ogi cal Aspects,” Tribology Letters, Vol. 19, 3,

pp 211-220 (a9b&ysigtifictndy redueed guethetreaneliond e lpReypheius bhRef of Bine
gener at ed frgm Z%)P an&]ea DDP over 10 a wi de range of rubbing times (10
seconds to P8 Aoy mihs newtfataseraGlondo perteps08p WisktzDDP) , using at onic -
force mcroscopy (AFM, X-ray photoel ectron spectroscopy (XPS), and X-ray
absorption near edge structure (XANES) spectroscopy at the 0, P, and S
K- edges and t he MMang pasind selutibnseckis swhérh eithejZw, Peonphiertesn pirtialty or fi | s,

ener ated ugj . Canerop-Plint tester, an 00 steel are Zn and Fe 15

gh osphat gs zﬁgﬂ%%%ﬁngeggﬁ‘a%§pp‘ﬂq§1 Zg%‘}gaﬁélﬁéﬁ% és S Pragheiis phkapaiat e

films has DEcBah@eSUGEM. UTHBEfICaRga-INESZPIsh aiﬁéfﬂl;eg I1ing. For ZDDP,
c or

a very significant. phosphate film (about 100 A thi nms after 10
seconds, . whidiadkyldithipphasplate, (HRR) onf Seclrficss, Palis, Gnowth] Weaslaoder . However

for both addjt.d . 1h ar Tilymthi S.in S 00-8Q0 A
bter 50 m pESeichKoncBL A RR. TR0 I3 AT D B The
anti wear pr ¢ipegrowesamf mpiphelogPoPiritodi g gasicdddn® ZDBH dhdBBDM ovedli T f er ent
rubbi'ngﬂﬁi nes and coni:en ratjons _were al so been exam ned. It was found that

under a c 8GE Famse of rubbmgdimes (18 seconds torifmuss) agd cammentietionsagent i s
superior 1o §.hawky, 2hDiRsideNEHe &r%icpc%ﬁo@ﬁggfégﬁ {}%gayfl{ﬂgfoceﬁiﬁ%% the

per formance of ZDDP when'the ~ two are m xe Ban be
used with ZEPRirostopyeBYS), eud d-ray sbbaptianmemiedgd sthrhat CAANESS Sm%b@bﬁo
b

approach th r es s devel oped ntra in U S. Patent )
5',0274, 820 réf%&e?iﬁ’?sm%g?& §iaPﬁ?ﬁW,P’%oﬂ’b$Fgﬁrf‘&ge%Ili'y'lealai%rﬁammaemép dbent ed

by the for mfihas, gbherdteBYueinglal CanferbSPlinfte®tes on 52100 steel are Zn and Fe
15  phosphates and polyphosphates. The average thickness of these phosphate films has
been measured using P K-edge XANES and XPS profiling. For ZDDP, a very
significant phosphate film (about 100 A thick) forms after 10 seconds, while film
development for DDP is substantially slower. However, for both additives, the

average film thickness increases to 600-800 A after 30 minutes of rubbing, before.:
20  leveling off or decreasing.

The antiwear properties of pure ZDDP and in combination with DDP at
different rubbing times and concentrations were also been examined. It was found that
under all conditions, the performance 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.



5 R 20 OR4 wherein R, R2, R and R4 are independently hydrocarbyl groups,
and XI and X2 are 10 independently O or S, and nis 0 to 3; and (B) an
acyl ated nitrogen-contai ning conpound have a substituent of at |east 10
ali phatic carbon atons. In one enbodinent, the inventive conposition
further conprises (C) a second phosphorus conpound other than (A), said

second phosphor usAtnathfraappebable iagredupdsash Kk Wsveldsddby MQH&%S}.B?P&QA@ ester,
bodi

phosphor us i %ﬁﬂ@ O{ﬁt derivative thereof. In one™15 em ment, the
i nventive cgﬁﬁ' Y PIHTARR CEBRPTIISR SOMDYising: G eatoimppund répatsented byar t h
nmetal salt ohe@infilgani ¢ sul fur acid, carboxylic acid, or phenol. In one

enbodi nent, the inventive conposition further conprises (E) a

t hi ocarbamate. These conpositions are useful in providing |ubricating
conposi tions and functional fluids {th enhapced antiwear properties.
Specifically, the conpositions disclﬁged aréﬁ seful 20 as tractor hydraulic
fluids, which show enhanced antiwearijand antj)jscore performance. 1n U S.

" Patent No. 5,405,545, antiwear aR#OaPtS¢R),0dRORProperties are claimed for
this invention. A lubricant additive having agtiwear and anti oxi dant
propertigs is the reaction prodget of a thiodpgarboxylic acid and an et her
am ne, preferably 25 3,3'-thiodipropionic acid and

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

al i phatic alcohokmﬁgégferably ol eyl al cohol, an aliphatic am ne,

preferably a tert- to Cl4 amine and/or a .trial kyl phosphite, preferably a
tributyl phosphite. The post-reaction product contains at |east one ester,
am de, and/or p o§§?on@te fynctional group. Data froma Four-Ball test
were given in suppefi> B R argandsperedantly lydmosibybgroups nhdXrand &2 ak: A

suppl emenpt alj iDLt @r tal no osphorus is described in

U. S. PubI@i cé?%’%ﬁﬁomz%%%fﬂ@g@%% ﬁlFﬂ(l%g a&“‘@@ﬁ%@&}@%&?ﬁ\?}l@g&ﬂ% | ubri cant
oi | conposicompopndhaverngsubstitac of avlesst 1pLERMd Meboa AL HREAST I €S for a

di esel englne!§ 0 erthqgfmmth | arge, quantities of soot in the oil (soot
content: 0.20% ffiﬁﬁ’ﬁﬁt §4nventiye qompogiiondimhericomprises{(Cd afsegond phosphorus

pressur e- ac Weiipodhd Hhef GATTR)) s£i§iséc?onﬁw&p%ioﬁﬁeéom%%%@ Being a phosphorus
acid, phosphorus acid ester, phosphorus acid salt, or derivative thereof. In one
15  embodiment, the inventive composition further comprises (D) an alkali or alkaline
carth metal salt of an organic sulfur acid, carboxylic acid, or phenol. In one
embodiment, the inventive composition further comprises (E) a thiocarbamate. These
compositions are useful in providing lubricating compositions and functional fluids
with enhanced antiwear properties. Specifically, the compositions disclosed are useful

_20 as tractor hydraulic fluids, which show enhanced antiwear and antiscore performance.

In U.S. Patent No. 5,405,545, antiwear and antioxidant properties are clajméd
for this invention. A lubricant additive having antiwear and antioxidant properties is
the reaction product of a thiodicarboxylic acid and an ether amine, preferably

25 3,3"-thiodipropionic acid and N-isoeicosyloxypropyl-1,3-diaminopropane which is
post-reacted with an aliphatic alcohol, preferably oleyl alcohol, an aliphatic amine,
preferably a tert-C), to Ci4 amine and/or a trialkylphosphite, preferably a
tributylphosphite. The post-reaction product contains at least one ester, amide, and/or

phosphonate functional group. Data from a Four-Ball test were given in support of the

30  beneficial antiwear performance.



equi pped with an exhaust gas recirculation (EGR) system The cl ai ned

| ubricant oil conposition contains a base oil conposed of a m neral and/or
synthetic oil incorporated with at |east three additives that are a

sul furized oxynol ybdenum : 10 dit hi ocarbamate at 0.03 to 0.50 wt. % as M; a
zi nc di al kyl di t hi ophosphate at 0.04 to 0.05 wt. % as P, and at |east one
netallic salt of alkyl salicylate selected from the group consisting of a
Ca salt of alkyl salicylate at 0.004 to 1.0 wt. %as Ca, My salt of alkyl
salicylate at O. Géﬂﬁ‘ll’cpgméﬁn@év‘(ﬁ@%”u%laﬁﬂwt comfaing no phéspharfus & degtrilsal incyl at e at

0.006 to 1.GPSWubld , es..bei ng based op.the whol e

conposi tion. 15 %er%%&t%g'tzs@lb}r?%% fﬂ'??‘?soq{?ﬁ%sg%Qrgglﬁg?a\‘;dgpéa@cﬂﬂlduct ed. The

ab(ﬁyg_ refer éﬁ@?@QSltlam,gleVilylgdnlamb@we&-pmelﬁh?@hmét@ﬁﬂﬂ:s%&pé)dﬁ%meﬁ he : Wear

i nhi bitogs. Unfartunately the tightening of em ssion requirements requires

wear in ibi°¥8{a§m%n“{‘]‘ﬁt1%¥ﬁ‘,“ﬂ’gl,“eaﬂgs%’i In %Piow(kcgﬂtgmtame@.il%élr@wai%); lapdiésd t o

add thermal espehillyistitabl®fdrQ predani ' 4 572 791 and
peabullyistita é)llr ﬁl‘eczﬂ;@ﬁﬁulaﬁngj%%g]axtﬁ?% I%ﬂ§ Rgrg g%/eesﬁlg cngine

phenyl trial kyl si | anes were scl osed for n U S

Patent No. Squppedwrh arexliaypicgas aeritculagion GEGRAbystem. SiHcalemet Mipichaisp Sone

appl i cationg,i : ricant conpositionsg; U S. Patent No. -
4,541, 838 di%‘s’c géslggﬁ gca@a.‘i ?%‘/ggﬁiiﬁiﬂl&wgﬁﬂwﬁﬁ%@ hexmthgtis oilgni ti on
accel.er at or incompbrated wiithlak eaytshiea R dfiots MaLark 1 of 1§70 Q) Ewbp%ﬁ? U.S.

| oses 25 bis-(trial koxysi |yl % yl pol'ysul fides

Pat ent l}lg %@tﬁw’ 35 di 58 _ kox) /1) _

as wel | “&s orappmpie 35043 &P Vivie Parri Mg; a piot deikybditmephosgaee 4 s and

ol yneric si 03HO : t.i.on .j n. t.h Fal ex 4-ball wear
g'ca?/ usi ng tdh(gnngTM D'%%?’?gg}téf%&gts@%%&ﬂgf éﬂ{ &I\%I?ﬁéﬂlcé'i"é@ e‘@%h’?“’ll,
1969) di scl deegronmbmisisting ofalatsalv ef alk§Dsatibilatd at ODOPWE1 DR, s 4 ingd i on and

ti [ teristi | I cati 1 wh d- t f
2735 % woi gt SERGASHENG® BE70P2 15 43D 1 iad 1o md Ansil eyl slicyine ponr o

formul a (Al KKD08%H RE0 vit\hislseAhl Qe hs_ alkyl. aryl 4 or
al kenyl group, and R _is a fanc F{)c%gt?g%sradou satﬁ%L&ggles}%c ° SRgsonopH oo,
OH, or 1g:l\l) Bepghptests g SRY| frictier/woar thier weré 4and@R%keddi scl oses | ubri cant
conpositions to 5 inprove antifatigue containing about 0.01 to 5 % wei ght
of a condensation polyner derived froma trial koxysilane of the formula

R-Si (OR ) 3 wher e TRe abovelreféfences largely describe P- or S-containing supplemental wear
" inhibitors. Unfortunately the tightening of emiséion requirements requires Weaf
inhibitors with no P, S, and Zn, Trialkylsilanes were disclosed to add thermal stability
20. to Iubriqants in U1.S. Patent No. 4,572,791 and phenyltrialkylsilanes were disclosed for
' oxidation improvement in U.S. Patent No. 5,120,485, Trifunctional hydrolyzable
silanes have found some applications in fuels and fubricant compositions; U.S. Patent
- No. 4,541,838 discloses additive mixtures of an organic nitrate ignition accelerator
and a trialkoxysilane for use in fuel compositions. U.S. Patent No. 6,887,835 discloses -
25  bis-(trialkoxysilyl) élkyl polysulfides as well as other linking groups including
polysiloxanes. The bis and polymeric silane compounds showed a reduction 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 used in amounts of 2-35 % wej ght, preferably 5% wt are trialkoxyorganosilanes

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



al kyl or C2.24 al koxyal kyl, and R is Cl-12 alkyl or C2_, 2 al koxyal kyl ,
where al koxyal kyl means an ether group represented by -C'-0O Cmn wherein the
sumof n plus mis 2 to 24 in the case of Rand 2 to 12 in the case of R .
10 Japanese Patent Publication No. 8-337788 (Dec. 24, 1996) di scl oses
additives consisting of silane conpounds, e.g., a): R S (OR3, b): _
(RI') 2Si (. ORpRalkemd gegup, afdRR) i3S fEAIAGT GodyRsildh aCkndBaslily o ) enyl,
C6_18 aryl; aﬁiaRl: C6. 50 al kenyl opt?onal |y contai ni n%;l' Caozl%g(g,ﬁ%’ﬁéd#br S
atom or subSt ted with hydroxyl, carbonyl, 15 al koxycarbonyl,

al kenoxycar bonyl or aryl oxycarbonyl, or a C6.50 aryl. Also clained are (i)
| ubricating oil conpositions containing for engines conprising 0.05-1&wMm. %
the additive(s); GreatBritaimRagint Nons 4¢ DABRié10g:s Iicahheonsiditionye{ s) ; (B) a

(D) o2 Rbiob ahf Bt Bhing chh () 6 e et of arcangimsstigy o )
cl eanl i neSSp@fyniehGerﬁ)@eﬂtiﬁﬂn@ﬂﬁ@!ﬂ%ﬁﬁﬁn@&tﬁ@ﬂwﬁﬁﬂl@@f&(ﬁ?)%&erlflgl&:ti on of
n es

anount of phosphorus-type extrene pressure agents er-1ype2diliness
i nprovers addyHorGzs gikorpHlyk Med R fsdtiiinalkplfordhgh alkorydllyl, Where conmposi ti ons
are al so sai ' riction reduci ffects. , SUMVARY OF THE

" | NVENTI ON 2?5&?%?3113 ?ii\é@%an%g%ﬁgh%g%%’%éeﬁf%seﬂwﬂ@ Relfl oo VBFisge s i ni wear

filmonto aphsais Topddnehd cast BAR dnd 280 10FPARLASe WRICH is subject to wear.
Thi s an&bwear filmcan be formed on internal engine conponents which are
subj ect *to wear, either prior to assembly or 'formed in-situ for exanple
when a tetra-fungij.qualp S| ‘ np 1S ,.pr,esen ina
| ubricating oil _maﬂdi um aﬁ%:ﬁgggtdg %‘g% %?é’%?ﬁ%%@%csﬁ)gqggkﬁ%?ﬂ%s F@)‘ﬁ%’?ﬁ m ng

an anti wear consistingof sitanercperpoahdscagi, ak RiSHOR)SbY: (RIPBIOR))Ead cgont acting a

f f i I i (o} onent_of the engi ne th atetra-
functional RSRFOPRoRRe UEEHCTors Gl alspnyisics 5 @y and Ror Gubalkenyixa or
hydr ol ysi ‘ i 1. Sl df
ydrol ysis optruﬁﬁ!mg}Tcoltltaﬁﬂhf@g)%1 Naw,‘%clﬁbﬂ‘% F%ﬁho?gub&lt‘ﬂ%g?‘?&g‘@@?@&c%ﬁ%%ﬁ% e rom

t he groug consi sting 5 of  hydroxyl, oxy, ary
monoal ky? aplkesyronyl, alkeppxypaihonyl oraandokymdrtminy iong (Rashreh adendiingdt he
tetra-functi 4, 1Sk o thereby form.a film. The hydrolysis and
condensi ng lél{é retg lg%rlléag{e}g gilfc 85"?83&8’%5 HPRAIRIAL fQrieg Bings SompEsRg BA9-10:wt. %

- the additive(s); (ii) compositions containing: (A) the additive(s); (B) a metal

cleaner(s) in a base oiI:;V‘“(C) an extreme pressure lubricant(s); and (D) an ash-free

dispersant(s). The additives are said to improve cleanliness of the piston of engines
20  and thereby allow a reduction of amount of phosphorus-type extreme pressure agents
and ester-type oiliness improvers added and prolong the lifetime of engine oils. The

compositions are also said to have high friction reducing effects.

SUMMARY OF THE INVENTION

25 This invention relates to a method for forming an antiwear film onto a wear
component, that is 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 orformed in-situ for example when a tetra-functional hydrolyzable silane
compound is presented in a lubricating oil medium, Accordingly, disclosed is a

30  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-X, or hydrolysis
product thereof, wherein each X is independently selected from the group consisting

5



about 20 to 300 C), by operating an engine to provide a rubbing under | oad
on at 5 | east one contacting surface, or by the addition of a suitable
catal yst, etc. One aspect is directed to wherein the tetra-functional
hydrol yzabl e silane conpound is in a lubricating oil nediumand thus, the

contacting is perforned by via the lubricating oil. The lubricating oil
may be f or mufdtydsbxwd, alkosyeyload dickiok§ Sandin mdso aﬁji,g detargents,
?ec? tze hydr ol yzaiur;])g an &%E)(flggfrll( } ng g’hd/o

anti oxi dants é{: i.ch can af C
maybe -i ncor paélﬁ Ydeplyzingand gongenging th fgtr etionabsilametto threadby fanhdiatfilmes f ound

in nmotor oil &8’& affds) ] t hi rLpase,. Addi tional t he
hydr ol yzi ng ghd coﬂ%ﬁﬁm ng g’?ep %:%ﬁ{ %agﬂ %eo%%ﬁgeﬁéj&q?eﬁhwgfgb?’@?ﬁ%é‘g@f a

cat al yst. THabouk2{t tal 309t°Cighy dyerdtingrmdngisic fo fRVAEYY MBBine e 105d Xl e, may
be intro%uceldasgé 15 ?% ratiggqﬁth engi ne and thus may be water, -acid gases
or netal “wear®$haPt FEMELNE SHEEG SPhe phdition pba stitable eatdlesdssic. A particul arly
preferred tetra-functional hydrolyzable silane conpound is selected from

t he conpound of the formula | or a hydrolysis product thereof. 20 O 11 R
(RO+ SitOC a J 4 @nqaspecthedisgotedts vamodin R tetra-fittepionsidiytitolyAble silane

C _2ohydroc .ed fromthe oup. consisting of straight and
br anched chg‘{oﬁmé’%ﬁﬂﬂéy‘g‘}‘%‘éhﬂ%ﬁl 8?‘8@’1‘1 © coptggting ig prrigrmed dypial ky |

and substi t uhebibhipatineedl. T}k hirieuiss HidMia) Be FMSnhted Vil M%ﬁg&&@&éﬁh as
sel ect eggfro Sp%%rﬁgﬁy, al koxy, ester or am no groups; each Rl Is
nt |

i ndepend:t GREScal§Rstozitants ¢tce waioh cableyfect thy bydalyeidg andd aryl ; and
b cal |y ar onene 3ok oyt ndof o G NOEN 8% ik i Samig aUbet | ¢ o

typically are nore susceptible “Substit uted
si | ane conpaddifives fousd pu et akls yowld be 2d@dd ard seﬁxeqai@'risﬁlfﬁ&?md&n%rf&i1y%§@ more

referably i;s .4, with retraal koxysilane bein articul-ar
P y hydrolyzing andt condensing stép can be conductgd i[1)1 the presence o¥a catalyst. The

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

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

produced by the combustion process.

A particularly preferred tetra-functional hydrolyzable silane éompound is

selected from the compound of the formula I or a hydrolysis product thereof:
20

(RO-aa—Si—(—O(fl:& )

4-a (I)

wherein

25 each R is independently a Cj. 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, alkoxy, ester or amino groups; each R; is independently
straight and branched chain alkyl, cycloalkyl and aryl; and a is an integer of O to 4.

.30 The acyloxy-substituted silane compounds typically are more susceptible to

hydrolysis than the alkoxy substituted silane compounds thus preferably a, is an

6



preferred. The nethod for formng the wear filmcan enploy a m xture of the
5 tetra-functional hydrolyzable silane conpounds or a single conpound.
Additionally, this nmethod may conprise further contacting a surface of an
internal wearing conponent of the engine with a partially non-hydrolyzabl e
silane additives are represented by the formula Il 10 (R o), Si(ORl1l)4-n

(1) wher eiintegacfior@R, tp 4gamlypoiesprafehbly i 4/ ZatH Bt aMik Bb¥ild H%gg?ﬂld
sel ected fromi%?hed group consi set@i ng of aIéMkoxy, arylcg{%l,lddgg% y ox§¥1y15
each Rio is B%B{%hydrol yzabl e group independent!y selected from ai kyl,
aryl, substituted alkyl, and substituted aryl, wherein the substituent is
a functionat grou sel ected from hydroxyl, ether, am no, nonoal kyl am no,

di-al kyl ani no, anithe metbed fufgtmingthrccwedrdiimt dah @Biplter a madinloPhe Cyano,

al dehyde al K n sul foni ¢ acid and phosphoric acid; and n is an

i nt eger S fﬁéﬁﬁcﬁ%ﬁ%ﬁfﬁ{zg&&ﬁm@w £0% hyngla gompowsh ddditiomallyi or to

cont act i ng whishmethat mixg bormpisTaichOrnidiAL 0 LuEaRlof ot il OIRgUNd of the
ntact|

formula Si-X4, concurrent or subsequent Wth the co ng Wth the.
t et r a- f unct iSGHRONER G heyangiieavith 3 parsially oompbydrdlyzbbie gilmevsdditivis bygs can be

formed by th e%@@%ie%hn%fla etra-functional 25 hydrol yzabl e sil ane
conpounds and a partirally non-hydrol yzabl e silane conponent represented by

the formula H The products prepared according to the nethods of the
present ;i,nvention form an antiwear filmwhich nmay serve as a repl acenent.
for curHQnt antiwear agents, e.g. 30B@BRi(QRdendi ngly, as aspect ) the
present invention is directed to a product prepared according to the nethod
for formng a wear filmon an internal engine conmponent conprising:

contacting avheuein gach ORugmoumis erhydtolyebid meicnoRNesaaint B selddfd Mighpe W th a

tetra-functi | . hydr.ol | e silane conpound of the general fornula 7
Si-X4 or hy cglﬁ’ycsol slséli’% X h BB, a%ﬁ@qy %Y each X i s independently

selected from the group consisting of hydroxyl, al koxy, aryloxy, acyl oxy,
am no, qgnoal kyl am no .
each Ryg is a non-hydrolyzable group independently selected from alkyl, aryl,

substituted alkyl, and substituted aryl, wherein the substituent is a functional:group
‘selected from hydroxyl, ether, amino, monoalkylamino, dialkylamino, amide,
carboxyl, mercapto, thioether, acryloxy, cyano, aldehyde, alkylcarbonyl, sulfonic acid _
and phosphoric acid; and n is an integer of 1, 2 or 3.
20

This further contacting may be conducted prior to contacting with the
tetra-functional hydrolyzable silane cothpound of the formula Si-X4, concurrent or
subsequent with the contacting with the tetra-functional hydrolyzable silane o
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 11,

The products prepared according to the methods of the present invention form
an antiwear film which may serve as a replacement for current antiwear agents, ¢.g.
30 ZDDP. Accordingly, as aspect of the present invention 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



and di al kyl am no; and hydrol yzi ng and condensi ng the tetra-functional
silane to thereby forma film The tetra-functional hydrolyzable silane
conpound can be 5 enployed in a lubricating oil medium which may contain
ot her additives which may be incorporated or affect the filmformation.
Thus an aspect is directed to the products prepared thereby. A

part i cul ar | ySiKpbrtyestysis prida therebt, oercntledth 3 RanMiRagHy Qblectl RLFPAT T NG
a lubricant @g osi tiqn,conprisin a) a nmjor anount o g ase ol

“lubricating |°P9SIStB}g hydgoxy @uwwal'aloﬁimacaﬂokwmnmombnwkm(ahmmbl e

si |l ane corrpogmgquj1 gql ound f the.fornmul a

hydrol ysi s product thereo y%@@ﬂéjﬁif&rﬁ@# © tefrazfupct L?‘!ﬁnﬁ ‘20 Ris

i ndependent | § ez@bmfargm filolrBede o fungtions hsélobptbid sfifpnadnijRould eaPbe CONSI sti ng
of straight chain..a ycl oal kyl , alkcycloalkyl aryl,

al karyl , %gry a‘lq %‘7 ]3 T@W@QFH’GF&%’YW BY FORaiB Tﬁé‘%ltlﬂ@%‘d}méhmayrmre

© substi t uent Shesiabapbrsbdior ARGENES S fordlakeX Vi '

i ndependent|y straight and branched0 ck?al n alflﬁ%%l%g%e% Saﬂ Et%fl ?%c?s and

a is an intejeparedthgreby. 4; c) 0.5 to 10 % of a detergent; and 30 d 1to 20
% of an al kenyl succinim de di spersant derived froma 450 to 3000 average
nol ecul ar wei ght pol yal kyl ene; 8 wherein the percent additive is based upon
the total weight @@amm‘arlgfprdfbl@edﬂn@bﬁdt@?ﬂeﬁﬁe&%ﬂ%%r%bé&@ rand 5 operating

an inter rbal corrbustl on er]gtl)ne usi ng sai | ubricant to |ubricate
preparing a lubricant composmon comprising:

a) a major amount of a base oil of lubricating viscosity;
b) 0.5 to 10 % of a tetra-functional hydrolyzable silane compound is

selected from the compound of the formula I or a hydrolysis product
thereof: '
15

O
(RO%a—Si—(—OPBRq )
wherein

20 R is independently a Cy.5 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, alkoxy, ester or amino groups;

25 R; is independently straight and branched chain alkyl, cycloalkyl and aryl; and

ais an integer of 0 to 4;

p) 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;
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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 than about 100
C.- 10 DETAILED DESCRIPTION Silicon esters are organic silicon conpounds
that contain an oxygen bridge fromthe silicon atomto the organic group,
i.e. =Si-O-R. The earliest reported organic silicon conpounds containing
four oxygen bridges were derivatives of orthosilicic acid, Si(OH)A4.
Silicic acid beh e1g etl%?ﬁ*i?@hﬁd@lhr@saiamn@nmWtq@me\xtquwtofws and 15

11.8 and carlugr;gafﬁlg%lﬁ??ﬁ qsgﬁ(}p as silica gels and silicates by
condensation of th anol groups or reaction of silicate ions. Conmonly

organi c silicon conmpounds are referred to by their organi c nonmencl ature,
for exanpl e the al koxy deri vatll \6@ OC2H5) 4 is_tetraethoxysilane and the
acyl oxy deri vati VRS/ENE EbHteReLL us?%‘% PR RSHRESAd Jubrieant splubrgatest er s of

orthosilici Qnaﬁteﬂlaﬁﬂ@aﬂd&ﬁiﬁonéﬁ‘éﬁﬁa(%}%@&?éﬂl@'ThéE)?(Qﬁétgﬁ%n%tr gliggar ded as
e or or

organosilanes in the strictest sense; since unli anoxy) si | anes,
t et r a( hydr oPEPISS BRY }Mﬂd@rﬁé@&b%ﬂ@letcsm theditmimntiioragempyrafuroof stiout con or

sui tabl e @b%gpo g I'n&aé-]tp'?éfefh'ﬁgr al@g@%{]@‘ﬁﬂgﬁ? ettslbﬁe%dr ocar byl oxy) si | anes have

a wde variety I ca at dependent on whet her
the Si-OR, bond is expected to remain intact or to be hydrolyzed in the

final appli pon. . Tetralhydrocarbyl oxy)silanes may contain up to four

mat ri x gﬁ ﬁtﬁ%gﬁﬂ giﬂj{ HP Nneric hydrol ysates and thus can lead to
norerlgldfllrrsstmtgg A, Siohgnes whi ch, have three
matrix coordinations, eW| s c%%ﬁoé]%?“ff@%l&qﬁé ¢4 %‘?ﬂ?ﬁyﬁsﬂﬂ’g 8%onol ayer

or partial rﬁnmt}wdtcon'ﬁh:en td ﬂhnncgmﬁcdg:rbEp, i®. aBROIRY Elic Qflidktitdpbitad Bfganithe
mul til ayer Cﬂu| d be either ntegaf%onnect ed through a_ | oose network

structure, PiSHGPFPEREURGSCOBBINEAYT ¥ ¥gen bridges wersdgdvetivps aberthasilisési tion 9
techni ques. afigesROH)). m&@&@b&%@@ﬁﬁbﬂ%{;& Regiba AR BRAG dneke SQTRANCNL S,

such as _detergents, antiwear agents ersants, ead to
uni que pPot ddtdand camfrmpolmrsfsucm sibicn gdls ormlvsilients Hyanddersatidther their f ace
proceeds w th, o, (‘g%utpg P r AR Sf siticate ions. Commonly organic silicon compounds are
referred to by their orggmc nomenclature, for example the alkoxy derivatives
‘Si(OC,Hs), is tetraethoxysilane and the acyloxy derivatives Si(OOCCHs)s is
tetraacetooxysilane,
20
The esters of orthosilicic acid and their lower condensation stages are not
regarded as organosila:rles in the strictest sense; since unlike organo{organoxy)silanes,
tetra(hrydrocarbyloxy)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  arylirialkoxysilanes which have three matrix coordinations. Likewise,
monoalkoxysilane can only form a monolayer or partial monolayer. 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
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of reversibility with the degree of hydrogen bondi ng decreasing with
further 5 condensation. Likewi se with the renoval of water the bonds may
form break and reformto relieve internal stress of the filmand |ikew se
can permt a positional displacenment of interface conponents. Hydrolysis
on adsorption onto a netal surface has been observed at: roomtenperature

for carboxyltechnimpiesl BetefiBngdag alordogiain ofhbosR8 &:tﬁ%%@ﬁlﬁone-ﬂ?é" Such fi¢ surface
may be reactéire}/qr Howeyer, both adsorption onto a 10 metal surface and

rubbi ng und B> &F‘éw?aiﬁg@ﬁﬁald}spﬁ@éﬂfédetﬁmlyﬁbmad feainiquepretective | wear
filmin the maseTd fohBSiGS SRt Wl P§fhe 3ﬁff§ce p??c%eg%s;r L'{:%rr{%fltgmh uﬂsﬂﬂ’? ng

produced have been found to contaln are
wear, as sedrevergibibity with sl degrdsalf dnwdrogsn bowdiity déorddsingarith fuRgler goes a

t f tion art. fr the h and condensation. The
oo 8! SRR, PR empmémw e o
steric bul krefonarneaaRde &it@alGkretd 6t (A fiﬁﬁlﬁn@{ ﬁ{b ﬁloTnQF rate of

Si

hydrol ysis. Tertra(al koxy) silanes and tetra s possess
excel | ent t KesPhagement efinterfage componerfa Idy(ﬂmhammradsnrpnomomo eankthlesupRcat ur e

range what branc sub tituents.

Acyl oxy- yag%&zzod’ﬂg%%gﬁ E{I%ch}é& PY*: ?é‘ﬁ"@% f(gr ‘iﬁF c"er?é’(’:eptl ble to
hydr ol ysi s lpﬂlasphateeeswlrkdhys, itheaetice fiag bleriédcﬁ% Qﬂ’o\i}@efeﬁ b%ﬁf‘ads@&:tﬁhtohtobé't ed to
t he aci ﬁibc or aféﬁié? cter of the byproducts. Thus catal ytic anounts of

am ne or aci®etahs r& 8 updpr deadeare typieallymiesdadde produasithe ntatitd ust rates
some  physi GatiwksOR fltBScRE oPQ{é‘EE{efé (?IJ Arkﬁo@l\ﬁ@iyla%ﬁl Tﬁgés hkqgn%ﬂes{q%]r S%i 0 i D~

~~Clrnrn~"~"""rnrnrn ~rn P1 w
y O O P N ~ havgBheap fhuqld@contamﬁand(hm@eﬂeﬁhv@ﬁh yre%mlné wear, 28 sBérNnfRe O

examples below.

1

15 The Si-O-R; bond undergoes a variety of reactions apart from the hydrolysis
and condensation. The alkoxy moiety can improve oil solubility and stability with
increased steric bulk, increased size of the alkoxy grouﬁs can decrease the rate of
hydrolysis. Tertra(alkoxy)silanes and tetra(aryloxy)silanes possess excellent thermal
stability and liquid behavior over a broad temperature range what widens with length

20, and branching of the substituents. Acyloxy- and amino-substituted silanes are
typically more susceptible to hydrolysis than the alkoxysilanes. The increased rate can
be attributed to the acidic or basic character of the byproduets. Thus catalytic amounts
of amine or acid are often added to accelerate this rate. Table A illustrates some

physical properties of commercially available silane esters.
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TABLE A
PHYSICAL PROPERTIES OF SILANE ESTERS?
Compound CAS Formula Boiling Point’ | Melting Point | Density Flash-
Registry °C °C g/em3 Point
Tetramethoxysilane [681-84-5] Si{OCHz)s 121 2 1.032 20
Tetraethoxysilane [78-10-4] Si(OC,Hs), 169 -85 0.934 46
Tetrapropoxysilane [682-01-9] Si(O-n-CsH7)4 224 <-80 06.916 95
Tetraisopropoxysilane [1992-48-9] | Si(0-i-CsH7)g 185 <22 0.887 60
Tetrabutoxysilane [4766-57-8] | Si(O-n-C.Hs), 11504 < -80 0.899 110
Tetrakis(s-butoxy)silane Gomoh 6-9] | Si(O-~sec-CyHy), 87027 0.885 104
Tetrakis(2-ethyl-butoxy)silane [78-13-7] Si(OCH,CH(C,Hs))4 166027 <-70 0.892 116
Tetrakis(2-ethyl-hexoxy)silane [115-82-2] SI(OCHCH(C,HsX(CaHo)))s | 194013 <-80 0.88 188
Tetrakis(2-methoxy- [2157-45-11 | Si(OCH,CH,OCHS,), 179147 | <-70 1.079 140
ethoxy)silane
Tetraphenoxysilane [1174-72-71 | Si(OCgHs), 236013 48 1.141
Tetracetoxysilane [5623-90-2] | Si(OOCCH,), 14844 110 sub 1.06
Tetrakis(2-hydroxyethyl)silane [17622-94-5] | Si{OCH,CH,OH), 200 1.196

Diacetoxy-diisopropoxysilane’

[13170-15-5]

(CH3COOQ),8i(OCH(CH,),);

Diacetoxy-di-tert-butoxysilane®

[13170-23-5]

(CH,CO0),S8i(OC(CHs)s),

* Kirk-Othmer Encyclopedia of Chemical Technology Vol 22, John Wiley & Sons, Inc.

® Subscript denotes pressure, other than atmosphetic, in kPa. To convert kPa to psi, multiply by 0.145
¢ Available from Sigma Aldrich Co.
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The silicon ester conpounds of the present invention may be prepared by a
wi de nunber of synthetic pathways. The ol dest pri nci pal nethod of silicon
ester production was described by Von Ebel man's 1846 synthesis: 5 SiCl4 +
4 C2H50H - Si (OC2H5)4 + 4 HCl1 Catal yzed direct reactions of al cohols using
silicon netal introduced in the 1940s and 1950s (see U. S Patent Nos.

2,473,260 and 3, OM; sibiddn dsmamﬁpomt@ro&*ﬁﬁtpreséﬁmﬁ%ﬁicﬁﬂm&fm {9 the
1990s for prL}v%uctl n off e.lower esters via use of a I0 netal aI cohol ate
catal ysis, nﬁsﬁsm sygthetic pathways Thagldertaminsinahmetiod of sitichodsteused ¢ o

prepare al kqa&mudﬁ@ﬁ%ués&%e&59%%%&%24&%4 hlﬁéﬁ”sesw” fication is
|

practical when the al cohol to”be ester |ed igh boiling point and
t he | eaving al cohol can' be renoved by distillation. Qher preparative

met hods @f al koxysil anes can ed fall ovvs 15 1. Sid +
( RO) 3CH % =Si OR + RCl Roocgl%lﬁ%ig%ﬁ—ﬁ\@@? G NaCl 3. =SiH +
HOR (catalyst). -> :-SlCR+H2 4, —S|O—|+HCR —S|0R+H2020 5 =Sid +

CH3NOR -> =Si OCH3_+ NO2CL 6. =-SiSR + HOR- * =SiOR + H2S 7. =SiCl +
HOC(O R -- * =Si ¢etadyredidipget reagtionsgif @lcoholm@mm Bllicon niStaDiRddlced #iEhe 25

Acyl oxysil a n anhydri de and a’
ch?lor)égl : ang@ﬁ R%&gdogl I g:géeasé %?%%ﬁ%e‘%y%wfﬁé&%%ﬁ?%%@% é‘?@ql nes
with chlor mﬂm«n‘eml moluhalmmnahe D@9dslf@q5ra&1ﬁ5ﬁoﬁMEMSﬂ'eﬁéHt&§ Vieisbyr pase.

Pr ocessel for | anes,

e sil anes and al koxy-acyl oxy- si
parti cul %‘ﬁ"t" ?%@V%F glégt BatguiNey ekl 3, % e Anipthel exparercial wgthodat ent
Ros. 3, 286, Ja&éa tcgprg%ﬁe Bk biysitifloss B fraio ARCaH IRSR0EHGRIN (RCERE ' O

Publ i cati on Tet r aal koxysi anes ypi ca
slurry- phaséwlmmtb@tﬂc@}qittmbseserpﬁmmmmmg pomhaldsmb\ll@ﬂhlglﬁccﬁhfﬂ&ﬁ the

product it sl . [0& l%%lgtlﬂ}( elf) Sre%%%ggg m%tr,hods of alkoxysilanes can be

exemplified as follows:
15
=5iCl + (RO):CH — =SiOR + RCl + ROOCH
=SiCl+ NaOR — =SiOR + NaCl
=SiH + HOR (catalyst)— =SiOR + H,
=8i0OH + HOR — =SiOR + H,0
=8iCl + CH3NO; — =SiOCH; + NO,Cl
=8iSR + HOR — =SiOR + H,8
=SiCl + HOC(O)R — =SiOC(O)R + HCl
=SiCl + HONRR" — =SiONR'R" + HCl

- 20

NN AN

25 Acyloxysilanes are readily produced by the reaction of an anhydride and a
chlorosilane. Aminosilanes are formed by the reaction of hydroxylamines with
chlorosﬂanes and removal of liberated hydrogen chloride by base. Processes for
preparing acyloxysilanes and alkoxy-acyloxy-silanes, particularly
di-tert-butoxydiacetoxysilanes, are disclosed in US. Patent Nos, 3,296,195; 3,296,161, |

30 5,817,853 and European Patent Application Publication No. 0 465 723.

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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a copper conpound, but is usually an alkali or alkali netal salt of a high
boiling alcohol. Such processes are disclosed in U S. Patent Nos.
3,627,807; 3,803,197; 4,113,761; 4,288,604 and 4, 323,690. Likew se for
trial koxysilanes, the Direct Synthesis process enploys

catal ytically-activated silicon particles naintained 5in suspension in an

inert, hi gh akeppértBnipohE bt RRGudlLal RS Salk PR mignn@k E&gﬁk Pt ent

el evated tenperature. This type of reaction is |sc ose
Nos. 3,641, 8 hok Sycisprpsessespry disclprel ind ) 86 Pate@Nos 3,682,8029,808, I, 446;

5,024,590 AR08 Sin 0 P 6 3t Bl AR RIS Sl L

Di rect Synt hési'§ of oxysi rafes” and

in a bat chvaamchymhem Procdss eﬁ@ld}?@d@tab&i&albﬁh&h)&teﬁ%ﬂm@ﬁﬁﬁfﬂc%mzﬁnﬁiﬂ%ﬁ' €
addition_of ,silicon and catalyst i.s made to the reactor at the outset and

~alcohol Ps JYHERRIN MR ietohoiing eolient ead areymadete react with agialdobokati s
rully react e idiuenAaghashu hislgl b6 ARATIERPhaGARNELS ATy The al cohol

typically is ad hase Rase 4 ron is al so
feasible. | MOSCaﬁél,ﬁ&B@s’f"lcﬁgér?aﬂﬂaﬁ 1734 V@bmzangvéa@saj 4,999,446 Sc08Aesd0f 0 t he

reactor initg I ntain lds content of the
slurry wit hltshﬁ; 2’36% §?r?’t 3 %?gmc S%Eeaﬁ@BSettg’ %IF%ISWE%S Ph U s
Pat ent Nos. a&oi?ﬁlah@ﬁancﬁtsﬁ@éik&@@ﬂaz@ﬁ%ay%e@%@r #8520 a ALhIsS! Jr%gnﬁﬁﬁﬁ ion

products are reaned fromthe reactor in a'gas phase mxture along with
unr eact @l amesisoln batdpriss ersration, ﬁ@g}@r@dmm dfsilizon embtat@mids medelid the by

distillatio tlnu o theS|s of
20 trial koxgs]ﬁ %ggiepagats% %dql‘gse ad%g‘g ‘%E‘PSH%] ’I\%m gﬁm&? S‘ﬁ

t et r aal koxy sillcanésfuilly reddted, orFi&tuﬂadl td\Ddesirdd @2 5883573011331%%; Tﬁgaleaﬂbﬂ 752 647.
The hydrolyég?lﬁ tetr functlonal silanes useful in the formlation of the

| ubri cati ng diip hessag phaserbut liguid nhasecasiditiongs elseriasible. dms of t he

present 25 cbﬂﬁflﬁﬂﬁlb@ rQﬁWﬂastigH%a% (E)"{tﬁlé/ r?\l:a(ﬂflfe lf&ﬁleq'gﬁcmgglahgaﬁ&e L

atom Theses tetra-fiIncti onal ane conpoun re of the
gener al 1for egreaflSi towhatain ﬁmhﬂgmmemmmmmwrmmfdesmmmitm Thel S

|ndependentl el ect fr th consi st droxyl, al koxy,
aryl oy acyPishisR e s SRBaR il Xt N L PR, 5 AR iy e

par ti cul ar 'y, 248($58i THeaeneefakiomd ﬁﬁé@%é@&&é@ﬁ&h%&&ﬂ? rfé gé&g) hagk Of
C1_6 al koxy, .G 10 and aryl.oxy, Cl 6 acyloxy. The hydrolyza e-groups

enpl oyed nﬂl}lXBlée poBg Hithamgeag d\n@p@pl Ispintiongd the ohdiop & acomplished readily
transest eri fGafid9Rfok Q@c%}du?é.'ﬁy kn%%procedures Continuous Direct Synthesis of
20  ftrialkoxysilanes is disclosed i in U.S. Patent No. 5,084,590 and of tetraalkoxysilanes in
U.S. Patent Nos. 3,627,807; 3,803,197 and 4,752,647,

The hydrolyzable tetrafunctional silanes useful in the formulation of the

lubricating oil compositions and in the film coating compoéitions of the present

25 invention 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, monoalkyl amino and
dialkyl amino. More particularly X is independently selected for the group consisting

30 of Cigalkoxy, Ce.1g and aryloxy, Cy acyloxy. The hydrolyzaﬁle 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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produce pol ysil oxanes derivatives by condensation. The tetracoordi nati on of
these 13 sil ane conpounds provide for three dinensional filmformation with
t he sinultaneous properties of having great hardness and hi gh nechani cal
resilience. The term "hydrol yzabl e group” in connection with the present
invention refers 5 to a group which either is directly capabl e of

under goi ng cdatkeemapdunds plgaiﬂeifonﬁlrwﬂiﬁfensiaml ﬁgﬂﬁbﬂﬁﬁkﬁ@f}im ﬂ%@ﬁﬁm@l[ngwﬁg chis
capabl e of hydrol.yzi under ropriate. conditions, thereby yielding a
conpound, \M%Blﬁer*lés ¥W@Wﬁ%$@ﬁﬁ$@ww@ﬁlbﬁn%am ons.
Appropriate conditions include acidic or basic aqueous conditions,
optionally in the presence of a condensation catalyst. Accordingly, the 10
t erm " non- hydr ol yFdeen diyslglyzable group’” inrcophection sreitinthe iprasemttinvontioafrefers t o a

roup no . £i L.directl nder gpi ng_condensati on r.eactions
gnderIo aptgr ogrg:%?!é‘ﬁj ‘gfcl)lr? ie@%ﬁ%gfé?&%fcaﬁ@g? 8?9‘%@%5’ CRYRHOR EHRGHPROHYST | st ed
above for hyappoipyiaten@ntitiens &ywhich Yi@pbﬁe@&'ﬁ&@@lyzﬂl% e LappRsdAsl arly
Si

preferred are hh_e tetra-functional hydrolyzable ane conpounds sel ected
from the corfP8EREnSthereRy yigkdmeg acampsiung, whigh & spoplie of vodeggoing her eof 0 (Ro_

Si t OCR1 ' s e | 4.5 - t 20
h;/dr ocar bf/l I ]cé)? gﬁnséggf fés%«%tleog g’fé%ﬁgé’ﬁgg 8?%%&53%%‘2&5%?%8 0%)%*"% %W&ﬁ? and
branched chaiondiioksloptionadlydn theyprescatk of/x taelkhsation astyulyst. Azcardisaty,the

| al kyl bstituted. bhyd byl hav.i !
Subst £t SemE RS Ry Gayioed e preseiiorhgonaniriso gasmpmaoty 15
i ndependent | gapsile of Eifter dRE BiRa Mﬁéﬂ%a@éﬂ(ﬁ%ﬁﬁ&ﬁ%ﬁé}]aﬁg}o and aryl; and
grou

ais an integer of 0 to 4. The substituted hydrocarby S are attached

to the silicoRdéiepgenoflydradyzing wrder the coaditions Bistbd abigierfor hydvokyzingvihé ch nay
be int errupt%&yza%wggﬁbsgr -NH groups or

15 | More particularly preferred are the tetra-functional hydrolyzable silane
compounds selected from the compound of the formula I or a hydrolysis product
thereof:

_ o
(RO—)—SITO%& )
: ta (I)

20

wherein

R is independently a Cy.5 hydrocarbyl group selected from the group
consisting of straight and branched chain alkyl, cycloalkyl, alkcycloalkyl, aryl,

25  alkaryl, arylalkyl and substituted hydrocarbyl groups having one or more substituents
selected from hydroxy, alkoxy, ester or amino groups; R, is indep endéntly straight
and branched chain alkyl, cycloalkyl and aryl; and a is an integer of 0 to 4, The

 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 dialkyl amino where the alkyl group is

from 1 to 8. Thus, glycols and glycol monoethers, polyhydric alcohols or polyhydric
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30 term nated by an am no, nonoal kyl am no or dial kyl am no where the al kyl
~group is froml to 8 Thus, glycols and glycol nonoethers, polyhydric

al cohol s or polyhydric 14 phenols, can be reacted via al coholysis with the
(RO group above, typically a |lower tetraal koxysilane (usually a nethoxy
or ethoxysilane), to formoxygen interrupted substituent groups. Thus for
exanpl e, ~t et Pheapkosapdiel rasntedeiam aloeholysis wth the (FROpEyap hbovEDHiRRall9h 16@ed dues

to replace thre X roups or. four ethoxy groups. To replace 5 four
et hoxy gr‘oup@&@%&é{éﬁﬁ@“&ﬂgﬁmmg%‘PO’%’S HichItg Srm exygpp IwgEnicduch as
sodi um to fabstitacstl ge@lps, ThRisahr é)iahﬂﬂé,(i@craeﬁfb&zéifaﬂle Ul Yo RLELS Wiﬁl%lm

t et raal kyoxysi | anes prepared from'glycol nohoethers are repre Oéd by the
fornul a Si (CRABRSBROREydNchfrssieplape thrpesethpxky groupyed foat dhoxyogroapy [To réplagd ar | y,

al coholysyj s X YiS] n be . conducted wi th am no al cohol s
“to form Zjlm n%gf é%;&%%ogﬁge@ééﬁ%%%léﬁo ﬁ?fé\‘%t 15 BORIPYRb FUshAS et MEE s ar e
sel ected fromibita aGRREHRYatRAD it Partiouladly bEToRrdd fe@adlRyckySilani? Brdpired - 6
al kyl . Partigul ag| i referred am no al cohols are selectéd from
HO- ( CH2CHR) rﬁﬁ’ﬁﬁi)j‘% &)ﬁ@?%ﬁ%‘w@ir@mw&&éﬁd@ﬁtfqngnul@:an(egém&zowu evhatd® |

r ef er abl ioRnad, eyt | ; r L al kyl . rolysis
Br oduct s gf fdlrk?f’lﬁl g If;@lll:{gﬁdr%}b)lg)’%é@%l ’ V|cgh($%sg§ ﬁ{/@fgclt)%&fg#%y%#&eg%g%nsgt i on of
t he conpound¥ngrctedwithiagine alenholoto fvfin enimplioxisitiney @arthyilely grefegent ed by

-Si (OR i | bonds, Exanpl f
ot ot e DD Bl B R, R TR R HE e whare o s vy o § sl e
sil ane conpRyESCEehR PEHIEWIN bRBerSSOHRinG ARShsTs ia%e&{cgeﬁlgh'om

tetranmet hoxysil ane, tetraethoxysilane, tetrapropoxysi
t et rai sopr op%bgﬁﬁﬁgzﬁ@,m}f@eﬁzr‘&lm@ Bzyisithdapendently hyimgbuon®ysilken preferably

tetraki s(net ' raki X opoxy) si | ane,

t et r aki sg et h%%@ﬂggéﬂ@ glr?ld;l?l oretﬁg? reé%lli%?%&'ﬁ%ﬁ%ﬁ?@ﬁ%%ﬁgﬁ’m‘é; can

tri met hoxyettedkymed wadhe hydiotpsihand/eindthanys bf MR ombbinfls PRI P XS - ane.
tetra-(Al-Srreth I i e tox%%(si |'ane, 25 and tetra-(2-ethyl hexoxy)silane.
Hydr ol ysis p‘?’%ﬁ’@ %g ARXP Y Yedgpreseniekhy b§1(989%@r9@ns@msﬁ%mym ancama)qre

pol y(di et hoxgfiekamags., Ppol y(di met hoxy-di et hoxysi | oxane),

tetrakis(trimethoxysiloxy)silane, tetrakis-(triethoxysiloxy)silane, and the
like. In :

Examples of tetra-functional silanes represented by the formula I are
~ hydrolyzable silane conpounds selected from the group consisting of
20  tetramethoxysilane, tetracthoxysilane, tetrapropoxysilane, tetraisopropoxysilane,
tet_rabutoxysila:ne, tetraisobutoxysilane, tetrakis(methoxyethoxy)silane,
tetrakis(methoxypropoxy)silane, tetrakis(ethoxyethoxy)silane,
tetrakis(methoxyethoxyethoxy)silane, trimethoxyethoxysilane,

dimethoxydiethoxysilane, tricthoxymethoxysilane, tetra-(4-methyl 2-p entoxy)silane
25 and tetra-(2-ethylhexoxy)silane. ‘

»

Hydrolysis products may be represented by poly-(dimethoxysiloxane),
poly(diethoxysiloxane), poly(dimethoxy-diethoxysiloxane),
tetrakis(trimethoxysiloxy)silane, tetrakis-(triethoxysiloxy)silane, and the like. In

30  addition, examples of tetrafunctional silanes with acyloxy groups are

tetracetoxyoxysilane, silicon tetrapropionate and silicon tetrabutyrate.
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30 addition, exanples of tetrafunctional silanes with acyl oxy groups are
tetracet oxyoxysilane, silicon tetrapropionate and silicon tetrabutyrate.
15 The nethod and products prepared thereby of the present invention may
enpl oy a conposition which fu Cher includes fromabout 0.1 to about 50 wt.
% based on the total weight of the lubricating conposition of a conpound

of formula Il belaemetigsd aazdrﬁrﬁau&ﬁ%x@ﬁarwﬂ{e%%&@e%@@ﬁf%%F?dh% rH%';ti al

condensates of one or npre silane 5 additives of formi
trifunct i on&MPLY sspsaposiionrech Sutlier iclune Sommbeof G ¢o dommab0 vai Yabasd and

1 Xt ‘th j LFi .n traf i | si,l f la |.
The select i on ot el ubaling chRbi g Gl ot of o Toglophe
! ub{ i calti ng or e aipws . 3 off lwrdsot lpdis Pfhﬁuﬁt&egﬁpirtihm%ﬂsgféfwfbh? ﬁqw{é%ﬂmlﬁwg t het_
articul ar properti . enhanced or_inparted to ejther e lubricatin
(F:) onposi t onggﬁﬁf??eof&sﬁ?waﬁl ?I?@-Pmné’g‘ﬁf’ti“ﬂ’ﬁl. Sl@agsp} Hifuggiionghglanes, monefiagidonal ves )
are T epr eseqatts iR el iednih A0 Iy b (IO Clbles JRSEEILY 1 S 2 1
h yza nay e

2 or 3; the -OR, noiety is a hydro e group an sanme or

di f ferent wHda selegtiogrofzhe Edithqriabsilank aligitived inzarpbmtedGRto the Bibeio@dngar e f or
exanpl e, al : ferably Cl.-6 -alk . such as, for exanple, nethoxy,
et hoxy, n- E?%‘ﬁ%é‘@‘gneﬁ Oﬁﬁ%%%wt%' niion 83%@6’&&9}?%& © PRTISTIRF BYoPETtCH to e
-aryl oxy, 'swahanaed of igdparted fngitter e IERPahg cHAfoisH ke @%rmegg?f%rmgﬁsg?l- 6
y). o1s a

-acyl oxx s;_lr h as, for exanple, acetoxy or tgr opi onyl ox

non- hydi81 yZ&Rscatignab silangiddmivessre senressntediby theformuta Hunct i onal  gr oup.
Exanples of Rio are al kyl (preferably C1L 6 -al kyl, such as nethyl, ethyl,
25 n-propyl, isopropyl, n-butyl, s-butyl and t-butyl, pentyl, hexyl or

cycl ohexyl), and aryl (preferabRi)8i(OR;pafyl, such as, for exanpl

phenyl and naphthyl). Specific exanples of functional groups of the radical
Rio are the hydroxyl, ether, am no, nonoal kyl am no, di al kyl am no, am de,
car boxyl, 30 rmner sty e . e car bonyl ,
sul fonic acid angﬁ?@fe%})%ssglhmdgfgghé([:}fed@gir%lﬁ%yy ?%g@??lﬁ%%}?? %ﬁgﬁ?aﬁ(?%\%ihear e
bonded #& t I§amepr difigrenaiwben wihor 2. Examples of hydrolyzable -OR;; groups are for

example, alkoxy (preferably Ci.¢ -alkoxy, such as, for example, methoxy, ethoxy,
n-propoxy, i-propoxy and butoxy), aryloxy (preferably Cg.10 -aryloxy, such as, for
example, phenoxy), and acyloxy (for example Cy¢ -acyloxy, such as, for example
acetoxy or propionyloxy).

20

»

Ry is a non-hydrolyzable group which may optionally carry a functional
group, '

Examples of Ry are alkyl (preferably C,_¢ -alkyl, such as methyl, ethyl,
25 n-propyl, isopropyl, n-butyl, s-butyl and t-butyl, pentyl, hexyl or cyclohexyl}, and aryl
(preferably Ce.10 -aryl, such as, for example, phenyl and naphthy]).

Specific examples of functional groups of the radical Ry 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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al kyl ene, or aryl ene bridging groups, which nmay be interrupted by oxygen or
sul fur atonms or --NH- groups. The said bridging groups are derived, for
exanple, fromthe 16 above-nentioned alkyl, or aryl radicals. The radicals
R10 preferably contain from 1 to 18, in particular from1 to 8, carbon
atons. Exanples of silane additives represented by the above-defi ned

formul a are at®vemidnyibhed atkylonytyl tadivels. Eidwaliichls R} herersil) 8fRain from
propyltrinetg Xéleagg,l but yl tri met hoxysil ane,- i sobutyltrinethoxysil ane,
hexyl trimeth B& > LR cular ey to 85 casbon §iP1s et hoxysi | ane,

octyl trinmethoxysilane, decyltrimnmethoxysilane, cyclohexyltrinmethoxysilane,
cycl ohexyl net hyl t ri met hoxysi | ane, di nmet hyl di met hoxysi | ane,

2- ( 3- cycl ohexeny| Bxamples ¢ %leumaﬁ(ijv@%?]f@sentbﬁbstllwﬁwmdgﬁyédfoihﬁﬁlah@é(ySi | ane,
3- cyanopropy. | I.J . ane - e -2-pentyl trinethoxysil ane,
phenet 'hylsgr |%@k@@§% %ﬁééi,ane’ “H'itpghﬁ&)tf ?‘éﬁf‘/i RPPHETRGRPS S e

3- am nopr opybutylirireéthoxysHahe idbutyRiifRitok i BRE, MO YRrihaMExysilane,
|.trimet hoxysilane, -

H

3-i socyanopr

N-( 2- a?/ri nogtzﬁ‘g{e}m’&z&ﬁnﬁéﬂegwwlhﬂmcﬂdmthwwaIdeECyItﬁmethoxysﬂane,_
4-(2- am noet ' | et hoxysi | an

ph((anyl triet h@%&@%’gﬁgﬁétﬁg’%@@ﬁ]%@#@%&WW%%ﬁWr et hoxysi | ane,

but yl t ri et hodysthyktimethoigsilane,y3-(réyeldhexasiemyRrimtoxiilahet hoxysi | ane,
xysi | ane,  cycl ohexyl tri et hoxysil ane,

- tyltrigih |l .d ltr] et
Cycl onexJhnet W PPPOBY RS CoiBte. oo paompPalsmehoBeaRy <! | anc.

3- et hoxypr 0Wiﬂeﬂiyﬂ@1&9@&?&@%?9%%%6@;?%%@%%&@%&%%& hoxysi | ane,

2-et hyl hexyl tri et hoxysi'l ane, ] ri net hoxysi | ane,
3- pr opoxy pr op¥icraepieprdnykyinicthongsilang - Irenhmopsopyhyiiettiongpsikaxy si | ane,

3- et hoxyet hy, AL xyskl ane,. 3-propoxyet hyl trinmethoxysil ane,

2- [ met hoxy( péol{eglg%%ﬂe%ﬁlﬁepgblﬁ%yfﬁ%gp&’ PYsideoxane, 25 [ met hoxy

(pol yet hyl endqXmincepy]-8 lamTBSgropsi@in M oysilane,

[ met hoxy(pol g hy| ene-oxy) et hyl ] tri met hoxysi | ane,

[ et hoxyi ol%//‘ “ﬁ?}l’é‘ﬁ@é’k‘mlﬂ?@ﬁ%’ phenpthyamybiokyailene, phenyliriethoxysilane,

[ met hoxy (pol agfibkiRASaIaL o8 i RN AR Sm R datte 1 ke
isobutyltriethoxysilane, hexyltriethoxysilane, octyltriethoxysilane,
decyliriethoxysilane, cyclohexyltriethoxysilane, cyclohexylmeﬂlyltriethoxysilane,
3-<_3yanopropy1triethoxysilane, 3-ethoxypropyltrimethoxysilane,

20 2-ethylhexyltrimethoxysilane, 2-¢thylhexyltriethoxysilane,

3-ethoxypropylirimethoxysilane, 3-propoxypropyltrimethoxysilane,
3-methoxyethyltrimethoxysilane, 3-ethoxyethyltrimethoxysilane,
3-propoxyethyltrimethoxysilane,
2-[methoxy(pquethyleneoxy)propyl]heptamethyltﬁsiloxane,

25  [methoxy (polyethyleneoxy)propylltrimethoxysilane,
[methoxy(polyethylene-oxy)ethyl]trimethoxysilane,
[methoxy(polyethyleneoxy)propyl]-triethoﬁysilane,
[methoxy(polyethyleneoxy)ethyl]triethoxysilane, 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

17



30 Although a condensation catalyst is not an essential ingredient of the

| ubricating conpositions of the present invention or essential to nmethods
herein, the addition of a condensation catalyst can affect filmformation,
abrasion resistance and other properties of the coating including
stability, porosity, caustic resistance, water 17 resistance and the |ike.

Wien enpl oyiregisaneomdahs Hkd. Whebednddlyfihg alcbRdSRBUH cabllyst 38 Aysdt gfsed can
vary widely, byt wil] genera I%/ be present in an amount from about 0.7005
¥

to about 1 VaRlgEtY VB YHlely: briavilkesmeadly o presentdn p esionhibilomabextanpl es
of catal yst sppt ohbedin RE %’%Qé‘p%&‘%%ﬁj iR L)flﬁ{’elcsg}g Ag,gonpositions  of
the present invention or nore preferably are provia d When such | ubricating
conpositions are enployed in their intended use, for exanple as |ubricants

for engi.nes, gears drauljc, fluids, etc; are (j) netal acetyl acetonates,
(ii) dianides, (?ﬁ’ffﬂmﬂqgﬁ ‘b@?@h’é‘sﬁ“’?‘f‘@?%‘i’ﬁ W@%ma%ddﬁﬁﬂﬁbﬂ?ﬂ@alcp@mﬁlwns

i nor gani ¢ acifdle pREGA MvenEs 6Sm. } : | Gt ; hei r am ne
salts, (vi) al k%?j et al nsal ts %ﬁejpg%f?{)ag%?@g@é‘?ﬁfsw (vF??Jng%Elgrllgi[ and

al kal i ne ear%oHnRstions AEpPEPleSd dn theit intendesbyse( for iekdmple eohibtieargaFars, and

i X) organo I, C. T of suc at sfs jinclude for grou i
guc%] c.grrpo{;&;]1 S ezlg’ eﬁ%%ﬁ%@?&c,@%ﬁ Wgﬁﬁdﬂgag%gih%eé@@?@ﬁ’ég%?% eg; gerOl(Jp)
(ii) di cyandiinimiégzofesy (igragtifes(antlianmstGinGan®)Quyidsreasic acids!dydishdagol e, 15
2-ethyl -4 net hyl.i m dazol e and.  1-cyanoet hyl - 2-propyli m dazol e; for group
(iv), sddh UEHI6SHERIGcIds And thair aiing sallsi (v8, alkalmatabsalts afvarbexpdicaisteane
for group (Vo EF@“, : | i.g- £.URl C.aCc] ni;tric
acid, aceti C()vg%”a%hiﬂﬁ?(?lﬁlf uo%ﬁ%?ﬁ%ﬂ%&%@ (E)dnc?(?ﬁ g&%&e iltﬂélilyg{rlg%%e %&ls’)%ndsuch
conpounds as(ixcupanemetalica Tys, fegamplgs ofimch\ata)ystssiuclnde forpeoipds) sash sodi um

hydr oxi de, and Ipot gssi m hydr oxi de, f%r %0 roup (viii), tetra n-butyl
amoni um f | USPTFE™ %??oéﬂ'f% G8p %I B Bﬁgﬂﬁtﬂi‘iﬂe PRACEBPR  and tin
di (2- et hyl hegiy aRsyandiaiad; foherdubkRi) shéh @oﬁwlﬁlh%s@- milloIdr esent

invention provides a conposition derivabl'e froma pdartial cdéndensation of

t he aboVe ded-Fialt4 sentipdinidazele angyl -cysapethyl-2-popytinddarsbe; farngron@v), padt i al

condensat e" | ' | e. pres L nvent i is peant that sone of
t he hydr ol yz%)g?@%gggg%ﬂs&?%%egl 3}rlr{j%(lglﬁ’r %ndﬁgg'glwgﬁyéﬁﬂ%ﬂeeﬁ&%pn 5 a
substanti al swheompoinds hgdrebiaadhednduEs agMahinddhdd feEtidact@ndensat i on
reaction.

trifluoromethanesulfonic acid; for group (vi), such compounds as sodium acetate, for
group (vii), such compounds as sodium hydroxide, and potassium hydroxide, for

20 group (viii), tetra n-butyl ammonium fluoride, and for group (ix), dibutyltin dilaurate
-and tin di(2-ethythexonate), and the like.

In a further aspect, the present invention provides a composition derivable
from a partial condensation of the above defined composition. 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

138



Typically, a partial condensate nmeans that at |east 20% preferably at
-least 30% nore preferably at |east 50% of the hydrol yzabl e groups are
still available for condensation 30 reaction. In another aspect, the
present invention provides a conposition derivable from a conplete
condensati on of the above defined conposition. By "conplete 18

condensat i orcondensaitun’ée tomdigctibr With i PreQs® HvehtHER hhd2ht dhit ﬂ@&%& af}'&ﬁhemSt
or all of tg&c}&g%ﬁ)gzabl,e groups in the mxture have reacted. Typically,
a conpl ete CErovRsdn dhe mitureihaye eeagted nbypigadiyod yomaplets agmdensster enai n
avai | abl e f ghemepdengRld %h;,ﬂ%ﬁg' I not her, .aspect , the present

i nvention provides a prgces 0 alBr g%ljsn%mam'atﬁfgﬁ?m%?&ocpn%%ﬁ%pé{)e
condensat e dé#fti@hni ng t he above defined conposition by reacting the
conponenés of the composition in an organic solvent in the presence of

wat er an a catalyst, such as an acid or a base. 10 In a still further
aspect, the presdnlndth¥eRpédthd bRReRiAVdnHBS pfovithls [gakihpg &
substrate, conprising thebstep gf ap[;l_yinng tpo at P}g%%eg%foﬁgiﬁag"lggf t he
surface of Reflsusmplgiesondrnsaiospo@ininpihs ahsvediefinad dompasiton By heimbl v,

't he obtai ne at | bsirate is cured, generally at .a tenperature
of about Zoqltl?)ui 66}%“%3’23#2@@%5’. 1O8A" P OLEABICSR e’tl%ﬁéh‘?)we& srfwptcgpdon.
The subst r ataecatadyst saclpasearardd 66a Bget 0 cause curing of the conposition when

applied,, or alternatively the heating nay take place sinultaneously with
or subse1 uent to the application of the conposition onto the substrate. 20

LUBRI CATI NG A LS B8R l. . | ubri.cating., oi

conposi tions of t%ﬁ%esen%ﬁh‘%&gﬁ’n | ne%gé%gllggﬁegﬁqvé‘%slwgﬁ?%bﬁr ed by
sinply bl e_ndm@nmS“hsmﬂgcmhmiqin@nhels;epmhpplwgn@aﬁ1uﬁs:tair1]jaﬁain c_ﬁ}th@?\ﬁfa@é the
Plbr i cati ng 4 AE8LRRye B ambosipgs frdnedppionbiskotbivsibe phstd comingay al so
C Phe ooy dadhosibanae AR Beferdlly Oa RAREAAG. Bt 1tbuY 2010360 X Bgfend ' VO©

in the appropriate ratios to facilitate
15" onifand the type of catalyst chosen. The substrate may be pre-heated as to cause

curing of the composition when applied, or alternatively the heating may take place

simultaneously with or subsequent to the application of the composition onto the
substrate,

20 LUBRICATING OILS AND LUBRICATING COMPOSTIONS

The lubricating oil compositions of the present invention.can be conveniently
prepared by simply blending or mixing the hydrolyzable tetra-functional silane of the
present invention optionally with other additives, with an oil of lubricating viscosity
(base oil}. The compounds of the invention may also be pre-blended as a concentrate

25  orpackage with various other additives in the appropriate ratios to facilitate blending
of a lubricating composition containing the desired concentration 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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of a lubricating conposition containing the desired concentration of
additives. The conpounds of the present invention are blended wth base
oil using a concentration at which they provide inproved antiwear effect
and are both soluble in the oil and conpatible with other additives in the
desired finished lubricating oil. Conpatibility 30 in this instance

gener al | y nehilkinttheart using protine solubiditprestitdsprosediids! FasSexdagtiptg 0i | soluble in
the applicable.treat .rate.also.d Qt cause other additjves to precipitate
under nor mpf%camfﬁ%f’mqga_ a WT@“SF%@&IOHWMPWW@B%%PEM qopgitioamges for a
gi ven conpqubtsit 06 °CubsiceytimBe Rlhsub QiR Q&uaqg,?escgﬁhagilﬁwom E@g%p.by those

having ordinary 19 skill in the art usi'ng routin Ity sti ng
procedur es. PBoENemHpT e fomrdation afat clondy't sintionf whioh keidestel Batiatias bhg oi |

conposi t kon iﬁ?slolm%%aﬁgﬂgitions (about 20 C - 25 C) can be neasured by
ei ther actual preciprtation fromthe oil conposition or the formul ation of

a "cloudy" solution which evidences formation of 5 insoluble wax :
particles. The | Ulﬂr@i gating oil, or base oil, used in the lubricating oil
conposi tions of t lutmcg.ggg,pﬂ,i gipass eibmsed ia thehbriaating oibidnyositions of the
specific us SntdnvenEBy ' il ' strial oil., cutting,oil,
etc. For exgﬁesl e, Wereaﬁ%@?ggygg%ge@ro atlrﬁ(scdggg%e%& e gﬁgn?e%g g?ﬂeoqbase oi |
typical |y withdustsal ail ruttirgadil, oid. For exsypld)edhiets diisiredés ¥ braglRfiké desnd sibl e for
use i ny he ﬂgﬁr%gkcq e .of1 an.li nt er pal _conbustion engi ne such as gasoline
engi nes “and & P DAty it s aommerad ot 96 syathstiscoibolgiisresity eitahlecias use

| ubri cati ng i@ier@ikBiddiah YntBRYEcAbUMiGE i i jesQ) F 10
24 ¢St at 210 F (99 Q. Thenl ubri cgtui ng %}%ﬂseysu%?ggg%ggégl\%%&%g%&%e thetic
or natural $8gpeewhichinaidy maitesengnes.(Crenkasambricating dlsdrdibarilggatehl e oi l s

e.g., castQg. .0l i S, | ,3S M ner L neral qil for use as
'E hegbase oi Sﬁslcﬁél h(fflsEl B?%v@r?b i)c§ﬁati0\rlﬁll tﬂ&gs"sbﬁtlrbgpfao h:r{gé Cﬁ%ﬁﬁ?@?ﬁa@&ﬂﬂs ot her
0il's that ameylerdbiined fibwn syaediis Or hdthial &AtIONAhLal GATBRRIde LA BN ! NG

sol vent 5r eat ed, hyﬂ%@ treated or qils from Fisher-Tropsch processes.
Preferréd oi'FEctEile Plbier & ctaston otli lawdsiDiay well es aninerat ¢il. Minewed oil ferusshoul d have

a viscosity phdelgX ofhn 8k ferably at.least .20 100. .The preferred
are selected fr omOAPI 14tn§g%&r0§/1 qg?l}nggs%ragalg%&f:’ Iﬁqbgﬁaﬁ aédg e thﬁﬂﬂw
pref erabl y fordimarily osgd ihlybridatingoil conpesitichsxindlu@ingt d8Fep0freARE, h9Mdl | y bl ended

\é\"y;? hetGir gug grl[egﬁpg %P })ih]sefrﬁl)r% Fcl)éhle?-'ljrcglpcslclllJ gl%cgs%gsh PP%‘grrrgcf t?iasbc?fnlulfrll/cr;ttigge vilsgosci)tlyI s and

used in this invention should have a viscosity index of at least 95, preferably at least

20 100. The preferred are selected from API Category oils Group I through Group IV -
and preferably from Group I, 11 and IV or mixtures thereof optionally blended with
Group I. Synthetic oils include both hydrocarbon synthetic oils and synthetic esters.
Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins having the
proper viscosity. Especially useful are the hydrogenerated liquid oligomers of Cg to

_ 25 Cpz alpha_oleﬁns such as I-decene trimer. Likewise, alkyl benzenes of proper

viscosity 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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Useful synthetic hydrocarbon oils include |iquid polynmers of al pha ol efins
having the proper viscosity. Especially useful are the hydrogenerated.
liquid oligonmers of C6 to 25 Cl2 al pha ol efins such as 1-decene triner.
Li kewi se, al kyl benzenes of proper viscosity such as di dodecyl benzene can
be used. Useful synthetic esters include the esters of both nonocarboxylic

acid and polpreseldutadydoi thatathé fisalasbrivetihg 83, CERARING R Vhriofd KRN, and pol yol s.
Typi cal - exanpl egjggr di dodeceil adi pate, pentaerythrito t et racapr oat e,
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and mnerals and synthetic oils may al so be advantageous, for exanple to

provi de gi ven VSGOSi.t r. viscosity range. In general the base oils or
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| ubri cati ng aiditives aediRidnb RBpdrl\arioas pRIperRIE H{e\{fﬁﬁshedﬁ%w&}t he present
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fuel econony additive conposition, has a viscosity at 4 to 22 C,
pref erabl y 1RemMpgsitipndependinssinetbe particwiar endovsefand dabejoikistd Shich GdditiSes

Typically t i | i Ny i t al i et f
compati bl o adre BTl ey SRIPRRIC e suciipbretd Fedeldf 1 i shed
| ubri cat i ng argdnic suifimatis ahdnorieyd antlonraha8d bﬁ@m@@srﬁlﬁ%ﬂk@[at&néiggéﬁmﬁﬂd base

oils usma. Sugh a%litives i ncl ude suppl emental neutral” and sl c
s @'f?ré i

det er ge fesidisPsrsaBiad overbased organic sul fonates and normal and
over based phenates and salicyl ates, dispersants, 10 and/or ashl ess

di spersants. Al so included are other additives such as antiwear agents,
friction nodifi erAlso indsdediarchithértaddiived arin dsahiiReiroisats FEbioPRloifiers,

di spersants,_antj.oxi dapts,. j.ncluding the so called viscosity index (V)

i nprovers, di %ﬁé‘l?gg?ﬁs’ {‘}fmi lﬁiﬂJ‘BﬁVé’rEﬂ ROt dispersants antexidants, impleding theser r osi on
or wear i nhidalledviscositlinddr (FRGEN oML al 6’&5@\9&%& Y )

enpl oyed in engine oil lubricating T’ors}?rul ations 1o ne%[d\r‘/\% |$ztéd (g%aci dic
by- pr oddét s qthericpEOdipMBL WEMdRhipitersess and/or 20 | ubri cant oxi dation and to
provi de a soap effect and keep pistons and other high tenperature surfaces

cl ean thus preventing sludge. A nunber of different surfactant
THE DETERGENT

Metal detergents have widely been employed in engine oil lubricating

formulations to neutralize the acidic by-products of the combustion process and/or

20 lubricant oxidation and to provide a soap effect and keep pistons and other high
temperature surfaces clean thus preventing sludge. A number of different surfactant
types have been used to produce different lubricant detergents, Common examples of
metal detergents included: sulphonates, alkylphenates, sulfurized alkyl phenates,
carboxylates, salicylates, phosphonates, and phosphinates. Commercial products are

25  gencrally referred to as neutral or overbased. Overbased metal detergents are
generally produced by carbonating a mixture of hydrocarbons, detergent acid, for
example: sulfonic acid, alkylphenol, carboxylate etc., metal oxide or hydroxides (for
example calcium oxide or calcium hydroxide) and promofers such as xylene,
methanol and water. For example for preparing an overbased calcium sulfonate; in

30  carbonation, the calcium oxide or hydroxide reacts with the gaseous carbon dioxide to

form calcium carbonate. The sulfonic acid is neutralized with an excess of CaO or
'Ca(OH}), to form the sulfonate.
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types have been used to produce different |ubricant detergents. Common
exanpl es of netal detergents included: sul phonates, alkyl phenates,

sul furized al kyl phenates, carboxylates, salicylates, phosphonates, and
phosphi nat es. Conmercial products are 25 generally referred to as neutral
or overbased. Overbased netal detergents are generally produced by
carbonating a m xMgtadcontainingros esh-femeng dettregis finctioh ds bimrdetes, Y

| foni ' . | at tc., tal, oxjd d id
(or  exampl 5001 SRS Rpas AR b bniobasks G0y iniblmorireY raeingas

xyl ene,  netWwearahd aodosied atd exkow] Aift MetBFRRAR ol al ci um
. o B A AU

sul fonate; in 30. arfong;ﬂ%on, the cal ci um oxi de or “hydr.

the gaseous JAFEHM 4io% Pudropkebis BilmThapelruhead sobyriatse matabsatd ffannicitiaci d i s
neutral i zed Wshikic 88mBRERSTHO o.farmthe sul fonate. 21

Met al - cont ai (\#lgng or _gsh-forméagltg té’%ﬁég‘ﬂs& @H‘%ﬁ%@%ﬁfﬁc ﬂEP‘é’r‘td)gﬁl’t‘es to
reduce or remetabindupiol cass teydrassuatly desveibbd ad hdrfab offientidBdalts MHABLSRAS

t her eby r.edugj ar_.and, corrosi on d extending engine |life. Detergents
general ly co iraglé%ﬁ%eﬁotf’{éfbasﬁgﬁ’al%ﬁ T BN (Bhepnrheanenspist by ASEN D2896) pbl ar

head conpri sgema® t6W0AA 158 hmintd? a%étﬂi%sénﬁ?%g?ﬁ%%ﬁgﬁﬁ?n%pg?eﬁcﬁﬂe salts may

contain a substanti al Ig stoi chionetric anoun RRFERS case
they are usuBfPlcoraupnd feg, ansoxide smbydsexideuwitlabn sedicgas qengl, swebdl  t ypi cal |y

h tiot al g; : d by ASTM D2896) of f
010 50, % 1 APREE, THEREEISRL ol el PR neurlrtetresyt s5che i ng

excess et alutedayroofid meal base (B18., @¥ibRaEY mitHE OticH Seithddd cféfbr%ﬁitgﬁﬁggas

(e.g., car b'%lopgié\gxl_g@. The resulting overbased detergent tonprises
neutralized Y&Fa Pt & qriggeatesyand typigg By will haveeTBN dfdom 250 tp 450@r bonat e)
m cel |l e. SugleRverbased detergents may have a TBN of 150 or greater, and
typically will have a TBN of from 250 to 450 or nore. 15 Detergents that
may be used include oil-soluble neutral and overbased sulfonates,

phenat e sul furized enat es, .t hi ophosphonat es, salicyl ates, and
napht heﬁgt es and ]é%ﬁrggr}l}ﬁﬂﬁai VBBP@e‘@&%‘g?wléﬁwlwwﬁam@@ww@m icularly

[ ehium caleiim ana negneora pchaicl BophoBhbidfs, BOEUMES 48 "2 e Chi ci um
and nagnesi Jtphthenates and other oil-soluble carboxylates of a metal, particularly the alkali or
alkaline earth metals, e.g., barium, sodium, potassium, lithium, calcium, and |
magnesium. The most commonly used metals are calcium and magnesium, which
20 may both be present in detergents used in a lubricant, and mixtures of calcium and/or
magnesium with sodium. Particularly convenient mefal detergents are neutral and
. overbased calcium sulfonates having TBN of from 20 to 450, neutral and overbased
calcium phenates and sulfurized phenates having TBN of from 50 to 450 and neutral
and overbased magnesinm or calcium salicylates having a TBN of from 20 to 450.

25 Combinations of detergents, whether overbased or neutral or both, may be used.

Sulfonates may be prepared from sulfonic acids which are typically obtained
by the sulfonation of élkyl 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, diphenyl or their halogen derivatives. The alkylatidn may be carried out
_in the presence of a catalyst with alkylating agents having from about 3 to more than
70 carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or
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20 may both be present in detergents used in a |ubricant, and m xtures of
cal cium and/or nmagnesiumw th sodium Particularly convenient netal
detergents are neutral and overbased cal ci um sul fonates having TBN of - from
20 to 450, neutral and overbased cal ci um phenates and sul furized phenates
having TBN of from 50 to 450 and neutral and overbased nagnesi um or

cal ci um sal inmy¢é edrben ftawis/ygeferabBNiof oM @6 dRudePearbdh £6MRIp Ikgf‘s of
detergents, et her over.based or neutral or both, may be used. ul f onat es
may be prepdt H“F?‘{)?'FP%V‘FE‘HFG'&Y-aCi ds which are typically obtained by the
sul fonation of al kyl substituted aromatic hydrocarbons such as those
obtained fromthe fractionation of petroleumor by the al kylation of
aromat i ¢ hydr ocafbond selubl sEifamitses dlkaryimifdnichioRle nodytiei eadalizedatiky| at i ng

benzene, .t ol_.ugne | ene, ,.napht hal ene, di phenyl or_ their _hal ogen
derivatives® Xfpﬁ% hgﬁ]yl?if@f’iagf? > FEbngtes; %"g{’] ate,isplfidee hydeosulides.of a

catal yst wi hhrotlskbiratel Bl QG908 Haakbnn The AMoRRG metall BnfRffd 1flBsen’ O Car bON
atons. The al karyl sul fonates usually contain fromabout 9 to about 80 or

22 nore car Bavingtesasl toghedesirad TN e sivelprode:t but tabically Bhigeafrmmbations per
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sul %loni cuacilgés wni;”; ‘g{é /{’r:g)ﬁ%f(réra i zagégﬁ -Iﬁw@'@gtﬁ%%s@%&&%@& regf"ﬂ'ﬁ‘ii des?/

carbonat es, carboxylate, sulfides, hydrosulfides, nitrates, borates and

et hers the metal . The anmount of netal conpound is chosen having regard
to the @si red Té&?t@fsa]lt%‘éfa phenrols apdl selfieized phenojsnre arappred dygeastionoritaaout

100 to 220 D dtP Rt L cahbY, : : ichionmetrically
required. 1\(%5?\1/.8{& salts o? uﬁﬁfesr?oﬁ?g%é%sﬁﬁﬁcf{%}ggg%@ﬁ%ﬁ@%é‘%ﬁ%ﬁir ed by
reaction w predants nayreabtaizdeoymatthbdcwsi) mown Suithb astsSwlfurivet §lesls Awgir oxi de
and neutr al pQr over ased.. gr %guctls. e obtlai ned by nethods well known in
the art. SuPFRFPEd Efﬁ‘éeﬁ’af’. apagnoipg PE#S ?“F@%WW%WH@PCW% h

sul fur or ahalobbil s, SiIRIrhSoroBIRRGuBE Bindtde, By MRAGEBARI Wil arul T T
monohal i de or sulfur dihalide, to form products which-are general ly

i xt ur e$> of SeRHHbUMEdUERCgRnPuRdDIN Which 2ph arosé shenols dve bridgsd tyysudfuk f ur

cont ai ni ng dges ; oxyl ate detergents, e.g., salicylates, can be

pr epar ed bygéfgg%?}sgr%%%g aromatic carboxylic acid with an appropriate netal
conmpound such as an oxi de or

Ca;rboxylate 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 ~Or more aromatic moieties, such as one or more benzene rings, either fused or
comected via alkylene bridges. The carboxylic nioiety 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.
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20 hydroxi de and neutral or overbased products may be obtai ned by nethods
well known in the art. The aromatic noiety of the aromatic carboxylic acid
can contain heteroatons, such as nitrogen and oxygen. Preferably, the

noi ety contains only carbon atons; nore preferably the noiety contains six
or nore carbon atons; for exanple benzene is a preferred noiety. The
aromati c car boxy Preferaed ekapptescafiar it OfEb XS0 hei® b sAlGfRIdcfdsHalet i es, such
as one or nore benzene rings, either fused or. connected via al kyl ene
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salicylic acids,and sulfurized derivatives thereof, such as hydrocar byl
subst it ut ed Wesatpexylated plgngl.and  derivatives thereof. Processes for

sul furizing, for exanple a hydrocarbyl-substituted salicylic acid, are
known to those skilled in the art. Salicylic acids are typically 5 prepared
by carboxyl HHDISEERSANANpl e, by the Kol be-Schm tt process, of phenoxi des,
and in at case, W/l generally he obtained, nornmally in a diluent, in
adm xt u.t"@ wi t h Eﬁe&%saegﬂtépaﬁoméﬁé‘!@cqnﬂ@snﬁpm;ﬁwmwwenhpgﬁd%am

enpl oyed in ' IRaH dsi LS tJ %ﬁghﬁ [ sants
such as an g%ﬁ%ﬁ succ%sr??%lﬁ%jeg?l %‘lr%b%frtfgﬁy %ﬁ%@?%&ggg% ydri g%,an%!rllfeg&{(enyl
succi nat e estennataester; arel the kike, cymimtwésurfesclofisparedntsdi sper sants. Ashl ess

di spersants are broadly divided into several groups. One such group is 15
directed to copolyners which contain a carboxylate ester wwth one or nore
addi tional  pol arAshiRs Hispesants it BetaAD, @088 intd BoviRal gkdlipReond éﬂcﬁ%m?@fér oxyl
carboxyl, and the |like. These products can be prepared by copolynerization
of | ong ehaidirestest {a copelymers whichreoninin mearbgrdate sstar whh pneormaps asiditidnel above

function. S - : . cr vl,ate~vi nyl rroli,di ngne
copol yners, l@ﬁ%ﬁ %ﬁ’h%@ﬁ%ﬁgw éﬂ%ﬁr’rg‘[?nﬁ%ble 1ﬂc§,|hydroxyy cargé(xy'i, and%e fitce

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
.20 - methacrylate copolymers and the like. Additionally, high molecular weight amides
and polyamides or esters and pdlyesters such as tetraethylene pentamine, polyvinyl
* polysterarates and other polystearamides may be employed. Preferred dispersants are

N-substituted long chain alkenyl succinimides.

25 . 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

“\_{O

N— Alk-(N-Alk),-NR3R#

R2
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20 met hacryl ate copol yners and the |ike. Additionally, high nolecular

wei ght am des and pol yam des or esters and pol yesters such as
tetraethyl ene pentanine, polyvinyl polysterarates and other _

pol yst earam des nay be enployed. Preferred dispersants are N-substituted
I ong chain al kenyl succinindes. 25 Mno and bis al kenyl succinimdes are
usual ly derived fromthe reaction of alkenyl succiniec acid or anhydride

I ol nes.. These conpounds are generally considered to have
the formi & YRIRNAT dF § RS ALY RRBRaoR rodisel Wrarcs okl esighformnt a1 |
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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
20 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

25  monomers are exemplified by ethylene, propylene, 1-butene, 2-butene, isobutene, and

mixtures thereof,

In a preferred aspect, the alkeny! succinimide may be prepared by reacting a
polyalkylene succinic anhydride with an alkylene polyamine. The polyalkylene
30 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
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ol efin mononer containing from2 to 5 carbon atons. Thus, the al kenyl
radical is obtained by polynerizing an olefin containing from2 to 5
carbon atons to forma hydrocarbon having a nol ecul ar wei ght rangi ng from
about 450 to 3000. Such olefin 25 nononers are exenplified by ethylene,
propyl ene, 1-butene, 2-butene, isobutene, and m xtures thereof. In a
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embodi ment , refarnpoimthéikgitirety. The polyalkylene succinic anhydride is preferably a
' polyisobutenyl succinic anhydride. In one preferred embodiment, the polyalkylene
succinic anhydride is a polyisobutenyl succinic anhydride having a number average
20 molecular weight of at least 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. Still more preferably, both the low and
30 high molecular weight components are polyisobutenyl succinic anhydrides.
Alternatively, various molecular weights polyalkylene succinic anhydride components
can be combined as a dispersant as well as a mixture of the other above referenced

dispersants as identified above.

26



succinic anhydride is a polyisobutenyl succinic anhydride having a nunber
average 20 nol ecul ar weight of at |east 450, nore preferably at | east 900
to about 3000 and still nore preferably fromat |east about 900 to about
2300. In another preferred enbodi ment, a m xture of polyal kyl ene succinic
anhydrides are enployed. In this enbodi nent, the m xture preferably
conprises a low 25 nolecular wei ght pol yal kyl ene succi nic anhydri de

conponent and a hj,gh l.ecul ar wei gh 0| yal kyl ene -succi ni_.c .anhydri de

conponent. More p pe%%f@?net %CLF’(‘}%“}‘X@T‘ Caratsohsiipearpated sritithe has a

nunber aver t ehiditis ankei : ] : t he
adpeerpat 5 ihted & indprOVB SRR anf %nggnﬁ%ﬁ)#ygdg lﬂ}eg&&s% !

hi gh nol ecul ar wei ght conponent has a nunber "averag t of
from 1000 t d"&H86t Whewempkyed withdhedgergértritdinconipoist fiohe0.5 ans padentdy hi gh

At ornat ey Oy PATAREER A i pRFRE R m BYRERD € g SeriteeieRR a1 1 e

conponents can be conbined as a dispersant as well as a m xture of the
ot her above referﬁ}r%ced diispersants as identified above. 26 The '

pol yal kyl ene succ Hf'e’o&HﬁQBPWB’iY{;&ﬁ agines vhrd torpErrage thatseerinimidestaeof the
detergent WhpghuikS anticipated to inprove stability and conpatibility of
the detergent m xture. Wen enployed with the detergent it can conprise
fromO0.5 to 5 percent by 5 weight of the detergent m xture and preferably

fromabout 1.5 to 4 wei ght per t. The preferred polyal kyl ene am nes used
to prepare the succininides aﬂgjgf ﬁWEfi*oﬂﬁﬁﬁﬂﬂRﬁ?ﬁ-Alk-(-i -Al k~--N R3R4
z 10 R2 wherein z is an integer of fromO to I0 and Alk, R2, R3, and R4
are as défi ned above. The al kyl ene am ®8s i ncl ude principally nethyl ene

am nes, ethylene am nes, butylene am nes, propylene am nes, pentylene
am nes, hexyl ene am nes, heptylene am nes, 15 octyl ene am nes, other

pol ymet hyl enehacdhrésaniitegt s0H6M® ©Y10/an8 ARRE RE, Hidgtere L WIREAI6o@f Such
am nes as piperazine and am ng al kyl -substituted piperazines. They are
exenpl i fied XiereAmipepipcidn priatipaltyi methyiene emines b deines antybme
propyl ene  amines, propylene amines, pentylene amines, hexylene amines, heptylene amines,

15 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, triethylene tetraamine, propyleﬁe
diamine, decamethyl diamine, octamethylene diamine, diheptamethylene triamine,
tripropylene tetraamine, tetraethylene pentamine, trimethylene diamine, pentacthylene

20 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 |
more of the above-illustrated alkylene amines likewise are useful.

25  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 Adenote a class of polyamines
conforming for the most part to the structure

30

~ H,N(CH,CH,NH)_H
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di am ne, decanethyl diam ne, octanethyl ene di am ne, di heptanethyl ene
triamne, tripropylene tetraamne, tetraethyl ene pentam ne, trinethyl ene
di am ne, pentaethyl ene 20 hexam ne, ditrinethylene triam ne,

2- heptyl - 3- (2-am nopropyl ) -i m dazol i ne, 4-net hyl i m dazoli ne,

NN- di net hyl - 1, 3- propane di am ne, 1, 3-bi s(2-am noethyl)im dazoline,
1-(2-aninopropy|) pi perazine, 1,4- bis(2 am noet hyl ) pi perazi ne and

2-met hyl - | - ( 2- obut y. ) era her honol ogs such as are obtained
by condensi ng tvvo E?r ,%lﬁggyfegeﬁ O%b% ‘?I | ustrated al kyl ene ani nes

| i kew se are useful. 25 The ethyl ene am nes ar e especially. useful They are
described in sone detail under the heading "Ethylene Am nes" in
Encycl opedi a of Cfﬁ@m%alcmﬂ@&,ifmmgmle Kiinyenc@idmine, didtaylenStriapfine,898- 905

(I nterscisengg The ter "ethyl ene amne" is
used in & gener &mnlgeér@e 5gﬁ%t8¥le§e l‘igl)gmgfp%eyy RdxaEigs Bihibadikeor the
nost part tdIhdladﬁfﬁdual:illaﬁgrl SikbcirzidebBsddiihe ki &lifeh n' i eger
from1l to 10, Thus, i.ncl udes,  for_ exanpl fze Z%iy%ne dcliba(%l]ﬂrv% ﬂi(}l edt}ilyl ene

triam ne, 5 %f P@?ﬂ}ﬁll%‘f?étl?lé?qﬂé@rﬁfﬁéﬂedbyﬁ%i‘é@h?tblahprqgwesamcieas Q)ﬁmmuinylhene
h

B Kenyl Suco Al H e D B P B R ST S L e e
gygggn\;ent i ohal2, @7&;6@519,@6, BRIX7 465 3;3!532;&;2?329%1 ,022: @E?é? 7'8??%4 g%%

3, 202, eﬁ@ 4 %@8 742 ‘9%25 312’650735%1 087:35.269, 3&61 5§85;799; B3 19,080;

4 234 435 2 T4 965 7 4 66. 186
5 286, 799 %%9%383385% 5471136’2%@ %hegié ?%‘% Og“g‘l‘% %‘igﬂﬁ?ﬁﬁgyi‘}"%‘?"&fﬁ?es of

which are thYﬂQ&F@WMﬂ@Uer’@W&t@dalllpyrpméser ence in their entirety for all
pur poses. Al so included wthin the term "al kenyl succinimdes" are
post-treated 15 succini mdes such as post-treatnent processes involving

borate or ethyl enelscarchmlﬁate@tmmé‘férﬁﬁ%ﬂ( 1 MRLinRRAEE e £ U.S. Patent
No. 4, 6]13 132: Wl lenberg, et al., éﬂ)léatent No. 4. °f Sti‘lz?%mdand the Iike

as w_el I SPRErydes such éw%ﬁf?atmeabbr%%e@a&mm bowhté ohethylené carbomide at ed
herein by refigisRg %yWolletnﬁerEpét 2180, Phlcal R Q%YZ,I&J;' %Vgl?enggr%?gteal US.

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 mixtufes
- 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 lubricant 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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treated al kenyl succinimde is a pol ybutene succini mde derived from

pol ybut enes 20 having a nol ecul ar wei ght of 450 to 3000, preferably from.
900 to 2500, nore preferably from 1300 to 2300, and preferably from 2000
to 2400, as well as mxtures of these nolecular weights. Preferably, it is
prepared by reacting, under reactive conditions, a mxture of a polybutene
succinic acmmtatbmawwaﬂlylawmmslﬁidiﬁs%cﬁﬁbc@ﬁioﬂhﬁrede@i@aﬁmtheopol ynmer of an

unsat ur at ed (gﬁ ng nt al;l(; an olefin, and a pol yam ne, 25 such as
taught in U. gashy °P1§’S e ’@1@2111?1%65&2&@(1 %pre&rﬂblw)ﬁw%ﬁenm

Preferably, %hﬁtﬁémﬁyh npURE t o] weli ght
per cent, preferabl y 2 t:) 12 %ﬂgﬁgﬁpe?fgﬁgﬁ Zn?ig ﬁﬁ%@% slpggexﬁgtﬁ’g

wei ght per caHed. BﬁsrﬂﬁéldﬂmeMI@ht ambantmtmrpmpéme@mrlmllﬂbmmmﬁo Preferably a
m nor amgunt, ent taI di hydr ocar byI dithi ophosphate S
added tg%t he ?H °?1uﬁf‘:’ié ﬁ%‘B%Wquﬂay eﬂaef?iin gegordangeayith kpown frchniqwess

di hydr ocar bwydﬁmfu?ormhrg&pﬂmﬁ@hmob@ <Rid S81MIy ) r@iTAb be & allotlol'd? aFpfhdiPSS 28
per cent but t%‘f?;ﬁa % | ow phosphorus conpositions are desi re

di hydr ocar by¥ Wswéalizsngethpl exphori@acid with. suiteblefzimabl y 0.5 to

0.7, mass % Si Li Pr.ef er abl zin
“di al kyl t hi opar?(r)ﬂsﬁgﬁgt?gmzﬁz @qdolﬁgbsgié%y&%ﬁ%)g @P%Iglé XUITES 0 g F‘%‘é’ﬂ d
antiwear pr cgermdagsaltanotshExdmiles oﬂiuchglcﬁhﬁlsﬁm&et b@are MS&@%QHE}ES may be

prepareda,i n cordance with knqgwn techniques by first formng a
B opis prB A e, Tsoietmano) dekyo Gaeh 2 Otadel, aitted ot awbuchfienol it

S and ¢ ket palthil et Ncitubdl] SAOSARAILE AL ). BoRYRhGOTE, 2! N

conmpound. M xtures of al cohols ma used inc udl ng m x ry and
secondary allygrsprdy! Eieamﬁa@éae@fpmnmty, sdcondoy,or tmnthiah&ebf ales, thet

restricted tQ WI nc. |st a I so-octanol, 2-butanol,
met hyl i sobut {/‘*placaésbqn%?p F HP#y) a0 Oﬁé?ﬁ%ga%y proups g ‘é‘ﬁYeé]rﬁi‘Pm 2- et hyl
but anol , and:rﬁnaj?bhsdcondary @a"rﬁcﬂﬁﬁt@ins M&cov@i/ Q&}f&ﬁ%ﬁ%lﬂyeﬂrtﬂ&%sis

prinary, ondg or m xtures thereof ound gont ai ns
primary 1énol/ Qbora arsferably /P Qymp,smd@mmfe@bm&ﬁrm 1p0; massmcseccaﬂagndar y

carbon ato e |s0 abI t 15 | e st 50
Mok VRERBY. Sl ex MABTR i§ Er?lljg?rf A avih g ngzg % osei ég £FOUDs:

nore preferably™75 or nore, era
mass % primary alkyl groups, such as a ZDDP made from 85 mass % butan-2-ol and

~ 15 mass % iso-octanol. Evenlmorc preferred is a ZDDP derived from derived from

sec-butanol and methylisobutylcarbinol 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 oil 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 t0-0.07. In a particularly preferred aspect,
- the lubricating oil composition does not contain a metal dihydrocarbyldithiophosphate

and another aspect of this lubricating oil comnposition contains essentially no added
phqsphorus 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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al kyl groups; an exanple is a ZDDP having 85 mass % secondary al kyl groups
and 15 nmass % primary al kyl groups, such as a ZDDP nmade from 85 nass %
butan-2-ol and 15 mass % so-octanol. Even nore preferred is a ZDDP
derived fromderived from sec-butanol and nethylisobutyl carbi nol and nost
preferably wherein the sec-butanol 20 is 75 nole percent. The netal

di hydr ocar byvistiosity groivtts Suah exjgativn ihaibimesinciufie Bidterall hestls, bik@tin®bgaphor us
content of theth g @H’ %1 sition. Anpunts are present in the

| ubri cating Orf € tg I g‘ﬂl"h tgg‘ g DEefsebhidrate Conlkahtide ehepressed as
mass % 25 ehﬁmﬁﬁﬁbn Dﬁﬂﬂae aSfileRd-otoRfb1d @%ﬁ%ﬁgQEEJ Sl Bnelidsedr | ess,

and nore preferably 075 or l'ess, such as range o 1o O. 07
In a parti cmhaﬁnlssaswﬁewed Pewlﬁsyedhydmcirboﬂwhikybaﬁ:smtew diplenyhetig, alkyl-does

not contain pgak Id|th|o hate and Qt her aspect of
this | ub?| castal ér%&tg&})géng%pg% £riaph I%‘Hf’sarp ﬁftle’é?l’wzﬁg“%\‘ﬁ’d?dﬂ alefosphor us
addi tive corqs%m&mcﬁﬁazﬁhkdﬁirbﬂ&e&@fvchtm&faﬁaaﬁfate%%}é %}i‘f}lﬁﬁ%@ reduce the
tendency of cfg‘g’g'}t}il‘ﬁél()(:ks to _deteriorate in service, I'c eteriorati on can

be evi dence logaEinale), ghyl e@‘?@%@ﬂblﬁﬂdmw&mdﬁhmm&hwﬂar ni sh-1i ke

d t | d t
TR Bi tor s ChapadE, oS ARR B0 oty Brofl R Tiebs Shephienon falivgpre | "
al IkyI phenol tan ssdestaslfeorhy s grgu]p) cafsistiab lojz‘ 48- n?@}gfi&;& lﬁil; I@y? m&egﬁtlg@lhfeﬁo}), .
cal ci um,pon sol ubl e phenates and Sul furize
phenat es: 19 y‘#‘fg D bszgg Lﬁﬁ%ﬁ{ t’?té’li’hB ‘%u‘il G’I‘ﬁ@'&?%’@ﬁ%ﬁbem& Rypl-msthylaniet ut ed
di ph | - h
phny i, bl st i S aB GES  BRREL

di t hi ocar barf ssopsrpylidenchis(2felbitet b@@lpbaﬁql),d;ﬁ'-l:naﬂqaemm ejethydtehy| enebi s

((:I:jlsglu1E ?l:jgl tszﬁﬂglﬁ%%ga %’u% ?P@Hﬂg’“@%}%%}ﬁéﬁa@@fmﬂﬂh@?@?’r@ -petBHsnebiS(fe oxi dati on

i nhibitors mhylsﬁad: slylphexol}, 18- GLeMib : lgne his
SN TRk i s

(2,6-di-tert- henol,) b|s£2 di-te
4, 4" -bis % Mﬁ m’Bﬂ’tY}rﬁﬁﬁ'éﬁ@M phenod; 2.érdi-beyt-éne  hi s
( 4 nmet hyl - i > %ﬁﬁﬁ n
(3 ot ol - 6 N butﬁy%m[‘)‘ ))lpheﬂoﬂ 4 Elﬁl%lblsctﬁ e%]?l 6-tert-butylphenol), 2,2'-
g g - SOI[:])I‘ lorﬂylbblﬂélﬁmbﬂls( Q—tﬁt—dut—yﬂ;ﬂlehelﬁ),l]ﬁyﬁpﬂﬁemﬂ 3-hydroxy-5-tert-butylbenzyl)-
met en e
y ﬁl?:l a(.nlé bis f3h§/ dl-tert-butyl -4-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-a-naphthylamine, 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 wt. % of
the friction modifier is used. Friction modifiers include such eompounds 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 monoestess,
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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nonyl phenol ), 2,2'-isobutylidene-bis(4,6-dinethylphenol), 2,2'-nethylenebis
(4- nmethyl -6-cycl ohexyl phenol ), 2,6-di-tert-butyl -4-nethyl - phenol,
2,6-di-tert-butyl-4 15 et hyl phenol, 2, 4-dinethyl-6-tert-butyl-phenol,
2,6-di-tert-4- (N, N di met hyl am nonet hyl phenol ), 4,4'-thiobis

(2-methyl -6-tert-butyl phenol), 2,2'- thiobis(4-nmethyl-6-tert-butyl phenol),
hi s (3- met hysuitdblirpilrsolopids RegrebentativileR8mzmk bt stibid e ]

(3,5-di-tert.- Etjj$§-4-§%/drox benzyl ). Di %henyf’am‘_ ne ??/%‘g’g‘gﬂjiﬁ I arg found

i nhi bitor: dPKYPatAEPtdNpRSFHHO ?r%@,h dealggen sty asid epteas andl athideg1y.SaPatast and a
hi nder ed 20 phapsis71amibeg PRk of dimeri -
3,5-di-tert-butyl -4- hydr_oxcﬁsﬂﬁggﬁigycaeﬁgété_ogdgp%ﬁgﬁw %ﬁ‘%p'%sptaé?n,t

pheny! - a- nap¥e. Hyl02i 5evhiendisabies lestbrcbfaarapilidhydidindenhydHidewRtH NSt ances a
frictiongnodjf.ierf. i e uch, friction nodifier is preferably an oil
sol ubl e or gg“?#agg#r pﬁ%@ﬁ%ﬁg’& i“f?’i] 1S 2EeiEpsY Apieted; slyaerrd manselestetdomprisidg 25
conposi ti on dsersaubnatiftsdtwie! a FESFR RN act Qe WMeaia b nine, Lubricating
oi |l conposition. Preferably, é?’rom 0. %act 0 1.%?0%0%(%&/’\%?1&%@% ?Vﬁng?‘om 0.1to
0.5 wt. % ofPOS{INe amonpkynda 2dbaoles of a carbasyit ackt fesiduotompiihg & kstuianad side

a1 phati o 1 o ry i ARTRD bl HlealtoliilpgintL Sia B oles S o

carboxyl i c ehtcerd refidiyeobythlpsr SithoRSorGl besR2eid RSl sn He J%Etcmfhég@or?cci d as
exenplif ol.eate, boric esters of glycer oIr atty-acid

i.ed by gl ﬁée.r 01 . )
nonoest bs, es%TSiq'ﬁ roglycorim sappination; melarprppration bétimeerasdid cahosylivanid es,

al i phati ¢ phesaRatn@Said AldeRi didifuet I%Btﬂ honat e | i phati c _
t hi ophosphat es, etc. ,al iérele)(?n tlcﬁ"g IJa%Fl gf‘ﬁ%%@rc%‘i&’gfes@ﬁgﬁ fé Qe Yt Cabove
‘about ei ght besadmant mmm@callsomc;aeiﬂdﬁid%e{w.fs.mm. §Qg§,:9b,g ok O } ;
sol ubl e. Repgtesentative. ex es.of suitable friction nodifiers are foun
in US. Pat @%\S[%F%S. ﬁ%?‘b“s%*%g’ggmcwaaﬁss‘éﬁoB@@nﬂ&qﬁﬂ%ﬂé whickdiscloses ani des;
U.S. Pat ent reddfion frotilc 6 a2 phbshotiis &4 &!nﬁ ! t igaBLi g ed
fatty acids; U S.,ﬂPatent _ﬁg@4(,)702, Btgéﬁ\%kln C ﬁgiaglléﬁgg'e%&%%ﬁé’r §’9§?’2|96
car boxyllPc Athiesdiselasesmeaztion troduets phdis(lewtreatiogy phdsphites4nd 3Poxtdds. Whbch is a
preferred b I r 00l eat e .conprisin sters constituted with a
gl ycerol, f;ﬁ,'[ist%@cﬁgrglggi‘gl%&ﬂév rrrge%r%wﬁf:?rﬁ ,hegf‘fgﬁﬂlc@g’tog@te‘ﬁ@mg"g}'eﬁce- Bsampley ef anount
up to 2.0 nuitegentontaindd@ixibh toaffiess, ML BuCRIRE lﬁﬁi'f% t?, @xﬁhﬁ'{ogﬁlg of
unsat ur at ed al.%%l@_gr oup _havj neg 8 to 24 carbon atoms an .5 to 2.0°nol es of
a glycerol F8Y§ ninggafkopRlated iminep plkoxylated isther emines,cimins befides,on aver age
of the 'bor ' @midoamines, nitriles, betaines, quaternary amines, imines, amine salts, amino
20 guanadine, alkanolamides, and the like. Such friction modifiers can contain

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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10 esters used singly or in conbination, nolar proportion between said
carboxylic acid residue and said glycerol residue being that the glycerol
residue is 1.2 noles or nore based on 1 nole of the carboxylic acid
residue; U S. Patent No. 3,779,928 which discloses al kane phosphonic acid
salts; U S. Patent No. 3,778,375 which discloses reaction products of a
phosphonat e améifut afivistaayitex ity & b IRLABERIR ind 43262901 1200 LA

di scl oses re Ctlé)n_ products of di-(lower a yﬁa) p osphlges and ‘epoxi des.
The di scl ostfsEEed HiscasHy of g vempe rengineanile adgeriernllyrin therange 6RD.BL0
reference. Examp &%o@fam&h&g?ﬁx%’éng&@toﬁi ning friction nodifiers, include,
but are not limted to, I mdazolifies, "am des, am nes, al koxyl ated am nes,
al koxyl at ed et her am nes, anm ne oxides, am doanmi nes, nitriles, betaines,
guat ernary am nes, imnes, amne salts, am no 20 guanadi ne, al kanol am des,
and the I'ike. Such friction nodifiers can contain hydrocarbyl groups that
can be selected from strai ght chai n,Emﬁlﬁ% chain or aromatic
hydrocarbyl groups or adm xtures thereof, and may be saturated or

unsat ur at ed. HydrBesdnisatiogmall pe fiarther py ehiofulloanid sxaapisapskidh 0bt foahbon and
hydr ogen but ' ne or re hetero atonms such as sul fur _or oxygen.
25 Preferred Eyﬁrl%glagragélﬂ aéelpgfjﬁlgb@ﬁ’ﬁgpsf eltge Prmpiesass provided dadlivstiatenay be
saturat ed dhe presait tiahtich, (e REtghRHA&GTIALRI {hose Wi th |inear hydrocar byl
groups. ,The | ubricating conposition of the present invention may al so
contai n & viscosi ty index inprover or VIlI. Viscosity Index |nprover.
Exanpl es of the viscosity 30 indexE' rﬁjéﬁrls are pol y-(al kyl ,

met hacryl ate), ethyl ene-propyl ene co%{gﬁ\;} , '%t yr ene- but adi ene copol yner,
and pol yi sopr ene.Theilgloamiing oil nolapositigrswfahs pRkent ﬂ{v%ﬂﬁ‘éris(@%mgl@ﬁs gving

i ncreased di(?]&)ersanc or n;qqtl?ibfun(éi on type are also enployed. These
viscosity in é&qu?vareﬁi‘é‘F?l% &uch§4 e pigpgred aceondipg tbibeasight. The 31
amount of VigeeRsideys dn i % i .at ed i nt enqgi pne oil
o o5 W e T Ty P B Ll G A femi 1 Cofilfe a1
in the ddngdxsmnde 4, wes pwainle%qme?aseb?]ad)il sy hfor?fglelha_eq mgélﬂi@si@ih |dies§1\m oh
R 0AGAAE Bl ) Biblds oP oo AL oif Brepae b Exammpied 15 1 basetine, <

oil comprised approximately 75 wt. % of an oil 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.30 alpha olefins and Cig.;5
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
C20.40 alpha olefins and Cyq.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 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 I1 oils. To a baseline oil was added the silane additives
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particul arly advant ageous enbodi ments. Wile the exanples are provided to
illustrate the present invention, they are not intended to limt it. 10
EXAMPLE 1-8 The lubricating oil conpositions of the present invention
(Exanmpl e 1-8 and Conparative Exanples A, B, and C) were prepared according
to the weight percentages shown in Table 1. The baseline oil conposition
depi cted as &Rt preasrt HievehforNH i . I

typi cal for eﬁgrl c.low em sgwggklgﬂegg%%n%%%??%%ﬁt%ﬂ@é%{’ ra?ter%egt’of t he
basel i ne oi Io’ﬁggf%‘r% Yoo¥s %ﬂblté@f,ﬂﬂsﬁoswmdeanm arni thinemibasesel]
approximately 75 wt. %of an oil of lubricating viscosity, namely a 2:1

m xture of neutral oils - 100N and 220 N base oils, a succinimde

di spersant ni xt ur@ompdraﬂmﬁmmpﬂmt\ﬁéry atbo pPepated. O0b m@ﬁv@Eﬂlﬁplé%Eé Ay de

prepar ed fro a 230§W I ar weight polyi sobutyl ene succinic
anhydri de tﬁ%&?ﬁﬁi‘? - Gompagative BxagipleB iy arepdrad witls baseling ni de

pr epar ed fro(maldlé% -tERd B0l ﬁﬁdﬁln {o ene [
anhydride with a h%gvy pol ygm neg{el p?g{;}l é‘h%yéa%%?ﬁmp %fd%%gbisfgﬁﬁ
salicylate tt'élrtb@qmpqmt@mmupm &:nmparamze Ei{a“ﬂﬁﬁ camb@r@mammd d o- 15

branched ol lLe a isclosed in U S Patent

Publ i cat i on%aﬁbﬁﬁ {@B %@%‘@Eﬁeg’sﬂw (F\%Pgiﬁhoﬁvltﬂéﬁléﬂé%@éel nits
entirety); mnﬁﬂpﬁmmﬁélb%s@on%erm{ﬂ S aiRb R TIBNuGF!

al kyl aryl sul fonate prepared froma m xture of C20-4 gfgw;%é%){l%}elgﬁns and

d o-15 BPanched ol efi ns, approximately 1 wt. % of an equal part m xture of
antioxi dants conprising a m xture of an octyl ated/ butylated di phenyl am ne
and a hindered phenolic antioxidant primarily 3,5-di-tert-butyl-4 30

hydr oxci nnam ¢ acid C7-9 branched al kyl ester, approximately 0.7 wt. % of a
secondary ZDDP derived from derived from sec- but anol and

met hyl i sobutyl carbinol, an ethylene-p zt‘hﬁl‘}/ﬂene copol yner and foam
inhibitor. The baseline oil W@ nbste | made from Goup I
oils. To a baseline oil was acaetg)s 10985@(11[81%1@13%?%%65 32 of the present
i nventi dd. The baseline oil consists of diluent oil, dispersant, detergent,
oxidation inhibitor, foaminhibitor, viscosity index inprover, and m neral
-base oil. Conparative exanples were al so prepared. Conparative Exanple A as
‘stated Comparative '

Examples Examples '

A} B C 1 2 3 4 | s 6 7 8
|Components Wt % |Wt. % | Wt. % |Wt. % | Wt. % | Wt. %] Wt. %[ Wt. % | Wt. %] wt. % |wt. %
Tetracthoxysilane 2 1.6 1 1
Tetrabutoxysilane o 2 2.6 3
Tetrapropyoxysilane ‘ 1 19
Ammopropyltriethoxy ' 0.533
silane
ZnDTP (secondary 0.7
falkyl)

Octyltriethoxysilane ‘ 1

Baseline Qil 100 99'3. 99 198.04198.4399.01{98.04|97.47 | 97.09]98.14 | 98.47

Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 { 100 | 100 | 100
20 Performance Testing
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5 above, contains the baseline oil. Conparative Exanple B was prepared with
baseline oil and a top-treat of approximately 0.7 wt. % of the same ZDDP
used in the baseline. A third conparative exanple, Conparative Exanple C,
was prepared with the baseline oil and a top-treat -of approximately 1 wt.
% of an Cctyltriethoxysilane. Conparative Exanple D was comerci al

avai | abl e G- 4 f ulliye ierok DR PABHAR Wk condhUchah Learlipe RRFROS! L1 00 Of

Q| Sanples Tested 15 Conparative Exanples 234567

8 Conponent sPaPrmagogy They, apg theoElpgtricah GuntactRuistatee\ECRIbeAch &éstythe HiphY . %

W. % Tetr ' : . trabutoxysjlane.2 2.6 X

‘Tet r apr opy oilease @%gﬁ;;k%agﬁ,lcﬁ%% %p%gﬁg%ﬁ% 8%/{%8.’ g@ﬁe yﬁnéfﬁ.éa%ﬁﬁ'%ﬁﬁc@g@c ondary
0.7 alkyl) (&TMD berichtténtxBis lastitero indiagfhisiiee 1 by POSIRsBurRdhtdBrdd4 98. 43
99.01 98.504 07.4752[%. 09 98.14 98.47 Total 100 100 100 100 100 100 100 100
1000 100710 nﬁlﬁn formance Testing 33 Three different bench wear tests
were conducted to exam ne wear performance. They are the El ectrical
.Contact Resistance (ECR) bench test, the High Frequency Reciprocating Rig
(HFRR) bench test, andorite RCRibefclaesti the rélbvdnt bendifddEMre Bealbdlestn The

| ast two insf‘,[b%nts are sold by PCS Instrunents Ltd., 5 London, UK

10 Table 2.

Tribometer Test Conditions and Tribocouple Material

52100 Steel
Material Slider (0.635 cm
Diameter Ball) Flat Disk
Hardness Rc=62 Rec=58
Surface Roughness, Ra pm 0.02 0.046-0.056
Load, N 4.90
Initial Contact Pressure, GPa 0.71
| Initial Contact Area, cm? - 6.9x 107

| Sliding Speed, cm/Sec. 17.3
Temperature, °C 160
Run Time, Sec. ' 1200
Atmosphere Laboratory Air

15 Simultaneous measurements of ECR and the coefficient of fiiction 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 cm (1/4-in.)
- 34



For the ECR bench test, the relevant conditions are shown below in Table
2. 10 Table 2. Triboneter Test Conditions and Tri bocouple Material 52100
Steel Material Slider (0.635 cmDi aneter Ball) Flat Disk Hardness Rc = 62
Rc = 58 Surface Roughness, Ra pm 0.02 0.046-0.056 Load, N 4.90 Initial
Cont act Prez{gure, GPa 0.71 Initial Contact Area, en2 6.9 x 10-5 Sliding
Speed, cm Setamgter ball treagipes, Siradess. Ror Gogde Fhenrifigafthe Hdostryld@eageAurmepher e

Laboratory Al | neou as ments, of ECR and the coefficient of
friction foﬁ“’{e‘%%‘%sss %‘{%{rﬁfa léf’ﬁéﬁgﬂz‘igh@% AMigruisprogicsleaningtio reagent- Test
condi tions amddevRixané ahEroadt- BHH@ét&ﬂ@&dgﬁofBﬂgiég?ﬁg@gkﬂe @%Fs avg%éﬁﬁa d the

slider were of 52100 steel, the disk hardness sl i der
har dness beidiglifersNg surfas tenography kharaeterization otfies khanasefagt baiied With a

successi gn L4 ar.bi de. ahrasi.ve papers and_20 cloths to a
final avcegr agjﬁe)u tq qu ?ﬁ‘f{ ggér%ﬁ%*én&e‘tg% tﬁ? d’(ii.(f)i:é’-r g?‘?)’g‘@eﬁnﬂ(’-ai‘?%g%‘?’faﬁ? Foughgess
measur ed wi tspecifibbtiptheSBradalb classififatibhevasl dsslRfisd 5 cm
(1/4-in.) 34 di algﬁtﬂﬁr bal | bearings, G ade 5. ﬁggarbﬁléf%ggl% eggll-f%%s, t he

i ndustry avePRYEARHTF MeasergeRiAvis $22d8peci fi cation is 0.02 pm (0.8 pin.).
After ultrasonic cleaning in reagent- grade hexane and reagent-grade
acetone and thorough air drying, the balls were used as sliders. No
surface topogr aphihechsh wet daipat inarcuptihe rotatdn Aaipein 88 s hiAGEIdD: doPENNESS

was car rjyed of . 1 | sks. For the sliders, the average surface
roughneslg s°§{e{‘f':ﬂn|"§ cgﬁuet s dumly clamped 5o theh itishd and didnot mtete. Wheagh y and

no ot her surfaloeas lowered onto the disk, the arm was constrained by a strain gauge. Quiput
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
15 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
20 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. ' |
25

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

30 was mounted for photomicro graphy 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



~maj or and m nor dianeters were neasured, and

t opogr aphi cal nmeasurenent was nmade. The disk was clanped in a cup that
rotated. A spring-hinged armheld a collect 10 chunk in which the ball was
firmy clanped so that it slid and did not rotate. When the ball was

| owered onto the disk, the armwas constrai ned by a strain gauge. Qut put
fromthe strain gauge was continuously recorded on one channel of a two:pen

tri har t el . d..t [ te th trai ,
Tesul ting i ned AR Eloy AR IR or KR e CingoaR) ot ot BisomeREouH v

measur ed usiwgreaveaptdipobldn gh wWedalsfe WedrGUhldiadQkt RYEcnHEASMESd Dy the strip
char recorder were reproducible to about 2% (Qbviously, coefficients of

friction and ECR vol t ages, bei ng dependent upon contact conditions, were

| ess reproduci bl i i .cient of frictio
measur ements W t?%rﬁ@%g%%ﬁgﬁ%&s %&E&%@?’}Sia&? sg’r?f”él b(‘ffovf Hngi%?%ﬁ “in
short-tePm tests, such as those enployed in the present work, were
reproduci bl e to about 5-12% dependi ng .on_the sanple. Not surprisingly,
resi stances, especially those in the BAm range, varied as much as a
factor of two, reflecting the nomRigrrrty Ahaippit act conditions. 25 On
conpleting the run, the collet Wrﬁ‘{lfgﬁ\‘g_rﬁe—gall was renoved fromthe
triboneter and the war scar on the ball was briefly exam ned under a 100
power nicroscope. Mark re then made on a n the wear scar with a
marking pen to facili t%fa\gefi ndi ng the scar. W]&)fg& chuck was | oosened,
thus freeing the ball, intlatGoB@covmessipaint ed fph) pipgt oni crography at 100X
magni fication. War sc di aneters (W5D) were neasured on the 100X
phot om crographs. Two St‘?“ﬂi&%\l@ul ar di anet erstlo6f@re neasured: wear scars
were either circular or |iptical. In the c ‘ |iptical wear scars,
Tﬂocwﬁle aiﬁgé};é?ﬁéﬂet gr of a circle of
35 equal area cal cul at ddeqaheyret ers (or equi vaggpt dianmeters) of at |east

two wear scars were a\@%%ﬁd to obtain an average wear scar dianeter for
each oil tested. For t 8Bnch test the kmhevant conditions are shown

below in Table 3. 5  yength 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 diesel engines may reach 250,000-300,000 psi
(maximum) [Mc Geehan, J. A., and Ryason, P. R., "Preventing Catastrophic Camshaft
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 ﬁxiﬁg 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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Tabl e 3. HFRR Bench Test Conditions Load 9.806 N, I Kgf Initial Contact
Pressure 1.41 GPa Tenperature 116C Tri bocouple 52100/52100 Frequency 20
Hz Stroke Length | min Length of Time 20 Mn. Test Engine Soot 6% 10 For
t he HFRR bench test, conditions are nore severe than the ECR test to mmc
val ve train conditions which in diesel engines may reach 250, 000- 300, 000
psi  (maxi mum [M Geehan, J. A, and Ryason, P. R, "Preventing

Cat astrophi ¢ Canshaft Lobe Failure inTE?@uEnission Di esel Engines,™ 2000,
SAE Paper 200-01-2949]. There is both startup and conplete stop as the
bal |l nmakes its stroke from start Tess Comditions &l M in, wear scar dianeters
are neasured. The PCS MIMinstrunent was nodified so that a 1/4-in.

di aneter Falex 52100 steel test ball (with special holder) was substituted

for the pin hol der thdicadane w th the T nstruent { Yamag —E—S ;
"Friction and War surenments Using a 20 Modified MIM Tri boneter, P. com
Journal 7, Vol. 2, 9 %B‘ﬁaISGO@BCt(PA%u@t 2002), | No. | PCOM3OGPH9117D]. The
instrunent was used jf -on-di sk node and run sliding
conditions. It is achi e%ﬁ @ fixing the ball|rigidly |38§We speci al :
hol der, such that‘t1é&ﬁmhhmmas only one degree of frggﬂ@ h1b@ slide pn the
di sk. The conditions “rc shown—+n Table 4 36 Tabl est nditiopns for
MIM Load 14 N Initia Eﬁjnt act Pressure 1.53 GPamiiSeper at ure MaQOC

3800 16

2000 10

1000 10

100 10

20 10

10 10

5 10

Length of Time 70 Min. Test
} Diesel Engine Soot 99,

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

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

make reproducible particles that would give tise to abrasive wear as seen in modern
EGR engines.

To prepare the test specimens, the anti-corrosion coating of the PCS
| 15 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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Tri bocoupl e 52100/ 52100 Speed m Sec. M n. 3800 10 2000 10 1000 10 100
10 2010 10 10 5 10 Length of Time 70 -Mn. 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

pent ane, fi I;Ered through a sintered glass funnel, dried in a vacuum oven
under an N2 plcalkiphindieidanlcohfihe . maxj mum bef ore
use. The objective of thjs acti on%ghﬁlg%ga @F§9%3§C| eer'fp%ﬁy’i@%%“that
woul d gi ve rf@glﬁ%smz@imow&y clpgnebloyplacingickemin EERi@NgH O30 mhutey, epar e
the test specinens, the anti-corrosion coating of the PCS 15 Instrunents
52100 snooth 0.0Z'dgés(r:ron R3), steel discs was renoved using heptane,
hexane, and oM ierthraetbencl ®eis rsevtdaad %53!? ' i ssue
and subngr Sﬁgicif% gssbeaker of the cl eafﬁ% sol ventﬁhnti %ﬁ'gﬁﬁ?%ﬁgthe

di sc track ha Beén %%hoved, and the track of the disc appear ed shiny. The
discs and test balls were 37 placed i”l‘élﬂ 'Bvi dual contai ners and subnerged
in Chevron 450 thinner. Lastly, the test ~Specinens were ultrasonically

cl eaned by placing themin a soni cBench Test Ra3éhigi nutes. Wear results from
the three bench tests are presented in Table 5 bel ow. Lower values 5
indicate | ess. wear. Table 5. Bench Test Results

Wear Scar Diameters Effectiveness of Film
Sample Oil HFRR®, Insulation By ECR?
Tested ECR?, um pm MTM®, pm | (Relative), EO4 mV
EXAMPLES | '
1 140 150 424 455
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 4.12
8 100 161 470 4,53
| COMPARATIVE EXAMPLES
A 130 235 634 259
B 150 178 558 4.13
C 100 151 510 | 4.37
D 150 97 408 3.39
10 *ECR Electrical Contact Resistance

b .
HFRR  High Frequency Reciprocal Rig
‘MTM  Mini Traction Machine

15
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Wear Scar Diameters Effectiveness of Film Sanple G| HFRR Insul ati on By
ECRa Tested ECRa, mm MIM pm (Relative), E04 nmv 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 4.12 8 100 16.1 470 4.53
COVPARATI VE EXAMPLES A 130 235 634 2.59 B 150 178 558 4.13 C 100 151 510
4.37 D 150 97 4osromﬂl%vazauaﬁﬁfssahmmwd1 50oRk g% ' ¢ i GRR H gh
Frequency Reci pr.ocal g MMni Tracti on‘3 Mac%n né@%%f?neasgﬁgd as.
the sum of 2 %’Eﬁné?rﬁeﬁf@ eng the prasputdyecntion shovs inproearnacdthg tsur f ace
15 38 From tem mﬁaéjgx Higt Ta WG for mgnce of

P o e Bre b Be o ind O SR B g

the sil ane- contalnlng bl en presen
i mpr overrent Pearaple dshows cqivapant at bm&ﬂ;—:\éﬁﬂ”ﬁhﬁlc@m DeRRE 86t IFfbiy Rgsel i ne oil

and 0.7 shows equi val ent or better :

per f or mance |&&{aﬁéd fi[ rﬁc‘g@n&qﬁgat(pl-g%?y gﬂ&\%&t@ @mmbéﬁl patignlagiieECRal Cl - 4

ful l'y-for mul ety tes TV ré@itk,- anl ThPRidtve lgé,(}?o

result, and éhe relative filminsul ati (L)ﬁr@(r) 5 qu% %Lcﬂé%’ifgﬁ‘?‘ﬁwtg/gt
omparative Example D, a premium product. ECR films show the result of film

formation minus film removal processes. The larger the number, the greater film

formation dominates relative to the film removal processes. In this comparison,
10 Example 2 shows greater film formation processes than Comparative Example D,

suggesting that the insulating film of Example 2 is extremely robust and can be
sustained thronghout the 20-minute test.

Comparative Example C (octyl triethoxy silane), although giving excellent
15 wear scar diameter in the ECR test, was much less effective than Example 2 in the

more demanding HFRR and MTM bench tests, as well as the film insulation
measurements.
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Conparative Exanple D, a prem um product. ECR filns show the result of film
formation mnus filmrenoval processes. The | arger the nunber, the greater
film formation dom nates relative to the filmrenoval processes. In this
conparison, 10 Exanple 2 shows greater filmformation processes than
Conparative Exanple D, suggesting that the insulating filmof Exanple 2 is
extrenely r oBUHATIRCIodME®R [Ssust ai ned t hroughout the 20-minute test.

Conpar ative Exanple C (octyl triethoxy silane), although giving excellent

15 wear scar dianmeter in the ECR test, was nmuch | ess effective than Exanpl e

2 in the mreﬂemndiggn&ﬁgﬁ%% M. bench t as well as the film
i nsul ati on measurenents g%g&? ﬁ)ﬁﬁr?@nofan,&nmﬂﬁﬁglflﬁr formi ng an
antiwear filmon an cPmpensrékompghing: caBARAE 8 Birf4eHP ah $htBGrn] ﬁr@ﬁ{r?gc“ ng a
surface an internal weari ggjse 5 conponent of the engine wth

|

tetra- fu(l’)l%tl onal hydPoPYabe %&H@%’é‘hﬁtﬁtfﬁ@mﬁmﬂéﬁ@mﬁzaﬂle $1blmru| a Si-X4
or hydrolysis produebmpb@i®stthe g%ﬁleqoﬂn kOX okﬁ}r&rngf)?gq prg(iliﬁttg% %l ect ed

fromthe group consisting of dr ox am no,

nmonoal kyl am no and “dleéﬁllk%Ch)ém mdﬁp@uddntlyysimteylﬂdngﬂw@oﬁpe@ig[ﬁh @ft he
tetra-functional #,loaﬂ{g ther oyma film 2. The method according
to daim1, furt her P &Ny e ﬁ'gacﬁ’ %Y> qpeRenoafied envep esshdialkeht of
the engine to a temamumiun@hjﬁroﬁb%ﬁar@ﬂ:oh@ens %Qh&etr&%lﬁct O-BEFSI L hod
accordl to daim %?‘? el n at | east one contacti ng, h 2| ng and
conden5| ng, or heat I E’bsYt 138 a dH®. conduct ed by operating said engl ne. 20 4.
‘The met hod according to any one of the preceding clains, wherein the
hydrol yzi ng and condensing step is conducted in the presence of a

cat al yst . 2. The method according to Claim 1, further comprising heating the

internal wearing component of the engine to a temperature of about 20 to
300 °C.

15

3. The method according to Claim 2, wherein at least one contacting,

hydrolyzing and condensing, or heating steps are conducted by operating
said engine.

20 4. " The method according to any one of the preceding claims, wherein 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 (1) metal acetylacetonates, (ii) diamides, (111)
25 imidazoles, (iv) amines and ammonium salts, (v) inorganic acids, organic
acids, organic sulfonic acids, and their amine salts, (vi) alkali 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~-functional hydrolyzable silane compound is in a ubricating oil
- medium. |
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5. The nmethod according to Caim4, wherein the catalyst is selected from
the group consisting of (i) netal acetylacetonates, (ii) diamdes, (iii)

25 im dazoles, (iv) am nes and amoniumsalts, (v) inorganic acids, organic
acids, organic sulfonic aci ds, and their amne salts, (vi) alkali netal
salts of carbo yI iC a tﬁw i) alkali and al kaline earth netal

‘hydr oxi des and OXI des ‘?d tqcguhngiv Chims, wasin( fhe JubRicgRnosE figltict

groups. 30 6. The neg i GOk th recedi n cl ai s,
wherein the tetra-func ong %tg c?dlié‘g%'%e?%q?ch% éﬁ P gonsss 1n|30£
| ubricating oil rredﬂfﬁﬂ!igems, dZspei’daatsnaidmﬂloﬂfzﬁﬁ{sdl ng to Claim®6, wherein the

| ubricating oil further conprises at |east one additive selected fromthe
group consisting of detergents, dispersants, and antioxidants. 5 8. The

nmet hod acBording) to O d@ih®method\Rk8idh Oéﬂaqjlgylprll&ﬁélje&gﬁoh%ﬁg urt heL@r%ngrl ses

water as a contami nant. 9. The nethod accordihg G ¢ cedi ng
clai ms, wherein X i s*ONEFEp¥AEEas £ godahmhed from the group consisting O
a-6 al kOXY, C6-10 10 aryloxy, Cl.6 acyloxy. 10. The nmethod according to
any one of claims 1-5 and 7-9, wherein the tetra-functional hydrolyzable

silane conpound.is séﬂ@élﬁfé@dfapmmng\aangommrgfedﬁl Slafuldf r a
hydrol ysi s product thgigafdndn Qﬁt g&o SitOC RE AT, @Héré}nlx@n wher ein
each R is independent]| y a TS rog W?upg‘i%ﬂﬁmgé’lf@cﬁé@w,r(ém the 20
group coh®i sting of W%Ygﬁts?@mldxjor anched chai n al kyl, cycl oal kyl,

10.

The method according to any one of claims 1-5 and 7-9, wherein the

tetra-functional hydrolyzable silane compound is selected from the

compound of the formula I or a hydrolysis product thereof:

15

(RO—}a—-Si‘(——O?(I)Rj, ) -

M

wherein

ceach R is independently a Cyy, hydrocarbyl group selected from the
group consisting of straight and branched chain alkyl, Cycloalkyl,
alkeycloalkyl, aryl, alkaryl, arylalkyl and substituted hydrocarbyl groups

‘having one or more substituents selected from hydroxy, alkoxy, ester or amino
groups;

20

each R; is independently straight and branched chain alkyl, cycloalkyl
- 25 and aryl; and

ais an integer of 0 to 4.

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

30 12. T_he method according to Claim 11, wherein a is 4.
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al kcycl oal kyl, aryl, al karyl, arylal kyl and substituted hydrocarbyl groups
havi ng one or nore substituents selected from hydroxy, al koxy, ester or
am no groups; each Rl is independently straight and branched chai n al kyl,
cycloalkyl 25 and aryl; and a is an integer of 0 to 4. 11. The method
according to Caim10, wherein a is an integer from1l to 4. 30 12. The
nmet hod according to Caim1l, wherein a is 4. 41 13. The nethod according

to Caim12, whefein R4S i nltljed%%ndentl%cps_el ected from al kyl, aryl,

al kyaryl and arylal kyl . mejno é‘)’ﬁ'ﬂ& lae 32.dvigein® Blindepeddntivher ei n R
15, The method accords mg t el A AIFRIOE 32 T 10 16, The
met hod according to Claim 14, wherein the tetra-functional hydrolyzable
silane cosipoundi4 s sel fromthe group consisting of

t et ranet hoxysi | ane, te?ﬁé%ﬁﬁf?@ﬁ@%t %b@d’ﬂ@i%% iailependently

t et rai sopr opoxysi | areejectedtffond st QM MAShchL ' 8 oxysi | ane,
t et r aki s( met hoxyet hoxy) si | ane, t%rt’tr aki s( ﬁetﬁ%&%?@ gérw ¥1ane, 15

t etraki s(et hoxyet hoxy) si | ane, tetrakis(nethoxyethoxyethoxy)sil ane,

tri met hoxyet hoxpssi | aneyg] Let hoxysi | ape,. triet hoxynet hoxysil ane,
tetra-(4-methyl 2 pent oxyg Sl | g%éé(%ﬂ%gtqgﬁﬁmt%“@F@Pﬁéﬁ&w?g@l-ane. 20 17.
The met hod according to Caim 16, wherein the tetra-functiongl

hydrol yzgpl e sijlkane coppound is tetraethoxysilane. 18. The nethod according
to any one of clainms 10°9%PCNRAgFerdingito Cdainy 14 mheRin the tetrs filbstionalt ed

hydr ocar byl gr oup. & i.n ClLaim 18, wherein the at

hydr ocarbyl group. glgdli)‘?yza .1 ad Qb AGAGE 8094 fon the group consisfing of

- tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane,
tetraisopropoxysilane, tetrabutoxysilane, tetraisobufoxysilane,
tetrakis(methoxyethoxy)silane, tetrakis(methoxypropoxy)silane,

15 ‘ tetrakis(cthoxyethoxy)silane, tetrakis(methoxyethoxyethoxy)silane,
trimethoxyethoxysilane, dimethoxydiethoxysilane,
triethoxymethoxysilane, tetra-(4-methyl 2 pentoxy)silane and tetra-(2-
ethylhexoxy)silane.

20 17 The method according to Claim 16, wherein the tetra-functional
hydrolyzable silane compound is tetraethoxysilane.

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. . Themethod accordi_ng 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 I1
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hydr ocar byl group is derived froma glycol nonoether or an am no al cohol.
30 20. The nethod according to any one of the preceding clains, further
conprising contacting a surface of an internal wearing conmponent of the
engine with a partially non-hydrol yzable silane additive represented by
the formula Il 42 (1Zto)n Si(ORI1)4-n (1n wherein: 5 each OR11 group is a
hydrol yzabl e noi ety i ndependBig} $i(O®, ¢} ed form the group consisting of
al koxy, aryl oxy, and acyl oxy, each R o is a non-hydrolyzabl e group

i ndependently selected from 10 al kyl, aryI,UQubstituted al kyl, and
substituted aryl, wherein the substituent 1is a functional group selected
from hydroxyl, ether,_ am no, nonoal kyl am no, di al kyl am no, am de,

car boxyl, nercapto, Wh?ﬁ%%her, acryl oxy, cyano, al dehyde, alkyl carbonyl,
sul fonic gcid and phosphoric acid; and 15 n is an integer of 1, 2 or 3.
21. The nethod according to Caim 20, wherein the surface of an internal

wear i ng conponent of tha:he(h@ilr@ohlsig‘dh 0]?,% bLe i t anti non-
20 hydrol yzabl e sil a@e additives re re}ggn ed %1;1 tﬂyeiﬁlflIE rlril(}%gﬂffd%%t{?ﬁ@
met hod accordi ng to 2hFERECBISERP ke, agyloxphardeicyldxye t et ra-f uncti onal

hydrol yzabl e sil ane conmpound and t he non-hydrol yzabl e silane additives are
represented by the formula Il are mxed in an oil of lubricating 25

viscosity prior to contbtRinds 4 hen-hydioheablefsr ijl([gp@ﬁ(q@}ﬂ Wa Rkt nponent
of the empgine. 23. TJi\SrI rra%lhoq) accoy df'kn? to an?ﬂone of ¢l ains 5395)319 wher ei n
the OR | » byl substriuted aikyl, and substituted aryl, wherein the substituent

1s a functional group selected from hydroxyl, ether, amino,

monoalkylamino, dialkylamino, amide, carboxyl, mercapto, thioether,

acryloxy, cyano, aldehyde, alkylcarbonyl, sulfonic acid and phosphoric
acid; and
15

nis 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 IT,

22, . The method according to any one of claims 20-2 1, wherein the tétra—functional

.ﬁhydrolyzable stlane compound and the non-hydrolyzable silane additives

are represented by the formula IT 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 OR;,

group is selected from the group consisting of Cy4 alkoxy, Cq 1o aryloxy,
30 o ' Cy¢ acyloxy.

24, The method according to any oné of claims 20-23, wherein the partially non-
hydrolyzable silane additive is selected from the group consisting of
methyltrimethoxysilane, ethyltrimethoxysilane, propyltrimethoxysilane,
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group is selected fromthe group consisting of Cl-6 al koxy, C6-io aryl oxy,
30 C -6 acyloxy. 24. The nmethod according to any one of clainms 20-23,
wherein the partially non- hydrolyzable silane additive is selected from
the group consisting of nmethyltrimethoxysilane, ethyltrinethoxysilane,
propyl tri met hoxysi |l ane, 43 butyltrimethoxysilane, isobutyltrinmethoxysilane,
hexyl t ri met hoxysi | arbatyldimetedyyilar; ﬁeﬁﬁty/ltﬁﬁ{eﬁfog%%ﬁé ARG imethoxysilane
octyl trinmethoxysil ane cyl trinmet hoxysilane, tyc o’hexg]lrtlrl mat%oxysfi]"ane,
cycl ohexyl met hyl tri ?th@%?g%/qtﬁﬁé‘?fh%Yﬁémp@tmémhﬂmmilaaqe, 2-(3 5

cycl ohexenyl) et hyl t rdepatrhn | ropyl tr.j met hoxysil ane, 3-
cyanopropyl tri met hoxyg?l anﬁ@fﬁ%ﬁhﬁﬁ@%&ﬁﬁ%ﬁﬁ% 8‘xysi | ane,

phenet hyl t ri met hoxy $ytlahexyigethplimpthopysiant, tdimemy laaxydbk ANEne, 3-(3-

am nopropyl tri met hoxysi | trimethoxysilane, 3
i socyanopropyl tri m?ﬁ%&gi&%&l&ﬁgﬁéﬁﬁﬁa”?ﬁtﬁﬁsﬂ%ﬁ yaypoapropyjtrimethoxysilane, 3-

ami nopr opyl t ri met hoxyaidpespsltridrettidnysilane, 4-methyl-2- feus :
s o mel grlle2 pen%%ﬁlfl?t]fl%yéfl%Xysi | ane,

am noet hyl am nomnet hékg I’%ae_t hyl tri met hoxysi

et hyl tri et hoxysil ané! ‘%11 ypsthosysidangs 3insareaptorirop yitrinéths:Nyeias, Bane,

I sobutyltriethoxysiLgy %Eﬁl ' si, | ane,. ctyliriethoxysilane,
decyl tri et hoxysilane, ¢ c el%cﬁosi&gﬁ%x%nwgﬂ@}?&%%lfan‘% 3-

cycl ohexyl net-hyl tri sohysupprdpgltdmeokyAaRa s 1Ry atdih si |l ane, 3-

et hoxypr@py! tri met hoxysi | ane,. 2-et hyl hexyl tri met hoxysilane, 2-
et hyl hex?l triet hoxyg?‘?'né’ﬂ?é?wgmateﬂmyﬂ}a@s 42+ met hoxysi | ane, 3-

propoxypropyl tri met Aakesidyf8noms H | met.hoxysil ane, 3-
et hoxyet hyl tri net hOXéSi | ane alrll% %mg%) p%%@éﬁkﬁ ehof{ﬁg Mbxysilane. 20 25. The

met hod accor ding t oPRfyltsrboxysilehqictiylzi6thdRysilehe pRbsy lrtetdRgsildnd] | Y NON-

i nopt opyl £ 1 et hoggehERsing BT pthor e osyiristhoxsilanc,

am nopr opyl tri pr opoestgiticihesysiar{Tia e mbk ila0L Q¥R R @Y S e
15

>

cyclohexylmethyltriethoxysilane, 3-cyanopropyltriethoxysilane, 3-
ethoxypropyltrimethoxysilane, 2-ethylhexyltrimethoxysilane, 2-
ethylhexyltriethoxysilane, 3-ethoxypropyltrimethoxysilane, 3-
propoxypropyltrimethoxysilane, 3-methoxyethyltrimethoxysilane, 3-
ethoxyethyltrimethoxysilane and 3-propoxyethyltrimethoxysilane.
20
25.  The method according to any one of claims 20-23, wherein the partially non-

hydrolyzable silane additive is selected from 3-

a.minopropyl_trimethoxysilane, 3-aminoporpyliriethoxysilane, 3-

aminopropyltripropoxysilane, 3-aminopropyliributoxysilane, and 4-
25 - aminobutyltriethoxysilane.

26. - The method according to any one of claims 20-23, further comprising pre-

é-blending the tetra-functional 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 comsisting of detergents,

dispersants, and antioxidants.

27. A product prepared according to the method of Claim 1,
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25 am nobutyl triethoxysilane. 26. The nethod according to any one of clains
20-23, further conprising pre- blending the tetra-functional hydrolyzable
silane compound and the partially non- hydrolyzable silane additive into an
oil of lubricating viscosity with at 30 | east one additive selected from
the group consisting of detergents, dispersants, and antioxidants. 27. A
product prepared. according to the nethod of daim1l. 44 28. A product

prepared accor di to tli?eprﬁé'{i%@mp@red@cammrfg todBe mAthRH E Utdimiy epar ed
according to the nmethod of Claim7. 5 30. A product prepared according to
the nethod of Claim?22. 31. A product prepared according to the nethod of

Claim26. 10 329 A produmbdy erpard alauorhl}% tegﬁfﬁ@oﬁ fl%iagrﬁ%r ing a

| ubri cant gonposition conprising: a) a ngj asé oil of
| ubricating viscosity; b) 0.5 to 10 % of a tetra-functional hydrolyzable

sil ane conpound 30s  sel agie8hck Q of th rrula | or a
hydrol ysis 15 product th?r eof B © Ora?‘cg%?{%m&e& gﬁféwﬁ 220 wherein R

is independently a Cl1_ZO hydrocarbyl group sel ect ed fromthe group

consi sting of stzqai ght ;boﬁpu nched chai n, al kyl, cl oal kyl

al keycl oal kyl , an yI °t Breppgd ﬁwor@ﬁat@ﬂme mleﬂchydﬂﬁcar byl  groups
havi ng one or nor e substl tuents selected from hydroxy, 25 al koxy, ester or
am no gr Ré is i nd pendent |y strai ght and branched chai n al kyl,

cycl oal ky and ?y Pm duct prepared by the process of:

preparing a Iubricant composition comprising:
a) amajor amount of a base oil of lubricating viscosity;
b) 0.5to 10 % of a tetra-functional hydrolyzabie silane compound is

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

_(RO%a—Si—(—OEFﬁ ) _

@)

20 wherein

R is independently a C, 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 substltuents selected from hydroxy,

25 alkoxy, ester or amino groups;

R;is mdependently straight and branched chain alkyl,
cycloalkyl and aryl; and
ais an integer of 0 to 4;
_ ¢) 0.5to 10 % of a.detergent; and
30 @) 11020 % of an alkenyl succinimide dispersant derived from a

450 to 3000 average molecular weight polyalkylene;
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ais an integer of 0 to 4; c) 0.5 to 10% of a detergent; and 30 d) 1 to 20
% of an al kenyl succinimde dispersant derived froma 450 to 3000 average
nol ecul ar wei ght pol yal kyl ene; 45 wherein the percent additive is a weight
percent based upon the total weight percent of the lubricating oi
conposition; and operating ap, &%te nal combustion engi ne using said
ubricant to lubricate an iRCSEHAICRELEDE Yedhe Weight pereeg bagadeupsndhsme. 5
33. The product prepared bytotaheefhopessnolf e ﬁbﬂbﬁ%@oﬁl&é&ﬂ‘éﬁitiﬁﬁ%@ si ng
o] :

heating the lubricant_to,a tepgperature of about 20
operating an internal 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 about 20 to 300 °C.,
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