* TETRAOXY- SI LANE LUBRI CATI NG O L COWOSI TIONS 5 FIELD
~OF THE | NVENTI ON The present invention is directed to
tetra-functional hydrolyzable silane conpositions for
use in lubricating oil conpositions and to the
formation of protective filnms, i.e. antiwear filnms in
conponents to be lubricated therefrom More
particularly, 10 it is directed to a class of

non- phosphorus and non-sul fur containing additives
suitable for use as antiwear agents, antifatigue

agents, ext reme pr essure agents in |ubricating
oi | rrﬂ%gﬁifﬁ BaNERGURRICA TING I0WESOMIROSETIONS

Phosphorus partlcularly t he phosphorus delivered by
zinc dial kyl di thi ophosphate (ZDDP), has been the
pFEELR QR FHRANVENTIONent in fully formul ated
lubricapts for.the.past 50 years. Studies have

suggest 8EPIRGY yEBLhis ditscieddy t‘?ﬁ@r@@ﬁl@al hyidyelyzable silane
s ey . LA S 1, g

exhaust em ssions of un rocar bons an
ﬁlrmi,tlﬁog!élﬁv p@lggsrmtcomponmts tcalmﬂuﬁﬁcaﬂi‘aﬂhaefroh@ Mdre particularly,

( N orus Effects on Cataly
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Sferede Me:tntﬁx}ea dgeatss antitfiduclaehrl S

CE@CCLNQ r,'%'%iz;ir?gmlspearcgjt@fé &ﬁexgg@g?re%%%@%gemsgl
A ‘é“foé‘&%lt@ﬁsthe Deterioration of a
Stoichionetric Em ssions Control (C4) System" SAE
Techni cal Paper 790941; Ueda, F., Sugiyama, S., 25
ABAGKGROUNDHOFHFKE EINVENTI@GNRD Aki yama, K. (1994),

" Engi n? O'L Addi tiv anlects on Deactivation of

Monol i tRFSR qfﬂf’é’ért\f&&r aPhespborydelbigethy Bansor s, "
S&ﬁﬂ&ﬁﬁﬂﬁﬁrﬁ@&ph&éﬁ?ﬁ)}ﬁﬁoﬂﬁkﬁ}%ﬂﬁﬁg ﬁrgc?on? Y ﬁ\gganrtaagent in fully

regul’ati ons governing ‘tail em ssi ons

t fw&ﬁ@dubmmtsafbr @rﬁ@b*stes(k:xname Btudids |have aiggedtabMAOpRESphorus

e RO cflols RS e bR Besonor die meings (oiedapqyprhanst

S&nn;sxlond; f tnblggley hi nﬂlrot:% Aexld SaH&T
rhaps, 0,05 wt g(o 0 arti al sol?j‘:tr?g?ri ﬁ:éa)z#o‘?JA and

@]iaé igfop Fell 9%3 "ngntﬁO@ shopesdiffastsran Gathlytio Converter
E P%Iﬁ(%]ﬂéi,én% #Tegﬁgﬁﬁu%abﬂnggﬁ%ﬁ?ﬁ{g%a Cg Ve Teg}:ﬁes%s,'ggh croft,
GS AR Technieal Baper| 1766 1 1@t adoislo FF. pmdzsaaaoa ndAagiolzogs
"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

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

SAE Technical Paper 940746]. As the environmental régulations governing tailpipe
emissions have tightened, the allowable concentration of phosphorus in engine oils
has beer_1 significantly reduced. Further reductions in the phosphorus content of engine

oil is likely in the next category, GF-5, to pérhaps 0.05 wt. %.

Many partial solutions exist, where either Zn, P, or S have been partially or
totally eliminated. In one approach Zhang et al. [Zhang, Z., Yamaguchi, E. S., Kasrai,
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di al kyl di t hi ophosphate (DDP) on Steel Surfaces, Part

1, Gowth, Wear, and Morphol ogi cal Aspects,"”

Tribology Letters, Vol. 19, 3, pp 211-220 (2005)]
studied the growth and norphol ogy of tribofil ns,
generated from ZDDP and a DDP over a 5 wi de range of

r MRPBagréft, @M 1’@n§ﬁﬂﬁf&®eﬂe9atéé)l? AT SHPA ashless

concent rations (0.1-5 wt using atomc force

aeye (I)DR)a;n %dt&efae@t Paml, @mm:h,r Bean pyd
L t .
‘ﬁf@é%l@@pect Bk 5 IO RY PREE o 1955 B 2K 24002005 stodied
t e ghow, andrmbrﬁhblbgﬁdﬁ@&oﬁ'lfhﬁ geRdrated GOAPEDEPLHIA DBP over a
f|| ted using a Caneron-Plint tester, on
%‘S‘aggf‘e rubjpiag Eﬂﬁeéﬁgo geeondsgo 1A hoprshendsconsentrations
p({b Y-FSW&S‘%@DB?) u-g ga?%'gfcqgfcetrﬁhﬁlé%;%i(f&%ﬁaﬂp&;&g d)hgtoelectron

phosphate fil en neasure
XANES 300Dy m)p ma;i Khiap gbsdeptionZidbPedge sattyre &[@NEB» §atroscopy

CHERROE P i 5 R-GdBeRiha b d, Sppste Y-speiophing wajor components of al

s filias, gBidrated Msifh QWner&QPﬁﬂﬁEsterf 8 S@Hfo"ht%g g}ctAZﬁ’ %ﬁie ré he

aver age filmthickness increases to 600
hespBateand nebyihagphatsst Bheaverselthividsngf thbse whosphate ﬁlms has

d ti ' . d
| AR uithE P E RS R KBS Bt D B wadery
am@m‘mmqmbsmteqnﬁl (b6t 10050 tHhag TorgisaiFicd ¢ sedohdsﬂ%le film
nder all conditions, the perfornance of

un t hat
z%?){f e&hf‘ﬁ@?ﬂ@aﬁu‘)%@@%ﬁ Lty slovesrodpvevers for bothtaddiives, the

' D@Peramvﬁfdm%nd?éa%egfb @Vﬁfosﬁ afild ﬁ)clgun%geg ol}erubbmg, before

‘per formance of

are m x
slﬂjglemwﬁﬁgrdettaetasﬁap can be used with ZDDP, thereby

. reducing the anount of total ash. Anot her appr oach

20

.25

that reduces ash was devel oped by Manka in U. S. Patent
25 No. The Stfvdi2 Bropehrt 88 phi@ ZDISPURP 'Wi;ﬁ Bgiﬂa
(A)..a compound ?rggresentgd by the ?‘orrru % t
od1ffcrersn(bé}ng tPuermd REGNORGORS Wwire rlsd e exaeﬁnemt was fbund that

Sl SRR oSSR LSRR PSR o s

aof]DEﬁ’eHomeerDBm ha@ b 2 PrBYcf 0 IR HeHer oA R of ZDDP when the
bstit uen& of at %ast 10 aliphatic carbon atons. In
ﬁvgo are mixed, suggesting that DDP can be used with ZDDP, thereby reducmg the

amount of total ash.

Another approach that reduces ash was developed by Manka in U.S. Patent

No. 5,674,820 relates to a composition, comprising: (A) a compound represented by
the formula: ‘

X! 2
R'0-P~8-(S),~P~OR3

R?0 OR*



enbodi nent, the inventive conposition further

- conprises (C a second phosphorus 5 conpound ot her
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than (A), said second phosphorus conpound being a
phosphorus acid, phosphorus acid ester, phosphorus
acid sal t,. or der| vative thereof. In one enbodi nent,

t tehereinddt RG R cmqoa%m imiepéndehilp hy@0sRbyS@sufsDin®R! and X2 are
lﬁ@%eﬂ ) ﬂal aI eart h_nmetal salt of an organic
e A ’oan%ﬂlﬁg ta 8; and @D apreisted nitrogspwontaining
erdoﬁ@bﬁﬁdlhavetar@bhﬁt\é&ﬁtof‘i@le%"m% ARk Rghs.

comprises (E) _a thiocarbanate. hese corrposhtw%%s
arﬂél QBWH* the ﬂmeﬁwfmmi@dsmgmfmharmgmpnnmﬂ)hls@d@d@hdsphorus

wi.th en ant i wear operti es,
SpeC| | ca{)tﬁj&{ %%%EA%S%SEQOPEQE pg’l°§‘l§l°8§§’& ‘% eiyg a phpsphorus
asicidg nmsphoﬂuy deidwbtet; phbsphBfus 26fd Glt, SRNVEANARESREE T
ant | WS%IrA anti score perforrrance In U S Patent R%

PiTKRBUAYC composition iitleracomprisqsdD) iaa sikali er alkaline
Iegﬁm A l,ub t. ad
(r:]aw ng ztaar%t% ?\S\ggén gﬁ%ﬁ g.h]tﬂl o%fcgla?\ Bﬁﬂégceﬁrﬁi‘f Z’E ?%OPt[ﬁQHe
r eathoj wqt}rtb@immwe cg;lmmsmdn mitlﬁ@&ginpﬁsé%C(Eﬁa ﬁﬁ&aﬂéhmatfa These
[ ra i odi propi oni ¢_aci
N T T R
p@ﬁt}r drdafded dmivell RBptitd Egéélﬁcaqiélcﬁlla%l) Bglﬁérg cﬁgclé(sed are useful

oIe al cohol | an “al'i phat |

&3@92 y(bald;mﬂtgds, Nﬁlltdl'ﬂlhbmenhamdedahkwbmimﬂphmto@re performance.
preferabl y a 20 tributyl phosphite. The post-reaction
product contains at |east one ester, am de and/ or

phosphdimlal& Hatgae No05abs,945) %ﬁtlwgﬁtﬁdfahﬁ
st.were given in support of the ben ICI gﬁpeﬁ?és\%%?laxmed

p Prrthis dRyRubion A dubsispetradditive haeiag antiwediand ran‘udnadant properties is

P oo D Bl BuG e H lob StpeE ety

p ﬁ@\/‘ﬂﬂ@@lj@ﬂﬂm amdlg?damlboﬁng??]?gﬁ?gr ﬂg]. g{ﬂgésfiélflggrﬁﬁ%}%g@ﬁgh is

V@g?té? ﬁ%ﬂe IagPll(fé‘ [YQE? Iy preégalyly olaybalcpholt imeal%ahatlc amine,
( pesBirablgnaltenic,, & &4 aﬁer Wa/or Diria i?ﬁ)ho%phlﬁhﬁr%f;egfﬁ)ld%

suitable for a pressure-accumnul at
t Yiutdphesphite fdiepest-reantioppeoting tdntans adbastishe @b, amide, and/or
rec y. Th |med Iubrlcant oi |
BROBESE: hRBublaratorB B8 Bom o Fofir Bl st sivendn support of the
nberefiaial amtitenr pssfoin@ts.c 0i | incorporated with at

| east three additives that are a sulfurized
oxynol ybdenum dithi ocarbamate at 0.03 to 0.50 wt. %

% as east one

| aS. Mb; Aasuébféﬁlegtaﬂvlé]}( 1911&%%9&@@“ e%oaélmgplg%flst@dﬁ%n%ed in
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s Bi.§.RpblicasiondVe 0830145890 A3, Thie diecREeGRGE IS 1agn@£1t 8il

C@orﬁﬁ}gstltmn hgxlmlg enhsa?llcédc \thaa?:Ep?'evaetntlge gl?a?acttgns:tllcso fo\;"wa dles%ﬂaesngme
operating with large quantities of soot in the oil (soot content: 0.20-4.0 wt. %), and is
especially suitable for a pre_ssﬁre-accumulating (common rail) type diesel engine
equipped with an exhaust gas recirculation (EGR) system. The claimed lubricant oil
composition contains a base oil composed of a mineral and/or synthetic oil
mcorporated with at least three additives that are a sulfurized oxymolybdenum
dithiocarbamate at 0.03 to 0.50 wt. % as Mo; a zine dialkyldithiophosphate at
0.04 to 0.05 wt. % as P; and at least one metallic salt of alkyl salicylate selected from
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salt of alkyl salicylate at 0.002 to 0.60 wt. % as M,

and Zn salt of alkyl salicylate at 0.006 to 1.60 wt.

% as Zn, all percentages being based on the whol e
conposition. Bench tests in SRV friction/wear tester

were conducted. 5 The above references |largely

deBeE P chhsiingd tsdit 3| ' 1wt ©
D g T8 el B Mt B R B s 20t 2 0o M
r 88l Pf alkhialicylatgat 0.892 (@60 wWintti dsiMeymdFntsaltod alRyl Slicylate at

- Tecl 2l & | e dji scl psed tq add .thernal,
2?‘3%@.‘%@“ ‘?{5 4 {’fgi‘% i t%?%ﬁ?gﬁf%m Bese on s whole gempegition.

aftenpln tastslih SRM feetisnAvemensteewerctiongh@sed for 10
oxi dation inprovenent in U S. Patent No. 5,120, 485.

Trifunctional hydol ysable silanes have found sone

ot ent T Tabeyd REaEkEIREy bURLLE Babr SRORRRe Spalomptt wear
amnlobigersi Unforttmaitely thegighttdrdimg oL afiseion tefuireMBils fequires wear
SRS 5 Sla P et ke isaleei Bt howmal stability
alk jubripaity 5UUTS. Beena90. 372 AR Ald | gngghg]!ﬁ&ﬁl)/aﬁ%s?\?&gr% disclosed for

i ncl udi ng 15 pol ysi| oxanes. The
s PREHEOR Brprovieraent ihb\le Patent NouS 1 ROASS. Mriftuectiohal| lgdolysable

4- ' ing the ASTM D 4172 test. Russian
Pa’?@r?tk hﬁg@fogflf gifg%%@h?ﬁtms Jﬁ%el\{liggbéxgla?ag& foyapasitions, U.S. Patent

| Dox. 541838 dikclobesesditiv ingiRtirsd ¥ Corkifc Albieliklitbh Wbelerator
and.ant | orr 9si on characteristics of |ubricaling; 0|Es
>80 A il ks e Lo e fued compagitionsndl.g MatenpNef B&NBYS discloses

5 - ' [ f t.he. gener al, .

¢ oA SRR o A DB g stiting:

if Pob’fii@ﬂanea b bisand pblyereyric S@ﬁmwmﬁ d%cl)lzo"ﬂ%d%éaducg?ln in the
i an roup such as_such as : ) , ,

o?g%ﬁ)“?b"%w%’é%{% “éPBtrt]’h‘i RSEM Bl 7Rdest1 441 335

di scl oses | ubricant conpositions to -inprove

antifatigue containing about 0.01 to 5 % weight of a
condenSassighP gentyNee SU-24956 fiuf. 1 dm %69) diselbses tyksichanaitives

&%‘%ﬁg I r{’)xy a? E?ff%tiomaq%gggi%@ L%r%én%gpsa%g!%é@c%rﬁng;oﬂs

when yedddivilamonhie o€ 2.8l5k % i
e ELant i Ao TERS I 0 g
2°{J {S‘Gﬁﬂ?fﬁ feraulagkOYSERE! (wheip IO ivanakixy grivep, Rasalkyl, aryl
0 e i i n I\b - 3 8 . :
obe Bkenl SRABESR . el 4 Mon o B RECon, on
conpdidnds, e.g., a): RISI(OR)3, b): (RI)2Si(0OR)2, and

c): 4

ml

—

Great Britain Patent No. 1 441 335 discloses lubricant compositions to
improve antifatigue containing about 0.01 to 5 % weight of a condensation polymer
derived from a trialkoxysilanes of the formula R-Si(OR"); where R is C;_24 alkyl or
C:-24 alkoxyalkyl, and R!is Cyq5 alkyl or C;.12 alkoxyalkyl, where alkoxyalkyl means
an ether group represented by -C,-O-C,- wherein the sum of n plus m is 2 to 24 in the
case ofR and 2 to 12 in the case of R},

Japanese Patent Publication No. 8-337788 (Dec. 24, 1996) discloses additives
consisting of silane compounds, e.g., a): R18i(OR)s, b): (R;):8i(OR),, and c):
4
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(R1) 3Si OR where (R=H, C-18 al kyl, C2.18 al kenyl,
C6_18 aryl; and Rl= C6.50 al kenyl optionally
containing a N, 0, and/or S atomor substituted with
hydr oxyl, carbonyl, al koxycarbonyl, al kenoxycarbonyl
or(RaryI oxycar bonyl, or a C6-50 aryl. Also clained are
(1(R1):BiOR watieB=H| ;. sC} | I L0 -

. B=H| C; GoiIRASCS 13%9%%%% Idg?é |R\l/ e?g'fo; alkenyl

engi.nes, conpri.sing 0.05-10 wt. %
( iq%‘}“_’eahﬁ%l e N Chaad/ar A gont o substtutedavith glreyyl, ¢dBhonyl,

a ' il {C).an nme )

ot R By by P By P 0056 1. Also claimed

diasp€) bibrieqtsig oiltoepmeitions vesaiatig Bébited cbﬂﬁfi&ﬁg 0.05-10 wt. %

Cltﬁ@@& eSS, {) t he {.ston of .engines and thereby

A PENELSH (D comPottichamamine Hd demsiie(s) @) ametaire
robeshd: ifgBieil; 1 | b | el s

idod Sad br ol ouh (e ete ptaSafy LbRGRTs, AR B Easpiee

c SHPEEPRDnEheadditives aresalddotimptaveeldantiesé of thiiplton of engines

r | f UMMARY THE |.NVENTI ON The :
p P Byl ot B At RhogRliorus ¥pg extisns RrgssuRgagents

Oishd eetapiype biliness iMPRReFE4dI andBIoNng AT HRLinf o MeHeloils. The

of lubrj.cating viscosity and a tetra-functional )

FAPBPSSH 12° U 53 (e brvedugiistion elugiagebtss or mul a

Si - X4 or hydrolysis product thereof, wherein Xis

i ndependent|ly selected fromthe group consisting of

hydIMARY QF B3y INYENTEON acyl oxy, am no, nonoal kyl

am no ﬁnd di altk%l gm no, In this aspect, Xis

i ndeperdERIFEA IeaPR S disctedri pait éaup bsinatingt dihepragosition

Clofapaibili® ¥ Ynaj $#GmbRin . v .and .even
rep reger _aE)I y Cl_géz%rﬁag@f %Egc?tﬁlgﬁsrc ?ﬁ&oa%?ﬁeteg ~functional

zRlle stgeppmiponid bf thy gewerplfotrinnlaiSa, \or By &oBfsistoduct

A SRARER, SRS 52 2 s ey,
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 t etkoay faryloky, angibx ) etind, YiaHdafcy$ bﬂnﬁffbeanqm Q%}in%sm this aspect,

sglected fromthe conpound of "the formula

h%\sdﬁl‘%ﬂ’%‘{eﬁ wefirated 196 theogroup somBistinROf Gi ¢ ARy, Cs.10 aryloxy, and
WOR L b0 B8R el R0l lyn,a Cl -20 hydrocarbyl |

gr oﬂ_{) )g_el ect eegel# lr%ghw]% Ege?%@gu@ﬁ‘ﬁégm%ﬁg? W paptfo she comtercial
sevalaglity.and branched chain al kyl, cycl oal kyl,

al kcycl oal kyl, aryl, alkaryl, arylal kyl and

substituted hydrocarbyl groups having one or nore 5

subst | AuRMicuIERIfR6feRdd [R5 eRLel 1t
am.no groups; .}eg’lgh R i's éj 19éélmpt%kth)?1xc\6mpnses a major amount
of an oil of Iu ricating viscosity and a tetra-functional hydrolyzable silane compound

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

.
(Ro%a—Si—(—oy:m )4

- @D
wherein

each R is independently a C, 5, hydrocarbyl group selected from the group
consisting of straight and branched chain alkyl, cycloalkyl, alkcycloalkyl, aryt,
alkaryl, arylalkyl and substituted hydrocarbyl groups having one or more

5



i ndependently strai ght and branched chai n al kyl, -

~cycloal kyl and aryl; and a is an integer of O to 4. 5

Tetra(acyl oxy)silanes are typically nore susceptible
to hydrolysis than al koxysil anes or aryl oxysil anes,
thus typically a is an integer greater than zero,

. i e.g.
-1 to svbgitehersalectedadton) hy@gRy, abdxd, ittt afVRIoBRpE each R is
re
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preferab 4 n this aspect particularly prefe
tetra- é’?‘i?ﬁ?&@%‘?éﬁ%@g@ffmﬁ&rmhﬁd ¢hain alkyl eyadogtkyland aryl; and
sel ect @qs ﬁﬁmegtemfg gy pup consisting of alkyl, aryl, ,
al karyl and aryl al kyl groups, preferably straight and

10 branched chain al kyl groups such as Cl1.6 al kyl

| : d _.th tra- f ' I
nyar of SRR FDETER s il o pacsphblerts Bisroheis than

- grlkopysilanes ot tary1gx ¥ landsg tHug MRS X S h@fifeger greater than zero, e.g. 1

t et r aet hoxysi |l ane, tetrapropoxysil ane,
E 9 ?&%‘g&?é&&%gp@%@ 4 @@P@bﬂﬂrgfy@cﬂah]tyﬁ%. In this Iaspect,
: : oxyet hoxy)si | ane,
| BhERAP Sl LBRSIHELTAI SUMRRIR YU MREVEL's885ed from the
t grquplcosgtingmf\adityiharyl) sikheiand ardhikyl , pref ;
t g}airl}gll?ﬂ : netaﬁlgayet i) e @y) s?ﬁgzar]]key, groups 'pre erably straight and
trl fi%*o%& ;%‘?‘}Péﬁé‘f afi reetiod eyenmst Fothjstegandethe doteh-
t RirRtibe % XS ' _ . I~
parti cul a??g:%r zi? girl;ﬁfehgco?ﬁ t%ﬁ%ﬁf%g({lg%&rﬁ%%o&ﬁ%ng of
s fatgmsthog v boadetrasthaxosilaet ieimpmp@qzsﬂaneZﬂ:u"ﬁiseproipoxysilane,’

t - Al | .hydr ol y.zabl I d
¢ SRS W DA IERE, s Gitthsaynpordeiansy |
gtetrakis@athe:cprdpoxg)siahd, ftéifa@ﬁ(é’ﬁﬁ&:@e@lﬁﬁy)@{l re

substjtuents sel ected from hydroxyl, “al koky, ester or
afjﬁ%s Sipyethoxpetheansilane Henwthdxgethoxysilene, subst i t ut ed

h i ved f | ycal th
AR oty Qe o BEMR P P o gt e
i partionlidy\preserttidrtetes-Gichctional hlyddony-aBleisNhetompound is

c itign conprising a major anmount of an oil of
Iﬁ%ﬁ%%ﬁﬂﬁm\ﬂ scosity and a mxture of a

tetra-functional hydrolyzable silane conpound of the
general formula Si- X4 or hydrolysis product thereof,

wher ei khodetra-fimatiopaliydmlyzebietipnt espoummof femaoOLMasQave at

Cc ISE | al ko ..10 .ar,yl oxy, and Cl -6 .
ot Csh Bty Bl morehas 3tied Witk gne or more substitents
nexecteddrarh Yigdiolgl, aikoResRe 8 A Sréf Rirébi

the formia |1 6 (R oin St (RS Fo i i 188 one
substituted hydrocarby! group is derived from a glycol monoether or an amino
alcohol.

Another aspect of the present invention is directed to a lubricating oil
composition comprising a major amount of an oil of lubricating viscosity and a |
mixture of a tetra-functional hydrolyzable silane compound of the general formula Si-
X4 or hydrolysis product thereof, wherein X is independently selected from the group
consisting of Cy¢ alkoxy, Cs.10 aryloxy, and C,_¢ acyloxy and further comprising a
partially non-hydrolyzable silane additives are represented by the formula IT
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wherein; 5 ORi i group is a hydrolyzabl'e noiety

sel ected formthe group consisting of al koxy,

aryl oxy, and acyloxy;Ri o is a non-hydrol yzabl e group
selected fromal kyl, aryl, substituted al kyl, and
substituted aryl, wherein the substituent is a
functional group selected from hydroxyl, ether,
am.no, nonoal kyl am no, di al kyl am no, an1de carboxyl
mer capt o, thioether, acryloﬁi 1haldehyde ‘ - (1D
al kyl car bonyl, sulfonic acid 10 and phosphoric acid;
and nis an integer of 1, 2 or 3. In a preferred
aspect‘WERmni is independently selected fromthe

& °6 2 bl aPloiat bR selegis form heydroup consisting of
Paﬂthgmmy, mfdeafcgde?Q{IQ &y d hal ﬂl))ﬂr@l%!am% gfo%gxé@ @ﬁPm alkyl,

S|ane addltl ormula 11 "'ec rom

R gribsiuted odgubttitnied hwl,twhmnhbe(mumm is a functional
t hesy k t |
Eﬂ% Srreféﬁﬁdhoxyg?mg <BE ) PRPO AR Wi dlindamino, amide,

h@ﬁSbIOKYIL mrdapto,/ﬁubaha acryloxy, cyano, aldehyde, aﬂ{ylcarbonyl sulfonic acid

| 5 yl h I
4 aﬁ@%ﬂ%phgng 8¢ yé}n{d:nlf ﬁ%p%%% ,o% Eﬁ% or 3. In a preferred aspect, ORu 1s
0GidHpbdeREy BasMEd kBRae gﬁﬁwcbﬁél SIaBRG; Cs .10 aryloxy, and

cycl ohexyl tri met hoxysi |
§b%@ﬁﬂﬁ¥¥nﬁ@ﬁ?ﬂﬂymheﬁhﬁx&srmahe 20

di met hyl di met hoxysi | ane,

2- (3-cycl ohexenyl ) et hyl tri nmet hoxysi | ane, 3-

C y anop Egﬂmh;aﬂyﬁﬁfgfﬁ% Xt/rgllﬁlll‘gﬁon-hydrolyzable silane additives of formula IT
jateﬁgfep fl feorm the Bie\gEoupageasisting of methyltnmethoxysﬂane
3 t
B tERR gfb??ﬁ%k rg@ﬁnﬁ?éﬂc?xym ane, butyltnmethoxys:lane

am nopr o ane
31@hu1yﬁpmeﬂ;ob&§mlaﬁbhmxyhlmham6xysﬂane 4-methyl-2-pentyltriethoxysilane,

a@ [ tr ox si | ane,
éﬁ?qﬁ&c)?\é % gﬁ’@ﬂt‘ﬂmeﬁg)xysﬂane decyltrimethoxysilane,
aﬁyﬂﬂmﬁ@kﬁhﬁeﬂﬁk?@?ﬁﬁé'ég@ﬁﬁgﬁﬂ@tﬂiﬁ il R Ging! | ane. 3-

XYySl

|socyano ropyl trimeth
W@ﬁﬁ i)lar& %Iﬁﬂﬁ@ohﬁxyhyl)emﬂhﬁnmb&ﬁﬂ&w 3-

4, R e
phéﬁ§?¥?93§%%§§5 lgﬁg% h& &%ggﬁt%ngSI ane
ppbeetityltrietettaxysildna B meki ﬁwvidﬁyﬁhﬁ&nﬁ'y 1

I sobut i.et hoxysil ane, hexyltriethoxysi ane

|t
oA qpaifﬂes@ywvah@e Raminepgipytiiethhoysjlend, Sae,

gg%fﬁb?%%foﬁb % hoxyno?rgﬂ%lmbsutoxysﬂane 4-
Cy@mbu@hybﬁnxﬁuhn%tpﬁeﬂ}dﬂmluethoxysﬂane 3-
ﬁ@%ﬁ%ﬁ%%?‘&?ﬁg?&% Ig%qgrglenoethyl)-?) -aminopropyltrimethoxysilane,

34@2@@@9@5&{ InbiefiEA)BREA]
met hoxyet hyI trimet E?ng HJI BRfthokysilane, phenyliriethoxysilane,

3¢tayistihenisyane; Pmﬂh@%#@msﬂm, batyliridth@xysilane,
isobutyitriethoxysilane, hexyltriethoxysilane, octyltriethoxysilane,

decyltriethoxysilane, cyclohexyltriethoxysilane, cyclohexylmethyltriethoxysilane, 3
. cyanopropyltriethoxysilane, 3-ethoxypropyltrimethoxysilane, 3-
ethoxypropyltrimethoxysilane, 3-propoxypropyltrimethoxysilane, 3-
methoxyethyltrimethoxysilane, 3-ethoxyethyltrimethoxysilane, and 3-
7



propoxyet hyl t ri met hoxysi |l ane. Even noré preferred
partially non-hydrolyzable silane additives are
sel ected from 3-am nopropyl trinet hoxysil ane,

3- am nopor pyl tri et hoxysi | ane,

3- aninopropyltripropoxysilane

3
412% nob u? yltriet ﬁ%xyy jl‘:g%g‘%b@ pfﬁngFﬁ Bpttially, pon-hydrolyzable silane
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Gﬁﬂﬁléfﬁ% grssicoted fiom prmirmpiropylyetithdysikayg, cont ai n _
oﬁwﬁ{u g]% 11{"6@5 aqdl téves known for their intended

pur poS PR aoRysane WOHPEHB?EQFR?@Sﬂmml oxi dant s
addmhﬁ@pidp&hbtﬁbkﬁﬂm%‘ﬁmﬁ@%ﬁﬁ% ity %ﬁéﬁi’m Lo a

l'ubricating oil conposition conmbusti on
engi nes whi ch conprises 10 a) a najor anount of a

b ity; 5to 10 % of
ot r a finedtbrictf dfiobiBbod bF 8 Prceir b ention auatsontein other
s ditpivhetadditives khewe ﬁﬁ‘]@l@diflﬂlté?ﬁeﬂ ?ﬁrpﬁ)@é fithas het@f&ﬁt'_samipersants,

hydr.ol.ysi s t hereof O
TS al] BEREr i aeneenss dmmgbmeinbmgmag@u -@mposition

h)fgy']ggéﬁm% e group consi sting
of strai ghtmggﬁﬁgfgﬁhﬁﬁgﬁ CB%%% cycl oal kyl ,

al kcycladal k),almajarqmqunt 20a bhdeanldf, lulékﬁdé.ltlﬂlg, ikbosid
substltb ted @cﬁ EX ffﬂ%nﬁlﬁps havi ng one or Nnore
subst i thent ¢ a2 f GaRnsk Dy QIYIZ@‘%?Sll@gtcemponnd is

am no group %ele&@& Romkhé §orhﬁ6{ﬁ'@eci}qﬁ@%)|r%uﬁatlro%la ogyﬁ%product

branched chain al kyl, cycloa

an i nteger Sherepft 0” 4. 25 c) O. 5 to 10 Wbof a detergent
d) 1 to 20 % of an al kenyl succini mi de di spersant
derived froma 450 to. 3000 average nol ecul ar wei ght
pol yal kyl ene; wherein the percent adddtive is based

upon the total weight per(clgat ofSit eogR )
| | a b @

wherein

each R is independently a C;, hydroéarbyl group selected from the group

consisting of straight and branched chain alkyl, cycloalkyl, alkcycloalkyl, aryl,

alkaryl, arylalky! 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

ais an integer of 0 to 4.

c) 0.5 to 10 % of a detergent

d)  1t020 % of an alkeny! succinimide dispersant derived from a 450 to
3000 average molecular weight polyalkylene;

wherein the percent additive is based upon the total weight percent of the

lubricating composition.
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| ubricating conposition. 30 8 A particularly preferred
tetra-functional hydrol yzable silane conpound
according to b) above is selected fromthe group

consi sting of tetranethoxysilane, tetraethoxysilane,
tetrapropoxysil ane, tetrai sopropoxysilane,

t et r abu® BRYisledy preferrest totra-faratibnalytgittoyable silane compound

: g-{cécg'éiln%gtggi oxé Ef)% s%ge)éi%lf %(!?Ifal gﬁeégrogp consisting of tetramethoxysilane, -

t dttraktioxfeitane xyidpgtopakysildrdNR raisopropoxysilane, tetrabutoxysilane,
tetrakis me%iﬂquyet hoxyet hoxy) si | ‘ane,

t PPHFALEORY Systrakis(methexivethhsyyidtine; tetvalis(mctiracyprpdxy)silane,

”'tﬁil:!ig( i er _aspect tqQ this

I J%r i ,caﬁﬁ%ﬁeg%y)éggn%ggﬁ%%ﬂgl °“t‘¥?gh$‘éfﬂ§‘ﬂ’@35'ﬁ¥81 usi on
oftrimetheoxpdibenysidars, dimetioaiethoxysitit, alltiethoxymethoxysilane.

non- hydrol yzabl e silane selected fromthe group .10

consi sting of 3-am nopropyl trimethoxysil ane,

gm.a nmog(r)’gguﬁ If‘f’ﬂﬁftgg gf)i(ig g\%ﬂacg{gl’?g oft composition is the further inclusion of
3LEom ahawt ééytp tPi%bof ®Rrgrtiallpnen-hadwlyable silane selected from the group

anj Yetal i oxysitane. TAI LED DESCRI PTI ON 15

Si ﬁgg%ﬁ%edsf?edr@hg rrgffilm%tﬁgxy@ RS SrrTEBRRsRYIHicthaxysilane, 3-
c antimimopykripropoRsiikné, Joaminob APy IR IiIEA A1 4T 1O Lhe
organi.c group, i.e. =Si-OR . The earliest reported

o PHERRRLLY I etog BHlaB® rpounds cont ai ni ng four oxygen
bridges were derivatives of orthosilicic acid,

Si(OH)4. Silicic acid behaves as though it is dibasic
WRETAKSERIDESCRIPEIGNand 11.8 and can form pol yners
such ag.silica gels and silicates by condensation. of
the 20 d19ORSSersgroonganis silicencompaunds that coutainemi cygen bridge

Carpi e i lR6E afdhittothd biehi &ﬁp dsg; 358, fgfenred to b .
thejr organic nor?e_n_cl at urcgg,? d?’g'exa{ér%?{é T:q%gag}e;gog@oﬂeé/orgamc
déilicom epp@undseqnbaRig)faus axygen bridgdsweys ddriatvesst driMsilicic

? g’%(ilﬁl’g%%e 0 %@ﬁ a\éﬁe. eﬁ%&%i% difresigifurKs atabeut 9.8 and

adil @ andda Foemmpol@uers sﬁ&fﬁi@ﬂ&@t%s&%atsﬁ&%s 8Y Cofifthsation of the
rg.ar?ed as organosilanes in the strictest” sense;
S &"E’é’

SHOUPS gF r@ixcé@ﬁ@(f girligaﬁqém}s) Somamedy organic silicon compounds are

t i b thesi zed. .
ﬁ%‘?}‘f{f A6aF SO Wbieh AR TRl AROLT flrivatives
af(O&Hoh dx tsuaemsiqamydndclwia:ylmsa)aﬁ{rétﬁve@&(b@cﬁ:ﬁgmsde

% \X’%I# 0of . agpl i cations which are sonewhat dependent
on e %éﬁys%p *Si-OR bond is expected 30 to renmain

intact or to be hydrolyzed in the final application.

The esters of orthosilicic acid and their lower condensation stages are not
regarded as organosilanes in the strictest sense; since unlike organo{organoxy)silanes,
tetra(hydrocarbyloxy)silanes can be synthesized directly from silicon or suitable
natural silicates and alcohols. Tetrathydrocarbyloxy)silanes have a wide variety of
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.
Tetrathydrocarblyoxy)silanes may contain up to four matrix coordinations in the
polymeric hydrolysates and thus can lead to more rigid films than alkyl and
aryltialkoxysilanes which have three matrix coordinations, Likewise,

S



104 papa

Tetra(hydrocar bl yoxy)sil anes may contain up to four

matri x coordinations in the polyneric hydrolysates

and thus can lead to nore rigid filnms than al kyl and

aryl ti al koxysi | anes whi ch have three matrix

Co@idHolRbkANEne dah QY ' Ll ane, can ;

- forma [mn%l ayeer or Yg}pg)r(lattni %ﬁ?ﬁ&g%r ggéﬁal%%ﬂo&wgi}@%%lyms on
ad $6¥9pLasPiém mietel atfadie hes béaosbshasd BROOmMABEF At BF carboxylic

r ogRyt for carboxyl | cid esters and .

ceiﬁgeﬁ%ﬁ%é‘aﬁéﬁpﬁg@éﬁ@.eséﬁuiﬁusp fAseE8Y Hesrasiéve. However,

r eothi adeorptianemte b metflGua e SR Rbbi

5surf e and rubbi (IIIglye undeﬁ I oadlﬂ??/lglgcl:lg I soagrtgﬁ%%g’daégnte%dedto
5 BF‘%‘E‘&%@*G {HTRARLY ear {Hey indhg case bhithie estefsof ortbesilidic téid. The

eSHRhS ok G ' The . il t hys  produced .

avepoon PRULIRS L Bben RbL 10 Chfain 5} ey eiffee o freventing

pr ¥ganes segn imthaexamples belowi. Thé fitin exaaBt a8 ofA8Hilayer.
ayer of multilayer. Th

fi Ld be n e
WII"%%%I%?Y% 8%‘?}8%%81 FTHREFconReciskibrnvet edepse mewiagk stucture,
| oo Hot® hiidisb ' i o

el B s L gy B s
Soropian etheisusBae a¢tiveaomponents, fsacheasaieteryenits, antiwear agents,

t N ts, .
i SR cto yfich 83 81 B B3hSbas Plve iftin, 306 Resviston g covalent
f i borls tathe shfacerird@BdOvith QwaH&RtamoRAN St e $Rsibilgy %{tﬂ&&egree of

prg}gcﬁeds W t h % certain _anopunt of reversibility w

t hOHesFRbOndipg drcreasingewith Svdhen goutiensatiani ilsewdse with the removal
f usttger Gen j ' i ith the renoval of

wat er_the b%ﬁ%@ﬂp&%ﬁ?%&%@{éﬁﬁ% TS lui’eﬁe%fi?t‘éq# g{/tpe film
15§ nmsk likewvission pernuf a poitinal dispRcemehtlof kRWse coRBoRaRET t

a positional displacenent of interface conponents. The
Si-O- R, bond undergoes a variety of reactions apart

from t NEhdBidD-®; YohBundep 9@4}5 ; | -
noi et éan | mprove %Iil I ésiogelg ggﬁﬁl y g%ghgrtl Zag) fﬁl’%%?/ﬁ( %et}ﬂydmlyms
| nKsRndepsuiaay The Py Moty earsizgpreveeil sflulility aklstabylity with

gr . .rate,of 20 hydrol ysjs.
T Sl R e AP PO B By ik rdriraisap heaut of
20 exloerolpsis. Tetrefaimiy)silbumdsi dndttétra@ﬂ?wxbz}mh&s?%s@w QlceB¥Bthermal
a Mboﬁtgr t&ﬁger %ttjre range what w dens with l'ength an
brXTERY A§T Yruidbehayieraver a drrad tempgraigrsrangewhat widens with length
ardndGraiehmeiof ' S LR Gk €4 si
SUScopt brEe Sesib Bl AN s SA%y- iEh ety R B sdenor e
i ri¥pledbegoresueceptible thbydolysisihirettie bikok{itlanes. The ifeased rate can

basi.G.. cter of the byproducts. Thus catal ytic
aqrr%ua%ttng’ H%é %o@eé% eorgIﬂS’ﬁy aglep obihe bypradwes) FE%‘S catalytic amounts

25 acfehsnedrecid s ofied 8ddeliab hbceforiik |ﬂiﬂ§ F@1%81e3R Wustrates some
ph chqI roperties of comercially availablé SIPEnS
| egif)ﬁlgq pyeperties of commercially available silane esters.
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TABLE A
PHYSICAL PROPERTIES OF SILANE ESTERS*

Sas> O Compemnd CAS Formula Boiling Poin® | Melting Point | Density Flash-
W._ o . < ” M m O Registry °C °C g/em3 Point
o W,A +7 . o .Monmsnonwmmmsn [681-84-5] Si(OCHs),4 121 2 1.032 20
oxS!ls! O,Mom_mnﬁmm%m:»sn [78-10-4] Si(OCHs), 169 -85 0.934 46
Oxnmo m g mam%swo@a_ﬁn [682-01-9] | Si(O-n-CsHy) 224 <-80 0.916 95
w G ~_. Zz" .0 .Hoﬁﬁmomovoxwm;ms@ [1992-48-9] | Si(0-i-C;Hq)4 185 <22 0.887 60
M.M +. WW = ?W%B«%E_mwo [4766-57-8] | Si(0O-n-CHo), 11544 -80 0.899 110
N m ‘>0 .4 Mwwwf.m@wﬁox&mmmso {5089-76-9] | Si(O-sec-C;Hy)s 87027 0.885 104
~ o —mZ w ﬁﬁﬁwﬁ@é@ﬁ&zﬁo@uﬁmﬁ [78-13-7] Si(OCH,CH(C,Hs),)4 16607 <-70 0.892 116
g & ° {m . ?ﬂﬁw@m&\;ﬁoxsmmmﬁ [115-82-2] SH{OCH,CH(C;Hs)(CHo)))s | 194015 <-80 0.88 188
Ui~z S Hm@ﬁmﬁwam%oé- [2157-45-1] | Si(OCH,CH,OCH;), 179147 <70 1.079 140
WN r M 9 m, N @Sw%%m;m&n |
- o ' o vw Ay ﬁ&w@wmé@m%% [1174-72-7] | Si{{OCeH;), 23613 48 1.141
— S ' 8 M o5% Wﬁ%o&orwmmmba hm%m-mo.mu Si(OOCCHs;), 14845 110 sub 1.06
W ® oo * %@w&o@ﬂg&%mﬁ [17622-94-51 | Si(OCH,CH,OH), 200 1.196
m m 5 W m s mdﬁ%&wﬁ&aoﬁ%oé&g% [13170-15-5] | (CH5CO0),Si(OCH(CH,),),
m .D. o= 5 M -Qm@ﬁ xy-di-tert-butoxysilane® | [13170-23-5] | (CH;COO),Si(OC(CH,)s),
= S _> O ”.WHN. _WBH Encyclopedia of Chemical Technology Vol 22, John Wiley & Sons, Inc.
—_— ubs enotes pressure, other gmﬂno%wono in kPa. To convert kPa to psi, multiply by 0.145
- = G mnu O@ qwﬁ: from Sigma Aldrich Co.

f)

_rJHd ol /W

11




5

10

15

20

25

30

CcAb.L~ "GWJIWJ QFt yyy, ro o0CGJ AAnNnA
nNn&No-~yVI ON3oU (") m OOOCDOONO.
~tl1000 o0oo0oo0oo0o0ry~bAWWW~-D~-O0O r+ b

Ncnb-a~WD Ato~" O bAN. hJ Ooho- 010
OV~ al 0.0 The silicon ester conpounds of the

present TESLISOR GHerRopnoansds effhe prestny inventibrdman bepeparet by a
Sy Wille hinsb R BWaK St P ri.nci pal h f
silicon ester y%%ocf&c?ﬁ‘(’)aﬁjsij\dg@é%ggséPFﬁgaal%%&&wm ester
Eb@ForBistien wawdesciibrdinsVen Ebelfiatls4 846 dyrffiddhOH - >
Si(OC2H5)4 + 4 HO Catal yzed direct reactions of

al cohols using silicon netal introduced in the 1940s

and 1950s (see U.S. sRat, ey C H 2 4] a

3,072, 700) becane inportant m?omrc(%ﬁ%écm%gy in

the 1990s for production of the | ower esters via use-

of a 10 Eliekq talysis, U.S. Patent .
4,113, 761. )%lﬁot rg‘?q%’ﬁ#gsr SEAFONDTS Wing silifondnge) IBF%’&P%'IH the

al R84psAnd 4A88s (sec BB, PutensNed. @1478126810he B,072,700) became important
i on actical when the al’cohol to

2  terifi h _
I e T T
al awtadalcoBslateRataREDVES PRenEING! ?,gi PhéP '}mogéap &dmmercial method

preparative nethods” of al koxysi ["anés can

ex B P Prepareatkaxypilapgs is biy3ransesterification. Transesterification is practical
when the alcohol to be esterified has a high boiling point and the leaving alcohol can
be removed by distillation. Other preparative methods of alkoxysilanes can be

exemplified as follows:

=SiCl + (RO);CH — =SiOR + RC1 + ROOCH
=SiCl + NaOR — =SiOR + NaCl

=SiH + HOR (catalyst)— =SiOR + H,

=SiOH + HOR — =SiOR + H,0

=5iCl + CH3NO, — =SiOCH3 + NO,Cl
=SiSR + HOR — =SiOR + H2S

=SiCl + HOC(O)R — =SiOC(O)R + HCl
=8iCl + HONR'R" - =SiONRR" + HCl

XN A WN =

Acyloxysilanes are readily produced by the reaction of an anhydride and a
chlorosilane. Aminosilanes are formed by the reaction of hydroxylamines with
chlorosilanes 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;
5,817,853 and European Patent Application Publication No. 0 465 723,

- Tetraatkoxysilanes typically are prepared in slurry-phase Direct Synthesis
processes wherein the solvent is often the product itself. The catalyst can be copper or

12
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-.cont

1. =Sid + (RO3CH -+ =SIOR + RCL + ROOCH 2. =Sid +
NaOR -> =-SiOR + NaCl 3. =SiH + HOR (catal yst)-> =Si OR
+H 4, ==SiOH+ HOR--> =SiOR + H20 20 5. =SiCl +
CH3NO2 -> =SiOCH3 + NO2C1 6. =SiSR + HOR -> =Si OR +
H2S 7. =-SiC + HOC(OR -> =SICC(QR + HO 8. SiC +
HENRBPer congoiniBukis usu 41
re di | roduced by thg%zlg?%(l gﬁ}%Mg#egdﬁﬁétd%ﬁg an%ldmg
i ﬁ%ﬁhemcﬁwsﬁrg disglosed by 6.5 BatendNos 31633, sn@az;smagrm

f I I osH nd r.enov of
F.%E‘?ﬂ“é‘é“ﬁ?g‘ﬁgﬁéﬁ%é%rﬁ?@elf’% s Ml Rfftulens Pe

pridipest Swhaﬂypmxw ielrphes caﬁtﬁﬁbli%ﬁv&@éd' sﬂi@bﬁ%‘afiﬁ!@%mamtmned

| arl rt.-.but dlacetoxy5|lanes are
dﬁé%’{l%g%%{’? ﬁl ’geh‘%fh‘?"lﬁﬁé solgeni 9gd apgnade, togect with an 3tEohol at
5.1y 180 EMFOTER hodtRAl bEBhbaNn %‘E' P&k O
Tetraa oxy3| anes yplca a

a?é&lﬁﬁ? b Ur&%ﬂpﬁﬂgéllm,r%%ﬂ %mfg*%9f4’9?%&ﬁ?}ﬁ 084,590;
t oduc I1se e
2?2{?" B S368 ST ophoi onise Bogiors oo sdurmst Swabess of

sliexysildn anl tefriekoxyilark kithibeBpkake Sl tb&fh g
LOIC@,‘?; zT cqhol Slfgﬁl procegsgic,%ar ee |scaos‘e‘%e 5 Eptgmous

C vgs%{lppragmg a ginglgaiddigipn of 4ilitod adbdatalyst is made to the

SRR ARt B APl gttt

c gﬂr@pg 19 fedlly rsacted] orvatae ®id dlcﬁ:ﬁed ﬂé%' ¢ l@f ﬁgwg‘gio\'i}te'gitlé"ggo ol
oi | i

APl IP R e o Bl b ig phasa sddioncs wvataaible. In
t enm&mw bferatidH, &h&@&@éatﬁl?%%%%%ﬂgggo ﬂl'g%%g) elgiglapy and

U S. Patent Nos. 641, 077;
4 thesqatlen to mmnmtmghds@o@mt 4fite sﬁmsmtﬁamcsued limits. The

S ofin B34 ec%ﬁéy (it pardiy| Iﬁg%t RS e S
t St128A5K O’Rlyesaldsﬁéti%&aﬂ&m ﬂi@d&ﬂ@&%&@rﬁo&é’d Borh? @'iéﬁjg}%téﬁn% [ABas phase

0. node. |In batchw se operation, a si

a&H#P ﬁm&& with ungeggted algolaalt Iﬁplﬂélpn o€ thqranimiltct)lstahenmphshed readily

cop ot bt @R o BN Cofiriop Bireat Sypietis g
f trialkoxysianes i, dislosed arUek] PatenaNOes,08€80018ar SfetPfalkoxysilanes in

h
PR s B Lok et i o 1o

The hydrolyzable tetra-functional silanes useful in the formulation of the
lubricating oil compositions and in the film coating compositions of the present
invention have four functional groups attached to the silicon atom. These
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
dialky! amino. More particularly X is independently selected for the group consisting
of Cy.¢ alkoxy, Cé.p and aryloxy, C,. acyloxy..The hydrolyzable groups employed
may be hydrolyzed by water, undergo alcoholysis, transesterifcations reactions, and/or

produce polysiloxanes derivatives by condensation. The tetracoordination of these

13
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conti nuous operation, silicon and catal yst are added
to the reactor initially and 15 thereafter to maintain
the solids content of the slurry within desired
limts. The batchwi se node is illustrated in U S.

Patstifte d¥poufldsiidvi 2 0 5, 728,858.. The :
desired react i?oI% Eﬁ%g‘ﬁct?rse Z?ﬁg&&%@ﬁgm F%ﬁﬁ?lfwgﬂﬁgéﬁﬁ‘whamous
i n PEOR§aties piihaving gicat hardnest and/hightohecHiiiea eés@iknas.cohol .
I solation of the product is acconplished readily by

distillation according to known procedures. Continuous

Di rect Shotdmesihsdlyzd0let drbgi" ' o ' .

in .S _Pat e& hﬁb _}’52?0865Sr 5@0%%%# aﬁ?ﬁ%ﬁi‘%@%ﬁ‘?ﬁ%&“ refers
in'© yegup P ?Hh%b‘;.dl@?@%lf&(bkz of3md&gpihg toaduhsation reactions under
4, % : I tra-funct.ional silanes

use ufﬁ_lﬁﬂfe ¢ %-I{elﬁ%l%%éqn%?&a (Iﬁgill’% cg?éiﬁ%%&xdﬁ‘ﬂﬁ“}%w agprepriate
conpeBtietsothsrehpdielding heofipbind; Sa¢HE cHRUBROSH ni8Bsingf
th%m&k%?%gtr ZE i nvention have, four functjional groups

at t AChed P8 'HTHO% APpmpriatesenditioas include egidio prdesioagheous

hy domdigigrabdriohkll f e ral ..
ol a oo oy e RO oo bl Rirarcingly, e

10" teamy naehudrabrebly ssipd et vskdrindin progenginyeptiondefsd Btd Houp not

of . rvl.ox cyl.oxy, am no, .
mﬁ%ﬁ%ﬁ%ghrﬁrﬁdé&g‘%“%r%?%?ﬁ%ﬁ Pn'\fﬁ%orb%mpwpmqate
X tenditimhe pe nfleydrblyzing hadéate bsraitda lﬂfea%o%)i%; Pg@ﬂ?ﬂ&mg the

30, 0 1..6 al koxy, Cb6-1o and aryloxy, Cl.6 ac
. TheY %9’3?*81??/

FQHPE groups enployed may be hydrol yzed by
wat er, undergo al coholysis, transesterifcations
reacti ons, and/or produce pol ysiloxanes derivatives

15 by condMesepdrtenlaiyprefetadaroticdtfafinefom hyd8E2aH13 silane

. i de f t di ' I~ fil
ORI oot 0 o o ok et

_ grthateoltar dness and hi gh nechani cal resilience. The

20

term "hydrol yzabl e group” in connection with the
present invention refers 5 to a group which either is
directly capabl e of undergoing condgnsation reactions
under appropriate conditi ops or whiich is capabl e of
hydr ol yzi ng under appro@RO Scpn@CRi gns, t her eby

yi el ding a conpound, which 1% capabl e @fssunder goi ng. 6
condensation reactions. Appropriate conditions include
acidic or basic aqueous conditions, optionally in the
prebaesaR Rfin (e Accor dingl t he
10 term " nonﬁsﬁﬁgégﬂ%ﬁ%ﬂgﬁﬁﬁou ssggecfeﬁ fllj(ﬂ’éﬁie group
pre@ygiskng of senighband lrhectedchain afitydycivalkyl, aBRFBILEKIL, aryl,

12
TR0, BT o MIVSBHAG i v viok pas atmersbstiuents

25

30

t reelectzddicin Bytoky, aik@dy A% @r Bﬁ’ﬁnd‘éﬂ'gﬁﬂ; b: 2 ii&gldé}na%denﬂy 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
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
phenols, can be reacted via alcoholysis with the (RO) group above, typically a lower

. tetraalkoxysilane (usually 2 methoxy or ethoxysilane), to form oxygen interrupted

14



10

15

hydrol yzabl e groups. 15 Mre particularly preferred
are the tetra-functional hydrol yzable silane

compounds sel ected fromthe conpound of the fornula I
or a hydrolysis product thereof: O 11 (Ro_ a
SlSé)OCRl a\ 4-a (1) 20 wherein R is independently

stitacrit grirupe Aty forgxanples aiashdysilbaiRdhe rgic@éﬁomm glycol
st rai ght and branched chai n al ky

c%‘?llb%h?fl ?GSI%JF%V Eplach thyae ethoxy eroupsox ém,rlethoamrcaxpls yTo replace
s ubstitu g‘ ngtrgﬁlﬁs g%{ﬁ%ﬁﬁ@g&r#ﬁﬁg :rég%/z Qﬁ%”*ﬂ%i{?’l’ RS fl’eﬁnc% ps sodium
r‘f? fRrmyarbelisali metal alkomdépaiammy pte&hl‘eﬁ It@ﬁhlkgr&dﬁgd?ess parl%pared

K clo
| nt egggg ?ﬁgﬁ({%ﬁféﬁs *?E%DCXSH@ ﬁiﬁ Q@Hﬁﬂzw‘ﬁbﬁe R,
amealkyl; awleﬂkylcmrhh@ sinﬁ}aﬂ?,rm&?h)bg%{k dé?“; t%%rg%ﬁr(sg{ge g be
oS e R Sing, hoplssp formonminabcorystynaanPatioatary preferrod

'T%W&¥ lgﬁr%htié{f%ﬁ‘gre egﬂealﬁ%m%%% B‘H‘e G k%bﬂ%{]gt%plo and

p Ry isyGeirs atlod Ramhmdlzsﬂycprefmieﬁ layhio SlcidIPReRAbsted &8 De

t?ﬁﬁ ggﬁ?%@“‘ﬁ]&g@f ﬁ%lé?t " h%ﬁéﬁgxﬁé&jﬂpﬂ&?g\ﬁfﬂ preferably

MeidIRXlkyPor RAIRGPANE '11!16%@ ﬁ%_efe Hkloﬁlégl%ﬁ&sisnﬁrgéuc% of f%nnula I

14 substituent groups. Thus
t &2 Beformed 3ia thahydralysisend eamieashﬂmtdﬁt}gﬂ oefounds of formula I and

$QehE th et hoxy groups. or
f oo anRle £ SENEHRR SishEBtaty SR rnenty P Bhpig one or
t ypire alldxpnaberd®) | anount of a catal yst- i s enpl oyed,

such as sodium to forman alkali nmetal alkoxide.
Particularly preferred tetraal kyoxysil anes. prepared 5

L om gl TBPRE R Sy RSB E B oy T 2

.20

25

30

f ar
Si (OCHRCHD frulg | °
ahydrolyziable Isﬂmﬂe}cpnmbumhxslsylﬁbﬁd @fond 1he ek’ dAbikny st | ane
c ag con cted mno al cohols to form
a?nerfrn Ik t}}&ﬂ@lga[np »JFiLae Cﬁiaﬂ qng‘ﬂegppryp@fyéfl@m; tetraisopropoxysilane,
tetrabutoxysilane, tetraisobutoxysilane, tetrakis(methoxyethoxy)silane,
tetrakis(methoxypropoxy)silane, tetrakis(ethoxyethoxy)silane,

tetrakis(methoxyethoxyethoxy)silane, trimethoxyethoxysilane,

dimethoxydiethoxysilane, triethoxymethoxysilane, tetra-(4-methyl 2-pentoxy) silane,
and tetra-(2-ethythexoxy) silane. Hydrolysis products may be represented by
boly-(dimethoxysiloxane),_ poly(diethoxysiloxane),
poly(dimethoxy-diethoxysiloxane), tetrakis(trimethoxysiloxy)silane,
tetrakis-(triethoxysiloxy)silané, and the like. In addition examples of

tetrafunctional silanes with acyloxy groups are tetraacetoxyoxysilane, silicon

tetrapropionate and silicon tetrabutyrate.

The compositions of the present invention may further include from about
0.1 to about 50 wt. %, based on the total weight of the Iubricating composition of a
compound of formula Il below, or a mixture of hydrolysis products and partial
condensates of one or more silane additives of formula I (i.e., trifunctional silanes,

15
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gl ycol nonoethers are sel ected from HO ( CH2CH2) nR20

where mis from1l to 10 and R20 is Cl -6 al kyl.
Particularly preferred am no al cohols are sel ected
from10 HO (CH2CH2),,, N(R21) 2 where R21 is

i ndependent|y hydrogen or Cl -6 alkyl, preferably
nodidickiyhal siamts ahayd fusdtidnalsiiand, edEmnatinés HeldYih-addition to the
I—N%&%%sg.s Er.gﬂ%uc%ts of formula | ~can be formed via

t he Pl pangsof fognuladsHhs iecten ofthe additionsl sdanst additives
f oinGdipdratedaifith thé Abrie XA represent.

by ﬂléitp tfxCR) 3 lgr oups ritﬁlhus fogn 'Sﬁ%ﬁ%ﬁgﬁg?br&r%%r@%&g%%ﬁgepend
boRed: the parpeppregerties todtereahanvet! iop ivapartidlta Bigtser the lubricating

re mul a. | e hydrq)yzabl e silane
corusRNcf: M e R Koo T wniphelsilals ddigyaspre represented
t ety thedodnoolyHi | ane, tetraet hoxysil ane,
t et rapropoxysil ane, tetrai sopropoxysil ane,
tetrabut oxysil ane, tetraisoblttoxysil ane,
t et raki s(met hoxyet hoxy) sil a
tetrakis(methoxypropoxy)siIglﬁ'@?“%ﬁ((m‘1)““rl 1
t et raki s( et hoxyet hoxy) si | ane,

hoxy).si | ane,

t et raki s{ met hoxyet hoxyet

trineth %Pﬁ%ﬁé P%fiéﬁe -Qitirdatishyysie Bydrolyahle group and may the

t rdagicha ayf@tianenin=-ane 2. Eeihak s RGL OX

silane, and tetra- 52- et hy ‘el)?%é{/l;ﬁfg@ﬁaﬁég R%’dlgf) § pre for

P rFaples alegyy (seferble€ entaithxlyysuch as, for example, methoxy, ethoxy,
- (di il 9xane I i et ho il oxane), 25

B%—é{%ﬁ%@?ﬁ%@yﬁ_&g{ia@? ﬁB@Q’ F'S’E‘H%/Y(e@’}'eefef ably'Coio -aryloxs)f, such as, for

t edxamiplcs pheroRD), BAK XSS @ ¥ dxhRPR C, ¢ - .

tetrakis- é;pr i et hox ?l | oxy) si :aglge, 1a6n§c¥lﬂ}éy’ ISllliheE.lS’ foﬁ example,

adtFFORE AT BEORIAIVIOXYbf  tetrafunctional silanes with

acyl oxy groups are tetraacetoxyoxysilane, silicon

tetrapropionate and silicon tetrabutyrate. 30 The

conposi R enanarf-hydvelypabds giinp Whicinkp Bptenall; i & Functional

i n¢l ude, f t 0,1 bout 50 wt. % b d
It i 0‘3%%‘%32 lljooﬁfre eyt 7 ?Wagi;’t q:r-fg'ag"dirﬁlé%h aﬁansagth@lg gdayl,
C aRPRIL isopropr, Mueyl! 4-bie! QY ¢ tylggér?égl%fsf%@é §1f oyclohexyl), and aryl

hydrol ysi s products and partia

ndPETFRPIN (el sugh @s,dbr Exampid, phinyl @id Raphthyl),
trifunctional silanes, 15 difunctional sil anes,
nonof uncti onal silanes, and m xtures thereof) in

addi t i dpetifictehampleedf Mhttiial 57 thEREHD
_'I'hglaa‘?el ection C}%Ila&he_ addi t | o%ﬂgiabssi | ane a%d?%{%é?g@dkoxyl,

YOHEP-HOR B0 diplkylaminm gmidarpabotylomsreaptol hépether,

Prag CPMBNEIHER AW 41 on .t articul.ar .

pr o%gﬁx eg%t%o bg{ye nh aﬂr%g%Q%M’i S&p@ﬁceaa{h?a&ﬁé)ﬁ’?ﬂ’gﬁmf peid groups.

| UhepeBmetigpal 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
above-mentioned alkyl, or aryl radicals. The radicals Ry preferably contain from
1 to 18, in particular from 1 to 8, carbon atoms.

Examples of silane additives represented by the above-defined formula are
methyltrimethoxysilane, ethyltrimethoxysilane, propyltrimethoxysilane,
butyltrimethoxysilane, isobutyltrimethoxysilane, hexyltrimethoxysilane,

16
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_ SﬁPQ)@@ﬁtlﬁﬁmmﬁ&dek@iyémmthoﬂySIB.gy,L@ﬁE)heﬁﬂjn@ﬂﬂyﬂﬂetlh?xysﬂane
may .pe i rrupted by oxygen of su
'a? %ﬁfg&%) le%ﬁmoxyséngﬂﬁ&n ﬁ?’ﬁ@’r@é}f wastherysigegr oups are
dé#elthte@p NrishoRYsdand, 3 ‘ﬂ@%“eﬁm d al kyl,
0 a K®g|calsﬂﬁﬁhgnragﬁgémngl pre erg% 5 cont ai n

15
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.5 conposition or the fornmed fil mceating. The optional

silane additives are represented by the fornula Il

(Ri o),

Si(OCRr1)4-1 (Il1) 10 where nis a l, 2 or 3;

the -ORI'1 noiety is a hydrolyzable group and may the
same or different when n=1 or 2. Exanples of

hylemothyk24peatyltiRhoxtysilamg) Asmahol ﬁ%m? iBh&OXY
(pr er a% % 6 -al koxy, suc or exarr%ﬁ

' glf’;?e deﬁy @?WSlliaﬂ?)rCUp'@hgxmmeﬁng;a)m,
ar J:l@ﬂé‘x & as, for
efgrrpl ewrgheg%?(?&m%ﬁg éﬁ]%é%‘b%rth % C-6

- dopreRlp emﬁemltnmeﬂmmb Q*C%OQQE?Metﬁbxysﬂane

e group which

pro op{’};éolgy}i me‘@%‘S’Pilg’fa E‘H’g Ml yza e, Exanpl es of

R|3anab6ptai)ﬂowltlﬁrﬂétﬁ6ﬂsﬁﬁﬁé/ 3%1?10

et E%’D@/ . N-propy| . i sopropyl, %‘%Wf“lmtﬁé’%ﬂ?ﬁam vl

(IN~ -

h%;@ypympmltummysﬂaae,d aryl 20

h_as, for exanple, phenyl
and napht h@&é@‘“"%&‘@gﬁlﬁ%@% > functional groups

of- (ﬂfmnmihyiahldalmﬂ@ﬂphéﬁmhyhﬁ'ﬁﬁétﬁdiysﬂa&t Eﬁényltﬂ%ﬂﬁ’ysﬂane,

di a Kyl am no, am de, car

25&‘&@’6?%1’ aﬁ‘%i’w etée%xmlaw uegw&oxwﬂaanyde
aﬁd@hﬁt«‘fﬂhbm T}lf']sﬂal%i hi tlfb%brgla%@d @ﬁ%@t‘%@ﬁg@ac' d

groups

£ PR

ag

ese functiona gro’u & to the

H

QXYF Yl%meﬂwxﬁﬁhpﬁéﬁthpxwhyﬁrﬂnﬁbm@sllm[ bon

HSpo ?ﬁ?‘m} | itives r resented by
t hé above- defi ne g%nrffilzaq%ﬁgexy “P‘ryﬁ hoxysi | ane,

eﬂ’rv;hyﬂlnaxryﬁnbthmﬂhaﬂe propyl tri met hoxysi | ane,

| | h |
B et e
A frireth o @mﬁﬁ"eﬁ%}f)} ﬁbp%ﬁfﬁﬁét?&ﬁsﬂane

4- et hyl - 2-pentyl trinme
oB%l‘;ﬁh?w(n@Vﬁbxly@q baﬂahyﬂmdthmxy@ﬂm{eoxym | ane,

USRS PR om Bl Fremmopyatane,

d[nmhbw(pblyﬁhﬁeﬁ@,ésyjeﬁﬁ@}methoxysﬂane Ia?d the like.

2- (3-cycl ohexenyl ) et hyltrinmethoxys
3-cyanopropyl tri net hoxysi | ane,

ane,

Although a condensation catalyst is not an essential ingredient of the

lubricating compositions of the present invention, the addition of a condensation

catalyst can affect film formation, abrasion resistance and other properties of the

coating including stability, porosity, caustic resistance, water resistance and the like.

When employing a condensation catalyst, the amount of catalyst used can vary

widely, but will generally be present in an amount from about 0.005 to about 1 wt. %,

based on the total solids of the composition.

Examples of catalysts which can be incorporated into lubricating compositions

of the present invention or more preferably are provided when such lubricating
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5 3-cyanopropyl tri met hoxysi | ane,

phenet hyl t ri met hoxysi | ane,

3- mer capt opr opyl t ri met hoxysi | ane,

3- am nopropyl tri net hoxysi | ane,

phenyl tri met hoxysi | ane,

3-doRgRyitioAPire R

N- ( 2- am noet hyl) pkfeﬁﬁ?ﬂ%%%%%% tr|rr’ej;o}:]oxyspl‘aanlélbmf’mtsfor
4-SOgIngFyi gt xdrankicrfbrids, et mr(emmmwcatylmhw $ii) dia@ides,

ane, .10 et triethaoxysil ane,
p:tgg)ﬂfn{“; | g%ﬁg@ '“eﬁé"hd %pgfllﬁso dnerganic acids, organic acids,

[

| swhartiy sl fonixt doidey sid e arrh@é@é'lt& r tah&l%ﬁéthlaéﬂﬁs of carboxylic acids,

ilane decyltrlethoxy5|lane

{ th
OC ?{Lﬂ%@emd? g W@@@fx metl hydroxides and oxides, (viii) fluoride salts, and
CXE&)@F@?&M&%‘lEY 'I‘Bﬁih %ﬁzﬂﬁﬁ ¥ bf s%@ﬁ catalysts include for group (i) such

3-cyanopropyl triet oxys
3 -COMPIRY sy %QWMInmtemho,mm dnﬂﬁ:ebalt acetylacetonates; group

hoxysi |
(g gl%g&/ﬂ@bqﬂgé% llf greﬁ,tgp glléqha%%g)oug@ as 2-methylimidazole,

3 mﬁo«mﬂiwhﬁaazaﬁtahaw jah&diRy1-2- i
3- et hoxyet h% ri met hoxys(f%} aﬂégﬁy propylimidazole; for group (iv), such

3-9pPBpBadses mthymge,l aadd,2-diaminocyclohexane; for group (v),

g sg%}#t%}ﬁﬁg(ﬁ)%lﬁ ﬁ?&?ﬁﬁé@ Sﬁl@ﬁglﬁmc acid, nitric acid, acetic acid,

2 mﬂmmmmpmuyembﬁbﬂpﬁ@@aw@%dch%Bfnisﬁﬁﬁd%k Sbditiin Rfte, for
( [%‘i"ifle{m iASEﬁ%‘&S&E%OﬁF%% qommmbytir o%ifls; dndrpefas@om hydroxide, for

s tL et h
% %%ﬁgg‘g% gtdﬁl 1 o eneoxy) pr opy fj% atrnlfl Rt §§1§ é?‘i ﬁﬁ)@‘fylﬁn dilaurate
[ ried o xi(2rthyatxonate)) end thedikley | ]t ri et hoxysi | ane, and

the like. Although a condensation catalyst is not an
essential ingredient of the 25 I ubricating

CONMPOSiTh b Giitthed bspebe tHér ReRAl ink éir&?d?st ﬂfeon%go%{tlo gcpenvable

a condensation catalyst can a orna
afonRs # partikesmdensaien ¢ ebdrerdefinepesthpasitionl By/Mpartial

h s It ti . ..
" bR uf il B e in Ao iihah P invention is
e mp:lauyﬂm@someocd Iﬂﬁn&l&tlyﬁubl@@bﬁbé’ﬁltthe hheuRITRYe I*ea@‘{ed ngle leaving
ca r wi dely, but will generall
plaéﬁié%?nqa argplmg ﬁgm‘ﬂ% %’P%‘ﬂ? gt amibbk fova a@mi@nsallomreacnon

%ﬂ‘ Ratras & ition, . o
i ook bl SR FOIBATLA' . o

I @Fﬁ‘ treblyiah ipastddfiost the bpdrolyahblt lyeoupe @il dvaNaé fRoRdensation
NRLEL Qﬁeferabl y are provided when such lubricating 17

conp05|t|ons are enployed in their intended use, for
exanpl e as lubricants for engines, gears, hydraulic
fluids, etc, are (i) netal acetylacetonates, (ii)

di ami d&another aspect, the present invention provides a composition derivable from

a.complete condensation of the above defined composition. By "complete
condensation" in connection with the present invention is meant that most or all of the
hydrolyzable groups in the mixture have reacted. Typically, a complete condensate

means that little or no hydrolyzable groups remain available for condensation
reaction.
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(iii) imdazoles, (iv) am nes and ammonium salts, (V)

i norgani ¢ acids, organic acids, organic sulfonic

acids, and their amne salts, (vi) alkali netal salts

of carboxylic acids, 5 (vii) alkali and alkaline earth
metal hydroxi des and oxides, (viii) fluoride salts,

and  (ik)anothgpapes ﬂﬂe'pﬁesentTlﬁ%?moﬁ Jié%% ?gocéyfd? reparing a

cat alésts i ncl ude for group unds

al RAERH SR Fomplste Cmﬂ@ﬁa@mn@@bw thﬂalbe‘t'q*ﬂdim:d@napeahon by reacting
ggﬁg E%I%bgﬂegg’l dzﬁ_ﬂne% ‘tg:“slfq 1g g{l Olgg oucgstoil { Pj_l RSH presence of water and
e ¢ajalyst sial of en agid of a bysnoet hyI 2- propyl i m dazol e;

for group (iv), such 10 conpounds as

benzyl di met hyl am ne, and 1, 2-di am nocycl ohexane; for

group (¥ a stilb fithe£ AFBAUMSrAUE I STTIRAY

Scid iy sulbHiherapod |c§)§c %ﬁéﬁlu%ai%o%%\qdesametﬁoé‘t;or

t rtranl% P SPRstiaten eqyuprising theastepobf applyinggrto leeéstla)portﬁtiiﬁdf the surface

C TRt Ao 28 (RORRHMAGE B oo by Bihatiiyhé obiained contng

‘hyar thg Btdmran‘eos curgd, Qiéferally bi 2 ten{g@fa'hﬁre B B o ATBRPELS s
flyori and for grou I X

butyltin dilaurate

PER %1?1( gt tha thies @)’St cheren: Hes qubkieate mayde pre-heated as to

f nt i (e)Y
cé”r?%%*‘i‘f“{‘?‘%%?g*sﬁf’v BrB0f Rh b ARG e ine grey take
t miacmsgnuitmwshysmth @npdslemlenﬂto thy aplﬂﬂﬂhﬁd)@bf the composition onto

d tion" and "partial condensate" in connection
V\Aqﬁ?]gl?ﬁ% tﬁ‘r esent invention is. 20 neant that sone of

t he hydrol yzabl e groups in the m xture have reacted
while | eaV| ng a subst anti al am)unt of hydrol yzabl e
gradBRIGARY RICATRING COMPASTITONS

Typlcal I cond nat - means that at | east
20% pre vt @ﬂﬁ%{)ﬁ QERPSIHEy of fhs present upventigs) gande conveniently

| qpagardilop ﬂlfnphhﬂeﬂtﬁﬁg ol Bk Be %&@Mﬁ%a@fe%ﬁﬁi&herﬁl silane of the

avai |l ahl e for cgondensation reaction. 25 In anot

a?ﬁfégg?t iny griiop oglenally witteethpioad disivesi wids alaoﬂ ofiibsic4tingrviscosity

-d G{Bés\é %lﬂb efl'ferc%fﬂ Oﬁll(fsqggllée fp@e qﬁ% Eﬁ glgpg%ﬁbqoq\éncenﬁate

defi ned conp05|t|on
C O ﬁ@@iﬂgﬁwlﬁwlahowsmhmadﬂﬂwbs intie Bfépr@ﬁnat& rdfRARG ficllAdte blending
n%?‘éh%nc{; of th q\/{ K ble groups in the m xture
haveé T éac %co% J qoptamyhe g sesifes conpemiration ef ablitives. The

meampotititofithd freRnPinvaRkidWAE Bleddal &h gfi%%?l%sfnﬁ%o%centrauon at

| abl e for condensati on reaction.
aé’@“é they H’é"’p}k‘é gwiverd anbweirerifep adi adeboth splublda shd & and

p rc@ﬁ’@ﬁﬂlﬁig with other additives in the desired finished lubricating oil. Compatibility

in this instance generally means that the present compounds as well as being oil
soluble in the applicable treat rate also do not cause other additives to precipitate:

. under normal conditions. Suitable oil solubility/compatibility ranges for a given
compound of lubricating oil formulation can be determined by those having ordinary
skill in the art using routine solubility testing procedures. For example, precipitation
from a formulated lubricating oil composition at ambient conditions
(about 20 °C - 25 °C) can be measured by either actual precipitation from the oil
composition or the formulation of a "cloudy" solution which evidences formation of

insoluble wax particles.
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partial or conplete condensate containing the
above-defined conposition by reacting the conponents

of the conposition in an organic solvent in the

presence of water and a catal yst, such as an acid or

a base. 5 1n a still further aspect, the present

i nvention also provides a nethod for treating a

substrate, conprising the step of applying to at | east

a port i B lyprieatiagoils brlbase oilf usetién thelisbriatiag bl @ompositions of the
c ki I ned above. Preferably, the )
oo o Ve U1 R8N T tesaeciEl ves ke cognepil sy oil,
atindusteatipdl; edtting oidf et Row bx 2fplb Ov R0 dS8lediay S cilzgxkcass?_ﬁrelgine oil,

dependi ng on. if and the type of catalyst chosen.

s u‘@% 5?%%021 %ﬂlﬁﬁwg? e mmindel ikonsyntheticiod of wiscosity shitdbiefor use
C OGRRBS trhhIRAs Ve, 1 ' - alternati,vely the heating, ..
may take p?_ac e SI%U eltu gﬁé’%‘gsg‘l"@ NPPR Sygh a?l% %H’ﬁ@ﬂgmti%m% diesel
t Hgisp Mhichtinendeomatihe crgingo€tdnkome Qﬁﬁrﬁ:atiﬁéh&ill\?é)rdinarily have a

SRR FeatarFSRER L e et QWP orBheshbresing ol

prasgbd ddrivee fiionPsyneiRfic B nsa @ﬂ%rg% Wtur rogﬁ Y G Dhimal oils and

sinply blending or mxing the zabl
t StoBEaPlg 98l (barasastr odntardeilt 4sevelbrsamietal il Vilivieia il for use as

. [k i a . it . it . il f
Ioﬁ%!ra jﬂ%bgtolhlﬁxé%% g‘é’g@?‘{%{/ lnél(gjggss%arl 83 c\_:mn amn o mogq oifs that are
t redinaiynisedin lnbycatihg oilkeniposiibay) dedudiss IR %ﬁ%&,%{)
e

20Q_or .package with various other additives Int
, a&{ﬁﬂiﬁﬂﬁ Qiiﬁ %PH%V%I&CITTESOPS&E Precesges Hyefemdd nfs oblubrcating viscosity
- | uked Fedhi fiid i, ng the desired

A T ARG B SRR DRk B850 OF Sty o

15

prié€8§eFhe prafeed atsetoctedtitam ddd CatdgorPaisGRIup Ilﬂﬁb{ﬂ%} @roulp v
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S R XL S
, 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
preselected so that the final lubricating oil, containing the various additives, including
the present fuel economy additive composition, has a viscosity at 100 °C of

4 to 22 centistokes, preferably 10 to 17 centistokes and more preferably
13 to 17 centistokes.
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e ot facRl: ABRoRE SRR s Aol Rbmnets,
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di ;2= | adi , di | seb dth
R b BB G o e e bt r
mgencralig pebdasddinxebonatfl § nflird DR ARG EN acid, for
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R TN L (RN
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, prcesbel ecteg}so that the final lubricating oil,

30

AEOLPAHGT, herfalcumm pxide o hydroxige seactsrwith e iggseous carbon dioxide to

form calcium carbonate. The sulfonic acid is neutralized with an excess of CaO or
Ca(OH), to form the sulfonate.

Metal-containing or ash-forming detergents function as both detergents to
reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail. The polar head comprises a metal salt of an acidic
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30 the present fuel econony additive conposition, has
a viscosity at 100 Cof 4 to 22 centi st okes,
preferably 10 to 17 centistokes and nore preferably 13
to 17 centistokes. 20 Typically the lubricating oi
conposition wll contain a variety of conpatible
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t he conbustion process and/or |ubricant oxidation and
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Caihubates a8 BREH i Safoble capalatpaars mavel patsentaty the alkal o
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sulfonic acid is neutralized with an excess of CaO or
Ca(OH),, to formthe sulfonate.
Sulfonates may be prepared from sulfonic acids which are typically obtained

by the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained

from the fractionation of petroleum or by the alkylation of aromatic hydrocarbons.
Examples included those obtained by alkylating benzene, toluene, xylene,
naphthalene, diphenyl or their halogen derivatives. The alkylation 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

more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl
substituted aromatic moiety.
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the fractionation of petroleum or

ar’Smgcted iy aikylens bodess. Tlkxcamtmuytic inrd ety aexy Hehmehed directly or

obh@tRAY tdhe %&ﬂétﬂ:trh&gtyp PRESISly & (la alij‘l()egx%rﬁc )éséljdegqgﬁp 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

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.

Preferred examples of aromatic carboxylic acids are salicylic acids and
sulfurized derivatives thereof, such as hydrocarbyl substituted salicylic acid and
derivatives thereof. Processes for sulfurizing, for example a hydrocarbyl—substit;ited
salicylic acid, are known to those skilled in the art. Salicylic acids are typically
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N—Alk-(N-Alk),-NR3R#

R2

whereinR' is a substantially hydrocarbon radical having a molecular weight from
about 450 to 3000, thatis, R' is a hydrocarbyl radical, preferably an alkenyl radical,

containing about 30 to about 200 carbon atoms; Alk is an alkylene radical of
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group, such as a hydroxy group or a sulfonate group
whi ch can be attached directly or indirectly to a
carbon atomon the aromatic noiety. 30 Preferred
exanpl es of aromatic carboxylic acids are salicylic
acids and sulfurized derivatives thereof, such as
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‘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
succinic anhydride is the reaction product of 2 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
other process in this preparation. Examples of suitable polyalkylene succinic
“anhydrides are thermal PIBSA (polyisobutenyl succinic anhydride) described in
U.S. Patent No. 3,361,673; chlorination PIBSA described in U.S. Patent
No. 3,172,892; a mixture of thermal and chlorination PIBSA described in U.S. Patent
25
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radi cal having a nol ecul ar wei ght from about 450 to
3000, that is, Rt is a hydrocarbyl radical, preferably
an al kenyl radical, containing about 30 to about 200 -
carbon atons; Ak is an al kylene radical of 24 2 to
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molecular weight of from 1000 to about 3000. Still more preferably, both the low and
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,

The polyalkylene succinic anhydride can also be incorporated with the

detergent which is anticipated to improve stability and compatibility of the detergent
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hi gh met hyl vi nyl i dene pol yi sobutene in the preparation
of such pol yal kyl ene succi nic anhydrides. One can use
thermal, chlorination, free radical, acid catal yzed,

or any 30 other process in this preparation. Exanples
of suitable polyal kyl ene succinic anhydrides are

t ek, WhBSemoRoby with e @idtkeitie CntotpdR #e €10 5 percent by
desc%tggg]alg U.S. Patent No. 3,361,673; chlorinati 8n

PIE, ¢ fHergent uigiuee anshprefrratly frog abpat 8§20 4 avt. %.

m xture of thermal and chlorination PIBSA described in

U S Patent 25 No. 3,912,764; high succinic ratio

Pl BSA dEwareisered pelyelkgenfameres ublad todrdidde $ha Succinimides are of the
qu¥£ﬁ€F5A described in U S. Patent Nos. 5,112,507 and

5, , 225; high succinic ratio PolyPlBSA described in

U. S. Patent Nos. 5,565,528 and 5, 616, 668; free radical-

Pl BSA described in U S. Patent Nos. 5,286, 799,

5,319, 030, and 5, 62581,0047ARHS: lkgddRER‘OmM hi gh

met hyl vi nyl i dene pol ybut ene dgscribed in U S. Patent

Nos. 4,152,499, 5,137,978, angz5, 137, 980; high '
succinic ratio PIBSA nade from high nethylvinylidene

pol ybut ene descri bed i n European Patent Application

P ' iz : y rRol 8 PLLBSA descr. bed
sl 0 iner OF 262 09670 s IR TRY, oy R rSRefEind bove.
deéBheraligdenei amibbsSnciRdd privicipdily thethyénd 2aimEbiFlkmRRAGARes, butylene
Pat ent Aﬁ%' cation 10 Publication No. .0 542 380; and

pUPP TS BTOBY S8R 2lCsRepydeneanunes, hexleneranyes, bepsplgnalarpines,

angtyFeHcomaass, BakepilyAemlinatismn %Hﬁ LisG %ﬁdé Qi Bud £ 9%her
863. The disclosures of each of these documents ar
' efsuchhunioeyestpiperafive entamino alkybisabstiensd gipénzines. They

i
T I succi ni.c,anhydrijde i referably a
pﬁ?%gﬂ%ﬁﬁﬁ&&%@?%ﬁ Yishee, tiethylme teﬁiﬂé%}%p Brppylene
enttainepddcaméthel dighine] dothBaByRHE Aiablife, AMHIY AN HS1d -
15.$oléisobutegyl succj ni ¢ a%hyd??ggﬁ%avinghgﬂﬁﬁ%%éﬁanunq
aVEPIREIeRp feligamize, (Eaciiylens pentamine drimettslsnediangine, pentacthylene

| . d still
ok it g B 00000 B0 ey

aniwidraplins, ¥ NrdimethgivhAgiromint difnint X, WbR(Phminoethyl)imidazoline,

al yal kyl ene succi ni.c 20 agnhydrides are enployed. In

P A SRR Petient s e B Bpa R pereBhpRIGes a

| @ametigl-eq2afinodai j Mal i
L e R e et R T L
s eBdasingdwn pamoteoitbephnverilustiiiedaljyleficiminky likdwise drewseful.

o E e fh PSP b TRt eerceBrEin Sorsctesitpnder

 t e héagingrtiBtiededeatmined "0l Ene fEBRARAGE ORSmiBalMR N ogy, Kirk-

25

30

aver age
\f?t{lm%r, Vol. 3, pp. 898-905 (Interscience Publishers, New York, 1950). The term
"ethylene amine” is used in a generic sense to denote a class of polyamines

conforming for the most part to the structure
H,N(CH,CH,NH)_H

wherein « is an integer from 1 to 10.
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.25 nol ecul ar weight of from 1000 to about 3000. Still
nore preferably, both the | ow and high nol ecul ar

wei ght conponents are pol yi sobutenyl succinic
anhydrides. Alternatively, various nolecul ar weights
pol yal kyl ene succi ni ¢ anhydri de conponents can be

conbi neBhes itanélheRCrs SR péftﬁizllcn@cﬁa&ﬂé‘ dietth FerR bl

ot her. above ref er enced ersants as f
ab®iFdylens tetranying, yetraciytone psoteniing, pemméthyleneibex@mm@bﬁ@the like.

B T T T T N ——
t h%leqbeasemtgavﬂnuoﬁ Gambx piepered %Qﬁnﬁﬁﬁbﬂﬂg%d%&g sIuBE as disclosed in

b Fthe M 2o TBEA TR S ot 30043522, 1006 Dy 5,172,892:
abm02,478 AN ok6tt 320,710 RISKAL hads ROBIBLINIENS 34 435,

am nes used to prepare t'h& sUccr ni m

f o4 i, 532; A7 Q6R; 5.1 02,50k -5, 24 IERIR4 5,256 1@2, mwm 53819930;

and R4 are

594 é3 %8(59205“7 %b%g%ﬁ%ﬁaf’%ﬁ%g %fm’fﬁélsaﬁer@éll hemrby incorporated

prbymmideyn ﬂﬁﬁﬁaﬁhﬁaﬁfcﬂrfﬂlﬂﬁﬁ»pos%é hyl ene ami nes,
butyl ene am nes, propyl ene am nes, pentyl ene am nes,

hexyl ene am nes, heptyl ene amines, octylene anines,

ot her p [ a sothe l'ic andthe
hi gher A SX llci)%ég%%l ﬁn@ﬁlgﬁ S%‘Fn ﬂ‘g@yig&“cﬁf% F?f@ Paffefreated
amllnmnamldyﬂ sush las podtuteain it pﬁfo@@a’a@ ﬁﬁoivﬂge%ra@ 'of ethylene carbonate

[ifi SV i fically by ethylene diam ne,
R Y SRk s LS hoari b 46121 3% Wollenberg, ct o,
d eg mht@ﬁﬂ Néli 'tﬁmm %ﬁf RERRAY%L 628 o0 @%Eo# -freptment Processes each

dlheptanethylene triamne, triprop
t eafretielngre dmeorprraicd bierein by reiferetdeyh etn entiteBYPRFerably, the

D QAR ERS NP milefit s R Y rsueciptapidatived from
i rpodiﬁ-mmem Bavit Mlé@la!a Weight 31 @5@&%0%@%&-&% from 900 to 2500,

- bi s( m noet hyl') i m dazol I ne
1 IF%T%PFP ]ryo%?m)li”é@ B0 el preferably from 2000 to 2400, as well as

2t o Lol i Pl i Progees! bamrigeomder

s ueértiae catnchtlmtst ainiettirdyf a ROVEIRARI sHECiHBACRY iy Ofn B.{i%‘aaturated
abov illu trahed al yI ene anmines |ikew se are u$ef '

é? 198 &Péﬂlé%‘ﬁ!@&fidaﬂcwc tesa¢ntland Th olefiny and a
dqﬁ@ﬁhﬂﬁa siéh HQFRHS 8id. PIRAeKG. 5 ,716,912 incorporated herein by

reference.

Preferably, the alkenyl succinimide component comprises from 1 to 20 wt. %,

- preferably 2 to 12 wt. %, and more preferably 4 to 8 wt. % of the weight of the
lubricant composition.

Preferaﬁly a minor amount of antiwear agent, a metal dihydrocérbyl

dithiophosphate is added to the Iubricant composition. The metal is preferably zinc.

B The dihydrocarbyldithiophosphate may be present in amount of 0.1 to 2.0 mass % but

typically low phosphorus compositions are desired so the
dihydrocarbyldithiophosphate is employed at 0.25 to 1.2, preferably 0.5 to 0.7,
28 |
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t he headi ng "Et hyl ene Am nes" in Encycl opedi a of

Chem cal Technol ogy, Kirk- O hner, Vol. 5, pp. 898-905
(I nterscience Publishers, New York, 1950). The term 25
"ethylene amne"” is used in a generic sense to denote
a class of polyam nes conformng for the nost part to

t hasd Yol th rei.n

i nteger fr ofnﬁlf H?%ﬁ%@%%ﬁﬂn ﬁ?ef AT LIRS gia';kglltﬁlophosphate
@Z:]%P B) isaseily [Thiseproivides MDXFE‘&H’: i’lﬁl aﬁxﬁ&eﬁxfprtaﬁrﬁ@s to the lubricating

t

pren"?‘t‘aﬁ“h% SRR M A S S —

aI boefisst foannbng mdlmléﬁﬁ)splﬁcﬁﬂ: deftl, bEal R ﬂfr@é@tmﬁ%@‘% Qic%& or a phenol

can be prepa

‘I’T'Bgﬁ t he present i nvent
%éﬁﬁ“ﬂé‘ilﬁﬂ neypralizdng the dl&lmpﬂms;moaﬂcstcildo&&da smtaSIeLinS:

18, 250
e TR
3 eondaasalcehdy ExddiBles 3f 86ch, f6hols3ndilde Qﬁgare $oPrerithdi to the
4@ 435 .4 612,132, 4, 747, 965; 5,112, 5
TWH@ gsc&g@p}rgg 1sg-ogfggolygg)uteglog pgetmg@sobutyl carbinol

S, @3fetByili-

vvh(lac he a?lél pént&%g%gb%ll E%%J}%b?ﬁe t%‘{dmbyagllrog%%ﬁ?g %ﬁ}d {—propanol
t h@erhy@mqarhyﬂ groups cai be qapmqnasjesecoﬁﬂar&sj Ganixbbsiheftof, e.g., the

d
' post tre‘gﬁene]%)‘)%md%l %ﬁ?ﬁ@@ﬂ&ség&g@g’@ﬂ@w dewived from
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pryiresy ©s sécouddry ici®oh foaie n
d| scl géed by ml enber g, e?ﬁée@epw%ﬁ%ﬁgﬁ&ﬁg ﬁfgfee is preferably at

lgash 31201'6\[&5@ pr@hb/e}590r mpereginost pwiﬁrabBaxmmIONpmass % secondary

pbagt 1 eat nent ajﬂ?ocesses eggﬁngfg ﬁ?eeﬂnmalkyl groups and

i nidongss %pﬂﬂlai’bealleylrgrmps[ Qichl28 AADDP nidds RN 83 BhaYs % hutan-2-ol
Pra%dqr abl t he onate-treated al kenyl succinimde

i Fig 135945 4@8@0?8& PINgEe H@Fquﬁédsasz’ deivet ftoandsrived
hafiint GecebuiiMo? ferably
from S%O t o Z%ﬁe%?e 19 ‘glﬁigg?ﬁcp gélf?%é%t%ﬁ? ae
arsec-rianelria B§ yole B¥m 2000 to 2400, as vveII as mxtures

of these nol ecul ar weights. Preferably, it is prepared
by reacting, under 20 reactive conditions, a mxture

of a pmmamﬂw@mymﬂﬁ@%sﬂ%{t& ﬁ%&ddégmoéﬁfnot all, of the
rated  acidic reagent copoly
z‘ HE‘PH{Sé?&ntSE'E fithe %ﬁg@mg aihepraposilosf Amouatsdiu@present in the

D%Mﬁ:ﬁhﬁ‘@ml §&ﬁ€?sg{f'or1]f t@w Pg?] ésagorﬁ)i%tco tentNgxprgssZ Ss 1?1511325 %

i ncorporated h

elemental phosphorus, of 0.10 or less, preferably 0.08 or less, and more preferably.
0.075 or less, such as in the range 0f 0.025 t0 0.07. In a particularly preferred aspect,
the lubricating oil composition does not contain a metal dihydrocarblydithiophosphate

and another aspect of this lubricating oil composition may contain essentially no
added phosphorus additive component.

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 déposits on the metal surfaces and by
viscosity growth. Such oxidation inhibitors include hindered phenols, alkaline earth
metal salts of alkylphenolthioesters having preferably Cs to Cy, alkyl side chains,
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25 Preferably, the al kenyl succini m de conponent
corrprisesfrgmlto 20 wt. % preferably 2 to 12 wt.
% and nore preferably 4 to 8 wt. % of the weight of
the [lubricant conposition. Preferably a m nor anount
of antiwear agent, a netal dihydrocarbyl 30

didalvi@R Res@pRdne] Luifdd dfidedsQif %&%&Bﬂén%%? bnd QTRISL in}(n)eqiates,
The netal 1s preferably zinc. e _ .
dirhyerhoeulfisizedior silfiized pidroenrbons, bikyhsudseted dipiRaylagiine,
o181 b RitBe P ol BSF 1l bugl %I cal Lgf |hOW IOhOSphOtraiJS

co O-S}ﬂ%l ons %reélyg%%(ﬁa@ thy, 'REs, pnosphorus esters, me
dithipdarbarasntby; lachlbRitbipbabahiaee gié'@feﬁ'g@ w&&i&%ﬂagn%és bR

mass % 1 n

ﬂd%?ﬂ‘@é%%@%hg@gﬁéﬁgbgn%@, ethylshebia flijytykiithincarbamate), and
e A Euby sl Pt s teted st vigation
c dntbisers iaterseleted Hromo thequardscomBitibeopr epared in
e SRR
B b a i bl e sine

c SridsHaylena bis (msthyl-6 dércbhol-phemy), ble ui e;:l i ml:Elx udi lngs
' j condary al cohol s. anp

g%%ﬁ%ﬁ’ﬁg%eg%g? ?%tﬁ%l?{]geg-ﬁg&]gﬂg}c& 'not restricted to

t Het-idoptdpylitiergbis(236-di-teSOhRyIPR&RYAY,. | SO- oct anol ,

2-.hyt anol , gpt hyl i sobutyl car binol |

(E%&%ﬂl‘?}q tinsthel-o=tenylphangdknt anol , 2- net hyl

bQE@%Buwﬁﬁ&ezﬁi%%lﬁeh{yﬁ)ﬂh%ﬁgl ol . 10 The hydrocarbyl

groups can be a primary, “secomdary, or mxtures
t Héf—mhylmebis,(%ﬂmhyl{ﬁ@wwmﬂﬁlpgmm); 0 ’rg(fﬁuce)l?n_bﬁ{r#%??ﬂé Phenol,
k gr Qups, derive r
St e Bherb Pradud-cuemigighoyed, Lher
. . ' i
Irrg’rﬁgdﬁ?rﬁogf@ﬁqﬁ?tggl y 805Il§ (%%ﬂ%%ﬁ)?rass % secondary
aﬂi@ifﬂﬁ@ﬁ%@p@ﬂlﬁhﬁéﬁ&hpﬂﬁﬂiesil% zzmmas ob'ﬁ(ﬂi}ﬂ@r:h?ﬁgf’fmr Y aluﬁgilﬁhenol),
Ss %
3?%322@%{}%5%5og'%%gbﬁt&gjé’nﬁ%ﬁlgge’ﬁﬁgsp% but an- 2- ol
ahi (32 ditars bityl-& dryQRixgDaloy ) BPhAPLAIRY i MidnnRibitor:
Z@tl[g; &r I’.ved romderived from sec-butanol and _
{?&1 V{W% Prglateimtylpted dvalwnglamml eyanvitadiindered pleenolic
1dXg im| 9 e metal. .
O e - o B 1S MRhhic acid o ot pllor
ofstemhphenyhadgiaonaphtinbahient andfalkied WigaCatihng 1 8hine,

conmposition. Anbunts are present in the [lubricating
oi | conposition to provide a phosphorus content,

expr esEEbnRSndlsss Ytiction modifier is needed. Such friction modifier is

- preferably an oil soluble organic friction modifier incorporated in the lubricating oil
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 compounds 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
acid as exemplified by glycerol oleate, boric esters of glycerol fatty acid monoesters,
aliphatic carboxylic ester-amides, aliphatic phosphonates, aliphatic phosphates,
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doegs,not _contai.n a nmetal di hydrocarbl ydithi ophosphate ,

andPhALS tgphosphonstey,aliphatic thisphosphetenstai whareimtiesaliphatic grou
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MeYsuNEGHtAInS B bt e,

conpglgﬁent_. Oxi dati on i nhi gﬁbors%oréoé’natsi%gﬁnggﬁﬁgc‘?r@w

t htakly@drelubls. Repwecrdstivekexatples 3@ saledbty friefiéd Riotiifiers are found

n _.can be evidenced by t

. h Sy :
oot NG BB et Al i ers b 1. Patnt

defest, 105,371 wikieh dRtRk defl .y ity
gr ﬁ\)Arlt qh,éo Such oxi dat | on S bi%?gféﬁ%ﬁ%@é‘%ﬁﬁ%ﬁ%%éys- Patent
ors,

2,89y diselapesiesterreafaartaaiytic acifls and anhydrides with

al tahd V| referab C5 to C1 L
e O e Sy R e PR kTR baoreralamogleate comprising
astilessensiituteslobithi glypbrel) Fhtesacidtnd 4 b Ade daRERRHSSng a
phosphosul furi ze% (g{’%ﬁéf yri zed hydrocar bons,

al HG1VE Aot wR e  p&ARbRBYTIC agidk yesidue bemptisingd saturated or

phgethiratedching ' 24P005 s, metal

t hi ocar bamat e%?é%ﬁaﬁg%s ot ocar%ﬁn@@ggﬁfgs&? &0mofes pla

di ﬁlﬁeﬁdﬁﬁwﬁb@b pgr enibmol dfid Iml‘m:tucgi residue on average of the boric
ie) t

L I T RO —

dirsgithie aid-sdidletydeisl (el it hii BE3 [hEd

p R)gn o] type dggx? datio I%@&% lynérln fth toiﬂsE %;QB g@{éﬁ%%edgf gs[jﬁ? ?%or%]gs ot more

t Sﬁi%gﬂ@&r@ﬁ the pashoraflicacit residudyyll. 8 ratérit No. 3,779,928 which

g%}l&w%lbss %lgé%lgl:éh%ﬂé)?xpe%% %ﬁlts,hgﬁo IP)'ﬂEent No. 3,778,375 which discloses

4 reactibi gfcttuntstolf g lphGsphendte mwnwmhé;,ana%shme tg\lo. 3,932,290

2, 2.-methyl ene his (4-nethy]-6-tert-butyl-phenol),
i RS BB Prodr o (o ecalkIbDhoppsrao Kpoxides. The

 4,dsctdsBRB bP Mkl ab SRR Rirs(c2s ?r:eg'jeféiﬁ ﬁxfcgﬁwg)%%%:(f Q)? Pe?‘el:réﬁce. Examples of
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2, 2" -met hyl enebi s(4- net hy - hony

2 miroges @@u;rymngg@mom h@@ﬁhe&r, diigmaieb }#ﬁtﬁﬁeﬁlﬁl ﬁﬁnjtell;io, imidazolines,
2.9 i s, (4- met - 6- cycl ohex enol ),

5 ’a.ﬁzl%%gf%xg%eg %u 0§V1a%ﬁmm 1 _allgﬂg)ﬁ%tefl ether g.m?nes, amizle oxides,

2 afidbantings| ninilley,|bethiifh YQuAREARY amines, imines, amine salts, amino

2, 4-di et hyl -6-tert-butyl - phehol,
2 Baangdmeeplkanplamidgs, anddieHileafuchofistiny hukdifteed dan contain

b iSRS bR ALY, b chan o

( 3raveatioyydrbchpyt groypSent atlintix fardsyth e ¥hd maybé kiirateans
unsaturated. Hydrocarbyl groups are predominantly composed of carbon and
hydrogen but may contain one or more hetero atoms such as sulfur or oxygen.
Preferred hydrocarbyl groups range from 12 to 25 carbon atoms and rﬁay 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
index improvers are poly-(alkyl methacrylate), ethylenc-propylene copolymer,
styrene-butadiene copolymer, and polyisoprene. Viscoéity index improvers of
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20 his (3,5-di-tert-butyl-4-hydroxybenzyl).

D phenyl am ne type oxidation inhibitor: alkylated
di-phenyl am ne, octyl ated/butyl ated di phenyl am ne and a
hi ndered phenolic antioxidant primarily
3,5-di-tert-butyl -4-hydroxci nnam c acid C7.9 branched

| th d
2l e (R e PR e s b pemeatios
f r roploged. ﬁﬂldwf\nmosnt)smde;edﬁﬁmv&u@ﬁn bE Leddl ﬁ%lﬁ'ﬁgihfdoﬁfbm:iﬁ on. The
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- YaBeidolst amewniioff $hefangine®ill to 0.5 wt. % of the
frl ctl on nodifier is used. Friction nodifiers include
such conpounds as al i phatic 30 am nes or ethoxyl ated
al EK!AMPI;ESm’ nes, aliphatic fatty acid ami des,

al i phatj.c . carboxyl Ic acids, aliphatic carboxylic
esters e B¥eRpeR Vil he @%Iser@wh@foﬂbww erampdds, Whaich\et forth
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car on_atons and es O
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d singly
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3 biatSh nic acid

Sill§tc zsqiﬁ;?ﬁ E%IS&?%% SA}%C fig‘hﬁsdf S) ctegtBublication No.

. Qﬁﬁdmczbosad haephlﬁbswﬂﬁeﬁeq s fehti@fy) Odrfd

S obo 1B LE S e ) SRR ity 0

calcium synthetlc alkylarylsulfonate prepared from a mixture of Cyq.

ao alpha olefins and C;g.;5 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-hydroxcinnamic acid

Cs.9 branched alky! 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
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i3$|UdTI'E$ﬁ are not |imted to, imdazolines, 20
an?GER I oiff; Re @ basglins oil| waseddedribesloneadddisivgs of thel pedskmtr
anhvé@sionam j n<odi Lnes, mitrile s
bet ai nes, qgﬁg?%ﬁg% A negf(ﬁm%ﬂﬁ%ﬂs dispersant, ééé‘?rﬁgl?t’ oxidation
ariipibitory iamuiphitdtor,aliscasiol mdexlsproagifand@ideidf 8aseIHE O
friction nodifiers can contain hydrocarbyl groups

that can be selected from straight chain, branched

chai n Cempapiosekimpley %féc&?iobpﬂepﬁ&g %{@g?ﬁg a'ftgx)é%l_%feeﬁ as stated

thereof, and may be saturated or

P SPBINS fredtpselingradl. plosperativa Bxhmpledipes prépared with baseline
c P Y . tain one nor e, )
ey orR 08 e BpRR L T 57 YERe setie BBDPORPLn the baseline.
hy/d fhduslanomplaraive mmplam@nﬁmmelﬁxingﬂ@@ Gas gﬁg?ﬁa the
aqugngbgaagturated or unsaturated. Nbre pr erred
ardSTHGSE W eoR-frRyof apprakieatelyll wigkodps Ocgitrielmxysitane.
| Womsaadt xgﬁ@mggi i : iventio ..
al so @gén{vg?n a Vi g%igg ??gef%glg@vglﬁgn%?g@'é‘ﬂ%?"?‘?fﬂ“?atg‘?gngme oil.
Viscosity Index |nprover. Exanples of the viscosity
i ndex i nprovers are poly-(al kyl methacryl ate),
et hyl ene- propyl ene copol yner, styrene-butadi ene
copol ynmer, and pol yi soprene. Viscosity index inprovers
of 31 dispersant type (having increased di spersancy)
or nultifunction type are also enployed. These-
vi scosity index inprovers can be used singly or in
conbi nation. The anount of viscosity index inprover
to be incorporated into an engine oil varies with

desired viscosity of the conpounded engine oil, and
generally in the range of 0.5-20 5 wt. % per total
anmount of the engine oil. EXAMPLES The invention wl|

be further by the foll ow ng exanples, which set forth
particul arly advant ageous enbodi ments. While the
exanples are provided to illustrate 10 the present
invention, they are not intended to limt it. EXAVPLE
1-8 The lubricating oil conpositions of the present

i nvention (Exanple 1-8 and Conparative Exanples A B,
and C) were prepared according to the weight 15

per cent ages shown in Table 1. The basel i ne oi

conposi tion depicted as Conparative
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Exanple A, was prepared as a baseline oil typical for
a generic | ow em ssion diesel [|ubricant. Several

bl ends of the baseline oil prepared for Exanples 1-8.
The baseline oil conprised approximtely 75 wt % of
an oil of lubricating viscosity, nanely a 2:1 mxture
of neutral oils - 100N and 220 N base oils, a

succi nim de di spersant nixture 20 of approxi mately

4. 75 wt % of or a bis-succinimde prepared froma 2300
avg raplecular weight polyi sobutyl ene succinic

anhyfiriglé wetih &|heRvy ol yalmi r@ Tn\/@ % of a

%

bor aj edE.bi sL$ucti n% dgpr aredl| f rd 1300 avg

nol ecul ar i ghg:| pgl yi~§ob yl eﬁe s&:ciqﬂi c anhydride

with{a heav@ yarng ne,S ap oxisrat e ) b Wt % of a
e M x@ure of C18_30

| P
140BN sal i ¢yl at% d@er gt PIefd _
al pha ol ¢f nsjargl| Ci®@1i s325'H agweﬁal ef s (prepared
for gxanple as Eli sc§ iy | Patent Publication
No. | US 2004/ 02356848|di%c¢l osed herein bylreference in
its pntifety]; and: prﬁ)(ina ely|0.6f wt|%of a 16 BN

~cal cjum $ynt heti ¢ &Hr(y@ yl sul fopat e[| prepared from a

m xt prepf—Cpo=—#0——alpHh-elefinsland Clgil5 branched
ol ef nsg a;% oxi ately 1|wt Poof | an aqLﬁ IBg't
m xture” pf_anti oki dapts gonpfisiphg aj mxfu )
octyi atep/ byt yl af ed_di phenyl hm ng 30 angdla ndg@red
phenpl i2] anf{ oxi flank| pri frari |y = wg

£

3, 5- t-hutyl-4-hydrbxci hnan ¢ _agi a&| C7.
al ky] esfer,jappfoxiately 0] 7 Wt %
ZDDP des| veg| from derived fyom pec-

o] .
met hyl iSpbut yl caybi npl, an ef hyl ene-
copopyrer—ang—foepm-phi-bj-tori —The bha

10W ed o) I npde from 32 Grou
base ¢| wasi added the sj|ange aedi t]
pres ent i bn. IThe pasel i nel oi | g,
dilu di spersgant,| detjergent, )
i nhijbi pam | nhi bitof, vjscosi -
and base| oi I 5 np@ar atfi ve SO
prep hparjai 1 v ExXanplie A fas stat
contlai basfl i ne oi] . Conpalratie
prep h baselijne joil fand ja to
appr O—fF—wt-%%-off tt»e—slr%lDD&
basel i thifrd clonparatijve exa
Exan as prepared with thy ba
t op- oxijmat el y U1 wt |% of
Cety|l tijet kpxysijl ang. 10 Conpar ati ve G
comer 8fal avai lfabl @ Cl -|4 ful | E{f orn e oil.
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Perfdnnance Testing
Three different bench wear tests were conducted to examine wear

performance. They are the Electrical Contact Resistance (ECR) bench test, the
High Frequency Reciprocating Rig (HFRR) bench test, and the

Mini-Traction Machine (MTM) bench test. The last two instruments are sold by
PCS Instruments Ltd., London, UK.

For the ECR bench test, the relevant conditions are shown below in

Table 2.
: Table 2.
Tribometer Test Conditions and Tribocouple Material
52100 Steel
Material Slider (0.635 cm Flat Disk
Diameter Ball)
Hardness Rc=62 Rc=158
Surface Roughness, Rao um 0.02 0.046-0.056
Load, N _ 4.90
Initial Contact Pressure, GPa 0.71
Initial Contact Area, cm? 6.9 x 10°
Sliding Speed, cm/Sec. 17.3
| Temperature, °C" " . 100
Run Time, Sec. 1200
Atmosphere Laboratory Air

Simultaneous measurements of ECR and the coefficient of friction for each
blend were made using a ball-on-disk tribometer. Test conditions and materials are
summarized in Table 3. Both the disk and the slider were of 52100 steel, the disk
hardness being R, = 58 and the slider hardness being R, = 62, Before each run, the
disk was polished with a succession of grades of silicon carbide abrasive papers and
cloths to a final average surface roughness of 0.046-0.056 um (~1.8-2.2 pin.) as
measured with a Model SP Tallysurf, The sliders were purchased 0.635 cm (1/4-in.)
diameter ball bearings, Grade 5. For Grade 5 bearings, the industry average surface
roughness specification is 0.02 pm (0.8 pin.). After uitrasonic cleaning in
reagent-grade hexane and reagent-grade acetone and thorough air drying, the balls
were used as sliders, No surface topography characterization other than average

surface roughness was carried out for the disks. For the sliders, the average surface
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- OC 90 J WO Performance Testin Three different
bench wear tests were conducted to exam ne wear
performance. They are the Electrical Contact

Resi stance (ECR) bench test, the H gh Frequency
Reci procating Rig (HFRR) bench test, and the 5

i o ' 1 test. The, ] ast,two :
bt ey 8o G  eaThESfa or

Ursurfage tophgrapldrulimesasireirent wad madé. el evant condi ti ons
are shown below in Table 2. 10 Table 2. Triboneter
Test Conditions and Tribocouple Material 52100 Steel

Mat er | alheSlitloRhs dRmB@Pincid) 8kt r&aﬂgbﬁghﬁggéﬁ{gﬁgg& held p collect

Hardness Re. = 62 Rc = 58 Surface
& whish thehedl wag firndg clamipteid ab (@bittshd bndPdRISsE F@ate. When the

' bt Area 6.9 x 10-5
5 gy ohf® B AG o8 S5 cEfalnic Y aerapangg, Putput
Ti faem tiBestrainl 20@e wA 0BRARBLAY ket e BhdnntPof a two~]f‘)en strip
ement s o¥ ECR and the COEf?I cl en

.gifc | itrgctrg}?%%.sffx g‘;ﬁﬁv\g\é@t Wasaxer (eeadibraiectbe sixdin gauge, resulting in the

el bBkickibd T it ions and terial
o e iRk P ickith BEIRE Hbotty Blyabd i bl B Red B  Foflase
sidivider eigspi. of 52100 steel, the disk

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

megohm range, varied as much as a factor of two, reflecting the nonuniformity of

contact conditions.

On completing the run, the collet chuck holding the ball was removed from the
tribometer and the war scar on the ball was briefly examined under a 100 power
microscope. Marks were then made on a ball near the wear scar with a marking pen to
facilitate finding the scar. The collet chuck was loosened, thus freeing the ball, which
was mounted for photomicrography at 100X magnification. Wear scar diameters
(WSD) were measured on the 100X photomicrographs. Two perpendicular diameters
were measured: wear scars were either circular or elliptical. In the case of elliptical
wear scars, major and minor diameters were measured, and the diameter of 2 circle of
equal area calculated. Diameters (or equivalent diameters) of at least two wear scars

were aVeraged to obtain an average wear scar diameter for each oil tested.
For the HFRR bench test the relevant conditions are shown below in Table 3.
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hardness being R = 58 and the slider hardness being R
= 62. Before each run, the disk was polished with a
successi on 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 Mddel 5P Tal fpyunf. The sliders were

pur chased 0. 635 cm ( WiFRRBohch FeitTalfliipg! | beari ngs,
Grade 5. For Grade 5 bearings, ry average
surface roughggss specification i 398 Etrﬁ 0.8
pin.). After yltr, ' cleaningin‘% ent>gr ade
hexane and re;%l%éﬁlgoéﬁgggmﬁ%? one ani4 Pough air

drying, the balls were used as bl6°flers. No surface
t opogr aphy chif8Rao8PIezat i on ot her t9042800ge

surface roughfég8eng¥s carried out f2¥Hghe di sks. For
the sliders, $W#ekedangtlye surface 351 mmughness

speci fied by bengtlcofiBiens cl assifi car( Whn.VFest assuned to.
appl y and no Bwgise Sodur f ace topograghi cal neasur enent
was made. The di sk was clanped in a cup that rotated.

A spring-hi rmheld a collect 5 chunk in which
t he balr}F$r ?&%Fg’gﬁ ﬁ}{ﬁaeycle featpemilitenstanamord seybiedhamitte BAR test to

[ i vale wralf hatddfe wAfinin el QoS Tisgae a7 00 350,000 psi
f rlomishen)siMalGeclyal g el nasi Rpsbh,RIQUSIPeveRGAE Cats@OpHRCamshatt
clﬁg%?a. of .a.two-pen. S&iii chart recorder. A

daApaE e {EeW LBEsion Tisfel Bpgines,t A00s BAK Frpgrfe01-2049],

r €Rtekd 'is'bﬁtl'lid?arhgﬁmd g | fafii o905 Beln
di 11’ ectll y recorded. ?%g{gﬁggﬁﬁésa%rbgg “E&sﬁe%gs 3“%%%3‘5%0
di W@eﬁgemrwgmscavaama@mmm@ by the strip char

recorder were reproduci ble to about 2% Cbvi ously,
coefficients of friction and ECR vol tages, being '

dependdihe POSONITHG ﬁlis&ﬁinenﬁﬁﬁ‘ﬂhbﬁiﬁ@ﬁ soMRE 61 JeRs diamoter Falex

r uci blre, Past experience wth coerticient
et

Frel fest halh Gvitle pragtal hofder) was isebstititbd fztiles pinddlder that came
sh@ LG THCh i AR i.n_sh -term tests, .
suc Eﬂgg gt%ﬁgﬂgghg%a?ﬂo@g%ﬁli %%h € IEPS% éﬂ(? % &'e%'e@ems Using a
r edified MG Momwi'_mfdﬁ%unﬁEanﬂ!. 20, 9ﬁtsghﬁ; @&%ﬁ%tfh%OOZ),

3 I stances, especla . ose | e

s T 0RO 7, e emenk v opadne i ondsk mode and run
r ehdaclii bR 16 T 1o : t . G i t,j ons..
5ot ond LR M Nt AT e gors
baPeh hatdhe batbhaspriy one degee afifrdedomt rslide dn tiedida THeGdhditions

onrd MEwhd) ra@sy briefly exam ned under a 100 power
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m croscope. Marks were then nmade on a ball near the
wear scar with a marking pen to facilitate finding
the scar. The collet chuck was | oosened, thus freeing
the ball, which 25 was nounted for photom crography at
100X magni fication. War scar dianeters (WD) were
measured on the 100X phot oni Taldghaphs. Two

per pendi cul ar di anet er est WonditiopaforMdtM wear scars
were either circular or elliptical. In the case of
elliptical wear|Iseadrs, major and] m ngip i anefers were
measured, and. t Henfllad0Bh@E 1Mbesrd| T Ch 83Qdp, eabal area
calculated. D a @ﬁp%rz{t&re equi val pnt Eeter ) of at

| east two wear SCAiRcomde were avey lgp L@d)t gi N an
aver age wear Ssc rsﬁ qlm:‘u:l for—each c . For
the HFRR bench t he rel evant EBAMSE: Mgk e shown
belowin Table 3. 36 Table 3. HFRR-’@EhCh st
Condi tions Load {9.806 N, 1 Kgf Ini 2P Cold alct
Pressure 1.41 GHa Tenperature 11j6CLO00k i bobbupl e
52100/ 52100 Frgquency 20 Hz Stroke 108ngt h1L jmm
Length of Tinme 20 M n. Test Engiﬁge Bpot | 680 5 For the

HFRR bench test,| conditions are reigeverg tihan the
ECR test to mnic valve train condi ki ons ydifch in
di esel engi nes Makng®aFTikeV, 000~ [S08, D -I%

F

(maxi mum) [ M G4qhiaRi BleinfSoo@nd [RYAso .
"Preventing Catastroph anﬁgﬁa. t Lob{%F“: . re in Low

Em ssi on Di esel Engines," 2000, SAE Paper
200-01 @@m] soot dfieined fremiahé bverhEddlrdeovRPFsSRIPAE] & o8l Bsting

as. L ebal s stroke fromstart” tto 10 finish
Ag%ﬁ‘ﬁ Y "Wééﬁe&iﬁl& Feéhérilé FROtIYas rﬁ%f&ﬁsatoeaﬁlmﬂmtb@@mmﬂ filtered
| Hiaonghe Bﬁtéﬁ&ﬁ%lﬁﬁqhﬁﬁe? + Q%tac@.ﬁ&é)éen aﬁegtllrjosﬁgge and

Fal ex 52100 steel test Spec

s Grandtte 58 anesh (3Q(}wnlmmx1hnindbd§fotdﬂl@de TREEhjecdive R ii€action was to

[ ama .,. "Friction and Wear
aag{u rl#égrﬁ%%‘lcgb f“ﬁ‘njﬁ*ﬁ ﬂ‘.l?éw%@l give Hsipbrasivsovesr es seen in modern
| BGROsaglgr nal 7, Vol. 2, 9, pp 57-58 (August 2002),

To prepare the test specimens, the anti-corrosion coating of the PCS
Instruments 52100 smooth (0.02 micron Ra), 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
placed in individual containers and submerged in Chevron 450 thinner. Lastly, the test

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

_ Wear results from the three bench tests are presented in Table 5 below. Lower
values indicate less wear.
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No. | PCOVMD00009117D]. The instrunment was used in the
pi n-on-di sk node and run wunder sliding conditions. It

is achieved by fixing the ball rigidly in the speci al

hol der, such that the ball has only one degree of
freedom to slide on the disk. The conditions are
shown in Table 4. 20 37 Tabl ga¥le s5Test Condi ti ons for
MIM Load 14N Initial CBeh@frtedtiResgure 1.53 GPa
Tenper ature 100C Tr|b006U5T€"52103T52100 Speed

f) N 20 10

T SSampM @il 3
10 10 T&kO Lef D e -ngctE’ﬁQP‘ﬁé’fFﬂgl
Yoot 9% 5 Engi | i b tion By ECR
r verv—svstem. of  a.en |n9”ﬂéstl g facil t\[R\ﬁ}@gvg)sg@4va
f XAMELEsqr The soot was made into a slurry with
ntane,l filtefed 140nroligh &5 ntfredizgl as§ funnelg.ss
ried i @ a vacyumBfen gnder4mn atggpsphere and 4 g
round to 50 mgsh (400 M mexe nu betgge upe. The 454
bj ective of this mgtion ma§5§o epradumblq458
articlags that [woulg giye ry t o} abr |ve wear as454
een ingmdem |10 R engi n%% To pr B he test44
peci meps, the antfﬁpor 0Si I}, CO: % he PCS 9
Ilnst rumgnt s 52100 L (O ?Z cro steel dt-k&s
s renoved using pta 4.53
COMPARATIVE EXAMPLES -
A 130 235 634 2.59
B 150 178 558 4.13
C 100 | 151 510 4.37
D 150 97 408 3.39

ECR Electncal Contact Resistance
. RR High Frequency Reciprocal Rig
MTM Mini Traction Machine

d _
ECR area measured as the sum of 2000 measurements of the voltage across the
contacting surface

From the overall results shown in Table 5, the wear performance of the
silane-containing blends representing the present invention shows improvement
relative to Comparative Example B, prepared with baseline oil and 0.7 wt. % of
ZDDP. In fact, Example 2 shows equivalent or better performance in the three out of
four areas compared to a Comparative Example D, a commercial CI-4 folly-
formulated engine oil. In particular, the ECR result, the MTM result, and the relative
film insulation of Example 2 exceeded that of Comparative Example D, a premium
product. ECR films show the result of ﬁhh formation minus film removal processes.
The larger the number, the greater fitm formation dominates relative to the film
removal processes. In this comparison, 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 throughout the 20-minute test,
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hexane, and isooctane. Then, the discs were w ped

clean with a soft tissue and 15 subnersed in a beaker

of the cleaning solvent until the filmon the disc

track had been renoved, and the track of the disc
appear ed shiny. The dISCS and test baIIs were placed

i n i ndi @opadaticOBkah yron 450

t hi nner. gst ly, t helﬂte e@s;&o%{ysi SZ%:{F n%ﬁﬂ Qlthg{lﬁh giving cxcellent

ul YPUSEH, %nwtyr 1thaRER tost, whawiunky lesmemame thaB BXaPlO? in the

f O, sul.ts fromt hree_bench
test %Qié;dﬁeaﬁgr gsent eg}ﬁf M% %Feﬁ‘gi Weltﬁ/ﬁé‘i‘ filny jnsylation

i n@Fvaremdngss wear. 38 Table 5 Bench Test Results '
Sanple G| Wear Scar Dianeters Effectiveness of Film
Tested ECRa, mI| HFRR MM mInsulation By ECR® m
(Relative), EO0O4 nV 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 8 100 161 470 4.53 COWPARATI VE EXAMPLES A 130
235 634 2.59 B 150 178 558 4.13 C 100 151 510 4. 37

D 150 97 408 3.39 aECR Electrical Contact Resist ance
5 bHFRRH gh Fr equency Reci procal Rl g MMM ni

Tracti on Machi ne
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d ECR area nmeasured as the sum of 2000 neasurenents of
the voltage across the contacting surface 10 Fromthe
overall results shown in Table 5, the wear performance
of the sil.ane-containing blends representing the
present invention shows inprovenent relative to
CoR{iAA TS 1. Anamplrs: B, prepared with baseline oil and
0.7 m. %of ZDDP. In fact, Exanple 2 shows

equi val ent or better performance in the three out of
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partic uluéncatnigeflﬁﬁﬁity aglih te,n‘atﬁlﬁctMﬁM ERfollykabl@sithnt B8mpound of
relatlvgl fllg”ggg%asté)% npl e 2 exceeded that
of Conpar & T H%lmodb?téb%@f whegin each X is
filns Simd&pdnﬁent[}eé%wctedoﬁ'orﬁ'thé@fo E gl X

e nu P ear v

renmoval processes. The largeF t
filmfo YOI YHEY: fratnes moabalkyhamino anﬂldxaikyﬂ mnmoenoval

‘processes. In this conparison, Exanple 2 shows greater

filmformation 20 processes than Conpar ative Exanple
D, s@ggElst luhgcitingtoil dvenpasitiohaifiQlgind 1,|vihddéin FtERME Rdépendently

i s ext rﬁ‘ﬁ?ek%leé()b st and can be sust a| ned t hroughout

t he 20-HHtHTTR egm%@C%ﬁlﬁ&lag weeo@y?@ﬂ gid Crg
triet h%)ﬂos(yl ane), al though givi ng excel lent wear

scar dianeter in the ECR test, was nmuch | ess effective
t han Exanpl e 2in the nore demandi ng HFRR and MTM

benc wel] as the filminsul ation

meas u Pe ﬁeﬁ}?ﬁgbnc g\/?léﬁ‘mfpgs‘@’h?ﬁ\ﬂ’_ﬂ@ opgof the Pr%€¢lﬂg)¢1ﬁ1@§twh¢gm
oi | corrphs|tétra9mn¢mfmrhﬁlrdlﬁzaﬁief@1aﬁé cBRBRE fgfse%e&)@rm?
Iubrlcatl VIS nd a tetra-functi onal

hydr ol yze? Adydplysis prodect gherrefial  f or nul a
Si - X4 or hydr oI yS| s product thereof, wherein each X is
i ndependently sel ected fromthe group consisting of

hydroxyl, al koxy, aryl oxy, acyl oxy, %:&no nonoal kyl
oi |

i ndependently 10 selected fromthe group &6n5|st|ng D
of Cl.6 al koxy, C6.10 aryloxy, and Cl{ acyloxy. 3.
The lubrjcating oil conposition. of any one of the
precedﬁﬂﬁmﬁpalns wher ei n

eaph R 1s independently a substituted or unsubstituted C; .50 hydrocarbyl group
selected from the group consisting of straight and branched chain alkyl,
~ cycloalkyl, alkcycloalkyl, aryl, alkaryl, arylalkyl; wherein the substituted
: hydrocarbyl groups have one or more substituents selected from hydroxy,
alkoxy, ester or amino groups;

each R, is independently stralght and branched chain alkyl, cycloalkyl and
aryl; and

a is an integer of 0 to 4.
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the tetra-functional hydrol yzable silane conmpound is
sel ected fromthe 15 conpound of the fornula | or a
hydrol ysis product thereof 0 (Rb_ SitOCR ‘a |l "1 a\
4-a ~n wherein 20 each R is independently a
substituted or unsubstituted Cl.20 hydrocarbyl group
sel ect.edhknabridalifg 611 @ L 8f &S Qf I.ght and
branched chain aliyl Hﬂ%§%ﬁ§% ig?@“grﬁ@@%ﬁ%ﬁ?ﬁ?%&qﬁ*ﬁ”n‘
aryl, al'd@fyl, arylalkyl; wherein the substituted
hydr ocar byl groups have one or nore substituents

~ selected from hydroxy, 25 al koxy, ester or am no
gr oup®; ThadebrRatingoil notepesitenst Tlash uakBEGLnaNd 401 anched
chai n al kyl, cycloal kyl and aryl; and 30 a is an
integer of O to 4. 41 4. The lubricating oil

conpo&i. ty : i ekn.ais dnteger from_ .
COToo, R el ol ohnnolliBh B S ods oot N 3 o SCPAFARA i
wher ei n iefependgntly sglegied fitve alkyh nivt alkyag! idlarakgposi ti on

of any one of clains 3 to 5, wherein Ris
I ndependently selected from al kyl, aryl, alkyaryl and

ary! dl-kfhe libricieg biliBshp @it Clhint BIWASY OB iffepChdtlly

6, wherein .S I ndependently 10 sel ected om
10ty ai ghfelﬁ“fli% %P’é‘ﬁﬁ‘ﬂ@g‘t abbrnelied whaig raBuyp grouds. The
~lubricating oil conposition of Caim?7, wherein Ris
Cl.6 al %l . 9. The lubricating oil conposition of
- C ai k- 4Thewbrieating dibodrapasitidnofatlhien®lwhekéin BRI %aak! €
sil ane compound is selected fromthe group consisting
of tetranmethoxysilane, tetraethoxysil ane,

o Lo PR YA e i

15 y(ﬁ%/lyzable silane compound is seIeZted from t’he group consisting of
tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane,
tetraisopropoxysilane, tetrabutoxysilane, tetraisobutoxysilane,
tetrakis(methoxyethoxy)silane, tetrakis(methoxypropoxy)silane,
- tetrakis(ethoxyethoxy)silane, tetrakis(methoxyethoxyethoxy)silane,

20 - trimethoxyethoxysilane, dimei:hoxydiethoxysilane, and
triethoxymethoxysilane.

10. The Iubricating .oil composition of Claim 9, wherein the tetra-functional

- - hydrolyzable silane compound is tetracthoxysilane, -
25 | |

11. The .lubricating' oil composition of Claim 4, wherein 4t least one R is a
substituted hydrocarbyl group.
12 The lubricating oil composition of Claim 11, Wherein the at least one
30 substituted hydrocarbyl group is derived from a glycol monoether or an amino

alcohol.
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t et raki s(met hoxyet hoxy) si | ane,

t et raki s( met hoxypr opoxy) si | ane,

t et r aki s( et hoxyet hoxy) si | ane,

tetraki s(met hoxyet hoxyet hoxy) si | ane, 20

tri met hoxyet hoxysi | ane, di net hoxydi et hoxysi | ane, and

tri et ABXYEBAXYISS !oﬂn&)mpog-igon T:'?ean UQ| &aéléuPlg 30|t4 12, Further
u

conposition of Claim9, wherein the tetra-functioina
hydr ol SPPRBFES &iRadisty sewrpyiiplyzable tilene adsditivexsmeseatad by the

25 11. Thanlwfiri cating oil conposition of Caim 4,

wherein at least one Ris a substituted hydrocarbyl

group. 12. The |ubricating o(Ry@OB}J,on of Caim

~ gll, wherein the at |east one BOEEUbst?%ﬁted @

hydrocar byl group is derived froma glycol nonoether

or an anmwie@einal cohol. 42 13. The | ubricating oj

conmposition of any one of clainms 3 to 12, further

conprising a partially non-hydrol yzabl e sil ane

ddi t | f la. 1l (Ria).
S ek PAEPORFSBOLF bt eGPl i om
hydr ol yzadipecomsistiigyofi alickeye REley, Yn® &) d formthe

'logroup consi sting of al koxy, “aryl oxy, "and’ acyl oxy; 10
“each Rio is a non-hydrolyzable group independently

. sel ect eqadh R{)idh KNﬂ-hy&BWzablﬁ?@ﬁ%@%ﬁeﬁ@@@%&e%e& %‘%{m alkyl, aryl,

substi tuted ar%l , Wherei'n t
f unct i ofBstitedalkyls sndsbetitutadonyly wherisyihe sestitdent is a functional

ot boxy PO Seletof RoPh Byt tthel B, mpnoalisipgino, dialkylamina,
al dehydemidd cabliylcaeasts] thisld: O foRE L achydg,
(o} , or .

phosphorjc.acid; and .n is an Integer
150 Phe aliisarhonyd Ay fasiic acid epdphespbarioscidiaatim 13,
~wherein the OR, | group is 20 selected fromthe group
consisting of Cl-6 al koxy, C6_10 aryloxy, and Cl-6
nisanintegerof 1, 2 or 3.

- 14. The lubricating oil composition of Claim 13, wherein the OR;; group is

~ selected from the group consisting of Cy.¢ alkoxy, Cs.1 aryloxy, and'Cy.¢
acyloxy.

20

 15. The lubricating oil composition of Claim 13, wherein the partially non-
| hydrolyzable silane additive is selectedl from the group consisting of
25 methyltrimethoxysilane, ethylttiméthostiléne, propyltrimethoxysilane,
'bl}tyluin;ethoxysilane, isobutyltrhnethoxysilane, hexyltrimethoxysilane,
| 4—methyl—2—pentyltriethoxysilane, 4-methy1-2;pentyltrimethoxyéilane,
octyltrimethoxysilane, decyltrimethoxysilane, cyclohexyltrimethoxysilane,
_ cyclohexylmethiylirimethoxysilane, dimethyldimethoxysilane, |
30 2-(3-cyclohexenylethyltrimethoxysilane, 3-cyanopropyltrimethoxysilane,
3-cyanopropylirimethoxysilane, phenethyltrimethoxysilane,
3~mercaptopropyltrimethoxysiiane, 3-aminopropyltrimethoxysi'lane,'
3-aminoporpy1tn’ethoxysilane,. 3-aminopropyliripropoxysilane, |
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15

'3 am opf®

acyl oxy. 15. The lubricating oil conposition of Claim
13, wherein the partially non- hydrol yzabl e sil ane
additive is selected fromthe group consisting of 25
met hyl tri met hoxysi | ane, ethyltrinmethoxysil ane,
propyltrinethoxysilane, butyltrinethoxysilane,

i sobut y|}ammepﬂmpyyﬁmdtamﬂmh@&ye{xﬁlhbmﬁﬂﬁ%%%éyk%%

4- et hyl ph entyltriethoxysil ane,

4- et hy [P %"XBEWB ?’%Yﬁﬂ?é{ehéxwwmeopyltnmethoxysﬂane

octyl trinNvet- Eﬁ]ﬁb%t a?lagﬁni}%r}ﬁ&j%{h%%éé i a&‘&

cycl ohexyl tri met hoxyS|
cycl ohe )@mepmﬂi%)phmdﬂ@mmmethoxysﬂane phenyltriethoxysilane,

sdi met hyl,

2-(3- cyc%ﬁ%@‘%@s} hF HY?W@EH%X%PF:&#&ylmthoxysﬂane

3-cyano mobpwﬂiéthﬁﬁydﬂlﬁﬁél Sﬂekﬁﬁ?ethoxysﬂane octyltriethoxysilane,

3- cyano J trimet hoxysilane,
phenet h %ﬁg\oﬁlﬁé lagey Cé’ﬁ@hexyltneﬂmxysxlane

3- nmer cap{Qgk &
3-am no p? 0 pyﬁ%?%i%1 rrtfé* ﬁlﬁé‘%%%‘g cyanopropyltﬂethOXysﬂane
3- ani nopoiispypropglttimethoiydhae, 3- eﬂloxypropylmmetho:s(ysﬂane

3-am no rQ Ltr | ape,
3-am nog % I“SM&'EW@’I%IF‘%]@W 3“meth0KYethyltﬂmeﬂl0XYSﬂane,
4- am noButholxketh ?%fhlﬂém&}éﬁﬁ an&@%?éfﬂc;x%tﬂ?ftg %'x{rs?ﬂné

3-i socyanopr opy met hoxysi’l'ane,
N-(2- am noet hyl) - 3- an1nopropy|tr|nethoxy5|lane 4-(2-

am nogt fy henet h ysi | ane,

phenyl rlée?ﬁhey& (ggéeo)lg S Cﬂ)ﬂ%lcﬁ yalgqnaﬂgpartlallynon-
“propy! t hydrolymabyls bilmeeddisivt yd Héc?édrﬁﬁfﬂgla!nﬁq ropyitnmethoxysﬂane
I sobut y#t ri.et hoxysj | ane,  hexyltriethoxysi

oct yl t r ? GTIRARPEY tethoxyilsme, ﬂmétohmpyﬁnpmpexysﬂane

cycl ohexwiikdp@b My

cycl ohexyl rretpﬁyl tri etohgxysﬂ ad4 amlll@butylineﬂloxysﬂane

3- cyanopropyltrlethoxy5|Iane

3-eth tri met hoxysi |l ane,

3-et hox;ngF F%Urﬂg r?étqewyﬁsfﬂqnanf@ny 0 of the preceding claims, further
3- pr opoxysmg bt icARt HRXNS:

3 et ho Mﬁif h)EI}IBélt o r'fe T hoxys! “g%re]s@kcted from the group consisting of
3 et hoxg B d lsﬁ@‘ﬁﬁﬂﬁxwamwaahd .

3-pr opoxyet hyl tri met hoxysilane. 16. The |ubricating

ol | ;Xosmlon of Claim 15, wherein the partially non

hy dr 8By didirizating eih eomaplskitisn/ Ror hlﬂeﬁiﬁl' RaitRstidd HPines which
-am noco Wl tri met hoxysi |l ane,

¥i et hoxysi | ane,
3- am nopropyl tri propoxysil ane,
3-ami nopropyl tributoxysilane, and

25 4- ani nobugyia majet Auwystidfaiase dfl’offﬁbﬁcdtﬂx@ﬁh&@h‘tﬁg oi |
- corrp05|t| on of any one of the preceding clains,

further - conprising at |east one additive selected

~fromt he B) QPIEING ¥t t%a—%ctional hydrolyzable silane compound is

30

sélected from the compound of the formulaIora hydroly51s product
thereof

0
(Roﬁ—Si—(—ogm )
) @

44 |



10

15

20

25

30

20 detergents, dispersants, and antioxidants. 18. A

| ubricating oil conposition for internal conbustion
engi nes which conprises: 25 a) a major anmount of a
base oil of lubricating viscosity; b) 0.5 to 10 %of a
tetra-functional hydrolyzable silane conpound is

sel ected fromthe conmpound of the formula | or a

hydr ol ysibergimoduct thereof: 30 O (RO---SitOCR a
11 4a_ (n 44 wherein each R is independently a O _20
hydr ocar byl group selected fromthe group 5 consisting

f &h | k | oal k
2l oyl AR MHIARGREE ENBR Ny oS aee bom the growp
substit ewestm@f stwgmwndgarmsd bRath Q&FE g%/le&u(gl%ﬁc%cioancyz aryl,

substit om hydr oxy,

ami no - gr oubsi églﬁﬁ‘ﬁ' “;b Y grompshaghing auedor more
br ancheshtstinichtsabldted HOUCH . and a

is an integer of O to 4; ’fﬁ%ﬂ ap?b@}%o sgré’faémogmupﬁ
detergent; and 15 d) 1 to 20 % of an al kenyl

succi ni nt,.deri.ved from a 450 to 3000
aver ageaﬁg%gﬁﬁﬂr@ﬁ %/\l/e%fe Stb"d&‘}}&n yrashed ¢hiaiy alkyl, eyndoalkyl and

per centarzgljandi ve is a wei ght percent based upon the
total weight 20 percent of the lubricating oil
conposition. 19. The lubrication oil conposition of

d ai m 18is amlgt@gérrbfbr{g tetra-functional hydrolyzable
si |l ane compound accor fng to b) is selected fromthe

group consisting of tetramethoxysil ane,
tetraet ho ef r apr opoxysi | ane, 25
tetrai sopr déy%f? é‘h%g geé?rlg%uﬁMya | ane,

t et r ai sobut oxysi | ane,

d) 1t020% ofan alkenyl succinimide dispersant denved from a 450 to
3000 average molecular weight polyalkylene;

wherein the percent additive is a weight percent based upon the total weight
percent of the lubricating oil composition.

19, The lubrication oit composition of Claim 18, wherein the tetra-functional
hydrolyzable silane compound according to b) is selected from the group
consisting of tetramethoxysilane, tetraéthoxysilane, tetrapropoxysilane,
tetraisopropoxysilane, tetrabutoxysilane, tetraisobutoxysilane,
tetrakis(methoxyethoxy)silane, tetrakis(methoxypropoxy)silane,
tetrakis(ethoxyethoxy)silane, tetrakis(niethoxyethoxyethoxy)silane,
trimethoxyethoxysilane, dimethoxydiethoxysilane, and
triethoxymethoxysilane.

20. The lubricating oil composition of Claim 19 further comprising 0.5 to 10 % of
a partially nonhydrolyzable silane selected from the group consisting of 3-
ammopropyltnmethoxysﬂane 3- ammoporpyltnethoxysﬂane 3-
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t et r aki s(met hoxyet hoxy) si | ane,

t et r aki s( et hoxypr opoxy) si | ane,

t et r aki s( et hoxyet hoxy) si | ane,

t et raki s(met hoxyet hoxyet hoxy) si | ane,

trimet homndmommbwpexyalaﬁstjl%mpﬁgggﬁwokfbgam N 4.

triethox | ane.. 30 20 I cat
conp03|t¥%ﬁngwé%?ﬁ thexy®laney ¢ her conprising 0.5 to 10 %

of a partially nonhydrolyzabl e silane selected from
the group consisting of 3-

am nopropyl tri nmet hoxysi | ane,

. 3-am nopor pyl tri et hoxysilane, 3 45

am nopropyl tri propoxysi |l ane,

3-am nopropyl tri but oxysil ane, and 4-

am nobutyl triethoxysilane. 46
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