TETRAOXY- SI LANE LUBRI CATING O L COVWPOSI TIONS 5 HELD
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 filns 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, and extrene pressure agents in lubricating

oi | coMIBERAICHNE-STBACHGRUBYICATING OINMEOMEDSITIONS
15Phosphorus, particularly the phosphorus delivered
by zinc dial kyl di t hi ophosphate (ZDDP), has been the

FEdmOFrHEaNVERRIORgent in fully fornul ated
lubricants for, the past 50 years. Studies have
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Techni cal Paper 790941; Ueda, F., Sugiyama, S., 25

BACKGROWND ORTRBINVENBIQONand Aki yama, K. (1994),
Addi tive Effects_on Deactlvatlon of

I\/Eﬂ 0 : :@gﬂ"fpé‘“ﬁ%ﬂé’étl Iyhe phgspherugdgiiestgdyenzisensor s,
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regulatlons governing tail pipe em ssions
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[ Zzhang, Z., Yamaguc
BadicTashtical®apht 770637 Garfiddiete, Eeam’r &ieﬁﬁbt Bt an(1279DP and

I e3§ QCR ‘gg}‘%/ %lft hi %&Eﬁ hat €t ,é?lﬁﬁte{%gécc%mssmns

Bopesit(e-4) Shisichot 98Y %@hﬁ@ﬂ%;;&d%%? Ué’aa p Sugiyama, S.
211- 220 005)] studied the growth and 0

WB@%I - amg gl &t cod fAkoyarzDER (390 ! Ebme @lbﬁd&tlﬁe Effects
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conce n
SAE Technical Paper 940746]. As the environmental regulations governing tailpipe

emissions have tightened, the allowable concentration of phosphorus in engine oils
has been significantly reduced. Further reductions in the phosphorus content of engine

oil is likely in the next category, GF-5, to perhaps 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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(0.1-5 wt. % ZDDP), using atomic force m croscopy
(AFM, X-ray photoel ectron spectroscopy (XPS), and
X-ray absorption near edge structure (XANES)
spectroscopy at the 0, P, and S K-edges and the P, S,
and Fe L-edges. The mmj or conponents of all filns,
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is substantially sl ower However ,
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agent is superior to that 20 of DDP. However, DDP has

oshates ged pélypissplaies, Abe pearigsrthizhuess of thEsnphoaplete filves has
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Manka i n 5 No. 5,674,820 relates to a
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Henhliog afftoy degeasings, and X1 and X2 are independently 0O
or S, and nis 0 to 3; and (B) an acyl ated
ni trogen-contai ni ng conpound have a substituent of at

| east THe andiwBPrdferEdl dTP0rALODP and th &ﬁﬁmﬁm%ﬂ?DDP at
the inventive conposition further conprises (QC

Sifonel prlnp Hornanbeasapmtings werelsotivan exayined di as found that
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GatdeaKyith@l aGkl d, or phenol. In one enbodi ment, the
i nventive conposition further conprises (E) a

t hi ocarbamate. These 10 conpositions are useful in
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In U S Patent No. 5,405,545, antiwear and

anti oxi dant properties are clained 15 for this

i nvention. A lubricant additive having antiwear and
antioxidant properties is the reaction product of a
t hi odi carboxylic acid and an ether ami ne, preferably

Swhkie I’Q}dRﬁrl@PhlﬂfﬂRtaﬁ%&g%%nﬂy hydrocarbyl groups, and X1 and X? are
N-| soei cosyl og\ﬁpro di ani nopr opan€ whi ch

pBeepqudenitydd o I@dms&tpéhmd @)anh goylated nprogﬁ@mﬁamng
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perebalimbihty tha 1ﬂ&nt1ff¢ tothpdsithosphhdre omptigesfOp b séRad bhephorus
pr oduct ﬁ’é’f&ﬂﬁgé\at |.east one ester, an de, .and/or
) Sidiseeand phosaharus coppaing reing 2 phgsphorus

t&ﬁ& ﬁh€§p%oﬂis\é€iﬁ dsfdr S}ﬂﬁBElﬂf gTsOJmé a8 Hep (fétﬁ}eath?]r@&t ey

perfor mance. A suppl enent wear | nh| itor t
cemnbedimentne phissvocanspasgiondsdhdr venipiises¥D) b glkali or alkaline

Ut G o 0B U RAR sAbrr B tidh AT et I v e

veabodimentetht imentivedaeisitiontiifler tbpasedi(Ep£ihi®Atianfite. These
o eratjng with | arge quantities of soot in the oil

OsiigRE ausetpl Iﬁomwe}mgtlubr%aﬂn&ﬁm@lt@@p;é@d fAmptjonal fluids
Switﬁ atil
i e e iR OGRS SREHIR) LRUobpOTHRL f1dskd are usctul
r asdiacton bydravic {EGR)wiEyls sham enfanaced|aatiwest and bnﬂlst:&fﬁpemfolmlance
30 conposition contains a base oil conposed of a
m neral and/or synthetic oil incorporated with at
| east Tohy.gepaddiNg, ¥@951508! andinRafurdUhfisHili#R Yroperties are claimed
oxynmol ybdenum di t hi ocar bamate at 0.03 to O: 6) %
af@r s ingentioncAdiktident afiditiiedpmipgphavearand @n@mdamt prop8rtics is

al,lic..salt of alk
Fi Cyﬁ&{gmd@ﬁq ?‘élﬂl"ﬁ?%}ﬁ’ taﬁ?a&i g‘apthconSI St P8 er%!:fly
@3‘51hi0ﬂ1p®cﬁp1@hk ydid aad NeigbéeitesyldxyProp Pl B@lalmﬁowb%aé%xﬂl‘ich is
Wt

licylate at 0.002 to
JBsTREEed i 22 et afohal yarcrgal ot aioahelt sl ppa amine
refd t he
e oG ahinE RAFOES ARSI e R
t Ebvigiphasnhéte Crechost-edctidh filoduct lvontains elf leatse nn@sstftraargﬂieyand/or

R T TR -

requficignmtivsarRefirhagewear inhibitors with no P, S,
and Zn. Trial kylsilanes were disclosed to add t her mal
stability to lubricants in U S. Patent No. 4,572,791

d : . .
ot ot § oA Ak I 38 EufliBeAE R et b dpgpaibed in
TW.iSf BeidicatberalNo H088/0) 4 880 %AL Thankis:dvareeprévidexth labreant oil

applicatiqns.in fuels and | ubrjcant conmpositio
SRRIPoRbh, T tnlytad v apiay S E i eT 2 hsgel srine
Qfpefiifing G Ninge Qh&ﬂtﬁfe?of Qﬂit'iﬂ @8 oAGERE BEALR 0.00d, Oawt %), and is

trial koxysilane for use in fuel conpositions. U
papEillyNgitatde 882 BeBugaseimyletng (ogm(mqn rallkiory élelsc;l Phgine

PR SR bl SR B o) Bhicant o
siohmoa'tiom nqnﬂmn@ls bsd&mnﬁd)@o&ﬁdw inidral Bnd/biesynfled oil

4- bal | ar..sc usi ng the ASTM D 4172 test. Russi an
PAFOIRgra w1t§@; g:& %gngesltfat qgggt}lﬁm@@ péggglybdenum

| difBidcadBinaRdE D10B &S, SORICH, AWM OV Snd @ﬁl@ﬁﬁﬂhﬁ({ hG Q{é alt

and anticorrosion characteristics of |dbric

AR 8o 1P ahicgstoine a8 liosakied eyl sqitcafam aaﬂﬂc;ed from
500wt are trial koxyor ganosi | %es of the general

formul a (A11(0)3Si RR (where kO is an al koxy group,

Ris alkyl, aryl or alkenyl group, and R is a

functional group such as such as NH2, CO2H, -COH, OH,

or CN).
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25G eat Britain Patent No. 1 441 335 discl oses
| ubricant conpositions to i nprove antifatigue
cont ai ni ng about 0.01 to 5 % wei ght of a condensation
pol ymer derived froma trial koxysilanes of the
formula R-Si(ORI)3 where Ris Cl.24 alkyl or C2.24
I 0
e R o o oille 0.0 £ ot 75 Co Mg
r@ﬁrﬂé@&ﬂx‘l @d{cﬂyte aC0.00R @nd.60kver i as M end dmsalt oﬁalkymhuylate at

f R 2,t0,12
B0 bt 6w % b o RS B B bt il pgosition.
83@&_171?&;& i BRO/ fridfionHRAPlesidi SetcQpaduasidi tives
consi sting of silane conpounds, e.g., a): R1S (OR)3,
b): (RR2SI (OR)2, and c): 4 (121)3Si OR where (R=H,

L Pty LB iy P2y B o

anhibithist Uhﬁnttﬁthtuhyttlne tighderdny bf eraeibo ryuirements requires wear

R ST I T
Cie R fahits RS Patel Kb NM57079 1644 ﬂh%ﬁylﬁ’%myiélﬁh%ere disclosed for
0.05-10 wt. % the additive(s); (i) onposi tions

coadagioniimprovemgnttingl. Sdtitent g §)120 ¢8). Blfrmtlanal hydolysable
CHBARSGE bl SR8 TR SR SBHERDINS 5. Pt

ENtdld‘,M&&Salﬁﬁlc&&! gliditovel Iﬁnlhﬁveo&dnaﬁ@ém@ﬁ&ﬁtedﬁmhbﬂ accelerator
pi st onalgpxengl nes and thereby allow a _reduction

BH bP%?smthé’omﬁlé‘ﬁ%g H%&@W&Nag@aggsgq@scloses
Qﬁé ehaﬁ(xfe;esﬂsag ﬁg(irg,ggélgﬁma&v %aﬁ&%%%ﬂﬁ]ngfggdr@e g}cglgﬁng

[ifetime of The conposition

'smlﬁﬂt)mnm\ﬁéle i dfpolyoherdmsitaed vempainds Slectes.a 1SLMUARYN the

ENTI.ON I n here | i ded
FA VRGeS AR " ol

am)unt of an oil of lubricating viscosity and a
tetra-functional hydrol %/zabl e silane conmpound of the

gener dRusFign Rafent Np.-Skh242 950/ dnb| I 5199 diselgsss lebiiseaiprdditives
V\’ﬁﬁEﬁi r%)(éé %1 aﬁﬁ%ﬁﬁ&g ?ﬁﬁ Lx?ﬁ(c%ﬁjoﬁ&tl gﬂ?{%"éé}@%{]ﬁ lgéﬁc%ﬁqmg;oﬂs

consi s ydroxy OXY,
amhamc;sedmmmahinpsl of 2R3 "t weighd pedfdeybly &P woarknridlké:gyorganosilanes

D ool e BRI R o Bl kG0 ottt s ally, aryl
an YlkRKY! @6, aNER' mrfﬁnafo%apgxabﬂ) Yuckhs Sud ésw,,, @GBH GOH, OH,

part to the conmercial avaiTability. I'n second
8%, there is provided a |ubricating oi
conmposition for internal conbustion engi nes which
conprises: a) a nmajor anount of a base oil of

| ubr i dareatrBritwinFaesit Np. DH40 355 tizclbfes%utaicant com ositions to
t.etra- fun t.i onal hydrogyzable si | ane conpou

JBPERESaR g (B R3BOHY- O torhe Yashhet a cvncésmsaélon polymer
f&éﬁb@d HSinS: tﬁﬁﬂ&%‘ihﬁ%&iﬁﬂé fon%ufa'@s?téoﬁzgh r%?.,fﬁ iq o %4%11371 or

wherei n each R is 1 ndependent]| rocar
deouplkesyaiol.cad R 6nCt-helkyl ou @zmmﬂsamﬂcmg \ndlﬁresaiktmygﬂtgfl means

%.n?ﬁﬂ?eg' %po%g?gprgs%%{eg b?rl byl (ﬁ,yc Ihg%%n e sum o )f)? ls%l lls J[o 24 in the
case of R 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): RiSi(OR), b): (R;),Si(OR),, and c¢):
4



al karyl, arylallcyl and substituted hydrocar byl
groups having one or nore substituents selected from
hydr oxy, al koxy, ester or am no groups; each Rl is

i ndependently strai ght and branched chai n al kyl,

cycl oal kyl and aryl; and a is an integer of O to 4;

c) 0.5 to 10 % of a detergent; anpd, d) to % of ,.an

QSR vdweoRTRGles dkgpEr- samkenyb Cowddy ' 'a &9 2kgnyl
3000 Lecy! | i
PO Vg?r%%igmgg 9, a%d/o‘@@'a%}h E%{%ﬂﬁu{@d vﬁfheh cﬂ*&@l Qiafb vl,

i'tive 1s a wel ght percent based upon
blhl@xyfc@fb@hyly\ﬂkg{dxyﬁﬂbmgﬂ br afylddyearboryl, cc atGhe0 aiyl. Also claimed
conposi tion. : A.particul ar ¥ referred. 05-10.wt. %
Py essicpagE o soreRRBE PRI B} PO SOREEPe Q03
?fce aﬁﬁﬁ?é(ﬁ_k @) doHffoktdhs &Q‘ta‘ihﬁxgoéﬁl)ttye Adiva(s); (B) 2. metal

i‘onal” hydrol yzabl & si'l ane conpound
sleireateit Atnenvil;(€) eo epoumelprstsurhBbrieania); and (Ib)raﬂaaSh'ff e

sl ok TR RS A Ry vy oo S plefofpsines

%&H&e@y‘? hiest & fedulAbA 6!’1&1&1&1@ U Pplscplsdrad-iypg exxiremet pxassghzt agents

and branched chain al kyl, cycloal kyl, _al kcycl oal kyl,,

avddster-ymicaniiiess anyronerr pddedrrand prpigrg e iléf‘@ﬂrﬁﬂfj p- The
rou . havin I t Iected from

BB RE Hopfo P B alPhitn SIUREH b ArEl Dot &
|ndependently stralght and branched chai n al kyl

cycl oal k and aryl: and a is an integer of 0 to 4.

Sdt Fo'l@ ﬁl\éﬂ@ J1g9Ne typ| cal ly nore susceptible

to hydro ichanes,
{nus. B8 BrEapity teee SRR Rl O okRion ™0
ébr@pnsingt Omdjor ﬁmeﬁmrcé‘rahynlwf Imhnca‘gw VIgCOBiGY mchm@trg\f@mptmnal

nore preferably S a rtic
Mq w#3blesilens P%THE‘P‘FESQ%## m l‘hya{ol S V&]peroduct

elest, SBleRE &0 (HRPLARAIPEQLD cpﬁaﬁltﬁa #16Gp &fnsishhg bf hydroxyl,
gﬁ%?f%h1§§§y1 aﬁ%ﬂgry ?ky Zroups referably

sliory, ghioxanatylecsh rersh oAy HABIR gp @ﬁ%bgnglec fn thds aspect,

KR rSRar b BT abibs S B ot CIF D D pn and
€l pmy!dxﬁ 2610 @Uidh ORSHBlckably Of ¢ tikbryadetih pxy & ﬂhamemmermal
tetraet hoxysil ane, tetrapropoxysil ane,

‘@ﬂﬂahgbpropoxy3|lane t et r abut oxysi | ane,
t et rai sobut oxysi |l ane, tetral ds(nmethoxyethoxy)sil ane,
t et ral ds( et hoxypr opoxy) si | ane,
t etrh akdesdrRtaapoey, ehdt@ xyprovidahelubricating oil composmon for internal combustion
15t etral ds(nmet hoxyet hoxyet hoxy) si | ane,
enginep RHRSRYREIESX ysi | ane, ~ di et hoxydi et hoxysi | ane, and
tri et hoxynet hoxysil ane or m xtures thereof. A
particularly preferred tetra-functional hydrolyzable
sil ane c@hpmu@drmmomﬂwfaé@hnxysfMQhEﬂngVKGBHY

b) 0.5to 10 % of a tetra-functional hydrolyzable silane compound
sclected from the compound of the formula I or a hydrolysis product

thereof:

(RO%—-SI‘(—OE& )

: ta | )



9nThe tetra_fineth-mal hydrolyzable silane conpound
of formula | may have at | east one Cl-20 hydrocar byl
group R which is substituted with one or nore
substyhatent s sel ected from hydroxyl, al koxy, ester or
am no groups, preferably the at |east one substituted
hydr ocar byl group is derived froma glycol nonoether

or codHen B CupsETRRhAy €8 FIHARE TR0, Bitedtion B gour

CONPQspnkikiedy TRAPIghS inibrandtefl ohaiapiiyh tydbalkyl, akéycbdalkyl, aryl,
| ubricating viscosity and ] Xt yre of .
tet r skt AHa ang avtst faebetreqer iy SRBRPRATRE B FRere

gener ja- r i seof ,
wher es?lhst{??%ﬂ?‘% nd ?S e%% e E}? F})yg’e@é%{?’e%te? E)g %ﬂfﬂl’? egrg%) up
30consisting of C1 6 al koxy, C6_10 aryloxy, and Cl.6
acyl oxy, and further conprising a part.iall

non- 1 B s dpendanizsaeightand R e ehat il eifloaiog pnd
t he E@ﬁ“&h@ 1 (R1021 Si (OR1 04-n(l1) wherein

501211 group is a hydrol yzable noiety selected form

the group consisting of al koxy, aryloxy, and acyl oxy;
Riois a non-hggégl¥zable group sel ected from al kyl,
aryl 28 apENSEHPRY *SFkyl , and substituted aryl,

wherein the substituent is a functional group

sel ected from hydroxyl, ether, am no, nonoal kyl am no,

di al kyl enilfoto @rfredd a detargentyand mer capt o, t hi oet her,
acryl oxy, cyano, al dehyde, al kyl carbonyl, sulfonic

acid 10 and phosphoric acid; and n is an integer of

1, 2 orgp.1thR034s BF &f elkeed sesdinihideditper@iRiderived from 2 450 to
I ndependent |y sel ected fromthe group consisting of
Cl..5 al kéR)) acsags Iapvp@%yw%hapﬁﬂ kyengs vl oxy.
Preferably Riois alkyl or aryl. Particularly

preferred partially non-hydrolyzable silaue additives

of f ariaudiftbelpeldentaiditres seledigifgefcentrhaséroupgndiptotal weight
consi sting of nethyltripethoxysilane, .
ethyMﬁﬁqﬁﬁWﬁ&WépFfﬂ§°4gaﬁﬁﬂ Y9et hoxysi | ane,

butyl tri met hoxysi |l ane, isobutyltrimethoxysilane,

hexyl t ri met hoxysi | ane,

4-met hyl - 2-pentyl triethoxysil ane,

4- et hyl - 2- pentyl tri met hoxysi | ane, .. . . ¢
oct yl4 pantieelndx priferaadlubeatipe Op CORPRYR QS FPIgREses 2 major amoun
ycl ahexyl trirne Y _funeti ilane compound

AP ORI P Rh 21 nctionglydrotyzable slanc comp

16l kTRt by et et deyindariéhe formula I or a hydrolysis product thereof:

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

3- cyanopropyl tri net hoxysi | ane,

O
phenet hyl t ri net hoxysi | arig, . . I
3-nercaptopropy|trineth£§§%igaﬁgi7QCR1)
anmi nopropyl t ri net hoxysi | ane, 4
3-am nopor pyl tri et hoxysi |l ane, 3-
am nopropyl tri propoxysi |l ane,
3- amiypepeiapy! tri but oxysil ane, 4- 25

am nobutyl tri et hoxysil ane, phenyl tri net hoxysi.l ane, 3-
i soc y@ﬂbérié pﬂeptmd,%ﬂ]ﬁ Byl hl}%]ﬁ(éc’a%/byﬁ group selothd from the group

N-( Z'Ca(‘)gisirs]t?r?é m&@%@ B OORLORY! dhbin BN QX ¥ RalkdN @ikeycloalkyl, aryl,
alkaryl, arylalkyl and substituted hydrocarbyl groups having one or more

a @

Sa
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4- (2- am noet hyl am nonet hypphenet hyl t ri net hoxysi | ane,
phenyl tri et hoxysilane, ethyltriethoxysilane,

propyl triethoxysilane, butyltriethoxysilane,

i sobutyltriethoxysilane, hexyltriethoxysilane,
octyltriethoxysilane, 30 decyltriethoxysil ane,

cycl ohgyyihichis@biBERY Solairoxy, alkoxy, ester or amino groups; each Ry is
cycl ohexyl net hyl tri et hoxysi | ane

o 3
cyanopndspsidentiestrrosty aingl hpgched chain alkyl, cycloalkyl and aryl; and
3- et hoxypropyl t r4 et hoxysi |l ane, 3-
et hox?ﬂ%(%b'gyf%ﬂ ?’rf:adt‘rﬁoﬁgysi | ane,

3- propoxypropyl tri nmet hoxysi | ane, 3-
met hoxyet hyl t ri met hoxysi |l a

3-eth )@y'é&ap@lpxy);;i}@p%gﬁ;ggiqzaiﬁg?orgﬁlbscga_tib-}e to hydrolysis than
AT . a eftarth@atzero, e.g. 1
%g?%?%?ﬁﬁgw aﬁlhﬁpg&?@ﬁ}’ﬁ@ BARallFFY @ unTBfegeriredftar ero, e.g

y ho zabl € silane additives are
sehemReibly anin®gand nopuubyver momepiiEX3AY fafpthis aspect,

%:ﬂgifrgp-;glsglr %}lf%dit:e’%%t-g% %‘aﬁ%ﬁd&" formula I are where R is selected from the
%@{E J&ﬁ%ﬁﬂ%ﬁf%ﬂ%ﬁ,%ﬁ% Y& hdyBael arglalky] groups, preferably straight and
-am no

utyltri ét’hoxysilane. 5 Th _Iubr'%gnttr
toapbed tHaorakd fereups spehessdiits 08 ETBEr B gy eRahi oF e
ther l.uybricant. addit] I foReint oldibh@Ba8singe of
3@?%@3@%§ﬂ%ﬁﬁgéh&g ‘?%%ﬁ%%%g %%%%@sgnts, gﬁﬁ?oxidqngs
alehrh diRoAybikee, tERAShoxgBRare e nairpotysilmedictraisoprepaxysidane,
l'ubricating oiI_conFosLtion fgé ingﬁrqﬁh cgn%#stion
defrbtitosysiline Retsaerbrioxa s lang Gy A HECHIP X BN 8F>a base
il .of | [ LA v ifsYothdWyBihexy)8ilak@, % of a
8%?%5*?5%§%$%ﬂ%#9%§%?%ﬁyzaSF% silanghcpnpound i's
set-Aei@ethbtriokhethooyipitmedriofettdxecthorysilize. | or a
hydr ol ysi s, product thereof wher.ei n '
id&%ﬂﬂ&ﬁqu‘ga@i@%mﬁg‘ﬂﬁggﬁt%ﬂm%%eooﬁ pr)l% g Eé?eesg? (%e o% fom
' ffeﬁéi Slrh Feh@hnatHyaidiitabRRtaky @nghend shai n
?Fﬁvg%ﬂg@g oalkyf, alkcgcﬁ%gfkyl, aryl, 20al karyl,
aetydedokgsilanand substit ut ed hydrocar byl groups having
one or nore substituents sel ected from hydroxy,
al koxy, ester or am no groups; each 121 is
i ndepemdentd finstidral BitroBashblbritme keipairal of fankus I may have at
%e):/a%l: gl:?el é( 1yz|o h?dr}gcglr)))(/ll grogpnﬂ w%iclzlr?is as{]lbsltfg&tg@\%gth %{'16 gr ]_1118r64sub stituents

selected from hydroxyl, alkoxy, ester or amino groups, preferably the at least one

substituted hydrocarbyl group is derived from a glycol monocther or an amino

alechol

LAV Ks

Another embodiment of the present disclosure 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-
X or hydrolysis product thereof, wherein X 1s independently selected from the group
consisting of Cy.¢ alkoxy, Ce.1p aryloxy, and Cy¢ acyloxy and further comprising a
partially non-hydrolyzable silane additives are represented by the formula I



25¢c)0.5 to 10 % of a detergent d)1 to 20 % of an

al kenyl succi nimde dispersant derived froma 450 to
3000 average nol ecul ar wei ght pol yal kyl ene; wherein
the percent additive is based upon the total weight

percent of the lubricating conposition. 30 A
particularly preferred tetra-functional hydrolyzable

si l ane conpound accordi ng t(fQ( 8) SbRYg, | s sel ected (IH)
fromthe group consisting of tetranethoxysil ane,

tetraet hoxysilane, tetrapropoxysilane;
tetrai sogra oxysil ane, tetrabutoxysilane,
t et rai sEBULOxysi | ane, tetral ds(nmet hoxyet hoxy)si | ane,

s tetral cHr(; 2@@6@%&;&9&@9,&&9}5 io@ste selected form the group consisting of
5tetraIC|s t
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hoxyet hoxy) si | ane
t ealkenye peylort ﬂﬁ’é‘)@‘lﬁ'loﬁb esraephyirohyrable group selected from alkyl,

L L AN S0 6in BN RRU A D OXEANE o @onal
oxy et h ane othér e iment to this

I ubrbie Sl dcneg fmnh hgzarmpﬁsetherpmmns, mhmaﬂlqﬁmlap dmikjdammmw amide,
of from about O, % of a partl al,|

ndiTeFh »aemm e s e e, TRURE: alkypegbgpyl. sulfonic acid
102&19?)?16% rg%[ ?jf : rgc{rﬁf;naﬁ] ﬂl?{gglpéfl 1t %bf@thhgﬁ%ﬁe'nle@@ﬁbodlmem, ORy; is

am no oxysi I"ane
anndnppndﬁnylbfseleqiecbﬁomybﬂ; grang consisting of Cy.¢ alkoxy, Ce.1q aryloxy, and

s GUTL }\r{‘ietfi‘ﬁ@ﬁg? ¥ Ao e pEscr PTI ON

15Silicon esters are organic silicon conpounds that
contain an oxygen bridge fromthe silicon atomto

or gani Pagicolaply preferredpagtially rn-hyfrdyeshie 5ilage a‘?détb‘ﬁﬁs pé@rmula I
o riiscoeleted T R ARRPLR Ol Aeilitfici bl
We@xbsxgnet@gpygmﬁgw?msm Igdnymginethd)xysﬂaxﬂ; basi ¢

W S a abou an an ca

e or oK TEr P RIS AR psilane,

t %@&Pfﬁﬁg imﬂlEﬂEH i12he, bERRHiRMoRYsiBhd, | deaIBint @MScysilane,

nlc Si con conpounds are referred to by
t lmgtlbhm«yty:ameﬂlouysﬂanc,lcaltluh@syllfldh}’]@)@aﬁﬁbbﬁévsulh@, al koxy

derl éﬁy{d\éggqlsl % (3'6% ;t et rﬂfﬁy‘?‘c’éﬁeﬂo@é}?ﬂaﬁgd} t he
t% LA yﬂ;ﬁi@éﬁio'x?ﬁﬁne 254 haomsptrinahogsiliesi | i ci c

aC| d and ‘their |ower condensation stages, are not

r ehencadtincthoxysilrssi 3-mseepioRropyiirmetiogyekepe.dense;

t 3‘%@&5’?‘%@5 r %%/1? %g%féég@g tﬁ%}ﬁéxgy nalh &3] zed

dlaﬁﬁﬁﬁmpyﬂmpmpsxysﬂ@ﬂ@ 3@mmupxbpjzitré:m&adysnﬂaaie 4ilicates
and al cohol s. Tetra( hydr ocar byl o‘)é(%l) | anes have a

wieagnapabltsicthoyysilape phemylirgprth “e somewhat
d ?s%g%%gfop9ﬁﬁﬂgﬁl5%1aﬁp -3 -afdrBeth) D arh 0 Erop FiEd B ethoxysilane,

4-(2-aminoethylaminomethy!)phenethyltrimethoxysilane, phenyltriethoxysilane,

ethyltriethoxysilane, propyltriethoxysilane, butyltriethoxysilane,
isobutyltriethoxysilane, hexyltriethoxysilane, octyltriethoxysilane,
decyttriethoxysilane, cyclohexyltriethoxysilane, cycloheicylmethyltriethoxysilane, 3
cyanopropyltriethoxysilane, 3-ethoxypropyltrimethoxysilane, 3-
ethoxypropyltrimethoxysilane, 3-propoxypropylirimethoxysilane, 3-
methoxyethylirimethoxysilane, 3-ethoxyethyltrimethoxysilane, and 3-

7



30to remain intact or to be hydrolyzed®in the fina
application. Tetra(hydrocarbl yoxy)silanes nay
contain up to four matrix coordi nations in the

pol yneric hydrol ysates and thus can lead to nore
rigid films than al kyl and aryltial koxysil anes which

h t L dinat i Lj kewi se, ,
oo i % BB el P apely b pdrehapble sitne
nondtidyes are kblebtad f6th S-QMinastopYIRIm RO Hea et al

- surface has been observed at roomtenperature for

carsRpPREpyticthasyiang Sapinepiopditivrpprosplaee esters.

Thusymit, neact | wever, both
adsorptg%%&%%%%&gyﬁgﬁgﬁﬁgdfﬁ%%gMgﬂgﬁﬁﬁg ?%§5Under
5load typically are needed to 5 produce the mature

antiwear filmin the case of the esters of

or t hosilhe dulriani dompbstidrisl ofs thdpsesprtodiscedirhav® B&REin other lubricant
f t ontain Si. angd . are effective in preventing . .

ol kBB, e R oa BER b Siieof FieRicantioxidants and the
béke Timosaneyarbodimem i diteatedno a Thleicaitg oil ayepostivul for B€rnal combustion
e%&her i,nt.er connect ed through a | oose network

s

ﬁﬁ%?&ﬁ&hﬁ%ﬁmﬁﬁ¥xed, or both and are in fact forned

10 by nosta)depashbiop Bmb@ bk @il JNESRafihd PBckfGan al so
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contain other surface active conponents;, such” as
det er gdit s, ahio i¥rofagetra-Simcanapbydelytable sitape copaind is -

can lead to j tive fi The f.ormat i on of

coval ent boﬁg@&%g%Pﬁg%éEg?g%%xg?g%%% u IPﬁggy@@Bﬁgﬁﬁomﬂi
amount of relweesfibility wwth the degree of hydrogen
bondi ng decreasing with thither condensati on.

Li kewi se with the renoval of water the bonds may

form break and reformto relieve int@rnal stress of

the film 15and |i kew se can _permt,a Pbositiona

di spl acenent of interfacéﬁ%@ﬁ%on@ﬁf%@gR1b The

Si-0-11; bond undergoes a variety of reatttons apart o)
fromthe hydrol ysis and condensation. The al koxy

noi ety can inprove oil solubility and stability with-

i ncreag@eref eri c bul k, increased size of the al koxy

groups can decrease the rate of 20 hydrol ysis.
Tet r a( tackdkip)indapsndantlyndCiehydipearyyl groppselcaind §rom the group

posses : . bi, | j t nd |iguid
Ponav; oy oy bER RS Bt A nale dichrclontiol surtgation, oy
wi th | dkagyh agidkbr adohbsiguied hydrecabilskdupd@atiSig one or more

and am_no bstituted silanes are typically

Acyl oxy- - ]
mor e 5%‘?6%%?9%?@%%5%9’&}5%3’8 alkppgi estereor amind groups;

al koxYesih R0 5inddiadbiey SRS af ébendRl Rl LOULER 1 ang

to the acidic or basi acter o ypro

Thus caylakyd i c anmounts 25o0f anmine or acid are often
added t.0 accel er this rate. Table Aillustrates
sone 6H§§P@§Fgff%b395ie5'of comercial ly avail abl e
si | aneg)est @ $10 10 %ldra &hdrbGRN ester conpounds of the

present invention may be prepared by a w de nunber of
synt hédi ¢ pdeRRdp<f aTakenylduseinimiindispasantratrhed fofn 2 450 to

silicon est cli Clii by Von

Ehel man o 2OIBCLRPTRERRHER OGP R et T

Si ( 0C2iisyein th poclent additivéGatbabadzgen did t6al weRAEHIrORS oPlhe
alcohgls.using silicon netal introduced in the 1940s

and 1 ALEOMPAIIBat ent Nos. 2, 473, 260 and

3,072, 700) becane inportant conmercial technology in
the 1990s for production of the |ower esters via use
of a 10 nmetal alcoholate catalysis, U S. Patent No.
4,113,761. Anot her conmercial nethod used to prepare
al koxysil anes is by transestegification.
Transesterification is practical when the al cohol to
be esterified has a high boiling point and the

| eavi ng al cohol can be renoved by distillation. Oher
preparative nethods of al koxysilanes can be
exenplified as foll ows:
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15 1. E-SiCl + (RO)3CH -> SIOR + RCl + ROOCH 2.
--z2-SiCl+ NaOR --> SIOR + NaCl 3. eSiH + HOR
(catalyst)-* SOR+ H2 4. --SIOH + HOR --> SIOR + H0
205. Sid + CH3NO®2 -* =SiOCH3 + NO2Cl 6.-=--Si SR +

HOR -> SSOR + H2S 7. =SiCl + HOC(O)R -> --7-.Si 0C(0) R
+ HC1 §._ -aS + I | vt o
25Acy|%>?§rstf°flaaﬁ¥§reaf%ﬁl f%lglrl%%l%@ }i/léts e I ea ?Iimodn
Ohccaftlimoy absle iasdectedihdin tasgrloap eonsidtihnoftetraneboxasdane,
formed by the reaction_of hydroxylam nes wt

. h .
clerartbai FimestcaATOPETBAI, GHalSPHEPADER, Sirggiys tane,
C : S J 3 .
A RS LTSS 0 R ooy
piatrhlisethar yethativisilend, idaksky dhagetioxyshéanakne.ar e

disclosed in US. Patent Nos. 3,.296,195: 296,.161:.. 3
srigehioggehaneEs, éw@il?wawg&wwﬂéﬁrfvi BATGRSTRR
No. 0 465 723. Tetraal koxysil anes typically are

prepared in slurry-phase Direct Synthesis processes
whea aéthertenthodiptene st thisdutafcatime bih eompeaitisats iht Sigther inthision of

| . 12
S R 05 RERROL R R L RRR P STPUT ol g
beinkisag & LahBbproplighinphegesiaes 3antnsigslokadxyilahk, S-
Patent Nos, 3,627,807; 3,803,197; 4,113,761;

nzgeprepiramed o ys bae.commmeprapui s Rutppysilane, and 4-

tr. 1586 ' the Direct Synthesis process
éﬁ%ﬁéys %%?gﬁggﬁ%g1ly-activated silicon particles
mai ntained 5 in suspension in an inert, high boiling
solvent_and are made to react with an al cohol at an

EFAMEEDREPERIFTIRN This type of reaction is

di scl ' NN Somdofith tEhf Eontdin GADx oA brid

o 357 5 el e oEBRAICH 8%_%;0 4,999, 446, Khibridge
5rd8 the58itton B job0 B, B8 41226ic3Bou8IP; =8; GR7, [y parliest reported organic
Sl.urry-phase, reactors.for_ the.Di,rect Synthesis
AR ePPaTEs <RGBSty P RN e Bpgicie
2812 SHBIDN\WilsS: A BeavbasausudDit ifligasiclwitihpi chtwbeg 9.8 and
operation, a single addition of SIA| i_1g:on end cat al yst ot
i1d. Srendecan domhpolyagrseeh a slitresdttetlicaira by cerivaratiog of the
agded oL, NHeus! Vs 'sﬁgca{ NE&E bR Yreabidsitlooh BSmpounds are
SiTicon s fulTy reac eg', d

o)

=]

or reacted to a desire
defgrreé tofy thein veranicammehhitiak cfoh etantpjpihe alkoyy deiatised

L B S R A R

¢atAbUSIxRligheadded to the reactor initially and

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. Tetra(hydrocarbyloxy)silanes have a wide variety of
applications which are somewhat dependent on whether the 5i-O-R;bond is expected
to remain intact or to be hydrolyzed in the final application.
Tetrathydrocarblyoxy)silanes may éontain 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,

9
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15t hereafter to maintain the solids content of the

slurry within desired Iimts. The batchwi se node is
illustrated in U S. Patent Nos. 4,727,173, 5,783,720,

and 5, 728,858. The desired reaction products are

removed fromthe reactor in a gas phase m xture al ong

Vo | Clyyé -

oo IR AL G oy SRl Pl oBb T ybtysic on
k&dparption otecametal suClone hmlwes obieredtat 8yom teepiemtiot f@arboxylic

trial i | ' i.scl in, U S. Patent No.. '
T s G L
Nbsth ascbRibnTG a St Surkfté aad athindbhde{bad Hipfeally are needed to
h%%ﬁ§$y able tetra-fuynctional silanes useful in the

f

¢ Byt antivecar fibn it teicazy ithe estarpokorthogiligicasil. The

i ) ) Lt ; _
i o By e TR oo  and 4%, PR of X epting
sWedrcaaseen mrthe Ftvagdes flow- Thenfiltd andd bdymondlyyablf enultilayer.

Sk ane. conpou are of the general formula Si-Xi or
IAEBRERER iR ften Gtapnerd o e jogse feovor sruchuc,
| neeperdesitoh SR RE R cf fofied nﬂﬁﬁéﬁosﬁme&ﬁﬁ(ﬂﬂzlsﬁﬁllese films

hydroxyl, al koxy, aryloxy, acyl oxy, am no, nonoal ky
ayidsoreatal etherypnriaed gebive Komponsats; sushlas dptgrexnts santiwear agents,

[ ent. | v - C far I sting. 30 of
AP0 PP ] B o RV R P Ao
hyaixde toythabiiréacg prospadsenith o yathinayobe ofysieainigdvidtythe degree of
Wg;er, ﬁnq%égg al cohol ysi.s, transesterifcations
rOESeBRendig dectrasectit Brrihsr gandemsetion d-ikraips, with thesremoval
bor ARARESGds Ay fIRR, YrEiK AR Td1RPe Rlterhd] %ﬁ@ of the film
si . ane conpound$ provide for three di nmensiona FiTm
fandrikewisg can pérmithrepesithanal displocsngpt ofieterfaescafipdranisng
great hardness and hi gh nmechanical resilience. The
term "hydrol yzabl e group” in connection with the
pr eserThd Siv@Rt b& il urkleffoss b vhhetd oBfabbnap &b it thehydrdlysis
directly capabl e of undergoi ng condensation reactions.
(ARG EPndRsttos: Ths dkeshapietbhean BTy ailsofubility sad ptabigty with
iyl zd q . L
G Y R h RO kblian e ELE e e of
dodddysiatletsa(abeay)silomns andpyradgpylioay)silaen gossemrscellent thermal
i pelude i di,c _or .bhasic ueoqus condi tions, . .
ShiEix pf fagie ebayioroYetn Brbag ersp otk Wik widens with Length
catd drathing A€ aRrsdbdhohts. AW 10kY- hief MMinbRBbINAEPSeRADAL

roup’ as used in thiggresent invention refers to a
%@eﬁlmﬁreéamm@e &8 nedrplysis thprythe plkgxysilaess gBhaiigereased rate can

[ r I : ' caohdi ti.gn
SEPHPRREH O LA SRR SR LI L mouns
fod mndiyaorcicidzira gfi¢thad ded do adogkeadib ehigracs) Mable Woilakieates some
P rtiﬁularl preferred are the t%tra-functiona
rR?‘éff»*s? ;Pi%%’&r%%é’f POMRBICES &ble silanecslgrst r om t he
conmpound of the forrmula | or a hydrol ysis product
thereof: 0 ROSItOCR ) a 4-a 20

10
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wherein R is independently a Cl_20 hydrocar byl
sel ected fromthe group consisting of straight and
al kcycl oal kyl ,

branched chain al kyl ,
al karyl ,

aryl ,

aryl al kyl

cycl oal kyl ,
and substituted hydrocar byl

gro

up

groups having one or nore substituents selected from
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al koxy,
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tetraproﬁionate and silicon tetrabutyrate. 30The

conpositions of the present

i nclude fromabout 0.1 to about 50 wt.
wei ght of the lubricating conposition of a
conpound of fornula Il below, or a mxture of

t he total

%

i nvention may further

based on
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(RRo)o SKOP.' 04-0 10where nis a 1, 2 or 3; the
-OR11 noiety is a hydrolyzable group and may the sane
or different when n=1 or 2. Exanpl es of hydrol yzable
-01211 groups are for exanple, alkoxy (preferably
Cl.6 -al koxy, such as, for exanple, nethoxy, ethoxy,

n- prop. -l -propoxy and butoxy), arYl axY (preferab

Co 10" THY ke RREete G8s BEH bl erffe sty praper oy o
aeydeaniynbiet 6f syahetipb&thivdys. @'he 8Lkt PrvcipaLBBhaS of §iRéon ester
exa

l e, 15 acetoxy or propionyloxy). R1O is a
n%aﬁmafﬁfﬂn@%gw@nﬁhegmnﬂ%ﬁw@mn y carry a
functional group. Exanples of R o are al kyl
(preferably C1_6 -al kyl, such as nethyl, ethyl,

n- propyl, i sopropy$iClin #aLHEQHs-8i(QC, HRhd- 4 Hilt v |
pentyl, hexyl or cyclohexyl), and aryl 20 (preferably
C6.10 -aryl, such as, for exanple, phenyl and

napht hghthlyzed direct RGNk b€ aﬁ&@mhﬁﬁ%ﬁﬁcéﬂ&ﬁ%i #B8duced in the
groups of the radical RLO are the hydroxyl, ether,

ahi49s andb3R05 (seg Labd Batent dos) k4 Th2%and 3:072090) benamexixpiportant

' A al dehyde, .
el bty line REO R oa UBN BRI S ia use ora
gnetapalcoldbatd bealgsi§, 61 PaanNgraupFear Endibadesnicdcibh@ethod
silicon atoghyia.alkyl ne, or arylene bridging . . .
Jssth g%?f%P Ox¥Y1aRes 1§ Ry BepssprBbCaiPnokipgesicHficatiyiy practical
al/BePBthe hleohdWib be SHAHRS: had B %idAbdHikY AAsH
derived,cfop gx%nple, ffon15%25ad%?%gﬁgﬁgﬁgﬂggﬂg¥a§ﬁ?ﬂCa“
die rampyed bidigtallation TQiber prgpoalive Rithods effadiraatybijaneoorneien
f . in particular fromlto 8, carbon atomns.

3% &ﬁﬁ&9E§§¥%?§s of silane additives represented by
t he above-defined founula are nethyltrinmethoxysil ane,

et hyl trj.mpt hoxysilane, propyltrinmethoxysil ane,
but yi t’r#_‘ﬁgfg%@@ﬁ ﬁh‘élcfpsﬁ%lﬁ REOKEE hoxysi | ane,
hexy! t=d; Pt RAWRSL 28OR + NaCl

4- et hyl - 2-pentyl tri et hoxysi | ane,

4- 8t IRAH2: HORt (ghtaiystret A0S+ Ehne,

oct yl trd. : i|la | trimethoxysil ane,
cyc Ix'o h”e%@ﬁ?ﬁ%fﬁ’o%@ﬁ g%@b :

cy cbohesig] FerhN, Hs E8ihoKgsi Nasel

di met hyl di met hoxysi | ane,

2- (8- GFuPR ARy pEHYR HASt hoxysi | ane,

3-cya et i

3 cyanon DonG LR - peIek R i

pheBet3HCl + [IONRIBX ys EB#PMERR" + HCI

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

3- am nopropyl tri net hoxysi | ane,

phenylAdyidEtinasy &b'r@dﬂﬁar produced by the reaction of an anhydride and a
3-|soq%anopropyltr|net oxysi | ane,

ihlorosilane duningsilanes arpiferopsd dyythe raapmhabhydidxatagines with
- ] ' t byl t iyl t i et h i |
ShisRo RIS DPIRL SRS MU TEIE ARl e

prapying s dbheryes had alkobyrhyyibxy-sitdhex yaiticalty

i sSob | trj.et hoxysil ane, hexyl triethoxysil ane
T bRt s, St 9 an Hox DRSPS, 296,195; 3,296, 161;

GYSITHIS Ml Bt dpe PP M S Afication Publication No. 0 465 723.
cycl ohexyl net hyl tri et hoxysi | ane, i

3-cyanopropyl tri et hoxysi |l ane,

IR AR shae vt s

Prquresiee WhprepHik bollvem tihoXusihk phretuctliself. The catalyst can be copper or
3- met hoxyet hyl t ri met hoxysi | ane,

3- et hoxyet hyl t ri net hoxysi | ané2
3- propoxyet hyl tri met hoxysi | ane,
2-et hyl hexyl tri met hoxysi | ane,
2- et hyl hexyl tri et hoxysi |l ane,
2- [ met hoxy( pol yet hyl eneoxy) propyl ] hept anet hyl tri sil ox
ane, [ methoxy
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25 | ubricating conpositions of the present invention,
the addition of a condensation catal yst can affect
filmformation, abrasion resistance and ot her
properties of the coating including stability,
porosity, caustic resistance, water resistance and

t Beoppek SompMin, WM &Ylh!gﬁa@alﬁgﬁ‘ genBA! el eﬁﬁ&*m@ bdilife

anpunt of catalyst used can vary w dely, but w
galaeliod) Jugh peocgsses austdisctpsedhinahdu Ratefir Nen. 31687807, 098, 195;

a he. t olids of.the
comubd1s e s A RS EO sk PR sl

i Buemt@rnﬂiead pioets dnqﬂdsysﬁﬁataﬂjﬂg:anﬁﬁaﬁ&tddl silitom @hrticle® maintained

present inventjon ar. nore preferably are provi ded

WHEHSRAEAN 11 #} 10gE Higly bating sefiers e pesaaderte rexhw il e alcohol at

| ih §1BG#, for

8, e apeateg sacyd SRR B Sobhe |

aties. QL@délﬁah%%%%?( H7RTdiT3y Helied92; ¢ T6R P3P, Bué 06 §,084,590;

(i 01550305, B3P S)08 L L0 AR Sl o

aatkeysales and (e%hh]k@k)léﬁhﬂes edyee dpatdidd iafa HaRhR@eHr c6ntinuons
aci 5(vii) alkali and alkaline earth netal

3%%19 Beh ‘ﬁ’ﬁ%i opsTRtERgs 2 single gdplition sl siligen arqd eatalysd dgmade to the
(lleéétopa{t ahd Qlf lsoTlf'sU:ﬁﬁeg XRRG 1§) for %llf{?ll?mﬁ%tm, YtiShe
suc um nu

i ncl'ude for group npoun s as a
z4iheon it fidly ramded; obedattedioed ;ldamé dograt eBcongewinn. The Jlcohol

dic. di am.de.; fo ou [ uch conpaqu ds as,

SRR A GED shEbasPharfi gkt 10RiAR I MBS faaible. Tn
k@ﬁﬁmtobyrhnan RIIREH hh&b&@l?@c' e adceﬁ t§ ﬂetfeac@dr%maﬁym
10 conpounds as benzyl di net hyl am ne, and

1thereaitenty Awiywin dhrselide corftent oé ﬂmablr(wrlﬂlmubbir@dnpm s
gl%:/al‘#é %&llﬁ ecxsfi‘l‘ﬂ q’El eane@‘g I AN, M1, ?953972(%‘ G §

tr| uororre ‘fonic aci d;” f'or’ gr oup

si;@IB g fihe detdred seaRtich mnda&eh&tﬁmoflﬂf fref1QhkPrefstbt ih,a gas phase
such co ounglr as sodlun1h¥drox|de and_pot assi um,

HYERRGR Apee vt ungeastrd alophel Ysolation of e msaduat 1sacropplished readily
fﬁg}-’(ﬁgtﬁlfﬁﬁon @Elﬁ)rcﬁlﬁ% RN froXddurdd @Hﬁﬁﬂu&)h{DE‘bét%ﬁkﬁs of

dtin di hyl hexonat e), and
@ﬁl!ﬁpmelﬂnmp diselosadin (pS Sasent N @8#i590 ayd Qf/lle‘d@kca(ysﬂanes in

SR, PRyl O ety condensati on o

condensatlon and "partial condensate" in connection
with t present inventiagn i s_20 neant that sonme of

the hykitedivizedpsag egtﬁ%ﬁgwtiﬁnal sdanes usqinlan pbs ormelationef the
iibdiSaitih %i’l' ?’&%@@ﬁ i 11@%% ané@é?[{o?l@éf&@p‘?esent

groups va| 8 tondensat
Tigpintiah hyye ﬁmpﬁmthcanal gonge atahed toetha silitbradtont Thaast

et ekt 2hya i amne G B G gederefpimula 5i-X, or
éhyﬂtdl?eﬂi Proflied: teREFENEALINOX id BASIch@tlyZRlected from the group
consisting of hydroxyl, alkoxy, aryloxy, acyloxy, amino, monoalkyl amino and
dialkyl amino. More particularly X is independently selected for the group consisting
of Cys alkoxy, Ce.1p and aryloxy, Ci.¢ 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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In anot her aspect, the present invention provides a
conposition derivable froma conpl ete condensation of =
t he above defined conposition. By "conplete
condensation” in connection with the present
invention is nmeant that nost or all of the

\ . . .
PHnEE g ool Tp! el nEhatht B Rl GF i e sippeancous
arropatibsyaihaiipng abdat hapdaegs and dighi mechwsicdl abdilerkar
condensati on reaction. I n anot her aspect,
the present invention provides a process for
pr epariitedn BRfdtd14a684 gI%Q{r“Piln%ﬁné‘cﬁBﬁ‘ %ﬁ%@%&%t RIvBhtRGh refers
t he above-defined conposition by reacting the
clorpEseiamyBich pithayds disrptiy sapabdmof yndgrgomeganilensaiinreadtions under

i . Dr \ St uch_as .an

| SpoldbEiaR! GRERGS: & witeh & Rl B ftl BBk 1ndH SRR il

t doaditioa i Selliﬁreﬁykr)wdelﬂhigm’boﬁthm_@,ﬁ@MbldBl\:caﬁamebflﬁglefg@h?g _
tregting a supstrate, conprising.the step of applying
" ?HSP%%ffafgl%r PRSRPTe peRdidarsiaulegeidiner asiseapents
tRRIRRIR Plibh MY Sn B ;Qﬁéeh@@gf aat%\aensa&&?émgal )(ccohhﬁw,ythe

obt ai ned Coati hg on'the substrate is cure gener a
aterna "noariplralyzabée gbuplbasutse® ir the pBBEt Gstestiosrel@s to a group not

i an.if and.the.type.of catalyst chpsen. Th
SERR0E aP Ry rese et inel R Se f i Benthe (R Plerie
CRRiRBhs b1t bRy ARDlnRE theQonaitiofd Radd MY fdrdrolyzing the
heati ng may take place sinultaneously with or

g5t he application of the conposition onto
the substrate. 15 LUBRI CATI NG O LS AND LUBRI CATI NG
COVPCSTI | ONS The lubricating oil conpositions

of -t heViprogualnldrygeakiro atahe trsdomyienildntitolypbiepsiued
(iR e B Bl dron iR cn bl PRk e o Tt produc

qpéeomal |y with other additives, with an oil of

| ubricating viscosity (base oil). The conpounds of

the invention nmay al so be preblended as a concentrate

20 or package with various other aglditives in the
appropriate ratios to faci{itate bl ending of a

| ubricating conpositicGRQB%TéFﬁEﬁ%C$h§ desi red
concentration of additives.® The conpolids of the §))
present invention are blended with base oil using a
concentration at which they provide inproved antiwear

e fiRh RO thRpEndRAiIP a $QL IR RodaFbyll BRP iskle;&@% ggﬁﬁﬁ@%}o@lbe

with other additives in the desired finis

|cgpsisting dflyaight andduanshed bhaip alkyRSy¢laalkyli slkeyedeadind earyl,

T

deletiet fioallsriret) @lkoagdstdr Eamird g6 8R] R| Isadhd@puiiafly straight
nor.nal conditions. Suitable oil ) )

SO b %&Brﬁé%xli Byl ead ged audr inanyingkest eldhisdtidde
QhbdtiREd ﬁ?&rb%bﬁ!éo%rag%%ﬁch%tot siflGorASLREA VRS- H¥e or

those having ordina e art using rout’lne
soyledy bridgyng metpshgyhprhonadbe mterripoad tencaaygéreor -NH- groups or

recipitation 30 from.a for.nul ate ubricating ojl .
A5 Tbbd R Apin2, BRI L ARtiPe poiG Ty bifaire St Syt ggoup i
qBdin Deo BEREN] @dcdly aki §1§6s1 Aciod@lersD p&IghRiricalléohBlsior @Blyhydric
the qil conposition or the fornmulation of a "cloudy'
PHERRIP-GAR (b Fespted vidgderledysior i thed R O Braunsdpm (hepicidly a lower

R&Eataill&lx?s?ﬂﬁme fusuaﬂy a mEfH %F Efglg di386) %ol fors ?)X?%‘éqntgﬁhpted

used 1n"the [ubricating oi ositions o
present invention are generally tailored to the

specific use, e.g., engine oﬂﬂ, gear oil, industria
oil, cutting oil, etc. For exanple, where desired as
a crankcase engine oil, 5 the base oil typically wll

be a mneral oil or synthetic oil of viscosity
suitable for use in the crankcase of an interna
conmbusti on engi ne such as gasoline engines and di ese
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ordinarily used in lubricating oil conpositions,

i ncl udi ng solvent treated, hydro treated or oils from

Fi sher-Tropsch processes. Preferred oils of

| ubricating viscosity used in this invention should

have a VISCOSIty i ndex of at |east 95, preferably at

I

(SRSl skl THHS o LI el B0 SRUER Rl o vl iyl
f mopoathes mgsidues t0|rmblaemfdtrde\ttlmxyrgmpsroe§ow h&mpgroups To rep}ace

Rt 808k P ani sou e ar s SHEMAS saRishoneh prsodion

eiptfenms an hikall tetal YIRbKIAE | FartigttirBo@eeasd Qitdasikhaielstaess prepared
vérqw Cp Iyners of al pha ol efins haV| the roper

RRGHICES 3P rgpressated by dheformal here R,
1s c f o g e "
T e

pQO(lJ dected/ wish @mmoyaksﬂwh tagomh abﬂma&bxﬁdmnﬁrﬁaﬂaﬂbﬁpreferred

d., Usef h f
A6 Rt B et Bt B S ke Gy e o e 10 and
R} lis @5 ATRI0PMEENXYy PrlekantdlasnidhdlchiR)ly Rk §eleé|f¥cpfr6ﬁ1|

exa les are dldodecyl adi pate, pentaerythritol

ﬁH@)aNéRzlbu wlgEre:Rinyis slependenilphydsogen or Cus sy, prefrsbly
oF e‘?%?éé’é S ARR Shaltithe pPptab ik RS T dnciof fouia 1

and bﬁtﬁaitmedwuh itie hydiotysis aatl Icandrlnsatmarbf ﬂie&@ni)ﬁuﬂ@ﬁﬁf formula I and
ends of _vari ous neral hetic oils and

ﬂ*’ﬁ gagmle B O%E‘ym% § Feprespited E&—S@&&; Peunsdiusforgeg pae or

fiRbre@Na8RE Bohd, Provi de a given viscosity or viscosity

range. In general the base oils or base oil m xtures
for engine oil are preselected so that the fina

| ub h
et uddh s ¥ e PREBIT Dbt RrtsRieg PR i Dbt T3t
dmyﬁnﬂmablemnanérmn@um soREdctont fdm MGG fondisting 212

centis oke% preferably 10 to 17 centistokes and nore
JrEFRstapysilans, tegacthoxys %I}esfeawg@imysﬁane tetrpisgpropp¥ypilane,

tt%aﬂu%h%% ' t@@m%ﬂu‘[ feﬁglﬁs@ﬂétﬂoxgglﬂg)?)ﬁl

vari ety of conpatible additives desir
vietrakisimethowyreppaxydsilane, ttdztelkﬁs(ethe)twdlobcy)srlmmat i ng 0| I

ndi n rticul ar, end use and
ggg%%%hp oﬁggﬁp §@~ﬁ%§ %ﬁ#ﬂ@ Hgﬂgﬁbplenenta
nitmethakydidillo:beBine, MRtk ?ﬂéﬂﬁ»x?ﬂﬁhe aaxan@mem_m ?BQntoxy) silane,
over basége 5 organi ¢ sul ates and normal and

tolexarpksiang Thulrelygis aradycts mayhereprpsented by

so included are
g{&ﬁf ?ﬁm%%ﬁ%ﬁ?égﬂfgﬁ@%f@@@%%y stl\}é)g?‘ne@‘ ents, friction
rm@r(ﬂmeerﬂmxwdﬂhoxmﬂmﬂnnbp Eeﬂrakfs@ﬁmethmliyhlokga)fsﬂanep our
ers ant i d cludlng the so 10
darRetrEEnaneyHnaeatvas b sbllien camipectant v
It&ﬂaff@f{&ibﬁ 1%[15211 aﬁtm ardleRlceeRYEQRIAMR
wear inhibitors. THEyDE %g%ﬁar Net al dgt)g?genfgh ave
VFterrspipatmandrpicopdeirabatyesigi ne oi | | ubricating 15
formul ations to neutralize the acidic by-products of

t he conbustion process and/or |ubricant oxidation and
to ﬁr dﬂiedem@oas'tm (ﬂ'ﬂ%ieept’esaﬁﬂfilvkﬁ&ﬂ]hrﬁa)‘sﬁ@m& iRld® FBRY about
| e r at surfaces cl ean thus preventlng
21 8@’&@01?5% & %?H t%cl? it reightiof thetlubrcatipg sempesition of a
b,aﬁ@ow fhamih AdESy CHrf FRRERE of HRIbIGEY rogﬁ%}g LAEPLEial
Conmon exanpl es of netal detergents fnc
sangmsries eone gt prpsibna pdditiveuditfomndel (b kiyifunctional silanes,
phenat es, 20 carboxyl at es, sqllcylates phosphonat es,
and phosphi nates. Commerci al "products are generally

referred to as neutral or overbased. Overbased netal
detergents are
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general |y produced by carbonating a m xture of

hydr ocar bons, detergent acid, for exanple: sulfonic
aci d, al kyl phenol, carboxylate etc., metal oxide or
hydr oxi des (for exanple cal ci um oxi de or cal ci um
hydr oxi de) and pronoters such as xylene, 25 nethano

aaHuNEHoBAL 511, BERTRAGichA siIRAEP R tngesc ¥RhHas s&*djg%n to the

cal ci um sul fonate; in carbonation, al ci um oxi
ofetnafimcBoiad silanesef formida . Thessclyation abthe additionadlsitanieddditives

t r ] Cj rbonate. The sulfonic acid .S .
b G MR BiposPBpSH) F Biciplientidh wilh fgpen

t hporstht bariailar pr3pdditado-te@nhaidet RYirdFarRa o &itieRthddubricating
detergents function.as both detergents to reduce or

r EBRSRR R 4 lormerdifilng copting. ‘Hag optipnalsiiane wlditgs are represented
| pPiRithRffa ot her eby reduci ng wear and corrosion and
extending engine life. Detergents generally conprise

a polar head with a | ong hydrophobic tail. The pol ar

head conprises a netal salt,o cidic organi c
conmpound. The salts may co&%@iﬁﬂgqgﬁkgtantially GD
stoi chionetric anmount of the nmetal in which case they

are usual ly described as normal or neutral salts, and
woul d W)geads py. havd the tQRamejalyds mhydselyzaéic mprp pad may the
c 8

S RS oy 2 iR AE, o PRSI i By gre for
r eacipleglkexy gesfebabirCal -atiaxypurt a6 dogexampie, exitbaypsthoxy,
hydroxi de) with an.acidic gas (e.g.,. carbon di oxide).
THEr G arHRp S Fa SHCRD: e e e b e geyony, Suck s, for
NeipM, ipheith ¥ el 88/ 6x PGorl RAnPI €[, 1a8)6%y, hcktas"Rk @kample,
base (e.g., Carbonate) mcelle. Such ‘overbased
deactxyevipropianylayake a TBN of 150 or greater, and
typically will have a TBN of from 250 to 450 or nore.

10 Det ergents that may be used i ncl ude

0i | - soR it e neetiydralyzatiel g rvtdsiethag vpficay €Sy a functional

h . sul furized. ph hi ophosph ,
eio Ry amles of S e BHONGRAEER s GURGr0gH 7R TlFiEy
gﬁﬁﬁ?ﬂ'i%?@yﬁfwﬁnﬂe E—ﬁ{n%rl glﬁ{ f-i%&yi_, By, B‘%Srl 8 &Rl dhe®y1), and aryl

al'ine earth metals . afium” sodirum

preferablyrs-1b Haryh seh agafor examplemhenyd andgapdlidm  The

nost commonly used netals are cal ci um and nagnesi um
whi ch nmay both be present in detergents used in a

| ubr i cigucificasxdmples bbfiRtieial grduph dMhe Reicdl RIPEHS 88 Kidroxyl,
mﬂéh sodium Particularly convenient netal detergents

aFtB T AP aoReAik Hming adiabk viagnine  awmide; Icpbanylemersantonglosther,
1 r Al Ci
ranoRl YRR, AR BB BUEGHithe R ElARABORE Bl Hbups.
5Dhaso futE@oral gravps tredlondél ribe silieohasmd/iaskyless, omeniene

alci.umsalic l%tes hav%g& ? BN of fronhﬁg to 450.

TR B MO D IBRER GBI Pl Rt R e b RS pr

NeNH-agroBs. 78t baid BRNgIRE gh%BE are derivedUbl QARPRS frBEMNDE
prepared from sul fonic acids which are typicall ]
othoxpmesatipged lerlsen adiadirdp Bte raflivyls Rearseferablytasgtain from
a I S ose obtained 25 from
af O L pdMANBGRIR 905 8408 ol

I onation of eum or by the al kyl ation
of aromatic hydrocarbons. Exanples included those
obt ai ned by al kyl ating. benzene, tol uene, xylene,
napht ﬂ%f%?%?s ﬁ%ﬁﬁ%ﬁ?‘ﬂg&ﬁs f@ﬁé?@%&%ﬁ é&&%awﬁﬁfgfeﬂ\f%@mla are
TiRethglkmb @b A aie ¥t BrieR ok 6186 prbfy It Re (xS sieRse of
a catalyst wth al kyl ati ng agents having from about 3
t Bitpgiacthorsilag, @ab%hmaﬁ%ﬁsysﬂah@ hgk¥hinpdthasybilaneat es
usually contain from about 9 t0 about 80 or 30 nore
carbon atons, preferably fro%labout 16 to about 60
carbon atons per al kyl substituted aromatic noiety.
The oil soluble sulfonates or al karyl sulfonic acids
may be neutralized w th oxides, hydroxides,
al koxi des, carbonates, carboxylate, sulfides,
hydrosul fi des, nitrates, borates and ethers of the
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10 be prepared by reacting a phenol with sulfur or a

- sul fur containing conpound such as hydrogen sul fide,

sul fur nonohal ide or sulfur dihalide, to form
products which are generally m xtures of conpounds in
which 2 or nore phenols are bridged by sul fur
chnicthyh 2 pgniyttriefesysilis arheakyl 2benttRiRe@efsHansg . J. ,
salicyl ates,, can_be pregﬁred by reacting an aromatic
c%ﬁ)ﬂ%ﬁ%ﬁ@%yg&ﬂas dcyrumpthapyilaps. icyeleharitimethorpoian
1dh 88y 1ABhYH; I ' or
i&grbgégd p?%%ﬁ%?gﬁﬁg%g%gﬁgggﬁ?%gﬂﬂ ﬁ%%hods wel |
knGnpyclabexdnylathyltriffisthoayslane, i 3ecymopbyyloiméthexyailorat i ¢
carboxyli G, acid can cont ai et er.oat Q such as
(r:nﬁﬁag rﬁpglﬁgn%tgwgﬂ?‘n%? %ﬁ’é’@?ﬁeﬂ}oﬁ@%?’et y contains
BingrcaPropRipPRfimatheRTEilah®) Berniih6prep Abkintcthbeysieet ¥
contains six or nore carbon atons; faor exanple
DR Engthoxysilanes dnisosrneprapyimimpiioxysilenat i c
172 ] ' Ci. -aj nore aromatic
Egﬁ%?%%g%ﬁgﬁé%gggﬁ%ﬁ 9§%ﬁ%ngg§g%§ene rings, either
fAi€ednivpetb plamémtsdh ) pheadthyltranahiisdges phehlyiriethoxysilane,
car hoxyl i c .1noi et be attached di.rect. or
P B P IR H Rt e e ieBo ARl y ¢ he
qmwﬂﬂeﬂﬁx?&laﬂe,gl%ﬁ}dﬁidﬂ%x%ﬂﬁl%h&?ylﬁﬁetﬁixﬁﬁ%ley to a
as

carbon atomon the aromatic noiety, suc a carbon
sleeriristhaxiyeilaserryelobexylfrigthomysitangr et ohatipethyKkethoxysilane,

' | i S nd functi onal
o SBbb SRR Blok Blg, ERMO RS A PSR HAR: ¢ ot oup.
métgbxwmpyhﬁn&t}toﬁyﬁﬁde,(ﬁ—p@bkgpré]fylﬂriﬁ@ﬁﬂﬁ@@?iﬂ@e,t8 a

arbon atomon the aromatic nojety. 30Preferre

& é%etlaf%ﬂw@%g%aﬁ%@w%ylgenﬁgowé%| icylic
AChe th ' . [ : such as
P B S Py P IO Rlang
derthylbexyleisthoymilens,. Processes for sul furizing, for

hydr ocar byl -substituted salicylic acid, are
A G Tl AR i AR R &l | oot s
Jrettoyp nmydtyyia&oxp)gﬁﬁ@[}adnahomﬂbmyl ation, for
the Kol be-Schmtt process, of phenoxides,

xanpl e, by s
e oxyPRkethyleag-oxy)ethylidnetharysilane obt ai ned,

' i h R AR5 e Wth
Eﬁ%g%&é%ilygﬁhgﬁeq%ézﬂoileylg%}HE e AN The
dimsphors@nlycthyjEneyadethyl] triathogyaijans iahd duslikef t hi s
i nvention can be ashl ess di spersants such as an
al kenyl succi nimde, an al kenyl succinic anhydri de,

an al kamphgls s esideadtiof Sh@lyst @Ot AN sbdtiePingRdidRt 8t HEES
of . such di spersants. 10Ashl ess dlégersants are

Helsicatine enmpasdions af e passentdnvaitisapide adtition othcandensstion

[ j t C I ' . ]

Sl 5188 RaERRLICE SO S0 FARL LT o AeE RGN 86
icnetingdnelgdiagistability pothaity, causte; rebiblafes, whaed F&ignce and the like.
Rﬁébox Ib.and %%f | i ke. These roductg c%n be

pr ePaTBRIOBYE & SRUPRUTLEE Gh Ut ARSI Of R bistarrd gan vary
SENY RS belBRIRAS prbebhlh M dno TR ROARIE LS. 008 BBEVEWL. %,
function. Such groups include alkyl 15

basad @ the @ﬁéésvlil%wf ¢arepdstiionone copol ynmers, al kyl

nmet hacryl at e-di al kyl am noet hyl net hacryl ate

copolymers and the like. Additionally, high nolecular

wei ghttxampliesf enaypolwiu cde He dcopsireesd i ibpoitigsdofipositions
%g h as tetraethyl ene ggntanine, pol yvin

yl .

YRRy BLI08 98 MY HRE IRty arsRiP WP whehsiph febricating
enpl oyed. Preferred dispersagys are N-substituted
| ong chai n al kenyl succinimdes. 20 Mono and
bi s al kenyl succinimdes are usually derived fromthe
reacti on of al kenyl succinic acid or anhydride and
al kyl ene pol yanmi nes. These conpounds are generally
consi dered to have the formnul a
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N-A k- (N-Alk).-NRBR4 R2 wherein Rl is a

substanti ally hydrocarbon radi cal having a nol ecul ar
wei ght from about 450 to 3000, that is, R is a

hydr ocar byl radical, preferably an al kenyl radical,
cont ai ni ng about 30 to about 200 carbon atons; Ak is

icals . .2 ly 2. L ,
DAL S ool P LG o
Ginglidtkes agdaysl, hpdrawdickfbndys, etc; hygdh) agesl acgyRt abmdibsy (i) diamides,

hydr.ogen, . and x i.s an _integer fromQ.to 1Q, . L
p@ @§WVS£Y)&W68% Rt UGt SR BRBE EdS, gganic acids,

 abe)hi BEIfRHic AidCRYd BRR 2BHEECIaNt (VB Gl %eta%ausd&f; éafg)ﬁpﬁlc acids,

al kyl ene pol yam ne will conprise’the mxture o

coip alirald end alistlingi earfh snedad ihyduoiislen adiexidesd (viii) fluoride salts, and

sSHeCl. Dl - ver, 4t kS gustonary.,t esi gnat e

i T R T L B

destyoupédast aburfinlim, zidic ieeh dodi cdbiit hdetyhgeetonpfes G bRl

C onent, of, the m xtyre. . The nono al kenyl =
ToyRRAigRidgHar groyp 4111 §¥sh commosnds %%@%ﬂh@t@é@bﬂay

depgRs i ) 19 ] i

R o4 S R DAL ATl fnb b 1% Brop PANKBIBL(CE Broyp ), such

Gemppemndpiseengildiostipfiamiok yandi I dikdhineyslobeiane;doggroup §v),

of about 1:1 r oduc dom.nat.el y no .al kenyl
el Chmpe s hegellanasid Pl widmips s Ehpsre aga

Stei@iRbidntetgihedtbiofic aatie fr goub mys&h@eﬁx?smms% eFdifvancbite, for
bi s al kenyl succinimde. These N substituted alkeg¥

I
STEER (Hibhi yels coraprusds py edire bydpxideqndipatpssiamdiydroxide, for
; a%éjp}r%l s %e\#gtnlr:bes .I aﬁxﬁéﬁ%{%ﬁ&%&@&?@#@éﬁ@?@ﬁ}gﬁn dilaurate

windhint iiE-ethkbsonetepelgi dind lide. The Rl radi cal of the
above formula, that is, the alkenyl radical, is
preferably derived froma polymer prepared from an

ol ef i MnNARSasFRR tRd P8t [vemfich frlvideLRE sfloRRrivable
Thus, the al kenyl radical is obtained by polynerizing

dicplaaritisl endeadatipngf feghowe nliqusd eempesiticat Bys'padiak or m
PR LA GRS SHH Hor BN PGP o

emeap that sk bithehdrbbashle proapy ircthe midtubilia®B @eacted while leaving
2-but ene, isobutene, and m xtures,thereof. . In

e #@%ﬁlﬂl &Eogatd 3&/&0&%@8@%@"@&%& ar Aplepgajiop geaction.
PrRRciods PaiAIRBAAdHSke Sncdns BAl HALIYIBAEEREMPhGeast 30%, more
anhydride wth an al kyl ene pol yam ne.” The ,
Fobigeabky/atdenst 5156 of thedrydrilyabledmoins ardill eadablo for condensation
%?Céféﬁt of a pol yal kyl ene (preferably polyi sobut ene)

Wt h onal ei ¢ anhydride. One can use conventi onal

pol yi sobut ene, or high nethylvinylidene polyi sobutene

in the pr et%ar ation of such polyal kyl ene succi-nic

anhy dripdagthergspect.dhe prssent BRfcREPD PIOMIdsT f Aempeitionf daiwable from
r llnsbie caficflsd - . N

this pr g ga r aet ?agl%h %Exwgen%lmgg&%@%g ] ?193@%1@&% %gﬁxﬁéﬁteén e
swodénsiitond i yehmiedas: witk thelyeesenl infRHESA i meintitlso bustseomydl! of the

ucci.ni ¢, anhydr.i de) descri bed in S, Ppat ent .
PRSI RN Gh HE SRS breSketit dopiseliviapomistc condensate
Ratee thaNditledr hé Ay Sy aBIefgééﬁIéid rém&h ab 8B 8fiensation
chl ori nati on Pl BSA dyezscri ed in US. Patent No.
Jeapfvnz64: high succinic ratio PTSSA described in
U. S. Patent No. 4,234, 435; Pol yPIBSA described in
U. S. Patent Nos. 5,112,507 and 5, 175, 225; hi gh
succinic ratio Pol yPI BSA described in U S. Patent
Nos. 5,565,528 and 5, 616, 668; free radi cal PIBSA
described in U.S. Patent Nos.!35 286,799, 5,319,030,
and 5, 625, 004; PIBSA 5 made from hi gh
nmet hyl vi nyl i dene pol ybut ene described in U S. Patent
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Nos. 4,152,499, 5,137,978, and 5, 137,980; high
succinic ratio PIBSA made from hi gh net hyl vi nyli dene
pol ybut ene descri bed in European Patent Application
Publ i cati on No. 0 355 895; terpolynmer PlBSA described
in US Patent No. 5,792,729; sulfonic acid PlIBSA

Pt ont AnSl L PPen T et A R g g R P BRApe o

ppaciifl (EGOEDB&GCOdd&tSmebmdtanmngth ab@atdafinedoomposhh Whlracting

a d Euro t ent | i.cati on Publication
corpahaR Lo B Gt s fonf & ofoirl 'dsélaﬁ@ﬁ%egt?%?fgwater and
|megm@gggkﬁdsQ@g@ﬂarbgaﬁﬁference in their entirety.
The pol yal kyl ene succinic anhydride is preferably a
pol yi sobut enyl succinic anhydride. In one preferred
enbodi | Kyl n hyd
75 pol vy sl FiifPROLR, IBCCRAS AR ERE TS T fror
atreatiaga sndtaty banprigng tie sefp ﬂl‘ap]bl@ﬁgtto 4151@as1: ﬁ@bﬂmn of the surface

referab t |east. 900 t ut 3000 .a ill nore
B?@‘% F'J}a*%' SSHROSIHRS 25 L 3@‘6’6 Prsft ea%gmtﬁeze@emeqi Foating

s nbar S Eked g%Ha‘aﬁ% E?mem rafifir¥ bEEHuPH0 to 300 Celsms
pol yal kyl ene succinic 2 I des are enployed. In

t dapsndinponlifimadthe Wheomatalmt @ﬁpﬂeef Ehrcatwbgtratompy be pee-beated as to

I aIk cci.ni.C hydr i de

ORI bl RSl Pt SlEsSY FERe FRy ke

spieed sﬁmaltm&hysﬂy Wﬁiﬁ 0@ @ﬁ(ﬂ;@@@ﬁt to thD agpHeaesEs ARt Yompdetion onto

n@p/nnlecular wei ght conponent has a nunber average
ehpirgte wei ght of fromabout 450 to bel ow 1000 and

t he hi gh nol ecul ar wei ght conponent has a nunber

average 25 nol ecul ar weight of from 1000 to about

SDUBRﬂSAEﬂﬂGﬁﬁLSfﬁﬁﬁﬂ@ﬁﬂMGMJﬂﬁﬁEKH%EOSBHOHﬁd hi gh

| but
Cocer T IBRGHRE o SBRROTED Bl e PGacht SPPHIFE: o be apugmiontly
VREpES bPSihipdy lklhﬁﬂuﬁﬁg obEEhPie @Mﬁrabme@epﬂﬂ@ﬁ@ﬁk Silane of the

can be conbined as a dispersant as well as a m xture

TeSeRBIngenon 0&8@9@1}?‘@% prigt eddlities pEitl ameid oblybricating viscosity

GRS ib B QRNYfind Gt MO RnBRM B HEOS: BREERALRs o concontrate

i pahka@ vsatit\raunpsamhdr adelitivep iothe apprapridte tmoamdfaclhtate blending
b|||t of t he det.er ture

o Bpicht 4B e EE T el Bpiten pFafigres. The

t@n@oﬂﬁ&&ﬁ“lﬁe Psone iBRht o ark IBTGHQ@& ﬁftﬂ %Ege i %ﬁiﬁ@ctﬁi@gnh‘atlon at
preferably fromabout 1.5 to

pYiEk they drgyids imreyadcamsi vsat ofBet @rsr,iéa;re bothpplipleria theh@l and

T

aifr this istadcd genkﬁﬂlgrnﬂeaﬁls khat B2, pr&33nt @hthobddedsevelBas being oil
deﬁi ed ﬁbov “lﬁ al kyl ene am nes i ncl ude
i 9?113&9% y F"S?’Féa‘&rﬁlﬁ?élé’ noL PP GHIET afffitives fo precipitate

, Qi:Hd)éll P HARR NS, pglﬁﬁ}ﬁ%e%?ﬁso@ml @ﬁom@?ﬁﬂxﬁg@ﬁﬁge@ %f'hegglven

hexyl ene am nes, heptyl ene am n ne am nes :
grompoupd D?hbtl'kﬁ}llng@é farmwletomer tel (btﬁmlh'sd by ¢hdse haﬂdg ordmary

h and.
AL 00, DR ey PP PRSP e AR aton
k@il foimieled PRl doripostionyk mBicHi @RS

Bééeth | ene tetraam ne, propylene 15 di am ne,
%Pr?@igh G- Qi Srebe Beeawet g sidseadual prasmitation from the oil

CUOH%E@BEBPH)'@?&%Jléﬁcﬁf‘ﬂﬁe‘clotuﬁgp o‘ﬁlpt}'dnevplgcﬁ E4iRARA Remation of

tetraet hyl ene pentamne, tri yl'ene di am ne,
pesnlede Wk emgiclvexami ne, ditrimethyl ene triam ne,
2- heptyl- 3-(2- an1nopropy1)-igbdazoline,4-nethy|
i m dazol i ne, N, N-di nmethyl-1, 3-propane di am ne,
1, 3- bi s(2-ar ni noet hypi m dazol i ne,

142- am nopropyl) - pi per azi ne,

1, 4- bi s(2-am noet hyDpi per azi ne and
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20 2-nmet hyl -1-(2-am nobutyl ) pi perazi ne. Hi gher

honol ogs such as are obtained by condensing two or

nore of the above-illustratéd al kyl ene am nes

i kewi se are useful. The ethyl ene am nes are

especially useful. They are described in sone detai

under the heading "Ethylene Am nes" in Encycl opedi a

of Chem cal Technol ogy, KirkQ hner, Vol. 5, pp.

898- 90TFh¢ lubtieting iodp@ﬂaal?t:l bilj wee xS the NevmlcXdiigoil d@mEYsitions of the
The t rn125 "eth amne" i s used in a generic

SBYTe P}:Ye’awg 8%“66‘55’ lgred fRihg SR HRS UCoh B0 FREIAR O gear oil,

t hRuemsltoi Bitting 6iLIdAE Fol ERGhME! %l'fgé\'ﬁ&'ﬂ%@'igywaﬁﬂase engine oil,

30wherein a is an i nt eger fromlito 10. 27
THgdaseq ail ﬁymhli!udwdi be @mmalrml @, syethhti¢ eihef disaityeyitable for use

t tri | ene t et
cinthd el &f AP b By 208 P38 Rl pusines g s
t trepidds %wh'l"heludeb’ldlhﬂmdbtﬁéme%l @ﬁﬂ]kbasé lliﬂﬁicﬁﬂlﬂ‘g @iﬁfor&iﬁ&ﬁilyl Have a
t he al ke CC|n|n1de 00££03|t of the presen

iSrefity Shabot E0 o BT i B oo Ui 9S00 s asgiaging oils

- SHaP bé‘ﬁeﬂjs}eagrlogliggz Kt c %g %rarl) %gﬁ@és ﬁlaal ézilg RetdBnimal oils and

3, 018, 250:;
SVG.BEQbRgQ];S (8g.20810% 7)8 1a8] 811Pas66E] asanﬁliﬂtl Fa. GVLmeral oil for use as

3th %%Se%% t%h %%%hfgé%mcédg%éﬁ?]%yi 4 e other oils that are

%raﬁﬁnﬂy&ﬁ;ed in lubricating oil compositions, mcludmg solvent treated, hydro
treated or oils from Fisher-Tropsch processes. Preferred oils of lubricating viscosity
used in this invention should have a viscosity index of at least 95, preferably at least
100. The preferred are selected from API Category oils Group I through Group IV
and preferably from Group II, III and IV or mixtures thereof optionally blended with
Group 1. Synthetic oils include both hydrocarbon synthetic oils and synt-hetic' esters.
Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins having the
proper viscosity. Especially useful are the hydrogenerated liquid oligomers of Cs to
Ci2 alpha olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper
viscosity such as didodecyl benzene can be useﬁ. Useful synthetic esters include the
esters of both monocarboxylic acid and polycarboxylic acids as well as monohydroxy
alkanols and polyols. Typical examples are didodecyl adipate, pentaerythritol
tetracaproate, di-2-cthylhexyl adipate, dilaurylsebacate and the like. Complex esters
prepared from mixtures of mono and dicarboxylic acid and mono and dihydroxy
alkanols can also be used. Blends of various mineral oils, synthetic oils and minerais

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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5, 286, 799; 5, 319, 030; 5, 334, 321; 5, 356, 552,
5,716,912, the disclosures of which are all hereby
incorporated by reference in their entirety for al
pur poses. 10 Al'so included within the term

"al kenyl succinimdes" are post-treated succi ni m des

ot ny! ontPeaprian BRLCR: I QEERHR AT SR AEE T Shpativl

Uatﬂ:ltl\%tdesiredl‘ﬂo impdar6t:Riobs propvdiiek énthe finished hibnpating&ll

at ent . No.. 4 746, 44 and the |ike wel.] as, qt her,,...
BB R i e 2atioulaE s apd et gpe- Shelfhadisives
| HeRKIB }]é}ﬂ&ﬂelﬂﬁrr@hﬁal%d b&fi€ 8 &BGents Budht 4% n@fikdl 8 ¥verbased
Preferab t he carbonate-treated alken%ﬁ%su00|n|n1de

i ereguig sHifenatesmad soredl andrprsbaed phetes eodsaisylpbag: Epressants,

h wei ght of 450 to 3000, preferably
%%5%8% %@Alsﬂeu ?{m)re preferably from 1300 to 2300,

and preferably from 2000 to 2400 as well as mxtures

of the Iar ferably, i 'S
pr eparégwﬂ’i}”? ng‘r %Hﬁgfres SeFhras ARV a&sﬁﬁ.fwtb%m%eﬁers

st Mbbitefs, ﬁ)aﬁpxh)ﬂg%l%nﬁmﬁ it Qisperdiits] aﬁﬁéﬂﬂﬁﬁé Yifetudihls the so
unsat urat ed aci di c reagent copolyner of an

uerllet yisaowly indexdiVa) i mgms, digparsant Ol igfpreversand, as noted above,
p in U S Patent No.
5?@%@9&310{1?]0%%%?111{ ggherel n by reference.
25Pref erably, the al kenyl succini m de conponent
c rises froml to 20 wt. % preferably 2 to 12 wt.
Wﬁ%@hﬂeferably 4 to 8 wt. %of the weight of
thelui@fta@a&te REARA Shpi LA 1uBABHR

: Rl bRy ey e Gl BB

of anti wear ent, a net
Bﬁmnuhnomlﬁosphmleze ithe ailtle Hypoodiets df der domdmstion process and/or

f bl Th
B bk PBooTd P Bvids ok S B ks fbSneT P oty hign
Ofenfpedatiir® sérfibeiBISSn Hubplevintigthldgl. A awmbbOSTIFerdst surfactant
conpositions are desired _so the

dtW?ﬁ@@é&P%ﬂWﬁﬂ%P@éﬁ@s‘bﬁ%ﬁ fubrigans defpregntst Cemmen egamples of
Inftal BEESEAR Bl uddd Ssulgholatés, alkylphenates, sulfurized alkyl phenates,

carboxylates, salicylates, phosphonates, and phosphinates. Commercial products are

generally referred to as neutral or overbased. Overbased metal detergents are
generally produced by carbpnating a mixture of hydrocarbons, detergent acid, for
example: sulfonic acid, alkylphenol, carboxylate etc., metal oxide or hydroxides (for
example calcium oxide or calcivm hydroxide) and promoters such as xylene,
methanol and water. For example for preparing an overbased calcium sulfonate; in
carbonation, the calcium oxide or hydroxide reacts with the gaseous carbon dioxide to
form calcium carbonate. The sulfonic acid is neutralized with an excess of CaO or

Ca(OH), to form the sulfonate.

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

21
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mass % in the lubricating oil conposition.

Preferably, zinc dialkylthi ophosphate (ZDDP) is used.

Thi s provi des antioxi dant and antiwear properties to

the lubricating conposition. Such conpounds may be
prepared in accordance with known techniques by first

f& I

o RS i (sl Lo EE afin of the
reetel ialWhithepse Hsydire wruaiihdesptibed as rmonal oninehitral salts, and would

' Stgiélaglw fave éxqgtaf l?ﬁs j]inggr ogfﬂ':%# E%%I;@ ﬁ%%%g%%%gsihfﬁﬁ%) of

ar@nl0ab 0. Mg@ @suof 8 widial daeOhey be inﬁ@ﬂpUﬂt@ed Pteading excess
not estrégé?d to the followi,ng list: |so-propano

e L.t e or hydrowjde) vaBrnapidie easr: .ge [carbon

( h
om0 PSR P Mgy
gruger rb@yec afra b‘@taébmel (r:rgr, yarbew@hdmelj(e Soch ﬂveﬂ)asecb detergents may

H5F SR s PR B Bt O ISP bty 0 o

seerendary carbon atons Mor eover, when enpl oyed,
there is preferably at | east 50, nore preferably 75
or nore, nost preferably 85 to 100, nmass % secondary

| kyl :
e cond LR, tafuaYBTRA hoyde GEVLLbR YA g DS Baclh
guliopses, phmhtea,ssu&uﬂﬂﬁﬁhmﬁes tiiophoSphamases, sulibylites)-add ol
Feetea R ofed Ao Faatory e ot b skl gy tho Scali o
gt é beﬁmewscagb raﬁr@l!.masra,dnﬁp%ta@rlﬁ&eﬁm MRERI d
the sec-butanofl s 75 mole % 20The neta
dmsyldﬁrle!@amﬁymdsttq@mmﬁts piedirectpls xei mmms«i miagnespm, which

b B BRI IR S M el Sl AR EFL B i

onégneﬂnmo&ﬂt $oaiurh. d’aﬂﬁ@?ﬂﬂi&o&v@hﬁﬂ [ie4] \@steepntseiné neutral and
res ed. as s % el enent al Phosphorus of 0.
ased calcupn g@@%‘@é agipg TBN;of fiemg 20de 45 meviea!, a'reri Werbased
Qaﬁﬁﬁn BhenaRS Snd SHERi28 phihaldd %a{nﬁg Q%I\Prf)f £ 20 18 250 M neutral
In a particularly preferred aspect %
|2 everhased gnaginesieomp osleimipsalidplatss hmmg@ ﬂ“BaI of fwmeﬂad: 450.

i (beqfx %?llg gg Ege entg%ogiﬁqgg%?rp?sn ﬁ Oﬁeré;& z ﬁ{ gcﬁ_ﬁ, may 86 used.

essentially no added phosphorus additive conponent.

Oxidatjon inhibitors or _antioxidants reduce the

t ende .$@§f0%rt69da§3é be pspwed frormepligatcacids mhieh ara tgdgally obtained

\’Mfr\}'tﬁé‘s Qﬁdrpéfaatilgﬁ @u&ﬁf%t&?ar@fﬂaﬂ@ﬂg Glcdy ntslgﬁ?(lpgsquls%td%tamed
at1 on such as sludge and ar ni sh

depotictimctmatios offpetaticwwn of by és aﬂi{}dathm ofiapmamicthydrocarbons.

bl b ALy S
t}ﬁhﬂe&e Biphkiy]1 08 SHed lrﬁllcfg%ﬁ 'd@ﬁvzﬂfv@ﬁ @}@kﬁh&&}a%ntnﬂ)dy%%med out

si de chains, calciumnonyl phenol “sulfid
ae Fheé%semq of gty withefetldingagents having ﬁzmbphteﬁw@treere than

[ C
D RSRRBl4 T a0 s A S8 A BEALRIRG 5 p ot s0 o
pivera ydrbem atona pﬂs&fayilﬂﬁﬁbﬁ&bophb&t@lubbwoe@tmsaxmﬁep élalkyl
trﬁﬁﬁg(ganates ashl ess thiocarbamates (preferred are
GFYHFBERTBERHEE B -e 5 net hyl enebi s
(di butyl di t hi ocarbamate), ethyl enebis
(di butyl di t hi ocarbamate), and isobutyl
di sul fide-2,2"-bis(dibutyldithiocarbamate). Preferred
phenol type oxidation inhiblers are selected from
the group consisting of: 4,4"~nethyl ene his
(2,6-di-tert-butyl phenol),
4,4 -bis(2,6-di-tert-butyl phenol),
4,4" -bi s(2-methyl -6-tert-butyl phenol), 10
2,2'-methylene bis (4-nmethyl-6-tert-butyl-phenol),
4,4' -butylidenebis (3-nmethyl-6-tert-butyl phenol),
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152, 2' - net hyl enebi s (4-net hyl - 6- cycl ohexyl phenol),
2,6-di-tert-butyl - 4-net hyl - phenol
2,6-di-tert-butyl -4-ethyl phenol,

di met hyl-6-tert-butyl - phenol,

dl-tert 4-(N. N dlnethylan1nonethylphenol)

4-
6-
421 51% gﬁ%&fg&eg%{ag{ @?ﬁﬁ%ﬁ&%&y be noutralized with

'exm hydlromdbq; anmxmes caghohatby tcyﬂbbmylzi;elédﬁddsf hdieosuifirtbs,
0.

h 5-d d
PSR o A S i The g G neta symagi is chosen
dhphenebaditd the d26io PERUFM HhADHR[AuEH bl %Ydaﬂ%ﬂfgeg Rdm about

a_hindered phenolic antioxidant primrily

3160 195 220 8vtt Yafpreferataly iy thaeix@d rtati) of et soichiomepsicaly nesprired.

al kyl ester, phenyl-. al pha. - napht hyl am ne, and

al kyl at ed .alpha.-naphthylanine. 251 n sone instances

a fri cMethsatsaif phatols sndetfddded Iﬁnmdﬂs Eafei tpaed otadticrwith an

h%@{%ﬁraqe er 1?1?% ?og%?oglb!g §us | Ubl y O a K%Catg;:lglgutral or overbased
Q& oa ?Be bBtafidd %?%od%fwélflﬁmklﬁ We 4. @‘agﬂﬁlﬁze% enols may
% of the lubricating oil conposition. Prefer

f bopieparebby teagting a plipmel mtbfselrﬁamrya shifoneodtaining c@mﬁomd such as

% Friction
rpdelulads it G mERebE op SR IR i Prpaucts which are
3fartdligsniRturatdfesmipatui idkihidned bm@mmeﬁols adeibpidaéd By sulfur
fatty acid_ am des, aliphatic carboxylic acids,

aPuHBing “éaﬁboxyllc esters of polyols such as

gl ycerol esters of fatty acid as exenplified by

gl ycerol oleate, boric esters of glycerol fatty acid
nmonoes€absyylatk idplergents, c.gr, bzlicyldt&s, esitherpreraaisy), reacting an

tlc sph nat.es aI| tlc hosphat.es
SOBREE EoRAE BRAORHE R pBeoR R ikl PR EOIR Shchvasa cpide or
ehy‘dmeé‘lﬁ{cﬁidﬁtrhm Aettabeat rﬁdﬂﬁ@ﬁhﬂy Y6 bigthinkd 69 Acd¥S well known
above about eight carbon atons so as to render the

c BBtk dL e wemsiomeiely &idhe momﬁpeéﬁrb@@émaatd A@ contain.
e |

(R NuoR i A0 ML G PR IR R6if] BHOhe bty
esarb(msatanst Immqbe@erabb} tBe miBatte ndntainiNax of mbBGchdn avbhmehfor
dISC| .cer ol ers of dinerized. fatty a

&S oS S bieTes! B0 ThE AT cawatyIRacas wagicontain one

C&r @@ﬁéﬁkdrﬁat@%&éu@ SucARYHE bfdﬁt%ré’\betnﬁerél BB Xidher fds& or
4,530, 771 which is a preferred berated glycero

nenvwettedyie alkyigme ibsidees. dbe éﬂboﬁdm@@‘mf@@ togi attacked directly or
in\ﬁﬁ'gd't to ﬂe%%l%a@ccﬁlgl %‘f”r&c&?{;} tg yh%%lglgl g%gﬁpe{s attached
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2 to 10, preferably 2 to 6, carbon atoms, R%, R?, and R* are selected from a

C-C4 alkyl or alkoxy or hydrogen, preferably hydrogen, and x is an integer from

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

produce predominantly bis alkenyl succinimide.

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

mixtures thereof,

In a preferred aspect, the alkenyl succinimide may be prepared by reacting a
polyalkylene succinic anhydride with an alkylene polyamine. The polyalkylene
sucemic anhydride is the reaction product of a polyalkylene (preferably
polyisobutene) with maleic anhydride. One can use conventional polyisobutene, or
high methylvinylidene polyisobutene in the preparation of such polyalkylene succinic
anhydrides. One can use thermal, chlotination, 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 11.S. Patent
No. 3,172,892; a mixture of thermal and chlorination PIBSA described in U.S. Patent
25
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No. 3,912,764; high succinic ratio PIBS A described in U.S. Patent No. 4,234,435;
PolyPIBSA described in U.S. Patent Nos. 5,112,507 and 5,175,225; high succinic
ratio PolyPIBSA described in U.S. Patent Nos. 5,565,528 and 5,616,668; free radical
PIBSA described in U.S. Patent Nos. 5,286,799, 5,319,030, and 5,625,004; PIBSA
made from high methylvinylidene polybutene described in U.S. Patent

Nos. 4,152,499, 5,137,978, and 5,137,980; high succinic ratio PIBSA made from high
methylvinylidene polybutene described in European Patent Application Publication
No. 0 355 895; terpolymer PIBSA described in U.S. Patent No. 5,792,729; sulfonic
acid PIBSA described in U.S. Patent No. 5,777,025 and European Patent Application
Publication No. 0 542 380; and purified PIBSA described in U.S. Patent

No. 5,523,417 and European Patent Application Publication No. 0 602 863. The
disclosures of each of these documents are incorporated herein by reference in their
entirety. The polyalkylene succinic anhydride is preferably a polyisobutenyl succinic
anhydride. In one preferred embodiment, the polyalkylene succinic anhydride is a
polyisobutenyl succinic anhydride having a number average molecular weight of at
least 450, more preferably at least 900 to about 3000 and still more preferably from at
least about 900 to about 2300. |

In another preferred embodiment, a mixture of polyalkylene succinic
anhydrides are employed. In this embodiment, the mixture preferably comprises a low
molecular weight polyalkylene succinic anhydride component and a high molecular
weight polyalkylene succinic anhydride component. More preferably, the low
molecular weight component has a number average molecular W(ﬁght of from about
450 to below 1000 and the high molecular weight component has a number average
molecular weight of from 1000 to about 3000. Still more preferably, both the low and
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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mixture. When employed with the detergent it can comprise from 0.5 to 5 percent by
weight of the detergent mixture and preferably from about 1.5 to 4 wt. %.

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

formula:

H,N—Alk—-N—Ak--NR3R#
] Zz

R2

wherein z is an integer of from 0 to 10 and Alk, R%, R?, and R? are as defined above.
The alkylene amines include principally methylene amines, ethylene amines, butylene
amines, propylene amines, pentylene amines, hexylene amines, heptylene amines,
octylene amines, other polymethylene amines and also the cyclic and the higher
homologs of such amines as piperazine and amino alkyl-substituted piperazines. They
are exemplified specifically by ethylene diamine, triethylene tetraamine, propylene
diamine, decamethyl diamine, octamethylene diamine, diheptamethylene triamine,
tripropylene tetraamine, tetracthylene pentamine, trimethylene diamine, pentaethylene
hexamine, diirimethylene triamine, 2-heptyl-3-(2-aminopropyl)-imidazoline,4-methyl
imidazoline, N,N-dimethyl-1,3-propane diamine, 1,3—bi's(2—amjnoethy1)imidazolhle,
1-(2-aminopropyl)-piperazine, 1,4-bis(2-aminoethyl)piperazine and
2-methyl-1-(2-aminobutyl)piperazine. Higher homologs such as are obtained by
condensing two or more of the above-illustrated alkylene amines likewise are useful.
The ethylene amines are especially useful. They are described in some detail under
the heading "Ethylene Amines” in Encyclopedia of Chemical Technology, Kirk-
Othmer, Vol. 5, pp. 898-905 (Interscience Publishers, New York, 1950). The term
"ethylene amine” is used in a generic sense to denote a class of polyamines

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

wherein « is an integer from 1 to 10.
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Thus, it includes, for example, ethylene diamine, diethylene triamine,
triethylene tetraamine, tetracthylene pentamine, pentaethylene hexamine, and the like.
The individual alkeny! succinimides used in the alkenyl succinimide composition of
the present' invention can be prepared by conventional processes, such as disclosed in
U.S. Patent Nos. 2,992,708; 3,018,250; 3,018,291; 3,024,237, 3,.1 00,673; 3,172,892,
3,202,678; 3,219,666; 3,272,746; 3,361,673; 3,381,022; 3,912,764, 4,234,435,
4,612,132; 4,747,965; 5,112,507 5,241,003; 5,266,186; 5,286,799; 5,319,030;
5,334,321;'5,356,552; 5,716,912, the disclosures of which are all hereby incorporated

by reference in their entirety for all purposes.

Also included within the term "alkenyl succinimides” are post-treated
succinimides such as post-ireatment processes involving borate or ethylene carbonate
disclosed by Wollenberg, et al., U.S. Patent No. 4,612,132; Wollenberg, et al.,

U.S. Patent No. 4,746,446; and the like as well as other post-treatment processes each
of which are incorporated herein by reference in its entirety, Preferably, the
carbonate-treated alkenyl succinimide is a polybutene succinimide derived from
polybutenes having a molecular weight of 450 to 3000, preferably from 900 to 2500,
more preferably from 1300 to 2300, and preferably from 2000 to 2400, as well as
mixturés of these molecular weights. Preferably, it is prepared by reacting, under
reactive conditions, a mixture of a polybutene succinic acid derivative, an unsaturated
acidic reagent copolymer of an unsaturated acidic reagent and an olefin, and a
polyamine, such as taught in U.S. Patent No. 5,716,912 incorporated herein by

reference.

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

lubricant composition.

Preferably a minor amount of antiwear agent, a meta] dihydrocarbyl
dithiophosphate is added to the lubricant composition. The metal is preferably zinc.
The dihydrocarbyldithiophosphate may be present in amount of 0.1 to 2.0 mass % but
typically low phosphorus compositions are desired so the
dihydrocarbyldithiophosphate is employed at 0.25 to 1.2, preferably 0.5 to 0.7,
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mass %, in the lubricating oil composition. Preferably, zinc dialkylthiophosphate
(ZDDP) is used. This provides antioxidant and antiwear properties to the lubricating
composition. Such compounds may be prepared in accordance with known techniques
by first forming a dithiophosphoric acid, usually by reaction of an alcohol or a phenol
with P,S5 and then neutralizing the dithiophosphoric acid with a suitable zinc
compound. Mixtures of alcohols may be used inchuding mixtures of primary and
secondary alcohols. Examples of such alcohols include, but are not restricted to the

following list: iso-propanol, iso-octanol, 2-butanol, methyl isobutyl carbinol

- (4-methyl-1-pentane-2-ol), 1-pentanol, 2-methyl butanol, and 2-methyl-1-propanol. '

The hydrocarbyl groups can be a primary, secondary, or mixtures thereof, e.g., the
compounds may contains primary and/or secondary alkyl groups derived from
primary or secondary carbon atoms. Moreover, when employed, there is preferably at
least 50, more preferably 75 or more, most preferably 85 to 100, masé % secondary
alkyl groups; an example is a ZDDP having 85 mass % secondary alkyl groups and
15 mass % primary alkyl groups, such as a ZDDP made from 85 mass % butan-2-ol
and 15 mass % iso-octanol. Even more preferred is a ZDDP derived from derived
from sec-butanol and methylisobutylcarbinol and most preferably wherein the

sec-butanol is 75 mole %.

The metal dihydrocarbyldithiophosphate provides most if not all, of the
phosphorus content of the lubricating oil composition. Amounts are present in the
lubricating oil composition to provide a phosphorus content, expressed as mass %
elemental phosphdrus, 0f 0.10 or less, preferably 0.08 or less, and more preferably .
0.075 or less, such as in the range of 0.025 to 0.07. In a particularly preferred aspect,
the lubricating oil composition does not contain a metal dihydrocarblydithiophosphate
and another aspect of this lubdcating 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 deposits 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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calcium nonylphenol sulfide, ashless oil soluble phenates and sulfurized phenates,
phosphosulfurized or sulfurized hydrocarbons, alkyl-substituted diphenylamine,
alkyl-substituted phenyl and naphthylamines, phosphorus esters, metal
thiocarbamates, ashless thiocarbamates (preferred are dithiocarbamates are
methylenebis (dibutyldithiocarbamate), ethylenebis (dibutyldithiocarbamate), and
isobutyl disulfide-2,2'-bis(dibutyldithiocarbamate). Preferred phenol type oxidation
inhibitors are selected from the group consisting of:

4.4'-methylene bis (2,6-di-tert-butylphenol), 4,4"-bis(2,6-di-tert-butylphenol),
4,4'-bis(2Qmethyl~6—tert-butyIphenol),

2,2"-methylene bis (4-methyl-6-tert-butyl-phenol),

4,4'-butylidenebis (3-methyl-6-tert-butylphenol),
4,4'-isopropylidenebis(2,6-di-tert-butylphenol),
2,2'-methylenebis(4-methyl-6-nonylphenol),
2,2'-isobutylidene-bis(4,6-dimethylphenol),

2,2"-methylenebis (4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-methyl-phenol,
2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-tert-butyl-phenol,

2,6-di-tert-4-(N. .N'dimethylémjnomethylphenol),

4,4'-thiobis (2-methyl-6-tert-butylphenol), 2,2'-thiobis(4-methyl-6-tert-butylphenol),
bis (3-methyl-4-hydroxy-5-tert-butylbenzyl)-sulfide, and

bis (3,5-di-tert-butyl-4-hydroxybenzyl). Diphenylamine type oxidation inhibitor:
alkylated diphenylamine, octylated/butylated diphenylamine and a hindered phenolic
antioxidant primarily 3,5-di-tert-butyl-4-hydroxcinnamic acid C7.9 branched alkyl
ester, phenyl-.alpha.-naphthylamine, and alkylated .alpha.-naphthylamine.

In some instances a friction modifier is needed. Such friction modifier is
preferably an oil soluble organic friction modifier incorporated in the libricating oil
composition in an amount of from about 0.02 to 2.0 wt, % of the lubricating oil
corhposition. 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 faity 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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HeY e SatemtNg- 303 3258 gHiriels disclimes fgtyracbastrys ideqspides; U.S. Patent
No. 4,105,571 which discloses glycerol esters of dimerized fatty acids; U.S. Patent

No. 4,702,859 which discloses esters of carboxylic acids and anhydrides with
alkanols; U.S. 4,530,771 which is a preferred borated glycerol monooleate comprising
esters constituted with a glycerol, fatty acid and a boric acid, said ester having a
positive amount up to 2.0 moles of a carboxylic acid residue comprising a saturated or
unsaturated alkyl group having 8 to 24 carbon atoms and 1.5 to 2.0 moles of a
glycerol residue, both per unit mole of a boric acid residue on average of the boric
esters used singly or in combination, molar proportion between said carboxylic acid
residue and said glycerol residue being that the glycerol residue is 1.2 moles or more
based on 1 mole of the carboxylic acid residue; U.S. Patent No. 3,779,928 which
discloses alkane phosphonic acid salts; U.S. Patent No. 3,778,375 which discloses
reaction products of a phosphonate with an oleamide; and U.S. Patent No. 3,932,290
Whiéh discloses reaction products of di-(lower alkyl) phosphites and epoxides. The
disclosures of the above references are herein incorporated by reference. Examples of
nitrogen containing friction modifiers, include, but are not limited to, imidazolines,
amides, amines, alkoxylated amines, alkoxylated ether amines, amine oxides,
amidoamines, nitriles, betaines, quaternary amines, imines, amine salts, amino
guanadine, alkanolamides, and the like. Such friction modifiers can contain
hydrocarbyl groups that can be selected from straight chain, branched chain or
aromatic hydrocarbyl groups or admixtures thereof, and may be saturated or
unsaturated. Hydrocarbyl groups are predominantly composed of carbon and
hydrogen but may contain one or more hetero atoms such as sulfur or oxygen.
Preferred hydrocarbyl groups range from 12 to 25 carbon atoms and may be saturated

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

The lubricating composition of the present invention may also contain a
viscosity index improver or VII. Viscosity Index Improver. Examples of the viscosity
index improvers are poly-(alkyl methacrylate), ethylene-propylene copolymer,
styrene-butadiene copolymer, and polyisoprene. Viscosity index improvers of
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Slider (0.635 cmDi aneter Ball) Flat Disk Rc = 62

0.02 Rc = 58 0.046-0.056 Load, N Initial Contact

Pressure, GPa Initial Contact Area, cnR Sliding

Speed, cm Sec. Tenperature, C Run Tine, Sec.

At nosphere 4.90 0.71 6.9 x M5 17.3 100 1200

nggerréa:}n? {%e ﬁlarving increased dispersancy) or multifunction type are also
employed. These viscosity index improvers can be used singly or in combination. The
“amount of viscosity index improver to be incorporated into an engine oil varies with
desired viscosity of the compounded engine oil, and generally in the range of 0.5-20

wt. % per total amount of the engine oil.

EXAMPLES
The invention will be further by the following examples, which set forth
particularly advantageous embodiments. While the examples are provided to illustrate

the present invention, they are not intended to limit it.

EXAMPLE 1-8
The lubricating oil compositions of the present invention (Example 1-8 and
Comparative Examples A, B, and C) were prepared according to the weight
percentages shown in Table 1. The baseline oil coniposition depicted as Comparative
Example A, was prepared as a baseline oil typical for a generic low emission diesel
lubricant. Several blends of the baseline oil prepared for Examples 1-8. The baseline
oil comprised approximately 75 wt % of an oil of lubricating viscosity, namely a 2:1
mixture of nentral oils - 100N and 220 N base oils, a succinimide dispersant mixture
of approximately 4.75 wt % of or a bis-succinimide prepared from a 2300 avg
molecular weight polyisobutylene succinic anhydride with a heavy polyamine, 2.5 wt
% of a borated bis-succinimide prepared from a 1300 avg molecular weight
polyisobutylene succinic anhydride with a heavy polyamine, approximately 4.5 wt %
of a 140BN salicylate detergent prepared mixture of Cy3.30 alpha olefins and Cig.1s
branched olefins (prepared for example as disclosed in U.S. Patent Publication No.
US 2004/0235686 disclosed herein by reference in its entirety); and approximately 0.6
wt % of a 16 BN calcium synthetic alkylarylsulfonate prepared from a mixture of Cyp.
40 alpha olefins and Co.y5 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
C7.9 branched alkyl ester, approximatety 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
32
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made. The disk was clanped in a cup that rotated. A
spring-hinged armheld a collect 5 chunk in which the
ball was firmy clanped so that it.slid and did not
rotate. When the ball was | owered onto the disk, the
armwas constrained by a strain gauge. CQutput from
the strain gauge was continuously recorded on one
channel of a two-pen strip chart recorder. A
deadwei ght was used to calibrate the strain gauge,
resulting in the coefficient of friction being
directly recorded. ECR was neasured using a voltage
10di vider circuit. Vol t ages neasured by the
strip char recorder were reproduci ble to about 2%
Qovi ously, coefficients of friction and ECR vol t ages,
bei ng dependent upon contact conditions, were |ess
reproduci bl e Past experience with coefficient of
friction 15 measurenents with this tribonmeter had
shown coefficients of friction in short-termtests,
such as those enployed in the present work, were
reproduci ble to about 5-12% depending on the sanple.
Not surprisingly, resistances, especially those in

t he nmegohm range, varied as nuch as a factor of two,
reflecting the nonnniformty of contact conditions.
20 On conpleting the run, the collet chuck hol ding
the ball was renoved fromthe triboneter and the war
scar on the ball was briefly exam ned under a 100
power m croscope. Marks were then made 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

phot om crography at 100X magni fication. War scar

di aneters (WSD) were neasured on the 100X

phot om crographs. Two perpendi cul ar di aneters were
nmeasured: wear scars were either circular or
elliptical. In the case of elliptical wear scars,
maj or and m nor dianmeters were neasured, and the

di anmeter of a circle of equal area cal cul at ed.

Di aneters (or equivalent diamgters) of at |east two
wear scars 30 were averaged to obtain an average wear
scar dianeter for each oil tested. For the HFRR bench
test the relevant conditions are shown below in Table
3. Table 3.
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Load Initial Contact Pressure Tenperature Tribocouple
14N 1. 53 GPa 100C 52100/52100 Speed nmm Sec. M n.
3800 10 2000 10 1000 10 100 10

Performance 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 Machiﬁe (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 Skder (0.635 cm Flat Disk
Diameter Ball)
Hardness Rc=62 Rec =58
Surface Roughness, Rao. pm 0.02 0.046-0.056
Load, N | 4.90
Initial Contact Pressure, GPa 0.71
Initial Contact Area, cm? 6.9x% 107
Sliding Speed, cm/Sec. 17.3
Temperature, °C 100
Run Time, Scc. 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 pm (~1.8-2.2 pin.) as
measured with a Model 5P 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 ultrasonic cleaning in
reagent-grade hexane and reagent-grade acetone and thorough air drying, the balls
were used as sliders. No surface topography characterization other than average

surface roughness was carried out for the disks. For the sliders, the average surface
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20 10 10 10 5 10 Length of Tine 70 Mn. Test Di esel

Engi ne Soot 9% 5Engi ne soot obtained fromthe

over head recovery systemof a engine testing facility
was used for this test. The soot was nmade into a
slurry wwth pentane, filtered through a sintered

gl ass funnel m. oven under

af FshpE F@C&'}?&%@rﬁ%ﬁéﬂ%ﬁg fﬁ%%'%égﬁon(@wsmemwaﬁmﬂd no other
b&f:ﬂfc@tdp%g;a phie8l BRiseehlnewad mhild s action was to nake

reproduci bl e particles that would give rise to
abrasi ve wear as seen |n nodern 10 EGR engi nes.

Ig aItO ,r ﬁgﬁ%ﬁ‘ I%E’gs g@%F nsﬂ ! tﬁgt’ ro%ﬁe%o nstglhl%%?tﬁlr o%'m%gheld a collect

nelomkrin Raych thé Bl wek ﬁmly\mnﬂeﬁfﬁem itsd agd Hﬂﬂio@ft&ate When the
hgég and i sooctane. Then, the discs were wip

SioPIed BT the 0155 16 SR AVaS SRR B S AN
OfrofnRe St-ARPANRG vv%@lc\ﬁﬁﬁﬁuoﬂgl rl:ch ok dﬁl@c &tr%g@f d;?f%wio-pen strip

track had beéen renoved e trac o
aﬁmmegddghwad\vﬂghwgage@maﬂlbwe thalstrain \gemg, palsa]d:lag in the

PR RS, LB B SR 50

ulitvides eiigral | y cl eaned by placing themin a sonicator
for 20 m nutes

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 cocefficient 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
'wa_s mounted for photomicrography at 100X magnification. Wear scar diameters
(WSD) were measured on the 100X photomicrographs. Two perpendicular diameters
were measured: wear scars were either circular or elliptical. In the case of elliptical
wear scars, major and minor diameters were measured, and the diameter of a circle of
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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20Wear results fromthe three bench tests are
presented in Table 5 bel ow. Lower values indicate
| ess wear. Table 5 Bench Test Results Sanple GOl
Tested Wear Scar Dianeters Effectiveness of Film
Insulation By ECRd (Rel ative), EO4 nV ECRa, pm
HERRb, 1m MIMe, pm EXAMPLER 1,140

HFRR Bench Test Conditions

Load 9.806 N, 1 Kgf
Initial Contact Pressure 1.41 GPa
Temperature 116°C
Tribocouple 52100/52100
Frequency 20Hz

Stroke Length 1 mm

Length of Time 20 Min. Test
Engine Soot 6%

For the HFRR bench test, conditions are ﬁlore severe than the ECR test to
mimic valve train conditions which in diesel engines may reach 250,000-300,000 psi
(maximum) [Mc Geehan, J. A., and Ryason, P. R., "Preventing Catastrophic Camshaft
Lobe Failure in Low Emission Diesel Engines," 2000, SAE Paper 200-01-2949].
There is both startup and complete stop as the ball makes its stroke from start to

finish. Again, wear scar diameters are measured.

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

are shown in Table 4.
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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

Table 4.
Test Conditions for MTM
- Load 14 N
Initial Contact Pressure 1.53 GPa
Temperature 100°C
Tribocouple 52100/52100
Speed mny/Sec. | Min.
3800 10
2000 10
1000 10
100 10
20 10
10 10
5 10
Length of Time 70 Min. Test |
Diesel Engine Soot 9%

Engine soot obtained from the overhead recovery system of a engine testing
facility was used for this test. ‘The soot was made into a slurry with pentane; filtered
through a sintered glass funnel, dried in a vacoum oven under an N, atmosphere and
ground to 50 mesh (300 pm) maximum before use. The objective of this action was to
make reproducible particles that would give rise to abrasive wear as seen in modem

EGR engines.

To prepare the test specimens, the anti-corrosion coating of the PCS
Instruments 52100 smooth (0.02 micron R,), steel discs was removed using heptane,
hexane, and isooctane. Then, the discs were wiped clean with a soft tissue and
submersed in a beaker of the cleaning solvent until the film on the disc track had been
removed, and the track of the disc appeared shiny. The discs and test balls were
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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455 4.54 6 120 156 403 4.49 7 170 158 451 4.12 8 100
161 470 4.53 COMPARATI VE EXAMPLES

Table 5
Bench Test Results
Sample Qil Wear Scar Diameters Effectiveness of Film
Tested ECR®, yum | HFRR®, |MTM®, ym | Insulation By ECR®
m (Relative), EO4 mV
EXAMPLES '
1 140 150 424 4.55
2 120 143 407 4.62
3 140 159 433 4.57
4 120 159 460 4.58
5 120 144 455 4.54
6 120 156 403 4.49
7 170 158 451 4.12
8 100 161 470 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 Electrical Contact Resistance

bI—IFRRHigh Frequency Reciprocal Rig

“MTM Mini Traction Machine

YBCR 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 fully-
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 film formation minus film removal processes.
The larger the number, the greater film 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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A 130 235 634 2.59 B 150 178 558 4.13 C 100 151 510
4.37 D 150 97 408 3. 39

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

more demanding HFRR and MTM bench tests, as well as the film insulation

measurements.
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ECR El ectrical Contact Resistance 5 bHFRRH gh

Frequency Reciprocal Rig bMIM M ni Tracti on Machi ne
dECR area neasured as the sum of 2000 neasurenents of
the vol tage across the contacting surface 10Fromthe
overall results shown in Table 5, the wear

performance of the silane-containing bl ends

r ' resent invention shows inprovenent
rgﬁéffgnggggggggfative Exanpl e B, prepared with
baseline oil and 0.7 w. %of ZDDP. In fact, Exanple

2 shows _equival ent or hetter far i npee
out TorA PGB AL BRI o A e S PR i o

D, a copmekisk dscddiny4nfl ultbtyrfilbbtibmil mydralyesble nfinngowppund of
In particular, the ECRresult, the Nwwhresgl%f and . <.
the rehageneeal foromla sk ot Pyshoysis prodHe 1Be50kL FOREHE T
that of ,Conpar,ati QP HYBRSIVE hilko

1 e AR e P e R

r MOV alry Rk PeRFIBRS, anfihe, thenwglcyl ttnénarndideslkyltapdner eat er
filmformation dom nates relative to the filmrenoval
processes. In this conparison, Exanple 2 shows

gr egt efhgdh{,ggafﬁﬁg ThidoRPogHoR bPCESRAS whbeh &aolpas aldependently
Exanmple D, suggésting that the insulating film of

Exanpl ictdddronx thearetycansistisg obfds daxyhEsuEriarhagd Cis

t hroughout the 20-m nute test. Conpar ati ve
Exanpl ®Y€*¥oxtyl triethoxy silane), although giving
excel l ent wear scar dianeter in the ECR test, was

much | ess effective than Exanple 2 in the nore. .
deng@ndi ig: IhRR bz Miobtercof a0z $pe of the Prregdingplaiipg, wherein
filmingulation S - silaYWHA] ELAIMERAL Soh. the
A lubri gtt%lagﬁ%{ftﬁ%o%dgdgﬁt%%nmc onp rlfl%%g a_maj or
amount  afmpamdaifithedbrmiwidre ydmbysi podess heieobind a
tetra-functional hydrol yzable silane conpound of 5the
general formula Si-X4 or hydrolysis product thereof,
wherein each X is independently seledted fromthe

A - |
group consi sting of hydr al k | oxy,
acyl oxy, am no, nnnoalkyﬂ&ﬁ%i%ﬁ %ﬁéy%ﬁégﬁxl am no.
2. The lubricating oil conposition of daifhi1
wherein each X is independently 10sel ected fromthe
group consisting of Cl_6al koxy, C6-io0 arYloxy, and
Cl- 6 agykeny- 3. The lubricating oil conposition
of any one of .the preceding clains wherein the
tetra-functional hydrol yzable silane conpound is

sel ect gadchfﬂ &%&Ji)%ndenﬂy a substituted or unsubstituted Cj5 hydrocarbyl group
selected from the group consisting of straight and branched chain afkyl,

" ¢ycloalkyl, alkcycloalkyl, aryl, alkaryl, arylalkyl; wherein the substitated

hydrocarbyl groups have one or more substituents selected from hydroxy,

alkoxy, ester or amino groups;

each R, is independently straight and branched chain alkyl, cycloalkyl and

aryl; and

a is an integer of O to 4.
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15compound of the forrmula | or a hydrol ysis product
thereof: 0 (R) SitOCRi ) a4-a wherein 20 each Ris

i ndependently a substituted -or unsubstituted ClL_ 20
hydr ocar byl group sel ected fromthe group consisting
of straight and branched chain al kyl, cycl oal kyl,
aIkcycIoaIIcyI aryl, al karyl, arylal kyl; wherein the
subgti RSN @Rs ADhRger from
sub t'ﬁﬁ%% §§?5§¥é$%%1 ?%gzsNZSalkoxy, egter
or awnm@agroups each R1 is |ndependently strai ght
and branched chain al kyl, cycloal kyl and aryl; and

"30a is an integer of 0 to 4. 4. The lubricating oil

co n‘gosn{e %}1(9.{111?0@ b @Slﬁ\é‘rﬁcﬁﬁﬂlﬁmﬁ4 iwheginiang €ger from
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aryl al J,@¥fendently selected fromlatkyt, ubt, Iaﬁ@tnyhgld@ryllallgzbnpos| tion

of daim6, wherein Ris independently 10sel ected
fromstrai ght and branched-chain al kyl groups. 8. The

| ubg Cf}k 1?&%%%%8 Qﬁﬁéb&h&{‘oﬂﬁlaﬁl 8] \Wh&mn\mﬂﬁxﬁieﬁeﬁe?ﬂy

ricating 0|I-conp03|t|on of
d ai m%lectbﬁ@'o&ll strdigte anébraachidmbmingiail S1B1-dr ol yzabl e
silane compound is selected fromthe group consisting
of tetranethoxysilane, tetraethoxysilane,

tet @apfﬁbqgﬁﬂ&'uhg%ﬁ’coﬁx?t)élﬁbﬁ epCRAnTywhirame is Cy. alkyl.
t et rabut oxysi | ane rai sobut oxysi | ane,

tetral ds(net hoxyet hoxy) si | ane,

tetra t hox tefra-fumctional
t ot ?arjﬁigﬁigﬁﬂ%%y 91}%21 girl] gf]@lamm wherein the tefra-fumctiona |

t et r al p@éIgRib IBJQiMﬁ& beniy@tnddx y@lmtd;daman the group consisting of

20triraet hoxyet hoxysi | ane, dj met }/dl et é/3| | ane,
and  tetramethoxysilang, tetracthoxysilane, te ap opoXysilan

tetraisopropoxysilane, tetrabutoxysilane, tetraisobutoxysilane,
tetrakis(methoxyethoxy)silane, tetrakis(methoxypropoxy)silane,

- tetrakis(ethoxyethoxy)silane, tet;akis(meﬁloxyethoxyethoxy)silane,
trimethoxyethoxysilane, dimethoxydiethoxysilane, and
triethoxymethoxysilane.

10. The lubricating oil composition of Claim 9, wherein the tetra-functional
hydrolyzable silane compound is tetraethoxysilane.

11. The lubricating oil composition of Claim 4, wherein at least one R isa

subsﬁtuted hydrocarbyl group.

12, The iubricating oil composition of Claim 11, wherein the at least one

substituted hydrocarbyl group is derived from a glycol monoether or an amino

alcohol.

42



10

15

20

25

30

tri et hoxynmet hoxysilane. 10. The | ubricating oi
conposition of Caim9, wherein the tetra-functiona
hydr ol yzabl e sil ane conmpound is tetraethoxysilane. 25
11. The lubricating oil conposition of C aim4,
wherein at | east one Ris a substituted hydrocarbyl
gr oup. 12. The lubricating oil conposition of
Caim 11, wherein the at.|east S i further
hydrg%gpﬁﬁwnﬁFﬁﬁpmi§°ﬂ%§?§ggﬁfﬁ'E?g%gfggg%jﬁg%ggther
or an ‘afmiRinglacolitdlly noddydPlyeableutiiane additivg reggrpsented by the
conposition_of any one of clains 3 to 12, further

' conpr fEHg s partially non- hydrol yzabl e sil ane
additive represented by th r 1 (R10) SKOR1 (
04-n 5 wherein: each 01211?5%%ﬁgy?%“knhydrolyzable D
noi ety i ndependently selected formthe group

consi sting. of al koxy, aryloxy, and acyloxy; 10 each
Ruo i sVAC{BA- hydrol yzabl e group i ndependently
selected fromal kyl, aryl, substituted al kyl, and
substituted aryl, wherein the substituent |is

funct i cavalORy gtpipsie k dotedyzrbls maisty iRsiependeptly,galected form the

am no, nonoal kyl am [ ] i de, carboxyl,
‘ner capPF PR é’?ﬁ%%9Y$g§¥kgﬁhgﬁgoﬂﬁ1 d

/;’ cyario, -al dehyde,
15al kyl car bonyl, sul fonic acid and phosphoric acid,
and n is an integer of 1

_ .2 or 3. 4. . Th
| ubri catdhrdyo i5id n%h%@im‘ﬁﬁ gPP @dgpm]%t}y \s,a‘ieec,tegi from alkyl, aryl,

Qtn groupgk, e ﬁtu%gtitfufeg 1Neh&Ein R sepshsitingfmttional
C1_6alﬁoxy, -10" aryl oxy, and Cl-6 acyloxy. 15. The .
| ubri cgtdupgeleittd Gonploplroxdnethdr, TP MYB) igpfligliglamino,

partially. non-hydrol yzabl e. si,| an it _
sel ect 8id% 6"}%’?’{?’3’ 1&?% o igsthef.a nrarﬁ%cgf, 446, di8ehyde,
25net hyhd 1L PO XySidiengd akd pidsphidriteichiouydi | ane,
propyl trimet hoxysi | ane, _

nisanintegerof 1,2 or 3.

14. The lubricating oil composition of Claim 13, wherein the ORy; group is
selected from the group consisting of Cy-¢ alkoxy, Cs-10 aryloxy, and Cr
acyloxy.

15. The lubricating oil composition of Claim 13, wherein the partially non-
hydrolyzable silane additive is selected from the group consisting of
methyltrimethoxysilane, ethylt:rim_éthoxysilane, propyltrimethoxysilane,
butyltrimethoxysilane, isobutyltrimethoxysilane, hexyltrimethoxysilane,
4;methy1;2-p entyltriethoxysilane, 4-methyl-2-pentyltrimethoxysilane, |
octylﬁixnethoxfsilane, decyltrimethoxysilane, cyclohexyltrimethoxysilane,
cyclohexylmethyltrimethoxysilane, dimethyldimethoxysilane,
2-(3-cyclohexenyl)ethyltrimethoxysilane, 3—cyanopropyltﬂmethoxysﬂéne,
3-cyanopropyltrimethoxysilane, phenethyltrimethoxysilane,
3-mercaptopropyltrimethoxysilane, 3-aminopropyltrimethoxysilane,
3-aminoporpyltriethoxysilane, 3-aminopropyltripropoxysilane,
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butyl tri met hoxysil ane, isobutyltrinmethoxysilane,
hexyl tri met hoxysi | ane,

4-met hy1l- 2- pentyl tri et hoxysil ane,

4- et hy1- 2- pentyl tri net hoxysi | ane, ‘

octyl tri met hoxysil ane, decyltrinmethoxysil ane,
cycl ohexyl tri met hoxysi | ane,

cycl ohgxyl. b Eb! XY A-LARSbutyltrethoxysilane,
deHé@%re@%%@&gk,’ v y_ :
302- ( 3pbytslicherenypahs)Bisodyaseioxyinetmxysilane,
3-cyanopropyl trj hoxysi | ar.le . e
3-eyan %?%ﬂ@??é‘ﬁéfﬂ’f% %I?IP%"Hé?methOXySﬂane’ 2
phenet Qﬂﬁﬁcre&%ﬁ}ﬂﬁ(ﬁi&h lziﬂﬁneth?daimethoxysilane, phenyltriethoxysilane,

3- mer capt opr opyl t ri met hoxysi | aneg, . )
3- ami netybnsthexysHatchpsepylifiethexysilane, butyltriethoxysilane,

3-am noporpyl.trietho ' . I

3- ani n6%81618%1?tp?wga&g@%)%yﬁgﬁ%l?xysﬂane, octyltne‘.choxysﬂane,
3- am ngpyAEihbLisihexydbhaiyicthoxysilane,

4- am nobutyl tri ethoxysi | ane, 3phengl t riI rﬂmxwﬁiﬂ%ane,
3- i soc prHesRERAtRAIIFEIOR BR8P “ARETOProPYHHCRORYSIIAnS,

- (2 2T ARG Bt A ARRARDY Wi SRloh Rt fanc,
ani noeBhybpoxfybropyiatiythppysdmet, Ryhethoretnbrpsthoxylane,

phenyl tri et ho i.l ape, Sethyltriet isl.an .

propyl 9??@@6@§@?@8ﬁ8¥ysgﬁ? ?’Pé irjl—l,-:’tr Ié% Ay g?thoxwllme.

i sobutyltriethaxysilane, hexyltriethoxysilane,
octyltriethoxysilane, decyltriethoxysilane )

cyci Bhaky lubricatingoilempagition of Claim 15, wherein the partially non-
cycl ohexy!l met.hyl trj ' ami ; ilane,
3-cya ng?#rgg?ﬁl{ig is%‘ e%%(i@@ﬁ\l génég’?e'af‘e'd from 3-aminopropyltrimethoxys
3-et ROByﬂiﬁﬂbﬂlrpﬁﬁ{midigmméJ ?:lziminopropyltripropoxysilane,

3- et hoxypropyl tri paet hoxysil ane, . . .

103- pr éw@ﬁrwwWFW?Wﬁ %?@Pobutylmahoxysﬂane.‘

3- met hoxyet hyltri met hoxysi | ane,

3- et hoxyet hyl t ri net hoxysi | ane, and )

3- pr BhoxY S BMbakins BB Chopoyisiol siney cb6of titerceding dams, fgrther
oi | conposition of Caiml5, erein._t i | '
non- hydeomysmg| & s 4Rt e, sl ook F}gec oty f°?46slérs1ymg ot
3- am nopkeRvtd, ispEidie)eys idtagidsnts.

153- am nopor pyl tri et hoxysi | ane,

3-am nopropyl tri propoxysil ane,

3-am ' [, ik i ion engines which
4- aﬂ%%&?@%@ﬁé@#&g@ ﬁh%ﬁg& m@p&%?o%%ugn?%gr%lcat ing
oi | corpaptitdson of any one of the preceding clains,
further conprising at |east one additive sel ected
fromthe group consisting of 20detergents,

di spersanj Safn?a;& AP S £8ReDil ciBubrdatintbvik@att;ng oi |
conposition fof internal conbustion engines which
conprises: 25a) a nmjor anount of a base oil of

| ubri cating viscosity; 5. 9 )
tetra-fun iooéntglcl%r/)? (‘# glt%aé%]ngu&sn%l éﬁdé‘d%%a{%%sdlnage compound
sel ected fr gaeéthe frioANRO UApeind dfehd Hrmuihd of a bydralysis product

hydrol ysi s product thereof: 30
thercof:

0
(RO#SETO&% )H

)
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O (RO) SitOCRi ) ad4-a wherein each Ris

i ndependently a Cl1_20hydrocar byl group selected from
the group 5consisting of straight and branched chain
al kyl, cycloal kyl, al kcycl oal kyl, aryl, alkaryl,
aryl al kyl and substituted hydrocarbyl groups having
one or nore substituents sel ected from hydroxy,

al koxy, ester or am no groups; each R1 is
i ndepen ntIy strai ght and branched chain al kyl,

cycl oal"T™And 10aryl; and a is an integer of O to 4;
c) 0.5to 10 %of a detergent and 15 d) 1 to 20 % of
an al kenyl succininm de dispersant derived froma 450

to 3006aehRisigdependantiylads - nbydrearpd igyapiepiceted from the group
wher ei %oxtlsm E%f %ﬁ}lél}t%gg 'b?%x}éﬁ%&%lg?}lca n¥l g%}fclc?xﬁér? ea'ﬂécycloalkyl aryl,

based upon

1 ubri calkang, @ylh}kgbmd@bmtﬁred hiBrocdibgl drowisi Haginiz@he 0t nore

conposi tion of m_ 18, whereip the tetra-functiona
hydr ol y3eshusnts |SPIS‘Ff@d EOFIHRRYa AlG WiCFIET PTATRO BEOUDS;
sel ected fromthe group consisting of

tetramet hoxysil ane, tetraethoxysilane,

t et r apeaghdkis iddapende@by staightsod bopchedshhimntkyl, cycloatkyl and
t et rabut E%allane t et r ai sobut oxysi | ane,

t et r al 875(3€t hoxyet hoxy) si | ane,
tetrak|s(nethoXypropoxy)siIane,

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

t et r al aiisgmistegenoféithadixyet hoxy) si | ane,

tri met hoxyet hoxysi | ane, di net hoxydi et hoxysil ane, and
triethoxymet hoxysilane. 30 20. The lubricating oi

conposnt|(gnogftofb%afé&etéﬂgeﬁthgﬁdconpr| sing 0.5 to 10%
of a partially nonhydrolyzable silane selected from

t he group conS|st|ng of 3-

ani nopr o
3-ami nopo pyI r| et ;ﬁs. Fsuccgnmlde dispersant derived from a 450 to

3000 average molecular weight polyalkylene;

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

percent of the lubricating oil composition.

19. The lubrication oil composition of Claim 18, wherein the tetra-functional
hydrolyzable silane compound according to b) is selected from the group
consisting of tetramethoxysilane, tetracthoxysilane, tetrapropoxysilane,
tetraisopropoxysilane, tetrabutoxysilane, tetraisobutoxysilane,
tetrakis(methoxyethoxy)silane, tetrakis(methoxypropoxy)silane,
tetrakis(ethoxyethoxy)silane, tetrakis(methoxyethoxyethoxy)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-
aminopropyltrimethoxysilane, 3-aminoporpyltriethoxysilane, 3-
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am nopropyl tri propoxysi | ane,

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

am nobutyl tri et hoxysilane. TETRAOXY- SI LANE

LUBRI CATI NG O L COWPOSI TI ONS ABSTRACT Di scl osed are
| ubricating oil conpositions conprising a najor

anount of. an oiJ .of 5 |ubrigcating viscosity..and
Cotra- f HREEPERYIIRgRPIFI, T AP RS IIRGs ofhd
gener al oarhRbR1eistho{4ilafe. hydrol ysi s product thereof,
wherein X is 1ndependently selected fromthe group

consi sting of hydroxyl, al koxy, aryloxy, acyl oxy,
am no, nonoal kyl ami no and di al kyl am no
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- TETRAOXY-SILANE LUBRICATING OIL COMPOSITIONS

ABSTRACT

Disclosed are lubricating 0il compositions comprising a major amount of an oil of
Iubricating viscosity and a tetra-functional hydrolyzable silane compound of the
general formula Si-X4 or hydrolysis product thereof, wherein X is independently
selected from the group consisting of hydroxyl, alkoxy, aryloxy, acyloxy, amino,

monoalkyl amino and dialkyl amino.
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