'5 METHOD OF DETERM NI NG DI ESEL ENG NE VALVE TRAI N
VAR I N A WEAR TEST The present invention relates to a -
met hod of determ ning diesel engine valve train wear.
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30  Since some engine manufacturers believe that phosphorus and sulfur may
poison exhaust catalysts, a simultaneous trend has been the reduction of
phosphorus and sulfur content of heavy duty motor oils (HDMO). Phosphorus
and sulfur may poison emission control catalysts. Phosphorus comes from
zinc alkyl dithiophdsphate (ZnDTP}), the predominant antiwear agent for the

35  past 50 years. Sulfur, too, is present in ZnDTP and in most commercial
detergents, either sulfonates or phenates. The detergents are key
components of engine oils, present to neutralize acidic oxidation products and
to suspend vamish and sludge deposits. In order to protect and extend the life
of the emission control catalysts, engine manufacturers are requesting

_ 4.



6f the emission cont r'ol cat al ysts, eng| ne
manuf acturers are requesting 1 5 lubricants with ever
'_I ower phosphorus and sul fur levels. Therefore, ZnDTP

and-tr quur se det er r eing .. :
e ac OB B Pl S8 T PRRSRor i S S 1V B S bre, znDTP

phosp hamd.ltsadytlormumﬂmbas‘%ﬁtﬂ&téﬂgeﬂts@re bbigg péasaidoitisaddiiles that
sul fur ntt { \/\,{1 ncreaswi the 10 soot - oadi ng of

di esel “EAgiRATE eé)}ﬁoﬁp %S Pi ¥ pr esent fundanent al

changes in forrrul ating strategy. A further

conpl i t fully-fornul ated | ybricants. are

ti me- c%ﬁ@%ﬁf) e%or@ﬁy anl iV pesentAp ficesas g Ben e

t et pﬁcmg—l‘@ﬂlnfgaj‘f d:etsb@n@m dl!@ﬁ!ﬂi%@l@bi@@@hﬂfﬁ&iéﬁéﬂﬁ& changes in
|f|ca ion can easily ex

APl )
§1 0booHBHET A Gde SgBlteh isheLal-Grlated bricants

al t er ngreitivie-sanstiming éx@aiogtlﬁﬁgder\lrﬁlobeﬁttﬁncal BRGIAL td<Bplcyram for
can moderate costs by atlng val ve train wear in

smal | .Wﬁélh??wevmdasﬂw GAPN £l ¥esperifieation gag easily exceed .

genera¢1 yod o®xpensi ve, perhaps only $100. To be of
use to the formulator or additive synthesi s chem st
antP to 20 reduce engi ne test costs, the bench test

r‘;shogﬁg‘eﬁcﬁlttgﬂﬁg g%] Ig bé al%t%)éte Sﬁ(@%ﬁ}@? ﬁ&'ﬁg rvggt?rf@%fé engTrl?é t%sts
r ef er dfRiEhdests Cam\ﬁnpﬁel‘awiqoley $ioulading ealva tieivavedrdy small,
\i/gglr nqnéﬁg\&\fé H%% Hﬂg% aa: e rg:fgttgsotﬁg g%ﬁfergfg}r Mexpe%l Mgtﬁéﬁﬁ%ﬂs only

t est r%‘*ﬁ@r “é@l b@ of *ﬁsedodlse anaukitorroo gdtidve sptthm&chenmai and to

' 2520| d er@hué/e er%'!_b' tgs?t%os%@e file &%@ﬁ li‘e gﬁﬁfsg%\% f‘?’ﬁﬂe@ﬁ? gk ﬂcigﬁglz}me test

engi ne "soot ., engine SO
i sol atp@rémeter. J$1csds ermgt oﬂaerodcbne yetheicarafy seleltion ofivefanence oils

hi gh ‘ r t|o preci te.the so

then TOTCHSH B R et ReP SRahE lasT B tietkase Sopineay duty
addi t ivade. trameeaﬂBstnmeqfropa@leaicedw stagproidteodendnasst rdference
t han ht of the iginal oil sanple. The

preci ng[:& at e tﬁASP?t argaﬁ?lal n-additives or additive

f r2&gment s that vvashl ng will not renove. Overall,

G R T TR ERE ST RN
oi | adsigtnewes)is diffivaitay &iolzad frem Wseldiggin@il, requiring dilution and
high speed centrifugation to precipitate the soot, then further washing steps to
remove residual oil and additives. The amount of isolated soot is low, less
30 than 10% by weight of the original oil sample. The precipitated soot will
contain additives or additive fragments that washing will not remove. Overall,
engine soot is time-consuming to isolate and prepare, highly variable in
composition (because of the engine oil additives), and available in limited
quantity. |
35
~ Carbon black is an attractive, practical alternative to engine soot. Carbon
black is globally available in commercial quantities. Its chemical and physical
properties can be selected to mimic those of the engine soot of interest.

Overall, carbon black is a cost- and time-effective alternative to engine soot
_ 7 o,
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Preferably the amount of the mixture of carbon black components is from .
about 5% to about 7% by weight, based on the total weight of the lubricating
oil.

30 The patticle size of each carbon black component is independently in the
range from about 10 nanometers to about 100 nanometers, preferably from
about 10 nanometers to about 75 nanometers and more preferably in the

- range from about 15 nanometers to about 60 nanometers. Preferably, the
| three carbon black components have a patticle size of 17 nanometers, 29
35  nanomelers and 56 nanometers, respectively,

~The mixture of carbon black components employed in the present invention is

‘a mixture of three carbon black components. The concentration of each
-3



rahge,f_rom about 10 nanoneters to about 100 -

nanoneters, preferably from about 10 nanoneters to

- about 75 nanoneters and nore preferably in the range -

“from a [ : '

pr o or 2 on BRRCARATRER! B 11 BRBing H AEAARECFE R rana from
parti célousil 88 tofabblit 2 atomeweigbt, b2%d @bthadotolmeightsofdhel
56 nan ol ' ] [

o1 ack aaesanE el FrERAEN, 65 YonchiEntirdafh B 1E BaitRf biaol

a m xt camepaentstin the halzridabing bil Bscdboab P dayerdight, Bdeed on the total
concent r.atJ 0 -3 5 carbon bl ack conponent in

the | %@’g@ﬂﬁ?’}?g'(‘%’?‘i%aﬁ’ IOI% i ndependently range from

abbut 1.8%to about 2.2% by weight, based on the total
wei ght_of the . lubricating oi]. Preferabl ,-.tﬂlg e
concent Tetpiiaing OGP oS etk AROHNLH 2eRe ok ohiberisatg
i E t hevi!;c::d@l‘tj' aiad & ﬁ@}c]i?iaknhdtmlt aﬁmtﬁaswm@ﬁdm?&egm;:ctfaﬁeﬁ; th8 group
the total.  wei of t ubricating ojl, .10 The, . .

1 Ubr | cortistEprietesionthepaiinis o apBiniypopaSE npitiors,

- of | ubddreaisifiers, exttereqibidir@Bgerds THERh radmids, wbltirbhctional

| east onge, addi tive _s&l ected fromthe gr oup consisting,

of IYet FYWAP.LISCQPIYIRILURREOVEsRiRPHE PRIRT JabRessaDisy Eoant ingibitors

I nhi bi 4 Wear iktesnetsi fiers,” extreme pressure agents,

friction nodifiers, nmultifunctional 15 additives,

vi scosity.index inprovers, pour point depressants,

foam i bk  nhi hi t. _ N
o A B A B O s
sur pr i gparyerydhaieovearyesthauchaesiba HRRES test, usinp s raixture of at least
HERR St s 4 _ .

FRR t@Rde capttInfack d@rﬁﬁoﬂ[& s%ff )Erg)tded HS;_?—?(IE]% F%Q gl}dyiecfe% a reliable

carbon bl ack conmponent's o

| _ provi desthad pbdetabiaingwalve drabf pattormentadiigpricatingoils. ai n

performance of lubricating oils. BRI EF DESCRI PTI ON OF
THE DRAW NGS 25 Figure 1A illustrates the effect of
particle size on BRIRR RESCRIRTION OF THHEIMBRAWINGD 0N

bl acks. Figure 1 B illustrates the effect of carbon

bl acks of m xed particle size on HFRR wear data for

mi 3& urféguref! Adtustretesihaeiisct oBParticle size on HFRR wear data for single

carbon blacks.

Figure 1B illustrates the effect of carbon blacks of mixed particle size on
HFRR wear data for mixtures of carbon blacks.
30

DETAILED DESCRIPTION OF THE INVENTION

Soot particles are known to cause wear in diesel engines. In recent years, the
35 higher soot loading of the engine oils induced by emission control systems
has translated to higher valve train wear.

Studies have shown that engine soot is composed of graphite-like particles

with an average diameter of about 20 to about 30 nanometers (nanometers).
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30

Preferably, the method of the present invention will use a mixture of carbon
black components containing three carbon black components. The
concentration of each carbon black component in the lubricating oit will

35 independently range from about 1.8% to about 2.2% by weight, based on the
total weight of the lubricating oil. Preferably, the concentration of each of the
carbon black components in the lubricating ol is about 2% by weight, based
on the total weight of the lubricating oil.
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30  pressure agents, friction modifiers, multifunctional additiVes, viscosity index
improyers, pour point depressants, foam inhibitors and wear inhibitors.

Base OQil of Lubricating Viscosity

35  Base oil as used herein is defined as a base stock or blend of base stocks
which is a lubricant component that is produced by a single manufacturer to
the same spegcifications {independent of feed source or manufacturer's
location); that meets the same manufacturer's specification; and that is
identified by a unique formuia, product identification number, or both. Base

40  stocks may be manufactured using a variety of different processes including
6. _
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are polyalphaolefins (PAQ). Group V base oils include ali other base oils not
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det || meu Uy Aol 2T OIIV ZI7T Ul ASTIVITDOL

ZU 1
'Less t han 90 %saturat es and/or Geater Geater than
or equidatutad lubficating dile ssy ibdlade il 6B, Yegaidble vilt (sam, rapeseed
120 11 er .than, or equal .to 9Q 9% sat tes d, .
& oat cP fEEr s BRI pB B8 rolhim Bt b, Bl 3 cerived from
equal taalOr §Hdleo sul fur than 120 111 Geater than or
equal to 90 % saturates and Greater than or equal to
120 less than or 'equal to 0.03% sulfur IV Al Pol al

- hatb(b ef SpshdticAls Inay Mﬁ!udeﬂﬁﬁ!@cﬁ@artﬁtﬂt 0t|s%d&%ﬁsuﬁbt:@t@ﬂﬁﬁdrocarbon

I, ricating oil
| el ucelehPhap PaYIez Ll s oobrieiee Ss, dnlisbeancs.
oi l's, p@ﬁﬁf@hy@lé@(ia@a@idiméﬁy] @Itrle)rs Anep4ted aipmaﬁw |s§!fldes as well as

derived from coal

y 10
Synt helek dgiivatives @nalpgyerrn eI eleavasoihersof. @naﬁ'ar: 6. Synthetic
hal o- SMBﬁédttﬁ?bﬁ@alQH HeReaRGREneUxde SkherdSinRepolyRElsz ed
and inter- meri zed ol efins, al kyl benzenes,

1 copolymers and derivatives thereof wherein the terminal hydroxy! groups have
been modified by esterification, etherification, etc. Another suitable class of
synthetic lubricating oils comprises the esters of dicarboxylic acids with a
variety of alcohols. Esters useful as synthetic oils also include those made
from about C5 to about C12 monocarboxylic acids and polyols and polyol

20 ethers. Tri-alkyl phosphate ester oils such as those exemplified by tri-n-butyl

phosphate and tri-iso-butyl phosphate are also suitable for use as base oils.

Silicon-based oils (such as the polyalkyl-, polyaryl-, polyalkoxy-, or
polyaryloxy-siloxane oils and silicate oils) comprise another useful class of

- 25 synthetic lubricating oils. Other synthetic lubricating oils include liquid esters
of phosphorus-containing acids, polymeric tetrahydrofurans, polyalphaoiefins,
and the like. |

The base oil may be derived from unrefined, refined, rerefined oils, or

30 mixtures thereof. Unrefined olls are obtained directly from a natural source or
-8-




pol yphenyl s, -al kyl ated di phenyl ethers, alkyl ated
di phenyl sulfides, as well as their derivatives,
anal ogues and honol ogues thereof, and the Iike.
Synthetic . lubricating oils - also include alkylene
oxisde syothgtiescurcd (@l@r q@al, shakesor thb seapistiuyie) sithad further

or oup o pioh BELFAtmehl B BtaPisy o ub e Bls ngige 3 Ehate o
et her idbitaiiadd directiefrem a/}r@@hh‘@fc%{:fr%dratfoggg@Fﬁgl@g@tdgl;ogtaéned directly

synthetic | i catin

di car S‘&E@/P'P@E'QE" g5 aW%ts'ﬁ’r gl obiginegdidresty e 8A geterfigatiogpgocess,

usef uleaaﬁ oswnth ﬁtaWhéﬁ wu@ﬂmmdaﬁ furgher trémm%nﬂvcséﬁned b re
Cl12 ponocar boxylic acids and ol s

po‘ﬁ' 'Jflr?‘%%eé’t”ﬁé%d oifg pxcepkifet isinesh ity kavedesp tr@ﬁf in one

s uc h ag rﬁd?@%@nf%&ﬁﬁpété;ﬁé @dm%vbrdnerbr%r& 'prop%h%%r)éamyle
and tri-jiso-b ate are also suitab for use

ut
as baddrigatign te %P'Hp%ﬁcfﬁﬁ%é@%?tm kl}édﬁ@tﬁa@{gng. Wédrotreatmg,

pol ya'déWaxmgPéUI\béﬁf é&tractlcﬁpla}fi@ %lée ex@hction, filtration, and
pol yar yl oxy-si |l oxane oi | I'icate ol S ohpri se

anot h&erepiatiend allaf wichstre Bﬁowytq m@w @kille,ddmtma@rt rRerefinesi oils
(11l5er avy BBtEﬁEH % ltrHQﬁr{ 'd'?Jﬂs gisf)l%cé%k%ls %ﬂﬁlalr kPihoge B8PS obtain

of phosphor us- cont ai acr
t et r ativedined ailss Thgrs! rymﬂph@oilsaanerwr;o kramn ashreckinked oiThe

~base %ﬂ;r F@Sl!éjﬁ{dgcg qlzjr g%lﬂgﬁﬂ& PL cgess{(jﬁ %%%Hm ues for or

rereflne urest

are okﬁ@tap‘r%@f @Danéatﬂd!twemaomod breetkdowh psoductse or -8 5
synthetic source (e.g., coal, shale, or tar sand

bitumen) without -further purification or treatnent.
ExX@nplBese oft demuedﬁiwretﬂ\ediyhs)iédmmérizdﬁomoﬂbmi maphlso be used, either

bt {
pet r ol B o S (o hELRY Ao paFuRRYPY el base ol
an ester oil obtained directly froman esterification
h of which t b d witho
Purt naph B8 oyt A wrlBtend S P Sy dR RO eaon of npfhgat or
unr ef ispeitietin waxesxe aptiuteb alieregif dveed gttosohryicatpedatalyst.

?ated in one or nore purification steps to inprove
0 or nore properties. Suitable purification

t echniltdsipreférrea td dse dinsdjod dnadurR Bf bAsEIsiPE@HER D \nscosnty in the
hydrotreatin sol vent extraction, acid

base %‘Etggd&r?omPPP* foft Presat iIny&Rtop) AFTa, amapynt e base oil

whi ch ofluBridatingmistesity Rewefisdd héremh donprizes aom "/BSF @bided
oils %5 ar e, obtai neg by treating used oi

pr oce5SHETRY APpupts f’lsﬁdéléoﬂ'%@eta@%%‘ioa‘%% t@ ﬁEOll‘teq‘?'l We'd:
.oebs PRSIy foRsRdri tRATaliUt SO Nt &% & Si9ouE PR 9B b8 Trére FatAY

about 60 wt % to about 97 wt % and most preferably about 80 wt % to about
95 wt % of the lubricating oil composition. (When weight percent is used
herein, it is referring to weight percent of the lubricating oil composition unless
otherwise specified.)

35 _
A minor amount of other additives commonly founded in lubricating oil
compositions may be present in the lubricating oil such as described below.
By minor amount, it is meant that the wt % will be less that wt % of base oil of

-9-



o epr-ocessed oils and often are additionally processed - |
by techniques for renoval of spent additives and oil
br.eakdown products. 20 Base oil derived fromthe

A ohe. BMEHE seomiyeheh ot I ok Wb et 1AM Ghe ubricating

and/ or o yarhpsition, base oil.- Such wax isonerate oil is
produced by the hydroi sonerization of natural or-
synt heti c waxes or m xtures thereof over a.

hydr oi gomermgal b&grgeatsabitiized or isulfSriZueAigT sefkdr pisdhates,
a maj or ~amount of base oil of lubricating vi scosrtY i n
“the | ubri Y ALY aremslsstiidiatass calpiampsuifierates, sulfurized or

i nygntion. \M\sOMirRed AERH BEItLE: RBBRy8icky akll drigiehgairbidtic
viscosity as defined herein conprises  40°w % or nore.
Preferred 9BUR9HRIse KW alksiny! iavskigyiasemaliroshifonstegesuiiyirized or

to about 97 0 , ; r -
w %to abouﬂ%léuﬁzs&i g@g‘%ﬁ@ re%gggﬁﬁ%g' g%%ﬂ%'%%@ \%{ka?/og ©

to about 97O, Wetghsrliers enmiied ef alkeny! awticacig@ndehemicegl and

about 95 Wi litbsLEating oi | conposition.
ﬁﬁh fe
(When wei ght ypeérﬁgg%tp |S§Hu§g§ herein, it is referring

t ot9wei ght percent -of the lubricating oil conposition

unl ess g0t 1S 6; £ 3 nQr ' :
othor a1 0SS BsRASENG' Ao 3RS BB} Hipeiices
conposi t i onsodified vith giherserganic nompeurdsbe.igc &thyepeaiarbonating
such as desgcrj | ow. ;. By, m nor - amount,.. .t .1 s neant
That e wbootrtrea e @RS mobieh Wihbolf 2
5 | ubri cat ipatysucdrioiict yalkeroh stduiriic &dter. t ot al Wt % anount -
" t0,100% of the lubricating oil conposition. (A Metal
Defergents: sul furized or unsul furized al kyl or

al keny{C)phahadaten inhiditeyd: or al kenyl aromatic

sul fonates, cal ci um sul fonates, sulfurized or 10

unsul furized netal salts of multi-hydroxy al kyl or

~al kenyl ar qmpt i Phepeeptencid) oxidaidn ighilseorg] 4.lmMﬁém}yt>enebis

o R G i ST .-

acesls, metal sabi@-Réthans-adrikhltyPhesdik e mamlibhetnsltnethyl-6-

and chem cal and PO o Sany, B A b feraba S 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-

30 ' cyclohexylphenol), 2,6-di-tert-butyl4-methylphenol, 2,6§di-tert-

- hutyl4-ethylphenol, 2,4~dimethyl-6—tert-butyl-pheno!, 2,6-di-tert-
o-dimethylamino-p-cresol, 2,6-di-tert-4(N.N'
dimethylaminomethylphenol),4,4'-thiobis(2-methyl-6-tert-
butylphenol), 2,2"-thiobis(4-methyl-6-tert-butylphenol), bis(3-

35 methyl-4-hydroxy-5-tert-butylbenzyl)-sulfide, and bis (3,5-di-tert-
butyl4-hydroxybenzyl).

(2)  Diphenylamine type oxidation inhibitor: alkylated diphenylamine,

phenyl-a-naphthylamine, and alkylated a-naphthylamine.
- -10-



15 (B) Ashl ess dispersants: al kenyl succinim des,
al kenyl succinimdes nodified with other organic
conpounds, e.g., ethylene carbonating post-treatnent

al kenyl succinimdes nodified with boric acid,
pol*ysucci ni-m des, al kenyl succinic ester. 20 (O ,
Oxi dati on i3hi bDther types: InetBhdithidcathapeate egokine Hithiocarbamate),
oxi dati on inhi bi tors

(2:6-di-tert- bu?BR BH’SP?b’i?‘iE’%dgﬁﬁc%g%n‘a%rt but yl ph
enol) 4 4" - 25 bi s(2 met hyl - 6-tert-butyl phenol),
th t-butyl - ph I
B 1 RuEhoBbEra BtAp oot 1 butyi phenol ),
4 m -1 sopr opyl i deneb| s(2 6- d| -tert butyl phenol ), 2,2'-

rret hyI enebi s(4- et h non henol
- sobut(ﬁl i dg?ﬂéo %P%'Q’Qf Ff)pﬁ?,@ﬁgqe)agents

2 2 t hyl
2.2 O“nrzet esr/t eg E%%o&%g?ﬂ@ﬁé 1&.—@%@%%&&&9@&@ flgher alcohol

but yl 4- et hyl phe‘ﬂhﬂ’f P@Y@Wéﬁ”fiﬁﬂ@wm@[%@w Bm?(wd)@ﬁéﬁbyleﬂe

2,6-di-tert-

> 6 di-tert. 4 N We‘?ﬂﬂ élﬁéinl gﬁoﬁ%&%ne octyl stearyl ether,
phkhol ), 4, 4' -t maisxygthylpae ﬁ&ﬂyl@h%wlwmfwlm@l |

2 2' -t hi obi s(4-

met hyl - 4- hydr oxy- &}Iéeaﬁétebﬁ&g?)g}&%ﬁ%e WP rgghb%ﬁ%t%%nd
(3,5-di -tert- beaysttlenedslyse) bemoglepte. ( 2)

Di phenyl am ne type oxidation inhibitor: alkylated

di phenyl am ne, phenyl - a- napht hyl am ne, and al kyl at ed

a- napht hyl &) neQther Adyap@Inds) siekieacid gpdethenttttylacids, dicarboxilic

dig-hi ocar bamat e )
mi‘%cﬂyl enebis (df (‘ﬁ)ut yleaa léhgé% gért C?cf%l%%%tg anetF%‘l”th of heavy
i nhi bi tors (Antsulfonis ecidgpartia) carb@@li¢ agid Meter ohpayhydric alcohol,

pol yoxyet hyl ene n%l'}ar fo%ﬁlf?orficcés'tve agent s:

(E)  Demulsifiers: addition product of alkylphenol and ethyleneoxide,
25 polyoxyethylene alkyl ether, and polyoxyethyiene sorbitane ester.

(F)  Extreme pressure agents (EP agents): sulfurized oils, diphenyl sulfide,
methyl trichlorostearate, chlorinated naphthalene, benzyl iodide,
fluoroalkylpolysiloxane, and lead naphthenate.

30

(G) Friction modifiers: fatty alcohol, fatty acid, amine, borated ester, and

other esters.

(H)  Multifunctional additives: sulfurized oxymolybdenum dithiocarbamate,
39 ~ sulfurized oxymolybdenum organo phosphorodithioate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide,
-arnine-molybdenum complex compound, and sulfur-containing

. molybdenum complex compound.

"11.—



. am de, " am ne-nol ybdenum co

pol yoxyet hyl ene | auryl et her, polyoxyethylene hlgher

al cohol - et her, polyoxyethylene nonyl phenyl et her,

' polyoxyethylene octyl phenyl .ether, polyoxyethylene

- oct stea et her, 15 pol yoxyet hyl ene ol eyl ether,

pol @Qéﬁ}gf@ﬁlgx reproversdyreethagngate type polymers, ethylene-
pol yoxyet h S .
- pol yet hyl e)rg)lé al 3;% %%B%rﬁ#ggﬁggﬁ’er@ %%]%E% @g;?ol%ngers r&ydrated styrene '
stearic acﬂf‘rPPm Q@pnh{mersauopws&@ut@nedamh@lbm(santéypezoscosﬂy

acids, met glye36ARRwelsatty acid amne salts, netal
sal ts of heavy sul?onlc acid, partial carboxyllc acid
‘ester of polyhydric alcohol, and phosphoric ester.

| si [ henol and

(Elg oY, iy AMibcd. epiutiy ayabgene, 2
pol yoxyet hyllignmetibadriylatas, asd eilalk@rFljurEatatencewpybasehaEe
agents (EP ag F % sul furized oils, diphenyl sulfide,
methyl tri CAP8YE%'Sarate, chiorinated napht hal ene,
benzyl iodide fluoroalkylpolysiloxane and | ead :
napht h % é Friction nodifiers: fatty al cohg
fatty oam IRkibTtgys; alkd nesaqesylateplymess o dimstylsilicone
(Fﬁshhltlf%a@hkmgal additives: sulfurized
oxynol ybdenum di t hi ocarbamate, 35 sulfurized
oxynol ybdenum or gano phosphor odi t hi oat e,
oxy ol apdemrmwryczﬁ{d ﬁ&%ﬁ@&@g‘éﬁﬁ@%ﬁ ridsed ﬁmﬂ BbfranFﬁalkyl
sul f ur - confy@er sREONHBIYVANEE HRE). conpl ex conpound -11 5
(I') Viscosity Index inprovers:  polynethacrylate type
- pol yners, ethyl ene- propyl ene copol yners,
. st4M ene-i soprene copol yners, hydrated styrene- :

i soprene copol yners, polyisop and di sper sant
type viscosity index |nprove¥gMﬁﬁ§$(J) Pour poi nt
depressants: pol ynmet hyl methacryl ate,

al kyl nmet hacryl ates, and diwI%Qmﬁﬂgqrate - viny

acetate

25 _ Formulations

Two lubricating oils (Oil 1 and Oil 2) were blended as specified in Table 2.
Both were fully-formulated PC-10 ﬁrototype formulations.

-12-




-copol

yners. (K) Foam I nhi bi tors: al kyl methacryl at e

pol ymers and di nethyl silicone 15 polyners. (L) Wear
I nhi bitors: zinc dialkyldithiophosphate (Zn-DTP,
mr'y al kyl type & seconda_ly al kyl type). 20

oils

LES Exanple 1 25 Fornmul'@Plfohs Two |ubricating
(Gl 1 and G 2) vvere bl ended as specified in

. Table 2.  Both vverefully %r% FaRPLAdIQ pr ot ot ype

“fornula'f:nno 12 L_\Th o
(&AOL OTtos pe i3 ¢t e
mponan oF-a

Conp
EC Tr

| ndex DidFpcaN SkcoatythaePimpkV&T Dased But fongae 0.68 0. 680
Over hasedassabuibydi@t € 4. 31 4. 31  Phosphaweas Wealr 0.68

TEQT O ml\n ILATL-ON

NV I

C‘. nnnnn ") f\") 2 Dgliz

'B%!a‘ted bcmfmu&é' tte et 'mc 9 O7UZ 59
~ﬁébte%Wu i ﬁspﬁr‘mmﬂ—w STOSkhY

""' n

CUC

I nhi biQveraed 68icPeté9  Mdl ybdenum_Ant i oxi4dant 0.40 0. 401
Oxi datihespherpmiVesdrinkibitan. 50 0. 50 Foam | n¥i88itor 0. 02 069
0. 02 Jopurg Aptioxigant | ndex | nprover 2.5848 06 Poyr 040
Poi nt| BERULBRIY 0" 0.27 - Group—iiBase 1865 Grof?l
am Jghibior, halig o 0.02 02
|11 Berse wdchsitf thddx‘?mdrévev T6—Both—pi - S8.06
for VidopdnfBdgtsBRal  PeETformance T they 0.27
Group H Base Qi 0. 5
Group HI Ba_se Oil 77.78 : - 720
10 .
Both oils were evaluated for valve train wear performance in the
Cummins M-11EGR engine test. The results are summarized in Table 3.
Table 3.
15 : : _ _
LUBRICANT FORMULATIONS AND CUMMINS
M-11EGR VALVE TRAIN WEAR PERFORMANCE
AP GI-4 Limit (mg) | Ol 1 0il 2
| M-11EGR Crosshead Weight Loss 20.0 {maximum} 19.7 - 39.7
20 ,
~ Qil 1 had acceptable Cummins M-11EGR crosshead wear (19.7 mg), whereas
Oil 2 had poor M-11EGR crosshead wear (39.7 mg). The passing limit is
.20 mg. Base on these results Oil 1 was designated the "good" oil and Oil 2
- was designated the "poor”™ oil for the carbon black experiments described
25  below. |

-13-




Cummins. M1 1EGR engine test. The results are
summarized-in Table 3. Table 3. 15 LUBRI CANT
FORMULATI ONS AND CUMM NS° M1 | EGR VALVE TRAI N VEEAR
PERFORMANCE APl 14 L=t (ng) QI 1. - -2 MI11EGR

Cr dsshead Wi ght Loss 20.0 (%%%P—H%ﬂgj 39.7 20 Gl
| had acceptable Cumm ns. M1 I EGR crosshead wear (19.7
ng), whereas G| 2 h R cr sshead wear
(39.7 nmy). The passi n?ﬁ’g Elq'\/g%@r%e Hzg %’é on these
results Gl 1 was desi gnat ed the "good" oil and G| 2
was desi gnated the "poor' for th bon bl

exper i HBFR sorBetally auailaple ‘E?é'PWEaﬁ’SS (grogk nga?%mg}]were
Bl Ak denatarioabiéalsi oot JifRRatesOMaBE di sholwy thy Réy gisital
car bon bl acks (from Degussa Conpany) were 10 sel ected

to serq@ragerishen of dipsegatasblagkgpl e” 4 shows the key
physi cal _characteristics of these carbon bl acks.

Tabl e 4. .15 SELECTED PHYSI CAL PROPERTI ES OF CARBON
BLACKS (| NFORMATI ON FURNI SHED BYiapl¢=4.SUPPLI ER)  Car bon
Black Prima article size nanometers E BET Surface

ArEa A 17 4 200 SHRESIER g%%i@gggb
1'C

el ectron nicr 8%‘3@(”&@%%&@'\%{4%?@

that the _parfl r\l e Ql 7Zes f'\d?pcﬁr rnnr‘nrtbaul \/ r\r\r S terA}\e
The aver agdaonaskd Prigery gajiide size taparpeters) il Bt ‘”é!”aqe. He
wi th manuflact-uber -gpeecifi-cat i15ns. Each—daf-blon—bl §'
“was anal yzed bg' X—tay—Phet oclggctron Spectaaoscopym Xro) ;

20  Scanning electron microscopy of these carbon blacks indicated that the
’ particle sizes appear remarkably consistent. The average diameter of each

carbon black was in line with manufacturer specifications.

Each carbon black was analyzed by X-ray Photoelectron Spectroscopy {XPS)

25 to examine the surface chemistry and to ensure that the carbon blacks were
indeed chemically similar. The results of thé XPS analyses are presented in
Table 5. |
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25 to exam ne the surface chemistry and to ensure that

the carbon bl acks were indeed chenically sinilar. The
results -of . the XPS anal yses are presented in Table 5.

10

15

20

25

-14,.5. Table 5. X-RAY PHOTCEL SPECTROSCOPY ,
ANAEYSES OF THE CARBON BLACKS 'on Blrack El enents A
B C Particle Size (nan % Hydr ocar bon
- 74.91 76.73 77,
Car bonyl 5.19 84;4%{@ rboxy %%gﬂ%@%?(s
Nitrate, nitnqoso 07010702016 0170: 770&;;%%:&&‘55 92
1.22 1.31 1. 3%emetd fur 0.07 0.12 0. g2 Suftagge 0. 82
0.05 0.01 1000 I8 (okdds00 CTOU §7. 91 5:97.159s6
97.59 Cox 23 08octWerp2 20. 16 COXI T 0GR U.7433U. Zdas
0.21 N 0. 01 |QicBeydéhel® O tot 1.99 2. 2562123150 1.
tot 0.38 0.42cEmdiy S tot 0.09 0.16[{0502 |S4.d4/ S uos
0.78 0.72 0. {Cabd® Results of the XPSskndicated tlvat
t he carbon bl| aedss,nit@se very siml ar |i 0ot 0.02 | 0.16
' 01 0.77 0.96 | 0.88
02 1.22 1.31 1.35
Suliur 0.07 | 012 | 002
‘| Sulfate 0.02 0.05 | 001
100.00 | 100.00 | 100.00
G tot : 97.91 | 9755 | 97.59
Cox 23,00 | 2082 | 20.16
C ox/C tot : | o023 0.21 | 0.21
N 0.01 0.02 | 0.16
O tot 1.99 227 | 223
O 10 tot {038 0.42 | 040
S tot 0.09 0.16 | 0.02
S 1S tot 0.78 072 | 077

Results of the XPS indicated that the carbon blacks. are very similar in
chemical content, ranging from about 20% to about 23% oxidized carbon.
Sulfur is somewhat higher in the smaller particular size materials. Nitrogen is

a bit higher in the larger particles.

Example 3

Valve Train Wear Performance Determination

To simulate soot in a lubricating oil, about 6% carbon black by weight was
added to the lubricating oils (Oil 1 and Qil 2). The carbon black as thoroughly
dispersed in the lubricating oil with a homogenizer. Because of the high shear,
the temperature of the lubricating oil reached approximately 80°C. The

lubricating oil containing the carbon black was determined for valve train wear

performance using the HFRR test.
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~ cheni cal content, rangi' ng from about 20%to about 23%
oxi di zed carbon. Sulfur is sonmewhat higher in the
smal l er particular size materials. Nitrogen is 15 a
bi t; higher qi I riicles. Exanple 3 Valve

Tr a5| n %@ar SE@FT( g%r?gﬁ?ga%ge%re;rhmﬁgtgi on 20 To sinulate
soot in a lubricating oil, about 6% carbon bl ack by

wei ght to t CFIubr|c i.ng.oils (Ql,l

vt 902 BRSPS S b PR soces o
t he I Lmnhl ead Oil@ toiekaminehtha efiectof partizle sizeBeddtRR velve titaén wear
hi gh shrra the tenperature of the lubricating oil
reachetf QHB?Q)CS% mately 80C. The 25 lubricating oil
coftt ai ni ng the carbon bl ack was determ ned for val ve

train r rforrra e . usi the HFRR. test. -15 5

5 gl o TERERR Wt Bl B RETr izt benp oL s deToRBinind he valve
about tfaievesr petioghancefin 2asdioglecui REMQ oIl ARk PEBSngtrdreht uses
to Gl and Q1| 2 to exani ni?atthe ef f ect of article

size g MANGUC Yibratar lgess %@ﬁP%‘F'W&Hé@e opge a small

HERR tflitdd® villei pRébsfiyr bR A0REE S5k IRRES (b ﬂeﬂ@tskf Tthe amplitude
determini ng the valve _train wear perfornmance in

caltti oea\dérqqusmvﬁﬁh%@scdkapgn ang 816#@@ presterigblenthe figtional force

an el §fehiSrRBB®Ll Bnd fl&TRdhe E%c@i&gﬂ do'nPeIc?re%:s‘%é?\%E (BER) are
(the ball) over a small anplitude E@essm

agai ngteapureddhe Sple slahenary apecimen i l@ﬁlq m apathdeyhichdbe
15 an il and the | oad are
vari aguéﬁﬁgﬁ F%laggj?%%gfj grdger%tagégtqween the ball and
flat and the electrical contact resistance (ECR). are
ur , n
b“a%st P tﬁ{é mﬂﬂm‘%tlﬁ#& s ?rég)fétte%ﬁat?dn%tﬁgtﬁcﬁh%% %ﬁgﬂﬁ! c%rﬂ)éh Qlack The
be heatagebn lﬂ@ckﬂhetirre,cbntoctae|iutg:caim$o=btpevq®rtandéfaarelmbmpgemlzed
-about Ignﬁ k. The carbon black is
stir refgl/l !ﬁﬁg‘l‘? u%@f ca f%éﬁ to wet it and then
honogeni zed for about 15 m nut es prior to testing.
;Ee \gte'ﬁ%avlﬁe?aq %al%%nttﬁe? bg’lﬁsl érﬁ n{f‘éa%upe‘:f‘larﬁé“t?a(ﬂy %%H%l hé!al%croscope
25 and recorcied The lubncatlng oit is run three times.

The results are summarized in Table 6 and also pictortally presented in -
Figure 1A.
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25 and recorded. The lubricating oil is run three
times. The results are summarized in Table 6 and al so
pictorially presented in Figure 1A. -16 5 Table 6.
HFRE RESULTS FOR SI NGLE CARBONE;%AgK EXPERI MENTS Wear
_Sca Pr ot ot ype Carbon Carbon '58n Wear Scar

s b e bt
e T o =t TN DT T 4, Wear Scar |

228 11 | 10, Wear for the poor oill (Ol 2)| appears iameter

i ncreas ’Eé%‘?tmje c%ﬁ’@g o ag%'b rtli cfaEbons; zg"qafﬁqa%%@andard

For si ngl & €8 bon M %eks, A §i sc?PRT'HAi| o meviation
n

in HFRRwear performande occursiwith about 6% by (1)
wei ght jof carbon black ¢ the carbon black wth the
| argest| paftlcl ¢ sife. As the padticle sige i'fitredsed,?

~—+

15 HFRR wedt?in¢readed i|n the podr oil. Ipter tirgly,23
wear fofr t f1gO)d oil (JG1 1) dges not changsvvith 124
i_ncre_as!ng.:p rticle sizg Thérefgre, the | “ i
di scrinfi nafj.on between good and poor 60|I 'ncrzg se§ or .
appear s—to becone-nore—apparent—as—particte—stze

i ncreases. The difference between 20 the good oil and
t hdOpoor oil increased by approxi mately 40% The

o 0 BB A IR S R 8 o
i m ti sige irteegseaFontingevanboroblatks, tHeanayimumtdisSimination in

t hought,_t.hat soot.-i nduced 25 wear ests that |ar
o t L HEEREkeAt BB RGS e aiibonb B Ay et beiyon Hiack C,
the carbon black with the largest particle size. As the particle size increased,
15 HFRR wear increased in the poor oil. interestingly, wear for the good oil
(Qil 1) does not change with increasing particle size,

Therefore, the discrimination between good and poor oil increases or appears
to become more apparent as particle size increases. The difference between
-~ 20 the good oil andthe poor oil increased by approximately 40%. The farger
' particle size improves discrimination between engine oils of knbwn wear
performance.

Without limiting the present invention to theory, it is thought that soot-induced
25  wear suggests that ‘large particles become entrained in the contact zone and
- produce abrasive wear. Smaller particles are lesser in size than the oil film
thickness so do not produce abrasion. Larger particles are too big to fit into
the contact zone. Therefore, selecting the appropriate particle size is crucial in
bench test wear determinations. These results suggest that the fargest

30 particles produce .the largest wear under pure boundary conditions.
B. Carbon Black Mixture Experiments
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produce abrasive wear. Snaller particles dare lesser in
size than the oil film -thickness so do not produce-
abrasion. Larger particles are too big to fit into
the contact zone, Therefore, selecting the appropriate

par Bi clestaiistigallydesiones Mixture experment wag pesoamed to examine the
deter meﬂ@étlo@%mcm%eaﬁ@whbﬁam%nk%zé Bﬁ Hmm%br

30 parti cI es produce the |argest wear under
boundam’ rfe@iadices Diestotal Bmo@?%(ﬁ@r@“é&%kwp ﬁtbiﬁ”é' was fixed at about

Experi menbpwaigh Uﬁ t8rkk %Eib%ﬁlﬂléﬁk%ﬁipgﬁ&qs We?‘é Hée‘:‘d in each blend.

experiment” was performed to exanine the effe

parti clBotisgoas! ar@rmnoes eibivasst teelad. Bre warqrqiefloétf@u rz@tur@ﬁwwas
HF I

o 0 o R R LT RO bt Ti00
to thr eista@ipmFigiredB. conponent s were used in each

bl end. Both good and poor oils were tested. The run
order of the m xtures was 10 rgx gari zed to minimze
bias. The results are presente |n Table 7 and

o 50 oy AR BTy SaaP RRRITRA

Car bon rbon—Car bonm Wear—Scar D ameter—{ubr T CamT Wear Scar

Bl ack A E}_J,a} BBl é\ck C Di ter (p t angdard Diameter
ro afl argon rsS .
Devi ati p ﬁ; J 2%05 1 e ! o C16 qg?fete 1 Sandard

3 170 18 é 4‘ i | 2 2 Qpviation
3 221 8 1_ ’2 221 Gl2 212 92 ')7n 10 _The (1)
m xt ure 5' data ar3e |n eresti ng and une<pec1l7 iThe ::g
first thre il})al ns of, 20jbars in |Fi guie 1 ﬁ 13
bi nary i xgyy es |of tghe carboy bl acks A B The .,
oit 2 3 3 167 11
Oii 2 3 3 221 8
oil2 3 3 . 221 - 21

Oif 2 2 2 .2 _ 270 10

The mixture wear data are interesting and unexpected. The first three pairs of
20  bars in Figure 1B show binary mixtures of the carbon blacks A, B, and C. The -
HFRR wear scars are not much different than the wear scars from single
carbon blacks in Figure 1A. However, the three-way mixture using about 2%
each of carbon blacks A, B, and C dramatically increases the discrimination
between Oils 1 and 2. The HFRR wear for Oil 1 (the good M-11EGR lubricant)
25  is essentially unchanged but the wear scar for Oil 2 (the poor M-11EGR
lubricant) is much worse, at least about 40% greater than the wear scar for

single carbon blacks and about 20% greater than for the binary mixtures.

The standard deviation in the HFRR wear scars for the carbon black —

30 lubricating oil mixtures are indicated as error bars in Figure 1A and 1B. in
general, the error bars are about 10 to about 20 micrometers, representing
one standard deviation in the wear tests. Since discrimination is usually the

most important criterion for a bench test, the best option is to use the mixed

18-




- HFRR wear scars are not nuch different ‘than the wear
- scars fromsingle carbon blacks in Figure 1A :
However, the three-way m xture usi ng about 2% each of

car pon cks A B, a dra tlca reases th

di s%rl Pr?rhg? Sl5hr '%éfl%gg%éw weigh am&a‘f‘ gﬁ‘h‘é?n%ﬁa%gﬁrb?%k

for Ot bodluladrteha EMI%@%&F@MUM df@l&@éka%f’énlb%ck components yield
essentj a nchanged bu e wear scar :
oo MR Po A a paMearh ot By FEtarg gagations I the

about W@%r@é@i@t\rﬁre tHeaBwb S ab&AM 05 2bofior2 mistdHal 8epending upon
car bon bloa S%ﬁnd about 20% greater than for t he

bi nar y'c i The standard deviation in the HFRR

weqg scars for the carbon black 30 lubricating oil

m xtures are indicated as error bars in Figure |IA and

1 B. | AN hecbasisf thesedegyliso it ineansiuded thad yeind toree liffapentrcarbon
20 m CEIQ&I@&&ﬁp%neﬁt@%t@ﬁs@Wié%rfa@é‘@héﬁ@ﬂﬂﬁﬁpdﬁ@%htaﬁdr@&e size

in the wear tests. Since discrimnationh is usual

most | PFRWHEAHE least vaiiakip rpest agcureiectermelation fartweas @@fformance
opt i ONpds

about ST E WERGhOSpE R bttty RRIGNER nbaplsr g sfws that
 cohponaixuse Of\Hirteemﬂrls}ordblaclt pempénents e abbut emeépr@aoﬁl@n gavethe

bl ack GARRARESSnH|SH O HERR BER IR Eh AR tflcen the

wear resabiiy Qi\éwemdmreismmemml(@tmuftthm carboaidgack dﬂnponents in

m cron 0 10 On .t

past o apouf RABLBIRGRRCBasr Ui Arreb FOAEE ik, e bos
- three dzlscfrihenmmn of weboperfdrhaote fotippCemirsnsMt hi EGRréfarence oils
S but different particle size

p?%é/l %{;}H(ﬁeggt vari abl e, nost accurate correlati on
for vvear performance between |ubricating oils. The
'statistically designed m xture study shows that a 15

m xture of three carbon black components in about

equal proportion gave the. optimum conbination for
HFRR wear discrimnation and reduced the variability
of the wear results. A mxture of three carbon bl ack
conmponents in - about equal proportion, each with -
different particle sizes, gave the best

di scrim nation of ~wear performance for the Cumm ns

M 11 EGR reference oils 20 (Gl 1 and QI 2). -19
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5 What is clainmed is: 1. A nethod to determ ne the
valve train wear performance of a lubricating oil,
said method conprising adding to the lubricating oil
fromabout 2% to about 9% by wei ght, based on the
total weight of the lubricating oil, of a 10 m xture
of at | east three i ndependent carbon bl ack conponents
of m xed particle size and nmeasuring the wear induced

What i8 cfbd f€st . 2. The method according to Caiml,

wherein the anount of the m xture of carbon bl ack
conponents is fromabout 5% to about 7% by wei ght,

Do e P b P

whebij said hestimat torapsisg addingfto eiaclnbdedtienoibfr@mlabout 2% to
conmponent i.s independeptly in the range from about. 0

nanBReve% vk basshon il areio e lBrEAtHG: ibat

accafiguitof 2 1634 tRed ind¥HRINBEAL dBoPBlakk ChfpdhéRtsr mixed
each carbon bl ack conponent is independently in the

r angarticlecsizepod mepsuriag drecweasindues v weastest.
nanoneters. 25 5. The nethod according to C aim 4,
wherein the particle size of each carbon bl ack

. confiheemdthod acesrdipgrid @lbihy 1) whéred therggeodnt aftiabminturésof

nanonet er, to about 60 nanopeters. 6, The nethad
e BRRPRGA PSS 6 B U A Gber heby Wridie PAsed
t_heon%%thé‘ltW{iigthfﬂLﬁlﬁffdéﬂﬁ?Bll.aCk conponents Is a

m xture of three carbon black conponents. 20 5 7. The
nmet hod according to any one of the preceding C ains,

0 B oERBSFLS 2 B AT 2Ol g oo

componen bri‘cat
r angkedchocarbbio biack .c8btponenbis idepeéenlyy indhg indngefasm about

t he,t ot al i ght of t | ubricating oil. 10 8. The
met ﬂ@&aﬁe@\éﬁ:ﬂg%a %utdl?)gqﬂn@,m €rein the concentration
of each carbon bl ack conmponent in the lubricating oil
i s about 2% by wei ght, based on the total weight of

. t heTheBigtied perprding.to Claim 3, wherein the particle size of each carbon

black component is independently in the range from about 10 nanometers

to about 75 nanometers.

The method according to Claim 4, wherein the particle size of each carbon
black component is independently in the range from about 15 nanometers

-to about 60 nanometers.
The method according to any one of the preceding Claims, wherein the

mixture of carbon black components is a mixture of three carbon black

components.
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9. The met hod according to any one of the preceding

Cl ains, wherein the 15 three carbon bl ack conponents
have a particle size of 17 nanoneters, 29 nanoneters
and 56 nanoneters, respectively. 10. The net hod
according to any one of the preceding Cains, wherein
the lubricating oil is a lubricating oil conprising a
maj or anount of base oil of 20 lubricating viscosity

7. andThl ﬂg!th&!l"aeéﬁrdm .t@tankgﬁ%;ofglgk? gPé%%HHg?’@lgﬁﬁé We‘?gip the

fromt group consi st rgent | sger sant s,
oxi dendeptratiomiobeady sarbon insacki conipxireot & thddubricsiting ol svill

Frioti o )
il PRPRRRTORRaB PR ol Wk B 2PPY - AUERY pisbuaase o0
pouthefoiahveight ¥ Gsesidbtisatirigadn i nhi bi tors and wear
inhibitors. 25 11. The nethod according to any one of

the preceding O ainms, wherein the wear test is a

8. Ni ofnd hRANSD S¥cdr8mRb ¥ahi POvhéir Blconténtration of each

carbon black component in the lubricating oil is about 2% by weight, based

on the total weight of the lubricating oil.

9. The method according to any one of the preceding Claims, wherein the
three carbon black components have a particle size of 17 nanometers, 29

nanometers and 56 nanometers, respectively.

10.  The method according to any one of the preceding Claims, wherein the
lubricating oil is a lubricating oil comprising a major amount of base oil of
lubricating viscosity and minor amount of at least one additive selected
from the group consisting of detergents, dispersants, oxidation inhibitors,
rust inhibitors, demulsifiers, extreme pressure agents, friction modifiers,
multifunctional additives, viscosity index improvers, pour point

depressants, foam inhibitors and wear inhibitors.

11.  The method according to any one of the preceding Claims, wherein the

wear test is a high-frequency reciprocating rig test.
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