5 METHOD OF DETERMINING DIESEL ENGINE - VALVE TRAIN WEAR
IN A WEAR TEST The present invention relates to a method of

determining diesel enﬁ\bne valve train wear. More particularr%,l thEe%é)resent
invention relates to a MEtRBEBAD %E@%WH&NH‘M'C P istics of
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having mixed particle size to the lubricating oil and analyzing the

lubricating oil containing the carbon black components in a wear test. 15
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emission control system changes, particularly the introduction 25 of
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Consequently, the increased soot loading in modern diesel engines has
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commerciaaljetepgtemts, either tsutfamatelscoaphensisstitiietdeterd ettearé
key decompose NOx and hydrocarbons. The combination of engine operating
conditions and emission control system changes, particularly the introduction
25  of exhaust gas recirculation (EGR), has increased the soot foading of diesel
engine lubricants. The soot particulates can be quite hard and abrasive.
Consequently, the increased soot loading in modemn diesel engines has

contributed to higher valve train wear rates.

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 alky! dithiophosphate (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
{o suspend varnish and sludge deposits. In order to protect and extend the life

of the emission control catalysts, engine manufacturers are requesting
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components of engine oils, present to neutralize acidic oxidation products
and to suspend varnish and sludge deposits. In order to protect and
extend the life of the emission control catalysts, engine manufacturers are
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soot-loading of diesel engine oils in the field present fundamental changes
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costs, the bench test must be related to a key engine test parameter. This

is st often done by the careful selection of reference oils with known
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precipitate the soot, then further washing steps to remove residual oil and

ad@iliveLCHHE SRYNRIGH iSeHzehebsr ! Bt be related to a key engine test

parameter. This is most often done by the careful selection of reference oils
with known performance in that key engine test. In the case of a heavy duty
valve train wear test, the proper selection of appropriate bench test reference
fluids and surrogate soot are vital,

25
Ideally, a diesel wear bench test would use actual engine soot. However,
engine soot is difficult to isolate from used engine oil, 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. lts 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
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guantity. 35 Carbon black is an attractive, practical

alternative to engine soot. Carbon black is globally available in
commercial quantities. Its ghggpgakaneheRySEaNPEPRItiRs 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 -2 for bench
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fully-forpnulated lubricating oil by adding car on black components having
mixed PhFfiEiENaREREHL BRCHIRG AWicATIRINES HSCHRDG RS fgRRonents in
contairdmgeshésearbon black components in a wear test. Accordingly, in

one aspect, there is provided a method to determine the valve train wear
performance of a lubricating oil by adding to the lubricating oil from about

2% to atmoutigfshinweighiehated empréhiiddtal weight of the lubricating oll,
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d measurlng the wear induced in a wear test, such as, for
ding; ihthe sicalina G fsemiABow a-‘fFﬁF@PH“é@i’ngtWﬁ%ﬁtﬁsed on

the total weight of the lubricating oil, of a mixture of at least three carbon black
components. of mixed particle size and measuring the wear induced in a wear

test, such as, for example, a high frequency reciprocating rig (HFRR) (PCS
instruments) test.

In another aspect, there is provided a method to determine the valve train wear performance of a
lubricating oil, said method comprising adding to the lubricating oil from about 2% to about 9%
by weight, based on the total weight of the lubricating oil, of carbon black, characterized in that
the carbon black is added as a mixture of three independent carbon black components in about
equal proportion, each with a different particle size and measuring the wear induced in a wear
test, and wherein the concentration of each carbon black component in the lubricating oil

independently range from about 1.8% to about 2.2% by weight, based on the total weight of the
tubricating oil.



In another aspect, there is provided a method to determine the valve train
wear performance of a lubricating oil, said method comprising adding to
the lubricating oil from about 2% to about 9% by weight, based on the
total weight of the lubricating oil, of carbon black, characterized in that the
carbon black is added as a mixture of three independent carbon black
components in about equal proportion, each with a different particle size
and measuring the wear induced in a wear test, and wherein the
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oil. mixture of carbon black components is from about 5% to about 7% by
weight, based on the total weight of the lubricating oil. The particle size of
each carbon black component is independently in the ran(%e from about
The GaisR Akt &' SRPRITTIP DB RS SRTBRARS R ETdrABRPIOAT B IR 0
raritRriesheiis {0 abeuonimpoonebers and morenpsaieyabyferdbly frange
anJIEROS 32 aanemeters o ahout SR nanomalgis RIElRIADl, fhe three
-~ carbon black’components have a particle size o nanometers, 29
rangibone i b g BenwneiaTetir ahadpte mesigmeer sniviaferablyatben black
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components. The concentration of each 3a 5 carbon black component in
nepRBisTR ARA O M ARPTREEFEAEERAS M4HYe 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
oil is about 2% by weight, based on the total weight of the lubricating oil.
Thi Ghikhed ubeicading 0l cenppiisesdxsdrajdhamiount of base oil of lubricating
a mixture of three carbon black components. The concentration of each

3a



viscosi'ty and a minor amount of at least one additive selected from the
group consisting of detergents, dispersants, oxidation inhibitors, rust
inhipitotgarbaemisifeispexteme RSB RGE swill eliospamatifitysange from
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components of mixed particle size provides a reliable method of
determWfighb 2hBsARTisRIRG Phnce of lubricating oils. BRIEF
DESCRIPTION OF THE DRAWINGS 25 Figure 1A illustrates the effect of
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engines. In recent years, the 35 higher soot loading of the engine oils
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weidy. Stitligisdiavchiywintiat iangive s ebisrenpasecees gial hdenlikehibitors
particlesa ithegln. %\@r%gse diameter of about 20 to about 30 nhanometers
(nanome{!erg‘s. TABYRE %00t particles clump together to form larger
aggregates. The aggregates can become quite large, on the order of 1

pm in digmeter in saome engines. Aggregation can be controlled by the
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BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1A illustrates the effect of particle size on HFRR wear data for single
carbon blacks.

Figure 1B illusirates 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 transiated 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).
-4



variety of chemical and physica'l properties. The present invention is a
method to determine the valve train wear performance of a lubricating oil
by adding to the lubricating oil a mixture of 15 carbon black components

of mixed iperfieR! BprEcfCHHBUSIRUSY Bidafenn |ntissayiiaglesr tBaagwfesates

amount @hiheaixiErg At CAROBRIRRKFABIRANENS 15 HamaahaHsdMd@ngines.
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mixture of carbon black components containing a mixture of three carbon
bladR coRPeRlaReINPHROchaRTCIe A1AE Y @ RLRUBMRINIBIAMIRHIAP YR jide
independeydyyiBrthe=raige-3a firyeielgbperiesnometers to about 100

nanometers, preferably from about 10 nanometers to about 75
nanometers and more preferably from about 15 nanometers to about 60
nanometéns. estarabhgritiantis earcaoond beiercimpbaeatschiase avear

particle S&%QM&@@B?%{%@@@J@W@%%@Quﬂﬁ@&mst&{% mixture of

respectively, 30 Preferably, the method of the present invention will use a

mixttre GTERPHINABILEROORMINE ShIY XEABRTifeR s B PBWEe the wear
compongRiricEhen sapsantratigmeteaamcarhng hirgksempananbiadhe

lubricating oil will 35 j dentl f 1,8% to ab 2%

S e
concentratighbbbtheh Wiritedincarb oRrbfacibborieoamotsriroftibd whirtatrg carbon
oil is aboHFa%%cB%uWQﬁ%fQé&%&' i@ﬁéﬁfaﬁ%%‘t‘é’%%‘a‘%ﬁ}%%tﬂmé Phased on

-5 5 Until now, mixtures of carbon black components of mixed particle size
havé® not et 4&ipti bbedebdraigce!wear testing, It has now been
discovered

The method of the present invention will utilize a mixture of carbon black
components containing a mixture of three carbon black components. The
particle size of each carbon black component is independently in the range

25  from about 10 nanometers to about 100 nanometers, preferably from about 10
nanometers to about 75 nanometers and more preferably from about 15
nanometers to about 60 nanometers. Preferably, the three carbon black
components have a particle size of 17 nanometers, 29 nanometers and 56 .
nanometers, respectively.

30

Preferabiy, the method of the present invention will use a mixture of carbon
btack components containing three carbon black components. The
concentration of each carbon black component in the lubricating oil 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 oil is about 2% by weight, based
on the {otal weight of the tubricating oil.
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that having a mixture'of' at least three carbon black components provides
~ better valve train wear discrimination between good and poor lubricating
oils when used in the HFRR test. 10 The HFRR test was developed as a

scregn famthie:&ymminse:MdflclGhengiredesioteitistesikanparticle size have
electro tic. vibrator is used.to oscillate a specimen, (the ball) aver.a
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resistance %ECR are measured. The flat, stationary specimen is held in a
bath to WHIER HEUBAEHHNG 5 RShdded, and can be heated. The
lubfiBating oils are pretreated with about 6% by weight, based on the 20
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wear scaf$bHthEsias ereivrburaaianibiasisdseptrasmiigtoscopecimen
and recofdedhaliNeviarsh Sihis BAPINRR UGS pFestiR WIRalRG.Q specimen
employeﬁ I%ﬂ? r%r}e od of tEeéaresegpémventlon is a lubricating oil

comprisitiy & major ahfotHPUHASERE BRBISO6YChiy RSEaLRY Lt ag toad are
leagbonevadiditarel belbiiaahfiddhe draup o tisistialp ofdeiergents; electrical
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pressure agents, friction rs, multifunctional additives, visco

index improvets padipoine dipieaimed ipandathipiorsane Wealed.
inhibitors. Base Oil of Lubricating Viscosity 35 Base oil as used herein is
defined asi hasa:stoghons Mlenlafdase stacksouich iy adidicaated on the

component that is.produced by a single mapufacturer to .the same . .
oo eateAL AR R el i Bl B LB rired into the
that meetgitievseiri@madhefduarege spet ficatiomjrandsthdvido testing.

The wear scars on the balls are measured manually on an optical microscope
and recorded. The test oil is run three times.

25
The lubricating o employed ih the method of the present invention is a
fubricating oll comprising a major amount of a base oil of lubricating viscosity
and at least one additive selected fro the group consisting of detergents,
dispersants, oxidation inhibitors, rust inhibitors, demulsifiers, extreme

30 pressure agents, friction modifiers, multifunctional additiVes, viscosity index

improvers, pour point depressants, foam inhibitors and wear inhibitors.

Base Oil 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 specifications (independent of feed source or manufacturer's
tocation); that meets the same manufacturer's specification; and that is
identified by a unique formula, product identification number, or both. Base

40 stocks may be manufactured using a variety of different processes including
_ G-



identified by a unique formula, product identification number, or both.
Base 40 stocks may be manufactured using a variety of different
processes including -6 5 but not limited to distillation, solvent refining,
hydrogehyinooessitg, totigtitadinatiolveestefificadj hrydangkrepesitinaging,

Rerefinegygingk all be SuRENIAI lise IR AXeTEKRINadUCR Ly o

through manufacturing, contamination, or previous use. The base o
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procedurgs, Using.earbon manoxide, And iy dIAgRn, 9RREs.SHNASIBR, oils

Fisher-Tropsch process. A preferred base oil is orie that 15 comprises
little, if aRYE GGy RACHSH /g eliRrian Ahy itrsilrrhcishesielrsepgifyO. or from
about 20ngBteahigheryahaberd88arQilsrepehasothmbasadd| Mt ierogen
selected or blend ddeRerEiir?(%q the desired end userand t}gaaddiiives that
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OW-40, 30 QS0 WA W B2 S 008404 VKB o WHeBae of il
IOW, 10W-20, 10W-30, 10W-40, 10W-50,15W, 15W-20, 15W-30, or T
15W-40. Bernelssted i AeRee depcedinebam tagrapiasRagdivgongd the additives in
Eynthetiqﬂiemigmmomgb%vgnh@mggﬁé@@@ﬁé@ﬁtﬁm_ﬁgb@aw@.i@mﬂﬁmmg oil
ase stocks obtaine | ization of syntheti S ,
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thaRolvieit a5kt Yt )Ahe SilYetfatitvaBd, Sulad Goilipdife Sy - GOIHEDEYUAEW -20,

Suitable baae fjls figlude {HRssoIn BIAPHRARHARESS.bd ! iy AWans V as
defined in API Publication 1509, 14th Edition, Addendum |, December

1998. Saturates levels and viscosity 30 indices for Group I, Il and Il base
oils are listedhinst abilendy Go epVdIase eisural lubricating oils, synthetic lubricating

oils or mixtures thereof. Suitable base oil includes base stocks. obtained by
25  isomerization of synthetic wax and slack wax, as well as hydrocrackate base
stocks produced by hydrocracking (rather than solvent extracting) the
aromatic and polar components of the crude. Suitable base oils include those
in all AP categories 1, II, i1, IV and V as defined in AP} Publication 1509,
14" Edition, Addendum |, December 1998, Saturates levels and viscosity
30 indices for Group |, It and HlI base oils are listed in Table 1. Group IV base oils
are polyalphaolefins (PAQO). Group V base oils include all other base oils not

included in Group i, 11, 11, or IV. Group Hl base oils are preferred.



. are polyalphaolefins (PAO). Group V base oils include all other base oils

~ not included in Group I, Il, lIl, or IV.-Group lll base oils are preferred. -7

Table 1. SATURATES, SULFUR AND VISCOSITY INDEX OF GROUP I,

I, 1, IV AND V BASE STOCKS Saturateg{isidetermined by ASTM

D2007) Viscosity Index Group Sulfur (As determined by ASTM D2270)

(As determined by ASTM BAZORARST BLDARBADDASIODEIZT20 Less

than 90 %.saturates aiBfer Cirédtet Bredidd thah yrﬁﬁﬁrﬁfﬁm%}ﬁ% less

than t0|0.03 % sulfurtiandd2onindk Greater tran7or e ) ‘88 %0sat '
and Greog?g?pthéﬁ“éfr(éaﬁﬁ?rﬂ@g BPEd4&7eg8)than wﬁ%@ﬁ%@ %ﬁ@ﬁ?ﬁ%m
sulfur than, 1201kt Grreateridbamaeseopdal tr&eo sgttrades tancb(sxpalterso and less
than or MM%W.MMMW
haolefils (PAO%@?{%FC?%%E%@@%frgg@{fféﬂ%e%fpgup%liﬁﬁéﬂ?rb?rlfﬁagl 0 80 and less

Natural luBricatEig el ey JqelUseanimarais :negetable oils -e.%.,

. ; . fareater th [t0,120
rapeseed_Oils, ieaston oilsyas tb A 6d ‘o) fpetroleum il Mineral olls: and
I P 1 P . . .

oils derjvelf frod &&%ﬁ%ﬁ%ﬁﬁynmamu&mmmmydm@aﬁb@nw-
: bl Ayt Qiers natincluded n Graups i, 1, 1, 0r 1 |
oils %I’l AATO=SUBS roc i ti I

ac-ahrmar: anel
I |19

FooOMn"olS-Stcr-as-poryme ized-at
inter-polymerized olefins, alkylbenzenes, polyphenyls, alkylated Biphenyl
ethers, aM@lism duaipiading cliglficrisingd e aisnahelisdesigelabies oth ayueapeseed

and homg|eguasdnareahand;ths likerS¥0elis, WMRcaling: C4sAHM8 derived from

include alkylene oxide polymers, interpolymers, 15 copolymers and
derivativ88ah¥r&¥#herein the terminal hydroxyl groups have been
modified by esterification, etherification, etc. Another suitable class of

10 Synthetic oils may include hydrocarbon oils and halo-substituted hydrocarbon
oils such as polymerized and inter-polymerized olefins, alkylbenzenes,
polyphenyls, alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as
their derivatives, analogues and homologues thereof, and the like. Synthétic
lubricating oils also include alkylene oxide polymers, interpolymers,

15 copolymers and derivatives thereof wherein the terminal hydroxy! groups have
heen modified by esterification, etherification, etc. Another suitable class of
synthetic lubricating oils comprises the esters of dicarboxyﬁc 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 olls such as those exemplified by tri-n-butyl

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

Sificon-based oils (such as the polyalkyl-, polyarsyl-, 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, polyalphaolefins,
and the like. |

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

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



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 Sthe§§n§fétﬁé'%&$@§? a%&ls@{a%scﬁutgp ShinosGRISMRNEGH BMher

tri-n-but egHﬁEhos phate an tri-iso- butyl phosphate are also-suitable for use
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polyalkakyajrard pvbyaiiiaxy-sitexategoisantiosiiegieteisiraampbsgned directly

anotherf{%%#gﬁ%ﬁg Of??%@én{geg?éﬁp“ca nigr(e)él Faher syhe §atnon process,

Iubrlcatlng olls INClu Iqul ester pnhospnoru contalnlng acl

polymefRetBIPARYHDMpATSe pBIg alprhvidhion! fefterieeikeeTh&plisecioils are

may be Hienined iamisarpipedsrefingd. teiained Pits ARAOBBEAUFSted in one
thereof. Unrefined ?I|S are obtained directly from a natural source or -85 .

syntheti®’ S22 B4 53108 0N R IBP RSARE HithIEm araTbes ritHapte
purificaporifmatieatoubntgteainpbles afwil sdibme t alle inatiite agtialeeaiting,

obtained sy oA SiRLing oRRAIALRURIM A phiained

directly from distillation, or an ester ol directly from ‘
esterificBfiRpleess Oféd@ﬁ?b@r\ﬁﬂﬁ@%\ﬂfﬂ@ th@?ﬂb%(iﬁ%éwﬁhm@dt RetaBped oils

trepgmente %stm%hcugﬁwm& siarlandathesseeiined-qils exarpdiiakd to obtain

refined Is have been ated in one Qr more?%hnflcatlon steps.to |mprove
one or 8 Mfed. ﬁﬁéﬁ‘i%f”b‘?ﬁuﬂéaﬁéﬁ KRR fRimed or
distillatlwprbydssecamle rgdhyithotreatidditiclesigping;esebi by exdradtioss for

acid or p&% 8Ht JH‘JW g%fﬁ%g&%%t J)gf v%@lch are known

to those sk |nt e art. Rere are ine by treating used
oils in processes similar to those used to obtain the refined oils. These

re@fineéé&l§@r@@lﬁW%@%WM%&Q@%@QW%?iéﬁs@ﬂ%@é@ﬂ! either

are addit ona roce se e sfor removal of enta dltlves
and oil lﬂ}gaﬁ <5qu groatd CLQ Xéﬁ’%:f PSRRI Jor synt nete B3se oi.

hydroisomerization of wax may also be used, either

Such wax isomerate oil is produced by the hydroisomerization of natural or
synthetic waxes or mixtures thereof over a hydroisomerization catalyst,

25
it is preferred to use a major amount of base oil of lubricating viscosity in the
lubricating oil composition of the present invention. A major amount of base oil
of lubricating viscosity as defined herein comprises 40 wt % or more.
Preferred amounts of base oil comprise about 40 wt % to about 97 wt %,

30  preferably greater than about 50 wt % to about 87 wt %, more preferably
about 60 wt % to about 97 wt % and most preferably about 80 wt % to about
95 wt % of the |ubricating 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 ol
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 wi % of base oil of
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alone or in combination with the aforesaid natural and/or synthetic base

oil. .Such wax isomerate oil is produced by the hydroisomerization of

natural or synthetic waxes or mixtures thereof over a hydroisomerization
catdlyst.lAB e grefnesity eugbdhainigdeanuiintoi G addoliisutiribatidgricating
viscositysinchiaplditigating oil composition of the present invention. A '
major amount of base oil of lubricating viscosity as defined herein

comprises 40 wt % or more. Preferred amounts of base oil comprise

about 40ANt % e OutddantVs BRnrefesablys gifestet by ab alkebywhenates,

to about 97 wt % re preferably. .ab % Q t % and.

most preferablf}@ﬁ%ﬁt‘%@m é[?) ?(r)yaatbcoﬁflﬂ%%g\}v\étg%céﬁ@g I‘?Jldéfr%czg\t%lsg %ﬁ‘mgzéd or
corhposition. (WiseHwasshnptaicemitsioUsedi-hedemty ielsvtereatieg toarenic
percent of the kibprCAIRE OHlICAMPARKIN MHess, afbeRvse #RAsKRI R arized or

- A minor amount of gther additives common{l?yﬁfounded in lubricatin

oil _
compositions rHES I EReLEKM SRR ERRAI ST EeBE Rl kanoie
below. By minaciasmowntdj gassoeantdigl shelivdrdd willtbe desatdathatioofand

base oil of -9 %}l%g{é%gm[}pgg%é% chh that the total wt% amount to
I g ol

100% of the lubricatin composition. (A) Metal Detergents: sulfurized
or Usulfurized alkyl or alkenyl phenates, alkyl or alkenyl aromatic

sulfonatgs,) caloiypnesy iepateansiificized icdRinnssdiuiead neatal saltef

multi-hydroxy alkyl or alkenyl aromatic compounds, alkgl or alkenyl

i VA .
hydroxy aromafte QiGN S EliRIFAE ST ORSHIE & ARV G SikaIRAN 21N
naphthenates, postatesstitseof atikonkenheids;inraidé s atisdiffeainwdiiik yooic acid,

alkenyl mu“i'aggsygﬁ&ﬁﬂﬁﬁ‘é%%ﬂ&%WE'ME&?;%E'B&EWGS thereof. 15
20 '
{C)  Oxidation inhibitors;

(1)  Phenol type phenolic) oxidation inhibitors: 4,4'-methylenebis
(2,6-di-tert-butytphenol),4,4'-bis(2,6-di-tert-butylphenol), 4,4'-

25 bis(2-methyl-6-tert-butylphenol), 2,2'-{methylenebis(4-methyl-6-
tert-butyl-phenol), 4,4"-butylidenebis{3-methyl-6-tert-
butylphenol), 4,4-isopropylidenebis(2,6-di-tert-butyiphenol), 2,2'-
methylenebis(4-methyl-6-nonylphenol), 2,2"-isobutylidene-
bis{4,6-dimethylphenol), 2,2'-methylenebis(4-methy!-6-

30 cyclohexylphenol}, 2,6-di-tert-butyi4-methylphenol, 2,6-di-tert-
butyl4-ethyiphenol, 2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-
a-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}-suifide, and bis (3,5-di-tert-
butyl4-hydroxybenzyl).

{2)  Diphenylamine type oxidation inhibitor: alkylated diphenylamine,

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



(B) Ashless dispersants: alkenyl succinimides, alkenyl succinimides
modified with other organic compounds, e.g., ethylene carbonating
post-treatment and alkenyl succinimides modified with boric acid,
polysuccinimides, alkenyl succinic ester. 20 (C) Oxidation inhibitors: (1)

FZhgndc’l typ%pf(@;ﬁr?”(@ilﬂémﬁgﬁ gﬂ@%ﬁt@f@ﬁcﬁt’?ﬁ?ﬁlﬁﬁﬁh !‘é?@@}?,iiigo dithiocarbamate),
,6-di-tert-butylphenol),4,4'-bis(2,6-di-tert-bu enol), 4,4'- 25
bis(2-methyl-6-tert-bil %%Wéi%?’i%ﬁ ?Bfﬁy'li%%gBFsa(’E-%ﬁﬁ 6
tert-butyl-phenol), 4,4'-butylidenebis(3-methyl-6-tert- butylphenol),

4 4-isopsopyidenehiF(R 8-0icer- R lpheoD. 22-

methylenebis(4-methyl-6-nonylphenol); 2,2 -isobutylidene-
bist2,6-dimethylphenol), 2,2'-methylenebis(4-methyl-6 30
cyclohexylpheppl), 2iugiciad guidyatejurphenelcd fLlidertents:

butyl4-ettylphenol, 2,4-dimethyl-6-tert-butyl-phenol, 2,6-dj-tert- .
o-dimethylamino-p-cFSS61 %6 4° ert‘-%{@.ﬁ‘%fﬁ%‘%ﬁﬁ"&%% 1 Biglypr atconol
phenol ),4,4'-th iobis@herethyiie-iethyieos/ pbreiiolsnyt ether, polyoxyethylene

2,2'-thiobis(4-methyl-g-iari-butylpRepgll b lene octyl stearyl ether
methyl-4-hydroxy-5-tert15ﬁbﬁutylb%nzyl)-’gdl}?f%(?%n his (3,5¥di-ter{¥ '

buty®4-hyd roxybenz;ﬂ@%ﬁ@fﬁ#ﬁé}%@ﬁﬂr@@b@@%ﬂﬁ%ﬂﬁ%ﬁ)ﬁBFt.’Eto'
alkylated diphenylaminghogtearntaooapixistianine safselkytdiedleate, and

a-naphthylamine. -10 5[ I)&g,t)ﬂgﬁth%r tY}PeE: metal, dithiocarbamate (e.g., zinc
dithiocarbamate), anftr e yef n s(f? ma%%'ﬁ;ﬁ ec:arbamate). (D) Rust

inhibitors (Anti-rust agents): 10
(2)  Other compounds: stearic acid and other fatty acids, dicarboxilic
20 acids, metal soaps, fatty acid amine salts, metal salts of heavy
sulfonic acid, partial carboxylic acid ester of polyhydric alcohol,
and phospharic ester,

(E)  Demuisifiers: addition product of alkylphenol and ethyleneoxide,

25 polyoxyethylene alkyl ether, and polyoxyethylene sorbitane ester.

(F}  Extreme pressure agents (EP agents): sulfurized oils, diphenyl! sulfide,
methyt 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,
35 sulfurized oxymolybdenum organo phosphorodithioate,

oxymolybdenum monoglyceride, oxymolybdenum diethylate amide,
amine-molybdenum complex compound, and sulfur-containing

molybdenum complex compound.

- 11 -



(1) Nonionic polyoxyethylene surface active agents: polyoxyethylene

. lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene

- nonylphenyl ether, polyoxyethylene octylphenyl ether, polyoxyethylene
octybstedl}yl etimgoks polyexiethviene pleyhetitercytdioigyetilgners, ethylene-

sorbitol mono?}gg?@éﬁe Q;BW&;%%@;@QE@Q%E@%%” 68&?@%{{%2%d§%t§d styrene-

- polyethylene glycol monooledte. (2) Other compounds:’st

other fatty acidSORfieRPHERRY DB eI et S tipaeigaakiiie viscosity
salts, metal safigief hegnavessilfonic acid, partial carboxylic acid ester of
polyhydric alcohol, and phosphoric ester. (E) Demulsifiers: addition

product of alkylphenol and ethyleneoxide, 25 polyoxyethylene alkyl ether,
and Holychyettiitenpdorbitares esity. (BlyExiteyhe piiessyiaagents (EP
agents): sulfuri I ] Ifi L grich| tear

chlorinated nagr%%éﬁﬂ%teﬁégﬁ% %Lé%q‘e% ﬁ%ﬁl@%@éﬁ%x;@%ﬁg %gae
naphthenate. 3®PSMmftdn modifiers: fatty alcohol, fatty acid, amine,
borated ester, and other esters, (H) Multifunctional additives: sulfurized
oxymolybdenum dithiocarbamate, 35 sulfurized oxymolybdenum organo
phosphafbiithioE! ‘BWH’FHR}@‘&Hurﬁ?tﬁﬁfﬁﬁ@%ﬁﬁd@%imﬂlﬂﬁéhﬁrﬁmw”e
dietldylate amige]yarmine-molybdenum complex compound, and
sulfur-containing molybdenum complex compound. -11 5 (1) Viscosity

Index improvers: polymethacrylate type polymers, ethylene- propylene
copolyméss, sty¥epeliddpieise dopoiphddiihyphanmiiaiy (@nddTsaprameary alkyl
copolymers, pepisapubisng g ukyispsEsant type viscosity .

20 ‘
EXAMPLES

Example 1
25 Formulations

Two fubricating oils (Ol 1 and Oil 2) were blended as specified in Table 2.

Both were fully-formulated PC-10 prototype formulations.

12



index improvers, 10 (J) Pour point depressants: polymethyl methacrylate,
alkylmethacrylates, and dialkyl fumarate - vinyl acetate copolymers. (K)
Foam Inhibitors: alkyl methacrylate polymers and dimethyl silicone 15
polyimers.-(L) Wear Inhibitors: zinc dialkyldiehtoPhosphate (Zn-DTP,

primary alkyl type & secondary alk

v

20 EXAMPLES Example 1

25 Formulations Two Iubncatlnthﬁ %WE’HTM Qre blended as
' SpeCIfIt:‘(@;éI(ﬁpbﬂéHp 2Bothrwere |uny formutated-PC= J.B!HIULUly}Jt: O 2
formulcltmmed?aacanTrame 2. TEST OIL FORMULATIGIL0m onent on 4,02
Oil2 BpEéck ‘wz X 'miee302 3. 02 EC-Treated Sucgigimide 5|03 5,03.03
i ¢ s f PR BN srhased*lfonate0.68.0.68
O
Overba Wig?ﬁﬁa g;‘}ﬁo;%’;g; 4-31—Phos-hornsWear Iﬁhﬁgﬁﬁi’ 6-6976-69 2??
Molybdéridgardnt exgamisli40 0.40 "Oxidation |Inhibitay 3. 50 0.50 Foam 6
Inhibitar' P2 AQBRIAIScosIt Index Im rover 2.52 8406 0.40
Oxidation Inhibitor 0.50 0.50
Foam tnhibitor 0,02 0.02
QCP Viscosity Index Improver 2.52 8.06
Pour Peint Depressant 0 0.27
Group il Base Qi 0. 5
Group i Base Oil 77.78 72.0
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
AP1 Cl-4 Limit {mg) Ol 1 Oil 2
| M-11EGR Crosshead Weight Loss 20.0 {maximum} 19.7 39,7
20
Oil 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 Ol 1 was designated the "good"” oil and Oil 2
was designated the "poor” oil for the carbon black experiments described
25  below.

13-



Pour Point Depressant 0 0.27 Grou Il Base Oil 05 Grou lIr Base Oil
77.78 72.0 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 FORRILA$HNS AND CUMMINS
M-11EGR VALVE TRAIN WEAR PERFORMANCE API CI-4 Limit (mg) Oil
10il 2 M-11EGR Crosshead ight . I 197 39.7 20
Oil 1 had acceptable Cumming\{vﬁ%i %é% cér%épseﬁge:r?%vqgﬁ)(w.? mg),
whereas Oil 2 had poor M-1 1 EGR crosshead wear (39.7 mg). The

passing finpilis FRMBE AP At issRelL Invas tesianatedrififiny) were
"good" oil and Oil 2 was designated the "pgor” oi] for the carpon hlack
%‘ﬁ?ﬁé& gepnysical

expBrimBAESHESETEE 25 FIbR T8 Ev AT >
Charactenzaiitsridthresf doremenciallytdaaitable carbon blacks (from
Degussa Company) were 10 selected to serve as soot surrogates. Table
4 shows the key physical characteristics of these carbon blacks. Table 4.
15 SELECTED PHYSICAL PROPERTIES dﬁmﬁBON BLACKS

(INFORMATION FURNISHED BY THE SUPPLIES iECSaCr)Li):O([;A%I8{.‘5&%Primal’

artite size ”anomgﬁﬁcﬁ%%mgﬁgﬁ NISHED BY THE SUPPLIER)

Carbon Black | Primary particle size (nanometers) | pH | BET Surface Area
A 17 4 200
B 29 4 80
G 58 3.1 40

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 the XPS analyses are presented in
Table 5.
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A 174200 B29490 C56 3.140 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
mantifacturer specifications. Each carbor BMRR was analyzed by X-ray

Photoelectron Spectroscopy (XP)§ ﬁ%\?ﬁﬂ&ﬁ% i ﬂ._lrface (_:h(_emis_try
~-and to ensure that Kg-e3E0e) ﬁM‘E&%E’%&&‘?@R&Q&W%&M@@ThG

results of the XPS analyses are presented in Table 5. -14 5 Table 5,

X-RAY PHOTOE[ECTRON SPECTROSCOPY ANAL¥aES Bk HE
CARBON BLACKS!«@eron Black Elements A BIC Rarticle Size C
nanometers 17 29M6ickidedeartioeiers.91 76.73,77. 43 _Alccliol/Ethe?
13.56 12.18 11.98"BERYI 5.19 4.91 4.33 Carpohyi4.25%8724 3903
Nitrate, nitroso 0.0 §826%6 010.770.96 0.8 [23.22'%: %1 1 357
Sulfur 0.07 0.12 .92, Sljifate 0.02 0.05 0.01 100.0¢ 0J00;190.00; & to
97.91 97.55 97.59 Nirate, nitroso 001 | 002 | 018
01 0.77 0.96 0.88
02 1.22 1.31 1.35
Sulfur 0.07 0.12 0.02
Suiiaie 0.02 0.05 0.01
100.00 | 100.00 | 100.00
Ctot . 97.91 97.55 97.59
C ox 23.00 20.82 20.16
C ox/C tot 0.23 0.21 0.21
N 0.01 .02 0.16
O tot 1.99 2.27 2.23
O 10O tot ' 0.38 0.42 0.40
Siot 0.09 0.16 0.02
S 1/S tot 0.78 0.72 0.77
10

15

20

25

Results of the XPS indicated that the carbon blacks are very similar in
chemical content, ranging from albout 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 jubricating oil, about 6% carbon black by weight was
added to the lubricating olls (Ot 1 and Oil 2). The carbon black as thoroughly
dispersed in the lubricating oil with a homogenizer. Because of the high shear,
the temperature of the lubricating oll reached approximately 80°C. The
lubricating oil containing the carbon black was determined for valve train wear
performance using the HFRR test.

- 15 -



C ox 23.00 20.82 20.16 C ox/C tot 0.23 0.21 0.21 N 0.01 0.02 0.16 O tot
1.99 2.27 2.23 01/0 tot 0.38 0.42 0.40 Stot 0.09 0.16 0.02 S1/Stot 0.78

0.72 0.77 10 Results of the XPS indicated that the carbon blacks are very
simfar ift- cherllef SR HaRGTHEPREMSB Ut 20% to about 23%

oxidized carbon. Sulfur is somewhat higher in the smaller particular size

materials. Nitr 1s..15 a hithigher in 1k [ | I

Vave T e R S e AR ik aoded o
lubricatiRy diensbBiiZevcsarmibs haaiBytwerpitdasizadietiihgalve train wear
lubricatipgritéalel and Oil 2). The carbon black as thoroughly

dispersed in the lubricating oil with a homogenizer. Because of the high

sh gr, the temperature of the lubricating oil reached approximately 80C.
The 25 [TheitHtRIg witidomtainihg thye earhor dideiowat sidterdateecifong the valve

valve trgjg,wear, RRHRrMANGe N SRgg SRR 15, eiii's.E’TFI‘lé‘P%?@ﬁflStrf“ument uses

Carbon Black Experiments In this experiment, about 6 % by weight of a
single cab8iRBIABIHE aHGEIWb iopstitaie ofrEethrbaRcagee Bpal

particle siz@ipids R yedéeit@iyuast anedarspaneted (aThe dRR R esdisplitude

AN B N2 e IR SR RS Y ST R A NS, The rictional force
between the ball and flat and the electrical contact resistance (ECR) are
measured. The flat, stationary specimen is held in a bath to which the

lubricating oil is added, and can be heated.
20 The lubricating oils are pretreated with about 6% by weight carbon black. The
carbon black is stirred into the lubricating oil to wet it and then homogenized

for about 15 minutes prior to testing.

The wear scars on the balls are measured manually on an optical microscope

25 and recorded. The lubricating oil is run three times.

The results are summarized in Table 6 and also pictorially presented in
Figure 1A.
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train wear performance in candidate lubricating oils. The PCS instrument

uses an electromagnetic vibrator to oscillate a specimen (the ball) over a

small amplitude while pressing against a fixed specimen (a flat disk). The
ampfitude 15 and frequency of the oscillat@p&fid the load are variable.

~ The frictional force _between the ball and flat and the electrical contact

resistance (EC RT aR§ Rl rRE e Wlﬁ{fs%%ﬁg@ %‘&%WWEW%%S

bath to whichrthe -tulyricating-oitisadded, angdcanbe-hepted 20-The .5 5car

lubricating rotat (e pre =trq§at d with ago%t 6% by Wef;%ht carg%artgack Tiheameter

Cal

carbon blac d@,,ggmred iR ,ﬁ: lu 3r|0@,g&g30n 0 Weki@nd Migheter (uy | Standard
homogenijzed for abgut 15 minutes prior to testing. The ear scars )n?ﬁ 'at'on
balls are measured manually on gn optical microscope 25 and Tecotded:

The lubricatingipil is nun theee times. The resplts are sumimartzed in Tables

6 and also pictdrially presefted in. Figure 1A} -16 5 Table 6. HERR 23
RESULTS FOR SINGLE CARBQN BLACK EXPERIMENTS Wéar Scar 2
adard Protot EQCar bon Carbon| Carbbn Wear Scar St $tan ; gd :j
Lubricant |Bla é Bla1ck B Black C Diameter [p) n Eeviat 2 Ql 798,,

|Vl o)

61
Oil2 6 182230116 1622 0it26208 14 0Oit1 6163 14 0i 22811

10

Wear for the poor oil (Ot 2} appears to increase as the carbon black particle

si.ze increases. For single carbon blacks, the maximum discrimination in

HFRR wear performance occurs with about 6% by weight of carbon black 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

(Oil 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 and the poor oil increased by approximately 40%. The larger

particle size improves discrimination between engine oils of known 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 preduce abrasion. Larger particles are too big to fit into
the contact zone. Therefore, selecling the appropriate particle size is crucial in
bench test wear determinations. These results suggest that the largest

30 particles produce the largest wear under pure boundary conditions.

B. Carbon Black Mixture Experiments
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10 Wear for the poor oil (Oil 2) appears to increase as the carbon black
particle size increases. For single carbon blacks, the maximum
discrimination in HFRR wear performance occurs with about 6% by

weight ofcsieibisiclbcieSignhe caxbon Glackinvitht thedagyésnsd-fielexsivéne the

As the paridlestigarngiagse drtbchihRRansd ByaasrbirthspeotRilvear

Interestingly, wear for_the good oil (Oil 1) does not change with incteasintg;
particle 128 TRBRSRrENEHR B RRMINRIGR RN BB AR ¥+ 13fpd atabout
increasesnrgppeiats. Uphecome tadrendppakentngsoparticlesizesed in each blend.

noreases Thaieienss aSan.204e 9nod o 81 126 RO Bl ves was

increase pproximate e larger particle size improves
disdiminsivRpEsdEemenigie disofl RACAAIIRare pErFSHIRshee! aAblithoand
limiting the-RreagnhirygRtomto theory, it is thought that soot-induced 25

wear suggests that large particles become entrained in the contact zone

and produce abrasive wear. Smaller parg[cI?j aje lesser in size than the

oil film thickness so do not produce abra id .eLa'rger particles are too big

to figinto the contactzene.T RerRIRreSAIRGIRG iR ARRIRRTRIR RALHEle

size is crucial in bench test wear determinations. These results suggest

that the lafrgest 30 patfticles produce the Targegst wear under pure boundesyr Scar

conditions. BroGgEaon Blagkdviixtiredzxparimentsarid,5 A statisially Diameter
designed [niktreaexperirierit Avas pestakhed fo Gxamine theneffecial oo oo

. . . i . . Deviation
particle size, and combinations of| particle siz¢, on HFRR|wear (1)
performarnice. Ohe total amaunt of,carben blagk in a blend wasifixed at 16
about 6% by Witlght. Up to three carboh black components wée used in 15
each blend. Bt godd and’poor pils were tested. The rup ordéf of the 13
mixtures was-£i fandomizef-to-minimiZze-bias- TheTesulis-are presemted— >
in Tabl & iy ireFiaure ' 167 11
In Table 7jandgpictorially in Figure 1B. 4 3 291 8

Oil 2 3 3 221 21
Oil 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 Oll 1 (the good M-11EGR lubricant)
25 is essentially unchanged but the wear scar for Qil 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 Jubricating 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 usuaily the

most important criterion for a bench test, the best option is to use the mixed
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Table 7. 15 CARBON BLACK MIXTURE STUDY HFRR WEAR DATA

Wear Scar Prototype Carbon Carbon Carbon Wear Scar Diameter

Lubricant Black A Black B Black C Diameter (p) Standard Deviation Oil 1

3 3 370 rEtidn iz iveerbauiifa by yveimhtiof aph of de fyge pabap Black

167 1c11 @Hﬁp@r%@t%.ll\'i)t@ﬂ%glia w@itl,&dalaﬁ%&%é‘%ba E!@@Mﬂ?@hg@éwents yield
wear datg gre interesting and unexpected. The first three pairs, of. ars

in Figurd © BoShATBIHAR RIbGIAS e LhFnon BISHETeH SRdEoTr the
HFRR weearseariiave riothe imhadiffelent thauortbboub AR soiarerfrodesiniéng upon
carbon kﬁ%%?t@s@@)‘:‘re 1A. However, the three-way mixture using about

2% each of carbon blacks A, B, and C dramatically increases the

distfimination between Oils 1 and 2. The HFRR wear for Oil | (the good

M-11 EGH tnbricam)2hisessentigllyivrehanged huittheingenrscairtoetlicarbon
2 (the pgor M-11 EGR_lubricant) is much worse, at leas ut 40% . .
areater PR RO BN U e S o Sy S esbagice size
greater thanifiedtine asiryariplimevost hewteaid aaireiiar dor ivehefaFRRance
wear SC@&%@W%%&@ @@&&ﬁ@é%@ﬁ@é‘ﬁgd&@%& IRx@re NdiAedws that a

as error bars in Fir%lé;e 1A'and 1B. In general, the error bars are about 10

to dBout DR RS RG2S ELaHTRYM BRI HIARME FRHR PTRRALIQRgRVE the

tests. Siaperaiperiannatian s fopuEYRhec Mo drmpadast enteriaifedane

bench te\%ﬁ%@ﬁig%sft th t\}\?e%ll'srégul]l s? /&hr%i%lj)%dof three carbon black components in
about equal proportion, each with different particle sizes, gave the best
discrimination of wear performance for the Cummins M-11EGR reference oils

20 (Oit 1 and Oil 2).
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-18 5 patrticle size, i.e., about 2% by weight of each of the three carbon
black components. Not only did the mixture of three carbon black
components yield the best discrimination between the oils, but the
standard deviations in the wear results were the lowest (about 10 or
about 12 microns, depending upon the oil tested). 10 On the basis of

Whiésealginkd, iitis concluded that using three different carbon black

components with similar surface chemistry but different particle size
provided the least variable, most accurate correlation for wear

. perférimatieed Beaptrmiapribativa) ey aTheesatsitemanssgria uhistaating

studyjsRasHReH G o mbrEhtyCIdBIRS EAMOTLBIRGRIBRIRFASHB R

equal proportion gave the optimum combination for HFRR wear

discARRHAEGH heiHticRase® opiermts! sreiehheidnrelsiticatingiilief of

threg a0 ARCKIAANRASBES NN REHSORINREKIRMRR WM mixture
differeént article sizes rlgave the best discrimination of wear performance

for the PSR ARRPRNYE E A NRRPIARIC 0PRSS i Ah9ipayalriaportion,

Whatasiclaltheddifclohpatiork oideterminesd\@rivial e igiawigaced in a
performance, of a lubricating oil, said method 1g:om risiré%addin%to the

ubr eSSt O AR R 2RSS SO P R CBLR A SaBtaprent
weighttbé thedicbiingtoipinde péd fectisbrampdaiione h@atdrg@dinaabat e %
carbgn black.i a mixture .of three independent carbon black
comp r\%r!]%tﬂfoagggl?&%%ﬁ %égach\)"r’ﬁ%ﬁt (()efae[c?he r\)\%ﬁ]ﬁga 1ﬁ‘]l%rcclaﬁrit particle size
and measuring the wear induced in a wear test, and wherein the

. ConchIralion of E@tﬁg}&wﬁé}@f@fo\ﬁﬁ%ﬁmg@%ﬁ%ﬁfé&%@%'B%?%Eh carbon

independently range fro out o to about y weig ased
r&a@{ﬂwﬁ]gn@a‘f wéRgrrRdrRRygiln the range from about 10 nanometers

to about 100 nanometers.

ont

The method according to Claim 2, 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 3, wherein the particle size of each carbon
black component is independently in the range from about 15 nanometers
to about 60 nanometers,

20
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8.

2. The method according to Claim 1, wherein the particle size of each

carbon black component is independently in the range from about 10

nanometers to about 100 nanometers. 20 3. The method according to
Claim 2, wherein the particle size of each carbon black component is

independently in the range from about 10 nanometers to about 75

nanbhfcierd ok arcrrdingdtanraees einia e Erssing GRERSINRE Bl ik
size-gheaghfiRbencaacksomponan isindependanty nthedangoifrem

about 15 nanometers to about 60 nanometers. 30_35 F%5 5.The.
metABRHAECORNNYRIS Bin PRI IS e A FP RN SAHRTSR R o'

concentration of each carbon black component in the lubricating oil is

about 2% by weight, based on the tota] weight of the lubricating,oil. 6. .The
ethER S AE SHPORPBY R RbLL S A O hd= T
threth gay harbola tlactmponemtsihave eepapmttckizaf 67 Tananostetsr2P9

nanometers, and 5? nometers, respectiv . The method according to
any%anréog}%tr?ésp%g e%gln%ae?gﬂrﬁ%s(?r\?vh%%%%i%ei ibricating oil is a
lubricating oil comprising a major amount of base oil of 15 lubricating

VISCog| | ditive ReIeERALTRMARg, th
grou%ﬁc%nr?éligtﬁgggiﬁ @@%&%ﬁ%@ﬁgiﬁ?%xidaﬂp inhibitors, rust ,e
inhithitoisatisgneiisisieryihsicpsing Plossupasigednaietismpibinépase ot of
multifunctional RCCHEMES: HASTRREY ARCSINIBPIAVBESRAY Rfittve selected
depressants, foam inhibitors and wear inhibitors. 20 8. The method
accoremdhe areypRenisHag RidRifg T sinishRsessls tREidation inhibitors,
rust inhibitors, demulsifiers, exireme pressure agents, friction modifiers,
multifunctional additives, viscosity index improvers, pour point

depressants, foam inhibitors and wear inhibitors.

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

wear test is a high-frequency reciprocating rig test.

21



10

15

wear test is a high-frequency reciprocating rig test. 21 METHOD OF
DETERMINING DIESEL ENGINE VALVE TRAIN WEAR IN A WEAR
TEST ABSTRACT OF THE DISCLOSURE A method is described to
determine the valve train wear performance of a lubricating oil by adding
to the lubricating oil from about 2[err] to about 9[err] by weight, based on
the total weight of the lubricating oil, of a mixture of at least three carbon

black componggtsiphmigsdpRtteHRENS DesssLEgdhgsvear induced
inawear test. (RIS L8)re Al WEAR IN A WEAR TEST

ABSTRACT OF THE DISCLOSURE

A method is described to determine the valve train wear performance of a
fubricating oil by adding to the lubricating oil from about 2% to about 8% by
weight, based on the total weight of the lubricating oil, of a mixture of at least
three carbon black compenents of mixed particle size and measuring the wear

induced in a wear test.

{FIG. 1A)
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