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This invention relates to a nmethod for testing soot-related

i ncrease. More particularly, this inventjion relates to a nethod for
evaluating the ability of a sanple or 'tﬂe‘corrparative ability of sanples to
conpensate for soot-related viscosity increase. This invention also relates

to a nethod forMETHOD FOR TESTING SOOT-RELATEDVISODSITNOINCREASE 2 sanpl e-
tested in standardi zed engi ne tests. BACKGROUND OF THE | NVENTI ON Soot

formati on can be a problemin diesel engines since the engine environnent
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capabilities are n ccordi ng opment of a desired |ubricant
may require extensive engine tests to determ ne success. However, the tests

used to eval uate howBACHKGROUNIPOETHE INVENTION €.9., tests which eval uate
soot-related viscosity increase in diesel engines, are very expensive, tine

consum ng, and require a |arge anount of test sanple. In addition. testing
may be hindered by t8eot fetraatiomcanibeba problem inkiiesslrengines sincei the engine

parameters for LuBidiniit dromBteLeotTarhEtioR ddctinliiation, and aggiomeration.
The degree of soot formation depends on design and operating
parameters. Problems result in the engine when the soot particles, which
are formed in the combustion chamber, and any adsorbed species
aggregate to form larger particles which increase system viscosities.
Eventually, an engine cil may become so viscous that it cannot be
pumped, resulting in engine failure. In addition, hardware design changes
have been made in diesel engines to meet emissions requirements and
improve environmental performance. These changes have resulted in
more soot being diverted to the crankcase and, therefore, certain newer
engines have experienced unacceptable viscosity increase.

Therefore, improved lubricants which perform well in a variety of
engine types and varying engine conditions.and which have better soot
handling capabilities are needed. Accordingly, development of a desired
lubricant may require extensive engine tests to determine success.
However, the tests used to evaluate how a given lubricant performs, e.g.,
tests which evaluate soot-related viscosity increase in diesel engines, are
very expensive, time consuming, and require a large amount of test
sample. |n addition. testing may be hindered by test stand availability.

— Determining crucial parameters for lubricant formuiations by matrixing
designed experiments, therefore, may be prohibitive.



desi gned egﬁgrlrrents therefore, may be prohibitive. -2- As a result,

t here has 314Y ear need in the industry for a bench test PONUSS5/05200
correlates well with standardized engine_tgsts, for exanple, the Mack Truck
Techni cal Services Standard Test Procedure No. 5GI 57 entitled "Mack T-7:

D esel Engine G| Viscosity Evaluation," dated August 31, 1984 ("Mack T-7")
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prior to any Vi sc measur enent w rasti cal ter resu Because
it was recognlmﬁﬂﬂ%/%&wwg%%e'ﬁ@ﬂ@ testsiand. la# &HIMB®: engine oil s,
bench test devepedd®dibilitysi ng carbon bl ack was initiat ed In one bench test,
carbon bl ack was dispersed into fresh engine oils using sonic shear and the
vi scosity response was neasured. This technique was first tested using an
ul trasoni c bat h andOnkedesteertaidd diuting aausethoiband ebgervirgitieCrasRting 375.

However, the cgeOah Pl A phbuliisticH wBEHACE Good oil will resuilt in a lower
overall viscosity. However, this technique was unsuccessful because of
the strong non-Newtonian nature of thickened oils. For examptle, addition
of a fresh oil to a used oil can produce as much as a 20% viscosity
decrease which masks any generated viscosity interaction when different
fresh oils are tested and also indicates that oil additions just prior to any
viscosity measurement will drastically alter resuits.

Because it was recognized that soot played a role in the thickening
of engine oils, bench test deveiopment using carbon black was initiated.
in one bench test, carbon black was dispersed into fresh engine oils using
sonic shear and the viscosity response was measured. This technique
was first tested using an uitrasonic bath and then a high power sonicator,
e.g., SONICATOR W-375. However, the carbon black in the dispersions
would graduaily precipitate when left standing in contrast to used oil
samples which have the ability to maintain their soot loading in
suspension. This method of creating a carbon dispersion by sonic shear
does not sufficiently mimic an engine environment.

Direct dispersion, which is another bench test attempt, requires
dispersing carbon biack directly into a sample. For example, in Chevron's
soot-thickening test method LPTL 2007A, a specified amount of carbon
black can be blended into an oil and the time for a volume of the oil to-flow
through a calibrated glass capillary viscometer is measured. In another
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a carbon black aggiomerate size which is an order of magnitude smaller
than in the previous bench tests using direct dispersions and which is

more closely reiated to the size of soot particles in used oils.

SUMMARY OF THE INVENTION

This invention relates to a method for testing a sample for soct-
related viscosity increase. The method comprises: (a) preparing the
sampie which comprises a major amount of an oil of lubricating viscosity,
(b) measuring the viscosity of the sample (c) preparing a stable
sample/paste dispersion of the sampie and a carbon black paste, (d)
equilibrating the sample/paste dispersion, and (e) measuring the viscosity
of the sample/paste dispersion.

The stable sample/paste dispersion can be prepared by (i) mixing a
high structure, fluffy carbon black with an oil-soluble carrier, which can
include 150 solvent neutral base il or the bulk solvent used in the
sample, to form a carbon black mixture, (ii) milling the carbon black
mixture to form a carbon biack paste, and (iii) combining the carbon black
paste with the sample, which can be seiected from the group consisting of
basestocks and formulated oils, by blending. The biending can be
conducted in @ Waring blender at about 12,000 to 13,000 rpm for about 1
to 5 minutes. The sample/paste dispersion can then be equilibrated by
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m xture to forma carbon black paste, and (iii) conbining the carbon bl ack
paste with the sanple, which can be selected fromthe group consisting of
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predicting physical effects of soot-loading on a sample in a test which
measures viscosity increase. The method comprises: (1) measuring
viscosity increase for a series of reference fiuids in the test, (2)
measuring viscosity increase for the series of reference fluids in a method
having steps (a) to (e) as described above, (3) developing a curve, (4)
evaluating the sample using the method having steps (a) to (e), and (5)
interpolating a viscometric effect for the sample using the curve. The test
measuring viscosity increase for which physical effects of soot loading are
being predicted can include the Mack T-8 test. "C¢rivenieht|y, the sample
and the series of reference fluids can differ by on:l'y one component or a
combination of components.

DETAILED DESCRIPTION OF THE INVENTION

In the method for testing a sample for soot-related viscosity, the

sample which comprises a major amount of an oil of lubricating viscosity is

- prepared and then the viscosity of the sample is measured. Generally,
viscosity measurements of the sample are made according to standard
practices using any conventional viscometer 'including areverse flow
viscometer. Suitable viscometers include a Sil viscometer, Cannon-
Fenske Routine viscometers, Cannon-Fenske Opaque viscometers, and a
Zeitfuchs #4 reverse flow viscometer. The sampie which comprises a

" - major amount of oil of lubricating viscosity can include, for example,
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precipitate OUbeQlndhf1adikttirdJ 3h then comminuting the mixture to form a finely
dispersed carbon black paste (hereafter "carbon black paste") with a
carbon biack agglomerate size of less than about 500 nm, preferably 15
nm to S00 nm, more preferably 1S nm to 200 nm.

Carbon black having a particle size similar to the particle size of
soot can be used, e.g., a particle size ranging from about 10 to 80 nm,

. preferably 20 to 40 nm. Generally, the carbon black can have any
structure, i.e., low or high structure. Structure is a property which
describes the degree to which the carbon black particles have formed
agglomerates. Therefore, high structure carbon blacks contain larger
distributions of aggiomerates of carbon black particies than low structure
carbon black. Qil absorption {(dibutyi phthalate) (ASTM #D-2414-70),
which is a measure of the amount of fluid to fill the voids between the
particles, can be used as a guide to structure level. High structure carbon
biack generally has an oil absorption value above 100 cc/100 grams,
typically 100 to 330 cc/100 grams, and low structure carbon black
generally has an oil absorption value of below 70 ¢c/100 grams, typically
50 to 70 cc/100 grams. Generally, the higher the oil absorption, the
higher the structure. The carbon black used to prepare the carbon black
paste preferably is high structure since it more closely mimics the actuai
soot particle distribution in an engine and, thus, more closely reproduces
the typical behavior of an engine environment where relatively small mass



di spersion over a period of tinme, typically greater than 4 hours,
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a high structure ﬂuffy carbon black, since ﬂuffy carbon black is easier to

disperse. If a fiuffy carbon black is used the carbon black can initially be

mixed with the oil-soluble carrier with a spatula for about 5 to 30 minutes,

preferably 20 to 30 minutes, at a temperature ranging from about 25 to 0,
preferably 25-35 C.

Any oil-soluble carrier which is soluble in the test sampie can be
used alone or as mixtures. Suitable oil-solub'le carriers inciude solvent
neutral base oils havmg a solvent neutral number less than 300,
preferably 90 to 150, and any bulk solvent used in the test sample. The
oil-soluble carrier may cause a small vuscosnty decrease in the final
vuscossty measurement but this decrease is offset by the larger viscosity
increase associated wnth the presence of carbon black. The oil-soluble
carrier viscosity effect can be monitored by first diluting a test sample with
150 solvent neutral base oil acc_prding to the quantity to be contained in
the carbon black mixture and calculating the true viscosity increase.
However, testing has shown that the extra oil-soluble carrier generally
causes an almost constant offset. Therefore, viscosity mcreases reported

~ herein will neglect the dilution effect.
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substituted phenol with formaidehyde and polyalkylene polyamine.

~ Any dispersion equipment which sufficiently breaks down the
agglomerate size of the carbon black and which sufficiently disperses the
carbon black agglomerates can be used to form the carbon black paste.
Suitable dispersion equipment depends in part on the type of carbon
black selected and can include those described in "Dispersion of Carbon
Black For Plastics, Inks, Coatings and Other Special Applications,” Cabot
Technical Report S-31. May 1980, pages 6-15. For example, for fiuffy
carbon black, three roll mills or colloid mills can be used.

When using a high structure, fluffy carbon black, the carbon black
paste is conyeniently formed by milling with a three-roll mill which consists
of three rolls rotating at different speeds for transfer of material from roli to
roll. Material to be dispersed is fed into the nip between the feed and
center rolls and the mill base is dragged into the space between these
rollers, where part of the material is retumed fo the feed bank and the
other parnt undergoes high shear as it passes ii'\rough the feed nip and into
the space between the center roll and the apron roll. As the material
passes through this space, high shear is again achieved and, as the
material emerges, it is again spiit with part returning to the feed bank and
the other part flowing to the take-off apron. The mill rollers are adjusted
fairly tightly, e.g., approximately 400 psi, to afford a small particle size
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pattem depends on the carbon black selected. Maximum agglomerate

sizes falling in the range of 5to 25 um, preferably 5to 10 uym, are
preferred. Each pass through the three-roll mill decreases the maximum
agglomerate size, e. g., approxumately S pm after one pass and
approximately 3 pm after two passes. wnth a maximum agglomerate size
after milling of typx_c_ally between 1 and 6 Hm, preferably 1toS5um.

ifa pelleted carbon black is used, the peileted carbon black can be

comminuted using high shear dispersion equnpment. Suitable high shear
dispersion equipment inciudes a Banbury mill, ball mill, shot mill, or
pebble mill. After comminution, the pelleted carbon black can be
combined with an oil-soluble carrier as described above to form a carbon
black rmxture Then the carbon black mixture can be dlspersed in the
dispersion equ:pment which suff'clently breaks down the agglomerate size
of the carbon black and which sufficiently dlsperses the carbon black
agglomerates as descnbed above. If the pelleted carbon black is
combined with the onl-soluble camer prior to comminution in the high

~ shear dispersion equipment, subsequent addition of cil-soluble carrier
may not be req_uired if the mixture is aiready paste-like.

Notably, the presumed quality of the sample plays an important roie
in determining how many “passes” through the dispersion equlpment is
required to form the carbon black paste for the bench test. For exampie, if
the sample is thought to have good resistance to soot-related viscosity



of three.ro#,bs)leéﬁlt ting at different speeds for transfer of ter

roll to roll. é‘rai al to be dispersed is fed into the nip bga ce “%‘ﬁh&feed
and center rolls and the nm|l base is dragded into the space between these
rollers, where part of the material is returned to t he feed bank and the

ot her part undergoes h| h .shear as it passe nJ a dinto
t he space bet asR (W ﬁ‘f’éfaﬁcﬁs erg F‘!ﬁg’ rmujgwﬂﬁ

passes It hr ough ihdrease sexpediég to bedow ardd, tysreforecbiilihorie pass maybéne )
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bl ack. Approxi nate rans st'e at time fed onto
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transferred fromroller to roller thus dispersing the partlcles and
with a knife ed ffi

ti ' f t { t
Co the thrd 1ol | or AT BRSAIDEH Sk Blsid.is pdRaped cire S8olé Satidbesté’ o
rgl | ter 1% gger andispersionnis prepared: dya tendingethel famum maclhopastet intpathe
ou ra r
T 1 vor ks wel 1emiple; SEAHleRaRR e peried by s Butabie et Eincichy
"paste" consi sttemysemm@aaﬂduaham;ap@reogrqfﬁae enc,hiadbee gseteslrt\ma
determi ne the 'thlh | bi8REEr. PTHeCERoIRE dfMSieRdindCEq @.bafé?n iy deteAhinacthe
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aggl onerate si ]gamuiasboo td haoom grn, Opreferably2$2,000r th, 13)090&'pnbhud ht(r)\ 10
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minutes, most preferably 3 to 5 minutes. After blending, the sample/paste
dispersion is equilibrated by stirring on a stirrer for a period of time
sufficient to produce a stable sampile/paste dispersion and enhance the
sofid-liquid contacting, conveniently ranging from 5 minutes to 8 hours,
preferably 5 minutes to 1 hour, at a temperature of at least 25°C,
preferably 25°C to S0°C, most preferably 60 to 80°C.

Generally, the amount of carbon biack dispersed in the sample is
less than 10 weight % based on the weight of the sampie, preferably
0.005 to 10 weight %. and most preferably 1 to 4 weight %.

Because an engine environment creates a shear effect, for
example, by breaking apart viscosity modifiers which may be present in
the sampie, optionaily, shear can be applied during the bench test using
external mechanical means to mimic shear effect. Specifically, shear
equipment which would have energy levels sutficient to break potymer
chains of viscosity modifiers can be used. The required energy level
depends on the viscosity modifier present in the sample. The shear can
be applied sonically, for exampie, using a SONICATOR W-375.
Alternatively, a Kurt Orbahn device may be used to shear the sample by
high velacity flow through a fixed orifice, which may be tuned for the _
particular viscosity modifier present in the sample. The shear application



approximately 3 pmafter two passes, with a maxi mum aggl onerate size after "
mlling @lodsipigal |y between 1 and 6 [err], preferably 1 perpsddiside !f a
pel l eted carbon black is used, the pellet ed carbon bl ack can Be comi nut ed
usi ng high shear dispersion equi pnment.10Sdi t abl e hi gh shear dispersion

equi pnrent includes a Banbury mll, ball mll, shot mll, or pebble mll..

After comm Qgg otbur b&¥erd 6t l%&ﬂgﬁé&%r%@é‘d&nﬁ@ﬂh@%ns‘dé&ﬁ%%‘Fﬂ\é’“ th an

oi |l -sol ubl e as descri a carbon black m xture. Then

t he carbon lsamﬂle rﬁftﬂ’@ﬁ?a!m a stable sample/paste; §p%f§§5br°§|a(§tﬁ equi pment whi ch

suf fi ci ent| yghierdtingliperstabie suempierpustd dispersiom§ the carbon black and which
sufficiently disperses the carbon bl ack aggl onerates as descri bed above. |If
the pelleted carbon black is conbined with the oil-soluble carrier prior to

comm nution in tMhelsapiple/peste d:sppsuenwtmqurmmedmasreqemﬂwdution of

oi | -sol ubl e
paste-|like. ﬁ%?&iﬁ?éf %g{p‘s'gg&n@ﬁd&{b leﬁghﬂégafﬁoﬁﬁg?égan ) npor t ant
rol e i n det diypical r@zem\/ﬂnwnyscqmet@é%m! Q)GQH"?'FI‘&QBWS &QHP equi pnent is

required to 4 Ou@:ﬁstéﬁH Q‘Zéuth:&i“s‘@@%hen{e%r e Zambnsaﬁtws@ﬁemarrpl e, if

the sanple |s have good re ot-rel ated VIEfOSIty

-9 - incread® P(Qf)ﬂ@'?ﬁe IGQf@rﬁ ¥ !Qttﬁé‘ila ﬁ"q‘:\%ﬁ?’é}ﬂéﬁ"’f BeAsHIament
viscosity ing ﬁéiutéoﬁhb%a‘n@ﬂelpaswdismrw is edquilibfate forot minutespass nay

?ﬁoggﬁltrteg Eg 1;9(6%) or e r%%&ﬁ??ﬁ@?%’ﬁ&iﬁﬁ?"%ﬁ?ée passé’gnkrrg?/n g%@é&u red for

t he carbon [Betwkenihe dispersionaddritheadnitial samplgor ousl y break down the carbon
bl ack aggl onerates and nore thoroughly di sperse the carbon black. After th
carbon bl ack paste is prepared, the stable sanple/ fste di spersion is i
pr epar ed by bl endThgymetho tqrmsthstlagmgbvscairﬁf@mﬁe soot-loading on a

sample in a test which measures viscosity increase ("engine test")
comprises, as a fi rst step, measuring viscosity increase for a series of
reference fluids in the engine test. Then, the vuscosuty increase is
measured for this series of reference fluids using the method of this
invention ("bench test") described above. A standardized curve can then
be developed for the series of reference fluids in the engine test and the
series of reference fluids in the bench test. The sample to be tested is
then run in the bench test to determine viscosity increase. The viscasity
increase value is compared to the values détermined for the reference
fluids run in the bench test to determine the ranking of the sample. The
relative value can then be interpolated to predict the viscometric effect in
the engine test.

The prediction method can also be used to determine the
viscometric effect of i_ndiVidual components or a combination of
components. Testing individual component responses can include testing
from among many candidates for a given type of component, e.g.,
determining which basestock more positively affects viscosity increase.
Samples which differ in regard to only one component, either by
concentration or actual molecular structure, may be studied by this bench
test method in order to advance understanding of formulatiqn component
effects in a given engine test. In addition, testing viscometric effect of-a
combination of components can be accomplished by testing the utility



sanple. ThewlsRBRPi490 can be perfornmed by any suitable net hodrﬂh}ﬁ’ﬁg& to

cause m xi ng and further dispersion of the carbon black, e.g
Waring bl ender. The choi ce of bl ending eqgiprent rmay determ ne the anount
of sanple required. The blending is conducted at a range from about 8,000

g ng 17 om aBftor BB @Y dortfodeh ddse k.7 HidpRARS, Wl iruBigs0: 1 11
preferably 3 tantioxidantseby umgeaets)péaamn@gs spacificatiyl dﬁmdatctmgpbgm onis
equi | i brat ed b}hé&éﬁtﬁf)ﬁ?b Bf@aéﬂ d:érﬁ?énéﬁ\rmae néhéid lﬁfeﬁ so B‘ﬁ?jﬁl’e”t to

produce a stab di spersjon an uid

anc
contacting, coRO®RPBRD %ﬁ?‘h geqiained rﬁ!hﬁh‘t&athe& ﬂB&fFS: e ef erabl y 5
mnutes to 1 hegmp oﬁént@ dapeeinserted avid thienl elimihated from théQéﬁrsﬁ?hMe[tﬁr r] to

i spersed int ﬁgggg,?ég by etels oB'Viscasiyd85aone. HRGTRIREY, e llR, "o e
sanpl e, pref er shinples whishdifferdrom iegch cthemby ontysong cempoadhtorat o 4 wei ght
% Because an gOgbAeR f&‘ﬂfrcﬁ Enfsr ﬁﬂ BE %b‘?gﬁst%fe‘?éﬁceﬁe ga”p' e

br eaki ng apart “Vi SCOSI I ers resent 1n t
optionally, shear can be applied during the bench test using external

mechani cal means t OTReEngirfe@ats Garl mudmmabaqf.mndqhsqnaawmm whi ch
woul d have ene% | evel s s fficient i areak ner ﬁ@gﬂf VI SCOS| ty
modi fiers can WOIGh:a%@ parhe ?8&0?‘&5@ 8 XQﬁR@ P 9"V| scosity
nodi f : er preseshg mstmmﬁaenw%g Mad&mrckceambanapm theiMaek lr‘]rcagésn af or
exanpl e, using ahn_device may
e sed t o shagirerbIeCiy Ine ik sHindirIBht YFoks WpRtared Shfled Thade o,
whi ch may be t airaaboled COMprassiarn ignition engineds pperated fat arlowrspeed, high t he
sanpl e. The shggh,aPRbbaRstate conditi&ﬂ‘ “The kinematic viscosity of the lubricant is

measured after the engine has run 100 hours and at the end of the test at

150 hours. These two points are used to determine a rate of viscosity

change ("viscosity siope™). A passing oil will demonstrate a viscosity

increase less thgn or equal to 0.04 cSt/hr.

The Mack T-8 test is more severe than the Mack T-7 test. The
Mack T-8 test takes into account the retarding of fuel injection timing in
newer engines to allow the engines to pass emission requirements. The
Mack T-8 also requires fuels having a lower sulfur content. The retarded
fuel injection results in high soot related viscosity increase, high filter
pressure drops, and siudge deposits in these newer engines. The test
runs at 1800 rpm for 250 hours. Throughout the test, soot levels and
viscosity are measured. The measured viscosities and soot levels are
used to interpotate a viscosity at a soot level of 3.8 weight %. An oil
passes if that viscosity differs from the fowest viscosity measured in the
test by 11.5 cSt or less. If two tests are run, the average result must be
12.5 cSt or fess. If three tests are run, the average result must be 13.0
¢St or less.

This invention may be further understood from the following
examples which are not intended to limit the scope of the claims.



can occur before or immediately after measuring the viscosity of the

sanpl e, wblsghesascpari ng a stabl e sanpl e/ paste di sper si on,P@c §Js§ot§£oo )
equi librating the stabl e sanpl e/ paste di spersion. The sanp e’?pas e

di spersion is then transferred to a red@ se fl ow visconeter and the
viscosity of the sanple/paste dispersion is neasured. Typical reverse flow
Vi sconeters inclggﬂﬁr#gn- Fenske Opaque visconeters and a Zeitfuchs #4

vi sconmeter. The #4 -visconeter is preferred. Generally, prior to
making the visconetric neasurenent, the tenperature of the sanpl e/ paste

di spersion is eqyili bcahg%é{oﬁrwjtﬁ THMaeR 1.9 Tt 1. The results are
e diff ' '

generally reportéed as t erence 1 n viscosity between the dispersion -
and the initial sanple. The nmethod for predicting the physical effects of

?oot-! oadi ngton a sanpl e i Three! fafly foriulatediesirwere prepansd aid ke irpase
"engl ne te

for ' seri coedeBRTEr Lexts Troge Jame Sl e ettt accraio T8 e bloe Coe ¢ v

i ?C{ ﬁase_ i stelse_efsthiﬁli'i'lvbation Ibycﬁrften_'eawrirjg the viseosity dfitheddisafieng t he net hod

0 is inv : e Ve . curve can
t hen be dev@[ﬁc}%@g té\%?ﬁ?ﬁ%eégﬁllbre%teg@sﬁe@ﬁgﬁ%gﬁ f t?l stﬁfawﬁ{é&i%ﬁne test and
the series raverss ﬁ@\ervmeleasmen.tmgamwapbmlxtmv{asamaiaed@yoe t est ed
iscosity THENIGEROG T2SA tian st st tie ol
reference fWID&CHRANBIAGKLO baseofl we tmwd&b%fm'a&mw t he
sanpl e. t Theblafek @‘abtqaim?ilMeqon nith emtibe maximunrpardticie iiﬁel@tfﬂq.irﬁ twéﬁ"el o

vi scometric engi.n - od can, al so be
ised to et TERBAE Sl a st e S el Bree bEMAL PRI Al " or > (€

~ conbi nat i on24f gramspofiearben black paste andi37.6 gramswfisampie were weighed can

oo - et o 20 PlacetnE WaliiF hifRlh Biting Eoniridriaf HiAGed oy s
i ncrease. SaWpHtes akiSA00mPM.c The mixkuge was trarsfeged e acthbmhbraker:i t her by
. and stirred at 70°C for one hour. The sample/paste dispersion was then

charged to a Zeitfuchs #4 reverse flow viscometer and the viscosity was
read after the sample/paste dispersion was equilibrated for 15 minutes at

100°C.

Below are the results from the Mack T-7 test and the bench
test, reported as viscosity increase in units of cSt as measured at 100°C.

Mack T-7 Test! Carbon Black2

(cSt) Bench Test (cSt)
SAMPLE |
1 5.69; 5.17 - 11.19
2 217:207 7.40

3 1.77 , 1.68

1The maximum viscosity increase over the 150 hour engine test.
2The amount of carbon black loading was 1.2%.



concentr at iyph of§g1@et ual nol ecul ar structure, may be studied 55?059@“*‘
test nethod in order to advance understandi ng of formnulation conponen

ekfects in a given engine test. In additi d,-testing visconetric effect of
a conbi nati on of conponents can be acconplished by testing the utility -

11 - and/or effects of aAS%HB%%Vth@'@a‘ié the- nkdi’ﬂéﬁﬁfrsﬁéﬁo%ﬂ hlfrb

I nhi bitors, or antioxidants, usi ng Sets o deS|gned
to highlight tMRSUE®H meoﬁ?“‘ifht%F c@%(@[%t%ﬁﬁm@n‘t" nﬁ‘%%&gﬁt V‘?‘FP t her
case, majior copprEaseireeiiftect s can be obtained by subtractive bl ending,

e.g., conponents can be inserted and then elimnated fromthe test sanple

to determine the effect on viscosity response. Alternatively, several test
sanpl es whi ch differ frobh eacBeveméullyfprroulajed oils wenp preparedrand oumipi nat i on

of conponent a r ol can
I ncl u(rjrg t he :/a@ MQQ( u;gtﬁ ﬁgﬁ s‘%ﬁ?@f?@eﬁé %él?‘f:ﬁhargégﬁd of ab%?ﬁgl used
to determne alestefthis invention byifirst measwing thesviseesityet R%Pévsogﬂ%ck Truck

Conpany. In t hﬁld\ﬁﬁg tfe Bllé%Tequﬂlbﬁ'été%HS Wuﬁﬁfésoél 100'CliheZaithuchy lignder
four stroke turbo-c

engi ne i s oper Ve EO\&V!%E%%%@& n&a.gq]cgwgcg{@% 9ER S Onﬂ'lﬁ'%%}l o The.
lﬂ)gerr]rgb lrg \6/1 Ing Cisand mnaﬁ Gabdt XC-72R¢arben rbmuhetsméobent heutraihase 6iks T un
used to deter ﬁ"e\ 6& bgéc%qge%%% %'{/w%@ﬁgéth‘?g{/?gcs?%ﬁ 'Sgﬂé%%%ﬁsy ng
oil wll dermnblaciapastg ma;tmeewll inmitl updiba madmumparticle sizge-of 2 pmowast

cSt/hr. The '\’%{Eﬁg x%dté‘r%dré e ret arﬁfﬁe@‘d@%t&ﬁe PfssgeJﬂYrohﬁﬁttheH?l? Mack

T-8 test takes 0 account ection Timng I n newer

engines to all 3\§Otgf§"'§rﬁf|%§°ﬂ@l§ﬁi‘s@¥ﬁﬁ§§|37n2 rgéimﬁ AMRje Were Vack T-8
al so requires yapRhad'ind pacad!ifierd Warind mirnidipelendintfcorttiied &hd
blended for five minutes at 13,000 rpm. The mixture was transferred to a
150 mi beaker and stirred at 70°C for one hour. The sample/paste
dispersion was then charged to a Zeitfuchs #4 reverse flow viscometer
and the viscosity was read after the sample/paste dispersion was
equilibrated for 15 minutes at 100°C.

Mack T-73 Carbon Black4
{cSh —Bench Test (cSt)
__SAMPLE
1 3.72 13.66
2 1.91 - 8.7
3 2.89 9.7
4 1.46 4.8
5 127 2.3
6 0.86 2.7
7 0.70 1.9

3viscosity increase during the last 50 hours of the engine test.
4The amount of carbon black loading was 1.4%

The test results indicate that the bench test discriminates
between good and bad oils and correlates with the Mack T-7 test.



fuel injection results in hfgh soot related viscosity increase, high filper_“

pressur ewdyporg9and sl udge deposits in.these newer engi negcrfifisssdd ' uns.
at 1800 rpm for 250 hours. Throughout_ Ege test, soot levels and viscosity
are neasured. The neasured viscosities and soot |levels are used to
interpolate a viscosity at a soot |evel of 3.8 weight % An oil passes-if
that viscosity differs fromthe | owest viscosity neasured in the test by
11.5 cSt or less. If two tests are run, the average result nust be 12.5 cSt
or less. If three tests are run, the average result nust be 13.0 cSt or

| ess. This invenili on CayrelaticruwWitreThe MacksT-8oestr om t he fol | owi ng exanpl es
which are not intended to limt the scope of the clains. - 12. - EXAMPLES
1. Correlation Wth The Mack T-7 Test A. Three fully fornulated oils
were prepared and runsenenMlmmtedwsmemmgeaym%mmmmee then run

according 't : tﬁége i8S ek ' ' fdiSd toRRSHér e

Vi scosity o&%@?ﬁ?gﬁa ter ﬁ?‘%\?&"ﬁ Wét}ﬁgﬁg?g ?gc%gﬂﬁ |t br at gé'?&?télsg m nut es
at 100 C i nofithisinventias. Speciicallythe iseasity Al tae ofls waremeasured by # b| ack

m f(t ur te Wastzéalhi&gﬁ% ﬁavew\ﬂédmﬁeﬁgﬂemﬁ offs Wé@a&lbr_atedt for 150 f '
SOl vent neut,r . se 0O o a : ' P | ratio o

20: 80 and m'1I§a 'F‘m';'??%%t ‘L@ #orﬁﬁ?ﬁ%?aﬁ B%Fé“&ﬁﬁg&%#g@%% bwgﬁnt il a
“maxi mum par trhiing Gatot XC-72R eanbpnvlackiirats ecivent neutralbasexoib withia ch
required thr ; nhl ' |ﬂ{ﬁg" W paste and
37.6 grans ﬁ%@ﬁ%&gﬁﬁ%gﬁg’?éﬁg og? 'ﬁﬁj?&éc’ﬁ nt o Sé ri Q’géelr‘nwrﬁgfééup

bl endi ng corwas fuethen dispersedivsing@ 3ol gnilki Thesarben biackpastgwasthe ni xture
was transf ergiadqicd giviigd m e pHificielsize Qf;lzfgts.bthc}oﬁgr one hour. The (
sanpl el past eA?ﬂrggi?nrastéIg% gﬁ 3 g?aﬁr%g of the milled carbon black paste angi

approximately 27 or 36 grams of sampte, respectively. to provide a carbon

black active ingredignt concentration of 2% by weight, were weighed and

placed into a Waﬁn_g blender a_'n_d blended for 5 minutes at 13,000 rpm.

This blended mixture was then further equilibrated by placing it into a 150-

ml beaker and stirring at low speed for 1 hour at 70°C. The sample

containing 2 weight % finely dispersed carbon black was then charged to

the Zeitfuchs #4 reverse-flow viscometer, where it was allowed 15 minutes

to equilibrate to 100°C, at which point the viscosity of the sample/paste

dispersion was taken.

Below are the resuits from the Mack T-8 test (reported as
viscosity increase at 3.8% soot relative to the lowest measured viscosity
during this 250-hr engine test) and the bench test. All viscosity increases
are reported in units of cSt as measured at 100 C and represent the
viscosity of the sampie/paste dispersion containing finely dispersed
carbon black minus the viscosity of the oil.

4



c‘harged to Iat flquchs #4 reverse flow visconeter and the vi éﬂﬁé*?" S
read after 't éﬁgyr?pl e/ paste di spersion was equilibrated for € m nuf%@ at

[err]. Below are the results fromthe Mac¥s ¥-7 test and the bench test,
reported as viscosity increase in units, of cSt as neasured at [err]. [err]
The maxi mum vi scosity increase over the 150 hour engine test. 2The anount-
of carbon bl ack | oading was 1.2% -13 - As shown by the data, the rank
order for viscosity increase results in the bencthBﬁd@l ates exactly
with the Mack T-7 vi scosity!hngrigg r.eifié . B. : éé!ly f or mul at ed
oils were prepared and run 4 L it St BQEchW'I‘ T were then
run according to Sampiench test of this invention by first measuring the
viscosity of the oilss after allow he oils to equidgbgate for 15 m nutes
at 100 Cin a Zeitfuchs #4 reverse Tl ow vi sconeter. Z&ke\g a carbon bl ack

m xture was obtai ne@ by hand mi xi n80&abot XC 72R car Bl ack in 150
solvent neutral basg oil with a cappgn bl ack to base 19.p8wei ght ratio of
20: 80 and mlling the carbon bl ack teinathree-rqldeamll until a .
maxi mum particle sife of 2 pm was ilrggured on a draw ptdte. which required
three passes througlthe nmll. 2.801@ ans of carbon bBdk paste and 37.2
grans of sanple wereg wei ghed and pll?aged into a Wari ngzﬁ'] I -cup bl endi ng
cont ai ner and bl ended for five mnutés at 13,000 rpm e m xture was
transferred to a 150 m beaker and SRirred at [err] fd1dne hour. The

sanpl e/ paste di spersion was then charged to a Zeitfuchs #4 reverse flow

vi sconeter and t he viscosity was read after the sanpl e/ paste di er si on was
5tln Sample Nos. % 2, 3, and 4, the amount ofS carFBon tﬁagk was 4 grams

and the amount of sample was 36 grams. In Sample Nos. 5,6,and 7, the
amount of carbon black paste was 3 grams and the amount of sample was
27 grams.

As shown by this data, the rank order of the bench test
results correlates well with the Mack T-8 engine test resuits at 3.8% soot.

ill. Individual Component Response

Three fully formulated oils having different basestocks but the
same detergent inhibitor package and viscosity modifier were prepared
and run in the Mack T-8. These same oils were then run according to the
bench test of this invention. Specifically, the viscosity of the oils were
measured by a Zeitfuchs #4 reverse flow viscometer, after the oils were
ecjuilibrated for 15 minutes at 100°C. A carbon black mixture was
obtained by hand-mixing Cabot XC-72R carbon black in 150 solvent
neutral base oil with a carbon black to base oil ratio of 20:80, the resuiting
carbon black paste was further dispersed using a 3-roll mill. The carbon
black paste was milled twice giving a maximum particle size of 2.5-3.0
microns. Approximately 3 grams of the miiled carbon black paste and
approximately 27 grams of sample, respectively, to provide a carbon black
active ingredient concentration of 2% by weight, were weighed and placed



equilibrated for 15 mnutes at-[err]. Mack T-73 Car bon Bl ack4 [err]
3Vi scosivwg okmgigease during the last 50. hours of the engi neci/gsdsnssbdhe’
amount of carbon bl ack | oading.was 1.4% The test results indicate that the
bench test discrininates between goodtéard bad oils and correlates with the
Mack T-7 test. -14 - 1. Correlation Wth The Mack T-8 Test Seven-
fully fornul at ol | s were prepared,and. run - test. These
sane oils Mo 8d ﬁ@ﬁgillﬁpé%Mﬁﬂg?%?qrﬂ%"%%H ﬁt‘te:\gfa@fmrﬂ’l .Eh'%nvent i on.
Speci f i cal blendedenixture eaist then furtiher exuilibrated: bynpéacing it ioto @ 186mf uchs #4
reverse fl | e Ol d By for 15 mnutes at -
[err]. A CQ%%W'%%? Lévgéa/éageg t{aﬁﬁgﬁé@%nméﬁ?ypﬁ Cabot XC-72R
carbon bl acentaining@ weight ¥ finely, dispersad earpon hiack wasIheRshargestte t o base
oi | rat '3 m‘% ?_Qi'tfjﬁlgﬁws #!}Qeﬁél%élffdwgilséét?bﬁh Wh%?é(t_ itnaas laumt #Brrhingtesli sper sed
using a 3-roll | . garhon .bl ac ste wa e e giving a

nmaxi num pat@ Fﬁq"gb@tﬁéogﬁoﬁé%é"%cwemﬂsg V%F@X %%gﬂm\é\ﬂ‘%‘?a @grans of the
m |l ed car Gispebdion wastaken.and approximately 27 or 36 grans of sanple |,
respectively, to provide a carbon black active ingredient concentration of
2% by wei ght, were weighed and placed into a Waring bl ender and blended for
5 minutes at 13,000 Befow @re theiesulis from thaMackdsBitest{repartedas equi | i brat ed
by pl aci ngiden at 3189 aNe 1dithe Ié eas\y g@i& r 1 hour at
70 C. The §%?@@‘£‘Pﬁ?‘n€hf§ﬁ§ﬁi %ftlarsg?i:‘glgsigg[sed,egar or?hgl ack was

t hen char g@uring this258-hr engine test) and the bench iest A8 YIRCOSRY INKTRASLS ¢ vas

al | oned 15 PP& Pepdited i @ity ofidSt dsembasuretdt. 100°Cvdnd fegresent thee Vi scosity of

the saml e fstsfly of the sampleipaste dispersion containing finely dispersed (

carbon black minus the viscosity of the oil.

_ Carbon Black
Mack T-8Engine Test __BenchTest
ample - | |
1 7.6 . 2.91
2 5.2 : 1.13
3 46 1.05

As shown by this data, the rank order of the bench test
results correlate exactly with the Mack T-8 engine test resuits. Therefore,
the effectiveness of the basestocks used, which were varied in each
sample, was determined.



d| sper si 0”%55&0‘%?”' Bel ow are the results fromthe Mack Teﬁ‘r_{t{ﬁg’ 00

(reported as viscosity increase at 3.8%soot relative to th _
measured viscosity during this 250-hr engizne test) and the bench test. All

viscosity increases are reported in units of cSt as neas

represent the viscosity of the sanple/paste di sper5| on cimmmmmﬂmmm
di spersed car b@bAMStck nminus the viscosity of the oil L [errs =

[err] Sanmple Nos. 1, 2, 3, and 4, the anmpunt of carbon bl ack vvas 4 gr ans

Smount of | carbbn bi ARG (R3UNG HrAmRe fA0SPo Bt N SCRSY N eas 27
granms. As shovihelmethodscamprisinghe rank order of the bench test results
correlates well wth,the n %sot L1,

| ndi vi dual Conponen )ResB%%%@@ﬁﬁsggﬁ{ﬂ'f%@Féﬁ@ﬁ%ég&%@%ﬁ%m 8fﬁf'er ent
basest ocks butoil bblubsicating viscgsity, i nhi bi t or package and viscosity nodifier

were prepared and r 'nmeQUWﬁﬂJvﬁcogﬁﬁéﬁhﬁaégf'nﬂbl S were then run

according to the behch test I nvertron emhcal&y the viscosity
of the oils were melur cBrepAriagAsiabiasample/pastedisparsion thesample, after
the oils were gfdcaitonebiack pa ggeIS m nut es at [err] A carbon bl ack m xture

was obt ai ned by hand. m xi n& WQ éC 72R n, black in 150 sol vent
neutral base oil witd a EQWHB ﬂsFH‘ 1"SP§[§‘B"'0?" 0: 80, the
resul ting carbon bl @k paﬂsumagtﬁmvisbesntyjuﬁmerwrbbmaﬂedx@erﬂbh mll. The
carbon bl ack paste was mlled tw ce giving a maxi mum particle size of

2.5-3.0 mcrons. Ap_?hom mately 3 grans of the mlled carbon black paste and
e method of claim 1, wherein the sample/paste dispersion is

prepared by (i) mixing a high structure, fluffy carbon black with an oil-
solubte carrier to form a carbon black mixture, (ii} milling the carbon black
mixture to form a carbon black paste, and (iii) combining the carbon black
paste with the sample by biending.

3. The method of claim 1, wherein the sample/paste dispersion is
equilibrated by stirring.

4, The method of claim 2, wherein the blending is conducted in a
Waring blender at about 12,000 to 13,000 rpm for about 1 to 5 minutes.

5. The method of claim 3, wherein the stirring is conducted on a stirrer
for about 5 minutes to 1 hour at a temperature of 60 to 90°C.

6. The method of claim 2, wherein the oil-soluble carrier is 150
solvent neutral base oil.

7. The method of claim 2, wherein the carrier is the same as a bulk
solvent used in the sample.

8. The method of claim 2, wherein the sample/paste dispersion
contains from about 1 to 4 weight % of carbon black, based on the weight
of the sample. '



approxi mately 27 grams of sanple, Ilmﬁmt“ﬂﬁul ” provi de a carbon bl ack
active i Qg 6diogqy concentration o re wei W&Qsﬂ aced
-16 - into a Waring bl ender and bl &ndedf of* 5°mhutes at ) rpm This

bl ended mi xture was then further equirll®rated by placing it into a 150-m
beaker and stirring at |ow speed for 1 hour at [err]. The sanple contai-ni ng
2 weight %finely dispersed carbon black was then_charged to fhe Zeitfuchs
#4 rever se- Bl ow Thesmstbed of claiay e wherginsbefpresien (ﬂﬁaré'gm@?‘%@ equilibrate
to [err], ahdubd tdtheotatbohtiack mpaard andthe darbon ek mbaure idistipgidsi on was

t aken. BeIOM/are the results fromthe Mack T-8 test (reported as viscosity
‘increase at 3.8% soot relative to the | owest neasured viscosity during this
250- hr engi #0. t eThe methodiof claimch, wiserein thel sampleds iselected freasthe ar e

reported i np‘,guéaéqrgl%}ﬁ‘?p ﬁaé&?&&s%@fonhﬁﬁ% Pngl represent the viscosity

2

of the sanmpPe ersion contal ning y di spersed carbon bl ack

m nus the viscosity of the oil. Carbon Black [err] As shown by thIS dat a,
the rank or qgr offnaliieHBAE il 1, el siiis applied sher presiridy (e Meck
T-8 engi ne test resu

erefore fectivene sest ocks
e a oI Sampis, alier EopasBaIRS iRy of e SATBIenEReS Pfepaﬂngﬁ\ A
met hod f or safiplaipastedisparsidm or after eqailnbtattmgvthecsamplalpam ease,

dispersion.

12. A method for predicting physical effects of soot-loading on a
sample in a test which measures viscosity increase, the method ‘
comprising: o

(1) measuring viscosity increase for a series of reference fluids
in the test, |

(2) measuring viscosity increase for the series of reference
fluids using the method of claim 1,

(3) developing a curve, _

(4) evaluating the sample using the method of claim 1, and

(5) interpolating a viscometric effect for the sample using the
curve.

13. The method of ctaim 12, wherein the test is Mack T-8.

14. The method of claim 12, wherein the sampie and the series of
reference fluids differ by one component or a combination of components.



Ehe et hod conprising: (a) preparing the sanple which conpr ’~,:j‘,|x}3 maj or
anmopunt of an !)'C'Pf | ubri cabkuBINTELIZEARBL PROPERTY breANERASNI | Ng t hEEECcOosi ty of
the sanmple, (€)~ " preparing a stabl BBy BEFPast e di spersion of the sanple
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(e) ) gLy of the S T past sSpbersion. 2.

met h%’%'éﬁ'%"%‘?eﬁ%‘ﬁ‘gﬁ‘n ‘t he sampltﬁl S(zgqg#" Sﬂ%g%%&"@%%"ﬁsgm%?epar e(}}v @9%’?“9 L
m Xi| ng GO tructure, fluffy ca N (§8) BftdénaGibral Pubiitatidh Date:S O I9Nalembes 2905 (0R.11.95)

to 1 — S Rrg—the—car-bor—bl '

for lﬁt@&.ﬂg ol Rddng: 2N dpéTiigsssosod |1 bedighs kh@uﬁabhgﬁ,mﬁtmmnba
t he T\tszziisrrpl e {l/h&’endi ng. b% Tlr,]ée]‘ met hogl/dg‘1 c | 28, PKJES, i) 6B.&IRIE, ITeLU, MC, NL, PT, SE).
s anpl22)/ Iptergational] FilngRate: on i s 24pul 1I9DRHEMEA (by stirring. 4. The net hod of
claijm 2, wherein the blending is conduct|egdyiiiga Varing bl ender at about

12, 0Q6) Briority a@00 rpm for about 1 to 5 minut eSwikhdnternatiohbtGearetepsd Of cl ai m 3,
whel ei n ©2bgo7st i rri ng2siAprilcl 80l on &/Sqti rr clefofecthe exbivgtian oF theirime, finsit for amending the
houf at a tenmperature of 80 to [err]. 6. TH&® 3 8 Tspublished jinpersver pf e Zeceipt of
t he| @i, -ﬁ%ﬂphﬁ&agmﬁﬁ%gﬁmﬂreutraﬁm ase oil. 7.  The method of
clalm ZA 1900 BhsCLifked Mvanue,AlindéneNT 07686 (USE Sang as a bul k so%}/en n the

sanpl e. 8. The nethod of claim2, wherlein the r@yk BHast e ‘di,sper si on

con{ Prfaveptpre S, 7 Noeepdgry Dok “dar bon bl , based ,0r¥ te wei ght of
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(74) Agent: ALLEN, Mary, M.; Exxon Chemical Company, P.O.

Box 710, Linden, NJ 07036 (US).
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(54) Titlee METHOD FOR TESTING SOOT-RELATED VISCOSITY INCREASE
(57) Abstract

A method for testing a sample for soot-related viscosity increase comprising: (a) preparing the sample which comprises a major
amount of an oil of lubricating viscosity, (b) measuring the viscosity of the sample (c) preparing a stable sam_plelpaste dispersion of
the sample and a carbon black paste, (d) equilibrating the sample/paste dispersion, and (¢) measuring the v.iscos.xty .of the smple{p_asme
dispersion, and a method for predicting physical effects of soot-loading on a sample in a test which measures viscosity increase comprising:
(1) measuring viscosity increase for a series of reference fluids in the test, (2) measuring viscosity increase for the series of reference fluids
in a method having steps (a) to (e), (3) developing a curve, (4) evaluating the sample using the method having steps (a) to (e), and (S}
interpolating a viscometric effect for the sample using the curve, .




9. The nmethod of claim2, wherein before step (ii) a dispersant is added
to the carbon black m xture and the carbon black m xture is stirred. I10.
The nethod of claim 1, wherein the sanple is selected fromthe group

consi sting of basestocks and fornulated oils. 11. The method of claiml,
wherein shear is applied after preparing the sanple, after neasuring the
viscosity of the sanple, after preparing the sanpl e/ paste di spersion, or
after equilibrating the sanpl e/ paste dispersion. 12. A nethod for

predi cting physical effects of soot-loading on a sanple in a test which
measures viscosity increase, the nethod conprising: (1-) "neasuring
viscosity increase for a series of reference fluids in the test, (2)
measuring viscosity increase for the series of reference fluids using the
met hod of claim1l1, (3) devel oping a curve, (4) evaluating the sanple
using the nethod of claim1, and (5) interpolating a visconetric effect
for the sanple using the curve. 13. The nethod of claim 12, wherein the
test is Mack T-8. 14. The nethod of claim 12, wherein the sanple and the -
series of reference fluids differ by one conponent or a conbination of ’
conponent s.
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