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29 May 2006 1 LUBRI.CATI NG.O L .ADDI Tl VE SYSTEM 2 PARTI CULARLX MSEEQRS FOR
NATURAL GAS 3 FUELED ENG NES 4 5 BACKCGROUND 6 This invention relates to

“Jubricating oil conprising a conbination of a 7 hindered phenol and G oup

[1, I'l'l and 1V base oil. The lubricating oil of this 8 invention may be
used in any manner, however its enhanced properties make 9 it particularly
applicable for use in engines fueled by natural gas. 10 Natural gas has a
hi gher specific heat content than |iquid hydrocarbon 11 fuels and
thereforke it burns hott&UBRMWINGLDU-WBIHVErS)YﬁTEMeIs under typical 12 .
condi ticghs. In additiRARTIGHHARLY USEFUL EQRNATYRAL GASur al gas does not
cool 133 ntake air by evaporat|ﬁdEhEDIEMﬁINE31ydrocar bon fuel droplets do.
Furtherore, 14 . many natural gas fueled engines are run either at or

~near staqjchiometric . 15 conditi R 0 jch | ess excess air is available
to dilute and cool conbustion I a result, natural gas fueled

engi nes Ggener at ghis ngmmonmahtesttm mmncatirﬂg @morh;&im@@b@mﬁuah&%fsngl nes

‘bur ni ng fue t rate o ormati on of NO,
i ncreas cﬁ%@%?ﬁ?ﬂq hﬁﬂé’r"gt Mi’éseﬁ’ﬁil[ﬂeail‘lbﬂ‘é@'“g oflffhisl ed engi nes

rray geneSr at:mdwzin @:mmwge@tm QAP maindbr, %B%Qé‘r |E§Jerﬁ\%Héé‘dB ﬁ%ﬁ)é%rrﬁalfﬁt ration of

| ubricatl nq a(ﬂ: @éf nost cases, natural fuel ed I nes are used
cont i nudusitP cul W"F@'ﬁﬁ@%?ﬁhﬁ“glmﬁ@@ lyrﬂféwgig@s .operating in
vehi cul@gr servi sgturadgLH ad.
Lubricating oil drai n [ nta‘éravlﬁ%&%agggﬁégﬁ?m@tﬁdﬁﬁ a¥&&slléarlj\9§ce but are
typi callily vl aed tharefare ibburas hotter ﬂuilamldgwérmddoeduelﬁ&ndagﬁyp! 26 I t is

ue ed engi nes na r eas mhere 28

conposil¥i ogas temﬁelﬂamh@maﬁlehglneébbmm‘g’ﬂqwtghﬁjrbca?ﬁ& fielsin@ el i M ted, so
ts ) car selected to mnjm ze piston deposits and ring
sticki ﬁg @T’ %Wt on ofe N8x increases exponentially with temperature, natural gas
- fueled engines may generate NOy concentrations high enough to cause
20  severe nitration of lubricating oil.
: _'2'1 In most cases, natural gas fueled engines are used contlnuously at
_. 22 70to 100%. load, whereas an engine operating in vehicular service may only
23 .spend 50% of its time at full ioad. Lubricating oit drain intervals may vary in
. ‘_‘24 o vehlcular service, but are typxcally shorter than those for natural gas fueled
25 engines.. _
26 | S dtis 1mp_ortént to ensure the reliability of natural gas fueled eng_ine's ‘
27 becauSé-natUra! gas fueled eﬁgines may be located in remote areas where
- 28 seNiCe is-not readily available. -Lubricatihg oil used in natural gas _éngines
©29 therefore requires high resistance to oxidation and nitration.
. 30 Good valve wear control is lmportant for keeping englne operatmg
31 = costs down-and may be achieved by prowdmg the proper amount and
o 32 composition of ash. Mmlmizmg combustion chamber deposuts and spark plug
33 foulsng are also cons:deratlons in sefting the ash coritent and composmon in

34 these o:ls Lubncatmg oil ash levels are limited, so detergents must be
_ _ 1. _




. brotect |,,Qn is required.ta. prevent. SCUffI ng and corrosion. 20 Mayzdosat i ng

oil s for ‘natural gas fuel ed engines are not fornulated to. handle typical

. environnents for those ghigi nes, the lubricating oilwill

deteriorate-rapidly during use. This deterioration will typically cause the
| ubricating oil to thicken, which results in engine sludge, piston
deposits, oil filter plugglng and in severe cases, accelerated ring.and

| i ner .wear. The general Industry approach to reduce detﬁ{| ration of

| ubr i cat’i ngacHlly selectenito minimizeislon sgpavitsanstigd SEFERCBE NG ts, oi |
filter plu r # ar isto add anti oxi dant s
g;ger g hee@(f.ﬁede &é@&t sb&lﬁ daaﬁd chREEOHE

suth as hi as wel I phenyl am nes and su* érlzed
conpounds. | ncr&d@ﬂ@ﬂm@llammmakﬁastf%@é e&lﬂtﬂ%ﬂrﬁﬁﬁﬁ@mwa‘%’ i cating oil

I S increasi C t jor ati on.. But at
- sone point t{%ﬁg tﬁﬂ@%ﬂvﬁnﬁl&r}%@% os%%ﬂ%h%@tthggj@cbﬁﬂﬁm dant reaches
“maxi mum ef anﬂemd&nﬂ:ﬁaﬁ usenﬁhlsﬁﬂteﬂomﬂoaddﬂ tiriepllycauggiteoxi dant may
- even detripenta S po surprise
“that incr erg@ LT@:@@%@H%FR ‘f’}'gn ARON ?fg%?&ﬂggﬂlg? éémo\bgie:pﬁm:tsﬁgr easing the
: i ;e 011: : ulg[te:qﬂﬁggigg arid in sebée® oaseeraooeletmledmgmdameﬁﬂ?ﬁ@d to i ncre]ase t he
life of lubric out necessarily nt o

pHAY RS a8 Ftleeti A AR qiues Bl

antioxidant. SU er‘,a
~provided aghdd rea&ltammglheemgw gistog depdsitst 8l ﬁieerqimggmgzargi Wt % of

present 1 nventlon, t here is

3,5-di-t-butyl 4-hydroxy e nat e. hi ndered maj or
amount of a¢celaraled f@ﬁé‘"@"@‘&b""y}eﬁr 'g g@‘??"‘!?&%‘@"&ﬁ pUch 35 i ecoﬁg1 as%ect of

. this i nvenﬁéﬁrﬂ{la @ I FiRES NI SRR OsthbbiiRd. Qicredshlg the anmnmf)rl sing the
i. hi ndered phe

Ing to the first aspect and one or di spersants,
one or rroreftheﬁ&eallﬁ@wldgnw{i iginisaidng vitis inareasingly, affestivete avgl a th| rd aspect

o of this i ARRGAGRE ojl O ﬁtﬁmpé&Vét%%ﬂle}dr@ttﬂégol%ﬁfmmmtﬁ@addmwm| cating

oi | accor aspect b i-ning t hi nder ed %?enol
accor di.ng axmwddanﬁneasmempamunmeﬁmwmm afitimescfughier asd he first

| aspeet in order and o thIS I nventi on,
‘there is p’?@%’?‘@@ﬁ“ﬁa}‘rﬁ’%@e@pqg'%lyg Psg{"t‘g ééng(g& C@Efpl’l sing | ubricating
-one’ or nore engiNRiRSit ¥ ﬁé‘lshspﬁﬁdamuldg ﬁermnwmtrtg’antloméaﬂtllﬁhdered phenol

- accordlngtotheflrst aspec pect of this .
~ i nvent i 'on, effacéyein ‘Bcﬁﬁa&ﬂgﬁ@ﬁ@ 9f 'E)W‘@H‘Ba/ﬂé tﬁﬁ‘ﬂ%‘%ﬁﬂﬁ’ﬂ ﬁl@ssa maj or anount

- ..di-t-buty roxy
' aC| d 3, 5 amount of anﬁox:dant

of - at 'ea Shofi3g 9fnc%él%‘}hé1|f@&‘1uﬂ)1‘idahﬁ§%ﬁvﬁﬂh| ot iécassaritoincamsingtthef 3, 5-

enyl propionate hlndered phenol [benzenepropanoic

S_UMMA‘RY
In a first aspect of the present invention, there is provided a lubricating oil
comprising 0.6 wt% to about 2.5 wt% of 3,5-di-t-butyl 4thdroxy, phenyl propionate
hindered phenol and a major anio_unt of at least one Group il and [l base oils.
Ih a second aspect of this invention, there is provided an additive fdrmulation '
| -comprising the hindered phene! according'to the first aspect and one or more
dlspersants one or more detergents and one or more wear inhibitors. |
Ina thlrd aspect of this invention, there is provided a method of making the
- lubricating oil according to the first aspect by combining the hlndered phenol
- according to the first aspect with the base oil according to the first aspect in any order
| and mixing. | _
In a fourth aspect of this invention, there is provuded a method of Iubncatmg
engines comprising lubricating one or more engines with lubricating oil comprising

..the hindered phenol according to the first aspect.




bis (1, 1-dinmethyl-ethyl)-4-hydroxy-, C7-C9 branched al kyl estysioosl n a
sixth aspect of this invention, there is provided a nmethod of |ubricating
engi nes conprising contacting the engine with the lubricating oil according
to the fifth aspect. In a seventh aspect of this invention, there is

provi ded a nmethod for making the lubricating oil according to the fifth
aspect corrprln,?l er ed enol. wth at |east one of G oup

conbi, nj t he  .hi jth
11 and 111 base?gli'] PSP gt{jﬂ'%dﬁl‘(fé'}'o‘éﬁlgerﬁf&?rﬁ ded g ’%’%ﬁ‘%‘?‘#%‘%@@l@ of this
i nvent i armajoh@meuritsf pariesstdead oaGrcaqbdl Ahd/# Hage 1 bAd b @RinoCandUrt 5F 8- hi nder ed
phenol [ fth a aon re di spersants;__one or nore
wear ﬁpg&’ft@ 41%015%’8’ pg}eny é’ég‘fio @fjé%elﬁll %H%}t[gon@ﬁ?w epangicadihP Bhenat e
det er.gehlss(J 1meathyl-mbl)-aammyotﬁdgIb@anmd@aﬂ(ym%terg]here is provided a
| ubricating C S nor _anount of tfhe additi ve formul ati on
accor di ng toﬁ%glx&%?faﬁé Eglﬂﬁﬁvegw& therg igipgovi fether catubrigalitd one of Group
11 and ehginémsammrising damtaating theheratRadith taé iddhicatingbiercb@ihg th ey fitd s provi ded

a met hog J%( lubricating a natural gas fuel ed engine conprising
lubricating the natural gas fueled engine with the lubricating oil

accordi ng tolrtdnsse\mntlt disp@s'pcmmls irventéum, éHeedy BrrbvidsPe fletitd fbinakihgvent i on,

there i f the additive formulation accordl ng
to the ‘i‘f*g s(g ?ér%&cﬁ Ptg? F@?ﬁ%ﬁ?%f ﬁ‘?rﬂlﬂf'sﬁf?ecomb'”'ﬁ%ﬁ'@ e Gent s: one or
nor e dlshmlot\artﬂl atleast@nerofmnmup Whead Iflb“dsemlﬁmﬁﬁyoraéldaﬁd\ﬂlxrr@ nder ed phenol in
any order an|g| | fth asEect of this invention,

there is provi dedé@h aﬁ%‘?#@éhsrfa"%\??" tb%rﬁﬂ? P'ngW&d agrddtive fapnulagipR o apout 8
Wt . % ofoneisingrhimdered dhama&mrtﬂlﬁg to thb@fih adpout:. on%drﬁmo’z’@@lé?el%aﬁts}/\ﬂ . % of one

. or nore %t o _abou one or nore wear
i nhi bi torge ér?ﬁ&% ueta’rﬁ%gj a%zﬁwea%&ﬂ? Oﬁs@%(ﬂf"te 5/9{30"5(3 drhegatey|  4- hydr oxy
. pheny! detegedsinat e hi ndered phenol [ benzenepropanoic acid, 3,5-bis
1,1-dimeth et, 7- C9 branched al kyl esters and about 6

‘( T %to abg{']'t 'gm\ﬁ%pec‘s/oﬂ%séﬁveﬁt@é's g Pvidey BLHS’”Pﬂt'“éﬁdC‘PmP"ﬂ!f%Qse oil. In a

- lt h.b rt emmhwaamaunt affthe baicam;erfm.emgatm ,accheirg tb$hd3éagl’¢th:$% ect anglahod L or ]

- lubricafi; as e n corrpr|5|ng ubricating the natura
gas fug.{néelgrga la% Ea e?% F;u 'Eﬁ'?‘i!' R'dj%ielo'accordl ng to the twelfth
aspﬁc'([j ‘I'n dnfdenth@spédt gaamaverm‘ontthm i Ipbtﬂrlniekj@n}gemb@'f& m&fcaf@/aﬁedha :

- met ho oxidation.in na ust] on engi ne IC ,
conpri s%surég#gilé]%%eﬂwn%ﬁ%’m%s'w If’ﬁr'caé' gﬂf‘p%ﬂaf%‘i‘? LgledEngingM 6 w % to 2.5

Wt % of U3 Bibrichting-oil wicydrdihighy dieonivthpispent! propi onate hindered

' 'In an eleventh aspect of this invention, there is provided a method for making

- the additive formu!anon according to the eighth aspect, comprising combining one or
- more detergents; one or more dispersants; one or more wear inhibitors; and ‘the -
-~ hindered phenol in any order and agitating until mixed.

~In a twelfth aspect of this invention, there is- prov;ded a Iubncatmg oil
compnsmg

about 1 wt. % to about 8 wt, % of one or more dispersants;
about 1 wt. % to about 8.5 wt. % of one or more detergents:
about 0.2 wt. % to about 1.5 wt. % of one or more wear inhibitors ; _
_‘about 0.6 wt. % to about 2.5 wt. % 3,5,~di-t-butyl 4-hydroxy phenyl propionate
~hindered phenol [benzenepropanoic acid, 3,5-bis (1 ,1-dimefhyl-ethyf)—4-
.~ hydroxy-, C;-C, branched alkyl esters]; and
about 6 wt. % to about 97 wt. % of at least one of Group Il and lil base oil.
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phenol [one or nore hindered phenols of the general fornul &9 M&R20d%erein R
is a C7-C9 alkyl group] and a major anmount of at |east one of Goup Il and
1l base oils. In a fifteenth aspect of this invention, there is provided a
use of an antioxidant systemconprising 0.6 wt%to 2.5 wt % of
3,5-di-t-butyl 4-hydroxy phenyl propionate hindered phenol [one.or nore

hi nder ed phe'lt@h%:@éerﬁﬁ‘ﬁs%ﬂ@ﬁﬁis lrf\%h%ﬂ Fherd i Qﬁb@a tfiodircr/- (: 9 alkyl

group] and maj or anount | east one o and III base oils, to
reduce %EF@*&H%&‘EPW! gas fUﬁleéﬁfﬂame@@mmgmg&rbn@ﬁtym@e nﬁh@allgabmei@m ng oil
di scl Oséﬁ?[héfwﬁﬁth%@ﬁhné?émeﬁi%@c&d;ﬂg'ﬂ?fheacﬂi@ Wﬁéotone or nore hindered
phenol s of the neral fornula: erein Ris a C7- C9 al kyl
group and a ?g?u"t&ﬁ%tbrﬁsi)@ft ohthig léa@ﬂloﬂn@etﬁlsg’wdlamemm ohredluciny base
oils. ; her ei n y conprise
about Ma&lﬁatzcﬁﬁﬁ%h ﬁtgngwom%&R? h gﬁdlhf%k:g%gﬁ’pﬁ%%e&%r%ﬁﬁra&e p?r\'éen\g ~havi ng
this. g§eaewasitioveeraprisind i qui d hi nder ed phenols are preferred. One

~enbodi nent o t I i r y conprise
one or .nore Pmﬁlz‘%hdemﬁgg?adgﬁ g;ﬁhbﬁ 43% %%’ ‘%{et%gl '%ﬁ%"g% Eh@ no- nore

t han 0. Bb&nAl [On@rﬂfé@gebmﬁ@mmntslpetihEQwetahé)rmu@rm Ww. % as used herein
nmeans w. % of lubricating oil. One enbodi nent conprises a lubricating oil
according to the first aspect having a total base nunber of about 2.15
~milligrams Potassium Hydroxi de per gram of sd&dple (my KOH gr) to about
8.88 ng KOH/ gr as de?<e\rm ned by ASTM D 2896. e enbodi nent conprises a

| ubricating oil aV| n ot aI ash content ofl about 0.10 wt. %to about
1.50 wt. %as . M‘BB'?QHztubﬁQaﬁ—ﬁgOOH—dRscl osed herein

- may have | ess than 4><G pm sul fur. One enbodi nent conprises conbining the
“said hindered phenol”™with the base oil in any order and n xi ng. Anot her
-.enbodi n‘ﬁhﬁfe@d‘"ﬁﬁrﬂ GeSoalkytareupd of | ubricating engines conprising contacting
- onhe. or t I brlcatlng oi | discl osed

" herein %@g@%'ﬁﬁ@%né\&fﬁ]ég@?ﬂé&(ﬁ&é@ i'ral?'dll@gé o#’e of . Goup Il, Ill and IV
“base- oi | andn& fifieroth aspectirf thod.inBeritiod] thisredis toydvidkdy Geeoapapheny | pr opi onat e

- (al'so noic acid, 3,5-bis (1, 1-dinethyl- ethyl) 4-
hydroxf/apﬁwa g%ngngan E@dr Q@kyl esters; or

3,5-di-tert Qa@ntvg)t%mHsﬁdwﬂﬁﬁﬁjﬁ-dewm:dm-bydraxy phe p@@mmaadmuﬂarai kyI ester)

~ having ﬁﬂéﬁo%ﬁé’&t bR mﬁdérali H}aérasa&%{eege.lre%&r#oﬁﬁ&:ang

e | o
N

7 wherein Ris a C;-Cy alkyl group]

and a major amount of at least one of Group Il and Il base oils, to reduce
oxidation in an internal combustion. engine.

o | The lubricating oil dlsclosed herein may compnse a minor amount of one or more
hindered phenols of the general formula
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oi | disclosed herein may conprise about 0.20 wt. % to abouR831apm200%o
3,5-di-t-butyl 4- hydroxy phenyl propionate, preferably about 0.6 wt %to
about 2.5 wt. % The 3,5-di- t-butyl 4-hyroxy phenyl propionate may be

i quid. One enbodi nent may conprise an additive fornulation conprising
3,5-di-t-butyl 4-hydroxy phenyl propionate; one or nore di spersants; one or
nore wear inhibitors; and one or nore detergents. Lubricating oi

di scl osed herein may conprise about 1 wt. %to about 8 wt. % of one or
-nore di spersants, about 1 wt. %to about 8.5 wt. % of one or nore
detergents, about 0.2 wt. %to about 1.5 wt. % of one or nore wear

i nhi bitors, about 0.5 %to about 3 wt. %;3,5-di-t-butyl 4-hydroxy
phenyl propionate, and %bet t 40 wt. %to abo 97 wt. % of at |east one of
Goup.11, 11l andfgd orefe |y aout 80 wt. %to about 97 wt.
% of at Ieast one of (}s 1, 11 and base oi T oY nnréipreferably about
60 Wt. %to about 97 wk @6of at least-one of Goup II, 11l and IV base

ol '29. May 2006 Lubrleetlng oi | disclosed herein may conprise about 1.25

Wt . %to W“B'%CM%aIMgrmjp nore di spersants; about 2 wt. %to about
6 Wt . % Of 38 ¥ € en 0.3 wt. %to about 0.8 wt. % of
one or m)?e wea {@Hﬁtg 9835%8(]?08%6’%' A gad Vhasemils. ddges- di - t - butyl
4- hydroxySMw"y,mn@mbﬂmhgoﬂﬂi&d@é@@%ré}ﬁ?mﬁyco%pheeawt 97 wt. %of at

j;least on and I'V base oil "or nore preferably about 60 wt.
- -to ab??é ﬁ@fﬁpaé/g‘&fsl Wi % ofonesramase hindened phenolsihaaing thiy base oil .
_”DETAILEDQBE@@RhHﬁb@N id hfadeht éa# ' i des Lubricating
~oil that may be usedtﬁﬁlany’eng1‘ ¢ ;%' ﬁkﬁ%ﬁggj ﬁ&%?& g turprisingLy
.long life when tested in a natural ‘gas fueled engi ne. The | ubricating oi
of thi.s invention may conprise one.or nore of the hindered phenols

~.described herein and Group 11, 111 and |1V base oils. A preferred ,
“ . lubricating oil of this i nvent i on conprises a ngjor anount of one or nore
base oils from Goups |l through IV and a m nor anount of the hindered

" phenol s descri bed her ei n. The tern1"najor amount” When used herein neans
_more than 40 wt % The term "minor anmount” when used herein neans |ess -
than 20 wt. One enbodi nent. of this invention conprises an additive

“fornul ation conprising one or nore of the hindered phenols described

" herein, one or nore dispersants, one or nore detergents and one or nore

wear inhibitors. A-preferred lubricating oil -of this. invention -nmay
‘conprise a major anount of base oils from Group. |( through Goup IV, a
m nor anount of one or nore of the additive formulations conpr|51ng t he
hlndered phenol s described herein, :

2e-




one or nore detergents, one or nore dispersants and one or 200 28I
"inhibitors. Another enbodinment of this invention conprises lubricating
oils conprising additive formul ations conprising the hindered phenols
~described herein. Preferred lubricating oil of this invention may conprise
t he hi nderﬂ?d bR t?nolﬁ/g %% ed herein and G oup 11 through IV base oils in
a formul atioNPHGetng o § ﬂfepﬂa?yﬁ%{gpré?&&nﬁ%nﬁemoym}@ yn gigaton. 50 wt .

:’fasﬂ in tsgmdémmtgtgminlau?mmﬁt n@@ioﬁb !hfanZ) ngﬁ@ﬁi@?sﬂﬁﬁér@ﬁs@@p&m&?% 0.3 wt.
oash to UL W oash 1n the finishe urlcatlng ol l as
det er ni neg‘3 ﬁ&/ S(fl\/?sD%s/eAf' NefHa (hegdf “goﬁtoémbé'c%ltf@ Qﬂ‘r Org£a¥adimenfer ei n, the ash

cont ent s \wemerisket lubticeticlg Ry aé&Tﬁm@&?me fﬁst@ﬁﬁe:ﬂfﬂiﬁﬁiﬁ ARoE| tsﬁcsetrh@ﬂeﬁbf icating
tion m Base Nunbe of about 2.15

oi | of thi ave Tot r

mlligr amsE%&%@Wﬂ'ﬁ%ﬁﬂ%ﬁémﬁ“ﬁﬁ?x' B‘?ﬁ%?msoéﬁﬁme e((Wé KHopt9 t o about
8.88 ny Kébburs. aamngnm/graéeétam@ed By ASHRD 7896, OWLdHbdtAvEntaoRBNséd Om about
3 ny KO—Vgr to UnIe s otherw se specified, TBNs, as

‘used -her-ei AUbra?f’" ng Tghqyg}gee?n%taaga_y] g?,ntagth{& PHtd)- Howh Jeitoaben H5898. %86 The

| ubri cat i dgteaninedbyWSTM Dawemmmtuﬁgw lam@s@d ﬁéﬂefd#haﬁﬁé\?eﬂ@és pbnless than
12 4000 me or 13. Anot her Qdi nren his invention-

~ conpri ses Pr%'tﬁli'gﬂ"sé'&? WW@BF{I REMPASES| g Vﬁ’gsatﬁ h'gd%?d phgrel vER %t i on or

t he addit base cbihnmny@tdablaad m‘lxnhgj]Iﬁ&moth@v‘%ﬁtboﬂimdhl/corﬂaﬁnﬁ@fmh@ﬂhaﬂof he conponents
with agit are m xed. The 16 ingredients may be

nen
b nod R ERIRhaineS PR OF Beclion ot mogs pTQines it S TbrSPERY t h
c](c)rrpgnent sil. mmbr|MIhgbilgI$cbl§@dJ§éTethnﬁhleacﬁrﬁﬂ%49 detdwa}bﬁﬁﬁz@[l?trﬁf%éleé?téir%dlfggpgratUre ,
of about [ ee i mat e Q abou egr ees
" F (appr ox#ﬁ%“{ eFQI gl}ﬁ&é g‘@'a@;}‘%ﬁﬂ?ob mﬁg'étd’ @tp%@'ﬁé\y degxritenybo  at a%y

time duri n@ptolneteqatsodxaﬁwn 24 béninbpropandio Atiaes b- vza‘gt higfimétRYIRIMyPA conpri ses
y contactj ng one or nore

- th th f.22.1ub t
o the 1 obrReat iRt R of BRI RO PTORPRTEngi nes. 24

- Anot her, emommranéhetdmusﬂ BSte9 Ihglnﬁ@ tHeeDETRIChE6 of fohAulaRbBRS LQ]E)rK?aEnb ubricating
one or tur as_engi nes n e or nore of t
. lubricati ?{Fd"a‘%?%edg?ergﬂl”?w IP? Sﬁo%ﬁépa ‘8’{1@[' %’ré)br?HF%“ﬁ*ra’@@rsaﬁ"td%&%V'éngl nes.
.27 Anot hI&srdr@quoténwmmplaﬁaté rpreferameaﬁdlmo 60tatd 58St ITEwiTes pd 304-4i28.
Iubrlcatl t@r]ﬁegymx I8 engi.n PT¥ bquca in ne or nore of the
“lubricat | ﬂ%_! y pheRyl pr plona e may be liguid. One@mbodiment may comprise an
: additive formulation comprising 3,5_-dl-t-butyl 4-hydroxy phenyl propionate; one or
more dispersants; one or more wear inhibitors; and one or more detergents. -
Lubricating oil disclosed herein may comprise about T wt. % to about 8 wt. % of one
. - ormore dispersants about 1 wt. % to about 8.5 wt. % of one or more detergents,
about 0. 2 wt. % to about 1.5 wt. % of one or more wear inhibitors, about 0.5 wt. % to
about 3wt % 3 ,5-di-t-butyl 4- hydroxy phenyl propionate; and about 40 wt. % to
about 97 wt. % of at least one of Group I, IIi and IV base oil or preferably about 80
wt. % to about 97 wt. % of at least one of Group i, il and IV base oil or more
C preferab[y about 60 wt. % to about 97 wt. % of at least one of Group Il HI and IV -
base oil. '




~ cSt, nore prefe
©0ils may . rprefeded wtmpatmgamlmfehusm\mum epapdsssta oajor BNQI Phene

29 of this invention with one or nore engines. 30 Another eghggionest of
thi-s.inveation.conprises the nmethod of -31:lubricating one or nore natural
gas engines by lubricating one or nore of the 32 lubricating oils of .this
i-nvention with one or nore natural gas engines. 29 May 2006 1 The

| ubricating oil of this invention has showmn a surprisingly long life in a
2 natural gas fuel ed engi ne when the hindered phenols described herein are
3 used in an additive fornmulation with Goup ti, Ill and IV base oils over
that seen 4 when.the hindered phenols described herein were used in a

simlar addlﬂrfcmg%llfd)édlﬂﬂeaﬁie%?n mdyrboﬁpﬁd@ abouhaisﬁ\m los toPdboMp 8 It O er  t ypes
of “hi ndered phenol s 6we§i q % i ar additive fornmul ation with

G oup | orP&Ydpore dispgesan 90” 27”‘1’ R0 sfirﬁoﬁf'ﬁg"t HYOT BRPrIMare delgrgsittied by t he
| ubri cat i nghoit 0.30#t. ¥ SbLBMERWLOR dfBle Bﬁmo?e \IVB@r :hlﬂﬁ#ﬁr& aﬁouao syoapautst i c
effect of hi nder ed enol s

nd IV h
descri bed %gwﬁi%uﬁar‘&“‘%l 4@%@?@%@!’@ %‘P?‘%‘Eﬁte@f’dlahgméodﬂp% fo ah PPig 10 and
-1V base oiwis %aoicht 1dist asslbitGroap 0 NnaiEm IRiRe ©R P Fricsé ﬁ@eférhﬁlyf&bﬂﬁleﬁ'oe.dt phenol s

ot rod. a0 LY B SR a1l enoneraphle Mat e olBase ot ocke a5 used

herein is defined as a lubricant conponent that is 16 produced by a single
manuf acturer to the sane specifications (independent of 17 feed source or
manuf acturers |l ocation): that neets the sane manufacturer's 18
specification; and that is. |dent|f|ed by a unlque formul a, product
identification 19 n SE , . Rurienenuf actured using a

- variety of 20 di f f er eHE=Pt E ) f - ted to
c-distillation, qumﬁnvenueﬁlpm\mms [uBﬂcdtmgbﬂgmnn’faydmawdnganylmg@ﬁerl zation,

esterification, and rer ni ng. Rer efi ne shal | H@éfpntl al | y
free from rFﬁ{ié‘?q §p§e}dﬂlp|% g"?‘ﬁgwd%‘?g g?swﬁﬁﬂt?ﬁsg@hﬂrq ﬂ%tu'égagam nati on,

previ ous u inkhe base oil of this invention 24 may be any natural or

"synthetic Iubrlcatl ng base oil fraction particul arlﬁ% t hose 5 haV| ng a

ki nemat i ¢ vi scodiheyulicatimpoitiidhisdavantian MsyL9enies oREQr SSG !
,cent|stoke§"({¥‘e$ Bf. o?%out %:Qd %Iﬂ@ﬁ%%ﬁé@%ﬂ!ﬁ&?ﬁibﬂsé&sm about 27 16

t to-a Hydr ocar bon s%/lnt hetic
fation of 29

oo e R BN ER L Fnfh Ma ER il emnauaatest = 20
~Fi sher-Tr Omhoﬁrdé@@ﬁﬁd h%rélhef Gﬁk&dﬂb&ﬁ@oﬂamomﬁ"when ubed hemsipri ses little,
1,{ s ng, ? gy@é]a?r%;/nxqgg%acr} a6wt. % the telrrlnt Enm@’r a'nIou%Pthen ed%ereifnrrﬁl%dso” of

lessthan 20 wt. %. o
- One embodiment of this invention odmpﬂ'ses an additi\(e' fqnnulaﬂon _
" comprising-one or more of the hindered phenols described herein, one or more
dlspemants onie or more detergents and one or more wear inhibitors.
. Aprefered lubricating oil of this invention may comprise a major amount N
of base oils flom Group. I{ thfough Group IV, a minor amount of one or more of
. the additive formulations comprising the hlndered phenols described herein,
one or more detergents, one or more dispersants and one o more wear -
lﬂhlbltOtS. | .
Another embodtment of this invention comprises Iubncating oils
£ oompnsmg additive formulations compising the hmdered phenols descnbed
 herein. . . ' _ |
- o Piefened lubricating oil of this ihvention may comprise the hindered |
o phenols descubed herein and Gmup Ii-threugh v base o:ls ina fonnu!aﬁen
. 4




33 higher at 100 degrees C. .29..May 2006 1 The .base oil nay29am@&m06ed from
natural lubricating oils, synthetlc 2 Iubrlcatlng oil's or mxtures

t hereof . Suitabl e base: 0|I i ncl udes base stocks : 3: obtai ned by

i somerization of synthetic wax and slack wax, as well as 4 hydrocrackate
base stocks produced by hydrocracking (rather than solvent extracting) the
aromatic and pol ar conpenents. of the crude. Suitable base oils. include

- those in APl categories Il, Ill, IV and V. Saturates |evels and viscosity

i ndi ces If orth@haﬁpi ut Q.10 whc%to Bbirst Se500M, % asieinlthe Gisighédiubaddtiag bl G oup 1V
base oi (P 0 S I l's include all other

base  oi %{@gﬂ&%ﬁ&%ﬁ%@%ﬂ Q&pmw?ﬁhqof‘%%”t ngér@ % ogshinthedinished o1 s for
use in Bhl dubrivating oibas detetmided b ASTM DSAPIWREH 8§0EsRentS bre disdusda | V as

def i ned n bI i,cati.o 150 di tion, Addendum 1, Decenber 1998.
A s:mmarly 5@%’%’ egﬁ%p%rg? |“éet"?8§teBT""@§’ YASTMDBY4. and 1'V. base oil is

presenté&d in Taline dmbdﬂ“rﬂéﬁl*bfﬁﬁ!ﬁbﬁcéting dli'dftlﬂgﬂw'e}{t@?‘ﬁ'% Hals gare preferred
d P( and |V base oils

~for use_in ntio reférred G o
‘may be Pr eJ‘é? 84? %ﬁﬂ RT%@S]B‘?@%' 156!"8*963“‘@”@ squm HYdfOXlﬁe IV and V

b t pck t mned b
ASTM D 2000) ﬂgfab‘?ﬁf%?"n‘?'ﬁ e R B8 TREK O o B 1L i e
by ASTMD £ twen&wq:hmwhléw ahoui DMgKQUantaskeutand/ or G eat er
thanG eat eg hiro gr s &tﬁerﬁ%e%ﬁgéféﬂ%I&%‘ra%ous%?q)g&%% han 120 llGreater

than or equal "to 90 % saturates a eat er 1'han o less than or
equal 19 0d®®“%dIWm88mfaﬁm¢tbG¢ASWMﬂsz |1l Greater than or equal to 90 %

N saturarlps andGr ess than o to 0.03%
% sul fur I\Et?%@g &‘Pﬁgrl caﬁ' hg' O %ﬁ%ﬁqvﬁa ?}H@'r ﬁﬂri“ﬁ'étl%?gqsﬁéha'\/eget abl e
oils 222(e4@0mera}me9dedt&& | s, castor oils and lard oil), petroleumoils,

der| ed. fromcoal or shale, 24 Synthetic oils

- ?a;/lelr ﬁc 8ljles hydaru'gO tg%beéﬁéol)qs pental s inventonomnrises ethasisiaf makingrthen oi s such
“as’ pol yrrrer iubacbtsmgdnls of mrsupmér;rm o #ehdatRE ifrnulatna bk iHidRARBR By
poI ég{‘ﬁ:{r‘ ﬁftﬁt &g I‘Pen? \mth géltg%rsl untlllalﬁ&%tp%ﬂegtls%rr]ee pnl{)ledle?g osity TABLE
mgredlents may be combined in any order and at a temperature sufficient fo
17 blend the components but not high enough to degrade the oomponents A
18  temperature of about 120 degrees F (approxmately 49 degrees C) to about
19 160 degrees F (approxlmate!y 71 degrees C) may be used. Heating may oceur
| 20 atanytime dunng the process.
21 - Another embodiment of this invention- -comprises the method of
C 22 .lubncatlng oneor more engmes by contactlng one or more of the (ubricating oils
23 - ofthis invention with one or more engines.
24 Another embodiment of this mventlon compriées the method of
25 Iubncatmg one or more natural gas engines by contacting one or more of the -
2 Iubncatlng oils of this mventxon with one or more natural gas engines.
27 ~ Another embodlment of this invention comprises the method of
.28 Iubrlcatlng one ar more engines by lubricating one or more of the lubricating 0|{s
.29 - ofthis invention with one or more engines. .
3 30 Anqther embodiment of this invention comprises the method of
- 31 lubricating one or more natural gas engines by lubricating one. or more of the
32 -iubtjcaﬁng oils of thié invention with one or more natural gas engines,
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3 ~ | ndex. of Goup .1, 11 and.).ll..Bage..Stocks..29..May..2006 |. sLQgMgegoQ@s wel |

as their derlvatlves analogues and’ honologues thereof and 2 the 1ike.
Synt heti c Iubrlcat|ng oiil s al so include al kyl ene -oxi de pol ymers, 3

i nterpol ymers, copolyners and derivatives thereof wherein the termnal 4
hydr oxyl groups have been nodified by esterification, etherification, etc.
5 Anot her suitable class of synthetic lubricating oils conprises the esters
.of 6 dicarboxylic acids with a variety of alcohols. Esters useful

synt hetilc oils malmwtn@lommnemenmsfsmwﬁ%émpﬂﬁglmgw[haxyl I c aci ds
and pol yol s Tri-al kyl phosphate ester oils such as

th
.those e enﬂaﬁﬁ’&i‘s c@y??@e Gt‘ﬁelﬂiﬁ‘i‘ﬂﬁﬁ&hﬁncﬁﬁﬁeﬁqﬂpeﬂg@f%@“ﬂ phosphat e

are al s@ suiskal n édu‘wéafenﬁﬂataolﬂmbﬁeﬁ)@'ii N aﬁ&lvﬁbéée(‘d?le ob@:stﬁgﬁ fens (such as

t he pol yakyl - yaryl -, pol yal koxy-, 12 pol yaryl oxy-si | oxane oils and
“silicat8 W’@P 'ﬂ'ﬁf’?@é paﬁa@lneﬁsa@eﬂmerem wete wied in 3 sypilariadditive | ubr i cating

oi | s. OCsheform(Hiba With éI‘HQﬁ II batd 13‘% &'V\!rh%n'd&%rgﬂfe Hdgreﬁﬁglfg s 14 of

-phosphor us-contai ning acid yneric tetr urans pg yal phaol efi ns,
- 15 and ﬁhewerﬂkésedllaaSlmﬂﬂfashiﬂe'e&ﬂnuhilpnbﬂth@nupédrGrcmsmlhbam‘mlaed refined,

rrect 1y 1 arouREinghd g bited V8 Rico i it Rvehed BV o2 S .

-~ or far §anﬁ1&jfleﬁtdhﬁrﬁsmefgtstmeﬁeotmfrtbeGl&mﬂ;ﬂiihnﬂ&!baseats%tfﬂhénent Exanpl es -

_,', simla

- of unrefin e ol l., 20 obtaipe r aretorting
" oper at i %n ﬂg'dg}eetdﬁ)qe@&&%%g?&@?t@ ganﬁlo,:ggyne;gns@ieffe%ﬁfﬁﬁ %‘P ﬁgilﬂll on, or an

ester ®0| abd &/ basb alisrapdithy aliditve farmelatic édmgrirngiie PidefsiBphend each of

.whi ch EFy thenbﬁ‘i used without further treatnent. Refined oils are 23 ,

PE¥™hed oils except that refined oils have been treated in

one 2#420r nore purification steps to inprove one or nore properties.

Sui tabI e 25 purification techniques include distillation, hydrocracking,

hydr ot t2at b ‘ng, BAJE flhaxi ng, sol vent extraction, acid or base extractien,

filtration andsb OPasabad herin Rldefinkd &@h%@seeﬁ)ck B BRentQrbagge skilled in

the art, Rerefined oil . are obtalned by treating used sin:
_procesbes sipaks. Base §t‘?qlf<ﬁﬁeuﬁi3§e'wf ¢ip indefiied aszaalutiheant@bmwedeoﬁ that is These

rorel el Biddod! By AlshiidalrRRAGH SRl ShodfbaiBRE ARFIRAACA A 20C, o1 Lo

“are .addi tional f&r processed ni ques renp ent additives
“and oi }7 br@@ﬁ@@memfmﬂmlfthGZS Bastion)i thatteectsdie fsammmatmfat;tntedssorrer i zation

of vvaxlgray n[ge{ il aﬁ&ahagﬂqhat i$ ﬁeﬁgﬁh‘zﬁ%%gﬁﬂge%mm a, 570 i engh ca\fmot h the

af oresai d
_ 19 number, or both. Base stocks may be manufactured using a variety of

| _20 different processes including but not limited to distillation, solvent refining,
21 hydrogen ‘pr"ocessing, offgomerization’ esterification, and rerefining. Rerefined
22 stock shall be substantially free from materials introduced through
_23 _ '.manufactunng. contamination, or previous use. The base oit of this invention
24  may be any natural or synthetlc lubricating base oil fractlon particularly those
25 _havmg a kinematic viscosity at 100 degrees Centlgrade (C) and about
- 26 5 centistokes {cSt) to about 20 cSt; preferably about 7 ¢St to about ,
27 16 oSt, more preferably about 9 ¢St to about 15 cSt. Hydrocarbon synthetic
28  oils may include, for example, oils prepared from the polymerization of
29 e_t'h'ylene', i.e., polyalphaolefin or PAO, or from hydrocarbon syn_thes'is
30  procedures using carbon monoexide and hydrogen gases such as in a
31  Fisher-Tropsch process. A preferred base oil is one that comprises little, if
32 any, hea\}y fraction; e.g., little, if any, lube oil fraction 'of.vi'so_osity 20 cStor
33 higher at 100 degrees C. L ' |
T -6-




29 May . 2006 1. 0il. Sugn wax.isomerate oil is_ produced by tIﬁGMayzo()G _
hydr oi soner i zatlon of natural or 2 synt hetic waxes or m'xtures thereof
over a hydroisonerization catalyst. 3 It is preferred to use a major anount
of base oil in the lubricating oil of 4 this invention. A major anmount of
base oil as defined herein conprises 5 40 wt. %or nore. Preferred anounts
of base oil conprise about 40 wt. % to 6 about 97 wt. % of at |east one of

Goup Il,-1ll and IV base oil or preferably about 7 80 w. %to about 97
w. %ofl at | eaThednase of n@ycnqoddrivedrfdokn aﬁl@rél‘lﬁﬁmaﬁng)bfls @pntﬁetrtpre preferably
% st one of 111 and 1V

bout 6 t 9
gagg oi ? W?Wl?ﬂ ah; 0&?}5" @"‘ﬁ'g@ﬁﬂﬁé?‘& ﬁ”' "‘}bJe 8@3? g '@prﬁ‘@ b?* Sti’ékw % of the

| ubric a13| n@bmirhedlml' ROMEALZMRTVOISINTRES Wbk @M d)slAKRAE aBwRlilglsr ed 11
enbodi ment _ of t@i(at&ventlon %corrpr se an anount of base oil that 12

~ conpri s8s Aydreen asg steckgipseduced bythydegesacking:(rathsr theatsolvgnbi | . 13 A
preferred lesadtra) u{war@rdat:efana 'bb&rbﬂh‘l%ﬂﬁéﬁ’t@dmié rSeiabld 4R, an base 14

ﬁﬂ&@
-oil. Preferred base oils npri se base oil i'S commercia

avai | abPe "Pblderfbﬁmwwtmémam & and Vs,eﬁattmate@rlevedaamd viseosity 16
Pennzoi b Qs fof BhsypHO AR} sté'Qi\‘:‘:Sér%rlrste-Eeiﬁéjdblecf/D lf:ﬁv st on,

Texas, Motiva Enterprises 1 n Houston exas I ng, Texas

" 18 and Pet pis M}éalmm&%fmr(f’éﬂ)-rﬁfﬂl@s\( baseigs lnmdaﬂllotlmlbadamlﬂ her base

19 oil squs et o Y Llabl throughout
T 5o ue iptihokilel i Sl BER hiofh (T2%RE BAUE L e T Bl APk
- FORMULATI Onckalevthese mn'kﬂrqmbemlesllll. W ém:bIM astefirgddn lAPIPthl@ﬁdnt ive :
... formulatio ntjio r oVi nced oxi |on i nhi bition,
3 nitrat ?g)n ?5@66}4@{' %H%Fb&i‘f nl B SEeINRP #ﬁﬁ; SYRBAH M in acid formation
and reaimctchmapmsmtoﬂamupm myanmmmemi ig_bréaéﬂteﬂﬁh%blmnt'h@i # he additive
ri se, one .or nore dlspersants one

. ,f |
‘ mJ ﬂm g Y Toe ol B RaforroRab et 9 DBrverNAN RSS! ot e
hl nder @41 pb@i@’t‘éd Gﬂiﬁilll e cnb ¢V Bhse oﬁ.@m-'é?%dN@ﬁér@é%%nﬁiﬂmé’&né Brs invention

may conprise an addltlve formul ati on that provides the lubricating oil

-~ with abdut MPreef Gegupd. HoWutV and\ base stocks er Baseoilsaor e di spersants, about 1

Ww. % e about 8.5 wt. %of one or nore detergents, 33 about 0.2 wt. %to

~about 1.5.wt. % of one or nore wear inhibitors and about 26 of lubricating

oil. 2b7May_ 2006 1 0.2 wt. %to aBABLEXIwt 9% of one or nore hindered

phenol £8 descri bed herein. Saturates Sulfur and _ :
19 - Vnscosuy Index of Group |, Il and ill Base Stocks

Group _ - Saturates "~ Viscosity Index
(As determined by ASTM D 2007) {As determined by
: Sulfur . | ASTM D 4294, ASTM D 4297
: ) (As determined by ASTM D 2270) ! or ASTM D 3120)
t Less than 90 % saturates and/or Greater than | Greater than or equal fo

t0 0.03 % sulfur 80 and less than 120

i Greater than or equal to 90 % saturates and Greater than or equal to
: less than of equal to 0.03 % sulfur 80 and fess than 120

Tl | Greater than or equal to 90 % saturates and Greater than or equal fo 120
| less than or equal to 0.03% sulfur S

20
21 . Natural lubrtcatmg oils may include animal oils, vegetable oils
2 {eg., rapeseed oils, castor oils and lard oit), petroleum oils, minerat oils, and
23 oils derived from coal or shale.
| 24 Syhth’etic-oiis may include hydrocarbon oils and ha!o-substituted
25 - hydrocarbon oils such as po!ymenzed and mter—polymerszed olefins,
26 aikylbenzenes polyphenyls, alkylated dlphenyl ethers, alkylated dlphenyl

-7_




- fornmul atlon Q
~the ar t 4t o hydrexvigrowgns haye baeg

~16 with any diluent oil-typical
" may be & 1dicerhaxliq acids with agraety of algphefse Esteds amuras a)mtttetlb@dat oil may -

conpri sg aQ%#itin ﬂ&ﬁoggn%fdefr{ﬁ)mbgtoéo éonmg)ﬂ@g Eﬁg%ﬁpﬁi%%cﬂgggl 51 One

- enbodi nent

“about.

. %
~ gener al st?&'E'%FHF')"%“F%PH%Iqh?ﬁﬁynt@etlﬁ?d%wn@%@Ph’éﬁﬂ‘qwﬂ qSIRIS| ubri cati ng
oil _Qf 14 hi &f pHYsPRGIUSEORINIng acids, polymeric tetrahydrofurans, polyalphaolefins,

.2 The additive. fornulation of .this invention nmay also conpegbaycnber

additives 3 tradltlonally used in the Iubrlcatlng oi | |ndustry 4 Anot her
enbodi nent of a lubricating oil of this invention may conprise 5 an

-additive fornulation that provides the lubricating oil with about 1.25 wt.

%to 6 about 6 wt. % of one or nore dispersants, about 2 w. %to about 6
Ww. %of 7 one or nore detergents, about 0.3 wt. %to about 0.8 wt. % of
one or nmore 8 wear inhibitors and about 0.6 wt. %to about 2.5 wt % of one

or - morelhi sdifides] asSwalhebkl dagestiveecandiegrisandpsRoGIERABRGE, angBeke up one
enbodi nt  of tive fornulation of this invention. The additive

f or mul afi offifolke: %VEE‘@“‘F ﬂ"?’ﬁ@ﬂlgl Qjls alsg/ingluds allyiane axideRaiwnesddi t i ves

tradi ti ®nakdtyr fpé@ﬁﬂbr‘s rbobb@nielﬂ@éh&atetheéawere&'Whér@iﬂltﬁé fobmidst The additive
this invention @%‘f@q’bﬁrlse Iluent oil. It 1s 14 known in_
|

eplerificatian; etherifigationtste. i s cal | ed 15
“trimmgg” A‘hB&eﬁggﬁﬂléaaQQBf@Unﬁféﬁ&Wub% §E>E§e %.‘.}TSQQQ% fs §BY be trimed

y use |s di | uent oil

i nvent i on conpri sés one or
havi ng 8 hepglyaketaérs Bnﬂldybphcﬁi&hét@@t&ﬂm&&ubﬁ)as@ese%nﬁﬁﬂe@QG 27 (1) 28.

m\e/(raﬁlt i OE @9%8%8 sﬁ' ﬁ@i‘%ﬁ%ﬁ’@'@" Pg?ﬂﬂ'\a&g{ 5%%8'&3%“@"%0#%@? ﬁ§ent i on t hat

provi d&® tbaséulsrlcatlng oil with about- 0.2 wt. %to about 31 3wt. % of

R AP, ARG el e Rl SRS bl PO o s e

33 formJI ab@l?ﬂgtdiﬁlsli@iaﬁ\éldi@%nﬂmﬂlchté)éilsq%MBﬂs@éhotHéM‘seﬁﬂ%ﬁsstf 6 wt. %to

one_or nore hindered phenols having the

15  and the like. _ o _
16 . The base oil may be derived from urirefined, refined, rerefined oils, or |
i'i | mixtures thereof. Unrefined oils are obtained directly from a natural source or '
18  synthetic source (e.g., coal, shale, or tar sand bitdmeh)-without further
19 purification or treatment. Examples of unrefined oils include a shale oil
20 obtained directly from a retorting operation, a petroleum oil obtained directly
- 21 from.distillation, or an ester oil obtained directly from an esterification process,
"22 - each of which may then be used without further treatment. Refined oils are
23 similar to the unrefined oils: except that reﬁnéd oils have been treated in one
24 or more purification ét’eps to improve one or more properties. Suitable
25 '_ purifi ication tec‘:hhiques includé distillation, 'hydrocracki'ng, hydrotreating;
26 ' dewaxmg, solvent extract:on acid or base extraction, filtration, and
27 perco!atlon all of which are known to those skilled in the art. Rerefined oils
28  are obtained by treating used oils in processes simitar to those used to obtam
29 the refined oils. These rerefined oils are also known as reclaimed or
30 reprocessed oils and often are additionally processed by techniques for |
31  removal of spent additives and oil b'reakdown'products.
32 o Base oil derived from the hydroisomerization of Wax may-also be used,

.33 -elther alone orin combmatlon with the aforesaid natural and!or synthetic base
- . ) - 8 - . . -




. 4. corrprl se an additive.formulation that provides the |ubri QaMa@QOOﬂsI wi“t_h 5
3,5-di -t-butyl - 4- hydroxy phendl propi onate. The hindered phenol, '
3,5-di-t-butyl 6 4-hydroxy phenyl propionate may he available comrercially
from7 Ciba Specialty Chemcals at 540 Wiite Plains Road, -Tarrytown, NY
10591 as 8 | RGANOX L135(r) or Cronpton Corporation at 199 Benson Road, 9
M ddl ebury, CT 06749 as Naugard(r)PS-48. | RGANOX-L 135(r) and 10
Naugard(r)PS-48 are |iquid high nol ecul ar wei ght phenolic antioxidants of

11 f | 1 | f
or myl a diil Buab ¥R isofPaRId iRplctiuedb & d Ff?\%@d@ém% {iattah &Ar&\qr (goups T or

use in 12 lubricating oils. 13 L|q I'S eferted. 14
Lubri cati ngyBihetipvaxes er maduwres ﬁlaﬁfemecemdrmmmﬂen camt about 15 0.2

w. %tg nore tRhagy téu%an{ﬁgréTgbnt f'@ﬁ&%ﬂ%tﬂéﬂ[ %@%ﬁ%se about 17

_ propionate. Prefer red ubricati n BVeERt
0.6 wt. %tthisab@ntiomﬁanwprawenﬁ;fdbase olbas ybfmemmnmmeesyl propi onat e.

| 18 Addi i onal 0 t drox en ionate or 19
: addltloEaI Q?y“gg‘go%ﬂ% Fn?jaé%ggeg gi%’ﬁfsé ‘%Paﬁ?ﬂ ?O'QR%%‘%M&PE“T%§ Oreduce the
20 syne#bgi @boutﬁifwe% ofodt !eatseoae B6F @roup-1lh Ut Fhd mbawmwmé@mﬂly:mdwl onate and

sur pri <7ng it B aaCU o afanieastBig pECmpdl NBHe R otP Bl oo | “to 6.

23 24 B. DeirepgrferabBabduycaiet. %ﬂfﬁﬁ(ﬁztgwm‘!%ldfay@ggté,{éd,mbrl cating,oils may
not be overbased

be used hi s | ntio hese det ergents may or
det er ge%ts o Fflrlrelé a"?Wﬁﬁ‘fﬁﬁig(W Wietis yped h@&l‘h!ﬁ's @fefﬁﬂﬁgw over based

. -detergeotsm%rofmeaam@ung&ldﬂb%%ahﬁs% édiﬂe‘a ) R\éteifpBrelfBY COMPri se
sulfonzi al,j cyl at es .and 29 phenat es. I\/Eta sul fonates, salicylates and
- PEBEAG}

) phenat F’ 'SIW%WOﬂn@yc@mm@eﬁnmwntp&bmltmh respect to

sul fonqmescora deYARLESS R0 9, RSB fers to cal cium
.. magnesi um ?h um_ -nma nes/&%r| pot ggs\‘?uﬁ%&h&%ﬁ&dﬁ" Oﬂ-11 29  May. 2006 1

The del?r gent nquf@fm W ripating ailofithis m\lelnélom iayi comprisg Griouip difbaski s 2
i e e b Sl
. enbodi kent frem GhayronGoiporationgn Sah. Rﬁmomlealzfcrmant ion may -
16_ . Pennzoil Quaker State Company in Houston, Texas, Conoco in Houston,
17 Texas, Motiva Enterprises in Houston, Texas; ExxonMobil in lrving, Texas
| 18 and Petro Canada Lubricants in.Mississauga, Ontario Canada. Other base
- 19 oils useful in this invention may be commercially available throughout the
20 world from other base oil suppliers.

- 21 :
’ -2 L ADDITIVE FORMULATION
23 When incorporated in lubncatmg oit, the additive formulation of this -

24 invention provndes enhanced oxidation inhibition, nitration inhibition, total base
25 _‘retentlon reduction in acid fonnatlon and reductlon percent stcosﬁy increase
© 26 of iubncatlng oil. ,
27 ~ One embodiment of the additive formulation of this lnventqon may
28 compnse one or more dispersants, one or more detergents one or more wear
.29 inhibitors and one or more hmdered phenols described herein.
30 The lubricating oit Qf this invention may comprise an additive formulation
31 - that provides the lubricating oil with about 1.wt. % to about 8 wt. % of cheor
'32 . more dispersants, about 1 wt. % to about 8.5 wt. % of one or more 'detergents

- .33 about 0 2 wt. % to about 1.5 wt % of one or more wear inhibitors and about
. - 9 -




7- conprise one or nore .ni.trogen containing ashless disper sammwfzomehe type
8 general ly represent ed by succi nim des (e.q., polyisobutylene stccihic 9
*aci d/ anhydri de (Pl BSA) - poI yam ne having a Pl BSA nmol-ecul ar wei ght of about
10 700 to 2500). The dispersants nay or may not be borated or non-borated.
11 The di spersant may be incorporated into the lubricating oil of this
invention in 12 an anmount of about 1 wt. %to about 8 wt. % nore
preferably in the amount 13 ofabout 1.5wt.% oabout 6wt.% 14 Preferred

di sper saint sO.2evt. %o aboutdant ryoafmmse KiRger@ll pheh6ls 3RBLAR helei nd' spersants
o000

havi ng Iec Iar of about 1000 to about 16 5000.
Di sper s%t gﬁ‘g‘?ﬁ‘%@f‘%& cﬂ\@?g é‘%&a’ﬁéy alspgpmpsise othes additivds about 17
1000 tohbdmmtﬁzmaﬂy@rea uﬁﬂ@uwﬁ;ﬁgbﬂ%dﬂsﬁfersant& 18 A preferred

_ d| spers%t of t i s invention nmaybe one or  nore 19 succinimdes. The term

_ "succi nitmi de" i $MQHpE eERedIMeNnt of Adubyiceting oil ptihisiaventiop maycemptise ani de,
inide, etc. arﬁ@ﬁﬁtlveSoﬁrﬂs?étloﬁrtﬁaﬂir&ﬁdé%%‘fﬁorﬁ&m‘rig‘&lrwﬁﬁﬁirﬁé@g S wf oty SUci Nl ©

‘anhydrlde wi.th an amne and IS SO use erel
product 0 hhouts wt |éogmpwmmwSmntwwmzmmﬂohbmm%af|y accept ed

.23 as’ nganldﬁﬁdr%rgﬁgg t@f b@utr(fg%"% ?gi)ﬂ?trb k*f érﬂ/f)n%?’ %lok l-substl tuted

24 SUCCInIC acid.or an
succi ni §i déveasinkibitpss afn cm@@wm%wmwuz Srvetf % efron@sorancrediigdered | known i n

the artyg C@fh@ﬁbl@d@@c@%ﬁ%’r@ﬂt es ‘%%iq?%gp uccj ni mgggs ndﬂ{\gf!lt?f;[fﬁdsmfog_[l al s

enconpasse termofr art
" Nos. 2 1992 tﬁ@@ddl&mﬁnméﬂon o2BisAn@dlioaIThe add]% fdmdulaforl&QhR73; 3, 172, 892;

3612, 15, nhehdd dRnbntoiod oBeS pudiiSssisdionalisvastin i ubboaiss, 700

5, 319, 030;.ofljridiadtrg21; 31. 5, 356,552; 5,716,912, the disclosures of which:
32 reference -12 29 May 2006 This invention

‘.are her.eby inco or .ed
may cor]rgr'i se on 3‘#%@5’0‘&'@"9“ ofithis dnvepfipr magpmpase dilgens oil. dtlﬁono or
_bi s-suagi nkadbwkein tﬁéh& th @M@Bfldé?ﬁoWa@d?Né’foﬁﬁulQﬂddé@HdCtﬁfs'@&%l i nvol ving
€en

- one or gmret .succini mde di spersants that have or have not -post-
treated® D RENRYitheaddiive foppulation i prefesied entadimentraaabe tinmiadphosphat es

(e.qg., 18i nmtﬁlaaykiisrdentéilwakﬁ asRAtSe mé . li},’jae@.lan% 5?%%“ rbamates, netal

xant hat-es - qr trlcresy phosphat es may ibitors may be
present?i nGroup | armbave 06fAla§fﬂ§ted@mwmfdmb0|lmy\mbmp%;e aboet preferably in

the am?smt 490 wt. %.

19
20 A Hindefed Phenol Antioxidant
: 21 - One embod:ment of this mventlon comprises one or more hindered

22 phenols havmg the general formula:

R ' - 0 o
u N N
25 - HOCHz_ CH;——C 0 R
2% o o
27 N | - : : | | Ay

.28 wherein Ris a C; — Co alkyl group.
- 29 3 The lubricating oil of this invention may comprise the additive formulation
'73_0 - of this invention that provides the lubricating oil with about 0.2 wt. % to aboet |
31 3wt % of one or more hindered pheno!s having the general structural formuta
32 in (1. Preferred lubricating oits of this invention may comprtse an additive

33 fonnuiatton that provides the lubricating o with about 0. 6 wt. % fo about
e . 10 _ .




to abous 18 %4 mﬂyiai-ﬁyﬂi'ox@ﬁéﬂ'dl P&);ﬂﬁnaﬁe"qh%' Hﬁ(der&ﬁ EH&ﬁI'ﬁ‘G—dﬁ‘gﬁ dhyl

: an anot

about 0.3 wt. %to about.0.80 wt. % nost preferably in t heoanmuztosof about
0.35 Wwt. %to about 0.75 wt. % of the Iubrlcatlng oi I A preferred wear

i nhi bitor is zinc dithiophosphate. Ot her wear inhi'bitors that may be’

i ncl uded are zinc dial kyldithi ophosphate and/or zinc. diaryldithiophosphate
(ZnDTP). The wear inhibitor may be incorporated into the lubricating oil
of this invention in an ambunt of about 0.2 wt. %to 1.5 wt. % nore

‘preferably in the amount of -about 0.3 wt. %to. about 0.8 wt. % of the

| ubri catli n@-@i. % T eae ov alare bindated phizhuld haeingtid gerralietructafal hydr ocar bon
oi | tha ‘F’H@%gﬂl n preparing zinc dithi ophosphate. Preferred "ranges of
phosphorus finished lubricating oil are about 0.01 wt. % to about
,0.11 "@#t. % metmrehmatnhent@bmtlu&&ang\fou o HliLinddftieh HaP’ WM. % The

al kyl group in. R ﬁ-g ]dlthl ophosphate may be, for exanple, a
strai ghfl OPBP&ﬁ%ﬁB&'dH i 9'9“‘* londhatargvides therlvbrigaling pityithgr oup of about 2

propyl, _iso-propyl, butyl, penty hexyl, heptyl, decy odecyl ,
and ocPad dmwe&wwpawﬁtegnen e grailatie mmmemlellyn‘mnar yl di t hi ophosphat e
s, foryg e%@éﬂeuﬁt@@ﬁ@%f@&rﬁ‘mﬁw d'Blafts I@oelﬁ/ lra ARQYLag2 -t 0. about

18 carbon atons, such group, nonyl pheny {Q group, Sand

" dodecyl §heFﬁGAN§%ub‘35® QBCE!IUNQSI Cmesatlomauwg Beﬁeeﬁmouaol TI VE COVPONENTS 3

"~ The fol OWW(?d i the 4 conponents
- that ma%/ b avor b?}‘%gr?rg%ge Pgrﬁﬁﬁgﬁver{ﬁ@%% ?%?3’9 exanpl es of -
~addi ti¥es Hevgad@RSidad areliquid h@hm!eculdmwelgmmmbm%nﬁvxtdahhﬁof are not 6

3 de d I d
ot - rogni v L 0 sbovel el A BB LS 15,00 ol PSR e B T oauced

vi scosil?y lubdcatirgpoilst operties of thi s invention, 11 but enbodi nents of

~this inyention ma nc he  use dditional 12 antioxidants. For
 exanpl gy one en’ﬂg'é'fjrpé'?f{ ‘fpﬁ?n%'ﬁl?ﬂ? on may conprise 13 one or nore
- hi nder g4l phen0|lSJb?fcafrh‘g?oiBGIETsﬁhvérmbﬁHa%d&ﬁopr%@%é’él@r@{an%bﬁ 14 nol ybdenum

oXi dati hghl b;,tors such as that ol)escrl be Patent 4,263,152 in
t reto mare hep gbodt Zwhy% 3d:dirt-hutyl drhyskeyrrhenyt

16  propionate. Preferred lubricating oils of this invention comprise about
17 0.6 wt. % to about 2.5 wt. % 3,5-di-t-butyl 4-hydroxy phenyl propionate.

18 - Additional amounts of 3,5-di--butyl 4'-hydrox'y phenyl propionate or

19 _ additional types of hindered phenols or other antioxidants may reduce the
- ;,20 . synergistic effect of the 3 ,5-di-t-butyl 4-hydroxy phenyi propionate and the base
.21 oil of Group i, .and IV that may be responsd)le for the surprlsmg antlox1dant
22 ,.propertles presented heretn in Examples 1 to 6 '

23
24 B. Detergent _
R Any'detergents_ commonly used in lubricating'oils may be used in this

26 invention. These detergents-fna_y or may not be overbased -det.ergents-or they
27 may be {ow, neutral, medium, or high oVerbased detergent_e. For eﬁ(ample,
28 detergents of this invention may comprise sulfonates, salicylates and
29 phenates. Metal sulfonates, sa%icylatee and phenates -are preferred. When the o
-‘ 30 term metal is used with respect to sulfonates, salicylates and phenates hereln, |
31 itrefers to calcium, magnesnum fithium, magnesium, potassmm and barium.

11




. 16..nore. than. 0.5 w.. %..1n some enmbodinents of this.inventizmMapooos

mol ybdenum 17 oxi dation i nhibitor was added. 18 The descri ption of the

- ol ybdenum oxi dation inhitbitor in 19 U S. Patent 4;263,152 is incorporated

herein by reference. A nethod for 20 preparing the nol ybdenum oxi dation
I nhibitor described in 21 U S. Patent 4,263,152 that may be used in one
enbodi nent of this invention 22 is to prepare a solution of the acidic
mol ybdenum precursor and a polar 23 pronoter with a basic ;

ni troger- cont ai nTiegdetergantimely betiticopporatddriatatthel ibvieating oilst this| uent may be

Tyt cal 2ai ORATER b ABHRLLisPalt TOWIhiSabaaf €S e holiR B TR ni ng 26

onl y. canbombant2 Wt d%agaboutld wilesi red, ammoni um hydroxi de may al so be 27

added t% the reaction mixture to provide a solution of ammoni um nol ybdat e.

28 This%eaction may be carried out at a tenperature fromthe nelting point

of -the 529 @0 Xt wigphdreantef | ux tenperature. It is ordinarily carried out at

-atmospheric 30 pressure although higher or |ower pressures nay be used if

desired® This Aapreteget eamodimant pEthedybrisating ebafdhis ivention mayf ur source at a
sui t abl f r , react with
She. aci i o CBRRKEE o offibrd FERSIPEHSInIGashidSs BithbtanE B iiFn b8

rogen cohpoun eérred sul fur

- sour ces 8ar @eparally repraseitersy succindmitizsNeg,, polyisobutyleni stecinicohos phor us

™,

- 2, 2" -ethyl ene- bi s(4-

phenol

e o Peaspapnrisd 1eRARph SR BRI Y ad fiBeliiluefrf b afodty Y, ¢ Mo

- and poll9sul70Dde 2508 Tba dispersadis, maydr mby not saborktesitormoatieirated, sul fur 4

T ror gat e TRt 3ot B R AT BB it 1 e

Teacti ap mantameint 6f idudr Wto%oemEboat 8 W, %] mbRASefedabIYH fetdiowtl fur source.

7 Enbodjinments, of. this inventian y conprise, in addition to the 8 hindered
5de§i?P%&-€@?~e“Mﬁaw “ét:&?-oxi dants including but not limted 9 to

phenol 1#ype (phprabirsd diggédants 3t thidhiRinki&h SompisdoSorifore ashless

4,4 -met hyl ene-bi s(2,6-di tert-but Yl phenol
4, 4' - bil3( 2dBParsanisrhaving: 3n presagn mo

egylar weig)h’t (mw) of about 1000 to about

4, 4" - biy§ ( 25080 Yip&skits br Hely ' IB} having
Y p&‘s%rlgt& )r/ P Tfrsé/dt fg?ﬁlﬂﬁisycib%ﬁgennel (PIB) haying a mw of about

ol),

L4, 4 - bt yrtPae freabnus 680Grerersuchereferred dispersaateol ), 14

Ly

2,2' - i $Bbusyddinietesbl s term-"stionirtimide)) Feeurale)stoddrin the art to include many

2,2 g n% hyb?@l%*a%iﬁéﬁfﬁ% Bké' é;?éc‘fé’sﬁh%p g?fayallgoh%?f%& by the reaction of a

- 21 succinic énhydﬁde with an amine and is so used herein. The predominant
22 product, however, is succinimide and this term has been generally accepted
23 as m'eaniag the product of a .reactfon of an alkenylf or alkyl-substituted _
" 24 - succinic acid or anhydride with a polyamine. Alkenyl or alkyl succinimides are
25 | disclosed in numerous references and are well known in the art, ,Certain.'
2 fundamental types of succinifhid_es and related materials enoompassed by.the
27 term of art "suc;cinimide“ aré taught in U.S. Pat. Nos. 2,992,708, 3,018,250;
28 3,018,291; 3,024,237 3,100,673; 3,172,892; 3,219,666; 3,272,746;
29 3,361,673; 3,381,022; 3,912,764; 4,234,435: 4,61 2,132; 4,747 ,965;
30 5,112,507; 5,241,003; 5,266,186; 5,286,799; 5,319,030; 5,334,321;
31 | 5,356,552; 5,716,912, the disclosures of which are hereby incorporated by
32 :refgrenoé. ' | | : |

12




. 7i nhi bi tors ment 1'oned

18 2, .6-_.di -tert-butyl -4-nethyl phenol, 2,6-di-tert-butyl -4-ethwphzore ,
2, 4-di methyl -6-tert-butyl -phenol, 2,6-di-tert-I-dinethylamno-p-cresol, 20
2,6-di-tert-4-(N, N -di rret hyl ami nonet hyl phenol ), 213
4, 4' S

, 4" -thiob
2,2 -thiob
. bi s(3-net
b|s(3 5-di
i nhibitdrs
phenyl - ,al
27 types 0]
28 dit hBoc
1 One e
phenol s "ha
8 mheresn
- This e
phenyl
known as b
et hyl)-4-hy
hydroxyﬁyd
avai | abhe
Terrytown,

Benson 1Roa@mavntiel alsut 9.24@t. %6@4‘195

. anti oxi ann

i s(2-nethyl -6-tert-butyl phenol), 22
i s(4-met hyl -6-tent-butyl phenol ), 23 :
hyl - 4- hydr oxy-5-tert-butyl benzyl)-sul fide, and 24

-tert-butyl -4-hydroxybenzyl). Di phenyl am ne-type oxidation
25 iThis lumtlonmamcenpme dnerdrtreatetsucciainkiges tvedctdingdey | ani ne, 26

g&gm dgr!m'on | n "é'?‘@grﬁé$¥‘t}’%t"ﬁ€? agygﬁ%ﬁtﬁ"ggga%%ﬁﬁegf’ﬁ g.
29 I\/ay 2006

&0 0(1;l this invention conprises one or nore hindered 2
”5 :ﬂg ‘general formula: 3 O 41 5 HO-CHZ CHZ-CO R6 7 (2)
R is a C7 - C9 alkyl group 9.and no other antioxidant additive.

amtmdmmg ale oamdrem]dm;dlmidetﬂia}e(rshmmt tavdoolavdasothicen .

ona

enze nma@ lil'imﬂ!@s Gditas @\efal Bltﬁioﬁﬁos]ahgie&‘i‘é @Y |zanél&ai

a

droxK C7- C9 branched_ al esters; |-tert but yl -

débicR
iﬁ&&@ﬂ&p%ﬁ i B/e ﬁbra “{Xiaﬁh%@ﬁ&s%%ﬁ @O Et&eﬂ?mﬁ’ﬂ@d

NY I as |
gee prieforalsy dn ﬁmamourdtdﬁer

bibout’®s Wi, ‘f’ fo \Qﬁ QQWP % st Qﬁet%blgﬂndth% A ec?ot‘ Ql?ou.we

tlve orrru |on ot

tTadi t 1dnaD.3wk %mmutﬁﬂﬁmta% dn’ethekﬂxﬂlcamm ¢ihei r nane inplies,

el ual® “but - ar & oreBire MEpEREROF e Ao AR R Moo PR oo

estersjl4 2tha ma’ythe inclotied armncdmn@tmﬁbph@spﬁat@élyd!deﬂum conpl ex es

15
16
17
18
19
20
2
22
23
2
25
-
27
28
29
30

dtaryldlthtophosphate (ZnDTP). The wear inhibitor may be lnoorporated into
the lubricating oil of thlsrmve_ntlon in an amount of about 0.2 wt. % to

- 1.5 wt. %, more preferably in the amount of about 0.3 wt. % to about

08wt % 'Qf the Jubricating oil. These values may include a small amount of
hydrocarbon oil that was used in preparing zinc dithiophosphate. Preferred
ranges of p‘hespho.rus in the finished [ubricating cil are about 0.01 wt. % to

 about 0.11wi. %, more preferably about 0.02 wt. % to about 0.07 wt. %.

1

17
ar
her

22.

_ The alkyi group in the zine dialkyldithiopho'sphate may be, for example,

a straight or branched primary, secondary or tertiary alkyl-group of about
2 to about 18 carbon atoms. Examples of the' alkyl groups include ethyl, |
propyl, iso-propyi, butyl pentyl hexyl hepiyl, octyl decyl, dodecyl and
octadecyl. 7

The alkylaryl group of the zinc dlalkylaryldlthlophosphate is, for

atomns, such as butylphenyl group, nonylphenyl group, and dodecylphenyl

~ group.

_'{3-

“example, a phenyi group- having an alkyl group of about 2 to about 18 carbon

5

25

19

her
zinc

nt f twy% i nvention conprises 10 3,5-di-t-butyl 4-hydroxy
#PTt - butyl 4-hydroxyphenyl 11 propi onat e (aI S0

4 13

hate, ZOPP)cmeta) dshlaﬁ@he@atﬂsmet@wemtwmer cially - 14
oratron at 199 16

these




26 C.  Rust Inhlbltors (Anti-Rust Agents) 27 Applicable rugpMayidost ors

i ncl ude: 28 1.. Noni onic pol yoxyethyl ene surface active agents: 29
polyoxyethylene l'auryl ‘et her, pol yoxyethyl ene hi gher al cohol ether, 30

pol yoxyet hyl ene nonyl phenyl et her, pol yoxyet hyl ene octyl phenyl ether, -31
pol yoxyet hyl ene octyl stearyl ether, pol yoxyet hyl ene ol eyl ether, 32

pol yoxyet hyl ene sorbitol nonostearate, polyoxyethylene sorbito

nono-ol eate, 33 and pol yet hyl ene gl ycol nono-ol eate; and -16 29. May 2Q06 1

- 2. O het corrpounds stearic acid and other fatty acids, 2 dicarboxylic

aci ds, SO ne sahkts, netal salts of heavy 3
sul f oni i’bd @fﬁéﬁbﬁ@@epﬁu’%ﬁﬂ §ster of pol yhydr| c al C(ﬁh0| ang 4
phosphosi ¢ est eThe fdlofing/additive corfsBhehtd e ld?‘df'éh that may be
used include addition prgoduct S of al kyl pher?sﬁ 91\9 et(*ryl ene oxi de,

pol yoxy#t hFPERanetr {hatmaydhe fayatabhoemaloyed inthisdevensiopi These 11 ester. 12 13

- d | ud
- EI nsxé[grﬁ)??%!ﬁ %Iﬁg)gﬁggigﬂéssar(e?rcﬁﬂe?@iosﬂluétﬂ?tgﬂrré‘ﬂﬁ@nt?od Bt thg?é% nts€d inclu ?

(primary a secondar and aryl

“type), 8ul kendaddodmitst: di phenyl sulfide, 16 nethyl trichl orostearate,

chlorlnated napht hal ene, . fl uoroal kyl pol ysi | oxane, and 17 | ead naphthenate.

~ 18 19 F. Friction |Vbd|erI’S 20 Fatty al cohol, fatty acid, am ne, borated

est er, -&indAet hefAntiexidapts 21 22 G Multifunctional Additives 23 Sul furized

oL e AR AR A AT T PR RSB R P, 220

-~ di et hyl@t eoxidatitm, nmatma-anulrerdndmdwrsooemgolnea@as@ murdes ofdRis FVntion,

| be used. 27
sul-fur 11C0n51?t' il bt menl% o(r%‘lsj invention ﬁé\y(ir? Hide t the use of additional

12 antroxrdants For example, one embodiment of this invention may. comprise
_ 13 . oneor more hindered phenols of the general formula (1) and one or more
- 14 molybdenum oxidation inhibitors such as that described in U.S.
' 15 Patent 4,263,152 in an-amount no more than about 0.3 wt. % or in an amount
16 more than 0.5 wt. %. In some embodiments of this invention, no molybdenum E
17 “oxidation inhibitor was added. | | |
18 - The description of the moliybdenumoxidation inhibitor in
19 U.‘S.' Patent 4,263,152 is incorporated herein by reference. A methed for |
20 preparing the moledenum oxidation inhibitor described in
21 . US. Patent 4,263,152 that may be used in one embodiment of this mventron
' '_ 22 isto prepare a solutron of the acidic molybdenum precursor and a polar
- 23 ' promoter with a basic nrtrogen-contalmng compound with ‘or without diluent.
l,'_24 Diluent may be used, if necessary, to provide a suitable viscosity for easy
‘25 stirring. Typical dﬂuents are Iubncatmg oil. and [IC]U!d compounds containing
26 ‘only carbon and hydrogen; If desired, ammonium hydroxrde may a!so be
27 added to the reaction mixture to provrde a solution of ammonium molybdate
. 28 This reaction may be carried out at a temperature from the melting point of- the'
.29 mixture to reflux temperature ltis ordmanly carried out at atmospheric
: 30 pressure although higher or lower pressures may be used if desired. Thls
- 31 reactron mixture may be treated with a sulfur source ata smtable pressure
32 . and  temperature for the sulfur source to react with the acrdrc moiybdenum and

33 basrc nltrogen compounds Preferred sulfur sources are sulfur hydrogen
o -14 -




- -valves. The co ]
vi rtual by mpiof teoempletidropfreasticnrwitti the silferssiussee, the durability of the

+ oylinden head apducalend B BAORLBMG IRy o ifnd Raddirgingnd ot her

28 H. Viscosity Index |nprovers 29 ' Polynethacrylate typeszM%nﬂEB _

et hyl'ene- propyl ene copol'yners, 30 styrene-isoprene copol yners, hydrated
styrene-isoprene copol yners, 31 polyisobutylene, and di spersant type
viscosity.index inprovers may be used. 32 -17 29 May. 2006 1 2 1. Pour

Poi nt. Depressants 3 Pol ynethyl nethacrylate may be used. 4 5 J. Foam

I nhibitors 6 Al kyl nethacrylate polyners and di methyl silicone polynmers nmay
be used. 33 IV. LUBRI CATING O L FOR NATURAL GAS FUELED ENG NES There is a

di f.f er ence suffidbshdsphohiaidntdsufide, R@SQWhélmﬁsShidmcamjdml@fer@ﬂﬁ fuel ed
engi nes _and_englnes that are fueled b uid hydrocar‘lf:)‘{?rn fuels. The-

conbust Pon Cofto ﬁﬁkﬁhﬁﬂd rryeiAbleastsh mercap " freiuR g Gl kYl dNorgaRiE, resul ts.

ina saal 'suﬁiaeyahd%Wsﬂmaaeltﬁibec&&mésah@ﬁué&ee Mosbphétefrbd Balfri cul at es) .
In ali gw d hydrocarbon fuel ed dql ne, these inconbustibles provide a

smal | bdt epidesare sulfus, bydregen siffide phpsphorys pertasulfide, and NAFGASIG eat
| nterfage, shﬁ‘iﬂ%;g ?ﬁgﬁféglrags.t\ﬁgter ﬂiétggs@ rlfeHoVe&’fro PQ rédctibh ffkuReads and

nat ura I's often very conplete; with

properties of t rrcatin lon rate. There are no

‘I nconbust i Ihirelened plnerajlsdesmbed hierein, .soch aahoxﬂarlts)mcludlr@m&t)et limitesl ve/ seat

interface in ur en ural gas fuel ed engines bum

fuel that &P ﬁﬁq@bﬂ{?aéﬂg?@éﬁé'dég%ﬂgibﬂgﬁ Iﬁ\% in the gaseous phase.

This hgg am@ﬁﬁmwéﬁ@bzs@i JBafiterebutytphendsl), MMG@MUWW&% because _

there- |s ['Pgﬁ? n(}jee‘(j:‘lved | ubri cant for the valves like liquid droplets or :
1

soot : yigterbigylpenall ¢ sol el y dependent on the lubricant ash

| “fo prqw dgjlgﬂ{y[érﬁ’.ﬂﬁlspﬁh\éﬂﬁ/ﬂﬁit&@bh@*ph\éﬁbwe face and its mating seat. Too
Clittle ash or

can accel erate val ve and seat wear, while

too mudA adft™ bﬁwdﬁfé%ﬁlsﬂig"mﬂ'@%ﬁ“ﬂ%phﬁ@ohnd subsequent val ve torching.
Too.mugh aghy: q&g)m&}hggné_g ggj,_@@{_guqﬁbhgﬁbﬁrom combustion chanber deposits.

Consequently, as ‘engi ne ders frequently specify a narrow ash range

- that tﬁéy Rs2-enethylene- ss(4-methyl-6-nonylphenoi)

16. 2,2isobutylidene-bis(4,6-dimethyiphenol),
17 | 2,2'-methy1ene—bié(4~methyl-6.-cyclohexylphenol'),
18 2,6-di:tert-butyl-4-methylphenol, 2,6-di-ted-butyi—ti—ethylphenoI,
19 2‘,4_;dimethyl-B-tert—butyI-phenol, 2,6-di-tert-I-dimethylamino-p-cresol,
20 2,6-di-tert-4-(N,N"-dimethylaminomethyiphenol),
o 21 44'—thiobis(2-methyi- -tert-butyiphenel)
2 2 2'-th|obls(4-methyl-6-tert-butylphenol)
23 bis(3-methyl4-hydroxy-5-tert-butylbenzyl)-sulfide, and
- 24 bis(3, 5-dl-tert-butyl—4—hydroxybenzyl) Dlphenylamme-type oxidation mhlbltors '
25  include, but are not limited to, alkylated diphenylamine, _
26 .phenyl- alpha, -naphthylamme and alkylated- alpha. -naphthylamme Other _
27 types of oxidation mhtb:tors include metal dithiocarbamate (e.q., zinc
28  dithiocarbamate), and methylenebis (dibutyldithiocarbamate).
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| earned provides the optimum perfornmance. Since nost gas i 9glMay2¢vesul fur,
excess ash is generally not needed to addr ess alkalinity requirenents, and
-18 29. May. 2DQQ. 1 ash:l'evel s are largely optim zed around the needs of the
val ves. There may 2 be exceptions to this in cases where sour gas or
landfill gas is used. 3 Natural gas fueled engine.lubricating oils are
classified according to 4 their ash content. The lubricant ash acts as a
solid lubricant to protect the 5 valve/seat interface in place of
natural iy occur OneGneixdtatsht dh & inveAtion Bompfisdilshestandiehiideréd@d engi ne. The
oi I" industry has accepted QU|deI|nes that 7 classify natural gas fuel ed
‘engi ne BubP Eﬁ?ﬁﬁﬁvﬁgﬁm%@@UFﬂlﬂﬁ“QB their ash level. 8 The classifications
of natugal gas fuel ed engine lubricating oi b according to 9 their ash
~levels are presentedxin Table 2. 10 11 TABKE 2 12 C assifications of
‘Lubricafting Gls for atural Gas Fuel ed fngines According To Ash Level s
- Ash Deskgnati on 1y Ash-dipvel WeH, % geternpned iy ASTM D874)
-Ashl essO < Ash < 0. 15 AshO 15 <Ash <0.6 Medium Ash0.6 < Ash < 1.0 High
"AshAsh 6 1.0 15 The ‘sh | evel of lubricating oil is often determned by its
- formul ation- 16 conponents. Metal-containing detergents (e.g.,. rium -
calciu and 29 chanber and upper piston area. 17 netallic-contarning wear:
inhibit&rsuwenﬂmthEECieC%hEyagbubevel of | ubricating. 18'oils For correct

- Toout e Sbnpl p8 Yt Bhapadind Sk Bt ABERES el iR e 9@8?12x3'n{)| ash
| 20, mnad ac 85 gibutl 2nfolypieng) mopionblech SidbaLULDA gl sgihagt arnd e

upri c | n (0] e
donosi 1L T Replongteaiss i SbSTenEATRAROB Stk S b8 CLTRBRIYE: o

|  Manuf agj ur @ﬂﬁvl)ﬂf hfdrﬁi(yﬂ &—@Qﬁl’dﬁ%ﬁe@%ﬂ@ﬂest&% bﬁﬂ.ﬁld'-QerﬂBhtyMJ gas engi ne
‘.Iubrlcatlnﬂyollsto Low, Medi um or | evel's, refer to Table 2,

t-o pro¥d de W@Wf@%’%ﬂaﬂwaﬁ'éecb'p!?é\'i@f"(‘r’i\?%(ﬂ"@éﬁﬁpﬁé’@g‘m%fg'aﬁiﬁd durability of
the. Cyh#”dﬁﬁalﬁ%@f ﬂﬂ%xﬂ@hﬁ@&?lﬁﬁé}hl&lé&%@%hi’i@ﬂéﬁﬂs‘h@aﬁd lubricating oil -

- with-too | ow an-ash |evel w result in shortened life for the
: 15  Terytown, NY 10591 as IRGANOX L135® or Crompton Corporatlon at 199
16 BensonRoad, Middlebury, CT 06749 as- Naugard®P8-48 and no other

17 antioxidant.

18 :
19 B.  Wear Inhibitors
20 in addition to the wear inhibitors mentioned in the additive formulation

- 21 . section, other traditional wear inhibitors rhay be used. As their name implies,
22 -these. agents reduce wear-of moving metallic parts. Examples of such agents
g : 23 - include, but are not fimited to, phosphates, phosphates carbamates, esters,
24 sulfur containing compounds, and mcl_ybder_.tum complexes. '

25 _
.~ 26 C. Rustinhibitors (Anfi-Rust Agents)
27 : Applicable rust inhibitors include:
28 1. ‘Nonionic polyoxyethylene surface active agents:-

.29 polyoxyethylene lauryl ether, polyoxyethyiene higher atcohol ether,
30 ‘polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl phenyl ether, |
31 polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
32 polpoyéthylené sdrbitol monoétearate, polyoxyethylene sorbitol mono-oleate,

' 33 -and polyethylene giycol mono-oleate; and
| - ' | -16-




27 valves or cylinder head. Running the engine wth Iubrlcagwmgzmmb havi ng
t90 28 high an ash level wili likely cause excessive deposits in the

combustion -19 29 Mav2006 The degree of nitration of the lubricating oi
may vary significantly depending on the engine .design and operating

condi tions. Lean bum engi nes produce | ess NOX than their stoichionetric

counterparts, so they tend to nitrate the oils |ess. Some operators may

richen the air/fuel mxture on natural gas fueled engines to increase

- power owt put ang, conggRHEsHbYUNdRE ERARE abid andbthérdhitpaciigyvel s. Lubricating
oils with %ood nitration resistance are required in nmpst natural gas

engi ne fnsTQaMREYInCIHR Mmglaksaars. ﬁaﬁﬁﬁp@eﬁm'ﬁﬁ sgits. mefal splts pfdgavyt o | ubri cate
a numbes okygsHit 868, ﬁd?ﬁél%fﬁ&yﬁé@é:&@b%??b&hﬁﬂﬂdl&ﬂﬁiw model s. This

~invention will be further illustrated by the foll owi ng exanpl es that set
forth, phrt PBesrhorig eglesf erred embodi ments. While the exanples are provided
~to |Ilystrate this invention, they are not intended to limt it. EXAMPLES

- The Exanpl es -describe experiments performed using Sanples A through I.
Mul tiple experiments were performed in each exanple using a variety
detergents such as but not Iimted to sulfonate, phenate and salicyl ate.
det ergents; succinim de dispersants; and zinc dithi ophosphate wear

i nhi bi t®rsD. ThBemwdsifierss are expl ai ned using the terns detergent,

di spersant and n because n i fi.cant d|f nce was found
Shen thdee comptRBHiseR Akl neIfRd 35T S0 PEANS B AIGHRRRTL o
about @0 91land ettiiicheTdlie, polukysthyldndsidyiastiyerpand polyoxyephass sorbitdrout 3.3 wt .
56 di sigrsantﬁ‘h about 3.4 wt. % detergent, about 0.38 w. % wear inhibitor,

| ‘

.+ 5 ppm fbanf?fhi bitor and Group Il base oil. Sanple A was prepared by
~.conmbi ni;g the conponents at 140 degrees Farenheit (approximtely 60 degrees
.. Cel si us vmth a itation until all co onents were m xed. Sanple B was
~ prepar Pmg PagseMre \ganta(EPAgeMs)i - t - butyl  4- hydr oxy phenyl
- propi opat e, ab rgent, about
- 0,38 wtm %\A/ea?Hlbr?%eﬁ}S\tltgat M&Pbg%@égﬂﬂdgﬁé‘i ﬁ?{ﬂgﬁwg’r‘\t% hd%ﬂ%% base oil.

. Sanpl elB \Aﬂmnﬁﬁfépuwbée@qu@mdﬁw and anktypeisulisived cils, dtpb@nﬂgulﬁﬁ? 2006.

16 methyl tnchlorostearate chlorznated naphthatene, fluoroalkylpolysiloxane, and
17 lead naphthenate.

18 :
19 F. | Friction Modlf' iers.
20 Fatty alcohol fatty acid, amine, borated ester, and other esters.
21 o
22 G, . Multifunctional Additives | ‘
'_ 23 Sulfurized oxymolybdenum dithiocarbéh*nate_, sulfurized

24 oxymolybdenum orga-no phosbhorodithioate, oxymolybdenum monoglyceride,
25 o‘xymoiybdenum 'diethyla‘te amide, amine—molybdenum complex compdund, .
26" ahd su!furmntafning' mdlybc‘ienum complex compound may be tjsed.
7 | | |
- 28 H.  Viscosity Index Improvers. .
o290 " Polymethacryiate.type polymers, ethylene-propylene copolymers,
30 ' '_styrene-isoprehe copolymers, hydrated styrene-isoprene copolymers, |
31 polyisobutylene, and dispersant type viscosity index improvers may be used. |
32 '
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1 140 degrees F (approximtely 60 degrees C) with agitati ooy do0sl| 2
conponents were m Xxed.” '3 Sanpl'e C was prepar ‘ed by “conbi ni ng about 1:25 wt.
% 3;5-di-t-butyl 4 4-hydroxy phenyl propionate, ,about 3 wt. % dispersant,
about 5 3.4 wt. %detergent, about 0.38 wt. % wear ‘i nhibitor, 5 ppm f oam
inhibitor and 6 Goup 11 base oil. Sanple C was prepared by conbining the
conponents at 7 140 degrees F (approximately 60 degrees C) with agitation
until all- 8 conponents were mxed. 9 Sanple D was prepared by conbini ng
about 1425 wt. % 3,5-di-t-butyl TO 4-hydroxy phenyl propionate, about 3
W %dlspersant about 11 3.4 wt. % detergent, about 0.38 w. % wear

i nhibitdr, 15 ppﬂpﬂbaniﬂtrﬂﬁmésﬁntand 12 G oup | base oil. Sanple D was

‘prepared by conpj.qi 140 degrees F (approxinately 60
degr eeSQC) wtnpg'gﬁéqﬂ ﬁf}eﬂﬁ Hgﬁqﬁ‘%"?b@f%&omonents were mxed. 15 Sanple E
was a f#ni shed oi | product,, Mbil Pegasus 805, which is .16 commercially

. avail abl.e f X0 Corporation in Fairfax, Virgi nia. 17 Sanmpl e F was
- prepar ed b u5| Eé '&r_]%ﬁ%l , commercially available 18 from Chevron

O oni t egConpany Akl rhibthatgtate polyaters e dichdlliyl bliconepslymerdfayibeed with G oup
| base il under typical blending conditions of about 20 140 degrees F with
agitatidn W86 ali conponents-are thoroughly mixed. As 21 explained in
U S: Pag. No. 5,726,133 lubricating oil nmade by conbining OLOA 22 1255 is
one of the nost widely sold gas engine oil additive fornulations and . 23
represeﬂts therefore, a "benchmark standard" agai nst which other 24

for mul gpi opg, USEﬁBhI@ﬁTfN@UiEF@ﬁ RATYRAIE GRPFUEEED ERGHIED| € G vas

- prepared by using 5, commercially available .26 from Chevron
Y Oroni tdt OOrrpanyThereumsiuffmencpeaémlubneatm regaigements for natwaboas th Group ||

base oijh éd %%cﬁh 5 nobé&ggéé&@.?g agl IﬁLadWﬁa]ﬂ?%bﬂJéQ. #ryrees F

._(apprOX| mat rees unt cofponents were
"t hor oudhl yoambestionaﬁ ligaidyHydrdgavizm faelsmnhla8|dm5|eyﬁmllait¢rat@|salt3 Wi cating oil

oot 0k ot S B 1 A0 PR Rl 25120
~J was [is ephy&dc&&aonwmembngnehbesmimpmnbnsﬂblee‘ piﬁaﬂplaasné}all bebariéigal t hat
inst eaqs of d%gree o"l’li)u!'.)raca{J fon t% tﬁe ekhausgBalveI]segt(ll%rf ace, thereby ensuring the
17 ‘durability of both cylmder heads and valves. The combustion of natural gas . |
18 fuel is often very complete; with virtually no incombustible materials.
19 Therefore, the durability of the cylinder head and valve is controlied by-the
20 ash content and other properties of the lubricating oil and its consumption
- 21  rate. There are no incombustible materials to-aid in lubrication to the exhaust
" 22 - valve/seat interface in a natural gas fueled-engine. Natural gas fueled engines
23 _burmn fuel that is introduced to the combustion chamber in the gaseous phase. .
24 This has a signifi cant affect on the intake and exhaust valves because there is
25 - no fuel-derived !ubncant for the valves: like liquid droplets or soot:
26 . Consequentiy, gas engines are solely dependent on the lubricant ash to
27 provide lubricant between the hot valve face andits matlng seat. Too little ash
28 Qr.the wrong type can accelerate valve and seat wear, while too much ash
. 29 may lead to valve guttering and subsequent vaive torching. Too much ash can
30 also lead to detonation from combustion chamber deposits. Consegquently,
31 gas engine builders freqdently Specify a narrow ash range that they have
32  leamed provudes the optimum performance. Since most gas is low in suifur,

.33 excess ash is generally not needed {o address aikahmty requurements and
o -18 - -




| v and t hé

- Goup,. III base oil. Sanmpl e K.was prepared by conbining the 200POPEE S . of
Sanpl'e A except that instead of a Goup [T base oil, Sanple K conprises a
G oup |V base oil. EXAMPLE | Oxidation = Resistance: Bench Test The

Oxi dat i on- Resi st ance Bench Test shows the capacity of lubricating oil to
resi st oxidation. This is one nethod that is used to analyze the
performance of an oil to inhibit the incorporation of oxygen into oil. The

results of this test are the nunber of hours it takes for sanples to

oxi di ze 1anGshadaet fredagely dftimiedd SOUBE the MdRisl ARIEVakre ThifEmby .t akes for a
sanple to &; dize, the npre resistant the sanple is.to oxidation. All

measur efen e&‘F@W‘E}?&P@@B ipgaseswdere sow gasrlandfllgasisused. so that | arge
resul tsgor val Uﬁ%tdrﬁﬁ@ﬁﬁ@kd@n?%%bﬁ&?ﬁ# 6|!é)£re%é§ H% rgzﬁ)ance rouer

" nunbers represent shorter oil ere ere e oil and all
" resul t s4ar dheieady eardentsThe fubricant aﬁhuar;ﬁsa%asﬂw |9bmﬂrl§tctblm£<ﬁthﬂ ded by Sanple

F o times F%lv@)&%ﬁ?ﬂnﬁeﬁdc& n?P‘acQ%?thuPzﬁ@ﬁc}:&&ﬁH# texﬁz;us%pgﬁlc[elts%g sanpl e woul d

~have a 3 % I ncreased perfofnance over e reference’sanple npl e F was
the refer bydrecarhopifucled engine. The all indlustepbas acteptediguidedings tﬁlate

Resul t 5 ar Sopr DAl DR b Bhdine B Aol it PEffil G 55 el "2l e

and C sBowTbalckassifidatinnsdd niabnal gosi fatlad eagive dubricatimpodedording &pl es B and D

t hr oug measur enents were taken, the
perforn%nceh%&%%htlﬁ‘éélggﬁép?@sﬁn@ﬁépgﬁ@ﬁlze C exceeded that of conparative
Sanpl et0¢B, D, E, F, G and |I. The only Sanple that exhibited simlar _
: o'xi-d_at_'ii)n performance was Sanpl e Al t hough it i s unknown what exact type
exact amount of anti oxi dagﬁwhat are in Sample H it was
estimaged to have approXglaBéificitiend'bf LibdedtingOfafér When anal yzed by thin
~layer g¢hromat ogr apiasuratGRsFfled &Accé}rgmgﬁ evdfye 0.91 wt % and
1.25 w. foof anti oxdhdRBlgnations | T esSpegrtvelty. shiakdd AT ovepd TP €A as
approxi mately .54 %1 ess antioxidant 2 {han(ionbeterkined By 2816 DE74 ha$ about
37 % | ess{antjioxidant Ashiess Senple H 3 The hi ghdr<ashi<tets on resi st ance
.exhi bi tedlhy. Sanple AlswdsiRanple C maylbhe 4 dueli®<astsy®érqy of _
3,5-di -t-put vl 4. hudMeQMmRﬁh:nvl propiohate and GOSFAShI<IP hase ojl or a
syner g ﬁAEbw m:l af i nn conprising-3; Astvt 19 _but Vil 6.-44 hydr oxy

" phenyl iI‘br opi onate and G oup It base oil.
' 15 . The ash level of lubricating oil is often determined by its formulation

.16  components. Metal~contammg detergents (e.g., barium, calcium) and
- 17 metallic-containing wear inhibitors contribute to the ash level of lubricating.
- 18 oils. For correct engine operation, gas engine manufacturers define lubricating
. 19 oil ash requirements as part of the lubricating oil specifi cations For example,
20 manufacturers of 2-cycle engines often requ:re natural gas engine lubrlcatmg
- .'-21 orl to be Ashless to minimize the extent of harmfu! deposits that form on the
- 22 piston and combustion chamber ar_ea._Manufacturers of 4-cycle engines often
. 23 require natural gas engine fubricating oils to be Low, Medium er High Ash |
24 levels, refer to Table 2, to-provide the correct- balance of engine cleanliness
25 and durability of the cylinder head and valves. Running the engine with _
_ 26 lubricating oil with too low an ash level will likely resuit in shortened life for the
o 27 - valves or cylinder head. Running the engine with lubricating oil having too
28 hlgh an ash level will likely cause excessive deposits in the combustion
' '29 chamber and upper piston area

-19-




7. 8 %D|fferen_ce (Sanple (x) .- Sample (F)). /. Sanple (F). 291@@%096 10 11
12 13 14 15, 16 17 D|fference -These nunbers are the per cent age

di fference between Sanple:-F and the conparative Sanple. A 18 negative
nunber indi cates worse performance than Sanple F. 19 20 TABLE 3

Oxi dat i on- Resi stance Bench Test Results

Sanpl eSanpl eSanpl e, Sanpl eSanpl eSanpl eSanpl e, Sanpl eSanpl e ABcDEFGHL

Rati o' 1.98127214.1.270.971.001.59.2.041. 67 % Di fference982711427. .

- 305910%67 corrpahedegaeesﬁmmmoi? of thedtbiicaling ot niayniary Sighificartil at i ve rati os

conparegd t |l e Fs, performance in this test Nunbers larger than 1.00
perfornéi beﬁ?@‘?" %H“?%\%ﬁ”@“%gg ign ped eperading eopditions. L-eanbyBAWYingsan t he

referenge. p B@c@ﬂéﬂmoﬁfrﬁnﬁﬁéw&oﬁﬂlﬂﬁ%ﬁléB&uﬂén%ﬁﬂé dofepfiidapnance of the

sanple. EXAMPLE 2 21 The Oxidation-Nitration And 22 Viscosity |ncrease

" Resi st ahcenitiade thepilsessogomea oraraters may rishemihe ajifuelgaiduje ppdiatiyak _
-Resi stagice Qemabd ﬁ@ne% ﬁ&@ﬁé@béﬁé@&uﬁ%ﬁ%@ derf uk deC@fing all to

“resist oxi atlon

ration and 25 VISCOSIty I NCI eas Is test is an
addi ti ohal nttmonieyelﬁeLpbﬂpaheg wilswith Igeoeettmpn@esmﬂwme requusectaug they rel ate

to.the CtHﬂsﬁ_ﬁQﬁ:P’él F%Epin%l?ﬁééﬁl@lbﬁsgbg s@qﬁe u%zlcélﬂ%tm“ﬁgy ngﬁé&“ gas as a

fuel source. I on an tra Ion nmay al so be

conpar e¥ bfp Iubm:aterauntgnber@fengmesmcmdmmsteehenwtnam leah-buithe | ower 29 the

val ues ;orm%éegsat ion, nitration and viscosi t_y i ncrease at the end the test,

,the

10 - |
11 This invention will be further illustrated by the following examples that set
12 forth particularly preferred embodiments. While the examples are provided to
13- illustrate this invention, they aré not intended to limit it.

14 .
15 S . ~ EXAMPLES )
16 The Examples describe experiments performed using Samples A

17 through |, Multiple-experimients were performed in each example using a
18 variety detergents such as but not limited to sulfonate, phenate.and salicylate
-19 detergents; succinimide dispersants; and zinc dithiophosphate wear inhibitors.
20 The examples are explaine.d. using the terms detergent, dispersant and wear
- 21 .inh'ibitor beCause‘ no-signiﬁcent difference was found when these co_mp_or;ents‘
.22 - Wwere varied. | -
| "_2’3 . Samp!e A was prepared by combining about 0. 91 wt. % 3 5—dt—t-butyl
24 4—hydroxy phenyl proplonate about 3.3 wt. % dispersant, about 3.4 wt. %
25 detergent, about 0.38 wt. % wear inhibitor, 5 ppm foam inhibitor and Group }
26 ' base oil. Samp!e A was prepared by combining the oomponents at
- _ 27 140 degrees Farenheit (apprommately 60 degrees Celsws) with agltat(on untsl_-.
.28 all components were mixed. . -
o % Sample B-was prepared by combining about 0.91 wt. % 3 5-d|-t—~butyl
30 4-hydroxy phenyl propionate, about 3.3 wt. % dispersant, about
31 3.4 wt % detergent, about 0.38 wt. % wear inhibitor, 5 ppm foam inhibitor and
32 Greup' | 6as’e oil. Semp!e .B wae prepared by combining 'th.e components at

-20-




-indication 0

- 11 absorb | d I.d AN f | I ed :
absor bace R easte: (PRBRaflY of SfohePS Palutafin IGREN . o7 hea by 13

3 sof twarld t Rt Whép gptargrnds ghaub 0138wk o weaginhibiton 3:npm faag inhikiter 8ed pack

gl assware bath and subjected to calibrated levels of 2 nitrous oxide gas

.vari ation between- ATR and 'vertica

30 nore superior the product's performance. The Oxidati on- NotMaAt20m8 and
Viscosity 31 increase Resistance bench 'test was designed“to 'sinulate
Caterpillar 3500 32 seri:es engine conditions as related to actual field
performance of the 33 Caterpillar 3516 nobdel. Oxidation-Nitration and
Viscosity Increase Resistance 34 tests were perfornmed on Sanples A B, C
D, and F through 1. The sanples -23 29 May 2006 | were placed in a heated

over a 3peciqideghds PhpproimBRly 608ed@ss T)WRthSagitdlorPinanh . 3 sanple in
duplicate and the results are an average.of the two runs. The 4 sanples
were evadl ufoEwponShisyveieMixetkntial infra red spectroscopy before placing 5
them i nsthe healy WEre 7 ) ay |4 nes fakneach sanpl e.
6 The sanpl es .m%‘?g‘p?ge-éeval p@?g%li;btf%hngﬁéﬁgrgggﬁtt-gg?ﬁ'gkgﬁﬂi%eg&%e ,

di f f er edt i #-hydroyt plesyt propiobatee abbule3 whi% dispersanbabodt units at 5.8 and 6.1
M Ccronsg a Q ; ) : ) . o ' an

5o ot W Bl ST 4 w6 WA R bE E pth fody it RHEE B ™"

Di f f er eft i &rouplitmse ol. Saeapler® swasprepared byecsnbinngthewwompnents@tt that is

subt r acBi ngotripenérite wWeremixehectra fromthe . used oil spectra to ohserve:

changes. 14 that, haye_occurred dye to .Qxi dati on i trati fuel dilution,
Soot “acuml at | SAMPIEE WasPrabared i Aartang abodt 28t G BE GO | | et er
(MM cabl i4shyde®g: pHeRYEMBpionaR, aﬁoﬁm'wats?brs‘éﬂt, @pogBY be used after

determ ning its associated path 17 length, [f the instrupent does not have - |

cal cul abed dRupPBaY oil Safipie! Bl pMpBRL Py Sorfighing the edinBordedaeel | . The

measurenents 1s mnimal if

rest ri dBed 148 degeeesdr (eppraxiraatelr 6Qsdearaes b6y vwith@gitationuntitalli on. (- 1725 to 1630
cm1). 422 %ngﬁé'ﬂgwe%"}f%- measured .from peak nmaximnumat -1715 5 cm1l to

23 the spectr aséli'ne (rnunits of absorbance). 24 DIR Nitrati on was

. measur @8 fr om pSatpledx wasra firtishetibabproductniobll Fegasusf whichdsi ne (in units

- Of absgg baRg ehmerddiy NaiaB8 S FRERE Aot E5 RoRfoRRS Bhfx Airginia.

17 ~ Sample F was prepared by using OLOA 1255, commercially available |
18  from Chevron Oronite Company in Hou-eten, Texas. The OLOA 1255 was . ,
19 mixed with Group | base oil under typical blending conditions of about
20 | 140 degrees F with agitation until all corhponents are thoroughly mixed. As
- 21 explairied in U.S. Pat. -No.'. 5,72_6,133 lubricating oif made by combining OLOA
22 - 1256 s one of the most widely sold gas engine oil additive formulations and
- 23 ,.represerits, ﬂ1erefoi‘e,’a "benchmark standard“ against which ether
- 24 formulations useful 'és'engine‘Oiis' may be measured. |
25 Sa_mple G was prépared by using OLOA 1255, commercially ave'ilabl_e
26 frem Chevron Oronite Comean-y in Houston, Texas. }'he OLOA 1255 was
27  mixed with Group It base oil under typical blending conditions of about
28 140 degrees F (approximately 60 degrees C) with agitation until all
.29 'eomponents were thoroughly mixed. o

30 Sample H was a commercially available lubricating oil designated as
31 Chevron Oronite 1ab code RI0994. | | _
32 - Sample 1 was $S15633 commercially available from

33 - Chevron Oronite LLC, E
: S ' -21-
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Sample J was prepared by combining the components of Sample A

~.except that instead of a Group base oil, Sample J comprises a
Group Hi base oil. |

Sample K was prepared by combmmg the components of Sample A

. except that instead of a Group [l base oil, Samp[e K comprises a

Group IV base oil.

EXAMPLE 1
Oxidation — Resistance Bench Test
The Oxidation—Resistance Bench Test shows the capacity of

- lubricating oil to resist oxidation. This is one method that is used to analyze
~ the performance of an oil o inhibit the incorporation of oxygen into oil. The

results of this test are the number of hours it takes for samples fo oxidize and
absorb bne liter of oxygen. The longer the time it takes for a sample to oxidize,
the more resistant the sample is to oxidation. ,

All measurements are reported on a relative measurement basis so that

large results or values repfesent greater levels of ox1datton-resu_stance. Lower

. numbers i'ep'resent_shorter oil life. Sample F was the referenice off and all

results are reported as a ratio, which is the sample' time divided by Sample F
time. For example, if oil Vhas a test result of 1.03, this sample would have a
3 % increased performance over the reference sample. Sample F was the

: feference sample for the results reported in Table 3.

| The Omdation-Remstance bench tests were performed on Samples A
through (. Results are presented in Table 3. The results demonstrate that

- Sample A and C show enhanced oxidation resistance when' compare'd to

samples Band.D throughl. ,
Surpnsmgly, when oit hour measurements were taken, the perfonnance

of the Sample A and Sample C exceeded that of comparative Samples B, D, E,
- F, G, and L. The only Sample that exhibited similar oxidation performance was
- Sample H. Although it is unknown what exact type and the exact amount of

antioxidant(s) that are in Sample H, it was estimated to have approximately
2 wt. % antioxidant when analyied by thin layer chrometography, whereas,

_ -Sampie A and Sample C have 0.91wt. % and 1.25 wt. % of antloxxdant

-22..




xi dation (& er N tration) Number Reported (abs/ an) =peak 2mk ‘
" divided by path length in ca(" (feport in “whole nunbers) During’ the

- Oxi dation- Resi stance Bench Test, the viscosity increases of the sanples
were neasured at 100C by ASTM D 445. The viscosity increase is a
percentage that conpares the initial "fresh" kinematic viscosity with the
end of test "used" oil kinematic viscosity. The fornula to calculate for %
viscosity difference is: % Viscosity difference = (Sanple (x) ,,Qal -

Sanpl e (x) ek dctﬁawhﬁerém)e IsarfﬁﬂeAhb@%pmfhﬁatyle@ésairﬁmﬂ&aﬁ 8 microns

and Nitration levels: of 1 mcrons sed as peak hei ght conparisons.
Measur erfe nt'ga'é Samplad @Q@W@Q'@%W@M‘?ﬁ? @mtdaﬂﬁg‘laﬁ %G‘R'% | ar ge

results pr 'Mféhi@ﬁeﬁcﬁﬁa%ﬁ%sréﬂérﬁﬁtéhdu@& ng%ampI&A'éﬁatSé?ﬁblé'btrﬁ%‘) ben and

‘'viscosity increase resistance. Lower ers represent shorter oil life.
Sanpl e. m&@q}s@cﬁmfgarqfér%ﬁlémle}rhydm phieaylsepipnate apnd Greupribl es 4, 5 and |

6 were p | Pﬁgﬁ' hrsratro was .
“cal cul atsgdq{)ésgglllﬁgﬁxg%ggg{réeéﬁvgf§ﬁmég)\rtr¥p(%ten 9 %Qhﬁoea urenents taken
29 May Z006t-hydrexnphasybpropiopite dnd Grpupdiemeadl. t o sanpl e F. The second row
of each-table. .2 displays the percent difference between the reference
Sanpl e F and the 3 sanpl es being conpared to Sanple F. The |arger the -

~ percent &ge dif f & Bifterentelre(Sapaplc BgmSaenple (M))/ Saraplet(FEx 18@%pl es, the better
performyng the sanple in 5. respect to oxidation resistance. Sarrple F was
- the refgrence sanple for the 6 results reported in Table 4-6. The formul a
to cal q ate percentage difference of 7 the ratios conpared to Sanple F
~for Tables 4-6 is: 8 9 %differen garrple (x) - Sanple (F)/Sample (F) -
x 100 %10 11 12 13 14 15 16 Cﬂgﬂé_ |

12 Oxidation~Resistance Bench Test Results
Sample | Sample | Sample | Sample | Sample “Sample | Sample | Sample | Sample
— ‘ A B __C D . E F G | H 1
Ratio* 198 | 127 2.14. 1.27 | 097 1.00 | 1.59 204 1 167
1 % Difference | - 98 27 114 27 -3 0 59 | 104 67
compared fo . . ’
Sample F* - : ‘ ) )
13 “Ratio - These numbers are refative ratios compared to Sample F's performance in this test. Numbers larger than
14 . 100 perform better than Sample F and less than 1.00 perform worse than the reference. The higher the rafio
% g aumber, the higher the performance of tie sampe.
17 **% Difference — These numbers are the percentage difference between Sample: F and the comparative Sample A
18  negative nuriber indicates worse perfarmance than Sample F.
19 :
20 ' EXAMPLE 2
21 S ~ The Oxidation-Nitration And
22 o Viscosity increase Resistance Test
- 23 ¢ - The Oxidation-Nitration and Viscosity Increase Resistance bench test

- 24 demonstrates the capac_lty of lubricating ot to resist oxidation, nitration and |
25  viscosily increase. This test is-an a’dditional tool to help determine the
26 perforrnance of oils as they relate to the actuat service of lubricating engtnes
o 27 that use natural gas as a fuel source. The level of oxidation and nitration of oil,
28 may also be compared by monitoring the viscosity increase of the eil. The lower
’ 29 | the values _fo'r oxidation, nitration and visodsity increase at the end ,the test; the
.- 30 more superior the product's performance. The Oxidation-Nitration and Viscosity
-'31-_' Increase Resistance bench test was designed to simulate Catempillar 3500
32 sefies engine COnditions'as related to actuai fi etd performance of the
- 33 -Caterptllar 3516 model. O)Gdatton-Nrtratron and Viscosity Increase Resistance

- 34 tests were performed on Samples A,B,C,D,and F through {. The samp!es
L - 23 -
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TABLE 4 Oxidation Resistance Test Results Sanple Sanple Sarﬂﬁill\aasszmﬂ e
Sanpl e Sanpl e Sarrpl e ‘Sanpl e ABcDFGHL Rati o' 5.160.816. 380.631. 004. 102. 633. 56

- %16-19538-370310. 163216, Difference conpared to-Sanple F' "“Ratio-These

nunbers are relative ratios conpared to Sanple Fs performance in this test

" Nunmbers larger than 1.00 performbetter than Sanple F and | ess than 1.00

performworse than the reference. The higher the ratio nunber, the higher
t he performance of the sanple. Difference - These nunbers are the
per cent dge wiréiptaced irea heame@lasSww liatilf-aﬂdildulbjbaed Wib?ated feveizgil e. A

negatlvg nunber. i | cates wors erfo nce le F. 20, The results
pr esent &d qusrﬂi'eﬁﬁlsg rngg‘eA ﬁ S? HNERPLACB1 5 416 % and

'53;3 % i Gprgﬁﬁmhdumeﬁhdiﬂﬁiﬁésultsrm@éh@étag@df%ﬁ\kﬁﬂﬁ@ eer the 22 _
rererence oSa

| :
Resi st aﬁce s?gﬁe%%rﬁl‘%@’“g?ﬁ’ﬁlsé‘gﬂffﬁfﬁ@%ﬁﬁ‘ﬁl red spectroscopy before placing

26 27 28 30 TABLE 5 Nitration

them in the heated glassware bath to determine a base I|ne for each sample.
The samples were re-evaluated at the end of testing penod. The differential
between the base line data, absorbance units at 5.8 and 6.1 microns, and the
data taken at the end of test cycle prowdes an indication of the

=TSR NV

oxidation-nitration resistance of the samples.
10 Differential infra red spectroscopy measures‘the amount of light that is
11  absorbed by an oil sarﬁple and provides a unit of measure called an
12  absorbance unit. .DIR (Differential Infrared) spectra was determined by
13 subtr‘acting the fresh oil spectra from the used oil spectra to observe changes
14 - that have occurred due to oxidation, nitration, fuel dslutlon soot accumulatlon
- 15 andor contamlnation Typlcally a 0.1 millimeter (mm) cell s used, however
16 an ATR crystal setup may be used after determining its associated path
i? | length. if the instrument does not have software that determines path length,
18  the path length may be back caiculated by -measui‘ing oxidation with a
19" calibrated 0.1 mm cell. The variation between ATR and vertical cell
20 measurements is minimal if restricted to the narrow-area of oxidation and
- 21 nitration (~1725 to 1630 cm) |
22 DIR Oxidation was measured from- peak maximum at ~1715 £'5 _cm‘fto
23 the spectra baseline (in units of abserbance)
24 DIR Nitration was measured from peak maximum at ~1 630 +1 cm 'to
25 '. ,peak baseline (m units of absorbance)




Sanpl e Sarrpl e Sanpl e Sanpl e Sarrpl e ABCcDFCHI i 29 May 2006

Rati o' 3. 851.0687. 001. 751. 004. 2229 “001. 83 % 28568600' 750322280073

D fference conpared to Sanple P. 'Ratio - These nunbers are relative ratios
conpared to Sanple Fs performance in this test Nunbers larger than 1.00
performbetter than Sanple F and | ess than 1.00 performworse than the
reference. The higher the ratio nunber, the higher the performance of the
sanple. "% Difference -These nunbers are the percent age di fference between
Sanpl e  F and the conparative Sanple. A negative nunber |ndicates worse
peftnanﬁe than Sanple F. -26 29 May2006 2 The results in Table 5 indicate

‘the inpfoved performance of Sanpl eSGRAPHI g C over the reference sanpl e.

- The inpgovenent ranged from 4 2§afdrddPsgédlpa %0 over the reference sanple in

‘reference. The hiYher the ratio 10 . nunber, t

. and vi.scosity ircre

nitration resistance. 5 6 7 8 'Ratio - These nunbers are relative ratios
conpared to Sa Ig -'s performance in this tesi Nunbers larger than 9 1.00
perform better than Sanple F and | ess than 1. Ol'perforn1morse t han t he
Ie hlgher t he pertornmance of

: ggent age difference
i ve nhimber
lts ih Table 6
ver the reference

the sanple. 11 A% pifference - These nunbers &
bet ween Sanpl e H enfl the conparative Sanple.
i ndi cat es wor se jpgs
i ndi cate the ingegy

sanpl e. The i npr evﬂe reference
sampl e in viscodft¥j i orm
Nitration

superior to.the r‘ef
(008
0.04

002

2000 1900 1800 1700 ) 1600 . 1500
Wavenumbers {cm-1}

i Oxsdauon {&for Nstrat:on) Number Reported (abslcm) peak absorbance divided by path length ii in om? {repartin
whale numbers)

During the Oxidation-Resistance Bench Test, the viscosity increases of

O 0 oW &

. the samples were measured at 100°C by ASTM D 445. The viscosity increase

10 is a percentage that compares the initial “fresh” kifiematie viscosity with the end
11 of test “used” oil kinematic viscosity. The formula-to calculate for % viscosity
12 - difference is: |

13 _
| 14 - % Viscosity differenice = (Sample (X) st — Sample (x) ,_;,.d)('Sambte (x) w x100%
15 | :

16 " Oxidation levels of 5.8 microns and Nitration levels. of 6.1 microns were -

17 used as peak height compansons ,
18 .~ Measurements are reported on a relative measurement basis so that
19 large results or values represent greater levels of oxidation-nitration and
L 20 . v:scos;ty increase res:stance Lower numbers represent shorter oil life.
21 Sample Fwasusedas a reference ofl and the results in the Tables 4, 5.and
2 6 were reported as a ratlo in the f rst row of each table. Th;s ratio was .
23 caloulated by dividing measurements for Sample F by the measurements taken

- 2‘5’\'_'




20 better than all the sanples tested with respect to OX|da£MMhy20n6trat|on
and * 21 viscosity increase. These tests that quantify a lubricating oi

resi stance to 22 oxidation and nitration and the resultant viscosity
increase are used to 23 determni ne whether sanples are good candi dates. for
extending the life of 24 lubricating oil particularly those |ubricating
oils for use in natural gas fueled 25 engines. Absorbing oxygen and-

~ nitrogen and the resultant viscosity increase: 26 associated with absorbing

I()X3lgtgjen and uﬁing:ﬂﬁtg%ﬁmﬂee)eit@mmﬂaﬁ@iﬂ)éamplé Hb’:’h%@éddﬂg row of gad:h tggret Elxg\llil/::) EIrE l% 2
ubricating. ojls or use na e

N G 2 Alisplayp tnperait diferoesidedEba prpos e AEnddieh one ac & a1
| ubri cagt b&rggle@ﬂeﬁfg%dnh re@ﬁﬂ@alﬁﬁlblﬂ The Gitgerthe befbefbigetifferfifause the 32

.Cat er pi I 1l ar 00 series natural gas fuel ed engines are one of the nost

TABLE 64Vi betsen ammﬁgm the ofher samelesciie bﬁﬁemqr@r@mdheseaﬁﬁ & Sanple
Sanpl e §a”Pés‘§) BRIxRIafen F&sﬁ’s@ﬂi@éﬁn@%% ke reference sam

"Rati o' 3.140. 6623, 980. 751. 006. 0317. 644. 40 %14- 372298-2 05031664340

Di f f er efice resslip sansited in Tablpi4e. Mhedormida iggaladale peresotagsrdiferere@pfand one of
the nosy sQuELfo Q&%d life, they 2 were used as a

t ool totj(determﬁni&gt| n‘r“é F{pfes'gﬁ?é{‘%’@ﬁg‘%'lsr These tests were run 3 in
t he san® nodel of Caterpillar 3516 engi ne at the sane location to mnimze
4 the unt of vari Eaha(tg ;ﬁg’%g sting environnent.
“al li ?gDS as used hgfuglg%nl ﬁrﬁglfen tfﬁﬁg ng'glﬂ—?gﬁoi(%s for a lubricating

oil t019each

11 - TABLE 4
12 ' . Oxidation Resistance Test Results
' | Sampie | Sample | Sample | Sample { Sample | Sample | Sample | Sample
A B Cc D F G H .1
Ratio* - 5.16 0.81 6.38 0.63 1.00 4.10 263 3.56
nE % 416 -19 " | 538 37 170 310 . 163 | 216
1 Difference - ’ . ‘
compared
to Sample
i F‘cl‘ .
13 “Ratio—These numbers are relative ratios compared fo Sample F's parformance in this fest. Numbers larger than
14 1.00 perfarm better than Sample F and less than 1.00 perform worse than the reference. The hlgherihe rafio
% g number the hlgher the performance of the samp!e
17 - *% Difference — These numbers are the percentage difference hetween Sample F and the oomparahve Sample. A
18 negative number mdlcates worse performance than Sample F.

19 | ,
20 The results presented in Table 4 indicate that Sample A and C exhibited
21 a416 % and 538 % tmprovement respectlvely, in oxidative resistance over the
22 reference Sample F. '

23 -
24 JABLE 5
25 Nitration Resistance Test Results
Sam;ile Satnple | Sample | Sample | Sample | Sample | Sample Safnple _ -
‘ . A B c D F G H t .
Ratio* 3.85 1.06 87.00 1.75 1.00 4.22 29.00 1.83
% 285 6 8600 | 75 0 } 322 2800 73
Difference ‘
{ compared
fo Sample
Fﬁt

26 ;Raho These numbers are refative ratios compared to Sample F's performance in this fest. Numbets larger ihan
27 1.00 perform better than Sample F and less than 1.00 perform worse than the reference. The higher the ratic -
28  number, the higher the performance of the sample.

- 30 =% Difference ~ These numbers are the pércentage difference between Sample F and the comparative Sample A
31 negative number {ndicates worse performance than' Sample F.

_.26_.




6 Caterpillar's condeming limts for natural gas fuel ed eagiMey 400Bri cating
oI 1A 7 the time of testing the Caterpillar limts are presented in

. Table 7.8 9 to 11 12 13 14 15 16 17 18 -19 20 21. 22 23 24
25 26 27 TABLE 7 Caterpillar Limts at Tine of Testing TestCaterpillar
Limt Oxidation25 abs/an' by differential infra red sctrosco Nitration25
abstan"by differential infra red spectroscopy Viscosity |Increase3 cSt

i ncrease over fresh oil Total Base Nunber TBN50 % of fresh oil TBN by ASTVD
2896 Tottal Acid Nunber (TAN) 2.0 nunber increase over the fresh oil or 3.0

maxi mum, TAN by ASTM D, 664 _Baoth sanples were run in the Caterpillar 3516
unti | '?']Izle condeﬁﬁ? FRpults fﬂ%@@?@%ﬁéﬁ%mmﬁeemw eﬁ_Sawal%& ration of
‘the sanpl eane 6veriRe Wr&@dnce ShmpledThé ahsrdlvbment Bngéd fiemc! i bed in Exanple 2.
Viscosity Increase of the sanples was also nonitored. The Viscosity

[.ncreas®” ark8pye 8600 Yeaver theaglerancasamplpdn pitratipmasistancex hi bit ed bett er
~perforngnce with respect to oxidation, - nitration and viscosity increase
-t han 'Sagpl es D, F, and G Total Base Nunber _

TABLE 6 '
7 . Viscosity Increase Resistance Test Results
' Sample | Sample | Sample | Sample | Sample ‘ Sample | Sample | Sample
' A B C D F G H i
Ratio* 3.14 0.66 2398 | 095 1.00 6.03 17.64 4.40
% 214 =37 2298 ~25 0 503 1664 340
Difference : :
compared | .
] toSample
8 *Ratio ~ These numbers are relative ratics compared {o Sample F's performance in this test. Numbers larger than
- 9 1.00 perform better than Sample F and less than 1,00 perform worse than the reference. The higher the ratio
%(1) - number, the higher the performance of the sampie.
: 1_2 **% Difference — These numbers are the percentage difference between Sample F and the comparative Sample. A
) 13 . negafive number indicates worse performance than Sample F. '
14 : .
15 The restilts in Table 6 indicate the improved performance of Samples A

16 and C over the reference sample. The improvement ranged from 214 % to’
| 17 2298 % over the. reference sample in viscosity increase ,resiétaﬁce.
18 - Samples A and C perform superior to the reference sample with
7 719 respect to oxidéﬁon. nitrationr and viscosity increase. Sample C performed
20 better than ail the sam.ples tested with respect to oxidati'on, nitration and
21 viscosiiy increase. These fests that quantify a lubricating oil's resistance to
.22 oxidation and nifration and the resultant viscosity increaée'are usedto .
23 determine whether samples-are good candidates for extending the life of
24 lubricating ol particularfy those lubricating oils for use in n_‘aturél gas fueled
25 engines. Abso!'bin_g okygen ;'-,_tnd nitrogen and thé-resultant viscdéity i'ncrease‘
26  associated with absorbing oxygen and nitrogen are undesirable for lubricating
27 ol particularly. iubricating oils for use in natural gas fueled engines. o
28

R EXAMPLE 3 °
30 . Sample A, D, F, and G were tested separately by using each one as a-

31 Iubr:iéa_nt'in a Caterpiflar 3516 natural gas fueled engine. Because the
32 Caterpillar 3500 series natural gas fueled engines are one of the most
| T | -27 - o |




(TBN) and Total Acid Number (TAN) anal yses were al so perforaveday 68 refers
. to the anmpunt of base equivalent to milligrans of KOH in one gram of
- sanple. Thus, higher TBN nunbers reflect nore alkaline products, and
“therefore a greater al'kalinity reserve. The TBN of a sanple may be
determ ned by ASTM Test No: D2896. TAN refers to the anmpunt of acid
equivalent to mlligrans of Potassium Hydroxide (KOH) in 1 gram of sanple.
TAN can be determ ned by the procedure described in ASTM D664. Sanple A
out per fbr rreumn"lmaiymsbdmldmeﬁrﬁm moBt savesd éndities witiniespecmtb oit ifeftheyrom 176 %

~ for TA Iev 0.Aan esti d e f |ife based on
the con ﬁe U(f%d?ﬁst 0(5)|l {mééiggﬁﬁe@r n' gﬁf"@ ‘?aiiEQ é’g tﬁ"“‘@% e A al so
out per f:or nﬁih@aamleen@idm Chteqsllar’fﬁmsmmgme(wtﬁe seen@bcau& {danipingdizd-, but in a

_ Group_|4 se oil. g ara ters ol t aretheflrstam)reachthe
Cat er pi o gLV {E6n of the

~ next hlﬂhe§§ uée@h@@wﬁméeﬁgm:fmmem@kae ﬁyramhﬁ)g%tplétréééﬁ ormed Sanple G
by 33 %for TBN 6 retention and 65 %in the oils ablllanI to inhibit acid

pr oduct$ onCatempllarscogdamningrimits for patuest dasfugiediangine lubricatiag ebmosi ti on, but
it contnpi nﬁne&tm%gnttaaﬁfgetn&cwaﬁmamnm%&n@d:ﬁﬁfab@v dant, formulated in a

G oup I base oil. 9 performance of Sanple D is worse than Sanmpl e F,
when eVl uated in a 10 Caterpillar field test 11 The cal culation fornul a
for Rel@tive Percent |nprovenent f e e 8 is: 12 13 Relative Percent -
Irrproverrent = (Sanple (x) - Sanple nple (F) x 100 % 14 - 15 TABLE
8 16 O dati on, N| trati oﬁat&fpdlaublm;tslah&'mséTestﬂlgl'BN and TAN Resul ts for
Cat e il | ap—Fest—of—Sammt ) att—o—oat allpl coallpl e7ADFG

- Hours to aterpi ]’ ' 0 1894475479?6 Eﬁ& ation Relatiye

~* Percent ‘I §

to Reach

incrense over fresl oa

. Inprovenepy 50 % of fresh oil TBN by ASTM D 2896
‘ | Total Ac:d Number (T AN) 2.0 number increase over the fresh oit or 3.0 maximum
_ TAN by ASTM D 664
11 ‘
12 Both samples were run in the Caterpillar 3516 until the condemning '

13 limits were exceeded. The oxidation and nitration of the samples were analyzed :
14 USing diﬁéreﬁtial IR as described in Example 2. Viscosity Increase of the
15 samples was also monitored. The Viscosity Increase analysis is described in
16 Example 2. Sample A exhibited better performance with respect to oxidation,
i 17. ~ nitration and viscosity increase thari Samples D, F, and G. Total Base Nufnber
o 1 18 (TBN)and Total Acid Number (TAN) analyses were also perfohned-. TBN refers
:—-.f- P - 19 tothe amount of base équivaleht to miligrams of KOH in one gram of sample.
20 Thus, higher TBN numbers reflect more alkaline products, and therefore a
- 2L ._ greater alkalinity reserve. The TBN of a sample may bé detefmined by
© 22 ASTMTest No. D2896. TAN refers to the amourit of acid equivalent to
| 23 milligrams of Potassium Hydroxide (KOH}) in 1 gram of sample. TAN can be
24 détermined _by the procedure described in ASTM D664.
25 | Sample A outperformed the reference Sample F in all the monitored
| .26 iests frbm 176 % for TAN level to an estirﬁated percentage of 374 % for oil life
27 basedon the condemning limit for peréent viscosity increase. '

-98 -




- for3632¥6007672099 Viscosity I ncrease RelafiVve Percent

using e ch TP

- (TBN) and

Nitratjon Hours to Reach Caterpillar Limt 29 May 2006

| npr overment™ ™

Conpari son374- 220174 to.Sanple F for Viscosity lncrease Hours to Reach

Caterpillar Limt for TBN1155408408866 Rel ative Percent | nprovenent

Conpari son18300112 to Sanple F for TBN Hours to Reach Caterpillar Limt for

TAN1176392426714 Rel ati ve Percent | nprovenent Conparisonl76-8068 to Sanpl e

F for TAN 18 Note -The viscosityfttaease hours for Sanple Ais an estimate

based ob bend asahméAaﬁod rfdpedd SAnpaGhehich fs\th¥\samé Gdditte 2d ()

Conmpari gon of gpges ACI? 22 Samples A and G were tested separately by
utin g Gropp; &i’ﬁ?oflﬂ the same Caterpillar 3516 natural gas

fuel ed gngi ne fWhe&b?Phran?&er%QhéY%Yeﬁ{éQﬁst]toka\(ﬁ%e Chbgpifirsdat i on and
nitration of the sanpl es were anal zed using 2 differential IR as.described

in Exanfl e ©gn QWB’BS&'W@W@%%[% - Ingecosapapiser of thewgxt highest or ed by usi ng
the Visgos ?traadcm@s@aen trasik Bdgﬁll:{splebﬁg fp@ﬁém%?@v\gpgle?ﬁ% bggha)o dragn Nunmber |

otal Acid Nunber ana yses per ormed As

to Sarrple F for

descri bed reteptiamgndol% B“M@i!%o@lﬂtbtthbéaoﬁ peadystien TAWE sur pri sing and

~

d I d G
T bace o | andopriie B i St S P e 8ABofr e EHAE AL or rance. -

Sanpl e A hdiffesentiquenidy sad type afiantidxidant, cfbnﬁlﬂat%l imal G%&u;% bawsqﬂieflné vely, when

o ovenenPelae B sfpld 5 3085 Bl Shrb@ R Bo Rl arent - (o

é“f"f’@rﬁ ajugdd0@nent = (sanple.
(x). - BarrpCate(rﬁJladfﬁmmse (G x 100 %13 14 15 16 Used oil Analysis tUOA)
17

11  The calculation formula for Relative Percent Improvement for Table 8 is:
12
- 13. . Relative Percent improvement = (Sample (x) — Sample (F))/Sample (F) x 100 %.
14 _. :
15 : TABLE 8
16 - 0xudat|on, Nitration, V[sc051ty lncrease,
17 TBN and TAN Resuits for. Caterplllar Test of Samples A, D, F,and G
Sample Samp[e Sample Sample
. A D F G ‘
| Hours to Reach Caterplllar Limit for 1894 475 479 1082 -
Oxidation . . -
.Relative Percent Improvement Comparison | 295 -1 0 126
to Sample F for Oxidation :
. { Hours to Reach Caterpallar Limit for 1256 T 496 450 765
1. Nitration. ‘
1 Relative Percent !mprovement Companson 179 10 -0 70
- { to Samiple Ffor Nitration : . : : :
: Hours to Reach Caterpillar Limit for a632* 600 - 767 - 2099
1 Viscosity increase ) ‘ o
Relative Percent Improvement Companson 374 -22 0 174
 to Sample F for Viscosity Increase ' . ‘
Hours to Reach Caterpillar Limit for TBN 1155 408 408 866
‘Relative Percent Improvement Comparlson 183 0 ] 12
] to Sample F for TBN - :
Hours to Reach Caterpillar Limit for TAN 1176 392 4256 714
‘Relafive. Percent improvement Comparison 176 -8 0 68

18
19

20

- 21
| 2
23

to Sample F for TAN

‘Nate The viscosily increase hours for Sample ‘Adsan &eﬁmate based on trend analysis of the Used Gil Analysus (UOA)

EXAMPLE 4

(a) Companson of Samples A and G

Samples A and G were tested separately by usmg eachone as a

-lubncant in the same Caterpﬂlar 3516 natural gas fueied engme for about .
- 29 - '




18 (b) Corrparl son of Sarrpl es B and F :19 Sanples B and F we9aevidyesn0sd
~separately by using each ohe as™a” "20 Tubricant in the same Caterpl |1 ar

- 3516 natural gas fuel ed engihe for about 21 . 1 year. The oxidation and
nitration of the sanples were anal yzed using 22 differential IR as
described in Exanple 2. Viscosity Increase of the sanples 23 was nonitored
by using the Viscosity increase test described in Exanple 2. TABLE 9

- Sanpl e ASanple G Hours to Reach Caterpillar Limt for Oxidationl19841506

Rel ati ve PdryeantThbmrdaﬂmraﬁdi nl&aﬂmbf meﬁamlesaﬁe?b@nayfzed ufid® Oxidation Hours
to Reac?rec?!t L Limt for l%)lé |o\22965* 632* R t|ve Per cent

| npr ove g dgsgri | Y Y ’F“:E??ﬁ?n" ?1?%‘"?!83 Reach

Cat er pi ‘Bl aWablnmmtofearby\&émgnmbtws y RRFR5E 338 Ueb@RAn Rel at i ve Percent

l-npr ovenent Oo ar| son to Sanp or 100 Vi sc05|ty | ncrease Hours to

Reach Cht ef$pMp EPH’@*%NW@@W@%M% Nugities (FANY A58 npr overent

Qompar | §0Nviofs 130 pSSTRANY. RslddSrfidl] ivethpleg Reach Gaterpillar Limt for
- TAN1538. 11. 11 Rel atlve Per cent roverrent Conparison to Sanple G for 380

- TAN  “fote - Thee nerfqratan@ﬁofw@p eghwag seposing pnf weespertedenmraredr Sanple A

6,. 1. Total
gggea&uﬁgg d%g%é ﬁ)ﬁota m%a%@er ?@Aﬁﬁaﬁg%a S%zys“%r"ge{agl so 2° ote
‘per forndd cdlicabparameteass of AGNdeCT: Al‘bedfanmam@.rﬁﬂmplﬂA Badrareinpeeased nance of
Sanpl e ? \A@ﬁllfélolfggt") ¥nd 8L rreX\%%v&l? Wnecg)rﬁé)ared to Sample G.

10 The calculation formuia for Relative Percent Emprovement for Table 9 is:
11
12 Relative Percent Improvement = (Sample (X) — Sample (G))ySample (G) x 100 %
13 B
14 _ ' : _ ‘TABLE 9
‘ ' ' ’ . Sample A | Sample G
< Hbu_rs to Reach Caterpillar Limit for Oxidation a 1984 1506 _
Relative Percent Improvement Comparison to Sample G for 32 0
1 Oxidation .
Hours fo Reach Caterpillar Limit for Nitration ' ‘ 2065* 2632*
Relative Percent Improvement Comparison to Sample.G for 13 0
| Nitration . :
| .Hours to Reach Caterpillar Limit for Viscosity Increase™ 331 3080*
| Relative Percent improvernent Comparison to Sample G for 10 0
.| Viscosity Increase _‘ A _
Haurs to Reach Caterpillar Limit for TBN - : 1733 - . 990
Relative Percent Change Improvement Compatisonfo % . | o -
1 Sample G for TBN ‘ ‘ .
1 Hours to Reach Caterpiltar Limit for TAN 1538 } 1111 .
't Relative Percent Improvement Comparison to Sample G for . 3s 9
i TAN "

“15  Nofe -The nitration fevel and viscosily Increase hours for Sample A are an estimate based on trend anatysis of the
- 16 Used Cil Analysis (UOA).

17 : :
18 - ) (b) C_omparison of Samples B and F
49 ~ Samples B and F were tested separately by using each one as a

_ 20 I.ubﬁb'ant in the same Caterpillar 3516 natural gas fueled engine for about
21 1 year. The oxidation and nitration of the samples were analyzed using

22 differential IR as described in Example 2. Visc}o_sity tncrease of the samples .

23 was monitored by using the Viscosity Increase test described in Example 2,
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. increased oil"

base oizb wgdzaog t he

4 Sanple F. Both sanples were fornmulated in Goup I
Sanpl e B had an

critical 5 paranmeters of TBN and TAN perfor mance,
life 6 . of only 20 % and 16 % respectively, when conpared
to Sanple F. 7 The cal cul'ation formula for Rel ati\'/e Percent | nprovenent for
Table 10 is: 8 9 Relative Percent | nprovenent (Sample (B) - Sanple
(F))/Sanple (F) x 100. %10 11 12 TABLE 10 Sarrpl e. 6Sanple F Hours to Reach
Caterpillar Limt for Oxidation958825 Rel ative Percent |nprovenent

Conpar i $onTotal BaspNenibet lamlsl)&hd%tdam@ Nuhibier TAN) dhaBebs Watecalsd | ar L Im t

for Nit atlo 1116 002 el atj ve Per.cent venment Conparison to Sanple F
for 110°Ni P? etest 'ﬂeé’@ﬁ“&?f’é?ﬁxw %I mt for Viscosity

| ncr easg1364* 13ﬂ4épéiﬁbrafan¢eoFsam9@er eCRABREbRPAted & Sanpl e F for
50 Vi scoaéy Increase Hours to Reach Cat erpillar Limt for TBN693578

- Rel ati v perEwif T4 Brth sorwiasiwers formulatsd in Groypdbage pil apd inthe oitigql Hours t o
Reach Cat ef)ﬁr’aHe'iérsldf TBN Afef Tﬂ_ﬁlﬂﬁﬁgﬁ%c@ebﬁﬁ?ﬁ R84 SR iHcrd 4884 OH RfgENt

-Conparison to Sanple F for viscosity increase hours for

" Sanple 8 aﬁ@'@é%l"feaﬁﬂ 46 &, apspedivelntwhaneeaaparad fefampledl.ysi s of the 13 used
al A”a"fs'?hé?&@lau?&%&%h(f{im&%m@ﬁé -Hipré}&%ﬂ?hﬁ?r E)%) 10Agd 4(b) 16 The
performance o ows a Ssi can | nprovenent over 17 Sanple G

Sarrpl e & and G bot h i nclude G oup I | base oils. The performance

: 9 " Relative Percent lmprovement = {Sample (B}~ Sample (F}}Sample {F) x 100 %
B § | TABLE 10-
SampleB | Sample F
Hours to Reach Caterp:ilar Limit for Oxidation 058 825
Relative Percent Improvement Comparison to Sample F for 16 0
Oxidation ) _
Hours fo Reach Caterpillar L:m it for Nitration 1116 1002
| Relative Percent Improvement Companson to Sample F for 11 0
Nitration :
- { Hours to Reach Caterpillar Limit for Viseosity Increase - 1364* 1304*
| Relative Percent Improvement Comparison to Sample F for 5 0
Viscosity Increase ‘
Hours to Reach Caterpillar Lirnit for TBN : 693 578
Relative Percent Improvement Comparison to Sample F for 20 1 I
- | TBN
| Hours to Reach Caterpillar Limit for TAN : ) 800 620
‘ Relative Percent Improvement Comparison to Sample F for 16 0
1 TAN
o 12 - *Note - The viscostly increase hours for Sample 8 and Sample F are an estimate based on trend analysis of the
‘13 Used Ofl Analysis (UOA). : '
14 § o :
15 _ (¢) Comparison of Examples 4(a) and 4(b) |
16 ~ The performance of Sample A shows a significant improvement over
. 17" Sample G. Sample A and G both include Group Il base oils. The performance
- 18 . increase in the 'parametere that reach the Caterpillars condemriing limit first,
19 TBN and TAN levels show Sample Awuth a75 %and 38 % mprovement
20 respectlvely, compared fo Sample G.
' ﬁ_' 21 . Sampte B performed slightly better than Sample F. Companng the same
22 pa_ra_meters of Sample B and Sample F to Samples A and G, TBN and TAN .
: 23 - levels, show a 20 % and 16 % improvement, respectively. Sample A exhibits a
24 surprising and unexpected improvemerit when used with Group I base oils. .
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18 increase in the paraneters that reach the Caterpillar' s2gepgeooeng |imt
first, 19 TBN and TAN'| evel s show Sanple A'with a'75 % and 38 % " ‘

- i nprovenment, 20 respectively, conpared to Sanple G, 21 Sanple B perforned
slightly better than Sanple F. Conparing the same 22 paraneters of Sanple
B and Sanple F to Sanples A and G TBN and TAN 23 | evels,. show a 20 % and
16 % i nprovenent, respectively. Sanple A exhibits a 24 surprising and
unexpected i nprovenent when used with G oup 11 base oils. -31 1 2 EXAVPLE
5 3 Sanples C and E were tested separately by using each one as a 4

| ubricant in the same nodel Caterpillar 3516 natural gas fuel ed engine at
the 5 %ame |ocation. Sanmple C vvagmleﬁjsby using it as a lubricant for a

6 Caterpillar 3§é{§gfae§rc&Y&Em@r@ﬁé&éﬁssem&%y?s%}}a%ﬁ%hﬁ%s%’ using it as a

7 lubricant for a Caterpillar 3516 for about . The oxidation and

ni trati%n bbricantimthesama medeldatemillar 5 Hinafyiahgasiiupledrangitiesat thR as

descri bed | @6&%9' — ' oL ea | es was nonitored
- by usi ng thée}n\fl scoé'?tgyanl%elkgn@%g%ls&eé&tde\}sﬁ @E%?lgﬁ)uebg‘%lg?l anple 2. Total Base
‘Nunber § TBNptespitiarBsdéiforanied6 niantivg Baemplé EANs tastad by eisingdtras al so per f or ned,

as desc4i beg i | b rprisi. etter
perfor_%nc@g\?m&%]ﬁ%é%ﬁ {35%’5 Fé%%f"ghgé}l ﬁ'ﬁé ﬁ?’ﬁd%t |"cf’aﬂdis'ﬁ€$°\rﬁ'i$r ation,

vi scosigy thecamgies wdiBMnalyded Abing ldifferdntiabiiog dederibddin anaple @  per f or mance
I mproved fy,om L0l um 15 87 % increase, for .oxjdation.to 101 % and 108
s For rhe VBIoE bt dhe ubles i apREst ROl Vet over  of
Cnitrati®n meskask testdesoribed il Ergapl2. Totil Babe NambsaA(TEIN dAd TREIAdS at a | ow
“rate. . Wen_this is used to estigate t he nunper of hours it takes for

- 19 oi I Tk o Humbshdathanalyses weia s petfermedsas dessribed insxampigds. Thi s woul d
 be an 120 unf ai SaRGERPELHMEARE Qﬁ%ﬁ@rﬁe&mwm\f&ﬂm&mll bel ow t he

21 mininuml m'ts: for TBN after 1152 hours of_operation. Even though Sanple
C 22 khs wdgrtiondn gidation pirmdionHyiscostninsrassagl BN and TR §ia0e a real istic
perspegii v , e hE & Yl per formance, two
Dadi ¢ ohal S?‘?‘ﬁ%ﬁ&”ﬁ?"%* gﬁ‘fﬁ?@%ﬂ%@ﬁ%%ﬁ@ﬁ&@ﬁm the level of

. ni tratlon $h%ibseape fasexidatiostoatl %2mdi0806 donthe key awasof TBN Bihpl e C at

t he sa S - Sphpl e E reached the 26 limt. The nitration |level for
-~ Sanpl ei% .\/\h/g‘bsmlr.egg&\%xe " Sanpl e E reached the 27 Caterpillar limt of 25. The
" vi scoslty i.ncr elwdeval of Sitmtidreaid] viasosity Arefse of ther oil f28Sampld Caade oi | at t he

‘ same hfﬁ"'r Satoa}c' !o&ir}g{e?ﬁ!hse%rtws?gte% Sgeas%@slti%a e ﬁlg%ﬁﬁ‘n%%r })Pﬁours it takes for
19 ol to be condemned, it would be in excess of 15,000 hours. This would be an
20 unfair comparison becauée Sample C would have been well below the
- 21 minimum' fimits for TBN after 1152 hours of operation. Even though Sample C
22 was drained well beyond this condemning limit. To give a realistic perspecfivé
- 23 -of the Nitration and Viscosity Increase perfomiance,' two additionat lines were
24 - added to the chart, which shows the level of nitration in absorbance units and
25 vi‘soosity increasé for Sampie C at the same hours whén Sample E reached the
26 limit. The nitration level for S’émple C was 1.83 when SampIeE reéchéd the
27 Caférpiliar limit of 25. The viscosity increase for Sample C was 0.24 cStover
28 the fresh oil at the same hours of engine service when Sample E reached the
.29 Caterpilartimit of 3 cSt.
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.29 Caterpillar limt of 3 ¢cSt. -32 29 May 2006 2 3 4 ISZQN@ aakcul ation

formula for Rel ative Percent Irrprovement for Tabl e 11 Relative Percent

- I nprovenent = (Sanple (C) - Sanple (E))/Sanple (E)  x 100 %5 TABLE 11
Sanpl e CSanple E Hours to Reach Caterpillar Limt for Oxidati on1812969

Rel ati ve Percent |nproved Conparison to Sanple E for 870 Oxidation Hours to
Reach Caterpillar Limt for Ntration27,778 2033' Rel ative Percent |nproved
Conparison to Sanple E for 12670 Nitration Nitration DI R values at equal
engi ne hours whene &glbgiatorHodmdid for Rélative dediesht GapRiveidnefor Thblet11Hour s to
Reach terpillar Limt for Viscosi .lncreasel5, 000" 1200 Rel ative Percent

| mprovetd CHnparison to Sanple E for 11500 11i scosil Increase Viscosity

| ncreasg val ues at equal engine hours when 0.243.00 Sanple E reached
Caterpillar Limt Hours to Reach Caterpillar Limt for TBN1152573 Rel ative
Per cent 41 mpr ov &gl kgt E‘HWVF’Be"Sarﬁﬂ"&"eécl“o’FamPBi@W?ﬂ“%@ %1905 Reach

Caterpiflar Limt for TAN1667800 Rel ative Percent | nproved Conparison to

- Sanpl e for TAN1080 'Note - The Mi_gn | evel and viscosity increase
hours fdr Sanple C were estimated 1dh pend anal ysis of the Used Ol

‘Anal ysis [UOA). AT s0, the VisScosSity 1 Ncrease NOUr Sariplé CopBAMpIcE Jer e
“estimted{based on trend analysis of the Used|{Q | Analysis (UM
' ' Hours to Reach Caterpillar Limit for Oxidation 1812 969

Relative Percent Improved Comparison to Samp!e E for 87 0
Oxidation :
Hours to Reach Caterpiiar Limit for Nitration : 27,778 2033
Relative Percent Improved Companson to Sample E for 1267 0
Nitration :
Nitration DIR values at equal engine hours when Sample E 183 25.00
reached Caterpillar Limit . ; . '
Houes to Reach Caterpillar Limit for Viscosity Increase 15,000* 1200
Relative Percent Improved Comparison to Sample E for 1150 0
1 Viscosity Increase. . o
Viscasity Increase values at equal engine hours when 024 3.00
Sample E reached Caterpillar Limit '
| Hours to Reach Caterpillar Limit for TBN ' 1152 573 -
| Relative Percent improved Comparison to Sample Efor TBN | - 101 0
1 Hours to Reach Caterpillar Limit for TAN 1667 . 800
| Relative Percent Improved Companson to Sample E for TAN ~ 108 0
. _7 *Note - The nitration level and vnsmsdymcrease hours for Sample C were estimated based on trend analysis of the
_8 Hsed Oif Analysis (UOA). Also, the viscosity increase hours for Sample E were éstimated based on trend analysis of the
9  UsedGil Anaiys:s {UOA)
10 ‘
11 . ' EXAMPLE 6
12 Sample B was compared to Samples A, J and K for resistance fo

13 oxzdatlon usmg the test procedure described’in Example 1. The results of this
14 test are presented in Table 12. These results lndicate that Samples A, J and K
15 work surprisingly bet_ter than Sample B. _The only_dlfference in Sample B and

- 16 | Sa’r_nples A, J. and Kis that Sample ‘B‘includes Group | base oil, whereas
17 Samples A, J and K include Group i, lll, and 1V base oils, respecti\’}ely. These
18 results show th‘at this additive works surprisingly betfer when combined with

19 Groups L, lli, and {V base ofl than the same additive when used in Group |
20 base oll. '
21
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EXAMPLE 6 Sarrple B was_conpared to Sarrpl es A J and K for reis) Sewe Lo
oxi dation Using the test" procedure described i n"Exanple 1. "The resul't’s of
~thi$ test are presented-in Table 12. These results indicate that Sanples
A, J and K work surprisi ngly better than Sanple B. The only difference in
Sample B and. Sanples A J, and K.is that Sanple B. includes Goup | base
oil, whereas Sanples A J and K include Goup It, IIl, and IV base oils,
respectively. These results show that this additive works surprisingly
bet t er- vhen corrbh@@arcWah&m Qn@rui%isforléxldbﬁén R@ététahc\!e BP&EA&%.E\:& {dnt he_sanme
addi tive when used in base oil. - ,. | The

cal cul at%i orf-arapiRed with Simlu;ﬁ ld&tlli@ndﬂ?éﬁas;eé?rtr@p@seatndhddm follewingen 2

Combi ne¢ with Goups 1, Il, 1.11 and |V Base O | represented by the
following: 34 %drfference = (Sample (x) - Sanple (A))/ Sanple (A x 100%
5 6 The4resul t s %ofliffereace zi(Samate shsSample (A)f Shimplel{A) x 1008 TABLE 12 9 '
Oxi dat i gn Resistance of an Additive V\hen 10 Conmbined Wth Gou s 1, 11,

- 111 and 1V Base G| Difference = 11 "Rauo -These nunbers are relative
ratios Gonpar edTheredaltp bétha! calcplatibos amriadable 1hi s test Numbers l'arger than
12 1.00,performbetter than Sanple A and |ess than 1.00 perform worse than
the reférence. A higher the ratio nunber 113 3 represents higher
performénce of the sanple. 15 DiffEABLEet2These nurrbers are the percentage

di fferegce between SarTBI e A a the conpal corr?ar (é nple. A 16 negative
~ nunber _fndi cates wors ! % t"ﬁ "Group of Goup |
"Groupll d BQ.M?&Q lmlp]QamIeK”
© Ratio' 0, 641, Ooga mf 1 4  Groupl Group ll Group Il Group IV

Sample B Sample A Sample J Sample K
Ratio* 0.64 1.00 1.20 1.14
% Difference™ - 36 : 0 : 20 ' 14 —

“Ratio — These numbers are relative ratios compared to Sample A's petformance in s test. Numbers larger than
1.00 petform better than Sample A and less than 1 {00 perform worse than the reference. A higher the raﬁo numiber
fepresents hrgher performance of the sample.

% Drfferenoe These nurnbers are the peroentage difference befween Sampie A and the comparative Sample. A
negalive number indicates worse peformance than Sample A,

~ VBRI
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A nmethod of making the lubricating oil

3602014 29 May 2006 1WHAT IS CLAIMED I'S: 2 31. Lubricati ngodithy 2aogori si ng

0.6 W% to about 2.5 wt % of 3,5-di-t-butyl 4- 4hydroxy phenyl propionate

hi ndered phenol and a nmjor anmount of at |east 5one Group 11 and Il base

oils. 6 7.2.Lubricating oil of claim1, wherein said hindered phenol is one

or nore 8hindered phenols of the general fornmula: 9 12 HOCH2 CH2 C 0 R 13
al kyl "group. 15 3. Lubricating oil of Claiml or

X 14 whergj ' .
2 wherein trﬁhﬂﬁ‘?&%ﬁ@bﬁenm is liquid. 16 17 4. An additive formnulation
conpri & ng the hindered phenol of Claiml or 2 18 and one or nore

one . or nore detergents and one or nore wear 19 inhibitors. 20

di spersants, ] ,
2|1 g ubr I-cat i tHPTSR¥NG @il ePEPRSING L6 W Yetoi abpub 2 t5ouish ob3grdirttithgrg-of about
2.15 2, t . [} 1M D 2896. 23 24. 6.

421 R Brdbo b TTitdIee pRindd S uEibrameuntof ot ledsbut 25 0. 1

Lubricating oil

W, % Po ab¥ig Grouwp hand W basedefier m ned by ‘ASTM D874. 26 27 7. Lubricating
28 29 30 31 32 8.

or 2 having less than 4000 ppm sul fur.
of Caiml or 2 by conbining the

hindergd ghenolLubiicahgiion éf vlalh 1, Nendtgmesdl |niferéd PhBhar i ord MY A Ser and
_m X1 NGy 2RindBVed? p%oegols of the general formula:

oil of .Caiml

9
10 | B 0
no o
12 - HO h©—CH2 CH, C 0 R
Bt} | X | |
14 | wherein R is a C7-Cy alkyl group.
15 3. Lubricating oil qf Claim 1 or 2 wherein the hindered phenol is liquid.
16

17 4. Anadditive fOrmulatic_)n comprising the hindered phenol of Claim 1 or 2
| 18 and one or more dispersants, one or more de_tergénts and one or more wear
19 inhibitors. J o
20
‘21 5. Lubricating oil of Claim 1 or 2 having a total base number of about 2.15 |
. 22 toabout8.88 as determined by ASTM D 2896. -
23 - |
24. 6. | Lubricating oil of Claim 1 or 2 having a total ash content bf about
?5 - 0.1Twt. % to about 1.5 wt. % as determined by ASTM D874.
26 L ' . S |
'. N 27 | 7. - Lubricating oil of Claim 1 or 2 having less than 4000 ppm sulfur.
T | | .
_ _29‘ f 8. A method of making the tubricating oil of Claim 1 or 2 by combining the
30 | hindered phenol of Claim 1 with the base oil of Claim 1in any order and
31 mixing. | ‘ | . |
32 "
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1 9. A nethod of lubricating engines conprising |ubricatingong, sfoshore 2

engines with lubricating oil conprising the hindered phenol of Caim1 or
2. 3 4 10. Lubricating oil conprising a major anount of at |east one of
Goup Il 5 and Ill base oil and a m nor anount of 3,5-di-t-butyl 4-hydroxy

phenyl 6 propionate hindered phenol.[benzenepropanoic acid, 3,5-bis
C7-C9 branched al kyl esters]. 8 9 11.

(1, 1-digethyl - 7 ethyvl)-A-hydroxy-, . al
Lubr i cajtniantg@'/ oi | Aoﬁeiﬁ/oﬁ ?ﬁﬂﬁ%@r@?%"?%@owpﬁaﬁgé@dﬂaﬁngIoﬁesorﬂ:&ore
benzenepr opagivies vaieh Ribridating¥ifcdrhpridingth & ra | ) - 4-lyydr gxy-, C7-C9 11
branch al kyl esters.. 12 13l 121%;){%'1[)19?(}:]%?1}'%"%&bn%?gléﬁéf%"ig %’rz-ll havi ng
| ess thran 4000 ppm sul fur. 14 15 13. Lubricating oil of Claim1l0 or 11,

% of the lubricating oil

wher ei iy abggt 0 . 0f t. out 16 2.5 wt.
conpr i %es ?ﬁ(’g":f'ﬁ?i'\eﬁrae“cﬁ‘é)&t%'g"r? 1PS{RA aaalpy aniqueyt pEat leagt ene obGraipdlnto or 11,
" wher ei i§ t handillhbase dil phdaahirios andluiths 3 5.95.2 ] LSatd g oi I of Claim
10 or %1 38 inmot%ase nunber of . é%glljfgu 4&?@&ﬁ%t 8.88 as
“determ ne %?;P' ) phenol.[benzeneprapaiaiaatidg3@-bisqf, Cmemi or 11
%to about, 1.5 wt. % as

havi ng7a tethgl)-aaMeent enl 24 0. 1 W .

det er m_ned b?/!)-AST*SIj @4@%‘1&3@9@%& ?R‘Yﬁﬁ?*ﬁl;ﬂ- of lubricating engines
conpri §i ng contacting the engine with 27 the lubricating oil of Caim10
king the lubricating oil of Claim110 or 11

or 11.¢28 4429 t hod_for |
corrpri.gi ng112'30]"cqg)r[f§flﬁri?91ﬂﬁf’f@'a@ e MErgiRdhe hindered phehaeldst one of Group ti
19. An

and 110 bdmelzehépl?olpan&é ol 305@?%]{123&:@8&{%%%@?%%3@%%& Tnz(ggeﬁrl 11; 2 one

additjve formyl ati on conprising
or m)i, di %ﬁlkylﬁﬁtﬁfsor nore wear inhibitors; and at |east one of 3
. sul fopyat e, sal yc_i | at e and phenate detergents. 4

13 : 12. Lubricating oil of Claim 10 dr 1thaving less than 4000 ppm sulfur.
14 | i '
15 13.  Lubricating oil of Claim 10 or 1, wheréin about 0.6 wt. % to about
16 2.5 wt. % of the lubricating oil comprises the hindered phenol.
17
18  14.  Lubricating oil of Claim10 or 11, wherein the hindered phenol is liquid.
19 o |
20 | 15. Lubricating oil of Claim 10 or 11 having a total base number of about
21 2.15to about 8.88 as determined by ASTM D 2896.
22 | S |
2816 L‘ybn‘catin_g qil of Claim 10 or 11 having a total ash content of about |
.24 01wt % to about 1.5 wt. % as determined by ASTM D874.
25 | . , o
. 26 " 17. A methodof Iqbn‘caﬁng engines oomp'fising contacting the engine with
27  the lubricating oil of Claim 10 or 11. ’ }
28 | |
29 ._ 18. A method for making the lubricating oil of Claim 10 or 11 comprising
| 30 | combining the hindered phenol with at least one of Group il and il base oil in
31 any order and mixing. | | | |
- 32 " '
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5 20. Lubricating oil conprising a mnor anount of the addi2pines Zogsnul ation
of 6 Caim19 and a major anount of at |east one of Goup Il and IIl base
oil. 7 8 21. Lubricating oil of Caim20 conprising about 4 wt. % to about
9. 16.50 wt. % of the additive fornmulation and about 40 wt. %to about 97
w. % 10 of the base oil. 11 12 22. A method for lubricating a natural

- gas f uej ed4gngi 3 lubricati t he nat ural s fuel ed engine
with t hie I ugrl Cgﬁl ng e f%tlﬂga%gprﬁowrrsrqgjﬁ epey] ph@fh%ltq{(?g‘ilmom atki;ng t he

addi tiva , Lonewt atdrontisorSiiis b of RiBME kitdhhiblosOBBE M RasP e B MO €
deterg pne or Hore di spersants; one or i tors; and
the hi er ‘&%Wé%oﬁahrq'rakﬁ@n%pbena@rﬂﬁa@em| ng until 18 mixed. 19 20 24.
Lubricating oil conprising: 21 22 about | w. %to about 8 wt. % of one or
nore dispersants; 23 24 about | w. %to about 8.5 w. % of one or nore

: deterge"'nt 520 2H-lztﬁl(ahngwrlmoﬁamﬂng/atrmnabgmouﬁt éffﬁe e wear
28, . about 0.6 wt. % to about 2.5 ?&@lﬁ&e@ﬁéﬁt f

hi bi t,0
v ﬁ‘émﬁz’ a“fb%‘?%ﬁf Bmoupt ﬂf@?d@ﬁ%@%@h@mqrbﬁmdﬁmaspmim c acr d

- 4- hydroxy P
3,5-bi¢ (1,1- 30 dinethyl-ethyl)-4-hydroxy-, C7-C9 branched al kyl esters];
and 31 _ 32 about 6 wt.. %to about 97 w. %of at |east one of Goup Il and

111 bade 2B oﬂ-lUb”C@img 28 okBNaia0RB complisitly. abot 4 watd, i@ agblit of cl ai m 24
wher ei t zene pangic acid, 3,5-bis (1, 1
Eyl ib PW ﬁ*@?%@@’mwa lon anﬁﬁ@ﬁeactamy% tosalegid 97501, éﬁ: 26. A

-di et
rret hodOforofIthEbba@abilng a natural gas fueled engine conprising

11
| 12 22. A method for lubricating a natural gas fueled engine comprising
13 Iubncatrng the natural gas fueled engine with the lubricating oil of C{alm 20.
7 14 : '
15 23, A'method for making the additive formulation of Claim19, comprising
16  combining one or more. detergentS' one or more dispersents one or more
17 ‘wear inhibitors; and the hindered phenol in any order and agitating until

18  mixed.
19
20 24.  Lubricating oil comprising:
21 o
,‘ 2. about 1 wt. % to about 8 wt. % of one or more dispereahts;
24 about 1 wt. % to about 8.5 wt. % of one or more detergents;
25 . '
26 _about 0.2-'wt. % to about 1.5 wt. % of one or more wear inhibitors ;
27 |
28 . about 0.6 wt. % to about 2.5 wt. % 3,5 ~di-t-butyl 4-hydroxy phenyl
| 29 | proplonate hindered phenol [benzenepropanoic acid, 3,5-bis (1,1-
.30 drmethyl—ethyl) 4-hydroxy-, C;-Cg branched alkyl esters], and
- 3_1
32 o about 6_Wt. % to about 97 wt. % of at least one of Group | and‘ Hibase |

33 ol
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7 lubricating the natural gas fueled engine with the |ubric2giiag200d of

Caim24 or 8 25. 9 10 27. A nethod of reducing oxidation in an internal

conmbustion engine which mris 11 ¢c o p es operating an engine with a

conposition conprising 12 13 0.6 w%to 2.5 w% of 3,5,-di-t-butyl

4- hydr oxy phenyl propionate 14 hindered phenol [one or nore hindered

phenol siof the general formula: 15 16 0 17 it 18 HO ACO --CH2 CH2 C 0 R 19
group] 21 and a nmjor anount of at |east one

20 wherein Ris a C7-C9 al kyl
ﬁm17 wherein

of - Group |12%nd | ubricatiegail of. cla|&2223vr%$em theMRdSEd Shehbfis
24 hydr oxy %hen pr opi onat e

t he hi nger utyl 4-
hi ndelreg pﬁ%r?%?ﬁggllgd 338%2@0&1 &)d/:"dﬁfmﬂihﬂnethﬂ)-éadu)diamxsenCngan i nt ernal
28 wherein said internal

- conbust 4 on bragdhes alkglossteng to 27 claim 27 or

conbustion engine is a natural gas engine. 28 29 30 30. The use of an

anti oxidant systemconprising 31 32 0.6 wt%to 2.5 wt% of 3,5-di-t-butyl
[one or nore hindered

4- hydr ogy pgenyls 3..hi nder ed phenol
‘phenol s_of the ge@bﬂ%@@g?%ﬁgt 9§ Rplyralges fuetpdsengine ceropdsingcH2 C 0 R 5 V
lubricating the natural gas fueled engine with the lubricating oil of Claim 24 or
8 25,
9
| 27.
10 27. A method of reducing oxidation in an internal combustion engine which
11 compnses operating an engine with a composmon comprising

12

13 | 0.6 wt% to 2.5 Wt% of 3,5 -dl-t-butyi 4- hydroxy pheny[ propionate
| 14- hlndered phenol [one or more hindered phenols of the generat formula:
15 ’
16 O

b |

17
18 | HO-@-‘CHZ CH, C—-—0 R

19 X’

2Q wherein R is a C-Cy alkyl group]
21 and a major amount of at least one of Group It and Il base oils.

S22
- 23 - 28. A method of claim 1 7, wherein the hindered phenol is 3,5-di-t-butyl 4-
‘_ 24 hydroxy phenyl propionate hindered phenol
25 ‘

| - 26 129. A method of reducmg oxtdauon in an :ntemal combustlon engune accordmg to
27 ' claim 27 or 28 wherein said internal oombustlon engine is a natural gas englne

28
29
30 30.  Theuseofan antioxidant system compn'sing
| _32 | 06 wit% to2.5 wt% of 3 5-dl-t-butyl 4-hydroxy phenyl proplonate
. 33 e hlndered phenol [one or more hlndered phenols of the general formula
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6 wherein Ris a C7-C9 al kyl group] 7 and a major anount of zgmbgasds one of
Goup Il and I'll base oils, to 8 reduce oxidation in an internal
conbustion engine. 9 10 31. The use of claim 30, wherein the hindered
phenol is 3,5-di-t-butyl 4 hydroxy phenyl propionate hindered phenol. 32.
The use of an antioxi dant system according to claim30 or 31 wherein said

interng conbustion engine is a natural gas engine. -39
2 B '&_ 0
HO‘©‘CH2;—_'CH2 C o R

X’

3

4

5

6  wherein'R'is a C7-Cg alkyl group]
7

8

9

and a major amount of at least one of Group Il and il base oils, to .

reduce oxidation in an internal combustion engine.

10 31.. The use of claim 30, wherein the hindered phenol is 3,5-di-t-buty! 4-
11 hydroxy phenyl propionate hindered phenol.

12 ‘
: '1 3 32.  The use of an antioxidant system according to claim 30 6r 31 wherein said

14 internal gombustion engine is a natural gas engine.
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