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16 gases. As a result, natural gas fueled engines generate higher combustlon
17 gas temperatures than engines burning liquid hydrocarbon fuels. Since the
18 rate of formation of NO, increases exponentially with temperature, natural gas -
‘19 fueled engines may generate NO, 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 foad. Lubricating oit drain intervals may vary in
. ‘_‘24 o vehlcular service, but are typxcally shorter than those for natural gas fueled :
25 engines.. _
26 - ltis 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
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l'ubricating, ofl, this invention provides a ‘method

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.
In a second aspect of this invention, there is provided an additive fdrmula’_rion '
| -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 provrded a method of Iubncatrng
engines comprising lubricating one or more engines with lubricating oil comprising

..the hindered phenol according to the first aspect.




amount of antioxidant. SUMMARY 1In a first aspect of the pres@yzdosvention,
there is provided a lubricating oil conprising 0.6 wt%to about 2.5 wt % of
3,5-di-t-butyl 4-hydroxy phenyl propionate hindered phenol and a major
amount of at |east one Goup Il and Ill base oils. Ina second aspect of
this invention,. there is provided an additive fornulation conprising the
hi nder ed phe one or_ nore  dispersants,
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aspect bis (driydimethyl-ethpipd-hydrixpg CHO3 bearfobed bikylsseast of this invention,
there is proyided.a nethqod.of lubricatin engj nes. _conprising |ubricating
one or nore \édn%%ﬁ(@same%&ﬁﬂﬁﬂwééh "ng’efﬁ 'Is%é%‘f‘r‘ﬁ% aingtod of pbrigatiger ed phenol
- -accor di aggines ¢dreprisingstontsatiag the endin2wititie 200Bating &l docbidthgas mechrtof this
“inventi ng 4 here is provided a lubricating oil conprising a major anmount
of at |e St one of Goup 11 and IIl base oil and a m nor anmount of 3, 5-
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there is pr'o@i’aéqe%é@ﬁr?@?%%af W&'Hﬂ@?ﬁdﬂeﬁet{%pfﬁﬁﬁ @&ﬁdH@V%?qu&l?@B'ﬁ ding to the .
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.. hi nder etétgrgemts] according to the fifth aspect; one or nore dispersants;
| east one of sulfonate, salycilate and

one or nore wear. jnhibitors; and a ) [ sul for
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~ the lubricating oil according to the ninth aspect. o

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

- the additive formu!ation 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- providéd a lubricating' oil
comprising: _
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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In an el eventh aspect of this invention, there is provi ded 2 w=y bexb f or
maki ng the additive formul ation according to the eighth aspect, conprising
conbi ning one or nore detergents; one or nore dispersants; one or nore
wear inhibitors; and the hindered phenol in any order and agitating until
mxed. In a twelfth aspect of this invention, there is provided a

| ubricating on b thifQSH bspdtbof tﬁ@%nhor‘(‘ﬂtheré"lé Bro@#&?ﬁ”a ietbd fof° Of one or nore
di spersants about 1 wt, %to about 8. i one or nore detergents;

about 0lWPrigatingys pajurbgas fueled qmsmewwnéfna itmrmﬁmethmaturalmsmalms , about
0.6 Wt . ebgihe vl luBriGating oil YedorGing & tHo-thiy! ydroxy phenyl propionate

hi ndered?%henol [benzleng%ﬂ)panorl ggam t@@ﬁ‘t}ﬁ aﬁﬁe& 1, 1-di net hyl -et hyl ) - 4-
hydroxy-, C7 ftgf%irt&ﬁeﬂ?@épatptloﬂhwe@vwlgp,, thamisemlmﬂed& methotiof tedabiogt 97 wt. %
of at | gaghid t_h aspect of
this |nventtllonﬁaﬁhé%]%résbnké%sg?gggd Il]e{;m?ﬁo h#még?g%%mg;% ’8‘9 ural gas
fuel ed érfgm@s@mmmmw I ubricating the natural gas fuel ed engl ne with

~the lubricat I | 59 5 Ogilyd nth aspect
of this |nvegﬁgﬁ}° t?%g?g&?%s rg\/?lg%gtﬁ%dk&ﬁfe%&e%b g‘ @ﬁﬁ%{gﬁl on-in an
i nt ernaP %flﬂlrﬁhn@tqur%hg\dﬁ@d\ﬂﬁeoﬁsobﬂnprgesnesal tooeutlet i ng an engine with a
conposition conprising 0.6 wt%to 2.5 wt%of 3,5,-di-t-butyl 4- hydroxy
phenyl propionate hindered phenol [one or nore hindered phenols of the
~general formula: CH2 wherein Ris a C7-C9 al Ryl group] and a maj or anount
of at |east one of up Il -and 1l base oil In a fifteenth aspect of
thts invention, there Rrovi ded a use- of an! antioxi dant system :
“conprising 0.6 bk ~35= @Hz t=butly 419 dr-exyRphenyl propi onat e

- hindered phenol [oné/ nore hindered phenols of the general formula: X
“wherein Ris a C7- al kyl group] .and a nej or anmount of at |east one of
~Group | wheggia R isia Ga%albyllgsoupﬂo reduce oxidation in an internal conbustion
- engi ne. i corrprl se a mnor anount of
. one..or an%%mla%b%ti{oﬂ gr?(% s @Cﬁﬁﬁgll%ﬁéﬁg oér{”rrul a: .29 May 2006 wherein R
is a C7- 9 lalalﬁileegﬁh(ﬁspeetrwtms imagretionathe ek pﬂjwcﬁtidé@s?e%fa@nne of G”OUD lt, 111

- and | \arliRSiBartsyStent inprising

0.6 wi% to 2.5 wt% of 3 ,S-di-t-butyl 4- hydroxy phenyl propionate hindered .
phenol {one or more hindered phenols of the general formuia:

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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specifically, the lubricating oil disclosed herein nmay conggiMey 2006ut 0. 20
w. %to about 3 wt. % of one or nore hindered phenols having this.

- general formula. liquid hindered phenols are preferred. One enbodi ment of
29 May 2006 the lubricating oil disclosed herein nmay.-conprise one or nore
ol ybdenum oxi dation sulfide inhibitors in an anobunt no nore than 0.5% wt.
Unl ess otherwi se specified the term"wt. % as used herein neans w. % of
| ubricating oil. One enbodi nent conprises a lubricating oil according to
~the first aspect having a total base number of about 2.15 milligrans

Pot assi-um Hydr oxi de per gram of sanple (ng KOH/ gr) to about 8.88 ng KOH gr
as determ ned by ASTM{ 2896. One enbodi nent nprisés a lubricating oil
-having a total ash cont&nt—of about 0.10 wt. 9% to about 1.50 wt. % as

det ermi ned by ASTHMJS A-ae ghizng oid, di scl osed herein may have |ess
Qhrelenbodi rent rs conbt N g R he said hindered

~ than 4000 ppm sul fur.
phenol with the basexil|l in any order- and m xi ng. Anot her enbodi nent

- conprjses a nethod of [|ubricating engines conprising contacting one or.

nor e engi WB8Te) Rlis altey + Gorikyhgiony oi . Lubricating oil di'scl osed herein

may conpri J., nt,of at |least ane of Guoup Il, 11l and I'V base
-oi?/ amrjrp aéﬁ%md@ﬁﬁ%wa%,‘ _S&ﬂa?_ﬂgéf%n ‘h-’ﬂ@@ﬂdﬂ&ﬁfgﬂﬂ& Mgarepi onate (al so
known as bpetifiealy tiopRbatting il disdshed Haléin nky chripris®hBylt- et hyl ) -4- hydroxy-,

.C7-C9 br Kk esters. ar ‘3,5-di-terf-butyl-4-hydroxyhydrocinnanic
- acid, C?@@?ﬁt%ééﬂo%iw q"@ﬁfé’ﬂ?%mfﬁglrld&eectphenvbrvam thier mul a above. -

. .Lubri cat igegerabfdrmiss CicRi®HiddREEd Prdfs SML ut. 0.20. wt . %to about 3

oW, % 3,5-di-t-butyl 4- -hydrox§d gﬂ%ﬁxﬁ 8‘%@%@3&5@2&%@8&%@& bout 0.6 w

- %to about 2.5 wt. % The 3,5-di- t-butyl 4-hyroxy phenyl propionate may be
i qui d. One enbodi nent. may conprise an additive formulation conprising -
~.3,5-di-t-butyl 4-hydroxy phenyl: propi onate; onhe or nore dispersants; one or

. nmore wear inhibitors; and one or nore detergents. Lubricating oil

di scl osed herein nay 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 nobre wear

i nhi bitors, about 0.5 wt. %to about 3 wt. % 3,5-di-t-butyl 4-hydroxy

- phenyl - propi onate, and about 40 wt. %to about 97 wt. % of at |east one of

" @oup 11, 11l and 1V base oil or preferably about 80 w. %to about 97 wt.

% of at |east one of Goup- 11, 111 and IV base oil or nore preferably about
‘60 wt. % to about 97 wt. %of at |east one of Goup Il, IIl and IV -base
oil. 29 May 2006 Lubricating oil disclosed herein may conprise about 1.25
w. %to about 6 wt. % of one or nore dispersants; about 2 wt. %to about
6 W.%of one or nore detergents; about 0.3 wt. %to about 0.8 w. % of

. one ‘or nore wear inhibitors, about 0.6 to about ‘
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2.5 w. %3,5-di-t-butyl 4-hydroxy phenyl propionate and abowmay¥dost. %to
about 97 w. %of at |east one of Goup 11, IIl and IV base oil or nore
preferably about 60 wt. % to about 97 wt. % of at |east one of Goup II,
~I1'l and 1V base oil. DETAILED DESCRI PTION OF THE | NVENTI ON Thi s invention
provi des It Irhcatj ng | cﬂ y be used in.any engine, but that has
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eﬂgi‘ nﬁ gheiflaabﬂwtﬁtats mgn@n{ougf lgid i;lioﬁe Ih@bi@rﬁc;bgm Wsscdlﬁéﬂﬁf‘é%pg&ﬁ%@fgemre Ff
the hin n cr.i bed here n ou : an ase oils.
A pref er?eerﬁ1 I“Ehg @%\P‘T’Eﬁ@’ S W”FWSJ°|9§$@5‘Patf'19 leORpEMoadiMentaj or anount of
ﬁpedor dmnbmpbmea mbh&tﬁg@nh?dwiﬁg td ihe’;}fiﬂét?ls&ﬁébﬂhﬂwﬂ@dt@{amd%t@rnu\t?/ﬁ\hﬂéﬁﬂi 01; the
i ndere escri er e term or .anoun en use
her ei n rrggﬂ@%ﬁ@qqgﬁ%rﬁs g'&wety %YHH%X'J%P%Q*W&HSG%H%JMQ KQeR tBsed herein
m;gns |e]§somthalasa ) m:—:/gmed@tamﬁledwnsw mnege Icmeeémh b(gﬂ’nélgrﬂéﬂ'ipﬁ@és an
additive rmulatio re of the hindere en
“descri bed® %tgrgiaﬁ E H]Ig)#?? Pg E?EOJ%BQU'( hHEwh % @“Hé?@?"éeﬁt@ and one
or nore wdeterminbd by ASTHM D8V 1 ebedatiag ofl dikciosed hévginahhy Rivel IBésSthah ABEEt | ON
-y conpr i of base oils from W@,{?qléthrou h Goup |V,

~a m nor a%@ﬁfjﬁBrnﬁgﬁf”&%%%%C@T'pr'steﬁézoglﬂff?“’t‘gW@Sﬁ‘ brnot Wi Mesi ng t he

hi nder ed pblmml is aﬂgs:cderlaﬁdnmlﬁ@mrmthe@@mb@ﬂmiﬁm@orﬁ@ﬁéﬁ%@&ﬁétﬁod@f‘e or nore
di spersan i’Bﬁ%F‘Pseé‘ i nhibitors. Another enbaodjnent of this

i nvention gmpaﬁpmggstmg]aorg?qtlgg OPEPH1oLE RRPIBRRIVEN the yksicatingat i ons
colrrpr :c Si Rgll ‘tLlneridsting @fl euiclab@ﬂﬁélﬁmdﬁﬁyﬁﬁcbrhﬁﬁte ARERI amoﬁ’hﬁff:aﬂegglcbde%gr hcﬁt' ng
oil of t nt | rise the hin ol s described herein
and & oupCTaa T AR GR6 IFTRA Bk Bonlareiertgivh 4 g owi opobe o t hat
has about pl@p[blﬁatet(als%(hmvﬁbgbénzbnéﬁrdy&ianm&’(}aaﬂh?; Bbid he1fd.rﬁetﬁ§1%3}|}mrl cating
t 0 about 95 wt, % ash in

 The tin RelPRS LT SRAtN AR P b rascb iy asbbechoREls 26

~ contents adié Ci-Cehraserbd akyhestel) havih theastfucies beRRuMebevsl eLBRcEIAG by ASTM
T o CHEaRIBRBEh R SRR abe AT Bl bt Dl e e °
per gr am lefdreagrmieayl(propitiit, gfréfetabt)ﬁéhvmt 0% 8% @ alfsdtiogy wt. A M3 Raef er abl e
| e”bOd' the@Jtyt\QPhyroxy pah\é%ylapr(-)rpBloNnaté %rgy%eqlquld Ong em(g_vdgner;[t ?na?/bc%lrjr}pnse an
additive formulation comprising 3,5-di-t-butyl 4-hydroxy phenyl propionate; one or
more dispersants; one or more weér 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 ,9-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. '




~ of this’inven

9 8 mg KOH/ gr. Unless otherw se specified, TBNs, as used hep@idy.coase 10
det-erni-ned by using the method ASTM D2896.: 11 The lubricating oil of this
invention may have a sulfur content of |less than 12 4000 ppmor 0.4 w. %
13. Anot her enbodinment of this invention conprises nethods of making the
14 lubricating oils of this invention or the additive formulations of this
i nvention by 15 conbining the conponents with agitation until all
conponents” are m xed. The 16 ingredients may.be conbined in any order and
at a tenperature sufficient to 17 blend the conponents but not high enough
Eotdegr adaiab:meatgfggr%ammsﬁd g)ére{iﬂ&dby%ﬂiﬁﬁft {@é%ggngf.z@\b@m tFolacQ)( Lﬂsg&.e%s)thl -
appr oxi mat e eqgr ees Q ,abo egr ees appr oxi mat el y
degrees C)°Hd ’B‘éfedjé%ﬁfsafl@é??% Zr%k}b@c%"”t @M’t-gg ofpl\p qrimrre gstargriene
process. 24dbon0Bhar %eoodit e wt.o% df Bhe of MORNVEATINKIBIGS | R8It ?.becﬁaséthod of 22
nore_of the

| ubricati one.. qQr re i nes by. contacting one or
I Ebr: cat: :%séﬁt'l qé%%g'[') tb?“tﬁ%%l@’df‘?ﬁy iS'rPrQ\?‘?‘IP?t%ﬁ‘@ gPows0avie iyforfbeut 9 Anot her

- enbodi mentwiof bitut Sedstvensi Graup ANIN &ribly Bdse ok hlle plefetablly WBbINET wilg, one or

mor e nat ur.al S.-£ngi ne ontactin 0 re of the 26 lubricating
oil's of th@?bg?i\/ggﬁﬁ(ﬁ]]oﬁﬁt?%‘/?sgﬂ%e Bfé??b’géﬁﬂg?rﬁéwaﬁ@engi nes. .27 Another
enbodi nent of this invention conprises the nethod of 28. lubricating one or
nore engi nes by lubricating one or nore of the lubricating oils 29 of this
invention with one or nore engines. 30 Another enbodi nent of this invention
conprises the nmethod of 31.|ubricating one or nore natural gas engdi nes by

| ubricating one or note.Q 0 o i Gat i-no '\,ﬁrﬁ Jhis invention with
one or nore natural gas—efr ‘:-'/'; _IR _.b The lubricating oil
-.-of -this inventi qidiagersibawovdelupricating oll yhdt amy beidsediin.any eRgnat ur al gas

/ fuel ed engine when the hindered phenols_described, herei.n ar din an
additive f&%%%ﬁﬁ%'ﬁ#@w&ﬁmﬁg{y%qq life e {psieeia aogi@yr%ggl? ﬁ{e}‘@f seen 4
when the higga{ed phenol s described herein were used in a simlar additive

"5 formulation wth Goup | base oils or when other tyPes of éB{?ndered )
phenol s 6 were Ubeduliisaéingeihef this iavrntion Mayr@RFRAPIBRT AR %G Sup | or G oup

. I'l -base oi lh?nt{ergd E@%&%ﬁﬁ%ﬂge}éw%ﬁ bgcgi_qﬂl(.tﬂil bid REbRYe bie A Ubri cating oil

Ion e result a synergistic effect of the G oup

)

11, 11 angréfenied fubrioating ol afithis ivetion nerapdsesghiaaior amassE of 8% %her ei n

the addi t; Jeorgrnicls fom conpe LT Y id mapiss ek plniairgaed 2™
~herein. 12 phenols described herein.  The term “major amount” when used herein
means more-than 40 wt. %. The term “minor amount” when used herein means
less than 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
Hi_spemants. onie or more detergents and one or more wear inhib_ﬁors. |
o A preferred= lubricating oil of this ihvenﬁbﬁ'may comprise a major amount N
" of base oils fiom Group.If through Group IV, a minor amount of one or more of
' * the additive formulations oombﬁ'sing thie hindered phenols described herein, |
. one or more detergents, one or more dispersants and one or more wear -
! inhibitors. | L
Another embodiment of this invention comprises fubricating oits
£ comprising additive formulations compising the hindered‘ phenols described
~ hereia. | . . ' o |
- ~Piefered lubricating oil of this iqiventiqn may comprise the hir_tdé_red |
" phenols desciibed hersin and Group Il through IV base oils.in a formulation
| R 4. . , ,




111. and IV base. oils are

13 1. BASE O L 14 Base Gl -as used herein.is defr ned as a 93gays2006k . Or

bl end of base 15 stocks. Base Stock as used herein is defined as a

| ubri cant component that: is 16 produced by a singl e manufacturer to the
sanme specifications (independent of 17 feed source or manufacturers
location): that nmeets the same manufacturer's 18 specification; and that
is identified by a unique fornula, product identification 19 nunber, or
bot h. -Base stocks may be manufactured using a variety of 20 dlfferent
processds uth@ma@ahgummom%rmabmd Sowtl 6 bish inetheﬁﬂshéd)hbﬁrﬂitmg@fll ning, .21

Pg(rjtra? ?ﬁ?ng er e&egﬂ%fe%?%ép av%‘ﬁ'i ﬂaﬁsﬁﬂg{gﬁgt I O‘P fsﬁr“e@efﬁﬂﬁh?ﬁ‘rat erials

i nt roduded lutiricatignoibas deterrhined by ASTM DO ANhéRhIPEoNntElts BFEMb@M4Sed'Se. The
natural or synthetic lubricating

gg:g 8: lﬁ flhgt%l ’%ﬂé géfﬁ@gﬁﬂ%%w"egﬁww 844xi nematic viscosity at

100 degb'ees Cenowrammcﬁrﬁénm%@mnéatg@oﬁ&@ﬁl&rrﬁieﬁhﬁrda frfg%«% f’yagggbt 28 st

- cSt; I ab o_about 16 cSt, nore pr

to abou gagajﬁ ?—I%I"bt@ér(féﬂ { ahonE2i16 milligrams Potassiurnbydresidef or exanpl e,

oi | s prepapedafan? st $dmEnie RO ARAL I phaol efin
or PAQ, orlp@f?om hyddr?g%a?‘t?gn Sél%;f)ﬁg%Boﬂtfsggn?g}R u@géﬁgﬁﬁéefg%r on nonoxi de
and hyd?og@ﬁ‘b(j’gg’é%“t@{%‘m Bave T Nﬁ@mﬁbwﬁmd@tﬂgrmeMS A preferred base
oi | i's onegthg@koMEP Unkas 2 j.on; little,
I f any, | uberh% I frglgyt I on dél?ér&{is%cs S?EIFBEQB@'Q%t %§é]eﬁ?'§h%9 at 100 degrees
C.- 29 MRy Q@Wm@rﬁusmgethelmeth@qmﬁwb@zs%d from natural ‘| ubricating oils,

. synthegjc 2 | k thereof Sui t abl e oil .

3 T hel udbs bage. srisEBhbARgRitel tiinfStbl o b A Sius PR RB D at. and

sl ack wax, 4860 pprnior 8t wvit. B(g/drocrackate base stocks produced by hydrocracking
:(rathe than o) tractin the aromatic, and pol ar corrponents of the

. crude. E3SU| t abl eA%ﬁﬁé*’egI‘X‘?°°ame"‘r%@I'lI%‘V?ﬂI9§e°q"IP ngps metiodsf makingithe ) | | v and
V. Sat i# at iubnd:aimglaﬂs aﬁmrs\rnmnbvtheleruaitﬁe%mﬁnatﬁhekwthlis méént@ﬁ% 111 base

- oils: a{f | i St@ TabI e 1. @{J%@ base oils are pol yal phaol ef| ns (PAO .

. Goup V ba¥d" PI"Q %E?rﬂﬁ‘%“eé'ltﬁw fatign wptilllcompepents e tired. TlﬂﬁGroup 1, 11,
111, ot6 | Mn @didnmlne Baonbided ih A ﬁ&fﬁﬁ@ de those in
APl ca gorrge(i ISI(I and 1V a:sg e??jﬁeéﬁ?%{%ﬁam ?écgﬁ%%ﬁ &1509 14t h

“Editiol, . Adlae Hﬁﬁq“p%@E@er'éPOtﬂE@Benwgﬁdﬂﬂﬁﬁ@dQﬁhQ pemponenisét eri stics of
Goup 1, thpe?ét&e'oYaBééleiz@'degr gcrfag,g B4 eds C elntp gl Goup tl,
rr use | hi i-on, :

I NV t hese
pref eri¥%d §ARggrees F (anpr@rmately Hodegrees €) may beeispd dpeating nigy aceobi ni ng one

_Q'r_. rm;joe Oétaﬁjr‘ﬁmedunnb'thebrlo&:esév and V base stocks or base oils.

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 embodrment of this invention comprises the method of
.28 Iubrrcatlng one ar more engines by lubricating one or more of the lubricating oils |
.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,

.5




: _ GroupSat urat esVi scosj.ty.lndex..(As..determ.ned. by ASTM D 200729 Msy dedeer mi ned

_,', are . al

by Sul fur ASTM D 4294, ASTM D 4297 (As determ ned by ASTM D 2270)or "ASTM D
3120) Less than 90 % satwurates and/or Greater thanG eater than or equal to
to 0.03 %sul fur80 and less than 120 11Greater than or equal to 90 %

saturates andG eater than or equal to |l ess than or equal to 0.03 % sul fur80
and less than 120 Il 1 Geater than or equal to 90 % saturates andG eater
than or equal to 120 less than or equal to 0.03%sulfur 20 21 Natural

[ ubricatling oi l S'heam:ibzﬁtﬁiguﬁa)f@ﬁls mbnﬁudrsasshe%taa@lrﬁnmdlfmaa lifeBn% . T apeseed
m ner , and 23 oils

oils, castar 0|Is n etroleumoils
_derived?fr g‘r'eq?%ﬁf‘@"e 2’5‘3’35‘}%1 hindered gherolsdesqrihed Dﬁ@'WGr ocarbon oils -

“and hal e- swesd idéﬁ&!ﬂ:h@&oﬁﬁﬂéﬁlﬁﬂk@%rdﬁp'iﬁ !lﬁéﬁ&‘l\ﬁ@a %ll%'ﬁ%l‘@lﬁﬁse%ﬂd
inter-polynerized ol efins, 26 al kyl benzenes, spp?/p enyl's at ed

" di phenyft etfhenpdhe @Pﬁ@ﬂeﬁmeﬂeﬁﬂﬁwed%emw@u aalmllasaddmm es, Sul fur
and 1 ndex @dmid=88R with dr&u&nl%aée% bl Hhent! gﬂﬁ%ﬁ)ﬁfe% Mﬂ%@ﬂe@r ]nolssm fides, as

‘well as their derivatives, anal ogues an ogues t and 2 the
“like. S§nt Mere usadip@ s;ratiarragiddiveﬁormmlonmmmual kyGeang Ibbaseailpol yrrers, 3

s onol Y oThe sufABAL YOI o R HE! by R bRl A8 el AR BT PR o1 T on ot e,
5]c Angt Qér Blﬁlleatldt@fawmsgisﬁcd’gmtofdhesrouﬂjg ||ttandl\gbaseozls?mtmesefs Ithe esters -
var of algc e eful as
gynt het?gaéﬁlﬂé%‘g 'pﬁe@%ts%%gﬁ})&gq %E@“ﬁéﬁa Sy %e%?%&e&ﬁwaw ic acids
and poli§ol anditbas® gilslayd|the kbditive foﬂ?hulaﬁdrkodm;mw?m@hmd@%cﬁﬁhehbiss such as

.those enpl i fi tri-n-butyl phosphate and tri-iso-butyl phosphate
Ei(; gﬁ??cgb?‘gh?é' 'use as 10 .base oils. 11 Silicon-based oils. (such as

the pollyakyl -, polyaryl-, polyal koxy-, or 12 polyaryl oxy-siloxane oils and
sili caée OL| s) conprise ‘another useful class of 13 synthetic lubricating
oils syrﬁﬁ@ QL) ubri cat | ng oils include liquid esters 14 of

22":&’2% S~ CON'BHdY OWas GsélF ol ¥FefihGd hEhbALY SioRk ¢F Bitha dpBbyé! Phaol efins,
15  stocks. Base Stack as used herein is defined as a lubricant component that is
16 produced by a single manufacturer fo the same specifications (independent of
17 " feed source or manufacturers location): that meets the same manufacturer's
18 specification; and that is identified by a unicjue formula, product identification
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"ocessin'g, offgomerization’ esterification, and rerefining. Rerefined
22 stock shall be substantially free from materials introduced through
_23 _ '.manufactunng. oontammatlon or previous use. The base oit of this invention
24  may be any natural or synthetlc lubricating base oil fractlon particularly those
25 having 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 syh_thes‘is
30  procedures using carbon monoexide and hydrogen gases such as in a
31 Fisher-Tropsch prbcess. A preferred base oil is one that comprises little, if
32 any, he’a\)y fraction; e.g., little, if eny, lube oil fraction 'of.vi'so_osity 20 cStor
33 higher at 100 de‘grees C. - L ' |
L -6




16.. The base oi.l. rray,fge derived fromunrefined, refined, rzemmm oi | s,
or 17 mixtures thereof. Unarefined oils are obtained dlrectly froma
nat'ural source or 18- Synthetic source (e.g.,coal,;*shale, or far sand

bi tumen) without further 19 purification or treat ment. Exanpl es of
unrefined oils include a shale oil 20 obtained directly froma retorting
operation, a petroleum-oil obtained directly 21 from distillation, or an
ester oil -obtained directly froman esterification process, 22 each of

whi ch mdy then Baebase owmdychudérwedmn haiardi Nbcatiltebils) epnthedic are 23

simlar tothe nreflned p refined ol ls have been treated in

one 24%r ’LFRSP@ 09, Pllg ?rCrHP(?LBﬁS Erleé?é %'6‘ "‘R’?&)PB olhiRsludes hasesteFther ti es.

Sui tabl 8 2%obpuiied bﬁ&bhﬁﬁz&lﬁﬁi’ﬁﬂs?ﬁ&%tw Wak#e dHckividd, akweil.ashydr ocr acki ng,
vent extraction, acid or base extraction,

hydr.ot r eat d
' f?ll {(r)a{ .ﬁglnI n&ﬁ’& 327?‘3 e%sg Prodyqed by hdregracking {talbenthes solvest skilled in
the arts R@Rﬁétttﬂ@ﬁ'ﬂfé Aromak8 anéb@la?%ﬁa?aﬁgnt@bf Eﬂeeé}{lﬂé‘%‘tﬂégfﬁ l%iée%"‘%‘hese

~processes simlar to those used to obtain the refine

rer ef i néd mqllﬁdeathes%lwmﬁﬂr@si Ik B INdiand - Sat@etesdevale aad widcasitys and of t en
ddit t addit
are addy Iﬁm&aﬁopf;?&ﬁgﬁ%aggbggéan %.giézrm @%ﬁgmﬂ&@@ﬁfy pent .add lves

- and oil breakdown ase ol | erive i soneri zation
" of wax fayois g Myajglmlef sIPA) Heroupl \bhaseoils inclodetall nﬂtardrase\pﬂ:h t he

af or esahd the ch wax
Mo ovg Rt iHERucARAGRIT TG . SARGE baSe YR 1of S8 ' i et 5
~ synthetfc m«,e@tbosemﬁﬁlrmgdmesdoﬂl ancelV asﬂgﬁi’redlasmmwdatlon catalyst. 3
It is ef ' a | or unt in Iubrlcatln oi | of
3 4 thi Sli)li nvgﬁé r‘n"w'ﬁaﬁfépbﬁ\@%ﬂﬁﬁ C%'QE%" %?qsae ‘H'é‘?‘?ﬁ’ %r ein corrpgl ses 5
40 W . 1% ochamcﬁnsﬁh‘s&ifﬁrbﬂﬂ lanmoamt IV uafsebﬂﬁg pﬁéslenté@lﬁﬁrﬂaﬁﬁe apRsigt0 Wt . % to
east _one of I|] .and |V base 0|I or

.6 ab 97 WM
prgf glrjgﬁ) Gﬁ%'t( il ngdv\ﬂase(%l? ar‘%{?f&tﬂ‘m@ °Wf'se i this inyentigathespe of Goup 11,
11 angs| V m@ﬁecoekodprn allﬁﬁﬂwmﬁé an@h.by b_QEpared b%om%m.ﬁg 8ROWF 97 W . %

of at Ieast one_ of V base oil . "% is used

. herei nl3jt Moge Pfa@é?qﬁ [nﬂ WOIV ﬁ'@fi Wtbas*%ﬁ@ldﬁé ﬁébﬁ%@lfscatl ng 0| I unl ess

- otherwige specified.) A nore preferred 11 enbodinent of this invention may

. .conprise an anount of base ail that 12 conprises about 85 w. % to about
295 wt. 1B of the lubricating oil. 1E_§|_-§r_hferred lubricating oil of this

i nventygn may conprise G oup Ig,uhds Preferred base oils may

conprif¢ base oil ”ﬂﬁécdﬁ d<- rﬁfb"i‘ﬁﬁjﬂl’% bg e KlodifS™M Chevron

Cbr por at 1 Jlldﬂsu Sajr—RanotT; Caighffdedl e 10 etz A i Tpany in
Houston, Texas, CpnoCgsl d&tehiﬁidé&i BPASTM D 2007) {As determined by :
) : ‘ : Sulfur o | 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
2
26 aikylbenzenes polyphenyls, alkylated dlphenyl ethers, alkylated dlphenyl

v

hydrocarbon oils such as po!ymenzed and mter—polymerszed olefins,

-7_




“about 1.5 wt. % of one or nore wear
Coil. 296 Naﬁlcamllqa@dszwm a vayiety qla!mxhoas tisters viefdras syntheticeilsi nder ed

RS0’ cofpr R Atic ol adedroh R G InRenHBNEEAR ol polols o Tng 01 1

"is 14 known in'the art to | uent ol l
.thlsﬂssca?‘l‘%ﬁ’elﬁetrlmnng the addi.tive fornulation. A preferred

- enbodi {g2nt _nmay -ﬁfel Mger’gne,g?y ggdyg\t,& ﬁ% %réﬁh%ﬁt re?'nlad r&%fﬁ@hloﬁs ysed in t he

17.Texas, Mtiva Enterprises in_Houston, Texas; ExxonMobil2¢ Malyr2006g,. Texas

18 and Petro Canada Lubri cants in M ssi ssauga “Ontario Canada. O her base
19°0ils useful in this irnvention may be commercially avail abl e t hr oughout

‘the 20 world fromother base oil suppliers. 21 22 11. ADDI Tl VE -

FORMULATI ON 23 When incorporated in lubricating oil, the additive
formul ation of this 24 invention provides enhanced oxidation inhibition,
nitration inhibition, total. base 25 retention, reduction in acid formation

and r educt isalfidpsrasandll 24 hebsictivatives] SRASguUR A RMIIBGEs MBieopfankihe addi tive

fornula 0 nt.i on 28 conprlse one or nore dlspersants one
mre&del&}é‘?@@n% th&ﬁ‘éﬁ'af’c?ﬂﬂgeo $0 inslyide AlvianesrideplyrBe®. or nore
hl ndereg phﬁ@@oﬁmﬁbﬁ Chopbyehelie Bl Beriaflivel thdrbbinitietbin e Ridnirfi thi s inventi on

" may co rlse an addltlve farmulation 31 that provides the |ubricating oil
Wi th abBut hYdigxyl grouRs haye heeg mpdified byesmf@aﬁoezeth@n@aao&p@csants about 1

w. %te ahﬂﬁﬁhésfhwﬁle I3 9bf Sghdtlc Iﬂl?rf tlﬂ bii &%ﬂé‘@ses thee Qgsgé’é 0.2 wt. %to

tors about | ubricating

i ndust r§. polxakrthens. Erdatiyl phorsphete estéudilsi suah ias ghasiel exefnpliified by nvent i on may

Shoun 1 2s BB BhosetBud SRy bRl e TR0 MRl B bRb b 2

w-. %1® abas&oul‘svw % of 7 one.or nore detergents, about 0.3 wt. %to

.. about . 8 vvt e ofr re 8 r I nhi and about 0.6 wt. %to .
3 about % '? @ %NR *Y@Y‘Er{&%{ﬂfﬂ : POYAMOK¥ e Oher ei n. These

conpo nm\t Sp@mamd:tp-sﬂ@ear@rme@nﬂmtca@ oals}@ohbﬁs@gﬁbthér\/@sehﬂ 'fBsk@i on of this

.invention. The additive fornulation of this i I nvention may al so conpri se

other LHdi synseeticipbrgating qils- Iqﬁhﬁ"s@ﬂ‘th?f'ot‘%"qaﬂﬂ@ P&%lt“ich'@e liggid estgrs i ndustry.

ations and

13 Theuaddemﬁ@,pﬁ@m@laoatduﬁﬁg gé.dg 'b&yﬁ@ﬂ@%ﬁ?drg%at : Vey?@?.aq gt ol . It

uent ol

i ndustry.. This above oi . A preferred

~anmount 1Df enbityren theseof. hlageﬁoedpﬂs aee alfoined cﬂ;ecuy maﬁma natesal source or

- 18  synthetic source (e.g., coal, shale, or tar sand bltumen)-mthout 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 simifar 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 - . . -




19. 20, A. Hi.ndered Phenol Antioxidant 21 One enbodinent of 29Ma§2|00&ent|on

' ‘corrprl 22 phenol’s "havi ng the general formila: 2870724711 25" HO - Ci< CHR

CHz C 26 27 (1) 28. wherein Ris a C7 - C9 al kyl.group. 29 The l.ubricating
oil of thi's invention nay conprise the additive formulation 30 of this

I nvention that provides the lubricating oil with about0.2 wt: %to about

31 3wm. % of one or nore hindered phenols having the general structural
formula 32 in (1). Preferred lubricating oils of this invention may

~conpri sq_aniiagdif WiR 5Bk A 0N 18 @bt BY YL ArERpicEaddiPsr il O | W ("

- formul atlon t hat gow

e

..types of hindered phenols or

‘about 0.6 wt. % to about 200

ne or nore hindered
phenol s ha\ﬁyﬁﬁ'ef'ﬁ wayesney mixtues ﬂmre@fawer a hydraidraerization 8atafyst.ner enbodi ment

ormilat) on ¢ hal SPeeiao e S AT b ofBéee iy FIRBITEAGH G 1 ©

4- hydr oy e fyen rbﬁqmwaremom@ﬂbaaelenasldpﬁmddiereiacamﬁnses butyl 6

Spovi al Ty Coan v RaRdte” ERERT ki Rbafgufc SRR Ao ABo1 ne o

| RGANOX6L 1 2bput 97owt. @&ofrqtﬂmt@oepb@ampan Hband BAbRBeyGilagt prefechblyPatdudid! ebury,

i auid i GROVE S3RPEPACET oo Bﬁ'??AN%%(B#%ﬁ?gé%@PdEE‘f@%‘ngNgi% il a (D)

above, ®hemneire pRférmbly atiowt 60 wt. %tccabdwgm?%lafbt%?mﬁ %ﬁ)r use L n 12
| ubricagin 0|I . 13 i ered phenol is preferre 14 Lubricating
oi | of %hl% ﬂ@?s%ﬁﬁﬁ%@‘“ﬁf &ds BFeQ'E\%fﬁ"’aE&J'Zefef!EBQ@ 2 w. %to nore

than alnout\m%%ﬁofﬂ%lﬁbrﬁ:adh it Betbid othehigk aCROXImdeE dpegRbgnat e. Preferred

Iubrlc:ﬂ |Is of this |nvent|on conprise ab % to about
%

2.5 wt: Oﬁ'r"qntﬁ 3| INVRNGOR M copIREs BN angung ptibase oilthataddi ti onal
amount g of c&nﬁné&sébnbt»@yw % R QU S RACANGr oS PBHARALGO! | 19 additional ¢

ant 1 oxi ts may-reduce the 20
synergidtic ef fAerefefed h@ﬂgatmgtﬂimf-tbatllwenﬁelhmymoynmiser@rlouprlldmsenat e and

| t he ba§43 oit. Preferred base oils may comprise base oil that is commercially available

15 from Chevron Corporation in San Ramon, California,

16 Pennzoil Quaker State Company in Houston, Tekaé, 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 -




21 oil of Goup Il, Jll...and. lV. .that may be. responsrble foIQthezemerprlsrng
anti oxi dant 22 propertres present ed hereinin Exanpl es | to 6. 2324 B.

- Detérgent 25 Any detergents. commonly used in lubricating, oils may be used
in this 26 invention. These detergents may or may not be overbased
detergents or they 27 may be low, neutral, nmedium or high overbased
detergents. For exanple, 28 detergents of this invention may conprise

sul fonates, salicylates and 29 phenates. Mtal sulfonates, salicylates and

phenat esl ar@vate%eto about :Mhe% bhene GOmbeY ihasreal hbﬁou%@gcﬁuédhérsﬁpect to
nat es _herein f it refers to cal cium

sul f onat s tes e
magnesi u2§1 (?cﬁlﬁ’] Lfﬁ]m'pﬁvﬁg@W&ﬁlfolS’&mﬂ!ﬂﬁ? other addiives\ay. 2006 1

The detargdrudnrmarrmednﬁmeqobﬁﬁaﬁﬂgIontrmugty lubricating oil of this 2
i nventign in an ,angunt of about 1 to about 8.5 w. % preferably

Cfrom 3%bout 2ARPHesembodimrnt ofakbricating oil f this inventiongnay cemprise ef er r ed
enbodi ment aﬂi‘add’tﬁe'fbtﬂfdlétféh'tﬁ&d?b\hdég thk Risticki %{éﬂ\{vﬁ@aw 72%%59 one or

nore nitrog contalnlng ashl ess dlspersants rally
repr eseft ecf‘%é‘&‘ tE wech of aneiesmoes @Sperpmtylﬁmlutﬁyﬁ ehdo abomtlewb Wof

-acid/ ankydr, %é?ké’ [ ul ar wel g ht  of - about
10 700 ?3/) Zdé]%abr%rgg%r %ghg@ ma%t %%%"EW%’%PQ?%W non- bor at ed.
11 The @i sﬂ@%mbﬁﬁmﬂn@ﬁmam aﬁmdabautzsturrte% oftoriecatrovg Hindered t hi s
i nventign i f ' % about 8 wt
| preferagl @g@tﬁg@%ﬁ%}t&qﬁ T'?&%WW Hﬁﬂemb%mﬁ’ﬁ‘g‘)eferred
i sperslﬁnt ¢he additive formulation oﬂhlsawmﬁioaeTm\addifvdmhﬁulaﬁéH 8Rhis 15 di spersants
. having 13" PehAge gg Ecul ar V\BI&% {1 bou 1000, to about .16 5000. .
) Di‘sper dint & Srepalad 2P SPEES PUsh A &E%ﬁe‘ 'Y\H be luhrigatingbout 17
1000 t d2aboilindu8ig are such preferred di spersants. 18 A preferred -

| .di sper nt of t?ﬁ r%/be one or. nore 19 succinimdes. The term
sucm m de" P'i'P ¢fdhig igveption Ry sempige diluerd oiflt ishe ani de,

Ji'm de, 18t CknoWeRi RS atth@tad@umeatt o0 td ddRE fBbfnﬁlQﬁoFL%ﬁ'ﬂtth R Phiied 21 _succinic

- anhydrrge th an anmine and is so used herein e pre onm nant 22 .
.product? h ’r‘g the addjivg fermvlations Aoprefrediembndimentraanbe titemedi | y- accept ed

23 as IIGanWtﬁ ah{p@ilin® i Bpically Bsdfifthé MRuSty, AMiPUiIlEAV T mYY p8lLKY! - substi tuted

17 Group 1 or above oil. A preferred amount of diluent 0|I may comprise about

18 4.00 wt. %.
19 _
20 A Hindered Phenol Antioxidant
21 One embod:ment of this mventlon comprrses one or more hindered

2 phenols havmg the general formula:

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

.°28. whereinRisaC;—C 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 about |
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 formuiatton that provides the lubricating o with about 0. 6 wt. % fo about
L '_ ] - 10 - .




is, fob? 0.6wt % toabout2.5wt % gﬁ-di—t-butyl 4-hydroxy phenyl propionate.

24 succinic acid or.anhydrj.de w.th a polyanine Al kenyl or @9kydy 2006
succininides are 25 disclosed in numerous references and are wel | known in
the art. Certain 26 fundanental types of succinim’des and related nmaterials
enconpassed by the 27 termof art "succinimde" are 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;

‘4,612, 132; 4,747,965; 30 5,112,507; -5, 241, 003; 5, 266, 186; 5,286, 799;

5, 319, 030; 255%%mmneatmdiea&ﬂemheaomﬁvﬁ@megmr@llsﬁabmﬁdnr es of which
are hergby &ﬂﬁﬁ Pﬁrat ed by 32 reference. -12 29 May 2006 This invention
may corrprlsf @Udr nore. succi ni m des, which may be either a nono or

bi s- suc@i ni m'deA’nEthiesehm«bdmémlﬁfﬂﬁMuﬁmﬁ%%ﬂoﬁtﬂiﬁhﬁéﬁ%irﬁﬂj oil involving
one. or qore SUcCi ni m ersants that,  have or have not ‘been post

treated. DCRPEFC iaﬁl"f\dg%f’ﬁrfo tion{hatRroyvdes ﬁ@dﬁb%t'ﬁﬁpﬁwﬁhl t hi ophosphat es
(e 9., 3inGSipbbotyl 4-Aidibipphard prstonalOWRL ifiah plédd) P56 Dt o5, et al

xant hatgs trlcresy phosphat es may be |nl1u ed. Wear 1'nhi S nay be
present ©i n*'ﬁ@m’é’rﬁhﬂw efopigpatemay ba aypilable eammersially frolg nore preferably in

the amognt cffa Sﬁ@&ﬂgy@hém%lsa@ lbl?@'lsqﬁ’oz% Ta;f‘ﬁrtto f\lYpfd%b §TRPly in the

anmount of about %to a out 0 ubricating oil. A

- preferr8d IRGANDGI-H35® pr Ceoraptas C&mmmphatstﬂ%fmsomﬂtmd wear inhibitors

araryl ey T et el b WEIOR BT o or por at ed o

~the tub®i chlauggrd@HS—éw atéhliquid hlgbnnm!emlanwaghm’rmmnﬁc aﬁhcﬂmutséf 2 w. %to
__15vvt '% , % to about 0.8 .
> 5 517 fOTF ) BBV WrterdiR K% ARG or & 1200 Bl et foc e 1 amoant o

hydrocaibolmbucatlrtgmls was used in prepari ng zi nc dit hi ophosphate. Preferred

.Fanges. phos hor t he finishe bricating oil are about 0.01 wt. %
to 5& ?L V\’H%'r@/%] %Pgerﬁﬂéqf@?%?@a about 0.02 wt. %to about 0.07 wt.
% Thelal kyl grmmuca bmeftmsr:ﬁveﬁuahhydw&dnmr%@éﬁaaﬁﬁn%ﬁube for exanpl e,
. a strai E{aﬁ’dﬁ lgrl mary, secondary or tertlary al I;el group of about
:2 to a ut0 8”tc o Has abelthwt. da 3rditrwty driydr ncl ude ethyl,

D1 GPYLLe | SOl Priut uealed crd i "“e"é??%%&of“@ﬁiey ooyl dodeoyl
18 - Additional amounts of 3,5-di--butyl 4—hydroxy 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 responSIble 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_é. For ekample,
28 detergents of this invention may comprise sulfonates, salicylates and
29 phenates. Metal sulfonates, sa%icylateé and phenates -are preferred. When the o
-‘ 30 term metal is used with respect to sulfonates, salicylates and phenates herem, |
31 itrefers to calcium, magnesnum fithium, magnesium, potassmm and barium.

11




. exanpl.e,..a.phenyl . group._having.an_al kyl . group.. of .about 2 t @eMaupodEs car bon
atoms, such as butyl phenyl group, nonylphenyl group and dodecylphenyr

: group. -13 29 May 2006 1-2 I11. OTHER ADDI TI VE COVPONENTS 3 The fol | owi ng
addi tive conmponents are exanples of sonme of the 4 conponents that nay be
favorably enmployed in this invention. These 5 exanples of additives are
provided to illustrate this invention, but they are not 6 intended to
limt it: 7 _8 A Antioxidants 9 Additional antioxidants are not required

to provilde the eﬁtmdeie:geiaamaybdammmranadtmtatth@mbﬁeahrrmmsvl scosity

I ncrease pr.operties of entio 11 but enbodi nents of this
inventi gn q“ﬂ@l"hﬁ%am&n é’bBFpirgd& Yadnaboyes. §r’1“ft1 GxPeeigiakly frieln exanpl e,
one enbadi rmjthMt%ltaabmm% may conprise 13 one or nore hindered
phenols of the general formula (1) and one or nore 14 nol ybdenum oxi dati on

i nhi bltérs such ‘as that described in U S. 15 Patent 4,263,152 in an anobunt
no- nor e st hag ab@updisangt . % or in an amount 16 nore than 0.5 w. % In
-sonme enbodi nment s of this invention, no nolybdenum 17 oxidation inhibitor

was-addfd. 18 TR mgérembpdrmwoﬂh@luhﬂcgmmﬁtbairwanmmamm bitor in 19
u.S. Pat;entcoﬂ-,p@@? ﬁé& friord A6 Mé&%ﬁqwgea{sﬁiegs Q?égér%‘;aﬁfsgﬂ 9@‘ eMethod for 20

preparing the no denum oxI tron I'n Cri U. S. Patent
4,263,182 maeraﬂnyem@sqm@djby wmmdﬂsdergnmaiylambutyiar@ sugvigitt i on 22 is to

prepare a [ Iar
pr onot er9 W@Eﬁ%ﬂr@ggdég ﬂégﬂpg&kgcon Tt ﬁ%%%@ﬁﬁ%ﬂ%%ﬁ@&%ﬁ ut d| | uent .
24 -Di | dént 7Rayo BE0G)s B¢ dishersansgnay yr mayp nptisybatated aruiohdivratedi scosity for
. easy b 1.£4 diluents lubricatin and liquid. _
el corrpouﬁis ﬁtdé%rﬁﬁx%@ 8HT"§P'"BOO{FE)% g%taeﬁ@ﬁ%@'% " ?ﬁh'&é%qu'é'ﬁn Moni um
hyflr oxilgde lam)amdrum obgbaclif 1ggtd%dotamogh$ hWt SR Cinb R praferably mbﬂhe aﬁﬁ(ﬂ.\ﬁtge a ~
sol ut | a i at is reaction may be carried out at a
‘terrperggu ff’mqt#g’} %F‘%/?ti’@‘tgtﬂ’tng ¥-0f the 29 mixture to reflux
_tenperagure. | tpidfedliisprshits fatthisileibn BbmBHIDSRSH hre3BsHisRsSur e
“al t hough' hi gher or | ower pressures maérbe used if desired. This 31 .

reacti dn niiPErRANtRAVING an akrage olasular weight fmwhefakoubd0@D tnakail e pressure
?r;gl 383 éﬁ Egsgg@tmgser&%s phspared froth R dRtyiche BRSY haWirdgh Houeor%dék c
17 1000 to about 5000 are such prefetred dispersants.
18 .+ Apreferred dlspersant of this invention may be one or more ‘
19 succinimides. The term "succinimide™ is understood in the art to include many
20 of the amide, imide, etc. species that are also formed by the reaction of a
21 éu_c_cini;_: énhydﬁde with an aminé and is so used herein. The predominant
22 -product, however, is succinimide and this term has been generally accepted
23 as meanlng the product of a. reactron of an alkenyl- or alkyl-substituted
24 - -succinic acid or anhydride with a polyamine. Alkenyl or alkyl succlmmrdes are
25 | disclosed in numerous references and are well known in the art. Certam
2% fundamental types of succmrmldes and related materials encompassed by the
27 term of art succmlmide are taught in U.S. Pat. Nos. 2,992,708, 3,018,250,
28 3,018,29—1 ; 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: 4,612,132; 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. ' | | : |
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. j./

J

33 baSLc n

-14 29 My,

hydr ocar by
wherein R

i trogen conmpounds. Preferred sulfur sources are 99lMay2008ydrogen
2006 | sulfide,. phosphorus pentasulfide, R2 S. where Ris

|, preferably.2 Cl-,0 alkyl, and xis at:‘heast 3, mercaptans

is C1-10 al kyl', i nor gani c 3 sul fides and pol ysul fi des,

t hi oacet am de, and thiourea. NMost preferred sulfur 4 sources are sulfur,

hydr ogen sul fi de, phosphorus pentasul fide, and inorganic 5 sulfides and
- polysul fides. Water may be renoved fromthe reaction mxture 6 prior to
conpl-et ilon of ré’btﬁtln‘@ﬂtmmummefqme m‘mmreesucﬁinﬁmdesiwﬂmh mapbet hi s
I nventi gn {40 h|nd phe cri bed
her ei n, asucr%“ ?I OXI fés&f(%&%gl 3“'%9‘?‘}6@@?'?['1%%0 “33 E{‘BBWZEH ﬁtype
(phenol Bc) invalhirg ommormbrebsmmmldempemmnwthﬁt ﬁave’raltlliey\}eenitﬁbbeﬁ(Z 6- di
tert- but 4,4' -bis(2,6-di-tert-butyl phenol), 11
4,4 -bi s(Z%?i?ﬁ{]ﬁ%te% tert-butyl phenol), 12

2,2 -etByl ene-bi s(4-nethyl -6-tert-butyl phenol), 13 .
4 4 - byt yl 1 den S(3: et hyl -6-ert-butyl phenol), 14

g yll%ﬂ;éh'?(qg T6-di-tert-butyl phenol ), 15
g g mE‘UBY"(elnedWe"eﬁ'grﬁilﬁfgﬁ‘é’é%&ré?ﬂéf&ﬁﬁiﬂ@ﬂ)l%osphé@s (e.g., zinc dialkyl

-isgbu i dene-bis i met hyl phenol

2, 2" - mefhy Phosphat ). meta) ditReaprmalasometal xgnthates or - -
2, 6-di- gerl{&ég i aghggn ol, 19
2, 4-di yn- 6 ;?tfderog;pg%%QH heni%[l‘d%,d Ew@ér :hgﬁtgnll?#ﬁé@r béﬁﬁésla&n# ﬂgﬁ 2 cresol 20
2, 6-di 1t)erﬁnmum\pfmbqut WWL %ﬁon‘b&uﬁ-l‘ﬂﬁl mh@meferaQIy in the amount of
4,4 -thiob vd |
2 2 1 E?obig%@ d@‘aﬁ t@ E) uttO gﬁ%l‘%g@ﬁ&{ (%N’efeﬁé‘ﬁy in the amount of about
. bi s(31Aet 5wt ﬂ{g/t!imboptﬁmemt Mtylehmmir)gdm fide, and 24
b| s( 3, 53di -tert henz I a pe i.,dation
i.nhi bi ? %r S A%?%%hgém%%? m owgtﬁ’rrc%m%%o?g atﬁﬂ?g}\eéf% ?‘3% I am ne, 26
phenyl 14al Mnmyaqﬂihuudedmmn@dﬂll@!dﬁybph@sﬁxaﬂ ahdlor Zinpht hyl ami ne. O her

36 di oo

iR o3ahele (o P B Tig e ey A o BOSORIS K90 20 iy 2006

1 One Qﬂbomdlﬁﬁﬁcathgbhloﬁthlélméﬁﬂd?ﬂn@h@ﬁdtﬁﬂ%fQﬁ&t@ﬁ Wre thi ndered 2

phenol?
18
19
20
2
22
23
2
25
o
27
28
29
30

formula: 3 O 1 5 HO-CHZ CHZ-C 0 R

hayi ener
7 5n \% 1i’q, re pre erab!y 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‘hOSpho.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. %.

_ 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

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

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

~ group.

_'{3-




67 (2) .8 mhereln Ris a Cr7 - C9 alkyl group 9 and no ot hge Muytdoosi dant
addi tive. This enbodlnent ‘of this invention ¢onprises 10 3,5-di-t-butyl

4- hydroxy phenyl propionate. 3,5-di-t-butyl 4-hydroxyphenyl 11 proplonate
(al so known as benzenepropanoic acid, 3,5-bis (1,1-dinethyl- 12

et hyl)-4-hydroxy-, C7-C9 branched aIkyI esters; or 3,5- di-tert-butyl-4 13
hydr oxyhydr oci nnam ¢ acid, C7-C9 branched aIkyI ester) comercially 14
avai l able from Ci ba Specialty Chem cals at 540 White Plains Road, 15

- Terrytown, NY 10591 as | RGANOX L135(r) or Cronpton Corporation at 199 16

: .CT 06749 Na d(r)PS48 and no ot her 17
ot oxi fandl 1S THEREADRITYE CAMRGRENTSI0 | Addi ti on to the wear
i nhi bitsrs rrentWﬁ@ﬁda%dé&u%%&ﬁb&eh%%'@éﬁ@fés&%oﬁ%%'ﬂ%‘ ot her

traditignal wear inhibitors nmay be used Ir name 1nplies, 22. these
agent s - ed GEEPREMRtS Hhat Ay beyfavgrably emploxed in thindavention. Bhesseuch agents 23

i ncl udes b lékar‘hf)%s P habived Sid dfrﬂwd&ﬁ" R?@H&Pag(% i n&?{%ﬁ@é{n Bt th(eﬁp*o WhR! es, 55 26

-esters, 24 su

um Cco exes.

contal nin onpounds

~C. RustOl ninitendesyts lipikit:i - Rust Agents) 27 Applicable rust inhibitors

incl ude7 28 1.. Nonionic pol yoxyet hyl ene surface active agents: 29

- pol yoxyet hyl ene lauryl ether, polyoxyethylene higher alcohol ether, 30 -

pol yoxy®t hi\ eneAntioxidapteny| et her, poI yoxyet hyl ene octyl phenyl et her, 31

X I h
Rt i T NGt AN AT

* nono- ol@at exidator nifratioh et hyduwed \@oosiw mﬁtda@e@r@ﬁr@es GFthis ih@nfih, May 2Q06 1

h d d t fatty acids, 2 di Garboxylic
L on o PR EneR TR S iy S biioh S “neme %
sul foniz aghtihxidants. Fak eﬁa;mblexmhe EmBBUEnEHE bPthihvrtion sl esmatseonol . and 4

: phosphgl c _ester.

one or more l?mdered 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 molybdenum oxidation inhibitor described in
21 . US. Patent 4,263,152 that may be used in one embodiment of this mventton
' '_ 22 isto prepare a solutlon of the acidic molybdenum precursor and a polar
- 23 ' promoter with a basic mtrogen-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 hydroxlde 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 reactlon mixture may be treated with a sulfur source ata smtable pressure
32 . and  temperature for the sulfur source to react with the acudrc moiybdenum and

33 basm nltrogen compounds Preferred sulfur sources are sulfur hydrogen
S -14 -




"_-ethylene propy

8 D. Demulsifiers 9 Denulsifiers that may be used incl udezaaltrhytzuma :
prodicts of al kyl phenol 10 and et hyl ene oxi de, polyoxyethylene aIkyI
ether, and pol yoxyet hyl ene sorbitan 11 ester. 12313 E. Extreme Pressure
Agents (EP Agents) 14 EP Agents that naybe used include Zinc

di al kyl di t hi ophosphate 15 (primary al kyl, secondary al kyl, and aryl type),
sul furized oils, diphenyl sulfide, 16 nethyl trichlorostearate,

chl ori nat ed napht hal ene,. fl uoroal kyl pol ysi | oxane, and 17 | ead napht henat e.

18 19 Fq Fnsuﬁ"ab%hd\dpdbfusqie‘htaswdﬁatag B, #herdRlis hicﬁédafb?lcpléferm ne, borated
ester, and other esters. 21 22 NUItlfunctrb§nal Addj ti.ves 23 Sul furized

oxynol yBdefure akyihPBd Xipahigast 3. é"LﬁfP@Rtﬁ'i%Whg@' Voot dRergRYsn -

phosphogodiglifiesbRd poRf‘éMl'ﬁ‘Béé( Qﬁﬁ%ﬁé&fhtﬁ%oghd’ fR6UrES. Mos&%r&éﬁé@ biRgtenum
di et hyl at e ‘am de, am ne- ol ybdenum corrp ex conpound 26 an

sul f ur - donsanvses gresuliusdlydragenmeyiiids @WWL@@%@B@WWH% H.
Viscosi ky g ﬂﬁliﬂFs LARY géﬁpl’ﬁd&g Wate g oV @ B mithe FeRAbY Mktre

ene yners, tyrene | soprene copol yners, hydrated
styreneéi spppeteecanapleligmefireactin with thesolfunsdusese, and di spersant type

Point. Bepr ossafTDOFMEHS L Rietifiinerfonired t o ®e ) 2% 2N
'I nhi bi t 8r s hhdéréd/phermtihdesoribat depein,\sueh antimdd antsriatingdingdiut noldiveitgsol yner s may
RAL ,GAS FUELED ENG NES There is a

di ffgfgﬁce%‘? Hh?'?fé%( TpﬁAT?tlcﬁax’g?ﬁlo'}qgaﬁlﬁarghﬁﬁhs For natural gas

_ 4,4"-methylene-bis(2,6-di-teri-butylphenol), 4,4'-bis(2,6-di-tert-butylphenol),
- f 11 4,4"bis(2-methyl-6-tert-butylphenol),
12 2,2'-ethy[ene—bis(4-methy1-6fteﬁ-butylpheno!), '
13 4:4%butylidene-bis(3-methyl-6-ert-butyiphenol),
14 44-isopropylidene-bis(2,6-di-tert-butylphenol),
15  2,2-methylene-bis(4-methyl-6-nonylphenol),
16, 2,2“isobutylidene-bis(4,6-dimethyiphenol),
17 | 2,2'-methy1ene—bié(4~methyl-6.-cyclohexylphenol'),
- 18 2,6—di;tert-butyi-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-butyiphenbl)
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).

-15-




~interface in a natur
‘fuel thét is introduc
~This hag a signigoee
‘there is no fuel-deri
~soot: Gonsequently, (
~to pr oyi de | ubri cant between the hot valve face and its mating.seat. Too

fuel ed engi nes and engines that are fueled by liquid hydrocamegmdosel s. The
conbustion of |i1quid hydrocarbon fuels such as diesel fuel often results.
in-a small amount of inconplete conbustion (e.g.,=exhaust particul ates).
In a liquid hydrocarbon fuel ed engi ne, these inconbustibles provide a
smal | but critical degree of lubrication to the exhaust val ve/ seat
interface, thereby ensuring the durability of both cylinder heads and

‘val ves. The conbustion of natural gas fuel. is often very conplete; wth

virtualhy no i nopeluniddihentrartias invehtionl bempfiisestoneldienslemiiddréd y of the
cyl'inder head and valve is controlled by the ash content and ot her

pr oper t fes PBENeis dayving the.genatdl feimulghg its consunption rate. There are. no

I nconbugtible materials to aid in lubricatign to the exhaust. valve/seat
a2l gas fuel ed engine. tural gas fueled engines bum
&40 the conbustion chanber in the gaseous phase.
e}) eciCHpn-thechnt.akecand eyhausty val ves because

egd | ubricant for the valves like liquid droplets or
gas engi nes are solely dependent on the |ubricant'ash

‘little ash. or-the wong type can accelerate valve and seat wear, while

~interface in place o

. hydr oc:¥ bomefrvemad N¥nt594 asTREANOX L. ae@or Eremptos

- cl assi n £ : i 1 ' igle ' to their ash
- level ._'flé/B. %hgéc gg@?’f@@g{eﬁg é&g}dbﬁg?dthr%aﬂll giag&}%ﬁﬁgci englﬁﬂgaﬁubri cating oil
~accordi'hg aoticxidandi r ash | evels are presented in Table 2. 10 11 TABLE 2 12

- Accord

t oo nuché awhereimR is@Al; + 6o alkybgrogpt t eri ng and subsequent val ve torching.

R L e

that they BavitBuparsdirygtiengspropionate 3,5ulirt-batyf Shydsgphediynce nost gas s

'ow in_sul fur, xcess ash is generally not n d to address alkalinity
s equi £ henPOPoE (e iwigs benepropinopackt 5.5 (L ARDEIYEpt i m zed |

. aroundij h-eeﬂ%dﬁhﬁrokﬁecfsl;%%chéﬁ'ﬁﬂ@l S&rs; ar H8-deeBlf to this in cases
~where sour gas or |andfil|

gas is used. 3 Nat ur al gas fuel ed engi ne

d
l-ubr i c&3 i nfydrrehyirecinnamis peidegr-Sobbanthed ally! estepemmersigliyont ent . The

L ubri cant  gediapfd foRTiba 39&&?"5} ChEMAN a5 0RNRRS PlairsRoad val ve/ seat
I f naturall’y occurring exhaust gartl cles in a6

owgonat 48%i nes that 7

G assi F%cat ions of Lubricating G ls for 13 Natural Gas Fuel ed Engi nes
g To Ash Levels ' _ ' - :
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, phosphites, carbamates, esters,
24 sulfur containing corhpounds, and mclybder_.tum cofnp!exes. '

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-




i power

Ash Designation Sulfated Ash Level wt. % . Deternined by AZIM:y06B
Ashl essO < Ash < 0.15 Low Ash0. 15 <Ash <0.6 Medi um Ash0.6 < Ash <'1.0 High
AshAsh > 1.0 15 The ash Level of lubricating oil is often determned by its
formulation 16 conmponents. Metal -containing detergents (e.g., barium .
cal cium) and 29 chanber and . upper piston area. 17 netallic-containing wear
inhibitors contribute to the ash I evel of lubricating. 18 oils. For correct

engi ne operation, gas engine manufacturers define lubricating 19 oil ash
~requirements as2partOikr bpbutifs: sRiatio acidl dndsdlesr fhitg agidgns. For exanpl e,

20 manufacturers of 2-cycle engines offen require natural gas engine
| ubri cati n§icasoxyliG agids, ipetal-3qaps sfaty agidAring salts, anetat salls @?‘eﬂ‘&? nful
deposi t § tb.awoﬁi@aaa-%rﬁmaﬂ?q’e’qﬁ&§éie@s@9@f§apmaﬁfc'é?&r@hadmer area.
Manuf acturers of 4-cycle engines often 23 require natural gas engine _
"l ubri cati nghespheoricestee Low, Medi um or High Ash 24 levels, refer to Table 2
~to provide the correct bal ance of engine cleanliness 25 and durability of
“the cylinder head and val ves. Running the engine with 26 |ubricating oi

with to® | ow an ash level will likely result in shortened life for the 27
val ves gr cylinder head. Running-the engine with lubricating oil havirg too
28 high an ash level will |ikely cause excessive deposits in the o

conbust8onD. 19 RDémidsifié®5 The degree of nitration of the lubricating oil
may vary signifjicantl ependi.ng on.the engi.ne design an erating
Condt 01 e, L eahSRlser, PREERY SR RS ARN WAL of ARyBBAR omet i ¢
count elpar tad ethyidneexkides pdlyboyetiyiéncadiRyitdiiterpahd polgsyetinieme sgrbitat or s may
ri chen Lhe atl r/fuel m xture on natural gas fueled engines to increase
8Lt pE#and consequently increase oil nitration |evels. Lubricating

C 0ils wygh good nitration resistance are required in nost natural gas
..engine_installations because the |ubricating oil my be used to lubricate

~a nunbdt oF engFrEame fressie LIS (RP AP and | ean-bum nodels. This
inventgpn will thhy | _ ; £ 1 Wlesthat set
~forth ?)g_rti cul a?llﬁAfdéf‘{gp ﬁétrrggg’ gﬁ%’%ﬁ? ﬁe@n%..z'nvﬁ?'{agdy{dﬁg’°§§_8np| es are provided

. to- i|l%st(mwai{<y,sﬁmﬂamalkylt ang aprl ypepsulfnizeddilg, diphenyhsulfide, EXAMPLES

16  methyl frichlorostearate, chlorinated naphthatene, fluoroalkylpolysiloxane, and
17 lead naphthenate. ‘ '

18 :
19 F. Friction Modifiers |
20 Fatty alcohol, fatty acid, amine, borated ester, and other esters.
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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The Exanpl es -describe experinents performed using Sanples 28 mdymogh | .
Mil ti ple experinment's Were péerformed in each éxanple using a variety”
detergents such as but -not linmted to sul fonate, .phenate and salicylate
detergents; succini ni de di spersants; and zinc di t hi‘ophosphat e wear
inhibitors. The exanples are explalned using the terns detergent,
di spersant and wear inhibitor because no significant difference was found
when these conponents were varied. Sanple A was prepared by conbining
about 0491 wt. % 3,5-di-t-butyl 4-hydroxy phenyl propionate, about 3.3 wt.
56 di spersant about 3.4 wt. % detergent, about 0.38 w. % wear inhibitor,
5 ppm f @amli nhi BpuoPoiiPepresgants 'base oil. Sanple A was prepared by
‘conmbi nigg the ¢ renheit (approximtely 60 degrees
Cel si us? W th agﬁgﬁéﬁ%ﬁﬁ?& ﬁﬁ cggn%(s)érf@nts were m xed. Sanple B was
' prepar ed by conbi ning about 0.91 wt. % 3,5-di-t-butyl 4-hydroxy phenyl
- propionate,, about % di spersant, about 3.4 w. % detergent, about
- 0.38 Wtg %WearHPWHlIBMMTO S5 pprn foaminhibitor and G oup | base oil.
Sanpl e B was pr A mdthavndnapolyiiegs ad dinssthyisificbse pblymePOmag bvhy 2006. 1
140 deg&ees E (approximately 60 degrees C) with agitation until all 2
conponent de mxed. 3 Sanpl e C was prépared by conbini ng about 1.25 wt.
% 3, 5-dg-t-butyl -4 4-hydroxy phenyl propionate, about 3 wt. % di spersant,
about 5 3.4 wt. %detergent, about 0.38 wt. % wear inhibitor, 5 ppm foam
inhibit8r and 6 G oup 11 base oil. Sanple C was prepared by conbining the

conpongpt s paf 7LQEQI(§'RWW®IEFWR!AQ‘URHE elas POEEW EREINES i Lh agi tati on
until all 8 conponents were ni xed | e D was prepared by combining

7y about 1125 wt. Yheress gidiffergnaein therbbucaimqsb«qu@ngmts@rdrﬂwnbeaﬁ about 3

. oam i nhi base ol D was
prepar 48 by:omuthamofdiquiﬂdlyquad:mfuels@uchasmeﬂw eftan msg@mana)xu mately 60

_deg_ree C) vv| | I I X Sanpl e E
. was a | ni § agﬁ%n%&raucrp&e uslt_.;gng%gs %@%ﬁsq\k% a?essrjq lﬁ%qi%lrr%ner cially
. avail aibe hymﬁ:bnmﬁhﬂlm bn@ne,ﬂheﬁ inomnbnsiimesmamde\é smalhbat.criidalSanpl e F was
Pr epar ‘ig b)c/ieg;]reer})(il Iugﬁoahon ?oﬁhe ex ausrt Sal%e)séatainfaerllace tﬁereby ensuring the

17 ‘durability of both cylmder heads and valves The combustion of natural gas .

Vi b 5y PSP kngiRekia trioc it arc Yol 5 a0 e h B8ty e

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 er.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 freqeently Specify a narrow ash range that they have
32 learned prevudes the optimum performance. Since most gas is low in suifur,

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




- 18.. fron1Chevron Oonite Cbnpany in Houston, Texas. The OLOXgla&poyes . 19
mxed W'th Goup | base oil under typical” bfendlng ‘condi tions of about 20
140 degrees F with agitation until all conmponents are thoroughly m xed. As
21 explained in U S. Pat. No. 5,726,133 lubricating oil nmade by conbining

OLOA 22 1255 is one of the nost widely sold gas engine oil additive
formul ations and . 23 represents, therefore, a "benchmark standard" agai nst
‘which other 24 formulations useful as engine oils may be nmeasured: 25

Sanpl e & washikveipaedalpisitingzéd SHuhd B n@@mw les. Thaid .%Qg 26 from
i n Houston, Texas. The OLOA 1255 was 27 nmixed with

Chevron_Orgnite Conpan
Goup I'E b%@&%ﬁl’“‘l@%&@ﬁ'ﬁybﬁ%ﬁs Vmeéﬁépw@paﬁﬂfd@ﬁdf@sgwﬁ usgsbut 28 140
degr ees3F (appr %tmﬂ@m@@d%@fn%%bﬁaat@%m 2% Ak 46Rbidin

conmponents were thoroughly m xed H was a commercila Iy ava| | abl e

" lubri cafti néheif $Sm'a¢§1t%aﬂw lubsicarg mshiasts aa eplishiubdcant to protact 10994, 32

Sanpl | O te LLC
221728 Ry “BYBG AMGARRYT placs of Kot o Slefing bR atORER S0 of Sl o

A . excépt hVW@Falih@Qtf@%!ﬁd ehgineGl e pil iIndublas baoadcepBanplidelihes thgir i ses a G oup

! (Dasg, eesPARLR Sl fiud SRS Y RSB BITE . oL ST

1V base8oi ﬂ'he Eoasfcaidnsof immmlcgasmfuaed iengine debridatkedioll asdording to

Oxi dati gn ' n Bnch Te the capacity of lubricating oil to
resist gm gﬁzeiﬂags%ﬁe\%ﬁ§g gregﬁté ﬂﬁl\éﬁ Is used to analyze the
: perforgdnce of an oil to inhibit the |ncorporat|on of oxygen into oil. The
resu_ltz of this test are the nunbe f hours it takes for sanples to
boxidiz 1and absorb one liter of oi@:g—z-The | onger the tine it takes for a
sanpl e120 oxidize, the grassificaGbnd sfLubliéatirpOli§fds to oxidation. Al -
~Measur eeNnts are hbd@ial ShsFudled EhdldesAdERaIH l&%hti?e%'eﬁs so that. large
resul ts of val UES TANIRSRAtiaw cat er -1 Lower
nunbers rgpresent shorter oil life. Sa Ie(&%ﬂmmgm@i | and all
resul-ts afe reported gshlessrati o, whichiis the sampisshidans di vi ded by Sanpl e
F “tine. Eor exanple: 1p¥Agh| has a tes{ result of.18<BH<@his sam:)I e{woul d

‘have a Medium Ash 06<Ash<1.0 .
o High Ash_ , ' ~_Ash>10
14 -
15 © The ash level of lubricating oil is often determined by its formulation

.16  components. Metal~cohtaining detergents (e.g., barium, calcium) and
- 17 metallic-containing wear inhibitors contribute to the ash level of lubricating.
- 18 oils. For co’_rrect 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 lubncatmg
- .'-21 oul 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 ér 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-




3 %increased perfornance over .the reference. sanple Sanplegﬁkwﬁmoshe
reference sanple for ‘the resul ts reported in Table 3. The

Oxi dati on- Resi st ance bench. tests were perfornmed on-Sanples A through |
Results are presented in Table 3. The results denmonstrate that Sample A
and C show enhanced oxi dation resi stance when conpared to sanples B and_D
through 1. Surprisingly, when oil hour neasurenents were taken, the
performance of the Sanple A and Sanple C exceeded that of conparative

Sanpl es1B, D, EThe degfeée cﬁﬁa&rdtlonﬁh&eqﬂbﬁtaﬁagbil@néﬁ@y sighifibadtid sim | ar
oxi dati gn perfor.nance was le H. Although it is unkpown what exact type
and the“ex EPe’&ﬂ% engine 3%59@%@ (’Q?‘faﬁ'ﬁﬁ&%'ﬁo‘ﬁl— SANPYR qITINGS was

~estimted pRdieyteRMOQHaRRASH Sokhitmetie adsﬁﬁt@mh&erao C@fbnertal yzed by thin

|.ayer. chromat ograph whereas, Sanple A and Sa have 0.91 wt % and

. 1.25 w4 opitratethe .leﬁlﬁomez@qratpesrpewmem the eelcmeﬁtee orgdral A has
-appr oxi gat e C has about
37 % esgg gﬁ%’%&égﬁ@ﬁ%%ﬁb@ék?ﬁ&ke?oﬁt&ﬁﬁe hi g%sﬁl xpﬂ-.at I on (ﬁem st ance

exhi bi ted BwraseﬁiﬁveiSL\Luth lewith gagd pdration degistencenarsyraquitgd inf
3,5-di-4-b
synerlgy of Hf[&égnaggéfglﬁg)éﬁg r-mu lif{ﬁ?ﬁ%b%ga}sglt@?ﬁjb%&g&ddIlrpé%géﬁge&% 4- hydroxy

‘phenyl $r ofg Iuhacﬁeanwmbenm enginbamludlﬂg stdlchlome%d}lrid leapibomn (Sanpl e (x) -

Sanpl e éF))n‘{?ﬁéarrple (F).x 100%9 10 11 12 13 14 15, 16 17

- Difference - ThésSe nunbers are the percentage difference between Sampl e F

and t h&b conparative Sarrpl e. A 18 negative nunber indicates worse

per f or g{ance t ha'ths m%nfe ion wﬂ!jb %uar |iﬁ§{?aEte§ by%(e %ﬁt \'M%B el)%grsnbfes%lq eF ench Test

' Resul t

forth partlculaﬂy 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-experiments 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 expleine.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 }
‘ B 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
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- val ues

Sanpl eSanpl eSanpl e, Sanpl eSanpl eSanpl eSanpl e. Sanpl eSanpl e ABgREHYEdbs
Ratio' 1.98127214.1.270.971. 001.59.2.041.67 % Difference982711427. ~

- 305910467 conpared to Sanple F' 'Ratio-These nunbers are relative ratios
conpared to Sanple Fs performance in this test Nunbers |arger than 1.00
performbetter than Sanple F and | ess than 1.00 performworse than the
reference. The higher the ratio nunber the higher the perfornmance of the

sanpl e. EXAMPLE2 21 The Oxidation-Nitration And 22 Viscosity |ncrease

Res! st ance THoogiobs T RGN G0bBeL @) ilikhgiafsPatinall nor ease

Resi st ance bench test l denonstrates the capacity of lubricating all to
resi st éxi dRMpoRentsweramiyed.-and 25 viscosity increase. This test is an
addi tiogal tool g e lats : Rfz ik e they relate
to the actual ser &pgb&%féﬁggﬁ%%&ngpﬁib&%@&g't%t?s’ghhglt]u al gas as a
fuel sodr cé-hydiexy pheasiyl pbpionateaabout 3wt %idispersaph abbubi |, 28 may al so be
conpar ed by ok QL. t.h e SCOsL L Y, L) y Of ] r 29 the

Bor SR b Rty Shofl BERE Ye WRGE . o ird o ol a7 | 5, ot
t he  306n01Grogp tidrase oilt Bampled was' pepared dyrcambining the dommsientsatNi trat i on

- d Vi ' I.NCY. . [ bengh . ' d i-mul at ¢
Cat er pi 11 ar *Hisdtess < PPRGIREH 00 oS b Bty aRE "0C 21 %1 el ©

per f or manceonipohixets 3@:r&atieadi | | ar 3516 nodel . Oxidation-Nitration and -
Viscosity Incregse Resistance tests were pe rmgd .on Samples A, B, C
D, and Bt hr ougRamploiarsiiphared by somniag 6aBel 5 Wer's SA-dFean a heat ed
gl asswape BatyiirayhhEal opofate) abakt W e dish8Mahe aBbut 2 ni trous oxi de gas
over a specific period of tinme. Th ests were run on each_ 3 sanple in

, t
i dupl i cdte bt fedetesgantsaboué Ocid \ag%wgérl@hibétﬁe&nmnm%inhmeran%anm es
ver e eyal ugBdp YehdoifliskhieDiwad plepbrcd ﬁﬁébrﬁﬂﬁigbgﬂéﬁ&fwoﬁ&{t%ﬁ placing - 5

themin the heated gl assware bath to determ ne ase line for each sanple.

6 The d3npl148 degreesiclappeaxinately G degrees ha with agiiatianuntipelli od. The
differ ght i @émﬁ R@r’it%’f' Hﬁgecﬁase | i ne data, absorbance .units at 5.8 and 6.1
"~ an ﬁe ' a?a t ak

m-crens, a en at the end of test cycle provides an

.indi-cafltfon of t8ampledxiwhsta finishea oibproduct; Mobl Pagasisdi0b, whictdapl es. 10

- Differgptl ghmindcligny E\%ilﬁ&%%rn?%&9&%8@?&8&%%&09% RARAR! Vitfinta ONt that 1S

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-




11 absorbed by an oil sanple and provides a unit of neasureoqahygsbean 12
“absorbance unit. DR {Differential |nfrared) spectra was detérm ned by 13
+ subtracting the fresh oitl spectra fromthe used oiil:spectra to observe
changes 14 that have occurred due to oxidation, nitration, fuel dilution,
-soot accunul ation, 15 and or.contam nation. Typically a 0.1 mllineter
(mm cell is used, however 16 an ATR crystal setup nmay be used after
determning its associated path 17 length. If the instrunent does not have

softwarg that dghripld Nasiéparbe BYicBmbinkty eapfidheh@¥iSamplyAbe back
cal cul.ated by neasuring oxidation with a 19 calibrated 0.1 mmcell. The

vari ati én GEteR&AtANHEH Al 9 Grovr Hibagepil. SUNPlEakeAnenriseEd is ninimal i f
restricgeddiup NPpa 6ipw area of oxidation and 21 nitration (-1725.to 1630
cm1). 22 DIR xidation was neasured .from peak maxi mumat -1715 5 cm1 to
23 the $pectra Basela Ravasi prepaied dysomtticiog BeneamporenignfSample & i on was

of “absor bagaapr i M) Sronghfifee pimiaheeofpidBR SoC19¢ 41 g 0"

171 126 1GrouplV b3sedib. 17 18 19 :20. 21 22

7' . . e . —_— e ma ek it a A et
3 - EXAMPLE 1

9 Oxidation — Resistance Bench Test

10 ‘_ The Oxidation—Resistance Bench Test shows the capacity of

‘11 lubricating oil to resist oxidation. This is one method that is used to analyze
12 - the performance of an oil to inhibit the incorporation of oxygen into oil. The
13- results of this test are the number of hours it takes for samples fo oxidize and
14 absorb b_ne liter of oxygen. The longer the time it takes for a sample to oxidize,
; '_15 the more resistant the sample is to oxidation. o
16 ' All meaSurements are reported on a relative measurement basis so that
17 . large results or values repfeséﬁt greater levels of 0xidation-resi_stancé. Lower
' 18 . numbers i'ep'resent_shorter oil life. Sample F was the referenice off and all ,
19 results are reported as a ratio, which is the sample' time divided by Sample F
20 time. For exafnpie; if oil has a test result of 1.03, this sample would have a
21 3% incréaSed performénce over the reference sample. Sample F was the
22 reference sample for the results reported in Table 3. | o
23 . The Oﬂdation-Resiétance bench tests were performed on Samples A
' 24 through (. Results are presented in Table 3. The results demonstrate that
25 VSamp!e‘A and C show enhanced oxidation resistance when compare'd to
- 26 samples B and D through 1. | _ o | '
27 ‘ | Surprisi’ng_ly,-when oit hour measurements were taken, the pérfonnance .
.. 28 ofthe Sample A and Sample C exceeded that of comparative Samples B, D, E,-
- .29 F G, and 1. The only Sample that exhibited similar oxidation performance was
30 ‘Sample H. Although it is unknown what exact type and the exact amount of |
31 antioxidant(s) that are in .Sam'p"le H, it was estimated to have approximately
32 2wt % éntioxidant when analyied by thin layer chrométdgraphy, whérea's,
' ’:_ 33 _ -_Sarhpie A _r:ind Sample C have 0.91 wt. % and 1.25 wt. % of antioxidant
S _ -22- ‘ ‘ '




_ 23 0. 26 0.24 an 0.20,1non is rreasured Qnk 0. 186asel i ness 168M#520060.. 16

" "dario" ianmeasicd g 64mex W i fss-1715 tm'1l 0.12 all 0.'00 am'0; 04 0. 02

» 2000 1900 1800 17001000 1500 WavenunOrm an-1 Oxidation (& er Nitration)
Number Reported (abs/ an) =peak absorbance divided by path length in ca(’
(report in whole nunbers) During the Oxidation-Resistance 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"

Ki nematiic wesgasivly. Thdréfotd) Satipe Aqfastapprox.ruaed '540% lleds dMEBRIBAR Vi Scosity.
The fornul a to. cal ?ul ate for %V| scosi tg_(v difference is: % Viscosity

di f f er erice Ran SampleH@pst Sample C.h % leps agtioxidant thap,Sémpled: x~ 100 %
Oxi dati on |ﬁ%l§h&*0x§ia&0me§i§?ﬂ§:eaé3@ﬂ\iba b 9apihid AU M8 ClmBy 6EONS were

‘used asﬁgeak herght conpari sons. Measureirents are reported on a relative

measur erfentdusesiassynierayrad 8,5-didrhtyl dehyidroy phenyidrepienate pnd &sap r eat er | evel s
of oxi dafi B'drlro?ta'zﬂﬂerﬁp‘of th‘ésa?ﬁﬁﬁ/etf%rrddﬁbﬂ%@dngﬁg%@-ﬁﬁ%u ower nurmbers

‘represent shorter was use erence oil and the
resul t s 6 n 4-hydrgbphenyhipropionate ar@l Group lrhgseiled as a ratio in the first row
of each-table. This ratio was calculated by dividing rreasurerrents for

; Sanpl e F by the neasurenents taken

8 % Difference = (Sample (x) - Sample (F)) / Sample (F).x 100%
9 . _ ,

10 _ -
11 ' -~ TABLE 3

12 Oxidation~Resistance Bench Test Results

Sample | Sample | Sample | Sample | Sample “Sample | Sample | Sample | Sample
. ‘ A B . C D E F G | H [}
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.

i9 .

20 ' EXAMPLE 2

21 S ~ The Oxidation-Nitration And
22 S Viscosity Increase Resistance Test
- 23 ¢ - The Oxidation-Nitration and Viscosity Increase Resistance bench test

. 24 demonstrates the capacity of lubricating ot to resist oxidation, nitration and |
25 viscosity increese. This test is‘-an a’dditional tool to help determine the
26 perforrnance of oils as they relate to the actuat service of lubricating engrnes
o 27 that use natural gas as a fuel source. The level of oxidation and nitration of oil,
28 may aleo be compared by monitoring the viscosity increase of the oil. The lower
29 | the values for oxidation, nitration and visoosity increase at the end fhe test; the
7 / .. 30 more superior the product's performance. The Oxidation-Nitration and Viscosity
-'31-_' Increase Resistance bench test was designed to simulate Catempillar 3500
32 series engine COnditions'as related to actuai fi e{d performance of the
R "33 -Caterprllar 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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29 May 2006 1 using the sanple being conpared to sanple F. ZBhdayw2008nd r ow
of each table .2 displays the percent differehce between the reference

- Sanple F and the 3° sanpl es being conpared to Sanpl-e F. The larger the

percentage difference 4 between Sanple F and the other sanples, the better

~performng the sanple in 5 respect to oxidation resistance. Sanple F was

the reference sanple for the 6 results reported in Table 4-6. The fornula
to cal cul ate percentage difference of 7 the ratios conpared to Sanple F
for Tablles weré plexedh a Beated igldsewareieatir agSeupibeted 10 calibhiftad levelsiof/ Sanpl e (F)

100 %,10 .11 12.13 14 15 19 TABLE 4 Oxi dati op Resi stance
éest Redul NS 3 gﬁ’é"rﬂYPéa§8ﬁ‘5€°epwjf§"‘§aiﬂ?ée%%wé“3&%3§28anpl e

'ABcDFGHB Raa*anmléSmlﬁ@hé’al@ aﬁ@&e&%&ui&%e HRAvBrge i thEWe riRS.3Ge370310. 163216,
‘ foererlce ared to Sanpl e

samples were evaluated usmg dlfferentlal infra red spectroscopy before placing
5 themin the heated glassware bath {o determine a base line for each sample.
6 The samples were re-evaluated at the end of testing -peﬁod. The differential
7 between the base line data, absorbance units at 5.8 and 6.1 microns, and the
8 data taken at the end of test cycle prowdes an indication of the
9  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 (Differentiel 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 oxida'tion 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)




"Ratio-These numbers are reI ative ratios conpared to Sanpl @9Msayp2006or mance
in this test Numbers | ar ger t han 1,00 perform better than’ Sanpl e F'and | ess

+ thah 1.00 performvvorse than the reference. The higher the ratio nunber,

“‘Resi sta

t he higher the performance of the sanple. Difference - These nunbers are
the percentage difference between Sanple F and the conparative Sanple. A
negati ve nunber indicates worse performance than Sanple F. 20 The results
presented in Table 4 indicate that Sanple A and C exhibited 21 a 416 % and
538 -% i aprovenent, respectively, in oxidative resistance over the 22 _
referenge Sanple F. . 23 24 25 26 27 .28 30 TABLE 5 Nitration

2ce Test Results Sanple Samﬁ%r'rpl e Sanpl e Sanpl e Sanpl e Sanpl e

- Sanpl e ABcDFGH Rati o' 3. 851. 068 infiafed/ Spedirs- 2229 001. 83 9% 28568600’

750322280073 Di ffpr ence conpared.to Sanple P, ' Ratio - These nunbers are

relative ratios | 924 npared to Sanple Fs performa ce in this test Nunbers
- larger than 1. perform better than Sanple and less than 1. 90 perform
‘worse than the re’l”é' ence. The higher the ratiofnunber, the higher the
performance of tjhe®sanple. "% Difference -The e the|percentage
di.fference betwdemsanpl e F and the conparati efepkgiesA 1 negafi ve nunber
| ndi cat es wor se jpati manoe 1 :
g‘““ at~1715 e
gu.iz )
.10 ;
0,08
0%
0.04
002
2000 1900 1800 1700 1600 . 1500
_. Veerumbers ot}
i Oxsdauon (&!orNstrat:on) anberReported (abslcm) peakabscrbance divided bypath 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” kifiematid 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’\'_'




-26 29 May2006 2 The results in Table 5 indicate the inproasdiperdosr mance
of Sanples A 3 and C over the reference sanple. The inprovement ranged -
from4 285 %to 8600 % aover the reference sanple in nitration resistance. 5
6 7 8 'Ratio - These nunbers are relative ratios conpared to Sanple F's
performance in this test Nunbers larger than 9 1.00 perform better than
Sanple F and |l ess than 1. 00 performworse than the reference. The hi gher

~the ratio 10 . nunber, the higher the performance of the sanple. 11 12

Di fferemnce usmﬁﬂi%&mplﬁﬂﬂrty wm&ﬁtmnmt—'aum @bdohdrranme ehﬂt tablen Sanple F

and the_co ative Sa e nu es worse
'perfornﬁnchSP[‘i’é(ﬁ Pg%@eﬁqﬂncﬁ@Wﬁ@ af%ﬁﬂ? ‘B‘ Bicate the

i mproveg peéfr@e@wg peRedPteESarfip lerGTﬁaqh;s‘e&ﬁebefdeﬁtargefcﬁﬁm sanpl e. The
i mprovenent ranged from 214 %to 17 2298 % over the. reference sanple in

vi scosi fy batweshsiampleFandibe OthPS saRlss dhe Retierperiospinadhesampledior to the
referenge ?%é@bﬁo‘@x‘d&h%@ résk %ﬁ‘l{)t A ﬂ‘@}er '?éﬁc%%dlﬁﬂe%é’ i scosity

i ncrease. l'e C per an a | es tested with
respect 6t o reguits saropied lmTabla%th@rf@rmtﬁthﬁaé,mequan féererrtpm‘e tests :
that quant | to 22 oxidation and .nitration
and. the‘?‘r eg'fj tgﬁ&@ﬁg@%@lt{?@amﬂeﬁg{ggﬁg%gﬁgd to 23 determ ne whet her _
sarrpl es8are good candidates for extending the life of - 24 lubricating oil
parti cubarl y those | yhQfidafld < argdhl'&)f zﬁ,gatgmg@&)gq@d%gas fueled 25 _
“engi nes. Absorbi ng oxygen an nltrogen he resul tant viscosity increase
- 26-assé@i ated with absorbing oxygen and. nitrogen are undesirable for
Iubrlcrﬁmg 27 oi |l particularly | yagigaging oils for use in natural gas .

.~ fuel ed engines. 28 29 EXAMPLE 3 BO—Sa'rrpI e A Db F, and G were tested

X ;-’.-separ al2ly by usi ng. eacHOxdetian %Slsja_nttafﬁemﬁeﬁlﬂtm a Caterpillar 3516

~natural  gas—fuet ot R T GmpiD T SAHPRE] Saic 3 Samed F5amiid Plample]Gampie | €S Nnat ur al
gas fuel ed engi ngs arelone ol tdie no TABEE b s scpsidy {l.naregse

Resi.st anc¢- Rat*  Redifét 4 98hpl e6.8anipl 63 1.00 4.10 2.63 3.56

nE % 416 A9 | 538 [ 37 | 0 310 . 163 | 216
1 Difference - ’ .o ‘
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 % improvement, respectlvely, in oxidative resistance over the
22 reference Sample F. '

23 -
24 TABLE 5
25 Nitration Resistance Test Results
Sam;ile Satnple | Sample | Sample | Sample | Sample | Sample Safnple _ -
‘ . A B c B F G H i .
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
F‘t

26 ;Raho These numbers are refative ratios compared to Sample F's performance in this fest. Numbeis 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_.




Sanpl e Sanpl e Sanple Sanpl e Sanpl e Sanpl e ABcDFGHI 29be2006 -

“Rat’1'0"3.7140.°6623. 980. 751. 006. 0317. 644." 40 9%R14-372298- 2505031664340 "

- Difference conpared to Sanple F' 27 29 May 2006 1-commonly used and one of
the nost severe engines with respect to oil life, 'they 2 were used as a
tool to determne the life of lubricating oil. These tests were run 3 in
the sanme nodel of Caterpillar 3516 engine at the sane location to mnim ze
4 the anmount of variables that are introduced in'the testing environnent.
Ol life 5 as used herein is the length of time it takes for a lubricating

oil to reach 6 Ll ar' Qn_ermin limts for natural gas fueled
engi ne fubri catﬁ\1 ?ﬁpullts ’ﬁatﬁ?%ﬁ@ ' BT'PVPE%Q perfprivaecest aamplesd 1inits
-are pr Ssemaﬁd()@ve'l:dﬁé fefdrende s@mpfeOTﬂté impréverhént rifiged Roml6 17 18 19 20

21.
_ 4 285 % to 8600 % over the reference sample in nitration resistance.

5
6 ‘ 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 | 0.75 1.00 6.03 17.64 4.40
% 214 -37 2298 25 0 503 1664 340
Difference : ‘
compared | .
] toSample
. i
3 *Ratio -'mese numbers are relative ralios oompared {o Sample F's perfoamance in this test. Numbers larger than
- 9 1.00 perform better than Sample F and fess than 1.00 perform worse than the reference. The higher the ratio
%(1) - number, the higher the perfformance of the sample.
: 1_2 **% Difference — These numbers are the percentage difference between Sample F and the oomparaﬁve 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 ,r_esiétance.
18 - Samples A and C perform superior to the reference sample with
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 nitration 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 increase
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

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

31 Iubrtcant ina Caterprlar 3516 natural gas fueled engine. Because the
32 .Caterpxllar 3500 series natural gas fueled engines are one of the most
| -27 - '




23 24 25 26 27 TABLE 7 Caterpillar Limts at Tinme of Temtmag2006
TestCaterpillar Limt Oxidation25 abs/an' by differential infra red

s sctrosco Nitration25 abstan"by differential infra.red spectroscopy

~Viscosity Increase3 cSt increase over fresh oil Total Base Number TBNSO %
of fresh oil TBN by ASTMD 2896 Total Acid Nunber (TAN)2.0 nunber increase

over. the fresh oil or 3.0 nmaxi nrum TAN by ASTM D. 664 Both sanpl es were run

in the Caterpillar 3516 until the conderming linmts were exceeded. The

oxi dat i bn eemimontyrused@andainetdidhes mopt memr@imaﬁﬂwedpemm oilifd) thegrential IR

~as desctib | SC rease of . the anpl es was al so

font torbd. WaRa BRI & gel 2568 el HEREAREnG ot Mase R wek Al & 2.
Sagpl e :A einfthbisame rb@dlé!ef Catiar[blﬂﬂn%‘lﬁeanglnéfat thesgmed Iot;@tlmmdﬁhinﬁiﬁ% ni 'E r a’lt\li) on
~and viscosjty incre se es Tot.al Ba er B
And Toth! e amadGEraery that APy didsed in GF Sesthe pRteEn @ et or s 1o
~ the. amntagnsmeﬁﬁam@ieﬁ?mdf@im@ddakgémmﬁndé% biNtoGagcyr am of sanpl e.

- Thus,- higher TBN nunbers reflect nore al kaline products and_therefore a

gr eat er® al Qatqrmiwqoeeewmg limits fopnatural gassigledenging Iwaricating piviAte d by ASTM
Test Noj %Qﬁaem%ﬁr@tﬁé%ét&pﬁlﬂﬂuﬁzwtprégen%‘d:Fi gwa' ent to mlligrans
of Potassi um Hydroxid KOH) In 1 gram of sanple. TAN can be determ ned by
the prdi:edure descri bed in ASTM D664. Sanple A outperformed the reference
Sanple 4 in all the monitored tesgf_‘ﬁi'rg%fn 176 % for TAN level to an :
estimated percentage of 374 % for , e based on the condeming limt

f or peiQ:ent Vi scosi ty mﬁMﬂlarlﬁmtsaSInptkeerﬁr@ out perforrred Sampl e G

‘ whi ch i s the—safre—ad Fve—as—2 \_allpl e——bti; : tp—tt base—9il. 3
- The key p [aneters tﬁ%’l[St are the firlst Lo reachl_caie‘g)fléaﬂeﬁ#m L ars 4.

’ condermi-n i :
.products / Fm?)ﬁeaﬁe i Qﬁh : or TBN
) '. 6: retenti 50'9% of fraahh o THBH b’s}AS‘I‘_M‘D zlaggl oduetion ( TAN) .
‘ | Total Acid Number (T AN) 2.0 number increase over the fresh oit or 3.0 maximum
. TAN by ASTM D 664
11 ‘
12 Both samp!es were run in the Caterpillar 3516 unfit the condemnlng

13 llmlts were exceeded. The oxidation and nitration of the samples were analyzed :
14 usmg dlfferentlal 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
1 18 (TBN)and Total Acid Number (TAN) analyses were also perfohned-. TBN refers
- 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. '
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7 Sarrple DIS simlar to Sanple F in its conposition,

- Caterpillar
~ Conpar i 8on1&suiipmand @5 %ainthe ofs ahiity ttenhib ackd preduetiae (TR er pi | | ar Limit for

~

but 20 Moy@aEns a 8
different quantity and type of antioxidant| fornhulated in a G olp T base
oil>. The 9 performance of Sanple D is worse than Sanple F, when eval uated
in a 10 Caterpillar field test. 11 The calculation fornula for Relative
Percent | nprovenent for Table 8 is: 12 13 Relative Percent |nprovenment =
(Sample (x) - Sanple (F))/Sanple (F) x 100 % 14 - 15 TABLE 8 16 _
Oxidation, Nitration, Viscosity Increase, 17 TBN and TAN Results for Cate

illar Test of SmmmA@sdz;utﬁerfomdd@a iianRteSaamb adaiied 8s ADFG Hour s
r 18944754791082 Oxi dation Rel ative Percent

" to Reac er I t
' Imroveﬁe%a@fﬁﬁg S'étd 959 i®es8%lo sanple F for Oxidation Hours to Reach

Cat er pi 1 ar _Li mrhekey @3@%&@.@5@&%metﬂrattb%hcﬁ%@bbv&p.ﬁ’ﬁécent | mpr overrent
Conpar i $on17910070 to Sans_/B for Nitration Hours to Reach Caterpillar

Limt f6&r363pdeoing finsge TAN, In @rcomnarisen af thesierdiighast | npr ovenent

b Reach-
T e e

Fror T e, el nfe 6 TR KB SR L RNRS 820, o 20T

based o# bdifigrent gugstity aod typewmf Gs&mad}iht Aomhyiated i &JG@t)Jup i®ase2dl. Phe ( a)

rat ely b
Conpar. §0n ﬁﬁom%? SAn%ﬂedD?s worsg%ﬁg)n §ample% whenmgra uaE % 1}1 %d separa y y.
u5|ng eachvone as a .
_ 10 Caterpillar field test.
11  The calculation formula for Relative Percent improvement for Table 8 is:
12 - |
- 13. Relative Peroen_t 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 E 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
.. o Sample F for TAN
18 ‘Note The viscosily increase hours for Sample ‘Aisan &eﬁmate based on trend analysis of the Used Gil Analysss (UOA)
.19
20 EXAMPLE 4
- 21 (a) Companson of Samples A and G
: 22 Samples A and G were tested separately by usmg eachone as a
© 23

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




23 Iubrlcant in the sanme Caterpillar 3516 natural gas fuel &$ nMang2oos for
~about -29 29 May 2006 1 1 year. “The oxidation and nitration of the sanpl es
- were anal yzed using 2 differential IR as describedin Exanple 2. Viscosity
| ncrease of the sanples 3 was nonitored by using the Viscosity Increase
test described in 4 Exanple 2. Total Base Nunmber (TBN) and Total Acid
Nunmber (TAN) analyses 5 were also perfornmed. As described in Exanple 3. 6
- The performance of Sanple A was surprising and unexpected conpared 7 to-
Sanpl e G Boshr. %me'mtimaﬁd hianaﬂuh of the shmp@somrelahalyae@usihd; and in the 8

" or 1+ CUBREEIR A orsnvat Pl oLV eEo G el sl ol 0 & 20
The calgul was@.ﬁbrfn@rdmlﬁyms‘mtheah@édsitﬁmaeéa@@méstldwnent for Table 9 is:
11 12 Rel atjve Percent |nprovenent = ’rIP| € (Gi)/SarrpI e (G x

100 % 14  Examgled; Total Base Numhar (EBY) @Qﬁetaqu’ 8Hn of
Sanpl essB %@bﬁsek@ﬁ&ﬁm ﬁ%o%s&iﬁéd':n\e&‘céﬁ: pleSst ed Separ ately by using each

-one as a | ubricant I n the sane Caterpl | 'ar 3516 natural gas fuel ed
- engi ne for abouThe eqrfom@nyéafSamn@lbwaaaumﬁﬁmgmdmemthpa% sanpl es

. were angl y@a§%e§{&rﬂ@ l??% é'g\b%@%é%"dﬁt%@g\%@gp'f%'dﬁﬁ M 2. Viscosity

| ncrease o Wwas nonitore c05|ty i ncrease
t est de8cr ciitisal maraaetﬂm PETBN anﬂiAB’L!‘Epetf@mapbe. S&Mﬁlﬁehaﬁ apincesased Reach

Cotmart 2o oDt ra R bl b Al L ARl e R A BB LB DY PR L i
. for Nitoati onZQBEé‘aﬂaﬂétldﬁd’oanmlaéorlﬁelamdermdmplmatneﬂjimpiahleQns to Sarrpl e G .
~for 1391N|trat|on _

12 Relative Percent Improvement = (Sample (x) — Sample (G))/Sample (G} x 100 %
13 '
.14 _ » : _ "TABLE 9
' ' [ Sample A | Sample G
{ Hours to Reach Caterpillar Limit for Oxidation ‘ 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™ 3381 3080*
| Relative Percent improvernent Comparison to Sample G for 10 0
.| Viscosity Increase _ _
Hours to Reach Caterpiltar Limif for TBN - - 1733 - 1 990
Relative Percent Change Improvement Compatisonfo 7w | 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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Hours to Reach Caterpillar Limt for Viscosity I ncr ease** 338 M3\3ARG"
Rel ati ve Percent |nprovenent Conparison to Sanmple G for 100 Viscosity
« Increase Hours to Reach Caterpillar Limt for TBN1733990 Rel ative Percent
Change | nprovenent Conparison to 750 Sample G for TBN Hours to Reach
Caterpillar Limt for TAN1538. 11.11 Rel ative Percent |nprovenent Conparison
to Sanple G for 380 TAN "Note - The nitration |evel and viscosity
increase hours for Sanple A are an estinmate based on trend analysis of the
-30I 29 Is/ayTaQiDBase Num'EQt‘ﬁﬂ;Bl‘B@ﬂ Totatrid Nﬁﬁiﬂkr@mdﬂ)'ﬁgiaq}seé\gega agrber (;I'AN) .
anal yse er sting described in Exanple 4.
The ger?o | e@?%@pée%nglggesgﬁ?e&ﬁp@agﬁq%r when conpared to 4 Sanple
F. Bot hasanpl esTheperfdraidngh at 88mple mgelléhmepwhe@aﬂnweat@ critical 5

_ par aneters_of TBN and TAN perfornmance, had_an increased oil life

. of %nl §am%aﬁ9fhfemvd98rwﬁ&rm%wmﬁm!@@ﬁﬁaﬂaadm &gk F. 7 The
cal cul asi opafaficiersdf TBN é?ﬁi‘ﬁAN\&%rfB’ﬁﬁéiﬁi&t Shﬁ%fcﬂ?ﬁﬂ?ﬁh Ea'ahﬁelo Is: 89
- Rel ative Percent | mpr ovenent anpl e e (F) x 100 %

©10 11 42 ohenly2a 3o sadib se.a l@lﬁmﬂ@m@am@gbﬁam&e - pi | | ar Limt for

160

Oxi-dat 9 e F 1
ot 1 on Tg eachhdl B RO PERUS RO R B R BSTE' Bt P

Oxi dati on Hours ach

Percent8| nprovenment Conparison to Sarrpl e F for

-9 " Relative Percent improvement = {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 barameters' 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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110 N| tration Hours to Reach Caterpill ar Limt for Viscosi .9 May 2006

I ncreasel364*1304* Rel ative Percent | nprovenent Conpari son to "Sanple F for
- 50 Viscosity Increase Hours to Reach Caterpillar Limt for TBN693578

Rel ati ve Percent |nprovenent Conparison to Sanple F for 200 TBN Hours to
Reach Caterpillar Limt for TANB0O690 Relative Percent |nprovenent
Conparison to Sanple F for 160 TAN "Note - The viscosity increase hours for
Sanple 8 and Sanple F are an estinmate based on tend anal ysis of the 13 used
al Analysis (uoA). 14 15 (c) Conparison of Exanples 4(a) and 4(b) 16 The
perfornmance of Sanple A shows a si |f|cant | nprovenent over 17 Sanple G
Sanmpl e A and G both include G oup Soils. The performance 18
increasg in the Wb I "o eming limt
Tt 10 TEN ooPeaN Trere sﬁ%%@%%ﬁg"’ﬁe@ Rl e e ey

i mpr ov efre nlubricant ik thesemampdel Gaiemilierd 16>natuwabg@ faeledierginepatdh® per f or med

B . Shprangiockla SSlle  ae SRR\ 45 A opdtiord °7) L% %20 56 and
16 % nﬁ)rg%mﬂaraﬁﬁﬁ@mwevéln}ont&yﬁanmm%tbﬂed by using ﬂsmr@rl SIlngZaEgi(AIVPLE
5”3 Canhr o ubHPERISTECae R 3836 fordoblh PP e ol niandisatioht o 4

| ubri ca}ht the sdtmlmermﬂbdze@amegmﬁffdrmtlaBMﬁs tedcvibed ingaeariplelZed engi ne at

~ the tion e stes us I t..as | ubricant for a
. 6 Cat er% nﬁgpggﬁf%cr%q,e %ﬂ}g‘? ﬁt"ﬁ? m@?}f?ﬁ?@@*%@@é&?ﬁ% using it as a
~ 7 lubr 1mantncfearseae£ab9¢rtmu hmExﬁﬁﬂ)@Z qot=Basd N&n&b@agsﬂ)lmmﬁam@n and '
S nitrat Ies wer e analgzed usi.n ferential IR as
.. descri ﬁngﬁé ses were also performed, as descnbed in Example 3.
' 12 Sample C exhlblte_d' surprisingly be_tter peiformance with respect to the

13- reduction in oxidation, nitration, viscosity increase, TBN and TAN than
14 Sample E. The level of perfonnance improved from a mlnlmum of
15 87 % increase for oxidation to 101 % and 108 % for the key areas of TBN and
16 TAN, respectlvely. _
17 . The level of nitration and visoosity increase of the oil for Sample C rose
18  atalow rate. When this rate is used to estimate the number of hours it takes for
19 o to be condemnied, 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.oif at the same hours of engine service when Sample E reached the
.29 Caterpillar limit of 3 cSt.
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9 Vi | scosity Increase of the sarrpl es was nonitored by usingabhmy\Mgpeosity 10
| ncrease test described in Exanpl e 2. Total Base Nurber (TBN) and Tot al
- Acid 11 Nunber (TAN) anal yses were al so perforned,. as described in Exanple
3. 12 Sanple C exhi bi ted surprisingly better performance with respect to
the- 13 reduction in oxidation, nitration, viscosity increase, TBN and TAN
than 14 Sanple E. The | evel of performance I mproved froma m nimum of 15 87
% increase for oxidation to 101 % and 108 % for the key areas of TBN and
16 TAN, 1respectTwebaicuiétbanaﬁnulewRaéuveleéraéﬂtmﬂpmdmensm%b% fiqncr ease of
t he oil for Sanmple Crose 18 at a lowrate. Wen this rate is used to
estimat® tKe nunber of hours it takes for 19 oil to be condemmed, it would
be in excess of 15 000 hours. Thi's would be an 20 unfair conpari son
because, Sanpl e C woul d have been well below the 21 mnimumlimts for TBN
after 1452 houRelabrePepatt sirrypment T érmpledGlnSageig P SenPloE) WHY %ir ai ned wel |
beyond $his condemming limt To give a realistic perspective 23 of the
: Ni'trati‘gn and Viscosity Increase Mﬁﬁnce, two additional lines were 24

added to the chart, which shows t of nitration in absorbance units
and 25 viscosity increase for Sanple C at the [Ssampllou] SampRIE panpl e E
“reached the 26 limt,. The nitration level for {Sanple G was 1.8 when

Sanpl e E [HeirhisRepdhCatmpilapkimit fof Oxidation  njt _of 28 TMBE vikco8¥%y {ncrease for
- Sanple C Ageageﬁameﬁmpmeqconmﬂ&one?rweﬁfar| atf th&8 sanp hotirs pf engine

SerV| ce 5 29 Catoarnitlar 1l i m nf 2 r-St _32 29

AT 4 ot \"Z

: » C “FR@&& C‘atem‘?if‘r Liniit fof Nitratior .
May 2006 PRepive W% e 2T ceht
| mpr ovenehiy iﬁfgﬁﬁﬁmﬁfebklb e"?t |s\% ereent | nmpr¢gvenent = (Sanplej(C) -

~, Sanpl e ( E) pit-SiRnDictvalusy avequalBhgie RoukéVahds Shpe@ DI € GIANDI € 250UT b t 0 Reach
= Cat er pi | | areadhiediCétedilar L}t dat i on1812969 Rel ative Percentj | nprovefl Conpari-son
't o Sanpl e] Housip Rggub Oajeiniliat linihfo\iscosity roreResach  Cat 65900 alr L11‘20ﬁ0t F or :

. Ni trati onpRelatygPergmgmproved Comparison to Sample E for 1150
7 : § Viscosity Increase .
Viscasity Increase values at equal engine hours when 024 300
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 I ' 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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-~ The cal

- fol'l ow ngj

Rel atiyve Percent |nproved Conparison to Sanple E for 12670 j@mga

Nitration DR val ues at equal ‘engi'ne hour's When Sanpl e E 1.8325.°00 réached
»Catérpillar.Limt Hoursto Reach Caterpillar Limt-for Viscosi

.Increasel5, 000" 1200 Relative Percent | nproved Co_rrpar_l son to Sample E for
11500 11iscosil Increase Viscosity |Increase values at equal engi ne hours
when 0.243.00 Sanple E reached Caterpillar Limt Hours to Reach Caterpillar
Limt for TBN1152573 Rel ative Percent -I nproved Conparison to Sanple E for
TBN1010 {Hour st Fhearbiafan ﬁfnp.uial oF okidm.én heézstsﬁégéﬁarﬁﬂadﬁ@é Wiene Per cent

| mproved Coppar.ison to Sanple E fo te - The nitration |level and
Vi scosi ty | @ﬁ%“’%@f%uﬁsdr" Sﬁﬁ‘ﬂﬁév@aﬁ@@| f@ﬁﬁsﬁﬂﬁed@wib%&!lowmgbend anal ysi s
of . the ljsed G| Analysis (UOA).A so, the viscosity increase hours for
-Sanple E were estinmated based on trend analysis of the Used G| Analysis
(UOA) ERAVPLE 6%gdifipreaca=\(Gsmplenishr 8ampls (83)iShawleNA) X 0% K for resistance
to -oxidation using the test procedure described in Exanple 1. The results
~of this™ test are presented in Table 12. These results indicate that

Sanpl es6A,  J and@h«resmifs kf tharcalcukations greieable 1han Sanple B. The: only
d|ffereqce in Sanple B and. Sanples A, J, and Kis that Sanple B. includes

G oup | base oil, whereas Sanples A J and'K include Group It, Ill, and IV

base oi Bs," respectl vel y. These re'FABLE 4how that this additive works

surpri sj ngl y better wh8n ed W 9 I I |, and |1V base oil than

t he sarfE addi t| ve V\/ne ' Bc?o Eﬁgg‘m"(e 29. May. 20,06.:..,. |
l-a it IAdrh'rl\/ Wien 2

Conbi ned wit h

: s 1, |11 Sreunl 1d GI"V‘ se ffoupdbr d¥by the |
‘s\UI f-fet Cllﬁa%?ﬁ%e tSa |p|sar.:l I ‘g%.h(- 1 e (A x -100%

s [ % 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 htgher performance of the sample.

—

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

~1 R IO —
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[

~sai d hi'ndered phenol is one or

6 The results of the calculations are in Table 12. 7 8 TABOBAY2006
Oxirdati on Resistance of an Additive Wien 10 Conbined Wth Gou s 1, 11,
111 and 1V Base G| Difference = 11 "Rauo -These nunbers are relative
rati os conpared to Sanple A's performance in this test Nunmbers |arger than
12 1.00 performbetter than Sanple A and | ess than 1.00 perform worse than
the refjer ﬁbﬂﬂmé l%e rati o nunber 113 3 represents higher
perfornance 0 e sanp 15 Difference-These nunbers are the percentage
A 16 negative

di f feré@nce bet vveen Sanmpl e A and the conparative Sanpl e.
rformance than Sanmple A 17 Goup of G oup |

nunber i ndj cat Worse e
Group Bl oup %PW%'@Q@ﬁE&%:ibatﬁﬁamﬂwt%ﬁﬁmﬂ-@l -thrapn4-e K

Cobr i cat 641“‘**%"?9'**“@?‘)?%8*% TRHYBY PRtk ans s malak amountatat Beasbut 1 4.

Lubri catl ng oi | ‘conpri

 4hydr oRy pheisy/Gramokbaod i bahenﬂgr ed phenol- and a maj or anount of at Ieast
of claim1, wherein

base oils. 6 7.2.Lubricating oil
nore 8hi ndered phenols of the general

formila: @ 12 Hﬁﬁlﬂ%tl@%llcoﬂcﬁml?’l >%he1ré.n‘ﬂ§t£fa eF%d Bhéna 73;3%}3%@: glrioggi-dﬁ

50ne oup 11 and |11

3 LUb§' C% dg%do phenolso helgrgnlaracl)¥ormula erern t ere
g _
10 0

]

n | |
12 | HO*@‘CHZ CH,——C 0 R

13 | 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 fOrmulation comprising the hindered phenol of Claim 1 or 2
| 18 and one or more dlspersants one or more detergents and one or more wear
19 inhibitors. o
20
‘21 5. Lubncattng 0il of Clatm 1 or 2 having a total base number of about 2.15 |
.~ 22 toabout8.88 as determined by ASTM D 2896. '
co 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 | "
'. N 27 | 7. - Lubricating oil of Claim 1 or 2 having less than 4000 ppm sulfur.
7 N | |
_ _29‘ f 8. A method of making the tubricating oil of Claim 1 or 2 by combining the
30 | hmdered phenol of Claim 1 with the base oil of Claim 1 in n any order and
o 31 mlxmg ' ‘
32
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17 4. -An additive formulation conprising the hindered phenggdy sdoai m 1 or
2 18 and one or nore dispersants, one or nore detergents and one or nore

wear 19 inhibitors. 20 21 5. Lubricating oil of Caiml or 2 having a
total base nunber of about 2.15 22, to about 8.88 as determ ned by ASTM D
2896. 23 24. 6. Lubricating oil of Aaim1l or 2 having a total ash content
1.5 w. %as determ ned by ASTM D874. 26
28

of abou 0. % t bouyt
27 7. L%Jbri%?:atl #g%‘?“? %‘?ﬁ%ﬁ "9 %Q‘Qefﬁﬁ‘?mﬁgsmml@ndaangm@brppmesuI fur.
| or 2 by

29 30 2 31lengihes. with WBHESThgSI %b@?g&;&ﬁfhﬁq@@hhgﬁgﬁlq?]m fr(;jlrI caimilin

conbi nld,gg t he hindered phenol
any order and mXxing. 29 May 2006 _1 9. A nethod of lubricating engines

conpri &4 ngq4pubr i gk oor e ines with lubricating oil

conprising the !T d%re %Slﬁceo%?"sd?g @’&?mf "&U@Ofaﬁeﬂﬁl@e ptiGrowpdli ng oi |

" conpri $i ngand fhpase aitandta inotamaaRlof ¥ dpl-bid,P *?‘%ﬂ’" Il base oil
-t-butyl 4- hydroxy phe P I onat e hi ndered

d t . of, 3,5-di
oheno rg be 'PZ’W%B&?{}%F%G abérap |.Igenzeneproparoidioid B;H-blsﬁﬂt-l‘lmhéthﬁ hydr oxy-

- phenol .

C7-C9 - br an@th @hwbxﬁ_sgfg bfaﬁc"'gdéé%sgtg | (C::’;l'([jl ng gl IbI gf((il allm 10, wherein

t he ‘hi nder ed” phenol enzenepr
- di et ﬁyl et hyl ) - 4- hydr oxy-, C? C9 11 branched al kyl esters. 12 13 12.
bl‘haw ng | ess than 4000 ppm sul fur. 14 15

Lubri cgti ng 0|I lgjc%almllf)
eIy Cat i nd-ubr il af ela M@rembe@mdembphenolasm %to about 16
2.5 Wi0 YbehztheplopahbRadid)S, 5"b|is EORRYifnh teihw RoSloss- Roce! - 17
11 branched alkyl esters.
12 _
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 | | |
2816 L‘ybn‘catin_g qil of Claim 10 or 11 having a total ash content of about |
.24 0.1wt % to about 1.5 wt. % as determin’ed 'by ASTM-DBT4.
25 .
.26 17, A method of Iubncatlng englnes oompnsung contacting the engine w:th
27 the Iubncatlng 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 hmdered phenol with at least one of Group | and Ml base oilin
o 31 any order and mlxmg ' '
32
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18 14. Lubricating oil of daiml0 or 11, wherein the hi ndepedigyrrmoel is
liquid. 19 20 15. Lubricating oil of daim10 or 11 having a total base
nunber of about 21 2.15 to about 8.88 as determ ned by ASTM D 2896. 22 23
16. Lubricating oil of Caim110 or 11 having a total ash content of about

24 0.1 wt. %to about, 1.5 wt. %as determ ned by ASTM D874. 25 26 17. A
contacting the engine with 27 the

; hod pf b i Sir
AR T A B R S

| ubri cali ngneior nufre@@eﬁ‘sé:ﬁsoénéér ﬁ%%e%r%lgﬁ&scgﬁp a?ﬁé&ékngr?@' gfgéredand

phenol th at | east one of Goup ti and I ase’ o
m Xi ng. SWI32 "ﬂg’ NS 5?&)\@3? g Phﬁnﬁf@diatemnt?or mul ati on conpri sing hindered

phenol pof claim 10 or 2 one or nore dispersants; one or nore wear
inhibitors; and at Ieast one of 3 sulfonate, salycilate and phenate

 deter gent s20. 4 lallmn:atmghmhwanpﬁw@aImlﬁ@ffﬁl‘doﬂnBGf ﬂfaer‘éd’tﬂflv?fH?Hﬁu’iat%f thé

19 and a ma% or anount o [ east one of

addi ti f t]
- Group }{’f 8'(:5ﬂﬁl1% %'éfg@ "6‘?“?" amouﬁt Qﬁat leastoneael Geoup Il al I8beisma0 conpri si ng
% to about 9. 16.50 wt. % of the additive fornulati on and about

about 4 wt.
40 wt. % to about 97 wt. % 10 of the base oil. 11 12 22. A nmethod for

| ubricdtird-a déthjﬁatlngaédcmtm@ngmpasmrﬁﬁdmlm 13 6 ubbi;cat i ng t he
il of Claim?20. 14 15 23.

nat ural g ubri

A et nod o S 5t gl Toknalisi b brub Ao aiicoebed i W thg 16
‘conbi riDng of tfee baserroile detergents; one or nore dispersants; one or nore 17
wear hi bitors; and the hindered phenol in any order and agitating until

18 m>l 19 20 24. Lubri.cating oil conprising: 21
3 22. A method for lubricating a natural gas fueled engine comprising
13 Iubncatmg 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 dispersénts 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 disperéarits;
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 dlmethyl—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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22 about | w. %to about 8 wt. % of one or nore di spersantzd Map30@! about
| wt. %to about 8.5 w. % of one or nore detergents; 25 26 about 0.2-w.
%to about 1.5 wt. % of one or nore wear inhibitors ; 27 28 about 0.6 wt.
%to about 2.5 wt. % 3,5; di-t-butyl 4-hydroxy phenyl 29 proplonate
hi nder ed phenol [benzenepropan0|c acid, 3,5-bis (1,1- 30

and 31 32 about

di met hyli- et hyl ) - 4- hydr oxy-, C7-C9 branched al kyl esters];
6 W. %to about 97 wt. % of at |east one of Goup Il and 111 base 33 oil.

-37. 292Vay?2006 kubricating d:lui:frclalatEdﬂWréln%e%ﬁdéPeath\é/HSFE' n the hindered
bis (1, 1

phenol §s no [
- di et h?/l %eﬁﬁﬁﬁgﬁ%ﬁ’ﬁ%@p& :?a,\% Qt@ﬁd-(ﬂimtmeeihﬂmwymser €+Cp 6 26. A
~met hod 4or bramchethalkplestesdat ural gas fuel ed engine conprising 7 lubricating

the natyral gas fueled engine with the lubricating oil of Claim24 or 8
25. 9 0 27. A nethod of reducing oxidation in an internal conbustion

533{0??5‘%9%2%& k1o bRt f S5irels @%ﬁe%a?ér&%é“péé‘upﬁy&%@?bth'eﬁ&
RN 2‘?&’2“"5@????“{?@%%‘5@?‘? iR HeQHEfiEHng IS Craftn 24 02!
_ o
10 27_. A method of reducmg oxidation in an internal combustion engine which
11 comprises operating an engine with a composition 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

Do |

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.

22
- 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% to 2.5 wt% of 3 5-dl-t-butyl 4-hydroxy phenyl proplonate

.. 33 i hlndered phenol [one or more hlndered phenols of the general formula.
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19 20 wherein Ris a C7-C9 al kyl group] 21 and a maj or anourgmef 2ade | east
one of Goup Il and Ill base oils. 22 23 28.. A nethod of claim17,
wherein the hindered phenol is 3,5-di-t-butyl 4- 24 hydroxy phenyl

propi onate hindered phenol. 25 26 29. A nethod of reducing oxidation in an
i nternal conbustion engine according to 27 claim27 or 28 wherein said
internal conbustion engine is a natural gas engine. 28 29 30 30. The use
of an anti oxi dant system conprising 31°32 0.6 Mt%to 2.5 wt % of

3,5-di -4 -butyl 4-hydroxy phenyl propionate 33 higmdered phenol [one or nore
hi nder% phenol s of the“general formula: 29 My EOOG 2 0311 4 HO CHZ CH2

COR5VEG6 werein R s C9 al kyl group] 7 d a maj or anount of at
| east ane of G oupHQY an E&loits; CHp—8—@duce gxi-datgon in an
i nternal conbustion engipe—9 10 31. The use of claim 30, wherein the

hi nder @ phenol is 3,5-#i-t-butyl 4 hydroxy phenyl propionate hindered

_ phenol T i oxi dant system according to claim30 or 31

‘wher ei n sé?’de%ﬁhﬁé?ﬁé?@@r?ﬂﬂ’iﬂfw lengine is a natural gas engine. -39 29

My 2006 2 ABSERC maforlafolbo [ [ amount of at
i AA50%R br GRAIRY 1 ShAGH BTRIE &

|- east gne of Group I 5 base

benzen8pr opanoiredues @deah@nman(memaﬂlcamﬂmtlon@ngtdéw) 4-hydroxy-, C7-C9
branchgd al kyl esters. A nethod of meking this 7 lubricating oil and a
met hod of lubricating a natural gas engine with this 8 lubricating oil.

10 31. . The use of claim 30, wherein the hindered phenol is 3,5-di-t-butyl 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 Qombustion engine is a natural gas engine.
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ABSTRACT

A lubricating ol comprising a major amount of at least one of Group Il and Ili
base oil and a minor amount of benZenepropanoic acid, 3,5-bis (1,1-dimethyl-
ethyl)-4-hydroxy-, C;-Cg branched alkyl esters. A method of making this
lubricating oil and a method of lubricating a natural gas engine with this

~ lubricating oil.
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