1 LUBRI CATING O L ADDI TI VE SYSTEM 2 PARTI CULARLY USEFUL FOR NATURAL GAS 3
FUELED ENG NES 4 5 BACKGROUND 6 This invention relates to |ubricating oi
conprising a conbination of a 7 hindered phenol and Goup II, Il and IV
base oil. The lubricating oil of this 8 invention nmay be used in any
manner, however its enhanced properties make 9 it particularly applicable
for use in engines fuel ed by natural gas. 10 Natural gas has a higher

speci fic heat content tha rQia sf\}§9||' and therefore it
bur ns hotlt er than |IQUIA:F E AB(HE!)T“;é é‘Y‘ A conditions. In
addition,“since it is A g o?' ool 13 i ntake
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air by ev?’aporatlon as liquid hyd opI ets do. Furthernore, 14
many natutal gas fuel ed engines are run either at or near stoichionetric 15

COI’ldItIOFSS, at which | ess excess a'Bg@K%ﬁ@Uﬁﬁ' e to dilute and cool

conbustion 16 gases. As a result fuel ed engi nes generate

hi gher cagrbusti onTh&ﬂnmldmmMeammmcaha@ oém:gmmmngja conpimatipn of a
hydrocarbon uel s.
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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 NOy concentrations high enough to cause

20  severe nitration of lubricating oil.

21 In most cases, natural gas fueled engines are used continuously at

22 7010 100% Ioéd, whereas an engine operating in vehicular service may only

23 spend 50% of its time at full load. Lubricating oil drain intervals may vary in

24  vehicular service, but are typically shorter than those for natural gas fueled

25 engines.

26 It is important to ensure the reliability of natural gas fueled engines

27  because natural gas fueled engines may be located in remote areas where

28  service is not readily available. Lubricating oil used in natural gas engines

29 therefore requires high resistance to oxidation and nitration.

30 Good valve wear control is important for keeping engine operating

31 costs down and may be achieved by providing the proper amount and

32 composition of ash. Minimizing combustion chamber deposits and spark plug

33 fouling are also considerations in setting the ash content and composition in

34  these oils. Lubricating oil ash levels are limited, so detergents must be
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1 carefully selected to mnimze piston deposits and ring sticking. Good
wear 2 protection is required to prevent scuffing and corrosion. 3 If

| ubricating oils for natural gas fuel ed engines are not fornulated to 4
handl e typical environments for those engines, the lubricating oil will 5
deteriorate rapidly during use. This deterioration will typically cause the
6 lubricating oil to thicken, which results in engine sludge, piston

d its, oil fil i. ' . i d
[ her wedr . aarofl geliradq RS PRtl BaloetE AT Suolfgrogeahar 09 o0
| ubri cat bng Rotecti®naddedliRd RSprelént seefiidiand udgsionpi ston deposits, oil
filter plugging and 10 accelerated ring and |iner wear is.to
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sul furized I i : fiy j@xi dants in
| ubri cat %ng q?ﬁ#i%ﬁ%%re@g/grﬁﬁae&%et Z%@‘%E\?gﬂ Ige%’\%ggdu%@@ftubcrl E:M‘Hi ng oil
det eri or &t i cfleteRotat@rasidlyedurdigniise. fithis detebiokation willtypicelly Cheseathdi t i onal 14

anti oxi dant reaches maxi num effectiveness and at tines.further ddi.lti on of
15 ant i ofi daHbrRRANGOLHP ARG TapUls 1 E00IBP YRS IRICN CSPBRET 6T 16
VWile it s & r e | ! t@sgdant is 17
effecti ve7I [ nmfé@"“e@f@ga%@;?é'ﬁé g? §%€%¢E§r?{1@g%q Qﬁctj ﬂﬁ? \?ﬁegnt_i on

provi des ga 18 net Tioel geneiahimesy appeodahfte reflutaidetedatation dilubrigating @ilt

necessarily increasing the .19 armount. of antioxid : MVARY 22
The Iubri%at?ﬁ‘éthﬁ rIeSHEa'?tH?@'W%@lgﬁg?dﬂsmfae&?ﬁg?’i%@fﬁ{?Rﬁ%@#@%@#m of one or
23 more 126 gdﬁé%@ﬂwgﬂlgaﬁa lihBewasnee adteinivkidan®suchashii@eréd pheridks HO O

CH2 CH2 erein Ris a C7 - C9 al kyl group 30 and a mmaj or
amount ofl at a$ emditasadipherfyl amings and suifyrizegd-omp - ligreasing the arpeunt

020 wt o 1 o hse RO ianGd Reicathy b o RERH CATINCIBERRES OPP 75
general fPr Mybficatidgisil deteiibeitiond Bohansdrae ot tiieselubiity. linitef thetamtitione  of
-2 1 the lubricating oil of this invention mydca%%éssﬁlﬁ%g?agcrﬁtigg%?
nol ybdenldn antioxidant reaches maximum effectiveness an

15  antioxidant may even detrimentally affect piston deposit control.

16 While it is no surprise that increasing the amount of antioxidant is

17  effective in increasing the life of lubricating oil, this invention provides a

18  method to increase the life of lubricating oil with out necessarily increasing the

19  amount of antioxidant.

20

21 SUMMARY

22 The lubricating oil of this invention may comprise a minor amount of one or

23 more hindered phenols of the general formula:

2%
25 Q
X N

26
” HO —©‘CH2 CH,——C 0 R

28 >/

29 wherein R is a C7 — Cg alkyl group

30 and a major amount of at least one of Group II, lll and IV base oils. More
31 specifically, the lubricating oil of this invention may comprise about
32 0.20 wt. % to about 3 wt. % of one or more hindered phenols having this

33  general formula. Liquid hindered phenols are preferred. One embodiment of
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2 oxidation sulfide inhibitors in an amount no nore than 0.5 % wt. Unless 3
ot herwi se specified the term"w. % as used herein neans wt. % of 4

| ubricating oil. One enbodi nent of this invention conprises a |ubricating
oil of 5 Caiml having a total base nunber of about 2.15 mlligrans

Pot assi um 6 Hydr oxi de per gram of sanple (ng KOH/ gr) to about 8.88 ng

KOH gr as 7 determ ned by ASTM D 2896. One enbodi nent of this invention

conprises a 8 lubricati ' 0.10 wt.
G0 apod one WGt HTd: s wPRAErBy Ry REths SEREM oovaiin i <
i nvention ”Bdmdéﬁbméuﬁidbﬁ?ﬁﬁbﬁmﬂnéﬂ%@m ifalhdore thame. 5evtbetliUmtess of this

i nvention conprises 11 comnbining the hindered phenol of the invention with

the base i | oiheraing shesiied the terma Wi X 1S UARDRENN SMRIH Wene Obf this
| nvent i or Colﬁghg;étﬁ’?%gll r@h@%ﬂ‘lt%dlr}%ﬁ %fsﬁ@%%r’?e&hpﬁ%%?mﬁ (»sc'itlﬂg oil of

contacting o re engines Wt | Cat
i nventiors LGkiinchhaviaga iotajfbatslelrmmlumemftatmmtﬁmﬁ mnlhg;nalnssaPatas%mmm or

Smount of6 3. Byrodansyeram af ahmeis e KOTBsHo A S ol RABIGT 48"
benzenepr-ppag e?m?férogby %W?%é% lodd BRIJOYimeRHuf &Mnb&ﬂi&%&ompﬁ%@ 18

branched al k I -tert-butyl-4-hydroxyhydroci nnam c acid
C7-C9 1 brmububemgibkylbvegt@tc)talrﬂah cantehkeofsabraut Outewbf %ftoalpeut (1) above.

about 3 i 9:c9 w gp B detemuingt VA IR S ey ioaBng 57 40 Tsipa g
about 0. ?OV"tha/Q/%%s%bcﬂ% 4%%o?pp$n%lfur%OnEﬂ@m%oamﬁlénttofbmhyhvéhti@mc&m;ynmenyl

propi onate nm 23 enbodi nent of this invention may conprise
an additive c@mmnna@ Itlmwhmdeoedrphﬁamlmjt@ Bwentien withythe paseldRyaYHIAST

pr opi onat e; on sper.s r and
one or e a@ é‘?'é'@@t S,Enoztg% ﬁ%ﬁdgﬁ%] OJ t@' ﬁn\%nt@ﬁl (goﬁqﬁ@%erﬁélg‘\n&h%@bionprl se
about | y4. PadriRafiRgehghéstompridh®tontaeting onercr ndbrepenigiaes withdbeut 1 w. %
to about 8.5 wt. % of oOne or 28 nore detergents, gabout 0.2 w. %to about

1.5 wt. % of Itmﬁ@atjrng o rof thie dnverdionn khulpigading, Ollaﬂafdhts IBVentign may COMiKISea 3 wt .
22 Srke PHs UL Ao oRSigEPR! el BA SPOH i e
preferably abemdunBor 85- d%b@tyawtytir@ayphenyl%roplonaﬂe Gtlsd kagwn case of Group
Il, 111 and |V base ol or more ref 3 about 97
wt. % of 1at beazeneeranoigasith 3 -big ﬁl’?%eﬁ\ﬁ hyb ?1|ydroxy3, - gﬁbri cating
one or it HABIHERIRRGRT SR B hondechc 3 6o o

19  branched alkyl ester) having the structure of formula (1) above. Lubricating oil

20  of this invention may comprise about 0.20 wt. % to about 3 wt. % 3,5-di-t-

21  butyl 4-hydroxy phenyl propionate, preferably about 0.6 wt % to about

22 2.5wt. %. The 3,5-di-t-butyl 4-hydroxy phenyl propionate may be liquid. One

23 embodiment of this invention may comprise an additive formulation

24  comprising 3,5-di-t-butyl 4-hydroxy phenyl propionate; one or more

25  dispersants; one or more wear inhibitors; and one or more detergents.

26  Lubricating oil of this invention may comprise about 1 wt. % to about

27 8 wt. % of one or more dispersants, about 1 wt. % to about 8.5 wt. % of one or

28  more detergents, about 0.2 wt. % to about 1.5 wt. % of one or more wear

29 inhibitors, about 0.5 wt. % to about 3 wt. % 3,5-di-t-butyl 4-hydroxy phenyl

30 propionate, and about 40 wt. % to about 97 wt. % of at least one of

31  Group II, Ill and IV base oil or preferably about 80 wt. % to about 97 wt. % of

32  atleast one of Group I, Ill and IV base oil or more preferably about

33 60 wt. % to about 97 wt. % of at least one of Group I, Il and IV base oil.
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3 nore detergents; about 0.3 wt. %to about 0.8 wt. % of one or nore wear 4
i nhibitors, about 0.6 to about 2.5 wt. % 3,5-di-t-butyl 4-hydroxy phenyl 5
propi onate and about 40 wt. %to about 97 wt. % of at |east one of 6 G oup
[1, I'l'l and 1V base oil or preferably about 80 wt. %to about 97 wt. % of

7 at least one of Goup Il, Ill and IV base oil or nore preferably about 8
60 w . %to about 97 wt. %of at |least one of Goup Il, Ill and IV base

oil. 9 TAL L PT] ON THE | NVENTI d
O o S R R i P IR B AN BBl v s
surprisi rygl Y6 ANG, bfidie oheBrd 8i8peants; abaawml%qa%bfoueaaﬁ %L griegone. 14
The lubricating oil of this invention nay conprise one or nore of the 15

hi nder ed phefere dgtesgentseab o 0ep wtaﬁctoeb@ubo B wt. % pf ane ormqraé*éeacsr ls. A 16

preferred | u | nount of one
b ' 37 ot o BBl PRoR e 29V oA ROR AR T o1 % e
El nder eggs 18pmmrdte ada%rrroubad Megﬂdﬁb&henw’r % ‘offaf teasacmeror when used
erein means nore 0 e term "njnor t

her ei n rre(ansGrQ‘('P“eB%arﬂq'rh\r’er@e@!' or gyreferably, abauidimte tooq qultrgg \/;ng on
bhenol s deacs gt e of B8R T Libnd i, BASR ] Bf Hor@lteRalipidholt | 1E Mt ndered
det er gents a6d win% karahsmﬂ@?\rw’a%uﬁht leasbose oﬂGr@updleflband&dNIbabeiOdiati ng oil

of this invention may conprise a major amount 25 of base oils from G oup
I througgh Goup IV, a mnor amount of one or nore of 26 the additive

formul at{pns conpri si ngnembsnolyesémiﬂ?mm)rdmmENWonl n, 27 one or
nore detergents, one or nore dlspersants and one or nore wear 28

i _nlhl b|3 E) otks. 29 Anﬁhisggvmﬂm@d:mwdesdﬂbrtmtleg ioi $teaitray be siegdiis 88y EDBINEC at i ng
oi | '
descr i belf 32uHbAENdS Cxpbitp St R HYB! Poise R MAUIEN B ORIy

conpri se13 heghgipnder ed 33 phenol s described herein and Goup Il through IV

base oils in a formulation -4 1 that has about 0.10 wt. % to about 1.50
w. %ashtin the Thailgbriaatingisilicf this iyestion mayermpisecne ef B10ie 0 thesout 0. 3

vl Sy RE St U BT bl o 011
16  preferred lubricating oil of this invention comprises a major amount of one or
17 more base oils from Groups II through 1V and a minor amount of the hindered
18  phenols described herein. The term “major amount” when used herein
19 means more than 40 wt. %. The term “minor amount” when used herein means
20  less than 20 wt. %.
21 One embodiment of this invention comprises an additive formulation
22 comprising one or more of the hindered phenols described herein, one or more
23  dispersants, one or more detergents and one or more wear inhibitors.
24 A preferred lubricating oil of this invention may comprise a major amount
25  of base oils from Group Il through Group 1V, a minor amount of one or more of
26 the additive formulations comprising the hindered phenols described herein,
27  one or more detergents, one or more dispersants and one or more wear
28 inhibitors.
29 Another embodiment of this invention comprises lubricating oils
30 comprising additive formulations comprising the hindered phenols described
31 herein.
32 Preferred lubricating oil of this invention may comprise the hindered

33 phenols described herein and Group Il through IV base oils in a formulation
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4 herein, the ash contents were determ ned by ASTM D874. 5 One enbodi nment
of the lubricating oil of this invention nay have a 6 Total Base Nunber
(TBN) of about 2.15 mlligranms Potassi um Hydroxide 7 per gram of sanple (ngy
KOH/ gr) to about 8.88 ng KOH/ gr. A nore preferable 8 enbodi nent woul d have
a TBN from about 3 ng KOH/ gr to about 9 8 ng KOH gr. Unl ess ot herw se
specified, TBNs, as used herein, are 10 determ ned by using the nethod

ASTM D2896. 11 .The lubrjcatin il, of this ijpvent.i v, h a f
content of 1 564 PeR ako0 0 otoh fimflil oD e e e BRAE WuBalbail o
this inventigpd aRiFar jré@am?fabedﬁo.gfwﬂﬁ%bmtd Beout1tob War dcadH maheifinshedl this
invention or the additive Tornmulations of this invention bé@lS_conbl ni ng

t he conpchentubrigating aijas detesmingd by AQTM BSfdoMéiarsasht eonferiscare digcussed

. di b . . o
17701 end 4 neleHbaNEAFS Bfero Ry gRleinsaby ASTRL PRTR" Re Component s A
18 tenperature of Onosthbddiheln®T ees [Ubricating ol iofithis linvehliodegaghavén t o about
19 160 dgﬁgrees F _(appr oxi matellﬁbgl degr ees CPI_ may be used. He %);(Igg may

this

occur 20 at 1aid) BaseeNempen gl BNbohalkrE 15 milligrashs Eotasabys;

i nvention, co j i ' j

cont act i . ong 4ETct S8R 180 AR (d ORH S8 EREHERIREMATDIEY,
onehogI n?f;SSengdﬁﬁenmommd’ud\@ra é’ﬂbbﬁbnmtbo%lfS mIgiPQOH!igretnta'bhmtconpri ses the
met hod o ubrjcating one or npre natur S engin contactin n
or nore of tﬁéngféjlﬁ{%rgeﬁsﬁr?gh%ﬁW'? éPe‘f'ﬁ‘?‘g T%g%rﬁ? aﬁeﬁ?ﬁ%ﬂ%r rmrg one
nat ur al S egﬁgﬁ%d g}]] uéﬁ%tthérmétrﬁ%%mm?é%é.hi s invention conprises the

u g one o

nmet hod of 28 ricati e or nore engines by lubricating one or nore of
the | ubritating oiThe lul2gcadingtdiicf thiavmevention nwiy havana solfunerdertefilesssthaso

Anot her ogdj.gent of i s invention conprises the method of 31 |ubricating
one or nﬁéﬁ; %Q@EPQW a'éé'qe%i/?ﬁ'res by lubricating one or nore of the 32

lubricatifng oils photHrenBydEMchesr thid ilveitorodoriplisesiabticils cfanalgngtmes. -5
1 The lubricating oil of this invention has shown a surprisingly long life

in a 2 batuldiricgting dikeptihisinyenionpehetadditiverfaendiatipne abihis ivsiiomey
o 15 overstnabreiund 1 cBbbentS it AteBb Rt r Lo b8 s ra ke het & U2
ina siméar ir@tﬂé’dibhts&nﬁ?/fb@fd@ﬂhtﬁhé@m why brder end dt doesperaiuse sufficieattoot her
types of hindered phenols ]
17  blend the components but not high enough to degrade the components. A
18  temperature of about 120 degrees F (approximately 49 degrees C) to about
19 160 degrees F (approximately 71 degrees C) may be used. Heating may occur
20  atany time during the process.
21 Another embodiment of this invention comprises the method of
22 lubricating one or more engines by contacting one or more of the lubricating oils
23 of this invention with one or more engines.
24 Another embodiment of this invention comprises the method of
25 lubricating one or more natural gas engines by contacting one or more of the
26 lubricating oils of this invention with one or more natural gas engines.
27 Another embodiment of this invention comprises the method of
28 lubricating one or more engines by lubricating one or more of the lubricating oils
29  of this invention with one or more engines.
30 Another embodiment of this invention comprises the method of
31 lubricating one or more natural gas engines by lubricating one or more of the

32  lubricating oils of this invention with one or more natural gas engines.
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6 were used in a simlar additive formulation with Goup |I or Goup Il base
oils. 7 The surprising long life exhibited by the lubricating oil of this
invention may be 8 the result of a synergistic effect of the Goup 11, 111
and IV base oils with the 9 hindered phenols described herein and/or a
synergistic effect of the Goup Il, Il 10 and IV base oils and the
additive fornul ation conprising the hindered phenols 11 described herein.

12 13 |.. BASE Ol 14 Base Ol .used herein js defined as st ock or
bl end of Thase 15 polEtamng ol of i HEn[SE fof shinf 3 wiGpENdong i i

| ubri canty copppRg astiialedichgindBwRER ShE BiddBIePpiferitld Bes@bEddrginadret 0 t he
sanme specifications (independent of 17 feed source or manufacturers

! ocazI i on_)3’].c _ tu:ﬁ)d imean sdditice umsllationuriti Grewn sl qrgi Bhkase pisevasinalasaen hat
both. - Bace. stbek ST HploBE aferRle Ber g ROle P SRt e HERE

processes; i nrgdidtidnvith Gedup | baseedild or wihert biteatypess, ofdiha@et pheholsi ng, 21
hydr ogen processi ol igonerization, esterifjcati on,qrﬂas‘,_‘[nd rerefinin

Reref i necd 2@eEq ébiri,gd iy similss agddiive dprmuydatign Wit SropB hoisrerp Itéaﬁerﬂ"rsg-duced

through 23 n?ﬂé”s@@r%ﬁﬁdﬁl%ggiiﬁ%&ﬁg})ﬁ@é bPthe B@ri@%@q @Pﬁfut@%ﬁnvgﬁlﬁ)rﬁﬁgg pai I of

this invention ural” or synt ricating e oil
fracti on gar theorekalt by atdynsryisteffeat bhiheeGdupdivall imad UV dm=sei dilg véth the0 degr ees
Centigrade (C) .and, about 26 5 centi stoke cSt) top,.about, 20 c referably
ebout 75t  BpcdsLe %olaée%@ttze r@lﬂﬁf@%éasv e eTsor &g SranBit I
cSt. HYd{pCashty BEBL BRE bfid 188 aBlitiSe MHhUIATDHEBnDiidig S ARkBredendis epar ed
fromthe polynerization of 29 ethylene, 1.e., polyalphaolefin or PAQ or
from hyditiocadésoribegridremi.s 30 procedures using carbon nonoxi de and
hydrogenmg;ases such as in a 31 Fisher-Tropsch process. A preferred base oil
Is one trat conprises little, if 32 any, heavy fraction; e.g., little, if
any, lubgyoi| fragidagmolf viscosity 20 ¢St or 33 higher at 100 degrees C
-6 1 The base oil may be derived fromnatural lubricating oils, synthetic

2 lubricking oil Base Gil as used heneindefefimd aaipl kassasieciPr blang Afdasehase
sLogke, oFoor MRS b SO 6540 BRGNP YOIt S R B IAE hafhata e v
sol vent g4 ebecﬁﬁIdeﬂg)by 4 Rihgs ailfactard to thasamengpenifitations (indepemdete of
Sui tabl e base oils i nclude those in APl categories II, 111, 1V and V.
Sat ur at e7 | efeadsaugear seyifagturers location): that meets the same manufacturer's

18  specification; and that is identified by a unique 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 processing, oligomerization, esterification, and rerefining. Rerefined

22  stock shall be substantially free from materials introduced through

23 manufacturing, contamination, or previous use. The base oil of this invention

24 may be any natural or synthetic lubricating base oil fraction particularly those

25  having a kinematic viscosity at 100 degrees Centigrade (C) and about

26 5 centistokes (cSt) to about 20 cSt, preferably about 7 ¢St to about

27 16 ¢St, more preferably about 9 ¢St to about 15 ¢St. Hydrocarbon synthetic

28  oils may include, for example, oils prepared from the polymerization of

29  ethylene, i.e., polyalphaolefin or PAO, or from hydrocarbon synthesis

30 procedures using carbon monoxide and hydrogen gases such as in a

31  Fisher-Tropsch process. A preferred base oil is one that comprises little, if

32 any, heavy fraction; e.g., little, if any, lube oil fraction of viscosity 20 ¢St or

33 higher at 100 degrees C.
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7 indices for Goup I, Il and Ill base oils are listed in Table 1. Goup IV
base 8 oils are polyal phaolefins (PAO. Goup V base oils include all other

base oils 9 not included in Goup I, Il, Ill, or IV. Suitable base oils
for use in this invention 10 include those in APl categories Il, Ill and
IV as defined in APl Publication 11 1509, 14th Edition, Addendum I,
Decenmber 1998. A summary of the 12 characteristics of Goup [11 and IV

base oi l s prese i n Tabl e Tho base oils
are pr efe red forﬁf@g}qsﬁ PhrgY bﬁv%‘?{ @ﬁm”{‘%‘%&@aﬁﬁ’%ﬂ%@ %;)é%as&gﬂye\éc” 111
and 'V base Ridrizatiy ols oP hiir@k&sitHaresoBhitabledharaIbNClubRSs T2ise stdcker oup |,

[, I'll, 1V and V base stocks or base oils. 16 17 TABLE 1 18 Sat ur at es,

sul fur and 19bﬁ¢|lf§,%d)byﬂ%0m©rd@¢|0@f0f(§y6ﬂ1¢tlp wax anghglackiwaa s Wilbaks G oup

sul fur adrw B BisAcRs Bhee HB S TEIRRERy I Qe N A 8 sgperg e

5120% (1) %gsgxtrbclat][hg%g%@ﬁ@galﬂabﬁd pﬁtui/(mm@rmﬁseof theacruGe e8uitaible haseailsequal
0] 0] o sul fur an ess t 20 11 t 90 ¢
sat ur at esd aninctydenthosetin Af |&at‘iﬂ95@|36w d'J[ |Veard ﬁé% ertﬁggg‘?g{a@dg}f%os&}g’suf)f u/(;
80 and less Hm&é%@drbhp%@%hﬁrmtb%@ﬁ L a‘?élﬂé’iledtlﬁT%(P)Ie/"lsﬁl‘éb?tlvfbaéﬁd

G eater than or equal an or equal to 0.03% sul fur
Nat ur al dl $|b|r bdabrmgoltyalmawlnsr(E’IAt@J)eGaomprM badd ails inelystezdil ether bas@mleﬁ e. g. :
rapeseed oils,

23 oils deri \r/‘QEI'nP Lt?ﬁ%rdc'gl rob'lp sHa Bﬁ %ﬁﬁ%bgﬁggf?gorw 'Mﬁ'leslrlﬁ\ée g 2N
hydrocar pgn mdléd@ﬂfbs@%%ml&é%égdrwsw il %‘%dhvddsoﬁéﬁmln%wsr:wmuaﬁ

pol ymeri zed and 1 nter-polymeri zZed ol efins, 26 al kyl benzenes, polyphenyls
al kyl at edll di §b88y 14t bditien, Ad@kwcmr@ﬂ Recsraben 1998 A seurandeé thas wel | as

Synt hot 1 &1 PR cot e A4 BARR AR PGB T GRS Thatdh

i nt er pol ygrer o6 FPIO|IIY%dﬂV%e‘iﬁl”sla\t@tﬁr&@mﬁH@f 8sé invreg miventibie, theseri nal 4
hydr oxyl gr oups have been nodified by esterification, etherification, etc.

preferred Group ll, Il and IV base oils may be prepared by combining one or
15  more of Group |, I, Ill, IV and V base stocks or base oils.
16
17 o TABLE 1
18 Saturates, Sulfur and
19 Viscosity Index of Group |, Il and Ill Base Stocks
Group Saturates Viscosity Index
(As determined by ASTM D 2007) (As determined by
Sulfur ASTM D 4294, ASTM D 4297
(As determined by ASTM D 2270) or ASTM D 3120)
| Less than 90 % saturates and/or Greater than | Greater than or equal to
to 0.03 % sulfur 80 and less than 120
il Greater than or equal to 90 % saturates and Greater than or equal to
less than or equal to 0.03 % sulfur 80 and less than 120
[ Greater than or equal to 90 % saturates and Greater than or equal to 120
less than or equal to 0.03% sulfur
20
21 Natural lubricating oils may include animal oils, vegetable oils

22 (e.g., rapeseed oils, castor oils and lard oil), petroleum oils, mineral oils, and
23  oils derived from coal or shale.

24 Synthetic oils may include hydrocarbon oils and halo-substituted

25  hydrocarbon oils such as polymerized and inter-polymerized olefins,

26  alkylbenzenes, polyphenyls, alkylated diphenyl ethers, alkylated diphenyl
-7 -



5 Anot her suitable class of synthetic lubricating oils conprises the esters
of 6 dicarboxylic acids with a variety of alcohols. Esters useful as
synthetic oils 7 also include those nade from C5 to Cl2 nonocarboxylic
acids and polyols and 8 polyol ethers. Tri-al kyl phosphate ester oils such
as those exenplified by 9 tri-n-butyl phosphate and tri-iso-butyl phosphate
are also suitable for use as 10 base oils. 11 Silicon-based oils (such as

th | yakyl -, .pol | -, l.yal koxy- 12 I I - Si Iyl d
i1 cat o lor 1891dmés Vel 2 SRt eteiier. Shacatef and oty bduds L4/ pfl: g
oi I's. Qher gnhlesyatHatRnilsaiding dlis!dsd Meluatealkiienbbxess polymetd, of
phosphor us-contai ni ng acids, polyneric tetrahydrofurans, polyal phaolefins,
15 and t e |inkerpolyenarsecopelymerd anddervativesithewedl vdiarainrtbeita@anal ef i ned,

i 1 act Iy 4 roidroRdarPpS LBl bER S A8 pr RIS PRk S E R BR

or tar sand RhbiherBlitableNdads dheyiniiesticl@brieating skt campiised theadsterstof Exanpl es
of unrefined oils include a shale oil 20 obtained directly froma,retorting

operati orf adisathayybie acisis wihe ypriety ofi leehals. Esterg H%@ffub@%gvm%w 88 or an

ester oil, obtai | Linfdfds %ﬁ%s f

whi ch may7 th %bggaﬂgéy? (!\);\Aéelt ﬁ\g&l{s q@lﬁ t(n:ﬁg(ﬁtcﬁ?ea(% rrentrl.g&l(-@-? I ne %ri]? Eglgrggcéé%d)
simlar t® tpelyohetabrs)adi-alklsplosphpte esiat oilebucedsdhdse baemplieehby reat ed i n
one 24 or nore purification steps to i hprov ne or, nor rqperties.

SUt tabl & 5 BuPtRAdANOSANEIEHH HoBe-Hut ReSPRRE 519 2D gH2GAPOHPAERI ng,
hydr ot refaéi NEas § dewaxi ng, solvent extraction, acid or base extraction,
filtration, ande ‘percol ation, all of which are known to those skilled in

t he art.1Rer efi neBilicohsbased dilsqsoth as fleel pblyakyleapolyarylispalyaikpxy-, @ pr ocesses
simlar to tho

d fo obtaj 9 the refined.oils. . Th fined oil
2re al solknoRAvALIPREPIENRER Ol sl SGRtE AUSLaTGrPe alhineg RgHI Fes e 'S
addi ti OnEeld' yswtﬂegéﬁﬁﬁio%ﬂng %ﬂ@.@ﬂx\é@%yﬁ@feticgibﬁc%ﬁﬂgaiusqﬁdaa_emquiac&:itéﬁsves and

oi | breakdown” products. 32 Base oil derived fromthe hydroi sonerization of

wax may B soobphospibrus-8entdiningacidsepelysreriotetianydiditians, pPlyalphaeledingr esai d
nat ur al d/ or rslr%nf etic base -8 1 oil. Such wax isonerate oil is produced
by the h ro?gg $1'"5%tion of natural or 2 synt heti c waxes or m xtures

thereof gyer a hygheitseesil magibw@raxealwmun@eﬂirted,semai,eera'mheu@nssera
maj or anount of base oil _ in the lubricating oil of 4 this inyention. A

maj or anblnt nuxturesstheseof. Marefarad il aerehtained riracty drosh agaiyral spwice Rl e.
Preferr e?S a”‘%%'t‘h%ﬁ8 fsoB?csee(e(.)é.l, CSQETEﬁél%,eoPQ?‘étané Q)itYﬁnenngV\tli&out 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 refined oils have been treated in one
24  or more purification steps to improve one or more properties. Suitable
25  purification techniques include distillation, hydrocracking, hydrotreating,
26 dewaxing, solvent extraction, acid or base extraction, filtration, and
27  percolation, all of which are known to those skilled in the art. Rerefined oils
28  are obtained by treating used oils in processes similar to those used to obtain
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 breakdown products.
32 Base oil derived from the hydroisomerization of wax may also be used,

33  either alone or in combination with the aforesaid natural and/or synthetic base
-8-



6 about 97 wt. % of at |east one of Goup Il, Ill and IV base oil or
preferably about 7 80 wt. %to about 97 wt. % of at |east one of Goup II,
1l and 1V base oil or 8 nore preferably about 60 w. %to about 97 wt. %
of at |least one of 9 Goup Il, Ill and IV base oil. (Wen w. %is used
herein, it is referring to 10 w. %of the lubricating oil unless

ot herwi se specified.) A nore preferred 11 enbodi nent of this invention may

[ t, of h 2 ' bout 85 .wt bout
95 nc o6 b DieSnelPraedermg Pl 4 brod erar edweBrp e Ayt ef Rakelie
i nventi om maxy§PBRE We@&%rxtdre@@ﬁ@reoﬂ&vé}*a hg&’foﬁcﬁﬁé%t%t@l%ﬁ nmay
conpri se base oil that is commercially avail a from Chevron

Cor poratidn in Salt iR@refareddo useraﬁnaror@m@mﬁﬁfbaw all e Igprgatingsiiiny i n

E‘Sﬂigﬂ %exg@? rr@@ﬁé@b%%mpgﬁggptn -é)e(&égés %ﬁ%andﬁ%wgé@hé :1 :_Ebri cants

in M ssi ssaugg,wtOus er mré;aﬁaeferre&amrurbaefBbaééomcd)mpusebbbut40 i % to

i nvention may be commercially available throughout the 20 world from other
base oi | @upgbpréfr%7 W% of At [qast merofﬁ@rr@reluﬂwrl\bmaeow\néﬁrqfﬂr@@rvp%h’%rt’fed in
| ubri cat | *7‘9 ﬁﬁ’%ﬁt@?"\ﬁt f°/°b { BhLOShE f%FBLRa |¥4|l'd?r\ée|‘i‘/t%é%% dif V' des
enhanced oxi at [ on I'n It at ron in It1on, total base

retentiong rmhretpreﬁerahrlyabodt 6@)MB%|torabauﬂ97 edu¥t ofaat lemtwetofvr scosr ty
i ncrease _26 of b i One odi t of . ddi t |
formlatibn sounIon| SN Pase pityMaeh Bhibrs dsanBemn bt ant s, one
t {
nore get epgen cﬁ‘ e’crsrgpf’cgﬁ:gtrﬂgbﬁ ufels otlﬁrv&fé"%@éérﬁ’é& %&Q%r&érrg@re

hlndered phenol s rein. rlcatl oll of this invention
may conpil seembagifieni efdhisnventioni may cemprlaatanmmoumism‘ base dildbat cati ng oi |
wi th abo

9% t ol bog mgrsenEoBORks vk abl) a8 B B ordfe I EahaREL "0 > w5 to

about 1.p3wt. % ofp pREeéd rmrreavrﬁ@buIdrlrméurr\n,frmoarrﬂa@b@mpnse%rbug l?ba%e %to
about 3 wt. % of one or nore hindered phenols described herein. 2

addi t i ve14‘r or @il lataferredfbarsa.osls|marea@m@ﬁser@@samldhablﬁmqnsr@emlaib'ra\eaﬂabtei ves 3

traditio 4 Anot her enbodi nent of
a lubri cg_si nf{"ﬁfﬁ%g%i% éoﬁggélrfﬁt%Qﬁgﬂrh%%r@#@éW% an additive formulation
t hat prové dePdnhgoill TuakeaSiate Compahy ih Bbaston] Tékas\tCotodmin Mowdiont 6 W . %
of one or _nore dispersants, about 2 w. %¢to about 6 w . % of

1 Texas, Motiva Enterprises in Houston, Texas, ExxonMobil in Irving, 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
22 . ADDITIVE FORMULATION
23 When incorporated in lubricating oil, the additive formulation of this

24  invention provides enhanced oxidation inhibition, nitration inhibition, total base
25 retention, reduction in acid formation and reduction percent viscosity increase
26  of lubricating oil.

27 One embodiment of the additive formulation of this invention may

28 comprise one or more dispersants, one or more detergents, one or more wear
29 inhibitors and one or more hindered phenols described herein.

30 The lubricating oil of this invention may comprise an additive formulation
31 that provides the lubricating oil with about 1 wt. % to about 8 wt. % of one or

32 more dispersants, about 1 wt. % to about 8.5 wt. % of one or more detergents,

33  about 0.2 wt. % to about 1.5 wt. % of one or more wear inhibitors and about
-9-



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

hi ndered 9 phenols described herein. These conponents nake up one

enbodi ment of 10 the additive fornulation of this invention. The additive
formulation of this 11 invention may al so conprise other additives
traditionally used in the l'ubricating 12 oil industry. 13 The additive

f | at f, thig ' I ' K [

the art b af bR AR 3B FRh R mife hindbfal eenvls destred ity 15"
“trimm ngd tfrﬁe%mtwewarm%ﬂyh af tHinvAnfisre hiy' 5o eopAsa®MerRditest ri mred
16 with any diluent oil typically used in the industry. This diluent oil

may be a 17 Gadl!ilpnﬁ"bkls%ﬁbtb\ﬂéedwﬂcaﬂngtoéﬁ@ili%@' amount of diluent oil may
conpri se about r 21 One
enbrrgd: ?ren 01ch t hi n%r‘ﬁ egrn%'ﬁwg %nc?klg of éq%@% ngdoefln@rﬁgfoﬂﬁg et}d:r‘gﬁ'a%fogrﬁﬂn& S

having thg gen%rddltlvfedbmdhlatloﬁ%é@p?évﬂésmb IRBri¢XHng SIHRItICHBOG QZRMZ%% 27
(1) 28 vvhereln Ris a C7 - C9 al kyl group. 29 The Igbrlcatlng oi| of this
i nvent i on® ma@bedh®mtss efipneRfdneie dispeisanisabew 2 9b ‘6o @kost ® Miermt®fon t hat

provides the, h@g{ar e@% lgeht%‘abau?@@% % éﬁﬁcfut%’é tha%%ftonfeﬁrnrﬁﬁﬁ‘@g % of

one or nore hin aving the general structural 32 in
(1). Preférr Malruﬂnlblthang aludui;Ocﬁwt 196 $0 abaelrﬂ bavt. Y¥agf aerpr moee Aindeded t | ve

33 f | hat h ub | h ab 0.6 %
Shour B PBeb R ad b TRetins Thess thnhaacel MR PSSRt AE e o
structurgh 2hd QEHM\/@f&rHulaﬁoﬁBPﬂT@fnv@ﬁﬁ&WWéd&fvéﬂﬁm'u!&lfoh%’#tth@g oi | of

this invention may onprise an additive fornulation that provides the

| ubri catlhg divention mna/ 3Issoc$mansbuxtlyer addijussdraditignatiy luspd dpthenlabecatinge
hi nder ed Ehe ﬂ ; 3.5-di-t-butyl 6 4-hydroxy phenyl propionate nmay be
avai | abl & ¢ q’H gll ty from7 C ba Specialty Chemcals at 540 Wiite Pl ai ns

Road, Tans yt own, Nheldhftived®rmulation of this invention may comprise diluent oil. It is
14  known in the art to add diluent oil to additive formulations and this is called
15 “trimming” the additive formulation. A preferred embodiment may be trimmed
16  with any diluent oil typically used in the industry. This diluent oil may be a
17 Group | or above oil. A preferred amount of diluent oil may comprise about

18 4.00 wt. %.

19

20 A Hindered Phenol Antioxidant

21 One embodiment of this invention comprises one or more hindered

22 phenols having the general formula:

23 0

24 N H

25 HO ——@——CHz CH,——C——0——R

26 X

27 ’ (1)

28 wherein R is a C; — Cg alkyl group.

29 The lubricating oil of this invention may comprise the additive formulation
30 of this invention that provides the lubricating oil with about 0.2 wt. % to about
31  3wt. % of one or more hindered phenols having the general structural formula
32 in (1). Preferred lubricating oils of this invention may comprise an additive

33  formulation that provides the lubricating oil with about 0.6 wt. % to about
-10-



8 I RGANOX L135(r) or Cronpton Corporation at 199 Benson Road, 9 M ddl ebury,
CT 06749 as Naugard(r)PS-48. | RGANOX L 135(r) and 10 Naugard(r)PS-48 are

| i qui d high nol ecul ar wei ght phenolic antioxidants of 11 formula (1)

above, wherein Ris a mxture of C7 to C9 al kyl groups for use in 12

| ubricating oils. 13 Liquid hindered phenol is preferred. 14 Lubricating
oil of this invention nay conprise greater than about 15 0.2 wt. %to nore

t han about 3 : - { - but 0Xx hen 16 propipnate. Preferred
by catt by P Wtolo oars phinert KinsSi aherits BRORY nd SeBERR S0 hpout
2.5w. %3, 5o|dﬁu|g-(lp1;tyl 4 hydr oxy phenyl propionate. 18 Additi onal
anmounts of 3,5-di- utyl 4-hydroxy phenyl gropl onate or 19 additi onal

types of Bi nderedﬁmféhgn@mb@deroféhQitwlpa oil whihig dvendon maay 0

The base 21 coibise ea pfrk Togbaotiind ofllies B WBRERA RLRRRC o The

sur prisi ng arg,baxt-batyl 4- I%r@kppﬁérﬁcbl%ﬁoplbﬂa’&ﬁﬂ'ﬁé Hird&ied pheniokaaTbidis-butyfio 6.
23 24 B. Detergent 25 Any detergénts conno@tbi/ used in lubricating oils may
g

be used ifA t - aydrge;yiph@emnreﬁlonﬁ BBRydes ayqy CaRNNIEIafR oAbt be over based
d |
etergentg orgihh ac@tg”@%@hgze!soé{‘w Wlﬁ I?IRH%%HQH Qﬂb\% RV Bpess

detergents. For € I'S i nven may conprise
sul f onat e§, dRGAcNtDthEES@dr %mbﬁm@emorammht 20 BenaoleRoadal icyl ates and

phenates are pr rred 30 t t th respect to
sul f onat e§ é\ﬁﬂﬁgﬂ &Tﬁggﬂa Hé)rpg ‘frllrg I%Aﬁpgfgq@g@ 2% cal ci um
magnesi ufy | iNAlidami® @G%hélﬂ?uug%@%ﬁid!é&ﬂéﬂm@@ht Eﬁbnolﬂéantﬂoxﬂ%ﬁwt@'%? er gent
may be incorporated into t ating ol l I'S 2 invention in an
anount oﬂlabdontmula(m\abovxa twherbuiR i8 asmixture %t Gortef@y alksyhygrbupsfordisebout 2

Wt . %tolzbog q#vt P 5 C. Dispersant 6 A preferred enbodi nent of the
| ubricatifig WP” n9lﬁ'§ i nvention may 7 conprise one or nore nitrogen

cont ai ni ng ashl eS$_|Qj|§pmﬁd:‘é}-@a§)h@hot Rerefepred. 8 general |y represented by
succi ni m des : él sobutyl ene succinic 9 acid/anhydride

(Pl BSA) - pél yam ne'Liwdwm ng oibBiS inveadian anayneerghtise Bregiduthaniabouto t o
2500) . The diSHGH SANGSBRY tr&n At A%t. 3 302 0AL 6T Ph-HY AR RAPRLRA-

16  propionate. Preferred lubricating oils of this invention comprise about

17 0.6 wt. % to about 2.5 wt. % 3,5-di-t-butyl 4-hydroxy phenyl propionate.

18 Additional amounts of 3,5-di-t-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 phenyl propionate and the base
21  oil of Group II, lll and IV that may be responsible for the surprising antioxidant
22  properties presented herein in Examples 1 to 6. .

23

24 B. Detergent

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, medium, or high overbased detergents. For example,

28 detergents of this invention may comprise sulfonates, salicylates and

29 phenates. Metal sulfonates, salicylateé and phenates are preferred. When the
30 term metal is used with respect to sulfonates, salicylates and phenates herein,

31 it refers to calcium, magnesium, lithium, magnesium, potassium and barium.

-11 -



11 The di spersant may be incorporated into the lubricating oil of this
invention in 12 an anmount of about 1 wt. %to about 8 wt. % nore
preferably in the amount 13 of about 1.5 wt. %to about 6 . % 14
Preferred dispersants for this invention conprise one or nore ashless 15
di spersants having an average nol ecul ar wei ght (mv) of about 1000 to about
16 5000. Dispersants prepared from polyi sobutylene (PIB) having a nw of

about 17 1000 to._about, 5000 are such preferred,di r A preferred
di sper san]_t of thi ﬁ%é@ﬁ{g%ﬁ_%b%gﬁq?ﬁﬁorgk %tq%ﬁjg’ﬁgéﬁﬁ ?HI (ﬁiﬁflé}he_ term
"succi ni i dejnybatidH #eaS bERIINt Bf BBBUBT.D Wi0 % fshbeier 8B, %7 Qreferaibly from de,
imde, etc. species that are also forned by the reaction of a 21 succinic

anhydri dé wi abowlr? wii hdo@but § Wio%used herein. The predonmi nant 22 product,

however, 415 succinimde and this term has been generally accepted 23 as

meani ng the product of a reaction of an al kenyl- or al kyl-substituted 24

succi ni c ;ci @, or pEpesisade W th a pol yam ne. Al kenyl or alkyl succinim des

are 25 disclosed in nunerous references and are,V\g h known.in the art.
tgPil & thisdav

Certain 26 fundanfrirgferieprrsbedimant of Hielibedea {o8may s

g _ Y e i o e : . Pat.
Nos. 2. 995, 7!3%115@&%9@5gg&%gﬁt@%ﬁ%@ﬂ%%@gsgg@egﬁfggbé;Hsb H§§172?892;
i 0 otaabtatsem s syt st o

41 1 . 1 . U ;- J ;l s | N X

2 510 09 caddlnbysiide {PIEBAEERSMIRS hagny 2o IBSA MReeH g WA BRI n ar
5, 319, 0 _ _ AL . !

or oy e NEOCPO0 T 2806). TheiseSaRRcRay oFfndy AOH o hOMAE! P oo er "
Thi s i nveht i Bhe mispersamirinay be ihcdrpocated mnjodhe lulgicating lofliafghisrieventiondne

succi ni m de dispersants, th aye, or, haye nqQl been 4 t D.
Wear i nhiit8h a%”%ﬁr(’fiqpﬁf"giﬁ t"@r & E%%?P@? Wgt}éh mgﬁ? Rf%g%@i%%@gsﬁﬂgugs zi nc
di al kyl 18 dpt Bhorhosriabeio £ wiekal dit hi ocar bamates, netal xant hates
or 9 tricresyl phosphates may be included. Wear inhibitors nay be present in

the 10 &hount of Patfemedalispersantssfor Hiig inyeption gpmpsise QPreePemapt §Shigss he
o o1 abAisR R B b PR BB g p T g DO Kokl
16 5000. Dispersants prepared from polyisobutylene (PIB) having a mw of about
17 1000 to about 5000 are such preferred dispersants.
18 A preferred dispersant 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  succinic anhydride with an amine and is so used herein. The predominant
22 product, however, is succinimide and this term has been generally accepted
23 as meaning the product of a reaction of an alkenyl- or alkyl-substituted
24  succinic acid or anhydride with a polyamine. Alkenyl or alkyl succinimides are
25  disclosed in numerous references and are well known in the art. Certain
26 fundamental types of succinimides and related materials encompassed by the
27  term of art "succinimide" 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; 5,334,321;
31 5,356,552; 5,716,912, the disclosures of which are hereby incorporated by
32 reference.

-12 -



13 A preferred wear inhibitor is zinc dithiophosphate. O her wear
inhibitors 14 that may be included are zinc dial kyl dithi ophosphate and/ or
zinc 15 diaryl dithiophosphate (zZnDTP). The wear inhibitor nay be
incorporated into 16 the lubricating oil of this invention in an anmount of
about 0.2 wt. %to 17 1.5 m. % nore preferably in the anount of about 0.3
w. %to about 18 0.8 wt. % of the lubricating oil. These val ues may

include ajsmall angg fry%fq 103%%})’%Bﬁ§@8ﬂe(ar oy Wﬁ’ﬁm%bse%d“’hhrbrp'ft“%& én

zi nc di t hi ophosphate. erre ranges of - hos orus 1n't
| ubricati fg eithenaenahwmot bid-Qicomimidé. tTchls Eﬂ/eahomméy ddmpfhse %Iubﬂn:a‘:tlng oil

preferablgabou 0.02 wt. %to abaut 0.07 wt (% '4{%? w rou in the
zi nc di al Ryl dfi¥f Y'BSI‘?&?p(PfdPBr%'ﬂp%m@%p'S@ﬁ%t% hatpavg arihayedit bee ranched
primary, gecopdpfréadg.tertiary alkyl group of about 24 2 to about 18 carbon
atons. Exanples of the alkyl groups include ethyl, 25 propyl, iso-propyl,

but yl , peﬁtyl hexyl, heptyl, octyl, decyl, dodecyl and - 26 octadecyl 27

The aIkyI gro zi.nc dlalkylaryldlthlophosphate is, for 28
exanpl e, p énylw8F§EB"ﬁ§UPﬁg an al kyl group of about 2 to about 18 carbon

29 at ons, 7such as Wééb'inhhﬂmyé sgéwue,métanmltm%mwﬁe gafhcaigRgy | phenyl
30 group. -13 I11. OTHER ADDI TI VE COW S3Tefo||ovmng additive

conponent § aﬁ@h&P@@ﬁpBQte@zm negtak dithiocarbameders inetal Kamnthetgs &e f avorabl y

enpl oyed jn vj. ded to
oTPL Y0 o1, 8o EHESHA 885 TP BR T HAITHNESr BhERk el PlekeRt R

A. Anti ox0daainsothtAd dibbub0 @4 Nt wrlcﬁawt P pirore prefersbly irethe ampupvoide the
enhanced 10 OX|dat|on nitration and reduced viscosity increase properties

of this thvedPPEh0-3 Wk %ie abRYHABReM: s’(hdf‘oﬁtﬂi’@f@rﬁbb’riﬂﬂbﬂ ameunt o pbaet t he
use of agsli tloog'@{,vtl% By f?flo%m %Wrthﬁ]iﬁm&\ﬁ ane enbodi nent of this

i nvention nmay conprise one or nore |ndere enol s of the general
formula ¢31) and or;Pepmfemredweathhfbﬁqrﬁdammdldxophmmmté.rmﬂbirmirshjbiltoras

0.3 ui - Hor thet HAY BrduAded erasig dRHOBonROE B ntehanembodi mont o of
this investi efarylRRhBYNBERBETZnDTP). The wear inhibitor may be incorporated into
16  the lubricating oil of this invention in an amount of about 0.2 wt. % to
17 1.5 wt. %, more preferably in the amount of about 0.3 wt. % to about
18 0.8 wt. % of the lubricating oil. These values may include a small amount of
19  hydrocarbon oil that was used in preparing zinc dithiophosphate. Preferred
20  ranges of phosphorus in the finished lubricating oil are about 0.01 wt. % to
21  about 0.11 wt. %, more preferably about 0.02 wt. % to about 0.07 wt. %.
22 The alkyl group in the zinc dialkyldithiophosphate may be, for example,
23 a straight or branched primary, secondary or tertiary alkyl group of about
24 2 to about 18 carbon atoms. Examples of the alkyl groups include ethyl,
25  propyl, iso-propyl, butyl, pentyl, hexyl, heptyl, octyl, decyl, dodecyl, and
26  octadecyl.
27 The alkylaryl group of the zinc dialkylaryldithiophosphate is, for
28 example, a phenyl group having an alkyl group of about 2 to about 18 carbon
29 atoms, such as butylphenyl group, nonylphenyl group, and dodecylphenyl
30 group.

-13 -



17 oxidation inhibitor was added. 18 The description of the nol ybdenum
oxidation inhibitor in 19 U S Patent 4,263,152 is incorporated herein by
reference. A nethod for 20 preparing the nol ybdenum oxi dation i nhi bitor
described in 21 U S. Patent 4,263,152 that may be used in one enbodi nent of
this invention 22 is to prepare a solution of the acidic nol ybdenum
precursor and a polar 23 pronoter with a basic nitrogen-containi ng conpound
with or wiythout diluent. 24 Diluent nay be used, if necessary, to provide
a suitable viscosity for easy 25 stirring. Typical diluents are

lubricatipg il a@THERADDIVIVE COMPONENTSI Nng 26 only carbon and
hydr ogen. |f desired, ammpni um hydroxi de may al so be 27 added to the

reaction Aixture tiQioloning @d%v%@@ﬁoaen@rﬁrﬁrﬁxamw gbsame of thg Thi s
f th
06" xtur o3 SOTHETHENE thelthaPhe oG Gt fed PffS relfon fifbec Mt o the

at nospherfc za&amp&esufad@hvmaghpmvgiwtoqﬂuétmwIth|pnmw|basbnﬂy\ev@remd i f
desired. This é ggﬁtlo m xture may be treated with a sulfur source at a
sui t abl e PreddEPEed 30 g enperature for the sulfur source to react with
the acidi ¢ nol ybdenum and 33 basic nitrogen conpounds. Preferred sulfur
sources are sul fur, hydrogen -14 1 sulfide, phosphorus pentasulfide, R2 Sx
where R i 8 hy’-ﬂrocaﬁuﬂ%xidpn&erably 2 C1 _10 alkyl, and x is at |east 3,

t wh 3 |
Ter Captang wher ol STt SRR Are. PR RS (o p R 05 RS 4 sour ces
are sul fup, Méﬁ@ﬁnnﬁﬁatﬂ’l%d MQ§Q@QT%§SWWC?§$§J ﬂ)r%ertié%doﬂtl‘i%rlﬁ\?éhﬁbn

sul fi des and pol ysul fid may be renoved fromthe reaction m xt ure
6 prior b cMIemewm@ﬂtSr@fatbta lomemﬁqrhmauen@iud& the ys@ptaddifiomalbodi nent s of

boscr| bedZhodhtRRYeh o Beantdle 5HE ¢mBBer 2 1hts MVEHthR maY B8 ise  henol

type (phepol ighe eivneas hmeréﬂlpherﬁcﬂs of th:‘eugén@ﬁl fPmula (1) and one or more
4, 4' - et hyl ene-bi s(2, 6-di-tert-butyl phenol

4, 4" - bi s{2, 6m@lyb@?mumm&dqimwahwltorqquw as ﬂﬁtg@acrrmqlm U&-tert-butyl
phenol ) ; % % nt]ei 23 A gﬁﬁﬁ(& i %?Iﬁén BHEY! #BSACYA or intdh Anbunput Y/
R Ft- ut y pheno i

i dene-bi s
4, 4" -j sopsopyhonéethaﬂlﬂ 5@, %. din sbevet erhbbginpdrds of Jhis inMention, no molybdenum

2. 2 [ Solbit y EXAFABMITEHORWES AERY phenol )| 17
2, 2" - met hyl ene- bi sy gELMtiIORF Yt RIBHBAMARBLibation inhibitor in
19 U.S. Patent 4,263,152 is incorporated herein by reference. A method for
20  preparing the molybdenum oxidation inhibitor described in
21 U.S. Patent 4,263,152 that may be used in one embodiment of this invention
22 is to prepare a solution of the acidic molybdenum precursor and a polar
23 promoter with a basic nitrogen-containing compound with or without diluent.
24 Diluent may be used, if necessary, to provide a suitable viscosity for easy
25  stirring. Typical diluents are lubricating oil and liquid compounds containing
26  only carbon and hydrogen. If desired, ammonium hydroxide may also be
27 added to the reaction mixture to provide 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. It is ordinarily carried out at atmospheric
30 pressure although higher or lower pressures may be used if desired. This
31 reaction mixture may be treated with a sulfur source at a suitable pressure
32 and temperature for the sulfur source to react with the acidic molybdenum and

33  basic nitrogen compounds. Preferred sulfur sources are sulfur, hydrogen
-14 -



18 2,6-di-tert-butyl-4-nethyl phenol, 2,6-di-tert-butyl-4-ethyl phenol, 19
2,4-dimethyl -6-tert-butyl -phenol, 2,6-di-tert-I|-dinmethylam no-p-cresol, 20
2,6-di-tert-4-(N, N -di net hyl am nonet hyl phenol ), 21
4, 4" -t hi obi s(2-nethyl-6-tert-butyl phenol), 22

2,2 -thiobis(4-nmethyl-6-tert-butyl phenol), 23

bi s(3- net hyl - 4- hydr oxy-5-tert-butyl benzyl)-sul fide, and 24

nii bf tor b SATERGpiaRialty bARERRREY Ry R R HA bR BERIN ne. 26
phenyl - . a phe,;nalbt, Bndanisng leg @, ahdrzhplagd-witdreMaR g @yl Bkypmdrganict her
27 types of oxidation inhibitors include netal dithiocarbamate égm%y, 1Z| nc

28 di t hi otar BHlfides pndaialyswiidas, Ehieacefapiie @nd ihiquiracMpsbpiefere One

having thb oeouites A sEht MR ffide HosRhefT SorlBRas s kBRS¢
wherei n R i ssalfid@s anGpalysufiidess. Yuigted naycbarrerndved frant thexiedation adxtute ve.

Thi s enbodi ment of this Invention conprise 10 3,5-di-t-butyl 4-hydroxy
phenyl pr@pi BASE {0 eompigtion of fe3gtion W ﬁ?ﬁ(?ﬁf\’éﬁ‘?w‘ﬁ propi onate (al so known

as benzengpr opanoj i b S sdliyet ek i Kl r oxy-,
C7-C9 brgﬁched al E}Wﬁé(;dslﬁrgpgs é%@‘%lpg%gﬁbrfgﬁ?-%@ﬁl%lrﬁéaﬁll)t/lgpgaymgdroci nnam c
aci d, C7-8£9 himalecdd gphehklgldesstiped heteinpsushaantipxidentairmludibg dut noinfinditdxh
Specialty Chem cal s .,at 540 Wiite .Pl ai ns Road, 15 Terrytown, NY 10591 as

| RGANOX L%SSF(? Pﬁ%ﬁaé}“& W%iﬁ)ﬁpﬁﬁ?%whﬁw%ﬁ’gsqcf@%enson Road, M ddl ebury,
CT 06749165 NaitGétsfehi4@. aafltetaniyiftionty), a0 b &aatort fityibhoRol) Vear
Inhibitors 20 In addition to the wear inhibitors mentioned in the additive
fornul at ibn 424-bis{2tmethyl-6ttagrbutylpbienelhnal wear inhibitors may be used. As

Exanpl 6o 5t S eneDRATEIBRERAEIMIR! i nited to phosphat os,
phosphites, axappidese-sis@emethyl-6-ert-butylphenol),

14  4,4-isopropylidene-bis(2,6-di-tert-butylphenol),

15 2,2'-methylene-bis(4-methyl-6-nonylphenol),

16 2,2-isobutylidene-bis(4,6-dimethylphenol),

17  2,2'-methylene-bis(4-methyl-6-cyclohexylphenol),

18  2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol,

19  2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-I-dimethylamino-p-cresol,

20  2,6-di-tert-4-(N,N'-dimethylaminomethylphenol),

21  4,4'-thiobis(2-methyl-6-tert-butylphenol),

22 2,2-thiobis(4-methyl-6-tert-butylphenol),

23 bis(3-methyl-4-hydroxy-5-tert-butylbenzyl)-sulfide, and

24 bis(3,5-di-tert-butyl-4-hydroxybenzyl). Diphenylamine-type oxidation inhibitors

25 include, but are not limited to, alkylated diphenylamine,

26  phenyl-.alpha.-naphthylamine, and alkylated-.alpha.-naphthylamine. Other

27  types of oxidation inhibitors include metal dithiocarbamate (e.g., zinc

28 dithiocarbamate), and methylenebis (dibutyldithiocarbamate).
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24 sul fur contai ning conpounds, and nol ybdenum conpl exes. 25 26 C. Rust

I nhibitors (Anti-Rust Agents) 27 Applicable rust inhibitors include: 28 1.
Noni oni ¢ pol yoxyet hyl ene surface active agents: 29 pol yoxyet hyl ene | auryl
et her, pol yoxyet hyl ene hi gher al cohol ether, 30 pol yoxyethyl ene nonyl
phenyl ether, polyoxyethylene octyl phenyl ether, 31 polyoxyethylene octyl
stearyl ether, polyoxyethylene oleyl ether, 32 pol yoxyethyl ene sorbitol

ol yool -moho- of bat S ELOHEREnES B fe ARREMNER S ondPr M MindETRTY: hor

fatty acigs, pRetbdidhimgytiecgaserdbformiitaal soaps, fatty acid amine salts,
netal salts of heavy 3 suI?onic acid, partial carboxylic acid ester of

pol yhydri2 al cohol, and 4 phosphoric ester. 5@ 7 8 D. Denulsifiers 9
Demul sifigrs that may Bé\used i ncl ude addition products of al kyl phenol 10

and et hyl ene oxi de, poly t hyl ene al kyl ether!l and pol yoxyet hyl ene
sorbitan 511 esteH50I2“<i§§§>—E%@HeﬁE—PKH§BUT€r@@eﬁfs(IEP—Adbnts) 14 EP
Agents that nmay be used } ude Zinc dial kyl di t hi ophosphate 15 (primary

al kyl, setondary al kyl “and aryl type), sulfurized oils, diphenyl sulfide,
16 methyltrichlorostearate, chlorinated naphthal ene, 2)

fl uoroal kyl pol ysi | oxane, and 17 |ead naphthenate. 18 19 F. Frictioé

Modi fi er s8 20 wherein Rlisalyi~ Coaiky geatipd, ami ne, borated ester, and ot her
PRI £l LN TR TR N T R g AT Ty
oxynol ybgenum srapesliys 8Hydexy phenyl propionate 3,5-di-t-butyl 4-hydroxyphenyl

11 propionate (also known as benzenepropanoic acid, 3,5-bis (1,1-dimethyl-

12 ethyl)-4-hydroxy-, C;-Cg branched alkyl esters; or 3,5-di-tert-butyl-4-

13 hydroxyhydrocinnamic acid, C7-Cg branched alkyl ester) commercially

14  available from Ciba Specialty Chemicals at 540 White Plains Road,

15 Terrytown, NY 10591 as IRGANOX L135® or Crompton Corporation at 199

16 Benson Road, Middlebury, CT 06749 as Naugard®PS-48 and no other

17 antioxidant.

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

21  section, other traditional wear inhibitors may be used. As their name implies,
22 these agents reduce wear of moving metallic parts. Examples of such agents
23 include, but are not limited to, phosphates, phosphites, carbamates, esters,

24 sulfur containing compounds, and molybdenum complexes.

25

26 C. Rust Inhibitors (Anti-Rust Agents)

27 Applicable rust inhibitors include:

28 1. Nonionic polyoxyethylene surface active agents:

29  polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether,

30 polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl phenyl ether,

31 polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,

32  polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-oleate,

33 and polyethylene glycol mono-oleate; and
' -16 -



25 oxynol ybdenum di et hyl ate am de, am ne-nol ybdenum conpl ex conpound, 26
and sul fur-contai ni ng nol ybdenum conpl ex conpound nmay be used. 27 28 H.
Vi scosity Index Inprovers 29 Polynethacrylate type pol yners,

et hyl ene- propyl ene copol yners, 30 styrene-isoprene copol yners, hydrated
styrene-i soprene copol yners, 31 polyisobutyl ene, and di spersant type
viscosity index inprovers nmay be used. 32 -17 1 2 |. Pour Point

Depressants 3 Pol yneth t 4. 5 J .Foam | nhibitors
6 Al kyl t hacryl gte pgtﬁ}%@ﬁé%@%%éﬁzﬁ chg %ﬁ@gjﬁgeﬁofglﬁyr?grld}’my be 7
used. 8 P  ARalBbxylitBBIISATINE FdpsIEARyNATWBAnGASIE UREEDSENSONESalL Ther e
is adifference inthe lubricating oi| requirenents for natural gas 12
fuel ed enyi nédlfetielasisypagial @ﬁﬂloxé{ﬁ’%afl‘@e@?é@r ehypalylysrie algahelcahthon fuel s. The
13 conbusfio j.qul ydrocarbon fuels such as diesel fuel often results
ina 14 %srraﬁll"é}étoﬁéﬁﬁté%?pi nconpl ete conbustion (e.g., exhaust

particulaes). In a liquid 15 hydrocarbon fuel ed engine, these

i nconmbusti bl es provide a small but critical 16 degree of lubrication to
the exhaukt val ve/seat interface, thereby ensuring the 17 durability of
both cyliqnder heads and valves. The conbustion of natural gas 18 fuel is
often very conplete, with virtually no inconbustible materials. 19

Theref ore§ t Be duDemulsifjersf t he cylinder head and valve is controlled by
th 20 h t ent d..oth ties.of the lL.ubri [ i d i

e unm: i 5o BBt B PR LS ISl Sod PRI BB

| ubri catyen éﬁdte'ﬂﬂlléﬁé‘%ls{ﬁfe, pagf,ox?étwreﬁ@aélkgw rétﬂeéflf, apd dolyckyBEHyErd sedtah uel ed

engi ne. Natural gas fueled engines 23 burn fuel that Ts introduced to the

conbusti bh chat@ser in the gaseous phase. 24 This has a significant affect

on the intake and exhaust val ves because there is 25 no fuel-derived

| ubricant“for the valves like liquid droplets or soot. 26 Consequently, gas

engi nes g5 e g0l el Extienedaessare Agents!(EP gxgunteph to
14 EP Agents that may be used include Zinc dialkyldithiophosphate
15  (primary alkyl, secondary alkyi, and aryl type), sulfurized oils, diphenyl sulfide,
16  methyl trichlorostearate, chlorinated naphthalene, fluoroalkylpolysiloxane, and

17  lead naphthenate.

18

19 F. Friction Modifiers

20 Fatty alcohol, fatty acid, amine, borated ester, and other esters.
21

22 G. Multifunctional Additives

23 Sulfurized oxymolybdenum dithiocarbamate, sulfurized

24  oxymolybdenum organo phosphorodithioate, oxymolybdenum monoglyceride,
25  oxymolybdenum diethylate amide, amine-molybdenum complex compound,

26 and sulfur-containing molybdenum complex compound may be used.

27
28 H. Viscosity Index Improvers
29 Polymethacrylate type polymers, ethylene-propylene copolymers,

30 styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,
31 polyisobutylene, and dispersant type viscosity index improvers may be used.
32
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27 provide |ubricant between the hot valve face and its mating seat. Too
little ash 28 or the wong type can accel erate val ve and seat wear, while
too nuch ash 29 may lead to valve guttering and subsequent val ve torching.
Too much ash can 30 also |lead to detonation from conbustion chanber
deposits. Consequently, 31 gas engine builders frequently specify a narrow
ash range that they have 32 |earned provides the optinmum perfornmance.

Si nce nos% gas is lowin sulfur, 33 excess ash is generally not needed to
address afkalinity requirenents, and -18 1 ash levels are largely

optim zed2 ar pund PorrPsias Defpréedsamal ves. There may 2 be exceptions to
this in cases where sour gas or landfill gas is used. 3 Natural gas fuel ed
engi ne | ubricati né’oﬁfmgthé{?@e&%ﬂaﬁq E@vdRecetafing to 4 their ash content.
The lubrigant ash acts as a solid lubricant to protect the 5 valve/seat
interface in place of naturally occurring exhaust particles in a 6

hydr ocar b§n ﬂueleﬁoamghﬂabﬁﬁne oi | industry has accepted guidelines that 7

classify nat ur al fuel e n | ubrica accor to their ash
Cevel g The. ol 2l resihEGAEREPORmAIR AN Ll o 0BRGN BEHAPL 36 ng of
accordi ng @qtheir ash levels are present ed in Table 2. 10 11 TABLE 2
12 d aSSI’ZI catl ons of Lubricating Gls for 13 Natural Gas Fuel ed Engi nes
Accordi ng8 To Ash Levels Ash Designation Sulfated Ash Level (wt. %

Det ermi ned by ASTM D874) Ashless 0 < Ash < 0.15 Low Ash 0.15 < Ash < 0.6
Medi um Ash 0.6 < Ash < 1.0 Hi gh Ash Ash > 1.0 14 15 The ash | evel of

lubricatipg ¢oy! |3 UBRFOATING OILTFORINATURALOGAS FUELED ENGINE®Nent s.
Met al - cont ai ning detergents (e.g., barium calcium and 17

metal | icl 1:ont ai ni r‘f@emwra differeneinsthedulpricaiingeoit requiremests faswaturst gas

defi no- |ty AoRiPhgNoRs NG Gl i 408 SRAE0 B 16 Ao PR T BRg o
speci fi C@BI 0@6mb‘f:@hoﬁ>@ﬂl’f@u1@ hydéfcaraon fiwsls sueh asafiesk! fysll oftepngsolesinod t en
require natural gas engine lubricating .21 oil to be Ashless to mnim ze

the ext eht oﬁm?éiramgunmfﬁa@@m@e@%ﬁ@mbaﬁh@rb(fe ghé&xhaust particulates). In a liquid
15 hydrocarbon fueled engine, these incombustibles provide a small but critical

16 degree of lubrication to the exhaust valve/seat interface, thereby ensuring the
17  durability of both cylinder heads and valves. The combustion of natural gas

18 fuel is often very complete, with virtually no incombustible materials.

19 Therefore, the durability of the cylinder head and valve is controlled 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 burn fuel that is introduced to the combustion chamber in the gaseous phase.
24  This has a significant affect on the intake and exhaust valves because there is
25 no fuel-derived lubricant for the valves like liquid droplets or soot.

26  Consequently, gas engines are solely dependent on the lubricant ash to

27  provide lubricant between the hot valve face and its mating seat. Too little ash
28  orthe wrong type can accelerate valve and seat wear, while too much ash

29 may lead to valve guttering and subsequent valve torching. Too much ash can
30 also lead to detonation from combustion chamber deposits. Consequently,

31 gas engine builders frequently specify a narrow ash range that they have

32 learned provides the optimum performance. Since most gas is low in sulfur,

33  excess ash is generally not needed to address alkalinity requirements, and
-18 -



22 piston and conbustion chanber area. Manufacturers of 4-cycle engines
often 23 require natural gas engine lubricating oils to be Low, Medium or
High Ash 24 levels, refer to Table 2, to provide the correct bal ance of
engi ne cleanliness 25 and durability of the cylinder head and val ves.
Running the engine with 26 lubricating oil with too | ow an ash level wll
likely result in shortened life for the 27 valves or cylinder head.

Runni ng the e ne, Wt ricating oil ' h vel
will 1ikély SO0l atdf Bfiola Stolnd 346 Bled© Bt i, Pages. Thet S

upper pi st oNp@kREe troh% tb tﬁi@%%gégwr@fre BbUF §ad BNIMfill @ashslbéed:atl ng oil may
vary significantl dependi ng on the engine deS|gn and erati.ng

condi tiords. Lean %a’ﬁlﬂab@@ﬁ fueted @n@n@dtﬂwaﬂ@g@ KA clagsift ¢CO§@'69(§‘H| onetric
count erpay t ;ﬁgﬁfﬁiﬁh@%téﬁﬂﬁggqu&l ur aﬁeacg]gs 9 #ﬁld &5 carﬁg@r&gar fkors may

ri chen the gas uele en 0 I ncrease

power output valng/seanmesrfesy inyplace bbastarallyl odtuning extnalmtlp@mdlss inlabri cati ng
oils with good nitration resistance are reﬂﬁl red in 7 nost nattl}{nlagl gas

engi ne i rfst ahydieramRonjueladsangine |haeil iusky s aceeptestdidetines

| ubricate, a SN n 9
nodel s. 67 %%g%lﬁ{ g&[{uﬁ@ @%Ie‘d%dﬁﬂ%ﬂ%& ﬁb‘ﬁ lal %Egé{drl qLé)I/ t he@]y%ll | ow ng
exanpl es 8 haTheetassilfiZ:atlom bf pahuralcgdsefubbedmrqjilee hdmcahbgmﬂrmooming/\m l e the

exanpl es are, provided to 13 il stra S invention, they are not
i nt ended $ o0 efiash l@velslq{eﬁe WL‘E ab ‘The Exanpl es describe experinents
performegh using Sanples A 17 through |I. Miltiple experinments were

performed in each exanple using a 18 variety detergents such as but not
limted tb sul fonate, phenate and sal iTABBEE 19 detergents; succininide

di spersapts; and zinc dlth nhi £ 20 The exanples are
expl ai net usi ng the er ns r‘%ﬁgonﬁ E'é"béy qké]g I%Bf ,l' 21 nhi bi t or
because signific ? t“a“ E@QIR AQLeINg, & SN EYS AR

varied. 23 parple A o A et ) g phout EISESES e e
3,5'd|'t'bu." a4 yurC p 1+ pt UIJIUIGLC, aott oG v atit |
A AaRdss 20 0 2:A%h 2015’

about 3.4 w——9%25 ueterHc..\sh auom 038 w——%wear i DA 6 O PP o
i nhi bi tor apt—Gretp—H—pel bage—oH—Sanpte—A-was—pregatady, oy Fombrmimg—the
conponents &t High Ash Ash > 1.0

14

15 The ash level of lubricating oil is often determined by its formulation

16 components. Metal-containing detergents (e.g., barium, calcium) and

17  metallic-containing wear inhibitors contribute to the ash level of lubricating

18 oils. For correct engine operation, gas engine manufacturers define lubricating
19  oil ash requirements as part of the lubricating oil specifications. For example,
20 manufacturers of 2-cycle engines often require natural gas engine lubricating
21 oil to be Ashless to minimize the extent of harmful deposits that form on the
22  piston and combustion chamber area. Manufacturers of 4-cycle engines often
23 require natural gas engine lubricating oils to be Low, Medium or 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 result in shortened life for the
27  valves or cylinder head. Running the engine with lubricating oil having too

28 high an ash level will likely cause excessive deposits in the combustion

29 chamber and upper piston area.
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27 140 degrees Farenheit (approximately 60 degrees Celsius) with agitation
until 28 all conponents were m xed. 29 Sanple B was prepared by conbining
about 0.91 wm. % 3,5-di-t-butyl 30 4-hydroxy phenyl propionate, about 3.3
w. %dispersant, about 31 3.4 wt. % detergent, about 0.38 wt. % wear
inhibitor, 5 ppmfoaminhibitor and 32 Goup | base oil. Sanple B was
prepared by conbi ning the conponents at -20 1 140 degrees F (approxi mately
60 degre O wt

' ' il all . |
was prepared by cgpr%' tﬂﬁ%é §ﬂ'8ﬁrt%|9n?§ %IU% c3f "Eas%%\% Is'é&f(%qﬁ drgigp °c
phenyl propi gggérdingedlthe 2ndine 8/e§lgﬁ @ﬁﬂ&ﬁﬁrat@wﬁduﬁoﬁs A4 _gsin bimaighigent

n

about 0.38 wt. % wear inhibitor, mfoaminhibitor and 6 Goup Il base

oi . Sanpl e Pragusepeesbxdnay ﬂ@f&iﬁﬁfpiﬁm@“@ﬂ@ Q%Wlﬁ’@ﬁﬁss%iheﬂ tend tdegrees F
t
o BanplietR GRS Solle oA M idt hefiiyel riRGREBEHAPLE

10 4- hydrs)xyg@éﬂﬁletéd ehgme@ﬁatumreab@pbw&rwUtpL%adndsquseqneml;amtEasblmB 4 Wt .
% det ergent, about wt.. % wear inhibitor, pm foam i nhi bitor, and 12

G oup | tﬁasen@rawoné%m d-Ubrigading odp Wb e B'Hﬁﬁpﬂlrﬁﬂsﬁﬁ‘&e@dﬁﬁ%%m%mat 13
140 degrees | I 14
component & oSt At S5 SiginBAGRIRRS fecalish ERrEating dHithay pBilsed
Pegasus 805, tollbdbatesa ndfbeo oirenginak liycladiag| siditisiohmedric Bxddedmbiin
Corporation in Ffurfax Virginia. 17 Sanple F was prepared by using OLOA
1255, conter BI%9IS; available 18 from Chevron Oronite Conpany in Houston,
Texas. The OLOA 1255 was 19 mixed with Goup | base oil under typical

bl endi ng conditi ons of about 20 140 degrees F with agitation until all
conponentk are t hdhisugvemntion widde fagheri u@)@iedubuéhe‘f@ilownag eramplesdhat set

et i ot Bl SaRy pretBEy Mo Blsr Byt e ShrieR etV e lo s

thereforg ajlibeaeARIikvaitRnd te) are it iéndéd ®Nirpik ker 24 fornul ations
useful as engine oils may be neasured. 25 Sanple G was prepared by using

OLOA 1256t conmmercially available 26 from Chevron Oronite Conpany in
Houst on, ,Jexas. The OLOA 1255 was 27 idh G oup Il base oil under
typi cal ]bq endi ng condi tions of about %egrees F (approxi mately 60
degrees § with aght@Exapmlesidescidbé experiments performed using Samples A

17  through I. 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 explained using the terms detergent, dispersant and wear
21 inhibitor because no significant difference was found when these components
22 were varied.

23 Sample A was prepared by combining about 0.91 wt. % 3,5-di-t-butyl
24 4-hydroxy phenyl propionate, about 3.3 wt. % dispersant, about 3.4 wt. %

25 detergent, about 0.38 wt. % wear inhibitor, 5 ppm foam inhibitor and Group lI
26 base oil. Sample A was prepared by combining the components at

27 140 degrees Farenheit (approximately 60 degrees Celsius) with agitation until
28  all components were mixed.

29 Sample B was prepared by combining about 0.91 wt. % 3,5-di-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  Group | base oil. Sample B was prepared by combining the components at

-20-



29 conponents were thoroughly m xed. 30 Sanple H was a commercially

avail able lubricating oil designated as 31 Chevron Oonite | ab code
R10994. 32 Sanple | was SS15633 commercially available from 33 Chevron
Oonite LLC. -21 1 Sanple J was prepared by conbi ning the conponents of
Sample A 2 except that instead of a Goup Il base oil, Sanple J conprises
a 3 Goup Ill base oil. 4 Sanple K was prepared by conbi ni ng t he conponents

of Sanple A xce | nst a Gro base,. oi | npl e K

conpri ses a %293%89 qs\)l-'gag%ro&ma eﬂ/ﬁ(gd Vf('ﬂé @ﬁ?t&%"{ ptia Eh Resi st ance
Bench Test 10,BenéHisdpéledninddasi st ance Bench Test shows the capacity of 11
| ubricating ol "'to resist oxidation. This is one nethod that is used t

anal yze 312 the pSampler&hwes preparedidy eanbiniighakoutHe2? M@o%p%ﬁaﬁhttm‘tﬂf

Cakes fort SaDAbPa TPl sabl S b @bt BPUETY O "The ) onger

the tinme 5t Bakgs % detérgehiRibdut 0.38xWtli% evear idhiblter, l?bmmfnrfeamsnlalbttortamd
sanple is to oxidation. 16 Al mneasurenents are report on a relative

Irreas:Jr err]eﬁn paeuR |l msereit: Samplpdy @@Sr@%@@ WC%pUWF cBBARERS &t er
evels o X I
7o ol o 20 LF EpAKRALRIFO degfdlCRERA doRfficR Bt ALOTLRL O
ratio, whg chcompbhensanefeemiiate di vi ded by Sarrpl e F 20 tine. For exanple,
if oil has a test result of 1.03, t}éys \/\g g/a, 1

i ncreased perfor n§ﬁ8§3 B2 Vap HREePEE e Q oo ‘éséﬁF %ﬁéq%ebu’[)ﬂz

ref er encey Sannl b ph 8 IRGbhated BBUL S 7 J@Bé:%aﬁt pufhe

Oxi dat i on- bench tests were perforned anples A 24 through I.
Results #are Brdewiar%etetelrge‘ﬁatﬂtenmo het. r%marsnhibrtohsﬁtpmnéoamnh@ﬂoeaw)l e A

D throught | - CHOUG,PaRe SlnGPT PIGAaNE Protst s tr Bhens R RERE ™ pe
S es B ! aﬁ,0%fé&eFﬁaﬂﬁ"&'*e@%%%f%s%ﬁ;ﬁf*@%@ﬁi?@@%ﬁr'ﬁf'i o o
oxi dat i oi¥ pecomponrots were mixed.

15 Sample E was a finished oil product, Mobil Pegasus 805, which is

16 commercially available from ExxonMobil Corporation in Fairfax, Virginia.

17 Sample F was prepared by using OLOA 1255, commercially available

18  from Chevron Oronite Company in Houston, 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 components are thoroughly mixed. As

21  explained in U.S. Pat. No. 5,726,133 lubricating oil made by combining OLOA

22 1255 is one of the most widely sold gas engine oil additive formulations and

23 represents, therefore, a "benchmark standard" against which other

24  formulations useful as engine oils may be measured.

25 Sample G was prepared by using OLOA 1255, commercially available

26 from Chevron Oronite Company in Houston, Texas. The OLOA 1255 was

27  mixed with Group Il base oil under typical blending conditions of about

28 140 degrees F (approximately 60 degrees C) with agitation until all

29  components were thoroughly mixed.

30 Sample H was a commercially available lubricating oil designated as
31  Chevron Oronite lab code R10994.
32 Sample | was SS15633 commercially available from

33 Chevron Oronite LLC.
-21 -



30 Sanple H Al though it is unknown what exact type and the exact anount of
31 antioxidant(s) that are in Sanple H, it was estimated to have
approximately 32 2 w. % anti oxi dant when anal yzed by thin | ayer

chromat ogr aphy, whereas, 33 Sanple A and Sanple C have 0.91 wt. % and 1.25
wt. % of antioxidant -22 1 respectively. Therefore, Sanple A has
approximately 54 %l ess antioxidant 2 than Sanple H and Sanpl e C has about

oxhi bi tod by SampPEmPIGdvas AilRaTed hy Fopbad i ShaihERls fsAgpleAnee
3, 5-di -t -but ghcdpt AT iBEteapEY GraupRibagatcl, 8athplé dwpnigriseskase oil or a

synergy of the additive fornulation conprising 3,5-di-t-butyl 6 4-hydroxy
phenyl  prbpi &atR llhhas&edup 11 base oil. 7 8 % Difference = (Sanple (x) -

Sample (F)) / Sangl ° 0 |.©Bd.. ' LOR: | stance
Bench Test Resul F?@aﬂ%ﬁ‘e@%#ﬁ?@%ﬁ%%’@% e E&%%ﬁ??%@ﬁg Sampl e
Sanp A B C Bxéeft tRatnbteaBadfienGrdu®B bhs@ bil2 Shple RKicdmpPrisds 80 1.59 2. 04
1.67 % Difference 98 27 114 27 -3 0 59 104 67 conpared to Sanmple F** 13
*Ratio - TheSEowphhdasesle rel ative ratios conpared to Sanple F's
performange in this test. Nunbers larger than 14 1.00 perform better than
Sanple F and less than 1.00 performworse than the reference. The hi gher
the rati o815 nunber, the higher the [EXAMPkEnte of the sanmple. 16 17 **%

Difference - These nunbers e . the percentage difference between Sanple F
and the conparative Sanpl e. %{,&“digoﬂé' ??'\?&a'g?ﬁwggpcﬁrﬁ?sgat es worse w
performapge than $agRbRdhtiod-Redfahl&MANEh b sitows Pré dapadity off trati on And

22 Viscosity Increase Resistance Test 23 The Oxidation-Ntration and
Vi scosi t ¥1 | nbrikatingedite resistotidation. (Tdds is one aetintbthedissdsedie angluzs ty of

| ubri cat ié‘g %Hel: pér?orrrﬁasrilcset 0 é(ri1 gﬁltt(') %rr]ﬂbiptihteriﬁ&i)r%graatﬂ)% of oxygen into oil. The
13 results of this test are the number of hours it takes for samples to oxidize and
14  absorb one liter of oxygen. The longer the time it takes for a sample to oxidize,
15 the more resistant the sample is to oxidation.
16 All measurements are reported on a relative measurement basis so that
17 large results or values represent greater levels of oxidation resistance. Lower
18 numbers represent shorter oil life. Sample F was the reference oil and all
19  results are reported as a'ratio, which is the sample time divided by Sample F
20 time. For example, if oil has a test result of 1.03, this sample would have a
21 3 % increased performance over the reference sample. Sample F was the
22 reference sample for the resuilts reported in Table 3.
23 The Oxidation-Resistance bench tests were performed on Samples A
24  through . Results are presented in Table 3. The results demonstrate that
25  Sample A and C show enhanced oxidation resistance when compared to
26 samples B and D through I.
27 Surprisingly, when oil hour measurements were taken, the performance
28  of the Sample A and Sample C exceeded that of comparative Samples B, D, E,
29 F, G, and |. 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 Sample H, it was estimated to have approximately
32 2wt % antioxidant when analyzed by thin layer chromatography, whereas,

33 Sample A and Sample C have 0.91 wt. % and 1.25 wt. % of antioxidant
-22 .



25 viscosity increase. This test is an additional tool to help determ ne
the 26 performance of oils as they relate to the actual service of

| ubricating engines 27 that use natural gas as a fuel source. The |evel of
oxidation and nitration of oil, 28 may al so be conpared by nonitoring the
viscosity increase of the oil. The lower 29 the values for oxidation,
nitration and viscosity increase at the end the test, the 30 nore superior

the product's perfor ce. . The. Oxi dat i.gn- Ni i d COS| 1

| ncr ease esfeﬁ%gﬁ ‘éelgfelﬂ'&q{efoégfswggdéggﬁr?é’a%)@%@?em%sgt/&\%}t%ﬁ%ﬁaﬁ 3500 32
series engi Nha085hbicoRBrRISSAmbRL € hab@batt 871% fdsel dhtiogidbat trmcSamble e 33
Caterpillar 3516 nodel. Oxidation-Nitration and Viscosity |Increase

Rﬁsi st anlo"e 3hethighes axisiasiopsesistanee exhibdagpyesamples) aad Samplgd Maykough | .
R i > . j\ect ed
cati brareh 1 diETe A YREENRTEE L By ARSI BIbicRE ABBREBIEC, P

The test s;5 wepgsé bitopa syaelyy &F thaeptitive fodulbticratemprising [3e5-detbutys are an
average of the two runs. The 4 sanpl es were eval _Fat ed using differenti al
infra red spédiydsReopienipmnionata @nddrositt haess @ll-t he heated gl assware bath
to determne a base line for each sanple. 6 The sanples were re-eval uated
at the end of testing period. The differential 7 between the base |ine

dat a, abs®rbance @hDifferahcéd=§Sanplé(x) -iBamnpagl))d&ample (FBxd808 t aken at t he
end of test cycle provides an indication of the 9 oxidation-nitration

resi stanc® of the sanples. 10 Differential infra red spectroscopy neasures
the anoupy of light that is 11 absorbed by an oil sanple and provides a
unit of measure called an 12 absorbance unit. DIR (Differential Infrared)
spectra Whs determined by 13 subtracti DABLES fresh oil spectra fromthe
used oil spectra to obserye changgs .14 th hav. due to

oxi dationy nitration, fue#x'gﬁp'ﬁ r@ﬁ,s'{laweieaﬁfg?@ﬁ%ﬁﬁ% and or

cont am nati ¢n.  Typi cal lsgmple ). SAmpre [[ ISaiple € 1Sah Semplk |isampis @ GamhleWweSample | Seman
ATR crystal |setup may|beAused Bzft or BeternPni ng Ets |as€ocilat & patH 17 |

length. If the Raetrumed®8doed-2Aof Bdde 9 ’Aiﬁéixrr?*‘r’%el gtn | 167
| ength, 18 (r%ﬁg en?j‘th mﬁ/ be Btk |caf’cullat&d by asur gng oxilﬁéati o

t hPigEpgs |
with a 19 cal ?ggﬁgf%ﬁ 0.1 mm|cell. |The variation between ATR and |verti gal
cell 20 bR aStRa@TERdSnumBerdBrdi¢idTRIratibsicoripesd tb Sabiple Es feGorbdne i@y teso Wunderelaro@ fhan
oxi dat i 0%4 an @00 rerormietiar fer} Saplq F aagiess thind.0 g™ wege ghan thersferpioRTrobioReats "B was
measur ed# r oM"BEAR "R PRI AT 1785 cm 1 to 23 the spectra baseline (in

units of 1abs U%tm_&faee% ~ Ths4 niDibés 3 therparbdnipe difeisicateiasn fewlef roithepemiratiredempitifm at
-1630 11 m j\_egﬁtt\je number indicates worse performance than Sample F.

20 ‘ EXAMPLE 2

21 The Oxidation-Nitration And

22 Viscosity Increase Resistance Test

23 The Oxidation-Nitration and Viscosity Increase Resistance bench test

24  demonstrates the capacity of lubricating oil to resist oxidation, nitration and

25  viscosity increase. This test is an additional tool to help determine the

26  performance of oils as they relate to the actual service of lubricating engines

27 that use natural gas as a fuel source. The level of oxidation and nitration of olil,
28 may also be compared by monitoring the viscosity increase of the oil. The lower
29 the values for oxidation, nitration and viscosity increase at the end the test, the
30  more superior the product’s performance. The Oxidation-Nitration and Viscosity
31 Increase Resistance bench test was designed to simulate Caterpillar 3500

32  series engine conditions as related to actual field performance of the

33  Caterpillar 3516 model. Oxidation-Nitration and Viscosity Increase Resistance

34  tests were performed on Samples A, B, C, D, and F through I. The samples
-923.



25 peak baseline (in units of absorbance). -24 1 2 GRAPH I 3 Infrared
Spectra 0.26 0.24 0.22 0.20 Nitration is neasured Peak to eak baseline
at | 0.18 Fax 30 cm1 0.16' Oxidation is neasured eak max to spectra

0. 14 baseline at 1715 cm1 0.12 0.10 K 0.08 0.06 0.04 0.02 2000 1900
1800 1700 1600 1500 4 Wavenunbers (cml1l) 5 Oxidation (& or N tration)
Nunmber Reported (abs/cm = peak absorbance divided by path Iength in cn

(report i 6 wh nb 8 Duri i LQn-Resi

Teat. ¢ hel vi S8 PIgroif Paiebed giebsy s Boal) SiEBbl ol 368268 s,
ASTM D 443. Fhﬁau%!&m?éyoi/eﬁé 8p&éific peribS oftimer Tretegds wdhatrus onpachs t he
initial "fresh” kinematic viscosity with the end 11 of test "used" oil

ki nemat i c3 VL seowle in duplisateoandithe tesubarturRBECTRGE THthe S¥e SRS, e difference
:c ?hal )1 ? égné)ls\gfh%%)ss\'(v%h &é%lag’{eﬁ%ﬁ%:di(‘fgmlaﬁn@é)rea Wbk RbscopyBBibR fiXing
5 them in the heated glassware bath to determine a base line for each sample.
6 The samples were re-evaluated at the end of testing period. 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 provides 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 sample and provides a unit of measure called an
12 absorbance unit. DIR (Differential Infrared) spectra was determined by
13 subtracting the fresh oil spectra from the used oil spectra to observe changes
14 that have occurred due to oxidation, nitration, fuel dilution, soot accumulation,
15 and or contamination. Typically a 0.1 millimeter (mm) cell is used, however
16 an ATR crystal setup may be used after determining its associated path
17 length. If the instrument does not have software that determines path length,
18  the path length may be back calculated by measuring oxidation with a
19 calibrated 0.1 mm cell. The variation between ATR and vertical cell
20 measurements is minimal if restricted to the narrow area of oxidation and
21 nitration (~1725 to 1630 cm™).
22 DIR Oxidation was measured from peak maximum at ~1715 £ 5 cm™ to
23  the spectra baseline (in units of absorbance).
24 DIR Nitration was measured from peak maximum at ~1630 * 1 cm™ to

25 peak baseline (in units of absorbance).
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15 16 Oxidation levels of 5.8 mcrons and Nitration levels of 6.1 mcrons
were 17 used as peak height conparisons. 18 Measurenents are reported on a
rel ati ve neasurenent basis so that 19 large results or val ues represent
greater levels of oxidation-nitration and 20 viscosity increase resistance.
Lower nunbers represent shorter oil life. 21 Sanple F was used as a
reference oil and the results in the Tables 4, 5 and 22 6 were reported as
aratioipn the first row of each table. This ratio was 23 cal cul ated by

di vi di ng asurenents for Sanple F by the measurenents taken -25 1 using
the sanple being conpared to sanple F.gRa@HEcond row of each table 2

di spl ays the percent difference between the reference Sanple F and the 3
sanpl es b®ing conpared to Sanpl e F.Infraged fRaGtra he percentage difference 4
bet ween Sanpl e F apgzt;heother—sanptes;—the- bet‘twer“" performng the sapple in
5 respect to oxidatign resistance. Sanple F was th¢ reference sanplejfor
the 6 results repO'teci in Table 4-6. The formula t@ cal cul ate per cent age
difference of 7 thé%iatios conpared to Sanple F ffir Tables 4-6 is: 8 9 %

di fference = (SanpléX(x) - Sanple (F)/Sanple (F) x||1@8iRfmd@ed] TABLE 4 12

Oxi dati on Resi stan:ems‘léest Resul ts Sanpl e Sanpl e SafipE&=EsHpie Sanpl el Sanpl e
38 0.63 1.00 4.10:2. 63

onpared to Sanple! F**

Sanpl e Sanpl e AB((,}%]:’)FGHI'Ra'rin*d 5.16 0.81 6
3.56 % 416 -19 538|s 37 0 310 o Dy f f

< 0.

13 *Ratio - These mlnbers are prtibatisve! fatjos conpared to Sanple F's
performance in thi €%%st. Nu than 00 performbetter than
The hi gher

Sanple F and |l ess than 1.00 perform worse/tha ef erence.
the ratio 15 nunber,o.og_ihe hi gher the perf ot mancg 17 **%
Difference - These|nunbers are the percgentag \fferience/ bet ween Sanple F
and the conparative ‘Sanple. A 18 negafive | di

per f or mance t han S%n‘*ﬁ‘t;e F.

. 0023

T e

oo 'y 3 " Vs =, £ W L Al wewato . S A Lo v A Veb——
2000 190‘0 1800 1700 1600 1500
{ . Wavenumbers (em-1) .

R e e s M b ST L A i SO M T G A

Oxidation (&/or Nitration) Number Reported (abs/cm) = peak absorbance divided by path length incm™ (report in
whole numbers)

During the Oxidation-Resistance Bench Test, the viscosity increases of
the samples were measured at 100°C by ASTM D 445. The viscosity increase
10 is a percentage that compares the initial “fresh” kinematic viscosity with the end

O o0 o M~

11  of test “used” oil kinematic viscosity. The formula to calculate for % viscosity

12  difference is:

13

14 % Viscosity difference = (Sample (X) inigal — Sample (X) finat)/ Sample (X) iniiat X 100 %

15

16 Oxidation levels of 5.8 microns and Nitration levels of 6.1 microns were

17 used as peak height comparisons.

18 Measurements are reported on a relative measurement basis so that

19 large results or values represent greater levels of oxidation-nitration and

20  viscosity increase resistance. Lower numbers represent shorter oil life.

21 Sample F was used as a reference oil and the results in the Tables 4,5 and

22 6 were reported as a ratio in the first row of each table. This ratio was

23 calculated by dividing measurements for Sample F by the measurements taken

-25 -



19 20 The results presented in Table 4 indicate that Sanple A and C
exhibited 21 a 416 % and 538 % i nprovenment, respectively, in oxidative
resi stance over the 22 reference Sanple F. 23 24 TABLE 5 25 Nitration
Resi stance Test Results Sanpl e Sanple Sanpl e Sanple Sanple Sanpl e Sanpl e
Sanple ABCDFGHI 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 conmpared to Sanple F** 26 *Ratio

his test NGRDBES SaRYRr bPRgrEoraiYel G SAPIG T Berred 1y OCaadl{ BB Cng

less thanyl. %ﬁ SHtAE Pt Qiffdiancd b@the@hEth@méﬁrerﬂa@asmgr@F ahbeheatlo 28
nunber, the r the performance of the sanple. 29 30 **%leference -

These nunber sampies beingsoowmar edhto dample Bntlee @g@kﬂé‘ﬁ PeseRiItageE diiciendse

conparatiye t han

g?rrg;e ::X igegpeeﬂjg?p? ‘?ﬁg‘ li?qé}%eé qﬂ%%%{[tgﬁ?%%%ngovegéﬁgﬁgr mance
npl €§ esparf ig¥idn FdaRstande S2mesle Fawas the rBfieren mqmefn th d

from4 285 %rto 8600 (%over; t he referencg saorT%geel n ni :qurarsal on 'si of o

5 6 TABLE66 Tesulisgeppeted imEalklgdet RERG tarmmlastoreieulgieifreen Sﬁﬂ"ieem Stagce
Rati o* 3 14

géggl 2383?0%?%%}%% o?ﬁ;%@?%&@%ﬁ%gqgagﬁale 456 %258F- SSHOI 503 1664 340

D fferencg conpared

9 % difference = (Sample (x) — Sample (F)/Sample (F) x 100 %
10
11 TABLE 4
12 Oxidation Resistance Test Results
Sample | Sample | Sample | Sample | Sample | Sample | Sample Sample
A B C D F G H |
Ratio® 5.16 0.81 6.38 0.63 1.00 4.10 2.63 3.56
% 416 -19 538 -37 0 310 163 216
Difference
compared
to Sample
F**
13 *Ratio — These numbers are relative ratios compared to Sample F’s performance in this test. Numbers larger than
14 1.00 perform better than Sample F and less than 1.00 perform worse than the reference. The higher the ratio
%g number, the higher the performance of the sample.
17 =9 Difference — These numbers are the percentage difference between Sample F and the comparative Sample. A
18 negative number indicates 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, respectively, in oxidative resistance over the
22 reference Sample F.
23
24 TABLE 5
25 Nitration Resistance Test Results
Sample | Sample | Sample | Sample | Sample | Sample | Sample Sample
A B C D F G H |
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
to Sample
F**
26 *Ratio - These numbers are relative ratios compared to Sample F's performance in this test. Numbers larger than
27 1.00 perform better than Sample F and less than 1.00 perform worse than the reference. The higher the ratio
%g number, the higher the performance of the sample.
30 o), Difference — These numbers are the percentage difference between Sample F and the comparative Sample. A
31 negative number indicates worse performance than Sample F.
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to Sample F** 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 | ess than 1.00 perform worse than the reference.
The higher the ratio 10 nunber, the higher the performance of the sanple.
11 12 **% Difference -These nunbers are the percentage difference between
Sanple F and the conparative Sanple. A 13 negative nunber indicates worse
performance than Sanple F. 14 15 The results in Table 6 indicate the

i nproved performance of Sanples A 16 and C over the reference sanple. The

i nprovenent rangethéresnlsliA Table 5iddid2Bthimpesvddperfedieartsecel Samples An
viscosity increase resistance. 18 Samples A and Cp erforrpsuperl or to the

ref erence saapdl & ovenihegelesanca samplenXingdmrsaverneRt LANOsH AR vi scosi ty

i ncrease., S Q H@g}e $@8Biffeet ested with
respect t4o ggigda/floggéé /{,?@‘ggf%r%orel?ﬁlehg«% Vi o§{| It";/rtalhﬁ%r ease. These tests
that quargify a lubricating oil's resistance to 22 oxidation and nitration
and the resultant viscosity increase m to 23 determ ne whet her

sanpl es de good candi dates for exten life of 24 lubricating oil
particulajly those | ubri V‘i’édcgﬁtrﬂn'c?eéé&Ré§%tbﬁbé‘¢b§besGﬁ§ fueled 25

engi nes. Absorbi ng oxygen an trogen and the re viscosity increase

26 associatpd w th hBaonid| Bamei | §applandamile 5@?‘?{9 aﬁewlﬁdégwla)ﬁem?'a
| ubricating ?7tm| pn’F: i N“,IQ?%@ / é;%%" c !ng em!)s f%. bge o h— ‘ﬁ.ba! gas
fuel ed engi eé?.i/"’m 2%14 XAMPEE—3 2> ..p% A—P -Gmﬁ’—tgg@‘t—f:‘d
separatel y bydsihfg|each one as 1 ri¢cant in a Caterpillar 3516
nat ural gas| fcompsd €ngi ne] Because the 32 Caterpilll ar 3%00 series natural

hnat 1ir

gas fuel ed nmgirsfaueﬂe are ong of the nost -27 1 commnly used and one |of the

nost sevefeLendineslwith to oj} t hewy t ool
d t S F's perf e NGB S tarier thid

to deter n§ ne;. % ﬁsﬁe%”eTﬁfiéLaaﬁner'“‘*é?éiiﬁ’n“‘ "1 eﬁ“ﬁ‘ﬁa@?@"é: teesifé‘?eaé?e?ﬁ@ h.wnh:ri.ol n the

same nmodéd ofu ttrempInetthaierfoBIﬁilcﬁoMQame at the sanme location to mnimze 4

the amoupy of,, yariables that b re L A [ anpeat. Gl
life 5 ag Usﬁ‘é/éa\éﬁﬁ?ﬁnéﬁeﬂ-ln%dcﬁtgs %&Etaégiﬁﬁ&age% tlt”eeb g%pﬂﬁ? @rtﬂagm%ﬂ%lr/elr ca{'glang oi |

to reachyi$ Caterpillar's condem1| ng limts for natural gas f ueI ed engi ne
lubricating oil. At 7 the time of testing the Caterpillar ?esA
presentedSin Tabl & he results in Table 6 indicate the improved pe ormance o amp

16 and C over the reference sample. The improvement ranged from 214 % to

17 2298 % over the reference sample in viscosity increase resistance.

18 Samples A and C perform superior to the reference sample with

19  respect to oxidation, nitration and viscosity increase. Sample C performed

20 better than all the samples tested with respect to oxidation, nitration and

21  viscosity increase. These tests that quantify a lubricating oil's resistance to

22 oxidation and nitration and the resultant viscosity increase are used to

23 determine whether samples are good candidates for extending the life of

24 lubricating oil particularly those Iubricating oils for use in natural gas fueled

25  engines. Absorbing oxygen and nitrogen and the resultant viscosity increase

26 associated with absorbing oxygen and nitrogen are undesirable for lubricating

27  oil particularly lubricating oils for use in natural gas fueled engines.

28
29 EXAMPLE 3
30 Sample A, D, F, and G were tested separately by using each one as a

31 lubricant in a Caterpillar 3516 natural gas fueled engine. Because the
32 Caterpillar 3500 series natural gas fueled engines are one of the most
-27 -



8 9 TABLE 7 10 Caterpillar Limts at Tinme of Testing Test Caterpillar
Limt Oxidation 25 abs/cmby differential infra red spectroscopy Nitration
25 abs/cnt by differential infra red spectroscopy Viscosity Increase 3 cSt
i ncrease over fresh oil Total Base Nunber (TBN) 50 % of fresh oil TBN by
ASTM D 2896 Total Acid Nunber (TAN) 2.0 nunber increase over the fresh oil
or 3.0 maxi mum TAN by ASTM D 664 11 12 Both sanples were run in the

Caterpillar 3516 until th ' i i ts ,
oxi dat ort ankPmer v g PRECTIR st alerC haSafr e BEER ol they
| R as descri@eeb isedE%8a1bel t3-detbrains ithey liferof lesrivating ofl hEhdde teatgpvese mias al so

moni tored. The Viscosity |Increase analysis.is d i bed i 6 Exanple 2.
Sanpl e A Zexhinghe samsemogel 9%@@*@%&@1’&’5% eNoinggh chémg gaﬂlaﬁaf' i%% H?'“'?Tinge ©

nitration, ang. vi ' » i O

Number b (PEERE rAeRERE R Gra SR 1 (i e ondRHEIOTAES. oo
TBN FG;GFSS ?Qué@cﬂngﬁm@mﬁIeﬂ@thhﬁiimeethtﬂheslfena lutwicating o tangaalf KOH i n one
gram of sanple. 20 Thus, IB f '

pr Od:JCt s,6 ag@aﬁ’f@h"@\‘ %P@”%e@h%ﬁ@%%%r gg ?ellrgsﬂsgf;etegg%}q}n@r upﬁ'lggwfgfp‘ta

sanpl e ?dl‘ﬁ'h I i i f h
anount g?yacﬁ] eq%io\%ﬁﬂgqg‘%%@ﬁ%mléﬁg%@gﬁﬁﬁg?iﬂﬁ%ﬁgrg;isdfao(}«;) I n

1 gram ofg sanpl e. TAN can be 24 determ ned by the procedure described in

ASTM D664, 25 Sanple A out perforned thﬁgggﬁence Sample Fin all the
moni tored” 26 tests from 176 % for TAN 0 an estimated percentage of

374 %fofgoil life 27 basegAorgilidr CioNESANTIe lOf Tektihgr percent viscosity
increase. -28 1 Sanple A also outperforned Sanple Guwhich is the sane
additive as| 2 Sanple F,Tesut in a Goup || base oi |Cat&PilRetiRdy par aneters

that are thegkjgkh 10 reach the Cat er pibabSond y@m@RATEl ma fddsbéctrasepy BN and
TAN. I n a cOfp@fdson of the next hi ghesbsabgunothyciterehts infrd radrspdabbm@pyB,
Sanmpl e A oul pREdsRy Medaseanpl € G by 33 % 3est inddéeseBverdbamndtii on_and 65 % in the
oi | s abi l'i t yTbtal Ba88NbinberdTBN) pr oduct i on 50 Adfrestifoll SEMIYASDM 32836 | ar t o
Sanpl e F i n[mo@l Acmosiet (TAN) but it cont2dinusber increase over the fresh oil or 3.0 maximum
TAN by ASTM D 664

11

12 Both samples were run in the Caterpillar 3516 until the condemning

13 limits were exceeded. The oxidation and nitration of the samples were analyzed
14  using differential 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,
17 nitration and viscosity increase than Samples D, F, and G. Total Base Number
18  (TBN) and Total Acid Number (TAN) analyses were also performed. TBN refers
19  to the amount of base equivalent to milligrams of KOH in one gram of sample.
20  Thus, higher TBN numbers reflect more alkaline products, and therefore a

21  greater alkalinity reserve. The TBN of a sample may be determined by

22 ASTM Test No. D2896. TAN refers to the amount of acid equivalent to

23 milligrams of Potassium Hydroxide (KOH) in 1 gram of sample. TAN can be

24  determined by the procedure described in ASTM D664.

25 Sample A outperformed the reference Sample F in all the monitored

26 tests from 176 % for TAN level to an estimated percentage of 374 % for oil life

27  based on the condemning limit for percent viscosity increase.
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8 different quantity and type of antioxidant, fornulated in a Goup | 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 formula for Relative
Percent Inprovenent for Table 8 is: 12 13 Relative Percent inprovenent =
(Sanple (x) - Sanple (F))/Sanmple (F) x 100 % 14 15 TABLE 8 16 Oxidati on,
Nitration, Viscosity Increase, 17 TBN and TAN Results for Caterpillar Test

of Samples A D, E,__and .G, Sanpl I iqﬂrrg-l 3 s to
Reach Catfer pillar Efmﬂq?Af?J?o f@fﬁﬁg%%@@% G’&I d'attﬁ%rsl geié;dtolq\'/e er cent
| nprovemrent  SaRAé FSBOt RAPGrodp M bhaé oilt 0 Sample F for Oxidation Hours to
Reach Caterpillar Limt for 1256 496 450 765 Ni téati n Rel ative Percent

| npr overneht Conpaihedeyresametass that are thesfisst to reach thaatePilei Hours to

Reach Cat erpil | 0 B O * 76,7 : It Rel at i

Percent | r893@%rﬂbinr€nc}h%'gr8{esﬁ§ﬁ%?ﬁgyZﬁloa %@ %a{%@’ggpﬂeeﬁ/egt? gh%{gflﬁgcogi ? e
nmp y

| ncrease Houpgoduetseatdd igaTabipil Bamplé Aldutpenfoririad S45pleiGeoydB %86 TBN

Rel ative Percent | nprovenent Co

Hours to ReaéptettierppdBoat ip the gﬁ)qaéﬁ’iﬁtg‘z@\l%ﬁ@igagg%’%@"é@fﬁ%? a'|[: i I/gr PZrB Eent
| npr overmrent Co”pa“s'am&e b @ s‘n%ggr B8 ahBle Mt Lcdmpssitidtbut & dovedies a The
urs to anple A b

Vi scos! ty increase . r Is an estimate based on trend
anal ysi s of uifferéisteqliaitity Amchtypei of gnti@ayiant, femriatestinel@ranpdbase)oilchhpar i son

of Sanples A and G 22 '
one agp a 9 performance gP ggrlnleae ig \r)v%rs% %‘r\%heSetlr%BIteeﬁ v?ﬁ&aé%lﬁg%dl?ﬁ aus! ng each

10  Caterpillar field test.

11 The calculation formuia for Relative Percent Improvement for Table 8 is:

12

13 Relative Percent Improvement = (Sample (x) — Sample (F))/Sample (F) x 100 %

14

15 TABLE 8

16 Oxidation, Nitration, Viscosity Increase,

17 TBN and TAN Results for Caterpillar Test of Samples A, D, F, and G

Sample | Sample | Sample | Sample
A D F G

Hours to Reach Caterpillar Limit for 1894 475 479 1082
Oxidation
Relative Percent Improvement Comparison 295 -1 0 126
to Sample F for Oxidation
Hours to Reach Caterpillar Limit for 1256 496 450 765
Nitration
Relative Percent Improvement Comparison 179 10 0 70
to Sample F for Nitration
Hours to Reach Caterpillar Limit for 3632* 600 767 2099
Viscosity Increase
Relative Percent Improvement Comparison 374 -22 0 174
to Sample F for Viscosity Increase
Hours to Reach Caterpillar Limit for TBN 1155 408 408 866
Relative Percent Improvement Comparison 183 0 0 112
to Sample F for TBN
Hours to Reach Caterpillar Limit for TAN 1176 392 426 714
Relative Percent Improvement Comparison 176 -8 0 68
to Sample F for TAN

18 *Note - The viscosity increase hours for Sample A s an estimate based on trend analysis of the Used Oil Analysis (UOA).

19

20 EXAMPLE 4

21 (a) Comparison of Samples A and G

22 Samples A and G were tested separately by using each one as a

23 lubricant in the same Caterpillar 3516 natural gas fueled engine for about
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23 lubricant in the same Caterpillar 3516 natural
about -29 1 1 year. The oxidation and nitration of the sanples were
anal yzed using 2 differential IR as described in Exanple 2. Viscosity
I 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
_Il\_lﬁnber ]STAN) anal ]}/ses 5 were also perforned. As described in Exanple 3. 6
e per orrraceo S ed 7 to
Sanpl e Gl Bo t¥ Qﬁrﬁn @@@ Wﬂﬁ%ggégﬂwﬁnﬁ Wégase mﬁ in the 8
critical pargiet&itil R aw&sambd%mmmblemmw.tﬁméaseooﬁm mnplesr eased
9 oil life of 75 % and 38 % respectively, when red to Sanple G 10
The cal cut at W6 Menitaied by sisinthg:VigeostyReRrase Fﬁ?&@gg GRRA Nor Table 9 is:

11 12 Relati /. G
100 0 19 14ETARES § otelBaS FEter TTERT AR dtiagy Rt (TR paIvees 10
for Oxi daS I OWel@él%oJ@ﬁ)mﬁell Asldescﬁlmctmrﬁxamnm&zenent Conpari son to Sanpl e

G for 32 0 Oxidatjon ursto

2632* Ref ative PR HENGS hoAm A e SR RO reaebisi mghted o>

N trationg Ho @;@l@@%tr%émb@s'\bé\*e {birflllatdPh Cfouparbde bingheaseis’ 3381 *
3080 Re atlve cent rovenment Conparison to rr&r for 10 O
P

Vi scosityg| ncnm patineters of FBNENdChANsformance nfam A'hBN ar7ipgregsed
Rel ative Perc

Hours to ?Qeaé’ &ﬁ% ?'&({’TBEQ ergeé%(?tpoﬁkl%&%&%l%é&gl A\ |ve|(§ech]:a(r)1{ TEN

| npr Oveﬂg@t ConparringQiaidfatiethfiufa P ReRilive Pefédhtlimprdigreent fohEabletd &t i on
| evel and viscosity increase hours for Sanple A are an estinate based on

gas fuel ed engine for

trend andlysis of the

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
Oxidation
Hours to Reach Caterpillar Limit for Nitration 2965* 2632*
Relative Percent Improvement Comparison to Sample G for 13 0
Nitration
Hours to Reach Caterpillar Limit for Viscosity Increase™ 3381* 3080*
Relative Percent Improvement Comparison to Sample G for 10 0
Viscosity Increase
Hours to Reach Caterpillar Limit for TBN 1733 990
Relative Percent Change Improvement Comparison to 75 0
Sample G for TBN
Hours to Reach Caterpillar Limit for TAN 1538 1111
Relative Percent Improvement Comparison to Sample G for 38 0
TAN

15 *Note - The nitration level and viscosity increase hours for Sample A are an estimate based on trend analysis of the

16  Used Oil Analysis (UOA).

17

18 (b) Comparison of Samples B and F

19 Samples B and F were tested separately by using each one as a

20 lubricant 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. Viscosity Increase of the samples

23 was monitored by using the Viscosity Increase test described in Example 2.

16 Used O 1 Analysis (UQA).

17
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18 (b) Conparison of Sanples B and F 19 Sanples B and F were tested

separately by using each one as a 20 |ubricant
3516 natural gas fuel ed engi ne for about

: _ 21 1 year.
nitration of the sanples were anal yzed using 22 differenti al

described in Exanple 2. Viscosity Increase of the sanples

by using the Vi scosity Increase test described in Exanple 2.

Base Nunb
per f or med

| R as
23 was npnitored

in the sane Caterpillar
The oxi dation and

-30 1 Tot al

u3| ﬁ%%ge&%ﬂbﬁll (nga?dw% ﬁééxﬁglﬂn%ﬁgﬁgyﬁgfqﬂg\p&@or mance of

Sanmpl e B maspstib@héd Mthgtth@mesmgrdesorm@d ﬁ!ﬂEkmﬁleSarrpl e F Both sanples were

forrmlatedln G ou base oil and in the crjtical
TAN per f of mance,
% respec |ng

Rel ati ve Percen

Sanpl e B Sanple rs each rpillar Limt
Rel ative ®er QEHWYI%/"(}@/&éﬁg ﬁdﬁ@ﬁ%%ﬁ' W?E( R’th e
| npr ovenent for
Caterpill&r
| mpr overre&t Oorrpaﬁ
Reach Caterpillar

Conparisdd to Sanple F for
TAN 800
TAN 12 *

nparison to Sanple

0 Relative Percent

gﬁmeéfomﬁaae ghSample Bawes Sightlvuheéter
p %"ﬁggg@g %’ﬁp@g &?ﬁgﬁﬁbl‘%a@ |n7G1:5h§f?3 lo@és%"allaéﬁd)lﬂ the'chtka for

QS’ﬁ"Rﬁ“?@

Rel ative Percent
i mprovenesit patdBastereol BEN-arBiNeefernaseapbample) B hatGm wcregsed DITIRBLE 10

to Spred

raneters ?f TBN and
9 and 16

ti on 958 825

Oxi dati on
Hours to ﬁeag@e%i&ﬂﬁldd @thta%rr RfePartuvb"Fiérééhtqmp%é\Jéinéﬁt%r TRBleat( e Per cent

11 0 N'tration Hours to Reach
Limt for Viscosity Increase 1364* 1304*

_ _ _ ImroveMari son to Sanmple F for
te - The viscosity increase r Sanple B and Sanple F are

Rel ati ve Per cent

TR Sl S

20 O TBN Hours to Reach Caterpillar

1ddQ)6H‘S to

ovenent
Limt for

16 O

an estimate[based on trend analysis of the Sample B | Sample F
Hours to Reach Caterpillar Limit for Oxidation 958 825
Relative Percent Improvement Comparison to Sample F for 16 0
Oxidation
Hours to Reach Caterpillar Limit for Nitration 1116 1002
Relative Percent Improvement Comparison to Sample F for 11 0
Nitration
Hours to Reach Caterpillar Limit for Viscosity Increase 1364* 1304*
Relative Percent Improvement Comparison to Sample F for 5 0
Viscosity Increase
Hours to Reach Caterpillar Limit for TBN 693 578
Relative Percent Improvement Comparison to Sample F for 20 0
TBN
Hours to Reach Caterpillar Limit for TAN 800 690
Relative Percent Improvement Comparison to Sample F for 16 0
TAN

12 *Note - The viscosity increase hours for Sample B and Sample F are an estimate based on trend analysis of the

13 Used Oil Analysis (UOA).

14

15 (c) 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 parameters that reach the Caterpillar's condemning limit first,
19 TBN and TAN levels show Sample A with a 75 % and 38 % improvement,

20 respectively, compared to Sample G.

21 Sample B performed slightly better than Sample F. Comparing the same
22 parameters 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 improvement when used with Group Il base oils.
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13 Used O 1 Analysis (UQA). 14 15 (c) Conmparison of Exanples 4(a) and 4(b)
16 The performance of Sanple A shows a significant inprovenent over 17
Sanmple G Sanple A and G both include Goup 11 base oils. The performance
18 increase in the paraneters that reach the Caterpillar's condemming limt
first, 19 TBN and TAN |l evel s show Sanple Awith a 75 % and 38 %

i nprovenent, 20 respectively, conpared to Sanple G 21 Sanple B perforned
slightly petter than Sanple F. Conparing the sane 22 paraneters of Sanple
B and Sanple F to Sanples A and G TBN and TAN 23 |l evels, show a 20 % and
16 % i nprpvenent, respectively. SarrpIEa(mmpxjﬁ $)i ts a 24 sur pri Si ng and
unexpected i nprovenent when used wth G oup base oil s. 2
EXAVPLE 53 3 Sanpl 8enplem @ andismeredested S§8§@*@V@W~'Sﬂﬂg ﬁ%?"h@n%ééﬁ" one as a 4

| ubri t t
oSty R, SR e bl sbotaBeh g e o
6 Cat er pi 4| agaglellocativn. Seemplé Cwas Ib&tedi&grmismg:‘lt Bag ltlscand faya using it as a

7 Iubricant for a Caterpillar 3516 for _about _1 ye The oxidation and
nitrationdof C %erpﬂlér§5ﬁ%ﬁ@§%ﬁ@8ﬂ@ﬁy§@@%ﬁﬂ@%ﬁ%ﬁ fed RV PPIRE 498 Q5

descr i bed L@f Rt for & (i%t rﬂlmﬁﬁyfof A66GF fedH Th@%xﬁx%’ﬂ'@h%d%aﬁb?%ﬂ or ed

by using zhe I'scosity ncrease test described in Exanple 2. Total Base
Nurber (T8N) trensarfiplesl wevei ahalyzedNusing:diffeToxtal hab yleseribest i Riasoplge f or ned,

d bed C exhi i
o f oS Wighostiseass of firsamuSs wastodioréd ohtid PehAsdadiL: Con
Vi scosi t XQ | NGr&GasSe teE@HegQ%eE%N Boafbid 4. $araBasE NahBet @BN) ifd Petef Atiance

i nproved froma m ninum 15 87 % increase for oxidation to 101 %and 108

% for thelkeNumisersTON) EBElyes Weare awerf@rgp%btais\ﬂ@syanmnrﬁéamekﬁé-

nitration_ and visgpsit ncr.eas alow
rate. Widh this r Ié %gé@%%&é&pﬂ%@@ﬂ%&&%&ﬁ@er o ﬁ’c')th?‘é ?&? a es for
19 oi | tgzbe rédhrtﬁiéﬁﬂﬁ@mda‘tlomhi‘crdtl@ﬁ Vistosityg fRseade, TBNDAAd AN thanThi s woul d
be an 20 unfair conparison because Sampl e C woul d have been well bel ow the

21 ni ni mbén | iSAnglefforT EaRvelaf@erfomanes ipRroyed §i98h 8MBKNUBREN t hough Sanpl e
¢ 22 Wai dr AR iRbL e REYRREA TN © RANEIRY 168 % fBrlthe K8y Stk & TENLhAL ! C

perspectl
16 TAN, respectively.

17 The level of nitration and viscosity increase of the oil for Sample C rose
18  at alow rate. When this rate is used to estimate the number of hours it takes for
19  oil to be condemned, it would be in excess of 15,000 hours. This would be an
20  unfair comparison because Sample C would have been well below the

21 minimum limits for TBN after 1152 hours of operation. Even though Sample C
22 was drained well beyond this condemning limit. To give a realistic perspective
23 of the Nitration and Viscosity Increase performance, two additional lines were
24  added to the chart, which shows the level of nitration in absorbance units and
25  viscosity increase for Sample C at the same hours when Sample E reached the
26 limit. The nitration level for Sample C was 1.83 when Sample E reached the

27  Caterpillar limit of 25. The viscosity increase for Sample C was 0.24 cSt over
28  the fresh oil at the same hours of engine service when Sample E reached the
29  Caterpillar limit of 3 cSt.
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23 of the Nitration and Viscosity Increase performnce, two additional
lines were 24 added to the chart, which shows the |level of nitration in
absorbance units and 25 viscosity increase for Sanple C at the same hours
when Sanple E reached the 26 limt. The nitration |level for Sanple C was
1. 83 when Sanple E reached the 27 Caterpillar |imt of 25. The viscosity
increase for Sanple C was 0.24 cSt over 28 the fresh oil at the sanme hours

of engi ne, service e e f. 3 cSt.
-32 1 Thelcal cul at’i %%ﬁ% fOFBP%F%’%QS %@%@Hﬁn@é&bgﬁr}e@ Ble able 11
2is: 3 4 Red:ative Percent | nprovenent (Sanple (C) - Sanple (E))/Sarrple
(BE) x 100 % 5 6 TABLE 11 Sanple C Sarrple E Hours to Reach Caterpillar
Limt for3Oxidation 1812 969 Relative Percent |nproved Conparison to -

Sanpl e E for 87 Ogeifié Bakbiingiaienit ©(2RpRhicas&hdid (E)AanpleEfx f0ore Ni tration
27, 778* 2033* Relative Percent IrrproS/e%an)IC)%?l sﬂg‘?\d t))gg g{gr?gge E for 1267 0O
N|trat|on5N|trat|on DI R val ues at equal engi ne hours when Sanple E 1.83
25.00 reached Caterpillar Limt Hour ch Caterpillar Limt for

Vi scosMygI ncrease 15, 000* 1200 Rel aSrAB)L qq ent | nproved Conparison to
Sanple E forf 1150 0 Viscosity Increase Vi SCOSI ty | hSaowieC vialawpled |equal

engi ne hourg when 0.24 3. 00 Sanple E reached Caterpillar lilmit Hourg to
Reach Cat er Flﬂwmﬂm'tf@@“@m Rel ative Perd&gt | npr g@%d
Conpari son t&e%@%ceﬁt FQWOVFBFJOTB%”SG“ togsmele & 9" Reach Ca¥ler pi| I ar OLi mit for
TAN 1667 80( Lve Parcant raved Conmnari caon !e

e e C
nal ysi 8 (UdA) .
EYlghTat g J5ped [on

O =730 7 T 2 o P A W oo gl ";;:eﬂggrw;
were estinat %ﬁﬁ‘é‘? eiﬁce%m? %Vﬁé\cgwg‘?rfgn OISR (el 017
E\E[ =

Al so, the Vigg
' b BIR VERCE 858 i bme hollrs whehEar,
trend anal yq réacg q @&gpm L%%H 3 Pl &{ ySI S (U(%Ze)

Hours to Reach Caterpillar Limit for Viscosity Increase 15,000* 1200
Relative Percent Improved Comparison to Sample E for 1150 0
Viscosity Increase
Viscosity Increase values at equal engine hours when 0.24 3.00
Sample E reached Caterpillar Limit
Hours to Reach Caterpillar Limit for TBN 1152 573
Relative Percent Improved Comparison to Sample E for TBN 101 0
Hours to Reach Caterpillar Limit for TAN 1667 800
Relative Percent Improved Comparison to Sample E for TAN 108 0
7 *Note - The nitration level and viscosity increase hours for Sample C were estimated based on trend analysis of the
8 Used Oil Analysis (UOA). Also, the viscosity increase hours for Sample E were estimated based on trend analysis of the
Q9  Used Oil Analysis (UOA)
10
11 EXAMPLE 6
12 Sample B was compared to Samples A, J and K for resistance to

13  oxidation using the test procedure described in Example 1. The results of this
14  test are presented in Table 12. These results indicate that Samples A, J and K
15  work surprisingly better than Sample B. The only difference in Sample B and
16 Samples A, J, and K is that Sample B includes Group | base oil, whereas

17 Samples A, J and K include Group Il, lll, and IV base oils, respectively. These
18  results show that this additive works surprisingly better when combined with

19  Groups l1, IlI, and IV base oil than the same additive when used in Group |
20  base ail.
21
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10 11 EXAMPLE 6 12 Sanple B was conpared to Sanples A, J and K for
resistance to 13 oxidation using the test procedure described in Exanple 1.
The results of this 14 test are presented in Table 12. These results
indicate that Sanples A, J and K 15 work surprisingly better than Sanple
B. The only difference in Sanple B and 16 Sanples A, J, and K is that
Sanmple B includes C?oup | base oil, whereas 17 Sanples A J and K include

COUp L 2 b PRl SR CR A R B ot R RyRgRY
111, and 3V bapehifed withasroubs | SRR apddViBase Ohespresastet by@netpliowid®: base

oil. 21 -33°1 The calculation formula for Oxidation Resistance of an
Addi tive 3/\hen 2 Corrblned with Goups I, Il, Ill and IV Base Q|

represented by theg, f W _ng d o/,- Sanpl e
(A))/ San%l e (A X° gj@“ﬁ (%'gpfé@l ?%F'ﬁ%ﬁg?@z’ %%?%)s(o{nos@ are in Table
7 8 FABLE 12 9 Oxidation ReS| stance of an Additive When 10 Conbi ned
Wth G oups |, 1l and 1V Base O p_of Goup | Goup Il Goup III
Goup |V 6Base o IThedapults @tsa&alc‘éﬂaﬂosaﬁﬁ@@ Ea@ﬁn@ e K Ratio* 0.64 1.00
1.20 1.14,. % Difference’ - 36 0 20 14 11 *Ratio - These nunbers are relative
rati os -conpared to Sanple A's performance in this test. Nunbers | arger
than 12 ¢.00 perform better than SanTIABLE 42d Iess than 1.00 perform worse

than the reference. A hig Ber tthe at, nurrb dl{l ents hi gher ‘
perfor mane of the sanpl e XT'? '°I‘5 esiiay 'Bulnbers are the
percent adg® differen binedhWith-G n'h \,( yOlls | 16
negati ve numnber CreHrcdt es vors%r%'ét'f or rraﬁ'f‘é“ﬁ'ha Pé" j§r°” A
Base Oil Sample B Sample A ple J ample K
Ratio* 0.64 1.00 1 .20 1.14
% Difference™* - 36 0 20 14

11 *Ratio — These numbers are relative ratios.compared to Sample A’s performance in this test. Numbers larger than

12 1.00 perform better than Sample A and less than 1.00 perform worse than the reference. A higher the ratio number

]ii represents higher performance of the sample.

15 0, Difference ~ These numbers are the percentage difference between Sample A and the comparative Sample. A

16 negative number indicates worse performance than Sample A.

17
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1 WHAT IS CLAIMED IS: 2 3 1. Lubricating oil conprising 0.6 wt% to about
2.5 wt% of one or nore 4 hindered phenols of the general fornmula: 5 6 O7
XX\ Il 8 HOOCH2 CH2 CO R 9 X 10 wherein Ris a Cr7-C9 al kyl group and a
maj or anount of at |east one of 11 Goup Il and Ill base oils. 12 13 2.
Lubricating oil of Claim1 wherein the hindered phenol is liquid. 14 15 3.
An additive formul ation conprising the hindered phenol of daiml1l and 16
one or nore (i or nore detergents and one or nore 17 wear

i nhi bi tors. %ﬁ%@&ﬁé%ﬁﬁﬁl ting oil of aim1l having a total base nunber
of about 2.15 to 20 about 8.88 as determ ned by ASTM D 2896. 21 22 5.
Lubricating oil of Glaiml having a total ash content of about 0.1 wt. %to
23 about 3.5 . Lubreating ell srawasing hSmitpterabout.5 3% of 0u®ef iR eng oi | of
Caim1l hgving le r 7 7. A nethod of meking the
| ubricati %g oi | oﬁ@%%%%&@%?tﬁ%%@ﬂgaﬁg “hi ndered phenol of Claim1l
with the base oil of daim1l1l in any order 29 and mxing. 30 31 8. A

met hod of |ubricating engines conprising lubricatigg one or nore 32 engines
with |ubrPcati ng oil corrprjﬂii ng the hindered phenoljj of daiml1l. 33 -351

9. Lubricating oil conprising-a major anpunt of at “I east one of Goup II
and q HO“‘ CH, CH, C 0 R

9 X

10 wherein R is a C7-Cg alkyl group and a major amount of at least one of
11 Group Il and Il base oils.
12

13 2. Lubricating oil of Claim 1 wherein the hindered phenol is liquid.
14

15 3. An additive formulation comprising the hindered phenol of Claim 1 and

16 one or more dispersants, one or more detergents and one or more

17 wear inhibitors.

18

19 4. Lubricating oil of Claim 1 having a total base number of about 2.15 to
20 about 8.88 as determined by ASTM D 2896.

21

22 5. Lubricating oil of Claim 1 having a total ash content of about 0.1 wt. % to
23 about 1.5 wt. % as determined by ASTM D874.

24

25 6. Lubricating oil of Claim 1 having less than 4000 ppm sulfur.

26 |

27 7. A method of making the lubricating oil of Claim 1 by combining the

28 hindered phenol of Claim 1 with the base oil of Claim 1 in any order
29 and mixing.

30

31 8. A method of lubricating engines comprising lubricating one or more

32 engines with lubricating oil comprising the hindered phenol of Claim 1.
33
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2 11l base oil and a m nor anmount of benzenepropanoic acid, 3,5-bis (1,1- 3
di net hyl - et hyl ) - 4- hydroxy-, C7-C9 branched al kyl esters. 4 5 10.
Lubricating oil of Caim9 having | ess than 4000 ppm sul fur. 6 7 11.
Lubricating oil of Cdaim9, wherein about 0.6 wt. %to about 2.5 w. % of

8 the lubricating oil conprises benzenepropanoic acid, 3,5-bis (1,1 9

di net hyl - ethyl) 4- hydroxy- C7-C9 branched al kyl esters. 10 11 12.

Lubricatl f Lm9 wh p C i 12
(1, 1- di me hyI et ﬁyP "H%/‘a' 89‘§‘EF'§'8§ b&aﬂﬁﬁ@ﬁﬁ tg’t”%rdsfq?'rso%i’qagfﬂ‘?i. 13
14 13. Lubricati ng|| @akedil dAd4a mlﬁoh@mwgt@fm@iz@nelpmmm'aem 8f5-bisquf1-2. 15
to 15 about 8.88 as determ ned ASTM D 2896. 16 17 14. Lubricating oil

of Claim® having dd“ﬁﬂlYé‘leﬂ?a\é}‘AﬂUﬁfW erCathparchedialiyl esigise 18 about 1.5
w. % as get erm ned by ASTM D874. 19 20 15. A nmethod of |ubricating

engi nes conprising contacting the engine with 21 the lubricating oil of
Claim9. 22 123 LGbriéativej bibdf Caimn®kavigg tdes thalbord0OM pprg soilfur.of C ai m 9
conprising conbining 24 the benzenepropanoic acid, 3,5-bis

I(1 1- di mrethyl - et hyl ) - 4- hydroxy-, C7- 25 C9 branched al kyl esters with at
east one of o] r Al 7. 28
17. An adal t|1\% ?J'glbh ?wgiﬂ]btgﬁﬁﬁ%%ﬂée%@ngﬁg?:%pﬁn%ﬁ@ acid tr@gwgg%,lcg (1, 1-
39 di met hgl - et hyl )thé{uiyribating-ail db?nmﬁsetsrlmnzleeépedpMOImtméré5bjﬁé1dr more 30
i spersants; one of. r i,nhi bitors;. and at |east qne of sulfonate,

31 sal yci Pate and ‘%’W@W‘@%‘éﬂgﬁ?@" é?‘c-gz%a'lg]’i%i a Mlb?ﬁglé&l ng oil
conprising a mnor amunt of the additive fornulation of 2 Claim17 and a

maj or anount of at |east one of Goup Il and IIl base 3 oil.
11 12. Lubricating oil of Claim 9, wherein the benzenepropanoic acid, 3,5-bis

12 (1,1-dimethyl-ethyl)-4-hydroxy-, C7-Co branched alkyl esters is liquid.
13

14 13. Lubricating oil of Claim 9 having a total base number of about 2.15 to

15 about 8.88 as determined by ASTM D 2896.

16

17  14. Lubricating oil of Claim 9 having a total ash content of about 0.1 wt. % to
18 about 1.5 wt. % as determined by ASTM D874.

19

20 15. A method of lubricating engines comprising contacting the engine with
21 . the lubricating oil of Claim 9.

22

23 16. A method for making the lubricating oil of Claim 9 comprising combining
24 the benzenepropanoic acid, 3,5-bis (1,1-dimethyl-ethyl)-4-hydroxy-, Cs-
25 Cg branched alkyi esters with at least one of Group Il and lll base oil in
26 any order and mixing.

27

28 17. An additive formulation comprising benzenepropanoic acid, 3,5-bis (1,1-
29 dimethyl-ethyl)-4-hydroxy-, C;-Cg branched alkyl esters; one or more
30 dispersants; one or more wear inhibitors; and at least one of sulfonate,
31 salycilate and phenate detergents.

32
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4 5 19. Lubricating oil of Claim18 conprising about 4 wt. %to about
16.50 wvt. % 6 of the additive fornulation and about 40 wt. % to about 97
w. %of the 7 base oil. 8 9 20. A nethod for lubricating a natural gas
fuel ed engine conmprising 10 lubricating the natural gas fueled engine with
the lubricating oil of 11 Caim118. 12 13 21. A nethod for making the
additive fornulation of Claim17, conprising 14 conbining one or nore

detergents; e or, nore di.spersants;. one or (_ienhi bt : and
benzenepr ipaﬂgi CEHEri'%E,'t'r@, %.F%?’Qp‘('i'f‘& al'@"mrr%?%@ﬁpm%?w@p ﬁ;@%@%}{'?ﬁ éf7 9
branched al kyl est®Raign H7 sdla i@ amduntesichtaghst @inensf Grdup [| Bhdélibadé 19
22. Lubricating oil conprising: 20 21 about 1 wt. %to about 8 wt. % of
one or node dispedants; 22 23 about 1 wt. %to about 8.5 wt. % of one or
nore detergents; 24 25 about 0.2 wt. %to about 1.5 wt. % of one or nore
wear inhibitors ; 26 27 about 0.6 wt. %to about 2.5 wt. %

benzenepr gpangi c Labricktirdy it bi Glaird8l & dorhpdsing byt 4twty Pg tolaboudrid§o wtCh- C9

branched al kyl esters; and 9 30 about 6 W, % to aboyt 97 _w. % at
| east onebof G oupfthe §ﬁ@‘t'}’¢I%Orﬂég%t'o@ﬁn%?pw%‘ﬁo/%-ﬂ%%%?wig@é‘i’fl‘u(%i0? ;ﬂe
| ubri cati Ag a nat g;agg gjas fuel ed engine conprising 2 lubricating the

natural gas fueled engine with the lubricating oil of 3 Caim22. 4 5 24.
A met hod ®f reducing oxidation in an internal conbustion engi ne which

9 20. A method for lubricating a natural gas fueled engine comprising

10 jubricating the natural gas fueled engine with the lubricating oil of

11 Claim 18.

12

13 21. A method for making the additive formulation of Claim 17, comprising
14 combining one or more detergents; one or more dispersants; one or
15 more wear inhibitors; and benzenepropanoic acid, 3,5-bis (1,1~

16 dimethyl-ethyl)-4-hydroxy-, C7-Cg branched alkyl esters in any order
17 and agitating until mixed.

18

19 22. Lubricating oil comprising:

20

21 about 1 wt. % to about 8 wt. % of one or more dispersants;

22

23 about 1 wt. % to about 8.5 wt. % of one or more detergents;

24

25 about 0.2 wt. % to about 1.5 wt. % of one or more wear inhibitors ;
26

27 about 0.6 wt. % to about 2.5 wt. % benzenepropanoic acid, 3,5-bis
28 (1,1-dimethyl-ethyl)-4-hydroxy-, C7-Cg branched alkyl esters; and

29

30 about 6 wt. % to about 97 wt. % of at least one of Group Il and lil base
31 oil.

32
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6 conprises operating an engine with a conposition conprising 7 8 0.6 wt%
to 2.5 W% of one or nore hindered phenols of the general 9 formula: 10
11 O 1211 13 HOOCH2 CH2 COR 14 15 wherein Ris a C7-C9 al kyl group
16 and a nmajor anmount of at |east one of Goup Il and IIl base oils. 17 18
25. A nethod of reducing oxidation in an internal conbustion engine 19
according to claim?24 wherein said internal conbustion engine is a natural

20 gas engin 2 . f LQXxl - rising 23
24 006w Bt & B WEhcEfror st Rg A S LA S FSRRES R Y o2
fornmula: 26 27 O|@§icatinglthdMatiPalysdificlet? efgideRvittBthedubdtatiieoitbh R is a
C7-C9 al kyl group 32 and a maj or anount of at |east one of Goup Il and |11
base oils3 to 33GlB#ueEe: oxidation in an internal combustion engine. -38 1
27. The uge of an antioxidant systemaccording to claim26 wherein said 2
i nternal conmbustion engine is a natural gas engine. -39
5 24. A method of reducing oxidation in an internal combustion engine which

6 comprises operating an engine with a composition comprising
7
8 0.6 wt% to 2.5 wt% of one or more hindered phenols of the general
9 formula:
10
11

0
1 S H
3 HO .—@—CHz CH, C 0 R

14 X

15  wherein R is a C7-Cgalkyl group

16  and a major amount of at least one of Group Il and lll base oils.

17

18 25. A method of reducing oxidation in an internal combustion engine
19 according to claim 24 wherein said internal combustion engine is a natural
20 gas engine.

21

22 26. The use of an antioxidant system comprising

23

24 0.6 wit% to 2.5 wt% of one or more hindered phenols of the general
25 formula:

26

27

O
o8 s |

CH
’9 HO—@— 2 CH, C 0 R

30 X

31 wherein R is a C;-Cg alkyl group

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

33 reduce oxidation in an internal combustion engine.
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1 27. The use of an antioxidant system according to claim 26 wherein said

2 internal combustion engine is a natural gas engine.
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