1 SULFUR CONTAI NI NG LUBRI CATING O L 2 ADDI Tl VE SYSTEM PARTI CULARLY USEFUL
FOR 3 NATURAL GAS FUELED ENG NES 4 5 BACKGROUND 6 This invention rel ates
to lubricating oil conprising a conbination of a 7 hindered phenol and

G oup 11, 111 and IV base oil. The lubricating oil of this 8 invention nmay
be used in any manner, however its enhanced properties nmake 9 it
particularly applicable for use in englnes fueled by natural gas.

Nat ur al gas has a high hydrocarbon 11

fuels and therefore it [%lﬁﬁg t@g égggéuel S under

typi cal 12 conditi ond ﬁ nat ural gas
tG %HEI-

does not éool 13 intake air ﬁ)car bon f uel
droplets #lo. Furt hernore, 14 many nat ural gas fueI ed engl nes are run

ei t her atsor near stoichionetric 15E9_\WGBQS,§D at which | ess excess air is

avai l abl e"to dilute and cool conbus s. As a result, natural gas

fuel ed engines geWﬁﬁ@h@ehtn@h%lat@@ﬁbmmﬁmn@bnmpmmeaiamlaaaﬁdsmofangl nes
burning liquid hydrocarbon fuels. Since the 18 rmati o
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| ubricating oil N nost cases, natura as fue engi nes are used
cont i nuous! y itggarR@ulAy bppldcHite farase intexgaees faelesei*iw natuoglegast i ng i n

hi cul [ | 23 S, d 50‘V t
Ubbr cat g of | aNAte BebreaiaBas: args heatgpriemoan daticilBearogn, ar e
YD1 cal |, ShagditankBproiRa Pl Aol Rln ARG HElesds eaguResy nBRalt 1S

i mportant to ensure the rel |a of natural fuel ed engi nes
because naturcahd@assfluea@bltlcun@lmlt iseairaaslyl gas, ematural geWSM@QOMere 28

service is not, readily avai cat i n [ n a
ongi nes 139" ThekEARLY s BifEY fis SBIAR RN e SPels R Tl EPE s on
30 Good Mal venamanatefdlig=el fubled shipidfate fuereithee it 68 neagsRcHRAERIC Ng 31
costs down and may be achi eved by providing the proper anmount and 32

conFos: tilon epngidipns\ativiichiless mess Al isavaiiapide divisoand soaleprapistionpl ug
33
cormont 18 oRsBE Ry ROBSUE A =P B LIBT RbbhRe BERR AR rBilon, oo

det er gent;s mgeik te@peratures than engines burning liquid hydrocarbon fuels. Since the

18 rate of formation of NOy 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 70 to 100% load, 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 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 Iubricating oil to thicken, which results in engine sludge, piston

GeP0 {1 gl B B9 0 RO GG BRI i Lo °

| ubri cat i pg PrbtecforRrdqufet &6 prévami s@@ﬁh@%r@lmgmorpl ston depOS' ts, oil
filter plugging and to accelerated ring and |iner, wear is

anti oxi dahts such Idybreaiing eits oraatiIral g@lfugﬁed/@mwmag aw ﬁﬁbwm%@#?%& and
sul furi zeg C%’épaw‘@/ﬁncd Bfii %S%?Pth%gg%pme%ztﬁg Iu%@@?ﬁnbgaﬂﬁ LK dants in
ol 1s e to avoid

| ubricating ncr eas ectrv rcating oil
det eri or ab i onletdBidratat ra@«ﬁ@dpun@Usehféhlsmieﬂmmratwn Wilhtypicallytdaesadiok t i onal 14

ant i oxi dant r ac effect) ven ss, and, at tines f rther ddi, i on of
T aor T P b Raing UL 10 JUEKS NG Fooult i S G L HOB eRIt AR ol | 26
Wile it ks @ﬁeﬁglhgg!r@gabﬁ% sb?&ﬁee%ﬁleggaééﬁel%’ﬂéﬁmﬁ?%Bdelﬁ‘lte‘r%a‘ﬂam is 17

effective in inc ubricating , this invention
provi des a 18 net At genaraldnduzsiey aprmfoacﬁ@ redutcea ldetermratian of ILblidatimgmilt

necessarily incgreasing the .1 nt| xi d 0 .21 SUVWNVARY 22
The |ubri 2at ﬁ‘i‘é tﬁﬁre%gtapﬂpgglpﬁ@ oH'Sfﬂﬂ/ @Hgfrrﬂ%lfﬂﬂm%ﬁﬂ nt of one or
23 nore hpndeederiteddhg i IH@;?V\%F%I t@'acfooérm&xﬁian?éls@h FOnfAderdd phéadis C O R
25 26 27 wherein Ris a Cr-QC9 eﬁyg‘rou 28 and a nmj or anount of at

| east onélof asrverlbas diphenyl amines vnrd ugzedscornpeend Ingrpasingitepmpunt he
et o289 g by AR ARy OSSR eselc il - oo
13 Iubrlcatlng oil deterioration. But at some point the solubility limit of the additional
14  antioxidant reaches maximum effectiveness and at times further addition of
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:

24

X ll

HO —@ CH: S CH, C 0 R

25 x (1)

26

27  wherein R is a C7-Cg alkyl group
28  and a major amount of at least one of Group I, lll and IV base oils. More

29  specifically, the lubricating oil of this invention may comprise about
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2 general formula. Liquid hindered phenols are preferred. Unl ess otherw se
3 specified the term"w. % as used herein neans w. % of lubricating oil.
One 4 enbodiment of this invention conprises a lubricating oil of Cdaiml
having a 5 total base nunber of about 2.15 mlligranms Potassi um Hydroxi de

per gramof 6 sanple (ng KOH gr) to about 8.88 ng KOH gr as determ ned by
7 ASTM D 2896 One enbodi nent of this invention conprises a lubricating oil

detorm e b9 2Rernnss ABOR P ute, r Hre hincbtaFoRRRIE rowk s ) Goc o

than 4000, ppgeﬁeﬂai formuleLiguib aimderat phenbly grel mmrtecbmmegmomamseonbl ni ng
11 the hindered phenol of the invention with the base oil in any order and

mxi ng. 12 #prAtRY tharest Winte’ &8 usedsharainemenbn Wiormpel lyBECafingstih N f
lubricating eﬁ]b%ﬁﬁﬁ@ﬁo fARIEARY St rb‘?\&é?ﬂbﬁ{éébé‘%?{&%uﬂé or]‘?ff?%lﬁi'ﬁg‘lrfﬁ%l {Lh the

| ubricating ol |s I nvention rica this i nvention
may conprs setatalnEgsernanbentdf abidut@ 1&milligeshs E’Dtassiurﬁirl-wmoklde pel gramafl V

Chi ol ) ackt aPaTBIe (o RGP, s et ELROPIYF % dRierinet by | c acid
(13,501 p(nbTd o3 dus. G d ik BnfolB @A LSRbIAd B Hin GO

al kyl ester Lubr| cating ol l of this Invention rise about
Ww. %to zabobﬁwﬁg&toté]e(sh dwﬂieﬂﬁﬁbouﬁ@diowt Baty kbaot b@ﬂzvyll % Bsol ) acet at e

pref erabl y ahout 0 6, Wt (4 21 dr oxy- 3,

G 1ol yogtemyice Y ST BV Lufigeta of 4l MR Bl TRes 22
this invepti %H%O@gﬁ?ﬁrétﬁﬂr%né@%ﬁdd@eﬁ%ﬂhﬁsﬂwéﬁtl&@%Mp?b@@comblnlng
2- (4- hydr oxy- di-t-b benzyl | ) acetate; one or nore

di sper samt s thmlemdera@bmerm vaﬂw inventien withshe bage @ildn @nyrasder ard aiigegt s.

% of one PR EEulrRPERH € inaRidE KaffBiBGs STBER ariuthentllly’ “o0ct

one or npse dﬁ ipleg ebhfpristipedntdcingvbne Yr n?dret@lgaiwmtﬂtﬁewbnc%l ofh ok or
nor e wear |nh|%|torsmpabout 0.5 Mg\b%to about 3 28 w. % 2- IQ% drox -

5-di - t - bid y| thieHventioR; ldut;rm@éleg@dl@f thigdn\eision may gpMmpises ”@Pra?l%%” 97 Wt

% of Il ly 3 b
50w - odto apauEaSolR B Bragp M alfl bsoBF Spld miforifioeRt Y, 7 p3ce oi
31 or none pRgHeryalpbyy-305dk- t-@OfcyMben%ylttbloa)mneﬁat@bf\ﬁbrm@{aC(ﬂ)aibolveaalsoone of

32 Goup I, 111 and 1V bas 1. L |cat|n I |, of this invention may
conpri selB3 kBoW ag asstigac /oﬁ%%‘?i%@t, 'S“Wthyg/ﬁg‘f/‘ Jste or nore dispersants:

af?ug 9 foﬁabouya@xgpﬁehylmyl]tﬁldﬁﬂ CE95IKNEStEF. MObEcHARGESiIISth ind&Rtdn 0. 3
19  may comprise about 0.20 wt. % to about 3 wt. 2-(4-hydroxy-3, 5-di-t-butyl
20  benzyl thiol) acetate, preferably about 0.6 wt % to about 2.5 wt. %. 2-(4-
21 hydroxy-3, 5-di-t-butyl benzyl thiol) acetate may be liquid. One embodiment of
22 this invention may comprise an additive formulation comprising 2-(4-hydroxy-
23 3, 5-di-t-butyl benzyl thiol) acetate; one or more dispersants; one or more
24 wear inhibitors; and one or more detergents. Lubricating oil of this invention
25 may comprise about 1 wt. % to about 8 wt. % of one or more dispersants,
26 about 1 wt. % to about 8.5 wt. % of one or more detergents, about 0.2 wt. %
27 to about 1.5 wt. % of one or more wear inhibitors, about 0.5 wt. % to about 3
28 wt. % 2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol) acetate, and about 40 wt. % to
29  about 97 wt. % of at least one of Group Il, 1ll and IV base oil or preferably
30  about 80 wt. % to about 97 wt. % of at least one of Group Il, lll and [V base olil
31 or more preferably about 60 wt. % to about 97 wt. % of at least one of
32 Group ll, Il and IV base oil. Lubricating oil of this invention may comprise

33 about 1.25 wt. % to about 6 wt. % of one or more dispersants; about 2 wt. % to
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2 one or nore wear inhibitors, about 0.6 to about 2.5 wt. % 2-(4-hydroxy-3,
5-di-t- 3 butyl benzyl thiol) acetate and about 40 wt. % to about 97 wt. %

of at least 4 one of Goup Il, IIl and IV base oil or preferably about 80
w. %to about 97 wt. 5 %of at |east one of Goup Il, Ill and IV base oil
or nore preferably about 60 6 wt. %to about 97 wt. % of at |east one of
Goup Il, IlI'l and IV base oil. 7 8 DETAILED DESCRI PTI ON OF THE | NVENTI ON 9

R R A L R e T R R R

gas fueled bﬂae@nmm wéa?r ﬂh@utdmsbéb@mto 690 @bbum 5tviitl %o quwﬂidr@ry Bpy-di-t-
conpri se one or dered phenol s described herein and G oup

11, 111 ahd p\ﬁ)’ﬂ)ﬁ%zﬂlth@') a‘éeialterﬁ"é#%bqlédlq Wb éaebayt %T wioto @fiatdeasivent i on

conpri ses, a GHeR f
t hrough | V aggégﬁm nopqarlr@fgﬂ ofﬁ%{sﬁe&]ﬁl ngere§8®%ﬁ+§go‘{’§3)&§§p$@ej W(ta'rei n.
The term 5 mafeof aheast bnmloé@rw;eu, Heard iV bese sil othmrmeférablyéubom 60% The

term"m nor ano used, herejn ans_less % 19 One
erbodi ment. ot 1o VLA, B T BrB1 ledetonn Obare Vel Shatl BesBlz0
conprising one or nore of the hindered phenols described herein, one or
nore 21 dispersants, one or nore detergents and one or nore wear

i nhibitorg. 22 A prefer DETAILED BESGRIPTIONODF{THE INNENTEIOMN nay corrpri se a
maj or anmount 23 base 0

ou .
mrbunt o Jone or tdiERyenion SRR abRnG iR ey S BB Any gt

hi nder ed ;phepgt haflfas rekh@ﬂeb%@rpns.ﬁ@ywego% WRErteBedPINGL AARIral QA8 FA&lelDT €
di spersants and one or nore wear nhibitors. 27 Anot her enbodi nent of
this invéhti @Ag®enpri ses lubricating oils 28 conprising additive

Preforreds! ubr i cat 0ot WS T BAERE mabeoRRHSs Pos o iShiEtts o a1
phenol s desc hirdeeed phehdls aedciiBatRerein éﬂikﬂ arelip lIVilbas®\obhse bits.@ f or mul ati on
32 that has about 0.10 wt. %¢to about 1.50 wt. % ash in the finished

| ubri catilhg ereferred lubrisatine @il of éhis inenijon sempriges amajoyamant of 88 & 0. 95
w. % ashsi ”n‘ié} ds%'oﬁg%mﬁerkgbw fhfSEJHRY 8hd 23RS BRESTM ST thY hialM P8 74-

When ash conten s are discus
16 phenols described herein. The term “major amount” when used herein means

17 more than 40 wt. %. The term “minor amount” when used herein means less
18 than 20 wt. %.
19 One embodiment of this invention comprises an additive formulation
20 comprising one or more of the hindered phenols described herein, one or more
21  dispersants, one or more detergents and one or more wear inhibitors.
22 A preferred lubricating oil of this invention may comprise a major amount
23 of base oils from Group |l through Group IV, a minor amount of one or more of
24  the additive formulations comprising the hindered phenols described herein,

. 25 one or more detergents, one or more dispersants and one or more wear
26 inhibitors.
27 Another embodiment of this invention comprises lubricating oils
28  comprising additive formulations comprising the hindered phenols described
29  herein.
30 Preferred lubricating oil of this invention may comprise the hindered
31  phenols described herein and Group |l through IV base oils in a formulation
32 that has about 0.10 wt. % to about 1.50 wt. % ash in the finished lubricating oil

33 and more preferably about 0.3 wt. % ash to about 0.95 wt. % ash in the finished
4.



2 herein, the ash contents were determ ned by ASTM D874. 3 One enbodi nent

of the lubricating oil of this invention nmay have a 4 Total Base Nunber
(TBN) of about 2.15 mlligranms Potassium Hydroxide 5 per gram of sanple (ngy
KOH/ gr) to about 8.88 ng KOH/ gr. A nore preferable 6 enbodi nent woul d have
a TBN from about 3 ng KOH/ gr to about 7 8 ng KOH/ gr. Unl ess ot herw se
specified, TBNs, as used herein, are 8 determ ned by using the nethod ASTM

D2896. 9 The i ks i | h,Sa d ' ; t of
Cess than' i ABEERE S detorihel by g MR FIVRBY oS ¥Enthridpicisqisea™ ©
i nvent i on2cormeréisctheraghhoatdents warkidegerntieed by ASTMiDB4.ng oils of this

i nvention_or the ditive formul ations.of, this invention b 3 conbi ni ng
the conponents wi tH&agMm i'rBﬁntﬁﬁ"?? frcaé@&&ﬂrf@‘ﬁ{']@ Igyentgn, 8)’*’??@3 14

i ngredi enys falBasORBHIRS (TBNGRY aB6GE2.18 il t i f cient to
15 bl end the coerlrponents but (no{\ghi Sh enough It@?@gs;ra egélﬁgHggdrr%gfrc\ignts. A

16 t enper at uper grarasysample (agdL kg io aboub® 88 g KQldyredsndie praferaeleused.

17 Heatin CEuUr time ri.ng the oce 18, Anot her enbodi nent
R e b B 4 A OGS R ROSF SRSy CTbo

engi nes by c@vaKORgroURIsYs dtheRvieé shBEifibdPTBRE! 49dsed hereiglaef this

i nvention with one or nore engines. 2 Anot her enbodi ment of this invention
conpri ses8t hdeigsmiaed &y using ther methadySENeD889%or e natural gas engi nes by

one or ot nat or Ancyaeneataioriol bl Bu adurb EbSub Ty Ehelor,

conpri sesot hdOootppmd 0pD. 42wt 1% bri cating one or nore engines by lubricating
one or nore of the lubricating oils 26 of this invention with one or nore

engi nes. 127 Anot héNURYRINARHMESK of HisinvADER sempispieladsafenaldeadie of 28
pori catyng AiKHCAling RIS of ! Benfid? oP 8! ARRNRYIOHHBIHGRS P thiRGeRfio'B} © ©f
S or thi t one or nore natura 68.8

the 29 lubricating”oi s Itnvention w
engi nes. 130 Thatinibg ithatomgoonehtsofitht agitationwait albcornpsnsihitsvare aised.prhiesi ngl y

deseri bed* holBIOBAE B2V RedPINGS ARy BIUFS arrd BOIRSAEGT AOGFB0 | 11
erel n s o e B ot SO B e oo | “base
oi | s or when temperaturgrefabout 20 degeatsghdaabsut 160 degrees F. may be used.

17 Heating may occur at any time during the process.

18 Another embodiment of this invention comprises the method of

19 lubricating one or more engines by contacting one or more of the lubricating oils

20  of this invention with one or more engines.

21 Another embodiment of this invention comprises the method of

22 lubricating one or more natural gas engines by contacting one or more of the

23 lubricating oils of this invention with one or more natural gas engines.

24 Another embodiment of this invention comprises the method of

25  lubricating one or more engines by lubricating one or more of the lubricating oils

26  of this invention with one or more engines.

27 Another embodiment of this invention comprises the method of

28  lubricating one or more natural gas engines by lubricating one or more of the

29 lubricating oils of this invention with one or more natural gas engines.

30 The lubricating oil of this invention has shown a surprisingly long life in a

31 natural gas fueled engine when the hindered phenols described herein are

32 used in an additive formulation with Group II, Ill and IV base oils over that seen

33 when the hindered phenols described herein were used in a similar additive
-5-



2 were used in a simlar additive formulation with Goup I or Goup Il base
oils. 3 The surprising long life exhibited by the lubricating oil of this
invention may be 4 the result of a synergistic effect of the Goup I, Il
and |1V base oils with the 5 hindered phenols described herein and/or a
synergistic effect of the Goup Il, IlIl 6 and IV base oils and the
additive fornulation conprising the hindered phenols 7 described herein. 8

9 1. BASE OL 10 se .0 J.._as ed herein.is define . k or
bl end or bacpriappil Gal 3 ARE Taedoftr it G ket nahss

| ubri cant; cogpeNgsdd Inhakinifar abiditive dekeastidly wah Broap ¢ ofBrgiigdtbaseroilko the
sane specifications (independent of 13 feed source or manufacturers

| ocation)? thhe skesising leegdifsexhibited By the leprigatingroik@idhistinkentiopmayhg t hat

is identified b ' Ldent L L Getd 0155 er, or

bot h. Basie s&gc%galggé%’gﬁ%@%}@g% l?lt gfjﬁgét% IIr(ljglflpfa”s’\I/Il;'!trlalmgth ? Hgg afgéi‘flﬁi grB ent

pr ocessess i nhinddigtiperiol® destribad lemteincardi/sit & bydrgistic effetivefithe IGrbupilingl 17

hydr ogen processing, oligonerization, esterification, and rerefi nir}r(l)g%.i
uced

|
Rer ef i neds 187G N\ BRSe RS Pngdne e oTEINGHan, RPN His BnfaTed phe

through 19 nagégr@%bq{érgg‘, contam nation, or previous use. The base oil of
this invention may beé any natural or synthetic lubricating base oil

fraction gparticularly those 21 having a kinematic viscosity at 100 degrees
Centigrade (Q© angﬁa&gbt 22 5 centistokes (cSt) to about 20 cSt, preferably
about 7 ¢Bt to ab '_.LLG cSt, nore preferably about 9 ¢St to about 15
cSt. Hydjpcarbon gwgEkst § uséd heidif isTafindirhd'dDaskto&k8fBleAd dPibaBePr epar ed
fromthe polynerization of 25 et hgl ene, i.e., pol i-?l phaol efin or PAQ, or

€

f r om hydibcastosks syaseh8trak aasert bersi isedefinedras 8 ulymanheamppoentihat is

hydr ogen_gases such.as in 27 Fi.sher-Trapsch pr e . e oil
L one thc BROLS s sihele maniraciiler RS EoR PEGIEAueh IR ERE” 1
any, | ube; oi fedd siircdr dhantifasrdrs Yo liohRithat medds theddithe atarkffctdrsgtsees C.
30 The base oil may be derived fromnatural lubricating oils nthetic 31

ubri cat g speeiation; andibat islicerniied iR Uase HEBEAoProdUsS Idrrdbcai
S0P 38 PBhPERERIa b g R Mo BB BT Y
sol vent 166 diffexérmtaerbteghed ineludimniadti reot dintitepctb afistilatipoeoiventatfiting, cr ude.
Sui tabl e”b asﬁygrlolgsen processing, oligomerization, esterification, and rerefining. Rerefined

18 stock shall be substantially free from materials introduced through

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

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

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

22 5 centistokes (cSt) to about 20 cSt, preferably about 7 ¢St to about

23 16 ¢cSt, more preferably about 9 ¢St to about 15 cSt. Hydrocarbon synthetic

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

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

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

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

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

29 higher at 100 degrees C.

30 The base oil may be derived from natural lubricating oils, synthetic

31 lubricating oils or mixtures thereof. Suitable base oil includes base stocks

32 obtained by isomerization of synthetic wax and slack wax, as well as

33 hydrocrackate base stocks produced by hydrocracking (rather than solvent
-6 -



2 include those in APl categories IIl, IIl, IV and V. Saturates |evels and
viscosity 3 indices for Goup I, Il and" |1l base oils are listed in Table
1. Goup IV base oils 4 are pol yal phaol efins (PAO. Goup V base oils
include all other base oils not 5 included in Goup I, IIl, Ill, or IV
Suitabl e base oils for use in this invention 6 include those in API
categories Il, 11l and IV as defined in 7 APl Publication 1509, 14th

o (Rt (R8RSl AT I Bl 086" HEARH BEb LT, ©

L1 and 1Y bmaeﬂh%serﬁpmeta gLoerésflpnnuveendwvt Baturatssasiéieand viscddigs e
preferred Go I11 and 1V base oils nmay be prepared_by conbinin 11

Do or i e oidiasdep Groupl Il ng 11 Pasails T iseddn JeRE & CRustROpRSS Ol 13
TABLE l S 1 d Il
Base St oc‘ks %Ee“{)j&ty ﬁH%fngr Bﬁﬁéosr?ayfb W@%)? &FA@g@ﬁt equlrﬁggB%ée R@r 2007)

(As detersn nmumed ISL(BIfdle IABTM, Br A298uitatd Wabe Ofis fdellsmrmmmdnbenﬂkﬁrTM D)

2270) 4297 or ASTM D 3120) Less than 90 % saturates and/ or Greater than
G eat er t%an'r@r‘Ud&qﬁJé)lset'BAth @tmrwétrllﬂeﬂdé&{ aasréefj"é’éjs'”t han 120 11 G eater

t han or egua t %d% cefiE! I n or
equal to ‘ﬂ 0%\ A)(P,su%ﬂ?%@&ggyg%d ess t(ﬁ'ﬁ gdhﬁfpgéeaeter t gg}r? oAr&ZnarJ{g:P)ato 90
%saturates eﬁthe@:rmaetrernshwob@r@qlrblll andllitbasemlsspreserrbed mﬁa!bletlo 0. 03%

sul fur 16 1 oils may inclu ani nal etabl e
o'l s 18" (2. g Thopa caeun 1ol &R (dele dsiate ardergrdopivy 15k Fealififor s,

m ner al S | Qkﬁﬁ@ Ils
may |ncI3%e H} g%a%%g%jgﬁoﬂ§gngﬁ%gjgpgﬁﬁg?v?ﬁF@ﬁﬁggﬁxﬁﬁg?ocarbodth?s such
as pol ymet i zedewndnmnetce‘erlpylnﬁrillzé‘d aodef base S’@Z:kalqmblaﬁ@r@énes

pol yphenyl s, al kyl ated di phenyl ethers, alkylated di phenyl 23 sulfides, as
wel | as eir derivatives, anal ogues and honol ogues thereof, and 24 the
like. Sympgjhetic lubricating oils also TABLEdE al kyl ene oxi de polyners, 25

i nterpol ymers, copolyners and derivati'ves thereof wherein the term nal
14 Saturates, Sulfur and

15 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

(As determined by ASTM D 2270) 4297 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

I Greater than or equal to 90 % saturates and Greater than or equal to 120
"| less than or equal to 0.03% sulfur

16

17 Natural lubricating oils may include animal oils, vegetable oils

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

20 Synthetic oils may include hydrocarbon oils and halo-substituted

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

22 alkylbenzenes, polyphenyls, alkylated diphenyl ethers, alkylated diphenyl

23 sulfides, as well as their derivatives, analogues and homologues thereof, and
24  the like. Synthetic lubricating oils also include alkylene oxide polymers,

25  interpolymers, copolymers and derivatives thereof wherein the terminal

26  hydroxyl groups have been modified by esterification, etherification, etc.
-7 -



26 hydroxyl groups have been nodified by esterification, etherification,
etc. -7 1 Another suitable class of synthetic lubricating oils conprises
the esters of 2 dicarboxylic acids with a variety of alcohols. Esters
useful as synthetic oils 3 also include those made fromC5 to Cl2

nonocar boxyl i ¢ acids and polyols and 4 polyol ethers. Tri-alkyl phosphate
ester oils such as those exenplified by 5 tri-n-butyl phosphate and

tri-iso-butyl hat | : ' 7

Si 11 con- bhsea B BBk UesCHESsBbAaTbRoaly YRFoiRorSer Rfadbldor 0
pol yaryl oxy- gicafyexyfic @iclds vl as)dribtap@mcbh@l)s. Esteps usefuhasishrthetiseilsl cl ass
of 9 synthetic lubricating oils. her synthetic lubricati ng oj |l s include
li qui d est er 8lsotiaclyele fhesp MAdedTB Pt ngnareersboxdicarids and polyols an

t et rahydr pf I i i : il

L a1 U051 oY Y PERG] Bhdhate Lk Bls n othoed Bydfipitiarsyor |

t her eof . 4nr &f-h+rdylpHosphate atd &i-isecbutyr pluddphate are alspasuitable ispusea@sor 14
synt hetic source ﬁe. g., coal, shale, or tar sand bitumen) w thout further
15 purifitat P88 81Streat ment. Exanples of unrefined oils include a shale

oil 16 obtai ned dit | tog t ymotpil
obt ai ned %:Ii rectl yS"%’hfar(aognelrdgc?ﬂssﬁsfjﬁggiééhg%S%Z(gla’e%(?g?rygf Ps%)lﬁkg?néd directly
from an est epolyppdoxyesilpranessits, and Silieate vils) comipdae mapthdrarsefid classdfwi t hout

further treatment, Refjned oil 19, si.mi | ar the . fined ol t
that 1 ef | hodsPnnetis, kisicgEan i Qs YRGS W BheaPoiBOhRPHREE R Cops.
to inproyg Oaﬁpﬁéswras%ﬁ%ﬁmb%%ids'?%btﬁqbém: #hapybidiies polybphiabicines

include distillation, hydrocracking, hydrotreating, 22 dewaxing, solvent
extracti oh, aoddhelikase extraction, filtration, and 23 percolation, all of

whi ch are_known tq those skil.l Iy 0 t > [ [ : tai ned
by treat ﬁ?‘ug used g’ﬂeg)qsr? %t@@é@%e@é}g}ieaﬁr@ﬁ L{n(ggﬁrﬁlegc% égﬁrg%cg r% ?)e@%fj gclfllg, 8 5 the
refined @il smplidpsettepsst Ureefindd sl shtamednimeiigsroneel ratordl sourcator

reprocessed oils and often are additionally processed by techniques for 27

renoval & sp¥nthetaspticeeE-&naod; Bhaleeakidswang iyman withpusiythesi | deri ved

fromthe, 0y dbakRoNRI G Amat:, ERmBRY &lifefifod SftncitR £LhABA! one of 11

conbi nation e af oresai and/ or synthetic base oil. Such
wax i somes at ebtdihed girpethdirorca batotting dpatativs,carpeiralaunoail obtaieadidia¢ctlyr 31

11" o pr & e 1o S5t crgrcraBLARABTe B TOT 1 oA OB R PR | of
18 each of which may then be used without further treatment. Refined oils are
19  similar to the unrefined oils except that refined oils have been treated in one
20  or more purification steps to improve one or more properties. Suitable
21 purification techniques include distillation, hydrocracking, hydrotreating,
22 dewaxing, solvent extraction, acid or base extraction, filtration, and
23 percolation, all of which are known to those skilled in the art. Rerefined oils
24  are obtained by treating used oils in processes similar to those used to obtain
25  the refined oils. These rerefined oils are also known as reclaimed or
26  reprocessed oils and often are additionally processed by techniques for
27  removal of spent additives and oil breakdown products.
28 Base oil derived from the hydroisomerization of wax may also be used,
29  either alone or in combination with the aforesaid natural and/or synthetic base
30 oil. Such wax isomerate oil is produced by the hydroisomerization of natural or
31 synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
32 It is preferred to use a major amount of base oil in the lubricating oil of

33 - this invention. A major amount of base oil as defined herein comprises
-8-



33 - this invention. A mgjor anount of base oil as defined herein conprises
-8 1 40 wt. % or nore. Preferred anounts of base oil conprise about 40 wt.
%to 2 about 97 wt. % of at |least one of Goup Il, Ill and IV base oil or
preferably about 3 80 wt. %to about 97 wt. % of at |east one of Goup II,
1l and 1V base oil or 4 nore preferably about 60 wt. %to about 97 wt. %
of at least one of 5 Goup Il, Ill and IV base oil. (Wen w. %is used

herein, it i ferrl t . t i " i S t herw se
speci fi ed ) %O %Tg’ ‘%)'Jrrﬁgre%’ %éagr%ear{ﬁ%@igtﬁé)nﬁ a%#B[I ﬁf&@'}qn%gea%to PB%@ w;y%ctgrrpri se
an amount; of gbased70Wt. % it Rasboms bfEsowbiUtl il W bask siborafreferably about % of
the lubricating ol . 9 A grefegred | ubricating oil ?Lﬁtgi s . inveqntion may
f(ﬁn{)r! se 1 ofp Wt %epfagapout 7dﬁ|’tl Yo ‘Pf;a%tf'%@?téﬂ‘eb?i ogp|lk Ilhayd Y paee 8 Base o |

at is c Gevhern L ' Fn San Ranon,
Califor ni‘g?]%qéghér%%aﬁ\@&g@e@ \g%a/{)féé %ogbrrpanywenﬁ)%t?gﬁ)a%? bﬁl)%)?gs, Conoco in
Houst on, s 13GFewaH, [lMrid iabase eit. YV rsseswi. 136 iHoussdbimereife ¥ds refExingrtvbbi | i n

I rving, Texas 4 and, Pet Canada L ' ts in Mssi i
Canada, & hawt b c5 Jaelubreatagal Gcsn OHiRreNerARERTIoEn R oBePELREY o al |y

avai l abl e; th ; ; Rassurpl keqts. 17 18
2 i T Ve T B o B B o L M The

adﬁi 'ltol ve § or ouinptisemabéout 36 wi. 20 to abeut YDwt.Shof threkibdaatingedl oxi dat i on
inhibition, nitration.inhjpition, tot .base ..21 1 ' tl in
acid fornmation anf WQEEIE‘?C’ @P“ﬁaﬁ%ﬂ@)ﬂ@%&’ﬁ{‘w H&%e @ébﬂ%%$ﬁi#ﬁb¢a%c%alti ng
oi . 23 gpe grbodiemad bake e nasldédrmpRsé BaSS bAthats ebriniéridlly weaiiaisls may 24
conprise of one or nore dispersants, one or nore detergents, one or nore

25 wear ilhhi fiono€hewiom GawasatiotbineSan Reet GHEeBIa descri bed herein. 26

The | ubricating oi.l ~of bS..l I an. | It mul at i on
27 that B o 40sRhGRelbr St T T v SBEET AR B REh G ™ 05
one or 283 nDTexds WetivaFhterpadesin Howston 27 éxas iExednBlobilit IrvitgoTesas or nore
detergents, 29 about 0.2 w. %to abgut 1.5 wt. %.o0of_ one or nore wear

i nhi bi t oié aABd4iaiia Cangda Lybiigants n Misgissauas, fAntasp Sanadae Ofiepr e

hi nder ed . phe j : j it [ [
Mvent | ot maiasr SIS TSI AL rEhEO S may e B LR AL BRUBGHT S e
| ubri catitpg ¢heé wordudstmpther base oil suppliers.

17
18 . ADDITIVE FORMULATION
19 When incorporated in lubricating oil, the additive formulation of this

20  invention provides enhanced oxidation inhibition, nitration inhibition, total base
21 retention, reduction in acid formation and reduction percent viscosity increase
22 of lubricating oil.

23 One embodiment of the additive formulation of this invention may

24  comprise of one or more dispersants, one or more detergents, one or more

25 wear inhibitors and one or more hindered phenols described herein.

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

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

29  about 0.2 wt. % to about 1.5 wt. % of one or more wear inhibitors and about

30 0.2 wt. % to about 3 wt. % and one or more hindered phenols described

31 herein. The additive formulation of this invention may also comprise other

32 additives traditionally used in the lubricating oil industry.

-9-



-9 1 Anot her enbodinent of a lubricating oil of this invention may conprise
2 an additive formul ation that provides the lubricating oil wth about 1.25
w. %to 3 about 6 wt. % of one or nore dispersants, about 2 wt. %to
about 6 wt. % of 4 one or nore detergents, about 0.3 w. %to about 0.8 wt.
% of one or nore 5 wear inhibitors and about 0.6 wt. %to about 2.5 wt. %
of one or nore hindered 6 phenols described herein. These conponents nake

up one enpodi ment ,of t Y i The
addi ti ven?or mul at &W%‘?r ?ﬁp@ﬁ%&* w&gﬁtlﬁ%ﬂ&%@%’ Ojl @B@dﬁr\ﬁ%ﬂs&eﬁ @%& %a{)cfgét ives
traditional | wnugeidtiviefofrnglatioR that provides ﬂ*\eCIubrld:eﬁﬁHnglr\Mih dBodire266di % toe
formulation of this invention my nprise diluent ai known in

the art td a@Bodi 6 winto Qﬂqnetcafraam@Iswsaaﬁsnabatﬂﬁ?owgq"éﬁaa@ﬁwswé é fled 12

“trinmmng, t peefL: S)egrg@ trimed
13 with a‘rlly %ﬁﬁﬁ)ﬁﬂ?&‘glcﬁeté@el ca\%P?BﬂOSQ /e{ héelscﬁﬂ ust rd%ﬁhl s éa%nt oi |
may be a 344 @eaunHibitors aipdaboot 0.6 wt. (36 m abowtd. aniuit ofodnejot nmalne hoideredy

conpri se abou 15 4. 00, w 17 A. Hi ndered Phenol 18 One
erbodi ment. oPERPS daspREH RTeiBphT L SORBNSNS AL Hp Asr SRDOTBIR Aol <

191,00, SweBSIIoP higb TEMER B o 22 ()

i nvent i ons maynveotipn inszy alke cadmrnsemérwddlﬂmmtmdltlcamlwsedursthaiubmatmg t hat
prowdesthelubil tlng oil with about 0.2 wt. %to about 26 3 w. % of
one or "phenol s having the general structural formula 27 (1).

Preferredyl ubri catinathdiitve ﬁfmmlahén oRuES riveRtiGRInSEampriS dillcaddil tit ke 28
formul ation that provides the lubricating oil with about 0.6 wt. %to about

29 2.5 wil okpeworie the arde eddidiventeal torasiddive faemulatonsand diisissalledr uct ur al
30 for m“l? ( J‘t)ri'mming” the additive formulation. A preferred embodiment may be trimmed
13 with any diluent oil typically used in the industry. This diluent oil may be a

14 Group | or above oil. A preferred amount of diluent oil may comprise about

15 4.00 wt. %.

16

17 A Hindered Phenol Antioxidant

18 One embodiment of this invention comprises one or more hindered

19  phenols having the general formula:
20

X |

HO —@—CHz S CH, C 0 R

21 >/

22 (1)
23 wherein R is a C;-Cg alkyl group.
24 The lubricating oil of this invention may comprise the additive formulation

25  of this invention that provides the lubricating oil with about 0.2 wt. % to about
26 3 wt. % of one or more hindered phenols having the general structural formula
27 (1). Preferred lubricating oils of this invention may comprise an additive

28  formulation that provides the lubricating oil with about 0.6 wt. % to about

29 2.5 wt. % of one or more hindered phenols having the general structural

30 formula (1).
-10 -



-10 1 Anot her enbodi nent of the lubricating oil of this invention may 2
conprise an additive fornulation that provides the |ubricating oi
containing 3 2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol) acetate having the
formula (1) above. 4 The hindered phenol, 2-(4-hydroxy-3, 5-di-t-butyl
benzyl thiol) acetate, also 5 known as acetic acid,
[[[3,5-bis(1l,1-dinethylethyl)-4 6 hydroxyphenyl]nethyl]thio]-, C7-C9 alkyl

R i) 1 L A L S L A
118(r) is»a |ddmpr¢isehamhdﬁmk/é¢®ﬂnaﬂlatl&1 Wit phovipss e lutbnaaﬁm?x)u dantairtihgf or mul a

(1) for use in ubrlcatlrg oils. 10 Liquid hindered phen Is preferred. 11
Lubri cati Ag d-(4-Bydiowys3, iondidnkytyhbenay! @Mbapgf@t@hewﬂerthefﬁ%rﬁmaﬁ&u)caa@ven 2

W . %to for r%]ﬁlﬂd@%fq"éhénc‘ﬂ‘ &/Ot%/déq&%/hs’ taﬁilbétyl éeHﬁyl&huB@tééleté%S”él\é thiol)

13 acet at e. e erre bricafi IS rnvent rise about 0.6
w. %to 514 knoowt aabetid am% ﬂ[B(BI—bMﬂrle&me?nhyléﬂM) -4- but yl benzyl t hiol)

t at 15 16, B. t 17 t d | ub ti
or Vs rmy Be (SO RRREHYIMeNy o8 A ST et Bervaliay mmEFPBr be
over based ;detgiHeNbs S‘H’ec‘d?t?ﬁhérﬂlc%%\’amd Whlterﬁlmrfs@oa@%r'#ﬁbwﬁr Ny gh

over based detergents detergents of this invention may
conpri se sul fi@idé@eas IRGANSX b.ﬂ é&@afR:GANQ?hérfkﬁS@ is aviiquid h;glh mniemuiar

salicylates and nat es are e . ter s used
wth Teapder WooBlRTainpeti oot o brRua b Tohisa o IaEIE2s Tt erer s
to calciug nagnesiigmy HihddYet PhemegrRaseidfred?0t assi um and barl um 24 The
detergent nmay be incorporated _into the lubricating oil of this 25 invention

in an anmount of aBdlpricating wil of dhis invemsian reaycampriss greateethasn gbaytom 26

about 2 . % t % t

enmbodi men d? ?‘h{g}r @“‘%h g?ﬁﬂgf\%{gffz'a @WP?(@% 9&2&4&3‘8{42.%% ﬁs?]('ao%ne or

nmore nit r1@96radewtbame@geaslmmeglcﬁlsemmeurs\/aftlohmmpfm@ abdutgr@ertald o
sobut yl ene succinic 32

represented by succininides
o ] anhyidr | ROCUPRHENS- Soot- PV HD Aoy Y L PERIaIR  ght of abou
33 700 t0,2500). The dispersants may or nmay not be borated or non-borated.
16 B. Detergent
17 Any detergents commonly used in lubricating oils may be used in this
18 invention. These detergents may or may not be overbased detergents or they
19 may be low, neutral, medium, or high overbased detergents. For example,
20 detergents of this invention may comprise sulfonates, salicylates and
21 phenates. Metal sulfonates, salicylates and phenates are preferred. When the
22 term metal is used with respect to sulfonates, salicylates and phenates herein,
23 it refers to calcium, magnesium, lithium, magnesium, potassium and barium.
24 The detergent may be incorporated into the lubricating oil of this
25 invention in an amount of about 1.0 wt. % to about 8.5 wt. %, preferably from
26  about 2 wt. % to about 6 wt. %.
27
28 C. Dispersant
29 A preferred embodiment of the lubricating oil of this invention may
30  comprise one or more hitrogen containing ashless dispersants of the type
31 generally represented by succinimides (e.g., polyisobutylene succinic
32 acid/anhydride (PIBSA)-polyamine having a PIBSA molecular weight of about

33 700 to 2500). The dispersants may or may not be borated or non-borated.
-11 -



-11 1 The dispersant may be incorporated into the lubricating oil of this
invention in 2 an anount of about | w. %to about 8 wt. % nore
preferably in the amount 3 of about 1.5 wt. %to about 6 wt. % 4
Preferred dispersants for this invention conprise one or nore ashless 5
di spersants having an average nol ecul ar wei ght (mv) of about 1000 to about
6 5000. Dispersants prepared from pol yi sobutylene (PIB) having a nw of

b 7 100 b 000 : i . . 8. : d
P oper sant o BBRIRROR DR 5% frotSbalir b i SLeaRieanbrmiEutelia! L)
"succi ni myde"ari smelAEssAINOE 1 Wt.theo abbut 8 win, uasrenmraferably inthé bencamt de,

imde, etc. species that are also for(r)red by the reaction of a 11 succinic
anhydr i de 3w taf abeubiihwi.dhdoaboybbyded-her ei n. The predoninant 12 product,
however, is succi i ' d hi as
meani ng t Ae pr odug?ﬁgg%?%@ra% % |a?)1ﬁéo rrfg#rg\qg %E\)&I &ﬁﬁgﬁ% %‘?%gﬁgcg%%%ute 14
succi ni ¢ aci dispersahtstiaviy ah tavesageoimpbatuter. wéigke(miw) of abbikiyl00uiocabauti des

are 1s disclosed in nunerous references .and are |1 known in t art.
Certain 16 fLﬁ%@ﬁ%ﬁmﬁﬁ)ﬁe@eﬁﬁr%{ﬁ@”l“rﬂ(i){'ﬁ&%“tg]ﬁﬁe\r,@llé)( 'é%"'%taem}"’a&gaboutt
enconpassed doe N IqHiEh&le - e taught in U S Pat.
Mo D7 503 70HI0 At 0Bk Ach préterUNiBeIsangl e N 5" 5 272 802
3, 219, 66638 3, 272, Mprefefredlisgets@ndf tlls B8entiar may I on@e4mare 234, 435;
4,612,132; 4,747, 965; 112.507;. 5.241.0Q3; .5 266,186: .5, 286, 799
5,315, 0309 5 WeFNDRles;The TaEh s miNe 4f YRgSrsighd i G5 T I LEUE AN are
hereby i nGor RgiAb @hiBY, infide! SCCES8KEs bt aféafsd BKABY by thER¥acHurPef g€ one or
more succini mdes, which may be 24 either a nono or bis-succinimde. This

i nvent i onlimaysussinic asbydrideilyith @atamineoind is2® usabheneity heepwdomipant

inimde di ts that have. 27 28
B vear i fini BTPBRCBOWENP  mFEY DnEe S EReHBTE ST RSBl eAbERed
zinc dial gyl ag3medhiry PrehaoaDet ¢ .a Ealbn offehallketiyi-horaalkylamatitded met al
xant hates or 31 tricresyl phosphates may be included. War inhjbitors may be

present ¥ t hRdiccBIc acigherianhysridamyii 2 pobenipe. Alkepyhorsalisyl sugginifpides are
pref er abl % i ndi&&Ss&ﬁrﬂ'r’HLtjm%frous' references and are well known in the art. Certain
16 fundamental types of succinimides and related materials encompassed by the
17 term of art "succinimide" are taught in U.S. Pat. Nos. 2,992,708; 3,018,250,
18 3,018,291; 3,024,237, 3,100,673; 3,172,892; 3,219,666; 3,272,746,
19 3,361,673; 3,381,022, 3,912,764; 4,234,435; 4,612,132; 4,747,965,
20 5,112,507; 5,241,003; 5,266,186; 5,286,799; 5,319,030; 5,334,321;
21 5,356,552; 5,716,912, the disclosures of which are hereby incorporated by
22 reference.
23 This invention may comprise one or more succinimides, which may be
24  either a mono or bis-succinimide. This invention may comprise a lubricating oil
25 involving one or more succinimide dispersants that have or have not been

26  post treated.

27
28 D. Wear inhibitor
29 Wear inhibitors such as metal dithiophosphates (e.g., zinc dialkyl

30 dithiophosphate, ZDDP), metal dithiocarbamates, metal xanthates or
31 tricresylphosphates may be included. Wear inhibitors may be present in the
32 amount of about 0.24 wt. % to 1.5 wt. %, more preferably in the amount of

-12-



1 about 0.3 wt. %to about 0.80 wt. % nost preferably in the anount of
about 2 0.35 wt. %to about 0.75 wt. % of the lubricating oil. 3 A
preferred wear inhibitor is zinc dithiophosphate. O her wear inhibitors 4
that may be included are zinc dial kyl dithi ophosphate and/or zinc 5

di aryl di t hi ophosphate (ZnDTP). The wear inhibitor may be incorporated into
6 the lubricating oil of this invention in an anmount of about 0.2 wt. %to

0.5 vt odor TRHEPOLF AP abobf e R kel e Himat bEAPORLT 7

of 9 hydpocay.®9wto¥ tot tsut\Gers We.el ofthetudpizating ol nc di t hi ophosphate
Preferred to ranges of phosphorus_in the finished Ilfé[)d) atin

|
about 0,08 wt. 9% th Preferag YRArGNRIBOR IS ZRC WHEPI T A
to about Q. O%hﬁfmﬁg)béﬁgmﬁgd%{rgﬂ cgc‘ilgfwlg'ltﬁloyﬁ%aﬁhé‘t% FHdbkyhdi t hi ophosphat e

may be, for exa rimary, secondary or
tertiary al kwlargrdmm;mmfosabetﬁ Zth12P)t 0 helvozdr ml&bctamtmay et iooetpoEtadphtes of

th | kyl t tyl,
noxyl,  hegty et hagiH M sauion 178 2roptgratagly P2 W e ol kol ar v
group of yhe g5pg ‘Zd%dfﬁé' @rb}’érgbghh@tﬁ’é‘gﬁm‘uﬁ'c 8f bBoutf 8 wil, fxapelte, a phenyl

group having an al rou bout 2 to about 19 18 carbon atons, such as
but yl phengl dr.8uwd, "/moﬁ’lweﬂhbmdtlr@rmhffheaedallm rdaywmqmemymalbamgpntczfl 22
[11. OTHER

exarpl o6 31 JUBOAPAST DA Won Jore BRRO: SL PR R SRa

this invepti qang<I§1@$ Ph@épr@fagm e mSwéwluuohwﬁngabw aks aBOGEn! 0t avti b4 wst rate
this invention, are not 26 intended to limt it: 27 28 A

Ant i oxi dalrit s aﬂc@urtﬂ Hewt. r%dmom@r@femw ahavi GQR ydnlstralgowtd. 04 ¥d. %a her
Service P agar | e BB GBUBIT E PRGN iTLBRER AL ol Beltol Splid.S |

addi tive fzor rubaightormsanzhed pﬁiawar?céeudmdbw of terttary dikytigreup tbalsowth

anti oxi dants as phenol tyB hen 33 oxidation inhibitors, such as
4, 4" - met i erreldalQut 8 e peratomﬁt ?K@nelﬁﬂ 9f the aliyyl groups include ethyl,

15 propyl, iso-propyl, butyl, pentyl, hexyl, heptyl, octyl, decyl, dodecyl, and
16 octadecyl. '

17 The alkylaryl group of the zinc dialkylaryldithiophosphate is, for
18  example, a phenyl group having an alkyl group of about 2 to about

19 18 carbon atoms, such as butylphenyl group, nonylphenyl group, and

20 dodecylphenyl group.

21
22 1. OTHER ADDITIVE COMPONENTS
23 The following additive components are examples of some of the

24  components that may be favorably employed in this invention. These

25  examples of additives are provided to illustrate this invention, but they are not
26 intended to limit it:

27

28 A Antioxidants

29 If desired, additional antioxidants may be used. Other antioxidants may
30  reduce the tendency of mineral oils to deteriorate in service. In addition to the
31 antioxidant systems of this invention, the additive formulation may also

32 include but is not limited to such antioxidants as phenol type (phenolic)

33  oxidation inhibitors, such as 4,4'-methylene-bis(2,6-di-tert-butylphenol),
-13 -



1 4,4 -bis(2,

2 2,2 -nethyl ene-bi s(4-nmethyl -6-tert-butyl phenol), 3 4,4'-butyl
i dene-bi s(3-nmethyl -6-tert-butyl phenol), 4 4,4 -isopropyl

i dene-bis(2,6-di-tert-butyl phenol), 5

2, 2' -met hyl ene- bi s(4- net hyl - 6- nonyl phenol ), 6

2,2 -isobutylidene bi s(4, 6-di net hyl phenol ), 7

2,2 th h

2 6l -1 oLt - B SR Sy BHREROS, ERbRIERR My Creribuphendl )
2, 4-di net hyl QQ#ﬁéthyI@hbyﬁls@hﬁ@ﬂiyl 62teft-tolitytoaehel); dl net hyl ani no- p- cr esol ,
i 6-di-tert-4- gééram nonet hyl phenol)

. 4" -t hi obi séﬂ-rbé@)ﬂlgdpng Q|

mEthWOpsENRH ylphemgl)

o TRt
bi s(3,5-ds-tera Tbethyleﬂé-ﬂns(ilr mejzﬂqm&tyd)nylptﬁbnﬂi)snyl am ne-type oxi dation

i nhibitors

1s i ncl ude

ut not te al kyl at ed di phenyl ani ne,
ggetnyl - aﬁ]Lohg; ﬂ%ﬂhﬂﬂﬂ%@é&rgﬁﬂnﬁmﬁﬂ aI pha. - napht hyl am ne. O her
ypes 4 t hi ocarbamate (e.g., zinc

18 dithi OZar %Xénaqﬁégh(}%yﬁgﬁb tﬁ%&@ngfﬂ (dl)%(ﬁ% o‘Fb' (5o%

| di’t hi ocarbanate). 19 One

enmbodi neng of2 G-Hl-hert-bu’qrhﬂrmatmms&GMrbbUWeethVM@ﬂéH 20 phenol s

Einels VLB iy st 2o S b DRV SRR g PSel "G 11 ve.

Anot her %bO@' %mer@h NNSdulrﬁétﬁylbhmﬁbmaﬁmymmbl)ses 2- (4- hydroxy- 3,

havi ng the g
24 wher ei A R

5-di-t-butyl

benzyl thiol) acetate of formula (1) 27 comercially

avai | abl a1f r did'dhiohistRenetayt-§-terrdutyahenal), 540 Wiite Plains 28 Road,

Tar rytown, N% 2938195 | ERANAokERibhorlS no other ant i oxi dant.

13
14
15
16
17
18
19

20
21

22
23

24
25
26
27
28
29
30

bis(3-methyl-4-hydroxy-5-tert-butylbenzyl)-sulfide, and
bis(3,5-di-tert-butyl-4-hydroxybenzyl). Diphenylamine-type oxidation inhibitors
include, but are not limited to, alkylated diphenylamine,
phenyl-.alpha.-naphthylamine, and alkylated-.alpha.-naphthylamine. Other
types of oxidation inhibitors include metal dithiocarbamate (e.g., zinc
dithiocarbamate), and methylenebis (dibutyldithiocarbamate).

One embodiment of this invention comprises one or more hindered

phenols having the general formula:

(@]
N N
HO —@ CH, S CH, C 0O R
S o

wherein R is a C7-Cg alkyl group

and no other antioxidant additive. Another embodiment of this invention
comprises 2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol) acetate of formula (1)
commercially available from Ciba Specialty Chemicals at 540 White Plains
Road, Tarrytown, NY 10591 as IRGANOX L118® and no other antioxidant.

_14 -

6-di -tert-butyl phenol), 4,4'-bis(2-nmethyl-6-tert-butyl phenol),

1 0
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1 B. Wear Inhibitors 2 In addition to the wear inhibitors nentioned in the
additive fornulation 3 section, other traditional wear inhibitors nay be
used. As their nanme inplies, 4 these agents reduce wear of noving netallic
parts. Exanples of such agents 5 include, but are not limted to,
phosphat es, phosphites, carbamates, esters, 6 sul fur containing conmpounds,
and nol ybdenum conplexes. 7 8 C. Rust Inhibitors (Anti-Rust Agents) 9
Applicable ryst ipghibitors. include: 10 1. Nonionic pol yoxyet hyl ene surface
active agbnté:? 11%%?@'&%'{‘%& ene lauryl ether, polyoxyethyl ene higher

al cohol ejher, 12jpahyicisyes ks aear mhibitorp hesntionedhiethe pddifive yetnhylbtore oct yl
phenyl ether, 13 pol yoxyethyl ene qct

] ] )ctyl stearyl ether, polyoxyethyl ene

ol eyl ether, SQQth}bIOJIWyfé@ﬁWf@{é’V%r‘m'glﬁ‘Prsrm% digesk &S tBSP‘ﬂ?f(Xfe{rﬂ [%ne
bi t ol - 9l . 2.

sorbrto nggﬂmegs:ee%ﬁ&ts .r&g’ucga{\&egﬁéyﬁﬁ)oi’ﬁb%&a%d’ ts @(é‘l?ﬁﬂbg%‘f §ucl@@§_e|3r@

O her co earic a ot he atty acids, di car boxyl'i ¢ aci ds,
met al soaps, irfaide] hadtiade aot ivaitsd ko, phasphatess phosphifesh eatbamaigssestetsi ¢
acid, partial carboxylic acid ester of PI hydric al cohol, and 19

phosphor i & e§tEWr coryginig gpmpa %iq‘ﬁdépgy?éeéﬂ%?%m?%é(?g' that may be used

i ncl ude addition products of al kyl phenol 23 and et hyl ene oxi de,

pol yoxyet hyl ene al kyl ether, and pol yoxyethylene sorbitan 24 ester. 25 26
E. Extrene PGessuRustdnhihitqrs{AndeRust Agent®) Agents that may be used

i nclude Zinc dialkyldithi ophosphate 28 (primry al kyl, secondary al kyl, and
aryl typef, sulfu pi’gﬁa@ielr ?‘“BB@QFR/H“C fide, 29 methyl trich | o rostea
rate, chlgrinat ed1naphwi&ﬁ]g,poi)}dj@é@@|éfw fafacs acivensmgened 30 | ead

napht henate. 31 32 F. Friction Mdifiers -15 1 Fatty al cohol, fatty acid,
am ne, bai at dlyexyethylensdllagni ethers pelyexyethylene higher alcohol ether,

12 polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl pheﬁyl ether,

13 polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,

14  polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-oleate,

15 and polyethylene glycol mono-oleate; and

16 2. Other compounds: stearic acid and other fatty acids,

17 dicarboxylic acids, metal soaps, fatty acid amine salts, metal salts of heavy

18 sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and

19  phosphoric ester.

20
21 D. Demulsifiers
22 Demulsifiers that may be used include addition products of alkylphenol

23 and ethylene oxide, polyoxyethylene alkyl ether, and polyoxyethylene sorbitan
24  ester. J

25

26 E. Extreme Pressure Agents (EP Agents)

27 EP Agents that may be used include Zinc dialkyldithiophosphate

28 (primary alkyl, secondary alkyl, and aryl type), sulfurized oils, diphenyl sulfide,
29 methyl trichlorostearate, chlorinated naphthalene, fluoroalkylpolysiloxane, and
30 lead naphthenate.

31

32 F. Friction Modifiers

-15 -



2 3 G Miltifunctional Additives 4 Sulfurized oxynol ybdenum

di t hi ocarbamate, sulfurized 5 oxynol ybdenum organo phosphor odit hi oat e,
oxynol ybdenum nonogl yceri de, 6 oxynol ybdenum di et hyl ate ani de,

am ne- nol ybdenum conpl ex conpound, 7 and sul fur-contai ni ng nol ybdenum
conpl ex conpound may be used. 8 9 H Viscosity Index Inprovers 10

Pol ynet hacryl ate type pol yners, ethyl ene-propyl ene copol yners, 11

styrene-i soprene | , e - e I s, 12

ol vi sobutyl ene. dracEpys Gt dicto et BERte! BRRECARI SRR IS, 02 Lsea
13 14 1. Rour Point Depressants 15 Pol ynet hyl nethacrylate may be used. 16
17 J. Foam Inhibitors 18 Al kyl nethacrylate polyners and di nethyl silicone
EﬁllGl y&lérs szr?rayhfée Mulfifugctiopal Additveq UBRI CATI NG O L FOR NATURAL GAS FUELED

There i A :ﬁﬂﬁ ! ; i i ik i uirements for

nat ur al gés 23 fuéévlgjéggfggﬁ{ es gonddéhéltrr\]glaﬁggé% tga?ﬁ%{[rggsgtdglzggqby l'iquid
hydrocar ban feginsolySdenurd 4rgambpisosphorodithiogte; dxymydiybdanbonmboeglycelide: as

(e 00 exttauspopplyndanim elgthilele amae, aranssBoHs e BUE SRR R CPRPUREH no.
these incombusiy Blifk-dyriihfie MofBBEhullorfiblekicefpouhd Magheased. | ubrication
a | ter@g?e,

to the exhaust valve/seat thereby ensuring the 28 durability of
b](c)th cyl i rder heads and val ves. The conbustion of natural gas 29 fuel is
often very c | et wi th virtyally no inconbustible materials. 30
Therefore? tHe: dur WWW'BPGFH@P{ V¥Rier head and valve is controlled by
the 31 agh cont enboRpétRAdPRIPTPRIAIREIDethIend pRcpyiaie bgpslymerand its
consunption 32 rate. "There are no inconbustible materials to aid in

| ubri catin tsyteme-isepranst comgtymarsy bydieied shreng-soprene sORRIYIEE: gas f uel ed

The. combutk i drnRERUETIER 2T Sanicd in Jidofl Bl v i) bOULERS T 0

13

14 L Pour Point Depressants

15 Polymethyl methacrylate may be used.

16

17 J. Foam Inhibitors

18 Alkyl methacrylate polymers and dimethyl silicone polymers may be
19 used. |

20

21 V. LUBRICATING OIL FOR NATURAL GAS FUELED ENGINES

22 There is a difference in the lubricating oil requirements for natural gas

23 fueled engines and engines that are fueled by liquid hydrocarbon fuels. The
24 combustion of liquid hydrocarbon fuels such as diesel fuel often results in a

25 small amount of incomplete combustion (e.g., exhaust particulates). In a liquid
26  hydrocarbon fueled engine, these incombustibles provide a small but critical
27 degree of lubrication to the exhaust valve/seat interface, thereby ensuring the
28  durability of both cylinder heads and valves. The combustion of natural gas

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

30  Therefore, the durability of the cylinder head and valve is controlled by the

31 ash content and other properties of the lubricating oil and its consumption

32 rate. There are no incombustible materials to aid in lubrication to the exhaust

33 valve/seat interface in a natural gas fueled engine. Natural gas fueled engines
-16 -



2 This has a significant affect on the intake and exhaust val ves because
there is 3 no fuel-derived lubricant for the valves like liquid droplets
or soot. 4 Consequently, gas engines are solely dependent on the | ubricant
ash to 5 provide |ubricant between the hot valve face and its mating seat.
Too little ash 6 or the wong type can accel erate val ve and seat wear,
while too much ash 7 nmay |l ead to valve guttering and subsequent val ve

torching. Tog mugch,ash.ca e lhap: f '
chamber _dbpodtTbfiufidds HdisBu3s EBambAsfct Shaberim hETRRBRNThaSE,
narrow ash rgmgehadatsigisoarasectlén eainteid andekkdasstvatesiiéomuse there is
performance. Since nost gas is |ow in sulfur cess ash is generally

: gas . .11l e
not needed t 6oddel-derives |H§T'Wﬂttf9rV@q‘(ﬁ'\‘%ﬁ'ﬂu"iﬁ@&?@ YHPtevel s are
| argely opti : 0,
exceptiong tc()n'q' (ﬁ»ﬁggﬁéﬁﬂ%%ﬁg}% lereél:seoéuorlélggjse\bgwﬁgtn%gpﬁ%ggiggptsé%s%g. 14
Natural gas fpuselids lbrgianebeiwedrctaei i valvestage @ndlitssmiafing deat doodititgyasio 15

their ash content. The |ubricant ash acts as a solid |ubricant to protect
Lhe o e ver Senivrons bioean sopels et vavs sat ket Mean s ot Much 2sb

particles,in n?aﬁl%gaé‘[ﬁr\/é% Ebrfdgfér?djs@é%d%rwt galee%ﬂchiquqwry&ubﬁasnc‘c@ﬂpt ed

gui del i nes that assify natural gas fuel ed engine |'ubricating oil
accor di ngst o alseelieadds ldetanation frard cohbustias shamberidepssits. Gensaayentws f uel ed

Tabi o 2 31" GBs ohhupebulSS eglenty snénid ool A BiBelg At e e |
Natural Ggs haghed p\l,?waﬂba/%eﬁeﬁmhdhngerg@rmwtesteSmoé@@e@mbmatéuﬁur,

Sul fated Ash Level . % Determ ned ASTM D874 Ashless 0 < Ash < 0.15
Low Ash (115 exceshagh iz genavelly nat peedey ® address alkalinity Fpquiremantas#nd 1. 0 25

26 The ash | evel, of | ubri i ng. oLl i r ta [ | ati on
27 corrpor}ént sa.SEI\IfEY%? -ag%hﬁr§$'§(iog’3'"§%%%ﬁg%ﬁotsﬁ‘% er?eSeFo% @éﬁ?g%méga{lrﬁlefje# nd 28
net al | i c-igontRi gdeptivRgto tHisirbtdsysswhert souryas drdandfil geshisl useel. of
| ubricating 29 oils. For correct engine operatjon, cgas engi ne rganu acturers
define | UBricati ng\latural gas fueled engine lubricating olls are Classified according to

15 their ash content. The lubricant ash acts as a solid lubricant to protect the

16 valve/seat interface in place of naturally occurring exhaust particles in a

17 hydrocarbon fueled engine. The oil industry has accepted guidelines that

18 classify natural gas fueled engine lubricating oil according to their ash level.

19  The classifications of natural gas fueled engine lubricating oil according to

20 their ash levels are presented in Table 2.

21
22 TABLE 2
23 Classifications of Lubricating Oils for
24 Natural Gas Fueled Engines According To Ash Levels
Ash Designation Sulfated Ash Level
(wt. %. Determined by ASTM D874)
Ashless 0 < Ash <0.15
Low Ash 0.15<Ash<0.6
~ Medium Ash 0.6 <Ash<1.0

High Ash Ash > 1.0
25
26 The ash level of lubricating oil is often determined by its formulation

27  components. Metal-containing detergents (e.g., barium, calcium) and
28 metallic-containing wear inhibitors contribute to the ash level of lubricating
29  oils. For correct engine operation, gas engine manufacturers define lubricating

30  oil ash requirements as part of the lubricating oil specifications. For example,
-17 -



30 oil ash requirements as part of the lubricating oil specifications. For
exanple, -17 1 manufacturers of 2-cycle engines often require natural gas
engine lubricating 2 oil to be Ashless to mnimze the extent of harnfu
deposits that formon the 3 piston and conbusti on chanber area.

Manuf acturers of 4-cycle -engines often 4 require natural gas engi ne

| ubricating oils to be Low, Mediumor H gh Ash 5 levels, refer to Table 2,

e oyl rider T RBRRCATETS 870 26 daifagbfith fodl AR oob ifine Wifeatha Y,

Wi th too J owiptd s Ashiiss!towhinimize ke exters of harmfus depbsitethalt fdren boithe he 8

val ves or cylinder head. Runnin he engi ne th lubricating ojil having too
9 hi gh ar® ashistoanand ﬁpm|bur51%993@§65@r@é\é@w\l‘}%‘%‘fua%rﬁéﬁ i%'%yql%%f’ﬂ'é‘eé ’sti on
lo chanbe ' Lo ey by Mdd@t i

| ubri cat i{lga%:aluwgrmqgéte%rl 9@?’89.‘@82&%?@@' dep@%lél?wgmc?rﬁﬁ %e&g#giﬁ r’ftegﬁgesi gn
and oper a i nigvelsndefer tm§ableeario iprovide tivg cesectilancdotengine sladdknessmn t heir

stoichionetric counterparts, so they tend to 14 nitrate the oils | ess. Sone
oper at or 5 magnq A "Wl‘i’ztl%ﬁ eylinder hﬁéQtau e"ag‘ﬁesn Y49 %%e@%@efvﬂtz] ed engi nes

to increage BB}‘Ygéti Eﬁwu}étggae_IM%wl%bvwnmmég%@umm shértendd meifeptieevel s.

Lubricating ol W g nitration resistance are required in 17 nost

natura: Bﬁs ealyesor cylinderiheadoRsinbingdhe endie withlukyigating ol havirg/tase used
18 t i cat f ' I ncl udi .G hi | nd. | -b
To rodel o SBoRATs B GSR! PUHREY Pl AiaRbBY AL AEESHBREh of o ng

exanpl es 4 hath&Aber 3Ad UppbhpRedr aid.arly preferred embodi ments. Wiile the
exanples are provided to 22 illustrate this invention, they are not

i nt ended1t o |i ni t The.degpse ofinitfigpoEthe Ribricating=oi Maveary signifierntx per i nent s

erfornmed, usj I A ' . | [ t ;
Berfor med” i nagg%'ﬁ&gggmpg e&éﬁ}%aéaﬂg%n&f%%@ﬁ%#@ndﬁﬁﬁ@?%é% @J}éﬁé ér]esbut
not |inited peduselléenNGs thahtneit stoluhibrastricadduryérpaesdsd Ereetend;to
succi nim de dj spersants; and zinc dithiophos hat% vvea 29 inhibitors, The
exanpl es lar eNésate Higads 1885 ngOMSORURIAES Hiayeh the gl @@Q’é{mﬂe 9B Nafirahear

mmononts G TBIRS ROPRS QIATbath bR SR QuRS Ay HeRsR
2- ( 4- hydnexyniBation levels. Lubricating oils with good nitration resistance are required in

17 most natural gas engine installations because the lubricating oil may be used

18  to lubricate a number of engines including stoichiometric and lean-burn

19  models.

20 This invention will be further illustrated by the following examples that set

21 forth particularly preferred embodiments. While the examples are provided to

22 illustrate this invention, they are not intended to limit it.

23
24 EXAMPLES
25 The Examples describe experiments performed using Samples A

26  through C. Multiple experiments were performed in each example using a

27  variety of detergents such as, but not limited to, sulfonate, phenate and

28  salicylate detergents; succinimide dispersants; and zinc dithiophosphate wear
29  inhibitors. The examples are explained using the terms detergent, dispersant
30 and wear inhibitor because no significant difference was found when these

31 components were varied.

32 Sample A was prepared by combining about 2 wt. % 2-(4-hydroxy-3,

33 5-di-t-butyl benzyl thiol) acetate, about 3 wt. % dispersant, about
-18 -



33 5-di-t-butyl benzyl thiol) acetate, about 3 wt. % di spersant, about -18
1 3.4 w. %detergent, about 0.38 w. % wear inhibitor, 5 ppmfoam
inhibitor and 2 Goup Il base oil. Sanple A was prepared by conbining the
conponents at 3 140 degrees Farenheit (F) (60 degrees Celsius) with
agitation until all 4 conponents were m xed. 5 Sanple B was prepared by
conbi ning about 2 w. % 2-(4-hydroxy-3, 6 5-di-t-butyl benzyl thiol)

acetate, about,3 W,  %dispersant ug o O : 0. 38
acet at e, 300U a0ty odHUSReASaN e AR esfed fitiror S BRFTIRE iR gd. o8
B was prepar eskopy IFBaE Bil SaipRe Acv@PpRIpasedby olHhidgdheesniponetsi@igr ees
Cel sius) with agitation until all conponents were 1o m xed. 11 Sanple C
was prepaded ¥ degregs Barpnheitd) (ESheegrepaldejsiHshyithgotatian uptlah chevr on
Oonite np ' Jexas. The OLOA 1255 was 13 m xed with G oup |
base oi l nd%%é/dgfeﬁ#jwﬁ%gmgﬁé conditions of about 14 140 degrees F (60
degrees Cgl sius) v@ampkdsinais prepardd by sbmbiingpabent 2 wiet/e2-(4hydhmyedighl y
m xed. As expl ained in of 33 lubricati oil 16 nade

Us. Pat. No. 5,726,
by conbi niéng @Hﬁp‘i’[ybgeﬁ‘%w M@D@P%FH%’ ’T‘\Qﬁﬁ m%@‘%rﬁa@aebéﬁ ine oil 17
addi tive tor '@-’ht@\ﬁ; %nggt%%ﬁtegﬁmﬁg wit %e\ﬁléépfn?libiﬁ)r:?gﬂﬂf&gﬂfirﬁﬁﬁfbﬂ%ﬁ@" 18

agai nst which'o atrons useful as engi ne ol e neasured. 19
20 EXAMPLE 1 @rouphiebd3d aihtSamplbiB naisiprepared RPcambinig the ¢coropenrsnis at

Resi stance Test 23 24 T i dation-Nigratio d Vi ity |
Re:: :tanc@ befﬂpnd?%r%s FZ&%G%HIH??:C%? Els)t‘ﬁgh I@QEQ@% 9“@?%‘??3?5%%%‘3‘%3%3% to
resi st oxj,dathQRq. nitration and 26 viscosity increase. This test is a tool

to hel p determne the performance of oils 27 as they relate to the actual
service oft | ubri cabampleeGgvareprapased by aising OLOA 4285, pommegraialiavailadla ce.

The | evel _of .oxidation d nityration, of ,0i 29 by
noni tori n]& tffgor{)@}%\g?? ﬁrpﬂggggggp%qy ﬁ”é&é%tpnnﬁ%éa% m%%@%%@g’gsf or 30
oxi dat i oz Nip@blivith BReu | BESE ioll YindBE fygice bidndirig cenditibhs of esout t he nore
superior 31 the product's performance. The Oxidation-Ntration and

Vi scosi t yl4 nct4bdegreesiedilsdenroes Sesieiist with agifatier ynbirallcerapensnis yere
Caterpil1ar 3RB0RHY fix&! AL Explained in of U.S. Pat. No. 5,726,133 lubricating ol

16 made by combining OLOA 1255 is one of the most widely sold gas engine oil
17  additive formulations and represents, therefore, a "benchmark standard”

18 against which other formulations useful as engine oils may be measured.

19

20 EXAMPLE 1

21 ~ The Oxidation-Nitration And

22 Viscosity Increase Resistance Test

23

24 The Oxidation-Nitration and Viscosity Increase Resistance bench test

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

26  viscosity increase. This test is a tool to help determine the performance of oils
27  as they relate to the actual service of lubricating engines that use natural gas as
28 a fuel source. The level of oxidation and nitration of oil, may also be compared
29 by monitoring the viscosity increase of the oil. The lower the values for

30  oxidation, nitration and viscosity increase at the end the test, the more superior
31  the product’s performance. The Oxidation-Nitration and Viscosity Increase

32 Resistance bench test was designed to simulate Caterpillar 3500 series engine
33 conditions as related to actual field performance of the Caterpillar 3516 model.

34  Oxidation-Nitration and Viscosity Increase Resistance tests were performed on
-19 -



33 conditions as related to actual field performance of the Caterpillar
3516 nodel. 34 Oxidation-Nitration and Viscosity |Increase Resistance tests
were perfornmed on -19 1 Sanples A, B, C, and D. The sanples were placed in
a heated gl assware bath 2 and subjected to calibrated | evels of nitrous
oxi de gas over a specific period of 3 tine. The tests were run on each
sanple in duplicate and the results are an 4 average of the two runs. The

sanpl es were.eval uate Si i fe i i ef ore
o1 aci ng t hemSARACA, Bafe ag Tl hiad verS blted i aectagblokeRappyahy
each sanpj e. ghBeuBRERIED ouMibeatee teveld ofaitdusibxitbgas bvend splecifiestering gfer i od.

The differential _between the base |ine data, abhsorban 8 upits at 5.8 and
6.1 nicrohs, tl@(\‘FdThﬁée%tﬁtV‘éﬁr?éR%ﬁnﬁaci‘r?@m% |rbgdu9q§:§{e EQ&&? @SHE%W@CI@Q an

i ndi catiop of [ I, Qn= i td ' SRR R inkQ
Difforent}al aivé\%sg%rfé@@ég(g@ﬁgég@%péf 166 Tohd B0REaR Udy 8 (ght That is
ii absorbed bad gpecidscepyhforapthgnigthiedein thehsiatedb@lasessier atbdpl ed an 12

bsor b it. DR (Differential Inf t det er i 13
ubt 1 act i g CRTFESA GeP 188401 $aPNY FRPEN SR SAEOTS WelSeirs SIS BL it
changes 14 thglos *Pééf@g%éér‘@ﬂf THe SHferb Rt pelRbdrPthe ide Itd dta, dbedrbaihdeut i on,

soot accunul at1 on, or contamnation. Typically a 0.1 mllineter

(rm) cel | 8i s unitedt 5Bcawmn/6r1 ricronss antithe dpta takea @t the eRg oblestisxde af t er

determning its.associated. path | epgth, | . e, ] nst S not have
sof tware f hatpr%‘?%sr a kafécagﬁﬁhofﬁ'é% Sf(ﬂ?n?’h'é‘{tﬁé‘g)ﬁ rgglgta{ng%gc{f ‘rt]'l’i'%%mgék%bac k

cal cul at gg by m?ai}mér@aﬁgmhﬂatré@g?é@ttdsc@pymeiésuaé@memnmm ofiightethiat isThe
vari ation between ATR and vertical cell neasurenents is 20 mninmal if

restricted t@bsorbeddnanolseenpi ans paadasa HAH OfMaagtIeAlERH 3N 1725 to 1630
e
measur ed (kr orgubgaktifgiiceesnbil spédea frontimeluden oiRSpemtaktobatssEirveehgngesuni t s
of absor blincetzlét h2a§/e-ggcu%re(g?ao\lfthol O%dgt?érg,%rit?gtio%?%élrd%utigh,zsesoo{t a%bar%u?eit%%,

15 and or contamination. Typically a 0.1 millimeter (mm) cell is used, however an

16  ATR crystal setup may be used after determining its associated path length. If

17 the instrument does not have software that determines path length, the path

18 length may be back calculated by measuring oxidation with a calibrated

19 0.1 mm cell. The variation between ATR and vertical cell measurements is

20  minimal if restricted to the narrow area of oxidation and nitratipn

21 (~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).

26

-20 -



0.20 Nitration is measured peak ax to Peak baseline at 0.18 1630 cm1
0.16 Oxidation is neasured peak max to spectra 0.14 baseline at-1715 cm1
0 0.12 0.10 0.08 0.06 3}}}j /77 .'. 0.04 k J\~ 0.0211 2000 1900 1800
1700 1600 1500 3 Wavenu~(cm R 4 Oxidation (& or Nitration) Nunber Reported
(abs/cm = peak absorbance divided by path length in cm (report in 5

whol e nunbers) 6 7 During the Oxidation-Resistance Bench Test, the
viscosity increases of 8 the sanples gRApigasured at 100C by ASTM D 445.
The viscoSity increase 9 is a percentage that conpares the initial "fresh”
Ki nemati caviscosity wwth the end tnfrdredeSpectuaed” oil kinematic
viscosity. The for m%lig_{tmo.,, cal cul at-e-f-or % vi-scosi-t-y-11--di-f f erence~-i-s:; 12
13 % Viscosity difflerence = (Sanple (x) initial - $anple (x) final)/ ;Sanple
(x) initial X 100 % ‘134 15 Oxidation levels of 5.8|mcrons and Nitration
level s of 6.1 mcron¥were 16 used as peak hei ght Jjconpari sons. 17
Measurenents are reparied on a relative neasurenent mEshsesRaiat 18 | arge
results or values nepgbesent greater |evels of oxidgt Eiaepeiedt iion and 19
viscosity increase|rgsistance. Lower nunbers repregent shorter |oil liffe. 20
Sanpl e C was used ag ai ref er eng@iyit="gnd t hg\resul t|s—m ttre~Tables 3, 4 and
21 5 were reported|@%*a ratio pscithesdi st /rlow of gach table. This rdtio
was 20.12

0.10

0.08

0.06

0.04

0.02 3

2088 T w?sgowmfw - MM{EBB S 1766 e 1660 \\\\\ 1560
Wavenumbers (cm-1) - R

3 ;
4 Oxidation (&/or Nitration) Number Reported (abs/cm) = peak absorbance divided by path length in cm™ (reportin
5 whole numbers)
6
7 During the Oxidation-Resistance Bench Test, the viscosity increases of
8 the samples were measured at 100°C by ASTM D 445. The viscosity increase
9 is a percentage that compares the initial “fresh” kinematic viscosity with the end

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

11 difference is:

12

13 % Viscosity difference = (Sample (X) yiat — Sample (X) fina)/ Sample (X) nitiar X 100 %

14

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

16 used as peak height comparisons.

17 Measurements are reported on a relative measurement basis so that

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

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

20 Sample C was used as a reference oil and the results in the Tables 3, 4 and

21 5 were reported as a ratio in the first row of each table. This ratio was

22 calculated by dividing measurements for Sample C by the measurements taken

23 using the sample being compared to sample C. The second row of each table
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22 cal cul ated by dividing nmeasurenments for Sanple C by the nmeasurenents
taken 23 using the sanple being conpared to sanple C. The second row of
each table -21 1 displays the percent difference between the reference
Sampl e C and the 2 sanples being conpared to Sanple C. The larger the
percentage di fference 3 between Sanple C and the other sanples, the better
performng the sanple in 4 respect to oxidation resistance. Sanple C was
the ref ergnceyisaap e Qércéhed.ﬁefe%%elbfeaNé&pﬂ{etr%%rbncaealnepnééana b formul a
to calcul ate percent age difference of the ratios conpared to Sanmple C
for Tabl eg 3-ganmples beirg) @@mparedrteﬁ@enple@éﬁfm largerthe pseogpitageqliffgeansee (x) x
100 % 9 10 TA | si stance Tes esults Sampl e A le B
sarmple ¢ “Rat1awoe Semes © ho 8 ek BaRRES, T be i okl Besamai 182,

12 *Rati04- Tr@@ﬁ@ctﬂ@@&ﬁfaﬁoﬁfr@slél@h@élS’@mb@%%ﬁ%@ﬁéfé?énéé’sﬁr@amé for hes
performance in this test. Nunbers |arger than 13 1.00 performbetter than
Sanpl e C dnd reedlés reparted ind abler 3-8 rhaderseule faaalcHiate peweatage difaensegher

the ratio 14 f the sanple. 15 16 **%
Differencd - ﬁ%ggg r{ﬂg?%dgtg%e{rh@‘épcgﬁcre bl%’%:?g,% erence between Sanple C
and the cognparative Sanpl e. A 17 negatlve nunber indi cates worse
performance t han Sample C. 19 Th Its able 3 indicate
that Sanple A and B exhl/bf“ff‘;é'ﬂ‘c& (Sgn %%l ‘ﬂ‘f)&g’\(/ 2‘\-

respectively, in oxidative resistance over the 21 reference Sarrpl e C. 22
23 TABLE 4 24 Nitration Resistance Test Results Sanple A Sanple B Sample C
Ratio* 8.1 1.8 1.0 %Difference conpadd®Bli3sanple D* 89 44 0 25

11 Oxidation Resistance Test Results
Sample A | Sample B Sample C
Ratio* 3.8 1.5 1.0
% Difference compared to Sample D** 74 32 0

12 *Ratio — These numbers are relative ratios compared to Sample C's performance in this test. Numbers larger than
13 1.00 perform better than Sample C and less than 1.00 perform worse than the reference. The higher the ratio

14 number, the higher the performance of the sample.

15

16 **94 Difference — These numbers are the percentage difference between Sample C and the comparative Sample. A

17 negative number indicates worse performance than Sample C.
18

19  The results presented in Table 3 indicate that Sample A and B exhibited a
20 74 % and 32 % improvement, respectively, in oxidative resistance over the

21  reference Sample C.

22
23 TABLE 4
24 Nitration Resistance Test Results
Sample A | Sample B Sample C
Ratio* 8.7 1.8 1.0
” % Difference compared to Sample D** 89 44 0

26 *Ratio — These numbers are relative ratios compared to Sample C’s performance in this test. Numbers larger than
27 1.00 perform better than Sample C and less than 1.00 perform worse than the reference. The higher the ratio
28 number, the higher the performance of the sample.

30 **% Difference — These numbers are the percentage difference between Sample C and the comparative Sample. A
31 negative number indicates worse performance than Sample C.

32

33 The results in Table 4 indicate the improved performance of Samples A

34  and B over the reference sample. The improvement ranged from

35 89 % to 44 % over the reference sample in nitration resistance.
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26 *Ratio - These nunbers are relative ratios conpared to Sanple C s
performance in this test. Nunbers larger than 27 1.00 performbetter than
Sanmple C and less than 1.00 performworse than the reference. The higher
the ratio 28 nunber, the higher the performance of the sanple. 29 30 **%
Difference - These nunbers are the percentage difference between Sanple C
and the conparative Sanple. A 31 negative nunber indicates worse
performange than Sanple C. 32 33 The l|gg in Table 4 indicate the

i nproved performance of Sanples A 34 %er the reference sanple. The
i mprovenent ranged from SVls&@s%ytlncmas%Mrstam TestdResudts sanpl e in

v, |

nitration resistarece—36—22—1TFABLE 52 " FEOsH c+easg Rest-stance
sé- S S
Test Results Sanple A Sanple B Sanpl € rﬁ% I o* %n ée% 3"1’9 Dff

erence
conpared to Sanple 86 67 @aie@™ 3 *Rati 0 70 INESE num)ers are Tetratiyve
rati os conpared 1dﬁwﬁambeeco®oa$edpre¢aﬁuﬁnance 8p N th| S te7$t \Iunberos | 'ariger than
4 1.00 perfor[;g“;f'f'fm Sanp —5e,,t han
tig - Thesé. nu bers are (elative ratios 66m re‘d to Sa’ﬁfp‘l’e C’sb dr thlé est e an
the ref er encer.oo JHBmBLIGINEH SaIe C Erlidedhan 1. 0ULBSRRA worch @J?éase thhRghpree t6¢ mance of

t he sanpl &. rgmigr, hé BighPltfe hefrmprced hdfzmge nunber s are t he percent age

differ epci bet )’\ﬁt%genéa mLe%urg)e@ ng thL Fb?cergéamreﬁcte bé{vﬁer%%me (,eand fﬁ‘e coﬁparbﬁxgggrhp\éeA
nunber 1 N Cale@8ve WMbSEhdiRBS vddeFaRGEnct RaBanmai) The results in
Table 5 imdicate the inproved perfornance of Sarrpl es A 11 and B over the

reference sanpl e. he i Mpr Qv rom 86 (Vto 12 67 %_qver the
Fof or encelGanpl & 51T T Bl 5 GRS tp 4hP Sared A fEmAes! BATRes A
per form stiper gy Bt&/etrffﬁe FL R RSP e Ynblovbnd ARG FBrPHs dgts on,
n|trat| on an Vi SCOS|ty | NCIr ease. ese tests that qua y 1s a

| ubri cating 7 Y%sovesihstraference samiptiaini \Wscaesity increnae mms@lmdet he resul t ant

16 d d 17
candi dat o6 for oxt GBS AL PO RUBPNGRI (5 B19rSRar RORSHY ¢ hose

lubricating @b8pekltd J)Qdatib‘he nitnatmtarroahsg@eswfmeﬂeeeeemaewﬁestmrqbenafy
oxygen and nltrogen and
15 alubricating oil’s resistance to oxidation and nitration and the resultant
16  viscosity increase are used to determine whether samples are good
17 candidates for extending the life of lubricating oil particularly those lubricating
18  oils for use in natural gas fueled engines. Absorbing oxygen and nitrogen and
19  the resultant viscosity increase associated with absorbing oxygen and
20  nitrogen are undesirable for lubricating oil particularly lubricating oils for use in
21 natural gas fueled engines.

22
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19 the resultant viscosity increase associated wi th absorbi ng oxygen and 20
nitrogen are undesirable for lubricating oil particularly lubricating oils
for use in 21 natural gas fueled engines. 22 -23 1 WHAT IS CLAIMED I S: 2
3 1. Lubricating oil conprising a m nor anount of one or nore hindered 4
phenols of the general formula: 50 X\ Il HOOCH S Cl112 COR 6 X 7
wherein Ris a C7-C9 al kyl group 8 and a maj or anobunt of at |east one of
Goup I, 11TIwMHXTIS/CoaAsRED Iss. 9 10 2. Lubricating oil of Claim1l wherein
about 0.2 wt. %to about 3 wt. %of 11 the lubricating oil conprises the
hi ndered phenol of Claim1l. 12 13 3. Lubricating oil of Caim1 wherein

t he hi nder,ed phenaql, | 1 quls ; . it roul ation, conpri si ng
t he hi nder3ed 18hen%uagﬁaﬂjgﬁ%%fmﬁ§lﬁg?g%w§} %&’%Hm éﬁatﬁ%ggp&o&m&yd%ﬁ or nore
detergents and oneplmno®oethkigeeasl forhuli:tors. 18 19 5. Lubricating oil of
Caim1l having a total base nunber of about 2.15 to 20 about 8.88 as
determ ned by ASTM D 2896. 21 22 6. Lubricating oil of aim1 having a
total ash content of about 23 0.1 w. %to about 1.5 wt. % as determ ned
by ASTM D874. 24 25 7. Lubricating oil of Caim1 haying | ess than 4000

ppm sul fur. 26 >\
HO —@ CH; S CH, C 0 R

X

wherein R is a C;-Cg alkyl group

and a major amount of at least one of Group II, lll and IV base oils.

O 0 N

10 2. Lubricating oil of Claim 1 wherein about 0.2 wt. % to about 3 wt. % of

11 the lubricating oil comprises the hindered phenol of Claim 1.

12

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

14

15 4. A 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 5. 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 6. Lubricating oil of Claim 1 having a total ash content of about

23 0.1 wt. % to about 1.5 wt. % as determined by ASTM D874.

24

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

26

27 8. 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
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27 8. A nethod of nmaking the lubricating oil of Caim1 by conbining the

28 hi ndered phenol of CQaiml with the base oil of daim1l1l in any order 29
and mxing. 30 -24 1 9. A nethod of |ubricating engines conprising

| ubricating one or nore 2 engines with lubricating oil conprising the

hi ndered phenol of Cdaiml. 3 4 10. Lubricating oil conprising a najor
anount of at least one of 5 Goup Il, Ill and IV base oil and a m nor

amount of 12- (gt- hy ox epethdd ofﬁjtﬁrcétlngeh fnds depmziding mHPicbtlﬁ?%fnétcﬁ -mdre 8211

Lubricating oil of O aim 10 having | ess than 4000 m sul

Lubricati g oi | ofergirgswith lubieatisgroilgssopriong the hlrwtefed pbenel cﬁ@lalm% of

11 the Iutgrlcatlng oil conprises 2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol)
12 acetaté. 13 14 13. Lubricating oil of Caim10, wherein the

2- (4- hydraxy-R). 5-ldibricating Wil cohfprivamy % Imdjbt amoune 6t at leasSohé afli d. 16 17
14. Lubricating oiJ of Claim 10 havi n? a total base nunber of about 2.15 to
18 about 8.88 as defPil.idansy!Vaeasg ol and@ mingr aprpury of Rodrheioxyrg. oi | of

Claim 10 ving a out 0.1 w. % 21 to about 1.5 wt.
% as det eP% ned by5 ﬁgﬁ”%%ﬁﬂg;ﬁegﬁ%ﬁgp\ met hod of |ubricating engines
conprising contacting the engine wwth 24 the lubricating oil of Caim10.

25 26 17 A th for makln the lubricating oil of Caim 10 conprising
27 conbi ni®ng a—%bi'cﬁ%g@i! T 4laign aa?kavtﬁlgtlﬁﬁ HE?H‘Z@QOQ RPBI ?U@’éet ate with at

28 | east qne of Group I1, 1ll and IV base oil in any order and m xi ng. 29

10 12.  Lubricating oil of Claim 10, wherein about 0.2 wt. % to about 3 wt. % of
11 the lubricating oil comprises 2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol)

12 acetate.

13

14 13. Lubricating oil of Claim 10, wherein the 2-(4-hydroxy-3, 5-di-t-butyl

15 benzyl thiol) acetate is liquid.

16

17 14.  Lubricating oil of Claim 10 having a total base number of about 2.15 to

18 about 8.88 as determined by ASTM D 2896.

19

20 15.  Lubricating oil of Claim 10 having a total ash content of about 0.1 wt. %
21 to about 1.5 wt. % as determined by ASTM D874.

22

23 16. A method of lubricating engines comprising contacting the engine with

24 the lubricating oil of Claim 10.

25

26 17. A method for making the lubricating oil of Claim 10 comprising

27 combining the 2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol) acetate with at
28 least one of Group Il, lll and IV base oil in any order and mixing.
29

30 18.  An additive formulation comprising 2-(4-hydroxy-3, 5-di-t-butyl benzyl

31 thiol) acetate; one or more dispersants; one or more wear inhibitors;
32 and at least one of sulfonate, salicylate and phenate detergents.
33
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30 18. An additive formulation conprising 2-(4-hydroxy-3, 5-di-t-butyl
benzyl 31 thiol) acetate; one or nore dispersants; one or nore wear
inhibitors; 32 and at |east one of sulfonate, salicylate and phenate
detergents. 33 -25 1 19. Lubricating oil conprising a mnor anmount of the
additive fornulation of 2 Claim 18 and a maj or anount of at |east one of 3
Goup Il, I'l'l and IV base oil. 4 5 20. Lubricating oil of Caim19

conpri si ng abgqut : ; : ) 0 id 4 tion
and about q40b‘[\/\§jt!. &%rcgg?&%% |lac?>‘ﬁ35{|s\?n'tglgopi g? Y\%Wg@géfemoéie?&(ﬂg\é E&@H&%?hod
for lubricating a Qlatmrd@ amphs rhajel echoengohet leasiponesdhg 10 | ubricating the
natural gas fuel ed_ en ineI V\ﬁ%(\j}he | ubricating oil of 11 Caim19. 12 13
22. A metHod for n2QURYtIHENHY P#3%C or mul ation of O aim 18, conpri sing

14 conbi nijng one or nore detergents; one or nore dispersants; one or 15
nore wear inhibitors; and 2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol) 16
acetate i ard0.or desbrimating giilteftGlaign d8tdomprisiegiabout” wé. %30 gbhabiti cati ng oi |

i sper sans; 2125 200 % Sme AN Rgbh ap0 Rup §PR0,RE B0 Rpeu

detergents; 23 2ROV, ¢f-tReWaseBilt 0 about 1.5 wt. % of one or nore wear
inhibitors; 25 26 about 0.2 wt. %to about 3 wt. % 2-(4-hydroxy-3,
5-di-t-butdyl benzyl 27 thiol) acetate; and 28 29 about 6 wt. % to about

97 wt. % (Bf aé1_l e n&ASd %r lubricating a natural gas fueled engine comprising

10 lubricating the natural gas fueled engine with the lubricating oil of
11 Claim 19.
12

13 22. A method for making the additive formulation of Claim 18, comprising

14 combining one or more detergents; one or more dispersants; one or
15 more wear inhibitors; and 2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol)

16 acetate in any order and agitating until mixed.

17

18 23. Lubricating oil comprising:

19

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

21

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

23

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

26 about 0.2 wt. % to about 3 wt. % 2-(4-hydroxy-3, 5-di-t-butyl benzyl
27 thiol) acetate; and

28

29 about 6 wt. % to about 97 wt. % of at least one of

30 Group Il, Il and IV base oil.

31
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30 Goup Il, I'l'l and IV base oil. 31 -26 1 24. A nmethod for lubricating a
natural gas fuel ed engine conprising 2 lubricating the natural gas fuel ed
engine with the lubricating oil of 3 Caim23. 4 5 25. Lubricating oil
conprising: 6 7 about 1 wt. %to about 8 wt. % of one or nore dispersants;
8 9 about 1 w. %to about 8.5 w. %of one or nore detergents; 10 11
about 0.2 wt. %to about 1.5 wt. % of one or nore wear inhibitors; 12 13
about 0.6 jwt ZMt%ﬂ#&Hbd%rﬁuBﬁcat%gza héuﬁé(%é%}(we?ed éng#hetcn%ﬁrwmd)enzyl 14
thiol) acetate; and 15 16 about . % to about of at” | east one
of 17 Géup 11, |Iubr|©aimg|tvetrwé@rad>gas fueded eggmwwhﬂmhmcafmg abof cat i ng
engi nes cgrrprl SI nqil%ﬂ_a cting one or nore 20 engines with the lubricating
oil of daim25. 2 27. A method of reducing oxidation in an internal
conmbusti ol engi ne whi ch 23 conprises operating an engine with a

conposition conprising 24 25 a mnor anmount of one or nore hindered
phenol s of t He- gerlrértmcatlgg ofl SOMAMEINGD X\ || HOOCH2 SCHz CO R 27 X 28

6

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

8

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

10

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

12

13 about 0.6 wt. % to about 2.5 wt. % 2-(4-hydroxy-3, 5-di-t-butyl benzyl

14 thiol) acetate; and

15

16 about 6 wt. % to about 97 wt. % of at least one of

17 Group I, Il and IV base oil.

18

19 26. A method of lubricating engines comprising contacting one or more
20 engines with the lubricating oil of Claim 25.
21

22 27. A method of reducing oxidation in an internal combustion engine which

23 comprises operating an engine with a composition comprising
24
25 a minor amount of one or more hindered phenols of the general
26 formula:
o]

S |

HO —@ CH. S CH: C 0o R

27 >/

28

29 wherein R is a C7-Cgalkyl group

30 and a major amount of at least one of Group I, Ill and IV base oils.
27 -



29 wherein Ris a C7-C9 al kyl group 30 and a maj or anount of at |east one
of Goup Il, Ill and IV base oils. -27 1 28. A nethod of reducing
oxidation in an internal conbustion engine 2 according to claim 27 wherein
said internal conmbustion engine is a natural 3 gas engine. 4 5 29. The
use of an antioxi dant systemconprising 6 7 a m nor anmount of one or nore
hi ndered phenols of the general 8 formula: OHOOCHz SCHz CO R 9 X 10
11 wherein R28& a ChdtRo@bkyddumingexidatiath an IMESTal eORBILLGH eAbireast one
of Goup II, Ill and IV base_oils, to reduce 13 oxidation in an interna
conbust i oR erfficREding fo clagingd7 wheseinseidintemahaembxstiemengipstiem ratutaidi ng to
claim 29 $her én:%ﬂdhe}G i nternal conbustion engine is a natural gas
engi ne. 17 -

4

5 29. The use of an antioxidant system comprising

6
7 a minor amount of one or more hindered phenols of the general
8 formula:

0]
HO —@ CH, S CH, C O R

9 X

10

11 wherein R is a C7-Cg alkyl group

12 and a major amount of at least one of Group I, lll and IV base oils, to reduce
13 oxidation in an internal combustion engine.

14

15 30. The use of an antioxidant system according to claim 29 wherein said
16  internal combustion engine is a natural gas engine.

17

-28 -



