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DESCRIPTION OF THE INVENTION

The present invention is a lubricating formulation exhibiting
enhanced resistance to oxidation, said formulation comprising a major amount of
an oil of lubricating viscosity and a minor amount of additives comprising a
combination of phenyl naphthyl amine, one or more dimercaptothiadiazoles or
derivative thereof, one or more triazoles or benzotriazoles or derivative thereof,
but in the absence of diphenyl amine or diamine antioxidants, and to a method
for enhancing the oxidation resistance of formulated oils, which do not contain
diphenyl amine or diamine antioxidants, by the addition to such oils of a minor
amount of a combination of phenyl naphthyl amine, one or more dimercaptothia~
diazoles or derivative thereof, and one or more triazoles or benzotriazoles or

derivative thereof.

The base oil of lubricating viscosity can be any natural or synthetic
base oil, including those derived from paraffinic or naphthenic crude oils, tar
sands, shale oil, coal oil, and processed using standard refinery techniques.
These may include fractionated distillation, solvent or catalyst dewaxing of
raffinate products, solvent extraction of aromatics, hydrotreating, oils produced

by severe hydrotreating or hydroprocessing to reduce aromatic and/or olefinic
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raf fmate products, solvent extraction of aromatics, hydrotreating, oils
produced by severe hydrotreating or hydroprocessing to reduce aronatic
and/ or ol elouiisasd0 01/ 51595 PCT/ US01/ 00599 -2 hydr ocar borrcaorsoenesos as wel |
as to reduce sul fur and nitrogen content, isoneriza- tion of waxy
raffmates, etc. Synthetic oils include oils of the lubricating oil boiling
range derived froma Fischer-Tropsch hydrocarbon synthesis process, or
fromthe isoneriza- tion of petroleumwax or Fischer-Tropsch synthetic wax,

as well as _polyal pha- ol efnms, which are hydrogenated ol i goners of C2-Cl6
al pha ol ef hydrocareon pentenh@s welbas torrsdnue Slfwanddyiragem cantephdpopBzt of

additive naterdals i sing a phenyl naphthyl am ne per se, one or nore
triazol es, tl(’Héﬂ(J Wﬁaﬁﬁgg Softderi vati ves t her eof , and one or nore

di mer capt ot hi odi azol es or derivatives thereof. The phenyl naphthyl am ne
IS unsubstituted by any hydrocarbyl group such as alkyl, aryl, or alkaryl
group, being subst agineietiy dilsshclpdenyls of tiaphibcatiagioilebditing hanggpdaived al pha
napht hyl am ne or phenyl beta naphthyl amne). The anmount of phenyl

napht hyl afione aFischerekngpsclf hydnogisbon syndssistpyocess, ox fronpthefispmieriga-about

0.3 to0 0.8 wt% (active ingredLe ..The di mer capt ot hi adi azol e ,or, deri vati ve
Chereot i < tioB, st S6Giolon vk proFSEadraTrapseib sTRINERE jyabops el & Sorfhiphs!
olefins, which are hydrogenated oligomers of C»-Cy¢ alpha olefins. '

The lubricating oil formulation contains a minor amount of additive
materials, comprising a phenyl naphthyl amine per se, one or more triazoles,
benzotriazoles or derivatives thereof, and one or more dimercaptothiodiazoles or

derivatives thereof.

The phenyl naphthyl amine is unsubstituted by any hydrocarbyl
group such as alkyl, aryl, or alkaryl group, being substantially just phenyl
naphthyl amine (either phenyl alpha naphthyl amine or phenyl beta naphthyl

amine).

The amount of phenyl naphthyl amine used ranges from about 0.05
to 1.0 wt%, preferably about 0.3 to 0.8 wt% (active ingredient).

The dimercaptothiadiazole or derivative thereof is represented by the
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general formula:



RI\ /2 Ax S Sy WD 01/51595 PCT/ US01/ 00599 -3 wherein R1 and R2 are the
sane or different, and are selected from hydrogen, C 1-C20 hydrocarbyl, or
C 1- C20 amopii/siswserein at | east one of RL or R2 is not hydimog®mposoand x
and y are the sane or different integers ranging froml to 5  preferably 1
to 2, or mxtures of such materials. The di nmercaptothiadiazole is used  in
an anount in the range 0.001 to 0.5 w-%-preferably 0.01 to 0.10 w %
Benzotri azol e or derivative thereof is represented by the general f ormul a:

Ere]geRf%)t()ly s ‘Béé agge@gggﬁ%&ﬂgﬁ@"ﬁdﬁaﬁ Sgi?ﬁgdiéﬁCFM g‘f’roml to
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represented hy th styuctyres bel ow, ar | so. . common a stltutes
for benzot?’i}’ ¥ andyeareithe saIB¢ OF §i gnbmt%gers %ﬂ“i L$&12 are

hydr ocar byl rei%?z{ﬂwat% 22 o?t h&m%ﬁ%ksua{m%w}ﬁﬂs substanti ally hydrocar byl .

The dimercaptothiadiazole is used in an amount in the range 0.001 to

0.5 wt%, preferably 0.01 to 0.10 wt%.

Benzotriazole or derivative thereof is represented by the general
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formula:

wherein R4 is hydrogen or C-C1 alkyl, preferably hydrogen or C1-C alkyl,
and x is an integer ranging from 1 to 4, preferably 1; and R5 and Rg are

hydrocarbyl, commonly 2-ethylhexyl, or other substantially hydrocarbyl.
Closely related triazole derivatives represented by the structures below, are also
commonly used as substitutes for benzotriazole derivatives in lubricating oils,

where R1; and Ry are hydrocarbyl, commonly 2-ethylhexyl, or other

substantially hydrocarbyl.
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(3" R~/ 11 CH2N11-1R12 WD 01/51595 PCT/ US01/ 00599 -4 The triazole or
benzotri azol e and/ or derivative thereof is used in-an anount in the range
0. 005 to wo1wi%4es preferably 0.01 to 0.20 w% (active i nadisemb)soo The

| ubricating oil containing the three above recited additive conponents in
conbi nati on may al so contain other typical |ubricant additives, including
ot her antioxi dants of the phenolic and/-dr- anminic type, pour point
depressants such as poly(neth)acryl ates, ethylene/vinyl acetate copol yners,

acetate/fumarate copgl yners, etc., antiwear/exirene pressure addi.tives such
as hydrocarbyl sub ?‘Pttl}%‘éie &W@gtagﬁ@r @W&ﬁﬁ?ﬁfﬁi%ﬁ%ﬁﬁﬁounds

i | _ Bl .
i hi poar baNgusein BRGRE o &0 SO PSR OP RO e petive

i nhi bi tor #gg8fRnt). ncl uding alkyl succinimdes and derivatives thereof,
and/ or carboxylic “acids or their partially or fully esterified
derivatives, and/or sulfonates, and/or partially oxidised hydrocarbons,

etc., demulsifiers, antifaqoanmants, dyes, etc. The amounts qQf .such
addi tional additi vedhgdabricatingew contamiag thg et abeyatseied gdBIVe; he

Do ook BLA A e o TP G SRR Saa A
including other antioxidants of the phenolic and/or aminic type, pour point
depressants such as poly(meth)acrylates, ethylene/vinyl acetate copolymers,
acetate/fumarate copolymers, etc., antiwear/extreme pressure additives such as
hydrocarbyl substituted phosphate esters, sulfur containing compounds such as
metal or non-metal hydrocarbyl dithiophosphates or dithiocarbamates, €.g.,
ZDDP, or sulphurised olefins or esters, rust inhibitor agents, including alkyl
succinimides and derivatives thereof, and/or carboxylic acids or their partially or
fully esterified derivatives, and/or sulfonates, and/or partially oxidised
hydrocarbons, etc., demulsifiers, antifoamants, dyes, etc. The amounts of such
additional additives used, if any, is left to the discretion of the practitioner in

response to his own formulation requirements.

EXAMPLES

The following examples demonstrate the practice of specific
embodiments of this invention and comparison cases, but should not be

interpreted as limiting the scope of the invention.

EXAMPLE 1

Four formulations were evaluated for resistance to oxidation. Three
of the formulations employed the additive combination of non-alkylated phenyl

naphthyl amine, benzotriazole derivative and thiadiazole derivative, while the



enbodi nents of this invention and conparison cases, but should not be
interpreted as limting the scope of the invention. EXAMPLE | Four
fornul at i woso1vsesss eval uated for resistance to oxidation. HuT#Es01/06599 he
formul ati ons enpl oyed the additive combi nati on of non-al kyl ated phenyl

napht hyl am ne, benzotriazole derivative and thiadi azole derivative, while
the WO 01/51595 PCT/ US01/ 00599 -5 fourth enpl oyed a different conbination
of additives. The fornulations and the results fromthe RBOT (ASTM D2272)
and TOST (ASTM D943) oxidation tests are reported_in Table 1. Fornul ations
1, 2 and 3foehemployef @ Hefereateom waﬂpaaf@égltb}@ai ThgorpHAtions iaeﬁ?ﬁ? ar

conbi nat 1 oftth apdbe SBQT AR B22 LA Tos B SIFER0LY obfRHEE1) 0050
- 6 a~  Cyedf¥ QrddpBrild @n GAb1CR Pofthilatlofs @, 2 an@3, conthinihg the presently

recited additive combination, far exceed Formulation 4, which does not contain

the presently recited combination, in terms of oxidation resistance.
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WO 01/ 51595 PCT/ US01/ 00599 -7- EXAMPLE 2 The anti oxi dant performance in
the RBOT test of four different groups of formulated oils, based on four
di f f er ent WoaEG15450cks and contai ning constant anmounts of Heanzsetineagol e,
t hi adi azol e, and succinimde, but different concentrations of ‘
non- al kyl at ed phenyl naphthyl amne, is reported in Table 2. WO 01/51595
PCT/US01/00599 - 8 F+ t- O--,tnwmwn0B71~-N COO- in "o CIOf W~ W C7.,
d v1O~DOO0O0O0ONNG CIAIt ~-+~0O0000M1~01- u1Md 00U V1
NO r-+ NNMMMNNG=- r--~NNNd Nb OO 00 00 00 00 00 00 00 00 00
00 00 00 00O OO OO OO OO OO ea~a3 00O0O0O0OO0OO0OO0O0O0ODO0O00D0DOOOOOO
Uoooom]gaoooooooooo U O 00 00 00 00 00 00 00 00 00 00
00 00 00 O OO 00 000OOO0ODOOODO0OOOOOOODODOO OOOO
000O0O0O0OOOOOOOOOOO
The antioxidant performance in the RBOT test of four different
groups of formulated oils, based on four different base stocks and containing

constant amounts of benzotriazole, thiadiazole, and succinimide, but different

concentrations of non-alkylated phenyl naphthyl amine, is reported in Table 2.



NOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOODOOOO
00O M"DNOO Os OMd, I'DNOO ONi- ~-D0O0 Od" 4+. 0O0O000O0O00O
000 OWODIBISHYSO P-1 14 b b Nb NUO7:1, N~ co pPOT/BEN00599" U 0 O
~"0ObU~NONO~~~U>C~0 "0 41 WO 01/51595 PCT/ US01/ 00599 . -9

Fromthe above it is seen that the inprovenent in oxidation performance
resulting fromthe use of the recited conbi nation of non-al kyl ated phenyl
napht hyl am ne, benzotriazole and thiadiazole is uniform y achieved in the
di fferent base stocks fromdifferent sources which were processed in
different ways. There al so appears to be a consistent preferred
concentration for the non-al kyl ated phenyl naphthyl am ne, the range of
about 0.6-0.8 phesy hn waphth ar nevprduceng of | M 0 rved
RBOT lifetine XA&P&& 3ﬁ§ %og ovﬁng foo uh adni on%%n?i' % 3 %ﬁmnst rate
that formul atigng| — XY@ @ o AH o @@ == A
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cont ai ni ng al kyl ated phenyl naphthyl am ne, in conbination with thiadiazole
and benzotriazole, exhibit oxidation lives significantly shorter than

t hose obswowadisdsor fornul ati ons using the sane base oil s HaarUussonesa ni ng
non-al kyl ated phenyl . naphthyl am ne (conpare Table 2) in place of

al kyl at ed phenyl naphthyl am ne. Unexpectedly, the use of the non-al kyl at ed
phenyl naphthyl am ne achieves |ong ox©dation |ives as conpared to

al kyl ated phenyl naphthyl am ne. WO 01/51595 PCT/US01/00599 - 10 E F O
ONOOOO O-NOLONMNO1, ON- - - NN~d O00 00 OO0 00 00 00 00 00
0000 cd0OOOOOOOOOO UoOOOOOOOOOO O O 00 00 00 00 00

00 00 00 00 000 OFOII?ﬂ?e Ecl)b(())VCOIt 19seoen that t(t)le un%rgve(%ngnt% Nifation

performance resulting from the use of the recited combination of non-alkylated
phenyl naphthyl amine, benzotriazole and thiadiazole is uniformly achieved in
the different base stocks from different sources which were processed in
different ways. There also appears to be a consistent preferred concentration for
the non-alkylated phenyl naphthyl amine, the range of about 0.6-0.8 wt% phenyl

naphthyl amine producing the maximum observed RBOT lifetimes.

EXAMPLE 3

The following formulations in Table 3 demonstrate that formulations

_containing alkylated phenyl naphthyl amine, in combination with thiadiazole and
benzotriazole, exhibit oxidation lives significantly shorter than those observed
for formulations using the same base oils but containing non-alkylated phenyl

naphthyl amine (compare Table 2) in place of alkylated phenyl naphthyl amine.

Unexpectedly, the use of the non-alkylated phenyl naphthyl amine

achieves long oxidation lives as compared to alkylated phenyl naphthyl amine.



. 0000000000 0OOOOODODOOOO ~+HNT., Nd 110 00 ONNUd
11000 O00O0O0~0000 "t CdcdNNN x "ty Ncd vp=cdP, VX
v 0 E O woonA»31/ 51595 PCT/ US01/00599 -11- CLAIMS: 1. Adumsvioeddng oil
of enhanced oxi dation resistance conprising a ngjor anount of a naturally
or synthetically derived base oil, or a mxture of such base oils, of

| ubricating viscosity, and a m nor anount of additives conprising
unsubsti tuted phenyl naphthyl am ne present in an anount in the range of
about 0.05 to | wt% active ingredi entQ one or nore di nercapt ot hi a-
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di azol es or derivatives thereof of the formula N-NR \ / 2 Sx S Sy
present in an anmount in the range of about 0.001 to 0.5 wt% active

i ngredi enwo osh&ssein RL and R2 are the same or different, ramdUsaneo®el ect ed
from hydrogen, Cl1-C20 hydrocarbyl or Cl-C20 al kyl and wherein at |east one
of Rl or R2 is not hydrogen, and x and y are the sane or different

integers ranging froml1l to 5, and one-dt-nore triazoles or benzotriazol es
or derivatives thereof of the formula N~a)X N or N N R11 N R5 \ H2N~
CH2-N \R12 R6 resent in an anount in the range of about 0.005 to 0.5 W %
active ing » wherein R4 is hydrogen or C 1-C 10 alkyl and x is an

I nteger ranging froml to 4, R5 and R6 are hydrocarbyl or substantially

hydrocarbyl, R11 and R re .hydrocarbyl aor sybstantially hydrocarbyl, in
the absence of dipheny ﬁ‘éa%‘l‘goﬂiéﬁPﬁé“%ﬁt?ﬂa?%f??S%W;m%%ga

PCT/ US01/ 0 . Ficating: o] ¢l Al . Lewher mount of
T 01 G585 ke ot AL SRl e B it BB e O
such base oils, of lubricating viscosity, and a minor amount of additives
comprising unsubstituted phenyl naphthyl amine present in an amount in the
range of about 0.05 to 1 wt% active ingredient, one or more dimercaptothia-

diazoles or derivatives thereof of the formula
N——N

AN NN

Sx
present in an amount in the range of about 0.001 to 0.5 wt% active ingredient,
wherein Ry and R, are the same or different, and are selected from hydrogen,
C1-Cy0 hydrocarbyl or C1-Cpg alkyl and wherein at least one of Ry or R; is not

hydrogen, and x and y are the same or different integers ranging from 1 to 5, and

one or more triazoles or benzotriazoles or derivatives thereof of the formula

N X
- e
N Ri; N
N \CH;;— N<

CH;N
Rj2 R

Rs

present in an amount in the range of about 0.005 to 0.5 wi% active ingredient,

wherein Ry is hydrogen or C1-Cj alkyl and x is an integer ranging from 1 to 4,
R5 and Rg are hydrocarbyl or substantially hydrocarbyl, R11 and R are
hydrocarbyl or substantially hydrocarbyl, in the absence of diphenylamine or

diamine antioxidants.



active ingredient, the dinercaptothiadiazole or derivative thereof is in
the range of about 0.01 to 0.10 wt% active ingredient, and the triazole or
benzot ri awwl @/50595 derivative thereof is in the range of alraatu®iOdsspo 0. 20
Wt % active ingredient. 3. A nethod for enhancing the oxidation resistance
of a lubricating oil conprising adding to the lubricating oil a m nor
anount of additives conprising unsubstizuted phenyl naphthyl am ne in an
anount in the range of about 0.05 to 1 wt% active ingredient, one or nore
di mer capt ot hi adi azol es _or derivatives thereof of the formula N-NRL \S/
2 x S Sy present i3 afh @lnhmatmgonlmf&&mgé wehergisothe amaut ofo 0.5 wt %

t di.ent , th f d
Sl oted  HBRHURNsH Bhchy L RbS TFMRE b 1anEegt abgntd 5 O o o1 n at
| east one 91: e&:@ni $hd! #x?omxlgtrotﬁg&gazggg)r)ﬂeﬁ%h% ﬂ(e?e&ihfs il e rfge

di fferent ege rangi ng one or nore triazoles or

benzotri az @f gbo@ 0.0erb \0at0 WER dohive eadredient mdf the mihzoldlor bpizotriagole@r N N
R11 M RS CH2N CH2-N \R12 R6 WO 01 51595 PCT/ US01/ 00599
derivative thereof is in the range of about 0.01 to 0.20 wt% active ingredient.

3. A method for enhancing the oxidation resistance of a lubricating
oil comprising adding to the lubricating oil a minor amount of additives
comprising unsubstituted phenyl naphthyl amine in an amount in the range of
about 0.05 to 1 wt% active ingredient, one or more dimercaptothiadiazoles or

derivatives thereof of the formula
N——N

R1 R2

N N

Sy S Sy
present in an amount in the range of about 0.001 to 0.5 wt% active ingredient,
wherein R and R are the same or different, and are selected from hydrogen,
C1-Ca0 hydrocarbyl or C1-Cpg alkyl and wherein at least one of Ry or Rp is not

hydrogen, and x and y are the same or different integers ranging from 1 to 5, and

one or more triazoles or benzotriazoles or derivatives thereof of the formula

NL‘——” . (RA)X@[N\N
N/N /

Ry N\ /Rs
/ CH,—N

AN
\Rl2 Re

CH,N



-13 present in an anount in the range of about 0.005 to 0.5 wt% active
ingredient, wherein R4 is hydrogen or C 1-C 10 al kyl and x is an integer
rangi ng fwamibkitss 4, R5 and R6 are hydrocarbyl or subst amdraidoy/00599
hydrocarbyl, R11 and R12 are hydrocarbyl or substantially hydrocarbyl, in
t he absence of diphenylam ne or diam ne antioxidants. 4. The nethod of
claim3 wherein the anount of unsubstitided phenyl naphthyl amne is in
the range of about 0.3 to 0.8 w% active ingredient, the

di mer capt ot hi adi azol e or derivative thereof is in the range of about 0.01
to 0.10 wpéesent invan amguetinethe rangeof alout (0. G0%otoc0.5rwile agbve ingredienb,

derivative thereof.is jn the range o boyt 0.01 to 0.20.wt % act,i,ve
i ngr edi ent wherein R4 1s hydrogen or C1-C10 a{ky?anﬂmsanm%eger ranging tér)om tb 4,

Rs and Rg are hydrocarbyl or substantially hydrocarbyl, R11 and Ry7 are
hydrocarbyl or substantially hydrocarbyl, in the absence of diphenylamine or

diamine antioxidants.

4. The method of claim 3 wherein the amount of unsubstituted
phenyl naphthyl amine is in the range of about 0.3 to 0.8 wt% active ingredient,
the dimercaptothiadiazole or derivative thereof is in the range of about 0.01 to
0.10 wt% active ingredient, and the triazole or benzotriazole or derivative

thereof is in the range of about 0.01 to 0.20 wt% active ingredient.



