WD 2004/ 050671 PCT/ EP2003/ 050876 -1 Liquid phenolic sul phur-containing
anti oxi dants The present invention relates to |iquid phenolic

sul phur - cont AYA2A/BRETIoxi dants, to composi- tions conprising PREEF23(30876
sul phur-contai ning anti oxi dants and to a process for stabilising
conpositions of matter, particularly lubricants, against oxidative, thernmal
or light induced degradation. It is known that additives inprove the
performance properties of functional fluids, such as |lubricants,
particularly mneral oils or synthetic or sem-synthetic oils. Particularly
additives are highly desirable which reduce the formation of oxidative
degradation products and pro- note the stability of lubricants. The conpound
of the formula O HO CHZ CH110-CHZ CHZ S 2 Irganox(r)1035 (Registered
Trademark of Ci ba Specialty Chemcals), which is a solid dineric

sul phur-contai ning ester type phenolic antioxidant, is particularly
preferred as,an antioxidative agent ipn |ubricant conpositions in view of its
| ow vol at iLiguid phenglic sylohur-containing AA0Bf f i ci ency. A di sadvant age of
antioxidative agents of this type is their low solubility in oils. In
addition, they are solids with nelting points above roomtenperature
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Irganox® 1035 (Registered Trademark of Ciba Specialty Chemicals),

which is a solid dimeric sulphur-containing ester type phenolic antioxidant, is particularly
preferred as an antioxidative agent in lubricant compositions in view of its low volatility and
high antioxidative efficiency. A disadvantage of antioxidative agents of this type is their low
solubility in oils. In addition, they are solids with melting points above room temperature
(IRGANOX 1035: > 40°C). Therefore, liquid additives of high oil solubility are preferred for
the formulation of lubricant mixtures and so-called additive packages.

EP-A-0 565 487 discloses lubricant compositions of liquid antioxidants of low volatility con-
sisting of the reaction product of a phenolic antioxidant, e.g. 3-(3,5-di-tert-butyl-4-hydroxy-
phenyl)propionic acid methyl ester, with a polyol, e.g. thiodiethylene glycol, and a glyceride,
such as sun-flower or coconut oil.

Novel lubricant compositions have now been found that possess advantageous antioxidative
properties as compared with the prior art compositions. The novel lubricant compositions
comprise the reaction produc't of at least one phenolic antioxidant from the selected group,
of 5-tert-butyl-4-hydroxy-3-methyl (or 3-tert-butyl)phenyl substituted carboxylic acid esters
with a thiodiethylene glycol and a monohydroxy alcohol with a carbon chain length higher
than 4 C-atoms. The novel lubricant compositions are highly resistant to oxidative degrada-



-2 tion and are capable of reducing the negative effects of deposits in

conbusti on endqi nes articularly spark ignition internal co j
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engi nes. The Avention relates to a product obtai nab reacting
a) At least one compound RR, HO cH2 (SmCH2 Y (1), R2 R wherein one of
R, and R independently of one another represents hydrogen or a substitu-
ent selected fromthe group consisting of C -C'al kyl, phenyl,

(C -C al kyl),.,phenyl, phenyl-C -C3alkyl, (C -C, alkyl), ,phenyl-C -Calkyl,
C {"cycloal kyl and (Cl-C4alkyl), ,C, Cl3cycloal kyi; and the other one
represents a substituent selected fromthe group consisting of C, -Ci,alkyl,
phenyl, (C,-C4al kyl), , phenyl, phenyl-C, -C3al kyl, (Cl-C4al kyl), , phenyl -

Cl- C3al kyl, C,-Cl2cycloal kyl and (C, -C4al kyl), ,C Cl2cydoal kyl; R3
represents hydrogen or nethyl; Y represents hydrogen or C -C, alkyl; and m
represents zero or 1; wth b) At |east one conpound R4-OH (11), wherein R4
represents C, C2,alkyl; and c) At |east one conpound HO ~SCH (IIl), Rs
wher ei n Rtioaaed #e cw%&egé merisinoythe, pegative effesls Rbdeppdisincaphustigrieraiees, or

C -C al kylpanf{mMypgpeﬂt iforpiaGeprial corgbilistion Bfginesst ant i nventi on obt ai nabl e by
reacting conponents a), b) and c) are, for exanple, valuable antioxidants
agai nst oXhelptesent jnvemtinnrelates to a produitobthinpbledy-reactio;m of any organic
conpositions of matter. Such conmpositions are, for exanple, natural or WO
2004/ 050671 PCY BblEaonesempeund 3 synthetic pol ymers, or functional fluids,
such as | ubricant conpositgons, hydraulic fluids or

HO CHz—(S)m—CHé—ﬁ-O-Y o,
R, Ry
wherein

one of R, and R, independently of one another represents hydrogen or a substitu-
ent selected from the group consisting of C,-C, alkyl, phenyl, (C,-C,alkyl), ,phenyl,
phenyl-C,-C,alkyl, (C,-C alkyl), ,phenyl-C -C.alkyl, C,-C,,cycloalkyl and

(C,-C,alkyl), ,C,-C,,cycloalkyl; '

and the other one represents a substituent selected from the group consisting of
C,-C,;alkyl, phenyl, (C.-C alkyl), ,phenyl, phenyl-C,-C.alkyl, (C,-C alkyl), ,phenyl-
C,-C,alkyl, C,-C ,cycloalkyl and (C,-C alkyl), ,C,-C,,cycloalkyl;

R, represents hydrogen or methyl;
Y represents hydrogen or C,-C.alkyl; and
m represents zero or 1; with
b) At least one compound
R,-OH m,
wherein R, represents C,-C,alkyl; and

c) At least one compound

HOY\S/W/OH am,

RE RE'
wherein R, and R,' independently of one another represent hydrogen or
C,-C.alkyl.

The products according to the instant invention obtainable by reacting components a), b)
and c) are, for example, valuable antioxidants against oxidative, thermal or actinic degrada-
tion of any organic compositions of matter. Such compositions are, for example, natural or



met al wor ki ng fluids. Lubricant conpositions that contain the product defi ned
above are characterised by their excellent antioxidative properties

can be demond P3P vari ous generally accepted tests such %QT/E&)@Q{O?"KJ%
Oxi dati on Panel Test (DOPT) and Hi gh Pressure Differential Scan- ning
Calorinmetry (HPDSC). The products according to the Instant invention,

obt ai nabl e by reacting conponents a), b) and c), have excellent oxidative
stability and are particularly suitable as additives in |ubricant
conpositions, particularly for use in internal conbustion engines, such as
spark ignition in- ternal conbustion engines, popularly known as Qto

engi nes, or self-ignition internal com bustion engines, popularly known as
Di esel engines. The products, as defingegl above, are particularly suitable
for formulating |ubricant conposi- tions and bl ending so-called additive
packages, which remain clear and honogenous liquids on storage at room
tenperature. The |ubricant conpositions are particularly suitable as no- tor
oi I's, whi cynthetic palyraers] or functienaliiuids, siebas WhricaRrbcorapasitions, hydravlicfiyjdsand t he
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2-n-butyl -n-octyl, |so ri decyl, 2-n-hexy|-n-decy| or 2-n-octy|-n-dodecy|, or
hi gher horftﬂquodmtst asatefindd abioGe,-ate pdrtiquiarly syitablefor fomuldting labricantl e@mpdsi- or
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tor oils, which correspond to the APl (American Petroleum Institute) and the CCMC (Com-
mittee of Common Market Automobile Constructors) classifications.

The definitions and general terms used in the description of the present invention preferably
have the following meanings:

Component a)

The various alkyl groups defined above of different chain length comprise saturatedlinear or,
where possible, branched hydrocarbon groups, particularly C,-C alkyl, e.g. methyl, ethyl,
isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, neopentyl, isopentyl, tert-pentyl, n-hexyl,
2-ethylbutyl, 1-methylpentyl or 1,3-dimethylbutyl. Alkyl groups of higher chain length are,
e.g. 1-methylpentyl, 1,3-dimethylbutyl, n-heptyl, 3-heptyl, 1-methylhexyl, isoheptyl, n-octyl,
2-ethylhexyl, 1,1,3,3-tetramethylbutyl, 1-methylheptyl, n-nonyl or 1,1,3-trimethylhexyl, as
well as C,-C,.alkyl, particularly straight chained C,-C,alkyl, e.g. n-decyl, n-dodecyl, n-tetra-
decyl, n-hexadecyl, n-octadecyl, icosyl, henicosyl or docosyl, or branched C,-C,alkyl, e.g. 1-
methylundecyl, 2-n-butyl-n-octyl, isotridecyl, 2-n-hexyl-n-decyl or 2-n-octyl-n-dodecyl, or
higher homologues thereof.

(C,-C AlkyD), ,phenyl is, for example, 2- or 4-tolyl, 2,5- or 2,6-xylyl, mesityl, 2- or 4-ethyl-

phenyl, 2,4- or 2,6-diethylphenyl, 4-cumenyl, 2-tert-butyl-6-methylphenyl or 2,6-bis-tert-
butyl.



Phenyl -C C,al kyl is, for exanple, phenyl attached to C -C alkyl in 1-, 2- or
3-position, e.g. 2-phenylethyl, particularly benzyl.

(C, -C, Al kyl )W‘?%‘Wéﬁ‘?&@, -C alkyl is one of the above nenti oned?CT/EP2003/050876
(C, -CAal kyl),,,phenyl attached to C-C alkyl in 1-, 2- or 3-position, e.qg.
2-tert-butyl - 6-net hyl benzyl or 2,6-bis-tert-butyl- phenyl. CSC, =Cycl oal kyl
is, for exanple, cyclopentyl or cyclohexyl. (C -C A kyl), ,C C, Zcydoal kyl
is one of the above-nentioned CS C, cydoal kyl groups substi- tuted with 1-3
C -C4al kyl, e.g. 2- or 4-nethylcycl ohexyl, 2,6-dinethylcycl ohexyl, 2,4, 6-
trimethyl cycl ohexyl or 4-tert-butylcyclohexyl. In a conpound (1), the
nuneral mrepresents zero or one. In the event that mrepresents zero, the
direct bond is defined. A particularly.gpreferred group of conmpounds (1),
wherein mis zero, is represented by the general formula: R HO CHZ CHW OY
(IA), Rz wherein one of R and R represents nethyl or tert-butyl and the
ot her one represents tert- butyl and Y represents hydrogen or nethyl.
Corponent PhEnyRC,-Caliyl is; dorpssamplle phenyliatipehed de CeCalkyldn At, Ry pr, 3-pasitianc ear | y

n- butyl, tzeﬁﬂengém%lﬂ parti€@fdthyioshzyl.n- pentyl, neopentyl, isopentyl, n-hexyl,
2-ethyl butyl, 1= met hyl pentyl, 1,'3-di net hyl butyl , n-heptyl, 3-heptyl, 1
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of R, and tinethyloydahexyl or Aderhbutylsyclohexyl- butyl and the other one of R and R2

represents tert-butdyl; R represents psydrogen; Y represents
In a compound (1), the numeral m represents’zero or one. In the event that m represents

zero, the direct bond is defined.

A particularly preferred group of compounds (I), wherein m is zero, is represénted by the
general formula:
R1

HO CHZ—CHz—ﬁ‘OY (IA),

R,

wherein one of R, and R, represents methyl or tert-butyl and the other one represents tert-
butyl and Y represents hydrogen or methyl.

Component b)

R, in a compound (II) represents C,-C,.alkyl, particularly n-butyl, tert-butyl, isobutyl, n-pentyl,
neopentyl, isopentyl, n-hexyl, 2-ethylbutyl, 1-methylpentyl, 1,3-dimethylbutyl, n-heptyl,
3-heptyl, 1-methylhexyl, isoheptyl, n-octyl, 2-ethylhexyl, 1,1,3,3-tetramethylbutyl,
1-methylheptyl, n-nonyl or 1,1,3-trimethylhexyl, as well as C,-C,alkyl, particularly branched
C,.-C,alkyl, e.g. 1-methylundecyl, 2-n-butyl-n-octyl, isotridecyl, 2-n-hexyl-n-decy! or 2-n-
octyl-n-dodecyl, or higher homologues thereof.

Component c)

In a compound (lll) R, and R,' independently of one another represent hydrogen or
C,-Calkyl. A particularly preferred compound is thiodiethylene glycol.

A preferred embodiment of the invention relates to a product obtainable by reacting



C, -Cbal kyl; and mrepresents zero or one, and b) At |east one conpound (I1),
wherein R, represents C, -Cleal kyl; and c¢) At |east one corrpoundp&gll
wherein R arYiOR04406Esent hydrogen. A particularly preferredf® PI3930876¢
the invention relates to a product obtainable by re- acting a) At |east one
conpound (1), wherein one of R, and R2 represents nethyl or tert-butyl and
the other one of R and R2 represents tert-butyl; R3 represents hydrogen; Y
represents nmethyl and mrepresents zero; and b) At |east one conpound (11),
wherein R represents C -Clealkyl; and c) At |east one conpound (111),
wherein R5 and RS represent hydrogen. A highly preferred enbodi nent of the
invention relates to a product obtainable by reacting a) A mxture
conprising a conpound (I), wherein R aad R2 represent tert-butyl; R3 repre-
sents hydrogen; Y represents nethyl and mrepresents zero; and a conpound
(1), wherein one of R and R represents nethyl and the other one
tert-butyl; R represents hydrogen; Y represents nethyl and mrepresents
zero; and @) Aieast enestcompound (hyydhergin omd of R, avcbR aepresentsmegthyd oetertsoutyl-aad 8al kyl ;

and c) At | gasknd?ORe 6OHTBRY RCrepridehts teiibRityRiRD res@rﬂgh)%gbééﬁPV?ezﬁélEnt?yd”)gen-
Anot her enboglcﬁtl_ of the invention relates to a product obtainable by
reacting t heCcoARYHBIRIERIGENSEROLT 0% 3 s of the ol ar quantities of the

of 2) 15 cay B pe By whief PR € BIRHI" ot Tea of ) and

is s e um o holar quantities of b) and
C), provi dgdat leat ohd'@nipouad (1)) dHerein/R @hd R) répfesértitg@roged.n regard to b), i.e.
a) _[b) + 2c)]. In another preferred enbodi nent the conponents a), b) and
c) are reakpaticilarlypreferresrenshomimentiof therimentiorofelages @0 a praductiob@ainablellsy ©- : 8. O:
1.0. A nolggpguantity ratio of 2.0: LO 1.0 to 5.0: 4.0 : 1.0 1is
particularly preferred. The products according to the Invention preferably
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process for Prepyband{y representsizerondng ure of

b) At least one compound (Il), wherein R, represents C,-C ,alkyl; and

©) At least one compound (ill), wherein R, and R,' represent hydrogen.

A highly preferred embodiment of the invention relates to a product obtainable by reacting

a) A mixture comprising a compound (l), wherein R, and R, represent tert-butyl; R, repre-
sents hydrogen; Y represents methyl and m represents zero; and a compound (l),
wherein one of R, and R, represents methyl and the other one tert-butyl; R, represents
hydrogen; Y represents methyl and m represents zero; and

b) At least one compound (if), wherein R, represents C -C alkyl; and
C) At least one compound (lll), wherein R, and R, represent hydrogen.

Another embodiment of the invention relates to a product obtainable by reacting the com-
ponent a) with a surplus of the molar quantities of the combined components b) and ¢). Ina
preferred embodiment the molar quantity of a) is smaller than or equal to the sum of the
molar quantities of b) and ¢), provided that the molar quantity of c) is twice with regard to
b), i.e. @) = [b) + 2¢)].

In another preferred embodiment the components a), b) and ¢) are reacted in a molar quan-
tity ratioof 2.0: 1.0 : 1.0 to 10.0 : 8.0 : 1.0. A molar quantity ratio of 2.0:1.0:1.0to
5.0:4.0:1.0 s particularly preferred.

The products according to the invention pkeférabiy comprise the active g}oup



phenol i ¢ sul phur-containing anti oxi dants, which conprises reacting a) At

| east one co wherein R Rz, R3, Y and mare as defi i

with b) At @Qé@gﬁwponpound (11, wherein R is as defined gﬁﬂ@i’?ﬁ)"a{’z"é"%’f
At | east one conpound (I111), wherein R, and R, areas defined above. A
preferred enbodi nent of the process conprises reacting the ester conponent
a) with conponents b) and c), provided that at |least a slight, particularly
a significant, nolar excess of hydroxy groups is present In the reaction

m xture. The three conponents a), b) and c) can be reacted with each ot her
to give the products ac- cording to the invention in any desired sequence.
Preferably, conponent a) is reacted simul- taneously wth conponent b) and
conponent c). The process is preferablygcarried out in the presence of a
suitabl e catal yst, e.g. so-called Lewis bases or acids. Suitable Lew s bases
are netal hydrides, alkylides, arylides, hydroxides, alcohol ates, phe-

nol ates, am des or carboxyl ateg. Exanples of preferred nmetal hydrides are
lithium sodium potassiumor calciumhydride.g An exanple of a preferred
netal alkylide is n-butyllitfiu 8ﬁ§§$L§Hgﬁ_§;preferred metal arylide is
phenyl i thium Exanples of pref ™ Nyedr oxi des are lithium sodium
pot assi um or cal ci um hydr ox- i dé&. anpl es of preferred netal al cohol ates

are lithium sodium or potassium *hanol ate (=nethylate) or ethanol ate
(=et hyl at e.l}l.a

Ex I | _ph di. t [
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oxi de or alum nium
¢) Atleast one compound (lll), wherein R; and R, are as defined above.
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A preferred embodiment of the process comprises reacting the ester component a) with
components b) and c), provided that at least a slight, particularly a significant, molar excess
of hydroxy groups is present in the reaction mixture.

The three components a), b) and c) can be reacted with each other to give the products ac-

cording to the invention in any desired sequence. Preferably, component a) is reacted simul-
taneously with component b) and component c). The process is preferably carried out in the
presence of a suitable catalyst, e.g. so-called Lewis bases or acids.

Suitable Lewis bases are metal hydrides, alkylides, arylides, hydroxides, alcoholates, phe-
nolates, amides or carboxylates.

Examples of preferred metal hydrides are lithium, sodium, potassium or calcium hydride.
An example of a preferred metal alkylide is n-butyllithium.
An example of a preferred metal arylide is phenyllithium.

Examples of preferred metal hydroxides are lithium, sodium, potassium or calcium hydrox-
ide.

Examples of preferred metal alcoholates are lithium, sodium or potassium methanolate
(=methylate) or ethanolate (=ethylate).

Examples of preferred metal phenolates are sodium or potassium phenolate,
Examples of preferred metal amides are sodium or lithium amide.
Examples of preferred carboxylates are sodium or calcium acetate or sodium benzoate.

Examples of suitable Lewis acids are represented by the formulae:



i sopropoxi de. The catalyst is added to conponents a), b) and c) in a
preferred ampunt of 0.05 to 10.0%by weight, preferably in an anmpunt of 1
to 5.0% by waVgr004/85671addition of 0.5 to 2.0%by weight is p%?TfEBa?OaPPWﬁ
preferred. The addition of the catalyst in an inert solvent, such as a po-

| ar protic or non-protic solvent, e.g. nethanol or ethanol, is optional. The
reaction of conmponents a), b) and c¢) in a high-boiling solvent, for exanple
a non-polar aprotic solvent, e.g. xylene, Is optional. The preferred
reaction tenperature range is between 130 and 250C. A particularly
preferred reaction tenperature range is between 130 and 190C. Conponents
a), b) and c) are known and commercially available or can be prepared from
known and commercial |y avail abl e conpoupds by applying known nethods. The
invention relates also to the use of a m xture of the individual conponents
a), b) and c), preferably in the nentioned concentration, as additives in
notor oils, turbine oils, gegr oil's, hydraulic fluids, netal-working fluids
or lubricating greasesp Theyliventi od-Relates in parti cular to the use of

t he product obt t ée nf eacfi R got- eol.,iadl vbdnal conporep s a), b) and
c), preferably gw Pﬁ Bent iGHe concﬁn&ra RQB-ARS - Qddll:i.]d/_%s s 4y motor oils,
turbine oils, ge'?ir oi ks, hydrFaulic fluits, hetal -wotde i ui d§, or

| ubricating greases. Another diment of the inventign relates to a
process fd%‘%‘i‘%ﬁa Re B %&%W@emﬁ& qfiogR apgtherfepresept Gfpiadkytorpienyli dat i ve,

t her mal orCidAjkl isi prefercet] Agpadticakldy preferredheveibaddisplitiutydtin @ddl or@luntioiusai d

conposi ti ngppgpomgter at | east one product as defined above. The invention

| i kewi se relates to a process for protection against corrosion or oxidative

degr adat i Orme@htalyitlicddéled td\échiipadiestsia)) by and §ah awdféireataﬁehhwfw 05 toUoi®s byher ei n
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Anot her erweiahtisparticsfarly peefaried cFhejagdition of thesatalystdn an g solventrsughaga pei ng  A)

A product |aspréted drim@A-pradtiz\selverit)élg Fhetharidl BE&tharivhlis dgtidhal, subj ect to oxi dati ve,
thermal or Iight induced degradation. WO 2004/050671 PCT/ EP2003/ 050876 -8
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fluids and
pr ef er abl ylﬁefﬁrprl se 0.01 to 5.0% by weight, in
Components a), b) and c) are known and commercially available or can be prepared from
known and commercially available compounds by applying known methods.

The invention relates also to the use of a mixture of the individual components a), b) and c),
preferably in the mentioned concentration, as additives in motor oils, turbine oils, gear oils,
hydraulic fluids, metal-working fluids or lubricating greases.

The invention relates in particular to the use of the product obtainable by reacting the indi-
vidual components a), b) and c), preferably in the mentioned concentration, as additives in
motor oils, turbine oils, gear oils, hydraulic fluids, metal-working fluids or lubricating greases.

Another embodiment of the invention relates to a process for stabilising the composition of
matter subject to oxidative, thermal or light induced degradation, which comprises adding
to said composition of matter at least one product as defined above.

The invention likewise relates to a process for protection against corrosion or oxidative
degradation of metals, which are in contact with functional fluids, wherein the reaction
product defined further above, obtainable by reacting the individual components a), b) and
c), is added to the functional fluid. :

Another embodiment of the invention relates to a composition comprising
A) A product as defined above; and
B) A functional fluid subject to oxidative, thermal or light induced degradation.



particular 0.02 to 1.0% by wei ght, of the reaction product, based on the
wei ght of the_func- tional fluid. Exanples of aqueous function £l Ui

| ndustri al cg%’pl %@4/9@62{], filling conpositions of a water conghr(ljt}#h%%osgg%
pl ant, steam generation systens, sea water evaporation systens, sugar
evaporation systens, irrigation systens, hydrostatic boilers and heating
systens or cooling systens having a closed circul ati on. Exanpl es of
suitable partially aqueous functional fluids are hydraulic fluids based on
aqueous polyglycol/ polyglycol ether m xtures or glycol systens,
water-In-oil or oil-in-water systens and engi ne cooling systens based on
aqueous gl ycol. Exanples of non-aqueous functional fluids are fuels, e.g.
hydrocarbon m xtures conprising mnergg_oil fractions which are |iquid at
roomtenperature and are suitable for use in internal conbustion engines,
e.g. internal conbustion engines wth external (petrol engines) or in-
ternal ignition (diesel engines), e.g. petrol having different octane
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combustion engines, e.g. internal combustion engines with external (petrol engines) or in-
ternal ignition (diesel engines), e.g. petrol having different octane contents (regular grade or
premium grade petrol) or diesel fuel, and lubricants, hydraulic fluid, metal working fluid,
engine coolants, transformer oil and switchgear oil.

Non-aqueous functional fluids are preferred, in particular base oils of lubricating viscosity,
which can be used for the preparation of greases, metal working fluids, gear fluids and hy-
draulic fluids.

Suitable greases, metal working fluids, gear fluids and hydraulic fluids are based, for exam-
ple, on mineral or synthetic oils or mixtures thereof. The lubricants are familiar to a person
skilled in the art and are described in the relevant literature, such as, for example, in Chemis-
try and Technology of Lubricants; Mortier, R.M. and Orszulik, S.T. (Editors); 1992 Blackie and Son
Ltd. for GB, VCH-Publishers N.Y. for U.S., ISBN 0-216-92921-0, cf. pages 208 et seq. and 269 et
seq.; in Kirk-Othmer Encyclopedia of Chemical Technology, Fourth Edition 1969, |. Wiley & Sons,
New York, Vol. 13, page 533 et seq. (Hydraulic Fluids); Performance Testing of Hydraulic Fluids;
R. Tourret and E.P. Wright, Hyden & Son Ltd. GB, on behalf of The Institute of Petroleum London,
ISBN 0 85501 317 6; Ullmann’s Encyclopedia of Ind. Chem., Fifth Completely Revised Edition,
Verlag Chemie, DE-Weinheim, VCH-Publishers for U.S., Vol. A 15, page 423 et seq. (Lubricants),
Vol A 13, page 165 et seq. (Hydraulic Fluids).



A) A product as defined above; and B) A base oil of lubricating vi scosi ty.
The lubricants are in ﬂarti cular oils and greases, for exanpl e_base

m neral oil AYOR@YA58671h| e and animal oils, fats, tallow and M%QT/EP2W$9§Q§7QS
t hereof. Vegetable and animal oils, fats, tallow and wax are, for exanple,

pal m kernel oil, palmoil, olive oil, colza oil, rapeseed oil, Ilinseed oil,
soy bean oil, cotton wool oil, sunflower oil, coconut oil, naize oil, castor
oil, wal- nut oil and m xtures thereof, fish oils, and chem cally nodified,
e.g. epoxidised or sul phoxi- dised, forns or forns prepared by genetic

engi neering, for exanple soy bean oil prepared by genetic engi neering.
Exanpl es of synthetic lubricants include |ubricants based on aliphatic or
aromatic carboxylic esters, polyneric_gsters, polyal kyl ene oxides,
phosphoric acid esters, polya olefins of sili- cones of the diester of a

di basic acid with a nonohydric al cohol, e.g. dioctyl sebacate or di- nonyl
adi pate, of a triester of trinethylolpropane with a nonobasic acid or with a
m xt ur e of A partickarlyqreferredcergbodimenteif the ioveptiopeiatestto a hubricany aompaesition

trimethyl olpk Fﬁ@f tricaprylate or mx- tures thereof, of a tetra ester of
pentaerythrlt th a nonobasic acid or with a m xture of such acids, e.g.

pent aer yt hA) tyIAp@aﬁ@egaémbabeovepand)f a conpl ex ester of nonobasic and di ba-
sic acids with polyhydric alcohols, e.g. a conplex ester of

t ri met hyl oBlpr opibase wil ohiulrigating vm:osnamd sebacic acid or of a m xture thereof.
Parti cul arIy suitable in addition to mneral oils are, for exanple,

pol y- a- ol efhelybricants are.ip gartigular gils prd,greases, for sxample based onypigersl °'b?ﬂ"9§?t9'col s and
pol yal kyl eble agd ymmlalsonls,rfats rtamurwNMmmsmremhdnemategetablSand ahirtal oispfatss or
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2004/ 05067 fyrBehérEs 2683 e P ER8er®f pentaerythritol with a monobasic acid or with a mixture of

such acids, e.g. pentaerythrityl tetracaprylate, or of a complex ester of monobasic and diba-
sic acids with polyhydric alcohols, e.g. a complex ester of trimethylolpropane with caprylic
and sebacic acid or of a mixture thereof. Particularly suitable in addition to mineral oils are,
for example, poly-a-olefins, ester-based lubricants, phosphates, glycols, polyglycols and
polyalkylene glycols and mixtures thereof with water.

Said lubricants or mixtures thereof can also be mixed with an organic or inorganic thickener
(base fat). Metal working fluids and hydraulic fluids can be prepared on the basis of the same
substances as described above for the lubricants. These are frequently also emulsions of such
substances in water or other fluids.

The invention relates also to a method of improving the performance properties of lubri-
cants, which comprises adding to the lubricant at least one product as defined above. The
lubricant compositions, e.g. greases, gear fluids, metal working fluids and hydraulic fluids,
may additionally contain further additives, which are added to improve further their per-
formance properties. These include: other antioxidants, metal deactivators, rust inhibitors,
viscosity index improvers, pour-point depressants, dispersants, detergents, high pressure
additives and antiwear additives. Such additives are added in customary amounts, each in
the range from 0.01 to 10.0% by weight. Examples of further additives are listed below:



1. Phenol ic antioxidants 11. Al kyl ated nonophenol s:

di-tert- yl phenol , 2-butyl -4, 6-di net hyl phenol ,
di-tert- b °°ﬂ°§{%k€| phenol, 2,6-di-tert-butyl-4-n-butyl phgﬁngP2003’050876
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2, 6-

2, 6-

2,6-di-tert-butyl -44so- butylphenol 2, 6-di cycl opentyl - 4- net hyl phenol

2- (a- net hyl cydohexyl ) - 4, 6-di net hyl - phenol, 2,6-dioctadecy|-4-nethy|phenol,
2,4, 6- trlcyclohexylphenol 2,6-di-tart-butyl -4- nmethoxynet hyl phenol, |inear
nonylphenols or nonylphenols whi ch are branched in the side chain, e.g.

2, 6-di nonyl - 4- et hyl phenol , 2, 4-di net hyl - 6- (1" - met hyl -undec-1"'- vyl ) phenol,
2, 4-di net hyl - 6- (1' - met hyl hept adec-1' -yl ) phenol, 2, 4-dl nmet hyl-6-(1"-nethyl -
tridec-1'-yl)phenol and m xtures thereof 12. Al kvlthionethvl ohenol s:

2, 4-di octyl t hi onet hyl - 6-tent - butyl phengl.. 2, 4-di octyl hi onet hyl -

6- met hyl phenol , 2, 4-di octyl t hi omet hyl - 6- et hyl phenol ,

2, 6-di dodecyl t hi onet hyl - 4-nonyl - phenol 1.3. Hvdroaul nones and al kyl at ed
hydr oqui nones: 2, 6-ditert-butyl -4-net hoxyphenol, 2,5-

di-tart- b&yMﬂﬂMﬂl_m 2,5-di-tert-anyl -hydroqw none
2, 6-di phenyl - 4- oct adecyl - ox phenol 2, 6-di-tert-but hydr oqui none,

> 5-di -t artbut B Bt metyirhenal A ATy BAPES) .
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2,2 -ethyli den@bPMG tart- butyI 4-i sobutyl phenol), 2,2'-nmnethyl-
h

enebi s[ 6] ar t 3 257 prshul¥iet-ethoxyphenol, 2,5-

2,2 -neth : Julgone
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but yl - 2- et hyl hal;zé-dﬂtehlb%(yﬁn?fddutﬁaHéﬁsdh&lmnymm d?édlé?bwl ) but ane,

G o bRt 2B R SOt (a5 er

1, 1- bi s(5-t ert -botyl-4-hydtexypblerylgdigateet hyl phenyl ) -
1.4. Tocopherols: o, B-, ¥ or 3-tocopherols and mixtures thereof (vitamin E)

1.5. Hydroxylated thiodiphenyl ethers: 2,2'-thiobis(6-tert-butyl-4-methylphenol),
2,2'-thiobis(4-octylphenol), 4,4'-thiobis(6-tert-butyl-3-methylphenol), 4,4'-thiobis-(6-
tert-butyl-2-methylphenol), 4,4'-thiobis(3,6-di-sec-amylphenol), 4,4'-bis(2,6-dimethyl-
4-hydroxyphenyl)disulphide

1.6. Alkylidene bisphenols: 2,2'-methylenebis(6-tert-butyl-4-methylphenol), 2,2'-meth-
ylenebis(6-tert-butyl-4-ethylphenol), 2,2'-methylenebis[4-methyl-6-(a-methylcyclohex-
yl)phenol], 2,2'-methylenebis(4-methyl-6-cyclohexylphenol), 2,2'-methylenebis(6-
nonyl-4-methylphenol), 2,2'-methylenebis(4,6-di-tert-butylphenol), 2,2'-ethylidenebis-
(4,6-di-tert-butylphenol), 2,2'-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2'-methyl-
enebis[6-(c-methylbenzyl)}-4-nonylphenol], 2,2'-methylenebis[6-(o, a-dimethylbenzyl)-
4-nonylphenol], 4,4"-methylenebis(2,6-di-tert-butylphenol), 4,4'-methylenebis(6-tert-
butyl-2-methylphenol), 1,1-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)butane, 2,6-
bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol, 1,1,3-tris(5-tert-butyl-4-
hydroxy-2-methylphenyl)butane, 1,1-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)-3-n-
dodecylmercaptobutane, ethylene glycol bis[3,3-bis(3'-tert-butyl-4'-hydroxyphenyl)but-

(7]




dodecyl mer capt obut ane, et hyl ene gl ycol

bis[3,3-bis(3 -tert-butyl-4"-hydroxyphenyl)but W 2004/ 050671

PCT/ EP2003/ 039 2804050711 at e] , ~ bi s( 3 PCT/EP2003/050876
tert-butyl-4-hydroxy-5-net hyl phenyl)di cycl opent adi ene, bis[2-(3" -tert-

butyl - 2' - hydr oxy-5' - met hyl benzyl ) -6-tert-butyl -4-net hyl phenyl ] t er epht hal at e,
1, 1- bis(3,5-dinethyl-2-hydroxyphenyl) but ane,

2,2-bis(3,5-di-tart-butyl -4-hydroxyphenyl)- propane,
2,2-bis(5-tart-butyl-4-hydroxy-2-met hyl phenyl ) - 4- n- dodecyl ner capt obut ane,
1,1,5,5-tetraki s(5-tert-butyl -4-hydroxy- 2- net hyl phenyl ) pentane 1.7. 0-, N
and S-benzvl conpounds: 3,5,3 ,5 -tetra-tert-butyl-4,4"'-di hydr oxydi benzyl
ether, octadecyl 4-hydroxy-3,5-di nethy{soenzyl nercaptoacet ate,

tridecyl -4-hydroxy-3,5-di- tert-butyl benzyl nercapt oacet at e,
tds(3,5-di-tart-butyl-4-hydroxybenzyl)am ne, bis(4-

tert-butyl-3-hydroxy-2, 6-di net hyl benzyl ) di t hl ot er epht hal at e,

bi 5(3, 5- di -  er ratel Dip(3uenputyh-hicyasabrpethviphepHidiyclopantasiangs bisl2-3'tert

3, 5-di-tert- bUtBﬁ'tyl-é*—r%%&«?}hﬁi@l@%l%éﬁi%—%ﬁ&k&ﬁﬂ%hrtﬁétﬁylﬂheﬁynﬁbﬁﬂﬁéléﬁpﬁ'i‘Zy| at ed

mal onat es: di octadecyl 2, 5-dl -tert-bu - 2- hydr oxybenzyl’) - nal onat e,
di oct adecyl 2- (bsﬁ(a.éJmejhw-?rhydmwas!put@nﬁ@e%9'$éérfh-§qr§fmlﬂﬁyﬂ@,xymeaﬂhecy|
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. 9. r oxybe - & ' : 3,5,3",5'-tetra-tert-b 4'-dihyd i 1 )
L s b ioEb i b Dbyt
benzene, 1, 4- bi o < 1 2180 K hyl benzen
e, 2,4, 6-tri s(tert-buifibetzyirhertaptodcetatel s (3« tarhintyl-AHydrorybehz@jamink; bis@- ne
conpounds: g L . : ithi i i -hy-
2, 4- bi soct yl nertgréggtgl%mﬂmg%el-dl{n ae}hty[bga%yyflghﬂ?{sp&t%a)!@c%rﬁl ﬁ(?’ﬁ'gj teit-béxtyé-4 hy ri azine,
2~ oct yl r ner captdoybenzysuighide, ispogivl 3E-ditarihutd-4hyeroxshenziimersaptoacetates_ ¢ 1 i azi ne,
2- octyl neggapt,Q-4. 6: bi_s 5-di-tart.- l.+.4-.h 0 en 3.5-1riazi ne,
> 4061 1 4857 uiifonshane Uy seibralel! ooty 22 SNSRI drotypdnioh)
1, 3, 5-tri s( 3, 5-malonate, diastadeeyl 2-(Friert-hutyb4ndranS-nethyboragylimalonate, didodecyl
1, 3, 5-tri s(4-t ahérchptbsthyl-2;200i6(B Sxi-toft-tutyllupd ﬁzlwymbkhae;di%ﬁwaar e,

- § !

i _ utpLusmir b _
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T 9>" romatics:,3,5- ) +2.4,6-trimethyl-
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bet a- ( 3. 5- di - t e2,4,64nis(3,5-didteriybatybd-hpdrexypenay)ph@nolni ¢ acid wi t h nonohydric or

pol yhydric al cohols, e.g. with nethanol, ethanol, n-octanol, isooctanol,

oct adecanofl;10. 1Trizzike campounds: 2,4rbisogiyimernsarie-61(3,5eli-efibutyl-4-hydrewfanilino)-1,3,5-

1, 2- pr opanedi ol triaies RtylhercApIsd,6-bis(3,5-di-tert-butyl-4-hydroxyanilino)-1,3,5-triazine, 2-
octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,3,5-triazine, 2,4,6-
tris(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,2,3-triazine, 1,3,5-tris(3,5-di-tert-butyl-4-hy-
droxybenzyl)isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)iso-
cyanurate, 2,4,6-tris(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1,3,5-triazine, 1,3,5-
tris(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)-hexahydro-1,3,5-triazine, 1,3,5-
tris(3,5-dicyclohexyl-4-hydroxybenzyl)isocyanurate

B

Acylaminophenols: 4-hydroxylauranilide, 4-hydroxystearanilide, octyl N-(3,5-di-tert-
butyl-4-hydroxyphenyl)jcarbamate

12. Esters of beta-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid with monohydric or

polyhydric alcohols, e.g. with methanol, ethanol, n-octanol, iscoctanol, octadecanol,
1,6-hexanediol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol,
thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxy-
ethyl)isocyanurate, N,N'-bis(hydroxyethyl)oxalamide, 3-thiaundecanol, 3-thiapenta-

wash
=

decanol, trimethylhexanediol, trimethylolpropane, 4-hydroxymethyl-1-phospha-2,6,7-
trioxabicyclo[2.2.2]octane



t hi odi et hyl ene gl ycol, diethylene glycol, triethylene glycol,
pentaerythritol, tris(hydroxy- ethyl)isocyanurate,

N, N - bi s( hydrvﬁ%zﬂ‘lwpéﬂxal ani de, 3-thi aundecanol, 3-thi apent a- PGEERAYB/050876
trimet hyl hexanedi ol , trinmethyl ol propane, 4-hydroxynethyl-1-phospha-2,6, 7-
tri oxabi cydo[ 2. 2. 2] oct ane WD 2004/ 050671 PCT/ EP2003/ 050876 -12 1.13. Esters
of beta-(5-tert-butyl-4-hydroxv-3-nethyl ohenyl)oroolonic acid (wth
nonohydri ¢ or polyhydric alcohols), e.g. with nmethanol, ethanol, n-octanol,
i sooct anol, octadec- anol, 1, 6- hexanediol, 1,9-nonanediol, ethylene glycol,
1, 2- propanedi ol , neopentyigly- col, thiodiethylene glycol, diethylene
glycol, triethylene glycol, pentaerythritol,

tris(hydroxyethyl)isocyanurate, N, N -bi;s(hydroxyethyl)oxal am de,

3-thi aundecanol, 3-thiapentadecanol, trinethyihexanedi ol,

tri nmet hyl ol propane, 4-hydroxynet hyl -

phospha- 2, 6, 7-tri oxabi cycl o[ 2. 2. 2] octane 1. 14. Esters of

bet a- ( 3. 5- #lit 3.y Eskersaf beth-(S:tert-butyiotkyaivdxy3-methyhhenyiigtomionié adid (With efvdhydsic Or

pol 1y € 2l cqhelin o o A b o o

3.5-di-tert-but ric or yhydrlc
al cohol s, e.g. 3&"9'81 Sthexaned 'é@m@anqﬂlﬂiathybnsslyoq. h%'PTOAﬁﬂQI’éQ! r@ppen

bet a- (3. 5- di -tebt,tﬂmae;ﬂyae&ergwddslpdmawmmmr emmsg@dd,pema@rytmt&tl bi 5(3 5-di -

tert-butyl - 0B 83-thi
N, N - bl s(3, 5 d| -tert 2 1 henyr&yopl ony?ﬂ r rrela#nfieecr?gol am ne,

N, N - bi s(3, 5- d|&mapentamgnol.ztum@téylhﬁ@«pneqmiéwyetpyldptoome ﬂﬂydmmetbyl-ﬁ 17.
Ascorbic acid (ghosphaie, ﬂho&aﬁi@cloﬁf’ﬂﬂectéﬂ&l oxi dant s:
N, N -di i sopropyl - p- phenyl ened| am ne N, N -dl -sec- butyI p- phenyl enedi am ne,

N, N - bi s( 11.44.di Ester i henyvip ‘ ith with inonohydric or

ﬁt Rlyl bi?,sznit PT')(;![ dg}):ta&loﬁél enyl ene- Q teg#]nﬁeem 13

m m gl C{dohﬁxm%mmmwwmmmmmw ne,

I - ( napht

ﬁkiogrgpyl F'ﬁ%‘i %"Pér:ﬁny engagéi“g"-%gP1 IS _ G b ) - N
i mehby | Arkidés Madhysitoy) i e.gEN, Nkbis "N

pheny! < - Pheny | el oo b Cﬁ@Ohﬁgﬁhﬁ@m&nﬁm&m& PR LERE AT By

N, N - di net hyl - -Ndrdwpfleevlpmpbw)tlpn¢mneldam NN"-his(3, 5-d|-tgrbbuyl-4}hydw;y

N (2 Lart oot I BROPRAREREAR i ne” N phonyl - 2- napht hyl amt ne- oty at e
di phenyl amﬁz KscBrbickcid (vn%\'mﬁ eyt- odyl di phenyl am ne, 4-n-butyl am nophenol ,
1.18. Amine antioxidants: N,N'-diisopropyl-p-phenylenediamine, N,N-di-sec-butyl-p-
phenylenediamine, N,N'*-bis(1,4-dimethylpentyl)-p-phenylenediamine, N,N'-bis(1-
ethyl-3-methylpentyl)-p-phenylenediamine, N,N'-bis(1-methyl-heptyl)-p-phenylene-
diamine, N,N'-dicyclohexyl-p-phenylenediamine, N,N'-diphenyl-p-phenylenediamine,
N,N'-di-(naphth-2-yl)-p-phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenedia-
mine, N-(1,3-dimethyl-butyl)-N'-phenyl-p-phenylenediamine, N-(1-methylheptyl)-N'-
phenyl-p-phenylenediamine, N-cyclohexyl-N'-phenyl-p-phenylenediamine, 4-(p-tolue-
nesulphonamido)diphenylamine, N,N'-dimethyl-N,N'-di-sec-butyl-p-phenylenediamine,

diphenylamine, N-allyldiphenylamine, 4-isopropoxy-diphenylamine, N-phenyl-1-
naphthylamine, N-(4-tert-octylphenyl)-1-naphthylamine, N-phenyl-2-naphthylamine,
octylated diphenylamine, e.g. p,p'-di-tert-octyldiphenylamine, 4-n-butylaminophenol,
4-butyrylaminophenol, 4-nonanoylamino-phenol, 4-dodecanoylaminophenol, 4-octa-
decanoylaminophenol, di-(4-methoxyphenyl)amine, 2,6-di-tert-butyl-4-dimethylami-
nomethylphenol, 2,4'-diaminodiphenylmethane, 4,4'-diaminodiphenylmethane,
N,N,N',N'-tetramethyl-4,4'-diaminodiphenyimethane, 1,2-di-[(2-methyiphenyl)-
amino]ethane, 1,2-di-(phenylamino)propane, (o-tolyl)biguanide, di-[4-(1',3'-dimethyl-
butyl)phenyllamine, tert-octylated N-phenyl-1 -naphthylamine, mixture of mono- and



4- but yryl am nophenol , 4-nonanoyl am no- phenol, 4-dodecanoyl am nophenol
4-octa- deca | am enol , di- (4-nethoxyphenyl)am ne, 2,6-di-

but yl - 4-di m{\ﬁélzﬁm/&%ﬁ t hyl phenol , 2, 4'-di am nodl phenyl net haﬁéﬂﬁnoosmsosm
4, 4" - di am nodi phenyl net hane,

N, NN N ,N -tetramet hyl -4, 4" -di am nodi phenyl net hane, 1, 2. di - [ ( 2- net hyi phenyl ) -
am no] et hane, 1, 2-di-(phenyl am no) propane, (o-tolyl)bi guani de,

dl-[4-(1,3 -dinmethyl - butyl)phenyl]amne, tert-octyl ated

N- phenyl - 1- napht hyl am ne, m xture of nmono- and WD 2004/ 050671

PCT/ EP2003/ 050876 -13 dialkylated tart-butyl/tert-octyl di phenyl am nes,

m xture of nono- and dial kyl ated non- yl di phenyl am nes, m xture of nono- and
di al kyl at ed dodecyl di phenyl am nes, m xi{gye of nono- and di al kyl ated

i sopropyl /i sohexyl di phenyl am nes, m xtures of nono- and dial kyl at ed
tert-butyl di phenyl am nes, 2, 3-di hydro- 3, 3-di net hyl -4H 1, 4- benzot hi azi ne,
phenot hi azi ne, m xture of nono- and di al kyl ated tert-butyl

t ert - oct yl phendlidikylatédted-butyifierttogtyldiphenylamines, sixitirel obnénd- and dialkylated non-

tert-octyl phe“%?;&h%ﬁ*l&ﬁﬁes,'}hiﬁh}d/df%ﬁaﬂéﬁaiﬂﬂy&?ed dodecyldiphenylamines, mixture
N, NN ,N-tetraphenyl-1,6 4

,4-d .nobut - 2-ene, . .
N, N bi 5- ( 2, 2, 6,9 moBbransislalaieEoRmopyiehexyitiphenylanynes iUFRS AT AiAArand
bi s- (2, 2, 6, 6- t alialkyatedtettbuiyisichénylamings, R:Sediyrle-3-dined)yb-48-1 4-benzothiazine,
Bt oxt dant o " S ohfiedng Mixuré of iBnd: "‘"@é’é’“{éf"- [erbbapikblyhonharsel | 1
Be1 d ot -t hi odakADES o mRopy A A B2 htsiizaes NobiPrarohiEBhos phor |
aci d, 2,2, 12, 12N.NN'Nitetraphemyt1.4-digminohyiR-eney NN-bis-(2,2,6 Srtetrraathylpiperigined-and
2,2,15,15-tetr = <l 62X -t%g;%rq - |  Furt her
met al deacti vat lrs, X@?@Y'%ﬁ"@%%éy.izﬁq en%%ﬁ?'ﬁ%‘zdgﬁgﬁ%gg%r ; Vai?i ves
t hereof : 2- mer datfrosiyiiearidingd-ene 2,266 tetramathylpiperidineto! 2ot ri azol e, 4- or
5-al kyl b i | es. i deri [ t '
2506 701 oty EHBE SnfudfisCan ‘a?*‘gfgfé!%ﬁf*"%ﬁ%%gﬁ%ﬁe%ﬁ%%@fh%ﬁ‘@w&?!ﬁ%ﬁd Fenni ch
bases of beithiediadetic agidorsalts of dithiorarbamie or ditiiaphegphoric acid, 2,2,12,12-tetrame-
1- [ di ( 2- et hyithyes eldmdrsysi7imiithlabiddtdriedna 22, F5)b-tetramethyl-5, 12-dihydroxy-

1-[di (2-ethyl ] | enzotriazol e; al koxyal kyl benzotr1 azol es,
such as 1- (ﬁ%ﬁ%@\%@%ﬁﬁ%’{%ﬁ%&ri azole, 1 -(1 -butoxyethyl)benzotriazole
and 1- (1- cyclrahferetal Qudtivindls) 6.8! fof &dppéel € 3.2. 1.2.4 Triazoles and :
derivatives t‘he;ﬁeo'f:—?-_arwr'% or arylpﬁ, 2,4-triazoles, Mannich bases of
1,2, 4-tri agal esBenzukibizolss shd(ddiivalivesthatbfc2-yrefaapiobenretriaydié, 2}5-dimérdapiodae| €;

al koxyal kyl - 1, 2,qfeL b 32 O 6 Sk tifbnSoids (ol Riluise) 4 derbatvesd ibldofi 20! ©:

acyl at ed 3am no- , riaz
y 4,5,6,’7-tetrahydro€enzotn‘azole, 5,5-methylenebisbenzotriazole; Mannich bases of

benzotriazole or tolutriazole, such as 1-[di(2-ethylhexylaminomethyl)]tolutriazole and
1-[di(2-ethylhexylaminomethyl)]benzotriazole; alkoxyalkylbenzotriazoles, such as 1-

(nonyloxymethyl)benzotriazole, 1-(1-butoxyethyl)benzotriazole and 1-(1-cyclohexyl-

oxybutyl)tolutriazole

3.2. 1.24-Triazoles and derivatives thereof: 3-alkyl (or aryl)-1,2,4-triazoles, Mannich
bases of 1,2,4-triazoles, such as 1-[di(2-ethylhexyl)aminomethyi]-1,2,4-triazole;
alkoxyalkyl-1,2,4-triazoles, such as 1-(1-butoxyethyl)-1,2,4-triazole; acylated 3-amino-
1,2,4-triazoles

3.3. Imidazole derivatives: 4,4"-methylenebis(2-undecyl-5-methylimidazole), bis[(N-
methyl)imidazol-2-yljcarbinol octyl ether
34. Sulphur-containing heterocyclic compounds: 2-mercaptobenzothiazole, 2,5-dimer-

capto-1,3,4-thiadiazole, 2,5-dimercaptobenzothiadiazole and derivatives thereof; 3,5-
bis[di-(2-ethylhexyl)aminomethyl}-1,3,4-thiadiazolin-2-one o

3.5. Amino compounds: Salicylidenepropylenediamine, salicylaminoguanidine and salts
thereof

4. Corrosion inhibitors



33. Imdazol e derivatives: 4,4 -nethyl enebis(2-undecyl 5-nethylim dazoie),

bi s[(N- nethyl )i m dazol -2-yl]carbinol octyl ether 34. Sul phur-containin

het er ocycl i c WORPMHE&T1 2. er capt obenzot hi azol e, 2,5-di mer-  PCT/EP2003/030876
capto-1, 3, 4-t hi adi azol e, 2, 5-di mer capt obenzot hi adi azol e and deri vati ves

t hereof; 3,5- bis[di-(2-ethylhexyl)am nonethyl]-1, 3, 4-thiadiazolin-2-one 35.
Am no conpounds: Salicylidenepropyl enedi am ne, salicyl am noguani di ne and
salts thereof 4. Corrosion inhibitors WO 2004/ 050671 PCT/ EP2003/ 050576 -14
1. Oganic acids, their esters, netal salts, amne salts and anhydri des:
e.g. alkyl- and al- kyenylsuccinic acids and partial esters thereof with

al cohol s, diols or hydroxycarbox- ylic acids, partial am des of al kyl- and
al kenyl succi ni ¢ aci ds, 4-nonyl phenoxyacgtic acid, alkoxy- and

al koxyet hoxycar boxyl i ¢ acids, such as dodecyl oxyacetic acid, dode-

cyl oxy(et hoxy)acetic add and am ne salts thereof, and furthernore

N- ol eoyl sarcosi ne, sorbitan nonool eate, |ead naphthenate, al kenyl succinic
anhydri des4.1.e. @roahicisaids)their esters: metat salts/aniine shits and anhydrides: e.g. alkyl- and al-

2- (2-car boxy ot Rk s lOHE s nd Tkl b SRA i oSl i et

particul ar sodi gm'salts an nolam ne salts n-cont ai ni ng
conpounds: 4. 2 .Yic acjds, partighamidesaf alkylrand alkepylgycsiniciagida: 4-aonyligharaxyasslic ani ne
sal }3 S o:‘ or ganiaeidagikoxynandakoxgethagtarboxgligacids| such ak dbdezylokyeagbtivarian dods-
car boxyl at es, 1= - hy-
i oxyot hyl > ani QP UUhORICER; Gid and kg b b ang fpthgrmons N.cleoyisarcosine,
conpounds, e. g.SoRilaR mppepleste. leadnapbihenate, alkanylsyceibie anhydddesgeg. doslepryt-5 -
cbl ecenyl d1 (2- lh)sﬂbmy &iHydlige, lai(ﬁeambi:yemyw ~d5dé qylw-rneﬂtylgty?émi ad Slélﬁhmtebﬂ s:

ari um di nony . etro- | eum sul phonat es,

08 B SpAaH SBROAR Bnarc i B

al kyl t hi o- subs at1 c carboxy , esters of aliphatic 2-

sul phocar bgzyl il‘ditr@' %Slgtﬁiﬂﬁ!gﬁéhlbﬁuﬁd@.er%f 6. Viscosity index inprovers:

pol yacryl ates, polynet hacrylates, vinylpyrrolidone/nethacry- |ate

copol yner s4.2do|Tevtianyaliphaticaind dydoaliphatio amjries edamnine saitsf of orgaoisang inerganic

Dol y( ot by aer y1 SCRCeBIUERLR akfankEnth rtorytan qrMHorR TP TRAPEE Y - e

f umar ate copol ;fﬁ%et,“V'éﬁ"@crlg*@WHQé’rﬁ‘ﬂ&? _ "C?é?'i vatives o ’

D1 Sper sant gh3u HatbaRiconfyRlLNdY b B oSt WAELARes tha BRLSRHSCRY! SHgHA" M des.
Y decenyl-1-(2-hydroxyethyl)imidazoline

5. Sulphur-containing compounds: barium dinonylnaphthalenesulphonates, calcium petro-
leum sulphonates, alkylthio-substituted aliphatic carboxylic acids, esters of aliphatic 2-
sulphocarboxylic acids and salts thereof

6. Viscosity index improvers: polyacrylates, polymethacrylates, vinylpyrrolidone/methacry-
late copolymers, polyvinylpyrrolidiones, polybutenes, olefin copolymers, styrene/acrylate
copolymers, polyethers

7. Pour point depressants: poly(meth)acrylates, ethylene-vinyl acetate copolymers, alkyl
polystyrenes, fumarate copolymers, alkylated naphthalene derivatives

8. Dispersants/Surfactants: polybutenylsuccinamides or polybutenylsuccinimides, polybu-
tenylphosphonic acid derivatives, basic magnesium, calcium and barium sulphonates and
phenolates

[©

High pressure and antiwear additives: sulphur- and halogen-containing compounds, e.g.
chlorinated paraffins, sulphonated olefins or vegetable oils (soy bean oil, rapeseed oil),
alkyl or aryl di- or trisulphides, benzotriazoles or derivatives thereof, such as bis (2-ethyl-
hexyl)aminomethyl tolutriazoles, dithiocarbamates, such as methylenebisdibutyl dithio-
carbamate, derivatives of 2-mercaptobenzothiazole, such as 1-[N,N-bis(2-ethylhexyl)-
aminomethyl}-2-mercapto-1H-1,3-benzothiazole, derivatives of 2,5-dimercapto-1,3,4-
thiadiazole, such as 2,5-bis(tert-nonyldithio)-1,3,4-thiadiazole



t enyl phosphoni c acid derivatives, basic magnesium cal ci um and bari um

sul phonat es and henol ates 9. H| gh pressure and antiwear additive

sul phur - and ¥MAI128%E0%Hnt ai ni ng conpounds, e.g. chlorinated pﬁggﬂﬁﬁ‘f?ms””“
sul phonat ed ol efins or vegetable oils (soy bean oil, rapeseed oil), alkyl
or aryl di- or trisulphides, benzotriazoles or deri vati ves thereof, such as
bis (2-ethyl- hexyl)am nonethyl tolutriazoles, dithiocarbanmates, such as
met hyl enebi sdi butyl dithio- carbanmate, derivatives of

2- mer capt obenzot hi azol e, such as 1-[N, N-bi s(2-ethyl hexyl) -

am nonet hyl ] - 2- mer capt o- 1H 1, 3- benzot hi azol e, derivatives of
2,5-dinmercapto-1, 3,4- thiadiazole, such as 2,5-bis(tert-nonyldithio)-1,3,4
t hi adi azol e WO 2004/ 050671 PCT/ EP2003/ 0876 -15 10. Substances for

reduci ng the coefficient of friction: lard oil, oleic acid, tallow, rapeseed
oil, and sul phurised fats, am nes. Further exanples are stated in EP-A-0
565 487 11. Speci al addl tives for use in water/oil metal processing and
hydraul i ¢ 10.Substances g e aopff cof friglion: lerdsoil, plaisieaidctallovamépeseed gilich as
pol yoxyet hyl ghgSuiptiirised fats Bies. F&ﬂﬁeﬁe&&hﬁlé%fﬁ&ruﬁmﬂﬁﬁﬂhﬁ ances 11.2.
Buf fers: al kanol am nes 113. Biocides: triazines, thiazolinones,
trisnitromgl.iSpacal aod ﬂ;cfbn use.in watelrlmlhmatalrpmbaaﬂdnrﬂl hyddaiilicHluidst ocessi ng speed

i mprovers: cal ci um sul phonates and bari um sul phonates. Said conponents can
be admi xed1l.d. tEmulsifiersinetpleun sulpbaiatasoamings, sushaspolyoryetviatesdatiyemines, | s

al so possi bl e tfnRéRPsUrRcéaCheeettaneés or a so-call ed additive package,

which can be di- luted to the concentrations of use for the correspondi ng
| ubri cant Mrmakandmnm@chni cal requi rerrent s. Exanpl es Abbreviations;
AO antioxidants, h: mn m nut e(s p: bhoiling point, LC liquid

chr omat ogr b8y, Ms—iné%'&?s' linenes, disnitrepetbane, §]°’Ph91"§t sodjura pyidingphiolcr ease
Exanple 1 'Q.Z Bk 0.016 e%%'. |] h| u Jr%t{l%nlo tafgql%ny&srr%w#&oé) are added

to a mxtu f
4- hydr OXypbﬁ@ﬂ}r}\ rﬂ:ﬂtsQ:Bh Be aGrh&eJr?JMhub%érﬂ "comﬁés&ioﬁgn 8 nldAnéridhoWR Ipk r se. It

3-(3-t-but - et h n 77.75 ¢
(0. 597 ol 31588°§§(Y9? Rterpisacanteftase oA BsaesgagfydSacbagt, WhEh AR BRI by cne

gl ycol . Thhited to-the congerntetions queejforthEerhSpanding’mbm@t)mdﬁng todthe teghinical essur e.
After cool idigirdrRertOm t enper a-

Examples
Abbreviations:

AQ: antioxidants, h: hour(s), min: minute(s), bp: boiling point, LC: liquid chromatography,
TAN: total acid number [mg KOH/g], Visc: viscosity increase

Example 1

6.02 g (0.016 mol) lithium methylate (10% in methanol) are added to a mixture of 182.22 g
(0.623 mol) 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionic acid methyl ester, 143.62 g

(0.574 mol) 3-(3-t-butyl-4-hydroxy-5-methylphenyl)propionic acid methyl ester, 77.75 g
(0.597 mol) iso-octanol (Exxal®8) and 39.59 g (0.324 mol) thiodiethylene glycol. The mix-
ture is stirred for 6 h at 170-180°C under reduced pressure. After cooling to room tempera-
ture the raw product is dissolved in 300 ml petroleum ether (b.p. 60-90°C), neutralised with
some aqueous citric acid and washed with water. After evaporating the solvent under re-
duced pressure and drying to constant weight in vacuo a yellowish oil is obtained.

Refractive index of n,: 1.5157; Elemental Analysis: C: 72.77, H: 9.85, S: 2.62 [%, found];
LC: 55.3% phenolic monoesters, 36.1% phenolic diester of thiodiethanol, 3.3% phenolic
monoesters of thiodiethanol, 2.9% phenolic methyl esters.

Example 2:

1.71 g (6.9 mmol) Manalox®1 30 catalyst (85% alumium isopropoxide in petroleum distil-
lates) are added at 95 - 100°C to a pre-dried mixture of 292.4 g (1.0 mol) 3-(3,5-di-t-butyl-



ture the raw product is dissolved in 300 m petrol eumether (b.p. 60 90C)
neutralised with sonme aqueous citric acid and washed with water.
evaporating tW& 28408671 under re- duced pressure and drying to 53%239?(050876
wei ght in vacuo a yellowi sh oil is obtained. Refractive index of nom
1.5157; Elenental Analysis: C 72.77, H 9.85, S 2.62 [96, found]; LC
55. 3% phenol i ¢ nonoesters, 36.1 % phenolic diester of thiodiethanol, 3.3%
phenolic nonoesters of thiodiethanol, 2.9% phenolic nethyl esters. Examle
2: 1.71 g (6.9 mol ) Manal ox(r) 130 catal yst (85% al um um i sopropoxi de in
petroleumdistil- lates) are added at 95 -100C to a pre-dried m xture of
292.4 g (1.0 mol) 3-(3,5-di-t-butyl WO 2004/ 050671 PCT/ EP2003/ 050876 -16
4- hydr oxy- phenyl ) propi onic add nethyl egter, 68.6 g (0.528 nol) iso-octanol
(EXXAL 8) and 30.0 g (0.246 nol) thiodiethylene glycol. The m xture is
stirred under reduced pressure for 6 hat 158-160C and at 180 -182C for an
additional 6 - 8 h. After cooling to 95C, 12.0 g Filtrol(r) or Engel hard
Grade 13 cf-hydrpxy-phingdprogineic addpiethyl ester, 6&6 §(2.52fmell isooctarol(EXNAle8) andeduced

(F:Jlf g SS 3;195 5.0 ?f(o 246 Fﬁog dthb@ieﬁ@!&h@ﬁi&cdsl ihfg'nkuitﬁfeqést#@d Qngerﬁlé@:cé@ Fefs‘aie 1o ﬁdgl |13i .
bt i ned. St b3 Bho€and sl Tk 0Bt R ot Badhonsfe s 3 confitn S 1A °d
di est er s oFiltrol® otfingelhandIrade)l Fclay is addsels meetamperetumn ineesased tofl ZO‘KI wuleet hanol ,

3.0 - 3. 5%e9h€éﬂ réssur@ By 80 Aitd BleonterEibTilkePed2.0'd bé-c%mfm.edéidaaw@i gs the

Bt oxi darfie p@%ﬂ?@@g E%ﬁbP%%tagdgﬁ‘a‘aﬁneﬁ%wﬂgc*'( HoBBIBR o1 1 5. 3. 1 ASTMI D
4636: St a“ﬁé‘rsqoteﬁ%% e S TRTIORTAE S8, Mo G A RS e MlndFs 201

oils, aircraft tur e engi ne, | ubricants ned oils. To
test the anPi &Pmﬁkcrﬁev%fshafﬁb@dw aa%%%%ﬁﬁb%mﬂ'Fm?“b’b &F-ni ng i quid
phenolic sul - phur-containing additives, an aging test in neat

pol yal phaol efi n (PAO, Durasyn(r)) synt hetic oil is carried out for 72 h at
191 C wi t hExanmgley of 5 | air per h In the presence of five netal test

speci nen of Fe, ? Mﬂ‘and Cu. After the conclusjon of the test the
condition BHSeREP ea!&éﬂatsﬁ & perfgeaanse apneystapsyrthesisliguidpbenelicdulhumber and t he
per cent anphurtconfainiigsahtioxitiants fExarnpleésisand 2]as stabilisdgan goisrroits.ed and t he
corrosion of the netal test specinmen. The results are reported in Table 1.
WO 2004/ 0584 ASTMAY #6362 Stapdard dest tor cortasiveness and oxidation stability of hydraulic oils,

aircraft turbine engine lubricants, and other highly refined oils.

To test the antioxidant performance of a test composition containing liquid phenolic sul-
phur-containing additives, an aging test in neat polyalphaolefin (PAO, Durasyn®) synthetic
oil is carried out for 72 h at 191°C with a flow of 5 | air per h in the presence of five metal
test specimen of Fe, Ag, Al, Mg and Cu. After the conclusion of the test the condition of the
aged oil is assessed by measuring the acid number and the percent amount of viscosity in-
crease, the sludge generated and the corrosion of the metal test specimen. The results are
reported in Table 1.



Tabl e |

AO Conposition Test Test Ref. 1*

Ref. 2*

Ref . 3*

Test ed Conpo-

Conposi tion Conponents sition 1 2 DURASYN 166 Bal ance Bal ance Bal ance
Bal ance Bal aN¥@2004{8506%0x 157' 0.3 0.3 0.3 0.3 0.3 Irganet (r) PSI/EP3003/0308G6 |
0.1 0.1 IRGANOX Li 35" 0.3 0.127 |RGANOX 1035" 0.3 0.138 | RGANOX 1300"

0.035 Exanple 1 0.3 Exanple 2 0.3 Results A TAN[ng KOH g] 6.8 3.0/4.8 6.5
3.4/2.6 32 A Visc 40C [96] 23.3 25.8/23.6 51.7 10.5/21.1 17.8 Sludge

[mg/ 100 m] 19.2 9.8/14.8 12.6 72.1 /30.3 61.7
"1 RGANOX L57 (al kyl ated di phenyl
and R hydrogen,
tert-butyl
Rl 0~114 ~NRZ

or octyl
"1 RGANOX Li

t he other one tert-butyl
"1 RGAMVET 39 (tol utdazol

or octyl;

based net al

'Referenti al
am ne antioxidant): R

/I R

Conposi tion

or both R and R

deactivator):
35 (liquid ggter type phenolic antioxidant):

O

HO CHZ CH2 11 O R ' 91 RGANOX 1035 (solid dineric sul phur-containing ester

type phenolic antioxidant): WO 2004/ 050671 PCT/ EP2003/ 050876 -18 O
Table 1

AO Composition Test Test Ref. 1* Ref. 2* Ref. 3*
Tested Compo- | Composition
Components sition 1 2
DURASYN 166 Balance Balance Balance Balance Balance
IRGANOX L57" 0.3 0.3 0.3 0.3 0.3
Irgamet® 397 0.1 0.1 0.1 0.1 0.1
IRGANOX L135% 0.3 0.127
IRGANOX 1035" 0.3 0.138
IRGANOX 13007 0.035
Exarmple 1 0.3
Example 2 0.3
Results
A TAN [mg KOH/g] 6.8 3.0/4.8 6.5 3.4/2.6 3.2
A Visc 40°C [%] 23.3 25.8/23.6 51.7 " 10.5/21.1 17.8
Sludge [mg/100 mI] | 19.2 9.8/14.8 12.6 72.1/30.3 61.7

“Referential Composition

H one of R

N~ N

YIRGANOX L57 (alkylated diphenyl amine antioxidant):

one of R and R' hydrogen, the other one tert-butyl or octyl; or both R and R’ tert-butyl or octyl
JIRGAMET 39 (tolutriazol based metal deactivator):

JIRGANOX L135 (liquid ester type phenolic antioxidant):

o)

HO CH;-CH——0-R

“IRGANOX 1035 (solid dimeric sulphur-containing ester type phenolic antioxidant):



CHO\ CHrCH~-OCHZ CH2 S 2 Q RGANOX 1300: O HO CH2 CH2 11 O CH5 There
is no significant corrosion of any of the netal test specinen tested.
Referenti al W32004050678si ti ons 2 and 3, which contain 0.3% and@/EB¥WIS/850876c
phenol i ¢ sul phur-containing antioxidant | RGANOX 1035, produce higher
anounts of sludge. The anount of sludge is lowin the test conpositions
according to Exanples 1 and 2, which are based either on a m xture (Exanple
1) or one (Exanple 2) phenolic antioxidant(s) of the forrmula |I. 3.2 Deposit
test The Hot Tube Test is an analysis of lubricant effect on diesel engine
scuffing according to S. OChkowa, et of., SAE Technical Paper Series,
840262, Detroit /USA 1984. An assessnent of pis- ton deposits, oxidation and
detergency ef fects associated with an i formulation is made by slowy
feeding the oil together with corrpresseg air through a heated gl ass
capillary tube. The oil flows through the hot glass capillary tube while
wetting the inner wall of the tube and formng lacquer. Tests are run for
16 h at a tenperature of 248 At the concl usi on of the test, the tubes
are washed and rated for |c| e ess. | e of O- is used to rate the
tubes with 10 bei ng conpllet@ aCH +CH~ ®tely bl ackened. The
results are re- ported in Tab . 3.2 xidation Tesk HPDSC Hi gh- pressure
differential scanning calori‘metry (HPDSC) is used to deternmi ne the oxidation
stabi | ity ffcafiox 186g;mul ations and additives. A small quantity of formulated
oil in an alumnium pan is placgd in a test cell, which is pressurised wth
oxygen to 150 psi. The cell is Aeated to a 190C and hel d at that
tenperature until an exotherm c rEajti on occigrs. The extrapol ated onset
time is determnmined and repor % €CHx® ' Hnduction tine for the
formul ation. The results are ~gported in Table 2. 3.3 Viscosity Increase
Test (C ba Viscosity Increase Tedt, CVIT) In the test according to G A
Mazzamaro et at., SAE Techni cal Paper Series, 940793, De- troit/USA 1994 a

f or mul at edThsre Is e sigaificank goreasientof sakofitae metabigstapedmery testad Refsrential Teskd sol ubl e
WD 2004/ 0506 gositions Zad)8,34KIEHEMEain 0.8% arida0)1 3836 of the pRenolib sulphiuticontainig heat ed

to 140 C i %tf%xfé&:ﬂ*‘ifcm&? 1 6§§? p?&‘dﬁ%@ ﬂighér am&m orf Hﬁé’dégﬁ\e amount of sludge is
low in the test compositions according to Examples 1 and 2, which are based either on a
mixture (Example 1) or one (Example 2) phenolic antioxidant(s) of the formula 1.

3.2 Deposit test

The Hot Tube Test is an analysis of lubricant effect on diesel engine scuffing according to S.
Ohkawa, et al,, SAE Technical Paper Series, 840262, Detroit /USA 1984. An assessment of pis-
ton deposits, oxidation and detergency effects associated with an oil formulation is made by
slowly feeding the oil together with compressed air through a heated glass capillary tube.
The oil flows through the hot glass capillary tube while wetting the inner wall of the tube
and forming lacquer. Tests are run for 16 h at a temperature of 248° C. At the conclusion of
the test, the tubes are washed and rated for cleanliness. A scale of 0-10 is used to rate the
tubes with 10 being completely clean and 0 being completely blackened. The results are re-
ported in Table 2.

3.2 Oxidation Test HPDSC

High-pressure differential scanning calorimetry (HPDSC) is used to determine the oxidation
stability of oil formulations and additives. A small quantity of formulated oil in an aluminium
pan is placed in a test cell, which is pressurised with oxygen to 150 psi. The cell is heated to
a 190°C and held at that temperature until an exothermic reaction occurs. The extrapolated
onset time is determined and reported as the oxidation Induction time for the formulation.
The results are reported in Table 2.

3.3 Viscosity Increase Test (Ciba Viscosity Increase Test, CVIT)

In the test according to G. A. Mazzamaro, et al., SAE Technical Paper Series, 940793, De-
troit/USA 1994 a formulated oil containing additives is mixed with hydroperoxide and soluble



the oil at a flowrate of 51 per hour. Sanples are taken periodically for
vi scosity measure- nents. The tine period to achieve a 375% vi scosit
increase i s ¥PaPOH138¢flas a nmeasure of the oxidative stabili tl)’/CWP?%émsos%
sanple. The results are reported in Table 2. Table 2 AO Conposition Test
Test Ref. 1* Ref. 2* Ref. 3* Ref. 4* Tested Conposition Conposition
Conmponents 1 2 MIX-1 21 Bal ance Bal ance 100 Bal ance Bal ance Bal ance
1 1.0 Exanple 2 1.0 I RGANOX Li 35" 1.0 0.41 |1RGANOX 10354' 1.0 0.49
| RGANOX 1300 0.10 Results Hot Tube Deposit 5/4.5 5/4 3/3 4/4.5 4/5 3.5/4
Test [rating] HPDSC, induction 68/ 71 54/54 33/30 52/53 61/62 56/53 tine
[mMn] VIT[h] 110/102 79/88 33/33 74/ 75 124/ 114 98/ 98 'Referenti al
Conposition 'MLX-1 is a SAE 30 CE qualifgy. | evel heavy-duty diesel base
formulation. It contains dispersant, deter- gent, antiwear and antifoam
addi tives but no supplenental antioxidant. ''lIRGANOX L135: see Table 1

91 RGANOX 1035: see Table 2 11 RGANOX 1300: see Table 3 There are sone

| npr ovemreniren eatalysts; The mixtise sheated 4 1407, C ingx glass kbiezand oxygen| isklpwn througls  shown

by the TestheGnEPPfidW FANSF U Fbi Hodr. SdmpléiRare AkérnptFiotiRAly For visessity idasisr@TPOSi ti ons

Exanpl e

Combos t 1 oe"s: The e b finfele 4 37lBeosly Pistieidaserififed Ba mpsiedl: 1 ng )
At | east othe osidatiestabiility of the sample. The results are reported in Table 2.
Table 2
AO Composition Test Test Ref. 1* '| Ref. 2* Ref. 3* Ref. 4*
Tested Composition | Composition
Components 1 2
MTX-1? Balance Balance 100 Balance | Balance | Balance
Example 1 1.0
Example 2 1.0
IRGANOX L135% 1.0 0.41
IRGANOX 10357 1.0 049
IRGANOX 13007 0.10
Results
Hot Tube Deposit 5/4.5 5/4 3/3 4/4.5 4/5 3.5/4
Test [rating]
HPDSC, induction 68/71 54/54 33/30 52/53 61/62 56/53
time [min]
VIT [h] 110/102 79/88 33/33 74/75 124/114 98/98

IReferential Composition
AMTX-1 is a SAE 30 CE quality level heavy-duty diese! base formulation. It contains dispersant, deter-

gent, antiwear and antifoam additives but no supplemental antioxidant.
JRGANOX L135: see Table 1
“IRGANOX 1035: see Table 2
FIRGANOX 1300:; see Table 3

There are some improvements over the base formulation, referential formulation 1, as shown
by the Test Compositions 1 and 2 in the various tests. The test compositions are, in general,
more efficient and perform better than the Referential Compositions 2, 3 and 4.




O 11 HOCHZ-(SmCH2 0-Y (), R R wherein one of R and R2

i ndependently of one another represents hydrogen or a substitu- ent selected
fromthe group consisting of C -C Bal kyl, phenyl, (C, -C, alkyl), ,phenyl,
phenyl -C, -C, al kyl, (C -C, alkyl),_,phenyl-d-C, alkyl, CS d,cycloal kyl and
(C -Calkyl), ,CS d,cycloal kyl; and the other one represents a substituent
selected fromthe group consisting 6f20-C, -C,, al kyl, phenyl,

(C -C al kyl), ,phenyl, phenyl-C -C, al kyl, (C, -C, al kyl), ,phenyl- C, -C3al kyl,
CS Cl2cycl oal kyl and (C,-C,alkyl), ,CS C'cycloal kyl; R3 represents hydrogen
or net hyl ClXimspresents hydrogen or C,-C6al kyl; and mrepresents zero or 1;
with b) At | east one conmpound R4-OH (I1), wherein R4 represents

C - C25al kyl ; an rS%uc%tobké?ﬁaqéle BPfeacanpound HO-S~OH (I11), RS RS wherein RS
and RS i ndependently of one another Tepresent hydrogen or C, -C6alkyl. 2. A
product accor dianoattifasEbAé Bdrhp8BARi Nabl e by reacting a) At |east one conpound
(1), wherein one of R and RB represents nethyl or tert-bu- tyl and the
other one of R and R reprlesents tert-butyl: R3 represents hydrogen; Y
represents Cl-C6al kyl; and resents zerdor one; and -21 b) At |east
one conpound (11), whereHf Sde@)sCe,—¢c Q¥ kyl ; and.c) At |east one
conpound (111), wherein R5 a ,' represent hydrogen. 3. A product
according to claim 2 obtairgble fQy reacting a) At |east one conpound (1),
wherein one of R and R2 represents nethyl or tert- butyl and the other one
of R and R reprgQp&eis tert-butyl; R3 represents

one of R, and R, independently of one another represents hydrogen or a substitu-
ent selected from the group consisting of C,-C,,alkyl, phenyl, (C,-C,alkyl), ,phenyl,
phenyl-C,-C,alkyl, (C,-C,alkyl), ,phenyl-C,-C,alkyl, C,-C,,cycloalkyl and
(C,-C,alkyl), ,C,-C,cycloalkyl;

and the other one represents a substituent selected from the group consisting of
C,-C, alkyl, phenyl, (C,-C,alkyl), ,phenyl, phenyl-C,-C.alkyl, (C,-C,alkyl), ,phenyl-
C,-C,alkyl, C,-C,,cycloalkyl and (C,-C,alkyl), ,C,-C,cycloalkyl;

R, represents hydrogen or methyl;
Y represents hydrogen or C,-C,alkyl; and
m represents zero or 1; with
b) At least one compound
R,-OH an,
wherein R, represents C,-C,.alkyl; and

c) Atleast one compound

HOY\S/YOH (i,

R5 RS'
wherein R, and R, independently of one another represent hydrogen or
C,-Calkyl.
2. A product according to claim 1 obtainable by reacting

a) At least one compound (I), wherein one of R, and R, represents methyl or tert-bu-
tyl and the other one of R, and R, represents tert-butyl; R, represents hydrogen; Y
represents C,-C,alkyl; and m represents zero or one; and



hydrogen; Y represents nethyl and mrepresents zero; and b) At |east one
conpound (I11), wherein R represents C Cl8al kyl; and c) At |east one
conmpound (I11), wherein R5 and RS represent hydrogen. 4. A product
according to claim 3 obtainable by reacting a) A m xture conprising a
conmpound (I), wherein R, and R2 represent tert-butyl; R3 represents
hydrogen; Y represents nethyl and m-2dpresents zero; and A conpound (1),
wherein one of R and R2 represents nethyl and the other one tert-butyl; R3
represents hydrogen; Y represents nethyl and mrepresents zero; and b) At

| east one conmppynt Iédst dne ¥hBpEINY (RS, WREAERSEMéSredentd Bal MMl andind c) At | east
one conpound (I11), wherein R5 and RS represent hydrogen. 5. A conposition
conprising A) & pitdeastbonacaopain(Il)p whlesimR landahtrepBisert lyalsegem. | of

| ubricating viscosity. 6. A process for preparing a liquid m xture of

phenol i ¢ gul pharpredudt accuroigganticlainsi Lstthipable Wyiredctingnpr i ses reacting a) At

| east one conpound (1), wherein R*" R2, R3, Y and mare as defined in claim
1, with b) At | eadt Aokestaowpoummbupti()), whbreireone &R, iaad &S reppeésensanéthylodraem 1,

and c) At |east one,.c I r.ei - Lare fined in
claiml. 7. Use of bf’ ﬁﬁ;?g#‘ghgeuétb e'g%:%eoér‘ﬂﬁr?ghg 6F%r%lgﬁgs%rt%ﬁ)’?ya{ﬁ?iargﬁrgg%% reacting
the individual conpypdreges; Yalepraspntamaetbyl andsn aeftesentsezerey amdt or oi |'s, turbine

oils, gear oils, hydraulic fluids, netal-working fluids or |ubricating
gr eases. b) At least one compound (ll), wherein R, represents C,-C,.alkyl; and

c) At least one compound (lll), wherein R, and R,' represent hydrogen.

4, A product according to claim 3 obtainable by reacting

a) A mixture comprising a compound (l), wherein R, and R, represent tert-butyl;
R, represents hydrogen; Y represents methyl and m represents zero; and
A compound (I), wherein one of R, and R, represents methyl and the other
one tert-butyl; R, represents hydrogen; Y represents methyl and m represents

zero; and

b) At least one compound (ll), wherein R, represents C,-C, alkyl; and

c) At least one compound (lll), wherein R, and R;' represent hydrogen.

5. A composition comprising
A) A product according to claim 1; and
B) A base oil of lubricating viscosity.
6. A process for preparing a liquid mixture of phenolic sulphur-containing antioxidants,

which comprises reacting

a) At least one compound (), wherein R, R,, R,, Y and m are as defined in
claim 1, with

b) At least one compound (ll), wherein R, is as defined in claim 1; and
c) At least one compound (lll), wherein R, and R,' are as defined in claim 1.
7. Use of the product according to claim 1, obtainable by reacting the individual

components a), b) and c), as additive in motor oils, turbine oils, gear oils, hydraulic
fluids, metal-working fluids or lubricating greases.





