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sul phurised pgengikpl- substituted phenolsulfides, disulphides, polysulfides, salts thereof,
overbased salts thereof, and mixtures thereof. The additives function as oxidation
inhibitors, antiwear additives, load carrying additives and detergents for these
different category of fluids.

Although these sulfur-containing additives have been effective for the above
mentioned functions, they have generally been found to be corrosive to metals
such as copper and copper alloys, which are widely used as bearings and bearing
liners. They have alsc been found to degrade elastomeric materials, which are
used as seals or sealant devices, a particular problem with sulfurised phenol
additives. The problems associated with copper corrosion and/or seals preclude
use of higher levels of sulphurised phenols. It is also desirable that lubricating oit
formulations contain as little ash as possible. It is believed the presence of
sulphur species, including elemental sulfur, sometimes referred to as labile, free
or active sulfur, gives rise to the problems associated with sulphurised phenols.

The art describes attempts to provide sulfurised phenols and other sulfur-
containing additives for lubricating oils which do not have a detrimental effect on
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caused by labile sulfur-containing additives can be substantially eliminated.
There is no reference to specific elastomeric materials and the olefins mentioned
in the Examples are C12,C45.18 or C46-18 a-olefins.

Also, there is a need for lubricating oil additives having reduced levels of chiorine
so that their use in finished oil formulations does not contribute to high ievels of
chiorine in the finished lubricating oil formulation. The presence of chiorine in
lubricating oils creates waste disposal and environmental problems. Thus,
destroying lubricating oils containing high levels of chlorine after their use e.g. by
incineration, may produce harmful chlorinated and poiychiorinated biphenyls.

A problem in the art is to provide ashless sulfurised phenol additives having both
a low active sulphur content and aiso a low chlorine content, to enable the
additives to be used at high leveis in lubricating oil compositions which are
compatible with elastomeric seals, particularly nitrile, and which do not contribute
significantly to the chiorine content of the composition.



A problemin the art 'is to provide ashless sulfurised phenol additives

havi ng both a |l ow active sul phur content and also a | ow chlorine content,
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| ubricating oil as a major conponent and an oil-sol uble sul furised phenol
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compatible with nitrile seals obtained or obtainable by the above process,
provided that the additive is not obtainable by:

(i) reacting together at a temperature of at least 100°C : an oil-soluble
aclive-sulfur containing sulfurised phenol intermediate; and an olefin or an
acetylenic compound in an amount in excess of that required to react with
the active sulfur present in the sulfurised phenol intermediate; and

(i)  removing substantially all unreacted olefin or acetylenic compound.

A third aspect of the invention is a lubricating oil composition which comprises
lubricating oil as a major component and an oil-soluble sulfurised phenol additive
of the second aspect of the invention.

A fourth aspect of the invention is a lubricating oil concentrate which comprises
one or more lubricant additives, and an oil soluble sulfurised phenol additive of
the second aspect of the invention.

A fifth aspect of the invention is the use of an oil solubie sulfurised phenol additive
of the second aspect of the invention to enhance the nitrile elastomer seal
compatibility and/or the copper corrosion properties of a lubricating oil
composition.
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The features of the invention will now be discussed in more detail as follows:-

STEP (a)

Preferably, the phenol is represented by the formuia li

OH

11
wherein R represents a hydrocarbyl group and y is 1, 2, 3 or 4.
Mixtures of phenols of general formula Il may be used.

Preferably, the oil soluble sulfurised phenol intermediate has at least 4% by
weight of sulfur.

Preferably, the step comprises reacting together sulfur monochioride and at least

one phenol of general formula II in a reaction mixture and at a temperature in the
range of -50 to 250°C.

Preferably, R contains 5 to 30 and most preferably 8 to 20, carbon atoms and y is
1 or 2. It is preferred that the phenol is a mixture of phenols and as such has an
average molecular weight of 164 or greater, preferably 200 or greater and most



[err] wherein R represents a hydrocarbyl group and y is 1, 2, 3 or 4.

M xtures of phenols of general fornula Il may be used. Preferably, the
oi | soluble sulfurised phenol internediate has at |east 4% by Wei ght of
sul fur. Prefer abl}/ he step conprises reacting together sulf
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and pref er abl ynonosubstitatedgphenol is present in at least 20 wt % and preferably in the range
10 to 65 wt %. When the average molecular weight is greater than 250 but less
than 300 it is preferred that the mixture of phenols, when used, comprises 50 wt %
or greater preferably 60 wt % or greater e.g. 65 wt % of mono-substituted phenol.
When the average molecular weight is greater than 300 it is preferred that the
phenol mixture, when used, comprises 50 wt % or greater preferably 70 wt % or
greater e.g. 80 wt % of di-substituted phenol. It is preferred that the mole ratio of
phenol to sulfur monochloride is 2 or greater and most preferably is 2.2 or greater.

Step (a) produces intermediates which have low leveis of chiorine whilst allowing
for the required levels of sulfur and conversion of phenoclic material to be
achieved. Preferably the chlorine content is 900 ppm or less e.g. 800 or less and
most preferably 500 ppm or less. The level of sulphur, the required conversion of
phenolic material to keep the un-sulphurised material to a minimum and the
chlorine levels are linked. It is difficult to keep chiorine levels low whilst
increasing sulphur content and achieving the desired conversion, because more
chiorine-containing starting material i.e. SpCly is usually required to achieve
these targets; the task is to be able to achieve low chlorine whilst at the same time
not having a detrimental effect on the other two factors. In this process for
producing the intermediate it is preferred that the reaction is carried out in the
temperature range of -15 or -10 to 150°C e.g. 20 to 150°C and preferably 60 to
150°C. It is most preferred that the reaction is carried out at less than 110 °C; the
use of reaction temperatures below 110°C with certain phenols results in
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wherein R represents a hydrocarbyl radical, n is an integer of 0 to 20, y is an
integer of O to 4 and may be different for each aromatic nucleus and x is an
integer of from 1 to 7 typically 1 to 4. The average number of carbon atoms per
" hydrocarbyl radical being sufficient to ensure adequate solubility in oil of the
sulfurised hydrocarbyl group substituted phenol intermediate. The individual
groups represented by R may be the same or different and may contain from 1 to
50, preferably 5 to 30 and most preferably 8 to 20, carbon atoms. Preferably the
hydrocarby! radical R represents an alkyl group. Preferred sulfurised alkyl phenol
intermediates are those wherein n is 0 to 4, y is 1 or 2 and may be different for
each aromatic nucleus, x is 1 to 4 and R is 8 to 20 carbon atoms most preferably 8
to 12 carbon atoms. These intermediates may be mixtures of intermediates of the
above general formula and may include un-sulfurised phenolic material. It is



The oil-sol ubl € phenol intermedi ates, which contain active sul phur, include
nono-, di- and pol ysul fi des of phenols or hydrocarbyl group substituted
phenol s such as al kyl phenols. The hydrocarbyl group substituted phenols
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final product may contain” up y up to"12% by wei ght of un-
sul furised phenolic material. One preferred group of sulfurised hydrocar byl
group In step (a), the sulphur monochloride acts as a sulfurising agent, being an agent

which introduces Sy, bridging groups between phenols where x is 1 to 7.

STEP (b)

By ‘completely reacting' is meant that all of the unsaturated organic compound
reacts with active sulphur present in the intermediate. This does not necessarily
mean that the organic compound cannot be detected in the final product. Thus,
small amounts of residual organic compound, for example, less than 3 or 1%
weight, such as up to 0.5% by weight, for example, up to 0.4% or 0.1%, may be
present in the final product, proviced such residual organic compound does not
need to be removed before the final product can be used as a lubricating oil
additive.

The process of the invention may be used to reduce the level of active sulphur in
the final product to, for example, less than 1% by weight, preferably less than
0.5%, more preferably less than 0.4%, most preferably less than 0.2 or 0.1%.

The organic compound may be an unsaturated hydrocarbon such as an olefin or
an acetylene. Suitable olefins include mono-olefins, di-olefins, tri-olefins or higher
homologues. By "suitable” is meant olefins which are capable of reacting with
active sulfur. Preferred olefins are those with a boiling point of up to 200°C and
most preferably have a boiling point in the range of 150°C to 200°C.



substituted phénol internediates are those with a sulfur content of between
4 and 16 mass % preferably 4 to 14% and nost preferably 6 to 12 nmass %
The sulfurised i nternedi ates, which will normally conprise a mxture of
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The mono-olefin preferably has from 4 to 36 carbon atoms and most preferably 8
to 20 carbon atoms. The mono-olefin may for example be an a-olefin. Examples
of a-olefins which may be used in the process of the present invention include;
1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene,
1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexadecene,
1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene, 1-heneicosene,
1-docosene, 1 tetracosene, 1-pentacosene, 1-hexacosene, 1-octacosene, and
1-nanocosene. The a-olefin may be a mixture of a-olefins such as the following
commercially available mixtures; C15-C1g, C12-C16: C14-C16. C14-C18, C1s-
C20. C22-Cag, and C30+ (Gulftene available from the Gulf Oil Company).

Another class of mono-olefins are those containing a saturated alicyclic ring and
one double bond e.g. an exocyclic double bond. The alicyclic ring preferably
contains at least six carbon atoms, and, advantageously, the alicyclic ring is
substituted by a methylene bridging group that forms a four-membered ring with
three of the ring carbon atoms. The methylene carbon atom in such a bridging
group may be substituted, preferably by two methyl groups e.g. as in B-pinene.
Other examples of mono-olefins include a-pinene, methylene cyclohexane,
camphene, and methylene cyclopentane etc. and unsaturated compounds such as

the various derivatives of acrylic acid such as acrylate, methacrylate and
acrylamide derivatives.



Any nmono-ol efii meeti‘ng the above requirenents may be used in the
preparation of additives of the present invention. The nono-ol efins may be
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functionality as for exanple in styrene. The nono-olefins may contain for
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Anot her cl ass of nyaghon stbmes are those containing a saturated alicyclic

ring and one double bond e.g. an exocyclic double bond. The aIicycIic ring
preferably contains at |east six carbon atons, and, advanta?pousl

ali cyclic ringTheprefemsst olefina:of arpup (a)amunsdbstitvted of AYPSjitvted Tingag t a
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i ncl ude [err] - foRainng earbar |andchydres thém%m)'caﬁﬁmp?%ﬁ& %Pﬂ%ﬁﬁﬂ fted
cycl opent ane elifear a8rbenasiat syuadiand (innwhichds irs uhé abevetformularisoB)s Possible

derivatives of sdiiklenfs fF et fefpdtivs6"0d Bl i FERRINh HWith tHenvéitio 418, de
for example, hydroxyl groups. Suitable substituted terpenes include farnasol and
geraniol with geraniol being preferred. Other examples of suitable di-olefins
include dicyclopentadiene, dipentene, 1,3-cyclohexadiene, 1,5,-cyclooctadiene,
methyicyclopentadiene, limonene and 1,4-cyclohexadiene and polybutadiene etc.

If desired, the group (b) olefins may contain at least three double bonds, each end
of each double bond being separated from each adjacent double bond by two
saturated carbon atoms. An example of a suitable group (b) olefin having three
double bonds is 1,5,9-cyclododecatriene. An example of another tri-olefin is
cycioheptatriene.

Acetylenic compounds for use in Step (b) are compounds which are capable of
reacting with active sulfur. An example of a suitable acetylene material is phenyl
acetylene.
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suitabl e nmono-olefin is the (Jerr] tetramer of propylene. Other suitable
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I nvention ar for exanple, hydroxyl groups. Suitable substituted terpenes
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In the present process the exact levels of unsaturated organic compound used will
depend on its nature, e.g. when an olefin, whether is it a mono-di or tri olefin, its
molecular weight, its level of sulfur, and the level of active sulfur of the
sulphurised phenol intermediate.

Preferably, the reaction between the sulfurised phenol intermediate and the
organic compound is carried out at an elevated temperature of at least 100°C
such as greater that 120°C, most preferably between 120°C to 250°C, and for 0.5
to €0 hours.

The intermediate need not necessarily be isolated from its reaction mixture before
being used in Step (b). On completion of the reaction between sulfur
monochloride and the phenol, the temperature of the intermediate reaction
mixture may be increased to the reaction temperature with the organic compound
and the reaction carried out. This increase in temperature may be achieved by
means of a ramped temperature increase to the reaction temperature. The
organic compound may be added to the intermediate reaction mixture before,
during or after the temperature increase.
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olefins for use in the process of the present invention are di-olefins such
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250[err]C, and for 0.5 to 60 hours. The intermedi ate need not necessarily
be isolated fromits reaction m xture before being used in Step (b). On

conpl eti on of e ' et ween sul fur nonochl oride and the phenol, the
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The additives of the invention may be used to prepare phenates and overbased
phenates by reaction with alkali or alkaline earth metali salts or compounds. The
phenates and overbased phenates derived from the additives may aiso have low
levels of chlorine e.g. less than 1000 ppm and as low as or {ower levels than
those present in the additive used in their preparation. Phenates may contain a
substantially stoichiometric amount of the metal when they are usually described
as normal or neutral salts, and would typically have a total base number or TBN
(as may be measured by ASTM D2896) of from O to 80. It is possible to inciude
large amounts of a metal base by reacting an excess of a metal compound such
as an oxide or hydroxide with an acidic gas such as carbon dioxide. The resulting
overbased phenates comprise neutralised detergent as the outer iayer of a metal
- base (e.g. carbonate) micelle. Such overbased phenates may have a TBN of 150
or greater, and typically of from 250 to 450 or more. The metals are in particular
the alkali or alkaline earth metals, e.g., sodium, potassium, lithium, calcium, and
magnesium. The most commonly used metals are calcium and magnesium, which
may both be present in phenates used in a lubricant, and mixtures of calcium
and/or magnesium with sodium. Particularly convenient phenates are neutral

and overbased calcium phenates and sulfurized phenates having a TBN of from
50 to 450.



mxture may be increased to the reaction tenperature with the organic
conpound and the reaction carried out. This increase in tenperature may be
achi eved by neans of a ranped tenperature increase to the reaction

tenperature. The organic conmpound nmay be added to the internediate reaction
m xture bef IW@972MIT ng or after the tenperature increase. PCI/EPIs/05R)
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11 This invention has been found to be particularly effective in

reducing the levels of chlorine in the phenols intermedi ates. Thus chlorine

evel s Of . SONGANA, dPrbitland shithicdd RRORY R HpENE by, MadhBr By ahe

achi eved in e f1nal er reactl ! gani ¢ _conpound. The
magni t ude of 2PRTCPriate matal, Rompountt SEh a8 ANy AXIER cory, bydrexide; B'H%r"qq’g‘ébtqfon

t enper at ur es oberbased ptdductsuhay be sbthimattby methods indwe irothgaant. c conpound.  The
process of the invention not only results in additives which have | ow

chlorine levels, that is . |ess than 1000 ppm .preferably 900 m or | ess

oT0 800 porLubrisat ol andibes of et ievapion SoIiIN® oF U8 SommAN with certain

nitrile seal otherzaiditives refédiedito dmiow) arelissoivabliRDinToil/vith thd aidhdfla tsuitalsieof

t he inventiogowﬁﬁt t&?al‘@ﬁgf){ﬁ:‘iéﬁe‘?ﬂ%ﬁnﬁﬁﬁﬁﬁ? es and overbased phenates by
h a a

reaction wt all “or a I'ne earth nmetal salts or conpounds. The
phenat es and overbased phenates derived fromthe additives may al so have
| ow | evel s ofPreferably,itbe fovechlibrines lubricatirgOaiDeqrpposition of shé inventiorocoritaine 50

| evel s than LRaSEr IR6E BAA mdst pretErabili10 by dt1655 é.8. & PRhT oEEP B BlibfiRe. It
Phenat es may.cont.ain %@gstantlélgalt%gi ol chi Oﬁmﬂ"g‘Pamunt of the netal
when they ar & REfeired i5paEe IYPNHiRN, T gompases, oge @ nere

t ypi cal | y hawashiess dispersantsprepated fram noskajogenated polymarasur ed by ASTM
D2896) of fromO to 80. It is possible to include |arge anounts of a netal

Py ox de. i (HHecters \Si-eoUe s Fifponanier b elably Hispersiagt Used tefein o not
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et al capable of being suspended in oil in all proportions. They do mean, however, that
they are, for instance, soluble or stably dispersible in oil to an extent sufficient to
exert their intended effect in the environment in which the oil is employed.
Moreover, the additional incorporation of other additives may aiso permit
incorporation of higher levels of a particular additive, if desired.

Additives of the invention can be incorpeorated into the oil in any convenient way.
Thus, they can be added directly to the oil by dispersion or by dissolution in the oil
at the desired concentration, optionally with the aid of a suitable solvent such as,
for example, toluene, cyclohexane, or tetrahydrofuran. In some cases blending
may be effected at room temperature: in other cases elevated temperatures are
advantageous such as up to 100°C.

Base oils with which the additives may be used include those suitable for use in
crankcase lubricating oils for spark-ignited and compression-ignited internal
combustion engines, for example, automobile and truck engines, marine and
railroad diesel engines.

Synthetic base oils include alkyl esters of dicarboxylic acids, polyglycols and
alcohois, poly-a-olefins, polybutenss, alkyl benzenes, organic esters of
phosphoric acids and polysilicone oils.
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Additives of the invention may be employed in a lubricating oil composition which
comprises lubricating oil, typically in a major proportion, and the additives,
typically in a minor proportion. Additional additives may be incorporated into the
composition to enable it to meet particular requirements. Examples of additives
which may be included in lubricating oil compositions are viscosity index
improvers, corrosion inhibitors, oxidation inhibitors, friction modifiers, dispersants,
detergents, metal rust inhibitors, anti-wear agents, pour point depressants, and
anti-foaming agents.

Ashless dispersants comprise an oil soluble polymeric hydrocarbon backbone
having functional groups that are capable of associating with particles to be
dispersed. Typically, the dispersants comprise amine, alcohol, amide, or ester
polar moieties attached to the polymer backbone often via a bridging group. The
ashless dispersant may be, for example, selected from oil soluble salts, esters,
amino-esters, amides, imides, and oxazolines of long chain hydrocarbon
substituted mono and dicarboxylic acids or their anhydrides; thiocarboxylate
derivatives of long chain hydrocarbons; long chain aliphatic hydrocarbons having
a polyamine attached directly thereto; and Mannich condensation products formed
by condensing a long chain substituted phenol with formaldehyde and
polyalkylene polyamine.
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polyisobutenes (PIB) or poly-n-butenes, such as may be prepared by
polymerization of a C4 refinery stream. Other preferred classas of olefin polymers
are ethylene alpha-olefin (EAO) copolymers and alpha-olefin homo- and
copolymers having in each case a high degree (e.g., >30%) of terminal vinylidene
unsaturation. That is, the polymer has the following structure:

R
P—HC ==CH2

wherein P is the polymer chain and R is a Cq - C4g alkyt group, typically methyl or
ethyl. Preferably the polymers will have at least 50% of the polymer chains with
terminal vinylidene unsaturation. EAO copolymers of this type preferably contain

" 1 to 50 wt% ethylene, and more preferably 5 to 48 wt% ethylene. Such polymers
may contain more than one alpha-olefin and may contain one or more C3 to Co9
diolefins. Also usable are mixtures of EAQ's of varying ethylene content.
Different polymer types, e.g., EAO and PIB, may also be mixed or blended, as well

as polymers differing in Mx; components derived from these also may be mixed or
blended.

Suitable olefin polymers and copolymers may be prepared by various catalytic
polymerization processes. In one method, hydrocarbon feed streams, typically C3



conposition to‘enable it to meet particular requirenents. Exanples of
addi tives which may be included in lubricating oil conposi tions are
viscosity index inprovers, corrosion inhibitors, oxidation inhibitors,

friction nodiwp?%gbpispersants, detergents, netal rust i%ﬁﬁf}ﬁ@m
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homogeneous catalysts. Such polymerization processes and catalysts are

97/ 24417 :

PCT/ EP96/ 05581described, e.g., in US-A 4,935,576; 4,952,739; 4,982,045; arid'UK-A 2,007,662

sol ubl e pol yneric hydrocarbon backbone is typically an olefin polynmer or

pol yene, especially polyners conprising a major nolar anmount (i.e., greater

than 50 nole Qpnmt@nef/ Ziegler-Natiglpolymerization processps may alpp deempioyad/ioene,
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of the formula;
[LImMIAln

where L is a bulky ligand; A is a leaving group, M is a transition metal and m and
- n are such that the total ligand valency corresponds to the transition metal

valency. Preferably the catalyst is four co-ordinate such that the compound is
ionizable to a 1* valency state.

The ligands L and A may be bridged to each other, and if two ligands A and/or L
are present, they may be bridged. The metallocene compound may be a full
sandwich compound having two or more ligands L which may be cyclopentadienyi
ligands or cyclopentadienyl derived ligands, or they may be haif sandwich
compounds having one such ligand L. The ligand may be mono- or polynuclear or
any other ligand capable of n-5 bonding to the transition metal.

One or more of the ligands may =-bond to the transition metal atom, which may be
a Group 4, § or 6 transition metal and/or a lanthanide or actinide transition metal,
with zirconium, titanium and hafnium being particularly preferred.



One preferred class of olefin polyners is polybutenes and specifically

pol yi sobut enes (PIB) or poly-n-butenes, such as nmay be prepared by
polymeri zation of a CJerr] refinery stream Oher preferred classes of
olefin polymers are ethylene al pha-olefin (EAO copolyners and

al pha- ol ef i WO®I#17and copol yners having in each case a BFUEP¥EOIBLe (e.g.,
>309% of termnal vinylidene wunsaturatidé. That is, the polyner has the
foll owi ng structure: [err]

wherein P is the polynmer chain and Ris a Cferr] - Cerr] alkyl group,
typically nethyl or ethyl. Preferably the polymers will have at |east 50%

of the polynmer chains with er.m nal vinylidene unsaturation
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Catal yst and. MeAnblbgatie tap 8lay TRhiaiid frther depR e e
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HCl . Most  cosmnietyl of hydodoprtyb proupseamd hadogemsr s are derived from Raffinate |
refinery feedstreans. Various reactor configurations can be utilised,

.g.; tubul tirced t t . fi | t
Sy S e T adRHan RAVDEESHE FavaE %ﬁaﬁﬁ'ﬁ& by AivelcE Grd SdhciiBod P
processes andcexampie, s US 4,530,914::4.665.208; 4! ga.ﬁsi;m.efsl,ﬁoﬁ,’@%%l,ﬁ%; 4,952, 739;
4,982, 045; amisé%zée;&,ﬁ@i,lv'@&?s 017,m\52055,m:5,65w 5;:5,0@,302; 15,096,867 | ;fzat i on
rocesses na . r r e for use
!Dn prepari ngy%ﬁéggpz':%ﬁg?é%‘e%?%%? S-P' éf’(ééj,ﬁoﬁ wﬂm Qfﬂ?l,&é, ‘Ué@@
992,690 (filed Dec. 17 , 1992; EP-A- 129,368; 277,003; 277,004; 420436;
520,732; W091/04257; 92/00333; 93/08189 and 93/08221; and 94/07928.

The oil soluble polymeric hydrocarbon backbone will usually have a number
average molecular weight (M. ) within the range of from 300 to 20,000. The M. of
the polymer backbone is preferably within the range of 500 to 10,000, more
preferably 700 to 5,000 where its use is to prepare a component having the
primary function of dispersancy. Polymers of both relatively low molecuiar weight
(e.g., M. = 500 to 1500) and relatively high molecular weight (e.g., M= = 1500 to
5,000 or greater) are useful to make dispersants. Particularly useful olefin
polymers for use in dispersants have M. within the range of from 1500 to 3000.
Where the oil additive component is also intended to have a viscosity modifying
effect it is desirable to use a polymer of higher molecular weight, typically with Mo
of from 2,000 to 20,000; and if the component is intended to function primarily as
a viscosity modifier then the molecular weight may be even higher, e.g., M. of
from 20,000 up to 500,000 or greater. Furthermore, the olefin polymers used to
prepare dispersants preferably have approximately one double bond per polymer
chain, preferably as a terminal double bond.

Polymer molecular weight, specifically Ma, can be determined by various known
techniques. One convenient method is gel permeation chromatography (GPC),



additives. However, preferred polyners may be prepared by pol ynerising the
appropriate nononers in the presence of a particular type of Ziegler-Natta
catal yst system conprising. at | east one netall ocene (e.g., a

cycl opent'adi en I- transition netal conpound) and, prefera at al yst
or an activat¥??”¥4.  an al unpxane conmpound or an |on|5|%§¥m8%m§8ﬁ
activator such as tri (n-butyl) ammoni um tetra (pentafl uorophenyl) boron.
Met al | ocene catal ysts are, for exanple, bulky ligand transition netal
conpounds of the formula: [err] where L is a
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Useful functionalization reactions include: halogenation of the polymer at an
olefinic bond and subsegquent reaction of the halogenated polymer with an
ethylenically unsaturated functional compound (e.g., maleation where the polymer
is reacted with maleic acid or anhydride); reaction of the polymer with an
unsaturated functional compound by the "ene" reaction absent halogenation;
reaction of the polymer with at least one phenol group (this permits derivatization
in a Mannich base-type condensation); reaction of the polymer at a point of
unsaturation with carbon monoxide using a Koch-type reaction to introduce a
carbony! group in an iso or nec position; reaction of the polymer with the
functionalizing compound by free radical addition using a free radical catalyst;
reaction with a thiocarboxylic acid derivative; and reaction of the polymer by air
oxidation methods, epoxidation, chioroamination, or ozonolysis. It is preferred
that the polymer is not halogenated.

The functionalized oil soluble polymeric hydrocarbon backbone is then further
derivatized with a nucleophilic reactant such as an amine, amino-alcohol, alcohol,
metal compound or mixture thereof to form a corresponding derivative.

Useful amine compounds for derivatizing functionalized polymers comprise at
least one amine and can comprise one or more additional amine or other reactive
or polar groups. These amines may be hydrocarbyl amines or may be
predominantly hydrocarby! amines in which the hydrocarbyi group includes other



carbon, germani‘um si'licon, phosphorus or nitrogen atom containing radical,
and preferably the bridge places a one atomlink between the entities

bei ng bridged, although that atom nmay and often does carry ot her
substituents. The metal | ocene may al so contain a further displaceable

| i gand, preWwo o417 di spl aced by a cocatal yst - a | eavi ng PGTERNS8hat | s
usual ly selected froma w de variety of1gydrocarbyl groups and hal ogens.
Such pol yneri zations, catalysts, and cocatal ysts or activators are

described, for exanple, in US 4,530,914; 4,665, 208; 4,808,561, 4,871, 705;
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typi cal ly w plopylene)triamirie.om 2, 000 to 20,000; and if the conponent is

I ntended to function primarily as a viscosity nodifier then the
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97/ 24417 5,229,022. Aiso usable is tris(hydroxymethyl)amino methane (THAM)®@ST/ EP96/ 05881
17 described in US 4,102,798; 4,113,639; 4,116,876; and UK 989,409. Dendrimers,
star-like amines, and comb-structure amines may aiso be used. Similarly, one
may use the condensed amines disclosed in US 5,063,152. The functionalized
polymer is reacted with the amine compound according to conventionat
techniques as described in EP-A 208,560; US 4,234,435 and US 5,229,022 .

The functionalized oil soluble polymeric hydrocarbon backbones aiso may be
derivatized with hydroxy compounds such as monohydric and polyhydric alcohols
or with aromatic compounds such as phenols and naphthols. Polyhydric alcohols
are preferred, e.g., alkylene glycols in which the alkylene radical contains from 2
to 8 carbon atoms. Other useful polyhydric alcohols include glycerol, mono-oleate
of glycerol, monostearate of glycerol, monomethyl ether of glycerol,
pentaerythritol, dipentaerythritol, and mixtures thereof. An ester dispersant may
also be derived from unsaturated alcohols such as allyl atcohol, cinnamyl alcohol,
propargyl alcohol, 1-cyciohexane-3-ol, and oleyi alcohol. Still other classes of the
alcohols capable of yielding ashless dispersants comprise the ether-alcohols and
including, for example, the oxy-alkylene, oxy-arylene. They are exemplified by
ether-alcohols having up to 150 oxy-alkylene radicals in which the alkylene radical
contains from 1 to 8 carbon atoms. The ester dispersants may be di-esters of
succinic acids or acidic esters, i.e., partially esterified succinic acids; as well as



whi ch additiondlly provides nol ecul ar weight distribution information (see
W W Yau, J. J. Kirkland and D. D. Bly, "Mddern Size Exclusion Liquid
Chr omat ogr aphy”, John Wl ey and Sons, New York, 1979). Another useful

net hod, parti for | ower nolecul ar weight polyners, i
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group into the backbone of the polynmer, or as one or nobre groups pendant
fromthe polynmer backbone. The functional group typically wll be polar
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weaght hydrocarbon (e.g., Mn of 1,500 or greater) on the benzene group or may
be reacted with a compound containing such a hydrocarbon, for example,

polyalkenyl succinic anhydride, as shown in US 3,442,808.

Examples of functionalized and/or derivatized olefin polymers based on polymers
synthesized using metallocene catalyst systems are described in US 5,128,056;
5,151,204; 5,200,103; 5,2265,092; 5,266,223; USSN 992,192 (filed Dec. 17, 1992);
992,403 (filed Dec. 17, 1892); 070,752 (filed Jun. 2, 1993); EP-A-440,506;
513,157, 513,211. The functionalization and/or derivatizations and/or post
treatments described in the following patents may also be adapted to functionalize
and/or derivatize the preferred polymers described above: US 3,087,938;
3,254,025; 3,275,554; 3,442,808, and 3,565,804.

The dispersant can be further post-treated by a variety of conventional post
treatments such as boration, as generally taught in US 3,087,936 and 3,254,025.
This is readily accomplished by treating an acyl nitrogen-containing dispersant
with a boron compound selected from the group consisting of boron oxide, boron
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18 groups, e.g., hydroxy groups, al koxy groups, am de groups, nitriles,

i m dazol i ne groups, and the like. Particularly useful am ne conpounds
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pol yam nes ofoedmaat7 2 to 60, conveniently 2 to 40 (e.g., FPCTEPIS8L ot g
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nitrogen atonms in the nolecule. Mxtures of am ne conpounds may

advant ageously be used such as those prepared by reaction of alkylene
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carbon at ons. aﬁt'ﬁc&%lsgam@qersants nmay be di -esters of_ succinic acids or
acidic esters .e., partrally esterified succinic adds; as well as

The lubricant may be formulated with or without a conventional viscosity modifier
and with or without a dispersant viscosity modifier. Suitable compounds for use
as viscosity modifiers are generally high molecular weight hydrocarbon polymers,
inciuding polyesters. Oil soluble viscosity modifying polymers generally have
weight average molecular weights of from about 10,000 to 1,000,000, preferably
20,000 to 500,000, which may be determined by gel permeation chromatography
(as described above) or by light scattering.

Representative examples of suitable viscosity modifiers are polyisobutylene,
copolymers of ethylene and propylene and higher alpha-olefins, -
polymethacrylates, polyalkylmethacrylates, methacrylate copolymers, copolymers
of an unsaturated dicarboxylic acid and a vinyl compound, inter polymers of
styrene and acrylic esters, and partially hydrogenated copolymers of styrene/
isoprene, styrene/butadiene, and isoprene/butadiene, as well as the partially
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esterified polyhydric al cohols or phenols, i.e., esters having free

al cohols or £ hydroxyl radicals. An ester dispersa

prepared by O‘ﬁﬁgﬂ?‘ several known nethods as illustrated, Wﬁgﬁe, I n
US 3, 381, 022. A preferred group of ashl s di spersants includes those
derived from polyisobutylene substituted with succinic anhydride groups
and reacted with polyethylene amnes (e.g., tetraethyl ene pentani ne,

pent aet hyl ene hye’tngﬁopaﬁitbcummmgaIotlbm,aplamp;ar@neonmmn@) am noal cohol s
such as tri snsdgrghalbiviriyibumeénaine and optional ly additional reactants such
as alcohols and reactive netals e.g., pentaerythritol, and conbi nations
thereof). Also useful are dispersants wherein a polyamne is attached
directly to tHetabeentainingrr aghifeming deteygents furistion hethsasodatetgentssogedass 554
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derivatizations and/or post treat rrent s described in the follow ng patents
mey al 50 be adsgbRAninbiiia) b ) 8 ﬁéi erred
pol ymer s _desc rss'u%gnates p en es, suﬁnzzgc enate?t%uop osphonates sallcylates aAﬁczi 808,
and 3, 565, 804.
naphthenates and other oil-soluble carboxylates of a metal, particularly the alkali
or alkaline earth metals, e.g., sodium, potassium, lithium, calcium, and
magnesium. The most commonly used metals are caicium and magnesium, which
may both be present in detergents used in a lubricant, and mixtures of calcium
and/or magnesium with sodium. Particularly convenient metal detergents are
neutral and overbased caicium sulfonates having TBN of from 20 to 450 TBN, and

neutral and overbased caicium phenates and sulfurized phenates having TBN of
from 50 to 450.

Sulfonates may be prepared from sulfonic acids which are typically obtained by
the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained
from the fractionation of petroleum or by the alkylation of aromatic hydrocarbons.
Examples included those obtained by alkylating benzene, toluene, xylene,
naphthalene, diphenyl or their halogen derivatives such as chlorobenzene,
chlorotoluene and chloronaphthalene. The alkylation may be carried out in the
presence of a catalyst with alkylating agents having from about 3 to more than 70
carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or
more carbon atoms, preferably from about 16 to about 60 carbon atoms per alky!
substituted aromatic moiety.



The di spersant ctan be‘further post-treated by a variety of conventional
post treatnents such as boration, as generally taught in US 3,087,936 and
3,254,025. This is readily acconplished by treating an acyl

ni.t rogen-cont ai ni ng di spersant wth a boron conpound sel ected fromthe
group consi SY?H boron oxi de, boron WO 97/ 2441 PCT/EP96/05881
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boron acids and esters of boron acids, in an amobunt to provide from about
0.1 atom c proportion of boron for each nole of the acylated nitrogen
conposition to about 20 atom c proportions of boron for each atomc

proportion nitrogen of the acylated.nitragen conpositi.on Usefully the
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Thus the dithiophosphoric acid containing secondary hydrocarbyl groups used in

this invention may be made by reacting mixtures of primary and secondary

alcohols. Alternatively, multiple dithiophosphoric acids can be prepared where

the hydrocarbyi groups on one are entirely secondary in character and the

hydrocarbyl groups on the others are entirely primary in character. To make the

zinc salt any basic or neutral zinc compound could be used but the oxides,

hydroxides and carbonates are most generally employed. Commercial additives

frequently contain an excess of zinc due to use of an excess of the basic zinc

compound in the neutralisation reaction. '

t hese di spersant vis olvners
68ng isingdhefarmeg c&"‘("& a #BGoner

The preferred zinc dihydrocarbyl dithiophosphates useful in the present invention
are oil soluble salts of dihydrocarby! dithiophosphoric acids and may be
represented by the following formula:

RO\?L
rd”

—-s] Zn
2



i ncl udi ng pol yesters. Q| soluble viscosity nodifying polynmers generally
have wei ght average nol ecul-ar wei ghts of from about 10,000 to 1, 000, 000,
preferably 20, 000 to 500, 000, which may be determ ned by gel perneation
chr omat ogr aph as described above) or by light scatterin
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pol yi sobut yl ene, copol yners of ethyl en®3and propyl ene and hi gher
al pha- ol efi ns, pol ynet hacryl at es, pol yal kyl net hacryl ates, methacryl ate
copol yners, copol yners of an unsaturated dicarboxylic acid and a vinyl
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net al base by ﬁl‘P 8 ess as an oxide or
hydr oxi de wi t H T“&"‘b%@ S @esesondary sOXI de. The resulting
over based detergent conprises neutrallsed detergent as the outer |ayer of a
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Detergent's t hAPVRRPN,EXAETRIRS HESuEh acHives are ATHEXKETS, aRth-yedr 80Nt Jugtion

sul fonat es, phreaodifiers, rust iifhibitars, antifeamingsagents, dpmaisifiers)andpous pbinty| at es,
and napht henaéI ggg}‘ tQt her oil-soluble carboxylates of a netal,
particularly the alkall or alkaline earth metals, e.g. sod|um potassmm
lithium calcium and nmagnesium The nost commnl y used nmetals are cal cium
and magnesi um Owidation inhibitors or antioxidants reduce the tendency of mineral oils to

deteriorate in service which deterioration can be evidenced by the products of
oxidation such as sludge and vamish-like deposits on the metal surfaces and by
viscosity growth. Such oxidation inhibitors include hindered phenols, alkaline
earth metal salts of alkylphenoithioesters having preferably Cs to C12 alkyl side
chains, calcium nonylphenol sulfide, ashless oil soluble phenates and sulfurized
phenates, phosphosulfurized or sulfurized hydrocarbons, phosphorous esters,
metal thiocarbamates, ¢il soluble copper compounds as described in US
4,867,890, and molybdenum containing compounds. Examples of molybdenum
compounds include molybdenum salts of inorganic and organic acids (see, for
example, US 4,705,641), particutarly molybdenum salts of monocarboxylic acids
having from 1 to 50, preferably 8 to 18, carbon atoms, for example, molybdenum
octoate (2-ethyl hexanoate), naphthenate or stearate; overbased molybdenum-
containing complexes as disclosed in EP 404 650A; molybdenum
dithiocarbamates and molybdenum dithiophosphates; oil-soluble molybdenum
xanthates and thioxanthates as disciosed in US 4,995,996 and 4,966,719; oil-
soluble molybdenum- and sulfur-containing complexes; and aromatic amines,
preferably having at least two aromatic groups attached directly to the nitrogen.



may both be preSent in detergents used in a lubricant, and m xtures of

cal cium and/or magnesiumw th sodium Particularly convenient netal
detergents are neutral and overbased cal ci um sul fonates having TBN of from
20 to 450 TBN, and neutral and overbased cal ci um phenates and sul furized
phenates having TBN of from 50 to 450. Sul fonates may be prepared from
sul fonic aciW9%PH4Eh are typically obtaigged by the sul f onZCrERI&Sssal Kyl
substituted aromati c hydrocarbons such as those obtained fromthe
fractionation of petroleumor by the al kylation of aromatic hydrocarbons.
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at least 12 rbyl dithi ophosphate netal salts are
frequently used as anti-wear and antioxi dant agents. The netal may be an
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the "Journal of Tribology” (1992), Vol. 114, pp. 675-682 and M. Beizer and S.

Jahanmir in "Lubrication Science" (1988), Vol. 1, pp. 3-26.

Rust inhibitors selected from the group consisting of nonionic polyoxyalkylene
polyols and esters thereof, polyoxyalkylene phenols, and anionic alkyl sutfonic
acids may be used. When the formulation of the present invention is used, these
anti-rust inhibitors are not generally required.

Copper and iead bearing corrosion inhibitors may be used, but are typically not
required with the formulation of the present invention. Typically such compounds -
are the thiadiazole polysulfides containing from 5 to 50 carbon atoms, their
derivatives and polymers thereof. Derivatives of 1,34 thiadiazoles such as those
described in U.S. Pat. Nos. 2,719,125; 2,719,126; and 3,087,932; are typical.
Other similar materials are described in U.S. Pat. Nos. 3,821,236; 3,904,537;
4,097,387; 4,107,059; 4,136,043, 4,188,299; and 4,193,882. Other additives are
the thio and polythio sulfenamides of thiadiazoles such as those described in UK
Patent Specification No. 1,560,830. Benzotriazoles derivatives also fail within this
class of additives. When these compounds are included in the lubricating



di hydrocar byl dithiophosphates can be nade and subsequently m xed. Thus
the dithi ophosphoric acid containing secondary hydrocarbyl groups used in
this invention may be made by reacting m xtures of prinmary and secondary
al cohols. Alternatively, mnultiple dithiophosphoric acids can be prepared

where the hy groups on one are entirely secondary in er and
t he hydrocargégggigﬁps on the others are Zmtirely primry |ﬁcPﬁE&&§@

make the zinc salt any basic or neutral zinc conpound could be used but the
oxi des, hydroxi des and carbonates are nost generally enpl oyed. Conmerci al
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polyalkyimethacrylates.

Foam control can be provided by many compounds including an antifoamant of
the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

Some of the above-mentioned additives, as is known, can provide a multiplicity of
effects; thus for example, a single additive may act as a dispersant-oxidation
inhibitor.

When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount which
enables the additive to provide its desired function. Representative effective
amounts of such additives, when used in crankcase lubricants, are listed below.
All the values listed are stated as mass percent active ingredient.



Addi tional additives are typically incorporated into the conpositions of
the present invention. Exanples of such additives are antioxidants,
anti-wear agents, friction nodifiers, rust inhibitors, anti-foam ng agents,
denul sifiers, and pour point depressants. Oxidation inhibitors or
antioxidants reduce the tendency of mneral oils to deteriorate in service
whi ch det er i¥PAT2¥H can be evi denced by jghe products of oxPEHEP#R58Uch as
sl udge and varnish-1i ke deposits on the nmetal surfaces and by viscosity
growt h. Such oxidation inhibitors include hindered phenols, alkaline earth
nmetal salts of al kyl phenolthioesters having -preferably C[err] to (Jerr]

al kyl side chains, cal cium nonyl phenol sulfide, ashless oil soluble
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ubricant.

The components may be incorporated into a base oil in any convenient way.
Thus, each of the components can be added directly to the il by dispersing or
dissolving it in the oil at the desired level of concentration. Such blending may
occur at ambient temperature or at an elevated temperature.

Preferably all the additives except for the viscosity modifier and the pour point
depressant are blended into a concentrate or additive package that is
subsequently biended into basestock to make finished lubricant. Use of such
concentrates is conventional. The concentrate will typically be formulated to
contain the additive(s) in proper amounts to provide the desired concentration in
the final formulation when the concentrate is combined with a predetermined
amount of base lubricant.

Preferably the concentrate is made in accordance with the method described in
US 4,938,880. That patent describes making a premix of ashless dispersant and
metal detergents that is pre-blended at a temperature of at least about 100°C.



Friction nodifirers may be included to inprove fuel econony. In addition to
the oil soluble aliphatic, oxyal kyl, or arylal kyl amines described above to
add nitrogenous TBN, other friction nodifiers are known, Anong these are
esters forned by reacting carboxylic acids and anhydri des with al kanol s.

O her convent ;ﬁﬂgﬁl iction nodifiers generally consist of H(P;!ﬁr m nal
group (e.g. car o%{lgor hydr oxyl ) coval en27Ty bonded to an oﬁ’&%ﬁ]"?‘f I'C
hydr ocarbon chain. Esters of carboxylic acids and anhydrides with al kanol s
are described in US 4,702,850. Exanples of other conventional friction

nodi fiers areTiRearerRd pRaniik isRRbRRYtol i Iddies5LPErd e additlondlebmPneritd 992) .-
Vol . 114, pp. %@{9%?2 and M Beizer and S. Jahanmr in "Lubrication

Sci ence” (19§§ 1, pp. 3-26. Rust inhibitors selected fromthe group
consi_sting of nonionic pol yoxyal kyl ene pol yol s and esters thereof,

pol yoxyal kyl eTige fifgitomiulationd nmay employdtday D t6 15 hitits®s andprefePablps toded. \Wen

the formul ati ' yi ks . use t hes: td-r .

i nhibitors ar'gg?ﬁ(;t ’B@i@&ﬁ%@%émé%swé e ngﬁﬁtr${§§3 aggﬁwpﬁé%%ﬁer%? on

i nhi bi tors neteremainsier being base oilypi cal |y not required with the formul ation
of the present invention. Typically such conpounds are the thiadiazole

pol ysul fides containing from5 to 50 carbon atons, their derivatives and
pol ymers thereof. Derivatives of 1,3,4 thiadiazoles such as those descri bed
in U S Pat. ESAMPLESI O 125: 2,719,126; and 3,087,932; are typical. Oher
simlar materials are described in U S Pat. Nos. 3,821, 236; 3,904, 537;

4,097,387; 4,107,059; 4 6,043;, 4,188, 299; 4, 193,882. O h ddi ti
Sre the t hi o TRINARGeri e perenihed Gy way Shilstacsiony withreirensedo "
descri bed i n tOe folowing egpmplesi dmthecexamples] ublkss Sterwidenied,i alltedat sates of

derivatives ahipaddigids delrponddasmass berdht adilelingi@aienthen these conpounds
are included in the lubricating WO 97/ 24417 25

PCT/ EP96/ 05881  conposition, they are preferably present in an anmpunt not
exceedi ng 0. 2The injermeadiate andjinabproducts were tested tomseals performancabytiieyi ng
conponent nmayfoliewitggstocddurecf erred demul si fyi ng conponent is described in
EP 330,522. It is obtained by reacting an al kyl ene oxide with an adduct
obtai ned by reacting a bis-epoxide with a polyhydric

The effect of the additive compositions on nitrile seals was tested by immersing

samples of a nitrile elastomer in a lubricating oil composition containing a
proprietary package of additives and the additive to be tested, and comparing the
elongation at break (EAB) and/or tensile strength (TS) of the samples after
immersion with the corresponding figures before immersion. The most suitable
additives are those giving the smallest percentage loss in the elongation at break
and/or tensile strength. Test Methods DIN §3521 and DIN 53504 were used.

It should be noted that a UV technique that functions as a surrogate for the nitrile
seals test, and as a process endpoint indicator in the manufacture of sulphurised
alkyl phenols, may be used.

The technique is the use of the UV absorbance properties of the different
sulphurised alkyl phenol species as a tool for determining the manufacturing
process endpoint and predicting the nitrile seals compatibility of the product. The
technique is characterised by its use of absorbances at specific wavelengths of
the spectrum and the use of ratios of absorbances. The wavelengths were
chosen from within 190 to 450 mm, based on the UV maxima of certain
components in the product and its intermediates. The absorbance ratio values of
process samples are then compared against a correction to the conventional
nitrile seals test performance.



alcohol . The denul sifier should be used at a | evel not exceeding 0.1 mass %
active ingredient. Atreat rate of 0.001 to 0.05 nass % active ingredient

i s convenient. Pour point depressants, otherw se known as |ube oil flow

i nprovers, |ower the mninmumtenperature at which the fluid will flow or
can be pourewosBughaz additives are well known. Typical of tpeFErsedshsii ves
which inprove the low tenperature fluidity of the fluid are (ferr] to
Cerr] dialkyl fumarate/vinyl acetate copol yners and

pol yal kyl net hacryl ates. Foam control can be provided by many conpounds

I ncludi ng an antifoamant of the polysiloxane type, for exanple, silicone
oil or polydinethyl siloxane. Sone of the above-nentioned additives, as is
known, can provide a multiplicity of effects; thus for exanple, a single

addi tive may gi6p !ﬁégg;ﬁgﬁuguwu@gdqgfe}@gdigwgi bitor. When lubricating
conpositions contarn one or nore o € above-nentioned additives, each

additive is typically blended into the base oil in an anpbunt which enabl es
t he additi ve Sulfuprroemathidride (30 rpadsfbwon&iglnt) was addedt tat avesactior cvassel
amounts of - S \htailfy 'dae garts B Wei bf dinéit Prighéil P58 fgSéred
bel ow. All trae val u% ar.e stei gngsﬁ Sﬁae(r cent actlﬁggﬁﬁdée ?fgnt
WD 97/ 24417 dinonyl p enol an nonylpheno 53 6 avmg an averagg-fi 05881
ADDI Tl VE weight of 253. This addition was made/b@s a/cpenod of %ﬁ&%and 45 minutes.

(1 Br ogd) 'lt't(grrgééﬂdrﬁq}nxture washkafsd Dbﬁi@i%hﬁﬁ”&unn@ the _addition and- the 20

Cortosion | miPEppHue’ Was' famped from, 60:C to 80°C. (WHepi Hie’ additigy, §f ‘Suifur
di hydr ocar by manadiiasideowns ompialed the temperature was raised3ophl BGeand held at

anti - OX' dant thls tem J;_:eratherfér 2 hours whilstOthe Tedetion mixtur&Wés ptRgéd uﬁﬁﬁi‘@éﬁéﬂt
0.01 - ":'200 cm3Ant |1- Foam ng Agent

0. 001- o. 15 &ta rate 6

The intermediate product was characterised as follows:

Chiorine content by X-ray fluorescence: 612 ppm

Total suiphur content by X-ray fiuorescence  11.6% by weight

by ASTM D4927:

Copper corrosion at 2.5% by weight in base oil 3B

by ASTM D130: |

Active sulphur content by procedure described 2.76 % by weight

below*

Seals performance at 1.1 mass %.: Tensile strength loss (%) = 62
Elongation at break loss (%) =

: 68
*The sample is reduced with zinc and acetic acid to yield mercaptans and
hydrogen sulphide: |

R-5-Sy-S-R1 — RSH + HoS + R‘SH
Potentiometric titration with silver nitrate solution is used to quantify the
mercaptans and H2S vielded, the active sulphur content being derived from the
potentiometric titration of the sodium hydroxide scrubber solution as described in
"The Analytical Chemistry of Sulphur and Its Compounds Part II", pages 357-360
by J. H. Karchmer, John Wiley and Sons, 1972

tep (b) Preparation of Additives by Olefin Treat



Suppl enental Anti-wear Agents 0- 0.5 0- 0.2 Friction

NMbdi fi er 0-5 0- 1.5 Vi scosity

Modi fier[err] 0.01-6 0-4 M neral or Synthetic
Base Q| Bal ance Bal ance 1. Viscosity nodifiers are used
only in multi_- raded oils. For non-crankcase applications; _the quantities
and/ or propor‘P’ t he above additives29ray be vari ed, f oFC 5’%‘8 1

mari ne di esel cyli nder | ubricants use relatively higher anmounts of netal
detergents, which may form 10 - 50 wt % of the lubricant. The corrponents

(e component oo abave MhibrReleie (2 gjdt&gatﬂ (T R inibSRced ity L300 |
it in the oi |re3{:ta9rhge§§ggyvﬁga ‘FWBF( éBﬁ)c@TffF'éﬁq%ﬁm 'c'r"ne‘ﬁf%r?éﬁﬂé" a0
occur at anbiRarts): dhpdempenalure wastraised ¢ 47300-8nd mapained abthat l&mﬁeraniuéy al |
the additi VeSfoﬁ@ﬁBhrsJ OITHehRmperatdrd Was ieh' | foﬁ)g dé'tf‘% A HIGA WhRE! mmHg

depr essant ar nto a concentr ckage hat
subsequent | y é’H e%[‘qd?ft BOLRYIPL Yas arpli ﬁaﬁ%r?m?ﬁes‘it*l Y%ghﬂ ant . Use of such
concentrates is conventional. The concentrate will typically be formul ated
to contain t Meneafihl iproduict wals RharaRittised @B Yolicst © Provi de the desired
concentration in the final fornulation when the concentrate is conbi ned
with a predeternined anount of "base |ubricant. Preferably the concentrate
is made in ac@Uﬂdﬂ&%ﬂhﬂtWXH&yﬂWfascbn&scrl bet58 ppS 4, 938, 880. That
patent descri lﬂ'Q:oﬁ %&:3 d netal detergents
that is pre- bmé' a !tdgﬁrrgg?()z;rta frﬂ(lélao a't%&lgfe%%'@gmerr] C.
WO 97/ 24417 PCT/ EP96/ 05881
Thereafter tkf@eqldmlrnieﬁn hyGastnbmalmgraplﬂyast 80.88% tyoweigit t he addi ti onal
conponents ar@o i y enmploy from2 to 15 mass
% and preferzls ?%nos:ﬁh%??ﬁn%%ﬁl {/\ga ofﬁ 7 to 8 mass % of the
concentrate %dl tive package with the remai nder being base oil.

Active sulphur content by procedure described  <0.1% by weight

above
Seals performance at 1.1 mass %: Tensile strength loss (%) = 21%
Elongation at break loss (%) =
41%



EXAMPLES | ' 1t 1| now be described by way of illustration only
w.th ref elrlﬁms"l@:ﬁﬂaﬂ@f’nﬂn oW ng exa.cq:i.es.——l-ﬁ—(—l-rmarrpl es, unless otherw se
noted, all«tre al | addi t'l1|-u9§HEEEHA§p\:‘ il as nmass percent active
i agredi ent. The internediate and |final RPPIAGEX s wele tested for seals
performance by the foll ow ng procéeure——The eftect of the additive

conposi ti onsWO?RT | | e seal s was testedtby i mersing sanpPEEEBIOSSSRi t 1| e
el astonmer in a lubricating oil conmposition containing a proprietary package
of additives and the additive to be tested, and conparing the el ongation at
break (EAB) @ngifg tensile strength (TS) of ‘the sanples after imrersion
with the corresponding figures before i nmersion. The nost suitable
additives are those giving the snallest percentage |loss in the el ongation
at break andy.or tAepmicess $or prephting ansdil-ddhiibile duiphubised phénalncbrithiNing3les8d wer e

d. It should ' : ' . t
For ihe niirile 0 S00ERp Y whighlof CAERRG Which SarprRBfieiepde 7 o)1 L00% ©

manuf act ure of sul phurised al kyl phenols, nay be used. The technique is
the use of the U{apbsesdutingeogatheresuipies ndndchivridefdner atiéast Wnefphienobthat! ky|

phenol spect es a5 a ¢ 30ls.balh@R\GiToRb, B TGCARIH bG8 WERIn RGP

and predicting the ni e seal's conpati bl ne.
techni que i s charact emai@fatigofinhengkie sylphwp monpahiedde i orepterthan1.7:1, to
wavel engt hs of the speedduce andoil-folubiscpldnol dhtemediate ltontdining cless Tthan

wavel engt hs were chosqbob{pﬁg]%&r% 'g}&g%éﬁrheélggdrrm based on the UV nmaxima

of certain conponents I n S I nternedi ates. The absorbance
rati o val ues of process sanples are then conpared against a correction to
the conventional (bjtr icomptatelyseacting ancurisaturated@rganic compoliifd Raviad 6hé or

PCT/ EP96/ 05881 more olefinic or acetylenic bond with the interifediate at elevated
temperature to reduce the amount of active sulphur to produce a
sulphurised phenol.

2. The process of claim 1 wherein the phenol is represented by the formula II:

OH

II
wherein R represents a hydrocarbyi radical andy is 1, 2, 3 or 4.

3. The process of claim 2 wherein R contains 5 to 30 carbon atoms, and y'is 1
or2.

4, The process of claims 2 or 3 wherein the phenol is a mixture of phenols
having an average molecular weight of 164 or greater.

5. The process of any of the preceding claims wherein Step (a) is carried out
at a temperature in the range of -50 to 250°C.

This Sheet Has Been Reilaced
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Step (a) b | | furised | pternmedi ates Sul fur nonochl oride (100
parts by \Tmﬂi]t"ﬂﬂ'gﬂﬂﬁﬂmm to a reac} THI3 SRESEHA % @ ning 385 parts by
viei ght of & neny « Phenol 1) Pei ngH%P' fi di nonyl phenol and
nonyl phenol (35:65 w% and having & ecul gr wei ght of 253. This
addi ti on was Wad®24¥ver a period of 3 hours and 45 m nutes. pPOWEPIGESSS1 ON

m xture was stirred efficiently during thg addition and the tenperature was
ranped from60[err]C to 90[err]C. Wien the addition of sulfur nonochloride
was conpleted the tenperature was raised to 110[err]C and held at this

tenperature fgr 2 L | gt Lon. 13 . e i th.

i rogen at oo at orty PaHet of erby Br R Dloctdind Khite Wit 48Col telia of o
characterised as fRIENGLIS SulRhyr Franqenigtide isr opgrestar preferably &2 enareater512 ppm
Total sul phur content by X-ray fluorescence 11.6% by wei ght by ASTM D4927:

Copper corrosyon Y Laht ¢ 8 Db | 0; tjive
sul phur cont e?ft b;‘f hp?rz gg(g ure&gé'g%rquig'g %awb§§ﬁ¥dﬁﬁr%% glaéjﬁ(igéa\/ed
perfornance at 1. 10T8@y¢ coppound isanmpne-olafinengt h' | oss (% =62

El ongation at break loss (% =

e, Sy, TS o B Mg,

Rlerr] SH Potentionetric titration with silver nitrate solution is used to

quantify the 9.ner CHe prosessaf déimr8 whergirethdagolefih és stedightechain afidhas oSt

bei ng derived frongt rtﬂfﬁ%ﬂ onetric titration of the sodi um hydroxi de
scrubber solution as described in "The Analytical Chem stry of Sul phur and
its Conmpounds Part 11", pages 357-360 by J. H Karchner, John WIley and
Sons, 1972. 16t eplheoproPesspalraryi afithe prewbding claimsbwhéleirf Step by carfiéd out

at a temperature of at least 100°C.

11. An oil-soluble sulphurised phenol obtained or obtainable by the process of
any of claims 1 to 10, provided that the phenol is not obtainable by:

(i) reacting together at a temperature of at least 100°C: an oil-soluble
active-suiphur containing sulphurised phenol intermediate; and an
olefin or an acetylenic compound in an amount in excess of that
required to react with the active sulphur present in the sulphurised
phenol intermediate; and

(i)  removing substantially all unreacted olefin or acetylenic compound.

12. A lubricating oil composition which comprises lubricating oil as a major
component and an oil-soluble sulphurised phenol of claim 11.

13. A lubricating oil concentrate which comprises one or more lubricant
additives, and an oil soluble sulphurised phenol of claim 11.

14.  The use of an oil soluble sulphurised phenol of claim 11 to enhance the
nitrile elastomer seal compatibility or the copper corrosion properties or
both of a lubricating oil composition.

This Sheet Has Been:Replaced
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WO 97/ 24417 .29 o PCT/ EP96/ 05881
_The above mterrrS\H!m'im!{m!,m,ﬂﬂ by wei ght) was introduced into a stirred
‘reaction vessel LS parts) and diluent -solvent neutral base
oil (160 parts). The tenperature was raigged to 175[err] C and naintained at
that tenperature for 8 hours. The tenperature was then |l owered to anbi ent
whil e 30 méq\ﬁgcuum and nitrogen purge was applied to renove dissol ved

H2S. The product was characterised as follows:- Chlorine content by

X-ray fluorescence: 15%@'me Tot al sul phl‘ll‘ content by X-ray fluorescence by
7. 6% by wel-ght APFRCESDION PIRPEAGAN OflSAlyPig SURRUNSFdRRERAFONRRING 155, 33%

b i ght Co | : ' Ol : . ofCl
Ui phur cont ent TEG (SRR wEIgRY b BYBARE Phicy Mt P Sk oGeal o

“performance at 1.1 mass % Tensile strength loss (%9 =21%
El ongation at break loss (% = )
41% (a) reacting together sulphur monochloridezgnd at (§ast e phenol that

process for preparin | = 0] uhl | p ' I I nj e
Phan_ 1000 ppm by wel She oA Snd b SHBES FEr SRE0H e Whpfein e
(a) reacting toget hgiole tdtidhof pHEH e Egiphde nomdchlorideds igrester BEN917:1 hat
IS substituted with one or nore hydrocarbyl radicals, wherein the

mol e ratio of phenol Piaslusal BRuPIl-FokiigIRen® interpeskiater cemfaining 7less then

orduce 21 o150 U0 Sop Ry WL thikcgpya 1" | o5 than

(b)  completely keacting all of an unsaturated organic compound having
one or more olefinic or acetylenic bonds with the intermediate at
elevated temperature to reduce the amount of active sulphur to

produce a sulphurised phenol.

2. The process of claim 1 wherein the phenol is represented by the formula II:

OH

II

wherein R represents a hydrocarby! radical and y is 1, 2, 3 or 4..

3. The'process of claim 2 wherein R contains 5 to 30 carbon atoms, and y is 1
or 2. '
4. The process of claims 2 or 3 wherein the phenol is a mixture of phenols

having an average molecular weight of 164 or greater.
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(b). conpletely reacting all or —an unsat urated organi ¢ conpound havi ng
.one or nore ol ef Nl |c bonds with the internedi ate at
umlmlmu he anount. of active sul phur to

produce a sul phuti sed Lphelnos The1process of claim 1 wherein the
phenol is represent ed by the forrrul all:

el evat ed t enper

oH

err

e ot 2 5D Mo SRS AR i Foalalle Saos

The proces

or 2. 4. Theatd mp@amreqhmémar?g@@f$ovpbgw°@ t he phenol is.a m xture of
phenol s having an average nol ecul ar wei ght of 164 or greater.

5. The process of any of the precedl ng clains wherein Step (a) is carried

out gt a ’rﬁé‘pp%é‘éég of ia?\yt F tr(ea%geceoécdmg %lé %sz%%?erlﬁ] tﬁ'e mole ratio of

10.

11.

12.

13.

14.

phenol to sulphur monochiloride is 2 or greater, preferably 2.2 or greater.

- The process of any of the preceeding claims wherein the unsaturated

hydrocarbon is a mono-olefin.
The process of claim 7 wherein the mono-olefin is an o-olefin.

The process of claim 8 wherein the a-olefin is straight chain and has from 8

to 20 carbon atoms.

The process of any of the preceding claims wherein Step (b) is carried out

at a temperature of at least 100°C.

An oil-soluble sulphurised phenol obtained by the proceés of any of claims
1to10.

A lubricating oil composition which comprises lubricating oil as a major

component and an oil-soluble sulphurised phenol of claim 11.

A lubricating oil concentrate which comprises one or more lubricant

additives, and an ofl soluble sulphurised phenol of claim 11.
The- use of an oil soluble sulphurised phenol of claim 11 to enhance the

nitrile elastomer seal compatibility or the copper corrosion propertles or

both of a lubricating oil composmon |
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6.. The proces$ aof dany of the

phenol to sul phur - nmonochloride is 2 or greater,
7. The process of any of the

hydr ocarbon is a nono-ol efin. 8.

nmono-olefin is an [err]-ol efin.

preceedi ng cl ai s wherein thec)n%pe

The process of claim7 whegsag

9. The

[err]-olefinis s

10.
out

ht chai rw

; NTIRARCTUADIMDERRTY ORGANIZATON 0 car b R
The process’ of any of the precedi NPAPHE wherein St ep {'IB}»I
aINEERNAFION AL AFPLICATION PUBBISHED GINDER, THE PATENT COORERATIONS

3%%%’5@?3% +

preferably 2.2 or

preceeding clainms wherein the unsat ur at BER

t he

(3

process of claim8 &

sul phuri
12. Al
maj or

13. Al
addi tive
use of a
nitrile

bot h of

S mihailall PRk Clbsifekiody : t he pr

DT icGi1! 138361 177/66) TR, Lo Wh
IEPIP (CIOM 5942212790, 138:30

Lbr IC16N 38e00,500t00concent r at e

ah
bl e
| ch

DC € 511 kntediAibnaPPublichtioh Niber:
conprises lubricating oil

S43} InteantiospbRiblishtiom Bite: of ¢ [ 1BJuin 1997 (1007.97)
conpri ses one or

as a

nore | ubri cant

5, and an oil
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(57) Abstract

(54) Title: SULPHURISED PHENOL ADDITIVES AND COMPOSITIONS

Sulphur monochloride and a phenol are reacted to produce an oil-soluble intermediate which is then reacted with an unsaturated
organic compound having one or more olefinic or acetylenic bonds to reduce the amount of active sulphur in the intermediate and to leave
no excess of hydrocarbon, thereby to produce a low-chlorine, low-active sulphur content ofl-soluble sulphurised phenol.
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