1 Lubricating GOl Conpositions This invention concerns |ubricating oi
conpositions, in particular, Iubricating oil conpositions for use in marine
di esel engines such as narine diesel cylinder s engines. Lubricating oil
conpositions for use in nmarine diesel cylinder engines are known as narine
di esel cylinder lubricant (" MDCL') conpositions. They are total |oss
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preferably nost preferably 9 to 15
and pressures, the internal walls of the cylinder liner will be subjected to excessive

15 adhesive wear (i.e. scuffing).

The aim of the present invention is to provide a lubricating oil composition for a
marine crosshead diesel engine. A further aim of the present invention is to
provide a marine diesel lubricating oil composition that exhibits goods resistance

20 to high temperatures and pressures, such as, for example, temperatures as high
as 300°C and above and pressures as high as 150 bar and above, and can
provide improved protection against scuffing of the cylinder liners.

In accordance with the present invention there is provided use of an oil-soluble
25 hydrocarbyl phenol aldehyde condensate as an antiwear additive in a lubricating
oil composition, the cil-soluble hydrocarbyl phenol aldehyde condensate having

the following structure:

OH OH OH



The inventors have surprisingly found that the use of an oil-sol ube

hydr ocar byl phenol al dehyde condensate in a lubricating oil conposition
reduces wear in a marine diesel engige. The wear is preferably adhesive
wear. The marine diesel engine is preferably a marine diesel cylinder

engi ne. 10 The hydrocar byl phenol al dehyde condensate is preferably a

hydr ocar byl phenol fornmal dehyde condensate. The hydrocar byl phenol al dehyde
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5 The term "hydrocarbyl"” as used
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15
The term "hydrocarbyl” as used herein means that the group concerned is
primarily composed of hydrogen and carbon atoms and is bonded to the
remainder of the molecule via a carbon atom, but does not exclude the presence
of other atoms or groups in a proportion insufficient to detract from the

20 substantially hydrocarbon characteristics of the group. The hydrocarbyl group is
preferably composed of only hydrogen and carbon atoms. Advantageously, the
hydrocarby! group is an aliphatic group, preferably alkyl or alkylene group,
especially alkyl groups, which may be linear or branched. R is preferably an alkyl
or alkylene group. R is preferably branched.

25
In accordance with the present invention, there is also provided a method of
improving the wear reducing properties of a lubricating oil composition, the
method including the step of adding the hydrocarby! phenol aldehyde condensate
defined above to the lubricating oil composition.

30

The lubricating oil composition preferably has a TBN of greater than 55, more
preferably greater than 60, even more preferably greater than 65, as determined
by ASTM D2896.



5 Spectronmetry. The hydrocar byl phenol al dehyde condensate is preferably

obt ai nabl e by the condensation reaction between at | east one al dehyde or
ket one or reactive equival ent t her eof 3and at |east one hydr ocar byl phenol ,
in the presence of an acid io catalyst such as, for exanple, an alkyl
benzene sul phonic acid. The product is preferably subjected to stripping to
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phoshor Epecteometrgul phuric acid, sul phonic acid, oxalic acid and 20

hydrochl oric acid. The acid may al so be present as a conponent of a solid
material such as an acid treated clay. The anount of catalyst used may vary
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| ubricating oil may be a synthetic |ubricating

Although a basic catalyst can be used, an acid catalyst is preferred. The acid
catalyst may be selected from a wide variety of acidic compounds such as, for
example, phosphoric acid, sulphuric acid, sulphonic acid, oxalic acid and

20 hydrochloric acid. The acid may also be present as a component of a solid
material such as an acid treated clay. The amount of catalyst used may vary from
0.05 to 10% or more, such as for example 0.1 to 1%, by mass of the total reaction
mixture.

25 In particular, the hydrocarbyi phenol aldehyde condensate is preferably branched
dodecyl phenol formaldehyde condensate, such as, for example, a tetrapropeny!
phenoi formaldehyde condensate.

The hydrocarbyl phenol aldehyde condensate is preferably used in the lubricating

30 oil composition in an amount ranging from 0.1 to 20 mass%, more preferably from
0.2 to 15 mass%, even more preferably from 0.5 to 12 mass%, and most
preferably from 1 to 10 mass%, based on the mass of the lubricating oil
composition.



o oil. Suitable synthetic lubricating oils include synthetic ester

| ubricating oils, which oils include diesters such as di-octyl adipate,

di -octyl sebacate and tridecyl adipatée, or polyneric hydrocarbon

| ubricating oils, for exanple liquid polyisobutene and poly-al pha ol efins.
Commonly, a mneral oil is enployed. The lubricating oil may generally
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conposition, and typically have a kinematic viscosity at 100C of from2 to
40, for exanmple for 3 to 15, nmmRs' and a viscosity index of from80 to 100,
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from 2 to 40, for example for 3 to 15, mm?s™ and a viscosity index of from 80 to

100, for example from 90 to 95. |

Another class of lubricating oils is hydrocracked oils, where the refining process
20 further breaks down the middie and heavy distillate fractions in the presence of
hydrogen at high temperatures and moderate pressures. Hydrocracked oils
typically have a kinematic viscosity at 100°C of from 2 to 40, for example from 3 to
15, mm?s™ and a viscosity index typically in the range of from 100 to 110, for
example from 105 to 108.
25
The term ‘brightstock’ as used herein refers to base oils which are solvent-
extracted, de-asphalted products from vacuum residuum generally having a
kinematic viscosity at 100°C of from 28 to 36 mm®s™' and are typically used in a
proportion of less than 30, preferably less than 20, more preferably less than 15,
30  most preferably less than 10, such as less than 5, mass%, based on the mass of

the composition.

Preferably, the oil of lubricating viscosity is present in the lubricating oil
composition in an amount greater than 40 mass%, more preferably greater than



conpounds, sonetimes referred to as surfactants. The detergent conprises a
pol ar head with a | ong hydrophobic tai%. The polar head conprises a netal
salt of a surfactant. Large amounts of "a netal base are 15 included by
reacting an excess of a metal conpound, such as an oxide or hydroxide, with
an acidic gas such as carbon dioxide to give an overbased detergent which

conpr i se3) masishs mesdprdtrabljegleater thha 60Unass¥arad mbéstopredrably greamr(e. 9.
carbonate) micelle. 20 The netal may, be an al kali_ or alkaline earth netal
such as, N8B O5%N2§pT= Pasediamihe pasuat thenubricating.el cempesition. bar i um and
magnesium Calciumis preferred. The surfactant may be a salicylate, a

sul phonate, a carboxyl ate, a phenate, a thiophosphate or a napht henate.
Met al sdbe @ite i1s the preferred netal salt. 25 The detergent nay be a
conpl ex/ hybr etergent prepared froma m xture of nore than one netal
surféctant, such as a cal cium al kyl phenate and a cal cium al kyl salicylate.
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detergent which comprises neutralized detergent as the outer layer of a metal

base (e.g. carbonate) miceile.

20 The metal may be an alkali or alkaline earth metal such as, for example, sodium,
potassium, lithium, calcium, barium and magnesium. Calcium is preferred.

The surfactant may be a salicylate, a sulphonate, a carboxylate, a phenate, a
thiophosphate or a naphthenate. Metal salicylate is the preferred metal sait.
25
The detergent may be a complex/hybrid detergent prepared from a mixture of
mdre than one metal surfactant, such as a caicium alkyl phenate and a calcium
alkyl salicylate. Such a complex detergent is a hybrid material in which the
surfactant groups, for example phenate and salicylate, are incorporated during the
30 overbasing process. Examples of complex detergents are described in the art
(see, for example, WO 97/46643, WO 97/46644, WO 97/46645, WO 97/46646
and WO 97/46647).



the al kyl groups is ﬁreferably at_reasy U o orsureatentate—ot+—sol-ubi | i ty.

15 The detergents nay be non-sul phurized or sul phurized, and may be
chemcally nodified and/or contain ditional substituents. Suitable

sul phuri zing processes are well known to those skilled in the art. 20 The
detergents may be borated, using borating processes well known to those
skilled in the art. The detergents preferably have a TBN of 50 to 500,
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there is more than one alkyl group, the average number of carbon atoms in all of

the alkyl groups is preferably at least 9 to ensure adequate oil-solubility.

15
The detergents may be non-suiphurized or sulphurized, and may be chemically
modified and/or contain additional substituents. Suitable sulphurizing processes
are well known to those skilled in the art.

20 The detergents may be borated, using borating processes well known to those
skilled in the an.

The detergents preferably have a TBN of 50 to 500, preferably 100 to 400, and
more preferably 150 to 350.

25
The detergents may be used in a proportion in the range of 0.5 to 30, preferably 2
to 20, or more preferably 5 to 19, mass% based on the mass of the lubricating oil
composition.



Antiwear Additives 25 The lubricating oil conposition may include at | east
one further antiwear additive. Di hydrqcarbyl dithiophosphate netal salts
constitute a preferred class of antiwedr additive. The netal in the

di hydr ocar byl dithi ophosphate netal may be an alkali or alkaline earth
metal, or alumnium |ead, tin, nolybdenum manganese, nickel or so copper.
Zinc sal Disporsamesef erred, preferably in the range of 0.1 to 1.5, preferably
0.5 to 1.3, nass% based upon the total mass of the |ubricating oi
conposition. They may be prepared in accordance with known techni ques by
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phenyl , butyl phenyl, cycl ohexyl, nethylcyclopentyl, propenyl, butenyl. In
ordefto obtain oil-solubility, the total nunber of carbon atons (i.e. in R

and R) 1 bRl SIAREQs GRpbrsats drd'slidcinimides, e.g. polyisobutene succinic
anhydride; and polyamine condensation products that may be borated or
unborated.

20 The dispersants may be used in a proportion in the range of 0 to 10.0, preferably
0.5 to 6.0, or more preferably 1.0 to 5.0, mass% based on the mass of the
lubricating oil composition.

Antiwear Additives
25
The lubricating oil composition may include at least one further antiwear additive.
Dihydrocarbyi dithiophosphate metal salts constitute a preferred class of antiwear
additive. The metal in the dihydrocarby! dithiophosphate meta! may be an alkali or
alkaline earth metal, or aluminium, lead, tin, molybdenum, manganese, nickel or
a0 copper. Zinc salts are preferred, preferably in the range of 0.1 to 1.5, preferably
0.5 to 1.3, mass%, based upon the total mass of the lubricating oil composition.
They may be prepared in accordance with known techniques by first forming a
dihydrocarbyl dithiophosphoric acid (DDPA), usually by reaction of one or more
alcohol or a phenol with P>Ss and then neutralizing the formed DDPA with a zinc



generally be 5 or gréater. The zi nc di hydrocar 5y| di LNl opnospnate cam

therefore 25 conprise zinc dialkyl dithiophosphates. The further antiwear
additive may be used in a proportion gn the range of 0.1 to 1.5, preferably
0.2 to 1.3, or nore preferably 0.3 to 0.8, mass% based on the mass of the

| ubricating oil conposition. so The lubricating oil conposition may al so
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"oil-so as used herein does not necessarily indicate that the
conpounds or additives are soluble in the base oil in all proportions. It

surticient to exert 25 the i HBRIGE'Q)PESET B e environment in which the
oi | 15i s enpl oyed. Moreover, the
where R and R' may be the same or different hydrocarbyl radicals containing from
1 {0 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl,
alkenyl, aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as
RandR' groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may,
20 for example, be ethyl, n-propyl, I-propyl, n-butyl, I-butyl, sec-butyl, amyl, n-hexyl, |-
hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylehexyl, phenyl, butyiphenyl,
cyclohexyl, methylcyclopentyl, propenyl, butenyl. In order to obtain oil-solubility,
the total number of carbon atoms (i.e. in R and R) in the dithiophoshoric acid will
generally be 5 or greater. The zinc dihydrocarbyi dithiophosphate can therefore
25 comprise zinc dialkyl dithiophosphates.

The further antiwear additive may be used in a proportion in the range of 0.1 to
1.5, preferably 0.2 to 1.3, or more preferably 0.3 to 0.8, mass% based on the
mass of the lubricating oil composition.

The lubricating cil composition may also include at least one of the following
additives: an antioxidant, a pour point depressant, an antifoaming agent, a
viscosity index improver, a dye, a metal deactivator, a demulsifier, or a mixture
thereof.



addi tional incorporation of other additives may al so permt incorporation of
higher levels of a particular additiyge, if desired. The |ubricant
conpositions of this invention conprise defined individual (i.e. so
separate) conponents that may or may not remain the sane chemically before
and after mxing. The follow ng exanples illustrate, but in no way Iimt,
the invention. 10 EXAMPLES Preparation of Hydrocarbyl Phenol Al dehyde

Cond t j t d byl Ph | Al d e Cond t
T35 vt TERsbR R Rab e mIRaa R SSesitiel IS Reskare ooy mese8ctiteeco g 2200 ¢
Sul phonj ' i i ' Og 2098 221
0 3508 P o g e e e e B 3T
Met hod added Bimultaneoushhiertbe oilsfilpbrigatingadsabsityt(at hase offtodbemithedehyde,
t . hept t oL ffl t i.th stj 200 , hit
bl ariet ILOYiBBGR PIERPBYRIerssolben o addlive rackaosls) iages atur e o
t [ 1 : i : : t
Fonct | oloRgafie b Flay 66 facElSdY SESBARG B mREY BB TR MR mAdT
f ur t her héating, &t this 19AG essential. nThe additive paeiage(shalil typivallgzrot r opi ¢

distillation. Renove residual heptane and dodecyl phenol fromthe reaction
mi xt ur efQifated da Goptain the; §QG@V§&) Fopreper ram%ntg?{o aevide the desiradnper at ure

to 120C &%rﬁ% n K ' ' r .a_product
wWth t hce: esir egﬁbgﬁ%é?&([géﬁ&g# ?@%érﬁd un'réte?%}@%%gn@ﬁ&ﬁ@gn?naver age
ol eg ul wheneheg atiditivezckagé(s) ds/aid cémbimedl witlpaprébeterminehamguhtibf i cat i ng
oi | con‘gosi tions were prepared and tested using the 25 HFRR test.
ase lubricant. The additive package may contain active ingredients in an

amount, based on the additive package, of, for example, from 2.5 to 90, preferably

from 5 to 75, most preferably from 8 to 60, mass% of additives in the appropriate

proportions, the remainder being base oil.

15
The final formulations may typically contain about 5 to 40 mass% of the additive

packages(s), the remainder being base oil.

The term ‘active ingredient’ (a.i.) as used herein refers to the additive material that

20 is not diluent.

The term ‘oil-soluble’ as used herein does not necessarily indicate that the
compounds or additives are soluble in the base oil in all proportions. it does
mean, however, that it is, for instance, soluble in oil to an extent sufficient to exert

25 the intended effect in the environment in which the oil is employed. Moreover, the
additional incorporation of other additives may also permit incorporation of higher
levels of a particular additive, if desired.

The lubricant compositions of this invention comprise defined individual (i.e.
30 separate) components that may or may not remain the same chemically before

and after mixing.

The following examples illustrate, but in no way limit, the invention.



11 The HFRR or High Frequency Reciprocating R g lesr 1o 2 Conpurer
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ﬂghénél 43G90Cg! ci um [1zdEp 4400 141 880d 4. 00 stipppgrat e/ phenat e

bIC|u Q0 5 5.00°5.00 lphenafe Hi ghly borfated 3100 3.00 3. 00
Sulphamic Rcidmary 2200P 0.50 d.2®g0.50 0.5p22@12 branch@8 gl kyl 3}00
éumht*ri sed 012 branched aI kyl 3.00

atalys
Paraformaldehyde | 170g 209g 2219 330g
Water 550 g 550 g 550 ¢g 550 g
Heptane 831g 831 g 831g 831g
Method

Add the dodecyiphenol, sulphonic acid catalyst, paraformaldehyde, water and

heptane to a 5L baffled reactor with stirrer (200 rpm), nitrogen blanket

(600ml/min), condenser, Dean and Stark trap, a temperature controliing system,

and Cardice/Acetone trap vacuum system. Heat the reaction components from

ambient to 80°C over 30 minutes, then heat further from 80 to 100°C over 2 hours

and remove water by azeotropic distillation. Remove residual heptane and

dodecyl phenol from the reaction mixture under reduced pressure at 200°C.

Finally, decrease the temperature to 120°C and add an appropriate quantity of

ESN 150 to produce a product with the desired polymer concentration. (Mw refers

to weight average molecular weight.)

Lubricating Qil Compositions

The following lubricating oil compositions were prepared and tested using the

HFRR test.



phenol Phenol al dehyde condensate, 3. 00 Mv I663 Base oil 77.5 74.5 74.5
74.5 Kinematic viscosity 19.00 17.79 18.98 19.45 1000 cSt Base nunber,
71.1 79.9 71.8 71.8 D2896, ngKOH g HFRR wear scar 201.5 242 207 194
average, m 12 Fornul ati on Conparative Conparative Conparative Exanple 2
Exampl e 1 Exanple 4 Exanple 5 4108N Cal ci um 14. 00 14.00 14.00 14.00

300 3. 0078 WG oo SpaneanY Fee mac.:@mm@ 6 teaids 6 coshpriepconkoibe 2
o anehed sl SsEUSRAY ol hasPod I EhEe BB 0 Preno
vi scosi t yubrizants ded&bdithddiy Ribrivatio®cbdRionst ABasectromagnetichlibata®. 0 72. 4
re.0 oscillates a steel ball over a small amplitude while pressing it with a load of 10N
5 against a stationary steel disk. The lower, fixed disk is heated electrically and is
fixed below the lubricant under test. The temperature is ramped from 80°C to
380°C in 15 minutes. The lubricity of the fluid is evaluated by measuring the wear
scar on the steel ball in micrometres at the end of test. The lower the wear scar on
the steel ball, the better the anti-wear protection of the lubricant when two metal
10 surfaces are experiencing boundary lubrication conditions. In addition, as the
temperature is ramped from 80 to 380°C, the friction coefficient does not increase
as long as satisfactory oil film exists between the two metal surfaces. At a certain
temperature, the friction coefficient starts increasing sharply, indicating that the oil
film is breaking down and the metal surfaces are experiencing direct contact to an
15 extent to cause the friction coefficient to start increasing with temperature. The
higher the temperature at which this turning point in the friction coefficient occurs,
the better the protection of the cylinder liner from adhesive wear.

High Temperature HFRR: improved wear protection

20
. . Comparative Comparative Comparative
Formulation Example 1 Example 2 Example 3 Example 1
410BN Calcium
sulphonate/phenate 14.00 14.00 14.00 14.00
258BN Caiciurn 5.00 5.00 5.00 5.00
phenate ’ - E .
Highly borated
dispersant 3.00 3.00 3.00 3.00
Primary ZDDP 0.50 0.50 0.50 0.50
C12 branched alkyl
phenol 3.00
Suiphurised C12
branched alkyl 3.00
phenol
Phenol aldehyde
condensate, 3.00
Mw 1663
Base oil 77.5 74.5 745 74.5
Kinematic viscosity
@ 100C, cSt 19.00 17.79 18.98 19.45
Base numbser,
D2896, mgkOH/g 711 799 71.86 71.8
HFRR wear scar 201.5 242 207 194
average, ym.




02896 m KOH HFRR wear

scar

exanples 1 and 2 exhibit less wear in the HFRR test than

exanples 1-5. The foll owi ng exanpl es show t he use of phenol
condensates with different weight average nol ecul ar weights (M) :

S conparati
al dehyde

10

201.5 227.5 212.5 197.5 avers m As shown above,

ve

Formul ati on Exanple 3 Exanple 4 Exanple 5 410BN Cal ci um sul phonat e/ phenat e
17.40 17.40 17.40 deter ent Borated di spersant 3.00 3.00 3.00 Antirust

hyde
henol
tic

3

agent, prnonyt—phen e 80T6—88 £ "*'“" "L"}&I"-Cn Pherot—al-d
condensaf E™MBIP0 My 11%&,5; noI al Sgifyggecomde r,';°8 40 Fama839 P
al dehyde| gofideRsat e, [ 8. 00 Mv 3692 Base ol I 80 70.80 10.80 KImne
vi scosi t ysuz,aqnaiapna&mg b 23. 0 1000, cst4®Base ﬁ]unbeﬁ40°73 87 73.5%9072. 0C
02896, n & SRR, tenperaturetof—mnrnunrfrrcttomr22313—238-5258-
coef fi ci PHoone 5.00 5.00 5.00 5.00
mgg;%?“ 3.00 3.00 3.00 3.00
Primary ZDDP 0.50 0.50 0.50 0.50
C12 branched alkyl
phenol 8.00
Sulphurised
branched alky! 8.00
phenol
Phenot aldehyde
condensate, 8.00
Mw 1663
Base oil 775 69.5 69.5 69.5
s viscosity 19.00 16.85 19.20 20.54
EZZSQ”,’.';;’.?BWQ 711 79.0 72.4 726
HFRR wear scar
average, um 2015 227.5 2125 197.5
As shown above, examples 1 and 2 exhibit less wear in the HFRR test than
5 comparative examples 1-5.
The following examples show the use of phenol aldehyde condensates with
different weight average molecular weights (Mw):
10

Formulation

Example 3

Example 4

Exampie 5

410BN Calcium
sulphonate/phenats
detergent

17.40

17.40

17.40

Borated dispersant

3.00

3.00

3.00

Antirust agent,
p-nonyl phenoxy
tetra athoxy ethanol

0.80

0.80

0.80

Pheno! akdehyde
condensate,
Mw 1158

8.00

Phenol aldehyde
condensate,
Mw 1839

8.00

Phenacl aldehyde
condensate,
Mw 3692

8.00

Base oil

70.80

70.80

70.80

Kinematic viscosity
@ 100C, cSt

20.73

21.95

23.17

Base number,
D2z896, mgKCH/g

73.87

73.57

72.08

HFRAR, temperature
of minimum friction
coefficient, °C

2233

238.5

258.3




13

A

"Formul ati on Exanple 6 Exanple 7 Exanple 8 410BN Cal ci um

sul phonat e/ phenate 17.40 17.40 17.40 detergent Borated dispersant 3.00 3.00

3.00 Antirust agent,

Phenol

Mv 1839 Phenol

249. 7
Calciu
5.00 5.

5

al dehyde condensat e,
al dehyde condensat e,

p- nonyl

phenoxy 1®. 80 0. 80 0. 80
3.00 Mwv 1158 Phenol
3.00 Mwv 3692 Base oil
Kinematic viscosity 19.30 19.83 20.53 O 1000 cst Base nunber,
73.35 D2896, ngKCng HFRR,

tetra ethoxy ethano
al dehyde condensat e,

3. 00
75.8 75.8 75.8
73.31 73.05

tenperature of mninumfriction 221.6 228.5

u@%ﬂléﬂ&l ent,

C hQimpreal | ¢

n Examde 9

Exafmlhﬁe g0 B

fxanpl e 11 410BN

BNt
D Qiphdakiednedae
detergent

4.4
JTlCI—Id.LE 14, U

?oratedodlsp@

ﬁ .L'-l- UU J.LF Un

rsantz.48. 00 3

detergent

. 00 3700

258BN Cal ci um 5. 00

Borated dispersant

3.00

3.00

3.00

Antirust agent,
p-nonyl phenoxy
tetra_ethoxy ethanol

0.80

0.80

0.80

Phenol aldehyde
condensate,
Mw 1158

3.00

Phenol aldehyde
condensate,
Mw 1839

3.00

Phanol aldehyde
condensate,
Mw 3692

3.00

Base oil

75.8

75.8

75.8

Kinematic viscosity
@ 100C, cSt

19.30

19.83

20.53

Base number,
D2896, mgKOH/g

73.31

73.06

73.35

HFRR, temperature
of minimum friction
coefficient, °C

221.6

228.5

249.7

Formulation

Example 8

Example 10

Example 11

410BN Calcium
sulphonate/phenate
detergent

14.00

14.00

14.00

258BN Calcium
phenate

5.00

5.00

5.00

Borated dispersant

3.00

3.00

3.00

Primary ZDDP

0.50

0.50

0.50

Phenol aidehyde '
condensate,
Mw 1158

3.00

Phenol aldehyde
condensate,
Mw 1839

3.00

Phenci aldehyde
condensate,
Mw 3692

3.00

Base oil

74.5

745

745

Kinematic viscosity
@ 100C, ¢St

19.25

19.70

20.02

Base number,
D2898, mgKOH/g

72.21

71.78

72.25

HFRR, temperature
of minimum friction
coefficient, °C

362.8

363.1

375.1

The above tables show that as the weight average molecular weight (Mw) of the

phenol aldehyde condensate increases, so does the temperature of minimum

friction coefficient (°C).



Primary ZDDP 0.50 0.50 0.50 Phenol al dehyde condensate, 3.00 Mwv 1158
Phenol al dehyde condensate, 3.00 Mwv 1839 Phenol al dehyde condensate, 3.00
Mv 3692 Base oil 74.5 74.5 74.5 Kinematic viscosity 19.25 19.70 20.02 a
1000 cSt Base nunber, 72.21 71.76 72.25 D2896, ngKOH g HFRR, tenperature of
mnimumfriction 362.8 363.1 375.1 cogfficient C The above tabl es show t hat
as the wei ght average nol ecul ar weight (Mv) of the 5 phenol al dehyde
conden ncreases, so does the tenperature of mininmm friction
coefficient (C). 14 CLAIMS 1. Use of an oil-soluble hydrocarbyl phenol

Comoxiiti i o o maoara eI EsAREL iRl dapbkie TyFaear byt ienol

al dehy@mtﬁoaﬁlﬁrweaile:lhavuﬁga 1 ler foaltiaw agL s&dmm@ulteon&h A ddri¥e~diesell 14
RR~ Rwereinnis

i s a_dival ntb in ou and Ris a
hyalr o PBY T gr B HavPAy S oI 52387 il 98 e R e
in cl aigRel foWeF@ig s¥rust@-drydrocar byl group.

OH OH
j: 4 Y.
R R '

wherein n is 0 to 10,; Y is a divalent bridging group; and R 1s a

hydrocarbyl group having from 4 to 30, carbon atoms.

2. The use as claimed in claim 1, wherein Y is a hydrocarbyl group.

3. The use as claimed in claim 2, wherein the hydrocarbyl group has

from 1 to 4 carbon atoms.

4, The use as claimed in any claims 1, 2 or 3, wherein n is 3 to 5.

5. The use as claimed in any claims 1, 2 or 3, wherein n is 2 to 6.

6. The use as claimed in any claims 1, 2 or 3, wherein n is 1 to 8.

7. The use as claimed in any one of the preceding c¢laims, wherein R

is a hydrocarbyl group having from 9 to 15 carbon atoms.

B. The wuse as claimed in any claims 1 to 6, wherein R is a

hydrocarbyl group having from 8 to 18 atoms.



3. The use as clained in claim2, wherein the hydrocarbyl group has froml
to 4 carbon atons. 4. The use as clainmed in any clains 1, 2 or 3, wherein n
is 3to 5. 5 The use as clainmed in any clains 1, 2 or 3, wherein nis 2 to
6. 6. The use as clained in any clainms 1, 2 or 3, whereinnis 1to 8. 7.
The use as clained in any one of the pgbeceding clains, wherein R is a

hydr ocar byl group haying from9 to 15 carbon atons. B.. The use as clained in
any cl arms’q 1Y 65 WhateErd B idYa O Rydt odt BASCErotD TRy FPBRTE t7Pe18

at oms. n}8ro&arbile pusfo BSa Che yiRd chRdamya @ aef at Remps e cadingeChal édulasher ei n
the hydrocarbyl phenol al dehyde congensate has a nunber average_ nol ecul ar
meightwﬁ&ﬁﬁtiﬁ%Y%el?aﬁﬁ% SFHQ%OOFOBQ 06° d9%eaddr B§2BYTRALDY - FOEPT (it ri x
Assi st getataser aesaiet | s d oNbZirbenon T BRI 8dt Kr-ghtdndVbss rEpaal)r iy y.

10. The use as clainmed in claim9, wherein the hydrocarbyl phenol al dehyde
condensBEE HI¥ S Ynunber average nol ecul ar weight (Mw) in the range of 1700
to 3800. 11. The use as clainmed in claim9, wherein the the hydrocar byl
phenol al dehyde condensate has a nunber average nol ecul ar weight (My) in

the rdfAge T8 1360 aSo UFGOI1Ln THE s @ as' i E &t Reden PYI9EPAREEY WhBF 1S t he
t he hyquaelag;c_ﬁylcoﬁl@%ﬂ%te ahdehydgreendensaif hasecauaher gverage lacul ar

weight (Mv) in the range of 1100 to 4200.  13. The use as clained in any one
of thepreecdsi dg%8l &7 nd%CWherein the condensate includes |ess than 5.0% by

mass of unreacted hydrocarbyl phenol. 14. The use as clainmed in clainmed 13,
wherein the condensate includes |ess than 1.0% by mass. 15. The use as

cl ai medlinTk¢ aisfe@s13lahhed eith GiRéMc8ndebrRer’a ithel tleshydxase rPRAnPIBeIIYh, by

mass. LegedP& UsRidRasstal NRd 4 sk ronee Aiqd R 1BEEELHI NG el (R whenRi n
t he hydrocar byl phenol al dehyde condensate is obtainable by the
range of 1300 to 4000.

12. The use as claimed in claim 9, wherein the the hydrocarbyl phenol
aldehyde condensate has a number average molecular weight (Mw) in the

range of 1100 to 4200,

13. The use as claimed in any one of the preceding claims, wherein’
the condensate includes less than 5.0% by mass of unreacted

hydrocarbyl phenol.

14. The use as claimed in claimed 13, wherein the condensate includes

less than 1.0% by mass.

15. The use as claimed in claimed 13, wherein the condensate includes

less than 3.0% by mass.

16. The use as claimed in any one of the preceding claims, wherein
the hydrocarbyl phenol aldehyde condensate is obtainable by the
condensation reaction between at least one aldehyde or ketone or
reactive equivalent thereof and a hydrocarbyl phenol, in the presence

of an acid catalyst.

17. The use as claimed in any one of the preceding claims, wherein



condensation reaction between at | east one al dehyde or ketone or reactive
equi val ent thereof and a hydrocarbyl phenol, in the presence of an acid
catalyst. 17. The use as clained in any one of the preceding clainms, wherein
16 the hydrocarbyl group in the hydrocarbyl phenol al dehyde condensate is
branched. 18. The use as clainmed in any one of the preceding clains, wherein
t he hydrocarbyl phenol al dehyde condensate is a hydrocarbyl phenol

f or mal dehydedcoradndatgoup9.inThdeusdeydascetlay Ineghdéne laml dehgdef cbhéempsaredi ng
clainsismggggiga t he hydrocarbyl phenol al dehyde condensate is tetrapropenyl
phenol ““form éhyde condensate. 20. The use as clainmed in any one of the
preceding clainms, wherein the lubricating oil conposition includes at |east
one of yghey, Lol Lowt 00 addid ves: o, dgher geniye 8, aReLsant L.l aphd i dant,
an antrwear additrve,  a pour poi epressant ,”an antrf oam ng’ agent, a

Vi scosithy hgdexcariprlov@rencd dylelehgdaetcahddesetd vas or, hyddenatisy ) i grgnolor a

m xture the f., 21. A nmethod of inproving the wear reducing properties of a
Iubrichfﬁ%;§§ﬁyq?oﬁ88§?Q?%ﬁ%' the nethod including the step of adding the

hydr ocar byl phenol al dehyde condensate defined in any one of clainms 1-18 to
the IUQB[C%RéngSglgscg 9%éé|9§'any one of the preceding claims, wherein
the hydrocarbyl phenol aldehyde condensate is tetrapropenyl phencl

formaldehyde condensate.

20. The use as claimed in any one of the preceding claims, wherein
the lubricating oil composition includes at least one of the
following additives: a detergent, a dispersant, an antioxidant, an
antiwear additive, a pour point depressant, an antifoaming agent, a
viscosity index improver, a dye, a metal deactivator, a demulsifier,

or a mixture thereof.

21. A method of improving the wear reducing properties of a
lubricating ¢il composition, the method including the step of adding
the hydrocarbyl phencl aldehyde condensate defined in any one of

claims 1-18 to the lubricating oil composition.



