1 5 DETERGENT ADDI Tl VES FOR LUBRI CATI NG O L COWPCSI TI ONS The present

I nvention relates to detergent additives for lubricating oil conpositions.
10 Detergent additives are used in a wide variety of autonotive, marine,
railroad and industrial lubricants to m nimze high tenperature engine
varni sh and | acquer deposits. They are usually netal salts of sul phonates,
phenates and salicylates, such as, fqr exanples, calcium sul phurized
phenat es. However, the use of sul phur-containing detergents will soon be
restricted due to inposed chemcal 15 limts on sul phur. The aim of the
present i nveDETERGENTADDITIVES FOREL UBRIOATING OilSCOMPOSITIONShUr  and
metal (i.e. ash). 20 In accordance W th the present 1nvention tnere is
provi ded use as a detergent in a lubricating oil conposition of an
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pr ef er abtympositiofs. nore preferably 2 to 6, and nost preferably 3 to 5; Yis
a divalent bridging group, and is preferably a hydrocarbyl group,
preferably having from1 to 4 carbon atons; and R is a hydrocarbyl group

havi f : r i :a&da oreferabl y. car bon
30 a{%ﬂp@ﬁée@ﬁ%ﬁ%ﬁ%‘ﬁﬁgr%g g‘?@% |"1“§ﬁt nol %@@H%’e%géﬁ ’e%g gqatgo %rgc(?i ng a
wei ght 2indastriat fubgieants! tequinimizesiighhtenipératuré ehgirie varnisbhd laeq?:aalsur ﬁd by

LDl -T [ ' L ' | oni i on- Ti F
g/ﬁect r O%@égl\,gsr. 'ﬂe’?}sésrlest}s%%lly metal s%?tg%rf %Up%gnatoe@, f)ﬁ(teﬁgtre]s anldrrseali(c):ylatesl, oht) mass

such as, for examples, calcium sulphurized phenates. However, the use of

sulphur-containing detergents will soon be restricted due to imposed chemical
15 limits on sulphur.

The aim of the present invention is to provide a detergent that is free of sulphur
and metal (i.e. ash).

20 In accordance with the present invention there is provided use as a detergent in
a lubricating oil composition of an oil-soluble hydrocarbyl phenol aldehyde
condensate having the following structure:

OH OH OH

AN A

wherein n is 0 to 10, preferably 1 to 8, more preferably 2 to 6, and most
preferably 3 to 5; Y is a divalent bridging group, and is preferably a hydrocarbyl
group, preferably having from 1 to 4 carbon atoms; and R is a hydrocarbyl group

25

having from 4 to 30, preferably 8 to 18, and most preferably 9 to 15 carbon
30 atoms; the oil-soluble hydrocarbyl phenol aldehyde condensate having a weight



The hydrocar byl phenol al dehyde condensate has the advantage of being free
of metals (such as, for exanple, calciumand nagnesium and sul phur. 10
Furthernore, unlike salicylate detergents, the hydrocarbyl phenol al dehyde
condensat e does not exhibit negative interactions with dispersants. The

hydr ocar byl phenol al dehyde condensate is preferably a hydrocarbyl phenol

f or mal dehyde condensate. 15 The term "hydrocarbyl"” as used herein neans that
the group concerned is primarily conﬁ%sed of hydrogen and carbon atonms and
i's bonded to the renuminder of the nolecule via a carbon atom but does not
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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
hydrocarbyl 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 detergency of a lubricating oil composition, the method including
the step of adding the hydrocarbyl phenol aldehyde condensate defined above to
the lubricating oil composition.

30

The hydrocarbyl phenol aldehyde condensate preferably has a weight average
molecular weight (Mw) in the range of 1280 to 1650, preferably 1300 to 1650,
more preferably 1350 to 1600, as measured by MALDI-TOF (Matrix Assisted
Laser Desorption lonization- Time of Flight) Mass Spectrometry.

35



3 5 The hydrocarbyl phenol al dehyde condensate is preferably obtainable by
t he condensation reaction between at | east one al dehyde or ketone or
reactive equivalent thereof and at |east one hydrocarbyl phenol, in the
presence of an acid catalyst such as, for exanple, an al kyl benzene

sul phonic acid. The product 1is preferably subjected to stripping to renove
any unreacted hydrocarbyl phenol, 10 pgeferably to |l ess than 5. 0% mass, nore
preferably to |l ess than 3.0% nass, even nore preferably to |ess than 1.0%
mass, of unreacted hydrocarbyl phenol. Mst preferably, the product
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phenol al dehyde condensate is preferably used in the ubr| cat| ng oil
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mass of riccatrng oi onposrtiron. of Lubricating Viscosity The
I ubricating oil composition will include an oi | of lubricating viscosity.
“e S arfitbghsa besi catalyst can be sed, & acd catalyst is preferred. The acid |0 ©'')
catalyst may be selected from a wide variety of acidic compounds such as, for
example, phosphoric acid, sulphuric acid, sulphonic acid, oxalic acid and
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
20 from 0.05 to 10% or more, such as for example 0.1 to 1%, by mass of the total

reaction mixture.

In particular, the hydrocarbyl phenol aldehyde condensate is preferably branched
dodecy! phenol formaldehyde condensate, such as, for example, a tetrapropenyt
25 tetramer phenol formaldehyde condensate.

The hydrocarbyl phenol aldehyde condensate is preferably used in the lubricating
oil composition in an amount ranging from 0.1 to 20 mass%, more preferably
from 0.2 to 15 mass%, and most preferably from 0.3 to 10 mass%, based on the

30 mass of the lubricating oil composition.

Qil of Lubricating Viscosity

The lubricating oil composition will include an oil of lubricating viscosity. The oil
35 of lubricating viscosity (also referred to as lubricating oil) may be any oil suitable



4 5 for the lubrication of autonotive, marine, railroad and industrial
engi nes. The lubricating oil may suitably be an animal, a vegetable or a

mneral oil. Suitably the lubricating oil is a petroleumderived
| ubricating oil, such as a naphthenic base, paraffinic base or m xed base
oil. Alternatively, the lubricating oil may be a synthetic lubricating oil.

Suitable synthetic lubricating oils iqplude synthetic ester 10 lubricating
oils, which oils include diesters such as di-octyl adipate, di-octyl
sebacate and tridecyl adipate, or polyneric hydrocarbon |ubricating oils
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Another class of lubricating oils is hydrocracked oils, where the refining process
further breaks down the middle and heavy distillate fractions in the presence of
20 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 oil may include ‘brightstock’ which refers to base oils that 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,
most preferably less than 10, such as less than 5, mass%, based on the mass of

30 the composition.

Most preferably, the oil of lubricating viscosity is present in the lubricating oil

composition in an amount greater than 50 mass%, more preferably greater than

60 mass%, and most preferably greater than 65 mass%, based on the mass of
35 the lubricating oil composition.



60 mass% and nost preferably greater than 65 mass% based on the nmass of

35 the lubricating oil conposition. 5 5 Detergent Additives The |ubricating
oi |l conposition nmay al so include one or nore detergent additives based on
nmetal "soaps”, that is netal salts of acidic organic conpounds, sonetines
referred to as surfactants. 10 The netal may be an al kali or alkaline earth
nmetal such as, for exanple, sodium otassium Ilithium calcium barium and
magnesium Calciumis preferred. The surfactant nmay be a salicylate, a

sul phonate, a carboxylate, a phenate, a 15 thiophosphate or a napht henate.
Thengeteé%ent mlﬁlso be a conpl ex/ hybrid detergent prepared froma m xture
of re V8S surfactant, such as a cal ci um al kyl phenate and a
calcium al kyl salicylate. Such a conplex detergent is a hybrid material in
whi ch 20 the surfactant groups, for exanple phenate and salicylate, are
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detergents may be non-sul phurized or sul phurized, and nmay be chemcally

nodilfi ed and/ or contain additional substituents. Suitable sul phurizing
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The surfactant may be a salicylate, a sulphonate, a carboxylate, a phenate, a
15 thiophosphate or a naphthenate.

The detergent may also be a complex/hybrid detergent prepared from a mixture
of more than one metal surfactant, such as a calcium alkyl phenate and a
calcium alkyl salicylate. Such a complex detergent is a hybrid material in which

20 the surfactant groups, for example phenate and salicylate, are incorporated
during the overbasing process. Examples of complex detergents are described
in the art, such as, for example, in EP 902 827B.

Surfactants for the surfactant system of the metal detergents contain at least one
25 hydrocarby! group, for example, as a substituent on an aromatic ring.

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

30
The detergent may have a low TBN of from 10 to 50, a medium TBN of 50 to
150, or a high TBN of greater than 150, such as, for example, 150 to 400.



5 The detergents may be used in a proportion in the range of 0.5 to 30,
preferably 2 to 20, or nore preferably 2 to 15, mass% based on the nass of
the lubricating oil conposition. Dispersant 10 The |ubricant conposition
may include at | east one dispersant. A dispersant is an additive for a

| ubricating conposition whose primary function in lubricants is to

accel erate neutralization of acids by fhe detergent system 15 A noteworthy
cl ass of dispersants are "ashl ess", ning a non-netallic organic nmaterial
that forns substantially no ash on conbustion, in contrast to netal -

cont ag ni -1 ) materjials.. Ashl ess d] rsants conprise a
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atons. TRILOMPASION di spersants nay conprise an oil-sol uble pol ymeric
hydr ocar bon backbone having functional groups that are capabl e of
associating with particles to be dispersed. 25 Exanpl es of ashl ess

di sper samispersantsucci ni m des, e.g. polyisobutene succinic anhydride; and
pol yam ne condensation products that may be borated or unborated. The
dispé?sants may be used in a proportion in the range of 0 to 10.0,
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15 A noteworthy class of dispersants are “ashless”, meaning a non-metallic organic
material that forms substantially no ash on combustion, in contrast to metal-
containing, hence ash-forming, materials. Ashless dispersants comprise a long
chain hydrocarbon with a polar head, the polarity being derived from inclusion of,
e.g., an O, P or N atom. The hydrocarbon is an oleophilic group that confers oil-

20  solubility, having for example 40 to 500 carbon atoms. Thus, ashless
dispersants may comprise an oil-soluble polymeric hydrocarbon backbone
having functional groups that are capable of associating with particles to be
dispersed.

25 Examples of ashless dispersants are succinimides, e.g. polyisobutene succinic
anhydride; and polyamine condensation products that may be borated or
unborated.

The dispersants may be used in a proportion in the range of 0 to 10.0, preferably
30 0.5t0 6.0, or more preferably 1.0 to 4.0, mass% based on the mass of the

lubricating oil composition.
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10 Di hydrocarbyl dithi ophosphate netal salts are exanples of anti-wear
additives that nay be used in the present invention. The netal in the

di hydrocarbyl dithi ophosphate netal salts may be an al kali or al kaline
earth netal, or alumnium lead, tin, nolybdenum mnmanganese, nickel or
copper. Zinc salts are preferred, preferably in the range of 0.1 to 1.5,
preferably 0.5 to 1.3, mass% 15 based, upon the total mass of the

| ubricating oil conposition. They may be prepared in accordance with known
techniques by firstly formng a di hydrocarbyl dithiophosphoric acid (DDPA),

usualgy mﬁ“%gﬁwggﬂ“@ one or nore alcohols or a phenol with P2S5 and then

neut r d DDPA with a zinc conpound. For exanple, a
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prepared in accordance with known techniques by firstly forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohols or a
phenol with P>Ss and then neutralizing the formed DDPA with a zinc compound.
For example, a dithiophosphoric acid may be made by reacting mixtures of

20 primary and secondary alcohols. Alternatively, multiple dithiophosphoric acids
can be prepared comprising both hydrocarbyl groups that are entirely secondary
and hydrocarbyl groups that are entirely primary. To make the zinc salt, any
basic or neutral zinc compound may be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently

25 contain an excess of zinc due to use of an excess of the basic zinc compound in

{ the neutralization reaction.

The preferred zinc dihydrocarbyl dithiophosphates are oil-soluble salts of
dihydrocarbyl dithiophosphoric acids and may be represented by the following
30 formula:

[(RO) (R'0) P(S)S]. Zn

where R and R' may be the same or different hydrocarbyl radicals containing
35 from 1 to 18, preferably 2 to 12, carbon atoms and including radicals such as



anyl, n-hexyl, 1-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethyl hexyl,
phenyl, butyl phenyl, cycl ohexyl, nethylcycl opentyl, propenyl, butenyl. In
order to obtain 10 oil-solubility, the total nunber of carbon atonms (i.e.
in Rand R) in the dithiophoshoric acid will generally be 5 or greater. The
zi nc di hydrocarbyl dithi ophosphate can therefore conprise zinc dial kyl

di t hi ophosphat es. The anti wear additige may be used in a proportion in the
range of 0.1 to 1.5, 15 preferably 0.2 to 1.3, or nore preferably 0.5 to
0.9, nmass% based on the mass of the lubricating oil conposition.
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the lubricating oil composition.

Antioxidants

20 Antioxidants may also be added to the lubricating oil composition. These may be
aminic or phenolic. Examples of aminic include secondary aromatic amines such
as diarylamines, for example diphenylamines wherein each phenyl group is alkyl-
substituted with an alkyl group having 4 to 15 carbon atoms. Examples of
phenolics include hindered phenols, including mono-phenols and bis-phenols.

25 The anti-oxidant may be present in an amount of up to 3 mass%.

One or more of the following additives may also be present in the lubricating oil
composition: pour point depressants such as poly(meth)acrylates or alkyl
aromatic polymers; anti-foaming agents such as silicone anti-foaming agents;
30 viscosity index improvers such as olefin copolymers; dyes; metal deactivators
such as aryl thiazines, triazoles or alkyl substituted dimercapto thiadiazoles; and

demulsifiers.

It may be desirable to prepare an additive package or concentrate of the
35 lubricating oil composition. The additive package may be added simultaneously
to the base oil to form the lubricating oil composition. Dissolution of the additive



to contain the detergent in proper amounts to provide the desired
concentration, and/or to carry out the intended function in the final
formul ati on when the additive package is conbined with a predeterm ned
amount of base lubricant. The 10 additive package may contain active

I ngredients in an anmount, based on the additive package, of, for exanple,
from2.5 to 90, preferably from5 to §5, nost preferably from8 to 60
mass% of additives in the appropriate proportions, the renainder being base
oil. 15 The final fornulations may typically contain about 5 to 40 nass% of
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remainder being base oil.

15 The final formulations may typically contain about 5 to 40 mass% of the additive
package, the remainder being base oil.

The terms ‘oil-soluble’ or ‘oil-dispersable’ as used herein do not necessarily
indicate that the compounds or additives are soluble, dissolvable, miscible or

20 capable of being suspended in the oil in all proportions. These 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 also
permit incorporation of higher levels of a particular additive, if desired.

25
The invention will be further described, by way of example only, with reference to
the following examples:



Parafornaldehyde 165 182 197 204 213 Water 550 550 550 550 550 Heptane 831
831 831 831 831 10 In the Tabl e above, the anobunts are given in granms for
the reaction conponents for preparing hydrocarbyl phenol al dehyde
condensat es havi ng wei ght average nol ecular weights (Mv) ranging from 1100
to 1700. Method 15 The dodecyl phenol, sul phonic acid catal yst,

par af or mal dehyde, water and heptane re added to a 5L baffled reactor with
stirrer (200 rpm, nitrogen bl anket 00m /m n), condenser, Dean and Stark
trap, a tenperature controlling system and Cardlce/Acetone trap vacuum
systgm The reactp,gh, ; s§fds t0 80C over 30
m nutes, then healed T ner T during which
time water was renoved by azeotropic distillation. The r esi dual hept ane and
dodecyl ﬁheqpl re renpved fromthe reaction m xture under reduced
pressure—&@—#ﬁbéﬁﬂﬁpﬁﬁﬂﬁy, the tenperature was decreased to 120C at which
poi nt ESN 150 was added to produce the desired 25 |evel of active
ingredient (A 1.}). 11 5 Exanple 1 and Conparative Exanple 1 Lubricating oi
conpositions were pr epar ed anwydemaquyllﬁhaﬂmdaA(dﬁrwdpl(bcbrm‘enbaws engi ne| test.

Bot h conpositions havef ash—ane—sopp—tevels—{i—e—1-9%ash _and 0. 9%
soap). [L0 Exanple 1 COnﬂé;bé?a'W W 1 TR MaN” 8583 Mt |1 1690 My
sul phon@abgdecylphenol 2200 2200 2200 2200 2200

Sulphonic Acid 22 22 22 22 22

Catalyst

Paraformaldehyde 165 182 197 204 213

Water 550 550 550 550 550

Heptane 831 831 831 831 831

10 Inthe Table above, the amounts are given in grams for the reaction components
for preparing hydrocarbyl phenol aldehyde condensates having weight average
molecular weights (Mw) ranging from 1100 to 1700.

Method
15
The dodecylphenol, sulphonic acid catalyst, paraformaldehyde, water and
heptane were added to a 5L baffled reactor with stirrer (200 rpm), nitrogen
blanket (600mi/min), condenser, Dean and Stark trap, a temperature controlling
system, and Cardice/Acetone trap vacuum system. The reaction components
20  were heated from ambient to 80°C over 30 minutes, then heated further from 80
to 100°C over 2 hours, during which time water was removed by azeotropic
distillation. The residual heptane and dodecyl phenol were removed from the
reaction mixture under reduced pressure at 200°C. Finally, the temperature was
decreased to 120°C at which point ESN 150 was added to produce the desired

25 level of active ingredient (A.l.).



400 TBN Magnesi um 0. 26 0.26 Sul phonate 147 TBN Cal ci um 1. 13 Sul phuri zed
Phenat e Dodecyl phenol 0.45 0 Fornal dehyde Condensate- 1585 nw Succi ni m de
Di spersant 6.10 6.10 ZDDP Antioxidant 1.31 1.31 Antioxidant 0.26 0.26
Seal s Mbderator 0.17 0.17 SN150 Diluent 1.84 1.70 Goup | Base G|, 600N
18.5 19.8 Goup | Base Ol, 61.3 60 150N Viscosity Mdifier 7.8 7.8 Pour
Poi nt Depressant 0.2 0.2 Ash (%rass)l11.00 1.00 TBN (D2896) 8.61 8.65 Soap
(%rass) 0.91 0.91 12 Sul phur (%rass) 0.257 0.284 Phosphorus (%mass) 0.105
0.105 5 The Caterplllar 1 N engine test is designed to neasure detergency.
The festExamples yiparativeEgametegbncy neasurenents: the anount of carbon
in the top plston groove (top groove fill); the amount of heavy carbon on
the top | and of the

Lubricating oil compositions were prepared and tested in the Caterpillar 1N

engine test. Both compositions have the same ash and soap levels (i.e. 1% ash
and 0.9% soap).

10
Example 1 Comparative Example 1

300 TBN Calcium 1.81 1.26
sulphonate
400 TBN Magnesium 0.26 0.26
Sulphonate
147 TBN Calcium 1.13
Sulphurized Phenate
Dodecyiphenol 0.45 0
Formaldehyde
Condensate- 1585 mw
Succinimide Dispersant 6.10 6.10
ZDDP Antioxidant 1.31 1.31
Antioxidant 0.26 0.26
Seals Moderator 0.17 0.17
SN150 Diluent 1.84 1.70
Group | Base Oil,600N 18.5 19.8
Group | Base Ol 61.3 60
150N
Viscosity Modifier 7.8 7.8
Pour Point Depressant 0.2 0.2
Ash (%mass) 1.00 1.00
TBN (D2896) 8.61 8.65
Soap (%mass) 0.91 0.91




piston (top | and heavy carbon); and the overall piston cleanliness, neasured
as 10 weighted denerits (weighted denerits, or WDN). The engine is sensitive
to ash levels so both formulations were fornmulated to have the sane ash

| evels. Caterpillar 1 N Engine Test Results Caterpillar 1N Test Results
Exanple 1 Conparative Exanple 1 Wighted Piston 178.5 272.1 Denerits (VADN)
Top Goove Fill 8 38 (TG F) Top Landi2Heavy 0 4 Carbon (TLHC) G|
Consunption 0.11 0.13 0-252 hours (g/KWh) Ring Sticking none none 15
Only exanple 1, which includes the dodecyl phenol formal dehyde condensat e,
passes {Bhlphtr {Bmasspts in {he Caterq2$tar 1 N Test. 13 0.28&xanple 2| and

Conpar q%%@%%%—ngwm&%mw_pmmd and
t est ed [iPhesRhRUSETRASIBt  Tube Test0-1@anpl e 2 |Conpar atP85Exanpl e 2 300
TBN Gal Trom 1457145 Sui phomate 406~ TBN-vagmesTum 030636

The Caterpillar 1N engine test is designed to measure detergency. The test is

made up of three detergency measurements: the amount of carbon in the top
piston groove (top groove fill); the amount of heavy carbon on the top land of the
piston (top land heavy carbon); and the overall piston cleanliness, measured as

10  weighted demerits (weighted demerits, or WDN). The engine is sensitive to ash
levels so both formulations were formulated to have the same ash levels.

Caterpillar 1N Engine Test Results

Caterpillar 1N Test Resuits

Example 1 Comparative Exampie 1
Weighted Piston 178.5 272.1
Demerits (WDN)
Top Groove Fill 8 38
(TGF)
Top Land Heavy 0 4
Carbon (TLHC)
Oil Consumption 0.11 0.13
0-252 hours
(0/KW-h)
Ring Sticking none none

15
Only example 1, which includes the dodecylphenol formaldehyde condensate,
passes all of the tests in the Caterpillar 1N Test.



Sul phonate 147 TBN Cal cium - 1.30 Sul phurized Phenate Succini m de

Di spersant 7.00 7.00 ZDDP Antiwear 1.60 1.60 Antioxidant 0.40 0.40

Anti foam 0. 003 0.003 PIBSA 0.20 0.20 Dodecyl phenol 1.08 - Fornal dehyde
Condensate (stripped to <1% al kyl phenol) Mv 1500 SN 150 Di luent 2.37 2.15
Gy | Base Ol Bal ance Bal ance 10 The results are shown bel ow Exanple 2
Conmparative Exanple 2 Visual Ratingij30 to 9 (0 = black and 9= clear) 7 4 @
280C over 16 hours 14 5 Effect of Wi ght Average Ml ecul ar Wi ght (Mv) on
Performance of Hydrocarbyl Phenol Al dehyde Condensate The foll ow ng

f or n8l atExansple and Comprritivesxamplee? ef f ect of wei ght average 10 nol ecul ar
wei ght (Mw) of the hydrocarbyl phenol al dehyde condensates

Lubricating oil compositions were also prepared and tested in the Komatsu Hot

Tube Test.

Example 2 Comparative Example 2
300 TBN Calcium 1.45 1.45
Sulphonate
400 TBN Magnesium 0.30 0.30
Sulphonate
147 TBN Calcium - 1.30
Sulphurized Phenate
Succinimide Dispersant 7.00 7.00
ZDDP Antiwear 1.60 1.60
Antioxidant 0.40 0.40
Antifoam 0.003 0.003
PIBSA’ 0.20 0.20
Dodecylphenol 1.08 -
Formaldehyde
Condensate (stripped to
<1% alkyl phenol)
Mw 1500
SN 150 Diluent 2.37 2.15
Gp | Base Oil Balance Balance

10

The results are shown below:

Example 2 Comparative Example 2

Visual Rating: 0to 9
(0 = black and 9= clear) 7 4
@ 280°C over 16 hours




("HPAC s) on performance in the Caterpillar 1 N Test: Conparative 1300 Mwv

1500 Mwv 1585 Mw Conparative 1100 Mv 1700 Mv 300 TBN 1.81 1.81 1.81 1.81

1.81 Cal cium sul phonate 400 TBN 0.26 0.26 0.26 0.26 0.26 Magnesium

Sul phonate HPAC 0.45 Mwv 1100 HPAC 0.45 Mw 1300 H PAC 0.45 Mwv 1500 HPAC
0.45 Mwv 1585 H PAC 0.45 Mw 1700 Succinimde 6.10 6.10 6.10 6.10 6.10

Di spersant ZDDP 1.31 1.31 1.31 1.31 11431 Antioxidant 0.26 0.26 0.26 0.26

0.26 15 PIBSA 0.17 0.17 0.17 0.17 0.17 S N1501.70 1.70 1.70 1.70 1.70
di | ug_nt

Effect of Weight Average Molecular Weight (Mw) on Performance of Hydrocarbyl
Phenol Aldehyde Condensate

The following formulations were tested to show the effect of weight average
10  molecular weight (Mw) of the hydrocarbyl phenol aldehyde condensates
(‘HPAC's) on performance in the Caterpillar 1N Test:

Comparative | 1300 Mw | 1500 Mw | 1585 Mw | Comparative
1100 Mw 1700 Mw

300 TBN 1.81 1.81 1.81 1.81 1.81

Calcium

sulphonate
400 TBN 026 - 0.26 0.26 0.26 0.26
Magnesium

Sulphonate
HPAC 0.45
Mw 1100
HPAC 0.45
iw 1300
HPAC 0.45
Mw 1500
HPAC 0.45
Mw 1585
HPAC ) 0.45
Mw 1700
Succinimide 6.10 6.10 6.10 6.10 6.10
Dispersant
ZDDP 1.31 1.31 1.31 1.31 1.31
Antioxidant 0.26 0.26 0.26 0.26 0.26




G |

base Bal ance Bal ance Bal ance Bal ance Bal ance

oi |

Ash (% 1.00 1.00

1.00 1.00 1.00 TBN (ASTM 8.61 8.61 8.61 8.61 8.61 D2896) Ca 0.209 0.209
0.209 0.209 0.209

% P 0.105 0.105 0.105 0.105 0.105
0.257 0.257 Weighted 229 218 170 179 266 Piston Denerits

%S 0.257 0.257 0.257
(WDN)  Top 62 15

12 8 25 Goove Fill (TG) 5 As shown above, the hydrocarbyl phenol
al dehyde condensat es havi ng wei ght awerage nol ecul ar wei ghts of 1300, 1500
and 1585 show surprisingly better performance in the Caterpillar 1N test
than the hydrocarbyl phenol al dehyde condensates havi ng wei ght average
nol ecul aFPIB&i ghts|of 000 and 17097 16 Qai7zns L. B 1aubricatigg7oil
conposilt conplisinga-naiHor anmpunt! of an ol of | ubricating visicosity
and a ce‘iM%@nt conposh-t@on donpt-#8i ngl (AJ-78n oler befed |netal.78alt pf an
or gani g cﬁﬁ’ ﬂ and {B) an oil-dol ubl e hyldrocarbyl| phenol @&l dehyde con]densate
havi ng |t ol lomng structurle: OH OH |CH

Gp | base Balance Balance Balance Balance Balance

oil

Ash (%) 1.00 1.00 1.00 1.00 1.00

TBN (ASTM 8.61 8.61 8.61 8.61 8.61

D2896)

% Ca 0.209 0.209 0.209 0.209 0.209

% P 0.105 0.105 0.105 0.105 0.105

% S 0.257 0.257 0.257 0.257 0.257

Weighted 229 218 170 179 266

Piston

Demerits

(WDN)

Top 62 15 12 8 25

Groove Fill

(TGF)

5

As shown above, the hydrocarbyl phenol aldehyde condensates having weight

average molecular weights of 1300, 1500 and 1585 show surprisingly better

performance in the Caterpillar 1N test than the hydrocarbyl phenol aldehyde

condensates having weight average molecular weights of 1100 and 1700.



\'YI VY1l \ RR/n Rwhereinnis Oto 10, preferably 1 to 8, nore
preferably 2 to 6, and nost preferably 3 to 5; Y is a divalent bridging
group, and is preferably a hydrocarbyl group, preferably having from1 to 4
carbon atons; and Ris a hydrocar byl gigup having from4 to 30, preferably
8 to 18, and nost preferably 9 to 15 carbon atons; the oil-soluble

hydr ocar byl cdimgol al dehyde condensate having a wei ght average nol ecul ar

wei ght (Mnv) of 1250 to 1680, as neasured by MALDI - TOF (Matrix Assisted
Laser Desorption lonization- Time of Flight) mass spectronmetry. 2. A

| ubri cating, oil l,tion accordi.ng to claimi1 wherein ih roca; byl
phenol al dehyde g‘g%@%gﬂ °'h§%m8°a'/§98h?°’998?@8ea 'FPal%Fc%IPQP"% Qﬁ?@\éﬂ C’?I\A/\/) in
the range ofbi#R8fing 0ist65 aRd &f eutaRjent E3RthdsRiockO&IMpABING (AY=#f SVetbhded 350 to
1600, as neasured goy WL%-TG (I\/g@rix Assi st ed Lasgr gegé\gr pt(ls}\{)nB Yed

| oni zat i on-metatsalifofRin grganidvascid aRde®)ameit-sglubie hydrochrbyd ahieng! oi |

conposi tion according to clgim1l or wherein the condensate includes |ess
than 5. 0% nﬁgsﬁy%fieﬁﬂ?@%tﬁglﬂvm g‘?sf%{'%‘%{WQSs.tﬁ%tuFﬁass, even nore preferably
to less than 1. 0% by nmass, of unreacted hydrocarbyl phenol. 17 4. A

| ubricating oil conposition according to any one of the preceding clains,
wherei n the hydrocarbyl groupnHi n the phenol al dehyde condensate
is branched. 5. A lubricatin il cofrposjtion according to any one of the

preceding clains, wherein t bl alidehyde condensate is a
hydr ocar byl phenol formal efisaty A zcat i ng oi
conposition according to

wherein n is 0 to 10, preferably 1 to 8, more preferably 2 to 6, and most
preferably 3 to 5; Y is a divalent bridging group, and is preferably a
hydrocarbyl group, preferably having from 1 to 4 carbon atoms; and R is a
hydrocarbyl group having from 4 to 30, preferably 8 to 18, and most preferably
9 to 15 carbon atoms; the oil-soluble hydrocarbyl phenol aldehyde
condensate having a weight average molecular weight (Mw) of 1250 to 1680,
as measured by MALDI-TOF (Matrix Assisted Laser Desorption lonization-
Time of Flight) mass spectrometry.

2. A lubricating oil composition according to claim 1, wherein the
nydrocarby! phenc! aldehyde condensate has a weight average melecular
weight (Mw) in the range of 1280 to 1650, preferably 1300 to 1650, more
preferably 1350 to 1600, as measured by MALDI-TOF (Matrix Assisted Laser

Desorption lonization- Time of Flight) Mass Spectrometry.

3. A lubricating oil composition according to claim 1 or 2, wherein the
condensate includes less than 5.0% mass, more preferably less than 3.0%
mass, even more preferably to less than 1.0% by mass, of unreacted

hydrocarbyl phenol.



claims, wherein the hydrocarbyl phenol al dehyde condensate is tetrapropenyl
phenol fornmal dehyde condensate. 7. A lubricating oil conposition according
to any one of the preceding clains, gherein the conposition is a crankcase
| ubricating oil conposition. 8 An additive concentrate for a lubricating
oi | conposition conprising (A) an overbased netal salt of an organic acid

and (B) oi | (INath flsRisg having the
fol |l ow ngﬂstrlﬁﬁ@{%?ﬂ@ﬁ@é@ﬁﬁyﬂph\aﬁaﬁﬁé I@Eﬂﬁ%gmgﬁgﬁn n |'§90 to 10,

pr ef er ablgjaifinst whéreimthe hpdeicartaih gyoup inathé, hydnecarbgltphegmotbldedlylg 3 to 5; Y is
a divalent bridgin roup,, and is preferably a hydrocarbyl group,

pr ef er abISPNRR0$ 'gpg?ﬁqlf!'efjo 4 carbon atons; and Ris a hydrocarbyl group
having from4 to 30, preferably 8 to 18, and nost preferably 9 to 15 carbon
atons; the oil-soluble hydrocarbyl phenol al dehyde condensate having a

wei ght a¥er age lublrieatimgoil comglotitiohgccofding 50 ahp ohedsf the psecetivsgir ed by

MALDI - TOF (Matrix Assisted Laser Desorption lonization- Tinme of Flight) nass
spect r omEgigns, wherein the hydrocarbyl phenol aldehyde condensate is a hydrocarbyl

phenol formaldehyde condensate.

6. A lubricating oil composition according to any one of the preceding
claims, wherein the hydrocarbyl phenol aldehyde condensate is tetrapropenyl

phenol formaldehyde condensate.

7. A lubricating oil composition according to any one of the preceding

claims, wherein the composition is a crankcase lubricating oil composition.

8. An additive concentrate for a lubricating oil composition comprising (A)
an overbased metal salt of an organic acid and (B) an oil-soluble hydrocarbyl

phenol aldehyde condensate having the following structure:

OH OH OH

wherein n is 0 to 10, preferably 1 to 8, more preferably 2 to 6, and most
preferably 3 to 5; Y is a divalent bridging group, and is preferably a
hydrocarby! group, preferably having from 1 to 4 carbon atoms; and Ris a
hydrocarbyl group having from 4 to 30, preferably 8 to 18, and most preferably
9 to 15 carbon atoms; the oil-soluble hydrocarbyl phenol aldehyde
condensate having a weight average molecular weight (Mw) of 1250 to 1680,
as measured by MALDI-TOF (Matrix Assisted Laser Desorption lonization-
Time of Flight) mass spectrometry.



