2004MD04 1 5 DETERGENT ADDI TI VES FOR LUBRI CATI NG b111- COMPOSI TIONS The
present invention 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 mnimze high
tenperature engi ne varnish and | acquer deposits. They are usually netal

sal ts of S00pPUdMat es, phenates and sal iyl ates, such as, for exanpl es,

cal ci um sul phuri zed phenates. However, the use of sul phur-containing
detergents will_soon be restrlcted due to |rrposed chem caI 15 limts on

sul phup. The DBEIERG £ E BRI OSITIONS Nt that is
free of sul phur and netal (| . ash) 20 In accordance with the present

i nvention there is provided use as a detergent in a lubricating oil

conposi t i dfheofresentdnverstitnuielated iodetesyent ladditieas fordlibkedatidg oiicondensat e havi ng
the follow n structure OHOHOH YI ' ( RRn R 25 whereinnis 0 to 10,
pr ef er abl OMRASPNSpr e 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 R is a hydrocarbyl group
havi ndof r ddetergent additives airer ased/inG wilel\Briedy df autemativef matdbé,yrafirdad drfd car bon

30 at t h | vd he | dehyd d te h
wei gt DodHBBIRERARE: B BREN g e RBS lire B A TRR N B0 as
nmeasur ed Qepbid) TRéF ard Ml méapsaisest ufistnatéss phBhates drnidfisyiafes; Ti ne of

Fl ight) mass spectronetry.
such as, for examplés, 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

25
wherein nis 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 @ 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 dehyg@@M®¥Hdensat e. 15 The term "Hydrocarbyl " as used herein neans that
the group concerned is primarily conposed of hydrogen and carbon atons and
is bonded to the remainder of the nolecule via a carbon atom but does not
excl udé t lweageseatesulas weaighidMver of 256rto §i680pss measupgdby MAIII-T@BuUf f i ci ent

to detracty, Lably . o} & cteristics qf the
group. Th Mﬁ&%%ﬂ%@/ﬂ‘%ﬁégQ%ggédt%brlé?lgggﬁiﬁ@%ﬁﬂﬂ'gg{)g?a%sn?ép%?meg&en and
carbon atons. Advantageously, the hydrocarbyl group is an aliphatic group,
referably al kyl or al kylene group, especially alkyl groups, which may be
Ioi near or)ﬁ-ﬁ\ea'?%dﬁ%‘iﬁrbﬂ F?'é“ﬂ @@F&@QQO'&Q’P&%W"S%ﬁqi‘{%ﬂt%ﬂ%‘?gb@ﬂﬁffeﬁ ats g
pr ef er abl LAREGR ANt ; ' ntion there is
al so pr ovmﬁé%gg?ﬁg'ﬁégkﬂaﬁﬁp@g\% ng taﬁ{tej rﬂ%@@é@ﬁgéﬁ@%u@pﬁbri cating oil
conpodBt i dnirthemmeores unbke salidylade dgtergartssthepghyairocattiyimheniobaldgtydear byl phenol

al dehyde caondensat e, defi ned .above Lo .the Jlubricating oil conposition. 30
The hydroc?’gpaws‘%ﬁgﬁgf' "Qpaé'ﬂggé‘eeeﬁ‘ﬁ?e %{?8"%‘?’@? dISPFrSAS- 2 wei ght aver age
nmol ecul ar weight (Mwv) in the range of 1280 to 1650, preferably 1300 to 1650,

more preferably 1350 to 1600, as neasured by MALDI - TOF (Matrix Assisted
Laser Desdmsthyshiocashylzfenghaldehyge gendensgie is prafasalbyachydsaearbyl ptemol

formaldehyde condensate.

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 insufticient to detract from the

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



2004MD04 3 5 The hydrocar byl phenol al dehyde condensate is preferably

obt ai nabl e by the 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 catal yst such as, for exanple, an al kyl benzene
sul phonic acid. The product 1is preferably subjected to stripping to renove
any unr ea0@M¢dr ocar byl phenol, 10 preferably to |l ess than 5.0% nass, 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

i ncl udés Thehydregarbyimhenslialdehyde c@ndmsatmismreieeatﬂypbtamatﬂeby%]e mass of

aci a cat aytpereRpaBifSeuebn A1a dH8 it fandy KRlAlSrrebllha T om & w de
vari ety ofeqgaiviatiint tirerapbamdiat easmmehydrecarbwprmcn,m e pRatenke ohahd,
sul phuric acjd, sulg nic acid, oxalic acid and hydrochloric acid. The acid

may al so BEdpatalyRt as, dompnenie, an aﬂsvbmwnerﬁaumnm agidc Hhgpradueici d

t ted I 10%
ror o, sucls breiraBly¥Eeitto SRPAINGD iilve 2R (rRected idiRaby BbRol! 3 L .
| n paid@i cpreferabinto legs thawd Hjb rrpaseanrexpnmaww todesbethmt&O%mpsef@rembl y

et r apr op IgE Proterftly 16 ess AL 4 SFE isfbsn LR aeted M ERb R PheRel -y@Pbcar by
phenol al geépseibif ARE PRSAICE inchudtisabes ﬂrmnm e%eéubﬁlaghl%r bXRfbA1ddi%hal! |

conposition in an anmount ranging fromO 0 nass% nore preferably from
0.2 to 15Ont¥%smAsa el untractes eydioaaibyl phemlo 3 to 10 mass% based on the 30
mass of the lubricating oil composition. QI of Lubricating Viscosity The
| ubricating oil conposition will include an oil of lubricating viscosity.
The oilf  Fitholigh elhaisﬁzatatatysvd:acbe ubgd,(an acidrcatatystesiptetemed.! Theiaghf i ng oi | )
may be any oil suit

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
dodecyl phenol formaldehyde condensate, such as, for example, a tetrapropenyl
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.

Oil 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



2004M004 4 5 for the lubrication of autonotive, marine, railroad and

I ndustrial engines. The lubricating oil may suitably be an animal, a
vegetable or a mneral oil. Suitably the lubricating oil is a
petrol eum derived lubricating oil, such as a naphthenic base, paraffinic
base or m xed base oil. Alternatively, the lubricating oil may be a

synt hetic ?&b&ating oil. Suitable synthetic lubricating oils include
synthetic ester i0 lubricating oils, ich oils include diesters such as
di - octyl adipate di-octyl sebacate and tridecyl adipate, or polymeric

hydr ocgr gcrr theitrfcationof 8 Qbi{o?no'?t%hrr?a?me .faﬂroq%ﬁ@lrﬁm trlaflBhgipRg! Yhaobut ene and

pol y-a y, a m neral I's e oye ricating
oi | gener abrigatiogrpil imayssujtablyt ke anlanimaiDa viegptabie bya nginer eil. Suitably0, mass%

ot 100c offd iBAbatint S, is L pesfelelBidtyer i GRng ol Sieshad a neghaheni FSXLEF?? v
i ndex of bé@@ﬁ&aﬁmuclﬂ&-e émmmbw fAIRM&W e\ tRS lubNeatifg bil Pastse

| ubricating oils is énrocrac ed oils, where the refining process further
br eaks do@nthetc biigaing Al Syaakylecﬁygthemcéutmcratlagtqnlamlude synhglicestace of 20

hyd ked |
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VISCOSIty at 10 from 8to are t use
propor t i ogrestet thap %0 amass0s obtheflubrigani. Toedubricating @il tmmcellypmm arably |ess

tho miss seria il al 1007 ol R RLsGiHEr BRI B & Wi | et mg
Vi scosi ty gnd dVisssuny rﬂdb)&diferrdmmtgaﬂﬂonﬂ)r@thm@ﬁﬂﬁﬁ|90|t@r95l n an anount
greater than 50 nass% nore preferably greater than

Another class of lubricating oils is hydrocracked oiis, 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, mm3s™ 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 generaily 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 compaosition.

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. 2004M)04 5 5 Detergent Additives The
lubricating oil conposition may also include one or nore detergent additives
based on netal "soaps", that is nmetal salts of acidic organic conpounds,
sonetinmes referred to as surfactants. 10 The netal may be an al kali or

al kal i ne §&ﬁ~ tal such as, for exan%Ie, sodium potassium |ithium

cal cium DBarium and magnesium Calcium-is preferred. The surfactant may be a
salicylate, a sul phonate, a carboxylate, a phenate, a 15 thiophosphate or a

napht h§”?t%ter§%ﬁtﬂ8&ﬁw§”t may al so be a conpl ex/ hybrid detergent prepared
a m

from than one netal surfactant, such as a cal ci um al kyl
phenate and a calciumalkyl salicylate. Such a conplex detergent is a

hybrid ial .in which 20 th f act ant i | e phenat d
sl oyl at dnednericalpb AyirosmRaptian nek e, Bcbol et moadelint Buliypes of

conpl ex_d8heEgB el SodBaC s mdtl daMS MabidiSHEinRSoorhurkaPl e i n

902 827B. Surfactants the surtfactant system t he detergents

cont ai n asomelimesgeierrabiorgaiswtantants. group, for exanple, as a substituent on
an argénatic ring. The detergents may be non-sul phurized or sul phurized, and
may be“chemcally nodified and/or contain additional substituents. Suitable

sul phuri ziThe et aryase amaikabor kikdinaralth mdtabsuchkad, f@dexamplbes@ditm, 30 The
det er gent rr% have a low TBN of from 10 to 50, a medium TBN of 50 to 150,

or a hi gh PoIRgsBIMJitibms Caloiin, harim apdimagnesigp. Salgiwnds preferred. 400.
2004MD04 6
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 averbasing pracess. 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 hydrocarbyl 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 substituents. Suitable 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, nass% based on the mass of
the lubricating oil conposition. D spersant 10 The |ubricant conposition
may include at | east one dispersant. A dispersant is an additive for a
Iubricatin% cogﬁosition whose primary function in lubricants is to

accel er at al i zation of acids by the detergent system 15 A noteworthy
cl ass of dispersants are "ashless”, neaning a non-netallic organic nmateri al

that far substantially no ash, on conbustion, in contrast to netal -
cont ai gi %h%@gg%ﬁrt?ﬁ WRLT 1N BIOPLION indhe cange Pl te 30 prafeiably se a

| ong chai I ] I ' | Lved from
i ncl usi on 2}1‘0%3 g@raﬁegﬁlﬂy%teﬂ 52’?“ oén}’sqgﬁgé%%@gt‘%%%ﬁ o?g*é;g’bgﬁéef(')ﬁ/ ilic

gr oup t hatoilczemiposstiasi.| 20 sol ubility, having for exanple 40 to 500 carbon
atons. Thus, ashless dispersants may conprise an oil-sol uble polyneric
hydr ocar bon backbone having functional groups that are capabl e of

associ ati mjspérsAnparticles to be dispersed. 25 Exanpl es of ashless

di spersants are succinimdes, e.g. polyisobutene succinic anhydride; and
pol yaﬂpne condensati on products that nmay be borated or wunborated. The

di sper sant : b} ' i . ;
pr ef er abl yﬁ%ﬁgﬁa%t@ﬁg?dgﬁw@rrﬂégrﬂg&%drééé\éFggldﬁl&'%aﬁ{dé,? dﬁ?g)gg%rgéssed on the
mass of t rem additive fomai lobricatingcomprsiticnonh oD primBAAfURCtiGn Inlubriearits Al ti ves

| ubricating oil conposition. The

Ant i wear additives .be. present in th
ant i wear &?&Ph@@@%"%' faqq‘cﬁ%bbp’er&@wpéﬁysﬂ%m- preferably the forner.

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 0.5106.0, or more preferably 1.0 to 4.0, mass% based on the mass of the
lubricating oil composition.



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 hydrocar byl dithi ophosphate nmetal salts may be an al kali or al kaline
earth metal, or alumnium lead, tin, nolybdenum nenganese, nickel or
copper. Zinc salts are preferred preferably in the range of 0.1 to 1.5,

pr ef er abl QO%WO 1.3, mass% 15 based lupon the total mass of the

| ubricating oil corrposition They may be prepared in accordance with known
t echni ques firs form ng a di hydrocarbyl dithi ophosphoric acid (DDPA),
usual Ig Sone or nore alcohols or a phenol with P2S5 and then
neutralizing the formed DDPA with a zinc conpound. For exanple, a

di t hi ophosphoric acid may be nmade by reacting m xtures of 20 primary and
secondar y Afitiveias additings arayhe pessent imihe iyhiricating loil compsshioni cTheci ds  can be

Ryar ocar byl theaL padHHE: Mav L MR M itRafc reRidi Biat ke "car T, any
bang or neu:ral zi nc conpound nay be used but the oxidesv hydroxhgﬁflanSS
contaig. amiicGoBEbly RSEMaphaF ot B SRTBRAELES of Phdei add BB orpouna
in the nehratrmhiy betused in ¢ecpiesent iMbentiore ! e métdllmmeidrhydrdaeﬁ:rybyl

di t hi ophosphates are oil-soluble salts of dihydrocarby drthrophosphorrc

aci ds and 9#RiPPhesplatedagial %%Itwaw@ shoalkaiwhakaline eathinetal, ptrRO (R 0)
cont ai ni ng Wi fn 1e80 4 APl cth \RaRGTbR, nbxbl & et el R o i ng
radi cal s gueferred, QMMnahS rmngd:f 0. altrkérﬁ(lp,refer@bly Oaﬁrty)l thmlass%I karyl and
oY el Pyt P B8l A Aol S T PR By 05, e
be ethyl, grepareByh actordafsy withikndWntbchriqliel by firsi9Gomminga dinydrocarby!
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohols or a
phenol with P2Ss5 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 aicohols. Alternatively, multiple dithiophosphoric acids
can be prepared comprising both hydrocarbyl groups that are entirely secondary
and hydrocarbyl groups that are entirely primery. 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 saits of
dihydrocarbyl dithiophosphoric acids and may be represented by the following
30 formula:

[(RO) (R'O) P(S)S]> Zn

where R and R' may be the same or different hydrocarbyl radicais containing
35 from 1to 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 atons (i.e. in
Rand R) in the dithiophoshoric acid will generally be 5 or greater. The

zi nc di hydrocar byl dithi ophosphate can therefore conprise zinc dialkyl

di t hi opho2PHM®4. The antiwear additivé 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, mass% based on t the | ubricating oil conposition.

h f
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al so be present in ricatin conmposi tron:” pour point depressants
such 48 peilysohibility.dbe yotat member of garbon atasmsitiies ip& anebRy)indhe i - f oam ng agent s
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It may be desirable to prepare an additive package or concentrate of the 35
| ubricating oil conposition. The additive package nmay be added

si mul t aneqhel antiviear aiditive seayobe used froa pragietion i theahn i@ oP01 BONBOSI ti on.
Di ssol ution of the additive 2004M)04 9 5 package into the lubricating oil

may bé3f adreferabhel 29 s8) Fdneke pigierahlyA-2ite §-9, Massiphased onithd massPiheat i ng.
The addit itlY@Iu‘BﬁEKfi’rﬂfof%&hpBé’iﬂbﬁ.al |y be fornul ated

Antioxidants

20  Antioxidants may also be added to the lubricating oil composition. These may be
aminic or phenolic. Examples of aminic inciude secondary aromatic amines such
as diarylamines, for exémpie diphenylamines wherein each phenyi 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 oif
composition: pour point depressants such as poly(meth)acrylates or alkyt
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 t%?o‘*preferably from5 to 75 nost preferably from8 to 60,
mass% of additives in the appropriate proportions, the renainder being base

oil. 15 The final .fornulations may typjcall ont ai n_abo 5 to 40 nass% of
the addit ;R?&Lag%w:zagfé?Mfg:&M\' H@ﬁfﬁ@ﬁ‘&%‘a ¥ S W%":Srﬁ%&lb%mmgoi |- sol ubl &
or 'oil-di Fripi ei diR 19;5‘%‘%% : : e

conmpounds a(?ragad(ji téi%jv‘ggﬁgre soérﬁgi g,?] di séol abl e?éﬁlgﬁéﬁdggof%%u%%abl e of
bei ng suspemastain the detergant impeaper pmauwis foogprevideltbe dedivedreamceritationgr , t hat

they are, f j,nstance | ly. di.s sible in.oil. .to . _extent
sut 11 of enaehoruREePS e eadrtlinBh it ind (hBRloRablafionin merafifliven e
oil is erpdcRigdis dbmbimediwith & pradideinine@amolpebPBas luBficit. OtHeer addi tives
may al so permt incorporation of higher |evels of a particular additive, if
desi r 8. zxiditfve pagkage inay Gentainpctive ingrediegissinanamounty based ep th&anpl e onl y,

ith ref : ' oy P i f
by ocar oy, BackaBE of it aRthie SR4FR 2% o 66 MDY fromr 76 PBRRREL 00, O
Phenol Al debfetablgfiode 8da60s mEEet Maddide@sbvtHes appioprialesirobrtibne Sthv

Dodecyl phenol .2 0% 2200 220.? 2200 2200 Sul phonic Acid 22 22 22 22 22
Catal yst remainderbeing 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 cil to an
extent sufficient to exert their intended effect in the environment in which the oil is
employed. Moreover, the additiona! 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:



Par af or mal dehyde 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 maPe¥M4e water and heptane wHte added to a 5L baffled reactor with
stirrer (200 rpm, nitrogen blanket (600mL/ m n), condenser, Dean and Stark
trap, a tenperature controlllno systen1 and Cardlce/Acetone trap vacuum
system The r eact iESBRAAHAR Qb Kydrongriy i sghyde Gondansalest o 80C over 30
m nutes, then heated further fron180 to 100C over 2 hours, during which
time water was renoved by azeotropic distillation. The residual heptane and
dodecyl pReactiomEompopentsed fromthe reaction mixture under reduced
pressure at 200C. Finally, the tenperature was decreased to 120C at which
poi nt ESN 150 was added to produce the desired 25 |evel of active
i ngredi efit (A T.). 2004M004 ITHyar @ml%eﬁoﬁﬂfae ?’@Hhﬁﬁa anpie 1
t e

Lubricating oil conpositions were prepare terpiljflar 1 N

engi ne test. Both corrposHHiQ@rMWhav‘e'SQﬂrM\Nsca_ntSOﬂsM\Aa 1585MW vEre0 Mwe. 1%
T8 ok DodkraRRRAG, | 20" T CBBee T v Babe ™ 2hoo | BBoo |
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 baffied reactor with stirrer (200 rpm}, nitrogen
blanket (600ml/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 phencl 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 @@@ﬁ@ | Base Gl, 61.3 60 150N Viscosity Mdifier 7.8 7.8 Pour
Poi nt Dep@g 0.2 0.2 Ash (%mass) 1100 1.00 TBN (D2896) 8.61 8.65 Soap
(%hass) O 91 0.91 2004NDO4 12 Sul phur (%rass) 0.257 0.284 Phosphorus
QMassé : 1 Nengine test is designed to

nmeasure d Fr Fré F p of three detergency neasurenents:

t he anount of carbon I n the top piston groove (top groove fill); the anmount

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
Dodecylphenol 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 Qil,600N 18.5 19.8
Group | Base Oll, 61.3 60
150N
Viscosity Modifier 7.8 7.8
Pour Point Depressant 0.2 0.2
Ash (Y%emass) 1.00 1.00
TBN (D2896) 8.61 8.65
Soap (%mass) 0.91 0.91




pi ston (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

| evel s. Caterpillar 1IN Engine Test Results Caterpillar 1N Test Results
Exanple 1 Conparative Exanple 1 Wighted Piston 178.5 272.1 Denerits (VADN)
Top Groove0¥MPO43 38 (TGF) Top Land Hddvy 0 4 Carbon (TLHCO) G|
Consunption 0.11 0.13 0-252 hours (g/KWh) Ring Sticking none none 15
Only exanple 1. which includes the dodecylphenol formal dehyde condensate,

passes al|lS@¥phymEmassks in th Caterpplaﬂr 1 N Tekt. 2004084 13 5 Exanpl e

2 and Con brcati r—conposttitons Wa-l—sﬁ—pwpar ed
and teste?ﬂcﬁdﬁpﬁﬁ"%ﬂ%{%u Hot Tube ng‘ds Exanpl e| 2 Conparative Exanple 2

300 TBN Cal cium 1.45 1.45 Sul phonate 400 TBN Magnesi um 0. 30 0. 30

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 Results

Example 1 Comparative Example 1
Weighted Piston 178.5 272.1
Demerits (WDN)
Top Groove Fill 8 38
(TGF)
Top Land Heavy 0 4
Carbon (TLHC)
Oil Consumption 0.1 0.13
0-252 hours
(g/KW-h)
Ring Sticking none none

15
Only example 1, which includes the dodecyiphenol 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) Mwv 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
Conpar at i B0 Mple 2 Visual Rating: ®3to 9 (0 = black and 9= clear) 7 4 @
280C over 16 hours 2004MD04 14 5 Effect of Weight Average Ml ecul ar Wi ght
(Mv) on Prforrra ce 0 Phenol Al dehyde Condensate The fol |l ow ng
for nul &t i SAEME ' 2 RI€ef f ect of weight average 10 nol ecul ar
wei ght (Mw) of the hydrocarbyl phenol al dehyde condensat es

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 - : 020 : 0.20
Dodecylphenol 1.08 -
Formaldehyde
Condensate (stripped to
<1% alkyl phenol)
Mw 1500
SN 150 Diluent 2.37 2.15
Gp | Base Qil Balance Balance

10

The results are shown below:

Example 2 Comparative Example 2

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




(' HPAC s) on performance in the Caterpillar
1500 Mwv 1585 Mwv Conparati ve
1.81 " Cal ci um sul phonat e

1 N Test:

Conmparative 1300 Mw
1100 Mv 1700 Mv 300 TBN 1.81 1.81 1.81 1.81
400 TBN 0.26 0.26 0.26 0.26 0.26 Magnesi um Sul
phonate HPAC 0.45 Mwv 1100 HPAC 0.45 Mwv 1300 HPAC 0.45 Mw 1500 HPAC 0. 45
Mv 1585 HPAC 0.45 Mwv 1700 Succinimde 6.10 6.10 6.10 6.10 6.10 Di spersant

ZDDP 1.312904M004 31 1.31 1.31 Antioxi#hnt 0.26 0.26 0.26 0.26 0.26 2004MD04

15 PIBSA 0.17 0.17 0.17 0.17 0.17 S N 150 1.70 1.70 1.70 1.70 1.70

dilueng

10

Effect of Weight Average Molecular Weight (Mw) on Performance of Hydrocarby!

Phenol Aldehyde Condensate

The following formulations were tested to show the effect of weight average

molecular weight (Mw) of the hydrocarbyl phenol aldehyde condensates

(‘HPAC’s) on performance in the Caterpillar 1N Test:

Comparative
1100 Mw

1300 Mw

1500 Mw

1585 Mw

Comparative
1700 Mw

300 TBN
Calcium
sulphonate

1.81

1.81

1.81

1.81

1.81

400 TBN
Magnesium
Sulphonate

0.26

0.26

0.26

0.26

0.26

HPAC
Mw 1100

HPAC
Mw 1300

0.45

HPAC
Mw 1500

0.45

HPAC
Mw 1585

0.45

HPAC
Mw 1700

0.45

Succinimide
Dispersant

6.10

6.10

6.10

6.10

6.10

ZDDP

1.31

1.31

1.31

1.31

1.31

Antioxidant

0.26

0.26

0.26

0.26

0.26




> 1

base Bal ance Bal ance Bal ance Bal ance Bal ance

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 % 0.257 0.257 0.257
0. 257 0.257 Wighted 229 218 170 179 266 Piston Denerits (WDN) Top - 62
15 12 8 25 Goove Fill (TG) 5 As shown above, the hydrocarbyl phenol
al dehyde ates having wei ght avéPage nol ecul ar wei ghts of 1300, 1500
and 1585 show surprisingly better performance in the Caterpillar 1 N test
t han t he bhvdrocar h\ll nhnnnl al rleh\lde condensat es havi nn Weli ghf aver.age
nol ecul af %S&ts of 11@d7and L70(9172004IVD(941716 LA VB Us@ s a
det er gent églwsg) Fobrjicat oI JCO rriron ar [oi | 3| Tt xl rocat byl
phenol al{dehyde condensate having the foll ow ng truc are: gq HNYI \ Y
| \ R R}dileent

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 Caterpiliar 1N test than the hydrocarbyl phenol aidehyde
condensates having weight average molecular weights of 1100 and 1700.



wherein nis 0 to 10, preferably 1 to 8, nore preferably 2 to 6, and nost
preferably 3 to 5; Yis a divalent bridging group, and is preferably a

hydr ocar byl group, preferably having from1l to 4 carbon atons; and Ris a
hydr ocar byl group having from4 to 30, preferably 8 to 18, and nost
preferably ﬁ 2@%45 carbon atons; the 9il-sol uble hydrocarbyl phenol

al dehyde ate having a wei ght aJérage nol ecul ar wei ght (Mwv) of 1250
to 1680, as neasured by MALDI-TOF (Matrix Assisted Laser Desorption

| oni zati ons @Eﬁ'Of Flight) mass spectronetry. 2. The use as clained in
claim1l, "t he hydrocarbyl phenol al dehyde condensate has a nunber
average nol ecul ar weight (Mv) in the range of 1280 to 1650, preferably 1300
to 1650, nore preferably 1350 to 1600, as neasured b MALDI - TOF (Matri x
Assi sted Uaser Usesay thegﬁ\'g%ﬁﬂzaalﬂlpﬂﬁﬁt'"ﬁ %C@ﬂp@lil@'hﬂg/am&?d%ct rometry. 3.

The use a ' | j j .n the
condensat ?@hﬁaﬂ@ggq%gggé{lpﬁgﬁdgé%@mg{sﬁﬁg#@%ﬁfigﬁg\lg@gl %@? than 3. 0%
mass, even nore preferably to |l ess than 1.0% by mass, of unreacted
hydrocar byl phenol. 2004MDQ4 17 4., The use,as clainmed in any one of the
preceding clainms, wherein R _ ®Yde condensate is
obt ai nabl e by t he condensat ijon R | east one al dehyde or
ket one or reactive equiva E r'h &byl phenol, in the
presence of an acid catal any one of the
precedi ng cl ai ns, wherei e hydrocar byl phenol
al dehyde condensate is branched. 6. 1 #hed in any one of the
¢ | dehyde condensate is a
Thg use as clained in any

hydr ocar byl phenol fornal delgyde coRdengate.
one of the preceding clains, wherein the

wherein nis 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. The use as claimed in claim 1, wherein the hydrocarbyl phenol aldehyde
condensate has a number 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.

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



hydr ocar byl phenol al dehyde condensate is tetrapropenyl phenol fornal dehyde
condensate. 8. The use as clained in any one of the preceding clains,
wherein the lubricating oil conposition includes at | east one of the
followi ng additives: an overbased netal detergent, a dispersant, an
antioxi dant, an antiwear additive, a pour point depressant, an antifoam ng
agent, a #W¥d¥tty index inprover, a dy&, a netal deactivator, a

dermul sifier, or a mxture thereof. 9. A nmethod of inproving the detergency

of a lubricati oi | conposition, the pethod jncluding the step of adding
the hydrofar byﬁﬂﬁﬁ@ﬁﬁs 'Hé?‘?i/ﬁ'ea'%?ﬂf'eﬂ%@?é’re%? nGERIMA Wherehe of the

precedi ng ' bhE AIHERY | hie iS OBRASADIE BN as clains
in any Ong?{i)l]?ic?ﬁoe}fl Epeggdiﬁgi%ﬁ?dn@n\?\ﬁ%r‘gi n theﬁlé%gép%ggpg%dsﬁgnol al dehyde
condensat eeastiohlbdween at leashans alighyde or ketone orpeadtivestrquivdleststherend 3. 0%

0
gﬁ:ﬁbl ?Vegngnarﬁya%gafrgg(laalué/ncllﬁﬁﬁhé B?ense%bgé &R acid ge;talyg{?r eacted hydrocarbyl

5. The use as claimed in any one of the preceding claims, wherein the
hydrocarbyl group in the hydrocarby! phenol aldehyde condensate is branched.

6. The use as claimed in any one of the preceding claims, wherein the
hydrocarbyl phenol aldehyde condensate is a hydrocarbyl phenoi formaldehyde
condensate.

7. The use as claimed in any one of the preceding claims, wherein the
hydrocarbyl phenol aldehyde condensate is tetrapropenyl phenot formaldehyde
condensate.

8. The use as claimed in any one of the preceding claims, wherein the
lubricating oil composition includes at least one of the following additives: an
overbased metal 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.

9. A method of improving the detergency of a lubricating oil composition, the
method including the step of adding the hydrocarbyl phenol aldehyde condensate
claimed in any one of the preceding claims to the lubricating oil composition.

10.  The use as claims in any one of the preceding claims, wherein the
hydrocarbyl phenol aldehyde condensate includes less than 5.0% mass, more
preferably less than 3.0% mass, even more preferably less than 1.0% mass, of
unreacted hydrocarbyl phenol.



