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t 2004MD04 1 5 DETERGENT ADDI Tl VES FOR LUBRI CATI NG O L
COVWPOSI TIONS The present invention relates to
detergent additives for lubricating oil conpositions.
10 Detergent additives are used in a wide variety of
20(?M(ﬁﬁmt ive, marine, rail roag and industrial lubricants
O mnimze high tenperature engi ne varni sh and | acquer
deposits. They are usually netal salts of sul phonates,

gggm@ﬁmbiﬁvltg} FSR L&#ﬁigﬂﬁné Eﬁkmﬁpgns

sul phur-cont ai ni ng det ergenté wi | sobn be restricted
due to.inmposed chem.ca) .15 linmts on sulphur. The aim
The rosedt SNBSAR o1 B0 cote'Bem aAdivan laEluPBgiiig gt 1 hat
compoéitiess.of sul phur and netal (i.e. ash). 20 In
accordance with the present invention there is provided
use as a detergent in a lubricating oil conposition of

DefitgfiAdtllyee oo BYEATT Bkt vENED Ueallgtiole e FifBad ana
inddsfRiahiuBricaits Wb eriimize high teniperadtdre onginhe valish and facduer
pref er abl referably 3 to 5;

nor. e y 2 to 6, and nost 5, Y
depasits. Jfihey argusyaliyaetd) sghte eb,sulahwﬁgs,mr@r@t%md galicylates,
r
su@%r ’gﬁlaéa%aéhngl;e g’a%aﬁnfésagﬁaﬁrd&ﬂaéﬁéﬁg glfr‘%\ﬁgq’éfhg% é]sge ?fr om
sulphuecauainingdatergenys @ilkspohdhe restricied tue teirepesdad clienioal

. rbon 30 atons; the oil-soluble hydrocarbyl phenol
I'mégaé%&yﬁ@m&ondensate havi ng a wei ght 2004M004 2 5

aver age nol ecul ar weight (My) of 1250 to 1680, as

measured by MALDI - TOF | . .
The aim of the present invention is to provide a detergent that is free of sulphur

and metal (i.e. ash).

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

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
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(Matrix Assisted Laser Desorption lonization- Time of
Flight) mass spectronetry. The hydrocarbyl phenol

al dehyde condensate has the advantage of being free of
nmetals (such as, for exanple, calciumand nagnesi um

Q@Eful phur. 10 Furthernore, unlike salicylate
20036 gents, the hydrocar byl 2phenol al dehyde condensate
does not exhibit negative interactions with

A

(Matein dessistecdLadér Désorptiormichization< Tiny bf Flight)iaeds lspecirometry.
nmeans that the group concerned is primarily conposed
of hydrogen and carbon atons and is bonded to the

Théh g 'oﬁﬁfﬁyl pherd)ldeH t&gﬂd\é?éat@hl%rtﬁg '&d%ﬁl’é‘gel%ﬂbeﬁiqeﬁee of

excl ude the presen of other atons or "groups ™ n a
metals (suchi as, forraxample, calciumoantbmagoesitinm) mndrsulgwr.

FuriR e Tk AR B enf B FicifopSirbf Budiel FertieB,
corfdemsatedoas btaahibi nayative intdFuchidhe 9RALTispersams.
hydrocar byl group is an aliphatic group, preferably

al kyl or al kyl ene group, especially alkyl groups,

Thefiiocamit Bfipndi 2idéy Rl condifisae is Brerérahi’a By aRicri)f pheno
formaldebyde dandensate.n t he present invention there is also

provi ded a nethod of inproving the detergency of a
| ubricating oil conposition, the nethod including the

Thé terih Diydrsbarid” 44 aséy Hers ridansphatthk grouiebytiserned is

_condensate defined above to the |lubricating oil
priparyomRased of hydragemand.eabey !atqm% Apd isPg fo the
rorF ARSIt Bl 3t 4 caftonrantfy, B dUEAGECAE (el rdence
of dthepatomsiagroupstiy @ ppopsirtion risyfficise to detracidrorahe

sulf SRR PubactirrbonapetelBls SR RIGHT,) ThgBdocaro group s
preféiably cofpdsed 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 atkyl
or alkylene group. R is preferably branched.

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.

The hydrocarbyl phencl 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.
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35 2004M004 3 5 The hydrocar byl phenol al dehyde
condensate is preferably obtainable by the

condensati on reaction between at | east one al dehyde or
ket one or reactive equivalent thereof and at |east one
Mﬁb?carbyl phenol, in the presence of an acid

catal yst such as, for exanpFe, an al kyl benzene

sul phoni ¢ acid. The product s preferably subjected to

Thg B HRRARA bfich e R cdfdeREERE pIRIEFARIAInaBIF Y e
YO, et ol g dadalagirivt s v
eayivapartrest avativastane 1 Ahegal imile kressioaetan
acidatdlgst sEsRER! for e:xﬁﬁr?lé. i alk{l -bla%izeﬁ@?.ﬁlgﬁ&nfé@{c’f‘cﬁcﬁ'ﬁé’ product

~hydrocar byl pheno ~ 15 Al'though a basiC catalyst ca
is pretesably subjected-torsiripping te remeveany unredstedchydiocarbylphestol,

oref¥pRo 3SR Ofals. o piBldribiy 15 losl T B FETREY §ven
mose! praferably wdess thanal 0% maks, ofiuhredted hptoeaitsyl phérol. Mést
o] al so be present as a conponent of a solid
Pfeﬁ%rﬁgmnﬂﬁ pioghetigclies Jass thaw 855, caas, forexampife legs than
0.1%}trﬂh§§6f Mﬁéﬂct@ﬁﬁy&?dodé 8\? gfhbﬁHP. 0.05 to 10% or nore,

rl
such as for exanpl'e 0.1 1% by mass of the total
reaction mxture. In particular, the hydrocarbyl phenol

SR 5 0 LB W Ml
cathiyst maydieesulécted froheh wide Waﬂ%!zg L?lcfdgnlf gcgﬂsgé%udcgn%sétf%r

condensate. The, hydrocar byl .
exaraplgy BP%?FE'M"Q a¢ih $u R%U('ﬁ &cjdy §Hiphgnicasid, aixalie agidand i on
' : nt j . 9 r ;
hydrBofBrie Epia THe Al May ATHR prodehtes dBanBondidt a sald
materiaisoctsas ane@ichtreatrd diay ethe amouet ofcatalystused may vary

ot L5 s bHieiore RA B Grari A1 7o k9 Bt e

reaetlo® mixtafe.l ubricating viscosity. The oil

In particular, the hydrocarbyl phenol aldehyde condensate is preferably branched
dodecyl phenol formaldehyde condensate, such as, for example, a tetrapropenyl
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
mass of the lubricating oil composition.

Qil of Lubricating Viscosity

The lubricating oil composition will include an oil of lubricating viscosity. The oil
of lubricating viscosity (also referred to as lubricating oil) may be any oil suitabie
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35 of lubricating viscosity (also referred to as
lubricating oil) may be any oil suitable 2004M)04 4 5
for the lubrication of autonotive, marine, railroad and
i ndustrial engines. The lubricating oil may suitably
animal, a vegetable of a mneral oil. Suitably
20Otfhﬁmgfubncatlng oil is a pe%roleun}derlved | ubricating
oil, such as a naphthenic base, paraffinic base or

for mé%nbm &f Autorlotios NAkHNES r&nlrohﬁ%ridjiﬁg?&ﬁhi mﬁéé. e

i/nt hetic lubricatin etic
Iubnmimgc@n mag sgitablyibecanigeimala negétablesoraa nﬂmerauur i Suitably

ebieant s 3 Ao Eh T FREERn g oA 3 Babigric
basm Ipxaraffmc Hasdravmxé@ babelbili Adterrzgively theslublicating oufmhy bea
anpl e, i sobut ene and pol y-al pha ol efins.
syr@a?HFdecat %ﬁ'he‘?wrév '%ﬁynthgﬂf‘ewpr@%w oﬂﬁmtl@lsrayemlﬁ@ster
|ubﬁbétlr@et5]%§ hich GRTAEILAEY %it s h 351 aSI'jma%h&,adl lottyl

greater than 70, mass% ubri cant-.
sebagate and tridecyl adlpgtqel. oapd)lymeus I'qd&d?:akhomtubncatmg eidmsjmtyas,

for Bkarple 18l sicbotykBodiBuo Bl FARRISTns' TrimcBly. 3 mifeF

oil iRemplbged.f Trnmuﬂﬂuctaqng 5|| génatatugrcompmas QfoAtePiiandso, tpically

oil's is_hydrocracked q where the refjning process

grepisrih 70, aRs AR e lubsicanty e lnbricating, 9il typigally hasa
KinbfuB8e VRS at B G3ftHA 2 18140, 13 ARG FBPS 1816 fmmes

tenper at ur s an erate predsures ocr ackel

and apiscabity indax ©f frori 8@ tm10Q, foir exarspiey fram 90CC9%f from 2
to 40, for exanple from3 to 15, mm®s" and a viscosity
index typically in the range of from100 to 110, for

An@marrahes bf m.&@ﬁng @llél@&yd?&:riél@domﬂs Whiere e 1efiRing process

ght st ock' whi fers to base oils that are

furteer b@@ks demta@tre@dl%@%m digtiflate Hactions inthapragengsof
hydfgg%@ggnpgggnﬁgglrdttmd%%g;@oaerd& RISRUbSs. Vﬂﬁ%éia*clée&gnls

S 1an are t i cal use
typizallp hay atkinematic viesasityai1 088G ob frome2 émw ﬂoeesamptmfrqro 3

o (Bt 8 A B8RSO o 6

exdmhple3forh hesaenpasi tion. Mst preferably, the oi | of
| ubricating viscosity is present in the |ubricating oi

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
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
the lubricating oil composition.
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conposition in an anmount greater than 50 mass% nore
preferably greater than 60 mass% and nost preferably
greater than 65 nass% based on the nass of 35 the
| ubricating oil conposition. 2004M)04 5 5 Detergent

Aﬁ@%i ves The lubricating oil conposition may al so
2004 de one or nore detergeﬁt additives based on netal

"soaps", that is nmetal salts of acidic organic

De ng i sonetines referred to as surfactants. 10
be an alkali or alkaline earth netal such
as, for exanple, sodium potassium |ithium calcium

bari um and nmagnesjum Calciumis preferred. The N
The lybrigating pil FAPEEItigN Ay algp Aclude;ore Pp KA detergent additives

L " L
bagil! o A Soady LI ot salte of sligE MGaNE BrRouRds, |
sometimeg ecferneddpasesdrfactamtsa m xture of nore than one

metal surfactant, such as a cal cium al kyl phenate and a
cal cium al kyl salicylate. Such a conplex detergent is a

Thé ¥iEtaltmaR berdncdikalloélk&ithe2fartimetal 'sUgh tagfor @xampte, sodium,

exanpl e phenate and salicylate, are ipncorporated
potagsiufy lithivmocaleiyay iDaguRy ard Magnesiym. | alchim ispreferted.

detergents are described in the art, such as, for

exanple, in EP 902 827B. Surfactants for the surfactant
The gatfactant magdene salicytite ca galphsnatena sarboxylate;asphenate, 25

.hydrocar byl gr for exanple, as a substituent on an
th'#@?ﬁﬁg@ g’i%ﬁ?&#ﬁgnﬁt@tergents may be non-sul phurized or

sul phurized, and nay be chemcally nodified and/or

contain additional substituents. Suitable sul ﬁhuri zi ng

Thedetasgenrtgnay alsohea a cemplar/hybrid(iaiergert preparediromea giixture
of e Han tilq npelsufatalg §oR astalclinbaypl hnao da ), 0
caltfufn alkyicsalieplatd. oBuetxacpmplex détergent 0a hybrid material in which
the surfactant groups, for example phenate and salicylate, are incorporated
during the overbasing process. Examples of complex detergents are described
in the ant, such as, for example, in EP 902 827B.

Surfactants for the surfactant system of the metal detergents contain at least one
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.

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.
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2004M004 6 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
| ubricating oil conposition. Dispersant 10 The
ﬂxhﬂﬁw$cant conposi tion may igclude at | east one
I'spersant. A dispersant is” an additive for a
| ubricating conposition whose primary function in
: . ool : : ¢ .
Th B8l GO Imay b Depd i & piSrEor it fletah6a it B a0 Bréferably
2 tol 26per mare prederablye® td £5,ahasstednased on the mass afl the dubricating
,organic material that forns substantially no ash on
°"E@%BB§'PBﬂ, in contrast to metal - containing, hence
ash-formng, materials. Ashless dispersants conprise a
long chain hydrocarbon with a polar head, the polarity
Dispersaptderi ved frominclusion of, e.g., an 0, Por N
atom The hydrocarbon is an ol eophilic group that
confers oil 20 solubility, having for exanple 40 to 500
The tuthicanb¢amposifibn maydnéilide at ledist pre dispessanby Acdispensast is

an Al 4674 el ¥ATRPOSHON RHBSE nB Ty Jeriondn fukantys t
ackAérate hédtraiZafisn of h&iBS by e déferGemrEyspim.of ashl ess

di spersants are succiniimdes, e.g. polyisobutene
succinic anhydride; and pol yani ne condensati on

A L
mdi)eriaf! tﬁéiglamnﬁsgtb?amiﬂllg ncBélsl‘Og/rS cbmbgsﬁbn,:inrl] comtrast to fm?tﬁl-

collafise Bots hshoSuanelGials 53360 3ot iseEion st Bong
chﬁ giyhid&?b&ﬁggtpﬁg%ommd, \I8S pgvﬁ)gtweiﬁg @AM froni iBlusion of,

icatin nposi tion.

e.g., an O, P or N atom. The hydrocarbon is an oleophilic group that confers oil-
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.

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
0.5 to 6.0, or more preferably 1.0 to 4.0, mass% based on the mass of the
lubricating oil composition.
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antiwear additives may be netallic or non-netallic,
preferably the former. 10 Di hydrocar byl dithi ophosphate
netal salts are exanples of anti-wear additives that
may be used in the present invention. The netal in the

20&Wrocar byl  dithi ophospha,te netal salts may be an
alkali or alkaline earth netal, or alumnium | ead,

tin, nolybdenum nanganese, nickel or copper. Zinc

AnfidbhfAddive®r ef erred, preferably in the range of 0.1 to
— 1.5, preterably 0.5 to 1.3, nmass% 15 based upon the

total mass of the lubricating oil conposition. They may
in.accord known, t echni gues_b

Anfifipal AR mall e2 GBREAE fhe lubricAlisa R 3mBSsHeR, ThEci o
anfiwBi additviesahhy bBymé&tanedrentheR, preféribR/ hgqghﬁéﬁ or

a phenol with P2S5 and then neutralizing t or ned
DDPA with a zinc conpound. For exanple, a _
Dittidrdcarbyl alitbliophogplatedneray sdlfs dradsamplés afantidelt alditioss

f 20 primary and secondary alcohols. Alternatively,
tha?rﬂTaM laé) usef Hhenresent dnventign; Jbe rpeial indthgdikydreearbyl

e e e s e e
alupyinioar, yead; sinpedolytideaurr, manganese,anigkel lorsoppen. Zincisaldd are
profrhbo, SRPRSAHY il e, BRGH T O Lt & Bistainbbiy a8 T fesedha

basetiliporn B tofd meEaidithd lubtieating bil 80mpusHeA. They inidy Ble

to use of an excess of the basic zinc conpound in the

Pf%’_é[ﬁq &y 4@9&(‘?451?%‘@3_& knewn tenhaiqsneéfmrfirgt&v forming a dihydrocarbyl
cHPPNEAERERE R (AOPARSRISRIN) Rachof o e B il Byl ord
phengh mithdPuSecanghthen @etitralizing the fotied DDRA avith 4 BB coMpdund.
. and Rl may be the sane.or different
Fol oXArlg, & HMieEhPesh R asid aiik beg s By BRG] s’
priraasf andbboondahpaltdholsaANemativelys nilplé dfthisBhoSpHGHR Acids$
such as 2004MD04 g 5 al kyl, al kenyl, aryl, aryl al kyl,
carybg prenargd gompeising bath hydocaeyl graups that areantisely gecondary
. , a 8
an@%ﬁ@%&ﬁo@uﬁ%ﬁﬁgﬁtéﬁgﬁt%f?&lﬁ{a?y. 6 Yhaid REZnPalf ang
basic or neutral zinc compound may be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently
contain an excess of zinc due to use of an excess of the basi¢ 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
formula:

[(RO) (R'0) P(S)Sk Zn

where R and R' may be the same or different hydrocarby! radicals containing
from 1 to 18, preferably 2 to 12, carbon atoms and including radicals such as
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radi cal s may, for exanple, be ethyl, n-propyl,

| -propyl, n-butyl, I-butyl, sec-butyl, anyl, n-hexyl,
1- hexyl, n-octyl, decyl, dodecyl, octadecyl,
2-et hyl hexyl, phenyl, Dbutyl phenyl, cycl ohexyl,

002@?@?" cycl opentyl, propenyl, butenyl. In order to
2 n 10 oil-solubility, the total nunber of carbon

atons (i.e. in Rand RI) in the dithiophoshoric acid

alkiy plkeR GV lial¥Gn, 3 Hrfhloal P i, BARRGBSY
prefértéd amhmi?ﬁaif gﬂiur?'gf?’e alﬂteyl g?mpszim:ﬁofoi 8/eartvoy deme s Tthusthe

racfiell GV o5 SXambleh b6 SIRAS BreRoRY. KoreRYls NS HaUTh easui

¢ F i . . st
amxgtn i Hob;ﬁ(‘(iydant ,s(ﬁ' chcm'tdij%%'éant sﬂ?rg?agfgsgp%%ma%%ée}gd’tpohﬁn é
butypbenyacyaiohexyl, eethployslopentyl, prapanyhdutenyl. imordec topbtain
. LG romatic
oi- SRy, e fptA lnfor Bt o oB3) S 15 GG Fin'wd o=t
ditrﬁdam’fushb t-?*‘?“‘gw‘t"ﬁ‘mﬁ“ kbelesbr grezater 'l;rreazigcitdm?gdodrb |
..Substituted w an a . gr.oup, havi ng, 0 car bon
ditieRNASPhElEAAN berelpre GHBAEIS €aC IR dBhioPRARREI nenol s

i ncl udi ng nono- phenol s and bi s-phenols. 25 The

anti - oxi dant nmay be present in an amunt of

. 1t . p. 1o 3
The agtiwpargdditive may bediseds &RIPPEiAGN hairangee] Grie 41550
[ [ '
proRaBly GER 1.9)of oo BRYERE 08 B 0.0, ASEEdscltn B Hhiags of
theduvbnicating il clompasitionant i - f oami ng agents such as silicone
anti-foam ng agents; 30 viscosity index inmprovers such
as ol efin copolyners; dyes; netal deactivators such as
Antipxjdantdi azi nes, triazoles or alkyl substituted
di mercapto thiadi azoles; and denulsifiers. It may be
desirable to prepare an additive package or concentrate
Antidxiddmts Afay albo beaidded toithe lubrpating 6ibcomipbsitienld These may be
package may be added sinmultaneousl to the base ail to
aminik At BRRNGIG EXaRIRIR OLATING (A HEIE 3E5AncESY A BMATE Aigps stch
f -
2 B A o ore S et crsas ik
substituted with an alkyl group having 4 to 15 carbon atoms. Examples of
phenolics include hindered phenols, including mono-phenols and bis-phenols.

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 alkyt
aromatic polymers; anti-foaming agents such as silicone anti-foaming agents;
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
lubricating oil composition. The additive package may be added simuitaneously
to the base oil to form the lubricating oil composition. Dissolution of the additive



10

15

20

25

acconpanied with mld heating. The additive package

wll typically be formulated to contain the detergent

in proper anounts to provide the desired concentration,

and/or to carry out the intended function in the final
20040fop%| ation when the additiye package is conbined with

a predeterm ned anount of base |ubricant. The 10

addi tive package may contain actlve ingredients in an
paexagn'phteo, thfé ?gﬂ;nld%nbfbﬂ myﬁb er a@i ;5 %rg?nmé atnﬁcﬁy m'xnt%

acwamla@ wjthfmitdrheating. 6'6’19 adslyve packags willtypically bé éormulated

to Githfihe BeferBh AR i ardulls 0 FARIGH iy Ji5d HPfnfan,

and/or ﬂﬂca@seﬁb thé intended fliriction in FRcktd %nﬂdl@udrﬁﬁﬁbﬂﬂﬁi additive
aﬁé‘l s ,0i]..The terns 'oil-sol ub
pa with & praéetegaweﬁwwtd% bﬁﬁ? Iyhricast aFhe y

ad%lllﬂ‘g% o%ag h}‘(ntcsm e or ﬁe@ﬂgg" ﬁﬁbugli goga%g E@eﬁged

additive package of, fa; exgmplgotromads to Fﬁﬁ?mfﬂablydacgr SrtoviES, engst
e _or a .

prefipVabiyl 4 o, faaloh B ABGifyect i the PP inriahé Braportions, the

rerﬁéiﬁdérbéihgbdgdoﬂffect in the environment in which the
oil is enployed. Mireover, the additional

i ncor poration of other addi ti ves may al so permt

e i A G S CET

pad@gertlwa@rnawdameimg basenaibl e only, with reference to
the foll owi ng exanpl es: 2004M)04 10 5 Preparation of

Hydr ocar byl Phenol Al dehyde Condensates Reaction

ThéteraweiMsalubie! op crik-dispersabladhs Abeld he@n domde necéssarilyl 00
Mv 1300 Mv 1500 Mv 1585 Mwv 1700 Dodecyaﬁgenm 2200

indioatthes 8 cOBBOUMEOr SHYAS (e Saiible ISSHNaHe.TpISgible or
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.

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



10

15

20

25

Cat al yst Par af or nal 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 anounts are given in granms for the
reacti on conponents for preparing hydrocarbyl pheno

2mmﬂmﬂﬁhyde condensat es haV|nT wei ght average nol ecul ar
weights (My) ranging from QOO to 1700. Method 15 The
dodecyl phenol , sul phonic acid catalyst

par af s ARl ARNHR HFbEIDA Phert AU W Shcpfidaks! 0 2 SL

bl anket (600m /mn), condenser, Dean and Stark trap, a
Ret : ature controlling system and Cardi ce/ Acet one
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In the 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

The dodecylphenal, sulphonic acid catalyst, paraformaldehyde, water and
heptane were added to a 5L baffled reactor with stirrer (200 rpm), nitrogen
blanket (600ml/min), condenser, Dean and Stark trap, a temperature controlling
system, and Cardice/Acstone trap vacuum system. The reaction components
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
level of active ingredient (A.l.).
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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 Oil, 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
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Caterpillar 1IN Engine Test Results

Caterpillar 1N Test Results

Example 1 Comparative Example 1
Waeighted Piston 178.5 2721
Demerits (WDN)
Top Groove Fill 8 38
(TGF)
Top Land Heavy 0 4
Carbon (TLHC)
Oil Consumption 0.11 0.13
0-252 hours
(9/KW-h}
Ring Sticking none none

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




400 TBN Magnesi um 0.30 0.30 Sul phonate 147 TBN Cal ci um
- 1.30 Sul phurized Phenate Succini mde D spersant 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 Dodecyl phenol
W@ﬁ For mal dehyde Condenizte (stripped to <1% al kyl
ol) Mwv 1500 SN 150 Di | .37 2.15 G | Base QO
Bal ance Bal ance 10 The results are shown bel ow
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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 2.37 215
Gp | Base Oil Balance Balance
The results are shown below:

Example 2 Comparative Example 2

Visual Rating: Oto 9
(0 = black and 9= clear) 7 4
@ 280°C over 16 hours
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10 nol ecul ar wei ght (Ma) of the hydrocarbyl phenol
al dehyde condensates (' HPAC s) on performance in the
Caterpillar 1 N Test: Conparative 1300 Mv 1500 Mwv 1585
Mv Conparative 1100 Mv 1700 Mv 300 TBN 1.81 1.81 1.81
200@@% 1.81 Calcium sul phoni% 400 TBN 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 Mwv 1500 HPAC 0.45 Mwv
1585 HPAC 0.45 Mwv 1700 Succinimde 6.10 6.10 6.10 6.10
6.10 Dispersant ZDDP 1.31 1.31 1 31 1 31 1. 31
Effetn bf WeightrAvedag® Mbligtuldr. \Weight P DX

0.17 17 ' -
Ph kPGh de%ondens%té 0.17 SN150 1.70 1 70 1. 70 1.70

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

molecular weight (Mw) of the hydrocarbyl phenol aidehyde 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 0.26 - 0.26 0.26 0.26 0.26
Magnesium
Sulphonate

HPAC 0.45
Mw 1100

HPAC 0.45
Mw 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




di | uent
Bal ance

0.209 0O

2004fy

G |

oi |

. 209 0. 209

% Ca O.

base Bal ance Bal ance Bal ance Bal ance
Ash (% 1.00 1.00 1.00 1.00 1.00 TBN
(ASTM 8.61 8.61 8.61 8.61 8.61 D2896)

209 0. 209

% P 0.105 0.105 0.105 0.105 0.105
. 257 \Weighted 229 218 170
Top 62 15 12 8 25

. 257 0.257 0.257 0.257
266 Piston Denerits

(1

G oove Fill (TGF) 5 As shown above, the hydrocar byl
A O N L I
SN$sO pris| ngl i, metten pevhor mance7on tlhe £0erpi |l an. 7D N

. test thpn the hydrgcarbyl phenol al dghyde condensates
dilueali ng pwei ght averdge nol ecyl ar wei ghts of 1130 and
Gpljrl%rglecgJiUﬁg ol | gorrp05| t gn of -an %isl ?s% %ﬁ%em Balafice
oil hydrocaf byl phenol |al dehyde [condensat|e havi ng [t he

folH-eowrpg—st+uet-tr¢—OH-oHeH—Y— Y
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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
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(WDN)

Top 62 15 12 8 25

Groove Fill

(TGF)

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

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

0. 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.  An oil-soluble hydrocarbyl phenol aldehyde condensate prepared by the
reaction of a hydrocarbyl phenol and an aldehyde, 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; the
condensate being defined in any one of claims 1-9.



