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1 TITLE 2 ANTI-WEAR ADDITIVE COMPOSITION FOR A LOW
SULFUR, LOW 3 SULFATED ASH AND LOW PHOSPHORUS
LUBRICATING OIL 4 COMPOSITION FOR HEAVY DUTY DIESEL
ENGINES 5 6 FIELD OF THE INVENTION 7 The present invention is
directed to a low sulfur, low sulfated ash and low 8 phosphorus lubricating
oil composition for low emission healAl iy diesel 9 engines comprising
(a) a major amount of an oil of lubricating viscosity and (b) 10 at least 2
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13 sulfated ash and low phosphorus lubricating oil concentrate comprising
(a) an 14 oil of lubricating viscosity and (b) at least 2 weight percent of an

anti-wear 15 additive com iti risi | salt of a Mannich
condensation 16 produ59 % IRVERTT f the lubricating oil.
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combustion engine_s mounted on, motor-driven vehi
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content 24 of approximately 0.1 to 0.13 weight percen
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product based on the total weight of the lubricating oil.
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BACKGROUND OF THE INVENTION

Heavy duty diesel internal combustion engines mounted on motor-driven
vehicles, constructions machines and power generators afe generally driven
using gas oil or heavy oil (which is a fuel having a sulfur content of approxi-
mately 0.05 wt.% or more). Most lubricating oifs for the diesel engines have a
suifur content of approximately 0.3 to 0.7 weight percent, a sulfated ash
content of approximately 1.3 to 2.0 weight percent, and a phosphorus content

of approximately 0.1 to 0.13 weight percent.

In order to reduce air pollution, vehicie manufacturers and petroleum
companies are interested in developing lubricating oil systems that have low

‘emissions and better fuel economy for heavy duty diesel engines. Envi-

ronmental poliution caused by emissions from diesel engines may comprise
particulates and carbon oxides, sulfur oxides and nitrogen oxides. Diesel
engine manufacturers have started to equip diesel engines with exhaust after-
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31 engine manufacturers have started to equip diesel engines with
exhaust after- -i 1 treatment devices containing particulate filters, oxidation
catalysts and 2 reduction catalysts to obviate environmental problems. 3
Both the fuel and the lubricating oil used to lubricate diesel engines
contribute 4 to particulates and oxides found in emissions from diesel

iRimentsedecs aamaining eadickriefiteren eXidatigncaladesissasdch

raiR Al At BPRASRSRERBALRIGIERLICion in the activity

of the oxjdation 7 catalysts, thus, reduction in phosphorus levels reduces
%ﬁ’ét’h@ﬁc%{tﬁﬂﬁ&m&y igatingpll useditpduhsigatedissed sngings contribute
tepacsuibhsszine iB.gissdoaly ifithiSigphe SRl e B LAlgRSeNtribute
qEs%sulfat_ed ash which may clog the 10 particulate filters. Therefore, there

gvstionsiheretkantivanspupnts and anti-axidaptrepurhtas zinc di-alkyl
ditiieprogshcie oretaa e Asiancerialysin draptivid dstesioEtina i

revent the clogging of the particulate filters. 13 14 ’Another major

t
Cgcﬁgli@ﬁ'ig]éﬁfé sipninipbasrhieruwlexals seduemsing deagtivatien of the
ceisihsnaiRbdnic wamnddifie e dundering RbsTEHROA IS IRMRVEHBIRY di-

ash deposits in diesel engines become trapped in the channels of 17

HiRRBPSRbRieS IR SissFiRia to muiatadorsh wivRR Ay e 6ils
phitienstdridiasel PRatessalaire RIgBab ibbeRierl YUGHHIHOINGIES and

in the 19 additive components and the base oil. Sulfur in diesel fuéls is

ZinGenistdn soasluhiicating ehirieiest theadisiatignealalrtsimaust
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particulate filters in heavy duty 22 diesel engine vehicles equipped with
them. Sulfuric acid may also indirectly 23 contribute to clogging the

Apeitieilpigjbitesermatisgihraass Walpred s thadding & hielinaes:

ail‘-ﬂ%? sulfuric acid and the sulfates also poison the 25 oxidation catalysts in
i

Bererrth gnstakdeiarest; @QiWﬁEHWﬂHpréﬂﬁgmGﬂft I&ianare to

OB SRS IeapsTRaRtiddbie 8RN EBUSFhE RekipRgPine HE RIS of

particulate traps and oxidation catalysts, it is essential that the sulfur
diesel engine exhaust gas particulate filters. Conventional lubricating oils
used in diesel engines are also high in sulfur content, which originates in the
additive components and the base oil. Sulfur in diesel fuels is converted to
sulfuric acid and sulfates which emigrate to the exhaust gas cleaning devices
and contribute to the particulates that clog the particulate filters in heavy duty
diesel engine vehicles equipped with them. Sulfuric acid may also indirectly
contribute to clogging the particulate filters by wetting the particulates, thus
adding to their mass. The sulfuric acid and the sulfates also poison the
oxidation catalysts in the exhaust gas cleaning devices which may also result
in failure to meet emission requirements. Thus, for continued functioning of
these particulate traps and oxidation catalysts, it is essential that the sulfur
and sulfated ash content in the lubricating oil is lowered considerably

compared to the conventional diesel engine lubricating oils.

A number of patents and patent applications have discussed methods for

reducing particulate emissions and low sulfur, low sulfated ash and low

phosphorus lubricating oil compositions, but none have disclosed a low sulfur,
-2
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28 and sulfated ash content in the lubricating oil is lowered considerably
29 compared to the conventional diesel engine lubricating oils. 30 31 A
number of patents and patent applications have discussed methods for
32 reducing particulate emissions and low sulfur, low sulfated ash and low

hosph lubrigati il itions, but nope have djisclosed a low
CYSIRS Sk e shREes SV alndiallGrtaanian comprising
aprapbsitear addiﬁrﬂeiogwanasimmm?aﬁd@@mmmd' 'télﬁam@_@ﬁmﬁing a

' tion.3 praduct for a low emission diesel engine,, .
OB i o S RE RS s nBrre b additve
crpoeition B 4 Oopradiding atetarien 61,0120 discloses a lubricating oil

composition 7 comprising the low sulfated ash and low viscosity reactio_n
product obtained 8 by the neutralization with an alkaline earth metal oxide

GahgdianiBateht [9cs 801201 dissliptes el inbridaiiigreivddnmbbEnsich
atent No. 4,089,791

react ith 0 dioxide. 11 12- U S. Palt .
AR R RS S e St borionsity TesmRP Bk st
byitreraldutmadatitigrovithcamalkaigmecemts ohetabyrithasethytatediRg a
ine and .a zinc di-hydrocarbyl 15

h.metal,c ound, of a trizalkanglam I
R B oG i MBS SR drisganth carbon
dioxidistion 16 engine, while retaining the low ash and rust inhibition

properties. 17 18 U. S. Patent No. 4,330,420 discloses low ash, low
phosphorus motor oils 19 having improved oxidation stability as a result

LbfFﬂné’at&ﬁtimoﬂmmidi%waﬂ@ﬁt&%@@b@nﬁ}bﬁgﬁm;ﬁising
ti-oxidant and.of a sulfurized 21 polyolefin, The synergism between the
Gt Mt Sra dinsrel yiketos %'L@!é%ga@%ﬁﬁmﬁvBF%Héearbeﬁévased
aialid@anbiaetaldiahppooshlofte tl+atkanolamine and a zinc di-hydrocarbyl
di-thiophosphate for reduction of bearing weight loss in an internal combustion

engine, while retaining the low ash and rust inhibition properties.

U. 8. Patent No. 4,330,420 discioses low ash, low phosphorus motor oiis
having improved oxidation stability as a result of the addition of synergistic
amounts of a di-alkyl di-phenylamine anti-oxidant and of a sulfurizéd
polyoiefin. The synergism between the two additives compensates for the
decreased amount of phosphorus in the form of zinc di-thiophosphate such
that the oils retain an SE quality rating.

U. 8. Patent No. 5,102,566 discloses a low sulfated ash lubricating oil
composition which comprises a base oil, at least about 2 weight percent of an
ashless nitrogen- or ester-containing dispersant, an oil-soluble antioxidant
material, and an oil soluble di-hydrocarbyl di-thiophosphate anti-wear
material, and which has a total sulfated ash level of 0.01 to 0.6 weight percent
and a weight ratio of total sulfated ash and the dispersant in the range of

0.01:110 0.2:2.
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23 that the oils retain an SE quality rating. 24 25 U. S. Patent No.
5,102,566 discloses a low sulfated ash lubricating oil 26 composition
which comprises a base oil, at least about 2 weight percent of an 27
ashless nitrogen- or ester-containing dispersant, an oil-soluble antioxidant
28 material, and an oil soluble di-hydrocarbyl di-thiophosphate anti-wear

YoSnatatent oy RARH R4S dissiasss fubacating ol croresitions sidght

Sereentrae fedmakaish IRHR RldplicbvetiseadarndibaBisRAre M d: and
the range of 31 0.01:1t0 0.2;2. 32-3 1 U. S. Patent No. 5,490,945

Siab RRA0BREN Y BIPaseT satie 7f arldis conpratadsshaying Ay atadetio
dhetabakerpprended it RIBLICARIES Ehdhpd Sition iEREBRS ¢alcium

overbase‘ﬁi salts of acidic compounds having a metal ratio 4 of at least 3

Q¥elRasE Rt Ol AFHAIGIFIRBAYSS TEviag serpetal ralio grestaptian 3

pRledeicegigicisemitRieatin g AR asmeiRisFHedm HRIghasidmbonepisiast
that the lubricating composition is free of magnesium overbased 7 salts
SR APARGRTISH FHRGRAR: §305: . Patent No. 6,114,288

discloses a lubricating oil composition for internal 9 combustion engines
Wa8ingadnt hee 6 pcrd R8s shieclovecasitititing il dondtbisitiatfan ikternal

R A S B et o1 o
ladie/thalic | Stendtat avvhitaie thicchibricatidkybase magmg:ilages (1) a zilnc di-
kylsaiicyl 1 d qntionall fricti difier. T ricating oi
e S e B T ey
aléyistlivyéaté moyiagriritseioficalthinewie! ldhtontigmesiuiiatgisditiiate
SRR 5 A T B SSBSEHER Horomes
thetproblaisislicpecsdinty Hhddlesieddrossanong o atbasig phalnmdarth

metal sulfanate, phenoglate and
savere fu %ca%ieonp coné){f?ons.

U. S. Patent No. 6,159,911 discloses a diesel engine oil composition
containing a lube oil base and one or more metallic detergents-dispersants
selected from among a perbasic alkaline earth metal sulfonate, phenolate and
salicylate. The total phosphorus content of the composition is suppressed to
100 parts per million by weight or less, fo thereby provide diesel engine oil
compositions having oxidation stability and wear resistance.

U. S. Patent No. 6,162,770 discloses an un-sulfurized, alkali metal-free,
detergent-dispersant composition having from about 40% to 60% alkyiphenol,
from 10% to 40% alkaline earth alkylphenol, and from 20% to 40% alkaline
earth single aromatic-ring alkylsalicylate. This composition may have an
alkaline earth double aromatic-ring salicylates as long as the mole ratio of
single-ring alkylsalicylate to double aromatic ring alkylsalicylate is at least 8:1.

U. S. Patent No. 6,277,794 discloses a marine diesel iubricant composition
having a TBN of at least 10 and preferably a Vi of at least 90, comprise a
major amount of oil of fubricating viscosity, and admixed therewith, minor

amounts of an ashless anti-wear additive and a metal detergent in the form of
-4 -
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19 salicylate. The total phosphorus content of the composition is
suppressed to 20 100 parts per million by weight or less, to thereby
provide diesel engine oil 21 compositions having oxidation stability and
wear resistance. 22 U. S. Patent No. 6,162,770 discloses an
(ﬂn-sulfurizh%d alkali metal-free, 23 detergent-dispersant composition

AhgUrshaseamad Ariereanihaving I BN abat least 099meRaline
rerefdratity lahRel 200, 50 0% ety nalkiintarb S s B8 ed from at

Earomatic:-riné? al Ig;llicF\;I te. T,Eis composition may have an 26 alkaline
G WG B eF AR ERHIPEAT P el TeiecanihR AR opravided that,
iietergost dhvispleytsie tbslevbipasaibatfodadratiyisinyatemingt iaastint of

8:1. . Patent No. 6,277,794 discloses a marine diesel lubricant :

8U.S
3, FIERIAS Preg Ui A tMenbsing iHRderd A mrsRe s P LoD the dplakarass

d?heatopijssshign. major amount of oil of lubricating viscosity, and
admixed therewith, minor 31 amounts of an ashless anti-wear additive and
a metal detergent in the form of -4 1 (i) an overbased metal detergent

UaSirgeaachB N¥. 8, B3 65300amPece] 08der ancibieast hitatbdontaining (a)
comprisjng, a surfactant system derived from at 3 least two_surfactants,
&R SR A RREIGERLEROANRS @) SYeTAldanRaTats Masrsat at
I¢istsabreseaI8 EOComMe HITcHIP S PO0TD BHYRIVIBES S IHaE b Pa e ast

treme pressure additive, bein to 5.0 mass percent on the total mass
130 hba RRBSRGE ise bamelincand tehanaliordreeswneioanized

helihcloaebylishtietniteanineitg (R AY pHRRIERASEPE I RASEIORin wear,
WE@/J%% an averall kinematic viscosity of at 10 least about 4.8X10 m2/s (4.8

SYFEARIUENGIS ST RAY Sull giagel enginef) a

dispersant-viscosi_ty modifier; and (c) a sulfur-f_ree fl_JnctionaIized 12 _
U SR L ik FREIRES o3P R SRR MR oo Shaml
usbSfdtairseNongitdd WhkHisulesest adte AABRAS IR WRIC IS YLD he
composition exhibits corrosion/wear preventive properties against sulfur
dioxides. The lube composition includes a lube base oil, a component (A)
which is a compound selected from a group consisting of overbased
sulfonates of afkaiine earth metal, overbased phenates of alkaline earth
metals and overbased salicylates of alkaline earth metals, and a component

(B) which is a bis-type succinimide compound.

U. 8. Patent No. 6,730,638 discloses a lubricating oil for internal combustion
engines especially useful with fuels having less than 350 parts per million
sulfur comprises a lubricating oil basestock, a boron containing ashless
dispersant, a molybdenum containing friction reduction agent, a metal type

detergent and zinc di-thiophosphate.

U. 8. Patent No. 6,784,143 discioses the use of a minor amount of a
detergent composition comprising one or more metal detergents which
comprises metal salts of organic acids , wherein the detergent composition
comprises more than 50 mole percent, based on the moles of the metal salts

-5-
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16 used for diesel engines which exhaust large amounts of sulfur
dioxides. The 17 composition exhibits corrosion/wear preventive
properties against sulfur 18 dioxides. The lube composition includes a
lube base oil, a component (A) 19 which is a compound selected from a
% oup cansisting, of overbased 20 sulfonates of II:@Iine earth met

QrEgniRaaidh Ndus AetRsaRatRMRaAsHiRmkIOhAY 8VoRi @ﬁ'&ﬁﬁanates
ﬂﬁ@!ﬁ%@%ﬁyﬁ@b&iﬁi, %ﬁ) S@giﬁttﬁlﬁ\léit%g %%MG\&?@)I& :tSrii{ihbSHUﬂﬁa metal
succinimide compouna. U. o, FPalen 0. 0, ) ISCIOSeS, a . .
sl REARAERGHG ER R m BGi A D mﬁﬁfeza&fe%ia regifm Alypricating
SiledeMpdsEidesRNBDRMheRsE RS oRIHeSiBISed oF GasRbsiRatng oil

lubricating oil basestock, a boron containing ashless 26 dispersant, ;
e M B R RS AR T RS BARS STLEU LD Sop o

%@ﬁqlﬁgenio’q;ni@ 1488 ?«'\éhigub@mﬁgée"/@fana%tgh‘é Mot 5lmAs$a%, 143
iscloses the use of a minor amount of a,, 30 detergent composition

SRR o HES 0 AT ) RIS i HEES SRS
fouPid it acidterydiniCbmipesitter gemsosing siisie BasGDRNSRS Y ofea
than 50 mole percent, base??gn the moles of the metal salts -5 1, of ]
BRfah ' éﬁﬁﬁ&ﬂ?ét%f@aé' e BSHRICYE S R faLatiaR 4n wear in an
@rigiatic carboxylic acid, or (I1) a metal salt of a phenol, or (lIl) both a

metal 3 salt of an aromatic carboxylic acid and a metal salt of a phenol, in
a lubricating 4 oil composition for improving oxidation resistance of the

I kAR WoF TR0 S YPlmon o€ 291110
nt Ol CcO sition Is St n4y. Ss O t the most 0. .
Ao LSTN0 45 CENah o PR i (e atbaaRPliation NO.
HOPO42eeM3 FPouNdalich aldeteR2006P00UBTHe O dsE e RAID HRRNISE ol

mole % _ of a 9 metal salt of an ar%rgﬂic carboxylic acid jimproves the

GRARIRSHAR GBPsLg: iﬁ)e%;i ubricating viscosity, in a major amount

and added thereto: (B) a detergent composition comprising one or more metal
detergents which comprises metal saits or organic acids, in a minor amount,
wherein the detergent composition comprises more than 50 mole percent of a
metal salt of an aromatic carboxylic acid, based on the moles of the metal
salts of organic acids in the detergent composition, and (C) one or more co-
additives, in a minor amount; wherein the total amounts of phosphorus and
sulfur derived from (B) or {C) or both (B) and (C) are less than 0.1 mass p% of
phosphorus and at the most 0.5 mass % of sulfur, based on the mass of the
oil composition. It has been found that a detergent composition comprising
more than 50 mole % of a metal salt of an aromatic carboxylic acid improves

the reduction in wear in an engine.

U.S. Patent Application No. 10/430,594 (Publication No. US 2003/0216266
A1) discloses a lubricating oil composition employable in combination with a
low sulfur content fuel oil is preferably composed of a base oil having a sulfur
content of at most 0.2 weight percent , an ashless dispersant comprising an
alkenyl- or alkyl-succinimide or derivative thereof, a metal-containing
detergent containing an organic acid metal salt, a zinc di-alkyl di-

-6-
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12 European Patent Application No. 01201752.1 (Publication No. EP 1
256 619 13 Al) deemed withdrawn as of March 5, 2005, and U.S. Patent
Application NO. 14 101142,513 (Publication No. US 2003/0096716 Al)
disclose a lubricating oil 15 composition comprising: (A) an oil of

tdhhrmmw : 'mmiz_{r_nmmmj @mnméﬁ@;ﬂqa@elahfﬂ;adfﬁfﬁa@i@u inhibitor
etergent composition comprising gne or more meta etergents whic
7‘38{%83?%?%5%8@ &Oﬁ%{m@ Qgias?%?a%ﬁwaﬂsm%@m@wer@ﬂmund,
dntbegeTdigodepsiioontimigedmect HRwWhe ram i RaRest Héph8sphorus
mefl ia(il)}%g an.arog:uat@ i.ac{btg')&%l%lé acid, based on the moles of the metal
FEiE e By AHIE SRS Ik Ui SariBROsRAqEs GRntant of the
rinrelati@lapyldinephespHacs RMIOYARE Mg Bfthe: {olglamounts of
phosphorus and 22 sulfur derived from (B) or (C) or both (B) and (C) are
less than 0.1 mass p% of 23 phosphorus and at the most 0.5 mass % of
isidfratienatRubiisaticassief WO 2004/008u85iNaidIssdaana (uues
It at a eteg)?lent %ﬁ)rﬁpositi% comprising 25 more than 50 mole % of a
{5PURR SPSVAT IS AL ERET A GRtDeliopeith relaueuiur fuel to
redacenantidine shiissfolsofRagas Anmigioadih YA barticulate
&Publication No. US 2003/0216266 29 Al) discloses a lubricating oil
%?nposition employable in combination with a 30 low sulfur content fuel
oil is preferably composed of a base oil having a sulfur 31 content of at
most 0.2 weight percent , an ashless di t comprising an 32
alkenyl- or alkyl-succinide S 4iUE YN Hall¥al-containing 33
detergent containing an organic acid metal salt, a zinc di-alkyl di- -6 1
Thisphesphiirevention ti-difgdteyl ©i-dhionhasiatevasdiricekisiiand low
cted. from,a grou nsifqgiwf a phenol compound, an

e T B R s AR b e

 engines temisipgofalsatreajotearholitietian ditdkNiIHARRY ORI AN (b)

A BRI SR UGS anf g SRS Compeatioh Gomprieing &
metal salt of a Mannich condensation product based on the total weight of the
lubricating oil. The present invention is also directed to a low sulfur, low
sulfated ash and low phosphorus lubricating oil concentrate comprising (a) an
oil of lubricating viscosity and (b) at least 2 weight percent of an anti-wear
additive composition comprising a metal salt of a Mannich condensation

product based on the total weight of the lubricating oil.

The Mannich condensation product employed in the anti-wear additive
composition of the present invention surprisingly shows anti-wear
performance while maintaining good detérgency.

In one aspect, there is provided the use of a metal salt of a Mannich
condensation product as an anti-wear agent in a low sulfur, low sulfated ash
and low phosphorus lubricating oil composition for low emission heavy duty

diesel engines, wherein the metal salt of a Mannich condensation product is



7 International Publication No. WO 2004/046283 Al discloses the use of 8
lubricating oils with low sulfur content in combination with a low sulfur fuel
to 9 reduce particulate emissions of a diesel engine equipped with a
particulate 10 trap. 11 12 SUMMARY OF THE INVENTION 13 The
present invention is directed to a low sulfur, low sulfated ash and low 14
phosphorus lubricating oil composition for low emission heavy duty diesel
15 engines comprising (a) a major amount of an oil of lubricating viscosity

use@dn(B) asatiRiet atirsigh? peeigitrirasniniased caddiaetabwpigsitioh
thgmﬁggtﬂq@%}%gpﬁﬁg%lsﬁ%hofae]mﬂg}ghcondensatlon product based on
ight of

the total w 18 lubricating oil. The present invention is also
directed to a low sulfur, low 19 sulfated ash and low phosphorus

lubrit3king 3"?06%%?@?&%6&%%Hﬁ%?%@@‘bﬁ%ﬁﬂﬁlﬁﬁﬂd@ ndBssity
and (b) at legagge weiohiRaEFRIEaA DI WMeRE L AFE YA CMRASHIOthe

comprising a metal salt of a Mannich condensation 22 product based on
the total welRf Sl @ ikaHEKRB®BIe Mannich condensation

product employed in the anti-wear additive 24 composition of the present
inve(ition stinprisitfglesEansantenicst b pﬁ:sfﬁrmmpeiwmﬂapmaimm

good detergency. 26 | t there ided the use of met
it of & MATHEHS8 & e 1RO BRECH el ATOHP g SR oD
sulfur, low shifated! askigh8 cfrttldowhpluasiplyosils dmaricating oil composition
for low emission heavy duty 29 diesel engines, wherein the metal salt of a

Mangﬁt bc‘iﬂ%eéﬁééﬁﬁo%?%“&éﬁ%eﬁ G dNAHADA ?}5%%’1 Rl ARt

perc ase the total wel hto the lubricating oil composition, and
wherein: (ayhae@wepé@rﬁ@ﬁwemhtmbrmm @I%mpwtuoﬁreantthesed

range of 0. %vag%%q '}tﬁﬁ? &ﬁw@’?\ﬂ? c%elrreg%based on the total

weight of the lubricating ol

in one embodiment, the present invention is directed to a low sulfur, low
sulfated ash and low phosphorus lubricating oil composition for low emission

heavy duty diesel engines comprising:

(a)  a major amount of an oil of lubricating. viscosity; and

- 75 -
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(b) the sulfated ash content of the lubricating oil composition is in the

range of 0.2 weight percent to 4,0 weight percent based on the total

weight of the lubricating oil; and (c) the phosphorous content of the

lubricating oil composition is in the range of 0.005 weight percent to 0.06
weightperc ; eight of the lubricating oil. In one ...
embé%l)lmen {‘ t}k%%g%'is\%’%rﬂqﬁ/egtﬁg ngl%ﬁségi%er&%%ﬁfgv g%\ﬁiﬂﬁw FRPROFHLRY
ash and loveptmjgiogus tobtalaaitiodilachiapniificrofuldasationssioduct based

heavy duty di ines. ising: major,amount of an oil of
lubricating. gfﬁ}% i?ﬁ%n d%g%@ﬁﬁs&jqéﬁg% 5 Q&é%h?%@%%ﬂ%%? an
anti-wear additive composition 2 comprising a metal salt of a Mannich

IdhedHbagatngRilepmpasitionf the wrasarl jhventios. pretemalydhe
RHBERE SRS HEHEMERAR BERIL ARSI HASRNS F}Eﬁﬁ%é%\{%%m

preferably the 5 concentration of the Mannich condensation product is

RSReRbLRRANE iR MejaitBRIGETRARC arcihattptat wisighisetiton ericating
o visiiGoh thend BT isRiB L Ahe BReEHHMPER E{Sfﬁ@e?ﬁ[ﬁﬁ?mm

concentration of the Mannich 8 condensation product Is pre

consensatiogrpaueis mrafprably amigheptiowrightpereanhtotabaut 9
Wikl i g ubiicading ﬂqém%@fﬁﬂt_éptﬁqumﬂ%ﬂf‘%f%ﬁgyﬁﬁ%sljﬁon,
1 erably

concentration of the Mannich condensation product Is pre rom

asonestRERfRr Bl eoaBBDIAtivei giithe Mannisk eporersationdrapduct is
pReSBbe HhenLbrsatRdRIl fARRRsEAN, %EDEW%E ﬁ%@ﬁ? B on

product (b) in the anti-wear additive composition 14 ricating ol

thedoial eataht ehilm ibsiesfine i eameprsiiamichyde 15 or an aldehyde

having one carbon atom to about 10 carbon atoms, a nitrogen 16 base

TeelentathiteneanyBnsiaion iswauatvy)amine ansolyaa Badinda iR tion
. 17 thereof, and an alkylphenol. 18 The alkyl group on the alkylphenol
"bmﬁlm&’ﬁ;'ﬂ%ﬁﬁ@c #;g Rressikinvention is prepared from a formaidehyde

or an aldehyde having one carbon atom to about 10 carbon atoms, a nitrogen
base selected from ammonia, a lower alkyl amine, a polyamine and mixtures

thereof, and an alkyiphenol.

The alkyl group on the alkylphenol employed to prepare the Mannich
condensation product in the anti-wear additive composition (b) is a linear
chain or a branched chain alkyl group. Preferably the alkyl group on the
alkylphenol employed to prepare the Mannich condensation product is a
branched chain alkyl group.

Preferably the branched chain alkyl group on the alkylphenol employed to
prepare the Mannich condensation product in the anti-wear additive
composition (b) has from about 4 carbon atoms to about 60 carbon atoms.
More preferably the alkyl group on the alkyiphenol has from about 6 carbon
atoms to about 40 carbon atoms. Most preferably the alkyl group on the
alkylphenol has from about 8 carbon atoms to about 20 carbon atoms.
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19 condensation product in the anti-wear additive composition (b) is a
linear 20 chain or a branched chain alkyl group. Preferably the alkyl group
on the 21 alkylphenol employed to prepare the Mannich condensation
product is a 22 branched chain alkyl group. 23 Preferably the branched

Fhain Ak saEan ftm@sﬂpéﬁgg@ggmg %aﬁieﬁeﬁgégb%éﬂgg%%m

condensation product ean compo
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about 40°carbon atoms. Most preferably oup
alkylphenol has from about 8 carbon atoms to about 20 carbon atoms. -8

ThEheiteddpvpasesridtiectsa peapaatinoabihg MespigiacndansalifBrein the

og}%’ct 2 is an aldehyde having one carbon atom to about 10 carbon
Q[ﬁ' T%%ﬁ&?%@%mé‘?ﬁ%ﬂ%ﬁ&bﬁ?ﬂ%@%ﬁ@%@ﬁ?@%@ﬁl%
heviabioalsrityie afniemifaaay Heredaralecis hHSM 2084bkh atoms.

lower alkyl amine, wherein the 5 alkyl group has one carbon atom to
about 10 carbon atoms, a poly amine 6 having 2 to about 12 amine
Mietegshinite sitg endabe dod thegrhepeatdios . of tReckéanblictheonitteogestion

_ i ich ti roduct is a lower
e B o A R B G0 kB o
tozabontztoroarbdiredtomes.dllhg fonine ddkyhatkylaniorm atkiiendbsushias,
- i no-ethyl i - I ine, monp- 11
e I I S P e
butyhaminiaiisl t@nwepentybtrylineindols Jiedepatygitinealisgfmidavtaemine is

,-R&%@E@ﬁ(i&n IOémﬁé\Aannich condensation 14 product includes
ypéne polyi

mono-a olyamines and polyalkylene polyamines. 15 In a
preferred embodiment of the lubricating oil composition of the present 16

TRYGRSIQBRIRR M@@ﬂﬂi%ﬁmgﬂéﬁa%ﬁewepﬂw AR WERH g&ftvcﬁn”

composition (b)-is prepared from an alkylphenol wherein the alkyl group
Py inelufisimensallyisne felvraniinsand poplkdang polyaimivess

carbon
in a preferred embodiment of the lubricating oil composition of the present
invention, the Mannich condensation product in the anti-wear additive
composition (b} is prepared from an alkylphenol wherein the alkyl group on
the alkylphenol is a branched chain alky! group having from about 8 carbon
atoms to about 20 carbon atoms, paraformaldehyde and mono-methyl amine.

The metal in the metal salt of a Mannich condensation product may be an
alkali metal or an alkaline earth metal. Preferably the metal is an alkaline
earth metal, and more preferably the alkaline earth metal is calcium.

Preferably the sulfur content of the lubricating oil compaesition of the present
invention is in the range of 0.0 weight percent to about 0.4 weight percent
based on the total weight of the lubricating oil. More preferably the sulfur
content of the lubricating oil composition of the present invention is in the
range of 0.05 weight percent to about 0.3 weight percent based on the total
weight of the lubricating oil. Most preferably the sulfur content of the

-9-
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19 atoms to about 20 carbon atoms, paraformaldehyde and mono-methyl

amine. 20 The metal in the metal salt of a Mannich condensation product
may be an 21 alkali metal or an alkaline earth metal. Preferably the metal

is an alkaline 22 earth metal, and more preferably the alkaline earth metal
is calcium. 23 Preferably the sulfur content of the lubricating oil

lubrigsiing il compesiiamef et Byentiondsde thorgnes il 1
ﬁm%@% AHoEEDLREITRNb o tRI0s:RR bie It NGIRiGht e the

ricating oil. More preferably the sulfur 26 content of the lubricating oil
lebrgasnER of the present invention is in the 27 range of 0.05 weight
percent to about 0.3 weight percent based on the total 28 weight of the

Pubfigatingthd. fdr?atéd ef em&bntbﬁtabﬂﬁhéiﬁmiﬁaamﬁﬁﬁl-@dmmﬁﬁdngﬁﬁie
compasition of t resent invention js in the.range of 0.1 2 wei .
FFRR RV GR 9 DREPARa D T (R GO WABRL b e
peksinstibgsel drPiedaenblywbibt batbe dsbricaitieotoll thddrdbpivshingiiy the
iti ft 5 ' tion js in th 2 ight, . .
SRR, BT SA1onb ot i o R R L VBl gvention
iwinrmimwg& M?r.e preigndiplyrttent tsudfiated as{h;] welghhpefdeat! hialsiﬁatiug the
il composition of the present ijnveption 8js i range,of 0,3 weight
Bl SR e PR o P BRDE ST LRGSR APy htent of
tﬁf@ﬁﬂi?ﬁﬂiﬁ{%-éﬂ@ﬁmpﬁa‘t&?@m&ﬁf@t@ﬁ Shveon mﬁ@gnlﬁéheng%e of 0.5
ricating oil composition.of the present inyention is in the range. of 0.
WA BRGSO h P OB PEPLbrrsReen TP datab e Relg P
Hiheid&indaiating oil. 13 Preferably the phosphorus content of the
lubricating oil composition of the 14 present invention is in the range of

005 weight per b . ' cent,b
G G A S R R e S
s eritrinatintiosilisomirestingefahe. pRsraighiareiae nt 1dsaivouicO.ftgeeight
of 0.015 weight percent to about 0.05 weight percent.b 0,

R e P oA Ao i b BBy 81 BT el e
phosphorus content of the lubricating oil composition of the present invention
is in the range of 0.015 weight percent to about 0.05 weight percent based on
the total weight of the lubricating oil. Most preferably the phosphorus content
of the lubricating oil composition of the present invention is in the range of

0.03 weight percent to about 0.04 weight percent based on the total weight of

the lubricating oil.

The above lubricating oil composition further comprises one or more
lubricating oil additives selected from detergents, dispersants, anti-oxidants,
viscosity index improvers, corrosion inhibitors, anti-wear agents, friction

modifiers, pour point depressants and foam inhibitors.

Preferably the above lubricating oil composition further comprises one or
more dispersants. More preferably the dispersants are ashless dispersants.
Most preferably the ashless dispersants are derivatives of succinic anhydride.

-10 -
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19 of the lubricating oil composition of the present invention is in the range
of 20 0.03 weight percent to about 0.04 weight percent based on the total
weight of 21 the lubricating oil. 22 The above lubricating oil composition
further comprises one or more 23 lubricating oil additives selected from

B RS e CORaRber IaT et 2o AR Rl panan

ﬂemeﬁyantmaﬁmmanemmwaswmmiétﬂmquIléthwm@-mibpylene
composition further ses one o 27 mor rsants More
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the ashless dispersants are derlvatlves of succinic anhydride. -10 | The
Gariesiongiatiibborp cuitoantiFtidprds emptionativoronteyplsderbfoninsg in the
k?}ﬁ?éi Mdp%}% W 8&%& VR akY rlrb@%ﬁhé?ic I@ Dethio phosphates and

ene-propy ene copo ymers, styrene opo ym

M@b\{ﬂemf di-glemdiaminisibitors and anti-oxidants optionally
contemplated for use in the 5 lubricating oil of the present invention are

W Ak dapRospRaiss AR SSRGS RIFIPRRMGHER ol

Metal di-alkyl di-thiophosphates may also be included in the lubricating oil

wwemapbiansf Srereresest inventinnoe eoadiat ovarsar Hawwues: itimasbse
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metal 10 contributes to sulfated ash in the lubricating oil and the

qonddbrtnedavifriad ashrtihe fdiertingsiy ag@ihﬁﬁbﬁmwﬂ be
HaXRMPRStAL BRI ik di &%IW@ tnetal di-alky! di-

molybdenum salts of di-alkyl di-thiophosphates. 13 Typ |c§frf friction
thieRimsrhales s8e wWNmpaG m@!wé)ganmc&ﬁitﬁﬁ M&ut@éhwates

lubricating oil composition. Useful friction modifiers are 15 fatty acid

TR RNEH o H A GHIHSROBAROSEIMC OMPANRHS. o afREiRe- 16

olybdenum complex compound and molybdenum di-thiocarbamates. 17

G %W&W#SH%MB%EJHH%*%?WWP& noteliddrGHpRirngdifiers are
féﬂ@@@ib%@@é@@ Aith GRS R IMBR/BHERUI BiipBicRIN S as amine-

ng)c?snmn
molybdenum complex compound and molybdenum di-thiocarbamates.
However, it should be noted that the addition of moiybdenum di-
thiocarbamates will further contribute sulfur to the lubricating oil composition

and sulfated ash to the exhaust system.

Pour point depressants lower the temperature at which the fluid will flow or
can be poured. Additives that optimize the low temperature ﬂ'uidity of the

lubricating oil are various copolymers, such as polymethacrylates.

Useful foam inhibitors are of the polysiloxane type.

A low sulfur, low sulfated ash and low phosphorus lubricating oil concentrate

for low emission heavy duty diesel engines comprising:

(a) about 10 weight percent to about 90 weight percent of an oil of
lubricating viscosity based on the total weight of the lubricating oil

concentrate; and

C11-
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19 and sulfated ash to the exhaust system. 20 Pour point depressants
lower the temperature at which the fluid will flow or 21 can be poured.
Additives that optimize the low temperature fluidity of the 22 lubricating oll
are various copolymers, such as polymethacrylates. 23 Useful foam

WS e S T R

duty dieset@mginsingenmeitshgalt &{a) bsoutidd carigenpaticenproduniitased

90 weight il,Qf ricati [SCOSI n the total

weight of gﬁ%%ﬁ%%ﬁ%ﬁ@%@%%&ﬁﬁggﬁn éﬁ%%zﬁ?gast 2 weight

&ercent of an anti-wear additive composition 2 comprising a metal salt of a
2\ ddpdagtindoan finissien eawmtskitydiesei gnaings which
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uty diesel engines, which 5 comprises lubricating with a low sulfur, low
I4brisaiing A SRmBRsEissEABIIESEGIbricating oil composition comprising:
7 (a) a major amount of an oil of lubricating viscosity; and 8 (b) at least 2

we{ght percaijoF amanhtef npeil BIVRIBABMRRINEB D SRYARIHING a metal
salt of a Mannich condensation product based 10 on the total weight of

the, Jybricafj i ition. 11 DETAILED DISCRIP.I.ION OF TH
INENTIGN A SR SR SR T SRR e o PoRPRPRAREY
have the howiigingeamegs saless dllianpicssipstingHtiohranitilyased
15 The t ~alkali metal” d in fefers.to G J.metals of th
periocic 08 TR0 e AL AR A0 A B RN The torm
"alkaline earth metal" as used herein refers to Group 11 metals of the 18

Periodic TablepgeR pf FASIYBRRI TGS HE INVENTION

DEFINITIONS

As used herein, the following terms have the following meanings uniess

expressly stated to the contrary:

The term “alkali metal” as used herein refers to Group | metals of the Periodic

Table, such as sodium, potassium and lithium.

The term “alkaline earth metal” as used herein refers to Group Il metals of the

Periodic Table, such as calcium and magnesium.

The term "detergents” as used herein refers to additives designed to hold the
acid-neutralizing compounds in solution in the oil. They are usually alkaline
and react with the strong acids (sulfuric and nitric) which form during the
combustion of the fuel and which would cause corrosion to the engine parts if
left unchecked. Suitable detergents for use in the present invention are alkyl
sulfonates, alkyl phenates and Mannich base condensation products.
Numerous detergents are commercially readily available.

-12-
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19 The term "detergents" as used herein refers to additives designed to
hold the 20 acid-neutralizing compounds in solution in the oil. They are
usually alkaline 21 and react with the strong acids (sulfuric and nitric)

which form during the 22 combustion of the fuel and which would cause

X ' ' f h d.,Suitable d f
RS ‘pesaas 2etieds FRIgh AR G A U
mﬁnwﬁpagmﬁmteﬁsmp@nemm ﬁﬂemndp'niuhwl eibn@?n@eaad therefore
T L S LA e e

erein re
aspéregeninantaininly disfrersainds dogemeddth ezeftiing 2ervdrguccinic acid
it] la ical e.ashless dispersants 4,are
nitr §§r€€ﬁ§%ﬁﬂgﬁag{&r§% S ?E%r%ég %{f/ér%gé ?%% 3 ngﬁﬁ '§.2 ﬁf&yf!icid 5
sutsiditdisledtanthuedinaBkmap Ehessulibpdicptantndre fukibrer Bodified

e arides, : X rth
R 1o S, B S IS CERarE, (e s
Fhiaspalispegsantederiiegdraantongriaidrbydosgrbiaairsubstituted

) ) S 4 b 4
S T AR SRR e
Febvepogispbisantd st thviseadariveddro Pidyisciartenyhayaistdenhydride.

i ' ' if] h 12 . .

A AL 1 O R B BN AR sty goaiters, such as

nedwakyavsheley aisiaahacflatepstyrapescopalgaensmber of
' | ilable. 15 t " b "
A e S BT Rt B Bk g B fsrisants

anadarkyherdioifn@eaitablbich the ratio of the 17 number of equivalents of

an alkaline earth metal to the number of equivalents 18 of the organic
moiety is greater than 1. Low overbased refers to alkaline earth 19 metal

TAryiBHBnENCRIRSPSA RS Hted hsmeindeirndr-alialinsicgdhmameiatase 20

awgh@rne@wm%ﬁwmla%ddw pdrdd s GVRIBIERE Giate
to 21 alkaline earth metal alkylphenols, alkyl salicylates and alky!
nymBaaRleiy@lents of an alkaline earth metal to the number of equivalents

of the organic moiety is greater than 1. Low overbased refers to alkaline earth
metal alkyiphenols, alkyl salicylates and altkyl sulfonates having a Total Base
Number (TBN) greater than 1 and less than 20, medium overbased refers to
alkaline earth metal alkylphenols, alkyl salicylates and alkyl sulfonates having
a TBN greater than 20 and less than 200. High overbased refers to alkaline
earth metal alkylphenols, alkyt salicylates and alkyl sulfonates having a TBN

greater than 200.

The term “sulfated ash” as used herein refers to the non-combustible residue
resulting from detergents and metallic additives in lubricating oil. Sulfated ash
was determined using ASTM Test D874.

The term "Total Base Number” or “TBN" as used herein refers to the amount
of base equivalent to milligrams of KOH in one gram of sample. Thus, higher
TBN numbers reflect more alkaline products, and therefore a greater
alkalinity. TBN was determined using ASTM D 2896 test.
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22 a TBN greater than 20 and less than 200. High overbased refers to
alkaline 23 earth metal alkylphenols, alkyl salicylates and alkyl sulfonates
having a TBN 24 greater than 200. 25 The term "sulfated ash" as used
herein refers to the non-combustible residue 26 resulting from detergents
and metallic additives in lubricating oil. Sulfated ash 27 was determined
elpgsAdheivias spsrifiesh alhPeEceniaasssedNYRigRH PEOPBIN" as
used herein refers to the amount 29 of base equivalent to milligrams of

KOH in one gram of sample rer. 30 BN, aumbers reflect more
alkaline products, and RCAURT B CaE

determined using ASTM D 2896 test. -3 1 Unss otHerwise specified, all
lbéaﬁehmdia@wm@mm«t@b\@wﬂm|l@mwiat@¢La@bmubW|0N
ﬁﬁ%ﬁ?ﬁ?&l}%ﬁ&ﬁ&&ﬂ@%&ﬁﬂw éb#ivgri faled pel et

phosphorus lu om

ricating oll composition ¢ rising an anti-wear additive 5

casnRstinsh campiRing 2 mekel salk of a Mannich condensalion pregiuet 6
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7 engineS. Wear control in conventional lubricating oil composition

enginasd Viasy eantiebinoroventianebikbsicatingye i ramparitiphatssaebieved
g dith g S
By Rl ithiop BRaRRA'RIBMUESHIB LERIIRRRIE zinc di-

nti-wear additives 10 contributes to an incre ate S

dlylichtinigeneanhaiesl siyeybio ke dretalsmbiaRa aoli-vrepi@stibives
R Y LINAERASL ﬁ-f@&?flca?eweé’éﬂ‘ﬁﬂiﬁ@iﬁ%‘?&?@%ﬁﬂt@’?{@%e

additive composition employed in the 13 lubrication oi position of the

nhesRhRiHs RIS poAtbRTosTMidesinroratalysin specoR shaNG tefter-
REAERRES LauluTRRCLidea aaiif0d Bermibibr iRy BaTAdRE

any phosphorus, it does not inactivate the oxidation 16 catalysts. 17 The

lubicedinryodilcssmissiin ATt st invention prayidespesssépy control
@gﬁ%&@ﬁﬂﬁiﬂ@ £ 5GBS FOMRAUATE SPSERPER, MR A se it

does not contain any phosphorus, it does not inactivate the oxidation

catalysts.

The lubricating oil composition of the present invention may be prepared by
simple blending or mixing of the compounds described in more detail below.
These compounds may also be preblended as a concentrate or package with
various other additives in appropriate ratios to facilitate blending of a
lubricating oil composition containing the desired concentration of additives.

Ol of Lubricating Viscosity

Oil of lubricating viscosity, or base oil as used herein refer to lubricating oils
which may be mineral oil or synthetic oils of lubricating viscosity and
preferably useful in the crankcase of an internal combustion engine.
Crankcase lubricating oils ordinarily have a viscosity of about 1300
centistokes at -17.8°C to 22.7 centistokes at 98.9°C. The lubricating oils may
be derived from synthetic or natural sources. Mineral oil for use as the base
oil in this invention includes paraffinic, naphthenic and other oils that are

ordinarily used in lubricating oil compositions. Synthetic oils include
-94 -
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19 These compounds may also be preblended as a concentrate or
package with 20 various other additives in appropriate ratios to facilitate
blending of a 21 lubricating oil composition containing the desired
concentration of additives. 22 Oil of Lubricating Viscosity 23 Oil of

e S eI b Shd L 80 B8R et R Rcarbon
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o o oS viscos
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olsfips migke derivdecene timeretiSionilatyrallsdureazeriseniipsidper viscosity,

S B Se e, o) B M AR B RIS e the
egiaithetibaicmenaearbosylihgdide and pelysathivwglle aniis\asivesit as
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adipate,” 8 pentaerthritol'tetracapoate, di Xyl adipate,
pefdanhisebavsichincenaer likdrapempted dstarsane brineer frdth Fhxtekht
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exgedad oddmseor Eicuhple] Inpads detivaddigtseldiiperanatocbaeigpioyed
: Byl E%%JE | ' el 3 t to 90
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oil base. Fischer-Tropsch derived base oils may also be employed 15 in
It iGUHPE AT STh SRIRRP AL TS HOPIBBRBEIIG HidsHY briadidyeer for
contemplated that the oil of lubricating viscosity employed for
preparing the lubricating oil composition of the present invention is a low
sulfur base oil. Use of a low sulfur base oil assists in obtaining a l'nbricating
oil composition which is ultra low in sulfur content. Sulfur content of base oils
is well known by persons skilled in the art, thus, selection of a low sulfur base

oil may be conveniently made for the purpose of the present invention.

Anti-wear Additives

Metal salt of Mannich condensation product

The Mannich condensation product may be prepared using an alkyiphenof, an
aldehyde and a nitrogen base selected from ammonia, a lower amine, a

polyamine and mixtures thereof.

The alkyl group on the alkylphenol employed to prepare the Mannich
condensation product in the anti-wear additive composition (b) is a linear

chain or a branched chain alkyl group. Preferably the alkyt group on the
-15. ,
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17 preparing the lubricating oil composition of the present invention is a
low 18 sulfur base oil. Use of a low sulfur base oil assists in obtaining a
lubricating 19 oil composition which is ultra low in sulfur content. Sulfur
content of base oils 20 is well known by persons skilled in the art, thus,

sglection of a low sulfur base 21 oil be conveniently made for the
TR fblleta iane Bs Nl sortnmsaton mad ciied
Mancheid adradarektibgroopduct 24 The Mannich condensation product
may be prepared using an alkylphenol, an 25 aldehyde and a nitrogen

' | i 26 polyami d .
ST BT AR IR Sl S R PR AR B avanien
¢ragansaiionpindubizaayhdenbraoohad diatimatiylgrbureaoatiditieg from
o o 68 B A S B I Ml growe
epatRiaing droco bt ficarbrdatarssiooahant A8 atzim attoigrofireBerably
' f the M ich
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_ 0 i t Qn at 0 about 60 carbon
G e S M R SR 4 BSOS TR P8 bare-
repsitionlioytiyeduydeoxyhgnogp s from about 8 carbon atoms to about 20

carbon atoms. Preferably the alkyl 9 group is attached to the alkylphenol
moiety at the ortho-position or the Para- 10 position to the hydroxyl group.

MareBrefprarivah trlicsidhs attachmenehtie Mk irgpypoinptietpeho-
paishifonlf PRFEIYL KRR & eSBPBAS 39 SR BRSEAALIRG RIeh Sl <uinkh eRot

and most 13 preferablé the ratio of the attachment of the alkyl group in the

Repicsabbsshrafia afihraiiasheier sbthealkv eraup tothamghmersition to
phiraLpEHIBRNKTS 05 &fub fef dhRRSBRERLAG RiHBRYIanNich condensation

product

The aldehyde useful for the preparation of the Mannich condensation product
is an aldehyde having one carbon atom to about 10 carbon atoms. Preferably
the aldehyde is formaldehyde, and more preferably it is paraformaldehyde.

The nitrogen base is selected from ammonia, a iower alkyl amine, wherein the
alkyl group has one carbon atom fo about 10 carbon atoms, a polyamine
having 2 to about 12 amine nitrogen atoms and 2 to about 40 carbon atoms.

Preferably the nitrogen base for the preparation of the Mannich condensation
product is a lower alkyl amine, wherein the alkyl group has one carbon atom
to about 10 carbon atoms. The lower alkyl amine is an alkyl mono-amine,
such as mono-methyl amine, mono-ethyl amine, morio-propyl amine, mono-
butyl amine and mono-pentyl amine. More preferably the alkyl mono-amine is

mono-methyl amine.

The polyamines useful for preparation of the Mannich condensation product
empioyed in the anti-wear additive composition of the present invention
-16 -
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16 is.an aldehyde having one carbon atom to about 10 carbon atoms.
Preferably 17 the aldehyde is formaldehyde, and more preferably it is
paraformaldehyde. 18 The nitrogen base is selected from ammonia, a
lower alkyl amine, wherein the 19 alkyl group has one carbon atom to
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e B o P T em A Gerdprarine.
preparation of the Mannich condensation product 28 employed in the

Pﬁ@ih%@ﬁf@@ﬂiﬁé%ﬂ?ﬁ&?'BQH&ME&H@)@B&W@QM ﬁa@ 'iﬁ”ﬂ%i@bf cating

mono-alkylene polyamines and polyalkylen xamp
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Examples of polyalkylene polyamines inclu ne di-amine r-

%Qﬁéﬂwfz‘eﬁé%ﬁfaﬁh?ﬁéf%@@ﬂ%ﬁ@%ﬂﬁ%&@%ﬁ%@e and mono-
ﬁa%’?‘}'féernﬁtﬁéeé?b%“%é’w‘? M'ﬁgﬂ&ﬂ?@%ﬁ%"g Hiigduet employed

in the lubricating 7 oil composition of thé present invention may be
prepared by any method 8 known to a person skilled in the art. Generally,

The M@pam@nmmaam am@dugémrgﬂ@mm partierwhtee persons
E oI fo r{'ﬁ} de a d mo - 10 alkyl amine in the presence of a

S W e ate HRBBRURAFRALSE MEiRpropared sing

acoamgmm ma@abwelaﬂmammwén%@&ﬂ@@s RribRRtb ddrson
gﬂﬁnmch cond tion product H’u mbe prepared using, 13 an alkylphenol,

SKHTCR I ST SPHATRRS 4R MBRIOETBRRARSR IRRIR S LIORD

phia arbdras eééﬁmi@dthﬁi WgnmakeaeEens @RS product may be 15
prepared as described in U.S. Patent 5,370,805.

The metal salt of the Mannich condensation product may be prepared by any
welt know process using a metal oxide, metal hydroxide or a metal alkoxides.
The metal may be an alkali metal or an alkaline earth metal. Preferably the

metal is an alkaline earth metal, and more preferably the alkaline earth metal

is calcium.

Other Additives

The lubricating oil composition of the present invention may also typically
contain, in addition to the detergent composition of the present invention,
other additives used to impart desirable properties to the lubricating oil
composition of the present invention. Thus, the lubricating oil may contain
one or more of additives, such as, dispersants, anti-oxidants, viscosity index
improvers, corrosion inhibitors, anti-wear agents, friction modifiers, pour point

depressants and foam inhibitors.
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16 The metal salt of the Mannich condensation product may be prepared
by any 17 well know process using a metal oxide, metal hydroxide or a
metal alkoxides. 18 The metal may be an alkali metal or an alkaline earth
metal. Preferably the 19 metal is an alkaline earth metal, and more

PSSP S RIS TRHRE ARSI, RHON Aden 2

The lubricating oil composition of the pres ntion may also typically

agwentnaliukdisating otheoepegjiandompbeituy dotieliasskengine
NGBy o%ﬁma%tm;?diﬁe&ﬁ&m%@a% RRBTHRRE e

lubricating oll 25 compositioh of the present ntion.
ageitbamef apemgidbaahore classeairadsitidestivesffestineasmounts as
WEIPSLSRR a0t 569710 | BRI
inhibitors, anti-_v’tgear agents, ﬁﬁ:tﬁ)n r%ég%eﬁ%%&%@%( gj%r@ys?alljnqts
naadeshia pravierthedesired neitcalizatioastapaaiterms of affording the
properties desired in a 2 conventional lubricating oil composition for a
hea _

WaMedidrn ang Hligh Overbased Metal Deteraants ahove classes of

additives in effective amounts as 5 well as the detergent composition of

S AR SR S BB oot

bBermpleyexidisthelhericatiieg of loonmpasitioinimf dverbassshtiatantion.

t [ lly. 9 emplayed in the, lubricating oil
e S BRI e R e YRS e dovsrn
mediasbmhetsdd stdfgait waidsiovalicyiit aediyroarbeshdkesciidoniphenols
[ icylic acids,.carboxvlic_aci r phenols 12 or, Mannich .
o e B P R R BRI, R Snd smings
Themegiatergenjsomaykat kel dettabdatergeaticatinelkatiad detdal eirtergents.
[ t lkaline,earth, metal detergents.and more
P A A A e e L R R B i terabiyhey
are galatemidetergedts. The TBN of these detergents is greater than 1 and
about 500, or more. However, it is worth noting that a further addition of
detergents, such as those described above, may contribute to the sulfur
and/or sulfated ash content of the lubricating oil. These detergents are well

known in the art and are commercially available.

Dispersants

The lubricating oil composition of the present invention optionally contains
dispersants. Typically, the ashless dispersants are nitrogen-containing
dispersants formed by reacting alkenyl succinic acid anhydride with an amine.

Examples of such dispersants are alkenyl succinimides and succinamides.

These dispersants can be further modified by reaction with, for example,
boron or ethylene carbonate. Ester-based ashless dispersants derived from
long chain hydrocarbon-substituted carboxylic acids and hydroxy compounds
may also be employed. Preferred ashless dispersants are those derived from
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16 about 500, or more. However, it is worth noting that a further addition
of 17 detergents, such as those described above, may contribute to the
sulfur 18 and/or sulfated ash content of the lubricating oil. These
detergents are well 19 known in the art and are commercially available.

ersa s 21 The lufricatin osmo of t? resent jnvention

e AREREe A AR DA SRAERRR A ABare
mﬂugemmﬁytamﬁgtﬂé.dlspersants formed by reacting alkenyl succinic
acid anhydride with an amine. 24 Examples of such dispersants are
alkenyl succinimides and succinamides. 25 These dispersants can be
i ied by reaction with, for example, 26 boron or ethylene

carbonate. Ester-based ashless dispersants derived from 27 long chain

droc rbon-substituted box ¢ acids and hydroxy compounds .28
’%&\ﬁﬁ &%&1 fﬁcl‘g? &sﬂﬂé‘s aw@e@mm@ﬂv@d

ﬁf@ﬁ@sﬁ@sltm'hﬂmuiﬁlw@wﬁlm&ﬁwﬂ@@;léé@ﬁ@e@l’é@@%mxsd!ze in the
d ersa are 2 commercially available. 3 Anti-oxidants 4 Anti-oxidants:

REEEEA 1 Albr L5 SRR RIRGARS S SIRE (R QLB
lacqué@aﬁ@wuagetm@mmgqmaﬂmﬁw@@ ;ﬁrmmg@m%&en%ence
ﬁ()f air. Thzﬁe oxidation processesélrﬁl%%cause formation of gums,

Xeqes Sl dsRIUbanEATRNTS araltnsareshrisarisadliviatsd ﬁp@non-
mﬁwé@w@mwmww prekashBies iR B bASEAKylic

i%?a tic amines, alkyl or aryl phosphates, esters of

6"8&&? disthioRhosBERTIE ACiishiod H&Wﬁnmads
cM@W@dﬁﬂQ%ddhﬁ@WM@-?né%&iéﬁm SRy |

und and 2 molybdenum di- thlocarbamates mayalso be used as

HoiREAEP AR eS BB HEhBRHIR RS AHRIsIApEs. However,
;tr@ﬁb/@d%w wmmm@@m%ﬂmwmﬁgmw@@mam% will

su fated ash to the lubricating Qil composition. 15 Viscosity Index
piner caatribute sulfur and sulfated ash to the lubricating oil composition.

Viscosity index improvers

Viscosity index improvers are added to lubricating oil to regulate viscosity
changes due to the change in temperature. Some commercially available
examples of viscosity index improvers are olefin copolymers, polybutene,
polymethacrylates, vinyipyrrolidone and methacrylate copolymers.

Corrosion inhibitors

Corrosion inhibitors are included in lubricating oils fo protect vuinerable metal
surfaces. Such corrosion inhibitors are generally used in very small amounts
in the range of from about 0.02 weight percent to about 1.0 weight percent.
The corrosion inhibitor should not be one that is itself corrosive to silver and
sitver plated bearings, such as, metal di-thiophosphates. Examples of
corrosion inhibitors that may be used are sulfurized olefin corrosion inhibitor
and the co-sulfurized alkenyl ester/alpha olefin corrosion inhibitor.
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16 Viscosity index improvers are added to lubricating oil to regulate
viscosity 17 changes due to the change in temperature. Some
commercially available 18 examples of viscosity index improvers are
olefin copolymers, polybutene, 19 polymethacrylates, vinylpyrrolidone

c p o o1 6 ion
T e Ay B R e B3RP o of
tharpressnsimtentionsiayialsbiiociuaie gtheeratyliived,iswenasmallir point

s e A

clasansef maltrialamereh skschibec dlewalida cwcmasterielaland can be
i-thi f 26 ion, Inhibi h b .
SRR S ARATa) 25 RS BIER RLEBE e

are s
regeiticabbn trefimaforrosion inhibitor. -19 | In addition to the materials

already described, lubricating oil composition of 2 the present invention

may also include other additives, such as Eour point 3 depressants and
anti-foaming agents. The variou terials or 4 classes of -
materials herein described are well known materials and can be 5 readily

hased jall d by k d bvi 6
T A A Y o RR eTH oY SR VI QR i Slated
ashploy éolarptiesisvosesfiubRos thufatie dofrasisigne was@mﬁum\fgnﬁon

lubricati Il composition.of the present invention 10 were evaluated for
W ey R e R R R G plead et e BipRarm =
desarigld inaRsample f EaidW.akReBXapiple. 1 13 Comparative Formulations

A and B and Test Formulation C contained an 14 ashless dispersant, an

anti-oxidant, a viscosity index im@%ﬁﬂ ,aenpedium 15 overbased alkyl

phenate, an anti-wear agent and ibitor. Base oil 16 was used to

make-up a 100 percent of each of Comparative Formulations A
Comparative Formulations A and B and Test Formulation C contained an

ashless dispersant, an anti-oxidant, a viscosity index improver, 2 medium
overbased alkyl phenate, an anti-wear agent and a foam inhibitor. Base oil
was used to make-up a 100 percent of each of Comparative Formulations A
and B and Test Formulation C. Comparative Formulations A and B and Test

Formulation C are given in more detail in Tabls | below.

The weight percent calcium concentration based on the total weight of the
lubricating oil in each of the Comparative Formulations A and B and Test
Fermulation C was kept constant, and it is shown in Table Il below.

The anti-wear performance of Test Formulation C containing the anti-wear
additive composition of the present invention comprising, a calcium salt of a
Mannich condensation product, was compared with Comparative Formulation
A containing only a mixture of a calcium salt of an alkyl hydroxyaromatic
carboxylic acid and a calcium salt of an alkylphenol, and Comparative
Formulation B containing a mixture of a calcium | salt of an alkyl
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17 and B and Test Formulation C. Comparative Formulations A and B and
Test 18 Formulation C are given in more detail in Table | below. 19 The
weight percent calcium concentration based on the total weight of the 20
lubricating oil in each of the Comparative Formulations A and B and Test

SRR CURRIORS SanFisth 2Nl ONLILEHIS SRl a7

1
e anti-wear periormarice o ormuia e anti-wear

ilchditaalt cefrapdsitioich Ctiredpresainmperdiatt.comprising, a calcium salt

of a 24 Mannich condensation product, was compared with Comparative
Formulation 25 A containing only a mixture of a calcium salt of an alkyl
GompryatiymhesneiationoRykerdainesid a calcium salt of an alkylphenol,
and Comparative 27 Formulation B containing a mixture of a calcium |
salfd} afalaiym saits QY@ 6RMERaEic carboxylic acid and a calcium salt

of an alkgdphenpiighiffeiof calcium salt of a Mannich condensation
product. 3 Comparative Formulation B contained; 4 (A) calcium salts of a

mixture of: 503) a ALAIRY BYE XY ReRISNAREPHIN ASE Whetsipithe
acid, wherein the Zirlkyre(RiBrothbaRiVh IR/ bERPERE SATBRIlGicid

acid 8 was a branched chain alkyl group containing 12 carbon 9 atoms,
and 10 (i) an alkyMRRIBRIANGHES Ehaim skl SEeP Grriaininge! ZigArBan
group on the alkyl hygraxyuRgnzene carboxylic acid was a 12 linear chain
alkyl group containing 20 carbon atoms to 28 13 carbon atoms, and 14

(b) a mixture & 120 REKYLRYGROSLIPENZANGIGHS REXYIC AT e WhaTe RIk)e alkyl
group on 16 the alipdphenpinuasiRPRREDSY SeareRkHAHMRY acid was a

containing 12 carbon atoms, and o
finear chain alkyl group containing 20 carbon atoms fo 28

carbon atoms, and
(b) a mixture of:

(i) a calcium salt of an alkyiphenol, where in the alkyl group on
the alkyiphenoi was a branched chain alkyl group
containing 12 carbon atoms, and

(if) a calcium salt of an alkylphenol, wherein the alkyl group on
the other alkylphenol was a linear chain alkyl group
containing 20 carbon atoms to 28 carbon atoms.

The calcium salt of (a) and (b) were present in a ratio of 3:2, and

(B}  a calcium salt of the Mannich condensation product of an alkyl
phenol, paraformaldehyde and mono-methyl amine. The Alkyl
group on the alkylphenol was a branched chain alkyl group
containing 10 carbon atoms to 20 carbon atoms.

Comparative Formulation A contained only (A), shown above in Comparative

Formulation B. The calcium salt of (a) and (b) were present in a ratio of 3:2.

Test Formulation C contained only (B}, shown above in Comparative
Formulation B, the anti-wear additive composition of the present invention.
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18 (ii) a calcium salt of an alkylphenol, wherein the alkyl group on 19 the
other alkylphenol was a linear chain alkyl group 20 containing 20 carbon
atoms to 28 carbon atoms. 21 The calcium salt of (a) and (b) were present
in a ratio of 3:2, and 22 (B) a calcium salt of the Mannich condensation
product of an alkyl 23 phenol, parafpggaldehyde and mono-methyl amine.
The Alkyl 24 group on the alkylphenol'was a branched chain alkyl group
25 containing 10 carbon atoms to 20 carbon atoms. 26 27 Comparative

Formulation A contained only (A), shown a?ove ir'|I Ciomparative 28
: : rinulation ) :
Foggmggggglﬁ. The calcium salt of (a) and @ Q;ﬁ'% sent in a ratio of
3:2. 29 Test Formulation C contained only (B)..shown above in
Comparative 30 F )rntgm%&waﬁanﬂi-wgghﬁ%ﬁgwecgmposition-pgghg
Contaratdie A Comparatigg.@Test C |Base Of092708 91.4Y 90.4090.40
Ashless-Bispersait3-4-3-4-34-Antt-oxidant-0-5-0:5-0-5-iseosity-thdex
AglPgsB. ZBspe28aminprover Madium 0.22{0.22 0.23.9verbasgd Phenafed
Additional Anti- 0.36 0.36 0 .36 wear Agent Foam Inhibitor. .0025 0.0025
0.QfHboxidant 0.5 0.5 0.5
Viscosity Index 0.28 0.28 0.28
Improver
Medium 0.22 0.22 0.22
Overbased
Phenate
Additional Anti- 0.36 0.36 0.36
wear Agent
Foam Inhibitor - 0.0025 0.0025 0.0025
(AY* 3.16 2.01
(BY** 1.76 4.84

* (A) is described starting on page 19, line 19 and ending on page 20, line 7.

** (B) is described on page 20, lines 8-12.

Table I below shows the amount of the sulfur, sulfated ash, phosphorus and

calcium in Comparative Formulations A and B and Test Formulation C.
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(A)* 3.16 2.01 (B)** 1.76 4.84 2 3 * (A) is described starting on page 19,
line 19 and ending on page 20, line 7. 4 ** (B) is described on page 20,
lines 8-12. 5 Table Il below shows the amount of the sulfur, sulfated ash,
phosphorus and 6 calcium in Comparative Formulations A and B and
Test Formulation C.7 8 9 -221 Ti:algl Il iFormulation Component (weight
%) Comparative A Comparative B Sulfur 0.0992 0.1002 0.1007
Sulfated Ash 1.06 1.06 1.06 Phosphorus 0.0378 0.0378 0.0378 Calcium

0296 0:296 0.296] 2 3 EXample 22 Modified4-Ball Test5 The ant-wear |
pféformance of Tdst Formulation C was cfrﬁﬁﬁ}H&PQWComparative
FSRAMRABAEA and B was evaluated using@gisthtidalion of the 7 4-Ball

Test. The modificgtion of the T&st INVG[VED preagln? the_SamplesS 0f 8
2\

Formulations A-C.| TEPPIRARIYG/As ¢ofeRRBaRBtR R for the bdiRfEG of

verBUL0 and o accotioR? the oxdation dchapositiop prodUelo0”
Eﬁﬂ%ﬁg@c%% ti\la?w:cljdgl\gj ‘ﬁgg-wear pearforman19%6Compar ative 1.06
Phosphorus 0.0378 0.0378 0.0378
Galcium 0.206 0.296 0.296
Example 2

Modified 4-Ball Test

The anti-wear performance of Test Formulation C was compared to
Comparative Formulations A and B was evaluated using a modification of the
4-Ball Test. The modification of the Test involved preaging the samples of
Formulations A-C. The Preaging was conducted to allow for the building of a
protective layer of the anti-wear additive compaosition of the present invention
and to account for the oxidation decomposition products’ impact on an
additive’s anti-wear performance. Comparative Formulations A and B and
Test Formulation C, approximately 10 milliliter samples, were preaged for 2
days at 160°C in the presence of the metal balls. The test was started with a
10 kilogram load, which was increased step-wise 1o a total of 90 kilograms.
Oil temperature at the center of the three fixed balls, torque and displacement
of the load lever arm were recorded during the test. A wear index was
calculated at the end of the test based on the arm displacement data. This
moadification of the 4-Ball Test is described in a paper titled Screening Test for
Anti-Wear Additives on Modified 4-Ball Test by J. Cazin, P. Tequiand Y.
Lesieur, presented at the 10" International Colloguium on Tribology — Solving
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12 Test Formulation C, approximately 10 milliliter samples, were preaged
for 2 13 days at 160C in the presence of the metal balls. The test was
started with a 14 10 kilogram load, which was increased step-wise to a
total of 90 kilograms. 15 Oil temperature at the center of the three fixed

alls, tor nd di ceme 6 of the lpad Jever arm were r de

B B ERE e o ARl ar B January
Bbdded 880 HeranratlpiaCdohemied?t @ 083203 Bnodification of the 4-Ball

Test is described in a paper titled Screening Test for 19 Anti-Wear
Additives on Modified 4-Ball Test by J. Cazin, P. Tequi and Y. 20 Lesieur,
Theddaiaerofted wereeaningRy.cl irurerature dnsidgyasoatithe ord of
A HUmanEMRR! P["ﬁ@'%@ﬁlt@%ﬁﬂ@%@dﬁ@@-ﬁ@%lﬁ?@@%‘?ﬁ Q.éfﬂ'narized
January 2 9-11, 1996, Proceedings Volume 3, 2063-2073. 3 The data
’?eB%H@dJM?&Wear index, oil temperature and torque at the end of 4 the
test and seizure. The results of the Modified 4-Ball Test are summarized

5in Table Il below. 6 Table I Fori-}g!iﬂ E Modified 4-Ball Test AB C
Wearlndex* 276 325 30 Tempera 131 113 (C) Torque 0.246

0.243 0.159 (deca-Newton) Seizure Yes Yes No 7 8 * Wear Index is

obtained-by normatizing-the-actuat-cistancemodification-on-9-the-surface
of the balls due tolloss of metal because of wear in the Modified 4-
Formutation
Modified 4-Ball
Test
A B C
Wear Index® 276 325 30
Temperature 134 131 113
(°C)
Torque 0.246 0.243 0.159
(deca-Newton) :
Seizure Yes Yes '. No

* Wear Index is obtained by normalizing the actual distance modification on
the surface of the balls due to loss of metal because of wear in the Modified 4-
Ball Test, The actual distance is measured in micrometers in the Modified 4-
Ball Test, but for ease in reporting the numbers obtained in the Test are

muttiplied by 10.

The results obtained in the Modified 4-Ball Test summarized above in Table Il
show that the Test Formulation C containing the anti-wear additive
composition of the present invention comprising a calcium salt of a Mannich
condensation product gave better anti-wear performance than Comparative
Formulation A containing only a mixture of a calcium salt of an alkyl
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10 Ball Test. The actual distance is measured in micrometers in the
Modified 4- 11 Ball Test, but for ease in reporting the numbers obtained in
the Test are 12 multiplied by 10. 13 The results obtained in the Modified
4-Ball Test summarized above in Table lll 14 show that the Test
Formulation C, containing.the anti-wear addjtive 15 composition of th
G, R G AL A1t SR U SN ER AsyIPhener or
Conysarsditer Fomoduictignvs bettéainirig\peds (i¢dombanee dhancalcium salt of

AR B A TR e e A i el St e Aty aeno
prqeisipines sttt ued vastt
SRR ol s fo TR e e e d ERrliation ¢
peEnfoemedtsigrifiodntly Bettte thab @it orabompdrative Fasnefitiedews or B.

categories of the data collected Formulation C 6 performed significantly
better than either Comparative Formulations A or B. 7 The data show that

Thsnilsdrathew that Gaonasative rerougatiotoBienes oviph Eoontained

3 Al saRdno MR REALShRR SR rBHRLAH8 N st Formulation

10
11
12
13
14
15
16

Comparative Formulation B did not have anti-wear performance

Qoﬁmamwmﬁﬁ@m%ﬁi@mhbmwtémam@wa |
Wi pld t%ai‘ééft%ﬁw!é})&{%yafﬂ@Bﬁés‘é%?&@%@%ﬁﬂﬁe%‘?%‘%ﬁﬁum

salt of an 12 alkylphenol in Comparative Formulation B, even thoug
setmbaredile! Iy dunyakaipatic casbomegiciasidacidra salcbfra Mdhoicm

. _ ngic e sain
ik e O A R O

@_‘mdﬁiim Baﬂpatanﬂdﬁh&waisi@maéﬁsﬁt@ Maniebt afndeasstismeagpears
td Wavesiananpenaectad ant WAL RiRmaRl.dRR AR el gal of

a Mannich condensation product as an anti-wear agent r,

FeumsatigadCasrhiell contpinsg polyshecrisim saitofpddaiomichr low

condensation product of an alkylphenol. This resuit was unexpected.
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emission heavy duty diesel engines, wherein the metalsalt of a Mannich 5

- condensation product is used in an amount of at least 2 weight percent -

based on the total weight of the lubricating oil composition, and wherein:

(a) the sulfur content of the lubricating oil composition is in the range of
QebhavedahtpeEeent to 0. 4 weight percent based on the total weight of the
lubricating oil; 10 (b) the sulfated ash content of the lubricating oil

composition is in the range of 0.2 weight percent to 4.0 weight percent

Hased diséié dotatahvait bt aftirenidtlooasingtail produee athen phosphosgsst in & low
contentsgff&heowQm%&@gsﬂlgﬁ@mm%@mémmﬁcm@em&‘orﬂﬁagéo\ﬁ@agrat,v
percent to 0 OQ we %9 glteba;sed o tpet tal We':gshﬁt f ﬁ

Iubrlcatlng i f‘e@ '1% G&im T, Whefeln the cooncaenf'rrérhon of

the Maﬁﬁi@%@éhﬂbﬁ%ﬂ@ﬁs Bﬁééldb?”safﬁ% PAAGRa8T FrpishbrIED \hergHton the
percentidtlaimigit bPivedigint g eihtobasetion dhe watatweight of the
lubricating oil composition. 3. Use according to claim 1 or 2, wherein the
concentgation g ighivasieh of theanaRBsR IONBFAsHRIDS e RRGEHD .0

from about 3 V&%ﬁgﬁ@é%‘?é&ﬁtr}B‘6’é‘@%ﬁ?p@f@éﬂ%a@&é%ﬁh??&&%%Bﬂ!‘c?f Eﬁef(a'

weight of the lubricating oil composition. 4. Use according to any one o

the preceding 'RIFAE iHerein the concentration of the Mannich
condensation product is in the range of from about 4 weight percent to
about FiveigHFpBHERE B3N AEBPIFEIR I BTERR e tEaange of
composition. Ze25vdifse recoarding tovaigytgrecefithas pi epdtingtel aisiyht of the
wherein in the;aniiayepsiaddiive composition (b), the Mannich
condensation product is a condensation product of an aldehyde having

one carien atg 5%@&%4&%0c8ﬂ{m'aﬁm§n@am%9%&P&%ﬁmﬁ%@ﬂﬁg range of
from ammoni wer alkyl amine pol amine and mixtures there

and an alkylp aplgﬁfr?l Ve8P %%négc%é%’ %tcﬁsfﬁ?% bﬁﬁ?&%"ﬁf}ﬁé"f&fm@m of the
group on the aHyistieasl of the Mannlch condensation product is a linear

chain or a branched chain alkyl group or mixtures thereof.
2. Use according 1o claim 1, wherein the concentration of the Mannich condensation

product is in the range of from about 2 weight percent to about 12 weight percent
based on the totai weight of the |lubricating oif composition.

3. Use according to claim 1 or 2, wherein the concentration of the Mannich
condensation product is in the range of from about 3 weight percent to about 9 weight
percent based on the total weight of the iubricating oil compaosition.

4 Use according fo any one of the preceding claims, wherein the concentration of the

Mannich condensation product is in the range of from about 4 weight percent to about
7 weight percent based on the fotal weight of the lubricating oil composition.

5, Use according fo any one of the preceding claims, wherein in the anti-wear additive
composition (b}, the Mannich condensation product is a condensation product of an
aldehyge having one carbon atom to about 20 carbon atoms, a nitrogen base
selected from ammonia, a lower alkyl amine, a polyamine and mixtures thereof, and
an alkyiphenol.

8. Use according to claim 5, wherein the alkyl group on the alkylpheno! of the Mannich
condensation product is a linear chain or 2 branched chain alkyl group or mixtures
thereof.
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26 7. Use according to claim 6, wherein the alkyl group on the alkylphenol
of the Mannich condensation product is a branched chain alkyl group. 8.
Use according to any one of claims 5 to 7, wherein in the Mannich
condensation product the alkyl group on the alkyiphenol has from about 4

Garbon @&@m&&m@m@% b, GAeN OB 9rddse PFRUMINhEARBY R Lhich
claims %otr?dgns‘gp @c? $Ik¥ roup or %name[@%!(glghenol of the Mannich

condensation pro uct rom a out earb tofhs to about 40 carbon
%toms E,O Use rdln}g to an¥ Qne§ s 5to 9 wherein the alkyl

gfoup on" acc?ﬁypﬁngﬁg %% 8t |Ch 8L 3?84?%8@188??%@8“0“
from a0t &R BBl iPherelinsirat Ao U4 carken atebrdimgpout 50
to any aaeat sledms 5 to 10, wherein the alkyl group on the lower alkyl

amine has from one carbon atom to about 10 carbon atoms and the

polyaming Basoriiegt=APHRe JBaeREAUNGHE-AR Y AR AIRIRE SN HRAA phenol
atoms %@%&&%PQR& a:!’lg’n r@@ﬂ}%éﬁ fpa}nb %Lﬁ“@%?b v téJn%se Ort;[’ﬁut 40

according to any one of clams 5to 11, w ereln e nltrogen ase
prepardfiorPBetREMannich condensation product is a lower alkyl amine,
wherein the alkyl group has one carbon atom to about 10 carbon atoms.

8. usé’se e6rRATAGPARIANER! FREIR hithe YREaalkRg PEM grets emtiagiakylphencl
mono-ashineMa(itH ctiserastorginguc amyfanempbotaimshiatdswheein2o
the polyamipesismono- alkylene polyamine, polyalkylene polyamine or
mixtures thereof. 25 27 15. Use according to any one of claims 5 to 14,

wherelmgaeaédg,%hf%q W&LOOPEM%%%MMWQQ g@g@ﬁggn%@%ér alky’

is formaldehyde Usé according to any one of claims

the aldé'ﬁg}ﬂ%rﬁ§é@%°ﬂ?e‘i%?8”tﬁf§”m§mmcw EBFIB RSB ANSBARORmine has
paraforfiraideyiie. Mimgersateme drdirgté 2apionaitfatreawesetihg cldiamstoms
whereindaibe antavweaaaaditive

12. Use according to any one of claims 5 to 11; wherein the nifrogen base for the
preparaiion of the Mannich condensation product is a lower alkyl amine, wherein the
alkyl group has one carbon atom to about 10 carbon atoms.

13. Use according to claim 12, wherein the iower alkyl amine is an alkyl mono-amine.

14, Use according to any one of claims 5 to 13, wherein the polyamine is a mono-

alkylene polyamine, polyalkylene polyamine or mixtures thereof.

27
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composition (b) the Mannich condensation product is prepared from an
alkyiphenol, wherein the alkyl group on the alkyiphenol is a branched
chain alkyl group having from about 8 carbon atoms to about 20 carbon
atoms, paraformaldehyde and mono- 10 methyl amine. 18. Use according
to any one of the preceding claims, wherein the metal in the metal salt of
Mannich condensation product is an alkali metal or an alkaline earth

tal. 19. Use according to.claim .18, wherein the metal is an alkaline
T PR O SLLSTRER TR 16, BRI Eshlr g iyprepare
metal id'@aRfNFeEsEelieNgECdeebEdRg EFaME®Ne of the preceding claims,
wherein the sulfur content is in the range of 0.05 weight percent to about
088 weilfhe pesersinoliasar we thelagtal weitfhtvdfetie thexideling sk, dgzare the
accordimg;{mgﬁrﬁs,mmgaﬁ@hq,@@@ggiﬁgméﬁp@ein the sulfur content is
in the range of 0.1 weight percent to about 0.2 weight percent based on

Hye totaleiekir@haAd dhe dHDBCRRNGRL T Jiks. e AGRATE DM NP ¥dditive

one of the preceding.claims. wherejn the sulfated ash content is in the

e RSSO B T S RoD Lk e B Bed AN
weight heraN s RKSEPER 08 D2 AllxipRRnchitieaBcasy Bye alkihgroup having
precediingrcihimist vAnisre iidine istdfate d@shrismnisenidspanthentndrgedalzddbmono-
weight prisgRiiRabouUt 1.2 weight percent based on the total weight of

the lubricating oil. 25. Use according to any one of the preceding claims,

wéﬂ.ereimg@%w&%p@%@%%é%é&@a%g#%&%%ﬁ welaht, .ﬁ&%@t%gé&l salt

about 0.05 weight percent based on the total 10 weight of the lubricatin
oil. 26. ?5%35‘?:’8% R T0PHAY PR B RS preRldftey) iamadaiiveraiii et
phosphorus content is in the range of 0.03 weight percent to about 0.04
Weight 99 BRETGRESPHRIREtOBaN)DRIE BrtREIBrERRHG ERAAED WRBfein the
lubricating oil composition further comprises one or more lubricating oil
additivésss arserdmdriorgaim 19, wherein the alkaline earth metal is calcium.

2%, Use according to any one of the preceding claims, wherein the sulfur content is in the
range of 0.05 weight percent to about 0.3 weight percent based on the total weight of
the lubricating oil.

. 22, Use according {o any one of the preceding claims, wherein the sulfur content is in the

range of 0.1 weight percent to about 0.2 weight percent based on the total weight of
the lubricating oil.
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15 detergents, dispersants, anti-oxidants, viscosity index improvers,
corrosion inhibitors, anti-wear agents, friction modifiers, pour point
depressants and foam inhibitors. 29

23,

24,

25,

26,

27.

Use according fo any one of the preceding claims, wherein the sulfated ash contentis
in the range of 0.3 weight percent to about 2.0 weight percent based on the total
weight of the lubricating oil.

Use according {o any one of the preceding claims, wherein the sulfated ash content is
in the range of 0.5 weight percent to about 1.2 weight percent based on the total
weight of the iubricating oil.

Use according to any one of the preceding claims, wherein the phosphorus content is

" in the range of 0.015 weight percent to about 0.05 weight percent based on the total

weight of the lubricating oit.

‘Use according to any one of the preceding claims, wherein the phosphorus content is

in the range of 0.03 weight percent to about 0.04 weight

Use according to any one of the preceding claims, wherein the |ubricating ol
composition further comprises one or more lubricating oil additives selected from
detergents, dispersants, anti-oxidants, viscosity index improvers, corrosion inhibitors,
anti-wear agents, friction modifiers, pour point depressants and foam inhibitors,

29



