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| TITLE 2 DETERGENT COMPOSITION FOR A LOW SULFUR, LOW
SULFATED ASH 3 AND LOW PHOSPHORUS LUBRICATING OIL FOR
HEAVY DUTY DIESEL 4 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 heavy duty
diesel 9 engines comprising (a) a majdr amount of an oil of lubricating

VISCOSIty and 10 (b)a detergent composrtron comprlsrng a (i) a mixture of
N OESIMHAQHY 2 X ..’..u"n

product The present invention |£ﬂﬁﬂ}§§jlrected 0 2 low sulfur Iow
sulfated ash and low phosphorus lubricating 14 oil concentrate
comprising (a) an oil of lubricating viscosity and (b) a detergent 15

composition comprlsmmmlt of an alkyl 16
hydroxyaromatic carbo an alkyl phenol, and
. ¢ )
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(v, d%temot@pmlnmuc@m@ema (tBr@ onbdererafinevetd hatohan
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L A S S ane
(iipB preiraadt ebgrﬁtamatétwomweaiemergﬁupéréﬁm P&SEN{ ingeidion is
I
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are interested in developing lubricating oll systems t
oll concentrate comprising (a) an oil of lubricating viscosity and (b) a detergent

composition comprising a (i) a mixture of a metal salt of an alkyl
hydroxyaromatic carboxylic acid and a metal salt of an alkyl phenol, and (i) a

metal salt of a Mannich condensation product.

BACKGROUND OF THE INVENTION

Heavy duty diesel internal combustion engines mounted on motor-driven
vehicles, constructions machines and power generators are generally driven
using gas oil or heavy oil (which is a fuel having a sulfur content of
approximately 0.05 wt.% or more). Most lubricating oils for the diesel engines
have a sulfur 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 {o reduce air poliution, vehicle manufacturers and petroleum
companies are interested in developing lubricating oil systems that have low
emissions and better fuel economy for heavy duty diesel engines.
Environmental 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
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29 emissions and better fuel economy for heavy duty diesel engines. 30
Environmental pollution caused by emissions from diesel engines may 31
comprise particulates and carbon oxides, sulfur oxides and nitrogen '
oxides. 32 Diesel engine manufacturers have started to equip diesel
engines with | exhaust after-treatment devices containing particulate

diferysbaftrisralznbyercasdredation pardivistefbisratexidation
ﬁ%{gﬂ%‘%ﬁ%ﬁ@&&@ﬂ‘ﬁaé@sﬁﬂ@ 4! BRGHBEHHN 8?&%%%? fged to

el engines contribute 5 to partlcu|ates and oxi ound in
emissions from diesel engines. A major 6 concern is sulfated ash derived

om diesel engines..  sulfated ash derived
B g I e ot

fﬁé@ﬁ@l@é@ﬁ)édd@ﬁé@@tﬁ@iéﬂ(ﬁfﬂiéé@@ﬁm @‘@&@s@m@a@s A major
RALSHaeHers SN aRHODA AR SRENG RUS SR N AlieSateNAes AFF

10 also high in sulfur content, which originates in the additive components

t‘aﬁtﬁlldetwémgedm@@mﬂihlaré:ﬁiﬁgélﬁél-isﬂm]m@uﬁtﬁbﬂ@ &b degosits
indiales eHaBCRSBIRERID eI RRYH AATReaNIgde WAREHANkhaust

directly contribute to -13 the particulates that clog the particulate filters in
q%apyrﬂgtyaiﬁaﬁse@ﬁew&%wmé@bq@m%w%nsﬁm%wes are
JRRGPINAIReH ¥ SABKOWRLR JryHiReging e RRAIGRBTEHHBENBNLs and
wetting the particulates, thus adding to their 16 mass. The sulfuric acid
tbﬂd)ﬁ_ﬁ:‘@ élﬁ'l#a_%%fblfs@ pénsshitdsols W'@Q_ﬁh%&i {uricrasid éma_agtfg%
wiraniagdeyieas WkmakAReruhindalkiR i BRetAR EmitiARibute to
requireménts. Thus, for continled functioning of these particulate 19

thepodittioiasiivt ekatfanariscesteditarmin hravyditysiesataagiagn
velh eRsieni b s RCcang OB indavieser Qﬁa?%at?hﬁﬁ%taﬁ&%%gﬁﬁ&% to

21 conventional diesel engine lubricating oils. 22 23 Anti-wear an
degodxadhepastienlate filerai uyrding sim ospHartatensthumaddinmtadheir
rxEedueioniiriie acily bnafihe feation sa1abisn I eas8stion catalysts in
the exhaust gas cleaning devices which may also resuft in failure o meet
emission requirements. Thus, for continued functioning of these particulate
traps and oxidation catalysts, it is essential that the sulfur and sulfated ash
cénten’t in the lubricating oil is lowered considerably compared fo the

conventional diesel engine lubricating oils.

Anti-wear and anti-oxidants, such as zinc di-alky! di-thiophosphates, also
contribute to reduction in the activity of the oxidation catalysts. Increased
phosphorus levels in the lubricating oil enhance deactivation of the oxidation
catalysts used in exhaust gas cleaning devices. Therefore, there is a need to
decrease the phosphorus content in the lubricating oil to keep the oxidation
catalysts from deterioration. Furthermore, the zinc contributes to the sulfated

ash which cogs the particulate filters in the exhaust gas cleaning devices.

A number of patenis and patent applicatiohs have discussed methods for

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

-2
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25 phosphorus levels in the lubricating oil enhance deactivation of the
oxidation 26 catalysts used in exhaust gas cleaning devices. Therefore,
there is a need to 27 decrease the phosphorus content in the lubricating
oil to keep the oxidation 28 catalysts from deterioration. Furthermore, the
zinc contributes to the sulfated 29 ash which cogs the particulate filters in
nthesptiraustighdadéaging cevipesitzmsz DU AombEEyPHARIESSRE@ frvent
lisatl | SUO9AS 0L 6 e RS BREIRIIALE.
eﬁ%ég@nlﬁgﬁ%%\\é sguﬁfﬁ%ﬁ)g\/\péu fated ash and low é 1 ph%;%{hqr_us
Qatrrichiand allecd oo Sifiehgitis tlosehavehrisatrgdl feRNRosHESion
HRrGAIRg g BrESRM Ry eRton darsliare! RBEINSS, AiGAIAH AN alkaline
%ﬁéﬁﬁg %‘fgjf?gt éﬁsc?oses a Iu%ric‘:ating%il composition 4 comprising the

qadbtivetplaide shithissabgaied aculiuizeshalwitiphanokimsdmidyre with a
ngﬁ g, BydroxidaotasufHbzssialkyl phenol in admixture with a 6 -
annich ba

se reacted with carbon dioxide. 7 8 U. S. Patent No.
5,102,566 discloses a low sulfated ash lubricating oil 9 composition which

(GoBREiSES AESE, P03 dpaskaRRU 2 WsiobLsteant &f anbriashlens

nitrogen- or ester-containing dispersant, an oil-soluble antioxidant'11
gnetpaaliemwhicbiremapkedithbarscalioat drasbphedpRave ht -nrgembof an

ﬂﬁf&é@hﬁ&@%iﬁ? Q&%E&Sﬂéﬁﬂﬁgtﬂgﬁé&ﬁﬁ?'ﬂ SRS Apisktant

percent a weight ratio of total sulfated ash and the dispersant in

maieday@od 2n @bsauble d-hydoaaiy! Ji-leniasssaeeliauedind
mARAA42ASHIARE AIUIERUNG HELCHRNEF Y POPHS NG JBIgIR percent

amount of an oil of lubricating viscosity; and 18 (A) an amount of at least
b aelDhortiowsissekerdales: ashaansidhs glirrersariom Yorfange of
seffidientdoprovide at least about 0.005 equivalents of alkali metal

U. S. Patent Nos. 5,486,300 and 5,490,945 disclose a lubricating oil
composition'comprising a major amount of an oil of lubricating viscosity; and
(A) an amount of at least one alkali metal overbased salt of an acidic organic
compound sufficient to provide at least about 0.005 equivalents of alkali metal
per 100 grams of Eubriéating composition; (B) at least about 1.13% by weight
of at least one dispersant; (C) at least one metal di-hydrocarbyl di-
thiophosphate; and (D) at least one anti-oxidant, provided that the lubricating
oil composition is free of calcium overbased sulfonate provided that the
composition contains less than about 0.08 % by weight calcium; and provided
that (C) and (D) are not the same. |

U. S. Patent Nos. 5,562,864 and 5,614,480 disclose a lubricating oil
composition which comprises a major amount of an oil of lubricating viscosity
and (A) at least about 1% by weight of at least one carboxylic derivative .
composition produced by reacting (A-1) at least one substituted succinic
acylating agent containing at least 50 carbon atoms in the substituent with
(A-2) from about 0.5 equivalents up to about 2 moles per equivalents of
acylating agent (A-1), or at least one amine compound characterized by the
-3-
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20 per 100 grams of lubricating composition; (B) at least about 1.13% by
weight 21 of at least one dispersant; (C) at least one metal di-hydrocarbyl

di 22 thiophosphate; and (D) at least one anti-oxidant, provided that the
lubricating 23 oil composition is free of calcium overbased sulfonate
provided that the 24 composition contains less than about 0.08 % by
prasghtealstbin;itnstpreivickedf 26 itraxt (@) hiiN(Rrang nanthdgamnearneuny of

13 PAIETLNGR B967:064,000 3 616 490 diseiasaia Winioatng AR of o
composition wnich comprises a major amount or a oll of lu rlcatlng

odseositic 20idrndgravteasia@solionis dee_ﬁg‘ﬁci@hattdeam\dde shibesykdout
B e B B e e
catomssitiehepsovigiid dhatvithes2fia-2kabmelsd gall sasnpnsesasTuphwe of

o%%@e@%ﬁ%g{e%gvgﬂs%ﬁ@&%@a% Ing, ARk Ba YR RASEREand

amine compoun characterize Y the -31 presence within its’structure

cohydreastinyisuhstiyrtasbsuiioniepsidatheonher CRrBOA @ﬁ@ aema_ﬁmi%@@
RYRIAASRG AL 8{@1834%%%%%%%?1%%%%? gﬁepmg;oab@d%@

an organic sulfonic acli ient to provide at least about 4 0 _
|easiivalermaf abaili e base00sgihafsofakidiawigaie esnspound provided

S i el _ _ -
R AT SRR, R o Semcen Sl i
cigiyandrpaundiooalByR3cbdaantantireltiintioyerease@ saleheicacidic

SEEHOUREER B I B LGB AR

] -1) at 9 least one magnesium overbased salt of an acidic
roagasisidonayeubagsd viaksl of @ditc e RINAeaM@INssmposition is free
of calcium overbased salts of acidic 11 organic compounds; or (C-2) at

Ueastpag selehi prerhasedisal PR RuoisHLAAIGaNaSBMMEER which

provided that the lubricating composition is free of 13 magnesium

CSBAE e sdditeRankastg dnriiding 8 matticular combination of detergents

and also containing other standard additives such as dispersants, anti-
oxidants, anti-wear agents; metal deactivators, anti-foamants and pour point
depressants and viscosify index improvers. The low ash natural gas engine
oil exhibits reduced deposit formation and enhanced resistance to oit

oxidation and nitration.

U. S. Patent No. 6,140,282 discloses a long life lubricating oil as evidenced by
a reduction in viscosity increase, oxidation and nitration, comprising a major
amount of a base oil of lubricating viscosity and a minor amount of a mixture
of high TBN, medium TBN and low/neutral TBN detergents which in the metal
salicylate detergents is at least one of the medium or low/neutral TBN

detergents.

U. 8. Patent No. 6,159,911 discioses 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
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14 U. S. Patent No. 5,726,133 discloses a low ash natural gas engine oil
which 15 contains an additive package including a particular combination
of detergents 16 and also containing other standard additives such as
dispersants, anti 17 oxidants, anti-wear agents, metal deactivators,
anti-foamants and pour point 18 depressants and viscosity index

100 paveseTidlion bsweighiardasergifereb v eviifs Rl GRpns Blit
cégg&gﬁ%@ﬁa ReRbIpRisipnagc-pli200  datinnaed nitration. 21 U.

ent No. 6,140,282 discloses a’long life lubricating oil as evidenced
by 22 areduction in viscosity increase, oxidation and nitration, comprising
a major 23 amount of a base oil of lubricating viscosity and a minor

U3@.0pﬁféﬁt6?\lﬁ_j>(|§1}*f62ﬁ479fd1%§6§|?mladiugifﬁﬁiéandu@wﬂﬁﬂmﬂ@al}l

: etergentsw Ich In the metal salicylate deter o' at t

A RIS RADRRIBRP PR KEr SRS PR ST R Bhenol
6 3D 91 bodisulp sagariesalie ruRB R soM@esitiom28050rtaitig alkatiee

oil base and one gr more metallic detergents-dispersants 29 selected
eHSHPOIN G2 DB RN NI et A S SRENBRS SRR SR E A 230
0 P pes o by SN b1 5s. 10 ncrchy provde ficscl:
to -4 parts per million by weight or Jess, to therehy prqvide diesel, ..
SR SIPH UBIRSHEAS AEURG SRR LSS LB B 1
3 4 U. S. Patent No. 6,162,770 discloses an un-sulfurized, alkali

U NSTRRch 6 T 9t oot AR USRS A Oh e SR

ha0ffute 469 @lka{irr]@;‘temtgrsjl Egi@f@"@"’“%?;*“rﬁ aliaatiopaterpise a
cqmposmon may _have an ¢ alkallne e rt 0 aromadltic-rin .

MREARESAAbAY %E’H?é’%ﬂ@r&ﬁ&%?%ys ﬁ‘éﬁ%ﬁ@'ﬁ%ﬁ&ﬁ%ﬂ%&’é fginor

afpilesarpmptisHingsdntisateylatgdities ImastBraetaDdetergent in the form of

(i} an overbased metal detergent having a TBN of at least 300,'more
preferably at [east 400, and comprising a surfactant system derived from at
least two surfactants, and/or (i) a metal detergent other than (i); provided that,
if detergent (i} is present, the composition does not contain a minor amount of
an extreme pressure additive, being up to 5.0 mass percent on the total mass

of the composition.

U. S. Patent Nos. 6,331,510 and 6,610,637 disclose a lubricant containing (a)
a synthétic base oil composition having an overall kinematic viscosity of at
least about 4.8X10° m?/s (4.8 ¢St) at 100°C and a viscosity index of at least
110; (b) a dispersant-viscosity modifier; and (c) a sulfur-free functionalized
hydrocarbyl-substituted phenol detergent provides improved valve train wear,

with longer drain intervals, to heavy duty diesel engines.

U. 8. Patent No. 6,569,818 discloses a lubricating oil composition having a
low phosphorus content of 0.01 to 0.1 weight percent , and a suifated ash of
0.1 to 1.0 weight percent, which is composed of a (a) major amount of mineral

base oil having a low sulfur content of at most 0.1 weight percent; (b) an

-5-
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11 U. S. Patent No. 6,277,794 discloses a marine diesel lubricant
composition 12 having a TBN of at least 10 and preferably a VI of at least
90, comprise a 13 major amount of oil of lubricating viscosity, and
admixed therewith, minor 14 amounts of an ashless anti-wear additive and
a metal detergent in the form of 15 (i) an overbased metal detergent
abhldng alleBivl of @ M@ﬁﬁUBO@jMd@di&ﬂﬁ@f@ﬁébﬂy)a adakoontaiaing

t
R A RAIRE AR SRR G Y Sanfmoepsuiarar™
a(kylmpc@fﬁeract@@ndmpos:mm!ﬂawdcmlhahtmﬁfa!mrnakkahmﬁﬁdh ek salt

oS RS e aEr i Dglnass

ompo Ion 1,510 and 6,610,637
thiisehespbdidriedarcoxidation :(ﬂ)abxgna(stlmn@tma@@tmpb@ﬁ#@mwe

C?ﬁ%@@%@@ﬁ m%H% Y5505 ?54(5%?15&3@5 cb@rﬁé%‘{? The

a viscosity in ex o at least 25110; (
Itmﬁpetmﬁibiscmgsmod|ﬂéﬂva$lgQcﬁahﬁhfmﬁm@mihkﬁﬁdi%i@iéén%

YRR % ﬁgl*ﬂ%twdemﬁn SIRIGRIY Rravidas iaprued YAMR A | is

wear, onger drain ihtervals, to heavy duty diesel engines. 28 2
fayvosatrraempiyab/ede, am@lmgwwm@cfmh@foa @my&um@ﬁMg

~a 30 low phosphorus content of 0.01 to 0.1 weight percent, and a

sulfated ash of 31 0.1 to 1.0 weight percent, which is composed of a (a)

Un&p?@te@UNmﬁnm@@mm@e@Iawb\hﬁg@mp&ﬂﬂm%tﬂﬂéﬁ{tmbusﬁm
W@ﬁb@ éé@é '% mmeﬁ ?%é&‘ﬁ%@{i@ YRS eRiRien
n a met

ersa contalnlng 2 detergent (non-sulfurized alkali metal

scrfatmmmmmm@ingmma%@ﬁmacﬁympa@mmmﬂm]a§m@ﬁ§ed
d%é@'l‘égﬁfb Bﬁlﬁﬁ cg&ﬁ@sﬁhﬁ; 406 20 Rlkybphsgehhayingdi type
nnich base s e: zinc di

uctur Tdi s thiophosphate; (e) an
detidgeohandizine cbﬁbmiwmb@imd and/or amine

U. S. Patent No. 6,784,143 discloses the use of a minor amountcf 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
of organic acids in the detergent composition, of: (I} a metal salt of an
aromatic carboxylic acid, or (I} a metat salt of a phenol, or (Il) both a metal
salt of an aromatic carboxylic acid and a metal salt of a phenol, in a lubricating
oil composition for improving oxidation resistance of the lubricating oil
composition, wherein the amount of phosphorus and sulfur in the oil

composition is less than 0.09 mass % and at the most 0.5 mass %

~ respectively, based on the mass of the oil composition. It has also 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.

European Patent Application No. 01201752.1 (Publication No. EP 1 256 619
A1) deemed withdrawn as of March 5, 2005, and U.S. Patent Application NO.
-6-
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6 compound) and wherein the sulfur content is 0.01 to 0.3 weight percent.
The 7 lubricating oil composition shows good high temperature
detergency 8 notwithstanding its low sulfur, phosphorus and sulfated ash
content, and is 9 favorably employable in diesel engines using fuel of a
low sulfur content. 10 11 U. S. Patent No. 6,730,638 discloses a
1 vtz iRy Ol foicktienn &l e onh 280310 0965idENe $ )atipeltiatiyauséfitatitty oil
fuels having less than 350 parts.per,million.13 sulfur comprise
CARRBING S SRS B o oy eopesbeT oy amount
amdolyhiientirereemtéBlingddtiige nedoctionségentanpdshtypee 18 more metal
etergent and zinc di-thiophosphate, 16 17 U. S. Patent. NQ. 6,784
R GEAS WA LB ol a5 Rt o aidunt
whenajimidiregderterge niarempeisitidetergeptisedictoddtbamplisesin pricsaltof a
of agrganic.acids , wherein the detergent comppsiti ises
T B o RGeS b S e RS Y RS
saltids’ iorgznidedeigerin dbmdesitiganbEaihposittal satcdof@no@ aromaitéc co-
boxylic acid, or (II) a metal salt I, or (Il )
AR Rl SRR R o bAdRRee
sBioi edvmubBiion(B) inE)vinbatkidBiandeditane dasktHewiubrit atagsdgi % of
Qsitio erei Q r lfyr.i i
PR o o 2 R R ST R SCE LR R B tpe
oitespaptiegipnbaédch st Arassidhtieaaletergpositiompiosifiomioigtging
28 found that a detergent compositi rsi : % 0
Rl 2R O o St At T ah Lo O s
theeadichon 30 weginin 81 e3@iBaropean Patent Application No.
01201752.1 (Publication No. EP 1 256 619 33 Al) deemed withdrawn as

of March 5, 2005, and U.S. Patent Application NO.
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-alkyt di-
thiophosphate, a zinc diualky[aryi di-thiophosphate, and an oxidation inhibitor
selected from a group consisting of a phenol compound, an amine compound,
and a molybdenum-containing compound, wherein a ratio of the phosphorus
content of the zinc di-alkyl di-thiophosphate to the phosphorus content of the
zinc di-alkylaryl di-thiophosphate is in the range of 20:1 to 2:1.

U.S. Patent Application No. 10/344,390 (Publication No. US 2004/0106527
A1) discloses a lubricating oil composition used in conjunction with a gasoline
fuel having a sulfur content of less than 10 parts per million by weight,
characterized in that said oil composition has a phosphorus content of no

more than 0.05 percent by weight.

International Publication No. WO 2004/046283 A1 discloses the use of

lubricating oils with low suffur content in combination with a low sulfur fuel to
-7 -



-6 1 10/142,513 (Publication No. US 2003/0096716 Al) disclose a
lubricating oil 2 composition comprising: (A) an oil of lubricating viscosity,
in a major amount 3 and added thereto: (B) a detergent composition
comprising one or more metal 4 detergents which comprises metal salts
or organic acids, in a minor amount, 5 wherein the detergent composition
rechoreratisutaicedimssiihmofapbesah eoln & eneipbsaltvoittan pantatiste
tracarboxylic acid, based on the moles of the metal 7 salts of organic acids in
fhe detergent composition, and (C) one or more co- 8 additives, in a minor
amount; wherein the total amounts of phosphorus and 9 sulfur derived

U.Sohate)tohpehantiooiNB ) 1R 2 d Rusyiaadion W ondss 3000026791
ATRRSABOULSAR, A, S MAR 51 AR BB oRAsRibABARe AR O
he 11 oll composition. It has been found that a detergent compaosition

paglsagsrieMmyp i tgoré erABUNEGRE VLR dngdyl sanrsT-Hilcopsaliate.

Fu%@f?%%afém@Cﬂb%&sﬁoa?ureaésgg@Hend@twg%i1'@ GEs8AgiRanE4ubRcant
U.S. Patent Application No. 10/430,594 (Public

tion No. US

addiyvs/o2rb2es ars! AadindsselsUsfubricating oil composition employable
in combination with a 17 low sulfur content fuel oil is preferably composed
of a base oil having gigufurR8 comtentoialrIQst@Nd weight percent , an
ashless dispersant comprising an 19 alkenyl- or alkyl-succinimide or

.derivatjve thereof, a metal-containing, 20 detergent contajning.an organic
e Al D AT e S
luldidhimghos pbatecaittba i slatenssitpitoea?y seigctitekkEbangigesup

consisting of a phenol compound, an amine.compound, 23 and
oI e DA A B R L a o MR RE R A e . 24
detengtent obrtiyeozitiodicalng riiitiy dp rospkatetofthedtas phtroSazoateyit of

the 25 zinc di-alkylaryl di-thigphosphate is in the. range.of 20:1 10 2:1
B R K R a0 LG A aTehdn ik 8 o
me2804AN 0fch ATa 27 ¢ ) adindiessstiafuprichirig At c asptsitonhaseth i3 a low

su SRWQVSUS%%\% %&a%%'él“ ow phosphorus lubricating oil concentrate

comprising (a) an oil of jubricating viscosity and (b) a detergent compeosition
comprising (i) a mixture of a metal salt of an alkyl hydroxyaromatic carboxylic
acid and a metal salt of an alkyi phenol, and (ii) a metal salt of a Mannich

condensation product,

In one embodiment, there is provided a low sulfur, low sulfated ash and iow
phosphorus lubricating oil composition for low emission heavy duty diesel

engines comprising comprising:
(&)  amajor amount of an oil of lubricating viscosity;

(b) a detergent composition comprising (i} a mixture of a metal salt of
an alkyl hydroxyaromatic carboxylic acid and a metal salt of an
alkyl phenol, and (ii} a metal salt of a Mannich condensation

product.
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28 fuel having a sulfur content of less than 10 parts per million by weight,

29 characterized in that said oil composition has a phosphorus content of

no 30 more than 0.05 percent by weight. 31 International Publication No.

WO 2004/046283 Al discloses the use of 32 lubricating oils with low sulfur
content in combination with a low sulfur fuel to 7 reduce particulate

Inefhiseidhe apavaiddbrieatneaiiemmeesitian anyafecakietiearntio Sf Bhteat
nidRBHE NN L Q430 QROARNGAHIA AR ki QPRI Heidldnd a metal

discloses a low sulfur, low ash, and low phosphorus lubricant additive
splhekageadierhphsigg 52 Ghdharmatabiads of & Mrpnisonectishsedjamapsoduct
ishHhedhsPateRRRTaioRdige %M%@éﬁ&@i’ﬁ)@@%@hﬁ%ment

lubricant additive package and methods of use. SUMMARY OF THE
bagee AT Ion SRR el die idatasorstirarmrar Liarntddraralmy b ratio of

(iPhesahiue BitiiRating QU coMPPSIRONHRIieN SrRissian baaxuly sirsshd
engines comprising (a) a ma_t*or amount of an oil of lubricating viscosity
[

B e g e R Pl e e e Ve
pRiHatk tersarenstissAberydo aelpNgadaataosal Qlteroalityveight

phenol, and (ii) a metal salt of a Mannich condensation product. Also

ParseRseasss e ReatRiA Weight Rhihg lkkegatine £bdemprsidonoriiore
pleksicalipeairsan eiiaie AamBRsiaod Memclaf driicating viscosity and

ﬂ){a detergent composition comprising (i) a mixture of a metal salt of an

(b ion ¢ a
hyglpperparsxaiit sraetRYiRRRdiand-raptrbesib of 2aiadmd PafgPpivHiithe
nidl @ eanatalsatich adhaenishisonensatiRNedHsh BoORRIght percent

embodiment, there is provided a low sulfur, low sulfated ash and low
baped bR ﬁﬂ?ﬂ‘ié’éﬁwgbﬂfé@ﬁlMW‘W&@HW%&WH%W duty diesel
engines comprising comprising:
In the mixture in (i) in the detergent composition of the above lubricating ol

composition the ratio of the metal salt of an alky! hydroxyaromatic carboxylic
acid to the metal salt of an alkyl phenol is in the range of about 80:20 weight
percent to about 20:80 weight percent based on the total weight of (i). More
preferably the ratio of the metal salt of an alkyl hydroxyaromatic carboxylic
acid to the metal sait of an alkyl phenol is in the range of about 60:40 weight
percent to about 40:60 weight percent based on the total weight of (i). Most
preferably the ratio of the metal salt of an alkyl hydroxyaromatic carboxylic
acid and the metal salt of an alkyt phenol is about 50:50 weight percent based
on the total weight of (i).

The alkyl group on the alkyl hydroxyaromatic carboxylic acid in (i} in the
detergent composition of the above lubricating oil composition is a linear chain
or a branched chain alkyl group or mixtures thereof. Prefe'rab!y the alkyl
group on the alkyl hydroxyaromatic carboxylic acid is a mixture of linear chain
and branched chain alkyl groups. More preferably the ratio of the linear chain
alkyl groups to the branched chain alkyl group in the mixture is in the range of
about 70:30 to about 30:70 based on the total alkyl groups on the alkyl
hydroxyaromatic carboxylic acid. Most preferably the ratio of the linear chain

-9-
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(a) a major amount of an oil of lubricating viscosity; (b) a detergent
composition comprising (i) a mixture of a metal salt of an alkyl
hydroxyaromatic carboxylic acid and a metal salt of an alkyl phenol, and
(i) a metal salt of a Mannich condensation product. 8 1 In (b) in the above
lubricating oil composition, preferably the ratio of (i) the 2 mixture of a
athgtal realp o tauthe kyidmydired yaraim aficyt groaxyiic thel ardxid iz isedélo Bt S8t50
of an alk enql tq (i) the metal salt annich condensation product.
A A R T e R e e i
percent 5 based on the total weight of the detergent composition.

Torriabyrewabdst Bky) tenekiord)dndhmelatemest sarangsition of the
dDSUONBHRAAN SREMMMISSROA A9 ifdarmaiahedt ARRRMEPRAER Hky!

(i) the metal salt of a Mannich condensation 8 product is in the range of

gEBBDt ﬁ%wélyﬁhgaﬁ%mwm %@wwefr@wlﬂéraerﬁma@@fdmﬂﬁ
i WRIP B dRe dUHISAtNR\ L FATPROS AR RE G RS ETRBY SherstiBly

of (i) the mixture of a metal salt™of an alkyl 11 hydroxyaromatic carboxylic

theirdadhthrelinesiicorin ik geens o (i tenchaskelailedns group in
ARG EQ8 S RSA YRR AIUA S APOUPR S VRIS PEESEEAGPRR b tal

on the total weight of the lubricating oil composition. 14 In the mixture in (i)

aikyheraeRs gehthe Alsgsiitinet. idem sveRisidn g Bitia Sichmssaoahain
ARGI'GRUBL RLMEBILPRIOH %%ﬂ!@ﬂﬁ&ﬁfﬂ%%@%yg%g&ﬁs@m

tothe metal salt of an alkyl phenol is in the range of about 80:20 weight
beperd R Hidalsbaliod SO HeectkyhipleBdn the total weight of (i).

More 18 preferably the ratio of the metal salt of an alkyl hydroxyaromatic

reerfeeylictHdmeiidedhe metadisgltabap atthenargl Isdrdhgdanaatef
about 60:40 weight .20 percent to about 40:60 wei%ht percent based on

CRI PRI RIS hITL N s HSeTgRARFAMPRRITRRI O DR RRa B ol
calylduidimbaomaticeibox\dig BarpaidasddhpmateDselroban iy, More
ph noHs %bogt 50: O(yveight percent based .
preteraply the branched chain alkyl group on the alkyl hydroxyaromatic
carboxylic acid has fron'i-about 6 carbon atoms to about 40 carbon atoms.
Most preferably the branched chain alkyl group on the atkyl hydroxyaromatic

carboxylic acid has from about 8 carbon atoms to about 20 carbon atoms.

Preferably the linear chain alkyl group on the alkyl hydroxyaromatic carboxylic
acid in (i) in the detergent composition of the above lubricating oil composition
has from about 4 carbon atoms to about 60 carbon atoms. More Breferab!y
the linear chain alkyl group on the alkyl hydroxyaromatic carboxylic acid has
from about 12 carbon atoms to about 40 carbon atoms. Most preferably the
alkyl grdup on the alkyl hydroxyaromatic carboxylic acid has from about 20

carbon atoms {o about 30 carbon atoms.

Preferably the branched chain alkyl group on the alkyl phenol in (i} in the
détergent composition of the above lubricating oil composition has from about
4 carbon atoms to about 60 carbon aioms. More preferably the branched
chain alkyl group on the alkyl phenol has from about 6 carbon atoms to about
40 carbon atoms. Most preferably the branched chain alkyl group on the alky!

phenol has from about 8 carbon atoms to about 20 carbon atoms.
-10 -
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23 on the total weight of (i). 24 The alkyl group on the alkyl
hydroxyaromatic carboxylic acid in (i) in the 25 detergent composition of
the above lubricating oil composition is a linear chain 26 or a branched
chain alkyl group or mixtures thereof. Preferably the alkyl 27 group on the
alkyl hydroxyaromatic carboxylic acid is a mixture of linear chain 28 and

Pimfamabgdtbbdinsalkyigrioupisy Moreiprefethb gttty phgmof thdilireénehain

9 alkyl groups tqQ.the branched chain alkyl group.i ixture Is i the
I BT B P BB R R T fpou
4 tariatky B8ty troadyant Ha e darb axépio acid okos tefrsfalndb W enkinsaioobiain

he linear chain -9. alkyl grqups te the bran ina [
AR R G e bR ol AN SR e Wit
cdanpdnoafarosiatimstrefstabhcithe Hridar ahgingadap grothe alkiivpladindlphenol

) in the detergent compasition of t (o) icating. oil composition
halgs52 z{f ihear 8Ha%%o?%'%?§n%§%nds cﬁ?a%r?g}éy?%%&r%% %?é erably the alkyl

group on the alkyl phenol is a mixture of linear 6 chain and branched

ThnditeaighrengsanatintupeaduehévfiMbrb prdrieasgntoppasiisnimthe
[ulrRARARAH BYY SrERE 10 iR RiprResepate @YsheaverinaRiIkIR de or an

mixtureis in the range of about 70:30 to about 30:70 based on the total 9

aldriydrobpyios ane AryPphatem inabpriidheraes iR tAdilregen base
sBRBILORULAVIRG 12 1B OFAMNSh RN AR B HEHMKIER IS

about 50:50 11 based on the total"alkyl groups on the alkyl phenol. 12
therefdiaid @ diahéemanehain alkyl group on the alkyl hydroxyaromatic 13
carboxylic acid in (i) in the detergent composition of the above lubricating

Pﬁérelém&moéfgmﬁf@@éﬁmﬁb?kﬂ ﬁwgm @_mgllsy,tl@@mwré@f@rblwl
atoms. More referably the branc chain a roup on.the
VG BRI SR SO RaD R P S S PAPRER HOh L the
praiaewt 4 eathnnistemsedr Hast orefeabiylibe branshdrythasupliod mixtures
group on the alkyl hydroxyaromatic 1 carEOf(glilc acjd hasl frorH ?bout 8
¢ alkyl phenol empioyed {0 prepare

the Mannich condensation product is a branched chain alkyl group.

Preferably the branched chain alkyl group on the alkyl phenol employed fo
prepare the Mannich condensation product in (ii) in the detergent composition
of the present invention has from about 4 carbon atoms to about 60 carbon
atoms. Most preferably the branched chain alkyl group on the alkyt phenol
has from about 6 carbon atoms to about 40 carbon atoms. Most preferably
the branched chain alkyl group on the alkyt phenol has from about 8 carbon

atoms {o about 20 carbon atoms.

Preferably the linear chain alkyl group on the alkyl phenol employed to
prepare the Mannich condensation product in (ii} in the detergent composition
of the present invention has from about 4 carbon atoms to about 60 carbon
atoms. Most preferably the linear chain alkyl group on the alkyl phenol has
from about 12 carbon atoms to about 40 carbon atoms. Most preferably the
branched chain alkyl group on the alkyl phenol has from about 20 carbon

atoms fo about 30 carbon atoms.
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19 Preferably the linear chain alkyl group on the alkyl hydroxyaromatic
carboxylic 20 acid in (i) in the detergent composition of the above
lubricating oil composition 21 has from about 4 carbon atoms to about 60
carbon atoms. More preferably 22 the linear chain alkyl group on the alkyl
hydroxyaromatic carboxylic acid has 23 from about 12 carbon atoms to

[abe i 4R aatbematamacMastineclebalolytihe ctcalindasition of the pikglent
hydraxyaromatic carboxylic acid has from about 20 25 carbon atpms to
BLEULG0-CB Dbl AR I35 rEYRraBN e BTG ARG 5410, Pl hup on

ihaaliybphesakivibtifie 2didieldrgasihabmptisiignoaiiiie abOvE0 mixture of

lubricatjng oil compositjon has from about 28 4 carbqn atoms tg about 60
T AR AL LA Sy R AT S5 AReeady e A b i
Ty phgnebhpsoiiaimeadiyitgheatdidn gidma GDadDuixd0ré®Earanched chain
toms. Most prefergbly the branche ain alkyl group on the,al 31.
GRS B B8 B e RS B0 88 o AR
Eratrabltitreprodacthainceligegeationmptbdiatkylf sreatdyinpficinahevBerein
etergent composition of th ove lubricating oil composition.has from
AR §EH S A AR Car] STGHE RASTLCIR e
fneai-ofatimd axtiylegroup on the alkyl phenol has from about 12 carbon
atoms to about 40 5 carbon atoms. Most preferably the linear chain alkyl .

; | s
B o A B o TR BB TRo e e B the
rwipesition antalo ;uhi@mhimge@mnﬁmélpmﬁe/rioem&emlbaﬁmm@mre@n
%H};ﬁé Apaldabyse %@@é@(ﬁ@@%@%%%ﬁﬁﬂ{@%ﬁwmé&ﬂb%@
carbon atoms, a nltrogen se 10 selected from ammonia, a lower

pitkfesahipdhea pibighime eadhmeiatisasaiciwmereof, and an alkyl phenol. 12
Preferably the alkyl group on the alkyl phenol employed to prepare the 13

Manpierandansation 2ipdedt indhipihe fetsrssnt comprritien9fiBen
14 present invention is a linear chain or a branched chain alkyl group or
Alkali restal 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 jubricating oil composition 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 suifur
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
Iubﬁcating oil composition of the present invention is in the range of 0.1
weight percent to about 0.2 weight percent based on the total weight of the

lubricating oil.

Preferably the sulfated ash content of the lubricating oil composition of the
present invention is in the range of 0.2 weight percent to about 4.0 weight
percent based on the fotal weight of the lubricating oil. More preferably the
sulfated ash content of the lubricating oil composition of the present invention
is in the range of 0.5 weight percent to about 2.0 weight percent based on the

total weight of the lubricating oil. Most preferably the sulfated ash content of
-12 -
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15 thereof. Preferably the alkyl group on the alkyl phenol employed to
prepare 16 the Mannich condensation product is a branched chain alkyl
group. 17 Preferably the branched chain alkyl group on the alkyl phenol
employed to 18 prepare the Mannich condensation product in (ii) in the
detergent composition 19 of the present invention has from about 4

thedriuicatine Stocarme sticnebdhe 2oaaenidnNesigidfdnkle 16 gppRdd
wERAP AL AFHR88UNE altdighepat Znbaa fimAbed B EARERRIGNHD

about 40 carbon atoms. Most preferably 22 the branched chain alkyl
lugris@bicg @He alkyl phenol has from about 8 carbon 23 atoms to about 20

carbon atoms. 24 Preferably the linear chain alkyl group on the alkyl
PiiTenmIemHgyessishdpuarepatsHiss Manmisheandeosalimnprsidiont df igin

the detergent composition 26 of the present invention has from about 4 .
PrESBHTRBRIORD 2R e F0ee 08 O Mﬁé@ﬁ@&rﬁ?&ﬂ?%@@%@rﬁé’awagm

p@:@ﬁtaj&sgg@r@ung&iﬂ@zaﬂ@t@nh@ﬂq?@aﬁ?ﬂﬁﬁﬁﬁgé%bmi@dpmam@bﬁoﬁm
to ahout 40 carbon atoms. Most preferably the . r ed chain alkyl ..
PR SEE ROl ST S PRGOS BSIRoh SDIBRAS 6 LB e
isQﬁr@@r@m@&?ﬁﬂ)J{)i Smigfﬁfpﬁ&(éﬁmb@ﬁﬁmfhm.@fﬁ:(heferi]gbtipaﬂngmibased on
composition of the present 2 inventign, in (i) the ydroxyaromatic , .,
GBI Gk PR RGPS R MG e PN INE RORATHATE fandent
ofadlkallmldgaim% gg&&mlmCB ‘lgrfbfa‘frﬁel@ymh dlrlfsklmriticﬁﬂi% 'arllﬁfiegﬂaulgeaoﬁ
inear chain o C30 roup, 5 The a royp.on,t vl .
0 R R ea R oo D et st e b5 s bt of
thiéniedirieladiigGl to C3o alkyl group. In-(ii) the Mannich 7 condensation
product is a condensation product of an alkyl phenol, wherein 8 the alkyl

' hain C12 alkyl I 9
BRI IAGTRI e e o
!upy‘daimmhmttﬁthmbmyactadiﬁ@moﬁihpemanﬁt&nzgérlﬂlﬁir@mfélk\ﬂiﬁpﬁ@ﬁbl

in'@g? %Bg&g%,"&%\‘rggi&q %‘z‘ﬁ%‘h&?&,‘aérﬁr-%ar 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.

The lubricating oil composition of the present invention may also contain _
viscosity index improvers such as polyalkyl methacrylates, ethylene-propylene

copolymers, styrene-butadiene cbpoiymers and polyisoprene.

Corrosion inhibitors and anti-oxidants optionally contemplated for use in the
lubricating oil of the present invention are metal di-alkyl di-thiophosphates and

derivatives of di-phenyl amine.

Metal di-alkyt di—thiophosphates may also be included in the lubricating oil
composition of the present invention to provide anti-wear. However, it may be

advantageous to control the amount of this additive because of its metal and

- 13 -



12 alkaline earth metal. Preferably the metal is an alkaline earth metal.
More 13 preferably the alkaline earth metal is calcium. 14 The metal in
the metal salt of a Mannich condensation product may be an 15 alkali
metal or an alkaline earth metal. Preferably the metal is an alkaline 16
earth metal, and more preferably the alkaline earth metal is Calcium. 17
Preferably the sulfur content of the Iubricatin% oil composition of the

PhereBaRs1 8RN TRR YaHER Y ez aimed il di
thisytiebpRetseatelSmasad abiisdatanveiahs of theilkprnatinshabshiaies.

preferably the sulfur 20 content of the lubricating oil composition of the
resent.invention is.n the 21 range of 0.05 weight pergent to about 0.3
TR R R e e S Munerr S R AR S viost
charateablicthie shfunbootdingodithe 2R hdiicatibg il chitiositraddftseare
resent invention, is in the range of P.1 24 weight percent to about 0.2
ot S e Ao AL st SR TR 0T Siine-
madRreferalny doergidfatechasburehtert ofdlyedemicatiiglobcanppositeon of the
27 present invention is i r . [ e o.about 4.0
Ho e R e e PR R o wrore
thiprefoeahbtehevill Fuatiated sy censefftiotoHadulnticatitio © b omppsisitinrof
the present invention 30 is in the range of 0.5 weight percent to about 2.0

PoWF&i?ﬁP@é%ﬁ@éQ&%&qm@&ééeFﬁﬁ@r%i@épfﬂ%fl%%%iawiﬂ MR

preferably the sulfated ash content of -12 1 the lubricating oil composition

capipSpresdntiitivestheirieniaa deciuvismperatiygi heribhetéhabout
lubkicafiRiPBi BRECERbased Snyhr Rl WRIGRt Y et uBHgatng oil. 4

Preferably the phosphorus content of the lubricating oil composition of the

S&resent invention is in the range of 0.005 weight percent to about 0.06
Usglibine® fehiRiin B e R IBINERRLG Ehe Iubricating oil. More

in BETEraRhte 7 hosRONaSoBIER) SLIRS WEi il samasiizn o
phosphorus lubricating oil composition for low emission heavy duty diesel

engines comprising:
(a)  a major amount of an oil of lubricating viscosity;

(b) a detergent composition comprising (i) a mixture of a metal sait of
an alky! hydroxyaromatic carboxylic acid and a metal salt of an
alkyl phenol, and (ii) a metat salt of a Mannich condensation

product;

wherein the sulfur content is in the range of 0.0 weight percent to 0.4 weight
percent, the sulfated ash content is in the range of 0.2 weight percent 10 4.0
weight percent, and the phosphorus content is in the range of 0.005 weight

percent to 0.06 weight percent based on the total weight of the lubricating oil;

wherein in (b) the ratio of (i) the mixture of a metal salt of an alkyl
hydroxyaromatic carboxylic acid and a metal salt of an alkyl phenol to (ii) the

metal salt of a Mannich condensation product is in the range of 80:20 weight

-14 -



8 is in the range of 0.015 weight percent to about 0.05 weight percent
based on 9 the total weight of the lubricating oil. Most preferably the
phosphorus content 10 of the lubricating oil composition of the present
invention is in the range of 11 0.03 weight percent to about 0.04 weight
percent based on the total weight of 12 the lubricating oil. 13 The above
lubricating oil composition further comprises one or more 14 |ubricating oil
pempiitiled e cveihbhetispé baans, ehihexidahweighd sdithd Satekpent
j ,&afrosion inhibitors, anti-wear agents, friction modifiers, pour
Coﬂgﬁéﬁeﬂssants and foam inhibitors. 17 Preferably the above
Iubrjcatingaoil composition further comprises one or 18 more dispersants.

whersia BréRrbbipenatnpbieametat SN RIBE YA X YEINIHIC

cafyeigiRtivithe agBlasstsisRer spals é‘lk?ﬂ%léfﬁﬁvrﬁr@ftﬁé%%@é%?@(ﬂﬂ@e-
20 The lubricating oil composition of the present invention may also

welgh AR AN 4SS UeR ithprocert BasRbhepanmiRiahmeiohtls,

ethylene-propylene 22 copolymers, styrene-butadiene copolymers and

I e R e A e i o
phesetapdisdigiicatiinppilcxspirsetaiadocBuaivitions bedivpitkiyldietak. 26

enMsial g&-ﬁwgmgiophosphates may also be included in the lubricating oil
7 composition of the present invention to provide anti-wear. However, it

may be 28 advantageous to control the amount of this additive because
of it§dhetdNaifd 2B PAbSHABraE eblbibcaibrayigreribricating oil.
Examples of metal di-alkyl di- thiophosphates are zinc and molybdenum

saltof diglsdiefeipripapbeifsn Jupiraly [EiRieddsare used to

impart the proper friction characteristics to the lubricating oil composition.
Useful friction modifiers are fatty acid esters and amides and

In ;B RSB chigpolnpodden adnstivg. friolybteaing kmpraiesion
heSXPRYHlaR4 spgivadanyry 3-IRipealRAMaieSulfated ash and iow

phosphorus lubricating oil compasition according to the first aspect.

In a fourth aspect, there is provided a detergent composition comprising (i) a
mixture of a metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal salt

of an alkyi phenol, and (i) a metal salt of a Mannich condensation product;

wherein in the ratio of (i) the mixture of a metal salt of an alkyl hydroxyaromatic
carboxylic acid and a metal salt of an alkyl phenol to (i) the metai salt of a Mannich
condensation product is in the range of 80:20 weight percent to 20:80 weight percant

based on the total weight of the detergent composition; and

wherein in (i), the ratio of the metal salt of an alkyl hydroxyaromatic carboxylic acid to
the metal salt of an alkyl phenol is in the range of 80:20 weight percent to 20:80
weight percent based on the total weight of (i).

in a fifth aspect, there is provided the use of a detergent composition

- lda -



However, it should be noted that the addition of molybdenum di-
thiocarbamates will further contribute sulfur to the lubricating oil
composition. Pour point depressants lower the temperature at which the
fluid will flow or can be poured. Additives that optimize the low
temperature fluidity of the lubricating oil are various copolymers, such as
polymethacrylates. Useful foam inhibitors are of the polysiloxane type. In a

first aspect, there is provided a low sulfur, low sulfated ash and low
SR SR L AR R SH I 0 SH IR Ay B0 el
phebegh%ze@mﬁda'tnm @D_@mpb@iampmt}%hmwbwémrmfwslﬁ@?m
a detergent composition comprising (i) a mixtu a metal salt of an
e T B S A Eh SR B TR Lo ST CR FER 0 4
weilgitt figreenetihsaltithirdlasmicbreentignsatienagd ustovehgesihtiesrcent
fur content is in the range of 0.Q weight percent to 0.4 weight percent,
to § WRR B QoL 1 P 1S PR O el it i o ) 08
weNghiphe pecent,(rDE iheigitospluenishesrie vinshe toeatangig of 6F 88
| we'?%t pelrcent to 0.06 weight percent based on the total weight of the
UHUB %%r?d ‘oil; wherein in (b) the ratio of (i) the mixture of a metal salt of
an alkyl hydroxyaromatic carboxylic acid and a metal salt of an alkyl
phenol to (ii) the metal salt of a Mannich condensation product is in the
range of 80:20 weight -14 percent to 20:80 weight percent based on the
total weight of the detergent composition; and wherein in (b)(i), the ratio
of the metal salt of an alkyl hydroxyaromatic carboxylic acid to the metal
salt of an alkyl phenol is in the range of 80:20 weight percent to 20:80

weight percent based on the total weight of (i). In a second aspect, there
is provided a low sulfur, low sulfated ash and low

- 14b -
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phosphorus lubricating oil concentrate for low emission heavy duty diesel
engines comprising: (a) major amount of an oil of lubricating viscosity; (b)
a detergent composition according to the first aspect. In a third aspect,
there is provided a method for lubricating low emission heavy duty diesel
engines using a low sulfur, low sulfated ash and low phosphorus

Aniritdition ©icoaupag bsitiohod soerdivgribahésiiditempddo e fisertf aslowet,

[ t
e e s Gt RCSIIRd bA UL tor
laprighdne hew sl Essiqh) ematal i didseMenTivbscoprienisdtion product;
wherein in the ratio of (i) the mixture of a metal salt of an alkyl
hydreyyaeomafif AAtmpdcAciardbRaiahsaligicsitpikyl phenol to (i)

the metal salt of a Mannich condensation product is in the range of 80 20
Wel per tto 20:80 wei ercent based,on the total weight

et NS ROTP U e AR T (A P i Bl o
alkyl hydralx%kyhh@/ﬂncﬁqr@@mma@drmwmr@etal@&H afrastalksdiplagae! alkyl
is in the rag f 80512{) erc nt.to I@O :80. we ercent baseg q
the total (EGHIOFUST I (A AL SER Ok b A0 Bt R e BerocLe
detergent composition - 14a accordlng to the fourth aspect in a low

sulfur, low sulfateBAdskRAdIEMR FhbEpNanfs TUBEJIMME NI IKdhhposition for
low emission heavy duty diesel engines, wherein the sulfur content is in
“the range of 0.0 weight percentjg Oy #ejgid percent, the sulfated ash
content is in the range of 0.2 wéight percent to 4.0 weight percent, and

the phosphorus content is in the range of 0.005 weight percent to 0.06

Asaight pmmnt trastslionithetéatabieigbtthbtheiduimigatiagilgb4midgn

i f th h fal
eagcritletlsos %%%O%Th%négnttrae invention is directed to the use of a low

The term “aldehydes” as used herein refer to formaldehyde or aldehydes

having the formula

O

-

wherein R’ is branched or linear alkyl having from one carbon atom to about
10 carbon atoms, cycloalkyl having from about 3 carbon atoms to about 10
carbon atoms, aryl having from about 6 carbon atoms to about 10 carbon
atoms, alkaryl having from about 7 carbon atoms to about 20 carbon atoms,

or aralkyl having from about 7 carbon atoms to about 20 carbon atoms.

Aldehydes most preferred for use in the in the preparation of the Mannich
condensation products of the present invention are paraformaldehyde and

formalin,

-15-
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2 sulfur, low sulfated ash and low phosphorus lubricating oil composition
for 3 lubricating low emission heavy duty diesel engines comprising: 4 (c)
a major amount of an oil of lubricating viscosity; 5 (d) a detergent
composition comprising (i) a mixture of a metal salt of 6 an alkyl
hydroxyaromatic carboxylic acid and a metal salt of an alkyl 7 phenol, and

T(ig temeidisdivprialiastigeddirisisaatsipie daqus besiissrthe Periodic
TIURCRIRTIQN; QT B WENTAGNGIPERINITIONS 10 As used herein,

the following terms have the following meanings unless 11 expressly

stated to the contrary: 12 The term "aldehydes" as used herein refer to
Tarmaldchydsine aldehydesal Z1barieg theréinmefar©td ERIL 1 Bwladseihthe

R'is braf ed or Ihr;ear aILg/I having from one carbon atom to about 16 10

ngt%%ﬁ ,%@/%I ﬁﬁ&l’ﬂ e%mga fEM 4506564 Carbon atoms to about 10

17 carbon atoms, aryl having from about 6 carbon atoms to about 10

. THE'RAMLS, méeﬂnﬁ?a@'é’h%’ ingdrPAARAYLTeFa R ﬁﬁ?%@bﬂ%@@@d&d

carbon atoms, 19-or aralkyl having from about 7 carbon atoms to about
fromcampanitradopepaicy el moe piedeprl o aiomethabaut 10

cRIERAAIARLTINR Maniiehh 245G PHSRFAHI RS BEHCERA IS AreeeRhe

invention are paraformaldehyde and 22 formalin. -15 1 The term "alkali
niffeaan AQRBSEREIGiIFFEROR PGS I PhestefdFamRopaieme. andpixtures

tRyeh@s sodium, potassium and lithium. 3 The term "alkaline earth metal”
as used herein refers to Group Il metals of the 4 Periodic Table, such as
calcium and magnesium. 5 The term "a nitrogen base" as used herein

TrRieksie Yaitieuendlase sedectetdein 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.

The term “dispersants” as used herein refers to additives that keep soot and
combustion products in suspension in the body of the oil charge and therefore
prevent deposition as sludge or lacquer. Typically, the ashless 'dispersants
are nitrogen-cohtaining 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 médiﬁed
by reaction with, for example, boron or ethylene carbonate. Ester-based
ashless dispersants derived from fong chain hydrocarbon-substituted

carboxylic acids and hydroxy compounds may also be employed. Preferréd

- ashless dispersants are those derived from polyisobutenyl succinic anhydride.

A large number of dispersants are commercially available.

The term “low sulfur’ as used herein refers to the sulfur content of the

lubricating oil composition of the present invention. The sulfur content is in
-16 -
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6 from ammonia, a lower alkyl amine, having one carbon atom to about 10
7 carbon atoms, a polyamine having 2 amine nitrogen atoms to 12 amine
8 nitrogen atoms and 2 carbon atoms to about 40 carbon atoms, and
mixtures 9 thereof. 10 The term "detergents" as used herein refers to
additives designed to hold the 11 acid-neutralizing compounds in solution

thin remegeilo Thyverty b paligeatktdimboLe @ﬁbW@lﬁﬁWﬂf@ﬁéts@@?@da‘éﬁU@e total
W \A?%Lwtug&ﬁngu%l}[@ﬁ\p{glgn g%%g%%yhe 13 combustion of the fuel and

ich"would cause corrosion to the engine parts if 14 left unchecked.
Suitable detergents for use in the present invention are alkyl 15

Tt HerataswAlint ahenussandManaichase eordensatiosprodustsodtent of
Numerous detergents are commercially readily ayailable. 17 The berm
thea\gB@Fﬁﬁ@'OAscegé%q%gf%ﬁh%ﬁ%?sp@aaahwééiaﬁlgf‘kefbe‘s%%ﬁ Ofgs

cAHABRUSHANHEQEHES M SHSREDIVS dighbedyseihe eibdwy@andight
therefare 19 prevent dePosition as slu lT%Pe.o‘%}*acqu r. T%ﬁ:{cali the

PorSRRLERREH NG (OB R R EFHE IS SR RE T Red by
reacting alkenyl succinic acid 21 anhydride with an amine. Examples of
uch dispersants are alkenyl 2 inimi ' '

T A e D e e oont

otk iubriettiyigrudl cannpoattolt sfethbases ot isvedivtisJoe suaded ash

from lang chain hydro z [ ' i
oo S BB G po AN AT GIF Rt pecent
balsesecttettivetd tabmepghtisb trd nirwdtigichsoyapeRitiay. A large number

of dispersants are commercially available. 28 The term "low sulfur" as

used herein refers to the sulfur content of the 29 Iubricatin% oil

ThermBaitdasehardanatiosrsium A HEPERERINISSIPTS I i

cEARBRUIDA PRIGHERST SRk i BEREhE AaNBighakrIcdé brsadaddhgdetal
2 weight of the lubricating oil corgﬁ?smon. 3 The term "low Pglgoesﬁhorusn

haynganp s RiRMI I STheARUbAIRRIHAN a nit base

selected from ammonia, a lower alky! amine having one carbon atom to about
10 carbon atoms, a polyamine haVing 2 amine nitrogen atoms to about 12
amine nitrogen atoms and 2 carbon atoms to about 40 carbon atoms, and

mixtures thereof.

The term “overbased” as used herein refers to alkaline earth metal alkyl
phenols, alky! salicylates and alky! sulfonates in which the ratio of the number
of equivalents 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
atkyl phenois, alkyl saiicytates and alkyl sulfonates having a Total Base
Number (TBN) greater than 1 and less than 20, medium overbased refers to
alkaline earth metal alkyl phenols, alkyi salicylates and alkyl sulfonates having
a TBN greater than 20 and less than 200. High overbased refers to alkaline
earth metal alkyl phenols, alkyl salicylates and alky! sulfonates having a TBN
greater than 200.
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4 the lubricating oil composition of the present invention. The phosphorus

5 content is in the range of about 0.005 weight percent to about 0.06

weight 6 percent based on the total weight of the lubricating oil

composition. 7 The term "low sulfated ash" as used herein refers to the

sulfated ash content 8 of the lubricating oil composition of the present
Threvéenion sThated|kabd asb @ ddraeginisdfetsd odhgenonaboumboi Stidieigasidue

t i r : igh

e e <R o
was dedernedrsid ksieg ASHd Tiesteiiehsation product of an alkyl phenol, a

formaldehyde or an aldehyde 13 having one carbon atom to about 20
TRA'RARAPBISIANEL NIRIRIRASY B SeleisedREIaM FaRkiaL & te¥BMmount

alkyl amine havin(% one carbon atom to about 15 10 carbon atoms, a
ohbRzmmwiNaling ' snllisamroge @i aBaBEuM’ fempife RSy digher
TRIOR&AN S FafkeD RS AR Wb s ahatamsefstd d §rawiiies

thereof. 18 The term "overbased" as used herein_refers to alkaline earth
alslinitdi BN pes-deteamireshusingdacias b ISvif8red88 in which the

ratio of the number 20 of equivalents of an alkaline earth metal to the
Unissbertbéaoigiy alpatdfiedihel 2 argatzigsscietyirs wesght piisaadt. Low

overbased refers to alkaline earth metal 22 alkyl phenols, alkyl salicylates

and alkyl sulfonatengzéﬁm{@g @Eﬁ %g?;igﬁm greater than 1

and less than 20, m e earth metal

alkyl phenols, alkyl salicylates and alkyl sulfonates having 25 a TBN
ltrasdepenadiseypterk Saahihe doteidri cosrpsdinR RATWYIBIREI e Z6ixture

of AR ShRIY Eﬁ%ﬂgi%ﬁﬂ%& UM ARSI AHESHHANHASNAYES Suit of

TBN 27 greater than 200. -17 1 The term "sulfatéd ash" as used herein
anefdiryltBhRBGl oAb Hibadislelrealtiob aMasnishyorereisrligaEcd gt in the

iogﬂgﬁ&ﬁ%@ﬁﬁggggéfb@ BIGAHRG 18l BHERIILARE 1dbNaaHIRIIMIBRTHESINEN of
es : :
the present invention prqvides good detergency and deposit control when

used for low emission heavy duty diesel engines. The present invention is

also directed to a low sulfur, low sulfated ash and low phosphorus lubricating

“oil concentrate comprising () a major amount of an oil of lubricating viscosity

and (b) a detergent composition. Thus, even though the lubricating oil
composition of the present invention has low sulfur. contents, the detergent
composition, which is also low in suifur content, maintains the functionality

and quality of the lubricating oil composition.

The low sulfur, low sulfated ash and low phosphorus lubricating oil
composition of the present invention comprises a major amount of an oil of
lubricating viscosity and a detergent composition comprising (i) a mixture of a
metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal salt of an
alkyl phenol, and (ii) a metal salt of a Mannich condensation product. The
fubricating oil composition of the present invention may be prepared by s.impie
blending or mixing of the compounds described in more detail below. These

compounds may also be preblended as a concentrate or package with various

- 18 -
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4 The term "Total Base Number" or "TBN" as used herein refers to the
amount 5 of base equivalent to milligrams of KOH in one gram of sample.
Thus, higher 6 TBN numbers reflect more alkaline products, and
therefore a greater 7 alkalinity. TBN was determined using the test ASTM
D 2896. 8 Unless otherwise specified, all percentages are in weight, )
olpercendiivaUBRIPATNE ORIcOW fFaoiijxie Riardingf sebb trstinafly
It desidhtesarRha PRSI EaBprisM-dlisrTxdaith b of a metal salt
of an alkyl hydroxyaromatic carboxylic acid and a metal salt of 12 an alkyl
phenol, and (ii) a metal salt of a Mannich condensation product in the 13
Ol gf RSICHINEMESERSEEN and low phosphorus lubricating oil composition
of 14 the present invention provides good detergency and deposit control
Oivoé lubbemirefuisioms dynissimmskazivgsdusedibsetngiferstoThbigatisgtoils
s o toRsaiFsid aaipeuiri osiach ashaniow
Whl Bhacyruselubrlca%ng Py olcoRcentrate comprlsm% ?a a major amount
paffarabliyaidefirldatihg visudsinsd 8fami(ity maktorybustiompogitish. Thus,
cayen-houg ihe, Whrigaiing gi. 19 semeosiian, ol e prass mygntion nas
[EW SRS ConteR S,"the detergén composition; which is also low in
centistobestaht IMAMINL2AE hendidiokttyatdRAIGuding dibheatibgazitingiay

b@EAMROHIR SRR AW Sl iy AWleisf A ABA 1B BB Sase
?ugrlca Ing ol composition of the present invention comprises a major
ohindhit nfven biroind dissripataitinids cogitytaedia aledeogeen eimripesian

* i i ol s oz e _
o Rt PR o R IR, AR N

hpdmdtabaicss wdhetinsaitioant syothelibegrisbideivg syrtbatisoaisaasrbon
inventi ' lending: ixi f
o RN S AR S R P ogeapo

e compounds de compounds

Esmascidily beahubblenthedhas! eogenatedriigelior pigskagesif Cediots: alghe-

of¥ARE BUAR S HBRBRP IR FASRIRIRC IR DisRling SLAdREBIGARE Ry,

such as didodecyl benzene, may be used. Useful synthetic esters inclpde the
esters of both mono-carboxylic acids and polycarboxylic acids as well as
mono-hydroxy alkanols and polyols. Typical examples are didodecy! adipate,
pentaerthrito! tetracapoate, di-2-ethylhexyl adipate, di-laurylsebacate and the
like. Complex esters prepared from mixtures of mono-~ and di-carboxylic acid
and mono- and di-hydroxy alkanols can also be used. Blends of hydrocarbon
oils and synthetic oils may aiso be used. For example, blends of 10 weight
percent to 25 weight percent hydrogenated 1-decene trimer with 75 weight
percent to 90 weight percent 683 centistokes at 37.8°C mineral oil gives an
excellent oil base. Fischer-Tropsch derived base oils may also be employed

in the lubricating oil composition of the present invention.

It is further contemplated that the oil of lubricating viscosity employed for
preparing the lubricating oif composition of the present invention is a low
sulfur base oil. Use of a low sulfur base oil will assist in obtaining a lubricating

oil composition which is ultra low in sulfur content. Sulfur content of base oils

-19 -
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2 composition containing the desired concentration of additives. 3 Oil of
Lubricating Viscosity 4 Oil of lubricating viscosity, or base oil as used
herein refer to lubricating oils 5 which may be mineral oil or synthetic oils
of lubricating viscosity and 6 preferably useful in the crankcase of an

5 ok BT 905 BRISIREAED D BCoRI 3 L BN RN Dooe

oiPSaFbé e fuericaling pikkd@ayr hbgderbas dfamesyribetic ioraatival
sources. Mineral oil for use as the base 10 oil in this invention includes
paraffinic, naphthenic and other oils that are 11 ordinarily used in
lubricating oil compositions. Synibefcagistinclude 12 hydrocarbon
synthetic oils and synthetic esters. Useful synthetic hydrocarbon 13 oils
include liquid polymers of alpha-olefins havin? the proper viscosity. 14

Deigrenifyaieetsrsrinhbrgarbgerhied AR BHMe I e hREquCts,

siBRN KaumlefinasyGh aselcdssaiteiiases fuSiniiad Yo Akt rizgnastef
‘proper viscosity, 16 such as didodecyl benzene, m?y be usequLseful

Deirigrils ssavsmignabimsetin dea b eibiinsabUBHENR Hhids and
chANESRMYifarids arcarlhasdsd mgmmbislrevs@kandlednsipelycimd/or

Typical examples are didodecyl adipate, 19 pentaerthritol tetracaé)oate,

caponaigmaiyl aiBarts A AFRLEKSRRAS S IYHE S ke OYIRYREX esters

luBFRRANRS &p%miaﬁgr@ér@f SopRsinarftaEsaretetiseneidarl HgH Metfur and
anols can also be used. Blends of hﬁgrocarbon %2(1053'1
t

d di-hyd k
mtal Comiat GAcTRIGLRE RTINS P BEohLBeIER i SPABR

cEaide, 2hexainhs MeIERBIdIReae pRIRN LGl ieree Mtituifatae ighh,
24 percent to 90 weight percent 6383 centistokes at 37,8C min%?]lﬁgi’ ivensg

whichsade dndhedPBaaioRistRar e dpt MaRFHTEL e dRS H
ainplaYescRaindher tHyierfingNibeempesitianhiin present imnehtivaagédd
It is further_ contemplated that the qil of lubricating viscosity employed for
efﬂ!?ﬁ&%'b%riE&%ﬁ%ﬁ@&ﬂiﬁ&%?@éﬁ%aﬁﬁ?&%geﬁé%ﬁﬁ%%%%% is a
dikw st sdlfurrbaserb Wsmefreltmefifid Hakasrhuil esaipiositriainingut
‘chléJ rigt?tls%?fur and meta! content of conventional detergent compositions,

while maintaining good detergency.

Detergents used in the detergent composition of the low sulfur, low sulfated
ash and low phosphofus lubricating oil composition of the present invention
do not contain high metal overbased sulfurized, and/or carbonated alkyl
phenols or metal overbased sulfonates. Although, smalt amounts of low
and/or medium overbased detergents may be included in the detergent
composition of the present invention, detergents mainly employed are (i) a
mixture of a metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal
salt of an altkyl phenol, and (i) a metal salt of a Mannich condensation

product.

Metal salts of the alkyl hvdroxyaromatic carboxylic acids

Alkyl hydroxyaromatic carboxylic acids used for preparing the metal salts may

be single ring, double ring or fused ring alkyl hydroxyaromatic carboxylic
-20 -
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30 oil composition which is ultra low in sulfur content. Sulfur content of
base oils -19 1 is well known to persons skilled in the art, thus, selection
of a low sulfur base 2 oil may be conveniently made for the purpose of
the present invention, 3 Detergents 4 Detergents are used in lubricating
oil to neutralize acid oxidation products, 5 such as sulfuric acid in the
agidse B’frefewawéleaaiﬂybmmcrw@woetie c@metey@emeidemremioghalying

aiggw&gg?%%)lﬂg%é%aseét Qﬁ #j rize Oatt‘é‘/% 8 car %Blfttﬁe%eé I r;rféjrtétz
hxﬁrmetarwemaeedaewbﬁmésr%wew Wm@wm@@memmmﬁﬁsﬂcids
wﬁ%Pé ¥Rg L éﬁﬁﬁ‘fgf’&%ﬁ& $8'6 B sy IHand g OH}%E’{B yrom

weig t percerit weight percent, respectively: combustlon

aliioed & loaHiatpoNs inaPpd 6 cankagiparscn bigarehaihallnd graep
cé‘a ﬁﬁ?ﬁtﬁ%@%ﬂt %R%@%&%mrﬁvg%m;&a%e%@}eaa'nqoéﬁ

unctlonlng e exhaust gas after- treatment system and
praiﬂ@téedh ezakismuggm onHbelelkyh Bt conibesToR iR gl &bweight

pRERIANS Lp Hﬁﬁ%}ﬁ%@%ﬁﬁﬁ DEFIOHRE RERSMY ML AP IARI

composmon without 16 the high su r and metal contént of conventional

algetsrtfe AbeOIPd SEBIY) qtsawﬁn@wﬁqbﬂﬂemhgfgcﬁihydje@gerwt@mmg from
a&ﬁ}?i@)eé‘é?ﬂéﬁ?gt&ﬁgqg%%%@bm'm ttﬁr@?@’rékﬂ?ﬁh@ﬁfanched

sulfated 19 ash and low phosphorus lubricating oil composition of the

cfmseﬁmfm@umﬁngdm lmﬁafdmafﬁ RIEW SietaPdsdnsieRandamtivaldached to
BQH gy 5&9@%@9858@‘%(9@(9@%&95@%@% on the

AIthou , small amounts of low 22 and/or medium overbased detergents
hYﬁé@W@@ﬁ@@ﬂ@dﬂﬁ!m detergent 23 composition of the present invention,
detergents mainly employed are (i) a 24 mixture of a metal salt of an alkyl

MR e R DR
the ortho-posmon to para-position is 70:30 based on the total alkyl
hydroxybenzene and most preferably the ratio of the attachment of the linear
chain alkyl group in the ortho-position to hydroxy-position is 60:40 based on
the total alky! hydroxybenzene. More preferably the ratio of the attachment of
the branched chain alkyl group in the ortho-position to para-position is 20:80 |
based on the total alkyl hydroxybenzene, and most preferably the ratio of the
attachment of the branched chain alkyl group in the ortho-position to para-
position is 5:95 based on the total alkyl hydroxybenzene.

The carboxylic acid moiety on the alkyl hydroxyaromatic carboxylic acid may
be attached directly or indirectly to the hydroxybenzene. Preferably carboxylic

acid moiety is attached directly to the alkyl hydroxyaromatic moiety.

The metal employed to make the salts of the alkyl hydroxyaromatic carboxylic
acid may be an alkali metal or an alkaline earth metal. Preferably the metal is

an alkaline earth metal and more preferably the metal is calcium.
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27 Metal salts of the alkyl hydroxyaromatic carboxylic acids 28 Alkyl
hydroxyaromatic carboxylic acids used for preparing the metal salts may
29 be single ring, double ring or fused ring alkyl hydroxyaromatic
carboxylic -20 1 acids. Preferably the alkyl hydroxyaromatic carboxylic
acids are single ring 2 alkyl hydroxyaromatic carboxylic acids, more

Thircretisg o6 RIRpESatAn oo matiel calborjiiadibydrexmgamatic
cANenzene CHBMIAGATIEShA whereitbe.alkvharayg may be a

branched chain alkyl group containing from 5 about 4 carbon atoms to

hyisiu st BrieRaiiere i Anists efipraRgiagdupeadsdinling Ot Hson

cHRSHHAYCHDPR AP 05 MAHUESHIRI GG MR o RHEISHBRHR . The
alkyl group on the alkyl hydroxybenzene'is a 50:50 weight 8 percent

Mgtk SrAlts REPaPraRAT M aifinaig f e ity o suitkexites ofdtiens

dé@i?&PH{&QiP@'@P@)@é%&?ﬂ%"ﬁﬁ?ﬁcﬁ%}%@@%ﬁlﬁ%e eam%%mg Hows Hay

about 20 carbon atoms to about 30 carbon atoms. Preferably
bepireREd 28 dRsFIIRRY IGrbup-drrtené Nee s tRAiRHiky! group is
independently attached to 12 the hydroxybenzene in a position para or
up on the 13 hydroxybenzene moiety. 14 More
j 5 re-attachment of the linear chain alkyl group in 15
the ortho-position to para-position is 70:30 based on the total alkyl 16

THRSIRYBRA7EBR A ;pﬁl[&f%ﬁ%ﬁb%r&%’r%é BALASHTARLPHIBG

inear” 17 chain alkyl group In the ortho-position to hydroxy-positionh is

Cmmmémabqettﬂ@amrammm@mﬁf&]@am Pronganjineer
cHéﬁ‘Pa‘R@hﬁg@ﬁB%ﬂ%ﬁmg B ahaprraied fhah sl B NG mixtures

ortho-position to para-position is 20:80 20 based on the total alky

thRyepbxhereBrefermdl yiibet Piefeaspupine thgcadihehenciiaenhishiforeight

e b R S
atpiBrety sRaHe ZNGAMRMcraRsMatc traoRhRdraalivirgspum asitataisigetrom

atBIRAY SRS SEhhiOHNSH SV SRS St SHHRICRRY IFEBP RSN alkyl
group and the branched chain alky! group is independently attached to the
hydroxybenzene in a position ortho or para to the hydroxyi group on the
benzene moiety.

More preferably the ratio of the attachment of the linear chain alkyl group in
the ortho-position to para-position is 70:30 based. on the total alky!
hydroxybenzene and most preferably the ratio of the attachment of the linear
chain alkyl group in the ortho-position to para-position is 60:40 based on the
totai alkyi hydroxybenzene. More preferabiy the ratio of the attachment of the
branched chain alkyl group in the ortho-position to para-position is 20:80
based on the total alkyl hydroxybenzene and most preferably the ratio of the
attachment of the branched chain alky! group in the ortho-position to para-
position is 5:95 based on the total alkyl hydroxybenzene.
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25 acid moiety is attached directly to the alkyl hydroxyaromatic moiety. 26
The metal employed to make the salts of the alkyl hydroxyaromatic
carboxylic 27 acid may be an alkali metal or an alkaline earth metal.
Preferably the metal is 28 an alkaline earth metal and more preferably the
metal is calcium. -21 1 The method fod%)reparation of the metal salts of

Thageidapeyethtie makabosyiritadshaalndindrRne mandasn alkal
e eely ANe Ry E3 M FFRMAr pRalic 49 ligasids are ArenAEed v

carboxylation of the 4 corresponding alkyl hydroxyaromatic compounds
meda podBsieIatRsabheths matal daes'sfeBrepared using the oxides,
hydroxide or alkoxides of the 6 desired metal. For example, the alkyl

droxyarpmatic carboxylic acids may. 7 be prepared as described in U.S.
TS Eor S5 h L T Gr oA EL AR B PhE B RUP QR B
intkieeadiy| Thpicimathbaretibsahed thainigtkyhgral is Hagantadninofisim

bput 4 carbon atoms tp about 60 carbgnp atoms or lineat 11 chain.alkyl
SRS EE A B Es e bRl U Rarg s,
hyldeosfe Mptheedkerdtiystbé takydepioap otk fikyxarap msads@dibed in
ight 13 per ixpye of branched chain alkyl group containing about
Uﬁﬁé%%i@%t?n??%%%ut 20 carbon atoms and linear chain alkyl group
containing from 15 about 20 carbon atoms to about 30 carbon atoms. The

AlBRERAIhalkYLLG 95%%1""“%@%% ﬁgﬁ%&%@ﬂﬁl@’&&@%iﬁ: acid and

Independently attached to the 17 h xybenzene In a position ortho or

theapdid e RoUmaRY (L eup RaTeddo Y BBkingeHederitedi givbre pidhe iy
hiReaf Qb atasRma Ahthe Aners gna}n S ghl?s%g%%nt!y

ortho-position to para-position is 70:30 based on the total alkyl
madneisemedabsaie Hisophadlapipthepifiboides dudraisesoptitee
gl €2 chain alkyl group in the ortho-position to para-position is 60:40
based on the 23 total alkyl hydroxybenzene. More preferably the ratio of
the attachment of the

Metal salt of Mannich condensation product

‘The Mannich condenéation product employed in the detergent composition of -

the present invention may be prepared using an alkyl phenol, a formaldehyde
or an aldehyde and a nitrogen base selected from ammonia, a iower alkyl

amine, a polyamine and mixtures thereof.

The alkyl group on the alkyl phenol used for the preparation of the Mannich
condensation product may be a branched cha_in alkyl group, a linear chain
alkyl group or mixtures thereof. Preferably the alkyl group is a branched chain
alkyl group containing from about 4 carbon atoms to about 60 carbon atoms.
More preferably 6 carbon atoms to about 40 carbon atoms and most

preferably from about 8 carbon atoms 1o about 20 carbon atoms.

Preferably the linear chain alkyl group contains from about 4 carbon atoms to
about 60 carbon atoms. More preferably the linear chain alkyl group contains

from about 12 carbon atoms to about 40 carbon atoms and most preferably

-23 -
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24 branched chain alkyl group in the ortho-position to para-position is
20:80 25 based on the total alkyl hydroxybenzene and most preferably the
ratio of the 26 attachment of the branched chain alkyl group in the
ortho-position to para- 27 position is 5:95 based on the total alkyl
hydroxybenzene. -22 1 The metal employed to make the salts of the alkyl

thshiineh hidpiveadii/haca papiaing: fienarBme 2aer fhetapPreftamhatb30
et istgp@lkaline earth 3 metal and more preferably the metal is

calcium. 4 The method for preparation of the metal salts of alkyl phenols
are well known 5 in the art. Typically, the metal salt of the alkyl phenol is
Threpturdyhyufirss Gtatkiledng the phenol ansigheatprepposiitheonatabsalbra
tugj; thge oxides, 7 hydroxide or the alkoxides of the desired metal, for
% ?ﬁﬁf TRE egarQnged in 8 U.S. Patent No. 5,292,968. 9 Alternately, the
metal salts of the alkyl hydroxyaromatic carboxylic acid and 10 the alkyl

e A as R AT . BIEn 81 R Mooy
imiRi A iecpesitsing akinepgitaieisirdd: itk ssdden, thediabakograhenol,
and AbXigRIeibMeiR) Al Vanae FoRdRnSRIRY BraALALY AR alky

Mannich condensation product employed in the detergent composition
aneith & gheserbprassifinnriapae mepiaiadiipdasrd ghémptaial alkyl
pﬁg,q&g\_ldehyde 17 or an aldehyde and a nitrogen base selected from

ammonia, a lower alkyl 18 amine, a polyamine and mixtures thereof. 19

The alkyl group on the alkyl phenol used for the preparation of the

Phésevaibly @ canidefspiantatpeuehimiine imbeanshsd enaindubartis
a linear chain 21 alkyl fgr,o,up or mixturgs thereof. Preferablé%tfhe alkyl

ORHSLBIS UBr A BREAERAIACR 5 P Bas b RRNR HBhAldbut 4 carbon
hptemg/beabaw 60 cabenmisesbRndorstiprefarab it eRrRentaOms thear

bout 40 carbon, atoms and most. - P
chain alkyl group in the ort O~DOSSI%IOH to hydroxy-position is 60:40 based on

the total alkyl hydroxybenzene.

The aldehyde useful for the preparation of the Mannich condensation product
may be a formaldehyde or an aldehyde having one carbon atom to about 20
carbon atoms. Preferably the formaldehyde or the aldehyde is an aldehyde,
and more preferably it is paraformaldehyde.

The nitrogen base is selected from ammonia, a lower atkyl amine having one
carbon atom to about 10 carbon atoms, a polyamine having 2 to about 12

amine nitrogen atoms and 2 o about 40 carbon atoms.

Preferably the nitrogen base for the preparation of the Mannich condensation
product is an alkyl amine having one carbon atom to about 10 carbon atoms.
Preferably the amine is a mono-amine, such as mono-methyl amine, mono-
ethyl amine, mono-propyt amine, mono-butyl amine and mono-pentyl amine.

More preferably the mono-amine is mono-methyl amine.
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24 preferably from about 8 carbon atoms to about 20 carbon atoms. 25

Preferably the linear chain alkyl group contains from about 4 carbon

atoms to 26 about 60 carbon atoms. More preferably the linear chain alkyl

group contains 27 from about 12 carbon atoms to about 40 carbon atoms

and most preferably -23 1 the linear chain alkyl group contains from about
Metet srisnaithedieraiouicsndrsmbion aromiscBeTheleyiegd trdhg isbricating

o S ARG D AL R 9T BERRSLRI Ry 4 HiBtnod
Krsretictfed pRsamiksillgebipthe iartheCortreyaltysition Mapaiahpesitigniation
: | iq of
dissiitne haC R SR R A
aldahygosndrisitrogasabegaselesieddramyarompnsinlaloweeliabsanre, a
pRIgRhINe AlRRMERL %H}Ed%’,‘ﬁ?ﬁ?@(ﬁi‘éé&ij&%ﬁk? RO Wiroxide and a
based on the

ortho-position to para-position is 70:3 total alkyl 12
dilgitbxybenzene and most preferably the ratio of the attachment of the
linear 13 chain alkyl group in the ortho-position to hydroxy-position is
60:40 based on 14 the total alkyl hydroxybenzene. 15 The aldehyde

. Y
ThREAREraHe DRI MARRIF FRRSRASAHRIA RESHLSHURIIBAE 9P RIspns

skieedl iﬂrtﬁaldﬁhyda@mmdebméwm@ﬁr?@@ﬂbhomagpﬁetpréb@r@cmsmg
e or the

17 carbon atoms. Preferably the formalde ldehyde is an
ek G, RS 1 AT BRI 70 B oGRS SR A BgEon
sV@!Mb IS fieleqte dﬁm@@ﬁip@]%@Mtcﬂi%ﬁﬂ@ﬁ%}]@ﬂw&@cﬂgay be

carbon atom to about 10 carbon atoms,_a polyamine having 2 to about 12
prﬁ%ﬁ%@%ﬁﬁ?&éﬁ%%dﬁlya%? ﬂ@'ﬁ@giﬁﬂgé bon atoms. 22 Preferably

the nitrogen base for the preparation of the Mannich condensation 23
T@%ﬁ%‘fﬁl’%gﬁ SRR A BH LIS SR P AR R A PR B any
well know process using a metal oxide, metal hydroxide or a metal atkoxides.
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 ihhibitors, anti-wear agents, friction modifiers, pour point

depressants and foam inhibitors.

ror best overali results in terms of affording the properties desired in a
conventional lubricating oil composition for a heavy duty diesel engine
lubricating oil, the lubricating il contains a compatible combination of

additives of each of the above classes of additives in effective amounts as
- 95 .
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- 24 Preferably the amine is a mono-amine, such as mono-methyl amine,
mono- 25 ethyl amine, mono-propyl amine, mono-butyl amine and
mono-pentyl amine. 26 More preferably the mono-amine is mono-methyl
amine. -24 1 Metal salts of the Mannich condensation product employed
in the lubricating 2 oil composition of the present invention may be

0 [ Nuor y
weliepniaa gytaryantassurekienrtg persshsianed liothindhe @aiutaly,
ndleR depnieB GeRdRESAINA tHTGHHRE RiBFPRARE Ry, reaction of the

alkylphenol, a formaldehyde or an 5 aldehyde and a nitrogen base
selected from ammonia, a lower alkyl amine, a 6 polyamine, and mixtures
Ltieerenf Netherprésenbasefcalnetthihwdropdesand a 7 diluent. 8 The
preparation of Mannich condensation product is well known to persons 9
skilled in the art. The Mannich condensation product may be prepared

Simiyauandiiiesef shessimatdivaeayadasahmatalriatoraayimamypptionally
bé%&?@% ReRubLSKRAIN LrAdshRFsAmelp e Manistiion.

nsation product may be. 12 prepared as described in U.S. Patent

Egctmn!,%gf hetay setmadivnmeaihanaeeeid ssianepniscrectonsr
mGORTCH S A% d S MBI ENMHRIEARS MS R s MRIR SR, ARRI8! or phenols

hgﬂdroxide or a metal alkoxides. ‘15 ThHe metal may be an alkali metal or
oR

ancisheeafensation pretiialspinherpihetif fhyAenandaganssmdiese
dé&va ﬁ’(§rﬂ%ﬂ?fé@b@?ﬁﬁé‘@#i&@t@?ﬁéﬁ@%@hl@?ﬁéﬂﬂwdéﬁe Ris.

Additives 19 The lubricating oil composition of the present invention ma

Pratereliciiny aoecaleline radammsiabinte rasts ancbaapedtiesakhey

afd eafIlIvERIeHedd OffRY RERItMER S8 &éFﬁBﬂf‘s%&tﬁ@@@dﬂfﬁﬁﬁ“ﬂ%d

to the lubricating oil 22 composition of the present invention. Thus, the

legip kiR oileMEYShtdiis Yodhaaliniiad falidiiesadditionsf detergents,
sUBPPLETRBISe ARLMARANEBOVSCAREY HafRribatk BRI QIRFGPHRSIOP sulfated

inhibitors, anti-wear agents, friction modifiers, pour point .
ash content of the lubricating oil. These detergents are well known in the art

and are commercially available.

Dispersants

The lubricating cil 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 alkeny! 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
polyisobutenyl succinic anhydride. These dispersants are commercially

available.
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25 depressants and foam inhibitors. 26 For best overall results in terms of
affording the properties desired in a 27 conventional lubricating oil
composition for a heavy duty diesel engine 28 lubricating oil, the
lubricating oil contains a compatible combination of 29 additives of each of
the above classes of additives in effective amounts as -25 1 well as the
Adiéexigiamtsomposition of the present invention in the amount 2 needed to
provide the desired neutralization capacity. 3 Low and Medium Overbased
Metal Detergents 4 Small quantities of low or medium overbased metal
ARERFGEARS AR Gt Al el R Rils e ihiedliom LA BiPosition
preresitigniad dberniasaatlinvention ik amples tidhelyoardimediuithe
overbase%i metal detergents, are low or 7 medium overl%ased sulfonic
Presriee Al Gic ABREE SHHGRPRRIGERSSRHHARGLEESS MRAlGD of gums,
ia%@ﬁé@éﬁﬂ%ﬁ@d%ﬁ‘tjﬁf@‘mﬁ*ﬁrﬂiﬂﬁww@fﬁ?%ﬁ@&i@b@%ﬁ 0
etergents may he alkali metal detergents oy alkaline meta] detergepts.
E TR 58] & T A D R BB PR I AERB
alltyenetlaaserealciimideterarpter Engl PBbsphhrse detergesftihiaditeatasxylic

than 1 and 12 less that 200, Howevery, it is waqrth n ng that a further

ACIABRD PHERRAIS, 01 S INPPRO TG AL B d ABEEISHY contribute

compaipdiUsackl/es sifidedndy iasbreontentrglithedobnesing aild These

RS Se S arno er

it SREaRAHY ponsel mﬁatigngiawﬂantaa} Msﬁtgdianthm aﬁmlﬁslﬁaib?mammte
nltrogen-contalnln ISpersa ts forme eacting alke Succin|c
o R A PR A RN PR L e SIL G glion

alkenyl succinimides and succinamides. 21 These dispersants can be
V'@‘%E?E r{hogggq%yor\?%gnon with, for example, 2_2 boron or ethylene
) - ashlers dispersants derived from
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, vinylpyrrolidone and methacrylate copolymers.

Corrosion inhibitors

Corrosion inhibitors are included in lubricating oils to 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 corrasion inhibitor should not be one that is itself corrosive to silver and
silver 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.

In addition to the materials already described, lubricating oil composition of
the present invention may also include other additives, such as pour point

depressants and anti-foaming agents. The various additive materiais or
97 -
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23 long chain hydrocarbon-substituted carboxylic acids and hydroxy
compounds 24 may also be employed. Preferred ashless dispersants are
those derived from 25 polyisobutenyl succinic anhydride. These
dispersants are commercially 26 available. 27 28 -26 | Anti-oxidants 2
Anti-oxidants are used in lubricating oils for inhibition of decomposition 3
clprsessebBMatislcherpifuf@seiiPribata iRy dmRawnreptagals and fiza ke
rdB8in MIRIRNGSIA A mERERR P IGRUNL RIS D ML FRSF IRV Rbus
gums, 5 lacquers and sludge resulting in an’increase in acidity and
mpdHisRBtERERRples of useful anti-oxidants are hindered phenols,
alkylated and non 7 alkylated aromatic amines, alkyl or aryl phosphates,
esters of thiodicarboxylic 8 acim&ézrbamic or di-thiophosphoric
acids. Molybdenum 9 compounds; mine-molybdenum complex
compound and 10 molybdenum di-thiocarbamates may also be used as
ey Gy Ll arpoh and

loyuparsrhsiis Heikaih el gomperitiosiabtha praseptifveidion were

| e#élﬁﬁ%éﬂrﬁpﬂﬂw}éiﬁﬁ%ﬁgygn%dﬁ}%?ﬁ%ﬁc@ fradoaf QYRS GG R Ys

regulate viscosity 15 ¢ es due to the change in temperature. Some
deserifriddrfxaniiableand Eablapibslemiscosity index improvers are
olefin copolymers, polybutene, 17 polymethacrylates, vinylpyrrolidone

and methacrylate copolymers. lg,@pﬁrfgéiqn inhibitors 19 Corrosion
inhibitors are included in lubricating olls to protect vulnerable metal 20

AR bE ot S B A et SRS FesEem o ZB0LR1ce
matapbapefcantalkyl phenol was prepared as described in U.S. patent No.
6,162,770 and a metal sait of a Mannich condensation product was prepared
as in described U.S. patent No. 5,370,805 for determining the detergency
performance of the detergent composition employed in the low sulfur, low
sulfated ash and low phosphorus lubricating oil composition of the present

invention.

Comparative Formulations A and B and Test Formulation C contained an
ashless dispersant, an anti-oxidant, a viscosity index improver, a medium
overbased a]ky! 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 Table | below.

The detergency performance of Test Formulation C containing the detergent
composition of the present invention comprising Detergent (i) a mixture of a
metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal salt of an
alkyl phenol, and Detergent (ii) a metal salt of a Ma_nnich condensation product
was compared with Comparative Formulation A containing only (i) a mixture
of a metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal salt of

- 28 -
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22 The corrosion inhibitor should not be one that is itself corrosive to silver
and 23 silver plated bearings, such as, metal di-thiophosphates.
Examples of 24 corrosion inhibitors that may be used are sulfurized olefin
corrosion inhibitor 25 and the co-sulfurized alkenyl ester/alpha olefin
corrosion inhibitor. 26 In addition to the materials already described,

ansiioddrheon ndposmns itivy Hesrpriaiion iBvermiining anbs (hcupeta!
SQF@Sf Qﬂﬁ%},\fﬁéh%}j@ﬁ%rpgp&@&_depressants and anti-foaming
A

agents. The various additive materials or -27 1 classes of materials
herein described are well known materials and can be 2 readily purchased
Cwpraesaialy ofrarepasecbydmeained meedises(Hravious saltaadificaidare

thereof, 4 EXAMPLES 5 The detergent composition.employgd,in the lo

ot ey 1l By BEHZRRE B IBS ARSI N RE o SRigh °ne

aﬂfﬂ;@ﬂf@&?rﬁéﬁm@?@\ﬂmeﬁtﬁ&dda@@ wgﬁwicldegeogﬂhm)aik?(! group
erformance in formulations prepared, as 8 descri in Exa 1 an

TG 2 A A A AT AL SES e LR DT, Py iy

by chsney atrmatigicarbioxylitsacithend ehdid alleyhibsaliptantaliyhgtithobrbon

dasd ibed inU.S. . , d I
ARSI AR CR L BrRBRe ARl B ae preparai s L SHP Al fgnols

- hérepatt AlRybgB3QBoh taredelieynihepihesdetebganchdd gesforatigyigroup

f the det t iti I in the | If
R AEolf SRESBNG RN EBG SIGA B ar e AR RIS was
dnventional Aleyhgesativedntainingtzisakbord Band Fe2BRarhotatton®.
taiped 8 ashless di t ti-oxidant, a. viscosity.index..
gt L s e e K
saltasfrthin bikigbpHBasisolc?O wrasarsdd w natidkefufr2 100 percent of each
of Comparative Formulations A ‘

Comparative Formulation B contained Detergent (ii) a calcium salt of the
Mannich condensation product of an alkyl phenol, paraformaidehyde and
mono-methyl amine. The alkyl group on the alkyl phenol was a branched

chain alkyl group containing 12 carbon atoms.

. Test Formulation C contained the detergent composition of the present

invention comprising Detergent (i) and Detergent (i) as described for
Comparative Formulations A and B above in addition to the additives
described above. Thus, Test Formulation C contained the detergent mixture -

in Formulation A plus the detergent in Formulation B.
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21 and B and Test Formulation C. Comparative Formulations A and B and
Test 22 Formulation C are given in more detail in Table | below. 23 The
detergency performance of Test Formulation C containing the detergent
24 composition of the present invention comprising Detergent (i) a mixture
of a 25 metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal
salt of an 26 alkyl phenol, and Defélnk (i) a metal salt of a Mannich
condensation product 27 was compared with Comparative Formulation A
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11.00

4.00

calcium salts of a mixture of two alkyl hydroxy benzene carboxylic acids,

wherein the alkyl group on one alkyl hydroxy benzene carboxylic acid

was a branched chain alkyl group containing 12 carbon atoms and the

alkyl group on the other alkyl hydroxy benzene carboxylic acid was a

linear chain alkyl group contafning 20 carbon atoms to 28 carbon atoms,

and calcium salts of a mixture of two alkyl phenols, where in the alkyl

group on one aikyl phenol was a branched chain alkyi group containing

12 carbon atoms and the alkyl group on the other alkyl phenol was a

linear chain alky!' group containing 20 carbon atoms to 28 carbon atoms.

30 -




f—

10
11
12
13

14

15
16
17
18

19

20 Comparative Formulations A and B above in addition to the additives
21 described above. Thus, Test Formulation C contained the detergent
mixture 22 in Formulation A plus the detergent in Formulation B. 23 24
25 26 -29 1 Table | Formulation Component (weight %) Comparative A
Comparative B Test C Base Oil 92.01 84.24 89.23 Ashless Dispersant
*8.4 3 SabethAntianxidans 0 M-5c0. BoMikaasityon des dLi28 ¢ 28 @Rl phenol,
Improver Medium 0.22 0.22 0.22 Overbased Phonate Anti-wear Agent
0.3p a3 uBEdehrde imrbisrmop2thyl Gunine.obbs avetbeyerpR haglkyl
2.0 r%@&ﬂf%eté'ﬁr’awch@&) o 2iRy] GRRIMBARERAG TPEHFBSH Bioms.
alkyl hydroxy benzene carboxylic acids; 4 wherein the alkyl group on one
alkyl hydroxy benzene carboxylic acid 5 was a branched chain alkyl group

TeBdinemk2spukentaianmand dhehe sulfur, sulfated ash and phosphorus in

Comparative Formulations A and B and Test Formulation C.

Table Il
Formulation
Component (weight %)
Comparative A | Comparative B TestC
Sulfur 0.0992 0.1007 0.1002
- Sulfated Ash 1.06 1.06 1.06

Phosphorus 0.0378 ' 0.0378 0.0378

Example 2

Panel Coker Test

The Panel Coker Test was used to evaluate the tendency of Test Formulation
C compared to Comparative Formulations A and B to form carbon deposits
when in contact with a metallic surface at high temperature. Samples, 300
grams, of Comparative Formulations A and B and Test Formulation C were
heated in a sump and intermittently projected by means of a rotating oil stirrer
on an aluminum test plate heated at high temperature. The amount of deposit
was weighed at the end of the test. The lower the number the better the
detergent. 'Viscosity increase at 40°C and varnish rating were also recorded.

The results of the Panel Coker Test are summarized in Table llI below.

-39 -




6 alkyl group on the other alkyl hydroxy benzene carboxylic acid was a 7
linear chain alkyl group containing 20 carbon atoms to 28 carbon atoms,
8 and calcium salts of a mixture of two alkyl phenols, where in the alkyl 9
group on one alkyl phenol was a branched chain alkyl group containing
10 12 carbon atoms and the alkyl group on the other alkyl phenol was a
11 linear chain alkyl group containig§2dltarbon atoms to 28 carbon
atoms. -30 1 ** a calcium salt of the Mannich condensation product of an

alkyl phenol, 2 paraformaldehyde and-mono-methyl-amine—Fhe-alkyl
group on the alky| 3 phenol was a branched chajn alllgyl group containing

12 carbon atoms.|4 Table Il below shows I%rgr%gﬁﬁ of the sulfur,
sHiawedGekednd
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Test karmpulation C.GoTaptrativerdulptiGongoanptinerts (eight d%bpst C
Comparative A Comparative B Test C Sulfur 0.0992 0.1007 0.1002
Sulfated Ash 1.06

1.06.1.06 _Phosphgdrus 0.0378 0.0378-0.0378--7-8

Examgie it Panel Coker §gst 10 The Panel Ggker Test was used ®
evalugigythe tendency of Test Formulation 11 C comparefl to

Comnarative Forulations-A-and-B-toiform-carbon-depoesits—12-whenp-ia
U ar Gty S o o et e I T o T A Tor o to [ LI

orrrTrouAT ouUTi] \.AL;PUJI e} LZVUTTIe
cont@etiwith a melallic surfage at high|temperaife. Samples, 300 12
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13
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wiora 14 heaated-4
VVCTCO L= TTCTtCT U™
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A1t 1t 41 H +arlla
-a-Sttmp-afa-ttermitenty projectet oy

\ and B and Test Formulation C

£
mearnsulrad

rotatfagradstirrer |15 on arBd&uminum ttest plat®eated at high ~ 8.6
temfiéadinge. The|amount of deposit
Increase in
21
Viscosity at 40°C 31 45
(%)

The results obtained in the Panel Coker Test summarized above in Table il

show that the Test Formulation C containing the detergent composition of the

present invention comprising (i) a mixture of a metal salt of an alkyl

hydroxyaromatic carboxylic acid and a metal salt of an alkyl phenol, and (ii) a

metal salt of a Mannich condensation product gave better detergency

performance than Comparative Formulation A containing only (i) a mixture of

a metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal sait of an

alkyl phenol or Comparative Formulation B containing only (ii) a metal salt of a

Mannich condensation product. In each of the four categories of the data

collected Test Formulation C performed significantly better than either of

~ Comparative Formulations AorB.
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15

16 was weighed at the end of the test. The lower the number the better
the 17 detergent. Viscosity increase at 40C and varnish rating were also
recorded. 18 The results of the Panel Coker Test are summarized in
Table IIl below. 19 -31 1 Table Ill Formulation Panel Coker Test

Q?R@ .V‘?rf?‘e omparative B Test C Deposit 66 64 9 (mg) Carbon 36
2 ég]ﬁ/tg)ig\/aamls ] [ [ [ [

3.6 6.3 8.6 (Rating) Increase in 31 45 21 Viscosity at
40C (%) 2 3 The results obtained in the Panel Coker Test summarized
above in Table Il 4 show that the Test Formulation C containing the
détergedt bomnpulitioria thelfSeuiessht dme diorpbosyitisiag (e caitgy eil

of ame al ti xylic. acid,an al
salt of atﬁéﬁglﬁ)g{ﬁ%ﬁolgnd %}i é%r?%egtfgie;? a?‘Z‘? ézlinﬁrJ%Ych %grsf iensa ne
product RV BRINEF detergency 8 performance than Comparative

Formulation cont i xyre.q alkyl

hydroxyaro %IIC cg&%ﬁ?ﬁ%} a m§E fﬂi? I{?g{ﬂig %f%gﬂ}ﬁenol or

Comparative Formulation B containing only (ii) a metal salt_ ofa 11

Mannich copgensaiop ARt RIS M SR AP SR RN SlAmetal
salt of an alkyl hydroxyaromatic carboxylic acid and a metal

salt of an alkyl phenol, and (ii) a metal salt of a Mannich

condensation product;

wherein the sulfur content is in the range of 0.0 weight percent to 0.4
weight percent, the sulfated ash content is in the range of 0.2 weight
percent to 4.0 weight percent, and the phosphorus content is in the
range of 0.005 weight percent to 0.06 weight percent based on the total
weight of the lubricating oil;
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12 collected Test Formulation C performed significantly better than either
of 13 Comparative Formulations A or B. 14 -32 | What is claimed: 2 1. A
low sulfur, low sulfated ash and low phosphorus lubricating oil 3
composition for low emission heavy duty diesel engines 4 comprising: 5
(a) a major amount of an oil of lubricating viscosity; 6 (b) a detergent
composition comprising (i) a mixture of a metal 7 salt of an alkyl

hydroxy agRariFifABIGRY A6 AR ATHRR, & S LohareALoh B ok

(i) a metal salt of a'Mannich 9 condensation product; 10 wherein t
sulfur caMEraromatiamgelspyiE weidiansbrcaimta) eait aflanaliiv phenol to

percent ke el 3k Goa B LSRN A0 3 8RN 12 PRIFERbe of

to 4.0 weight percent, and the phosghorus contentis’in the 1.3 range of =
0.005 wBRRPpueiaH: PE G ircifhbpaveiahinasetiteretben the insameight
of the lubrigriinaiiigdnt barssrinidn (Bhthe ratio of (i) the mixture of a

metal salt of an alkyl 2 hydroxyaromatic carboxylic acid and a metal salt of
an alkyl phenol to 3 (ii) the metal salt of a Mannich condensation product

is in thewmeaeiwind BRIZArueaight ReteRvier20:80 Bﬁ%ﬁéﬂ%@%@_i‘?&ﬂqmatic
on the total weight 5. of the detergent composition; and 6 wherein in (b)(i),
the ratic’Bf S BFEAR e M) SRIRbayRMhaReRLdRin Ik 'aat of

the metgios2l) alcighalsetaherol 29ia0hecighe e &ic8 BlbaL aveiahireersRtweight
to 20:800¥v5§ght percent based on the total weight 9 of (i).

2. The lubricating oil composition of claim 1, wherein the ratio of (i) the
mixture of a metal salt of an alkyl hydroxyaromatic carboxylic acid and
a metal salt of an alkyl phenol {o (ii) the metal salt of a Mannich
condensation product is in the range of 70.30 weight percent to 30:70
weight percent based on the total weight of the detergent composition.

3. The lubricating oil composition of claim 2, wherein the ratio of (i) the
mixture of a metal salt of an alkyl hydroxyaromatic carboxylic acid and
a metal salt of an alkyl phenol to (ii) the metal salt of a Mannich
condensation product is 50:50 weight percent based on the total weight

of the detergent composition.
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10 11 2. The lubricating oil composition of claim 1, wherein the ratio of (i)
the 12 mixture of a metal salt of an alkyl hydroxyaromatic carboxylic acid
and 13 a metal salt of an alkyl phenol to (ii) the metal salt of a Mannich 14
condensation product is in the range of 70:30 weight percent to 30:70 15

weight on:t I the detergent co ition. 16
T The | peo e e RaHE e S e R B e of
mixture bfeannedah bedlodfaaradiy hiygddoaypaoonadiicozativonylicamiititanite I8etal
a metal I | 0. (i | of @ Mannich 19 _
concen<a ! A0 Gl BHEREL EK E T R T RO AN B8 Gt 4060
20 of thav@ligiet gencenhiassidam tB8datad vilightibfi¢iiting oil composition

of claim 1, wherein in (b)(i) the ratio of 2 the metal salt of an alkyl

drox ' i | IS4
ki ranyi"%f"@aoﬁﬁ%’%‘! O Bl SRR Rl of

total wel§RtBEIR! S of i allié sy etmpiistiearbe swipragidnvaddive metal
in (b)(i) S GHtisodIRyhsHBRERIS 2l SiAnalind B&%@ﬁwgéaaw@r@%émgeigm

acid and the metal 7 salt of an alkyl phendl is 50:50 weight percent base
on the tSfa(l')Weight 8 of (i). 9 6. The lubricating oil composition of any one
of the preceding claims, 10 wherein in the detergent composition (b), the

afi<yl grathedopheatiteylofl Loy exyaroaTatieycaneony tiscagid dadihts @aims,
linear chij&% or a.brﬁner)m%e% 12 chain alkyl %?;P?Z or mixtures thereof. 13 7.
The lubNESHRE'AN LSRR GRsT b FarRY B il RPPEP tRAhthg alky!
14 chaimpdkykgseopmitiz herboapttediahiain pik\d greupapitheralkyiakiched
hydroxy rolréjue%t{gé(farbox lic acid in thfgmixt re is in the range of about 16

70:30 tF°aB g2s) O DRIHERHRPY t groups on the alkyl

7. The lubricating oil composition of claim 6, wherein the ratio of the linear
chain alkyl groups to the branched chain alkyl groups on the alkyl
hydrdxyaromatic carboxylic acid in the mixture is in the range of about
70:30 to about 30:70 based on the total alkyl groups on the alkyl

hydroxyaromatic carboxylic acid.

8. The lubricating oil composition of claim 7, wherein the ratio of the linear
chain alkyl groups to the branched chain alkyl groups on the alkyl
hydroxyaromatic carboxylic acid in the mixture is about 50:50 based on

the total alky! groups on the alkyl hydroxyaromatic carboxylic acid.

9. The lubricating oil composition of any one of the preceding claims,
wherein in the detergent composition (b), the alky! group on the alkyi
phenol in (i) is a linear chain or a branched chain alkyl group or

mixtures thereof.

10.  The fu_bri.caﬁng oil composition of claim 8, wherein the ratio of the linear
chain alkyl groups to the branched chain alkyl groups on the alkyl
phenol in the mixture is in the range of about 70:30 to about 30:70
based on the total alkyl groups on the alkyl phenol.
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17 hydroxyaromatic carboxylic acid. 18 8. The lubricating oil composition
of claim 7, wherein the ratio of the linear 19 chain alkyl groups to the
branched chain alkyl groups on the alkyl 20 hydroxyaromatic carboxylic
acid in the mixture is about 50:50 based on 21 the total alkyl groups on

the alkykhyd ' lie acid. 22 9. The lubricating olil .
chflrri postlt-?gén @Sﬁr%ﬂoﬂr@% %?(ER ;? rée%:igg%n éqc?i?rif%,@?,ww eer{reé?nplrl'%tﬁaet'o of the
detergefnesniwitiatkib g ihapslitgl thebipponhikd alkgin 2dkyhgraat inof) tiseaalky!
linear chaj ==\ [ ar 25 mixtures thereof. 26 1

The lub |C§ﬁ%%&‘%ﬁﬁ%§%ﬁ%?\é§§:@¢m 3%%&18%%%{8%%%@ #e “Rséé)rn%e
27 chairlikywgeoambs to the branched chain alkyl groups on the alkyl 28
phenol in the mixture is in the range of about 70:30 to about 30:70 29

bgsed WH@W@%%M'&TWE%%MWSH@'ofetﬁelﬂnlecgaﬁjlﬁ claims,

lubricating oil composition of claim 10, wheréin the ratio of the 2 linear
chain amg%%j RINPR tBarietngamromes Ny (Blothediransher craishaly|
in the W%fBus EnIRSQIRFSRILE S iR RIA HOHIR YT AiNS from 4

phenol. 5 12. The lubricating oil composition of any one of the preceding
claims, S PREr8fPASHR B @R é@iPBsition (b), the branched chain

alkyl 7 group on the alkyl hydroxyaromatic carboxylic acid in (i) has from

4B carlivie AioMsath§biIBOPEEHDA. &F SRirtheduReatingthd branched chain
composit the branched chain 10 alkyl group on

the a|kyf‘m§}§e(§';§irr§rﬁfﬁﬁw gﬁwﬁxﬂwmm@%ﬁﬁ@m&r iffemEes 6

40 carbeoarbtamstoh?s1té. Ahedvbsicaliogmeil composition of claim 13,
wherein the branched chain 13 alkyl group on the alkyl hydroxyaromatic

C?ﬁpoxykﬂ@ﬁﬁ%ﬁ@ﬁi%%iﬁc]odfn FReS tc> nc]z a%%zl%?evrﬁgr%%t?ﬁésbranched chain
alky! group on the alkyl hydroxyaromatic carboxylic acid has from 8

carbon atoms to 20 carbon atoms.

15, The lubricating oil composition of any one of claims 1 fo 11, wherein in
the detergent composition (b), the linear chain alkyl group on the alkyl
hydroxyaromatic carboxylic acid in (i) has from 4 carbon atoms to 60

carbon atoms.

16.  The lubricating oil composition of claim 15, wherein the linear chain
alkyl group on the alkyl hydroxyaromatic carboxylic acid has from 12

carbon atoms to 40 carbon atoms.

17.  The lubricating oil composition of claim 16, wherein the linear chain
alkyl group on the alky! hydroxyaromatic carboxylic acid has from 20

carbon atoms to 30 carbon atoms.

18.  The lubricating oil composition of any one of the preceding claims,
wherein in the detergent composition (b), the branched chain alkyl
group on the alky! phenol in (i) has from 4 carbon atoms to 60 carbon

atoms.
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15 15. The lubricating oil composition of any one of claims 1 to 11,
wherein in 16 the detergent composition (b), the linear chain alkyl group
on the alkyl 17 hydroxyaromatic carboxylic acid in (i) has from 4 carbon
atoms to 60 18 carbon atoms. 19 16. The lubricating oil composition of

; i i in .2 1k :
o o GRAROTEE ABRREVNE ke prapones crar

carbon alsyhgiroan gnthe alkyicakiagadinesrfroosiaradiomiatangs whdteoarbon
the linegjighain 23 alkyl group on the alkyl hydroxyaromatic carboxylic
acid has }rom 20 24 carbon atoms to 30 carbon atoms. 25 18. The

gtyyicating O gRARASH i ' NEI8IDN 4
in%ihe dgtﬂé%tg?t? compogi'tT:c{)%ﬁg %%%%Esgémﬁgfﬂ %[%ﬁ{ ;ﬂfeg%%p on ﬁgham
alkyl phahofl iaraypenftomalkyhniienaldias froen 2 sarbenoatonasds. 20 garbon
19. The Juhicating oil composition of claim 18, wherein the branched

chain 2 alkyl group on the alkyl phenol has from 6 carbon atoms to 40

carbon §RéosrideRilg BIECHRTSHIRECHIGRATISNPLiRRIM & YN8KRBrein in
the branched chain 5 alkyl group on the alkyl phenol has from 8 carbon

atoms td"RFEiRRIRNECaRPRs o (hdhalneairdhaincp ssriem on A alkyl
one of ahiEL LRl haulesaindnBbe Seleigeseersapesiion ) the

linear chain alkyl group on the alkyl 9 phenol in (i) has from 4 carbon

mmsh tTRe mifyml)@aﬁaga?s:;éﬁasalskmlba Wiﬁﬁﬂ??}l&rﬁ%’ﬁﬁm@ﬁ&;ﬁr@;ﬁ%ﬁ%éﬂ
21, wherein the linear chain 11 a roup on the alkyl phenol has from 1
carbon QTBY&&EB%%FB‘S#“{M Qﬁ%ﬁg.l %gszﬁ%éﬁﬂmﬁhatems to 40 carbon

compos#tamef claim 22, wherein the linear chain

23.  The lubricating oil composition of claim 22, wherein the linear chain
alkyl group on the alkyl phenol has from 20 carbon atoms to 30 carbon

atoms.

24.  The lubricating oil composition of any one of the preceding claims,
wherein in the detergent composition (b), the Mannich condensation
_product in (i) is a condensation product of a formaldehyde or an
aldehyde having one carbon atom to 20 carbon atoms, a nitrogen base
selected from ammonia, a lower alkyl amine, polyamine and mixtures

thereof, and an alkyl phenol.

25.  The lubricating oil composition of claim 24, wherein the lower alky!
amine has from one carbon atom to 10 carbon atoms and the
polyamine has from 2 amine nitrogen atoms to 12 amine nitrogen

atoms and 2 carbon atoms fo 40 carbon atoms.

26.  The lubricating oil composition of any one of the preceding claims,
wherein in the detergent composition (b), the Mannich condensation
product in (i} the alky! group on the alkyl phenol is a linear chain or a
branched chain alkyl group or mixtures thereof.
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14 alkyl

group on the alkyl phenol has from 20 carbon atoms to 30 carbon

15 atoms. 16 24. The lubricating oil composition of any one of the
preceding claims, 17 wherein in the detergent composition (b), the
Mannich condensation 18 product in (ii) is a condensation product of a

formaldaide, or Ak 8%%8?5%%%@&9%98&%%%?ngWtﬁgy%ﬁéﬂ?#e?up on

atoms, a nitrogen bas

rom ammonia, a lower a

polyamitfteagyrpenes of thidleshishdandgrgiativeraiodacds aHeanched

lubricati

has from one ca

RARY savPasitign of claim 24, wherein the lower alkyl 23 amine
ﬂ%mtgm to 10 carbon atoms and the 24 polyamine has

from 2 amine nitrogen atoms to 12 amine nitrogen 25 atoms and 2 carbon

st

d 8 kiricRi R RIsCoBRESHiRE RirvlaibntPovbsraiodnilieslatagent
one of theRRaaII(BIRIRS MhWearelhi it IBaLEPIR

R%ﬁﬂ@ﬁ(b(‘l%}xched

the Mannich condensation 28 product in (ii) the alkyl group on the alky

phenol i
thereof.

shaithalkytaEmpra e BlkHcrReNH ARk fotarBPrRtaiRssto 60
cafbdr4ichhg lubricating oil composition of claim 26, wherein the

alkyl group on 2 the alkyl phenol of the Mannich condensation product is

ranched 3 chain alkyl.group. 4 28. The lubricating oil composition of '
e 56 AR A B R a2 oY SR G B anched chain
condengskigirgpsagust imdiiaithg prameiied thechiunmattyogiedgneatibe pheduct
phenol has fﬁo% carbon a%oms 0607 cg?rbon toms. 8 29. The

lubricati 80 Y

group o

_f@ﬁn 6 cﬁhbdhﬁi@ﬁi@@d@mp@ﬁiﬁm.daiGOZQZhHHamioalﬂh@gbm&nched chain
composiipn gt S Bt RRIF BHER P REMSARIBH condensation product

31.

p%%ri 8 BrEEIm% ,\ﬁﬁ g3 anched chain 9 alkyl

n the alkyl phenol of the Mannich condensation product 10 has

has from 8 carbon atoms to 20 carbon atoms.

The lubricating oil composition of claim 26, wherein in the detergent

- composition (b), the Mannich condensation product in (ii) the linear

32.

33.

34,

chain alkyl group on the alkyl phenol has from 4 carbon atoms to 60

carbon atoms,

The lubricating oil composition of ¢laim 31, wherein the linear chain
alkyl group on the alky! phenol of the Mannich condensation product

has from 12 carbon atoms to 40 carbon atoms.

The lubricating oil composition of claim 32, wherein the linear chain
alkyl group on the alkyl phenol of the Mannich condensation product

has from 20 carbon atoms o 30 carbon atoms.

The lubricating oil composition of any one of the preceding claims,
wherein in (i) the alkyl hydroxyaromatic carboxylic acid is an alkyl
hydroxybenzene carboxylic acid, wherein the alkyl group is a 50:50
mixture of a branched chain C;; alkyl group and a linear chain Cygto

Cap alkyl group.
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12 alkyl group on the alkyl phenol of the Mannich condensation product 13
has from 8 carbon atoms to 20 carbon atoms. 14 31. The lubricating oil
composition of claim 26, wherein in the detergent 15 composition (b), the
Mannich condensation product in (ii) the linear 16 chain alkyl group on

thg alkyhipaenghia H?i o) %R'Bﬁé%anyo?ﬂﬁQOé}éE(quggn@fgﬁ%s

The lubricating ol posmon of c aim 31, wherein the linear c
alkyl grouipesaithia éukmméﬂtblgcsﬂmeqwdhmakabnbengatm pesBidenigoire of a

has frong,:la%g ErBfRres (a0 Wﬂﬁ?%ﬁu@aﬁ? gkmedub{&ét %ﬁ%&h

composition of claim 32, w ereln e linear yl group on 't
alkyl ph&feief the Mannich condensation product 23 has from 20 carbon
atoms to 30 carbon atoms. 24 34. The lubricating oil composition of any

ope; of thﬂ’i@ﬁﬁﬁ%@ﬁﬁ%ﬁdﬂ%:ﬁ%d@%ﬁ'ﬁﬁ%@ Btk YhBYshebe@rmadims,
alkyl

carboxylic acid is an 26 hydroxybenzene carboxylic acid, wherein

the alkyMIERENAN(BbiBE Manmish seriensatinmeraishiea seneapstion
and a linpalGhest Graie| 2B&n, @M@raqaeﬂkyﬁéroﬁﬁqét@ﬂﬁaﬁa@éa'cham

composition of any one of the preceding claims, 2 wherein in (i) the alkyl
group ofr th@ KM\ Tt HALEPEmaIg G @R anansraRei aiie C 12

alkyl group and a linear chain C20to C30 alkyl 4 group. 5 36. The
I @ricatifpeiLGomgtirstion @frappsitierobﬂwmpr@nedjﬁmelgimeeoﬁnghga@m

in (ii) the annlch cond nsa aon uc C ation 7 uct 0
iyl ph N ST I, T Eh DB ok B Rt g U ooRyic
group, pmrmffouhiealalkhwbatw arrmhthm%ryhmhmen&e&‘éaﬁbe blbmﬁiﬂﬁ@

oil compo tlon fa one edlnﬁj s, 10 herenthe metal
salt'in eac % rK/Iaﬁ'y oxyar ’i g mﬁé) earth metal.

38.  The lubricating oil compaosition of claim 37, wherein the alkaline earth

metal is calcium.

39.  The lubricating oil composition of claim 38, wherein the sulfur content is
in the range of 0.05 weight percent to 0.3 weight percent based on the
total weight of the lubricating oil.

40.  The lubricating oil composition of claim 39, wherein the sulfur content is
in the range of 0.1 weight percent to 0.2 weight percent based on the
~total weight of the lubricating oil.
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11 acid, the alkyl phenol and the Mannich condensation product is 12
independently an alkali metal or an alkaline earth metal. 13 38. The
lubricating oil composition of claim 37, wherein the alkaline earth 14 metal

is calcium. 15 39. The lubricating oil composition of claim 38, wherein the
sulfur c IS 16.1n t £ ' [ tg 0.3 wei .
et e A B ool laims.
lubricatiwg@ittothpastiifetedfashicoBieniheipithth cangtiot Orfiemeightl parcent

D ¥ IS0 GG R o

total weight of thelubri ricating ol

cempositial | OE AR A BRBIRGEINGr LRIMS 44 WHeSRIRSesulites ash

ash content is in the range of 0.5 weight percent 310 2.0 weig 1t percent
based diPtHebial v EigHesus el dhfieavaigbi pareentine Idbueirigeicent

composyiagfiaie ddarhisigh diguliaipdamty gicontent is in the

range of 0.75 weight percent {0 1.2 weight percent 6 based on the total

weight of{eeBRESEHESH R bofbdshiih | dPHFRIHROHARRBASHIRR Y 8BYns,
one of the preceding claims, 8 wherein the phosphorus content is'in the

range oMIrENIBRRNPERNGHDARMESY Ryt ERRER P Ed DMvaighbrareent

weight %tb@@ta.@gﬁﬂﬁeaﬂeﬂs%ééea g i e g BILER AR 0N RIAIARb I,
43, wherein the phosphorus 11 content is in the range of 0.03 weight

pescentTod I0dneeighy parcemipddthnsed aaihe MIAHERENHES Mifosphorus
lubricatin rﬁ% 13 45. The lubricating ol comPosition of any one of the
orecodiRGUES, MAGRERGR e o KD RREGRI S Gepdrivaignt percent

comprisesseeodr o tetal wsighealingeoilipadiivies sglected from
dispersants, anti-oxidants, 16 viscosity index improvers, corrosion

iABibitorsrenth boaatindribitetsnposition of any one of the preceding claims,
wherein the lubricating oil composition further comprises one or more
lubricating oil additives selected from dispersants, anti-oxidants,

viscosity index improvers, corrosion inhibitors and foam inhibitors.

46. A low sulfur, low sulfated ash and low phosphorus lubricating oil

concentrate for low emission heavy duty diese! engines comprising:

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

(b) a detergent composition according to any one of claims 1 1o 38.
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17 46. A low sulfur, low sulfated ash and low phosphorus lubricating oil 18
concentrate for low emission heavy duty diesel engines comprising: 19
(a) a major amount of an oil of lubricating viscosity; 20 (b) a detergent
composition according to any one of claims 1t0 38. 21 39 147.A

m?thod;(%&heeaﬁquswc%m%s‘m BRAVY IHM LRS! GRURESYEINGIng Qusing

low sulfur, low sulfated ash and low phosphorus lubricating oil 3

composhtisiiEbitiRM S eisienash aamiaw rhasphorgs Aubegateaoil
COMPOSIRRCRATABHSHAS APt B RS, ArieBe Bhial 9f@nd alkyl

hydroxyaromatic carboxylic acid and a metal salt of an alky! phenol, and
%gi) a metal salt of a Mannich condensa_tion‘(@roduct' 7 wherein in the
r I

o of {h AREPFARAECHROFLEN SAMBFSHNGI ISR IAMEtd salt of an

carboxysik@tigdarodaronesat satbekgic aliypenmdri(Ehthe Jneiry seeabRand
9 Mannigh cond nsEé%)r% %Jgoduct is in the range of 80:20 weight percent to

20:80 ¥ AEGH 58 DRI RARRERREIMLRGP SHthe detergent

composition; and 11 wherein in (i), the ratio of the metal salt of an alkyl
hydroxyeneramtic taebatky kit (i thaciddarthef metetaaalbbbanadkyll bherol/iomatic

in the range. of.80:2Q weight perce 3 10,20:80 weight.percent bas n
the o on SRR R o A BRI e TRt b
claim 48lanaithwaulknsaiion produdtasad thehramgblof8pResphight percent to 20:80

whorein S R R o o R B S R LR ano

weight percent, the sulfated ash 18 content is in the range of 0.2 weight

percenttberanie(ghthsartioref isametatisaiwicyp Rt Sytmenrosiaticearboxylic
range %&&BW%t_%%i?@ﬁﬁﬁ%gf?%%@:Qowgimhg?éﬁﬁgt&%ﬁ?éb%ﬁﬁ percent

total weight of the lubricating oil. 21 -
to 20:80 weight percent based on the total weight of (i).

49.  Use of a detergent compasition according to claim 48 in a low sulfur,
low sulfated ash and low phosphorus lubricating oil composition for low
emission heavy duty diesel engines, wherein the sulfur content is in the
range of 0.0 weight percent to 0.4 weight percent, the sulfated ash
content is in the range of 0.2 weight percent to 4.0 weight percent, and
the phosphorus content is in the range of 0.005 weight percent to 0.06
weight percent based on the total weight of the lubricating oil.
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