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1 TITLE 2 ANTI-WEAR ADDI TI VE COVWPCSI TION FOR A LOW
SULFUR. LOW 3 SULFATED ASH AND LOW PHOSPHORUS

LUBRI CATING O L 4 COWGOSI TI ON FOR HEAVY DUTY DI ESEL
ENGNES 5 6 FIELD OF THE | NVENTI ON 7 The present
invention is directed to a | ow sulfur, |ow sulfated
ash and | ow 8 phosphorus Iypfgcating oil conposition
for | ow em ssion heavy duty dresel 9 engl nes
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total weight of the 12 [ubri cat| ng oil. The present
invention is also directed to a |low sul fur, [ow 13
sul fated ash and | 0 icating oil
concentrate conpri gm@@fﬁl IONf | ubri cat | ng

t percent of an

ﬁ'}@f’fgr%?'@ta in'.?gr? bfstf fﬁ@'fﬁe@f%@fw ﬁaﬁ%premwiiatﬁa aghandjow
r@shhctus BB DICAASEaRN R} lod BrREABH HoNIRER dset

the total weig

egpinBsEan/SNTY (@) d Siditrcamounttof sl aibef Iubmamgp\luscosity and (b)

ytor-driven

nmbusti on .en |nes unted on
af [east 2 wielg TRaM e 28dtis GopRASTOR R agng 2
nistsy W@Maﬁni@h‘ en%Qtléﬁ' Bf&itﬁ?ﬁa&éd off I'th<k1@(‘ f"?}%%‘?’%’g,’“ of the

which is a tuel having a s r content

ticatingoi. Tl?he&pmser%mventm@ alsdoditedterbto a dovw sylfor, Ilcsw
22 sul fur content,

Sl&f?ﬁ?@%?h%'{' 9W@?@%PB GisTalrdling Puceisenivals Sompiis (@) an
iR MuBACSRTY and A s‘?ﬁ %it TEs DMwdigit Z;Sé%c%npof"ﬁr'l dhfi-wear

per cent, us cont ent approxi mat el y

aditive oompmstum ngmprmmg:a metabsalt @‘& Manmaimondensatiun e
nd petrol eum 27

p‘@&”ﬁ%ﬁ gi[ &iq pf%:@g@ﬂ&qﬁeil&; *lubricating oil

systenms that have |ow 28 emi ssi o_ns and better fuel
econony for hEAOKGROUNDESE THRINVENTIONI 29

ronmental pol ['utTon cause y em s3Tons rrom di esel

engi nes may_ conprise
Heavy duty diesel internal combustlon 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 approxi-
mately 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 to reduce air pollution, 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. Envi-

ronmental poliution caused by emissions from diesel engines may comprise
particutates and carbon oxides, sulfur oxides and nitrogen oxides. Diesel ‘
engine manufaciurers have started to equip diesel engines with exhaust after-
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30 particul ates and carbon oxi des, sulfur oxides and
ni trogen oxi des. Diesel 31 engi ne manufacturers have
started to equip diesel engines with exhaust after- -i
| treatnent devices containing particulate filters,
oxi dation catalysts and 2 reduction catalysts to

troainaerd dmmelsmmmmlag partdliatesiiiteds, RdduationecHtalgbisaardi
e diesel engines

tefietion et fhohua S SabRal ozc engl
BHISthieF08! AdPReALSH tlngrlzﬂl ised toﬁuﬁﬁ&)’t@'l{g}és%n %hbi{'léést%‘iiltribute

anti - wear agents an oxl dant's SucC as z
o paﬂfwmes@arm oxites fsursigh aneis sicos fitoni Higsel elmglneduct i on
t he 0x

CantatTioBahy Hood sl acnieptd Pofebllanis) suh as Hie di-alkyl
diaaibhvaphatas CdoritfSutedo Fad@EHORLIA thS aetivity &&Hé‘dﬁddaltlogl

after-treatnent devices. The zinc in zinc di-al

antalysigpHisp Frrdustiondly phpspharualevels rasiuces e ﬂaaetwed@n of the

AR A b SR EAd vt o

thiophospinates maynalsbeohtibuté & smigated |ash6)vmd‘;ﬁ>hﬁa§1 clbfehe
oxJ dat | on catal ysts from 12 deterioration an

tees.cTbegforg, Biere iwapmedite dlegrease ﬂwemsphgws and

P A o 1 B B
daedriorgtion and @ breient te Hobyingsitha paiticuldlb itorn 16

combusti bl e ash deposits in diesel engines becone
trapped in the channels of 17 diesel engi ne exhaust

A‘f@%uésigﬁéj%:ﬁ Hgﬁ‘éérn i Shifated a%WH’e‘?rWe'd‘fﬂﬁh tlHé‘Qéft&Bf afkeli Ghlys

esel engines are al

alialine marthwhetahdetergerﬂaichttwes ih Hwbnc‘aﬁngdnﬂ tTheenon-
Sul fur in diesel

conpopents.a il. i
ceg%gﬁl?lg@spﬂe%q 3@8@ engings KrRECE| trapnsd ‘MF‘%I‘F annels of
ARSPE o LANB0R e JAiRbURRS It 82t ifth i Soricahind il
uped i diebelt endines aresalsa highainysuliur gont dublshlorwtee in the

d h th | f
il EERRpReHR i el el Stk dige o esls B bolyartacito
stlfuriceddid EMd‘&ﬁlféie‘%gNﬁtBﬁ em'graté 0 ﬂieeéxhéd‘éﬂ as ety alawces

to their nmss. he sulfuric acid and the sul fates al so

anb P@@tﬂbuteetoztbeozarﬁmﬂaf@ﬁ that clog $hes partlculaée fitersupthepyy duty
BTG LS pU TR W04 ST olasi Bty
cdritifiteadichiygirtg the particulate filters by wetting the particulates, thus
adding to their mass. The sulfuric acid and the sulfates also poison the
oxidation catalysts in the exhaust gas cleaning devices which may also result
in failure to meet emission requirements. Thus, for continued functioning of
these particulate traps and oxidation catalysts, it is essential that the sulfur
and sulfated ash content in the lubricating oil is lowered considerably

compared to the conventional diesel engine lubricating oils.

A number of patents and patent applications have discussed methods for

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

phosphorus lubricating oil compositions, but none have disclosed a low sulfur,
-2
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27 these particulate traps and oxidation catal ysts, it
is essential that the sulfur 28 and sulfated ash
content in the lubricating oil is |lowered considerably

29 conpared to the conventional diesel engine
| ubricating oils.. 30 31 A nunber of patents and

fow eullfataﬂ pishcng Iowsahmwbomsslubsisatmgmt tardposition cdmhprising
d t ' . and f

B Gl Al b S R SPRsREe Mantsdfidprsffion

pﬂiﬁmﬁ forizPlb®s effiskionliBsdlaRyint, HERAhe drfivwest Additive

| 1ow sul fated ash and ['ow phosphorus [ubricating

6@ﬂnp@§ntipa$$ gisorpreddivgidatergengyan anti -wear additive
conposition conprising a Manni ch condensation 3
product for a | ow em ssion diesel engine, wherein the

Gahadiaﬁd?atéﬂmm 810120 discipess bllwl'ldaftlngkﬁl%o@lﬁ |ﬁbl’ﬂg
det er.genc Canadi an Patent 10120 di scl oses

%Pmewne é%% iy émlfat@fé& @sbandi lew visansity reaction preductoptained
t ' .
B INhES o A AR St R 0 BF Bk de.of a
slﬂfumed@ﬂejlptmnodm admixpheoxitiiia Mdnrdcl? basé teudtae dvith carbon

@I)kﬁl phenol in adm xture with a Manni ch base reacted
¥Hecarbon 10 dioxide. 12- U. S. Patent No.

4,089, 791 di scloses a lubricating oil conposition
conprising 13 a major portion of a m neral

WuBrPatent Ng. 4j089a7¢d dl‘sdoseaadummg glincarpoditise domipfising
of a, tri-al kanol am ne

al kaline.earth netal  co und
T BArieh gf a RYBPEE 5&55%9 g 6l @y Rings RBIUNS e pg overbased
t I
dl!@ﬁirh%&aﬁfganﬁfeté?%ﬁtg&nﬁegﬁghé E?ce%?g!dﬂn?lﬁg d{@‘&?@\;ﬁv dé—lwdro%arbyl
d1-¢i3loph®¢phate fm‘rre{jumm of tmnr[Q?We:gBt ldss $h aRdttemalpmbustion

4, 330 0 clo Iow | ow sphorus nmotor oils

St yifig PlaTo0 LA oy Ash 2oH rustip PR SoP& RS Ll « of

the add|t| on of synergl stic 20 anobunts of a di-alkyl
phenyl am ne anti-oxi dant and of a sul furized 21

Lbo3 ﬁﬂtemt MNo. 4rB§0.§§2ﬁeifgrle$esbi@ma@‘n low grhosphamiisi motmsnls
decreas hor
HEQBRAbRfH GRtatdttsiablinhas piatinal Hadaion BPSTRIGItE
amounts of a di-alkyl di-phenylamine anti-oxidant and of a sulfurized
polyolefin. The synergism between the two additives compensates for the
decreased amount of phosphorus in the form of zinc di-thiophosphate such

that the oils retain an SE quality rating.

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

0.01:1 10 0.2;2,




N G B W N e

10
11
12
13
14
15

16
17
18
19
20
21

22
23
24
25
26
27

28
29
30
31

23 that the oils retain an SE quality rating. 24 25
U S. Patent No. 5,102,566 discloses a | ow sulfated
ash lubricating oil 26 conposition which conprises a
base oil, at |east about 2 weight percent of an 27
ashl ess nitrogen- or ester-containing dispersant, an

Ui, S: FalteritiMo. HUIGH Y40 allﬁckﬁ%sﬂabﬁdsatmlg o:l&minp@s;ﬂmths and

sol ubI e di - hydr gcar byI di -t hi ophosphate antj - %

feRgant %’ﬂ es ﬁ‘P\'HaW'f"Q:ﬁ gk gnefak eyex a@ﬁjf saltscef %?sfhomvélc' and
t {

Bt gl HEh Aot S of GEIB SBbolld Bavirtid it ratio

total
Gflatdeasti3 pr.bvicted)thﬁt the luBﬂcatmg cBmplesitientis Nee &f oammms

di t t
SuBeSed Salt Sradiil hpunde T ek e srelal @B dreates than,3

ﬁﬁovib@dﬁﬁét’iﬁe%ﬁﬁéé’c&ga&ﬁn &% ﬁ&%e&aﬂmghéguﬁvsmﬁégéh

salts of acidic conrpoun aving a netal ratio
salts| kandng 3 metel raliocgreater thare3! ubri cating conposition
is free of calciumb5 overbased salts of acidic

G anPHER Noa b, D254 HlsPlos? ) OnBiaRbe oliPesiio for jptemal
Gmﬂbmidnférigilﬁ?éd)ﬁé\ﬂ%g ahightérapSitireshRai®isgbsitpbf lom 2.1 to
reater than Patent No. 6, 114, 288 di scl oses

lgss than %thRgs,awher@ﬂhtb@dubn@atlngobasa@lbewapm@s (1) a zinc di-

RIS HibGrogite o) A Gl oot CHEE Y cAdaART
alldsadicylatdant ldomm@iel ofgalciae akyl amrmagﬁ@ﬁuﬁﬂalkﬁsanoytate
di- 1|l alkyl -thio hos(p!_hate a netallic

sk ntignally gletlpn h@dﬂh@%&iﬂ&ﬁ!k@@fﬂ@%lﬂ% OYRFORNES
j f
t%isgn rg%af%%gﬂn rg(r@)tlﬁ%rl C |on no |f#@8v'ﬁﬁg%ﬁ s/ il ©

sevbrd labticaliprocéndibonmsi ti on overcones 14 the probl ens
of scuffing and the wear resistance of noving parts

I i. i di 6 U S,
X Bt RN (6 159 YT disonsta 8 bnalidi olbcrmiesiion
c@ﬁtamgta mae bi HeRB I brioPmord treéthlic @@fé?géﬁ& t%ﬁer%nts

nore netallic detergents-di spersants 18 sélected from
selestay Giomerhasg @ ;zerhamc aikalinetaaripenatal sulfonatat phenolate and

a i cyl a tota haosphor us
Sgpﬁi’?agﬁt L@'\Batpf?é pi‘l cgﬂiqrg og E\b%p%@ggaﬁpe i§ Sippressed to
100 parts per million by we:ght or less, to thereby provide diesel engine oit

compositions having oxidation stability and wear resistance.

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

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

amounts of an ashless anti-wear additive and a metal detergent in the form of
-4 -
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20 100 parts per mllion by weight or less, to thereby
provi de di esel engine oil 21 conpositions having

oxi dation stability and wear resistance. 22 U S
Patent No. 6,162,770 di scl oses an un-sul furi zed,

al kali netal -free, 23 detergent-dispersant conposition

tipam nyerbased abetat deevgent He0tgd FENbbkaideast 300, mame 10%

0 0
O I T MY
I@b&t’ﬂvﬁﬁédrﬁéﬂtéﬁt@ andop (;B‘%{Tﬁ@%itde@é}géﬁb’othéi/ma?ﬂl)z Srovided that,

al kaline earth doubl e aromatic-ri ng salicylates as
if Qﬁ@ra@tt(h)elsrﬁieéemtathaacmpwtlen dgee not eentain a minor amount of

8 E¥rafei i 4l 40 BeleiigEb.0 mabq ercensop s totg! mass

(ﬁ‘tﬁé’éoﬁ%smdncl oses a marine d| esel | ubri cant
conposition 29 having a TBN of at |east 10 and

preferably a VI of at |least 90, conprise a 30 major
| Lty . _

37 Uchl N 0 51 AR B R0 497180k o 0BH i

adﬂtheﬁ{ebaseiom canﬂmlsmdaatl'esivg@én Itonﬁltdﬂdqrﬁérhm_;%flqscoéltyl of at
ergent having a

'é%%@oﬁgﬁ%%%e"?ﬁ&ﬂé Egglﬁtﬂ 9tC padst V'%@Eﬁ'tYdﬂ@eX of at least
TR R RIS R MY S 0 ot
hydmca(byl-sugsbweté phemaltdetepgent pdwidzersgm]iro(/ed yalve train wear,

sent, .the conppsitjon dges pot contain a mnor
V‘Eﬂr@ﬂﬂge%‘fm'r‘sm&?ﬁg%& h‘% g%wlﬂ}%seé@asme@e bei ng up to
5.0 nmass percent on the tot al mass 6 of the
conposition. 7 8 U S. Patent Nos. 6,331,510 and

Us S RatadNali 8,37 6sid4adisclbsesabe cornposition whigh isSsuitably
uB¥R ool SR whRBrgaush et aontiet iRk Bioxides. The
cbﬁp&sﬁn&n%xﬁ@ﬂ)s (ﬁirrdsmﬁ%aﬁ fev@nile Rﬁjérb{eé ﬁg&?ﬁs%ulﬁlr

| east 11 110; (b) a disp ersant Vi COSIt Tier
digiilese ) The lubefapmpositiorn mhldeermllubeehasnmsl a component (A)

WP 8 P TAT So bt = Sibymiitiot Bl e B s
sulfﬁriate@bﬁalkbmélééﬁh nithl, oc}embdwnaf& ofldikalirfe Shrtfe-

Pat ent No. 376, 434 di scl oses a be conposition
mggale ﬁnﬂspvgma%ﬁsl salicglatewef allaling e@@n meatgisnead weamponent

(EPWRER s & BiHE PR RIS RmAle Sothptiiind!i 0xi des. The

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

detergent and zinc di-thiophosphate.

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

-5.
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17 conposition exhibits corrosion/wear preventive
properties agai nst sulfur 18 di oxides. The tube
conmposition includes a | ube base oil, a conmponent (A)
19 which is a conpound sel ected froma group

consi sting of overbased 20 sul fonates of al kaline
ebotganiveacitls mﬂnerdﬂe@énp bemmbeﬂ;:oof ofa I(Il) al metal salt ohanl

ks e ST syl igi b cheldl, b7 BnEBbla et
SHE6f &h ﬁhﬂﬁaﬂ@ﬂé’r‘%ﬁﬁw #dd lelnd% migediealt d¥e: pieno n&@Bibricating

di scloses a lubricating oil for Internal combustion
oil cemgosition ésipispiraving oxidsttion resistancesishadubinegting o4

Sl Poston AR e ool dosBHoh i Rl i oo

E6mpbsiReh FAeks tikariDI0phHASS M ﬁﬁ@bﬂtﬂé Rost 0i50ihbes %
reducti on agent, a netal type 27 detergent and zinc

ispeplivainhasedtan thegnassoitheil sanpositio,. lthasalsa hgen

ed
ARERRET gL PG e flon 30 et
wetal kal bf eprmcivetis caricdylis abidsnpirovsgthiel redaciiolsin wear in an
wherein the detergent conposition 32 conprises nore
eNgRe-50 ol e percent, based on the moles of the netal
salts -5 1 of organic acids in the detergent
conposition, of: (1) a netal salt of an 2 aromatic
Ewopeay FatertcAphlication Nb). 0420752, 1{Rublicdtion MbEBI1, 256 619

A i it asiof Mot B0 end -5 it RablegionNO.

/ha SW?PhbﬂléHﬁoB%o'lﬁ@rz@bBﬂﬁl%’?‘lé Qs 68 UM oi
R W ;

bri‘cating oil mposi ti on, erei n t he anoun
can‘mmﬂaﬂmhmmpnang (sk)la‘nwnf oﬂubheatmg vnsﬁositynima inaa‘njonaimunt

aribasiad erso” (g delsronH ARRIBSTAN SarEPising one of rore metal
dé?@@r@ﬁté WRth dodmpisesahél B8R or értja?ﬁ&“ﬁcﬁg ah aammor ang/ount

ent conposition conprising nore than 50 nole %
Meralrahaei@ergeat composition comprises amr@diaymw molajpercent ofa

s, t he red ctl 10 e

bRl LR #h BT RO R 2R JESEIet Bfthe Hhetal
safty *é'f begni®Aacitie in B 6&5 éift%o shioh, ‘éﬁﬂ'{@f) onetdidhamco-

as of rch 5, 2005, at ent {JI i cation NO
additives, in a minor amount; wherein the total amounts of phosphorus and
sulfur derived from (B) or (C) or both (B) and (C) are less than 0.1 mass p% of
phosphorus and at the most 0.5 mass % of sulfur, based on the mass of the
oil composition. It has been found that a detergent composition comprising

more than 50 mole % of a metal salt of an aromatic carboxylic acid improves

the reduction in wear in an engine.

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

-6-
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14 10/ 142,513 (Publication No. US 2003/0096716 Al)

di sclose a lubricating oil 15 conposition conprising:
(A) an oil of lubricating viscosity, in a ngjor anount
16 and added thereto: (B) a detergent conposition

conpr|3|n one or nore netal 17 detergents which
djpphosehatesa gincgiialiylaryl @rtgmmhosaba@s and mnzpxidation inhibitor

ekdh nt, conposi,tion
38R fromta MRS ool o RN ERBRUE. 568 3pmipg compound,
aabita nfol;&rdeaunﬁﬁbmtelrmg b@mbbh@ whekin BaagsloPthelgidsphorus
nol es. of .t he salts of organic acids in the

gevienge fh%%gkﬁ b‘i’i—thmbowyat@rt@ tae phesrharys cgzntent of the

gﬁn%h%tasﬁg?wl ﬁ'o@b or uéhgﬂégg%t \Aﬁ%ﬁgg (geérglh1e g; 5)L'r‘ om ( B)

or (C or both (B) and (C) are less than 0.1 nmass p%

BripriatioRaLERRaton AL WD 20RS tssga?aﬁé‘?c?éaé?;;ﬁg =y
S8 100 oo B RS GRTIG HBl ggol

mluge prasticWatezerbissipns of aodldsequmgmeeqwaﬁed dthr 2 gadicutate
wear in an engine. 27 28 U S. Patent Application
" 10/ 430,594 (Publication No. US 2003/0216266 29
Al') discloses a lubricating oil conposition enployable
in conmbination with a 30 | ow sul fur content fuel oil
is preferably coBidBMARY OF PHEAINVENTMN NG a sul fur
31 content of at nost 0.2 weight percent, an ashl ess

e BB AR 48010 Ao T g Rl ash and ow
pheisphonmiubricatirg &Bc@iﬁb@étﬂ@:ﬁﬂforqgﬂﬂ érhi%'slaﬁl t?éav?rcﬁﬂjﬂ dfesel
acid netal salt, a zinc di

qNGINsHERIPRESIAY (B) 2 mﬁjowmaunw%/.arypﬂ of luuﬁpamsmmuty and (b)

A2 GEPEL B B st R SRS o

neetdl salbof & hEmich comdarisation mwmﬁmw\dﬁﬁh@ltﬁta@\nfeﬁht@f the
4 content of the zinc di-al k&@,l
oy

the p hor us
'lﬁq“qaﬁﬂaalaos resept ‘!"H%ntrfﬂfb'§|cﬂ1\§9 dge@f@ﬂtt@mlomsul

sypaiiehl o Mo VRSO coPed A B o o

ol 0b kiboitatieg viscosdity ahd @)&tﬂhastlmweig‘ht &ei'adm of ahiangi-wears

l t t th al
a‘é@n{tnyg p%%%nt{og{c&rggﬁsﬁﬁg aI mnetC ft o? Il\?gnr\]’}/lch co%dex?sygtlon

product based on the total weight of the lubricating oil.

The Mannich condensation product employed in the anti-wear additive
composition of the present invention surpnsmgly shows antl-wear
performance while maintaining good detergency

Specifically, the present invention is directed to a low sulfur, low sulfated ash
and low phosphorus lubricating oil composition for low emission heavy duty

diesel engines comprising:

(a)  a major amount of an oil of lubricating viscosity; and
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9 reduce particulate em ssions of a diesel engine
equi pped with a particulate 10 trap. 12 SUMVARY OF

THE | NVENTI ON 13 The present invention is directed to
a low sulfur, low sulfated ash and | ow 14 phosphorus
| ubrjcating oil conposition for |ow em ssion heavy

dut ybai esalileas 2wgiaht peresin of anwytitwgaraddijve Campesition
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| east 2 wel rcen
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ventlon is a
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| ubricating viscosity an | east
F)ﬁf cghit tOpEEhQué r12 \mughtpmnent basad mtfmjhutahwmgbmfptbeulmbrmﬁng

FPERDS oM Pre@Patly Fre G Gb=Bpnat 55 BEANAT s ng

cmddenaatﬂm prm |sc;5rerémslgrfﬁﬁh I2BBuPs Qﬁbi@ﬁt pireb B Gbont 9

the anti-wear additive osition of the present

weigbhpersantibagad en g gﬁtalnwghh@&theMuc@agmﬂrmmw

PR EsCiehorBbl B, BRRE ST ACRRIagmT BT Har progypt s

malefrattly tﬂroims hboat74 ARIGHt PeredtIe RObUST7 MightqRircat tsaded on

onposi tio oW em ssj on heavy duty 8 di esel
ﬂé@l&?tﬁle‘gelgbﬁﬁfﬂ"ﬁ 'HQ”C@IQ"SX@) cempasiienanount of an oil of
| ubricating viscosity; and -7 | (b) at | east 2 wei ght

TRE RS AkicAcoRRe afon‘é@r@?u@f{ﬂgﬂg‘% %gg@igélcgmposﬁlon

conprising a ne

ipthedubtictirepdil oBtrmrprebenitmvmtlomsgﬂépaﬁedtmn a formaldehyde
4 In the lubricating oil

Iubrl t oi,l conposi tion.
Hﬁé‘iﬁa? fing RRE SRERRYIhatom, iAkeWNI O GarbeR @Ry, @ Ridregen
bﬁ@é‘ %@@d&i frgﬁh m@fqn@?ﬁ‘% NP B msﬂﬁ@% 3ét bggam:ﬁéi ﬁﬁ& miftures

from about percent ‘to a
tt‘gmeafeﬂndtm:sal&ylphenﬁe total weight of the | ubrl cating
7 oil conposition. Mdre preferably the concentration

Manni ¢ ens tio duct is era
The AL NP 5 o aRVPHERRCHNBIRYBEIB Biomare the Rhdirich ¥
condensation product in the anti-wear additive composition (b) is a linear
chain or a branched chain alkyl group. Preferably the alkyl group on the
alkylpheno! employed to prepare the Mannich condensation product is a

branched chain alkyl group.

Preferably the branched chain alkyl group on the alkylphenol employed to
prepare the Mannich condensation product in the anti-wear additive
composition (b) has from about 4 carbon atoms to about 60 carbon atoms.
More preferably the alkyl group on the alkylphenol has from about 6 carbon
atoms to about 40 carbon atoms. Most preferably the alkyl group on the
alkylphenol has from about 8 carbon atoms to about 20 carbon atoms.
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9 wei ght percent based on the total weight of the
| ubricating oil conposition, 10 and nost preferably
the concentration of the Mannich condensati on product

is 11 preferably from about 4 weight percent to about
wei ght of the

%_\NEI sed on 12 the total
hﬁﬁ’@%%}f(%gu Sy f% AERionef the Mannigh epndensation product
?Q&Q‘ﬁl&&@l&ﬂ@%apiﬁ@% %érbf) 'aﬁoﬁﬂ a%%h{ 1?‘%@ bcﬁ'ﬂgfotrﬁéé elgﬁferably

onposi tion ubrlca
thﬂ/a!dehm!e |ssfopmalpiehyde farahmeré prefataﬂﬁgh& (teparwomnaldehyde

"al dehyde having one carbon atomto about 10 carbon

atons, a nitrogen 16 base selected from anmonia, a

Wbmtr@drybammelec@e@ﬁbwmnnmrﬁ@,da lower@lieg andiie, wherein the
18 The al kyl group on the

{p( eof , .and an ab él henol
g M{@"BHM@S Qiisrashen alemie @bart 10 KarhenwoRIs, agpoly amine
t
REVIAG2cS iy 2 AIRE ritfedcTPalily als fo 2B6LE Kl Zarbon atoms.
chain al kyl group. Preferably the al kyl group on the

PR PRSI TR 5 8 AR e BPHED cypensn
[g;\odupt is 28oRee Bikyhbiming, vehdremntbberkyt beoup Hb#mhegfa@bum atom

Dhoh Y BRPToRtoRRe T HEr oM ikl ar?{néﬁéraiutalﬂﬁ wenpsmine,
mﬂnbhefiné@! é}ﬁ%; rl{/ﬂti)(gH ﬂ)]g’;era 'y e%‘?ﬁ?yff’hglﬁ‘%ﬁ%h"'

60 carbon ato
blﬂyltafmnalanﬂl rpbmx{pnlentydanﬁmem\.ktre \referatsly tios all&¥ nrinoR@mine is

to_ ab %ﬁyﬁo carbon atons. Most preferably the al kyl

BRF B3RS al kyl phenol has from about 8 carbon
atons to about 20 carbon atonms. -8 1 The al dehyde

sef for th preparation of the Mannich condensati on
T&%‘Eﬁjﬁm'f‘? yaeton waaration ofghe Mannieh sendensatios

f or nal %@ﬁ%ﬂo E 65’% @% dnd ?’O%ﬂ(ﬁélgeeﬁé‘@gﬂlﬁes

par aforrral dehyde. 4 The nitrogen base is selected from

R eaSunB8Enas G n bRkl Bl Eaebafion o Bhe htosen

lmmhyon,ﬁeewlﬁ'i rielv cogdéndatioarutiudidn e BAtINEAreaRItivas ons
and 2.to 0 carbon atons 7 Preferably the

CampPPsiten (Eﬁ%’r%@reﬂrf@’ﬁraé'b%ﬂ‘ﬂpl'@ﬂ()'d?h@fﬁ@ mﬁikﬂmmup on
tffé)é!ﬂﬁﬁﬁéﬁ %‘ a tﬁ‘ ﬁ&?éHJEﬁal Sl ﬁ?&ﬂjj;p%wﬁé g‘{(’gﬁ}"‘%”t 8 carbon

wherei n t rou as 0
atoms to about 20 carbon atoms paraformaldehyde and mono-methyl amine.

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

Preferably the sulfur content of the lubricating oil 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 sulfur
content of the lubricating oil composition of the present invention is in the
range of 0.05 weight percent to about 0.3 weight percent based on the total
weight of the lubricating oil. Most preferably the sulfur content of the |
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9 to about 10 carbon atons. The |ower alkyl amne is
an al kyl nono-am ne, 10 such as nono-net hyl am ne,
nono- et hyl am ne, nono-propyl am ne, nono | | butyl
am ne and nono-pentyl am ne. Mre preferably the al kyl
nmono-amne is 12 nono-nethyl am ne. 13 The pol yam ne

M@ﬁéaﬂu 6if chiposition af #id preseht inventibm iy iblthe eangmefdiion
uct incl udes m)no aI kyl ene pol yam nes and

W@IQF&PRWS@h@ aboyt{h2 neaight percent bassdareinedetal welaht Rl he

ricating oil conp03|t|on of the present 16
@%gé&&%&i) t he Manni ch condensati on product in the

anti-wear. additive 17 conposition (b) is prepared
Prefenably thielsyilfatezhash voretest of thiedubiicatinggibcgmpositiarg of the

ek lbSaston 47 ubh a5 G A0l daflte6 A ein
'?%r?gﬁt b&@&ér@fﬂ%@aﬂ%@wﬂhmﬁham Abrecprefetfbilithe

In the netal a Manni ch™ condensati on
suifated asimagnieat afthedubticating elecernpositiam ofthexpresentiavention

15 e 8 FFRWhnd el v ol 8 bk chy BR g he

o6&l Weight of Sh&ubirREARY Bil! Most Wréféf‘atﬂ@ tHeesd Ifaﬂé% t58A content of

|'ubricating oil conposition of present

tha\hquwnguosi qupqsgthmefgtbe@es&m smeer;jlﬁm ipdn thenkangg of 0.5

A8t} eotetint Bl 5 R pBRoqEREe Br B (b feidtf F 3l

Igovid=Amg it the lubricating oil conposition of the
present invention is in the 27 range of 0.05 wei ght

ercent to about 0.3 wei g%ht percent based on the tat
Fratatabiyihe SRoSHROTSISPNEROH 6 lPHORIRG of CemmoRgiop aHiae
I
SHHPEET P s b OS B h g 0on
pwd:@’tttba@ed Qﬁrmr?ttote?bmght @f ﬂw\&bjbglbhtilp@ oite Moreaweftrably the
vve t 0 ricati

he tot al . 4 . .
pﬁapgpagﬁ%qw & v Ibdigatiag ofl GRS t?fﬁhemﬁffr&é@\f%'on
|§glnth§%pﬁg'og e} m&?fg %@ﬁ?f E%%&g%o'g(ﬁﬁ Wé.%t ;ﬁircém Bd¥d on
tlpmtcdalrWefghiseﬂttmriubmtmml Mespprieferablythel phsnSpbatuwntent

i b h ul f d
of s bR 6 Eé%aeéwtgn?qf > bresenbinypallef D Bhgh of
0&33 ﬁieight bBRedrit i@ absit §.03 w&gweresﬁp@éged én akotdtaldvéight of

percent based on th
the Iubncatmg oil.

The above lubricating oil composition further comprises one or more
lubricating oil additives selected from detergents, dispersants, anti-oxidants,

viscosity index improvers, corrosion inhibitors, anti-wear agents, friction

modifiers, pour point depressants and foam inhibitors.

Preferably the above lubricating oil composition further comprises one or
more dispersants. More preferably the dispersants are ashless dispersants.
Most preferably the ashless dispersants are derivatives of succinic anhydride.
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9 total weight of the lubricating oil. Mst preferably
the sulfated ash content of 10 the lubricating oil
conmposition of the present invention is in the range
of 0.5 11 weight percent to about 1.2 weight percent
based on the total weight of the 12 |lubricating oil.
The ulericatinplofl admepqiticrpbitthepresentémeentiontrhay also contain

VGRS BHER LRproBREBAG o8 Do BlkybiS tiatrJaless ihytene-propylene
adsul m@ré?%t%ﬁhgfﬂutadién@%ﬁélS}Fne*i’é‘éﬁS plyidditehel al
wei ght of the lubricating oil. Mire preferably the 16

Ehosp.hor_us_ content of the lubricating oil conposition
prrpgienirbibitars ang, anli-ogidantsroptionially cheteraplgeddor se irsthe

WEHE Pt GFtHe 8 BROH omioTT e aRGRGFH nfiBEBSoRites and
derdlatived oy di-premfiemniher us content 19 of the _
| ubricating oil conposition of the present invention

is. in the range of 20 0.03 wei ght percent to about .
e@&%ﬂgh@-ﬁb@rm Bigsanay Alsorre nstusied g tam jubsicating oil
éd?ﬁ%éé?t?éd Bﬁﬂie[}ﬂ'eﬁbht ingéntidto? D! WelF. Fiogher ot thay be
conposition further conprises oné or nore
advantagedusdoaiontratithiet amesntsefl theseddditives Detcauspethesr, metal

SRR Sy ashin Mk lubiicafng Ohand e Bhosgiarus will be
pru o _ . p N

Meliriit0 S SxIRE A SR ety Bl SORTRALH MctBC MYTu

thiophosphates are zinecandcmojybidssemosadtswof di-alkybdisthiophosphates.

di spersants. More preferably the dispersants are

hl i ts. 28 t bl he. ashl
TP S eH Pl e L8olfa8 rpPag R Pimbr R -~
chafbdteridis!toine AricAng oll coRiRRRichl, WseTi! fribRo® hRfFRfYrs are

i nvention may al so contain 2 viscosity index inprovers

fatheacid estrysyand@midestanstmplybdesyumesampeuids, suph s esning-

rPHetED SontieK EaFpBnd Rnf o RPEaMRE R bamatann o
Hemtevengit siowldieongteatiest theadditioni of rhdigb8ehwrardicat i ng
Qil of the present .invention are netal di-alk

) | di - al kyl iy

ﬂu?cqrhamaﬁ%%wb%@eaﬁantﬂéuwew!ﬂ&ﬁ@mh@ncatmg;ﬁiﬁymposmon
' (P ks t-hi ophosphates may al so be
aﬁﬁ‘gpﬁgtggé\%{@htggleﬁ%pﬁg m%ﬂ-'bil 8 conposition of the
present invention to control wear. However, it may be

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.

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

for low emission heavy duty diesel engines comprising:

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

concentrate; and
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9 advantageous to control the anopunt of these

addi tives because their nmetal 10 contributes to
sulfated ash in the lubricating oil and the phosphorus
will be I I harnful to the exhaust gas oxidation

catalysts. Exanples of netal di-alkyl di- 12 .
t hi @dhospiradsls? weight peecant f aBiaptioermaddiiivescomposition

di - al kyl g, =% b FVipi fricti

a1 o SThpsthE HREeS ?ﬁ%gf? “@%%”'%'?E%@‘j?é*’ﬁt'gh ibté} based
char act eorn #tel total weighteofithd tubriziating of)iconspogitizgi. t i on.
Useful friction nodifiers are 15 fatty acid esters

A a1 il Jev SRR HREvhaNytsiess Anoines. which
e o SRSty Bl Hhlsphorus

lbricating et somipositionsginprisings t he | ubricating oil
conposition 19 and sulfated ash to the exhaust

Sy m ' epr essant s. | ower the

¢ oNaEr el AR A R atin Wisstirand . can e
poured. Additives that optinize the |ow tenperature

f1 @)i t at ifast ReveighBt pereentcat amanipinear GEditE comSposition

copol ynmers, such as pol ynet hacryl ates. 23 Useful foam

i nhi bi t 6PEPAISEGA Matal st ofa Maaich egpsiensatiomprasiuct based
| fur, . ;
ubr i cafT e el AR 3 heABAL A IPEaBOMTon, o1 heavy

duty di esel engines conprising: 26 (a) about 10 wei ght
percent to Bi-g Q i f
Iubricatinﬁ?m'%g v P hRunAE =SIEVAS T of the
| ubricating oil 28 concentrate; and I (b) at least 2

wei ght percent of an anDERPNJEFIONSIi tive conposition 2
conprising a netal salt of a Mannich condensati on

product based 3 on the total weight of the

Asulpsedchgrielry) the follbing Séririslavetth® foRWIPG rhesnings unless

| ubricating | ow em ssion heavy duty diesel engines,
express!ysstatathio thecontiBry:cating with a | ow sul fur, |ow

sul fated ash and | ow phosphorus 6 lubricating oil

e r : 0 .

TRBTRAR S AR e 3Ise hefolrYedts 15 GtouB T MpIsSor A8 Firlodic
Tpbles such ab saxtitan; potassiumeatad tifhilenconposi tion 9
conprising a nmetal salt of a Mannich condensati on
product based
The term “alkaline earth metal” as used herein refers to Group Il metals of the

Periodic Table, such as calcium and magnesium.

The term “detergents” as used herein refers to additives designed to hold the
acid-neutralizing compounds in solution in the oil. They are dsually 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, alky! phenates and Mannich base condensation products.

Numerous detergents are commercially readily available.
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10 on the total weight of the lubricating oil
conposition. 11 DETAILED DI SCRI PTI ON OF THE | NVENTI ON

12 DEFINITIONS 13 As used herein, the follow ng termns
have the foll owi ng nmeani ngs unl ess 14 expressly
ﬁ_bat ed to the contrary: 15 The term"alkali netal" as
gdemar dspersanisr @siusedyhaupin refars 40 additives thatkeepdoet and
i . . P 7
FRmERSlch pRiERI<h BfetiTon B L BOSTLER olldilri¥ anplhgretore
peevenbdppdsditiore talkkidgE driiacqui. Aapicatly cthéaldhtesssdisperaants

AR T TN ST S
I Rt b e EaBEIes B SuciTas Bettenfad ko !
sueabnigides and cecdihamidesarniheasetdispdrsahisadant me furtherimodified

b fadiiod ST Tor Suiier B0ion 4 e tPieng Saniten Estiased
&liié@éa&ug?é@aﬁfsg@éﬂ@dff%muég? Eg?fh dPERTBE- gﬂmﬁtéd&n

are al ky 24 sul fonat es, phenat es and Manni

sbexyisranidsand bidiony conipounes meyralsoLs emplaygentRrefarced
SIS, Fisorstints S8 s NP i mlobutEag ssiio epgydride.

iepersanoy nwiydalgo Gerdunsollea bl dr &énﬂﬁscﬁiéﬂg‘?ﬁﬁdﬁﬂérsi, Buch as
thg bodyyof the oil charﬁebgnd%erefore pr event

redypsthacoiates. alkvmgdhasrylade glysene topolyaiers;, t he

NGB TR dofth SoPbly R ARt liobfy o dsparants
dve mommiencildiy\dviallalsle. ami ne. Exanpl es of such
di spersants are al kenyl 6 succini m des and

succi nam des. These di spersants can be further

Tiedtefregverbabid &aaééPReMint PefefPlo AKATAY Sart i8] OF
et hyl ene carbonate. Ester-based 8 ashl ess di spersants

altiphenels el sakiylataaprdiglind sufonates dmwhich thegatio of the

B SuE AR o EH <R IhE A MRRL R e RiruBar G Siatonts
ofithe egrinfc moiatplsydgreaturtteay i . IWwEbvérbassd Ysfeldi® alkdfine earth
e controll ed by dispersant

Di s sancy may. al sg b
metatalkyiphenaie: aldealicdatas and ali syionatasaving &t Eeial Base
NAhiDEr T BRAGreatl thanl ¥ hRA fe PPN hiedium overbased refers to
alkaline earth metal alkylphenols, alkyl salicylates and alkyl sulfonates having
a TBN greater than 20 and less than 200. High overbased refers to alkaline

earth metal alkylphenols, alkyl salicylates and alkyl suifonates having a TBN

greater than 200.

. The term “sulfated ash” as used herein refers fo the non-combustible residue

resulting from detergents and metallic additives in lubricating oil. Sulfated ash
was determined using ASTM Test D874.

The term “Total Base Number” or “TBN” as used herein refers to the amount
of base equivalent to milligrams of KOH in one gram of sample. Thus, higher
TBN numbers reflect more alkaline products, and therefore a greater
alkalinity. TBN was determined using ASTM D 2896 test.
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13 pol yal kylnmet hacryl ates and ol efin copolyners. A

| arge nunber of dispersants 14 are commercially
avai | abl e. 15 The term "overbased” as used herein
refers to alkaline earth netal 16 al kyl phenol s, al kyl
salicylates and al kyl sulfonates in which the ratio of
WUhies$ Oterwies spdcifier)ialigperotistagés ane il weighhperssnt.h

netal to the nunber of equivalents 18 of the organic
noiety is greater than 1. Low overbased refers to

al kal i ne earth LUBRISATING Q¥ GMPOSITEDMY!

sal icylates and al kyl sulfonates having a Total Base
P e surasnetast Pl i a o Sullub lusiiaed ae AiLion
A e A S e
ddnughositien bampdsingfeemstalsaitl dfa MaonichToadensatinn piloduct
TR ol 33 S 09 e

ihdeat \ﬂféa@%ﬂntr@ﬁnl&ﬁ%ﬁ%r@éi %Erﬁfa@ihg dil@ohisbsitions is achieved

non combustible resid resulting from detergents
yriterastditian of metal selt@of dhalk)dtﬂiftb@phﬂg)hﬂtes fen example zinc di-

950 oL T g 08 o e e

dopfritified f &R m@a@mtn sulfhted abRsetiRAUbHEAET] oil Qnd the
mlligrams of KOH in one gramof sanple. Thus, gher

phospBNuUsHaNses inagtivation ﬁé@éldathtapataévq&? ua%rétrsexfzmtﬁt after-

BB B B heat SabiL gty e

lgrietibh @il corhpogiiste s@ftenventive ;g’otnd@ergwdtwear%ontrol
LUBRI CATING O L COWPOSI TION 3 It has been di scovere
witheut cartriutingta anfigreasein sulfurandsuiatedhash. & ﬁecause it

dggg%%? BbHirk gH{r pﬁééb@&mg' i d88§%§in‘a'cﬂvrbt5‘%ﬁé? 'o'xﬁiarﬁgnan

wear ad cohposrtiion co
catdiystef a Manni ch condensati on product 6 provi des good
wear control when used for | ow em ssion heavy duty

Thadusicating pllsampesiion of fiaresenbiphPalrmay 55 prapared by
?l‘i’;?lbtﬂléﬁbllﬁ% oF?f‘ili‘thgscﬁ“tﬁé c8|fnp6hné§ 'dlébcr%ed fﬂ' ABRY 8B tHRfow.

exanpl® zinc di - t hi ophosphat es,
These compouhds meaaalsorbet h@bhermledl as\e soneentrate\aspackage with

various other additives in appropriate ratios to facilitate blending of a

lubricating oil composition containing the desired concentration of additives.

Qil of Lubricating Viscosity

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

ordinarily used in lubricating oil compositions. Synthetic oils include
-14 -
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10 contributes to an increase in sulfated ash in the
lubricating oil and the | | phosphorus causes

i nactivation of oxidation catalysts used in exhaust

after- 12 treatnment devices. The anti-wear additive

conposi tion enployed in the 13 |ubrication oil
kyirpeaibonsynihetioriismnsseynthetic estersorUpeful syrdbetie budrocarbon

SR RefPREEk pdfmis BRERL AL NG A pfEbe SRAERAY

n su
Especzaﬂyt lme‘ﬁulame thb ¢yitsyensited liqui® efigowiers BRCE tol at.calbha-
atalysts. 17 The lubricating oil

| @6 at§':1(fn eqane tﬁF’l%erﬁ'mﬂﬂ'ihérﬁ"%ﬁeﬁﬁ?n%obPWF¥t§005lty,

%kscr [ %ﬁgﬂ@%ﬁ%@rn Zgﬂe‘t alay hgrq.ggdﬂ%% ﬁ%ﬁgfé@ﬁg%ﬁ%@clude the
esdgrsadfdmtitp mcproebamnﬂysld: acids.and rpombr!m)qho raciickagell as
varl ou er a dl I Ves &pr Oprl a(i e rati

ith
NG Ry kA R g hGHS.a TYEICRL RFArBBIER R Sidodocyl adipate
f
p"é?ﬂ@é]%hﬁtb%tr‘é@ﬁ hig! ?92 'é'ﬂ?ylﬁ&%) GEf F{%Zﬁ@%&gggﬁé and the

addi tives. Lubri cat’i ng
likab rGQI'apIeN@s@ersqﬁepalyed foom bmxﬁures bf EIE)ﬂOS adddicarboxylic acid

[, oil
5 pnpriand g-hidioxAiingts ¢4 pitg Hit uikeL: Bipndae sgcrotarbon
ol %fnﬁrsa}mhéﬂéﬁ(ﬁfs%ay BldoBe BEENNHEPpI8! ”bleH§ oF Qb weight

conmbust’i on engl ne.” 26 Crankcase | ubricating
pererm e 2byweig tep@rcentshx:h'oggnaiedalbdmermstmnamth 75 weight

oEf@n: o, B0 30 Bhpdropal i bontorb 1 BHE (e ol 20
eRtellit il Daseo Wisstor-Tbpsttpbieidd bide @Weﬁn‘@? 4186 bBassployed
29 oil in this invention includes paraffinic,

imHsrhdeating elheompneitioniof e peaseat wveotion.di narily used
in lubricating oil conpositions. Synthetic oils
include -14 1 hydrocarbon synthetic oils and

Itdy furthﬁnc@n@'npmed thadthe of yﬁK:bdcamgwyiScosiar empioyedo‘or S

oEH0b LS o Bl BB et 6
sm&rmertﬂlt qué bfitiléw @uifaepRES oPhs$iBtstia ﬂ&nmg@ ﬁjb‘hcatmg

ol efins such as 1 -decene trinmer. Simlarly,
Orbeﬁmeﬁélﬁoafwfpal@ fsevltrai lewda isulfur cantenic rSuiﬁerqnwﬁa;ﬂbase oils

|stlﬁéllz ?ﬁ%%eﬁnﬁbg Cagﬁ %% Lecé?ﬁ (Pj lﬁhﬁ&lfﬂﬁ%ase

oibmiayday tmminmtmmdae #6r thel durp@sgoﬂm@%rb}édﬁﬁhyentlon
al kanol s and polyols. Typical exanples are didodecyl

adi pat e,
Anti-wear Additives

Metal salt of Mannich condensation product

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

polyamine and mixtures thereof.

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

chain or a branched chain alkyl group. Preferably the alkyl group on the
-15- .
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8 pentaerthritol tetracapoate, di-2-ethyl hexyl

adi pate, di-laurylsebacate and the 9 |ike. Conplex

esters prepared fromm xtures of nono- and

di -carboxylic acid 10 and nono- and di - hydr oxy

al kanol s can al so be used. Bl ends of hydrocarbon 11

@fkyﬁakmrmfi sinplidyei tﬁ preparerthy Masmuich eouderwbaﬁiénrpredaups e,
ends of 10 t 12 percent to 25 wei ght percent

ﬁ éﬁﬁgﬁgF@H WF'&%¥Bne trimer with 75 weight 13
percent to 90 wei ght percent 683 centistokes at 37.80C

mhe%nﬁw gfbup ahweéantpiphéﬂoﬁxgéa fd?"tl‘ie Bképd?éﬁcﬁu of the Mannich
Fi scher-Tropsch derived base oils may al so enpl oyed

anden&aﬁl@nlnm@lwianamge & bran@h@dasham(ﬂik)dfgmur@ cgm’r@gum@ from

BPSFCLAMap it o 3polf §O SR AEPRLBF Sk Pl B4 bowy
tiwtainiviy front ab@uit® ttarb@maﬁsm*slt@ abeiit 60'eaioRs&tdins. Preferably
invention is a low 18 sulfur base oil. Use of a | ow

tq 3lky! gsade opithe aliyipheno] s %bmqﬁlﬁ-ﬁgﬁf@m alksyi graupregntaiging
@blln %W%Séérbgﬁ‘ aﬂ]‘hg B 'aﬁo+’ll 3d %Jn%W dtgmﬁu | Ftrgferﬁg@ttﬁg Gikyl

ul fur con

geupdsattakhdd epthenalkyipheridl moibtsat thelcetho-pasitidn er thevpara-
sulfur b@fﬁl -21 0|I may be conveniently made for the
i nvention. 22 Anti-wear

Addl tives 23 I\/Et aI salt of Manni ch condensati on

'Iﬁroduct 24 The I\/annl ch condensati on product nmay be

Peq)aﬁeé%rabsﬁ thg ratio &f tha aftrchenentof the gikyl awmpde tbﬁ @rtho-

AP bataspostions o LAREPHER aarakdbibngr aff mibt

prefaraisly ahd Yéﬁli‘lefthb aetmhmeend of thepalkplagreup hﬂﬁ@ﬁﬂh@ipo%ﬁlon to
condensatl on roduct in the anti-wear additive
REBAFGSIIoNGH %9 bagedion F'P%K}ta' alkylehenql- or a branched

chai n al kyl group Preferably the al kyl group on the |
to prepare the Mannich

al kyl phenol nF M
Thendldalyde B%'fy prepagation ef thedviaanish sondansation product

PR et aEHaHid dho ERBUR, A RGPS GREGh AR, Sabiorably
tinma!dwyde thg mmmmﬂa; andéhtore [ﬂé@wﬁblg @i @Iamfomérd@ﬁydé

about 4 carbon atons to about 60 carbon atons or
i near chain al kyl group 6 containing from about 6

Thar @t base i0s6166tEY fidhh aAirhoniadh Wker ikl fhel, Wherein the
the al group on the alkylphenol is a branched chain

aHﬂYkQWOU@?/faﬁpO@%ﬁamom atgm to about 10 carbon atoms, a polyamine
having 2 to about 12 amine nitrogen atoms and 2 to about 40 carbon atoms.

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

mono-methyl amine.

The polyamines useful for preparation of the Mannich condensation product
employed in the anti-wear additive composition of the present invention
-16 -
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8 from about 8 carbon atons to about 20 carbon atons.

Preferably the alkyl 9 group is attached to the
al kyl phenol noiety at the ortho-position or the para-
10 position to the hydroxyl group. 11 Mre preferably

m ratio of the attachment of the alkyl group in the
Y mpporRikylene Rotygniingsiapd polvatityiens polyaminess dexamples

oo PRt BB oy, B s

eﬂwtm:qoleﬁatammet;pprobﬁmcﬂ draivielarRpliopylen8trikagng, on
15 The al dehyde useful for the

he t Q/L qhenol
E ?fd?P' yigRe peivariRes Bisludesdirethiepe siramine di-(tris

ARSI, B T o

and nore preferably it is parafornmal dehyde. 18 The

(el 38R0 oP AREMPIRR GE BRI kROt B Attt
eibcapasitidn ocméapmsehbmenﬂorpmayam prpafed B¥ 'ahg rdeth6d

about 12 am ne I’]I%{{) en atons and 2 to abou car bon
KRo¥fRto a perssyresill !"3“?@& r@?ﬂ@@«ﬂu, thaddangjch cpadensation

C. [ |
s PRt bR b e aRUBRER, ety SRS Bfbo-
adley Iaomnaumthe presencelbbatmdial hydriogidesarnia dildést. | ower

al kyl am ne is an al kyl nono-am ne, 24 such as

nono- net hyl am ne, nono-ethyl am ne, nono-propyl

Tawel preparatioo-ofddaimitly condemeativnChroBnet i WEIMnoWH ®epersons
y the al kyl nono-amne is 26

refera
Sk@ﬁa fh?ﬁ gllmerMaan?hmedgaﬁtm @r@dug*s@awbefwepared using
r n i
B AR APy af eldetyal 2R o 67 2% SfilnBh Rgde Fpgroon
sbllied émthe anterﬁbrenampleﬁ tlie Muarinictecomdunsatisi [ppoduct may be
ne s i:}ea;lé ene poI yani nes. Exanpl es of
é\? esag ?gl'ﬁ Taertas 8883 ene di - ami ne,
et hyI ene tri-amnes and 3 ethylene tetra-am nes,
am ne and propyl ene tri-amne. 4 Ex | es

rﬁ%‘rﬂigﬁelks Waanlyarﬁondgnﬁsamm@dupt @amh%pr@pa? rHoby any
w@llkﬁ cgés ﬁ&:hb e ' ?ﬁéta 'ﬁ)ﬁ{}'ﬁgﬂg qr & metal alkoxides.

Pene TP 2an Nes Ang
Tiae mntal malttesamblmh endfahon s alkalide easthirastalr Pesfetably the

EFLEHR Mokt sasit Rl cand o peeleryMRyE Akeharioarth meta

is calcium.

Other Additives

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

depressants and foam inhibitors.

-17 -
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8 known to a person skilled in the art. Generally, the
Manni ch condensation 9 product is prepared by

reacti on of the al kyl phenol, formal dehyde and nono- 10
al kyl amne in the presence of a netal hydroxide and a
diluent. | | The preparation of Mannich condensation
bebbestovesallwsisultx nbmﬂnsmfrﬁfosdmg tha prepeanliesedesired nea

FlveptofalRfhor S CARRE AR (iR Rty AT Fod PRI,

mib)'icatﬁi@@ld the Witichting ol oRtdins é%oﬁ*@dtib@cd;rﬁbtdwoﬁfdf
For exa t he Manni ch condensation_product may be

addifiyes %apha@f the abeve slpsses of edditiyes in effectivg, @vguntis@s
§OF af TalucRFacnt LormdAGTD! F2 rARIR ARt dFlo R
meadbe torprbeideltive dexsirde neutralizationl caplakiti des. 18 The

netal may be an alkali netal or an al kaline earth
netal. Preferably the 19 netal is an alkaline earth
Iney Medivftlan® Highp OvefiiadddMets Ditéilenfte earth met al
20 is calcium 21 Oher Additives 22 The lubricating
oi | conposition of the present invention may al so

Byiilcdldrititie@ af Wbﬁrﬂbdlurﬁ cvafbddeammbeil H@t@r&@m@rraéybptuonauy
conposi ti on of resent invention, 24

| bedemployed Irmﬂwlubaca ptl ceamosal@n@f;thwmaarémmtmne

S B R Blarky iR el b Bl aS e g fower
mediufT ovarbased saletshic aerls, saliedlic ﬁéadsdc&lb@kﬂﬁfEéids or phenols
anti-oxidants, viscosity index 27 |nprovers,

of Manieh rondanssitios peodudts iof allkiphegels, eldahyresiand amines.

TR ey B0, AR AR e g

Paéfeoaloly tigeyt S @lk@lﬂmf bartls nekstal dﬁérgeﬁnt@and nmemferablgl they

| ubrj catin conposition for a heavy _ duty diese
%gﬁﬂ%m §e?q53?ﬂféatTh¢gT6M of thege da@m%tﬁ .ﬂﬁgrQﬁfer than 1 and
{
aB41 S0 e nSTAbNBY &, RITWop gt Rtdr ARR or
datmgmts susch &8s thelsle described meegelay oogtrﬂmﬂd & tm the srﬂ!furhe
sen vention in t nmpunt n e
2T SOliated ot of s dibreatag dily T hesodsierdieBts o well

kﬁ(BWn ik e SX 8hA27E Solfihélcidiytf/Ra56mR! S

Dispersants

The lubricating oil composition of the present invention optionally contains
dispersants. Typically, the ashless dispersants are nitrogen-containing
dispersants formed by reacting alkeny! succinic acid anhydride with an amine.
Examples of such dispersants are alkenyl succinimides and succinamides.
These dispersants can be further modified by reaction with, for example,
boron or ethylene carbonate. Ester-based ashless dispersants derived from
long chain hydrocarbon-substituted carboxylic acids and hydroxy compounds
may also be employed. Preferred ashless dispersants are those derived from

-18 -
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8 Small quantities of |ow or nedi um overbased net al
detergents may optionally 9 be enployed in the
| ubricating oil conposition of the present invention.
10 Exanples of the | ow and nmedi um over based net al
detergents are | ow or 11 nedi um overbased sul fonic
palyigebutenlyl syddinic aohydrides aAbargel iumbenofdiispensaptsare! s
12 or Napnich ndensati on products of al kyl phenol s,
%‘?'HE]W@@ ayRy ?ﬁ'nes. 13 These detergents may be
al kali metal detergents or al kaline netal detergents.
54_Pr ef erably they are alkaline earth netal detergents
0 'gﬁﬁpreferabl y they 15 are cal ci um detergents.
The TBN of these detergents is greater than | and 16
bout 500, or nore. it Is_worth noting that a
pi-oKidantsaferyses ‘Bf'Ubrlcﬂt'ﬂgt@lsd@hl"@b'%‘cﬂf dacqmprsition

88 Fas e inOckif nafiveng bl bl pomAagd br didze in the

presercelef air.g¢hese lexglemelh Ig(r)ode@ssbaomy d:afuszdzbgmat:oanﬂ gams,
e er.san he

ReaTe 2ot FasyliRei ErRCisERer Aty Zd YiRgRsi on

%T;%@'o‘f Yis€RMhAliRdxidafts HSRREEAR Shenbl®) eﬁ@héﬁéd ariéénon-

ess dispersants are nitrogen-contal nin
alksdatedsammt:t:@nmnds Jalkylencrylmhospkates, estets ohthiodieaibaxylic

dr d h
08, ShlS 5t SRR of B oreRpnaT e ARies” M B des.
ot -Eﬁﬁ’@@ &J&P&é ﬁﬁﬂﬁé-nﬁﬂybﬁlfrﬁ Ebﬁ'ﬁilef‘@&hbbﬁﬁ'd BYd

reactl on wth, for exarrp e, boron or et hyI ene

rﬁ@lybdmmre di—liryoearbsaméers Bty @se beutaedrmmm@ants@ dHowever,

e 6 ol BT st bR AT Mt oL bR

fﬁﬁl?ér&fdrmbtﬂé fshﬁﬁlsaﬁ!d SOBateanish taftke Mm&;etuﬁgr il\tﬁﬁhédsﬁtmn
-18 | polyi sobutenyl succinic anhydride | ar ge

nunber of dispersants are 2 commercially available. 3

msﬁgmd@p%r@\,@,@i -oxidants are used in lubricating
olfs tor innipbitron of deconposition 5 processes that
occur naturally in lubricating oils as they age or

V@B&iogltg thdeX itfifovéts @r? $00E8 1§ iutk c’étxn@ﬁ%@ {8 inded VigBosi

processes nmamy cause fornmafion ac uers and
cbam@leyedm@k:utha cheange :artemeraﬁa& Sanmcdnmrtaaw available
e%ér%p%s ofy 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 corrosion 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.
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8 Exanpl es of useful anti-oxidants are hindered

phenol s, al kyl ated and non 9 al kyl ated aromati c

am nes, al kyl or aryl phosphates, esters of

t hi odi carboxylic 10 acids, salts of carbamc or

di -t hi ophosphoric_acids. Mlybdenum 11 conpounds, such
isadditiontaihieypatatials albeqresesasibed ulwbrigating oil eempositinn of

fls BRI BRT He R i e PR By g IR it
deprebsatty andi aritloaddnd agehes Md Varkdud addithes materials or

contribute sul fur and sulfated ash to the lubricatin
gassesopfpatariamhereitdesathed arg welderownpiaterials and can be

rs. . .
EaE BliohabBd Son RIS iE SRt doioin Bitice e Shious
medifieativruttere@ne conmercially available 18 exanpl es

of viscosity index inprovers are ol efin copolyners,

pol ybutene, 19 pol ynet hacryl ates, vinyl pyrrolidone

and net hacryl ate copol ynEKAMRCGESOor rosi on i nhibitors
21 Corrosion i.nhibitors are included in |ubricating
oils to protect vulnerable netal 22 surfaces. Such

Tt antswear babitivk lohspoditrogploYbl Yn USERW Sulte! ovssitdted
anounts 23 in the range of trom about 0.02 wei ght

gs&ranehiowt phesphrug lubrigetingeil gempenition afsha peesant invention
S Rl Bfed R hEi i e ik dahbdp BBl Inu gDl oo

destabedlin Exampleot phdtbie Rselonl es of 26 corrosion
inhibitors that may be used are sulfurized olefin

corrosion inhibitor 27 d the co-sulfurized al kenyl
ester/al pha ol efin corroggéﬂﬁuhﬂibitor. | In addition

to the materials already described, l[ubricating oil

&ﬁﬁ?@?&i@é FBrr%laéiﬁné REakd B%@Té&\ﬁ&mm&imt &Jgﬁéﬁned an
i ncl ude ot her a It1ves, suc as pour pol nt

aghiess slispersandnan antiioXident; agisagsity mdeXlimpraverpasnedium
oA EISEPBENES o Sl g, B o
waaffiedito Ak ap er1 6P BERERE 8f b6 ebﬁﬁﬁrsﬂ@go@m%ns A

procedures or obvious 6 nodification thereof.
apskB\vendFesBamaulation CneGempatitivevorouiatioris A@and B and Test

PR ENGA 5 Bre Vet B e il AR B on of che
present invention
The weight percent calcium concentration based on the total weight of the

lubricating oil in each of the Comparative Formulations A and B and Test
Formulation C was kept constant, and it is shown in Table 1l beiow.

The anti-wear performance of Test Formulation C containing the anti-wear
additive composition of the present invention comprising, a calcium salt of a
Mannich condensation product, was compared with Comparative Formulation
A containing only a mixture of a calcium salt of an alkyl hydroxyaromatic
carboxylic acid and a calcium sait of an alkylphenol, and Cofnparative

Formulation B containing a mixture of a calcium | salt of an alkyl
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10 were evaluated for their anti-wear performnce in
formul ati ons prepared as 11 described in Exanple |
and Table | below 12 Exanple 1 13 Conparative

Formul ati ons A and B and Test Fornul ati on C contai ned
an 14 ashl ess dispersant, an anti-oxidant, a

bydroxyaromatitiesrbpryicacid and anealtium salbolare aliadpbenal and a
L= I ent.. .and oam i nhi bitor. Base

g&ﬁ%%@ﬁﬂ@é@"%%ﬁ@%@%ﬁm qeﬁu%)tercent of each of
Conparative Formulations A 17 and B and Test

éorrml a@i op C. IO[) rative Formul ations A and B and
ggparg V%EP%'FQ"?’E Qgrgrfugeai ven in nore detail in
Ta?'lei | pelow. 19 The wei gttjt percent cal ci um
contentriygsalisoba rntwa ol ot al wei ght of the 20

| ubri caty ng Qikduré Bp€ach of the Conparative
For mul g%): ons A ng'B and Test 21 Fornul ati on C was

kept constént, anmakyl hydroxyheneene cidibalid acide imrerei 2he
The anti -wear rf ormance, of  Test  Fornpul ati on . .
cont ai ni ng. NI ERNRaR e gakRvarm: Beprze Peibgwylg acid
the present i RyghibPanGRAEHH Byl Bropd Oritdihkdy 12 Bhrbdn

24 Manni ch condensati on product, "was conpared W th
Conpar ati ve Fatomsaandn 25 A containing only a

26 car oyl c TRy Senddheltaboolib S WA the iy
al kyl phenol ,  apeuf eARRE alkyV R dr?—)iy'ﬁ@hﬁéh@bé?ﬁ)xﬁic acidlwas a

containing a mxture of a‘calciuml| salt of an al ky
-20 | hydr oxydnganehain edsybaraup eonfaininghA@ carbeam atonia to 28

salt of an al e a a 2 calciumsalt of a
Manni ch condeﬁétﬂho%%bfsogﬁ'gt. 3 Conparative
For nul @i enmitarngfai ned: 4 (A) calciumsalts of a

m xture of; 5 (a) a mxture of: 6 (i? an al_ke/l h[vsdroxy
benzene cdbboRysaldumcsalt ofgrealkyiphenel, whese i therlkylgrekp on

the al kyl hyd | i

branched chai Eﬁ%ﬂ‘g@ﬂéﬁgﬁ'ﬁ%n al}‘%th%dgeqéﬂca é@[’;%&'@
atons, and 10cbHniaining 12]dgyboratbrexyarktenzene car boxylic
acid, whergin thtf .al kgl ' .

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

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

(B)  a calcium salt of the Mannich condensation product of an alkyl
phenol, paraformaldehyde and mono-methyl amine. The Alkyl
group on the alkylphenol was a branched chain alkyl group

containing 10 carbon atoms to 20 carbon atoms.

Comparative Formulation A contained only (A), shown above in Comparative
Formulation B. The calcium salt of (a) and (b) were present in a ratio of 3:2.

Test Formulation C contained only (B), shown above in Comparative
Formulation B, the anti-wear additive composition of the present invention.
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11 group on th
was a 12 line

carbon atons to 28 13 carbon atons,

e al kyl
ar chai n al kyl

hydr oxy benzene Garboxylic acid

group containing 20

and 14

(b) a

m xture of 15 (i) a calciumsalt of an al kyl phenol,

where in the al kyl

branched chain
at ons,

group on
al kyl

16 the al kyl phenol |
gr oup I@blecnt ai ni ng 12 carbon
and 18 (ii) a calciumsalt of an al kyl phenol,

was a

wherein the alkyl group on 19 the other al kyl pheno
was a |inear chain alkyl group . &4 ning 20
Caﬁﬁﬁ?b&ﬁ tio 28 carbon at oOIms. (gds gycal ci um sal t
| of (a) and (b)[.were present in_a raglo &f 3.2, and 22
(B) a cal ciumisapg, difve ABnnig pgat fon predyet
of an_alkyl 23 2§eﬁ@%f oarafcrnﬁ?ﬁgﬂ@%g and
non tAyl ani ne. Al kyl | 24 ¢ on the
aIk&F%Eéﬂ%l wes _a bra%@hed chhain a ﬁ% aroup 25 90.40
I carbon,gtons te 20 c on atopms. 2 7
é%ﬂ%%#g%gggéﬁcrnulatP%h A conmtained only (A), shoa%z
[above—tTn—Conpgrative 28 Forput-att+onB—Thercatcrum
salfntigikiden) arjd (b) Mdre pregsent ind.a ratiofof 3:20.5
29—Test—Fornutration—C—cont-atfred—onty—{By—snown—above
i NisCosifydndex ve 30 Fdx2Ril ati on B, tlB28anti-wear 0.28
addimpregerconpgsi ti on of . the present inventipn. -21
Tabte—t—Formuiraton—Component—(wetght—9—Conparatt+ve
A Civigsurat i ve [B Test0.22 Base| G| 9R2.228 91. 47 90. 40.22
AstdvetsasBiispersant 3.4 3.4 3|4 Anti-oxidant{ 0.5 0.5
0. 5Phehateosi ty I ndex 0.28 0.28 0.28
Additional Anti- 0.36 0.36 0.36
wear Agent
Foam Inhibitor -+ 0.0025 0.0025 0.0025
(A 3.16 2.01
(B)** 1.76 4.84

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

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

Table II below shows the amount of the sulfur, sulfated ash, phosphorus and
calcium in Comparative Formulations A and B and Test Formulation C.
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10
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12

13

14
15
16
17
18
19
20

I mprover Medium 0.22 0.22 0.22 Overbased Phenate
Addi tional Anti- 0.36 0.36 0.36 wear Agent Foam

I nhi bitor 0.0025 0.0025 0.0025 (A)* 3.16 2.01 (B)**
1.76 4.84 2 3 (A) is described starting on page 19,
line 19 and ending on page 20, line 7. 4 ** (B) is
descri bed on page 20, |inefageib. 5 Table 11 bel ow
shows the anmobunt of the sulfur, sulfated ash,

- phosphorus an 6 calciumin Conparative Formulations

A and B and Tgst Fornul ati on C. ([-'Z)r %lat%n--_zz Tabl e 11

Fo ' Gonponent (wei ght ative A
bm%’?% BfTest C Sulfur 0.0 HP%OZ 0. 1007

Conpar
Sul fated Ash 1. 1.06.,1.0 Phosphor 0878 0.03
5 0596 ol o1 ImPrBEraR | SORPEMVEB Ll o 2185 C
Vodi 11 ed 4-Balll Test
Sulfur 0.0992 0.1002 0.1007
Suifated Ash 1.06 1.06 1.06
Phosphorus 0.0378 0.0378 0.0378
Calcium 0.296 0.296 0.296
Example 2

Modified 4-Bali Test

The anti-wear performance of Test Formulation C was compared to
Comparative Formulations A and B was evaluated using a modification of the
4-Ball Test. The modification of the Test involved preaging the samples of
Formulations A-C. The Preaging was conducted to allow for the building of a
protective layer of the anti-wear additive composition of the present invention
and to account for the oxidation decomposition products’ impact on an
additive’s anti-wear performance. Comparative Formulations A and B and
Test Formuiation C, approximately 10 milliliter samples, were preaged for 2
days at 160°C in the presence of the metal balls. The test was started with a
10 kilogram load, which was increased step-wise to a total of 90 kilograms.
Oil temperature at the center of the three fixed balls, torque and displacement
of the load lever arm were recorded during the test. A wear index was
calculated at the end of the test based on the arm displacement data. This
modification of the 4-Ball Test is described in a'paper titled Screening Test for
Anti-Wear Additives on Modified 4-Ball Test by J. Cazin, P. Tequiand Y.
Lesieur, presented at the 10" International Colloquium on Tribology — Solving
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5 The anti-wear performance of Test Fornul ati on C was
conpared to 6 Conparative Formul ati ons A and B was

eval uated using a nodification of the 7 4-Ball Test.
The nodification of the Test involved preaging the

‘sanpl es of 8 Formulations A-C. The Preagi ng was
Eaetinncand\VWeardtroblens T echaisshe Adadgmie Esslirgen BRE: tendary

1
e nposi ti on of the
2 %?‘ﬁsiﬁ%’i n'g%ﬁ%a S\ng gflzgmg%cdﬁnt for the oxidation
' deconpositiOn product s’ inpact on an | | additive's
nti,- erf or mance.. rative Fornulations and
3 B R oREY B A In e teapprar At fypags ot hé'Bhd of
4 theltbét driceseisardD | He rabelts olPtrﬁ-,a%@ﬁfe@M-Ball I%stiapss@hmarized
1600C in the presence of the netal balls. The test was
5 igtkabiedl below.a 14 10 kil ogram | oad, which was
i ncreased step-wise to a total of 90 kilograns. 15 Q|
tenperature at the center of the three fixed balls,
6 torque and displacenent T@bigllt he | oad | ever armwere

recorded during the test. A wear index was 17
calculated at the end of the test based on the arm

di spl acenent data. This 18 nodification of the 4-Ball
Test is descrijbed in a paper tlg

C]@omgha\_/g%ql\ddl tives on Modifi gﬁgﬂé@gﬁen%ggt Tg;t J]c o

zin, Ii and Y. 20 Lesieur, presented at the |

ot h [Tdsér nati pnal Col | oqui unj on Tri bol ogy -} Sol vi ng
-23 | Frictiop and Wgar Probj ens, TBchni sche Akade@i e
Esslingen BIRD, January 2 9}11, 1996, Proceedi ngs

Vol une 3, 1206 -2073._3 The dpta reported wdre wear
i V¥ear Index t epper at %’& and tbrque 8€9the end of &0 he
test and seizure. The resultk of the Mydifiled 4-Ball

T nmar i zed in Taple I el ow 6 Tabl I
%%&ﬁuién Vobdi fi egi4 Bal I | Test Z E Waar | nd§<
276

30 Tenperature 134 (131 113

Torque 0.246 0.243 0.159
-(deca-Newton) ‘

Seizure Yes Yes | | No

8 * Wear Index is obtained by normalizing the actual distance modification on
9 the surface of the balls due to loss of metal because of wear in the Modified 4-
10  Ball Test. The actual distance is measured in micrometers in the Modified 4-
11  Ball Test, but for ease in reporting the numbers obtained in the Test are
12 multiplied by 10.

13 The results obtained in the Modified 4-Ball Test summarized above in Table liI
14  show that the Test Formulation C containing the anti-wear additive

15  composition of the present invention comprising a calcium salt of a Mannich
16  condensation product gave better anti-wear performance than Comparative

17  Formulation A containing only a mixture of a caicium salf of an alkyl

-4 -
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10
1
12
13
14
5
16

(OC) Torque 0.246 0.243 0.159 (deca-Newton) Seizure
Yes Yes No 7 8 Wear Index is obtained by normalizing
t he actual distance nodification on 9 the surface of
the balls due to | oss of netal because of wear in the
Modified 4- 10 Ball Test. The actual distance is
Redroyyaromaticrearboxdicarcid and arealoiuan saltef an alkylpbenol or

Elrrutile FOlmaT6n kAR Al B MRS £ BUELAESatt of
anatlyh ﬁWl'Oﬂffél'@ﬁ‘ldYMdrbéﬁyhé il bnd eséalGiurmngdlt aksh éik?lpﬁenol

in Table I 14 show that the Test Formul ati on

auhfidianealgiurhealhat 2 Manmichhaendensation predidsi Tabiﬁ i%ﬁbove
NP L bt S B CAREOHS, B (el foriudion
pafdratedbsigaifichatly betterathah icither ContpaaratileaF omnulations A or B.

containing only a mxture of a calciumsalt of an
al kyl -24 1 hydroxyaromatic carboxylic acid and a

Thd datanstsow thatiCanparakivé Fhemelat:@h B, &veRtRbagh teontained

Formul ation B containing both (I) a mxture of a

are caldwnseltef a MaEWCBIC@WEHWWQF‘H%Fﬁd" dgshbeimylgtion
@%gn@ﬁgatﬂle | rﬁﬂol#fﬁ'%&ﬁgtdiﬁhﬂ?@%ﬁ%éﬁg -ﬁ{é%gﬁerfoﬁ QH? (i)

a cal ¢rum sa nni ¢
chatparable todkest &obmalation C.hTheipresande o’ﬁthéhﬁleuw fof a calcium

C gories of the data collected Formulatjon C 6
ﬁgﬁﬁ?mw Ivgrppiacemealy cperoxytic apidrand 2 Kaicium sk any e

RGN Copfbefisns® Formlidfof 8 SyBAMbddECoRRRARL VO

FoauniuladionsB antzindd thenckdeiant salbofoa Masstich esndens@éien, appears
grnulatlo fé %rative or nul ati on Baid o%

) é‘léeérﬂ“r‘g gefisct PR ARHAYRAI e giogRaregdafes

F%?ﬁlﬁlﬂt%h' @r‘wﬁic U&ﬁ HhéES %ﬁ&ﬁp@fcam@d&tdfraew%fnnﬂzh

cal cium 11 sat o an a yaromati c
condensatiancpradiidt efran alkylahenulm 'El"as resiflt was Lhexpected.

al kyl phenol in Conparative Fornul ation B, even though
Conparative 13 Fornul ati on B contained the cal ci um
salt of a Mannich condensati on, appears

-25.
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14 to have a negative effect on anti-wear performance
conpared to Test 15 Fornul ation C, which contained

only the calciumsalt of a Mannich 16 condensati on
product of an al kyl phenol. This result was unexpect ed.
-25 1 What is clained: 2 1 A low sulfur, |ow sulfated
a¥vhatrig clatweghosphorus | ubricating oil 3 conposition

for | ow em ssion heavy duty di esel engines conpri sing:

4 (a) a major anmount of an oil of |ubricating
viiscosptigw sulfub)lowtsulfatst ash “ed WW phessieiTls tibrivating oil
anti-wear additive conposition 6 conprising a netal_
sal t oFORPREHAN T IpwrRIBISSIAN hepvyrddy diese! pagiags saMAiSINg:
total weight of the lubricating oil conposition. 8 2.
The | uppi cati ' N Gl wherein

t he co%@ent %g?iﬂgﬁér'gpﬁﬂg&fﬁgbp&ﬁHﬁ%ﬁ‘ék@%g?es%ggt I’on

product is in the range of from about 2 10 wei ght

per centb)t o ableast 2 Weight gercexdrof entartiwedr additive compakition

weight of | | the lubrjicatin i, conmposi,tion. 12 3.

The T ubri cat?BTENY SUBRED SIS A WRnGEh A ehsatn product
wher ei n thebéé’emﬂ%”&ﬁﬁt\héiph%f thBQuMﬁéﬁh?rbil composition.
condensation product is in the range of 4 from about

3 weight percent to about 9 weight percent based on
the 16he gmcatm ghecoaposition efislaignt i wiersin the concentration of

gl ot I B R 02
concenkeight perceht tohgbditn? whigho peripitbaded phliel tdtal weight of |
in 18 the range of from about 4 weight percent to

about theldbrinating &ilcampposiiohased on the total wei ght
of the lubricating oil conposition. 20 5. The

Laibr i . e 2
S ece e it BT pRE BN, it £BE 2 Wby the
addi t icomcentrpliz of ihe NBhnichtteniensatidn giddaohiddn $lag ramge of

dugt i densat i f an al dehyd
P ngrom 3bBHES Bl pesPaRt ooatiaut SvaahLarHER Beesskon fhe
i LT 0G| Wektht o itehicafify bil eBhitbRRigna. @ Lover al kyl

am ne, a polyam ne and m-xtures thereof, 25 and an

al kyl phenol .

4. The lubricating oil compasition of any one of the preceding claims,
wherein the concentration of the Mannich condensation product is in
the range of from about 4 weight percent to about 7 weight percent

based on the total weight of the lubricating oil composition.

5. The lubricating oil composition of any one of the preceding claims,
wherein in the anti-wear additive composition (b), the Mannich
condensation product is a condensation product of an aldehyde having
one carbon atom to about 20 carbon atoms, a nitrogen base selected
from ammonia, a lower alkyl amine, a polyamine and mixtures thereof,

and an alkyiphenol.

6. The lubricating oil composition of claim 5, wherein the alkyl group on
the alkylphenol of the Mannich condensation product is a linear chain
- or a branched chain alkyl group or mixtures thereof. _ . '
26
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26 6. The lubricating oil conposition of claimb§,
wherein the al kyl group on 27 the al kyl phenol of the
Manni ch condensati on product is a linear chain 28 or

a branched chain alkyl group or m xtures thereof. 26 1
7. The lubricating oil conposition of claim®6, wherein
the al kiyé iuprizating oil cantpusitminkof| gidiens| wknéreimﬁflewhyllgmup on

d ti b hed 3 cha
o7 oup. 1 ARG the Hernigr G eonpbRr Prashicbts Lhyprshed
of cl atngin aldPgroypherein in 5 the Mannich

condensati on product the al kyl group on the
al kyl phenol 6 has from about 4 carbon atons to about

6% car Damlubricating vil sompiesitionnfiasitanegelaiiaimsodin €i wherein in

or oup 58 it ShRnshtloR or i Tl dlnk Bous ok pikypnen

pr odudiasdfiritvasatione @ clvboh atoredidaBogt et Barbenahoms. 40
carbon atons. 10 10. The lubricating oil conp05|t| on

of any._one of claips 5 to 9, wherein the 1| |

gtoup O Wﬂc%ﬁ"ﬂ@%ﬁ@ﬁ@ps@pnm@nmw P iBTb iR Vasrein the
d
Py Dol G ob e aMiiient] 668 EMBohBofilidn duct

of anyhasfeorafaboubbroaridon atohis towmmﬁltiﬁ) carboh Imombkyl
group on the | ower alkyl am ne has from one carbon

t om out .10 carb. n a ons and .t

A" e BRI oif Co5BRt0R 8T 8% pBeies cliuled Y aierein the
ni tr oGyl gP@jﬁ?oﬁﬂﬁb alk@heﬁal @ﬁtﬁwwuabeyhdeﬁga%ﬂ product
carbon ato [ ubricating oil conposition

of ani\a@rf@mfab@utaB gart®on atons towtandi2f carbom aéomsit r ogen
base for the preparation of the Mannich condensati on

ot Radunlidetpe GHEEmBsSon A AT opBRF CBihels Bofd. Wherein

at ons the aikiBgrolipeort thes (bt ¢ amgl ainineRaP Aot bed cafbopl atom to
12, wherein the lower alk 23 amine is_an al kyl

nono- #RPHET0 sarbpn atpms an thecmlnglr@ hag Bapbd .am"a% nirogen
any oBg,Mk tcf Eﬁ?ﬁﬁﬁaﬁ‘ﬁne}ﬁnr y@ﬁraef lcf(r?/il 3 g, é{tems”t% about

i's a nono- ene yam n ene pol yam n
40 carbon atoms

12.  The lubricating oil composition of any one of claims 5 to 11, wherein
the nitrogen base for the preparation of the Mannich condensation
product is a lower alkyl amine, wherein the alkyl group has one carbon

atom to about 10 carbon atoms.

13.  The lubricating oil composition of claim 12, wherein the lower alky!

amine is an alkyl mono-amine.

14.  The lubricating oil composition of any one of claims 5 to 13, wherein
the polyamine is a mono-alkylene polyamine, polyalkylene polyamine

or mixtures thereof.
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26 or m xtures thereof. 27 1 15. The lubricating oil
conposition of any one of clains 5 to 14, wherein 2
t he al dehyde used to prepare the Manni ch condensati on

- product is 3 formal dehyde. 4 16. The lubricating oil

conposition of any one of clains 5 to 15, wherein 5
tHe alThehlpbdcatiredoit compepition of hay Mhapmf claimrﬁjmw%twrmrein

o1 | canpakierbeR I5udh pramae dhe NAnri eamens AP e i

wher eifgrrhaldbRgdeént | - wear additive conposition (b) the
Manni ch 9 condensation product is prepared from an

al kyl phenol, wherein the 10 alkyl group on the )
alby| p]frlr@qubrlc@tm ol epropesitiensf amaprawof g?ammg Sigvl hgvharein

o eI A B By

| ubri cpatafbgnaldlehyogposml on of any one of the
preceding clainms, 14 wherein the nmetal in the mstal

salt qf ni ch condensatjon product is 15 a

ﬁ@r al O'I&e“faﬁﬂ%tm qi r@@??'ﬂo'?r@? any ong of the m&-'@egmg c alms

| ubri f e
ol “TerSH ifffhe SRR EdRivRl oot i) Y Melrhidi

| ubr i cahilengsalion prodpctds prepared fronaamaliéyphdrel evhereirethe
al kal i ne, earth 9 tal is.calciu 0 21. The .
Cube i S G on e AREPhendl 1$3 AN Cin i Group having
Pr ece foftdabdulaEarbdh OIS Bbblie2d ehftith sppient is in

~ the range of 0.0 weight percent to about

wei ghparafereaidebydreand martemethdamiee ght of the
| ubricating oil. 23 22. The lubricating oil

npo . 0f._any, on th | cl
iRer eThe Bl Ao & RGeS s tsipa deims.
vei ghivheasia e niclaldh tad metalOsal orVigvich ebngohsat odlct is
the total weight of the lubricating oil. 26 23. The

| ubr i 2B @ik eetal epap adsalingreasth aatalone of the
precedi ng clains, 27 wherein the sulfur content is in

19¢ " A9 futfticating oo oAt é aihP18R9HE rein the metal is an

alkaline earth metal.

20.  The lubricating oii composition of claim 19, wherein the alkaline earth

metal is calcium.

21.  The lubricating oil composition of any one of the preceding claims,
wherein the sulfur content is in the range of 0.0 weight percent to about
0.4 weight percent based on the total weight of the lubricating oil.

22.  The lubricating oil composition of any one of the preceding claims,
wherein the sulfur content is in the range of 0.05 weight percent to
about 0.3 weight percent based on the total weight of the lubricating oil.

23.  The lubricating oil composition of any one of the preceding claims,
wherein the sulfur content is in the range of 0.1 weight percent to about
0.2 weight percent based on the total weight of the lubricating oil.
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28 0.2 weight percent based on the total weight of the
lubricating oil. 28 1 24. The lubricating oi
conposition of any one of the preceding clains, 2
wherein the sulfated ash content is in the range of
0.2 weight percent 3 to about 4.0 weight percent
hizdied Dime tubeicttingbil cemgbsitioh of Baylonerofdia¢ bregedigosliaims

or ecedvgreet et GPEHS 1o e Eangs Gk Hst oroont
is in tb%d@ﬁ?ﬁg@fgh@pgw\éﬂsﬁed’@f "?ﬁé‘fotﬁﬁwélghlarﬁ‘}% Idbritating

wei ght percen e total welght
lubricdting 8 oil. 9 26. The lubricating oi
conp05|t|on of any one of the preceding clains,

rei Lfa a ont [ the ra
25 e LRpEsting biPoARos BORLE Aby bhis' qﬁéh%ﬂfecsﬂﬁ‘@eﬁ?'ms
based whiereletheaiuthtatadinéorént iBen kh@fdr@%tdfrﬂm whbigHigercent
13 27. The lubricating oil conposition of any one of
the pitecBaih3doveiDhpereantibasas on ihetoosiabhalshe lubricating
content; is in the range of 0.005 weight percent 15 to
about 0. 06 wei ght percent based on the total weight of
the 16 lubricating oil. 17 28. The lubricating oil

@eoposlitte labricdtingnyil comepeditidrinef angoadiof me:p:@lce‘dmglﬁaums
wherein the hosghorus content. is in the

0. 015 Wisrghthg spiaied asheantentys in the '@@gﬁ&f&f Wsm pRfcent
basedt&%ﬁ&[}f‘i g%@gtf’ﬁ‘érggﬁ sddbn ﬁ%ﬂoﬂ:ﬁ g:lht'd?gh@!dbfncatlng

21 29 1'ng 0| conposition o

t he podicedi ng clains, 22 wherein the phosphorus

content is in the range of 0.03 weight percent 23 to
ht 24 30. The ubri cat

2o Tneith G o mabstial af AeRES 0k B Mepaing staims,

\Aher eiwherdif the BhbSstidrns c@hien@ Wﬁetrhﬁ@e BfJO bbsrweught percent
corrprlses one Or nore 26 urlcatlng oil additives

sel ecteabevidhiaweighjaeresntdiaspdrarsihesotahmeight of the

oxi da sity index inprovers, corrosion
i nhi bp’{bifrcg*lh@%?l - wear

28.  The lubricating oil composition of any one of the preceding claims,
wherein the phosphorus content is in the range of 0.015 weight percent
to about 0.05 weight percent based on the total weight of the

lubricating oil.

28.  The lubricating oil composition of any one of the preceding claims,
wherein the phosphorus content is in the range of 0.03 weight percent
to about 0.04 weight

30.  The lubricating oil composition of any one of the preceding claims,
wherein the lubricating oil composition further comprises one or more
lubricating oil additives selected from detergents, dispersants, anti-
oxidants, viscosity index improvers, corrosion inhibitors, anti-wear

agents, friction modifiers, pour point depressants and foam inhibitors.
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28 agents, friction nodifiers, pour point depressants
and foaminhibitors. 29 1 31. Alow sulfur, |ow
sul fated ash and | ow phosphorus |ubricating oil 2

concentrate for | ow em ssion heavy duty di esel engines

conprising: 3 (a) fromabout 10 wei ght percent to
abbut Adowesutiat, lopwe sufaticdaish andhlovophosphorusbiubdeatinggoil

Vi scosi t b?s dfonthe.total vveigh{ f the .5 L
| ubr 1 CSATGETEIS fozdnk sissioR hedky ety difselEnains; comprising:
wei ght percent of an anti-wear additive conposition 7

conpri si g@) a fehthbs@ 10 Wkight Mardent b spaGaEakighRpercent of
pr oduct based on the total weight of the l[ubricatin

oi | conposi ti 8n.ollefigbricatingtvissesity basewen dhe tatg! weight of the
em ssi on heav ' i.nes...which 10

conprises | ubﬁbgfg%llﬁn b&i?hcgﬁ}%% é’ﬁ fur, low sulfated

ash and | ow 11 phosphorus lubricating oil conposition
conpri si (B 12t leakt 2 weightrperoentrif aof ardibwoat additive composition

| ubricating viscosity; and 13 (h) at |east wei ght
per cent of anc%’ﬁ‘Pf'S\ﬂgé’rm%ﬁlﬁai“\Pg 3«:@?@6@ {copfengation product

conprising a peiay oﬁﬂ%e%td%él \ﬁeiyhf‘aﬂtﬁ 168 tiﬁg%ﬁli&ﬂnposition.

product 15 based on the total wei ght

| ubricating oil conposition. 16 30

32. A method for lubricating low emission heavy duty diesel engines, which
comprises lubricating with a low sulfur, low sulfated ash and low

phosphorus lubricating oil composition comprising:
(a) amajor amount of an oil of lubricating viscosity; and

(b) atleast 2 weight percent of an anti-wear additive composition
comprising a metal salt of a Mannich condensation product

based on the total weight of the lubricating oil composition.

30




