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19  Heavy duty diesel internal combustion engines mounted on motor-driven

20  vehicles, constructions machines and power generators are generally driven
21  using gas oil or heavy oil (which is a fuel having a sulfur content of

22 approximately 0.05 wt % or more). Most lubricating oils for the dlesel engines
23 have a sulfur content of approximately 0.3 to 0.7 weight percent, a sulfated

24  ash content of approximately 1.3 to 2.0 weight percent, and a phosphorus

25  content of approximately 0.1 to 0.13 weight percent.

26
27  In order to reduce air pollution, vehicle manufacturers and petroleum

28  companies are interested in déveloping tubricating oil Systems that have low
29  emissions and better fuel economy for heavy duty diesel engines.

30  Environmental pollution caused by emissions from diese! eng'ines may

31 comprise particulates and carbon oxides, sulfur oxides and nitrogen oxides.

32  Diesel engine manufacturers have started to equip diesel engines with



. 31 conprise particul ates and carbon oxi des, sulfur

oxi des and nitrogen oxides. 32 Diesel engine

manuf acturers have started to equip di esel engines

with | exhaust after-treatnent devices contalnlng

partij cul.at ers oxi dat i
1 Pa b BrtiaaBbR oot edtante, A AIAT: TR exicatien
23 dabjdts bhe ré&tﬁihoﬁ%té!?@ts't@@tﬂvl%ﬂé efdir®hmentg Brétlems.

| ubricate di esel engines contribute 5 to par |culates
‘3and oxi des found in em ssions from di esel engines.

4 B2 e F S PR e O A5 B LS ggﬁté}%ﬁ@é bantribute

5 adtb paNiealatds Ahd bkiciat lfcblﬁthIrI em'@@mmmmm@ngmsaw major
de osits_ 8 in dlesel 8|nes beconme trapped in t

6 chaAREITS insulited @ éI%IVﬁ feopn thes salts ghalkalhand allaling earth
7 fi He?élsdet«g@’éﬁﬁg%ﬁ@@é III lﬁﬁhbétﬂwt&@? Phé oS b%tlfﬂé%égh deposits

nes ar ur. cont ent ,
8 or |rgd|eaé|®191mest Irecomokel trepped dmﬂmaﬂmﬂr&!anﬂd;k%elémlhamhaust
oil. Sulfur in diesel fuels js converted to sulfurijc

9 acHas RﬁH'(»‘é’Iﬂt$ Siitess. Gonvgntienablitbgeating @ifs ¥3Rdl B.digthengines are
I
10 IP8IsE g TR Lofifeht Aich o fatts Pl it {fmplrionts and

11 hetheybahﬁ tyll dbelfaliin ein@ahﬁ.lelmwcatn\xelrm tecamllfppedacm ad sulfates
al so . indirect|

12 3 vBlchegmigebterte Hie Priaiintdied Yoating Geusbadnd ditpationtibute to
13 Pafid sattidhiStes thQPéIo SBErtIcﬁieIt@?iltérs |ﬁ%éﬁ2%utﬂ_ H%sel engine

sulfuric acid and [fates al so pois
14 oxvejaclesmqump@ldwﬁstham Suifutie acikdhmay blsgaindireethinconfribute to

15 otioaita e baritiinth AR Weting tneiarifinted; i addina o their

16 Of maB8S ThBaffLAY Iaéfdeandlﬂlet SiRte Ao Oish tHeloxidation catalysts in
catalysts, it is essential that the sulfur and

17 suﬂhﬁmwuat@as cleapipgtdavicasivhish may elseaesuly infailure to meet

18 R RO TR, b Bncori 6 Has¥ Rptiouiate

19 arﬁapsoamai aridatios datalyads, at Besgentihiyibt the sulfur and sulfated ash
-t hi ophosphates, also 24 contripute to reducti on |n

20 t r@rﬁ%&'h ip ths Iubricating el igilomesad eanaidpeakly compased &ythe
I I h
21 PGSRRAL S Bl DBkl 61 09 o)) enhance

22 exhaust gas cl eam ng devices. Therefore, there is a

hor us ent in

23 nffgwdtf-wg@r A4 G s Pudkesang ab el T SbbTeRhosppates, also

24 f c@?‘ﬁ‘éﬁ]stg rt(? rodt éiti%H in i LERATSIhe Ioﬁﬁiaﬁbﬁcca@él?étb' HHERBsed

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  décrease 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. the exhaust gas cleaning devices.

30 _

31 A number of patenté and patent app!icatioﬁs have discussed methods for

32 reducing particulate emissions and low sulfur, low sulfated ash and low
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27 U.S. Pétent Nos. 5,562,864 and 5,614;480 disclose a lubricating oil

28  composition which comprises a major amount of an oil of lubricating viscosity

29 and (A) at least about 1% by weight of at least one carboxylic derivative _

30 composition produced by reacting (A-1) at least one substituted sucgcinic

31  acylating agent containing at least 50 carbon atoms in the substituent with

32 (A-2) from about 0.5 equivalents up to about 2 moles per equivalents of

33 acylating agent (A-1), or at least one amine compound characterized by the
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26 detergents.

‘27 U. S. Patent No. 6,159,911 discloses a diesel engine oil composition
28  containing a lube oil base and one or more metallic detergents-dispersants
.29 selected from among a perbasic alkaline earth metal sulfonate, phenolate and

- 30 salicylate. The total phosphorus content of the composition is suppressed to
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22 U.S. Patent Nos. 6,331,510 and 6,610,637 disclose a iubricant containing (a)
23 a synthétic base oil composition having an overall kinematic viscosity of at

24 least about 4.8X10°° m?s (4.8 cSt) at 100°C and a viscosity index of at least
25 110; (b) a dispersant-viscosity modifier; and (c) a sulfur-free functionalized

26  hydrocarbyl-substituted phenol detergent provides improved valve train wear,
27  with longer drain intervais, to heavy duty diesel engines.

28 ‘

29 U. S. Patent No. 6,569,818 discloses a lubricating oil composition having 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) major amount of mineral

32 base oil having a low sulfur content of at most 0.1 weight percent; (b) an
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1610 11 U S. Patent No. 6,730,638 discloses a
| ubricating oil for internal conbustion 12 engines
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22 aromatic carboxylic acid, or (ll) a metal salt of a phenol, or (i) both a metal

23  saltofan aromatic carboxylic acid and a metal salt of a phenol, in a lubricating

24 ol composition for improving oxidation resistance of the lubricating oil

25 composition, wherein the amount of phosphorus and sulfur in the oil

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

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

28 found that a detergent composition comprising more than 50 mole % of a

29  metal sait of an aromatic carboxylic acid improves the reduction in wear in an

30  engine.

31
32  European Patent Application No. 01201752.1 (Publication No. EP 1 256 619

33 At} deemed withdrawn as of March 5, 2005, and U.S. Patent Application NO.
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13 Vlg‘fé)l%(ﬁ%tlohqh %egﬁirpénéﬂgmt 3 and added thereto: (B)

tergent conposition tonprising one or:nore netal
144 detergents which conprises netal salts or organic
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25  zinc di-alkylaryl di-thiophosphate is in the range of 20:1 to 2:1.

26 U.S. Patent Application No. 10/344,390 (Publication No. US 2004/0106527
27 A1) discloses a lubricating oil composition used in cdn}'unction with a gasoline
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 A1 discloses the use of

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



14 15 U. S. Patent Application No. 10/430, 594
(Publication No. US 200310216266 16 Al) discl oses a
| ubricating oil conposition enployable in conbination
with a 17 low sulfur content fuel oil is preferably

conposed of a base oil having a sulfur 18 content of
ht Fesbicepartiatgremissionsraf a digreleiging equippedivdtina particulate

fon‘{}égSI ng an 19 al kenyl - or al kyl -succi nim de or
derrvative thereof, a netal-containing 20 detergent

3:ont aining an organic aC| d rret al sal t a zn nc di - al kyl
6 1t)'j;;l ophosphate, a - al kyl '
‘blu - p#@&bﬁaplécat@ﬁd\'%n1Qﬂ@?»%ﬁ?ﬁéﬁ’uwﬂﬂtml‘é@ U82005/0026791

_59el ﬁfjr? Sgcforsgg‘a"’lo? ﬁH‘@:gﬁB\ﬂ%ﬂsﬂ aﬂ? I@& éﬁg@npfég gﬁﬁﬁ%ﬂ%dltlw

ne conpoun
' ,6: onpmkage wmpmmg at ont lammé shi @f plitiyd mo—ﬂﬁophosphate

on t of the zinc di-alk di - t hj Qphosphtetot
T hoE et ¢ BBk Abpication dlsniosssubbatkbgsed on the lubricant
[ e of 20:1 to 2:1. 26

Sd sé%gﬁﬁéa@pﬁﬂé%ﬂﬁéﬁd%ysm 390 (Publication

No. US 2004/ 0106527 27 Al') discloses a lubricating

%i | conposition use@SUMMARY OfcTHENNVENTHONasol i ne

28 fuel having a sulfur content of |less than 10 parts

5T B R REATGHSFE o 39 i tow

© 11norghddphiants Rbripstingeoil cOMpvEieR for Bl érﬁts%id?ﬁﬁééwaélu diesel
Pub‘lﬂ? cée??l on No. V\Dny;004/ 026283 di scl oses the usetyo :

1232 gngines 6@MpESivoI(8) ainpajor amosint oﬁan ot of drhricating viscosity and (b)

a5 PHRILEN A PO O3, A v

14a preydroxydrainatic 2atbiaglic dciddand $mdlal sait of“@@b"(gﬁph@rﬁbl and (ii) a
No. 10/630, 026 (Publication No. US 2005/0026791 5 AI

154; Jpeted salt of m@@mm gendensatiearproduet. 114w @!ms@phtﬁwagtlon is also

16! Umlﬁéb?éﬁatcg?ﬂivfr Eﬁﬁlr E)Dvﬁgﬁlﬁl 8 gef 'H?{g:il W}Q’If?ﬁi? FIES Rmri'aﬁtmg oil

salt o
17patcomcenipplel ccmnpmngi (®cdmeibef Iubht:amg visgosity snd @seal detergent

the |ub t dd k ds - of
185 SONRRIBooES RYENRITTRES OFsemBIel saliol AmaRY: on | s
1901 1RAGHaromatit eAbERYidaeid| M & Metal £t §Sdh amgI pihol, and (ii) a
20  metal salt of a Mannich condensation product.

21
22 Specifically, the present invention is directed a low sulfur, low sulfated ash

23 and low phosphorus lubricating oil composition for low emission heavy d'uty

24  diesel engines comprising comprising:

25 (a)  amajor amount of an oil of lubricating viscosity:;

26 (b)  adetergent composition comprising (i} a mixture of a metal salt of
27 an alkyl hydroxyaromatic carboxylic acid and a metal salt of an

28 alkyl phenol, and (i} a metal salt of a Mannich condensation

29 - product. |



11 phosphorus lubricating oil conposition for |ow

em ssion heavy duty diesel 12 engines conprising (a) a
maj or anount of an oil of lubricating viscosity and
(b) 13 a detergent conposi tion conprl sing (i) a

1 Calbifn ke SoPve Rihgodtng SooRuvsiion. Riefaiaty Hariat@ior () the

an t
2 STy ot riSaTEi a8l ol S IOGRIE Gl a o

-3

a balofah falkyj phemolﬁol (fethednetsh salh df bddamiioks pbndensatxon product

AL bt o0 SOy b B8 brcon

5

COBR&&H bhRe EXEPHERNPEF ﬂw@délef@éfﬂ ‘ébﬁ]ﬁUSltﬁ)n”mr@fer§B|ytthe ratio of
of an al kyl 19 hydroxyaromatic carboxylic acid

6 nefl}atheslailll)ﬁur@fofah rrmtalyaaltmf@mlky!etwrchyayomatig@aﬁmxarllc acid and

8

7 Soaenstel el G ab Rl FPRREIRB OBRIERY Fa of d st cppgpnsation

S upfaduct |sow the rdmgeof atsdut MQ%ldmwmﬁﬂb @bt 30:70 weight
lubricating oil. conposition for | ow em ssion heavy

9 dubgreepibased en the ftakyeightpt thei ingn@aimmhwgpoggooajwore

10

12
13

14
15
16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31

(b@f&g@ﬂ;‘iﬂ TG os R4 tplre o b AR
1 of h;admyawbmictcarboxyﬁé atid ahdl ol meidl eanmeﬁrmkyl @henol to {ii) the

carboxy ic acid and a netal salt of an 28 al g/
ph@stl salted 3 Mapnighpengdensation prodychigrihiass 50:50 weight percent

I lc}g%eécbg | n@w%)lt% coﬁ‘pg(gﬁbﬁgﬁgn%arde% &P%qﬁﬂe%ﬁ&? gtb |0\(;eof

(i) the 2 mxture of a nmetal salt of an al kyl
hyldrtbeyaixturatin ¢) imﬁaehietetgemt asoimpositibnaofitied above Iuizridating oil

CRBRGa R e R prtRe Jrotet salCeln Bl abmeticrbonyic

Wei @@ o BRS ﬁfé'ﬁél dat cﬁ%mﬂ%rﬁe@mw iffthe PGS BE aBo IR0 weight

on the total weight of e detergent conpositlon.
Prrgreeabloyakicus 2|0e&0 weight peroent Ibesmi wnithe tofal weight aif (i). More

e e o o BTSSR B SR et ot

s addid @b the Medlisalt dfehctﬂnﬁweﬂel is8n nh@e@w% oﬁatbdutte”oezto weight

range of about 70:30 weight percent to out ;

wdigirenidomhai AD:Ghweighd ﬁetqe@t based opdhg mtabwetgm of (). Most

I

| RIS Sl SERATLD 3 Mol By PSS BR b Lo
acid and the metal salt of an alkyl phenol is about 50:50 weight percent based

on the total weight of (j).

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 thefeof. Preferably 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 atkyl
hydroxyaromatic carboxylic acid. Most preferably the ratio of the linear chain

-9-



I I hydroxyaromatic carboxylic acid and a netal salt

of an al kyl phenol to (ii) the 12 netal salt of a
“Manni ch condensati on product is about 50:5 0 wei ght

percent 13 :based on the total weight of the

| ubrjcating oil conposition, In the mxture in (i

i n qlRd qrevies ipthe Righsbsrcnain ahvkoreuais e mbﬂwrez:ﬁtab'm)yt 50:50
201 | b?éb?y(g‘ri’fﬁé)@tél'é?ﬁyi yFSU';S%Bh Q??%'%@Y%Pé’l rtogr?%tf?eégggﬁgflic acid.

al ky oxyar omat’l ¢ car boxy
salt of an al kyl phenol is in the range of about 80: 20

3wei gie alkyirgroepaenthe alkghphenc?in gPinibe gletergent eornpbsitied of the |
2 b 3o et et Al Bt
Scﬁfg}?@ﬁiﬂ.! imefel??]!gﬁhéi aligl bl‘tﬁjﬂgsﬁ ?ﬁ% %W( l(f)pi‘}lin(ﬂrl]"bt §|n§i)5{ure of linear

phenol is in rangé of abou wel g

6perch@in and bswchedichain aliel greupscorcminduresdberenfi Mare preferably:

t ] f (i Nb 21 f ly th ti f .
7, 93 48 8Pinengb el PS50 b ol Sr{oroun
822 thg imixtund id incthemhage BAlabolf 78:30ablabouPBEITY basePdWitle total
50: 50. wei ght percent based 23 on the total weight of

9(1 )a_lkngrqtpgs gm ms; a&yb@i@gr@m. tMestgrrigrably the xatio o ! iI'_mear chain
105k 26 g e BubiSuB B RN mBaTROR pefsos0

11chaiasedm the totdh atlyt Hrslipthen theahlkyll prgsrlip or  mi xt ures
thereof. Preferably the al kyl 27 group on the al kyl

h 0 omati b carboxylic acid is a mxture of |inear.
12 c% .rﬁf(eyrgfs'ygﬁ% bga yezm a"w? group on thsaalky! hsirexyaromatic
pr . r t.' . i Y i 9 . 1 .
1357 SLRSGOIY by 1 nd el A5850534Br nPpolAbricating o
14 mi xompesiton ag e abmd ofarbsn adbmstio 2boa060 cadhmuitoms. More

30:70. b h | -al kyl | kyl 31 .
15 b BTN fhet PrancBef G Bl grelpgbie st dnaEr Arpatic
16 ' atchbd¥dié heid ﬁé@ﬁémcé}?%d} 6 cﬁrb%)ﬂadt%% 182PBAE4H %ah%% atoms.

branched chain al kyl group 1n e mxture is abou
17 soMswst preferatiyl thmbranshedt chiaimblkyl grpupupsthenalkylchyalreogtaromatic

1 1SS BRE i PERCAL b Bt B B s
of the 4 above lubricating oil conposition is a

19 | i Resferabiiaiie iear dhzimahgtigehip on ﬂ'tekéﬂk?/l FydsbRpsromatic carboxylic
Pr efer,akzj y the a group qn the al kyl phenol is a

X | kyl ) 101 . "
20 i g¢idri@ (g#n Fh%@%fﬁréelﬂwamp%%prb%w@r@pw@ﬂabﬂcam@ﬂ composition
ar ] I
21 0TRSO o EERIVRER ) ASRUBEAEEAY Blomd Wi refrabty
. 22 chtnerlireak whar allggl groupdr the atkyithydeoxyaromatib ;earbmqﬁc atid has
23 abﬁgrt'n gtg)du th(?ar 88% o;%cs)'t(g%b%%%gg c%rr]bt;nhgtotn?é.aMost preferably the
24 alkyl grdup on the alkyl hydroxyaromatic carboxylic acid has from about 20

- 25 carbon atoms to about 30 carbon atoms.

26  Preferably the branched chain alkyl group on the alkyl phenol in (i) in the

27  detergent composition of the above lubricating oil composition has from about
28 4 carbon atoms to about 60 carbon afoms. More preferably the branched

29  chain alkyl group on the alkyl phenol has from about 6 carbon atoms to about
30 40 carbon atoms. Most preferably the branched chain alky} group on the alkyl

31 phenol has from about 8 carbon atoms to about 20 carbon atoms.
-10 -



9 al ky! groups on the al kyl phenol. Mst preferably

the ratio of the linear chain 10 al kyl groups to the
- branched chain al kyl group in the m xture is about

50:50 11l based on the total al kyl groups on the

| kyl | .12 Pref the b d.ch k
1gr YR e iy iy PR e EREEREGRRY B b
.2 l Ndetargést ddmmpeiaticn eethe Wﬁbhtﬁihg’éll b@:‘hg@bm&ﬁ has from about
| ubri cat| ng oil . 14 conposition has Trom a

3 caflissiben siams to about:60carbanatemst dviere prsferabhysthe linear chain

+ by AL GEh At e SRR T b ot Ao ¥R s toidout a0

5 cathyonoatons, t!‘ﬂo@hﬂ@feréﬁly@ﬂéhﬁﬂ@aﬁbmﬁ alkyl Grdd@s bn the alkyl phenol
preferably the branched chain al é%@ group on the. al kyl

6 hy bas kv aheyl 20 carbopatemsyipiaboyt B8 caskon plamabout 8

carbon atons to about 20 carbon atons. 19 Preferably

7 L Nenbinigicl Eaia;&%.gérdg ﬁ}BBH&égTQ théldé}/ér)gent composition -m the

hydr oxyar omat |
8 delubrigating obwptie piesenbinvehtorsqwepbrdd froat & figrnwltiehyde or an
21 has from about rbon ato t 0 apout

t
9 GoRRERR ﬂav'&ssonwrgoa@é@@rtgmwu? 20 craon Alpms. 2 Alljagen base
I I
10 2 8ol i BRich v PR PO PR B fuures
11 caﬂi@wofaandan dbdtphenel.erably the 24 al kyl group on
t he al kyl hydroxyaromatic carboxylic acid has from

b 2
12 3 B e Akl Blalh S8 R 2B Btk wa@aeﬁégiﬁgﬁ%qu@ra
13 phershichnednidenkatidh protilict /i @) Gfthe @&t tfcbﬁspdg‘.tudm@f the

above lupricating oil conposition has Trom about
14 ¢ gpresanbinyeRtionisad dnearsthada ppabranehagd chainaligyd ar@wabr ;mxtures

15 | Do PRty e AT ot & MO aRY AN Pio iR brepare

16 atthesMahbieh cpheéﬁmwmpxbbacbtewbﬂme@h@b ahairphikyl graupup
: on the al kyl 31 phenol has from about 8 car bon atorrs

_to.a ar bon at ons. O 1 Preferably the |ine
17 cr%e?e ﬁ)lmgeéqrauﬁh Chajg adlﬂglﬁmtgﬂ]enéhe Ak pheng giRBloyed to
t
13 L BLAR AR coRReRsatoiP R ein (I & ddtBgirl compositon
19 Gmfdhe ipoeseant ammntlmhrhasp‘r@ﬁeatmllt ¥ cankeoth abmras te abbnt 80 carbon

20 2 A Bt TS K RIS S0 R B8 nd Bk phero

21 pfrﬁseﬁé\hl abdufe ddrBGﬁ‘bt&ﬁ@'tcS‘ aBbly40 8a4H MBnid) eM%Lskglleferably
. phenol 6 has from about 20 carbon atons to about
22 cdhedranghstschain alkyl group on the alkyl phenol has from about 8 carbon

23  atoms to about 20 carbon atoms.

24  Preferably the linear chain alkyt group on the alkyl phenol employed to

25  prepare the Mannich condensation product in (ii) in the detergent composition
. 26 of the present invention has from-about 4 carbon atoms to about 60 carbon
27 atoms. Most preferably the linear chain alkyl group on the alkyl phenol has
28 from about 12 carbon atoms to about 40 carbon atoms. Most preferably the
29 branched chain alkyi group on the alkyl phenol has from about 20 carbon \

30 atoms to about 30 carbon atoms.

-11 -



-7 The Manni ch condensation product in (ii) in the
detergent conposition in the 8 lubricating oil of the
present invention is prepared froma fornal dehyde or
an 9 al dehyde having one carbon atomto about 20

10, sel.ected f

b t en_ba
gﬁ#a?ﬁna'aef%rr”g%ﬁmb%f ot gﬁ%ﬁi“%%@%h@%%ﬂéowﬁhﬂ pgsent
fi
aI kl{/lf/é‘rgt\;cgﬁ 6n i ﬂfiahéﬂ%lartyﬁ?‘b eﬁlglghc c%: E%E:Eg;%?é{a@gyl
3t hehydvbxyhiestzeoe maeh:mqmc acidy mdbnein the a@kyl proup ishee50:50 mixture of

4 TRBETEREEPR Gra AR AeUP endieh TR Anal: Gapieoa ekl dfoup.

5m XERY Sfkyi él%ubftﬁf #fefalkf rp*hfeﬁbﬁ?ﬁ' ®is %Q')@Sblfﬁlxﬁjréldﬁ b%ihched chain
t he al ké(! henol en‘pl oyed to prepare Manni ch
gy

-6c orfeer@l oup eod lisean @hain lﬁmtmﬁmalkwagmual my (ii)¢he dgannich

r ra in al r ou n.,the
Rt pindfish bih ol sfeddor et Hkdpriehdl, wherein
SCoﬁﬁé%ﬂé}ﬂ gesuPisasibiinched Chiain €1, AlkA gi@bsrmformaldehyde and
conp03|t|on 19 of the present 1nvention has
9abduenamethyloimions t o about 60 carbon 20 atorrs
Most. preferably the branched chain al ky! group on the

108! kptle REAG) tl‘?eln'!é?%lsstaﬁ%f'a?n ﬁ)l h&d?@%‘?ﬁm%ée %Ert&dégﬂg AYid and the -

40 car bon at ons ranc

110 hémetaa*sdm bf gn @ikyl phemdiléndé[b’eddelmﬂ? mady ba%mfailhali aletaltortin
12 (ra? oms t o about 20 carbon atons,
Pr

ing ‘%ﬂ"f mefaln saptesaRly thamefal Fgﬁﬁt@ik%'met ﬂ%ﬂ'&ﬂl’@lﬂ' More
13ph Qﬂermglt?é(g&ahﬁet%agﬂéﬁ?@r%é SuMpnni ch condensati on

duct ergen conp05|t|on 26 of
the present invention has from about 4 carbon atons to
14abdine raeta an benmegd satt axie. Mdbsich moatiensation proeluict nwrbe an

15 Abimsta of BB ke i melal, Tigrerably dhe saiabls Abakaline
16 Pr ebpthafibial LA méfe BraBRMtHE@kalR Kxith %étblplsc('i‘aibimﬁ]

aI kyI phenol has from about 20 carbon 30 atons
out 30 carbon ato In a preferred enbodi ment of

17t hé?rﬁi%ablzsféhe sYifan ¢0r&@a&¢2ﬁhe idnicefing ipdl gemerasition of the present
1 WG R i o1 YR SRRSO TR L S BGAY bbfeens

19 \gh baeﬁ@ ghhhe abﬂa]é{ivgm uﬁth@lubn&@ﬁr’@om lMdlé @r@ﬁeﬁalﬂy ahce2 Sulfur
rancne al n I ou a | near . chal.n
20 ocmf@népﬁaw Igbee%tm%o'}?ﬁ@%apﬁ pn 81®pfﬁ$qnﬁwvgnw9n is in the
1 ph )
21 071586 b0 D5 weidhtpctRehbioMuut 068 WsigHPRIHER, R bn it total

22 gr weightlaf the Jubniehting oith Most preferably the sulfur content of the

-23  lubricating oil composition of the present invention is in the range of 0.1

24 weight percent to about 0.2 weight percent based on the total weight of the
25  lubricating oil.

26 Preferably the sulfated ash content of the lubricating oil composition of the

27  present invention is in the range of 0.2 weight percent to about 4.0 weight

28  percent based on the total weight of the lubricating oil. More preferably the
29  sulfated ash content of the lubricating oil composition of the present invention
30 isin the range of 0.5 weight percent to about 2.0 weight percent based on the

31 total we;ght of the lubricating oil. Most preferably the sulfated ash content of
-12.



7 condensation product is a condensation product of an
al kyl phenol, wherein 8 the alkyl group is a branched
chain Cl12 al kyl group, paraformal dehyde and 9

nmono- met hyl amine. 10 The netal in the netal salt of
an al kyl hydroxyaromatic carboxylic acid and the 11

1 nethauutmatmmoulawramwmoma%m pregeriyaventian i inthe wageef 0.75

\oooxlc\ur.h

10 »

11
12
13
14

15
16 |

17

18

19

20
21

22

23

24

25

26
27

- 28

product may be an 15 al kal i

o8 e 0 P A R e G iRt e

pr]gbﬁ@ﬁbﬂgyoﬂ he al kaline earth netal is calcium 14 The
metal in the netal salt of a Mannich condensati on
or .an ell kal i n

Y

cdTeleTablANe RoSPheRN oty Qfénﬁa?utrfsayﬂg eamnsitioneof the
arepofEhPpud Y ] SYABLS WcAieBuits i 0 0o weoht

t heerbenml baszidi orgthe total evgigist dfi tbe labfricating wile Move preterably the
invention is in t r e of 0.0 weight percent to
 UREPHORS SR %Ehew'cafggméf%ﬂeﬁ S e Aresght jqyention
Ofis el 1. 05 flelght Mef Serftt6 bBOARY D5AaGAKYErdent BRsed on

content of "the I ca I nNg oi | conposli tion
pribe dofial weigit of ﬂle iubncatmgpenl 2Mosapgefewbly)ﬂ%ph®p@wrus content

DGR ol A AR ! e o
ftol
i oo Argepasg oy o

wdhgabrpatiogreil. t o about 0.2 ‘'wei ght percent based on
the total weight of the 25 lubricating oil.

THEBANbERGHY STREMPBS o TR nveﬁ*f&o%*“é.’ S

faﬂmeﬂfn gWbiPaduiings sedected Ttorh dispepsdntd, ahtikexighnts, Smcosrty
per cent based on the total weight of the Igbr [ cati Qg_
oiiDdeXRRIOYeEs; @PH@ﬁPnt‘ﬂ@bth@ il poents, dadiamogfiers, pour

R’% tﬁggﬁg%ﬁga%%ﬁqﬂﬂﬂt&s"” of the present

e range of 0.5 weight percent to
about 2.0 wei ght percent based on the 31 total weight
ofPreferabliylthe @bbive @deahngbnlthmn m@ﬁmbfwtheln eopypirises eime or

h t ent b t
omeRpgsats. Mo eresirably the Fhectialseers picss differsants.
@&ﬂpr@%rﬁﬁl?tthé ashik8y ldi e?séﬁﬁs%é defvERAs dfairdind®anhydride.
the total weight of the | ubricating oil. 4

Preferably the phosphorus content of the lubricatin
oi Thecluhpeating @hcemppsition of the present invention may also contain

viscosity index improvers such as polyalkyl methacrylates, ethylene—propyiene
copolymers, styrene-butadiene copolymers and poly;soprene

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-phenyt amine.

Metal di-alky! 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 -



present invention is in the range of 0.005 wei ght
percent to about 0.06 weight 6 percent based on the
total weight of the lubricating oil. Mre preferably
the 7 phosphorus content of the | ubricating oi

If arfbsprog R enttibsudt € BRdubReaRoal X Blesbe istal dialkyl di-
' peftﬁ oQﬁﬁé’l@s%ﬁ‘e Zfhcl 41 hﬁﬂfﬁde‘ﬁ%hﬂ@élt@(ﬁf dsflﬂkyl di-thiophosphates.
lubricating oil. Mst preferably the phosphorus

content 10 of the lubricating oil conposition of the
3pr ebavigallynfristion spodiersraretuseddadapeft the poops frietieht

Ao RN R g st Rbor 08P RickOf soders are
5| ulfaitg atidnasters ampamidad asd nfolyBdemiune @@mbbﬂﬁds thhQ:.is amine-
nore 14 lubricating oil additives selected f

| 5d| Jpelybdanum compled goapeusd apdsmebibdenym (ﬂlﬁb@,@arbama’[es

7} TSI, 1 SRR Roldd L i br MBRbRAGRY 3:

. pour epre san s and

gf odhiocalbdmates svill Mﬂr%re;batriﬂuw sulfer ielibe dubridatingadil cignposition.
0|I conposition further conprises one or 18 nore

ersants re refer t he di spersant
QL PO s SssArs lowes The SemBREuLs: WhiEh dha BHidayd flow or
d
105, SRR Fofl ekt BptRsetptof tmBERANES fifiaky 8o
11i nvebridating radlyarelvewious copolymers caigiht 3s polymethaqylaies.s
-such as polyal kyl nethacryl ates, ethyl ene-propyl ene

12,0 RGP AR NSO R e Mot P

anti-oxidants optionally contenplated for use in the

13 24 A filthict alribbaimiht 6f thb e HERIBENtionVs direefedatota B 8lifur, low
di - al kyl di-thi ophosphates and 25 derivatives of

144 spHated asirantlovophespharugiubiiceiing eil conrepkatefnalave emission
| b t | 27
1523#’8%&??9??? 5& %&gﬁeréeg%@p%% ehlt icgnI Pg glrovi de

anti-wear. However, it may be 28 advantageous to
16 cont r o{a)t hee ntaijouﬁt ofrarsoihdfliubricatilgpeisossityf its
net al and -13 1 phosphorus contribution to the

| ub f t al | K
17 b ophiRprBelerdsd SRRSSiG sorphsoa. M iiuier £ metal saitof

18 di - al kyl Ckkn by PRRRERAbARtC chridajliedicid and b'rﬁbté?%altofan alkyl
modifiers are used to inpart the proper friction 4

19 char act er i ghane, ang @iiha metal salhof adianniclk eapdensatiom product.
Useful friction nodifiers are 5 fatty acid esters and

20 AR B W BEdRAE BHRS S EREH S entttF i el 852 method for

21  lubricating low emission heavy duty diesel engines using a low sulfur, low
22 sulfated ash and low phosphorus lubricating oil composition comprising:

23 . {a) a major amount of an oil of lubricating viscosity;

24 (b) a detergent composition.comprising (i) a mixture of a metal salt of

25 an alkyl hydroxyaromatic carboxylic acid and a metal salt of an alkyi
26 ‘ phenol, and (ii) a metal salt of a Mannich condensation product.
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6 nol ybdenum conpl ex conpound and nol ybdenum

di -t hi ocarbamates. 7 However, it should be noted that
the addition of nolybdenum di 8 thiocarbanmates wl |
further contri bute sulfur to the lubricating oil

I h
11 opadtipE smbgdtiten At e GVEHGE B dRais b thejisesf alow
2 PORLIRGr, IdW @théfé@SaMd R bﬁ@)@ﬁhdrﬁ@ IR atiBE R chSdsition for

S flurdity of [ubricating oil are various
- 3 coputiripabing JO\s @@Insaen heayyreiuhiediegblengines compusegul
foaminhibitors are of the polysiloxane type. 13 A

it oot 19 T8 IREAeh {8 PGP ERloaliF ReBPLE ana 1 ow

phosphorus lubricating oil concentrate for |ow

5em ssi @) d0Oetergait cdim;yosﬁmsebmpriginge@ a:nmcturesong métél salt of
(a) a maj or apount of an oi] rlc%¥ Vi S¢ }
617 (b) a R akykhyd r@lSYﬂf@EﬁtiCcﬁ@”é Figthgn |a)m§fa saltof an alkyl
m xture of t t
7 -hydr oxyar danrgeiﬁ' %{gr @?y’?‘?%" géﬁé’?gr@é mkh copden?atlonf product
al kyl .19 phenol, and (ii) a netal salt of a Mannich
8 condensat i on RETAIRED DISGRIRFHON EFHSHEMWMENTIOMNe
present invention is directed to a nethod for 21
| ubricating | ow em ssion g di esel engi nes
9u5|ng a low sul fur, |ow Qzéﬁﬁik ash and | ow
phosphor us Iubrlcatlng oi | conposition conprising: 23
(a) a mmjor anguni of _an oil br| ating viscosit
10 53A %8 e s e loIRuib eI JvedhR g @Vlﬂggref»-amags uhleiss
11 M BelshstacmRbihe 8hiraRf 25 an alkyl
hyd roxya omati c carboxyli'c acid and a netal salt of an
al k 26 phenol, and (ii) a nmetal salt of a Mannich
12 coiﬁée e | aidebydmas usethagreimrederdotfoomaldebyde or aisdahydes
of t he Hﬁ nt| on is directed to the use of a low 2
suh?wpg %v?rglﬂ‘?at ed ash and | ow phosphorus
| ubricating oil conposition for 3 lubricating | ow
em ssion heavy duty diesel engines conprising: 4 (c) a
maj or anount of an oil of lubrDcating viscosity; 5 (d)
a detergent conposition conpri ing (i) a mxture of a
metal salt of 6 an al kyl Ii)matic car boxylic
4acid and a netal salt of aIkyI 7 phenol, and (ii)
a metal salt of a Mannich condensation product. 8
DETAI LED DI SCRI PTI ON OF THE | NVENTI ON

15  wherein R’ is branched or linear alkyt having from oné carbon atom to about

16 10 carbon atoms, cycloalkyl having from about 3 carbon atoms to about 10

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

18 atoms, alkaryl having from about 7 carbon atoms to about 20 carbon atoms,
19 or aralkyl having from about 7 carbon atoms to about 20 -carbon atoms.

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

22 formalin.
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9 DEFINITIONS 10 As used herein, the followi ng terns
have the foll ow ng neani ngs unless 11 expressly
stated to the contrary: 12 The term "al dehydes" as
used herein refer to formal dehyde or al dehydes 13

t he, | s,
1, e AT As bod oty ateB to PR BRlRIS Bhie Periodic
21 0 TR suchfadl Sodiab PRSI andeh@ ky| havi ng from

about 3 carbon atons to about 10 17 carbon atons,
aryl having from about 6 carbon atons to about 10

3Carftermhd afildl ’eaﬂhkr@%l” Jausag h%?é?m@i%%“ P iktals of the
O car

atons to about on at ons, or ara ky avi ng
4fr&Brmlnhmil‘amecaudmasanalnmntamhmmeﬂﬁncar bon atonms. 20
Al dehydes nost preferred for use in the in the
preparation of the Mannich 21 condensation products

50f THectephe'aatitrogey bake bas ased heraih mfevs ﬁteay\dmmmbas%%elected
formalin. 1 The term!' aLkall nmetal" as u%ed her ei n

61 o 2TRRIG B IPWRE 2l LARING, REViBgronRIFTbOD afaiig about 10

su Lsm

7 PR 2R3 PR HIVRDS ik, ifbodn St 8 T2 amine

8 11 nitedgersaioins ard 24capbon atbros Tabbeut 40icarhas atainsi and mixtures
9 %Fesn um 5 The term"a nitrogen base" as used

he- fCl-efers to a nitrogen base selected 6 from

amoni a, a | ower al kyl am ne, having one carbon atom

"~ -to_about 10 7 carbon atoms, a polyamni ne havi 2 amn
10nj (Thedernagstasgentsias ssed @eeefnﬁpf%amaaa@@%s ddsioned to hold the
ca
11 RS8R, B ey oBRBAD 85000 B, 9y BL ALY afaine
12 r ebadseact witll |tme skrenglesidgr(sulfuric fed dittitewhith form dunng the

aci d- neu raI| 0] S | olution in t
135 ombrstios ek g el RHRHECH would gavse Somaion & i engine parts if
st t
14 h!}é?ﬂgntgrgéw%%gt Is%blf ¢ 8 @Fgeu@b i @Q?Nh Wf‘ﬂg@%\%ﬁ?@@%@gﬂ are alkyl
15¢ osum@najast @Ikylrm@mjam ang Mansnm:h base condensationqukdudcts.

gug%{g)pg%fe?el%en ssa;feoéonl"ljr%eercl:lally} Pe%dq{(%%glrllabl' nvention

17  The term “dispersants” as used herein refers to additives that keep soot and
18 combustion products in suspension in the body of the oil charge and therefore
19  prevent deposition as sludge or lacquer. Typically, the ashless dispersants
20 are nitrogen-cohtaining dispersants formed by reacting alkenyl succinic acid
21  anhydride with an amine. Examples of such dispersants are alkenyl

22 succln;mides and succinamides. These dispersants can be further modified
23 by reaction with, for example, boron or ethylene carbonate. Ester-based

24  ashless dispersants derived from long chain hydroéarbon-subStituted

25  carboxylic acids and hydroxy compounds may also be employed. Preferréd
26 ashless dispersants are those derived from polyisobutenyl succinic anhydride.

27  Alarge number of dispersants are commercially available.

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

29 lubricating oil composition of the present invention. The sulfur content is in
-16 -



15 sul fonates, al kyl phenates and Manni ch base

condensati on products. 16 Nunerous detergents are
commercially readily available. 0 The term

"di spersants” as used herein refers to additives that

keep soot a 18, conbustion products ip suspension, in

It h so'aygsfo%rféwsrg%t@ﬁaﬁ&g@ taAkovHeAoveimht pargept easege on the total
-nde N Hém.% Typically, the

zasWéigyt g?é@?égnt S (ggcglﬁégﬁﬁ??bgen- cont ai ni ng

di spersants formed by reacting al kenyl SUCG nic acid

321 ﬁ‘ig'Yéer 4&?9%@})&&1%%531%@@?3%%&&?; i3 &' phosphorus content of

di spefr sant s are alrkenyl succi Al mdes an

4sucaberabnickting dihesapositioe o tirt present ibeention.N€he phosphorus

Sot RATUSRL e Beange ataront BB MoIShE BRI E0s ke Spidh QR weioht
-«derd i . t it .
Aot BRI At B Ul RE AR Cif ctiriboston.

enpl oyed. Preferred 26 ashless dispersants are those

7derTﬁ’ee%rﬁi)‘£<§Uv%ﬁlf%fe§!°§§ﬁt’ M |seRHESTEN n‘éf&%%%é ditfated ash content
rcially 7

| arge” nu I Spersants are conmre _
- Savaflthb lebricaBnglodl doepositionothefpresemtdnusieibnh €Tt sulfated ash
refers to the sul fur content of the 29 lubrjcati

) 1 ) ng Qi _

9corRsBdentiia in Bie rangenf abekt Oidveignt sarcenkio §9Wﬁﬂ-0%\’elght percent
- 10CO L SiH o118, ; i er cent

1070 e rpirg ot Wit cfng Rtgfealiha Si bcbiorp " 5

wei ght of the lubricating oil conposition. 3 The term

" " nerejn Lefer
11, P BRE Mttich, BSndRpaBpTp Ryt Sl et refers to the
12conpegiehsatioroprdduet of &s alky! phawsl] & dormaidehylwspaoaldehyde

content is in the range of about 0. 005 wei ght percer‘gase

13¢ o."ti’gYB"!ﬂ ole garhos %tﬁfn osawtp?&ﬁarbag ééo'Bﬁ & pigogen

wei . . :
1425 58t 1B HRIERS M Yy ARTM B d Bt R o abou
15 sultflatarbon stomena potyandnethaving 2 amine attroggnaatbms to about 12

5 BB R3aSh e 25 St e na

171t 0 rgikRAEs thdtehei ght percent 10 based on the total
wei ght of the lubricating oil conmposition. |I | The

term "Manni ch condensati on product” as used herein

18" ﬁf'IWeStehgi “Pg§rrlr)a#§gﬁ§% 1888 ALIEIA rBfepd ggélk%gni‘ﬁaﬁh kdbtal alkyl

_ phenol, e or an aidehy avi ng one
- 19 caphenols, alityl salidytates 20d alich sulfonates imwdich thietratigef the number

20 D258 phtREriS b o BBl e 1 HEhuAbEY br SFiMents of the
21  organic moiety is greater than 1. Low overbased refers to alkaline earth metal
22 alkyl phenols, alkyl salicylates and alkyl sulfonates having a Total Base
23 Number (TBN) greater than 1 énd less than 20, medium overbased refers to
24 alkaline earth metal alkyl phenols, alkyl salicylates and alkyl sulfonates having
25 a TBN greater than 20 and less than 200. High overbased refers to alkaline
26  earth metal alkyl phenols, alky! salicylates and alkyl sulfonates having a TBN
27 greater than 200.
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15 10 carbon atons, a polyam ne having 2 am ne
nitrogen atons to about 12 16 am ne.nitrogen atons and
2 carbon atons to about 40 carbon atons, and 17
m'xtures thereof. 18 The term "over based" as used

h f | | k
oo termieketed s op aibed Farin Playe ta fhs tcamiustivle residue
| 2""”'r€FulﬁH§ filof) H@te?@eﬁtgt%gﬂ Rilic ZiffeSRYUUNACR |PfS@lﬂated ash

al kal 1 ne“eart e nunber of equi val efit
3t hevagdetermingidcusing &SN Jegt B&74r than 1. Low
overbased refers to alkaline earth netal 22 alkyl

it o bRy TENE a8 Hsefihor8 it 48 mount

5t hagt bake erqaeibazént% ehiligfefls oEKEI$ i ne gfamldf%bmme egnub, higher

metal alk phenol s, al kyl salicylates and al k
6sul TN @uadoesaveﬂﬁyt musealkainegredues, ammezefcm@ greater

7s oy, T w RS HRaRR el BERERnb fed ASTAMIS 2686, ©2"t " -

sul fonates having a-TBN 27 greater than 200. -17 1

8 Theurlessothenvisatapecified; akh percemtades aiennvedightpercente
non-combusti bl e residue 2 resulting fromdetergents
and netal lic additives, ] | fated

9ash 3 was determee 2 A-J8' Y1 The térm
"Tot al - Base Nunber' or TBN as used herel n refers to

10t NGt RAPHEEN d%c@f/el"éastﬁaﬁﬂl‘é' d@é@@ht b@nﬁbbitlbﬁrc@ﬂﬁpﬁ? né<@)"a mixture
i n one gram of . her "6 TBN nunb

11r efof @onetad selt af aalalkyb hydmwamnatmmrbbnylwfamé a@d a meta! salt of

123155 S ons 5 HEPLIERoF KRR AR ppuct e

13 PENGR %hﬁgﬁ%\ﬁ%ﬁlfat’éd\%f%ﬁd RV BledEp hor®s ld%hﬁi‘lﬁ bN@oﬂ;iosztlon of
COVPOSI TION 10 It has been di scovered that the

14 dete geemen& veption povidenpeed datprgenciaand depesit cpnirolgyhen

152, T30 70 s R S LR URE R, bt non
162 pdcdireded t®h lowMdalfor, G@N@Qﬁd@ﬂsﬁh ml:l Wﬁhosphdrus thgbricating
13 [ow sulfur, |ow, sulfated ash and | ow phos

17] uiiliconeentgatei qoraRsisig () dmajar amauntl a5 o Eeﬁw%ncafmg viscosity
18! M4RRY E?u ggg&pgﬁ?ﬁ%r&p%nsﬁ} Tha ”&Yerﬁm%ugﬁgﬁé 'Iﬁtfrﬁ%‘ﬁhb%l

when eém ssi on heavy dut
‘19en gon*trmsﬂ'ﬁheofﬂhe wﬁent irwemtion rhzalssiowmlfar sonﬂntse dhedetargent

20 ?ulgo%%t{qgar WhIC?‘I IS alllso Ft\fl% suitur %ggteln Bin azpls ?he functionality

21 and quality of the lubricating oil composition.

22 The low sulfur, low sulfated ash and low phosphorus lubricating oil

23  composition of the present invention comprises a major amount of an oil of

24  lubricating viscosity and a detergent composition comprising (i} a mixture of a
25 metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal sait of an
26  alkyl phenol, and (ii) a metal salt of a Mannich condensation product. The

27 - lubricating oil composition of the present invention may be prepared by simple
28  blending or mixing of the compounds described in more detail below. These

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

-18 -



17 oil concentrate conprising (a) a nmgjor anmount of an
oil of lubricating viscosity 18 and (b) a detergent
conmposition. Thus, even though the lubricating oil 19
conposition of the present invention has |ow sul fur

e R e T
?gdc&HP{)&iﬁMn %and?ﬁlnp WRé 'gi%ﬁé@ Goﬁ&e}ntF&QBﬂQﬁidddﬁWes?Z The

w sul fur, [ow sulfated ash and | ow phosphorus

| ubricating oil 23 conposition of the present
3 nv@iliof bbreating Viscoaityraj or amount of an oil of 24

- lubricating viscosity and a det ergent comnposition :
CO i . (1 . r o 2 | . L
7\ o ifcabha Siste it lselhl £ Alrelibteflo MBricging oit
5f which4fiapbleythinepdiasiadr, s tid ails of lubricaitingaliscosity and
Manni ch condﬁeﬁgsati on praoduct. The 27 | ubricat,ing oil

tconpreserabbrissiulindhe ceatease of aRdnisMatepMIRISHPR FROHTS-
- (A . - ; .
TesEtafedse fibriaBRg oiid cPapNN IPACE VBRI 200
&my(;]altistpkms atr-eﬁlgéﬁcte(ﬂr%ﬁ cegﬁstomat 98.8°0r Tiredlbgeating oils may
W th varil o 1 ot her additives In apprqopriate
% at l'i"’oQﬁ'\‘.ﬁ‘fﬁ'@Wﬁ"ﬁt‘@'%P%ﬂ%ﬁ”F@ SOHTCES: meg tc?'ﬁrﬁr Y asshe base
A e s ) . J or
1Py SR g, 000 i et o
111 uberdieriyngsed Briabricgtingoil baspositibnas Systticailsiinclude

12, IDPFDPE YPMEtSrR a5k wiitiohs GHErs sIegrukRaetc hydrocarbon
pr 3 r- 1 " 0] 1 - » :

132 SRELYS RBl0obgH 81 SpABLaTe by nd Re sty

14or dispacially useld arethe dydragenatedhliquid oligomess of Cs to C42 alpha-

SSEIAATHFAER B i o BT AR R vcosns,

1601 dighHsadide@uedenzbhaemaly b hsddorussial ynthetc baess include the
10 oil in this 1nvention_ includes paraffinic,

17napgatersfbolin maicearbexyic esids aaddolycasremigracds agwell as
in i n A : -
1! 8 Ba EAFRIEHIE Typ AL Bi Hifodeon aivte.
19F$t;mr§aedlfrHGMet@¢?pb?tb%]di—ﬁseﬂllfi)ﬂh@tyged_ipaié, cﬁilbﬁrylsa;blaudte and the
i qui 0 rs,of al pha-o] efins havi t he proper C
20y g@‘@si ‘%{“g'rég @é%féo‘?rﬁgﬁﬁﬁqg%mdﬁ*xﬁ-f@s PE g“de %&éﬂé&aéfépxy lic acid
Ui au g { b
21, | SdmEhbDBRE Ry chiricld ot D BoUSUE Bl ySfocarbon
22vi silesindysynthdicsoitthmay al$albe lusest] Fareenzengle, bispdsef 10 weight
ZBUS%%rceLIJ%% Lé|5 v%éé{éhi‘ Ste}c%n?ﬁgfgrrosgelngfeldu{j -%e%gr?e trimer with 75 weight
24 percent to 90 weight percent 683 centistokes at 37.8°C mineral oil gives an
25  excellent oil base. Fischer-Tropsch derived base oils may also be employed

26 in the lubricating oil composition of the present invention.

27  ltis further contemplated that the oil of lubricating viscosity employed for
28  preparing the lubricating oil composition of the present invention is a low
29  sulfur base oil. Use of a low sulfur base oi will assist in obtaining a lubricating

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

-19 -



17 esters of both nono-carboxylic acids and

pol ycar boxylic acids as well as 18 nono-hydroxy

al kanol s and pol yols. Typical exanples are didodecyl
-~ adi pate, 19 pentaerthritoll tetracapoate,

100 iGnehInes bRl e B sabeCa e AR A e Bur base
, zan%iudh?y BERSRVERENAT hthdeZfbr s piReRe dFiNe Bredbril ivention.

al kanols can al so be used. Bl ends of hydrocarbon 22
oils and synthetic oils may al so be used. For exanpl e,

bl ends of 10 wei ght 23 per cepbete wei ght percent
3hydrogenat ed | -decene tri rrET_evah(‘H&;S wei ght 24

- percent to 90 weight percent 683 centi stokes at 37.80C
i - _ s
47 BBlaeis ol 6 PlupaceiEs {ofbuiBiize @i pddation products,
. 526 such tasesulfulic iaci inrthe @iaEe ob dizsel fl.ie;b,nalrm(‘]I tot dentpol ﬁepnsits.
inyention. 27 It js further conte fe at t.he qil
6of LedBiansls fomyantopaly VSSE e uty dicssk ubicating o
th i [ il inLyi ; .
71 noottesiichs'de iy nEARE 2N ith Rletbepb sl ulfyrized, and/or
8 s ulcarbonated alkyl phendls as sietal overbased sulfanates.ubloivexer,ng
ook R e 3o g n st an

k n . | . ' . .
10 iS00 0B b a5t it On
- 11 f ocomberstion dbeee tibricating odls ey yieklehBiweightp®sent sdfated ash,

4 t er gent recused in lubriecating.oil.tg neutralize .
12 5 g a6 o e fasitiot o phRicfe cBftedh with s LBt ibaaing
13 t han@arfifiiHctishRREd the @khadstgdCaftaittéstned RPstehPand increased

Det ergents conventionally used in heavy duty diesel

14| uenissionsg Thedetergenpeynpogtien of tha piesenbimvantiemwas

hi |, Lfyri / .
1) ARk Y ESPOTE o idbir 3G o pthan ORhRRIRYF Hithou
16 9 thhighaluliag apd meahemgeit sivonventiondl dideigens eompositions,

detergents are high in sulfur and 10 netal content,
17 9. whilginggintaiaing Ge0dLdedergedcyei ght  per cent,

respectively. On | | conbustion, these |ubricating

oils may yield 1.3 weight percent sulfated ash 12
18 wh Petergeatssusast inHbe tisteraenbeprapogitien of thexlow sifurelow sulfated

191 580 B8 G HGERAbR! HBB:Ahg dPod Ao gRb UhHd B8R Alvention

t he™exhaus ter-trea em and | ntr eased

20 14demos sontain hijhamdtil evedaised suifodzéd, andidr ¢drbopateseaikyl
i nvention was 15 di scovered in response to ﬁhe need t?
21 1 | penplg o snefaheverbases sulfenates.: {ythough, small amounts of low

22 and/or medium overbased detergents may be included in the detergent

23 composition of the present invention, detergents mainly employed are (i) a

24  mixture of a metal salt of an alkyl hydroxyaromatic carboxylic acid and a métal
- 25 salt of an alkyl phenol, and (ii) a metal salt of a Mannich condensation

26  product.

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-



16 the high sulfur and netal content of conventiona

det ergent conpositions, 17 while naintaining good
detergency. 18 Detergents used in the detergent |
conp05|t|on of the low sulfur, low sulfated 19 ash

and [, hos s lubricatin . t|on of th

(SR BAGEPIRE ST o ek SRR 5Bl e’ Bte ring
Oveém? afrblr'h'a’ué Berb RN 8€idS alhB?é‘ﬁF&QraﬂN‘me é’nkyl

phenol s or over baséd sul fonates. Although,
3arrdmh’exyﬁrorrmm caﬁacamiqt ectdme mﬁﬁhydméenmeeﬁgwyhc acids,

or SuBe e O ubaial e A BB o ATANS) Bioh Boptating from

58 ZghdlitAt éﬁrBoﬁfat@m% abost®0 caboRtasYr linear chain aikyl group
hydroxyaromatic carboxylic acid and a netal 25 salt

60f comtaining 4 paesl atomsdo @) carbapridms aet mbturgsnhareaih Most

TSR e ARERINEY 1 kg ot 8 olucion

shy digrsuat bireCofbrahshed daireligs giagdedrainingabout g carbon
the netal salts may 29 be S|n?Ie ring, double ring or

9 ustams; tagabauk 0 qayianrbat@m%m @%rarfll%&ylhy&gro%cqn aining from
102" 4y BOSERRAR bsh o BUSH s YR MAO LT DR trinhed

11cardheiy bikgi @@u@sandmwmeaﬁéham bsllkzyl @wmiéqmﬂeﬁendenﬂy attached to
- hydroxyaromati c carboxyljc acids are %
12hy dhehydencbrpzens wbappslaoaaaa% or ohge Rygioxybgrapp on the
ar hed chai n al kyl group contai ning
13”3##{9.# ae@%{eﬁi cagﬁ’bn atons to about 60 carbon atons
or |'inear chain alkyl group 6 containing 4 carbon

143 el refBaR B e AlacFribitidtine g et glovp in
151 s the DRthoCpowtighto pé}aﬁﬂfsﬂmmsrﬂmwbas@d chrthaddtatialidphi n
al kyl group containi about 8 carbon

atq to gbaqut .
1620 hyskDOReREERe aaHaNPst S r%w.ﬂmw/@? Heaqtgpchmen of the linear

1722:1%%11%&8%@09@ %IQGF @ﬁb‘tpoéﬁo@r am c%&yogﬁs i a?&;@%‘hoerpased on

18gr dhe talablalkymydmmmbaen More\pgrefgrably the ratio of the attachment of

tly  atta toxybenzene i.n a.
19,0406 ianahadeiiin iofgrond in Ko R atelY Bt grPagiEbr s 20:80
2013 H%@meﬂéﬂﬁlmh@rﬁxy%%eaﬁﬂ %@étqﬁbﬁerébﬁ thatrhtio of the

of the attachment i near chain al kyl group in
2115 attashment of fusbranched shaiaralkyl @soup inthiesoriue-posiigede para-

22" ptolg 1otnc}ts @95?‘ b géd on the total alkyl hydroxybenzene.

23 The carboxylic acid moiety on the alkyl hydroxyaromatic carboxylic acid may
24  be attached directly or indirectly to the hydroxybenzene. Preferably carboxylic
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.
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16 hydroxybenzene and nost preferably the ratio of the
attachnment of the linear 17 chain alkyl group in the
ortho-position to hydroxy-position is 60:40 based on
18 the total al kyl hydroxybenzene. More preferably the
ratlo of the attachnment of 19 the branch

e Gt Rfﬁléaf@i“f)ﬂ&fﬂ&mqt@'rﬁﬁﬂé o2 Budiosyroratio

nD b‘”ﬁ‘&%@@ eépg g’?ﬂ?‘%gw %r?%hnent 01,‘ ?Eg

3br dminaxyarbmanc a:bld;dxygc ranmja aretprepamrcdhny gerbokylation of the
d on the total al

para 22 po jtl 95 bas

A siespbna gk BV Doy comPaundS R SAritin dixide. The
I

2 AP NI RS SRR e AR o e of e
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Tret 6 Pl 28 deseiac R H i . €48227R) = T

hydroxyaromatl c car boxylic 27 acid nmay be an al kal i
net al ?n aIk ne earth netal. Preferably the netal
[ 2 Ph nmetal and nore preferably the
nmetal is cal CI um -21 1 The nethod for preparat| on of
the_netal salts of al kyl hydroxyaromatic arboxylic

9aci e alke GierP anriberalicd pheBobmay b@emarémqh? al wroup'
103 :I%g@ﬁmgl ol (%b%uﬁﬁr%%é/ﬁ b&ﬁt&ﬁbﬁt?(ﬁéﬁﬁﬁ%@om or linear

cor respondi ng
11hy dhaity alkghgroup om!mnmngo& canbongatomslio rﬁOobarbod atombeor mixtures

120; thpreh osS prefrd ared@M & Bl onahgl &% B0 weioht
o i ATt S 9 oo

| 14l\/btaid)msatbtaboﬂt 20 carbqn a’thmahd indgédrecheik plkybgrmup containing from

520 b RS AR o g ol i

16¢ ard@@ur\o ah8"Re Bfaridhd@echald awp?fbufb' i YhdePePidentlp attabneenﬁ) the
6 Carbon atons to 60 carbon or m xtures

17t héwdaixybrbreng inea @oaition arthe ol pgm tgitoe bydwwhgrwn@n the
8ph§%§%@ﬁg£‘ﬁ°&$& glokylEI g?guplgoﬁfgfﬁrtngmaégﬂ{ eSO]::ar bon
14 atons to about 20 carbon atons and |inear chain
97 o M reiBeB i ThE Al Bri= Tty i in s eTRh 3gMBrown in

zogr e oRtRE-pdaftider tarsdr ?@hwmssﬂd@w bas&Bnithe total alkyl

i ndependently attached to the
21 hydroxybenzene and most preferably the ratio of the attachment of the linear

li
0 s
A Jia) =&

22 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
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.
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17 hydroxybenzene in a position ortho or para to the
hydr oxyl . group on the 18 benzene noiety. 19 Mre
preferably the ratio of the attachnent of the |inear
chain alkyl group in 20 the ortho-position to

BTl Dl amololed TR e G ar % BESTabSndimal b an alka
2t gebalRp anQlkAlie éérﬂ?ﬁfetal,za?r@f@bﬁlyﬁthélﬁéet@l RUsh blka!iﬁé; earth

ortho-position to para-position 1s°60:40 based on t

23 metailandirkgte prefierabiibesoetal istalgupr.ef er abl y. t he

ratio of the attachment of the 24 branched chain

al kyl group in the ortho-position to para-position is

£0: Bie Biethed &t preparationaf dhe atdigl saitgdf @atipt pheaols aedvell known

R i S AR
dﬁaré’fkyiaﬁh@ﬂ'fé bhé‘tﬁblizaﬁwdﬁhaﬁ prés&shghel ietdl %bﬁ'usﬂ*&ﬂ‘iteh%xides, ,

ydroxybenzene. -22 | The netal "enpl oyed to nake o
Ts al hydroxide los the jkoxjsiesrafithendpsived metal, ken examplessadessribed in

I iy . Pref bly th tal i
s HAER R 529PHB " and more pref erably the metal
is calcium 4 The nethod for preparation of the netal
o5 . e RRELEME e 0 Y AR i ana
10" aRa’:fe/l brehbl ﬁabylfbe%ﬂéplaﬁ&d B ik Pihe i sirimbie of Jge alkyl

preparing the nmetal salt using the “oxides, 7 hydroxi
llor hydsoxyaromiatic sadsoxyfie adissandthenalkyl phenol apdsubiseqaently

122\|ets lﬁ{akigg g{lé rllnc?t%%suﬂg %Flﬁé grﬁ‘qt gé\lsg;ecf Wé?gilqgﬁes %yd roxides or the
13hy ddjropy@é®mat i ¢ carboxylic acid and 10 the al kyl

phenol may be prepared by making the desired mixture
of the alkyl 11 hydroxyaromatic carboxylic acid and

14t havialdk ¥hit BR RRAInicH Eoridehaflos prdduct2 maki ng the netal
salTs using the desired nmetal oxides, hydroxides or

the 13 al koxides. 14 Metal salt of Mannich

Isconﬁ?&@%hhﬁﬁt(ﬁé hsatior] EFO(M&F Q@EWQPE@%&?%@E edipbsition of

.enp etergeht conposition o
16pr dbemresant émeendionrmagy be prepaedatsing analioh phkekgl, a formaldehyde

171 o lOeads Bnfl ahfiGoe? brPd salefi R GuBfEifa lowgy 2t

18aM giRineda potysihBanNHitirss the@of.her eof .

19 The alkyl group on the alkyl phenol used for the preparation of the Mannich
20 condensation product may be a branched chain alkyl group, a linear chain

21  alkyl group or mixtures thereof. Preferably the alkyl group is a branched chain
22 alkyl group containing from about 4 carbon atoms to about 60 carbon atoms.
23  More preferably 6 carbon atoms to about 40 carbon atoms and most

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
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19 The al kyl group on the al kyl phenol used for the
preparation of the Mannich 20 condensation product
may be a branched chain al kyl group, a linear chain 21
al kyl group or mxtures thereof. Preferably the aIkyI

197 B i e AT AL A gt B8RS0 DS aout 30

223 Mh8n %g&flgrably 6 carbon atonms to about 40 car bon

atons and nost 24 preferably from about 8 carbon atons

to about 20 carbon atons. 25 Pr eferabl y the linear

chay _

o T, Al rop BERR Ao HRTICT ARy ALY PESIHRL o or para
4 i nedhe diydroxybgiopp. gr oup contains 27 from about 12

carbon atons to about 40 carbon atons and nost

preferably -23 | the linear chain al kyl group

5co nﬂarmpre‘femm)ahetmtla of thwr mmmmbe dbanthe’chain alkyl group

- carbon atons. 3, The al kyl rou i S a ed to
6phéﬂéhe retherRpsiion tlaparaRos B’H’ 20580 b %g thatqtaie@lhgl phenol,

1Y S s Pl O URC TR AP O S0 et alo

8or tgroupmthe ontho-popition4p oara-posstlon i 6:%0bdsexkban the tdia! alkyl
totah@ al kyl phenol, 7 and nost preferably the ratio
9of RGOkt t achnent of t he branched chain al kyl 8 group
|n the ort ho- p03|t|on to para-position is 5:95 based

he total alky 9 phenol. 10 Preferahly the ratio,
1091 Ribterabbidbe el obthe ot of i ineda GHAN Gk araup in the

th t b d
1, BRI B AG tT So sl e Ooce
12pr eﬁﬁr@tybﬁntb?e laadlmostfpreflzaealalyﬁe mmnm; hie at:m:ﬁmmﬁa:rf the linear
In a roup .0 the,or ositio
131y g Ausleorpin HS ahapostiondo Sy arsy-pagtionis f040Ased on
14NY 4h@XSBERKS drﬁ@b@h@eﬁbdehyde useful for the

preparation”o € Manni ch condensation product 16
may be a fornaldehyde or an al dehyde havi ng one carbon

at | .
15 T AQRHRS 455 o 5 DR ATEr v GSRORN corfeaton pocuc
16nomeay befaeﬁoahhldehyde or paralfehyds biavigg ene karte atom to about 20

|
17 qmiCRRATRAIORES o RS A A M EISAVHS O i Al VB 5 g aldehyde,
188t % mBrdPPleférabiigit Y atbridldefeut 12

19 The nitrogen base is selected from ammonia, a lower alkyl amine having one
20 carbon atom to about 10 carbon atoms, a polyamine having 2 to about 12
~ 21 amine nitrogen atoms and 2 to about 40 carbon atoms.

22 P}eferably the nitrogen base for the preparation of the Mannich condensation
23 product is an alkyl amine having one carbon atom to about 10 carbon atoms.
24 Preferably the amineis a mono—émine., 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.
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21 amine nitrogen atons and 2 to about 40 carbon
atons. 22 Preferably the nitrogen base for the
preparati on of the Mannich condensation 23 product is
an al kyl am ne havi ng one car bon atomto about 10

e am

Car@gf@l ﬂﬁgﬁ@%zmd' PrWEf hc ap % pr e ' % 0355;41 gt tﬁe Ilr}bncatlng
27ongit @cﬁ:ﬂgwbntuamcﬁ the g??@nb Hiv)éhtléﬁhﬁbﬁf aélﬁréﬁar@d warw method

am ne the nono-amne is
3rmrimqvm tya p@mmbskluemn thﬁbﬂl’él Geaerallyothe Mannighriaridensation

47 TPEREH AR BAREHSY BB AXT e Aot o BffhpRenyde or an

3pr @Qaéﬁﬁtié)}and@ynm@gé@ tasde lsefwted from antia Sé<ldw'adalkw amine, a
the art. Cenerall t he Manni ch condensatl on

6pr mg@mﬂp @ndrrbdires fhereghtin die Bresense s Wstaéhwﬂrowe anda
ghyde or an 5 al dehyde and a nitrogen base

selec fromanmonia, a lower alkyl amne, a 6

pol yam ne, and m xtures thereof, in the presence of a

aniie ArasRatsital Ponfich SelideEalion Brodtfe B BT kBbyB Ja ersons
99 sdddilldcEit the drh €Tisg Manhith St A PRGNFR MANbE hestered using
be prepared usidré%ﬁﬂlo an al kyl ghenol an al dehyde

1020 @Al pIRNGh, A AlfehER G ARG by apsieRod koown 10 a person
Ils ki %le%‘?i ihtnd . AEdr ?@gﬁaplsgﬁwgnnfcﬁeco% %&ﬁb&egrodlugé may be

ensa I on pro uc pr epare

12! n Meﬁard%&@dés@b’b?ﬂn&ﬂ)s Phlerff®3n@8a6. salt of the
Manni ch condensati on product may prepared by any 14
wel | know process using a netal oxide, netal hydroxide

1301 Fheé'Rickl saltsPthd Mannidbcdndergitioh pradudtanay pﬂéﬁ@ég by any

metal or an alkaline earth netal. Preferably th
14netwell krow pregacs) ysieg adnetal prids) meltaldwissxide oe papglsl plkoxides.

15% herifd Rl A6 tah SRSRIetdor dh SRk Bare n al roferably the

Addit1 ves rica COMpos| |on 0
16pr aretsl is aw alkatine eawth mé’m ancprrmé pyefedbly the alkaline earth metal
addition to the detergent conposition of the present
17i nyefRICHAN. 21 other additives used to inpart
desirable properties to the lubricating oil 22
conp03|t|on of the present invention. Thus, the
18| ubricating oil may contai nor e of
addi tives, such as, dispersants, anti-oxidants,

viscosity index . i . .
19  The lubricating oil composition of the present invention may also typically

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

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 oif contains a compatible combination of

29  additives of each of the above classes of additives in effective amounts as
o -25- :



24 inprovers, corrosion inhibitors, anti-wear agents,
friction nodifiers, pour point 25 depressants and
foaminhibitors. 26 For best overall results in terns
of affording the properties desired in a 27

188%&8 qadg{qz UL Cat' c?%ﬁg')rlf gﬁ]%sélgﬁter'rtorpay ron in ha ‘afnount
2l Ubideerid ﬁ%r@VrHeQﬁ@H@bﬁéd@feﬁ%ﬁféﬂdﬂ@ ff?' nation of

29 additives of each of the above classes of additives
in effective amobunts as -25 1 well as the detergent

3COTRAE bhls Medilnt DFeMREAMcldVRRLaRd N Lhe amount . 2
ne zation GapaGty.
3 Low and Medi um Over based Metal Deténgents 4 Snall .
41 Sfid ifarfios Al of R i BRI BASES i Aot iEfeft- Y Dptionally
Scortp.zl,)emiplaygdah élf]dm hr]:mcasagtonh omrmtislrtmn oﬁhémaperetsnméntron
oW an um over based nefa S are
6or' EXAHRIP o Db RGN TSR Gy P\SThas mei%gqe%?rqeet%ered@w or
7carr§96i¥|fﬁ GverBased su%nrefléﬁ:'k% %a’rgyli%;ﬁcw '&E ngﬁ acids, or phenols

condensat i on products o eno
gamaorddansTi bhsend@nsmtoer g@ﬂurstsrm’ypl'kwofﬂ Iah:lehydesand amines. These

L83 R A s i AR e

10P! fﬁr@f&@b% thB?)ére hikaliAé @b rﬁbtéfi%@&!rgéﬂ% rﬁn‘éi mBP@ piféférably they
of these detergents Is greater than

11t hatre zau:rurﬂaimrm@ents tT he Ty Dﬁtheserdajergaats la greateméinan tand .

1205 B bn R bR el AT REIED oteroens,

1314 saeh a%%b@@ﬂegénﬁétﬁabwé iraay chatribute tofih@ssulfur and/or sulfated
detergents are well known in the art 15 and are

14corﬂ$§rQﬂr&$mt}Dféb%iUtHlﬂa§ngﬂﬂ Dihgserdsiargentsrarenwell known in the art

W n of the present invention
opt SF I%ﬁ@ﬁﬁb%@ﬁpgﬂigkﬁ$spersants Typi cal |y,
t he-ashl ess di spersants are nitrogen-containing 19
o di rsan formed by reacting al kenyl succinic acid
16an§§§h§hﬁﬁﬁ% th an amne. 20 Exanples of such
dispersants are al kenyl succininides and succi nam des.
further nodi

77 & TR RGO RS RN e tha bigkant TRENLioR Hetipally contains

18 cardrle%@éms Ew;ﬂearfyasrﬁéi agﬁl@ls@%p@r%ﬂé e hitrstfsn-¥@ttaining
| ong” chai-n hydrocar bon-substituted carboxylic

19ac|d¢ﬁ)eawtn§mmq/b}t segtingodlkenyl succinic acid anhydride with an amine.
20 Examples of such dispersants are alkenyl succinimides and succinamides.

21 These dispersants can be further modified by reaction with, for example, -

22 boron or ethylene carbonate. Ester-based ashless dispersants derived from
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
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24 may al so be enpl oyed. Preferred ashl ess dispersants
are those derived from 25 polyisobutenyl succinic
anhydri de. These dispersants are commercially 26 :
avai l able. 27 28 -26 1 Anti-oxidants 2 Anti-oxidants
are used in lubricating oils for inhibition of
ldeAi@ddantsn 3 processes that occur naturally in

| ubricating oils as they age or oxidize in the 4
presence of air. These oxidation processes nay cause

2f orAritoxidarts ajamsed is lubiisgting oilafer ishibitipn ofdenompesition

2o ab SRR tnalh Sk Aol hAFRTIY s o BERSPr Bdgize in the

4an presence of diy | Thesk axidativn pravesses ma cbadsedbrmaubn of gums,
phosphates esters of thiodi carboxylic , 8 acids, salts
5of laGuess Ahd slusige WISHB'HQ% ROrNEreage 4 ac!%th/y’%@’e SERSIHLY.

o5 BalHles o 450 5 SRRRRIBIONARGI UTRIE LIEIRR non
7 aﬁ aiakyéadte?mrdma?:s anlhbe@\mkyl or atyl ||:ihosphlaoie$ betemmp}é’lclwldamaarboxyhc
t he | on_o no I Qcar m
fuﬁc%e"'r salsnpf caybami< ar A %FﬁE’SQ PR AEilisas Mg dem
o) b fRh00g, B SO iPcckint SN Yohgtt and
101 ulnolgldeman di-thiccarbamaites mayi alsobetusedlss amtang@antm dHowever,
11, P8R Rt TR EGHED S o SRS £l Fpebbamates wi

12ar ?urﬂlxeﬁ'fddhtﬁ{flﬂé |SViITBF Snd QQI'féﬁBHta%ﬁ% thé?ubncatmg oil composition

pol ynmet hacryl ates, vinylpyrrolidone and nethacryl ate
- copolynmers. 18 Corrosion inhibitors 19 Corrosion
131 m\‘)i@o%@??m?éﬁlnﬁ@%%ed in lubricating oils to protect
vu ‘ urfaces. Such corrosion
inhibitors are generally used in very small anounts
21+ . weiaht
14 20 RGBS, 630 200 G5 cithg s i5e el L Bcosty

15 shahbhageotubéo ﬂ'mec}td]'tye indempeedtire: oBones mn'rerslally avan!abie

and 23 S|Iver ated bearin su
16 31 SxATBITR AN TR IGVeR 78 Qe CapanTERm Ry Rtene.

171 h?blyﬁ’?éth@@ryb?@é’ \ﬁﬁ)ﬁp%ifdéhbza?ﬂi RESddyIars EQSdIPMers.

18 Corrosion inhibitors

19  Corrosion inhibitors are included in lubricating oils to protect vulnerable metal
20  surfaces. Such corfoéion inhibitors are generally used in very small amounts
21  inthe range of from about 0.02 weight percent to about 1.0 weight percent.
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 thle materials already described, lubricating oil composition of
27 the present invention may also include other additives, such as pour point

28 depressants and anti-foaming agents. The various additive materials or
-27 -




25 and the co-sulfurized al kenyl ester/al pha olefin
corrosion inhibitor. 26 In addition to the materials
al ready described, lubricating oil conposition of 27
t he present invention may al so include ot her
addi tives, such as pour point 28 depressants and
~ lantdlassssmfrigategials kereirhdesciitiediareavel| known materialalandozan be

-27 1 .classes of material,s herein descsibhed are I ..
2 o anofBiRRased shraei Y o i QR pRiedlfed or obvious
. 3COIHBAificalidy tHred epar ed by known procedures or

obvious 3 nodification thereof. 4 EXAMPLES 5 The

det ergent conposition enployed in the | ow sul fur, |ow
4sul fated ash and 6 | ow phogpiagpppeRubricating oil
conposition of the present Tnvention were 7 eval uated
for their detergency performance in fornulations

g . T
5o Y Beent A Sl IR o S B Sugog oo anc
6al Hyw physpbeier lobrcatingail bompbsitioraif thepresent ventionwere
75" et ek ISSne Bor SRRt S h Bl Hifbirba

sMaRRsefibed THERSAION HRICFugS | pfowr epared 18 as in
- described U S. patent No. 5,370,805 for determ ning

the detergency 14 performance of the detergent
‘9conposition enployed in the Examglgl¥ur, |ow 15
sul fated ash and | ow phosphorus | ubricating oil

-CO Lok | f ' i 0n. i
1050 A ePsboBr Emsiafedt S Pk FEIo il dpayig acidand
11C enetahsaiedf an alkdBphehdlasss piciizeed astdesaribed in U.S. patent No.

anti - oxidant, a viscosi tfy i ndex i nprover, a nedium 19 ‘
120v & 13 €40 a3 metalealtof axManpich eangdensgtion Pradyich wasaprepared

in t : [ 'H%}faﬁm MR
13pe%§2ht&§fm§§@§§f b%&%§ﬁ§?i%¢ {r%r)lfl at | ong"ﬁ tg%geéergency
14angefesmaRoe wfitie detergantCompositiory employed intthe few sulfrg fow

B and Test . 22 Fornul ati on are given in myre detail
151 SHUBIEE 751 ah i PROSROTIS Fs sy ki G OEe present
16 Tedivdrtiofpy! ation C containing the detergent 24

conposition of the present invention conprising

Detergent (i) a mxture of a 25 netal salt of an

17 2|f ‘Qﬁpﬂd&&i@éﬁrﬁﬂ%ﬂoﬁs%éﬁ@@éﬁ@ Tt Fohdlafio e édntafled an

18 ashless dispersant, an anti-oxidant, a viscosity index improver, a medium

19 overbased alkyl phenate, an anti-wear agent and a foam inhibitor. Base oil
20 was used to make-up a 100 percent of each of Comparative Formulations A
+21  and B and Test Formulation C. Comparative Formulations A and B and Test

22  Formuiation 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 Detergent {ii) a metal sait of a Mannich condensation product
27  was compared with Comparative Formulation A containing only (i) a mixture
28  of a metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal salt of

-28-



26 al kyl phenol, and Detergent (ii) a netal salt of a
Manni ch condensati on product 27 was conpared with
Conparative Fornulation A containing only (i) a

m xture 28 of a nmetal salt of an al kyl

hydr ox aromatl c carboxyli G acid and a_netal salt

1. 2aan aliyl phern! agddrnParpiivedmsaiatianeB FCQPFﬂ!'I“HEhQSW (31) a metal
' I f Va h
zggnrgdﬁnsa{ggﬁﬂé%oéddqenggﬂ@%paqg% f/eoFo?mJI gtn: gn A

contai ned Detergent (i) calciumsalts of a mxture .4

301 (55\91 Hﬁ‘(ﬂe ﬁyrﬂ{tﬁé(tYOrPﬁrléﬂgﬁﬂR%@%g%g%ﬁ i) 5lcilim SHRS ot mixture

the 2R group on one benzene

- 4c ardfdmlallwlmdtb)&smemeheaiw lichids, a¥Herbinghe ybkyd group on one
contai ning 12 carbon atons and the al kyl gro

5ot ikl ydiaxy benresecarb %ﬂlfémd waﬁaatasﬂnctaeaaﬁalwélgylagmup

el

5, "SRG Shth AR PHEHRIpEDgFLE i Ak ooy

7t }Nlc(beﬂjeme gantsmoflie ,acg:waberlg\earr]f chhin aikydygrogp m:opta)mngrﬁi) carbon -
a S a, brancC chain
tavﬁﬁﬁgl%l%m@ap FEPMEe A calciinp ﬁ@ﬁepﬁwn%gﬁsg of i\ﬁOﬁ'#%f' phenols,
90t Wer@'nﬁ!ﬁ%gﬂ?f‘g ohe 'alkg/l Eh@ﬁarwéé‘é'd?aﬁéﬁﬁd clRHif Wiyl group

cont ai ni ng a onms t 8 carbon at onms
10c alcointainingl 12 cérbah lqtd)ms}m‘rd)bhptﬂslhyl @neup aniibe yaltmer aikyl ghenol was

d the cal 13 sal t af. the al kyl ph
115; lnreridhel Ak roup Sonysining 40 favbba RoBR a2 ek Brg stoms.

_12B e é‘él&’iﬁ% bait 8f gR h)fdrb}ytfér&@hé'déﬂb&@hb a%fdst éﬁd thkbcalcium
Manni ch condensat | on product of an al g enol

13 parsaltaofiiibe atkyl phenold were pfemtrmtawimo The al kyl
group on the al kyl phenol was a branched 17 chain
al kyl group containing 12 carbon atons. 18 Test

14 ForCarnpaiative €crowilationdd cohtainked Betpegent (grapoalciuno salbof the

resent .19 inventi,on ¢ t er gent
15 b MBERE Copdorsatdfatorn i AL il traldenyt and
16 Forshaethy Ainimad ﬁ@@mglegrbﬂp%ﬁﬂﬂhb' ARyl ohehbBPwas a branched
additives 21 descri bed above. Thus, Test Fornul ation C
17 coghaimallyltgreup eostajeing 13 sarbos atomsi n Fornul ati on A
- plus the detergent in Forrmulation B. 23 24 25 26

18 - Test Formulation C contained the detergent composition of the present

19  invention comprising Detergent (i) and Detergent (i} as described for

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
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-29 Table | Formul ati on Conponent (weight 6/6)
Conparative A Conparative B Test C Base G| 92.01
84.24 Ashless Dispersant 3.4 3.4 3.4 Anti-oxidant 0.5
0.5 0.5 Viscosity Index 0.28 0.28 0.28 |Inprover

Medi um 0.22 0.22 0.22 Overbased Phenate. Anti-wear
IAgent 0.36 0.36 0.36 Foam | nhabletlor 0.0025 0. 0025
0.0025 Detergent (i) 3.16 2.01 Detergent (H) 11.00
4.00 2 3 calciumsalts of a m'xture of two_al kyl

hyidr oxy benzene g¢ar boxylic aci ds, ﬁhﬁ t he al kyl
grijoupg | Kyl hydroxy benzene Ic acid 5

- wgds a gr&%@%gg craln aIka grouy a n|n 12 carhon
atjons and the 6 ?f%@ﬁpnﬂt?orﬁ papvaby|  Testo
hydr oxy benzene car oxe ¢ acld |near chai.n

atjo

kyl gagg%“cont ai ni ngg2@4carbon atongy b 28 carbon ?9_23

lici umsalts of & mixture of twp alky

ph
ph

 the akkyl 9 gfoup o ne al kyl 4
e’%‘g{ was 'a %aranched c 'gi n al kyl groz%gcont ai ni ng 1%'.

14
ph

carbon—atons—and—the—atkyt—gfoup—on-theother—at Kyl

enoAntimgidant | || i near0.6hai n afkyl gr®bp containing ©

20
S3

Aaanr haon B0 D2Q lo
carpon—atons—to—28——carpon—atons: -30 I d L.al L.I UTTT

| t Vistositydnddnnijch cofd@fhsati oh prod@®a8 of anjal kyl 0.28

phenol jm@opar af ofmal dehyde and pono- net hyl am pe. The
al re—at Ir\yi
Medium 0.22 0.22 0.22
Overbased
Phenate.
Anti-wear Agent 0.36 0.36 0.36
Foam Inhibitor 0.0025 0.0025 0.0025
Detergent (i) * 3.16 2.01

11.00 4.00

Detergent (if) **

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

| alky! group on the other alkyl hydroxy benzene carboxylic acid was a

linear chain alkyl group containing 20 carbon atoms to 28 carbon atoms,
and calcium salts of a mixture of two alkyl phenols, where in the alkyl
group on one alkyl phenol was a branched chain alkyl 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.
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3 phenol was a branched chain al kyl group contai ning
12 carbon atonms. 4 Table 11 bel ow shows the anount of
the sul fur, sulfated ash and phosphorus in 5
Conparative Formul ations A and B and Test Fornul ation
C. 6 Table 11 Formul ati on Conponent (weight %

1CorT4r at caleiufn Saltphtta Maanidhesidefsativn produet P8R alkyl phenol,

0.1007 0.1002 sSulfated Ash 1.06 1.06 1.06 Phosphorus

20. 0378 pargdndakiehyde and Mobzanpthgl 2anthePahied alBykgroupest the alkyl
.10 The Pane Coker Test to eval
3 ondon @l WS bRt Ehain Skl drows AaatHgting g £ carbon atoms.

Corrparat|ve Forrmul ati ons A and B to form carbon

455 PR Tl shomshe miokor tho Gulr, ghikated agh and Shosphorus in
SCorﬂ?@rhﬁhfé}ﬁeﬁiHrgglléﬁdr@ﬁ aﬁdaé‘g E’%ﬁﬁ{;gﬁ?"—.@' ation

C were hea sunp an |nterm
projected by neans of a rotating oil stirrer 15 on an

6aI um num test plate heated atTjFE;gl?l tenperature. The

10
11
12
13

, 14.

15
16
17

- 18

19

anount of deposit 16 was wei t the end of the
test. The | ower the nunber the better the 17

datet gcnt. Viscosi ty raecrease—at—40tc—and—varnish
rgting were alsojrecorded. 18 TheFoesulatiowf the
PgnelCa@upenenitst jare summari zed in (hadight %4) bel ow. 19
-31 Table 11l Foerulation—Pangl—Coker-Test

(Cﬁn{aar ative A Conp@omhpamativelASt EContipaiative B6| 64 9Test C
- 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 armount 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 Il below.
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10
11
12
13

14

Carbon 36 27 2 MVarnish 3.6 6.3 8.6 (Rating)
Increase in 3 45 21 Viscosity at 400C N 2 3 The
results obtained in the Panel Coker Test sumafi zed
above in Table Il 4 show that the Test Formulation C
contai ning the detergent conposition of the 5 present
invention conprising (i) a m of a netal salt of

an al kyl 6 hydroxyaromatic carboxylic acid and a net al
sglt..of an alkyl phenol, and (ii) a 7 netal salt of a

Mgnni ch condensat}i on product gave better.detergency 8
par f or mance t han|Conparative For nuFermedatioRont ai ni ng
onl y Planel ©dkert une of 9 a rretal salt of an alkyl

hydr oxyar omat i c ca 'Xélo ived g%&o;?alﬁ?mlBSd” Oﬁl'estc

ap 10 dies§l phenol nparatl ation
ccntalnlng only (ii) a netal salt of a 11 Manhich

cgmdensationmproguct—tneach—ot—t-he~four—cat-egortes

off t heDgosit12 c¢l | ect e@6Test Fornul at6én C pefforned9
sifgni fi ¢ag)| y befter than eithey of 13 Conparative

F¢rruat+enrs—A—-ot—B—32—1-Vhat i s clal ned— 2 l-A-low
sul f ur Cdrbsn sul ftt ed astaeand | oy phospppr us 2
| wbri cat(lo oil 3 conposition for | ow em ssion{ heavy

dyty diesel engifes . conprising.| 4 (a) a nmajoriammunt
off an Qhinigh |ubticatinggviscos|ty; argla5 (b)

je)

8.6

-deterg .conposittion conprising (i) a 'mxture}of a
jricf

metal Sa 6 of ian al kyl hydrokyaromati c carbpxylic

a¢i d hworeasenvnt al {sal t O%?] 7 an pl kyl pj)gnol, and (ii )21

a ﬂ@lted)s@@étmmb h - MBnni condepsati on™ 8 product.
2] The'l icating oil conposit|on of claiml, V\,herel n

in the det'ergent

| The results obtained in the Panel Coker Test summarized above in Table I

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

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

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

metal salt of a Mannich condensation product gave better detergency

performance than Comparative Formulation A containing only (i) a mixiure of
a metal salt of an alkyl hydroxyaromatic carboxylic acid and a metal salt 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 A or B.

-32.



0o =1 O WA

10
11
12
i3
14

15
16
17
18
19
20

21
22
23
24
25

26
27
28
29

10 conposition in (b), the ratio of (i) the m xture of
a netal salt of an alkyl | | hydroxyaronmatic
carboxylic acid and a netal salt of an al kyl phenol to
12 (ii) the metal salt of a Mannich condensation
pr.oduct n the range of 13 about 80: 20 wei ght

é&g trfls‘q%”?gout 20: 80 wei ght percent based on the 14
tot al weight of the detergent conposition. 15 3. The

| dbr i cdt logsyifyr, l%%d@@qi éﬁh gnddewinhosphavsrldbricating ol

ST e

salt of an al kyl phenol to (||) the netal salt of a
Manni cljall8 comdimsamowti b aociladf Hilsricatinghdsaositgearad
about 70: 30 wei ght percent to 19 about 30:70 wei ght

per cent ]based an t he tot al é%t of. tPE det er egt 2tol |
corrposHP datergent aMPAsiicn fomRyIting (18 Fstre oha rpetal salt
claim 3, whefehmnlkdybrixyardthatid ¢arbBRylicacidlantiy Mebd! s%lt of
metal salt of an al kyl hydroxyaromatic carboxylic acid

and 23 a n@tnaalkxdalhenaf and (4] ayetpheaibof a Hlaninioh @cmiensatlon
netal salt (#Yhnnl ch 24 condensation product is

about 50: 50 @‘é percent based on the total 25

wei ght of the detergent conposition. 26 5. The

| @ori cﬁhaﬂgbﬂmétnrrgcxﬁmmhpwﬂombf clbirh m, Whendiane e tl@tergent
(b)(i), the rati.o of 27 the netal salt of an al

hydr ox FaFtesttiop indbh&hs ratie %’Jdi)dh? dnixtse @éﬁanetatsaiiaf an alkyl
f
vei 5 PyibyBRSgh LyobRy ey 308 AleugRellor B 4Ry phepor o

on t he (if)dhalmetal gdit ofod Marnich ﬁﬁ]dbrﬁatlb'hprédj.mt ||s:mtthag‘ange of

Cat 1 o GPoubb0 28 iciof St torshit aDidf whgh Dot hased on the

car boxybtafwaightl of thel diste kompoghioh °f an al kyl
phenol 'is in“the range of about 60: 40 wei ght percent

to 4 about 40:60 wei ght percent based on the total
wei ght ‘Bie (ubyicating oil Taepositiohcd claig diwhereinpibsi ratioof §) the

S'af"{ "o FidPE b o i 313l o an WG| ik Ry opTate Bk qoid and

t he netahetal saibf apfalighphéholito @ﬁb&ﬁ@'mei‘él 8diovt a marwch
wei ght percent based on the total ht of (iz
8. Thecpngensionyodust l%mﬁ!s@sram@@f@boah ‘SRevejaht prycent to

pr ecediBg, A&7 B8veight percent based on the total weight of the detergent
composition.
4, The lubricating oil composition of claim 3, 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 about 50:50 weight percent based on the total

weight of the detergent composition.

5. The lubricating oil composition of claim 1, 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 about 80:20 weight percent to
about 20:80 weight percent based on the total weight of (i). |
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carboxylic acid in the"mXture is in

10 wherein in the detergent conposition (b), the alkyl
group on the alkyl | | hydroxyaronmatic carboxylic

acidin (i) is alinear chain or a branched 12 chain
al kyl group or mxtures thereof. 13 9. The lubricating

| it f t t of .the
R-near THe ibgialing G Eogs g ot Ciyes \ietinBdoBh i rato of
al kyl gEQnOS! Qé!t bhsn QIH&VHy&r@xF&YﬂW% tfﬁ@:?yhe acid to the metal

e ran
about salteofzm eyl pheniobdist mabe ngmeeabcmt 00 wetgttt percent to

o, Rl B s B R TR

conposition of claim9, wherein the ratlo of the

|7.nearThel Ribeibating ol lsmln gsmuﬁs)ftcm:mttﬁ vitigramhadb ) ahe ratio of
al kyl groups on the al K’i‘ 20 hydroxyaromati c
car boﬁgeur&etat%lt phan glky ydrextéarpﬁwév@cﬁﬂrb@whs@ctsiaerertjtt@wmetai

21 the ﬁfttﬁ% adgcétgﬁlydﬁ%f]ﬂépaﬁo‘?ﬁ 500h Rk @ﬁl}] gggc%n?t%@éé’ BRthS total

car box & °Ubti Ca
conposagigbtofql). any one of the preceding clains, 23
wherein in the detergent conmposition (b), the al kyl

o L RBeRe hosmeBRgh o6 AnsEnasting pLscEding iarms,
ther eQjherdf |ﬁ3thtla -Bléﬁﬂ‘g@ﬁf é&ﬁb%?ﬁor?&tﬁ)ﬁ’%ﬂﬂ' girbﬂﬁ oPfthe alkyl

claim1l, wherel rati o I nea
al kyl tydmmrmmatmeathoacubmgcidahén)rs alikgar @tammpsadnant:tmd
enol in the mXx IS in the range of

al kyl ure
about o?@lrgglﬂylogr%g&rn%tu%sE’@rﬁgfsed on the total alkyl
groups on the alkyl phenol. -34 1 13. The lubricating

@.| cameosbtit&tihgdil 6drapssilien ofBRIIMAIg) WHigeihahk @ald of the linear
2 linear _ chain alkyl ﬁyfu ps to the branched chain

al kyl chesuplkyroreHps & braslcm@ﬁbamuaikyfméows(omtlaae pikyl

2kl RE oAl EaeRR B8 i g BB 1B oo

any one:36 td AsoytrEcrdibaged baithe totaBalkMegreups bn théalkyl
det er Ht conp03|t|on (b), the branched chain alkyl 7

gr oup YAMAYErANRlE CRPeXY y8¢i8natic car boxylic acid in
(i) has fromabout 8 4 carbon atons to about 60

9@ borrhatigpBecathgldil chﬁ@oéaH@ﬁ of @Fa'lrﬂ@ NHer&iATRETAGA BtHeflinear
claim 14, wherern the branched
chain alkyl groups to the branched cham a!kyl groups on the alkyl
hydroxyaromatic carboxylic acid in the mixture is about 50:50 based on

the total alkyl groups on the alkyl hydroxyaromatic carboxylic acid.

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

mixtures thereof.

12.  The lubricating oil composition of claim 11, wherein the ratio of the
linear chain alky! 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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10 al kyll group on the al kyl hydroxyaromatic
carboxylic acid has fromabout 11 6 carbon atons to
about 40 carbon atoms. 12 16. The lubricating oi
conposition of claim15, wherein the branched chain

adPa ibefBipe AT Corgsiof KERRIY 3o Whercindfe P of the
car bonltﬁé%alﬁ-ﬁlngro-Uﬁ)% tbttﬁé beaidred ®idin 6/ gP@@ub'(ﬂf‘the alkyl

of any one of clains wherein in

det er geheneldnpios mlxt@ne (SOe)bouttﬁ@ $0 hased ohdhe tetakgikyl groups on
gr oup ﬂ%élﬂﬁ 17 hydroxyaromatic carboxylic acid

in (i) ha 'out 4 carbon atons 18 to about 60

carbon atons. 19 18. The lubricating oil conposition

off4¢l aThelﬂbncdmagejulrndm@oémmaf agyahe oiﬂ‘leabieded[ﬁgoctl@lms
on the al kyl tyarormtlc carboxylic acid has from

about Whergipi "ac gefesgentconarasiinn (Mothediraarhed ehain ajisyl
19. ThﬁrdLﬁJgéﬁ ﬁ*?éélﬂgl droﬁygegﬁﬂ'ﬁyb'd%'?b&f n&'a%k{“we afﬁ(s from about

wher ei I near aln gro p on
hy dr ox ¥ anacmat at::)matdoab«ythtlﬁﬂ eambdnmemérom about 24 20
carbon atons to about 30 car bon atons. 25 20. The

lphjggleg I n&r%ahgconpo& L g @q f%ahgﬂ \é/Flng%lgﬁlPe branched chain
conpos hlkll!p@O(JB)on ﬂﬁeall?gﬁ%%@/a‘?&ﬁbﬂc %lahjdxy@c? aBidHHS A about

t he al kyl phenol has from about carbon atons
t o abofitcartxd somnicabouit4hearbogmtama.l . The
| ubricating oil conposition of claim 20, wherein the

branch | D I . I . .
£ 18 ashe MEIRnd o SR of ol 95 b teif B Blarkfigd chain
4 22. Fk¢l d;mbpld?ﬁﬂhlertﬂkyﬂlHydﬁ@fﬂé@@ﬂnﬁh@ﬁaﬂfox?h@amﬂias from about
mhereln t he branched chain 5 alk group on the al kyl
phenol 8 FAEaT sRmbisabeut @&%ﬁoﬁﬁ&msto about 6 20

carbon atons. 7 23. The lubricating oil conposition of

afy on?hé’fluﬁ‘rlc%')tlﬁﬁ ol cto‘i‘nﬂc?sltlcy}‘hﬁl; Qﬁfohg @Iafrh@ 148LR, Yffrein in

conposi tion the Tinear c group on the
al kyl the detergsint campogitioas b, rtbmllabauchmnmgmm onthe alkyl
to about 60 carb n at

10, 24,. The, | ub t
comostYBRYAPE: CHr B4RV ik RS TPRLAROR . fHtboh atoms

to about 60 carbon atoms.

18.  The lubricating oil composition of claim 17, wherein the linear chain
alkyl group on the alkyl hydroxyaromatic carboxylic acid has from about
12 carbon atoms to about 40 carbon atoms.

19. The lubricating oil composition of claim 18, wherein the linear chain
alkyl group on the alkyl hydroxyaromatic carboxylic acid has from about

20 carbon atoms o about 30 carbon atoms.

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

60 carbon atoms.
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11 al kyl group on the al kyl phenol has from about 12

carbon atons to 12 about 40 carbon atons. 13 25. The
| ubricating oil conposition of claim24, wherein the

i near chain 14 al kyl group on the al kyl phenol has

from about 20 carbon atons_to 15 about 30 carb

at@rs. e bbricating pil spmpasiting qﬁuclalr@o%ﬁwmetre@ﬁh@fbram@hed chain
f
0nF on R OGS B0 2 TRl roF (A 200 Bl atgms to about

3 18 prodiictarbon(@tomsi s a condensati on product of a

formal dehyde or an 19 al dehyde havi ng one carbon atom

Lo o 200 SRLhon BB R0y L OHen, base Relectaly chan

5 M Xtur ggy @%@&Bn RO AIGNp RO 'ha@ﬁﬁﬂﬁ'abo@?éﬁ %Zirbo-ﬂ‘ﬁorrps to about

10
12

13
14
15

16
17
18
19
20
21

22
23
24
25

- 26

27
28
29

| ubricati'ng oi'l conposi t| on of claim?2 wher ei n
| ower &Aksarboptemisne has from one car bon atomto
about. 10 carbon atons and the 24 polyam ne has from

2ot S LbAGShO L EambBsBa LS aht 5B diiimt 29 yorein in
28. Thehé dbtdrgent mnpméatr@@(momet lirsar charnatk@ngoad ohithe alkyl
precedi ng cl al s, 7 wherein in the detergent

conposiPfeaR! nj), hﬂ%féomhﬂ%ﬁ Cashiee Ateums bmabog & eargen atoms.
in (ii) the alkyl group on the al kyl phenol is a

| ionear 1¢aj Bneétr?go.gg @bggﬁaq%fe(éﬂgﬂ ég\{ﬂé'reﬂrtﬂ{a‘mn%r chain

mxturest ereo ng ol
conposialkybgrafp oh dhemalk§i pivdrerl dias ftdme abbliy12 gadom atomsZo
of the Mannich condensati on product

f:eaalk):%ﬂ&'ﬁgﬁré%mf’wnﬁ? kyl group. 4 30. The

| ubricating oil conposition of claim29, wherein in

the, del‘%ﬁl@ﬁﬁca':t:rﬁcgﬂp@&hbbémoﬁ B claﬁr’ﬁ@tﬂvﬂﬂ@r@lh the linear chain

condensati on (ii1) the branched 6 chain
al kyl @il@ugroup onéheblikyl phgrah bias hgsn Bbout 2b catbon atoms to

car bon t 60 carbon atons. 8 31. The

| ubri cz@gﬁg&g C?"’%"Jh%‘g’gf% on of claim 30, wherein the
branched chain 9 al kyl group on the al kyl phenol of

t 26. MaThiedbbdeatihensibtoraposition o€ int Onbas tihe pracalding cl@ims,

car bonw%te%rlﬁ I;'I?hg %g’tjetrggr?t é:o%ggs'?né"ﬁ Fb) the Mannich condensation
product in (i} is a condensation product of a formaldehyde or an’
aldehyde having one carbon atom to about 20 carbon atoms, a.
nitrogen base selected from ammonia, a lower alkyl amine, polyamine

and mixtures thereof, and an alkyl phenol.

27.  The lubricating oil composition of claim 26, wherein the lower alkyl
amine has from one carbon atom to about.10 carbon atoms and the
polyamine has from 2 amine nitrogen atoms to about 12 amine

nitrogen atoms and 2 carbon atoms to about 40 carbon atoms.

28.  The lubricating oil composition of any one of the preceding claims,
wherein in the detergent composition (b), the Mannich condensation
product in (ii) the alkyl group on the alkyl phenol is a linear chain or a

branched chain alkyl group or mixtures thereof.
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11 32. The lubricating oil conposition of claim 31,
wherein the branched chain 12 al kyl group on the
al kyl phenol of the Manni ch condensati on product 13
has from about 8 carbon atoms to about 20 carbon

atons. _14 33. The | ubricating oil conposition of clai
289. mé’h@.lﬁbﬂ%fm@lb@r@p@%@n ofigairb o wherain theplkt @r@un on

Manni c [

chain QI‘GEQ{RQ roup dl%t ﬁf?h dorﬁeh)s?ﬁcﬂ?gtdfdh'ugﬂsa% elncﬂed
car boncbamredkyl@roaﬁ about 60 carbon atons. 18 34. The

I ubri cating oil conposition of claim 33 vvherei n the

TP sl A o %, ler i s o

car boncéﬁrtb@iéltbﬁ (BRAKE M‘éhrﬁﬁ{ BoRUEH<ABNn @®Rin ﬂ)%e branched

l'ubricating oil conposition of claim3 wherein t

| i near chaini atkylmow Iaylth@saﬁtybpbmctlﬁ‘@safrdmlahohéﬂotarhﬁn atoms to
t he I\/tang ‘gﬁlh t| on product 23 has from about 20

car bon“8P P% 295' PMS9 carbon atoms. 24 36. The

| ubricating oil conposition of any one of the

pBécediThg lehridatimg oilZsprmbssitdrmof dlaih B0t hﬁeﬂilhme branched chain
hydr oxyaromatic carboxylic acid is an al kyl
hydr oxglk¥hgrome anthecalylirhesel of thcha@mﬁhtCﬁedanmon product

2 k! hrsfioniaddu o falloh digfislo APl 0T AR AR

group. -37 1 37. The lubricating oil conposition of
aBg. onéheflultrivatipg edexinmupsiticn ofsglaitn Ghewaerein the( bjariched chain

| kyl h 50: 50 f
oY R oRb i nRRe] StinguSaniah BondkasationrtpAuct
C20 t op&s3font kibuts Sér%ﬁ atém%fto abR@it bykah ét'&%é?'e;'

conposi tion of any one of the preceding clalns,
wherein in (ii) the Nhnnlch condensati on product is a

cdddenshe ilwhicatipg ed wompssition of dgim 5ﬁewberenv\,ireﬂ‘@| detergent

o BT DIAE BRI e R PG5 ear

| ubr i cetiain@alioil groagpa shd BIRYI ;@tﬁerﬂﬂ!‘ra@ﬁﬂ)rﬁfabbbm carbon atoms to
precedi ng clainms, 10 wherein the netal salt in each of

the al RYOULBREIRORAEPMEI ¢ carboxylic 11 acid, the
al kyl phenol and the Mannich condensati on product 'S

34. The lubricating oil composition of claim 33, wherein the linear chain
alkyl group on the alkyl phenol of the Mannich condensation product
has from about 12 carbon atoms to about 40 carbon atoms.

35.  The lubricating oil composition of claim 34, wherein the linear chain
alkyl group on the alkyl phenol of the Mannich condensation product

has from about 20 carbon atoms to about 30 carbon atoms.

36. 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;2 alkyl group and a linear chain Cyto

Cap alkyl group.
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12 i ndependently an alkali netal or an al kaline earth
nmetal. 13 40. The lubricating oil conposition of claim
39, wherein the alkaline earth 14 nmetal is cal cium

15 41. The lubricating oil conposition of any one of
the precedlng clalns 16 wherein the sulfur content is

i A7t he Thg heeicating of W@?ﬁ't'wfﬁm oneg ofie preceding cpims,
wei ght wﬂ%Fétﬁr“ . 1285@% EFQ'Z f’ughé‘!al tpﬁgh%liq% 2l 450 mixture of a

| ubricating 0| ric
conposbtarwhedfchairaCr alkyl grbep end & liveess whbin CeotGptalkdys
19 in the range of about 0.05 wei ght percent to about
0.3 wePPP-percent 20 based on the total weight of
the lubricating oil. 21 43. The lubricating oil

c@gpos 'ﬁHéJIObﬁéatﬁtg%im:&%FOMSﬁ BF Hn% Bﬁe%f'tfﬁét &%ﬂirﬁ{‘élainﬁis

22 in the range of abou wei ght percen t o about
0.2 vewhrteipér ttte Mannicteconsienshtion predudhés glondensaiion

| ubric 4. Th cat

con‘posﬁ{ dg‘%t §¢ a%ﬁ@(ybﬁléerbq]_ \{%ﬂ%}l g@eﬁ?‘ﬁ%r&’t’gl'% brari@ed chain
wher ei @44 dlRylsgiblipt @@taﬁﬁhtmw@tancsmohotrhéthyaagmm@f

about 0.2 weight 26 percent to about 4.0 weight

percent based on the total weight of the 27
| 88 i chibe iprisating of @05!‘%'“01“@ anveneat thegrepeding claims,

conpo Eéﬂﬁn 9{% ﬁte"f‘é!'gaﬂ‘tn eWof 'oF l{b %ﬁlgl Mréﬁaergn%?g c%rtgoxyl:c

conte 's’in Fange of “abo percen
about 2cig, thei giyl pl@erptﬁlanelrthe lnbeaﬁﬂclonomdi‘@'léambalprwgm

of the lubri n 4 46. The | ybricati
corrposf'f]PBﬁn ntbqa&, ﬁ#‘ﬂ%m%'é?réi‘rha]lkﬁ %8Pftét‘"é%agsh 5
content is in the range of about 0.75 wei ght percent

t49.abophe i‘ub%tcﬁﬁh% Bl coﬁtp%%fti%ﬁrﬁf é?a"%ﬁte?}g QPhdram fretakaline earth
wei ght of the lubricating oil. 47. Thelubrlcatlng

oi I comgtaliig calaiupl. any one of the preceding clains, 8
wherei n the phosphorus content is in the range of

apput i . r t ot Qu , i .

p@r3 ce nﬂ]‘%as e'ggg'g&bﬁ 8 8F@)t% gﬁ%\ﬂequqf\yaog}e éf t@ %?8(\9"3&,95 tclalms

| ubri cgheredn thd sulfli céBtent ieinl thérrtaﬁ%é b g.0oveight percent to about
conmposition of claimd47, whereint hosghor us

g Htgbrt;@tlag il

to about 0.05 13 weight percent based on the total
wep ghtTid iohiBalidtPbil €8#HpSitiBhlof claim 41, wherein the sulfur content is

in the range of about 0.05 weight percent to about 0.3 weight percent
based on the total weight of the lubricating oil.

43.  The lubricating oil composition of claim 42, wherein the sulfur content is
in the range of about 0.1 weight percent to about 0.2 weight percent
based on the total weight of the lubricating oil.

44.  The lubricating oil composition of ahy one of the preceding claims,
wherein the sulfated ash content is in the range of about 0.2 weight
percent to about 4.0 weight percent based on the total weight of the

lubricating oil.
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14 49. The lubricating oil conposition of claim 48,
wherei n the phosphorus 15 content is in the range of
about 0.03 wei ght percent to about 0.04 16 wei ght
percent based on the total weight of the |ubricating

oi | The lubricating oil conposi t| on of any one
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conpr i BEFgNt bpsed ansthe idabieightet tie lvbricating oik5 an
al kyl hydroxyaromatic car boxyl ic acid and a netal salt

ofy7an %ﬁefl‘ulgiéﬁstlglp%qoé@ r i d ?r?y g@é 8@61%%%58&/&8 claims,

Mannhi ch ¢on ion

met hodwhereih i pha$p:htg‘uk Omm@mt #sinthe gy oflabyutd. 86 veight
engi nes usin ow sul fur, |ow sul fated ash and

ow prbsiier fxabaid. e siercetigesgan ot weight of the

conpri ginpgs @? GR) a mejor anmount of an oil of
| ubri cati ng scosity; 5 (b) a detergent conposition
conprising (i) a mxture of a netal salt of 6 an
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weight percent based on the total weight of the lubricating oil.

49.  The lubricating oil composition of claim 48, wherein the phosphorus
content is in the range of about 0.03 weight percent to about 0.04
weight percent based on the total weight of the lubricating oil.

50.  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 dispersants, anti-oxidants,

viscosity index improvers, corrosion inhibitors and foam inhibitors.

51.  Alow sulfur, low sulfated ash and low phosphorus lubricating oil

concentrate for low emission heavy duty diesel engines comprising: |
(a) a majdr 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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A method for lubricating low emission heavy duty diesel engines using
a low sulfur, low sulfated ash and low phosphorus lubricating oil

composition comprising:
(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
atkyl phenol, and (ii) a metal salt of a Mannich condensation '

product.
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