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.COVPCSI'TI ON Technical Field This invention relates to |ubricating oil BY
conposi tiQusnuMhe particularly, this 5 invention relatespkqﬂkygthgptlng

oi | conp05|t|ons contalnlng relatively low | evels of sulfur. Background of
the Invention In the ever-increasing effort to reduce exhaust gas em ssions
frominternal 10 15 20 conbustion engi nes, manufacturers of gasoline
power ed engi nes and di esel engines are turning nore and nore to using
exhaust gas after treatnent devices (e.g., catalytic converters,
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relatively high | eveI s of sulfur eventually deconpose ﬁﬂﬁﬂ&mﬂmm l“ osition
e

products of these lubricants, including the sulfur, ev r the
aftertreatment device and often conteaiieal Figldiamagi ng t he*

Addi tional ly, a sis
expected to dro%%%’%@g}? %Iag onﬁ{m(‘rs%fng%lpé#n%r}qﬁ zsér@ﬁsr%ﬁg R’ChP" ?"é(r Hﬁé

al seady beiingsritidiuieltds itd lmicmhglmlc@mmatloﬂawem‘awwg rélafivélg iawntévalls of
portion of the sulfur in the em ssions of these engines can be expected to
be attribut®¥Uf.o sulfur in the lubricant. This has resulted in pressure to
reduce sul fur Tevels in the | BUdikabuRE FtheIRUEELA! ONS used in these

engi nes. The present inventi OW‘D‘F@I‘H’E’?—H’WO this probl em by

provi di ng | ubri datthegvei-incresging effordns redudeaextiaust gak amigsions rfr(mm irdgmiad of

sul fur. Sunmmar (%J‘ t he Inventlo This invention relateg to .a ubrd cating
oi | composicriHsiosBRaesg Mantagtliers.oh gaseiing |povigd @joiges and diesel
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by a sul foremNé@fnhlgN ISelsl Gfos@fuf S&odntuamB ﬁbbombb@éeaﬁdi'ﬁﬂdl g&sdmpbdigon
| ubricating oil n&sltlonfurther conprises (
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aI kal i ne em?ﬂslulftreihailewbhdgbsallrha/iﬂxelmaebm‘ctedtrsdndpibdcﬂs reeats ermition (Bpma

tal salt of a phosphorus- t
hdox adi (9th 2ebo-SHy i SPeadt BelBuraaRg! mopeikh dscaBRe: | Jbeteiies
| nventive cOmEReRiidl pBrENorRe TaAEr RYnd leﬁr@dms : 60B38 BhighdsBarilofRoted

andoptionally one or nore of conponents (C (H), using known bl endi ng
t echni quesdnadeaatfributedrto sulfat ki the lobricandi t th@letﬁd iBrpiesstnedopedieer ed

dtPect 1 y 15l eiee b FRIp il CaRb it SR Sy e ™ O
hydr ocar bon or prigerpraserit nvertiem provides chabRtioar tomtisi groblee Qxynmedmg
this i nventl on Suchgrou ps include the foll ow ng iql\éﬁiPurel y hydrocar bon

groups; t hatibrigating eibrampesitigns epataining aelamﬁlv&ové of sulfling
alicyclic-substituted aronatic,ggty SRt b hiibgd al i phatic and
alicy-20clic groups, and the I'%E‘jégg%mﬂ§i7ﬂr7$76érc groups wherein the
ring i s conpl et ethibriroweghioametaltes togoiubricatingf oit dven paoditani | confjrising: |(A)aaayet Wo
i ndi cated supstit nts mayt oget her .form an alicyclic a
| A2) uae: mex o ENCE A ShERRoBS oM ainiRG Fomporint osreshptd by s iorpiRscar bon
groups; that |s groups cont ai ni ng25non- hydr ocar bon substituents which do
"not alter the predonlnantly hydrocarboncharacter of t he group. Exanpl es

i ncl ude hydroxy, nitR3 (Cl)yaab al koxy, acyl, etd® G}LFbtero groups; that
is, gr%ups whi ch, whi ﬁCB m aﬁtly hydrocarb cha er, contain
atons ot her than car ha_c or rlﬂg ot her bconposedof carbon
atonms. Suitable heteRd( nﬁ/include ni t rogen, qug@ﬁ 4nd sul fur. WO
U2/ 11 C2929 3 PCT/-1JSU210 i-1~ In general, no nore than three substituents
oBOhetero atons, and typiBdlly no nore than one, Wil H8-ft esent for each
10 carbon atons in the hydrocarbyl group. The terns "hydrocarbon" and
"hydr ocar bon-based"” have the same neani ng and can be used i nterchangeably
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nol ecul e. The term "l ower" as used herein in conjunction with terns such as
.hydrocar byl , al kyl, alkenyl, alkoxy, and the like, is intended to describe

such grouRg Mhkshe contain a total of up to 7 carbon atonspcFQishesiier m
"oi |l -soluble" refers to a material that is soluble in mneral oil to the

extent of at |east one gramper liter at 25C. The term"TBN' refers to
total base nunber. This is the anbunt of acid (perchloric or hydrochloric)
needed to neutralize all or part of a material's basicity, expressed as
mlligrams of KOH per gram of sanple. 15 . The Lubricating G| Conposition
The inventive lubricating oil conposition is conprised of one or nore base
. 0ils which are generally present in a major anount. The base oil may be
present in an anmount greater than 60% of greater than 70% or greater than
75% by weight of the lubricating oil conposition. 20 The inventive

| ubricating, oil. coppos h coS of to, 16 cSt at 100C,
aﬁd :n olne‘%gﬁ‘lf?d'al fml\b} a?o(%Iga%]d @/ﬁ}iﬁql ; dl ydﬁ@fﬂﬁ%@é@ﬁm& PAGNEOh 13

oSt at 100fydrBharkPYRIlig kiRl 87d bog dpfé?mﬁt Héam
U scosi 1y rpCartyUEsing and i 151 0o Moreahag Lot ol M HEBPEINY R 50,

5W 40, 5W Gonpasitismbeng qfwacmwciby alm@onm»oﬂo Qirtoﬂ)%%oby Weight. In

of 0. 01t 28 SBER ok she FHIRERG o eTheRiFeb E8theed Chob dexiiR one
errbodl ment nlﬂog@nldbn@alaﬁffgp énmpmﬁhhavmgté swbsm@erﬁrd@@ﬂuémh Maliphatie darg8fo by
wei ght, and in one enb 0.01 to O. 15%£nyal I ght . VI' O U2/ UC2929

PCT/ US02/ f atems, {R) an@lham@dhahae eaphireetal sajt ofian @raﬁﬁ@ssttlfubﬁcmisa carboxylic

chatact <1 48, seoRUIETEL i BN Bl i 105, Sy, iy o b

enbodl rrent sibdiuted Shllgéﬂmb&F)wen@Ital saitrof a pshcmmoemdaodntamtlﬁg Gom@oUndO(G)flé/o by
ntent,of the i | ubricati osition as

ght. g ash c? entl[ﬁ_g %}gd
det er m neddiBHESRBT Yisseeitiindex mpdi PRy At ‘ﬁ"?ﬂqlﬁ’@ Bﬁ'g@qu@ 3to
1.14% by “BTﬁélinva?‘]’qu'c'&n%&ntﬁjmﬂgy BRthade By ttfPeHdnﬁ% %bﬁ&t(@)% GE?

enbodinent 0.3 to 1.1 % by wei gh and in"one e nt 0

wei ght . | noplienatiyiase cmampre oheompanants (&) taid), uamgri@rown bleodmgsteclnmques
characteri e 10 b hlorl ne tent of up to 100 ppm and in one

enbodi ment 2UH Y % er%rmlxg}gjom ‘ﬁﬁ% ‘enbodi nent up to 10 ppm The inventive

| ubricating 0| | conposi tD@g@rlﬂ|@1 of e Prefaricd ERbodiheid sul fur 15 level s
when conpared to those in BI’I or art, and yet, a east in one

enbodi ment, exhil bettesmt |m@ia¢cqf Ypdleniotes eharouir bavingf & carhont atopaghirectly

I qgustry S&ﬁ‘&&?éad thefle fr‘éhaﬁﬂ&ér"\%ﬁrthe molecule and having a hydrocarbon or

predominantly hydrocarbon character within the context of this invention. Such
groups include the following:
) Purely hydrocarbon groups; that is, aliphatic, alicyclic, aromatic,
aliphatic- and alicyclic-substituted aromatic, aromatic-substituted aliphatic and alicy-
20 clic groups, and the like, as well as cyclic groups wherein the ring is completed
through another portion of the molecule (that is, any two indicated substituents may
togetherform an alicyclic group). Examples include methyl, ethyl, cyclohexyl, phenyi,
etc.
(2) Substituted hydrbcarbon groups; that is, groups containing
25 non-hydrocarbon substituents which do not alter the predominantly hydrocarbon
character of the group. Examples inc-lude hydroxy, nitro, cyano, alkoxy, acyl, etc.
(3) Hetero groups; that is, groups which, while predominantly hydrocarbon
in character, contain atoms other than carbon in a chain or ring otherwise composed
of carbon atoms. Suitable hetero atoms include nitrogen, oxygen and sulfur.



(A) ‘The Base O | The base oil used in the inventive lubricating oil
.conposition nmay be selected 20 25 30 fromany of the base oils in Goups

|-V as sp%%h,ggnj) n the Arerican PetroleumInstitute (APl )pcBasg82/631l4

I nterchangeabi ity CGuidelines. The five base oil groups are as foll ows:
Base G| Category Sulfur Viscosity Saturates(% 1 Index G oup |>0.03 and/or
<90 80 to 120G oup Il _<0.03 and >90 80 to 120G oup 11l _<0.03 and >90
>120G oup | VAI'l pol yal phaol efins (PAGCs) G oup VAl others not included in
Goups I, Il, I'll or IVGoups I, Il and Ill are mneral oil base stocks.
The base oil may be a natural oil, synthetic oil or m xture thereof,

. provided the sulfur level in such base oil is sufficiently | ow enough so

that the sulfur level in the WO 02/ (1C2929 5 10 15 20 5 PCT/ US02/ 1131~~
inventive lubricating oil conposition does not exceed the above indicated

. concentration level required for the inyentive |lubricating oil conposition.
The natural oi | § 96naraligodnerethapithree sydstiiugats:on heterq atoms, gnd typisalbr nei | |
lard oil) I ' ' ' O oils
and sl vent 1§ Su eI HPres St SebRE o2 eBod Hithaf i e doBab U

par af fi ni c, naphbéaterirs ‘bydndcesbowaaraf fhydrcsarbphitasedt hayptee sabhé snedming ed

such as poROsen Ba Uerel imiButEoesnel: Yl BpdErishiapRemE e iSrefing o ' ' ©
pokyphenyl moléduiat giotds hdviedd catbdar stonbititide dirdeih) e the SebirdRs  ofadd

derivatives, anal ogs and honol ogs thereof. The synthetic oils include
al kyl ene oR’IQ!%CLHﬁ)I ynmers and interpolyners and derivatives thereof where the

term nal hydrox ps ve be ifi.ed. b Jf ipn
etherification, ¥h‘t=’ g{e?Heslog‘?esr o> 3&?@? g]g%)ﬁl 0 égﬁ@'&‘%@é’t\ g&’% p%r”iﬁ‘& Isgciéc?:a’
succi ni ¢ ahydrocatbyy laliglicatkenyl, fRoAs andlthelie, is imehded tagésisibeieh)gralps a
variety of alcohols (e. al cohol , hexyl al cohol, dodecyl al cohol,

., butyl
2- et hyl hexyhicky caswain a @?ﬂﬂféﬁb%d geibon &PS) ; " and esters made from C5 to
C b i ' I . bl b
Cig ronocar boxyh o) KPS S AEHE il Bt T sy Bilio Y e
hydr ocar boastentiof affleastdone gfameebr &ited at 86%¢i ned oil s, either natural or

synthetic (as | .as_m res of t r nore of any.of these) of the.type
di scl osed her eﬁéﬁ_&%’n mtlﬂerqigrédtoat\ﬁ?qlﬁéas&ag@ngpr._ % s S Sioudlt of acnc_&
Phosphor us gfaheiiatie oh Gy SRIBARHY nEREeRhe PRhRklSs SPBE BhRi 0Tt ARARRIRDARIY S 2
conpound represented by the formulae R _(OQa 25 R2-(Ob - P =0 Rs_(Oo0 /
(B-1) R _( emre@sed?aso&lbrmsa@jd@l# per gem of pamplgd 02/ 012929

15 _ The Lubricating Oil Composition.

The inventive lubricating oil composition is comprised of one or more base oils

which are generally present in a major amount. The base oil may be present in an
amount greater than 60%, or greater than 70%, or greater than 75% by weight of the
lubricating oil composition.

20 The inventive lubricating oil composition may have a viscosity of up to 16.3 ¢St
at 100°C, and in one embodiment 5 to 16.3 ¢St at 100°C, and in one embodiment 6
to 13 ¢St at 100°C.

The inventive lubricating oil composition may have an SAE Viscosity Grade
of OW, OW-20, OW-30, OW-40, 0W-50, OW-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50,

25 5W-60, 10W, 10W-20, 10W-30, 10W-40 or 10W-50.

The inventive lubricating oil composition is characterized by a sulfur content
of 0.01 to 0.25% by weight, and in one embodiment 0.05 to 0.25%, and in one
embodiment 0.10 to 0.25% by weight, and in one embodiment 0.01 to 0.20% by
weight, and in one embodiment 0.01 to 0.15% by weight.



G PCT/U S02/1131 ~~ wherein in Formulae (B-1) and (B-11), R, R2 and R3 are
. ndependently hydrogen or hydrocarbyl groups, and a, b and c are
i ndepende@ld y/&8k9 Or 1. The phosphorus contai ni ng conmpoupgrR)26a% be a
phosphat e, phosphonate, phosphinate or phosphi ne oxide. The
phosphor us- cont ai ni ng conpound (B) can be a phosphite, 5 phosphonite,
phosphi nite or phosphi ne. The phosphorus-contai ning conpound can be a
m xture of two or nore of any of the foregoing. The total nunber of carbon
atons in R, R2 and R3 in Fornulae (B-1) and (B-1 1) nust be sufficient to
render the conmpound soluble in the base oil {A). Generally, the total
_ nunber of carbon atons in R, R2 and R3 i,s at |least 8, and in one
enbodi ment 10 at (east 12. There is no limt to the total nunber of carbon
atons in R, R2 and R3 that is required, but a practical upper limt is 400
. or 500 carbon atopns. Each . R2 and R3 may. be the sane as, the other,

2l though t hey mipeHBVEECNBHEatg: Al P REOSIioRas (RraeIozes it ROSRIAINS
include is g t ) i ~ med ,
ooyl - dodemyiPrt it Btk of &80 oLy e R b i e R 05
al kyl pheny0,1486 oy wejghthgnd iploaeyémbrdimeniapRBHel GAY by avéighp rand/ irabkel |,

al kyl napht hyl al kyl t he "iii?' | n,one enbodi nent, the

phosphorus-e%lwﬂd ﬁl‘h@%&ﬂ&oﬁé yléﬁ"e'igg'greprese_nt ed by the Forrmula (B-1)
wherein each R ThEAshrsbnkntios tidingékiile labABEALoI( SorfipesiBibi ¥k defdiyihed @youp,
and a, b and c are each 1. In one enbodi nent, the phosphorus-containin

conpound (the procedprasie ANSTM By814r86 paayer mitha rame ¢f0.3fed 4% byaveight, an

and R3 is ) - QD ] o The
a0 3 ) e kAR BurPLON LY P and ot iR 77 by
Xt o of "8l 6oho] & cort oaponaing To R - o and BB in Formilae. (B1) or

m X . X, A )l MU, - 1),

(B 1) The' phobphge gaibset @maﬂeﬁ!naﬁﬂﬁmkugﬁc?W%@Rﬁ@mppvtlaﬂ g ﬁ_aﬁlr@_&v%r@ed
8Sphor us™Y & HRBHn€ LERE PR 7100 BPR ARl i crRBRTRIARE th b4 bbf and
phosphor usireshe embatimentep ko ke pphower phosphorus acid esters contain from

1 to 7 carbon atons in ea est.er group. .IThe phosphorus_acid ester be a
mono, di - or ¢ 11 DRQREE LbiBRiSE ol bHBos gt Ror 0k a65528 brady B sy~
A useful pheeRrhahEA coRTYaRedidhose PtHEsHdrare wadlyebl Iddspif GhE erisiRlimeRe
trade designation Durad 310Mwhich is identified as a tri (tal kyl phenol)
phosphat e. exhibitrRtivesstRIopedissdbat are sHfficiad gl PassogHal R stamdard tests for
pqgsphor uséﬁﬁv%gi' ni ng conpound (B) may be enployed in the inventive 5

| ubricating oIl conposition at a concentration in the range of 0.2 to 1.5%
percent by(Aki gThe Bage 0}l one enbodi nent 0.4%to 1 % by weight, and in one

enbodi nrent 0.5 . 8% hy weight.. (C) _.Acy]ated N.trogen-Containi Conpound
1n one enbodi rreh-?',eci?%()qﬂﬁ‘lﬁ_@ﬁt"? 3@ 'ngﬁ%fa@%%atmwkwﬁwﬂﬂ%mafvﬁﬁ3@%9@3'
conpri ses %Tg%n?%ﬁ* fHeehdy Bl@ﬂ?@r&ﬁé@ %Wé@%p%@i‘ﬁ@@blﬁ h83hBHc | Té%%u’%lé&rﬂe”t

of at | east al'i phatic carbon ato ese conpounds typica unction
as ashl essInstidyter($di) Base\Qilunteecharfgesabylitn Caitelines r dgerfivedrase oil grpupsmoeunds
hgéi ng a subit' tuent of at |least 10 aliphatic carbon atons and nade by
redacting a?ear §rI ic acid acylating agent with an am no conpound are known
to those sBdskadjjin the art. In 15 such conpositions the acylhgdddsgryagent is

| inked to JeddiyNO Cconpowfrut ugh an im doSaﬁjpial&%(o;gm di nghdx sal t
| i nkage. Th‘e_s%%ti t uent 6F_§t‘t¥ggast 10 aliphatic car 0N atons may be in
ei t her theé}gwqul i c aci qoaé‘éll ati ngagsnt der<i95ed portion °f80ttB‘3120

25 Group Il <0.03 and >90 80 to 120
Group Il <0.03 and >90 >120
Group IV All polyaiphaolefins (PAOs)
Group V All others not included in Groups I, 11, lil or IV

30 Groups |, 1l and Il are mineral oil base stocks.

The base oil may be a natural oil, synthetic oil or mixture thereof, provided the

sulfur level in such base oil is sufficiently low enough so that the sulfur level in the



nol ecul e or in the am no conpound derived portion of the nolecule.

Jdl'lustrative hydrocarbon based groups containing at |east 10 carbon atons
are 20 n- Hoeddpdodecyl , tetrapropyl ene, n-octadecyl, ﬁ%@u&>m3n4

chl or ooct adecyl trllcontanyl etc. Generally, the hydroc ased
substituents are nmade fron1honD- or interpolyners (e.g., copolyners,

terpol ynmers) of nono- and di-olefins having 2 to 10 carbon atons, such as
et hyl ene, propyl ene, 1-butene, isobutene, butadiene, isoprene, 1-hexene,
1l-octene, etc. Typically, these olefins are 1-nonool efins. The 25
substituent can al so be derived fromthe hal ogenated (e.g., chlorinated or

_brom nated) anal ogs of such hono- or |nt%rpolyners A useful source of the
hydr ocar bon- based substituents are pol y(i"sobut ene)s obtai ned by

pol yneri zation of a C4 refinery stream having a butene content of 35 to 75

. wei ght percent an sobut ene, content, . of 30 to E@Fnt in_ the

d 0 wei ght  pe
presence NYNHve o'i’b@‘z‘@“@ PR/ cqRetiqs 1dogs, nat gxe th&m O¥&it H}%teguch
as al um nu ﬁéérmLi%hué@eWé BRI e .hbésﬂrved@orléaamgg.lgfa L]
predonlnan y 1sobutene re eatlng units. In one e e substltuent
is a polyi sishinckule @Tlmagbotlman@eelgétabla mls;jelgy,lcaﬂbmnmhlardau) a@welllasgmmeral
met hyl viny) L deng i s ont | east, 70% t hyl vi I|d ne,
and T oneldbrERiG 2R e BadlisoneiRekii off prECRonniiatEe & ArigTeats
meghyl vi nyiﬂirﬁi@\aﬂmk&hﬁgwwﬂ% PQ@M@ RaphiRe Mt &R MiREd Pararnietaththenic
trifluoride cataIYsts he ac agent or rea?ent can vary fromformec
aci d and i typescydi Sd@rwmirm@scqad)oaabalatarﬁ@l%gmfy havi ng hi gh nol ecul ar

atom. in one eREHeNEn O RoBhsi Rybfeckfuoh O 3060 RsC dinedET PR oo

succi ni ¢ aipiterpolynae ety lot&ﬂn@pralwlhmrrz@nbsdpe@phbnwba&ﬁq/lasbsmphmteméﬂsups
and succini ¢ %ﬁeups wherei n the substituent groups are derived froma

pol yal keneakyEted dighianyl sullidesnand figevaiives. ahalagsyand hemeigasohereof. The
t

C1G" 20811 §grinelo UIE RESSEAR NS Bk b3 i Sl FrctboBiheht Shtofafes

groups, anthereoowhemartioslieraninalChy@iroxyl :gr5u;$subave1 |beegrmu¢tfleﬁdry esterification,

cquL val ont e AL RAPE ook SR oK SRS LA g
700 to 2008ycanid adidgnakéﬁpogjdéﬁné a3, tekc. ?;8\% a \agiety2bf 9|c%ﬁbrée§19t fnﬁ%

wei ght average nol ecul ar wei g My) and t ? (that is

can range alcehph hexyl aJOOh(alndOdﬁC @@@@b(ﬂiﬁwmexy alcoboks sthyiene alyeele etc.);

cddi val ent 20 Bsists TaadE gl EEREES: BophBatoNEERbaang W R BPRoNBLstners.
correspondi ng tWhetws@Lmtmaytbe@palyam%ablefml (Piaddngr arheil Werived frenpFisther-
pol yal kene_fro ubst i tuent is derived into the total weight of

t
the substi t (RIFC dﬁ@@ﬁ%§%ﬁ43 ¥HOCAPONGe 25 substituted succinic acid. The
am no conmpound Ryefifed et Aﬁ‘@é’l %hﬂzr@%fmédté’l% Eftﬁé@ﬁ&ﬁlréﬂ’ cSrhérYP\tHe%\F @%Wéfl'é e Of

at | east one HN< group 'and can be a nonoam ne or ures o
or nore anmixtuespbivaier nwne loé any efl thase) lof theetypiei ahaclwsecﬂm herginalvoveocan be
\EII%W ating reagent In one enbodi nent, the am no conpound contains at |east
U2/ UuC29989ap B§FF£‘U31 4-4 one primary amno group (i.e., -NH2). In

one enbodi @t %WErﬂS-@&nﬁnﬂ?ﬁ%}%ﬂ@r exanpl e, a pol yam ne
cont ai ni ng at | gast two - N groups, erther or both of which are primry or
secondary ani ne§henli@sahpn@scmﬁ§unm earmpoind B) isg comploupti sepreseategintthe or
het er ocycl t(‘m‘g‘lﬂ Hydr oxy substituted am nes, such as al kanol 5 am nes
(e.q. |et hanol am ne) and hydr oxy (poI yhydrocar byl oxy) anol ogs
of such aI kanol am nw,(o‘,@\“e used. Among the uRef@), ami nes are the
al kyI ene pol yami nes, jncl udimg the ™~

R*-(0), — or R%-(0), — P

R-(0), 7 R*-(0),

(B-1) (B-I)




pol yal kyl ene pol yam nes. The al kyl ene pol yam nes i ncl ude those conform ng
.to the formula 10 Ri -(U; )~-RR R wherein nis froml to 14; each Ris
i ndepende@td gsded3ydr ogen atom a hydrocarbyl 15 group or gct/use2/03144
hydr oxy- substituted or am ne-substituted hydrocarbyl group having up to 30
atons, or two R groups on different nitrogen atons can be joi ned together
to forma U group, with the proviso that at |east one R group is a hydrogen
atomand U is an al kylene group of 2 to 10 carbon atons. U may be ethyl ene
or propyl ene. Al kyl ene pol yam nes where each R is hydrogen or an
am no-substituted hydrocarbyl group 20 with the ethyl ene pol yam nes and
m xtures of ethylene polyamnes are usefuyl. Usually n will have an average
value of from2 to 10. Such al kyl ene pol yam nes incl ude net hyl ene
pol yam ne, ethyl ene pol yam nes, propyl ene poI yam nes, butyI ene pol yam nes,
. pentyl ene | yam,. nes, hexylene po m | ene am nes, etc. The
hi gher hon@f‘&é@ndﬁ QUEWaQrA?’ 'Sé‘nﬁn(éyl I{%a@ P§ f#entit hixdragen or
pi perazi ne [ _
i ncl ude etﬁ I engﬂﬁl (ﬁ%es Bgl et %d?ne(ﬁ%ié%léf?g% %gﬁér{ﬂ{g@% (% eneTﬁé?hléﬁﬁw'lus
propyl ene dontainirg QomnpmmWI(Bhe:am bai aephdrﬁphatmt plyd:w’rmlmte,nphesphmate or
decanet hyl e am ne, t anet hyl ene di am ne, ene triam ne)
tripropyl eHQO?Fgl'?%ﬁi"Wé Qﬁ%‘?gg %Wré'ﬁepoﬁ' 'f"é?%cr?én b hegritene,
pent aet hyl pREspel Pifosphilitd driptidaphmee ) tHd fHos ﬁord\éréc?ntal 9
PCT/ USU2/ Ogl 4~ 10 a%c@th 1) fpe)rzsam ne, ﬁmg i s(2-am noﬁ&ﬂﬁ?%ﬁqgﬁne
and the Ilh@a'ﬂl)@lﬂf@rOfﬁWﬁ[ﬂrd@@r%@ ameofdbedpieseingy condenS| ng two or m)re of

t he above-illus sgh

nore of any of Jti- 8&5{9 @erﬁ%éﬁéﬁgztg& %ﬁ%nﬁsﬁﬁfg R %“%?fmﬁéﬁ%?'ﬁsk‘?rlg%“‘ﬂ ! hose
resul ting fustbssuffieEnttp Mdﬁ&ﬂ‘leﬂ@orﬁpdmmﬂ sslublenn the Badensil eAIC Gererally, the

nmol ecul ar wei ght pol yam nes and volatile caontaninants are renoved fTom an

al kyl ene piAtgnEm rrﬁfmﬁ@ ?BJ"H%H\/B &Y Er‘r&Rdlﬁ@t\}ﬁ}%ﬁt 8, andfin enewespbediment
I l
RO aeter; 20REE0TR. Theft RS Tif tots oEr RuRBeY BEABAMLHE R M and RS
wei ght 10 trettés uemlwrbd; bmtragprtmtnoaw dpp@climittie 486 r §08ctanbom ageEns. cEablalRﬂ RY

d t des di di ,
e a1 PRI GaPh Ik $atne 2 B8 %", Al e e E Tra B BisTonG Exaiimies of ne
acyl ated nissfoRN- ROBHAIRA @@uﬁgmua@%aﬁr@wlt%uaﬂyisabum érﬁggﬂ%étr?wé the

anm no COWpOUﬂdS one or nore ac Iat|ng reagent s and one “or nore am no

conpounds BeBiVhisaosd, dasyl, Mprl tairadﬁ@ylpzﬂze@t@wl sfodgcrbybrahenyll naphthyl,

ARoe o oot naRIMdnibEh: {RRSHERY o1 hBEhw Al TR B Faldh o

car boxyl i caﬂkqmapathw&kydyanddhmikby it om@rmﬂmnmeaﬁ the phusphongscontalififg up
to 300C, provided z 0C does not excee e[\ & ngom tion poi nj .

Tenper at ur 6%”’89”'1@ B epIasentgaby, 3 PUkw erema%% ﬂ@dReéﬁg@ht
and the a re u fd n i m
one- hal f glau val ent ug p 3fk2€?h@ﬁ ?rbraunﬁn)ogé%rfa;%néﬂ 3 éret %P\%ﬁ\énﬁﬁ he
acyl ati ng esgdimentTbe aplydspthedusicontaieng omnnmundqu):osrpepmhea@d my the

epgpl oyed ip the i ntive.l ubri n .CONMposi ti.o centration in
2@ range Ef’rrﬂﬂlat(g'li)ow}"%'?'rkga%%hk{ gﬂﬁ(ﬁi i1 2B AL 3? e_Lny e 3 cent
by wei ght, gap@ndtc aeesfipedi ment 2% to 5% by wei ght. WO U2/ UCerZQ 11

PCT/ USU2/ U31~~ D} Alkali or Alkaline Earth Metal Salt of Organic Sul fur
Aci d, Carbolic Abe@hospheryssompoundssepresentediby formuiag (Br) andd@-lihearcbe t h

et ol S21 preBiedhy reakit, SbnBARBAS S hYhoah e o SRR ke,
contai n anarwhulstcorfespehdingtaR'oR? ané R® suFdineilas {(Bipon@4ly.afhe phddpsharas di C
groups present in the salt anion;, the latter contain an excess of netal

ca?ion andagideranhydrideisgancrllian INgIgRIHRRTPGFUS RASEPESEEN anPRasPhatis
organi ¢ su [ n|c
2021 £ ani poHoxRe) Bfioditfors biokie Bh6reiefRNcfiabkiio HhadBhEs pfidspittil:d
sul furous halide,rrdewef phospheius. esml’seraa]dltyletllkey leowes phosphdrusaladcichasiars or

pory- nucl opn@fiafi L 47 et dariRlt o851 Sheh B “ThePoRBRyR s s ertar

i ncl ude al hizyase & mens; |dradi pipabsshoritgcidieamgt i ¢ nono- and pol ybasi ¢
carboxylic acids such as the naphthenic acids, alkyl- or

al kenyl -substituted 1S cycl opent anoi c aci ds, aI kyl - or al kenyl -substituted
cycl ohexanoi ¢ acids, al kyl- or al kenyl -substi tuted aromatic carboxylic
acids. The aliphatic acids generally contain at |east 8 carbon atons, and
in one enbodi ment at |east 12 carbon atons. Usually they have no nore than
400 car bon atoms The cycl oal i phatic and aliphatic carboxylic acids can be

T Y 1 T Y 1



20 A useful group of carboxylic acids are the oil-soluble aromatic
.carboxylic acids. These acids are represented by the fornula: (R*)a

Ar * (CXXH) Wiy 02f0Fxobd | ) 2S wherein in Formula (D-111}, R ispgia@biéiadic

hydr ocar bon-based group of 4 to 400 aliphatic carbon atons, a is an integer
of fromone to four, Ar* is a polyvalent aromatic hydrocarbon nucl eus of up
to 14 carbon atons) each X is independently a sulfur or oxygen atom and m
is an integer of fromone to four with the proviso that R* and a are such
that there is an average of at |least 8 aliphatic carbon atons 30 provided
by the R* groups for each acid nolecule represented by Formula (D-111).

- WO 112/ UY(2929 12 PC r'/US112/ U31~~ A useful group of carboxylic acids are
the aliphatic-hydrocarbon substituted saliicylic acids wherein each

al i phati c hydrocarbon substituent contains an average of at |east 8 carbon

. at , di i t t | t 16 bon. at it t d
o e, A e e ing CoBRL R AR B B M bLiTane ™™
al i phat i c- fude QAR Rtion URFhH BA0RAWRRH BYUEStifRE 45 A %i @ﬁ;’ g}%lnagpﬁotsﬁgbtéy' ic

acid. A group of carboxylic acid derivatives that ar
| act ones r Apotesnusefulmpmpeuntdds tiphenyl phesphitel0 R2 - C C:O (D-VI1) 1 1 R3=

C (CRBR6)a R4 rein in Fornmula (D V]| R2 . R nd.R6 are
“ndependent |y HineBTsRRRRE A NG R Uiy )aFay B8 poifovattn Mg inaediey
greups of fuppidhfing 0ilZonfhdshion Ria0dBncentrialioh MetH @Ybs of DIdto 1.8% pefcaint Bynber
of carbon atonms nust be sufficient to render the | actones oil soluble;” R2
and R3 canwsighti andin eogerhedinnent @At tm1% bypwaiaht and inraseeeneodimgnt tdd a
is a nunbef. hko of zero to 4. A useful |actone can be prepared by
reacting a{no Qﬂ%k"Ilw(\'{ééﬁgm3 dodecyl) phenol with glyoxylic acid at a nolar 20
ratio of 2(Q) NaeyistedMitrdyen-ContdiningpCopmeowhd (general |y known as
phenates) are also u in the.co ,gg%pns of .this inpvention and wel |

l,. ) . )

known to those M'wé%fbgﬁlr@%t ginv ieahiag Pl epMRRSIHAN fUithes cCRRPRiEESE s
ang forned,ar hg; Il s AL ) - ergi N
16 Eor i a2yttt OgRRIEnRE b nEBuR AT bbetlERE O Ll di 6
her ei nabovaliphatic cagben atores. t khdseraomhEo(rids typipally fun@ticd a4 @¢hlesSxfispersafts.
PCT/ US02/ 1131-4..1 M xtures of, two..or nore . neutral and ic salt f the
ot o1 nacove. desd nfalebptSniatety RioeRu A cumamnd e & tihsbits
can be USegf igh (bt OTEIRRAlE RATbA dtbins hAYGARNETLy MiriabkaldarBodial kgl ne

earth netals that are useful include sodium potassium ithium cal cium

magnesi um asyleting iagenhwith sar amino epmpouad a@reknaws tedioerss skited# the art. In

PIBr T cati agHe PBposBnE TS acP@lito BRktIRnRE: FSTeYflol hehdStuld HESod B, 1,
wei ght, animida, amido, amidine or salt linkage. The substituent of at least 10 aliphatic carbon

atoms may be in either the carboxylic acid acylating agent derived portion of the

molecule or in the amino compound derived portion of the molecule.
lllustrative hydrocarbon based groups containing at least 10 carbon atoms are
20 “n-decyl, n-dodecyl, tetrapropylene, n-octadecyl, oleyl, chlorooctadecyl, triicontanyi,
etc. Generally, the hydrocarbon-based substituents are made from homo- or
interpolymers (e.g., copolymers, terpolymers) of mono- and di-olefins having 2 to 10
carbon atoms, such as ethylene, propylene, 1-butene, isobutene, butadiene,
isoprene, 1-hexene, 1-octene, etc. Typically, these olefins are 1-monoolefins. The
25 substituent can also be derived from the halogenated (e.g., chlorinated or
brominated) analogs of such homo- or interpolymers.
A useful source of the hydrocarbon-based substituents are poly(isobutene)s
obtained by polymerization of a C, refinery stream having a butene content of 35 to
75 weight percent and isobutene content of 30 to 60 weight percent in the presence



enbodi mrent 0.5 to 5% percent by weight, and in one enbodinent 1 %to 2.5%
by 10 weight. (E) Alkali or Alkaline Earth Metal Salt of a
Hydr ocar by @ulsshbt ut ed Saligenin The al kali or al kaline eafhlkosigl salt
of a hydrocarbon-substituted saligenin my be a conpound represented by the
formula 15 X Mn Y-~~1-~- X (E-I) (RP ~ mwhereinin Fornmula (E-1): each X
i ndependently is -CHO or -CHZOH, each Y 20 independently is -CHI -
or-CHZOCHz ; wherein the -CHO groups conprise at |east 10 nole percent of
the X and Y groups; each Mis independently a val ence of an al kali or
al kaline earth netal ion; each R is independently a hydrocarbyl group
.containing 1 to 60 carbon atonms; mis O to 10; nis O or 1 provided that
when nis O the Mis replaced with H, and each p is independently 0, 1, 2,
or 3; provided that at |east one 25 aromatic ri ng contains an R substituent
.and that the total nu bon ataons in roups i.s at |least 7,
and furtheP?Brlo‘?W'ﬁtﬁf' ﬁ’a{alYﬁ‘t Srﬂcf‘saslale'@V'@atf'ﬁslor'gﬁ B Jf'ﬁWﬂ-,dex %ﬁ@ﬁ%s
can be - PElwuféﬂé%Morﬂ@lﬂ @bh@hﬁﬁhﬁnt@%ﬂht@ﬁé Pdgediitgturise useful include
sodi um potassium lithium calciunj magnesium stiontium and barium wth
cal ci um and nagHeen@gmMbodmept, 2ha syipgtituentds rewlyisobuiens breup derived from a

(oo, “cal BERRSMenEnalh Y FohaetwulSilehs BoMio arthis oBniticaly 86"
sati sfied hethylbeylideneyrmdon dne eraBOdiRint @ [esist BO%Wn@ﬂgl\tht@ne' 0Swtable
functional IBté%tOf t he sane saligenin derivative. ormula (E-1), each n

i s indepen m9tftyl\wwhﬂensrp@wlmt@nwnméﬁ th\OS%pr@pafe:ﬁbuamgborca"pﬂruﬂueddgy H,
that is 1‘ srggan unneutralized phenolic -OH group. The average val ue of
nis typlca?ay 1to 1.0. In one enbodinent, mis 2 to 9, and in one
enbodi ment 3 toThe acdaiimg agentrbasagent cantvarg. frifns fornfic taed amaiitsi acyli ngs

in Forrrula E—I contain,.at | east one R sub i tuent, .which is. a

hydr ocar byP %@&S?aﬁﬁy'ﬁﬁn%ﬁgeﬂtﬁ%@alnﬁé}wh %Wﬂgﬁﬁglp%aﬁ§@ﬁltHﬁnt§ ofo 60
capbon ato ,toarumo 10 @B B0 RIbor afdhe $n 68E BRIbGYIAER!, R SbidtifdMyent |
enmbodi nent to 18 carbon atons. R can be |inear or branched. 'Eaclf aronatic

ring in this athygeecarbonspbstituded sticeinicearidiartartydiide ontaindgshyrdroadiont ps

ol ocul o By abaRuant flaublierESladf€ of s whers I bRbrihod il Pe Bedy V"

one ar onat derivéd@ohnatditydikéms slich B8 PolyisobiAéie atTheessid of AR Hy BAd
the total nunber of carbon atons in _all the R groups in the nol ecule shoul d

be at | eas€Eharacigiged by fae &W%thhlat ity glgeture of |an pyeiAgeaof & leasth® X

a Y gro e f 0f
fg?mal geh; e sour§%®b$&c%§8ens |ve reaﬁl}toép%ﬁﬁﬁtpﬁhp§?%'%§%l (gdn one
mol ecul e. @hiboglimeani 018stos Pdcs it g)@wsjon ewy Gquipaleatwejghithuf substieett

de f ti it d 20
Chyar oxy meBTRHPs e paaKe DS Beherall As iyl e Re Rl At ng v
are -CH2- (gmt o eif |Hrdn@%b@dlﬁ’1enmﬁ’0d(ﬁbh8ﬁn Bhé B8odiniBR: IR BR800

amounts of the various X and Y groups depends to a certain 25 ext ent on the
condi t i ons THe ratigbrbween the waighhavarage esolecmideweight yVind radict the fBIng (iaat is,
20 the Mw/Mn) can range from 1 to 10, and in one embodiment 1.5 to 5, and in one

embodiment 2.5 to 5. For purposes of this invention, the number of equivalent
weights of substituent groups is deemed to be the number corresponding to the
quotient obtained by dividing the Mn value of the polyalkene from which the
substituent is derived into the total weight of the substituent groups present in the
25 substituted succinic acid.

The amino compound may be characterized by the presence within its
structure of at least one HN< group and can be a monoamine or polyamine.
Mixtures of two or more amino compounds can be used in the reaction with one or
more acylating reagents. In one embodiment, the amino compound contains at least




anount of -CH2OCH2 groups is relatively small conpared to the other groups
.and is reasonably constant at 13 to 17 nole percent. lgnoring the anount of
such et heyygnaypsyand focusing on the relative anounts of plcha;siiPss - CH20H,
and - CH2 W O 02/0l 2929 PCT/L1S02/031-4~ 15 5 groups, useful conpositions
have the followi ng relative anbunts of these three groups, the total of
such anounts in each case being normalized to equal 100% -CHO 15-100%or
20- 60%r 25-50% CHzOH: 0- 54%r 4- 46%or 10-40% CH2: 0- 64%0r 18- 64%or 20- 60%
The conpound represented by Formula (E-1) may be a magnesiumsalt, and 10
15 20 25 the presence of magnesi um during the preparation of the conpound
is believed to be inportant in achievinggthe desired ratios of X and Y
conponent s descri bed above. (After preparation of the conpound, the My
metal can be replaced by hydrogen, other metals, or ammoniumif desired, by

. known neth . T nber of,. My J,@ns,ln _the composition is characterized
by an aver§€%pbgﬁaup€aﬁho'%ou8f("%? 1Nﬁg Jngne ﬁﬁlﬁ’qdﬂﬁ%ﬁmm%ﬁtp@aﬂ% 0.4
to 0.9, anfbrbﬂam@e,@giwarﬁmtqdmﬁntng é@le%stfl}li@-mqléfbu?‘épéiﬂ?eﬁ*%? Bthf vitaesul a

(E-1) can be prepared by conbining a ﬁhenol_ substituted by the . .

above- descienBUMRNY PbSECUNER YT INiESsd e hyel@raines nayibeealihatisr ertlaslinhatic,

(e.g., par j X f | .and nesi i de

or nmagnesi ﬁﬁ)ﬁ/@r ggi gep"d% eﬁrC %@éo s‘l'vg{yc@gél)é)iqf‘ %ﬁ%@éh@prﬁgéﬁe aﬂ{gng))f

cafal yti c amines (ecd., monb+ ondietizerel Geige), argblalydroxysulghydiecambyloxy pasdlogs
hydr oxi de) ., Th rEI ative nol ar raprmunt of the substituted phenol and the

f or mal dehy fes'{ci‘nal N0 AYPEENAY PEMRA di ng products with the desired

structure andpﬁ%bt' ) oRen; i , i d ;
f or mal dehyde aré reacpgegl Lllér?rhgqt%ﬁqv'ﬁ eﬁét}b?gﬁ Oaéﬁ%?n%?k?&%%&ﬁe%, Olﬁ@l%ﬂﬁ']g g’ﬁ% in
one enbodi pelyalkylenepolywaniings 9 T harakyilenepelyamings inelutie thdselcordodmingdo thad i n
one enbOdifmr%ﬁJ 1:1.7 to 1:2.3. Thus, in one enbodinent, there is a 2:1

equi val ent 9 f% of formal dehyde to substituted phenol. (One equival ent of
f op mal dehyde i s consi der eHNL@J_qs\grg.Respond to one H2CO unit; one equival ent

of phenol is considered to|be ne nol e of phenol.) In one enbodi nent of the
My species, the nole rati opof %kyl phenol : f or mal dehyde: My is 1:1.4:0.4,

that is, for example, (1) : (1.3 to 1.5) : (0.3 to 0.5), the amounts being

aount o PSR Fot 1 18 0B, BRen KigiiEonebBpyl I3 boart et hidiBeriia
~14 The prgerporeaiydiexyE-enbstittied dnarmiasiubistigitéd Byafderebys grap 1eling Ubtd an

appropri ate_apount of magnesi um oxi de or magnesi um hydroxide with heating
and stirri ﬁ%?t%‘"%ﬁqr@@ﬂﬁ dioeRs 88 differeptinitragen gioras Aan baieinedtogstherda forre

i ncl uded. f?’h@'&g# {Nj[:fﬂlflie @RJB/\(; th 32%?@%?0@%@{@@2%% [ od8n 8Gh 43a id an

desired, on’ may proceed nore
ef fi ci ent | gikylenelgroahetd be10cadutt ajoorsal U sudwies ethyldre ogaobyenec dtkyiene

conducted at, roomtepperature or, a slightly el evated,, rature such as 35
fo 120 THRVATURSS APBGHeatbE: Ruckeoaer gl Amnea-poftfcnaytsagud dded.
VBen theseysflthe eih§IcALepO9aRfned %dshﬁlt&@soﬂpbm%é YoRsarfiads ra%%]seé%‘aw be

magnesi um 10 or it Can be another netal or a m xture of “cations.
basi cal | y Wedally ngvilkbese arnvayiagesvaligedf frormake ttheSuchadkylane golyamisesr e

usual ly an, ] | kal.ine. ea t al i.e...the Goup,lA |IlA,
ond 115 ol Sl e A T Ry RS Pt Ppbiengpplainrt Fifere
rubi di um pelyamines) gehtard polyaminek| ieyhepoliemihes,hept/iond gaigamneseical
conpounds gl;an 9&1 uEed. Cosg#ounds of Ca, Ba, My, Na 15 and Li, such as their
hydr oxi des | B Bighek BRnglags g spghamingsalifbeiatad amirakyysupsiitntedpinaraznes
sggts contg}%nélgg iﬁcllﬁaéﬁ ure of ions of two or nore of these netals or other
cations, including m xtures of alkaline earth netals such as My and Ca, can
be used. Alkylene polyamines that are useful include ethylene diamine, diethylene

triamine, triethylene tetramine, propylene diamine, trimethylene diamine,
hexamethylene diamine, decamethylene diamine, octamethylene diamine,
di(heptamethylene) triamine, tripropylene tetramine, tetraethylene pentamine,
30 trimethylene diamine, pentaethylene hexamine, di(trimethylene)triamine, N-(2-



The. hydr ocar bon-substituted saligenin salt (E) may be enployed in the
_inventive lubricating oil conposition at a concentration in the range of up
to 5% by Q@) Walkgah) and in one enbodiment 0.5 to 5% per ceplcrRkoyweight, and
in one enbodiment 1%to 2.5% by weight. The foll ow ng exanpl es di sclose the
preparation of hydrocarbon-substituted saligenin salts that are useful in
preparing the inventive lubricating oil conposition. In the follow ng
exanpl es as well as throughout the specification and clainms, unless 25
otherwi se indicated, all parts and percentages are by wei ght and al
tenperatures are in degrees Celsius. V1''O 02/0(i 2929 17 Exanple E-1
. PCT/ 115112/ 1131. ~-4 To a 5-L) 4-necked r?gnd bottom fl ask equi pped with
stirrer, stopper, thernmowel |, and reflux condenser, the follow ng are
charged: 670 g diluent oil (mneral oil), 1000 g dodecyl phenol, and a
. solution of 3 in 40 g er. The ixture.is heated to 35C with
stirring. m'ﬁg%tg%ﬁ]ﬁgeﬁzf'bef'nggggf%a@'g?gﬁgbglpﬂarﬁ?%eﬁ?&eﬁ"(%d%f' ar &' fded
to the m XhEhlde ast afer bBGirct B9 ddride@ding V& lor Bt @5e dboliedfludiiieand
102 g of additional diluent oil are added. The mi xture is heated to 79C and
hel d at teffi¥leiteuaBings arpuselhlitass arennyjxees of Hve arenereef 88y efNGO afsrexdded
and the ba I - eated and nmai ntai ned at 90-100C for 1 10 hour
Thereafteragﬁ%ﬁ%d;(pélygﬁﬁnsgﬁieat ed to 120C under a flow of nitrogen at 28
L/6r (1.0 std. tUssfilirpoyanihes atefiosesesaitingédm sbipphgdbdiyamineomixtufesadded,
and the mxture is stripped at a pressure of 2.7 kPa (20 torr) at 120C for
1 hour andﬁl‘%é'ﬂs"ﬁﬂp‘?emr WH@CP@EM’Q'HHQ pBPY@H‘dB?S(?(BHﬁit‘éﬁlﬁ@eﬁ%‘i@W%iﬁgﬂ?
magnesi um i : : 13C
R eveal CteVd fi o Sl AOPaliie ot fleale e Bhiche AR 1€ BkEh 7
of 38 nol et&rmexh “polyaming ibdtiomsdnt bnigeokral2 alyleneypolyadhine Hyattoomy restrh e
content of 21 l e % anple E-2 Pa A To a 5-L. 4-necked und bottom
(lask equ BRREPEPAar MAUMe 1655 Sl 2%V HaeRbditaly Jas T 16 Roratier
the fol | ownitdeAsbsINgS BW 0Py di luent oil (mneral oil), and 1000 g
dodecyl phenol. _The mxture is heated to 35C with stirring. Wen 35Cis
attai ned, 252 g léF peatedmikeerinpertaogcorheundddaciude Emingisaltgr amides,

Sadi 11 onal TiERSs ARG RS Jp e Aol diridic, sats Ao iRk 9528 Hifives .
t enper at ur ehdresf. 3o phepard tHescyidted piterybri-oormtamamng cohpdddDfrem tha(@dlatings
added and the batch is further heated and nmaintal ned at 90-100C for 1 hour.

Ther eaf t er reagents angr e aminegxareynd FeuAUBIora FayRingfreagertsid apexy

LI 1.0 3/ i . i i i S d.
IS o vt o Didte o Sorpodio8 hrd Hited, difBHAIN 8 hrdedticel il nAimahiBEeT
PCT/ US112/ suBgtaniiglnineriicsgdnic &quidﬁofvieht/d&m@rumt t@mperatygstin lﬂ@ W’BWC

ins 14 mole % al dehyde f ionality. P B: 1 f.our - necked
Fask oqut pa tie cheampRYEEn nAE o B té rerpiabtsorhRartud e iniathid Ftac e
tube is chab@rﬁdny%_apfbrgpérémré@imﬂm@ﬁbefdfqmoP%rYJg 1 360C, dreVide@B0sSokiseane

(Mh = 1000) substituted succinic ar]&))/dri de, g Ca(OH) 2 anod 863 grans of
an al cohol nat fxegad bertiegompegites-mEoh thernperghtrea o254} ool °C areggenally

ihght iso yl ; - 8 i.gh: T ' RS dto
630%nd 105Pas e SRVBIG 1epBartaty U8 Ao Biihould B Facthd hepibdie
appr oxi mat gUfficight @6 Grévide from dvie+half €auivaierdiupxd @embleshf aniinb kbmygundhser
m xture for 3, h?urs at a?ﬁroxi mately 0.5 std. ft3/hr. to a direct base
number of &euUNalentfasHting&eRMHt of 370 grams Ca(OH)2 is added and carbon
dioxide is siml i ' $EUE A liar ect
base nunber of gg@s#ﬁﬁ%%‘&? g?g&:&g@ﬁp ?p%(%adalﬁ?%ﬁalligzi undgrehgﬁgh?]‘ii’ty Fgglgnm | ow
of 1.5 st dinvargivedubrigatingwil compeasiici attaaoncaniadioatinthe ehigenf up teci%dy 2. 0
std. ft3/hr. .The product | ilu ' tol uene, centrifuged. decagnte
FrSm the r g AR BER TR Baimely ioplssh rbfrerSBY wridMane B =g BOAR,
The producto o B4 bghrsgiand exhi bits a TBN of 205, containing 7.2% by
wei ght Ca. (F) Phosphorus-Containing Metal Salt The phosphorus-containing
metal salt, which typically functions as an extrene 20 pressure (EP)
additive, may be added to the inventive lubricating oil conposition,
provi ded that the anount of phosphorus contributed to the |ubricating oil
conposition by this additive does not exceed 0.08% by wei ght of the
| ubricating oil conposition, and the anmount of sul fur does not exceed 0.25%
by wei ght. The phosphorus-containing acids useful in nmaking these EP
additives nmay be 25 represented by the formul a V1 0 02/11(v2')29 19 .
Xa R (X )a~P-X4 H( F1 ) R(Xz). [/



5 PCrt/U S02/ 031 ~~ wherein in Fornmula (F-1): X, X2, X3 and X4 are
_independently oxygen or sulfur, a and b are independently zero or one, and
R and Rz Busndgpendent |y hydrocarbyl groups. Useful PCT/US02/03144
phosphor us-contai ni ng aci ds are phosphorus- and sul fur-containing 10 aci ds.
These include those acids wherein in Formula (F-!) X3 and X4 are sulfur, X
and X2 are oxygen, and a and b are each 1. R and R2 in Formula (F-1) are

i ndependent |y hydrocarbyl groups that are usually free from acetyl enic and
et hyl eni ¢ unsaturation and in one enbodi mrent have from1l to 50 carbon
atonms, and in one enbodinment from1l to 30 carbon atons, and 15 in one

. enbodi nent from3 to 18 carbon atons) anﬁin one enbodinent from3 to 8
carbon atoms. Each R and R2 can be the same as the other, although they
may be different and either or both may be m xtures. Exanples of R and R2
. groups include i soptopy -b |, [ sobut anyl, .4-neth

i sooctyl, h@kylfagf s ey i , ' .
napht hyl , al ky| piét& AGHC 20 pheny naph
al kyl phenyl al kyl , al kyl napht hyl al kyl , and m xtures thereof. Particul ar
exanpl es of usefThe alkali matal omalkaling earth metahpalts (D)saier eais ¢frerganid sulfur

i sQpropyl/ ndar vl .isopr | / 4- net - 2-pentvyl_;

| 2abr opyl / SRR FRIHBHIK, acib BcRas B Bl 7 PR saly mag e neural or

i sopropyl / gesidekd. The fomMTcapydin bhiadtsut of inetainatienhetdsafisient fofeutralize
phosphor us-cont ai ni ng conpound, represented by 25 fornmula (F-1 ) is a
conpound wH&r acidiagpupsapresentin the sait apignxihe fattes fomtain aghexessaefametalar e
derived from r i l.c dary al cohol s,
o & m xt ubSEf Sl Y EnRLIAE] balto R Bas i r 8l RREed SATCECY O dary

al cohol . Exanpl §hedrgasiefsulfunhcidbale oii-sblubésoiganicsidfuriasia suphlasad ifomid, and

i sganyl al cohol ; isopropyl alcohol_ and isoopctyl cohol ; secondary butyl
all®ohol anaUI?%‘B&W‘PéJU'%NYC@‘%ﬂQW 3ulfeg mpéﬁlaﬁﬁﬁ%m@hr@/ uifyous Q”‘g‘lw,f Ic
n-butyl al gggol Géﬁgﬁdﬂyﬁﬁ{ay brébsehel élip'i‘rapé B YroRafie @Qlforﬁiedalc?dftﬁ{é sYIGRY!

al cohol ; isobutyl alcohol” and n-hexyl al cohol; 1sobutyl alcohol and I soanyl
al cohol ; i scigsdpgiudelthe mincam pRlyretdigar aropeaticydr cyictastiphatic sappopyds.al cohol
and sec-butyl alcohol.; isopropyl ,alcghol ..and isqoctyl al.cohal: 1sopraopyl
alconol . n hexyllSresheME RGN PR e, <PyeidPes il 3R

m xture of pdybhsictarhekic YeisErich vk t7e REFHbnR a0 bikgnér afkehl-Aébsimhted %

i sopropyl al cohol; a mxture of 40 nmole % isooctyl al cohol and 60 nole %

i ddpropyl aydepentanginigidgr alkyl- anakpnyl-sibstititeg | gyslohexaneishatidsinalkelo afol e

% i sopropyl o agils .35 ol &9 [ I d 65
ol o o6 i soBlEFPaedEd doMath GhdyicahER IneaEhaRt dhseoBt iR,
aci ds repr etambeelciybciﬁ?)ﬁmmhsaﬁnﬂ-ih)onvadmmﬂmc?im_nuaemlbt 12 chudn dtbose Ualdlly
containing, Goup |A, or tals, alumn ead, .tin, iragn, i

ol y belonuaNHRAGHRAIR. Melso f1an 90ckabob: e the ZVARaNIEhac, 80f Hlinhats
These sal t%aﬁﬁﬁgﬁ@_aeﬁi‘étdef'i‘i bé 8hiufatdll R PsBATER Sal ts. The _ _
phosphorus-contai ning netal salt (F) nay be erT"PI oyed in the inventive 15

| @r i cating oi | Acsgiulgroupaf carbexyicacisstarathenil-seiublearomatje caboupliaacids.5%

by wei ght, -and _in.one e i 0% percent by weight, and in one
enbodi nment Tg?g%%b"osz%)%@\%eﬁ% bgh%e foﬁmg"tlu% enbodi ment 0.2 to 1.5% by
weight. (G Dispersant Viscosity Index Mdifier The dispersant viscosity
index modifier (G is a multifunctional addjtive that 20 provides both
viscosity inproving properties and(@Nsper&dtHr operties. Thé3dllhdditives
are known in the art and are commercially avail abl e. The di spersant
viscosity index nodifiers typically conprise an oil soluble

25 wherein in Formula (D-11l), R* is an aliphatic hydrocarbon-based group of 4 to 400

aliphatic carbon atoms, a is an integer of from one to four, Ar* is a polyvalent
aromatic hydrocarbon nucleus of up to 14 carbon atoms, each X is independently a
sulfur or oxygen atom, and m is an integer of from one to four with the proviso that
R* and a are such that there is an average of at least 8 aliphatic carbon atoms

30 provided by the R* groups for each acid molecule represented by Formula (D-1l).



pol ymeri c hydrocarbon backbone having a wei ght average nol ecul ar wei ght
_greater than 20,000, and in one enbodi nent from 20,000 to 500, 000 or
greater. {i@aeahal, 25 these dispersant viscosity index mpeghfdebfspre
functionalized pol yners. For exanple the dispersant viscosity index

nodi fier may be an ol efin copolyner (e.g., an interpol yner of

et hyl ene- propyl ene) or an acrylate or nethacrylate copolyner that is
grafted with an active nononer such as mal ei ¢ anhydride and then
derivatized with, for exanple, an al cohol or am ne. V1' O 112/11f 2929 21
PCT/ US02/ 1131 ~~ Derivatives of polyacrylate esters are well-known as

. di spersant viscosity index nodifiers. D gspersant acrylate or

pol ynmet hacryl ate viscosity nodifiers are useful. The dispersant viscosity
index nodifier (G may be enployed in the inventive lubricating oi

o one. embodt et SSRIEGTILE afPArbPuhE BelRrtE 5 alBunfiu hrrostsnsslistised "
percent by séﬁiﬂbfacio%\ﬂhéféi@éég:ﬁ!&hﬂ%ﬂéﬁﬂldr_@eéﬁ%hf%ugg?iﬂa)énf\@ér%ﬁws an éxk&rag:%ger

Optional Additives The inventive lubricating oi nposition nmay cont

i n addi ti oRf ablaasé 8xearbanadomist aa¢ éhobe srabadimgnt ainfrashdS ¢athommtombemer

di sper sant _vj i I 10 - ifier r . t Q_above, , ong or re
det or gont s o SEhE BnbIHE Aok b e le b U3 Ba Ol R el

oi 5 conposatiplaticaydratarbarosutsstituted kelicyliolicidcisrt, .aldatkyveslidyioubidi n t he
art. These inclyde, for exapple, corrosion-inhibiting agents, antioxidants,
viscosity modi f PelsUR&irc gBﬁY“Cdéﬁ'F’e %ré‘fﬂt%’?sfmﬁétqrﬁnuﬁﬁ%ﬁi Areitke laciongpt y

| S nodi fi ehﬁ) cSORRA b o¥RLRr s, anti-foam agents, etc. Each of the
foregoing a Ji tives, en used, is used at a functionally effective anount
to inpart the desired properties to the lubricant. Generally, the
concentration of each of ese additives, when used, ranges fromO0.001 %to
20% by weight, and in one'emiodi pen{ 0.01 %to 10% by wei ght based on the
tgpal weight of the 20 | uli@ eatg ng oig=@gonposi tion. The(@.olm)tives (B)
through (H) can be added directlly to the |ubricating oil conposition. In
one enbodi ment, however, ey & et (GR&F)with a substantially inert,

normal ly liquid organic dids#ent such as mneral oil, synthetic oil,

napht ha, al kylated (e.g., Cl10 C13 al kyl) benzene, toluene or xylene to form
an additive concentrate. 25 These concentrates usually contain from1l %to

99% by wei ght, and in one epbodi ment i%}0‘3/03t0490%o by wejght of such diluent.
WO 02/ 0G29Mpeseineip, frerastiap P VR 187, 1R31B% fhe R orNdwRngrexiagpperdantiniil, 2

ang provi dﬁ?drto‘&af'tWIgrﬁlpsdéﬁ@‘g%&éuﬁgtiﬂu\l}%ﬁg’yéir%?rbgﬁ@ggég offrdm StoMf cdtbbfl' N

the scope of the I'nVention, "but ’i's pro es of conparison.
Each exanpitomsmwitlsthe pfovisd thiat thestotal guoiber of cpdsornt atmmsamiushbé sufficiBrg ¢ osed

in the table below,_ln the table. helow.;all .n rigal yalyes relatijng.to
the i nar cdr el treiaseress ¢E- R pBYR' GaS MseddBeahEx b arcy iphade
| ubri cati ngr aidm&feTHAG! Ah@A idendrib&lan Eea taie vEL&Bitodf ARRCRPTRISHE LR
The antifoam agent concentration is expressed in parts per mllion welght.
The exenpl PeirsePaignrhycreeicting anlalkyb tees Hoderd) phenal sdthalyasilingcidrat aonolasr e
of,yt he fol :rémbgtgz.t‘ests and the results 10 of such tests are also reported
in the table below

Neutral and basic salts of phenols (generally known as phenates) are also

useful in the compositions of this invention and well known to those skilied in the art.
The phenols from which these phenates are formed are of the general formula

25 (R*)o~(Ar*)-(OH),, (D-IX)

wherein in Formula (D-1X), R*, a, Ar*, and m have the same meaning as described

hereinabove with reference to Formula (D-ll!).



Mot ori zed Val ve Train Wear Test The notorized valve train wear test uses a
full-scale cylinder head driven by an electric AC notor and operated by a
Cam lle dakﬁng%ggbsition and control conputer system Theﬁ@ﬁﬁgﬁﬁﬁggnce
consists of 100, one hour cycles with two 15 stages in each cycle. Stage
one is run for fifty mnutes at 800 rpm Stage two is run for ten m nutes
at 1500. The oil sanple is contam nated by an oxidi zi ng agent, water, and
fuel . Wear neasurenents are conducted by neasuring all 12 cam | obes. War
is expressed in mcrons of lost material. Screen Valve Train War Test 20
This test uses a CH4 Cummins M 11 diesel engine to determ ne heavy duty
di esel valve train wear performance. The,CH 4 Cummins M1l is a
turbocharged inline 6 cylinder, 11 liter “engine. The engine test is broken
into four stages. During the first and third stage, the engine is

. -fuel ed d i ted with d ti.m t t t at
Scel orated of MRS NEoR iR setlal 2 besifsalls pEinEHETaM e Ve des i pecd
and hi gher oigahftusyfup acRidUesrbdxefic a&dééﬁ@%ﬁ%n&s‘ cardW388Mh & Rboditibng 10%

100N m neral oi | 79. 1478. 2578. 47 V1’ O 02/ 0(i292) PCI/ U S112/1131.1.1 23 10
15 20 25 oofithvingeridn.y nodifier: LZ 7095D avail abl e fron8. 28. 28. 2Lubri zol

identified as J ] j Il % £ t._ail)Po i nt
depressant : - oty o aall Ay Fs e 885h5~b R Ryars BeetEpbtORaetli s o
(58. 6%di | uthiunei dalddiIFD PaPEsiuraUSEOMtium Gaddizen Seith caftilmeshd maghésidhi om
pol yi sobut ene (101n=2000)  substitutedsucci nic anhydri de and pol yet hyl ene
ami nesdi speeisg@spaciglly usefyl= 27, nitrogen content =1.16% (50% di | uent

oi | ) Det er gent : (o s ofrat I Sper i i . = 80 (47%
di luent oil) Detgﬁ%]e'm:é?alcg If(t:i gqu f?%ategﬁg? é&eﬁgeg%l ﬁfﬁ\gelrﬁﬁf% g‘gﬁgﬁ-‘.ﬂg 0§UI'BN =
300 {42% dcompaosition |9t Retengemitatiodr mdthet ravigeEsfaoplte 5% by weight, and in one
E-11.311. 311, 31Anti oxident; hindered phenolic CA4 esterQ, 40.40. 4Ant| oxi dent:
Nonyi at o GTBRGIENENE 180% #5543 ki welohh enelin ahesaoRPH R tic 1B12.5% by
FME- 0. 89-1i \g,g@hit_fi ed as tri (al kyl phenol) phosphate)Antiwear: triphenyl
phosphite--0."67EP Additive: zinc dial kyl dithiophosphate0.50.50. 5di spersed
in oil, TBME)S (Atkali laredlkaling dbarthr MetakiSalt of a Hydrocarbon-Substituted

1, 3, 4-t hi adi azoSealigehinbi s0. 030. 030. 03(tent-nonyl dithio) having a nitrogen

content of6.4% ] uept .0il Q. 390. 390. 39Ant i f oam, pol yd| met hyl si | oxane .

di spersed i n100 %%B@;Uﬁf&?g‘ﬂﬁ[ﬁqﬂ?*(@ﬁ% é?[tlﬁ’gﬁth@ir‘l’ a"L’OK}‘PLéSBW$QF§|W 24 5
PCT/ US02/ 1 =5 = } 1.S¢ hor ous,

%6, 050, 15Ty FE ob ﬂa,béﬁgﬁ%%ﬁf%é_al%ﬁﬁ@?ﬁg% ppuR00200200Ash cont ent ,
%45081. 051. O5Mbt ori zed VaD{id).Train Wear Test,OMir ons1613929Screen Val ve

Train Wear Test, ng.g.S £33 _Wile the igve hajs begn ex&ogi ned in
relation to its pref rr enbodi nepts, | der sto@d t hat
various nodifications tQgredf will becone nt fto those skilled in the

art upon reading the c i cation. Therefo
the invention disclos )b\er einis i nt,en_deo( © cover] Buch nodifications as

fall wthi fiot ded; j 1 .
peT USoa! 105 En 3 JRSttla ()RR CindeBeontly, 1€ TERE b-EHER, soon v,
(2) a baseindependentiyds ¢BGH,-corpBols PRty wheveindha i Oapropps sdmpeipe asleasetD by

}?gi( fo§)r rln(;l %‘%JEPR? O)nfl pg th@ Xg%))d%{ gRr%_uﬂag),) gac_:h IG is inode%renﬁéﬁ&?a%a?en%%‘éf?faI{<ali
or alkaline earth metal ion; each R is independently a hydrocarbyl group containing
1 to 60 carbon atoms; mis 0 to 10; n is 0 or 1 provided that when n is 0 the M is
replaced with H; and each p is independently 0, 1, 2, or 3; provided that at least one
25 aromatic ring contains an R substituent and that the total number of carbon atoms
in all R groups is at least 7; and further provided that if m is 1 or greater, then one of
the X groups can be -H.
The alkali and alkaline earth metals that are usefulinclude sodium, potassium,

lithium, calcium, magnesium, strontium and barium, with calcium and magnesium



wherein in Fornmulae (B-1) and {B-11), R, R2 and R3 are independently
_hydr ogen or hydrocar byl groups, and a, b and c are independently zero or 1,

the |ubri g M@0yl conposition being characterized by a sifwo26905 ent of
0.01 to O. 25%by wei ght. 15 2. The conposition of claim 1l wherein the

conposition further conprises (C) an acyl ated nitrogen-contai ning conpound
havi ng a substituent of at |east 10 aliphatic carbon atons. 20 3. The
conposition of claim1l wherein the conposition further conprises (D) an

al kali or alkaline earth netal salt of an organic sulfur acid, a carboxylic
acid, a lactone or a phenol. 4. The conposition of claim1 wherein the

. conposition further conprises 25, (E) ay al kali or alkaline earth netal

salt of a hydrocarbon-substituted saligenin. WO 02/ 012929 26
PCT/ US02/ 031-4-4 ' S. The conposition of claim1l wherein the Iubri cating

Combosna - BanaEheEaTE R Tk n e Rl wibe o LS BRI SR 5.
wher ei n 'nczﬁ@fuﬁ‘r'bﬁmépné%lun?ﬁhe3%er¥§le%€ ok @nbﬁshd\ﬁﬁﬁﬁﬁ?%tsbﬂsﬁ%d%y Stheft and
b are 10 independent zero or 1, nd R2 are | ndependent

hydr ocar byan@nglmsby @scmﬁélomwﬁbm a@hﬂQﬁalcDafunciloml@tve:frihew@mmsahgﬂmn ng
oi | corrposaiélll\%ﬂlvf urther conprises (G a dispersant viscosity index
nodi fi er The conposition of claiml wherein in Formula (B-1), R, R2

angl R3 are i ndepefctenila YE4), @@i&hlnqsmde@bhaéntaf@)w1lprogdedpbatvam raxsmﬂa@d C
are each 1, 8. The COE’pOl_ZItIOI‘l of éﬁal m 1 wherejn
h

(al kyl phenM is raRbagash Py Forthat 3. tentosm a'bHB‘é‘SHﬁ?@Zecég?‘g IﬁeéécﬂﬁQHEI t 1@ of
(i o Sl 1 P EERADS B SRV Rl R R M o o
- CHZOH;  eaembédimer®talénang in sne ErboaiimEr2Om2. wherel n the - CHO groups
comPTLSS 2 ! S hest e arehal kO RS e ST A e Tb S benE
10 which is a hydrocarbyl group, and in one embodiment an alky! group, containing 1
to 60 carbon atoms, and in one embodiment 7 to 28 carbon atoms, and in one
embodiment 9 to 18 carbon atoms. R can be linear or branched. Each aromatic ring
in the structure may be substituted with 0, 1, 2, or 3 such R groups (that is, pis 0, 1,
2, or 3), most typically 1. Different rings in a given molecule may contain different
15 numbers of such substituents. At least one aromatic ring in the molecule must
contain at least one R group, and the total number of carbon atoms in all the R
groups in the molecule should be at least 7, and in one embodiment at least 12.
In Formula (E-I), the X and Y groups may be seen as groups derived from
formaldehyde or a formaldehyde source, by condensative reaction with the aromatic
20 molecule. While various species of X and Y may be present, the commonest species
comprising X are -CHO (aldehyde functionality) and -CH,OH (hydroxymethyl
functionality); similarly the commonest species comprising Y are -CH,- (methylene
bridge) and -CH,OCH,- (ether bridge).
The relative amounts of the various X and Y groups depends to a certain
25 extent on the conditions of synthesis of the molecules. Under many conditions the
amount of -CH,OCH,- groups is relatively small compared to the other groups and
is reasonably constant at 13 to 17 mole percent. Ignoring the amount of such ether
groups and focusing on the relative amounts of the -CHO, -CH,OH, and -CH,-



or alkaline earth netal ion; each Ris independently a hydrocarbyl group
.containing 1 to 60 carbon atons; mis O to 10; nis O or 1 provided that
when n i sy bHe20ei s repl aced with H, and each p is indepen@epidsfs 1. 2.
or 3; provided that at |east one 5 aromatic ring contains an R suésti t uent
and that the total nunber of carbon atons in all R groups is at |east 7;
and further provided that if mis 1 or greater, then one of the X groups
can be -H 10. The conposition of claim 1l wherein the lubricating oil
conposi tion 10 further conprises at |east one ashless detergent or

di spersant, corrosion-inhibiting agent, antioxidant, viscosity nodifier,

. pour point depressant, friction nodifier 15fI uidity m)dl fier, copper
passivator or anti- foam agent. .A3_. A
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The process can be conducted by combining the above components with an
appropriate amount of magnesium oxide or magnesium hydroxide with heating and
stirring. A diluent such as mineral oil or other diluent oil can be included. An
additional solvent such as an alcohol can be included if desired, although it is
believed that the reaction may proceed more efficiently in the absence of additional
solvent. The reaction can be conducted at room temperature or a slightly elevated
temperature such as 35 to 120°C.

The hydrocarbon-substituted saligenin salt (E) may be overbased. When
these salts are overbased, the stoichiometrically excess metal can be magnesium
or it can be another metal or a mixture of cations. The basically reacting metal
compounds used to make these overbased salts are usually an alkali or alkaline
earth metal compound (i.e., the Group IA, lIA, and 1IB metals excluding francium and
radium and typically excluding rubidium, cesium and beryllium), although other
basically reacting metal compounds can be used. Compounds of Ca, Ba, Mg, Na
and Li, such as their hydroxides and alkoxides of lower alkanols are usually used.
Overbased salts containing a mixture of ions of two or more of these metals or other
cations, including mixtures of alkaline earth metals such as Mg and Ca, can be used.

The hydrocarbon-substituted saligenin salt (E) may be employed in the
inventive lubricating oil composition at a concentration in the range of up to 5% by
weight, and in one embodiment 0.5 to 5% percent by weight, and in one embodiment
1% to 2.5% by weight.

The following examples disclose the preparation of hydrocarbon-substituted
saligenin salts that are useful in preparing the inventive lubricating oil composition.
In the following examples as well as throughout the specification and claims, unless
otherwise indicated, all parts and percentages are by weight and all temperatures are
in degrees Celsius.
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Example E-1
To a 5-L, 4-necked round bottom flask equipped with stirrer, stopper,

thermowell, and reflux condenser, the following are charged: 670 g diluent oil
(mineral oil), 1000 g dodecyl phenol, and a solution of 3 g NaOH in 40 g water. The
mixture is heated to 35°C with stirring. When 35°C is attained, 252 g of
paraformaldehyde (90%) are added to the mixture and stirring is continued. After 5
minutes, 5 g of MgO and 102 g of additional diluent oil are added. The mixture is
heated to 79°C and held at temperature for 30 minutes. A second increment of 58
g MgO is added and the batch is further heated and maintained at 90-100°C for 1
hour. Thereafter the mixture is heated to 120°C under a flow of nitrogen at 28 L/Hr
(1.0 std. ft*/hr.). When 120°C is reached, 252 g diluent oil is added, and the mixture
is stripped at a pressure of 2.7 kPa (20 torr) at 120°C for 1 hour and then filtered.
The resulting product contains 1.5% by weight magnesium and has a TBN of 63.
Analysis of the product by 1D and 2D "H/"*C NMR reveals an aldehyde content of 29
mole %, a methylene bridge content of 38 mole %, an ether bridge content of 12
mole %, and a hydroxymethy! content of 21 mole %.
Example E-2
Part A:

To a 5-L, 4-necked round bottom flask equipped with stirrer, stopper,

thermowell, and reflux condenser, the following are charged: 670 g diluent oil
(mineral oil), and 1000 g dodecyl phenol. The mixture is heated to 35°C with stirring.
When 35°C is attained, 252 g of paraformaldehyde (90%) are added to the mixture
and stirring is continued. After 5 minutes, 7.3 g of Ca(OH), and 102 g of additional
diluent oil are added. The mixture is heated to 79°C and held at temperature for 30
minutes. A second increment of 104 g of Ca(OH), is added and the batch is further
heated and maintained at 90-100°C for 1 hour. Thereafter the mixture is heated to
120°C under a flow of nitrogen at 28 L/Hr (1.0 std. ft*hr.). When 120°C is reached,
252 g diluent oil is added. The mixture is stripped under a nitrogen flow at 150°C
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L2 10%\oaNgeight isdpzopy! alcohol and 0-8% by weight water The mixture is heated to 63°C
and 10 grams glacial acetic acid are added. The mixture is held at approximately
10 B0°C for one hour. Carbon dioxide is blown through the mixture for 3 hours at
approximately 0.5 std. fi*hr. to a direct base number of 56.4. A second increment
of 370 grams Ca(OH), is added and carbon dioxide is similarly blown through the
mixture over seven hours fo a direct base number of 39.8. The mixture is stripped
to 145°C under a nitrogen flow of 1.5 std. ft*/hr. and maintained at that temperature
- for 1 hour at 2.0 std. ft*/hr. The product is diluted with toluene, centrifuged, decanted
from the resulting solids and restripped to 130-140°C and 60 mmHg vacuum. The
product is filtered and exhibits a TBN of 205, containing 7.2% by weight Ca.
(F) Phosphorus-Containing Metal Salt
The phosphorus-containing metal salt, which typically functions as an extreme
20 pressure (EP) additive, may be added to the inventive lubricating oil composition,
provided that the amount of phosphorus contributed to the lubricating oil composition
by this additive does not exceed 0.08% by weight of the lubricating oil composition,
and the amount of sulfur does not exceed 0.25% by weight. The
phosphorus-containing acids useful in making these EP additives may be
25 represented by the formula
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"109&R&' () - and X2 are oxygen and a and b are each 1
R' and R? in Formula (F-l) are independently hydrocarby! groups that are
usually free from acetylenic and ethylenic unsaturation and in one embodiment have
from 1 to 50 carbon atoms, and in one embodiment from 1 to 30 carbon atoms, and
15 in one embodiment from 3 to 18 carbon atoms, and in one embodiment from 3 to 8
carbon atoms. Each R’ and R? can be the same as the other, although they may be
different and either or both may be mixtures. Examples of R' and R? groups include
isopropyl, n-butyl, isobutyl, amyl, 4-methyl-2-pentyl, isooctyl, decyl, dodecyl,
tetradecyl, 2-pentenyl, dodecenyl, phenyl, naphthyl, alkylphenyl, alkylnaphthyl,
20 phenylalkyl, naphthylalkyl, alkylphenylalkyl, alkylnaphthylalkyl, and mixtures thereof.
Particular examples of useful mixtures include, for example, isopropyl/n-butyl;
isopropyl/secondary butyl; isopropyl/4-methyl-2-pentyl; isopropyl/2-ethyl-1-hexyl; iso-
propyllisooctyl; isopropyl/decyl; isopropyl/dodecyl; and isopropyl/tridecyl.
In one embodiment, the phosphorus-containing compound represented by
25 formula (F-1) is a compound where a and b are each 1, X' and X* are each O, and
R' and R? are derived from one or more primary alcohols, one or more secondary
alcohols, or a mixture of at least one primary alcoho! and at least one secondary

alcohol. Examples of useful alcohol mixtures include: isopropyl alcohol and isoamyi
alcohol; isopropyl alcohol and isooctyl alcohol; secondary butyl alcohol and isooctyl
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(F-1) which are useful include those salis containing Group A, HA or IIB metals,
aluminum, lead, tin, iron, molybdenum, manganese, cobalt, nickel or bismuth. Zinc
is a useful metal. These salts can be neutral salts or overbased salts.

The phosphorus-containing metal salt (F) may be employed in the inventive

15 lubricating oil composition at a concentration in the range of up to 2.5% by weight,
and in one embodiment 0.1 to 2.5% percent by weight, and in one embodiment 0.2%
to 2% by weight, and in one embodiment 0.2 to 1.5% by weight.

(G) Dispersant Viscosity Index Modifier

The dispersant viscosity index modifier (G) is a multifunctional additive that

20 provides both viscosity improving properties and dispersant properties. These
additives are known in the art and are commercially available.

The dispersant viscosity index modifiers typically comprise an oil soluble
polymeric hydrocarbon backbone having a weight average molecular weight greater
than 20,000, and in one embodiment from 20,000 to 500,000 or greater. in general,

25 these dispersant viscosity index modifiers are functionalized polymers. For example
the dispersant viscosity index modifier may be an olefin copolymer (e.g., an inter-
polymer of ethylene-propylene) or an acrylate or methacrylate copolymer that is
grafted with an active monomer such as maleic anhydride and then derivatized with,
for example, an alcohol or amine.
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10 modifiers (G) referred to above, one or more detergents or dispersants of the ashless
type.

The inventive [ubricating oil composition may also contain other lubricant
additives known in the art. These include, for example, corrosion-inhibiting agents,
antioxidants, viscosity modifiers, pour point depressants, friction modifiers, fluidity

15 modifiers, copper passivators, anti-foam agents, etc.

Each of the foregoing additives, when used, is used at a functionally effective
amount to impart the desired properties to the lubricant. Generally, the concentration
of each of these additives, when used, ranges from 0.001% to 20% by weight, and
in one embodiment 0.01% to 10% by weight based on the total weight of the

20 lubricating oil composition.

The additives (B) through (H) can be added directly to the lubricating oil
composition. In one embodiment, however, they are diluted with a substantially inert,
normally liquid organic diluent such as mineral oil, synthetic oil, haphtha, alkylated
(e.g., C,,-C,; alkyl) benzene, toluene or xylene to form an additive concentrate.

25 These concentrates usually contain from 1% to 99% by weight, and in one
embodiment 10% to 90% by weight of such diluent.
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composition are in percent by weight of the composition. The antifoam agent

concentration is expressed in parts per million weight. The exemplified lubricating

oil compositions are tested using one or more of the following tests and the results
10 of such tests are also reported in the table below.

Motorized Valve Train Wear Test

The motorized valve train wear test uses a full-scale cylinder head driven by
an electric AC motor and operated by a Camille data acquisition and control
computer system. The test sequence consists of 100, one hour cycles with two

15 stages in each cycle. Stage one is run for fifty minutes at 800 rpm. Stage two is run
for ten minutes at 1500. The oil sample is contaminated by an oxidizing agent,
water, and fuel. Wear measurements are conducted by measuring all 12 cam lobes.
Wear is expressed in microns of lost material.

Screen Valve Train Wear Test

20 This test uses a CH-4 Cummins M-11 diesel engine to determine heavy duty
diesel valve train wear performance. The CH-4 Cummins M-11 is a turbocharged in-
line 6 cylinder, 11 liter engine. The engine test is broken into four stages. During the
first and third stage, the engine is over-fueled and is operated with retarded timing

to generate soot at an accelerated state. The second and fourth stages are run at

25 a lower speed and higher torque to induce wear.
C-1 1 2
Base Oil: 90% 200N mineral oil + 10% 100N 79.14 78.25 78.47
mineral oil
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Viscosity modifier: LZ 7095D available from 8.2 8.2 8.2
Lubrizol identified as olefin polymer dispersed
in oil (89% diluent oil)
Pour point depressant: Styrene-maleic 0.20 0.20 0.20
anhydride copolymer dispersed in oil (53.6%
diluent oil)
Dispersant; succinimide dispersant derived 72 7.2 7.2
from polyisobutene (Mn=2000) substituted
succinic anhydride and polyethylene amines
dispersed in oil TBN = 27, nitrogen content =
1.16% (50% diluent oil)
Detergent; calcium sulfonate dispersed in olil, 0.38 0.38 0.38
TBN = 85 (47% diluent oil)
Detergent: calcium sulfonate dispersed in all, 2.05 2.05 2.05
TBN = 300 (42% dituent oil)
Detergent: Product of Example E-1 1.31 1.31 1.31
Antioxident: hindered phenolic C, ester 0.4 0.4 04
Antioxident: Nonylated diphenyl amine 0.2 0.2 0.2
Antiwear: Durad 310M (product of FMC — 0.89 -
identified as tri (alkyl phenol) phosphate)
Antiwear: triphenyl phosphite — — 0.67
EP Additive: zinc dialky! dithiophosphate 0.5 0.5 0.5
dispersed in oil, TBN=5 (9% diluent oil)
Copper passivator: 1,3,4-thiadiazole-2,5-bis 0.03 0.03 0.03
(tert-nony! dithio) having a nitrogen content of
6.4%
Diluent oil 0.39 0.39 0.39
Antifoam: polydimethylsiloxane dispersed in 100ppm 100ppm 100ppm

oil (90% diluent oil)
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Chemical analysis:
Phosphorous, % 0.05 0.115 0.115
Sulfur, % 0.17 0.17 0.17
Magnesium, ppm 200 200 200
5 Ash content, % 1.08 1.05 1.05
Motorized Valve Train Wear Test, microns 161 39 29
Screen Valve Train Wear Test, mg. 8.57 4.1 —_
While the invention has been explained in relation to its preferred
10 embodiments, it is to be understood that various modifications thereof will become

apparent to those skilled in the art upon reading the specification. Therefore, itis to
be understood that the invention disclosed herein is intended to cover such

modifications as fall within the scope of the appended claims.
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Claims
1. A lubricating oil composition, comprising:
(A) abase oil; and
5 (B) a phosphorus-containing compound represented by the formulae
R'-(0), R™-(0),
R?-(0), -—\- P=0 or R%(0), — P
R-0), ~ R™(O).
10 (B-1) (B-11)

wherein in Formulae (B-l) and (B-ll), R', R? and R® are indépendently hydrogen or
hydrocarbyl groups, and a, b and ¢ are independently zero or 1;

the lubricating oil composition being characterized by a sulfur content of 0.01
to 0.25% by weight.

15
2. The composition of claim 1 wherein the composition further comprises
(C) an acylated nitrogen-containing compound having a substituent of at least 10
aliphatic carbon atoms.
20 3. The composition of claim 1 wherein the composition further comprises

(D) an alkali or alkaline earth metal salt of an organic sulfur acid, a carboxylic acid,

a lactone or a phenol.

4, The composition of claim 1 wherein the composition further comprises

25 ~ (E) an alkali or alkaline earth metal salt of a hydrocarbon-substituted saligenin.
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5. The composition of claim 1 wherein the lubricating composition further
comprises (F) a metal salt of a phosphorus-containing compound represented by the

formula

s R'(X"), X

|
P-X*H (F-1)
/

R(X?),

wherein in Formula (F-1), X', X2, X® and X* are independently O or S; a and b are

10 independently zero or 1; and R and R? are independently hydrocarbyl groups.

6. The composition of claim 1 wherein the lubricating oil composition
further comprises (G) a dispersant viscosity index modifier.

15 7. The composition of claim 1 wherein in Formula (B-1), R", R and R® are
independently aromatic or alkyl aromatic groups, and a, b and ¢ are each 1.

8. The composition of claim 1 wherein (B) is a tri (alkylphenol) phosphate
or a triphenyl phosphite.

20
9. The composition of claim 4 wherein (E) is a compound represented by
the formula
oM), o), |
X , Y — X (E-I)
25
R), | ®, _|m

wherein in Formula (E-l): each X independently is -CHO or -CH,OH; each Y
independently is -CH,- or -CH,OCH,-; wherein the ~-CHO groups comprise at least 10
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10. The composition of claim 1 wherein the lubricating oil composition

10 further comprises at least one ashless detergent or dispersant, corrosion-inhibiting

agent, antioxidant, viscosity modifier, pour point depressant, friction modifier, fluidity

modifier, copper passivator or anti-foam agent.



