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exposure to certain elements/compounds present in engine exhaust gasses, particularly

by exposure to phosphorus and phosphorus compounds introduced into the exhaust

25  gas by the degradation of phosphorus-containing lubricating oil additives. Reduction
catalysts are sensitive to sulfur and sulfur compounds in the engine exhaust gas
introduced by the degradation of both the base oil used to blend the lubricant, and
sulfur-containing lubricating oil additives. Particulate traps can become blocked by
metallic ash, which is a product of degraded metal-containing lubricating oil additives.

30 To insure a long service life, lubricating oil additives that exert a minimum
negative impact on such after-treatment devices must be identified, and OEM
specifications for “new service fill” and “first fill” heavy duty diesel (HDD) lubricants

require maximum sulfur levels of 0.4 mass %; maximum phosphorus levels of 0.12
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30 introduced by additives i 1s preferably minimized. Therefore, it would be further
preferable to provide a non-polymeric ashless TBN source.
US Patent Nos. 5,525,247; 5,672,570; and 6,569,818 are directed to “low ash”

lubricating oil compositions in which sulfated ash content is reduced by replacing



20l ubricating oil conpositions, as in the second and third aspects,
meeting the performance criteria of one or nore of the ACEA ES6, VB
p228.51, APl Cl-4+ and APl CJ-4 speC|f|cat|ons for heavy duty engi ne
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of the first aspect. - 4 - I n accordance with a seventh aspect
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10 oil compositions without introducing sulfated ash,

In accordance with a second aspect of the invention, there are provided
lubricating oil compositions, preferably crankcase lubricating oil compositions for
heavy duty diesel (HDD) engines, containing morpholine derivatives including the
novel compounds of the first aspect.

15 In accordance with a third aspect of the invention, there are provided
lubricating oil compositions, as in the second aspect, having a TBN of from about 6 to
about 15 and a sulfated ash (SASH) content of less than 1.1 mass %, preferably less
than 0.8 mass %.

In accordance with a fourth aspect of the invention, there are provided

20 lubricating oil compositions, as in the second and third aspects, meeting the
performance criteria of one or more of the ACEA E6, MB p228.51, API Cl-4+ and
API CJ-4 specifications for heavy duty engine lubricants.

In accordance with a fifth aspect of the invention, there is provided a heavy
duty diesel engine equipped with an exhaust gas recirculation (EGR) system,

25 preferably a condensed EGR system and a particulate trap, the crankcase of which
engine is lubricated with a Iubricating oil composition of the second, third or fourth
aspect.

In accordance with a sixth aspect of the invention, there is provided a method

for forming a high TBN Iubricant having a reduced SASH content comprising

30 incorporating into said lubricating oil composition a morpholine derivative, preferably

one or more compounds of the first aspect,



-wherein R is a hydrocarbon or substituted hydrocarbon group

conprising at |east 90% 10of aliphatic and/or ol efinic carbon atons,

has a ‘nunber average nol ecul ar weight (MD) of from about 100 to about

800 per n (M of 100n to 800n), and conprises at |east 8n aliphatic

or cycloaliphatic,carho i.s Hor _an al kyl group havi ng lto
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atons. Preferably, R has a nunber average nol ecul ar wei ght (MD) of no
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embodiment, X is -0-; Rils a ® ocarboimgxoup having at |east about
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25 In a preferred embodiment, R is a hydrocarbon group having at least about 12n

aliphatic or cycloaliphatic carbon atoms, n is at least 2, and R’ js H.



-about 40 centi stokes, especially fromabout 4 centistokes to about 20
centi stokes, as neasured at 100C. Natural oils include animal oils
and vegetable oils (e.g., castor oil, lard oil); liquid

petrol eum oil s and hydrorefined, solvent—treated or acid-treated
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pol y( 1- hexenes)e pptdrat( apicise aBs): S0 pRLY bdadeRERSS) i(?)(f, %lleé?zdejﬁgz ?%?%aizly,

5(e.g., dodeé%l benzenes, tetradecyl benzenes, dinony
et hyl hexyl ) bEWRFER®S YA [thaamesept wvertiog havrmtedingl rsymbtee (s menyitrsd in

al kyl ated po h A9 #. 3 iphenyl et hers and_al kyl at ed
di pheny! sul %?(%Etgﬂgénﬁitgéri va?ii %%qﬂaﬁgpg@soqﬁq@rﬁﬂgﬁ@g@of‘@ dotfergilyo
useful are sihatchepbendsidf shedeedeneidvémtiomhavgasesiddal TAN (s REAGRSSnT rom
Fi scher - Tropsch gnt h%ﬁi &Sﬁgy%wcar bons, which are 10commonly
referred to %Cé:o{j% A Iqé 4 D-e51*) o619 grepigs BiapiS mg/s KOH. Al kyl ene

oxi de poiymers andoiy ' ' t hereof where the
term nal hydroxyl grgﬁﬁgpﬁggﬁﬁ%ﬁ%ob%i %n\é%t ﬁgcgc{n&q@%%ﬂuiw nts of an
et heri fi cat i & carround cods compoendarfdohenlaql’aseheadin RNOA oS YRBIRST bxGup

| ubricating l%lv nso'lt-lc;ha se e .exenplified by pol yoxyal kyl ene polyner's
prepared by polyneri Qe Ca{)bfoneatt ¥ene oxide or propyl ene 150xi de,
and the al kyl and aryl ethers of' pol yoxyal kyl ene polyners (e.g.,

met hyl - pol yi so-propyl ene gl ycol ether having a nol ecul ar wei ght of
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for exanple, the acetic aci‘d“esters, m xeg C3-C8 fa@r&z acid esters
and Cl3 oxo acid diester of tetraethylene glycol. 2 ot her suitable
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suberi c aci @omsehasikGn dcdadic of } I jpic.acid .linoleic acid
di mer, mal oni c§aci d, a?ﬁ%ﬁﬁcg{?@ grg?eg%bqy %? eén%yq? trri%f’ro#ﬁléc acids) with
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al cohol , 252-ethyl hexyl al.cohol . .ethylene glycol, diethylene glycol
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about 40 centistokes, especially from about 4 centistokes to about 20 centistokes, as
measured at 100°C.
Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil);
liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of
30 the paraffinic, naphthenic and mixed paratfinic-naphthenic types. Oils of lubricating

viscosity derived from coal or shale also serve as useful base ois.



. polyaryloxysilicone oils and silicate oils conprise another useful
class of synthetic lubricants; such oils include tetraethyl silicate,
tetrai sopropyl silicate, tetra-(2- ethyl hexyl)silicate,
tetra-(4-nethyl-2-ethyl hexyl)silicate, tétra-(p-tert-butyl-phenyl)
Ssilicate, hexa-(4-nethyl-2-ethyl hexyl)disil oxane,
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tetrahydrofurans. The oil of lubricating viscosity may conprise a
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at | east 75% gasuehqad patcebselagn P%bﬁv’mosaschpsweﬁlemam lwdradaénobasvelnslt arek,

or base stock bIe d, Jhas, a satur onL . reater than 90%
Pr ef erabll% ctH’én%Wf%c?rr?ﬂtP 3B EghY a@ﬁ“ 8%56%f1&r content of Iess

than 1% prefer abmrleﬁé§x1uagayﬁne@%ndmgipowneérﬁax@bchamhm thd}dt Whetdlhe
by weight. Preferably the volatility of the oil or oil blend, as

nmeasur ed by terenpdydroxybgigras have byen medificABYRFEEBSOPT, eitlserlf@gson,hm or
equal to 30%011&&&{3%@8@1% /Ls‘é%ﬁk% the‘?%tfﬁ’dr ctaPn ?.r(an OPe a%rgg{melrfg@a&/by

| ess than or equa era

Preferably, Iioh‘ge)xyalkgﬂfﬂm pmymaﬂqxe;(akéd)byoﬁolylheumbn of etBylendbanél ot Isrogylene
| east 85, pr % | east 100, npst preferably from about 10
140. Defni theﬁe%sa% G@H@ sk yLalbrek o R balelesr pSIymers (figs methEnt i on

are the sa I

CAp1) b 1 SoiscErropPERE els el Ralifies AFIG RN LIt HOARME | Shiifer
| ndustry Serofrpokysetlwpmglymiﬁlawﬁgum@mldn u@gmbﬁmoaledéﬁ@)eandlﬁlaﬁo and
Addendum 1, ce 1998.  Sai gg ubl i c tion cat%eog(grl zes pase. st ocks

as foll ows: PR)ER HISYIIIC Flespthereg > € 3681 RRDFRLTD, PFE batts fatty
saturates a@@{dcyste%oﬂfde@lg%&o Eaaﬁle&epéﬁe&a&gga %&§d1'.r and have a

viscosity index greater than or equal ess than 120 using
t he test20net hods Al kuiedld qias'{@[jsgltﬂatm lubriating il cumprisks thasstestadck s

contain gre er th qr, ual, .t percent s tes. and.| es han
or equal adbc E? 3‘89&&3 Ma?ﬁﬁald P W%@H‘é’?f‘i?cinﬁﬂae‘%& g“'\“ééi@l“yl
t han or eqU@hcdiﬂc 8&d§ﬂﬁhlél@§§dt HRniclad, Wb delie sdvast: a8t hadsic acid

specified in Table 1. 5c)Group I'I'l base stocks contain greater than

or equal to2dPigraiéaineleicaiddimeasnalpeic peidsalkyanlamic aidrakikery Graddnic
percent sul i H{d?)a\g?h Erg%(ﬁetg o 51%8190?4{ bug%$ac%ilgla§}§xryl% coﬁoloéod%gﬁallcoth

120 using t Re S specl
25  2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol).

Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl) sebacate,
di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl
phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic
acid dimer, and the complex ester formed by reacting one mole of sebacic acid with
30 two moles of tetracthylene glycol and two moles of 2-ethylhexanoic acid.
Esters useful as synthetic oils also include those made from Cs to Cia
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.



~d)Goup IV base stocks are pol yal phaol efins (PAO. 10e) G oup V base

stocks include all other base stocks not included in Goup I, I1,

11, or IV. Table |I - Analytical Methods for Base Stock

Met al - cont ai ni ng reduce or renove deposit®-and as acid neutralizers

or rust inhibitors, thereby reducing 15wear and corrosion and

ext endi ng engi ne ISikicon-ipee @@e&wka@@n@nbyﬁlkyl-pmﬁp&ﬂysﬁp(ayg)m;qﬁ ohead

with a | ong i i i t,h_t he pol ar. head conprising a netal

salt of an arcE]i>S g'{a@q%g%?ég%sn%ﬁ?&%&&ﬁ% CQUIPrise FRafhes ypainl ¢lass of synthetic

subst ant | al | utslcoirshivolrets Inelamindf siibite, Tt optdpyhliche Sase . hey
Rd° woul” yf)

are usually dﬁsﬁ{g}i bed .as normal or neutral salts, ically
have a total “BY Xhﬁﬂ]b’ e deirargnme biyl- o yHex pisikeats ety (p20r ASTMBRSI )

of from Ost 0sf@ate dxal(ge un tal bas e.incorpor at ed
by reactijng eXCESS égt(g%leg npl%%ﬁ@t’f@nrga%fbgweoQ‘%H&R%?QWH?‘%%é@‘§ Wi th
an aci di ¢ gagolyémethylpbembsiioxdinesi Qs syitr@u'eaﬂﬁichﬂiﬁggoig\fiﬁ&@@éﬁ&i? esters of
det er gent conpri ses neutralized %etergent as the outer layer of a
metal base (&GP URPBENAPEINSACKE(($-&; UiStrshl Phosplis ddodgtdogentes diveyyl
have a TBN obstdra? degvigkRek&ic i Y.l l, have a TBN of from
25250 to 450 or nor e}fﬂlE nﬁt héc?)c;@csiaélﬁé@lo rlcﬁ%t\f\%lg%o A% of Formula I,

t he armount of ovellisaskef ldeticatigemiscasity ey o Bed Grofip H@r@ﬁ[?ﬂfl{{f(}mu 1. -
det ergents havi n% a

havi ng reduc ls.of .-.9 - erhasing. (e.qg.,

TEN of 100 t@ﬂﬁg@éf Ogl?asﬁé’ﬂtbﬂ%ﬂdséigi rag%ﬁ%léntwﬁd gé%eém@ygmferatésuhe bilgf
in a corresplabdtngerve@usts 98 diut IS @%@5‘# fotne Lubricating

oi | conposition w thout ayllr educ}tl}? onint gpgéesrgg%)rcgfaor{@émtxhjé? Hisfeot, ora
Det er gent st REFUARY 2 0w bbse sickded oid orsnbrahl Gronp it dndl Grang 1RV Srassq,

5sul f onat es, f urized.phenates, thiophosphonates,
sal i cyl at es,alglg P%tggg?thogqu% ((Saﬁsogalﬁg”%lnﬁ&y 567943 (re LepworHlaGeupdl a

netal , particdlanp ¥ bdesatkak b ngikudd Hddebhergag ’
i lithium calci Sm ar?d nagnélrg?at%az’%gasﬁlejﬁ’g%k@&%nl y

sodi um pot ass%ua'r{;r)]a)1
used net’al s PAVEARL] R4S drivitieie rorjers oif ahleasiiab ®h moey prbfrdbl et 1p4se I8 sich

detergents uyg@dhehd s394 UL i xtures of cal cjum and/or

magnesi um wi t h “10 sodﬁﬁ%t%éz}%{a})%ﬁgﬁa? %%‘ﬁﬂ’/%'?aéﬁt“oﬁ}é knd. s asa@rate
are neutral cangniovertreabac20%i Brefaubli oRabesr BAVILAY wiB 0
450 TEN, and based ca?ci um phenat es anyasuﬁlgg{pfé%eﬁt

eut.ral, _and ov
phenat es havt 2‘353 Elbéfh 187‘?} by #&%ﬁ@de%sdh%(bé%wﬁﬁi mieferabhslessfthaed dfig entweioht.
whet her over base@:gerapRuhE : T 0=\ used. Sulfaonates may be
prepared from sul fr onriacgzgci géla%tiy%ﬁwa%rc}el yoﬁflnoggf - J° BHEHT t%%&?’atﬂﬁe
sul f onaf on velrtilingst (45B¥4 DB dese rraios ey kOBEE DRBS BUE RS, 5 BPS e

obt ai ned fr e,dgactionati of petroleumor by the alkylation of
aromatic hyggﬂoa?:gor%%%’smgﬁpé%fagg" ?%E%@&%Hé@éo%msmrdfembl)alekwm ong

benzene, t oleqxames%xwrﬁ’e@bmﬁﬁhﬁi%ki@gﬁﬁeﬁgﬁgﬁf‘%k oﬁrortaﬂ%ilerndqglltolga?s? 8,

derivati ves such as chl or obenzene, or uene an
chl or onapht REfEHYY atfisastd0Rymestiporierbly fmen elarut (@Sltoou. i n t he 20

presence of a cahaky: E { | kyl at.i n ents having fromabout 3 to
nore than 70 car%glﬁ%zibggn\%).r “‘Ieﬂbéis%’ftﬁ% dggﬁq%&@gﬁwgﬁmomw@@msamﬁas

from abzut Sosafoahdirt the O\ redriddd Per61aHA ARkt ALO FBP &Lk, dir o about
16 to about_ 60 carbon_atons, per al kyl subst@u?@gag(%éﬁgt%&glﬂ%l élty.

The oi | sol Wi5FRsing gnddreaiiBication SystaylIndesityf SemivicesdépastmeRy Fo@rteenth
trali .
neutrall ZedEcYmBﬁ‘, December 1996, Addendum 1, December 1998. Said publication categorizes

base stocks as follows:
a} Group I base stocks contain less than 90 percent saturates and/or

greater than 0.03 percent sulfur and have a viscosity index greater than

or equal to 80 and less than 120 using the test methods specified in
Table 1.



. 250xi des, hydroxi des, al koxi des, carbonates, carboxylate, sulfides,
hydrosul fides, nitrates, borates and ethers of the netal. The anount
of nmetal conpound is chosen having regard to the desired TEN of the
final product but typically ranges from-apout 100 to 220 mass %
(preferably at least 125 mass 9% of that stoichionetrically required.
30Metal salts of PHenol@OlNH basa fteuks zertiphmeantshar e quelaroepehynt

reaction with an appr opg conpound . s as an oxi de or

hydr oxi de and neutr al g%th%é‘%raggieg%jthﬁpg ﬁ%qagt#éép BE Colsuifeamnddyve a

met hods wel | known iniseosiytindeSuéaasicharbiench SoTRY 1Rl A9ALEA By
S

reacting a phenol with sulftﬁr or a sulfur containing conpound suc
- 10 - hydrogen sul fi d&StRgihpds spaeifishan Talde & sul fur dihalide, to

form prodscts whigh areg ] aof. ¢ ounds in which 2 or

nore phenols are bjr]i dged gy S%%S% %EIQ&C%SI’?E{ gﬁ%?ﬁateb&’gﬁaé%quat%?q RE3%5Thg

oi | conpositions of theatpnesend lksnhemdi auan®y0.63pdrBah sE@NAl Raqne 5or
f

nore ashl ess di spersan .ch effectively reduce formation o

ts

deposits upon use in gAsGISTREdsK Gregics shap asggTahés [ 2Qung thd destintethods
lubricating oils. Ashlgsgsifdispeisiants useful in the conpositions of
t he present invention conprises an oil soluble polymeric |ong chain
backbone havi ng f@nct i Grap Iyrhespsodapabpaydphassei(PADRY Wit h
particleg to be diysper ically, ch_di spersants conpri se
ami ne, al cohol , aé i de %r%(a s\%r %ﬁfsef@ﬁ@lﬁlfﬁﬁ%?%Pfhééb%ts@éh%@pftmﬁlndﬁ@ in
pol ymer backbone, ofteGrovpd & Ipr bagr Nng group. The ashl ess di spersant
may be, for npl e, selected fromoil soluble salts, esters,
am no- est er s-20yaBalviical Meg jord3ase es of long chain
hydr ocar bon- substi tuted nonofan otycafhoxyi-e—acigds or anhydri des
t hereof; thiocarboxyl ate der P\?gﬁelr es of T é}feélPPéIi n hydrocarbons; | ong
chain aliphatic hydrocarbons|daamnisg pol yggﬁmﬁ)?gb?t es 15attached
directly thereto; and Mannich .rnn_densati on products!formed by
condensi ng a | ong chai n subsiVisesisdInghensaSTM DR27or hal dehyde and
pol yal kyl ene pol yam ne. The -—coforgispersant | n use is the well
known succi ni m de di spersant ,ng Hi ch i s aﬁ%@ﬁd@%@%’%i on product of a
hydrocar byl - substituted succj ni ¢ anhydr i dergrg 43,0 y(al kyl eneani ne) .
Bot h nono- succi ni m de and bis-=succinj m de_di spersants (and 20m xtures
thereof) are well known. Pr ef er ablASTMHR 48%hl less di spersant is
a "high nol ecul ar wei ght" dispersant—havtng—a—npunber average
nol ecul ar wei ght (M) greategr than or eﬁ%ﬁ’lt%g’hz,% 0, such as between
. 4,000 and 20, 000 McHieopRashS6r ARFEEHLEH:] | ; w |l depend on
~the type of polymer used to formthe %igp e@%ﬁ‘ﬁ@?ﬁggﬁuﬁ%ﬁsw sto

functi onal YEpr BBeY e denpsits ansstahid teyyelizefs @abainHibitas, | (RE8hy SHAMRAg

enpl oye F . o} vi sobut.yl ene derivatized di spersant;
a hi gh gsnl eﬁ’ﬁ?‘ﬁiﬁﬁ&%fgﬁ?ﬁ g%%‘%‘é?“sdé’?/ﬁeﬁgé“e&#% Psiertsatsgeprady enpiisra polar

backbone habdadgvich alompéwyd@pRstae &iNWi s sla MR . 680
to about 5600.. T\ggpi cal comgerci aIII y avai }ﬁi%rl eb%o Iﬁsé%?ﬁ%?gﬁi%é@d
di sper sant s2YRCEEHRICTOmPoERh LT ha wHe masiconiens: fubsthmiiplly stithiehc@¢er age

nmol ecul ar 34K j : bout 900 t bout 2300,
functional i zed ”E%E %?@Eg%}qgr‘?{%ﬁr |a%et%(g"wélsg§& ‘%é?f ed&s nomeal pedcuMal h

pol yani nes $adiiang veouhbiypallphawsei ight bak nhide OB (gés&%ntb_g nﬁg{%d g50.

Pol yners, of ecul ar wei ght nay al so be use
pid Ag'?%ZéB)é) of from 0 to 80." A large’ amount of a metal base may be incorporated

by reacting excess metal compound (e.g., an oxide or hydroxide) with an acidic gas

(e.g., carbon dioxide). The resulting overbased detergent comprises neutralized

detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such overbased

detergents may have a TBN of 150 or greater, and typically will have a TBN of from
25 250 to 450 or more. In the presence of the compounds of Formula I, the amount of

overbased detergent can be reduced, or detergents having reduced levels of



.formhigh nolecul ar weight dispersants by incorporating nmultiple

pol ymer chains into the dispersant, which can be acconplished using

nmet hods that are know in the art. Preferred groups of

di spersant include pol yam ne-derivati zed 9oly a-ol efin, dispersants,

particularly et I_enzé but ene al gha- ol efin and pol yi sobutyl ene- based

5di sper sant s.OVPAREPE (- & f5icigpris epvingia BN esH0es 200), sprsanigedents ¢adbe

from pol yi soyiydwne bsd it i t-h succini ¢ gnhydride groups and

reacted wit hépq(;p?ryygjt hg?%}eingé !elllrralP %ngsés B en.dglgn.% e %QEVBE%&E%%F%W@ the

t et r aet hyl enéulpaatisgriheompositiorpeityex Y 2 daeliens e é’@&hﬁ %

pol yoxypr opyl ene ﬁ;‘?m ne, trinethyl ol am nonet han%; a %er@fi%bf'

conpound, e.g., petitA&EMH e may be ased indhedsrmil-sritbloneuttahend oferbidee

particul asly s@i@faes! g S REM ination i.s conmbi nati on of (A)
T B

pol yi sobutyl ene substituted w uccinrc
reacted wi t hn{myhenalep dndstheroirpalubid cabogylatePens ARty hafidiRly i %Ig?ii or
a

pol yoxyal kyl Nolo) m e. g.,. pol yoxypropyl ene dl_am ne, “or
pol yal kyl ene§%?%1% r%t% né&gl?",e'%o?%déf%)ﬂoéﬁ%‘u@ia gﬁiﬂﬁé ki eandaeddogsieme The

pent ani ne usinogt @BeHNIP uskdRe@RAM cafeiiRlG nﬁflgnés?l%)mﬁ;g %ﬁ?andfp&;q érg%ené

per nol e of (Ag. Anot her preferred di spersant ¢ombin ybg

combi nat i on Bf(eaEe LIPSk Uitheicynt, sdomixnires afdayedirh ded i ﬁla%.(e@}unawﬂh
pol yal kyl£ne agj tetraet hyl ene pentanmine, and (C) a

pol yhydr |ld§ a?octzagh%'l %&%%18ﬁ¥g%lm683?9{ @E%qut?rg?@ﬁl arg|neplidtand operbasedycalcium
ani ne, e.g.,sutlentaehyting TB of@Fort 2O BFBICYBR! AN t as :
described in U. S Pat eﬂriigt No, 3,0632,511. 2o§h%{8|hﬁél’§g§|a§§s%%%¥’a%?§rﬁ%°§§“
di spersant s AP dussulisrasdtphepaise hasorg EBBaLfifam H atitl Cordanaiork by,

t hese producdese ndensi n out one nole of an

al kyl - subst i tutrg%ﬁ%%&%gg%ﬁg%%g?a?%lwi B%'?P?Eﬁ’éawet%eé-bout 1to0 2.5
mol es of carbonylSufompesing§ b} ptepagd frdn®SUTRInsleY, i :
par af or Idg)k}y[ge% l&%g.abo t 0.p5®t_o 2r nol es_nof p%ﬁ@%?gifleet elc%gl%lbéﬁ]%de,
as di scl8sed” Tor EXaipn el alky supstitutpd prontatingydpBarBomb4cBRSthoSLsHained

Manni ch baserde pEemnsabi i,nclude.a pol yner product of a
nmet al | ocene f:at g% yzedbgﬁpﬁﬁ%ﬁ %@%@Br@ég Ithae %@ﬂ%tfqr’tcﬁélﬁ‘{m%}? l{)yﬁ@%@%éne

group, or neykapwlesdededad th@sermbmimmmﬂmdatﬁfgrﬁeﬁkéhie%hﬁ%h([y?engol ymer
substi t ut ed 9 succi ni c .anhydride in a manner simlar to that
Pheaieyd figheiyior thei

described in “Pa e8p deripatiyapsush apthibiabetiennal i zed

and/ or der i hloraeBie®d £id AhIRGhAHETE %84, Ysi Ag 30net al | ocene
catal yst systenms are describe ir? tIl ﬁ%ﬁ%ﬁ‘?@g wﬁg%?agrﬁﬁp%ﬁ tg*ﬂpra.
The di sp@r s&fscregPiBeatalyst Wih afobiting ngatrelhvivy Romabbetio@hore than 70
conventi ona e ts.such as boration, as generally taught in
U.S. Patent kﬁ%@ﬂ%%B%%a%a&%@%ﬁﬁ%@ B84t frem abputthie aéblstpﬂékcsant
is readily amcoopbésitesishyelerBRt irBg aBHutAMb aha 7

ni t r ogen- cont ai'ni%}ga di s _’te)%tsana?ﬁtvmrt h'a bOI‘OtIL’)l ag%ur%(%ucﬁﬁog%oﬁlsaoserﬁgﬁybn
oxi de, bor oftOiHi A BBRAmMAtE s, and esters of boron acids, in an
anmount sufficien . I about .0..1 to about 20 atom c
proportions of bEP%ﬁll?@?h{%gﬁfﬁéﬂ@%&xﬁ(a éﬁ‘l‘%qné‘ﬂa% YRRYRhneERes witon.

Usef ul & speridesbzdronidesiatkokidesncaobited) c@BokPaRbQudeR. .00 e.g.,
5from about .0. 05 .t o about 0.7 nmass % boron. The’ bor on’,ﬂ’\ﬁl cﬁldé%’pears

in the proddiffcadom itheds lohe metdi Fhp ey of nepd compounyd i§ HRR2) 3) |

i s beli d - i ni ddijmd '
Al s o g e BRE SRThrel o4 piealF peesonaon

carried out!U8yio2aBinmgs f @raferablytat b 126 nasBBOSE Wat ﬁo&hion{eﬁﬁéliugbom 1
to about 3 S5, % (based on the mass of acyl 'nitrogen conpound) of a
c%@ﬂ&filhd

boron 10 , preferably boric acid, usually as a slurry, to
the acydo nitrogevieGPHMQUNEhABH éﬁ@%&i&;’ 1 ' | rrin from about
135C to about 190C, e.g., P 140C to 1 ,ew %‘?ﬂoﬁgr %%péet?g{??tbi’ IEFLLR Biith a3
hours, f ol IGREBTBY Mitelragwousd sichps agoxidk behndbiide hyd ndu@l B RMbased
products may be obtained by methods well known in the art. Sulfurized phenols may

be prepared by reacting a phenol with sulfur or a sulfur containing compound such as



. sui tabl e capping agents are described in U S. Patent Nos. 4,663, 064
(glycolic acid); 4,612,132; 5,334,321; 5,356,552; 5,716,912,
5,849,676; 5,861,363 (al kyl and al kyl ene carbonates, e.g., ethylene
carbonate); 5,328,622 (nono-epoxide); 5-026,495; 5,085, 788;

5, 259, 906; 5,4&%,591 époly (e.g., bis)-epoxides) and 4, 686, 054

(mal ei ¢ 30antydioeRSBHde selfirmenchahdeen subir dilftblédef or fogoipngiukissthitlsamot
exhaustive a : i niLtrogen-containin

di spersants §€39%%§%ﬁﬁﬁﬁp?ﬁ%g@&g&@f@éw § bPﬁgg@ﬁ?hﬂmé”ﬁ%bﬂﬂﬁdbysuﬁ%ﬁ
adequat e pi stomagepdsidgesontrol, a nitrogen-containi ng di spersant can
be added in an aggygt roviding the lubricating oil conposition with
from about 0.03 n&R0GHINE OHEMPORitians qfghaspregeng mytriicamyy further emaih one

0.07 to aboub; Bode?asARSSdi nj : l,ess, di sper ts.are
basic in nat t_Jrr eoanaé t her_ieg%r&gtshlgyecﬂgﬂgﬂiﬁggﬁ?e fagﬂﬁtﬁod]i %3328‘?13“5 ffgon use
nature of the geblire apdoligsebmginebetlvaradded pAubliteing 08PEASIAES dishersants
bor ated or t[léae%:tgedtwth a aﬁg{)){éﬁ agent, may be fromabout 5 to about
200 my KOH g. \AB\}?eer‘fon}ﬂoé‘ﬁ‘o SPGFeI) AuieRiieh appairisanen il 59lugle pohmeeric
known to having cHghehetoas faehd Gkt rig.mterials
conventi onal | yg,used to for m en%i nenseétkgﬁggné#g%?kg%é&gg%% Wftg%?gdes to
preferabl e t ¥ diseersene Typisehnruandisparsats aingpie smite, Alecls SanMe bPester

i de pj st it t.rol d t bst anti al |
i sper sat. B IABRRLBER8 pe Rlimehetifut ipra TR cng esape Thehan
Tore than 4, preterably ho mre Crad o CRbAp S Shlf Rl S Bl
| ubricat i ng’%Q'qus’@B‘r%sin%iﬁ%ﬁrﬁndqua@'céiﬂﬁwﬁlheg claie hptratrreort-haktidiespasmant
15provi des aan.: 30 e I 10, greater than 25% of the
TBN of the Igbripar ey, idhe B EL e eteol 5 Rk A Tuiart puvess
may be i ncorgreindtydthdarbobidompepasilipheishirodaisbnk ﬁ!ﬁﬁ%}v@@aﬁaﬂue\‘}ﬁ@i@h&
themto neet [ﬁa]%rtlgcul%g rggqlrenent_s. Exanpl es of additrves I ch may
be i ncl uded YRACtHEICGDY thesetasagd dfannich rpedanstismproduststotmtd byisindensing 2
T IS
ant i - f oani ngnesgesrnsion dispersawan usege titesvellkhopaifuciiniite HRPELSE ARESh is a
Sorme are disg gseq. in fur hter detai | bel ow. ~_ Di hydrocar byl
di t hi ophosphca#een {Oglpf%@l“%% %P%g??aé‘b}ﬁ-éﬁleﬂtw%wcwsc vy fingeandand
ant i oxi dant pabalkStenchinefeRkh Ao Bfechimilelil biOu AhIAlE DR EA LD g

mol'y

metal, or alum num 25lead, tin, enum manganese, FRRaT
copper . 2fhe mixgesdhgreef) arcevetblstovoonmonl y used in lubricating oil in
anounts of 0.1 t referabl y.0.2 tao 2w % based upon the total
wei ght of the Iu%#%%Pl&hgle3?1?16‘“@(9{??388@?%1%%.hlﬁhé‘ipl"r?&iﬂf BEight efispasshni n
accordance Watihg knomBed ReRRE SBSuRY Weldhs VI, . . ¥ |
di ¢ hi ophosphori.c aci d (DOPA). usffal|ye%ytﬂggﬁﬂggthg?%%ﬁég"ﬁ@%smh
al cohol or & pHERY! 4.8¢0 erd 20,0805 SThendediseenolpeuamedi piirngzes hell HofeREGn
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t he hydrocar %j gr oups on one are entitely secondary in aracter and
the - 14 -polyisobutylene derivatized dispersant, a high molecular weight dispersant is one
formed with a polymer backbone having a number average molecular weight of from
about 1680 to about 5600. Typical commercially available polyisobutylene-based
dispersants contain polyisobutylene polymers having a number average molecular
30 weight ranging from about 900 to about 2300, functionalized by maleic anhydride
(MW = 98), and derivatized with polyamines having a molecular weight of from

about 100 to about 350. Polymers of lower molecular weight may also be used to



- hydrocarbyl groups on the others are entirely primary in character.
To make the zinc salt, any basic or neutral zinc conpound could be
used but the oxides, hydroxides and carbonates are nost generally
enpl oyed. Conmercial additives frequentlylcontain an excess of zinc
due to the use of an excess of the basic zinc conpound in the o
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trismethylolaminomethane, as described in U.S. Patent No. 3,632,511.

20 Axnother class of ashless dispersants comprises Mannich base condensation
products. Generally, these products are prepared by condensing about one mole of an
alkyl-substituted mono- or polyhydroxy benzene with about 1 to 2.5 moles of
carbonyl compound(s) (e.g., formaldehyde and paraformaldehyde) and about 0.5 to 2
moles of polyalkylene polyamine, as disclosed, for example, in U.S. Patent No.

25 3,442,808. Such Mannich base condensation products may include a polymer product
of a metallocene catalyzed polymerization as a substituent on the benzene group, or
may be reacted with a compound containing such a polymer substituted on a succinic
anhydride in a manner similar to that described in U.S. Patent No. 3,442,808.
Examples of functionalized and/or derivatized olefin polymers synthesized using

30 metallocene catalyst systems are described in the publications identified supra.

The dispersant can be further post treated by a variety of conventional post
treatments such as boration, as generally taught in U.S, Patent Nos. 3,087,936 and
3,254,025. Boration of the dispersant is readily accomplished by treating an acyl
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- Anong t he nol ybdenum conpounds useful in the conpositions of this

i nvention are organo-nol ybdenum conpounds of the fornulae: M(ROCCS2) 4
and 20Mb( RSCS2) 4 wherein R is an organo group selected fromthe group
consi sting of alkyl, aryl, aral kyl and alikexyal kyl, generally of from
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the I ong chain hydrocarbons I ze reac I'on Mo- or
example, a dithiophosphoric acid may be made by reacting mixtures of primary and

>

secondary alcohols. Alternatively, multiple dithiophosphoric acids can be prepared

where the hydrocarbyl groups on one are entirely secondary in character and the



- di carboxylic acids or anhydrides which are used in the preparation of
t he ashl ess di spersants as hereinbefore disclosed. - 18 - ~ Wen
l'ubricating conpositions contain one or nore of the above-mentioned

additives, each additive is typically bléfdded into the base oil in an

anmount that enables the additive to provide its desired function.
Wien | ubri caﬁ“ﬁ’aﬁm@ HpRFeHeS hide SHRisATheHHEl Y inresy én efarackes. To make the zinc

- ' 11| lL.tive 4.5 typical bl.ended into
fhe base of | i ‘20 dnoinrorEARCeaRRetul e ) 68 oS Riltor e and
desi red functabnnatRepe essngakialy cafpl@et. avaindreiabiddgiel fraghintly \88tain an

wh ed in crankcase |lubrjcants, are |listed below Al the val ues
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ADDI TI VE MASHe i Bh@eaddgS % (Preferred) Metal Detergents 0.1 - 15
0.2 - 9 Corrosion Inhibitor O - 50 - 1.5 Metal D hydrocar byl _

Di t hi ophosphat e 0The predereedizine dihydrbéaniyldithiopBosph5teda® bil-soB:bRosslts BOi nt
Depressant dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:
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/
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10 wherein R and R’ may be the same or different hydrocarbyl radicals containing from
1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
15 decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total
number of carbon atoms (i.e. R and R’} in the dithiophosphoric acid will generally be
about 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore comprise
zinc dialkyl dithiophosphates. The present invention may be particularly useful when
20 used with lubricant compositions containing phosphorus levels of from about 0.02 to
about 0.12 mass %, such as from about 0.03 to about 0.10 mass %, or from about 0.05
to about 0.08 mass %, based on the total mass of the composition. In one preferred
embodiment, lubricating oil compositions of the present invention contain zinc dialkyl
dithiophosphate derived predominantly (e.g., over 50 mol. %, such as over 60 mol. %)
25  from secondary alcohols.

Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
deteriorate in service. Oxidative deterioration can be evidenced by sludge in the
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of

30  alkylphenoithioesters having preferably Cs to Cy, alky! side chains, calcium



-0.01. -5 0.01 - 1.5 Antifoamng Agent 0 -5 0.001 -0.15 Suppl enent al
Antiwear Agents 0 - 1.0 0 - 0.5 Friction Mdifier 0 -5 0 - 1.5
Viscosity Mddifier 0.01 - 10 0.25 - 3 Basestock Bal ance Bal ance
Fully formul ated lubricating oil conpostil$ens of the present

i nvention prefer a. TBN of at |east 6, such as from about 6
to about 18 %@ﬁf’él %g%[%ASW’ Ephsnatgisng Sbﬁw@ﬁpyate&:ehwbo&umﬁged

of the presepfgsiifayiesd h)ﬁH?o&!ﬁthﬁls Oh%o%us@steks‘?ﬁ%haﬁ%é?a(ﬁ#ﬁu a{’iéﬁ RSl

about 8.5 or 9 to about . _
| ubri cating mppetmmmds w@saﬂbetdha Up$.cBapantt Non#, 867,800 apd efctytalehymbhave

a sulfated a .SASH) content (ASTM D-874) of about 1.1 nmass % or
| ess, prefergcgﬂ(} Qg%f“ ppu IE‘ffimass % or |less, nore preferably about 0.8

mass % ors | ess, 20gpiedl dliSsoflib® MBS aRnel ﬁa%?tng Bnelse Pl bmal 1&'%}0\(1 3
fornul ated | ubricating ol conposi tions of the present inven

derive at | edtchgl digechiyd9 enatshipe aitrdgen sontaio f%m o &6 parbbeniahlsy Tak

I east 20 % amines may contain more than two aromatic groups. Compounds having a total of at

least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO»- or

10 alkylene group) and two are directly attached to one amine nitrogen also considered
aromatic amines having at least two aromatic groups attached directly to the nitrogen.
The aromatic rings are typically substituted by one or more substituents selected from
alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.

Multiple antioxidants are commonly employed in combination. In one

15 preferred embodiment, lubricating oil compositions of the present invention contain
from about 0.1 to about 1.2 mass % of aminic antioxidant and from about 0.1 to about
3 mass % of phenolic antioxidant. In another preferred embodiment, lubricating oil
compositions of the present invention contain from about 0.1 to about 1.2 mass % of
aminic antioxidant, from about 0.1 to about 3 mass % of phenolic antioxidant and a

20 molybdenum compound in an amount providing the lubricating oil composition from
about 10 to about 1000 ppm of molybdenum.

Representative examples of suitable viscosity modifiers are polyisobutylene,
copolymers of ethylene and propylene, polymethacrylates, methacrylate copolymers,
copolymers of an unsaturated dicarboxylic acid and a vinyl compound, interpolymers

25  of styrene and acrylic esters, and partially hydrogenated copolymers of styrene/
isoprene, styrene/butadiene, and isoprene/butadiene, as well as the partially
hydrogenated homopolymers of butadiene and isoprene.

Friction modifiers and fuel economy agents that are compatible with the other
ingredients of the final oil may also be included. Examples of such materials include

30 glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of
long chain polycarboxylic acids with diols, for example, the butane diol ester of a

dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-



«- 19.- of the conpositional TBN (as neasured in accordance with ASTM
D4739) from ashl ess TBN sources including at |east one conpound of
Formula |. More preferably, fully fornulated |ubricating oil
conpositions of the present invention deltGve at least 5 % preferably
at least 10 % nore preferably at |east 20 % of the conpositional TBN
from at | eastubSHEHEIRPRIHAINGS: disspines andialkyperesrmiies, foF eiampld, 6Hheiylatedd
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The genefal ar“eaé%‘fl?ﬁwg?(d‘ﬁé‘ﬁﬂn? prrale i;?above- synthesis is shown bel ow.

Pour point depressants, otherwise known as lube oil flow improvers (ILOFI),
lower the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cg to Cyg dialkyl fumarate/vinyl acetate

20 copolymers, and polymethacrylates. Foam control can be provided by an antifoamant
of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

Some of the above-mentioned additives can provide a multiplicity of effects;
thus for example, a single additive may act as a dispersant-oxidation inhibitor. This
approach is well known and need not be further elaborated herein.

25 In the present invention it may also be preferable to include an additive which
maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has
been observed that some compositions increase in viscosity when stored for
prolonged periods. Additives which are effective in controlling this viscosity increase

30  include the long chain hydrocarbons functionalized by reaction with mono- or
dicarboxylic acids or anhydrides which are used in the preparation of the ashless

dispersants as hereinbefore disclosed.



< 15 TBN Performance The basicity of a lubricating oil
conposition can be determned by acid titration. The resulting
neutral i zation nunber is expressed as total base nunber, or TBN, and
can be neasured using various methods. TWb- net hods conventionally

sel ected to evaluate ashl ess base sources are ASTM D4739
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pour point depressant and viscosity nodifier, in base oil was

prepared. This lubricating oil conposition, mhich was representative
of a co rcial crankcase lubricant, was used as a reference

| ubricant. 2.00 mass % of the norpholine derivatives of Synthesis
Exanples 1.1Table A and 1.3 (hereinafter Inventive Conpound 1, 2 and 3,
respectivel ot G- 1" "1 C2" and "1 C 3" respectively) was added

to the refergpegriwbricant. An additiona| vpoggisyt of basgagislegwas
added to each of the sarrpl es to pr ovi de eggg({)abl e tot %Im@j The 10
TBN of eac the resutting sanmptes waspdetermned——accordance
with each of_ﬁ@ﬁ)ﬁi@k@ﬂn@ and ASTM D2896 (| #ludfts of &KxPg). The
resul ts arqg céewiod mhibagt e [11: Table | | oExanpl e Refgrgence Inventiye
Sampl e 1 I nvent anpl e IAvVentiv e 3 Ref S Fe—<g)
P § etai B%yﬁrorgz)lrbyl 61thp:)phosphatg >4 Iile- 6‘j ik LOE.i > Zl A

Antioxidant 0-5 001-3

Pour Point Depressant 0.01-5 0.01-1.5

Antifoaming Agent 0-5 0.001 - 0.15

Supplemental Antiwear Agents 0-1.0 0-0.5

Friction Modifier 0-5 0-15

Viscosity Modifier 0.01-10 0.25-3

Basestock Balance Balance

Fully formulated lubricating oil compositions of the present invention

preferably have a TBN of at least 6, such as from about 6 to about 18 mg KOH/g
15 (ASTM D2896). More preferably, compositions of the present invention have a TBN
of at least 8.5, such as from about 8.5 or 9 to about 18 mg KOH/g..

Fully formulated lubricating oil compositions of the present invention
preferably have a sulfated ash (SASH) content (ASTM D-874) of about 1.1 mass % or
less, preferably about 1.0 mass % or less, more preferably about 0.8 mass % or less,

20  such as 0.5 mass % or less.
Preferably, fully formulated lubricating oil compositions of the present

invention derive at least 5 %, preferably at least 10 %, more preferably at least 20 %



- 95.00 95.00 95.00 95.00 Added Base Ol (g) 5.00 3.00 3.00 3.00 ICG1

(9)

2. 00

h

10

15

20

25

1C-2 (9) 2.00 1CG3 (9) 2.00 Total Weight (g) 100.00
-19.-
of the compositional TBN (as measured in accordance with ASTM D4739) from
ashless TBN sources including at least one compound of Formula I. More preferably,
fully formulated lubricating oil compositions of the present invention derive at least
5 %, preferably at least 10 %, more preferably at least 20 % of the compositional TBN
from at least one compound of Formula I. Preferably, fully formulated lubricating oil
compositions of the present invention contains an amount of a compound of Formula
I that contributes from about 0.5 to about 4 mg KOH/g, preferably from about 1 to
about 3 mg KOH/g of TBN (as measured in accordance with ASTM D4739) to the
composition.

Fully formulated lubricating oil compositions of the present invention further
preferably have a sulfur content of less than about 0.4 mass %, more less than about
0.35 mass % more preferably less than about 0.03 mass %, such as less than about
0.20 mass %. Preferably, the Noack volatility (ASTM D5880) of the fully formulated
lubricating oil composition (0il of lubricating viscosity plus all additives and additive
diluent) will be no greater than 13, such as no greater than 12, prefe_rably N0 greater
than 10. Fully formulated lubricating oil compositions of the present invention
preferably have no greater than 1200 ppm of phosphorus, such as no greater than
1000 ppm of phosphorus, or no greater than 800 ppm of phosphorus, such as no
greater than 600 ppm of phosphorus, or no greater than 500 or 400 ppm of phosphorus.

It may be desirable, although not essential to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as
additive packages) whereby several additives can be added simultaneously to the oil
to form the lubricating oil composition. A concentration for the preparation of a
lubricating oil composition of the present invention may, for example, contain from
about 5 to about 30 mass % of one or more compounds of Formula (I); about 10 to
about 40 mass % of a nitrogen-containing dispersant; about 2 to about 20 mass % of
an aminic antioxidant, a phenolic antioxidant, a molybdenum compound, or a mixture
thereof; about 5 to 40 mass % of a detergent; and from about 2 to about 20 mass % of
a metal dihydrocarbyl dithiophosphate.

The final composition may employ from 5 to 25 mass %, preferably 5 to 18
mass %, typically 10 to 15 mass % of the concentrate, the remainder being oil of

lubricating viscosity and viscosity modifier.
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are based on active ingredient (A.L) content of the additive, and/or additive-package,
exclusive of any associated diluent. However, detergents are conventionally formed
in diluent oil, which is not removed from the product, and the TBN of a detergent is
conventionally provided for the active detergent in the associated diluent oil.
Therefore, weight (and mass) percents, when referring to detergents are (unless
otherwise indicated) total weight (or mass) percent of active ingredient and associated
diluent oil.

This invention will be further understood by reference to the following

examples, wherein all parts are parts by weight (or mass), unless otherwise noted.

EXAMPILES
Synthesis Example 1.1

44.2 moles of iso-stearic acid and 1.25 eq. of 4-(2-hydroxyethyl)morpholine or
HEM were charged into a 4-neck 30L glass reactor equipped with a mechanical stirrer,
condenser/Dean-Stark trap, and inlets for nitrogen. The reaction mixture was heated
to 190°C), and maintained at that temperature for 10 to 15 hours. After completion of
the reaction, excess 4-(2-hydroxyethyl)morpholine was distilled off using a rotary
evaporator, with full vacuum, at 160°C. The final product was characterized by NMR,
total acid number titration (ASTM D-664), total base number titration (ASTM D-4739
and D-2896) and GC analysis.

Synthesis Example 1.2

0.58 moles of Floradyme™ 1500 (organic dimer acid available from
Florachem Corp.) and 2.5 eq. of 4-(2-hydroxyethyl)morpholine or HEM were charged
into a 4-neck 30L glass reactor equipped with a mechanical stirrer, condenser/Dean-
Stark trap, and inlets for nitrogen. The reaction mixture was heated to 190°C), and
maintained at that temperature for 10 to 15 hours. After completion of the reaction,
excess 4-(2-hydroxyethyl)morpholine was distilled off using a rotary evaporator, with
full vacuum, at 160°C. The final product was characterized by NMR, total acid
number titration (ASTM D-664), total base number titration (ASTM D-4739 and D-
2896) and GC analysis.



- Exanple 3 20The fully fornulated lubricants containing IG1, 1CG2
and IC-3 was further tested to deternine the effect of the norpholine
derivative on seal conpatibility. Seal conpatibility was eval uated
using an industry-standard MB-AK6 test,-%hich nust be passed to
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95. 00 Added Bagses 4%2-hy(d%xyethyl)morphol1ne was distilled off using a rotary evaporator, with
full vacuum, at 160°C. The final product was characterized by NMR, total acid
number titration (ASTM D-664), total base number titration (ASTM D-4739 and D-

10 2896) and GC analysis.

The general reaction scheme for the above-synthesis is shown below:

OH
O O
R H heat F{——-—-C/< + nH,O
o C j N
| /1,

15 TBN Performance
The basicity of a lubricating oil composition can be determined by acid

titration. The resulting neutralization number is expressed as total base number, or
TBN, and can be measured using various methods. Two methods conventionally
selected to evaluate ashless base sources are ASTM D4739 (potentiometric

20 hydrochloric acid titration) and ASTM D2896 (potentiometric perchloric acid
titration). ASTM D2896 uses a stronger acid than ASTM D4739 and a more polar
solvent system. The combination of the stronger acid and more polar solvent results
in a more repeatable method that measures the presence of both strong and weak
bases. The TBN value as determined by ASTM D2896 is often used in fresh oil

25  specifications. The ASTM D4739 method is favored in engine tests and with used
oils to measure TBN depletion/retention. In general, the ASTM D4739 method

results in a lower measured TBN value because only stronger basic species are titrated.



5.00 2.88 2.70 2.70 1.00 IC1 (g) 2.12

IC2 (g) 2.30 1C3 (g)

2.30 Dispersant Top Treat (gQ)

Lh

10

15

20

-22-

Example 2
A fully formulated Iubricating oil composition containing dispersant, a

detergent mixture, antioxidant, ZDDP antiwear agent, pour point depressant and
viscosity modifier, in base oil was prepared. This lubricating oil composition, which
was representative of a commercial crankcase lubricant, was used as a reference
lubricant. 2.00 mass % of the morpholine derivatives of Synthesis Examples 1.1, 1.2
and 1.3 (hereinafter Inventive Compound 1, 2 and 3, respectively, or “IC-17, “IC-2”
and “IC-37, respectively) was added to the reference lubricant. An additional amount
of base oil was added to each of the samples to provide comparable total mass. The
TBN of each of the resulting samples was determined in accordance with each of
ASTM D4739 and ASTM D2896 (in units of mg KOH/g). The results are shown in
Table II:

Table III
Example Reference | Inventive Inventive Inventive
Sample 1 Sample 2 Sample 3
Reference Sample (g) 95.00 95.00 95.00 95.00
Added Base Oil (g 5.00 3.00 3.00 3.00
IC-1(g) | e 200 | e e
IC2() | e e 200 ] e
(S ) T e e T 2.00
Total Weight (2) 100.00 100.00 100.00 100.00
TEN by D4739 9.48 11.98 12.02 11.98
TBN by D2896 8.58 11.01 10.81 10.58
ATBN against | —eeeee- 2.50 2.54 2.50
Reference by D4739
ATBN against | —eeee- 2.43 2.23 2.00
Reference by D2896

As shown, the compound of the invention effectively increased the TBN of the
lubricating oil composition as measured by ASTM D2896 and ASTM 4739, without

contributing to SASH content.

Example 3

The fully formulated lubricants containing IC-1, IC-2 and IC-3 was further

tested to determine the effect of the morpholine derivative on seal compatibility. Seal
compatibility was evaluated using an industry-standard MB-AXS test, which must be
passed to qualify as a MB p228.51 lubricant. Seal compatibility was tested in the
presence of amounts of IC-1, IC-2 and IC-3 providing 3 units of TBN over the TBN
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-31 -45 -45 -47 -52 Elongation at Break (passing limt

333 Tensile Strength (passing limt

- 55)

-32

of the reference oil, while still passing the seals compatibility test (2.12 mass %). As

a further comparison, a comparative material formed by top-treating the reference oil

with an amount of high molecular weight, nitrogen-containing dispersant providing

only 1 unit of TBN over the TBN of the reference oil (4 mass %) was evaluated. The

results are shown in Table IV:

Table IV

Example Reference | Inventive | Inventive | Inventive | Comp.
Sample 4 | Sample 5 | Sample 6 | Sample 4

Reference Sample (g) 95.00 95.00 95.00 95.00 95.00

Added Base Oil (g) 5.00 2.88 2.70 2.70 1.00

IC-1e) | e Y e e

IC2(gy | e — 230 [ meeees 1 e

(O X T Dt T p— 230 | eeee-

Dispersant Top Treat (g) |  ------ | coeeeee | ool | ] 4.00

Total Weight (2) 100.00 100.00 100.00 100.00 100.00

Additional TBN Provided |  ~------ 3 3 3 1

(ASTM D4739)

Tensile Strength -31 -45 -45 -47 -52

(passing limit -50)

Elongation at Break -32 -49 -48 -50 -45

(passing limit -55)

Volume Change 0.4 0.7 0.5 0.6 0.3

(passing limit 0 to 5)

Hardness Change 0 0 0 1 3

(passing limit -5 {0 5)

As shown, addition of IC-1, IC-2 and IC-3 did not cause failure of the seal

compatibility test when added to the reference oil in an amount providing a TBN

boost of 3 mg KOH/g, while top-treating with an amount of nitrogen-containing

dispersant sufficient to increase the TBN by only 1 mg KOH/g caused the hubricant to

fail the seal compatibility test.

The disclosures of all patents, articles and other materials described herein are

hereby incorporated, in their entirety, into this specification by reference. A

description of a composition comprising, consisting of, or consisting essentially of




--45 Vol une Change (passing limt 0 to 5) 0.4 0.7 0.5 0.6 0.3 Hardness

Change (passing limt -5to5) 00013 As shown, addition of
ICG1l, IG2 and ICG3 did not cause failure of the seal conpatibility
test when added to the reference oil in-2h-anmount providing a TBN

15boost of 3 _KOH g, while top-treating with an amount of
ni t r ogen- confBiliIx gpcgifsd cpmanrensu s pishantad hegein nod eathe apprmddBNatmys, onl y

1 ng KOHg ¢ i t to fail the.seal conpatibility test.
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this specification bfy reference. A 20description of a conposition
conpri si ng, SRHRTAGIARe Breseng pversian kae hecredesenheaddn e fofegonggeeification.

mul ti pl e spegi.i , . n erein.and in th .
appended 1 oo ELEAESIEN & e REAREThROUE BB coBinyios i
made by admi i thg paticdanethbdditnents piscliofdde sincomp @neiied eb&liRELRGID! es,
preferred enbodidrrgntﬁ and. m)dgs gf operation of the present invention
have been de$efidpgas ystHie ryherdbimimipes iGhaagasinety. begvrda byappse skilirdgn
submit is th@khridy j i ROVEN Be ok : construed as limted
to the particular ‘Eeq%gggfmrrglnt"s di g%lsgisrgg?%seilhgeeﬁt%ﬁ'e di scl osed

enbodi nents are regarded as illustrative rather than limting.
Changes may be made by those skilled in the art w thout departing
fromthe spirit of the invention. - 25 -



“What is claimed is: 1.A lubricating oil composition conprising a

maj or anount of oil of lubricating viscosity and a m nor anount of
one or nore conpounds of Formula (1): ,0 /R -n(1) wherein Ris a
hydr ocar bon or substituted hydrocarbon g2bup conprising at |east 90%
of aliphatic_and/or .ol gf,i ni c carbon atons, has a nunber average

mol ecul ar wei"ght 1SN IBEA 45 om about 100 to about 800 per n (M of 100n
to 800n), ang conpri : i . .cycl oal i phat i I
car bon at om;?jl R ”?xslh§H§€a}1ﬁ r?h;ﬁ,aﬁ@logig?lgh%ﬁﬁg%}lh%ga%iaj(groané o0 Pi Otﬁ%‘&ﬁtmg
atoms; X is videgsity MRl a minor dadDn0)Rynewh et Boipousls bif Bsrnana @h:ky! group
having 1 to about 12 carbon atonms; and nis 1 to 25. 2. A
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2. Alubricating oil composition, as claimed in claim 1, having a TBN of at least

about 6 mg KOH/g, as measured in accordance with ASTM D-2896.

3. A lubricating oil composition, as claimed in claim 1 or claim 2, having a

SASH content of no greater than 1.1 mass %.

4, A lubricating oil composition, as claimed in any preceding claim, comprising
a compound of Formula (I) wherein R is a hydrocarbon group having at least about

12n aliphatic or cycloaliphatic carbon atoms, n is at least 2, and R’ is H.

5. A lubricating oil composition, as claimed in any preceding claim, comprising

a compound of Formula (I) wherein X is -O-.

6. A concentration for the preparation of a lubricating oil composition, as
claimed in any preceding claim, said concentrate comprising from about 2.5 to about

30 mass % of one or more compounds of Formula (I); about 10 to about 40 mass % of
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(M) of from about 100 to about 800 per n (M, of 100n to 800n), and comprises at

least 8n aliphatic or cycloaliphatic carbon atoms; R’ is H or an alkyl group having 1 to

about 12 carbon atoms; X is ~O-, -NR”-, or N-C(O)R, wherein R” is H or an alkyl

group having 1 to about 12 carbon atoms; and n is 1 to 25.

8. Compounds, as claimed in claim 7, wherein R is a hydrocarbon group having

at least about 12n aliphatic or cycloaliphatic carbon atoms, n s at least 2, and R’ is H.
9. Compounds, as claimed in claim 7 or claim 8, wherein X is -O-.

10.  Compounds, as claimed in any of claims 7 to 9, prepared by condensation of
an acidic compound with a compound of Formula (I*):
R!
/J¥
N O

HO
_/ (I).
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11. Compounds, as claimed in claim 10, wherein said acidic compound is a trimer

acid and R’ is H.

12. A method of increasing the TBN of a lubricating oil composition without
concurrently increasing the SASH content, which method comprises adding to said

lubricating oil composition one or more compounds of Formula (I):

Va
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wherein R is a hydrocarbon or substituted hydrocarbon group comprising at least 90%

of aliphatic and/or olefinic carbon atoms, has a number average molecular weight
(M) of from about 100 to about 800 per n (M, of 100n to 800n), and comprises at
least 8n aliphatic or cycloaliphatic carbon atoms; R’ is H or an alkyl group having 1 to
about 12 carbon atoms; X is -O-, -NR”-, or N-C(O)R, wherein R” is H or an alkyl

group having 1 to about 12 carbon atoms; and n is 1 to 25.

13, The use of a morpholine derivative as an ashless lubricating oil composition

TBN source.

14. The use as claimed in claim 13 wherein the morpholine derivative comprises a

compound according to any of claims 7 to 11.



