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1 POLYMERI C MANNI CH ADDI TI VES TECHNI CAL FI ELD This invention rel at eg™®d "'
conpositions useful as lubricant and fuel additives which conprise
pol ymeric Manni ch base additives derived frompoly (ol efin-unsaturated
acidic reagents) and Manni ch base adducts of al kyl-substituted phenols
condensed with al dehydes and am nes. The pol yneric Manni ch additives of the
present invention are useful as dispersantladditives for ol eagi nous
conpositions and inpart superior sludge protection, excellent |ow
tenperature properties and i nproved visconetrics to |ubricant oils. The
additives of the present invention advantageously inpart fluidity nodifying
properties to lubricating oil conpositions, which are sufficient to all ow
elimnation of some proportion of the viscosity index inprover from

| ubricating oil conpositionpgoehitRidMANSRS AP TVES. BACKGROUND OF THE
| NVENTI ON Chem cal additives for lubricating oils are used to control the

physi cal and chem cal properties of the oils. These additives are used to

nodi fy oil viscosity index, to make the oils nore resistant
to oxidatlgﬁtﬁﬁﬁééiégggﬁglnes and ot her nechani cal equi prent cl ean and

prot ected agai nst. corrosi on and wear.. and e articylate tter sper sed
to nininize or n@?“? HVAtoR rgllai?ﬁboecomsﬁg’bso?eﬁ’g Spil*&b‘ia% nglbﬁi %‘gg%?f Vglﬂg}h—, cal
additives are de5| ned for lel nctio rocar bon
type and ntATRRISE BPLY msrlgmarwaﬁgese&ﬁ &e@ms‘fﬁ%%‘m olais i %aE}Hi“F‘gﬁmti’G al | ow
the additives to function in the fluid type of interest. For instance, high

mol ecul ar wegest apdMpnricl bass addsts pf alkyl-gibstituied ahwnols copdsased with aldehyslenand y

index of mineral oils or synthetic oils. Polar head 2
amines. The polymeric Mannich additives of the present invention are useful as dispersant

additives for oleaginous compositions and impart superior studge protection, excellent low
temperature properties and improved viscometrics to lubricant oils. The additives of the present
invention advantageously impart fluidity modifying properties to lubricating oil compositions,
which are sufficient to allow elimination of some proportion of the viscosity index improver

from lubricating oil compositions containing these additives.

BACKGROUND OF THE INVENTION

Chemical additives for lubricating oils are used to control the physical and chemical
properties of the oils. These additives are used to modify oil viscosity and viscosity index, to
make the oils more resistant to oxidation, to keep engines and other mechanical equipment clean
and protected against corrosion and wear, and keep particulate matter dispersed to minimize or
eliminate sludge and deposits.

Hydrocarbon-based chemical additives are designed for specific functions by choosing a
hydrocarbon type and molecular weight range or molecular weight distribution to allow the
additives to function in the fluid type of interest. For instance, high molecular weight polymers

can be used to increase viscosity and viscosity index of mineral oils or synthetic oils. Polar head

e



groups can be designed to be attached to | ow or high nol ecul ar wei ght

hydr ocarbon tails to afford detergents, dispersants, antiwear, or
anticorrosi on agents. Mannich base di spersants are a class of commerci al
crankcase di spersants. These conmpounds are typically produced by reacting
al kyl -substituted phenols wth al dehydes and am nes, such as is described
in U S Patents 3,539, 633; 3,697,574; 3,704,308; 3,736,535, 3,736, 357,
4,334,085; and 5,433,875. The Manni ch progucts of these inventions are
nmononeric and limted to relatively | ow nol ecul ar wei ght and viscosity as
dictated by the phenol al kyl substituent's nolecular weight. U S. Patent
5,608, 029 details Mannich base polynmers via thermal -{nduced ring qpening
pol yner i z&toupshcastbedgsipned vk aftedhed {‘h'@t”l 5 RighrraRleruas W’J’rfghbﬁlé‘ﬁﬁ?aéb%ﬁl jtop

al kyl enedi am nes. Recent patent disclosures exenplify the utility of

pol ymer i ¢ affosipletesgantss disparsantspamsipeayy or apcopP$loR28¢ptSsi ti ons. These inventions
focus upon the free radical polynerization of ol efin containing polyners
and unsat ur at eamaicHbaserdispetsamts sre d slass of eanmercisl Gankeasesilspersaris.5] , 668
detail the use of copolynmers of high nol ecul ar wei ght vinylidene containing
pol ymer s apgipoiitie aietapicdlygiodliced by eaatiing akydsubstiefted phendie withdldebpdes and
additives. WD 95/07944 details the polynerization of high nolecular weight
vi nyl i dengnfRt fichadl RRERIS. $. Patcr|3339|638; 6HTITY; 31R0MHISH$|786/585) | y

unsat urated conpounds, and acidic reactants. The enpl oynent of acylating
agents to 3l 1’.5.??3\794 BAiDd5C i 5 A 5OB. SEHeMarinSchWRbduc® % tHebd ihi@iohSare hgormidericU.
S. Patent "4548, 7724 di s¢l oses that the reaction of polybutenyl succinin des

wi th pol Y86 E}lg‘fj%h it&te?acfiivglg \}i‘& fi g Wé{gtm’% Al SRS S ANEHed by thggahg’rﬁﬂ el

5, 259, 968 oses | npr I spersants conprising the reaction products

f I h i d | t J 42 ' t . Th
i st obed OSSRy Brfostet REREL, Us, PRlELs PO Bfontaich baspoppiug R The

gyggzc gzgyth?é%f h@gcléed] rgllgr})lpgl%né 981y%%ﬁ¥&foh%‘? cfclﬁ% %}Iz{nguléﬁ I;"tl.;a%cionuproalctéD 6f ﬁ@kols and

1,2 alkylenediamines.

Recent patent disclosures exemplify the utility of polymeric dispersants for improving
lube oil compositions. These inventions focus upon the free radical polymerization of olefin
containing polymers and unsaturated acidic reactions. U. S. Patents 5,112,507 and 5,616,668
detail the use of copolymers of high molecular weight vinylidene containing polymers and
unsaturated acidic reactants as useful lube and fuel additives. WO 95/07944 details the
polymerization of high molecular weight vinylidene containing polymers, low molecular weight
monoethylenically unsaturated compounds, and acidic reactants.

The employment of acylating agents to improve lubricant dispersants is well exemplified
in the art. U. S. Patent 4,548,724 discloses that the reaction of polybutenyl succinimides with
polycarboxylic acids affords improved dispersancy. U. S. Patent 5,259,968 discloses improved
dispersants comprising the reaction products of polyanhydrides and nitrogen or ester containing
lubricant adducts. The disclosed polyanhydrides contain at least two anhydride moieties per

hydrocarby! radical joining the anhydride substituents. U. S. Patent 5,464,549 discloses



3 inproved dispersants via the reaction of a nitrogen or hydroxy contai ning
di spersant with tel echelic conpounds substituted with at |east two naleic
anhydrides or the like. U S. Patent 4,686,054 discloses the post treatnent
of succinimde dispersants with maleic or succinic anhydride. U S. Patents
4,509, 955 and 4, 566, 983-di scl ose a m xture of acylating agents conprised of
reaction products of naleic anhydride w th both polyolefins of at |east 30
carbons derived from Cl12-30 ol efins and 6%Iyo|efins of at |east 30 carbons
derived fromC2-C8 olefins. U S. Patent 4,940,552 discloses the

passi vation of am ne containing dispersants toward fl uoroel astoners by
reacti on wimptovsidelispbrsants vie theorabtion obmhirdgdnde hydroxceonpdnieg dispBsa@swith50 and
5,719,108 di scl ose succini m de di spersants obtained fromthe reaction of a
mal ei ¢ anhtgbchaie-compbumds sdstituyaderith a lestowio mabdicianhydndes ar theiliker §J. SrPatent
secondary am ne. Several recent European Patent Applications disclose

i mproved s4,686,084diskdoseothip @sstitieatientiéfl succinimide dispatsartatvith natpickreuccinic
reagent -ol efin copolynmers. EP 0 776 963 Al discl oses succini m de

conposi ti ofhydtide. K/ IPahts #|508)985 aisd ;6660983 diselvyels mibettre ol ASAdtME abafls
acidic-ol efin copolyners and polyam nes. EP 0 775 740 A2 di scl oses

di sper sant éashsiises bt dadtive ProdubRioPilesc anhidrideavithedet pobybldfing A0t lef2f 3R cAIBIRI C
anhydri de- oct adecene copol yner (Mh-6,300 to 12,000) and a pol yal kyl or

al kenyl = sug&ivel Rod£C 82180 8RfhOARA JolyofefiBs bR 184st2I0bafonPdHREPRERA2-68 oREins. EP O
773 234 A discloses the dispersant additives generated fromthe reaction

of pol yal kyl 508t 422y 555 HEQbak %%%BH@fmﬁn@%%ﬁh%@ispMm&pwﬂdi ggmer

containing a functional group capable of reacting wth an am ne. U.

Pat ent 5, 2gg%ré&gstgfré&lbg§§a%ti@rp¥lhﬁ‘aﬂ:at%ﬂk}tﬂc%@idcgriﬁgfdﬁhag agent useful to

i nhibit sl eposits I1n refinery processing equl pnent generated by

reaction of a r§| l(t;aéac %gigéf%gta[ng;srﬂll)ngﬁfsao&%ggix?ﬂ% edﬂ Ex@ax{t?&ﬁt%ips kDS She

The patent furtheé S tective'iron su I Sper sa

reaction of a maleic anhydride-olefin copolymer, a succinimide, and a primary or secondary
amine. Several recent European Patent Applications disclose improved succinimide
compositions utilizing unsaturated acidic reagent-olefin copolymers.

EP 0 776 963 Al discloses succinimide compositions via alkyl or alkenyl succinic
anhydrides, unsaturated acidic-olefin copolymers and polyamines. EP 0 775 740 A2 discloses
dispersant/viscosity index improvers via the reaction product of a maleic anhydride-octadecene
copolymer (Mn 6,300 to 12,000) and a polyalkyl or alkeny! succinimide and optionally a primary
and/or a secondary amine. EP 0 773 234 A1 discloses the dispersant additives generated from
the reaction of polyalky! or alkenyl succinic anhydride, a polyamine, and an oligomer containing
a functional group capable of reacting with an amine.

U. S. Patent 5,266,186 discloses an iron sulfide dispersing agent useful to inhibit sludge
deposits in refinery processing equipment generated by reaction of a maleic anhydride a-olefin

copolymer with fatty amines. The patent further teaches that effective iron sulfide dispersants



4 are made by reacting succinimdes of polybutenyl succinic anhydrides and
et hyl enedi amine with mal eic anhydride-[err]-olefin copolyners. U S. Patent
5,160, 349 di scl oses the reaction products of naleic anhydride-[err]-olefin
copol ynmers and heterocyclic conpounds as useful antiwear agents in fuels.
U S Patent 4,391, 721 discloses dispersant viscosity index inprovers from
the reaction of styrene mal eic anhydri de copolyners and tertiary am no

al cohols. U S. Patents 3,933, 761; 3,956}149; and 3, 959, 159 di scl ose usef ul
| ubricant and fuel additives fromthe reaction of [err]-olefin-maleic
anhydri de copolyners with al cohols and primary or secondary am nes

cont ai ni g madd Basactgeucanitiidasf polyhatenyl sugrinie aiwtadesapd ethyleandinmingrwitp
(such as N-al kyl norpholines, N-alkyl imdazoles, etc.). U S. Patent

4, 873, 009n4léis ahprieie -blehe cépdlyrdrs.per sant obt ai ned by reacting a C8 to C500
pol ybut ene succinic acid or anhydride conpound and a hydroxypropoxyl at ed

al kyl ene di artivcy phiif 411 QAN QRSB0 Ml GRELAR: SHRAIME bnlariBEQPYIRRS OXi de

and an al kyl en€ "di am né. I's patent als es that t'he dispersant nmay
contain boron at a level that inproves t onpat i bi l.i o] hg_di sper sant
toward fI1998P %\qhgﬁﬁqcﬁgms%oé’fpggn% aé.usﬁgfﬁﬁltwe TR0 é‘ié“xgi é]c}sogﬁt nty

di spersant_caonposi ti on conprising.the reaction_.product obtained by r.eacting
o 50"t o Aot cesat diter B Sorb It Bk FRGPHITE SR URPEPARL SHrene Raleic

am noguani dine, U S. Patent No. 5,454 962 discl oses di_spersi hg, _agent nade
by react i39gy@niderrogokiices 198 SRR anipg alepholy- hy S~§6§§Fi3fb@§€ég)§s%§?ﬁ’%9é id or
anhydride in a nole ratio of fromabout 0.4 to about 1.2 noles of the

ami noguari,h s disclosslueefof lubtieans arsiciupl aslditivesifrem Mpongaction df alefmmaleic
5,238,588 and 5, 162,086 di sclose the incorporation of aromatic anmnes into
mal ei ¢ andihgdfidecapoBhiceriwith Avbieearl sifidre besqeondanedmintocontining ai logst oned

ant i oxi dancy and
tertiary amino group or heterocyclic amino group (such as N-alkyl morpholines, N-alkyl
imidazoles, etc.).

U.S. Patent 4,873,009 discloses a lube oil dispersant obtained by reacting a Cg to C5qg

polybutene succinic acid or anhydride compound and a hydroxypropoxylated alkylene diamine,
the diamine being the reaction product of propylene oxide and an alkylene diamine. This patent
also discloses that the dispersant may contain boron at a level that improves the compatibility of
the dispersant toward fluorocarbon engine seals.

| U.S. Patent 5,080,815 discloses a dispersant composition comprising the reaction product

obtained by reacting a C3¢ to Cy5¢ hydrocarbyl-substituted succinic anhydride with

aminoguanidine. U.S. Patent No. 5,454,962 discloses a dispersing agent made by reacting
aminoguanidine with a hydrocarbyl-substituted succinic acid or anhydride in a mole ratio of
from about 0.4 to about 1.2 moles of the aminoguanidine per mole of the succinic acid
compound. -

U. S. Patents 5,238,588 and 5,162,086 disclose the incorporation of aromatic amines into

maleic anhydride grafted ethylene propylene polymers to afford improved antioxidancy and



5 di spersancy. The aromatic am nes react with the succinic anhydride

noi eties of the grafted polynmer. Miultigrade lubricating oils nust

si mul t aneously neet both | ow and high tenperature visconetric requirenents.
The high tenperature requirenent insures the lubricating oil maintains
sufficient protective thickness during engine operation, while the | ow
tenperature requirenent insures oil punpability in cold clinmates.

Mul tigrade |ubricating oils are typically designated as fol |l ows: SAE 5WB0,
SAE 10WB0O, SAE 15WI0, etc. The first nunmber in the sequence is associated
with the | ow tenperature viscosity requirenent as neasured by a coI d
cranking sinulator (CCS) at high shear, while the ond, numnber

associ at edispgrsancy. hEhwgwa%%m@Fﬁatea%wm the gqcinge %@éj@ﬂﬂf RRIAtes @ty %éﬁ% t he
100 [err]C kinematic viscosity). ASTM requirenents establish the viscosity
limts fopolgmecific nultigrade oils (e. g. a 5WB0O oil requires a -25 [err]C
CCS of < 3500 cP and a 100 [err]C viscosity of 9.5 to 12.4 cSt.) The dual

t enper at ur e vi Mudtigrtde lobnicating pidsmnst sinfultanenyistyi meet dethdew end bigh tempesatenst s a
maj or challenge to oil formulators. Formulators utilize viscosity index

i Npr over sviscomettit esmiramerits.gTleddglotempspaure faquirtmentnsutdsitheclnbricatiag oili scosi ty
i ndex inprovers are oil soluble high nolecular weight polyners that afford
si gni fi capairthing fEitientHrsteQBlelthiclkey deing ehgin® apeativn, whild/the o itdnyperaraieX

i nprovers contribute nore to the high tenperature viscosity of base oils

than to t uh@fﬂeﬁﬁﬂﬁﬁésa&xwlﬁlﬁébﬁﬁﬁfn' ol AfmAeRS M@ltiprade BOHEHING BiIDa@RAiEAIRS Of
hi gh nol ecul ar wei ght pol'ynmers tend to afford | ower viscosities in high

shear envig dbAPIRO & foll \s: %@eswsd SAH 1dwz&%mrsw14@ret&aﬁﬂqustqmm%eﬁmtth@ns
Cc

have chara stic natural viscdosities. Wile blending base ol l

di fferent patural i \Gi §1q85d
limts foP & hl &slaésro g%%a&&‘ Pletﬁ?g’w g@%%?#%%s{ﬁ ﬂf]cftqng%ﬁ éergtg%egas eq{ll red
low t enperc?;[n%neg simulator (CCS) at high shear, while the second number is associated with the high

temperature viscosity requirement (typically the 100 ©C kinematic viscosity). ASTM

requirements establish the viscosity limits for specific multigrade oils (e. g. a 5W30 oil requires

a-25 0C CCS of £3500 cP and a 100 OC viscosity of 9.5 to 12.4 cSt.)

The dual temperature viscometric requirements for multigrade motor oils presents a
major challenge to oil formulators. Formulators utilize viscosity index improvers to address
multigrade oil specifications. Conventional viscosity index improvers are oil soluble high
molectlar weight polymers that afford significant kinematic viscosity increase to base oils.
Viscosity index improvers contribute more to the high temperature viscosity of base oils than to
the low temperature viscosity of base oils. Solution properties of high molecular weight
polymers tend to afford lower viscosities in high shear environments.

The base oils utilized for lubricating compositions have characteristic natural viscosities.
While blending base oils of different natural viscosities may meet the high temperature viscosity

limits for a multigrade oil, the resulting blend may exceed the required low temperature



6 viscosity. A balance of viscosity index inprover and base oil is often
enpl oyed to achieve a desired nultigrade oil. The bal ance of base oil and
viscosity index inprover can present limtations. Incorporation of higher"
amounts of viscosity index inprover into lubricating oils to address high
tenperature requirenents, can result-in exceeding the | ow tenperature
requi rement. Wile the use of |ower natugal viscosity base oils can inprove
the | ow tenperature visconetrics, the | ower natural viscosity base oils can
result in performance debits. Lower natural viscosity base oils are not as
effective_.in diesel  engipes and. gre 0.V i1 j .
di sper sant PGt %/e%a%m‘icg8g¥lf)c8?1§? easy lrﬁrfr}%&%ﬁ r(fé(}g {Mglgs ogégﬁ%%iéiloﬁ ?%éﬁga@pgiggi nt ai n
engi ne clgajléne S nd.lprevent har nful deposits often have an antagonistic
effect on®tHECH PPic requirenents of nultigrade oils. The typical
di spersant treat rates required t.o provide adequate di sper.sancy increase
both the | ow aﬁlEF q’?ﬁlﬁ‘ﬁe ?é'?‘?g%? ﬂﬂ‘@sﬂ??@&’ﬁg?’i {IPLOVSF c47 pLeseR; }n%l.%a% erally, the
di spersants exhibit a nmore prongunced effect on the IbQWIerrHerat re ..
vi scosi t ylncamarasian ofligher oty gEYIStasHE Indrk EgapYey intq JybEating Qlls ess highn
increased | ow tenperature viscosity which exceeds or appr oaches&&ge
required PeIECTANIESRGHIFREID SaniesHinexereding thiglpw terparaiursdeginement, Yrhiledhe, g y
more difficult with this inherent dispersant antagonistic |ow tenperature
vi sconet r hge afflewernaturel yiscpsitytbaserils gae npspvathe @%@WC@W%W@FP&F‘WLEC et
i ncreasing proportions of undesirable |ow natural viscosity base oils is
of t en r eqoatuedl viseosity Saseils bat tesultia pedorinenee debifh Lasvgs aptural viscesity baseeilsjage
requi renents of nmotor oils. The polyneric dispersants of the current
i nvent i on nbtgsaffectivede diesel engihesraid ary mere padnie ité volatiligatiomor i cating oils. The
pol ymeri c di spersants of the current invention afford excellent |ow
t enper at ur e vi ThedBpersansadiitives ingerpotatdd ing lethrizatingecoafpositiveatt agduais ehgigher
natural viscosity

cleanliness and prevent harmful deposits often have an antagonistic effect on the viscometric

requirements of multigrade oils. The typical dispersant treat rates required to provide adequate
dispersancy increase both the low and high temperature viscosities of base oils. Generally, the
dispersants exhibit a more pronounced effect on the low temperature viscosity than on the high
temperature viscosity, which can result in an increased low temperature viscosity which exceeds
or approaches the required limit.

Formulation of multigrade motor oils becomes increasingly more difficult with this
inherent dispersant antagonistic low temperature viscometric effect. A delicate balance of
viscosity index improver and increasing proportions of undesirable low natural viscosity base
oils is often required to address both the low and high temperature viscometric requirements of
motor oils. The polymeric dispersants of the current invention impart excellent blending
versatility to lubricating oils. The polymeric dispersants of the current invention afford excellent

low temperature viscometrics while permitting the use of advantageous higher natural viscosity



7 base oils. Thus, the polyneric dispersants of the present invention
facilitate the formulation of nmultigrade oils versus conventi onal

di spersants. The prior art fails to suggest or disclose the novel polyneric
Manni ch base additives of the present invention which conprise

pol y(ol efi n-unsaturated acidic reagents) reacted with Mannich base adducts
of al kyl substituted phenols condensed vm'7th al dehydes and am nes. The
materials of this invention are thus an inprovenent over conventi onal

di spersants because of their effectiveness as dispersants coupled with
enhanced bl ending versatility. The Mannjch addjtives of this |nvention are
di st i nct i beseioiss Hhus, the@plymesc gispormants of thaprgsnt nemiondsradiate the ippnelationsty es
to generate higher nolecular weight and higher viscosity Mannich

di sper sanmsitigradn ailsyorsns sapwentionaldispersgntemt eri al s. The pol yneri c Manni ch
additives of the present invention are useful as dispersant additives for
ol eagi nous conjibs ptivremsfadate siggeatar dinsiase thepeveél pelysietid Ytanpich basstadditivesef

i nproved visconetrics to lubricant oils. The polyneric Manni ch di spersants
of this i tiwepresentinaentionmdichaosprise pily(plefintupsaturatedl aeidic r@dgents)oegated with Manni ch
di spersant of this invention also exhibit inproved conpatibility toward

f | uor ocar Manhnivhdageaddaats sf alSivisRYtédphEnils cohdehiEd @ithl aldetypdes maad aminee Pheesent
invention is directed to novel conpositions useful as |lube oil and fuel

addi ti ves nyiéridls GRARR firveftidiodry (R bt inMrovéntdint bet eom@miidral/dispetsanis\bechuke ofm pol y
(ol efin- unsaturated acidic reagents) and Manni ch base adducts of

al kyl - subghdit sfRdvéReyBldsspeaie oapitdwiithenbhited YidaGing RetsAllity) EFhe Maraiidier
aspect of the present invention is directed to the reaction of the

pol yneri ¢ NaRRELOr thid BfveAtEH 4rt YRAnGive i ihat thEVAB bbl9MeMt tathed tHah BfonoRkSOWAlcH,
and/ or am no al cohols. The invention further relates to post-treated

product s RERREFSEENEMt RSt HakchBPweight and higher viscosity Mannich dispersants from

conventional starting materials.
The polymeric Mannich additives of the present invention are useﬁl as dispersant
- additives for oleaginous compositions and impart both superior sludge protection and improved
viscometrics to lubricant oils. The polymeric Mannich dispersants of this invention are also
essentially chlorine free. The polymeric Mannich dispersant of this invention also exhibit

improved compatibility toward fluorocarbon engine seals.

SUMMARY OF THE INVENTION

In general, the present invention is directed to novel compositions useful as lube oil and
fuel additives which comprise polymeric Mannich base additives derived from poly (olefin-
unsaturated acidic reagents) and Mannich base adducts of alkyl-substituted phenols condensed
with aldehydes and amines. Another aspect of the present invention is directed to the reaction of
the polymeric Mannich base additives of this invention with amines, alcohols, and/or amino

alcohols. The invention further relates to post-treated products prepared by reacting the



8 polyneric Mannich base additives prepared in accordance with the
invention with a post-treating agent selected fromthe group consisting of
i norgani ¢ or organi c phosphorus conpounds, boron conpounds, nbno- or

pol ycarboxylic acids and derivatives thereof. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The pol ynmeric Manni ch base additives useful in lubricating and
fuel conpositions conprise the reaction products of the foll ow ng
reactants: 1) at | east one Mannich base condensati on product of a

hydr ocar byl hydroxy aromatic conpound wig h an al dehyde and an amine, with
2) at |east one poly(a-olefin-unsaturated acidic reagent), and 3)
optionally the reaction products of reactants |I and 2 above with am nes,
al cohol's, or ami no al cohols, or mxtures thereof, and 4) optionally the
post - t r eagaiemerioMamtish infse additiveb prepared iciccartane ot eliesinvintibn GAtBaPost-tSating

i norgani ¢ phosphorus conpounds, boron conpounds, nono- or polycarboxylric

aci ds andagdnf defeated \fide the groap tonskaag olinodghtic beadgiidpibsphbrus binpolifds, 666n
conprise the polynmeric Mannich di spersants of the present invention are

descri bedcdnipotlds donb-ortpoBcdrbbytiviatigs slRisdegivaivediheRet. i ons. Manni ch base
condensati on products suitable for use in preparing the materials of the
present invention are prepared by condensing a hydrocarbyl substituted
hydr oxy aromatic conmpound with an al dehyde such as formnal dehyde or

par af or mepgeRyidep drsaaraoNer TE: afvalpiglescribed in the followng U S
Patents are illustrative: 3,442,808; 3,694,229; 3,798, 154; 3,980, 569; and

4, 334,085 Suotnd@ihals MENSSNAS! LQaE bRt BRkhGlAA Bulgldoghal N

hi gh nol ecul ar wei ght hydroca ubstituent ont roxy aromatic

conpound Qi SR el Ri3h bR-MuMS bAne SRR tants:

1) at least one Mannich base condensation product of a hydrocarbyl
hydroxy aromatic compound with an aldehyde and an amine, with
2) at least one poly(a-olefin-unsaturated acidic reagent), and

3) optionally the reaction products of reactants 1 and 2 above with amines, alcohols, or

amino alcohols, or mixtures thereof, and

4) optionally the post-treatment of any of the above reaction products with organic

or inorganic phosphorus compounds, boron compounds, mono- or
polycarboxylic acids and derivatives thereof.

Each of the reactants (1 — 4) that can comprise the polymeric Mannich dispersants of the
present invention are described in detail in the following designated sections.

Mannich base condensation products suitable for use in preparing the materials of the
present invention are prepared by condensing a hydrocarbyl substituted hydroxy ardmatic
compound with an aldehyde such as formaldehyde or paraformaldehyde and an amine. Materials
described in the following U. S. Patents are illustrative: 3,442,808; 3,694,229; 3,798,154;
3,980,569; and 4,334,085.

Such Mannich condensation products may include a long chain, high molecular weight

hydrocarbyl substituent on the hydroxy aromatic compound or may be reacted with a compound



9 containing such a hydrocarbon, e.g., polyal kenyl succinic anhydride as
described in U S. Patent 3,442,808. The hydrocarbyl substituted hydroxy
aromati ¢ conmpounds used in the preparation of the Mannich base condensates
are a broad class of aromatic conpounds having at |east one hydrocar byl
group and at | east one open ring position adjacent to the hydroxyl(s).
Thus, the hydroxy aromatic conpounds include those of the general formula:
(Ar)[err]-(OH)[err] where Ar representsgphenyl, anthracenyl, napthenyl,
phenyl ene, bi phenyl ene, etc., such that x is usually 1,2, or 3, preferably
1, and y is | or nore. Suitable conpounds include phenols, especially
substituted phenols such as para-al kyl phenols wherein the al kyl

subst i t uenstaininghech ¥ bydrbeagon; ta., polyglisenyll supcingranbydridsres descabedia U.Sy Eatent

ol efins include ethyl ene, propylene, butylene, pentene, 1 -octene, styrene,
etc. The3pal2)8®8rs may be honopol yners such as pol yi sobutyl ene, as well as
copol yners of two or nore such ol efins such as copol yners of ethylene and
propyl ene, butThe&péroastylisabditityd leydeoxyrarapsticcnepamdisiusabinthd memratenof i@ her
copolynmers include those in which a m nor anount of the copol yner nononers
are deri waghdfi¢tobase célidefates @rega breadoels lof almatié corsminndshaving antedstnt adi ene, or
a copol yner of ethylene, propylene, and 1, 4-hexadi ene, etc. In sone cases,
the ol ef i {ydrsapbyRErotBind & 1€enqle@bed fing pdsitioatadiicert or the kpdrpky(s).aThwt iyl ene-
propyl ene copol yner generated via Ziegler-Natta catal ysis using hydrogen to

control  ngldessy REmiRl GitpourdddenddhRfitheke @B pendaiTorthulld: typi cal |y have a
nunber average nol ecul ar weight (Mh) within the range of about 400 to about

20, 000, nore typically between about(xgg@gﬁg 10, 000 as determ ned by ge
perneati on chromat ography (see, for exanple, see W W Yau, J. J. Kirkland,

:Eg [S)ong) w r\%v’Ar"rM}gs%BQ pREFYE, dmttEdcdSy 1 OfhpttietiAl PhdPleRBIfRERARRY ctc., SRARhA i8Y
usually 1,2, or 3, preferably 1, and y is 1 or more. Suitable compounds include phenols,
especially substituted phenols such as para-alkyl phenols wherein the alkyl substituent is derived
from the polymerization of mono olefins. Such olefins include ethylene, propylene, butylene,
pentene, 1-octene, styrene, etc. The polymers may be homopolymers such as polyisobutylene, as
well as copolymers of two or more such olefins such as copolymers of ethylene and propylene,
butylene and isobutylene, propylene and isobutylene; etc. Other copolymers include those in
which a minor amount of the copolymer monomers are derived from a diene, e.g. a copolymer of
isobutylene and butadiene, or a copolymer of ethylene, propylene, and 1,4-hexadiene, etc.

In some cases, the olefin polymer may be completely saturated, for example, an ethylene-
propylene copolymer generated via Ziegler-Natta catalysis using hydrogen to control molecular
weight.

The olefin copolymers will typically have a number average molecular weight (Mn)
within the range of about 400 to about 20,000, more typically between about 700 and 10,000 as
determined by gel permeation chromatography (see, for example, see W. W. Yau, J. J. Kirkland,

and D. D. Gly, “Modem Size Exclusion Liquid Chromatography”, John Wiley and Sons, New



10 York, 1979). Particularly useful olefin polynmers are those havi ng nunber
average nol ecul ar weights within the range of 700 to 5,000, and nore
preferably within the range of 900 to 3,000 with approxi mately one term nal
doubl e bond per polynmer chain. Polyisobutylene is an especially useful
starting material for highly potent dispersant additives nade in accordance
with this invention. The nunber average | ecul ar wei ght for such polyners
can be determ ned by several known technﬂgues. Processes for substituting

t he hydroxy aromati c conpounds with such olefin polyners are known is the
art, for exanple, in U S Patents 3,539,633 and 3, 649, 229. Representative
hydr ocar byYorkul§59).t Reréaldnlydisefil olefiropalymers ewrthase hawing omtibaralatgomblecularse i n
this invention include, but are not limted to, 2-polypropenyl phenol,

3- pol ypr opesigiits pithincthe radgpaf 700 t@ 5,604, land hereoprefepablyoligtit trenyigeii 80M1o, 3,000

3- pol ybut enyl phenol, 4-polybutenyl phenol, 2-polyisobutenyl phenol,

3- pol yi sobuitleapproximerBbl anederpiray deudiaiodd yer pMane chaift- Polyisobutylene is an

pol yi sobut enyl - 2- et hyl phenol , 4-pol yi sobut enyl - 2-chl orophenol, and the

like. As vibécidly qaefuysthiethi RraterbStot mme;o&at A5 RMaft adiiReNRhdth 8fdoRdance with
substituted resorcinols, and the polyolefin substituted hydroqui nones, e.g.

4-pol yi sobisenventidn. 2TEE hittHeP ¥06PRR 2R ulad wRRhY R QREM¥lymbrsan be determined by
di hydr oxybenzene, 5-polyisobutenyl -1, 3-di hydroxybenzéne, and thenqlie.

Sui t abl e hydéarioM tedi@rfatdol s i nclude 1
- pol yi sobut yl ene- 5- hydoxynapht hal ene, 1-

pol ypropyl ene- 3Prt3¥é§§é§)fé/m9§mmgmoydm ak ticicgﬁlpmyag v@t’h%ﬁﬁ{ Jslgflﬂx né/ogﬂg?rg hai n

hydr ocar byl substituted aromatic conpounds to be used int on can

hydr o | _ ‘s P
det i ned angy o B Bt RO AR BRI SR IRT. 350 car bon

at oms, Representative hydrocarbyl substituted hydroxy aromatic compounds contemplated for

use in this invention include, but are not limited to, 2-polypropenyl phenol, 3-polypropenyl
phenol, 4-polypropenyl phenol, 2-polybutenyl phenol, 3-polybutenyl phenol, 4-polybutenyl
phenol, 2-polyisobuteny! phenol, 3-polyisobutenyl phenol, 4-polyisobutenyl phenol, 4-
polyisobutenyl-2-methylphenol, 4-polyisobutenyl-2-chlorophenol, and the like. As well as
polyolefin-substituted catechols, the polyolefin substituted reéorcinols, and the polyolefin
substituted hydroquinones, e.g. 4-polyisobutenyl-1,2-dihydroxybenzene, 3-polypropenyl-1,2-
dihydroxybenzene, 5-polyisobutenyl-1,3-dihydroxybenzene, and the like.

Suitable hydrocarbyl naphthols include 1-polyisobutylene-5-hydoxynaphthalene, 1-
polypropylene-3-hydroxynaphthalene, and the like.

The preferred long chain hydrocarbyl substituted aromatic compounds to be used in this
invention can be illustrated by the formula:

R-(An)x-(OH)y

wherein Ar is as defined above, R is hydrocarbyl of from about 25 carbons to 350 carbon atoms,

and preferably is a polyolefin derived from a C2 to C10 mono-a-olefin, and x and y are 1.



and preferably is a polyolefin derived froma C2 to C10 nono-[err]-olefin,
and x and y are 1. 11 The al dehyde material, which can be enployed in

t he production of the Mannich base condensate, is represented by the
formula: R-C(=0-H wherein R is a hydrogen or an aliphatic hydrocarbon
radi cal having from1l to 10 carbon atons. Exanpl es include fornal dehyde and
its equivalents or precursors in various fornms. These incl ude

par af or mal dehyde, pol yfornmal dehyde, aquewnus formal dehyde, and trioxane.

O her al dehydes group contai ni ng conmpounds such as C2 to Cl0 hydrocar byl

al dehydes (e.g. acetal dehyde, propional deyde, butyral dehyde, etc.) can be

enpl oyed. Prefgp gﬁg@ ﬁ@@@aew?gﬁaggﬂcug rf?&l] yedth Be ﬁd&eo&shﬂé ichbgse2N nes

useful to prepar nni ch sates | ude nono and pol yam nes.

The nonoamni es containing one primary am ne. The
subst | tu&ﬂ?@ nﬁﬁe lﬁéepfﬁsﬂ BCSQﬁ&gtf%%ucl) the nonoam ne can be independent!y

sel ected from hydrogen or alkyl groups hax{ng fromone to about 30 carbons.
anpl es of suitable nonoanlnes are met hyl am ne, et y am ne,
Ex I f bl aﬁggﬁg hyl ' hyl '

propyl am ne, isoQprop am ne {-but am ne, | am_ne,  de am ne,
ei cosyl avhemin R)jiva b °$an8§ an P’&P}’fﬁﬁﬁ)‘fgg"%‘lﬂr‘t %@Fé)i?&ng Gogt | ’fc% Wgatﬂfﬁﬁm ch
base condensates have at | east one rlnar¥ or secondary_anlno group in the
mol ecul e . Expmplesdnslude feemaldelyde pad inAapivaleaisqr PEECHISRISUR Y2 fIPParfiiies whi ch
has at | east one primary am no group in the nolecule and which additionally
cont ai ns include/parafgemafichyde | pohifornmidehypde, aquegns fosmaldehysigeanddriorangn Othes
nol ecul e. One preferred type of polyamne is conprised of 1,2-alkyl ene
pol yam neddehydés @eup bmsaning porapentieshichys CRdo Cap pdracarbyl aldehydes (e.g.
acetaldehyde, propionaldeyde, butyraldehyde, etc.) can be employed. Preferred are those
wherein R! is H or C1 to C4 alkyl.
The amines useful to prepare the Mannich base condensates include mono and
polyamines. The monoamines are ammonia and amines containing one primary amine. The
substituents on the nitrogen atom of the monoamine can be independently selected from
hydrogen or alkyl groups having from one to about 30 carbons. Examples of suitable
monoamines are ammonia, methyl amine, ethyl amine, propyl amine, isopropyl amine f-butyl
amine, hexyl amine, decyl amine, eicosyl amine, and the like.
Polyamines suitable for use in forming Mannich base condensates have at least one
primary or secondary amino group in the molecule. The polyamine is preferably one or a mixture
of polyamines which has at least one primary amino group in the molecule and which
additionally contains an average of at least one other amino nitrogen atom in the molecule.

One preferred type of polyamine is comprised of 1,2-alkylene polyamines such as those

represented by the formula:



12 Herr]N(CH err])[err][NH (CHerr])[err]][err]NH err] wherein nis 2 to
about 10, preferably 2 to 6, and mis 0 to 10, preferably 0 to 2, and

m xtures thereof. Cyclic polyam nes such an am noal kyl - pi perazi nes, e.qg.

[ err]-am noet hyl - pi perazine, can also be used in the invention provi ded at

| east one primary amne group is present. Exanples of suitable polyal kyl ene
pol yam nes are ethyl ene di am ne, hexaneH yl enedi am ne, diethyl enetriam ne,
bi s (am nopropyl)-ethyl ene di am ne, bi s(am nopropyl ) - pi per azi ne,

bi s(am noet hyl ) - pi perazine, etc. O her useful polyan nes are represented by
the formula Rlerr]NHCH err]CH err]NH err] wherein Rl err] is a hydrocar byl
having 2 to 25 carbon atoms. | nHN(GH)INE (CHaylmpBl2yani ne having at | east
one primary ami no group and at |east one other amino ni'trogen atomin the
mol ecul e ocdwrrdienis2th dbouf i) picfegatih2 tavi rand ohisds ¢0,quefamblydk te 2, aslahixturen t he
additives of this invention. However, it is desired that the particular

pol yan ne thdreste ICydhe folparhinessusie as arfinbdlkyl Pierapitiet, ety framihdethyl-ipipatazie] saner .
The pol y(ol efi n-unsaturated aci dic reagents) useful in the present

inventi on Ji@ybeRRed ANHOMvERtion!pkdidbalat REst 6ROHNAFR bSineBr6Up i PleYdre Bxadifles of
commerci al products or may be prepared by the polynerization of an olefin
and an !Jn%%&wl@b@l‘}alﬁﬁkgé folj BRB&He ARASRFinEe, hekdhthylQR&MamiHeOUP that will
react with a nucléophilic reagent such as an amne or alcohof. Particularly

sui tabl e el BAS dﬁhﬁ# i : N .

1, 3- but adiccgélﬂg Ei\}'\ﬁéﬁt’i rrgﬂ 3{e|§i a%%%)}’ |E§e Soér?lt:acr y e‘?é s@‘%ﬁqﬂ@r@%ﬁ%&

(olefin-u g 'qgg reagents) are generated by the polynerization of
C2to C30qﬁgrri-%ﬁgpﬁﬁgf sfygghes, 1, 3-but adi enes and an unsaturated acidic
reactant such q;&%?%%éﬁggggxgéég@n@ﬁ@%n&ﬂ%%hXﬁE&haat'On is typically

conducted in th
R2NHCH,CH,NH,

wherein R? is a hydrocarby! having 2 to 25 carbon atoms.

In principle, any polyamine having at least one primary amino group and at least one
other amino nitrogen atom in the molecule can be used in ~.forming the Mannich base condensates
useful in the additives of this invention. However, it is desired that the particular polyamine
chosen does not cause significant gelling in the final polymer.

The poly(olefin-unsaturated acidic reagents) useful in the present invention may be
random or alternating copolymers. Such polymers are commercial products or may be prepared
by the polymerization of an olefin and an unsaturated acidic reagent possessing a functional
group that will react with a nucleophilic reagent such as an amine or alcohol. Particularly
suitable compounds include copolymers of at-olefins, styrene or 1,3-butadienes with maleic

anhydride or acrylic acid. The poly (olefin-unsaturated acidic reagents) are generated by the
polymerization of C2 to C30 «-olefins, styrenes, 1,3-butadienes and an unsaturated acidic
reactant such as maleic anhydride. The copolymerization is typically conducted in the presence

of a peroxide or azo free radical initiator, such as di-t-butyl peroxide, dicumyl peroxide,



of a peroxide or azo free radical initiator, such as di-t-butyl peroxide,
di cunyl per oxi de, 13 azoi sobutyronitrile, etc. U S. Patents 3,560, 455
and 1, 240, 1916 di scl ose processes for preparing a-ol efin-unsaturated acidic
reactant copol yners. Exanpl es of some conmercial poly(ol efin-unsaturated
acidic reactants) include: Poly(a- ol efins-co-maleic anhydride) copol yners
avai l abl e from Chevron Chem cals as PA-18 (1- octadecene-co-naleic
anhydride), poly(styrene-co-naleic anhyd{ide) copol yners available from
ARCO Chemi cal or Mnsanto under the tradenanes SMA[err] resins or Lytron
resins; respectively, poly(isobutene-co-naleic anhydride) and

pol y(but adi ene- co- nal ei ¢ anhydride).. The poly(olefin—unsaturate&gacich
react ant ) a@eiseirrerigilensts daIS Yatpnty &80 AvmandrH20dp Ly @iscioncaEencsses oS iPgrparies
from about 10,000 to about 70,000. The pol yneric Manni ch conpounds of the
present i nvekfinemsatantet acigicepatantcdpylyowrst act i ng t he desired Manni ch base
condensate with a poly(ol efin-unsaturated acidic reagent) under reactive
conditions. A gaamphs of Spicsamaadiilqnlygblefifrussateaat dichlic rhctantifinclidh Rdges
condensate with the poly(olefin-unsaturated acidic reagent) is set forth

bel ow. [er [Ralkic al Qki CHemisdtk &P I
N o - e e e bl 7 s 1

or 2, and &rtadegéne&o-rﬂaleighnl'@'gg%é), I%Ulﬂs@&nﬁl-@§-%{ﬂé?@ﬂxh§‘&mé§féoﬁyd1&s BEESIE §dm CL

to C36 al kyl, or phenyl; an and c independently are integers greater

than. or MREd Ehehiied oPibndanyd GREASRERNGKeANAANESSARE Bonicklit ont

provi ded t ast one o IS a group ¢ reatting to
form am des,

A e o RSP b TP B Sp S04 o,
- O hydrocarbyl, Tﬁel\gg%)"(oleﬁn-unsamrated acidic reactant) copolymers typically have a number average
molecular weight of from about 10,000 to about 70,000.

The polymeric Mannich compounds of the present invention can be prepared by
contacting the desired Mannich base condensate with a poly(olefin-unsaturated acidic reagent)
under reactive conditions.

A general representation of this reaction of a Mannich bases condensate with the

poly(olefin-unsaturated acidic reagent) is set forth below:

R*
(AP~ - [ [ o —op |
R (AI')X(OH)y(L )Z + |- L\,Hz vh J% >\Ib J -

where L’ is CHR'NR’[(CH;)oNH]m(CH,)s NHz, R’ is hydrogen or alkyl; R!ishydrogen or Cl to
C10 alkyl, zis 1 or 2, and Ar, R, x, y, m, and n are as described above; R* is hydrogen, Clto
C36 alkyl, or phenyl; and a, b, and ¢ independently are integers greater than or equal to 1; Z and
Z’ independently are the same or different, provided that at least one of Z and Z’ is a group
capable of reacting to form amides, imides, or amine salts with ammonia or amines, to esterify

alcohols, or otherwise function to acylate. Typically, Z and/or Z' is —OH, -O-hydrocarbyl, -NHa,



14 -d, -Br, and taken together Z and Z' can be -O so as to form an
anhydri de. Preferably, Z and Z' are such that both carboxylic functions can
enter into acylation reactions. The anhydride or carboxylic acid
functionality is particularly preferred. A representation of this reaction
is shown bel ow for a Mannich base condensate with the selection of

pol y(ol efi n-mal ei ¢ anhydride) as the poly(olefin-maleic unsaturated acidic
reagent): [err] where Ar, R L', X, y, and z are as described above; R* is
hydrogen, Cl to C36 al kyl, or phenyl; and a, b, and c independently are
integers greater than or equal to 1. The follow ng general fornula

represents~p peach f the sent .ipventian:, [.er re, R* is
hydr ogen or e @?@F‘ggﬁf ‘g osteaat%%ggénigti‘yémgﬁ f'!‘?fe%’iﬁ‘ eZia“tdo

is an integer an aIk substituent M, 500 _to 10,000 L |s
(CH2) n[ NH?%% WW&@U&O%& ol S cniBripraan Butiseions sThaashydride o C1
to C10 al kyl IS, hydr ogen or Cl to C10 al kyl a, b, and c are
mdependerfﬂk&?x?ﬁ%ﬁ?égdeg"g articaryprefamed. to 1.

A representation of this reaction is shown below for a Mannich base condensate with the

selection of poly(olefin-maleic anhydride) as the poly(olefin-maleic unsaturated acidic reagent):

onbell 1
R=~(An)-(OH) y@),  + e CH;

[,

where Ar, R, L’, X, y, and z are as described above; R* is hycp ogen%l t0%36 alkyl, or phenyl;
and a, b, and ¢ independently are integers greater than or equal to 1.

The following general formula represents a reaction product of the present invention:

@)
—r—Z

R~(Ar);(OH),

Where: R* is hydrogen or C1 to C36 alkyl
Ar is as denoted above
X isaninteger | to 3
y isaninteger | or greater
R is an alkyl substituent Mn 500 to 10,000
L is (CHy)a[NH(CH2)n]wNR'CHR'
n and m are as denoted above
R’ is hydrogen or C1 to C10 alkyl;
R'ishydrogen or C1 to C10 alkyl
a, b, and c are independently integers greater than or equal to 1.



15 Al'though initiating and term nating groups are omtted in the above
general figure for clarity, those skilled in the art will readily recognize
such groups will be a product of the free radical reaction utilized to
prepare the poly(ol efin-unsaturated acidic reagents). Thus, the initial and
term nal groups may vary with particul ar poly(ol efin-unsaturated acidic
reagents) and secondary reactions inherent in such polynerizations.
Basically, the general fornula above can_pe considered a pol yneric Mannich
base produced fromthe |inking of monometPc Manni ch products with

pol y(ol efi n-unsaturated acidic reagents) via the am ne substituents of the
precursor Manni ch base condensates. In addition to the general formula
above, typi cal Althéuph iniciattig and Sermiindting @rdups arerontitedcianind above gaetdl digufy fodluct s
and polyners due to conpeting and sequential reactions, and because the
Manni ch baggtys tiaseasliddds tiean witineadily rofyzizk badh QoW sail Be a FRidatyoMBeE fiaé Ky
substituent. The Manni ch base condensates may al so contain am no noieties
of varyi ngdicapsehétitntitilizéDlo _ @pol?@ﬁ&ﬁfj@{s)(m_?dﬂéd%ic&{ RuENte) NThiRe tHéARTHaE N
base condensates woul d afford am de type functionality in résulting
products.aéﬁyg i L i i t t he
reaction o t'ggﬁ%loég‘%ﬁla I%%ﬁ?g ﬁ&gigglg; %(%:Ilgqéﬁﬁ &e@ggﬁé%cﬁg&lﬁ%vrgn e%%ﬁc?eacti on
products Lch,.: e y(ol efi n-unsaturated acidic
reagents) Q%ﬁop%@g&ﬁ%%%é%g%%eg%ﬁgﬂ%?ﬁlgﬁ% g{r:i%a{?ﬁ%n'o al cohol s. Am ne conpounds

(i ncl udi ng nongani nes, pol 1 ne ol yet her 1 nes, pol vhydroxy .am nes,
and pol yoxyal k Fﬁﬁﬁgpgfﬁg?%ﬂ?gW@%ﬁ °V§¥§n es‘é%aillgle’ie aﬁ’8§m’~‘ﬁ§¥?% i%8%r sant s
of this invention are those containi reactive anlno groups, i.e., primry
and or s eBBISH o nRg RS SonoRep MApaieh PIaics STt A bt efigic

al i phatic or aromatic. Both saturated and unsaturated am nes are suitable.
The ami ne&caRpRiF)ide thsgming hstunatsef the Brecwyoramighhasespndensateand hydr ocar byl

am nes containing other groups, e.g., hydroxy groups and the |ike. Am nes
of this In addition to the general formula above, typically the reactions will contain more

complex reaction products and polymers due to competing and sequential reactions, and because
the Mannich base condensates can contain more than one amine moiety per alkyl substituent.
The Mannich base condensates may also contain amino moieties of varying reactivity. For
example, secondary amino groups in the Mannich base condensates would afford amide type
functionality in resulting products.

Another aspect of the present invention is directed toward the reaction of the polymeric
Mannich base additives of the invention (reaction products of Mannich base condensates and
poly(olefin-unsaturated acidic reagents) with amines, alcohols, and/or amino alcohols. Amine
compounds (including monoamines, polyamines, polyether amines, polyhydroxy amines, and
polyoxyalkylene polyamines) that are useful in forming the dispersants of this invention are
those containing reactive amino groups, i.€., primary and/or secondary amino groups. The
primary and secondary amines may be aliphatic or aromatic. Both saturated and unsaturated
amines are suitable. The amines include polyalkylene amines, hydrocarbyl amines, and

hydrocarbyl amines containing other groups, e.g., hydroxy groups and the like. Amines of this



16 type as well as polyols that can be used in formng ester-amde type

di spersants are extensively described in the patent literature, such as,
for exanple U S. Patents 4,234,435, 4,873,009 and 5, 137,980 the discl osures
of which are herein incorporated by reference. The polyamne is preferably
one or a mxture of polyam nes which has at | east one prinmary am no group
in the nol ecul e and which additionally contains at | east one other am no
nitrogen atomin the nolecule. One prefesred type of polyam ne is conprised
of al kyl ene pol yam nes such as those represented by the formula:
H2N(CH2) n[ NH (CH2) n] mNH2 wherein n is 2 to about 10, preferably 2 to 6,

oy ne9eh SRRl B P PRl B 8 SRR U v
[err]-am poet.hyl.-pi perazine, can,also be u ip.the, Loventi ot her

b ef or rectigiridn Bsrsark e SR e P Sl HsoPatir ot £ s 37 aeded
containin r 0.0 50 i gh er cent, acycligc al kyl ene_pol yam nes and 50
to 90 wei gﬁh%@r%@H{sclewﬁyﬁ“gm%ﬁee%%m&#%ﬁby r#f%mﬁa & ROVaRincs

mul ti branched pol yfunctjonal am nes known in the art, as dendriners or

ar bor ol s Breferaily goq refrixturgofnehamings XishdRs atrigst eReqisksY SRIRC ZFouprn s

i nclude the pol yam doam nes "Starburst dendrinmers” such as those described
in U S Paclksuleandgwhichedditiony comsaias atleast eneoitiss amino nigase aruinpthemolsede.
described by G R Newkone et al. in "Dendritic Ml ecules", VCH Publishers,
Inc., (1996). ©n¢ peaferass typeob pakpmingnis romipkigdd efuslkylenaupelemiaes suphyasafiosres
are also suitable for reaction with the Manni ch base condensates /

pol y( ol ef raprasersted by thedohmauda: di ¢ reagents) additives of this invention. These
pol yam ne conpounds contain at |east one nono- functional am no group such

as a tertiary or heterocyclic BgN@EdQu[dE(0Hp)adigNHhon to a prinmary or
secondary am no group. In general, such amnes include tris(2-am noethyl)

am ne, amiypealky lsSidRsbdtt bl R ekaBIyRNGl6l BRBm is 0 to 10, preferably 0 to 6, and mixtures
thereof. Cyclic polyamines such an aminoalkyl-piperazines, e.g. f-aminoethyl-piperazine, can
also be used in the invention. Another preferred type of polyamine is comprised of hydrocarbyl
polyamines containing from 10 to 50 weight percent acyclic alkylene polyamines and 50 to 90
weight percent cyclic alkylene polyamines.

The macromolecular multibranched polyfunctional amines known in the art as
dendrimers or arborols are also useful in this invention. The macromolecular amines include the
polyamidoamines “Starburst dendrimers” such as those described in U.S. Patent 4,694,064.
Additional macromolecular amine examples are described by G. R. Newkome ef al. in
“Dendritic Molecules”, VCH Publishers, Inc., (1996).

Primary or secondary aminoalkyl-substituted tertiary amines are also suitable for reaction
with the Mannich base condensates / poly(olefin-unsaturated acidic reagents) additives of this
invention. These polyamine compounds contain at least one mono- functional amino group such
as a tertiary or heterocyclic amino group in addition to a primary or secondary amino group. In

general, such amines include tris(2-aminoethyl) amine, aminoalkyl-substituted morpholines



17 (such as 4-(-3am nopropyl) norpholine), imdazoles (such as

1- (3-am nopropyl) imdazole), piperazines, pyridines, pyrroles, etc. In
princi ple, any polyam ne having at | east one primary am no group and at

| east one amino nitrogen atomin the nolecule can be used in formng the

di spersants of this invention. Commercial m xtures of am ne conpounds may
advant ageousl y be used. Low cost pol y(ethyl eneam ne) conpounds are

comerci ally avail abl e under trade names such as "Dow Pol yam ne E-100", Dow
Pol yani ne S-1107", "Pol yamine H', "Pol yamide 400", etc. Such pol yani nes may
be al koxyl ated e.g. by incorporatlon of 1 to 2 N—substituted C2 or C3

hydr oxyal kyl groups per nolecule, preferably [err]-hydroxyethyl groups.

Pol yoxyal Kstohras 4l apsinomery!)(thaphaimhpnédapeitetiel a5 Is(3pmhinemtopyipimidadode)s r ade
nane Jeffam ne) are also suitable for the dispersants of this invention.

O her pol yAperasses pyaidirea)pylrelesseeel i n maki ng the di spersants of the present

i nvention include, e.g. am noguanidine and/or a basic salt thereof, for
exanpl e am noguarpﬁdbigxe, &iyqalyamingd iervasy o R dnb @eimaty dhifio gidab and atlle98ne 45,

i ncorporated herein by reference. The Mannich base condensates /

pol y(ol ef 'di‘m%‘%ﬁ%dgé@&t%ﬁt iR tledhSlet PGB Yeihe PR fYAEIRE ﬁm%s%@@ézﬁ@@f thisQhvdrfibs.
invention may al so be reacted with aromatic am nes. Suitable non-limting

aromat [ ¢ At GhiilRs br 2k BOSANLR0GG B AR @5 Molfigy! phenyl ene

dlaﬁlnﬁ) am nopyri di nes, am nopytazi nes; pyrlnl nes
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acidic r ea;?o‘?pz}n%)nesorfna)t' Qé as.lk \{aterclité é’ r?)y inc Olrgorthon of 1 to 2 N-substituted C2 or C3

hydroxyalkyl groups per molecule, preferably p-hydroxyethy!l groups.

Polyoxyalkylene polyamines (for example materials supplied under the trade name
Jeffamine®) are also suitable for the dispersants of this invention.

Other polyamines that can be used in making the dispersants of the present invention
include, e.g. aminoguanidine and/or a basic salt thereof, for example aminoguanidine
bicarbonate as described in U.S. Patent 4,908,145, incorporated herein by reference.

The Mannich base condensates / poly(olefin-unsaturated acidic reagents) polymeric
dispersants of this invention may also be reacted with aromatic amines. Suitable non-limiting
aromatic amines include N-arylphenylene diamine (such as N-phenyl phenylene diamine),
aminopyridines, aminopyrazines, aminopyrimidines, and aminophenothiazines. Examples of
such aromatic amines are detailed in U. S. Patents 5,162,086 and 5,238,588, both of which are
incorporated herein by reference.

In addition to amines, monchydric or polyhydric alcohols are suitable for reaction with
the polymeric Mannich / poly(olefin-unsaturated acidic reagents) of this invention. Polyhydric

alcohols are the preferred hydroxy compounds.



al cohols are the preferred hydroxy conpounds. 18 Suitable polyols which
can be enpl oyed include aliphatic polyhydric al cohols containing up to
‘about 100 carbons atons and about 2 to 10 hydroxy groups. The pol yols can

. be substituted or unsubstituted, hindered or unhindered, branch or straight
chai-n, etc. as desired. Typical alcohols are alklylene glycols, and

pol yal kyl ene glycols in which the al kyl ene radi cal contains from2 to about
8 carbons. Included in the polyhydric al cohols are al kane pol yol s t hat
contain ether groups such as pol yet hyl enel8xi de repeating units, as well as
partially esterified polyols with nonocarboxylic acids. Exanples of such
partially esterified polyols are sorbitol nono- or di-ol eates, glycerol

monool eat e, a“%uﬁ%% PSel%SIQ Ly HNGn bRenPloyd@ IRAARARIHARE pdIPRy VRMHNIHBIsRBRRining

condensates / po I'n-unsaturated acidic reagents) additives of the
present inysnb LG 3 o HyBREY BHhuAL! AT B Situied
Exanpl es %%ﬂééﬁgéwg%hédéﬁmﬁﬁmgﬁﬁbég‘; Sﬁll tab eggoru%t h-péealggu)r, psose I nc u%i‘éé
et hanol anine; .di.e g nol am ne;.triethangl L0E bl e hyl) am no
net hane; n‘ﬁfﬁpﬂibﬁ{‘ﬁ’fgf %ﬁ%‘?‘ﬂ{’fl ytbindsredn r&f’%‘rﬁr%{e}};‘lgﬁﬁ@kr é_%((,.%(AemM.n%typ e
tris(hydroxypropyl)hexanet hyl ene diam ne; and the ljke. Mxtures of these
or ot m | arcbpRate SRSeDE Ebitgle e rols il s R Egls i Fhich M Ao R Ry
above suitable for reaction with the polymeric Mggnich base condensates /
pol y( ol ef i femAdaabuBcarbars. dneludebigdhs RIVRYGHF AlcoRrls HF alaREPolyQle Miat sontain

i nclude am nes, al cohols, and am no al cohols. The reaction between the
Manni ch bassher@nenpes sucitas olyeihylope oKxide rencatingHnits.26 avll 48 patially estgrifindgplyols
pol yneric dispersants and the prescribed am ne conpounds is conducted by
heat i ng anwish mosotambdxylic acids. ixamples®isuechqmrtielly pstedliadmelyodsre sprbiiok morty®ut
100 Cto 200.C, generally for about 1 to 10 hours. Reaction ratios of the
Manni ch badieolexexglysatiraordoopratey @ exfyitmital msabtioatielddecanoates.

The Mannich base condensates / poly(olefin-unsaturated acidic reagents) additives of the
present invention may likewise be further reacted with amino alcohols. Examples of hydroxy
containing amines suitable for this purpose included ethanol amine; diethanol amine; triethanol
amine; tristhydroxymethyl) amino methane; N,N-di-(hydroxyethyl)ethylenediamine; N,N,N’-
tris(hydroxypropyl)hexamethylene diamine; and the like. Mixtures of these or similar amines
can be employed.

The nucleophilic reactants described above suitable for reaction with the polymeric
Mannich base condensates / poly(olefin-unsaturated acidic reagents) additives of this invention
include amines, alcohols, and amino alcohols.

The reaction between the Mannich base condensates / poly(olefin-unsaturated acidic
reagents) polymeric dispersants and the prescribed amine compounds is conducted by heating an

oil solution containing 5 to 95 wt.% of the reactants to about 100 °C to 200 °C, generally for
about 1 to 10 hours. Reaction ratios of the Mannich base condensates / poly(olefin-unsaturated

acidic reagents) products to equivalents of amine or other nucleophilic reagents described herein

can vary considerably, generally from 0.01 to 1.0, preferably about 0.2 to 0.6, equivalents of



acidic reagents) products to equivalents of am ne or other nucleophilic
reagents described herein can vary considerably, generally fromO0.01 to
1.0, preferably about 0.2 to 0.6, equival ents of 19 pol yneric Manni ch
base / poly(ol efin-unsaturated acidic reagents) product per equival ent of
am ne or nucleophilic reagent. The reactions with the descri bed

nucl eophilic reagents may be conducted in the sane or separate reaction
vessel s as the Manni ch base condensates / pol y(ol efin-unsaturated acidic
reagents) adducts. Further aspects of thi % nvention reside in the
formation of post-treated derivatives and netal conpl exes. Suitable netal
conpl exes may be forned in accordance with wel| known techni ques_ of

enpl oyi ng pelywende Manniplebase /ipoly(glslejuasatyated agidisreagente) produst pesrequtvalsat off t he
pol ymeric dispersants of this invention. Post-treatnent conpositions of

t hi s i nvenirhine or nudlenpbilichreagent drhewerchions wighe the dgscrihed mliclsophidia magents mapibs
invention with one or nore post treating agents, preferably (a) one or nore
bor onat i ngcagactes in the efots adxkyarate beaction eessals {scthpManaich asocondensatesd or

nmet aboric acid), a boron oxide, a boron ester, or a boron salt (especially
an ammoni upslb@leirelnsatufitedtRiiOfeag@its) apdisphor yl ati ng agents, preferably an

i norgani ¢ acid of phosphorus (especially phosphorous acid), or an anhydride
thereof, or anyppdd héecbf GNRV&RNasideth tRToMRGioh bEp&treitsdaftivatives and

i norgani c sul furous acid); (c) one or nore acylating agents, preferably

mal ei ¢ anhyge) Q&npﬂ‘ewrsgﬁa%f lém‘riﬁl egill%%s%ydqe FBntHdah h&coRfaheb with WeBkn6wn

anhydri de, “succrnic aci yl succinic acid or anhydrides, adipic
0 o Syl Ao Sty 0 bbbl
oSt LT eat 80208 520t TSRty B BB SR BRI B e GR o
Patent >, 4?11%8? %ogrineid rﬁ? (r)eraggrrlga &g%isggrrsaegtsn otb t}{isrir?\]:e?ltrignn\%%l one or more po.st treating agents,
preferably (a) one or more boronating agents, preferably a boron acid (especially boric acid or
metaboric acid), a boron oxide, a boron ester, or a boron salt {especially an ammonium borate);
(b) one or more phosphorylating agents, preferably an inorganic acid of phosphorus (especially
phosphorous acid), or an anhydride thereof, or any partial or complete sulfur analog thereof
(such as inorganic sulfurous acid); (c) one or more acylating agents, preferably maleic anhydride,
fumaric acid, maleic acid, glutaric acid, glutaric anhydride, succinic acid, C,.3¢ alkyl succinic
acid or anhydrides, adipic acid, glycolic acid, etc.; and (d) mixtures of any two (a), (b), and (c),
or mixtures of all three of (a), (b), and (c).
Further exemplification of post treating agents and methods by which they can be
employed in effecting post-treatment to improve ashless dispersants are documented in U. S.
Patent 5,464,549, incorporated herein by reference.
Further embodiments of the present invention include additive concentrates and lubricant
or functional fluid compositions containing particular combinations of one or more lubricant

additive components with the polymeric dispersant additive of this invention. In formulating



Further enbodi nents of the present invention include additive concentrates
and lubricant or functional fluid conpositions containing particular

conbi nati ons of one or nore lubricant additive conponents with the

pol ymeric dispersant additive of this invention. In formnulating 20
finished lubricating oils or concentrates containing one or nore of the
ashl ess di spersants of the present invention, various other additives
conmponents can be utilized. These includggl ow base sul fonates, sulfurized
phenates and salicylates of lithium sodium potassium calcium and/or
magnesi um (note U. S. Patents 5,114,601 and 5, 205, 946); anti wear

and/ or-extrene pressure agents such as netal salts of dihydrocarbyl

di t hi opho$iplsbed ubrcitidg ofle ogconzénirmtes coppining aneloy bdenafithe ashless dispersants of the

di al kyl di t hi ophosphat es); oxidation inhibitors such as hindered phenolic
ant i oxi daptesentdmemtion, vadonsrothea atditixésdanpenensadafibe utitiredaiThesegnelndéd xw biast S,
and copper containing antioxidants; supplenentary di spersants such as
succi ni m delfetiatRedudfanied, phettres MidGalsilfés dhtitdemyicdnRes, poatsumaatiManaidadt base
di spersants; friction reducing agents and/or fuel econony inproving

addi ti ves niiabsi@d (S USS Pardid 901 £6012andFEIUSBAEY, afiivda® bnd/BNK@efRfesshidSt and
corrosion inhibitors; foaminhibitors; viscosity index inprovers; polyneric

di sper sant,quji$ GRRIak ¥elal 88% of B ANEEDYI cﬁggeéﬂhaéahxhpgcxﬁsg@t Sinc,Wfpd:ne |1 ke.

Such additrves can be enployed in the b oIl at t custohary use

concentr at| i€ . . . L | e art. .For,. addi tional
dorai s ooiRentill EloRaSiRihal e bRRaRo PG syt 4 Mt bl

Pat ents 4, 664,.822: 4,908, 145: 080..815.. and, 5.137,.98Q, .incqorporated herein
by 1 of or RBECXIAES athAE amiRiepBoRdRd SEi P e AP T i AR SR BT A o
in a wde varLgt _of Iubricagts and functional flyjds in effective amunts
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hydrocarbon oils of suitable lubricating viscosity derived from petrol eum
but al so caspersantpand Mannigh basesdispersantspiriction edueing yeestsend/as fueherosemy oi | |

etc., and
improving additives such as glycerol monooleate, pentaerythritol monooleate; rust and corrosion

inhibitors; foam inhibitors; viscosity index improvers; polymeric dispersant viscosity index
improvers; demulsifying agents; and the like. Such additives can be employed in the base oil at
their customary use concentrations, which are known to those skilled in the art. For additional
details concerning such additives one may refer to, for example, U. S. Patents 4,664,822:
4,908,145; 5,080,815; and 5,137,980, incorporated herein by reference.

The ashless dispersants of this invention can be incorporated in a wide variety of
lubricants and functional fluids in effective amounts to provide suitable active concentrations.
The base oils not only can be hydrocarbon oils of suitable lubricating viscosity derived from
petroleum, but also can be natural oils of suitable viscosity such as rapeseed oil, etc., and
synthetic oils such as hydrogenated polyolefin oils; poly-a-olefins (e.g. hydrogenated or
unhydrogenated ct-olefin oligomers such as hydrogenated poly-1-decene); alky! esters of
dicarboxylic acids; complex esters of dicarboxylic acids; alkyl esters of carbonic or phosphoric

acids, polysilicones; fluorohydrocarbon oils; and mixtures of mineral, natural, and/or synthetic



synthetic oils such as hydrogenated polyolefin oils; poly-a-olefins (e.qg.
hydr ogenat ed or unhydrogenated a-olefin oligoners such as hydrogenat ed
pol y-1-decene); al kyl esters of dicarboxylic acids; conplex esters of

di carboxylic acids; alkyl esters of carbonic or phosphoric acids,

pol ysi li cones; fluorohydrocarbon oils; and m xtures of mneral, natural,

and/ or synthetic 21 oils. The term"base oil" for this disclosure
includes all the foregoing. In nbst case the base oil is preferably a
petrol eum derived mneral oil of the typé% conventionally used in formng

passenger car or heavy duty diesel engine oils. The products of this

i nvention can thus be used in lubricating oil and functional fluid
conposi t i oils., Thaehm&basawntld faytthiv disclosurk ombusles albthie deregaing. dininggst gases e base
transm ssion fluids, gear oils, hydraulic oils, cutting oils, etc., in
whi ch t he ollds preférhblph pktudleim dedived mins:absil dfthe sypas cunmentmhalyy bsed Sty foringig c
oil, a natural oil such as a vegetable oil, or a mxture thereof. Certain
types of basengdrlcar drai¢alieduts idsdl Bngifd bitd. n conpositions for the specific
properties they possess such as bi odegradability, high tenperature

stability, non-ifhl3pambislof this in®ériion/cn Biub BE usediP RibHtdtRE il 288 FeictibiARhidf
base oils nmay be preferred for reasons of availability or cost. Thus, the

ase o I's may be | . of . st. Tl e
sl 1104 s anl kel iyl sl Aancises ik acsoe
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ashl ess disper'san nvention can bl ende nto o
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concentrate or "package" which is.then used inh fornulating the finished
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di luent with the bal ance being the active additive conponents, nanely, at
| east one tap@efgéngbw@y, bighitemperature stability, non-flammability, etc. In other compositions; other

types of base oils may be preferred for reasons of availability or cost. Thus, the skilled artisan
will recognize that while the various base oils discussed above may be used in compositions of
this invention, the respective base oils are not necessarily equivalents of each other in every
instance.

The ashless dispersants of this invention can be blended into oils of lubricating viscosity
separately and apart from other additive components. Preferably however, the dispersants are
formulated into an additive concentrate or “package” which is then used in formulating the
finished lubrication composition. The package will usually contain up to 50 wt.% diluent with
the balance being the active additive components, namely, at least one dispersant of this
invention and optionally, but preferably, one or more other additive components, such as thqse
referred to above and/or in various patents cited herein. From 5 to 60 wt.% of the concentrate
can be one or more dispersants of this invention. This invention also provides a composition that

consists of 1 to 99 wt.% of an active dispersant of this invention and from 99 to 1 wt.% of diluent



invention and optionally, but preferably, one or nore other additive
conponents, such as those referred to above and/or in various patents cited
herein. From5 to 60 w.% of the concentrate can be one or nore dispersants
of this invention. This invention also provides a conposition that consists
of I to 99 w.%of an active dispersant of this invention and from99 to 1
wt. % of dil uent 22 oil. Oher additives, including diluents that nay be
associated therewith, can be bl ended into such conpositions to form
additi ve packages of this invention. The22li spersants of this invention can
al so be used as additives in hydrocarbonaceous fuels such as gasoline,
diesel fuel, gas oils, jet oils, cycle oils, burner fuels, bunker fuels,

and the | bhe oud aldithes, nYGbing 2GRy Ve AMERRU tleiBhith LAl iR

products can be use etergents ping the intake systemc

reduci ng i nialke yalve (980SL iy PUIAGA R b sPer sant properties, they

al so have™an advantageous efTect "on 8ngl ne ricants that they nmay enter
during operati f _the, engi.ne 1O MSl ocar bon
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per mlliqn, based on.the wei.ght of. the fuel di [ t additi of
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exanpl es are representative preparations of the Ngnnich base condensat es
utilized iREOReHSS, theydlpr hays an FENKEEAYS FHFE OB IERFINGIIPTSANIhal fhey pay fofes duERg i n
t hese preparations may be prepared via estahlished procedures. The Mannich
base condepeetior ofthe erging- a‘g f@? forappsiipn comprising a hydrocarbon which boils in a gasoline

or diesel boiling range and from 20 to 5000 parts per million, based on the weight of the fuel, of

a dispersant additive of the invention is an embodiment of the present invention.

The following examples illustrate the practice and advantages achievable by the practice

of this invention. These examples are not intended to limit, do not limit, and should not be

construed as limiting the generic scope of this invention.
EXAMPLES
Preparation of Mannich Base Condensates

The following examples are representative preparations of the Mannich base condensates
utilized in this invention. The high molecular weight alkyl phenols used in these preparations
may be prepared via established procedures. The Mannich base condensates are characterized by
infrared spectroscopy absorbances at around 825 cm™, 880 cm™, 950 cm™', 1500 cm™, and 1600
cm’.

Example 1
A 4 liter flask equipped with overhead stirrer, nitrogen inlet and outlet, Dean Stark trap,

and thermometer was charged with 1200.0 grams of polybutene phenol (Mn 1743, 49.6 wt.%

active), 36.50 grams of hexamethylene diamine, and 19.33 grams of oleic acid. The mixture was



infrared spectroscopy absorbances at around 825 cni{err], 880 cnferr], 950
cnferr], 1500 cnferr], and 1600 cnferr]. Exanple 1 A 4 liter flask equi pped
with overhead stirrer, nitrogen inlet and outlet, Dean Stark trap, and

t hernoneter was charged with 1200.0 grans of pol ybutene phenol (M 1743,
49.6 w. % active), 36.50 grans of hexanethyl ene di am ne, and 19. 33 grans of
oleic acid. The m xture was 23 heated to 85 - 88 [err]C and stirred
under continuous nitrogen purge. A 37 wt.% aqueous sol ution of fornal dehyde
(36.04 grans) was added to the above mi ®Bure over about 15 minutes. After
an additional 15 mnutes, the reaction tenperature was then raised to 115
[err]C and a second portion of 37 wt.% aqueous formal dehyde (36. 00 grans)

was added heated 030188 °dand kRIS der ERinhSSUitdgdd phBBCAI 9, 3] b sWngioH §\% d at
renoved.

115 to 118 [err]C for an additional 3 hours whilé water was

| of 36 \Y/ ' ' I
total of FomGIRRPdB6.IR R ;{’)‘@% £0¢d 18 eleSBove rﬂpﬁiprér: gﬁj 8?6?9 ggﬁ%@%ﬁéﬁ‘g’? er5 were

renoved in vacuo to yie out 1269 grans o

liter fl asldigastl B &Iniest : fyfer it Ry 4 t, ~Dean
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grans of oleic acid. The m Xxture cand’s red

under - Conlrbdioh itk A9 BRI BUT 8% 113 Ftolha AARMACHRWAR e e Qs L JTRL dehyde

(6.10 grans) was added to the above m xture over about §9n1nu SRSt er ” an

ddi ti I ' ' t . ised.to 115
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was added (9yRiq A3AUT264 Brall BSuctThe resulting reaction mxture was held at
115 to 118 ?err]c for gﬁ 53@ tigﬁél 3 hours while water was renoved.

Example 2
A 0.5 liter flask equipped with overhead stirrer, nitrogen inlet and outlet, Dean Stark trap,
and thermometer was charged with 175 grams of polybutene phenol (Mn 1743, 49.6 wt.%
active), 4.72 grams of diethylenetriamine, and 2.81 grams of oleic acid. The mixture was heated
to 85 - 88 °C and stirred under continuous nitrogen purge. A 37 wt.% aqueous solution of
formaldehyde (6.10 grams) was added to the above mixture over about 15 minutes. After an
additional 15 minutes, the reaction temperature was then raised to 115 °C and a second portion of
37 wt.% aqueous formaldehyde (6.00 grams) was added over about 45 minutes. The resulting
reaction mixture was held at 115 to 118 °C for an additional 3 hours while water was removed.
Volatiles and residual water were removed in vacuo to yield about 183.1 grams of product.
Example 3
A 1 liter flask equipped as in Example 1 under a nitrogen atmosphere was charged with
175.0 grams of polypropylene phenol (Mn 1050, 83.6 wt.% active), 9.17 grams of
diethylenetriamine, 0.4 grams of oleic acid, and 50 ml of xylene. The resulting mixture was

heated to 80 °C and 13.31 g of formalin was added over about 30 minutes. This mixture was



Vol atiles and residual water were renoved in vacuo to yield about 183.1
grans of product. Exanple 3 A1 liter flask equi pped as in Exanple 1 under
a nitrogen atnosphere was charged with 175.0 granms of pol ypropyl ene phenol
(Mh 1050, 83.6 wm.%active), 9.17 grans of diethylenetriamne, 0.4 grans of
oleic acid, and 50 ml of xylene. The resulting m xture was "heated to 80
[err]C and 13.31 g of formalin was added over about 30 m nutes. This

m xture was 24 then heated to 165 [err]C for 3 hours with renoval of

wat er, followed by vacuum stripping for f&moval of residual water and
solvent. The m xture was filtered to afford 148.7 g of product. Preparation
of Manni ch Condensates / Poly (Q efin-Unsaturated Acidic Reagents) The

fol | owi ng exaRRiaSoBEF°0 PP ReER with irstoval eipadté] followedby tdaeudyemippiab fhrase
condensates /poly (ol efin-unsaturated acidic reagents) utilized in this

i nventi on. refldQalMEREYi Gl R@ECandRONERS The MmiNturd Nay fi(tere@td 4Tfoid 548,715 af pddagk] di ¢
reagents) are characterized by infrared spectroscopy absorbances at around

825 cnferr], 880 cnerr], 950 cnerr], 1500 cnferr], 1600 cnjerr], 1699
cnerr], and 1771 cnferr]. Exanple 4 A4 liter resin kettle equipped with

over head stir 'i’?é%arg{#&{ smanm@i, @onaaﬂa@w PQY (ORBH- ﬁd}@fmt&mm&%@) ged

with 1000.0 gra a pol ybut ene phenol /" hexanet hyl ene di am ne nni ch
it I s e
T O e s i, Moty 2115,
L e i,
Of 378 CSt 4 psorbances at around 825 cm™, 880 cm™, 950 em, 1500 cm™, 1600 cm“, 1699 cm™, and 1771
em™.
Example 4
A 4 liter resin kettle equipped with overhead stirrer, nitrogen inlet and outlet, and
thermometer was charged with 1000.0 grams of a polybutene phenol / hexamethylene diamine
Mannich product prepared as in Example 1, 150.2 grams of poly(maleic anhydride-alt-
octadecene) (Mn 30,000 to 50,000), and 349.6 grams of a diluent process oil. The reaction
temperature was raised over about 1 hour to 115 °C and then raised to 140 °C and held for 3
hours. Volatiles and residual water were removed in vacuo to yield about 1492.2 grams viscous
liquid product. The resulting product exhibited a 100 °C kinematic viscosity of 378 cSt.
Example 5
A 0.5 liter resin kettle equipped as in Example 4 was charged with 85.0 grams of a
polybutene phenol / diethylenetriamine Mannich product prepared as in Example 2, 4.25 grams
of poly(maleic anhydride-alt-octadecene) (Mn 30,000 to 50,000), and 30.30 grams of a diluent
process oil. The reaction temperature was raised over about 1 hour to 120 °C and held for 30

minutes. A second 4.25 gram portion of the poly(maleic anhydride-alt-octadecene) was then



Exanple 5 A 0.5 liter resin kettle equipped as in Exanple 4 was charged
with 85.0 grans of a pol ybutene phenol / diethyl enetriam ne Manni ch product
prepared as in Exanple 2, 4.25 grans of poly(maleic
anhydri de-al t-oct adecene) (M 30,000 to 50,000), and 30.30 granms of a

di l uent process oil. The reaction tenperature was raised over about 1 hour
to 120 [err]C and held for 30 mnutes. A second 4.25 gram portion of the
pol y(mal ei ¢ anhydri de-alt-octadecene) was then 25 added and the reaction

tenperature raised to and nmaintained at 2540 [err]C 3 hours. Volatiles and
resi dual water were renoved in vacuo to yield about 122.6 grans viscous
liquid product. Exanple 6 A 0.5 liter resin kettle equipped as in Exanple 4

s o har adadd 4o et iRl AARLMDRAMLRNSRIPINY i3 fliel (mgais”'dam ne

Manni ch product prepared as in Exanple grans of po

anhydri de- r@él&uap%@fi@&%rx‘@r)xo&emn A H 0 %%1‘3 a8t 499% ra%%%&:%%?lz

di l uent process ol he reaction tenperature S ralse p%%%ﬁt 1 hour
to 115 [err]C and then raised to 140 %g and held for 3 hours Vol ati | es
and residual water were renoved in vacuo 0 yield about 144.9 grans viscous
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150. 01 grggﬁ &g henol /[ hexanethyl ene di ami ne Manni ch product,
12. 94 gr arft™® bcgqef/ ?E;a tion temperature was raised over about 1 hour to 115 °C and then

raised to 140 °C and held for 3 hours. Volatiles and residual water were removed in vacuo to
yield about 144.9 grams viscous liquid product.
Example 7

A 0.5 liter flask equipped as in Example 4 was charged with 150.01 grams of a
polybutene phenol / hexamethylene diamine Mannich product. The Mannich product was
prepared as in Example 1 except utilizing the following: 400 grams polybutene phenol (Mn
1879, 50.76% active), 14.2 grams of hexamethylene diamine, 6.12 grams of oleic acid, and 22.92
grams of 37 wt.% aqueous formaldehyde. To the flask containing the 150.01 grams of
polybutene phenol / hexamethylene diamine Mannich product, 12.94 grams of poly(maleic
anhydride-alt-octadecene) (Mn 30,000 to 50,000), and 60.07 grams of a diluent process oil were
added. The react?on temperature was raised over about 1 hour to 120 °C and then raised to 140
°C and held for 3 hours. Volatiles and residual water were removed in vacuo to yield about

222.4 grams viscous liquid product. The resulting product exhibited a 100 °C kinematic

viscosity of 1574.5 cSt.



anhydri de-al t-oct adecene) (M 30,000 to 50,000), and 60.07 grans of a

di l uent process oil were added. The reaction tenperature was rai sed over
about 1 hour to 120 [err]C and then raised to 140 [err]C and held for 3
hours. Vol atiles and residual water were renoved in vacuo to yield about
222.4 grans viscous liquid product. The resulting product exhibited a 100
[err]C kinematic viscosity of 1574.5 cSt. 26 Exanmple 8 A 0.1 liter flask
equi pped as in Exanple 4 was charged with 40.77 grans of a pol ybutene
phenol / hexanet hyl ene di ami ne Mannich product prepared as in Exanple 1,
1.16 granms of poly(styrene-co-nmaleic acid) (in 2300), and 8.60 grans of a
di luent process oil. The reaction tenperature was raised over about 1 hour
to and nmaintained at 145 [err]C for aExaagpii8i onal 1.5 hours. Volatiles and
resi dual water were renoved in vacuo. The resulting product was filtered

t hrough a filteyoaiie: flaskedghippet alinBkandfle 8 wgs ettEgea fwithrd0d @ramsldfa pobdbuteht ng
product exhibited a 100 [err]C kinematic viscosity of 269 cSt. Table 1
exenpl i fi gseN@l hekisnediyhn® giaesnelN dnichi pagHuictyrreandli as ipECRRUY, ¢ . 1dqiand € in
Exanpl e 4. The follow ng abbreviations are used in this table: PBP/ HVDA
denot es  t hey1{(Eepinebo-Bialit did) PfnR000)PaHdeRED gadifyétla dateht peocasswilyheaBsctidham ne
prepared according to Exanple 1, g denotes grans, MAN Cl8 denotes

pol y( mal ei emperatied wikaaistd cveEARUETRAR }o and\nal@Binédat N} Cifn ek esditidnabI@t i ¢
viscosity at 100 [err]C, and cSt denotes centisokes. The cited nole % for
the MAN C fdurd. SVsi@diad dnd Qesidual WierWdr€ fenfdived sl Tk ealtifl pidtne wak GRerst i n
the starting PBP/ HVDA. Exanple 9 represents the starting PBP/HVDA. The
product s ofrdugh AR Said tPdTbrd botE4(ES g:ubﬁ Qfiptedict.yThe kdsultiag plodud bubitelh 190. %
active to match Exanples 11 and 12 for viscometric conparisons of these

products. °C kinematic viscosity of 269 cSt.

Table 1 exemplifies various analogues utilizing the basic procedure detailed in Example
4. The following abbreviations are used in this table: PBP/HMDA denotes the Mannich product
of polybutene phenol and hexamethylene diamine prepared according to Example 1, g denotes
grams, MAN/C18 denotes poly(maleic anhydride-alt-octadecene); KV 100 °C denotes kinematic
viscosity at 100 °C, and ¢St denotes centisokes. The cited mole % for the MAN/C18 is relative
to the moles of hexamethylene diamine present in the starting PBP/HMDA. Example 9
represents the starting PBP/HMDA. The products of Examples 9 and 10 were subsequently
diluted to about 40 wt.% active to match Examples 11 and 12 for viscometric comparisons of

these products.

Table 1
Mannich Condensates / Poly(Olefin-Unsaturated Acidic Reagents)
Example 4 Analogs
Example PBP/HMDA  MAN/C18 DILUENT MAN/CI18 KV 100 °C
# (8) (8) (8 Mole % (cSt)
9 50.0 0.00 0.00 0.0 170
10 50.0 2.45 0.00 0.5 326
11 50.0 4.90 22.60 1.0 433

12 50.0 7.47 25.44 1.5 471




Tabl e 1 Manni ch Condensates / Pol y(d efin-Unsaturated Acidic Reagents)
Exanpl e 4 Anal ogs Exanple PBP/HVDA  MAN C18 DI LUENT MAN C 18 KV

100 [err]C # (9) (9) (9) Mol e %

(cSt) 9 50. 0 0. 00 0. 00 0.0 170 10
50. 0 2. 45 0. 00 0.5 326 1 1 50. 0

4. 90 22. 60 1.0 433 12 50. 0 7.47

25. 44 1.5 471 27 Thdd, while the relatively |ow

viscosity / nol ecul ar weights of conventional nononeric Mannich base
condensates is dictated by the size of the hydroxy aromatic al kyl
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prepared accqrding to Exanple 4, and 71.86 grans of dil uent 0|I The
reaction FRBSHEERL was then heated to 119 [err]Cwith stirring and a

conti nuous nitrogen pukg 17.50 grans of tetraethyl ene pentam ne were
added porti onWeaetians of annich Condensates / Poly (Olefin-Unsaturated Acidic Reagents)
Products with Nucleophilic Agents

Example 13
A 2 liter resin kettle equipped with overhead stirrer, nitrogen inlet and outlet, Dean Stark
trap, and thermometer was charged with 700.0 grams of a polybutene phenol / hexamethylene
diamine / poly(maleic anhydride-alt-octadecene) additive prepared according to Example 4, and
71.86 grams of diluent oil. The reaction mixture was then heated to 119 °C with stirring and a
continuous nitrogen purge. 17.50 grams of tetraethylene pentamine were added portionwise to
the reaction mixture over about 5 minutes. The reaction temperature was then raised to 140 °C
and held for 3 hours. Volatiles and residual water were removed in vacuo to yield about 734.3
grams of product after filtration through filter aid. The resulting product exhibited a 100 °C
kinematic viscosity of 408 cSt.
Example 14
A 0.5 liter resin kettle equipped with overhead stirrer, nitrogen inlet and outlet, Dean
Stark trap, and thermometer was charged with 50.0 grams of a polybutene phenol /
hexamethylene diamine / poly(maleic anhydride-alt-octadecene) additive prepared according to
Example 4, 1.0 gram of partially propoxylated hexamethylene diamine (containing an average of

3 propoxyl groups), and 3.89 grams of diluent oil. The reaction mixture was then heated to and



the reaction m xture over about 5 mnutes. The reaction tenperature was
then raised to 140 [err]C and held for 3 hours. Volatiles and residual

wat er were renoved in vacuo to yield about 734.3 grans of product after
filtration through filter aid. The resulting product exhibited a 100 [err]C
ki nematic viscosity of 408 cSt. Exanple 14 A 0.5 liter resin kettle

equi pped with overhead stirrer, nitrogen inlet and outlet, Dean Stark trap,
and thernoneter was charged with 50.0 grggs of a pol ybutene phenol /
hexanet hyl ene di am ne / pol y(mal ei c anhydri de-alt-octadecene) additive
prepared according to Exanple 4, 1.0 gramof partially propoxyl ated
hexanmet hyl ene di am ne (containing an average of 3 propoxyl groups), and

3. 89 gr ansmaintaihddiae 140 W for 3 hbws.r ¥alatiles andiexit vl evated svetelremo veelah @dcdoao gietd

28 maintained at 140 [err]C for 3 hours. Volatiles and residual water were
renoved i nabdue 5494 gtamsiofpebdadiout 54. 4 grans of product. Exanple 15 A 2 liter
resin kettle equi pped with overhead stirrer, nitrogen inlet and outlet,
Dean Stark trap, and thernoneter was @xamgrRdsw th 800.8 grams of a

pol ybut ene phenol / hexanet hyl ene diamne / poly(maleic

anhydri de- al t - 0gtBGleCeRE ketBIui fpt8 vRIhRRBMESH Aieeh) nithodth inft EXPERICE Dban Aldier

heating to 120 [err]C with stirring and a continuous nitrogen purge, a

slurry of Znd AR R ARsRAYY AN vith 860 B ha1sRP 2 3b K bitbncbhefol 9 hetEn exérye' uent

b
oil was ad e% over a%out 5 mndtes. The react|o§ ?enperature was t

var o 1 eroval i b At Ui st Shleg RO ARD MmO

were renove out vi scous 1iqui t product.
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ki nemati Mo%ﬁ%éﬁng {nicaSrgéna(t"esxgl 62.6 grams of diluent oil was added over about 5 minutes. The
reaction temperature was then raised to 140 °C and held for 3 hours. Volatiles and residual water
were removed in vacuo to yield about 867.6 grams of viscous liquid product. This product was
then filtered through 15.0 grams of filter aid to afford 832.1 grams of product. The resulting
product exhibited a 100 °C kinematic viscosity of 504 cSt.

Example 16
A 0.5 liter resin kettle equipped with overhead stirrer, nitrogen inlet and outlet, Dean

Stark trap, and thermometer was charged with 108.75 grams of a polybutene phenol /
hexamethylene diamine / poly(maleic anhydride-alt-octadecene) additive prepared according to
Example 4, and 11.34 grams of diluent oil. The reaction mixture was then heated to 110 °C with
stirring and a continuous nitrogen purge. 1.10 grams of tris(aminoethyl)amine were added
portionwise to the reaction mixture over about 5 minutes. The reaction temperature was then
raised to 145 °C and held for 3 hours. Volatiles and residual water were refnoved in vacuo to
yield about 120.2 grams of product. The resulting product exhibited a 100 °C kinematic viscosity

of 1651 cSt.



Exanple 16 A 0.5 liter resin kettle equipped wth overhead stirrer,
nitrogen inlet and outlet, Dean Stark trap, and thernoneter was charged
with 108.75 grans of a pol ybutene phenol / hexanet hyl ene di am ne /

pol y(mal ei ¢ anhydri de-alt-octadecene) additive prepared according to
Exampl e 4, "and 11.34 grans of diluent oil. The reaction m xture was then
heated to 110 [err]Cwith stirring and a continuous nitrogen purge. 1.10
grans of tris(am noethyl)am ne were added portionwi se to the reaction

m xture over about 5 minutes. The reactiogytenperature was then raised to
145 [err]C and held for 3 hours. Volatiles and residual water were renoved
in vacuo to yield about 120.2 grans oExpnpldd@t. The resulting product
exhibited a 100 [err]C kinematic viscosity of 1651 cSt. 29 Exanple 17 A

0.25 liter flagko.2flitepfleck equippedwith beatlesltstifre€ hitroger RYER bitle€DARGLRLE | et ,
Dean Stark trap, and thernoneter was charged with 125.46 grans of a

pol ybut enerap)edahermoheien s bhydrgsaeviti BI5.48rhmPof ¥R &6 phenol / h
anhydri de-al t-oct adecene) additive prep‘gfged accoé I ng tg ':Eg(oainxgmithyﬁg

reaction Wiaxiibé LpolpEnadientyeAdE - btadekind) %H&ilii% #ﬁ‘.g edszwc&rdiirfkgi #mBle 4. The

continuous nitrogen purge. 2.94 grans of “di st N pheny
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about 5 m nutes. ¢ errpe_r ature was n i
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grams of %OB‘(SJ.' %P;ti?egeang ?eesﬂl?x.lal »éatgreégg?én?gw)eg Itjrzevacuo to yield about 119.6 grams of
product after filtration through a filter aid.
Example 18
A 0.25 liter flask equipped with overhead stirrer, nitrogen inlet and outlet, Dean Stark
trap, and thermometer was charged with 100.0 grams of a polybutene phenol / hexamethylene
diamine / poly(maleic anhydride-alt-octadecene) additive prepared according to Example 4, and
8.68g of diluent oil. The reaction mixture was then heated to 120 °C with stirring and a continuos
nitrogen purge. 1.70 grams of 1-(2-aminoethyl) piperazine were added portionwise to the
reaction mixture over about 5 minutes. The reaction temperature was then raised to 140 °C and
held for 3 hours. Volatiles and residual water were removed in vacuo to yield about 107.6 grams
of product. The resulting product exhibited a 100 °C kinematic viscosity of 998 c¢St.
Example 19
A 0.5 liter resin kettle equipped with overhead stirrer, nitrogen inlet and outlet, Dean
Stark trap, and thermometer was charged with 100.0 grams of a polybutene phenol /

hexamethylene diamine / poly(maleic anhydride-alr-octadecene) additive prepared according to

Example 4, and 11.29 grams of diluent oil. The reaction mixture was then heated to 120 °C with



diam ne / poly(ral eic anhydride-alt-octadecene) additive prepared accordi ng
to Exanple 4, and 8.68g of diluent oil. The reaction m xture was then
heated to 120 [err]Cwith stirring and a continuos nitrogen purge. 1.70
grans of 1-(2-am noethyl) piperazine were added portionwi se to the reaction
m xture over about 5 mnutes. The reaction tenperature was then raised to
140 [err]C and held for 3 hours. Volatiles and residual water were renoved
in vacuo to yield about 107.6 granms of product. The resulting product
exhibited a 100 [err] C ki nematic viscosity of 998 cSt. Exanple 19 A 0.5
liter resin kettle equi pped with overhead stirrer, nitrogen inlet and
outlet, Dean Stark trap, and thernoneter was charged with 100.0 granms of a
pol ybut enestipirgand a/comtinuanetitrygeapargti Scfilrgramns ofcl-(3(amihagirepyl)morpholine were
anhydri de-al t-oct adecene) additive prepared according to Exanple 4, and

11. 29 gr arslded todthé rtadtionamiktureldver atwacs miwmutes ihe reactimIethpeauitaedseklnt aisd®d C
wth 30 stirring and a continuous nitrogen purge. 3.00 grans of
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m nutes. The reaction tenperature was then raised to 140 [err]C and held

for 3 hours.l.9vgh@t bf R6dih dhe e&uliia prodatexhidieda [(OPOMEEEmMafic VREs:Ry 0B 358 e$td
about 111.9 grans of product. The resulting product exhibited a 100 [err]C

ki nematic viscosity of 358 cSt. ExaanngQeéoo.S liter resin kettle
equi pped with overhead stirrer, nitrogen inlet and outlet, Dean Stark trap,
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tenperatur Exatfibie Ii,%ﬁ 113b %%sto? afttht b THeFeaction mixture was then heated to 120 °C with

stirring and a continuous nitrogen purge. 2.50 grams of 1-(3-aminopropyl)imidazole were added
to the reaction mixture over about 5 minutes. The reaction temperature was then raised to 140 °C
and held for 3 hours. Volatiles and residual water were removed in vacuo to yield about 134.3
grams of product. The resulting product exhibited a 100 °C kinematic viscosity of 416 cSt.
Post-treatments
Example 21

A 2 liter resin kettle equipped with overhead stirrer, nitrogen inlet and outlet, Dean Stark
trap, and thermometer was charged with 850.0 grams of a polybutene phenol / hexamethylene
diamine / poly(maleic anhydride-alt-octadecene) additive prepared according to Example 4.
After heating to 155 °C with stirring and a continuous nitrogen purge, a slurry of 29.4 grams of
boric acid in 107.3 grams of diluent oil was added over about 5 minutes. The reaction
temperature was maintained at 155 — 158 °C for 3 hours with water removal (7.2 grams).

Volatiles and residual water were removed in vacuo to yield about 973.2 grams of product that



and held for 3 hours. Volatiles and residual water were renoved in vacuo to
yi el d about 134.3 grans of product. The resulting product exhibited a 100
[err]C kinematic viscosity of 416 cSt. Post-treatnments Exanple 21 A2 liter
resin kettle equi pped with overhead stirrer, nitrogen inlet and outlet,
Dean Stark trap, and thernoneter was charged with 850.0 grans of a

pol ybut ene phenol / hexanet hyl ene diam ne / poly(nmaleic
anhydri de-al t-oct adecene) additive prepgged according to Exanple 4. After
heating to 155 [err]Cwith stirring and continuous nitrogen purge, a
slurry of 29.4 grans of boric acid in 107.3 grans of diluent oil was added
over about 5 mnutes. The reaction tenperature was nmai ntai ned at 155 - 158
[err] C f oaff@dhabaus 9.1 gramsbéprodentopal filiratich tyrompis filter\dol. Ah¢ tesulting grodesti dual
wat er were renoved in vacuo to yield about 973.2 grans of product that

31 af f or dexdbitedta 190 2C kirgermatis vistosjty oflfB8tcSupon filtration through filter aid.
The resulting product exhibited a 100 [err]C ki nematic viscosity of 538
cSt. Exanple 22 A 2 liter resin kett|Bxa@girizgped with overhead stirrer
nitrogen inlet and outlet, Dean Stark trap, and thernoneter was charged

with 700.0 grapge ér 1@51@thﬂ@6¢§ d RHerhead @R AR g&em: gh PHULRE Dean Stark
pol y(rmal ei ¢ anhydri de-alt-octadecene) / am noguani di ne bi carbonate additive
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and a continuous nitrogen purge, a slurry of 9 grans of boricacid in
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t enper at ure was nalntalned at 155 - 158 [err] for 3 hours wth
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filtratiog sfu%cblfqg.@ 'g;l'agx?srof%bxqc acchﬁl 48%%9& diluent oil was added over about 5
minutes. The reaction temperature was maintained at 155 — 158 °C for 3 hours with water
removal. Volatiles and residual water were removed in vacuo to yield about 753.0 grams of
product that affords about 694.8 grams of product upon filtration through filter aid. The resulting
product exhibited a 100 °C kinematic viscosity of 405 cSt.

Example 23
A 2 liter resin kettle equipped with overhead stirrer, nitrogen inlet and outlet, Dean Stark

trap, and thermometer was charged with 891.9 grams of a polybutene phenol / hexamethylene
diamine / poly(maleic anhydride-alt-octadecene) / tetracthylene pentamine additive prepared
according to Example 13. After heating to 155 °C with stirring and a continuous nitrogen purge,
a slurry of 31.87 grams of boric acid in 143.51 grams of diluent oil was added over about 5
minutes. The reaction temperature was maintained at 155 — 158 °C for 3 hours with water
removal. Volatiles and residual water were removed in vacuo. Maleic anhydride (0.58 grams)
was then added to the resulting mixture and reacted for an additional 30 minutes. Volatiles and

residual maleic anhydride were removed in vacuo to yield about 1054.3 grams of product that



product exhibited a 100 [err]C kinematic viscosity of 405 cSt. Exanple 23 A
2 liter resin kettle equipped with overhead stirrer, nitrogen inlet and
outlet, Dean Stark trap, and thernoneter was charged with 891.9 grans of a
pol ybut ene phenol / hexanet hyl ene diamne / poly(maleic
anhydri de-al t-octadecene) / tetraethyl ene pentam ne additive prepared
according to Exanple 13. After heating to 155 [err]Cwith stirring and a
continuous nitrogen purge, a slurry of 31787 granms of boric acid in 143.51
grans of diluent oil was added over about 5 mnutes. The reaction
tenperature was nmai ntained at 155 - 158 [err]C for 3 hours with water

removal . Vaff@ts 9856 giachs o€ plodud ip¥RfiRiative theoupBTNEHd ] The/RGMRd pMHuE &khibi
anhydride (0.58 gramns) vvag thenpadded to thegﬂresul ting m'xturpe gﬁid&rhlebétgfied

for an addi { 9@ @kindHatil AsoSisy ofYBkaLL | €s and residual naleic anhydride were
removed in vacuo to yield about 1054.3 grans of product that 32 affords

984.6 granms of product upon filtrati o,/ @f%l.ﬁh filter aid. The isol ated
product exhibited a 100 [err] C kinematiC viscosity of 966 cSt. Exanple 24 A

0.5 liter resin tl e eguinped.w th .gverhead stirrer, nitrogen inlet and
out et Dean St PrESE AR BRPhe T NerRad g ienirie g oxeigPas of a
pol ybut ene, enol /, hexanet hyl eng di am n U{ oly(mal ei c
anhydr i de-%tg’?(-%a@t gbdet?xgzﬁgne;er vag ﬁgﬁﬁ‘?‘ﬁWﬁ '3$$PE§P§%P‘?{Eb‘§%iHhFQ@ /pr epar ed
according to Ex n@le 18. After heating to 155 [err]C with stirring and a
cont i nuoushW@y Ae pigpiire / palyémaleicyanbydrisle guy-qptadagene) / 1n@ramingethyf) pipetasing5s
granms of di]uent oil was added over about 5 minutes. The reaction
t enper at ur#lditivs preraradaicensding to Esmnple 1 8Afterhehting torl 53 ° G withstimingrandat er
renoval . Vol atiles and residual water were removed in vacuo to yield about
227. 9 gr arenghuqus ggragen purge, a slurry of 6.90 grams of boric acid in 14.55 grams of diluent oil was
added over about 5 minutes. The reaction temperature was maintained at 155 — 158 °C for 3
hours with water removal. Volatiles and residual water were removed in vacuo to yield about
227.9 grams of product.
Example 25
A 0.25 liter flask equipped with overhead stirrer, nitrogen inlet and outlet, Dean Stark
trap, and thermometer was charged with 210.45 grams of a polybutene phenol / hexamethylene
diamine / poly(maleic anhydride-alt-octadecene) / tetraethylene pentamine additive prepared
according to Example 13. After heating to 120 °C with stirring and a continuous nitrogen purge,
5.81 grams of a 70 wt.% aqueous solution of glycolic acid were added over about 45 minutes.

The reaction temperature was raised to and maintained at 140 °C for 3 hours with water removal.

Volatiles and residual water were removed in vacuo to yield about 127.77 grams of product.



Exanple 25 A 0.25 liter flask equi pped with overhead stirrer, nitrogen
inlet and outlet, Dean Stark trap, and thernoneter was charged wth 210. 45
grans of a pol ybutene phenol / hexanethyl ene diam ne / poly(naleic

anhydri de-al t-octadecene) / tetraethylene pentam ne additive prepared
according to Exanple 13. After heating to 120 [err]C with stirring and a
continuous nitrogen purge, 5.81 grans of a 70 wt. % aqueous sol ution of
glycolic acid were added over about 45 myRutes. The reaction tenperature
was raised to and maintai ned at 140 [er?}3 for 3 hours with water renoval.
Vol atiles and residual water were renoved in vacuo to yield about 127.77
grans of product. 33 PERFORVMANCE EVALUATI ONS Spot Di spersancy Test The
pol yner i ¢ BEBFORMANGE ENALUATIONS on have equival ent or i nproved

di spersancy performance in the Spot D spersancy Test as conpared to a
commer ci al Spdispensamicy Festsant (Hi TEC[err] 7049 di spersant available from
Et hyl Corporation of R chnond, Virginia) and a comercial succini m de-

di spersant ( Hi TE® pobyterigagditivesndithiainventipaitpymtaivaleaiar BnpipvedBispREsREY on of
Ri chnond, Virginia). The Spot D spersancy Test affords a neasure of an
addi ti ve' spafuirinpae it thedipepidispasancy Jess as ¢ampated tSp eemmersisb Manniely dippergant 5

di spersant candidate is m xed with an anmount of Sequence VE sludge oil and
i s | ncubat GHTEC®3089 fispariaht dvailatlé frhmhtkyl Coiporatios of Richgond, MirgiriaYada 10
drops) is dropped onto a standard white blotter paper producing a sl udge
oi | spot. Afhmercid sivoinimidetihpersina(HETEC® 686 Hispersehtaigdatimfiomtishyd [Qorpdratips ofr e
nmeasured. As dispersancy is the ability of an oil to keep sludge in
suspensi onRridhntine) Bigglh).| ThetSpet Sppérsdnicy Ten affordy a Testurd of anafldidet’ s dbilify tohe
difference in dianeters of the sludge and oil rings. The sludge ring being
nearly as Wsg@s@guddie Iite ShbiWispeiadnEE Test, al didpedirs pardidarcy middd withpdryimaprnt b
quotient of the sludge ring and the oil ring

Sequence VE sludge oil and is incubated at 300 OF for 16 hours. The resulting mixture (3 - 10
drops) is dropped onto a standard white blotter paper producing a sludge oil spot. After 24
hours, the diameter of the sludge and the oil rings are measured. As dispersancy is the ability of
an oil to keep sludge in suspension, dispersancy in the Spot Dispersancy Test is reflected by the
difference in diameters of the sludge and oil rings. The sludge ring being nearly as wide as the
oil ring reflects high dispersancy. Multiplying the quotient of the sludge ring and the oil ring
diameters by 100 produces a rating (SDT Rating). A high numerical rating is indicative of good
dispersancy. Table 1 depicts the Spot Dispersancy Test performance of several additives of the
present invention. Commercial dispersant 1 refers to the commercial HiTEC® 7049 Mannich
dispersant and Commercial dispersant 2 refers to the commercial HiTEC® 646 succinimide
dispersant.

Table 2: Spot Dispersancy Test Results

Sample SDT Rating
Commercial 1 69.7
Commercial 2 74.8
Example 1 65.0
Example 4 84.4

Example 8 68.0




di aneters by 100 produces a rating (SDT Rating). A high nunerical rating is
I ndi cative of good dispersancy. Table 1 depicts the Spot D spersancy Test
performance of several additives of the present invention. Comerci al

di spersant | refers to the commercial H TEC[err] 7049 Manni ch di spersant
and Comrerci al dispersant 2 refers to the commercial H TEC[err] 646

succi ni m de dispersant. Table 2: Spot Di gggrsancy Test Results Sanple

SDT Rating Commercial 1 69. 7 nrercial 2 74.8
Exanple 1 65. 0 Exanple 4 84. 4 Exanple 8
68. 0 34 Exanple 13 75.2 Exanple 14 69. 5
Exanpl e 15 71_&&&:?1_&17 76. 2 Exanple 18
89. 4 Exanple 19 Example {3 Exanpl e 22 75:2 76.6 Exanple 23
86.9 No Di spersant Example 84\/ scosity | A%€x | nprover Credit

Example 15 71.0

Example 17 76.2

Example 18 39.4

Example 19 92.1

Example 22 76.6

Example 23 86.9

No Dispersant 41.8

Viscosity Index Improver Credit

Additives of this invention, a commercial Mannich dispersant (HiTEC® 7049 dispersant),
and a commercial succinimide dispersant (HiTEC® 646 dispersant) were blended into a motor oil
formulation utilizing metal-containing sulfonates, zinc dithiophosphate wear inhibitors, sulfur
containing antioxidants, a pour point depressant, and a viscosity index improver. Additives of
the invention and the commercial Mannich dispersant were of nearly equal activities (around 40

wt.%), while the commercial succinimide dispersant was at a higher activity of 65 wt.%. The

additives of the present invention impart significantly higher 100 ©C viscosities to motor oil
formulations than the two commercial dispersants by virtue of the advantageous polymeric
nature of the additives of this invention. More importantly, the dispersants of this invention
impart 100 ©C viscosity lift to finished oils with no adverse effects on low temperature
viscometrics.

The additives of this invention also contribute viscosity index improver credit to finished
oils, reducing the amount of conventional viscosity index improver required to achieve a desired
viscosity target. Reducing the amount of viscosity index improver in a motor oil can thus offer
both cost and engine cleanliness advantages. Table 3 details viscosity index improving credit

advantages exhibited by several polymeric dispersants of this invention. For oils formulated as



Addi tives of this invention, a comrercial Mnnich dispersant (H TEC[ err]
7049 dispersant), and a comrerci al succinimde dispersant (H TECIerr] 646
di spersant) were blended into a notor oil fornulation utilizing

met al - contai ni ng sul fonates, zinc dithiophosphate wear inhibitors, sulfur
contai ni ng anti oxi dants, a pour point depressant, and a viscosity index

i nprover. Additives of the invention and the comrercial Mnnich di spersant
were of nearly equal activities (around 49swt.%, while the comercial
succi nim de di spersant was at a hi gher act|V|ty of 65 w.% The additives
of the present invention inpart significantly higher 100 [err]C viscosities
to motor oil formulations than the two commercial_ dispersants by virtue of
t he advant algeasiped pestvefewi-%é of shefanserciahdispemant | rdpmgperein) dispersguti tegwired\or e
inportantly, the dispersants of this invention inpart 100 [err]C viscosity
lift to fir8.@hel SiHIFEG SA7thascadieindex iafpreset, supphied by\Ethghiperperatien to meet a

vi sconetrics. The additives of this invention also contribute viscosity

i ndex i npr owigosity exget oft10.0f-itnil 8 hedntpstbles (¢S4 L@ thg othhehaadsbe polpmeiodigpansantsnal
viscosity index inprover required to achieve a desired viscosity target.
Reduci ng t heldaivesiof thofvetit®e osjuiry lowsl @moimtp (75125 iwt. %8 less) ob thisdame oasgosityu s

of fer both cost and engi ne cl eanli ness advantages. Table 3 details
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improver to meet or exceed the 100 ©C viscosity target.

While oils formulated with the commercial dispersants at indicated viscosity index
improver (VII) levels meet the 100 OC viscosity targets, these blends fail to meet the SW30 low

temperature ~25 OC cold crank simulator specification of less than 3500 centipoise (cP). By
contrast, the polymeric dispersants of this invention advantageously impart blending versatility
by addressing both the low and high temperature SW30 specifications.

Table 3: Viscometric Evaluations

Dispersant  VII VI 100 9C VISCOSITY 25 0C COLD
SAMPLE Wt.% Wt%  Type (cSt) CRANK (cP)
: (9.3 min) (3500 max)

Commercial 1 4.00 8.00 H-5770 10.52 3533
Commercial 2 4.00 8.00 H-5770 10.57 3920
Commercial 1 4.80 6.80 Shellvis 10.63 3560
Example 10 4.00 8.00 H-5770 11.28 3470
Example 11 4.00 8.00 H-5770 11.39 3360
Example 12 4.00 8.00 H-5770 11.10 3360
Example 13 4.00 6.75 H-5770 10.41 3080
Example 23 4.00 7.00 H-5770 10.51 3110
Example 16 4.80 5.10 Shellvis 10.66 3350

Example 18 4.00 6.27 H-5770 10.70 3260




by Shell Chem cal Conpany. The Commercial dispersant 1 required 6.8 w. % of
the viscosity index inprover to neet a simlar viscosity target. Again, the
pol ymeric dispersants additives of the invention required | ower anmounts
(12.5 to 22 wt. %l ess) of this same viscosity index inprover to neet or
exceed the 100 [err]C viscosity target. Wiile oils fornulated with the
commerci al di spersants at indicated V|sc8§|ty I ndex inprover (VII) levels
neet the 100 [err]C viscosity targets, these blends fail to neet the 5WB0

| ow tenperature -25 [err] C cold crank sinulator specification of |ess than
3500 centipoise (cP). By contrast, the polyneric dispersants of this

i nvent i on dukampteafeous! 4.00 npar 6.251 enHr3¥g0ver sat i 10.2ly by addr essi3zgobot h the
| ow and hi dixatmpheoddr at ur€8GWB0 $38ci fShedivisons. Tahl.$ 3: Vi sconet r33do

Eval uat i onExhppersant 4.0 | 7.0VI 1 H-57%00 [err] @24 SCOSI TY 3140 - 25

[ch{\l ]KC CS-Q ) 480 W . %527 2o Mleuv@sCO Typejo.44 . 0(() CSt3s50 8 00
C m"rerc .
H-5770( ) # %54;22 480 g@%‘sw.... ool 52 2 200 3380 g oo
H 5770 10. 57 3920 Commercial 1 4. 80 6. 80
Shel | vi s 1Q. 63 3560 Exanpl e 10 4.00 8. 00
H 5770 S°°‘Th“g‘f“?§'res”’"f°rmance 3470 Exanple 11 4.00 8. 00
H 5770 3360 Exanple 12 4. 00 8. 00
H 5770 Tllelablléy of the dispersants of thereseptigygstian togdisperse saot@od soot indyicgds
H 5770 . 10.41 . 3080 Exanple 23 4.00 7.00
H 5770 oil thickenigg gvps measured in a soot thigkeningbenehyes. Irsthis test, the gigpersant inm ffly
Shel | vi s 10. 66 3350 Exanpl e 18 4.00 6. 27

H 5770 formulategdubpipant composition is sheag@dg the presence of carbon black, a soot mimic. A
mixture of 95.5 wt.% of a lubricating composition and 4.5 wt.% of Vulcan 9A32 carbon black is
sheared with a mechanical homogenizer. The lubricating composition contains the test
dispersant at 6.5 wt.% on an as is basis, as well as metal-containing sulfonates, zinc
dithiophosphate wear inhibitors, sulfur containing antioxidants, a pour point depressant, and a
viscosity index improver supplied by Ethyl Corporation (HiTEC® 5772 VII). The mixture of the
lubricating composition with the test dispersant and the carbon black is mixed for 3 minutes with

a Biospecs Products BioHomogenizer (Model M133/1281-0) and then heated in a Bransonic

Ultrasonic (Model 5200) for 1 hour at 60 ©C. The resulting mixture is then allowed to stand at

room temperature for 16 hours. The viscosity of the sooted mixture and its fresh oil analog is

then measured at 100 ©C using a capillary viscometer. The percent viscosity increase is
calculated by comparing the viscosity of the fresh oil and its counterpart treated with carbon
black. Lower percent viscosity increases are indicative of better soot dispersancy.

Soot Thickening Test results for polymeric dispersants of Examples 15 and 23 are set

forth in Table 4. The dispersants of this invention exhibit excellent soot dispersancy in the Soot

Thickening Test.



36 Exanpl e 20 4.00 6.27 H5770 10. 21

3250 Exanple 21 4. 80 6. 30 Shel l vi s 10. 55
3340 Exanple 22 4. 00 7.0 H 5770 10. 23
3140 Exanple 22 4. 80 6. 27 Shel I vi s 10. 44
3350 Exanple 24 4. 80 6. 27 Shel I vi s 10. 89

3380 Soot Thi ckening Test Performance Ihe ability of the dispersants of the
present invention to disperse soot and soot induced oil thickening was
measured in a soot thickening bench test. In this test, the dispersant in a

fully for t ed | uhri.cant n |s sheared in the presence of carbon
bl ack, nt"ﬂ’t % &tbf‘)ic‘fﬁ fg‘?g? %.0

ﬁ alu conposition
and 4.5 mﬂ % of Vul can 9A32 carb black F@ﬂb Bar ed E QF hani ca
honogeni zer. The | ubr |Séétfﬁ’[rfg npolstot | gV d0MPGHSSE) t h&d £ ddscosifsper sant  at
6.5 wt.%on an as iS¢ Hﬁ\P{eRmal‘P we3|57 as— et gh {5 ontal m ng3gyl fomat es,  zinc
di t hi ophosphat e wear %ﬁ%i rs, §§gfur copgahning antigxisdants, a pour
poi nt depressant, an£ |Ils§505| ty %]Index i rrﬁgger suppl i eg by Et hyI

Cor poration (H TEC & xture he |l ubrica ?nn conposition

with the test dispersant and the carbon black is mixed for 3 minutes with a
Bi ospecs Products Bi oHonogeni zer (Mdel ML33/1281-0) and then heated in a
Br ansoni ¢ SdquereeoViE Engiedicdst Baf@mdmee 1 hour at 60 [err]C. The resulting

m xture is then allowed to stand at roomtenperature for 16 hours. The
viscosity of thepsignieficldidpetidnt of thisdnvensiod pepiredsd indramplg 22 svdsibbsnded s ed
at 100 [err]C using a capillary viscometer. The percent viscosity increase

i s cal cul ahe@dr bY fGRRREbL NGl HREmEiabeattAihng ShlfdraRs fAiRdithRiphospRste ifeSr inhibitors,
counterpart treated with carbon black. Lower percent viscosity increases

are i ndi cajitiPodhaiRil bitfoxiaAk, SR oG essBA0a TRCHEN!iRthx TRBtovePaYbliSy f o7

pol ymeri ¢ di spersants of Exanples 15 and 23 are set forth in Table The

g s ferTﬁ?Qi ngineuté}{eﬁnéa@t%&&,w(s%m@ 005X ¢l Jeemﬁngﬁ%ulqﬁo%pﬁd%ﬁ%mog&st he

formulation containing Commercial dispersant 1 defined above were evaluated in the Sequence
VE engine test (ASTM Test Method D5302) which measures dispersancy and wear protection in
simulated severe field service characterized by "stop and go" city driving and moderate
motorway operation. The "VE" measures dispersancy by rating average engine sludge (AES)
and Rocker Cover Sludge (RCS) on a scale of 1 to 10, 10 being the best. The “VE also measures
wear protection by quantifying average cam wear (ACW), and maximum cam shaft wear
(MCW). The level of zinc dithiophosphate antiwear agents in these particular formulations was
targeted to deliver about 725 parts per million (ppm) of phosphorus. Such a phosphorus level
provides a severe Sequence VE engine test assessment. The comparative VE engine test results

are given in Table 5.



37 Tabl e 4: Soot Thickening Test Results VII Fresh O Soot

Thi ckeni ng SAMPLE W.% KV 100 [err]C (cSt) % [err] Viscosity
Commercial 1 3.57 15. 15 36. 4 Exanpl e 23 3.21
16. 52 35. 3 Exanple 15 3.21 15. 48 5.2

Sequence VE Engi ne Test Performance A polyneric dispersant of this

i nvention prepared as in Exanple 22 was_blended into a notor oil

formul ation utilizing nmetal -contai ni ng s8l fonates, zinc dithi ophosphat e
wear inhibitors, sulfur containing antioxidants, a pour point depressant,
and a viscosity index inprover supplied by Shel I Chem cal Conpany

(Shel | vi sTgt1e k- @aq.)encllv@ E®fibd TestReb€lts1ul ati on and an anal ogous formnul ation
cont ai ni ng Commerci al dispersant 1 defined above were evaluated in the

Sequence VE engi ne t esghofdhahM Tenlitrdd@dhhod D5302) whi ch neasures di spersancy
and wear pr ot ectl on in syl at ed spvere figkd sempdse g@waqﬁnged by

"stop and VT HE @ DURHat € D8 G WaY [OgEET © s
nmeasur es ncy by ing ave e eng sl udge (%E ) a ocker Cover
Sl udge (R%E ioﬁg1 scal e Z?él toLJth;QgO beg%&gt he>ble§t <]’ * ?I SO

measur es —we3 AGA—and maxi num

cam shaft wear (I\/CV\) The IeveI of zinc d|th| ophosphate anti wear agents in

t hese particul ar formJIalo s targeted to deliver about 725 parts per
17 on (ppr 8 cahssgrbiren testkahense Wfﬁ%%ﬁﬁéwﬁ‘é‘% Soinecomregiion of

Sequence eng i ne. test assessrrent g npar ati VE \VE %ﬂgl ne test results
are given erprepaqu 1gvegtion comprising the polymenc ispersant provided much better sludge and wear

protection for the low phosphorus antiwear containing formulations.

Fluoroelastomer Seals Performance

Compounds of the present invention proved less aggressive to fluoroelastomer

seals, as demonstrated in the Volkswagen P. VW-3344 Seal Test. The products of the invention
were blended into a standard SAE 10W40 engine oils. The lubricants were then subjected to the
Volkswagen P. VW 3344 Seal Test. As depicted in Table 6, the products of this invention afford
improved tensile strengths and percent elongations prior to breaking versus the commercial
dispersant.

Table 6: Fluoroelastomer Test Results

Sample Tensile Strength (Mpa)  Elongation % Cracks
Commercial 2 5.4 109 Yes
Example 21 10.4 185 No
Example 22 8.6 159 No
Example 15 8.5 174 Yes
Limits >8.0 2160 No

Thus, the dispersants of this invention afford improved fluoroelastomer compatibility.
This invention is susceptible to considerable variation in its practice. Accordingly, this

invention is not intended to be limited by the specific exemplifications set forth herein above.



38 Tabl e 5: Sequence VE Engi ne Test Results Phosphorus Ni trogen W. %

W . % AES RCS ACW MCW Commrercial 1 740 782
3.04 1.99 225 324 Exanple 15 700 568 8.55
7. 37 73.2 113.2 Limts: > 9.0 > 7.0 < 127 < 380 As can be

seen fromthe Sequence VE engine test results, the lubricating conposition
of the present invention conprising the pplyneric di spersant provided nuch
better sludge and wear protection for the | ow phosphorus antiwear

contai ning formul ati ons. Fluoroel astomer Seal s Performance Conpounds of the
present ipventiaon proved |ess aggressive to fluoroel astomer seals, as
denonst r af@ler s peninnis ingeed ‘% en\aypes3hesubjegt mytges withirhige gpistiant scopé of the
invention were bl ended into a standard SAE 10WM0 engine oils. The

| ubri cant aPreeded elpims and Blemermaigsible eqwizalents Hewafien P. VW 3344 Seal Test. As
depicted in Table 6, the products of this invention afford inproved tensile
strengt hs and percent elongations prior to breaking versus the comrerci al

di spersant. Table 6: Fluoroel astomer Test Results Sanple Tensil e
Strength (Mpa) Elongation % Cracks Conmercial 2 5.4

1 Yes Example 21 10. 4 185 No
Exanpl e 22 8.6 159 No Exanple 15

8.5 174 Yes Limts > 8.0 >
160 No Thus, the dispersants of this invention afford inproved

fl uoroel astonmer conpatibility.



This invention is susceptible to considerable variation in its practice.
Accor di nfﬁﬁ this invention is not intended to be limted by the specific

exenpl i 13 Ilﬂﬂmuﬂﬂm llﬂllt h herein above. 39 Rather, this invention is
i nt ende 0 subj ect matter within the spirit and scope of the

‘appended cl &ing ahd thé per m ssi bl e equi val ents thereof. 40 What is
clainmed is: 1. An ashl ess di spersant conprising the reaction products of
the follow ng reactants: 1) at | east ame Manni ch base condensati on
product of a hydrocarbyl hydroxy aromati c conpound with an al dehyde and an
amne, with 2) at | east one poly([err]-olefin-unsaturated acidic

reagent), d.3),. aqptionally the reaction products of reactants 1) and 2)
above V\Ath&g‘ﬁ‘i‘ﬁégfmegl‘gohol s, amino al cohols, or mxtures thereof, and 4)

optionally the post-treatnent of apove reactio roduc with at | east one
menber sel bct ed™ POt ﬁ@%&ﬁ?“&?&ﬁ’é‘ﬂé‘ﬂq TRRFUSR p@gb‘gi?fgﬂ%ioﬁf’mﬂgdﬁ?‘ﬁt@ts'
phosphorus conpounds or any{vf)ar_tial or total sulfur aﬂgjgo s, t hereof,
boronat i ng agents arfiileasppéManpich jassicgndensation preduct 9Ef USRIV her sant

according to claim Ihty}ﬂ‘l‘ﬁ?@io%aﬁb@orﬁﬁétﬂxdﬁﬁhﬂan(aﬁ&ﬁ{de'aﬁ&Qxiﬁrﬂmé,w urated acidic
I n

reagent) is an a-ole mal ei ¢ anhydri de copol yner. 3. The ashl ess

di spersant of cai matleattone polytoheleSaiudsapiratyd gdidie repgemtleidh- unsat ur at ed
acidic 3) optionally the reaction products of reactants 1) and 2) above with amines,

alcohols, amino alcohols, or mixtures thereof, and

4) optionally the post-treatment of above reaction products with at least one member
selected from the group consisting of organic or inorganic phosphorus compounds
or any partial or total sulfur analogs thereof, boronating agents and acylating
agents.

2. The ashless dispersant according to claim 1 wherein the said poly (a-olefin-unsaturated

acidic reagent) is an a.-olefin / maleic anhydride copolymer.

3. The ashless dispersant of claim 1 wherein the said poly (a-olefin-unsaturated acidic
reagent) is an a-olefin / maleic anhydride copolymer derived from an a-olefin containing

from 2 to 36 carbons.

4. The ashless dispersant of claim 1 wherein the said poly (c-olefin-unsaturated acidic

reagent) is a poly (octadecene / maleic anhydride) copolymer.

5. The ashless dispersant of claim 1 wherein the said poly («-olefin-unsaturated acidic

reagent) is a poly (styrene / maleic anhydride) copolymer.



reagent) is an a-olefin / maleic anhydri de copol yner derived from an
[err] - ol,abe ini from2 to 36 carbons. 4. The ashl ess di spersant
of cl aﬂr}ﬂ"’%iﬂlﬂmﬂﬂ Fai d poly ([err]-olefin-unsaturated acidic reagent)
is a poly (c mal ei ¢ anhydri de) copol yner. 5. The ashl ess
di spersant of claim|l wherein the said poly ([err]-ol efin-unsaturated
acidic reagent) is a poly (styrene / nal eki anhydri de) copol yner. 41 6.
The ashl ess di spersant of claim 1l wherein“said poly (a-ol efin-unsaturated
acidic reagent) has a nol ecul ar wei ght (M) of from about 10,000 to about
70, 000. 7. The ashl ess dispersant of claim1l wherein said Manni ch base
condensat &-pr odistasllessdispersant of cloim arwherdiy $aidpdiyp (a-vlefinanaranied pcidicreagant)
conpound, wherein the al kyl substituent has a nol ecul ar weight (M) of from
about 400 to almast nidkcROweiht (Mn)ldfdronsiboas 50,000apabEam0,006. cl ai m 7 wherein
sai d Manni ch base condensate product is derived froman al kyl substituted
phenol , wherein the al kyl substituent has a nol ecul ar wei ght (M) of from
about 400 to about 20, 000. 9. The ashl ess di spersant of claim8 wherein
said Mannith b ' i f :

£h bagg cRadenpalkmtREedisl v&h%_regl?%fcl)(?/ 18%.&.\1115}9535 g@@gx% é@@]‘% Is o ght

substituted phenol conpound, whereln sal [ ene

(Mn) of froma di.sper t of

clai m1 wherei Eggg?ﬁﬁ%g%ﬁf%ﬁpﬂfgg@tgg% %Ir?%g?r 8m6§€§°lﬁo%§%’gh§rr?"\}§1§ @?ygm an

al kyl substituted hydroxy aromatic. nd. and a al kyl pol yam ne
cont ai ni ng 2 tdc“lel St@%ﬁ“ﬁ@“&%ﬂﬁg}%&m%@@x?&m‘lit.’out R&Lé %Q%I?@B@Odi sper sant

of claim 10 wherein said Manni ch base condensate product is derived from an
al kyl substituted hydroxy aromatic conpound and 1, 2-al kyl enedi am ne.

8. The ashless dispersant of claim 7 wherein said Mannich base condensate product is
derived from an alkyl substituted phenol, wherein the alkyl substituent has a molecular

weight (Mn) of from about 400 to about 20,000.

9. The ashless dispersant of claim 8 wherein said Mannich base condensate product is
derived from a polybutene substituted phenol compound, wherein said polybutene has a

molecular weight (Mn) of from about 400 to about 20,000.

10.  The ashless dispersant of claim 1 wherein said Mannich base condensate product is
derived from an alkyl substituted hydroxy aromatic compound and a polyalkylene

polyamine containing 2 to 4 amino groups per molecule.

11.  The ashless dispersant of claim 10 wherein said Mannich base condensate product is

derived from an alky! substituted hydroxy aromatic compound and 1,2-alkylenediamine.



42 12. The ashl ess dispersant of claim 11 wherein said Mannich base

condensa i ived froman al kyl substituted hydroxy aromatic
conpoundlalmmggﬁlﬁ“glqg \e di am ne. 13. The ashl ess di spersant of claiml
wherein c nts 1)» 1s a Manni ch base condensate product derived from
an al kyl substituted hydroxy aromatic conmpound, wherei'n said al kyl
substituent has a nol ecul ar weight (M) @b from about 400 to about 20, 000,
and hexanet hyl ene di am ne and reactant 2) is a poly (octadecene / maleic
anhydride). 14. The ashl ess dispersant of claiml wherein the said

react ant éé is a Mannich base condensate product derived froman al kyl
subst i t ut dd- hy drhseshless dispersant of gt h i Whirsay id.Mannich bask gondspiia PIPERAES has a
mol ecul ar wei ght (M1) of from about 400 to about 20,000, and hexanet hyl ene
di ami ne and r ealstived from ah slkyl gubstjtuted thydroxi afomatie eqrapaund paq hexamethyiene ~ An
oi | soluble dispersant additive useful in ol eagi nous conpositions

conpri sing the damigdect (s) prepared by contacting the ashl ess dispersant of
claim13 with at |east one nucl eophilic reagent selected fromthe group
consi sting of am nes, alcohols, amno al cohols, and m xtures thereof under
conditions effective to form adducts. 16. An oil sol uble dispersant

addi tive ugef ulTHensRbRRpBRMS of CRRAYIVWHRHS s PRk 1) 6 4 ManiIEI0BAse cbfidensate
prepared by contacting the ashless dispersant of claim 14 with at | east one
43 product derived from an alkyl substituted hydroxy aromatic compound, wherein said

alkyl substituent has a molecular weight (Mn) of from about 400 to about 20,000, and

hexamethylene diamine and reactant 2) is a poly (octadecene / maleic anhydride).

14.  The ashless dispersant of claim 1 wherein the said reactant 1) is a Mannich base
condensate product derived from an alky! substituted hydroxy aromatic compound,
wherein said alky! substituent has a molecular weight (Mn) of from about 400 to about

20,000, and hexamethylene diamine and reactant 2) is a poly (styrene / maleic

anhydride).

15. An oil soluble dispersant additive useful in oleaginous compositions comprising the
product(s) prepared by contacting the ashless dispersant of claim 13 with at least one
nucleophilic reagent selected from the group consisting of amines, alcohols, amino

alcohols, and mixtures thereof under conditions effective to form adducts.

16. An oil soluble dispersant additive useful in oleaginous compositions comprising the

product(s) prepared by contacting the ashless dispersant of claim 14 with at least one



nucl eophilic reagent selected fromthe group consisting of am nes,

al cohol | s, and m xtures thereof under conditions effective
to fm*ﬂ“ﬁﬂﬂﬁ“lﬂ“ﬂf”ﬂ‘hm di spersant additive of claim15 wherein the
nucl eophti l i‘’c tealyent i*s a pol yal kyl ene pol yanine containing 3 to 6 amino

groups per nolecule. 18.° The dispersant additive of claim17 wherein the
nucl eophil i c reagent conprises tetraet hyllﬁye pent am ne. 19. The
di spersant additive of claim 15 wherein the nucl eophilic reagent is an

N-substituted pol y(hydroxyal kyl) amne or a m xture of a polyam ne and a
pol yol . 20. The di spersant additive of claim15 wherein the nucleophilic
reagent is a b&ufleophiliqreggentselasted fiom We geoupzensisting|of agingpaleohals, amigpt i ve of
claim15 wherein the nucleophilic reagent is a primry or secondary

am noal kyl - subgicohels.agd maxtures therentiupder chzditionstﬂgctmespéqrsmiduqmi tive of
claim 21 wherein the primary or secondary am noal kyl - substituted tertiary
amne is 1-(3-am nopropyl)i m dazole. 23. The di spersant additive of claim
21 wherein the primary or secondary am noal kyl - substituted tertiary am ne
i's 4-(3- am7nopmhp ispersdnd hdditivecof claimdi4 wWhbrein thEhh@cldoshils 2agent Rddidlyale/iale
claim 15 wherein the nucleophilic reagent is tris(2- am noethyl)am ne. 25.

An oi | sol ubl e pgiyam@fesdntainfthd to 6/Anine FRIupS pékdndlb&iPr oduct (s) prepared by
contacting the ashl ess dispersant of claim13 with one or nore

post-treating agents selected fromthe group consisting of inorganic or
or gani ¢ phosphorus conpounds, or any partial or conplete sul fur anal ogs

thereof, RBgronggp AEp QY& L& diti Gk AW I%t\bmeiﬂ%rﬁlts,leopmnc reagent comprises

tetraethylene pentamine.

19.  The dispersant additive of claim 15 wherein the nucleophilic reagent is an N-substituted

poly(hydroxyalkyl) amine or a mixture of a polyamine and a polyol.

20.  The dispersant additive of claim 15 wherein the nucleophilic reagent is a basic salt of

aminoguanidine.

21. The dispersant additive of claim 15 wherein the nucleophilic reagent is a primary or

secondary aminoalkyl-substituted tertiary amine.

22. The dispersant additive of claim 21 wherein the primary or secondary aminoalkyl-

substituted tertiary amine is 1-(3-aminopropyl)imidazole.

23. The dispersant additive of claim 21 wherein the primary or secondary aminoalkyl-

substituted tertiary amine is 4-(3-aminopropyl)morpholine.



26. The dispersant additive of claim25 wherein the post-treating agent
is an inorgani c phosphorus acid or anhydride, an inorganic sul furous acid,
bori Jﬂf"ﬁul”juntﬂl ? ated di carboxylic acid or precursor thereof, or a

m xt urk A . ﬂﬁ "[ An oil soluble dispersant additive conprising the
product (s) prepared by contacting the ashless dispersant of claim14 with
one or nore post-treating agents selected fromthe group consisting of

i norgani ¢ or organi c phosphorus conpounds, or any partial or conplete

sul fur anal ogs thereof, boronating agents, and acyl ating agents. 28. The
di spersant additive of claim 17 whi ch ha%%been contacted with one or nore
post- treating agents selected fromthe group consisting of inorganic or
or gani ¢ phosphorus conpounds, or any partial or conplete sul fur anal ogs
ther eof , bgr ona, AR ARNb iR Y BEK 18N HAEIRBR MuSleophilichRagett is tris{ e

di spersant additive of claim28 wherein the post-treating agent is an

i norgani c phosggﬁ#ggwggagmor anhydri de, an inorganic sul furous acid, boric
acid, an unsaturate I carboxylic acid or precursor thereof, or a mxture
t hereof . 30. The di spersant addit.ive of claim19 which has been contacted
with one or nore post- treating agents selected fromthe group consisting
of inorganic or, organi )hosphor us. conpounds,, or any partigl or conplete
sul fur an&Pogs At“kaE@i}'fbffe ‘E‘B‘?eé%ﬁ’c ?ﬁ&‘vﬁé’gﬁ’i’gf‘m%m pé‘l‘ﬁ‘l: i)ipﬁﬁ’aﬁaﬁt@PmS@g the
The di spersant additive of clajm 20 which has been contacted with one or
nore post- treasiesy disgerman of elpise 1 b with oaePt Meregegdiratingagesisisalgeted Siopothgani ¢
or organi c phosphorus conpounds, or any partial or conplete sul fur anal ogs
t her eof , bor ongrdupgonsigingf inonghniccar|caganinphesgherus. compounds, or any partial or

complete sulfur analogs thereof, boronating agents, and acylating agents.

26.  The dispersant additive of claim 25 wherein the post-treating agent is an inorganic
phosphorus acid or anhydride, an inorganic sulfurous acid, boric acid, an unsaturated

dicarboxylic acid or precursor thereof, or a mixture thereof.

27. An oil soluble dispersant additive comprising the product(s) prepared by contacting the
ashless dispersant of claim 14 with one or more post-treating agents selected from the
group consisting of inorganic or organic phosphorus compounds, or any partial or

complete sulfur analogs thereof, boronating agents, and acylating agents.

28. The dispersant additive of claim 17 which has been contacted with one or more post-
treating agents selected from the group consisting of inorganic or organic phosphorus
compounds, or any partial or complete sulfur analogs thereof, boronating agents, and

acylating agents.



32 The di spersant additive of claim21 which has been contacted with one

nor e agent s selected fromthe group consisting of
|norga ui\iﬂh iﬂﬁﬁ“ﬂlﬂ osphorus conpounds, or any partial or conplete
sul fur boronating agents, and acylating agents. 33. A
| ubri cant conposition which conprises an oil of lubricating viscosity and a
di spersant effective anount of an ashl esg di spersant according to claim1.
46 34. A lubricant conposition which ¢ rises an oil of lubricating
viscosity and a di spersant effective amobunt of an ashl ess di spersant
according to claim13. 35. A lubricant conposition which conprises an oil
of |ubri c2&i ngThd dispessahyadditiveaf dap2s shetinahé pest-trestimgragemtis af ingfgaakhl ess
di spersant according to claim 14. 36. A lubricant conposition which

conprises an OpHosgHorhyeid erainhydride] &Cinsighvic SulelrsusoRD B65Aatd, ah Lieednigdanount
of a dispersant additive according to claim17. 37. A lubri cant

conposi tion W1€J}b&:8‘mrabﬁ%?p?é%m@bﬂth&faoﬂHpiﬂnﬁ%'&g:ré/dfscos' ty and a

di spersant effectiveé anmount "of a di spersant itive according to claim19.
38. A lubricant conposition which conprises an oil of |ubricating

vi scosity and a di spersant effective armunt of a dispersant additive

d h t t ' I
of Tubri & ng! B sa%? §’agdgﬁae°faﬁis[)2§§§ln S iy S

additive accordin a A | ubrijca osition which
conpri ses an otir"? ?Cl%}ﬁ%ﬂf@%g&éa%ﬁpt°9n%ﬁwg£?m°§ SO QFEAH S RIOSPRAZYS mp unt
of a dispersant add| i ve accordi ng to claim?2 A | ubricant

conposi ti on WhiAHPOUBH PT awsPagial o F°“€i? letp ﬁ‘HﬁFé&%lP%Fg‘hﬁe% beropgtingragents, and

di spersant effective anount of a dispersant additive according to claim?27.
acylating agents.

31.  The dispersant additive of claim 20 which has been contacted with one or more post-
treating agents selected from the group consisting of inorganic or organic phosphorus
compounds, or any partial or complete sulfur analogs thereof, boronating agents, and

acylating agents.

32. The dispersant additive of claim 21 which has been contacted with one or more post-
treating agents selected from the group consisting of inorganic or organic phosphorus
compounds, or any partial or complete sulfur analogs thereof, boronating agents, and

acylating agents.

33. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of an ashless dispersant according to claim 1.



47 42. A lubricant conposition which conprises an oil of |ubricating
viscosity and a di spersant effective anount of a dispersant additive
accord Im A lubricant conposition which conprises an oil
of | ub ﬂmﬂ, E’ y and a di spersant effective anount of a dispersant
addi tive dccor dwngst | ai m 30." 44. A lubricant conposition which
conprises an oil of lubricating viscosity and a di spersant effective anpunt
of a dispersant additive according to c4d@i m 31. 45. A | ubri cant

conposi tion which conprises an oil of lubricating viscosity and a
dispersant effective anount of a dispersant addi tive according to claim32.

46. I c sition co i roc that boils i . gasol i ne
or di esel %0| I %NEBP% ‘éon%odq'?’ 6’%‘%0@8“ gﬁ?? nbaéwgmquqltgﬁngpﬁgﬁer%m ess
di spersant acco ositjon conprising a

hydr ocar bon thg%fd‘ft}bl Iagloflﬂt °gaﬁﬁédts?ﬂt§p‘?5?and‘i‘°§§rgtngﬁ% ‘range and from 20 to
5000 parts per mllion of an ashl ess di spersant accordl ng to claim13. 48.
A fuel conposition conprising a hydrocarbon that boils in a gasoline or

di esel borllng range and from 20 to 5000 arts lo mllion of an ashl ess

di sper sant3’accd} HP Ht?“f gorBpOsitipn prfich COUWBS%QH oil o Alubrigating yispesitytapd A dispersant si ng
a hydrocarbon that boils in a gasoline or diesel boiling range and from 20
to 5000 parts [FEEctHc|amogpt offan gstdess dispersant agerdingito elaieddrding to claim

36. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 17.

37. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 19.

38. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 20.

39.  Alubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 21.

40. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 25.

4]1. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 27.



17. 50. A met hod of dispersing soot in an engine, wherein said nethod
conpri ses adding to and operating in said engine the |ubricant conposition

of clai mimulmﬂ”mﬂwm d of reducing soot induced oil thickening,
wherein dé8 rses adding to an oil of lubricating viscosity an
ashl ess di'spérshnt"actording to claim1. 52. A et hod of inparting
viscosity lift to lubricating oils wi thout adversely affecting | ow
tenperature visconetrics, wherein said nethod conprises adding to an oil of
| ubricating viscosity an ashl ess di spersant according to claim1l. 53. A
met hod of reducing intake val ve deposits igf an engi ne, wherein said nethod
conpri ses adding to and conbusting in said engine the fuel conposition of

claim 46. 42. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 28.

43. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 30.

44. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 31.

45. A lubricant composition which comprises an oil of lubricating viscosity and a dispersant

effective amount of a dispersant additive according to claim 32.

46. A fuel composition comprising a hydrocarbon that boils in a gasoline or diesel boiling

range and from 20 to 5000 parts per million of an ashless dispersant according to claim 1.

47. A fuel composition comprising a hydrocarbon that boils in a gasoline or diesel boiling
range and from 20 to 5000 parts per million of an ashless dispersant according to claim

13.

48. A fuel composition comprising a hydrocarbon that boils in a gasoline or diesel boiling
range and from 20 to 5000 parts per million of an ashless dispersant according to claim

14.
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49.

50.

51.

52.

53.

48

A fuel composition comprising a hydrocarbon that boils in a gasoline or diesel boiling

range and from 20 to 5000 parts per million of a dispersant additive according to claim

17.

A method of dispersing soot in an engine, wherein said method comprises adding to and

operating in said engine the lubricant composition of claim 33.

A method of reducing soot induced oil thickening, wherein said method comprises

adding to an oil of lubricating viscosity an ashless dispersant according to claim 1.

A method of imparting viscosity lift to lubricating oils without adversely affecting low
temperature viscometrics, wherein said method comprises adding to an oil of lubricating

viscosity an ashless dispersant according to claim 1.

A method of reducing intake valve deposits in an engine, wherein said method comprises

adding to and combusting in said engine the fuel composition of claim 46.



