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ANTNOXI DANT SLUDGE CONTROL  ADRDHLV/ES. This is a

continuation-in-part of US. Serial No. 551,076 filed Cctober 31, 1995,
which is based on PM 94CL 033. FI ELD OF THE | NVENTI ON

The present wowwsrsioon relates to control of sludge fornatiperiusesg&es.
BACKGROUND OF THE | NVENTI ON Oxi des of nitrogen, also
referred to as N(Jerr], are by-products of-the operation of internal
conbusti on engi nes. These oxides are enmtted, for exanple,—~as exhaust gas
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Oxides of nitrogen, also referred to as NO,, are by-products of the
operation of internal combustion engines. These oxides are emitted, for example, as
exhaust gas from the combustion of hydrocarbon fuels. They react even at relatively
low temperatures (e.g., 70° - 120°C) with components of motor oils, such as additives,
to form sludge and contribute to lube oil degradation. It would be advantageous to
develop additives, lube oil formulations, and methods that can address lube ol
degradation and minimize sludge formation particularly in the presence of NO,.
Applicants' invention addresses these needs.

SUMMARY OF THE INVENTION

The present invention provides for a2 method for mitigating siudge
formation in engine oils by adding to an engine oil of lubricating viscosity an effective,
minor amount of a molecule having at least one head portion enriched in NO, reactive
carbon-carbon unsaturation and at least one oil soluble aliphatic and aromatic
hydrocarbyl tail portion having an absence of carbon-carbon unsaturation of suitable
chain length in an optimum ratio of head to tail sufficient to reduce NO,-induced sludge
formation in the engine oil. Preferred examples of such molecules include polyethylene
propylene copolymer- and polyisobutylene-grafted hydroquinone polyalkylthiophenes,



propyl ene copol yner- and pol yi sobutyl ene-grafted hydroqui none
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fullerene-grafted | ube oil basestock, ethylene propyl ene p()cLlyrrer- rafted
phenol and WO&U/M&ne butyl ene pol ymer-grafted phenol . PCTAUS96/17507 -

The present invention also provides for |ube oil conpositions and

additive concentrates for mtigating sludge formation containing the

f or egoi ng nol ecul es. The present invention may suitably
conpri se, CORflefthe NSBeS bil babedfoRR! | s

di scl osed he?gi n and may beblpl)ract | cg’db@?\l%hgioggggen?g OF&Q&& é’lﬁgﬁig?’?ﬂor
step not speethyleneiutylenti polymesgrafted phemETAI LED DESCRI PTI ON OF THE | NVENTI ON
The present invention provides for nmethods for controlling sludge (i.e.,
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t hese additi ves. anpl es of such fuels include those typically used for

i nternal conbustion engi nes such as crankcase |ubricating fuels for
spark-ignited and coapr essi on-i gnj.t ed i nternal conbustion, engi nes, such
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i nternmedi ates .of their reactions_ (" err]") are produced in i nt er nal
conbust i on eRfEheemen ofstsp patspesifically disglosedes such as bl owby gases and

t her mal degradati on of organonitrates. As used herein the term"”

NJ err]-reactive" includes reactivity to nitrous oxides and to the
products of dELED DESCRITIONADE TEHANVENEWN as sl udge precursors. The
nost typical oxide of nitrogen is NOJerr], however, other reactive

nitrogen oxides may al so be present and the present invention also may be
effectively The present invention provides for methods for controlling siudge (i.e.,

insolubles) formation, particularly that induced by NO,, in lube oils and the lube
degradation resulting from the combustion of hydrocarbonaceous fuels using
NO,-reactive sludge control additives (also referred to herein as "antinoxidant

additives"), and provides for formulated lube oil compositions and additive concentrates
containing these additives. Examples of such fuels include those typically used for
internal combustion engines such as crankcase lubricating fuels for spark-ignited and
compression-ignited intemnal combustion engines, such as automobile, truck, marine
diesel and railroad diesel engines and such as, for example, in U.S. Patent 5,558,802.
Nitrous oxides and reactive intermediates of their reactions ("NO,") are produced in
internal combustion engines from a variety of sources such as blowby gases and thermal
degradation of organonitrates. As used herein the term " NO,-reactive” includes
reactivity to nitrous oxides and to the products of reactive organonitrate species such as
sludge precursors. The most typical oxide of nitrogen is NO», however, other reactive
nitrogen oxides may also be present and the present invention also may be effectively

carried out in the presence of such oxides.
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Lube oils and additives typically present therein degrade in the engine in
the presence of NJerr], oxygen and heat to form sl udge precursors and

sl udge. Apphw¢ anissio have di scovered novel additives and rerAssa7$03r-
reduci ng the occurrence of such degradation chem stry. These additives
can be used to preserve the lifetime of cyrrent addi tives by
preferentially reacting with N err]. ThuS Applicants' invention provides a
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NO er r] - r eact reiationship of beth sasbon.caeban ynsatumted NOxreactiye pemiens and gil ispiyble; ¢
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head, " and "t aludge formatidn, phati ¢ hydrocarbyl tail" portions or "centers"
or noieties for conveni ence. These terns are neant to indicate a
| ocal i zation or concentration of the particular structure or feature
identified. For exanpl eondesiBodifitht s a metho® bffetarding BEcAMBHAE SudgtBihdtdR W | |
have, in conbination, at |east one head and tail _ portions, Pr ovi ded t hat
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one first moiety or portion enriched in NO,-reactive carbon-carbon unsaturation and at

least one second moiety or portion deficient in NO,-reactive carbon-carbon unsaturation
and enriched in aliphatic and/or aromatic hydrocarbyl groups. The relative proportion of
first and second moieties must be effective to render the molecule NO,-reactive and lube
otl soluble. Aliphatic hydrocarbyl groups are preferably essentially free of carbon-
carbon unsaturation. These moieties also are, respectively, referred to herein as "head"
or " NO,"-reactive head," and "tail" or "aliphatic hydrocarbyl tail* portions or "centers”
or moieties for convenience. These terms are meant to indicate a localization or
concentration of the particular structure or feature identified. For example, a molecule
useful in the present invention will have, in combination, at least one head and tail
portions, provided that the number, structure and combination are sufficient to impart
NO,-reactivity to the head portion and to impart oil solubility to the tail portion and to
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nmol ecule as a whole both inits NJerr]-reactive and NJerr]-reacted forns.
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unsat uration i ncl udes reactive acetylenic, olefinic, conjugated dienes,
aryl and heteroaronmatic groups

It is believed that the additive can chemically immobilize NO, by reaction
of the NO,-reactive carbon-carbon unsaturated portion(s) of the molecule with NO,
while remaining soluble in the lube oil. This result is unexpected because other additives
used in lube oils typically react with NO, to form sludge precursors and sludge rather
than oil soluble species. Applicants' invention mitigates this resuit.

The starting materials disclosed herein may be purchased commercially or
synthesized using known procedures. Fullerene grafted hydrocarbons may be prepared
as known in the art. Fullerene adducts of base oils may be prepared similarly.

NO,-reactive moieties suitable for use as head portions include reactive
carbon-carbon unsaturated bonds that react with NO, and reaction products thereof to
form oxidatively stable reaction products. Other reactive carbon-carbon unsaturation
includes reactive acetylenic, olefinic, conjugated dienes, aryl and heteroaromatic groups
(aromatic ring containing sulfur, oxygen, nitrogen heteroatoms). A localization of such
groups, particularly as exemplified by fullerenes, is extremely desirable, as such
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do not interfere with the reactivity of the car bon-carbon unsaturation
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pol yt hi ophene re uires at Ieast one gkerr preferably Clerr] aliphatic
hydr ocar byl t 8yt %‘E‘F"%e' 9 T8iats IM‘“’FGQ‘GP’M&"&?‘ te mgintaineil
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car bon bond. i ftlSE) gratt |heg of the head and, tfil gr oups,
the resul tin gatémapﬁ Bydracarhyl groups per eactive hedd group or center are suitable, mote

preferably from Cy; to Cyoo, most preferably Cys to C,s chains per NO, reactive moiety
(head group) depending on the identity of the head group or center. For example,

polythiophene requires at least one Cg, preferably Cs aliphatic hydrocarbyl tail per
thiophene moiety; phenot requires at least one C;; aliphatic hydrocarbyl chain. Base oils
for grafting as tail portions are suitably any lube basestock, i.e., any hydrocarbon boiling
in the lube oil range, exampies of which include S150N, S600N, and polymerized alpha-
olefins ("PAOs"). Hydrocarbon polymers (polyolefins) can also be used as tail portions.

A NO,-reactive center is bonded to the ahphatxc hydrocarbyl center by a
carbon to carbon bond.

After grafting of the head and tail groups, the resulting antinoxidant
molecule must contain sites of unsaturation in the head portion(s) capable of reacting
with or immobilizing NO, to form oxidatively stable, non-oxidizable moieties and



nol ecul e nust contain sites of unsaturation in the head portion(s) capable
"of reacting with or inmmobilizing NQerr] to form oxidatively stabl e,
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hydr ocar byl WCH%$8r t i on(s) to maintain the oil sol ubili tyP%VUWé”ﬁqL;’I ecul e

at the condi tions present in engines. Alower |imt
al so exists on the characteristics of tha&-head group, because sites or
head groups having a | ower concentration of NJerr]-reactive carbon-carbon
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NOJ err] per werg hy or OF@ 0 %it. l?itk'g?‘g%t&?é&gq”é%rns a}ﬁbﬁ)‘ggf??@mt
exi sts on t heonditibmsrpredentig ehginesd structure of the aliphatic and aromatic

hydrocar byl center(s) which is related to the nunber, size and structure
of the NJ err] reactive center(s) and vice versa. D lution of the

activity of the NJ err xRk alse 8:4ts bh the chiractBibtios 6fthé ReadkFoups bebabisé! | ON
of the solubility pronoting effect of the aliphatic hydrocarbyl

center(s).  Sites or head groups havipgea Jewerasoncenimting wf NOoreaetivgd ~gasian
groups may b | | & hi r | | anpl es
of suitable Wﬁ]’gg? !)gné’ ﬁﬁ%@gwﬁgr@ﬁ%ﬁ% ogirﬁgﬂeggﬁ?ﬂér}gr rrl] to
Clerr] ali phadriwhimelofor My iprdctiéat termis dnapper limit exists fopl the aumber) Yéngtheand

copol ymer ("EB"). bou t Q. hydr oqui noneg, . et hyl ene- propyl ene,copol ynmer, bound
to phenol ¥ QPgﬁgngyoﬂ@IWf%Mygﬁg‘eﬁgbﬁﬁ é“s"R‘ﬁ §? theophene
(and other  ruiivibef, Wiz afid! strdtfire bOfhie QVO,Creakitive Qerteh(s) MAd Vice VasLt DiftondpwiRd t O
Clerr] to CJerr], alkylhydrocarbons. Preferably, these

sl udge niti gaActivity ob thso DNChseactivg genter(s) isjundesirable;as ist dilutipn ofj thetsplubility; |
containing a | onpound sel ected from the
group consi s[kl’r%’i’g& %ﬁt gﬁ?ﬂ#‘g&g@k&ﬁgdﬁ:@%«gﬁ&ggi tut ed hydroxyaromatic
conmpound formed by al kylation of at | east one polyner selected fromthe
group consisting of (i unsat ur at ed ethyl.en | pha ol etin copolymer, (ii)
pol y(al pha ol efin) ho 8|W§‘r”§15?8‘“ﬁ°‘t8%'6¥%§‘f‘,‘ﬁ %pymagfbgmgﬁ‘gg?{!m@m
poly lbut adi enep@ﬁh&ﬁ?reitabﬁhged?mw rExampleshufY seitable adrﬂlyinatiehhmcﬁae G th,,pl efin
copol ymer contajn rom about 20 t,o ahout 70% et ene and at east 15%
of the pol yrresﬂéﬁérmg Cortotm aﬁwdyawem% %@ioa%éeﬂmasgy Pe-BIOPY/SRR
copolymer ("EP") bound to hydroquinone, ethylene-propylene copolymer bound to
phenol ethylene-butene copolymer (“EB”), poly n-butenes, polythiophene (and other
unsaturated, heteroatom containing cyclic moieties) bound to Cs to Cas
alkythydrocarbons.

Preferably, these sludge mitigation compounds include a major amount of
lubricating oil containing an effective amount of at least one compound selected from
the group consisting of (A) at least one alkyl substituted hydroxyaromatic compound
formed by alkylation of at least one polymer selected from the group consisting of (i)
unsaturated ethylene alpha olefin copolymer, (ii) poly(alpha olefin) homopolymer and
copolymer, (iii) polybutenes, (iv) polybutadiene polymers and copolymers, wherein said
ethylene alpha olefin copolymer contains from about 20 to about 70% ethylene and at
least 15% of the polymer chains contain terminal ethyleneidene unsaturation, and
wherein said polybutadiene polymers and copolymers contain one or more unsaturation
sites prior to said alkylation, and wherein said polymers are alkylated with compounds of
the formula H-Ar-(OH). where Ar is selected from the group consisting of



wherei n sai d pol ybut adi ene pol yners and copol yners contain one or nore
unsaturation stt-es—pri-orto-sa-d—aku-at-eon—anrd—nherei-r—sat-d—polyrers—
are al kylated with conpounds of the formula HAr-(OH)[err] where Ar is

selected fromthe group consisting of WO 97/ 16510
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[err] wherein ais 1 or 2, R' is independently a hal ogen

radi cal or hydrocarbyl radical containipg.from1l to about 10 carbon atons,
and b is independently an integer fromO to 2 and c is anTinteger fromO
to 2, and (B) a conpound forned by al kylation of any of said polyners
(i)-(iv) with a conmpound selected fromthe group consisting of (v)

full erenes, acetylgnes, thiophenes, conjugated dienes, aryls aromatics and
het erocyclic ar igs. More preferably, the ethylene al pha olefin

copol ynmer wi | | et hyl enei dene content of from about 50 to about
100. Also nore y, the hydroxyaromatic conpounds include an

ef fective anmoun | east one al kyl substituted hydroxyaromatic
cornpound formed by al K# at,i on of at |east one polyner selected fromthe
group consisting of (i) gegsaturated ethyl ene al pha ol efin copol yner,

[

A0 .
Rb’ Rl

wherein a is 1 or 2, R” is independently a halogen radical or hydrocarbyl radical
containing from 1 to about 10 carbon atoms, and b is independently an integer from 0 to

2 and c is an integer from 0 to 2, and (B) a compound formed by alkylation of any of
said polymers (i)-(iv) with a compound selected from the group consisting of (v)
fullerenes, acetylenes, thiophenes, conjugated dienes, aryls aromatics and heterocyclic
aromatics. More preferably, the ethylene alpha olefin copolymer will have an
ethyleneidene content of from about 50 to about 100. Also more preferably, the
hydroxyaromatic compounds include an effective amount of at least one alkyl
substituted hydroxyaromatic compound formed by alkylation of at least one polymer
selected from the group consisting of (i) unsaturated ethylene alpha olefin copolymer,
(ii) poly(alpha olefin) homopolymer and copolymer, (jii) polybutenes, (iv) polybutadiene
polymers and copolymers, wherein said ethylene alpha olefin copolymer contains from
about 20 to about 70% ethylene and at least 15% of the polymers chains contain
terminal ethylencidene unsaturation, and wherein said polybutadiene polymers and
copolymers contain one or more unsaturation sites prior to said alkylation, and wherein
said polymers are alkylated with compounds of the formula H-Ar-(OH). where Ar is
selected from the group consisting of



(i1) poly(al pha ol efin) honmopol ynmer and copolynmer, (iii) polybutenes, (iv)
“pol ybut adi ene pol ynmers and copol yners, wherein said ethylene alpha olefin
copol yner contains from about 20 to about 70% et hyl ene and at | east 15% of
the pol yners chains contain term nal ethyleneidene unsaturation, and
wher ei n” sai W18t adi ene pol yners and copol yners cont ai BEHH®AIS0or e
unsaturation sites prior to said al kylation, and wherein said polyners are
al kyl ated wi th conpounds of the formulaJg.Ar-(OH)[err] where Ar is

sel ected fromthe group consisting of WO 97/ 16510

PCT/ US96/ 17507 o LErT] wherein ais 1 or 2, R' is

I ndependently a, h& en radi cal or hydrocarbyl radical containing froml
to about 10 car py tons, and b is independently an integer fromO to 2
and c is an i om0 to 2 is added to said lubricating oil.

More preferabl yia substituted hydroxyaromati c conpounds nay be

sel ected fromthe groua@ consisting of a phenol or hydroquinone al kyl ation
R'b

pr oduct

wherein a is 1 or 2, R” is independently a halogen radical or hydrocarbyl radical
containing from 1 to about 10 carbon atoms, and b is independently an integer from 0 to
2 and c is an integer from 0 to 2 is added to said lubricating oil.

More preferably alkyl substituted hydroxysromatic compounds may be
selected from the group consisting of a phenol or hydroquinone alkylation product
substituted with a poly(alphaolefin) polymer preferably selected from the group
consisting of ethene butene, poly n-butene, polyisobutene, ethene propene, and mixtures
thereof. Ethene butene phenol is a more preferred alkyl substituted hydroxyaromatic
compound. When the hydroxyaromatic compound is a phenol, the percent of ortho and
para groups varies from 100% ortho to 100% para and mixtures thereof, but preferably
100% para. The polymers desirably have an Mn of from about 300 to 100,000,
preferably, 800 to about 2,000. For ethene butene the more preferred range of Mn is
from about 800 to about 5,000, most preferably 800 to about 2,000.

For use as a lubricant additive the molecule will be soluble (i.e., soluble
or stably dispersible) in the lube oil both before and on reaction with NO, and
compatible with other additives present over the range of operating conditions at which
the lube is used.



_Substi tut ed with a poI y(aI phaol efin) poI yrrer preferably sel ected from t he

propene, and mxtures thereof Et hene but ene phenol is a nore preferred
al kyl substituted hydroxyaromatic conpound. Wen the hydroxyaromatic
conpound | swo ophéxi®l , the percent of ortho and para gr owpes/ussi7ses-f r om
100% ortho to 100% para and m xtures thereof, but preferably 100% par a.
The pol ymers desirably have an Mh of frog about 300 to 100, 000,
preferably, 800 to about 2,000. For ethene butene the nore preferred range
of Miis from about 800 to about 5,000, nost preferably 800 to about

2, 000. For use-as a lubricant additive the nolecule wll
be soluble (i.e., sol U%G%ereﬂﬁctﬁh%'?ht\’le@tmhﬁieMpﬁfexhﬂytahﬁa}tli&?nﬁbi tHapt h
before and on reaction h N(Jerr] and conpati ble wth other addi ti ves
present over of prtreated basestock purberachigvedondi ti ons at which  the lube is used.
WO 97/ 16510
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Sl.udge reduction of at Thefllowingexémplesilluspateftive intenjiomt | east ten tinmes, that
of untreated basestock can be achi eved. The foll ow ng

exanples illustrate the invention: A Sarrpl e Procedures for Synthesis
of Antinoxi da : dks Gafting of Fullerenes
to Pol y(al phaol ef ns g of PAO (Mobil SHF 61)
was mxed with 1 g of (Jerr] |na500n1 round bottomflask equi pped with
condenser ang A ; A | QY4 3 160[err] C
and 0.8 m o OXT O IrOpW nael ogen. The

r eddi sh- brown sol uti on was aIIovved to stir at that tenperature for 1

hour. After cooling t0,£00Mp A (Mobil SHF 61) was mixed with 1 g of Ceo in a 500 ml round

bottom flask equipped with condenser and a nitrogen bubbler. The solution was heated at

160°C and 0.8 ml of t-butyl peroxide was added dropwise under nitrogen. The reddish-
brown solution was allowed to stir at that temperature for 1 hour. After cooling to room
temperature, the solution was mixed with 100 ml of heptane and filtered. The solvent was
evaporated on rotary evaporator.

The product was characterized by the Gel Permeation Chromatography
(GPC). In the Ce grafted PAO, a new peak corresponding to approximately 2 and 3
molecules of PAO are attached to Cq molecule were observed along with the peaks due to
PAOQO.

lati £ ropylene copolymer with Phenol

In a 250 m! round-bottom flask were charged 4.3 g of phenol and 50 mi of
heptane. To this was added 6 g of Amberlyst-15 and the mixture was heated to 90°C.
Added to this was 20 g of an EP polymer (mw = 870) and the solution was maintained at
90°C for another 8 hours. The reaction mixture was then filtered, the filtrate evaporated,
and the resultant product redissolved in heptane. The heptane solution was filtered and the
filtrate evaporated under vacuum to obtain the product.



tenperature, the solution was m xed with 100 ml of heptane and filtered.
* The sol vent was evaporated on rotary evaporator. The
product was characterized by the Gel Perneation Chromatography (GPO). In
the (Jerr] grafted PAO a new peak corresponding to approximtely 2 and 3
mol ecul es OVOPAESH e attached to C(Jerr] nol ecul e were obs@CFERNEHg wit h
the peaks due to PAQ. Exanpl e 2: Al kyl ation of Ethyl ene Propyl ene
copol ymer wi t h Phenol -1oln a 250 m round-bottom fl ask
were charged 4.3 g of phenol and 50 m of heptane. To this was added 6 g

20 g of an EP pol ymer Trleeniiiae R led forHak ncame s Z L0, 11 0 VS

90[err]C for(mdicdnhgncﬁuigeﬁrthenﬁhmufdmdtyﬂmylmruﬂpsmthmommmﬁgtihhtavmdd t he
filtrate evapqrated, and he, resul.t a roduct ed.in. he ane
The hept ane @&%.WYW? ‘ts@?sé‘ﬁ‘eﬁﬂ&“g H@g ﬁi?"@‘@’vg‘ﬁ#a‘! pepk

\F/’g'(l:' ;J ldg"gg? 1(73 gg.g plyhidf at?I088 1G4S and 885 cm™! (Kdidhfing fire 16ks of the polymer unsaturatlon)

| R spectra ofhisingdiqstes that therphenohwesiatkylatedecak appearing at 3612 crr[ err]
(indicating a change in the nature of the hydroxyl groups on the aromatic
ring that would I ndi cate t he presence of a substltuent) and di sappear ance
of the doubl Exfnsle 3 Mitstatioh of B : i hninen€el 885 cnferr]
(i ndicating the Ioss of t he poI ner unsaturatlon) Thi s indicates that

t he phenol was al kyl at ed. Exampl e 3: Al kyl ation of Ethylene Propylene

Copol ymer with Wdroquinmnﬂround-bott m askwenec 635%(%579%!& tom
flask were charged 6. 32 5\@0575 nol es) of hydr oqui none (nw = "110) and

50 nl of hepiusdteqmmet(ms— and|5@m! afhegtape. mwgss&ddgcsmsaﬁdmbn&rsm&ture
e Traree t?n@&LW éq,g&gd%%el err 3%%%%8’%&%%‘ ursd‘%em(}?n))

and the sol ution was nal ntal ne
reacti on nm xband thesolation was maintained at 90°C for another 2 hours. The reaction mixture was

then filtered, the filtrate evaporated, and the resultant product redissolved in heptane. The
heptane solution was itself filtered and the filtrate evaporated under vacuum to obtain the
product.

IR spectra of the product revealed new peaks appearing at 3620 and 1400
cm-1 (indicating a change in the nature of the hydroxy! groups on the aromatic ring that
would indicate the presence of a substituent) and disappearance of the double bond peaks of
the EP polymer at 3065, 1645 and 885 cm™ (indicating the loss of the potymer
unsaturation). This indicates that the dihydroxyaromatic was alkylated.

B._General Procedure for Bench Tests

Bench tests were conducted to measure the impact of the sludge control
- additives described in this invention on sludge formation in lubricating oils. In the sludge
simulation test NO; gas, delivered into the lube oit at a predetermined fixed rate, or a model
organonitrate compound was contacted with the identified lubricant containing the sludge
control additive of the present invention. The lube oil was allowed to react with NO; or the
organcnitrate compound, in the presence of 1 g of myrcene, a diene. The reaction was



.then filtered, the filtrate evaporated, and the resultant product
rfamdﬁﬂﬁﬁpfaﬁe——?he——hept-ane—sehﬂfmrwas—ﬁ-set%l ‘+tered—and the—
filtrate evaporated under vacuumto obtain the product .

| R spectra of the product reveal ed new peaks appearing at 3620 and 1400
cm1 (indi cwosigestechange in the nature of the hydroxyl grREOIES9enrsthe
aromatic ring that woul d indicate the presence of a substituent) and

di sappearance of the double bond peaks of,. the EP polyner at 3065, 1645
and 885 cnjerr] (indicating the | oss of the polyrrer unsaturati on) Thi s

i ndicates that f edlh droxyaropatic was, al kyl ate
Procedur e for“ﬂ?ﬁ peratiires PE’Sbtosxmulate %mps‘”\ﬁéﬁ;g Hd%{"ﬁﬁ to
measure the i ﬁiE , Shandee2 grent 1 ol addl tives described in this

i nvention on sludge fornmation in lubricating oils. In the sludge
sinmulation test N err] gas, delivered into the lube oil at a predeterm ned

fixed rate, " ded j trate conpound was contacted with the
identified | ] e sl udge control additive of the
present invention. The |ube oil was allomed to react mﬁth NOJ err] or the

organonitrate corrpoundi i; t he gmesen %rré: alyze%l enei Tpe

reacti on was

PCT/ US96/ 175 gg%@;ﬂ,g & P&Ueﬂéee
Sequence VEE;%?%ZN 0?65653;;%&% Iatetﬁﬁggqggﬁégﬁ?dtﬁgigaﬁé each for

5 hrs. mg:gm|m1@nnnxturewasﬂltered and the totﬂanphgsofv\er e
renmoved from r spect roscopy
i bS8k ekl CrIGIGIRG HES e Dttt 2"

to followth |ono ime in the
presence of NQerr]. At the end of the test the reaction m xture was

filtered and g he, total anmount of sl udge produced was wei ghed. The
f ol | owi ng thé@mmre t est ed:

A Basestock + NO; + myrcene (Comparative Example)
B 20% Basestock grafted with Ce in a 5:1 ratio + A
C  Ce (ungrafted) + A (Comparative Example)

The results are shown in Table I below.

TABLE -1 Sludge weight in grams
BASESTOCK A B [0}
PAO 2.12 0.41 1.44
S150N 245 0.35 4,01

The results indicate that only B produced significant decreases in sludge

formation.



A Basestock + NJerr] + nyrcene (Conparative Exanpl e) B

* 20% Basestock grafted with CJerr] ina 5:1ratio + A C
Cerr] (ungrafted) + A (Conparative Exanple) The results
are shown in Table | bel ow TABLE - | Sl udge
wei ght in gWxPg/es1o BASESTOCK APCTIUSIC/NT587 C
PAO 2.12 0.41 1.44 S150N
2. 45 0.35 4.01 Tie results indicate that only B

produced significant decreases in sludge formati on. WO 97/ 16510
PCT/ US96/ 175Q( . . - 12 - Exanpl e

2: Sequence P E-SmTD S Imme . Each of the five tests
| i sted bel ow was conducted using the nodel sludge precursor,

Cerr]Herr]NdJerr] under. identical gconditions in the_ presence of 100/ mmol
Cerr]H err] NJ err]/ kgEssgh Qf&%ﬁ%&%h%%dmwﬁ%m&ﬁ“ ysing theymodelsludgect v al

anal ysi s and padadehe N@% tﬁ?ﬁti &ohdi S 'O%P%%e i fﬂlﬁﬂ and
the total sl gdge wWei gﬁgﬂ hgmr%ésu tscware E ovv?lﬂ iul?libT e I‘.’i tob
CsH17:NOy/kg of lube. Samples were removed for infrared spectral analysis and at the
end of the test the lube solutions were filtered and the total sludge weighed. The results

are shown in Table II.
TABLE - II Studge weight in grams/100g of lube
SAMPLE SLUDGE W (g)
S150N + myrcene (Comparative Example) 2.12
S150N + 20% S150N grafted Ce + myrcene 0.90

S1250N + Cg (ungrafted) + myrcene (Comparative Example) 1.70

The results indicate that only the lube oils containing the antinoxidant
molecules produced significant decreases in sludge formation.

Example 3; VE Sump Simulation

A test was run using poly(Cs-thiophene) and poly(Cs-thiophene) as
antinoxidant comparison, but in which the formation of organic nitrate and nitro
species and the buildup of a carbonyl species also were measured periodically using
infra-red spectroscopy. Samples were taken periodically from the reaction mixture
and analyzed using FTIR to follow the composition change. The total amount of the
sludge was collected, rinsed with pentae, dried and weighed at the end of each test.

The NOy performance data compared with the base case and are shown below in
Table IV,



TABLE -I11 Sludge weight in grans/100g of | ube _ SAMPLE

2.12 S150N + 20% S150N grafted Clerr] + nyrcene

0.90 S1250N + CJerr] (ungrafted) + nyrcene (Conparative
Exanpl e)  wo&fnsesio The results indicate thRCTHN§1II= | ube
oi |l s containing the antinoxi dant nol ecul es produced significant decreases
in sludge formation. Exanpl e 3: VE Sygp Sinul ation A
test was run using poly(([err]-thiophene) and poly(( err]-thi ophene) as

ant i noxi dant conparison, but in which rmati on of organic nitrate and
nitro speci es and the buil dup of nyl species also were neasured
periodically using infra-red spectroscopy. Sanples were taken
periodically fromthe reaction m xture and anal yzed using FTIR to

foll ow t he coSAMPLE on chan§bUDGE t oRNOQ;anouRONQD; t he =0 s
collected, rinsed with pent a8 {gri ed and wei ghed at the end ofDEGAK test.
The NJ err] performance data conpared with the base case and are shown

bel ow i n Bislzase SISON 1.81\V\D 97/1m6610 27 2.5 -99%
PCT/ US96/ 17507 - 13 -
TABLE 1V Ba\EiefS 150N + 1.12 S3CE 3 RNJerrB2 -98%
fC=0  MYRCENGSg w% PdiReg case S150N 1.81 11.8 2.7
2.5 - 9ﬂ1%phene)

Base case SISON+ 032 18.4 3.7 3.5 -48%

0.8 Wt% Poly(Cs-

thiophene)

The presence of the antinoxidant additives had a beneficial effect on sludge mitigation.

Example 4: VE Sump Simulation

EP-bound phenol as well as EP-bound hydroquinone were evaluated in the
NO test discussed above. The performance data compared to the Base Case and are

shown in Table V.
TABLEV
SAMPLE S Wt
Base case (S150N) 1.81
EP-phenol 0.83
EP-hydroquinone 0.54

The sludge mitigation in the presence of the antinoxidant additives is evident.



Basecas 12 13.9 3.1 3.2 -98%
- 0.8 Wthﬁ l“[m”” hi ophene) Base case S150N+ 0.32 18. 4
3.7 x : wos 80, 0.8 wt% Poly(C[err] t hi ophene) The

presence of the antinoxidant additives had a beneficial effect on sludge

mtigati on. WO anpl e 4: VE Sunp Sinul ation PCTASIISMTA phenol
as well as EP-bound hydroqui none were evaluated in the NOJ err] test

di scussed above. The performance data copared to the Base Case and are
shown in Table V. TABLE V

SAMPLE SLUDGE W (Q) Base case (S150N)
1.81 CLAIMS: EP- phenol 0.83

EP- hydr oqui none 0.54 The sludge mtigation in the presence
of the antinoxidant adgditAVeBrid \Gil R mitigating sludgeCfGtitatiér : ;

PCT/ US96/ 17507 cating gang baolp 1) engine oils

comprising: a major amount of a lubricating il in admixture with an effective amount
of at Jeast one compound selected from the group consisting of (A) at least one alkyl
substituted hydroxyaromatic compound formed by alkylation of at least one polymer
selected from the group consisting of (i) unsaturated ethylene alpha olefin copolymer,
(ii) poly(alpha olefin) homopolymer and copolymer, (jii) polybutenes, (iv) polybutadiene
polymers and copolymers, wherein said ethylene alpha olefin copolymer contains from
about 20 to about 70% ethylene and at least 15% of the polymer chains contain terminal
ethylencidene unsaturation, and wherein said polybutadiene polymers and copolymers
contain one or more unsaturation sites prior to said alkylation, and wherein said
polymers are alkylated with compounds of the formula H-Ar-(OH). where Ar is selected
from the group consisting of

R"

wherein a is 1 or 2, R” is independently a halogen radical or hydrocarbyl radical
containing from 1 to about 10 carbon atoms, and b is independently an integer from 0 to
2 and c is an integer from O to 2, and (B) a compound formed by alkylation of any of
said polymers (i)-(iv) with a compound selected from the group consisting of (v)



_CLAI VS Hmﬂ”ﬂl{ "{H HI A lubri cati ng oil for mtigating sludge ol

in adm XtHree WILt ctive amount  of at |east one conmpound sel ect ed
fromthe group COI’ISI st| ng of (A) at |east one al kyl substituted

hydr oxyar onwpiegnesperpound fornd by al kyl ati on of at | east eCEFASHELSET -

sel ected fromthe group consisting of (i) unsaturated ethylene al pha olefin
copol yrer, (i) poly(al pha ol efin) hom)Fé)I ynmer and copol yner, (iii)

pol ybut enes, (iv) pol ybutadi ene polyne s and copol yners;” wherein said

et hyl ene al pha_ol efin copol yner contains from about 20 to about 70%

et hyl ene and fillererescacetylenes, ithiophengso (conjagated dipnrs. 87yis aipmatics and hgterocyclic

et hyl enei denemumurat i on, and wherein said pol ybut adi ene pol yners and
copol yners contaln one or nore unsaturation sites prior to said
al kyl ation, and wherein said polymers are alkylated with compounds of the

fornul a H-Ar-(O—|)[err] ere Ar,is sel ect .fromthe consi sty ng of
[err] wher ei n &%PM é’m"ﬂpﬂ'g‘f@pg cal or

hydrocar byl r#Qdas@dne alkgPaibatitiied ﬁ{érb%olnahec&h%d &{T&'at% bis
I ndependent |y an |nteger fromO and c 1s an mteiger fromO to 2, and

(B) a conpourenefpotymes selocted fromhe group consigting, of (i) unsatyrated ethylene alphp_olefip) i t h
a compound s elgpsiyidr, i Boiytafphl oty fibtiodolyme? hnd copdliymer, i) polybutenes, Giv)
polybutadiene polymers and copolymers, wherein said ethylene alpha olefin copolymer
contains from about 20 to about 70% ethylene and at least 15% of the polymers chains
- contain terminal ethyleinedene unsaturation, and wherein said polybutadiene polymers
and copolymers contain one or more unsaturation sites prior to said altkylation, and
wherein said polymers are alkylated with compounds of the formula H-Ar-(OH). where
Ar is selected from the group consisting of

Rll

A0 -
5

OG-

wherein a is 1 or 2, R” is independently a halogen radical or hydrocarbyl radical
containing from 1 to about 10 carbon atoms, and b is independently an integer from O to
2 and c is an integer from 0 to 2 is added to said lubricating oil.



b usgklmwﬂm LlLuU!" 15 -
fullere t hi ophenes, conjugated dienes, aryls aromatics and

het er ocyclic aromatics. 2. The Iubricati ng

conposi ti o’W@PIS5HWi m 1 wherein an effective anount of BETOSWATSE e al kyl
substituted hydroxyaronmatic conpound . forned by al kyl ati on of at | east

one polyner selected fromthe group consiesting of (i) unsaturated ethyl ene
al pha ol efin copolymer, (ii) pol y(aI pha ol efin) hon‘opol_yrrer and

copol ymer, (iii) polybyte h&ﬁmp
copol yners, wherein sal d myfene a p?'ua ol e&nﬁ copo yrrer co%ﬂtgdfrom

about 20 to digdroxyar@ifstict h;lhpnmdamdehaedé‘am tlieS‘yrmip tomisting \ofex phedohions

contain term.nal ethyl dene u e er el n o] ybut adi ene
pol yners M %@Wwﬁ ‘%rg%‘ﬁt‘%sﬁﬁm’or to .

sai d al kyl at icaihistiig Cof ethéhé tdtene,S @;,gb,ﬁé,{i,yl e Shihd Wounds
of the fornula H-Ar-(C]—l)[err] vvﬁ'e?gg Ar |s selectedfromthe 3’? up

consi sti ng ofbenzoquinone and aniselangd mixtures thereof. wherein ais 1 or 2, -
R' is independently a hal ogen radi cal or hydrocarbyl radical cont ai ni ng

froml to about 10 carbon atons, and b is independently an integer fromO
to 2 and c is an i nd.eg&hef tubricaling ool of's claitht eid wimereimi we | Albyli aubslitag@doi | .

hydroxyaromatic compound is ethene butene phenol.

5. The lubricating oil of claim 2 wherein the polymers have an Mn of
from about 300 to about 100,000.

6. The lubricating oil of claim 3 wherein the polymers have an Mn of
800 to about 2,000.

7. The hubricating oil of claim 3 wherein when the polymer is an ethene
butene polymer the Mn is from about 800 to about 5,000.

8. The lubricating oil of claim 1 wherein when the hydroxyaromatic
compound is a phenol, the phenol has a percent of ortho and para groups of from 100%
ortho to 100% para.

9. The lubrication oil of claim 1 wherein the ethylene alpha olefin
copolymer has an ethyleneidene content of from about 30 to about 100 mole percent.

10. ~The lubricating oil of claim 1 further comprising detergents,
dispersants, anti-wear agents, viscosity modifiers, antioxidants, surfactants and pour
point depressants.



97/ 5 .
ﬂiﬂg[’ﬁ ”uu”"h of claim1l wherein the al kyl substi ;;t ed

hydr oxyar omatlc corrpound is selected fromthe group consisting of a phenol
or hydr oowonenesial kyl ati on product substituted with a p@cCymsss/&7ect ed
fromthe group consi sting of ethene butene, poly n-utene, polyisobutene,
and et hene propene, benzoqui none and agj{sol and m xtures thereof.

4. The lubricating oil of claim 1 wherein the alkyl sub3Stituted

hydr oxyar omati c conpound is ethene butene phenol . 5. The
lubricating oi | of cl aikh A mpthedfon mitigating slydge/fermation inengivn oils, comprising: about
300 to about 100, 000. 6. The lubricating oil of claim3
wherein the pol yners have an M of 800 to about 2, 000.

7._. The lubricating oil dissoleingiinmaf engne dubricatingnoil e effedtiyeminorsamoune tofane

but I he \h | f t 80 5,.000.
B The ©ubr 1 cApdet guibpyioncompaeh bV o 5aH SHR OFAL PRTR, irishoh RNk Feactive
conpound i s W%otmmmd%bﬁ&ﬁm%u@%ﬁﬁw%w s of

from 100% ortho to 100%para elurlctlon oi |
of clai m1 whavingantahsenes ¢ficathoe-carbpi uns@umonofmwpghqmbngmasrmnofhad

10" Tho | ubr o pion Rl R A siflet Rrbiin A aBR SET LT 0 ¢

di spersants, anti-wear agents, viscosity nodifi | ers, antioxidants,
surfactants and pour

12. The method of claim 11 wherein sludge mitigation compound is at
least one compound selected from the group consisting of (A) at least one alkyl
substituted hydroxyaromatic compound formed by alkylation of at least one polymer
selected from the group consisting of (i) unsaturated ethylene alpha olefin copolymer,
(ii) poly(alpha olefin) homopolymer and copolymer, (jii) polybutenes, (iv) polybutadiene
polymers and copolymers, wherein said ethylene alpha olefin copolymer contains from
about 20 to about 70% ethylene and at least 15% of the polymer chains contain terminal
ethyleneidene unsaturation, and wherein said polybutadiene polymers and copolymers
contain one or more unsaturation sites prior to said alkylation, and wherein said
polymers are alkylated with compounds of the formula H-Ar-(OH). where Ar is selected

from the group consisting of
Rll
a L]
R
b



poi nt mn WO 97/ 16510
eI, S
11. A 5} orsms i1 gating sludge formation in engine oils, conprising:
di ssolving in an engine lubricating oil an effective mnor anmount of a

sl udge m t we#eMoconpound havi ng at | east one head porti BATES61ZH2d i n

NOJ err] reactive carbon-carbon unsaturation and at | east one oil soluble
al i phatic hydrocarbyl tail portion haging an absence of carbon-carbon
unsaturation of suitable chain length in ratio of head to tail portion

sufficient to mtigate sludge formation in the engine oil.
12. The nmethod of claim 11 wherein sludge mtigation conpound is at

| east one cowhéreinda $€/1e6f 20 RP 19 Thdepéndentht/ R Kalopeh Shditd & hydfocadyl k@il one
al kyl substituted hydroxyaromatic conpound forned by al kyl ation of at
| east one pofankaining fromd) toabayt 10,carbon pomy; @MWWW%&%rat ed -

sndp
et hyl ene al p ' t’;\‘f@ﬁ?h@fﬁ Iy Q&h*‘&ﬂl!d%ﬁnﬁl ﬂ%"“ﬁ’ r and
copol yrer, (??f‘?kg{)w utenes, (?v%’%‘é)pﬂ)ﬁta ene po'ﬁ{/ rs g@&ﬂ}%ﬁe
copol yners, sdikcpelymessa(i}i(ie) witheacomppind selesfednfrompthe ygrowp comsisting of f (vpm .
about 20 to out 70% et hyl ene, and at. | east,. 15% of, t he pol chai ns

Contai n t er niighes, Secfom, RS et diegrs iy aebe) fAbagocyels

pol ybut adi engrop@tidgsrer s and copol yners contain one or nore unsaturation

sites prior to said alkylation, and wherein said pol ynmers are al kyl ated
W th conpounds of the formula HAr-(OH)[err] where Ar is selected from

the group consisting Of3, The method of cldif'12wherein an effective amount of at least one
alkyl substituted hydroxyaromatic compound formed by alkylation of at least one
polymer selected from the group consisting of (i) unsaturated ethylene alpha olefin
copolymer, (i) poly(alpha olefin) homopolymer and copolymer, (iii) polybutenes, (iv)
polybutadiene polymers and copolymers, wherein said ethylene alpha olefin copolymer
contains from about 20 to about 70% ethylene and at least 15% of the polymers chains
contain terminal ethyleinedene unsaturation, and wherein said polybutadiene polymers
and copolymers confain one or more unsaturation sites prior to said alkylation, and
wherein said polymers are alkylated with compounds of the formula H-Ar-(OH). where
Ar is selected from the group consisting of



WD 97/ 16510

'BCT/1IS06/ 17507 m lm II | || “ I| 18 wher ei n
ais 1 or S | ogen radi cal or hydrocarbyl radical

cont ai ni ng from 1 to abodt 10 car on atons, and b is independently an

I nteger frowodriseste 2 and c is an integer fromO to 2, anddrid)ssenrrsenpound
formed by al kyl ati on of any of sai d pol yners (i)-(iv) with a conpound
sel ected fromthe group consisting of (v)y. fullerences, acetylenes,

t hi ophenes, conjugated dienes, aryls aronati cs and heterocyclic

aromati cs. The t ho I m 12 er ei
ef fective andthefeilhp igil g R oﬁemd‘l’&!‘q@g’ﬁ P’M\?&@l
cormpound forrelsﬁamF FHolhy | 8 aotlt 1Y cafbonl abeias, aﬂd‘ﬁmm&i&kﬂdﬁﬂ afinfegboforh been t he

group consi st (i) unsaturated ethylene al pha ol efl n copolymer, (ii)
pol y(al pha oI 0)s ancinteges! fomed te:diis addessosaid dubricating)oilol ybut enes, (i v)

pol ybut adi ene pol yners and copol yners, wherein said ethyl ene al pha olefin
copol yrer contains fromabout 20 to about 70% et hyl ene and at | east 15%
of the polymers chains14. covheli methed Nof isirit NP aitiepsie ntheunBat Ugubbtitdled and
wherei n sai d_pol ybut adi ne poI yrrers P&;q opol yrrers cont.ai n _one, or nore
unsat ur at i on HYSrOXyaromats, corpatind SEPup GpRsisting, of & ghensl Weer s
are al kyl at eqyiiobdinGR AR ﬁummam am»,so G Lttt B gt S

selected from'the group consisting of

PCT/ US96/ 175@pnsisting ofh etheten butenes polyy m-buten®' poly i dandt ethene Ipecipengen
radi cal or dr ocal r.adi g from1l to about 10 carbon
atons, and bx’a?oleH%%’e Séﬁ'ﬁ?‘y"‘ﬁﬂ“ﬁ‘?g%&from O0to 2 and ¢ is an integer
fromO to 2 is added to said lubricating oil. 14. The

met hod of claim 12 wh?g.el n the aulofsu stltllit dherein the alkyl substituted

hydroxyaromatic compound is ethene butene phenol.

16. The method of claim 12 wherein the polymers have an Mn of from
about 300 to about 100,000.

17. The method of claim 13 wherein when the polymer is ethene butene
and the Mn is from about 800 to about 5,000.

18. The composition of claim 13 wherein when the hydroxyaromatic
compound is a phenol, the phenol has a percent of ortho and para groups of from 100%
ortho to 100% para.

19. The method of claim 12 wherein the ethylene alpha olefin copolymer
has an ethyleneidene content of from about 30 to about 100 mole percent.

20. The method of claim 11 wherein the aliphatic hydrocarbyl tail
portion is at least one C; aliphatic hydrocarbyl group per head portion.

21. The method of claim 11 wherein the tail portion is at least one C)2 to
Co aliphatic hydrocarbyl group per head portion.
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- or hydr ﬂ“ﬁummuﬂ n product substituted with a polyner sel ected
fromfhe am of ethene butene, poly n-butene, poly

i sobut ene, and etthefle } pr opene, benzoqui none and ani sol and m xtures

t hereof. WO97/16510 15. The met hod of claim 12 ROEASNM7SUTIe al kyl

substituted hydr oxyar omati c conpound is ethene butene phenol.
16. The nethod of claim 12 wherein the pglyners have an M of from about

300 to about 100, 000. 17. The method of "claim 13 wherein
when the polymer is ethene butene and the Mi is from about 800 to about
5, 000. 18. The conposition of claim13 wherein when the

hydroxyaromatic  conpzzinThe shethod Sdidn. 1 1tvirdai e alditivsis ProsentGe it uﬂéun@rt ho
and para grogp of from 100% _ortho to 100% par a.

The net hod o 8- et hyl ene al pha ol efin copol yner has an _
et hyl enei dene content of fromabout 30 to about 100 nol e percent.
20. The nmethod of claim 11 wherein the aliphatic hydrocarbyl tail portion

is at |east one ( err]2%l Themethod 6fclkimda mheteinghe tail memodlea&aamﬂts'emed

tZg. T?;Fe?ﬁhgi"ﬂ)‘hﬁdalmll V\/nség %Bigggi}g&“‘ﬁ rtlon‘k\? at st O%C[err]
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24. The method of claim 11 wherein the compound is selected from the

group consisting of ethylene propylene copolymer-grafied hydroquinone, fullerene
grafted lube oil basestock, ethylene propylene copolymer-grafted phenol.

25. The method of claim 11 wherein the head portion is selected from
the group consisting of reactive acetylenic, olefinic, conjugated dienes, aryl and aromatic
heterocyclic groups,

26. The method of claim 11 wherein the compound is selected from the
group consisting of Ceo grafted to a Cso to Cus aliphatic hydrocarbyl lube oil base stock
and polythiophene bound to C; to C,y alkylthiophenes.
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22. The nmethod of claim 11l wherein the additive is present in an anount
of fromabout- 0 2 to about .
claim1l wherein the tail portion is a base oil selected fromthe gtw V"
consi sting of S150N, S600N, mineral oils and the synthetic hefm stocks’ w?
24. The nethod of claim 11 wherein the conpound is sel ect efifsa
group consi sti et hyl ewmpmpmm,mmgmmgmm ed hydNegp#
full erene grl;g:['g{j | ube oil basesf‘?fﬁ'ﬂ'?““?f%ene ropyl ene
copol y mINTERNATIONAD ABFJCATION PUBLISHED UNDER zsm%@%mwré AREATY (R
wher ¢isi iRfatidaPidtel sl 6 Sel ectied | i) Biernalidd pabiQMe NGRABS! ST 1 NGVO97/16510
reacli ve-anpidoeinineo! efinic, corjyppted dienes, aryl and aromatic v
het efocy¢l't ¢ grolps. {43) Diternatiinal PphicatienPatsf | ai9May PITPROFED n
t he ¢ompound—TsSSErECted fTom rne grqup consisting of Cerr] grafted toja
d er 1| [2utinterfiftionay Applivhtiop Nastbers  hy CHCBAISA61T5071] @1Resigriated M@%%@U&W patent (AT,
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(54) Title: ANTINOXIDANT SLUDGE CONTROL ADDIT!VES/
(57) Abstract

The invention relates to a process for mitigating NOy-induced sludge formation in engine oils by dissolving in an engine oil of
Iubricating viscosity an effective amount of a molecule having at least one head portion enriched in NOx reactive carbon-carbon unsaturation
and at least one oil soluble hydrocarbyl, preferably aliphatic, tail portion having an absence of carbon-carbon unsaturation of suitable chain
length in an optimum ratio of head to tail sufficient to reduce NO,-induced sludge formation in the engine oil, The invention also relates
to formulated lube oil compositions containing the antinoxidant additive, The molecules include polyethylene propylene copolymer- and
polyisobutylene-grafted hydroquinone polyalkylthiophenes, fullerene-grafted lube oil basestock, ethylene propylene polymer-grafted phenol
and ethylene butylene polymer-grafted phenol.




