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6E GRAFTED FUNCTI ONALI ZED OLEFI N POLYMER DI SPERSANT
AND USES THEREOF 5 TECHNI CAL FI ELD Thi s invention
relates to a highly grafted, functionalized | ubricant
addi tive useful as an inproved dispersant when
enployed in a lubricating oil conposition. 10
BACKGROUND OF THE | NVENTI ON The art contai ns many

di scl osures on the use of polynmer additives in

| ubricating oil conpositions. Ethylene-propylene
copol ynmers and et hyl ene-al pha ol efi n nonconj ugat ed

di ene terpolyners which have been further derivatized
to provide 93%&?@%3EN%%”?Q“HH@ZFPé%LEﬁQ“lS | ubri cating
oi | conppémmféméﬁm%h §E§'YﬁeRE6F°' | additive.
U S. Pat. No. 4,089, 794 |sc oses etﬁylene copol ynmers
deri ved fron1ethy|ene and one or nore C3 to C23

al pha-ol efin solution grafted with an

et hyl eni cal | y-unsaturated carboxylic acid materi al

foll owed by a reaCIH(CHNIMAIthLpJoI yfunctional material -
grQqups, .such as a Eolyan1ne

reactive xyI )
Tijpmygiptionge af&‘-?wg\l Y &rafteds Tpslienalized dutiricant addifyepsefyl &s an-
1mprovedl§s‘foﬁ:1‘é£nt %e@aﬁblﬁ?&qn a%ﬁnrﬁ%gvd?f J&h’%@mﬁ&ﬁt rol additive in
'ubricating oil 137,185 discl oses a
stabilized |n1de graft of an et hyl ene copol yner
addi tive fo Eﬁ?% 6&ﬁf Eﬁﬁﬁ] 4,146, 489
di scl oses a gf 6opo yer ﬁﬁ backbone pol yner
TBemnamnmmshmspﬂmﬁbﬂuﬁﬁhymﬂﬁeoﬁpﬂpyhﬂﬂmueapﬁhﬁﬂhﬁu@mﬂan

composmgnsg?é Rzgﬁ-gwg 1|'1ee %n?;o ene HD guy{ﬁpﬁgﬁltéaeorlghon rY nconjugatedv(\flene

terponmePlell\icP{hamé|b§éffﬁ1§hér@@ﬁ@aﬁ&&i RN fanétioh RIS rSRtes W
nprover for lubricating oils. U 'S Pat. 4,320, 019

Iubﬂcatm&lp% eorpRasHions Muptratgisdrrsofiolgdiisae i ng additive prepared

U. %{Paég@o i r0§99§4 Ql'gcl?sfe? Qtﬂyl'eﬁ‘é ﬁ’pgﬁ}rﬁg@%?ﬁdcfﬁ;um ¥thﬁ@1€e £89néor

pha- monoo 'n”wt
more Cs to Cag alpha~oleﬁn solution grafted with an ethylenically-unsaturated carboxylic acid

material followed by a reaction with a polyfunctional material reactive with carboxyl groups,
such as a polyamine, a polyol, ora hydroxyamine which reaction product is useful as a sludge
and varnish control additive in lubricating oils. ‘

U.S. Pat. No. 4,137,185 discloses a stabilized imide graft of an ethylene copolymer
additive for lubricants. '

U.S. Pat. No. 4,146,489 discloses a graft copolymer where the backbone polymer is an
oil-soluble ethylene propylene copolymer or an ethylene-propylene-diene modified terpolymer
with a graph monomer of C-vinyl~py1idine or. N-vinylpyrrolidone to provide a dispersant VI
improver for lubricating oils. :

U.S. Pat. No. 4,320,019 discloses a multlpurpose lubricating additive prepared by the
reaction of an interpolymer of ethylene and a C3-C8 alpha-monoolefin with an olefinic

carboxylic acid acylating agent to form an acylating reaction intermediate which is then reacted
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carboxylic acid acylating agent to forman acyl ating
reaction internediate which is then reacted with an
amne. U S Pat. No. 4,340,689 discloses a process for
grafting a functional organic group onto an ethyl ene
copol yner or an ethyl ene-propyl ene-di ene terpol yner.
U S Pat. No. 4,357,250 discloses a reaction product
of a copolyner and an olefin 5 carboxylic acid via
WﬁhaﬂmPH@ ene" reaction followed by a reaction with a
| :
DR, 2P0 a2 s T or bt Fbcuidlh orfhesro o
an ethylerree:ap,dlymg" X an pmylpmmmpyldwdlwdctdmlspar sant with an

| ene I oQhyan et.h
U B RGeS aEh oS SR ol PR cofiy B G B o 151
carboxyli€liciC1i@ 8RS e lrya¥Bon RUEWEd Mebrehdtion fwlilma&n@iﬁdmiﬂdbd’lyahﬁﬂé S
conprising a grafted ethylene copolynmer reacted with
mixture. 3 no| yani ne, pol yol or hydroxyanine and finally

Ul qaa? & 4 Wigh BO’?E]S&!)&QF XﬂSpééblnf-W nSpraer Pr Heésby Pe%nnguo

5,932,525 teaches nulti-grade ubr|cat|ng
polyammeedmrwpd disprgsant Withwarsertidized chyi@)&@OMm@ kolymerse; anhﬁwienhr ee-

10 lmmﬁ%?seﬁé rcent of an ashl ess dispersant and a viscosity
Propy OFIMR™es U s -Pat. No. 5,427,702 discloses nixed

U.Stray No0g, 134, mﬂﬂfh@cﬂﬁe‘s polggaldgiiess formukls lafidlubfitadtsadomprising
vi scosity nodifiers 3,623 teaches
a grafted effjylene PQR?XW% meacted wth; wogaweymém ohgrh Xfﬁ%ya%’re@ns %ﬂ@%

reacted wift@n-all¥py1 seifdh{eackB3 di scl oses a process forpreparing a
di spersant and anti oxi dant ol efin _copol yner

U.Siddt- Nov 2832, eteeshes mpl@egra@dilhmamwtaktcpmgnslsg alow Saturate

o s SEE USR-S 2 S8l M kg0 o

U.S\@Pat. 51,05562’32@ dsﬁcmbme&d eﬂhyles@dlpha cﬂcﬁn @bolgoduct ed

derivati,ze R or EPDM G afted, functionalized
‘9ﬂ£ @Syoul d be desirable in the |ubrication

U 9. Pl So. R6LEn308REEE BN RinbesHaZ Qekin Sopalyief V1 Beiveid. ent

and/ or efficient manner whijle prOV|d|ng conparable or

U.SePainNe @753 dywclases aitpecss 1os Prepiing it dispSiaitapd atioxidant
olefin copdlirdr 880t mIRRYITBE Srafifg is accompanied by the molecular

weight reduction of the copolymers due to mechanically shearing.
- U.S. Pat. No. 5,556,923 discloses oil solutions of adducted derivatized EPR or EPDM.

Grafted, functionalized olefin polymers would be desirable in the lubrication field
which can be synthesized in a more convenient and/or efficient manner while providing

comparable or even superior performance to current commercial grafted olefin copolymers.



2 SUMVARY OF THE INVENTION In a first aspect, there is
provided a grafted functionalized ol efin pol yner
di spersant prepared by a nethod conprising reacting
an acylating agent with a m xture conprising an olefin
pol ymer havi ng a nunber average nol ecul ar wei ght of
bet ween about 20,000 to about 100,000 and a diluent in
the presence ginmireor gk adVveNtidator to provi de an
: acylated ol efin polymer which is further reacted with
a mne to provide the grafted functionalijzed
In afir %%e‘:b dhepsrisy Proviged arasalied ﬁmF‘H’“%i‘Z%de@Eﬁ?dP%)@ﬁé gispersan pregared by a method

comprising |réilct91@ QN bélREnPdpe eth bin¥ Buré @5}5;@1&5%% &efﬁl%hﬂielnhaﬁ}ﬂg a QB average molecular
tive ingredient basis, 20 to 90 weig ercent of a

weight of e 2bput R0, OB foLpBeRE 100,900 apdi g lamﬁlﬁressw wfiesrrdioghinitiator to provide an
- acylated 01%'@%@%&@8%9& rdab8a SHiRd b&galmﬁelf'te cﬁdv% Fhel éﬁﬂd Rl dnRlized olefin polymer
polynmer as defined above. Inh a third aspect, there iIs
dispersant. provided a lubricating oil conposition conprising a
mej or anount of an oil of lubricating viscosity and a
m nor anount of the grafted functionalized olefin
In a y5eangl enectaherd ds tronadedab eddsive oncepirafesontaiingaie ettiye infreficet tags, 20 w 90 weight
petcent of a czﬁ’ﬁé? Xfu cglﬁ?% ﬁil %ﬁtg{aﬁgbo ?é roé?c%; cgﬁg\%/éﬁ n%e?(%nt C?? hE ﬁedT ﬁmctlonahzed olefin polymer as
dﬂhwdﬂmwaddlng to the crankcase of said |nternal conbustlon
engi ne the lubricating oil of conposition as defi-ned
above. In a fifth aspect, there is provided a nethod
In a {tyrd p%?q thefe ils,@ovadefi @é@mtl%qﬂﬁmmslu%oqnwwjor amount of an oil of 1ubncat1ng
viscosity an€PRRU SRR oAROEIRA ﬁﬁ&{éﬁe[hlzéi' oilin bl Rhdr GadenRA 6RE
transmssion with the Tubricating oil conposition as
defined above. In a sixth aspect, there is provided a
Ina [E@{tlb%gec@ h&@i% iada gﬁl@ttléiae& lJbHQa%%%ﬁéehﬁlec%mg!lsﬁgr} gh[glne wherein said method
|s e sant conprisin an ac
comprises aé@emto the t‘zlhnlevaaﬂ@ftsa;d elt@mhpm@stﬁrg capin® Iﬂeﬂuhmcgmlgwﬂmf compOSltxon as defined
havi ng a nunber average nol ecul ar wei ght of between
about 5,000 to about 100,000 and a diluent in the
presence of a free radical initiator to provide an

| at e olefln is further cted with i )
In a it W%?ﬁq HhEe % meﬂ@?ﬁ PR o PR 1 IRRSDP e 4 g combustion engine
comprising lut@icin Baidx@inyHigon 6iith PR [bAting o8l cdiifosiibis &ldemraataoy el
hi ghl.y grafted, functionalized ol efin pol yner
conprises the reaction product of a nethod conprising

In a GRAChIpEE, ABredS YiAideN G BGRA oM Mhdkihgd grifted tMcBonBRRP blefd P&lymer dispersant
an ol efin polyner haV|ng a nunber average nol ecul ar
- comprising re3ghne gty acypting SpgRE WL 2 AWEE CTUE0E R OIABORAYITFO BIVBBE MAergverage molecular

- weight of betvi@Rabé@ 5006 loibsli 1 dRIBb andSURenbR e p?ekéﬁl?@of‘a 588 dallca®hnlkON TS brovide an acylated
- olefin polymer which is further reacted with a polyamine to-provide the grafied functionalized olefin polymer dispersant.

above.




and/ or solvent neutral base oil, in the presence of a
free radical initiator to provide an acylated olefin
pol ymer which is further reacted with an anine to
ﬁrovide the grafted functionalized olefin polyner

hestiwstosedmovel highly gpdied,ifowhiamnlisdbath palgher t he acyl ati ng
in.the absence

158080 ead e ol ef.in pol ymer )
o B B AR P SR T o
mixture nwmwab@tﬁiplp@m?gém dhgumh&g a\%rnge Rfofdi@lar @Efghﬁ&fsoeh@éﬂ
_ t.urat | rocar bons. e m xing of the

about 5 ARLBEE Sncoiand g il it sy paly bt origomers
and/or saleqnohanirel bass\bil, in the PRBencY OF Al s i

lefin F)ol al phaol ef i r: (E’R())_engl i gqngédgg|l}é§%r%?8w§$m0?wgfw
oleim po ){ﬂé% Whira s fupthenrersted viithow agtitesto proideshé prafied finblianalized
olefin polyai¥@Rpdriife Vi scosity of the olefin polynmer with a

conponent whi ch does not interfere with the grafting

Tngsr pagiidular elbeditnkaithk hayddting mgdng kA SnRkY SOl ih Bg
emain in the finished

: 1.af i I r _and which ca € )
absence °§€@8*a’§i et Som ket o ofpplp Budrpcarhon. siamatios havivg s benzene
nucleus, awd k#tsratet! cpelizdiyioearbéhsavoi d use of a | ow boiling

rocess .sol Yent whi ch nmust be renoved during -
' - ageof ﬂ’Fé’. efipypolymer, yitieh preferably is eniolefin cofmllyansr) with 2 non-
 volatile dife§ERtE 2 (RIRYPMANAYFAO) dif nd_handlin -
o ,e requir e?rent s asgigigll1 g%c():? %{g},&@{, E@v%é%ﬂﬁgg?%ﬁ‘ Pg&mgﬁ‘]y fefined
base oils, @plgqstltd@sqyblgm redugodhe/vigrosithNofithe olkfitbpolgmbt witlh) AB&EpdHeRANS

; hSG : reln comprise. an.oi.l of |ubricating
which doeGh3GhBTEE AL BB of SRBAEioilizSion rtons prrfmed o the

~ olefin polygreabtdeathich cannteineinah t&aThidkepioduct ﬁﬁﬁﬂéﬁ‘ﬁbpaédhgtig%ﬂc%hfé% o

. .of ;additiye concentrates or_finished |ubricants.
and which (g ol fe S ﬁistag 136 ofadow bailing presess selyentictcmnst be
removed @SS BanvBREIre € Bhis bbARSMS ek Aechani

devi ces and con%&%gnﬁtﬁgg%‘ﬁﬁﬁgﬁ SR d&e—bﬂ;})—lE
s o EREDIsMETBtcd withibt mangfadtyring affthegiafied olefin

polymer. functionalized olefin polyner i-s provided as the
reaction product of a method conprising reacting a
Novelilatidir® cRJdkiabM J}Qﬂ&ecpﬁlérééﬁ'ﬁ{ag&m-gg te conprising a 5
nor e to 3 al ha-olefins

. . of._et.hyl. d
oil oftubricRine Y S bt of s bigkly BpReqcigetionaliped ofyfia

polymer, inthe form of additive concentrates or finished lubricants, These lubricant

concerns

- compositions can be used to lubricate gears, engines, transmissions, and other mechanical

devices and components,

3a
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the pol ynmer substrate with an acyl ating agent to
provi de an internedi ate product; vacuum stripping of
certain volatile conponents; and am nation of the
intermedi ate product. In this manner, a highly
grafted, functionalized olefin polynmer product is
provided. A lubricant conposition is provided by
dilution of the novel highly grafted, functionalized
ol efin polyner 10 in an oiI of Iubricating Vi scosi ty.
Tf@z«:’mﬂ'ﬁ[ﬁ@ﬁﬁcmm@v FRERES BB LEN Tysed as
a dispersant. Polyner Substrate Starting erial The
Apors} iighlysmiftet s fanationalized plefin pelymes iaprofided asibe reactimeproduct
dlnent f th resent i nv ntlon fera
of amets 38 SR eeBing S HPe® S ipips P EREr o BREF SPRsPE2c 1 0
polymer dT2thyRhphal-obk 6f moe.Cs td 623%1]3@1@&3@ brad ﬁoneidwﬂlemmeﬁﬂ graﬁmg
st preferred, Oher ha ol ef i ns

I
the Polmgm@g%ﬂ%%% aglgﬁrcggg%?geﬁfrts ygﬂva?éneraw Isedysh VoSem or
stripping &&eﬁ%n yelte b&nﬁ&l@?ﬂs%ﬁ laha¥ibh B RE l?)Yén%Q(ﬁat@ %godﬂf:toﬁw'nﬁ ne |

forma terpol yner include |I -butene, ent ene

manner, ah@ﬂoemﬂcdl. npetionplized ﬁlﬁﬁsmybfmffepmé@t 5P odest ﬁdgbnogutc h as
composm(l‘%i% pr c}%g 'bglaqlfltao]p of tl'xrl‘%{rﬁ % g&ﬁg_ra.&ed?ﬁ]ggﬁo%gh%&%’]eﬁ yi fhed

I NS suc

in an oil oﬁmbhgﬁuhgmm@ The bobiribait panp@itionimayidvd beneficially used as a
di 6- met hyl hept ene-1; and m xtures thereof. ,.a 20
ispersanty i hods for making the pol ymer substrate are also

g@@sm@@te Stirtthe Matrid. S. Pat. No. 4, 863, 623,
and 6, 107, 257, which descrlptlons are
The pelpmnprorhstiate stasting matprjal farfuse imnne embadimentf ﬂreangséntof
r [ of
invention féfa’b 09 e c&d@‘){%rgﬁj égﬁ)ﬁ(glecag% %{@orggécggg / s alg?ly ﬁleﬁns

rese I hvent |
Co-polqumbgmbrlme wd]pxapylcﬁegaramestmkdfentﬁr @ﬁmoaipha-«ﬂeﬁusemttablﬁnrplace

re s | ex ner Subs
of propyleig R rae R e ok Py ReselBinadt Bab sk afl Préineness
form a terp@lyhh:lr indlude [Qbﬁﬁﬂé)tl-—peiﬂ&ﬁe t1 mek&leppw@ﬁaﬁa stgl%ﬁeréé\i Jdibldfﬁlﬁd .
tOp pare anlnterg % ubstratelsaP
such as L.5qfsxese behergpdiener } shrigpiphesledppsuch as 4-

methylbutehé-'l SlaReh lp'EHf%nélPJhd @ﬁ%&‘ﬂéﬁt@rﬁ: ﬂ'aﬁ&‘ﬁu&ﬂ@@ﬁ’l@l%ﬂf i's one
having from5 to 14 carbon atodms in the chain.

Methpds for mpkipg thephlymgr shetraiorrontse dpssribddac g6 ineViSzBat- Ng. t he
n I i
4,863,623, 8 r(ﬁ? §g3(é: 91(1:(?% @ci’ﬂ‘?h%kqbg d%ﬁgﬁ&s aI'e OIB n%%ye%%g@gﬂ 2t Vcee.
A bnl:q_aé nesge oﬁﬂbﬁmﬁmi;&ne%s hay hei sedén thib Placicenyfeheopreseatinesneion
including c%;_c@ﬁ?‘% g.r%? ’a%& &H@rs cgﬁ%alh [llgl a(lj SeT{l]ﬁI tem{]o%gr%%; go%?e%t For

instance, more complex polymer substrates, often designated as 1nterpolymers, may be prepared

using a third component. The third component generally used to prepare an interpolymer
substrate s a polyene monomer selected from nonconjugated dienes and trienes. The non-
conjugated diene component is one having from 5 to 14 carbon atoms in the chain. Preferably,

the diene monomer is characterized by the presence of a vinyl group in its structure and can

include cyclic and bicyclo compounds. Representative dienes include 1,4-hexadiene, 1,4-
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nmet hyl ene- 2- nor bor nene, 1, 5- hept adi ene, and

1, 6-octadiene. A mxture of nore than one diene can

be used in the preparation of the interpolynmer. A

preferred nonconjugated diene for preparing a

terpolymer or interpolynmer substrate is 1, 4-hexadi ene.

The triene conponent will 5 have at |east two

nonconj ugat ed doubl e bonds, and up to about 30 carbon
cyclohex:ahema;simynmmmadmm ﬁreﬂayrfgquc@axbxbpmeeqa e‘ngéﬁunmimmene 5-

reparing the interpo nvention
metyienl o g oot and TSt B A i B one dione

can be uséd hﬁﬁﬁr&]ﬁﬂtﬂoﬁ’ eP@e ifpdIARENA @%f&ﬂfﬂ nonconjugated diene for
hydro-i sodi cycl opent adi ene, nd

prepanng}térzolmmmrllrm@om fvbsirae ip é.ﬁtbéw\lf)n& oThe triefje component will
have at Ieaﬁt § zllo%f:oqju %P gl?lga/ E«énrl?i)é ! and ﬁp g’g"(g’gws%% Fg)mlr&g the chand
Typical tﬁdﬂes kBl pliﬁ;iaﬁng]ﬁé ﬁﬁfﬁpolahh}df ﬂmemmntioxf are m_isa:lmehMe-t 0

36,4, Taiah gk gl BoraY B AT a8 e Re i

and 2- (2-19&5521@{&411%&&32{13 ﬁteﬁsnﬁz trlmbﬁm%eﬁémt o 35 nole percent
-olefin, with the nDre referred

Etbyle:mr@ny&mg Ob@ghﬁg alph@ﬂ!eﬁ@ CRRSLYISES THBY @lflﬁé*r #hort 1 tiRe
70 mole pt@%%t%ngg{eﬂ 1?8?1'; : e P60 ntate 1%&9 eg‘gés 10} (fﬂpgi 94421@% with et

proportio

- preferred noleaatjps bemg ﬁomtd;yuhtéﬁ o éﬁmolé&'petcmwﬂlylmb enierg @h@ut@S .t0 35

SIRSREN X I RE 00 R S

60 mole pbRb cBFleREAHd MPfto BO R JBIAT ;a6 Celi Apta- dwﬁd; fukdethe mokior

i nstance, a small anount of ternono %% as Ie3§
proferred pIRBAFITNS DGR f5dp CEMOIC Breent MITRsany Saiad polsdenedss
toCz33]pl'y3it(TIeﬁn may be present in the polyner substrate. 20 The

ynmer substrate, that is, the ethylene copol i
Tetp@bp‘@i‘ yariations of taerforsighing pblyykrs may|cppfaindion ahonbe: F\%BO

e

such as less ai®ABintvle phreaonaltagatiyehydesmibed ai 5 w84, neylbe prea¢nt émthe

ﬁﬁandardlzatlon wi th a preferred nunber average
polymer sybsirale | ar wei ght range of 5,000 to about 85,000 and

The'BdIPmé, sBbRra DI lgtlﬁé‘&ﬂlﬁmQQQpélﬁnébﬁlﬂ&p&ﬁnQQ (. anfgll sphible,

substrate starting materials 25 havin hese npl ecul ar

linear or bgaghgt p@lymwinﬁ agwmbet aveEeymplscyar wH rffé’&‘ #rouaf0%i8ed
fﬁt}tﬁ&ﬂo &fd lilv@Ed ehlitRioae
abmnlooa@%%ggg ﬁf%ﬁﬁ%ngﬁ?éﬁ nanné%ﬁh#he term: ofyner is
standardlzalma,dwxgemmefmﬂ hymbo ageregrpelsailar wysighy rrogeof i,‘éﬂopfg labonr s,
85,000 and more preferably about 7,000 to about 50,000. Polymer substrate starting materials

having these molecular weights usually do not need to be sheared or degraded during

processing to reduced values in order to be processed in the desired manner.

The term "polymer” is used generically to encompass copolymers, terpolymers,
interpolymers, and so forth. These materials may contain minor amounts of other olefinic

monomers so long as the basic characteristics of the polymers are not materially changed.
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- with the Q&fin/FRymer FRhiAO MR

interpolyners, and so forth. These materials my
contain mnor amounts of other olefinic nononers so
| ong as the basic characteristics of the polyners are
not materially changed. 5 Non-Volatile Diluent for
Pol ymer Substrate M xture The pol ynmer substrate
starting material conprising (co)polyners of ethylene

and one or —Iore C3 to C23 al pha-ol efins tends to be a
ePyuop| tor Belymen HubsteataMiniurder the grafting and

Tﬁ%fﬁ%ﬂ%‘%@g eGP O (AR RUE b BRySERA] ph6r
more C; ©l (4 ﬂlphapdleijnmtendfs artr arrglaaveﬂboviﬁ@em aubstandexindérdhe graﬁmg and

functionsfilol et o ont ks esthediegin. BBl e & provmised
F@dduk Rixtéie! N%ﬁlvo}éﬁl%‘ihlﬁ&m%ﬁ%d 8t dnOW

sul fur content. Sul is an undesirable inmpurity
optimal agqpitrio jrpgreye and dasilitaip egylatine ofig Plefin pelymen die oen-vaaiile ur

diluent usJe& cOf 9&‘5 3¢ ht%f?tbé‘ﬁ 38 &'ﬁh&ﬁ?ﬂr e:tﬂﬁidtfﬁﬂfg}r}] interfercs

orrru at1on  because su i nter
with the ae)dmrrgilear&yst Suifir isfetapning meiesirdblﬁen tinishedupdcaaf foirmalatidnD

eferabl re sat t ed n- br anc
because st B i soked s e ARGpg piRpanitiic
materials, pyeFerally afe satufiictnoh 8fdntheal fphﬁﬂilﬁé fefibél 158e 6if fxﬁfsf ﬁ@fem,ly
i ns or When t

herei.n_as pol y-al pha-ol e "PAOQ s"

synthetic %PI@rqlﬁﬁrp@}gyw (algo iefored toiergin svidly-aiphh Bnseari "BAO' ")
(&} 1) @ﬁﬁj f
When the Igl’?!gtgl onal |1 zat tg%(ﬁ?gl;ﬂ&?ﬁ%@%]]g@%lee nOI g g eﬁat a§ e%u |g{j(l51 ﬁ;t e

amination {gulcttha rﬁlqghwbwisn), hév&ebdcrrﬁnmd deht e arttimpage rm-ammpamﬂub'gs
mer

ransn1 devi.ces as .conpared t
have ]mPIJ)‘-I/%Sg %gasgrreg %% Eé&g mﬁ‘ﬁ ewces nggol]{lp E’ h| g h
substrates pnnlcéssed gnflirdy withivgt dilueniedt highl sﬁlfmﬁnﬁmmcs,cﬂzmemt t he

pha-ol ef in oligoners '

d|Iu oil co rlsdof al
ehgmﬂgm t, 5 g o) GQEPHRART QB%?le%olﬁmwwaﬂy
contain les§ @ik @Bbut Sﬁﬁﬁnﬁﬁiﬂﬂc@fzﬂaﬁréﬂdﬂaﬂﬁﬁlaﬂ?%s ARRkSoul 1 BRI seMd Ur
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The alpha-olefin oligomers generally may comprise, for example, the product of

~ catalyzed oligomerization of Cg or higher alpha-olefin monomers. In one embodiment, the .

alpha-olefin monomers useful in preparing the oligomers predominantly are vinyl olefins (i.e.,

1-alkenes) containing about 8-12 carbon atoms such as 1-octene, 1-decene, 1-dodecene and the

like mixtures thereof. In one particular embodiment, the alpha-olefin monomer is 1-decene or

an olefin mixture containing predominantly 1-decene (e.g., at least 75 wt.% 1-decene).
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.containing about 4 to 30 carbon atoms, in the presence of a catalyst to form a synthetic base oil

containing at least about 50 wt.% of the reaction product of the intermediate and vinyl olefin. In

- one embodiment, the mole ratio of trisubstituted olefin to vinyl olefin is from about 20:1 to

about 1:20.
Useful alpha-olefin oligomers may also be commercially obtained. Examples include

Synfluid PAO-4, manufactured by Chevron Phillips Chemicals and includé Durasyn 164,

7
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Pat. No. 5,837,773, which dcscnphons are incorporated herein by reference. These carboxylic

. reactants which are suitable for grafting onto the ethylene polymer contain at least one ethylenic

- bond and at least one, preferably two, carboxylic acid or its anhydride groups or a polar group

which is convertible into said carboxyl groups by oxidation or hydrolysis. Preferably, the
carboxylic reactants are selected from the group consisting of acrylic, methacrylic, cinnamic,

crotonic, maleic, fumaric and itaconic reactants. More preferably, the carboxylic reactants are

selected from the group consisting of maleic acid, fumaric acid, maleic anhydride, or a mixture

of two or more of these. Maleic anhydride or a derivative thereof is generally most preferred
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without interfering with the grafting reaction or impairing the reaction product.
¢ As another advantage associated with the provision and use of the polymer substrate and

- diluent mixture, graft polymerization may be carried out in the absence of hydrocarbon volatile

" solvents, including those otherwise conventionally used in this general grafting reaction. For

purposes herein, a "solvent" refers to a liquid substance capable of dissolving another
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polymers sufficient to reduce their molecular weight. The batch processing equipment is

| generally blanketed with nitrogen to prevent oxidation of the polymer. The residence time in the

- processing equipment is sufficient to provide for the desired degree of acylation. Diluent oils,

such as solvent neutral base oils — Group I, highly refined minerals — Group I or Group 111, or

~ synthetic lubricating oils may optionally be added to the processing equipment after the venting
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Amination
- The polymer intermediate possessing carboxylic acid acylating functions is reacted with

-a polyamine compound. The polyamine compound may be selected from polyaminé compounds

such as described, e.g., in U.S. Pat. No. 4,863,623, 5,075,383, and 6,107,257, which

descriptions are incorporated herein by reference. In one embodiment, the polyamine éompound

11
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Typ}cgl?y, B2 le) yrg]m?r?c oA S is (are) dissolved in or with a surfactant and
added to a mineral or synthetic lubricating oil or solvent solution containing the acylated olefin
polymer. This solution is heated with agitation under an inert gas at a temperature in the range
of 120°C to 200°C as described in U.S. Pat. No. 5,384,371, the disclosure of which is herein

" incorporated by reference. The reactions are carried out conveniently in a stirred reactor under
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11 is an N-aryl phenyl enedi am ne represented by the
general formula: 3 R in which R is hydrogen,
-NHaryl, -NHarylalkyl, -NHalkyl, or a-branched or
straight chain 5 radical having from4 to 24 carbon
atons that can be al kyl, al kenyl, al koxyl, aralkyl,
al karyl, hydroxyal kyl or am noal kyl; R2 is -NH2,
' CH2- (CH2) n NH2, CH2-aryl-NH2, in which n has a value
nitrogen frargam | to 10 and RB is hydrogen al kyl , alkenyl

S e P PR

polymer vtnhﬁth@ E&?ﬁﬁhe(lsﬁﬂﬁﬁdd Eﬁlﬂara net lidih&:dhb t}ﬁse charactenzed as having (a)
enyl enedi am nes, nore SEFCIflca||y

solubility gaagmpgﬁf@ﬁwp@ﬁ@mﬂaﬁgm or §¥§ egg(]élhxﬂq:aémg wil, (g) boiling point
and vapor%‘%e tie Cil?fl’ﬁékt Q¥%b 99&8 kGUTteR e fiSh qpomt of thc 011 and &c) polarity

eny endl am ne,

- - suitable fqriselnbihemg thegmiyamine(s). A smpblefclesarqiduqmmtfaqtﬁés 1@9‘@9@5@@1 es

reaction pEigF b Pl G gl gesd S oS R e baC W Sieme
oxide or miRREds lﬂ%dfﬁuglg aﬁgdragg ;ml c}éﬁi?{;)g?(/ﬂfl?? ai sliphatcorpactiolit e
elkoxylatep ATRET S TR L SORF BRICB o 2 N b5, £-24-7
(HmtsmmeFé Rt oA, NEIE 53-8 ¥nd'2AY (131 TheAlddl C&gpa‘ﬁ ) drlae

mer substTate under inert conditions

" Tergitol® a@t@ctagmt(ﬁemn (Starbjde) Breferseshyvofastants mcklﬂ%thn%feﬁ“éacw @P‘i on

h
conans S5AGH TS S0 BE R e
" The qmmmtfeummneabeﬂ depbéﬂ)s ih@ad 6. abilitgto ﬂﬂulahm}h@jmdyarmne.

In one profied G B ERS P BG BB SREE ARy SR D

ﬂleeretlcaiﬁﬁ%@&@m allSf BGLMHhel Carbbi cgﬁJuka czﬂljrdcdnbaltfaﬂa&tdf Ghio 46
fected under ~ the not ed condi t| ons. Typi.call Q\P‘%‘Ee
a

wt.% polygenny anviemplayednIde serfasiant eanalsp by adied sen Yﬂ ipstesd

- addition to%%éﬁl%xﬁﬁtes an ss@dagggei LR HRe5@ antunbd e uRRdAf in the

ricating ol vent sol ution containing the
finished addﬂgﬂleaet Hblwb%eaﬂﬂas 25 polyner. This solution is heated

il %g)gt (o Anek B3 Fuaf Be bA16Y shabflRa Bter tnd ATRGHR rtHcfiod, "

~guch as by reactmg the excess primary amine with a Cy to Cy; alkyl aldehyde (e_.g., nonyl
- aldhehyde). For example, the reaction may proceed with the alkyl aldehyde agent added in an

- amount of about 0.2 to about 0.6 wt.% under similar temperature and pressure conditions as

‘used in the amination reaction for about 2 to about 6 hours.

Lubricating Compositions and Uses
The highly grafted, functionalized olefin polymer products of the present invention can

* be incorporated into lubricating oil in any convenient way. Thus, the highly grafted, multi-
- functional olefin polymers can be added directly to the lubricating oil by dispersing or ‘

dissolving the same in the lubricating oil at the desired level of concentration. Such blending.

- into the lubricating oil can occur at room temperature or elevated temperatures. Alternatively, _
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of 120C to 200C as described in U S. Pat No.
5,384,371, the disclosure of which is herein
incorporated by reference. The reactions are carried
out conveniently in a stirred reactor under 12
nitrogen purge. Surfactants which may be used in
carrying out the reaction of the acylated olefin
pol ymer with the pol yam ne(s) include but are not

the highly grafi¢de fhintonkindeldhaohaicer dad de blasded anithragruitable oil-soluble

ol upil.ity characteristic atible with mneral or
solveat/a et agh as beash. et s OB OHNSY S SBOPHIOI ST
dlshllat%¥ ffefm B c&ircetfe, %ﬂh&%l@ﬁdu? thé SorzentAfe Vit a IuBn@dtth bil the .

| ash point of the oil olarity suitable_ for
obtain thesfial, Birmplatieny Stlﬂveadémvy acpﬁca@xasqs wil\typigaltpeaneain (0npg agfive

C f e r
ingrien ) ) 5 B LSy o PRACKID BB BB B
35 wt. %,(hlg’l:ﬂiegraiinﬂpﬁmbtmmehzed»leﬁa polynrer xddunesmﬂhml@ﬂy fro&xbbut 2Gto

k at
90wt %, St B0 3 g Finet ostast Sb bl be Bt cleishte
ThSHunt snandd)cﬂug% cal eé?ﬁ‘i%n y), I\Iergg%%ﬁhezs 5 gﬁgehggn i7ind
their pnmmw&hty irhibrating oé@ﬁ@amona Wémh'F@P!jﬁYta&aﬁer‘) g ehichdthant s
additives 48 eﬁ%misgﬁéed SiRbasd il n‘?&?% ﬂ&hﬁﬂ‘sfmhéﬂi%'om@xtﬁmse

surfactants contain a functioial group, e.
thereof. Bas©jls fablb lfer.usein prefaong thg Iuhrtchmlglw canpbatios of ﬂl@fprqsent

The u cta epends,
imvetion BEf s o8 Frlib At nbls e PR 8 LR B ST ek el
and compx@ﬁﬁnﬂgﬁfcﬂrﬂteﬁﬁaledm&dkﬂmmhgméil éuch @!; Mﬂdﬁﬂlﬂﬂle(hﬁﬂnﬁmgnﬁs,

added in an amount. sufficient to 15 theoreti caII

marine and gileqad drepq] engipespnditheliks. Advanipesonspesilss e alge aehy %V
employmgW@édHﬂJvIerxﬁ% G e pRsR MfveRfiordn bikeHfls c&ﬁvenﬁ&hfg?aéﬁlﬂlﬁyed

are enpl oyed. The surfact ant can al so be ad

in and/or adented far @ﬂeyis powenttengmigingdhuidsaheasyiduty hidraulis fhuids, power
s AT BPATTE SR A G o

surfact
composition cém adso Hensfit frofihthe vpipatation deedin of thoddditbe naikimceswhthebe
. color stabilized after the am nation reaction, 20
Prese“tm"%tlﬂ? as by reacting the excess primary amne with a C7
'Ihds@h@ih&atﬁk I lforatulitionsionyentidnallydiin adaitidha Ayelayes thfvill
exanpl e, the reacti on rra roceed with the al k la@cgtwes

- supply the ¢h ics dhat ate reqired Amops thsss ey,

are mcludegg@fgﬁorgl Gistsitys Pnﬂgjgﬁﬂ ﬂe@ Luﬂ{oxt(ﬁﬂ@ Eoftb P inRttoR! @e'iég%?s

It ons as use |nthe amnatlon reactlonf
dispersantsgimwn poifit depreasantst ar@iwiean agents, antifoaming agents, demulsifiers and

friction modifiers. All tests are based upon an SAE 5W-30 fully formulated passenger car

motor oil.
In the preparation of lubricating oil formulations it is common practice to introduce the

* additives in the form of 10 to 80 wt.% active ingredient concentrates in hydrocarbon oil, e.g.

mineral lubricating oil, or other suvitable solvent.
Usually these concentrates may be diluted with 3 to 100, e.g., 5 to 40, parts by weight of

14
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Lubricating Conpositions and Uses 25 The highly
grafted, functionalized ol efin polymer products of the
present invention can be incorporated into )
| ubricating oil in any convenient way. Thus, the
highly grafted, nmulti- functional olefin polyners can
be added directly to the lubricating oil by dispersing
or dissolving the sane in the lubricating oil at the
lubricating ed ipergurt|bewedight Hf the ndditinaratkagein Buuihg Ghishedi Intgricantstec.

crankcaseghr R R gRPa L P e e B Foufle, IS b SP Rer e F

various m@fedlfll Rels dlfﬁtﬁlﬁtahd) aakwae ds @kledd to fRaleeesIstGaR d erblbﬂ ickael
h a suitable oil-soluble solvent/diluent (such as

ﬁnalbien%“éﬁ%#& highly grafed, fgnctienabized qlefin Robmer g ogidusugily be cgmlpyed
in the fonﬁﬁ?& @%Fw@m%% deht®dt€ For é&&n{)ﬁrﬁ‘a%ﬂiﬁ il fdcflon. 2Nd

endlngt e concentrate wth urlcatlng oi |

t
. Tlvélghbmraﬁfmi, funetidnialized deéinnmlmtemmf theaueﬁqntadthlmowwﬂl
rat.es w onta .(on jve 5
genera]ly ge 1%%(? dim ad‘r ixtpg vrlh]) lsjlg ?IE? > S utxsusog cggl&ncatgg
wsc031ty, mi:lu%ngaﬁﬁir@ llmheitﬁiglo)ds,fsym&hﬁjﬁcaﬁﬁg 4iB aﬁ@ﬁﬁbttureﬁﬂlei%f %
ted nctional i zed ol ef

Na&lﬂ% "E]F m@lu S@gfi Ve&etabl Rils K68 C%rﬁ%rd odh lwd%
petroleum Bﬂ? bt lﬁmoY'efid' r@oﬁ@ﬂﬂ-’l}eafeg oﬁ' ch@-geéﬁ!&d nﬁne%ﬁl%neédng Basetnon

he concentrat e wei ght

hl
~ parafiinic, fnapléhmmlld inraet] Eﬂrmﬂinm@mtym tymsoédt@iéiubﬁcawgewmoa% nt

“+ derived frdn? ?/(oedﬁ] Bll S%Q]efa%@ S0 Js%i aﬁgr 1§T%¥ sﬂﬁ% lgé iel%gl ing ¢ ﬁ\%\}l}él%g%ﬂ @%e

s

conposi tions
invention ilnéludnjmi-letdf umpmanter df e;mhmﬂgiumi sylitlsghie m@dcarlﬁmxdﬂsbdsm

SRR TTEN Y S W TR TA T

interpolymletsPédpeBhieRGma ideri CAINRORErbO AR tBé tehiRalHyBHR M groupd eV been
i ncl ude those conventlonaluy enployed as crankcase
modified by@gpq:@cgpprhgstggﬁ@up% ptcsfﬁmq@ hogytc agiglg and silicon-based oils. -

c T r i |
The ﬁﬁ§&@ﬁre angggyﬁgéfgﬁg#ﬂgs ﬁ%fﬁﬁgqgﬂgaﬁggyroad

as aut onobi

fuel econondy dumbilibnafi an@bi,clearvi@reum;aldl jnethod Mmmagﬁmo redeperating fre

* t crankefy BFNE SO B Bl gt OT S Rol IR bNT, 0121 1%

4 20

oo A ot U e i

25

Alse,rmhah@ﬂofdxmnaﬁgdmcmamueﬁuefrmls iu&ezehﬁleﬁﬁmemplated Said

composmoh aggégggd dbvQi |'s, punp oils and other | ubr icating oil
ositions can also benefit fromthe incorporation
A H;eﬁ@rl ef mprpving thedewtanineeature prapedics of a lurécatipg eid isrplso
contemplatéd:] byt Edn?ﬂh'sing of combining an oil of lubricating viscosity with the highly
grafted, functionalized olefin polymer. .
The highly grafted, functionalized olefin polymers of the present invention may be post-
treated so as to impart additional propérti,es necessary or desired for a specific lubricant
application. Post-treatment techniques are well known in the art and include boronation,

phosphorylation, and maleination.
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'15.
synthetic lubricating oils and Xt ures thereof. |
* Kept underggpyignaen aghasEherh Anad-paEpOS a4 0\l ik Basssfigated

20 -

20 These lubricating oil formulations conventionally .
contain additional additives that wll supply the
characteristics that are required in the formul ations.
Anong these types of additives are :
i ncl uded-addi tional viscosity index inprovers,
anti oxi dants, corrosion inhibitors, detergents,
di spersant's, pour point depressants, antiwear agents,
Thefolldwingerapriesdtsirate thamepsration pSthe highlyrgrafied; nctionalized
i.fkgrs. AL ts are based upon an SAE 5W 30 full
OEﬁnpm%%%ﬁﬁk%?égsggggéﬁﬁg? car 25 nDtoP oil. In the d
preparation of lubricating oil forrmulations it is
common practice to i&%&gﬂﬂ&g;the additives in the
formof 10 to 80 wt. | i ngredi ent concentrates
EXAMPIIRY hydrocarbon oil, e.g. mmneral lubricating oil, or
ot her suitable solvent. LBuaIIg t hese concentrates nay
n b

- A bighlyigrafted €037 eabaxyliogroi/1080 yin), fgnetignalized gigpersanpyyas

ALY, t4.J.ubricating oil per part by weight of
pn?mﬁd%ﬁ%§%¥%ﬁﬁ$ve %Ekage in formng finished |ubricants,

Y _
1. e. gGraftingBR-palymerot or oi |l s. The purpose of

C entrates, coyr se,. 1 make t hand|j ng of
AnbiGgronstise gEDeoraraecblot RrRe Gno R baie s
number avéRigt nfechir Weight of bffireximalelit 3,600 620,006 78S e@ Bs 4 RRadtha
final blend. Thus, the‘h|8QI(' rafted, functionalized

starting majpris having,t lnematigodiscesiystid 180xnf et 350 arrbROSP 65 m

o at32 wt'%ﬁtl dfutbd s&l@ﬁ&QH%?ﬁ/%ng ECRL: ?ﬁ-?om%g I“f‘/‘&(églr 1Pft?w etzac%k? afid waxy

ubrrcating ol l fraction.
material atfroom téngueadtire SV b ediineatpritsrinbwes afpetitrbiopeaban 85,000 to

i.n tio i | | en I be used jin m.xt ure t h
100,000 Y s b poumiE Rt (bl i pb Lo PR}l o bl
¢St at 10090 @PAUBH,{ Ghevion@hillipChentlédis) atas khidgddaak iregtodivlth the mixture

to have a K'BL0D-of alft® { 800 Sk 8¢ Groat.] 2.76 %&ﬁa'g FhafkQ DBl a i $o B
hydr orefi ned, solvent-treated or acid-treated m nera

mixture in fhetspaction vesee! and thegeactioramassayithragitation prefaging Hworugh aigng.

| The reactioB 6 wgggﬁieg'tg h ?0"29:? %Rﬁ%iggt bg? 'fng%ngggi' gifﬁe}hél: pggﬁbdéﬁéa{ g

Vi Scosi erived Trom
added. Thebambiingiréstion asssyastheated & 1704¢ for até ngr ondes asospharin t hi s

i nvention include one of any nunber of commonly used
Pressure. synt hetic hydrocarbon oils, which include, but are

The't6fal ddidhin@str (TPANPRey adAd8a g aginef gras of adalydrahBeure was

aromati cs, al kyl ene oxi de polyners, 15 interpol yners,

) YITET S,
© - measured. ‘Fhenlhly yalue wamusedde pimmate ibe deanesr of grafied aeylating agettnvhich is
. also refererdd¥ P 5 ltee OF PHRIDORY CARE as the mass grafted acylating agent per 100

25.
. grafted and ungrafted acylating resulting acylating agent charged was 2.5 parts maleic.

mass grafied copolymer. The TAN was measured at 0.19 meq/gram. This TAN includes both

anhydride per 100 parts Ethylene-Propylene copolymer in the reaction mixture.
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modi fied by esterification, esterification etc, esters

of di carboxylic acids and silicon-based oils. The

present invention is further directed to a nethod of

i mprovi ng fuel econony and fuel econony durability of

a vehicle wherein said nethod conprises adding to and

operating in the crankcase of the vehicle the

| ubricating qil conposition described above. 20 Al so,
2. 2 m¥ERYBr PFPRING ending | ubricant drain intervals in a

UnY&BEE hSlelcanhiiiae Bl flr6dde 533r8anciBl OR8N itk 95cuasdi Ny

to and operating in the crankcase of the vehicle the
stripping. Thirdacizonimays wid heated fioos] 107G tp ROE 1A Becumind \aseate thas28od

. of i nmprovi he, |0 [ '
inches H fgrapEayie (1 e -0 PRSP RBE Sb RREA i B8 Bour Brcr
agitation. of conbining an oil of lubricating viscosity wth the
highly. 25 grafted, functionglized ol efi ol ymer. ,The
Thmogqll pid gynabr EEAN) of fhe iselated prosictoyas ﬂeﬂs“b%f g B Ps‘r'}g{req{&ﬁ%“
and an estifhRA PUG VINES 10N, MhY iR G1dAQedfted poERcLRhdAnmibel Svekdgpar t
addi ti onal progertles necessary or desired for a

‘molecular wpight ffiapprpximatelysH#00 ta 3BI00Q ax detsamined by ¢l pemmastion
ni ques are well known in the art and include
Chmmmog’]%"glgrﬁ’;(;nation, phosphoryl ati on, and mal ei nati on. 15 The

3. f ol Aminttigh @ Lopdr Stabilizhtiat r at e t he preparation of the

ol DLl U B e PR

~pounds 100N Bdst 811l THe tehipepAir O e infix @FeOMi3 44430 1647C. When the reaction

functionalized di spersant was prepared in the
mass reachedy] 605G 2P prvR ef n-phenylsp-phenylege tipming (FFEPAAand 8.24 pounds
Q% dER i : I
coonsie R H08s L SOUAERSib TElni AP OB EPOI T e,
42 hours atdb0%pwrdend mittogenyptiBosPhdet d.3@uodofinary! gkleblydggvag added to

th remaindsf 8 bt Rpiogo b ey R R o P alh HE AL et

- react for foGSoursait 168PCwH th4gititioti dndérerthisedet iintosphane. LOON base oi | .

Neat EP-polyner was a highly tac nd XY. .
Small separate sa%lplgs of the reaction pro uct%vere ta&% or anay\y%esy __mcludmg thg

following: kinematic viscosity at 100°C (ASTM D445) giving 963 cSt. Infrared speciral

~analyses on the polymer solution and on extracted polymeric residues indicated that the desired

polymeric succimide was formed.

4. Dilution _ ) _
The functionalized reaction product composition (3 1_7 pounds) was diluted with 11

pounds of 100N base oil providing a concentrate having a KV100 of 705-885 cSt. Small
separate samples of the reaction product were taken for analyses, including the fo]lqwing:
kinematic viscosity (cSt at 100°C)(ASTM D445-95) giving 836 cSt; kinematic viscosity at
40°C (ASTM D445) giving 22,300 cSt,‘ color (ASTM D1500) giving 3.0, colorQuest haze
giving 19; NTU haze giving 22; and total nitrogen (ASTM D5762) giving 0.214 wi%.
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material at roomtenperature. KV 100 of neat materi al
was expected to be about 35,000 to 100,000 cSt.-110
pounds EP-pol yner and 12.2 pounds pol y-al pha ol efin

ol i goner of about 4 15 cSt at 100C (PAO 4, Chevron
Phillips Chem cals) was charged to a reactor with the
m xture kept under a nitrogen atnosphere. The

EP- pol érrer/pol y- al pha olefin oil mxture_ was estl matfed

Fully formylated ofdy/containipg theismiied shplencrsorenepplymer dispessant o
the presenpﬁleglﬂﬁnn@ . nfa\r/@yggd&an v o s @fdnd uh&pblisd béﬂeﬁfs e in

react ne reacti on nmass wt

- dispersionagiseci apdsludgeaw didsehgngitesr ough mi xi ng.  The r eactl on

T gD pard i Gabie b Ry R Plalhef BB REE, O,

~ lubricant: E6veddampadilieg irdprolefiOtzat, poneal faeliconvitle andinperhentsc

. egressur The total acid nunber (TAN) meq acyl ating
in extend Q@ﬁ‘iaﬂp‘@ﬁl"’éﬁ? of reaction mixture was neasured. The

- WHRN YRV HBioNBSS ueéﬁpaﬂl&lﬁgidegaibed (g ssleficesfeRhicdtb %futti@ﬁiar

acyl ati n% agent, i's also reflerenced as de ee

process andt)rrglnet S0y, il ot s oo RS odeyh

I W T e

and scope 6f thé pﬁﬁbnaiﬁdeﬂlhgﬁﬁﬁéﬁiﬁd By shedbllawdng dainist i ng acyl ati ng
agent charged was 2.5 parts nalei.c anhydride per 100
parts Ethylene-Propyl ene copol yner in the reaction
m xture. 16 4 2. Vacuum Stri pping Unreacted nal ei c
anhydri de and peroxi de by-products were renoved wth
vacuum stripping. The reaction nmass was heated from
170C to 230C. A vacuum of greater than 28 inches Hg
vacuum gauge (less than 1.9 inches Hg absol ute) was
applied for one hour under 5 agitation. -The total acid
nunber (TAN) of the isolated product was neasured to
be 0.17 meg/gram and an estinmated DOGvalue of 1.6 %
The isolated grafted pol yner had a nunber average
nmol ecul ar wei ght of approximately 5,000 to 30,000 as
det erm ned by gel perneation chromatography. '

13
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10 3. Amination and Col or Stabilization About 124
pounds of product of the vacuum stripping procedure
was mxed with 179 pounds 100N base oil. The
tenperature of the m xture was raised to 160C. Wen
the reaction mass reached 160C, 4.23 pound of
n- phenyl - p- phenyl ene di am ne (NPPDA) and 8. 24 pounds
et hoxyl ated | auryl al cohol were added with agitation.
The reaction was allowed to proceed for 15 42 hours at
160C under a nitrogen &4¥¥Phere. 1.3 pounds of nonyl
al dehyde was ; added to the renainder of the reaction
mass under agitation and the resulting m xture was

Whatisglaneslést to react for four hours at 160C viith
agitation under a nitrogen atnosphere. Small separate
sanpl es of the reaction product were taken for

1. ApahybRactioniitded diehig pbih@er digelstibipiparct b & iRtHod comprising

. viscpsity at 100C (ASTM D445) giving 963 cSt. Infrared

-Teacting amacylating agenbithykmixpure somprisingean olafiprotymss havipghnupRer on

' average BSleb A WSt 8 ViR Lch Ghlt 20 B0FS ab&ﬂh?@,ﬁ@(ﬁjﬁfdt}ﬁﬁh Gn the
d I d . 4. ['ution

esired polyneric succimde was forne

presence P a fiegradichldndintor wgrovidecani agylatpd oldfin polymapalsich isdurtheBcacted

cr j | i t-h 11 ds. of 100N il
witha poBAE) pacths MR Al Snelod SR 86635 565
cSt. Small 25 separate sanples of the reaction

| yses, including the

or oduct . were .taken_for ana .
CoZe WF@%%MWW@M{@%W%@ pipant oE¢laun 1, prises e Rylating

15

. 20

25

~agent is r@%é?vﬂ@ﬂm%lh‘ﬁﬂ@l% i Bk abdthQRITRE IV EntY §cRe @A ol SHen-cARE

R { M D445) giving 22,300 cSt, color (ASTM D1500)
aliphatic kydgcapons, aromatit hydteresion glieyclighydeorgrbogs, andrketones.e
giving 22; and total nitrogen (ASTM D5762) giving
0.214 % 17 Fully fornulated oils containing the
3. Tigrgedfted duretibydlieciolgfiroynea dispabantef cladnsh evhemit the bcyldting

+ agentis @GR TP e TS e PR AR B RPeS e Coft o

lower alka%69) C, 81dwel AIBGRs, () ofl loRRLAIKARE AfdiBatic lRHDcAbSRMEVihY a
control may al so have the foll ow ng consequentia

“benzene nyglepist alicgclichydigearbons haying a heiling peintgipcsicatm thrndhyt of pgpane,

and ketonds FRYEN & oIR8 oo (U BYEhdifl o RHAREY . and i mpr overent s

In exte n “applicati ons.

4. The grafted functionalized olefin polymer dispersant of claim 1, wherein the mixture

contains a sulfur content not exceeding of 50 ppm.

5. The grafted functionalized olefin polymer dispersant of claim 1, wherein the

- olefin polymer contains termonomer in an amount not exceeding about 0.5 wt.%.
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Wil e the inventi-on-has-been parti-cul arly descri bed
with specific reference to particular process and
product enbodi nents, it will be appreciated that
various alterations, nodifications and adaptations
may be based on the present disclosure, and are
intended to be within the spirit 10 and scope of the

o TR PSRl 5 i L

mixture ﬂummg thografting stelp cdnggfrises gbolityiFeo alsbivs mw&%tof ﬂfe@l&:ﬁhqﬁlyb)er a

and wp 5% Pt AR it it PR st e PO P RO bor
aver age nol ecul ar wei ght of between about 20,000 to

: about 100,000 and a diluent in the presence of a free
7. Thggréss fupefianalized plofip pplymer dispersantf plaim &Wlsirein the diluent is

] tedﬁ'Qlani@e 161 e
seocted RGO ofilabt ok YpRESHTA SEERE, Sl hotel G SE Bl
combinatiins leredint . 2. The grafted funetionalized ol efin

pol ymer dispersant of claim1, wherein the acylating

agent is reacted with the olefin polynmer in the

8. Thbgefaeuidtiofdizv@oltsn faYR&idgelsir® 6T RN, GAtedh the olefin

al i phati ¢ hydrocarbons, aronatic hydrocarbons,
polymer compzises| & cePHReRe, sthilsnz andgag oxmprg(a<C:s alphmolefinse graf t ed
functionalized ol efin pol yner di spersant of claiml,
wherein the acylating agent is reacted with the
Theigedfied fyrstigmabized olefinymhahs dispersat ofddinel) e the blefin

s AR o W T T g

ower
benzene nucl eus, allcycflc hydr ocar bons haV|ng a
er than that of nonane,

b i n§.
10 Thegtagkd BoRiRrilierdpidamol e JBpetane iviics Shorehe sevitedof

- olefin poly e 3B@prises cﬁaﬁm&&@é ti&lolf B boif %flh%czﬁg Xc%'a(? g'ﬂ Cﬁ%io‘gﬁ;and

di spersant of ‘claim 1, wherein
optionally g gprepnjugefed digne erdtiensonavhitirips bfenmatted ethyksicslly thiveturated

carboxyhcg%aa{ahﬁ? Lyew?&tdf%%l 'Ozﬁ% l {lic@gﬂ]}pl ﬁgelrogg dfu?ﬁ%%@@r%geﬁ

erein
numxmhrWe@hnnMHﬁwn)n an anDunt not exceedi ng about 0.5 wt. %

11.  Anadditive concentrate containing, on an active ingredient basis, 20 to 90 weight percent of

-~ a carrier or diluent oil and from about 3 to about 45 weight percent of the grafted; functionalized

olefin polymer of claim 1.

12. - Alubricating oil composition comprising a major amount of an oil of lubricating viscesity

_and a minor amount of the greﬁed functionalized olefin polymer of claim 1.
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18.

19 6. The grafted functionalized .ol efin -polyner
di spersant of claiml1l, wherein the reaction mxture
during the grafting step conprises. about 75 to about
100 wt. % of the olefin polyner and up to 25 w % of
t he al pha-olefin oligonmer or highly refined sol vent

neutral base oil. 5 7. The grafted functionalized
in t he

-0l ef.i n pol r_disper t laim1, where s
5. B TieORo EmmgeTh of FOIR dReYRB TRGNER &f g BF aditve
selected fbi fie-pedud Chridisthg SAABIiSnal $i8¢osRyindXaibFo¥brs RABEXi@ints, coRfdSion
. ,.... conbinations thereof. 8. The grafted functionalized
inhibitory | dsterasntplisparsanty iPSWdIoNs HEPIBTants: Aniiwear agdatss antifoantiag agents,
[P)7 XPE pefer conprises a copolynmer of ethylene
an g%gmggnﬁgie'C3-C23 al pha olefins. 9. The grafted

functiionalized ol efin polyner dispersant of claim1,
verage

ein the olefin 0 has a nunbe e
e THORBEHYE O sPfosdin GHiABde HAGeR &'O06! pBHGBE Fiscosiy is
selected 86 €2 @roup 20dsihtind BEna@irdldile Gyhthatitoile Bl ip@dedtheom
pol ymer dispersant of claiml1, wherein the acyl ated
ol efin polyner conprises copolynmers or terpolyners. of

demutsi

15, ASicMolSPRb E%l Inertd SorAb G %ﬁeme%ﬁpﬁg@%ﬁégﬁ@dﬂﬁﬁs%

nonconj ugated di ene or triene
adding to hexranbchseofspiddniemal dombustinatengiat the lubgigathgojll afcomposition of
claim 12,7 €actants to a | evel of 0.3 to, 0.75 carboxylic groups

"per 1000 nunber average nolecular weight units (n).

20 11. An additive concentrate containing, on:an

ac&jge iggredient basis, 20 .to 90 meight percent of a.
16. A mpgipq eflubrcaing 3 igensméision g infesnpl soypmstian engugisemprisme

lubricating R nsRRLEE With &le 1hHa@r A0l GhhpoliMbEbf @A) fzed ol efin
pol ymer of claim1. 25 . A l'ubricating oi
conposition conprising a nmajor anmount of an oil of
' ' Vj i 1y 1 NQL f the.
1 AU Al 04 L OB
reacting anl&gylaifiigeageattwitiCamixigre oomhprisinpamsiléfingrolyader bhvihga diinber

PSS TR T

presence of N1H€XradibR LANALSto pAfidcQhi adRles oleGR po19MEPRhich NThithdr Masted
. detergents, dispersants, pour point depressants, .
with a polygmine e aiovidg Shessaficd functionahizedolgeprlymer dispersant.

The method of claim 17, wherein the reacting of the acylating agent is performed with
the olefin polymer in the absence of solvents selected from Cy or lower alkanes, Cy or lower

-alkenes, Cq or lower alkynes, aromatic hydrocarbons having a benzene nucteus, alicyclic

- hydrocarbons having a boiling point no greater than that of nonane, and ketones having a

boiling point no greater than that of nonane.
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demul si-fiers and fri-ction nodifiers. 5 14. The

| ubricating oil conposition of claim12, wherein the

oil of lubricating viscosity is selected fromthe

group consisting of natural oils, synthetic oils and

m xtures thereof. 15. A nmethod of |ubricating an

internal conbusti on engi ne wherein said nethod

r pal

19 TRORILS Bctil A7l bR 1LRRLE SR B, w3 orkBh R
: alpha-olaﬁh oligbraérsnné@ral d@venfoilyet bmobindtichstbedeafat i ng a

transm ssion of an internal conbustion engine

conprising lubricating said transm ssion with the

20.  Themethedsf dGmAai] whaem ﬂﬁirédcﬂﬁ% ﬁfﬂa@é@aﬁhglegenﬂﬁmme ofefin
nmet hod of naklng a grafted functionalized ol efi

polymer i5 grrformied yndepa pisasvre watiien of abgut lide abquhip &wﬁhacgbp@ufpn g
agent with a m xture conprising an ol efin pol ymer
havi ng a nunber average nol ecul ar wei ght of between
about 5,000 'to about 100,000 and a diluent in the
presence of a free radical initiator to provide an
acyl ated ol efin polynmer which is further reacted 20 .
with a polyanmine to provide the grafted functionalized
ol efin pol ymer dispersant. 18. The nethod of cla|n117
wherein the reacting of the acylating agent is
performed with the olefin polynmer in the absence of
solvents selected fromC9 or |ower al kanes, C9 or

“lower alkenes, C9 or |ower alkynes, aromatic
hydr ocar bons having a benzene nucl eus, alicyclic 25
hydr ocar bons having a boiling point no greater than
t hat of nonane, and ketones having a boiling point no
greater than that of nonane. 21 19. The net hod of
claim 17, wherein the diluent is selected fromthe
group consisting of alpha-olefin oligoners, neutra
sol vent oil, or conbinations thereof. 20. The net hod
of claim 17, wherein the reacting of the acylating
agent with the olefin 5 polyner is perfornmed under a
pressure condition of about 14 to about 16 | bf /in2
absolute. 22 .
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ABSTRACT A novel highly grafted, f-unetionai-zed ol efin
pol ymer is provided conprising the reaction product
of a nethod conprising reacting an acyl ati ng agent
with a mxture conprising an olefin polynmer having a
nunber average nol ecul ar wei ght of between about 5, 000
to about 100,000 and a diluent in the presence of a
free radical initiator to provide an acylated ol efin
pol ymer which is further reacted with a polyanine to
provi de the grafted ABSERAGHal i Zed ol ef i n pol yner
di spersant. - Lubricating oil concentrates and
conposi tions containing the highly grafted,

A novel highyGkdfea FidieshliRéddlfh polpsdr WiksvididdompRsing hefaafonPramict

are provided, . . . .
of a method comprising reacting an acylating agent with a mixture comprising an olefin polymer
having a nnmber average molecular weight of between about 5,000 to about 100,000 and a diluent

in the presence of a free radical initiator to provide an acylzi_ted olefin polymer which is further

- - .reacted with a polyamine to provide the grafted functionalized olefin polymer dispersant.

10

‘Lubricating oil concentrates and compositions containing the highly grafted, functionalized olefin

‘polymer and uses thereof also are provided.
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