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Techni cal Field The present invention relates to novel grafted

. polymers with pol yol efi n backbones. The polyolefin backbones

- preferably have pendant unsaturation. The pol yol efins are grafted
with ethylenically unsatur- ated nitrogen-containing and/ or
oxygen-cont ai ni ng nonomners. ' The present invention further
relates to me- t hods for poLAR GRAFTEDOPOLEOBEPDNg, Orafted pol yol e-

fins. The invention stil| METHODS POR THBIR! KANUPACTURE, ANBLing Oi l
conposi tions cont-ai ni KUBRIGSTING\@IL COMPOSLIIONS QUNDAINING\THEM di spersant

vi scosity index | mpr overs. Background of the .
| nventi on - Gafted copolynq&&uggcgut?qqqaous het er ocyc- ~lic
nmononers with polyol efins having pendant eth eni cal |y unsaturated

noi eti es have preV| ous|TheRresent inventden FG|13§§§ tR ng¥elcarafeedil s as
viscosity (o1 yneY s i ith (Nlﬁolmﬁlt baekbohesi smasaalfoienn

keepi ng the |nsol bl terlal n,the crankca e of Jnter

conbusti on engi neli? m Rﬁéﬁ'ghav V’ﬁr‘ﬁﬁ%’? &Wol@?? ns
suggested for thi @Qﬂ&lefinsra‘etmm pigby leshylpoligaldfi nasaturtft ed
wth - - 02473
WO 96/ 12746 ated, nitrogenscon ainif‘%yl?"rﬁ’dc’arzol‘”‘yge"s“gggn;itﬁ%o

4,092, 255, coI.:MP°G9PeE§F53 Ot her exanples in
The present invention further relates to me-

thods for manufacturing these novel grafted polyole-
fins. The invention still further relates to lubri-
cating oil compositions containing these novel
grafted polyolefins as- dzspersant v1scosity index
improvers.

Background of the Invention .

Grafted copolyhers of nitrogenous, heterocyc-

lic monomers with polyolefins having pendant ethyl-
enically unsaturated moieties have previously been
proposed for use in lubricating oils as viscosity
index improving (VII) agents and as dispersants for
keeping the insoluble materials in the crankcase of
an internal combustion engine in suspension. Among

' 'many graftable polyolefins suggested for this use
are ethylene-propylene polyolefins, grafted with



the sane patent are "statistic" copolyners, which are disti ngui shépl”
fromgrafted copolyners. US 5 Patent No. 4,092,255, col. 4, 11. K
5-13. Anot her material whi ch has been suggeste!fﬁ@”’““” use -

as bothvgogfléco& ty |nde>§ L nprover ? persant is a polyme
cont ai ni ng N vidrp® BYr Weighsnet R-v "Y&ﬁ&idéﬁﬂﬁl-kyl's'rTEFFr&BFyV‘ate U S.

(I;’atent No. 104,092, md4&ﬂ:1 C0lo, 1111152553G2. other examplf’ésrvmus fted

i spersant vis it r inc grafte
copol yners of %’?’% %?AJ' Sétégy %X'gazo tatd sdté(ﬁ +‘#ﬁ’€l%’5?%rg iﬁ%v

typ| cally pro- are distimsnamotrpasmtm @eppdymersy te¥i$.val ue of

[ rrprovfe;O? ii/lbf;ﬂak%\ﬁtoﬁbom oégr 2ﬁlis)dI S:Qq_rsqnt 1l Sg%a% be abl eI ?ge)éll spersé
the insol ubl e mater rhé\%tsﬁ' %aterig]i d‘%’r‘r"&ht‘??@ been c3uggestednfoFen | ess of
t he di Susesad bothisadviscobityi [indekhumprovidd lakdvangigd a

hi gher ADT val yoliailed 3° 22 pRGVRRE HoRRS1AIRY Mi08nys pyrbDfsduREcNt!Y

avai |l abl e mate

grafted gad olax | iBlkyl @ekhacrylafie.ol efl‘ﬁss f oPatent Ne.

| ubricathgg oi4l, 143digh, vggl.hqvemr eghagal.y been 25 prepared by
di ssol ving the sel ect.ed polyol.efin i whi ch na be a
| ubricating oil bas% viops Jispers%u‘ﬁ’g“%#%rg%& 1BBFBYF as a

free radical (“DVII‘s®)er .ihcﬂ.ud&hgogtettnd azbpalymeridhiof Npetngleation as

an initiator), g}qhdglz%q'let gﬁd”&féf’iﬁiétp@%eﬂath%%e?’g Ekgqﬁoé%yre to fofgm

active sites on t he oner and
al | owi ng the Videdma)ﬂt &P@' {aspbadtene éésmvansu tesbdr¥adne 61 | ong

enough t gqsfor pﬁm dasinte d2 geaf ltambwlwl efd nai&b&sam: viBabsity No.
512?92 255, V\%Ogéln%?ﬁmimpi'o%tlgrcol)\f&) 1ha\?r’§ng a highet "ADT S¥alv®o5) 02473
The prior art alcsddsbegadle tohadispergeathendnsolubleamateniad inrm a

g;sgregzalgzsvloly CO%&;%QEH&' E‘thi ngc? olsgq;:lr?%b Eﬁ%noﬂ@ %’t ab rmnorrer
and 5 i ni ti Sdepexsan éﬁpé‘ﬁ&t’uﬂé‘ sbeoRidne THES) api BHII hav ing
20 a higher ADT value would be a better dispersant than
the currently available materials. :
Now consider the manufacture of grafted-
polyolefins. Grafted polyolefins for use .as
lubricating oil additives - have previously been
25  prepared by d_issolvinq_ the sele_cte_d _golyol_et_in in a
. solvent (which inay be a lubricating oil base stock),
adding an organic peroxide as a. free radical
generator (also referred to in this specification as
an initiator) . holding the mixture at an elevated
30 tenperature to form active eites on the polyolefin,
adding the g'rattahle monomer , and allowing the
mixture to react at an elevated temperature for long
enough to form the desired grafted polyolefin. U.s.
Patent No. 4,092,255, col. 4, 1. 54, to col. 5, 1.

35 12.



(reaction) tenperature of the initiator, then heating the

m xture to above that initiation "~ (reaction) tenperature to begin the
reaction. Uw69612746 Patent No. 4, 146,489. Exanple 1 of the PCAEBHRAAt 10
Suggests that the initiation: (reaction) tenperature of di-t-butyl

peroxi de is between 1B8gepricraagtiadper shagests thagditheo grafting
initiator in tWwo,giagEsn! €o StEEE Y @spersant WIEP@aded pollyoleginsane

pat ent . A gra¥ted - polyolef in containing 1-10% by i, ght

preferably 2- 15¢an Be, ﬁ?nﬁgﬁ’ﬁ?‘? %sﬂvﬁ‘ﬁfb&'ﬁ%% Y38 i%éf‘ght of

the grafted nonogrée ipolyoléfin 'bhtkbonegntgraftabBe monomelrl, ahdl5.

One problemw th,pt] af t.ed _pol. | | S I ry 4l h shear
5 th elgﬁ:%ifg{:t Oétgoa J:%%{é%%ﬁr pelow. £Hé! MiditTat8dnS!

stability - : extensive shearing, as in an
internal com  (reagbiendn &egpesaturenoff | §Beng ipdtdateras FheRosity-

ilgdezs i5gpr0;/i tngn'etaﬁﬂita&i Vefie mixtuPe thEateabfotvuo. thatt_i‘hilﬂ&té_aﬁ, EFI. 5,
: -58, states that: in e .gr i reacti.on, nofi.ceable

t hi ckeni ng takes(EﬁactiBPg(J:g,emgﬁH"é%? &R |%Fajtﬂ % rgeraﬁtti@di'poﬁlél'efi n in-
di cates that shepatehtbNbiLty§, 660489 atExampie gy athdhe '489%patentg

reacti on. Is very . LrLkel S S : 55 dr)ki gm wey occur
as part of 1-phe rggg#ggs tnbt %t ﬁ%ﬁgﬁg‘f"f‘? s({)éosm #r([a) tt{)& |mttnate this
crosslink- 30 ofngi-thbutyddperexidepisybetyesnnds°Cy ande 17%°& i or

di S]E)te_rsants. He-”ﬁ@?ii:%pﬁpégafﬁetﬁ‘xibﬁd'ﬁtbfteliﬁtnﬁwtbostag%? P®Bugyested i n the
grafting process,o is_|nven- ion_tha ain o

di sper sancy, som@“co#?‘ampie gro‘?ﬁ s&he, EARS, 8?§§‘|‘€rty |r§ P#'@?s*smgry."

- 3- WO 96pd2y¥édefin containing 1-10% by weight, preferaldly @305/ 02473

The ' 489 t ' ' ' ' §$Iﬁfl tPigd h
grgfted 083563m?kigﬁpggq{’%?g?gﬁe%’wéﬁy rrercarll%ﬁ\liw?:a3l*sol?yoIt‘}héeitrqr%{)foft ©
degradation of t&bepgrafred monomeyis taught,cc 48R RakeRke </l- 3,

hi gh- nol ecul ar-wgightt1-35. species which are readily broken ‘down by such
PO conount o o iR Sretienl 3408, s3B! el Wiorbtine sa (N
their limited shear stability -- the ability to

20 withstand extensive shearing, as in an internal com-
bustion engine, without losing potency as viscosity-
index improving additives. U.S. Patent No.
4,146,489, col. 5, 11. 48-58, states that: "During
the grafting reaction, noticeable thickening takes

25 ‘place, and evaluation of the grafted polyolefin in-
dicates that shear st'ability deteriorates during the
grafting reaction. This very likely results from

" crosslinking that méy occur as part of ‘the reaction.
| Although it is possible to eliminate this crosslink-

30 ° ing, the products so prepared generally are inferior
dispersants. Hence, it appears to be inherent to
some extent in the grafting process of this inven-
tion that to obtain optimum dispersancy, some com-
promise in shear stability is necessary.®
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to mechanically or thermally degrade the polyol efin. Anot her

manner proposed for preventing side 10 reactions in the grafting
process, wmkﬁg.,ﬁre said to i ncl ude cross-1inking of POTIGBISAI4I
chai ns, honopo- | ymeri zation of the graftabl e nononer, or function-

alization of the gr e I t

re: gtli/el y high tgrr%& a?ﬁrag ¥§J&§ tnaléé i:‘gﬂfgg[ ?]th F ﬁég +£Pf gr :
exanple, di-t- Is@layilllgi&&'oplfdéhe graft@msmpm |¢ﬁn|1aeompr0ﬂ¢#s o
expedi ent is a'b?‘gmechaniéﬁldorotﬁérﬂﬁ’! td&;ﬁeml Idni 02 eﬁeggai%@ﬁemnorrer in

the resulting pfoduct to, be increased tent No

4,810, 754, col £ip te rednces the) contént %ngéPf‘l BIFE‘AE?FO‘!’I“%E been
carried ost, speciesCahdichgare eadilly brdkdhn Jowintisntsieh prd0, 754,

by adding the i Liedl Or uty er, d abI e
monomner (2-vi nﬁrlpyrel%dl né'l(oq}vtr?nle3 )‘:II I% rP&% ggs%lio‘? 1%?‘3’&8er a period of
45 mnutes to &hezsime-epngueheqp:@ﬁwsm mssesmac%ﬁwm xture

mai ntai ned in %osﬂlecﬁahiﬁwf?aér(tﬂeﬂal h ldigriade tiieepoiyoufmultl ng
grafted pol yol efin was 0 contain as mic 7‘V$ ni trogen

by one analysis. her Danpey, . RrOPOsKds. ﬁ?’t’r(?d';'@r’(q"&ﬁ@ﬁ ® indicate
1.3% by 30 Wagittioncf ini tiyé pyra tit iy proveys gwiiichdarensabe to

pol yol efi n bac‘i?}ﬁﬁ%&e rolss-tlinkingl a gglyclefﬁa”@hgin%éghcﬁ' égt on

One aimof the g novel “gra olefins with
pol yol efi n bacRhmezsdzation of the graftable monomer.4or functm-ga/ 12746

PCT/ GB95/ 02473 311 zat i ohPlodf @nablgratded dlajm‘!tiﬂmsiaé WSt e endr af t ed
with ethylenically Linsat urat-ed nit rogg %/lgm cont ai ni ng
nMoNomer s. reaction at a relatiygly,h 91?) %ﬁ"?ﬁt"lﬁe' 1R ARsent 5
i nventionsi s t ao@rQyicte mord sify stort e/xmplse; ydiﬂtlelmtyl perax)tdwer

(" DVI ' ') which, aan%@;_ ghsa%?qggé ‘rhis &g@ﬂ%@ ggout 32 or

nore -- hi gher rsanc es revi ous n rogen or
oxygen gsafide @ Mawerthe mnqpogt on of grafted monomer in. |

the resulting product to be increased, as well.
U.S. Patent No. 4,810,754, _col._ 2, 11, 19-43.
20 A grafting ‘reaction has been carried out,
according to Example 1 of U.s. Patent No. 4,810,754,
by adding the initiator (di-t-butyl peroxide) and
the graftable monomer (2-v1ny1pyrid1ne -~ molecular
weight 105.14) over a period of 45 minutes to an
25 ethylene-propylene polyclefin reaction - mixture
‘maintained in a solvent mineral oil at 190'c. The
resulting grafted pclyolefin was said tc contain as
much as 0.17% nitrogen by one analys:.s. _ If
_ accurate, this nitrogen level would mdicate 1.3% by
30 'weight of vinylpyridine monomer gra:ted on the
polyoleftin backbone.

Aims of the invcnt'ion
_ One aim of the invention is to provide
35 novel grafted polyolefins with polyolefin backbones

-4 -



1 O Another aim of the invention is to provi de

such grafted polyol efins which contain hi gher nol ar proportions of
the graftedwossmndse t o t he backbone - than pr evi ous pgT/GB9503373
grafted pol yol efins -- such as a 13 : 1, 15 : |, 25 : 1, 50 15

1, or even hi ghe{pgeferablypdaning (peckaste wpseturationht igrafted wi t hout
substantial l'y 'ﬂftﬁaétﬁglehﬂéan? ungalcaeult@a WBieHdlged JHE:BARAD the
ed

shear stability g pol yol efin versus the undrafted
pol yol efin st artFﬂﬁt?r'h{‘éPgan oBgrs. Stillanotheraim of the
invention is to provi de | ubAn@aditiopal aith  aposhei orpresamt ai ni ng

e novey 591 A AAdeROLER! £ 1P dab AR U A3 EREEELhE yiscos ity fmaY ' O" POID

as viscosity indéx rnprovers an ersant s
Stillanotheraim 19Pr?1ﬁ%r| {VBNLIIS) which has apr 0T dd ispersgnelit of

pol yol ef i ns \m. Cf'rBin”éﬁ@M.YB to abb®EUi3 eoielS.eopé ﬁdd&%}n@s eatuxpftuencrease |
oi | ese oil bl ends

the | ow %ture wscqsﬂyﬁgf

t herefore can c 1FSs ¢ Wefﬁ?é‘s?»d“ TQgeN KOF MYIRe of a
hi gher - vi scosi tygbasEedtpckyolefinpmwm tes better lubrication at high
operating , t enper at ures 4ces e poy.t.i val atil e
e 10 ARBHHS UihS 44'C B ﬁwﬂzg‘é ec®

PCT/ GB95/ 02473 provide such -grafgedadplyelefing mwhdich heantadmion is

to ~_provi denm@pdﬁom- peopbaeishbne st hage gi@‘f%'ed monomﬁrzaftbed
pol yol ef i ns. e or m%m of theﬁgreci I n one 5
or nore ot her ai ln’%ﬁ ch Y3N bpBEGVECBRaY nown up(ﬂ?a(,f i deration

of the present spetyéleainmn--aswch as asmisfl/ech.s at 1, esst: 1,nsopart by

the |nven{$on : gsg{réﬁ)eﬁi%ﬁ% aftérp onomer ack on%?%rey of the

| nventi on e aspec e 1 nventlon, mhl I es
ratzo -- without substantially ;ncreasan the

molecular weight or decreasing the shear stability
of the grafted polyolefin versus the ungrafted
‘polyolefin starting materials. :

20 ~ Still another aim ©of the invention is to
provide lubricating oil compoSitibns containing
these novel grafted polyolefins in amounts effective
to function both as viscosity index improvers and as
dispersants.

25 . Still another aim ©of the invention is to
provide such grafted polyolefins which minimally
require use of additives which increase the 1low
- temperature viscosity of oil blends. These o0il

' blends therefore can contain a higher-viscosity base

30 stock. The use of a higher-viscosity base stock
provides better lubrication at high operating
temperatures and reduces the proportion of volatile
species. ' '



Is the graft copol ynmer reaction
enical ly unsaturated, aliphatic or
o about 50 carbon atomzcngsmm[—,afted P

one or nore of the above obj Et%h '
product of a nitrogeno AS% y
aromat i c Y60 96/14fone T\lg\e\ﬂ“ p.bi%m

on a polyol efin back yone. % afted pol yol efin has an ADT val ue

of at |east about 8. \..—" ANaSARIONSt aiMpeof shet Haviemtdon és ts a net hod
of meki ngp@o%aaermtno\‘!ssc%zty m&%&&:eﬁf% r. tﬁ?se ARgQeyi ng to

this invention, raftai qm} apo yol efi n having '
graftabl e unsat GF& tsq gedyole mﬁrow ded. Enough of an initiator is
provided to gr ehe dbhemorafofittee rpmm“éiimq) t he pimg,0l ebirnone

The polyolegfin nas nt G solution. The
graftabl e Fe’mnorr%? %@{#ﬁﬂ& O%'%%tor ar%cgdgjé'g‘lT ?%%mgophﬁ'ﬂn The :
graftable umnoﬁensmerebam%tn%m preasent specifdcatdonycare added

gradual ly to thgakgaeiean @txt Weastandd hyart byCagnBe afdeAtigget her or

successi vel y. T e rat, f addi tion of the graftable nononer can be
from 0. 1% F8 {5593 Pefﬁé“entl re charge of nonomer per mnute.

The rate of addition of the initiator can be frem ‘about 0.1%to about
40% of theginitiator charge eﬁn o ‘{neactlon tenperature is
mai ntai ned at a 35 | evel whic es rrse | sfactory reaction

- 6- One aspect o TT—I"S smsnnm.smuch Verbist 2@e6

PCT/ GB95/ 02473 one or nid¥d i@t | eRe’ @bBve - U&;@'&ﬁé&od'f?né et gaggaftabl e
nmononer and the étlator ar e (iach add g rel ativel Y
sl ow rate durin§® Pﬂ YREL ¢ T&Fctio “CtTh(?fr eyl tP 5’39&??%%1'

pol yol efin has ebthpDéndéallys unsabmﬂtéﬂ, aral i trizh| prhasrem&tienatic

viscosity;g monome%oq'%fﬁ['rlgc ‘i’frolnesf HPnaghaet d¢ %%QP Aty &%es when

used at 1 5% by we 1Ids) _in ano er aspect of
the invention | grafked on a gPﬁFY°ﬂ-8§éf‘| orapkbeme: of Thegraratbed nononer

10" selected podyolacifirRa® &ANADD!vatuefor at least abodt Vg Nyl i mi dazol e;
F;thggigldazole Another aspeckngk €h2y££9Lh€k fé a method of N-allyl
making a dispersant v1scosity index improver.
20 . According to this invention, a:graftable-monoﬁér)i
~ and ‘a polyolefin having graftable unsaturation are
provided. Enough of an initiator is provided to
graft the graftable monomer to the polyoiefin.
The polyolefin is dissolved. in a solvent,
25 forming a solution. The graftable monomer and the
initiator are added to the solution. The graftable
monomer and: (particularly) the initiator can be
added gradually to the reaction mixture, and they
can be added together or successively. The rate of
30 . addition of the graftable monomer can be from 0.1%
to 100% of the entire charge of monomer per minute.
The rate of addition of the initiator can be from
about 0.1% to about 40% of the initiator charge per
minute. The reaction temperature is maintained at a
35 level which gives rise to a satisfactory reaction

-6-
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15 1-vinyl pyrrolidinone; [ e 2-vinytl pyridi ne;

4-vinyl pyridine; N- et hy ITﬁﬁ-m vIHASHEEN | de:

di -al Iyl for mani de; 20 N- et Ryl - N-al or marh de;

N- et hyl - N- al wolgsagregm de; N cycl ohexyl - Nral I'yl f GrCRMGBLSH2473

4- et hyl - 5-vi nyl t hi azol.e;, | .. N-al | yl di i sgoctyl phenot hi azi ne;

2-met hyl -1 -vi nyl i ni ddRdfdation rate. Ep.en@ypmbodiment, kbe| graftable

ﬁvi ny: purine | monomer!\l-__l_hdy|ﬂiw_erﬁi’i:ﬁEBtor are each added at a
vi nyl succini m de BN/ Lper n g :

Vi nyl nor phol i nes u%?.fogﬂxd ESXG%X@S%S&%P ?%Egec,mfﬂ%ﬁ {Re &-ﬁagﬁion.

pol yol efin copol yFbe resslting grafited podyodefinshagsanfApT of

receiving graftg of agbdtdsal and Ae¥IRABAYS hag A kinematic yiscosity at
7 WO 96/ 12746 ' CT/ GB957 02473

graft reaction produdPOi&s oh ABPs,Fhan opbgut| J34000 CenEi;ﬁﬂkeﬁ when

The graft reaction pusddcati 12n1%5dc byy wailght (solids)eddi odla reaction

m xture consi sting essent i,Lally. _of t abl n : pqlyo, in
copol yrner ~ having pen gntaﬁég??gbla}% es;g?an angﬁ%&?ﬁi or?"sy Lﬁ; The
reaction is carried oAt Zxeaskionat prodweyd of ayngraftahietvepomer

effective 1o gigl! !Be18BRAATrOM the griup ed%isistIMgObrihe pendant

graftable sites of said 1 ol.yol.efin _copol ymer backbone.
Anot her aspect of the inv ﬁ?ﬁgﬁﬁi?#aﬁqﬂiﬁ'cat- ing oil comprising a
hydr ocarbon base oil and e-vinyligid@zedepol yol efin as descri bed above. The

grafted pol yol ef i n fLURGLLIQS i i Rt viscosity index 15
L A R L

i mprover, and has the proper viscosity index of the
| ubricating oil blend by Nrallyl imiga2zol®jut 20 points when used at a 1

w.%solids 15 . 1-vinyl pyrrolidinone;
2=-vinyl pyridine;
4-vinyl pyridine;
N-methyl-N-vinylacetamide;
di-allylformamide;

20 N-methyl-N-allylformamide;
N-ethyl-N-allylformamide;
N-cyclohexyl-N-allylformamide;
4-methyl-S-vinylthiazole;

_ - N-allyldiisooctylphenothiazine;

25 ' 2-methyl-1-vinylimidazole
3-methyl-1-vinylpyrazole
N-vinylpurine
N-vinylpiperazines
N-vinylsuccininmide

30 Vinylpiperidines
Vinylmorpholines

and combinations of these, grafted on an polyolefin
copolymer backbone having pendant sites for
receiving grafts of said graftable monomers. The

25
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concentration
| mprover

Ly b

in the blefd Etﬂﬂésagis er sant vi scosity index
however; be u |nﬁa# 5% unt .which is nore or less than
soI i ds of : ating oil conpositi ONPCT/GBYS/N2473

catlng oi | - enploys ‘both the superior di'spe

rsancy

and the viscosi gyaffpregctdon PrOdpFprﬁB|em aDTt valgeabfedtpdleastef i n, so

| ess of the 25
di spersants an
10W30 lubric
| ow-volatility

abBhult zconp05|t|on than before is occupied by
d VISCOSIty rOV|ng gredlents . - [For exanpl
ating T

blendiﬁgn\ae memomaﬁm kconbisbihgs eesbnthan1go

e,

ch cdsvARge pl Bedtmore of a

V|sc03|ty) t han_preyi at Ihls | 1. t he,fornul at or
greater | at ituf g t% f%ﬁaéﬁéﬁyé l4"9'?‘§,mxﬁ‘i,|l tl %%@g@'etf coﬁﬁggﬁ'ﬂnﬁﬁ whi ch
will stay withihaving anﬂiﬂ%cﬁsﬁfyabhecSﬁﬁ@&ﬁl@mdcﬁntﬁaigieﬂor.prOV|de

equal or superlQhepqréﬁﬁmeisa@@rwedcqsﬁ@' Bt! @SteimperatilAd ' bpg fromthe

base st ock.

PCT/ GB95/ 02473 under ¥ condlkis %u %i%rﬁ?ﬂrﬁttmpvegemru Alent i on
is that the redattleastnsbhe afvkins péndant grafuabtle sited agcsaiat s

|ncreaseslbhe
conbusti on engi

15

20

25

30

35

“ﬁgiygggkihaggsoggnhgebackbaggnpos|t|on in an intern

Another aspect of the invention is a 1ubricat-
ing oil conpri.sing a hydrocarbon base o0il and a
grafted polyolefin as described aoove. The grafted
polyolefin functions as a dispersént viscosity index
improver, and has the propertyﬁ'of raising the

al

viscosity index of the luhricating oil blend by at

least about 20 points when used at a l wt.% solids

concentration in the blend._' (The dispersant

viscosity index improver mey, however, be used in an
amount which is more or less than 1% by weight
solids of a lubricating oil composition )

Such a luhricatinq oil employs both the
superior dispersancy ‘and the ‘viscosity improving
properties of the grafted polyoletin, SO less of the
oil composition than before, is occupied by
dispersants and Viscosity improving ingredients.
For example, a 10W-30 1ubriceting' 0il can be
formulated which employs more ot a low-volatility
conventional base stock (which has a higher
viscosity) than previous formulations. This allows
the formulator greater latitude to formulate a
multi-viscosity composition which will stay within
the viscosity specifications of the grade, provide
equal or superior perfornance, ‘and yet contain less
volatiles from the base stock.

" This Sheet Has Been Replaced
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Detail ed Description of the Invention ~ Wiile the invention will be
descri bed i wossn2r4econnection with one or nore preferred enbBET/EBAYATI
it will be understood that the invention is not 5 limted to those

elnbodi ments. Ond_t ]bﬁ RO iHE L dalie 'begefii:_nbﬁPthénﬁfaﬁéﬂﬁeﬁnﬁéﬁtion |

alternatives, nodificatiqns, _ and .equjval ent s.as e

within the spiritis that %ﬁ’d‘ redpgkion,dn t Re2BOURY; %@Xeﬁﬁ‘a#ﬁ%’g this

speci fication. dispersants increases the wear resistance of the
‘composition in an internal combustion engine.



10 . The n

I nvention is made by reacting a polyolefin

ovel'grafted-polyolefin according to the | prese

nt

et hyl eni c WiQ86(1274ét i on) and a pol ar, ethylenically unkCE/GBY24T3

preferably

graf t abl e nononer,

be carried out
the nolten

ni t rogen- cont ai ni ng, preferably  heterocyclic

IR a sol'vent

15

(preferably havi ng pendant

i n toetsl he® Desafiptiomidt e Inventiobhe reaction may

on tnSpEdd ene | yAAEIEL WLIT 3 SHdallHd O 1T

" pol

Reacti on Materi stonnection thtrheneopromg areferned enbodiments of i ns,
graftable nonongy Swil'.l”'ﬁé aLpgerstooly e thAed inventﬁmlgaa'ndmh' bi tors

:relf use héar nthose ngeéhsyp es‘%&ﬁ )ﬁ%’r&!} ed po ol efin.

erably
havi ng pendant LunxﬁnninncﬁﬁcluﬂasxnﬁInqitamnhﬁiwes, modﬂficdﬁiumsm as a

contenplated fo
25 P yol

backbone for gr
for use herein
4,092, 255, col.
partially hydro
anDrphous polyo
copol yne

Uid Uty PR 93%0?‘6‘??%252859‘29%”%‘ Riala
and 11.5Gap@2: | yl%utéh’el B yaqoncludimkym
it yen ef 1 ns of but adi ene and styrene

STnSnAl 5ve1 *SINEELS BOLyRIRPYR°UScapdlgl IR0

npl
ent

at ed
No.

nes,

PCT/GBQS/02473 preseﬂﬂilnﬁenhybnnéspmaﬂ;lhweke@c&dagnmnquﬂypmeﬁﬂnns are

al so cont enpl at
contenpl ated fo
~polyolefins 5
from about 70%

nodi fi ed h f
di ene nnng%%

di enes recited

are incorporate

20

25

30

35

bz d¥ei1y hEving, pepaant -0} HyLenle Sndifurarion)
and i aPALAY . f eSRYASadcaddy tm& auafierably,

d

trpmi-wqén%%ﬁaemhgne nopebmamy he&umspcm&lonal Iy

‘FaEn L Wiiiney An she SRR B un TEREEPT % 0
di cycl opent adl erthe ZTerakidmr may ebe, carnmipddecout on ther iserkishe,
'c}ﬂ'»ﬂroiefﬁiem\ Ny extrusibr)9%edctor F0in Zhelhortext4 (Wwhich

polyolefin, or in a solvent.

Reaction Naterials |

The following are examples of polyolefins,

graftable monomers, initiators, solvents, and

optional inhibitors contemplated for use herein to
make the present grafted polyolefin.

Polyolefins

A wide variety of polyolefins (preferably
having penﬂant unsaturation) are contemplated for
use herein as a backbone for grafting. Several
examples of polyolefins contemplated for use herein
include the polyolefins suggested by U.S. Patent No.
4,092,255, col. 1, 11. 29-32: polyisobutene, polyal-
kylstyrenes, partially_hydrogenated polyolefins of
butadiene and styrene, ancrphous' polyolefins of
ethylene and propylene, and isoprene copolymers.

t he



by reference here), or conbi nati ons of nore than one of them 15
The polyol efins contenpl ated herein may have wei ght avera e nol ecul ar
i ghts” of fWVORAKAG 20, 000 to about 500,000 and poly 50247 5

from about eppM FaeMy14H r ch are
contenpl ated for 201 qusey rgljpropgﬂeae/ %‘Eﬁ?{%@ %Lgﬁgg €%I can-
i zable el astonmer® %A‘ﬁ%’r’fe% & [£p3 8senBergin. principally

St hyl ene, proEyI ene, aFarticudlaradigiterials rﬁaﬁm aeRd Nl;rgyer e
o000, T e e ey est fbpe ey
overal | averzﬁge ofcwxpmfmm @bogt Pafeho About 80% ﬁt&ﬂhﬁ@ndand a

pol ydi spersity of faefiitabodt 76%S€o aboutelz%&t Cant
assistants by E. | I'.'E(WImnton %Se%

Ot her pol yol ef i nsn%ﬁfénﬁpﬁ’lj@&alggrmﬁgh‘? With £rom 0% £ abeut 9y ncI ude
NORDEL hydr ocar bodieneb@onomes8. Sevedal axampiléd-df dbénd morforedsd0! YNeErs

of ethyl ene, opy epe 4- hex old by E. Pont de
Nemour s & Go. . w AR oPuAeE b?eggié“ ®NDR- ﬁfgq'%ﬁére aes F%%‘%Ji €nds2052,
DU2053, DU]‘.-:?ZO da.ﬁaclgggyggdigpgm 2 s-norbornadiene, ethylidene-l1 -

WD 96/ 12746 norbornene, the 1enes rec:.ted ERT “.16595/% t N

pol yners, al so soI d gé ggsPont I\/% LHE‘n % I NS \ﬂu ch are
pol yol efins of eftfPén 1ortpyt é"ér?d (gpﬁﬂ‘l Lngpupanated cas
No. 25038- 3by2referdnibs hers) dortcombimaitisns! ofumbdre cchan iche 5
Tokyo, Japan; of Yhea \LON et hyl ene/ propyl ene pol yolefins, sold
by Exxon Chem cal Anericas, Houst on, Texas; = SV-250 hydrogenat ed

i soprene 13 copol yne?hescﬂﬂﬁﬂ}%q conkenplated hepeimomay haveTexas:
conbi nati ons of tbeiqheveavai'egealﬁolecﬁlmiziowei@hber ofi ”H‘é’d Wt al S.

orovi ousty used 20608, 3 250fEChip, 388" apd pe1yBisdetaitieasiomed 1 o
~use herein. For abeukpheto about 15.
Specific materials which are contemplated for
20 use herein include: ORTHOLEUM 2052 or 2053 vulcan-
izable elastomers, which are polyolefins of
principally ethylene, propylene, and 1,4-hexadiene
having a CAS Number of 25190-87-8. These elastomers
are believed to have weight average molecular
25 weights ranging from 100,000 to 120,000, with an
overall average of about 114,000 (U.S. Patent No.
4,519,929) and a polydispersity of about 2.5. These
elastomers are sold as lubricant assistants by E.I.
Du Pont de Nemours & Co., Wilmington, Delaware.
30 Other polyolefins contemplated for use in this
invention include NORDEL hydrocarbon rubbers, CAS
No. 25038-37-1, which are terpolymers of ethylene,
propylene, and 1,4-hexadiene sold by E. I. Du Pont de
Nemours & Co., Wilmington, Delaware; NDR-4523, NDR-
35 6987, DU2052, DU2053, DU1320,  and DU9323 EPDM

- 11 -



nmononers recited in U S. Patent No. 4,146, 489, col. 4, 11. 2 through

41; U. S. Patent No. 4,092,255, from col. 2, 1. 45, to col. 3, 1. 47,
and U. S. - W swi2740. 4,810,754, fromcol. 3, 1. 24, toPEHIGBIN024T3 4,
are 20 her eby i ncorporated herein by reference, ecific
graftabl e nmonorRPLYBeRSenAISRd S/ bY P Repkin MASSHde Yiﬁg“%l | owi ng:

N-vinylim dazolgslyolefins, Iwwiéwﬂiﬁmpypbabbdemane 3% ethylene,
C-vi nyl i m dazol g;

| dm.d I
1-vinyl pyrroli Opxﬁ%p]%lene, an&i%% e rg:?%éxene, CAS N°'42§/??1?/prr| di ne;

30 " N-netdg+2 Nsoqullacetia:auie;’etrochemcadu indystthesarmw, '
N oycl ohex ?"y*ﬁ‘??”am AAPID oo VISR PeendlTR Cone.
- 1>2/ - y s, by 'xxon Chexncal Anericas,

PCT/ GB95/ 02473 Houston, : Téﬁé:/l Gvi-26act yhyﬂbﬁg&hht&al nNneisoprene

NIyl puri e SPOIPREES, marg by ShYTL Cndutdal! BYLGEMBarrenr v e

Vi nyl pi peri di ncBexas; combinations phél i the above amateriads;comndnati ons
of those jgterigtReR] Simfiarlfaterfafs!ar materials. Mre broadly, any

oxygen- and/ or ~nitrogen-containing . ethylenically unsaturated,
al i phatic or aromatic nononers having from2 to . about 50 carbon
atoms, as wel| osaftablezMonomers such nononers, are contenplated for
use as graftable 15 Bt@&f?ﬁrsa@ﬁf € 8¢ the gk:%‘th%& 'S monomers |
previously used to graft polyolefins are also
15 contemplated for use herein. For example, the

monomers recited in U.S. Patent Ng.-4 146,489, col.
4, 11. 2 through 41; U.S. Patent No. 4,092,255, from
col. 2, 1. 45, to col. 3, 1. 47; and U.S. Patent No.
4,810,754, from col. 3, 1. 24,'Eo'col. 4;'1. 4, are
20 hereby incorporated herein by reterence. :
Specific graftable nonomers contemplated for
use herein include the following°
N-vinylimidazole;
1-viny142—pYrrdlidinoné;
25 c-vinylimidazole;
N~-allylimidazole;
1-viﬂy1throlidinone;
2-vinylpyridine;
4-vinylpyridine;
30 N-methy1~N-viny1acetanide;3
diallyl formamide;
N-methyl-N-allyl formamide;
N-ethyl-N-allyl formamide;
N-cyclohexyl-N-allyl formamide;
35 4-methyl=5-vinyl thiaque;
- 12 -



Broadly, any free-radical initiator capable of - operating under the

condi tions of the present 20 reaction IS cont enpl at ed for use
herein. wodkuassent ative initiators are disclosed in U SPCT/GBISAT3ent
No. 4,146,489, col. 4, 11. 45-53, which is i ncorporated here by
ref er ence. SpeC|Nrally1 d1ﬁsnow$wirbhgyothnazﬁhe;s contenpl ated herein
i ncl ude 25 al kyl, diL ard s, for exanple:

di -t-butyl peroxide; @ EEEK§1 1 3&5%&1??&3?8?? _ t - butyl - cunyl
per oxi de; ‘B&F?leérBéHZGRUEazgée t-anmyl perbenzoate;

t-butyl peroxyacetat eN-vinylpurinet - butyl peroxybenzoat e,
benzoyl perqxi de; peroxy phthal ate; 35

2,5, -di nethyl - 2,5, -dF(FiBg}99p6§F5§y¥hexane;

- 13- VO 96/12748-v1nylsuccinimide PCT/ GB95/ 02473
2,5,-dinethyl-2,5, - dleghggbi?egqaghgghexyne ‘and conbi nati ons
thereof azo |n|t|at? exanpl e:

but aneni tril e, 2- met hyV: nglgorggeﬂﬁges
propanenitril e, 2agewbill, 852¢enhbhasions of those materials or other,

oL azon 402, o ARy REPRRDEB. | (hifd ‘broadly, apy. exgaeDr ARY/OT .

(AIBN); andlltb'osbhn&‘t?h&néniﬂ%r esthylkenicalilyer whsaturated,
rrﬁt eri ?I S aliphakden ors‘é%mat'i@ txb@ﬁftﬁets CHEVRRGY fréhaSz teo o
characteristic m ni mum initiation erature, above
which it will re2BeR§ 39 \aghen, ag“‘rréﬁcf"egh %&rﬁo
reaction wll pr snehdmdhomers; caseoccdnytemplated forahke asC@nsﬁﬂﬂhnély, t he
n1n|nun1reagtlonmgﬁggﬁggtFggekﬁ.connnnly di ctated by t he sel ected
initiator solvents _

Initiators

Broadly, any free-radical initiator capable of
operating under the conditions of the present
20 reaction is contemplated for ' use herein.
Representatiﬁe initiators are disclosed in U.S.
Patent No. 4,146,489, col. 4, 1ll. 45-53, which is
inéorporated here by reference. Specific
peroxycarboxy initiators contemplated herein include
25 alkyl; dialkyl and aryl peroxides, for example:
' di-t-butyl peroxide;
dicumyl peroxide;
t-butyl-cumyl peroxide,
t=-butyl perbenzoate;
30 . t—-amyl perbenzoate;
t-butyl peroxyacetate;
t-butyl peroxybenzoate;
benzoyl peroxide; _
di-t-butyl peroxy phthalate;
35 ~ 2,5,-dimethyl-2,5,-di(t-butyl peroxy)hexane;

- 13 -



20 The solvents wuseful here -include volatile . sol vent s
which are readily renovable from the grafted polyolefin after

t he react wawenaz4sonpl et e. Any sol vent ‘may be used WRCTIGBISN24d3 sper se ~
or di ssol ve the remai ni ng conponents of the reaction 25 m xture and

which will not partic sy ipeeeylas)s, -ai (t-butyl Wereptidfhe o cause
side "reactions _t eria er al Ies ‘of solvents
of this ty%neéjl n%?m%tngggé\f'aht !tE gﬂgm BF&ncn‘é’?tiﬁ Sl | rﬁ‘%’t ic or
alicyclic hydroeswampke: such as n- 30 pentane, n-heptane, i-heptane,

n-octane, i-octane, putandWDERfle (EaRhy LYE| PRI fi NYdronapht hal ene,
decahydr on qL;ht hal ene (sol d, f:%arfi(ea cﬁ;r t he - trademark DECALI N

by E. I. ont de -me dsz"'-'Ejérawar e), -and

ot hers. Al i phat iC za,az'-mma (Jﬁmemmgﬂ;aneaqﬁtme) . et hers,
esters,

_ 12746
PCT/ GB95/ 02473 e%' ?zomds?ﬁg&luor%ésx%’heﬁaercﬁo%\%%és)d cont errpl ated as
sol vents herein. Nonraggischutyronitrdlel AIBNI C hydrocar bons such

as chl orobenzengndli ChbablPaR39Ms theregfchl Qnat ol SER thltitﬁp are
al so useful_as 5. sol vents. The' sol vents use ere al so

i ncl ude bd® oj Material&ycx which has a' | ow aromatic content and whi ch
will be suitable for Baator posathon iimitiatiormal comnonl;ubr | Ra&i ng a0i |

product. Any ba%q,a(}lgc 4@1 Ised i 'Mn ch re %%r%iﬁqhspe oi&ttiﬁg‘lt ssol ve
eri- 9

the remaining: OnpPoNent s of reaction
ally partici pat Nﬁj‘lﬁ?at%#aeaﬁﬁq‘{m ‘G?i%dsﬁ Wil eadily Jrréé:dtartma to an

unaccept abl e de&réae:ti%nevaxtd CBéidw which Bneér eehathefl «1a31°prideda Dbase
oils natﬁtszlly 15 sa ining low or 'nqpderate. levels “of .aromatic
consti.t ue PYLY  Spol§°F @Y - Bldri ns C°’éﬁ%1“en 1Y cofth@npl at ed
for use herein. mémimm reamtsicn temperature isecaasonbpldidtatied byl ow

l evels (if pres %telect d Addeiaddice aromatic materials nmay be.reactive
with 20 each other or ot er reac |on conponents in the presence of
Initiators. The other reaction ~ conponents thus may either be
wast ed, or prodgaivents -

20 The solvents useful here include volatile
solvents which are readily removable from .the
grafted polyoleéfin after the'tédcﬁion:is CEmpletea
Any solvent may be used which can d;sperse or

-dissolve the remaining components of the reaction _

25 mixture and which will not participate appreciahly-
in the reaction or cause side reactions to a
material degree. Several exanplesydf'solvents of
this type include straight chain or branched
aliphatic or alicyclic hydrocarbons, ‘such as n-

30  pentane, n-heptane, i-heptane,“h-ocfaﬂé, i-octane,
nonane, decane, cyclohexane, dihydronaphthalene,
decahydronaphthalehe (sold, f&r'example, under the
trademark DECALIN by E.I. Du Pont de Nemours & Co.,
Wilmington, Delaware), and others. Aliphatic

35 ketones (for example, acetone), ethers, esters,

- 14 -



unwant ed by-products, unless the presence of aromatic-

constituents is small. The use of base 25 st ocks having aromatic
consti t uent SWOAWIRHM6bei ng | ess than optimumin sone i nSRCRIGBAS/02473
cont enpl at ed under this:.disclosure. The | evel of aronmatic

constituents In deb8l) "2l mixcBERLOLRNLEE! ak8 SPUB' SORCaRIIEST A 75 (e

wei ght 30 per centagé Speci €s a|n|n
proportion of arof@iventar be¥eifons, N%Qﬁﬁéfe thadkaegenated @Med as

the wei ght percenh@gdeo8hrBbh¥ sliéh as cnabeemteheeﬁar b&{bn@iﬁ&en%é or er
val ue can be nuch | atter thls 35

speci ficati on, alcpé9gf’%8ﬁ“§?8na??9 CSﬁgﬂr? uets- df8'® userur
- 15 - 5 V\D Solvents.

PCT/ GBIS/ 02473 ‘rﬁedEBWEﬂtQS?EQ?ui"ethé BEES et ndlU HY 2T

speci es cont ai ni ng ané proportion o
petrol eum oi | sol ¥ERE 383 Haw aromatig ecpnssetcens!amhimgl I ess

than about 20% bywi®lgide 5suitﬁb].50|ﬂ91u| ahca&-pa%htiohmmd | 8S.final
alternatively les

alternatively | esi“’f’ﬁéﬁagﬁggt ag 1 %F At WSI"%h Ofe SLﬁhl’"ﬁ?Htl =

alternativel9 | esvhichn gbout ﬁ-‘ﬁplg}:se ozvvelmsqi:’vesudhe rrp:gm!ﬂmisng
al ternatively | eséoﬁ?éﬂeﬁes oi‘b‘E'He Jréﬂti%ip*hiw.d b \f‘i:' tllfitr&t ively

about 0.2% or _Tess | es. es o

it
sui tabl e sol vent BA3E BPF§15§?a§§~“‘3 in the rapstion or °3“51‘H§e
aromatic fluids cpeaetpbasctiof an tha&cééptablesdddress sper iazrifaml

contents of from 0hto t 2 % _Suitab 0|I of this
Ki nd i ncl ud @é"}gﬁ’ﬁe‘éus% S%g,ggbr 1RaFe& SOt gﬁf e"' 2201 vent
neutral bastSoil scenhtainingn| Jowboar 3mederate slevels csqf bmt&ihimunber

of aromatic atomiiense¢ugfits, aSahdhri@alsn oidolatoreraks by dpecon
Conpany Texas; Mobi| | 00N solvent refi.ned oil;

Texaco Code 6102 QBPtEﬂPyﬂéﬁSrgPro\‘?elbﬁre n. Aromatig copftdtyen
aromatic fluids caneéedEsdirabliyorkept td hrowprllevels uckf presente aftrom

about 5%to 10 /&11), since aromatic materials may be reactive with
20 . each other or other reaction components in the
presence of initiators. The other reaction
components thus may either be wasted, or produce
unwvanted by-products, unless the presence of -
aromatic constituents is small. The use of base
25 stocks having aromatic constituents, while being
less than optimum in some instances, is contemplated

under this disclosure. |
The level of aromatic constituents in a refined
petroleum o0il is sometimes expressed as the weight
30 percentage of molecular species containing any
‘proportion of aromatic carbon atoms, and other times
is expressed as the weight percentage of only the
" aromatic carbon atoms. The former value can be much .
greater than the latter value. In this
36  specification, the "level of aromatic constituents"



25 aromatics. Blends of highly and minimally aromatic fluids, as .

well as directly-produced noderately aromatic process fluids, are
cont enpl aigfbei9748e suitabl e noderately aromatic fl ui (ﬁ_—ﬁﬁ,s,gmgt icing .
t he present invention. 30 The minimally aromatic fluids -

contenpl ated fojg def indac w t:ha n.rﬁsms eféeeeéawcbudqnawgﬁa&eat ed oils

havi ng from about wt % ar cont ent

Repr esent ati ve ?ﬁ’?ﬁ*ﬁﬂ‘ I"';P'gi%#h’f“?: q:qyupa'gport on ﬂgliﬁﬁmm?(ﬁﬁm HT 60 (P
60 N), HT 70 (Raténd), THe petEcleim Bil0Solyentsdcofitdfflyted i strai ght

cut _ : s s 4
PCT/ (B95/ 02473 are those SPé‘ﬁaéé’i qefgclgmﬁlaw ng@abo}t q’ty fflaq omatic

constituerlts, sqﬁcmlﬂctwer ﬁrqm:.ccappnglsﬁps.bq ternatizelydessia,

%{)gary, Zﬁdobﬁrﬁ:?ana%w 1$#erbyedwaignt fépmsﬂwhrmﬂaﬁwfaéilt Plt ant™”)
or en ~ar,0 cqnt en
hydr ot r eat ed cﬁ*teﬁ?ﬁ’:k%gfyc&ﬁfﬁl ﬁPﬁB gﬂBﬁt 9*0\gy%we q't

constituents, simphbititeyr altighagionly sless than, aSantFra%ucmy:o
Calif [ las d 10
tornia. out wﬁ%ht of' SR %J\yé%iﬂ&'&%ce%igfééﬂa‘iﬁv%% A exa%&ﬁe

to carry resent es of .

process f¥Qi ds akARi H-l*ng"ﬁo swehsyimppeities,  alfeEpativeAytiabf s i ncl ude

synt hetic pol y-@l 2% cor less: ofegueh(im&itm,e stocks such as I\/CBI L SHF
61, sold by M |I

preferabl e range of qf?% 88nfgﬁ#aﬁ’jll°t ﬁ?ivgn% %SPSC&'Q'S ﬁrl.ﬁ cfs abOL‘

0-10 wm% Tfmllmt preferable range is about 0-5 W%

Qther solvents with f | enpl at ed
ui(;&ht Ui m%ﬁ F7as Eontem?lﬁﬁgée%% np

for the present use |ncI foI | ow ng nmate NEUTRAL
O L | 00R1%0| d Present, use have: arpratdp copkents) offyom=boyty 3%0 170
bl ended and st rﬂﬂhtocWrMemhydrmmb ObiFs of th(ientlm:m ng from-

about 1-10% ar oymat u Co. ,
Phi | adel phi a, 2‘2'? i@éﬁé&gg gé %ﬁér%\?el y @ar%s ont 0| I's

such as Exxon regiveérti Besll‘—ll'alf dasghi oils héhaYbMt poly abO“@or&ﬂri i s about
5-12 wt% bl end&:éﬂa@{&s fradéa on number of arcmatic atoms), sold

20  as lubricating oil base stocks by -Exxon Company
U.S.A. , Houston, Texas; Mobil 100N solvent refined
0il; Texaco Code 6102 solvent neutr;1-~ oil 100.

The moderately aromatic fluids contemplated for
the présent 'use. include from about S% to - 10%

25  aromatics. Blends of highly and minimally aromatic
fluids, as well as directly-produced moderately
aromatic process fluids, are contemplated to be
suitable moderately aromatic fluids for practicing
‘the present invention. ' :

30 - The minimally arocmatic fluids contemplated for -
use in the present context include hydrotreated oils
having from about 0.1 to about: 5§ wt% aromatic
content. Representative minimally aromatic fluids
include PetroCanada HT 60 (P 60 N),' HT 70 (P 70 N),

35 HT 100 (P 100 N), and HT 160 (P 160 N) straight cut

- 16 ~-



i'ndi vidual oils naned in this'specification; and ot hers.--30

I nhi bitors I nhibitors nmay optionally be used in the
present grafwosgiazéaction to limt the degree of cr oss PICHGRH02433
the pol yol efin. The inventors 35 contenplate that [imting the anount

of crosslinking or blended ‘oil stocks havinly/-about 0VEX9Grbhatic
PCT/ GB95/ 02473 con¥titulfEliCeshhq \Poif idd ¥%ﬁniﬁ39§8a£f.§§| #ﬂg fﬂ&
i ch has

the grafting reaction and provide a final

i mproved shear st aBeE ;99anada, Calga@ye c&gbgﬁty: oﬁndnhigm?or@ed;@wsdrrpl at ed

herein 5 is that fﬁbmhl'mmﬁdleﬂﬂbé ofhii chianenroqgonly exeda40 N as
anti oxi dants r freg6 d+§al |nh| b 3ed Orlow reprgsent ative h| nder ed

phenol for th s puf aromat onten
oct adecyl 3, 5- di -tehdeqtyeaﬂadlydobkyl*qtbcksnna‘:mttgining wikiotit | ©.58 d as

I rganox 1076 by G Baefgt &H&ié@?ntsb‘”oieactlowwéﬁeﬁﬁﬁhgk or 15

hydr oqui none. vent
present reaction cGR-beSRAFrNCIREOaLalitorRidos. The polyolefin to be

gr aftgd |3 g_row Ioled 15 Arcﬁaiid-l-ftéor?roc&é EXﬁmecaﬁh81§g| ye! g&ba rra?/ be
ground an solvgd i on.,sol vent i y be a ase oi

for a lubri c%§| ng ggrrp%% ?1&‘5)# e aﬁﬁﬁﬁﬁ?\@ L#’fva?&té"é}jl venf ﬁs step
can be carried exapplemRf precess tfluids|containing wa Imealsumbﬂ.e gas 20
purge, at a tenpeapbua€ic %siiﬁ.{b e iﬁ@ﬁ;dé’rbynthetti l%ﬁg.gha-

t cally from®60[e tgo_about 120[err
1%8|[err]>é The niﬁgﬁgf?eﬁpgﬁgt#br(? ¢ | stocks gugh| B MOBIL SERaflvhe

reaction tenperatuseld by MdkiXiowl tdw. j1ipdirEat i ryigliar, tenperature may
orepared as 2 ol 1154 Brete senieg ahd, BRCRFRRELTY ot ia] ¢
added sol vent or pPEREeSS zcfluid agcmé r 8280i oWt xt ur Ehehumossr rred i s
placed in a _preferable range is about 0-5 wt%.
Other solvents with varying amounts of aromatic
content contemplated for the present use include the
20 following materials: CHEVRON NEUTRAL OIL 100R, sold
by Chevron; HPO-100, HPO-130, HPO-145, and HPO-170
blended and straight cut petroleum hydrocarbon oils
containing from about 1-10% aromatics, sold by Sun
Refining and Marketing Co., Philadelphia,
25 Pennsylvania; moderately high aromatic content oils
such as Exxon naphthenic o0il, for which the aromatic
content is about 5-12 wt%; blends of any of the
individual oils named in this specificatioh; and
others. '
30 .
Inhibitors
Inhibitors may optionally be used in the
present grafting reaction to limit the degree of
. crosslinking of the polyolefin. The inventors
35 contemplate that limiting the amount of crosslinking
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ing polyolefin are a
temperature, typically from 60°c to ‘about 120°c, for

example, about 100°C. The mixing temperature will
normally be 1less than the reaction temperature.
Holding the . mixture at a higher temperature may
degrade the components. -

The reaction mixture can also be prepared as a

melt of the desired polyolefin, with or without any

added solvent or plasticizer.

The reaction mixture thus formed is placed in a
suitable reactor which can be purged or blanketed
with an inert gas (which may be, for example,
nitrogen, carbon dioxide, helium, or argon) or
otherwise isolated from ambient oxygen gas. A tank

. reactor may be used or (particularly-if'the:reaction

is carried out using a molten polyolefin), an
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| east

al ternativel Y at tﬂgaééswtr%@mne%e erature. Ald %{ﬁ%\‘u&e' ¥pat | east

ternative y at east apout

al ternati ve$y at reegEion ARPeRA e Should be suffigient, £ F@P?“&F | east

about 50 nol es, essentially #l1 esm&hlevebleateaeﬁsitw R iy ehe

o ernativel Y eLgs"LuiBtha A By ronstion, . HhpoPRABRIELYaE 53

of the graftabl eDEBROMRE~rebutl peroxide)sdsr used as the ipdkietorin.

The contenpl at egh e "ad B¢ or ke eraturepfé}{&htd 098 Q}rézﬂ?ezgf %i:hﬁb' e .
nmononer to the startin tp i.n are as fol at
nost about190 nppRQut °c, al e&l'%&iﬂ aly, grpa Frnﬁiﬁ“ Mt 3553Gres,

alternatively ataveeinabivély4 gpéster than aboutdl 1g00el,i valgest nost

about 26 nol es e bo I
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about 40 nples, about 170°Cg| taltemnakively mbautahd?5°Se n'élléisr'

al ternatlvel y atnﬂ?ﬁ'eﬁaoﬂéséotﬁﬁhe%bout 175°c, altkifabdleYpl Yedls nDSt
about 70 aIt rnatlvelg/néj\tiv St ilbout 0 nol %oht 35 .

al ternatlv?a?y attham: ahpith 188°Fe Alte ess than

- 185°C, alternatively less than about 190°C, alter-
natively less than about 195°C, alternatively less
than about 200°C. ‘

Different initiators work at different rates

20 for a given reaction temperature. Therefore, the

choice of a particular initiator may require
adjustment of the reaction temperature or time. '_

The contemplated proportions of the graftable

monomer to the polyolefin and reaction conditions

25 are selected so that an effective percentage

(ideally, most or all of the molecﬁles) of the

graftable monomer will graft directly onto the

polyolefin, rather than forming dimeric, oligomeric,

or homopolymeric graft moieties or entirely

30 independent homopolymers. At the same time, a high

loading of the graftable monomer onto the polymeric

backbone is contemplated. The alternatively

contemplated minimum mole ratios of the graftable
monomer to the starting polyolefin are as follows:

20
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alternatively at nost about 110 nol es, - alternativel at nDst
about 120 ggbgf or nmore of the graftable nononer pBET/GH 3 the
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cti u is. 10 sel ected from
at |east about 0.1%2 ternativeigl?é 3f?€e?€a%% igag?lﬁﬁout 0 .5%
alternatively at | cosltetmativedy at least aboutr hétnokey, at Ieast about

1.2% 15 al t a o)
alteinativgly at | eas £E%ﬁ¥€i%eg§ Lﬁ f&aéé Hﬁoa?terna?lvefy at | east about
1. 8% - aIt%%?EE?%E#Y‘bY ataleashoaboyt, 18 moles, al ternatively

at |east about 2. Z%aﬁ@arnativelgﬂ ierna&ueuoat leagbradput 2. 4%
alternatively at Ieas#mabo y at | east about

't grnat ve
2.8% al t¥ %E?$§%¥°g¥ ?5a§?‘§50%?°% 26" i alternatively
at | east about 3. 2@baI£Brnative1nlatrha;steayout 2zanolggout 3. 4% '

alternatiygly at Iea§itégﬁgﬁig.§¥’?t leas aho@itgi”ﬂ&1¥§|y at | east about

3.8% alternative é east about .
alternatively at | e}t ely,agpleast ah°%$t%%h!?4%%+y at | east about
5% al t erabterrayivelycast 1eb9uta86&t 28 moDés) he necessary

cocentially oo ATERRR PRy at, TRlptPandylf B80T 1, ??rSe"sf-,“ v

Any of the above vaJa&SBtmmtiﬁglzsehtIQQSGVQDGQQ 40 moles, '

- 21 - 15 "~ alternatively at least about 50 moles,
alternatively at least about 60 moles,
alternatively at least about 70 moles,
alternatively at least ahgut.so*mdles,
alternatively at least about 100 moles,

20 of the graftable monomer per mole of the starting
polyolefin. The contemplated maxinmum nolar
proportions of the graftable monomer to the starting
polyolefin a:e as follows:

at most about 20 moles, S
25 alterhatively at most about 22 moles,
'alternatively at most about 24 moles,
alternatively at most about 26 moles,
alternatively at most about 28 moles,
alternatively at most about 30 moles,

30 ' alterﬁatively at most about 40 moles,
alternatively at most about 50 moles,
alternatively at most about 60 moles;
alternatively at most about 70 moles,
alternatively at most about 80 moles, -

35 - alternatively at most about 100 moles,

- 20 -
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203raftable monamerrntbdbi vehg areaestioabomixtd®® is of the

e StE LARNLE: NONONMEr per m nute. Any of the above
resent an average rate of addition or the maxi num val ue

whi ch atarleastiabput @ 1%he graftabl e nonomer may be
solid @Itéﬁfﬁéméry rat orezcsﬂ about &y with a solvent.

o0 B OPRSA AN oty S VA by g2 5 Lhe Lo L0l
|y all alternatively a least about 1.2%32 -
alternatively 1éast about 1.4%,
alternatively least about 1.6%,
alternatively least about 1.82,
alternatively least about 2%,
alternatively least ahbut 2.2%,
alternatively least about 2.4%,
alternatively least about 2.6%,
alternatively least about 2.8%,
alternatively least about 3%,
alternatively least about 3.2%,
alternatively least about 3.4%,
alternatively least about 3.6%,
- alternatively least about 3.8%,
alternatively least about 4.0%,
 alternatively least about 4.5%,
alternatively at least about 5%,
alternatively least about

at
at
at
at
at
at
at
at
at
at
at
at
at
at
at

at 20%,

of the necessary charge of graftable monomer pér
minute. The monomer can be added at an essentially
constant rate, or at a rate which varies with time.
Any of the above values can represent an average



WD 96/ 12746 of the nolecules of the monomer will graft directly

onto the polyolefin, rather than formng dineric, ol igoneric, or
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be added Before, w @t most aboulf t®kr1¥he graftabl e nononer, so the anount
of 15 unreacted 'ﬂféﬁ*ﬁiﬁlfhat 3:6&@%@% gi ven tine is
much | ess than the entlre ar preferadly a small fraction of
the entire charge. alternat ’dfékrﬁfod?‘?ﬁtabqqk 3%itiator may be added
after all the Mﬁymwm&m &mﬁ; a_dciqq, so there 20 is a

| ar ge excess of bot bl e ..mono t he pol yol efin present
during essentially ?ﬁé‘ ﬁ%trai'}ealy at mog ﬁﬁ? q:I e *#¥st her embodi ment, the

i nitiatolOmay alsexmadd ve lgn atindgst aboptafl.®8,e nonomer, either at
the sane rate (masg&%ﬁﬁmlpe&g ‘iﬁ?st)faﬁo?ﬁ 125 entire charge added -
per mnute) or at a sone faster slower rate, so there is a

| ar ge excess of alternatively &t masF m&’a initiator, but so the
anount of the unreaeutdzgraaﬁtvsd]l;e ww dbdut 2,.2%,conparable to the |
anount of unreacted i Y, e t| 4 TE during the addition.
The initiator may be 3: nﬁﬁp abgiu\t r}r eadt or in several (or,
al t er nat il%el y, nanyl)lternatlwﬁ]étr@ aagtarheout @68, a steady rate over an

extended period.  FHeerdRtiviAyTat RuBY doutf 2.8%,
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PCT/ GB95/ 02473 WO 9@isexpatively atiimoss, ahout 3% tiator to the reaction
mxture is sallwﬁéﬁ‘My at most about 3.2%,
alternatively at_nost about 3.4%,
20 alternatively at most about 3,.6%,

alternatively at most about 3.8%,
alternatively at most about 4.0%,
alternatively at most about 4.5%,
alternativeiy at most about 5%,
25 alternetiVely at most about 20%,
| alternatively at most about 100%
of the necessary charge of graftable monomer per
minute. Any of the above values can represent an
average rate of addition or the maximum value of a
30 rate which varies with time. The graftable monomer
may be added neat, in solid or molten form, or cut
back with a solvent.
The contemplated proportions of the initiator
to the graftable monomer and the reaction conditions
35 are selected so that at least many and ideally all
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~the m ni rum val ue yplecdnomiieal, andwmsﬁau\iarl 88 WalBided® for30 these

desired maximumrate of addition of the
mxture i s sel ect E&25PHH

* at npbst about 0.1%

The

initiator to the reaction

alternatively at nost Theutifititor can be asddedr néfordy withosr about

1% 35
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In one embodiment, the initiator may be added after

all the graftable_ monomer has been added, so there

is a large excess of both the graftable monomer and
the polyolefin present during essentially the entire
reaction. In another embodiment, the initiator may
be added along with the graftable monomer, either at
the same rate (measured as a percéntage of the
entire chargé added per minute) or at a somewhat
faster or slower rate, so there is a large excess of

- the polyolefin to unreacted initiator, but so the

amount of the unreacted graftable monomer is
comparable to the amount of unreacted initiator at
any given time during the addition.

The initiator may be introduced into the
reactor in several (or, alternatively, many)
discrete charges, or at a steady rate over an
extended period. The desired minimum rate of



alternatively at nost about 2.4% - alternatively at nost about

2. 6% alternatively at nost about 2.8% alternatlvely
at nost _about 3% 10 alternatively at nobst about 3POT/EBISN24T3

al t er nat W 2 m)st about _ 3. g al terndtively at nost about

3. 6% | itdenaof,Ehe ’P’-Twﬁ%?°5b%tth§ Fepction mixturg {&rnativel y

at npost -about 4s@%ect5d from: alternatively at nost about 4.5%

alternatively at nDs 5 alternatively at nost about 10%
alternatively at mosf ggg%t.ékf“t 0.1%, alternatively at nost about 40%
20 of the necessapjtennagdvely at:least pbouhi Aubd, . Any of the

above val ugs can rep@@%@&ha%&v@u9ra&e1east aBﬁﬁﬁ g4, ,addition or the maxi mum
value of a rate which variés with ti © Wiile the

initiator can be addé&tﬁ€&PtivﬁlﬂéafSIeasﬁréP@PEbeztut back with a sol vent
to avoid high. adtarnacdvelgpartt leastoabble Lnggjator as it enters

the reactor. In a RY %EQBE%ﬁVSHPOQENEQEB$hggokit}a?%f substantially

diluted with the reac RS can be diluted by at
| east about 5 30  mil%ernativedynati Jeagt abouteds8%,about 10 tines,

alternatiygly at |ea§ht&bﬁﬁki@@1§'E%Slbh%tMEthi Qg volume wth a
sui tabl e sol vent “ or perS| a polynerization

i nhibitor is to be uéé ‘tqgegﬁéagnQEHFSr?bBBﬁt%nﬁfate that it may be
added after 35 theal&hhaatiwegyedteahasthaboutbeem%,added The

- 25 - PCT/ GB95/ 02403
WO 96/ 12746 ' %tgrpatzvelybgﬁsgfggfea 6 ?o about 1 wei ght

percent of the reactﬁdﬁewhﬁﬁéﬂblyaﬂﬁeﬂﬁaﬁﬁvébyutr en8st, about .01 to
about 0. §gwei ght pe&QQBEnaQﬁvehbeat 1eastrgggbtog*n1xture alternatively

B s s R
i nhi bitor may be addadtakha&dveﬂqeat leastoebouEr;a4%yne i nterva
alternatively at least about 3.6%, '
alternatively at least about 3.8%,
20 ' alternatively at least about 4.0%,
alternatively at least about 4.5%,
alternatively at least about 5%,
alternatively at least about 20%
: of the necessary charge of initiator per. m;nute.
25 The initiator can be added at an essentially
constant rate, or at a rate which varies with time.
Any of the above values can represent an average
rate of addition or the mim.mun value of a rate
which varies with time. :
30 The desired maximum rate of addition of the
_ initiator to the reaction mixtu:e is selected from:
at most about 0.1%, o '
alternatively at most about o 5%,
alternatively at most about 1%,
35 alternatively at most about 1.2%,



After the reactants and the inhibitor (if any) 10 have been added, the

reaction mxture is preferably m xed with heating for an adﬂl%ironal
2-120 m'nuw'(? 974¢ [0 conplete the reactlon The time rB
cconpl etion O Whe reactjon can be determ ned experi msnt

det er ni ni ng when the PAHRFA3GIVerY at mosk tafl?ﬂj%l 4% 0f the grafted
monomer in solution, alterndE€hedBs at mw& LbowdS 1.m, approaching a

m ni num pr eest e Vi scosity
approaches a near con:%%?%\%hyﬂy at most Vi%"'t ?&é reacti on has gone
essentially to 20 coMggrnativelhathamast abdut ﬂérmved and the reaction
product can e al | owe%i&m;&éw*&rf@é& CHcht”i 23, m Xing.

Al ternatively, nore aggressive, coolin enpl oyed, using a heat
exchanger or ot her wite terpakivelk a th‘Fé? r?éiquxfelzy“t'he reaction product
my 25 be renoved aWaﬁx&tNel# atatmostr abor 2./683Ct i on

t enperature. itions The
present reaction canalt?!fnear%%‘fel\ye %bﬁq'a%% gorgl éd out by providing
a melted reactant alternakinely |adh nostyahouty 3der or ot her pol yneric

mi xer , 10 for examieriadivdty atiiddet Hisueehl aagact i on can be
carrled out as foll ows | at ed groportlons of the

e
graftable 35 mnonﬁﬁ’lti?'fﬁﬁi‘mX/(ﬂr{'e rLd Sri#*dn conditions
- 26- WO 96/ 1274@lternatively at most about 3.6%, PCT/ GB95/ 02473

are selected so that ?%ﬂﬂa@f&é’lﬁr%%@% ragogg or all of the

nol ecul es of the graftable nonone i‘rectly onto the
pol yol efin, rather thatternativaly af mask |aé’°“6'-l “a@%eric, or honopol yreric

graft 5 1srﬁ| eth i Ies mﬁttz#aﬁr?em@%ﬁwtammbwers At ] Ithe
same time, a hig oa of the grafta nonmer onto-the polymeric
backbone is contenpl atae]?e ‘Iﬁ at, mos q"hm gg'cont enplated m ni num
nol ar proporti orssl tefrnatd vely tath imostorabomt 10%,he starting 10

pol yol efin are essent |ﬁ€mwa\9 WS lnbst Arfhef 9o, t he sol vent
reaction. alternatively at most about 40% |
20 of the necessary charge of initiator per minute.
- Any of the above values can repfese_nt an average
rate of addition or the maximum value of a rate
which varies with time.
While the initiator can be added neat, it is
25 preferably cut back with a solvent to avoid high
localized proportions of the initiator as it enters
the reactor. 1In a preferred embodiment, it is
substantially diluted with the reaction solvent.
The initiator can be diluted by at least about 5
30 times, alternatively at least about 10 times,
alternatively at least about 20 times its weight or
volume with a suitable solvent or dispersing medium.
If a polymerization inhibitor is to be used,
~the inventors contemplate that it may be added after
35 the other ingredients have been added. The
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The reaction mixture is pl'aced In a suitable - pol yol ef i n extruder or

ot her m xer for nelt-Dblendi 'ng hi gh-vi scosity conpositions. (\Were an
ext r uderg, QW referred in thi s disclosure, itPCHR T30e
under st 00 t,thjs |s exerrpl ary qQf the broader . cl ass of m xers

whi ch may be ustRP¥RitoR Pay| &H&Fﬁgm"—e from @ dt9gabgutnd

i nvention.) Thepexdentiest the rmmmmmapewmamm itaddny
Tort gas (whi UL, TS &%ﬁ?gbe"p%r ??giﬁﬁtb' BREELE 4" e
hel i um or argorgactien crixtuze, ca ternatiue wpepét o \ﬂl-tllﬁ avedghdw desi gn

cross- sebtTon, peoee, gfameﬁr%@%}l?“%ﬂ‘%‘%fuc%' iy ST

pre- extrusi on ‘ﬂp?ﬁ%{g §Forp‘° °h‘8 ndaACHADLS, RF r 88EEENE@ additi on

ports designed time delayr ovrlwle intei bbpor piayitise radde 2l tatemhoend

reaction NRFLALA r ‘t_'@‘_.‘pg#tlcular initiator, graftable 30
polyolf x'aéj@j'é)j"ﬁor (1

nonomer and I bi sel ected for use in the

extrusion reaction. After the reaptantsia theinhiidond ifeanyd to the
desired rggcti %&@W:ﬁta&@e@ﬁfﬁe,rmﬁﬁn Qi is preffe%m@er

reactants are added, T ngcessary e pp ied from an
ext er nal sourcé"’?ﬁ%‘% \ﬂrﬁb ﬁeagi for an addit(ionall 2-120 minutes

PCT/ GB95/ 02473 ¢4 e6mpRetié the redaotioni ng THe time ut}equibedf rfoxt i on
resul ting fromconp)et f@?t o7 LRE, PUAIU OLah"DePoa¥OLFhLAed OROSI L1 o N

In the extruder, tlng t he ﬁ%@ grow
sui t abl e exot hé?’FﬂQ,r i ofY t&}"'&ﬂ‘}"g EVhe'!:o nREPBAT iOPhefe

efoe_di entps  Alnftrégempinort REE the lrlraerma;dl %?ﬁcﬁi&lef aflursald&mqu be
sufficient to cons en a O t sel ecteq_l.nlt1ator
- Sl ) orpERETopt gaching” &' Sinigule

during the he™r e raftabl e
nmononmer nay be preestihkkished o v;CIue,t heoextmm the atviscosity n several

di screte ,15‘5% £ nédr & se@é(}y r &ver an extended

period. The desire nlrrun?razt'e%? dlt\?%ﬁlof the - ]agaftable
mononer to the r ?‘bnt’?ﬁ xFepgtipn has gopess3sentia p&i ousl y
stated f@othe copBstion, the heat can be removed and the reaction

‘product can be allowed to cool ‘in the reactor with

mixing. Alternatively, more aggressive cooling can

be employed, using a heat ‘exchanger or other

apparatus. Alternatively, the reaction product may

25 be removed while still at or near reaction
. temperature. '

lult xosetion Conditions .
- The present reaction can’ alternatively be
30 carried out by providing a melted reactant
conposition in an extruder or other polymeric mixer,
for example, a. _Banbury mill. 'rhe melt reaction can
be carried out as follows. ' '
The contemplated proportions of the gra_fta_bl‘e
35 monomer to the polyolefin and reaction conditions
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-15 reacti on. The initiator can be added. before, wth, or
after the graftable nononer, so the anount of unreg&ﬁ% 4 ator
whi ch is wesem4at any given time is nuch less th eentlre

charge, and 20areDjél@ie 1t «HA ol ERebERIVE! péiberilidd et

I n one enbodi rrent the I nitjator
graftabl e monomePT had & Eﬁﬂe&"l?S“t‘-ﬁér Pt the graffaple @onamers of hoth

thg graft alb: e nﬁmbmergﬁtt directliyhengel Yhecpolyplesim} rdithery than ]
substantially t t he
initiator may befoﬁ% %Ir'tég{%t h%"%&éﬁh&p h%% q%ﬁg'?é%qlaﬁ] her at
the sane rae (mseteels agraentirelypdndependents hpnepghymeesehatage added
per mnute) or . the saile At1AEPWA niGR! CloMimy OV €5é Cgratediile IS 2
30 | arge excess éxg& efi n unt eac’tese Initiator,

but so the armu‘H?“%‘Pe’t' t@"ttﬂt eaymnc bBFEP?EBI FonRemPlatedsipar abl e
to the anount ofThe alteymsttivaly ni toatempaatedy onireimim nmemdlarng the
addi ti on. 2

BCTI GBo5) 02473 IS RFTBLGRS of the grartaple’fiohomer to TRF SFATEINY oduced
into the 10 polyelefinjare esaentially as epnqafmakvels)tatathtpp

di screte chargestheogoﬁe,@tsﬁmidﬁte over an ext ended per| od. The

desired rates of addlégon of | niti at)(() eé%o the r, [ on
Tixture  are SnERartion, mikeyrs s, Rfdsed "tn, af gy

reaction. Wiile pbkyohefimtejttmmeradathérnnéxeritor melt-hlsarqdim’ger ably
cut back with a @ﬁ@ of t he
initiator as it B Jaféfgiségsﬂ’fhcgoﬂ} eac t.ions esent (;atq‘l ve so vent s i ncl ude

a base 15 0|¥e€6ﬁ3§€¢1t|%al iy L!e‘bieﬁl rﬂjeFCFJcF!ﬁ‘-Wﬂaent itonsdeuldo as
defined el Se\/\her@ndéréibédsltﬁﬁtf ltﬁﬁts Ofs lExedipllary of tﬁé' ,br@ﬁe&t her
sol vents known. to those skilled h t he ar The en% be used
at arelatively class of, RiXeXS wbifc Mt%n g8d S0F RA a'l i on
conposi tion, sucdncaerétjmmtt_:e phet presenti dmveption.) Thel extxruder hundred
parts by weight Oin'eppN. mhifitained under essentially anaerobic

20 conditions, or can be purged or blanketed with an

inert gas (which may be, for example, nitrogen,
carbon dioxide, helium, or argon). The extruder can
be operated with a screw design and size, barrel
diameter and lenqth,' die configuration and open

25 cross-eection, barrel temperature, die temperature,
screw speed, pre-extrusion and post-extrusion
conditidns, and reactant addition ports designed to
provide the appropriate residence times and reaction
temperature for the particular initiator, graftable

30 monomer, polyolefin, and inhibitor (if any) selected
for use in the extrusion reaction.

The reaction mixture can ‘be heated to the’
desired reaction temperature before, while, or after
the other reactants are added. The necessary heat -

35 can be applied from an external source preceding or
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2 phr. The cut back sol vent can be used in essentially t he sane
proportions, respecting the 20 am)unt of initiator, re ,5& y stated
for the oI vent reaction. The extr uder c%é@‘ erated

S{R e | |
cont | BRI s, s ELRRESED, tbshbul FORRRESHRLIETLL .
added at a uni msmipatéon Ba‘lday%lmnOthhen@Iollyolefin cowpopsdtided bet ween
the introductigps Qhedi EiRipidler, 'Mﬁqigembiebyewrgawg rbp

ingredients into di fferent arts of he ‘ba The
nononer, init P&'Péfl’-dingn& tahia I‘i?‘c' e%&'ﬁ@‘-’t R, @FsP¥r aP¥g nedi um
can be lnEroduexﬂmﬁﬁgeubaroﬂ these expedidnty.naldt avkddimest ¢het he

i nventi on. n ence erat ure,

during and afté'reag&&opl Q'g%‘c‘kgl né?ﬁgq E% ‘%éaﬂfcogh% tte° %Ppgd to
provide a fi nalespﬁo&ééﬁllaaﬂ-ﬂgoﬁh&ﬁeﬁ#leqteéan-imcmdtmﬁw theoperti es.

;/\0286; 19746 time allotted for tthe Igelachiofn. .T hod PCT/ GB95/ 00/2473
ol yol e e 0 0
Ni t r ogen The; ﬂae?ta‘ﬁ‘ uBEROPET d A :l??] EFFE peed, dngRs 5 of

ni trogen i@n t heher aéktﬂuﬂetyoh&m nahndoneet hein. sevenalceﬂisi:lr:eté (assum ng
the reaction i t 0 S Its of
idheEs] BFL st a 4ty O58ES SGUeF a EiEandiM

this test are egreeo ting. I'n
order to accur pesiipddet Thei desiredapinimupfrate of rhddi&j@n @fathed onto the

two conponents gylafed®le noﬂuﬁéﬁexkodleﬁer8§aactpehy052§tarereast'On
m xture whi ch Ii m xt ure s(I}Mgrgf ?Fg Qolryoleflng
process fl uid éYafT?n L 3‘&"1 SRS the

reacti on 8 xt umeamtibnbe i sol ated 15 and then indivi dual I y anal yzed,

whi ch can be done Ogpg ini@{séMEtéa | 98" baked" Betet! or Prior to .

anal ysis, the reaction mxture par at e(f | nto |fs I 'ndi vi dual
conponents -- tf&er thegrﬂ??@&aBéFyoPEFPﬁeﬁnd ?ﬂod@!ﬂ; ameunt TRLs s

unreacted initiator which is present at any given
time is much less than the entire charge, and' -
20 preferably a small fraction of the entire charge.
In one embodiment, the initiater may be added after
all the graftable monomer has been added, so there
is a large excess of both the graftahle monomer and
 the polyolefin present during substantially the
25 entire reaction. In another embodiment, the
' initiator may be added along with the graftable
monomer, either at the sanme ‘rate (measured as a
percentage of the entire charge added per minute) or
at a somewhat faster or slower rate, so there is a
30 large excess of the polyolefin to unreacted
initiator, but so the amount of the unreacted -
graftable monomer is comparable to the amount of
unreacted initiator at any given time during the
addition. |



.20 acconplished as follows. . Sufficient reaction mxture to

contai n between 0.1 and 0.15 grans of the grafted poi,écﬂ g%s,d(}‘ '
pl aced i nwseu2y48bl e gl ass vial. Sufficient heptane IS a to give

*a resulting solution ?ﬁ}nt al_nl_%%t% ed‘P ro errateltyé_P ;%ggo bPEfI nﬁéolsi ga{ ,

The grafted pol yol efi
addi ng' t he sol utimeadterm in slaevalrarl c(mt.al nahgersatiwelyess mm‘nyhcetone

The Pr eci pidalrdisy Cehla = ﬁf? réf's%d §‘E&§&9l ﬁdé%scﬁgr

acetone. Then this preci p| tat l'ass and dr| ed
at 60[err]C in arP¥hRhded he 4 Eshﬁﬁ'ﬂsrams°§ré‘é¢bﬁ%ﬂe°fs

referred to el ownrs mitihlter eXtdsactmt pokgateion. " mixture are
- 30 - WO 96/ 127 5/ 02473

0;
Next, the pr ocess® ﬁﬁemtgl oJT]‘ oFserﬁre‘ﬁ'Wﬁlé'h fhated f°rgr%|ﬁﬁ ngtlon
t ook place is se;maami@ﬁoromiﬂ@ the initiator can bee@dded neatchitire

di SCfirded h is lré@”&‘aﬂi‘i‘ f%ﬁ%@lfba%ﬂ X{ltﬂi igh s@l@e&'i:oessiv&i&{ﬂf. Anal
(Nbdel © 7000 NS) 1aRATHARS HRPBOTtions, atdhe NBICIAtET afnit, SRESTSam b
response isi0 tueecmramxandnébeeseﬁpheiaeeaolﬁm dincludesadpasecd

from the responses usidg, i deate SUEE 45U W ke copflohEs B, Nl son

Chr omat ogr aphy so ware p age |ns rumen en-cari brat ed
with a suitable as definedimlsexhdre dn KNS iSpecifdastion, smimgra¥he

cal ' bration is thsn Utéx‘nd ZS@hEQ E1Vvehits! i S those é‘kfﬁled n{ggration
(i. i nstrunent_. response referred to abo% into iéﬁﬁ#eicem age -

of nltrogen. the artg. estq}é’ ne WAY (REy. At anre

contains sar® prdosss Meveld Eifhi adddtdonl yof arighes overalllet maotS&hand 30%
g?/a:‘,\ﬂaghtpél yglhgfl n %Ei rrusf?f b%nggcuarsat %Paﬂget eréné ned ggt nt gr atl n;h'?he
process fluid pedfekvent §%r‘?‘§§¥kﬁﬂjm€!}'f@3@y weigh&hp&rﬁﬁﬁ dPpant-Fhi s data
i's then conbined v Phrt.he The cut back solvent can be used in.
essentially the same proportions, respecting the -
20 amount of initiator, as previously stated for the
solvent reaction. |
' The extruder may be operated continuously or in
a batch process, but it is eépeoié_lly well adapted
for continuous operation in which all ingredients :
25 are added at a uniform rate. Delays can optionally
be provided between the introductions of different
ingredients by injecting <the ingredients into
different parts of the extruder Dbarrel. The
monomer, initiator, and optionally a cutback
30 dispersing medium can be introduced together, in an
alternate embodiment of the invention. _
The reaction residence time and temperature,
during and after addition of each ingredient, can be
_ varied to provide a final product having the desired
35 ADT and other properties.




...-_M

data from ANTEK El enmental Anal yzer to determ ne what per cent age of

VI MA (or other nitrogenous nononers) 25 was grafted onto tﬁ&g&vyol efin
and whatywpg9E4k age ~was grafted to the process fl ui HCH The
percentage of nitrogen o 0 f aS|Iy converted to
t he percentage of graft Brkttad Sﬁ&b&l&fﬁnm'r azofzﬁrez:lb ) on the polyol ef
in by 30 di vi di ng by 0 2976 (since VIL.MA contains 29.76% ni - trogen
by wei ght). A Aitdegexxonput ati on can be used to find the

percentage of any otgerg @%ét?gg%otgged to dgEQPmne Wi q:zhoaésorq:efonsgraftefi

onto the polyolefin
WO 96/ 12746 of nitrogen on the grafted polycmmomm:he

Det er mi nat i on g:&&ué‘@cmm (assﬁf’x’i dhE PORCEESn |18 carr sant
Pol yol efi n he -anmo t- I dual nrea ted gra tab 5
monomer, such ¥ a I?—r\?icﬁfﬁ i ?‘I?A esults o0 r%‘?fnt

pol yol efinis qlaedlﬁodhﬁerﬁi:ns ttael‘uwbree of grEftiark. area ratlo of graf

n decane, 1s - i srten bo AewtitEY St et . . 10

ratio ist0 convitragen ograftad gmtOrazhe) twp cemponentshn| fhr dheon |ine.

ByI knf)th ngtL he Ma ofai rsaﬂt | Blodl : lef3nANdaadt lion | snie&%a*eb:ce to
calculate the ence he, free _
graftabl e mononf¥hi '?Pt R b ¥B Feﬁﬁﬁl}ttfg Péyghf@"czﬂ% out the

test, a gas chrprmesjgamluid fremui tiped guafiting | nrexct bony at ieachdet ector §

FI D) and | t
(EI mea 8500 or eqw%&’fﬁé{j |ns rr}ﬁm%% %gséugt%%lﬁ% %ﬁgQ %%hai% col'um can be
a nmegabord® capiandrtheroindivigually analyzed, which gan be done ®n col umm

( 5% - . AT IANDERE LB i 8251 IWQ{-I om J&W Scientific (cat
125-5032)]. The sp ific ons of ,this colum 30m | 0.53 mm
i nsi de di anmet er %"‘ %‘?p IYSisf'l theé Keackien: mi%%? %gen
equi pnent  whi crsep}aratedn dnke sitsablmdivideal |components pe-rsdmeskl lled

grafted polyoletin and process fluid. This is
20 accomplished as follows. : : | .
Sufficient reaction mixture to' contain between
0.1 and 0.15 grams of the .grafted polyolefin is
placed in a suitable glass vial. . Suf'fi'c'ie'nt'heptane
- is added to give a resulting solution containing _
25 approximately 2% polyolefin solids.
' The grafted polyolefin is _precipiteted from
this solution by slowly adding the ‘solution "t_:o a
beaker containing an excess of acetone.  The
precipit'ate* is collected and rinsed several times
30 - with acetone. Then this precipitate is placed on a
watch glass and dried at 60°C in an oven for about
18 hours. This precipitate is referred to below as
the "extracted polyolefin.”



‘in the art. The calibration line is established by

I nj ecting several sanples having known weight ratios (glt ﬂ% bI e
mononer twaoeslidMéal standard into the 30 GC. The areas: S peaks of
‘graftabl e nmononer  Nextanthenprocess st Rniihict $awentnihhéhidh anmd ogr ans.

Mternal ot andgratbipdl EedeR o by, Mol i UGUP Sk e o ononer
to internal st amr:@n#opnﬁhéepsane,cuhighaerendsam@gd- - the caI i bration

line -- is The extracted poly oreﬁ% - and pr%@ﬁl 1@%@
PCT/ GB95/ 02473 then plotted The | ot |1 be a s ight_line
passi ng t hiough SAAP18S @5¢ then apajwzed ?ﬁBaFPﬁﬁly on j H’gﬁr%l cul at ed

and used for thElementhati Analyzer T{ModdDp&OLHs NsolndwiﬁhbetOé@Q for the

K- 5 vinyli m ]m& pa| rh Fa n ui prrent
and GC conditions errp?g e Cf%‘g%)erggaé?epol ef®i nieslc]s di luted
with a sui trmdgé| ?&ﬁt thSUERNEQGt areanintegration nkﬁ tml"@d i nt er nal
standard and sulpzomUdhe Feupd thid PealPrS\ﬁiméﬁr ¢t the CC

col um rrust be Qonc{?ﬁlo d err] C.for hours with a carrier
N -]

gas (heli d® 2L8PRe ﬁlg:togagpg Y i SP & RAFEAgey, o

injected into tIiThe rﬂ}meqmris othehec&librptedewith a suitahdeak areas

are integrated wnhggdmegggﬁ ag? Wﬂht CAU agi %4,Q§) f rfifa

graftable nono |scusse ove The above
procedur e - qag. Gﬁﬁ%ié fden wtdidiiized) ta, qonvert the sampleypr

Procedure 20 area Thgn raestml s ﬁlté‘.St rmblaedmdﬁtel Odfwb&»sé(?h
Rohm & Haai% |Iage ﬁ iB’(Pen Ivggla g crlbe an u. S.
Pat ent No1%, 146ef85Ted $Ro £ PergentR9e t‘b’r‘fﬁ%'lhe
di sper sancy of gr af t Because dilwper"mxtirantied| gfokpelefin® sampke summary,
?ﬁedgfggi_ggd, t RRRRinseHoné proces£2Eiugd Qthids dioMy rdhge™! e of
between 5% and 30% by weight), the percentage of the
process fluid entrapped in the grafted polyolefin
20 must be accurately determined by integrating the
process fluid peak in its corresponding GPC
chromatogram. This data is then combined with the
data from ANTEK Elemental Analyzer to determine what
percentage of VIMA (or other nitrogenous mon_bners)
28 was grafted onto the polyolefin and what percentage
was grafted to the process f.luid.
The percentage of nitrogen on the polyolefin
can be easily converted to the percentage of graft-
ed N-vinylimidazole (VIMA) on the polyolefin by
30 dividing by 0.2976 (since VIMA contains 29.76% ni-
trogen by weight). ' A similar computation can be
used to find the percentage of any other nitrogenous
monomer which has been grafted onto the polyolefin
backbone. -
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"~ tube in the ser

pol yolefin is dissolved in Exxon 130N base oil to g| ve sol ution

containing 0.25% weight of pol yol efin solids. Seﬁ rat el é‘g 10m
of Exxon Wa21234 base oiI is put into each of a series
tubes in a test tube of the grafted ' di sper sant

0| I and grafted dispersant polyolefin
sol uti on Hie roryotitis S 33 - . \\D 96/12746
PCT/ GB95/ 02473 Then ameurnt r of t vesitubd aunredactad uMdfﬁahimgeneous

giving a sgl utlﬂ&mfh G RS OREVAR gfllﬁidfaliﬁle VIMR)'CENig atyd on

grafted dispers ol efin: nt al ned |nt eorlglna solutlon

Fromthis first9 fger Palygletin ’cécﬂﬁ!’éﬁiw hate second
tube. The contm peaik areas ravid bgbgrareablet heﬁomer coibdzt&@@ko by a

factor of T ces uent | al lution is continued
t hrough the ser?’es Ilh%erﬂé? Lﬁ%ﬂgﬁﬁtesg\%& odﬂ ﬁﬁagﬁf ut ﬁ@hs wth
1/4, 10 1/ 8, detaxminerd !PYSﬁa@f cheonohmaparu deCdf. grTheeccarea

di sper sanfg pol YPAﬁén £ent abR9drkRat hQ:J' rat &HPGM. rati%ed f S Patent

st andar di zed quanHR#/ ){ S| ﬂge solutiaqn (a . descri

No. 4, 146, 489),°3 ak e. { hB¥s| ng, the Anaunt.sef oft% i nt er nal

conbus- 15 t i mrermail ru!t;amd;ardl.trbﬁuudpusﬁimmectovmhucuuawttm‘

t he above prep e b d at room

t enperature fofwggqlﬁehuéﬁ “ﬁené@ thé 931%5& ?ajses gf'brog t”%‘%rt or |longeqy

period, as grafkable é!PﬂQiﬂQmein cthe r‘b%ﬂPQ%eant 'E@-mllﬁé-mf each 20

set are ey®m ned in f¢gogh Soht ORheSOHREE t G . ch tube
e Hecuatanrath

S ote (LS T RE Sl erame LA Eon ARRat (v and e "
ADT result is gaasddeaborel lcapdllary attachment such as a Perkin
Elmer 8500 or equivalent instrument is suitable.
' The GC column can be a megabore capillary column
20 such as a DB-5 column  [(5%-
phenyl)methﬁlpolysi__loxan_e ' froin_ J&W Scientific (cat
# 125-5032)). The specifications of this column
are: 30m long, 0.53 mm inside diameter ("ID"), 1.5um
£film thickness. other equivalent equipment which
25 would be suitable is well known to a person skilled
" in the art. = :

The calibration - line is established by
injecting several samples having known weight ratios
of graftable monomer to internal standard into the

30 GC. The areas under the peaks of graftable monomer
and internal standard shown in the chromatograms are
integrated. The area ratios of graftable monomer to
internal standard versus the weight ratios of
graftable monomer to internal standard for the

35 calibration samples -- the calibration line -- is

pol yol efin sol u§§§;ﬂ 'I#ggo. ~ base oil in the first test
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REPORTED W TH NO SEDI MENT PRESENT | N TUBE 0

1 WO 96/12748l L 1 2 PCT/GB95/02473

s _ M g 5 3

‘51 thert plotted THe plot will be a s@raight line

-- P%sz‘-“ﬂ? thﬁ?é“%‘ltl?%s?ﬁfg*'é r epBPt EEPP% Phetheati® pover
of two becaisethér cahcudatedi andofusidde fpmf thel calculaitismI sant

pol yol ef in sol utdpg |§131$ ve,;j,g n to bgjcq,e%glgvefbgbe he lR- Rapid
ADT Pr ocedure test |s an accel erat ea verS| on of

the ADT testdnet hwm%

descri bed for theeqéipment tatsl GC condititap dnployldde test tubes are

raced Y <P Tho b 1 BeEabnd AMOURT e6%1[ Aies, Wil 2% 5

val ue of the grafseittablkspesolvenppl puchfiias toluene) uconvainingrthai s
accel erated test, iﬂt@rﬁé‘lb%tandard C@ﬂdbﬂuﬁgéﬂﬁé‘hﬂff hRA1

and 48 hourf 25

1S

20

25

30

f ‘i ?.rature to reCord longer-term,r
Prior to ana s, the GC column must be condit oned

at 250°C for 18 hours with a carrier gas (helium)
flowing at the rate of 5 ml/min. The samples are
injected into the injection port of the GC employed.
The peak areas are integrated and the weight and
weight fraction of “free graftable monomer are
calculated as discussed above. The above procedure
is known to a person skilled in the art.

ADT Procedure _

The ADT test is a test method developed by The
Rohm & Haas Co., Philadelphia, Pennsylvania, and
described in U.S. Patent No. 4,146,489. The ADT
test is used to determine the dispersancy of grafted
dispersant polyolefins.

In summary, as described, the ADT test is
carried out as follows: A sample of the grafted
polyolefin is dissolved in Exxon 130N base oil to
give a solution containing 0.25% weight of
polyolefin solids. Separately, 10 ml of Exxon 130N
base o0il is put into each of a series of six test
tubes in a test tube rack. 10 ml of the grafted
dispersant polyolefin solution is then added to the
base 0il in the first test tube in the series. The
base oil and grafted dispersant polyolefin solution
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UV/ R Ratio The materials needed include a grafted

di spersant polyolefin sanple to be tested, 30 unstabilized

t et rahde%f{I o THF), glass vials with ~ Screw caps, MIWVGBYOR43r vi al s
wi th TEFL ?&e’rr septa and open-top screw caps, an autosanpler (if

avai | abl e), i, the® pakek vaad S‘Esa%%@ RiReACUNeT1 pluSgEAULRETY L

used i ncl udes a reservoir cont ai ner.s
Punp 64, a MGiviggE a GggAugéon which contains one half of .the .

WO 96/ 12746  concentration of grafted disper£idt GBQEiPQﬂZBJ.n

?ﬁﬁ grsrg'[rglg(ra;phr &9 {@é?‘ego?htr‘ﬁg f@?gég’g&igﬁiofﬁ’ﬁ tﬁ?a”ﬁ {5 err] A

f rom Phenénenexube,200pmlparei dlasanted apd; poliredodetoGRagsecandol um
(pore size 10[%& A) afﬂé)reor&entfwoeweéecan@?%é0&8%@2 ngpsor bance

Detector, a ore err Waters Different Ref ract onet er R40, a
PE Nel son 900 §ér1“§§ | nP¥r f ! &ﬁera Bfyi Bal 3sFhis DPregegst cPfwith PE
Nel son chromat egguehyiadf awaueion is continEeaSthrauqnl theogegfesai ning a

0.3%grafted 10Q pe a i zed

THF. At the s& r‘etPgﬁé %ﬁg‘g u??%%fkg?ﬁ jrfgéé)@vﬁ%“’ g@%\h gékbf an
appropri Qe st dd@ar d/ﬂ§.pﬂ6§aﬂd62 of the conctn&rssliem ofisgrattedansferred
tovials and gig eiaah%dpaiyaseﬂﬁ EBﬁ@aiﬁstfﬁ%é%%s%n@uS%pta The 15
vials may be arrange na a ag‘er tarngth‘%)l 1 hei r
sequence. ?ﬁé ) h5Y; Ofs ge189 HF}?H‘n(aﬁ’he ‘
UV det ect or i s descrdthedn iand. sr.smulteugr.hm,useaas), si!mlﬂeﬁngm The. R

(refractive i nq:@&) s(%&ga%oqr 'é}goc{a?ﬁég{@dofnanagg@é}ﬁai ﬁgﬂgg cell is

flushed with run times
are chosd® on ttiencengines %d%@?’-‘?ﬂ%‘-‘-ﬁ@t%‘&rﬂi’@d vell iﬂt Hécﬁnafysr s is

started and thwabew E&p&t@&ssolutxoﬂbe e tths arkospreyea i s then
started to begin 2 e anal yg agegproc:,tﬁrre is followed to
anal yze the st &fdd 'af £56n ﬁ@?ﬁ“ Pﬁ@ & YIS ak ¥ andPyzed.

The chrongrmesmt dlors peashortensoorat kanger hperdod, as
indicated in the test results). The tubes of each
20  set are examined in front of a 1light source to

determine which tube is the first in the series to

exhibit sediment (fallout), this béing’ ‘associated
with sludge which is not successfully dispersed. The
ADT result is graded as follows:

=34 -



.polyolefins and the process fluid. The first peak 30 corresponds wth
the two polyolefins; either grafted pol yol efin or standar er
the el uti 091(9;6/{29& pol yol ef i n peak the chromat ogram sﬁﬁﬂﬁgﬁ’-‘r’% nto

-at | east near g t@@&fm;bef ore th%‘@iﬁ%ﬁd‘i‘d peak REP_ORTQ:Sgi ns to

el ute.

PCT/ GB95/ 02473 WHIEH MY QEDIMENT  PRESENT INnJRIBE.#& t o ARToRESURT: hat t he
begi nni ng - and endgtinmes of the standard and sanpl e pol yghgkin

peak are simlar. Divide the UV area by the R area of each sanpl e
and the standard to obthin a UWWR 5 rati%. Divide the U/ R Yratio of
the sanple & the 2UV/Rl ratio of the standard to obtain a2relative
U/ R ratio. _ ermnation of Aromatjc Content O solvent 10

The aromatic content of the solvent or process fluid used’in the
grafting reactions is deternined by mdasuring its absorbaBce over
wavel engt hs rangi ng s from190 nmto 36@ nmin a solution g known
concentration. A small anmount of the.-test sanple is 15 di ssol \éed in

cycl ohexane (spectroscopi c grade) and The spectrum of t hd?t est

sol uti on i st&canrkhke ART resulttis reportedwtockthegnkareahgpower of
Measurenents ar | e t X} r ges of
100.210 nm 220250 etaide ot soeﬁ%égﬁt’?ﬁgggggob@pgénsti Rt ond
to the strongest SHRRATFANL Bplyolefippymelutdion i hadvedycin cearbnatics.

Usual Iy the sudoeggi ve adpg.at ed at 203 nm 226 nm and 270 nm

The. absor bances at these positions, corrected for. the baseline

absor bances of the correspondi ng 25 cell at the correspondi ng

wavel engt h,1%re (Raplid@ ADT Proamduns ate the concentrations of nono-, di-,
and pol ycyclic apuilaris apPRedtOfBlafk addd Fdrdted Rersion opuMm Of
the concentratio of _these three_aromatic species.. In carrying out
these cal cul at i orfr® (ART 3gest peghod, descxibed; t heTR@npPBE ddBer ni ned
at the : carried out as described for the 24-hour test,

except that the test tubes are initially kept in an
20 oven for 90 minutes at 60°C. The tubes are graded
~in the same manner as before to determine the rapid
ADT value of the grafted dispersant polyolefin
solution. After this accelerated test, the tubes
can be maintained for an additional 24 and 48 hours
25 at room temperature to record longer-term results.

UV/RI Ratio _
The materials needed include a grafted
dispersant polyolefin sample to be tested,
30  unstabilized tetrahydrofuran (THF), glass vials with
screvw caps, auté_sanpler vials with TEFLON™ septa and
open-top screw caps, an autosampler (if ava’ilablej ’
a shaker, and disposable pipettes. The eqguipment
used includes a THF reservoir, THF waste containers,
35 a Knauer HPLC Pump 64, a Hitachi 655A-40
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three specified mavelength ranges are utilized.
- 37 - PCT/ GB95/ 02473

WO 96/ 12446 Lubricating oil conpositi onPCT/GBYSIN2473  The  °
Iubrlcatlng 0| o I,tions e esen i nvention _preferably
conprise the®™ r%q‘meﬁg e 58 é&ecﬁ%’ﬁ?%"?’?\ ?I’léeslpgﬁéﬂgﬁllo&?rltlons 5
A from abopermstiar chzbsatogaphiky (GBE)gbblumns (pore siddser nativel y
from about 80%3¢@ AbQWa %% g)/ fronhtphel?oﬂ\@ﬁgﬂt %é a;naé%iglferom about

88% to about - 93% % one of fo
(i ncl udi ng any S #8encgeil G arwwdmlmomcme size 10f|1’e frnomocess

for  makisng  EHéhomede¥,t QdSpectroflow 99'7Y§}b§f>rﬂiﬂce etectvor, a [OMm about
ernatlveal y from

‘0. 25% solids t |
about 0.5% sol &éq&?ore Walke?3 %5&’1’%@0@%&‘9%}:%% R4Q,t & nati vel y

from 15 -FRdRlsnBoeQ0| Sdries dnterfiack Yosndi dsbigital 386

wei ght, alter pARYe] ht to 1.2%

solids by wei gwﬁﬂe\g‘r rvl'fai'lttlﬁ\r/ngFON%i dtﬂ‘%n@%omw S(ﬂf lﬁ\’%&'%y wei ght to

1. 5% sol i ds by irst, @i gﬂﬁluti@n sedtadningore OoBt-gmaftedaited 20

pol yol ef i1ps di@iﬁrsan&cqw.tymfint 9s preﬁéred in unstaiﬁ‘i@.'zﬁhcat 1on
over rocess for’

(excluding an ro
meki ng t he THF. (‘I&sﬁgﬁ &f%lW%f i ﬁsfolut(ion €°“ta1ipglﬁﬂa805t* 0. 05%
solids to 1. O%Ss!cllild@sdtyaBSappropriWeglst:anﬂmﬁat iprejpariedom about 0. 05%

~solids ' tQ‘h%bob'éth o/ﬁ§°|%}‘§s l%&g‘fﬂbﬂ}:tredﬁl £g" Wdlvsel ﬁpd

fromabout 0.1% sqlids to a bout ol of one or
more pol yol ef i #8adeHcRSingthe °Pen"t°Ptﬁ'éregr'éﬁﬂécﬂﬂ%(ﬁ%aﬁaef i ﬁ'be accor di ng

to the 38 v1a1|sr magnbei avrariged;on an a&osaﬁ?m 0 tlak iMgOnbt &> % by
ﬁ: gm altern%tfl Y:'fie.VLr sequence. from . about to about 10% by
’ The flow on the pump is set to 1_.._2 ml/min. The
UV detector is turned on and its -wevelength is set
~ to 226 nm. The RI (refractive index) d_eteetor is
20 turned on, and its reference cell is flushed with
THF for at least ten minutes. Convenient run times
are chosen on the - conputer and/or the autosanpler,
the analysis is started and the appropriate times
- are set. The autosampler is then’ started to begin
25 the analysis. . The same procedure is followed to
analyze the standard.

_ Next, the test results are _anely;ed. The
chromatogram contains peaks aSSOCieted with the
polyolefins and the process fluid. '~ The first peak

30 corresponds with the two polyoleﬁ.ns, either grafted
polyolefin or standard. After the elut:.on of the
polyolefin peak the chromatogranm should return to at
least near baseline before the process fluid peak
begins to elute. ' o



.alternatively fromabout 0.5%to about 6% by wei ght, or

alternatively fromabout 0.7%to 35 about 6% of one or m)re
di sper sant sy8ke48" © - 38 - GBI
-96/ 12746 nofe ﬁaiﬁ:ﬂﬂ:té%ﬁ{ w %Ekb”§uréC€H£€i'1ﬂ£h He%mh'iﬂg

present invention; m about 3%to 4%
alternatively and end T‘?"Bﬁ?aﬁgu?hﬁ %5/5’?#?{%&1‘? ?A@M%Plefﬂ'n
alternatively fropeakoare (similambodividdexhe UV area bywcthsRI areane or

from about 0. 04% P5_ 385 spmEiil e ng- Bldhaerd™eBY ofERdl o ve/ﬁ&”at e

from about 0.04% from
about 0.06% 8o abﬁEFiQ% Bjvide the W/Rél gatioopfytheosample byttt

agents; G yvireMrakiel &k Otfe! stalidard &ighbbtain ean&ulwme
from about O. 05%{;8 Egout % 5% by wei ght, alternatively from
about 0.1 %to abB{ 9 wei ght, of one or nore anti-oxidants;

and 15 = H fromabout 0.0%to 1% by weight, alternatively

from about O. OOS‘V ?@ggﬁ%t&’ﬁ /3Pyﬂgﬁ€@1° CO%tont or sdivgntatively from

about 0.005%to a %g m nor 1 ngredients.
The functiod%and propeﬂ?e%rﬁ?aﬁ-ﬁﬁhc?ﬂﬁﬁa%ﬁh tthe 801\{%&# iPEPC2E8 e and

several exanpl es piluidgasédcins the graﬁimgsméui@is ig [Metertinedng
sections of this

cifi,cati.on. Any of
the petrol eum or Eyrﬂ"hﬁ‘f'gf 8 abgorbance, ?gﬂ' ?/P+%€tlfssfraggxgg process
solvents for the from XAQf nabl t0p03§'Q)I @ ninofatlsolptégontot NKAEWNoN can

be used as the basgnabhtréBfof 19 AANIEHRAE of the LabEifdid1 8l | can

be used i nstead | efi ns rafted
pol yol ef i ns18ccor 8iRgot¥egdqdn cycl %eééé’ﬁ[ (SRESHEOSGoRIL grﬁde? - at

| east about 13 nDtR&, spectrum of the test solution is scanned over
' the above wavelength range. Measurements are
carried out at the peak maxima over the ranges of
190-210 nm, 220-240 nm, and 260-280 nm. These
20 positioris correspond to the strongest a'hsorption of
mono-, di-, and polycyclic aromatics. Usually the

maxima are located at 203 nm, 226 nm, and 270 nm.
The absorbances at these positions, corrected
for the baseline absorbances of the corresponding
25 cell at the corresponding wavelength, are used to
- calculate the concentrations of mono-, di-, and
'poly"cyclic aromatics. The aromatics total is the
sum of the concentrations of these three aromatic
- species. In carrying out these calculations, the
30 molar absorptivities of the sample determined at the

three specified wavelength ranges are utilized.



35 alternatively at |east about 14 nvol es,
- 39 - WD 96/ 12746

PCT/ GB95/ 0247§ _ - alternatively at |east about PCS/GRISE2473
al t er na¥Q %ﬁ’ 4 | east about 16 no es, alternatively at |east
about 17 nol es, - Lubpicating R4l %‘R%!és*t’-%ut 18 noles, 5

alternatively at |eené ﬂbﬁﬂicﬂﬁiﬂ@'&ﬁl compositions’ibtfefﬁél iiﬁ’éﬁdﬂﬁlt | east

about 20 nol es n |veI east out
alternatively é{P"FBﬁ?"aboB{:egﬁr?ﬁi pr is gﬁ %‘f@‘%t | east
about 26 nol esing@edients ial tbenataheﬁypaopbeasonabout 28 nol es,

alternatiyely ﬂt I efﬁmabgﬁbh L%es ° ut Q‘at&é/fv#ﬂt at | east
ernat i

about 32 nole vely at east a out
alternatively at | eadterpativety nSrom about 80% tg @bous: 9RY \P¥t | east

about 38 nol es, veight, alternatively Zrdmaoth@st 4b NEBsst
alternatively at | egﬂ npl es al ter | east

Qut_ 5 tivel y, at
about 60 nol es, agy % l?‘n%\'t [ vdeq y one | &Xst m&ﬁ&utg’ﬁ %’s‘ 20
alternatively at | e&inc&bd&nqmnmpgegess fluid cantried newérdzomt | east

about ' 904 gol es, !@ctegrsnatlfg}y ahahﬁ?ﬁt a édloi%nomer per

alternatively at Ieast abga 120 nol es . grafrt
mole of the origPRAYO38LINShy| yolefin, .and _ - _.at |east about

1.2% by weighte. from aboak! oR3ki ‘adlyldﬁ e aorh @ éoﬁmd))by\/e' ght, X
oot "abou 1 oo by 3eBRe hage A OKIRy Oliom anou. 0.58 BhLEAENAVETY AL N
wei ght , aboutnhi $Vatolids by veighdyt alternativelyfrom
alternatjgely at | egppublisel. §3a s idNabout 1.2 % solids by

weight, alternatively from 0. 25% solids by

weight to 1.2% solids by weight, alternatively

from 0.8% solids by weight to 1.5% solids by

weight, of one or more of the grafted:

20 polyolefins  made accordinq to  this

specification (excluding any pr_ocess . oil

carried over from the process for making the

grafted polyolefins); ; '

Cc. from about 0.05% solids to 1.0t solids by

25 weight, alternatively from about 0.05% solids
‘to about 0.7% solids by weight, '_alt'er_natiVely
from about 0.1% solids to about 0.7% solids by
weight, of one or more polyolefins other than
the grafted polyolefins according to the

30 present invention; _ . .

D. from 0 to about 15% by weight, alternatively
from about 0.5% to about 10% by weight,
alternatively from about 0.5% to about 6% by
weight, or alternatively from about 0.7% to

35 about 6%, of one or more dispersants which are

- 38 ~
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alternatively at |east about 1.9% by wei ght, alternatively at
| east abOUtw%)o/Qs;M?%e' ght, alternatively at |east msszomay

h | | | b 4% b ht
\gle't gr tnat ively at | egst e{éﬁ Ligg/xs?é\/\eggﬁi’?feg%s ¥°’\§$¥€7 na??ve??re at

| east about 6% by wei ghpresent inventingernati vely at |east about 7% by

wei ght, gal teg |g,§g %* |

alternatively at | east a 9(%y s/é ;hee\ﬁ; ﬁbgw v al t ﬂmrpativel%t | east
about 10% by wei ght, r-'°"‘of‘a t @ leFPesaB@IitunPF wBYghwedght he |
grafted spol yol efi mcernatively ThEofiD la2RdtAr o Vi aBt aWoutheyrpyt ed

pol yol ef i n is co at _ of t he rafted polyolefin 15
fromwhich it is made. ”@Q{&?{ éPﬁ‘Ig ﬁ%q% 4 can be used in

pl ace of partFer afromfahdut . MStDyB%MWeiqh'a)vadgernatipelyol efins
conventional ly used fro,hnaboiﬂ:cho 04% | I on so be
used in place of 20 {t or a I of 1he d%gleépggrl?t sﬁconve |onaﬂ% used

Y xPm nabout 0-06%HQ| GPP
inpurities wbich deveﬂv@tlghtn of one |lah micrsd Imi@de‘irdﬁgﬁmsl;lse

The use of t he I hakhe ersq | efins
has many  signi ¢ can?le‘gHl aﬂunﬁ!‘ oyoﬁ‘at I‘%’ng*;%o%ﬁdigz’ r?ﬂggvgf
| ow-t enper at ur e vixemsiabputncPeO5¥ ko n@ﬂﬂojntcalls%bl W t weightsence

of conventional di Sper saptérndeiviEe! droh i dbowE 8.1 § to IBogtaldOup

hi gher-vi scosity (thus Ie exp sive 30 and | ess- volatlle hase oils to
be used. Anot her NG 1fF RAR&ANY PMP&ﬁsP Pat the
hi ghly graftesl pol®ol effron salmmh 0. XN Py weight, htltarhhtively

conventional di spersantfroﬂ'hggoqgarﬁ 68 +o ab&ﬂ? Boggr QP§ R{: t he

present invention are nor m cal 't han prior BNE’ whi ch
use | ess- alternatively fran4ghout 0.005% to about 0.5%

by weight, of minor ingredients.
The function and properties of each ingredient

in such fornul ati ons,

20 identified above and several examples of ingredients
are specified in the following sections of this
specification.

Base oils
25 Any of the petroleum or synthetic base oils

previously identified as process solvents for the
graftable polyolefins of the present invention can
be used as the base o0il. Any other conventional
lubricating oils can be used instead.

30
Grafted Polyolefins
The grafted polyolefins according to the
present invention contain:
at least.about 13 moles,

35 alternatively at least about 14 moles,
' - 39 -
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grafted polyolefins and nore of the conventi onal di spersants.

Moreover, W@S6gT46venent in wear is achi eved when t he peqRE98b2473
~invention is used and the anount of t he conventional dispersant 1s

reduced. The presentalternat{wﬁry S i @ggtew # |-wear
0

I ngredi ents US?%[I n t farmul at 1 ons and 40 are
to

better able tﬁﬁf‘a ¥&1Y 3% tlleés"ofab%ﬁ'e 16 m'D]Le@i:spersant i s
present. Di spersant altdmatively tlQeast about Iﬂ/\wu%gent s and conpete

with themfor sites: terﬂkﬂﬁyp%rtt ieg%tn%lh{#’%n ﬁgt e t hus reduci ng

their ef fecti venes @ of the smaller
viscosity 5 - incr Mdernatinein at deast |a(hmltng-90|ldoles,rel atively 15

|arger amount of the aitaldratk fval1y0lat] aedt! abbut 20 dole@,POrated in a
base oil having |ow t| I ntent and a: consequént l'y high initial
Vi scosity. . . The ﬁd’q]gbﬁ g’ﬁ’ﬁ& 8$° leSn can be -
fornulated to a desmm:mag:ﬁmahyyatsﬂeasfu abbuﬂmzlomoleé(? g. 10W30) with

a reduced vol atile cqat t rrrul tlon advantage is
%F'éfn t %ﬁ
that the anount aa sié’peétlyatag &I s%&r ga f" 2 P Bduced,

maki ng rod® for m)rea&\*%%t&ﬂ&flﬁeetpémﬁeﬂbnuﬂmﬂeEOMS. base oil, or

both. 25 The @naieradtivelqy ati leagt aBuR’ 3¢ nBikstan al so be
P ol efins according to

?ﬁgdprg;ng :ﬂvgﬁ?Péﬁik!gné%i%?@§P§ ﬁ?aﬁﬁoﬁﬁ°§FapgeH°ﬂGPyolef|ns sone of
whi ch al so nayadRGEMOGQVpawtanfleaberaﬂbaneaalﬂ@l&i?nts 30 b
1 A7 s, orarted oot caroatlvetySat TBREE: anbliy s¢ ppadglol P00 £ T
acryloni t BPl e or 1¥QEPHG&PE}V At haas¥l abeutodsamoldelous pol yol efi ns of
et hyl ene and propylen&te&ha&ﬁ&ﬁlyohtohéibﬂsaBEﬁ&'ﬁﬁdmgies, by radical =~ -
pol ymeri zati on of aCEXkQE%ﬁt&Q@i&kXL least about 50 moles, S42

alternatively at 1east about 60 noles,_.

alternatively at least about 70 moles,

20 ‘alternatively at least ébput Bolmoles;
alternatively at least about 90 moles,
alternatively at least about 100 moles,
alternatively at least about 120 moles

of grafted monomer per mole of the original:

25 polyolefin, and
at least about 1.2% by weight,
alternat;vely at 1east about 1. 3% by weight,
alternatively at least éhduﬁ 1.4% by weiéht,
alternatively at least about 1.5% by weight,

30 alternatively at least about 1.6% by weight,
alternqtively at least about_l 7% by weight,
alternatively at least about 1,8% by weight,
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nmet hacrylates wth vinyllactans such as N vi nyl pyrrolidi none
or am noal kywowetivasr yl at es. O her grafted pol yol @CrreBIsssi7s|
herein include those disclosed in U S Patent No. 4,092,255 from 5
col. 2, 1. 1, to col. &ltdxnédively &AL i bedmt eéi;out'l'Qi rb)omrgm:ed her ei n
by reference. The cons M f Q56 | yol efins
(pol yol efi ns, [ nﬂ'lle at oréslvelr?zj ay ]ﬁa%t?e nourFoners can gEéo be used

to prepare the graft edabﬁwfeff‘(w e?g%o}%ﬂﬁfg akouth S Py wedgbsat i nvention.

Non- grafted polyol efi n&lternatively Y XdasthaBsity a9y 'H}n‘%}eﬂéh?tcos' ty index
| mprovi ng pglyoleflns can

d | the 1 for tions
according to”t he preseﬂ’ft?mﬁﬁ‘fw et 1 sr'll?wps@"h‘? 25% ally
| ong- chai n pol yol ef i nsalternatiSmiy @t claast abait EX \oyt amghtcont enpl at ed

for use herein |gﬁ%gﬂggﬁ, gféi
4,092, 255, col. 1, . 29-32: 3&9 I sobut ene "HZO Ii%é)l y%@ﬂaé{cryl at es,
pol yal kyl st yrenes, p%}'i?%ﬂ?'iﬂ-vell' a & &Y wedghss but adi ene

and styrene, anohmrr&mmlwlﬁaw aﬂ'fotﬂi rw ¥ye waighe!, opy! ene.

O her Dispergants 25 rsant s | spersan whi ch are
not the gra {'ﬁ copol yne?]st%f%%%e]ﬂg ﬁ'%o\?ll écg'\%&oq %% YeaBRtai n oi

i nsol ubl es, resul@fngréfeed oﬂ?i:lati% per unm weightuef theagralftedat ed
engine in use, inNpolyoleffppension in the fluid, thus preventing sludge 30
floccul ati on and premg}}ﬁat i.on or deposi ti on of fpart I cul at es on met al
parts. Suitabl e di sperBfRolecular, wejght,iqf, tha srattred podiolsfin

succi ni m des and is combarahhettontmwm sthé angractedl popgblegdhut yl ene

succi ni ¢ anhydrid \/ es such as 35 tetraethyl ene
iy F ‘%‘p i['ﬁer eglgdL

pent am ne and bora - 43 -

_ 'rhg grafted polyolefins can be used in place of
part or all of the viscosity index improving

polyolefins conventionally used in such
formulations. They can also be used in place of
20 part or all of the dispersants conventionally used

in such formulations, as they help Xeep in
suspension the impurities' which develop in
lubricating oils during use. _
” The use of the present highly-grafted
25 dispersant polyolefins has many significant
formulation advantages. The 1low-temperature
viscosity increase normally caused by the presence
of conventional dispersants is largely eliminated.
This allows higher-viscosity (thus less expensive
30 and less-volatile) base . oils to be used. Another
advantage of the present invention is that the
highly grafted polyolefin is much less expensive
than the conventional dispersants. This means that
the formulations of the present invention are more
35 economical than prior formulations which use less-

- 41 -



WD 96/ 12746 ' PCT/ GB95/ 02473
Such conventi onal di spersants are also - contenpl ated for use

her ei n, @htgglq%gg frequently they can be used in a rpchcess/mymntity

when the afted pol yol efins according to the present 5 i nvention

are also used. ra&i%araéof%a B%s Ohnd mofESBQVSQEESCbB‘}EHGQoBQQSE listed
in US. Patent 2,255, col. 1 38-41: succinimdes or

succi nic esters, ﬁ?F&F@d with a polyol efin of i sobut ene or
propyl ene, on t he caMoreovert,ham| piprddemenos ihi orearwfist aehievedi ni ni de

“car bonyl . Th%‘zenf the gggge}sivfﬁvﬁeiéﬁ e{#ug&f 41 Ui %\Bg{ﬁ:hgf

cl eanl i ness I'ne or o ergents 15
Det er gent s Sand rtdsy CPHHPDFﬂ-QnéchﬁSW%@@%I 19 reducede fFhespresendri cati ng

Oi : ﬁorrpOSI ti onanvemese e nﬁ%elranalts thQCHdﬁel-ﬁélLE: mihai—ediah{:s of Al kvl
sul phoni c aci eno su | zed a nol s, y
sal i cyl ates, nabﬁa%e &Jzﬁfg"‘ﬁ{r}ﬁéﬁ% Lﬁ# EEWP ?ﬁ)nﬁ gﬂ 49 c&FBoxyl i c
acids. Highly hkmtiter(viahle to ofunctien) wheal s‘lailtisl,e suaf) athéi ghly
basi c al kgy h t. ona ﬂ&}gqﬁg and
magnesi um sal t s) a#%r??ytue% 5&{5{ L et ergent sgfiucﬁmde?ergent S
are partid@ arl )T-h@séFGIi“!Sar aQBFt%e%‘Eﬁ (RPMRALS pith Hhem: fonssites o

materials in  on adhe S Beilid clubbldd ted y tlliu§uﬁ§ﬁﬁ5§. . theher
exanpl es of det el en% conterrpl ated for use herein : ude those

recited in U S® 4,092, 255, - col. 1, 11. 35 36: sul fonates®y
phenat es, or .organi cIB0 adﬂ‘hisqmmmadsqodglyﬂhens:nat].ersxuscosityAnt|-vvear

agent s inctleaséCit gﬂfﬁ fcdy 'JI&' ' ‘isreiﬁéi'&?ly wear
of netal parts. _ Zinc aIk It ate .
- 44 - 5 V\Dlgg)gfy43mou t of e grafted polyolefin can be
PCT/ GB95/ 02473 jincorpotdtedncisfi auybdsbhlosnhaiarﬂig? newr egobatilee of
‘content and a consequently high initial viscosity.
The resulting lubricating oil composition can be
formulated to a desired vis’éos_ifii" 'specitication:
20 (e.g. 10W-30) with a reduced volatile content.
Another formulation advantage is that ithe
amount of a separate dis‘pérsant can be reduced,
making room for more of the grafted polyolefin, more
base 0il, or both. _
25 The grafted polyclefins of the prior art can
also be used herein in combination with the grafted
polyolefins according to the _'pres_ent invention.
Previously known grafted polyolefins, some of which
also may displace part of other dispersing agents,
30 ©  include those disclosed in U.S. Patent No.
4,092,255, col. 1, 1l. 47-53: grafted polyolefins
resulting from the grafting of acrylonitrile or
‘aminoalkyl methacrylates on amorphous polyolefins of
ethylene and. propylene, or also po_lyolefins ‘obtained
35 by radical polymerization of acrylates or alkyl
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sconventional anti-wear agents. Anti-oxidants 5 Oxi dati on
I nhi bitors, or anti-oxidants, reduce the tendency of mneral oils to

deteri orat PW%Q" -4 Service. This deterioration can be evi BETIGBASOAATY he
st
a

pr oduct s of sl angk varai sh- i ke_depqgsits on

the metal surfaces, ﬁgk*g'?t%% &Igl&gcors%ny]glr%o tind Sﬁgﬁhoxi ti

i nhi bi tors incl uydnylpyrraidinneecart anipealkyl| nethicrylates. |

alhk_yl phenol t hi oest erSolth_er gbﬂfﬁf@ﬁﬁjﬁéﬁfﬁﬁgdqsggm {,gf%ﬁrﬁ%cﬁ{dgl si de

chains, e.g., al i um no enol s i de, . di octyl phenyl am ne,

phenyl - al pha- napﬁpﬁﬁﬁarﬂcﬁ?§$°sﬁ%s“8’ho&#fUBP;EBE ] ‘lé'og%sr@lsﬁﬂqrﬂh _

hydrocarbon$, eteel. 2, 1l.Pdyr tRoiecdlDef;edsants, which is -Hébyooi nt:

depressants,. oth | ; ! | OVl r the
Shitbigokatdl AerkiRhy refefbhod! OMAITERNE fudRi!

tenperature at which or can b€ pou
Such addi t Pfes thase o |grafted\n. POlYQipfins  of (Pelipketins,

addi tives whi ch qpitiatersheahdviirpstns Wichomers) thui sy ¥ wsdd!bri cant

ol yret hacr 1 ot e5° ERABES SBe“bEatraq m¥Litle IR UecqiEind W Rnm o

Many i nor 1Pngr epresentwinvantidonet prevent the use of the present
conpositions as lubricating oils 30 are contenpl ated herein. A

non- exhaustive |jst of oihe fx(::h additives includes rust inhibitors,
as vel | oUOBZFFpLEAd BP Tolet 84ditives, friction modi fi ers,

antifoam addi tives, aAdydyef the conventional viscosity ind¥x -
%rﬁ?/n ézggnpl esimpr-oving polyolefins can bePCT{é?gS/ Oi?!fl 3 the
15 formulations according to the present invention.

These are conventionally long-chain polyolefins.

Several examplés of pquoléfins contemplated for use

herein include those suggested by U.S. Patent No.

4,092,255, col. 1, 1. 29-32: polyisobutene,

20 polymethacrylates, poiyalkylstyrenes, . partially

~ hydrogenated copolymers of butadiene and styrene,

and amorphous polyolefins of ethylene and propylene.

Other Dispersants _ _

25 Other dispersants (i.e. dispersants which are
not the graft copolymers described previously) also
maintain oil insolubles, resulting from oxidation
which occurs in a lubricated engine in use, in
suspension in the fluid, thus preventing sludge

30 flocculation and precipitation or deposition of
particulates on metal parts. Suitable dispersants
include high molecular weight alkyl succinimides and
the reaction products of oil-soluble polyisobutylene
succinic anhydride with ethylene amines such as

35 tetraethylene .pentamihe and borated salts thereof.

- 43 -



-
&

Exanmple 1 Laboratory Preparation of Gafted Polyolefin 5 .500g of a

pol yolef in solution consisting of 12.50 wei ght % DuPont ORTHOLEUM
2053 in Reb #lgda 160N base oil were placed in a repenchkesiglar
Thi s solution was heated with an electric heating mantle to

(1?% err% )C.]c g)u[)i Ing fsmsH ng dfdmattliﬁn’r?]n V\/&Eisipﬁ!mht?ﬁ’ 'ﬂ;éh ﬂléd\)ﬁ” gﬁs
err]) fe e suf f » of . . polyolefin solution. en the
sol ution reachec(f%%rﬁeg §8§_ t seé Caegrer’]n'p-u?-ég{’ﬁ&gﬂdi §%§ fl ow over
the surface they canatbe otsed iy d nreduced quantity whenpdiheol efin
solution at 19Qhaifdda lpOPyedirins WRicHHainy £oVi RKbi NMglasan (by

wei ght of_ the pol yol efin_sol utloa) was _added_  over a one m.nute
period.  SAft errHYRSY | PR xPA§O: nBSGRar t apfeveral expmpRies wiof,, the

pol yol efi n soldispersantisoincliide thosellisted Q48 niRdtadny NADTBP) by
wei ght of the - | efdJy Solquti wa gf;;gfif.d i $1Yy-mnute
period. The re??flotglir)f?grscé)_act‘?‘{)lnf,m#(t u(ra'(rah'wass,3 al 'o'vveg- cﬁi%}&nﬁ% vﬁ"{'h heat i ng
for an additiofcainds fskerss alkylated with hartpokyalesinniofi ator
addi tion. isobuteh o 'Prepy Déné PNoh! thS carbonl ARE HHeea1phat he 25
resultin reactlon.qoroduct aﬁa given in Tial'e 1.~ 1 Example 2 :
Labor at ogxp Pr ePASKYIAN 1O HhRy PBFGiNimife <carbonyl.p, %‘ﬁ ng

reacti on was cadditdivas are useff8Q foramaintaimingsthe ddeaniimess with the

fol |l owi ng %r(jkgp%ﬁf‘ébeog}e d@wtmgh-méw efin solution was

I ncreased from : - 46 -
WD 96/ 12746 _ : _ .. PCT/ GB95/ 02473 Exanpl e
3 Labor at getd¥guptst i on of Grafted Polyolefin _ .

15 Detergents and rust -inhib_it_:érs can be used in

the present lubricating oil compositions. These
materials include the méﬁal salts of sulphonic
acids, alkyl phenols, sulfurized alkyl phenols,
alkyl salicylates, naphthenates, | and other soluble
20 mono- and di"cathdxy'lié. ac.ids.. . Righly basic (vis,
overbased) metal saits,- si:_ch' as _highly basic
alkaline earth metai sulfonates (especially calcium
and magnesium salts) are frequently wused as
detergents. Such detergents are particularly useful
25 for keeping the"part-i'cula'te inéci_uhle materials in
an engine or other inachiher_y’ in _s;ispension.- -Other
examples of detergents contenpiéted . for use herein
include those recited in U. S. Patent No. 4,092,255,
col. 1, 1l1. 35-36: sulfonates, phenates, or organic
30 phosphates of polyvalent metals.

Anti-wear agents

Anti-wear agents, as _the:i.i: _r_xamé impliés, reduce
wear of metal parts. 2inc dialkyldithiophosphate



The grafting reaction was carried out in the sanme manner as in Exanple
1, with the followng 5 changes. The reaction tenperature was reduced to

170[err] C. Two ssdidsi on tines of the graftable nononer ACT/CBISI24T301
were increased to sixty mnutes. The reaction tine after the graftable
nononmer and i andj zdac haryldidhigsphateucae t pephesentatine eof 10
Exanmpl e 4 LabgeaventiheDasmt i Qfedy dgetitised Pol yol efin The’
grafting reaction was carried out in the same nmanner as in Exanple 1,
with the following 15 changes. The addition tinmes of the graftable
nononer and initi aAntiwexidamtseased to sixty m nutes. The reaction

time after thg graftabl Wﬂ}% ni | duced
to t hi rty m nut es. G:ébdatié‘i? tf é o & t"‘8:(r5"'ra d%h& gggﬁ: n of
Grafted Pol yol ef i nthe tenden%e°§r anjé‘i'ﬂg'fl e@&%ntmﬁﬁnimmt inn the

sane manner as in- Eémd:e. Thid @etleeibeht?vhN6anbe /ideiRed by the
nononeg i ator ,were”increased

addition tines of t he ta and i
to sixty uPERd ‘9"%& Pege‘tiPSﬁif’gnﬁé’F ﬂggé?%d%‘édvﬁﬁnis h= 170C.
The anount of the yihétaéeposrbhsrreonwathe metaniucsdrfacés70 and ghby % of

the polyolefig 50'0i$88?]i§€ FEHth A RUER Shiddesod! ik olR® ihetlag] |0

0. 15 wel ght %0 efin solution.
the additions was LRe (9AKth metal salhs,@feoalkylphenolthicesters

;3 C?’/7GI-395/ 02473V\lD %&QiﬂéGpreferably Cs to Cia ;1ky1 Igide chains, fe. *1tod
_ ant JPrepacation.o afte
Pol yol efin calcéwﬁlo rkogf"@p'ﬁerb%}l "@Tﬁjﬁ; ol GiP % &B@eﬁvéw& nep
a reactor. The 'pOPMﬁITQIMmaRhtmmead ophosphosulfurized or
18 sulfurized hydrocarbons, etc.

after

Pour Point Depressants _
Pour poj.nt depressants, otherwise known as lube
oil flow improvers, lower the temperature at which
20  the fluid will flow or can be poured.  Such
' additives are well Xknown.  Typical of those
additives which optimize the low temperature
fluidity of a lubricant are C,~C,; dialkylfumarate
vinyl acetate copolymers, pdlymethacrylates, and wax

25  naphthalene. -

Minor Ingredients
_ Many minor ingredients which do not prevent the
~use of the preseni: compositions as lubricating oils
30 are contemplated herein. A non-exhaustive list of
| other such additives includes rust inhibitors, as
well as extreme pressure additives, friction
modifiers, antifoam additives, and dyes.
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5 12. 50 wei ght % of DuPont ORTHOLEUM 2053 pol yol efin in

Pet rocanada 160N base oil. This solution was heated with an oil
recircul wosen29se6temto 180[err]C During the initi RCTGBRJO4TS{

heati ng,- the solution was bl anketed with an inert gas (CJerr]).
After 5 10 - minutes, the gas MOFkiRgsEXeBP3e® and t he react or

seal ed. Wt h the polyolef in solution at 180[err]C, 1.00% n-

- vinylimdazol egxglprlevei ght of the polyolefin sol ution) was added

over 8 ome 1y Gobilh #poapEration of WiRHER oieftrias 0 260, ore

Jinitiators(by seoghefofa tpelyelebinfsolebioni consissing of atkieaD over a
thirty-mnute pef ?Hé %Tb‘épb%%ubtnmnm 20533G1 %ﬁteeéaq J"af%(f’}“ owed to

mx with heating - an additional SIXtZ m nyt es
thirty-mnute base q t?"&?&r Blgfedodn a rési Thigj | ot Pl ant
Preparation of sélatien vasyhested Qﬂ:h an eled’hﬁngrleéit:mg refwtieon was

win oo O heebomegieng MG WeedR ah 0 eBiARRCR, e kg™ © ©

reduced 100 1wdth anTilnerthhs (®0:)i fled belowhthe surfacefofithe nononer
and initiator %i?el&fiﬁ%@ﬁé&ﬁo Whed! ¥y 56'115\':’.{&% reacli@lia 290&Action

time after ditions was i ncreased t m nut es.
- 48 - V@gg;;cg@mge was diverted to flo_w over the surm# GB95/ 02473
Exanpl e 8 aPi 4otabhast Eoeﬁa]ﬂmpn of Grafted Polyolefin Thy

oo th f o bur ng #EeR Ehe Hafvbrefus Fopyrson ¥E 180873 Fok b 314t o
15 weight of n-vinylimid_a_zole {by weight of the.
polyolefin solution) was added over a one minute
pericd. After thoroughly mixing the gratftable
monomer with the polyolefin solution (about 2
minutes), 0.20% initiator (DTBP) by weight of the
20 polyoclefin solution was added over 'a_ thirty-minute
. peried. The resulting reaction mixture was allowed
to mix with heating for an additional sixty minutes
after the thirty-minute initiator addition. .

These reaction conditions and p:operties. of the

25 resulting reaction products are given in Table 1.

Example 2
Laboratory Presparation of Grattod rolyoloﬁ.n
The grafting reaction was carried out in the
30 same manner as in Example 1, with the. following
| changes. The weigm: of polyolefin solution was
increased fron 500g to 1600g. :



mononer and initiator were increased to sixty m nutes. The reaction

tenperature was reduced to 170[err]C. The graftabl e nononer was
reduced to Ow@deé/12746 Wei ght % of the pol yol efin solution. ThepcTicBISH2e13 10
was reduced to 0.15 wei ght % of the polyolefin sol ution.

Exanpl e 9 Pi |IBXampl@&® Preparation of Conparative Gafted 15

Pol yol ef i n - Labo?&cﬁ‘ﬁfﬁd&xf&a@d Q% Garten pedysibrin the sane
manner as in Exanple 6, wt tpe foll ow The graftable

n changes.
Cing) ERACOIGR PAS SAEFIEHr HEsOMFER. The
initiator 20 wasamxiumannepr @<)7ineiExampleofl} heiphl wHeef f6llowing
solution. The. reacid npe ur, e Y/ '
Exanpl e 10 2? P(r‘éeﬂag%a%sﬁon ’g?:&ar(;eta}[@ggobol y&%%fr}a%u:e was' Pé‘ﬁ{zé%f 1‘g-j‘?al | ons
(14,311 kg) of IA°Gel eFhpnadditionokimesnofpthgearaftable] nononens,
(PLEON) base STook o ey Y e e
ase stock, re transferred intq.a gal | on : :
wel | -stirred reactzEﬁa\.lc\eti"R C@"ﬁas afq:e_r k@f“\f/ggbprﬁi nPEPARET | na?%e
reactor. The nuatdmnitiiator wemss addsd dvaso redijcedr £6 thdetyt hinaXgs:r |

nmononer was reduced to ¥regira

bl anket . At at tenperature, the graftable nononmer and initiator
were fed into the reactor: - 49 - WO
96/ 12746 Exanple 4 - PCT/ GB95/ 02473 For

this reaction, 26.ranrdtdyy Crbpdtdtion of cragtelt pbigolapoaer, which
corresponds to 0.72 wt %.0

the top of the r foqr%¥t§%§:5§${;¥g|§]; Igggs%lf%tﬁli%§5 °\3§1r /e’rﬁ ﬁght%hrough
(0.0286 kg/sec, O.dxme wn&hnen).as in Example 1, with the following
15 changes. The addition times of the graftable
monomer and initiator were increased to sixty
minutes. The reaction time after the graftable
monomer and initiator additions was reduced to’
thirty minutes.
20 ‘
Example §
Laboratory Preparation of Grafted Polyolefin
The grafting reaction was carried out in the
same manner as in Example 1, with the following
25 changes. The addition times of the graftable
" monomer and initiator were increased to sixty
minutes. The reaction temperature was reduced to
170°C. The amount of the graftable monomer was
reduced to 0.70 weight § of the polyolefin solution.
30 The amount of the initiator was reduced to 0.15
weight § of the polyolefin solution. The reaction
‘time after the additions was reduced to thirty
minutes. '
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7.34 gallons (22.2 kg) of initiator, which corresponds to 0.155 wt %
of the polyolef in solution, were diluted with 137.5 gallons (444 kg,
di | uti on we egnaagCt or 20) of PetroCanada 160 N (P160N) baspcrtBesn2470 The -
di | uted |n|t|ator was fed via the recirculation. (mxer) line through
an inlet to thegkghpoa 6f the reactor at -an addition rate of 0.817
pounds/ m n glsec 026 The reaction
m xture was nai H‘é?ﬁeggﬁ?ié é ﬁ?‘ﬁ%ﬁ ##%%ﬂr%%ﬁﬁﬁe reaction.

The m xture was 30ab| bgedfta pelydlédin O9olutiore was (mkacdd irhe

reactants had bge é&duceq.he \enﬁ? }ch,pagf,ﬁg‘gion con‘é@%tﬁﬂ”mfate t he

m Xt ure was trans erre t ho anpl e

11 9 epar b+ 80 weighks t‘eG’fP&“fGF@f |93TH°LE 20531 pokyalatith was
carried out aCCQﬁdP%§ﬁd@anada i%uu¢$5saooﬂmtfltﬁssfeurwuiwa Ghayge. The

post - act tlrre reduced.frem 90 m.nut e
m nut es aftereﬂﬁ?g d Ng' Peaim a%?g REF rf’ ﬁ@?reﬁy ten é?)ugaﬁ.:é’t he
react or. DufiagptheliMOialPs&pgeat o hﬁaﬂmmarﬁte \mnﬁfdred

Pol yol efi n S ,gr#‘g ou cor di
Exanpl e 10, w t‘ﬁ th glfa%gvﬁrdﬁgﬂéﬁgnagg 1 ?Qgesgeis ?? [ was changed
to PLOON Mise opinutesg &he Ges flow wag. ategyeef 3VF‘M&h€:(f¢4%§Rﬁ1di ng to

0.25 wt % of thegealed. WD 96/ 12746
PCT/ GB95/ 02473 | nt r t he reactor
all at once. Suffl‘gleghtﬂ?? n%°f % (R%ggh 'e‘i‘ik s al | onedy

to permt di spevtnphimidahele (bygraﬁeilbht mnbmethet hrpolyoldfin he

reactor. The, Hit&%q%%@@déﬂ%h“%ﬂerﬁﬁﬂﬁéd I;éPM %fa?é g ONS

(22.2 kg) to 2. %3 ohs whi ch
correspon to 'ehesowsb/ Ay ofeiking gERf&adlen ‘!Rﬂ‘m#’c')n"iﬁ&s 8 Ut ed with

53.0 gallons polyolefin solution for 20 minutes, 0.20% DTBP

initiator (by weight of the polyoletin solution) was

added over a thirty-minute peri_od. The resulting

reaction mixture was allowed to mix with heating for

20 an additional sixty minutes after the thirty-minute
initiator addition. |

Exanple 7
Pilot Plant Prcparation of Grafted !olyolot:ln
25 ' The qraftinq reaction was carried out in the
same manner for this exanple as for Example 6, with
the following changes. The reaction temperature was
reduced to 170°C.  The 'é'ddition 'times of the
graftable monomer and initiator were 1ncreased to
30 sixty minutes. The reaction ti.ne after the
additions was increased to 180 ninutes.
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(i?l kg) of P100ON base oil, and was introduced into 10 the reactor over

30 mnutes at a uniformrate of 0. 63 pounds/ mn (0.0048 kg/sec, 0.002
wt % nmn). WO 96/12086r eact i on was conplete 60 m nutes after alpcTadBesno2473 t he
initiator had been introduced. .. 15 Exanpl e 13: .. Alternate Reaction
Conponent s - BxampIlec8experinents of Exanples 1-12 are repeated,

using conditions gifbkaprntie! Boagagheilf OFCUEREEeq porLySY@FPACS W LN each
possi bl e conmbi nation of the 20 ts pol yo

sol vent s, efins, graftable
nononers, and i ANei SLHEEinge HeaGTH P H2§ cFarRied; §“g'p|d-l’\ he on.
Grafted pol yol ef i ]lcgamalranémmdashim Bﬁxml;uai lg,t ywith trieolrfbmzm%q' ng the
viscosity index of_a ricat Lo 00l npl es, J4-.17 '
Preparati on %‘ Luﬁ’\a@g%gﬁg O*R%orﬁ)%%ﬁ]réghs t%.ges of Eé% d%%#ﬁ%*ﬁe t he
formul ation flexi onomer and pénitiatdrbywehe pincreasedvebtei wixtiver al
SAE 10W 80 - SOginilesant fifd nbeabtood Baipddatiife’ Wil ddtiiced® Yo

out in Table 2 were prepared as Exanples 14-17. The DI

(di spersant /i nhi bA?8r§+ padbfyIrREtphle ppnomer wag, reduced,£oR: 4 ni| ar
to a conmerci al awedghti tcof the bobyblefianseiutibnpackhRgeinitiator

- 51 - WO 96/ 1274 . 95/ 02473
Exanpl e 14 Ms a ﬁpa?g?\l?/%de%gnp?él?nw\ﬁﬁﬁ%' ¥ of ﬁgegr%?}gg% yol efin
was used and convedusign. - dispersants were enpl oyed. I n Exanpl e
14, the necessary di spersancy was provided by using a total 5 of
6% by wei ght of cqonventional dispersants (1% contributed by the

di spersant/i nhi bi E¥8®B3&2ge and 5% added directly). The oil was

kept within gradepilot Pluntsi Pgepakrationscosi ( Gomparative ( SGrkXtedce t he

second page,@f Ta -arelatively large 10 anount of a VII
pol ymer (exc1§edi n?o?y%%lc@?_ﬂ ) Exanpl es 15 and 16 were conparative
exanpl es The grafting reaction was carried out in the

same manner as in Example 6, with the following
changés. The graftable monomer was reduced to 0.28
weight % of the polyoiefin solution. The initiator

20 was reduced to 0.07 weight % of the polyolefin
solution. The reaction temperature was reduced to
170°C.

Example 10 -
25 Preparation of Grafted Polyolefin
4430 gallons (14,311 Kkg) of ©polyolefin
. solution, purged with CO, gas, containing 12.5 wt%
Ortholeum 2053 dissolved in Petrocanada 160 N
(P160N) base stock, were transferred into a 5600
30 gallon 21,00 l. well-stirred reactor. _A CO, gas
blanket was maintained in the reactor. The material
- was heated to 170°C under the CO, blanket. At that
temperature, the graftable monomer and initiator
were fed into the reactor.
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using a VIMA-grafted pol yolef in outside the scope of t he present

I nvention. The VIMA grafted polyolefin "A" used in Exanples 15 and
16 was avmﬂyﬁau onal 15 grafted polyolefin with a nol eegTe¢B3084730r af t ed -
N- vi nyl i m dazol e of -about 8-10 nol es per nole of pol ymer and

a typical ADT of 4 (F@p! emds pgggc@ian' 26.2 YUBIMEl Vb ?2 Q¢ si de the
scope of the . enbodi nents of present |nvent|on mhl require

an ADT of at | cF3f%aBle BONOPArEy ‘F%s"‘i‘?‘i@mﬂ‘{‘\% to 0.795%I1K¥ i n sol | ds
(ungrafted VI 1 méymwoxepiussolutimgr afdred ted ;nbetxgns);naet@p cefpar abl e

to those of he ERIRLE: e A Wiiedlrl VardiOod' Cda¥ \gfLIR!

and some of the I spersant were r })
pol yol efi nS (di (;?Je‘?%%tﬂtkgb%¢9ol @fﬂ\? wt/mirbntaining less VIMA than the

present invention 7,34r (22 2 kg) BE fj_gg_@ghg&.on wWidaml e 17
contai ned a VI MA lgé J%'{v «ifog gﬁcordi ﬂ 8 the resent 30

i nventi on. SRR RPERT ?e‘&"p(b‘l fseglydlefin By 17 was
produced accorchrclgetdin.htedl rwicoht | 2317 .5 galhmishqdia kg, dilutieod about 32

mol es of MoNoneg, Loy 20) ﬁfcﬁe{??&eaﬁ’idi)oi %@@%ﬂ?orn‘g}?a’fmm ch is

wi thin the ADT ranges sent | nven i on, I on of
Exanpl e 1¥0 contThesd} :ngegy,pggim vas fed via the recirculation. 57 -

WO 96/ 1_2746| § (mixer) line through an inlet to RAE G dw o1 fahe( of -
conventi ona |s ersants ,as_the atio see
Table 2, secon 5 at BBt aﬁc{&t@ drgﬁﬁrs%ﬁtt )’81§X l‘r’g)“nds/l _

advant age of theo.fmmnlaq/sqcofOE&QMI\etmilS) is that the ‘
| owt enperature vi SﬂQél E&ac‘t’l%’heeif&ture H\{agagaqu)r presence
of conventi onal ger sants Is g m nat e al | ows

hi gher - vi 3% osi t§/7?9nu§h¥ Shekﬁeng‘?ﬁlerﬁﬁ FQS‘S- The VékﬁpFﬁe)"ﬂﬁase oils

tg be used ;orhmmmgalm 1@or fou mﬂiafum ‘after all AfE her )
The I Ma gr af | RedCERRty had” Heel neroqudgl; “rien Exa'%étéezbe'nii Ve
t han conventlorwasmqqmm.s ‘theThhixtunes ‘(ﬂﬂt transferred to a
- product holding tank.
20 '
Example 11
Preparation of Grafted Polyolefin
The reaction was carried out according to
Example 10, with the following change. The post-
25 feed reaction time was reduced from 90 minutes to 15
‘minutes, after which the reactants were transferred
out of the reactor. '

- Example 12 . _
30 - Preparation of Comparative Grafted Pglfyol'otin'
The reaction was carried . out according to
Example 10, with the following changes. The process
fluid was changed to P10ON base o0il.  9.36 gallons
(36.8 kg) of VIMA, corresponding to 0.25 wtt of the
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15 formul ati ons contai ning the present invention are nor e
econom cal than prior fornulations which use .Iess-graftedGBOI rrﬁrs
and convent Wowe/12846s per sant s. Exanpl es 18-19 20 EngPGQ¥ &‘&1‘ q

Dat a ' The i.tions..dentified jin Tabl. L Wer, _ repared

and engi ne tested R%lﬁﬁ‘;}p% _éri::'fi*ﬁ%#’ltégﬂdeH3§ intro ‘ﬁe'?e@'l'-:p fﬁ@ ESﬁV&EF i onal

VI MA-grafted pol yadfiat onceysedSufif feiepte WimeadakoutDr2of axboad 4,

uhich is 25 | eobiriiah)! "GadDh19bwdl |ERSpepiiot! flpRBMIDR] BY tne  SOME
The VI ted polyol ef

enbodi nents of the present 1nvention. -gra in
used in Exanpl e 19%affFalje monomer  thygughapt the \inedGtame scBhe of the
grafted 5 pol yimigiatorof qhimt preseals | redutedNfro 7.34 gall®oasount of

di spersant used.in 1 | ng.to.the.pre t Lnyention,
we again 250 (PR o 2m3 RTRSRY "On;8e" NG)P, g, AOKERE T
19  provided wsptantrity,di whécharegrrespondshdo 0.06 wtt of the

cl eanl i ness/ di spensiyordfa deautilon,’ Ak t@fhuted S0ith T89. 6 ganEHS test
results for rocker(la,,rlmkc ver ' WO

96/ 12746 g) of P10ON base oil, apdrwagoipgraquced intog| ,qge,
aver age enginge sl whege, reacton ekert 3vamimites at aamhiformageategofe

var ni sh, were higher 9, 4@ r 4j t he
present inventi onqut%aégﬁaﬁl%;/*%ri é)?ér?gl‘gx?ggﬁ?%h 8§g§9a%%s&%)g'hl y
grafted 5  pol y@he ireackiqnerwast gomplete 60 mipwtesprfitar Bxbhpbf 19 is

16, which is grealtie initiath®haih®eeADintkeducedanple 18 (which. is
4). Therefore, an ADT of 16 and even 8 gives excellent engi ne

per f or mance. QO her grafted polyolefins 10 . simlarly exhibiting ADT
val ues of 1@Sand &xample A3 | east about 8 fall within the scope

of this [ nm@‘mtﬁ&%‘%%ﬁg‘?ﬁgﬁi excellent engine

performance. The inventors contenp B_T ma{ _ be wused as a
nmeasure of expected TiNesFEPerdpents ofcExampirsclrhldiare bePepted; o

Moreover, the wealsiimgstcombitiichefsiiibler 3to thosel ldfSttwé eppdvions ovenment
in wear when the Qﬁéﬁﬁafés, with each possible combination of the
20 solvents, polyolefins, graftable monomers, and
initiators identified earlier in this application.
Grafted polyolefins are formed which have utility
for increasing the viscosity index of a lubricating
oil.
25 ,
Examples 14-17 _
Preparation Of Lubricating 0il Compositions
To demonstrate the formulation flexibility
permitted by the present invention, several SAE 10W-
30 30 lubricant formulations having the ingredients set
out in Table 2 were prepared as Examples 14~-17. The
DI (dispersant/inhibitor) package used in the
formulations was similar to a commercial automotive
lubrication oil DI package.



invention was used and the anount of t he conventi onal

di spersant was reduced. For ‘the 20 average cam wear and nmaxi num cam
wear tesyp ogha7aeb! e 3, a lower nunber represents | cBETGEEO24RY thus a
better result 18h | o t he nt - wear

I ngredients used in t an orrru“at":;acl);r}gg oééﬁgfé#g‘\églg&gﬁﬁle Afg¥ éc re better

able to functi oRPwHEHa F?‘?I PRRYolefin  yasy ggedsaa:nd | copvesedonal

Di spersants cand&s‘pei:aahts we;-wl tdmp Ieyad)] | -Wgﬁr Boomh fe aNG 2l gReCONPEL €
with them n_the art ein bricated, thud

reducing their gfge8? i-g gg.gpegaa €Y wasrpg 1§efih ¥ UBing: aatesalnat the
use of a 5 mfgl‘ﬁ#\DbYdl‘Seéqbtntomob9nvehtmonsmord&snpﬂsaﬁtfsé (1%

present inventi ggnt¥ibGRed’ BCkhl HiQi&r@Qn@?&es a %FeagPCkgégl agé g‘e),[ te)e rl :

| ace of convenfjon i sperSant s
glspersancy andgk gdeg rectly) . The "oil was kept "1th1ﬂVEr06¢12746

PCT/ GB95/ 02473 by usinkgets clowaviseesitpebagenadiqe (tshaés@- SUET tHeT

di sper sant a 4 reparaation af ted_ Po oI efin
Exanpl es 20-46 ﬁ%?%ﬁéa?‘l‘i %t @aﬁ?farﬁy 56"’ Q‘ﬁéﬁr ﬁrlé'w 6%’5’ exanpl es.
A nunber1®f diameunhiof a VIZppoAw¥mer {exteedingn? wt lm.conbl nati ons,

wer e successf upky lggt q(g oh® nq;gya% | yol efins
of different strugture gﬁd erent 26 é’émsé’é e 3%%’5?%?%% and
results, in terf® ma feed RRIYOIRTAN %T]Sh@sseﬂper%orted in
Tabl e 4. the pﬁhsengemnvehndsnandm%lmf gﬁdfﬁﬁﬂoﬁalyéﬂéﬂ’n 15 8t

Zﬁdaﬁéﬁéﬁé?' i ctRepusee Ul EREmSIEPAST A 3 bag o chmKenR SR any O
i nst ancesl®As ng¥afted polypidefin Hé-\kévér mole afatkd of ogicatted Movi d| ng
ADT resul ygnpiinidagese aoPUtabbud | b-ﬂ@rfﬂéi‘&é‘“p‘&t abbYe of
polymer and a typical ADT of 4 (Tahle 2, page 2).
This ADT value is outside the scope of the
embodiments of the present invention which require
20  an ADT of at least about 8. 1In Examples 15-16, the
' polyolefin solids (ungrafted VII polyolefin plus
grafted polyolefins) were comparable tc those of
Example 14, and most of the ungrafted VII polymer
and some of the total dispersant were replaced by a
25 VIMA-grafted polyolefin (dispersant polyolefin) |
containing less VIMA than the present invention
requires. : :
The formulation of Example 17 contained a VIMA
- grafted polyoleﬁn according to the present
30 invention. The VIMA grafted polyolefin "B" used in
Example 17 was produced according to this invention
and had a mole ratio of about 32 moles of monomer to
each mole of polymer and an ADT of 16, which is
within the ADT ranges of the present invention. The
35 formulation of Example 17 contains just 25% as much
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20 In a sequence VE Engine Test. 1In all these cases, ADT val ues of

8 or 16 were obtained. ' I n Exanpl es 20-27, N-vinylam dazol e
(VIMA) was o 12ﬂkafted successfully onto a series of diffep€trcBeso2473
pol yol ef ins I'ch are identd.fied by the manufacturer 25 and a letter

code in Table 4. of conventionZ)adikpeP8anésviasy the i thrmuMaticgt abfed onto

a polyolefin. In : 34 ner,s, . Loyl i m l e
(VIMA) and 4-vinyl'pyri ofénez’?“ 4\/5%&/\0 TaB] Werzé usg-eego{‘ggef’%ggf Iﬁ'%ﬁpl es
29, 31, 32 and 34 persant®\e was introduced first followed by the VI MA
In exanples, 30 and 33 dyy hadvéntade 31 tHeVkot@iudation ofNELQENEE L7

si mul t aneousl y. In Exanpl 35 - vi nyl pyridipe (2 was used
with Novinyli%i daf e that ‘Eel\ﬁ M%?"‘%‘F@WP%&? S YABgOsiLY, ,“F‘E)%?ﬁ%d by

t h§535 Vi N@\D J;'"W ecad$ed] by arthel3p2éseh=artidty| ebhvez;tional 5/ 02473
vi nyl acet am de ( é‘is\;\'bas?tsggr gﬁ e%lar%?\Jf% eslé'\l/ngpglted' . T&liff e%ih

pol yol ef i ns. | n Bghgresisopsity] (Ghus lesg-eXPenBivennaBd (DRSS~ uas

used as a graft nopPIE¥ile) badd dileRodbéfesedifdio/bI¥ndfingSa 1owEx@np! e
46, N 5 al |yl |£n daﬁol e ?éAI MA) was successfully used as a graft
nononer . 10 ormiiatiofs other than di-t-butyl peroxide

("DTBP") were successf iAngtheedadvahtagpl exf 38het -present binyéntion)

per oxi de); Exanpl 9 na 0 ( W Oyridgl, anpl es
38, 41, and 45 rer 2?%?% %r%t ﬁélé &7-' t%uty %p‘gﬁéxwﬂgx ﬁgf?agx
The -ADT val ues f orPIBEMARELN 20 18hat, example is ‘much }e$s axpensiyge

showi ng that theggan gicdnive@htional P@isperdanes s al | TNi4 himeahlse €hape of

t he present L nvention. . Exanples 47-49 Preparation of
Gafted 15 pol ARHAGRS pReraintRl tBe egtant, jnyertip Tard
co-rotating intermste ngconopical thaaxipridyr femmulakions whichctuse vessel
to prepare less-grafted polymers and conventional dispersants.

Examples 18-19
20 Engine Testing Data
The compositions identified in Table 3 were
prepared and engine tested using the ASTM Sequence
VE test. The conventional VIMA-grafted polyolefin
used in Example 18 had an ADT of about 4, which is

25 less than the ADT of at least about 8 required by

| some embodiments of the present invention. The
VIMA-grafted polyolefin used in Example 19 had an
ADT of 16, which is within the scope of the grafted
polyolefins of the present invention.

30 The amount of dispersant used in Example 19,
accord'ing to the present invention, was again 25%
that of Example 18 (1 wt.% vs. 4 wty). Yet, Ex'am'ple
19 provided better dispersancy in the
cleanliness/dispersancy test results reported in

35 Table 3. The test results for rocker arm cover
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grafted polyolefins in several trial runs, reported in Table 5 as

Exanpl es
ORTHOL EUR,

phr (parts
oi | (generally
of a perOX|de I ni

t hese

47-49.

For ea

Nogie® o

SRRt &S aaraada@agqeieveuhd&ar §i1§ton skit€ivdd{iyn, 0.1 phr

ch run, the extruder was fed wth DuPont

| yol efi n. For each of BEegvieysiosdiz49, 2
ght, per 100 parts by weight resin) of mneral

diff used _i'n each of

e AVeXpoddmiine Varrishc yexhchA9heh BartRp) e

vinylim dazol e Ewmplﬁ e, reenmtiingte thecpresehtrinvention, rahsirer - bat ch,
whi ch was addeded© EREAmS

g?ﬂer UEP! which used €&C!1eMd hnSBﬁwO'ail%’&ﬁdGB% 02473

- 56 - WO 96/ 1274
Referring o TRpYeletin E‘M%ESWMQ t he ADT of the product was
i nproved, in each i NEHAIKFT f6¥ Examplé N Niyive) Wk is Rfrdadlesol ef i n

(whi ch |s_zero)

occurred.

than ﬁﬂ-gx szé\éeﬁmigl c Edtzﬁag@ ngr 21;? ng had A5

grafted ethyl er@%&#ﬁﬂ%ne&l@hm ofr p6l andr ermm 8g gives ®xodllent! ue of 4

has utility in ghgifer #&ffomané@”pos'ééﬂk

i ndex 10

i npr oy

SO
ext rusi orkQr af tﬁi‘éﬁﬂ

The present invisdst s dmduteves t I”ﬂll within h the t sopaxpest maNia i on the -
ADT val ue obt ai tr n fabisng C se | evel of
| east igﬁgex% jB?n é"?ﬁobﬂ?‘? t%r’gu'\/tl:g q"ue 0 cggl%ﬁ{: %n%%

performance. The inventors contemplate that ADT may

at 15

be

used

edli Mrgﬁﬂg scosity
g S‘r@?“tﬁ/ﬂ T, nﬁil“% glsf %I“jgs%cﬁﬁ)&ﬁ tions.

as a. measure of expected dispersion

15  performance instead of N. .

_ Moreover, the wear test results of Table 3
illustrate an improvement in wear when the pfesent
invention was wused and the amount of the
conventional dispersant was reduced. ~ For the

20 average cam wear and maximum cam wear tests of Table

a lower number represents less wear and thus a

better result.

3,

The

inventors believe  that the anti-wear

ingredients used in the formulations of Examples 18
25 and 19 are better able to function when little of
the dispersant is present. Dispe'rs"ants' can interact
with the anti-wear agents and also compete with them
for sites on the parts being 1uhricated thus
reducing their effectiveness.
- Table 3 thus illustrates that the use of a
high-ADT dispersant polyolefin according to the
present invention (which preferably has an ADT value
of 8 or more) in place of conventional dispersants
provides at least equal or better dispersancy and |

30



- 57 - WD 96/ 12746

PCT/ GB95/ 02473 : TABLE 1 '
CONDI TI ONS AWD 96/12746 RESULTS 1 2 PCI/GB95/02473 4
5 SOLVENT: P16ON P160N P160N -P160K
POLYCLEFI N: 5 S 0533.. ${3¥:IURER :
< - . DU &F&O %nt% ﬁ_%%mancez %%.5&.\ 11%%| 12 5
12.5 RXNdisgersant.| C) : 190 190 170 190 10
MONOMVER: VI VA VI VA VI VA VI VA W%
1.0 1.0 1. 1. ADD TIME, M N.: 1 1
60 60 -46 o B B B
WI'% S . Preparation of Grafted Polyolefis ADD TI ME, MN.:
} ) ‘ " Examples 20-46 were carried out similarly to

the previous examples. A number of different

monomers, either alone or in combinations, were
successfully grafted onto a number of different

10 polyolefins of different structure and different
chemistry. The conditions and results, in terms of
ADT response, of these examples are reported in
Table 4. | |

Nitrogen values and wt% grafted monomer could

15 not be accurately assessed in these examples because
the molecular weight and monomer distribution of the
polyolefin were unknown in many instances. As noted
above, however, grafted products providing ADT
results of at least about 8 will perform acceptably '

20 _ in a sequence VE Engine Test. 1In all these cases,
ADT values of 8 or 16 were obtained.

In Examples 20-27, N-vinylamidazole (VIMA) was
grafted successfully onto a series of different
polyolefins which are identified by the manufacturer

25 and a letter code in Table 4.

In Example 28, 4-viny1pyridin_e was grafted onto
a polyolefin. In Examples 29-34, two monomers, N-
vinylimidazole (VIMA) and 4-vinylpyridine ("4VP")

" were used together. In Examples 29, 31, 32 and 34

30 the 4VP was introduced first followed by the VIMA.
In exanmples, 30 and 33 both the 4VP and VIMA were
introduced simultaneously. In Example 35, 2-
vinylpyridine (2VP) was used with N-vinylimidazole
(VIMA). The 2VP was added first, followed by the

35 VIMA. In Examples 39, 41, and 43-45, N-methyl-N-
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| NI TI ATOR: DTBP  DTBP DTBP DTBP W%

0.20 0.20 0. 20 0. 20 ADD TIME, MN.: 30 30

60 . WOMGM2HGNE, M N. : 60 60 30 FCTAIBIS/0247Y| S

| NCREASE, % 267 370 224 192 ADT:

16 8 vipylacetamjde (MVAY> was grafted ontd. 58everal5d
0.78 0.55 ajrfe@ntl ¥b¥poib¥ins. 51&4 84
GRAFT 4-VP W% Bolp ns. E"""‘f’%r AL G—%AFTQ%%I'(V“% 5. 14
5.16 > 62  diallylformamide ERAF) ‘1‘&3_ %@HGS asgraft mongmer g
19.9 with two different polyolefxns;!ﬂin Example Vs J6NL2746
PCT/ GB95/ 02473 AN

EXAVPLE ¢ | addvdipigazols, (AIMA) Mas %:C'gs 1" used; as a

7 8 gragt wompmer. P160N . P160N . P160W P160N
POLYCLEFI N. : I%Q&ator%%%tneﬁ%&an 20&§-t-buty1 “@WEA@EHRER:
S DUPONT = = = -~ - - %s 2.5 12.
12.5 10 RXN (fEWPP('[)er"ﬁrQ .success usedjin Exampigs 36 (%7
MONOVER: butyl Veiddyl \ﬁéiéoxlded iVAExam‘ﬂlH& 37, 39, 4ha 44

0.7 1. . S QDDE 1

60 680 (51Mroxide), IWEu&" Na, 41, gq':d 45 515
W% (2,5-dimethyl-2, Sedi-(t-butyl-peroxy)hexane).

15

20

25

30

The ADT values for Examples 20-46 were all at
least about 8, showing that these grafted
polyolefins fall within the scope of the present
invention. |

Examples 47-49
Proparatien of Grafted

rolyolenn By Extrusion
' A Leistritz 34mm co-rotating intermesh:.ng screw

extruder was used as a reaction _vessel to prepare
grafted polyolefins in several trial runs, reported
in 'rebl-e 5 as Examples 47-49. - For each run, the
extruder was fed with DuPont ORTHOLEUM 2053

polyolefin.

For each of Examples 47-49, 2 phr (parts by
weight, per 100 parts by weight resin) of mineral
oil (generally used as a cutback solvent for the
initiator), 0.1 phr of a peroxide initiator (a
different initiator was used in each of these
Examples, as Table S indicates) and 1.0 phr of N~

vinylimidazole as a graft monomer were mixed to form

a master-batch, which was added to the extruder to
react with the polymer.

60

5



ADD TIME, MN.: - - - - I NI TI ATOR:
DTBP  DTBP DTBP DTBP WI% 0.15  0.20
0.20 0. 1WO96/12746 ADD TIME, MN. : 60 30 RETIGBISNEH3 -

II/IS?%( Tl NE’79M N 454 Rigﬁrlnéqto TRBIIJeBQ, in E:Qamples 47- tIhNecﬁg‘%SE /o

16 N2, %of the prodict wvas37impriovesi, inl eazh il‘(ﬁmce' from GRAFT
VI MR W% L-éfe nonifa) ABrde thd, Bo17BlerinCRApich Y& KRiL) . -

1.97
GRAFT IVL‘]_ RATI OThis:L3 3mprgye5ent 3—,inglicatgf 4 that grafting had
- 59 - - 5 WD Midchiriéd.
PCT/ GB95/ 02473

EXAVPLE “conDl TEanRYe 8. a’h@ﬁ"{%ﬁéﬁow vhs measyred. ,, 4,

12 SOLVvENgrafted ethylenp\pynpylenghdienerrpolymenhaving

POLYOLEFI N. an Aﬁ053a1u3205§ 4 3953 utilitd¥53in a motd\NGFACTURER
<oemme--- DUPONT --------= 12.5

12.5 10 RXN 1EARPEition  as ayodispermgnt  yigeosity ,dhdex
MONOVER: 10 improwé\A sovl tAis ADNMAvalud Mindicates tH@t the

2628 067 %ﬁ%&k_‘afteﬂ copol@gg_r-rh%’ u%f‘ity in _mc"tor oil 60
compositions. The present inventors believe that
with further experimentation the ADT value obtained
by extrusion grafting can be raised to a level of at

15 least about 8, and probably to a value of 16 or
more.



: ADD TIME, MN.:
15 W% -

] | NI TI ATOR '~ DIBP DIBP DTBBD
DTeP  Wedese 0.07 . 0.16 0.16 0. %/ﬁsﬁmuﬁ
60 30 20
TIME, MN.: 30 60 . TALE:E % 65 246 209
22 aom R v 0,61 3N(2)b §
0.18  0.89  0.96 __ 0.22 GRAET VL MA V‘Eﬂmpnx

CONPETIONS VANDIT % _
':I))'.O%%\L GR%F‘T’S \2/\75r% RESURT8: 200 3.2 0,72 3 GRAFT, yo_ RATI O |

- 60 -
6.56 32.95 35.dorveNrOl P16ON  P16ON pPCTP LGS/ 021:&753;;;
%BEE/ %2746  POLYOLEFIN: SAE 10W aibdzﬁ?'\/UbéE‘aO'\'S 2os§ 17 2083
EXAMPLE - (Wiiafura ER: 1 4 > .| ﬁve'rrrT'UTr DUPONT -EXN\PJ-E..’LD
TYPE OF <---_conparatrve % 130 69 75 -
Lubri cant B :Q | : . 82 55 l\izrf 20 12.%73 g712.5
Coon 330N SRR leeye T 15350 e 170 190
10 MONOMER VIMA® VIMA  vIMA VIMA
WTS: 1.0 1.0 1.0 1.0 ,
ADD TIME, MIN.: 1 1 60 60 .
MONOMER - - - -
WTS: - - - -
15 ADD TIME, MIN.: - - - -
~ INITIATOR: ' DTBP DTBP = DTBP DTBP
WTY: 0.20 0.20 0.20 0.20
ADD TIME, MIN.: 30 30 60 60
MIX TIME, MIN.: 60 60 30 30
20 VIS INCREASE, %: 267 370 224 192
ADT: 16 8 16 16
N2, %: 1.53 1.54 0.78 . 0.5s
GRAFT VIMA WT%: 5.14 5.16 2.62 1.84
GRAFT 4-VP WT%: - - - -
25 TOTAL GRAFT, WT%: 5.14 5.16 2.62 1.84

GRAFT, MOL RATIO:  57.5 57.9 8.6 19.9
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<15 DI Package 5.30 5.30 5. 30 5. 30 Di sper sant
5.00 3.00 3. 00 0. 50 Pour Poi nt Depr essant ;.
0.10 0. 10w0 962746 0. 10 VI Pol yner aFOSEn | o
0 o5 g g5 T rATLER "o YRBEE 1'2ontra. B 9.73 25
Total Wi ght 100.0 100.0  100.0 100. 0 1. LP
;:’C'?'}G-?)QS/ 0247\?/1\0 96/(:]6?;:;;;10“5 AND r‘m 2 gg’l‘?tpllﬁued !
SAE 10W 30 FERVULARESNETS 5 =5 - __6_ 7 EX\PLE .
| NGREDI ENT gwr ’-é’ﬁ#'ﬂ‘ T S soN  p1 17
Type of drative > F-ﬁ?gnt iFhP 0N npPL6a%
%E g: Base ~ POLYOLEFIN: 82. 1508%. 55 205%2- 802053 @353/
MANUFACTURER: <m=m=ece= DUPONT ===w==== >
| WTS: 12.5 12.5  12.5  12.5
10 RXN TEMP (°C): 170 180 170 170
MONOMER: VIMA VIMA VIMA VIMA
WTR: 0.7 1.0 1.0 0.7
ADD TIME, MIN.: 60 1 60 60
MONOMER: - - - -
15 WI3: - - - -
ADD TIME, MIN.: - - - -
INITIATOR: DTBP DTBP DTBP  DTBP
WTS: 0.15 0.20 0.20  0.15
ADD TIME, MIN.: 60 30 60 60
20 MIX TIME, MIN.: 30 60 180 60
VIS INCREASE, %: 153 579 454 245
ADT: 16 8 16 16
N2, %: 0.37  1.78 1.02  0.59
GRAFT VIMA WT%: 1.24 5.98  3.43  1.97
25 GRAFT 4-VP WTS: - - - -
TOTAL GRAFT, WT%: 1.24  5.98  3.43  1.97
GRAFT, MOL RATIO: 13.3  67.6  37.8  21.4
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Di sper sant 6.00 4.00 4. 00 1.50 Total Pol yner
0.976 0.985 0.95 0.937 15 Solids: ADT, VI | 0
0 §v096/12746 0 Pol yrer ADT. VI VA- PCYGBYSI247320
Pol yol ef i ns (typical) ( 4 . 4 16
N29% 0 0.22-° 0. 2Z’AB'9E 1 cont'd.ypical): 0.28
0.28 Graft, W% 0.75- 0.75- 25
(typical): 0 0.94 0.94 Gaft, nol-
ratio (tyRicIDrTONS_AND © 8T 8- %6”“’1--‘-' 37 1 Base O |
30 Vi sgosity, cSt 9 5.0 5. 35 5. 46
Kinematic Vi s err]C, - 11.80 : IT. 11. 75
CCS @20[err]C, rSOI-VZQFISO 27 50 31PIGON  P1SONOO P160N Rpyeofield
HT/ HS, cP ¥ - 3. 33nc. ck, %W
1 POLYDLE
Loss pouvbLEpiNi) L, 2083 G %%53_ 208 Zos3
- 62 - WO 9mrmuazm PEH~GBOB4-02 DUPONT ———meeeee
TABLE 3 WTS: MPLE - Engl ne Test Dat e
| NGREDI ENT . 18 12. F2.5 o5 12. 13 of
Exanpl e 10 (cOonBXNamEMP) (°Clisnventi oni7o 17¢3ase q-;o 170
78. 4 820k VI Pol yolefin 7.60 2. 80
ONOMER: VIMA VIMA 4 VIMA VIMA
WTX: 0.28 0.7 0.7 0.25
ADD TIME, MIN.: 1 60 6 o0
MONOMER: - - . -
ADD TIME, MIN.: - - - -
INITIATOR: DTBP DTBP  DTBP DTBP
WTS: - 0.07  0.16 0.16 0.06
ADD TIME, MIN.: 30 60 60 30
20 MIX TIME, MIN.: 60 90 15 60
VIS INCREASE, %: €5 246 209 52
ADT: 4 16 16 4
N2, %: , 0.18 0.89 0.96  0.22
GRAFT VIMA WT%: 0.61 3.00  3.22 0.75
25 GRAFT 4-VP WT%: - - - -
TOTAL GRAFT, WT%: 0.61 3.00 3.22  0.75
GRAFT, MOL RATIO: 6.56 32.9 35.4  8.01




VI MA-grafted 10 pol yol efin solution A 5. 50
VI MA- grafted pol yolef in solution B _
10.00 15 wamwer4ent 2.70 2.40 PCT/GBYSNRATS. \\ear
agent 1.30 1.15 Ant i - oxi dant 0.40
0. 44 Pour poi nt depr essanfABLE 2 0. 10 0. 10
20 Di sper sant 4. 00 1.00
Total 100.0 | 00.0 SAE 10W-30 FORMULATIONS - 63 -
WO 96/ 12746 PCT/ GB95/ 02473
5 (——————— EXAMPLE !
INGREDIENT
{WT.%) 24 25 16 17
TYPE OF <=--- comparative ---> invention
EXAMPLE
10 Lubricant
Base 0il:
Exxon 130N 69.75 —— —-—— ——
Exxon 150N --=- 82.55 77.20 73.87
Exxon 330N 12.40  --- 5.60 10.00
15 DI Package 5.30 5.30  5.30 5.30
Dispersant 5.00 3.00 3.00 0.50
Pour Point
Depressant: 0.10 0.10 0.10 0.10
VII Polymer 7.45 _2.10 1.85 0.50
20 VIMA-Grafted
Polyolefins:
B -—— o -—— 9.73
25 Tota) Weight 100.0 100.0 100.0 100.0
1. LP



TABLE 3 cont'd EXAMPLE 5 Engi ne Test

Dat a 18 19 ADT, VIl Polyner 0 _ 0
ADT, VI VAWO 96/12746 4 16 G afted PCT/GBPY/4ET | ns
10 N2 % 0. 22 ABLEQC% u ' Gaft, wt%
0.75 3. 00 Gaft, nol ratio aﬁ% ?)d 32.9 ASTM
Sequence VE 15 Test F@sulggt 10W-30 F&%?ﬂﬁx T7UNE Cover Sl udge
8.01 9.14 >7.0 - Average Engl ne . Sl udge
8. 26 9. 37 >9.0 20 Pi ston Skirt Var ni sh
6.78 6% 89 >6. 5 Av g+-erge—ENQgERBMPLE '
5.97 6.62 INGREBIENT - ver age Wear 10. 59 16
<5.0 25 Maxi G8Rehm Wear -4 g6 ° 1-53-?—-
Type of <=--- comparative ~---> invention
- Example : '
10 Total Base ) - o
0il 82.15 82.55 82.80 83.87
Total : :
Dispersant 6.00 4.00 4.00 ~ 1.50
Total Polymer 0.976 0.985 0.95 0.937 :
15 Solids: - N
ADT, VII 0 0 0 0
Polymer
ADT. VIMA-
Grafted
20 Polyolefins : o
(typical) o 4 4 - . 16
N2% ' 0 0.22- 0.22- -
(typical): 0.28  0.28 - 0.89
Graft, wts _ 0.75- 0.75-
Graft, mol
ratio :
(typical): ) 8-10 8-10 32
Base 0il |
30 Viscosity, - _
cst 5.0 5.2 5.35 5.46
Kinematic Vis
@ 100°C, cst 11.80 11.70 11.76 11.75
CCs @ 20°C, P 29.30 27.50 31.30 30.90
35 'Ravenfielad '
Noack, % Wt -
Loss 20.15 18.68 18.20 17.20



- 64 - " WD 96/ 12746

PCT/ GB95/ 02473 "TABLE 4
EXAMPLE = WOSSHEBIST| ONS AND . RESULTS 20PCT/GBS§02473 22
23 5 SOLVENT: P160N P160N P160N P160N '
POLYOLEFI N: (B) (B) (c) TABLEY) MANUFACTURER:
<--Mtsui--> <--Lubrizol --> W% 12.5 12.5
10.0  10.0 i;;gwieeg{:eﬁg g) T70- EXMMPLE —3%6——— 170 10
MONOMVER: VI VA W%
1.0 0.8 S5 0.5 %) ADDTWELMN 60 _19 60 60
60 MONOMVER: ' W%
B . Type_ o{5Example ADD ﬂmpmmti\re) ( inve ntiona
- I NITIATOR: Base 0i1 DTBP  DTBP %rB‘E DTBP
0.20 0.20 0.10 15 ADD TI ME, - 60 82.30 60
60 M X TI ME, ‘MN Polyolefin 30 7.680 30 2§ g VIS
| NCREASE, % 22VIHA-q1‘Jafted 146 . 172 ADT: 16
16 8 10 16 polyolefin
solution A 5.50 —
VIMA-grafted
polyolefin
. solution B —— 10.00
5 Det .
etergent 2.70  2.40
Anti-Wear agent | 1.30 1.15
Anti-oxi
ti-oxidant 0.40 _ 0.44
gour point
epressan.tl 0.10 0.10
20 Dispersant - 4.00 1.00
Total 100.0 100.0

= 63 ~
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PCT/ GB95/ 02473 TABLE 4 cont' d.

EXAVPLE  wo 96/12848\DI TI ONS AND oot oo praos pyRCTieBsNATS
SOLVENT: :
ROLYGLEF! N (H_ (D (EFABLE 3(dont’d 0 . 5
Shel | <- - DuPont - - > Wre 1305 170
12.5 10 RXN TEMP ([err]Q): 170 190 EXAMPLEVE
MONOMER: VIMy VIMA L VINR T TR 60 - ' 1
0.8 0.60s 1R00Enqiﬂe0'?est Data ADD T_ﬁ_ _lL 15 V\7I'%
1 '“C“:I_'E | ADT, VII Polywd@ TIME oMN.: g % T 020
. ABH B 7BP DTBP  DTBP | % . '
| i)legl AT(?? 20 0. QikatthmPADD TIVE, M N coie 3'0| NCREigE % 0 gg
MX TINE , MN pomlet&ggo 60 6016 123/| > 8 8
) 158 : : . .
14 24 10 N2t . 0.22 0.89
Graft, wti o 0.75 3.00
Graft, mol ratio 8.0 32.9
| '
ASTM Sequence VE S
15 Test Results Requirement
- Rocker Arm Cover
Sludge 8.01 9.14 27.0
Average Engine ' o
Sludge 8.26 9.37 29.0
20 Piston skirt
- Varnish 6.78 6.89 26.5
Average Engine e
Varnish . 5.97 - 6.62 25.0
Average Cam Wear 10.59 0.16 £5.0
25 Maximum Cam Wear 21.4 0.20 <1s
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PCT/ GB95/ 02473 WD 96/ 12746 TABLE 4 cont'd.
EXAMPLE WO 9gTX®5 TI ONS AND 5 RESULTS 2 PCT/GBISBYT3 30
31 SOLVENT: P160N P160N P160N  P160N
POLYOLEFI N: 2053 (O (C) TABLE@53 MANUFACTURER:
DuPont <-Lubrizol -> DuPont W% 12.5 10.0
10. 0 12.5 10 c RXN TEMP ([ err] O 1 BXAMPLE;o 170 170
MONOVER: TONS N-VP 4 VP WO
1.00 0.20 0205%%5—-—4 rﬁé—lvl 24— —é— 602
<1 'VOHO'VER SOLVENT: - Fhlgon PhkBN  PhbBN1S P160N W%
- 0.5 0. 35 ADD TIME, MN.: - 60 602
60 | NI TI ATOR’OLYOLEFIN' DTBP  DTEB) DTEEB) DTHE) 3 73
0.3 0.15 0.15 Q:-mnmz. ADD T itwy--, @D.Lubriz@q-->
60 20 M X TI ME, Wﬁ g s
| NCREASE, % 0 WT%: 49 22 . 12.%6 12 5 ADT1o o 10.0 8
8 8 8 mﬁ? 4- VP Vi ny. ridi Bot h
graftabl e nononers weremgde(d durl ng theﬁ’ Jé.{;a}yrne ti @ peri od%’o
10 MONOMER: VIMA VIMA VIMA VIMA
WT%: 1.0 0.8 0.5 0.5
ADD TIME, MIN.: 60 60 60 60
MONOMER: ' - - - -
WT%: - - - -
15 ADD TIME, MIN.: - - - -
INITIATOR: DTBP  DTBP DTBP DTBP
WTS: ' 0.20 0.20 0.10 0.15
ADD TIME, MIN.: 60 60 60 - 60
MIX TIME, MIN.: 30 30 30 30
20 VIS INCREASE, %: 22 4 146 172
ADT: . 16 16 8 16

- 65 =
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PCT/ GB95/ 02473 TABLE 4 cont' d.
EXAMPLE SONDI TIONS AND 5 RESULTS TP .
34 W0 96112746 5y VENT: RToON PleoN  PeoRFTERRMReTS
POLYOLEFI N: 2053 2053 2053 2053 MANUFACTURER:
. DuPont -------- > TABRE# cont’d. 12.5° 12.5 12.5
12.5 10 RXN TEMP ([err]Q): 170 170 170 190
MONOVER: 4-VP  4-\VP  4-\P Z_VEFN‘Pf'E: W%
0.40 0.50 0.@8N m AND ADDTTVE, . <T BO0[ err]
<1 < Bzgég A 24VI VA 28/l MA 26VINA _ 2% MA 15
WI% s o : , 0. 40 0. 60 "2§'55A Tl WELIVI' N. : 60
60 60 ~  SOLVENT: |N TIATORP160ON P1OQGNBP P1GUMP P1SDN DTBP
WI% . 0.30 0.3 0.3 ~ ;-ADD TI M N. : 60
60[err] 60 ”L‘p%’g‘QW' CMX TI 3@,’ M N, 8” f1:2) _' @ M
30 VI S | NQBR{FACPORER: 157 _Sheld 15% =~puPohts--> ADT:
16 8 16 8 25 1. Both'%r aft abl e nobnoners were added
during the ¥F¥:time period. 12.5  9.00 12.5 12.5 |
- 10 ~ RXN TEMP (°C): 170 190 1700 170
MONOMER: VIMA VIMA VIMA VIMA
WTS: 0.8 0.60 1.00 1.00 Q
ADD TIME, MIN.: 60 1 1 1
MONOMER: - - - -
15 WTS: - - - -
ADD TIME, MIN.: - - e -
INITIATOR: DTBP DTBP DTBP  DTBP
WTS: 0.20 0.20 0.20 0.20
_ ADD TIME, MIN.: 60 30 30 30
20 ~ MIX TIME, MIN.: 60 60 ‘60 60
VIS INCREASE, %: 22 14 -24 158
ADT: 16 16 - 8 8



- 68 - WD 96/ 12746
PCT/ GB95/ 02473 TABLE 4. Cont'd.

EXAMPLE FADI TIONS AND 5 RESULTS IRA/GBISIOZT3
38 3gWo %6/t SOLVENT: L@l@g%tFElGON P160N ~ P160N
POLYOLEFI N: 2053 2053 ,0AB . MANUFACTURER:
Commmmm - DUPONt -------- > W% | 12.50 12.50 12.50
12.50 10 RXN TEMP ([err]Q): 179xmpr,g17n 155
MONOVER: CONDVAIONSI MéD VI W%

1.00 1.005 1.0RESULTS2.00 ABQ_TWE.;&AN,}L 6031 __ 60

60 60

W% - | SOE-@EEQ/ER P160ON 12160N PlSRﬂD TF%ONM N15

-powownm TI ATOR 2083 TBCP[ er(¢) 500Fios:r]

LUP-101[err]  500R _ 9_ 15
0. 37 ADD TI W"Kkﬁr‘mm-eo DuPqpf < LuBEi“ > 6(P“£P M X
TINME, MN.: 30 wras 30 60 22 560 10,0  14.9 | NCREASE, %
324 265 230 352 16 16
16 1610 25 RXN TEMR £°€kthyl vi A?Pacet &de 170 170
MONOMER: 4-VP! 4-VP  4-VP 4-VP
CWTS: | 1.00 0.20  0.20 0.35
- ADD TIME, MIN.: 60 <1 60? <1
MONOMER: - VIMA VIMA  VIMA
15 WT: - 0.5 0.5  0.35
ADD TIME, MIN.: - 60 60? 60
INITIATOR: DTBP DTBP  DTBP DTEP
WT%: 0.3  0.15 0.15  0.20
ADD TIME, MIN.: 60 60 60 60
20 MIX TIME, MIN.: 30 30 30 30
VIS INCREASE, %: 9 49 22 26
ADT: 8 8 8 8
25

1. 4-VP = 4-vinylpyridine _
2. Both graftable monomers were added during the
same time period.
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same time perioad.

o :/ <i|i2$|4|6y| ormam de PCT/ GB95/ 02473 oS
WO 96 EXAVPLE _ penicnsSibR
TABLE 4 CwﬁRs'!gSi-lZJ‘lL‘-?S 40 41 42 43 PCT/GB élVENT:
AND 5 _ = G
PIEON PI6ON PL6ON = PIEON  TABYQuapa _ . F >
G 2053 MANUFACTURER: TEMP ([err]Q):
12.50 12.50 10 RXN
WI% 12.50 . 12.50 : i?-'- - "~ DAF MVA
170 145 170 170 -%LE T2 50 12,10
DAF MY CONDITJONS AND :
Ao TIVE AN R | 22 34 MONOVER
- - - sQLVENT 15 éou P160N  P160N NI P1EOER
Tl I\/E, » 40
ADDP LUP- 101 - [PQIOLERYMNp WS 2083 2083 0. 35084 %.3%0
DT§5 0.2 ua%&ﬁﬁ%.o 120 o oy EASE, %
0. : - <PIT=====30uPont : ==Yk S-LACR ,
MX TIME, MN.: | ) K 16 8
862 373 3WTL: Y5 12.5  12.5 12.5
16 190 RXN TEMP (°C): 170 170 170 190
MONOMER: 4-VP 4-vp 4-vp 2-VP
WTS: 0.40  0.50  0.50° 0.80
ADD TIME, MIN.: <1 60 <1 <1
MONOMER: VIMA VIMA VIMA vIMA
15 WTS: 0.40  0.40 . 0.40 0.60
ADD TIME, MIN.: 60 60 60 60
INITIATOR: DTBP  DTBP  DTBP DTBP
WTS: 0.30  0.30 0.30 0.30
ADD TIME, MIN.: 60 60 . 60 60
20 MIX TIME, MIN.: 30 30 30 - 30
VIS INCREASE, %:. 157 153 135
ADT: 16 16 8
25 o - |
1. Both graftable monomers were added during the
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PCT/ GB95/ 02473 TABLE 4 cont' d.
EXAMPLE wo oD TIONS AND 5 RESULTS _ PCT/GBY5/02473
45 46 SOLVENT: P160N P160N P160N
POLYOLEFI N: 2053 2 MANUFACTURER:
ot DuPONt - - - -« -- > | 3?3?13 4 conl’d. 12. 50 12. 50
12.50 10 RXN TEMP- ([err] O :. 170 156 170 -
MONOMER: WA MWVA Al MpyaMPLE WI%
2.1 1.05 CoRDITIONS X T! Mg, N. : 60 ' 60
60 a6, 37 38 15 _39 W%
- - : - ADD TIME, MN.: -
- | NI TI ATOR SOLVENT: S500R P16QNp.PISON - (REFON  Ple@Ny
0.37 0.4 - pOLYOLEFIN: ADD Tl Mzoshl N 5053 20580 F 60
60 20 MX TIME, MN.: : 30 30 30
MANUFACTURER: = <e=c=ee- ~ DuPont =====eea>
WTS: 12.50 12.50 12.50 12.50
10 RXN TEMP (°C): 170 170 170 155
MONOMER: VIMA VIMA VIMA MVA
WTS: 1.00 1.00 1.00 2.00
ADD TIME, MIN.: 60 60 60 60
MONOMER: - - - -
15 WT%: - - - -
ADD TIME, MIN.: - - - -
INITIATOR: TBCP' 500R* LUP-101® SOOR
WTS: 0.20 0.37 0.15 0.37
ADD TIME, MIN.: 60 60 60 60
20 MIX TIME, MIN.: 30 30 60 60
VIS INCREASE, $%: 324 265 230 352
ADT: 16 16 16 16
25

MVA = Methyl vinylacetoxide
DAF = diallyl formamide



VI S | NCREASE, % 271 243 45 ADT:

167 8 / 8 25 Al VA N-al Iyl i m dazol e

- 71 - 6/ 12746 B9S/02473
PCT/ GB95/'0 gﬁ«? TABLE 5 Fevie ™
EXAMPLE 5 CONDI TI ONS AND RESULTS 47

49 SOLVENT: - TABLE 4qomtidol. O L ----> ~ phr:
2.0 2.0 2.0 POLYOLEFI N' ' e 2053
--------- > 10 MANUFACTURER: --------_DuPont --------

BARREL T ([err] Gy 180 F""‘"lBEXWLE "DI"]:_I'"([err]C)

'
0 o COUNEM g a0 e 20

1.0 1.0 soLVENT: INITIPIOBN  P160N P1€DIBP P160ONTBP
I(‘X;D:ml phpor..yor.frmz 1 F O'i ¢ 01 ¢ Odoss ADT
MANUFACTURER: C Kee——— - DuPont =eececee=>
' WTS: 12.50 12.50 12.50 12.50
10 - RXN TEMP (°C): 170 145 170 170
MONOMER: - DAF MVA DAF  MVA
WTt: | 2.50  2.00  2.50  2.10
ADD TIME, MIN.: 120 60 120 60
MONOMER: - - - -
15 WTS: - - - -
ADD TIME, MIN.: = = - - -
INITIATOR: | DTBP LUP-101 DTBP  DTBP
WIt: 0.35  0.40  0.35 0.2
ADD TIME, MIN.: 120 60 120 60
20 MIX TIME, MIN.: 120 30 - 120 30
VIS INCREASE, %: 862 373 317 354
ADT: 16 8 16 16
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ADT (B)

2 after 24 hours

What i s cl awegs/izgae 1.
ethylenically
nmononmer having from2 to

ni t rogenous,

5 backbone,

said graft copol yner

2

The graft copol ymer

unsaturated, °
about TABLE daontidons grafted on a pol yolefin
havi ng an ADT

2. The graft copol ynmer of cIa|n11 wherein

menber selected from
N—vinyI|n1da§oIe,

10

15

20

25

SOLVENT:

- POLYOLEFIN:

MANUFACTURER:
WTS:
RXN TEMP (°C):
MONOMER:
WT%:
ADD TIME, MIN.:
MONOMER:
WTS: _
ADD TIME, MIN.:

INITIATOR:

WT%:

ADD TIME, MIN.:

MIX TIME, MIN.:

VIS INCREASE, 3%:

ADT:

P160ON
2053

500R
0.37
60
30
271
16

AIMA = N-allyl imidazole

20

1. Dropped to
-72-

reacti on peediposonfs a

aliphatic or aromatic

val ue of at | east 8.

P160ON
2053

LUP-101 "

0.4
60
30

243

gald fonomer conprises a
roup consi stimg—of EXAMPLE ——————

CQNDITI°N§ eﬁﬂyl 2-pyrrol igi none;
RESULTS 45 _46

P160ON

DTBP

0.2

60
30
45



N-vi nyl inidazole; . ~ N-allyl inidazole; 1-vi nyl

pyrrolidone; 2-vinyl pyridine; 10 4-vinyl pyridine;

N- net hyl - WOM6rgr46acet anmi de; - di-allyl formam de; pcr/cB9sio2473

N- et hyl - N-al |yl f or mam de; . Nethyl-Nallyl fornmam de; 15
N-cycl ohexyl -N-al l yl formam de; TABLE & et hyl - 5-vi nyl thiazol e;

N-al Iyl di-iso-octyl phenothiazine; 2-met hyl - 1-vinyl imdazole
3-met hyl -1 -vi nyl pyrazol e 20 N-vi nyl - puri ne N-vi nyl

pi per azi nes N-vi nyl succini m de Vi nyl pi peri di nes

Vi nyl nor phol i nes 25 - and conbi nat i prs—of t ERAMPIEB!S

-73- 5 WO 9GZANIZIGIONS AND PCT/ GB95/ 02473

3. The graft cRESYL®S of claim 1, whereff- s-eﬁ-%l-m)non#Lconprl ses a

menber sel ect ed the group congi stin —— _
N-vi nyl i m dazol-€; 6@1. N-al lyl im dazole; %ﬁfml' OHZ Vi nyI pyri di ne;

4-vinyl pyridi nephr: N- net hyl - N-v2ngl - acet am:oje 2.0 di -allyl

formam de; 10 nbi nati ons of those nat 4. The
graft copol yner %ql.‘%@ * wherein <77 'é?;fl'?j'rmng% ToRPTTEeY
N-vi nyl i fgdazol e. MANUFACTURER:De graft &opolybesr phpshei M dy-bhixh has

the property of increasing the viscosity index of a lubricating base
oi| stock by at B (g. Qout 20 poi nt8%when pri&&nt at ¥9evel of 1%

DIE T (°C): _ 246 248 242

SCREW (RPM) 150 . 250 150 QT

MONOMER: | VIMA VIMA VIMA |

15 phr: 1.0 1.0 - 1.0

INITIATOR: _ DTBP TBP LUP101

phr: _ . 0.1 0.1 = . 0.1

ADT (A): : 1 1 IR |

ADT (B): . 2 4 2

20

1. Dropped to 2 after 24 hours

- 72 -



5 by weight in the base oil stock. 6..
4, having at | east about 1.2% by $ﬁ@ _
vi nyl i m dazowosnatssed on said pol yol efin PCTIGBISI(12473

graft copol ymer of claim4, having at st—about 13 noles of said
N-vi nyl i mi dazol e what §satifimed &£t d pol yol efi n backbone. ”“l“l mllu ﬂl”' llll
graft reaction product of a graftable nonomner selected

consi sting of: N-vi nyl i m dazol e; C-vinyl i fti dazot e
1-vi nyl - 2-pyrrol i di.nonFhe graft copdlymery readticroiproduct of a

- 74 - | pyr pyri di ne;
10 N—nethyln troé bl¥ éeﬁyﬁéHQE§llg Pnf?g?%%ﬁ¥&e

acefanm de;
N-met hyl - N-al | yi f ellﬁsahﬁﬁ ¢ or aromatig monamey m‘wmoﬁﬁam Yeko
N-cycl ohexyl - N-a|hbbﬁersaﬂdeboﬁSatoms g¥aptédybnSavpoyydélesiw! e;

N-allyl diisoogtyl Qthiazine; -f ly=d-Minylinddazol e

3-net hyl -1 -vi yIp§$§g§ng'.sg§d ng;§iﬁﬂé&ﬂﬂﬁé?@ﬂ€V1ﬂgla*f%ﬁfylpiperazines
N-vi nyl succi ni m d¥alue of at\leashi abeutii Bes Vi nyl mor phol i nes

and conbi nations of said graftable nonomers, 25 grafted on an polyolef in
copol ynmer backbone g.p‘aving endant sites for recei vi g rafts of

said graftabl e noRomer Shes ¥, fgr&PP° ymer; §f claim oy g an ADT

val ue of at | east said monomer comprises a member selected from
the group consisting of:
N-vinylimidazole;
5 l1-vinyl-2-pyrrolidinone;
N-vinyl imidazole;
N-allyl imidazole;
' 1-vinyl pyrrolidone}
2-vinyl pyridine;

10 4-vinyl pyridine;
N-methyl-N-vinyl-acetamide;
di-allyl formamide; -
N-methyl-N-allyl formamide;
N-ethyl-N-allyl formamide;

15 N-cyclohexyl-N-allyl formamide;
4-methyl-5-vinyl thiazole;

N-allyl di-iso-octyl phenothlazzne,
z-nethyl-1-vinylinidazole
3-methyl-1-vinylpyrazole

20 N-vinyl-purine
N-vinyl piperazines
N-vinyl succinimide
Vinylpiperidines
Vinylmorpholines

25 and combinatxons of those materials.

Sheet Has Been R laced

il I I



30 said graft reaction product bei ng nmade by mel t-bl ending a
reaction mxture consisting .-. .essentially of said at |east one graftable
nonomner ; wo sM2y4 ef i n copol ymer havi ng pendant gr af t MOTGRISHBEI and an -

initiator at aq 35 - er ons fective to graft
sai d nononer on at easgggg#é%%?§Ebﬁ%¥} °£:pendﬁ%tfgrg$?§§}% sites of said
pol yol ef in saégpgpgqggrbgepaghges a member selected from. ~~75

9. The graft ﬁsecgfgappégﬂgggtgﬁgcbggn18 wher ei n sald nononer
conpri ses 10." The gr

cl ai m 8, h;herélﬂ ggPﬁE%BFéBFQ}?n copol ymer backb ht
‘average no$ecul ar vw+ablydf ihidazole; about 20, 000 ml!ﬂg "l" a!m and
ab polydlsper5|tyzggi£g£s ngﬁiﬁQOUt 10.

product of clai In.sard ADT is at- Ieast 12. A
lubricating oi b confprYinyy: pyridine;p 5 | ubri cant base oil; and
B. as a. d|spersaaneﬂhfmonbvynylndegtamide, | mprover, the graft

copol ymer of 5 present in an anount
sufficient to raise fﬁﬁlb¥§c ide i ndex of said base stock by
at |east 10 andagonbiﬂatbonatef those materials.

4. The graft copolymer of claim 1, wherezn
said monomer comprises N-vinylimidazole. _ : |

5. The graft copolymer of claim 4, which has

the property of increasing the Viscosity_index

of a lubricating base oil stock by at least
_ about 20 points when présent ;t'a_leVel'of 13
5 by weight in the base oil stock.

6. The graft copolymer of claim 4 having at
least about 1.2% by we:ght of said N-
vinylimidazole grafted on said polyolefin
backbone. | o

7. The graft copolymer of ¢Laim.4, having at
least about 13 moles of said N-vinylimidazole
grafted on said polyolefin backbone.

8. The graft reaction prqductlof_a éraftable
monomer selected from the group cq@sisting of:
N-vinylimidazole;
C-vinylimidazole
5 " 1levinyl-2-pyrrolidinone;
N-allyl imidazole; "
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13. A | ubricating oil conprising: o ,nﬂéshgggﬁg@gg{g‘se oil; and
B. as a dispersant viscosity index RgaAcmnprov r, the grafted
pel yol ef i n 5 WO 96/12746 copol ymer of claim §,__preseat—A—am pCT/GBISIN2473

amount suffi ci ent to r ‘viscosity index of said base
st ock - gt -EablCeyprotiging PBfht s, 14. A 1 0W30
| ubricating oil corrprl grvinyl pyridime; nore than about 86%by—weight—of—a—

| ubri cant base oil havhng fivY i4Ene; cont ent
about 19% by iRyY%pfEiatne; WO 96/ 1272| ﬂmn ﬂﬂl””“] -
PCT/ GB95/ 02438 5 N'nethYlmﬁrtijLﬂae‘aam%%osu ty exee W RAR RS A
about 5 centlstokes at diGQlEylf.é‘tmamide, B. from about 1% to about 10%

by solids - Qlyolefln
copol ymer of claim1; anﬁg&gﬁ'i ﬁ ai{ylg&?ﬁéﬁg%/ﬁto about 9% by wei ght of a
non-di sper sant pol yrrerN'ethYJmErélbYL&Pm%m%sl tion conprises nore than

about 90% by wei ght OfNSéyélbﬂéﬁﬁaﬂlai’ ffomaﬁi&e-graft copol ymer, and
non-di spersanf 15 pol W 30 I'ubricati ng oil of claim

14, whetgi n said ﬂ?wlpﬁ'@ﬂgm %6%B?yrrer conprises a graft
copol yner of a graftabNeallyldMymmadiizmﬁ he group consisting

of :- 5 N-vinylim ggig{:ﬁfyl_l_vwg}*&al 2 m dazol e

| -vinyl-2-pyrrolidinone azol e; 1-vinyl
pyrrolidinone; 10 3-Ethmyr1py;mm1nﬁrazcle
_ N-vinylpurine
20 N-vinylpiperazines
N-vinylsuccinimide
Vinyipipgridines
Vinylmofphdlines

and combinations of said graftable monomers, -

25 grafted on an polyolefin copolymer backbone

having pendant sites fot receiving grafts of

" said graftable monomers, said graft reaction
product having an ADT value of at least about
2;

30 said graft reéction product being made by
melt-blending a reaction mixture consisting
essentially of said at least one graftable
monomer; a polyolefin copolymer having pendant

| graftable sites; and an initiator at a

35 temperature and under conditions effective to
graft said monomer on at least some of said
pendant graftable sites of said polyolefin
copolymer backbone.

S
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4-vinyl pyridine; .. N-nethyl - YA | de;
di -al |l yl f or masi de; - Nme '
N- et hyl - Nevad dgithfqer mami de; '

4- et hyl - 5-vi nyl t hi azol e;

2-met hyl -1 -vinyl i m.ﬂ.pgokfagg reaction:

“N-al |yl T or Wpici@anzers
di i sooctyl phenot hi azi ne;

‘Bridudet - 8¢ ”EhHana?aO' €

N-vi nyl puri ne 3/ pi per azi nes I"succi ni m de

- 77 - Wherpip746 sai monomexr °°1“Pl.'15ﬁSCT/ /1 02473

Vi nyl pi peri di Rethybimidazolényl nor phol i nes and conbi nati ons of said

graftabl e nononers, on a pol yol efi n backbone. . 16. The 10W30

| ubricating oil of claim 14, wherein said grafted polyolefin

copol yner IQOMHQwraﬁvrsyptWUaM®u¢ adfedlaim 8 pol yol efi n

backbone. ﬂei:ﬁ%ﬂ@?ﬂ@y@lbﬂﬂr&'ﬁéiyﬂﬂr%H@Eﬁérlé‘g\ A nore
Lubr i cant base oil;

t han about 80%b

B. at |east a’oogﬁ\gefbb by2¥eFR%E Jolecular weight of from ool yner of

claim1, and about 20,000f romowmduesssnbauoabomnd% ay

wei ght of ot her (di oiI" formul ation of claim’

217, omﬁ%&%{)ﬁ%rang%% toof Ileessssl& %??l}g 9&) wei ght of ot her

di spersants. ~19. The engine oil forrrul ation of cl ai m 18, whi ch

satisfies the ypquingiegiare! redetdohMproqucteioenesays @)0i ne test.
wherein said ADT is at least about 4.

12. A lubricating oil compfising:
A. a lubricant base o0il; shd ,
B. as a dispersant viscosity index
improver, the graft copolymer of
5 - claim 1, present in an amount
sufficient to raise the viscosity
index of said base stock by at least
about 20 points. '

13. A lubricating oil caﬁprising.

A. a lubricant base oil; and

B. as 'a dispersant viscosity index_
improver, the grafted polyolefin

5 copolymer of claim 8, pressnt in an

amount sufficient to Traise the
viscosity index of said base stock
by at least about 20 p01nts._

14. A 10W-30 lubricating oil conprisihgé
A. more than about 80% by weight of a
lubricant base oil having a volatile
content of less than about 19% by

\\
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Foss han apou 2 aoh oy "o Sf I]illflmﬁlﬂ lllllgmfs?é{ O e

‘engi ne oi | WO9EMME0oNn of claim Lcomprs si®g from 0% tEehEposokign
about 1.5% by wei ght of other dlspersants
- 78 - 22. The engj myl af I@
conpri si ng 5? | east about 4 t of iéﬁéégtf: k@b%ﬁing graft
copol yner . | about’ 253 c%ﬁﬁ%ﬁ)ﬁ"‘ﬁﬂl@ﬁﬁﬁva di sper sant
XI SCOsi tyd_ " s.l n(»jwc&mum&owrabswmowuygsbfmd%t eps of:

. providing vi ny |n1 e .
pol yol efin havi ng f%ﬁ# of Ehe grafteqs polyolefin unsat urati on,
and an initiator; . copolymer of clRim dijsamdving said polyolefin
in a 10 c. from 0%5€bVaBbutf8%Mbpowaight ubeor:
C. dispersing said Nvinylimgd f-s€ 596 Yovais sai d
sol ution; and nep-d sPeq§antzﬂﬁiﬂﬂfr'sald initiator to said

solution at an awitépginrsatdotomposition comprises more tha@dition of |ess

t han about 20% o fficient to graft
sai d i ;bout 90% by we*ﬁ”?n?ﬁlﬁaﬁao¥§b$g8§@§d%%gﬁyner per ’

15 melle ograftit r:epolmeu.ademg mmdismrsant

bei ng carrigsl ousoPymeér! enperature exceedi ng the
initiation tenperature - : of said initiator;
thereby formng a graft copol yner of N 20 vinylimdazole on a
pol yol efin, saitSgrdfte 10W-30 lubricatimgppoilynef b2aimgila,vi scosity of

| ess than heretp safﬁ““&ré%%é&x)ﬂﬁ%?ﬁfﬂf&%escgboigngrr]C and an ADT

val ue of at | east
_ _ comprises a graft copolyner of a graftable

monomer selected from the group consisting of:
5 N-vinylimidazole; '
C-vinylimidazole
1-vinyl-2-pyrrolidinone;
N-allyl imidazole;
1-vinyl pyrrolidinone;

10 2-vinyl pyridine;
4-vinyl pyridine;
N-methyl-N-vinylacetamide;
di-allylformamide; '
N-methyl-N-allylformamide;

15 N-ethyl-N-allylformamide;
N-cyclohexyl-N-allylformanmide;
4-methy1f5-viny1thiazole;'
N-allyldiisooctylphenothiazine;
2-methyl-1-vinylimidazole

20 3-methyl-l-vinylpyrazole
N-vinylpurine
N-vinylpiperazihes
N-vinylsuccinimide



" 24. The nethod of claim 23, wherein sol vent conpri ses
a lubricant base stock. ; m Iﬂlltl”!!lt hod of claim 24,
wher ei n s avg 96/12746 ~ lubric nt ai nspeP&Redifaass about

15% by  weight of reactive aromat | c : constituents.
-79- WO 96/ Mimplpiperidines | . PCT/ GB95/ 02473
26. The mejdrod of clﬁﬂgl%rmt@[ﬁég said I ubricant base stock .
contains |ess tha abou g wel. ght of reactive aromatic
constituents. m%"“ﬁ@%e?ﬁoaa f gratvakle BanaRerssai d step .
of dispersing ssm & WMem:ﬁaﬁﬂm:one.sal d solution is carried out
whi | e addi ng sai d initiator to said solution, at a rate of 5
addition of |ess than about 20% of the charge of said Nvinylimdazole

per minute of 16. Xh# t1QWr30 lubricstingheipr Mu@thdmoduoed by the

process of wlfézféirﬁ 23aid grafted ApRaly¥iein "Rid fy%éi‘ sper sant
Vi scos- i ndex i nprover gggrls ngthefs S0 A
provi di ng N-VI RLASRS, o H-Vipylinidazo gra tedgol 9Bl efd n copol yner
having 5 polyolefiiaf thﬂﬂkbqymdant sites; B. providing an
amount of an initiator ' suff|C|ent to graft N-vinylim daz-
ol-e to said backbone; - nelt-blending a reaction mxture 10
consi sting essdit allny Qﬂgié‘tﬂ (PiN- formulation comprising:

A. more than about 80% by weight of a

" lubricant base oil; ) T
B. at least about 2% by weight of the
5 graft copolymer of claim 1; and

c. from 0% to less than about 4% by
weight of other dispersants.

18. The engine oil _fo_rmulation of claim 17,
comprising from 0% to less than about 2% by
weight of other dispersants.

19. The engixie oil formulation of claim 18,
which satisfies the .requirem_eni_:s of the ASTM
Sequence VE engine test.

20. The engine oil formulation of claim 17,
cpmprising from 0% to less than about 1.4% by
weight of other dispersants. '

21. The engine 61_1 formulation éf claim 17,

comprising from 0% to less than about 1.5% by -
weight of other dispersants.
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vinylimdazole, said THSSHEET?PIRBWW , and said
initiator, said ”!! n“mu H um‘ st¢p bergmaceDri ed jout at a
t.enper at ure wogcU2WEr sff-ective t pCTICHSIob4T3
sai d N- vinylim dazol e on at |east some of

Salsg graftabl e pedantpny t@?l e i fomnlatlon ofpel¥i’ﬁe§i” backbone;

afted ol ef |n cop haVing 20 a
vi scosity of | es§%‘f‘s§5ﬁuf 1@ 4] %&H’H}! é‘ﬁi‘lgg’é'ygﬁdséﬁ ADT of at
| east 30. geftproopodiymercduced by the process of cl ai m 29.

23. A method of making a dispersant viscosity
index improver, comprising the steps of:
A. providing N-vinylimidazole, a
| ' polyolefin. having graftable
5 unsaturation, and an initiator;
o B. dissolving said polyolefin in a
solvent, forming a solution;
C. dispersing said N~vinylimidazole in
said solution; and '

10 D. adding said initiator to said
solution at an average rate of
addition of less than about 20% of
the amount sufficient to graft said
N-vinylimidazole to said polymer per

15 “minute of addition, said adding step

' being carried out at a temperature
‘exceeding the initiation temperature
of said initiator;
thereby forming a graft copolymer of N-
20 vinylimidazole on a polyolefin, said graft
copolymer having a viscosity of 1less than
about 13,000 centistokes at 100°C and an ADT
value of at least about 8.

24. The method of claim 23, wherein said
solvent comprises a lubricant base stock.

25. The method of claim 24, wherein said
lubricant base stock contains less than about
15% by weight of reactive aromatic
constituents. |

| _\
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26. The method of claim 24, vwherein said
lubricant base stock contains less than about
9% by weight of reactive aromatic
constituents. -

27. The method of claim 23 wherein said step'
of dispersing said N-vinylimidazole in saiad
solution is carried out, while adding said
initiator to saia solution, at a rate of
addition of less than about 20% of the charge
of said N-v;nylimxdazole per minute of
addition. -

28. The product produced by the process of
claim 23.

29. A method of making a dispersant viscos-
ity index improver, comprising the steps. of:

A. providing N-vinylimidazole and a
polyolefin copolymer  having
graftable pendant sites;

B. providing an amount of an initiator
sufficient to graft N-vznylimzdaz-
ole to said backbone;

c. melt-blending a reaction mixture
consisting essentially of said N-
vinylimidazole, - said polyblefin
copolymer, and said initiator, said

| blending step being carried out at a
temperature and under conditions
effective to graft said N-
vinylimidazole on at least some of
said graftable pendant sites of said
polyolefin backbone; -
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said grafted polyolefin copolymer having
20 a viscosity of less than about 13,000 centi-
stokes and an ADT of at least about 2.

30. The product produced 'by the process of
claim 29.
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