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grafted wodnyif28e€e radi cal grafting techni qgues when the BeBRUSIIRIS®MONMPounds
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These modifications may change the propertles of the grafted

polymer so that it may, for example, be used as an adhesive
15 between a polymer and other materials, as a compatibilizing
agent between polymers, for modifying a polymer surface for
example making it hydrophilic or hydrophobic, and for other
purposes. The grafted compound may also provide a
crosslinking site for the polymer. Grafting allows the pro-
20 duction of polymers having certain groups chemically at-
tached to those polymers without having to copolymerize
monomers containing those groups when the polymer was origi-
" nally formed. '
Some of the monomeric compounds that may be grafted
25 onto polymers contain olefinic groups. Most often these
olefinic group containing compounds are grafted onto the
polymer using a process involving free radicals. Usually
these free radicals are generated by using ionizing radia-
tion, or a chemical free radical generator such as a perox-
30 ide. The monomeric compounds may be divided into two types,
those that themselves may be free radically homopolymerized,
and those that don’t so homopolymerize (to any appreciable

extent) in the presence of free radicals. Such homopolym-



WO 02/ 10234 PCT/ US01/ 23540 erizable vinyl conpounds when so grafted often
formgrafted polyneric chains and ungrafted honopol yner, so the resulting
product woozueBdy a m xture of grafted original polyner peaDUSar3safted
honopol ynmer derived fromthe nononeric grafting 5 conmpound. Vinyl conpounds
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relatively expen-_sive to carry out. |t has been reported in US5140074 and

US5411994C ¥t i@ ces it bY et eie r b eF bReke HF 61 BIroRP Iy dhseie as i f
fully,set ' i bl
ultly,se n&ﬂé@e%émﬁPﬁﬁ%fe Bg?ﬁ;ﬂﬁéhﬁé %{1 e ﬁ%d&h&f_! NSy R HE A&asonably

uniformy gra ono- rizabl e vi conmpounds, W thout the
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EP- A-0519341 (also jncor- porated by reference herein for all purposes as
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bl'y uniformy wgehtedh by S61{mbAs n@lﬁ‘ef‘@”ﬂ?@%ﬂ@@{i&?@ffcﬂi\gy'in cgspounds,
especi all'y unsaturated cyclic anhydrides and their diacid and diester
deri vati vesinigg hosasomebheedni fopm grafting of the monomeric com-
15 pound onto the polymer, since the monomeric compound and
4 chemical free radical generator, if used, cannot contact all
of the polymer to be grafted. This has been solved in the
art by dissolving the polymer in a solvent and then carrying
out the grafting in solution, or by melting the polymer and
20 mixing it while molten with the grafting compound and free
radical source. However these methods are relatively expen-
sive to carry out. It has been reported in US5140074 and
US5411994 (both incorporated by reference herein for all
‘purposes as 1f fully set forth) that porous particles of
25 polyolefins may be reasonably uniformly grafted with homo-
polymerizable vinyl compounds, without the need to melt or
dissolve the polyolefin. | |
It has also been reported in EP-A-0519341 (also incor-
porated by reference herein for all purposes as if fully set
50 forth) that porous particles of polyolefins may be reasona-
bly uniformly grafted by certain non-homopolymerizable vinyl
compounds, especially unsaturated cyclic anhydrides and

their diacid and diester derivatives, without the need to



WO 02/ 10234 PCT/ US01/ 23540 nelt or dissolve the polyolefin. However the
grafting effi- ciency of these types of non-honopol ynerizabl e grafting
agent s hawobren3f ound to be poor, while the grafti ng com PODURUR3s®port ed
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grafting nonomer is cont agtEHAR Th@Nyol efin either si-
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porous polyolefin wt radi cal” genera 30 tor. iIs turther
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porous polyolefin with a grafting agent in the presence of
free radicals, wherein the grafting agent comprises a non-

'15 . homopolymerizable monomer selected from the group consisting
| of a vinyl silane, a compound of the formula H;C=CH(CH;)nRe,
and a compound of the formula R'CO,R?, wherein:

R is a fluoroalkyl group having more fluorine atoms
than carbon atoms;

20 n is 0 or 1;

R' is hydrocarbyl or substituted hydrocarbyl having 4 or
more carbon atoms, and containing an olefinic double bond,
provided that said olefinic double bond is not part of a
ring; and

25 R? is hydrogen, hYdrocarbyl or substituted hydrocarbyl.

In the above process, it is preferred that the grafting
monomer is contacted with the porous polyolefin either si-
multaneously with the free radical generator, or after con-
facting the porous polyolefin with the free radical genera-

30 tor. It is further preferred that, if the free radicél gen-
’ erator is a chemical free radical generator, the contacting

of the porous polyolefin and the chemical free radical gen-



erator is done at a tenperature at which the chem cal free radical
generator generates free radicals. These and ot her features and advant ages
of the pmve@emto234 nvention will be nore readily underst oodrOyuUsticses00f ordi -
5 nary skill in the art froma reading of the followng de tailed
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is one of the Two dif erins € naxi mum pol'ynmeri Zze WO 02/ 1023
PCT/ USOL1/ 23540 is preferred that the porous polyolefin polymer used =

15 in the present process is a polymer or copolymer of one or
more hydrocarbon olefins, and more preferably that it is:
(a) a homopolymer of ethylene or a linéar or branched
C3-Cg l-olefin;
(b) a random copolymer of ethylene or a linear or
20“ branched C3-Cg l-olefin with a second olefin selected from
the group consisting of ethylene and C3-Cig 1-olefins, pro-
vided that, when the second olefin is ethylene the maximum
polymerized ethylene content is about 10%, more preferably
about 4%, when the olefin is propylene and the second olefin
25. is a C4-Cio 1-0lefin the maximum polymerized content of said
second olefin is about 20%, more preferably about 16%, and
when the olefin is ethylene and the second olefin is a C3-Cig-
l-olefin the maximum polymerized content of said second ole-
fin is about 10%, more preferably about 5%;
30 (c) a terpolymer of a linear or branched C3-Csg l1-olefin
and two different olefins selected from the group consisting'
of ethylene and C;~Cg l-olefins, provided that, when ethylehé

is one of the two different olefins the maximum polymerized



et hyl ene content is about 5% nore preferably about 4% and when each of
the two different olefins is a C4-C10 1-olefin, the maxi mum pol yneri zed
content oWoovhen2sawo different C4-ClO0 1-olefins is about 2POF/UREI23540
preferably about 16% or 5 (d) a homopol ynmer of (a) or a random copol yner
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pentene, 4- nptihy) -4 -PEENGhe exene, HoEldr | rir@Nehaving a
butene—l‘content of about 30 to 70%,
15 (iv) an ethylene/propylene diene monomer rubber having
| an ethylene content of about 30 to 70% and diene con-

tent of about 1 to 10%,

(v) an ethylene/propylene/butene terpolymer rubber hav-

ing a propylene content of about 1 to 10% and butene

20, content of about 30 to 70% or a propylene content of

about 30 to 70%. and a butene content of about 1 to 10%.

Another preferred type of polymer is an ethylene co-
polymer with one or more of acrylic acid, methacrylic acid,
an ester of acrylic acid, an ester of methacrylic acid, and

25 vinyl acetate. Preferably the ethylene is 50 weight percent.
or more of this. copolymer.

In all of the polyolefins listed above, the percentages
are weight percentages. The ethylene and C3-Cg l-olefins
which can be used in the preparation of the above olefin

30 polymer materials include ethylene and linear and branched
olefins which have at least 3 carbon atoms, such as propyl-

ene, l-butene, 3-methyl-l-butene, 3,4-dimethyl-l-butene, 1-



1- heptene, and the like. When the olefin polyner is an ethyl ene honopol yner
it preferably has a density of 0.91 g/cnB or greater, and when 5 the

ol efin povgnr10286 an et hyl ene copolyner with a C3-Cxo al POBRUSOIEA3B40 it
preferably has a density of 0.91 g/cnB or greater. Suitable ethylene
copol ynmers include ethyl- ene/butene-1, ethylene/ hexene-1 and
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greater and the HDPE have_densities of 0.95 cn8 or greater._ 1
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present nptdrodlehithutle poeflerabiyakes 203epahty ®,0 sPhey/@al orcubi ¢ and
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US5236962 I i e, | r ' in for all
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PCT/ US01/ 23540 tions, that is, in the presence of free radicals, although
have densities of 0.95 g/cm® or greater.

15 Homopolymers and random copolymers of ethylene, propyl- '
ene and l-butene are preferred. With respect to ethylene,
HDPE and LLDPE are preferred.

Suitable particulate forms of the olefin polymer mate-
rial used in the present method include powder, flake,
~'26 | granulate, spherical, cubic and the like. Spherical par—‘

o ticulate forms having a pore volume fraction of at least
about'0.07, preferably at least about 0.2, are preferred.

. The spherical pa;ticulate olefin polymers having pore volume
fractions of at least about 0.2 are obtainable using cata-

25 lysts and methods of the type described in US5221651 (see,
e.g., Examples 2, 3 and 4), US5231119 and US5236962, all of
which are incorporated by reference herein for all purposes
as if fully set forth. It is also preferred that at least
40% of the pores have a diameter larger than 1 um.

30 As indicated above, particular types of non-
homopolymerizable grafting monomers may be used herein. By‘
“non-homopolymerizable” is meant that the grafting monomers

do not appreciably homopolymerize under the grafting condi-



sone | ower oligonerization (dinerization and trinerization) of these
grafting nononers may occur under such conditions. One such suitable
graftingwoenones4is a vinyl silane, 5 that is, a siliconPcDupaRsstonhi ch
has one or nore vinyl groups (-CH=CH2) bonded to the silicon atom .
preferably one vinyl group. A preferred type of vinyl silane has the for-
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wherein Rf and n are as defi ned VWO 02/10234 PCT/USOl/23540 above. In a
pr ef er r edtii¢ uprooees | pomdisions | vo anot¢lertlpe ecompound containing ‘

15 these groups is subjected (e.g., an inert functionai group) .
By “(inert) functional group” herein is meant a group, other
than hydrocarbyl or subsﬁituted hydrocarbyl, that is essén-
tially inert under the proéess conditions to which the com-
pound containing the group is subjected. Examples of func-

20 tional groups include halo (fluoro, chloro, bromo and iodo),

and ether such as -OR” wherein R*® is hydrocarbyl or substi-
tuted hydrocarbyl. |

Preferred groups forlR? include (and any combination of
these) alkyl, especially methyl, alkoxy containing 1 to 6

25 carbon atoms, halo especially chloro, and hydrogen.

Specific useful vinyl silanes include vinyltrimethylsi-
lane, vinyldiphenylchlorosilane, vinyltrimethoxysilane, wvi-
nyltriethpxysilane, vinyltrichlorosilane, vinylsilane, (vi-

- nyl) (methyl)diethoxysilane, vinyltriacetoxysilane, vinyl-
30 tris (2-methoxyethoxy)silane, vinyl triphenylsilane, and (vi-
nyl) (dimethyl)chlorosilane.

Another suitable grafting monomer is a fluoroolefin of

the formula H,C=CH(CH;)nRs, wherein R: and n are as defined



ferred fluoroolefin, Rf is perfluoro-n-alkyl containing 1 to 20 carbon
atons, or Rf is substituted perfluoroal kyl, espe- cially: perfluoroalkyl
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ath ooy femméhi i ndirag A TS QL undh R B iPode 1 O
reacti on, s et @serth) 060, - ethgrx waebexyl m( reaghngntbfercarboxybi goacid i s

a dicarboxylic acid) and ester. In one preferred formRl is H2C=CHR4-
wherei n NG Xatralt LMY 265 FrISarOHLhetRAN shHiy 1R e PSRAGHRL B4

hyd ; - i i " d hvd -
ydr ggar ﬁ%’}c?rﬁe&%&?,” chAS NG, %0 £ %n‘f@i%@ P—%&E‘W cadlkghed hydrocar

byl ene" ant a group contalrnin on and hydrogen “and havi ng
two free yal@die) eshydmokwoatlayhi eCHOH)ar laari-dec dr-@ONHAUI bk phetbdhds
(including aromati ¢ doubl e bonds). 30 More preferably R4 is - (CH2) g-
wherein ¢ T@an integer of 2 to 20. In these conpounds it is preferred

that R2 is hyd{o-ngeq %;péld;ﬂlgm& i&hdmd© 16 LRI MU QBLs GO
02/ 10234 PCT/ US01/ 2354 The free radical generator may be a cheni cal

conpound,okeitine caperxxl e aridzonia rdewviaiose Heexmpbsit iGe tigwr-

15 mula R'CO,R? wherein R' and R? are as defined above. By “con-
taining an olefinic double bond” (see the definition of RY)
is meant containing a carbon-carbon double bond that is nbt
part of an aromatic ring. Since R! must contain at least 4
carbon atoms, it is evident that the carboxylic acid con-

20  taining R' has 5 or more carbon atoms. R’ may be substituted
with any functional group which does not interfere with the
grafting reaction, such as chloro, ether, carboxyl (meaning
the carboxylic acid is a dicarboxylic acid) and ester. In
one preferred form R' is H,C=CHR*- wherein R* a saturated hy-

25 | drocarbylene or substituted saturated hydrocarbylene con-
taining 2 or more carbon atoms. By “saturated hydrocar-
bylene” is meant a group containing only carbon and hydrogen
and having two free valencles, and containing no carbon-
carbon multiple bonds (including aromatic double bonds) .

30 More preferably R* is - (CHp) o~ wherein g is an integer ofA2
to‘20. In these compounds it is preferred that R? is hydro-

gen or alkyl containing 1 to 6 carbon atoms.



perature (to generate radicals) characteristics are appro- priate for the
tenperature at which it is desired to carry 5 out the grafting reaction.
The freewad/omBs may be gener- ated in any way that theyrPOpwadl2ssman be
made, for exanple in place of a chem cal conpound ionizing radiation may
be wused to generate the free radicals. If the free radical generator is a
chemni cal conpolind, fxgei cadigahboetetator abantbd Oa 2thericeht chyoaenght , nore
typically about 5 to about 10 ercent. ight, . of the polyolefin wll be
b’ Thegen Sacareroat e e PR B SRR 1 aRto R O IR S s esence
of the grgétadHgr&OMPOUSNENESFatBerddLealafli €lodBadByr DOt DONEsTe AdBiScdirst and
then the grafting conpound added. It is pre 15 ferred that the grafting

conpound Welgreserr Wrentemeeraigere ralidalchake Herdesterd thiearsy _
particul aply t?k?gvfnﬂnéf Indfre cEﬂ?x’P Ca{m&"?P&é’%%&é‘f&@ﬁ\j 1%%%{%15&?- radi cal
e Tr ey be m xe e

generator ~Since €e radical “geneérator grafting
conpound ated bid hahyrbirde dciseethey ounguahly ddne 129 mpadey ol 861 netaxget der . For
exanpl e, one may act as the,sol- vent for, the other. The,tegg%%_ture at

whi ch t he'yrRfiFRPT eacthEh! FakeSOmpP e SAdtFthHer Bt D ¢h £ at which
the pol yoleld e doyendP@ €506 SBrE8 +AILLABE. L NPr PORESEIde Likan@ Yol efi n

parti 25 cles. This w depend on the glass transition tenperature and/or
mel ti ng pepémerafor hbs pol goérical Forpowsd, puyytellyiakotethis peamsowt

maxi mum t erature .of about 150C or._less .is preferred [e ferably
Aboutl 80C 1 PREGT S 136¢ToTE1t | RAF St EraHEARRAT T He GPRTET e m xt ur o
not be exposeshB0f avexywen &f t e 6By ¢ BEf Ll wiENes@twoed hasrisé agéed. Thi s

may be nost easily acconplished by carrying out the grafting process under
an i nert YastiRRPhstRe t FHeRnradl ¢ 92raY 283K P A5 132351 PYSSFHCRr to

achi ove \0F (BS'lnk o balLing Of the peldotelinaby ddie graldhes.
grarting nol ecul es- and free radi cal
gener at'i ngtednpiowsid id then the grafting compound added. It is pre-
is ferred that the grafting compound be present when the free
radicals are generated. This is particularly convenient if
é chemical compound is used as the free radical generator
since the free radical generator may be mixed with the
grafting compound and both imbibed (see below) into the

20 polyolefin together. For example, one may act as the sol-
vent for the other.

The temperature at which the grafting reaction takes
place should be below the point at which the polyolefin may
| coalesce so as to close the pores in the polyolefin parti-

25 cles. This will depend on the glass transition temperature
and/or melting point of the polyolefin. For most polyole-
fins this means a maximum temperature of about 150°C or less
is preferred, more preferably about 80°C to about 130°C. It
ig also preferred that the grafting mixture not be exposed

30 to oxygen after free radical generation has started. This
may be most easily accomplished by carrying’out the grafting

process under an inert gas such as nitrogen.



used) be mxed with the polyolefin before generation of the 5 free radicals
begins. It is believed that at | east sone of the grafting conpound and
free radivwab2/geserator are i nbibed by the pores in the ppCyobefissgo t her eby
resulting in nore even grafting of the polyolefin. It is believed that
when the grafting nonomer and/or (preferably and) free radical 10 .
-generat or swelh oh@epotgnechheve ehemaosafwiihformyorasuing of ntlsene

i nstances articularly when using fluorinated ole- fips as_the grafting
conpounastoFREL Rty e HE Fed ity CORPRR bEe b7 Rt eh S rESa e Pebit t ey
be advantggeptibng oo BEEQ1 &S Cas@Bf el MAd Sal dpOMdr HfEnd Ccdipyydurid NesE t he
volume 15 of _the' grafting, conpound, of_ a solvent which can at | east

parti al | yagRdsobeemi¥edgrabli Hae coppvehel bhdefere rarnemtige et atle, and
svel | 5t hefPé’éyP%&icé%%fﬁé%fﬂéYe”ié ié‘%é’ﬁfaev%'ﬁ{%é | £ afdh AL QLA e
C | ‘or I chl orobenzene, dependi ng on the

hal ocar bons su as ¢ pbenzene and  O-
process | tige egir@ht sng 26ombosnd canenfreanthaiya exgessraraf targ dojioedd and

(if pres-_ent) deconpositjon products, fromthe free radjcal, generator may
be. rbroved | FAidRPT el Lt BRe UReDYPar Ty TREEONG (YL HaH | 16 TS gr af t eq
pol yol ef i &, &ndera VacHY N £ Thhe PBBYyHEer AECONDLHE SHiethd 1 &fe@Xindtdafnah th one
or nore vacuum ports. 25 The anount of grafting nononer actually grafted

onto thetpdl yreftingpinemndyer aqmgdsof r (o aberably lapdy chree teadibcat 100

percepnt, preferably about .1 percent to about 70 percent, _of the original
het ol orSTRe BTy rlrTh, e PO Rt it RN et tD fependi ng
on the notecibme vedghtces) Birtheutial§ i AigeONOiRy . £ Fsr exargd eol&- '
grafting npnoner containing many fluorine atons may have a very high

percent - &S 5 viERY T JF BB ACOMRRURES s TREY TROVTIAE ARRIRC cal -
cul at ed Oézl% 413‘%1?%] GEyS1e SHTE 5’%&' n&et AL IR PTpd NG Jedfl W 02/ 10234

PCT/ USO1/ process may be tound i n previously 1ncorporated
EP- A- 05198kdo Wefanabl yandwnigs af dalechipodnerers bt ek drlee nvalrena ot

15 of the grafting compound, of a solvent which can at least

bartially dissolve the grafting compound and free radical
generator, and swell the polymer. Useful solvents include
aliphatic and aromatic halocarbons such as chlorobenzene and
o-dichlorobenzene, depending on the process ingredients.

- 20 This solvent, and any excess grafting compound and (if pres-
ent) decomposition products from the free radical generator
may be removed if desired after the grafting reaction by
heating the grafted polyolefin under vacuum. This may be
acéomplished in an extruder with one or more vacuum ports.

25 The amount of grafting monomer actually grafted onto
the polymer typically ranges from about 0.1 percent to about
100 percent, preferably about 1 percent to about 70 percent,
of the original weight of the polyolefin. This may vary
'widely on a molar basis, depending on the molecular weight

30 of the grafting monomer. For example, a grafting monomer
containing many fluorine atoms may have a very high percent-
age by weight grafted, but this may be more modegt when cal-

" ‘culated on a molar basis. Some other details of this graft-

10



crosslinked, or are crosslinked to only a mnor degree, so 5 that they may
be refornmed thernoplastically, and a major portion of themis soluble in

appropri aveoyoi2se£nts. Alter- natively the polyolefin my bpeTwssmssded in a
solvent which swells, but does not dissolve, the polyolefin and (at | east
partially) dissolves the free radical generator and graftin 10 conpound.
| n the ExHRP|RBEOEESS fBRY o n§ouhdr b RESHHRUSYE IREEPOralt®PE - |inear | ow
density p@%ygg yig@glhh - nunber average nol ecul ar wei ght Mv - wei ght

aver age nol ecular"weir ght 15 PP - pol ypropyl ene PSEPVE -

perfluoro(3, 6-HreRardbhet bk - Frattedesol ymayd obtainiedied)efdin dvOOL

tenperature VIEOS - _vinyltriethoxysjlan 20, VIMOS - vinyltrinmethoxysil ane
As indi catEd % ?dpo‘P’%//o?Jé?i 5% sz%?-fﬁ ti%e‘?rtﬁif' He et 4T B netfe by
met hods deger i be %a%%@rﬁéﬁéﬁmé@ @E@i’ﬂx&é‘ﬁéé’htié Podrd ed ey 0519341,

US5231119 and US5236962. The po- rosity of the sanples is neasured by
mercury peeosiomtel thepSigeselulbbel im AUNITABSBICE vibo Lventss | ndekperrat ed by
reference__for all, pur es,as.if_full et forth), and sQ see H. M

Root o 6. TRREUT LN BRE NBTRIT LS BH Uity o Rty s BT TR
Techni queswénl oViEiet ABLQ! hoit 9FisPolP@p- 202, pdd ol &tih RiessS(atd Aidhsthercury
porosinetry of the polyolefins 30 used in_the Exanples showed nost of the
pores betRRERLalEnY A1dPohyesi Bheli et sfadifah Snrraor An IREpE 300
m'. Tg t%éﬂé%ﬁﬁ vol une fractions were over 0.07. 11 WD 02/10234

PCT/ US01/ 4 t hods for neasuring the amount of grafting conpound

actual ly graft®d che Beamgblesli therfntboweigrablamsl st eonexard nastdon with a

sui.t abl e sol vent eitgfr by extraction in an txtlra.ctor such as a Soxhl et
extractor, or %%D%ﬁsé VAEE t v density polyethylene
V Mn

- number average molecular weight
Mw - weight average molecular weight
15 PP - polypropylene
PSEPVE - perfluoro(3, 6-dioxa-4-methyl-7-octenesulfonyl
fluoride)
RT - room temperature
VTEOS - vinyltriethoxysilane
sz‘ VIMOS - vinyltrimethoxysilane
As indicated above, polyolefins used and useful herein
can be made by methods described or referenced in previously
incbrporated EP-A-0519341, US5231119 and US5236962. The po—A
rosity of the samples 1s measured by mercury porosimetry as
25. described in US5788887 (which is incorporatéd by reference
for all purposes as if fully set forth), and also see H. M.

Rootare, A Review of Mercury Porosimetry from Advanced Ex-

perimental Technigues in Powder Metallurgy, p. 225-252, Ple-

num Press, 1970. Mercury porosimetry of the polyolefins

" 30 used in the Examples showed most of the pores between 1 and
100 ym in diameter, with some as large as about 300 pm. To--

tal pore volume fractions were over 0.07.
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5 grafted polyolefin and reprecipitating it in a nonsolvent, NW
measurenments, or by el enental analysis (for exanple when fluorine

cont ai ni MO gr/af284 ng conmpounds are used). Exanples 1-2 A 5BCTMUS@cdsb4nk t ube
was charged with the following: 5 10 g of porous polymer granules

[ Spherilene(r) linear |ow density polyethylene (believed to be grade
16502) or SpheMepiodds ) £pol yeapnoizyd etiee (dradburey elf t grivet gradeorPo@id) from

Mont el | USA | f W.Im t on, , 0, f t-Db | i Al - drich),
e 30 meer by e rer baRRaF S CratTah T Bt Pies TR T g h et “Bhpont i
Nermour s angh &0i 0@ wi¥h Nd NG PPab DE, s ¥ &l hasi ther foy nek e dRCRG 14 @) nF,

wherein n is nostly 6, 8 and 10]. The tube was evacuated and purged wth
ni t r ogen €¥uracioessuaghdas henSorat el €¥tu12OF 0ro8 By uRERSOHT IRDg

at nospher e i t . I i d off 20
and dIPSS ?/ae%é%% éoﬁf%%ﬁ%qa%%(gké%&%%%%le%%.leﬁ'h%eﬁ%ﬁ%%#%%%ﬁ’zene

sol uti on NS meusetendat s medhan| e batler thel parealyws it af@d @odywbs wasn
filtered off, washed with, nethanol, ,and dr|§d4 in a vacuum oven at 65C
over ni ght E1UPel R sTPR 62 1} T KM 170 TEHMRAUNAS g iiged) Exanpl e Pol yner

Fl uorool efin incor- Mv MV Mh Pol ygeL»oeation (weight %9a Tm ()C)c
Control PP - 226200 8.8 168 1 PP 1’7‘—9%7170—2—7 161 Control LLDPE - 106200
7.8 130 2 LLOPEQenG6ACRlone 1dee ayas romogednal yisi she bjoblowdReyi nb
trichlorobenzene at 135 C c¢) b Cat.20 Cmne 12 W Q02/10234 .

T/ UL 15985 PRt L5 LR | T b s R ed B0 CTCHEY

f ol I'owl NgsoByethPfeor QUSL POV ¥IEEC BNt £3e (5@ ) | enedphet i mEER doaw-
density polyethylene or Spheripol (r) olotzlig)g(gf | ene from Mntell USA 5 Inc.
of W nmi rieferylens, (bebigved ’@om@ygr@%? Q/)Al from Montell USA -

Inc. of Wilmington, DE], 0.5 g of t-butyl peroxide (Al-
drich), and 10 mL of (perfluoroalkyl)ethylene [Zonyl® BN from
‘ DE, which has

8 and 107.

15‘* E.I. DuPont de Nemours and Co. of Wilmington,
| the formula H,C=CH- (CF,),F, wherein n is mostly 6,
The tube was evacuated and purged with nitrogen four times
and then heated to 120°C for 8 h under nitrogen atmosphere.
After cooling to RT the polymer granules were filtéred off
‘ 20 and dissolved in a minimum amount of chlorobenzene. The
‘chlorobenzene solution was poured into methanol and the pre-
éipitated polymer was filtered off, washed with methanol,
‘and dried in a vacuum oven at 65°C overnight. The results

are shown in Table 1.

25 Table 1
Example | Polymer Fluoroolefin incor- | Mw® | Mw/Mn® Polymer
poration (weight %)* Tm, (°C)°
Control PP - 226200 8.8 168
1 PP 17 96700 - 2.7 161
Control | LLDPE - 106200 7.8 130
2 LLDPE 26 56400 2.8 126

a) from %F analysis. b) by GPC in trichlorobenzene at 135 °C. ¢) by DSC at 20 °C/min.

12




drich), and 10 nL of PSEPVE made according to US3282875. The tube was
evacuated and purged with nitrogen four tinmes and then heated to 120C for
8 h undewabpr/tegen at nosphere. After cooling to RT the ppCywser/senul es
were filtered off 10 and placed in a Soxhlet extractor where they were
extracted wth acetone for 6 h to renove any traces of nononer or sol -
vent. Finally the sanple was dried ExareoMaciium oven at 70C overnlght

Anal ysi s (by wei ght di e nd 1H and 19F.NVR). of . th ners reveal.ed
t hat about 8 V\%lg I%‘I%%%i-@ﬁﬁ E r‘ﬁ??e‘gh%ﬁg%dp‘ﬁjr tm?eﬁ%f]g% 5y trace
anount s g@aéfegorgﬂéop@ @fowéﬁﬁfesThsméﬁlpé@@mm@ie 1oy i@ gmare pol ar

nature of this nononer that makes ét totally insoluble in. PP. Exanples
4-7 20 Fomlmtlnzzl@@ﬁl@ﬁkSph@ésp%r@céaﬁqrqmdﬁg@j faiarh Mayeelflo[USewing: 5 g

of polyethyl en | e n yethyl ene
from ﬂ%{ ffrHll%?téﬁi m ng Q &D(g @%%t%f‘g’?gfggi%é( Pzgier oxi de

(Al dri ch)dramd p ahdofo ﬁﬁE&f/EpsEnvad:daaeomc&dar@en@ftcbhnesmmmere char ged
with 3,: 25 5, and 10 nL quantities of chlorphenzene. The_tubes, were

evacuat edTRRdCHRE gEas mﬁﬁcww@g% FORF IR MBS TR Mt FRegEn hEdte 1859 20C f or
8 h under, ﬂatﬁﬂgﬂnhé%@apésrfzo@ét%r §0R! hRGet on RIrd \Aﬁ&qp&iﬂ{é@éh@fé‘”m es
were. filtered off er

and placed in Soxhlet extractors e they were
extractedAﬁteh G0ohtey ohe R@rtﬁehp@bymenngea@myesrweeg 5¢lh©m©iE®f5r
sol v

S in.a vac ), oyep. a C.i 48 h.
Unde t hed r&?ﬁy’? ll&o‘?lg?ﬂ%ﬁ%égt %}églﬁ%ﬁ: y%rwg?ﬁeﬁuﬁ% are® n%ﬁ{@]p sts% in
t he 1eactiDih N XétbLe bESrWEBIR SYOLEROVE Oanyt 3t Y82/ 30 284nbihdy L&BM&B&O
different extents, The amount of grafted nononer increased dramatically by

usi ng a sYiel¥. anbipealby theveanplaheas edriedtin o7 cVAFSHR PYETAF e/ 27CTabl e
2 Exa”P' 5@%ﬁmgﬂtPSEER§i&§1s”Pﬁybﬁﬁfgﬁﬁ &?ff@?énce and 'H and Y°F

NMR) of the polymers revealed that about 8 weight % PSEPVE
15 grafted onto polyethylene but only trace amounts grafted
onto polypropylene. This is probably due to the more'polar
nature of this monomer that makes it totally insoluble in.
PP.
Examples 4-7

20 Four 50 mL Schlenk tubes were each charged with the
following: 5 g of polyethylene granules (Spherilene® linear
low density polyethylene from Montell USA Inc. of Wilming—
ton, DE), 0.5 g of t-butyl peroxide (Aldrich), and 5 mL of
PSEPVE. In addition three of the tubes were charged with 3,

25 5, and 10 mL quantities of chlorobenzene. The tubes were
evacuated and purged with nitrogen four times and then
heated to 120°C for 8 h under nitrogen atmosphere. After
cooling to RT the polymer granules were filtered off and
placed in Soxhlet extractors where they were extracted with

30 acetone for 8 h to remove any traces of monomer or solvent.
Finally the samples were dried in a vacuum oven at 60°C for
48 h. Under these reaction conditions the polymer granules

did not dissolve in the reaction mixture but were swollen to
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Chl or obenzene corporation Units Gafted Tm (C nlL/nm) (weigh it % 4 510
23.3 1.9 126 55/351.1 6.5 117 6 515 51.6 6.7 116 7 5/10 54.9 7.6 113
5 Exanpl ew082/1@34A 50 nlL Schl enk tube was charged with t her€DUS@OMI3AY. 5 (¢
of porous pol yner granul es (Spherilene(r) linear |ow density polyethylene
or Spheripol (r) polypropylene from Mntell USA 10 Inc. of WI m ngton, DE),

t-butyl pétdkedent Abxitenty, dhige l@noumt oft \g:t\mem'l mafm:( biotdr dasan
Aldrich)._The tu %S%Yevacuat ed a pur tro @_(f)ur ti mes and
then head&d 2ot EH Uy eé“ Aft ooling to

RT the podynes LFanyhesn Wweh erdhlder ed off and 15 pI aced in a Soxhl et
extractor where they were extracted vm'th net hyl ene chloride for 8 hto

renove any traces of mononer  or sol |naIIy the sanple was dried in a
vacuum oven atz60€70Y esu DIIUWI bie 3
Exanpl e Pol ymérEW? ¥ ?EVEA P @01% y egpl a%&oeg pXi de,
| ncor por ation |l ncorpoH Torgbe ZﬁB‘f OF@');{ A ( 6.2 9
LLDPE VTMOS 115.1 22 |10 (mb/meEqs| o (Ke A» 11 LLDPE VTEOS_0.5/11. 6 47
20 14 WO 02/ 10234 PCTAUSOL/ 23540 |Exanples 12-17 and Conparativel|Exanpl es
A-K A 50 nL Sghl edk tube wagO0char ged W3ith the¢ fol 1.Owi n 5 129 of | por ous
pol ymer granulles 6Spheril ege@r) |inearsipw densitg.s pol yet hmizene|or
Spheri pol (r) pol'ygropyT enesfyzom Mpnt eld1 §JSA 6.7 116 :

‘ 7 5/10 54.9 7.6 113

Examples 8~11

A 50 mL Schlenk tube was charged with the follow1ng 5
. g of porous polymer granules (Spherilene® linear low density
polyethylene or Spheripol® polypropylene from Montell USA
DE), (Aldrich), and 10
mL of VIMOS or VTEOS (both from Aldrich).

10 Inc. of Wilmington, t-butyl peroxide

The tube was
evacuated and purged with nitrogen four times and then
heéted to 120°C for 8 h under nitrogen atmosphere. After
cooling to RT the polymer granules were filtered off and
15 placed in a Soxhlet extractor where they were extracted with
‘ methylene chloride for 8 h to remove any traces of monomer
or solvent. Finally the sample was dried in a vacuum oven

at 60°C overnight. Results are shown in Table 3.

20

Table 3
Example | Polymer | Vinylsilane t-butyl Vinylsilane Vinylsilane
peroxide, | Incorporation | Incorporation
(2 (mol %) (weight %)
8 PP VTMOS 1 0.6 2
9 LLDPE VTMOS 1 5.1 22
10 PP VTEOS 0.5 3.5 14
11 LLDPE VTEOS 0.5 11.6 47
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5 Inc. of WImngton, DE), t-butyl peroxide (Aldrich), and 10 nL of
grafting conpound. The tube was evacuated and purged wth nitrogen four
ti mes andvobhzm2Beated to 120C for 8 h under nitrogen at nPEPUSEIE23SHAf t er
cooling to RT the polymer granules were dissolved in a m nimum anount of
chl orobenzene 10 and the solution was poured into nethanol. The
precipitated pol yiramwess fi2+ETr exhdfdompmsdiedrevBtamtdmroly and dri ed I'n

a vacuum oven at_60C oyernight, Results are s own .in _Table _ 4. TabI
Exam Pol yrer %3&?&1 g?ﬂﬂﬁlgg ERBRoWRT FRHORE thFIé % W‘ﬁ’e‘f‘%m
| ncor por agi en w@@@@oﬁs@iy@@r 8an e Y8 9dpRer iMménd¥ Q iARR YRy laehegtde Aci d
0.500 BLLDPE Vinyl Acetic Acid 0.5 00 CPP Cotonic Acid 0.5 0 D

LLDPE Cr ge@hvetiylend. or oSphenipep’ @qiézmwl@nﬁc@ogl Yontmld ISX 3 LLDPE

e Sooigecs i Endadedn? a4 I e e ORISR Ll g 10,

3.4 17 LhDREF Mptdftid®- &m@@m@at eTle 5t15b<4 s eﬁ&%ﬁé@mm ordpydr i de

0.5 00 E LDPEItaconlc Anh I‘Ide({% F PP Mal ei c. Anhydride 0.3 0 0
G LLDPE Nt R cHaRYLIPR deodr 3t Pt]%ﬂre]%?ﬁtle%t‘r%a]t?eo?ﬁ 5t B 1h2 |
LLDPE Di ngtdled MLEEN OaOndathdr8. InfFo Mty ©r O Jp K

LLDPE Methyl Maleate 0.5 0.9 2 15 15 WO 02/ 10 4 PCT/ uso1/ 23 0 CLAI M5
granules were dlssolved in a minimum amount of chlorobenzene

10 and the solution was poured into methanol. ‘The precipitated
polymer was filtered off, washed with methanol, and dried in

a vacuum oven at 60°C overnight. Results are shown in Table

4,
Table 4
Exam- | Polymer Grafting t-butyl Monomer Monomer
ple Compound peroxide | Incorporation | Incorporation
(g) (weight %) (mol %)

A PP Vinyl Acetic Acid 0.5 0 0

B LLDPE Vinyl Acetic Acid 0.5 0 0

C PP Crotonic Acid 0.5 0 0

D LLDPE Crotonic Acid 0.5 0 0

12 PP 4-Pentenoic Acid 0.5 7.5 34
13 LLDPE 4-Pentenoic Acid 0.5 4.5 1.3
14 PP 10-Undecylenic Acid 0.5 4.5 1.1
15 LLDPE 10-Undecylenic Acid 0.5 5.6 0.9
16 PP Methyl 10-Undecenoate 0.5 14 3.4
17 LLDPE Methyl 10-Undecenoate 0.5 54 0.8
G PP Ttaconic Anhydride 0.5 0 0

E LLDPE Itaconic Anhydride 0.5 0 0

F PP Maleic Anhydride 0.3 0 0

G LLDPE Maleic Anhydride 0.3 0 0

H PP Dimethyl Maleate 0.5 3.9 1.2

I LLDPE Dimethyl Maleate 0.5 4.0 0.8

J PP Methyl Maleate 0.5 1.1 0.4
K LLDPE Methyl Maleate 0.5 0.9 0.2

15
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What is clainmed is: 1. A process for the free radical grafting of .a vinyl
conpound onto a porous polyolefin having a pore volune frac- 5 tion of at

| east 0. WO oby2spont acti ng said porous polyolefin wth a BeRUBIVRISEgent in
the presence of free radicals, characterized in that the grafting agent
conprises a non- honopol yneri zabl e nononmer sel ected fromthe group
consi sti ngLADHSa vinyl silane, a conpound of the formula H2C=CH( CH2) nRf, .10
and a conpoun f.the f rnul R CO2R2, wherein: Rf is a fluoroal kyl. group
havi ng nore fl00eF nk®af ﬁ%meghbﬁ carbon atonms; nis O or 1; RL is

hydrocar byl orisulspibuesd bydr ogar bybe hayinga? @fafﬂén@%@ &avbep at ons,
and containing an ol efinic double bond, . provided that said ol efinic double

bond i s ne®mpaRRd oPnEo ‘FlE@roéﬁdP@YP%eﬁy@r%‘é*ﬂgh@c@@’é%r‘ﬁ?lu%‘? EudSti t uted
hydr ocar b f 0
graf Uing wianst TR LBARECR0 L, By b RhtasC UM AR rofond 0T pLofiA

S|nultane@hsmyawgr&fthmgfagentaﬂmcahegpne$em@e oﬂrfﬁée r@dicmh$acting t he

porous polyolefin wt theﬁéree adlc % enerator; and, if the free
r adi cal 2Fopr12ed thehirbl the GEaT L A G er AT IS Ehe? A act i ng of

the por 0%0135@9?3/1%@’:?&&}91é%oﬁ&ﬁeﬁ@@lé@éecﬁ I 8forh a@lﬁéa&r&@ﬁ%@ﬁé’istﬁngone

at a tenperature at which the chemical free radical genera- tor generates
free radiehls. vBiyThel proeess otmpdanch af charterewl 2 ddd=CH ((a) sRi d

graftjn oper is a vinyl apne of t s mul 3SI CH=CH2 30 wherein
eachHEBgﬁ%%Eydro'%QPu gfu%CFﬁ%n §%¥O%pﬁﬁ%f rocé?]§$1§or substituted
hydrocar byl . 1. We @2/£10534 LGk USRI A3 T idhg ]ﬂaﬂeprﬂemrﬁ adomgn 3,
characterized in that each R3 is independently alkyl, alkoxy contalnlng 1
to 6 car boRRAICAHRRN EPBF b, or hydrogen.

n is 0 or 1;
R! ig hydrocarbyl or substituted hydrocarbyl having 4 or
15 . more carbon atoms, and containing an olefinic double bond,
provided that said olefinic double bond is not part of a
ring; and , |
R? is hydrogen, hydrocarbyl or substituted hydrocarbyl.
2. The process of claim 1, characterized in that the
20  grafting monomer is contacted with the porous polyolefin ei-
ther simultaneously with the free radical generator, or af-
ter contacting the porous polyolefin with the free radical
generator; and, if the free radical generator is a chemical
free radical generator, the contacting of the porous
25 polyolefin and the chemical free radical generator is done
at a temperature at which the chemical free radical genera-
tor generates free radicals.
3. The process of claim 1, characterized in that said
grafting monomer is a vinyl silane of the formula R*;SiCH=CH,
30 wherein each R® is hydrogen, a functional group, hydrocarbyl

or substituted hydrocarbyl.
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5. The process of claim1, characterized in that said 5 grafting nononer
has the fornmula H2C=CH(CH2). Rf, wherein Rf is perfluoro-n-al kyl containing
1 to 20 ce®bwm2at ons, perfluo- roal kyl containing one or POT/ES@&l13840 oxygen
atons between al kyl (ene) segnments, perfluoroal kyl containing one or nore
et her oxygen atons between al kyl (ene) segnents and having at 10 | east one
ot her functi onal ’.gheupraseassuﬁsd:lauenz ciuara(cfi—'@m@d\/rmetmtmea;clam

i nteger of 1, t is.chlo |ne sulfon orld r box
hydr oxyrrejr%y:’rrl %‘ge]?ﬂ: nﬂ]ﬂ’i an%f ctF%l ak& %%‘t' erized

in that sghd éﬁﬁ&g@ftbﬁghygggggﬁ has the formula R CO2Rz2, mhereln RLis
H2C=CHR4- wherei n R4 a saturat ed hydrocarbylene or substl- tuted saturated

hydrocarbylene5cdﬂh@Jmm@geaso®fn@l@lmalbomhaEnQ#@Iléﬁﬁ 2 tkathyiieden or
aIkyI cont ai {{ﬁb%%%ﬁbggfaggganﬁtgqﬁnuﬁgIg Eﬂﬁcﬁﬁz ﬁﬁéfgf% % 1is

char at er§7& gener em cal ound. 8

The processrpiuciy-0r&1Ry1 CtehtBiding T hes azd etaziesh attbrhél;’itp@ﬁﬂflho—
polyolefin is a honopol ymer of ethylene or pro- pylene, or a copolymer
cont ai ni mgP2Liyl n%‘P%t%?Fnb@%yP’é%eor ABOER oDV OXVFRE 12 BB HREtWR ST he

B oopo v ) e o e e Lt ene,
and one oztlmer eoxmelacatydnms hetweeanalllaet (dne) sseghasterandrebdraicrylat acid,
30 or a nféaggr Aécogﬁ ggﬁgélonal group as a substituent, or
~(CFy) X wherein m is an integer of 1 to 20 and X is chlo-
rine, sulfonyl fluoride, carboxyl, hydrokymethyl, amide or
nitrile. |
6. The process of claim 1, characterized in that said
15 grafting monomer has the formula R'CO,R?, wherein R! is
‘IhC=CHR4— wherein R? a saturated hydrocarbylene or substi-
tuted saturated hydrocarbylene containing 2 or more carbon
‘atoms, and R? is hydrogen or alkyl containing 1 to 6 carbon
atoms.
20 7. The process of claim 1, characterized in that a free
radical generator is a chemical compound.

w' 8. The process of any one of claims 1-7, characterized
in that said polyolefin is a homopolymer of ethylene or pro-
pylene, or a copolymer containing 2 or more of ethylene,

25 propylene, and l-butene.

- 9. The pfocess of any one of claims 1-7, charactefized
in that said polyolefin is a copolymer containing one or
more of ethylene, propylene, and l-butene, and one or more
of acrylic acid, and acrylic acid ester, methacrylic acid,

30 or a methacrylic acid ester.
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