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(54) Title: COUPLING OF BLENDS OF «-OLEFIN/VINYL AROMATIC MONOMER OR HINDERED ALIPHATIC VINY
MONOMER INTERPOLYMERS WITH POLYOLEFINS

(57) Abstract

: The invention includes a process of preparing a coupled polymer blend by heating an admixture containing (1) a polymer blend «

-} (A) from 1 to 99 weight percent of one or more a~olefin/hindered vinyl monomer substantially random interpolymers, each having bee
made from monomer components comprising: (1) from 0.5 to 65 mole percent of either (a) at least one vinyl aromatic monomer, or (b) :
least one hindered aliphatic vinyl monomer, or (c) a combination of at least one vinyl aromatic monomer and at least one hindered aliphati
vinyl monomer; and (2) from 35 to 99.5 mole percent of at least one aliphatic c—olefin having from 2 to 20 carbon atoms; and (B) from ¢
to 1 weight percent of one or more homopolymers or copolymers made from monomer components comprising aliphatic a~olefins havir
from 2 to 20 carbon atoms, or aliphatic a—olefins having from 2 to 20 carbon atoms and containing polar groups; and (2) a coupling amour
of at least one poly(sulfonyl azide) to at least the decomposition temperature of the poly(sulfonyl azide).
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.. improve properties of the interpolymers or enhance properties that
25 .. can be achieved by using additives and would be more desirable to
achieve combinations of properties not attainable using blends of
polymers alone. Alternatively, characteristics of a blend produced
to obtain certain desirable characteristics would advantageously be
further improved by practice of the present invention.
30 Characteristics which would desirably improve would include at least
one of low temperature toughness, mechanical strength, heat '
__resistance and melt processabiiity, preferably heat resistance.
o ~ Coupling of polymers results in rheology modification of the
_,jl_pol?meri 'As used herein, the term “rheology modification” means
s ‘:chénge in melt viscosity of a polymer as determined by dynamic
"' :“@e¢Panica1 Spectroscopy. Preferably the melt strength increases
"”fﬁhile maintaining the high shear viscosity (that is viscosity
__ﬁ:hgasu:edlét'a shear of 100 rad/sec by DMS) so that a polymer exhibits
'?imbré"resiétance to stretching during elongation of molten polymer at
49  low shear conditions (that is viscosity measured at a shear of 0.1
rad/sec by DMS) and does not sacrifice the output at high shear
conditions.
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. homopolymer polyethylene and its blend with polyisobutylene.

It would also be desirable to use a polymer of enhanced melt
strength in a foaming process preferably to achieve at least one of
smaller cell diameter, homogeneous cell diameter distribution, lower

25 foam density, higher tensile and compressive strength, higher tensile
or compressive toughness. Preferably, the polymer would have at most
little high shear viscosity increase over a corresponding polymer of
the same chemical composition, but not modified to obtain the
enhanced melt strength, for example the starting material polymer, so

30 that it would have similar processing characteristics as the
unmodified polymer.

It has been found that blends of interpolymers made from

monomer components comprising at least one o-olefin and at least one
aromatic vinyl monomer or at least one hindered aliphatic vinyl

3  monomer or at least one cycloaliphatic vinyl monomer with olefinic
polymers, or a combination thereof said blends having been heated
with at least cne poly(sulfonyl azide) at least to the decomposition
temperature of the poly(sulfonyl azide), advantageously have
improvements in at least one of low temperature toughness, mechanical

4  strength, heat resistance or processability, preferably heat
resistance.
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(B) from99 to 1 weight percent of one or nore honopol yners or copol yners
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1850C. Further, the inventi &® i AEI RS I AR t° fEPABYF bPra process
of the invention , especial (§ aatolgrssi eherhiodemrd il fphat icewirtilomopymeshy cor
obt ai nabl e by heating an adteXt ar eontintich g 4d)least Coned Oy larbh&iid monomer
cont ai ni ng: and at least one hindered aliphatic monomer; and

20 ' (2) from 35 to 99.5 mole percent of at least one aliphatic o-
olefin having from 2 to 20 carbon atoms; and
(B) from 99 to 1 weight percent of one or more homopolymers_or

copolymers made from monomer components comprising aliphatic o-olefins

having from 2 to 20 carbon atoms, or aliphatic a-olefins having from 2
3 to 20 carbon atoms and containing polar groups; and (2) a coupling

amount of at least one poly(sulfonyl azide) to at least the

- decomposition temperature of the poly(sulfonyl azide) for a period

sufficient for decomposition of at least 80 weight percent of the

poly(sulfbnyl azide) and sufficient to result in a coupled polymer blend
0 having less than 2 weight percent gel. Preferably component (A) is a
"':substantially'random interpolymer made from styrene and ethylene, or

. Styrene, ethylene and at least one other w-olefin containing from 3 to &
carbon atoms; and component (B) is a homopolymer made from ethylene or
propylene, or a copolymer made from ethylene, or propylene, or a

35 . combination thereof and at least other a-olefin containing from 4 to 8
:_57- '+ carbon atoms; or a terpblymer of ethylene, propylene and at least one of
4-methyl pentene, butene-1, hexene-1 or octene-1. The poly (sulfonyl
~ “ azide) and blend preferably react at a temperature which is at least
greater than the first temperature, at least the decomposition

40 temperature of the poly(sulfonyl azide) and greater than 150°C. More
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(A) from1l to 99 weight percent of one or nore [err]-ol efin/hindered vinyl
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percent of the polescsild gRdducBZbdSinanIay RURALE AR A8 QchRCLHRSnARY (AN a
article whi chﬂp? orr%gggfb?e&é)@%%'iﬁi ) of the invention. Preferably the
0

article is 30 roma nelt of the conposition. Mre preferably it
is formed by a nela)l fracast fpstioly efeseabl gf the agr nexs| e-dlefémihdndrreddvinyl
cast and bl own shgfiomed islib3ta6OINE FSNOGM AREerpd] Pirk PreadB| detinddebn rhid&Erom

nodi fier for bitupeR.or -aaphahis cORPI9sidd.ons, or a conponent in a hot nelt
or pressure sensitive a e%(ymeo%litoegg rlfoam 29%f either 1NE tErm

" n H e erc .
I nterpolyner” is used herén to |ndicafe 5 07 erein at |l east two

mer
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and at least one hindered aliphatic vinyl monomer; and

(2) from 35 to 99.5 mole percent of at least one aliphatic o-
20 olefin having from 2 to 20 carbon atoms; and
{B) from 99 to 1 weight percent of one or more homopolymers or

copolymers made from monomer components comprising aliphatic a-olefins

having from 2 to 20 carbon atoms, or aliphatic w-olefins having from 2
to 20 carbon atoms and containing polar groups; and (2) a coupling

s amount at least one poly(sulfonyl azide) to at least the decomposition
temperature of the poly(sulfonyl azide) for a period sufficient for
decomposition of at least 80 weight percent of the poly{sulfonyl azide).

The invention also includes any an article which
comprises a composition of the invention. Preferably the article is

30 formed from a melt of the composition. More preferably it is formed
by a melt process, most preferably the article is calendared, cast
and blown sheet, f£ilm, compression and injection molded part, fiber,
modifier for bitumen or asphalt compositions, or a component in a hot
melt or pressure sensitive adhesive system or foam.

35 The term ”interpolymer” is used herein to indicate a polymer
wherein at least two different monomers are polymerized to make the
interpolymer. ‘ )

The term "copolymer" as employed herein means a polymer wherein
at least two different monomers are polymerized to form the

9 copolymer.
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units. Mre prefePibf3id LRECIDREERTOICHAEe Raschidedchy rihet Beinpudl bystat bégilgal
degree of either medelciri byta forsts\ordsetandt brddry Matbo i anestat istidall foddl€ as

carbon-" NWVR specldepeibedat b d25cs aabant iial by wapd d@%&ﬁrmﬂr@ﬁiyﬁbﬁ R&2Kon-
ar eas cor espondi 09 o BB RS mts@yﬁeemo@ﬂ% i o ——
representing eithgp ces, of racemc diad’s ences sho

0_dLa
not exceed 75 perceﬁtsugft??ltlat@}'q’l' 8'8k“§F§B° th’éeﬁﬁilthn% PR BRIYAGTA{@g one
and met hi ne carbops.mdi@ a-olefinARhoREFE Endabne/ Jru@drd &&hy PG rbRi@icN mbibledd€ana

all values fromt Bﬁti&%iy QJﬂL‘ﬁ 5&1&3&:'”‘?01%9\@?{2%@ Ug: %ﬁfhggélt mn%sfat%LaQ nde

ra
uni t prc“” ded tha%oﬁgkg} si do es n éacontaln more th an 15 pexcent of the total amount

| over of vinyl aromatic monomer in blocks of vinyl aromatic monomer of more
than 3 units. More preferably, the interpolymer was not
characterized by a high'degree of either isctacticity or
syndiotacticity. This means that in the carben™ NMR spectrum of the
25 substantially random interpolymer the peak areas corresponding to the
- main chain methylene and methine carbons representing either meso
‘diad sequences or racemic diad sequences should not exceed 75 percent
of the total peak area of the main chain methylene and methine
carbons.
] Any numerical values recited herein include all values from the
lower value to the upper value in increments of one unit provided
- that there is a separation of at least 2 units between any lower
value and any higher value. As an example, if it is stated that the
amount of a component or a value of a process variable such as, for
- % example, temperature, pressure, or time is, for example, from 1 to
- 90, preferably from 20 to 80, more preferably from 30 to 70, it is
intended that values such as 15 to 85, 22 to 68, 43 to 51, 30 to 32
© retc. are expressly enumerated in this specification. For values
'~ which are less than one, one unit is considered to be 0.0001, 0.001,
9 0.01 or 0.1 as appropriate. These are only examples of what is
specifically intended and all possible combinations of numerical
values between the lowest value and the highest value enumerated are
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val ue and any hi gher val ue. As an exanple, if it is stated that the anmount
of a conpone val ue of a process variable such as, for
tenperaturea'%)t’g)ég‘%?e,, or tinme is, for exanple, from1l to é’ET ? gg?ébly
from20 to 80, nore preferably from30 to 70, it is intended that val ues

such as 15 to 85’to %e con 1deré§ ttoob§% ?1.3 ? s%gte%t n rlg F£&%§L% in a

enunerated in this specificatl es a- ess than one,
one unit is consi W&t %rfnﬁmbeé 0. 0001, 0.001, 40 0.0_1 or 0 1 as appropriate.
These are only exanpl Plyrenghytedi 8 $HRETIPP CWREPTLALAL ¥HERY PAAGE LR © %6&%. bl e
conbi nati ons of ninventiral ansablewisbet webymerse Ercwesiymea| ire thadlen@ isi ghest
val ue enuner ated pd@olefiho be masidﬁermth@ prydi)épir&SSbynﬁéﬁicﬂglméﬁ% inddes
application in a simlar nanner. Polg used le startln% %ﬂe Is |n
practice of the | FROBNTIGReS FEmRSE RS B‘Fprfjﬁﬂ?r@'f eAE ORe SEPy ehet eBIF”'end
is a5 polyol ef i one apgmak g yinyinmorsimer p’ollyeﬂ;feforlﬁshm@eﬁﬁdt @%FWV@Y&&de
from monomer conpament:s og carplestnoneatydieasiphants [venyl] mohaer norandecbitaash
one aromatic Vi NY¢neFBOONR] 8 & 1£3SbnOBEndY peigmed il apmtéﬁénmsm&ommaner
or at least ong il OAldBNAl bfedtribtly FORAEPlachlraied YoRIAAL LORALREIFOT (A)
and at | east ‘one ot her, pol el 'tsharddgrtJer&nt TR th P -selfiShe |0
preferably a phaseonse arat 5‘ NPOSi PEI e BNt A ng- di e HEr d

and soft segnent sre%%‘?cé ‘Erf?es?t%ﬁ Hh%ségn’%‘}’l‘t &€ A8 ?ﬁtoFE‘égsﬂH@‘egot‘lt"pﬁd?ém%t it
i s not crosslinkethatni the rrompriikion patstisl thernophrsdict i dn Piendsitbere are

t her mopl asti c. | nadyhetmsotdier buapeenedva ol agpe desdty onenphpyicad ndropeftyatudreast

one physical ps opsiphyt SHebngRE, ik ifindPaL hest B AnCS! Lbd nemserabend

resi stance, |ow t@mﬁﬁ@surrﬁe&wbﬂ%ﬁenﬁscm@a@ ad m\sp@teatst%%@t%t} and mar
resistance, or p:ﬁ%@?&&%klﬁwo@uﬂé&e%& eé‘sdf% @S?rgé’r&aﬁfe%@ Qk £04g,9f the

sane conponents | nv

i nterpol ymers sui ¥BPE"4E ’t?&n%‘ffﬁéﬁq () efB’f“Fﬁse Qﬁdén‘ﬁ?tl%rrprl sing the
present invention i ncI%e”&%ﬁ%‘t%ﬁ%ﬁ?’f‘-#’bﬁdﬁn"F°“‘P°“ent (A) for the blends

20 comprising the present invention include substantially random

interpolymers prepared by polymerizing one or more «-olefin monomers
with one or more vinyl aromatic monomers, or one or more hindered
aliphatic or cycloaliphatic vinyl monomers, or a combination thereof,
and optionally with other polymerizable ethylenically unsaturated

23  monomer (s) .’ - '

Suitable o-oclefin monomers include for example, a-olefin
monomers containing from 2 to 20, preferably from 2 to 12, more
preferably from 2 to 8 carbon atoms. Preferred such monomers include
ethylene, propylene, butene-l, 4-methyl-l-pentene, hexene-1 and

30 octene-1. Most preferred are ethylene or a combination of ethylene

with C,; a-olefins. These a-olefins do not contain an aromatic
moiety. ) '

Other optional polymerizable ethylenically unsaturated
monomer (s) include strained ring olefins such as norbornene and C,,,

s alkyl or C,.,, aryl substituted norbornenes, with an exemplary

interpolymer being ethylene/styrene/norbornene.

Suitable vinyl aromatic monomers which can be employed to
prepare the interpolymers employed in the blends include, for
example, those represented by the following formula:



I nterpol yners prepared by polynerizing one or nore c-olefin nononers with
one or nore WOgNoR6onmati ¢ nononers, or one or nore hindered RCYHSASIITOGSr
cycl oali phatic vinyl nononers, or a conbination thereof, and optionally
wi th other polynerizable ethylenically unsaturated 25 nononer(s). Suitable
[err]-olefin nononers include for exanple, a-g}efin nononmers containing
from2 to 20, preferably from2 to 12, nore preferably from2 to 8 carbon
atons. Preferred such nononers include ethyl €OH, propyl ene, butene-1,
4-met hyl -1 - pentene, hexene-1 and 30 octene-I) k}bst preferred are ethyl ene
or a conbination of ethylene with [err] [Rdr+]€c=iC(RAR. These a-olef ins
do not contain an aromatic noiety. Oher optional pol rizable, .
et hyl eni cal |y uns¥PefFeitel ASrRfRerESS firﬁ‘él'ﬁ’&eg’é‘?"rpaf’ﬁeﬂy‘ﬂ?ﬁjgs SOBFIHEEuth as
nor bor nene and [ ehrdr@Bn ankpilkor rpdiedlsaegntadnbng ifrgp el tRof IRATRENEXLO™AF t h
an exenpl ary i nt eppetaraply isidnggei by | mstdi s} \Waehek’nos biokdepardenBly t selleetad regbm
aromati ¢ MONONEr S WA us adE ReaLimkoySith k01 Ay SR akirbhen idkhes DghY FBifrals
enpl oyed in the blgr %n'iﬂg\',#%%ufc%ue&%%%lleato QOS%&SP{ elz{e%? ¥ 5DGerny: ;
followi ng fornulal -b6- erertn R" 1s selec edqroml}] oup of ralcié]fs
consi sting of hydPSgEh 2aRRE Ik §FFOUPaaT aPBeRENEEPTR FYPFToMEE s ™R E5hdnte 3
atons, preferabl yshystriggentosehetted| franthe Robs jongépeindent | hrloe| ci-atkyl,
froms the group ehdragdiksiocalkgnsiadim@asfa Mathi® gebmatetoat&yd, padfemibly from
contai ning fram 1,L8, 4oC8I MRRc A URrabLLerAD! ¥xtMALLIeN gl SRR e Wnohscf
phenyl group or a phenyl group substituted wwth from1l to 5 substituents
sel ected from thelgebifs eewrens: | Higydftaiaene, G-mathylsyyrengndt-butyl styrene,
[err]-hal oal kyl ; anibddsb@ter,VahdlRdindmlzeidoreds G predeicatpyurfasom 10 zero
to 2, nost preferableichehfry BUEHEH18" YucH R¥honic@NBld1Ga0DRQARAS drdChols alkya-
styrene, vinyl tOlog-el{]a?lbge(:ﬁ(-_sqx%tspyéu%texrc?er}:%’vatt:fvte)alét yllxersétow: €Y eferred monomers
" 5. include styrene, a-methyl styrene, the lower alkyl- (C, - C,) or
" phenyl-ring substituted derivatives of styrene, such as for example,
ortho-, meta-, and para-methylstyrene, the ring halogenated styrenes,
.- para-vinyl toluene or mixtures thereof. A more preferred aromatic
- vinyl monomer is styrene. ' Y ,

20 By the term “hindered aliphatic or cycloaliphatic vinyl or
vinylidene compounds”, it is meant addition polymerizable wvinyl or
vinylidene monomers cdrresponding to the formula:

_ } o
i
Rl —C= C(R2)2
wherein A! is a sterically bulky, aliphatic or cycloaliphatic

5 substituent of up to 20 carbons, R' is selected from the group of
radicals consisting of hydrogen and alkyl radicals containing from 1
to 4 carbon atoms, preferébly hydrogen or methyl; each R® is

" independently selected from the group of radicals consisting of
hydrogen and alkyl radicals containing from 1 to 4 carbon atoms,

30 préferably hydrogen or methyl; or alternatively R' and A' together

o form a ring system. By the term “sterically bulky” is meant that the
" monomer bearing this substituent is normally incapable of addition
'5019m¢rizéti¢n by'sténdérd Ziegler-Natta polymerization catalysts at

" 'a'rate comparable with ethylene polymerizations. Preferred aliphatic
s or éycioaliphatic vinyl or vinylidene monomers are those in which one

'bf the_carbon atoms bearing ethylenic unsaturation is tertiary or
' quaternary substituted. Bxamples of such éubstituents include cyclic
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chl orost'yrene including all isomers of these conpounds. Particularly
sui tabl e suc rs include styrene and | ower al kyl - or

hal ogen- subst tuﬂm(}gderi vatives thereof. Preferred nononers HCUPHLIo6] e
~styrene, a-nmethyl styrene, the lower alkyl- [err] or phenyl-ring

subst i t ut ed derivg&mﬁé 130l 608, a2UGAR O FUABEry2 011 0ccBBLE: o AN

par a- met hyl styren rin

I e 0
m xtures thereof . ]éy Pefer?’ %%3'?1&%5?‘?8%5’["@%# gher’rﬁ’h )éerffﬂl‘é% ?‘5)
By the term "hi ndé‘P‘é‘EPraﬂ ph‘é‘ﬁtcp’fﬁfeﬁ’i&q Bindepemk B LPRREAS 0T oFYSHPRLIBNARfe vinyl
conpounds", it isoreEnylEtde tdoppoyrdE yarer threabheiovs rigomericyvinyit ddma nononer s
correspondi ng 0 thesdiottad aeridativesrdf wisiohexendl ards substt eutedatcioliekys,
al i phatic or cycl qakisphatyi18dee-5Lsbdindad! 8fpdéRaily 20itG8IdQARSE,1-R 31 Sang
sel ected from the, arQupQh fadical s consisting of hydrogen and al kyl
radi cal s contai ni ng Ji‘roml to 4 carbon atons, preferably hydrogen or
met hyl ; each R2 is i nd@peddesrrblymesp exft enk fordmrﬁheogpéim @fd ppelicrakere
consi sting of hydweganasddtid kighoteadi didl Sr @BHd Alinddrgal419Phdeik0oxd car bon
atoms, sO prefgr a%&’lcﬂ!%ﬂ&g?@ v@ﬁ lmBMers Cgmp%fegrﬂ‘?%:hé/%rgse{rﬁr Ellvetng% bed

formarlng system telcally
monomer bearing tAr bg%n% at%}’ rent 5°{ Chal | g elsr?cgntaeﬁf’ofy% % 5“‘?113 dontain

pol yneri zation by t5¢ARdArE %‘eﬁf%ﬁerﬂﬁ'ﬁ 5r9% yrr?eFf"zé{‘PF%r?rﬁﬁ‘ir&P%tfé”‘&tz o5k e
conpar abl e with efh}? BAECSISI SfeF i \Paet NS, vipy bfagpPratd caringher ihéndgedr
cycl oal i phatic vi a¥iphet i ionydyvicdeld pharieneinyl awcactdro sad ifmomtischo oes of t he
carbon atons bear pagreehbul emncmgﬁaabw &Bté)@réfelrhgl’yt i Bdny scrtd;uatmafﬁe&ﬁent
substituted. Exanples of such s i fuents include cyclic -7- al i phatic
groups such as cy Foa}f'ei st %’ifc?g’r?z‘?‘é’rﬁ/f* OGP BTN TFO™ Gr £F iPAgSHIPRY 18t GPS -
aryl substituted deri vatheare@pttih@alee@lyrrleemabb@:teyhyle&mally unsaturated
monomer {s) include strained ring olefins such as norbornene and C,.,,

alkyl or C;,, aryl substituted norbornenes, with an exemplary

20 interpolymer being ethylene/styrene/norbornene.

The number average molecular weight (Mn) of the polymers and
interpolymers is usually greater than S, 000, preferably £rom 20,000
to 1,000,000, more preferably from 50,000 to 500,000.
Polymerizations and unreacted monomer removal at temperatures

25 above the autopolymerization temperature of the respective monomers
may result in formation of some amounts of homcpolymer polymerization
products resulting from free radical polymerization. For example,
while preparing the substantially random interpolymer, an amount of
atactic vinyl aromatic homopolymer may be formed due to

% homopolymerization of the vinyl aromatic monomer at elevated
temperatures. The presence of vinyl aromatic homopolymer is in
general not detrimental for the purposes of the present invention and
can be tolerated. The vinyl aromatic homopolymer may be separated
from the interpolymer, if'desired, by extraction techniques such as

35 selective precipitation from solution with a non solvent for either
the interpolymer or the vinyl aromatic homopolymer. For the purpose
of the present invention it is preferred that no more than 20 weight
percent, preferably less than 15 weight percent based on the total
weight of the interpolymers of vinyl aromatic homopolymer is present.

40 The substantially random interpolymers are optionally modified
by typical grafting, hydrogenation, functionalizing, or other
reactions well known to those skilled in the art. The polymers may
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nor bornyl. Mst preferred hindered aliphatic or cycloaliphatic vinyl or
vi nyl i dene wowpeenaes are the various isoneric vinyl- ring 5 spOsusSHaines
derivatives of cycl ohexene and substituted cycl ohexenes, and

5- et hyl i dene- 2- norbornene. Especially suitable are 1-, 3-, and’

4-vi nyl cycl ohexeme reddly BhRE@eitpdes:s chllotimated toprovidd dhnesioantizage or

rcmg Fo\é: Inylhaiilrgﬁ%ﬁra@maécmnfrcméeamﬁ@leae&@hhe&w iec or 10r
sﬁbst ant Pal |y randgm o%]%%ga egyegf;ﬁ r'\51%62£Jr7é § usua B%%éy}al nﬁy from 0f 5
to 65, pref erabl?PlfYF"SE’r Ingo2 SBEXEREP 5 P8]r ?&?P?meﬁro"y BT HEFEEN?

of at |east one mw}ﬂo@ﬁm{-’l@ﬁﬁ!ﬁﬁw Eﬁmwdc%ﬂaﬂp’ﬁa% |§9ro?~n~°d3)¢élceaﬁﬁ phatic
vi nyl nononer angescroredSint o ¥P-2-0)416,pLefgr dhhgs fa.08vekens0etO Rl . i U. S,

preferably frompQdne 8. B0he3 PRFCOPIFahctd J.CaShmddRe abrRatddL opefdthngn
having from2 to, 2%1Ei‘<§1?s°r£o§tm-; ,Dn%h?ﬁdm?ﬁ?éa&%ggeﬁezBPlr.%ures fro

ethylenically uns rar ne S sqp as
nor bor nene and CPHPSEREIAC UP §3r POGAFOSRASTES t TRE FERBFISPRBH T ™ 1h Ca
exenpl ary 201 i n2@°el yner bei ng et hyl ene/ styrene/ nor bor nene. The nurrber

average nol ecul ar wei gkdmp(ibh)odisut bebleobyralystanghd niceliqusl YorIreparitgiiahéy

greater than 5, Ogﬁustaﬁ@iarlzbf%aoaomt%@pg%ér@ 4r&Q0 808:sJTBEE Refeg abl y

from 50,000 to 500,000, f0 W—)ﬁﬁ% 85 ?%’eduil g%t ed 5@’&%51?& ;{ﬁa%ﬁ%g‘ P-A-
f ? i 6pec

1 Lat n
t enperatures 25 ’tqn Ive
mononers may resttr 8??1 35y Ffﬁ’t’r &3 st'sﬁﬁ’ée%ﬁﬁ)uﬁtg
pol ymeri zati en pF$dcBe2r Ssid2i38§: f¥.38°F 12 ﬁaél?ballospoﬂﬂﬁér: P24t |5®h$0'F7(3|3'
exanpl e, while 'pss;_espaci;sm; 15he9s,u;bst araridalsl'yzlr,aaslom i nt erpol yner, an anount

of atactic vinyl aronpti Q be forned.due to 30,

hormopol yneri zat i on 01?%? tlﬁ¥g‘f‘?r§tan§ '8%5%1"58’18}’;?5(088‘:‘[%ﬁB_'é?ﬁ&%}V@%’_s
The presence of mmyllswhﬂmmmaménm&hynmth@ﬂﬂesgmibﬁﬁlbynéwrd&-r?nﬂﬁlﬂ et
for the purposesanf (Fhe peesents caverin wo sE7d2098; bg RolEr abmkl1THEnNY|
aromati c homapol yHgat cAB pakene£Pahat PAnf #1684 /A6sb6 @MACY BEscids @esidAday DY
extraction tech%qlﬁgs(ggﬁzgﬁggr @992§el ective precipitation fromsolution

with a non solv
1so sultable are the substantlally random interpolymers which

comprlse at least one o- olef;n/vxnyl aromat1c/v1ny1 aromatic/a-olefin
. .tetrad disclosed in U. S. Application No. 08/708,809 filed September
'_ 25 :“4, 1996 by Francis J. Timmers et al. These interpolymers contain
fadditional signals with intensities greater than three times the peak
_”_£§ peak noise. These signals appear in the chemical shift range
. 43.70-44.25 ppm and 38.0-38.5 ppm. Specifically, major peaks are
observed at 44.1, 43.9 and 38.2 ppm. A proton test NMR experiment
<)) :indicates that the signals in the chemical shift region 43.70-44.25
_ ppm are methine carbons and the signals in the region 38.0-38.5 ppm
" are methylene carbons. '
; ' In order to determine the carbon™'* NMR chemical shifts of the
interpolymers described, the following procedures and conditions are
3% employed. A five to ten weight percent polymer solution is prepared
in a mixture consisting of 50 volume percent 1,1,2,2-
"tetrachloroethane—dz and 50 volume percent 0.10 molar chromium

“tris(acetylacetonate) in 1,2,4-trichlorobenzene. NMR spectra are
wYacquired at 130°C using an inverse gated decoupling sequence, a 90°
m”fﬁpulse width and a pulse delay of five seconds or more. The spectra

* are referenced to the isolated methylene signal of the polymer
-“_assigned at 30.000 ppm.



the interpolymer or the vinyl aromatic honopol yner. For the purpose of the

present inve is preferred that no more than 20 weig er cent
preferably Ig&sdsgmhan 15 wei ght percent based on the tot aI \Ag"aﬁ‘ﬁs%ﬂ be

i nterpolyners of vinyl aromatic homopol yner is pr esent . The

bstanti al | d [l d
Zgafst ?gg' ahyér gggngm ' QEE{SDBLJYJE’@E@ ALE (RRLd A0 s nam; a{gt Iﬁg% Ry ;gq%' ﬁ@es

those skilled in tf& Vrng tfﬁgheﬁgfrgf’né?’s gﬁ?’ %mmatl%éw?%'}fal Ifrfcgﬁ?q: 8t ed or
chlorinated to prasilisedwycht arabt oae cdeLéfiat insest ABC OfcH Bhnple et abl i shed
techni ques. The s@ﬁ}@%y&wﬁr@mw&w&@y&@&& AEEe R BRAS @,sﬂre?,x mopomex

pol ynmeri zing a_m xtu rl NDNONEL.S resence
nmet al | ocene or cons?eretmns 89 ot ast 3 cms":t N uswelgt an efzzs CF? 6881“. n

ned oimet 1
to EP-A-0, 416, 815 “'Bg}“‘-ffarre%t% ‘étdé%?%fr?ede‘iy gre skided, B thaaghtthRs. £, o 187
by Francis J. Ti mierspdspinvpdyingda opayherenptéomgnenemstiieyr thagchtyrene and an .
pol ymerization regChidis dthér mhsﬁsaeagﬁnar aéﬂ@éﬁl}%ﬁ /v fgr@a‘%%’l os of

at nospheres and te era err

u,
suitabl e catal ysts ?Pé iaaic’%trlc ‘%‘53‘? /ﬁ{gh‘f]‘r‘?ﬁestﬁ%? et hgtye rra‘ﬁﬁld:ﬁ\
i nterpol yners &r esé‘f"s‘@rd‘?astBP‘bse’t?’"ﬁ ﬁeiHSSPUtAﬁf:ﬂh [ZER T Iﬁ}ff%}FPl?O?emwl filed
May 20, 1991 corre&bpthsdi ng to EP-A- 514,828; as well as U S. Patents:
5, 055, 438; 5,057, 475; 5h&86idetpollmers @6& p&@é’areE 5;8201&&@1:1@ 89, 192;
5,321,106; 5,347,024: 5 350, 723; 5 374, 696 35; and_5,721,185. The
substantiall'y ran83W 5T fi”hf\?lﬁweﬁﬁ%ﬁﬁ PE ﬁrﬁ’t“erﬁ?o(f et P %a‘ﬁ thies Brasgnce
prepared by the mefhHdE8 HE3LYStEet ByoForepreseBeddiutee dormila (W R Gace &
Co.) in WO 95/32095; by R B. Pannell (Exxonc20 Chenical Patents, Inc.) in
WO 94/ 00500; and in Plastics Technol oav, . p%m235 ( Sept ember 1992). Al so
suitabl e are the substantially randomi nt(po rs which

\\\ MR',

15 CP '
wherein: each Cp is independently, each occurrence, a substituted
cyclopentadienyl group ®-bound to M; E is C or Si; M is a group IV
metal, preferably Zr or Hf, most preferably Zr; each R is
independently, each occurrence, H, hydrocarbyl, silahydrocarbyl, or

2  hydrocarbylsilyl, containing up to 30 preferably from 1 to 20 more
preferably from 1 to 10 carbon or silicon atoms; each R' is
independently, each occurrence, H, halo, hydrocarbyl, hyrocarbyloxy,
silahydrocarbyl, hydrocarbylsilyl containing up to 30 preferably from
1 to 20 more preferably from 1 to 10 carbon or silicon atoms or two .

s R' groups together can be a C, ,, hydrocarbyl substituted 1,3-

'_butadiene; m is 1 or 2; and opticnally, but preferably in the

presence of an activating cocatalyst. Particularly, suitable
substituted cyclopentadienyl groups include those illustrated by the
formula:

i é(R);;

30
wherein each R is independently, each occurrence, H, hydrocarbyl,
silahydrocarbyl, or hydrocarbylsilyl, containing up to 30 preferably

from 1 to 20 more preferably from 1 to 10 carbon or silicon atoms or
two R groups together form a divalent derivative of such group.
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conprise at | east one a-olefin/vinyl aromatic/vinyl aromatic/ molefin..
tetrad discl 9axe/i0d26). S. Application No. 08/ 708,809 fil ed Sep®PEMIiNsAT68,
1996 by Francis J. Timers et al . These interpolynmers contain additional
signals with intensities greater than three tinmes the peak to peak noi se.
These signal s app&arferabiie R HoAerandestiy earh MpSugserR®- 49, dncpudingnuhere
38.0-38.5 ppm Spepidprdaké yallnmbsanerpkdiygiragen ,olsenyid eahy¥4d ptopyl3. Bugnd

3ﬁ- 2 pplm ﬁ_ ]p{ oto eﬁ t, N&ﬁszaeﬁémnghéﬁm 861 HaLESod hahetd Apsidiakse) Qthe
chemi cal shi re i ho na

in the region 38 Pé’%r&?ﬁ %r§51 Q,ﬁg{if{fo egg‘%’g fg@mfﬁ E‘Ssead]?”t’% SP'glr:%n“ r?émh as

the carbon-'3 RVRIE %’HCa ‘écfﬁeﬂ’g fﬂ?é’dirﬂf‘éqeﬁ‘é’ﬂyn%er?a{%%fl BREPYEhePT

fol | owi ng procedupstahydgobintienybns are 35 enployed. A five to ten wei ght
percent pol ynmer sol uti cartscyleeparpdfetrett Bhtdlyses CiMtduas) Mproéxdnid1y plrademic-
percent 1,1,2,2- t@m@&,lg}h@mﬂeawﬁczdae@m 2 &W%Q@ﬁ?ﬁiﬁmﬁlum WL¥Horide,
chromi um t i s( acetyl acel QpALs), yibirhogaflioL 1 000DENERNE WIS SRECLEALAL,.

ach| red at 130C U an. 1.nver écou ence,
width and a pdfsedﬂiBll‘%V ot %lb\’féa‘é’t?é‘ﬁndﬁac@fmﬁb imethyls 14 pRRdivd a‘r“@t yl-4-
ref erenced to therheryldndenyidt BiFcondumidingl., oflkyhe Tegepher (dapsihyledlatediyl (2-

30. 000 ppm |t mkShyiski-giveasy 1t iddnyl NESE-cBAYGMG GG RE)_S adkExiHeS &P HPULRERSion
i nvol ving two headpiQdeai | Vinyl arorratic mononmer preceded and foll owed by

at | east one [err]-ol eflnhnsert on eﬁag%)le a .

et byl ene/ styr enel st yr eRet Ryl R’é?%afgﬁl‘%éﬁeé A ﬁ8rs'{]'ﬁfr SRESTRASHET CPRRYIEF oY
of said tetrad$ OEELﬁ“eeREﬁEﬁtvé‘P‘fFrﬁthma hpve bepmagdeseribgf| dn rRANLYterptuges Longo
under st ood by onearkiGriaesi | c Volureutn t phpesi238Mvial 238€ A990})

vinyl aromatic noanpder Aﬁhﬂenot Banist yteiaadnsk apgpl sia ]pop}neafﬂ scg;nlaer #d13he s8,
et hyl ene -t hat the 5&4@’|195‘§J1\’7'0@yk19%"5?mép8r€@5]%9€eﬁéev'o@yé JﬁMgzystemkbased

znononer / et hyI enc tetr% se to siml ar r1 er

but with slightly®ditre umg m ca SRR ?Cl?ﬁggrea lﬁf‘E P $rifRptoride
prepared by c%dué?‘?'lﬁéz t hé"p%‘f%ﬂ?é?l%ﬁﬁﬁleé‘ﬁ F%Yﬁ?é‘?a?%é’mﬁ fxluo?ﬁ‘d 3dperr] C

to 250[err] C i'n tkeelymercPreprints; ai. Chemabget,DinsPollymschernjr bsbmeesls byayée
formul a wherein: es&lss@p(im4l ndependefddiyd E&polyRaizat 8HC disiag bstitut ed

cycl opent adi enyt %@QprfCL/NdCl,/Al(iBu).,l catalyst to give random copolymers of
_ styrene and propylene. Lu et al (Journal of Applied Polymer S ience,
25 Volume 53, pages 1453 to 1460 (1994]) have described the
copolymerization of ethylene and styrene using a TiCl,/NdCl,/ MgCl,

/AL (Et), catalyst. Sernetz and Mulhaupt, (Macromol. Chem. Phvs., V.
197, pp 1071-1083, 1997) have described the influence of
.. polymerization conditions on the copolymerization of styrene with
%. - ethylene using Me,Si(Me,Cp) (N-tert-butyl)TiCl,/methylaluminoxane

- Ziegler-Natta catalysts. The manufacture of a—oléfin/vinyl aromatic
" monomer interpolymers such as propylene/styrene and butene/styrene
are described in United States patent number 5,244,996, issued to
" Mitsui Petrochemical Industries Ltd.
3 Olefinic polymers suitable for use as component (B) in the

. l'blends according to the present invention are aliphatic a-olefin
homopolymers or interpolymers, or interpolymers of one or more

" aliphatic «-olefins and one or more non-aromatic monomers
' ihterpolymerizable therewith such as C,-C,, d—olefins or those
40 aliphatic a-olefins having from 2 to 20 carbon atoms and containing

- -polar groups. Suitable aliphatic o-olefin monomers which introduce
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bound to M Eis Cor Si; Mis a group IV netal, preferably Zr or rmst

preferably Z@ ﬁﬁ R is independently, each occurrence, %?{
si | ahydr ocar (ﬁ hydrocarbyl silyl, containing up to 30 preferably rom |

to 20 nore preferably froml to 10 carbon or si] icon atonms; each R is

i ndependently, ea%talacswpenﬁﬁo the BalyRer mﬁgi&garka@ exmbaec:% iémany

si | ahydr ocar byl dart(‘)lgq_; yllstf y corg al n| nr? gnqtrgl oI 341%9 gom lto
20 nore preferabl y 7 0°¢ f‘ %ﬁﬁ oups

t oget her can be acSFRsY?! WBFUr?ar"e%ﬂ 's‘?.HS%Jr"r"th?Je]ﬁ “ﬁ‘sa§“’6?}‘te8d?’8w ri %‘Cf‘ i
2; and optional | yralgic pieteidsh s-hivhenisal BEEAREER SR ﬂﬁdaétﬁu\?at"}%g ,

cocat al yst. Pasti euhdrhide,swetthabhdasidesbtd ut echydyciepintuashtamatedycaxiosylic
i ncludc those ill @gidsatiestnbyorioneaddotifinat i0MIEY &ubh @RCHcHR1LS ajclaiemndent ly,
each occur rence. - Hehdeorar o, Sid. anvuoachidosasty mmro@azbm hyle,-c
cont ai ni ng up to 3 k rest I‘gE) %{tqlmlenlcalf% unf%turgxfedf gazab cr#llclr QCJtCJp éuch

carbon or silicon ato rivative

of such group. - PBY A‘Rﬁfﬂ%’DdSHE'EfthYl PF*@%@F%MW%Y?HH&%W&&H 13- %ﬁé‘?‘l
occurrence is Pi néridiafig axhaetdagpprbpr Raedvathexyizprriale Byerogeivenk@AlY
et hyl, propyl, butwyéatupersdyfijcanbosyllic bend vimideghengtt asrN-eilkyl corN-{awpkr e
appropriate) two SHCHinEIEE SUFS ad e phédiiedalled@fich eérd. Orraragam yf sisc®dmdriongrs
system such as 5 cLadeRYg éiaoggaa}sg,axreesml@y@raewd% %1’ acetate, maleic

on

tetr ahydr of | uor en)él d(%rd Elprl%nylHalo tgL.yrgol{legr r}écgrc%neﬂ ?.gcluded in
catal ysts include, or

(di net hyl si | anedi gh¢ Znomewl fnﬁ:ﬂlpd!ﬂe-nyémmd@mlleyférz mpoanek e mndilwle Siucténe, .
raceni c- (di met hyl shicnadiank(RoiBid)y brébePRORY bidhdgaink)  iak6 WH1BMnheda 10
di phenyl 1, 3-but agbﬁ}é‘inyfe%?”(‘c%a()d' ”?:tefi)éh%ld' @fb%q{'xyé Eaghm?egrg'yﬂor use in tC

ic,

phenyl i ndenyl ))ziteoni um di -[err K racem c- ane
nmet hyl - 4- phenyl i nHenyeIn )lznlvr%%lr?flu%ﬁedi—' 8 KS:; Lateergeflymgﬁs o oftbi® n 1-on

t hereof . Further pnejpeisag icyelamtptadscf Gi‘oldfen |hatvauq3cﬁk9mertcn:anpmmnn atBps .15

of the presentxi NEENaL2E dianPcResR HawpbifRdsidt bhig1bhd %Eaéz‘ébf‘lerleonﬁﬁ and
G assi (Makromol. Chem, Volune 191, pages 2387 to 2396 11990 and

D Anniel lo et al . {PIRFBPHEISTHOIABER PEJOPS| YRR i PRIPRETS \/oPRieE %fe*red

olefinic polymers are interpolymers of ethylene and one or more other

o-olefins having from 3 to 8 carbon atoms. Preferred comonomers

include 1-butene, 4-methyl-l-pentene, l-hexene, and l-octene. The
s olefinic polymer blend component (B) may also contain, in addition to

the a—olefin, one or more non-aromatic monomers interpolymerizable
therewith. Such additional interpolymerizable monomers include, for
example, C,-C,; dienes, preferably, butadiene or 5 ethylidene-2-
norbornene. The olefinic polymers can be further characterized by

30 their degree of long or short chain branching and the distribution
thereof.

One class of olefinic polymers is generally produced by a high
pressure polymerization process using a free radical initiator
resulting in the traditional long chain branched low density

35 polyethylene (LDPE). LDPE employed in the present composition
usually has a density of less than 0.94 g/cc (ASTM D 792) and a melt
index of from 0.01 to 100, and preferably from 0.1 to 50 grams per 10
minutes (as determined by ASTM Test Method D 1238, condition

190°/2.16). _
4 Another class is the linear olefin polymers which have an
absence of long chain branching, as the traditional linear low

-12-



pages 1701-1706 {1995]) reported the use of a catalytic system based on

met hyl al uno¥wmoediea®) and cycl opent adi enyl titaniumtrichl ori d®@CIQUS8/17668

(CpTiC[err]) to prepare an ethyl ene-styrene copolyner. Xu and Lin (Polymner

Preprints, Am Chem Soc..Div.Polvm Chem .) Volunme 35, pages 686,687 (1994])

have reported copdbym E@kyreéhymengoamwgéj (eTRTPaBnREC JLBPE) By) [ &redr high

catal yst to give aaﬂdmsn popeitiybine pblysteys e(HDPERNthadeopsdngnBiedleret al

Eiggz 2;’" hof A\éoll ﬁ@dmleﬁcbm&aseaafomﬁf B183.u.Bagstend 2.t 0, AL@9s
ave descr e.c o) using a

Ha Gt wa [M&im},gd ﬁgg LY EBhk £ el 0 e dELEOEANY SThERS.

(Macronol . Chefn Phys. HDEE °f§7 St$H M3 HRY. ?g gPng; rh%%é’ea ?’ﬁebgﬁa‘t“ﬁe The

i nfl uence of pol yHBPE 2apleredc shdihel presesh @moeemwmql;lm ham 2pflengifyepl at
with'so ethyl enelgasng. bﬁb@la(né/ﬂieef EQ}Y) centimeter (g/cc) as determlned by ASTM D
(N-tert-butyl)Ti C 2/ methyl al an Zie | er-Natta.cat

manuf acture of a- dP2f iARAV? rﬂ# t 155 %%?Er C??f{lét"ﬁﬁlér?ef lébc’rf‘ gbe range
propyl ene/ styr eneoanﬁrdmtle‘ﬂe/tgtWoenen@rpe‘EQembrlvme A- kot Be Beas eeepalent
nunber 5, 244, 996, miswieed to M tsui Petrochem cal Industries Ltd. 35 -

A efinic polyners suitahl %Jt‘gi'oé‘@ﬁoaé Iﬁ.@gﬁloé?\?ibyécf’)ln' End Iﬁ?epér?cn@§m§"é\s@.‘e'igﬁ ng

to the present |nvent|<1ri alga% al éeDhaE 0L € an;o %c A(g D 792} . and a
i nterpol yners, or IFRT S yrrers ohe or or'e allp ati ¢ of I'nS and’one

Oor nore non-ar onainert mﬁm@sm*ﬁzsepod:qmetimabbe?ﬂzhm)emt the;uehgasaaf[ €rdn 0.01
[err]-ol efins or {hos® 40na %'répéﬁtohg £ 671 Ry b@vgraasfaem@ difiugs car bon
atons and cont, al ni,n E10 L? %r {;BJSP uitabl e aI fnbat'? er rl% edl n_nMononer s
whi ch i ntroduc® %fb -y ’ér v} P8¢ 85 13 Eﬁ? ne uo':ey o %8 a?nﬁ gr more
et hylenically unsat:wxahedlemméniae&nguﬂmas BCcnyl| rbbhi dthms, more preferably
met hacryl onitri | ee gh RAGrdABh Ak, ufee: r@édhx{@ fometd Undisd YL BhEthe, 4-

unsat urat ed am des such

anhydri des such.as rpﬁl hc anh g Sé eth y epni.ca
as s acryl am de, NEURACHAAINES dros*ens hZﬁ‘ Ai @37 -unsat ur at ed carboxyl i c
acids (both m)no- and @i FYRTEeF oTiasF tnicha s°fa6F?I‘-}“éfSE'T']d’ BRgnched or

. homogeneous polymers (for example, homcgeneous polyethylene). The
homogeneous polymers contain no long chain branches and have only
bfanches derived from the moncmers. (if having more than two carbon
atpms); Homogeneous polymers include those made as described in U.S.

Patent 3,645,992 (Elston), and those made using so-called single site

25 catalysts in a batch reactor haﬁing relatively high clefin

' concentrations (as desciibed in U.S. Patent Nos. 5,026,798 and

5,055,438 (Canich). The uniformly branched/homogeneous polymers are
those polymers in which the comonomer is randomly distributed within
a given interpolymer molecule and wherein the interpolymer molecules

3 have a similar ethylene/comonomer ratio within that interpolymer.
The homogeneous LLDPE.employed in the present composition
geherally has a density of from 0.85 to 0.94 g/cc (ASTM D 792), and a

‘melt index (ASTM-1238, condition 190°/2.16) in the range of from 0.01
~ to 100, and preferably from 0.1 to 50 grams per 10 minutes.
.3 Preferably the LLDPE is an interpolymer of ethylene and one or more

iu- - .. other ea-olefins having from 3 to 18 carbon atoms, more preferably
.- from 3-8 carbon atoms. Preferred comonomers include 1-butene, 4-
. methyl-l-pentene, l-hexene, and l-octene.
.. . Further, there is the class of substantially linear olefin
40 polymers that may advantageously be used in component (B} of the
blends of the present invention. These polymers have a
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met hacrylic acid, etc.; esters (especially lower, for -exanple [err] alkyl

esters) of e lcal ly unsaturated carboxylic acids such
nmet hacryl at e%%%wﬁacryl ate, hydroxyethylacrylate, n-butyl 1 %%%‘J{/ﬁ%te or

nmet hacryl ate, . 2-et hyl - hexyl acryl ate etc.; ethylenically unsaturated

dicarboxylic actd biBdesnivnly aRuep!diing! dNatd HRlBLATHRS YRR R or
\-phenyl malei m deg gtC. LLaherally SHel moaters conl alidng.polars Jpaps
are acrylic acid, (‘/‘rn%r acet Ale* mal et an ?/cfri e Yand acry SRrtrrie ~-°
Hal ogen’ groups whi BaFeBaABe 5-A¢ #dBA5i28:3Re pol ymers from al i phatic
[err]-ol efin nononmers iTel SRiSitY 9Srtheesunspoiipdty didteds okefie; PQivedns adl y
such pol yners ase wddsorednat ectcpaiayped lwitieratM (0CPES ))is dmetaYlyeticand efdsnplee to
pol ymers for use i§. d7hg/de, es@Rbrdny &b Q) 881 &/ BOFDBOS3ETE &, Ohind RESIRAL WTer s
of an-aliphatic, ipgchugdigaosrwcloal bphgtic, a-olefin having from2 to 18
carbon atoms. 20 Sultaple exanples ar 8%0”0 ooﬂﬁﬂﬁlz% eéo%&%%é’{]oo /2.16
propyl ene, and i nter pol yr?ers of "t Wo or ra ax-ol ef 1 n mononers. er )
preferred ol efi ni c*pdPYifeFe "y 88 iTptePhdthg nBtest it 1at 1y L EHRET aPiF E4R @O0V STo i 2
ot her a- ol ef i ng°® hagdnsga¥vofr® P P189LHr bbn 82 PO 9/PP ety r g eEenabip fgpg 0.01
i ncl ude 1-butene, dtuvening ed-1perd/enerinl,; halcaspectaldy| front ®e. g/iitemidb to 10
ol efinic polyner b§erdaonponent (B) may al so contain, in addition to the

c-olefin, one or nore noR,arQERAided m“%@ﬁtia“&ﬁﬂ Rk yamLE ZRbLEG: thanert th.
Such additional interpolynerizable nononers include, for exanple,

[err]dienes, prefepdymgzs pod a@hme&-oseféphwtq‘edmﬂe&nérs destribarie, thEhE. S.
ol efinic pol yness psdenbenpblidaiesn sbaraciensi gadebss Jtral-hew MoTemnee waligitong

or short chain bragpghness, apthbhfandhst b Pubbom.t heicged:, Chaicl astesd
olefinic polyners is ?enerally produced by a high pressure polynerization
Y]

process using a fr¥dvieRa/Baplefi tinseprlymess| havAgl FeAthFag i PRTrAl thadng
chai n branched | ow.@@nsidrya 3mmbeyo hyetaby r@lecylebRigight LBRE lesplthpadiy, nod.he
present conposition usumel yudaasntaallBNIiddsrodldeen oolifmdr Bardébe O GOmdpdDIM Dot

792) and a nel tzo i ngzeéz Q:fleE{rer,n Qxcglast Qtl-]ﬁgne ,a%goﬂh%ﬁ@,f abzhéﬁh%ig.rrbgnéenkp eﬁg ,
grans per 10 m nutes (as determ ned by ASTM Test Method D 1238, condition
190[err]/2.16). cr it can be an interpolymer of ethylene with at least one C,-Cp o-—

olefin, or C,-C,, acetylenically unsaturated monomer, or C,-C,
diolefin, or a combination thereof. The polymer can alsc be an

interpolymer of ethylene with at least one of the above (,-C,, o-

25 olefins, diolefins, or acetylenically unsaturated monomers, or a

combination thereof with additional other unsaturated monomers.

Especially preferred olefin polymers suitable for use as
component (B) comprise LDPE, HDPE, heterogeneous LLDPE, homogeneous
linear polyethylene, substantially linear olefin polymer,

30 polypropylene {PP), especially isotactic polypropylené and rubber
toughened polypropylenes, or ethylene-propylene interpolymers (EP),
or chlorinated polyolefins (CPE), or ethylene-vinyl acetate
copolymers, or ethylene-acrylic acid copolymers, or any combination
thereof. More preferably, at least one of the polymers (B) is a

33 propylene polymer or a homo- or co-polymer of ethylene with at least
one other addition polymerizable monomer, most preferably a propylene
polymer, a high density poiyethylene, an ethylene alpha olefin

copelymer having a heat resistance (melting point) greater than 90°C,

or ethylene vinyl acetate copolymer (EVA), particularly a propylene
4 polymer, that is a polymer having at least 50 mole percent propylene

repeating units. Ethylene/alpha-olefin copolymers are preferably at

-14-



40 Anot her class is the linear olefin polyners which have an absence
of | ong chawo dwmdzthi ng, as the traditional linear |ow -12- PCQI&SA8(1{668

pol yet hyl ene pol yners (heterogeneous LLDPE) or |inear high density

pol yet hyl ene pol yners (HDPE) nade using Ziegler polynerization processes

(for exanple, U.Sledat€hiwelight He@76)6%8hyYenter skriveropylepe iy msefnbs ampraye
het er ogeneous pol yd@rr esizrance and tddTus odSicomsomamitnhy dfeak orgpilskasesr of

Eol yet gyl en te ch ?I on;ﬂttf AEEEE&I%QDJ:%QJ.&& 1fgh @mﬂcﬁ;%@nﬁ}t{ RRasid |w@8h usigal | y
as a density o eas cubi

det erm ned by AST%’B 7§f°1¥e%’yl%mlt E éﬁ%ﬁgﬁ &rgng?‘él on %3072 16)
in the range of fesme@llihet aelfitg mﬂxtpn'&ﬂ)erg&bhyeﬁ than ROPCtaxr BOmixtan® per

10 so mnutes. T er ggensnl LR & %eoddivinBf LRSS Urve POt | ON
general ly has a d‘teygesr:atgf/ o%gfrom %nééS to O‘S%Jﬁg/ccé(ngM Dt792) rygnd a r?elt

i ndex (ASTM 1238, melgridg ticgnt 100/ 2e46)chan 3096 mvgefe} tor bhemt @ith Fongenent A -
EE?)P Er ef erably fr@éﬂlﬁhpllmxeotﬁa wwfiesm;;&@caﬂe Molgh@ses khRerddtel exekiat hely,
is an inter t 0, t
EUo% %IE& o ;€ @elgﬂfg agf‘ &?,ﬁénwl% yo ik atle qio%h%? e Q%R0

from3 to 18 carbon 3-8 Carbon at ons eferred
cononomers i nd ud®® f'“Bﬁ?"tfném hyiomeoRHtt Bne, 1-hexene, and |-octene. A
further class is that Mvatnﬁegmsﬂm nﬁhgﬁ biepfished he @reMQemgnpmwﬁg
(for exanple, honpgeneotts 990l yetfeyailie from Theohshegeneors ppefsrably Lomt abnto
no long chain bragshescandnbavs a8l or Q‘i@nﬁhﬁ%%pd%é&dcé:ﬁ%iﬂ@ dt0NQART Dne
(if having nore tmag\%_ﬁg po&ng? %}) en gog]yl @glérbql ude those

made as described i n | st
so-cal l ed sindie %‘f‘il@a]z’é’haﬁé‘fa‘f’?‘é' m‘?’f?mﬁrbﬁetsd‘ﬁa?gnctaB??n%c“g?matl A gg? 7 ng

hi gh cl efin concehtameerents (Pl adsEFhedte P Breferabhy N&E. > 55076; T%Eand
5, 055, 438 (Cani chprefehablynifi-om oy tbr N peeckrto bpgeriabysopH dbgnpelymere which do
not contain any aromatic wvinyl monomer residue or hindered aliphatic
or cycloaliphatic vinyl monomer residue (component (B)). For high
2 heat elastomers, the blend is preferably at least 80 and more
o preferably no more than 60 weight percent Component (A) and
ﬁreferably at least 26, more preferably at most 60 weight percent
"Compbnent (B). For thermoplastic applications like automotive parts,
'éppliances, building and construction materials, and films, the blend
25 is'preferably at least 10 and more preferably no more than 30 weight
percent Component (A) and preferably at least 70, more preferably at
 most 90 weight percent Componént (B). The percentages are based on
the total amount of the polymers constituting the blends.
The blends of the present inventiom are prepared by any
0 suitable means within the skill in the art such as, but not limited
ﬁo} dry blending in a pelletized form in the desired proportions
 followed by melt blending in a screw extruder, Banbury mixer or the
- like. Dry blended pellets are conveniently directly melt processed
into a final so0lid state article by for example injection molding.
'_ 35 - Alternatively, the blends are optionally made by direct
. pblymerization, without isolation of the blend components, using for
'~ example one or more catalysts in one reactor or two Oor more reactors
s in series or parallel. '
o :_ " For the purposes of coupling and, optionally, foaming, the
m_ 'p61Ymer is reacted with a polyfunctional compound capable of
: 'insertion reactions into C-H bonds. Such polyfunctional compounds
_ have at least two, preferably 2, functional groups capable of C-H
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t hose 'pol ymers in which the conononer is randomy distributed within a

given i ntergﬁ gml ecul e and wherein the interpolyner m)k, %58?173’& have
a simlar yl ene conmononer ratio within that interpolyner.

honmogeneous LLDPE enpl oyed in the present conposition generally has- a

density of from 0;85 EPOrPrQaArct%&C (ARIM R {9 unam BrdTRkl #aRIL%r wich c-m
(ASTM 1238, condi tl on

preferably from O. RS tlcgbreacjtlzms ané rl%ncmog?l §r°%ﬁ\ﬁ g%é)abgér %Fé"g\ ‘ﬁeg‘ﬁfﬁs S
an i nterpol yner of"””etlH?/‘faé‘ﬁ‘é éﬁﬂb‘ﬂ’ﬁé Hr IRFREH FEP™ SLFRLPIROVASR i AY FFEM8
to 18 carbon at onMathysy &1-Gr efSepabMyS-: Eeungr X 8- ¢ aaoRhingeehs J-Prief err ed
conononer s i nchkudgetirabedrene, (1485)vet hig) » lpggentisne; 1506 hesndneitrangk ks oct ene.
Further, there isgéh@atéRssowbzsddastantiadd yn lHopamvietisf Rn.40 @rhyieonsathat
may advant ageousl ¥ be.vscd, i pcommenent £B),; OJndt‘b‘é%dQl:ﬁ&‘iS Pt he gresent
i nvention. These oI“yrreg]Ts”EﬁDEEﬁ?é ,9¢ ssa IALF;"YO stplgrato. 'D?Eze'gut he
Erl'ﬁEsS U

strength and toug bstan i &f° Phearc ol et mp yhers are

di scl osed in U. S 2FEhennostd78) 0#8(D36883d- 5, 278, 272. The den5| ty of the
substantial l'y ®inear o?@ﬁpphn%oh?‘mgsataée@tn’e%lﬁldwlpﬂalagé@m?aﬁ%b@\ﬁtoﬁ AETM
D- 792 is general | yndaronor) uBdergreartion @oRditgbdec arprreferadl yo heomin0a85 g/ cc
to 0.955 g/cc, ando@npegiagkhts.from0.85 g/cc to 0.92 g/cc. The nelt index,

according to ASTM D-1238 f&%?:qbﬁaloeo&p%&g;/ Za;;la@lggoé ahé&tmgvmn@ﬁ clh 86hds) -
of the substanti al, lé'luldc'e near Sulg N n‘?/ K gy(%uTPon? %z om 0 01 o/l
mn. to 1000 g/|o m n. p %f %rfy ? %O?Lh%/pi 68

and especi al | y*f r GATRSUEA h@?"fﬁ? At r?‘eaf’b tY‘B YAV FRLAR| SRR nkﬁa*gédrﬁ?céli"he
ultra | ow nol ecul al#thv\éhfgWPlléCt]ﬁﬂfénePTrﬁfP‘;/#Vsth@nwbt(ﬁy}f@ﬁE} Azpdfs| hpve a

i nt erpol yners desstiusedrd H-Ri¥xewhéreSn dash Ratiers0,Wppid Batdporsdiys at84, 683
entitled U tra-Lovhddbbeiukad ofeimght1PelydmEssed hid®@cdiyaaryyd2acarbPb echbr J.
Guest, et al.. TBESB1icon-containing group, preferably having sufficient carbon,

20 oxygen or silicon, preferably carbon, atoms to separate the sulfonyl
azide groups sufficiently to permit a facile reaction between the
polyolefin and the sulfonyl azide, more preferably at least 1, more
preferably at least 2, most preferably at least 3 carbon, cxygen or
silicon, preferably carbon, atoms between functional groups. While

23 there is no critical limit to the length of R, each R advantageously
has at least one carbon or silicon atom between X'’'s and preferably
has less than 50, more preferably less than 30, most preferably less
than 20 carbon, oxygen or silicon atoms. Within these 1limits, larger
is better for reasons including thermal and shock stability. When R

30 is straight-chain alkyl hydrocarbon, there are preferably less than 4
carbon atoms between the sulfonyl azide groups to reduce the
propensity of the nitrene to bend back and react with itself.

Silicon containing groups include silanes and siloxanes, preferably
siloxanes. The term inertly substituted refers to substitution with

35 atoms or groups which do not undesirably interfere with the desired
reaction(s) or desired properties of the resulting coupled polymers.
Such groups include fluorine, aliphatic or aromatic ether, siloxane
as well as sulfonyl azide groups when more than two polyolefin chains
are to be joined. Suitable structures include R as aryl, alkyl, aryl

© alkaryl, arylalkyl silane, siloxane or heterocyclic, groups and other
groups which are inert and separate the sulfonyl azide groups as
described. More preferably R includes at least one aryl group
between the sulfonyl groups, most preferably at least two aryl groups
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et hyl ene/a-olef in interpolynmers have 12 nelt indices greater than 1,000,
or a nunber WA2A¥1842$ nol ecul ar wei ght (M1) |l ess than 11, 000. TRETAUSIS/17668
substantially linear olefin polyner can be a honopol yner of 20 [err]

ol efins, such as ethylene, propylene, 4-nethyl-I-pentene, etc., or it can
be an interpol ynefsush as mﬂe@n% 16 tthe htdiphamylesher [ r4}401f>éphﬁﬂyldr- When R is
[err]acetyl eni cal éne aeghtatcapedidnopssferoed [tait | thedigobgd ihaye gora than one
combi nati on therepin ,ThE N0k} EBEaseaBr HapArRFl <Al bm@hm%wazmesﬂ hyl ene

with at |east One (Eu féﬁ%&YS& é@'rlné¥ide°L&%#bB§%Réﬂnﬁk %# ?Sgsntﬁne

acetylenically uns

addi ti onal ot tfer ?ﬁ%él“ﬁf’%&léﬂlﬂf?noﬁe{’ octanp s ppiLqnvas %?’rdéel ot SR ResiBry ner s
sui tabl e for use kis(sohfrmEnezid®) cbnf-cstadgoREe BBRBUlfaYar a2)jdied o Us OCEYPE,
honbgeneous | i neaz, yal-yeidepectris (subsimnt agddey , | 4 eanipheafilNnefiryBRy (susfonyl
pol ypropyl ene (Ppézld‘?ﬁPef'aabh¥(4'Sglx@%da‘ilﬁ@éﬁé%@ﬂiféﬁ% 3G -hatfen) dghened
Bg: zg:’ g??llngn(eéPE;)blse(tsQi/%%ennq. QEP&’% hefrl]r?d mq'%cgé ps%l¥or(1))rl a(zz.g)gs o%rcl'%mr?{létn%t ed -

et hyl ene-acryf c %Jc’lp&aEb‘i)&Yﬁlﬁ‘é‘F%rmB? A2 LRRS ﬁ‘ét?"(ﬁ’?aﬁﬁé?feép“‘ Npf@ 8 chlorine
preferably, at I eatmsoard dfromhe 49ob y$wifony B)azide g3Bppresyy mebecudel yandr  Or
hono- or co- pol yneixtate£tdngres. WrkEf eirebicpsly (Gt ddhNesz it imude oxy- blS(4-

pol yreri zabl e rmrm%n m&hosér@i&reablzf ﬁngﬁmh%@ bqgl(ymbnyﬁ MpIE] ) d%“&‘ ty
pol yet hyl ene, an eﬂ} Lepe

op hav
(mel ting point) greater cfrP(a Q@’(ﬂfghl%hené’ti ?ene WY a%te at elsc(c?ug?‘mr}'e 2e1ae)
(EVA), particifl ar?s? Slf)%ﬁyllg?fé’l462b‘?ﬂ%ﬁ’ﬁ¥l’“teﬁﬁ?n?'s and fHHFHESS F?ﬂf at
| east 50 nol e percent $tifioprdreidepeand ggnveniest lEmprgbarad by pite- veaftipn of
copol yners are praj@nabdzidet withlthe cdre@spordinges JifonpEraabridd, hyleagh

Pol ypropyl ene is dig@bbiod @5l SPIRWS1 h%zaséé sﬁleﬂ%ﬁads %QHLM:SS qal&@nomrat
A. Heat resistan (?inQLF: %%Qggpéxlée f’%lr%go%gﬂvgg L &F Xrobrg% nle as k{{lneggeldq 9

wi th hi hden5|t 0 Tene a-o0 i N, copo
9 y P Pol functional ompounds capable of 1ns4%tlons 1nto C-H bonds

also include carbene-forming compounds such as salts of alkyl and
.- aryl hydrazones and diazo compounds, and nitreane-forming compounds
- . such as alkyl and aryl azides (R-N;), acyl azides (R-C(O)N,),
. azidoformates (R-0-C(O)-N,), sulfonyl azides (R-SO,-N,), phoéphoryl
.25 - azides ((RO),-(PO)~-N;), phosphinic azides (R,-P(0)-N,)and silyl azides
(R,-Si-N,) . Some of the coupling agents of the invention are
. . preferred because of their prcpensity to form a greater abundance of
. carbon-hydrogen insertion products.  Such compounds as the salts of
hydrazones, diazo compounds, azidoformates, sulfonyl azides,
3 . phosphoxryl azides, and silyl azides are preferred because they form
.. stable singlet-state electron products {(carbenes and nitrenes) which
carry out efficient carbon-hydrogen insertion reactions, rather than
substantially 1) rearranging via such mechanisms as the Curtius-type
. -rearrangement, as is the case with acyl azides and phosphinic azides,
33 or 2) rapidly converting to the triplet-state electron configuration
. which preferentially undergoes hydrogen atom abstraction reactions,
- .which is the case with alkyl and aryl azides. Also, selection from
‘among the preferred coupling agents is conveniently possible because
.. of the differences in the temperatures at which the d&ifferent classes
.40 .. of coupling agents are converted to the active carbene or nitrene
.'é products. For example, those skilled in the art will recognize that
' ‘carbenes are formed from diazo compounds efficiently at temperatures
~ less than 100°C, while salts of hydrazones, azidoformates and the
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5 crystalline nelting point (Tm) greater than 90[err]C orlft m xtulre
thereof. An al pha-olefin copolynmer with a crystalline neltin
point (Tm) |ess ﬁan 80[err]Cis useful to blend wth Conpon&fi’y ﬁ’?’b%gs

i nprove the | ow tenperature toughness thereof. Aternatively, Conponent B
is optionally an etid.ape a\ﬂwlco@&%@é SeLPat yanﬁsmfeléyé%)t 10ce fae ee%?&%\éﬁres
polarity of COWponggéveAlod% ng)t gg%gHﬁlr\ét%:l'es ?P Z%Q%St ot}?yScon aenlent rates it is

i nvention conpri se

preferably from 10"¢B'* QH‘%eFlb ﬁ?'“‘S’)'?‘n‘%ﬁerrg?ﬁt 8F & RRCS AR P8I JAREr ouehttsi Mkey
at | east one ar onafPEeirif} PTRASASTEE Passikfire Wrilni rrecEty aldwibagriouglprtol&llow
cycl oal i phati c ¥i npfequare méxingesnd] gemmpunding conbsulat imre £herlepfod(:c0 Mion ahk
(A)) and from 1 tocOhlips abedtabisqubta bidpRr& an®necieal aivabbs ikl BM:dGHeO
90 percent by wei ghtsiQba tdagiPiRhYiEEge ‘Mﬂh&f‘ pHOu2et  &QBY ngat?i%x MOHPebsion

VL, Tonoren o e Bl LB 6 Wi 5oQl CueL gl Bhatlc vl ny] “iphoTier

resi due (conponent

preferably at |east %1 FRER-& i)r"éf"é}eaﬁ’rri?ln%r%?% th‘%{}?sB{‘P%lweTJéFEent :
Conponent (‘A) ahd prerEeiebly raactedadt tempergbrespieferressl 9f A80MDIP B0 30RIQGht
percent Conponent ¢B)le FHdwltirdAeppkact prefepphiiedly @nstdmpleatanéwnt fnve 250°C
parts, appliances, tdubobet.ng and construction materials, and films, the

blend a5 is preferabl ypat arhcﬁﬁ§toflgol%ﬂgumh§1 F&rz‘fcief%r é@éd’tQ%ﬂE‘QE %1&{@5“):% he

h t Co
oot 90" vt ont_por Baeits (BB 1t ercengfg%fswalsré?%gse & Phe

total amount of" th&™ g??’ngg‘g&é% Ptaf PRy bﬁ?féi pPEFTEEP Y hE? BRRTRYSA Jrroppi-ies
present invention %“ré?“ﬁrté a7 &F ¥R reftiFesthe avRnagp|RaTRrEEgssidet Af rthe (iispRided
in the art such asphasgtasmebsdrived therdelegtraly pidroenetivngs icompaned| vighi g exdefid rom
in the desired proper samnsofipohbmse fodigd nElch dHeeBhiengistifgdarBCEaw exiaruder,
Banbury nixer or thsditicne Bywitheaeeda@alhalisnane Wgﬁ‘if%ﬁti Wzlddect 'y
mel t processed j nt &@rf‘écﬂ@b lé@lairfj §taf"t‘801ﬂzr1§.11xé; Iaﬁo rrgrgééﬂ:qg I nJ)ve%t ' on
maine. Ss' Ao ilialy. bie e dte BN TR By e

pol yneri zat i on, ol of “Ffie Bf et % g

exanpl e one or mor B3R %t"é“‘w B?ﬁa 8t o flechpnispl %e’éﬁthnﬁ eppixed diysASTM D-

412, heat resistance as measured by a thermomechanical analyzer
(TMA) { for which procedural detail is included hereinafter),

3 or processability as measured by a dynamic mechanical spectrometer
(DMS) (for which procedural detail is included hereinafter.) To avoid
the detrimental effects of gels, the amount is preferably less than
the amount sufficient to result in 4, preferably 2 weight percent
gels in the coupled blend. This amount is preferably at least 0.01,

s0  more preferably at least 0.05 and preferably less than 0.5 more
preferably less than 0.4, most preferably less than 0.3 weight
percent of poly(sulfonyl azide) based on total weight of polymers in
the blend. )

For coupling, the sulfonyl azide is admixed with the polymer

35 and heated to at least the decomposition temperature of the sulfonyl
azide. By decomposition temperature of the azide it is meant that
temperature at which the azide converts to the sulfonyl nitrene,
eliminating nitrogen and heat in the process, as determined by
differential scanning calorimetry (DSC). The poly{sulfonyl

a0 azide)begins to react at a kinetically significant rate (convenient

for use in the practice of the invention) at temperatures of 130°C

and is almost completely reacted at 160°C in a DSC (scanning at
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in series or parallel. For the purposes of coupling and, optionally,

foam ng, thavd09/1qa2é yner is reacted with a pol yfunctional conpcInisssapsdl e
of insertion reactions into CH bonds. Such pol yfuncti onal corrpounds have
at |east two, preferably 2, functional groups capable of CGH i nsertion
reactions. Those sdd/mémd i nThéeeaperaxuee fafitthe mreaki olbseEvell | imser P$@scan of
reactions and fUﬂ@éddauBaéugbauws reapedaerof iSUEEeread ticonsreiasi t1ad apesk

car benes as generaéé‘o EéPJE'oFl' @&eeeeem@un% lgstrrel heéo (pe &/@;Amem&&tur@now
MS.; Young, K M,

1509- 1516, “and ni ¥§ § ée?af’é’d“ﬁ%‘f‘%‘a?% e,rwé © g) scaﬂé aﬁ‘rg

R A.,; Chellathurks, S“F°W$ I%‘FE'{*)rﬁ? degauPoREnes: 8% 100§ ; Eéﬁ%!‘“x/&ﬁd’é‘?%&P? {5
D.P.; J. Og. Chefanctié®Sf) rine (@hd)ten@ofisuGe. arkt Abe almvle*tﬁi,s ff fazidEreaeg in
G N, J. Oa. Chephe pkdOite oftthé) in®88idh, tfe optimal CREPeryies &ve/ indg PSdached
| east two funct'Or@éllgégypa%ﬁs@&%bgss&fngz (3l as &Jeg&éaﬁdefen{p%s%s&m; for use

conditions are referie erein_as .coupling a uncii o
conpounds capabl el DR RS GRS ﬁ?% Tva?ﬁfﬁﬁdgrﬁgﬁgFﬁo%ecﬁﬁ%{ giuf) softenmg
azido)s. The pol o8 Hehb BATPEERGEPS|af aho n@mmaﬁalwaweﬁ@nétlsre oF thase

sul fonyl azide grouns,t- %%Namgeeae&fevesM&Janeéﬁongiy@regt& tBagfqyeabl y the

pol y(sul f onyl a2|de s have a structfure X-R- X wherein each X is SCIerr] and
R represents an upsafiestblwigedatorr Eher ul29°<3uin®te| buetarabyvirggeardy|than 150°C,

hydr ocar byl ether or sil containin rQup ref erabl Vi n uf fj ci,ent
c)altr bon, 2)6 oxygen™Ji* ?F?# Fily ;ﬂréf’“é?raﬁgﬁcﬂrob%nppﬁfmwg égﬁ?ﬁ 2ELEH

sul fonyl azi de gr rﬁlyi;f laGh £4¥dl; Ve R e BEFLTI tteﬂpécﬁghf& Flﬁaéid&la 8t mped srbe
pol yol ef i n and the nor e

preferably at ea%’f stav%?’é‘%ér % pr&ﬁrggi gcg'? gﬁaé%&eyﬁsni)esrs than

silicon, preferabi(yo°car bon, atons between functional groups. Wile 25 there
is no critical limt t?réé%‘%ré&r&h@s Qe Bhe QRS- & AHUBRIRILOYS Itkmperatures are
times that are sufficient to result in reaction of the coupling agent

__#ith the polymer(s) without undesirable thermal degradation of the

20 polymer matrix. Preferred reaction times in terms of the half life of
the coupling agent, that is the time required for half of the agent

_ £0 be reacted at a preselected temperature, which half life is

_determlnable by DSC is 5 half lives of the coupllng agent. In the

. 'Lasb of a bis{(sulfonyl az1de), for instance, the reacticn time i
z_'.prererably at least 4 minutes at 200 °C.

i Admixing of the polymer and coupling agent is conveniently
accomplished by any means within the skill in the art. Desired
distribution is different in many cases, depending on what
properties are to be modified. In a blend it is often desirable to

m  have low solubility in one or more of the polymer matrices such that
the azide is preferentially in the other phase, or predominantly in
the interfacial region between the two phases
Treatment of blends with the poly{sulfonyl azide) according to
,practice of the invention results in blends of the invention which
2 :efe referred to herein as chain coupled, reactively coupled or
_coupled blends. A blend is advantageously mixed with a poly(sulfonyl
_._azzde) above the softening temperature of at least one component of
the blend, most preferably below the peak decomposition temperature
. }of the poly(sulfonyl azide), and the resulting mixture is preferably
.40 ralsed to at least the peak decomposition temperature of the
_.poly(sulfonyl azide) . Practice of the invention advantageously
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has at | east one carbon or silicon atombetween X s and preferably has | ess
t han 50, nor bly |l ess than .30, nost preferably | ess r bon,
oxygen or Ssi ﬁ@éﬁhg%%ns Wthin these limts, larger is bettg%%%g?@sons
i ncluding thermal and shock stability. Wien R so is straight-chain al kyl

hydrocarbon, there; are nr %g&ﬁg' avﬁlx@s%anmagy %ngf‘%ﬁ?ﬂ%ﬁke&ﬁe Betysen. ANgna
A

sul fonyl azide groups,tq.reduce, he ope. ty of. nitrene, tqo.bend back
and react with it .(S%iff’? oﬁz’c‘% t%%r‘ffgégé?"?%ﬁémioﬁc?fuéeesqollﬁhséng%n3

si | oxanes, pref er adAigeki PoXINER InTHee cassof 1Pepls, YBetss theih 88° FeFRsrset @nd
substitution wth cmtitupns riresgs.odpsisnhiifictrntnblatybitke SPhvlsyidnyi cr#idele be
Wi th the desired reapbisa~sy che dhestfaed ¢ opephass pdrHehechaasudittbmgycoupl ed
pol yners. Such grogRs-imebade pirarhnely ahkidbéfsear prakse @iless @hB& coupling
siloxane as vell a5 SLIA0¥--36 200U WORSINIL AR J00epRhyolBLI N

chains are to be joined. e structures 1 nclude R as. ar [ Kyl , .aryl
do al karyl, arylal Wﬁ%‘ﬁfgﬁé{ a%’r%&x%’ﬁ%’f%?“ﬁb‘?e?%@éf’? cl,s_glrscfﬁ%%‘jitg P %f"ﬁeﬁy
groups which are i#etPe dnes@sarcft ehe HATLFPRORPLYIEFF de DyP TiipUte RSRFiied.
More pref er abl yo R anghe dasexfack eiss adembagaops Ly o vbe theediinh echeupdlyagide
groups, nost pref edfabl yhat the ashiscnml eapylymgtO lipse bE6r mixed suctheasxtenenthati s
4,4' diphenyl et hera Qinfmfh aRipeBeRY bdrymVArfidis SR WMy bed QURieved. | SThis

preferred that the, gt ; ri ' c
napht hyI ene bi S( SUTIQOQQQOD 1%u$ %?urg{' £ 1n@9rfa_@:§ai Qu{"ﬁﬁ:e G g{]be

founyl, azi des). .Pol ulfo I12| es I nclude su
conpounds as 1, 5--?)"@?#%9’?‘3 §°r BF ’i%ﬂ'i’f%n%%?ﬁ%,z 8- oct ane bi s(sul fonyl
azide), 1,10-détane bi SPEGEIEAYT 245 i HEPerse 1R CIHIBLETPIASER s Uitf Bh{PSt
azide), 1-octyl- xxeigrdbdazdné 29t seqesapfonyd add|wde)poly (aulfghyhenide) eafter
bi's (sul fonyl azi deje blend- bf 34’ orsubrfeonalzimeop He el heede, thdt 7isnapht hairene
bi s(sul fonyl azi degnenatik phnadis Wikoryl vz idgsroda eblader s deakled alnkphati c
hydr ocarbons cont alnhngsal; AY SEAG2ch v 4QBidar10 & eht YakPEBhP B B al¥:Q0 2
to 5 sul fonyl %oZI dbeeiggou%gﬁ. p%t fgglsgcol'ﬁeebf %Rg blend polymer components is
preferably at least at its softening temperature. More preferably
'mixing occurs or is continued when the blend is at a temperature
sufficient for the poly(sulfonyl azide) to react to form a reactive
species believed to be a singlet nitrene capable of inserting into
25  carbon-hydrogen bonds, that is at its decomposition temperature.
This allows for optimum reaction at the interface between the two
polymers. While it is preferred that mixing of the blend and
poly(sulfonyl azide) precede a temperature increase to the
decomposition temperature, alternatively, mixing occurs at or above
30 the decomposition temperature of the poly(sulfonyl azide).

It is believed that the improved properties exhibited by blends
of the invention results from the formation of polymers coupled
between components of the blend. This coupled polymer would then act
as a compatibilizer and lower the interfacial tension between the

3% Dblend components. The result is believed to be a finer dispersion
of the dispersed phase or a coupling of dispersed particles to the
continuous phase polymer leading to improved properties. For use in
foaming the coupled polymer is optionally coupled separately from the
foaming process and used in a foaming process within the skill in the

0 art. Such processes for coupling include at least one of (a) dry
blending the coupling agent with the polymer, preferably to form a
substantially uniform admixture and adding this mixture to melt
processing equipment, for example a melt extruder to achieve the
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m xtures thereof. Preferred poly(sul fonyl azide)s include oxy-bis(4-

sul f onyl azi wahevinezee) , 2, 7- napht hal ene bi s(sul fonyl azi do), 4PLT/USI8/17668
bi s(sul fonyl azi do)bi phenyl, 4,4'-di phenyl ether bis(sulfonyl azide) is
and bi s(4-sul fonyl azi dophenyl)nmethane, and m xtures thereof. Sulfonyl

azi des are convencesplling preeghied by & tempermturenaflesstithn defdwonitien he
correspondi ng sul { sipgra€ide0bEdthe ablifuinghagedtdatiboindtodidihgnyforhydadileesy

with various reag %tﬁﬂk“oe&a%g,agun@ iﬁqqaﬂlaeéar%lfﬂ& eﬂé&nﬁl@s@{%égﬂved in
tetrafl uoroborate S unc |ona conpou

capabl e of insertfditsVERt o?‘&rf-fecffoﬁﬁs”él sSl“rn? | G cou or m ng goqr}"pld' ko

such as salts of %1IWcﬁﬁ@“’éﬁwl%ﬁ?%ﬁe@%rﬂ?]&ﬁz@%Bmnﬁ%lte&n‘ar nelted

nitrene-form ng cosiyoenddusushteanatiwelly andoantytulatied fer,RiN srlukjion agy|

?ZRi CSi(e]ES ( Ri )C{ O H ) dispek8dmr ﬁiBi'@Spr(aFe:?tﬁQQn Me)lt(ﬁﬂgdceesjlﬂxg *YGLudefent ; ¢{c) forming
-SO err]), phos e o [ i i

A Rt A P(g)%mN[% rzjigx@&féﬂ%% 14 AL eLdduine S’P TM@E pkh}menpgeapah ceusl g

agents of the inv tB?Pe‘fuéH’/e%F t?eEﬁT%e%LB’r‘r% HESF ?ﬁ&péﬂiligmf‘%opsfl&%ﬁ?a
great er abunda&hcetesPegaryyen ofyiheo §evPlingerdsiin BPFOATEPLY byspel

the salts of hydrezmnésymithgaaoseaonpadrdstuse icdotlor fires adyuktma,llwlalzlaj@ss:ond
30 phosphoryl azigiRse G skéotd pel@Rs AL6r RikEhETd &dchesehtserd REYa f @il ing
stapl e singl et-st e%tegﬁweanwpénoqyCie%s@aﬁé)%ﬁ,sm@mnal égﬂ@ﬁéilmhﬁ& carry
out efficient car cgé; ogen | nse tolﬁfe ﬁ an

substantial ly 1) P& IR e d '&Wegrﬁs“ﬂa 3 RESHY PPUE™FyBe.

- rearrangements a%‘*“ibén?‘l'ﬂ’é’nc&g%r%ft APHEPR LAY iHElE e ASITHIVAE C ‘%S’zf“ﬂ‘é’stY 8ke
or 2) rapidly consemoningplymet b tir (@l dleeding @telexttr one comvpil ug ageon. whi ch
preferential |y unglesrgeasihyidr ogaa abain absé ek fablyeBohd 19N Somiinuedd] Fokhe

case with alkyl agsdane,w'po%eg sduékéﬂ, m%e&;ﬂteneé rmamggsﬂﬁne@r ef s refegmple

COUp| I ng agents 1 s conven because er 641068 I N

t enper at ur es- at -whi &ff kaeroﬁ rgpﬁgu’cﬁme? s-%o=* o‘?ple &1 Fh§<ET ents AT e
converted to fhe %Rf‘tbll%t’t%‘sb%e@lf m%"éﬁepiﬂcﬁaﬁ%%sa rugintlle, PrPRRSEes (D)
skilled in the arandn(k) anecpyefezwedhatitbaldemest prefeoredbd Feormxdmpke process
conpounds effi ci epd)l ¥satoriveApeiaiunesd lkesakdancdiiinekatCwivhid €igst tpd1oher

hydr azones, az'do@éﬁbg§i€¥%naﬂgvfﬁaea idver melting temperature, advantageously at a
temperature below the decomposition temperature of the coupling
agent, and the concentrate is melt blended into a second polymer
composition having a higher melting temperature to completa the

. coupling reaction. Concentrates are especially preferred when
temperatures are sufficiently high to result in loss of coupling

_ agent by evaporation or decomposition not leading to reaction with
. 30 the polymer, or other conditions would result that effect.

. Alternatively, some coupling occurs during the blending of the first
polymer and coupling agent,. but some of the coupling agent remains
unreacted until the concentrate is blended into the second polymer
-composition. Each polymer or polymer composition includes at least

. 8% - one homopolymer, copolymer, terpolymer,'or interpolymer and

optionally includes additives within the skill in the art. When the

: coupling agent is added in a dry form it is preferred to mix the
agent and polymer in a softened or molten state below the

_ decomposition temperature of the coupling agent then to heat the

40 .. resulting admixture to a temperature at least equal to the

- decomposition temperature of the coupling agent.

The term “melt processiﬁg" is used to mean any process in which
the polymer is softened or melted, such as extrusion, pelletizing,

(]
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sul fonyl azi de conpounds react at a convenient rate at tenperatures above

1000C, up toy (%g%{z%tures of 2000C. (By convenient rates it W&“Ehat
0 |

the conpounds' T€act at a rate that is fast enough to nmake c
processing possible, while reacting slowy enough to allow 5 adequate

m xi ng and conmpoungdhag,t Otr(e%&'éeri&DafIl'mnﬁiow%Qd‘éG HNnliihd B &:E)%HKQIJ RéLagent

adequatel y di spersed an cat ed stantially in t e desire osition in
the final product fegﬂch I%%ef " an(? di spersi.on are sonetines different

from product to productt ﬂeﬁ?éﬁﬂ]ieﬁénbﬂ ?%cﬂ%lF%d"gﬁ?%ﬁéFﬁ“é?W f‘?ﬂ?%‘?%éf‘
product.) Phosphoraply egnpgeshaele reerlésnieApeirel yreashirethaneotf e ppetarebhedyi n
excess of 180[ ef r [v@ximgy tbe 300pkny] dgenwihwikl whel ydlymer Gesundeactonditions which
preferential ly at diespenstivies: @ix{dg0ped200Cat0ich08) @bl Lundhtar antumps oaf
pol y(sul fonyl azi df'cl:aﬂs'%g ].IeQC&{O?\aEhé?ll Sils Ot iR Péﬁﬁ‘éhﬁf" a@hide(1fe IBVEIYLT ON
I S an anpunt SUf f ! CI gl ien O frogsxl'JeaE:tJ]. I 1%1‘3% ralbggya t%sftan 1a|l nugflfotrl;]ne bl end
preferably in |rrprovec1‘: of "t he bl P reduce

particle size of ﬁ‘?@“&'ﬁ%ﬁe&s@ﬂ" A% GBI BB‘éé’PQ/’é'?frbVS efl"’é'&etdr B?F"rﬁec‘?’@gﬁ‘b%yt%s

compared with & bln@igprrs HE ek SEAPCIPERt NSl BAREPIICEh Phaubshartidld ng
and sone ot her conaohifexonadipotune tiécue Ireabiamnhwdnhtmhetml 9% solpldnyg|agent
azide) 20 referrednt ehdgoBmdrats suffAQidHtLNAhcabBdtRbus tBr Byperidensed T oved
preferably includ o@&mézeﬁﬁmen@ int |v@¥\‘:és§9?%&@éf”t§eét‘?déﬁ@%é§rﬁﬁ %a?_t‘rls! ed by
ASTM D 256-84, e rggtlz %%l oﬂS EP%Q%Lent%gﬂ”%%gg [ ?‘uﬂh é\_S-E ]grequ Wﬂcy (for

resi stance as nea nica

procedural det &l ﬁxém‘?lr‘?cgtfdé”a /ﬁséFbl"r’faH"@F)at F‘égW ?ﬁ%‘ ’ésféﬁ?‘ﬁ“W ger
measured by a dyn&PEPifettaiPeM@ecs fEer ribrbtEr SRONBYR POFYHI CHChr ket Apen
detail is includedraarsgi niflt ehe roumling Gigdnt fpat detsr bernswdieefddeto Shef sayel s,
the amount is prefsaeablaydl @esmdihamsdobe. anbsnprafertbnhi,ent the prestide bf che
preferably 2 wei ghthwBli68NlaeBEhpdsidioh e €RIRLESH iRhesfdne TdHcGr AMBEEY miRing
preferably at Leashe0;Qlne 30 PR ALEL SABEL e i11) PR E0ln QanBRY BT Sé&liké{g

less than 0. 5 mor eatgem: and polymer. This mixing is preferably attained with the

polymer in a molten or melted state, that is above the crystalline -
melt temperature, or in a dissolved or finely dispersed condition
rather than in a solid mass or particulate form. The molten or

25 melted form is more preferred to insure homogeniety rather than
lecalized concentrations at the surface.

While any equipmenc is suitably used, preferably esquipment
which provides sufficient mixing and temperature control in the same
equipment, but advantageously practice of the invention takes place

30 in such devices as an extruder or a static polymer mixing devise such
as a Brabender blender. The term extruder is used for its broadest
meaning to include such devices as a device which extrudes pellets or
pelletizer. '

In a preferred embodiment of the invention, the process of the

s present invention takes place in a single vessel, that is mixing of
the coupling agent and polymer takes place in the same vessel as
heating to the decomposition temperature of the coupling agent and
the foaming process. The vessel is preferably an extruder suitable

. for foam preparation. The reaction vessel more preferably has at

0 least two zones of different temperatures into which a reaction
mixture passes, the first zone advantageously being at a temperature
at least the crystalline melt temperature or the softening
temperature of the polymer(s) and preferably less than the

-22-



preferably I ess than 0.4, nost preferably |ess than 0.3 wei ght percent of
pol y(sul f orwo 99v16426) based on total weight of polyners in thePETASB1T6%
coupling, the sulfonyl azide is adm xed with the polynmer X5 and heated to
at |l east the deconposition tenperature of the sul fonyl azide, By

deconposi tion t edgromResticioff LePRETAT IR Oft the cRERHING ﬁﬁ?“’“’tseﬁﬁ%rté‘?u?%c%fi zone
whi ch the azi de paingeat sa ttempéeatswe f sufiflicénty dae, degompesidtipnPihiche rpuplang
heat in the procgfhe asmieicersi %Elebays Pirbf@ramyi oS eanpiraguenisOEE Detenyly
(DSC). The pol y(ﬁlﬁC Qyéot‘}:gna? rrlﬁn Q1NGRACE: do @oxJﬂl'ﬁ@tubf@il ke coupling

significant rate onveni ent ctic

n) at
t enper at ur es of ASFECERTRYSS dh?%&?“c"o%ﬂf"&’«‘ﬂoﬁor%ac egamtla1 [3?? ff?l% a
DSC (scanni ng atadmixtpfes r PERRTIPR. of @&l AdeRty éoﬁf’e’i‘ﬁé‘tb\éé’ﬁcﬁﬁ%e‘r‘\/e&i“ﬁ?
a DSC scan of desbrghesetiamesy. ddpenpingtonr ehe itempefaures gdyahesgsions afprt hbs
"peak deconposi tjhan terrperature" and is the decorrposition tenperature

referred to herein unbgﬁ% tgg@q{oawssgof grggm@g Heebbldding
Co '

hr) shows onset of de |on I's 100 ent o reaction is a
function of td meagamt tiecqmoatuxcm ténparasurewdrefetablyf geeatde thaed2997C) heand

practice of the pfyen ,whmenmatrbaﬂuaho@@rat h8fe 100l beRated (sidH bst he
azide is essenti aI o Eﬁl e)egg Tﬁﬁgr%#r §§eé fggs&doglgg& ghactice of

the invention are a so erm ne t .tenperatures

of the pol ymer s%%‘fqrpﬂﬁa"n‘é’t“ePFa‘f%‘p A%ReSE FR4 ‘b’}’r‘§1°? ﬁ’éef’ SPvR s
advant ageous| y graenteintIniNtdoR @y RENLNSHEE il FheyROAYEeT ¢ ﬁanalﬂ?ﬁ[ Ehe pelymer
nore preferakdy g dabebe t tasott>Hrend$dEb BDSleastefaneblytiyr estwkinghagent), and
170[err] C. For maghdd ¢8f eddpR@at @dingakSivent Pr efrReabdyapayat fed; tidieeshDiing

temperatires In §X6898 Pl Kedlfld ] mmalRaley %( eheL alsl)‘?vao'sgﬁgentn?éf the
Y]

preferably the tenperature I's err
desired deconposFIHFIAPE A& at HETOET é’rFFﬁ’é h& Sqarf:?r i Pgﬁé‘}ﬁr ¥ er} etgult

in reactlt)n of - tpggxgggp4$,ﬁ?133%§“§uch as in the case of polycarbonate. Such
.20 - solvents include polar solvents such as acetone, THF

(tetrahydrofuran) and chlorinated hydrocarbons such as methylene
- chloride. Alternatively other non-polar compounds such as mineral
oils in which the coupling agent is sufficiently miscible to disperse
. the coupling agent in a polymer, are used.
25 . - Practice of the process of the invention to rheology modify
polymer blends and forﬁ foams thereof yields rheology modified or
.. chain coupled polymer foams, that is foams of polywmers which have
sulfonamide, amine, alkyl-substituted or aryl-substituted
‘carboxamide, alkyl-substituted or aryl-substituted phosphoramide,
30 alkyl-substituted or aryl-substituted methylene coupling between
different polymer chains. Such coupled polymer blends advantageously
. show higher low shear viscosity than the original polymer due to
~coupling of long polymer chains to polymer backbones. Broad
molecular weight distribution polymers (polydispersity (P.D.) of 3.5
.3 and greater) and gel levels less than 10 percent as determined by
* Xylene extraction show less improvement than the dramatic effect
~ ‘noted in narrow MWD polymer (P.D. = 2.0) with gel less than 10
© ... percent as determined by xylene extraction. The latter are,
- therefore, preferred for use in the practice of the invention.
4... Coupling leads to polymers which have controlled rheological
. properties, specifically improved melt strength as evidenced by
. increased low shear viscosity.
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with the polymer(s) w thout undesirable thermal degradation of the 20

pol ymer matrjx. erred reaction tines in terns of the hal | t he
coupl i ng age%”ﬂn‘g% is the tine required for half of the aé’&%‘%ds%ézl@ges .

reacted at a preselected tenperature, which half life is determ nable by
DSC is 5 half lives of %&?ﬁf&ﬁﬂtﬂg'ﬁg 298N he gPoéeQ@ £35S finandl Yl foNd
e.reacti

azide), for instance, L on tli L 5by %gfe%e Ielylﬁagegég%%giéb

. ne.Ls,
m nutes at 200 [ePFIC TRIMSIRG or FRarporyvier and cou

conveni ent |y accoRPPFeSAesl T8y "Ry e i T IPPHY R et A F‘Fr‘ﬁcﬁ'?ﬁeﬁea’é?r Prog8asti%ed
distribution is dithterdant- Pn Braky "@abyesefieFestli- nghaphenPat Handbprly oFf &9lynar
to be nodifieds | Foamdbahdetindlsgynf b@itedas palilempreer38nd Kav® FolscbolHabedn ty
in one or nore of pLbEsRO Y, NMInidR} Viekss, SHEN vbPat iR 184d (89919, which is

preferentially in;phe oiheh Rhase p9'-Leedpyi nantly in the interfacial
regi on between the tvvo,rghase Tg?eaftogent of blends wth the cpeohg(sul fonyl

azi de) according to prac i"E&H 5 he If'n"’\tfe’_ﬂrﬁf’ftl“(‘)"ﬁ %Segﬁﬁltoga}lﬁ B?en_ %f the

i nventi on whi ch 3XCTYFIE1PLFXENS YT FRAMENG PASCHai THecBUPICEY® tRact i vel y
coupl ed or coupl eddrdpgecusly [preparef sovadioairing o eyl ent s gl yler nagerial to
pol y(sul fonyl azi dejm abpleatidized odrt aalmgolgwperaatuiad, oincatpdraaity oherein a
conponent of the BhenGg 4gat 4 eber abidambeleoyel hendeakrdR 6 EROSIdll HHrough a

tenperature of thsaipgéoyééw Eon¥baRpkgfder . 3ot RS HBAHETIRE tHeXbilulnd Sgent,
preferably 40 rai ep o at | east, t.h osi tion ature Of_the

. le) ey, material i ehé%%é tcoieg%% rature a eo@ggove its F.ass
pol y(sul fonyl azi e?. Practice o1~ the Invention a vanta eousl N v Gl Ve's
form ng a subsPantFalaiyiehiEPERERPETR T TFECITE FRUIPYNers Ry iR rEt¥ult? onyl
azi de) before deconpisspthoaneirrerateg sy pixASh driA they mgey PoArMerotRfi§r il Prie
case of bl ends whene rebes &nawre idi tdpeageducnds cdnhi anuexsrudhas @dxex, t blender,
sufficient that the Rl y{ul frenylowasy depnbasSnidied paithetheateithpolyaber f ace of
the phases rather ;hhan aunicl 8f Hhivdlied!$leBlRdsh ki B! €41pREYSN! BB sthiRgE Sed
phafse UB: €ss ﬁl&a' L, SQURLA 18 Qle hOG FLRRELSRUPNASEd L8l dhahhgdGiRh ) etk ep st
preferably, the the blowing agent homogeneously theresin. Optionally, a nucleator is
cptionally blended in the polymer melt or dry blended with the
polymer material prior to plasticizing or melting. The foamable gel
is typically cooled to a lower tempefature to optimize physical
25 characteristics of the foam structure. The gel is then extruded or
conveyed through a die of desired shape to a zone of reduced or lower
pressure to form the foam structure. The zone of lower pressure is at
a pressure lower than that in which the foamable gel is maintained
prior to extrusion through the die. The lower pressure is optionélly
30 superatmospheric or subatmospheric (vacuum), but is preferably at an
atmospheric level.

In another embodiment, the resulting foam structure is
optionally formed in a coalesced strand form by extrusion of the
ethylenic polymer material through a multi-orifice die. The orifices

35 are arranged so that contact between adjacent streams of the molten
extrudate occurs during the foaming process and the contacting
surfaces adhere to one another with sufficient adhesion to result in
a unitary foam structure. The streams of molten extrudate exiting
the die take the form of strands or profiles, which desirably foam,

40 coalesce, and adhere to one another to form a unitary structure.
Desirably, the coalesced individual strands or profiles should remain
adhered in a unitary structure to prevent strand delamination under
stresses encountered in preparing, shaping, and using the foam.
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pol y(sul fonyl azide) and resulting coupling is distributed primarily at the
i nterface owa9saodiéf f erent polymers. Distribution primarily 1RCHUS$87668

interface is advantageously achi eved by addi ng the pol yazide after the two
i mmi sci bl e pol ymers have been nixed to the extent that a m ni num di spersed

pol ymer particl e Apparatigss Rashreeinde fet PreAraing] FRafk SFOICRes Hﬁ‘xF%ﬁrﬁsﬁﬁBunt
of interfacial sutkank faresarneoseen dvalllhbPat f dosr easiB o¥p20hnd He 8Pl 2Rz de.
*5 Wier e ther e AkerfitSReISLRhancbstabingHous sthasrse id doavemisntly

preferable, but f}%&m&?% §@fa>ecu&u91a%q gldd&r Qi&a(ﬁyéée%eyés aekAlGn aféerparcheuo

bl end of two or L .nt

particle size®of "'t ﬁ€3'cﬁz§ nfréé:&lﬁcﬁﬂ?ﬁﬁ?shégwr%eéléﬁé% foﬁ'é' sstrﬁalgg est. S yl\,hg e tl]grge
practical ly attailaspral 6ﬁ°$wes'aa=<tqaéu%ﬁasw;@ PR ASRY: ‘b‘é‘l’*ﬁg ‘UB"@J. At
| east one of the dressndrepeal geieofconpenkykenit pqyeée mateyiadt ah@@sblovingt ggent
sof t eni ng teﬁper%tcuaecen%f@mﬁree&ervﬂalil:u ﬁHeXirﬂQ:o@(iﬁjdroE ke ige1 CONtsubERe el erb

the blend is at areksg%@tyf&lﬁg Jbaef,heme; Phe 193¢ POlAiSH eoYdxpaRA D) O

react to forma react|ve speci | ev a3|n trene capab

of i-nserting Pnt G5BT f%? r 5§én ngﬁ%‘f‘ pain 5% Fid allaeco PRET 5e “and
tenperature. Thi Qr&FNﬁﬁsWhEﬁh Spes ok Akkew Fom 95l FhEORRM é’vlhﬁa%@-dﬁéﬁviéé‘ﬁ t he
two pol yners. WiiHa@ihg anSoyrlefediedef haingnaniorg fdfe topenisieAdt@adzone of lower

pol y(sul fonyl azifeksifecaetthidnt ADGEA! tHafhs| NGIICAS Spefabte g VIPSSHd it@B die

t enper at ur e, altern e i c s 2 _ i
merdiins o | G e e e 0

ed
properties exHi blcPé‘ STngt &S W&ﬁf’l%‘ﬁs?’é%euhs fmrof‘)’ﬁ]?{%e ‘f‘gc?"n% £ofet
of pol ymers couplt@deb%fttv\eénf%‘nﬁ%éﬁi@“?ﬁ zphe threvdh thmjdiecotiAics b‘&ﬂ%/ﬁ%?
woul d then act aszoaecmitpaweébipresssreandt [zowete tdreatext shémaihat atewbicn
between the Mo KQueRehtQEROARMAg in THE JiRSHHirics dhirevard Lésdehan fuHaerat

di spersion of the,dig ps%ﬁ@gnnq{a@sgr&@u@aﬁ%egIﬂgcpés@séegoasg DAL bE| Sapk0

the continuous phase to.inproved properiies. For

foani ng the ci‘iupl°§8uﬁ%l ?ﬁg%l ) ﬁ‘%ﬁ%lﬁ‘ Wg?) seQara ary REsstTRiped in
f oami ng process &tdleAsEdord d&‘“ﬁB&%ﬁ“nﬁ%ﬁ‘??éé%% t\RFt T'fi’ar‘i“ Fh’@‘%RF?i in the 40
art. Such processes fdmn evetisrngmbadimente &he |xesvitinge fodm Sgyueiure is formed

_ into_non-crdsslinked foam beads suitable for molding into articles.

To make the foam beads, discrete resin particles such as grénulated
25 resin pellets are: suspended in a liquid medium in which they are

- substantially insoluble such as water; impregnated with a blowing
‘agent by introducing the blowing agent into the liquid medium at an
elevated pressure and temperature in an autoclave or other pressure
vessel; and rapidly discharged into the atmosphere or a region of

30 reduced pressure to expand to form the foam beads. This process is
well taught in U.S. Pat. Nos. 4,379,859 and 4,464,484.

_ One modification of the uncrosslinked bead process, styrene
monomer is optionally impregnated into the suspended pellets prior to
their impregnation with blowing agent to form a graft interpolymer

85 with the ethylenic polymer-material. The polyethylene/polystyrene
- interpolymer beads are cooled and discharged from the vessel

_ﬂsubstantially unexpanded. . The beads are then expanded and molded by
'ap’expanded polystyrene bead molding process within the skill in the
art. A proceés of making polyethylene/polystyrene interpolymer beads

. is described for instance in U.S. Pat. No. 4,168,353.
o The foam beads are conveniently then molded by any means within
- the skill in the art, such as charging the foam beads to the mold,
compressing the mold to compress the beads, and heating the beads
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bl endi ng t he coupl ing agent with the polymer, preferably to forma

substanti al | é‘p&é} %ﬂm adm xture and adding this mxture to rg?éllé%#%{g%ﬁgm ng
|

equi pnent le a nelt extruder to achieve the -20-
reaction, at a tenperature at |east the deconposition tenperature of the

coupling agent; (R sl QARCENGM £ br 6N 8 e YingNhRC i Riing ECOUPLLAG BgeNt
O o Torm t Fogt AREIPALE 50 Wty 2 30 oRBL LCLlBndila LR AUEL Y

of coupling agent devi.ce contain
pref er gbl ygsm9 t ené’& eﬁﬁ’ll?‘g‘ﬁgo?geﬁélﬁteﬁ“ SOPVARER | PI5EEURS f“é‘% ﬁg'f'&\fg? § frior to

particul ate form ChATEEBd 6Re PR SPEFEFEN thﬁtheédbraéf—‘ec?%b‘l’fiﬁlllh heared prior
processi ng equispnment ¢hagind.or Thenfoam Peadst ared Apndenientdy thehimadtedrroulpiiockd a
first polymer andoz eieippdidigicigenty aashiiaabROAOLELY ched Wwethier eclsrilless
than the deconposichiOffeluch! 8IMBLGHUES: Qhsddnge GAUD!d.NB220884 . 3PsAf 66aRhy DY
mel t bl ending, and %E‘P%séor Elc&g. é&wé%&é’é%qn "okaér}érgb ﬁ&%eééerssén@%la&wr e

with a second anoun C0 exanpl e cen g

coupl i ng agent adlﬁeiilé‘lfsmﬂ%sﬁ?n 18astp or‘?ékpcﬁuﬁﬁ%'r Pand topgtB o %/ o?ﬂ%rpp
additives, is ®on/hi®dtly adm xed into a second pol ymer or Is conbi nati on
t hereof optionally wi tBlotinrgragedds wseBs, in eakbe the tieeuYdogrfivapgltyneiuigs) ) ;
(d) feeding at | eastlweimagmicnggadyentorgpiief BIathy dgentsobhdl chetital Mloeing
preferably finely sgemd nsledp:d @ﬁox%&amob@omw&gremdllrneg;deycaz%a aekigqned or
mol ten po'y”er fQJ c}? ngPlaPrgbrp WBldr, péﬂce§§9r89er?qh%d3%§£‘£um &fgaﬁfcaﬂﬁévﬁg%;” an

extruder; or cesse

processes (b) ‘5 d 8‘)“"8 "ncj‘ﬁ)‘lg%fatéhgha%lc hyfi ﬁo g r?ﬁ)gfwmﬁe?e re’f:PonFa

process {c) is coraPhaERE 13} coRBg RATiRBRe3 £oF ?R:é‘ﬁ?'?sat anifthiva 2pd rp§f° mli)

conposi tion havi ndadedenaesd abinhphis hedneerrions chavaty dnt atpebors [aporg - éllphatlc

t enper at ur e bel owhyhrercieloorpbsiluio metiEmpereathane ofodane, cobylanag Désbutpent ,

and the concentr atepéritai®) lisbpeRBeR] bt QedpenCe&MIADPhYIRS al@HBOS IihtDlle

having a hi ghey, ngltid@1t eRSLAL %-%r&&nggmln@t fobRSancl. Fully and partially
halogenated aliphatic hydrocarbons include fluorocarbons,
chlorocarbons, and chlorofluorocarbons. Examples of fluorocarbons
include methyl fluoride, perfluoromethane, ethyl fluoride, 1,1-
difluorcethane (HFC-152a), 1,1,1-trifluoroethane (HFC-143a), 1,1.,1,-

25 2-tetrafluoro-ethane (HFC-134a), pentafluoroethané} difluoromethane,
pertfluoroethane, 2,2-difluoroprobane, 1,1,1-trifluoropropane,
perfluoropropane, dichloropropane, difluoropropane, perfluorcbutane,
perfluorocyclobutane. Partially halogenated chlorocarbons and
chlorofluorocarbons for use in this invention include methyl

%0 chloride, methylene chloride, ethyl chloride, 1,1,1-trichloroethane,
1,1-dichloro-1 fluoroethane (HCFC-141b), l-chloro 1,1-difluorocethane
(HCFC-142b), 1-dichloro-2,2,2-trifluoroethane (HCFC-123) and 1-
chloro-1,2,2,2-tetrafluoroethane (HCFC-124). Fully halogenated
chlorofluorocarbons include trichloromonofluoromethane (CFC-11),

3 dichlorodifluoromethane (CFC-12), trichlorotrifluorcethane (CFC-113),
1,1,1-trifluoroethane, pentafluoroethane, dichlorotetrafluoroethane
(CFC-114), chloroheptafluoropropane, and dichlorohexafluoropropane.
Chemical blowing agents include azodicarbonamide, azodiisobutyro-
nitrile, barium azodicarboxylate, N,N'-dimethyl-N,N’-

0 dinitrosoterephthalamide, and benzenesulfonhydrazide, 4,4-oxybenzene
sulfonyl semicarbazide, and p-toluene sulfonyl semicarbazide
trihydrazino triazine. Preferred blowing agents include iscbutane,
HFC-152a, and mixtures of the foregoing.
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coupling reaction. Concentrates are especially preferred when tengeratures
are sufficiWAOPYOBegh to result in loss of coupling agent by B<HES?L6¢h or
decorrp05| tion not leading to reaction with 30 the polyner, or other

conditions would result that effect. Alternatively, sone coupl.i % occurs
during the bl ending offhe rRSIOUNE I BPYARG: ageNF dBERFENTGESREREC Bif PebAFTofelt
t he coupling agembterdadi trs make endoeu- iprmihg thedyven@edt iatfgoRrs0 A §aded i nt o
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dit n.the skill | e art
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agent and- pol ynepefweagiapiafeRéeMing ﬁiﬂf’fteﬁr% &be f‘)%ﬁ“b\%“‘? kfb"rdé’i‘,‘iﬂ‘rﬁ&l f‘i’at‘}h “The
t enperat ure of tfeatsoaptionriagelily pecforhbedamt foire ch@nnelss whi¢hmgxaend xt ur e

to a tenperatureedtided@StnRAYAl cieO rbite FHBRMAROBLEfe L6 MRLARLIIY phrifmly

I t
o TR A e R i UG08 9000 2 5

or etru3|qn Liizin
ot ol dithg. CERCIREFER MPAGE 10 RETASSAHG “PobRpbinbERG EQPO B5f naPe
form or fiber sphamieds. a%é%ﬂ‘y@?@‘ﬁlﬁf( Bresand €B%Fblsluﬁﬁtad§éﬁ% 5éraé‘ §B|‘F’t%bl y
conbi ned i n any panfee vhittle fesulahd prefdeabhlyedre savifoomly Héspofsed over the
preferably by 6 giXife@.ththeCeunhd BYt &GNy Vol N fabyail epntrtdebgent of
condi tions which Fg}ée d;q;p!esaéiar%g tabBlré'ﬂxgcQ:?éiQ{a@ 5&%?%}10;?5}:‘&@&%:# tH“&‘i’l%l&

anounts of | ocal <i5|on en _subj res

heat sufficieht PBFeYE3EE (ﬂ‘?m?’?té'loér%Ir%geésnegﬁ%sgl.ﬂﬁngl? r%nla}f “m m J"t“ﬁn%

of coupling agent @mengéPnamidy Frablgr fRan-bErg @eEkPREiPR ’cso Wieh”t(‘}ﬁﬁl $higdsin

in which chain cehglamg fakdsspiraeeas tAugbbsimaft § alHagpenniNosr nf 24P, ALérandi s

one in which thesdsgd, psputi on of coupling agent in the polyner is

sufficiently homgene%§1$n& diféllkrggnﬁ%dogﬁ/lcﬁﬂally incorporated in the resulting

20 foam structure such as stability control agents, nucleating agents,

inorganic fillers, pigments, antioxidants, acid scavengers,
uitraviolet absorbers, Flame retardants, processing aids, and
extrusion aids. )

A stability control agent is optionally added to the present

s foam to enhance dimensional stability. Preferred agents include
. amides and esters of C10-24 fatty acids. Such agents are seen in U.S.
. Pat. Nos. 3,644,230 and 4,214,054. Most preferred agents incliude
stearyl stearamide, glyceroimonostearate, glycerol monocbehenate, and
sorbitol monostearate. Typically, such stability control agents are
20 employed in an amount ranging from 0.1 to 10 parts per hundred parts
of the polymer.

The resulting foam structure preferably exhibits excellent
dimensional stability. Preferred foams recover 80 or more percent of
dnitial volume within a month with initial volume being measured

35 within 30 seconds after foam expansion. Volume is measured by a
suitable method such as cubic displacement of water.
- . In addition, a nucleating agent is optionally added in order to
..control the size of foam cells. Preferred nucleating agents include
. :_.iporganié substances such as calcium carbonate, talc, clay, titanium
40 Lvdxide, silica, barium sulfate, diatomaceous earth, mixtures of citric
. acid and sodium bicarbonate. The amount of nucleating agent employed
- may range from 0.01 to 5 parts by weight per hundred parts by weight
of a polymer resin.
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pol ymer having a nelt viscosity after treatnment according to the practice
of the inven her hi gher at | ow angul ar frequency (for);%lfms%gﬁ.pag e 0.1
rad/ sec) or Hﬁm%fﬁgﬁ hi gher angul ar frequency (for exanple 1 rad/ sec)
than that of the same pol ymer which has not been treated with the coupling
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or pelletizer. In a preieressh@idadonBitirudtiurt NHeidnaNy i QNintdhg NHAEQIS of

the X5 present inygpdy QPaﬁE@Kevﬁt Ccﬁe 191 %h“ééﬂe a¥:es§§éh aE*@{:r&cﬁed”éﬁ%e@

t he coupling agen

t
t he deconposi t‘?on f’enﬁégrgi ?m{ 8t° lhgs ?lfﬁﬁb?g’é‘h‘ft ﬁ%t]TOS%?ﬁY g‘"—”‘“ed
process. The vess&P ‘?‘é‘gp"r"éf BBy °4ne Ft‘é’GPea’TYoP ft@§nferegoing
preparation. The reatighei:ipes or| anyppeheyr efrdiguragioms at 40 | east two zones
of different tenperatures remtizingifohm streanke s optdovaElypasses;cdlhed foir st
zone advant ageousbyerbeblpadt prefbfdMQ) ahlrgredénd 235k cbhtaiGk Vil pbideR€ d¥emdre
tenperature or,t he;SQst &80 d GERRESE WeloHink NS ROHY BBEdssA. and preferably
less than the -22- In the most preferred embodiment the foam forming step or steps
and the coupling steps are at least partially simultaneous. Thus the

tO

coupling agent is introduced during any step before or in a foam
forming process that is of a temperature sufficiently low to result
25 in adequate mixing before or during coupling and coupling takes place
in or simultaneous with any step in a foam forming process in which
the temperature is at least the decomposition temperature of the
coupling agent. Coupling, however, preferably takes place before the
foam is extruded or otherwise exits the vessel in which the polymer
%0 is admixed with any blowing agent.
Foams prepared according to the practice of the invention
advantageously have one or preferably more of smaller cell diameter,
homogeneous cell diameter distribution, lower foam density, higher
tensile or compressive strength, or higher tensile orcompressive
35 toughness (of combinations thereof) than foams made from the same
starting materials but not coupled using C-H insertion coupling
agents, preferably sulfonyl azides, more preferably than foams formed
from the same starting materials and coupled using free radical
means, especially peroxides. Cell size is measured according to the
49 procedure of ASTMD-3576; tear strength is measured according to the
procedure of ASTMD-624; tensile properties including tensile
strength, compressive strength and toughness are measured according
to the procedures of ASTMD-412. Additives such as antioxidants (for
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deconposition tenperature of the coupling agents and the second zone being
at a tenperwO@@p/204L6f fi ci ent for deconposition of the couplingPE§RIF8/176p%
first zone is preferably at a tenperature sufficiently high to soften the
polynmer and allow it to conmbine with the coupling 5 agent through

di stributive m XieRgmg1e,anshtisleanpheiioly -suthl as mmenexdrple, HAgdhbx¥nlwio)a

bl owi ng agent conveniently occurs in either of these zones, dependi ng_on
the tenper at ur es PhesRlitagebiry FER™Rles LRIRIORD) 1p%) PRER CORSFCIRYE avtabishg
poi nts above t hesfeonmibagcdiyy agepiradeconNpUsi ¥i egrabinzers) wldngpaddfieteds \(for
greater than 200g{dmpi@)dpsHPaebat nén@merhdtas%apraaaimeef G loP¥Rts , Bk driehgs,

pol ymer (such as_Lg £11305 e”tarr%tg ttm%ai' %ﬁ%{;a{%{c‘iud%cf“inpéﬁ%]%w% Fhogl ”e”t

f or |ncorporaf|on of "caup e Co

in solution or aGHPHY[?rdean"t*l? P Py rre"rhe Pﬁe%ﬁr’ltoi'lxi“ﬁ?é"ﬁ%‘l yitet? sex':g’?)t
i mbi be (absorb otheylsr boatldtsager%mhoﬁhet rehanseg| prepentten piseanerefdly to
evaporate the sohgpricanfkter evaporation, the resulting mxture is

extruded. The sol vent qing Qa&ft%apla&eaaaoiaeaﬁw F(Erhk?lo‘}@éipiﬂ ROn&RIh1 1A nd
nore prefer ably al sp forg I u%%I mer r]:[hose §n§r I spsal %bl ewosrugga
n

the case of pdi yEIFbBHAP 508 ¥2n %tg ar-solvents suc
acetone, THF (teFP&tﬁFm*BFLﬁ%r?Pté?ﬂdéﬁFo‘F‘i‘H}&Y%ﬂ lﬁyHP 2PBoRs “Saeh p<f§"’ents the
met hyl ene chl or i gelymerAbr epaiymey dpiendt freom poderasing exddpbiendgtsthsh as
mneral oils in weksdrathees ahd engirmgReht ietpSoifdd aueitg yrot8@ Bh® Wl@imate use
di sperse the cougkifg @g%exlsn AR YHBEnt %rfearlrl:igglda?rés is usuaE‘.[}aqtn' Eﬁe Qbnge
the process of thg LIeRLON 0! HoR gt IPULLY PILYIP Jn?errz._ I8, 880l 100 Beon

f oans t hereof" yi € rheod Bh%e8 ai n cou T am;

is foams of pol yfRet SR Eﬁr?Fé\‘feb%Lﬂef‘éh'érﬁ‘iféd %‘?ﬁ"néhe dieR? ts‘lfb?f‘? tR?tléfﬂe‘bror
aryl - substi t ut edpelynssx B, §ikidardvbsthiet aneuhtsr ofiraply- of e pthex] enumerated
phosphor ani de, 3Qdaidaplessahs trhbufwittabnarlyl equibanibhtitamduned [Eypkcknes cbe pdriongt

bet ween di ff er entoPAINgER ¢k PoligmerSe NpSaMRE Esh 2Rl ¥HEIHL1BERIMES to produce the
advantageous'ﬁ’ desired amount of filler loading to produce the desired result, to
:provide the desired color from the colorant or pigment. Such
' additives are advantageously employed in the range of from 0.05 to
'50, preferably from 0.1 to 35, more preferably from 0.2 to 20 percent
" by weight based upon the weight of the polymer or polymer blend.

% Fillers, however are advantageously employed in amounts up to 90
percent by weight based on the weight of the polymer or polymer
blend.

The blends of the present invention, in addition to the
production of foams, are advantageously used to produce a wide range

0. of fabricated articles including calendared, cast and blown sheets
‘and films, compression and injection molded parts, fibers . The
biénds are also useful in aﬁplications such as modifiers for bitumen

..and asphalt compositions and as components for hot melt and pressure
sensitive adhesive systems.

s The following ekamples are to illustrate this invention and do

' not limit it. Ratios, parts, and percentages are by weight unless

. ¢thefwise stated. Examples (Ex) of the invention are designated

" numerically while comparative samples (C.S.) are designated
alphabetically and are not examples of the invention.

'jﬁkihhﬂhods
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- show hi gher | ow shear viscosity than the original polyner due to coupling
of long poly I.ns to pol ynmer backbones. Broad nol ecul ar |

di stributi on%?gg}rﬁr‘gzlrﬁs (pol ydi spersity (P.D.) of 3.5 35 and gl)reézllf%%%%d gel
level s I ess than 10 percent as determ ned by xylene extraction show |ess

i nprovenent than the AL GLhd akr QL §%uhPe AT E0 UMD PAl ¥BBMmebRuda =

2.0) with gel less than 1Q percent. as deter ed by .xyl extr Lon. . The
latter are, therefSFE P gf’ e&reeg&flg'r“rl‘?sge&r?g} %‘egﬁrf%‘éf i%eggg?lciél&les%%tﬁ{:/léon EFon.

40 Coupling | ead$SorBrEdr et @idphient1oqy RAOBRTTGFt d3° THREFDJPE afF3de
properties, speci feetdnayidmHoB6e wieh 12551 digrdtesspasal Hdnekarepywasi weadebiR ed
| ow shear vi scesi idgtera2Be the dypamd ohenlngisilefsacl A lficequencesseqar @itk hve
the skill in the abarikhfidalf} @psedaSoiRke el ddcabe Bustip exebleib 100
teachings to processes for naking ethylenic polyner foam structures and
processi ng them i Fa@&/s pt ¥4 k- 'ﬂgSI%Fb‘f “AS F%éﬁ’?“}m%afﬁt RF “§thigy hih doRe
Pol ymer 5 Foans andcoE@e$nicl orpime dgi padobyind. a Kteajmevespndt K. 1Gad¥siandhl90
Hanser Publ i sher S’°C NB Is%@&%nwsg%afr#fw tYoOEK pe?@é&eg%ﬁn(gnggl%Ercm %pef)ss to
erence. ture IS

i ncorporated here I'n"by re€ NC e resulting foamstruc S,
optional |y mad® byeseTERS dhe i BRdTTeXeFUSED FEFvdht A PRI Y EX T & 1EPEPRr €
i s i 0o advant ageouskycifiegtdoadhyhddaensdycent andprrerftsaigoeyeR™ abel08r¥ad/st o
forma plasticized,qri il LaP UsUIRG JRELRIR! tnd RELLRAr ALY thB&LLI N2

bl owi ng agent to forma foamable gel, and extruding the ge| hrough a die
Lo form the foam SPBHTERT LS PORETE AESAAPIE I h%‘%ﬁleg'ﬁen?sa?égﬁ?d, Yt M.
pol ymer material iP§eheared- 1B Hisshrper atakte RAEOIGPY MBEVESi R ggiaddagrics
transition tenper @oressdng neVan Neptpendit Ne Yorbl| @G0WHg agent is optionally

i ncorporated or mxed into the nelt polynmer material by any neans known in
the art such as WivlBeddief el URRE , indbX Hest P vRPE YPeredtined @ hide@roddhepliaWidg
agent is nixed W tfinthge MlihatiQkYdBkadation.

20 A thermomechanical analyzer (TMA) commercially available from Perkin
Elmer Corporation under the trade designation model TMA 7 was used to
measure the upper service temperature (UST). Probe force of 102g and

heating raﬁe of 5°C/min were used. Each test specimen was a disk
with thickness of 2mm and diameter, prepared by compression molding

25 at 205°C and air-cooling to room temperature. Temperature at the
probe penetration of 1 mm is taken as the upper service temperature.

Xylene Extraction to determine gel content was performed by weighing

out 1 gram samples of polymer. The samples are transferred to a mesh
30 basket which is then placed in boiling xylene for 12 hours. After 12

hours, the sample baskets are removed and placed in a vacuum oven at

150°C and 28 in. of-Hg vacuum for 12 hours. After 12 hours, the
samples are removed, allowed to cool to room temperature over a 1
hour period, and then weighed. The results are reported as percent
35 polymer extracted. Percent extracted = (initial weight-final
weight)/initial weight according to ASTM D-2765 Procedure “A”

Tensile properties were determined by compression molding 1/1é6 inch
plaques. Tensile specimens were then cut from these plaques and

0 tested on an instrument commercially available from Instron
Corporation under the trade designation Instron model 1122 load
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material at an el evated pressure sufficient to prevent substantial 20
expansi on ofwDiee/126t pol yner material and to advant ageously dPEHUSLE1766f%

bl owi ng agent honpbgeneously therein. Optionally, a nucleator is optionally
bl ended in the polyner nelt or dry blended with the polynmer naterial prior
to plasticizing ofraed wshog OFRE0 fisghuld @ gol nisreygsnsile sappieeepsured é‘\?\e?n
tenperature to opekeérsdophyestiecat 23nehatiaciE2.irstntsindf. tTensidamrsbresd ang.
The gel is then eé&éﬁ&é@@oﬂratcewmedewmag&& @hea&:foréﬁ'ﬁﬂer adcis hgpe B-a18.

zone of reduced o rrgle Otouahgersess %Qs agur?cir:| r}h agggn uhde Céﬂ'éh Et)feg§9s ?api% QFrve -

| ower pressure is ressure I'0 whi ch oafma

is maintained prior to extrusion through the d| e. The | ower pressure is
optionally 30 sufbeatelospivend fonrthsudkityiespiased golymetanWashigasuged according
preferably at an at r I n e gp%z I

foam structure i s%op ongl J[z%a ngrdc%’ﬁdlg g%%logsg trantngfE&q: gf%x,ﬁjﬂglaosn
of the ethylenic EBP%Pnn@terl al through a nulti-orifice die. The orifices
3M are arranged so that contact between adjacent streans of the nolten
extrudate occuss @uhéRQ bhAScdnEd FrPEeeemsn Al cbiisre28 b Glek Ngress debafRfed in

adhere to one anofhgy amsig sl T ioed 60k, z}d?ﬁm b8cd ec%lel inamd@swlotfaiynf A8

t t Th t | t t f
siructure. e st ol SELGED SRAGAE. Gl DAl u%?% et Ghes-s

anot her to form aineht@r97? FPuctTASE. SPREIMERD | Kpre TRAVESE SUP8H FINFCant BiFain
strands or profil es Zhpekdentamat (70a¢hEsred2i m. a Thaisampjestasueged att 30T doenR2

strand del am ngt i @nuiteeds Pdreese ToRBEHFIbR] athenNcdlRAES P@ecShapi ng, and
usi ng the foam -24- Appar at uses and net hod for produci ng foam
structures in coalesced strand formare seen in U.S. Pat. Nos, 3,573,152
and 4, 824, 720. Al t er naffPi&IRATEE RS SRAWAGERELFASART FHGCERR SPPsIUGHPRITE| 70
f or med by an accushtit bagndx erasjamerprest essoxtingets the fpl3owingy priygedures:

Compression Molding: Samples are melted at 190°C for 3 minutes
26 and compression molded at 130°C under 20,000 1b (9,072 kg) of
. pressure for another 2 minutes. Subsequently, the molten materials
‘are guenched in a press equilibrated at room temperature.
_ . Density: The density of the samples is measured according to
. ASTM-D792.

L

The following materials were used:

PE (polyethylene): An ethylene octene copolymer with melt index of 1
g/10 min, density of 0.902 g/cc commercially available from Dow

30 Chemical Company under the trade designation Affinity PL1880
polyolefin plastomer is used as the polyethylene.
PP (polypropylene): Isotactic polypropylene used in the blends is
~commercially available from Himont Incorporated under the trade
designation Profax 6523 polypropylene. The product has a melt flow

. s ‘rate of 4.0 g/lO min (measured at 230°C). This product has a Tensile
C strength at yield of 5000 PSI (34500kPa)and a flex modulus of 250,000
PSI(1723 500 kPa)}.

"fHDPE- HDPE is ' a high dens1ty polyethylene with melt index of 30
.__f'g/mln, den51ty of 0.9600 g/10 min., commerc1a11y available from Dow
o Chemical Company under the trade designation HDPE HD 30460 M

'pplyethylene.
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a 4,323,528. In this process, |low density foam structures having | arge

Iateral Cr osyyofRfibiagnal areas are prepared by: 1) formng ug’%ﬁ‘y‘lﬁ e_’%?ig[e a
ure

gel of the ethyl'enic polyner material and a blowi ng agent a !
at which the viscosity of the gel is sufficient to retain the bl ow ng agent

when the gel is alghpweda} Qxﬁéﬁﬂﬁt@ﬁkzalzétr&@enee/)éEyféQEn&:pgtﬁﬁnegerllader? fnd 410' di ng

-zone muai ntained a r sur.e h e gel
to foam the hol dltsﬁfuugggﬁ g%/sl%ngoxa ¢ tPe?ceguréIWd?t i NG éﬁglélfife hc%e Sﬁl’ng

into a zone of | oBf® FPRYYEFR 1§t4’t/\/r‘ff"t5ﬂ‘tt RRFCGRY SEUERTS, a%asd’f?lé‘bteﬁaﬁeé‘tgate
closing the die oreFIPY]@ée 3fhpevpErlilceanpye cPeniqrgtaine e weighy margertantial ly
15 concurrentlsy appippilyrernetcirane eal ampriegsice. byt shagoy alelle inasx qNIl e gel

to eject it from I;uleo qlgll‘djéeggatzggg,c r{dgr% %I"ke 9| e orifice into the zone of
ra

| ower pressure, Ml ch substantial foani ng in
the die orifice o@'ﬁﬁr? a’r?da’l‘e%’?gy’cer?&n fHREnea f nLATPE S GHRAVARG 64| weight percent
irregul arities inoérysenseerd dAaveighe pevrencheh@tRylengcwnsaindng aBpctic
permtting the ej golytygsle ¢D 768 p@ight peARE Aidhachdvingla meBSinddxCoflioTBNSi ON
to produce thewofogmewircture. In another enbodiment, the resulting foam
structure is forrred into non-crosslinked foam beads suitable for nolding

into articles. t.he foam be screte resin_particles such as
granul ated 25 reS| n%e’ﬁenf & Fee ?n% BﬂJd’é'ﬁ nEITY 0T FSheddi aFs IsKRHiRsLRed

they are substant ia‘é‘FcP%‘?”i'%%I%I @%awgagerwg%rprw%aregnat ed with a bl ow ng
agent by i ntroducRerfterdesFpigithep agent into the liquid nediumat an
el evat ed pressare and tefrgelriahufz2.7rL)ancHutjecieave, antailaes dohesmdi€ywessel ;

and rapidly di schatpedditahe dehetat nesSRhore &ﬁplayécﬁglsoiheof:ea%Qorreﬁluced _
pressure to eXpanﬁlaéeri&rﬂytJ&ﬁpiéaa%ﬁ%@&S it gpgﬂ%%‘sc%mhéﬁc‘é@# Lauahg,d n
U S. Pat. Nos. gZo?n §§&tﬁﬂgg f}lixeqfé 18nc u%er@x o Ea%e cllﬂs %na}tﬁﬁ? 8% ed into

I ked b cess i'ona
e oo penaed per imRaTEe Broviali e mixio iR FOMUA LFob R bath 47

forma graft iftePPd yid753F2) i tBHoeess Exdvyramiie gl hortem apdequtathe tdhe A
pol yet hyl ene/ pol ybeatr eramsten odpotapneirchbaes treugtochediaaket di stleargedof rom
t he vessel subst anénosk|somanesx paandied: oFheedecndls axmek el expapaadesndesmlged
by there was a flow meter that measured flow and solution density. All
lines on the exit of the reactor were traced with 50 psi (344.7 kPa)
~ 28 steam and insulated.

Procedure _
Solvent (ethylbenzene for ESI-1 and toluene for ESI-2) was

supplied to the reactor at 30 psig (207 kPa). The feed to the

% reactor was measured by a mass flow meter. A variable speed
diaphragm pump controlled the feed rate of solvent. At the discharge
of the solvent pump, a side stream was taken to provide flush flows
for the catalyst injection line (1 1lb/hr (0.45 kg/hr)) and the
reactor agitator (0.75 lb/hr ( 0.34 kg/ hr)). These flows were

35  measured by differential pressure flow meters and controlled by
manual adjustment of micro-flow needle valves. Uninhibited styrene
monomer was supplied to the reactor at 30 psig (308 kPa). The feed
to the reactor was measured by a mass flow meter. A variable speed
diaphragm pump controlled the feed rate. The styrene stream was

© mixed with the remaining solvent stream. Ethylene was supplied to
the reactor at 600 psig (4,238 kPa). The ethylene stream was
measured by a mass flow meter just prior to a valve controlling flow.
A flow meter controller was used to deliver hydrogen into the

~32-



an expanded pol ystyrene bead nol ding process within the skill in the art. A
process of wpRKegrupasw! yet hyl ene/ pol ystyrene interpol yner beadspé@/nuses 17668
described for instance in U S. Pat. No. 4,168, 353. The foam beads are
conveniently then nol ded by any neans within the skill in the art, such as
chargi ng t he foamtigadse tsareée avotie cuoliyr essting etchelens dontrod ovipkvess Thee

beads, and heati ng.4HendARESogedd mixturtUebnAsed it hSt RA Kol Gerttf/Eeptene stream at
coal escing and wel 'iggw %\EQ&&%QQ'S{%% E%fﬂprgt@r@%tf' Ehef sofPreORGhdmer hbGE

beads are inpregnate alrr or o oW ng agent at an el evated
pressure and tenpeitatrsrghepreactarovah aregueed tto $ebyd deafriaxchangen ethedds
?L e optigngl Itys Bf@iﬁ@k 1P&d Qﬁesj%&ee@#leaﬁ; -'E‘HQSfé??%@@/%Q?Té{eesEQé‘atl@l&hEé&édy
en nol ded to c r s rti.cles

Wi thin the skill T ?’ﬁgt°é{‘r,t°§g‘§‘c%%5%é‘t°§q hﬁyef gﬁ,%gngtgg%%eq?n%g%?g%a%}gq%s_
3, 504, 068 and 3, 9%EscEiRed ERcTaene L ARF P VRt ﬁ}asawﬁﬁs M EEERR SRR 2t
mol di ng net hods arle betren buC, thropgh le déffargnt pporkgtham fhe Mppopey stx{gnpp.
10 227-229. Bl ovbripaggeitns ofiSetelbat dly@akidipohdrer s @solk tpilage fidaan sinexet ur e
;8; lrﬁge 'S”_OE gﬁ“gcaﬁ%gﬂg%e Q'ilgﬁfl!beb' C&‘Me{‘%ﬁﬂ%fﬂéon@:@ﬁeﬁd?%f@'pub' QWid_lgro_gen

. Sui | 1.G_Ql owi n ents .in arho e, Ni LI ,
argon, water, ai r?ad%eg r%elﬁ,gezésn(?n e%?alf%egd’oggﬁ?%ﬁﬁ%o%m&n%a%?ogn%%&irﬁgig%g’gh
al i phatic hydr ocafIhEhess, FHY NS cHit GAL NGB ¥EHPFBRRITEE %R hRYTRY, 3nd
1- 3 ‘carbon at ons, tndléwivap meabuged tvizhl fliwmmetedsat eBhese preaamg combine with
hydr ocar bons havi gg-hl oéh@raizhanct eafalydki filvehi soluedie onatbprior nol erdery through

net hane, ethane, ProRgNe. injebtidd€ind SARYIERCredddRNiRNR, ch&ORRBEAND £8AK the
neopent ane. Al phgt |J.1% géé:é)hg s i nclude 20 nmet hanol , et hanol, n-propanol,
u an

and i sopropanol . retl,'i'al | y hal ogenat ed al i phatic hydrocarbons

i ncl ude fl uorocar bons, PeHMSF 522 IBBAS SREPRAS 8F H93TEI St AMBOHE TERUIRE. %f
f | uor ocar bons i ncreafsormdoduct | lioei akterpthd [reareret RuRddibion (off Flvae kill

1, 1- {water mixed with solvent) into the reactor product line after a flow
" 2 meter which measures solution density. A static mixer in the line
provided dispersion of the catalyst kill and additives in the reactor
effluent stream. This stream next entered post reactor heaters that
provide additional energy for the solvent removal flash. This flash
occurred as the effluent exited the post reactor heater and the
s, pressure was dropped from 475 psig (3,275 kPa) down to -~-250mm Hg (33
' kPa) of pressure absolute at the reactor pressure control wvalve.
This flashed polymer entered a hot oil jacketed devolatilizer.
Approximately 85 percent of the volatile compounds (hereinafter
volatiles) were removed from the polymer in the devolatilizer. The
30 volatiles exit the top of the devolatilizer. The stream of exiting
volatiles was condensed and with a glycol jacketed exchanger, entered
'the suction of a vacuum pump and was discharged to a glycol jacket
solvent and styrene/ethylene separation vessel. Solvent and styrene
‘were removed from the bottom of the vessel and ethylene from the top.
35 The ethylene stream was measured with a flow meter and analyzed for
composition. The measurement of vented ethylene plus a calculation
of the dissolved gasses in the solvent/styrene stream were used to
calculate the ethylene conversion. The polymer separated in the
devolatilizer was pumped out with a gear pump to an extruder
o Commercially available from Werner Pfleiderer Corporation under the
L trade'designation ZSK-30'devolatilizing vacuum extruder. The dry
polymer exits the extruder as a single strand. This strand was
cooled as it was pulled through a water bath. The excess water was
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di fl uor oet hane (HFC-152a), 1,1,1-trifluoroethane (HFC 143a), 1,1,1,- 25
2-tetrafluor %859@2 (HFC-134a), pentafl uoroethane, difl uor orret ha

per f | uor oet hane di fl uor opropane, 1,1, 1-trifl uoropr opanePCT’US”’f7668
per fl uoropropane, dichloropropane, difluoropr opane per fl uor obut ane,
per fl uorocycl obut a Part i o} d arbons_a

chl or of | uor ocar bongf?‘wgrgcgn Be ¥t%%§ &%Ha;& al%h ncI e ando %71 CP'Q%%? RO i de,
met hyl ene chl ori deP®efh I"“Ehhl oFﬁf@ T°Epef t r| chI oroet hane, 1, 1-dichloro-1
f1 uor oet hane ( HOFC- 141bhe Fatalysr ¥sad ingpreppgingeiHake WoRCHCPIRAgpido)
1-dichloro-2, 2, 2- t@mfeltl!nolr(&etmaehyebm@p&m)hmyd)é;:rlane -titanium (II) 1,3-

cm or o]: I1 2, 2, Z-Eetﬁaftbﬂm’r@etmn&tlémuéﬁi?ln &ub&mﬁbadsa?smemtamum, (1,1'-
chl or of | uor ocar bons_jinc ric r of | uor onet hane ( CFC-

di chl or odi f | uor orre Hahe ?’Eﬁf}lfﬁ?q 1%[%56??’12?1“’(}836&%%'@ @E:F’)ébl’lb')m‘
1,1,1-trifluoroet h@fFé°P€f5\§m“al1P|ha’éﬁ"Géﬁ1’aheYlldﬂcqﬂrl bradmethvatthydp oktlhane

(CFC- 114), chl or oh&jreahilisdt opmnipeod? -)aNt- di T esadtaxgdt! way GRS ayabBegenated
Cheni cal bl owi ng agaNbealkpt | nedRy Ranshioar epaNsdSentaZ AbrbSIAYE WoRardli kI | €,

bar i um azodi carpoxyddkfea mlge\afgimmsheh&o%ermgﬁ Sediibi0sokst SRDS Righarm de.

and benzenesul f onh mggal Ien )

p-tol uene sul fonyl _seni car |ﬁréefrt}h [avd eglf:’?"f é?'i‘ PO e IRt A ﬁ°b‘I389\A’ﬁ

agents incl ude i sobift é'f‘f’é”tf;lli’@df?fﬁ ‘é‘nﬂal?ﬁeithlaég 20end (g ¥efestRst £y herotn as
The amount of bl oW™#§- agent incorporated into the polynmer nelt material to
make a foamform ng polynmer gel is from0.2 to 5.0, preferably fromO0.5 to

3.0, and nost pref eradhy fa Obmeﬂly@t t0 Cocabalisd ¥R emdP@acktd @At &NOTRar 10
polymer. 5 Foans ar g—eptd nahgigfpgg{—gqt@g—ed-%wccel erate

perneati on of bl ow ng agentf fromn nd. ai The foans
are optionally perforated t{o for E°?e1ta? ﬁlpégvﬁ?lﬁlt =x?"é§ ﬁ?rra?lé’ﬁ/ t hr ough
the foam from one surface t&sén’o her oft-f&artially|throudgh®the fodm The
channel s are advant ageously spaced up to 2.5 .
wS1-2 5:1 15:1

Table 2b Reactor Data

Polymer| Reactox | Solv.Flow | Etnylene Flow | Hydrogen| Styrene FLOW Ethylene |
Temp. . Flow Conv
percent
og ib/nxr | kg/RrTIb/hrTkg/hr| SCCM [Ib/hr[kg/hTY| percent
ESE-1 94 37 16.76] 2.8 0.41 3.0 5.0 2.27 96.5
ES1-2 6/.9 30 13.59] L.3 [0.186 "0 L0 4,53 86 .3

"SCCM means standard CubDlC Centimeter
20 Conv. means conversion

Solv. means solvent.

Temp. means temperature,

23  Preparation of 4,4‘-disulfonylazidophenyl ether:
4.4’ -bis{chlorosulfonyl)phenyl ether (10g, 0.027 mole) was
dissolved in 100 mL of acetone and 4.426 g (0.06808 moles) of
solid sodium azide was added portionwise over the course of 15
minutes. The reaction mixture was stirred for 26 hours at
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10 centineters apart and preferably up to 1.3 centineters apart. The

channel s ar gy@dwegae@geousl y present over substantially an entiPeTwsss/mees of
the foam and preferably are uniformy di spersed over the surface. The foans
optionally enploy a stability control agent of the type described above in
conbi nation with pesfemtatémperhourd laed tien sscdidcatet] tperempaei spdigm r el ease

Bfer ?L?‘é“t ingnaiggn\t/vi t‘éﬁ%c!nﬁtdggi nﬁnl’@ Béaﬂt?EQiﬂEBsf c?fh@cle! Vaftvﬁgh@d fﬁgmﬁﬁ&?;ﬂ and_
Pat ent Nos. 5,424?€e1 °anfin%i,<§1§g?%%§. %ﬁa{r%ﬁg g{?d#(?év%s% grr‘%%ogﬁ%gn hI L

[,
i ncorporated in tHes Mashed i tgCe v tPoath W PREHIARE SUCIFTEE BILAMFS tds"lg%n?trol

agents, nucl eati ngmiipnyt sempargreemuadey [Vaguyn. piThaerRsylting vBitelH94d acid
scavengers, ultrayr ef abgmreens yikllamvaseiderdditied g 6c£'ssi ng ai ds, and
extrusion aids. AgsllichiiyieRphégh BERH bl S10RNEODRE hiraskiRdrbecddye |
present 25 foamto enhance dinensional stability. Preferred agents include
am des and esters of Cl0-24 fatty acids. Such agents are seen in U S. Pat.
Nos. 3,644,230 anfomeare¥ivgFamRE&A-preferred agents include stearyl

st ear am de, 9|1§|/_Ce!.‘[9”él):?ﬁ§§§érb%w, (ﬁi.?ogerrmat@an@f)qbermwmm SO Yairt lBiadeg -
nonostearate. Typically, s tabil | ontr agents. are ed’in
an anount rangi ngt‘f‘?'b’}ﬂgoéiuf%@ E F%chee%r 9%[1‘?1) rggg %.II’ tt§£090%9ﬁ5$eg¥fér.
The resul ting foaffses GBe RAYPredeens| fabpalbtd s zéx€@ PEMES ditn® '%’ﬁﬁ?'
stability. Preferhéted eddstioncofcrheBBS 0f1 polymeyar thatadgixsdiisepple \wesune

within a mnth wigh Nkl fostoldiMohel g Ieaskehnine Whd Heflodls SgEONIS
after foam expansion.” Vol une i s measure y a suit e nmethod such as , cubic
di spl acement of walkved) Fo RRPlei othe §3PRIS ¥af | GRIPEGRHON Boled d7tR By 1AtRied
in order to contrel.f he 5k zkotniQaphsgld s Di®tesseonssd @aLhd) 8961Y S

I ncl ude i norganic, subst ?ncesgsuc{] as_cal ci Py carmb(l)gavtlaeg rg&lﬁp gxlxc?ydooied
titani um 40 oxi d59° &8 FEECE FFi LMBUFTR e MG S BARCESLE S IR T h hi P UFSs of
citric acid and soHé Wenbirargrepatties]Thenhamsunttief conpteaaiomgeagent7odnHndy ed

may range from 0. Qd. tQ . 2.R8 ded BY WBeHDleRELAYNILEF: RALE SniNeaVei -l

20 results are shown in Table 1.

Examples 1 and Comparative Example B
The procedure of Comparative Example A was repeated except
that 2 minutes after the addition of the second polymer, 0.08g
s (0.2mmol, 0.2 weight percent) of 4,4’-disulfonylazidophenyl
ether was added. The sample was mixed for § more minutes and
removed from the mixer. This sample is Example 1.

For Comparative Sample B, procedure of Example 1 was followed
30 except that 0.20g (0.5 mmole, 0.5 weight percent) of 4,4'-
disulfonylazidophenyl ether was added.

After cooling, both samples were compression molded into a

1/16 inch (1.58 mm) thick plagque at 190°C and 20,000 pounds
35 (5,072 kg) of force for 8 minutes. The samples were removed and
- cooled. The tensile properties, the UST, the compression set at
70°C and the percent gel by xylene extraction of the samples
were determined. The results are shown in Table 1.
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of a polymer resin. -27- The resulting foamstructure is substantially
noncr ossl i nk rosslinked. The polynmer material conpri gj h oam
structure i s%gg%dggﬁ:l ally free of crosslinking. The foam st?t@?’ﬁésél%gs
.contains no nore than 5 percent gel as neasured according to ASTM D 2765- 84
5 Method A. A slight degree of crosslinking, which occurs naturally w thout.
the use of crosslinking agents or radiation, is permssible. The resulting
foam structure preferabl dgensity of less than 250, nore preferably

| ess than 100 and nost y from 10 to 70 kil ogranms per cubic neter.
The foam preferably has erlage| 10 cell size of fromO0.05 to 5.0, nore
preferably fromO0.2 to popt preferably 0.3 to 1.8 mllinmeters as
nmeasured according to t cadiires of ASTM D3576. The resulting foam
structure optionally is gn aay pybBical configuration within the skill in

the art, such as extrud gt 1§16 rod, plank, and profiles. The foam
8 in.nnlding for exanple of expandabl e beads

rjpti ons or any other configuration. The

[
ti;gFIIy cl osed-cel |l ed or open-cell ed.
n ns 80 percent or nore 2D closed cells as
6
t
£

g-
-4
[
2

into any of the foregoi
resul ting foam structur
Preferably, the present {f oam
nmeasured according to A
foam form ng step or st
si mul t aneous. Thus the
or in a foamform-'ng pr
result as in adequate mpxng
place in or sinultaneoudgsawi tf an
the tenperature is at | ast tlhe
agent. Coupling, howeve ,prefer

0
1]

A In the nost preferred enbodi nent the
coupling steps are at |least partially
gent is introduced during any step before
Es of a tenperature sufficiently lowto

or during coupling and coupling takes
tep in a foam form ng process in which
onposition tenperature of the coupling
| y takes place before the

D

-

€
2300 0 X J I o

(Ps
7500

percent
Elongation
T30

o210

350

Table 3:

{110, 190%)

15

(12, 190°C)
<0.01

Y

pexcent
Change
in UST
k]
Z

[4]
44,
63,

(TMA)
24
132
180

“Sawple | OST

C.S. A
EX. 1
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foamis extruded or otherwi se exits the vessel in which the polymer 30 is
adm xed w t Wer99/1ld26wi ng agent. Foans prepared according to thBCHUSY17668 of
t he invention advant ageously have one or preferably nore of smaller cel
di anet er, honobgeneous cell dianeter distribution, |ower foamdensity,
hi gher tensile or conpressive strength,, or higher tensile orconpressive 35
toughness (or conmbhoaixa@psed lBaseaiow &hamliosmsnnede Gor.2rwaigbt sparsestiacti igh” -
g‘jlt feg'n;‘: Sagiuée“‘)t #%%h@oﬁQ%%&EEb&fﬂﬁ Efﬁérf 5 kb8 Ue | d NGmBERIhg, cHY ebagaakyre
S, prefer n t '
material s and- coupFEFGE R T F e%yfre:ft%i f’:%%%g%a{n%egggl e(???ﬁ{ﬁggf%%nge?é%ggl
size is neasur&d HdeRG ARYGPENEFES YR (3% o8F ﬂ@&’%ﬁ'@; (REFRY SShigt h
i s measured accor deaspresenhefpEsvuder &) ofr AgTvdoERUion efistheePRYsisalt i es
including tensilepsbfitged. CoFEHQSOEYS Wier sagil aad stodllweds spracessEisupRd
??g?rdlz gg to g ;\: n%’eg . :fg@éc} %cﬁé\g\%f}é&esﬁgﬁiﬂﬂc}ée& Highe@Ehalt ixXkedandss
- 28- syc S r ; r
1010), phosphites e(’f%"r“"&gg?ﬁbft N r(gé' g‘é?sgr'r]@%f?b%ﬁﬁggém%?%gﬁmé[ﬁ{e !
avaid abl e fron? G BPEOTRASgPiEEE atitoR}end decreasedy (19 BRLE RPNy aé’éd??]isv‘é'gre
(for exanple, pol fosodutifl enessivntsubFfonikdazids t(meee thep| dravedghpPGRERNS , 15
and fillers, areygpgionally also included in the interpolyners enployed in
t he b}ends ththﬁ present invention, to the extent that they do not
interfere with the enhanced properties discover L,C
addi tives are advantag %L@ﬂf&éﬁ%ﬁle(?% PRoT Unct ?%?laaqlg é&{gﬁ& Sjl gfé-% £hat cthe
amount s known %0 EdseassREFF ddiepn? (AFECERY - High modgy 'ref"'e’tﬁg 8%0% ehpylene
anti oxi dant enpl opegrére tihtérmmivuer vahd ctequivsse dess tardSpotiate s orePoT §HEY
bl end from under g@ohgnedsi daticweratoliekaldenpesmi.ur es and environnent

errp! Oy?d duri ng stor ag’?s@zﬁd eWbhi 58 E 8n e TRindu8s P EIBE SronSMCdrcaBpHY off
antioxidants is usslélt%l)iéé Io@ él'pee cE:t%‘;r)] e:n.tions prepared in Example 1 and Comparative
2 . Sample A shows that the size of regions of polypropylene phase in the
blend with sulfonyl azide was smaller and more continuous than the

control sample without sulfonylazide.

Example 2:

25 A nixer commercially available from Haake Fusion Co. consisting of a
mixer with the trade designation HaakeBuchler Rheomix 3000 mixer with
roller style blades, attached to a rheometer with the trade
designation HaakeBuchler Rheocord 9000 Torq‘tie rheometer. The mixing

bowl was heated to 126 C. The mixing speed was set at 20 rpm. ESI 2
30 (152 g) and an ethylene octene copolymer was commercially available
from Dow Chemical Company under the trade designation of Affinity PL
1880 polyolefin plastomers. After 2 minutés, 0.30 g of 4,4 -
disulfonylazidophenyl (0.15 weight percent) was added to the mixer
" and mixed for 1 minute. The temperature of the mixture was raised to

s  190-200°C. This was done by raising the set temperature to 160C and
increasing the stirring rate to 75 rpm (revolutions per minute).
After 10 minutes, the sample was removed from the mixer bowl.

C.S. C:

49 The method of Ex 2 was repeated except that no 4,4’-
disulfonylazidophenyl was used.
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15 of fromO0.01 to 10, preferably from0.05 to 5 nore preferably fromo0.1
to 2 percent yo t based upon the weight of the polyner

blend. Sim |l ar y, ﬂé; anounts of any of the other enunerat edgégggéqﬁgé are
the functionally equi vaI ent anounts such as the anount to render the

pol ynmer or polyner_hlend.anti bI OCkI ng, to produce the 20 desired anmount of
filler loading to produce .t ired resul to P t he red cal or
fromthe col orant 'grf tg‘r?gn? E‘Su w%ﬁi&??ﬁ?&é eé‘F%p 58 ?‘gﬁ ! gg%% §e5d9| n
the range of from®t GStrteoHBW HB} Q468 My BPIveRBYAnS 127800 39, Ohddr &' r ef er ably

from0.2 to 20 per@isnfdnylasidgbienyd seege ped. t he- wei ght of the pol yner or
polymer blend. 25 Fillers, however are advantageously enployed in anounts
up to 90 percent by avepght based on the weight of the polyner or pol yner

bi'end.” The bl ends g, Lh&Ar&seRts mgy%g,éag;@a SReBOYAL oty bboet 908

of foans, are advant g ri cated
articles including® cg ‘g}f?dg{? HS% 5%’%%8 Sfﬁthﬁa PEhEEFS"Nd fil ns, conpression
and injection nolded parts, fibers . The blends are also useful in
applications such as nodifiers for bitunen and asphalt conpositions and as
conponents for hot nel rareds prressatt fes e SAdily acaihiedi Muhy3ysd eaBene36

The fol | owi ng exanpl escéyhér bhd WehyRhe dthkénd AMQILLDMeahedg NoOt i Mt
it. Ratios, parts, and percentages are by wei ght unless otherw se stated.

Exanpl es (Ex) of the ipyention are desjignated nu _&Watlve
sanples (C. S.) are des| gifRted ™ phabeti<al | §-afV/dr £ not e PR 6F the
i nvention. 40 -29- 4@1‘@3%@@% Vi scosity B#SCQB’rWaVl%@Satﬁri'ﬁe%it@n of

shear rate was neasuregsampder di ngj to the fpkpadeeng [reébdhed. A|dynRadls
mechani cal spectronetef commerciajly avail pbl e fronj Rheonet r i ¥$scdsiey

T.5. C. B4 1.60E05S T.60E04 7.96
Bx. 2 EL) 13.32E05 | 13.32E04 [ 65.07
T.5. D 96 N/M N7M N7M
EX. 3 110 N/ N/M N7™

T not measured

15 The results in Table 4 shows the products from blends of alpha-
olefin/viryl aromatic or hindered aliphatic vinyl monomex
intexpolymer with polyolefins reacted with and not reacted with
poly(sulfonyl azide). This result was obtained with blends of
ethylene/styrene interpolymers and either an ethylene/octene polymer

20 or HDPE. The data from C.S. C and Ex.2 indicate the blend using
poly{sulfonyl azide) (Ex.2) had higher melt strength (0.1 rad
viscosity) and higher shear thinning effect (ratio of 0.1 rad/s to 10
rad/s viscosity) than the sample without poly(sulfonyl azide)
(C.s. O).
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et e

W“ 7
under the trade designation RV5-800 with mm;m@[acdaar allel plates was
used to det avobsigosebie dynani c rheol ogi ca ncy sREIHHUSHBIIA668| ve
| ogarithm cally spaced points per decade mm ‘)mml to 100 rnds at
190 [err]C. The strain'was determned to I near viscoel astic

regi me by perfor g asstledmedsissep at - 0.1 rad/s and 190[err] C, by strain
sweep from2 to 30 percent strain in 2 percent steps to determ ne the

m ni mum required strain to p e $2664 fdnaabédriobathie
transducer; anot hi P Ewe EP li%? %%{?qg %}u\%ng rr endugoen llgi .

deternmine the maxi nlh‘PFE’c’r?araﬁ ‘ér‘?ré’ﬁf‘ﬁr’éﬁf‘?t YoBck? ]1”3% SR TAG 0 e
procedure discfosed @y gronh EEQSYWéliyixth&ceﬂésﬁblbua or Meké oRedaetingihiadered

Its Role in Plastics ,Prfcesm ng \a/@ar}]tl\lgﬁﬁ; @dioMthng&?ﬁézgago)eacMh%%xﬁé t¥een

and nelt index tests W m'ni m ze

oi dative degradat i offadg ?‘f?é‘r H%?ﬁ?@fh‘é?ﬂWEﬁ‘Ftsaﬁﬁ Vz’?rm?TM A) comercially
avai |l abl e from Perkin El(axer fompdratteos mederpearisent rafdeithesi gnati on nodel
TMA 7 was used to neasure the)umtelessy vhe eringhpatoantiice mohSdgx, Probe forct

Ode g2g ?Rdt Hga}( i ng ra]E ezof(bﬁ[qtr LE44E Br¥Rlinabsad a*E@Q}.lEe&iuﬁpﬂ&dﬁéﬂ v&s

a disk w | ckness o Iy y_.CO S

at 205[err]C and air- cooli t & F8§brﬁnta%m%rat gt?e qu on% wrﬁfleﬁgtgﬂ? e

penetration of 1 nmmand P'él@@ﬁs‘asm’r%é"%ﬂ?ﬁéfi %Jéﬂ?\“'é’ep ¥ r"ﬁf‘ﬁ‘f’ee‘ i??ene

Ext V?Ct ' 0][' tol determ ne ggl f:ifd?tﬁbgntd’\@§ @errofler;sacéehy d/iehghléggt(lzbkie ﬁtﬁlbﬁéﬁlc o-

sanpl es of pol yner. es an err a_ne asket ichis
L HBNAST Hof 2 131 70 LB, Lofle 53

then placed in boili hours the sa

baskets are refoved @d Prorcad §h 1a"%%€€’6u?ﬁ’iﬁ?é‘ﬁ ]%ﬁseES?)‘lf &rriee :ﬁﬁ’ﬂ‘pﬁgpﬁ’ﬁm gf one
Hg (94,600 Pa) vacuum fiore h2mbpekyserdfdre roddlyens stade hroFaRpRaser gFemponents

removed, allowed to cool.to roomtemperature soxgrr}_%r 3 -H0Ur B dd%Qrb@rP%tBQ@”or

wei ghed. The results °§‘P§ srmﬁor :épci‘ as percen extracte Per cen
extracted = (initialayphgtic bi-opdfinei HWihgi ﬂfdinl alto/vengémrr:@ccarcnhsngncu coASIMing

D- 2765 Procedurc "A %gﬁn% Qr oTolCYy t(é % ;'?11918'[ g,gdpn@egf RY €40 8881 YY1y (sulfony
heve Sl aques Bnd |« AE0aR) 9 2 FHRE UbORroURR o SEreatatt b EH i cony
| nstron Cor porati on azidet ﬁ%eatﬁ%ﬁi@do%sﬁf@;ﬁhﬂtoﬁq rpﬁcPB?Psr'?ﬁdB‘l‘ of 25514355489

30 - AMENDED SHEET weibhamergenngfOtBy Golmtsnlfonyl azided @nd- swifdchients ggpresplt
measured at an - in a coupled polymer blend having less than 2 weight percent gel.

2. The process of Claim 1 wherein in the blend: component {(A) is a
25 substantially random interpolymer made from styrene and ethylene, or
styrene, ethylene and at least one other a-olefin containing from 3

to 8 carbon atoms; component (B) is a homopolymer made from ethylene
or propylene, or a copolymer made from ethylene, or propylene or a

combination thereof and at least other o.-olefin containing from 4 tc
30 8 carbon atoms; or a terpolymer of ethylene, propylene and at least

one of 4-methyl pentene, butene-1, hexene-1 or octene-1; and the

amount of poly(sulfonyl azide) is from 0.01 to 1 weight percent of

the blend.
3. The process of Claim 1 wherein the coupling agent comprises at least
35 . one poly(sulfonyl azide) which has a structure X-R-X wherein each X

: 'is SO,N; and R represents an unsubstituted or inertly substituted

" .. hydrocarbyl, hydrocarbyl ether or silicon-containing group; wherein
at least one poly{sulfonyl azide) has at least 3 but less than 50
carbon, silicon or oxygen atoms between sulfonyl azide groups.
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extension rate of 5 inch/mn (12.7 cmmn). Tensile at break and el ongation
at break, wex ed i n accordance with ASTM D-412. The t S
neasured as t eagfr%g%r under the stress/strain curve. 5 The rre‘%llgpﬁg ??(6 or
t he et hyl ene based pol ynmers was neasured according to ASTM D 1238 under
conditions of 190[gerr] C 2.16 Kg ormer |y known, a ndjtiaon E). 10

CGeneral procedur esEf (rl)'l]r‘e FeTer i %’l (ﬁ%alé“g?rpvf egg?no\r%n%réctsiu%s'eaéelseg?? t?)élﬁ T EPRP D
395-89. The sanpl e pPEdEER SREr WLEGRYY AYYPE7 KE Brerin X iRlHdgD 290l Rfy two aryl
di amet er. The di sks #EM@SsYa¥ReE®inR e anet ik aew®, A Bhes Frenphhgs moge ¢hjn
Test speci nens were neasingcndndereigonisd puly Gulfonyl ofzids) ped dalehd ak miGEE at
for 22 h. The sanpl eavfissagRApedacdfd @hidrCié At 2&astSthmeTtdal pPanPVCERY lowest
conpression, then coplRdnt Gopgbfeht Ide tdLSieMABhE A0 GRRARCEEIZAL 1200 L3k

for the interpol yners, arégaéuf}gl ‘ghilg{‘e.ndst re %enertat 681 acctcl)rgL n %o t he ,
fol | owi ng procedures: - Gorpresst on Nol af n§7° SIAPFes aie mel tad ats F900C For's
3 minutes 20 and coﬁ’brlégg"r GHe FsCOmes i ioTobmPrF 3T e FrO OHOGUL WY, Fride)
kg) of pressure for anotiBedredrdd RHAELIss°cSUbsequently, the nolten materials
are quenched in a press equil.ibrated at roomtenperature. Density: The
density of t hemsarf% gswlm Seadtr e acest di ﬁegacttbégg‘—rﬁi“ﬁ?g?tak%a%%ﬁ@ﬁ‘ 8™y &% TRy
materials were used: PPIESEHH FEtHPE®NETE: An et hyl ene octene copol yner with
melt index of 1 g/8i02Amiagticlensliich cimpOiBB2a gopposiohmerei Gllaliy savai |l abl e from
Dow 30 Chemical Gonpgrtitderod Bain a0mmedesi dRatarofcIAl {4 FobdedPEdRBA melt of
pol yol efi n pl ast omer .4s cHr&?o‘li@fontQPo??iﬁ’gt. hyl ene. PP (pol ypropyl ene):

| sotactic pol yﬁ)ropé/l ene us,qul In t]{}g‘,L blends is commercially available from
H nont | ncor por“at €0 (UBFEIHE 15 St ™R A=gAaf6h Br Bt eEZ8 pSPHD B CHR.
The product has a nefiest diil85 compressign And igiseripp MolfehParFted faer, modifier
230[err] Q. This préeubitimgs or FTeviwilt ecomposingods. aor ya ednbopéntc0( BSt melt or
. (34500kPa) and a f | exprazdutelsendit2od) a8k iRS| dybéam., 500 kPa) .

9. A foam formed from a foam forming composition comprising the
20 composition of Claim 5.

10. The process of formation of the article of Claim 6 or 7 by
calendering, blowing, casting, injection molding, compression
molding, extrusion, blow molding, foaming, or spinning. a cémposition
of Claim 6.

25 '
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.I’\IDPE: HDPE is a high densi'fy pol yethylene with nelt i ndex. of 30 g/ mn,
density of 81800 g/ 10 mn., comercially available from Dow 40 Chem cal
Conpahy under the trade designati on HDPE HD 30460 M pol yet hyl ene. ESI - 1:
an Experinental ethylene/styrene copolymer made using a sol ution process
~for which procedusesdf peltsuifonyl azidedsdd mactivithepodahareis knowinfos insapeslig¥ee is 41
wei ght per : 4§18 026k 4 ' R § inSiedY e RSictiod & l e
al so cont aﬁﬁ%&“?%%‘??ﬁ-ﬁp’pe?%%%%%%gn%gﬁeng@‘"st ¢ el SR S GARAR,

~ has a nel t #zidebsompopndsevithisotacti palyprppyiane or ether pobokfipnbicmitroneigsertign i6-H ES|
=20 1S an eidiyd R prodbtTaidRed R DEISIRR s é}@gém&dﬁ%aﬂﬁbm&m?s&a%bsof
-styrene and 40 wei ght percent of ethylene, containing atactic polystyrene

tof 7.5 wei hiS0p98 iscred bxmeansafiR(SOAL et szidofermtes s Ing 53,836,408 ¢he MsykingThe
"Ethyl ene  Stydc@ipe ploBiicy ROHYIRE %o &Eﬂid%gggl?%?%‘" bethu@pBlyREPE A &&eﬂd@%egr di ng

‘to the foll ow ng general procedure: Description 15 ..
gal | on ( 22.vith sulfoggmide bridges. Jhe displossdpengess dnslident Birang step sueh asqnillingler r eact or

(CSTR) was ®ii:Qf 8 sififonlyl3ide BRCToRimer f SIRMOR b EiPetNonRetd 1R8tiRG e M t D

i npel l ers commercially availabl'e fromLightning Mxers, Inc. under the
trade desi graPSrEreds Sifiriempcleramussyibe wifraxlazide(l 403G @25 dreendingon she azida

I quid fullgegdmpbiRios thripetatlrd)3 TRY starkifi@golyprofy e §ol§'h19¥‘fo¥‘@x§ clainddfRoci@inaogn and
out the top. A 'heat transfer oil was ciTcul"ated {hrough the jacket of the
reactor to Weaplas weightofef leasi275000: Blmds waht inoHS 3 A8 6.268 hane vr 16125 perceih t he
reactor themg i@ sropylhOMastidiesr that measured flow and sol ution density. All
lines on the'exif of the reactor. were traced with 50 psi_(344.7 kPa) 25

st eam and i nsul av@darhpihsshipgs offagadian paieptAP7 94 A Hamidy memberf NE 6303, 188) uene

for ESI-2) iW@fde rheology modification using from 0.001 to 0.075 weight percent polysulfonyl azide 1o

modify homopolymer polyethylene and its blend with polyisobutylene.

It would also be desirable to use a polymer of enhanced melt swength in a foaming
process preferably to achieve at least one of smaller cell diameter, homogeneous cell diameter
distribution, lower foam density, higher tensile and compressive strength, higher tensile or
compressive toughness. Preferably, the polymer would have at most little high shear viscosity
increase over a corresponding polymer of the same chemical composition, but not modified to
obtain the enhanced melt strength, for example the starting material polymer, so that it would
have similar processing characteristics as the unmodified polymer.

It has been found that blends of interpolymers made from monomer componeats
comprising at least one a-olefin and at least one aromatic vinyl monomer or at least onc hindered .
aliphatic viny! monomer or at least one cycloaliphatic viny! monomer with olefinic polymers, ora
combination thereof said blends having been heated with at Icast one poly(sulfonyl azide) at least
to the decomposition temperature of the poly(sulfonyl azide), advantageously have improvements
in at least one of low temperature toughness, mechanical strength, heat resistance or
processability, preferably heat resistance.
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N e

supplied to the reactor at 30 psig (207 kPa). The feed to the sO reactor
was neasuredi$sa a mass flow neter. A variabl e speed di aphragm punp
control'led the feed rate of solvent. At the discharge of the solvent punp,
a side streamwas taken to provide flush flows for the catal yst injection
line (1 Ib/hr (Ot h&eﬁmﬂiﬂmmamhignslea:ﬂmtoagimminvel?inBBWbbtddﬂo-(lnibfirﬁd kg/

hr)). These I dlff ti f ters and
controll ed B é/lllangf% o‘]zlgé F&aﬁ‘? ﬁﬁwb atl oc\g/;vﬂr?legl .P{ng é/{{égore%f%mgenm ted
st yr éne norethydeneistysens/stypeine/ettiylene tetrae wher,ant tha smenaﬂlopmng x(saﬂﬁnkdifa)xd teftads f eed

to the reac S e I

di aphragm p%‘r%g e%@n 1\'7’%? iI?’lia1 %Q*’f‘é“g%‘ hse% é%yr enc—?y &{ersg@%sb@% %gm%f% d

with the rendmmuﬂ;:mlwuws)umm Ebm&ammmwwdnmoleﬁmzﬁsmnor at

600 psig (4 | ene . .stream was rre SS fl Wrreter

Pust "pr Pt §yiene T e e URn R R B R T P S B B wa Yo ¢ o

del i ver hydgieegdse to slmdartclarboa§2NMRpeﬂ:ﬁbyﬂvaﬂshghtﬂyerhﬁcmtchhmcduhim.t of the

et hyl ene control.,valve. The eth Ien d;\g en, o Xt es Wt

sol vent/ st yrene SFre 'gﬁfp&ﬁmeﬁ%% Pattn'd M‘f’%ﬁf@?” ?tB %p%ﬁ'mrf’sn(’efh

sol vent / norfoomef308G td ﬁothSpmmgdaMQmm as mqud'eieﬂteS btaformuheat

exchanger with -50C a glycol on the jacket thereof. This solvent/styrene

stream entered the bottom of the reactors The three conponent catal yst

system described in Table 2 and its s‘ofveh& flush al so enter the reactor at

the bottom but through a different perh thaggehe monomer stream

Preparation of the catalyst corrponents\‘f‘o} pl7ace in an inert 10 atnosphere

gl ove box. The diluted conponents wer i n nitrogen padded cylinders and

charged to catal yst run tanks for the rea?ctlon From these run tanks the

cat al yst V\Bﬂme?ﬂiﬁmr@idehﬁbllmmdDWrﬂﬂd shmlﬁmmmswm@ At h

[ o ot o7 SoudDE3E: SRR (ARG 1 D S8l o B D e A5k RS
is independently, each occurrence, H, hydrocarbyl, silahydrocarbyl, or hydrocarbylsilyl,

C»U

containing up to 30 preferably from 1 to 20 more preferably from 1 to 10 carbon or silicon atoms;
each R' is independently, each occurrence, H, halo, hydrocarbyl, hyrocarbyioxy, silaliydrocarbyl,
hydrocarbylsily! containing up to 30 preferably from 1 1o 20 morc preferably from 1 to 10 carbon
or silican atoms or two R' groups tagether can be a Cy.yg hydrocarby! substituted 1,3-butadiene; m
is 1 or 2; and optionally, but preferably in the presence of an activating cocatalyst. Particularly,
suitable substituted cyclopentadienyl groups includc those illustraicd by the formula:

AR)3

wherein each R is independently, each occurrende_. H, hydrocarbyl, silahydrocarbyl. or
hydrocarbylsilyl, containing up to 30 preferably from 1 to 20 more preferably from 1 to 10 carbon

or silicon atoms or two R groups together form a divalent derivative of such group.

- 10 -
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ANNe 1 e Y R2  tes R et ses snaase - -

15 a single injection line into the reactor where they react to formthe
desi gnat ed gak3arer. Pol yneri zati on was stopped as reaction mxture flows
into a reactor product line after the reactor, by addition of catalyst

Rill" (water m xed with solvent) into the reactor product line after a flow
20 net er whTwhvisvesinof pslymet asaifuncticeolsheay rate'wat measuredraccordingrto thedollawing

G111 uent ot Peny Afo@hicEnifpkalonblt LoBREe Ay LUAS bl SlBnd SRR, 1 o

addi t'i onal ewer g triderdesippariioRMSRI0 vatnd§ avm Hlagester parhlled platea whs wed trdezdnias t he

ef fl uent exj . t QI . " : - ped
Troma7s poeBbsiSRRsd §AE Riechi2ghinedbii io oRaBhRall bl-ituilyal el
at the reacdesadeprassouirem 0.01¢ LM rat/ah190 'O HTls: sirhins¥es detpamiyetto be witkin itk 1medrot
oil jacketed devolati.lizer. roxj mately 8 rce {.1he volatile
conpounds. (MBI rTERe SEPerirRBYR it S ARTA B T 00 & by FrAlRreen ton
devol at i :c i m_rso_pmmts?aiuﬁil:ﬁﬁdrdcﬁﬁst@xi%detdmgbm xﬁiﬁ:jzﬁiiﬁmdml | sekinlé g;Euuceghe
-stream of exiting.\vol.ati was .condensed and with a c c
axchanger Gy SR s e R P R R R A e RS
gIt ycol | ackweis ﬁedmelgte?ﬂindthtshuk?\ﬁmhweﬁmﬁndﬁpm@d:cearadertszneﬂingﬁa?went t ﬁnd
styrene were renmoved, from Ve, nd e £ rom.t he
Cob. Cax TheerReaRslosBn MR R 2, witr 305t mRihal it Fie IR 1 o1
conposi t i onProddssingte WsniNeswand, Nelv Yk ([980)et hyl ene plus a cal cul ati on of the
di ssol ved gasses in the solvent/styrene stream were used to cal cul ate the
et hyl ene conversion. The polyner separated in the devolatilizer was punped
out with a giseositpamiméloindex tests werelperfofBedio amitrage@pirye @aininald eddatiom \Wer ner
Pfl ei derer (ggr ration under the trade designati on ZSK-30 devol atili zing

u

radation . .
vacuum extruder. "The dry polyner exits the extruder as a single strand.
This strand was cooled as it was pulled through a water bath. The excess

wat er Was - 2 §ermomechanical analyzer (TMA) commercially available from Perkin Elmer Corporation
under the tradc designation model TMA 7 was used to measure the upper service temperature
(UST). Probe force of 102g and heating rate of 5°C/min werc used. Each test specimen was a
disk with thickness of 2mm and diameter, prepared by compression molding at 205°C and air-
cooling to room temperature. Tcmperature at the probe penetration of 1 mm is taken as the upper

service temperature.

Xylene Extraction to determine gel content was performed by weighing out 1 gram samples of
polymer. The samples are transferred to a mesh basket which is then placed in boiling xylene for
12 hours. After 12 hours, the sample baskets are removed and placed in a vacuum oven at 150°C
and 28 in. of Hg (94,600 Pa) vacuum for 12 hours. After 12 hours, the samples are removed,
allowed to cool to room temperature over a 1 hour period, and then weighed. The results are
reported as percent polymer exiractad. Percent extracted = (initial weight-final weight)/initial
weight according to ASTM D-2763 Procedurc “A”

Tensile properties were determined by compression molding 1/16 inch (1.6 mm) plaques. Tensile
specimens were then cut from these plaques and tested on an instrurnent commercially available

frem Instron Corporation under the trade designation Instron model 1122 load

- 30 -
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bl own fromthe strand W|th air and the strand was chopped |nto pellets with
a strand chamear. The catalyst used in preparing ESI-1 was {t-butyl am do)
di met hyl (t et ranet hyl cycl opent adi enyl )silane-titanium (I1) 1,3- s

pent adi ene. The catal yst used in preparing ESI 2 was Titanium [1,1'-

(' n4-1, 3- bWt isaedméd i4+ di y| ) bi sl benzene] )]1[1-1(1, 2, 3, 3a| | b-"n)-1H

cycl openta(l | phenant hren-1-yl]-N (1, 1-di met hyl et hyl ) -1,

Ll Towal kyl! neersatReties coymiheBRERban SharlRasl {’E‘*‘ﬂé%% e e

met hyl al umi no&aneolymmriﬂcudlcahmymm/al | abl e from Akzo Nobel Cheni cal s I nc.

‘under the tr es 0 anmount s t ed
Pn Tabl e 1 ot GRS B leR BOL o 0t R Rl AR e 1 AR Sl
“Catalyst to mnduxmlnmolms,mnﬁvuwhmdéiﬁ'bmhwbmaatomoﬁénm:ompﬁsmg) or

Mol ar ratio O co(rif\tfmmyﬂ.(o%t al erTnl}%m to catal yst HST:| 1.25:1

lo. 0:15:1 &> Reactor Data pol ymer React or
sol v. Fl ow Eenyl ene I%i)owléé;chhegﬁyl aBpryarizmeonbinelyvor Et nyLene Tenp.
Fl ow er K b/ kgl nr
b/ hr kg/ hr percent é@l%r]easponeé A\Qereé Eg,\rylucorcyllgahg]mnc vgzypﬁr Vln}é%ﬁl |18merzor27
ESI-2 67.9 30 1:{c)59c®@ﬁldtxmafrasleestanejunyl atanipitic mepsomenend er le@OorGduindered
means conver sy 0, enperature. 25
P apar at | on o Bt by AT S syl on R d
4. 4' - bi s(chl or osuR¥ o G§ pﬂ@rwrholepermt(afmast@m@al?pham@-)Jletiabmdﬁ&&maw’o n 100
nmL. of acetone mq om-zgadg (0.06808 nol es) of solid sodium azi de was added

portionwi se over the course of 15
(B) from 99 to 1 weight percent of one or more homopolymers or copolymers made from

monomer components comprising aliphatic a-olefins having from 2 to 20 carbon atoms, or
aliphatic a-olcfins having from 2 to 20 carbon atoms and containing polar groups; and (2) a
coupling amount of at least one poly(sulfonyl azide) to at least the decomposition temperature of
the poly(sulfonyl azide) for a period sufficient for decompasition of at least 80 weight percent of
the poly(sulfonyl azide) and sufficient to result in a coupled polymer blend having less than 2
weight percent gel.

The process of Claim | wherein in the blend: componeat (A) is a substantially random

E'J

interpolymer made from styrenc and ethylene, or styrene, cthylene and at least one other a-olefin
containing from 3 10 § carbon atoms; component (B) is a homopolymer made trom ethylene or
propylene, or a copolymer made from sthrylene, or propylene or a combination thereof and at least
other a-olefin containing from 4 to 8 carbor atoms; or a terpolymer of ethylene, propylene and at
least one of 4-methyl pentene, butene-1, hexene-1 or octene-[; and the amount of poly(sulfonyl
azide) is from 0.01 to | weight percent of the blead.

The process of Claim 1 wherein the coupling agent comprises at least one poly(sulfonyl azide)

G

whiich has a structure X-R-X wherein each X is SO;N; and R represents an unsubstitured or
inertly substituted hydrocarbyl, hydtocarb;vl gther or silicon-containing group: wherein at least

one poly(sulfonyl azide) has at least 3 but less than 50 carbon, silicon or oxygen atoms between
sulfonyl azide groups. .

This Sheet Has Been Replaced
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m nutes. The reaction mxture was stirred for 26 h anbi ent tenperature
and .then west1$3a tered to renove sodiumchloride. The resulting filter cake
was washed with acetone and the conbined filtrate evaporated to yield a
white solid which was washed twice with 20 nL portions of water and then
dried at 5 4.aifbe peoress efiPloinad wherein Riecludea atikesst twoldrel mbﬁ%ﬂgemmm eneS@}li d

(7.3 g, 70 pe t.. kel d) tlfi d as 4 4 |sulfon p
ether by 1H aﬁggﬁa&){mﬁqé%%o LHEs Biore tian one ring apd waertia the RYY(f ?""’ﬁ ’ggrﬁ“?(l ng
bow (40.0g) hisad arg mixedag@ first winperatuteevhici is ar letst the emltingipoinnof the lowest Ridkingas

5676°G of s sabuuthe o oAl bRl b nfiif el b 3oh B ARL BCE HFu JR oB1e e
sanpl e was ni mt@mr&mmn}re; i§ grleagtGhedenompssitiontanmEampt: of thepoly@aifongthziseyl 15

al l owed to cogl ﬁ%%w was conpression nolded into a 1/16 inch (1.58
mm) thick pl aque err and 20, 000 pounds (5,072 kg) of force for B

'm nutes. THe Sempﬂpesmmomprmngai reactibn perduecbbtaiabletbe sy dfthgprogescs bEGSlaintshes.

UST, the cqpp J0[err C an ercent gel by xyl ene
extraction vvere & er}%s)&nceo PrIRE 98 ?Sét§°ﬁl°f§?aé1p§ shown in Table 3. Exanples 1

and Conpar at i The @Esicinpf Clain & wbenginaieaghinieis dérmEd fipar ah¢lvel thexampositidh ofdSaim 5.

repeat ed exce f ot cond pol f

0089 25 (b Sisliak gPRTELEPALh B cdfashll il S0 Ry S I6r TR o e

was added. Th@J@Hﬂpmeldwbmmf h@dmﬁdnﬁerﬁonm:aemmmpm camdomtmm\oed chmpuneitlivea

m xer. This s rati ve Sanple B, procedure of
BOFR & dr H#s:%gmh&ni'e aaﬂ:cgi;\{eg}gﬂg np P

Exanple 1 was follo exce Og (0.5 mmle, 0.5 weight
percent) of% 4Afoam 31"@94! from pifoant tooping Aghpasition comprisinetbiecbmpasition of e fag,

both sanpl @8, YR Ro&RdH EEmtiBRof R Afde bf¥12inf6 or 7 by calendering, blowing, casting, injection
molding, compression moiding, extrusion, blow molding, foaming, or spinning. a composition of
Claim 6.

Been Replaced
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1/°16 |nch (1.58 mm thick pl aque®at 1900C and 20, 000 pougﬂ& _ r;(é‘ Qg_i

of. force for 8 minutes. The sanpl es were renoved and co e vithd 't endill e
properties, the UST, the conpression set at 700C and t he percent gel by
Xyl ene extraction of the sanples were determ ned. The results are shown in
Tabl e 3. Ar O The exanpl es show how a smal|l anount of (0.2 weight

t f 4 4 I d th bl f th
Comperat ure rBAre SHEL b8 SRIRCHBAct Y 8RS TR BFRUT) HEF | SUFYB GaPene

blends 5 wi tﬂ?){?te':Fn‘tﬂUé’i AoSErePdsthoRreéng (as evi denced by the 0 percent gel
measur enent of Exafpéecatplyst deédrinopwedpaoindfESEhe plagsicdiutplanio)i es.
Furthermd)re amt&gmﬁfruaf:mwao@iehéaﬁéﬂm%s&fh@-taadnﬂﬁmrﬁ rlaz ﬁd 0

i ncreased pro g&s% | \Y e

val ues). OontrBo : %e)i'l%gs a3 gggﬁhe{’ %rlo ngsgagd%% e f)*]ein
decreased (| own4dll.B- buni@x)anaﬂdégayﬂ)mi@eﬁmmdl [H{(exee&saa/.elstﬂ)f-anyl azi de
((31 gt\;;ﬁt ; gggugl @mp@haaa%s&mrknkén-qs g; NTlhf ﬁf&kl@éhﬁfe'cﬁ}i)d-q gfggn;ﬂfas

nol ecul ar wei X‘Hﬁghﬁ% n§ﬁﬁﬁ%¥§r% )sl(:i\q v eng%| n‘\fl%fa F %}elcf garcfgreé?t?%

azi de than i s PEff ar”é}ﬁll WCMW??%FE'P%?‘W“QE PPRE‘""GHP“QH%UAI

exam nati dh omqi%ﬁénmméﬁlﬂleexmcmrmrggavbl;yhsvaﬂaanptm 8kze Nocel
conposi ti ons phepiaeed int.Exadey ehd tabde QeBpPaialion ardd-Sanplse afsshewa {hat

the size of regéQRdults RARYPLQRYLLAGHPAASCahd) 2 Qsdbiseedfmeia §a'rte@ax£ fzide
was snal | er apﬂgore continuous than the control sanple wt
a

sul f onyl azi de. npl e 2:
) 15 Table 1 . Catalyst to Cocatalyst ratio and MMAO to Catalyst Ratio
MoIar Tatio Ot Molar racic of |
cocatalyst/Catalyst | MMAO to catalyst
ESI-J 1.25:1 - 10.0:1
ESL-4 S:4 1o:4

Table EL Reactor Data

POlymer | Reactor | Solv.rlioOw | Etaylene Flow | Rydrogen | Styrene FLiOW stnylene )
Temp. Flow Conv
percent
oc IB/70T [Kg/0nT} IB/ACkg/0r| SCCM [IL/Rr|XG/Rt} percent
s ESL-L J4 37 le./6e] 2.8 .41 3.0 2.0 | 2.27 Y6 .3
ESl-2 67.9 34U 13.591 1.3 [0.1l8¢6 0 10 4.23 86.3
"SCCM means standard cubic centimeter

20 Conv. means conversion
Solv. means solvent.
Temp. means temperature.

23  Preparation of 4,4’-disulfonylazidophenyl ether:
4.4’ -bis(chlorosulfonyl)phenyl ether (10g, 0.027 mole) was
dissolved in 100 mL of acetone and 4.426 g (0.06808 moles) of
solid sodium azide was added portionwise over the course of 15
minutes. The reaction mixture was stirred for 26 hquys
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25 A m xer conmercially avail abl é frorkn Haake Fusi on Co. BMN%Tﬁﬂm

m xer wth the trade desi gnati on HaakeBuchl er Rheom x 300
roller style blades, attached to a rheoneter with the trade designation
HaakeBuchl er Rheocord 9000 Torque rheoneter. The m xi ng.bowl was heated to

126 C. The mixing speed was set at 20 rpm ESI 2 30 (152 g) and an ethyl ene

oct ene copol yABPiansstenerarudeaphd thenivasbE el dareth BowedbesrisodiunConpany under
the trade deschhatiden afheAfésulting Bhld&SQapelwssl eddtedph st @EBEShe aAMt €F

m nutes, 0. 30¢fe Hombided f@ltho%afé%pbg le160a L VeI let:.dpvﬂ{ Cc?\nt) was
added to the g‘gégyafgggztg}dé%qufﬁrzol @g%uf_ttggnsn 3 wggg)r ra‘%{“ﬁ%he of I%Tﬁm xture

was raised to ral sl ng Erature

to 160C andl i ABPERIS REFRSTATYAS HRRSTy VAR toThF!S rFﬁH"’(ﬁ“@vWF’tﬁel éﬁkldper
mnute). Afterd?1d ovi Adtrescestheisidipves visent efiededs f4.@m-t he i xer bow . C. S.

C. 40 The net BosuXfonizXazi dopRery@P@die@do@ NHERAA 11381 NMMIO shedtroscopy.
di sul fonyl azi dophenyl was used. -37- Exanpl e 3: The nethod of Ex. 2 was

repeated excep 148_i g of ESI 2, 49.5 g of a the HDPE HD30460 M
pol yet hyl ene, gﬁtpi;]r@tté oA di sul fonyl azi dophenyl were used. C. S. D
The met hode of 1Bxa anvﬁﬁg rte:peatﬂd 06X aRAted tat 140%8. @g:mi:hES}clieﬁrBiaégs g of .

Nodi 11 00 E?ﬁ?f‘%ﬁ;é“% eﬁg “"‘%’;ﬁigﬁﬂ‘%ﬁﬁf@h#enﬁg °5’?$§’ﬂpg?%e§n$ o

Sanpl e and Rpd "RRERs 2 rE COhp@satt
Vi scosity Vi $EBET t3fdipion pg whenp§ @1 polymer, the admixed eymlgeyas (Pa-s)
100 Rad/s mixed at 190°C for 10 minutes. The sample was removed and

Y, 15 allowed to cool. The sample was compression molded into a 1/16

inch (1.58 mm) thick plagque at 190°C and 20,000 pounds (5,072
kg) of force for 8 minutes. The sample was removed and cooled.

The tensile properties, the UST, the compression set at 70°C and

the percent gel by xylene extraction were determined. The
x  results are shown in Table 3.

Examples 1 and Caomparative Example B
The procedure of Comparative Example A was repeated except
that 2 minutes after the addition of the second polymer, 0.08g
k] (0.2mmol. 0.2 weight percent) of 4,4’-disulfonylazidophenyl .
ether was added. The sample was mixed for 5§ more minutes and
removed from the mixer. This sample is Example 1.

Fer Cdmparacive Sample B, procedure of Example 1 was followed
30 except that 0.20g (0.5 mmole, 0.5 weight percent) of 4,4’-
disulfonylazidophenyl ether was added.

After cooling, both samples were compression molded into a

©1/16 inch (1.58 mm) thick .plaque at 190°C and 20,000 pounds
35 (5,072 kg) of force for 8 minutes. The samples were removed and
cooled. The tensile properties, the UST, the compression set at
70°C and the percent gel by xylene extraction of the samples
were determined. The results are shown in Table 3.
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Viscosity C.S.C 84 1. 60EO5 1. 60E04 7. 9dEPLAGEMENT SHEET
90 13 . 32E05 13. 32E04 65.07 C.S. D 96 N M
N M NMEX 3 110 N M N M NMN M
not nmeasured 15 The results in Table 4 shows the products from bl ends of
al pha- olefin/vinyl aromatic or hindered aliphatic vinyl nonomner

I nterpolynmer with polyolefins reacted with and not reacted with

pol y(sul fonyl azide). This result was- bt ained with bl ends of

et hyl ene/ styrene interpolyners and either an ethyl ene/ octene polynmer 20 or
HDPE. @?- d&é.]lﬂl hrié;)m C.S. Cand Ex.2 indicate the blend using poly(sulfonyl
azi de) ?) ag hi'gher nelt strength (0.1 rad viscosity) and hi gher shear
thinning effect (ratio of 0.1 rad/s to 10 rad/s viscosity) than the sanple
wi t hout poly(sulfonyl azide) (C.S. C. -38- -39 - Wat is claimed jis: 1.
A pr océdssA procgssqf prénsging aceupled polysiey hiend spmprsing heating angdrusturegpnigining:
adm xt ur E?ig{k?'r ; a:ppl yner blend containing: (A from1l1l to 99

wei ght pzqggﬁ% asg%ng%g’é%ﬁ“?% conposition of one or nore a-

ol ef i n/ hi ndéApfrom dyto @8nweight peteshtabased| bty entired compoditonp aif yorer or mere ho-
havi ng been made .from nononer conponents conprising:. (1 romO0.5 to 65

mol e percent Opl%gp{hﬁrg},erngymgi m@%a staptialy Eﬂnéﬂ‘%t F’ée’)l?ﬁ ,cagh hayyng,

| east one hi ndﬁé&%é’déMﬁfiﬁcﬁm}i{e%émg&{kﬂ%oméﬁfsin%?) a conbi nation of at

| east one vinyl aromatic nononmer and at |east orne hindered aliphatic vinyl

mononer; and (@) ffomMS36 GSanele percemtiof eghercent of at | east one aliphatic
a-ol efin having E

| ar) 0artnlezastt ohe vinyl aromatic monomer, or
~ (b) at least one hindered aliphatic vinyl monomer, or
(¢) a combination of at least one vinyl aromatic monomer and at least one
hindered aliphatic vinyl monomer; and
(2) from 35 to 99.5 mole percent of at least one aliphatic a-olefin having from 2 to
20 carbon atoms; and '

(B) from 99 to 1 weight percent of one or more homopolymers of copolymers made from
monomer components comprising aliphatic d;bleﬁns having from 2 to 20 carbon
atoms, or aliphatic a-olefins having from 2 to 20 carbon atoms and containing polar
groups; and

(2) a coupling amount of at least one poly(sulfonyl azide) to at least the decomposition
temperature of the poly(sulfonyl azide) for a period sufficient for decomposition of at

least about 80 weight percent of the poly(sulfonyl azide) and sufficient to result in a

coupled polymer blend having less than about 2 weight percent gel as measured by

ASTM D-2765 Procedure "A".

2. The process of claim 1 wherein in the blend: component (A) is a substantially random .
interpolymer made from styrene and ethylene, or styrene, ethylene and at least one other o-
olefin containing from 3 to 8 carbon atoms; and component (B) is a homopolymer made from

ethylene or propylene, or.a copolymer made from ethylene and/or propylene and at least

REPLAGE!
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20 carbon atonms; and (B) from99 to 1 weight percent of one or n%ﬂ%ACEMENTSHEEr
honopol yners of copol ynmers nade from nononer conponents conpri sing

al i phatic a-olefins having from2 to 20 carbon atons, or aliphatic
a-olefins having from2 to 20 carbon atons and contai ning polar groups; and
(2) a coupling anpbunt of at |east one poly(sul fonyl azide) to at |east the
deconposition tenperature of the poly(sulfonyl azide) for a period
sufficient for deconposition of at | east Mbout 80 wei ght percent of the

pol y(sul fonyl azide) and sufficient to result in a coupled polymer blend
havi ng | ess than about 2 wei ght percent gel as neasured by ASTM D 2765

Pr ocedur e ¢thér. o-8lefithmnminiog fono# tol8adarbdn athmspoma terpolymeb b£ nthylenenpropyene
(A) is a substantially. random i nterpal r. made, from styrene and et hyl ene,
or styrene?3@¥ﬁﬁﬁﬁﬂﬂ§€£%§n§gyr] e&ﬁg&%?ﬁéww 1e-1,PLeq ‘%ﬁntaining from3 to
8 carbon atons; and conponent (B) i's a honopol yner nmade from et hyl ene or
propyl ene, or. a copolynmer nmade from et hyl ene and/ or yl ene and at | east

: . propy
-40 - oBheFhapricessi of daim di whereinfthe ampuntoBpely(sulfonylt mﬁ ipfrom aboysd).9hto
of ethylen opylene and .at .Jl.east one of 4-nethyl pentene, butene- 1,
hexene- 1 %fpugit“%@?pfc Of%heeblﬁt?‘f)cess of claim1l wherein the anmount of
pol y(sul fonyl azide) is fromabout 0.01 to about 1 weight percent of the
blend. 4. The process of claim1 wherein the coupling agent conprises at

| east ofle Peg prosesst ohglaim i whprejhthencoupding agent eqroprisex-ak Isastiong oty (st famyk
s SO02N3 egents | ol 4 neril bsf it gt

hydr ocar b?"%,(}id ﬁyﬁﬁ%@aﬁ y% Setﬁ#g# szfd%ﬁ %Hggeg%o%f izliin%i {ﬁgggﬁfgﬁpa&l%g ?r%éesgrrltgc%nss
of . cl ai m 4unstbstituted adr ineatlst sabstitped hydrochbyl | hrizocaehyl hethers of fsilivoftontaiilnn,
ox?g’en or silicon, atons to separate the sulfonyl azide groups sufficiently
to pernmit &#%%cile reaction between the el astoner and the sul fonyl azide.

6. The process of claim4 wherein at | east one pol y(sul fonyl azide) has at
| east 3 but |less than 50 carbon, silicon or oxygen atons between sul f onyl
azi de gbouPs piocesshef plaim et whefein latileastt onk qpody(sulfonyh akiddp hastsuffedesit carbon,

aryl gr OuDox%%gx\{\%xe Qllitcgne, a%éjrlls]: onggpal%{eotﬂg Séiﬂfonyl azide groups sufficiently to permit a facile

reaction between the elastomer and the sulfonyl azide.

6. The process of claim 4 wherein at least one poly(sulfonyl azide) has at least 3 but less than

50 carbon, silicon or oxygen atoms between sulfonyl azide groups.

7. The process of claim 4 wherein R includes at least one aryl group between the sulfonyl

" groups.

8. The process of claim 4 wherein R includes at least two aryl groups or wherein R is one aryl

group, and the group has more than one ring.

9. The process of claim 4 wherein the poly(sulfonyl)azide is selected from 1,5-pentane
bis(sulfonyl azide), 1,8-octane bis(sulfonyl azide), 1,10-decane bis(sulfonyl azide), 1,10-
octadecane bis(sulfonyl azide), 1-octyl-2,4,6-benzene tris(sulfonyl azide), 4,4'-diphenyl ether
bis(sulfonyl azide), 1,6-bis(4"-sulfonazidophenyl)hexane, 2,7-naphthalene bis(sulfonyl

azide), mixed sulfonyl azides of chlorinated aliphatic hydrocarbons containing an average of
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8. The process of claim4 wherein R includes at |east two aryl @ﬁgtﬁ%WT SHEET
‘wherein Ris one aryl group, and the group has nore than one ring. 9. The
process of claim4 wherein the poly(sulfonyl)azide is selected from

1, 5- pent ane bi s(sul fonyl azide), 1, 8-octane bis(sulfonyl azide),

1, 10- decane bis(sul fonyl azide), 1,10- octadecane bis(sul fonyl azide),
1-octyl -2, 4, 6-benzene trls(sulfonyl azide), 4,4'-diphenyl ether :
bis(sulfonyl azide), 1,6-bis(4 -suIfonaﬂldophenyl)hexane 2, 7- napht hal ene
bi s(sul fonyl azide), mxed sulfonyl azides of chlorinated aliphatic

hydr ocar bons contai ni ng an average of REPLACEMENT SHEET | [111j 111111
1111 1111frorh1N 18 chlorine 4foms dndfrof abwus 2 db|Sosulfoaybazide gamgs peomoldoole; add t o
5 sulfonyl azi deﬂ%r?qtf:ps per nol ecule, and m xtures thereof. 10. The process
of cl ai m 4RI 'e pol y(sul fonyl azide) and blend react at a
tenperature which is at |least greater than the first tenperature, at |east
t he deconposition tenperature of the poly(sul fonyl azide) and greater than
about 1300The processhef gaiot dswhestincthe ipniy(stwyb azidc)hmmblleycl gedct @hgltempérdaire

and blend are a fiyst.t ure which i east . t

poi nt of -t e ot &GP ar e s SRR TrRorafn b ebstta RoeoriBiidn Srppehed ot

at a SeCOﬂtﬁeprIW.ﬁﬂﬁhylrﬁldﬁt) eﬁthah%Béﬁt Bogater than the first

tenperature, is at |east corrp05|t|on tenperature of the poly(sulfonyl

azide) and is greater than about 185[err]C. 12. The process of claim1l

addi ti onal | t ' t j.ect

ot v R € el LB RS A o 5 18
ni ng. tethperatre Which i&laomamhvmeﬁingpoantﬂﬁ'&hé lowespmelﬂingtcoﬁtpbﬁemm th/blend

hea Ing an adm, xture containing: (1) a polynmer bl end cont ai ni ng: (Azh from 1

to 99 wei g%?rcmmg)fre%ﬁteato% seond temprraiyre | Whiskidp & loastgreatem iy the

substanti o h ke

conponent ?ec %ﬁ?glir?gdﬂ%%%r)gg?&éﬁ%osm % ag&gerceﬁtm)gﬁs‘iel?t i@% a(t1 is

| east one gneabyithanabmttﬂBS‘tﬁ)norrer or (b) at | east one hindered aI I phatic

vi nyl nononer’, or '

12. The process of claim 1 additionally comprising steps of calendering, blowing, casting,

injection molding, compression molding, extrusion, blow molding, foaming, or spinning,.

13. A composition comprising a reaction product obtained by heating an admixture containing:
(1) a polymer blend containing:
(A) from 1 to 99 weight percent of one or more a-olefin/hindered vinyl monomer
s ~ substantially random interpolymers, each having been made from monomer
components comprising:
(1) from 0.5 to 65 mole percent of either
(a) at least one vinyl aromatic monomer, or
(b) at least one hindered aliphatic vinyl monomer, or
(c) a combination of at least one vinyl aromatic monomer and at least one
- hindered aliphatic vinyl monomer; and
(2) from 35 to 99.5 mole percent of at least one aliphatic a-olefin having from 2 to

20 carbon atoms; and
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(c) a conbination of at |east one vinyl aromatic nononer and at |@%PMCEMENT SHEE
hi ndered al i phatic vinyl nmononer; and (2) from35 to 99.5 nol e percent of
at | east one aliphatic a-olefin having from2 to 20 carbon atons; and

-42 - (B) from99 to 1 weight percent of one or nore honopol ymers or

copol ynmers made from nononer conponents conprising aliphatic a-ol efins
having from2 to 20 carbon atons, or aliphatic a-olefins having from2 to
20 carbon atonms and containing polar groaps; and (2) a coupling anmount at

| east one pol y(sulfonyl azide) to at |east the deconposition tenperature of
t he poly(sul fonyl azide) for a period sufficient for deconposition of at

| east about &B) Vesnui99 tfoet meight qferdeht of) ohg (05 whdre hpimopplyiesys @andopelfcts made t o
result in a coupl] ed pol yner bl end having. less.than abput wei ght _perce

gel as neasured TROT 26 BNPABLRIS LARITISING: ?‘llﬂﬁpcﬁfogﬁflﬁé I%E‘SW 3'6°%0
conpri ses a COM@dich! Mk dt! Aighakd. o-sfefind NMavitlg! e Dfto CIRIcHLbA WogisehAd
the article is fornmed froma nelt of the conposition of claim13. 16. The
article of clai motthinihg pblar groups;ah@ndar ed, cast and bl owmn sheet, film

conpressi o, and i njection | de art i ber.. modifier for bitupen or ..

as gﬁal t co GSF‘?‘H’%& an&?““é%goﬁf)%n%fﬁ pf’wf(sé&ﬁﬂyl RARD) &Y 3 Jgast 3#18 i% EpPyHR
adhesi ve sysugfiperdtire 6f fﬂeagsm%@ﬁmﬁl fabid8) forf@?&‘icfd)ﬁﬁﬁiﬁﬁnﬂ ﬂiﬂmbhi?@ﬂtion of at
conprising the conposition of claim13.” 18. The foamof claim 17 wherein

t he foam f or A¢astjabast s weighh pergentt ofothe | nojy(swfanyl geidehand sufficienh do mesylti inga
t. 19. Th f h f i f i
oo ender i ng. e R8N LIR] BBYing dedl b SBE 2 vélgfl ndetlic/el b Miensured by

extrusi on, blIABTYM®D-A76WProcedute NgY. or spinning a conposition of claim13.
-43

14. An article which comprises a composition of claim 13.

15. The article of claim 14 wherein the article is formed from a melt of the composition of claim
13. |

16. The article of claim 14 which is a calendared, cast and blown sheet, film, compression and
injection molded part, fiber, modifier for bitumen or asphalt compositions, or a component in

a hot melt or pressure sensitive adhesive system.
17. A foam formed from a foam forming composition comprising the composition of claim 13.

18. The foam of claim 17 wherein the foam forming composition additionally comprises at least

one blowing agent.

19. The process of formation of the article of claim 14 by calendering, blowing, casting, injection
molding, compression molding, extrusion, blow molding, foaming, or spinning a

composition of claim 13.

R




20. The process of claim1l wherein the coupled polynmer blend has REPLAGEMENT SHEET
v gher nelt viscosity neasured at 0.1 rad/sec or a lower nelt viscosity
nmeasured at 100 rad/sec than that of the sanme pol ynmer bl end which has not

been treated with the coupling agent but has been subjected to the sane

shear and thermal history.

-43 -

20. The process of claim 1 wherein the coupled polymer blend has either a higher melt viscosity
measured at 0.1 rad/sec or a lower melt viscosity measured at 100 rad/sec than that of the
same polymer blend which has not been treated with the coupling agent but has been
subjected to the same shear and thermal history.
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