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POLYMERI C CHAI N EXTENSI ON BACKGROUND OF THE | NVENTI ON (0001] The present
invention relates generally to concentrates enployed in the fornmation of
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pol yesters, polyam des, polycarbonates, and pol yurethanes are w dely used
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extruded products. The mec@nIEaONUBNTRATES COMPOSIIPONIE@® of these pol yners
are highly dependent on their poleRERAC CHANEKSENRRDQ3] In a life cycle,
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weights.

[0003] In a life cycle, these materials may experience a synthesis process, followed by
an extrusion step, and a final processing step which may be another
compounding extrusion operation followed by thermoforming, blow molding,
or fiber spinning, or they can be injection molded in the molten state, with all
of these steps occurring under high temperature conditions. In addition, in
recent years, increased attention has been focused on improved methods of
recycling the articles made from these polymers, with an eye toward resource
conservation and environmental protection. The processing steps involved in

producing and recycling these polymers also involve high temperatures.

[0004] In each one of these high temperature steps, particularly during the
" compounding/processing and reclaiming/recycling processes, some degree of

polymer molecular weight degradation occurs. This molecular weight
degradation may occur via high temperature hydrolysis, alcoholysis or other
depolymerization mechanisms well know for these polycondensates. It is
known that molecular weight degradation negatively affects the mechanical,
thermal, and rheological properties of materials, thus préventing them from
being used in demanding applications or from being recycled in large |

proportions in their original applications. Today, recycled or reprocessed



thermal , and rheol ogi cal properties of materials, thus preventing them from
bei ng used in demandi ng applications or frombeing recycled in |arge
proportions_in their original applications. Today, recycled or reprocessed
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nmol ecul ar wei ght can only be used in very |ow proportions in demanding
applications or in larger proportions in |ess demanding applications. For

i nstance, due to nol ecul ar wei ght degradation, recycled bottle grade
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disk (CD) scrap, miew byopgfids irnddneindiapdpplizptidns©aid fger pfopbrtiohsidesseasons,
the current recycling technologies are limted to a _narrow range, of

appl i cati ons. [ 000%FmRdng apRliGaiqus Jior fistagee, dugoguelspile wrish degadatispocesses
in the art, enployegtRd bhiRiMdE leh&t aGisk 8 i ' gy ntain or
even increase the ngFegngIre%i Sﬁt}@gl? et hgp%(hjll ycoﬁgga%émiy%?ﬁp ocessi ng or
recycling. Mst of ex¢lhsizely inofilneandotidrdgw end applicatipne Similanhyy rexycledment ei t her

an extruder, a solid. stat ol ycondensat j react o or .both in sequence,
or sinilar equi prrer?tolycﬁé.?g?agﬁ§8n1f°8plpﬂ§{af8ﬁg¢ﬁﬂfcé?¥)’W°§@%§?‘°{S§°ﬁ‘ﬁ'f al
processing. As an iapglidatioIFal theirbasosy the BMrredt rédyelmy REIRRRESSR Sre Iahigsd cal
reactants known in the art as "chain _extenders" are enployed. Chain

extenders are, for '@ A8amYrangsef appkigations. f uncti onal mol ecul es that during
any or all of the described processing steps are added as additives to the
extruder or reactor with the purpose of "re- coupling” pol ycondensate chains
t hat have d©P6S)ynerliodey] theve existe adesjderahle nivoberwf pypcesses ot art, employelbto has t wo
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re-couple them (by tltljersle gcgz:tensgerrgprl]gyngs’main processing equipment either an extruder, a solid

state polycondensation reactor, or both in sequence, or similar equipment

designed for melt or high viscosity material processing. As an instrumental part

of any of these processes, chemical reactants known in the art as "chain

extenders" are employed. Chain extenders are, for the most part, multi-

functional molecules that during any or all of the described processing steps

are added as additives to the extruder or reactor with the purpose of "re-

coupling” polycondensate chains that have depolymerized to some degree.

Normally the chain extender has two or more chemical groups that are reactive

to the chemical groups formed during the molecular weight degradation

process. By reacting the chain extender molecule to two or more

polycondensate fragments it is possible to re-couple them (by bridging them),

thus decreasing or even reverting the molecular weight degradation process. In

the art there are numerous chain extender types and compositions,

polycondensate formulations, and processing conditions described to this end.

[0006] Di- or poly-functional epoxides, epoxy resins or other chemicals having two or

more epoxy radicals, are an example of chain extending modifiers that have



t hus decreasing or even reverting the nol ecul ar wei ght degradati on process.
In the art there are nunerous chain extender types and corrpositi ons

pol ycondensat e fornul ati ons, and processing conditions describ this
end. [0006W@RW4/BET6Ho| y-f uncti onal epoxi des, epoxy resi HQT@PZG&/PP@?”Chem cal s
having two or nore epoxy radicals, are an exarrpl e of chain extending

nodi fiers that have -2 WO 2004/ 067629 PCT/ EP2004/ 000697 been used to

i ncrease the nol ecul ar wei ght of recycled pol yrrers These di - or
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conmpounds and ol efins, _such_as ethylene ver, these chain extenders

have met with Iim tasuls vithepichelorhyds w#rsbfcmbetbﬁrém@meéffr%ﬁ ohaliar wei ght
degradation in reprg | ymer
chai n extenders can?%ﬁﬁﬁggctifﬁ%t gﬁm H&%{t;??ﬁlfy;%ggu?%?g&t@Bﬁg%%ﬂé%%at t hey
are produced by corbcanhsedraabolypmfmmezmmmmteeb&mah]swgvﬁmldhnthumosw
copolynmers with phy i C acteristjcs,which. limt thei.r capacity to act
as chain extenders. @ﬁsffrs pﬁ'ﬁ?aﬁéw{i%?@ﬁﬁe a;cﬁlgf‘tlsvﬂgeq%%&?n‘fhﬁ %he art.
First, in order to dapmymefsfdeﬁbamome/bu_%ua epmtyemﬁt'aﬁﬁng%ommﬁ@smldbﬂne,m dence

times (i.e., good productivity in a gth
such as ethylene. However, these cham extenders have met with limited

success in solving the problem of molecular weight degradation in reprocessed
polymers. The shortcomings of these copolymer chain extenders can be
attributed, at least in part, to the fact that they are produced by conventional
polymerization techniques which produce copolymers with physical

characteristics which limit their capacity to act as chain extenders.

[0007] Two main problems persist today in the art. First, in order to have efficient
chain extension at reasonable residence times (i.e., good productivity in a given
size equipment) either in the extrusion or solid state reactor systems, most of
the known chain extenders require the use of pre-dried polycondensate
material, operation at high vacuum, and varying amounts of catalyst and
stabilizers, to be employed during processing. Without these features the extent
of molecular weight increase is limited and the resulting product shows lower

molecular weight and less than desired properties.

[0008] Second, as the functionality of the chain extender increases, so does the

number of polycondensate chains that can be coupled onto each chain extender



Size equipnent) either in the extrusion or solid state reactor systens, nost
of the known chain extenders require the use of pre-dried pol ycondensate
material, operation at high vacuum and varying anounts of catal yst and
stabi | i zer sWQ204&7€4pl oyed duri ng processi ng. Wthout tperepfoeadongoes the
extent of nolecular weight increase is limted and the resulting product
shows | ower nolecular weight and | ess than desired properties. [0008]
Second, as the functionality of the chain extender increases, so does the

nunber of pblycondensate chains that can be cgu. |.ed onto each, chai n extender
-3 WD 2004/ 067629 Peotpebe 6udi fhys 8 offectinenesti resbuisting melpsular weight HewevEness in

re-building nmol eculiag W& 1gLe th5HAYRNE Inctiohdlity 8f ﬁ@&ychta% e?c?e%{iﬁg %(fé g§e {he

functionality of these ¢hain extenders |Increase so oes ree of
branchi ng of the r ebeas thedggrpe offorenchingdf thegequdtingriroduct it the petential fdr ogset at i on.

People skilled in the art underst.and the strong ative eff.ect t
extensi ve branchind ﬁﬁlg{l%llgfﬂgf g‘ﬂ&“ﬂ’& tfE}"f ?IEW‘S"L%E'I”B?% sﬁﬁ?néﬂﬁgapﬁﬁ@?f#qgﬁe
mechani cal propert iekeensie Brafighihg Eds)onltid ddgfed o ely¥animee asdims odthenel | as the
negative inplications of the presence of varying amounts of gel in any

product. As a resuPechymcal peoperties gha sep-caystallineolysendensae, as weliag theor t he
maxi mum functi onal j ¥ t.Raty; agﬁ? 5%% : S.

G ven, then, that dte%éeﬁvtcﬁg%f) lﬁﬁga?%ﬁctﬁ%pﬁ%}‘%ﬂ %%ﬁégiésc P lél%?\%b%g tai n

ext ensi on current | yAs a resplt ofdbese abgative effsctd therg és <limit dot thatmagingmof | ower
functionality (< 4 functi.gnal r.oups/ chain hai n.extenders,. [0009] The

rel atively high cosl{l%“tlgg%lg}fﬁ?{%ag’% lq}fﬁggvé ¢ eFl?aer’gF’?‘gFﬁsab‘feL]ttg‘gn’current
art render the re+{RitAeaaSiRIMIndRANGY is8ni0d, éMRE0e BRy 6Q8dATRNESR]ly _
uneconomi cal. [00010] One tyg{e of chain extender that has been effective in

over comi ng t he pr olseiss eatattyalytlatge gonegntratiensef lpywerfupctignality (s ddunsdional on

epoxy-functional S%%@Qﬁh iﬁ‘fJbﬁH&te‘hﬁ&Q' ynmers produced from nononers of at
| east one epoxy-fuIrc onal

[0009] The relatively high costs associated with these two limitations of the current art

render the re-processing or recycling of these polycondensates uneconomical.

[00010]  One type of chain extender that has been effective in overcoming the problems
encountered by the prior art are those based on epoxy-functional styrene
acrylic copolymers produced from monomers of at least one epoxy-functional
acrylic monomer and at least non-functional styrenic and/or acrylate monomer.
Such chain extenders are the subject US Patent Application entitled
OLIGOMERIC CHAIN EXTENDERS FOR PROCESSING, POST-
PROCESSING AND RECYCLING OF CONDENSATION POLYMERS,
SYNTHESIS, COMPOSITIONS AND APPLICATIONS, Serial No.
10/342,502, filed January 15, 2003, inventors William Blasius, Gary A. Deeter,
and Marco A. Villalobos.

[00011] Notwithstanding the ability of such epoxy-functional styrene acrylic copolymer

chain extenders disclosed in US Patent Application Serial No. 10/342,502,
filed January 15, 2003 to outperform prior art chain extenders, these chain
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acrylic nononer and at | east non-functional styrenic and/or acrylate
nononmer. Such chain extenders are the subject US Patent Application
entitled OLI GOMERI C CHAI N EXTENDERS FOR PROCESSI NG POST- PROCESSI NG AND
RECYCLI NG @0 DOMBENSATI ON POLYMERS, SYNTHESI S, COVPCS| RETAREROAN(§0697
APPLI CATIONS, Serial No. 10/342,502, filed January 15, 2003, inventors
WIlliamBlasius, Gary A Deeter, and Marco A Villal obos. 100011)

Not wi t hstanding the ability of such epoxy-functional styrene acrylic

| hai t di osed. i S Pat Appl i.cat.i rial No.
101 343, 502, ° 111 ea CHANE 515 BRE gy Sentepieaen e PRBRUSHEP Fot ender s.
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certain di sadvantages when introduced directly into a HD|téI ng appar at us.
The chai n ext ender sagglomeriits. f Fusthermare, the¢nosy-funstional styremeweydic copplymerer at e.
Furthernore, the epoxy-funct] l [ .acrv| i.¢c c | I haj n t enders
are highly reacti vec%laﬁrg1 c(’:‘%aw%éar% %giggh?}é%gﬁlfgrn?%%éahﬁ%&@%%géﬁgm ﬁétendgrsr ul t,
with certain appli caesubnsithicbeais psplications,ahé epoay-fedcyibralatygerdeydciytic copol ymer
chai n extenders have tendency tq produce overreaction conditions, in the
feed or introducti GHPHEME SRIELXERICES bV BENIQ REPduSs Y sraReptiongpadigions

overreaction condi ti iaSedd & iRrdRBEGBORE 62 PibldidpCapPiRA 0k Einider. "Rilebd NI

tenperature between the epoxy-functional styrene acrylic copolynmer chain
extenders and the sivepeagtionwtdndpiohy aerasonieqtengt pthe disparitnimmeltipgoyed. The

epoxy-functional styrene acrylic copol r..chain extenders have a.nelting
Commorature of apprinrnadotst oo s Bk iRt AaPAC ol Bifler bt uves
for step-growth polexfthdés a@ithe 88Perdwin Fplmfscm'thrmmeh thez48Cerhifloy@d0 @he Thus,

|

when the epoxy-functional styrene acrylic copolyner chain _extenders are
i ntroduced direct | y¥ro¥y-fungtiqgnabyyreahacrigic cepolymerdinfxtendprshaveasmeling chai n

temperature of approximately 50° C, whereas the typical process temperatures

for step-growth polymers can range from approximately 240°C to 300°C.

Thus, when the epoxy-functional styrene acrylic copolymer chain extenders are
introduced directly to the feed zone of a processing apparatus, the chain
extender melts and begins to react with the step-growth polymer before proper
dispersion and homogenization is achieved. When the epoxy-functional
styrene acrylic copolymer chain extenders prematurely react, localized areas of
overreaction produce gelation which in turn interferes with proper article
formation. The problem of over reaction is especially pronounced when
manufacturing articles having a minimal thickness, such as, for example, fibers

or films.

[00012] Consequently, there exists a need in the industry for a method, and a
concentrate composition or masterbatch which can effectively deliver, and
allow proper homogenization of, an epoxy-functional styrene acrylic

copolymer chain extender within a polymer.

SUMMARY OF THE INVENTION

[00013]  Accordingly, in one preferred embodiment, the present invention is directed to



extender nelts and begins to react with the step-growth pol ynmer before
proper dispersion and honobgeni zation is achi eved. When the epoxy-functional
styrene acrylic copolymer chain extenders prematurely react, l|ocalized areas
of overread®Pi28i/09t3%«uce gel ati on which in turn interferR&I/EH2004/0p068her
article formation. The problem of over reaction is especially pronounced
when nmanufacturing articles having a m nimal thickness, such as, for
exanple, fibers or filns. [00012] Consequently, there exists a need in the

i ndustry for a nethod,,,and a concentyate caonposition or st erhat ch whi ch
can effectively deldsok Fo%ﬁlﬂfrat%l?‘?msﬁ’ro%‘é‘?f”ﬂgﬁ‘t?&g&mﬁ ?‘Bﬁgg‘fd?r Weisht of a

epoxy-functional st } i ! :pol ymer .
SOMVARY CF THE | VR R B S B e s et

t he present i nvent icopolymenkindet teast one non-Favtiye2a0it 664629 PCT/ EP2004/ 000697 a
solid concentrate conposition useful in nodifying the nol ecul ar weight of a
step-growt h pol yner conprising at | east one epoxy-functional styrene acrylic

copol yner ajodosd] | easbrdapeto aasthégaefecirvdefibydimert, 4 ®didtondedfoE 4bmpssitiundi ng t o
anot her preferred enbodi nent, a solid concentrate cgnposition _includes at
| east one epoxy- f uriB¢indss 3t least ppesroxyLimatiopal slyFrge pRRYFC SPRPlyen aad 8t leash e

co-reacti ve epoxy fdﬁ@%ﬁ-ir%'aﬁlre%Rfrhﬁ{ctﬁ?aﬂé}riex[rgﬁﬂ.w] The present invention is
o} or

also directed to a net preparing a polyner by reacting at |east one
epoxy-functional styrene acrylic copolynmer with a carrier, wherein said

carrier is ted.fromthe gr.ou onsi st of .a pon-reactiv carrier
resin and aﬁﬁé?ﬁe ac e\?éesélﬁd&‘ff%f’fhgta?sf} E‘?f CtF%QO?“rfnﬁthﬂd f?éPfepé’B%@B?e}H?’ Y sai d
conposi tion with atredcHAg bt 104 oROIPsRF-FurleBinal Styrthe b&RBE cPOB/ RV Witk ¥ sarrier,
functional group. L o o i

wherein said carrier is selected from the group consisting of a non-reactive

carrier resin and a co-reactive epoxy functional resin and melt compounding

said composition with at least one polymer having at least one oxirane

functional group.

[00016]  As the chain extender is physically spread out and separated within the carrier,
when the solid concentrate composition is mixed with the polymer, the
potential for localized concentrations of chain extender is minimized.
Furthermore, when introduced into a molding apparatus, the solid concentrate
composition of the present invention prevents premature reaction of the epoxy-
functional styrene acrylic copolymer chain extender within the let down
polymer by increasing the time required to melt the concentrate. This delayed
reaction time permits the chain extender to be fully dispersed throughout the

polymer, resulting in homogeneous chain extension.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00017] The present invention is directed tb a solid concentrate or masterbatch

composition comprising at least one epoxy-functional styrene acrylic

copolymer chain extender and at least one carrier resin. The carrier resin is

either a non reactive resin, a co-reactive epoxy functional resin or mixtures
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[ 00016] As the chain extender is physically spread out and separated within
the carrier, when the solid concentrate conposition is mxed with the
polymer, the potential for |ocalized concentrations of chain extender is

m nimzed. WORP4B7GBr e, when introduced into a nol di ng BEEEP2AM6ST he sol i d
concentrate conposition of the present invention prevents premature -
reaction of the epoxy- functional styrene acrylic copolynmer chain extender
within the et down polynmer by increasing the tinme required to nelt the
concentrate. This delayed reaction tinme permts the chain extender to be

fully di spersed thth§tegholhe soHd conggntyate compesiignimaygbs yseh shipgeneshiainchai n
ext ensi on. DETAI LE ﬁ%\l;;xgg FB@: NNd 7] The
pr esent invention Igégg%’g?hct e}(Lj t a %godﬁgp co%?grgl?r%qgrl, nasf%r%lgfgg%

conposi tion conpri findgpasticulazapplicatien mpoxrjpattiomovittocmidensateriyenas.r yl i ¢
copol ymer chain extender and at | east one carrier resin. The carrier resin
is either a non reactive resin, a co-reactive epoxy functional resin or

m xtures - GoY§A&F004hOE R ?%nﬁ%ﬁdi@%@&x%@x%@@c? polyrhé g, ex%h&erﬁ@bﬂe%rﬁﬂ’ﬁcent rate

conposi tion nay be used to increase chain extension in any polyner having
at | east one oxir aﬁ@eﬁmﬂl&vﬁ digeleted in Bnited Biated Datgar Aprlicrtien, aptpﬂqdcatl onin

conjunction with c nal styrene
acrylic copolyner ¢ al ex Ws prefera Oﬁ@w;@%&ohose

di scl osed in Unit eBREICESSENGANID R EARGTT NG DEICOMDENSA&‘H)N(HOLG@QERSC CHAI N
EXTENDERS FOR PROCE§S| N% g?T g%g% Eg AQD ﬁg%%! g %\IDENSATI ON
POLYMERS, SYNTHESP Serial 10/ 342, 502,
filed January 15, 2§83 SOP‘ﬁ?élltJQﬁ&ry% |20§3“1§}e§§§rwllhﬁ%rﬁhﬁus CRg) R Deet@nd
Marco A. Villal obos, the entire discl’'osure of which is heréby ‘i ncor porat ed

herein by refer encend MareefA. Willglobos, theientineglissloawng |08 svhish i hergly ingerpetatedal

acrylic herein by reference. Briefly, non limiting examples of epoxy functional acrylic

monomers for use in the epoxy functional styrene acrylic copolymer include
both acrylates and methacrylates. Examples of these monomers include, but are
not limited to, those containing 1,2-epoxy groups such as glycidyl acrylate and
glycidyl methacrylate. Suitable acrylate and methacrylate monomers include,
but are not limited to, methyl acrylate, ethyl acrylate, n-propyl acrylate, i-
propyl acrylate, nbutyl acrylate, s-butyl acrylate, i-butyl acrylate, t-butyl
acrylate, n-amyl acrylate, iamyl acrylate, isobornyl acrylate, n-hexyl acrylate,
2-ethylbutyl acrylate, 2-ethylhexyl acrylate, n-octyl acrylate, n-decyl acrylate,
methylcyclohexyl acrylate, cyclopentyl acrylate, cyclohexyl acrylate, methyl
methacrylate, ethyl methacrylate, n-propyl methacrylate, n-butyl methacrylate,
i-propyl methacrylate, i-butyl methacrylate, namyl methacrylate, n-hexyl
methacrylate, i-amyl methacrylate, s-butyl-methacrylate, t-butyl methacrylate,
2-ethylbutyl methacrylate, methylcyclohexyl methacrylate, cinnamyl
methacrylate, crotyl methacrylate, cyclohexyl methacrylate, cyclopentyl
methacrylate, 2-ethoxyethyl methacrylate, and isobornyl methacrylate. The
preferred non-functional acrylate and non-functional methacrylate monomers
are butyl acrylate, butyl methacrylate, methyl methacrylate, iso-butyl
methacrylate, cyclohexy! acrylate, cyclohexyl methacrylate, isobornyl acrylate
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nmononers for use in the epoxy functional styrene acrylic copolyner include
bot h acryl ates and nethacryl ates. Exanples of these nononers include, but
are not g{,&g@ E%‘?’ t hose contai ning 1, 2-epoxy groups such as gl ycidyl
acryl ate an V met hacryl ate. Suitable acryl ate aRETHER094800097at e
nmononers i ncl ude but are not limted to, nmethyl acrylate, ethyl acrylate,
n-propyl acrylate, i- propyl acrylate, nbutyl acrylate, s-butyl acrylate,

i -butyl acrylate, t-butyl acrylate, n-anyl acrylate, ianyl acrylate,

i sobornyl acrylate, n-h - af. c hyl hexyl
acrylate, n-octyl %rc“?? gﬁgﬂ n?le-q%&/é:b@{ltg%%dr éﬁlgﬁogﬁ{?ﬁg cen@rg eésr%;éf ate,
cycl opentyl acryl atuse mth:jn@tmxmk/elﬂmmyiuﬂﬁde bumt-&ndt limited Ima@tyyémt glphat hy|

nmet hacryl ate, n-pro rret hacr I ate, n-but nmet hac 1a i - propyl

net hacryl at e, i - bu E’r‘S} W telulepe, pyme tsﬁﬁﬁ"rey'? él‘%/% StHeRR 9y |

met hacryl ate, a”%hlo%b’?@ffér% ﬁnd&b%ﬂmﬁ%s@ﬁfdé HleCies. tPeréﬁ&i styremc

met hacryl ate, 2-ethylbutyl nethacrylate, nethylcycl ohexyl nethactylate,

ci nnanyl net hacr yimpnemersrintiyde mmdwma@etw@mxyl met hacryl at e,

cycl opentyl nethacryl ate, 2-ethoxyethyl nethacrylate, and isobornyl

nmet hacryl ate. The preferred non-functional acrylate and non-functi onal

net hacry| at[g0@m8)ONEhs chalf extbntleyd cad G produced ByLtoiintatlp @Bargingtifto aredchyt lat

nmet hacryl ate, iso-butyl nethacrylate, cycl ohexyl acryl ate, cycl ohexyl

met hacryl at e, i sobd@sane£eexy Gipetions] agrylisgepnopiey Fuiet (et e g ®d7  and

i sobornyl nmethacry ?’Wg‘l’ . for use
in the present mv?%%?ag?]&?%& %Lu@&%ﬁ:ilﬁﬁ&&fm%ngﬂﬁ ﬁ?‘g{?or{ss??/r {ées al pha-
net hyl styrene, vi monomet,anendynconal efacylape mneqmer; a)nmyfunstignaéstmenm-

chl orostyrene, vinyl ridi tu ese. s eC| Preferred
styrenic nonomer sﬁoﬁgﬁﬁgn‘gfwbéﬂ loﬁﬁﬁle gﬁ&eﬁﬁfﬁ frag ayp &R onafléf(yﬁlg] The
chain extenders caghdtgedwithlisaedit bye fesdthditdl uBimériedtdnhitigtor Aidlorone@act or  at

| east one epoxy functional acrylic nononer, and at | east one non-functional
more solvents. The reactor is maintained at an effective temperature for an

effective period of time to cause polymerization of the monomers to produce a
polymeric product for the monomers formed substantially free of gel particles

within the reactor.

[00020] The non reactive carrier resin for use with the solid concentrate composition
includes, but are not limited to, polyethylene, polyethylene-norbornene
copolymers, polypropylene, polybutqune, polymethyl pentene, polyethylene-
vinyl acetate copolymers, polystyrene, polystyrene block copolymers,
butadiene, isoprene, ethylene-butylene, polymethacrylates, polyacrylates,
polyvinyl chloride, chlorinated polyethylene, polyvinylidene chloride,
polyethylene-acrylate copoiymers. The most preferred non-reactive carrier
resin is polystyrene-methylmethacrylate copolymers. The epoxy functional co-
reactive resins capable for use as a carrier resin include, but are not limited to,
glycidal methacrylate co and terpolymers, and epoxidized natural rubber. The
most preferred epoxy fu;mctional co-reactive carrier resin is polyethylene-
methy! acrylate-glycidal methacrylate. Preferebly, non-reactive carrier resin is

utilized, as the non reactive carrier resin provides an inert carrier, thereby
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free radical polynerizable nononer, including a non-functional acrylate

nononer, a non-functional nethacryl ate nononer, a non-functional styrenic

nmononer, and conbi nati ons thereof. The reactor may al so_gptional Iq%%lbe
ﬁl‘ﬁ

charged wi t¥O0290406%%e% one free radical polymerization i EREYAOWRY) or one.

or nore solvents. The reactor is maintained at an effective tenperature for
an effective period of tine to cause polynerization of the nononers to
produce a polyneric product for the nononmers forned substantially free of

gel particles wthin e Q ] e i Cald.l resin
for use with the sgﬁeivﬁltt@grﬁléee%gl 1?]ae?‘ tgn@%ﬁh@% lﬂ|Rﬁc eu‘%gléé,n betlgg{sg&%egt
limted to, polyet wthirtke lepddwrepdlyinen eFhabispibe okair extendeo ldgesatos react with

pol ypr opyl ene, pol ybutyl ene, pol ynethyl pentene, polyethyl ene-, viny| acetate
copol yners, pol yst é‘ﬁé‘,rea]ﬁm’?&“?%éﬁ%né Y?E’Re %ﬁ@?ﬁ?ﬁ’él’é,"%“%ﬂ‘&ﬁ‘@%@’} sopr ene,
et hyl ene-butyl ene, 1RQl)FBINACENiEirBSin. PREAATYIRE RSins ALY Y EofjurchbPr i de,

chlorinated polyethylene, polyvinylidene chloride, dpol_yet hyl ene-acryl ate
copol ymers. The nowithghesodid conrenioate compesition inelndd low density polyethylene,

pol ystyrene- net hyl net hacryl ate..c rs. Th oxy f tippnal go-..reactive
resins capable for gﬁlggy‘é?ggﬁo'glgf’hly Bﬁ%h%lcé% 'flt%’ }?Ol’éq%}fﬁ%fe %utfugﬂﬁgy%%tcoféﬁl?aéd to,
gl yci dal net hacryl adetha6flaadshdirh@dkidewsx. and epoxi di zed natural rubber. The
nost preferred epoxy functional co-reactive carrier resin is polyethylene-

met hyl acryl ate-gl yci dal nmethacrylate. Preferebly, non-reactive carrier
resin is  yboddfedhdsxdch B BPcHaRAGHE t%ac%fri FesiEif e EnB¥iteS LiR6Hh ¢
carrier, tﬂereb -8 V\D_2g04?06%§29 PC’J-}T{J?IEPZ 046?0650697 prneventi%ogﬁbtohle chain
ext ender from r eacis apglication spackfes, depsoding nporethe getiliitywd tlsecakrriasiredin andthe | et
down polymer. That ,is, .t.he chain. extender does not .react w.th _the
non-reactive carri FSlnggleglre? Sfacggﬁ’seégegﬁlff é‘b‘g?aie?‘gm% gﬁoéluﬁt' ;Pfgﬂg’fyon w thin
the non-reactive Cdircti6d styRae BorylRy epolyied cli exterdef fRY B8 pfedént WS theisolid
conj uncti on

: concentrate composition in amount between approximately 0.01 to 99.9 wt%,

preferably between approximately 5.0 and 50.0wt%; and most preferably

between approximately 10.0 to 25.0%.

[00022] Other materials which are substantially chemically inert may be added to the
solid concentrate depending upon the desired properties of the polymer.
Representative examples of such materials include anti-static agents, foaming
agents, flame retardants, color concentrates, anti-oxidants, UV stabilizers, anti-
blocking agents, anti-flog agents, anti-slip agents, anti-microbial agents,and

slip additives.

[00023] The method by which the solid concentrate is made is not particularly limiting
and can be accomplished by any known masterbatching process. Further, the
concentrate of the present invention can be formed in a variety of geometrical
shapes, including, but not limited to, pellets, spheres, flakes, agglomerates,
prills and the like,

[00024] The solid concentrate may be used to impart chain extension properties on any

9.



with the solid concentrate conposition include | ow density pol yet hyl ene,

pol ystyrene co-net hyl net hacryl ate, pol yet hyl ene co-butyl acryl ate co-gl yci dal
met hacryl ate and behenam de wax. [00021] The exact ratio of chain extender
to carrier wasiom/enezohe concentrate conposition is applpeakpRowepesi fic,
dependi ng upon the activity of the carrier resin and the desired degree of
chain extension in final polyneric product. The epoxy function styrene
acrylic copol yner chain extender may be present in the solid concentrate
conposition in amount between approxinmately 0.01 to 99.9 wt% preferably
bet ween appr oxi mat &t gown polymgr wiih el leas ougRKITepR FeaptiverEpYh| Bepreseniakive,

approxi mately 10.0 .09 Q,%% : Bl &bt i Mashantial Iy
chemcally inert n%%ﬁwgéaogégﬁlé%o t lem soF%tg onceg)!toﬁ’atny&'gé ﬁ%ﬂgﬁg?‘ﬁg UB%h t he
desired properti espadlfyarhides,polygstens and felpcarbmateat Thepaymeptanslsofbesuch

materi al s i nclude ag J.-static a ent%w foaﬂi nq%} a&gnts, | ane ret arld.ants,
col or concent r at es 29GRY PHYEFHEL S, {]F CXRERL1 FOaredhanes, ROIYSHITAaLoH 3 dhent s,
anti-flog agents, amtydriaé bip he cdictylidiagigobi al agents, and slip
additives. [00023] The net hod by which the solid concentrate is made is not
particularly limting and can be acconplished by any known nmasterbat ching

. F : t 1. he. ' N f di
B variety Q0T IHFsolft G R R  Srbstiolfis ool e Mo RPBoE | PO 1
spheres, flakes, agglymeeinaingshermppladticfomtitg hfpardtusaarmplip dglbyddia tisol i d

concentrate nmay be used to,i| rt. chain extension, pr rties on an -9
............ . w@w 8B4 s ees ww%emqpq% foR Bl ol e 1 at
| east one oxirane iPRSbIdYScedH i ibrmBBRb 8RB RhiqKEs. et @SnhtrtbnbrRgl yners
include step-growth polyners such as, for exanple,

solid concentrate composition is dependent upon the desired end characteristics

of the let down polymer, and is therefore application specific. The amount of

solid concentrate composition may range from 0.1 to 100 wt%, per weight of

the total batch. The solid concentrate composition of the present invention

may be used in the manufacture of various polymeric articles, non limiting

examples of which include, polymeric sheets, films, bottles, fibers or multi-

dimensional articles.
[00026] The following examples will serve to more fully illustrate the invention.
EXAMPLES
EXAMPLE 1:
[00027] Two formulations were injection molded in accordance with normal industry
procedure using an Arburg Allrounder 320 Molding Machine and a Standard
Color Chip mold. The formulations were as follows:

Formulations:

1. Formulation A = 0.25% epoxy functional styrene acrylic
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pol yam des, pol yesters and pol ycarbonates. The pol yner can al so be an

addi tion pol yner such as, for exanple, polyurethanes, polystyrene co-naleic
anhydride or polyethylene co-acrylic acid. [00025] The solid concentrate
conmposi t i oW ogR47629conpounded with the et down pol ynBET/ER2LH(P0697

t hernopl astic form ng apparatus normally enployed in the industry, and is
nelted at a tenperature appropriate for the I et down polyner, in accordance
wi th normal nol ding techni ques. The exact concentration of the solid

concentrate conposition is dependent u h esired e haracteristics

of the let down poIWﬂ&fneéﬁlﬁmf)%xt?“ﬁgﬁ’8?‘8?%7%63?&8%§Wd§%gg}cfi c. The ampunt
of solid concentrate conposi iFfimilaon BEAE25% 20% Chhirl Bxtdikier Obfiten®RE of\ei ght
of the total batch. The solid concentrate conposition of the present

invention may be udearesent inyentinmm erdls ( ladestrial SiradaBE ol yneric articles, non
e | ot I . ) t os.
i bers o murtre o Meroitbfifiol Rithe by RACHERI Worehpatty e ocdlyllr iR | 20 0

serve to nore full yeitéddeswastoacryi¥ ADR 4367, evhile infDoAvialaESn BXiheRloncdntrafe00027]
Two formnul ations were injecti nmol ded i.nRCC ce with normmpl. . jndustry
procedure using an ‘75\?90%’1“!5‘%P?Eﬁﬁﬂ@dﬁgr?ﬁ%moi@%%&?ﬁﬁp%ﬁﬁﬁa ‘gpgndard

Col or Chip nold. Thgsghepgul ati ons were as follows: Fornulations: 1.

Forrmul ation A = 0.25% eﬁﬁox functional styrene acrylic -10 WD 2004/ 067629
PCT/ EP2004/ 000697 Moy 2khai n extender, and 99. 75% | ndustrial G ade
PET. 2. Fornulation B = 1.25% 20% Chai n Extender Concentrate of the present

invention, and 98.75 Industrial G ade PET.
Results:

Formulation A
a. Process was inconsistent due to very low let down ratio.
b. Chain Extender quickly plated out on screw.

c. After approximately 20 shots formulation A became unprocessable.

Formulation B
a. Process stabilized quickly.
b. Significant plate out of Chain Extender was effectively eliminated.

c. After approximately 200 shots formulation B remained processable.
EXAMPLE 2:
[00028] Several formulations were pelletized to determine the stability of the epoxy-

functional styrene acrylic copolymer chain extender in raw form vs. in

concentrate form.

% chain extender %LDPE (carrier resin) _Brittleness of pellet

100 0 turns to dust in pelletizer

95 5 can be pelletized, very easy to crush
80 20 easily pelletized, easy to crush

50 50 easily pelletized, harder to crush

20 80 easily pelletized, very tough
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In Fornmul ation A the epoxy functional styrene acrylic copolynmer chain

ext ender was Joncryl ADR 4367, while in Fornulation B, the Concentrate was
a mxture of Eastman Durastar DS 2010 Pol yester Joncryl ADR 4367 and Nova
NAS 21. ReEQI003/0676Fr mul ation A a. Process was i nconsi SICEMHP2YPIL0EY very | ow
|l et down ratio. b. Chain Extender quickly plated out on screw. c. After
approxi mately 20 shots fornul ati on A becane unprocessable. Fornulation B a.
Process stabilized quickly. b. Significant plate out of Chain Extender was
effectively elimnated. c. After approximtely 200 shots formul ation B
remai ned processable. EXAMPLE 2: [00028] Several fornulations were

pel letized fopode} ermiduotdvableichaily téomiratelithab@exylid ddnbetiatinpsifoeer
acrylic copolymer chain extender in raw formvs. in concentrate form %
chai n extender 9% DAbe preggnt inventiqasyiclds stable. nEegessablercopppsition Wit ngreagadns t o

dust in pelletizer &@HE% We&hhih &diend &, crush 80 20 easily
pell etized, easy tdﬁéyﬁgﬁ 8Hga§ipy ngTé?f§@§$é%§% %r to crush 20 80

easily pelletized, very tough -11 WO 2004/067629 PCT/ EP2004/ 000697 [00029]
The above table clearly denonstrates that the solid concentrate conposition

of
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the present invention yields a stable, processable conposition with
increased shelf life conpared to the chain extender enployed al one. -12
CLAIMS 1. A solid concentrate conposition conprising: a) at |east one
epoxy-functional styrene acrylic copolyner; and bl) at |east one
non-reactive resin, which resin b]) is selected fromthe group consisting
of polyet ylag®, pol yet hyl ene- nor bor nene copol yners, pol ypropyl ene,

pol ybut yl ene, pol ynet hyl pentene, pol yethyl ene-vinyl acetate copol yners,
poly butadi ene, polyisoprene, polyethyl ene-butyl ene copol ymner,

pol ymet haq.rylgtsgl?d CO%QLI%{II%? Oﬁﬁi’on-cgfgw%}ﬁ%yl chl oride, chlorinated

I
pol yet hyl ene,” pol'yvi ny e%oéﬂ%: ori pol yet hyl ene- acryl ate

copol ynmers, o) aneast®ne esaxycfuadtidnelbssyremwryliRreopelanier;wadr esin bl) is a
pol ystyrene- net hyl net hacryl ate  copo|lyner.. 2. A solid conceptrate

conposi tion clnpfti Eafigoneaflonfeartives fesiin Vet K58 (e tif oﬁ?%Ftegt{}?‘@né‘ea%rPWi c
copol yner | 2)ofat lef€ dovek i ehaxy § i@hal ;a5 bhREne €si N,
whi ch r esic%%gggglgi sOfse?delg?IZ%e&Pr o@&ehg g%on}?gooconsi st#ggg%f gl %c%a?ﬁ ne

met hacr y| avkybeyleas ol yameihylypentese, polxkthpenei iy edetateatopplymervipobr butdlieriehe
solid congcent r at e coqgoshtioq qf claian and 2 1mheﬁpin2$he ﬁp?g% ﬁqqgtional
acrylic mBRSREPT Py, BAVE %lfmf glégl[en%necogggwg,f UPI%HHS gfryg Vre e Wﬁ?c

copol ymer pblyvingekigieii@s dhidtnatddepdyadkyerz) psiysinyligerf cldetide, aind Spayethylene-

nmet hacryl ates, and wherein the epoxy functional styrenic nononer for said
at | east @HYBESOPOWMEELi onal styrene acrylic copolymer is selected fromthe

group congj %&hiefé?n Qid SAMERN Bne "ﬂoﬂ-ﬁ@a‘cﬁ% D %{1)’ EseF%yol i%&de-m&tﬂkfgle%h%rylﬁé met hyl
styrene, t-butyl styrene, o-chlorostyrene, vinyl "pyridine, a m xt'ur es
t her eof . 4opolymersol i d concentrate conposition of claim3, wherein said at
| east one co-reactive
2. A solid concentrate composition comprising:
a) at least one epoxy-functional styrene acrylic copolymer; and
b2) at least one co-reactive epoxy functional carrier resin, which resin b2) is selected

from the group consisting of glycidal methacrylate co and terpolymers, and epoxidized

natural rubber.

3. The solid concentrate composition of claim 1 and 2, wherein the epoxy functional
acrylic monomer for said at least one epoxy-functional styrene acrylic copolymer is
selected from the group consisting of acrylates and methacrylates, and wherein the epoxy
functional styrenic monomer for said at least on epoxy-functional styrene acrylic
copolymer is selected from the group consisting of styrene, alpha-methyl styrene, vinyl
tolulene, p-methyl styrene, t-butyl styrene, o-chlorostyrene, vinyl pyridine, and mixtures

thereof.
4.  The solid concentrate composition of claim 3, wherein said at least one co-reactive
epoxy functional carrier resin is polyethylene-methyl acrylate-glycidal methacrylate, or

polyethylene co-butylacrylate co-glycidal methacrylate.

5. A polymeric article comprising the composition of claim 1.
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epoxy functional carrier resin is polyethyl ene-nethyl acryl ate-glycidal

net hacryl ate, or polyethyl ene co-butylacrylate co-glycidal nethacrylate. 5.
A polyneric article conprising the conposition of claiml1l. - 13 6. A
polyneric article conprising the conposition of claim2. 7. The polyneric
article of claim5 and 6, wherein said polyneric article is in a form

sel ected fromthe group consisting of a film sheet, bottle, fiber and

nol ded nulti- dinmensional article. 8. A nethod for preparing a polyner
conpri si n@ t kepdympriobrtiokel compoising thediongpositiswbf daimchncent rat e conposi ti on
conprising: a) at |east one epoxy-functional styrene acrylic copolyner; and
bl) at | east one non-reactive resin, or conprising: a) at |east one
epoxy-fungti ol pobfnydrRngtisieof! dIAmCOPRAd ¥ RheredNhid Bdlyderik @RSdle AR £ Goreact i ve
epoxy functional carrier resin, which resin b2) is selected fromthe group
consi st i ntglestedgfromi thel giemp hepnsisling of o fidind shest.pbotilere fiber andl regldsd anulied
natural r : ] at | east one polyner having at | east one oxirane
functi ona&glgﬁ%%%a%é{al%he met hod of claim8, wherein said at | east one
epoxy-functional styrene acrylic copolymer is selected fromthe group

consi sting of, acrylates and nmet hacryl ates,. and wherein the epoxy functional
Styreni ¢ SondhaIEHad OF RIS F SR SOBPRLYE MM SrmFl SOPPRRETES ot 1

copol ymer ¢dngertidteesonffdsition Bbhpsi@:oup consisting of styrene, al pha-nethyl
styrene, vinyl tolulene, p-nethyl styrene, t-butyl styrene,

o- chl or ost yr enet least ay¢ egoyiyifungiionalstidensiaerylicsgpolymer;end . 10. The met hod of

claim 8, V\herbq'kgﬁlsa' d non-reg{cti yve resin is selected fromthe group

consi sting of f/ae# Plrflef neor?ér,eapglefeéstrhyl ene- nor bor nene copol yners,

pol ypr opybesaenprisingl ybut yl ene, pol ynet hyl pentene, polyethyl ene-vinyl acetate
copol yners, pol %/st yrene, ) )
a) af least one epoxy-functional styrene acrylic copolymer; and
b2) at least one co-reactive epoxy functional carrier resin, which resin b2) is selected
from the group consisting of glycidal methacrylate co and terpolymers, and epoxidized
natural rubber,

with at least one polymer having at least one oxirane functional group.

9.  The method of claim 8, wherein said at least one epoxy-functional styrene acrylic
copolymer is selected from the group consisting of acrylates and methacrylates, and wherein
the epoxy functional styrenic monomer for said at least on epoxy-functional styrene acrylic
copolymer is selected from the group consisting of styrene, alpha-methyl styrene, vinyl
tolulene, p-methyl styrene, t-butyl styrene, o-chlorostyrene, vinyl pyridine, and mixtures

thereof.

10. The method of claim 8, wherein said non-reactive resin is selected from the group
consisting of polyethylene, polyethylene-norbornene copolymers, polypropylene,
polybutylene, polymethyl pentene, polyethylene-vinyl acetate copolymers, polystyrene,
polystyrene block copolymers, butadiene, isoprene, ethylene-butylene, polymethacrylates,
polyacrylates, polyvinyl chloride, chlorinated polyethylene, polyvinylidene chloride, and

polyethylene-acrylate copolymers.
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pol ystyrene bl ock copol ynmers, butadi ene, isoprene, ethylene-butyl ene,

pol ynet hacryl ates, pol yacryl ates, polyvinyl chloride, chlorinated

pol yet hyl ene, pol yvinylidene chloride, and polyethylene-acrylate
copolynmers. -14 11. The nethod of claim@8, wherein said non-reactive carrier
resin polystyrene- nethylnethacrylate copolynmers. 12. The method of claimS8§,
wherein sgid ¢o-r Yo f 0 i t group
consi sti nlg of gﬁ ﬁeﬁ-@q gﬁérgyl g@gélélog%hdﬁ(ﬁgteg% m%efgljs”%i: é% E&gﬂg&ggd

nat ur al nnhbﬁnwﬂm&ykmhenmmmmnd of claim 8, mhereln said co-reactive epoxy
functional resin is polyethyl ene-nethyl acrylate-glycidal nethacrylate. 14.
The nmethod of claim@8, wherein said at | east one polyner is selected from
the groupp CaRgingdthdioPElafn St Wbl Wil BRLIERE PO, AMCAGKA réaD iPQlechRr . 15.
The nmethod of claim 14, wherein said step-growth polymer is selected from
the gr oupfrorndhgngmunar@n@rstnpgapf/gmcubé matiesicidate eosandnigrpedyperar trshepaxidizes. The
nmet hod of @l , Wherein said addition polyner is selected fromthe group
conS|st|ng of "po yurethanes pol ystyrene co-nal ei ¢ anhydri de and

pol yet hyl ene co acrylic acid. -15

13. The method of claim 8, wherein said co-reactive epoxy functional resin is

polyethylene-methyl acrylate-glycidal methacrylate.

14. The method of claim 8, wherein said at least one polymer is selected from the group

consisting of a step-growth polymer and an addition polymer.

15.  The method of claim 14, wherein said step-growth polymer is selected from the group

consisting of polyamides, polyesters and polycarbonates.
16. The method of claim 14, wherein said addition polymer is selected from the group

consisting of polyurethanes, polystyrene co-maleic anhydride and polyethylene co acrylic

acid.
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