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generally to concentrates enployed in the formation

of step-growth polyners, and in particular, to a chain

extensi on concentrate for step-growth pol yners.

[0002] Many steps oy i
pol yesters, po@%m'éﬁf co dﬁg]%FOR
pol yur et hanes. are w ¢ products

such as filnms, Dbottles, sheet and other nol ded and
extrud : apepNGabnand  physi cal
propert%IAe 6?%‘1{?.?_5_5@_% ghly dependent on
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fiber spinning, or they can be injection nolded in the
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loﬁ%fn t SYARY SEpngEoveh Rahmehdnclyding aokyestens, Pqlyamides, @glycarbonates,
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i npr ov recycling e articl'es made Trom
t hese paittyesesiwet and dthamaygel dmbvexitrdded pmdoncte. The mechanical and

conservation and environnmental protectiaon. The :
procesh §‘°§1t1§BEerP?ﬁ/‘8{tg%98 PPiYmeﬁgﬁrﬁ $1Y deprade opdhgipgolecular
these poliypers al so involve high tenperatures. [0004]

In each onhe of these high tenperature steps,

articularly during the conpoundi ng/processing and

particu !
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tenperature hydrolysis, alcCoholysis or other
depol ymenipoandiog extsehemdrsnaionsbllowerbby fhermofossimg, blow molding,
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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
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proportions in their original applications. Today,
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| oss in nol ecul ar wej ght and maintain or even
i ncr ead@ 2aERBOWFBNESRf| 2P 1‘69&05% of the pol ycondensates
for processing or recycling. Mdst of these routes
enpl oy as mai n processi ng equi pnent either an
[0885] udeFodayp, thereiedist 5 tadstdepatily sumblerd atocesses @atit art, eroployed to

both in sequence, or_simlar e ui.pment. designed for
mel t orMigjrgie 1gss @bgqoge&gu%pvg}gh& FIE?&%@%‘I H §ethucLggse the
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reactants known chain * extenders" are
enpl oy atese Conateseraplos rasl aram proegssingrequipeembsithepan thruder a solid

mul ti- function nmpl ecul es t t during a or.. al
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to the gx é’cfjfdir ¥t & oMty thabdifl BfU’c@%fg Afs anfifstrumental part
coupllng pol ycondensat e chai ns that have
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chain extender nolecule to two"or nore pol ycondensate

f r agmertrs addedias agdisisessioghe extrudecauphaor wWehtietpurpose of "re-

bri dgi n%uplhng 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
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degradation process. In the art there are nunerous
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formul ati ons, and processing conditions described to

this end. [0006] Di- or poly-functional epoxides,

epoxy resins or other chem cals having two or nore

epoxy radicals, are an exanple of chain extending
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chai n extension at reasonabl e residence tines (1.e.,

good productivity in a given

[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
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operation at high vacuum and varying anmounts of

catalyst and stabilizers, to be enployed during

processi ng. Wthout these features the extent of
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the art understand th t ti f ts that
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sem -crys e po ycon ate, as well as the
negat i \tl@atlthiWananmoﬁmcnénaﬂﬂtgelsp}m@eincﬁeq‘mfve\@hmwen@nsmn currently

amount s of I duct ul t
o s s B Vs 55 R o7 Rociona
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ext end that the maxi num
functionality is limted, effective chain extension
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associ at w th'these ations of the current
art render the re- proceSS|ng or recycling of these

condensate unecono One type of
1088AgHn S o SRR SREEE Cahh s EBR Ee et SV PN fhe problems
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based on epoxy-tunctional styrene acrylic copol yners
pr oduc edryficeopotymerspredusfed tom magemensef at least one epoxy- -functional
epoxy-f.u n?ltclnggn%mer 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

A-
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and/ or acrylate nononer. Such chain extenders are the
weoeuhj4a6t620S Pat ent Application entitled OLI GOVERI/EP2004/000697

CHAI N EXTENDERS FOR PROCESSI NG POST- PROCESSI NG AND

RECYCLI NG OF CONDENSATI ON POLYMERS, SYNTHESI S,

COVPCSI TI ONS AND APPLI CATI ONS, Serial No. 10/342,502,

filed January 15, 2003, inventors WIIiam Bl asi us,

Gary A. eDerdazs glso extdbilvbertain disadfiahtagbowhen k@800t directly into a
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epoxy-functional styrene acrylic copoly
ext enddpssteprgrawth pelyapergcamiehgeiommppoxishathly\iioed td 3eyC.

copol y bR oS se L hEtIHal By ard ik GopaspeAspenders ar
of apprifodiRE@liedd tEthdMRed Sa dffaeprsaéeéiﬁghplpd&aﬁﬁ e chain

tenperatures for Step-growth polyners c range from
appr oxie¥teneerynclradibsgize 0readtwish thetseap-griverth polymer before proper

epoxy-f i onal,.styrene acr.yli.c cap mer chain .
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a procegs¢ntgicANRTopb N fer EhEn eRhdbrs 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
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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 to 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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potential for localized concentrations of chain

extender is mnimzed. Furthernore, when introduced

into a nolding apparatus, the solid concentrate

conposition of the present invention prevents

pr emat theeof.€0ed §0did cohcdniratesqmpositfonnady loaaded3o yrice¢se chain

acrylic copolyner chain_extender within thﬁwéetzgomn

pol y meeXteRsian B @BR PhYERer RaVIRE ghlead Qe O8H S UREenal geoup, but

chai ' ShEuRps e fic i cORERkIANH PRRRE boykRR

pol ymer, resulting in honogeneous chai n extension.

DETAI LED DESCRI PT] ON OF THE PREFERRED ENBODI I\/Elgs,
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concentrate conposition nay be used to incredse chain
ext ensil 042,602 Hilepnyayri Shaddd) grentdreB&tliaonBlasiuisy Gany A. Deeter,

e T e SR U BB dore
ot ender e B R S oL P Tunctogal acrylic
i n Uni mesofiemtfesudedh ¢t epbpp fincsiphalrstyremt dcrylédcopolymer include

PROCES 8P KGR TIEYOEATD B CERPEIEAT CReREp iRginclude, butar
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10/ 342,502 January I5, ,_inventors '
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epoxy hEiRA hQPRle, 86Uty dfylate, 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-cthylbutyl 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, cyclohexyl acrylate, cyclohexyl methacrylate, isobornyl acrylate
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conbi n 12;% &0For tHRl MbSRh&rs m&%&&téﬁau @8 of Bel particles

t he prgB ventlp%)rﬁ i ncl ude, but are not I?’mted to,

st yr enevithid theaeactret hyl styrene, vinyl tolul ene,

p- met hyl styrene, t-butyl styrene, o- chlorostyrene,

vinyl pyridine, and m xtures of these species.

er Sh YEaB I CcarABNRHR 181 hsBShittHiBe S61 eRedide composition

[O(ﬁ[ﬁ{]\a ge@tgﬁyfl satyre%ae [ 00019] The chain extenders can

be pr odhodetesyut entat Hiooied|ty, Iwﬂwlgﬂﬂ‘g, pelyethglepernerhernege

: :gg: gagole gr)é%/]efﬁg}?r%é}lﬁlgﬂg lpoiay% ¥ylene 5@91%@&15’1 S&Qe&t 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 fuinctional 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

-8-



free radical polynerizable nononer, including a

non-functional acrylate nononmer, a non-functional
wortdaerezh at e nononer, a non-functional styrenPCT/EP2004/000697

nmonomer, and conbi nati ons thereof. The reactor my

al so optionally be charged with at | east one free

radi cal polynerization initiator and/or one or nore

solvents. The reactor is maintained at an effective

t enper atavestiigothe amain extferddri fven peactiog uofil the nmdentrataus éispersed

ol ynmeri.zation of the nononers.tqQ produc ymeric

Br oduc g the s dapRAIRLHECT #: wélﬁwegﬁm 96 9t pspot with

gel pakfd ISR actielchirfer h]:'b?n {F3atOiny z[p?ag l? Il%ﬁn B8nsion within

reactive carrier resin for use wth

concemtheatosa nemtpmscatnem mesin. NBiefkatees], calrikr regins foptusd 1nmmjaﬁhctlon

|togl ypr lé‘é\f‘l tg%%eildg?ﬂng 7 ¢ 50”8%&%2@&3? Vbé?ﬂcsgggo yethyléne,
pol yet Bﬂy@t@r?ene\ébriﬂéthﬁ?rﬁ]ﬁcﬁyl%P%dl%/&]é%}]%ne @(9{, %},%ﬁ%@ co-glycidal

pol ystyréné bl ock copol yner's, ene,

et hyl emetlimgtylite and bghwngmstenwr. y| at es, polyacrylates,
pol yvinyl chloride, chlorinated polyethyl ene,

pol yvi nyl i dene chl oride, polyethylene-acrylate

[ooo2a9! Y mRE %xacTPeﬁlorB?QBalﬁre?{fe%H&et‘a Ak E@s@ﬁ’hﬂ the c?ﬂeﬁfrg‘{e composition

resin is polystyrene-nethyl nethacryl ate copolyners
The e paﬁ@pphgatm specfic,alspending uPtmethle esfivity cfdheabérmeief tesin and the
use as

l.ud t |i
Vor o Bfelekitt oh iy xPEbieb FLsieh! paBtr soduct e epony
epoxi dPf@ﬂ%ﬁoﬂ%y%ﬁ'acfy‘l‘i@QSﬁolyﬁ?chﬁ?éﬁteﬂd&ﬁW& r@ A¥M the solid

functional co-reactive carfier resinis pO yet ene-
met hy| cemnepiraie ¢ogpgwiiioiain aneurabetyican apprﬁxmﬁmlylﬁ)l 04, to 99.9 wt%,

Fonct ; ey FRbVeeR aphShiByb st b SEBVYe Sind mas Peteraby
t her ebBetw@eN\GhRORMLAY 689 tBEF/0BP2004/ 000697

preventing the chain extender fromreacting until the
concentrate is dlspersed within the | et down polyner.

002215 G P PR DB e o e e

chai n eoﬁlidé‘tftﬁic&ﬁrdté &é}jeﬁdmg RipoR &e-deSREd proBerfies bf BE polymer.

resin. Preferred carrier resins for use in conJunctlon
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



with the solid concentrate conposition include |ow
density pol yethyl ene, polystyrene

woaemmicizh met hacryl at e, pol yet hyl ene co- but yl aeCyiERR®4/000697
co-glycidal nmethacrylate and behenanm de wax. [00021]
The exact ratio of chain extender to carrier resin in
the concentrate conposition 1is application specific,
dependi ng upon the activity of the carrier resin and
the diesdovwedpolygrewithfat bast oneexirensieativagtPipaRepresentative
pol ymeri c product.. The epo function styren cr.ykLi
copol y%’lmp@?%a? r?u%li(?%ﬁ‘a‘glfs 1H.é1§d%ge%-lgg%\gtﬁtpoﬁ}ﬁn§rﬁ gucgl 151 %)r Example,
concen i I b1 AR bRbte8. THE Bblymer can also be an
appr ox#%%@d}%@,@%%‘st{é%s%ﬁ&%blw % E‘tg?ef }eﬁfgb?y bet ween )
appr oxhdditi@l yolgmer swell asFoumanpleamblyruethagss @y gitepe co-maleic
bet ween a%%rﬁoxi te{]ilﬁlo. 0 t0,.25..0% [00022] O her
mat er | AMYIGAS ORPAYEYISRS PHAFYEF P9 heni cal |y i nert may
be added to the solid concentrate dependi ng upon the
desired properties of the polynmer. Representative

[008251hp| &he sdlidseomhentrteecdnpasitionas nwd compousdestwith thedeftdpwn
foam n agents, flane . retardants, color concent
ant - oY 8 Sn eGSR SN Rer i BTG CApedn the
anti - f LQ<R0eRHSs maIdd at 3l tbRpaaend g;ipr%);ﬁdte forehéfk dbwn polymer,
agents,and “'slip additives. [0002 e net hod by )
whi ch irhaccenlanct wishoemal mading terlemues Hlag exact concentration of the

R R
concenpf fleetUowrlIROIRIES R isitharefokd AiplicatiortgetidicMate afount of

a variety of geonetrical shapes, includi ng, but not
i mi t edolichgonoertrase sompqsitinnasay fangk om G e HPRyaerer weight of

ill's and i ke. [00024] The solid. i
e e e .
-9 WO 2004:QR46 2P mbh 23R8« 6 0RRHAY polyaierid ayiti@ohymimiting

with at [east one oxirane reactive group. .
Repr esentmpley of which mshede, polymgein shrstsy filns boglasyfieers or multi-

step-growt h. pol yners such as, for exanple,
pol yadeE%‘}Sl‘ﬁ‘S1g¥f&§{e%rs and pol ycarbonates. The pol ymer
can al so be an

[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 Alirounder 320 Molding Machine and a Standard
Color Chip mold. The formulations were as follows:

Formulations:

1. Formulation A = 0.25% epoxy functional styrene acrylic

-10-



addi ti on polymer such as, for exanple, polyurethanes,

pol ystyrene co-nal eic anhydride or polyethyl ene
woaeameyd2p c aci d. [ 00025] The solid concentrat @CT/EP2004/000697

conposition is nelt conmpounded with the | et down

pol ynmer in any thernoplastic form ng apparatus

normal |y enployed in the industry, and is nelted at a

tenperature appropriate for the et down polyner, in

accor darcopolyinthchaar exaéndem ladd 9§. 75 indusitiesGralb ®EFXxact

concentration of the solid concentrate conposition is

dependent upon t hé E:QQPW@HOI@E& tRa%ead Chaim Brdendst Coneenirate of

I et dowp, AR 3RB e AR, ?r?d %éqoﬁ g{cf&'éﬁiaﬁa?he i on

specific. "The anount 0 concentrdte conposition
may randgeFomorationlA tie cpoRy faridtiopslrstydehetdthylef copblyner chain

total batch, The _soli concentrate conposition of the

present e?“ﬁ{}%twaé o On‘%%@M bR 4867, iWPiF_H'é Fovmulptien By e dfoncentrate
vari ous wRe Iamfu'rQ?iaEatshﬁz{neﬁﬁraWM l???pr%@ﬁ%lgg%%?éhgfi’dﬁ ADR

whi ch include, polyneric sheets,
fibers é4B6harid i - di nensional articles. [00026] The

fol |l ow I will serve to nore fully illustrate
the i nvRYR onNASEXANPLES EXAVPLE 1 [00027] Two
formul ati ons were injection nolded in accordance with

normal industry procedure using an Arburg Allrounder
320 Mol di ng Reslsne and a Standard Col or Chip nol d.

The forpul ations, were as follows: Fornul ations: 1.

Fornulaﬁ&@ﬂﬂﬁﬁgﬁ%.2596epoxy functional styrene acrylic

-10 WO 200644064828 cBldERA0 4 f&gﬁ&z 1etgg§a'rg@a%f chain
de . 2.

extender, and 99. 75% I ndustri a a
For nul ab.i @miBExtende suickopldiediont dixtoeewder Concentr at e

RNV
acrylic copol yner chain

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 peliet

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

-11-



ext ender was Joncryl TM ADR 4367, while in Fornul ation
B, the Concentrate was a m xture of Eastnan
woroagkbandM DS 2010 Pol yester Joncryl TM ADR  4B6T/ERmd4/000697
NovaTM NAS 21. Results: Formulation A a. Process was
i nconsi stent due to very lowlet down ratio. b. Chain
Ext ender quickly plated out on screw. c. After
approxi mately 20 shots formul ati on A becane
unprocessable. Formulation B a. Process stabilized
LKl Y., b.. Significant plate out of Chain Extender -
[O@Qggtf ' Thag akoxp gabé? SR emRomStrates il the sajip condentipts composition of
200 sh ks ' €. it E
2 [ 000 B e Py Bl e B SRR Rabyiigh g nbreased
det er ni shelfilife cehpdred id the oliait keterpereympldysdcaidmenal
styrene acrylic copolynmer chain extender in raw form
vs. in concentrate form % chain extender %DPE
(carrier resin) Brittleness of pellet 100 O 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
pel l etized, very tough -11 WD 2004/067629
PCT/ EP2004/ 000697 [00029] The above table clearly
denonstrates that the solid concentrate conposition of
the present invention yields a stable, processable
conposition with increased

-12-



shelf life conpared to the chain extender enployed
al one. -12 WD 2004/ 067629 PCT/ EP2004/ 000697 CLAI MVs:

W 2004/08Td20 d concentrate conposition conpri si NgQPCAEPAI04/000697
| east one epoxy-functional styrene acrylic copol yner;
and b) at |east one non-reactive carrier resin. 2.
THeLABYISy concentrate conposition of claim1, wherein

the E@Sﬁé{céﬁé@ﬁﬁét @s?ﬁéqéogrtl%rr mer for said at

| east one epoxy- unc ené acrylic copol yner

is sel ept ﬁdeasf bm;iohg-fgmmnpalcswrsnesadm@c afpodyaner} atdes
and net hacryl ates, and wherein the epoxy functional

styreni® AJRERE RYYTCREHV CHTIFTEEHER- one

epoxy-functional styrene acrylic copolyner is

sel ected fromthe group consisting of styrene,

al Zlh"ﬂhmﬁiﬂial}donsényﬂamInpomitmy lof tlaimllewherejn uhebjmty functional acrylic
styrene, t-butyl styrene, o-ch|orostyrene, 8/

pyRPRRpE, forsrid awpa@@ freepodiagionabsty*ehg agryi¢ govolymer is seleoted
c

0@&?@111)% grtoﬁg %Qﬁ@s‘?ﬁl or 88y Rlesthnd 'nri@tﬂacr}\/mg B widkdn e epoxy

reatlve carrier resin sel ected fr
t haneticaapstyrengd mbmnongerdor saod :ytdedsy bemepoxy-functional styrene acrylic
pol ye hylene nor bor nene co ners, oI pr | en
potaPBlYRAr aneelechist Tor g grou @ SisHBg of %ﬁh@%ﬁ@e%hwm
acahal ObYiERt S s PQJ bk RGPV G Kpyridine, and
ccc)‘gg ;ﬁlél(rfés}l% ut ady?I tRl%ﬂelyso‘%leneenet hMﬁene butes*'le%l?yn e, an
pomjxteehtergofat es, polyacrylates, ponV|nyI chl ori de,

chl ori nated pol yet hyl ene, pol yvinylidene chloride, and
pol yet hyl ene-acryl ate copol yners. 4. The solid

CONCRRL E S oRORAR! ddnfidsiion OF Blafh 1, whBRFdald Aak4dt &de non-

| east one non- reactive carrier resinis
poﬂey&iwroamasrmm;sl sefetted dropl e gragpanyistngof Hlysthdend, d

co ratec ositio orrpr sin | e st one
e PRBYARURRE PORETeGS Geren e A HEORI pREpe T RRG Pymepy!
| efctber@NSo15QnYIBAG iy PacRRRKY i QR stahd, blystyRseblock
Gq%%fnrﬁb9 %onceﬁlr%te céﬁ%ggﬁflon gpﬁc ab:Fy
wheapelymer dutadiony, iSoprend, ethxlenaduiiens, polymethacrylates polyacrylates,
polyvinyl chloride, chlorinated polyethylene, polyvinylidene chloride, and

polyethylene-acrylate copolymers.

4. The solid concentrate composition of claim 1, wherein said at least one non-

reactive carrier resin is polystyrene-methylmethacrylate copolymers.

5. A solid concentrate composition comprising:
a) at least one epoxy-functional styrene acrylic copolymer; and

b) at least one co-reactive epoxy functional carrier resin.

6. The solid concentrate composition of claim 5, 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,



nmononmer for said at | east one epoxy-functional styrene
acrylic copolyner is selected fromthe group

woaonsistdizng of acryl ates and net hacryl ates, an8CTMER2®iN00697
t he epoxy functional styrenic nononer for said at
| east on epoxy-functional styrene acrylic copolyner
is selected fromthe group consisting of styrene,
al pha-net hyl styrene, WO 2004/067629 PCT/ EP2004/ 000697
Vivil tblaledtanrmethyl sptang) t-Inttyirsemene, o-dhlirpbtysings €ng, pyridine, and
o-chl or ostyr ene, vinyl pyridine, and mxtures
t Heapes theteokhe sol i d concent rat e conposition of claim
5, wherein said at | east one co-reactive epoxy
functional carrier resin is selected fromthe group
consTisd dolig cohcagtiyti cdatposition bAcainh 41 whereinamaiil at least one co-reactive
terpol ynmers, and epOX|d|zed natural rubber

s oPody EBietienal catrier Eesips $¢leFieh oM Pgrwpscowaﬁ%%?flkﬁx%flﬂ
at rrier
R e S S S8

nmet hacryl ate. 9. Apolymerlc article corrpr|3| ng the
conmposition of claiml1. ic.art

10. A pol
c e TR coneerGaRASSITor DAY of BT Sy Bereif e i e co-reactive
f |
cobpsBl THREoRY Rl kbl ORI Gle N EachYIER G1ciO ethacrylate.

1 or 5with at | east one polyner having at | east one
oxi rane_functiqnal graqu 12. The, net of, claim 11,
wher 8inehangry agticle &g ﬁ%tb&pf'&?‘,poﬂﬁlﬁe EBﬁBT‘ lstyrene

acrylic copolyner is selected fromthe group

consi sting of acrylates and nethacrylates, and

whi0. ed potymeerizpotigle Comptisiog the compositios ofrdlatmér for sai d
at |least on epoxy-functional styrene acrylic

copol yner is selected fromthe group consisting of

Sty ﬁq?etﬁ&cpfb"i‘ R@iotaﬂﬁ% ?BMI&%F BomMHANE tHeQ;ltéﬂ &Nielt compounding a

p- met styrene styrene, 0- chlorostyrene,

vi sotd qmylcemhratﬁeqonmudltwnﬂ alais 1tonrweidlf at lest ohpoliwenkaying at least

of claiml V\hereln said non-reactive resinis

s ePRECPEENE FHIFIORY E'Poup consi sting of pol yet hyl ene,

pol yet hyl ene- nor bor nene copol yners, pol ypropyl ene,

pol ybutyl ene, pol ymethyl pentene, polyethyl ene-yvinyl

acé&l.aTke methodlof wlasrs 1 lpwhgrsm;sa@raé leaggnespyrehienchpaal jstyrene

co 0| yérgcgpso’lymgrt 1? scla]ecr%ed from The gr%%p 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, alphé-methyl styrene, vinyl tolulene, p-methyl styrene, t-butyl styrene, o-

chlorostyrene, vinyl pyridine, and mixtures thereof.

13. The method of claim 11, 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
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et hyl ene- butyl ene, pol ynet hacryl ates, pol yacryl ates,

pol yvi nyl chloride,chlorinated -14 WO 2004/ 067629
WOeCH4BeA204/ 000697 pol yet hyl ene, pol yvi nyl i deRE€T/EP2004/000697

chl oride, and pol yet hyl ene-acryl ate copol yners. 14.

The nmethod of claim 11, wherein said non-reactive

carrier resin polystyrene- nethyl methacryl ate

copolynmers. 15. The nethod of claim 11, wherein said

c golgsietiéns pepoylifieechicoidal andgwilyethyensadrglateeapblysiers.

t he group consisting of glycidal nethacrylate co and

terpol ynmers, and epoxidized natural rubber. 16. The

mef 41 Oﬂle% Hb@bF1din IMe?élﬁ‘ a?lahgnf%é’ad‘cﬁ@%ﬂn‘é?re%ﬁ@h\lystyrene-

functionar Pest hi y ene-

a%yﬂqgm&tmcyﬁaﬁ&lopmgmbﬂcryl ate. 17. The met hod of

claim1ll, wherein said at |east one polyner is

selected fromthe group consisting of a step-growth

Y | fco- 1 resin is

o1 e R BBE AN . AP M o RinS cBoPherR oot

f r tectedefrorg tieugroop berisiting of gifycidel methiadebie poindtstpohgners, and

and poI ycar bonat 19. The method of claim 17,

%a&“éldﬁg?‘?ron polymer is selected fromthe

group consi sting of pol yurethanes, polystyrene

co-mal ei ¢ anhydri de and pol yet hyl ene co acrylic acid.

2016. ATlpomytied of okaimed 1, wheacio sridanoeactivelspoticfumetionsdrestn is

claim1l. 21. The 0, wherein said
poIP%}M?PYIF%C P"r?ﬂﬁfl?%"g%t%g@ @’ég]era #‘?‘H&q gr oup
consisting of a film sheet, bottle, f| ber and nol ded

mul ti-di mensional article. -15 )
17. The method of claim 11, wherein said at least one polymer is selected from the

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

18. The method of claim 17, wherein said step-growth polymer is selected from the

group consisting of polyamides, polyesters and polycarbonates.

19. The method of claim 17, wherein said addition polymer is selected from the
group consisting of polyurethanes, polystyrene co-maleic anhydride and polyethylene

co acrylic acid.
20. A polymer formed in accordance with the method of claim 11.

21. The polymer of claim 20, wherein said polymer is in a form selected from the

group consisting of a film, sheet, bottle, fiber and molded multi-dimensional article.
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