WO 21)08/033410PCT/US2007/019835 HIGH CONCENTRATION
PELLETIZED ADDITIVE CONCENTRATES FOR POLYMER Background
W§)99f% &Qﬁ(jappllcatlon claims priority to U.S. Provisional Pa}%itmsz@ﬂ?/mgsss
pplication Serial Number 60/844,517, entitled "High Concentration
Pelletized Additive Concentrates for Polymer," filed on September 14,
2006, the entire content of which is hereby incorporated by reference,
[0002]The invention relates generally to the field of polymer additives and
specifically to h| concentration pelletized additive concentrates or
HER OGN0k mwm@ﬁa%mﬁ%m N
processes to enhance polymer AV [0003]Polymer additives and
«agdditive blends are typically used to protect polymers from
“thermo-oxidative degradation, to provide long term resistance to light or
Pty to néﬂﬁal@}ﬁesﬁiﬂmkmmtmmg to enbaPes Reifel PanRse Appticaﬁon Serial
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powder, granule, or pellet form. These additives can be rouit
Polymefyo Hi6f Ak SERRHP Fost rélbir B st eapEritohe Meme ey mcorpomted by

referendechniques may be employed to introduce the additives to the polymer
stream. In solution, suspension or slurry phase polymerization processes,
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or blendsymertbinoraoibwer pldyiverishicin mmsi‘s theaigditivedpchéntsodiiice.them to
the polymer stream. In this case, there will typically be further mixing via
poesdruderyatierdditing deviesiand m&%@tﬁbﬁm}‘m&i/ addidvest polymers

from th Bug?c%]agygge %&atfi%’h? F IIetlzm(getpe gflg%rxg 9e¥”terce t t or heat t? neutralize

ymerization processes SU as aga ase reactor, olymer éx
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residuakretadupyigds g soleRse PerEustoney amansrties thl %@s&m\@@é@m bePolymer
addmveag@pgbmyht&ﬂ@fxém9bwueevgraetm.léff%eeéémay§ni[ heI?_a@Qé“X@&%ﬁéhQ%n be routmely
adgded tq the sqlid "react nule wder stream s can be e
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mpioyett-h@r m@ﬁm&@éwcéq%wert@o%mhmmmende edubolyrespegion or slurry
phase @@ﬁ%ﬁ@amﬁxé}ﬁﬁﬂ%ﬁé|m&ﬁﬁ%é@@ﬁ@m&@'ﬁ%e&iéﬁﬂ%eﬁ@%ﬁW&%ﬁrﬁcﬁ@ﬁe@ a liquid
to, the sﬁgll repact egranule owd r stre addl es can he
betore § S SIS USGEVECIEY FRAIE IS DUEH) PURTGRE B goaitves can
be addedoigcdgtfinel Gnmmaté}ptﬂmefr is mmtgram sulvséeuentshpudepiad which can
melt thdhiualLadie farReligtzalon, ALSTPRINENCDRISIVRG Y LLORRSS HAR typically be

additives.can be 1
further mixmg via an exéruder or other mixing device and pumping of the polymer/additive

mixture through a die for pelletizing the final polymer. In other polymerization processes such as
a gas phase reactor, the polymer exits the reactor as a powdered “reactor granule.” In this case,
additives can be added to the polymer in several different ways. The additives can be added to
the solid *reactor granule” powder stream. This can be packaged off as a final saleable product
or it can be further fed to an extruder or other melting device in order to mix and homogenize the
polymer and disperse the additives into the molten polymer. When additives are added to the
solid “reactor granule” powder stream, the additives can be introduced at this stage via their neat
forms, typically powders, or via a concentraie or masterbatch form. This mixture is subsequently
pumped through a die for peilstization. Alternatively, in this type of process, the additives can be

1
48B1614v.1



WO 2008/033410PCT/US2007/019835 introduced via a side arm
extruder. The side arm extruder melts the additives and feeds them into a

Wm&gﬂ Q&I(ymer stream where they are further mixed into thg-final,ee7/019835
polymers and pelletized. In all of these techniques, the addition of the

additives in powder foim can be difficult to handle and feed, and in the
case of some additives, they pose a potential health, fire, and explosion
risk. If the polymer system requires the addition of several components,
the additives must be either pre-blended, or the use of more than one

introdugad i SR ETFR GXWHER At dida ArreHTIsr B elsethoipAIHBIE R SRo G tem into
a m@lt@fﬁ@@ﬁ?ﬁﬁiﬁﬂkﬁﬁf&&h&ﬁdﬁﬂﬁaﬁlmﬁ%ﬁb&@wuﬁdmepﬁym&dchﬁé@@ﬁeﬁzeﬁ In

o of w2 BRRYE Mentonadssuepit anuling and deeling 118 AUAIMKERIo handte and
powaer Ome e5| earm extru elting and viscosity behaviour

feed, amir ihdhadutitived metnéda@mwﬁwmg a%qmawlﬁbt%&ﬁ%w%sm risk. If

the polF&c ACdiian; Mi%&hlﬁe mathes A ceaulbiherawderedreicidventabdsither pre-
olend mad%lnto a %alrl f;zigconce tr tlon mastefgga%eygslt e of extruder is used. it is
ended, o IRARER 18 MEIE By eXTahG 5 10W CoREER r%m on o ’

not comamwgﬁwdm@pgmm@e@mnmiﬁiﬂqaﬁmfmmﬁtmﬁmﬁalﬁwﬂdﬁﬁm to the

above (18BN PR BEING AR %ﬁﬁ%@&ﬁg RRIVNEHZALIN PIQERSToAS B the side-arm
result, this. masterbatch can be easily &?d via %ﬁlde arm e

rud
exteodefy B8 BLRRaiBh BEARHCE. SR HB1 DYt R ALy gnitures are
typicalinanysofitirsdop Memdwsmwﬁu5xﬁ%98ﬂmmmulfﬂmwd additives can

be mad? MR UG FAF AW b AR RAJINMSS IR PracRic-RAVMGESHACEGIBRIBY is made

process for making low-dust granules of an additive blend includi

by emaﬂ%o? éﬁt‘(oﬁ?d‘&ﬁ?‘ﬁ?fb"arf’g LR T2 3 RELEESE F TR S0 %%Ba% gpoutar and
compatihbdtefilsthteninolushhgnesingranpecdiudd rin @805 BSePati ddq 5844, @42 result, this
masterﬁa@aﬁ's& Bragess fof QRiRing. Glaguatdorms of Additives for Organic

Pol ymers describes granular forms of additive blends prepared by forcing

% rou ha dleiIo for trands%é%then cytt sald %%es many of
gelletsrTB %ﬂﬁ‘g Iga]'fl 5 55d7 entstled ust ranule Y
these obPkstic A?d&t%gmdés%‘ﬁbé@aﬁﬁmwp@’@@é@rﬁ&ﬂ@h@%@ﬂm@@mm Forms of

Additi<RIE D388 8 10097 N ser Bl a NRbR:£465094BL-aBtadsiRiaRal@iONan additive
blend 1351_0&5%%%} @I%}e{ﬁw Igeng%ﬁ Y usmgl %gg@#%g}[edmrgg It Oé 1N %-gdltlveri_)hous or

as'we Ofphous versions o
molten statsilinehgiigg using an extruder.

[8005] U.S. Pat. No. 5,844,042 entitled “Process for Obtaining Granular Forms of
Additives for Organic Polymers” describes granular forms of additive blends prepared by forcing

the blend through a die to form strands and then cutting said strands to form pellets.

[0006]) 11.8. Pat. No. 5,597,857, entitled “Low-Dust Granules of Plastic Additives”

describes additive pellets comprising 10-100% calcium stearates.

00071 1.8, Pat. No. 6,740,694B2 entitled “Preparation of Low-Dust Stabilizers”
describes using a sub-cooled melt of an additive as a carrier liquid for other additives and as well

as amorphous versions of stabilizers.
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WO 2008/033410PCMTS2007/019835 [0008]U.S. Pat, No. 6,515,052
entitled "Granular Polymer Additives and Their Preparation" describes
' lyent in a compaction process to improve the yiei?galr)ﬁ | <

W%%@%%gﬁgd additive blend including a phosphite. 100091U.S. %1%& c‘?gg;ﬁ

6,800,228 entitled "Sterically Hindered Phenol Antioxidant Granules

Having Balance Hardness" describes using a solvent for the preparation

of compacted additive blends which including a phenol. [0010]The

inventions described above provide for low-dusting forms of additive

Bled@ls that/canitsg. nidre EdilveHientiytitied d€buwrataly Fedvimqodtdditivtsr and Their

Prepara8XHYUIQR ARRrALRASSOL RAItAN, (0,3, pAVRIELWRER AddRI-JIEElY $-81 and quality
¢ onmgrgéne_amRtpat is in the solid phase and premixed or fed
of a corgpNiRa AELETY WRRAARC YRR &Y 8 into an extruder or other melting
device whereby the gg:’lymer is melted and the additives are then blended

% olte M polyier Noh&btieZad artiviisde qhirei diitidindracl sidengin/ntioxidant
Granul@XHadaE and-dad diaaiyde admotien polymessiveaniothReaheyerdoseriiedmpacted
- itive hlends are,not used. In this case, masterbatches or concentrates
addltw%?%ﬁ |tﬁ%§c%rl%%g%%% %Z%eélg {l?n a compatible polymer carrier are used.
eg can be

Masterbatches have the tt)cfnefj of low friabilit_ofghe ellet, th £ additi
iV tohveydB° 188 RSB ATRY: APESRENSh %§%st &R RN s of additive
blends thethodbdhparsidermmientudet. {08t 4T hdegreppeatiorobmadtesbatciesations for

additiotStVaILPAWE 10e Alk-Nagies %hsééi%@s%ﬂ%gi% &f #deasita phase and
one component to the pol¥mer blend. For economic reasons it is desirable

premixed of fed, simplianeaplyat PGS SR HP R R RS iR RTisE iflting device
wherebysbeop diarcanipatiiiedoabyintiesr addiibresT s thénirhized:thenemooite:obolymer. When

the addﬂﬁ%?@&im 'eauied Wiachigye adesiedseliedt [AQ1aHha P &%nggﬂgfé&fpo}mer

high levels of mineral filled masterbatches is well known in the art. U.S.
stream, pibe @bove sdespribed ipdeftivmiblandy prasRIbarkat d@sdjesage. masterbatches or
concenimastedfateltinivap tor8addiilker, plasia Viscosiympadifier poBtiriversaler are used.

Mastarb%.%ﬁegq{gx% téé%gﬁ%ﬂ{yoﬂswga%?gﬁg%? E}?ggieﬁg%%ﬁﬁé ?3 \}% %{Fe%&ﬂu%{ed, fed, and

concentration Is wetting out, mixi |
exmd%ﬁ?méi%%‘%f@é@@%%ﬁﬁs%@w&b@@éﬁé i‘%?ﬁf@é’é"ﬁhe

masterbatch. The addition of high levels of filler can greatly increase the

Widasity o prepswetbonichl Brasterbatches is well known in the art. Masterbatches

. simplify the addition of at least one component to the polymer blend. For economic reasons it is
desirable to prepare masterbatches with high levels of additives, and minimize the use of the
compatible polymer carrier. This minimizes the amount of masterbatch required to achieve a

desired effect.

(0012} The preparation of high levels of mineral filled masterbatches is well known
in the art. U.8. Pat. 6,713,545 B2 entitled “Untversal Masterbatch” describes a masterbatch of
up to 85% fller, plus a viscosity modifier in 2 universal SBS carrier. A difficuity in the
preparation of masterbatches of high filler concentration is wetting out, mixing and dispersing
the filler while maintaining an adequately low viscosity 1o be able to process the masterbatch.

The addifion of high levels of filler can greatly increase the viscosity of the masterbatch.
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WO 2008/033410PCT/US2007/019835 [0013]U.S. Pat, No. 6,255,395 B1
to Klosiewicz entitled "Masterbatches Having High Levels of Resin"
wg%ﬁ%}f?f% li‘pcor.porating high levels of hyqlrocarbon resins i 8'8[9%!%97&@835

carrier. The resin preferably has a softening point near or above the

softening point of the carrier polymer and has a sufficient viscosity to allow

an extruder to put work into the mixture. Preparation of the masterbatches

is accomplished above the softening point of the resin. [0014]Many

polymer additives, when heated to typical masterbatch processing

@mraw%@r pEfs fiPo i a-eRisEllite Fsisisy iseinottles SMetisheiehes Having
High LphaseiRasiifoddefinm imws@m@g@@mwammwf 68N s polymer

. iffl | te into a.polymer carrier at high levels. Poor .

s R S L
Pﬂiymem@fg&%&ﬁéf%%gfiamﬂime%@ dirroraggitntemiomoef therk inte the mixture.

Preparaiiaster bateihpeHeia ey i arnereiiaed 0novis eas LY Ve GRBF the resin.
substantially decrease the viscosity of the carrier-additive blend, causing

faibicsyties indhe peliptizationprocessHER {BsRa rsoa%%ﬁamm%‘e&e%ﬁocassm

of polymer additives, with melting points near or below typical masterbat
tomperiilce iy A A{EER P SRR EFB IR o APETREHRL PR ion {0 form
low vidm&éts.imwsul&m;(ﬁwefmmﬁyamagemm atepare MGIRQORANIEH a polymer
carrior RIRRI0AGRT 2AUHYS MaIGRBIhEs.AUERCRIANES: dr BUBIRRL masterbatch
[0014a]in one aspect, there Is provided a metho ofepreparlng a

pellet. This PRg CR e Mt S8y SHiEiRssbRBDh oM asR s mErPaddithe praserhatet pellets.
Furthersntotattamownt betwier ndiizaie chasu2Q andi Abyadeb it b alewR0osty% Ofhe carrier-

additivm:ﬁé;ﬂﬁ%ﬁfgﬁg:aiﬂql&% ﬂpﬁ{g]fgll%%gﬁq}é%%%&ggsa Pgéyt@e%g?ga(jsgiﬁ/se masterbatches

melting temperature of between 80C an C, and at least one primary _
of polyrfiierdsBifiier, WE caIFiERBORRHE? Hisgngn baleer-pipHeragRTigich processing
temperdemperatiiedelod at only Iow to medium additive levels. It would therefore be
advantageous to prepare more economical highly-loaded additive masterbaiches of these

additives.
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the polymer-additive melting temperature, characterised in that the
masterbatch is prepared at a temperature above the melting temperature
of the primary carrier polymer but below the melting point of the at least
one polymer additive. [0015]A pelletized additive concentrate for a
polymer comprising: at least one primary polymer additive present in a
total amount of between about 20 wt. % and about 90 wt. % of the
pelletized additive concentrate, the primary polymer additive having a
primary polymer-additive melting temperature between about 100C and

about 200C; and at least one primary carrier polymer present in a total
Summary amount of between about 10 wt. % and about 80 wt. % of the pelletized

fiddjtive coneentiale. thanumpn caiennalymepbesing a primary
carrier-polymer melting temperature below the primary polymer-additive
masterbatchyTattimg teap i PODES1ROPEIRtized additive con §fntrate for a

additive proROlyRer wompiisinghevisiene wtabarhite PARTAT (olyher additives

. esent in a ot fbetweemahaui gwiedéddrdabout 90 wt. %
90 wt. % Oo%‘?hnéaﬁteeﬂféiitlcz%é g?ﬂ%%%congentr e, gach primary. holymer additive
melting tenipaningeaPreasy %@H@r%ﬁ&n@ fe ﬁng tenﬁpera ure between about
polymer, QG AR ARQUL2R06 pand:adliene otvg ﬁ%?@ﬁrﬁﬁlﬁw carrier

polymers p esetn}ﬁi%r%thortal amount of between about 10 wt. A and about
the polymegeditivg st the ‘BEHERZET additive concentrate each primary carrier

charactpolydnierthahegrasriataly %&Fﬁéﬁ’i‘ifbi’st/ﬁléﬁ“}ﬂ‘g ?ﬁrﬁ ﬁ_amperature below the
melting te a%g%ﬁf% RelGRAdItMe piingeicperaturiay whisisrPeE pelletized

itive concentrate is processed at a temperature lower than the primary
of the at legsbRAMBPLABIAYE & Iting temperature but higher than, or equal to, the

primary carrier-polymer melting temperature (00171The present
[digglosure alspcpesiainsdnibigbosoacentr dtiors petlotized HdEive s at least one

trates | | ’ aftmldag about 90 wt.
primary ;gg&%r%%a%eégg %Qe%%ﬁ@?é a(.) om %ﬁ%ﬁﬁf%@%@tﬂﬁ%@ g about

ymer additives. The primary additives used in the_ _ .
% of thpremtltidisClatlityarecnyatbiite BEIRIBEHaIMEEPe iy irﬁgamg 3 prmary
polymer SYIRRIAMISAD! RiparRRIpae/-asldibie nOEitiD gtdnapera P8y Cond at least one

amorphous additives havin lass fransifion teRer 3Wke:(0F REMBLE 80 wi. %
primary Eﬁlyﬁ’ié’r‘?léﬂ%‘?ﬁ‘?éeé?%ﬁfaﬁ%fgo%ﬁ%‘fr#p‘%%%ﬁe) within the range of normal .
of the p@ﬂ&@ﬁﬁ&i@@dﬁﬁ@ema@#,pﬁwmmmefﬁ? 1BIEY

illustrat: ' j nfatibre matieghatopesgithe
polymer 6%%%%%%6&%{&%%8{6%%9@%@%@%@@

{06016} A pelletized additive concenfraie for a polymer comprising: a blend of two ér
more primary polymer additives present in a total amount of between about 20 wt..% and :about
90 wt. % of the pelletized additive concentrate, each primary polymer additive having a primary
polymer-additive melting temperature betwesn about 100°C and about 200°C; and a blend of
two or more primary carrier polymers present in a total amount of between about 10 wt. % and
sbout B0 wt. % of the pelletized additive concentrate, each primary carrier polymer having a
primary carrier-polymer melting temperature below the primary polymer-additive melting
temperature; wherein the pelletized additive concentrate is processed at & temperature lawaf than
the primary polymer-additive melting temperature but higher than, or equal to, the primary

carrier-polymer melting temperature



additive or pelletized additive concentrates, by processing below or near

their peak melting or glass transition temperatures. These masterbatches

are useful during polymer production, especially in the manufacture of

polymers whereby after polymerization, the polymer is fed to an extruder

or other device in which the polymer is molten in order to introduce

aqgifives toTtheprmsaitetispolymersstreanns Thiges @ﬁé@%ﬁﬁpﬁa@ Iftfererditive

side-arm ext uder IS ut|I d 0 B rag@beshal & f polviner
conCeEEET R INProvifg p?’g? ertgite%gm%%%g%g&éﬁfg e%%%g 819 \peg havin i)
additifunclibnarityay e%ﬁ%wréeﬁﬁﬁég ibeﬁ?aeabwé? g “e &

sm nlques of
peak %%18@5 gﬁl?‘&lﬁ‘é%@n %ﬁ%ﬁ@ﬂ&ﬁﬂaﬁﬁmﬁra&dﬁiﬁm@m@pm;@|mmemhams

carrier can be made which are dust free and r t i gm%eg@gy transition
additiygh RATRELEI ST BB alf cgnveylné n%m%\e eaS|Iy fed to an extruder

tampmmwmwmﬂwmywém@%awe%fwme|@?Pﬁ&’ﬁ%§? masterbatehes.
The aSUisamlnissieRdbe adritvadtiand issilutedite the dnatdndasedevelry

for stabilization or introduction of a ropnate additive functignality ta they a4 r
additiys|pimerlissirg protties LB HERTRiGH & R} oncentratich additive blends cagl mehng ©

slass ASROadisetlwhended directty mmwm@cﬁmnw% RS aRglyreer production,

with th base po]qlal e m@bmﬁﬂeﬁzﬁﬂﬁﬂgﬁa@dimﬁr is fed to an
&P maﬁr’éﬁz?rl?g o s%utf%ne %gﬁ?gged to the final meltmg

lixi

extruée:llenzqﬁ‘@roﬁftﬁ@ﬁbasé\’?e%% BiRRBFSE &P R igh S i886uco saditves to the
concentrations produced allow for significant cost savings as these blends
are typically up to four times more concentrated than typical additive
mas-terbatches that have been used for this purpose in the past WO
2008/033410PCT/US2007/019835 Detailed Description [0018]The
particulars of the invention shown herein are by way of example. They are
meant to illustrate various embodiments of the invention and not meant to
limit the principles or concepts of the invention. [9019]Given below are the
condensed and shortened (by no means exhaustive) customary
definitions known in the art of certain terms which condensed definitions
may aid in the description of the invention.
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[0020]"Base Polymer": The polymer which is to be colored, fimctionalized,

or otherwise modified by the masterbatch or additives. [0021]"Carrier

polymer": polymer used typically as the continuous phase that when

combined with fillers, colorants or additives, it will encapsulate them to

form a masterbatch. The carrier polymer should be compatible with the

base polymer to be modified. [0022]"Masterbatch:" a concentrate of fillers,

colorants or additives properly dispersed into a carrier polymer, which is

then blended into the base polymer to be colored or modified, rather than
molten Asdsting thesfiter Toaldsanperiaijditverditse AP Joors) PSR 19FaiFadfp moduce

e agaiensity polvethylene, (0024 Melling,Beint; hepraksmelingdemperatntis, and

of a crystalline or semi- crystalline polymer or polymer aqditi of the
adding fraekneli bR AFSEAATE CABNRET %éé%ﬁg%ﬁg%%%nef e present

disclosurBlBnd s dhe finalfaroiatalibns sultignieo rsiheacompinAReReT HEB4ERIs!
free, an%’é}gl%%t & %&hﬂg%sa'gf%r%%t hc&@%%ﬁ?%ﬁeﬁ%@ﬁ@%@&&ﬁ@ﬂﬁﬁﬁmﬁ are easily fed
oftening '0|n . the onsét of me ting temdoi%rtgtgr%gﬁerge% ureeg BY o
to an extroder or other device where they are melted and fe polym
this step, the additive blend is diluted to the fnal end-use level for stabilization or infroduction of
appropriate additive fimctionality to the polymer being produced. Such high concentration
sdditive blends can also be useful when fed directly to the solid polymer and physically blended
with the base polymer prior to the final melting, mixing, and pelletizing, or simultaneously fed to
the final melting, mixing, and pelletizing of the base resin being produced. The high additive
concentrations produced allow for significant cost savings as these blends are typically up to four
times more concentrated than typical additive masterbatches that have been used for this purpose

in the past.



differential scanning calorimetry. [0027]The pelletized additive
concentrates, or masterbatch, of the present invention is composed of 2 or
wg&gg%gggpoonents. One or more of these components is a pfggr}%g%@m 35
polymer or a blend of primary carrier polymers. The other one or more o
the components is a primary polymer additive or blend of primary polymer
additives present at a high concentration 7 WO
2008/033410PCT/US2007/019835 (>20 wt. % but below 90 wt. %, based
on the total weight of the pelletized additive concentrate or rnasterbatch),
DetailegIaaBszAd Dy a melting or softening point between 80-210C (the
primary polymer-additive melting point or softening point) and more

Hret8lably Benpediraoo: 260 THenrs o hasBrépasiinof exampie. Tohey
are med@PPAAIHCAhRNR themaitingnie Bpe W ershinecrivany-palnBmtatiieprinciples

the primayy polymer-carrier melting temperature), or blend of primary
o comé%ﬁ/%ég]%ﬁﬁ%‘?’g?ghd near or below the melting or softening point of at

least one of the highly loaded primary additive. Optionally, there may be .
B B mofeueRyibieioE &SﬁmenCBBWfia%"&fﬁi%‘gﬁ? e%e@%t?l&’\ﬁ%m exhaustive)

customesncemiidtion ¥=20%hchosen dforrany tefrtirewiohmrendeltiti el Apigions may aid in
he de&;gggﬁ%%%g% t9.one skilled in the art. Optionally, there may also be one or

more additional common carrier polymers present at low concentrations,

bly helow 10 wt. % chosen from any of th rier r .

% 86%?5 skilledin tf%g glfﬁaﬁ'he?r%%ﬁg};}gg%h‘?;s&l%efgl %%r{? r:%g%z%gn&‘gr%gamkmd’ >
otherwiseodadifind ew Jeriaiytorbaieh afa8difingsof polymers whereby after

polymerization, the polymer is fed to an extruder or other device in which

faeudlymeGamin st ymerdardying otad dsadeilives theoniisiienppiyasdiat when

combin%ﬁ%@’ ﬁ%&%g@ﬁér\ﬁfﬁsao? ideRnn.extiael. 028l aleas thaWisasterbatch. The

~specified, pefcent concentrations in this specification refer. eight
carrier pabegft E*WEI%"’?. PR itRR§asp %‘7&%?5 %B%‘i’éﬁ%ﬁ%he polymer
by the weight of all of the elements in the solution not including the
4Rt FoMdretmTbrscly a petrnwratr He dri SlsHee RERIEESNREnfigSges properly
dispersg&alﬁ&% Qf L j |r¥§ﬂwgﬂﬂe{“ﬂmﬁi@ﬁ%§&?ﬁmm W}Ipﬁajm déc_s be colored or
) er aisso In.a sglvent, the wt. %.01.the primary polymer aaditive
mOdlﬁ‘%}ooérg‘ e /c%%ﬁ%&]‘l%re Siré 1%5%%?5’% f%‘éer;&g?cfﬁg'present invention

include polymers such as ,

[0023] ‘LLDPE™ hnear low density polyethylene.

(0024} “Melting Point™ the peak melting temperature of a crystalline or semi-
crystalline polymer or polymer additive as measured by differential scanning calorimetry {(BSC).

[6025] “Polymer Blend™: the final formulation resulting from the combination of the

base polymer and a masterbatch, masterbatches, additive or additives.

[0026] “Softening Point™: the onset of melting temperature as measured by

differential scanning calorimetry.

D027} The pelletized additive concentraies, or masterbatch, of the present invention
is composed of 2 or more components. One or more of these components is a primary carrier
polymer or a blend of primary carrier polymers. The other one or more of the componenis is a

primary polymer additive or blend of primary polymer additives present at a high concentration

7
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polyethylene, polypropylene, ethylene-propylene copolymers,
ethylene-alphaolefin copolymers, polystyrene, polypropylene, polybutene,

W&t%@&%\{i‘pyl acetate copolymers, ethylene vinyl alcohol C%%‘%JXM{?J’M 19835
- endst

styrene-butadiene copolymers, copolymers, polyolefins, or ereof.
[0030]The primary polymer additive or additives present at high
concentration in the masterbatch of the present invention include those
additives known to those skilled in the art as antioxidants, light stabilizers
and catalyst neutralizers. These additives include hindered phenols,
(=20 wpHedphitesophdspHobitesaseinderbd tninesighneiiibs, ivdsiopheddiibg, concentrate

or mmﬁ%&a&ﬂ%@%@?@%ml&%%éﬁé%%%%%m 80°-210°C (the primary

s EETERRe, So D] seeles pceacin 2 el QISNIG- oo
The mdGei200Ci{Q084Hktidddredphpneisaretimenihasiatitigidams itwpladtids primary
polymed ¥ FRPGHE 3R QMRS ALPRS 0f IRERIMMIA- GBS, RE!®VERd of primary polymer
_ carriers, and near or below the melting or softening point of at least one of the highly loaded
primary additive. Optionally, there may be one or more additional common polymer additives
present at a low concentration (<20%) chosen from any of the polymer additives and or {illers
known tc one skilled in the art. Optionally, there may also be one or more additional commmon
carrier polymers present at low concentrations, preferably below 10 wt. % chosen from any of
the carrier polymers known to one skilled in the art. The masterbatch is useful during polymer
production, especially in manufacturing of polymers whereby afier polymerization, the polymer
is fed to an extruder or other device in which the polymer is molten in order to introduce

additives io the molten polymer stream, especially via a side-arm extruder.

16028] Unless otherwise specified, percent concentrations in this specification refer to
weight percent (“wt. %), Wt % is calculated by dividing the weight of the polymer by the
weight of all of the elements in the solution not including the solvent. For example, in a
pelletized additive concehtrate containing 20 grams of primary polymer additive and 80 grams of
primary carrier polymer dissolved in a solvent, the wt. % of the primary polymer additive would
be 20%.

[06629] Preferred carrier polymers of the present invention include polymers, such as
polyethylene, polypropylene, cthylenc-propylene copolymers, ethylene-alphaclefin copolymers,
polystyrene, polypropylene, polybutene, ethylens vinyl acetate copolymers, ethylene vinyl
alcohol copolymers, styrene-butadiene copelymers, copolymers, pelyolefins, or blends thereof.

[0830] The primary polymer additive or additives present at high concentration in the
masterbatch of the present invention include those additives known to those skilled in the art as
antioxidants, light stabilizers and catalyst neutralizers. These additives include hindered phenols,

phosphites, phosphonites, hindered amines, triazines, benzophenones, benzotriazoles,

4881614v.1



R, where Rl and R2 are methyl, tert-butyl, unsubstituted alkyls, or
substituted alkyls. 100321Hindered phenols useful as one or more of the

WJH p}%lggggd additives in the present invention should have a meltirgg} or

oftening point in the range of 80-210C, more preferably in t%g{fg%’ 419835
100-200C. Hindered phenols particularly useful in the present invention
include, but are not limited to: {penterythritol tetrakis
(3-(3,5-di-t-buty1-4-hydroxyphenoppropionate)}; 3
{1,3,5-tris(44ert-butyl-3-hydroxy-2,6-dimethylbenzy1)-1,3,5-triazine-2,4,6-(
hydroxjbtiddd) DRl WE2R08/0334:100 ¢ TAL G20 @¢/03Q83bs point in the range of

80°-2168 aSMIRNG RIS A LIS R hER8 e0-702)

[¢6031) Hindered phenols are known as antioxidants for plastics and contain one or

more groups of the formula 1 given below:

Ry

where Ry and Ry are methyl, tert-buiyl, unsubstituted alkyls, or substituted alkyls.

[G032] Hindered phenols useful as one or more of the highly loaded additives in the
present invention should have a melting or softening point in the range of 80°-210°C, more
preferably in the range of 100°-200°C. Hindered phenols particularly useful in the present

invention include, but are not limited to:

(AO-10)

m\i_ '—'CH;\—O_'E"'"UP}‘*DH"C\ / H

i

4

{penteryihritol tetrakis (3-(3,5-di-t-butyl-4-hydroxyphenol)propionate)};

{AO-1790)

{1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethyibenzyl}-1,3,5-triazine-2,4,6-(1 H,3H,5H)-
trione};

4381614v.3



(4,4'-methylenebis(2.6-di-tertiary-butylphenol)) (A0-246)
{2,4,6-tn-tert-butylphenol}; [00331Phosphites and phosphonites are also
“@2 W aﬂntlomdants for plastics. They are predominantly a(rjoTr)%%tlc

hsfs es and phosphonites. Phosphites and phosphonltes Lol e dha”

or more of the highly concentrated additives in the present invention have
a melting or softening point in the range of 80-210C, more preferably in
the range of 100-200C. Phosphites and phosphonites particularly useful in
the present invention include, but are not limited to: {tris-(2,4-di-t-buty
phanytipliespbidal, 6AG-6:2)- Bk piaRONS/033410PCT/US2007/019835
(AO-641)

(AH0-702)

{4,4'-methyienebis(2.6-di-tertiary-butylphenol}}

{AC- 246}

Lo
{2,4,6-tri-tert-butyiphenol};
{9033} Phosphites and phosphonites are also known as antioxidants for plastics.

They are predominantly aromatic phosphites and phosphonites. Phosphites and phosphonites
useful as one or more of the highly concentrated additives in the present invention have a melting
or softening point in the range of 80°-210°C, more preferably in the range of 100°-200°C.

Phosphites and phosphonites particularly useful in the present invention include, but are not
limited to:

(AO-68)

3

{1ris-(2, 4-di-t-butylphenyl)phosphite} ;
(A0-62)

@DJ °\H§j+
.

{bis (2,4-di-t-butylphenyl) pentaerythritol diphosphite};

10
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{2,4,6 tri-t-butylphenyl 2 butyl 2 ethyl 1,3 propane diol phosphite}, 2
{Tetralds(2,4-di-tert-butylpheny1)[1,1-bipheny1]-4,4'-diylbisphosphonite};

W 9{%]}391%@@1 amines useful in the present invention are RIIRGIRaIN: /19835
nown as hindered amine light stabilizers ("HALS"). They contain one or
more groups of the Formula 2 below: C H3 [0035]These compounds can
be of low or high molecular weights and can be oligomeric or polymeric.
HALS useful as the highly concentrated additive in the present invention

should have a melting point in the range of 80-210C. More preferably,
tALL-B4a3eful in the present invention have a melting point in the range of
ALS useful as the highly concentrated additive in the present

,Wited to:
%

{2,4,6 tri-t-butyiphenyl 2 butyl 2 ethyl 1,3 propane diol phosphite};

5
Q
[
S

(AO-PEPQ)

"5
O

lo< 2T
2

{".E‘etrakis(z,4-cii—tex‘t»buty1phenyl) [1,1-biphenyl]-4,4'-diyibisphosphonite};

[0034] Hindered amines useful in the present invention are principally known as
hindered amine light stabilizers (“HALS™). They contain one or more groups of the Formula 2
below:

H

MgCl | ©

Mol
% CHa

[G635] These compounds can be of low or high molecular weights and can be
oligomeric or polymeric. HALS useful as the highly concentrated additive in the present
invention should have a melting point in the range of 80°-210°C. More preferably, HALS useful
in the present invention have a melting point in the range of 100°-200°C. HALS useful as the

highly concentrated additive in the present invention include, but are not limited to:

(HALS-119),
R

|
R\NH,V\\N /\V/N W?\l H\R

!

where B =

: i1
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(HALS-119), NH where R =11 WO 2008/033410PCT/US2007/019835
{1,3,5-Triazine-2,4,6-triamine,N,N"-[1,2-erhane-diyl-bis [ [ [4,6-bis-[butyl

wid AR B9 pentamethyl-4-piperidinyl)arnino]-1,3,5-triazine-2:¥l i ca007/019835
imino]-3,1-propanediyl] | bis [N',N"-
dibutyl-N',N"-bis(1,2,2,6,6-pentamethy1-4-piperidinyl)-}; where nis 1 or
greater,
{Poly[6-[(1,1,3,3-tetramethylbutyparnino]-1,3,5-triazine-2,4-diyl][(2,2,6,6-te
tramethyl4 plperldlnyl)lmlno] -1,6-hexanediy1[(2,2,6,6-tetramethyl-4-piperid

1,6-4exdanediamine, N,

-A-piperidiny1)-polymer with 2 4,6-

eaction products with N-butyl-1-butanamine an

iyl -4-piperidinaminel; (HALS-3346), fOr where n

is 1 or greateh}rf

£1,3,5-Triazine-2,4,6-triamine,N,N’""-[1,2-ethane-diyl-bis { [ [4,6-bis-[butyl (1,2,2,6,6-
pentamethyl-4-piperidinyl)am§no]u-1,3,5~triazine-—2-yl] imine]-3,1-propanediyl] ] bis [N°N"’-
dibutyl- N’ N*"-bis(1,2,2,6,6-pentamethyl-4-piperidinyl)-};

(HALS-944), )

#H
M,

s i""" n

|| -

, where nis 1 or greater,
{Poly[[ﬁ-{(l ,1,3,3-tetramethylbutyljamine]-1,3,5-triazine-2,4-diyl][(2,2,6,6-tetramethyl-
4-piperidinyl)imino}-1,6-hexanediyl{(2,2,6,6-tetramethyl-4-piperidinyl}iminc}};

(HALS 2(}},
H H gI/

E N e W §
)
{1,6-Hexanediamine, N, N‘-bxs{Z 2,6,6 teixameihyi«éé——plpendmyi) paiymer with 2,4,6-

trichloro-1,3,5-triazine, reaction products with N-butyl-1-butanamine an N-butyl-2.2.6,6-
tetrameﬂlyl—4~piperidix1am1n@} 5

%};\,

(HALS-3346), )

N {CHals N

.!.OA

O ,,

where nis 1 or greater,

iz
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12 WO 2008/033410PCT/US2007/019835
{Poly[(6-morpholino-s-triazine-2,4-diy0[2,2,6,6-tetramethyl

wh- B,&g&qm)lmmok hexamethylene [(2,2,6,6-tetramethy1-4-piperigdhe/019835

imino]J}; " where nis 1 or greater {1 6-hexanediamine,
N,INV-bis(2,2,6,6-tetramethyl-4-piperidiny1)-,polymers with
morpholine-2,4,6-trichloro-1,3,5-triazine); (HALS-144)
{bis(1,22,6,6-pentamethyl-4-piperidinyl)-2-butyl-2-(4-hydroxy-3,5-di-tert-u
tylbenzyl) propanedloatel {N NCblsfor I-N,4'-bis-(2,2,6,6-tetramethy!
ggz 2 & 6mte§mmathyi~4-p1pendyl}
hexaxneﬁlylene [(2, ,6 G- te‘trame 1= @pxpendyﬁ} iminocil};

(HALS-3529),

L (Dj 1" wheren ig 1 or greater

{1,6-hexanediamine, N N'-bis(2,2,6,6-tetramethyl-4-piperidinyl)-,  polymers
morpholine-2,4,6-trichlore-1,3,5-triazine} ;

(HALS-144)

HpCy 5:
Q

{bis(1,22,6,5~pentmnethyi -4-piperidinyl}-2-butyl-2-(4-hydroxy-3,5-di-tert-utylbenzyl)
propanedioate}; .

(HALS-4050)

v\

{NN*-bisformyl-MN,N’-bis~(2,2,6,6-tetramethyl-4-piperidinyl)-hexamethylendiamine};
(HALS-5050)

- _..

T Bt

L

L. H X

where 1 is 1 or greater
Oligomeric sterically hindered amine

imino]~

with

10636} Triazines useful in the present invention contain one or more groups of the

Formuia 3 given below:

13
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-/CH) where ri is 1 or greater Oligomeric sterically hindered
amine [0036]Triazines useful in the present invention contain one or more

wi'RliRs Qi e Formula 3 given below: 13 WO PCT/US2007/019835
2008/033410PCT/US2007/019835 [0037]Triazines useful as the highly

concentrated additive in the present invention should have a melting point
in the range of 80-210C. More preferably, triazines useful in the present
invention have a melting point in the range of 100-200C. Triazines useful
as the highly concentrated additive in the present invention include, but

anq_g,oN@{ijed to: (LS-1164)
I

7

(0037} Triazines useful as the hiphly concentrated additive in the present invention
should have a melting point in the range of 80°-210°C. More preferably, triazines useful in the
present invention have a melting point in the range of 100°-200°C. Triazines useful as the highly

concentrated additive in the present invention include, but are not limited to:

(LS-1164)

ML Hz HO gty
oes
Nz
Hy

CHy

{2-(4,6-bis-(2,4-dimethylphenyl)-1,3,5-triazin-2-y1}-5-(octyloxy)-phenol };

160387 Benzophenones useful in the present invention are principally known as light

absorbers. They contain one or more groups of the Formula 4 as given below:

G

1003%9] Beophenones useful as the highly concentrated additive in the present

invention should have a melting point in the range of 80°-210°C. More preferably,

benzophenones useful in the present invention have a melting point in the range of 100°-200°C.

[0040] Benzotriazoles useful in the present invention are principally known as light

absorbers. They contain one or more groups of the Formula 5 given below:

14
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CcH,
(2-(4,6-bis-(2,4-dimethylpheny1)-1,3,5-triazin-2-y1)-5-(octyloxy)-phenol};

W[B%&],%gg phenones useful in the present invention are pr%'?%%ﬁ%'%mmwssﬁ
known as light absorbers. They contain one or more groups of the )

Formula 4 as given below: [0039]Benzophenones useful as the highly

concentrated additive in the present invention should have a melting point

in the range of 80-210C. More preferably, benzophenones useful in the

present invention have a melting point in the range of 100-200C.

[0041]| BenBotriaritesiusciatinl the pheskighiyyentionnareasrindipéiy knowe present
invemticﬁ? %ﬂ@&@bmfa- B}ﬁ%z%g%@ﬂt Off UMUK r%fp%@ih&%@un%ﬁe preferably,

given below; 14 WO 2008/033410PCT/11IS2007/019835
benzotriazoles useful in the present invention have a melting point in the range of 100°-200°C.

Benzotriazoles useful as the highly concentrated additive in the present invention include, but are

not limited to:

[6042]  (LS-234)

{2-(2H-benzotriazol-2-yi)-4,6-bis{1-methyl-1 -phenylethyl)phenol };

(L5-326)

N

/
@Z
cl N

{ 2-(3'tert-butyl-2"-hydroxy-5'-methylphenyl)-5-chlorobenzotriazole};

(L5-327)

HO
N
e
L)
. .
cl Ly

{ 2-(3",5'-di-tert-butyl-2-hydroxyphenyl)-5-chlorobenzotriazole};

(L8-328)

15
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[0041]Benzotriazoles useful as the highly concentrated additive in the
present invention should have a melting point in the range of 80-210C.
woRig prgfgrably, benzotriazoles useful in the present inventigh Hiaég @ 19835
melting point in the range of 100-200C, Benzotriazoles useful as the
highly concentrated additive in the present invention include, but are not
limited to: [0042](LS-234)
(2-(2H-benzotriazol-2-y1)-4,6-bis(1-methyl-I-phenylethyl)pheno 1} ;
(LS-326) (
“hydroxy-51-methylpheny1)-5-chlorobenzotriazole);

ity 1-21-hydroxypheny1)-5-chlorobenzotriazole); (LS-328)

{2-(2H-benzotriazol-2-yl)-4,6-ditertpentylphenol};

(L5-329)

{2-(2H-benzotriazol-2-y1)-4-(1,1,3,3-tetramethylbutyDphenol};

(LS-3033)
HO

o
3]
. *-h..m/‘

{2-(2H-benzouiazole-2-yi)-4-methylphenyl};

16043} Hydroxybenzoates useful as the highly concentrated additive in the
present invention should have a melting point in the range of 80°-210°C. More preferably,
hydroxybenzoates useful in the present invention have a melting point in the range of 100°-

200°C. Hydroxybenzoates useful as the highly concentrated additive in the present invention

include, but are not limited to:

(LS-340)

[+]
{ 2,4-di-tert-butylpheny! 3,5-di-t-butyl-4-hydroxybenzoate};

100443 Metal stearates useful as the highly concentrated additive in the present

invention should have a melting point in the range of 80°210°C. More preferably, metal

16
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WO 2008/033410PCT/US2007/019835
{2-(2H-benzotriazol-2-y1)-4,6-ditertpentylphenol}; (LS-329)

witstébkbgpzotriazol-2-y1)-4-(1,1,3,3-tetramethylbutyl)phenalk-{k2303@bs 35
Ho {2-(2H-benzoniazole-2-y1)-4-methylphenyl}; [0043]Hydroxybenzoates
useful as the highly concentrated additive in the present invention should
have a melting point in the range of 80-210C. More preferably,
hydroxybenzoates useful in the present invention have a melting point in
the range of 100- 200C. Hydroxybenzoates useful as the highly
stearatesoreBHAIDE BEFSRETHeREBragEn? W&H’cﬁﬂ%l%@%ﬁf‘&%’ﬁé@ﬁmﬁwc Metal

stearatd®useful as the highly concentrated additive in the present invention incinde, but are not

limited to calcium stearate, zinc siearate, magnesium stearate, and lithivm stearate.

[0045] The invention also comprises a method for processing a pelletized additive
concentrate in & iwin screw or mull screw exiruder. In one embodiment of this method, the
pelletized additive concenirate is maintained during a first stage or stages of the extruder at a
temperature lower than the primary carrier-polymer melting temperature such that at least one
primary polymer additive and one primary carrier polymer remain substantial as solid. The
ternperature is then increased at z later stage or stages such that melting, or partial melting, of at

least one primary carrier polymer occurs.

[D046] In one embodiment of the invention, a primary polymer additive or primary
additive blend is fed to an extruder together with 2 primary polymer carrier resin and forced
through a die to produce pellets. During extrusion, the primary polymer carrier resin is melted,
such that the melf temperature is maintained below or near the melting point of one or more of
the primary additives that is present at a high concentration. The remaining un-melted particles

are subjected to shear and or heat and are finely dispersed in molten polymer carrier resin.

{0047} The primary polymer additive or additives present at high concentration in the
masterbatch of the present invention include the those additives known to those in the art as
antioxidants, light stabilizers, and catalyst peutralizers. These additives, include hindered
phenols, phosphites, phosphonites, hindered amines, friazines, benzophenones, benzotriazoles,
and metal stearates where the peak melting temperature of the additive is in the range of
temperatures typically used to process polyolefins, usunally between about 200°C and about

300°C. Additionally, the masterbaich may contain other additives and/or mineral fillers.

[0048] Typically, when preparing a masterbatch of by way of example, an
antioxidant blend in linear low density polvethylene carrier, the compounding step is cammied out
at a processing temperature in the range of 18(—}°—210°C and up to a temperature considerably
higher, such as 300°C. These temperatures allow the melting and dissolution of certain
antioxidant additives into the polymer, up to the solubility limits of the additive. Beyond the
solubility limits the additive exists as a discrete dispersed phase in the LLDPE. The melted

17
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(LS-340) { 2,4-di-tert-butylphenyl 3,5-di-t-butyl 4 hydroxybenzoate};
[0044]Metal stearates useful as the highly concentrated additive in the

wBrssghtipyention should have a melting point in the range ¢f807240%n19835
More preferably, metal 16 WO 2008/033410PCT/US2007/019835

stearates useful in the present invention have a melting point in the range
of 100-200C. Metal stearates useful as the highly concentrated additive in
the present invention include, but are not limited to calcium stearate, zinc
stearate, magnesium stearate, and lithium stearate. [0045]The invention

antioxidgets EaTMBHIEEP e SlNeRFTor yeotiaasily I yendpe amniice Eohihtates can lead
to an aM{ﬂﬁ@@xﬁﬁf%m&tiBw%ﬁéM&ﬁwﬂﬁa inone envbagdimensepbthismethestioxidant

the pelletized additjve oncentrat ma| ained durin fir
concendpiy®e of the exurd ué%’% i) gﬁ%&a ure dr%/%l\)er “than ]tﬁ' gfath %tl 808e8feases to very

low levedariehipblymeranse|dadicaitipe tatthe milshizhng m%ﬁs:’cr@n e"i'ﬁiﬁr}?agy difference in the

vxscnszﬁpmrxﬁgﬁ&vgmﬁB%Q% RHANGRYCATHGE ROl kL %fm&ﬂpﬁﬁr&@rﬁﬁnpassxble to
solid. The temperature is then mcreasiglﬁat a later stage or stages such

efficiergig IR RIS MBIRT SIS Iedt bR PR EarficF BERhdp e fmished
masterigrchinss1[684 6jichna e middtimentiofighefithreentiony alistensay myim’erfo the surface.

This caﬁdlgggl E}%@m%on of dust or stickiness or agglomeration of the masterbatch. During
the pelletizing or cooling operations, leaching additive can also be evident in the pellet cooling
water, which has associated unwanted processing and environmental effects. It has been
discovered that by significantly lowering the processing femperature of these additives near or
below the melting point of the highly concentrated antioxidant, a highly concentrated
masterbatch can be efficiently made. The viscosity of the concenirate is not reduced to
deleterious levels during processing by an additive in Hquid form. It has surprisingly been
found that the dispersion of the antioxidant blend can be maintained at 2 high level. Without
wanting to be limited by theory, maintaining a high viscosity of the system allows an efficient
grinding and or shearing action of the extruder on solid additives. As the carrier resin solidifies,
any additive which is present as a discrete dispersed phase will be present as a relatively smaller
particle whereby it is encapsulated within the continuous polymeric carrier resin phase and will
not easily leach out of the high concentration masterbatch produced. In addition, some polymer
additives which possess a high shear viscosity and melt strength near their melting or softening

point, can be processed efficiently at temperatures up to just above their melting point.

10049] In another embodiment of the invention, the dispersion and processing ease of
the additives can be improved by an inline solid-state grinding step. During extrusion, the first
zones of the extruder are maintained at a temperature below the melting point of the primary
polymer carrier resin. This leads to an efficient grinding and mixing of the primary additives and
polymer in the solid state in high shear regions within the extruder at interfaces such as between
the extruder screw and die wall or in mixing sections containing kneading blocks or other mixing
devices. In the following zones of the extruder, the temperature of the components is raised
above the melting point of the carrier resin and near or below the melting point of at least one of

the high concentration primary additive. Such an initial grinding step leads to a fine dispersion
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additive blend is fed to an extruder together with a primary polymer canier
resin and forced through a die to produce pellets. During extrusion, the
wlnamAglymer carrier resin is melted, such that the melt tepmpesatiie issss

maintained below or near the melting point of one or more of the primary

additives that is present at a high concentration. The rt.,ulaitting un-melted

particles are subjected to shear and or heat and are finely dispersed in

molten polymer carrier resin. [0047]The primary polymer additive or

additives present at high concentration in the masterbatch of the present -
in the finjelibrmiicte Thisthusaise alivasskn S thBeciRinedflg and or premixing
step. [ORHEXUantsrlightsiabilizersoand satalyst naulealizeisclheseragiaiives downstream
and v REILCE HRdere phenols, phosphites, phesphpnites, hindered amines,

triazines, benz,ophenones, benzotriazoles, and metal stearates where the

peak melting temperature of the additive.is in the range of temperatures _ ..

dffteslly usuts SREEES PoRSHERAY, i’éﬁ%ﬁl%&ﬁﬁ%ﬁ BTSSR Yy additive or
additivalidenBOOE fAtiditimnalythe unatierbattingndgvoantagsibtnerddditiramary polymer
carrier g&%&@@@;@é&%&éﬂ%ﬁﬂm%w POURERARES 2 m%gqﬁmg,fm primary

y way of example, an antioxidant blend in linear low density polyethylene
polymesaF gt AHET o IREHTG: stepTis e s OtR b S BYSRBES T feprattrg 2bove the
meltingndhgsange of I30-2h0Cyandup ﬁﬁlﬁﬁéﬂ@ﬂ’hﬂ%@{mﬂmﬂ@g@f&m of one or
more of #0800 CRE dempRKatiies AlovHie Rling a0t dipsoWlionBhe un-mettca

~_certain antioxidant ad o the polymer, up to the solubility limits o X
particlqh & aeitNNC e R Finer sorniBe A At tveradnfle Hspsts ek apdigarapsulated in the

moltendicpgtsedpHase-iih©plifREy thesnalted difieVé@itives or fillers may be present in
2008/033410PCT/1JS52007/019835.antioxidants. typically, hay ISCOS] .
the g R T TP E T T AP T Ye (R R BB disorec
dispersgd\ieryeouldrbduaiernine arimiei el sedid RATiRreuSsRPBUtpYeaencapsulated
within (9 @HigNgaN L SBRCENL aLioRs rHaVaVRE aldighan e canratieRsatthsut of the high
viscosit oIt etb end ge%rgases to very low levels, which can cause
°°m“&i%ﬁ‘é’6ﬁﬁ%ass|ﬁ’ aecpgl’g |%?ng’operations. The large difference in the
viscosity of the molten antigxidant and carrier resin can make it difficult . .
BB en ifhBReIBRE ERORERAHY ML EAB IR s thE HiDRiTED, Frigrricd ouf 1 2
twin-s@eer orxpiméseyidentinahefinishdd:migptérbatcppeitetsavihipleaasing ease of the
additivl%éari]ﬂérl%%%@ %39 faﬂjﬁﬂ%%) Qéﬁﬁ%?sﬁés&@n%ﬂ?g“é{@ptoﬁﬁﬁ g@ﬁﬁsigﬂ,l%}@ﬁrst zones of

e formation of dust or stickiness or agglomeration of the =
the exirssfoiFRIERITRIRRY the SEMEEHHOPEOStBopsitng RO ch g primary polymer
carricr a6dliiverRNalss tear itftnitin thiadinfeteboting yafehevdiii vasand polymer in the
solid g8 A "'e% é’Va@%edGBE‘?x%SﬁfﬂnﬁxeaQQn%ﬁ Fropaenalelfeels It 1888 he cxiruder
&d t aﬁ)y gllgnlflcanty 0

Iscover wering the processing temperature o ]
serew ghdsicanalliveénriearpe BEIBARERORERIAG Wﬁé@&ﬁ@ﬁ%@tﬂ%@ﬁ%éﬁﬁ%&mm In
the folRdiimddatiea Kol epncant atederasiennaichromr koafiisienilyinpgdesd above the
. The.viscpsity of the concentrate is not redu to, deleterious levels duri
metting O A T e S0 SRCIECIRNE MR Mkt one of
the high safiepriratinn orimannudiitivnt Bishradnibel prinsiam senieefidn riige dispersion
in the Yitbast %@aﬁeg tcrﬁg_e _&mﬂ't@gﬁmiﬂﬁﬁm& m@ir?é@i:r_lm a2 pﬂ@?ﬁf@@twﬁ $eremixing
yste ows an gfficient grindin .or shearing action. of the extruder
sep. T MR RS Cr AT LT ER A1 e REE e dovmstream
and thptene Hizh $he diserete Widpeautipiasmoliitbgaieesent as a relatively
smaller particle whereby it is encapsulated within the continuous
polymeric carrier resin phase and will not easily leach out of the high
concentration masterbatch produced. In addition, some polymer additives
which possess a high shear viscosity and melt strength near their melting
or softening point, can be processt#l efficiently at temperatures up to just
488161491 6ve their melting point. [0049]In another embodiment of the invention,
the dispersion and processing ease of the additives can be improved by
an inline solid-state grinding step. During extrusion, the first zones of the
extruder are maintained at a temperature below the melting point of the
primary polymer carrier resin. This leads to an efficient grinding and
mixing of the primary additives and polymer in the solid state in high shear

regions within the extruder at interfaces such as between the extruder
cerew and die wall or in mivina cactinne containina kneadina blocke Aar




WO 2008/033410PCT/US2007/019835 in the finished product. This can
also eliminate the need for a pre-grinding and or premixing step. It also
wallows, for.a fine dispersion of additives while limiting the tempgtabie v19835
downstream and the time that the polymer will spend in the molten state.
[00501In yet another embodiment of the invention, a primary polymer
additive or additive blend was fed to an extruder or other mixing device
together with a primary polymer carrier resin and forced through a die and
cut to produce pellets. During mixing, the primary polymer carrier resin
Examplgds melted, such that the blend temperature was maintained above the

melting temperature of the primary.ca r'er(gol mer anddbelow rnear the stens. 6

WERfho potnPapoFe SFRBREbMRLLET ISPy ATAE B tRAL WEG Bre Loy siepe
Tbs of Gt Zoh Gintratibemidaés) evmaimingle piereleddvp trticied \A}@réfs&@ewéi&mmx 1010,
Ciba SpaeALAPARLheRS angayers fipelydigrgrsedcanthoncansyieiRdilkdnehemicals) and

molteh polymer carrier resin, Optionall)é:)ne or more other %%Iditives 0

2.764 Tonert ARyBeFiradent it msertaltn ASTHEAD icPFRIF b Iffiegen o4 to 2
ZSK30 aiyoadditive whichaias presentasa disordte diSpersethpitasevssoutthbavith barrel

temper%%seé‘étﬁa% 2§ '8%%%9& $Rale! pArtCle WRGLERY, K ViRSanoARIHIALER WIthiRar screw

fat” IVE
e continuous pofymeric carrier resin phase and would not easily migrate

configUEHasT the HiGREBREEHE o M AtEIBEeh o dtlled! [065TfiAR0MaF 1°7 desrees
Celsiusenyzadimpabofithe ventionr-éhe mixingsieq 68 catticd o ubiraximinederilf degrees

. __or planetary screw.extruder, wher th persi e :
cossly HERCERUISIE B SHUTIAN S PSR a0 NOREES B b
concenigxiersiadditiie flseaionekos) tasexitdarhresriiintiaiveat 408 fan b digrdle- Good
strands D@lew thepmaltingqgeiniabibedptinasy polydiabearkiad restse Thislandatd cut into
an efficiegt.grinding and mixijng of the iti nd polymet.in th lj .
oo AR NS B8 S5 LS RN 0 o o o
convechemveven end exedifuarXhenasa 68 drevred Grlviumitir sdlaip e tofaiipRgoved from

the oved8ad190MNREKE WRINRY FBbHiNI-AREEREd Fdhezioliowing ZeRes il pellets were
er, th%é%?gerature of the componpents is raised above the melting

extrud
Obseweéio‘iﬂ%%fjﬁﬁé P RPYREI P ARG TWEA Br below the melting point of at

least one of the high concentration primary additive. Such an initial
Exampleidding step leads to a fine dispersion in the finished product. This can

iminate the need for.a pre-grindi d or premixing step. | Q. .
z%%%v% for § 1‘|?r111 d‘lssof)lé;%)i%ﬁugfp fg‘&gﬁ{,‘\}’&@\}%ﬁ, e“fﬁr?]ﬁ%ﬁaaﬁé %%r%l gearlaettgge%mg steps. 3
Ibs of GliviniistfeReenditbritnie tiee taipehinedsditviphad Aomalifroraprstaid. 0.865 Tbs
of Irgadéx WPEARBHNB41RE 6if (kbaR0IFH 1983 Example thed 08524 A MgR30 (Coperion)

co-rotaianCentration addifive blendl was prepated using the 1QIowing 3180818 set at 150

degrees Celsius at a screw speed of 300 RPM using a high-shear screw configuration. The

temperature of the mixturs at the exit of the extruder was 157 degrees Celsius. The extrudate had
a cloudy/milky white appearance, formed into good stable strands and were cut into
approximately 1/8-inch by 1/8-inch pellets. 100 grams of pellets were placed into a convection
oven and aged for 24 hrs at 60 degrees Celsius. The pellets were then removed from the oven
and allowed to cool to room temperature for 24 hours. The resulting pellets were ohserved to be

dust free having a smooth outer surface.

20
4881614v.1



Ibs of GM-1224 (Nova chemicals) was tumble blended with 0.544 Ibs of
AO-10 (Irganox 1010, Ciba Specialty Chemicals), 0.692 Ibs of A0-76
WQ%@Q % 1976, Ciba Specialty Chemicals) and 2.764 Ibs of @@rﬁ%éb@%@%&
168, Ciba Specialty Chemicals). This blend was then fed to a 181(30
(Coperion) co-rotating twin screw extruder. The extruder was run with
barrel temperatures set at 150 degrees Celsius at a screw speed of 300
RPM using a high-shear screw configuration. The temperature of the
mixture at the exit of the extruder was 159 degrees Celsius - below the
melting temperature of the Irgafos 168, which is approximately 185
degrees Celsius. The extrudate had a cloudy/milky white appearance
sttt ating that the high concentration additive (Irgafos 168) was still in the

A 8106 AL G SRS SRR S

extrusion conditions and were cooled and cut Into approxima

bs of (driétdr BipTrechren penbss g hlakissrepansts lBh‘é@dﬂﬁ‘Eﬁ%wm 1038 lbs
of hgaaom\mmmsﬁv&mmma@fdzgm&Ms mrﬁ@&ﬁegﬂeﬁssanéﬂtﬁdwa et (Coperion)

cmmtaﬂ%etw&ngs%gw 5%%%%% ﬂ%ﬁ% ove Iowed 9 &B 9 rP?eént%e%a es sei at 150

perature fo e resu ng pellets were observe

degrec SRR a §?ﬁ%tﬁp@afb@§@#§cm’k&m@Ms%%g%%mﬁ%@wn The
tempcraﬁﬂﬁiﬂ!ﬁtmaﬁcwd@@@%ﬂﬂdﬁm&@@&%Qgﬂ%&im&“ﬂrﬁ@%ﬂﬁmmﬁ had

Che als) was tumbl ended W|th 0 of Ir
& Czwg\‘)g) s of r%gan KT dng0 ﬁ%ﬂ BCoFfRe gafos S‘F%ls wg"ser8 cut into
approxi@teled® ndsked/fCopenshyto i aih sdiew Wmm!@rﬂheto a convection
oven aﬁatﬂgasrwmmm@@gge@m@é@w r?ﬁéﬁ&ﬁétﬁ@eﬁ@ﬁ{&?%%@éﬁsfﬁﬁﬁ the oven

scre d of 300 RPM usin -shear,screw configuration. The
and R RS LAY WS LR ATSP (B8 HELPgrgbserved t be
dust fr@digiting Trmesdhupitaesuatie.cloudy/mithy white appearance, formed into

good stable strands and were cut into approximately 1/8-inch by 1/8-inch
Examygelets. 100 grams of pellets were placed into a convection oven and aged

for 24 hrs at 60 degrees Celsius. The pellets were then removed from the

d08&3And afduettcereseirasivpaiditinmdnmd reafop2ndned nsith&edoliiving steps. 3

1bs of@@ilq@zwgn@@&)@ﬁéﬁﬁeat@}%ag%m%t@aﬂéw@mb Rdier &%@169@ 1.211 Ibs

of E‘rgaf:ig)r%centraafnor? g%%ﬁl@; as}[?gﬁgz%@z}%%ﬁgv% 0054%%}1 bg Sepfq f&operion)

co-rotafifG Wzﬂztré\dfovatah@méﬁls) wasdembies blendetiwitar®:B 16dpscafres set at 150
degrecir@@ih(iﬁslgclg s@rg%sslﬁ?éeﬁféfgm&i’glzgﬁﬂg 4 &@1'9&9}5 I§&%§9%&&§gﬂi’!§on The

lend was then fed to a.ZSIC30 (Coperion) co-rotating twin sc

g A PR S PR S ol AR i 5P e extrdte had
a cloudpiness Celstas atramseren shesdd 380 REBN usirigea bighdsheardscuane cut into

appmxﬁam' HBHOR-ThE iwsf@]%gﬁ%@f e il gidhe exitof Lﬂg}ﬁig%%% fragile than

was 157 degrees Celsius. The extrudate had a cloudy/milky white
what vispRBIEHed, el s doodMabletand aRermerR RRlifty Were placed into 2
convectpproxemate pge® fhclbid /8 Betd pedet CARgrikeof gelletsawmea removed from
the OV&{a&?@ éﬂ%&%v&gi% %ﬁ%ﬂl%ﬁlﬁ&%ﬁﬂt@ rfgfl Eish%"u@) d%ggex%‘éu%ﬁ]z%' Hets were

ellets were then removed from the oven and allowed to cool to room
Obse“"?gﬁ?p G SRS BV ieLr STRodraLlsRisRyBetets were observed to be dust
free having a smooth outer surface. Example 4 [0055]A high concentration
Examupdaifitive blend was prepared using the following steps. 3

[0056] A high concentration additive blend was prepared using the following steps.
Dowlex 2047 (Dow Chemical) was ground using an attrition mill to approximately -20 US mesh.
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Ibs of GM-1224 (Nova chemicals) was tumble blended with 0.952 Ibs of
Irganox 1010, 1.211 Ibs of Irganox 1076 and 4.837 Ibs of Irgafos 168. This
whlend was then fed to a ZSK30 (Coperion) co-rotating twin $erEYY.SafF AR s
The extruder was run with barrel temperatures set at 150 degrees Celsius
at a screw speed of 300 RPM using a high-shear screw configuration. The

temperature of the mixture at the exit of the extruder was 157 degrees
Celsius. The extrudate had a cloudy/milky white appearance, formed into
fairly stable strands, and were cut into approximately 1/8 inch by 1/8 inch

4 Ibs of e rond Doflee J08HheY hsadmhipnisrbiriradramvithQidiades of rganox
1010, vhsériieddfi Bgampldd1s2:addi3 abadve oI QBegramsast pelietsineraplaceth fed to a

zsmn @p%%xscesqoqxgﬂga@mg%é% 24 Insal 6%&6%3?&&&9'%@ THE with barrel

ellets were then removed from the oven and allowed to cool to room

tem!’effﬂémﬁe?awel?@r SEIGESOIPINE A SUMTFRIPBIRS WetbbBERA/dns baighgthear screw
configftetidnavingeatsmeatinpater shifacarExampie 2400561Ad l@&z@ﬂeﬁ&mgamg@ degrees

Celsmaaqq{él \éQtR;Sth; WaS, P! %%gs{?m&ﬁ'a tmlec)r?#o%v%gx Stfo@meg ? yg 4%&?& strands and

hemical) was groun Ing a prOX|ma e

were C\*ﬁé@? ZPPINNYEbBIEB BRORCH 8JD07isI0d 98 arisssatinelipiorme placed into a
convecBOMRX2 Q4d et tanmical) vaadwahleblendethwithi810dRsipdn removed from
the leglga Xafiglo ITO38 I S ofgiganox 107§u§n(} l% 6,Ibs of Irg%afos 168. Thlsi

Blend was than Ted 1o a2 CORSEHERY G B tallRE wint BEEELHE gaflets were
observathi @%M‘éﬁv@é@wmmaﬂleutempe&amres set at 150 degrees Celsius

at a screw speed of 300 RPM using a high-shear screw configuration. The

Examp@ngperature of the mixture at the exit of the extruder was 158 degrees
Celsius. The extrudate had a cloudy/milky white appearance, formed into

BB tablé dtigh FonsravRERn asdiitsedp prexmmamigperednutinsy theefhllawing stcps.
Sclair PEILBIAAUpEMNSER) Pellcisovsiaglaced am@&aﬁm%@maegag@@;s mesh.

24 hrs 6 I Celsi elle n removed f
4 Ibs oov%n EAnd gl ova)aé{j o%?)o c?“flgﬁﬁ%g%igeera tj% gﬁf ?ferzggf‘ﬁgxrégnﬁrr?gmg Ibs of
Irganop dfets 4nd e ItSs by e Itedie 1 b6R fikk shilely was fioutlfedute p SIFTR@ (Coperion) co-
rotatinE XA RIGH[CQRIIR N igh-conpaniratianad %‘Mﬁﬂ%&%@ﬁt&é\‘ﬂﬁeﬂ&{%@é egdiusingo degrees

th fO||OWI 14 Nov mlcal was ground usi
Celsms I‘ﬁl(%?’]rel’nﬂ 5 apﬁﬁﬁeﬁ% eﬁr ﬁgl)Sﬁﬁg”&W&“g‘cla%?‘E fegperature
of the \mgimmtalb Blereded ofitthe. smdbg ofvhydiéx &@1o;s1 O88illss Ghirgantoxiate had a

cloudyﬂa@i?@ya%ﬂé4§pmgﬁafﬁﬁrl@§ #is Dlead was then,fgd; o Qfésﬁ% cut into

%ﬁ (%) Co-r tatl twin screw extruder. The extruder was run with
approx ?F%’f 5&?‘% P’e% PSR Aol it ie SR B nRlles PP Rleesd arigop convection

oven aRPigedsing 24 Highas iéadapeea CelsfiguEiiopelite teenp draturenaivitik from the oven
and all&)&éM@ &ldihe %WE&H&&%%&Q%M%% d%@&%&%@ﬁ 1 LRSRXTUEAE ed to be

d had a cloudy/mllky white appearance, formed into good stable strands,
ust freg Revingd STARTD SBBrsWfstely 1/8 inch by 1/8 inch pellets. 100 grams of

pellets were placed into a convection oven and aged for 24 hrs at 60
Exampledrees Celsius The pellets were then removed from the oven and

3&8% d to 0 room temgerature far 24 hours. The resulting pellets
bsefy SRl BRLEH B UM S'eRobaT STHRREHTERS BRAfineipe steps. 4
Ibs of GM-1224 {Nova chemicals) was tumble blended with 0.816 Ibs of Irganox 1010, 1.038 Ibs

of Irganox 1076 and 4.146 lbs of Irgafos 168. This blend was then fed to a ZSK30 (Coperion)

co-rotating twin screw extruder. The extruder was run with barrel temperatures set at 210

degrees Celsins at a screw speed of 300 RPM using a high-shear screw configuration, The
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[0058]A high concentration additive blend was prepared using the
following steps. 4 Ibs of GM-1224 (Nova chemicals) was tumble blended
w9814 0s of Irganox 1010, 1.038 Ibs of Irganox 1076 apg-¢ik4f s dahs
Irgafos 168. This blend was then fed to a ZSK30 (Coperion) co-rotating
twin screw extruder. The extruder was run with barrel temperatures set at
210 degrees Celsius at a screw speed of 300 RPM using a high-shear
screw configuration. The 22 WO 2008/033410PCT/1JS2007/019835
temperature of the mjxture at the exit of the extruder was 214 degrees
tomper Sy R P RE B P Pk & e PP ep i A tes THes exirodate had
a clear strdnesshacpopprreihstchigitibaticdme prerarctoted:ant suf di8e were cooled and
cut ioeERBEOUDAEN LGy RIS Pelala. The PelEls WLe. (NSHSCEN! hcn firs
. when first pelletized and then slowly became milky white in appearance.
pelletizgh gt 4he SPpeldte e piacen o a snratton b08 wrares ajawlieisouere placed
into a chisaithl degiees Galdits: Thapeles wgre-thesispm oMes ftomdhe Q8B removed
n 0 room temperature for. 24 hours, The resultin .
from o D Bt 1o e e oy rosuing pettrs
appear VeI B0 gt voneére sddheatdiaive blend was
prepared using the following steps. 4 Ibs of GM-1224 (Nova chemicals)
Ezamplgrs tumble blended with 0.816 Ibs of Irganox 1010, 1.038 Ibs of Irganox
1076 and 4.146 lbs of Irgafos 168, This blend was then fed to a ZSK30
[B¥78riony tGiratmTENATSBraddibir iderd Tris elanamet wins the fiflpwing steps. 4
Ibs of (dwiizeNeratiiesisatptad degrrasdalsiusiiontbedinst 3rzepaeand1o, 1.038 ibs
of Irgaxlb@p ﬂﬁ%’gﬁé ?lﬁl{%J %%t (%a!.%ss:[ :136%0‘1%%%'1%' t%assc{ﬁé% %Q? %g 2 ; 0 {Coperion)
- RPM using a high-shear screw configuration. The temperature of the
co-rolaRig ff e SCTRY ST elhd b eriefwas s Sndslidesichlsiusepha e artdhfd degrees
Celsiusffag deipnady/paitliey mt@m&%ﬁ;@5%[%&%3@%@9%;5&%@'&6%@'&%6w speed of
were cut.into approximately 1/8.inc inch pellets,,100.grams o .
300 e R e et 5 o 2o avicor

the extpsigreneToisiudearprs getisiysydrestivairidtoved fromomdyivdinarndite appearance,

formed SHEWVEELID SOOLIGHAQ BIRREAILS: T2 4RuESmERg eI HiRG REIES inch pellets.
were pbserved to be dust free having a smooth outer surfa$e. %%f%rrnple 9
ﬂl“g Ao at &0 deprees

100 gras OURRIEls were blaged i & confeatian aven and seel:
Celsiusfollowitlsteperaiiietheoiai- 24 {NowaThemidiiskdas tonlbie iendethperature

for 24 HMth 47plba- 0l IGAIGIM- S IRt EE L 16T RENMLER. EM%%W&% BB surface.

fed to a ZSIC30 (Coperion) co-rotating twin screw extruder. The extruder
Fxamplias run with barrel temperatures set at 210 degrees Cel_sius a_md ata
Screw speed of 300 RPM using a high-shear screw configuration. The
tC@UWl gratue Hfgﬂb@ddﬁc% ﬁ%fﬁth d%t}&ﬁcﬁﬁ%@ﬂmﬁiaﬁyygﬁépm gﬂﬁlg%ﬁ@%ﬁowing steps.
: rudate ha or melt sirength and it was not possihle to
.4 1os o 2 R R AP U G Do ORGSR e RSt Starate
HPLG (drembamloWeireblens wegrden Celsiosas@SicintsChperiesl tngaxinglatdn screw
extrudePacha (RMRRBHUERE 346 IR QS Smperatures set at 210 degrees Celsius and at a screw

speed of 300 RPM using a high-shear screw configuration. The temperature of the mixture at the

exit of the extruder was 203 degrees Celsius. The extrudate had poor melt strength and it was not
possible to pull a strand fhrough a water bath for pelletizing. The barrel temperatures were then
lowered 145 degrees Celsius set points. The resulting extrudate had a temperature of 127 degrees
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23 WO 2008/033410PCDUS2007/019835 Celsius. All other process
conditions remained the same. The extrudate strand was solid and

waTReM: M yvas pulled through a water bath to be cooled and pglietized osss
Example 10 [0061]A high concentration additive blend was prepared using

the following steps. 4.4 Ibs of GM-1224 (Nova chemicals) was tumble
blended with 4.4 Ibs of Tinuvin 326 (Ciba Specialty Chemicals). This blend
was then fed to a ZSK30 (Coperion) co-rotating twin screw extruder. The

Celsius?&ﬁ&’%% é@%% ‘ége% Q/g%%%%%me%%géu&?s set at (i ggegr es %elsj S u%%dg olid and

at a screw using a hugehs;%%l&a
smoothydt Bat sighelghmegh kiureab e toie sh el exduddetivas 202 degrees

Celsius. The extrudate had very poor melt strength and it was very
Exampleldvish in color. The barrel temperatures were then lowered 155

degrees Celsius set points. The resulting extrudate had a temperature of

i%‘g@élbgree% Belshracmtetier pidides Hondinoa vrepsdaithe tanfellowing steps.
4.4 Tbs BfeBMUIEIAtEISIanchems SRl 0xaR chinmo helddsypulled o WghreWales 26 (Ciba

sl O ORISR O
extrudef d 1| RANRPE HERsTE 2 IS loftal ©TP8rENovasehendita b sues aite and at a screw

speed off |%@B@Miﬁ$ﬂxéd hsohf A 2:044 LCINRSFALD %%’t%ﬁ%&ﬁgi%amiXM6 at the
exit of %@een}g{rcﬂs}. Thi B!Ze d was %EF n fed_to a ZSIC30 (Coperion) co-rotating .
tWin SCrew ex| ru?er &t 3@?%@?&3‘%@ TSRpEPaT PRl Ereggth and it

was vewaégﬁé%magénd’md Sorpsrspesdvaf 8 0DeR RiWersih( 35 degrees Celsius set
points. [1gb-phaai:Acrow-caRiguatioR AP Jempsratyre Qfthe mbdure.at the exit process

condit gr{sthee ea?l(tru r&r was 202 degrees Celsius. The extrudate had very poor

el Srengt, ft WAL sargifo i S aBRs (W Petrdid and raepittelt Was pulied through
a water fegfiptar bruresioierad ipeldovedr dtviS e yrdesGe lgipssahgoints. The

resulting extrudate had a temperature of 114 degrees Celsius. All other

process conditions remained the same. The extrudate strand was solid
ExamplmBismooth. It was pulled through a water bath to be cooled and

elletized. 24
(3062] A high concentration additive blend was prepared using the following steps.

4.4 lbs of LF-0718 (Nova chemicals) was tumble blended with 4.4 Ibs of HALS-944
(Chimassorb 944, Ciba Specialty Chemicals). This blend was then fed to a ZSEK30 (Coperion)
co-rotating twin screw extruder. The extruder was run with barrel temperatures set at 210
degrees Celsius and at a screw speed of 300 RPM using a high-shear screw configuration. The
temperature of the mixture at the exit of the extruder was 202 degrees Celsius. The extrudate had
very poor melt strength, it was surging and unable to pelletize. The barrel temperatures were then
lowered 125 degrees Celsius set points. The resulting extrudate had temperature of 114 degrees
Celsius. All other process conditions remained the same. The extrudate strand was solid and

smooth. It was pulled through a water bath to be cooled and pelletized.
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Claims 1. A method of preparing a masterbatch, comprising at least one
primary polymer additive present in a total amount between greater than
20 wt. % and but below 90 wt. % of the masterbatch, and the polymer
additive having a polymer-additive melting temperature of between 80C
Claig 210C, and at least one primary carrier polymer, the carrier polymer
having a carrier-polymer melting temperature below the polymer-additive
melting temperatur, characterised in that the masterbatch is prepared
MR Rk N S R
polymerdiitie Bsene el pottnobehes astohenptlymetanditivebdow

The mem@tﬁ/ﬁlﬁm|Mh@f€éﬁl§h§rxmgiﬂ&{§%@%8%%q}Qi_?&Q’%K%Q%%iitive
and 200C..3. The method g_{{claim 1 or 2 wherein the masterbatc

comprisS Ghd S RTEHE S GO ROH ST AT e P b Ers ! A Fhaitn 8t BTy carrier
claim 1, }2)hrnsirvvher:efm'WMa%MManmpptsgmﬂnﬁeﬂmg\mﬁdﬁh@nabw
polymergddiiives- 21akhe methed-af.claim.! wherein the masterbatch is

processed In a twin screw' or fanetar screw extruder. 6. The method of
claim 1 furtARF&SFRsFsiRghat the JHeiFGARE SieRardé piFnaraBolMmere the
additiveraridngt temstrane: pfithary@aieapoly frefder i ISCrew aleBing point

planetary.gxtruder: 5 f)}%g}taﬁggjbm a first stagg or stages of thg
extruder, a temperature lower than the primary carrier-polymer melting

temperature of the carrier polymer such that at least one primary polymer

additiveaceae pamasmcarvigspplyRenspmaiasubstantiaas solidhang,g
increasi g-process temperature in a later stage or stages such that
melting o%)at [east one carrier polymer occurs.

3. The method of claim 1 or 2 wherein the masterbatch comprises one or more

additional carrier polymers.

4. The method of claim 1, 2 or 3 wherein the masterbatch comprises one or more

additional polymer additives.

5. The method of claim 1 wherein the masterbatch is processed in a twin screw or

planetary screw extruder.

6. The method of claim 1 further comprising:

adding the at least one primary polymer additive and at east one primary
carrier polymer to a twin screw or a planetary extruder;

maintaining, at a first stage or stages of the extruder, a temperature lower
than the primary carrier-polymer melting temperature of the carrier polymer such that
at least one primary polymer additive and one primary carrier polymer remain
substantially as solid; and

increasing a process temperature in a later stage or stages such that melting of

at least one carrier polymer occurs.

7. The method of claim 4 further comprising addition of less than about 20% of one

or more additional polymer additives or polymer fillers.
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7. The method of claim 4 further comprising addition of less than about

20% of one or more additional polymer additives or polymer fillers. 8. The
method of claim 7 wherein the polymer additives are antioxidarits, light
stabilizers, or catalyst neutralizers. 9. The method of claim 1 or 8 wherein
the &t leH&t BHEBOITh R Baditkhe e s dheciel Rt tHE Yo dfs consitiayofieht
hindereetgitienelsophosphitesrphesphonites, hindered amines, triazines,
benzophenones, hydroxybenzoates, or a metal stearate. 10. The method

of any preceding claim further comprising addition of less than 10% of one
or more dGdnidivd) Laitain poryfsksrern Mpré knetivoe kstemaprdhiierie sfected
claims lfed Omvehereip thenatdaasbongcarEer ;ﬂ@e/m,erﬂﬁo@@m@m)ﬁﬁ@%}}onﬁe&
polypropylene, ethylene-polypropylene copolymers, ethylene-alphaolefin
copoIyn%}eg}%rg%lyasﬂt}){/?%e%ebag\llg%sroé}? gﬁ%ﬁ%%@%u%ﬁcg?)ﬁ%?fé(ﬁaete\ﬁnﬁ a metal
acetate tepdlymers, ethylene vinyl alcohol copolymers, styrenebutadine
copolymers, copolymers, polyolefins, or blends thereof

10. The method of any preceding claim further comprising addition of less than 10%

of one or more additional carrier polymers.

11. The method of claim any one of claims 1 to 10 wherein the at least one carrier
polymer is polyethylene, polypropylene, ethylene-polypropylene copolymers,
ethylene-alphaolefin  copolymers, polystyrene, polypropylene, polybutene,
ethylene vinyl acetate copolymers, ethylene vinyl alcohol copolymers, styrene-

butadine copolymers, copolymers, polyolefins, or blends thereof.

26



