COVPACTED PELLETI ZED ADDI Tl VE BLENDS FOR POLYMERS BACKGROUND [ 0001] This
application clains priority to U.S. Provisional Patent Application Serial
Nunber 6IWd28B102048666entit| ed " COVPACTED PELLETI ZED ADDI TIPUE/ URREHIDE3HOR
POLYMERS" filed on Decenber 12, 2008, the entire content of which is hereby
i ncorporated by reference. [0002] The invention relates generally to the
field of polynmer additives and specifically to conpacted additive bl ends,
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post - pol yneri zati on processes to enhance the processa
per f orgRPR@GROUND Yers. [0003] Additives and additive blends are typically
used to protect polyners fromtherno-oxidative degradation, to provide
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t echnigigs,cgmy be enployed to introduce the additives to the polymer in the
process stream In solution, suspension or slurry phase polynerization
processes, additives and additive blends are added to a |iquid before being
i nt roduced [02lhe Pbstinveionorelpos ygepetallyuiad thd Uralg . ofAlpobymmeat hdditiyes and
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ni xt uCEPPRISEYh a die for pelletizing the final polyner resin. In other
pol ymeri zati on processes such as those using a gas phase reactor, the

pol ymer [0003]  Additives and additive blends are typically used to protect polymers from
thermo-oxidative degradation, to provide long-term resistance to heat or light (including
ultraviolet), to neutralize residual catalyst and to enhance various performance properties of the
finished product. Polymer additives typically come in liquid, powder, granule, bead, pastille, or
pellet form. These additives can be added to the polymer during post-reactor extrusion
operations. Numerous techniques may be employed to introduce the additives to the polymer in
the process stream. In solution, suspension or slurry phase polymerization processes, additives
and additive blends are added to a liquid before being introduced to the post-reactor polymer-
liquid slurry. Alternatively, the additives can be added to the final melt stream of polymer via a
side arm extruder or other device which can melt the additives and introduce them to the polymer
stream. In this case, there will typically be further mixing via an extruder or other mixing device
and pumping of the polymer/additive mixture through a die for pelletizing the final polymer
resin. In other polymerization processes such as those using 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
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for Clmteﬂetslhug l@feanuhglm Fotires patknt art. U.S. Patent No. 5,240,642 entitled “Process for
Obtaining Granular Forms of Additives for Organic Polymers™ describes a process for making
low-dust granules of an additive blend including a phenolic antioxidant and an acid neutralizer,
using an extruder. U.S. Patent No. 5,844,042 entitled “Process for Obtaining Granular Forms of
Additives for Organic Polymers” describes granular forms of additive blends prepared by
extrusion process. The additive blend is forced through a die to form strands and then said

strands are cut to form pellets.

[0005] U.S. Patent No. 5,597,857, entitled “Low-Dust Granules of Plastic Additives”
describes extruded additive blend pellets comprising 10-100% calcium stearate. Calcium
stearate 1s at least 80% melted, and the blend is forced through a die, face cut (water ring or

underwater), and then cooled.

[0006] U.S. Patent No. 6,740,694B2 entitled “Preparation of Low-Dust Stabilizers”
describes extrusion of additive blends containing amorphous form of additives. The additive

blend is melted and subcooled, thereby forming a high viscosity strand which is pelletized.



Addi tives for Organic Polyners" describes granular forns of additive bl ends
prepared by extrusion process. The additive blend is forced through a die
to form swoantwesssd t hen said strands are cut to form peCiratsg00900005] U. S.
Patent No. 5,597,857, entitled "Low Dust Ganules of Plastic Additives”
descri bes extruded additive blend pellets conprising 10-100% cal ci um
stearate. Calcium stearate is at |east 80%nelted, and the blend is forced
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This gives a very high yield since a wet paste is being extruded.

[0009] U.S. Patent No. 6,800,228 (Albemarle) entitled “Sterically Hindered Phenol
Antioxidant Granules Having Balanced Hardness” describes using a solvent for the preparation
of compacted additive blends including a phenolic AO. This patent extends the technology
taught in 6,515,052 to phenolic antioxidants. The solvent is usually alcohol, cyclohexane or a
mixture thereof; adjusting the amount and ratio of solvents can control the hardness and friability

of the pellets produced.

[0010] U.S. Patent No. 6,596,198, (Albemarle) broadly teaches compacted blends of
5-50% stabilizer with a low melting binder, for example oleamide (lubricant or mold release
agent), Irganox® 1076 (Ciba), glycerol, GMS (e.g. Pationic® 1042, Caravan Ingredients, Kansas
City, Missouri), and others. This patent also teaches an extrusion process for preparing additive
blends.

[0011] U.S. Patent No. 6,033,600 (General Electric Company, Fairfield, Connecticut)
describes compacted pellet blends, typically a mixture of 10-90% penta-erythritol diphosphite,
10-90% phenolic antioxidant, 2-60% metallic stearate and 1-10% hydrotalcite. It is also taught



[0009] U.S. Patent No. 6,800,228 (Al bemarle) entitled "Sterically Hi ndered
Phenol Antioxi dant G anul es Havi ng Bal anced Hardness" describes using a
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| ow-dusting forns of additive blends that can be nore conveniently and
accurately fed to post-reactor extrusion operations for addition to a

pol ymer. Such solid additive blends can be added directly to a pol yner
streaminto an extruder or other nelting device whereby the polyner is
nelted and the additives are then blended into the nolten polyner, which is
subsequently pelletized. SUMWARY [0013] The current invention pertains to
conpacted additive blends in which high nelting or non-nelting nmetallic
silicate or other additives are used as a conpaction aid, to increase the
resistance to friability of the conpacted pellets. In addition to this
benefit, the



conpaction aid of this invention can also mnimze nelting tendency of the
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i nside the conpacted additive , , _ o
agents used 1n additive compaction process are relatively lower melting organic additives, e.g.
oleamide, glyceryl monostearate, Irganox 1076 (Ciba), etc., as described in US Patent No.
5,846,656. It has been discovered, surprisingly, that solid non-melting non-migrating additives,
including minerals, can aid the compaction process such that improved attrition performance

(lower generation of fines) can be achieved.

[0015] The word “non-melting” in this invention means that the high-melting solid
binding or compaction aid does not melt into a liquid in the environment of the compaction mill,
that is, under the operating temperature and other conditions of the compaction process. The
compaction aid of this invention typically has a melting point above 300°C. This is in contrast to
the prior art (e.g. Ciba 5,846,656 patent cited above), where a low-melting solid acts as a binding
agent; the binding agent melts during compaction and helps to bond the other components
together into a pellet particle. The word ‘non-migratory’ in this invention means that the solid
compaction aid of the invention does not diffuse from one point to another within the additive
pellet. There is essentially no mobility of the solid binding aid inside the compacted additive
pellet. In contrast, the low-melting binding agents of prior art can melt during compaction and
the resulting liquid can migrate or diffuse in space to a different position of lower (including

zero) concentration inside the additive pellet. The invention is further differentiated from, and
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pellet. In contrast, the lownelting binding agents of prior art can nelt
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oleamide, erucamide, and others. These additives melt during the compaction process to wet out
the other additives and bind them together to form a compacted mass of additive blend. High

melting materials have been regarded as unsuitable as binders in the prior art.

[0017] A typical commercial compacted additive blend often shows high friability
when the blend is impacted by solid attriting particles or conveyed in manufacturing and
handling processes. Under such conditions the compacted material generates fines. In the present
invention, new and novel additive blend compositions of matter (sometimes referred to as
“Superblend”) are provided, wherein the friability of the compacted additive pellets is reduced
by the addition of a non-melting, non-migratory component, including metallic silicate and silica
particles. As a result a much lower level of fine powder is generated from the compacted additive
blends (compared to other known blends), thereby improving the economics of the

manufacturing and pellet conveying processes.

[0018] The compacted pelletized additive blend consists of a mixture of two or more

additives totaling 100% additives, that is, no polymer carrier is present. The compaction aids in
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functionality or other performance features to said polymers.

[0019] Using the techniques of the present invention, blends of neat additives can be
made which are dust-free, and robust in that they are easily conveyed using pneumatic air
conveying. Such blends are easily fed to an extruder or other device wherein they are introduced
into a molten polymer stream. In this step, the additive blend is diluted to the final end-use level
for stabilization or introduction of appropriate additive functionality to the polymer resin being
produced. Such 100% additive 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 device for the polymer resin
being produced. The blend of neat additives thus produced, with reduced friability, allow for

significant cost savings in various polymer resin manufacturing processes.



[ 0019] Using the techniques of the present invention, blends of neat
additives can be nade which are dust-free, and robust in that they are
easi |y comoeysdes®ibng pneurmati c air conveyi ng. Such bl erd3/tse@masity fed
to an extruder or other device wherein they are introduced into a nolten
pol ymer stream In this step, the additive blend is diluted to the final
end-use |l evel for stabilization or introduction of appropriate additive

funct ippehill gD PESORIPTIHNEr resin being produced. Such 100% additive
bl ends can al so be useful when fed directly to the solid polyner and

physi cal | ycjbbﬁf]ded_ﬂ‘l’:b ArtldBrd 88 thePRL ¥R Mol hdrint 1€ b 'VU@ of"'%ﬂdl}ﬂg:only.
m xi ng, and pelletizing, or sinultaneously fed to the findl nelting,

m xi nglhesirrde pedahetd dlusgatdewarions fwbodienpodiytie rinyession apdineg nprantl e Bohit ke
bl end of neat addit%v t hus zroduced, with reduced friability, allow for
si gni A CEMCESPHERY (ﬁjge WY ous pol ymer resin manuf act uri ng
processes. DETAI LED DESCRI PTI ON [ 0020] The particulars of the invention

shown her ei[0020]e bGivaybeddw exarhel @noeisyd addelorhed @Ay he nidahsiskiaakigve)
vari ous enbodi nents of the invention and not peant to limt the principles
or corfdgmanpdetimonsnlaai snthe proofiqertaniemnpwhesy copdensad defiiHerssaay addn

shortg?@ges(:ﬂ xpé(ftHQirW%\Aﬁ@&meXhaUS“ ve) customary definitions, known in the

art, certain terns ose condensed definitions may aid in the
description of the invention. [0022] "Base polyner": the polymer which is
to be stabilP02Zdd, cEBissr gwlyrhenict ihenglolyeet, whicht her wi slee netdbiticetl bylordk

dditi bl end ddi ti vy 023],.." | [ blend(tm"
" SupertbreshaE Pt o heBo% BARELes Jnbivs BRbAd DA bR ent rat & of
additives, fillers, colorants, and ot her conponents which is then bl ended

into the bgee2yol ymiigeht hpetilat™M sedsupeadioidt: o 104 iof hed adai@ivb elentl ban
adding the additive, filler or colorant separately. Exanples of the
addi t icpaeentrate of pddiivigaidilbas, prtaiats. and mithe coamanents wibidh igdhany Yerdsd no1be

éggs’ bt ﬁ@@ﬁe@ 39 )He QQEQEPJH, t6102H iop )fﬁo%@éd? rgtﬁgrc Hlaﬁsadldgr%afh(gsad]d@t?ve, %llte]f pox

colorant separately. Examples of the additives include hindered phenolic antioxidants (such as
Irganox 1010, 1076, Ethanox 330); phosphite antioxidants (such as Irgafos 168, Ultranox 626);
phosphonite antioxidants (such as Sandostab P-EPQ); acid neutralizers (such as calcium stearate,
hydrotalcite DHT-4A which is magnesium aluminum hydroxy-carbonate hydrate); ultraviolet
(UV) light stabilizers (such as Chimassorb 944, Tinuvin 622, Cyasorb UV 2908), nucleating
agents (such as sodium benzoate); clarifying agents such as 1,3:2,4-bis (3,4- dimethyl
benzylidene sorbitol, sold as Millad 3988 by Milliken Chemical; antistatic agents (such as
glyceryl mono-stearate; ethoxylated amines); slip agents (such as erucamide, oleamide,
behenamide); antiblock agents (such as silica); and fillers (like calcium carbonate, talc,
wollastonite). “Ingenia Superblend™” or “Superblend™” is a pelletized or pastillated solid
additive blend or mixture, and may be: a) polymer masterbatch which is highly loaded with
additives (e.g. 50-90% by weight); b) pastillated, and produced in equipment such as a
rotoformer; ¢) compacted palletized additive blend; and d) melt-extruded pellet of additive blend.

[0024] “Binding aid” or “binder:” a low melting or liquid additive, which can
facilitate additive binding during the milling process of compacting and pelletizing of additive

blends in conventional art.



phosphonite anti oxi dants (such as Sandostab P-EPQ; acid neutralizers (such
as calcium stearate, hydrotalcite DHT-4A which is nmagnesi um al um num

hydr oxy- csiokorzteeschydrat e) ; ultravi ol et (UV) |ight stabiPCcirase@osiseh as
Cliimassorb 944, Tinuvin 622, Cyasorb UV 2908), nucleating agents (such as
sodi um benzoate); clarifying agents such as |1,3:2,4-bis (3,4- dinethyl
benzyli dene sorbitol, sold as MIlad 3988 by MIIliken Chem cal; antistatic

agents (suqhossy 9l YRRT PORE: Shedcak SmeBhBOK Bl A58 HOS)stalink PoraBGAL S
(such as eﬁuczﬁn de, oteagmﬁgep Eteﬁ?nam dg) Ean%ﬁ:pbl ocﬁ agenct%%@t?sluch as

si | i cayystalhee fpolyreers of |drketaling giolymoaedditise eis tehgireddh dsfferemtiad ) scatningeni a

Superbl o - ouperblend(tm”™ is a pelletized or pastillated solid
addi ti \E}g nﬁettrﬁ/d Dsbrﬁg’( (ﬁﬁermﬁﬁu er%y be: a) polynmer masterbatch which is

highly | oaded with additives (e.g. 50-90% by weight); b) pastillated, and
produced i rf0@f)i prremblym&hresaxs’ ahg fihglfformeatiort JeseltinR daine thep@drhisibatioddot the
additive bl end; and nel t-extruded pellet of additive blend. [0024]

" Bi ndlb%e%ﬁHmeb?'nd@dﬁﬂ’@r‘“'ad‘éltw%\m melting or liquid additive, which can
facilitate additive binding during the mlling process of compacting and

pel I eti zi ngo@i7)addi-<kh&niR ?89@ It %@&Vﬁﬁﬁshmﬁ%m Efandr@Q23h ar ﬂdu@%dﬁ@iﬂbé‘t

the peak nelting tenperat rystalli1ne of sem crysta ne pol yner
cryst ak measurpdby defererduil SQauelngsakmBamTye(ﬂDSgl”)cblfdtbarémmmiensc an n| ng
calorinmetry ("DSC') or other instrunent. [0026] "Pol ymer resin": the final

o et oG Ao EHS LT B 1. 8Ly LU BP SRR bR £ v

an aneff giopissead divehive 8T ofpasddr &dwbYor thidré €6@Pbhcks. STRGUnRbnEAts Fd ATPAricty
("DSC"). qr, other instrunent. {0028] The pelletized carrier-free 100%

addi t i @dgifisericheracsaived by raateltingror SaBenpg @At beween 203 @86 300 Hy end msve i s

conpo PR onents. The conponents are a variety of
addi t?)\?/%gﬂé aracteri zed()(ﬁ@rp mel ting or softening point between 200C and

<300C and nore
[0029] The additive blend is made up of a base additive mixture and one or more

compaction aids. The compaction aids include one or more mineral or inorganic high melting
additives, present at a low concentration (typically <25%) chosen from metallic silicates,
montmorillonite nano-clay, silica, calcium carbonate, barium sulfate, titanium dioxide, zinc
oxide, or others, including mixtures of any of these. The Superblend is useful in polymer resin
production, especially in manufacturing 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

additives to the polymer stream.

[0030] Unless otherwise specified, additive concentrations in this specification refer
to weight percent (“wt. %7). Wt. % of a component is calculated by dividing the mass of the
component by the total mass of all of the ingredients in the mixture, expressed as percentage.
For example, in a pelletized additive blend containing 20 grams of additive A and 80 grams of

other additives, the wt. % of the additive A would be 20%.

[0031] Preferred base polymers of the present invention include polyolefins, such as
various types of polyethylene, polypropylene, ethylene-propylene copolymers, ethylenc-alpha-

olefin copolymers, polybutene-1, polystyrene, ethylene-vinyl acetate copolymers, ethylene vinyl



preferably between 40- 2000C. [0029] The additive blend is nmade up of a
base additive m xture and one or nore conpaction aids. The conpaction aids
i ncl ude ome 20oro/aed6e M neral or inorganic high nmelting agdirtise@s/oepiesent at
a low concentration (typically <25% chosen fromnmetallic silicates,
nmontnorillonite nano-clay, silica, calciumcarbonate, bariumsulfate,
titani um di oxi de, zinc oxide, or others, including mxtures of any of

these.qdg) W&éx@ r@yﬂeﬁe-‘ﬂﬁﬁﬁféhe b&p&?ﬂné’ £ncf Siehdy ﬂHEx%@lP‘Ca%HQBpol%ﬁ%Cdlé‘lvleM in
manuf act uri ng of pol ymers whereby af pol ynerlzatlon the polyner is fed

t o an feom megememrmenthomed dewiece i n whi ch the polymer is nolten in order to
i ntroduce additives to the polyner stream [0030] Unl ess otherw se

spect {1 ed, (ARSI veue ARSROLTALLANS it 1l SAREHELGRL BnG LRl ROVPERIL o

percent ( a conponent by “drvi
of theheohgpad nffrthe byestieinkeritéin ekide Qﬁd@ﬂvbs Rhowin o ithge adilleﬂtla thé atthﬁch as
m xture, expressed as percentgg For .exanple, in a pel i zed addjt

bl end Rigpelis MtiaYyidants Prasssise s HIZFiSv@lgl\naﬁwllgGrSgwgﬁ%low (‘Bi‘ﬁe)rhgéza&ra‘e .1%@
t he Win 13k U% ﬁfj%sbfb\égsl Aﬁe S fgﬁtSZQxe/?al hQ&%%toPsr efigh %&ﬁis Qﬂﬁ@loﬂ@?é’éﬁ% s of

he present”inve Rtion in efins, such as’various types o
pol yetruyleatnez agoity dnbpganenand etohy Irelnsse prgepis! ﬁamea@modleyutmam others, including

cet atBNBGR0PY aF T ey SHERUhyRamEBRGT Sshoidyiidied gt Sindbi aaE
copol Vg6 Sidadt dp%sgﬂl@@ ah D8 onAD dr-bARRLY TR RrdehURY, RN TPO MBLISium,

ment i oned above 032] The additives present at 100%total con€entrati on
(Wi t h zime) cgarites, qmtalz}ymrbenznplndmenbl éredzefiatdies, ﬁw@wwbemaw@ﬁ,t benrofyrehangs

T R A T R

st abi lali3@me rief/l ki fdoilie, |ﬂo§ﬁ%§s@$§ afcheioSor sAREAIRE %bin@ irfgeHuSge dTRbaht 20° to
deactivators, slip agents, antib k agents, nucleating ?;I%ent s, lubricants

and n@beuty ﬁ@a@eﬁlﬁ]g@ﬁf% sperifigatly ity gmge T Abguiotdreros abqus QVAHE ngn preferred

embodiments, the base additive mixture has a melting temperature less than 90°C, as measured
by differential scanning calorimetry or other suitable instrument. Some examples of additives

useful in this invention are as follows.

[0033] Hindered phenols are known as primary antioxidants for plastics and contain

one or more groups of the formula given below:

where R and R; are methyl, tertiary-butyl, unsubstituted alkyls, or substituted alkyls.

[0034] Hindered phenols, useful as one or more of the antioxidant additives in the
present invention, should have a melting or softening point in the range of about 50°C to about
300°C, more preferably in the range of about 100°C to about 250°C. Hindered phenols

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

10



m xtures of any of these. Particular exanples of such additives include

hi nder ed phenolic anti oxi dants, phosphite and phosphonite stabilizers,

hi nder ed woi2ne#eseeet al | i ¢ (e.g. cal cium zinc) stearat ePCTIUSRERI0NBIF
benzophenones, benzotriazol es, hydroxybenzoates, benzofuranones including
3- (4- (2-acet oxyet hoxy) phenyl )-5,7-di-tertiary-butyl -benzofuran-2-one,

di (rape oil) al kyl-N-nethyl am ne oxi de, possessing a nelting or softening
point int r t153R0% (& nm iof it he
Pange of abeut 400t o demat B s e e oA SR ITLb Y,
addi t iev Hviextonrld, Frgsnax Dt Angx 2@ reperimvingshe stssctirhdalo300C, as neasured by
differential scanning calorinetry or other suitable instrunent. Sone
exanpl es of additives useful yn this invention are as follows. [0033]

H ndered phenols are knownras| pri mary antioxidants for plastics and contain
one or nmorree|grrnénunps<; npff tthhee ffporrmmiui Ilan gsii vvenn
hbpei | nomv. Wwhere R and\R are methyl, tertiary-butyl, unsubstituted

al kyl's, or substituted al kyls| [0034] Hi ndered phenols, useful as one or
more of the antioxidant additives in the present invention, should have a
melting or softening point in the range of about 500C to about 3000C, nore
preferably g < ngg, O o -1.0( t0 125 | € | S
parti cul ar I(gpu}égf bT%i’ n&i hfe’B’gPtgiggn% g%&énf?%ﬁgﬁlg%u@ggw&gggq%ég)ﬂﬁ}%{etsed
t 0: (a)2,A0(1d3H5H ptriving; vyigthpswhcttethelei:s
(3-(3,5-di-t-butyl-4-hydroxyphenol ) propi onate), e.g. Evenox 10, Irganox
1010, Anox 20, etc.y havingthe structure below (b) AO 1790, or
I,3,5-tris(4~¢er}Wb gyl73-hydroxy-2,6-dinethylbenzyl)-l,3,5-triazine-
2,4,6-(1H 3H SH<tr) opeg Waving the structure below. (c) AO 129, or

2,2'-eth|ideﬂebi§'( n@1ﬁ+?tert-butylphenol), havi ng the structure bel ow
(d) AOC 702, oﬁ \ 4' I pethylienlebi s(2. 6-di-tertiary-butyl phenol), having the
structure below * [ "or

1.
3

(c) AO-129, or 2,2'-ethlidenebis (4,6-di-tert-butylphenol), having the structure below:

A

~/
/ “,

OH CH, ©H

(d) AO-702, or 4,4-methylenebis(2.6-di-tertiary-butylphenol), having the structure

below:

(e) AO-246, or 2,4,6-tri-tert-butyl-phenol, having the structure below:

Hﬁ\iﬁ T H3C\<CH3
2 "
N

3

Ha
CHy

11



havi ng the structure bel ow. [ 0035] Phosphites and phosphonites are known as
processing stabilizer type antioxidants for plastics, including aromatic
phosphi t esoanth/qekes phoni t es. Phosphi tes and phosphoni t epcuasbtad/nasidne or
nore of the highly concentrated additives in the present invention have a
melting or softening point in the range of about 800C to about 21Q0C, nore
preferably in the range of about 1000C to about 2000C. Phosphites and
phosphoni t es particularly useful in the present invention include, but are

not limte a 168, 4- tyl hesphif e

havi ng t heetg?f?S cg u?g&%ﬁt n b)phg(gﬁgé%es ot bl‘lt”né) Zﬁipgf&%éé%ntﬁo ph?r?gll Sype
pent a-agtigxidants dor ghlgshos pimichldmghanmmgctﬂ)‘rmsp}ultasczmdr ehdxphomites( c)’hé@hﬁéﬂ andr
2 o R B s B e M cBicEaBh OR3GOl BEGRRON SvealB "9
Tet r algjasé 2 riidhg bﬁgéfrehmtgyﬂomRQHma x[aln%é obPAeRYId ro4alfbut diorc, mo?@ B&?&aasmﬁ e,

havi ng the structure shown bel ow [ Acid neutralizers that may bé used
i ncl udke raagapf dlous f BAGatoeaboy M) s Pchasmmqsmmd plispbomstes pediceladydiseiuher the
nagneS| | um.num Xy-car hydrate, also known as synthetic
hydrot Egn'nvmgFﬁéngégﬁ y%ﬁgoﬁﬁmﬁ f&s t hereof. [0037] Hi ndered am nes
useful in the present i nvent| on are principally known as hindered am ne

| i ght st abi(h) A&k B8( SHAsS2 M-diTtRgtylphetiydl phogptateQhaviyg thegirauase flowhe chemi cal
formul a shown bel ow. [0038] These conpounds can be of |ow or high nolecul ar
wei ght and caf be nononerijc or oligoneric in nature. The HALS additives
useful as the|hi \hI y concgntrated additive in the present invention shoul d
have a nel ti\n in the range of about 500C to about 2100C. Mbre

pref erably, t-+n t he present invention have a nelting point in

t he range of bou‘ 00C tjo about 2000C. HALS useful as the highly
concentrated additive in the; pr esent

(b) AO-626, or bis (2,4-di-t-butylphenyl) penta-erythritol diphosphite, having the

structure below:

. 7 N\ -
™~ o 0 /%
*{ﬁ/—{—o — / / \p o )—F
N % S o e b

(c) AO-641, or 2,4,6 tri-t-butylphenyl 2 butyl 2 ethyl 1,3 propane diol phosphite, having

the structure below:
/

L

%7\/

(d)  AO-PEPQ, or  Tetrakis(2,4-di-tert-butylphenyl)[1,1-biphenyl]-4,4'-diyl-bis-

D e
i / o .
N VAN
et e
///
kY

;or

phosphonite, having the structure shown below:

12



invention include, but are not Iimted to: (a) HALS-1 19, having the
general structure shown below. where Ris also known as

|, 3, 5- Trivoi2nB/@36bs6-tri am ne, N, N "-[|, 2- et hane-di yl - bi C[/UsS2¢04/0673b5 s-
[butyl (1,2, 2,6, 6-pentanethyl -4-piperidinyl)amno]-I,3,5-triazine-2-yl]
imno]-3,|-propanediyl] ] bis [N,N'-

di butyl-N ,N'-bis(l, 2, 2,6, 6-pentanet hyl -4-piperidinyl)-};(b) HALS- 944,

havi ng the structure shown below. , where nis 1 or greater, also known as
|PO|3yE3[ ?r I[ gl Pf’)]?é(ﬁ 23 4tA§ d ﬁ!??!%i?%%’@ gﬁ% ln)la%fr%én'ﬁged include metallic stearate, such as calcium

t et r ametdiyd sbapiepend dibeysd, magnesioh- dlpGitvex apédicylchbdnzte hydrdtet sleorkhdnyh -a4- pi p

eridinyl)im LS 20,, havi ng the structure shown bel ow. where n
is 0 6&“éﬁ9CB8£LLFW% %G%H‘gﬁfﬁﬂé?mﬁémﬁ hergof.o 4 6, 8. ..), also known as
1, 6- Hexanediamne, N, N -bis(2, 2,86, 6- tetranethyl 4- pi peri di nyl) - pol yner
with 2,4, 6-mo3ghl oHendeted aRiinek 'is@fil N8 thé §RELhO hvBRGSIH GfeS pi%élﬁa][\}l' leh'é\yxh -as

1- but anami ne an N-butyl -2, 2,6, 6-tetranet hyl -4- piperidi nam ne,

HAL S- Jeadsrechaminedight stabilizarst ((He s owd hige Iconirinaprsr e mojesgrbups of) t@a@f@mlwl S0
known 8 ﬁ?syownb . .

[ (6- mor pholi'no-'s TPV azi ne- 2,4-diyl)[2, 2,6, 6-tetranet hyl -4-pi peridyl)

i m no] - hexanethylene [(2, 2,6, 6- tetranethyl 4-piperidyl) imno]l]; (e)

HALS- 3529, having the structure sho bétow. where n is 1 or greater, also
known as 1, 6- hexanedi am ne, N, N - blg%ﬁ 6-t et ranmet hyl - 4- pi peri dinyl) -,
pol ymer s with mor phol i ne- 2, 4, 6-tri chlLofo- ,5-triazine; (f) HALS- 144,
havi ng the structure shown bel ow al so as

bi s(1, 22, 6, 6- pent anet hyl - 4- pi peri di nykyq2-butyl -2-(4-hydroxy-3,5-di-tertuty
| benzyl) CH;

[0038] These compounds can be of low or high molecular weight and can be
monomeric or oligomeric in nature. The HALS additives useful as the highly concentrated
additive in the present invention should have a melting point in the range of about 50°C to about
210°C. More preferably, HALS useful in the present invention have a melting point in the range
of about 100°C to about 200°C. HALS useful as the highly concentrated additive in the present

invention include, but are not limited to:

(a) HALS-119, having the general structure shown below:
R

|
R\NH/\//\N /\/N \/\\/NH\R

where R 1s

also known as 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)amino}-1,3,5-triazine-2-yl] imino]-3,1-propanediyl] ] bis
[N’,N”’- dibutyl-N’N"’-bis(1,2,2,6,6-pentamethyl-4-piperidinyl)-} ;

13



propanedi oate; (g) HALS-4050, having the stiucture shown bel ow. also known
as {N,N -bisfornyl-N, N -bis-(2,2,6,6-tctranethyl -4-piperidinyl)-

hexanet hywendiozssese} ; or (h) HALS-5050, havi ng the strueCuNS2&09067315

bel ow. where n is 1 or greater. [0039] The HALS additives can be either
nononeric or an oligonmeric sterically hindered am nes. [0040] Tri azi nes
useful in the present invention as UV |light absorbers contain one or nore
groups of the formula shown bel ow. (0041] Triazines useful as the highly
concentr at IV on should have a nelting point
in the rangg ﬁ?ﬁg%%ﬁfh?ﬂS% ﬁgﬁgﬁgggﬁgb%?&kbre preferably, triazines
useful in th resent, i nventjon have a nelting point in the range of about
1000C to abo Tri PhegLyseful as the highly concentrated additive
in the present invention include, but are not limted to: LS-1 164, or
{2-(4,6-bis-(2, thy ] yl)FI,3,5-triazin-2-yl)-5-(octyl oxy) - phenol },
havi ng t he [uéﬁﬂﬁe”shomnfb | [ 0042] Benzophenones useful in the
present inventigfi,awe principallyl known as W |ight absorbers. They contain
one or nore roﬁ§§° "t he formul af shown bel ow. [ 0043] Benzophenones usef ul
as the highl concentrated addi ti-Ve, Whmthﬁsnmeg&mnxjnvention shoul d have a

lti h 80 f
benzophenor kigure o e ESttermedd s Bt hiald o5 it TS LA e
range t@ﬂ(rarﬁawu EJQ)QQ@n&Qn@Jﬁ@}“I 62}%19&&){@@% 6-%%%591@&%@1%&%@@%{10 P the

present invention are also principally known as |ight absorbers
contain one or nore groups of the formula shown bel ow
(c) HALS 20, having the structure shown below:

R R
P 1\/\/““{?

s |

-

/N
/"'\n

>

where n is 0 or any positive even integer (e.g. 0, 2, 4, 6, 8...), also known as 1,6-
Hexanediamine, N, N’-bis(2,2,6,6-tetramethyl-4-piperidinyl)-polymer with 2,4,6-trichloro-1,3,5-
triazine, reaction products with N-butyl-1-butanamine an N-butyl-2,2,6,6-tetramethyl-4-

piperidinamine;

(d) HALS-3346, having the structure shown below:

- ﬁf\

.7

e

{CHg

B

z—

_<

()

where n is 1 or greater,

/“\
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[ 0045] Benzotriazoles useful as the highly concentrated additive in the
present invention should have a nelting point in the range of about 800C to
about 2108G.201re66pr ef er abl y, benzotriazol es useful in Proe/Usc@9AHL315

i nvention have a nelting point in the range of 1000C to about 2000C.
Benzotri azol es useful as the highly concentrated additive in the present

i nvention include, but are not limted to: (a) LS 234, or

2- (2H benz V] E g
Che et (lﬁlied gﬁ%lvm% ?aseﬂ’% %/]\r ﬁ(fﬁxﬁ%‘r@r‘ollmo 1Qﬁﬂ1€ 21 BheY2 6l RBRYRk-piREUL

2- (3' -iena)- herayetipyletey{(2, aﬁ;b-&ﬁamethbrwmmydw))-l&mﬂ orobenzotri azol e, having
t he structure shown belomr(c) LS- 327, or

2-(3", rox heny chlorobenzotrlazole havi ng t he
struct ur e ﬁﬁ)&ﬁ&t#)?% hi“’d?g reo?ho“)“ belo

2- (2H benzotri azol - 2- Ml) , 6- d&;ertpentylphenol, havi ng the structure shown
bel ow. (e) L$- 329, ‘
2- (2H benzot i
structure shqg
2- (2H benzot ni
bel ow. [ 0046]
i nvention shgq
2100C. More g

-t et ranet hyl but yl ) phenol , havi ng the

or

henyl , having the structure shown
oxybenzoates useful as WV |ight absorbers in the present
“have a melting poijnt in the range of about 800C to about
r ably, hydr oxybenzoat es useful in the present invention
have a nel ti Q§:o nt in the range gf about 100C to about 2000C.

Hydr oxybenzoat useful as the highry concentrated additive in the present
invention include, but are not linted to: LS-340, or

2, 4- di-ternﬂbm@yh®henwwa@n5 di-t- butyI 4- hydr oxybenzoat e, having t he

ts Lreug;gree a?f{l]ﬁ I\ng%loz}o "‘%[h?%@ ﬁgﬂrtlel ﬁt fms(l?ﬂg %tts rztmrlleathyl%- lperldmy ?yrﬁglrrst of

with morpholine-2,4,6-trichloro-1,3,5-triazine;

(f) HALS-144, having the structure shown below:

L
N CH,

\c'o

Hsca —0

O:O

also known as bis( 1,22,6,6-pentamethyl—4—piperidiny])—2—butyl-2-(4-hydroxy-3,5-di-ten-
utylbenzyl) propanedioate;

(g) HALS-4050, having the structure shown below:

also known as {N,N’-bisformyl-N,N’-bis-(2,2,6,6-tetramethyl-4-piperidinyl)-

hexamethylendiamine}; or

(h) HALS-5050, having the structure shown below:
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gl yceryl nonostearate ("GVW5'), ethoxylated am nes, and others, including
m xtures thereof. [0048] One exanple of a netal deactivator is 2,3-bis

(13- (3, 5- dvoteromsase but yl - 4- hydr oxyphenyl ) propi onyl) propiuse@apersazi de;

ot hers could be used as well, including m xtures thereof. [0049] Slip
agents can include, for exanple, erucam de, ol eam dc, behenam de, erucyl
erucam de, and others, including m xtures thereof. [0050] Antibl ock agents
that can be included in the additive blend include synthetic or natural
silica, sodipgm calciumaluino-silicate, and others, including m xtures

t hereof. [00 fagents that can be i ncluded in the additive

bl end i ncl ud di n]b pzaate; sorbitol acetals such as

|, 3:2, 4-bi s(B,4- d'neth%Lbe1zyIidene) sorbitol; sodium aromatic phosphates
such as sodi -nethyl=nebis(4,6-di-tertiary-buty|phenyl) phosphat e;
sodi um adi pat e i ncluding mxtures thereof.[0052] The conpaction
ai ds that acgo he ba;e additive mxture can include netallic
silicates, ntnotillonite'tlay, silica, calciumcarbonate, bariumsulfate,
tltanlun1d|OX|de zinc oxide, and m xtures thereof. [0053] Metallic
silicates d@@?ﬁpl%kofﬁ@aﬁbnpactlon aid additive in the present invention
shoul d_havgogsdtel tirgg 1pR taddfRRAUE ZOOAG: MBIdnAHcebERA bonTERE ericall
silicates uUseful in the present invention have a nelting poi above about
300C. huisteadd aminss.| i cat es useful as the conpaction aids in the present
invention include, but are not limted to, potassiun1nagnesium

alunino-S|I§@@f sodi um cal.ci um al u no- si. | qggﬁzﬂﬁrg¥d?ous |.um num
silicates, | ]um PEEARSY Wy eere%e i“é/ﬁ?té‘g‘a f o ecf%f: a5t ed
nagnestMﬂk§¢ sQﬁHﬁﬁbmﬁMﬁhh@ﬁnb&bw, sodi um al um no-silicates, synthetic
magnesi um sodium lithiumfluoro-silicate, synthetic nmagnesi um sodi um

| ithium phosphated fluoro-silicate, or m xtures thereof. [0054] The
potassiun1nagnesiun1alunino-siIicébes* e phl ogopite m ca,

-

[0041] Triazines useful as the highly concentrated additive in the present invention

N

should have a melting point in the range of about §0°C to about 210°C. More preferably,
triazines useful in the present invention have a melting point in the range of about 100°C to
about 200°C. Triazines useful as the highly concentrated additive in the present invention

include, but are not limited to:

LS-1164, or {2-(4,6-bis-(2,4-dimethylphenyl)-1,3,5-triazin-2-y1)-5-(octyloxy)-phenol},

having the structure shown below:

NP 7 0—CgHypn

N
CH,

o
a
T
[

N,

4

'

CHy

[0042] Benzophenones useful in the present invention are principally known as UV

light absorbers. They contain one or more groups of the formula shown below:
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Miuscovite mca, or mxtures thereof. If the conpaction aid is nade up of
phl ogopite m ca or Muscovite mca, these should be present at about 0.5%to
about 20%byowaicgdst of t he additive bl end, and preferablPgTaSe@nofadf t he
additive blend. The phl ogopite mca or Miscovite mca can al so be present
at about 15 to about 20% by wei ght of the additive blend, such as when the
base additive mxture has a nelting tenperature of |ess than 900C, as
nmeasured by differential scanning calogsinetry or other suitable instrunent,
or in other circunstances if such g concentration is desirable. [0055] The
nontonorrillonite clay used as a pact onSaid can be nodified with a
quaternary ammoni um salt. [0056] dioxi de used as a conpaction aid
can be present at about 0.5%to abtut 20%by wei ght of the additive blend.
The titanium dioxide can also be coated with a netallic stearate, such as
cal ci um st d804ile, Bspmpbenenestusafitas, ther highlyc ceiceniraied adinivadui flicoRresertie
conpa i i n L-he

ol ogany ol HeERALAR, 3 Mpthil St il i RE, & BRSNS T 3G e

di oxi q:ee&i‘ubw depraphenatek yséfal pr e gntseat inabatitin Khve% meltalqiuint 1L %hdyangeioght

of the_ addjt |¥e b eng ﬁd the m ca should be present at about 0.5%to
about 3PaYh 2 282 Ye bl end. [ 0057] The conpaction aids can al so include
synt heti c anorphous silica, present at about 0.5%to about 20% by wei ght of
the addi ti vgosdjendBeRsfifiodddl Wsefhl ti tHOPPednt il n@EH iakd )ﬂ@o %lrl?l@ﬁtallif QAsHh afhe
primary polyner additive or additives present at total 100% concentration
(| ncl Utthhabsodrepactheyreoatad) onenontrhere Queps oif gredfoufiulnishopn belent i nvention can

i ncl ude additives known to those in the art, such as antioxidants, |ight
stabilizers, acid neutralizers, and Qther not Iisted. Specific exarrpl es of
the additives include hindered ph =@nt i oxi dants, phosphites,
phosphonites, hindered am nes, tri ¢S, )Henzophenones, benzotri azol es,
and net al

[0045] Benzotriazoles useful as the highly concentrated additive in the present
invention should have a melting point in the range of about 80°C to about 210°C. More
preferably, benzotriazoles useful in the present invention have a melting point in the range of
100°C to about 200°C. Benzotriazoles useful as the highly concentrated additive in the present

invention include, but are not limited to:

(a) LS-234, or 2-(2H-benzotriazol-2-yl)-4,6-bis(1-methyl-1-phenylethyl)phenol, having

the structure shown below:

.

(b) LS-326, or 2-(3'-tert-butyl-2'-hydroxy-5'-methylphenyl)-5-chlorobenzotriazole,

having the structure shown below:
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stearates where the peak nelting tenperature of the additive is in the
range of tenperatures typically used to process polyolefins, or about 1500C
t o about wWOQoD@6esskddi ti onal |y, the Superbl end may cont aiPoTatshew/oetsdsti ves
and netal silicate, silica, or others. [0059] Typically, when preparing a
pelletized additive blend (e.g. Ingenia Superblend(tm), by way of exanple,
an anti oxi dant blend, the conpacting operation is carried out using anbi ent
tenperature feed. During processjng the tenperature of the additive m xture
rises typically to about 56 to™about 90 OC. Subsequently the tenperature of
t he conpacted additive pell ati bl end drops to anbient tenperature. Poor
bi ndi ng of the ado Es\¢ d to the formation of dust fromthe bl end.
It has surprisingly been/fo nd/t hat the friability of the conpacted
additive pellet is greatly reduced by the addition of solid high nelting
metallic silicate, silica and other conpaction aids to the base additive

m xture. [0060] The current invention also pertains to a solventless
conmpacti on (py DS, _BpQ-(B'cswaufedrﬂgutypm&@%pa&gn)ts-\éﬁlobd&ﬂgaﬁuﬁlagqam@hme
melting or non-nelting non-mgratory soli as conpaction aids. These

sol i dstuparudewsiiclest es and do not nmelt during the conpaction process.
After the preparation of carrier}jess (i.e. no polyner present) additive

bl ends, the conpacted m xtddre pol yner additives (or additive blend) is

fed to an extruder ot.her device and forced through a die and cut
to produce plaStiﬂéﬁéWE?b§ /Du

Ny ng m xing, one or nore of the additives is
mel ted, such that 'the ‘bl en \Wtedperature i s above the nelting tenperature of
sone of the additives. In sone\cases, none of the additives may nmelt in the
polymer nmelt matrix during ex sion. The mxing step is carried out
typically in a twin-screw or singlse screw extruder, whereby the dispersion
and processing ease of the additives are inproved. This |eads to

anef fici ent, ,{mxd of t (L ithip th . hQn as
et veen ¢ nddl By o P AR S LR AEL Bhhg 8RR
kneadishgwhbeloks or ot her m xing devices. [0061] In the conpaction process
the additives bl end, whi may consist of a

HO

= /N\ —
\ \N/N \ ,/ ?)

(e) LS-329, or 2-(2ZH-benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)phenol, having the

structure shown below:

HO)

/ /N\ -

oy L/
; - or

b

(f) LS-3033, or 2-(2H-benzotriazole-2-yl)-4-methylphenyl, having the structure shown

below:
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phenolic and phosphite antioxidant and a netallic silicate type or other
conpaction aid, is fed to a conpaction mll and forced through a die to
produce pebI2etmesddari ng conpacti on the pol ynmer additivegcaris2ebpses ed to
conpressi on and shear forces which cause may attrition of the particles
even as they are being conpacted into pellets. [0062] The first step in
this conpaction process is the feeding of the additives to the pellet mll.
The individual addi toves nmay be pre-bl ended and then fed to the
afore-nmentioped pgllet_nill or they nay be netered independently.

Pr e- bl endi ng be_acconpl i shed by wei ghi ng conponents and tunbl e m xi ng
t hem t oget he diNag y be acconplished by any neans known in the art,
i ncluding, but not limted to hand m xi ng, tunble bl ending, ribbon

bl endi ng, and high-intensity m xing. Metering additives independently can
be acconpl i shed volunetrically or by loss-in-weight feeder by any neans
known in thgog)t oA hoURS agrU\t/h hE BB i RN DR QAR iflARof
into a pellet e pe | et n1|ﬁ be o any type ose In

t he arshoulhi/ehwéannuite‘rgsp@ht su e taﬂgesafoﬁ)oui BOK itmabodde? KCALCI f dfare préfetabbt,
MIIl (Crawfordsville ndi.an e ed in U S. Patent. . 4,08

Kahl gwaf%ﬁwoe*@ﬂl ety § B ekt SEvphigadeit ésm%:iﬁaﬁé%fntﬁ IPQRG ﬁ*%?hgﬁé*aom The
pel | etjoord lto faBbHB260°RE! murwb&%ﬁte@gls&ﬂaﬁ agdet hlg\n@y bbmﬂtr&tea %Gﬁw@ 61}1 thle
rotating cylindrical dieand a fixed roller, e.qg. M and Munch mlls or
(b) a Présgeidnu¢raionnirlnds Auf 31g npiolimued toe, g. Kahl n1||. Shear and conpressi on
between the roller and die and al so between the material and di e can cause
attrition gf Nk Sh c ed
into pell e?“sS ‘i}ﬁé’gg%r%ﬁn lgl?wfﬁérsfrﬂg-btgb}e{%’c O)E er%X CiadlEe Ihggéggh% ﬁg}éﬁ%%e
parti chesn bélotvhe granul ar or powder additives. The conpactlon process of
this invention involves blending of the additives and the conpaction aids,
provi di ng reaﬂted friability, that is, increased resistance to attrition of

t he conpactqﬂ%figl%lxgﬁb{ Ed pel | ets.

~/
A ™~
[0047] Antistatic agents that may be used as part of the base additive blend include

glyceryl monostearate (“GMS”), ethoxylated amines, and others, including mixtures thereof.

[0048] One example of a metal deactivator is 2,3-bis (3-(3,5-di-teriary-butyl-4-
hydroxyphenyl) propionyl) propionohydrazide; others could be used as well, including mixtures

thereof.

[0049] Slip agents can include, for example, erucamide, oleamide, behenamide,

erucyl erucamide, and others, including mixtures thereof.

[0050] Antiblock agents that can be included in the additive blend include synthetic

or natural silica, sodium calcium alumino-silicate, and others, including mixtures thereof.

[0051] Nucleating agents that can be included in the additive blend include sodium
benzoate; sorbitol acetals such as 1,3:2,4-bis(3,4-dimethylbenzylidene) sorbitol; sodium aromatic
phosphates such as sodium 2,2’-methylenebis(4,6-di-tertiary-butylphenyl) phosphate; sodium

adipate and others, including mixtures thereof.
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[0064] During the conpaction of a lownelting (typically |less than 900C,
nmeasured by differential scanning calorinetry or DSC) additive mxture a

pr obl em caio 2ow/m@sqser i enced during processing, nanely foPorttisewdos7nel t
inside the mll. In such an undesirable situation them ||l has to be stopped
or shut down, followed by renmoval of the additives and subsequent clean up
of the machine. The nelt phenonenon can be mtigated by proper selection of

dies. Cenenghdyf | oplicBphanaliial haluBlRlhy it ble fieovd RANSR LheintrRgency

of nelt formation. ITicate or other bfnding ards of this Invention
ar e adogalliat silicateso B&Mmarillooine etay; silican calsitrh ecablmatd, dvameit isnldated ditaniuwe
m xturg, .the. nelt, pheponenon in the conpaction chanber is significantly
reducéﬁ‘?m{l%éwé?wqeﬁé‘?(ggg’%ﬂ@sf}??éeogperati ng efficiency of the process.
Preferably 15 to 20% w of the silicate or other conpaction aid of this

invention ijgossjdedMealtibesildas® astdult iay ethdl XdrbpRtibe 4Tt Nhddidee tifethBepresent
phenomenon in the mll. [0065] The current invention also [i)e‘r.t ains to a

nmet hodnyestiop sepad hineg amglingmemt i apeye 2PHEC T Mage peafesgblys mets! pidigetey wefids e
pol'y e it ] .

Goser s s VAR08 470G b el YIRS BVt 60, MABIRCEHEALETHENR the
addi t icehipactiquodiyisrar thet present ivienadd inchidaebitraeanedlipitky nerpotdss@ammiagnaidnowed
to cool and harden, to produce pol ymer resin. In preferred, enbodi nents,

t he ad‘é}i‘ff“inﬁ?'énécﬁeéaﬁ? i BRCRE RO (etea: FBRYATRYs alypinwm. SIEGARAPL IS 06 6]

The C?ng’ihﬁloalu%iné—@ﬁicgtgg,i EAVES IsMichR AY@IRICHaPRSAI REtLA&! QMBS talc,
perforned in a |aboratory nodel California Pellet MII ("CPM) pelletizer.

| n t hisedipno cdeminotdnlécatdsxt synthett avghesives spdiumoritledmt Hhooghilimateot synthetjc di e,
t hereb roduci C ression a (of0) cting of the additives into a

Foa & maEres e ng AR BReBuR Rub S SR &F S dFhel Vot [006
Friability was neasured by testing the particle size distribution of the

af ore nmentijogey pefrhet ?otbééidTEChﬁ@h&almShRMﬁn@-Bi@iKhtBQ &in Rl Illszopie phoghiced
and sieving of the pellets when steel ball bearings were tJol aced in the
scr eeM4uscprite pucy, of maixtugesstberert Tinthg comppctigneaigds mpde up of phlogopite mica or

Muscovite mica, these should be present at about 0.5% to about 20% by weight of the additive
blend, and preferably 3 to 10% of the additive blend. The phlogopite mica or Muscovite mica
can also be present at about 15 to about 20% by weight of the additive blend, such as when the
base additive mixture has a melting temperature of less than 90°C, as measured by differential
scanning calorimetry or other suitable instrument, or in other circumstances if such a

concentration is desirable.

[0055] The montomorrillonite clay used as a compaction aid can be modified with a

quaternary ammonium salt.

[0056] Titanium dioxide used as a compaction aid can be present at about 0.5% to
about 20% by weight of the additive blend. The titanium dioxide can also be coated with a
metallic stearate, such as calcium stearate, magnesium stearate, or zinc stearate. In addition, the
compaction aid can be a mixture of titanium dioxide and mica, either phlogopite or Muscovite.
If such a mixture is used, then the titanium dioxide should preferably be present at about 0.5% to
about 10% by weight of the additive blend, and the mica should be present at about 0.5% to
about 10% of the additive blend.
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generated attrition effect, thus causing reduction of particle size of the
pellets and formation of fine powder. High attrition of pellets indicates
hi gh fri aWol2ntoyesaski ch is an undesirable effect. A conbiPoattsemomb7siar ge and
smal | ball bearings were used for inpact during the sieve shaking. The

si eve stacks range from 0. 265 to 200 nmesh opening. The |arge balls can have
dianeter of 0.25 to 1 inch. The small balls can have dianeter of 1/16 to A

inch. The gpeygs W?B@ céﬁ?%&%nte}{@é e hido nﬁlflud% § t&ﬁc%ﬂﬂr‘% S SLIQQG?}eSErQrat

attrition or friabil esting of conpacted lets, the sieve test result
of at tabDute(bIS"gi:etIOI zéloumé@%dm’rwargémf dietdddttn@fblcrrd tprdbrabbf e d0%or oft thd adéitivet s.
The si ?Vrﬁs were stacked wi ththe coarsest nesh size (biggest opening) at the
t op, t he consecutive finer screen beneath it and the pan at the bottom
of the stack. The sequence of sieves was 0.265 nesh (top), then 4, 8, 14,
18, 120, 2Q00s83sh, Taadpgimary bpdlyee) . a0 @m arlitet pacxphie aasotpl apEys on
the top of the stacked sieves. The sieve stack was shaken for 5 m nutes on
a meckaRFRiRtien @t}@luglﬁakx@mpam{l aigbinghe Supsrglend @6 the pygsant yuspiiopeandewdadded

{0 NS ELE R [Pl QVS: 1BHE 0 & JRERiEhATRUR et ER el ang

di anmeter bearings on st eve; ree Chand ten I nc eari ngs
on 8 rotisins aoeuet;adt épeéqf cn@&mip%rmfhg:s alditivés medindes hendered gridndlioy entiokidaned)

beari ngs 18 ne After. shakin ith these bearings, .the earlier
SO e S e L ST o B N R e g STl i3 S R
ef f ectyifar@t fhidei @B ;ﬁBk tntfkﬁtnli’ga Itén%e?atufghgﬁ’ tHeCARliBel R iAERS Uhise of tetnﬁ}%ratures
attrition performance of the pellets. Froma typical partl cI e size

di st ritppitdllon ueadr tee pradess Solyotﬁréme,em |ab®tnhﬁ]°€nt0pabqutd(@ .z eAdditiohdlyi, rthe i al
orted as t.he pelets ter attrition is

|1
Fepor CuaBIAEH GrReFr wdivssdn eReRE S ofiftiex) s def i nedas

(PSI/PS 0) X 100, expressed as a percentage. If there is no attrition at

all, PSi -[m»]so Thgitallyhe waleh I ipkdparing ndeyell&@iz@0%ddifise ablehit @p. ig&agases,
aver age artlgMe size of the attrited pellets is reduced and PSI decreases.
That @r@&l t hle bty of iegmplg gakantiex laghlelend; dhg eorairactipg opgration iSeATieq ik

| ndi cg f%‘?lg ;1‘% rterg;ﬁér{n‘uw R4 PBLERE BRESing B terhoratuftSst hE WAL OMiAlrcRRRL | Cl €

size a
typlcally to about 50 to about 90 °C. Subsequently the temperature of the compacted additive

pelletized blend drops to ambient temperature. Poor binding of the additives can lead to the
formation of dust from the blend. It has surprisingly been found that the friability of the
compacted additive pellet is greatly reduced by the addition of solid high melting metallic

silicate, silica and other compaction aids to the base additive mixture.

[0060] The current invention also pertains to a solventless compaction process for
producing compacted additive blends using high melting or non-melting non-migratory solids as
compaction aids. These solids include silicates and do not melt during the compaction process.
After the preparation of carrierless (i.e. no polymer present) additive blends, the compacted
mixture of polymer additives (or additive blend) is fed to an extruder or other mixing device and
forced through a die and cut to produce plastic pellets. During mixing, one or more of the
additives is melted, such that the blend temperature is above the melting temperature of some of
the additives. In some cases, none of the additives may melt in the polymer melt matrix during
extrusion. The mixing step is carried out typically in a twin-screw or single screw extruder,

whereby the dispersion and processing ease of the additives are improved. This leads to an
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wi th ball bearings. [0070] Another neasure of friability performance is
reported here, nanely the percentage change of particle nmass retained on 14
mesh scr ewo,208fdeed66attrition test. If this nunber is smeClr/uSe®ansT3gs | ess
change), less attrition or better attrition performance of the pellet is

i ndi cated. This paraneter will be referred to as 14 nmesh attrition or
friability. Note that during the sieve shaking test, the 14 nesh screen was

pl acedf; aeﬁthﬁlmg‘ék @h@Bd&xh@esstﬁﬁllﬁ @k e%%@& a% H§ suchpg? bliwkls tﬁéj@kﬁi!xdé?s

used in the experinents of the exanples are ere. Evernox(r)
( Ever sspremnandGhe wial &k jn ingxing béctides ecdltephmgdtheaﬁnpg blnakworanluarmmvcd@rdeV(ceAO )
which is used for processing and | ong term heat agi ng stability. It has a

nmelting te tur qe of .about 110 C t rucam.de. |
fatty ani ng lgd agn sﬂ? oglagﬂ.{on Hrolggsis (?d1fl 1Ves hen héc% Y] ﬁ%nsmt Sof?a
t enperphbrislR Hid I:a:qu]teaﬁu%aﬁht aﬁw&lﬁaanﬁz sawgtey@pé yt oteneshgatioh id, 169

with 52% al pha-npno stearate content. is used as an antistatic agent,
| ubr i AHAMPIRHOTHEIY apd fargekthagpehta dig t@@r%@@ gellgts. Ryging Cﬁ@p@thg\ the RPWPF ur e

of abqule 3004, <L SRR Sor 1 lel G5RIERRRNSAUSHEALANLAGERL phiReds T or
e Cr J g PI W%f

enhancing t sta I zation rate and reducing t |ng cyc etlrre of
pol ynmewren &4 they prel bepreoqopipanted (itBRE)ets.Sodi um benzoate is a high nelting
(>300C) additive and remains unnelted in the conventional polyner extrusion

Th | | | t.i ti
Condi 11 ons) MWikpact PR HE MRS Bl tioR TP b RBF FHES s P BLE Pt he
exanply@Retb@liPWrheasdiviadsl atddvtﬁveb%aagb NF@%I@IKde@ C{Advm% If&m the \Mihleaaéidnb
Nyad(r) 5000 was obtained from Ny neral s Al berta, Canada).

Thi s ipslletamdli o they inesat be ghetored lndmenderﬁbdu &re- b’@ng ing| magbeeaccpopiiged by

M nbl HC- n cl Ssium
a1 um NSt EoEhs AT b g e R, PHORAGL WS b Ao RAGHTPT AR o
(f r ompgas )kﬁowﬁ’aﬁltﬁe alt; amteding, Shiantvy dindits! ® h:&id| m@ﬂhﬁ @imtle BlawdizORibBEE an
particle size. Kaopolite(r), 1147 (fromlnerys) is anhydrous Al silicate of
1.6 blending, and high-intensity mixing. etering addltlves independently can be accomplished

volumetrically or by loss-in-weight feeder by any means known in the art.

[0063) The additives or the additive blend are then fed into a pellet mill. The pellet
mill may be of any type known to those in the art. Manufacturers of such types of mills include
California Pellet Mill (Crawfordsville, Indiana), described in U.S. Patent No. 4,080,134, Kahl
and Munch (Germany), and Bliss Industries (Ponca City, Oklahoma). The pellet mill forms a
pellet by forcing the additive blend through (a) a rotating cylindrical die and a fixed roller, e.g.
CPM and Munch mills or (b) a fixed die and rotating roller, e.g. Kahl mill. Shear and
compression between the roller and die and also between the material and die can cause attrition
of the granular or powder additives as they are being compacted into pellets. The strand pellets
formed are considerably larger than the particles of the granular or powder additives. The
compaction process of this invention involves blending of the additives and the compaction aids,
providing reduced friability, that is, increased resistance to attrition of the compacted additive

blend pellets.

[0064] During the compaction of a low-melting (typically less than 90°C, measured
by differential scanning calorimetry or DSC) additive mixture a problem can be experienced

during processing, namely formation of melt inside the mill. In such an undesirable situation the
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m cron nedian particle size. [0075] Sylobloc(r) 45 (from G ace Davi son,

Col unbia, Maryland) is a synthetic anorphous silica of about 3-4 mcron
mean partwol2elicg@s |t has a citric acid coating. [0076pcsiusean(s)313C30
(fromM zusawa Chem cal, Tokyo, Japan) is sodium cal ciumalum no-silicate,
of about 3 mcron nmean particle size. Silton(r) JC50 (M zusawa Chemcal) is
sodi um cal cium al um no-silicate, of about 5 mcron nean particle size.

[ 0077|m1§“rfa§ I\ﬁ? b€ st'g}pg@d &Oﬁﬂu%\(rﬁ mn%é(f?ys rdRIAS B fhe MuBBR AL Snd suPSERENt clean-
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per gram Zinc oxide AZO/7HSA (from U.S. Zinc, Houston, Texas) has
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nmean particle size. It has a stearate coating which is vegetable derived.

[ 0082|minHRige thegnelt pheargaengpiethgswl, all from R o Tinto Mnerals (G eenwood
Vill age Col orado, fornerly Luzenac, Ml bourne, Australia). G npact(r) 610
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stream. Finally, the treated polymer stream is allowed to cool and harden, to produce a polymer

resin. In preferred embodiments, the additive stream can be added without a polymer carrier.

EXAMPLES

[0066] The compaction of the additives in the examples described below was
performed in a laboratory model California Pellet Mill (“CPM”) pelletizer. In this process, the
mixture of additives is forced through a rotating die, thereby producing compression and

compacting of the additives into a rod-like strands, which are cut into smaller pieces of pellet.

[0067] Friability was measured by testing the particle size distribution of the afore-
mentioned pellets by mechanical sieve shaking of pellets as produced and sieving of the pellets
when steel ball bearings were placed in the screens. In the latter case the impact of the balls
generated attrition effect, thus causing reduction of particle size of the pellets and formation of
fine powder. High attrition of pellets indicates high friability, which is an undesirable effect. A
combination of large and small ball bearings were used for impact during the sieve shaking. The
sieve stacks range from 0.265 to 200 mesh opening. The large balls can have diameter of 0.25 to
| inch. The small balls can have diameter of 1/16 to 2 inch. The sieves were shaken typically

for 5 to 15 minutes.

[0068] For attrition or friability testing of compacted pellets, the sieve test result of

attrited pellet was compared to that of initial or un-attrited pellets. The sieves were stacked with
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Degussa, Essen, Cermany) of nmean particle size about 3.5 micron. [0084]
Cloisite(r) 15A and Cloisite(r) Na+ are nano-clays from Southern d ay

Pr oduct s wGenmalee®s Texas). For both clays 90% by vol umecpass@s/ottsndugh 13
m cron screen. Cloisite(r) 15A is al kyl quaternary amoni um bentonite. It
is a natural nmontnorillonite nodified wth a quaternary amonium salt. The
organic nodifier is di met hyl, di-hydrogenated tallow quaternary ammoni um
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blend (with no polyner) was then fed to a | aboratory nodel California

Pel let M1 o@@g/ Pr 96853 eAndiats R LRl 18 -chdiiBie FEMIRIPREL O atiRRn dfMhdbdiRid 1
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t hrough 6 nmesh screen, and the powder was recycled. Good strands were

f or medlefineibas @SaBPe X% dAPaprasredcasrrdparcasiage. Iikere ésng aimépnyiallePs: sRSnee
Some QQW]% at&ftloqlui%e)pﬁ 1t06% A4 t%?l‘%n?lﬁcrézﬁgs, average particle size of the attrited pellets

is reduced and PS; decreases. That reduces the attrition index. A higher value of the attrition
index indicates better attrition performance, that is, less reduction of particle size after milling

with ball bearings.

[0070] Another measure of friability performance is reported here, namely the
percentage change of particle mass retained on 14 mesh screen, after attrition test. If this number
is small (meaning less change), less attrition or better attrition performance of the pellet is
indicated. This parameter will be referred to as 14 mesh attrition or friability. Note that during

the sieve shaking test, the 14 mesh screen was placed in the middle of the stack of seven screens.

[0071] The additives used in the experiments of the examples are described here.
Evernox® 10 (Everspring Chemical) is a hindered phenolic primary antioxidant (“AQ”) which is
used for processing and long term heat aging stability. It has a melting temperature range of
about 110°C to about 125°C. Erucamide is a fatty amide used as slip agent in polymer film, It
has a melting temperature of about 80-85°C. GMS-52 is a glyceryl monostearate (“GMS”) with
52% alpha-mono stearate content. It is used as an antistatic agent, lubricant and mold release

agent in polymers. It has a melting temperature of about 50°C. Sodium benzoate is a
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pellets. The peak nelting tenperature (by DSC) of the pellet at 10C/ m nute
heating rate was 63. QC. [0087] Unprocessed bulk density of the initial
powder mwown®/068@653. 2 gnl 100 cc. Table 1 bel ow shows trhe/useealoss1$or t he
pell ets produced. The attrition index was 11.2% and the 14 mesh attrition
of the pellets was neasured as 89% indicating high |level of attrition of
the pellet in this conparative exanple. [0088] In Exanples 1 through 23

bel ow, fqr i f i:1] i = S L. bed
Ph CheheldSchedR, RATG G MnPlea o ity Hhe T 2R TalOR PRERRCHL
conpacheldmgaiydiewane afl gelymeThéke pslyptapyiame (SHGWNSodiumhentedid esa hgdhaweltifipe

wei ghed act.j.on ajd was added to,the m xture of four additives processed
ear 11 dr 30 RCY AR SRR R A 6 itk dpn SHanY e es SRV SIE BISHS of 11 ve
additives was hand tunbled in a plastic bag. The final blend was then
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Evernox 10 9.3 8.8 8.8 8.8 8.8 8.8 8.8 8.8 Erucamde 40.2 38.2 38.2 38.2
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potassium alumino-silicate of 2.8 micron median particle size.

[0074] Kaopolite® SF (from Imerys, Paris, France) is anhydrous Al silicate of 0.7
micron median particle size. Kaopolite® 1147 (from Imerys) is anhydrous Al silicate of 1.6

micron median particle size.

[0075] Sylobloc® 45 (from Grace Davison, Columbia, Maryland) is a synthetic

amorphous silica of about 3-4 micron mean particle size. It has a citric acid coating.

[0076] Silton® JC30 (from Mizusawa Chemical, Tokyo, Japan) is sodium calcium
alumino-silicate, of about 3 micron mean particle size. Silton® JC50 (Mizusawa Chemical) is

sodium calcium alumino-silicate, of about 5 micron mean particle size.

[0077] Suzorite mica 400-HK (from Kings Mountain Minerals / Zemex Industrial
Minerals, Atlanta, Georgia) is potassium-magnesium alumino-silicate of 15 micron mean particle

size. It is a phlogopite type mica.

[0078] Mica C-4000 1s a Muscovite mica from Zemex Industrial Minerals (Kings
Mountain Mining, Kings Mountain, North Carolina) of mean particle size 17 micron, aspect ratio

6, and BET surface area of 6.3 square meter per gram.

[0079] Zinc oxide AZO77HSA (from U.S. Zinc, Houston, Texas) has 0.1 micron

mean particle size, produced by the French process.



Wl | astonite Nyad 5000 5 M nbl oc HC400 5 Kaopolite SF 5 Kaopolite 1147
5Silica Sylobloc 45 5 Silton JC30 5 M ca phl ogopite 400HK 5 Pell et

properti esoBoldwes@nsi t y( g/ 100cc) 50.5 49.9 51.3 51. 3 51PB8TAB2®9547335 51. 3
Mean PS (mcron), initial, PSO, 50th percentile 5600 5400 5500 5600 5500
5550 5625 5800 Mean PS (mcron), PS1, after attrition, 50th percentile 625
800 900 750 1050 900 1050 1200 Attrition index, (PS 1ZPSo) X100, % 11.2

14.8 16.4 Xgogh)19. BakbmZulBie 1is® whs @lés@f?d?&i ﬁ&ﬁé}d@ 59”&&11@}@1%(” &ICHAst68 80
60 66 55 53 EXAMPLE 1 [0089] In Exanplé 1, 5 w % wol | astonite Nyad(r) 5000

powderTewa®. used. The attrltlon I ndex was 14. 8% and the 14 nesh attrition
was 74% indicating inprovenment conpared to the control sanple (conparative

l e). t ' I
eas” changdB: noHSBRIAELL Tk Y, CRIRESued RBOG SHRHARR, oty Jupphre!
The r esdgntsing ehlbshy®oey ohbenatedydatchavkEha &Ho000.H medngrartselé fsae €elt has a

stearate coating which is vegetable derived.

[0082] Three talc grades were used, all from Rio Tinto Minerals (Greenwood Village
Colorado, formerly Luzenac, Melbourne, Australia). Cimpact® 610 is powder with 3.2 micron
median particle size. Cimpact® 550C is a compacted talc, from 3.6 micron median primary

particle size. Cimpact® 710C is a compacted talc, with 1.8 micron median particle size.

[0083] Sipernat® 44MS is sodium aluminum silicate (from Evonik, formerly

Degussa, Essen, Germany) of mean particle size about 3.5 micron.

[0084] Cloisite® 15A and Cloisite® Nat+ are nano-clays from Southern Clay
Products (Gonzales, Texas). For both clays 90% by volume passes through 13 micron screen.
Cloisite® 15A is alkyl quaternary ammonium bentonite. It is a natural montmorillonite modified
with a quaternary ammonium salt. The organic modifier is dimethyl, di-hydrogenated tallow
quaternary ammonium with chloride anion. Cloisite® Na+ is unmodified Montmorillonite or

hydrated aluminum silicate.

[0085] Laponite® B (Southern Clay Products) is synthetic layered magnesium
sodium lithium fluoro-silicate, typically with 55% SiO,, 27% MgO, 1.4% Li;0,3.8% Na,O and
5.6% F. Laponite S is synthetic layered magnesium sodium lithium phosphated fluoro-silicate,

typically with 51% SiO3, 25% MgO, 6% Na,O, 1.3% Li;0, 3.3% P;Os and 5.0% F

[0086] For a comparative example, a neat or 100% additive blend was prepared using
the following steps. The additive blend EO (see Table 1 below for composition) was prepared by
weighing out the individual additives, then mixing them in a Prodex Henschel (Kassel,
Germany) intensive mixer. Evernox® 10 (Everspring Chemical) was dry blended with
erucamide (Crodamide ER), GMS-52 (Pationic® 1052 from Caravan, Lenexa, Kansas), and
sodium benzoate 20M (Tulstar, Tulsa, Oklahoma). This additive blend (with no polymer) was
then fed to a laboratory model California Pellet Mill and processed into pellets. The CPM
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EXAMPLE 2 [0090] The sane base fornul ation of powder additive m xture was
used as in Exanple 1, but 5% by wei ght M nbloc(r) HC400 powder was used as
conpact i omoant/oeddsbs m xture of five additives was dry tramhiseaantsis hen
processed in the CPM machi ne, using the sane procedure as in Exanple 1. The
attrition index was 16.4% and the 14 mesh attrition was 68% The resulting
pellets were observed to have a snooth outer surface. EXAMPLE 3 [0091] The

sane has@adieF Whd Akl with f iﬁ&%"l@ﬁ%aﬁ‘djgjltﬁiiﬂ&l WhblF iVt MSRHg@S0 idinRtalie 1,
but 5% by vvelght Kaopolite(r) SF powder was used. This miXture of five
addi t i(L8Y afes3.dpged quﬁﬁleccvawwnmﬁ B ionisalC REY D nfeeth satcprlrbeit Hil Adbligimgnd he

i I . The.attritj. i 0 4
A E R G ol B0 TRty AR i PhD et 39 piR O ot
smoot kupby eknifeiblaleetheXAvRédedin H08Xet. The makee bépelldtoandipakianvat spovdler

additive m xture was used as in Exanple 1, but 5% by wei ght Kaopolite(r)
1147 peraaeh ovaeshuscesenaand Bieprrydes vasirgeychad Sapdatignis werer fopmed darsn Shelle was
dry t - CA{IPR i I!%,@d i dure
as in E&?%%fogn%nﬁ gs'r esul tglirdﬁgg B@ﬂ%’%%soﬁ&rsgﬁlg ser \% §Itd g&h@%eg%ﬁtﬁﬁgut er
sur f apelletTh&hatenk mebing edgxranas (b9 DISG)aofathe pelldidt modHnantteibeptong cite wae

pel | et Qﬁﬁ neasured as 60% EXAMPLE 5 [0093] The sane base fornul ati on of
powder6 itive mxture was used as in Exanple 1, but 5% by wei ght

Syl obl oc(r) 45 powder was used as conpaction aid. This m xture of five

addi tives Hqry vdpledeandikt basite oemrahiiEl howldrembRive R 3IE gtgi0ogcct he
sane procedure as in Exanple 1. The resulti ngr pell ets were observed to have
a snodiahleolbdpwshpwaghe results for the pellets produced. The attrition index was 11.2% and the

14 mesh attrition of the pellets was measured as 89%, indicating high level of attrition of the

pellet in this comparative example.

[0088] In Examples 1 through 23 below, the same base formulation of additive
mixture was used as described in the comparative example above, but additionally 5% by weight
of compaction aid was added. The results are shown in the tables below. The weighed
compaction aid was added to the mixture of four additives processed earlier in the Henschel
intensive mixer, and the resulting blend of five additives was hand tumbled in a plastic bag. The
final blend was then compacted in the CPM pelleter following the same operating procedure as
in the comparative example above. For Examples 1-23, the unprocessed additive powder mixture
had a bulk density of 53 gm/100 cc. Table 1 below shows the formulation and pellet properties

of compacted additive mixtures described in Examples 1-7 below, including attrition testing.

Table 1

Comparative
Formulation (wt%) example Ex. 1 Ex.2 Ex.3 Ex.4 Ex.5 Ex.6 Ex.7

(EO)
Evernox 10 9.3 8.8 8.8 8.8 8.8 8.8 8.8 8.8
Erucamide 40.2 38.2 382 382 382 382 382 382
GMS (Pationic 1052) 46.55 442 442 442 442 442 442 442
Na benzoate (20M) 3.95 38 3.8 3.8 3.8 3.8 3.8 3.8
Wollastonite Nyad 5000 5
Minbloc HC400 5
Kaopolite SF 5
Kaopolite 1147 5
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The attrition index was 16.2% and the 14 nesh attrition of the pellet was
neasured as 66% EXAMPLE 6 [ 0094] The sane base fornul ati on of powder

addi ti ve wDxbuvmesessas used as in the conparative exanpl epchuts2adastsidnal |y
5% by weight Silton(r) JC30 powder was used. This mxture of five additives
was dry tunbl ed and then conpacted in the CPM nachi ne using the sane
procedure as in Exanple 1. The resulting pellets were observed to have a
snoot hsmel §yiosideidsace. The attrition index was 18.7% ang 14 nmesh attrition
of thegpehli€ip was neasured as 55% The pelletized strand hag snooth surface
appear giaghiokepVBbdr [ 0095] The same base formul ation of powdersadditive
m xture was used as in the conparative exanple, but additionally 5% by

wei ght ppidt pesietied M ca Suzorite 400-HK powder was used. This m xture of
five additives was dry tunbl ed and then conpacted in the CPM pel |l eter using

the sapgkRERKKEMBERS | Nsgdie conpapat i vey exasps e. siThe gesul 6189 peblets
wer e ol Pe@nicRnawel, a snooth outer surface. The attrition index of the

pel | et PeaS0Rperdditiand 14 sgosh attristomon 5SS nEESUr B5D0as5H8% p@EBO65800abl e 2
bel ow steamBStrhierohpPBUl ati on and pell et properties of conpacted additive

m xt ur elgr aititohuidtmg attrition testing results for Exanpl es 8-14. Table 2
For mul a@"P@ﬁ"e(wtO/%sEx. 8 §35. 9 Ex. 8% Ex90011 B0 130%8x. 9903 EX05014140er nox 10

8.8 8. @ttitiogingen (BSR) 8 8. 8 E ide 3 3 3 3 3 3 38.2
avs (PE{1%bri ¢ @95@% 44. 2 142?1. 2%2?31432. 2?64‘% 2?34%. 2%4121. 2%\% bg%ioa?%;zovl 3.8
3.8 3. ha‘?%g Uo7y 3 g M ca phloggpi tegdlOOHE - g0 66 55 53

EXAMPLE 1

[0089] In Example 1, 5 wt% wollastonite Nyad® 5000 powder was used. The
attrition index was 14.8% and the 14 mesh attrition was 74%, indicating improvement compared
to the control sample (comparative example). Lower 14 mesh attrition numbers are more
desirable. It indicates less change of the attrited pellets, compared to the unattrited pellets. The

resulting pellets were observed to have a smooth outer surface.

EXAMPLE 2

[0090] The same base formulation of powder additive mixture was used as in
Example 1, but 5% by weight Minbloc® HC400 powder was used as compaction aid. This
mixture of five additives was dry tumbled and then processed in the CPM machine, using the
same procedure as in Example 1. The attrition index was 16.4% and the 14 mesh attrition was

68%. The resulting pellets were observed to have a smooth outer surface.

EXAMPLE 3

[0091] The same base formulation of powder additive mixture was used as in
Example 1, but 5% by weight Kaopolite® SF powder was used. This mixture of five additives
was dry tumbled and then compacted in the CPM machine using the same procedure as in
Example 1. The attrition index was 13.4% and the 14 mesh attrition was 80%. The resulting

pellets were observed to have a smooth outer surface.
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50PA 5 M ca Muscovite C-4000 5 Silton JC50 5 Zn oxide 5 Ba sulfate 5

Cal ci um carbonate 5 Titani umdi oxide 5 Pellet properties Bulk

density( gw0Q0mo)sé@s. 8 54.7 51.8 51.7 52.6 51.4 54.7 MeamCPISEomwo63MmI ,
initial 6000 6000 6000 6000 5900 5800 5800 50th percentile, PSO Mean PS
(mcron), after 1200 1210 920 910 910 905 1110 attrition, 50th percentile,
PS1 Attrition index, (PS1ZPS0) 20 20.2 15.3 15.2 15.4 15.6 19.1 X100, % 14
mesh attrition (% change) 56 54 6GXo6MPT. B8 60 EXAMPLE 8 [0097] The sane
base formnul ati on of powder additive m xture was used as in the conparative

exanpl e, bypogpqdi t TROALMY B biormBIagbh JThPRORRT LRI BniREO W dseud@0adifa
powder was used (a different sanple This mxture of five additives was

dry ttﬁxﬁmbﬁ anbutt A¥nby ovgiglest Eﬁonoﬁﬂtq ell@mog»\eier etasrusgd asgeampaciammaipr Bigdur e
as in t e _ex in I S ave
2 srodtRtiat BTG A ef SRR ryrf e Tty QoA e R IRt b 0 e
to 10.sdfe fppdcetiie BOMPRXaatply a. Sharpduttinglpeleldworsbbsatvieditd ihame afsnidoeh pelet et

surface. The attrition index was 19.1% and the 14 mesh attrition of the pellet was measured as

60%.

EXAMPLE 5

[0093] The same base formulation of powder additive mixture was used as in
Example 1, but 5% by weight Sylobloc® 45 powder was used as compaction aid. This mixture
of five additives was dry tumbled and then compacted in the CPM machine using the same
procedure as in Example 1. The resulting pellets were observed to have a smooth outer surface.

The attrition index was 16.2% and the 14 mesh attrition of the pellet was measured as 66%.

EXAMPLE 6

[0094] The same base formulation of powder additive mixture was used as in the
comparative example, but additionally 5% by weight Silton® JC30 powder was used. This
mixture of five additives was dry tumbled and then compacted in the CPM machine using the
same procedure as in Example 1. The resulting pellets were observed to have a smooth outer
surface. The attrition index was 18.7% and 14 mesh attrition of the pellet was measured as 55%.

The pelletized strand had smooth surface appearance.

EXAMPLE 7

[0095] The same base formulation of powder additive mixture was used as in the
comparative example, but additionally 5% by weight phlogopite mica Suzorite 400-HK powder
was used. This mixture of five additives was dry tumbled and then compacted in the CPM
pelleter using the same procedure as in the comparative example. The resulting pellets were
observed to have a smooth outer surface. The attrition index of the pellet was 20.7% and 14

mesh attrition was measured as 53%.
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was neasured as 53% Both paranmeters indicate inprovenent over the
conparative exanple (or control, that is without conpaction aid). EXAMPLE
9[ 0098] TWe emmesdsase fornul ati on of powder additive m Prurs20@®613Rd as in
t he conparative exanple, but additionally 5% by wei ght Miscovite m ca

C- 4000 powder was used. This m xture of five additives was dry tunbled and
then conmpacted in the CPMpelleter using the sane procedure as in the
conpar at i veo@e@np! ab1d e bERIHLEIWI t}i%efdrﬁﬁx%tl‘&ﬁr&dobﬁ?e&%ﬁ‘ dreBY QopadE@t h
outer surface. The attrition index was neasured as }) The 14 nesh

at t ri tadditivemixthesspiakluding aagiobAedinBotshltp for dxemples 8i-h43I| cate inprovement in
attrition performance or resistance to friability, over the conparative
exanpl e (control). EXAVPLES 10-14 [OIO%?J(%The formul ations and test results
are shown in Table 2 above. Sil ton(r) zi nc oxide, bariumsulfate,

cal cium b te and tit de t f
overl'ltjﬁ‘é’?'%g?‘ﬁ'f’f’)vg exiarrgl I u DI—HEC’)‘AQ/ n%f‘% 'Ei‘ﬂé(r) }rl éﬁ( ge%nﬁ;mance

rrargln or §nly slight i rovemasrgt in trlt n perforna £ oveg
conpar xanple [0013%% Tabl% 3 be |on d pel | et
proper tvé@“ cted pe 31 cIu | cIe §I ze ( %t be e and
after F?tfo bIe3F? Iat 3 . 18 Ex.
19 Ex. N 'ﬂ 22 EX® 23 é\/aernox 08§8 5?88 °8 8.8 8.8
8.8 Er %°§% 23822382382382382382382GIVS(Pationic
1052) 44.2 44.2 44 2 44.2 44.2 44.2 Na benzoate 20M 3.8 3.8

e %"’5 e 80 5 5 5 E

ilton 5

Zn oxide 5

Ba sulfate 5

Calcium carbonate 5

Titanium dioxide S

Pellet properties

Bulk density(g/100cc) 51.8 54.7 51.8 51.7 52.6 51.4 54.7
Mean PS (micron), initial 6000 6000 6000 6000 5900 5800 5800
50th percentile, PS;
Mean PS (micron), after 1200 1210 920 910 910 905 1110
attrition, 50th percentile, PS;
Aftrition index, (PS/PSg) 20 20.2 15.3 15.2 15.4 15.6 18.1
X100, %
14 mesh attrition (% change) 56 54 66 66 67 68 60
EXAMPLE 8
[0097] The same base formulation of powder additive mixture was used as in the

comparative example, but additionally 5% by weight phlogopite mica Suzorite 400-HK powder
was used (a different sample). This mixture of five additives was dry tumbled and then
compacted in the CPM pelleter using the same procedure as in the comparative example. The
resulting pellets were observed to have a smooth outer surface. The attrition index was measured
as 20.0%, compared to 10.7% for the comparative example. The 14 mesh attrition of the pellet
was measured as 53%. Both parameters indicate improvement over the comparative example (or

control, that is without compaction aid).

EXAMPLE 9
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DHT-4V 5 Talc - G npact 610 5 Talc - Ci npact 550C 5 Talc - Cinpact 710C 5
Sipernat 44M5 5 Cloisite 15A 5 Cloisite Na+ 5 Laponite B 5 laponite S 5

Pel | et prwpentomsssBul k 50.5 51.5 51.7 52.6 50.7 52.3 49P8TAR2@95647345
density(g/100cc) Mean P S (micron), 6000 5900 5900 5760 5750 5800 5740 5650
5600initial, PSO, 50th percentile Mean PS (m cron), 760 900 895 880 1000
905 800 1000 950 PS1, after attrition, 50th percentile Attrition index,

12.7°15.3 @0 15 Bhel arfle %s@f&ﬁxu?aﬂ%ﬁ of polvdeP2dd#tiREBhixKre MhsldkedRSHn the
attrition 76 74 69 70 66 7 1 5
comparative example but additionally 5% by welght Muscovite mica C-4000 powder was used.

This mixture of five additives was dry tumbled and then compacted in the CPM pelleter using
the same procedure as in the comparative example. The resulting pellets were observed to have a
smooth outer surface. The attrition index was measured as 20.2%. The 14 mesh attrition of the
pellets was 54%. Both parameters indicate improvement in attrition performance or resistance to

friability, over the comparative example (control).

EXAMPLES 10-14

[0099] The formulations and test results are shown in Table 2 above. Silton® JC50,
zinc oxide, barium sulfate, calcium carbonate and titanium dioxide improved the attrition
performance over the comparative example. DHT-4V and Cloisite® Na+ showed only marginal

or only slight improvement in attrition performance over the comparative example.

[00100] Table 3 below shows the formulation and pellet properties of compacted
pellets, including particle size (PS) before and after attrition.

Table 3

Formulation (wt%) Ex.15 Ex. 16 Ex.17 Ex.18 Ex.19 Ex.20 Ex.21 Ex.22 Ex. 23

Evernox 10 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8
Erucamide 38.2 38.2 38.2 38.2 38.2 38.2 38.2 38.2 38.2

GMS (Pationic
1052) 442 442 44.2 44.2 44 2 442 44.2 44.2 442

Na benzoate 20M 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8
DHT-4V 5

Talc - Cimpact 610 5

Talc - Cimpact

550C 5

Talc - Cimpact

710C 5

Sipernat 44MS 5

Cloisite 15A 5

Cloisite Na+ 5

Laponite B 5

laponite S 5
Pellet properties

Bulk 50.5 51.5 51.7 52.6 50.7 52.3 49.3 53.9 54.4

density(g/100cc)
Mean PS (micron), 6000 5800 5900 5760 5750 5800 5740 5650 5600
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(% change) EXAMPLES 15-23 [0100] The formul ations and test results are
shown in Table 3 above. Talc (three grades), Siperaat(r) 44 and Cloisite(r)
15A i npr owecdotomessabt ri ti on perfornmance of conpacted pel IPeraiSonenctne

conpar ati ve exanpl e. EXAMPLES 15-23 [0101] In the foll ow ng exanple and the
conparative exanple (EQCO, a different die, nanely 1.25 inch long and 3/16
inch dianmeter (L/Dratio of 6.7) was used, and other procedural and

pr oceswitagPs@mdint i ons were simlar to those of Exanple 2. In conparative
exanpl perkf@ebel ow t he additive fornul ation was the sane as in the

conpar MeawvesS griarepl. e 760 Tablbed 1 ak9Ge. |8BOEXanhd@® 24 90he sa0@ addi@dove 950

f or mul BBi.@fewas used as in Exanple 2, nanely with 5% by wei ght M nbl oc(r)
HC400 E'Hﬁg%éplhon aid powder. This mixture of five additives was dry tunbled

and th%‘f{ﬁlon act ed igz_ he CPM machine, Jés ng the saiqsapr ocgdyre as,in i,

Exarrplg, g;, o i’;’éohe C arative exaipl e the attrition i ndex was 38.
S

and they ot trigion was 38.8% Fogg Exanphe 245t he attriti g index
was 72 4%y the 14 mesh aitrition was 20.2% Both parameters for the
Exanpl e 24 indicate inprovenent over the conparative exanple. [0102] Table

4 bel ow shows the fornul ation ali;‘(}?‘%ﬁ/ﬁlj’ﬂ ggg_zgr operties of conpacted
pellets, including particle size S) distribution before and after

attrition, ' ' .ent. di ive . | . 0
S R e B v
Sipernat® 44 and Cloisite® 15A improved the attrition performance of compacted pellets over

the comparative example.
EXAMPLES 15-23

[0101] In the following example and the comparative example (E00), a different die,
namely 1.25 inch long and 3/16 inch diameter (L/D ratio of 6.7) was used, and other procedural
and processing conditions were similar to those of Example 2. In comparative example E00
below the additive formulation was the same as in the comparative example in Table 1 above. In
Example 24 the same additive formulation was used as in Example 2, namely with 5% by weight
Minbloc® HC400 compaction aid powder. This mixture of five additives was dry tumbled and
then compacted in the CPM machine, using the same procedure as in Example 2. For the
comparative example EQO the attrition index was 38.8% and the 14 mesh attrition was 38.9%.
For Example 24, the attrition index was 72.4% and the 14 mesh attrition was 20.2%. Both

parameters for the Example 24 indicate improvement over the comparative example.

[0102] Table 4 below shows the formulation and attrition properties of compacted

pellets, including particle size (PS) distribution before and after attrition, using a different die.

Comparative Example
Formulation (wt%) example 24

(EQO)
Evernox 10 9.3 8.8
Erucamide 40.2 38.2
GMS (Pationic 1052) 46.55 44 2
Na benzoate (20M) 3.95 3.8
Minbloc HC400 5

Pellet properties
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GVS (Pationic 1052) 46.55 44.2 Na benzoate (20M 3.95 3.8 M nbl oc HC400 5
Pell et propertiesMedian PS (mcron), initial, PSO, 5800 5800 50th

per cent i Iwokboi@mss6PS (m cron), PSi, after 2250 4200 att PCTIUSR00956130S
percentile Attrition index, (PS1/PS0) X100, % 38.8 72.4 14 mesh attrition
(% change) 38.9 20.2 [0103] Attrition index can be further increased (i.e.
i nproved) by optim zing the concentration of silicate or other conpaction

ai d i npelign bgt(@broﬁgmit;ai,wgo,m X; by varygsg thesgggpe and ratio of the base
addi ti y@n pLrstidfee; by the use of different die etc. OQther mnerals including

si |l capdieRPs &hsRni, Pl gase the attritiosy i ndexagoUsi ng such techni ques,
attrit h@ioh, BEEHeREnO- 90% or hi gher can be potentially achi eved. REFERENCES

Cl TED Afwios Mabenmeswbs@xabo,of the docunents |isted bel ow is hereby

i ncorpeyated by reference. U S. Patent3g®cunerieg U. S. Patent No. 4,080, 134
U S. Pat eaéh Mpitiob(92<Hang)2 U. S. Patent Jdm 5, 5202857 U. S. Patent No.
5,844,042 U.S. Patent No. 5,846,656 U.S. Patent No. 6,033, 600

[0103] Attrition index can be further increased (i.e. improved) by optimizing the
concentration of silicate or other compaction aid in the total additive mix; by varying the type
and ratio of the base additive mixture; by the use of different die etc. Other minerals including
silicate can also increase the attrition index. Using such techniques, attrition index of 80-90% or

higher can be potentially achieved.
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U S. Patent No. 6,515,052 U.S. Patent No. 6,596,198 U S. Patent No.

6, 740,694 U. S. Patent No. 6,800, 228Wat is clainmed is: 1. An additive blend
for reducwogofwdcsdssl ity of a base pol ymer, conprising: eay/s2aser3asiditive
m xture; and (b) one or nore conpaction aids selected fromthe group
consisting of metallic silicates, nontnorillonite nano-clay, silica,

cal ci um carbonate, bariumsulfate, titaniumdioxide, zinc oxide, and

m xt urepFERENRCGES citftp\herein the one or nore conpaction aids do not melt
into liquid in the environment of a conpaction mll. 2. The additive blend

of claim 1, ryhghghlof Beh BRaR REEhEY Gt BEMGAS ROTBY i@ IPABd BY réTBrcfce.
phenol i c antioxidants, processing stabilizers, acid neutralizers, UV |light
stabilizers, UV |ight absorber@‘sap;gtérﬁt]ﬁ;ch&eg{gent s, netal deactivators,
slip agents, antiblock agents, nucleating agents, l|ubricants, nold release
agents, flame retardants, or mxtures thereof. 3. The additive blend of
clai m 2, wherei J.ShBatbtdeo.ddifi0tidde m xt ure conprises one or nore phenolic
anti oxi dants, and wherein the phenolic antioxidants are hi ndered phenolic
primary anti oxi d&St Batesk. Nd I5e248ckdi2t i ve bl end of claim 2, wherein the base
additive m xture conprises one or nore processing stabilizers, and wherein
the processing q8brPiteaaNs 589, 37osphi tes, phosphonites, or m xtures
thereof. 5. The additive blend of claim2, wherein the base additive

m xture conpri sqs sopgeRNG &14amd neutral | zers, and wherein the acid
neutralizers are netallic stearates, nagne5|un1alun1nun1hydroxyl car bonat e

hydrates, zinc QXigdB,ie@NIEA ES ther eof .

U.S. Patent No. 6,033,600

U.S. Patent No. 6,515,052
U.S. Patent No. 6,596,198
U.S. Patent No. 6,740,694

U.S. Patent No. 6,800,228
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6. The additive blend of claim2, wherein the base additive m xture
conprises one or nore W light stabilizers, and wherein the UV |ight

st abi | i zewe 2aroe06Bionder ed am ne |ight stabilizers. 7. Thecadwseemowersns end of
claim2, wherein the base additive m xture conprises one or nore W |ight
absorbers, and wherein the WV |ight absorbers are triazines, benzophenones,
benzotri azol es, hydroxybenzoates, or m xtures thereof.8. The additive bl end
of cl ayRaids cMhsLEisn the base additive m xture conprises one or nore
antistatic agents, and wherein the antistatic agents are glyceryl

monost earate ("GVS'), ethoxylated am nes, or mxtures thereof. 9. The

addi tilve blAmnaddtivehlandioz redusanediiabilibeoirplbase falyimere@mArging e conpri ses one
or nore netal deactivators, and wherein the netal deactivators are

pr opi onohydrpzbabe sdditi@e nlikmradddti ve bl end of claim 2, wherein the base
additive m xture conprises one or nore slip agents, and wherein the slip
agent s ar e (By owgasti mere mh@ammidmmmrﬂm xheegrunyborsisltingns'f defallir sibitatesur es
thereof. 11. The additive blend of (i %rel n the bauite addi tive

m xture conpri sdBOYRETIGPNIHRENOAIRY: ) '6€’kc ‘é‘ﬁtcér o538 RARRESYAREH BT b] ock

agents are synthgliige Shdd &dde, 334 HiRbres ltﬁer&ﬁ amh&%q% SR more

alum no-silicate, or m xtures thereof. he additive blend of claim 2,
wherein the base:oaqbdctnowaadnd«tlmrreeltmhqlsésn teenprronmoerd ofiachepedtiog midlent s,
and wherein the nucleating agents are sodi um benzoate, sorbitol acetals,
sodi um aro hat sodi um at e r X f e
addi tidve blnigﬁ Oa%gﬁlvg%i (%S clai LY e‘iVIrller tHe hage acc)idltlve nt’u%l(gu?g c&gﬁﬁge% ong ]0§ mo-l%1

nmet al Iphéndlid arﬁaixﬁ&ntsarpebo&ﬁ@xﬁgalsmbﬂhersnemlﬂducraszdm, ctaVelsglarsmu@mea@ smunnght
nmagnesi um al umi no-silicates, sodium cal ¢ci um al um no-silicates, anhydrous

al uni rRETEETS] AHtsEIc agsRts UMb HersEVaiRTSa PiRPaNS ianfiblopk ageris naic(sAling PEELY es,
hydr at&tff ézﬁg“ﬁ% abd %%ﬁ{seﬁ?mé?é%ﬂdg?h @ PHRRES thbegf €S, synthetic magnesium
synt het

sodi um uor o- I C magnesi um sodi um | t hi um
phosphat ed fluoro-silicate,
3. The additive blend of claim 2, wherein the base additive mixture comprises one or more

phenolic antioxidants, and wherein the phenolic antioxidants are hindered phenolic primary

antioxidants.

4. The additive blend of claim 2, wherein the base additive mixture comprises one or more
processing stabilizers, and wherein the processing stabilizers are phosphites, phosphonites, or

mixtures thereof.

5. The additive blend of claim 2, wherein the base additive mixture comprises one or more
acid neutralizers, and wherein the acid neutralizers are metallic stearates, magnesium aluminum

hydroxyl-carbonate hydrates, zinc oxide, or mixtures thereof.

6. The additive blend of claim 2, wherein the base additive mixture comprises one or more

UV light stabilizers, and wherein the UV light stabilizers are hindered amine light stabilizers.

7. The additive blend of claim 2, wherein the base additive mixture comprises one or more
UV light absorbers, and wherein the UV light absorbers are triazines, benzophenones,

benzotriazoles, hydroxybenzoates, or mixtures thereof.
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or mxtures thereof. 14. The additive blend of claim 13, wherein the
nmetallic silicates are potassi um nagnesi um al um no-silicates, and wherein
t he pot aswoumowmgesesi um al um no-silicates are phl ogopit @CmUS2009NBEDVI t €

m ca, or mxtures thereof. 15. The additive blend of claim 13, wherein the
metallic silicates are phlogopite mca or Miscovite mca, and wherein the
phl ogopite m ca or Miuscovite mca are about 15 to about 20% by wei ght of

the additi Vﬁ)ebio%ﬂﬁfe]{ﬁendT@ieclﬁggﬁ,t@H&eilﬂ! tﬁ@GasQ:fadglt?vierﬁlil(tur%_@ﬁlﬁh&st&ﬁ Pkoref
nore conpaction aids are nontnorillonite clay, and wherein the

nmont momtiflend tageotsayands winoddiinf i thel amtistatia ageatse rreargly@mytonionnstsabte. (1GMSThe

additive blend of claim]1 erein the one or nore conpaction aids are
ti tani%l?ﬁxéf,aggﬂd%'f‘e%tﬁa%télreéﬁﬂerf:#e titani umdioxide is coated with a
nmetallic stearate. 18. The additive blend of claim1, wherein the one or

nmor e apnpactiedidaivdshléiCoNeliias 3] whersaghe shsendal e rinngt kbepties @rrirhdrani um
di oxi de, and wherein the potassi um magnesi um al um no-silicates are

phl ogdpsteledeaasievators pndovharan ghemetabdeagtivatns grepropwpalyfdrazides. The additi ve

bl end of claim 1, wherein the one or nore conpaction aids are synthetic

amor pheus  spyd £R%vedRend HEIALID L NGei! tﬁ@%é&f%dﬁ}tﬁ/ie%&mrmgﬁq Fifestdhe Pa9Gte

additive mxture has a nelting tenperature o ess than about 900C. 21. A
met hodslip agents.eqpdrvwigeia thoslimazentsesd erucaoidpr olsamgle, bebatimigle aerbaderpayider t o
produce a nolten gplyrrer stream adding the additive blend of Claim1l to

t he ntﬂrt"é‘ﬁt“ﬁ%gltsﬁrﬁ ‘stream to produce an additivized pol yner stream and
allowi ng the additivized polyner streamto cool and harden, to produce a

pol yneyr, r esFHe additive blend of claim 2, wherein the base additive mixture comprises one or more
antiblock agents, and wherein the antiblock agents are synthetic silica, natural silica, sodium

calcium alumino-silicate, or mixtures thereof.

12.  The additive blend of claim 2, wherein the base additive mixture comprises one or more
nucleating agents, and wherein the nucleating agents are sodium benzoate, sorbitol acetals,

sodium aromatic phosphates, sodium adipate, or mixtures thereof.

13. The additive blend of claim 1, wherein the one or more compaction aids are metallic
silicates, and wherein the metallic silicates are potassium magnesium alumino-silicates, sodium
calcium alumino-silicates, anhydrous aluminum silicates, sodium potassium alumino-silicates,
calcium silicates, hydrated magnesium silicates, sodium alumino-silicates, synthetic magnesium
sodium lithium fluoro-silicate, synthetic magnesium sodium lithium phosphated fluoro-silicate,

or mixtures thereof.

14. The additive blend of claim 13, wherein the metallic silicates are potassium magnesium
alumino-silicates, and wherein the potassium magnesium alumino-silicates are phlogopite mica,

Muscovite mica, or mixtures thereof.

15.  The additive blend of claim 13, wherein the metallic silicates are phlogopite mica or
Muscovite mica, and wherein the phlogopite mica or Muscovite mica are about 15 to about 20%

by weight of the additive blend.
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22. The nethod of claim 19, wherein the additive blend | acks a pol yner
carrier. 23. The nethod of claim 19, wherein the base polyner is

pol yet hylwoepiopesBespr opyl ene, et hyl ene- propyl ene copol ympC3/US2009/067315

et hyl ene- al pha-ol efin copol yners, pol ybutene- 1, polystyrene,

et hyl ene-vinyl acetate copol ynmers, ethylene vinyl al cohol copolyners,
styrene-butadiene copol yners, and m xtures and copolyners thereof. 24. An

addi t11¢p Dl AR ditvpOnfeRAUGEdiil 3D Lidrkind S 381 bl QRorkOciphRSinP Sl TR

conpr|5|ng hin ed phenolic prinary ant|OX| erucam de; (c)
gIyceny@ﬁnmmﬂsh&am&weanddthad:&mlbmnumaﬂkmnandJXesrmmbﬁ@fvnﬁre QEIgIBAOY i on
ai ds sel ect. ed fkom the group consisting of phlogopite mca, Miscovite m ca,
titani{PHeR and mi xtures thereof. 25. The additive blend of C aim 22,
wherein the one or nore conpaction aids is phlogopite mca, and wherein the

phl ogo. t e THeCadditsveablend of .chii0l,abBettin2@80dd¥ dvaherat covipaktien aidi dré \iearndhrand.
26. The additive blend of O aim?22, wherein the ogne or nore conpaction aids

i s Mishoute.andiwhgrein e tipripm; diotide Isveaedwithe mrelia seaspeut 0. 5%t o about
20% by wei ght of the additive blend. 27. The additive blend of Caim 22,

whereipg th tyi J i L oxi.He,
wher o1t N8 GOPROR!L QAR bl LR e,
m ca, réimesuit eluminasileatesiantutimsivinhelicods, atd athorein Qhd Yotagsiabmoutaghiierby

wei ght ~of . the.additive bl end.
g alumino- s?llcates are p}ﬁogopelte mica, Muscovite mica, or a mixture thereof.

19.  The additive blend of claim 1, wherein the one or more compaction aids are synthetic

amorphous silicas.

20.  The additive blend of claim 1, wherein the base additive mixture has a melting
temperature of less than about 90°C.
21. A method for preparing a polymer resin, comprising:

heating a base polymer to produce a molten polymer stream;

adding the additive blend of Claim 1 to the molten polymer stream to produce an

additivized polymer stream; and

allowing the additivized polymer stream to cool and harden, to produce a polymer resin.
22.  The method of claim 19, wherein the additive blend lacks a polymer carrier.

23.  The method of claim 19, wherein the base polymer is polyethylene, polypropylene,
ethylene-propylene copolymers, ethylene-alpha-olefin copolymers, polybutene-1, polystyrene,
ethylene-vinyl acetate copolymers, ethylene vinyl alcohol copolymers, styrene-butadiene
copolymers, and mixtures and copolymers thereof.

24.  An additive blend having reduced friability for addition to a base polymer, comprising:

(a) a hindered phenolic primary antioxidant;

(b) erucamide;
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(c) glyceryl monostearate;
(d) sodium benzoate; and

(e) one or more compaction aids selected from the group consisting of phlogopite mica,

Muscovite mica, titanium dioxide, and mixtures thereof.

25.  The additive blend of Claim 22, wherein the one or more compaction aids is phlogopite

mica, and wherein the phlogopite mica is about 0.5 to about 20% by weight of the additive blend.

26.  The additive blend of Claim 22, wherein the one or more compaction aids is Muscovite
mica, and wherein the Muscovite mica is about 0.5% to about 20% by weight of the additive
blend.

27.  The additive blend of Claim 22, wherein the one or more compaction aids is a mixture of
titanium dioxide, at about 0.5% to about 10% by weight of the additive blend, and phlogopite
mica, Muscovite mica, or mixtures thereof, at about 0.5% to about 10% by weight of the additive

blend.
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