WO 2010/068666PCT/US2009/067315 COMPACTED PELLETIZED ADDITIVE BLENDS FOR
POLYMERS BACKGROUND 100011This application claims priority to U.S. Provisional Patent
Application Sefi41A¢ B0 61/122,247, entitled "COMPACTED PELLETPZEUSABITINAE BLENDS
FOR POLYMERS" filed on December 12, 2008, the entire content of which is hereby incorporated by
reference. f00021The invention relates generally to the field of polymer additives and specifically to
compacted additive Blgpds: PERHYKTIEE P12RiF AR ARSN RPIERTR MBIEB SR pR:RYded in
post-polymerization processes to enhance the processability and property performance of polymers. .
100031 AdHxizescR@iLadulitive 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 eli¥8hce vari®aBNYEREhTAHBE Propbries of e e dawadteriPsigmenadditives
typi;]:ally f@mﬂﬂaqummzmwdeﬁngéanu@@e&@wtiﬂ@mﬁvﬂmfQi;mDE'Ih%e BQQNMES FoR ll)e agded
to the polymer. quring.past-reactor extrusi perations. Numerous, technigues may be employed to
introduce g%%g%§§%s g%ﬁg%gﬁr@éﬁf %ftggogré%e%”é‘&?é’atﬁﬁt ﬁpgﬁﬁﬁéﬁge%%{)gﬁgfg%r%?gsm}r)ry phase
polymerizatisreprocesses, 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 polymégieit} a sitte: aitmeanitiuidelaes ogherrdByviee whichekarimelttheradgitives and introduce
them to the, palymer SRk ?dﬁ?&%:%@§%l$&r WL vpically, be h%a&?é’é}%&"%ﬁz@he%ﬁ{ﬁ%er or other

e

mixing device and pumping of the polymer/additive mixture throug or pélletizing the final
polymer réSREC i GOREPYIBTFHaH AT GsFeReessEdasse Rhg Prprsseaibip gad parppriv sefemanse, the
polymer exttgdiymegactor 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 canqgijackagesalf %&ﬁﬁ@i@%@&h&ea%q%%mr Eseérwodgrlf-ﬂ&%fofﬁﬂe@ gfextruder or
|

other melting device In order to mix and homogenize the polymer and disperse the additives into the

molten poR/REF- WA & SFF0EYRe SRSV e HEnSdRE BBl G rdn Uie pBv g sttt additives
can be intmn_mcieklt}attmrﬁsustage Nidding icamégdtfmratns,dmpml IyarWQ MMMS&@&?&T&U&Z&@%OG?BR}
powder, of¥ig:GRRSERUAIR AL IASINRAR. IR ROl Mitfireds AUDagAe iy YIIRAG throuah a die

for pelletization. Alternatively, in this type of process, the ves can be intro ed via a side arm

extruder. PRECSIHEArmTBREFuA&H B SR LS GV S i faRiEeR it into R THISRBITpBAYMGRStream
where theypargituehenmeisedbataithesfinal polymess-and ineletized. kual efthese tRehaues, the
addition of,the additives in powder form can.be difstLCUH in terms of hapdling and feedé%q, and in the
case of some additives. they can pose & potentalneaith. fire, Aand eSS G FHER It REPSmer system
requires thedagitiition bErdsarratdssthponditid thrtonel Hiine S ndstbeteithe pptedsteededy oerthe use of
multiple fegggasiigreauitadsWhema SigeatB.e 9 Ydeld s Use Gnlli i&a%&%rﬂ%ﬁnﬁ@@m‘% powdered

additives directly for many reasons, In addition to the abgve mentioned issues with handling and
feeding S R R T SRy e R AL AR RO ERT Eea RV BFthe additives
and the adttitve _hm itk m&aﬂexypmypinﬂissb&tammfon@ingcﬁamHimlnddacﬁmﬂxmeﬁhmg device
100041Preparation.of 1ansdisting Agist forms of aﬁgweabd%ng?z r@gf;%%%ég%\m ines g@ra?b'em&

Among these processes, extrusion of the 100% or all-additive pellets has been taught in
the patent & U STSHRANTNGEZ2 107 BIEAT B THEY “Plsse S8 e OBGariFg Crainmdberebiacst Additives
for OrganigxfRolyenesstodeseripesiarat oeessofofrmaleingdaniscisst gianiles efapeadditive hignd including
a phenolic, anlixidant and ARAGIH DRUIAIZELNI0 80 SXINGET o) S; EIPNLNG, 5 Bit,062 entitled
"Process Por%rbtalning ranular Forms o /3&8. Ives for Organic F;%Iyr?lesf}s1 derg%crtl%re%r‘bnr%ﬁular forms of

additive bW HfEsEr B ankrusidrngndelses aThalsdlditieridne iy foreedtifesbgtfa tieto form

strands anRgddhien saithsirABRs AN 10 SRIN BRI IARRRIEL,RBLSRENG: 3RS Berd. atitled
"Low-Dust é(%ilranules of Plastjc Addjtives” scribgs_ extruded additive blend pellets comprising

10-100% AATERIRY GH0a ™ ST R Bt arats s At o ist 8O RE 184S g tfle BRSH & 38bed through a
die, face quitvatdrerimg e widiereater), enothdrabotetlis1 9006 1y . SiePP atent dhlmsH (780269482 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. WO 20101068666PCT/US2009/067315 [00071While the above processes involve
extrusion of additive blends, another technology has been described for compaction of additives into
pellets. U.S. Patent No. 5,846,656 (Ciba Specialty Chemicals, Basel, Switzerland) covers a pellet mill
type compaction process where 2-50% of a 'melt preventing compound' (binding agent) is added to a
stabilizer or additive system to prevent melting of the stabilizer. The relatively low melting binder can
be hindered phenolic antioxidant (AO) like Irganox(r) 1076 (Ciba), calcium stearate, glyceryl
monostearate (GMS), oleamide, stearic acid, palmitic acid, low density polyethylene (LDPE) etc.
100081U.S. Patent No. 6,515,052 (Albemarle Corporation, Baton Rouge, LA) entitled "Granular
Polymer Additives and Their Preparation” describes using a solvent in a compaction process to

improve the yield and quality (lower friability) of a compacted additive blend including a phosphite
ctahilizar A ecnlvvent (e A alecohnol hevane) ic added to the AdArvy additinze hlend and ciritheedrienthvy the



WO 2010/068666PCT/US2009/067315 that pre-compacting (such as in a roll mill) before the pellet mill
operation significantly increases yield of pellets. 100121 The references described above provide for
low-dusting forifs*6144¢fithe blends that can be more conveniently and BeEEF2EN &t To post-reactor
extrusion operations for addition to a polymer. Such solid additive blends can be added directly to a
polymer stream into an extruder or other melting device whereby the polymer is melted and the

additives giahendplanded inin.the amgszerm&m%wﬂighnﬁtﬁwg%gysaﬂynaﬂ%m%m%dgﬂ'\"ARY

[0012a] In a first aspect, there is provided a compacted pelletized additive blend for reducing friability
of a base 6(‘)“‘7%%@%?%@”\&lﬁ?aé‘ﬁ%’érh%ﬁﬁi’ﬁé‘?ﬁﬁwsﬁﬁﬁe(Tﬁdéifi’ésd}aﬁfberé“%ﬁ‘fﬁ%ﬁ’@ﬁ aids
selected frofg tver grouplooBisting af metatidesilicate shemariiveriliogitesdannesiayisiicacigalcium
carbonatepmmuénh@ﬁ%rytﬁ@ff&%@l%ﬁ@& R %ﬂ{il;BtBi%K%% E%%{f&ﬁe%’i%@&%”ﬂ‘%fo”e or

more comgjaction aids do not melt into rg};id In the environmernt of a compaction mill, and wherein the
compacte

|
BRI SRE YT s P B s g 5o I hsredsrilrm  capopel JHIME duriems diSclosure
pertains tchendfipaetedfaddiiveblends inswbitctohighdneling e nanseelting.meiallicaticate, or other
additives a ion.@id, to increase the resistance to friability of the compacted pellets.
In additior?%%] ﬁ%%%ﬁ%fﬁ%%ﬁgigﬁ‘&%ﬁ‘gﬁ Sé{{i%%? tﬁ&“gf&%ﬁ%& rég %3% 3 SSOeFﬁf%EI rﬁf’z%p%}éeﬂ%?ig%i%ndency of
the additiv¥iiiFme e esisarionsrseeastin e njoiopk) fisdcsun eruiist Béureadmdroves the
friability oresittifi@nsnedormnance @ineliets prRoueeRdi:cAMRasTaNdR-aRale LY, Madhe mse of solid
non-meltina%gi%qli@?Lﬁicdfﬁ).ol‘:}frzi%birlli[t% arcld attrjtiq.% sua,}lé/ refer to the %ame phenomenan, wherein the
pellets can generate fine powdar Msids s cERTIRET HaiRg Faep it SF Y peliebe FRe PERistance to
friability ort@thetRyiriddnighiyngtisieaisié y asovitrblitheidingslaredgenerateldhT higlisveefiertectdaras high
attrition pagiaunane sdibsifriabiitiis:gyalpiedin thedaporatory by attrition testing, in which steel balls
are used to impact the pellets while being shaken inside a sieve stack. The traditional binding agents

used in additive ﬁﬁmﬁacti s are relatively lower melti anic.additives, e.g. oleamide,
glyeeryl monostearate, Ir 95%1%(8%8)%60 ﬁé%gé%?seht%%y%g%ve%én eog%?{?gv%a%% : 8,‘%}0’8?%, . It has
been discH%?é?eHPglﬁPﬁisi%@%&Hﬁ‘f%&@%%sn@w@oﬁdﬁ-??ﬁg}r%‘i’f%gi’adaiﬁ%ﬁymbl@ming foimerals, can
Etid thﬁ coprflasting FasesmgCh Jhﬁt iﬁt@ﬁ@l\é@d @tlsitrilmgaerfﬂi”@%ﬂ@%ﬁﬁi@&ﬂ%ﬁ&%@s%?nes) Cf‘g

e achiev - 15], The word_."ngn-melting'.in this disclosyre means that the high-melting soli
binding or%c%;t?ﬁ%gét?% AR doaTsnok %nggl'tg ihto Pgrcficq){ﬁ%nfﬁ 't)ﬁ([:v r@ﬁ@?ﬂ?ﬁ?ﬁ%ﬁsoﬁ‘ ﬂﬁ%ceéft?rﬁ?fg{ﬁﬁ%ﬂgmilgl], that is,
under the '8pefatirgamispefampdditid dibrt wohditisnsbinbiic cormpabttioandracess. Theatioepaction aid
of this disclasiie ixpicaly bas P.raeling PeinlabeneBRORJRISHs M eaniashiR.the-Riqr At (6.9 Ciba
5,846,655&&23@ c?ed bove) whereS% I%w-meltlng solid acts as a blndln%agent; the binding agent

0

melts during Conpaction SR Hel P horiaE DT RBmBBHE s 1y BNeP i PpenEdprtcle. The
word Monertigsatoryorsshiddiscidttnebinediis fratdhdrsodicl catepaction aichedthediselosige does not
diffuse from.Qne PO 19 RRAINGELWIthin 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 action.agd the re é ing liguid.can migrate or. diffyse i ace, to a different
position of lower (in¢ din(ig';)r']%&-:-irgc‘gjjl e%@ﬁge%r? r%?%grllﬂr%lfi%e{] gj %%%ﬂ%/te 6%“8?.5? Tgﬁgﬁl‘égﬁ%v?é' further
differentiadetitesm camedadnpidied dlend thadlpsioroarerihives td SHETicciheitth estpatietizaGaiand high
attrition perermanGe REhISEIRYI G Hadicyed MiLbew e rsaRl Ay SAVERLLREFompaction
technique. 'I;ihis d.isglos E?Fis useful as it will allow better utilization of commercial compacted additive
pellets, bERSHYEHE BEIBENPISuced attrition or friability can be transported to the destination with
less generation of fines. Such solid binding aid technology for attrition improvement was not available
before this disclNM. Petlets Vithtunas b 4igrratithdor mmvasion tHe usePysabisiilinat significant
level of finkespeawdeaxtmbplatierdsiohjeqtionabledRige due it GUStaXP BRI, Qe gxplosivity
issues, et ften represents loss of usable product. 100161 The high-melting or non-melting
types of a %I??l‘\r}gé% ﬁis%a in ﬁ%‘gcgﬂr?é’n %f%&c%ﬁg %%ggﬁgségfé%%aﬁ] g?}gc&%ﬁeiﬂfégﬁﬁm end use, as
they are essentially inert and non-migratory after they are introduced into the polymer resin. This
disclosure is surprising in view of the non-melting, non-migratory solid particulate nature of the
compaction aid. In previously-used compaction processes a low melting material is generally used as
binder. Typical examples are octadecy1-3- (3,3-di-tertiary-butyl-4-hydroxyphenyl) propionate (sold
commercially as Irganox 1076 by Ciba, or Songnox 1076 by Songwon, etc.), glyceryl monostearate
("GMS"), 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. 100171A 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 disclosure, 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, hon-migratory component,
inchiidina maetallie cilicate and <cilica narticleae Ac a ractiilt a miich lower level of fine nowdeaer ic



[0019a] In another aspect, there is provided a method for preparing a polymer resin, comprising;
heating a base polymer to produce a molten polymer stream; adding the compacted pelletized additive
blend as defin®® a¥8{&865the molten polymer stream to produce an addifib¥E&HYEISHEr stream,
wherein the compacted pelletized additive blend lacks a polymer carrier; and allowing the additivized
polymer stream to cool and harden, to produce a polymer resin. [0019Db] In another aspect, there

s provided a comagsied RalalZed adll v Rlsac havineredussd, Msblify oy agdion fo g base
polymer, comprising; (a) a hindered phenolic primary antioxllalant; (Bi1 erucamide; éc) g]ilyceryl
monosteaf&t&qPRY obfitirhcpR frssHEcd {ar @panetisr mbraddiirisatiorraliss sélcotddtsmithe group
consisting Hf4hiogapite SiedaMusearitelsninactitnivendioxidreandpidurasdheresipwhssein the
compacte ' dditive blend contains no polymer carrier. WQ . .

2010/068 6186%_%%%%2 %8%1’3%_&‘?)&‘?3@5%%%%lfEﬁﬁ%@ﬂi’%ﬁﬁgiﬁ%‘%‘aﬁiéﬁfg?ﬁ‘%)?’t‘?{e invention
shown herédithfe Byt eraie oresepriisalyl thesyebriizene it teilinsthatew aridirg dindoimerts of the
invention andisted preastidaniimitdng prncipies AnsapaepiS Ofihecvenfion 1R020GveR helow are the
condensed, and shqriened (and by no means exhaustive) customary definitions, known in the art, of
certain terms r\i%ﬁg(;%f ﬁﬁ%@%@&% g‘é?lrﬁclt?g’r?asp HEGE fé’fﬁé’ dé%séﬁﬁ?g;ﬁw s fhednticic 100221"Base
polymer": the polymer which is to be stabilized, colored, functionalized, or otherwise modified by the

additive or blend S1%8HditiVes: 16638l StpdibiRais” GP st drrmioaeeodonlor neat
additive blentlal tGrmehirdtel ohadditives:sfitefSToatoPapisaand dferisamprgeniswhichis then

blended iniQ {Bﬁ ih olored ar modified, rather than adding the additive,
filler or colorant.ﬁe%a?rﬁ%%@%eg%g%é%%%ggggit wé%}fn@: Lde llzgglétry?dp gﬁéﬁ% 3Ca%cii%g3<cl{5}avﬁts (such as
Irganox 16841058dBMaRERBhY); skitc artissidants derivladargatoss 188eUrdhoXB26);
Ehgsphfﬂﬁ@ﬂ%%&ﬁd?ﬂ(@&&h@é@ﬁﬂd@ﬁﬁ?ﬁxﬁﬁ%%E’e@@lﬂtﬂx@;d%@léﬂ@&faﬁ@gﬁm%sﬂf%|§8weln§t‘(§ara)ﬂf' )
ydrotalcite DH.T-4A which is magnesiym aluminum roxy-carbonate rate); ultraviolet (UV) light
stabilizers” é%!a(jll?'asg I&Yﬁ?ﬁ?g&%’rﬁ@i}ﬁ #ln G 622 %rfaxgoré{ﬁq%@ﬁg?’ ﬁlf%lsé’gfﬁ% 13 §8R%Guch as
sodium berbarey Thenfing agehtiscachasaigis ktibipt8uledimethyl benzylidene sorbitol, sold as
Millad 3988 by Milliken Chemical; antistatic agents (such as glyceryl mono-stearate; ethoxylated
amines); slip agéi8s{sucivas Pauoaiide,ic2amsideHeehaapemitn) astiblosk agenieduehas silica);

and filers (s el ohathanals. Alg, wollaalonie: logenia, SUperbipnarm, ol supetisnd i is a
pelletized or pastillated solid additive blend or mixture, and may be: aS pol}ymer mastarbatch which is
highly loa8bdMBRCHIRTFEE tebingd-Bobslisg weaibrmyiip ) WasTitauiem ¢ produded ivlogiigment such
as a rotofanmger icpcommeaciegipabatizedoadeitive blendiandid)mallaxssyded,peligkaf.additive blend.
100241"Bjpdli id”,ox "hinder:".a low melti r liguid additive, which can facilitate additive binding
during the n%ﬁﬁ‘%gﬂlgr%géé@% ?gnt%lﬁgc Pﬁ’é‘%ﬁggﬁéﬂ&fﬂ?‘é‘ﬂé SAURE ﬁ@ﬁ%ﬁéﬁ%ﬁrf\?gﬁﬁ%m)’an. WO
2010/068668P FRSPOBBAYE 7315 100251 "Melting point": the peak melting temperature of a
crystalline or semi- crystalline polymer or crystalline polymer additive as measured by differential
scanning calorirtétt§] ("D SLS) katathss. inswoisnDe26H ) ehonkty rerint thafinpldomudation resulting
from the cogabinatign.of Hgh a 1ow melting binder, for example oleamide (Jubricant 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
biends.

[0B11] 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



base polymer and additive or additives. [0027]"Softening point": the glass transition temperature of an
amorphous additive as measured by differential scanning calorimetry ("DSC") or other instrument.
[0028]The pellBBZEHELT8r-free 100% additive blend or concentrate, orPSHfemBI&HE3dF the present
invention is composed of two or more components. The components are a variety of additives
characterized by a melting or softening point between 20C and <300C and more preferably between
40- 200C. #41Qz1dhg.editilive pIaNd iSnade) veokakasafdiiye Mshe ARG ANERLMQEe
compaction aids. The compaction aids include one or more mineral or inorganic high melting additives,
present atyéeTg\ﬁf(?SH%téhtration (typically <25%) chosen from metallic silicates, montmorillonite
nano-clay, silica, calcium carbonate, barium sulfate, titanium dioxide, zinc oxide, or others, including
mixtures of any dfthdlse. The Sifseitiedgsisibebriore pepnder Redierprotingisnmespeaddiym
:jnanufacttmagil@m@o&@wsrmeﬁi?ym& m(?a/m_rﬁ@t%jo&dtmpgg_lymw%Flt&dsts;n%éaﬁwﬁ%ror other

evice in w the polymer is.molten in arder to introduce tives to the mer stream.
[OOSO]UnIé‘é]éﬁé%Z?v%i %Y%%%Ci |8°, %{)ﬁg{lﬁ\c}%%%en%%}ﬁ%ﬁ 107§ ?n%ﬁfs gf)%lf?iftl(égtlg’r% \ﬁé%?tf%aWé’iﬁ%t percent
("wt. %"). WicYREraaisoREHing detiglateddby dividigttreinradsditidetsondditiventisytibe total mass
of all of theingeedienisirdnenpbdaie, eXRIESSAkamARICBAIagRFOr 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%. 100311Preferred base polymers of the present invention include polyolefins, such as
various types of polyethylene, polypropylene, ethylene-propylene copolymers, ethylene-alpha- olefin
copolymers, polybutene-1 , polystyrene, ethylene-vinyl acetate copolymers, ethylene vinyl WO
2010/068666PCTIUS2009/067315 alcohol copolymers, styrene-butadiene copolymers, and blends
thereof; and copolymers derived from monomers mentioned above. 100321 The additives present at
100% total concentration (with no carrier polymer) in the blend of the present invention include
additives known to those skilled in the art such as phenolic antioxidants, processing stabilizers, acid
neutralizers, ultraviolet ("UV") light stabilizers including UV light absorbers, antistatic agents, metal
deactivators, slip agents, antiblock agents, nucleating agents, lubricants and mold release agents,
flame retardants and others, including mixtures of any of these. Particular examples of such additives
include hindered phenolic antioxidants, phosphite and phosphonite stabilizers, hindered amines,
metallic (e.g. calcium, zinc) stearates, triazines, benzophenones, benzotriazoles, hydroxybenzoates,
benzofuranones including 3-(4-(2-acetoxyethoxy)phenyl )-5,7-di-tertiary-butyl-benzofuran-2-one,
di(rape oil) alkyl-N-methyl amine oxide, possessing a melting or softening point in the range of about
20' to about <300C and more specifically in the range of about 40 to about 200C. In preferred
embodiments, the base additive mixture has a melting temperature less than 90C, as measured by
differential scanning calorimetry or other suitable instrument. Some examples of additives useful in this
invention are as follows. i00331Hindered phenols are known as primary antioxidants for plastics and
corTh one or more groups of the formula given below: where RI and R2 are methyl, tertiary-butyl,
unsubstituted alkyls, or substituted alkyls. [00341Hindered 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 50C to about 300C, more preferably in the range of about 100C to about 250C. Hindered
phenols particularly useful in the present invention include, but are not limited to: WO
2010/068666PCUUS2009/067315 (a) AO-10, or penta-erythritol tetrakis
(3-(3,5-di-t-buty1-4-hydroxyphenol)propionate), e.g. Evemox 10, Irganox 1010, Anox 20, etc., having
the structure below: (b) AO-1790, or
1,3,5-tris(4-tert-buty1-3-hydroxy-2,6-dimethylbenzy1)-1,3,5-triazineH,3H,5H)-trione, having the
structure below: (c) A0-129, or 2,2'-ethlidenebis (4,6-di-tert-butylphenol), having the structure
below:



OHCcHsSOH , ) / (d) A0-702, or 4,4'-methylenebis(2.6-di-tertiary-butylphenol), having the structure
below: 11,I; Or (e) AO-246, or 2,4,6-tri-tert-butyl-phenol, having the structure below: H3C WO
2010/068666PCT/US2009/067315 [00351Phosphites and phosphonites are Icnown as processing
stabilizer type antioxidants for plastics, including aromatic phosphites and phosphonites. Phosphites
and phosphonites useful as one or more of the highly concentrated additives in the present invention
have a m Mﬂ,ﬁening point in the range of about 80C to about 210C, more preferably in the
range of about 100C to about 200C. Phosphites and phosphonites particularly useful in the present
invention includejobtf=hremofiishuteettahere is (ayvkidd 68oroparis« 2edetirddmatiiphenyl) phosphite, having

the structuigrRelevsiucing tRLAOH 3606 Risrtrdcslinbisitylphenyl) penta-erythritol diphosphite, having
the structure below: (c) (d) (e) 1-Q/

(&) a base additive mixture; and

{b} one or more compaction aids selected from the group consisting of metallic silicates,
montmorillonite nano-clay, silica, calcium carbonate, barium sulphate, titanium dioxide,
zinc oxide, and mixtures thereof, wherein the one or more compaction aids do not melt
into liquid in the environment of a compaction mill, and wherein the compacted pelistized
additive biend contains no polymer carrier.

[0013] The current disclosure pertains to compacted additive blends in which high
melting or non-meiting metallic silicate or other additives are used as a compaction z2id, to
increase the resistance to friability of the compacted pellets. In addition to this benefit, the

compaction aid of this disclosure can also mimimize melting tendency of the additives during the

compaction process in a mill.

{0014]  The current disclosure improves the friability or attrition performance of
pellets produced by compaction in a pellet mill, via the use of solid non-melting binding aids.
Friability and atirition usually refer to the same phenomenon, wherein the pellets can generate
fine powder inside its container dunng transport of the pellets. The resistance to friability or
atirition is highly desirable, as very little fines are generated. This is referred to as high attrition
performance. The friabilify is evaluated in the laboratory by attrition testing, in which steel balls
are used to impact the pellets while being shaken inside a sieve stack. The traditional binding
agents used in 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. 1t has been discovered, surprisingly, that solid non-meiting non-migrating additives,
including minerals, can aid the compaction process such that improved attrition performance

PR Y

{lower generation of fines) can be achisved.

[0615] The word “non-melting” in this disclosure means that the high-melting sohd
b'mding 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 disclosure typically has a melting point above 300°C, This is in contrast to

5



() A0-641, or 2,4,6 tri-t-butylphenyl 2 butyl 2 ethyl 1,3 propane diol phosphite, having the structure
below: ; or (g9) AO-PEPQ,orTetrakis(2,4-di-tert-butylpheny1)[1,1-bipheny1]-4,4'-diyl-bis-
phosphonite, having the structure shown below: WO 2010/068666PCTIUS2009/067315 [00361Acid
neutralizers that may be used include metallic stearate, such as calcium or zinc stearate and others,
magnesium aluminum hydroxy-carbonate hydrate, also known as synthetic hydrotalcite, zinc oxide,
and mixtures thereof 100371Hindered amines useful in the present invention are principally known as
hindered amine light stabilizers ("HALS"). They contain one or more groups of the chemical formula

shown belgiw/ b3 masescormposipdencancbenel iow.REbigh melacylatweight.and;can be

monomeric %r}tolg' ogae&fl{g in na%ureglgl'fge HALS acjditivesnl%sefg as the highly concentrated additive in
the presentinvention ShEud Have A el FETREIA e AAGE DIRBETE SECBeRISEHPOAE. More
preferablytoglicSinisafpdliet theiplke Sbntriorde ntiomiganena imeltintsgoinidmibe mage: eflabout 100C to
about 200G iRk usRiphas iR iakcancRRalR6-AAU G R RLeSRALIMENian nclude. but are

not limited to: (a) HALS-1 19, having the general structure shown below: 7 where R'is also known
as 1,3,5-TPEANEIS™ B-6sirby N Rmqa 1 BYeoh dheselid BRdjg2id-Ridp ity loompacted additive
(1,2,2,6,6-pentammedhysd-piproinygRiaguinenk, dbntt aznerdey Limnal-dpropanediy L bis [N *,N"
dibutyl-lt,l\ﬁ;—bis& t2’216 GEpentamethé/I-4EP'Peridin 12—1; nggo10/068666PCT/U820091067315 (b)
HALS-944" Ear% ¥ én elqg"ﬁru%?ﬁ rrem a(')tW?lrb ]eﬁ (51\?\/3 ate to & difierent position of lower (including

zero) concentration inside the additive pellet. The disclosure is further differentiated from, and

5a



, Wwhere n is 1 or greater, also known as
Poly[[6][(l,1,3,3-tetramethylbutypamino]-1,3,5-triazine-2,4-diyl][(2,2,6,6-
tetramethyl-4-piperidinyHimino]-1,6-hexanediyl1[(2.2,6,6-tetramethyl-4-piperidinyDimino]]) ; (c) HALS
20, having the structure shown below: where n is u 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-tetramethy1-4-piperidiny1)-polymer with

2’4’6'tri0h19{é96¥33’§03£i% BQQF%%@QMQ%%MHEE@P&{%%&PM@%WH?t?n% performance of
N-butyl-2,2,6,6-tetramethyl1-4- piperidinamine; f/(d) HALS-3346, having the structure shown below:

where n iSRSt AN B B H68EBE BE T 195500806 P18 mPacigaderbigns d8ipoly
[(6-morphdlisstrianieed241diyi ERyG Gite tri vty bZbpipenicy] cimpeoitch eddimetillane

[(2,2,6,6-tetr 1-4:niperidyl) imj ; AL $-3529, having the structure,shown below: where n
is1or gre%?g%rrl}lg%xa..s%lEn%gv@n%%d%glﬁéigﬁe%%ﬁ?ﬁ%gﬁ?ﬁb%iéﬁ?,%?g%tgﬁr%{%g ??i/rf-if’-rb%ghridinyl)-,
polymers V§ith §ersipHeniné 20856 Judhrorst Pindsugr pditrshipolpex Lie- BHAL pra iR o REnstiueAS rBoshown
b?|0W3 2SO KNRMR ass disglosu.re: Pellets with undesirable high attrition gn*rive at the user’s facility .

D e B E e B L & ey prgpanecioate: (0
alsoknowrmgs(doN; -bigforimigl-dNSbis-{ 212, 6{Btetparsrath yds«e Diperidimyd)cthexamethylend aminel; or
(h) HALS-5050, having the structure shown below: WO 2010/068666PCT/US2009/067315 where n is
1 or greater. [008@id)e HALS midhitivemean bewithammangmeic.aaan-eligemeriaisesigally hindered

amines. 100401 JIIARINGS HASIHLIR LE-PEFSRIRIVERURR 85 1LY Jightahsorbers, Sontain one or
migratory after they are introduced into the polymer resin. This disclosure is surprising in view of

the non-melting, non-migratory solid particulate nature of the compaction aid. In previously-
used compaction processes a low melting material is generally used as binder. Typical examples
~are octadecyl-3- (3,5-di-tertiary-butyl-4-hydroxyphenyl) propionate (sold commercially as
Irganox 1076 by Ciba, or Songnox 1076 by Songwon, etc.), glyceryl monostearate (“GMS™),
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 aftriting particles or conveyed in manufacturing and
handling processes. Under such conditions the compacted material generates fines. In the present
disclosure, 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 ofa non-melting, non-migratory component, including metallic silicate ﬁnd silica
particles. As a result a much lower leve! of fine powder is generated from the compacted additive
blends {compared to other known blends), thereby improving the economics of the

manufacturing and peliet conveying processes.

j0018] The compacted pelletized additive blend consists of & mixture of two or more

additives totaling 100% additives, that is, no polymer carrier is present. The compaction aids in



more groups of the formula shown below: 100411Triazines useful as the highly concentrated additive
in the present invention should have a melting point in the range of about 80C to about 210C. More
preferably, triazines useful in the present invention have a melting point in the range of about 100C to
about 200C. Triazines useful as the highly concentrated additive in the present invention include, but
are not limited to:-  LS-1164, or

{2-(4,6-hist; d:cimetbytphenyd)y higirsiazinmin Hialoshiowy)ypheneli.haviag:thessiructure shown
below: CH%OOMéBe Z0 %gnones useful in the present invention are principallfy known as UV light
absorbers “FHES ¢ Wé{%ﬁ 16% S PRGIEY BT AREOFRRIFRS FBWIF BeiBtrangfop! from about 1
2010/068666 PTH /43820094067 3i5f10304 Bt Behzophenorias ssefulpsite, highlieopeanibated additive
in the presgahiaygqtiop oW daveAmelinaRait i 1e taage of 2040 abaul 244G. More
preferably, benzophenones useful in the present invention have a meﬁlng point in e range of about

100C to ab8ift ZoveCfIpalsted 26tiiedisad: deriase aidipresest invhnrspeairdiniessicipally known as
light absorpersalfhey caiitain anxiossmaregroupsat thefaxdnuashaws helowisk0Q4aLBenzotriazoles
useful as the highly concentrated additive in the present invention should have a melting point in the
range of a%guﬁ%%%egé %llpa%nﬂ? &8&3!%?%%@ erably Henzo rslg?glé%m@seéﬂr?n\{ rea[é)%élggngkl%svention
have a mel#ig RS iERPHEYshyalsr 10 Crecatiorarzed OroBssizettiaesies ose il g tHetnigty

concentratgd-agaitiver the presenimuention iactids. buhaaatimited 10aitve R S:284, or
2-(2H-benzo iazol-2é¥l%-4,6-b'550(1-rr19thyl-l-3£1§n lethyl)phenal, having the structure shown below:
(b) LS-3267 SPOHREREB AR 2oNurd 5 251 &F%&Hpﬁﬁﬁ%j?él%ﬁWB%%gé?&éﬂi‘é&o(@E%\?M&'fthe
structure siowh belamest W20 H0MRG86B6P BT S2009006[/BLEtHE  These(chrhTnAaV adatitive
2-(31,5s-disiefbuty ey droyyRRRMP-GRIRIAREN SatiazRIc. faying e SUUSHAG. QU R below:
polymers whereby after polymerization, the polymer is fed to an extruder or other device in
which the polymer is melted in order to introduce additives to the molten polymer stream. Such
additives are essential for maintaining and improving the properties of polymers and for adding

functionality or other performance features to said polymers.,

[0019]  Using the techniques of the present disclosure, biends 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 casily 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 pelietizing,
or simultaneously fed to the final melting, mixing, and peiletiﬁiag 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.



(d) LS-328, or 2-(2H-benzotriazol-2-y1)-4,6-ditertpentylphenolhaving the structure shown below: HO
(e) LS-329, or 2-(2H-benzotr ol-2-y1)-4-(1,1,3,3-tetramethylbutyl)phenol, having the structure shown
below: Ho ; or (0 LS-3033, or 2-(2H-benzo azole-2-y1)-4-methylphenyl, having the structure shown
below: WO 2010/068666PCPUS2009/067315 100461Hydroxybenzoates useful as UV light
absorbers in the present invention should have a melting point in the range of about 80C to about
210C. More preferably, hydroxybenzoates useful in the present invention have a melting point in the
range of about 100C to about 200C. Hydroxybenzoates useful as the highly concentrated additive in
the present invention include, but are not limited to: LS-340, or 2,4-di-tert-butylphenyl
3,5-di-t-butyl-4/R/ 8 xyh 8RBt aseal G eHR RSN RS A SRR P DRIRRAF 1672 RONTTRT <, \,II /'

100471 Aestistaticoagients that may be used as part of the base additive blend include glyceryl
monosteasate {'EMSYyethaxylatea amines papdothiersyincluding mixtures thereof. 100481 One

example®fa el@hdracivrairtiisaddbis 63, bs ditreaydan iy ind raygheyphe RyBapI opionyl)
prﬂpgn@%hygefazéd% QRRSLUYIRE Ysadh agwel dncldaing LaxbEeshale e 1%04;18hp_ aglegts can
Inciuae,,10r e,.enr : eamiae,..nener | C otners, Includin

Y ce?é%g‘% pbéy&ei%‘gﬁklgﬁ?ﬁé a%w%g RENEARIILS, SHeY, t%%éct%gé%n 9

mixture teﬁege?.s Og) rgl%orcre %gents hat can be included In additive blend include synthetic or
natural ﬁlgﬁ, 'sodium caicium aldminio-silicate, and others, including mixtures thereof.

[0018b] In another aspect, there is provided a compacted pelletized additive
blend having reduced friabi"lity for addition to a base polymer, comprising;

{2} a hindered phenolic primary antioxidant;

(b} erucamide;

{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, wherein the compacted pelietized
additive blend contains no polymer carrier.

Ta



100511 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'-m‘<¥91§/%%5’5?§f4,6-di-tertiary-butylphenyl) phosphate; sodiurﬁ%&?@’éfﬁﬁﬁthers, including
mixtures thereof. WO 2010/068666Pa/1182009/067315 100521 The compaction aids that accompany
the base additive mixture can include metallic silicates, montmorillonite clay, silica, calcium carbonate,
barium suligie atifariuprdioriderigne oxide, and mixtures thereof. [00531Metallic silicates useful as the
compaction aid additive in the present invention should have a melting point in above 250C. More
preferably, metalt§fi@htes Usetattieutbre pfdbentientntisyaverainretihg pamehboveabout. 300C.
Metallic sitfgafes-diariish as hecampactionaiduinde presentinyention nsluda,but argmet limited to,
potassium magnesium alumino-siljcates, sodium calcium alumino-silicates, anhydrous aluminum
silicates, gg@ﬁﬁz&eﬁ)ggggfﬁpﬁs i dlite4tes, calcium silicates, hydrated magnesium silicates, such as
talc, sodium alumino-silicates, synthetic magnesium sodium lithium fluoro-silicate, synthetic

magnesium sodidf? tkniuFipbBpR%N e fliforerdmestendrshmstanedd and Ryote [esB1FHapB@ssium

magnesiutasadumniy GeSiliciaigsiean e phl egopitemisdeuscoviiconica: @ aenistiasthesaohlf the
compactiotﬁ adgl i§. m d OfJ)h ogopite mica or Muscovite mica, these should be present at about
0.5% to about 20% ]l% %vfg%ﬁltl gf]%ﬁ%'additive blend, and preferably 3 to 10% of the additive blend. The
phlogopite mica ngél scqy%te micg can alsg be present at about 15 to about 20% by weight of the
additive blend, si¢h’s wheh thd BERE additie FRRE e RALCE nidititg Bempabiitsd of fi¥€dhan o0c, as
measurediby diffeiential stanmisgeslidkmiattcorddiier sutellefngtitineent, or in other circumstances if
such a concentration is desirable. 100551The montomorrillonite clay used as a compaction aid can be
modified with a guagrnaryagmesiyssalt"T0abtTjaniena ioxideouseehas adearnpactignraid can be
present at bou%ro 5% t?d%Q%gtf%p% bgkwelght 0 thh additive blenqiic lhle tan{,lﬂgg d(él(liol)éltde can also be

. S
. gncen ate o1 a 1 ers, colora a1l ther components w then o the
coated Wltch a metaﬁllc stearat€, SUC?“ as ca?mUm s?eara‘te, agnesium sfearate, or zinC sEearate. In

addition, thRscaphyaetisn kidtebilisse ohisadie ofeitdisitirtioxibe andingicas eitisivphidigopite or
Muscoviteyolb fis€Repamishiresiamsed hep thedianinmdioideshould prefarahiyhe present at about

0.5% to about 10%. hy weight of the additjve blend, and the mica should be present at about 0.5% to
about 10% Bt ﬂﬁ‘elgb%itﬁ\\gllgéb ‘H%WW@%@&@?B%%%%&@%%%@%P@&%@i D571 RA% fHpaction aids

can also iptsplesynthetcidume (pinbus SiickasphdsERA aibbut 6.8 Meto(albut 200wbyswaight of the
adlive blerd AER(orabLAA Q40160106 adive, IROr, AORSRLTE REIMADLBRYERAdliive or

additives present at total 100% concentration (including compaction aid) in'the Superblend of the

present inVentiSRIESH MG HaifR S KBNS Hho B HIME A KtierP e ariiBkla areisalighit stabilizers,
acid neutraliners(sarid ethessimat istedatSpediiitydxarapes ofuilie addiivesclyse-hinsiengd phenolic
antioxidanis, gsR"Uies:oh aSRNANeS: Nade el ames, (raaines. benaaphenanes, engotrazoles.
and metal stearates where the peak melting temgera@ure of the additive 1s In taf%e range of femperatures
typically USEEFRY pieiesdestilolstinsybicdh sminsspCsty atasais300<. Additisprilg. tiréesuiderblend may

contain otheeagdivesandonetalslicaiansilicaiagthears. 100594ikypicallimvheRREgPaHRY a
pelletized_adgditive blend (e.g. Ingenia Superblendrm), by way. of example, an antioxidant blend, the
compactir%oqgabséorgf%h ighé%?r%%cij% %Ffjetr{ﬁg?r%ﬂgn{% iégr?i %Aﬁql%}éjratuﬂé ?e%‘g].ef%ﬁqn%r [9?88@5@%@04%
temperat@sisy enleadditivaixrirturadises lypishibphonabousSharhydutios GigBiybseduenily the
temperatyrialthecemunscied sddiliva.neligtizad:ilend m@q%aeueéebéﬁr@qkﬁmf%ﬁa%ﬁ- Rzogr binding of

the additives can lead to the formation of dust from the blend. It has surprisingly been found that the
friability of ¥RECEBIF: Sﬁﬁf’%ﬁ‘}tweﬂéﬁé?@’aféﬂ?’péﬁ%@h%"tﬁ@é‘i’f&i%#b‘?E‘i‘ﬂijd“ﬁFng%Iting
metallic silicate, silica and other compaction aids to the base additive mixture. [0060]The current
invention also pt¥afs to BEEeriescorsitetion procassingr prodideid peditivsactbitiadaitive blends
using highesietiag e bmeling.nen niaiaR solids as CapRasiondidsthrse saligdnclude
silicates abrll‘ginglsoi not m%ltti duqinrgg the compaction process. After the preparation of carrierless (i.e. no
polymer presen6 a&‘é’ﬁlvé)rﬁ?le%ds, 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. fh 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 WO 2010/068666KT/1182009/067315 efficient mixing of the additives within the extruder at
regions such as between the extruder screw and die wall or in mixing sections containing kneading
blocks or other mixing devices. 100611In the compaction process the additives blend, which may
consist of a phenolic and phosphite antioxidant and a metallic silicate type or other compaction aid, is
fed to a compaction mill and forced through a die to produce pellets. During compaction the polymer
additives are subjected to compression and shear forces which cause may attrition of the particles

even as they are being compacted into pellets. 100621 The first step in this compaction process is the
faadinn of the additinviece tn the



pellet mill. The individual additives may be pre-blended and then fed to the afore-mentioned pellet mill
or they may be metered independently. Pre-blending may be accomplished by weighing components
and tumble m¥XAG 8% gether. Blending may be accomplished by anEFE{HEym%Pﬁzm in the art,
including, but not limited to hand mixing, tumble blending, ribbon blending, and high-intensity mixing.
Metering additives independently can be accomplished volumetrically or by loss-in-weight feeder by

any means knowgpizjhe amem@@?;i&hpza@,@itbeaﬁ Hdeaddiiehiengdraeemiad ag.pellet mill
The pellet mill Ta be of any tyl%%f own to those in the art. Manufacturers of such types of mills

include CATHSPHIZPERBETNI (T rAWTONISy ! it e StriBeai Q. & PARSHINY, XeB0 ¢34, Kahl
and Muncte{@erstrai{iySariol B kes:tneusiries. (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 fixqgdodig and‘TaiBting reler, Roikahlmillabheanand crmpiessionbataeenibe roller and
die and alsg betyeen th terial and die can cause attrition of the granular or powder additives as
they are bgeﬁ?]egg SW%‘%%%‘%%%%?%B’ %%ﬁlzé%]ﬁufﬁsé 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 iﬁ?ﬁﬁﬂbes and TR R CHER HRTS RSt PREALE Hidb AR it it sased
resistance:fonattiitivibptiifferoompactec acdiiresiyiefid REtats o fRH64dDumEmY the compaction of a
low-melting (typically less than 90C, measured by differential scanning calorimetry or DSC) additive
mixture a problepoggn betgxprIiancad fHENgprovessiagiwamealyformatienef smelipinsideithe mill. In
such an upesiable suation the. WO 2010068686PCT/US2009/067315 mil 123 8 be stopped or
shut down, ftoﬁd)wedrl Ey removal of the adaitives and sucgsgquen%'c eanup B fachine. The melt
phenomerbAdSEH t5ec harsgiateadoiy pr opsdlingcts ctiBenbizdieist GuneralRR16vwd D3 Hgwndomdiameter ratio)
dies redugr:taeignadancs abmetipfermation. When silicate or other binding aids of this invention are
added at 10 to 25% wt concentration to the base low-melting additive mixture, the melt phenomenon in

the compaction iyggjber i signifianiivipduned. Wierehvnareasing e apetating.eficieney of the

process. Preferably 15 to 20% wt of the silicate or other compaction aid of this invention is added to
the base SBEIRAREIR%Ktre T@erﬁﬁﬂﬁ’ﬂ%‘é%@%é}Flﬁﬁ%ﬁﬁﬁféﬁB‘i}F‘?ﬁﬁW@ﬁHiﬂ? NSOBSICTHE CEAERE invention
also pertaingitio, meitd forpiepacngapoimearsrsin. ¥bedfirsihstep ifde heatiie Hase:-polymer to
produce 2, MAlISARONESLI S NeXt e a0 diive, bieng, descriied aboe.s dedt 1o e motten
polymer stream to produce an ddditivize pé’lry?mer strea’m.alglnally, f& rreated. pofilmef tréam is
allowed to°EE8! airiisErdapiLidnprvtiiessaeholyrmehresinl ia preteriend énvbutlimeptynberesiditive stream
can be adglgguwithoutRA0lymenhsaehEX MR Eer AR68LT he-conpactionof the F}d%&es in the
examples,d?sfi:ribed belowy was ﬁP](I]erfo(gm(-:'d ina ha, oratory model Californja Pellet Mill ("CPM")
pelletizer. Tn' thid pPB B il MiHGT & O s iR hs 6 BEE BiFo TR A Bt AL di® tHER B Sproducing
compressidditird iodhegaiying efthwe.additives into a rod-like strands, which are cut into smaller pieces
of pellet. 1006711Friability was measured by testing the particle size distribution of the afore-
mentioned pellefsoby]medhsisicakisieviesshrkingiol pplielis asaresdiseedname sievingebithergellets when
steel ball bearings were,placed. in the sgreens. In the latter case, the impact of the balls generated
attrition e ecv:vtt,3i 95 eégl%nsti éN Féé’u?:’tiontb Op%rﬁccl%msa(z)réeg? 't%g:ﬁpc(ﬁf‘et%g e'é rgpdgrlﬁjrttloen%?sﬁr%q §8Wder. High
attrition ofpfélersiihbchre o kighdisatility olviiehnis eruin de shablaeffeckbceethiimstiontafelarge and

small balllpasingsiwvere yeretiien unmact dwingdheisisyershakings 1hg:sievestagks rangs from 0.265
to 200 mesh opening. The lar e1b lls can have diameter of 0.25 to 1 inch. The small balls can have
diameter & ﬁj‘g)ge{%‘%ztfﬁcﬁtﬁ%% §§\7§ Hhera ‘é’ﬁ‘éll?re:% %&p/f’Cally for 5 to 15 minutes. 100681For attrition
or friability testing of compacted pellets, the sieve test result of attrited pellet was compared to that of
initial or un-attrit@8blletd reREgibasPRIEPE S AL RIS BOLCRoBRE EBh EF S POD8I06 7315 the
coarsest megrhssizgethig gost-apeniaPonisiogtens, witly the-sapsesutimdinsescepnsaeagath it and the
pan at the bottom of the stack. The sequence of sieves was 0.265 mesh (top), tﬁ}le 4,8 14, 18, 120,
500 mest SR o s T ey B S S e R A AR Bl e,
The sieve stack was shaken for 5 minutes on a mechanical sieve shaker. For the attrition test, ball
bearings were added to the sieves as follows: seven 5/8 inch diameter and twenty 1/4 inch diameter
bearings on 4 mesh sieve; three 5/8 inch and t&n 1/4 inch bearings on 8 mesh sieve; ten 1/4 inch
bearings on 14 mesh sieve; and five 1/4 inch bearings on 18 mesh sieve. After shaking with these
bearings, the earlier procedure was followed. 100691 Two parameters were used to characterize the
effect of attrition of the pellets. They relate to measures of the attrition performance of the pellets.
From a typical particle size distribution curve, the 50111 percentile median particle size of the initial
pellets is reported as PSO, and that of the pellets after attrition is reported as PS,. The Attrition Index
(or friability index) is defined as (PS,/PS0) X 100, expressed as a percentage. If there is no attrition at
all, PS, = PSO0 so that the attrition index is 100%. As attrition increases, 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 hearinnoe TONO701ANnothar meaciira nf friahilitny nerformance iec renorted here namelvy the



10072]The following solid (i.e., non-melting under compaction conditions) compaction aids were used
in the experiments described in the examples below, each additive being used at 5.0 wt% level.
Wollastonite NY2d{F)B&6E was obtained from Nyco Minerals (Calgary, ABEHE2EA4EHA). This is
calcium silicate of 2.2 micron median particle size. f00731Minbloc(r) HC-400 (from Unimin, New
Canaan, Connecticut) is sodium- potassium alumino-silicate of 2.8 micron median particle size.
[0074]Kaopaliie( Rl AHam Iners RRtiRe KEaRGRI, apBYMS R Slkcate Qi mictpmedian
particle size. Kaopolite(r) 1147 (from Imerys) is anhydrous Al silicate of 1.6 micfon median particle
size. [007 518 IBOTOST 4B HORTERL¥E Davison, Columbia, Maryland) is a synthetic amorphous silica
of about 3-4 micron mean particle size. It has a citric acid coating. [0076]Silton(r) JC30 (from
Mizusawa Chem¥82IT okyldie JagurTpiesseitith 086t dierpinbasitie Andthofoalssirr Pehigrdhitean
particle SiZ_ﬁ%li ﬁ@tﬂn&i)é%%gﬁ%éémZHM&QE@%@HQ%EV%@@M&%CMe%MWBQnsilﬂg?&ze,chfhaE?.Ol(th > mitlzron
mean particle size. uzorite mica 400-HK (from Kings Mountain ) s,/ Zemex Industria
Vinerate, RUEEAUS e AR SR e - A B e BLR Shtile size.
It is a phlogolpitagyp¥ HetiaHBoTeiMita @id000 s mitlideavitetaicaliPogeZemsiblomduagriad. Minerals
(Kings Mowpigi¥iniRgks KingsMaumiaimo NorR &A51RR) Al meamRAHICIE 812644 MigiRfhaspect ratio
6, and BET surface area of@% square meter per gram. [0079]Zinc oxide AZQ77HSA (from U.S. Zinc,
Houston, FEXHES HEs%1 Fhidish medHBRREESE, Brodthdbiase iiuftmisrstdsaeyts
2010/0686666X@iTS 20094087 3108 HDAPOdBarurhiSuifatéindsddvasitesigaatid Bartex(giu6s, from Hitox
(Corpus Chist Lexas)- (AL HuiaialEls R bl oM IRyma bickoua Chemigalboky o, Japan)

is magnesium aluminum hydroxy carbonate hydrate, and has a 0.4 mean particle size. It has a

stearate cBEHavRdA-1<-degetiphosentay! Jobgaierias Rty yPatredursré- o adimisofilRio Tinto
Minerals ((kgenwetd Mitageskal) radasioimetiitigzenatNelhoirne uiustialia) aksmpacigr) 610 is

powder with 3,2 micran median particle size. Cimpact(r) 550C,js a cam talc, from 3.6 micron
ecian pivity P Lt MRS A TR Sl P D IR b el

Is a‘tompacted talc, wit micron median particle

size. [008ST g EnpREO NS PsldidfUI aRMiiFfUatiiésg derpmtmedaik tar ey Dewusead Essen,

Germany)uofdieamharticierizeAbout S 2 MigianukS084ddloishe (b dhARRd o isitRinNa+ are
nano-clays fré)ﬁn St.k(‘).uthernt.CIaayé Pr(zﬂkc)ts (Gonzales, Texas). For both clays 90% by volume passes
through 13 micrOn geresn. Biisite r3 DR is alkyl quaternary ammonium bentonite. It is a natural
montmorillonite modified with a %ljpaternary ammonium salt. The organic modifier is dimethyl,

di-hydrogenated iy qUkitelriatyphrmirofifukRWRFE RIGRHE aioR debidwepiticang Grmitified
Montmorildmi&emrbygd@aﬁedfaharf&nﬂmgﬁﬁeat&id@%SlLaponite(r) B (Southern Clay Products) is

synthetic layered magnesium
2

RT
where Ry and R; are methyl, tertiary-buty!, unsubstituted alkyls, or substituted alkyls.

[0634] 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:



sodium lithium fluoro-silicate, typically with 55% Si02, 27% MgO, 1.4% Li20,3.8% Na20 and 5.6% F
Laponite S is synthetic layered magnesium sodium lithium phosphated tluoro-silicate, typically with
51% Si02, 25%RGBE¥85Na20, 1.3% Li20, 3.3% P205 and 5.0% F. 10888114 %otHhparative
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 Prode e léggﬁ@g e i e emical) was
dry blended Wlthﬁb;’ll?({?r?’l?dg Q( roda%%gg%éﬁsag VEP?&%\%%ﬁ@S%g #%rﬁgggavaﬁgi%aexa
Kansas), &rid S6EIh Beligssie 9ok ‘%T’?ﬁs?tg’retfu@"@ 1S RBREFC PRIE4dditive blend (with no polymer)
was then fed to a laboratory model California Pellet Mill and processed into pellets. The CPM WO
2010/068666PCT/U$2009/067325-¢ompactor was run with a 1 inch long and 3/16 inch diameter die,
that is, length to diameter ratio, (L/IﬁLj 5.3, speed of 521 revolutions per minute ("RPM"), feed rate of
about 316 Ibo/hour, and motor Ioad—ﬁif about 60%. No external heating or cooling was used. The
pelletized strands were cut by a knifé- blade, then collected in a bucket. The mixture of pellets and
powder were sieved through 6 mesh scfe;en and the powder was recycled. Good strands were formed

under stable co ditio uIt| et sho d some qr dust on the surface
of the pellets. The péﬁt‘al{%q%?ﬂng t;f#;%?& %@%}6@&% Ie‘tm ﬂ%% rf e ’hetg?zng rate was
63.0C. 10@8?51@Hp?ﬁc%ﬁs@@*@uh@ﬁé&ﬁwm%héelhﬁm?powder mixture was 53.2 gm/100 cc. Table |
below shows the results for the pellets produced. The attrition index was 11.2% and the 14 mesh

attrition of the peIIets s easured ds 89%, indicating high level of attrition of the pellet in this
comparative examp 00 EF ples 1 through 23 below, the same base formulation of additive
Ny

mixture was use S d > d\ eicomparative example above, but additionally 5% by weight of
compaction aid Was, e Tﬁé results are shown in the tables below. The weighed compaction aid
was added to the mixture ¢f four addifj ives 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 th&ﬁf’dﬂl9@'h%t%fguﬁwmgbﬁtg%45@@1%9%@}59&9503%@%%&&%%%mafatlve example
above. For Examples 1-23, the unprocessed additive powder mixture had a bulk density of 53 gm/l 00
cc. Table | below sho 3\3 fofrmqlatlon and pellet properties of compacted additive mixtures
described in Exa \% cluding attrition testing. Table 1 Comparative Formulation
(wt%) example Ex. LEX. 2 Ex 4EX.5EX.6 Ex. 7

fﬂ?\

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

below:

(e} AQ- 246 or 24 6*tri—tert~buty1-phcnol, having the structure below:

CH,
7&(
C“:

b



(EO) Evernox 10 9.3 8.8 8.8 8.8 8.8 8.8 8.8 8.8 Erucamide 40.2 38.2 38.2 38.2 38.2 38.2 38.2 38.2

GMS (Pationic 1052) 46.55 _
WO 2010/068666 PCT/US2009/067315

[6035] Phosphites and phosphonites are known as processing stabilizer type
antioxidants for plastics, including aromatic phosphites and phosphonites. Phosphites and
phosphonites useful as one or more of the highly concentrated additives in the present invention
have a melting or softening point in the range of about 80°C to about 210°C, more preferably in
the range of about 100°C to about 200°C. Phosphites and phosphonites particularly useful in the

present invention inciude, but are not limited to:

(a) AO-168, or tris-(2,4-di-t-butylphenyl) phosphite, having the structure below:

W
N

s

X
O+
=4
(b} AO-626, or bis (2,4-di-t-butylphenyl) penta-erythritol diphosphite, having the

structure below:

N,

-

I NN

e s . _-/ \‘—- /p ou< /Mw

{c) AO-641, or 2,4,6 tri-t-butylphenyi 2 butyl 2 ethyi 1.3 propane diol phosphite, having

the structure below:

N T or

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

phosphonite, having the structure shown below:

AL
PN } N
Q\ v “F\ P
—
No=d
. _‘;'
/- 2
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44.2 44.2 44.2 44.2 44.2 44.2 44.2 Na benzoate (20M) 3.95 3.8 3.8 3.8 3.8 3.8 3.8 3.8 Wollastonite

Nyad 5000 5 Minbloc HC400 5
WO 2010/068666 PCT/US2009/067315

[0036] Acid neutralizers that may be used include metallic stearate, such as calcium
or zinc stearate and others, magnesium aluminum hydroxy-carbonate hydrate, also known as

synthetic hydrotalcite, zinc oxide, and mixtures thereof,

{0037] Hindered amines useful in the present invention are principally known as
hindered amine light stabilizers (“HALS”). They contain one or more groups of the chemical

formula shown below:

10038] These compounds can be of low or high molecular weight and can be
monomeric or oligomeric in nature. The HALS additives usefu! 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, buf are not limited 1o:

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

|
R \NH/\\\//\N /x\//N WN H\R
|

R

VXY

where R is

S N

T =

5E Nt Hy
Y

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-pentamethyi-4-piperidinyljamino]- ! 3,5-triazine-2-yll imino]-3,1-propanediyl] ] bis
[N",N""- dibutyl-N" N""-big(1,2,2,6,6-pentamethyl-4-piperidiny)-};

13



Kaopolite SF Kaopolite 1147 5 WO 2010/068666 Silica Sylobloc 45

WO 2610/068666 PCT/USZO09/067315

{b) HALS-944, having the structure shown below:

[ N A N A
T r
T

- i
E TN\ PN »//\PEG
[ 4]
\f’/’cn, eHy

i Hy N
H3 Hy

- ", wheren is 1 or greater,

also known as Poly{{6-[(1,1,3,3-tetramethylbutyljamino}-1,3,5-triazine-2 4-div1]{(2,2,6,6-
tetramethyl-4-piperidinyl)imino}-1,6-hexanediyl{(2.2,6,6-tetramethyl-4-piperidinyl)imino]}} ;

(c) HALS 20, having the structure shown below:

where n is 0 or any positive even integer (e.g. 0, 2, 4, 6, B...), 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-i-butanamine an N-butyl-2,2.6,6-tetramethyl-4-

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

UL

>

e

.

z—|

{

N

|-

\J
-~ n

€Y
- 1

an

where nis | or greater,

14



PCT/US2009/067315 5 Silton JC30 5 Mica phlogopite 400HK 5 Pellet properties

WO 2010/068666 PCT/US2009/067315

also known as Poly [(6-morpholino-s-triazine-2,4-diyl)[2,2,6,6-tetramethyl-4-piperidyl}
iminol]- hexamethylene [(2,2,6,6-tetramethyl-4-piperidyl) iminol];

(ey HALS-3529, having the structure shown below:

N

B I —
} |
N\_‘ /N'

N

I,/

. n

~n

where n is | or greater,
also known as 1,6-hexanediamine, N,N'-bis(2,2,6,6~tetramethyl-4-piperidinyl)-, polymers

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

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

: /(Ji_%
o Y "

Hsc}\cmo
d hi—CH,
~

also known as bis(1,22,6,6-pentamethyl-4-piperidinyl)-2-butyl-2-(4-hydroxy-3,5-di-tert-
utyibenzyl) propanedioate;

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

i
R [ {CH ra—

Py I
A NV N

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

hexamethylendiamine}; or

(h)y HALS-5050, having the structure shown below:

15



Bulk density(g/100cc) 50.5 49.9 51.3 51.3 51.3 51.3 51.3 51.3 Mean PS (micron), initial, PS0, 50'
percentile 5600 5400 5500 5600 5500 5550 5625 5800 Mean PS (micron), PSI, after attrition, 50th
percentile 625693 RIFE0 1050 900 1050 1200 PCT/US2009/067315

—~ -

A&

wlhere nis | or greater.

CHy

[4039] The HALS additives can be either monomeric or an oligemeric sterically

hindered amines.

j0040] Triazines useful in the present invention as UV light absorbers contain one or

more groups of the formula shown below:
*\\l TJN\“\\’/
N\IV/N
[0641] Triazines 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,
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 pot 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:

Byt CHy 1o 0 —Cgiga
\I/ ! r I ¢y
S g N
Hy

y/

N
C

VAR

4
i

Y

Gy
{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:

16



Attrition index, (PSI/PS()) X100, % 11.2 14.8 16.4 13.4 19.1 16.2 18.7 207 14 mesh attrition (%

change) 89 74 68 80 60 66 55 53 EXAMPLE 1
WO 2010/068666 PCT/US2009/067315

L)

1 Sy TR
= s

{6043} Benzophenones useful as the highly concentrated additive in the present
invention shouid have a melting point in the range of about 80° to about 210°C. More
preferably, benzophenones useful in the present inveation have a melting point in the range of

about 100°C to about 200°C.

{0044} Benzotriazoles useful in the present invention are also principally known as

tight absorbers. They contain one or more groups of the formula shown below:

. H‘N/

[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 uscful 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-y1)-4,6-bis(1-methyl-1-phenylethyl)phenol, having

the structure shown below:

(b) L8-326, or 2-(3-tert-butyl-2'-hydroxy-5'-methylphenyl)-5-chlorobenzotriazole,

having the structure shown below:

17



10089]In Example 1, 5 wt% wollastonite Nyad(r) 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 S&MPEs*Bwer 14 mesh attrition numbers are more desiFaB{ESIt4HtiEifes less change
of the artrited 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 Mjnhtoe(r) HC400 powder was used as compaction aid. This
mixture of five additives was dry tuntbled and then processed in the CPM machine, using the same
procedure as in Exampleﬁ;ﬁ&ttriti grrindex was 16.4% and the 14 mesh attrition was 68%. The

resulting pellets were obgerved to'1é mooth outer surface. EXAMPLE 3 100911The same base
formulation of powder &dditiVe mixturé was used as in Example 1, but 5% by weight Kaopolite(r) 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%£) e 3s itiAd peHdtseridreybB skeydesd vihtrle acbinsbrmitiersSarfacae WO
2010/068666R6:d Ae20Q94Q67315 EXAMPLE 4 [0092]The same base formulation of powder additive
mixture was used as in Example 1, but 5% by weight Kaopolite(r) 1147 powder was used as
compaction aid. This mixture of fiveadditiyes was dry tumbled and then compacted in the CPM
pelleter using the same prgeedure asi xample 1. The resulting pellets were observed to have a
smooth outer surface. Tlge att?ﬁo?m' dex was 19.1% and the 14 mesh attrition of the pellet was
measured as 60%. EX ¥ 009317 he same base formulation of powder additive mixture was
used as in Example 1, but 5% by weight
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 wag) 16529%sans the 2k rneskiattition of, thé pepaiiasneasuid as-66%ackéAMPLE 6
100941Th% Same base formulation of powder additive mixture was used as in the comparative
example, but adoﬁtlon'ally 5% by weight Silton(r) 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 opserved to have a smooth outer surface. The attrition index was 18.7%
and 14 mesh att ition@f} peIt 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 additiveés 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%.
WO 2010/068668PCTNS2pi00f6B 725 % 16586 Fapie' bkfort @Rl rarrisnal ok 4A8 Bellet properties
of compacted@acdditivenheltsres, including attrition testing results for Examples 8-14. Table 2
Formulation (wt%) EX. 8 o

R N

T E*-..N/r\E \ /\/

*

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

betow:

18



Ex. 9 Ex. 10 Ex. 11 Ex. 12 Ex. 13 Ex. 14 Evernox 10 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 GMS (Pationic 1052) 44.2 44.2 44.2 44.2 44.2 44.2
WO 2010/068666 _ PCT/US2009/067315

&/\\//

j60446] Hydroxybenzoates useful as UV light absorbers in the present inveation
should have a melting point in the range of about 80°C to about 210°C. More preferably,
hydroxybenzoates useful in the present invention have a melting point in the range of about
100°C to about 200°C. Hydroxybenzoates useful as the highly concentrated additive in the

present invention include, but are not hmited to:

LS-340, or 2,4-di-tert-butylphenyl 3,5-di-t-butyi-4-hydroxybenzoate, having the structure
shown below:

-

He/—{:}—j—-o —{@/—J‘
/ S

!
. e
;o !

{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.

[D049] 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 caleium alumino-silicate, and others, including mixtures thereof.

[0651] 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, incinding mixtures thereof.
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44.2 Na benzoate 20M 3.8 3.8 3.8 3.8 3.8 3.8 3,8 Mica phlogopite 400HK - 50PA 5 Mica

Muscovite C-4000 5
WO 2010/068666 PCT/US2009/067315

j0052] The compaction aids that accompany the base additive mixture can include
metallic silicates, montmorillonite clay, silica, calcium carbonate, barium sulfate, titanium

dioxide, zinc oxide, and mixtures thereof.

[6053] Metallic silicates useful as the compaction aid additive in the present
invention should have a melting point in above 250°C. More preferably, metal siticates useful in
the present invention have a melting point above about 300°C. Metallic silicates useful as the
compaction aids in the present invention include, but are not limited to, potassium magnesinm
alumino-silicates, sodium calcium alumino-silicates, anhydrous aluminum silicates, sodium
potassium alumino-silicates, calcium silicates, hydrated magnesium silicates, such as talc,
sodium alumino-silicates, synthetic magnesium sodium lithium fluoro-silicate, synthetic

magnesium sodium lithium phosphated fluoro-silicate, or mixtures thereof.

[0054] The potassium magnesium alumino-silicates can be phiogopite mica,
Muscovite mica, or mixtures thereof. If the compaction aid is made 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 mixiare 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.

[0036] 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 titantum 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.

20



Silton JC50 5 Znoxide 5 Basulfate 5 Calcium carbonate

WO 2016/068666 PCT/ES2009/667315

[8957] The compaction aids can also include synthetic amorphous silica, present at
zbout 0.5% to about 20% by weight of the additive blend, preferably 3 to 10% of the additive
blend.

[8058] The primary polymer additive or additives present at total 100%
concentration (including compaction aid) in the Superbiend of the present invention can include
additives known to those in the art, such as antioxidants, light stabilizers, acid neutralizers, and
others not listed. Specific examples of the additives include hindered phenolic antioxidants,
phosphites, phosphonites, hindered amines, triazines, benzophenones, benzotriazoles, and metal
stearates where the peak melting temperature of the additive is in the range of temperatures
typically used to process polyolefins, or about 150°C to about 300 °C. Additionally, the

Superblend may contain other additives and metal silicate, silica, or others.

[06059] Typically, when preparing a pelletized additive blend (e.g. Ingenia
Superblend™), by way of example, an antioxidant blend, the compacting operation is carried out
using ambient temperature feed. During processing the temperature of the additive mixture rises
typically to about 50 to about 90 °C. Subsequently the temperature of the compacted additive
pelletized blend drops to ambient ternperature. Poor binding of the additives can lead to the

b4

formation of dust from the blend. It has surprisingly been found that the friability of th

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.

[0068] 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 fo 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 1s 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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5 Titanium dioxide 5 Pellet properties Bulk density(g/100cc) 51.8 54.7 51.8 51.7 52.6

WO 2010/068660 PCT/US2009/067315

efficient mixing of the additives within the extruder at regions such as between the extruder

screw and die wall or in mixing sections containing kneading blocks or other mixing devices,

[0G61] In the compaction process the additives blend, which may consist of a
phenolic and phosphite antioxidant and a metallic silicate type or other compaction aid, is fed to
a compaction mill and forced through a die to produce pellets. During compaction the polymer
additives are subjected to compression and shear forces which cause may attrition of the particles

even as they are being compacted into pellets.

[¢062) The first step in this compaction process is the feeding of the additives to the
pellet mill. The individual additives may be pre-blended and then fed to the afore-mentioned
pellet mill or they may be metered independently. Pre-blending may be accomplished by
weighing components and tumble mixing them together. Blending may be accomplished by any
means known in the art, including, but not limited to hand mixing, tumble blending, ribbon
blending, and high-intensity mixing, Metering additives' 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 rype 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
peliet by forcing the additive blend through (a) a rotating cylindrical die and a fixed roller, c.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 powdér additives. The
compaction process of this invention involves blending of the additives and the compaction aids,
providing reduced friability, that is, increased resistance to atirition of the compacted additive

biend 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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mill has to be stopped or shut down, followed by removal of the additives and subsequent clean-
up of the machine. The meit phenomenon can be mitigated by proper selection of dies. Generally
low L/D (length-to diameter ratio) dies reduce the tendency of melt formation. When silicate or
other binding aids of this invention are added at 10 to 25% wt concentration to the base low-
melting additive mixture, the melt phenomenon in the compaction chamber is significantly
reduced, thereby increasing the operating efficiency of the process. Preferably 15 to 20% wt of
the silicate or other compaction aid of this invention is added to the base additive mixture to

minimize the melt phenomenon in the mil.

[0665]  The current invention also pertains to a method for preparing a polymer resin.
The first step is to heat the base polymer to produce a molten polymer stream. Next, the additive
blend described above is added to the molten polymer stream to produce an additivized polymer
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

[6066] The compaction of the additives in the examples described below was
performed in a laboratory model California Pellet Mill (“CPM™) pelietizer. 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.

[6067) Friability was measured by testing the particle size distribution of the afore-
mentioned peliets 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 6.265 to 200 mesh opening. The large balls can have diameter of 0.25 to
1 inch. The small balls can have diameter of 1/16 to Y2 inch. The sieves were shaken typically

for § to 15 minutes.

16068] For atfrition 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

23



15.6 1110 19.1 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 HUHIEHERE5% by weight phlogopite mica Suzorite 400-1-TKIBGHA¥PATAS 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

lo have a goaAUREUIEALE:ERE AN RO TARSUEREAR 20 Ak CAMPARAUPL0,7% for

the comparative example. The 14 mesh attrition of the pellet was measured as 53%. Both parameters
indicate infpfdURRIBAT SePHRLBhRT e SRR CURFSI "t & WAL S PEtto aid).
EXAMPLE 4D @201/ 668666 G/ (IS2609/06 TELa{GRA8] Fhepsawms bhaseifosnalatiort Glepowder

additive mixiyie WasUsad 85,0 N6COMRRAIRIVE EXMAIE, BiLaddianallkae byweight Muscovite

mica 0-4000 powder was used. This mixture of five additives was dry tumbled and then compacted in
the CPM PSR 1§8intrthBeadnge Prstaaiid Bsths iy ornfaliatve sxampit rrhelietitingbellets were
observed todaave; amsmaaiitettensurfoses TlrehaliFrliiomine e Was seasurednal 2% dhe 14 mesh

o 0 L . ) .
attrition of {he, Rellelsas 4% Bath RarAmeleys ndioate dniprovement i auritian peffgmance or
resistance to friability, over the comparative exampl€ (control). -

After shaking with these bearings, the earhier procedure was followed.

{6069] Two parameters were used to characterize the effect of attrition of the pellets.
They relate to measures of the attrition performance of the peliets. From a typical particle size
distribution curve, the 50" percentile median particle size of the initial peliets is reported as PS,,
and that of the pellets after attrition is reported as PS,. The Attrition Index (or friability index) is
defined as (PS1/PSo) X 100, expressed as a percentage. If there is no attrition at all, PS; = P8y so
that the attrition index is 100%. As attrition increases, 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 aftrition or better atirition 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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100991 The formulations and test results are shown in Table 2 above. Silton(r) JC50, zinc oxide,
barium sulfate, calcium carbonate and titanium dioxide improved the attrition performance over the
comparative eXArPEEEST-4v and Cloisite(r) Na+ showed only margin&FSHSHPERGHE improvement in
attrition performance over the comparative example. 1001001 Table 3 below shows the
formulation and pellet properties of compacted pellets, including particle size (PS) before and after

attrition. Tﬁé?&?oéeﬁ%ﬁ‘qlé’éi%ﬁ‘%té’ggérﬁ&s}é fo¥-chBafing B trdBafiSathoh B2t Xedubifigt e EX. 23
Eyemox 10 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 . )
molding cycle time of polymers Like polypropylene (“PP”). Sodium benzoate is a high melting

(>300°C) additive and remains unmeited in the conventional polymer extrusion process.

[0072]  The following solid (i.e., non-melting under compaction conditions)
compaction aids were used in the experiments described in the examples below, each additive
being used at 5.0 wt% level. Wollastonite Nyad® 5000 was obtained from Nyco Minerals

(Calgary, Alberta, Canada). This is calcium silicate of 2.2 micron median particle size.

J00°73) Minbloc® HC-400 (from Unimin, New Canaan, Connecticut) is sodium-

potassium alumino-silicate of 2.8 micron median particle size.

'[9074] 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.

[6076] Silton® JC30 (from Mizusawa Chemical, Tokyo, Japan) is sodium calcium
alumino-silicate, of about 3 micron mean particle size. Silton® JC350 (Mizusawa Chemical) is

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

[6077] 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.

[6078] Mica C-4000 is & 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,

[0G79] Zinc oxide AZO77THSA (from U.S. Zinc, Houston, Texas) has 0.1 micron

mean particle size, produced by the French process.



38.2 38.2 38.2 38.2 38.2 GMS (Pation c 1052) 44.2 44.2 44.2 44.2 44.2 44.2 44.2 44.2 44.2 Na

benzoate 20M 3.8 3.8 3.8
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[G080] Barium sulfate used was designated Bartex® 635, from Hitox {Corpus Christi,

Texas).

[0081] Hydrotalcite DHT-4V {(from Kisuma / Kyowa Chemical, Tokyo, Japan) is
magnesivm aluminum hydroxy carbonate hydrate, and has about 0.4 mean particle size. It has a

stearate coating which is vegetable derived.

joe82) Three tale 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 tale, from 3.6 micron median primary

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

[6083] Sipernat® 44MS is sodium aluminum silicate (from Evonik, formerly

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

16084] Cloisite® 15A and Cloisite® Na+ 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 gquaternary ammonium salt. The organic modifier is dimethyl, di-hydrogenated tallow
quaternary ammonium with chioride anton. Cloisite® Na+ is unmodified Montmorillonite or

hydrated aluminum silicate.

[0085] Laponite® B (Southern Clay Products) is synthetic layered magnesium
sodium lithiom fluoro-silicate, typically with 53% Si0,, 27% MgO, 1.4% Li;0,3.8% Na,0 and
5.6% F. Laponite S is synthetic layered magnesium sodium lithivm phosphated fluoro-silicate,

typically with 51% SiOz, 25% MgO, 6% Na,0, 1.3% Li;0, 3.3% P20 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 (Patiomic® 1032 from Caravan, Lenexa, Kansas), and
sodium benzoate 20M (Tulstar, Tulsa, Okiahoma). 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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compactor was run with a I inch long and 3/16 inch diameter die, that is, length to diameter ratio
(L/D) of 5.3, speed of 521 revolutions per minute (“RPM™), feed rate of about 316 Ib/hour, and
motor load of about 60%. No external heating or cooling was used. The pelietized strands were
cut by a knife-blade, then collected in a bucket. The mixture of pellets and powder were sieved
through 6 mesh screen, and the powder was recycied. Good strands were formed under stable
compaction coaditions. The resulting pellets showed some powder or dust on the surface of the
pellets. The peak melting temperature (by DSC) of the pellet at 10°C/minute heating rate was
63.0°C.

[0087]  Unprocessed bulk density of the initial powder mixture was 53.2 gm/100 cc.
Table 1 below shows the 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 atirition of the

pellet in this comparative example.

EUOSS] 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 carlier in the Henschel
intensive mixer, and the resulting bdlend 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, inchiding attrition testing,

Tabie 1

Comparative
Formulation {wt%) example Ex. 1 Ex.2 Ex3 Ex.4 Ex & Ex6 Ex7

{ED}
Evernox 10 93 8.8 88 8.8 8.8 8.8 8.8 8.8
Erucamide 40.2 382 382 382 382 382 382 382
GMS {Pationic 1052) 46,55 44,2 442 442 442 442 442 4472
MNa benzoate (20M) 3.95 3.8 3.8 3.8 3.8 3.8 38 3.8
Wollzstonite Nyad 5000 5
Minbioc HC400 5
Kacpolite SF 5
Kaopotite 1147 5
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Silica Sylobloc 45 5
Silton JC30 5
Mica phlogopite 400HK 5
Pellet properties
Bulk density(g/100cc) 50.5 49.9 513 513 513 6513 513 5813
Mean PS {micron)}, initial,
PS,, 50" percentiie 5600 5400 5500 5600 5500 5550 5625 5800

Mean PS {micron}, PS5,
after attrition, 50th

percentile 625 800 900 750 1050 900 1050 1200

Adttrition index, (PS+PSg)

X100, % 11.2 14.8 164 134 191 182 187 207

14 mesh afirition (%

change) 89 74 68 80 80 66 58 53
EXAMPLE §

[0089)  In Example 1, 5 wi% 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 atirition numbers are more
desirable. It indicates less change of the attrited peliets, compared to the unattrited pellets. The

resulting pellets were observed to have a smooth outer surface.

EXAMPLE 2

[0690] 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.

EXAMPLE3

[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 [3.4% and the 14 mesh attrition was 80%. The resulting

pellets were observed to have & smooth outer surface.
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EXAMPLE 4

[6092] The same base formulation of powder additive mixture was used as in
Example 1, but 5% by weight Kaopolite® 1147 powder was used as compaction aid. This
mixture of five additives was dry tumbled and then compacted in the CPM pelleter using the
same procedure as in Example 1. The resuiting peliets were observed to have a smooth outer
surface. The atirition index was 19.1% and the 14 mesh atirition of the pellet was measured as
60%.

EXAMPLE 5

[6693] 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 atirition index was 16.2% and the 14 mesh attrition of the pellet was measured as 66%,

EXAMPLE 6

[0694] 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 resuiting 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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[0696]  Table 2 below shows the formulation and pellet properties of compacted

additive mixiures, including attrition testing results for Examples 8-14,

Table 2

Formulation {wt%) Ex 8 Ex. 9 Ex. 10  Ex. 11 Ex. 12 Ex. 13 Ex. 14
Evernox 10 8.8 8.8 8.8 8.8 8.8 2.8 8.8
Erucamide 38.2 38.2 38.2 38.2 38.2 38.2 38.2
GMS (Pationic 1052) 44.2 442 44.2 44.2 44,2 44.2 44.2
Na benzoate 20M 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Mica phlogopite 400HK -
S0PA 5
Mica Muscovite C-4000 5
Sitton JCB0 5
Zn oxide 5
Ba sulfate 5
Calcium carbonate : 5
Titantum dioxide 5
Pellet properties
Bulk density{g/100cc) 51.8 54.7 51.8 51.7 526 51.4 54.7
Mean PS {micron), initial 6000 8000 6000 6000 5900 5800 5800
50th percentite, PS;
Mean PS (micron), after 1200 1210 920 910 10 QU5 1116
attrifion, 50th percentile, PS,
Adftrition index, (PS:/PS;) 20 20.2 5.3 15.2 i5.4 15.6 10.1
X100, %
14 maesh attrition (% change} 56 54 68 66 67 68 60

EXAMPLE 8

[0097] The same base formulation of powder additive mixture was used as in the
comparative example, but additionally 3% by weight phlogopite mica Suzorite 400-HK powder
was used (a different sampie). 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 peilet
was measured as 53%. Both parameters indicate improvement over the comparative example (or

control, that is without compaction aid).

EXAMPLE Y
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Pellet properties Bulk density(g/100cc) 50.5 51.5 51.7 52.6 50.7 52.3 49.3 53.9 54.4 Mean PS

(micron), 6000 5900 5900 5760 5750 5800 5740 5650
WO 2010/068666 PCT/US2009/067315

[6098] The same base formulation of powder additive mixture was used as in the
comparative example, but additionally 5% by weight 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
peliets 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.

[001606] 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 88 8.8 8.8 8.8 8.8 a.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) 442 442 442 442 442 442 442 442 442

Na benzoate 20M 38 3.8 3.8 3.8 3.8 3.8 38 3.8 38
DHT-4V 5

Talc - Cimpact 610 5

Talc - Cimpact

550C 5

Tale - Cimpact

710C 5

Sipernal 44MS 5

Cloisite 15A 5

Cloisite Na+ 5

Laponite B3 5

laponite S 5
Peliet properties

Buik 50.5 515 51.7 526 50.7 52.3 49.3 539 54.4

density(g/100cc)
Mean PS {(micron), 8000 5800 5900 5780 5750 5800 5740 5650 5600
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900 895 880 1000 905 800 1000 950 PS1, after attrition, 50th percentile
WO 2010/068666 PCT/US2009/067315

initial, PS0, 50th

percentile

Mean PS (micron), 760 900 895 880 1000 905 800 1000 950
PS1, after

attrition, 50th -

percentile

Aftrition index, 12.7 15.3 15.2 15.3 17.4 15.8 13.9 17.7 17
{PS1/PSO) X100

14 mesh attrition 76 72 74 69 70 65 71 58 62
{% change)

EXAMPLES 15-23

[6108] The formulations and test results are shown in Table 3 above. Talc (three grades),
Sipernai® 44 and Cloisite® 15A improved the attrition performance of coempacted 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 atirition 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 atirition was 20.2%. Both

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

[6162] 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

(EOC)
Evernox 10 8.3 88
Erucamide 40.2 38.2
GMS (Pationic 1052) 48.55 442
Na benzoate (20M) 3.85 3.8
Minbloc HC400 5

Pellet properties
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Attrition index, 12.7 15.3 15.2 15.3 17.4 15.6 13.9 17.7 17 (PS1/PSO) X100

7274 69

WO 2010/068666

Median PS (micron), inifial, PSy, 5800
50th percentile

Madian PS (micron), PS;, after 2250
atirition, 50th percentile

Aftrition index, {PS1/PS0) X100,

Yo 38.8
14 mesh attrition (% change) 38.9

14 mesh attrition 76

PCTIUS2009/067315

5800

4200

724
202

[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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70 66 71 58 62 (% change) EXAMPLES 15-23 101001 The formulations and test results are
shown in Table 3 above. Talc (three grades), Sipemat(r) 44 and Cloisite(r) 15A improved the attrition
performance o B3MYBAEHEE pellets over the comparative example. EXANIPFESW89%1S 101011 In
the following example and the comparative example (E00), a different die, namely 1.25 inch long and
3116 inch diameter (LID ratio of 6.7) was used, and other procedural and processing conditions were
similar to tRpgeRER¥ERIergn comparative example EOO 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 BltempieR ofieaviedy tithosdmbnytatvisighbdbinbidefebid G40 camidactidmeart. 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 comparafidStbRABIEH00 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 parafiétdiadorithetExamifie 24 indicate improvement over the comparative example.
[0102i Table 4 below shows the forng lation_and attrition properties of compacted pellets, including
particle size (PS) distribotidA BER e a%m%)‘gﬁ%r attrition, using a different die. Comparative Example

Formulation (wt%) examgle.gd; No. 5,597,857
.S, Patent No. 5,844,042
U.S. Patent No. 5,846,656
U.S. Patent No. 6,033,600
U.S. Patent No. 6,515,052
U.S. Patent No. 6,596,198
1.8, Patent No. 6,740,694

U.S. Patent No. 6,800,228
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(EOO) 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

What is claimed is:

1. A compacied pelletized additive blend for reducing friability of a base polymer,
comprising:

(a) a base additive mixiure; and

(b) one or more compaction aids selected from the group consisting of metallic silicates,
montmorillonite nano-clay, silica, calcium carbonate, barium sulphate, titanium dioxide,
zinc oxide, and mixtures thereof, wherein the one or more compaction aids do not melt
into liquid in the environment of a compaction mill, and wherein the compacted pelletized
additive blend contains no polymer carrier,

2. The additive blend of ciaim 1, wherein the base additive mixture comprises one or more
phenolic antioxidants, processing stabilizers, acid neutralizers, UV light stabilizers, UV
light absorbers, antistatic agent, metal deactivators, slip agents, antiblock agents,
nucleating agents, lubricants, mold release agents, flame retardants, or mixtures thereof.

3. The additive blend of claim 2, wherein the base additive mixture comprises one or more
phenociic 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
aluminium hydroxyi-carbonate hydrates, zinc oxide, or mixiures 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 theraof,

8. The additive blend of claim 2, wherein the base additive mixture comprises one or more
antistatic agents, and wherein the antistatic agents are glyceryt monostearate ("GMS"),
ethoxylated amines, or mixtures thereof.

35



5 Pellet properties WO 2010/068666 PCT/US2009/067315 Median PS (micron), initial, PS0, 5800
5800 50th percentile Median PS (micron), PSi, after attrition, 50th percentile 2250 4200 Attrition
index, (PSVPSO) X100, 38.8 72.4 14 mesh attrition CA change) 38.9 20.2 [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. REFERENCES CITED
9. The additive blend of claim 2, wherein the base additive mixture comprises one or more

metal deactivators, and wherein the metal deactivators are propionohydrazides.

10. The additive biend of claim 2, wherein the base additive mixture comprises one or more
slip agents, and wherein the slip agents are erucamide, oleamide, behenamide, erucyl
erucamide, or mixtures therecf.

11. The 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 biend of claim 2, wherein the base additive mixiure comprises one or more
nucieating 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 metailic
silicates, and whersin the metallic silicates are potassium magnesium alumino-siiicates,
sodium calcium alumino-silicates, anhydrous aluminium silicates, sodium potassium
alumino-silicates, calclum silicates, hydrated magnesium siticates, scdium alumino-
silicates, synthetic magnesium sadium lithium fluoro-silicate, synthetic magnesium
sodium lithium phosphated flucre-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 phlogopiie mica or
Muscovite mica and wherein the phlegopite mica or Muscovite mica are about 15 fo
about 20% by weight of the additive blend.

16. The additive blend of claim 1, wherein the one or more compaction aids are selecied
from

{a} montmorillonite clay, and wherein the monimorillonite clay is modified with a
quaternary ammonium salt,

(b) titanium dioxide, and wherein the titanium dioxide is coated with a metallic stearaie,
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The content of each of the documents listed below is hereby Incorporated by reference. U.S. Patent
Documents U.S. Patent No, 4,080,134 U.S. Patent No. 5,240,642 U.S. Patent No. 5,597,857 U.S.
Patent No. 5,844,042 U.S. Patent No. 5,846,656 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 What is claimed is: A
compacted pelletized additive blend for reducing friability of a base polymer, comprising: (a) a base
additive mixture; and (b) one or more compaction aids selected from the group consisting of metallic
silicates, montmorillonite nano-clay, silica, calcium carbonate, barium sulphate, titanium dioxide, zinc
oxide, and mixturés thessaf wienesiutha e aitinaGreaoo Mpacticivaids ad wodraelténto liquid in the
environment of a saEspastiaagmitiantlwiheraicathecoppacknd prietizesaddifibe hlgnd contains no
polymer carrier. 2. khe.agditive blend of claim 1, wherein the base additive mixture comprises one or
more phenolic antioxidants, processing stabilizers, acid neutralizers, UV light stabilizers, UV light

absorbers, antistqgj:s%qﬁ&;c %@,Ihggggﬁiya@'gors, slip agents, antiblock agents, nucleating agents,
lubricants, mold release agents, flame retardants, or mixtures thereof. 3. The additive blend of claim 2,

wherein thepase ALY MRS AAMPISER AN O TOTE RREN RIS ANOXAIS, and wherein the
phenolic antioxidants are mgfere endlic primary antioxidants. .ei'Re additivé blend of claim 2,
wherein the base 20BfVE FilxiEie! %HB%@ &he or more processing stabilizers, and wherein the
processing stabilizers are phosphites, phosphonites, or mixtures thereof. 5. The additive blend of claim
2, wherein the baddathari{ns AifiRgdre eEPMIIPSERBNBPTABEE acid neutralizers, and wherein the acid
neutralizers are nietdiiicastess atesyenggmesicn? aloteimicmmiysrexyl-carbonate hydrates, zinc oxide, or
mixtures thereof. GidiMgareddiives-blepdiol-elaimiRovhaeindbie hasemadditireanxdiraregmprises one or
more UV light stabilizeiisscaitbudrerain thondvslight sinbilizars asehinderad-aming dahy stabilizers. The

additive blend of 6lai 2 BeicindNe hase AdAYR LIS, GOLIYRS ABS.0F Dalg L ioh

absorbers, and WF.‘;%E%W {pgr{%ycli%htogb%ggbgﬁs are triazines, benzophenones, benzotriazoles,
hydroxybenzoates, or mixtures the eof. 8.The additive blend of claim 2, wherein the base additive
mixture comprises one or more antistatic agents, and wherein the antistatic agents are glyceryl
monostearate ("GNIS™BEHSKFIERICAMIFEE BF RTSaGRAAE I8N DY e RURIEIESRNd of claim 2,
wherein the base HRTERIXRICCERYPIESe ShriRNerivisrelsfietorduaeti arira e wherein the metal
deactivators are prapivrrohyetaiecdesnil@cdbe eadltiverblethgdaleciayreZowhengilyriees base additive
mixture comprisestpaeaumdsecsipagests aanhivihesaindtbeslipagenrtsdre erucamide, oleamide,
behenamide, erucyl erucamide, or mixtures thereof. 11. The additive blend of claim 2, wherein the
base additiye MixULGERMAITSGRODE MATB.AIIALK ALENS A WhetRin s apiblock agents are
synthetic silica, n%&WrﬁLﬁ'@%ﬁp ksq‘%’um 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 nucleggigg_a ents are !sodium beng‘?tet,, sorbitol acetals, sodium aromatic phosphates,
sodium adipate, cgr Mixtures ﬁe?g%f 38" hE"addifive blend of claim 1, wherein the one or more
compaction aids are metallic silicates, and wherein the metallic silicates are potassium magnesium
alumino-silicates,(g)o?fﬂfﬁ{”é cium alumino-silicates, anhydrous aluminium silicates, sodium potassium
alumino-silicates, calcium silicates, hydrated magnesium silicates, sodium aluminosilicates, synthetic
magnesium sodiuf IR IRIGAREfGate, synthetic magnesium sodium lithium phosphated
fluoro-silicate, or mixtures thereof. 14. The additive blend of claim 13, wherein the metallic silicates are
potassium magnéd8igatidiufsrsaticates, 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 &eopblugopieamicaion Mdssositedmicatbngravherelsthe pihlogapite midiea or Muscovite
mica are about 1Mteabeunhadtmuneightoftheraddisve diendntiirhe adgitbiedyerd-ef claim 1,
wherein the one QLIRS RATRAI3idsa& salested from (a) montmorillonite clay, and wherein the
montmorillonite clay is modified with a quaternary ammonium salt, (b) titanium dioxide, and wherein

the tianiurg dioxide s &aaied L2 e LRl G slealEond 6) ROASSIMELBAdRER i gligfuno-siicates
and titanium dioxidle, AANOSHE, %e;?fagtw ﬁgmh@aqg%%yemm@w gesliseleRaAeRloggpite mica
| ,d . .

. . |
Muscovite mica, of 2 IIpJuge, o1, Sf, (4] RYighs smgrinovs Sicas.
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17.The additive blend of claim 1, wherein the base additive mixture has a melting temperature of less
than about 90C. 18.A method for preparing a polymer resin, comprising; heating a base polymer to
produce a molten polymer stream adding the compacted pelletized additive blend of claim 1 to the
molten polymer stream to produce an additivized polymer stream, wherein the compacted pelletized
additive blend lacks a polymer carrier; and allowing the additivized polymer stream to cool and harden,
to produce a polymer resin. 19.The method of claim 18, wherein the base polymer is polyethylene,
polypropylene, ethylene-propylene copolymers, ethylene-alpha-olefin-copolymers, polybutene-1,
polystyreneZethylErfeadilfyyediwtea e dapclymbeseiethylerevinykaloobalicopoly mersixstgrene-butadiene
copolymers, and itixturegcaite, copalynies theveaf 20 Aycagpasted palletizeshadditive blend having
reduced friability fgmadgiionds alasapelyaNer ~HaIPRIRIAGT, [ hBobiadetes Bbenels grimary
antioxidant; (b) eryggraidend ch@lveefyhdnonostearate; (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, wherein the compacted pelletized additive blend contains no polymer
carrier. 21.The additive blend of claim 20, wherein the one or more compaction aids is phlogopite mica
or Muscovite mica, and wherein the phlogopite mica or Muscovite mica is about 0.5 to about 20% by
weight of the additive blend. 22.The additive blend of claim 21, 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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