1 PROCESS FOR MAKI NG THERMOPLASTI C POLYMER PELLETS FI ELD 100011The present
di sclosure relates to a process for making thernopl astic pol yner pellets.
The presewd 2iwebmsure rel ates to a shi pping system for pcharsomploast ¢

pol ynmer pellets. The present disclosureqfurther relates to a stable

t hernopl astic pellet. BACKGROUND [ 00021Ther nopl astic polyners are produced,
stored, and shipped as free-flowi ng pellets for the subsequent extrusion
and fabrication by end users. A problem encountered with storage and

shi ppi ng of pel Igg{§oh8s §) NP S HASAUOPEARITIOPOIWER PRKESTET OCessi ng
and handl i ng of ; particularly observed
when handling pellets of thernoplastic elastoners and adhesive pol yners.

[ 0003] Met al | ocene- pol yneri zed propyl ene-et hyl ene copol yners el ast oners
(with majority propylene) exhibit low crystallinity, typically |less than 40
J/ g of propyFHidcrystallinity. Low crystallinity pronotes elasticity but
renders el astoners soft, typically with a Shore A hardness of |ess than
100. Soft pe have tendency to agg] omerate, which prev r fl ow.
One net hod fh*oﬁﬁdril%%ipﬁ‘ﬁe%to@?ﬁ@%e 681%@5 g‘gstaoﬂlfé’rcesﬁefor&@l?%mﬁpﬁlgﬁcpor ate
into the ela I X e r p e, h Ve

copol yners tﬁé@@iﬁﬁs hi g g?ésgﬁgldﬁcﬁﬂjﬁ; ?‘?&éé ?Bg?eat rﬂé h neéﬁlloqgr/ g.
However, suclhepaghlhitkapdipmerbelldie Eeasiesdie diipreofirthes reitasto aistable
extensibility, and softness. [0004]Pol yol efi n-based adhesi ves can be
derived fromhetmpplhsivepetlopol yners, primarily propyl ene-hexene and

propyl ene-et hyl ene copolyners, with the addition of tackifiers and
stabilizers. Typically, such adhesives exhibit | ow propylene crystallinity,
i.e., less tipNrEQréIeNDand | ow stiffness, i.e., a Shore A hardness of 2

| ess than 100 Cow crystallinity is inportant for desirable |evels of
adhesion. Presently, anti-block agents are dusted onto adhesive pellets to
prevent sti ckd0dg) an@Themuppdastic apblymedur aneg psodicade stordd,s HindpishippetHodever ,

anti-bl ock agents, which exhibit high surface actjvity, negatively inpact
fevel s of  adh@sifiwingacheis kar s subseaisnl &HrysHon 0 T4 Ué’é’.genf'%%%m woul d

be desirable tqg.have a process.,for makin l.ets rs i ol ynmers
t hat exhi bit PF@U&W ewog&tg*e st is{?éa%r 4 ‘ggﬁ%?ﬁr%fé\tquheﬁ ufilggﬂiscgtﬁ)’kag%cpand

shi pping. It Y emiak@PRodeSsii@Vand@ Kandlifm Jfobelidié paiffaltpel | et s
t hat was subsg,l F\itﬂlég Oé’ fdr?@ggof agglpg?reralfgaon. It wo[%md fErther be desirable
to have ther @ndradorp® patisulatiatobserhedimtheh duntibnepsllais of ttherkioplpsand

aggl oneration during storage and shi pping.
elastomers and adhesive polymers.

[0003] Metallocene-polymerized propylene-ethylene copolymers elastomers
(with majority propylene) exhibit low crystallinity, typically less than 40 J/g of
propylene crystallinity. Low crystallinity promotes elasticity but renders
elastomers soft, typically with a Shore A hardness of less than 100. Soft pellets
have tendency to agglomerate, which prevents free flow. One method for
addressing softness of elastomer pellets is to incorporate into the elastomer matrix
one or more polypropylene homopolymers or copolymers that exhibit high
crystallinity, ie., greater than 40 J/g. However, such modification of the

elastomer compromises elasticity, extensibility, and softness.

[0004] Polyolefin-based adhesives can be derived from propylene copolymers,
primarily propylene-hexene and propylene-ethylene copolymers, with the addition
of tackifiers and stabilizers. Typically, such adhesives exhibit low propylene

crystallinity, i.c., less than 40 J/g, and low stiffness, i.e., a Shore A hardness of



SUMVARY 100061According to the present disclosure, there is provided a
process for making thernoplastic polyner pellets. The process has the

f ol | owi ngwetepgi22qsa) nelting a thernopl astic pol ymer topCoruse@opai2ymner
melt; (b) extruding the nelt through a die to forma substantially

conti nuous nolten pol yner extrudate wherzi n the die has a contact surface
bearing a polyner coating having a surfaté energy of less than 25 ni m at
20C; (e) cooling the extrudate to forma cool ed extrudate; and (d)
pelletizing the cooled extrudate to forma plurality of polyner pellets.

ol yrer el TS RBCAMS Lou S BARES 2 JPbRFHEIOE Benifelll Rt B MaMedSe 0y o
plurality of ﬂ%&énaygs%lﬁie-bg)ec{(lmgéﬁf@rak@aaét@d BRloYAMRESiPE HEme pfetveﬁtnstfclaﬁlg

shi ppi ng cont ai ner: ts exhibit a crystallinity of less than 40 J/g
and a Shore Aufiangiemeradbn |dusingt feagd @Ad shippinge| [Hdveevegnaithbledb sipents,i al |y
free of aggloneration for at |east six nonths fromthe tinme of packing,

i .e., from t hwhichnexhittie highl susfase sactivityiseagatively impacthlevelsi glpadhysienrandi ner .

3 [00081Furt her .}iet ccording tq the present disclosure, there is provided
a stable ther e ThYt W ‘Fa@lﬂsﬂ‘@?'. The thernopl astic pol ymer exhibits
at a surface thereof a crystallinity of about 15 J/g or nore and a Shore A

har dness of al®90§] 50ltowonldr d¢ desirableh ta haveud f preeesst Fs  pwkinge pebigis rofx i n
h [ i I i bi | | | af .cr 1§ ni . |

| ovel “of *har eguoplstis@oiarers BebexabiE oy els of ugiing deheel asrlildie °"
bstanti al | I I s 1 f

packi ng. | e SOREE ol LA UM s bMeslrAZ 1o Tate TR, {ek Moy ™ ©

contai ner. BRhHeHERGRASURLGHly ke 61 4ddREndrBGaR] Theoukd aBiRr bé dasifblet of

crystallization index as a function of tine and tenperature for pellets
produced by ttochape deemeplattid pedleprtbatenxhibdi lowd lovals of stloking dnERgPIESERItIBAI ON

[ 0010] The process of the present disclosure affords production of stable
ext ruded t her fpigternge shéppangsi t hout substantial conproni se of desirable
physi cal property and/or performance attributes, such as elasticity and/or
adhesi on. Them produces extruded pellets having | ow surface energy
surfaces that ially reduce or prevent the likelihood of

aggl oneration during shipping and storage. [0011] The process of the present

di scl osure hagyyp fRbé&ﬁn@&o%_@ﬁﬁéseﬁﬁhis@%‘sﬁﬂe”ihei‘e G BFFRBIAS tirGeeBOforTer to
forma polyner nelt; (b) eXtruding the melt through a die to forma

subst anti al | ymakingithermeplasti¢ pelyneelpyiies, &t pusteiehashthe doltowing sthips: a)s a
contact surface bearing a polynmer coating having a surface e_nergy of |ess
than 25 miV m Beltipg@ thegnoplawici pagymeretonform enpdxmen tglte (R extrudimgdhe slted

extrudate; ang (h Bohkol P o BbsSRRARY ERRANE' Solin 'Rl Blaigldty ©f
wherein the die has a contact surface bearing a polymer coating having a surface
energy of less than 25 mN/m at 20°C; (c) cooling the extrudate to form a cooled
extrudate; and (d) pelletizing the cooled extrudate to form a plurality of polymer

pellets.

[0007]  Further according to the present disclosure, there is provided a polymer
pellet shipping system. The system has a shipping container and a plurality of
pellets of a thermoplastic polymer situated within the shipping container. The
pellets exhibit a crystallinity of less than 40 J/g and a Shore A hardness of less
than 100. The pellets remain substantially free of agglomeration for at least six
months from the time of packing, i.e., from the time the pellets are inserted into

the shipping container.



4 [0012] The thernoplastic polynmer can be nelted and extruded in any type
of extruder known in the art, such as a single screw extruder, a tw n-screw
ext ruder ,wendiz2emm extruder. Extruders nay al so be use@Ciruss@oioeR4m t h

m xers, if desired, Additives may al so be added to the polynmer matrix by
addition to the extruder and/or m xer. [QO13] The die preferably takes the
formof a nmulti-orifice die, such as a "spaghetti" die, through which
strands of extrudate are conveyed. The shape of the orifices may take any
known shape, such as circular, oval, and square. Circular dies are

preferred sin ey..fagrman extrudate. and | 1.1 |y, el | . t are
substanti al | yﬁfw%{]nd}?? X¥h a&ﬁq{fjin&ufoameop]r.es%l{c{’ﬁ%ﬁi‘? ’ctgf:r%c%n?er ?)SISF%;'% on
reduces the | kgl i 19% i TR {HmopiaQ kA bdIySrcR\RhBES aBiaz® OF
di anet er of tﬂgﬁgetp et é)‘l%{g&@f‘ﬁ(;}'tlﬁlé?fﬁ&!:egl a}?% w | PlLtypi lc)aplf vary from about
0.05 mMm to abg@ufacdCherenf { &9dtaliihitg ofiabowtr i5 J/g @8 nivay end a Shotedthasdnetsaoke
bearing a polyner coating having a | ow surface energy of less than 25 nm'm

at 20C and pr et 8Bloy moss sBereath the swnlilon de ppbwer awttén theipeHetiaptiorallyt ace
Chrougn 1t - abies & fmardeye] ot Bt A fpareteveting HGHeShr RadetRor oy o
th |l et f ' ' : '

Cyher coat | NaBETPe REPLES Bt Iify [dneih WRBMiRRy AEOLPHEAGhEAon KAGE Hal(1®

pol ymer coati € contact surfaces o ces prefera
takes the for gkqfiohd fr@r LHALVIBAcIORg, 3.eSiftdnt 8 MenddBE YeREs are inserted into a

[ 0017] Fl uor opol ynmers are useful "as naterials for |ow surface energy
coatings. Exasiippagobntamef.ul fl uoropol ymers include semcrystalline

fl uoropol yner and conposites thereof. Fluoropolyners include

pol ytetrafl uoroet hyl ene (PTFE), pol yperfl uoroal koxy-tetrafl uoroethyl ene
(PFA), pol yf| peiip@FEsC rEPTYORMEE PHIOBICRITE ( FEP) , _ _

pol y(et hyl enetetrafTuoroet hyl ene), pol yvinyl fl uoride, polyvinyl

denef |l uori de, pol y(et hyl ene-chloro-trifluoroethylene), 5

pol ychl or ot ri {0088} oeThy Feguee anal pbasratfi ongstalbzationindexods Sdunstiop of higeand

temperature for pellets produced by the process of the present disclosure.

DETAILED DESCRIPTION

[0010] The process of the present disclosure affords production of stable
extruded thermoplastic pellets without substantial compromise of desirable
physical property and/or performance attributes, such as elasticity and/or
adhesion. The process produces extruded pellets having low surface energy
surfaces that substantially reduce or prevent the likelihood of agglomeration

during shipping and storage.

[0011] The process of the‘present disclosure¢ has the following steps: (a)
melting a thermoplastic polymer to form a polymer melt; (b) extruding the melt
through a die to form a substantially continuous molten polymer extrudate
wherein the die has a contact surface bearing a polymer coating having a surface
energy of less than 25 mN/m at 20°C; (c) cooling the molten extrudate to form a
cooled extrudate; and (d) pelletizing the cooled extrudate to form a plurality of

polymer pellets.



fl uoropol yners are commercially avail able as Tefl onTm and Sil verst oneTM
mat erials. [0018] Preferredfl| uoropol ynersi ncl udepol yper f | uor oal koxy-

tetraf | uowoebhiy2erse (PFA), conmercially avail abl e from PaParstoonden7 t he
trade nane Tefl onTm 855P322- 32, Tefl onTm 855P322-53, Tefl onTm 855P322- 55,
Tefl onTm 855P322-57, Tefl onTm 855P322-58 ;and Tefl onTm 857-210. Tefl onTm
855P322-53; Tefl onTm 855P322-57, and TefﬁdnTn1855P322-58. These resins are
particularly preferred because of their durability, abrasion resistance,
and ability to forma very snooth | ayer.

Pol yper fl uoro -tetrafl uarget hyl ene ( PEA furth have fj

par %IPCI es sucﬁioﬁgf gi ffﬁ%H}?gnegpﬁfcdg(?iyw{,ﬁq(mﬁ#gﬂﬁﬁggfg%tﬂi%ﬁﬁﬁﬁ% Blt{é%it&f zi nc
oxi de, tin oxj i I ; [ oTel S - | om
copol yrer s i nerier Enon ALk, b A e e TR AT xtradl

co- hexaf | uor opfiPpyire eeSuderhiBxrudas nwy dlepbesedtindeds witlvymikers)if (s, (10)
-(HFP) (25)- (THV Fluoropl astics of Hoechst). In another enbodinent, a

vi nyl i dene f| Additives owytalsa be laddadoter thy | nohene- matxixf by addiben ty thenextaider be
represented as -ér\a/g}’éﬂ)-(TFE) (10) -(HFP)(58)- (3M THV or THV-200 of 3M

Inc.). Oher 88 Lf | uor opol ymers, including uncured vinylidene
fl uori de- cohexaf |l uoropropyl enes and vi nyli dene

fluorideco-te uo thyl = €0 r g : AVLAL le, for
xanpl e, as T 3bo, e SEAG G RS she R of R RIEPrnR SRR AN £
conbi nat i on ofsdabRditi? URxittebhéh Whithsttagdd Bf eaBskatd saRehwdyede. ThekHape of
fluoroplastics typically afford flexural nodulus val ues between about 83

Mpa and about tH@0drifs. ma®ORke Hng leivec shape, watlylas @fculate ovaluand pgugnger i s
not critical provided it is not excessively |arge, or s&lk. In a ﬁieferred
enbodi ment, t kércilapdics ee praferredhsinge ﬂﬁ%@?mévéxg'ﬁéatﬁnﬂ At BRHEl n ¢ he
range of abou 00, 000, t bout. 200,000, 1] Ay I ngs to
useful fluor ob@l%fﬁéersg Sltag'%g@%rfyilﬂgrﬁfag.lgﬁgpgg@aﬁg& ﬁ%&hg@%?ﬁfhﬁ%?% is

i ncor por at ed u@éﬂgé’}’lkélﬂ{o‘%ﬂ%‘?galét'ﬁg%lF])ﬁleFd?fo rety. [0022]Silicone polyners
may al so be enployed as coatings on e surfaces of the die. Exenplary hard
and soft silicones are commercially available or can be prepared by
conventi onal [elidpds ThExaerigesiaf or dimmestei of the pelkats abet sritical amdswilhcl ude
DC6- 2230 silicone and DC-806A silicone (sold by Dow Coming Corp.), which

are hard sili txpeallyolapniem abani).$FRm toabont 2¢8We (sol d by General Electric
Co.) and EC-4952 silicone (sold by Emerson Cumm ngs Co.), which are soft

ili I -2230 sili [ h ized .

Si 1 anol -t or i HOVBH poPel HTsShaRyF 4 ol bSE: FAEPE 2 RENMIST #590eny o
t hyl [ | isf [ b t-0qtdrd ' I

o1 1 oxane unt 1 5afing 2 Bl fablee RABHE I e e S 0, e e

mol ecul ar wei giiin DERR a2,2000, aehtdctOORh thCsGF5s Suririec oxteusich Thgarcd eri zed
as a silanol -term nated pol ynet hyl phenyl si |l oxane copol yner contai ni ng
phenyl to net lsimilagrsadfpee energy rtattho estfruddto passing thrauging, hediwigmaichiunke i onal
to trifinmetional siloxane ugits in ta%ratio of 3€out 0.5 to 1. FR—égeo
silicone is chaedict dellsted %Be dOwi uThee -crgrey: of (e mpllel synfaces raduess

pol yret hyl si | gxane i .qui d bl end conprising about 60 to 80 wei ght
percent of a %E@P@?&gﬁﬁ@o@gw@’ﬁmt hyl si | oxane havi ng a nunber - aver age

nol ecul ar wei ght of about 90,000 and 20 to 40 wei ght percent of a

pol ynet hyl si | yho1%] ! | qakepdlefen dvarmhgoimeolunati emdcet i of theSidi2)orifRpeat i ng
units in an average ratio of between about 0.8 and 1 to 1, and having a
nunber - aver agerefetablyuhlas theefogit of af flumbopalyBesoa. silkong 9slynwr] i cone i's
characterized as a silanolterm nated pol ynet hyl si | oxane havi ng about 85

| i f i | di hyl_si | i i b 15
Tol o por cent SPORT| { BRATVBTURRH el 5 B o B J0F AR e e (POHERS ng
nunber - aver ag%xgﬁ‘xlﬁe%uétaﬁﬁe‘fﬁ' ﬂ%roﬁ%lgﬁll@ﬁufntcﬁfhe%%%ic stalling ﬂuor%pcgyxggr gréd Lsed

[ 0023] Fl uor oelastoner-sriicone | rpenetrati on networks ca

as the surfaceofpaiitedOtheRbEr | Bludropdhehet riaclufié ylneraiioassiyleid (RTFE),

interpenetrating networks have ratios of silicone to fluoroel astoner

pol ymer bet wegolyplriltor@lkoxy-tetrafluoroethylene  (PFA),  polyfluorinated  ethylene-
propylene  (FEP),  poly(ethylenetetrafluorcethylene),  polyvinylfluoride,

polyvinylidene fluoride, poly(ethylene-chloro-trifluoroethylene),



7 and 1 to 1 by weight, preferably between about 0.2 and 0.7 to 1. The

i nterpenetrating network is preferably obtained by nmechanically
conmpoundiwg,2ofier2msanpl e, on a two-roll mll a mxture eoEUS2GI0OY2HT OM
about 40 to 70 wei ght percent of a fluoroel astoner polyner, from1l0 to 30
wei ght percent of a curable polyfunctiongl pol y(Cl_6al kyl ) phenyl si | oxane or
pol y(Cl1_6al kyl )si | oxane polyner, from1 to 10 wei ght percent of a curing
agent, from1l to 3 weight percent of a curing accelerator, from5 to 30

wei ght percent of an acid acceptor type filler, and fromO to 30 wei ght

percent of an_inert filler..[0024 en fl oroel ast emer ~Sili cane,

i nter penetr at Pﬂéaﬂgﬁo\‘%ﬁhkor?%th%]ﬁ%ef%%%rsgﬁg%{gﬁ%sr ﬁhg(jeg? matst%a)Heal &ntttl%gsesupport
is coated by ﬁﬁ&%gﬁgh@f@'aré eé“d?ﬂh&’gf‘aﬂ uABbley RY TeAsPMESHHORIVESEhey or

sol vent coati ng. sol vents use fgr sol vent coating include polar

sol vents, formawaaBl e, ketones, acetates and the like. Preferred solvents
for the fluoroel astoner based interpenetrating networks are the ketones,
especially methyl ethyl ketone and nethyl isobutyl ketone. Ehe d{ sper si ons
of the interpHWdB} at Piserresk wor KBiorepolyieers oat i glugde| venpolypatiyproalkoxy-

trati | | t bout 10..to0 5 i.ght t |
coneent et o0k ASHSkLHREL1BES) SSRMet ) SuRudE Bl PREORERIEAL RS o
ted t j ' iMi et Wh
o2 500 S ST SRS SOp 0T ST A aSOT ey gtpshess, vhen

accordi ng to trhgonwl §59p3037C QefbiTMOBSSHIOD-5BUAA N Tefldnror 57-2KY. oMeflowd! ymer s
rangi ng, for exanple, fromabout 12 to 48 hours at tenperatures of between

50C to 250C. BiE3R2Bl Yeflon@! gud3ed-SdoapbEefiond §55P322-68. Jiesd resiobaent free

at roomtenperature, then gradually_heated to about, 230C over 24 hqurs,
t hen nai nt ai nBWlﬁ‘ﬂlafl)ﬁﬁefP@%g?%PEFr af fhepr @ialﬂﬁ% abrasigp FejistaRcenand @li’f?“y

mater bath + sy SRbtIaRE, P ReR Rt kPR AR R e
the mol ten exffifiahgve ﬁ('lj‘lgr ?ﬁﬁi&!’e"s%@l‘i Qs QflidoRe cuak®, dahinuly Gliesabéarbon

substantially correspon o the maximumcrystallization tenperature of the
8 t her nopl ast bcholino®tide, tin dxédedsi rabl e to nmaxi mi ze the | evel of
crystallinity at the surfaces of the pellets to render the surfaces |ess
tacky such that the likelihood of aggloneration is reduced. A preferred

wat er bath t el§fd8ht ubsitabie ¢ fIpprosarbyn astmoplattict Japgdrsmt coprtymers  include

0027] Preferably...t he.water bath i i nt ai ned at latively | f
ensi on by 1 bl iR sonerep ey B s foaf ook Rnch S B R0T et he
i grati f d-ell

ehbanci ng sur PRl 26, ROFIOA DR RR0P AHEP RIS, CREV! BludtiipdRebol | o

aggl omer at i onHoexamp! BSaithétsa@nbddirgent! actimylidené flabtide cetdnfiao®ethylone
trisiloxane, polyoxyethylene glycol nonoal kyl ether with dodecanol

phospat e basedo-dkkafluopairgmstitnd eamebeoscprisensed ha efVEH42)-(BYRHAL05 oHEBA(SS)-
Products), and _Carhowet-106 éééu r g/r'[gducta; [ 0028] The coql ed extrudate may
be pelletized 3 TAVmoREHNVE2Q 5€ 31 dnhy h%fn%}“ HEORHONAS] MY &art.

The pelletizer wll typically take th ugti ' h as a
R S R e T
Under wat er pelcbs%éttambfd&fhgnaleohoﬂ%xaﬁ@&foglfo?weﬁé@na}l:eavauablb;- for Baingne, -
7,163,989 B2. The pellets can then be driéd by any nmethod known in the art,
such as a cyclTohée-400, BiVeiOOhesit BHV-300. THV fluoroplastics afford a combination of

high flexibility and low process temperature. THYV fluoroplastics typically afford

flexural modulus values between about 83 Mpa and about 207 Mpa.

[0020] The molecular weight of the fluoropolymer is not critical provided it is
not excessively large or small. In a preferred embodiment, the fluoropolymer has

a number average molecular weight in the range of about 100,000 to about

200,000.



[ 0029] The process of the present disclosure is useful wth any

t hernopl asti c pol yner. Sui tabl e pol yners i nclude honopol yners and copol yners
of nonoetwylenieadshy unsat urat ed nonomers. Suitabl e nonegenvs2emwokizde

al kenyl aromatics, olefins, am des, and pol yacryl ates. Suitabl e al kenyl
aromatic polyners include polystyrene and pol yal phanet hyl styrene. Suitable
pol yol efins i nclude pol yet hyl ene and porgﬁropylene. Preferred polyners are
copol ymers of al pha-ol efins, such as ethyl ene, propyl ene, butene, pentene,
hexene, heptene and octene. Copol yners enpl oyi ng al phaol efi ns of hi gher

car bon nunber al i whi

i ncor por at ed H@?g %@dl?gﬁag tgﬁciténgs P o%%ﬁgn%@oégéqqﬁgz%lﬂ%%%gq astU(:)rgrerP‘rétg%tan be
charact eri zedvpagesh v Bg| whicR tsshb@pelfatdaqte@elﬂey ¢&fBfentd B itsentigert) i sotactie
i ndex, 2) percent meso propylene triad, and 3) glass transition

tenperature. The isotactic index of the copolynmers is equal to-0.02240+A,
wherein 0 is {(§a2)ol ﬁtllpma:mﬂymetseﬁaytalpm be emiployAd ias ceatimgaron the susfacéolt o 89,
and the isotacti¢c index is reater n 0. The propyl ene t % |C|ty of the
copol ymers catedligo tsenaleet rﬂé'ddk%’ HOBFT ATREOBIRGTHIZ Yé&%lgl & ¢ ¢inA%920+ B,

and the 9 mosBepERA EmBo0 Ragihos ARG o 8#%?019%616%*@%5@32;100’
have a gl ass h%ﬁﬂ%'ﬁé@?z%ﬁ%ﬂﬁé&tﬁfd%ﬂgmﬁ§1Hc&1e](9cﬁa%y%owg%rﬁinﬁer bg, Lhe

nole % ol efin present an IS a nu om1lto 14 Uitable

pol yners i ncl wiRhpi®haielzobepelynre)asd BER- 100k ¢sold 8 Geakral Eleetricor m of
a sem -crystalline copol ynmer of propylene and at | east one conononer

sel ect ed fronCohengr ﬁl%armlu@mer@oldfbyeﬁn;ﬂrmnecammwgs Ceaswhinhearessoflo C20
| ef Th | | | h ht | ecul

Sl gnt (My BB e, 006 S50 0ens0R Smcliidios s SR M stom

bout 7dg/ d

(vl M1y o apgioiih thﬁl&?@log%”t@o?;‘ﬁtéﬁ@?l"%@ﬂg AL, el p Beebs 81, 3,

(MFR) equal t eyidnst aBOAVIELo2R QifdGétiingl @;tm%ﬁféﬁonémﬁomeqtmma@m ¢Tabout
manuf actured via a free radical initiator, e.g., a peroxide. Useful

propyl ene- baséd tad tmdlhuemgarmmd:es-awra@mnltcﬁ’l@ﬂ' weight betiveen 24900 anddj0060. No
W2001046277A2, which in_ incorporated herein by reference in its enti rety
A parti cul ar|9 U adkeosieve iSs t ihanaptesized pOMsadhasi vailangl-teimiaashi |

Chem cal npa i oxi dant y O 0 e
Cher opl ast| LPgme WPP?ﬂshﬁﬁliQ;@ﬂt DR SmET poR b ahedss A5 RERE eislph dF 2
Sui tabl e anti de, h I :
b di ot - bt y[ g Pl Db SRR MAREAR, © GRAR siloxanc wnits in 2

, 6-tris(3", 5-ghitiot oPubyidt- 6.5- iy dr, BER> 180 zglidonbeRzetiveictérdetd ads @ silanol- or
Rmet hyl ene(3 5-di -t -butyl -4-hydroxyhydroci nnamate)] net hane (1 RGANOX T11
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gradually heated to about 230°C over 24 hours, then maintained at that

temperature for 24 hours.

[0026] The molten extrudate ts cooled by extrusion into a water bath and
pelletized. The water bath is maintained at a temperature substantially lower than
that of the molten extrudate. The temperature of the water bath preferably

substantially corresponds to the maximum crystallization temperature of the



screw extruder and nelt extruded at a tenperature of 210C through a
uncoated multi-orifice die to forman extrudate. The extrudate was cool ed
in a wat ewohkatim2zasd cut with a flying wheel to form a plparaisedig/oef24ti screte
pellets, which were dried in a cyclone drier and tested. - 13 - [0043] The
susceptibility of thernoplastic pellets t,0 aggl oneration during storage and

shi ppi ng was sinulated by a sinple press-and-rel ease test. Pellets were
pressed together by hand for 1 mnute and an attenpt was nmade to try to
separate them Tackiness was rated on a scale of 1 to 6 based on the
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estimated by aggipmestowis redlickdngA petieatd water Ma0Cichyicvaneme 19 efgicailymbpliat es.
After cooling, the resulting conpression-nol ded sheet was cut into strips
and manual |y #&10 tetabeetP0°Gacki ness of the resulting pellets was neasured
using the sinple pressing and rel ease nethod. Conpositions 1 to 4 [0045]

Pellets were re i th fqur ¢ ositions .aof propyl ene-hexene ol yners
and addi ¢ vesH2aF eqPreftrhelyy 81 waRTHRR id, oy ned R kTSR LEY SufiaR
pol ypr opyl ene - : Gensy we! n R b r y
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extrusion bl ended. An anti-block agent, Hydrocer 145 by Shanrock
Technol ogi es srfacadupsaltigationeanbhelpingatt reducprthe dikelilped ef agglpoktatignand
I [ Tabl e 1: h T It
aggl omerat| OnExargp es of uselal  Surfactants %:rl?d%SI etlhgféne glycol trisiloxane,
polyoxyethylene glycol monoalkyl ether with dodecanol, phospate based alkyl
polyethylene oxide surfactants, Dynol-607 (Air Products), and Carbowet-106 (Air

Products).

[0028]  The cooled extrudate may be pelletized to form pellets according to any
methods known in the art. The pelletizer will typically take the form of a cutting
device, such as a flying wheel. Preferably, pelletization takes place within the
water bath. Underwater pelletization is disclosed, for example, in U.S. Patent No.
7,163,989 B2. The pellets can then be dried by any method known in the art, such

as a cyclone drier or heater.

[0029] The process of the present disclosure is useful with any thermoplastic
polymer.  Suitable polymers include homopolymers and copolymers of
monoethylenically unsaturated monomers. Suitable monomers include alkenyl
aromatics, olefins, amides, and polyacrylates. Suitable alkenyl aromatic polymers
include polystyrene and polyalphamethylstyrene. Suitable polyolefins include
polyethylene and polypropylene. Preferred polymers are copolymers of alpha-
olefins, such as ethylene, propylene, butene, pentene, hexene, heptene and octene.

Copolymers employing alphaolefins of higher carbon number are also possible.

[0030] Preferred polymers include propylene-based copolymer elastomers,

such as those disclosed in PCT Published Application No. W02000001745A1



(%9 AC-596 Escorez Hydrocer Shore A ( © 1 5.7 2%8%<0.1%90 123 2 5.7 4%
12%
WO 2011/022280 PCT/US2010/045247

and WO1999007788A1, which are incorporated herein by reference.
Propylene-olefin (PO) elastomers can be characterized based on relationship of
mole percent olefin to 1) isotactic index, 2) percent meso propylene triad, and 3)
glass transition temperature. The isotactic index of the copolymers is equal to-
0.02240+A, wherein O is the mole percent olefin present, A is a number from 66
to 89, and the isotactic index is greater than 0. The propylene tacticity of the
copolymers can also be described by percent meso triad equal to-0.44920+ B,
wherein O is the mole percent olefin present, B is a number from 93 to 100, and
the % meso triad is less than 95%. Additionally, the copolymers can have a glass
transition temperature equal to-1.10820-C, wherein O is the mole % olefin

present and C is a number from 1 to 14.

[0031]  Other suitable polymers include propylene-based adhesives. Adhesives
can take the form of a semi-crystalline copolymer of propylene and at least one
comonomer selected from the group consisting of ethylene and at least one Cy4 to
Cyg a-olefin. The copolymer will preferably have a weight average molecular
weight (M,,) from about 15,000 to about 200,000; a melt index (MI) from about
7dg/min to about 3000 dg/min a3 measured by ASTM D 1238(B); and a (My/M,)
of approximately 2. The copolymer can also have a melt flow rate (MFR) equal
to and above 250 dg/min at 230°C, The copolymer can be manufactured via a free
radical initiator, e.g., a peroxide. Useful propylene-based adhesives are disclosed
in PCT Published Application No. W02001046277A2, which in incorporated
herein by reference in its entirety. A particularly useful adhesive is the Linxar

POA adhesive by ExxonMobil Chemical Company.

[0032] Antioxidants may optionally be added to the thermoplastic matrix to
prevent oxidative degradation of the pellets, Suitable antioxidants include
hindered phenols such as 2,6-di-t-butyl-4-methylphenol; 1,3,5--trimethyl-
2,4,6-tris(3',5-di-t-butyl-4'-hydroxybenzyl)-benzene; tetrakis
[(methylene(3,5-di-t-butyl-4-hydroxyhydrocinnamate)] methane (IRGANOX T11
1010 of Ciba Geigy); and octadecyl-3, 5-di-t-butyl-4-hydroxy cinnamate
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(IRGANOXTII 1076 of Ciba Geigy). When present, the antioxidant is used at a
preferred level of about 0.05 to about 2 parts by weight per 100 parts by weight of
composition. Antioxidants and other additives, such as plasticizing oils and UV
stabilizers, are well known and described in the literature, such as in PCT
Published Application No. 2001046277A2; U.S. Patent No. 5,143,968; and U.S.
Patent No. 5,656,698, all of which are incorporated herein by reference in their

entirety.

[0033] Tackifiers may optionally be added to the matrix of the pellet to
enhance adhesion thereof. Useful tackifiers include hydrocarbon resins, synthetic
polyterpenes, tosin, rosin esters, and natural terpenes, Tackifiers may take the
form of a solid, a semi-solid, or a liquid at ambient temperature. Preferred
tackifiers are aliphatic hydrocarbon resins such as (1) resins resulting from the
polymerization of monomers consisting of olefins and diolefins (e.g., Escorez
8131 0OLC and Escorez 2596 of ExxonMobil Chemical Co.) and the
hydrogenated version thereof; (2) alicyclic petroleum hydrocarbon resins and the
hydrogenated detivatives (e.g., Escorez 5300 and 5400 series from ExxonMobil
Chemical and Fastotace resins of Eastman Chemical); (3) polyterpene resins and
hydrogenated derivatives; (4) hydrogenated Cy (e.g. , Arkons P Series from
Arakawa Chemical and Regalrezo and Regalite E from Hercules). Tackifiers may
also be modified with aromatic components, such as Escorez 2596 of ExxonMobil
Chemical Co. Other useful tackifiers are described in U.S. Patent No. 5,143, 968,
which is incorporated herein by reference. Adhesive pellets typically contain

from about 2 wt% to about 50 wt% of one or more tackifiers,

[0034]  Anti-block agents may optionally be added to the surfaces of the
pellets, i.¢, admixed with a plurality of finished pellets, for the purpose of further
diminishing the likelihood of agglomeration. Useful anti-block agents include,
but are not limited to, primary amides, secondary amides, ethylene bisamides,
waxes, talc and silica. Primary amides include, for example, stearamide,

arachidamide, behenamide, oleamide and erucamide. Secondary amides include,



- 14 - skin thickness and surface crystallinity neasurenment by a Sum
Frequency Cenerator (SFR) using 2908 crill CH2 Ferm resonance as the
crystal | iwotyimeassare. As shown in Table 2, that the pelrcetusbaviome4t hi ck
crystalline skin and high surface crystallinity is pellet stable. Table 2:
Conposition Pellet Stability Skin Thi cknlelss (mcrons) Surface crystallinity
1 Stable 135 High 2 Seni-stable T

for example, stearyl erucamide, erucyl erucamide, oleyl palmitamide, oleyl
oleamide, stearyl stearamide and erucyl stearamide, and ethylenebisamides.
Ethylenebisamides include, for example, ethylene biscrucamide, ethylene
bisstearamide, and cthylene bisoleamide. Waxes include, for example, paraffinic,
isoparaffinic, and Fischer-Tropsch waxes. Anti-block agents are disclosed in U.S.

Patent No. 6,228,902B 1, which is incorporated herein by reference.

[0035] Highly crystalline polymers may optionally be blended into the matrix
of the pellets for the purpose of further diminishing the likelihood of
agglomeration. Typically, such highly crystalline polymers exhibit a crystallinity
of >40 J/g. Useful highly crystalline polymers include polypropylene,
polyethylene, propylene-alpha olefin copolymers, ethylene-alpha olefin
copolymers, and poly(4-methyl-1-pentene).

[0036] Shore A hardness is measured according to ASTM D2240.

[0037] Another aspect of the present disclosure is a polymer pellet shipping
system. The system has a shipping container and a plurality of pellets of a
thermoplastic polymer situated within the shipping container. The shipping
container may take any form known in the art, such as a box, a bag or sack, a bag
in a box, a crate, a trailer, a metal tank, a train car, or the like. During shipping
and storage, it is desirable for the plurality of pellets in the shipping container to
remain substantially free of agglomeration. For instance, in a preferred
embodiment, a shipping container retaining 25,000 pellets or more would remain
substantially free of agglomeration. Preferably, the pellets remain substantially
free of agglomeration for at least six months from the time of packing, i.e., from
the time the pellets are inserted into the shipping container. More preferably, the
pellets remain substantially free of agglomeration for at least one year from the

time of packing.

[0038]  Another embodiment of the present disclosure is a stable thermoplastic

polymer pellet. The thermoplastic polymer exhibits at a surface thereof a
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stable if a plurality of them remain substantially free of agglomeration for at least
six months from a time of packing, i.e., from a time the pellets are inserted intc a

shipping container.

[0039] It is envisioned that the thermoplastic pellets disclosed herein will be
useful in any known end use for thermoplastic polymers. Typically, such pellets
are melted and fabricated to a particular form. For instance, pellets can be melted
to form a melt that can be extruded, coextruded, molded, laminated, pressed,
pultruded, calendered, or the like. Useful molding techniques include
compression molding and injection molding. Pellets can be fabricated to any

known form, such as a film, sheet, foam, or article.

[0040] The following are examples of the present disclosure and are not to be

construed as limiting.

EXAMPLES

[0041]  Peliets were produced via extrusion processes. Pellets not exhibiting
stability, i.e., those susceptible to sticking and agglomeration, as produced were
subsequently melted and brought into contact with a coated surface of a surface
energy of less than 25 mN/m at 20°C to impart stability to pellet surfaces. The
contact with the coated surface of low surface energy was deemed to effectively

simulate extrusion through a die having a coated surface of low surface energy.

[0042] Feed copolymers and additives were introduced into a co-rotating twin
screw extruder and melt extruded at a temperature of 210°C through a uncoated
multi-orifice die to form an extrudate. The extrudate was cooled in a water bath
and cut with a flying wheel to form a plurality of discrete pellets, which were

dried in a cyclone drier and tested.



Crystallinity As-is Against OIS Surface Crystallinity Against TeflonTM
Surface Crystallinity 3 None H gh H gh 4 None Not avail able Sone
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[0043] The susceptibility of thermoplastic pellets to agglomeration during
storage and shipping was simulated by a simple press-and-release test. Pellets
were pressed together by hand for 1 minute and an attempt was made to try to
separate them. Tackiness was rated on a scale of 1 to 6 based on the difficulty in
separating the pellets. “1” means that there was no tack and “6” means that they
could not be separated easily. Typically, pellets with a rating of 1 or 2 appear to

be stable in production.

[0044] The impact of extrusion through a die having a coating of low surface
energy was estimated by compression molding pellets at 200°C between Tefion™
plates. After cooling, the resulting compression-molded sheet was cut into strips
and manually pelletized. Tackiness of the resulting pellets was measured using

the simple pressing and release method.

Compositions 1 to 4

[0045] Pellets were prepared with four compositions of propylene-hexene
copolymers and additives listed in Table 1. Tackifiers added were a maleated
polypropylene (AC-596 by Honeywell) and a hydrocarbon (Escorez 5637 by
ExxonMobil Chemical). Irganox 1010 was added as a stabilizer (anti-oxidant).
The copolymers, tackifiers, and the stabilizer were extrusion blended. An anti-
block agent, Hydrocer 145 by Shamrock Technologies was added to the water

bath to prevent pellet sticking and agglomeration.

Table 1:
hexene Tm
Composition (%) | AC-596 | Escorez | Hydrocer | Shore A | (°C)
1 5.9 2% 8% <0.1% 90 123
2 5.7 4% 12% <0.1% 65 112
3 5.7 4% 12% <0.1% 50 107
4 5.7 4% 12% <0.1% 36 103

[0046] The stability of pellets, i.e., susceptibility to sticking and

agglomeration, was determined by optical microscopy observation of the surface



- 15 - Exanple 2 [0048] Pellets produced from six propyl ene- hexene

copol yners were exanmned for stability. As shown in Table 4, the copol yners
have var ywogotiarkisness and stability values. The six pelketrs20wnes2pr essed
agai nst a TeflonTm surface at 180C (above their nelting tenperatures) and
dried in roomair afterward, The tacki n_EFf_ of the contact surfaces of the
copol yner conpositions disappeared after their nelt contact against a
Tefl onTm surface. Al of the conpositions becane substantially equally

non-tacky. Table 4: Exanple W % hexene Viscosity at 190C (cps) Stability
Rank* After Tsﬁ(firll ORiTh &S AR tshrf?éeal%ﬁ'}s'laﬁl)fniﬁa%easurement by a Sum Frequency

Generator (SFR) using 2908 cm’ CH, Fermi resonance as the crystallinity
measure. As shown in Table 2, that the pellet having thick crystalline skin and
high surface crystallinity is pellet stable.

Table 2:
Pellet Skin Thickness Surface
Composition Stability (microns) crystallinity
1 Stable 135 High
2 Semi-stable 70 Some
3 Agglomerated 0 None
4 Severe 0 None
agglomeration

[0047]

OTS (octadecyl-trichlorosilane) surface (24 mN/m surface tension) and with a

Compositions 3 and 4 were melted and brought into contact with an

polytetraftuororethylene (Teflon™ of the E.I du Pont de Nemours & Company)
surface (18 mN/m surface tension). The compositions were allowed to cool
against the two surfaces. Afterward, their skin crystallinity values were measured
using SFR. As shown in Table 3, surface crystallinity values of Compositions 3
and 4 could be raised to approximately those values of Compositions 1 and 2 by
contacting them against low surface tension surfaces to promote polyolefin skin
migration and surface crystallization. The detection limit of the SFR sets the

definition of “some” crystallinity to be greater than 5 J/g.

Table 3:
Against
Surface Against OTS Teflon™
Crystallinity Surface Surface
Composition As-is Crystallinity Crystallinity
3 None High High
4 None Not available Some
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Example 2

[0048] Pellets produced from six propylene-hexene copolymers were examined
for stability. As shown in Table 4, the copolymers have varying tackiness and
stability values. The six pellets were pressed against a Teflon™ surface at 180°C
(above their melting temperatures) and dried in room air afterward. The tackiness
of the contact surfaces of the copolymer compositions disappeared after their melt
contact against a Teflon™ surface. All of the compositions became substantially

gqually non-tacky.

Table 4:
Viscosity After Teflon ™
Wt% | at 190°C Stability contact:
Example | hexene (cps) Rank* Stability Rank
5 25 5675 1 1
6 20 4715 2 1
7 12 2600 3 |
8 9 3400 4 1
9 15 2117 5 1
10 10 1940 6 1

Example 3

[0049]  Crystallization rates of Examples 1-4 were measured using X-ray
scattering. As shown in the Figure for Example 1, crystallization rates at 40°C,
60°C, 80°C, and 100°C for Example 1 were determined. Similarly, the
crystallization rates at 40°C, 60°C, 80°C, and 100°C for Examples 2-4 were also
measured and have the same curve shapes as those shown in the Figure for
Example 1. A maximum crystallization rate obtained for all four Examples was at
60°C.

[0050] It should be understood that the foregoing description is only
illustrative of the present disclosure. Various alternatives and modifications can

be devised by those skilled in the art without departing from the disclosure.



3400 4 1 9 15 2117 5 1 10 10 1940 6 1 Exanple 3 [0049] Crystallization
rates of Exanples 1-4 were neasured using x-ray scattering. As shown in the
Fi gure fowoBsampbmol, crystallization rates at 40C, 60CpCc3S201anas2d1D0C f or
Exanple 1 were determined. Simlarly, the crystallization rates at 40C

60C, 80C, and 100C for Exanples 2-4 wer e]é,JaI so neasured and have the sane
curve shapes as those shown in the Figure Tor Exanple 1. A maxi mum
crystallization rate obtained for all four Exanples was at 60C.

Accordingly, the present disclosure is intended to embrace all such alternatives,

modifications and variances which fall within the scope of the appended claims.



[0050] It should be understood that the foregoing description is only
illustrative of the present disclosure. Various alternatives and

nodi fi catwonsiigamsbe devi sed by those skilled in the arecwush@otssteparti ng
fromthe disclosure. - 16 - Accordingly, the present disclosure is

i ntended to enbrace all such alternativeg nmodi fications and vari ances
which fall within the scope of the appen ed clainms. - 17 - CLAIMS 1.A
process for making thernoplastic polymer pellets, conprising: (a)
melting a thernoplastic polymer to forma polynmer nelt; (b) extruding
the nelt throeﬁr ﬁ?ﬁie to forma substantially continuous nolten pol yner
extrudate wherein the die has a contact surface bearing a polyner coating
having a surface energy of |less than 25 ni m at 20C; (c) cooling the
extrudate to forma cool ed extrudate; and (d) pelletizing the cool ed
extrudate to formh pl ur plocess forf mpkihy theermpplaktét golyBerMpedles; cappssing: cl ai m 1,
further conprising; (e) boxing the plurality of pellets by inserting
theminto a box: #@Y meltingas hcanpmigstwgmﬂmﬂﬁgiomba polygeEMmedn dif f erent

than the |ocation (%5 t rEagtru”(?ing HR Ql?th?ough a die to form a substantially continuous

molten polymer extrudate wherein the die has a contact surface bearing a polymer
coating having a surface energy of less than 25 mN/m at 20°C;

{¢)  cooling the extrudate to form a cooled extrudate; and

(d)  pelletizing the cooled extrudate to form a plurality of polymer

pellets.

2. The process of claim 1, further comprising:

(e)  boxing the plurality of pellets by inserting them into a box; and

(f)  shipping the box to a location different than the location of the
making the pellets.

3. The process of claim 1, further comprising applying an anti-block

agent to surfaces of the pellets prior to boxing them.

4. The process of claim 1, wherein the melt is extruded through a

multi-orifice die.

5. The process of claim 1, wherein the contact surface bears a coating
selected from the group consisting of a fluoropolymer, a silicone polymer, and a

fluoroelastomer-silicone interpenetrating network.

6. The process of claim 5, wherein the coating is a

polytetrafluoroethylene.



3. The process of claim1, further conprising applying an anti-bl ock agent
to surfaces of the pellets prior to boxing them 4.The process of claim1,
wher ei n twe 2022188 extruded through a nmulti-orifice di ectasiéw/opsetess of
claiml, wherein the contact surface bears a coating selected fromthe

group consisting of a fluoropol yner, él cone polyner, and a
fluoroel astoner-silicone interpenetrati nL network. 6. The process of claim
5, wherein the coating is a pol ytetrafl uoroethyl ene - 18 - 7. The

process of claim5, wherein the coating is a polydinethyl polysil oxane.

8. The process of ,}:I ai @hggr(\)/\@?srg anl}‘nhi Vﬁ{(v% 1Hﬂ?etco[ah§gf°°| ed via contact with

wat er . 9. The proc herm)pl astic polyner

is nmelted and @&H{M&q M?Slmaﬁégtruder 10. The process of claim 1,
wherein the tR nmopl as? polynmer is an el astomer. 11. The process of

claim1l, wherein the thernoplastic polynmer is an adhesive. 12. The
process of claim1, wherein the eI lets have a Shore A hardness of |ess

t han 100. 1R Thdhemsessssolatlaia hlwﬁqem\mre%mdat@h%cmd W §0facle an

aver age di anete ter of of from about 0.05 mmto about 20 mm

9. The process of claim 1, wherein the thermoplastic polymer is melted

and extruded in an extruder.

10.  The process of claim 1, wherein the thermoplastic polymer is an

elastomer.

11.  The process of claim 1, wherein the thermoplastic polymer is an

adhesive.

12, The process of claim 1, wherein the pellets have a Shore A hardness
of less than 100,

13, The process of claim 1, wherein the pellets have an average

diameter of from about 0.05 mm to about 20 mm.

14. A polymer pellet shipping system, comprising:

a shipping container, and

a plurality of pellets of a thermoplastic polymer situated within the
shipping container, wherein the pellets exhibit a crystallinity of less than 40 I/g
and a Shore A hardness of less than 100, wherein the pellets remain substantially

free of agglomeration for at least six months.

15.  The system of claim 14, wherein the thermoplastic polymer is a

metallocene-polymerized propylene-ethylene copolymer.



14. A polymer pellet shipping system conprising: a shipping container, and
a plurality of pellets of a thernoplastic polyner situated within the

shi ppi ng wonvaimnersy wherein the pellets exhibit a cryst aclriusedigoed2at ess
than 40 J/g and a Shore A hardness of |ess than 100, wherein the pellets
remai n substantially free of aggloneratiﬂﬂ for at |east six nonths.

15. The systemof claim 14, wherein the thernoplastic polyner is a

nmet al | ocene- pol yneri zed propyl ene-et hyl ene copol yner. - 19 - 16. The
system of claim 14, wherein the thernoplastic polyner is a propyl ene-hexene
copol ynmer or a propyl ene- I . A em of claim
14, wherein the sh ppiﬂéeggﬂ%ﬁ%ﬁgpﬁﬁggaXﬁﬁéqnheﬂwnn%@gﬂ éﬂ§§§%gglof claim
17, wherein t hEwR ' ' A8 et End@opolomsy. Wherein the
plurality of gg??g?gﬂgggwﬁ?Pﬂg?ggbaﬁ ﬁ?ﬁktﬂé}%égg Oﬁb? 19. The system of
claim14, wherein the pellets remain substantially free of aggl oneration
for at | east one year. 20. A thernopl astic pol yner pellet, conprising
a thermopl astic polymerlhesnhstemnof slpimtl4awberemdbe shinping ¢pnigingr parboxt i nity of
about 15 J/g or nore and a Shore A hardness of about 50 or nore, wherein

the pellet is stable. 21. The system of claim 20, wherein the
t her nopl asti c pol yyger i G - i | ~etihyl ene
copol ymer, 2f2§.'a T@e?%@%ﬂfé%ﬁﬁpzi ﬁqﬁéﬁ%m\%gﬁg}i’lﬁg? Eﬁéﬂa{?ﬁg}sﬁop astic

polymer is a pisidey wrewhextnde phpglity B¢ beltits areRitanyd eihimehbphgne copol ymer.

19.  The system of claim 14, wherein the pellets remain substantially

free of agglomeration for at least one year.

20. A thermoplastic polymer pellet, comprising a thermoplastic polymer
exhibiting at a surface thereof a crystallinity of about 15 J/g or more and a

Shore A hardness of about 50 or more, wherein the pellet is stable.

21, The system of claim 20, wherein the thermoplastic polymer is a

metallocene-polymerized propylene-ethylene copolymer.

22.  The system of claim 20, wherein the thermoplastic polymetr is a

propylene-hexene copolymer or a propylene-ethylene copolymet.



