1 PROCESS FOR MAKI NG THERMOPLASTI C POLYMER PELLETS FI ELD [ 0001] The present

di sclosure relates to a process for making thernopl astic pol yner pellets.

The present disclosure relates to a shipping system for thernoplastic

pol ynmer pellets. The present disclosure further relates to a stable

t hernopl astic pellet. BACKGROUND [ 0002] Ther nopl astic polynmers are produced,

stored, and shipped as free-flowi ng pellets for the subsequent extrusion

and fabri cati ROCEYYIFOREVA KNG PHERNMEOPS ASTET eOIVW MER Pedgersnd

shi pping of pelTets is sticking and aggloneration, which nmakes processing

and handling of pellets difficult. Agglonmeration is particularly observed

when handling pellets of thernoplastic elastoners and adhesive pol yners.

[ 0003] Met ene- pol yneri zed propyl ene-et hyl ene copol yners el astoners

(with maj propyl ene) exhibit low crystallinity, typically |less than 40

J/g of propylene crystallinity. Low crystallinity pronotes elasticity but

renders el r 0, ypi I ] dnas han
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into the elastonmer matrix one or nore pol ypropyl ene honopol yners or

copol yner ghetmaoplestid potynérgpelbaty.sThe Ipredeny disclesure gngherrelateario 40 sthblg

However, such nDdific%iion of the el astomer conprom ses elasticity,

ext ensi bi Ithesmoplasicpsliciess. [ 0004] Pol yol ef i n-based adhesi ves can be

derived from propyl ene copol yners, primarily propyl ene-hexene and

propyl ene- et hyl ene copolyners, with the addition of tackifiers and

st abi | i zerBACKGROAINDY, such adhesi ves exhi bit | ow propyl ene crystallinity,

i.e., less than 40 J/g, and low stiffness, i.e., a Shore A hardness of 2
f
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level s of problesi ashcanfictal kivitRs stopRserandd shippime @tifprsletsess sticking and

agglomeration, which makes processing and handling of pellets difficult.

Agglomeration is particularly observed when handling pellets of thermoplastic

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



1000511t woul d be desirable to have a process for making pellets of

t hernopl astic polyners that exhibit low |l evels of sticking or aggloneration
during storage and shipping. It would abso be desirable to have a system
for shipping pellets that was substantially free of aggloneration. It would
further be desirable to have thernoplastic pellets that exhibit |ow |l evels
of sticking and aggl oneration during storage and shi ppi ng. SUMVARY

[ 0006] Accolesd Migart @00 heL pivessRtal Ghise |i9$ME@rtahh%tedé§rdM@\léﬂﬂ§ of qumesins for
maki ng thernopl astic pol ynmer pellets. The process has the foll ow ng steps:

(a) nelti nkreseritheramipblaskiagepts yreedusted botamdhgsove pelletsgbtpreyént dickingli ng
the nelt through a die to forma substantially continuous nolten pol yner
ext rudat e Hnkpaglomaration duig stosesn 4pd uppinge bEWGYSE anBdNQde 2888 i ng
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extrudat e ¢eiheEdeRldd @l tht ¥dREsipQl yner pellets. [0007] Further according
to the present disclosure, there is provided a polyner pellet shipping

system T tem has hi pRi.ng ,cont ai ner and | yral it f |l e of a
t her nopl agﬁﬂ@gf)ol gt]rre‘?’o%lgt f?ﬁt 551\9\%{1% 3}? shi 85?%59013% élil?%?g Ifﬁlzetf)eﬁfet S
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| east si x st@agbinlrhipping. titneoold @lac kiendssidabie to hawemat dystem for shppiped | et s

are inserted into the shipping container. 3 100081Further yet according to
t he presemellgissibpbeias substapially freprad\igglemerasioan|le wawdd higppihersha despablerer

pell et. The.thernoplastic G)( r.exhibits at rface theregf a .
Crystai | | APREaBsTAstS BillsVoan Exbiod i hu el & e mbasdhrimian so or
nore. Ben r o polymer matrix in the pellet optionally
exhibits ﬁ%&#&a&%gﬁﬁ%ﬁmﬁ%t allinity and a | ower |evel of hardness. A
pellet is stable if a plurality of themrenain substantially free of

aggl oner atJIOMINIAR At | east six nonths froma tinme of packing, i.e., froma
time the pellets are inserted into a shipping container. BRI EF DESCRI PTI ON

OF THE FI GURE 100091The Figure is a plot of crystallization index as a
function dP006lme Aseondingde dharrresent disrlogre, gherguisearaydecha praseesdonbf t he

t disgl. . DETAI LEQ DESCRI PTI 0010] T f th t
G sl osur EAFRe G TNTKT PO TF FLlabt o bR ePOdsa nOPrapiaetie §Erf LEL "
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substantial ly reduce or prevent the |ikelihood of aggloneratjon during
shi ppi ng avitreincthaghke 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.c., from the time the pellets are inserted into

the shipping container.



[ 0011] The process of the present disclosure has the follow ng steps: (a)
nmelting a thernoplastic polynmer to forma polynmer nelt; (b) extruding the
melt through a die to forma substantiaBBl.y continuous nolten pol ymner
extrudate wherein the die has a contact surface bearing a polyner coating
having a surface energy of |less than 25 nV mat 20C;, (c) cooling the nolten
extrudate to forma cool ed extrudate; and (d) pelletizing the cool ed
extrudate |t[0_@0§pr MEgripeH iRt | dokorfin® Gby RN pREEheUBclostird, 0BEA Th@rovided a

t her nopl astic polynmer can be nelted and extruded in any type of extruder
known in tdigblarthermuoplastis polgmeglpellstr elhexherutplastia polymacexdvibixtat ualer ,
and a ramextruder. Extruders _ may also be used in series wwth mxers, if
desired. Addfacevhercahy cyysllmdtyaelaputd X He gangrresndrarhore l@yhé’dﬁﬁﬁ 8h to

t he extruder /or_ nm xer. 013] The die preferably.takgs far. a

i t1 o | out AP ? radhen Thencgte Bl et SefioR SenPaltin PR abeTE: pfiThaly
extrudate ghy i?sOQ“IS‘Xr%f’ -1evU11§> §llf?1fitét AR ?rlbwef?évél%\f HaifesaNYA kngwp ighape,
such as circular, oval, and square. rcular dies are preferred 'since they
form an exdtapidaf @ plaatity of tHemtahyin udklagtially Hede @ff apgiotnstarni i lay Icast
cylindrical in configuration. A cylindrical configuration reduces the

| i kel i hoodsininghs Eonagdimenef packing. |.00 funTadine sheigellefs asc BiscHpd idioet of
the pellets.is not critical and will typically vary fromabout 0.05 mmto
about 20 PRIBB £8P di e orifices have a contact surface bearing a

pol ynmer coating having a | ow surface energy of less than 25 mMNm at 20C and
preferably less than 21 mN'm at 20C. Contact with the surface during

ext r usi on BREAF DESCRIBTION Qi dtHe KGRy to t he extrudate passing through
it, and, ultimately, the product pellets. The | ow surface energy of the

Dot i ng o0 .o diRuls . BT RiRSeRoBRR RAEL AN P yndicilof il BR| Y To"
formof a tExlnPefa‘ﬁE’t%l ﬂsggr&uf% m&sdéd%ggggm%romh@@aeékﬂ 9¢lepRleymer s are

useful as materials urfac y coatings. Exanples of useful
fl uoropol yners include sem crystalline fluoropolynmer and conposites

t her eof . %E?A?Bﬂblﬁﬁrsﬁﬂfﬁlb% pol yt etraf| uor oet hyl ene (PTFE),

[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; (¢) cooling the molten extrudate to form a
cooled extrudate; and (d) pelletizing the cooled extrudate to form a plurality of

polymer pellets.



pol yper f |l uor oal koxy-tetrafl uoroethyl ene(PFA), polyfluorinated ethyl ene-
propyl ene( FEP) , pol y(et hyl enet et r af | uor oet hyl ene), pol yvi nyl fl uori de,

pol yvi nyl i denef | uori de, pol y(et hyl ene-chlharo-trifluoroethylene), 5 -

pol ychl orotrifl uoroethyl ene and conbi nati ons thereof. Sone of these

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-
tetrafl uorﬁm,h.rl enie(REMopla MO BOBInddr dare¥@inhdildeardd exriOnt a e bhe
trade nane TeflonTm 855P32pz- 32, Tefl onTm 855P322- 53, Tefl onTm 855P322- 55,
Tef | onTm 86&RRR2 kndwnTiaf thonFins88D B3 2 2ifkde ankw ektrodeina 8&Th-2d@ew FetiriderTm
855P322-53; Tefl onTm 855P322-57, and Tefl onTm 855P322-58. These resins are
parti cul arand pramexindenebxtrvderstmanaiso Rrupsash Iy soyies ypith snigprsy dsdesitgdee,

and abilit 0. forma very snqpoth |ayer . .o
ol yper f| (SABRIVEEITAL alPals ATLEn R RRLEARafFE by iddition fabe sieder
particles {gb Asxesi |1 cone carbide, alumnumsilicate, carbon black, zinc
oxide, tin oxide etc. [0019]Suitable fluorocarbon thernoplastic random
copol ynmers include vinylidene fluoride-co-tetrafl uoroethyl ene
co- hexaf | Y000} opihendis, pretierablyc aakdsetheefuras et € dnalsi-oi i€ (di&) sciFay  10)
- (HFP) (25) - (gh:yq_,fgl;;o&gpl ast%m;&%cg%. dI@g@(anot her egboﬂlé%rre}rl]t, af)
vi nyl i dene‘spaglsitiidaiedhtaighy I Bldass arg gemepycepy et ehargobe
represented as.-(VF)(42)-(TFE) (10) -(HFP)(58)- (3M THV or THV-200 of 3M
ey il “Sifiten bttt apb §AbVe HaRe) i RREVAY OF A MG Adue.
fluoride- r.opr RIES J F%Jm' :
fluori deco(@?‘g??;abr%oér}ge@%% ene§lgg§lﬁ% a uo(tag[r)h?%%lflateeﬁeag,d’ g}témgt\?(li)(,l%e&eés, for
eXﬁbrrpl e, aﬁatT%d\ﬁ] g@%t?l}ww b_@ l_i@dltﬁicaTle- SOWXigukbtvor.| uar opllimhiddt&(?fgvg@mi(m
conbi nation o ig exibility an ow process tenperature.
f1 uor opl as*tadwstﬂy@iikalih(}OChbfmlﬁ‘tfaggmwtiﬁnduI us ngues bet ween about 83
Mpa and about 207 Mpa. [0020] The nol ecul ar wei ght of the fluoropolyner is
not criti rovided it is not excessively |ar or.small...In a preferred
enbod mend00H Y ThE wissrgrsPehal Gngisb e rapeieSris: Baurttlefabrih { he
range of -1 0021] Addi ti onal teachings to
useful flu 1%%%%3%@8{;}8?%8%%@?{?%&%?g&gg%l%tejr?t ). 7,534,492 B2, which is
i ncorporated herein by reference inits entirety.

[0015] The die orifices have a contact surface bearing a polymer coating

having a low surface energy of less than 25 mN/m at 20°C and preferably less
than 21 mN/m at 20°C. Contact with the surface during extrusion imparts a
similar surface energy to the extrudate passing through it, and, ultimately, the
product pellets. The low surface energy of the pellet surfaces reduces the

likelihood of agglomeration.

[0016] The polymer coating of the contact surfaces of the die orifices

preferably takes the form of a fluoropolymer or a silicone polymer.

[0017]  Fluoropolymers are useful as materials for low surface energy coatings.
Examples of useful fluoropolymers include semicrystalline fluoropolymer and
composites thereof. Fluoropolymers include polytetrafluoroethylene (PTFE),
polyperfluoroalkoxy-tetrafluoroethylene ~ (PFA),  polyfluorinated  ethylene-
propylene (FEP), poly(ethylenetetrafluoroethylene), polyvinylfluoride,
polyvinylidene fluoride, poly(ethylene-chloro-trifluoroethylene),



[0022] Silicone polymers may al so be enpl oyed as coatings on the surfaces of
the die. Exenplary hard and soft silicones are commercially available or
can be prepared by conventional mnethodss _Exanples of commercially avail able
silicones include DC6-2230 silicone and DC-806A silicone (sold by Dow
Corning Corp.), which are hard silicone polyners, and SFR-100 silicone
(sold by General Electric Co.) and EC- 4952 silicone (sold by Enmerson

Curmmi ngs _‘?Qolgehl%tﬁﬂu%@etﬁﬂfeﬁe SignliC ORSmBRIaVERS S th¥eBf. 223K ¢thé | GAMethieSe
characterized as a silanol-term nated pol ynet hyl - phenyl si | oxane copol yner
cont ai ni noflpdrepylyniers matehydongmertislly nawailablé oaof TabenfM lardo Sijvedstbne®t i onal
to trifunctional siloxane units in a ratio of about 0.1 to 1 and having a
nunber - avebaigsialfol ecul ar wei ght between 2,000 and 4, 000. DC- 806A silicone
is characterized as a silanol-term nated pol ynet hyl phenyl si | oxane copol yner
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90, 000 andlefor™ ABSREIZgAT. pefleaRf &56P323010y ard haflin™ 8%j-Eil8at EcHert™h
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di met hyl sithqyane vapeatddil 1ayert SBOéﬁMHhOﬂ&tlk@i}etem%m@maDj/lehé i(PBAG nhaynal
met hyl si | oxane repeating units and having a nunber-average nol ecul ar wei ght
of about Zurtheo hay®dlBYr Rarticlee | sash oasesilispné cartudenalenpene sdicatsn cashawor ks
can al so gﬁ%ﬁéed as the surface coating materials. Preferred

f1 uoroel a #InG e¥idedn pxideSienet rat i ng networks have ratios of silicone
to fluoroel astoner polymer between about 0.1 7 and 1 to 1 by weight,

preferablﬁogggweeggﬁaggt Foltof)- thitadplastie ﬁﬁl%ﬁpeagﬁgﬁgkﬁgnﬂﬁﬂ&&{k I's

pr ef er abl ai né mechani cally conpaoundi ng, for ex a two-rol

mil a m X/ﬁl‘}'}ﬂﬁie@@rmidr&ldlgo-ftétﬁﬁﬂlﬁﬁ@éﬂ%%et@—H&(dﬁﬁiogmrop?re@léﬁl,tthchacan be
f1uoroel astonmer polynmer, from 10 to 30 wei ght percent of a curable

pol yf unct ireprakergod y o€ 1(VF)&T Ky(Dihenyl0si FHaXaME2dr gdHN CFlwabriastied | ofkane
polymer, from1l to 10 wei ght percent of, a_curi ent, fr 1 to 3 weight
percent oftleechsbi nlp arelBreembedimenty vinyldepe 3&03%@-% opetiinengT o

t t figl | d f 0 0. wej ght i ihl er .
To02a1vne Ve lbpBlraBiihe AT A LA BT SR T FAF D gy
f1 uoroel agt RIMETV aeTHRDOD! &f 3M NBc JUPOR: JuftaBRATIBErdPOIGABMKE ThilRaH
t echni ques, usually by conpression nolding or solvent coating. The sol vents

used for sotwvedt viodideng iflnokiddeohokaflusopventlenesf andexarpbidenc k 8uoride,
acetates and the like. Preferred solvents for the fluoroel astoner based

i nt er penecpdeiraduersciion kae-ap-dexnBuqropsrmadenass pisei ayailabiet i esamyple. ket one
and net hyl.i.sopyt et one. I sper.si of .the interpenetratin

net wor ks hﬁk?ﬁgﬂkﬁg#§ﬁ%ﬁ£6?@gﬁfvg*§PaiﬁggE@@Hﬁ#ggﬁéﬁgkﬂgdaFP?RW%F§£%%fabout
10 to 50 ' d | i : &l ight
per cent sar ARexBES A B, b Y Y e B N I8 ™
100 m cr omekeral inhbdikus heleits bbEeetibemt 83@2{%511@%0@ 207 M. i nt er penetrating

network is carried out according to the we known conditions for curing
fl uoroel ast oner polyners ranging, for exanple, fromabout 12 to 48 hours at

t enper at ul@@2Uf bEhavewieada weight of. thedbosorMyper iheoteatied rrowsisdiit ison i s
dried until solvent free at rogm.tenperature, .then gradually heated to
about 230BobGREHA oS OF HBRM Pt Brefdde e bRAE S JUOREOTaPSE our .
100261Thea B8 %/E:fa'éga{xﬁ)léﬁﬂ&ow& g rﬂélﬁ%é’rbf' 0HSu2 1961090 RbBogNd
pel l eti zed. e wat er ba I's mai ntained at a Penperature substantially

| ower thapgppl@ph of the nolten extrudate. The tenperature of the water bath

preferably shbstantially corresponds to the maxi numcrystallization
tenperature of the 8




thernoplastic polynmer. It is desirable to nmaxim ze the |evel of
crystallinity at the surfaces of the pellets to render the surfaces |ess
tacky such that the |ikelihood of agglogeration is reduced. A preferred
wat er bath tenperature is typically about 40C to about 90C.

[0027] Preferably, the water bath is maintained at a relatively | ow surface
tension by introduction of one or nore surfactants. Surfactants pronote the
m gration @p2ypw ARG BEEENa YEHREAN DRES opOWRActs RS deBh iBUTISICRStent
enhanci ng surface crystalli zatl%n and hel ping to6 reduce the likelihood of
aggl orrer atNon7,5Ekd0PIB% vatfich $eincbrsarafeddicacindyi retdradec i ity betiretygl ycol
trisil oxane, polyoxyethylene glycol nonoal kyl ether w th dodecanol,
phospat e based al kyl pol yethyl ene oxi de surfactants, Dynol-607 (Ar
Product s),[0832] caSH&mae-Prdpmers mapadube syploysgas) caings esutiagende my

e’ pel ot FS did E PSRl 8nts aRlgor ety AV b QB R L 4
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Under wat e zation 1s disclose r example, in°“U S Patent No.
7, 163, 989 iB2luddneCe2Botsklicar ambDBE0AAI dlichye @oyd betldod Koming iGorphe art,
such as a cyclone drier or heater. [0029] The process of the present

di scl osur evhishasehatd siliconapglyntass.nansl SER Whgiligers (sold baypengsel Flestric
i | ude h | | f t hyl i | t t ed
monomer s, o8 ) ECHomSH ORI B3I RERGO A SITes, CHDermist G 45, and
pol yacryl ajy e%l&/ﬂ@rg @E%D%%soa@ﬁ{&%hﬁfpala}%éﬁzé aétﬁdgn IMetieRg and

yI sty ulita yol e 0 yet |

pol yal phane ene. e po ins I nclude p yl ene an

pol ypr opy iamefByehaehAdilpgineessolaier copelisiier phafyl abpimetiollefrongs isuch as
et hyl ene, propyl ene, butene, pentene, hexene, heptene and octene.
Copol yrer satéerpk ebouigl & phdidinedtionsl b9 tmfughdendailosane uniiein aratialod @bout

i bl e. d 1999007788A1, which i g ted h in b
DDl . B aoaes Ah e o e S 8 B e I 49080 o
rel ati onsli?@i@gArml esigg&gfnt %I ef '&a%é’ctéﬁ%écfm agstl c é”de§i’lar?c)l-t91??ﬁ1%{ktd nmeso

pr opyl ene and ass transition tenperature. The isotacticC Index
of the copglpigh lph%n?ﬂ;'ﬂ@!xaﬁ@‘c@p@@?ﬁ&"’@@nﬂdﬁﬁﬁg'pl'leﬁ?;l $o tethyPlgoRsy ¢ent
ol efin present, is a nunber from66 to 89, and the isotactic index is

gr eat er t hato ©f aboat priopy laadehavag idifungtiohalt teetrdopdionad rsslozame ahgs ihet
descri bed by percent neso triad _equal to-0.44920+ B, wherein 0. is the nole
percent of&iQ rpipabaen .5 Boj 4. agfﬂﬁ'aﬂgr silicgps ois £harepisrizedh4as Re st ot ri ad

is less than 95%., Addi ti ona] | th pol ymer an hay | .a ransition
t enper at uF%@SﬁWi?lb{l' -equ’@%l)éy%@y gsll X Xﬁ_: sant%hg; ﬁ‘oﬂﬁ‘*@) §leglidl §8I|51ﬁ3¢51§1él§t and
Cis a n“%E@ﬁt 56028 do LR -péx@gétlbﬂah&ﬁfmwdrﬁplfp%mﬁﬁﬁéﬂgnmmw%mg a
propyl ene- based adhesi ves. Adhesives can take the form'of a

seni - cr yshahlbepaveege!mokculal wuighnydfeatouand, M0 k30 toie weghnhpereentsefl ect ed
fromthe group consisting of ethylene and at | east one C4 to C20 a-al efin.

The copol prisiymiethylghdfsehiegie yetimhavingvaiapefungiional él-eroP ieb) IrapcafiBigghtits( Mu)
from about 15,000 to abo 00, 0Q0; | t i ndex .fromabout 7dg/mn to
Lbout 30067 B rres Sateat beBrcd s Bond du0e). aratidd R vehike
appr oxi ma r _ I : qual
to and abggdéé(%@%r yg%f%lﬁ gﬁg%%ﬁgg(mll r@?ggﬁﬁg@ﬁé%&é&%g a§§ &rl\ggg)ﬂ\(/)?a a
free radi gamihatelli Bél9MmetieylgiloxaheP BAGKgda@bolds 85 unale qrryt@neobakhmcadhalsi ves
are disclosed in PCT Published Application No. W2001046277A2, which in
i ncor por atledethglséionany repeatiegcaenits, iabouent fr engle Aepeanti ofil dnfupctisadlul
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1010 of G ba Geigy); and octadecyl-3, -t-butyl - 4-hydroxy cinnamate -
10 - the surface coating materials. Preferred fluoroelastomer-silicone interpenetrating

networks have ratios of silicone to fluoroelastomer polymer between about 0.1



(1 RGANOXTI'I 1076 of Ciba Ceigy). Wen present, the antioxidant is used at a
preferred | evel of about 0.05 to about 2 parts by wei ght per 100 parts by
wei ght of conposition. Antioxidants andyqther 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.

Pat ent No. 5, 143,968; and U.S. Patent No. 5,656,698, all of which are
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for thernoplastic polymers. Typically, such pellets are nelted and
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[ 0040] The follow ng are exanples of the present disclosure and are not to
be construed as limting. EXAMPLES [0041] Pel |l ets were produced via
extrusion processes. Pellets not exhibiLging stability, i.e., those
susceptible to sticking and aggl oneration, as produced were subsequently
mel ted and brought into contact wwth a coated surface of a surface energy
of less than 25 nMVmat 20C to inpart stability to pellet surfaces. The

contact W hBrhB§lase@hSH N fRELd&firabRMSHakAaR.cQRETEN] W%rj{ik@ﬁﬁﬁﬁ?fta@ the
effectively sinulate extrusion through a die having a coated surface of |ow
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[ 0045] Pel Ipsdycthglese pifsasiathornts, Ppuel-6&hpdisiRroduets bfangrlopppwist-1 A6 X Aile
copol ynmers, and additives listed in Table 1. Tackifiers added were a

mal eat ed ?fdpaﬁ?tgpyl ene (AC-596 by Honeywel |) and a hydrocarbon (Escorez
5637 by ExxonMobil Chem cal). Irganox 1010 was added as a stabili zer

(anti - oxi . T y, ifal : kol ;
xt r st on (B0 2bfec i SOBRNEER Satd AR He' (111 8K, K BHAAs pLeGuiPtPany
Technol ogigsthvas kagaadntthe bite Ted pelldideh will Ppradinttabetheforat oL kicogimnd

aggl oneration. Table 1: o o
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. WO2000001745A1



Conposition hexene (%9 AC-596 Escorez Hydrocer Shore ATm( C 1 5.7 2% 8%
<0.1% 90 123 2
-9.

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 t0-0.44920+ 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 C4 to
C,y 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 as measured by ASTM D 1238(B); and a (M,,/M,)
of approximately 2. The copolymer can also have a melt flow rate (MIR) 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. W0O2001046277A2, 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



5.7 4% 12% <0. 1% 65 112 3 5.7 4% 12% <0. 1% 50 107 4 5.7 4% 12%
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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, rosin, 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 derivatives (e.g., Escorez 5300 and 5400 series from ExxonMobil
Chemical and Eastotace 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.e, 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,



<0.1% 56 105 - 14 - skin thickness and surface crystallinity neasurenent
by a Sum Frequency Generator (SFR) using 2908 cm1l CH2 Ferm resonance as
the crystallinity nmeasure. As shown in {llable 2, that the pellet having
thick crystalline skin and high surface crystallinity is pellet stable.
Tabl e 2: Conposition Pellet Stability Skin Thickness (mcrons) Surface
crystallinity 1 Stable 135

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

Patent No. 6,228,902B1, 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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an OTS (octadecyl -trichlorosilane) surface (24 nN m surface tension) and
with a polytetrafluororethylene (TeflonTmof the E.1. du Pont de Nemours &
Conmpany) surface (18 mN/ m surface tension). The conpositions were all owed
to cool against the two surfaces. Afterward, their skin crystallinity
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X tabal pﬁalrahty OF then temain su stantla{lg free oqj agg?omeratlon for at least
six months from a time of packing, i.e., from a time the pellets are inserted into 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] Pellets 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.



Conmposition Surface Crystallinity As-is Against OIS Surface Crystallinity
H gh Agai nst TeflonTm Surface Crystallinity H gh 3 None
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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 Teflon™
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, tackificrs, 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 5.7 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% 56 105

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

agglomeration, was determined by optical microscopy observation of the surface



4 None Not available Some - 15 - Exanple 2 [0048] Pellets produced from

si x propyl ene-hexene copol yners were exam ned for stability. As shown in
Tabl e 4, the copolyners have varying tagki ness and stability values. The
six pellets were pressed against a TeflonTm surface at 180C (above their
melting tenperatures) and dried in roomair afterward. The tacki ness of the
contact surfaces of the copol yner conpositions disappeared after their nelt
cont act a Welp 1) :0f t iy0

Cubst ant 1 Al B A R erane, hocad ty at
190C (cps)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] Compositions 3 and 4 were melted and brought into contact with an
OTS (octadecyl-trichlorosilane) surface (24 mN/m surface tension) and with a
polytetrafluororethylene (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




Stability Rank* After Teflon umcontact: Stability Rank 5 25 5675 1 1 6 20
4715 2 1 7 12 2600
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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

equally 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 1
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.
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Accordingly, the present disclosure is intended to embrace all such alternatives,

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



Exanple 3 [0049]Crystallization rates of Exanples 1-4 were neasured using
X-ray scattering. As shown in the Figure for Exanple 1, crystallization
rates at 40C, 60C, 80C, and 100C for Ex le 1 were determned. Simlarly,
the crystallization rates at 40C, 60C, 80C, and 100C for Exanples 2-4 were
al so neasured and have the same curve shapes as those shown in the Figure
for Exanple 1. A maxi mumcrystallization rate obtained for all four
Exanpl es “ﬁfﬁﬁﬁgﬁpc' [0050] 1t should be understood that the foregoing
onTrs

descripti ly illustrative of the present disclosure. Various
alternatives and nodifications can be devised by those skilled in the art
W t hout departing fromthe disclosure. - 16 - Accordingly, the present

di scl osure is ihtenddgpolymenpeliatashgipingsdteral tempeasinges, nodi fi cati ons and
vari ances which fall within the scope of the appended clainms. - 17 -

CLAI MS: 18 shAppipIR\aeBEaIpI), pad shi ppi ng system conprising: a shipping

contai ner, and . plural i,ty o ellets . pl: i :

situated withirf tﬂlﬁr@ﬁ‘( p(fl;é r?&ilg%npgi %e&?%@%ﬁlﬁ é‘ﬂgﬁ‘g& 5Iflg}sdrééde:x ﬁl%l?l{r?lée
crystal |'i nigian J ArMIRRS OfOksd B8 43y 100,
wherein t hr%g%péﬁ%gog%?%%ﬁh%%gs@gnﬁlgﬁsﬁgﬁgga of” aggl o?rer at ?on for a{g | east
si x nont hsand a Shore2A Hdrénasgsifelesofhaal HiOmwiherwinetheipelletsereniaen sopdtastialty

pol ymer is a netall ocene-pol ynerized progylene-ethylene copol ymer.
free of agglomeration for at least six months.

2. The system of claim 1, wherein the thermoplastic polymer is a

metallocene-polymerized propylene-ethylene copolymer.

3. The system of claim 1, wherein the thermoplastic polymer is a

propylene-hexene copolymer or a propylene-ethylene copolymer.
4. The system of claim 1, wherein the shipping container is a box.

S. The system of claim 4, wherein the shipping container is a bag

inside a box, wherein the plurality of pellets are situated within the bag.

6. The system of claim 1, wherein the pellets remain substantially free

of agglomeration for at least one year.

7. 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.

8. The system of claim 7, wherein the thermoplastic polymer is a

metallocene-polymerized propylene-ethylene copolymer.



3. The systemof claim1l1l, wherein the thernoplastic polyner is a

pr opyl ene- hexene copol yner or a propyl ene-et hyl ene copol yner. 4. The
systemof claim1, wherein the shippinggontainer is a box. 5. The
system of claim4, wherein the shipping container is a bag inside a box,
wherein the plurality of pellets are situated within the bag. 6. The

systemof claiml1l, wherein the pellets remain substantially free of

aggl oneration for atTheagleRN®rYQaim 7, whereln the lEFHBRIAEE IfolPRkY T8Ma

pel | et conprié?ng a tfe?nggfast§CI%oVy%%F“%%hibiting at a gﬁ% ace t hereof
a crystal Ipropyenetheabaeitofdydeg oo propeeacrdtly |Ghocepolyhar.dness of about 50

or nore, wherein the pellet is stable. 8. The system of claim7,
wherein the thernoplastic polyner is a netall ocene-pol ynerized
propyl ene-et hyl ene copolyner. - 18 - 9. The systemof claim7, wherein the

t hernopl astic polynmer is a propyl ene-hexene copol yner or a
propyl ene- et hyl ene copol yner.



