METHOD AND APPARATUS FOR PELLETI ZI NG A POLYMER FEED FI ELD 5[ 0001] This
invention relates to a nethod and apparatus for pelletizing a polyner feed,
such as a hot nelt adhesive polyner feed. BACKGROUND [0002]d efin based
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15In particular, it would be desirable to have a nethod to pelletize HVA
conpositions. SUMVARY [0009] Provided are nmethods of pelletizing a polyner
feed conposed of the steps of i ntroducing a polyner feed into an
extruder, cooling the nolten polynmer feed while in the extruder to increase
the viscosity of the polymer feed, and extruding the cool ed polyner feed
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the polymer melt, (b) less than the ring and ball softening point of the polymer feed, (c) less than

the ring and ball softening point of the polymer feed but greater than the crystallization
30 temperature of the polymer feed while in the extruder, (d) sufficiently near, but above, the
crystallization temperature of the polymer feed while in the extruder such that the extruder
increases the dispersive homogeneity of the polymer melt, or (e) at or below the crystallization
temperature of the polymer feed. In one embodiment, the extruder creates a pressure at the die

face of at least 250 psi to force the cooled polymer feed through a pelletizing die.
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DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [0016] Provi ded are nethods and
apparatus for pelletizing a polyner feed. The nethods are conposed of the
steps of introducing a polyner feed into an extruder, cooling the nolten
25 polyner feed while in the extruder to raise the viscosity of the polyner
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on the total weight of the polyner. 5[0022]In a preferred enbodi nent of the
i nvention, the polynmer feed is nolten. A nolten polyner feed is polyner
feed which is in a form capabl e of being extruded. A nolten polyner feed
can be in nelt form sem-solid form-3substantially liquid form or liquid
form A nolten feed may flow suitably by gravity or under pressure when

rel eased in batch processing or continuous flow processing. Preferably, the
polyner feed is in a nolten formprior to being




.10 extruded, and the extruder is not being used to nelt the polyner feed.
[0023]In a preferred enbodi nent, the polyner feed is one which is prone to
under go phase separation upon cooling. Preferably, the polymer feed is
conposed of two or nore conponents, one or nore of which undergo
crystallization as the polyner cools. As the conponent crystallizes the
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according to ASTM E 794-06. [0030] In an enbodi nent of the invention, the
pol ymer feed has a viscosity (also referred to 25 as a Brookfield Viscosity
or Melt Viscosity) at 190 C of |ess than about 100,000 cP, but may be

hi gher for sone conpositions. Preferally, polyner feeds have a viscosity at
190 C of |ess than about 50,000 cP, or |ess than about 35,000 cP, or 30, 000
cP, or less at 190 C, or 25,000 cP or less at 190C, or 20,000 cP or less at
190C, or 15,000 cP or less at 190 C, or 10,000 cP or less at 190 C, or

8 000 cP or less at 190 C or 6 000 cP or less at 190 C or 5 000 cP or
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[0031] In an enbodi nent of the invention at |east one conponent of the

pol yner feed has a wei ght average nol ecul ar weight (Mvy of |ess than 70,000
or less, alternately about 60,000 or less, alternately about 50,000 or

| ess, or alternately about 40,000 or less. Alternately, at |east one
component of the polynmer feed has a Mv | n the range of from about 10,000 to

about 7 ecu i ght J rs. 1

Si zeEchq Qﬁg Cglr %ﬂ&“@ﬁ%ﬁfﬁ Wet Oggh {fi 'B‘f)eél Efgﬁg%goqy,gg %dr lg% \Aﬁ%ﬁ frsf%tec Ive

i ndex detygeteorin (aDBi‘n))odtﬁﬁnO tHel pmyxh@\&aiﬂgtk & Wigbit lesscaftstyeeriengr ;thﬂétdb‘of) 3 seoect or
and a visconeter (VIS) 0039‘]{3 awbgrther nbodi Een& of, the iny ntlche the
pol ymer % ewsd of §tygqrss<tramwrt lydawhp oplesieh Y e ARed o s toml treight of fieee

bl owi NY R[S is defined to nean that the polynmer feed is 15 largely, but

not vvhoII absent bl owi ng agents. |In sone enbodi nents, small| amunts of
bl owiSng I8 é@r}uts frng prrserprdessieodingnt fof ﬁletlnéenti@whepolb/@edfeaé igmplery| A melten
standar t. Nty of
bl owi ng “a enkJ tf&% 1’5‘&61?91}@ {r%rgg'o %h l% en?l ona‘fgp dn% \%ﬁ’ %‘S gglgxlr)tﬂttésﬁ }; (ﬂﬁﬁer
anot her feercb@dlbmnhnalttformascmltsolmceftmfn aub,stabttaiw lnrgnda@emt or liglidviomy Agemitw are

general Iy eit h che n or p

Gener al | %}d The oé”alsm%i:ybh)\ﬁ“hv\[\{ya% r l?ﬁecf%lfra qge %?S(?Brﬁnvﬁatcghgﬂtcﬁsgtngc?{ange
(e.9., @ofiRIBLE Abw! RackIiNT) Prdférablpethe QPoyyimsr foat Brinal matterafq@meplﬁtrab rHethgd
tenperature/ pressure) that causes the rel ease of g(? such as nitrogen,
car B8n (T?‘B%?eéea“ddhe @‘é‘i“ﬁ%frts Aefsinegised teandtthe pol Ymﬁh‘?‘? cal blowi ng agents are
di ssol VGWOZB e, P eYéf‘i%H cIBb&HeR, tﬁé%ﬁm&rfgeﬁsik' bffe #AKh GO WNRAELgo phase

vol unet ri ca |y whe pressure is renoved. Bl ow ng agents can i ncI ude
hal ocar bmatxohymm@mmen ?ref%r@blﬁstbh polymepfeed isseomposadcPfEWAIOr MArd emPOnpts.cof

Non-limgtin x f odif . Hr.o
(CFC 12)&1":,[(?'121 or of ﬁc?)oﬁe(ieg%gngg]f%g%gﬁ% a.@éhé%@lyﬁjx} Eyr?ge;rss sééhﬁlgsggg% gne
pr opane cr;btatl&ree thel ﬁ«ﬂpméxamet maniaaconiogapintante patythdneoapenent an blon melt

d| oxi_de; n|t eh. 0033] I n anot her enbodi nent ,. t he ner feed
s Hisnpees ing Tt oF Sgitin formaizs oty Rpstghog Prags cEpogmsas RPMRmed

tO mean fééﬂ%nﬁpﬁ@es%' 1¥6f§dt1cfpfb%rép§fldn€-rc@ﬁb&nenb%xcﬂ%ys%l@ieh ¥s tiROsherdae®s. | N

sonme enbodi ments, small anounts of gases may be present wi t hin the pol yrer

feed as cgole@s The crystalizesrisipicraohiprenyiare icagporephmay formr kjgkly ¥igseus laxssion

"subst agtd W%H e bf 8. flit 85bter ﬁ@c§&§§ G E&hgﬁﬁlﬁp@tlﬁt%mﬂ%?g s Hié mdr"

anot her drient it means ?/ gs ses i nclude re not

| i mtedf¢ed,is trlodedi Ng agents, carbon di oxi de (Cx2), and n| trogen (N2).

003411 f d t of th t th i
003511 oo 5% SARFARERRS o obel AR PO B0 RIS SRR >
P0| yol ef:bcﬂm@ﬂ&tﬁxﬁhf{@t SQpeBEtiZing6r Subsdi@entttd pélktidinge.g. nduringnweagel Meseribedbe,

for exanple, the yol ef| n adhesive ¢ ositi ns di scJosed. in U S. Patent
No. 7, 2?@“8?2"“8“‘1H Ussthepolwner 1&gt Rl Ty izatign S 6. APt AATHOVAT,

U.S. PaW%umm ated Y iy, ifNQ beﬁ&@&hﬁ@&é%&@ tHdk the'goBmePade@nd cAINA dfﬁ:@ttsl on
Pub. Nos. 2004/ (0220320 A, 2004/ 0220336 Al, and 2004/0249046 A, all
i ncor poﬂtftré@ ofi erystaHizatjory witk thah the fasteribepelymeraecdristonpled theranges favilltteke tor

e e

410 914 palymeafedd, I?ﬁfﬁughdut the gblyorer N@lletm Mﬁ'ﬁl@ﬁﬂ%&ym lizamohn ohlywédicds ofOi s

her ei n |nco t by. reference in |ts entl red
rbod PO T O REHE T o B ple LiscSagfior b Gkagym BTl Pl h i BT EE
to Co ot@tdmﬂqaﬁhﬁé pertehﬂltaﬂirmaébmgulan@ht fractiBeed afystambslewnonh BE stfice ofn
Kraft paper; a Mw of 10,000 to 100, Q00;  a branchi ng i ndex %) of frrﬁg]o 4

to 0.98cibaslipte One nrefarad ebodimentytheynobmeriesd is1eeolss vorveraPils 18- P
10 Qﬁo k@bl g 910 er@atptr eﬂﬁ:ﬂké?gor lﬂdaefﬁe{t Todlelf 1f SRA Qnﬂod?rﬁeﬂté) GraSforaRASUr €d
e M o ol ymer en the polynmer has a Mv of 10,000 to 100, 000; a
heat of cxfyatsilmtncmﬁs oo readily plservedde.g., iethe anter persion wbFhe Holysesrifesd ajpngrthe
welght96o 39 e ne
msol bl epEEts R ot Br S shitSy R HEhoignet B50 G KB ool WEE SuhDRUICANETS,
Mz of tpevjied ytfw{ods 'Eh(e apparaindretitie the dvteihrgrl afftocof wilizig aldtpe(ldding achbe
deterntgé%ki& %Fa Waf ers 150 Si zeExcl usi on Chronmat ograph (SEC) equi pped
with a 4Pﬂ€1§ MACTRE r acti ve i ndex detector (DRI), an online |ow
angle light scattering (LALLS) detector and a visconeter (VIS). The
branching index (g') is nmeasured usingsSEC with an online visconeter
(SEC-VIS) and is reported as g' at each nolecular weight in the SEC trace.
The branching index g is defined as: g =rib/m where b is the intrinsic
viscosity of the branched polymer and ill is the intrinsic viscosity of a
I|near polyner of the sane vrscosrty averaged 25 nDIecuIar melght as the

~ 2 — p— o,



[ 0036] I n one enbodi ment of the invention, the polynmer feed conprises at
| east one additive. The additive nay conprise about 50% or |ess by weight
of the total weight of the feed, or 40% or |less by weight of the total
~weight of the feed, or 30% or |ess by weight of the total weight of the
feed, or 20% or |less by weight of the total weight of the feed, or 0%or

| ess b ght of the Lotal f_the feed. [0037] Addit]
embodi O of 1 Ap SoRgBIT: AR RRYTEE 1 TR A 1 Arehah 5 AP FU Yy

be in thy n'i@?kée@@p%\@héh@?ﬂxefpg%epﬁe@*sQr}lsﬁﬂxzﬁﬁﬂrytmf)erﬁﬁﬁdj enters the extruder,
or alternativel ditives may be added into the mfr feed as side

i nj ect i[B0R6]i nt é)ﬂ ahembodimend of the Apvention, ehe polynep &chdpy %H‘ei‘%‘iraz? ednelbpojpiAnd

extrudef then egd.:in k& SPevenbedi ment, bhesRdmay be
one orea gna?’ge ?n%ﬁgﬁﬁg ﬁm}etc%éi)g{negﬁgﬁ)éwﬁ%g the barrel of tﬁebextrr uder to

al | 6w feobotiineengdthet fimn a0f Gedidseftong paint loé thel noennqyofey%elﬁ greder. thepr tiet han

gggl 3?\)%25 Ilf’;ﬁl? ‘%p@ﬁbgfethe ?’&gmpf ﬁe%&ég(r)r{gggug%n ?I ng o?4 foano fLrg&gsihg?r@%u'

fillersndaslli sofieidagt Sointafd] w/aﬂt@r m%elsdventhpr@ysmnezas;m tteropdriitie; Ir meees,
oil's, plasticizers, or the lik ,m?r m xtures thereof.Preferred additives
i ncl udereiprrb @R *Gios Mogkaboys the srystaliabul GEPEBWIS di net hyl si | oxane, tal c,

dyes, vgg7jcal ¢ %Utﬁér%ﬁl%odxﬁﬁﬁpmh@n%limod WY PR ke conirigé an' é-’rﬁd>rpl’$0usl5
and gl ass beads. QO her preferred additives include block, antjb

pi g¥entrolymerodbe polpgerfeerscanligve emipnotphessontaptaiat oast afivm éltqrila@we‘ly a¢ et
stabi | 16r Syicobdd 19é?§ o 9§afs 70%9;&/%:? Lt&85tRve 'ua%ﬁ@@esmdsm aomn;;&ce
erre dto

nucl eatl ng ‘ag en ers |nc Yude t are not Iim
titani Lamodp}mms okmnten‘allsl deterodnedonsing, Differdntinh Searfrange Calorimaiey, mdapyrement

di oxi de, d, glass beads, m neral aggregates, talc, clay,
and thé’“?‘if ?%g#‘@rcé(g%ﬁg@hesi on promoters include polar 20 acids,
pol yanijpexsyi desn yéirabihananbodifed of fg ﬁigﬁﬂﬁbﬁ,, thé pmgmat feed SHmprises raqmd:jtmare
acrylate nmononers, netal acid Salﬂi‘F pol )y henyl ene orl de &;/

0I1>50I Tifh g, coistallinien @f 130881 95 oe§o IAUFINAY Vel A47pPEfESaB *’gf“%t‘r’(ﬁ@d de“rn{f’dffu ed

pol yol &l Rgsivery ﬁf% bf ﬁ@'s Bbﬁ%&ﬁfaa%@ béthedI®, Bd sl Pabhs cryBelivRyenses,
pht hal at es, and the Particularly preferred oils include a dfhatl c

napt heris detgmlsed wxgﬂéxﬁe@dnm&ce@mmgmlpmpwweww%p%ordamt%% a4 waxes
L i i Wk o A R A

nodi fi ers. ruder n an' e e I nvention, a
cool i ngyeeﬁﬁeﬁlﬂﬂedndlm"/uabsdnémelydmtweteheO‘id)ctb)‘Zﬁ%r feed As the polymer nelt is

| ed length of th der . h
oo OHRNT | Rt b i s shit fred B Mt BERTHLSINTE, (o

enbodi VEdr 1&Jaepr3,@rdag) P oxf ReGof 0 H@6} Rk, 809NN/ Or ks er sm Hglonless ot he J/g
viscosity of the p feed to at | east about 5, 000 cP foy gel | etizing.

[ 0040] 1o legs, p§r39|JéﬁJ‘l>ra|P$Sy°rp¥(e-VéPF kegs anh@aTRARY 2850 B rsat thae b Y gifsed to
provi dg, ef 1f0| FTte gen It 0 nlgl;?OtJ@fe Pﬁ%{ Uﬂ%&oﬁ RERka¥hEd SccBtdiide AR F 799806,

provi di ng con ten material. The cooling extruder
pr ovi d48030pr pirean @equ@mclmoftk@fm‘{drléOlpdlh%/}méYmWefPQd kaspanisesit @lse rderred e nel t

arrj.ves at, t etizin rond! i esa
way™t o NEMYe F’B’% | ltﬁgc%@gt\éfcogggrﬁt %tf thﬁf% Sggrrzglegrbf(a)gl ﬂﬁ@ oF C§Ob ng]I\§I #
feed saigheator h@rﬂﬂg&ﬂﬁc&umnanﬂreﬁhﬁaﬁlmrmmr Ifetds hae aviycosity at WQV’Cb?é‘ lmd@n
Prefer abI Y,

Fead 1 o0 REEE: arigphan obbgnpB Forer o PhEPor ki TelrGomrer 0GP LS

pol ymenesk &€ fooet 0840 000 PR Hsk 8919&»(@ rdtderoooem l&est B0 “0nbet0,0 di’adsrrleds and
an outlet. The inlef is where the nmer feed is mtroi:dgg tot{@
5 PF out

ext r udet 1901 op8100AeP of lesiat I98ACt waé; OscFyosdpssteh 9% 1% d s a
t hejOeXt"éygxel{,O&P&J &Iless at 190 °C; or 3,000 cP or less at 190 °C; or 2,000 cP or less at 190 °C; or

1,000 cP or less at 190 °C as measured by ASTM D 3236 at 190 °C. In another embodiment, the
polymer feed has a viscosity in the range of from about 100 cP at 190 °C to about 35,000 cP at

190 °C. In a further embodiment of the invention, the polymer feed has a viscosity of less than

35,000 cP at the polymer feed’s process conditions; or 20,000 cP or less; or 15,000 cP or less; or
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[0042] 1 n an enbodi nent of the invention, the extruder conprises a single

screw. In another 10 enbodi nent, the extruder conprises a double screw. 1In
a further enbodi nent of the invention, the extruder is a co-rotating twin
screw extruder. In an enbodi ment of the invention, the extruder has three
or nore screws. Alternatively, the extruder can have a ring design. [0043]

| t t. of th | t h t {
scr ow vl RS gt Qo S Lesof B ee Bt BAEER SORRS P EPpcte 408K on.
t 884?1;(} brugEy cmgbﬁwgs &esxtoatcpl&l les];:sslbr 00(:308 @E%ﬂswrt(ﬂ)OChPsmOlehs s00u® drlleghts.

n one enbodi nent, a_usefu ruder na a cpol i

Compr 1 sHsgaval o B0 ek 485 90t o diom SULEH D 20400 R o o S 6P h Py e .
a screw,;sppReriyy the?e AidoSie£a8 ik &1@081@%5 thi @Bkmet f&%b‘ I[_)le) to chtepink @Mhdrehght
(h), an inner barrel dianmeter (D), a barrel Iengt a nolten pol yner
f eedd ramelteﬁﬂ%)rordwdsoallmg@fmwfrrce d| stance between the fI i ght and the cooling
b I

o veonl®ry 77, h 30 ko el EIRRE IR 10058 bRl AAfe fusheAreahs o

bet ween € coo rre mto about
0. 005 mvexghteéveragb Imoléchiar eleight eMwe of $esalaut70MO0 1 less, aluerrmtel)emlim)d b0e0Q ot he

extruder h a screw hei ght of about 0. t t 0,02

pref er a%f*? aﬁq’i’éaté g%‘t E&O%Pr lg?) b%ﬁfnaﬁ’l%’iboﬁ? Qq %dHa‘Hq ???y’ f‘ﬂ]saséx?“r uder
has a pid n@rﬂgifehe(pa ly@br RBOUAs 4w Gn aROUhgHE frmebemalml Qoottbeabmttmtooangl e
i s about . In an en%o di ment the extruder has. a fli 5 w dt hhgg\%c

abolt 0The wpteellabwghtos Feasuresk B wsingp YWatere 159 ﬁ&ﬁEXWS&ﬂmC LOMIPELAP

an enbo r [[;}e(gj{ out
100 rpm‘EH Eﬁ}) @ era ﬁ%lﬁlewagé?deb\?vﬁ‘éﬁgg ?égéczbout %%hrogkl@%sw%nﬁgqé%h?g&vshgﬁzég

i ncr eas@sehﬂsedgettyfmﬂ af\esdmn’Qy(\Hé) heat ed, thus increasing the tenperature
of the mer Thu re at
such a @gééd s&nzi‘sfg’f%er X sdoﬁ etnlt %he po?‘gnl:ﬂ((:59 %Qgélyggﬁg&gdg %&\?@% ogg%lbpo

t he pol yowingfageds.t Subdtintdprfestbleaing b@ntstxhdeﬁmkiymari thatlthe polymer l‘aﬂdgwer be
easily eIIelzedg yet renmajn at avlh hen edsuff|C| lg

vt opfatas: husoswhrly. Jeatiirang abons /8 e SpBpd R roy b of Bowate

pel | eti Ziehq nilly®e pgéa%@hﬂﬁh G’n@?o@ﬂi@@i@eﬂ‘ﬁ@& r&ﬂ@oﬁﬁiﬁdﬂﬂﬁﬂaﬂ&@@t@ﬂxglnﬁﬁﬂﬁds barrel
di aneter (D) of ab out 0 about 100 nm preferably the barrel dianeter

i s abouenegembadimens bséam:@ay feest of hlowdng laa@ésf” megs HepAf riptenyinaly rpdded  of
about

soout, U G SRR e AR i Byt o
about 8gnemptlgfetthabthentitsd Hlewigy rageuts chrap’rwmeatl blang agﬁnabo&nﬁﬂly,lqlie@mbr al,

t he, cool.i beconmes |ess efficie as t e, nmelt, progr s n

ext‘?'qudol?low u%ge’f’tﬁc‘fngﬁrﬁ’ns@mteh e g‘f}‘r?”%?a CRPEE Erdn oo er’?g%‘% ?8@0%}5%@5}?%

Si NPr oVigl A& rhdierid @ﬂﬁﬁfeﬁb‘temﬁlﬂ&ﬁ%]ﬂperaﬁmﬁ’p&ﬁéﬁﬁd itiieee laius'e:h&xefrelea‘ke rofitga, sBh of
the polyner feed into the cooling extruger iis from boui 00 Ib/hr t o about
40, 000 dsbpifrpgeng carop HigHdtor1efrn BICRPXING dpastallsop BIFng Geets GHi about

2000 | béxgb'blvteﬁ) ciﬁ‘tlﬁéjg I%Qiep%térm I?x'hderTﬂ%sstcheanf tHeB &Eaﬁ@@olﬁﬁkﬁ&'ﬂ[ vpedl thay
vary great epen g on the size of the apparatus being use For

exanpl epres‘sme ia xpmbmd pl Blowing egénée dary atcéldzdlaﬂmyrb@es,ﬂwégocwrbaﬁﬁ, SO00BPEE ;. f or
a sqall Iant eed ra y ks 0 O, t:

| b/fr; §or a ar §’é‘f"{ﬁ§? tsﬂgeé?q Ib]gﬂ{l U '?%b Emg’ %9 ?fe(ke%cig%n 3&‘63@18@32& er
t han 10di€d6roliifilitumetieine e¢CHC- gl)eatla‘rlomﬂarmrr@ﬂxaﬁé)cml*‘b?/-}ﬂr) Qz%él@]k&xmsr subbr 8s
useful in this invention include those c rmer ial |y from

S o A CtBimhRropne: fiincopobinsepgunt Repeie. 1 s Fon PSR M
Ransey, niflbgbn, such as the 15 Coperion ZSK- 25 tw n-screw extruder [ 0049] The
extruder used in this invention ggﬁ be used to provid

pressurl®933lg akeancsheigripdigrept the ypgs feqdes pubstaptially fé“’r?tﬁ%@???én “'fsf?ém%@’r ew
Wity n gl %ﬁe WARHnER R xf]@a\‘necha? miél er‘%éd"is q’dréél? rtﬁx[‘hotm?r%séﬁt ek ol s.

For exanpl e, e screw f e nore closely spaced toget her near the
extr udeionmwtribedlmentsosmtékammmpraf\ga@e made gessentedthyy s palymenteed edla resulf of ce 20

th I feed.t | | et t,
the oxaided oremeBREim el PBus® SRRl fupial g SR GhefROELFN
intentionally added gases, in another embodiment it means free of any gas. Gases include, but

are not limited to, blowing agents, carbon dioxide (CO,), and nitrogen (N).
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| east 500 psi, or at |east 1000 psi, or at |east 2000 psi, or at |east 3000
psi, or at |least 4000 psi, or at |east 5000 psi of driving force to drive
the pol yner feed through the pelletizing die. Alternatively, the extruder
creates fromabout 250 to about 1000 psi of driving force, or nore
25preferably from about 400 psi to about 1000 psi. [0051]1n an alternative

enbodi a | t na e used to create an i &l rlyi force

o forwdptp4 ne Bor pREFRACEPPUT 3h Ao TR T B e bad e ¥ B8 el 2,

gef I ocataﬁﬁesafet ﬂm(\j/ltAl’).e @fhéfbxtaml@r theAHIVEA Nt hv}ailymeﬁmadnsleivte. p Uty obeetin laél]}dsb'eat ed
efore the extruder. The nelt punp nay generaje at |east 200 i .

pr essur €OBROTHAS S| Serifilized iy, thﬁo&“ée%‘roéf'gﬁ‘yag?’yh’lr re(’fﬁ‘in?,lﬁ’. aﬁoﬂgy‘gg@‘ 6&1?35‘?'8

about  2Q@(\oBsHions [dISc1d8Y tin RYRPPARY K6. 7.203,82F BIAlU.S. PRSn: | Aspliditinl PEeTedt |

reci procating, or rotar Preferably, the mslqtggggggsl S a rotary, punp

y punp. :
whi cli mRPOHRI27614 ddaliS. PatepipplicationeRub. Nob20044H 3B} vRatend yipplicatign st

prefera , i a
boost er Tt oTb12BATR Y, J0R BRGEGPA Hind A6 DB B ATD T oA
ext ruderby reff@&&2)] | Conveatiemi odéthwist arslf appasatisnfenprepaningt dlefip shinpeditidnseatei s

cool ed | t V, own .t he rrel e ruder,. ol j tguder
provi degjslsﬁi%%‘{T‘r[’i)‘o[ggf g?terg St %Pgé%o%ﬁ%lng‘loff@eﬁgbpﬁépﬁg;@d,é’%’ﬁg BE,
provi di mp mifbiicaioa™o. 01410 0G4 Bil, dndeqIopubiiestioherd WG 60 7p06458& A2n@yh bewhinhl ed
by a transfer of heat fromthe, polynmer feed through the extruder wall into

a cddl i iyhereiaiinsripostediryrsferange hi HISHHI ment a conventional cool i ng
ext r uder[odssg]ht dif :p?e??rgegcgn‘x%gin%hhg? SlyfHBY feBE coififithes A BRRISDMLINESH N drRY

fl ow t hroug he d cool 1 ng pathways to renove heat fromthe pol yner
feed. | man6s teCooitiingiwherstthe pelymst haa dddot doPgst pEbNewtopar imee preKraft papeland a
second | ar.gere di t | ] ' . nQklkent o | t uder
form ng ag\r/{%oouftlg’roaggooﬁoh@%b% %\ﬁ%h&?%lrn g‘!#;@) '([2) Elg%g'x(?? hodg?{?qn%gure&fggi&;ﬁ %: ggfhi%ng
medi um pelyeter athemeieqiolyoer dnya dMef 1010@0et0i 7,000a81 nbraschingradext @hpé fimtm@.é t han

cooilng iR dsdraense 488 M ShepeTiie gt Sl s % B 3000 tp J0F000A"F  orn
t he pol yeRrorftessh of e 'fgﬁvgg::@mb BeSa intdheb1® QhdtiBarof F70 ebightn ob ¢essi@bdd wdnby

varying the flow rate or tenperature of the cooling pedi um whi passes
t hr ough tlawfﬂskttcrfdbrepolxm@roWprﬁgh%gqpﬁméynsomeo@%}m RasbraRqhEe 185?&0%1 Ph@gtmt he
cool i ng jaedi HELSAD ;gg}éél wzt&ﬁh@ﬁgnmg‘?rm NS £ (A0 3aleradmBieaiR @ei?lflt @gsef ul

extruder where t I ng med can be found in the screw shaft can be
f ound i matbSdetBrmtingtt byAppig « Mateon 1 FUBizéEatuision GoomaztogsplotiliK) 3quipped with a

i ncqr.porat.ed herei n .by.reference. 56] | n-an i i i on,
wart 20" el et inds eGP B SRS SRRl i QM P
extrude l’dlet_ebtﬂr axlitgi RtorssteroqISE H}‘}hd)lﬁrax}idmﬁlgi inﬁm(tbgf)dm n}ewm:‘edr 1;]sa’rgtlS K wathl anaore used
as a coogling nedium.tao noye heat fromt rr of. the e er. .ln a
further ?'éFrt‘f BEPREH &EP‘Y#S e, AT 2s gt Ga‘g‘a?&c‘ﬁ%fnweb%md% gﬁ%dlgacfo (;Illhie ng
medi um e nkRARYRIcR QAT ddRBa bgy baf il widre WD es Btintddat vistssty W tiobrngraes
are carbon di oxi de and propane. The cooling nedi um nmay be any medi um which

is a flw@elymsniandph ds ther mhdngic ireesitp af okineas gelmgs ofiicetamesypostsamrigeons,
brine, ' r, i I el @d MicrBigkANHcEordi
corr%gung'g&yckjglgg’?%lh}/%gg%gmg%eggllo ne?' mg]rs%do%ﬁ’gb%gi aér?n te'rr(f)erl at grc e ri glgabout
50 F or t ASTM Drl 823G eutept tharthespdcase is prodatroiity chmbining twoekinch by 3 dsb(2.545 F

or less. In ot nbodi t .the copolin t | S.f bout
20 Ftocabaoiae feafad B fF BBRT g AP LA FERAR L cfun ule 3
about 5%ompresd2 @Q8G]a F00graaRdgt Besupidshdotiteppast incleoDired fleinplo Fy2e4 chhped at
the cooling extruder injet is from about (?Ztg, F.to about 260 F,..lLn,an

embodi mOee prage-allihe sreeimeas gt Rulled pRAT esideryetideiestingdat g Fath §f 2 P ERy

out gt infndE PRy aRRWce JichrekbSrdg RUbesE3 Ve folde RN ApNedi MaBtmdxhfuR dbisaer

feed is cool eg}so that the difference in the inlet tenperature and the

out| et werpwdafonreach sample| eated Wasrrecoidedtand egysraged thus grrodycingethist aVeree, or
at | eas . i 19t her enbodi ment, the tenperature of
t he pol li/nr?ggmfﬁégg&aﬁhf%g&z%gﬁ%ndggﬂééx ?ﬁgg%‘gi nlet is fromabout 160 F to about
550 F, #0036} nat Invehy efnbodinghioof t@R0Mhventian, aboyolyhed feed epmprisem aibloast 20 F

to about ,260 F, The. tenperature of the I r f.eed.at .the copli xt ruder
out | et ALY ?‘rﬁ(ﬁgﬁ'&%rﬂtgy *f%m?“?ec?%%{'ﬁtog&t/" Q@ﬁ%g’% %?gq%rog%eat%tgﬁwe%%@ flrgﬂi t%e(geibout
300 F, or from about 200 F to about 250 F, or from 5about 210 F to about

230 F. [0059] The extruder screw can begused to m x and honogeni ze the
pol yner feed. The



extruder may be used to m x and honogeni ze any crystallization or solid
precipitation that nmay formin the polyner feed. The extruder can be used
to enhance the dispersion of the materials in the polyner feed, thus

el i mnating any phase separation that may occur. The extruder can be 10
used to keep the polynmer conponents in solution. In an enbodi nent, the

bl ades gnydopng, fxd %%{ he 6f @th&wwagmmﬁe fea) VPR tafeleww sve%in ahﬁee&ar uder,
t hus prevenf|ng a f@sta ization fromformng on the ‘extruder wal

[ 0060] Iwexghtpwfeh@faeé,doré&@ﬂ(a)du leeiby, weight ofcthp éntaltweightoff tmmfée@&lyﬁ%r orf lé%ﬁobyat t he
extruder .0 n the ball-and-ring softening tenperature of
t he poIVﬁ%E §EHOVEWm§Wé§?éH%?ﬁan the 15crystallization temperature of the
pol yner[o0sgd. [AHIGblh msérol al tmbstiinente roif ahlis riBvntion meayebd selitieor iiquidpeTlaaeti ng
at an out]| et tenperature | ess t han the stallizat te of the
pol yheraddiwas maytbet inghg moler ipplymgr & ?eﬁeb%%gﬁheewlf/@sﬁ%ﬂﬂ@ﬁmeﬁﬁg P | y

hi gh t%lf&:&@lv&? tH@lah&E%s Jnayfya SIROhBERE FoiEn@XfbdIAS TsideSinfRB6RL infe) tid  an

outlet tenperature less than the crystallization tenperature of the Polyner
f eed bmxtmlﬂ@" dslisyss ean blﬂndfedtﬂhé sidotapmextrydsp @ng sheatblgndeds intosho polymest Im oo .
In an e n t | et
t enper a(f ur e rEgsnéen E}he}e ?’ﬁ%%%}g}st g?‘}(’ir‘“lz%i%figl ahgﬁlgé?tg)tﬁdr e g}n?'}ﬁle ﬁ%rr?%?ﬁbtf eed.
I n an esdnadérmendlioth éor nbd héaﬁtimoby additifeseid the nudeh qebltnmerafeeds mpdorattimneotre| ow
t he crx%@élliza ion te %%’é f th ol ymer feed. The outlet tenperature
may!be” 2AEILE My bg Incgrper b Vmi ‘or more, or 20 C or nore | ower than

the crymbsd)l i zalseqn adcﬁ‘ﬂ'ﬂ%@ &t by éhoSdn fedi thitpragl sonsiktidgeddanofROFEY ier, fillewsy t her
enbodi ment, two or nore cooling extruders may be use aral l el to cool

the poldptexidass.tadpwprds. adhesion progiofsss, taekifless, 11ax8s A ga%lr" i figthedike, or
extr Uder%?% (5854? Are' Poledr& T QuiGhdsn ihbiRie PaliSsH ARRIdeC atilaffnPullokial | on

No. 200 i ncor porated herein by reference. 1n anot her
enbodi rmhydlmcnmlsrdﬂxan@ tac,alyes, ivvag, ealtinmdtats cankgn blackidew majecudar weight sesingol 30

t he ;p %ge%laslg% %drs & 6r3;Jrefn rr?ﬂac?d%g x?‘?lﬂfe b%ckt Qﬁl &\ﬁegfghlgﬁ\tshﬁﬁagesmé Qﬁiq and

appadr rse e use a heat’ exc ang at exchanger,
e.g., nevt sabiikeas, hinderetdeantimedligla swbllhzérlae thlqhmberfseexduﬂwdfzense lobricapis) ymer

feed ente s the extr der. Ater a.h xchange ..can ed to
furthers% ﬁP“tf & w%g rERaE- aP Fedgr “‘shfi“eﬁ%l"ﬁfﬁa" g é@?th?”teﬂ egﬁ?‘PWH’er
The healio8IChARURH HB¥nate,DBarRmBkIFats; Q@S sifitor Hﬁ)xi‘d@l batb&@%lacﬁcfa%ﬂEglA@d I,
plate and frame, shell or tube design with or without static mx

Pr ef er disps, anindval 4geresates, itle. das g ﬂh@emfe corsfesred wahesion; prempigesinglp P‘&la"m' Xi ng
h
X 4]%& % %a}tnngodér)ﬁ;i ‘I%Sﬂh ahed U ?in% %é%ﬁse%anla‘l@@%}@ak%tnp @c}ﬁété &fohomers,

ofy 's pelletized. Pelletization of the
pOI yr’rermételeabldmylté;qaowhmylmd@ndwitmdlzddopolydg@ls gmdamgdxfmt]:@iyoﬂqug, ansk

ot her si tizer.. Pref b an,u dervva e but
ot hor GCIFAEREMSEE o3I Tl D8 onE Lo e g A | Db Gk AR,

al so bq;ollbﬂﬁfbne@mﬂﬁlaies taad i mttesl’aﬁwmdul@wwm&mlspablbﬁ almhmlg; mpeqehmmm to
those of ordinary skill in the grt Ies olf usef ul undervya o

pel | et i erﬁqgeqjeqyg)@ésn@&nm@gl Fob‘ﬁ ﬂla non-po ar waxes, functionalized waxes,

25  polypropylene waxes, polyethylene waxes, and wax modiﬁers.

Cooling Extruder

[0039] In an embodiment of the invention, a cooling extruder is used to cool the polymer

feed. As the polymer melt is cooled along the length of the extruder, the effective viscosity of the

polymer melt increases as the melt’s temperature is lowered. In a preferred embodiment the
30 polymer feed is cooled down in order to raise the viscosity of the polymer feed to at least about

5,000 cP for pelletizing.

[0040] In a particularly preferred embodiment, a cooling extruder is used to provide efficient

mixing of the polymer feed while at the same time providing controlled cooling of the molten

material. The cooling extruder provides for precise control of the polymer melt’s temperature as

-9.



.10Patent Nos. 7,033,152 B2, 7,226,553 B2, and U.S. Patent Application

Publ i cati on No. 2007/0119286 Al, all incorporated herein by reference.

[ 0065] I n one enbodi ment an underwater pelletizer is used to pelletize the
cool ed extruded polynmer feed. The cool ed polyner feed is extruded through a
pelletizing die to formstrands. The strands are then cut by rotating

cutter bladges %rﬂvéshgt %tfgeg]let?zﬁ@ Qle k€ uﬂ%?%é’@hg{e Hﬁééreatliozgfovid%g’%ﬁ ;ot he

continuously flows thro wat er box er coo nd so
pel | et s hamdgadaerand btmirgey ket thetteroperstive of tigrolyates feedeb Ithet hareogepeavatard box

f f h i ng...J]0066] I i th letizing. die i
o o R BhABRSE B e 20 B o SR oo b SR S ity o
prevent ntlkiag okie dolyasst deddf th clifddG/dnyrphase ephrain@he blededndaipvadndy of the

pel | tize{ uses chilled water, thus allowng for 20 further rapid cooling
of tRe PeIYMEf&ednd solidification of the outernost |ayer of the pellets. In

an_emboqag@Nt . ThEcIHAP SkRId4F Borlriskd §n WAGLES barfel! /A ANARENATIRY inREld Whdréi NY
unit may be from about 35 F to about 75 F. Preferably a water chilling

syst em ithe palymer fped gplintradacaaintr thgotuigdero The polyasr Vigedetherp diavels idgwn thaxt er
box (cutling; mﬁﬁkuﬂﬂ%tﬁﬂe%%{] 40 F. [0068] I n an enbodi nent, the
et’i z [ as a cf

underwat er pe er un illed water slurry 25 circul ation |oop.
The chi [0042] wat Brantesibpdineint of thainsertive, the axtenieycapfprisesen pagle edrewt h sbihek

Ok BB P S O SRR R P

pel | eti zRr ext@ider i H@olkrnatinpetwiftscivmt extnilet) My ahOendbdd@hdrttof dhy iiM@ntiéh, tthe and
then recycles the water back to the underwater pelletizer. [0069]1n an
enbodi meHtuder bas thige prfapre screy reAlernatiigp thejcgtrader gan pye @ ping desigthat er sl urry

30 cir Cgi(ﬁ?j on JogRtted e@bodifefl oflfle $RCANISthe Rtrider |cBRAPFiscd Ut FRSOGESscrd  at
| east 30 seconds, or preferably at |east 40 seconds, or at |east 50 seconds

or nor eVithsontinuohs Bightsetls yeesndtheo embodigentaaidhaiiyrwingy theexirpder lgemprses @t s
haves no;eag%qugagm%i E%u&?sfﬁ%%?t allize and harden, or if the polymer is
ymer, 1171

a low crystallinity po S preferred that the pellets have
suf fi ci gi9e4) esildemne embodimentna tidedul peirhdet magheve d @ofing bdrxD dehprisirgrrowviil rt

enbodi nent. chill e ter.renoves the..pellets fromthe cytter blade_.and
Er e polFat <R st Bl oS R Wi Bt it SRR (et Saialder iR
aggr egatvadih o), ag@{ewnﬁggﬁt @9, aaghde@barrel ienet@i(BY, atHagsl lehA@R SIDPE nfolteh BolpMlet €t S
t hrough a dewatering device and into a centrifugal dryer or fluidized bed

|
to renpfed e edy. adridrapnppdisersedetyesmtierftishiant Becookmehars! @ | et s may then
Passo L o A Ml HE RALARTAARE clRlick ghd B lchi@ccbor TEh BE O £nd fheaddlifg onal

processi ng i ncl udi ng which can 1 nc et coating, crystallizatio

f ur t her baresd(3)red abeut 0§05 met aboutdb¥iSemeprefemblictbe clsdrapeeoid wbout O[O0 7] Fhan
pel |l eti zing,.di an.b t K llets, 4 n | it t
Cpher esanBifibt R EydaeE B MBR: 70 Ltohd TSy W RSB RGO R o1 o
ar e madgrevAhgightlieiboah@peni Hatn embbdimkhtaie éxverdddpeh patisardete @nsf dbpuf 400 | S

preferred. 072]1.T eed at which the pelletizer operates is selgected
P cor ai it o0 Riternty Bt 3hels  Soout 35° R o b b hingbans gy Bizh
achpevewldae (West agshit Pal hefo Hoae0.3Nd, plRARMIy fleNiBrMIRIh & aut DI2CAS Innad he
die and the orifice geonetry are selected as appropriate for the golg/rrer
feed fl|@npqdipent sheexfrafer hane sqrewspegd (Pofiehot$Otpmite skt 4G b gpreferabliydher ¢ .

15[ 0073]00 §,R0@%d bourdd Rt IARLREKIRTsREE HorcdBY iR AR FeddOndy s MBLATmb t he

under wat er
increasing the temperature of the polymer feed. Thus, it is preferred that the screw speed remain

at such a speed so as to not heat the polymer feed causing the viscosity of the polymer feed to
30 decreased so that the polymer feed can no longer be easily pelletized but yet remain at a high

enough speed sufficient to develop the necessary pressure to drive the polymer feed through the

pelletizing die.

[0046] In one embodiment the extruder has an inner barrel diameter (D) of about 80 mm to

about 100 mm, preferably the barrel diameter is about 90 mm. In an embodiment the extruder
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pelletizing water box or chilled water slurry | oop. The addition of an
antiblock to the pellet water |loop is useful to prevent pellets from
sticking together in the | oop and plugging the lunp catcher screen upstream
of the dryer. [0074] The tenperature of the water, the rotation rate of the
cutter blades, and the flowrate 20 of the polyner nelt through the

pel | eti Bashgbakied letlgth @ORF abdldt5emte abdif 6PhOpHefekdbdN theflenptio eabopes.bah. In an
geonetries. Additionally, the tenperature, of the fﬁzgl lets, both in t@ﬁ

i nt er i opmbefimendhesxtuderhas adength todiampssraatia D) of g Yhtogbowtfl: prefarally as
vel | as g oflf 961 dinér rhillfis BBt 8DS In §ACEPIANGBIRY BicBmes ks @titiesdsimat the
polymer material 1n the pellets after the pellets have exited the i

pel | et - prageesses lalmmgytht evpudesrthiie tndreaging ther lepgth | aftthey extrnsder ynay pett |ngeessarily

def og mat i on n 25 r.educed ability of the pellets to freely flow. The
degrgee 'c')?prg"feycg’tog? fafg‘fli%On of the pellets is affected by residence tinme and
t enper aj0oa® of Ihloae pabbddiinsnt thelfded raon@R)) pf the Ipelypet Feed ittatidreskngvextiude isvi t h

resi denge ti ne enper at in 0076] | odi t he

| ventt ioam aba: S0y 20 gt b Puo Rk 8P b sl o B A FogiE a-0B8 g or

pel I eti ghRGbbitiZ000 B/ 16 Ab&A 20060 RyhraMhe FEAGRE DF tHelPolyustir TedGRAM vary p@atly f | ui d
bed drier in which a heated gas (e.qg., ai 5‘)@?% passed throug ui di zed

| h af
bed of €4pendjag peths, sies ofghe ppparate Reing usefle mple, forea pidot plang the gedirated i n
a cpptr] I Cho teh b oSt 060 WSS YRRET
pel l eti fznlfd#ggiffgfhxgg%pmé’sﬁé?§wgg?&§9{ggg%e?iq?%gayq}célri erg altlr e those avail abl e
f r om Ga8@00|Ihiiydord kbege waldohala planhfasiditydtihe fded satd may be gRataptaari0,008 db/hr, or
6, 807,748 B2: 7.02 |; and 7,171,762 B2, all incorporated herein by
r ef er en®&™ gfﬁmﬂapéoéﬁélbzﬁbodi ment, the pellet-water slurry passes through
an aggl oesjat e Bxatudére sefliiia khisryertipapfidlsd those@dameheydially aynilablofro@MARES

screen to renove oversjze chupks_ gr aqgl gner at.es ellets. The
pel | et - Wt'er Catyy s lpc gyl r‘EV}?ésﬁ%biXt Vﬁﬂ%ﬂ ‘%(W'B‘g& OPRTAGAY ﬂpéargﬁmaﬁelr’is BdlS ce,
or g5 sethRSioRZSHEYPLEE- 8w evidees, containing baffles and an angul ar feed

screen which collectively reduce the water content, preferably 90%aor nore,
or 98% 994%or e Theeatrudarwsasdnkis intveniign maebe pd 0 pravisiggrmeans fofayessutiding|

screen Lt Al e bAOKEN FRET 1R1h ibohbiln e IR0y BEEPEGAEHI s haROSE

The pellets nmay n rough a cen uga yer to renove any 1

r emai ni segtioatveith diffieentningtebrped flights. Foeexamyild, thehesreve Aights mgabe thoyeelosehd
proceed to storage or, may be f her .processed,w th coatings i t.1 onal
crystal ?piaﬁ"éltstf’%‘ﬁﬁ%r“e?rdp? ﬁ%‘F“dEf)B‘F{&%jma%rd?rsto\Bé‘I"f’ %WaéiP%f"@o"a“ Vgtnﬁ%d:egq% &?rfxf ed in
t hex@r tthe pOOHRE febd BiGighelic RNb@Ahg@BL , after the pellets exit the

centri fugal dryer they proceed to a further drying step to elimnate

any excl880lnpi dn gpetherpmtbogimenh dhe exirperpreates it gt 258 b PY #ilepshe® A% Weer or

anot her f i t . i 3006 g-l,b dtNedst w081, i,
00 70) TS 07 P it Kl 00 0or o 1(a{10080 B4, O A1ASE3000 B35 or ek V00T o v

consi deateldast 55008 pbi yofwhréting Hiaye dordsiviesibe | pedgmerhead 1thigugh e Pelietizingofie} ess

than 0.5, wt % npi st ur or._les h . %.1mi re, .y |y
| ess th‘glrtlerﬁa}t%'gg' i oer)r(g‘?’gﬁfrucrr eea?eslsffgmnggoﬁeﬁg\é% éﬁs)gs%r@b?lggv%f?%m{ﬁ?é%[g%’ I%Iéﬁgo efore

pacikagi prefesablyt fach abdue 460pdd tqpalobiet®Owisl. | not col | ect condensation from 20

at nospheri ¢ noisture. The warm.ng and drying step and,the crystall.i.zation
step ma@f)%ﬁcur I%tantaﬁ@ngxgﬁ% e?‘g’%“ﬁ%ﬁt’ lah"é‘glng’HE’%p‘?‘@éBe d'fseqe&(?.uci?ﬁ%n"f". ac}ddtb‘maf onal
Pr ocessirfiing RP&0bAbIRIrd We?dlb@nérh@e@ﬁﬁkd@h&hmleﬂ@ingQl|id. eThemeRPpInmpanshed or,

alternatively, may proceed for additional processing such as further

cool i ngoeatedrfter thegriraderi Adiernatiyadoghe melt Byap a1y Gailosled betorthssxiredes dhe

dust ed/ i t | used
o ol | o B e e R b, o AP roR

pr e3fentabagigh@npsi db iabouti 2000 tpsi. f Thalmeltamicay may Awyceatitigal opdsitiva slisplacompt,

conpatibl.e with the pol yner | le be.used. .Pref t e are
Coerad BrERcE ShevBRu, VeeRb s ARl 15 ShRE Bohet IBR T b o
coat i NgpepibtaRRia} vddle 0§dtew,Slobd roipebgddysivb @ayis). | BlostSprefepabdy, thdmbhrpuanl is a gear

pump. The melt pump may be used as a booster pump to build on the pressure already created by

the cooling extruder.
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30 mxing of the pellets and antiblock allows for good anti bl ock coverage
on the pellets and good adhesi on/ enbeddi ng of anti bl ock particles on the
pellets. End Uses [0082]Polyners used in this invention may be useful as
adhesives, viscosity nodifiers, neltblown or spunbond non-wovens, packaging
HVAs, or pol ypropyl ene bl ending additives. [0083] The adhesives of this

I nventi qogfafn. bﬁ]b’rﬁa Hoam?e'ﬂi’ﬁiatg@ﬁl%r\ﬁrog ﬁ@gﬁ& R0 is! 361 9 RIdVEE A the

limted'to, disposab packagl ng, pressure sensitive

adhesi véasrrelt @fp@as exiradeel sThewoghhgoemmdngprOptdpsea nmthvdl floy commled\m@ng ofr thad

mar ki ng, ctive, coa descrlbed ove
. be” Rt BBl R PR e oL ol RET Bl RS SRS Ve
of t h| S bynvenifeost leatrdae the peynieh foad Hackmghaextaidtd x@dlﬂnto[d)@imixglmwmodi ment

of t [ t|o will pow be nore particul.arl escr bed with.reference to
t he J&?g‘ pre qmbdient acqpuertiongl) qogung ﬁ’%/‘f‘g’ﬁr Hft @8&”\9 HnE L ways
appar at %yf&rusp@l hRbbiTgNHedul Hay TRIw hERGH M EIIRH RodING RBRAY R IHRmoPeREK SES a
nmelt cool ér, an underwater pellétizer, and a drying apparatus. Referring to

Fi gure from the pebimesiesdolly gpotheresmbogimeps the erW#ﬁr gomprisgs @rexljedricahtube aed a
h
ontors ShestlIfigePSaERE cYREMiGROUILE BrichBl RGIRY J MYARGEORtHe 3P RS, | ¢

cool ed asoling pathwapwesind Heeughderhe nel t cooler noving fromthe nelt cool er

i nl 1 t he rrel cool.er outlet 13. Coolj.n diumfl o t hr ough. a
coonPng 008k et priehin Gt SisheS et o afY olbBomaR LRy ingh foule hihene

co;al i ngtf;md:léélfeedsﬂd)&tlﬁikﬁe é;f:ruuaenfag)oielluigi tmaioh uﬂ%mﬁlyn&& lfé&l Tﬁié[:&ﬂﬁé]n;felﬁﬁnﬁgol eg
pol ymer feed exjts the nelt cool er togtenetcooer utl e an
travel s“t%?ﬂﬁ@ﬁi“i?&%m&*ﬁ cq@ing npaghways %Hdw f¥rheah fogy fhee polymer gi?@ ﬁaw Y,

the pol yierd@8@s 'Efﬁ)bo‘lyfn?éf?éedtd% %%dmeu%tmylﬂ%ihu%&Bra&ejnafoe teMPefithrB@r t he
underwat er pel | eti zer . di verter val ve can be used to divert the
pol yrer thecealing mﬂdmmewwaiswgﬂmlghém gxtmderprasebrGpatigvayi ne to be

reci cu or

par U ol et Cep e LS ERA Akob bl ABRBE B 4Z pyless £ BB Am
i ne. Cemﬂmpldz ofL & usediyl dxeudian iwhear the hosling niddien at bes fluyd int therserewsshafy cewbelui t

o it VB YS: Potapiien Bubiain e, ahOTDIRTHRS SRR L Do) e

under wateFérefiel | eti zer 17 cuts the cool ed polyner feed to formpellets. The
pellets then travel in a pellet-water slurry fromthe underwater pelletizer
17 t hr o980k ondlyi an q_rgbodzaentwf dhec v erHiog e patsh lwed @aRcIYoLRg BSAUDDIOCRHONR: used

to e@l | ach (RPN rsﬁfrat&qhepﬁ,&}u%&s Inmgth&e&h&;maﬁ %? th%' ermoﬁ hﬁzﬂext a[rﬁvg%

through conduit 21 into t centritugal drier 22, where pel l ets are
separ at e Ysed s tahevoling eredann talréneaye Heat framathe eharraltef @m&u@gmln a fether i s no

catch s e s t I ctl

From ¢ nanganetl e BUFish; Sk 845 (ifttkt Bha e il o Ve Ry a1
centri f thgabarrdl bﬁthe?c&tru&@[ O(Il&é‘i]ull'heldcgas@ohrpehﬂbem ﬁldxﬁthmrﬂxprbpanhe "ﬁ&rxtobhﬁgjgal

drier 22 through, conduit, 23, ere fhey.c ceed for further processing
or be cBRTEELER b dmpakiagh s o Bye GRS PhPEh FFBATha et wHE: L he
cenps i f sg@londtrik, oy 1GRL 1O hiNddaVRer, SNbALIBEIIEOPEIH der@ﬂc LMD UNGS. er storage
tank 25, to be recycl ed back into t he underwat er etizer 17 [ 0088] The

wat er i WOSHe uﬂaém&{r@pdlﬁ@m tae codding mediwn &mnsrateg 19r #howt SR TP letso PRAROVE ank
25. VMt gf off |, ,OlSs %{]5;688% l(i)k‘(%fs&olrce?s%r &t%‘il&ffﬁ? SM%QUQE ahodl lﬁbo%ﬁnén@fﬂ% QoliRg er

cool er 27 Then’ ed water trav hrough conduit 28 1nto the
under waweter fsaiperature érfrany abolt 58 Finat abpet §5 °R. hyeferably the temperature of the cooling

water is about 55 °F.

30 [0058] In an embodiment the temperature of the polymer feed at the cooling extruder inlet is
from about 220 °F to about 260 °F. In an embodiment the temperature of the polymer feed at the
cooling extruder outlet is from about 210 °F to about 230 °F. In one embodiment the polymer
feed is cooled so that the difference in the inlet temperature and the outlet temperature is at least

5 °F, or at least 10 °F, or at least 20 °F, or at least 30 °F, or at least 50 °F. In another embodiment,
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wat er cooler 27 and water flows directly fromthe storage tank 25 through
conduit 26 into the Sunderwater pelletizer 17. Optionally, anti-block
additives may be added into the water in the water storage tank 25 through
conduit 29. [0089]1n an enbodi nent, not shown, water fromthe storage tank
25 can travel through conduit 26 into a water cooler 27, and through a

condui t QR ¢ t 'eXtrader GREY 5 Tnd MSIET60 & BCIboBS the
cool i ngth%e%pue?r%% Thet%é(;%%%aﬁf/gﬁ%t tgggmelﬁlgee?trt hé cooll i ng % acket 10 throough

t he coo¥50ny, attadinativelyrfram ationit 20Q) *Fesa abouh0:Fobi Frgmj abekie220t Wrto wgputid68 “Eool i ng

mediumgutlet 1 re n,then e l,ed rage
tank 25 eote%lgerf‘tglrec(\é\gﬁ%%%?fyfrﬁggﬁf ﬁpg‘ﬁ rclegglé&% %X%dgrc%@%ngﬁa}ggf #@ﬁs%@tgﬁ%? of an
enbodi nabotit 400 °F e frony sbolut V0 R alsoait 880 Foor fipeh labdiit 200 t@ apodty258 FF foe édm
wherein the @pggar tus.copprises a nelt cooler, a cooling extruder, an
undet wedP8Pt 8t &2 3908t 230 a drying apparatus. Some equi pnent in Figure 2

i's simjopsopt O tiihdtextrlider lerdnl E4#f Be dsedCtoOmix Ard¥ehdBdden@ahe polyinke fasadeTat er
pelletizer, and the drying apparatus, and as such have been, descri bed using

t he samXtudesmaay e wigd tumbs andshonmserize prygeryHaltizajioneor solid precipiptionrthgdnder
feed tr | I r rce
(hot otk p8if: Rl HELAA: G B Ao H UG hagRIS BT
cool er thelpelymtP feedhthupelimimeting agdphase sqpatatidn dlsat imayi aeewovEle eXindegeent bee nel t

T3 1CoorTRl eni o Rvsifn SOt gt ealopat i Ukt Sl

mel t capkety mayt bk luesi toowipeahs twakls 600k ieRgudeedihtusrpicntring ldy teeystailézation frong

medi um out | et 15. {50 91] The cool ed pol yner feed exits the nelt cooler 11
thr oygtfo’fnf'l‘@gﬁém“&‘ B eér"""@‘Hﬁx_tlet 13 and travel s through conduit 16 into the
cool i nqo@ed) " Udes a FRferfanshibolinkt, MMeRBerh@RCofhe SiPhér fed dtehd\idud@l dutikher e
is no conduit 16 and the polynmer feed travels direct lrfy fromthe nelt cooler
25 out |ietless 3hamthe haHendaingi sotening tenperatw. of the pebyser feedeyat raierier than disol s

t he, pol wg@ . noves fromthe cooling extruder inlet
al olr?g t he aplé{r?ggﬂte%ﬁ)e{ geggég¥gﬁgmf§§fég%der barrel and out the cooling

ext rudgooajt | efin af labkeraate|eimbgdiecht, uitkeextBMemnizyopomtiag tatvam osidet demportturediess.

[0092] The, cool ed.extruded polyner feed then.exits.the copling,extruder 30
L o B AT ety D Fapotier 50 t5h e oo T RE SE b L8 oy
travel rbhsiaygirfidieh® high t¥ plodacelfelled0 BahhtbodMient tHegextdberUp dperaaieat an
pelletizer 17. The diverter valve can be used (o di vertlf%g%gfg{qyner feed

I

f r om t ttleldemperaiupelessehary tha grisidizadan iegpeiahie poihg@obas vigeosity
purﬁed/ﬁ'tﬁﬁg@@%{ﬂ deORat NGsCRRD & HS190T7E.S 1530 dAboBRhdok ¥R InvemtRAf Wle When
cl eaning t ooling/pelletizing processing |Ine. 0093] The under wat er

pel | et iextendet s operatinghat oobtéat tarparatusdlessothpmshe ewstdllizgfionotemppreture o theThe
pell ets _then.travel in .a.pellet- r f. t etizer
2 b ODRRE SCHTE o5 SMeRiBRLLFE pRRs Baf s et SRS BB RP S £ 0
col | ecterpgdlizatier engdrapet béthe. polinter feddl €The ansitetempbratury majdr 1°C av elose, tShr ough

conduit, 21 into the centrifugal drier 22, ere the pellets ar 5
separ at S®" f18mo 18 %é’f@’ror%ﬁﬂg@r?é?ﬁmof%%g’ﬁr ﬁ‘?f‘ é*}%%?(szal ?%’855%?{"}%‘?%#5’ is no
catgh selypRRAfeed. or conduit 21 and the pellet-water slurry travels directly
fromthe underwater pelletizer 17 through conduit 19 direct Idé/' into fhe

8

centri fl0RfH drirep firsher pmbodifmrie by PeECpesqoling cxidireRpy be Heedciamaralieligal
drier 2.t &Hg:gexgrgﬁjgﬂiér 16 Sxtrlda! %EQ% _eg & le oPEQTERRD &xBUddrY i Bdllel can

processing o cted and packag e water separated fromthe
10pel | éedound inHé.ScBatenti Appdiadtiodr Public2Bnddm 200¥A094748 &\ 1, tikpotneedied berdinity 24

into water storage,tank 2 to be recycled back,i h Lyater
pel | et if SrrenC_Le’if)Irn[agB@%’] efﬂ%oc@m%’rmionortlﬂ%gﬁ%‘g’ BWA r%(riergéﬂgytg ?‘%@g% A stgsc a%lpl i ed
f r g Wakesgolgh@mage tank 25. Water flows fromthe storage tank 25 through
conduit 26 into a water cooler 27. ',I'her]1 t he cg)olded .

[0063] In an embodiment of the invention, the method and apparatus further comprise the

use of a heat exchanger. A heat exchanger, e.g., melt cooler, can be used to cool the polymer

feed before the polymer feed enters the extruder. Alternatively, a heat exchange can be used to

further cool the polymer feed after the polymer feed exits the extruder. The heat exchanger may
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water travels through conduit 28 into the underwater pelletizer 17.
Alternatively, there is no 15 water cooler 27 and water flows directly
fromthe storage tank 25 through conduit 26 into the underwater pelletizer
17. Optionally, anti-block additives may be added into the water in the
wat er storage tank 25 through conduit 29. [0096]1n an enbodi nent, not
shown, v 2 did 0N (hE Q6iRWpel 8Mipe2RalfPlath TR Hanfe SRUOH: 80 Ulibn ikl &1L O @
wat er cool er- 27, ang) tﬁrou’g%ﬁpae’ cofkféﬁ‘?‘%‘ ’?mn%t as%ov?mn‘ge’i nt o tﬁ]e ma%l%ncool er's
11 20 cowithauy sjatic keikers.o Rreterably tisbelt ond ituhg drsignunelt Toalerc wblch dnoladesr statisul d
enter the.coqli Lacket. through, the cooling mediuminlet 14 and exit the
cool i ng rjmé((l: Q?la({%g%tﬁﬁlﬁﬁ? Wgw @Sﬁu})}%sl?r%s&aum outlet 15, where it can then be
recycl eduldeekattiPellbgzenat er storage tank 25 to be re-cool ed. [0097] Figure 3

is a_sc ic illustration qof an a ratus for pelletizing a pol r feed
comadecdOBE e The daned catied B TER B o Natzeh o PEldiich GPwe R dredt to.
Thi's enbhagl BERY ad ndepeattl, hat fab® sirdiR, RARPEhFRA LitehSWilal Pelfctigdt! PrdferaBiCRPt

that the relt ‘cooler 11 is replaced with only an extruder. [00981V\hlle t he

i |1 ust r atdoavagaripelitizenis #sadabet aleas sqeualentipsBefizie unite kpewe t thpserskilledtin ie) | be
dor st . iy TGESt S 5
under s %ngga?gagso;’%g LQUYS GH%gag t%ﬂ%qﬁésc?&r'ﬁﬂén&%ér pegglnggfléllr‘e]g& wmoatﬁ&ecéﬂ e

readily ma se ski e art w thout romthe spirit
and scopedipfrytskid! inicent. i Example df mecfelaindertwaten ptlleti3bgtdavisestas beifpandan U.S

speci.fi it S | yA f t pases_of (i LI ystr.ati er tAi nbaodi ment s
oPeoeL ool N, YRS R 08 o AP B eatL )51 RO ARRSatS] HRbleSBR G 0
Cﬁncepaszot)w/ou msféASEﬂCinlf:b@oﬁt‘éGOHieﬁ’fng}gﬁ{]erMaorgi nlg! y, | tCI in nﬁt i nt ended .
that the pe tecalmsappne eto,e Imt ,t t he Xa S an
descri ptlP se?n pRf; ?‘ﬂb‘}?éfp%ﬂtﬁ“b‘ﬂger}“’a‘tehé?eﬂef‘ﬁ%{tls psed teuoalf e ﬁp&ﬁﬁé%eﬁ

const r ugghlyaser SO MPRSSIoNG gHIymérBed Rakih&R tﬂfou?ﬁlta%llé‘tbii@g B8 b Wedna§
reside in them{)resent invention, incl udl_ngh all" features which would be
treat ed e stauds\aig gen sut brerasasingtopttertidagdss dik fhie| veaderi hoxt i dheapnderwatoihied ptizene

. g . _ .
"5 OES o ATl 391016, PR G0FARRRAR U5 50 LSS 2 9
f ol | owi ribe pedletsloutwfttheygndexeatid peletiZe00 W01 box fox umpbemodes8ng.he pol yner nel t

was co of ,a hot .t adhesi ve.(HVA) .. The conprid.sed 86..1 w9% of a
et ar | onBRET .ot I goemiTdinatt A nelifaid i, s ipr et R 7 il Khe¥h
heat of thdssskilledin the &0nad2eeitio pRveht dictholeieué-of0 J/ g and a nelting
tenperature of fromabout 130 C to about 135 C, 7.

] 0 wt % of PARAFLI NTC80, 10
commer cil®9% aviy pasmbodimsat herndanyatesaeyptizer pges: chleg yiptsy, &useégmgr)

53000 CommRy tigd Ed’oliﬂg%if haleBed LRANIRGRANGRDLE thEBBRIRA 1550NTaRY pLiRktBaytgwn,
TX; 2.0 wt% of MAPP 40, commrercially available from Chusei of the USA;, and

1. 4 wt %eobodimeahthe tomperatire of o 1y Ththe Mudermater gelipsizing vgittreaypleer fipmrabowy DSC
of 130- 135%:C; sgt St | Zatd - SC, a
i scosi 5 oo 10 SoF! Hitseahl Bl A3yt 103808 b RARH b W 4EC" -
a Shor e vAddrannpditiodr waer 86x (attithgahaabdrpdiwrgtopboutt40GF. 135- 140 C. The
differe etween the 'S | ti tenperature of . fromahout 130 Cto
Sbout 130058 ana Tt e finkeinety e fiSueEh P BiSb e G SRS MPBLE I8 C ¢ o
abogt 1Qfclatich 163;@: trRe shifled AMRE hélpy Slirdinhte 2 {eBleney of B JolNkis & stidketof¥ter

met hod prescribed cooling rate. [00102] As the HVA nelt_approaches the

mel ti ng 20 Rpevaihs exteyded palvimes Stpeds el morg slepyy (fut.  The' chilled water slurry

circulation loop extends from the underwater pelletizer, carrying the pellet-water slurry to a pellet

drying unit, and then recycles the water back to the underwater pelletizer.

[0069] In an embodiment, the residence time of the pellets in the chilled water slurry
30 circulation loop is at least 10 seconds, or at least 20 seconds, or at least 30 seconds, or preferably

at least 40 seconds, or at least 50 seconds or more. As fresh pellets tend to bridge and

agglomerate if the pellets have not had adequate time to crystallize and harden, or if the polymer

is a low crystallinity polymer, it is preferred that the pellets have sufficient residence time in the

pellet water loop.
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20 and the viscosity curve rises steeply. This corresponds in a change from
a clear nelt to a cloudy one. Further cooling of the nelt conpletes the
transition to an opaque solid. The HVA's viscosity curve rises sharply near
the melting point where shear-induced crystallization begins to occur.
Exanple 1 25[00103]In this exanple, the polyner feed was pelletized using

a gear -nmelt copler- pelletjzer configuration, The

mel t - co@ﬁgﬂ pelll éP?tB‘ErreWHF?%F%EﬁF{)Wa%?"g‘ivﬁf f}ﬁrpqlﬁts[}f?ﬂ theyfatter Padesgure 1.
A convepinspial tEaArthRUEP eRrddieWhich EAEHRS Adde rBRbWIEEIRBH doffephtelh bhe
melt cooler and the underwater pelletizer. A conventional nelt cooler was

used t creglosieratebpabistsy e watss theartiansports fheastiets Hupuaialmpieriae dpers #1d iy was
used to, Qﬁltxliﬁ%élzﬁ s%rh& iﬁ’tﬂh}%&? be ﬁ)e%'moeg te&Eest Q&r_fzﬂ:@l &Etﬁregﬂ&?etﬂe% ets. The
pel l etized, tHe p% | ets were dried 1n conventional centrifugal dryer.

[ 00504] gedlets ehayz then rpass thooughta disshafger chuteefor icoHedtion tor mug)s protecxtangidgionalcan be
found in Table.1l. Test s. 1 and 3 utilize tandard.3-hl gde cutter.
Tost . NBoCSH g S i cop; gD, Fpflet oo, BEfa RestoR "SR BoqiE &' o
t he cutreqiired3s soniddvy thdesircligeduced, however pellets slowy aggl onerated at
the dryer discharge. In Test No. 2, the cutter current rose to 2 anps and
then p8PTMer vihgpeligiang dis sanéda gk ke R sunsBties 8Pt piRdjo shlias” Fof our
M nut eSyatd Br FEIFEorNO Prederatl§ Heatiphblical bARRSrd B e, UR PBllet 3Rhe Iat WiRRHMP ShenleT €
observed duri ng 1.5 hours”of operation. In Test No. 4, wap-ups began to
occlr afetlets taseagidy Bow ig preflered.of operation, and the cutter current draw rose

to 2 a efo - . . -
obser valTAlr i ot ey YERRIH AR paPrke Sherl i plsh ARGl e Ml bBBe,
pel | et imatbenporifidesin the ke, aud te achidvadisdesired peleh sizannd yhapei e shmbperied
agai nst_the di | at VWil e the bl ade tayed sharp,. they beco rn and
oore T torioeE fyfie s An e Pae ebelfee 4Rt CRehPRPaNP e B b REeD FRA oH
cont actra@BAfd fielt abitdrial ¥ i9knovarforthskakiified nakdkarlg Strength, especially where
the viscosity of the extrudate was |ess than 1,200 10cP at 190 C. Thus,

whdd pdPdB i zi Rptiordlyesn aptblegkingiagent Ana); B¢ @ddadytopthe) water imHK Yndsipietp at
190 C ﬁiré}lét%(;]gt\’vaﬂg%x% b Ewatet Q@xl?ys ?@%%Tﬁ%ﬁdvcmﬁﬁl%f B Sftfock TR deBlet water

denonstrated 1 n a conparison of T¢: ~where new cutter blades were
used arebmis usafalpo ppayentqeliets m stigkiog sogtthst inNbe loppwhe pluggine thyl luap saigbere wor n
fromthe prior Te nd wr ap-ups frequently occurred. [00106] The wat er
terrperasf’rﬁr%u}?m? é%ﬁlﬁggg%ter pell etizer needed to be as low as 33-34 F 15
(about I[[0@M] i n Ohédempematype bl theivzater] the rédthifonpraecdifehescutiet bladesy agicthe iffow dates s

than 80Q cP. .In Test No. 4 warper. water,, was.used and cutter ap- u

quiddki f? iy e Hroughthe Bellsiring ol R §is ) BR@rodion e Rypber fféﬁet_

t enper gkshbiried. N8 tisHRNAGRe {RPeAUROENEE pallets, YOS TedsfteriordadeheadxterPR g0l Sk Of
using l'ow water tenperatures is die- hof)e freeze of f. [00107] By extending

t he pelinfiieneethe fusmedon ofithe palletses wyell apthg dryipg olthe pelittsng t he water-slurry

20pi pi ngt ati I . ere
the polterist " or TephPRieARRAITEB of et/ AL hRGABFIE Bl fhor HRGEE) Rk le) o
r educeaxit¢dOeq8]Besget duirpdoay eah [ved fto prempalenigedmesnl, gpeHetpdsiforaratiomrandat er
and_use of we cutte | ades e, test .runs,in.Ex | e,1. wer ften
e eampartset i oL sttt thelt Bty RSl BRIy TR s i RegR 0
accunulbgtreddeney fimal and 2&hpepatuRnofithe peikkd  Additienallyuihe pshdtllmrdressvdries with 25 a
| oss of heat transfer efficiency, which in turn caused the nelt tenperature
exi t i ngestdsaceiyns ad EYPFPYES- and the nelt viscosity through the die holes to
drop. Wi ncreasingly stringent viscosity targets, e.g., polyner feeds
with viscoSities less than 800 cP at 190 C, | oss of cooling perfornance

of t en {0078k at buan embndiment of therinyentipe, thpellsts gye dried afjes exitmp e, ungerwpterhe

cukper - a e I oql er. N joZ litdtel DEWRERY

por. et TERRHTRC To e 8o anf e 7 fling EhteRl U thchic i ARA
heated gas (e.g., air) is passed through a fluidized bed of the pellets, or a flash dryer. Preferably,
the pellets are dried in a centrifugal dryer, which is connected to the outlet of the underwater

pelletizing die. Examples of useful centrifugal driers are those available from Gala Industries,
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'30mas difficult. Table 1 Test No: 1 2 3 4 Pol ymer Feed Melt Viscosity
“at 190 C 1300 1000 900 800 800 Polymer Feed AH (Jig) 26 28 28

such as those disclosed in U.S. Patent Nos. 6,807,748 B2; 7,024,794 B1; and 7,171,762 B2, all
incorporated herein by reference.
[0077] In one embodiment, the pellet-water slurry passes through an agglomerate catcher
which may comprise a round wire grid or coarse screen to remove oversize chunks or
5  agglomerates of pellets. The pellet-water slurry may then optionally pass through a dewatering
device, or a series of dewatering devices, containing baffles and an angular feed screen which
collectively reduce the water content, preferably 90% or more, or 98% or more. The removed
water may then pass through a fines removal screen into a water tank/reservoir so that it may be
recycled or disposed. The pellets may then pass through a centrifugal dryer to remove any
10 remaining water. The dried pellets then exit the centrifugal dryer and proceed to storage or may
be further processed with coatings, additional crystallization or further cooled as is well
understood by those skilled in the art.
[0078] In another embodiment, after the pellets exit the centrifugal dryer they proceed to a
further drying step to eliminate any excess moisture. The further drying step may be a fluid bed
15 dryer or another means of drying known to those of ordinary skill in the art.
[0079] Desirably the pellets are dry when they are packaged. The pellets are considered to
be dry when they comprise less than 1 wt% moisture, or less than 0.5 wt% moisture, or less than
0.1 wt% moisture, or most preferably less than 0.08 wt% moisture. It may be necessary to warm
the pellets before packaging so that the cold pellets will not collect condensation from
20  atmospheric moisture. The warming and drying step and the crystallization step may occur at the
same time in the same piece of equipment.

Additional Processing
[0080] After drying the pellets may be collected and batched or, alternatively, may proceed

for additional processing such as further cooling or dusting/coating.

25 [0081] In one embodiment, the pellets are dusted/coated with an external antiblock. An
external antiblock can be used to allow for easy flow of pellets through packaging equipment and
to prevent agglomeration in the final package. Any antiblock known to be compatible with the
polymer pellet may be used. Preferably the pellets are dusted with the antiblock by mechanical
mixing, so that a consistent even coating of antiblock is formed on the pellet surface. Mechanical

30  mixing of the pellets and antiblock allows for good antiblock coverage on the pellets and good
adhesion/embedding of antiblock particles on the pellets.

End Uses

[0082] Polymers used in this invention may be useful as adhesives, viscosity modifiers,

meltblown or spunbond non-wovens, packaging HMAs, or polypropylene blending additives.
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36 36 % wax (C80 + MAPP) 0+0 10+0 10+0 7+2 7+2 Melt feed rate (Ib/hr)
26 30 30 30 26 D e hole size / no. 0.110" / 2 0.110" / 2 0.110"

[0083] The adhesives of this invention can be used in any adhesive application, including
but not limited to, disposables, packaging, laminates, pressure sensitive adhesives, tapes, labels,
wood binding, paper binding, non-wovens, road marking, reflective coatings, and the like. The
adhesives described above may be applied to any substrate. In a particular embodiment, the
5 adhesives of this invention can be used in a packaging article.
[0084] An embodiment of the invention will now be more particularly described with
reference to the figures. Figure 1 is a schematic illustration of a conventional apparatus for
pelletizing a polymer feed, wherein the apparatus comprises a melt cooler, an underwater
pelletizer, and a drying apparatus. Referring to Figure 1, the molten polymer feed travels from a

10  storage tank (not shown) or other polymer feed source (not shown) through conduit 10 and enters
the melt cooler 11 at the melt cooler inlet 12. The polymer feed is cooled as it is moves through
the melt cooler, moving from the melt cooler inlet 12 to the melt cooler outlet 13. Cooling
medium flows through a cooling jacket (not shown) around the melt cooler 11 flowing from the
cooling medium inlet 14 to the cooling medium outlet 15.

15  [0085] The cooled polymer feed exits the melt cooler 11 through the melt cooler outlet 13
and travels through conduit 16 into the underwater pelletizer 17. Optionally, the polymer feed
may travel through diverter valve 18 before entering the underwater pelletizer 17. The diverter
valve 18 can be used to divert the polymer feed from the cooling/pelletizing processing line to be
recirculated or purged/discharged from the apparatus. This can be particularly useful when

20  cleaning the cooling/pelletizing processing line. Conduit 16 may be long or short. Altematively,
there is no conduit 16 and the polymer feed travels directly from the melt cooler outlet 13 into the
diverter valve or into the underwater pelletizer 17.

[0086] The underwater pelletizer 17 cuts the cooled polymer feed to form pellets. The
pellets then travel in a pellet-water slurry from the underwater pelletizer 17 through conduit 19

25  into catch screen 20. Catch screen 20 can be used to collect agglomerated pellets. The pellet-
water slurry then travels through conduit 21 into the centrifugal drier 22, where the pellets are
separated from the water and dried. In an alternate embodiment, there is no catch screen 20 or
conduit 21 and the pellet-water slurry travels directly from the underwater pelletizer 17 through
conduit 19 directly into the centrifugal drier 22.

30 [0087] The dried pellets then exit the centrifugal drier 22 through conduit 23, where they can
proceed for further processing or be collected and packaged. The water separated from the
pellets in the centrifugal drier 22 can then travel through conduit 24 into water storage tank 25, to

be recycled back into the underwater pelletizer 17.
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/ 2 0.110" /2 0.110" /1 Die tenperature (F) 260 260 260 260 260 Die
pressure drop (psi) 400 250 250 250 400 Melt tenperature (F) 251 260
272

[0088] The water in the underwater pelletizer 17 is supplied from water storage tank 25.
Water flows from the storage tank 25 through conduit 26 into a water cooler 27. Then the cooled
water travels through conduit 28 into the underwater pelletizer 17. Alternatively, there is no
water cooler 27 and water flows directly from the storage tank 25 through conduit 26 into the
5  underwater pelletizer 17. Optionally, anti-block additives may be added into the water in the
water storage tank 25 through conduit 29.
[0089] In an embodiment, not shown, water from the storage tank 25 can travel through
conduit 26 into a water cooler 27, and through a conduit (not shown) into the melt cooler’s 11
cooling jacket to act as the cooling medium. The cooled water can enter the cooling jacket
10  through the cooling medium inlet 14 and exit the cooling jacket through the cooling medium
outlet 15, where it can then be recycled back to the water storage tank 25 to be re-cooled.
[0090] Figure 2 is a schematic illustration of an embodiment of the inventive apparatus for
pelletizing a polymer feed, wherein the apparatus comprises a melt cooler, a cooling extruder, an
underwater pelletizer, and a drying apparatus. Some equipment in Figure 2 is similar to that in
15  Figure 1, e.g., the melt cooler, the underwater pelletizer, and the drying apparatus, and as such
have been described using the same identifying numerals. Referring to Figure 2, the molten
polymer feed travels from a storage tank (not shown) or other polymer feed source (not shown)
through conduit 10 and enters the melt cooler 11 at the melt cooler inlet 12. The polymer feed is
cooled as it is moves through the melt cooler, moving from the melt cooler inlet 12 to the melt
20  cooler outlet 13. Cooling medium flows through a cooling jacket (not shown) around the melt
cooler 11 flowing from the cooling medium inlet 14 to the cooling medium outlet 15.
[0091] The cooled polymer feed exits the melt cooler 11 through the melt cooler outlet 13
and travels through conduit 16 into the cooling extruder 30. Conduit 16 may be long or short.
Alternatively there is no conduit 16 and the polymer feed travels directly from the melt cooler
25  outlet 13 into the cooling extruder 30. The cooling extruder 30 cools the polymer feed as the
polymer feed moves from the cooling extruder inlet along the length of the cooling extruder
barrel and out the cooling extruder outlet. The cooling extruder 30 may be a twin screw extrudet.
[0092] The cooled extruded polymer feed then exits the cooling extruder 30 and enters the
underwater pelletizer 17. Optionally, the polymer feed may travel through diverter valve 18
30 before entering the underwater pelletizer 17. The diverter valve can be used to divert the
polymer feed from the cooling/pelletizing processing line to be recirculated or purged/discharged
from the apparatus. This can be particularly useful when cleaning the cooling/pelletizing

processing line.
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271 271 \Water tenperature (F) 37-39 38-40 50 50 33 Cutter rpm 3000
3000 3000 3000 3000 Cutter anps 0.6 0.6 (cutter currant draw rose to 2
anps before wrap-up)

[0093] The underwater pelletizer 17 cuts the cooled extruded polymer feed to form pellets.
The pellets then travel in a pellet-water slurry from the underwater pelletizer 17 through conduit
19 into catch screen 20. Catch screen 20 can be used to collect agglomerated pellets. The pellet-
water slurry then travels through conduit 21 into the centrifugal drier 22, where the pellets are
5  separated from the water and dried. In an alternate embodiment, there is no catch screen 20 or
conduit 21 and the pellet-water slurry travels directly from the underwater pelletizer 17 through
conduit 19 directly into the centrifugal drier 22.
[0094] The dried pellets then exit the centrifugal drier 22 through conduit 23, where they can
proceed for further processing or be collected and packaged. The water separated from the
10 pellets in the centrifugal drier 22 can then travel through conduit 24 into water storage tank 25, to
be recycled back into the underwater pelletizer 17.
[0095] The water in the underwater pelletizer 17 is supplied from water storage tank 25.
Water flows from the storage tank 25 through conduit 26 into a water cooler 27. Then the cooled
water travels through conduit 28 into the underwater pelletizer 17. Alternatively, there is no
15  water cooler 27 and water flows directly from the storage tank 25 through conduit 26 into the
underwater pelletizer 17. Optionally, anti-block additives may be added into the water in the
water storage tank 25 through conduit 29.
[0096] In an embodiment, not shown, water from the storage tank 25 can travel through
conduit 26 into a water cooler 27, and through a conduit (not shown) into the melt cooler’s 11
20  cooling jacket to act as the cooling medium. The cooled water would enter the cooling jacket
through the cooling medium inlet 14 and exit the cooling jacket through the cooling medium
outlet 15, where it can then be recycled back to the water storage tank 25 to be re-cooled.
[0097] Figure 3 is a schematic illustration of an apparatus for pelletizing a polymer feed
composed of an extruder, an underwater pelletizer, and a drying apparatus. This embodiment is
25  similar to the embodiment shown in Figure 1, except that the melt cooler 11 is replaced with only
an extruder.
[0098] While the illustrative embodiments have been described with particularity, it will be
understood that various other modifications will be apparent to and can be readily made by those
skilled in the art without departing from the spirit and scope of the invention. To the extent that
30  this description is specific, it is solely for the purposes of illustrating certain embodiments of the
invention and should not be taken as limiting the present inventive concepts to these specific
embodiments. Accordingly, it in not intended that the scope of the claims appended hereto be
limited to the examples and descriptions set forth herein but rather that the claims should be

construed as encompassing all the features of patentable novelty which reside in the present

-19-



0.7 0.7 (cutter currant draw rose to 2 anps before wap-up) 0.7 Exanpl e
2 [00109]In this exanple an apparatus simlar to that of Exanple | was
used, except that a 5 larger nmulti-tube nelt cool er exchanger was used
.that had a higher heat transfer fluid tenperature. A conventional gear punp
was used to force the polyner feed through the nelt cool er and the

underwat er pelletizer. A nulti-tube | t oI er o cool .
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one. Further cooling of the melt completes the transition to an opaque solid. The HMA’s
viscosity curve rises sharply near the melting point where shear-induced crystallization begins to
occur.
Example |
25 [00103] In this example, the polymer feed was pelletized using a gear pump-melt cooler-
pelletizer configuration. The melt-cooler-pelletizer configuration was similar to that shown in
Figure 1. A conventional gear pump was used to force the polymer feed through the melt cooler
and the underwater pelletizer. A conventional melt cooler was used to cool the polymer feed and
a conventional underwater pelletizer was used to pelletize the polymer feed. After the polymer
30 feed was pelletized, the pellets were dried in conventional centrifugal dryer.
[00104]  Pelletizer run conditions for the five test runs of Example 1 can be found in Table 1.
Test Nos. 1, 2, and 3 utilized a standard 3-blade cutter. Test Nos. 4 and 5 used a 4-blade cutter.

In Test No. 1, no wrap-ups around the cutter assembly were observed, however pellets slowly

agglomerated at the dryer discharge. In Test No. 2, the cutter current rose to 2 amps and then
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50 158 30 100 Die hole size/no. 0.125"/2 0.110"/4 0.110"/1 0.110"/4 Die
desi gn Standard | and. Continuous hol e. Continuous hole. Continuous hole.
Cutter type / no. of blades Standard (45) /4 75/ 6 75/ 8 75/ 6 D e
‘tenmperature (F) 300 275 300 280 Die pressure drop (psi) 300 275
polymer wrap-ups occurred around the pelletizer every three to four minutes. In Test No. 3, new
cutter blades were used, and no wrap-ups were observed during 1.5 hours of operation. In Test
No. 4, wrap-ups began to occur after several minutes of operation, and the cutter current draw
rose to 2 amps before the wrap-ups. In Test No. 5, there were no wrap-ups observed during 1.5-2
5  hours of operation.
[00105]  During the underwater pelletizer operation, the cutter blades were constantly being
sharpened against the die plate. While the blades stayed sharp, they become worn and were
literally shortened in length. This in turn affected the blade-die contact and cutability of
“extrudates” lacking strength, especially where the viscosity of the extrudate was less than 1,200
10 cP at 190 °C. Thus, when pelletizing the extrudates with a viscosity of less than 1,200 ¢P at 190
°C cutter blades with less than 80% wear were needed. This is demonstrated in a comparison of
Test No. 3 where new cutter blades were used and no wrap-ups occurred, versus Test No. 2
where the blades were worn from the prior Tests and wrap-ups frequently occurred.
[00106] The water temperature in the underwater pelletizer needed to be as low as 33-34 °F
15 (aboutl °C) in order to pelletize the HMA products with a viscosity less than 800 cP. In Test No.
4 warmer water was used and cutter wrap-ups quickly began to occur. It is believed that the
lower the water temperature, the stroﬁger the quenched extrudates are. However, one risk of
using low water temperatures is die-hole freeze off.
[00107] By extending the pellet residence time in water, e.g., by extending the water-slurry
20 piping length, the agglomeration of softer pellets (e.g., pellets where the polymer crystallinity
was less than 30 J/g) in the dryer discharge was reduced.
[00108] Despite improved performance with colder pelletizer water, and use of low wear
cutter blades, the test runs in Example 1 were often accompanied with slow crystallization on the
melt cooler tube walls. The accumulated crystallization on the melt cooler tube walls resulted in
25  a loss of heat transfer efficiency, which in turn caused the melt temperature exiting the cooler to
rise and the melt viscosity through the die holes to drop. With increasingly stringent viscosity
targets, e.g., polymer feeds with viscosities less than 800 cP at 190 °C, loss of cooling
performance often translated to start of wrap-ups in the pelletizer. Thus, with the cutter wrap-ups

and the fouled melt cooler, pelletizing with the gear pump-melt cooler-pelletizer configuration

30  was difficult.
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300 280 Melt tenperature (F) 230-+ 241 258 .--> 269 268 250 Melt cool er

tenperature in /out (F) 226 / 227 248/ 250 260/ 261 243/ 241 \Water tenperature

(F) 40 35 35 37 Cutter rpm 1000 2000 3000 3000 15 Exanple 3 [00114]In
Exanpl e 3 adhesive pellets were made by cooling the polyner feed in a
cool ing extruder and using the extruder's pressure to drive the feed

through the pelletizer. In this Table 1
Test No: 1 2 3 4 5
Polymer Feed Melt 1300 1000 900 800 800
Viscosity at 190 °C
Polymer Feed AH (J/g) | 26 28 28 36 36
% wax (C80 + MAPP) | 0+0 10+0 10+0 7+2 7+2
Melt feed rate (Ib/hr) | 26 30 30 30 26
Die hole size / no. 0.1107/2 0.1107/2 0.1107/2 | 0.1107/2 0.110”/1
Die temperature (F) 260 260 260 260 260
Die pressure drop (psi) | 400 250 250 250 400
Melt temperature (F) | 251 260 272 271 271
Water temperature (F) | 37-39 38-40 50 50 33
Cutter rpm 3000 3000 3000 3000 3000
Cutter amps 0.6 0.6 (cutter 0.7 0.7 (cutter 0.7
currant draw currant draw
rose to 2 amps rose to 2
before wrap-up) amps before
wrap-up)
Example 2

10

15

[00109] In this example an apparatus similar to that of Example 1 was used, except that a
larger multi-tube melt cooler exchanger was used that had a higher heat transfer fluid
temperature. A conventional gear pump was used to force the polymer feed through the melt
cooler and the underwater pelletizer. A multi-tube melt cooler was used to cool the polymer feed
and a conventional underwater pelletizer was used to pelletize the polymer feed. After the
polymer feed was pelletized, the pellets were dried in conventional centrifugal dryer.

[00110]  Pelletizer run conditions for the four test runs of Example 2 are found in Table 2. In
Tests No. 1, 2, and 3, a shell and tube heat exchanger with 13 tubes (having 0.5” static mixer
elements inside) was used. In Test No. 4, the same melt cooler was used as for Tests Nos. 1-3;
however, the outer 6 of the 13 tubes were plugged.

[00111] In Test Nos. 1 and 2 the temperature of the adhesive coming out of the melt cooler
slowly rose during the pelletizing run. In Test No. 1 the pelletizer ran for 2 hours and then cutter
wrap-ups formed and the pelletizer could not be restarted. In Test No. 2 the pelletizer ran for 2
hours with two trouble-free re-starts during the 2 hour period, but after the 2 hour period cutter
wrap-ups formed and the pelletizer performance could not be repeated. In Test No. 3, the

pelletizer ran for 3.5 hours with no cutter wrap-ups. In Test No. 4, the pelletizer ran for 1.5 hours

-22-




exanpl e the extruder used was the Coperion ZSK-25 twi n-screw extruder which
Is coomercially available from Coperion Corporation of Ransey, N J. A
conventional underwater pelletizer and dryi ng apparatus were used. Test run
~conditions for the two test runs of Exanple 3 are found in Table 3.
[00115]In Test No. 1, adhesive pellets were fed to the tw n-screw extruder,

nelted, and 5 c 1 f J t b
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pel 1%t i wttmgmnhbadr@l be mwtaawﬂraudémgh 11at¢e Waerpths toptigresedsewes reduged feqm 3000
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[00117]“?%’[ wer € honogeneous, ggesting that
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forces of the extruder. 15Table t No: 1 2 Feed type / tenperature
Sol i ds Feshi¥gi bWFeYR/EP‘fGWWY%BPSﬁ’V%%@B“ﬂ&ae (I'b/hr) 80 80 Extruder speed (rpm

360 300p0bxi3] udafovkivey ve® vilthe the YhargdP ndek Eodidrughed ihalxagipld enpecanpareal (d-)
10  Example 1, the build up of crystallized polymer on the tube walls was not prevented. Even at
apparent optimum conditions, the pelletizer was unable to handle polymer melts with lower
viscosities and in order to prevent partial crystallization on the melt cooler tubes the melt cooler

was had to operate at a higher temperature.

Table 2
Test No.: 1 2 3 4
Melt Feed rate 50 158 30 100
(Ib/hr)
Die hole size/no. | 0.125”/2 0.1107/4 0.110”/1 0.110/4
Die design Standard land. Continuous hole. | Continuous hole. | Continuous hole.
Cutter type / no. | Standard (45°) /4 | 75°/6 75°/ 8 75°/6
of blades
Die temperature | 300 275 300 280
(F)
Die pressure 300 275 300 280
drop (psi)
Melt temperature | 230 — 241 258 — 269 268 250
(F)
Melt cooler oil 226 /227 248/250 260/261 243/241
temperature in
/out (F)
Water 40 35 35 37
temperature (F)
Cutter rpm 1000 2000 3000 3000
15
Example 3

[00114] In Example 3 adhesive pellets were made by cooling the polymer feed in a cooling
extruder and using the extruder’s pressure to drive the feed through the pelletizer. In this

example the extruder used was the Coperion ZSK-25 twin-screw extruder which is commercially
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176 111 Die hole size / no 0.125" / 2 0.110"! 4 Die design Standard | and
Standard | and Cutter type / no. of blades Standard (45) /4 Standard (45) /
6 Die tenperature (F) 280 280 Die pressure drop (psi) 710 350 Melt
tenmperature (F) 220 163 Water tenperature (F) 45 37 Cutter rpm 2000 3000

available from Coperion Corporation of Ramsey, N.J. A conventional underwater pelletizer and

drying apparatus were used. Test run conditions for the two test runs of Example 3 are found in

Table 3.

[00115] In Test No. 1, adhesive pellets were fed to the twin-screw extruder, melted, and

5  cooled to 106 °C to form a paste to be pelletized. During two days of operation no wrap-ups or

pellet quality issues were encountered.

[00116] In Test No. 2 an adhesive melt was fed to the extruder, cooled, and then pelletized.

Additionally, in Test No. 2, the screw flights on the extruder screw were arranged with wide

flights directly under the melt feed port (extruder inlet) and the flights transitioned to close flights
10 by the discharge zone (extruder outlet) by the pelletizing die. For pelletizing the melt fed

extruder, the demonstrated heat transfer coefficient for barrel cooling was calculated to be 31

Btu/hr-F-ft*.

[00117]  The pellets produced in Example 3 were homogeneous, suggesting that the

crystallized components were readily dispersed under the shear forces of the extruder.

15 Table 3
Test No: 1 2
Feed type / temperature Solids / ambient Melt /300 °F
Feed Rate (Ib/hr) 80 80
Extruder speed (rpm) 360 300
Extruder drive torque (%) 40 24
%x)truder barrel temperature 176 111
Die hole size / no 0.125”/72 0.1107/4
Die design Standard land Standard land
Cutter type / no. of blades Standard (45°) / 4 Standard (45°) /6
Die temperature (F) 280 280
Die pressure drop (psi) 710 350
Melt temperature (F) 220 163
Water temperature (F) 45 37
Cutter rpm 2000 3000

[00118] Comparing the pellets formed in Examples 1, 2, and 3, it could be seen that in
Examples 1 and 2 cooling by a melt cooler alone, allowed some crystallization and phase
separation to occur with in the melt which in turn led to the production of non-uniform and non-
20  homogenous pellets. There was not sufficient dispersive mixing of the polymer feed with the
melt cooler alone to produce uniform and homogeneous pellets. Additionally, as the polymer
feed crystallized within the melt cooler, crystallization formed on the melt cooler walls leading to
a loss of heat transfer and reduced cooling of the polymer feed. This in turn led to polymer wrap

ups around the cutter assembly and poor pellet formation.
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[ 00118] Conparing the pellets formed in Exanples 1, 2, and 3, it could be
seen that in Exanples 1 and 2 cooling by a nelt cool er alone, allowed sone
crystallization and phase separation to occur with in the nelt which in
turn led to the production of non-uniformand non- 20 honpgenous pellets.
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cool'ing extruder further reduced the polynmer nelt tenperature, thus the

pol ynerTate4.' s 20 tenperature at the diverter valve follow ng the cooling
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that was less than the softening point of the polymer melt but greater than the crystallization
temperature, the polymer feeds were able to be easily pelletized. Additionally, the cooling
25  extruder mixed and maintained the homogeneity of the polymer feed allowing uniform pellets to
be formed. Thus, by using a cooling extruder the temperature of the polymer feed was able to be
precisely controlled to an optimum temperature where the feed was easily pelletized yet

uniformly dispersed.

Table 4
Adhesive Softening Point | Crystallization Viscosity (cP @
©) Temp (C) 177 °C)
HMA A 133 91 950
HMA B 132 66 950
HMA C 126 36 13,000

30
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Softening Point (C) Crystallization Tenp (C) Viscosity (cP @177C) HVA A
133 91 950 HVA B 132 66 950 HVA C 126 36 13,000 30 Table 5 Adhesive Melt
Cooler Qutlet Tenp (C) Diverter Tenp (C) Melt Cooler Inlet Pressure (PSI)
Di e Face Pressure (PSI) HVA A

Table 5
Adhesive | Melt Diverter Melt Cooler Die Face Pressure
Cooler Temp (C) Inlet Pressure (PSI)
Outlet (PSD
Temp (C)
HMA A 115 103 84 719
HMAB | 125 95 97 671
HMAC |[134 103 343 797
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115 103 84 719 HVA B 125 95 97 671 HVA C 134 103 343 797 CLAIM5S What we
claimis: 1. A method for pelletizing a nolten polyner feed having a
viscosity of less than 35,000 cP at 190 C, conprising: (a) introducing the
nolten pol yner feed into an extruder; (b) cooling the nolten polyner feed
while in the extruder to raise the viscosity of the polynmer feed to at
| east 5000 cP; and (c) extruding the cool ed polyner feed through a
pelletizing die. 2. The method of claim 1l wherein the polyner feed is
substantially free of blowi ng agents. 3. The nethod of any preceding claim
wher ei ICkAaM$ol yner feed conprises at |east one propyl ene conponent. 4. The
met hod of t%%la%%gedi ng clai mwherein the polyner feed is substantially
free of s%yrene. . The nethod of any precedi ng clai mwherein the pol yner
f eled corrﬁhi dasethed foe aglietizi0g aiolen polgmer foed haying acdscosityfdess thani3dH00B_E t he
pol ymer has Dot . T-Peel of 1 Newton or nore on Kraft paper; Mv
of 10, 000 téé%?%@smg' paper: (b) 4

(a) introducing the molten polymer feed into an extruder;

(b) cooling the molten polymer feed while in the extruder to raise the viscosity of the
polymer feed to at least 5000 cP; and
(c) extruding the cooled polymer feed through a pelletizing die.
2. The method of claim 1 wherein the polymer feed is substantially free of blowing agents.
3. The method of any preceding claim wherein the polymer feed comprises at least one
propylene component.
4. The method of any preceding claim wherein the polymer feed is substantially free of styrene.
5. The method of any preceding claim wherein the polymer feed comprises at least 50 mol% of
one or more Cj to Cy olefins where the polymer has
(a) a Dot T-Peel of 1 Newton or more on Kraft paper;
(b) a Mw of 10,000 to 100,000;
(c) a branching index (g) of from 0.4 to 0.98 measured at the Mz of the polymer when
the polymer has a Mw of 10,000 to 70,000, or a branching index (g') of from 0.4 to
- 0.95 measured at the Mz of the polymer when the polymer has a Mw of 10,000 to
100,000
(d) a heat of fusion of 1 to 70 J/g; and
() a heptane insoluble fraction of 70 weight% or less, based upon the weight of the
polymer, where the heptane insoluble fraction has branching index (g') of 0.9 or less
as measured at the Mz of the polymer.
6. The method of any preceding claim wherein the polymer feed comprises at least one additive
chosen from the group comprising an antioxidant, tackifier, wax, oil, or plasticizer.
7. The method of any preceding claim wherein the additive comprises about 50% or less of the
total weight of the polymer feed.
8. The method of any preceding claim wherein the extruder comprises a single screw or a
double screw.
9. The method of any preceding claim wherein the polymer feed has a heat of fusion (AH) less

than 90 J/g.
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a branching index (g') of fromO0.4 to 0.98 neasured at the Mz of the
ymer when the polyner has a Mv of 10,000 to 70,000, or a branching index
) of fromO0.4 to 0.95 neasured at the Mz of the pol yner when the pol yner
s a Mv of 10,000 to 100,000; (d) a heat of fusion of 1 to 70 J/g; and (e)
a heptane insoluble fraction of 70 weight% or |ess, based upon the weight

of the polyner, where the heptane insoluble fraction has branching index
(g'") of 0.9 or less as neasured at the Mz of the polyner. 6. The nethod of
any preceding claimwherein the polyner feed conprises at |east one
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single screw or a double screw. 9. The nethod of any preceding claim

wher ei n thejBWPyner feed has a heat of fusion (AFT) less than 90 J/g. 10.
The net hod2Ofheaithdd e BB Az Raith WhEFet the Al &S bpePitifg GOMRANSNEmRattiB e

pol yner feed has a My of | ess than 70,000. 11. The nethod of any preceding
cl ai m wher eilpsstthan g ring dad bald seffening Jermperaturgaf thspolyaer f5ed and greaiey tﬁm@é. 12.
The method Qfy@iMYaRbPERPERRrrMePolYaRk &l the extruder is operating at an
out | et teggerature | ess than the ri'ng and ball softening tenperature of the

pol yner f dédrhamepthpdedeny presedimgtchiém shgssingthe polumerdped ie appiaddle atesmpsratyrp gear
pol ymer f eelqhe é{?stalﬁ%ioﬂqérﬂ&%t% oA ife B«glgrgg)dfe&gwﬂl?!irmhm%r@dep ahd' e PO HAET

feed is cooled to a tenperature near t crystallization tenperature of the
pol ymer f eednekasésshé dispersivechomogelwity afitie polpmenan¢lader i ncreases t he

di spersiv I | .14, An apparatus for
peIIetiziE% a ﬁeﬁé?xfg%%%ng32§b¥gfﬁﬁ&gf%?“%w;extruder conpri sing an
inlet, a barr efa) amerdtuder comptising ar( inlet,a bawelf andanvuilely devi ce adapted to
renove heat fr he barrel,of the extruder. d (c er 1§

el 1ot 21 ng i ) &P ey sePike Ml X4 P heahiop P BRI ot y e
feed fl ows thr@uahuidesvateripelidizing larattethed nwtht betledh efthe ex@mdert Ng devi ce renoves
heat fromth ol ymer . feed to,raise the viscosity of .the | yner feed to at
least 5000 Al HolsniEs Soct heyd Bipuel TherbieeF shiFeicped (i heBF KR ing ¥l
centrifugal rethyves healfametie goiends geddr tof rigakhedvigeasityl & tht palgmed fed té Beleasut | et
of the under$@§ﬁ; pelletizing die. 16. The apparatus of any one of clains
14 to 15 whe ‘the extruder is a co-rotating twin screw extruder. 17. The
appar at us19fThanypeaes of cleindi Murdidr tomgrfinghe c@inifubd Qirpoxt Whideh tgeoatates at

| east 250 psi of dr|V|g% force. 18. e apparatus, of any one of clainms 14
to 17 wher eidfef Kettached tods oytist ofdhs undempteapelleizibgdicet t enperature |ess than

the ring gndnaplarafdrany Bk dQAths Mo BAMRkeih heQkirdRP1Q doliStafifgySlimbdréwat i On
t enperature qf(}he pol ymer feed.
extruaer.

17. The apparatus of any one of claims 14 to 16 wherein the extruder generates at least 250 psi of
driving force.

18. The apparatus of any one of claims 14 to 17 wherein the extruder is operating at an outlet
temperature less than the ring and ball softening point but equal to or above the

crystallization temperature of the polymer feed.
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