WD 2006/ 127698 PCT/ US2006/ 019899 1 METHOD AND
APPARATUS FOR MAKI NG CRYSTALLI NE POLYMERI C PELLETS
AND GRANULES RELATED APPLI CATION 5 Thi s application
is entitled to and hereby <clains the priority of
co-pending U S. provisional application Serial No.
60/ 684,556, filed May 26, 2005. 10 FIELD OF THE

| N\VENTI ON The présent invention generally 7€l ates to

a nmet hod and apparatus for underwater pelletizin
subs¥§aE2"8Eyi ng of pol ymer pellets wth an®C odomess

i ncreased | evel of crystallinity. Mre specifically,
15 the present invention relates to a nethod and
apparatus for pelletizing polyesters, polyam des,
pol ycar bonat es, thernDpIastic pol yur et hanes, -and

their 3§§@§§%&%e 256 éﬁ%ﬁﬁy¥6ﬁ WE 2kl pormErTe

subseq drying o hose pe granules in a
20 manner such that cF@gﬁﬁPryﬁh those pellets
or granules is self-initiated. The pelletization and

dryi ngrprares apHeEeAToRd herein produces pellets and
gramgl es havi ngTﬁlQ%@piﬁ@E’dl@ﬁ&is eht eyt abl & tereby

rather i0af aeagplAlRySes éﬂéﬁﬁg 25 TB%H%QE.

i nvent I"On. €xpan Sclasur

U S. apBPt jccét%falfiﬂs“e%éaﬁ'l }g‘? Iﬁg fa 717, i MQ&

10/ 9542899, filed November 21, 2003 and Cbtober 1,

2004, respectively, which are owned by Gala

I ndust giresy ornemeofwvEsgieny Pock, Virginia 30 :

(hereinafter Gakae\. preBEnBSsivaneenofeidiinyesenies to

| nvent L op. .ang QBB'%%%%Q&E hRC S Gl OSULeS 103 gﬁg and

af or esal%e n I Catl are Q pr essl

i ncor p& ?éﬁ?ﬁ?ﬁ %ﬁ?ﬁmb §| ﬁmgy reference as |f

ful ly deerdasefinlaerliod W%ﬁ@%r e =Bppt Ficatidns

35 m etheneisnaht etnvestéon ewlabteshso" & eetataand
anparatus for pelletizing polyesters, polyamides,
polycarbonates, thermoplastic polyurethanes, and
their respective -copolymers, undetrwater with
subsequent drying of those palletg and granules in a

20 wamner such that crystallization of those pellets or
granules is self-initiated. The pelletization and
drying process described herein produces pellets and
graziul'es having a desired level of crystallinity
ratber than an aworphous structure. _

25 The present invention expands upon the
disalosures of pending U.S. applications, Serial Nos.
10/717,630 and 10/954,349, filed November 21, 2003
and October 1, 2004, respectively, which are ocwned by
gala Tndustries, Tnc. of Bagle Rock, Virginia

30 {(hersinafter Gala), the assignes of the present
invention and application. The disclosures of the
aforesaid pending U.5. applications are expressly
incorporated in this application by reference as if
‘Fully set forth herein and the aforesaid applications

35 are herainafter referred to as “the Gala

applications” .
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-2005/ 0050961 Bonner SUMVARY OF THE | NVENTI ON The "
present disclosure is directed to a pelletizing
system t hat produces polyneric pellets underwater
that retain sufficient latent heat to self-initiate
the crystallization process and ultimtely provide
sufficient crystalline structure w thout requirenent
for an additional heating step for' the polyneric
pel lets and granules prior to additional processing.
The Gal a applications have denonstrated the

ef fectiveness of this. elevated heat condition on
pol yet hyl ene ter 1alate) or PET and copolyners
made t herefrom %ﬁﬂﬁgg “tden dtEE8Vered that ot her

, pol ymers whi.ch can be crystallized when subjected
t o anal 8g812s garrIoandi tions benefit from

t he reduct|ﬁmy@&£@hﬁdﬁe&kdaﬂagchhﬁﬁe@ﬁbE;he pel l ets

and. gr I 4 g & gaving
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wit hi n SSe Peiete B cgvarilésatipresergrisympds fal |
i nt 0 t e Ehpagd e aregitey B@fxmbytrmzymtﬂlemnef Eeguferei n
‘as’ ".cr ygtabii Ele@ i PAANRBES anTQIRGEORDI |1§J&*E£§ step
sel f-i migk @;teeg%&ifﬁ&@éd bZﬁé@nm 'gL gﬂ f.oun
t hat tgg EES&S be separ ronT 2 et er’ as
~quickl 055i- BT & W LI~ S|gnE?FC%ﬁ?JFﬁ€F8%§éEWﬁ t he
speed 1’F(:’Fidt 5 SLITBWIFTISTH PR elefatdieheat
under’ \N&Pléf?ltﬁenl @um(airmfl»nﬁtt@*&pldthmaghof heer ang
dryi ngcappamatssmadiuchepaidont it BxX4 thdeRe a0EYSFereq
retai ntng wﬁhr%ojyﬁ L v}lﬁt"ﬁr\'}anhgét EQIE@E({J When -
tr anSpQﬁj%th& i9c9 %\_/ag_tt)é’owe'f e\il'a.k?:r_gt conditions

benej_lt .L'r"om ithe reducu on of the rmsz_dence tima of
‘the. pellet_s and granules in the water slurry, leaving

by

suu.:.c:.eni: hnat in the pellets and granules during
. the drying stage to allow crystallization to lIIil...late
w:r_th:l.n the pellets and granules., These polymers Fall
into the broad category of nolym rs identified herein
asg “c:'rvs‘r:.a.ll1 zing polymers”. -

. 'To aacompllsh the self-initisted c:rysta.ll"r zation,
it_r}:\asvb'aen Found n_hat_ the pellets muist be separzted
from the water as guickly as possible with ) '
significant increase in the speed with which ﬂuay
flow from the exit of the underwater Pelletizer and
into and through the drying apparatus. Such paellsts
exit the dryer retaining much of their latent heai
and can be transported on conventional vibrating
conveyors or similar vibratory or other handling
aquipment such that with the additiomal time the
desired crystallinity is achieved. Storage of the hot
pellets in conventional heat retaining containsrs or
heat . ipmsulating containers is included in +he ingtant
invention thzt orovide time to compléte the degired |



conveyors or simlar vibratory or other handling

equi pment. such that with the additional time the
desired crystallinity is achieved. Storage of the hot
pell ets in conventional heat retaining containers or
heat insulating containers is included in the instant
invention that provide tinme. to conplete the desired
- WD 2006/ 127698 PCT/ 52006/ 019899 4 | evel :of.
crystallization. ‘The desired Crystallization is at .
| easWO3WFI7ES ent to avoi d aggl omerati on of tifg/US2006/0198%
pell ets and granul es when subjected to additional
processing. 5 The separation of the pellets and
granules from the water and subsequent increase of
the pellet speed to the dryi*ng apparatus is

acconpl i shed i n accordance i th, the san { o
procedtiEd ShFHFpar S ETs dt s é %séée(%l ?' ?a%%&%gg{%tl B

Copol yhers PeRANEUERIH=ED AP LARGIET=TgiT 8 e i
pel | etseigeds’ graguhesidsenle stbtedirdeFaatistional
pel | etgzpg¥Bipr box in the water slurry, air or
other sui tabl &4 Neric02% 1% piieaiLdndi Gianilbe from
transpart pipe leadlng fLam. e al e BaX Jediot Mpesa
drying }éﬁpﬁ?% FEd RS eered alr SeLVes; 1 Qclbraance
aspi r at® HRedEREr aPE’ﬂ’ﬁ‘t%‘ép’@r'ag??“g)c]ﬁSv% ms-eégr%t g,
it fromtbhehpeotdnst separdlgpEanaEsen i BPPHE ™
i ncr eagas:1bbes spaeHEDlartr anspynerpfin Reedg@lPet s to
and, qul £, ABLEL Yot eneh thbecslr yerletthiasdi pormase laave
Lranshgd uﬁag%gar#%t ﬁéﬂ{ég‘ik%%}f?f apixd 1 hocad Ia@%f he 20
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Metikodssiffrade ying whber pelb etapaict Af Gorpddrdd|sepabat ing
ef fici pnoy foy, e eiptoved puraies sidd keduiar the art
and are_ {ncluded Nepeld) By ralehencss che gahieeveo
aspir aa.nd ultima‘a:teely thxe-zgug n el%%gxa.s %his increase in
transport speed is sufficiently rapid to allow the
30 pellet to remain at a temperature hot esough to
initiate the crystallization process inside the
pellets and grmmules which may be amorplous upon
- exiting the centrifugal dryer. Other conventional
methods of drying the pellet with comparable
25 effiviency may be employed by one skilled in the art
and are included herein by referemce. 7
To achieve aspiration of the witex and increase
' the tramsport speed From the exit of the pelletizer
waterbox to the dryer, the alr injected must bes at =
30 very high welocity. In particular, the volume of the
" injected air should preferably be at least 100 cubic
meters per hour based on injection through a valve
into a 1.5 inch diameter pipe. This f£low volume will
vary in accordance with throughput volume, drying
35 efficiency, and pips diamster as will be understood
by one skilled in the art. Nitrogen or other inert

gas may be used instead oi alr. Oother methods




the transport speed fromthe exit of the pelletizer
wat erbox to the dryer, the air injected.nust be at a
30 very high velocity. In particular, the volunme of
the injected air should preferably be at |east 100
cubic - meters per hour based on injection through a
valve . into a 1.5 inch dianeter pipe. This fl ow
volume will “varyTiin accordance w th throughput

vol une, -drying 35 eff|C|ency, and pipe dianeter as

wi | | PER2HEESS t ood by one skilled in the ar CT/US2006019859
Ni trogen or other inert gas nmay be used instead of
air. Oher nethods WO 2006/ 127698 PCT/ 1182006/ 019899
S providing conparable separation of the liquid water.
fromthe pellets with acceler8tion of the pellet to
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15 vel |y, %&15151% fub r@id.akér\l:égl £6 L@ PR e;\hledes the
necessa C nt [ 0 r{,l

the exifrof the P et?zer I’%err{) routL he dlr r
o hectne o1 PEoREd do EhE POATF o THoReE 36
heat i bk delivieempeldrdes, aftgrgehe epanﬁiéﬁuw peiet ¢§
not1s oselihe heat as quickly as do smaller dianeter
pel lets angguhares9ior €8 e LERREPS! bedvaded aner
Vel oci §1¥c£4‘£@&}1 b&. Rl Lgrre%%.l:lae&h% viRpatalliger sl t s
the exit of the pelletizer waterbox through the dryer
allowing the pellets to retain significant latent
20 heat inside the pellets. Largér diameter pelleta do
" not los= the heat as guickly as do smaller diameter
pellets and therefore can be transported at lower
velocity than the smaller pellets. Comparable results
are achieved by increasing the air injection velocity
25 ap pellet diameter decreases as will be understood by
one skilled in the art. Reduction of the residence
time between the pelletizer waterbox and the dryer
exit leaves sufficient heat in the p=~1lets to achieve
the desired crystallization. The retention of heat
30 inside the pellet is erhanced through use of a heat-
reta.lnlng yibrating comveyor foll ow:mg pellet xelease
from the dryer and/or through the use of comventional
storage containers or heat insulating containers.
Transportation times on the vibrating conveyor
35 are dizcloszed in the Gala applications to be
effective from 20 to 90 seconds, and have been found
to be particularly effective from 30 to 60 seconds.



are achieved by increasing the air injection velocity
25 as pellet dianeter decreases as will be understood
by one skilled in the art. Reduction of the
residence tinme between the pelletizer waterbox and
the dryer -exit l|leaves sufficient heat in the pellets
to achieve the desired crystallization. The
retention of heat 30 inside the pellet is enhanced

t hrough use of a heat- retaining vibrating conveyor
followi ng pellet rel ease 6fron1the dryer and/or
through the use of conventional storage containers
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the necesgity of an expensive secondary heating stage.
‘to convert amorphous polymer pellets to crystalline
polymer palleps
' 1t is a Further object of the present disclosure
to provide a method and appaTatus for the underwater
pelletizing of crystallizing polymers in which an
ipert gas is injected into the water and pellet
slurry exiting the pelletizer to produce a water
vapor mist form of slurry handling, thereby providing
hetter heat retention in the transported pellets.

A still further obiect of the present disclosure

ig to provide a method and apparatus for underwater
pelletizing of crystallizing polymers in accordance
with the preceding object in which the pellets are
rapidly transported through the equipment through the
injection of air at a flow rate of at least 100
m /hour, to about 175 wm*/hour or more, so that the



t he necessity of an expensive secondary heating
stage. to' convert anorphous polyner pellets to
crystalline polynmer pellets. It is a further object
of the present disclosure to prOV|de a met hod and
_apparatus for the underwater pelletizing of
crystallizing polynmers in which an inert gas is
injected into the water and pellet slurry exiting
‘the pelletizer to.produce a water vapor m st form of
slurry handling, thereby providing better heat
retention in the transported pellets. A still further
obj ect of the present disclosure is to provide a

met hod and apparatus for underwater pelletizing of
crystallizing polynmers in accordance with the
precedi M§dBfFet Simewi Ehetordiped beforearcecitiapi ey

t r anspordrwdrt iy cughi¢hmitgui=dnest tbhroughcthe

i.nj ecti efrypfamiizadloa o‘§1| alier QF #dx leagl JOQ.,

m / hour ,(159¢ QUL 1/5 our or-nore, so that the 7
resi dence t ng %ﬂpe s bref re exiting the

“dryer is su CI St y re e ET AR disclosure
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appar at @ﬁr&oaa@éog&gaeﬂmc_agéé 3 ‘}n 2Ll ;gggﬁ?

. pellets [ A, un ter . in
which th % @?I ets “exi ? Fﬁeo LZSG PR cdfe e
heat r eRfHiIERgET (R§CHE Ouibeﬂubé%@‘“ﬁbrl’eaitlIEEast 350

"total er ystIﬁliEr ZHHAS e Glurtie: opgddtebs #10s RESHA:
: vmbt houtdlgﬂaﬂ@gwuemmma i2AQundbtwai& gllléélzs’z\nd; HEdRer
- obj ect wf L L@lgeﬁ;,, u vi de
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under Val.gh hepelsl ¢ g, e gpara -
produm.ng cryst al ZI n po‘r yrrer &Pt &t 5/ BFHERst he.

resi defc: EoP=t Me SPETIEE 2% o dive Teppeupil exit
ext r usi Eﬂma"that FerErEfupat edaneri is exittcedf ton ¢de than
centri hbgat cdeyeecdrsi bedueednia@ies $-thabhe slurry -
-+ line from the pellatizer to the dryer.
A still further cbject of the present disclosure
ie to provide au underwater pelletizing method and
aDparatus for m:oduc:.ng cryetallizing polymer Pﬁll‘*‘-‘z_s
in acedrdance with the precedz_ng object in which the '
res:.dence ‘time ig ‘r‘egulated using a valve mechanism
for improved pressurlzat:.on of the water wvapor mist
downstream of the valve in the siurry line.
It is another object of the present disclosure to
provide an underwater pelletizing system in which the
hot pellietsm exitizlé the dryer are carried oo a
vibrating conveyor or other vibrating or handling
equipnent to achieve virtually uniform

crystallization thronghout a given cutput pellet
volume.

Yet a further object of the present disclosure is
to expand the scope of the polymers and copolymers
for which the apparatus and method of the CGala



about one second by gas injection into the slurry
line fromthe pelletizer to the dryer-: A stil
further object of the present disclosure is to
provi de an underwater pelletizing nmethod and
apparatus for producing crystallizing polymer pellets
i n accordance with the precedi ng object-in which the
residence tine is regulat%d usi ng a val ve nmechani sm

fo& 1“3%&9:‘*!% Eg_ﬁsééi{ 72t 90, 0f s(a'ﬂ@-%%%%%&por m st

ovvnstr e val vein'the slurry line. It

anot %%g Tof the present dlsclosure to prOV|de
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ac ieve virtually uniform crystallization throug out
a GIVEAT Bt pﬁfdﬁ?fdl’oélt STGHYdRE. Yet a further object
of t hespredent stiasd oureciwtalipziex pamidnthethseapea of
t heepalysrebs candngapotaypBrgervhodr yhioetizthe apparat us
a”d et hod, of. 1 hfliﬁﬁéra s§ran%Qp£At%aLéﬁQ§s can Aac ﬂk%‘z’]g ‘o

ner self-lnl ated crystallization. Accor din
a‘? Sf AspétEe ' Were i s provided a method for
pr ocestgimgpoctipgt alili Eingrspotly werid muptingetiaebs @si ng
anaap@ayat &S ek dhagearecunderyat er -pel l etizer “and
a dryehy.adhd arrﬁmodelggw L8l ngio exr Ui Irggand tange of

stai I Z1 ng hr ou ate
cug?ﬁy Mgt ﬁe%eé?‘if Gn‘baé?ﬁ?vata%?r ﬁégﬁ &9 %‘é“rame‘c 4P iSREEY Ae
p6hy petlest riandsnil ned Peddidt &rven epdcutting chanber of
sai d pebdwiizes; dtansnoids pgisat dapeldots Ul Bhg
S%Qrﬁ-ﬂ ting. ghamher %Qld §Qfﬁ ﬂryer as a water and

pellet slurry; 1njec velocity gas into
sai d Viterdand f;5>e|81 éFCO%Ci @FP?C’{—O tgerer bt @ VARSI
vapor n1stz&mdxﬁnhan@ﬁmbhﬂnspﬁ@ﬁmmtm1h@Qmp@kketﬁnbnto

apd:Qul, of:saidpdryer; and
"extruding a crystallizing peolymer inte strands;
‘ cutting the extruded strands inta pellets in a water
stream;
transporting-said pellets in said water stream as a
water and pellet slurry;

) ' injecting an inert gas at a high velocity into said
pellet and water slurry such that said pellets retain
sufficient heat for cryStallizatidn of said polymér without
the application of external heat ; and

drying and agitating said pellets to achieve a

desired crystallinity from the retained heat.
According to a third aspect, there is provided a
method for processing crystallizing polymers into
‘crystalllzed pellets’ us;ng an apparatus having an undexwater
pelletizer, a dryer and transportatlon,nplplng therebetween,

said method comprising:



crystallizing said pellets exiting said dryer
utilizing internal heat retained by said pellets.
According to a second aspect, there is provided a
met hod for processing crystallizing polyners into
pel l ets, which conprises: extruding a crystallizing
pol ynmer into strands; cuttyng the extruded strands
into pellets in a water stfeam transporting said
pellets in said water streamas a water and pellet
slurry; injecting an inert gas at a high velocity
into said péPFefdafd e e s Purarystslichitshatolgai-d into
peII@T%ﬁ?%Paﬁhelsﬂém@c¢£pémheﬂhrfor crystalllzatlon

of said pol ymns gtng tSal ppld,cation of external
W) &I &%glﬁ 9 lu (ﬁ& EE! I:LFI é ettézer and

heat ;5 and, dryi i tating sai
achi eve a ddeS| a&%ons é*fﬁnﬁ'neistﬁlwra’feénﬂdh@elrlet atwed
heat. Accordi Hﬁrf‘%}wéﬂ@t ht rifshspelorityt here igss provi deg
a néthodaflorepracessing of ysdial li-zispg ROl e §1n'g”tt%_

cryseaddaiz ede pakletsobshog.a0..apRAL at Us, havi n
undeg yater, (pel | et zer, agpdr yer aﬁ 1 FaEns Barntgg‘fﬁtéi‘ﬂon

pi pi ng therebetween, sai d met hod conprising: 8a
cutting str aWG%SPGFt%gcﬁ%ét"aﬁhPﬂr zpfigepety meto isAfd dryer
pel Fets=d Aovrherean dérandt @rs pettatidtzer,; sst BaRs POSt bl ing
sai trigeddvet SilﬂiJ%u]fﬁlC&@Ltdlﬂ‘-%lrllﬁ hga@rfogn&ysl"glgﬁastailodn of .

tramao;retl@gggon piping as a water and pellet s
[ ntrodum Ejr%h velocity inert gas into said water

and pel | et éjloﬁ g% &af 0t aREBeF - athone pi picrgvtiged an
separate the waterathsom:t heopeklst skt hisp;.gaid, ers

t r ansporgkald:9Nni ph Pidgs: 800,11, 9&%9&%%;5‘ 1 5@ glé "l el
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and spgletsinto said er locate
sai d_gas. i ntroduction talgl FH Bahret s *akiverhg insai daid

drygr 2R/E Sﬁl‘tfliaﬁléﬁ‘fsq ﬁy@;naato Heatedf@r water into said

cr ygefléptqzzat i2ors10fry Sdhe f}ﬁHr@fz@ori‘AQﬁ@r gf ng J\:raoceg and

fOU}_ISdlhetﬁSlDﬁﬁ-_tpout:hgf %aicﬁ_p@fl%\é_itz%@dangnto a dryer for drying
said pellets, an injector +to introduce & pellet speed
expediter into said water and pellel. slurry to enhance the
Speed of said pellets through said brocessing apparatus w1th
sald pellets exiting said dryer with sufficient internal heat
to initiate crystallization of said pellets, and an aitating
unit for receiving sald pellets exiting sald dryer to avoid
agglomeration and to achieve a desired crystalllnlty for said
pellets utilizing said pellet internal heat.

These togsther with other objects and advantages
which will becoome subsequently apparent regide in the
details of construction and operation of the ‘
1nventlan A5 more fully hereinafter described and
clalmad reference being had to the accompanying
drawings forwing a part. hersof, wherein like Mmerals
refar to like parts throughout

BRIEF - DESCRT'PTION OF THE DRAWINGS
Flgure 1is a schematlc z_llustratlon of an
underwater DﬂlletlZlng systen, including an




apparatus for processing crystallizing polyners into
pell ets which conprises an underwater pelletizer to
cut strands of a crystallizing polyner extruded into
said pelletizer into pellets, piping to introduce
water into said pelletizer, a slurry line to
transport all of a water and pellet slurry out of
said, pelletizer and to a dryer for drying said
pellets, an injector to 8wtroduce a pellet speed
expediter into said water and pellet slurry to

enha%@g%eﬁﬁ@%‘ﬁ%e??&ﬂ a@ﬂf&:ﬁﬁmr&y@a sai.d »
pr oc . r : : i ng..sai
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uni t EBEEEEe| vi ng said pellets exiting said dryer to
avoi d afghoreratiop aremebiadiileviecakideses dde side
Crystabkidd tyhefl @Iorsaidy patbeisontiilduzing. sai d pel | et
| gt er Pa|m{§%§fe:_zﬂ_ Q%SSL%Q%%B% mhﬁhﬁ%&@? objeet §n@?d
advant age | C . y apparen
resigéelﬁ’f ég-E%?%%T%g6$£%%ﬁ§$%g§%%%%@a%d oper ati on
of the iTAEEHEI D HXTHEIE S UFT FORBTE ST Per-escri bed
and uvefervmsdr pefleténbe FEFIRY Faeh 60t Régwec dnpanyi ng
dr awiitagBnd ar BypaE=ampds twhher gef prodeerselhné itea bheser al s
ref egndio dolvke parts throughout. BRI EF DESCRI PTI ON OF

THE DRAWINGS. FJ G & Jorlsbafs SONGURLLG bL! U r%fg;&%b"f

an - underwat er_ pel ng system,-1ng
ind PO Spa| FREFIETS aRd TenbF THRGEl TBFye s
manuidicaried e §B: FBYrcatiaewkt &P PSS ESh tand
Vi brits rigyeonie yporordrraecetdatibe misthnt henysmesent
I nvent i egufd QUEE 2dsdremar &€ HemBéire tibh usiddhioan of
the side, yvhew:ebat hier WbbiAld-RoGonyeyergof Figure I.
Fi gu:{ne" C{Z_boﬁ Si %osg ee %%%%Iﬂﬁgsé%o%}:ltﬁg ik taril_eze%n%o
vi e of the vibrat| ng conveyqr  of, Fi ur%ﬁgi #lgure 3
i |1 uSter STEST PRELESHo A8nPE e eV e Pai
pel '@tivei Hy SpsEew=sHé%A- in Figure 1
Figure 6 iz 2 schematic illustration showling an
underwater pelletizing system including



dur.i ng a bypass node when the process |ine has been
shut down. Figure 4 is a schematic illustration
“showi ng the nethod and apparatus for ai.r or other
inert gas injection into the slurry line fromthe
pelletizer to the dryer in accordance with the
present invention. Figure 5 is a schematic -
illustration showing a preferred nethod afd
apparatus for inert gas injection into the slurry
| i newreasiit7iee pel l eti zer to the dryer incl uB8FHE2EH019899
expanded view of the ball wvalve in the slurryline.
Figure 6 is a schematic illustration showi ng an
underwat er pelletizing systemincluding WO
20061127698 PCT/ US2006/ 0198999 9 cr yst aI l'ization and
dryer marketed and sol d _fo
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enbodi nts of the invention are explalned in
detail . is to be understood that the 10 i nvention
IS not. I|mted|n|ts scoetothe detalst

const r PETABEE PSR EN s
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whi ch fe@bh9Wedoin afetibil ustitatiedtd et Weicdminpd st Thes
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IOractl d or car Ada@y e .
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Descr i pthBﬁ‘éaloFO??%Lé‘ﬁﬁo i h\ﬁﬁ (ﬁsg’qv\?ujt il LZe
t erm nobégy Faldpueley ﬁérﬂéi“&FFﬂ‘??athoﬁ‘earﬁawﬁ?ges e
i Nt endedbbaidatsnde deobavdntrivhedsr caprisie AEaPRiRg
20" 1k Nehudingaabl dpehpicalt equiardbeat ey ahlicse -
skille P51 08 Ritnin  REe PUOREE S GORPORRMHS ofiet forth
in this Descriptions of the embodiments which follow '
urilize terminology included for clarification and
) are intended to be understood in the broadest meaning
" 20° including all technical equivalents by those skilled
in the art. The polymer components set forth in this
. invention provide those of ordinary skill in the art
with detail as to the breadth of the method as
disclosed and is not intended to limit the scope of
25 °© the invention. '
Polyesters which gualify as crystallizing
polymers for the present inventiocn are of rthe general
structural formula
(OR.sub.1.0) .sub.x. [ {C=0)R.sub.2.(C=0)] .sub.y and/ox
35 [(C=D}R.sub.1.0].sub.x.[{C=0)R.sub.2.0}.sub.y.
R.sub.l and R.sub.2 herein described include
aliphatic, cycloaliphatié, aromatic and pendant
substituted moieties including but not limited to
halogens, nitro functionalities, alkyl and aryl
35 groupsg, and can be the same or difEferent. More
preferably, polyesters herein described inelude
poly{ethylene terephthalate) or PET,



i nvention provide those of ordinary skill in the art
wWth detail as to the breadth of the nethod as

di scl osed and is not intended to limt the scope of
25 " the invention. Polyesters which qualify as
crystallizing polyners for the present invention are
of the general structural formula

(OR sub.1.0).sub.x.[(COR sub. 2. (C=0)].sub:y and/or
30 [(C=O R sub. 1.0 .sub. x.1(C=0) R sub. 2.0]. sub.

Y.  RoSlbiakestnd R sub. 2 herein described i nch¢ighgszoosm19809
al i phatic, cycloaliphatic, aromati c and pendant

substituted noieties including but not limted to
hal ogens, nitro functionalities, alkyl and aryl 35
groups, and can be the sane ag different. Mre
preferably, polyesters herein described include
poIyetbyhﬂmEMmﬁﬂqphmhat@maﬁﬁﬂmiaﬁércﬁMEE20061127698 -

- - PG4k @ffﬁg'geg 888epiihapata)( bii et hpbepithylene
ter ep?&i}ﬁi@& r BTy, @9&#4&5&&9&%@&% hal at e)

or e hthal at e PE

ponIaEﬁ%ﬁJ@ B?*%lﬁﬁ'ﬁﬁgﬂp et 64 o,

(al fha- hy&rﬂéwwq@aﬁn&'a%%)qu6¥lws W&P}%’rﬁ“&’@s whi ch
qual i f yolasers yEmaldhezprrpanp olupeaEsort gret fe fHregeneral
i nvent g@Ric@teaDffdd@irgeneral structural fornul a

[ NCH, Rhis ﬁpR M&Hm&&n%ubmi (1C=0)) BReuB Ub. (G20) { G
sub y and/ (CGOR'sub. 1.HHR].sub. x.[(C=O

R. ¥ ?f reln
des“é’n bl c?’%‘f%l'éL Ngfir]fjﬂa‘tsug URBCI'(E'))&%{1 ?%%HZRW it
aromat i ¥ aRdsWerid ang Rﬁ%ﬁb§t@Fﬁ?@ddﬁﬁ?%PFﬁéuFﬂﬁgﬁdlng
but noslighakied dyolohdimgéns, syompold andtpesmEntt i es,

al kyl anshatited ndeoUps iRRTudan be: tloe Shmeedr to

differ desGI ileRCl S bed d:8-1not
gﬁto %Ierg]ﬂx%f hRed R &1

limte
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descr:.bed includes but is not limited to aliphatic,
cycloaliphatic, and aromatic moieties. More '
ﬁi‘ef_éfably, polyamides include polytetramethylene

adipamide or nylon 4,6, polyhexamethylene adipamide

20 or nylon 6,6, polyhexamethylene sebacamide or nylon
6,10, poly(hexamethylenediamine-co-dodecanedioic
acid) or nylon 6,12, polycaprolactam or nylon 6,
polyheptanolactam or nylon 7, polyundecanolactam or
nylon 11, and polydedecanclactam or nylon 1z. -

25 Polycarbonates which qualify as crystallizing
polymers for the present invention are of the gemneral
pitructural formula
[(C=0)OR.sub.1.0] .sub.x. [{C=0)OR.8ub.2.0] .sub.y.
R,sub.l and R.sub.2 herein described include

Y aliphatic, eycloaliphatic, aromatic and pendant
substituted moieties including but not limited to
halogens, nitro functionalities, alkyl and aryl
groupe and can be the same or different. More
preferably, polycarbomates include bisphenol and

35 pubgtituted bisphenol carbopates where bisphenol is
of the structural formula HOPhC(CH.sub.3) .sub.2.PEOH
or HOPhC (CH.sub.3).(CH.sub.2.CH.sub3) .PhOH where Ph




preferably, polyam des include polytetranethyl ene
“adi pam de or nylon 4,6, polyhexanethyl ene adi pam de
20 or nylon 6,6, polyhexanethylene sebacam de or
nylon 6, 10,

-pol y( hexanet hyl enedi am ne- co- dodecanedi oic acid) or
nyl on 6,12, pol ycaprol actam or nylon 6,

pol yhept anol act amor nylon- 7, ponundecanoLactan1or
nyl on 11, and polydodecanolactanlor nylon 12.° 25

Pol ywﬁmams whi ch qualify as crystalli zi ngcrrosz006/01989

polymers for the present invention are of the general
structural formula

[ (C=0) OR sub. 1.0].sub. x.[(C=0)OR sub. 2.0]:sub.y.

'R sub: I and R sub.2 herein described include 30

al i phatic, cycloaliphatic, aromatic and pendant’

subst i tdgtedinwsi bhe adennt | Uidigngnd wubeottyerhE t Eeblvge
hal ogenst #id notf Lncteana izlkes, cgbkedlkand aryd,

gr O;Jps I%F‘gg&@nagg ﬂﬁ.%sm&bngﬁugg ent. More

pref erabl y, okl E% [ e

substitute 'Br%s ol _car r?ﬂt es er%wk%ll'gghgno
AT L RO AR
or HOPwEreepradyformyta  (CH, sub 2. CH. sub3) .PhOH
wher e RHCVD R0 66) 12 M8 8RAGEUD 15PEB6) TR-38D02 . li(leR) gub
descri hes thieuphemta rifg andessthstbsaanes imeludde
but ar %_lgglgaél'cm éﬁ'ﬁ.otaﬁl é@ilcl, LYl 8¢ I, p@ﬁﬁfalmt
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sub. 2adgttiRedsidcliuvdes Rowulls hotaldmnRed ab. aRipHzeriei n

descri Qm—m. HEE: o, abh@ Nddne i€ Woheal dnhabis,

el 9%% ﬁoﬁ?“fi S e Lhes

functl é’ﬁ 33?21 c} SFYT Pgroupe ana 905'3015“‘3:5

t he saﬁ@cH%dl&HfF%ﬁﬁne]P%%éPEf?W 188%’%358?:{ incl udes

but is not2ddipieral rol@esysivat fed copolymers not
previously disclosed, polyamides and copolymers,

20 polycarbopates and copolymers, and polyurethanes and

' copolymers which gualify as crystallizing polymesrs

. for the present invention may be comprised of at
leapt one diol including ethylene glycol, 1,2-
propylene glycol, 1,3-propylene glycoel, 1,3-

25 butanediol, 1,4-butanediol, 1,5-pentanediol, 1,3-
hexanediol, 1,6-hexanedicl, neopentyl glycol,
decamethylene glycol, dodecamethylene glycol, 2-
butyl-1,3-propanediol, 2,2-dimethyl-1,3-propanediol,

' 2,2-diethyl-1,3-propanediol, 2-ethyl-2-iscbutyl-i,3-

30 propanediocl, 2-methyl-1,4-pentanediol, 3-methyl-2,4
-pentanediol, 3-methyl-1,5-pentanediol, 2,2,4-
trimethyl-1,3-pentanediol, 2-ethyl-1,3-hexanediol,
2,2,4-trimethyl-1, 6-hexanediol, 1,2-cyclohexanediol,
1,4-cyclohexanediol, 1,2-cyclohexane dimethanol, 1,3~

35 cyclohexane dimethanol, 1,4-cyclchexane dimethanol,
diethylene glycol, triethylene glycol, polyethylens
glycol, dipropylene glycol, txipropylene glycol, '




cycl oal i phatic, and aromatic noieties. Mre 15
preferably, polyurethanes include polyether

pol yur et hane and/ or pol yester pol yurethane copol yners
i ncl udi ng met hyl enebi s (phenylisocyanate). Additiona
pol yesters and copol yners not previously disclosed,
pol yam des and copol yners,: 20 pol ycar bonat es and
copolyners, and pol yuret hanes and copol yners which
qualify -as crystallizing polyners for the present

i NVewWpi2eny 178§ be conprised of at | east one BFEPS2006/019899
i ncl udi ng et hyl ene glycol, 1, 2- propylene gl ycol ,

1, 3-propyl ene glycol, 1,3 25 butanedi ol ,

1, 4- but anedi ol , . 1, 5- pent anedi ol, 1, 3- hexanediol,

1, 6- hexanedi ol , neopentyl gly®ol, decanethylene
egcoI dodecanethylene g

but yI - POAYRFCEE SRR *°%, fygyﬁﬁﬁﬁ?mFt?y¥? %%yﬁﬁgdlol

2, 2-di etahwhql RSeS| 1525%%9?& ] s’ab%tyl -,

30 pr opapecixyhetByiiebbhytsie, 4 1pent anedi ol ,

3 met hyk s Payiroxpeticapesimiens3- Zet-byk ¢4- 5- pent anedi ol ,

2 et Fﬁr{ﬂ: Ry )%3;-{09% ah@di Qmers thereot.

exa
2, 2, 4 tr| Ybes exane o pOIfmir éml am;;:;gdﬁg

1, 4- cyEPmﬁédlmlycF@Wgﬁoﬂ&ﬁﬂﬁo

35 cycrohaxmtbadeéfrenHasenolypeys. Wé%ﬁé&@éﬁéﬁf as

di met hagpdtalidiebdoapeexy ool the presdntd énesmglipoohsy

pol yet BY! €RRri LY CH at 01 dHRPBhENcELYL @by, hydroxyacid

tripropyl, ﬂa%fg' A &%0%&3&@%&5’@' US2006/:019999

12 pol \éﬁr écg C&XI et ranet | % gge gl ycol

cat ech &r 89 Y A P B T

(hydr o%yﬁ@wp’:?pﬁ@frfgﬁélc fcid, and 3-hydroxybutyric

bi s( hyerbkyet hoxy) benzene, 2,2-bis(4 5

hydmpxypheaﬂyh)oﬂﬁﬁpgafy@mﬂmwsmmbtsPﬁhemesf pQivieides

pol yest,85 SR QJPQ' YBBySarteakYaTade Scalymers, and
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p0| yur nS3 an E[S res un% I.'].I'.I. =) atlon THel

cryst aFF¥Ysfaig 166? ﬁ@ e ?é%en i GVent 1 on nay
be comprised of at least one dizcid including

20 phthalic acid, isophthalic acid, terephthalic acid,
naphthalene-2, 6-dicarboxylic acid and isomers,
stilbene dicarboxylic aecid, 1,3~
cyclohexanedicarboxylic acid, diphenyldicarboxylic
acide, succinic acid, glutaric acid, adipic acid,
25 agzelaic acid, sebacic acid, fumaric acid, pimelic

acid, undecanedioic acid, octadecanedioic acid, and

cyclchexanédiacetic acid.
Further polyesters and copolymers, polyamides and
copolymers, poiyc:arbonates and copolymers, and
30 polyurethanes and copolymers which qualify as
. crystallizing polymers for the present invention may
be comprised of at least one diester including
dimethyl or diethyl phthalate, dimethyl or diethyl
isophthalate, dimethyl oxr diethyl terephthalate,
'35 dimethyl naphthalene-2,6-dicarboxylate and isomers.
Yet other polyamides and copolymers, polyesters
and copolymers, polycarbonates and copolymers, and



10 be conprised of at |east one |actone or

hydr oxyaci d including butyrol actone, caprol actone,
[actic acid, glycolic acid, 2-hydroxyethoxyacetic
acid, 3 hydroxypropoxy-acetic acid, and '
3-hydroxybutyric acid. is Still other polyesters and
copol yners, polyam des and copol yners, ~

pol ycar bonat es and, copol yners, and pol yur et.hanes and
copol ymers which qualify as crystallizing polyners

f or wheopezeent invention may be conprised BfT/BH2006/419899
least one diacid including 20 phthalic acid, .

i sophthalic acid, terephthalic acid, naphthalene- 2,
6 -dicarboxylic acid and isoners, stilbene

di carboxylie acid, 1, 3- cycl aiexanedi carboxylic acid,
di phenyl di-carboxylic acids, succinic acid, glutaric
aci d, adlpirethenss 2pf RSP FPYCE SEFALTE i d,
furar | exrggiadlipioe pptymemi 8or M&momv%mn may
oct adeganasipel Sed@izddi anthes Cyllebitnans 3di aceti ¢ aci d.
Fu”he%E {m‘# %, and; GRPeLYIRRSns Pal, yam des and
copal yners,

pol yur 8EH %ﬁ%&@lﬁﬁcagggg yne?%g%h ﬁglxﬂ%r ccdfithidine,

S _
cryst alr12idRgpaAERre Fort2t e F‘%@‘e o ﬁvje‘ﬁ!tl on may
be conpexmamdwmeasﬂhﬁﬁéermdééﬁﬂen #efuding
di met hykamimodighdngilephethakat e didinimedipheny lnideng |
i SOpht Eaé-aisﬁetﬂjr NeEhytnehetdi aidmgl, & erephthatatye], 35

?Rgghgp and P20 £anbaxyhatae apd isomers.
Yet ot§§¥§f es and copolyners polyesters and
copoly ar bonat es and cog rs, and WO
2006/ 1276%‘1 WEFCHEP VYIRS #3p tfanes and -
-copol ypetgesikie eguabbplymess, @O}S'Fﬁll’qnfitﬁﬁ #8t yner s
for theopsement, ianepblprenbyneshend orppolgedrofwhich
di ayg n%§ail 15 HE AGrekaB1 i ALGPANISMERET R the present
1 4- bug_av&q _gn [H% b% g f%rlgg&]t&f §g| %Qs'%eone laCL.a.Tﬁ or

L6 he)é.%:rr_]::?cs ra.ggnd irdeluliing %r%n:?glac@am, 'pyvrrolidinone,

caprclactam, heptanolactam, caprylactam,
nonanclactam, decanolactamn, undecanolactam and

20 dodecanolactam.

’ ‘ And other polyurethesnes and copolymers, _
polyvesters and copolymers, polyamides and copolymérs,
‘and polycarbonates and copolymers which qualify as
crystallizing polymers for the present invention may

25 be comprised of at least one isocyanate including
4,4" diphenylmathane diisocysnate and isomers,
toluéne diisocyanate, isophorone dllsocyanate,
hexanethylene-diisocyanate, ethylene dilsopyanate,
4,4’ -methylenebis (phenylisocyanate) and isomers,

30 =xylylene diisocyanate and isomers, tetramethyl
xylylene diisocyanate, 1,5-nephthalene-diisocyanate,
1,4-cyclohexyl diisocyanate, diphenylmethane-3,3'-
dimethoxy-4, 4’ -diisocyanate, 1, 6-hexanediisocyanate,
1,6-dilsooyanato-2,2,4,4-tetramethylhexane, 1,3-bis

35 (isoeyanatomethyl)cyclohexane, and 1,10~
decanediisocyanate.



1, 10- det anedi am ne, 1, 12-dodcanedi am ne, 1, 16-
hexadecanedi am ne, phenyl enedi am ne, 4,4'-

di am nodi phenyl et her, 4, 4'-di am nodi phenyl net hane,
2,2-dinmethy 1, 5-pentanedi am.ne, 2,2,4-trimethy-1, 5
10 pentanedi am ne, and 2,2, 4-trimethyl-I, 6-
hexanedi am ne_ Still further pol yam des and

copol yners, pol yesters and copol yners,

pol ycar bonat es and copol yners, and polyurethanes and
COPQLYHBISewhi ch. 15 qualify as crystalli zi mgrvus206/019899
pol yners for the present invention nay be conprised
of at least one |actamor am no acid including
propi ol actam pyrrolidinone, caprolactam
hept anol actam capryl actam imonanol actam
decanol act am undecanol act am and 20 dodecanolactan1
And ot her apolmaygretbangslaed Bopotyarensior pseydsters
and copelWAEl S, RehyaE dessairdifepeliyners shoand

pol ycar ePHQE ot q]g—dlﬁ% 0®f S Wb aRieaiatdrf YeBPetizing
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iﬁ%%aqﬂ | nc ud%ng
4, 4%- dimhéngludssh aﬁe‘ﬂi‘.ﬁeir%%ﬁ’& tee Gnerst =
t ol Uenmsldi DBGEyETarcpellst PRI MR TEbEY Akt 82d :
hexanmeiieanes disdpghaey anatie miphyhiane view suoyaki e,

4, 4" - netd gggﬂ;%n@gm§p$hh§9qyanate) and i soners, 30
xyl yl ene ocym,ga;‘? tae@dpgff&{% sﬁ;fsﬁ@fmtohykhe

xyl yl ene F cyan. a t ene te,
o ok, A< By SRR 3 E KL FRcly-oaeara
di met hendymér vt ¢iv) BopRmmade, (SPGGF*%’%ﬁn@dﬁY?&E at e,
"1, 6- di imecyanatio@e?, 14 ahétyarpgdsd Boran@end heatite

35 (i SRoNARAL OhElRvE) Catalyelexanend grdydnides are
decaned 1,506y r@!t%d%ﬁ@é%%ﬂ&@@& E@&%@%@dﬁﬁ%
14 An order (Tetiz

t f -
coﬁec??toﬁ‘e#lt %51{%3 relsélnrtﬂgt ﬁ&\%n%goﬁ%ééésﬁg Bxtruded

from about 100°C to about bonates are
typically extruded from about 225'C to abouk 350°C
7 and polyurethanes typically are extruded from about

i75°C to about 300°C. The polymer melt is fed into

20 the screen changer 20 (gee Figure 1} Lo remove any
golid partlcles or extraneous material. The melt
continues to feed through the gear pump 22 which
provides a smooth and controlled flow rate into the
polymer diverter valve 24 and into the die holes in

25 the die plate 18. The strands of polymer melt formed
by extrusion through the die holes enter into the '
waterbox 16 and are cut by the rotating cutter hub
and blades 14 to form the desired pellets or
granules. Thls process as described herein is

30 exemplary in nature and other configurations
achieving the desired polymer flow as are readily
understood by someone skilled in the art and/or as
otherwise defined in accordance with prior art are
incinded within the scope of the imvention.

35 Prior art has demonstrated the numerous
modifications and additives to the extrusion process
which are useful in reducing the degradation of the




schematically in Figure 1. The underwater pelletizing
systemis designated generally by reference nunber 10
5 and includes an underwater pelletizer 12, such as a
Gal a underwater pelletizer, with cutter hub and

bl ades 14 exposed in the separated view fromthe

wat erbox 16 and die plate 18. In the underwater
pelletizing system 10, the 10 polynmers to be
processed are fed from above using a polyner vat or
hoppeb 2ddm7s8ee Figure 6). typically into aRCT/US2006/019899
extruder 155 and undergoes shear and heat to nelt
the polyner. Pol yesters and pol yam'des are typically
extruded from about 200' C to about 300" C. 15 Hot nelt
adhesive fornul ations are typiscal ly extruded from
about 100' C to about 200" C. Pol ycarbonates are
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glurry line 30.

20 In accordance with this invention, air is
injected into the system slurry lime 30 at point 70,
preferably adjacent to the exit from the waterbox 16
and near the beginning of ?hé slurry line 30. This
preferred site 70 for alr injection facilitates the

25 transport of the pellets by increasing_the transporkt
rate and facilitating the aspiration of the water in
the slurry, thus allowing the pelléts and granules to
retain sufficient latent heat to effect the desired
crystallizaticn. High velocity air is copveniently

30 and economically injected into the slurry line 30 at
point 70 using conventional cémpressed air lines
typically available at manufacturing facilities, such
as with a pneuwmatic compressor. Other inert gas
including but not limited to nitrogen in accordance

35 with this invention may be used to convey the pellets
at a high velocity as described. This high velocity
air or inert gas flow is achieved using the
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thermal Iy or oxidatively. Anong these adaptations
are included vacuum renoval of byproducts and excess
“nmononers, hydrolysis reduction control of catalytic
depol yneri zation, inhibition of 5 polynerization
catal ysts, end-group protection, nolecular weight
enhancenent, polyrer chain extension, and-use of
inert as purges. Water enters thewaterbox 16 through
pi pewdGo@ntbes r api dly renoves the pellets.so PowemRwsn1989s
,fromthe die 10 face to forma pellet and water
slurry. The process water circul ated through the
pell etizer waterbox as included in this invention is
not limted herein and may comtain additives,
cosol vents, and processing aids as needed to
facili tc’é’Eﬂér%%ﬁe}deEﬁé arodhcing avepturesof giflovnef att deast
and/ or uvai néne supEpont ddiow asteniird bellunderst god

by thosegtkidieed cfr\atﬁi@s&ﬁﬂe ofhe: pekhets b\é@t %té't'ﬁ(afy
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conwgyed slurry i'ne 30.
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pr ef er beyetatjsacemtveary d¢rprding Hor bhe trerougtiputbox 16
and neabltuhe hegbnnimgreftdihensdwigeyitdd)ean8. trEhisSze
pref er bedesd tR1 764 %daffaﬂuﬂ_bﬁmih@nhig%? %&L@i@f liBeor
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22% by wvolume of air in the gaseous mixture.
Figure 5 shows a preéferred arrangemeﬁt for air
20 injection into the slurry line. The water/pellet
" slurry exits the pelletizer waterbox 102 into the
8lurry line 106 (Figure 4) through the sight glass
112 past the angle elbéw 114 whetre the coﬁprassed air
is injected from the valve 120 through the anglea
25 slurry line 116 aund past the enlarged elbow 118
through the dryer entrance 110 aﬁd'into the dryer
108. It is preferved that the air injection into the
angled elbow 114 ip in line with the axis of the
slurry line 116 providing the maxisum effect of that
30 air injection on the pellet/water slurry resulting in
constant aspiration of the mixture. .
The angle formed between the vertical axis of
slurry line 116 and the longitudinal axis of =aid
- slurry line 116 can vary from 0° to 90° or more as
35 required by the variance in the height of the
relletizer 102 relative to the height of the entrance
110 to the dryer 108. This difference in height may



including but not limted to nitrogen in accordance
35 with this invention my be used to convey the
pellets at a high velocity as described. This high
velocity air or inert gas flow is_achieved using the
WD 2006/ 127698 PCT/ (620061019899 - 16 conpressed gas
produci ng a volune of flow of at least 100

met ers. sup. 3/ hour™—ysing a standard ball valve for
regul ation of a pressure of at |east B bar into the
sl ur wp 2bdsmerss80 whi ch is standard pi pe di anet BET/UL006/019899
preferably 1.5 inch pipe dianmeter. To those skilled
inthe art, flowrates and pipe dianeters can vary
according to the throughput volune, |evel of
crystallinity desired, and th&¥size of the pellets
and granul es. The hlgh velocity air or_10Q inert gas
ef f ect ibeefiye dontaet R eapaosdtionargr of dhigr pyver +08
gener atimngeWatiem vapdre byllmpEeatiognor ary b@h Zper ses
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vol unme phiskted pellhet fasenuslurrxtinom, the gincentnghows
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the.s fife 1he NALBLEPRL! ele phUGE wiakiy Sididse

pelﬁetlzer mate oX 102 into the slurry line 106

(Fi gur Lgﬁ the sight gl as 112 lg_ﬂ the :
angl e el boW“i]BF sFed PRETTIPES i B SOPEY
from t e Padwes ﬁoalmghaftﬂwr‘ar@ é&ezealslieluﬁr FIm ke
116 and,cpastitdre 1enlies ged etiowt I8 drywouddgh ime
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preferred a second ball valve 150 after éﬁe ai.
injection port 120. This additional ball valve allows

20 better regulation of the residence time of the
pellets in the slurry line 116 and reduces any
vibration that may occur in the slurry line. The
second ball valve allows additional pressurization of
the air injected into the chamber and improves the

25 aspiration of the water from the pellet/water slurry.
This becomes especially important as the size of the

pellets and gramules decrease in size.
The pellets are egecte& through the exit 126 of
the dryer 108 and are preferably dl?ected toward a
- 30 vwvibratory unit, such as a vibrating conveyor B4
illustrated schematically in Figures 2a and 2b. The
agitation which results from the vibratory action of
the vibrating conveyor 84 allows heat to be
transFerred between the pellets as they coms in
35 contact with other pellets and the components of the
vibrating conveyor. This promotes better uniformity
of temperature and results in improved and more



.30 air injection on the pellet/water slurry
resulting in constant” ‘aspiration of the m xture. The
angl e forned between the vertical axis of slurry
line 116 and the longitudinal axis of-said slurry
l'ine 116 can vary fromO to 90 or nore as 35 required
by the variance in the height of the pelletizer 102
relative to the helght of the entrance 1}6.to the
dryer 108. This‘di'fference in height may WO :
20064524 9Re4"CT/ 1152006/ 019899 - 17 be due t oedrz006/019899
physi cal positioning of the dryer 108 in relationto
the pelletizer 102 or. may be a consequence of the
difference in the sizes of the dryer and pelletizer.
The preferred angle range is p;from30' to 60" wth
the nore preferred angle being 45 . The enl arged

el bow {k8rdht @riBeardriyety it tApELe pellfed agidl btatgss.
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108.5 Thellptefremperhtysi-ti on of the eqU|pnent, as
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25 asphexa eatolngide WH@éFWFF%ﬁﬁ#ﬂﬁem?%ﬁIG@FF$%He§han
sl urrywould be expected for smaller pellets. Comversely,

the larger the pellet size, the longer the residence .
time required for the pellet to cool for handling
20 purposes. The desired temperature of the pellet for
final packaging is typically lower than would be
- required for further processing. It is generally
obgerved that temperatuvres below the crystallization
temperature, T.sub.c, of the peliet is sufficient for
25 additional-processing vwhile temperatures below the
glass transition temperature, T.sub.q, are
appropriate for packaging. Values obtained by
differential scanning calorimetry as measured in the
cooling mode are good indicators of the temperatures
30 as identified herein. _

Other methods of cooling or methods in addition
to a vibrating conveyor can be umsed to allow the
pellets exiting the dryer to have sufficient time to
crysitallize and subsecuently cool for hahdling. For

35 example, an alternative route for the current
invention is the pellet crystallization,system (PCS},
marketed by Gala. The Gala PCS is illustrated in



Thi s becones especially inportant as the size of the
pel l ets and granul es decrease in size. The pellets
‘are ejected through the exit 126 of the dryer 10B
and are preferably directed toward a 30 vibratory
unit, such as a vibrating conveyor 84 illustrated
schematically in Figures 2a and 2b. The agitation

whi ch results fromthe vibratory action of ~the

vi brating conveyor 84 allows heat to be transferred
bet wggmséshesiRel | ets as they come in 35 cont aetTwszbdaniosss
ot her pellets and the conponents of the vibrating
conveyor. This pronotes better uniformty of
tenperature and' results in inproved and nore WO

2006/ 127698 PCT/ U52006/ 0198991518 uni f or m
crystallinity of those pellets and granul es.
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~final pekagthyliestesy @Erearss HUBRe?0d fantid HyeHe’?
through the dxyver inlet 33 in Figure 1 as detailed
above.

- 20 Ae an alternative, the Gala PCS can be attached
in sequence after the drier 108 or after the
vibrating conveyor 84 allowing additional
crystallization of the pellets to.be achieved. As
disclosed above, water including processing additives

25 and .cosolvents are contained within the gcope of the
process. The temperature of the water or water:=
containing solutions can be controlled in one,. two,
or all three tanks and may be the same or different
in each of the tamks to confer greater crystallinity.

30 As the degree of crystallization increases the
crystallization temperature increases and the

s

my

procesging temperature can be increased to effect an
even greater degree of crystallinity. As has been
demonstrated historically, increased crystallinity
35 confers improved properties on most polymers and
conditions may be optimized according to the
necessary gaing in those desirable properties.



required for further processing. it is generally
observed that tenperatures below the crystallization
tenperature, T.sub.c, of the pellet is sufficient for
25 additional processing while tenperatures bel ow the
glass transition tenperature, T.sub.g, are
appropriate for packagi ng. Val ues obtai ned by
differential scanning calorinmetry as nmeasured in the
cool i ng node are. dood i ndi cators of the tenperatures
30 agohdiendeti €d herein. O her methods of coptirwegneenissss
- methods in addition to a vibrating conveyor can be
used to allow the pellets exiting the dryer to have
sufficient tine to crystallize and subsequently coo
for handling. For 35 exanpl eggan alternative route
for the current invention is the pellet
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describe the processing conditions for the rarious
polymers contained herein as appropriate to SSP.

20 While the present invention has been described

s?ecifically with respect to numerous crystallizing
polymers, other such erystallizing polymers;
presently knmown ox to bs digcovered in the future can _

be processed in accordance with the present

25 ipvention. Accordingly, it is not intended that the
present invention be limited to any particular
crystallizing polymer or group of crystallizing
polymers but the invention is intended to encompass

all crystallizing polymers.




through the dryer inlet 33 in Figure 1 as detail ed
above. 20 As an alternatiéf, the Gala PCS can be
attached in sequence aft the drier 108 or after
the vibrating conveyor 84 allow ng additiona
crystallization of the pellets to be achieved. As
di scl osed above, water including processing additives
Cla2ts and cosol vents are contained within the scope of
the Rrogess, TG LENpecalilecpls LG Maher (f \Weker inco
coff-ai ning sol utions can be controlled in One, two,
pelbrtalusinhgr ee bapksaand eyl Usénghenssnde oot fsrleft-1zer
in each of_t S aqnf.er. greater crystallinity.
andébcﬁyefhegﬁggﬁggﬂgh %#@gﬁalngiation.increases t he
cr ystaldingatdtoantenper at ueeyitrdrléases BAYYEHe through a
. _processing ggp ug e: ' gd+to.pf fect an
dleé%%ﬁ%bﬁggt%% egigé % l%?g?%%ﬁ??%%?%% As has been )
dermphnisiraat gtk hpatordcas tyandncieas etk crd)st alh i Ai (8579
chmﬁ%ﬂf%%SSSH?E%MﬁgtEEQP?rtieS on nost pol ymers and
conditions rmay be optim zed according to the
netessmOy tgainsaih Phbkesdesicr bl &2 pf opeitings Shaferr t°
said 127698 R¢L111320061019899 20 pellets and
granules fromthe dryer 108 or the wvibrating
, coh@i@@ﬂiﬂg4acéﬁgbevﬁg%Q%ﬁﬁuﬂ%§r1§F6r%ﬁ“%swaW%ﬁnﬁnﬁeQ?llet
s1udfE% JRYELEL S be JJansfaprednl & sokl nshAt® the speed of
pol ycondensation or solid state pol ynmerization, 5

the jrpddeitpi sotthendi Ruascf SS9 FdchasiBeen det ai | ed
o extepsimalhyihh theaPok@le st exlseOfsAg tatdeon willhzing
cocurrent or countercurrent flow of inert gas, .
interefle PABF yreliains§eRY gadld A2ldFEFat ed tenperatures is
a common conponent of the SSP process. This process

10 requires enhanced crystallization as provided b
t he- MO GEnELBRRED H%/o?l(flﬁ‘ggl 8%%?%‘(1? offf pte%(leets

exiPBld ebsqans Gr aryl asnated he teBperajdloesreeqonr ed for
proper operation of the SSP process The increased

3. The method as claimed in claim 2 wherein said pellets
exiting said dryver are agitated to avoid agglomeration and to
achieve . a desired crystallinity from the retained internal

heat.

4. The method as claimed in claim 1 wherein said pellets

exit said dryetr at a mean temperature above about 135°C.

5. The method as claimed in <c¢laim 1 wherein the

crystallization of said pellets is 30% or greater.

6. The method as claimed in claim 1 wherein said step of

transporting said pellets out of said pelletizer to said dryer



nmol ecul ar wei ght which results fromthe SSP process
15 all ows. cl ear, anorphogs polynmers to be obtai ned.
Applications and uses are well-disclosed in prior
art: It is beyond the scope of this application to
descri be the processing conditions for the various

, pol ymers contai ned _herein_as appropr.j at.e 2
inclugs é”FW@pBFE%%%tSﬁﬁseﬁgpﬁﬁyhggﬁ%%gﬁJggécéfbgggie 9#0m
the &Pecichicaddnean to°r espedt®.t o nunerous crystallizing
pol ynmers, other such crystallizing polyners;
presently known or to be discovered in the future can
be. processednbd accordaricedw th tdeipr esenth®in  said
i nvention. Accardingly, it is not intended that the
- PTeSHTIZERt 97 hvENti™6n be 1imited to any particul ar
crystallizing polynmer or group of crystallizing
pol yners but the inventi,on_is,i e :
agr @%s‘f‘eaﬁ 9% i Cg&%/“r‘?%r 5 %igﬂ%q]aﬁﬁngertfgﬂA%%ggEg? e
injediod processthgl oy yst akliginegtpoliphers fhewo digeckees ©of

.. using an.apparatus_including an underwater pelletizer
said Hxbey a%%é%gﬂfgi Eﬁﬁgibd conpri sing: extruding
strands of a crystallizing polynmer through a die

phatghgor cyLLing in saLY uypdenveher Relhethzghid hign
cutting t'he pol yner strands into pellets in a cuttlng
velocihantes of saiecpel |t izeflawr gasporti#y seAdt pérrret 400

out_.of S§%9§ﬁﬂﬂiz@9aCB§&Q§hml%f S8 0 Gr yer_as a water

i t : : .
'Cubl%ﬁﬁ §5FI urry; 1njecting a high velocity gas into
said water and pellet slurry to generate a water

vapor ’Bl?g 21'#1@ Lqﬂ)qj e&%{] %‘.L%ngge i®P %@gi@f 1 %ﬁ‘@r&@i | atis iv@b@r

and o said yer; and crystallizing said pellets
mist ést Bngasataugmpat afi fPPUthd % AY e¥aMeheat retai ned

by said pellets.. 2. The nethod as clained in claim1l

wherein said pellets exiting said dryer are, handl ed

t oL avhel mgglonerfatdloim 3. whREehBt hoR 333 ctBSEGS At
saidcéfﬂfpyziﬂ@§é§%ék5¥%ﬂ1eﬁekh@&55peed from the pelletizer to

an exit of said dryer to a rate of less than about one second.

12. The method of claim 1 wherein crystallization of said
pelléts occurs using only said internal heat retained from
extrusion and in an absence of any secondary heating step

while passing through said apparatus.

13. A method for processing crystallizing polymers into
pellets, which comprisés:
“extruding a crystallizing polymer into strands;
cutting the extruded strands into pellets in a water
stream; -
transporting said pellets in said water stream as a

water and pellet slurry;



exiting said dryer are agitated to avoid

aggl oneration and to achp®eve a desired crystallinity

fromthe retained internal - heat. 4. The nethod as

claimed in claim1l wherein said pellets exit said

dryer at a nean tenperature above about 135C. 5. The

met hod as. cl.aimed in claim.1 reipthe .ivv int i d
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pellEie pmtihotaasr cl aluwed i ruchai mhitwhesel n dilgtst epebiin

ransporting said pellets out of said,;pell.etiLzer tensue
suf '18n8r$@ﬁt2 °5 H%3ﬁ§€23%?%ﬁgﬁbr??n§gégi Cstlrry" o
the Wppardbyiat aheangkeaf rtemt thendertical between 30

and 60 7. The nethaod . i i n_ciaiyn 1. wherei;n

sai d p; i 28 éiééégg% rgggg'T & method as oo °
desioled medstal lclndityn Irwhertei mesaigeddsdts i nj ect ed

substantially in alignment with afl ow direction of

said water and pellet slurry. 9. The nethod as _

cl ®d medrhien cleginmdl wiier elaisai 83 hi gheraidl odidti§l gdgsised

I.nj,ected at o £.0f at least about 100 cubic
Crwﬁﬁ%g%gl%%?“%ggf §¥/%§%ré%sure of about 8 bar. 10. The

nmethod as clained in claim1l wherein said vapor m st

has; a .gas nent . of . . about, 8% Ry ¥l .inkketEhCinto

ne?%bdﬁ%?ﬂ%ﬁgpﬁ1§9mﬁer%in tﬁ% gas in'ec#g% ?ﬂ%o .said
said|ainmyyi ricrceasess peeliat filow speed firgm pheelietizer at

: PE tiger bQinanexit Qfcsaikd: dryerat gader ak€108s than

Saﬂféggg}ﬁéﬁté odpaone géco%ﬁ. 12, The met hod of claim1
aboutherei pecerybst al | i zation of said: pellets occurs using

only said internal heat retained from extrusion and

in an absence of an% secondary heating step while

pak&i nghehresigipdsapl dgparat bs. hgreN méPHed Foymer 1S

'séletgtgaes%r%_gl Ccryst al (_!jfcﬁpng RAlMRRES g Nbe  pRlikekSers  and
_ whi ch conprises: extruding a crystallizin ol yner 4
copqlymerst r apeisyanidest | ASt heoRXFfded sPPARTR-IHEses °n

copd8hkeLS ifh BMRLEELhSLd LN LHBBSPRAIIS.Ng sai d pel lets
in said water Streamas a -

17. A method for processing crystallizing po;ymers into
Crystallized' pellets using an apparatus having an underwatex
.pe‘lletizer, a dryer and transﬁpor_tation piping therebetween,
said method comprising: ' |

cutting strands of a crystallizing polymer inte
pellets in the underwater pelletizer; '

transporting said pellets out of said pelletizer and
into said transportaticn pipihg as a water and pelliet slurry;

introducing a high velocity inert gas into said
water and pellet slurry -in said 'traflsportation piping to
separate the water from the pellets within sald transportation
piping; and

transporting said water and pellets into said dryer
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water and pellet slurry; 23 injecting an inert gas
at a high velocity into said pellet and water slurry
such that said pellets retain sufficient heat for
crystallization of said polyner wthout the -
application of external heat ; and drying and e
agitating said pellets to achieve a desired
crystallinity fron1the rethi ned heat. 14. The net hod

f_cl 13 wh i d,des
soen G SR 0 4SS S ok ALY o

-saldtduyq;a91tnj@@ff&bi&nt)1Hnmnnaélhw¢§/ﬂqmcpﬁaséelb€¢¢¢ﬂ0n of

peed froma pelletizer at said step of cutting
Saldt?égg %ryer exit to a rate of less than about one
second. 16. The nethod of claim 13 wherein said

pﬁ% YL h8tnd lc?)‘?tr,eija QM %ﬁ@rQ{@%eC%ﬁ@ ihtﬁ@d@i"ed into
0

yesters and copol yners g yani des an

said @dyéwrm@eaﬁ@w aarBRftthCEsPRmtET E4PBI St §al§ri%ellet128f
to aP@kYHr &t Ranesaapd-CapQl YaRESof TéssActrmi kdufobne second.
processing crystallizing polynmers into crystallized
pel l ets using an apparatus havi ng an underwat er
ped | Q‘hézﬁéthcﬁi &y et admdiy rvﬂ:ﬂﬂ:{&dﬂ adldstEppoigintroducing

ther 1. hod &
a hl@q éﬁﬁ gaﬁrﬁgng e%lﬁ ﬁ{e%élntggg Fn% Lo e
of at hbeawtdammnerlml d:elblczememlraansngrftthg #a@ Peadsag of
aboué“HI£§ said pelletizer and into said transportation
piping as a water and pellet slurry; introducing a
hi gh veIOC|ty inert gas into said water and pell et

ST M ¥pd Nsakdat renSpaRtat ion Phekdia: t faisepanateetingas
water fromthe pellets within said transport

a
produfaf FgWahfl YRRAS JBHEY i SRod2wat e rCARET5Er 8%33?‘?}%% 8%
by vESRingk dryer 24 |ocated downstream of said gas
i ntroduction, said pellets exiting said dryer with
sufficient internal heat for crystallization of said
pel | @hs. method of claim 17 wherein crystallization of said

pellets - occurs us:f_ng only said internal heat retained from

" extrusion rand in-an absence of any secondary heating step while

passing through said apparatus.

22. The method of claim 17 wherein said polymer is selected
from the group consisting of polyesters and copolymers,

polyamides and copolymei:s,— polycarbonates and copolymers, and

- polyurethanes and copolymers.

23. The method as claimed in claim 17 wherein said pellets

exiting said dryer are handled to avoid agglomeration.
24 . The method as claimed in claim 23 wherein said pellets

exiting said dryer are agii:ated to avoid agglomeration and to

achieve a desired crystallinity from the retained internal heat.

REPLACEMENT SHEET



18. The method of claim 17 wherein the gas introduced
into. said slurry increasgs a speed of pellet flow
fromsaid pelletizer to an exit of said dryer to a
rate of |ess than about one second. 19. The nethod of -
claim 17 wherein said step of introducing a hi gh

velocit as i ncludes inj ectln saidgg;l t |
r'a?g 8‘% %PPFEQEFS a§8ut T06°2ubit reters %erlﬂﬁoﬁ%wé{mers
int@ PEESSISr ehokh abeptiBedaan ﬁﬁdeﬂ'wﬁe:axetmdde@ﬁzet akm cut

17 wherein said in cted as: oduce ter 0 ,
SLrafdsy Hdvi iy oS gEY EJclg gt Pt ebrout %Eé%‘dm% ln¥§p Said

pelJ?eltlzTEhe llﬂiﬁbh@dlﬁlfitﬁj apﬂpilrﬂ; vher e aciurst ailaltlezattlné;n ofid
pel | et urs usin aLd.i rna t
_pelfeettlgleﬁédafr%%rré/xt Ut onan agg %rtgb?g%cgtfgfyabapgé and
pel.‘&ﬁ:C()sl’lﬁialty danetatc»mgsesidepe\hhetezelpaa@sil ng ehdovgh @m drying
par 22. The od .of cl wher sSaid a
sai gﬁ,@,ekél 5 se‘ilectle?jenE? ?omt%hegél?g%&%%ns%s%%g pes
expepﬁjwsestlerts ared copateymeasi ppblyaneiesrante enhance the
speedop%y pAlysarhonates -and_ gOBOLYIRIS. aiiacus with
ure?lha es "and copol'yners. ,
salctllwlrieadm rxchangn 471idvheresm waihd Syélfllét%nt editeirRgl heat
sai d. er . Al t o ay Cg |l Qner aliong 24-cat
te JI'ﬂltladct yasggéﬁglg%{ed% n&%l a%m wher ei n sai g ating
unitpefdet secmegngsaSiai ddrlypss &ré tagpt aréd cevayold avoid
L gmeL At d \%Ch;{ QUL 18 He Bl 88 £T %St IR bYia
B e T e A
pelREs RE1ljnimpparigt pslior ipriceessi Agperystal lizing
" polyners into pellets which conprises an undervvater
pelletizer to cut strands of a crystallizing poly
extfud8bei mppasards pel |dEired it ocheln efs, WB?E)?% the

pel#é%'éﬂéegdggﬁe&@£§f 10t oy sah et Peld aldzely ad Sl Unky rate
ne‘to transport all_of a water and pellet slurry

of ahputof08afel %@Lﬂtetlﬁi@r/hé’ﬁa to a dryer for drying
sal d pellets, an injector to introduce a pellet speed
editer into said water and pellet slurry

o . .
en ancEhe heprpapretf ofs s&l 8 Rt | eFs tRMBUGH g%ieaem said

app A REESSiENGriaPPar ks iWekh osai dopeldats axkti nphsdiading
- dryer with sufficient internal heat
containers for receiving sald pellets out of said drver to

achieve a desired crystallization of said pellets.

28. The apparatus as claimed in claim 25 wherein a
portion of s=said Slﬁrry line is generally vertical and another
portion is angled upwardly at an angle between 30° and &0°

from vertical.

29. The apparatus as claimed in c¢laim 25 wherein said
slurry line includes an elbow and & straight portion and said
gas injector introduces said inert gas at said elbow

substantially



toinitiate crystallization of said pellets, and an
aitating wunit for receiving said pellets exiting
said dryer to avoid aggloneration and to achieve a
desired crystallinity for said pellets utili.zing
said pellet internal heat. 26. The apparatus as
claimed in claim25 wherein the peIIet speed
expediter is an inert gas noving at a flowrate of
about 100 to about 175nB/hour. 27. The apparatus as.
-claimed in claim25 wherein said apparatus further
conprlsés one or nore heat insulating containers for
receirving said pellets gut of said dryer to achieve
a desired crystalllzatlon of said pellets. 28. The

in alizpRafBtiignas ehat fedidan £hbd PE2BaMhetedipta pPotidnon
of said slurry line is generally vertical and another

ortion_is t.a e and

B0, H1T SRR oo cLotdrit s s8 e R R YL S

Line oA R 3deh A b ool Astesar &arefgxane@ra;ow

Jinto sadd &rwimai ght portion and said gas injector
i ntroduces said inert gas at said el bow

33U b'ﬁ;ea ?L%ﬂ‘a&yls Ich.ﬁz,n‘ffgd gn @Q.Lm VﬂEt dﬁ:&aliﬂwnhugi%

1S 0O tus as.-
sine sGhge R LA B L Ol o e B R RED e R
a geneppdhdegleh sexpicidhdewk i AFCeARAE Wﬁ%ﬁbf’%ﬁ‘“ﬁ’éﬂor e
secticant rapd jax omslzthedr yerpidd. afhenapparat esdasic|siided
genera,lﬂycmglraa%tﬁhﬁﬁﬁl @e&ﬁicﬁz EhUitducel blidrst RELUEESy ar

smid ?LEQEQ'%&&E‘[ %& on fromsaid pelletizer, a
dgenerally angl e strd ght section fromsaid generally
vertical section, and an enlarged ‘section at an
outer end of said generally angled straight section

~to' =educe slurry velocity of said pellets entering
said dryer. -
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