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METHOD AND APPARATUS FOR MAKI NG CRYSTALLI NE PCLYMERI C
PELLETS AND GRANULES RELATED APPLI CATI ON Thi s

priority of co-pending U S. provisional application
Serial No. 60/684,556, filed May 26, 2005. FIELD OF
THE | NVENTI ON The present invention generally relates
to a method and apparatus faor underwater pelletizing
and subsequent drying of poﬂyner pellets with an
i ncreased |l evel of crystallinit Mor e speC|f|caILg
 HETHOBSGND PRPBRAIIR EORat BTG SR POLYNERIC
appar atus for pelletizEng pmby@BAEUBEspolyan1des,
pol ycar bonat es, thernoplastic pol yurethanes, and their
respective copol ynmers, underwater wth subsequent
dRPLAGEDf APRBEEAFdONet s and granul es in a manner such
thﬂ cryst alr%méab %11@%1:}1'@?153.8?%&1'1‘,@&&% @ amd esraby
self -initiate eti zatj.on r r 0Ccess
d@%@?WﬁeHgﬁePEFﬁrﬂng8%e§°p@ﬁpgﬁ agg éﬁﬁ?gﬁf vﬁ%g
aapp$ncad1bav6broblcﬁ¥8té@VﬁﬁﬁLﬁ56atm@ﬂaduﬂaxnﬁ6
agppphous structure. The present invention expands
upon the disclosures of pending U S. applications,
Serial Nos. 10/717,630 and 10/954, 349, filed Novenber
ZﬁIEgﬁgaFamﬁEOMNMmmTIDN 2004, respectively, which are
owne y Ga e f

&ﬂéagg%%%Et SnviebGicH J& ?ﬂ#%iy%gﬂ%eféﬂéﬂlﬁdi

(hereinafter e assignee o esent
i Aveathed and &W%r@ﬁ%%ﬁoﬁw%%%r%uﬁt%wg and
agabesaliénpedsiynegUcs. e@:atpd]ﬂ&taf evietpraassl y

t th
%Eﬁg% gégdng%%Ihg!el%%?%%ﬁ%e a oresald%?g§% tloaé
atbehpreseatt dnvegftdiaregalates tthe @atd p?rri%atl ons"
Q?%@B@HHD]?@E B 1NVENHONoIRe draddeoWiggl kB des
ubllﬁped

hermoplastic polyurethanes, and

po?ycar
their respective copolymers, underwater with
subsequent drying of those pellets and granules in a
manner such that crystallization of those pellets or
granules is self-initiated. The pelletization and
drying process described herein produces pellets and
granules having a desired level of crystallinity
rather than an amorphous structure.

The present invention expands upon the
disclosures 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 owned by
Gala Industries, Inc. of Eagle Rock, Virginia
(hereinafter Gala), the assignee of the present
invention and application. The disclosures of the
aforesaid pending U.S. applications are expressly
incorporated in this application by reference as if
fully set forth herein and the aforesaid applications
are hereinafter referred to as “the Gala

applications”.
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The present invention is directed to a pelletizing
systemthat produces polyneric pellets underwater that

crystallization process and ultimtely provide
sufficient crystalline structure w thout requirenent
for an additional heating step for the polyneric
pellets and granul es prior to additional processing.
The Gal a applications have denonstrated the

effectiveness of this elevated heat condition on poly
(et hyl ene t2PBPAPREFEFS) oPOPE®Yand copol yners nade
therefrom It has been di scovered that other polyners
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35 PoéﬁV&PﬂoﬁHﬂgﬁiEQ crystallization toc&nltlate
within the pellets and granules. These polymers fall

into the broad category of polymers identified herein
as “crystallizing polymers”.

To accomplish the self-initiated crystallization,
it has been found that the pellets must be separated
from the water as quickly as possible with
significant increase in the speed with which they
flow from the exit of the underwater pelletizer and
into and through the drying apparatus. Such pellets
exit the dryer retaining much of their latent heat
and can be transported on conventional vibrating
conveyors or similar vibratory or other handling
equipment such that with the additional time the
desired crystallinity is achieved. Storage of the hot
pellets in conventional heat retaining containers or
heat insulating containers is included in the instant
invention that provide time to complete the desired
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speed to the drying apparatus is acconplished in
accordance with the same general procedures and
apparatus di sclosed for PET and copolyners in the Gl a
applications. Once the cut pellets and granul es | eave
the underwater pelletizer wAter box in the water

slurr air or other suitable inert gas is i cted
i hwei/h@f t pavgpetiiprpéoneadng gdﬁﬁéﬁ%fih Qr\)&é"tt@{liﬂ&?tﬁ?n
t:h@ QE%/léﬂsﬂpﬁaifﬂﬁ.U&enEhEOl ay@@%aedggabma\tem @f the
at e wat er .into, vap r n
g#i t%%Sp%FF%F%egnghSFaguPigég%g %urtd%%E?ﬁg%gages
tpeospeedngf transport of the pellets to and
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tran t ff |
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exitin cen a n t I
i bAgeer G071 RET RBShEPPBLVIEE Somitis tae
eé@pmneacyoﬁéy bacenmpheyedtbpedietskislrdde gianules argave
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I ncrease the transport

sséuarw ofilEheTrefithiest sUpEaper| dnEFer st Srbod IR
d&ﬂ% thaetaahspamcm@enuetadbagatfx@weme hagter box to
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separa ion o I|qU|d wat er

pellet to remaln at temperature hot enough to
initiate the crystallization process inside the
pellets and granules which may be amorphous upon
exiting the centrifugal dryer. Other conventional
methods of drying the pellet with comparable
efficiency may be employed by one skilled in the art
and are included herein by reference.

To achieve aspiration of the water and increase
the transport speed from the exit of the pelletizer
waterbox to the dryer, the air injected must be at a
very high velocity. 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 flow volume will
vary in accordance with throughput volume, drying
efficiency, and pipe diameter as will be understood
by one skilled in the art. Nitrogen or other inmert
gas may be used instead of air. Other methods
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rate of the air injection into the slurry piping is
preferably regulated through use of a ball valve or

ot her val ve nmechanism | ocated after the air injection
poi nt. Regul ation through this val ve nechani sm al | ows
nore control of the residence tinme for the pellets and

granules in the transport e and _dryi ng.appar at us
aRECYEARY EOTPRHPBVE FﬁsagégFPﬁtPSnt§F L atid water
pekbet twat pelibusr witki bratileratsoned@icetieopellet to
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pebleesorLather dhamet Becpanisms l@gahes pdsert klehaar

asn e kby ﬁ§1ﬂ€ Snﬁébﬁﬂaﬂhéﬁekﬁkoﬁgh|Qhﬁsaﬂ@lve
therefore ca e transport

{RECERALFEr SpaPrar BOTELARREARte oF oblr, EoRAAeRER ba0g
b§orntheapehgetbeaadr girapedesonny ghecitrpnspopél pPépe

déﬂﬁeﬁﬁ§1ﬂscégﬁé§étﬁ% Qhﬁ|s€§v%%d%655%9@oQ% %ﬁ%
ducti on of he resi den tlne
DOFRREALEAR BE| FOE POLIALYPBER SIHTENe JipERiagry Lo

| eavi@sedubti elléntinheatl in the pebihepsrtopdpki dye uskeof
dgﬁgfsg}sgyagehghag&'g@te}h%h@egsqll jcek iBeabJing de

I'S "'enhanced t'hrou use o a heatreéetal ning
viBLati ng conveyor followi ng pellet release fromthe
dryefRégd&Qtlbhr@ﬁghhéhalus&n@%cﬁdﬂme@kb@ﬂdbsStMEage

contalners or - I
SO 85853, B5r058Y, LESULBLLI0 QNSRS i, rron
e e e e Sy

fLoMbROnb0t88 $eGIRES, tangdcave Reegniffavact latent
heat inside the pellets. Larger diameter pellets do
not lose the heat as quickly 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
as 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 pellets to achieve
the desired crystallization. The retention of heat
inside the pellet is enhanced through use of a heat-
retaining vibrating conveyor following pellet release
from the dryer and/or through the use of conventional
storage containers or heat insulating containers.
Transportation times on the vibrating conveyor
are disclosed 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.
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to be particularly effective from30 to 60
seconds. This tinme frane shou | d be effective for the

greater, preferably 35%or greater, and nost
preferably 40% or greater, may be achi eved by the
process descri bed herein. Variation of the residence
times for polymer and pol yner bl ends may be adj usted
as needed to optimze resulUs for the particul ar
forpul ati on_and desired | evel _of cr stalllnltépgs Wi | |
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WY I ThbthECole ThSorthn chpenEiva toboRiary oreps
heeeet | eyl sim@geed othoought uaropfhbhe pubygmes pelsketibetio

$g§égﬁllne polymer pellets. It is a further object of
e present invention to provide a nethod and

appar%?%%r¢b¥9%ﬁe ﬁﬁdé?mﬁ?e?bé@FFePFZ|H§ pgesent
ciysémtiozi By pobyhéesai nevhbdhaad bpeetragas ifeor
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m st orm
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t&@fff%iﬁgdaﬁhﬂﬁ rwa x 8uhgnggglhgr%%%%e&h%lthout
the necessity of an expensive secondary heating stage
to convert amorphous polymer pellets to crystalline
polymer pellets.

It is a further object of the present invention
to provide a method and apparatus for the underwater
pelletizing of crystallizing polymers in which an
inert gas 1s injected into the water and pellet
slurry exiting the pelletizer to produce a water
vapor mist form of slurry handling, thereby providing
better heat retention in the transported pellets.

A still further object of the present invention
is 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
m3/hour, to about 175 m?/hour or more, so that the
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dryer is sufficiently reduced to generate
crystallization on the order of 30% - 40% of total
(100% crystallization. is yet another object of
the present invention to pr§V|de a met hod and
apparatus for producing crystallizing polyner pellets
usi ng_an underwat er gellet i ng.system.in which the
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PLesentrbiVenki palilétizer to the dryer.

A still further object of the present invention
is to provide an underwater pelletizing method and
apparatus for producing crystallizing polymer pellets
in accordance with the preceding object in which the
residence time is regulated using a valve mechanism
for improved pressurization of the water vapor mist
downstream of the valve in the slurry line.

It is another object of the present invention to
provide an underwater pelletizing system in which the
hot pellets exiting the dryer are carried on a
vibrating conveyor or other vibrating or handling
equipment to achieve virtually uniform
crystallization throughout a given output pellet
volume.

Yet a further object of the present invention is
to expand the scope of the polymers and copolymers
for which the apparatus and method of the Gala
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to expand the scope of the polynmers and copol yners for
whi ch the apparatus and nethod of the Gal aapplications

These together with other objects and advantages which
wi || becone subsequently apparent reside in the
details of construction and operation of the invention
as nore fully hereinafter described and cl ai ned,
reference being had to the §%conpany|ng dramnngs
formng a,part hereof, wherein Iike nunerals refer to
| pFRELpEPESOPAY Sa&héﬁiﬂlegﬁl 291®E§€Rﬁﬁ%fd‘1ln®f‘l
DRAVENESLEzgutienl is a schematic illustration of an
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i,c illustrati.o t he
SR AR iGnCBRVEORE SrinTy edeittEel! MOl dify ana
schemmede ireffesenge beivd hﬁd.eﬁdt@ﬁeWQQbmﬂﬁ?Ylng
vaba@tmgg eeweyl r aOfpaE‘tg%%%elaf FiheHed 3 Tkl turRies s

t he _conpo nder r pelletizing system
sﬁ%&ﬁrnEOFié Fepfr ErFﬁﬁogg ss node when the
process |line has been shut down. Figure 4 is a

SEE%E@‘ b%sl;h&@%&bﬁt ol @Mﬂrﬂ\]@% met hod and

Ir or I ner i]gas |nject|on into
the sF&EP?eIPnésfﬁoﬁFPﬁ@aﬁépléﬂ CRd 1%e Hr Wét in
agadedaacerwpbh lele zAnhes eyts tiemy edhicdmdifFiggure 5 is a

Sﬁﬁﬁ@? h%e%o&s%ﬁtl %E'z%% showi B3 iRl gr r thod and

appara as 1 njection i slurry line
fmanutfﬁétyéerieemzﬂe sotlel e G@rl_\j'"e withe laddi AdHIST el
virewrat ihbe chakvkyval Ve iakdditlasice i th e @ientd is

algggg Bl C illustration show ng an

Figure 2a is a schematic illustration of the side
view of the vibrating conveyor of Figure 1.

Figure 2b is a schematic illustration of the end
view of the vibrating conveyor of Figure 1.

Figure 3 illustrates the components of the
underwater pelletizing system shown in Figure 1
during a bypass mode when the process line has been
shut down.

Figure 4 is a schematic illustration showing the
method and apparatus for air or other inert gas
injection into the slurry line from the pelletizer to
the dryer in accordance with the present invention.

Figure 5 ig a schematic illustration showing a
preferred method and apparatus for inert gas
injection into the slurry line from the pelletizer to
the dryer including an expanded view of the ball
valve in the slurry line.

Figure 6 is a schematic illustration showing an
underwater pelletizing system including
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underwat er pelletizing systemincludingcrystallization
and dryer marketed and sold by Gala for use with

schematic illustration of the crystallization portion
of the system shown in Figure 6 . DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Preferred enbodi nents of
the invention are explained _jn detail . It is to be
understood that the inventicon is not limited inits

scope to_the details qof const f
t%Y%Bﬁb%héﬁ*t:éonoﬁnéhémf‘éa mé‘%#ﬁg}ﬁg‘ma&%@ ﬂ%agﬁ qaﬁa
t berdaser whthonhehinopléstiowpodlyuas thanes torateds simd he
dr aw B@guréh% pabadLBROha ot LAGURLBRLIAN J ¢ 1fAPabl e

of bern ried out in various ways and
arEYeba EhiLﬁéHlWlt RPHLERB 9€o5ECofYEAEM PG ow Figure
Descriptions of the enbodi nents which follow utilize
term nol ogy included for clarification and are
|ntended to be understood in the broadest neanlno
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are intended to be understood in the broadest meaning
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
the invention.

Polyesters which qualify as crystallizing
polymers for the present invention are of the general
structural formula
(OR.sub.1.0) .sub.x. [(C=0)R.sub.2. (C=0)] .sub.y and/ox
[(C=0)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, cycloaliphatic, aromatic and pendant
gsubstituted moieties including but not limited to
halogens, nitro functionalities, alkyl and aryl
groups, and can be the same or different. More
preferably, polyesters herein described include
poly (ethylene terephthalate) or PET,



poly (ethylene terephthal ate) or PET, poly
(trinmethylene terephthalate) or PTT, poly (butyl ene

W eveplitshial at e) or PBT, poly (ethyl ene napht haPex/€$2006/019899
PEN, pol ylactide or PLA, and poly
(al pha- hydr oxyal kanoat es) or PHA. Pol yam des which
gqualify as crystallizing polyners for the present
invention are o f the generf$ structural formula [ N(H
R R sub. 1.N(H R] .sub.xx"[(CO R .sub. 2 .(C0O]

sub and/ _or C=0 . I.N(H R . sub. x.
[@@Jofgr‘elméanlzn'(eNtemeph%??la;Ggl( oF. )P@Tsuf}ﬁ )a(md R
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fBﬁJsYi(@hﬁhﬁthﬁéromfﬁ}kaaﬁét&ﬁ% ofr 88Ps and can be the
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patyuetuaﬁétﬁyranéaad|pan1de or nylon 4,6,

p@hyﬁeﬁé?ﬁeéﬂw eng (adirpanide . @ (MELBNRE8b . 2. (C=0)1 . sub
net hyl ene sebacani de” or nyl on 6,10, poly

reanal
(h¥x% RY| enedi ami ne- co- dodecanedi oi ¢ aci d) or nyl on
10 6]1C-OpRl yubpLoNdeEt &nl osuby kol (€=0) Bolsyle @t. AN avtlarmub
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dodecano lac tarn_or nylon 12. Pol ycarbonates
whiléﬁhalaapy f 9Y§§O@#y§t§>ﬂ1§rt|lpzu ﬁﬁoﬁ‘éit&ﬁ‘era? % gendrac
psepeditiipraninbirtdes dhc&halggnﬁmaln@nwnmmﬂtﬁd to

fg%%ég‘gg( g)crg?fui%kﬁd.ogiag]ltl@éb )él ?e g @RyySub. 2

scrlbed
15 | aEPube aﬂiipﬁaﬂ be &gl samepRat Fﬂéff&r&%’tl ® difFein
paegambéab&hbuua@@ MRitetiisesoitnaliunditeg ke andtpHdutd ed

B
ppeeéeabbly, p@bywambdﬁété§0ﬂwﬁﬁu@@MVbﬁﬂﬁﬁmﬂthﬁkﬁne
sHBshEhuEedoRi sReRols zar benghesankens kirkpeniglan isde
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 polydodecanolactam or nylon 12.

25 Polycarbonates which qualify as crystallizing
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.l and R.sub.2 herein described include

30 aliphatic, cycloaliphatic, aromatic and pendant
substituted moieties including but not limited to
halogens, nitro functionalities, alkyl and aryl
groups and can be the same or different. More
preferably, polycarbonates include bisphenol and

35 substituted bisphenol carbonates where bisphenol is
of the structural formula HOPhC(CH.sub.3) .sub.2.PHOH
or HOPhC(CH.sub.3).(CH.sub.2.CH.sub3) .PhOH where Ph
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of the structural formula HOPhC (CH. sub. 3 ) .sub. 2
. PHOH or HOPhC (CH. sub. 3 ) .(CH sub. 2 .CH sub3)

substituents include but are not limted to al kyl,
cycl oal kyl, aryl, halogen, and nitro functionalities.
Pol yur et hanes which qualify as crystallizing polyners
for the present invention are of the genera
structural formula [(C=0O) C#% sub 1 N (H 7R )]
sub.x [(C=O OR sub. 2. R) . R sub.
AREGriREH. € eh@h@ﬁzﬁldééﬁlﬁ. B@é ﬁH@ﬁEé&uﬁﬂtﬁhdﬂC&Ude
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e baroretababanRe! Sonetylibliianteet, |

tri m@@itipnalppnﬂaaeuecs aadet:npblbfmeESh@@atnedl ol,
gevfoﬁélyeaﬁ¥bibse@ hgé@?ﬁﬁh@és &nd copolymers,

exanedi ol clohexage %yhrethanes and

@oge% GRERES ARtk AkBiyiors, A
copolymers which quallfy as crystallizing polymers

for the present invention may be comprised of at
least one diol including ethylene glycol, 1,2-
propylene glycol, 1,3-propylene glycol, 1,3-
butanediol, 1,4-butanediol, 1,5-pentanediol, 1,3-
hexanediol, 1,6-hexanediol, 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-isobutyl-1,3-
propanediol, 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-
cyclohexane dimethanol, 1,4-cyclohexane dimethanol,
diethylene glycol, triethylene glycol, polyethylene
glycol, dipropylene glycol, tripropylene glycol,

ring and PCT/US2006/019899



cycl ohexane di net hanol, 1 ,4-cycl ohexane di net hanol ,
di et hyl ene glycol, triethylene glycol, polyethylene
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gl ycol , pol ypropyl ene gl ycol, polytetranethyl ene
gl ycol, catechol, hydroquinone , isosortaide, 1,4 -bis
(hydroxyraethyl) -benzene, 1,4- bis (hydroxyethoxy)
benzene, 2 ,2-bis (4- hydrogzphenyl ) pr opane and
i sonmers thereof. O her polyeSters and copol yners,

am des_and cggol mer s

carb tes and
claaﬁvyﬁepé’,leaﬁdg Fyir epﬁ;afg ﬁH‘eEg‘éfgle?ﬁmggY\ﬂﬂ]Uh
quateéMoas nygsbablineineg pebgoebideor 1t kelpresent

§§§5§§m§@%x9 gggg éed of,_at |east one |actone or

h% rélactone caprol act one,
éFKEYﬁ€P§Ye§P9689P€n5€P@ 2. RyBL&dget hoxyacetic

aﬁ%droﬁyphb)ﬁ?&@ @tl@pan@x ¥ndagdebineracictheraad .

but ti ) m
copoly ééwes 5esa§9dcggp §%n%%é po&%@gf%bngies
aﬁqp@bmlewer polynarponpgest ﬁaﬁe@@@dm@w vy whi ch

quéhyﬁye%aﬁ@ésaaal bébBQﬁ%E)énﬁrhichO Qubﬂ@.f@l’ esent
i'nven | east ,one

| FEVAHPRG LB PRaPPOHBFY PR SRENRT CocRt, d vertich may
tbeepbmpahsedaoidatnAphshab@ne12ct©n@|car@@ﬂmqnyagmdj

Hclﬁ@ﬁﬁ%s u%&%b@%@%ogbcaﬁgﬁ&%hb%t%%bd 1hc¥ic acid,
cl oh exa edi,car box I|c aci d pheny Idlc%%boxyllc

aﬂiﬂgo dGcerdle aci IQFMF5P95Y§E F1Cadi aci d
ahyﬁaoﬁygmb@pxgebaemdcaandd.famﬂchh&@nmxmhuhyrxr
a&b?d undecanedi oi ¢ aci d, octadecanedi oic acid, and
cycl' ohexanedi acetic _acid. Further polyesters and

copol §ReAd, OfBEFaRPIEESARTSCEHE FRECLYNSASy c AV girmigies
agafdceppbypries s , apd lpebyoekltare snadn dopelgmerer,s add ch

R R N A
|ﬂéyaﬁaﬁéléﬂﬁ§t@?ﬂY@ﬁr§|épﬁyﬁhﬁhpﬁﬁ%%ﬁ§ %ﬂWﬁﬁqﬂﬂn(ﬂaY
dpet B¥hprised of at least one diacid including
phthalic acid, isophthalic acid, terephthalic acid,
naphthalene-2,6-dicarboxylic acid and isomers,
stilbene dicarboxylic acid, 1,3-
cyclohexanedicarboxylic acid, diphenyldicarboxylic
acids, succinic acid, glutaric acid, adipic acid,
azelaic acid, sebacic acid, fumaric acid, pimelic
acid, undecanedioic acid, octadecanedioic acid, and
cyclohexanediacetic acid.

Further polyesters and copolymers, polyamides and
copolymers, polycarbonates and copolymers, and
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 or diethyl terephthalate,
dimethyl naphthalene-2,6-dicarboxylate and isomers.

Yet other polyamides and copolymers, polyesters
and copolymers, polycarbonates and copolymers, and
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i sopht hal ate, dinethyl or diethyl terephthalate,
di met hyl napht hal ene-2, 6-di carboxyl ate and isoners.

copol yners, pol ycarbonates and copol yners,
andpol yur et hanes and copol yners which qualify as
crystallizing polyners for the present invention nay
be conprised of diam nes |nclud|ng 1, 3- propanedi anm ne
, 1,4 -butanediamne , 1, 5-:%entaned|an1ne , 1

, 6- hexanedlan1ne 1, 8- octanedlan1ne

 nolyiecakeanas red quqéym@aéa%@apanﬁﬁéll£y1@s
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am no aCI udi n glo actank gyrro | |none
yFa

c%p?b@%%?%%¥ ﬁeBTEﬁBFéﬁ? HPTERBr ErAgiEARe-det &

dp@ﬁﬂ@h@diaminandanang bacsatarimantydedecanol act am
Q&{aﬁghgurethanes and copol yners, polyesters and

copo ner s, am des and copol yners, and

pol yca¥ bbhaf@%téﬁa BORBRYHERS AFc RORGANTEYSas

C@&ﬁy@étéﬁs n@naowﬁm?mé@g t pe1peasbbhait@¢eninicon nmay

rised | east. one | u
EaBSTRLAED 24h BhakhaBSholtsy ASE/UIRLS HaR dine.
t @u@bnéy da s@tyahaﬂ-élzilsg pn@lbrn@rau ifotc ;télﬁapéfesent
hfﬁ@@ﬁtf&ﬁeﬁgy sélgeﬁ@amaéa ot ¥l ergcdi baReCyaRdtm &

STIPERONT | LoeaPE BHOPT SONeran | VP RRTAgTote
xgayrebacdamnsobgpbaneladtas, naphtrirdbettandi i socyanat e,
Indnguci bexy! dbbsncyanahf, ¢habBeanbiackhanemd 3 -
dodecanolactam.

And other polyurethanes and copolymers,
polyesters and copolymers, polyamides and copolymers,
and polycarbonates and copolymers which qualify as
crystallizing polymers for the present invention may
be comprised of at least one isocyanate including
4,4'-diphenylmethane diisocyanate and isomers,
toluene diisocyanate, isophorone diisocyanate,
hexamethylene-diisocyanate, ethylene diisocyanate,
4,4 -methylenebis (phenylisocyanate) and isomers,
xylylene diilsocyanate and isomers, tetramethyl
xylylene diisocyanate, 1,5-naphthalene-diisocyanate,
1,4-cyclohexyl diisocyanate, diphenylmethane-3,3'-
dimethoxy-4,4'-diisocyanate, 1,6-hexanediisocyanate,
1,6-diisocyanato-2,2,4,4-tetramethylhexane, 1,3-bis
(isocyanatomethyl) cyclohexane, and 1,10-
decanediisocyanate.

pol yest ePGT/HIZH06/019899
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(i socyanat onet hyl ) cycl ohexane, and 1, 10-
decanedi i socyanate . An underwater pelletizing system
for use in connection with the present invention is
shown schematically in Figure 1 . The underwat er

pel | etizing systemis desighated generally by
reference nunber 10 and includes an underwater

pel | ebpzepdepwakgeh pgd L§tEZRRIURYELRE P p&ISCetifzer
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about P ar bonat es ,are i cal xt ruded
fron1£BOEPGZE§d€rW@t§EbEFléﬁﬁlzénghﬁy%g Pé%h
typlomkly abebexpruwdedskdorrebdetrl FZom Gbioweah@ing360
p oS 1:8d 0 Cls§ 20
(RELTHERDOLETRE: Mibers 168 (860 sl B0 bio izady
ekﬁF@né@u@XﬁﬁﬁéﬁFaﬂ55Tﬁ@dnﬁmﬁeéaﬁﬁﬁn§@§aﬁbaF@b@eat to
tﬁé?ﬂth539?%9&émUml%%s%m@h aﬁlﬁio‘plod%nac‘mmm iand
contro w rat-e d.nto p rter Ve
2 Y%ﬁ8a5§¥oe¥ rugEd ho%esa%%%F 2o tg %% %g 3%$h&
stetndelbf agbepiwe rf@lrmufléqtn@@swr@xttm@dlﬁfh%wded

tbﬁctaﬁl abBtglttei o8ntekol ab@u'thaomt:er bexyi6rapdatee a4k
e a

bRl SuT P LR R BEO Pe o Be 80U a0 Lhed
henélpolguen@hph&ﬁytwwlwaﬂdweaaﬁde@&ﬁ@daﬁnﬁhqmuaﬁpU¢ns
aghbeyi pg Lhsudesiped . pehynphiihew as1aresr eadi knto
under st ood by _soneone skilled.in the art and/or as
the screen changer 20 (see Figure 1) to remove any
solid particles 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
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. This process as described herein is
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
included within the scope of the invention.

Prior art has demonstrated the numerous
modifications and additives to the extrusion process
which are useful in reducing the degradation of the
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i ncluded within the scope of the invention. Prior art
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additives to the extrusion process which are useful in
reduci ng the degradation of theextrudate thermally or
oxi datively. Anong these adaptations are included
vacuum renoval of byproducts_ and excess nononers,
hydrol ysis reduction, contrd? of catalytic

depol yneri zati on, |nh|b|t|on of polynerization
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pertensing, abdd asenedédedetrt Hasi pbutges . pelletization,

pr eveﬁ%tgggleg Lat kg, waeg&%xrr%nkﬂ%u%a el 1
as w e un rstoo eﬁgt ose ski l %e he art The
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t baoaghopEpem28 pedles endvayeértGWamdytha%dryamd&%s

t&}gegghcﬁwmtgan%h%% tﬁgcggﬁgmz@ﬂ s ttllélﬁ)ox as

n ec e systen1 urry |ne
3pngiugefninzghigr éﬂ@ﬁﬁtﬁwnaaﬁaél@ﬁt ligitrs dgreiry gmd
t heyvwabaehoy id6dardvesar cokelbegicani a@dofpxtdmgdwg y

I|n 30, Th| referre [ 7
( 5ue; o5, BeopRl EPoraRdad chfel Re ikt gk et hg
t agolpmaspsipny apaddrd fﬂaéinltuatlat rCng“trqS@@rés ;ﬂ%t 8 Weifl

the wahekskBolheyskuoky, s'k'il_l&eaﬂ hewiche the paldeetyelandt
ragul es.to ret alg suf f.j ci er%t ent the t tc%_dhefO e%t
OhalEcRIbakT 58 donrest Bt teel vetsaRty arfa

cphpenkénthyl aﬁdcemwﬁwﬁdc&bwyrﬁnﬁé@t@@Yﬂﬂ(ﬁ&lﬁ?ﬂﬂwmhy
'bﬂﬁr§9 qt neok@t 70 using conventional conpressed air
In accordance with this invention, air is
injected into the system slurry line 30 at point 70,
preferably adjacent to the exit from the waterbox 16
and near the beginning of the slurry line 30. This
preferred site 70 for alr injection facilitates the
transport of the pellets by increasing the transport
rate and facilitating the aspiration of the water in
the slurry, thus allowing the pellets and granules to
retain sufficient latent heat to effect the desired
crystallization. High velocity air is conveniently
and economically injected into the slurry line 30 at
point 70 using conventional compressed air lines
typically available at manufacturing facilities, such
as with a pneumatic compressor. Other inert gas
including but not limited to nitrogen in accordance
with this invention may be used to convey the pellets
at a high velocity as described. This high velocity
alir or inert gas flow is achieved using the
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with this invention may be used to convey the pellets
at a high velocity as described. This high velocity
air or inert gas flowis achieved using theconpressed
gas producing a volunme of flow of at |east 100 neters
sup .3/ hour using a standar® ball valve for
ul ation f a pressure of at least 8 bar into the

RFG?%%% FPMRPEPVSIRY g dar tupe pef of bast of, at least
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slurry exits the pelletizer waterbox 102 into the
slurry line 106 (Figure 4) through the sight glass
112 past the angle elbow 114 where the compressed air
is injected from the valve 120 through the angled
slurry line 116 and past the enlarged elbow 118
through the dryer entrance 110 and into the dryer
108. It is preferred that the air injection into the
angled elbow 114 is in line with the axis of the
slurry line 116 providing the maximum effect of that
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 said
slurry line 116 can vary from 0° to 90° or more as
required by the variance in the height of the
pelletizer 102 relative to the height of the entrance
110 to the dryer 108. This difference in height may
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fromO to 90 or nore as required by the variance in
the height of the pelletizer 102 relative to the

hei ght of the entrance 110 to the dryer 108. This

di fference in height maybe due to the physica

posi tioning of the dryer 1087in relation to the
pel l etizer 102 or may be a consequence of the
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prefeallon ddrectesh t omardl Aditional ball valve allows
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
aspiration of the water from the pellet/water slurry.
This becomes egpecially important as the size of the
pellets and granules decrease in size.

The pellets are ejected through the exit 126 of

the dryer 108 and are preferably directed toward a
vibratory unit, such as a vibrating conveyor 84
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 come in
contact with other pellets and the components of the
vibrating conveyor. This promotes better uniformity
of temperature and results in improved and more
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the vi brating conveyor 84 allows heat to be
transferred between the pellets as they cone in
contact with other pellets and the conponents of the
vi brating conveyor. This pronotes better uniformty of
tenperature and results in i¥proved and noreuniform
crystallinity of those pellets and granules .
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cal ori netry as neasured i n the
purposes.” The desired temperature of the pellet for
final packaging is typically lower than would be
required for further processing. It is generally
observed that temperatures below the crystallization
temperature, T.sub.c, of the pellet is sufficient for
additional processing while temperatures below the
glass transition temperature, T.sub.g, are
appropriate for packaging. Values obtained by
differential scanning calorimetry as measured in the
cooling mode are good indicators of the temperatures
as identified herein.

Other methods of cooling or methods in addition
to a vibrating conveyor can be used to allow the
pellets exiting the dryer to have sufficient time to
crystallize and subsequently cool for handling. For
example, an alternative route for the current
invention is the pellet crystallization system (PCS),
marketed by Gala. The Gala PCS is illustrated in
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used to allow the pellets exiting the dryer to have
sufficient tinme to crystallize and subsequently coo
for handling. For exanple, an alternative route for
the current invention is the pellet crystallization
system (PCS) , marketed by @&# a. The Gala PCS is
illustrated inFigures 6 and 7 . The Gala PCS provides
additrEFale dngstTal | ThautFakp AP doedyhdebyapdssingalhe
R e ot o e har 0 et (HE! YELLES and
[ oner.at e .cat.cher oug e

i ﬂ’r%‘gtetrv%@g‘gfé’og%fr?&%?bh% Jt’é-ﬁ%t fYaH\é‘a %\?ihl%o the
agiogdcneadsr asdiathelr 0208roudh dure Fank Alhketthelve
| Dot ahavatel of iddnit heoUats WhepaleragfLitoyal ve 204

he pel let/water SIUrry is introduced &l ferpately into
{ REPPRPER Yo AFnrR 4 ik &L R g kT | Bl BT PRt or
t Wetewolfildg. aquughnuﬂéiwauéxnfwﬂlrv&QWéa2®@nth@
PpeveRt /agglanenatiqn of fﬁg}&ﬁﬂééa55f%e%é%@%%§sinto

D% ails of the actual process are descri b roduct

| FO&r 5?“5(3@ SPPAE LSRG igrd tigbenabr eingr for
pthposesldhg Ialnlzﬁstdrqxéuztnliﬁm:i&ﬂdmhm@ad}fia'@i@ﬁrﬁ’o207
exi e ropri_at. t.he drain valve
aﬁggi%s?h? r & pgr egq{%r%%* %rigeoquéﬁl;hnestpsor?r p?%%n%%s Vi a

t RetpidEes Sligp agimalo RURCSHS @rgXasroiepdthe dryer
| pretiudd 1A teretie-cl A% detiaid eth ARV on ASs alhcluded

[ the Gala P n he attached in sequence
SPEER"BhE Brrkhtess & LGRS G orts e e e Lo
aFlLewirlg exddist ithsalormnppildtier dtamn hifoudte tped | @tain o
beaachi @vedands idi 6} ARV & MR 1HC ! UG ot

WPEREn L Ha S0 0P e 5 SLBES 20 GHrURE 17
t hbrompgbr the vatyercdmlatnizeg isolRitguores Icars bietailed
cgnpbi-alled in one, two,

As 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
and cosolvents are contained within the scope 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 tanks to confer greater crystallinity.
As the degree of crystallization increases the
crystallization temperature increases and the
processing temperature can be increased to effect an
even greater degree of crystallinity. As has been
demonstrated historically, increased crystallinity
confers improved properties on most polymers and
conditions may be optimized according to the
necessary gains in those desirable properties.
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or all three tanks and may be the sane or different in
each of the tanks to confer greater crystallinity. As

crystallization tenperature increases and the
processing tenperature can be increased to effect an
even greater degree of crystallinity. As has been
denonstrated historically, increased crystallinity
confers inproved propertieé“bn nost pol yners and
conditions may be optim zed accordlng to the neceifary
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specifically with respect to numerous crystallizing
polymers, other such crystallizing polymers,
presently known or to be discovered in the future can
be processed in accordance with the present
invention. 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.
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met hod for processing crystallizing polyners into

pel l ets using an apparatus including an underwater

pell etizer and a dryer, said nmethod conpri sing:

extruding strands of a crystallizing polymer through a

die plate for cutting in safd underwater pelletizer;

cutting the polyner strands into pellets in a cutting
cﬂﬂﬁﬂeiﬁogiééﬁﬂibelIetizer; transporting said pellets
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gé¥ﬁﬁg eHandled to avoid aggloneration . 3 . The
as

clalned in clal 2 wherein a|d el
exiting saihtdriyneg Hhe nf( YRS S glp%e]rsatﬁ

10 ard dud tacky mmaﬂesm eﬂam:’t vt lald G drvetry; f r omthe
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claiml mherel ets eX|t sai er a n
S S S St PN PR R B
1@§g?§§?|;§??ogethod as clained in claiml wherein the
g%?er ably I5h% orl g(feaﬂ'lel%’qjl e n%%tfo aéjerrg{f?aé 40% or

15 gmedtear and pellet slurry to generate a water vapor
mist and enhance the speed of the pellets into and
out of said dryer, with said pellets retaining
sufficient internal heat upon exiting said dryer for
crystallization of said pellets.

20 2. The method as claimed in claim 1 wherein
said pellets exiting said dryer are handled to avoid
agglomeration.

3. The method as claimed in claim 2 wherein
said pellets exiting said dryer are agitated to avoid

25 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 dryer at a mean temperature
above about 135°C, preferably above about 145°C.

30 5. The method as claimed in claim 1 wherein the
crystallization of said pellets is 30% or greater,
preferably 35% or greater, and most preferably 40% or
greater.

6. The method as claimed in claim 1 wherein

35 said step of transporting said pellets out of said
pelletizer to said dryer includes transporting said
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6 . The nethod as clainmed in claim1l wherein said step
of transporting said pellets out of said pelletizer to

at an angle fromthe vertical between 30 and 60,
preferably about 45. 7 . The nethod as clained in
claim1l wherein said pressurized gas is air. 8 . The
nmethod as clainmed in claiml wherein said gas is
injected substantially in affgnment with a fI ow
direction of said water and pellet slurry.
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ﬁr streamas a water and pellet slurry; injecting
8Ft gas at a high velocity into said pellet and
vvater 18l.ur Mresnefthadatofs gl@im 1 wherein the gas

injected into said slurry increases pellet flow speed
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 pellets 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 comprises:

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;

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 polymer without the application of external
heat; and
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pellets retain sufficient heat for crystallization of
said polynmer w thout the application of external heat

desired crystallinity fromthe retained heat. 14 . The
met hod of claim 13 wherein said desired crystallinity
is 30% or greater, preferably 35% or greater, and nost
preferably 40% or greater. 15 . The nmethod of claim 13
wherein the gas injected in8 said slurry increases
pellet flow speed froma pelletizer at said step of
cutting todrvimernkizgittinatsnisl pekkethano abouteve
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SRR A 80P B Lhen A 20 800 UK i
aving an underwater pelletizer and a centrlfugal
dryer, said method comprising:
cutting strands of a crystallizing polymer
into pellets in the underwater pelletizer;
transporting said pellets out of said
pelletizer as a water and pellet slurry; and
introducing a high velocity inert gas into
sald water and pellet slurry to enhance the speed of
said pellets through said centrifugal dryer located
downstream of said gas introduction, said pellets
exiting said dryer with sufficient internal heat for
crystallization of said pellets.

18. The method of claim 17 wherein the gas
introduced into said slurry increases a speed of
pellet flow from said pelletizer to an exit of said
dryer to a rate of less than about one second.

19. The method of claim 17 wherein said step of
introducing a high velocity gas includes injecting
said gas at a flow rate of at least about 100 cubic
meters per hour at a pressure of about 8 bar.
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i ntroducing a high velocity gas includes injecting
said gas at a flowrate of at |east about 100 cubic

nmet hod of claim 17 wherein said injected gas produces
a water vapor m st having a gas conponent of about 98%
by volune. 21. The nethod of claim 17 wherein
crystallization of said pellets occurs using only said
internal heat retained from%xtrusion and in an
absence of any secondary heating step whil e passin
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said pellets exiting said dryer are agitated to avoid
agglomeration and to achieve a desired crystallinity
from the retained internal heat.

25. An apparatus for processing crystallizing
polymers into pellets which comprises an underwater
pelletizer to cut strands of a crystallizing polymer
extruded into said pelletizer into pellets, piping to
introduce water into said pelletizer, a slurry line
to transport a water and pellet slurry out of said
pelletizer and to a dryer for drying said pellets,
and an injector to introduce a pellet speed expediter
into said water and pellet slurry to enhance the
speed of said pellets through said processing
apparatus with said pellets exiting said dryer with
sufficient internal heat to initiate crystallization
of said pellets.

26. The apparatus as claimed in claim 25 wherein
the pellet speed expediter is an inert gas moving at
a flow rate of about 100 to about 175m?/hour.



26. The apparatus as clained in claim25 wherein the
pel |l et speed expediter is an inert gas noving at a
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apparatus as clainmed in claim?25 and further
conprising an agitating unit for receiving said
pellets exiting said dryer to avoid aggl onerati on and
to achieve a desired crystallinity for said pellets.
28. The apparatus as claimetPin claim25 wherein said

apparatus further conprises one or nore_heat
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32. T as claine | aim 25 wherein said
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s#pai.ght section to reduce slurry veIOC|ty of said

pel | ey enyeld R 3ai-dud W& claimed in claim 25 wherein
said slurry line includes an elbow and a straight
portion and said gas injector introduces said inert
gas at said elbow substantially in alignment with a
longitudinal axis of said straight portion.

31. The apparatus as claimed in claim 25 wherein
said slurry line includes an exit end with an
enlarged diameter before entry into sald centrifugal
dryer.

32. The apparatus as claimed in claim 25 wherein
said slurry line includes a generally vertical
section from said pelletizer, a generally angled
straight section from said generally vertical
section, and an enlarged section at an outer end of
said generally angled straight section to reduce
slurry velocity of said pellets entering said dryer.



