APPARATUS AND METHOD FOR CONTROLLED PELLETI ZATI ON
PROCESSI NG FI ELD OF THE | NVENTI ON The present
i nvention generally relates to an 5 apparatus and
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thermal, shear, and rheol ogi cal conponents of
naterials in a pelletization process. The materials
bei ng pelletized are prepared or fornulated in a

m xi ng devi ce such as a -vessel or 10 extruder and
subsequent|ly processed through a heat exchanger and
extruder to achieve the proper tenperature for that
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geonetri es and accept abPROCBESEHE| et 15 noi sture

| evel s. The apparatus and nethod of this invention
has application for narrowrange nelting conmpounds,
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formulated in a mixing device such as a vessel or

extruder and subsequently processed through a heat

exchanger and extruder to achieve the proper
temperature for that pelletization without detrimental
phase separation or die freeze off and which pfovides
uniform pellet geometries and acceptably'low pellet
moisture levels. The apparatus and method of this

invention has appiication. for narrow-rénge melting
compounds, high meilt flow formulations, low melting
temperature materials, and polymeric mixtures,
formulationg, dispersions, or solutions of which waxes,
asphalts, adhesives including hot melt adhesives, high
melt flow polyolefins including polypropylenes and

copolymers, and gum base formulations are exemplary.

DESCRIPTION OF RELATED PRIOR ART

Pelletization of materials and particularly
polymeric materials has been well-known in the art for
many years and has been integral to the operations of

the assignee of the present invention from as early as



many years and has been integral to the operations of
the assignee of the present invention fromas early
S. Patent No. 4,123,207 issued Cctober 31,
W‘)l’@“f’é“ﬁﬁ?oces& ng pol ymeric materials througPCFa5R006/045375

exchangers and extruders have simlar early histories
in the literature and have been used in association
with 5 pelletizers in various arrangenents throughout
that period. Processing pellets through centrifuga
dryers to obtain suitably | ow noisture pellets is
readily established in the |[iterature and has been
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U. S. Patent 10 No. 3,458,045 issued July 29, 1969
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to obtain suitably low moisture pellets is readily
established in the literature and has been instrumental
to the present assignee from as early as U. 8. Patent
10 No. 3,458,045 issued July 29, 1969. Modifications and
imprrovements of these processes have been demonstrated
through subsequent igsuance of U. S. Patent Nos.
4,251,198 (February 17,1981}, 4,447,325 (May 8, 1984),
4,500,271 (February 19, 1985), 4,565,015 (January 21,
15 1986), 4,728,276 (March 1, 1988), 5,059,103 (October
22,1991}, 5,265,347 (November 30, 19%93), 5,638,606
(June 17, 1997), 6,237,244 {(May 29, 2001), 6,739,457
(May 25, 20_04) ; 6,793,473 (September 21,2004), and
6,807,748 (October 26, 2004) owned by the assignee of
20 the present invention and included herein by way of
reference exemplarily in whole or in part.
The following additional patents and
published patent applications arxe relevant to the

present invention:
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1993), 5,638,606 (June 17, 1997), 6,237,244 (May 29,

2001), 6,739, 457 (May
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.5,298,263 6,852,345
5,482,722 6,872,784
5,936,015 6,858,237
5,987,852 6,890,982
5 6,057,390 6,206,148
6,120,892 6,914,102
6,150,439 6,926,916
6,358,621 6,930,148
6,713,540 6,946,528
10 U.S5. Published Patent Applications
2005/101702 2005/191325
Pelletization of polymeric méterials has proven
particularly successful for a wide range of material
types where rapid cooling quickly solidifies at least
15 the outermost layer or layers of the pellet formed
allowing them to be propagated to a dryer or téifurther
processing. There are numerous materials which suffer
from qualities which do not lend themselves readily to
these processes. Exemplary of these qualities are very
20 narrow melting ranges, low temperature melting ranges,
low viscosity of molten or semi-solid materials, slow
tﬁermal conductivity and therefore slow ability to cool
rapidly enough for processing, proclivity to undergo
phase separation on cooling, surface tack, poor
25 miscibility of liquids during blending processes, and

extreme temperature variance from the mixing/blending

stage to the extrusion/pelletization stage. Materials



25, 2004), 6,793,473 (Septenber21,2004), and

6, 807, 748 (Cct ober 26, 2004) owned by the assignee of
20 the present invention and included herein by way
of reference exenplarily in whole or in part.

The foll ow ng additional patents and published patent
applications are relevant to the present invention:
25U. S. Patents RE36, 1776, 759, 454 4,617, 2276, 811, 797
5, 019, 6106, 818, 236
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which typically exhibit the foregoing properties and,
therefore, have heretofore not lent themselves to
pelletization technologies include, for example, waxes,
asphalts, adhesives, gum base formulations, high melt-
flow polyolefins, and non-polymeric organic and/or
inorganic compounds. Hence, there is a need in the art
for an apparatus and process which can successfully
pelletize these challenging materials and applications,
especially when using underwater pelletizers to form

the pellets.

SUMMARY OF THE INVENTION

in a first aspect, there ig provided a method
for pelletizing materials which are otherwise difficult to
pelletize in a pelletizer processing line including the
steps of forming a melt to be pelletized in a primary mixer,
extruder or the like, pelletizing the melt into pellets in a
pelletizer having an extrusion die and drying said pellets
in a dryer or the like, characterized in that, before the
step of pelletizing the melt into pellets, passing the melt
through a melt cooler located upstream of a cooling extruder
to cool the melt in advance of said cooling extruder, and
then, passing said melt through the cooling extruder to
increase dispersive homogeneity of the melt and to further
cool the melt to an appropriate temperature for extrusional
pelletization when feeding the melt into said extrusion die
of the pelletizer.

In a second aspect, there is provided an

apparatus for pelletizing materials which are otherwise
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2005/ 1017022005/ 191325 Pel |l eti zati on of polyneric

mat eri al s has proven particularly successful for a

wi de range of material types where rapid cooling
quickly solidifies at |east 15 the outernost |ayer or
| ayers of the pellet forned allowi ng themto be
propagated to a dryer or to further processing. There
are nunerous materials which suffer fromqualities
whi ch do not |end thenselves readily to these
processes. Exenplary of these qualities are very
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difficult to pelletize in a pelletizer processing line
inciuding a primary mixer and an extruder or the like for
forming a melt to be pelletized, a pelletizer having an
extrusion die, a drying component, preferably a centrifugal
dryer, and appropriate piping, pumps, filters and the like,
characterized in that a c¢ooling extruder processes said melt
to increase the dispersive homogeneity of the melt and to
cgol the melt to an appropriate temperature for extrusional
pelletization before introduction into said extrusion die of
the pelletizer, and a melt cooler is located upstream of
said cooling extruder to cool said melt in advance of said
cooling extruder.

The material, or materials, to be_pelletized
in accordance with the present invention are charged
into a wvessel or an extruder to be melted, sheared,
and/or mixed. The vessel may be at atmospheric
pressure, pressurized, or under vacuum and may be
unpurged or purged with air or an inert gas such as
nitrogen, argon, or the like. Pressure, vacuum, and
purging may be applied sequentially or continuously in
any combination and order. The requisite energy
converts the formulation to a molten or semi-solid
mixture or liquid which flows suitably by gravity or
under pressure when released in batch processing or
continuous flow processing. The applied energy may be
thermal and/or mechanical in the form of low, medium,
or high shear as necessitated by the formulation

requirements which directly and significantly impacts



20 narrow nelting ranges, |ow tenperature nelting
ranges, low viscosity of nolten or sem-solid
materials, slow thernmal conductivity and therefore
slow ability to cool rapidly enough for processing,
proclivity to undergo phase separation on cooling,
surface tack, poor 25 mscibility of liquids during
bl endi ng processes, and extrene tenperature variance
fromthe m xi ng/ bl ending stage to the '
extrusi on/ pel | eti zation stagf. Materials 4 which
typically exhibit the foregotng properties and, -
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sufficient to allow some crystalliz-ation or phase
lseparation within the melt.-  Alternatively, the

20 diverter valve may be placed after the melt cooler

rat_hef than as described above with similar
capabilities as described therein.

In accordance with thé present disclosure, the
material to be pelletizéd,_ after exiting from the melt

25 cooler or heat exchanger, is fed to a cooling extruder.

The cooling extruder provides for more efficient mixing
while at the same time providing additional and

controlled cooling of the molten, semi-solid mixture or

liquid material. The combination of the melt cooler



difficult to pelletize in a pelletizer processing
line including a primary m xer and an extruder or the
like for formng a nelt to be pelletized, a

w@hh/edsHer having an extrusion die, a dryi NGcr/us2006/045375
conmponent, ‘preferably a centrifugal dryer, and
appropriate piping, punps, filters and the like,
characterized i-n that a cooling extruder processes
said melt to increase the dispersive honbgeneity of
the nelt and to cool the nelt to an appropriate
tenperature for extrusional $elletization before
introduction into said extrusion die of the _ :
peBRgt tRer cophdng pEkruded| svrprisinglie iy dam gre-
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capabilities as described therein.

25 (Continuation of the flow proceeds toward the
pelletization unit and passes through a melt pump to
pressurize the flow sufficient to pass optionally
through a secondary melt céoler or directly into the

pelletization unit. Additionally, a melt pump may be



I'n accordance with the present disclosure, the
‘material to be pelletized, after exiting fromthe
melt 25 cool er or heat exchanger, is fed to a cooling
weENbhTMdsh. The cooling extruder provides for pargs2006/045375
efficient mxing while at the sane tine providing
addi tional and controlled cooling of the nolten,
sem -solid mxture or liquid material. The
conbi nation of the nelt cooler and the cooling
extruder surprisingly allows _for pre-cooling of the
nol ten material which reduce$ the total ener gy,
including t he thetmal energy, contained w thin that
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melt cOoler or directly into the pelletization unit.
Addi ti onal | y¥hes REf{ehEnpday RS through the pellet

discharge chute either for collection or may proceed to

additional = processing including pellet coating,
crystallizétion; or further cooling as required to
20 achieve the desired product. As is readily-understood
by those skilled in “the art, coating; enhanced
cryétallization, cooling - operations, or other
processing appropriate to the pelletized material may
be performed - after pelletization and before
25 introduction of thelpellet into the drying processras
well. '
While the additional extruder added to the
pre-pelletizing processing of the polymer or other

material to be pelletized 4in accordance with the



7 necessary follow ng the secondary nelt cooler to

i nsure adequate pressurization for the extrusiona

pell etization. 'The pressurized nmelt proceeds through
the 5 thermally regulated die toward the water box of

t he underwater pelletizer or other equival ent

pell etization unit known to those skilled in the art.
The uniformy dispersed fluid material passes through
the die and is cut by rotating blades in the '
pelletizing unit. Water 10 which is thermally
controlled renoves the pellefe fromthe cutter blade
and transports themthrough the a glonerate cat cher

f opresm\taldl@tlamn@elmsa@@le@ggﬁégeér CEL, ﬁP@%FSt gygtruder”,

ets, rou h .t he devateri t
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The pellets nmay pass through the pellet discharge
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by t ose ski In t e art, coating, enhanced
crpsedblabayi ansicwdl mgr@peaaﬂlmnse preﬁehebly a twin
processi ng appropriate to the pelletized material may
beS*pEFVorned after pelletization and before 25
introduction of the pellet into the drying process as
wel | . Wiile the additional extruder added
'tOBRhEFDIDES@RiP‘EIDE‘I OB _THD QFimigsof the pol yner or

other material to be pelletized |n accordanci W t h
10t he , Figure 1 is a schematic draw:.ng illustrating

U

a first conventlonal mlxlng[vessel, pelletizer, and -

centrifugal dryer.

Figure 2 is a schematic drawn.ng 111ustrat:.ng
a seéond conventional extruder, pel_letlzer and
15 centrz_fugal dryer. | '
Figure 3 is a schematic drawing illustrating
 a sequentially arranged mixing vessel, melt cooler,
pelletizer and centrifugal dryer known in the prior
art. | | | -
20 N - Figure 4 is a schematic drawing illustrating
| a first embodiment of the present invention with
sequentially arranged mixing vessel, filtration, melt
cooling, extrusional dispersion and cooling, pelletizer
.and centz;:ifugal dryer.
25 Figure 5 ie a schematic drawing illustrating
a second embodiment of the present invention with

sequentially arranged extrusional mixing, £iltration,



, 8 present disclosure has been called a "cooling
extruder", those skilled in the art wll readily
understand that any known or avail abl e extruder can
WOF808EH0as the cool i ng extruder. The cool i ngCT/US2006/045375

extruder, therefore, may 5 be a single, twin, or
mul tiple screw design, or a ring extruder for
exanpl e. The cooling extruder is preferably a single
screw and nore preferably a twin screw. BRI EF
DESCRI PTI ON OF THE DRAW NGS g 10Figure 1.is a
schematic drawing illustrating a first conventiona
M &g V@ééﬂngpe@}ﬁiﬁlﬁ'ﬁronaﬁnddﬁ_@?é&bfwﬂa! aflfY &ooling,
Figure 2 is a schematic drawing iTlustrating a secon
cap®ehetbralt et ram@rceguetiBitgaded et .15 centri f ugal
dryer. . i,qure 3.is a,schematic drawi ng |
iIYusiratingFﬁg%%%J£H%131§§h§W?§ﬁ§e%r%V&FQK}%&Eﬁﬁﬁ%tlng
Medt GOoer empolditehier ofNdeNbhbheanl Sh¥Eht KOOWY i th
in the prior art. .20 Figure 47is a schematic
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t - inventi jth sequentially._arranged m xing
e aqd e PBrtidh s 86 Fng cob3Fas) aRder  for
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dryer. 25Figure 5 is a schematic drawing 1llustrating
cooling, pelletizer, and centrifugal dryer.

10 DETATLED DESCRIPTION QOF THE INVENTION

Although preferred embodiments of the
invention are explained in detail, it is to be
understood that other embodiments are possible.
Accordingly, it is not intended that the invention is

15 to be limited in its scope to the details of
constructions, and arrangement of components set forth
in the following description or illustrated in the
drawings. The invention is capable of other.
embodiments and of being practiced or carried out in

20 various ways. Also, in describing the preferred
embodiments, specific terminoldgy will be resorted to
for the sake of clarity. It is to be understood that
each specific term includes all technical equivalents
which operate in a similar manner to accomplish a

25 similar purpose. Where possible, components of the
drawings that are alike are identified by the same
reference numbers.

Referring specifically to the drawings,

Figure 1 illustrates a basic prior art system including



a second enbodi ment of the present invention wth
sequentially arranged extrusional mxing, filtration,

9 nmelt cooling, extrusional dispersion and cooli N 045375
WO Y8613 at i on, and centrifugal dryer. PCT/US2006/045375
Figure 6 is a schematic drawing illustrating a third

enbodi nent of the present inverition with 5
sequentially arranged optional m xing vessel or

m xi ng extruder, filtration, nelt cool er, extruder
for dispersion and cooling, jgptional additional nelt
cooling, pelletizer, and centrifugal dryer. 10

DEJAHEEQnQE%%%IS%EB%%%%%N E%E&Ogentrifugal dryer.

Al t hough preferre the 1 nventiron ar
exPpabentdl | or debmpbnent matepibksundetst ged lidtdtzed are
er enbodinments_are 'EOSSi bl e.. Accordingly, it is
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arTangenent of conpone set forthint ng
5desgra ptolirl orr i 1iqustd ateed byn o feedy avwiregs 1Bhepump, or

invent:’ﬁon is capabl e of other enbodinents and of

be¥ HEL B o0ad Sor CRAPRPBA it AGTaSRetar FBuSthimy Fessel
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specific term nol ogy be resor e “sake
of oxlrmdad whithi sitoobenudcerst gad, ted £ eeaihl g pedidfdgen
termincludes all, technical _equival ents which operate

i n°% ¥R ar TS f6YabCofipF8ntRte the chamber 16 by

10 siphoning with a partial vacuum. This may be useful
for reactive or moisture-gensitive components.
Componenﬁs may be added in portions with mixing and
warming to temperature as required. Mixing is,échieved
by rotation of the rotor 18 by motor 20. Attached to

15 the rotor are mixing blades 22 exemplary of which may
be propeller or boat style, ploughshare style, delta or
sigma style in single, double or multiple
configuratibns, and helical or helical dispersion
blades. Alternatively the mixer may be a ribbon

20 blender, Banbury-type blender, horizontal mixer,
vertical mixer, planetary mixer or eguivalent device
known to those skilled in the art.

Various levels of mixing and shear are
achieved by the differing styles of blades and mixer

25 designs. Higher shear blades are preferred for
components such as rubbers or cross linkable rubbers.
and thermally sensitive polymefs. Energy is introduced
into the polymer and resultant mixture mechanically by

the shear, as well as thermally by any conventional
H



25 sim |l ar purpose. \Were possible, conponents of the
drawi ngs that are alike are identified by the sane

ref erence nunbers. Referring specifically
WORH 0888 r awi ngs, Figure 1 illustrates a basPETHISRF/045375
art systemincluding 10 a m xing vessel, pelletizer, -
and centrifugal dryer. Material or conponent
materials to be pelletized are fed into the thermally
regul ated m xer or blender, generally designated by
reference nuneral 10, manuakhky 5 as a solid or '
liquid, or by a feed screw 12, punp, or simlar

devihget ¢4 QUi Qg altached t rifi.ce 14.
T%ghﬁésel chanbegragl6 may 'be%é-é sl\&h%gfégyg‘re fp]):’l}raé%éa are
witdrai preferred néot physipnefl edaliing nidar@gele® or no
argon. Ljquids pay be drawn into the chanber 16 by 10
si %?weoai‘ﬁ ny° \Aﬂ:‘?‘ﬁujar%%r EPaPChABUEMIT P AEY BE dending.
f afedteRtd | WE OERADIpdIL LT SefSid | co
Conponents may be added in {%ﬁi\éﬁss wg%?ﬁggnﬂig(%ng "B be

S\A/a?:]qhnrﬂgaetc"tk)l alenrariataly lerf,asﬁr expeiae d orVibyi k i Ry riclation of
achi.eved by rotation of the rotor 18 by notor 20.
Atcrfoatcﬁeldzutléislfuﬂ%'e Aot & WRiteithg Mikdeg gx blending
exei ane Of uwhigh FBY bg p at L8y
pl oughshar e stylle, delta %?égi S%a%l%% e%?ln g’?)%f) frlate
dasirerstung t i pre curifdmgur ariibesioand del i eshs@Etency

h%fi cal .di %ger sion bl ades. Alternatively the m xer
i TR 680 kB8 vE EREELEBRBUY §OFy RS PERRRTS -
- 10 hori zontal @XgeacNERE ?F@é : L xer
equi val ent devi c%ckno%m&?éoa OS%rg.E:t?{ﬁ%ﬁ)o%e ’a}r?ive
‘Vardi ols beeskd eindri xhagmaitdeshearerir-eacadkd avettidye or

ttle di.,ffering styles of blades and m xer 25 designs.
Hi &Y S HERE eSTaMR SR o NP HR1RRIIN e APBS B LS

Secmeeneay <£O8 ] P nIALS S8 IR Lo 1
p G a1ty bt o >ggymmpe 3tbc haThe abbys tar temp 30
15 SHEgr &8 vell ag thermlly by any conve ntcii:?ggill.acement
reciprocating or rotary pump, and preferably is a
rotary pump which may be a peristaltic, vane, screw,
lobe, progressive cavity, or gear pump, and more
preferably is a gear pump. The gear pump may be high
20 precision, or even more preferably open clearance, and
generates an intermediate pressure, typically up to 500
psi and preferably less than 150 psi. The pump
pressure 1s sufficient to force the melt through the
coarse filter 35 which is preferably a candle filter,

25 Dbasket filter, or screen changer, and is more
preferably a basket filter of 20 mesh or coarser. The
coarse filter 35 removes larger | pérticles,
agglomerates, or granular material from the melt as it

flows through the pipe 32 to and through melt pump 40



11 physical heating process. Propeller style blades
are more preferred for physical mXxing where |ess or

no shear is required to achieve uniformty of

WOPE4#¥8. Heating of the. vessel (and its cE&TEHRYWHO45375

may be 5 achieved electrically, by steam or by
circulation of hot |iquids such as oil or water.

M xi ng or bl ending continues until the batch reaches

an appropriate tenperature or other criterion of

consi stency determ ned or kpgwn specifically for the
process. 10 On reaching the appropriate pour point,

VahyecR4 éﬁe%’@é‘&dpﬁggsﬁP& WBJPt %[{heﬁl%mt ??Jfre(%e@aﬁl.ﬁ}r &t

or Ilqwd material “or materi rerna
solmsmmmfb@shecamd/eioye" plrefaebbly Pas8es00 bl the 2000

pi pe, 26 and is drawn into the booster 1E_)urrp 30. The

bddt er %\%TB%G PETRel ReYa Pefit FPREHET USR] psinasiEive

dl@ﬂﬁ&&f@ﬁ‘g ec r r

preferably |sEa F%tegirsgbgﬂ%ﬂé o yr Ee 5a *Bliup,  ana
5 parresﬁarathky maaerosarpvpud:;mmlqm mgye}sela/epmwtiaﬁtlc

ear punp, and nore prefera is,a gear punp. The
:ﬂ% n% %‘9 b Oh?ghpﬁggﬁ?%%ﬂr%ﬁ% SFAVLEY oveF HEPE UMD,
praﬁic@ﬁﬁ@:l:é! B%Qe%la%@w&%e’aagg?gegjgﬁ?t €S alh1g must be

i nternmedi ate pressurée, typic o 500 psi
predfmpebibld eswitthan 150 psiatefielpunpejugsspredessed,

suff|C| t. to rce _the melt’ throuhthe coar se
L S et et sy & heafigite s Oar wigsh are
10 bao%ﬂt drdd@inodd HF < o;iii%d qRdeha gpLe

preferably a basket” fi 20 nesh or coarser. The

coar sefil teﬂlﬁmmmegemep)arpasées tlagglginer akesnd
ranul ar ga rial fromthe nelt as it,flows

CHOUGT ARevBE 38 REPLRRRRI GubReRer L bLiF &5 sgreen

changer, and is more preferably a screen changer of 200
mesh or coarser, and even more preferably a multilayer
15 screen changer of two orx mox:e screens of differing
mesh, most preferably a series of filters exemplary of
which is 20 mesh, 40 mesh, and 80 mesh. The screen
changer may be manual, plate, slide plate, single or
dual bolt, and may be continuous or discontinuous. The
+ 20 melt passes into and through the diverter valve &0
wherein the melt may be diverted to waste, to a recycle
gtream baék to the vessel 16, or may continue to the
extrusion die 65. Pressure generated by the melt pump
40 must be sufficient to force the melt through the
25 screen changer 45, the diverter valve 60 and through
the die plate 65 without allowing the melt to cool and
potentially freeze off the die openings in the die
plate 65. The extrusion die contains a multiplicity of

orifices of number and geometry appropriate to the flow



whi ch generates pressures on the nelt, preferably at

| east 200 psi and nore preferably from500 psi to

2000 psi. The nelt punp 40 nay be a centrifugal or
WOF8&H/A6#3%8 di spl acenent reci procating or rot aRETIH6/045375

and 5 preferably is a rotary punp which may be a

peristaltic, vane, screw, |obe, progressive cavity,

or gear punp, and nore preferably is a gear punp.

Seal s nust be conpatible with the material being

processed, chenically and ngghanically, the details

of which are 10 well understood by those skilled in

theaB&] . through; e - SHE |t PASS

throug% a secgn Ufrlfggf4géﬁﬁi%%E§§Q%?§F%%a£$y§§own to

batkese fskikledrincrizenmthanger, and is nore

preferably a, SL£J een changer_of 200 nmesh or coarser,

and even nore” prefeFAbt S LS mldr it achigsied by an
Chan@efwiet WOn8E MRIR Seehs Of Hdidf efiﬁgr g’f‘z%imilar

nnsthfreferably a series of filters exenp
Swhirehle sl 28 nmestd piefimesinlyaby 80 weddrwaliher sevldentizer

ch may.be manual, plate, slide plate, single or
dug‘?%%gFPP%ﬁ&cmnbéycgmw&ﬂ 5P drstont HRItRRed by
Thea120ramldtPassesrhdl 0 .angdtdh gh the dier tagsg.gnee

F
val ve 60 wherein the nelt may be diverted to wa ;
t oof thee peles eatty davepddiont dheheinessetr YSlor) Mans the

caontj,nue_to the extrusion die 65. Pressure generated
bymet#e fL'FuSﬁﬁp %‘%%13 Eg‘esﬁjf? cPARLSt PFbF L&t he the
10 MEddl M iGkeah 2 S c : | YRELET
'Ugfve 65-and througﬁﬁgﬂgﬁgﬁéggﬁggg ég a}?ﬁggt%ﬁiEﬁ cut
al tsnistgarde o€l meld tood swedlppedietial | yrHe qedldeafd so

the die_openings i.n the die plate 65. The extrusion
di'6Co ﬁp FETYEH: PR & t?h%fw%*%@rif‘ iR By angped &Rav

- JesTRiHMRARRO RIS 1@ d R thkOWrot3geli®he the pump 72
t hroughput, and nelt material aS is known“to thbse
skitgoawhi theecanguit 74 and outPethetugiat tha effihent

t_is.achieyed by.an_underwater, hot face, strand,,
15 WHIBT Phg O CorRREATSIYr | Bt FOELSE A YOTSh ARG Biping
arrotides Wabphopel 1dp 266 18i28f LONSIL ULHE OQalerOTLo pe
simlar to designs marketed by Gala Industries, Inc.,
( EhyinEeRopRstvihe whteasbpygndemithichaoltesembterial is.

| B e NI U demf A0S IR0E BELT USRS,
g e ori €s,
the rotational rate of the cutter blades, and the flow
20 rate of the melt through the die contribute to the
production of proper pellet geometries. ' The
temperature of the pelle‘;s, both in the interior and
the exterior or shell, also influence the formation of
the pellets'as well as the drying of the pellets. The
25 flow rate of the water through the pipe 78 should be
sufficiently rapid to convey the pellets to the dryer,
generally designated by reference numeral 80, with

controlled loss of heat from the pellets. The dryer 80



10 pelletizer notor rotates a series of blades which
cut the strands of nelt into small pellets. The
pell ets so nade are conveyed out of the water box by
W0é0lr7é0|§h§0fl ow of thermally controlled water BESLSAG045375
by the punp 72 through the conduit 74 and out through
the effluent 15 pipe 78. Alternatively, a series of
val ves and pi ping forma bypass |oop 76 that all ows
the water to be shunted past the water box when the
nmol ten material is not being,pelletized. The
t enper at ure of the wat er, ' the rotational rate of the

throug#e%%% ‘e con P?b‘%ﬂy{ azltgr % ?lﬁogeé#yer

propedfaetisid georetld es. The tenperature of the
pellets, both in the interior and the exterior

shell, al so J5fiikRde thRcPe b9t |W61‘Fhof"°¥1ﬁ§°ﬂae?1ie¥%s%§f
Welllé%t‘?slg g.%hq.EWeagb f leﬂilél‘%t F dfvlvag!)_%:!! %Il%rry
38 s oul d be

e water throug e pi
5 suffirchgnt by raa;gld:nte(rmve.ytctﬂn@r P lvdtiscH aedrdteains a
dryer general |l y designated by reference nuneral 80,
wi TPURD S 198d Y 6% C@Prﬁéaﬁcﬂa%ﬁq%éxbéﬁ‘@‘ée oMeErsize

STt 8 | SRSy wEVIlg] Pelhel dotaty

pebpiet enailtzh m)mesol tledohglssa Oﬁeh&aériﬁg adbv&xzﬁed say or
passi ng the pellet and water slurry 5 through.an

ag¥toHe? St EUREREE NIRRT EFF ¢ SrkPRS 1R BR glw,;rses and
10 9744 LAY 76050 Flofi%ed QuiIRIDYE: QUEL 212

aggl onerates o urry opti ona y passes
t hwaotegph a:cdmm:tte,rl @g:e(f@\ﬂa!hﬂ.yB4900rps:er i@ntof and more
dewat er i ngl devi ces, containing baffles 86 and
preferably 98 per cent or more. The water removed
passes through the fines removal screen 92 into a water
tank or reservoir 90 and is available for recycling or
15 disposal. The pellets immediately transfer to the
inlet at the base of the centrifugal dryer 80 where
they are lifted rotationally upward by a rotating rotor
with lifters 94 and are propelled outwardly against a
foraminous screen 96, preferably a perforated plate or
20 pierced screen, concentrically surrounding the rotor /
lifter assembly 94 and contained within the housing 98.
"As the pellets impact the screen, the excess surface
moisture is transferred away through the screen, and
the pellets bounce back multiple times while being
25 1lifted farther up the dryer toward the dried pellet
chute 100 at the top of the dryer 80. Motor 102
rotates the rotor / lifter assembly 94 and counter-

current air flow is provided by blower 104 in models of

centrifugal dryers marketed by Gala as previously



10 an angul ar feed screen 88 which. collectively
reduce the water content, preferably 90 per cent, and
nore preferably 98 per cent or nore. The water

WO 2B¢ipe¥0 passes t hrough the fines renoval scrP&dAIS3906/045375
into a water tank or reservoir 90 and is avail able
for recycling or 15 disposal. The pellets imedi ately
transfer to the inlet at the base of the centrifuga
dryer 80 where they are lifted rotationally upward by
a rotating rotor with lifterg 94 and are propelled
outwardly agai nst a foram nous screen 96, preferably
a rat F 12 [ r
oot Ry B, SaPecRRERE 21 Ay igeq by control
asseubiy 93. anttheodriedegedMithenphbe bousithg FhutAs 100
th$%$ellets i npact the screen, the excess surface
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lifted farther up t ryer iovvar
5chmilel 108detsthedt d:py othothe dikjaned0.ivbtuare lﬁﬁ:. The
ates the rotor /, lifter asserrbl%l94 and

co Jeqrélﬁrfdeﬁ’cpefattl%\ﬁfl §hpr BoL LRt 357 Rrshsientod fugal
noghs) S oérée@lb@aﬁﬁiggl 9 YeLS %Bk%@ﬂt@{ngﬁﬂ éaﬁénts by

pr evi ousl 15 note Power for a processe

pré&iaed by control system 95. The dried pellets pass
out the chute 100 for storage or may be further
processed WXHTEER PRYsECFHDFal 2R Lt armatiie ey ior

10 OlafiIdiRla GRAEY A% itk My UNGBERLORToPY i DORE

ski | In the art esi gn an operatl on O
pekfetﬁalzeE.Oam@eIIteﬂJafuaghl cdnpeneate det aFliigdren 1hean

aforerre tioned patents by Gala. Turni now to Figure
Fer 020 vELHR | d?nelooﬁrtm%’ﬁ%oéﬁ?%ntuﬁéts 212 is

' |dﬂ@ﬂfﬁc§dtol net:eadngf Wi ngnue t 183.@@%15&' al8dpe
conmponents of Figure 1, an extruder 200 wth one or
el Yegsickaghi t s T2E? éstutdétzedot oot doreidl heakyt ltee  a

mel t terl al to be fej | eti zed. The extruder 200
15 opﬁll §. IJI'HV BE mu tiple screw design, a ring extruder

for example, and is preferably a single screw and more
preferably a twin screw. The gections of the screw
must feed, mix, and convey the melt material
simultaneously providing sufficient energy, thermal and
20 mechanical, to melt, mix, and uniformly disperse the
melt material or materials to be pelletized. The twin
screw or multiple screw is capable of being purged by
alr or preferably an inert gas, such as nitrogen, or
may be evacuated at one or more ports to remove gases,
25 volatiles, or impurities. Multiple feeding and
injection ports may be added along the barrel of the
screw as required to allow addition of ingredients,
solid or liguid, to the melt in process. Configuration

of the screw must be satisfactory to achieve an



15 single, twin, or nmultiple screw design, a ring
extruder for exanple, and is preferably a single
screw and nore preferably a twin screw. The sections
WOgPHMedS88cr ew nust feed, mix, and convey t he PEET{S2006/045375
mat eri al sinultaneously providing sufficient energy,
thermal and 20 nechanical, to nelt, mx, and
uniformy disperse the nelt material or materials to
be pelletized. The twin screw or nultiple screwis
capabl e of being purged by gigr or preferably an inert
gas, such as nitrogen, or may be evacuated at one or
r gases, at i . Qr .
s T e o . il
bebhelnkkiing) oagdt hehbauglgduiof ahfie iscresil asunaguisteddt by
al Jow addi tion_of ingredients, solid or liquid, to
t hePXRF t SFhL PR cHR sSEN& GG gur at i on of the screw nust
be sati sfact t |18V : ' vel.
of feeding, (%nﬁ%ie n%@%lt%i ﬁlé‘%ﬁﬁégﬁfﬁgé anﬁf%%%‘gdﬁlﬁaﬁed
5anth i $heel bxtupddest aoab byhehosel skidptddnian 1yhemay tpass
Once the nelt paterials are properly adm xed 5 in the
extERRIN 2B0MERE MUMP AT o%cﬁf S Ry SPESENt FPGTGRTa 245
40 a eef C g c I
o e T g PR cfunacad Horsh TORACED 2,
asrelgsori bedl f or abi glesrdibdd essur ¢rigemer at ed Brddimire
extruder 200 or by the extruder 200 10 and nelt punp

y
2APDRIACIE RBuf Fiei entridesxePldert Ry et sRvrydgs 200
t i letd zatd L.¢h.fo e
10 o e R B e BT el R P s
I meFitgutkeréughd thegutie Zan@qpelietheacbaposgptem which
upstream of the extrusion die 65 in Figure 15 1 and

andtofistEe | SEERERRE HerHRAA dO% dHEUERedt emerggns
to W d eqth [ 4. r 1S

i TR dd B0 PXLELET L VoD Biodit 8 SPERidS e
f crompaiardrss  updiasEans anfe télee netttrsisiust diet 66nliy Pdjpuire
trenendous enerqgy.to ;achi eve that shear but then nust

15 20" c¥BY BPAPHEHRI¥e i SSiPHT ThaP BREVEFeafdthégtent
Prdrrd G i8Xt hEFE O thraugh, ddhepdi EFEB avvﬁ{é:%ﬁ shear
excessively [ow viscosity or excessively hot pellets
whisch Higdd t esexisudecnmen erdiral gumappasg aamiinGdbesive
die face by the cutter, elongated pellets, and .

f Cf?ﬂ”f”’rc]@rpé:fnﬁjo egse same elements must not only input
tremendous energy to achieve that shear but then must

20 cool or otherwise dissipate that energy and heat prior

‘to the extrusion through the die to avoid excessively
low viscosity or excessively hot pellets which lead to
extruded material wrapping around the die face by the
cutter, elongated pellets, and formation of poor
25 geometry pellets and/or pellet aggregates and
agglomerates. The zones of the extruder digtal from
the material inlet, therefore more‘ proximal to the

extruder outlet can be adjusted to provide some of this

cooling by reducing the actual temperature of the zonesg



25 geonetry pellets and/or pellet aggregates and

aggl onerates. The zones of the extruder distal from

the material inlet, therefore nore proximal to the
WOSMT6HSP outl et can be adjusted to provi de FEHIS3P06/045375

this cooling by reducing the actual tenperature of

the zones 17 or sections. Designs in the

configuration of Figure 1 do not have this

capability. A. present commerci al design

whi ch interjects cooling intg the apparatus

illustrated in Figure 1 is 5 shown in Figure 3. The

COHP?%%:&’@SC%%:Q ﬁbﬂ eITA egéggf-_%gﬁg%f &£ 0 it '1 |

numne 'y the sang nunber an
c odtdi poorisaemdeipi ef expsioEsiwf. the Figure 1
illustration. A nelt cooler 250 is introduced into

the process % TR Hy IRIHEIAIpORF1IGD WhicR ki ects
chaggeind O e dhe ArPUD :thLlIEJLS.(It t%‘%ﬁ%.rr?tﬁg{%ree 1 is

suff|C|ent pressure to force th rough
5meshoemalrerFizilrarid omMharonponent sedesusibaddia Bbgure
~and for t e subse ‘guent processi ng descri bed for

Fi guie® HEGEREe EhbR PGl LY (i B dfgeoRnd
t heu L0111 (P c I APRMAlInG PoepEakacaRdEr AT, ngﬂﬁlg 1

and tube design with or wthout static m xers,
U 1 Jkst taibieomle sizgmelitt boolewi 25l snaroduuedeizsto the

and refer a shell and tube de n whi ch
P eriRRS e g S edlo iR it S AORRS Fhanger
0t u@§s tend Hﬁéi’\?fpxm@ 406 drialragad d rf'f'i@ 1%91tnpﬁ:§?sure

of the materi al i nti nate cont act W|t
t hieo t e Ut lee d&e.btt whhodugls Ehe Imtofcqnllemrzsmtae:td on

o Iant CI cuI ati ng W t hi tPﬁe ?ng lsgggz‘r:h%gglh%equent
@%@é%@ﬂéﬁ%ﬂ'ﬁb&eﬂléﬂré@ ahe #B€: 2200 Lex 250

tenperaturé and flow rate of "the circulating ne
i sizarefhehlty exgideged bf dheomtaid wype, Botapbowa.ll,

15 [Py SoSpebLe, g Loduelpg Lhe ferperature of o
ﬂ%%&ﬁtdﬂ%ﬂi‘, W (Rl hWHO UL IHE it RIALE B8Rt
static mixers, and preferably is a shell and tube
design which includes static mixing blades within the
individual tubes to further mix the mé.terial and bring

20 more of the material in intimate contact with the wall
of the tube outside of which is a flow of oil or water
coolant circulating within the shell housing,
preferably in a countercurrent flow pattern as is
understood by those gkilled in the art. The

25 temperature and flow rate of the circulating medium is
carefully regulated by a control unit, not shown. This
unit is capable of reducing the temperature of the melt
prepared 1in vessel 10 to that which will allow

extrusion of the melt through the die plate 65 with



18 reduced |ikelihood of wap around the die face by

‘the cutter, inproved pellet geonetry, |ower pellet

nperature and | ess aggregation and aggl omeration

Woéf“”l"ﬁ@s%el | ets. Limitations of Pha/UISZYGOEITS

2 and the Figure 3 enbodinents remain problematic in
that cooling, though present, does not have a 'l evel
of control and narrowness of definition of degree in

| tenperature to acceptably be able to reproducibly

produce high quality 10 pel hgts of narrow nelting
range materials, such as waxes, where the liquid to
sofé@hé@drpﬂ;@émeosd A6 k) ST (LTI JOQILE, Yie
| ess, and may be as narrow as only a few degrees. “The
de%¢%ﬁﬁ¢1I | bepraved i pelilgir esgdenetane f ulbher pellet
I|n1ted i.n their pacity to achieve %5 sufficient

di SPE SR %ﬁrx.aﬁgdc S8 Pﬁﬁﬁﬁﬂ%tbﬂas%n FRF- AR Igon of
blendasb nediey i al s, exanpl es of which include

synthetic asphalt fornul ati ons, adhesive and hot nelt

5adhesi ves, drﬁmigm‘hin@@f Etiet Beguoee? amd erfieal Bigfre 3

%El t fi_l ow 20 .i ndex g %nl y.r %lljl re hl]glﬂ't shear
GBI PAPPEPIRATCH R NG e SRQLMY, though
Vlﬁﬁé’@éﬂﬁ/ | siced reml ¥ dAm and widihal i g e%&ﬁ%‘dlngand

as exenplified in Figures 2 and 3 may still result in
prgirmEmess e r@sfoniabori o&ddegredeinotegpengture to
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simlar indifficulty to those encountered for waxes

: arvca:taﬁe Whizge the liquid to solid fenpertditurte seradnaditdon
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consi tions challenges that _the preferred
TRy BRGRRRL R TR i by B AR CtFOu 2

| orflgur Eéw‘lde@reéé‘d Ghel Bedkbngasehud e € A Gures
fromthe die face and
1-3 are further limited in their capacity to achieve
sufficient dispersive mixing to eliminate phase
separation of blended materials, examples of which
include synthetic asphalt formulations, adhesive and
hot melt adhesives;"and gum bases.

Furthermore, matexrials of high melt flow
index commonly require high shear to melt the material
after which the resultant viecosity ie extremely low
and with llmlted cooling as exempllfled in Figures 2
and 3 may still result in problematlc extrusion as
cited in the foregoing discussions. For these
materials the temperature transition from £luid to more
viscous semi-solid or solid is typically narrow and

control challenges are similar in difficulty to those

encountered for waxes and the like.



5 downstream are the sane as described for Figure 1

and have not been described again for sake of

conci seness and clarity. In consideration
WOgpITHSH§P e 4, the material or materials to bdCL/US2006/045375

pel l etized are charged into vessel 10 10 and

progresses through the system anal ogous to that

described in connection with Figure 1 and as nodified

by incorporation of the nmelt cooler 250 as descri bed

in detail in connection withgFigure 3. Reference

nunbers and process preferences remain the sane as

“for those 15ﬁ§|ﬂb'@ﬁﬁh'%HHEHegagﬁgp%B%EE%eratlons and
illustrated and described in connection with the

pre®lirnagsg thajur dhe Threfareeilal ewboddnental sofr ehe
tthe mxer 10 cq th,high shear and

RSt e e A b EAbetr AL G TS o b, and

red easenohlvaby8eddrhie ool bmdAtl EOWR tREOWIR BiRe 289
to_booster punp 30 and is nbderately pressurized to

3 s renm ano tdml SEmreo &gh detse:rwadséofm Figurg51 and
I f ltere oceeds t hrough pipe 32 to
IR ol e Sead OB SEROS Sl Hakte T o istness

gngnﬂeggaﬁprugh screen changer 45 and 25 nelt cool er
250 where the tenperature is reduced in accordance
with the prei sgansdderritponons %u@m at etheindterial or

F
J@%ﬁﬁ%ﬁ%ésﬁ%ﬁé@e@ﬁ%%ﬁ?ﬁz%qu§ﬁﬁﬂ %b&§$€§ VieRe6 g 10
10 ceold Rrdydddidsy B3ugMithle %@%te&oaﬁﬁlbﬁgu§aﬂg 8Bat

preV|oust descri bed extruder 200 in connhection wth
dgﬁﬂféf@edrtﬂél KR ddien gutdt iFdgusk doelnidngsextodidded

lL.d d ti
¢ RO CERSEBESER o oigt ML SePlamaZs P orF SISk
V\:h:&l’t%.ﬂlh arf wohhectaenl whgni Bigeht eyed reAddidrQn n%bers
thermal |y sensitive ingredients may be acconplished

t W&JWW%@W@@W fve%mm B9, sdmé user &bed those
15 \S/Zsﬁ_?:g %1{1;)/ In p05| {#J%n?ﬁ';%ge% E‘FV% E?ﬁa?nd described
in connection with the prior drawing figures. The
material or materials are mixed in the mixer 10
commonly with high shear and subsequently are high in
temperaturé as well. On release of valve 24 the melt
20 flows through pipe 26 to booster pump 30 and is
moderately pressurized to insure flow into and through
the coarse filter 35. Coarsely filtered flow proceeds
through pipe 32 to melt pump 40 and is pressurized
sufficiently to progress through screen changer 45 and
25 melt cooler 250 where the temperature is reduced in
accordance with the previous descriptions associated
with Figures 1 and 3.
To maximize the dispersive homogeneity of the

melt, 1t passes into a cooling extruder 300, which can



10 extruder. The side feed or side feeders 310 may

provi de additional solid, sem-solid or liquid

materials to the m x such as rheol ogical additives, B
WOHGAEBP | zi ng agents, surfactants, expandi ndCAJERME/0455375

catal ysts, inhibitors, antioxidants, chain extenders,

15 nucl eation agents, flavors, fragrances, colorants,

devol atilizing agents, chem cal scavengers, O

additives ‘appropriate to the application and wel |

known to those skilled in thg art. On final mxing in

the cooling extruder, the uniform and honbgeneous

mebé bas fankeefs coLedosyiyi abehtlBefObxeXEEST ORl in

pelletization. Optionally a nelt punp 340 and screen

c h&Pigee c BUGN nuytheFposiei dnedllie| sewewn ooz gifd tuient of

orifice of the extruder. 300 _and prjor .to the inlet to

Creoetfad rtnre sd0 hnpate MR s s1bretEnisthe ha

| NSFSBERLk BSn 28 AOEEIS SERY A D5l AR AR Q@ dhs From

pel l eti zation of the uniformy disperse, cool ed

Spriverictingat . wheieet that | Brrthmt depoddngiol Lsw aghieved,

described i ti ith Fi 1. | ngl usi d
POt OhThg %81 THE"BROLY ePR5T Pty JFTHHAS { PrTeie

3acaditb Erdiead ehabigh 4mell 8rORbk@N&AH ide feeders 310,
The equipnent illustrated in Figure 5 follows that

shblWgihttRd ceebrtiatal¥i fuee extondshedfOniba rigndicate

t ugh_t he .ext ruder, 200. e or, nore feeders 412

p B PSR LT oS D] NS s Ao
10 Wesethrader S| Miarsid: fredeicy Zhdcandettiisuden 289,

respectively, as described in connection with Figure
2.P79videe epdddirenalof slgghe Sserekiseidel 400 i stiquid

des] d 10 with.screw obj ectives.of _shear .m xjing .and
neﬁﬁét%%all‘%ewﬁe % é%:'s}%ss{‘%? ofigh e 16 Fat (ﬁéépj%é'ves ‘
exiiddthasi 1w ouphagedt ¥ er bakr¥atyard00 expARBALAD Ryt s,
diverter valve 60 described in connection with Figure
1, catrd i tintvier Ho@ntdoxgdiantay 0 ched rc eartsmders,

L e
ardbvELataisl Weldg as dgemt#E| t eReheEa?50 yeivdisgetsd, or
and differ only in that, although neeting the
prasiitdias eppreprdagesteidwl applieatdon andwehl known
prt_%Vi%sé i%ﬁedtfgytggyagj&.mignn%tinal mixing in the

cooling extruder, thé uniform and hqmogeneous melt has

20 been cooled sufficiently for extrusional pelletization.

Optionally a melt pump 340 and screen changer 345 may
be positioned following the effluent orifice of the
extruder 300 and prior to the inlet to the extrusion
die 65. This allows pressure to be increased as

25 necessary to achieve appropriate pelletization of the

uniformly disperse, cooled product melt. Pelletization

and drying follow as described in connection with

Figure 1. Inclusion and positioning of the booster



20 be identical to conponents 40, 45 or 250 in this
preferred enbodinent. The cooled nelt proceeds to the
~cooling extruder 300 and processes in accordance with
WORME/04E8Rr i pti-on previously provided i n conn®&I{EHR006/045375
with Figure 4. Inclusion and positioning of the
di verter 25 val ve 460, booster punp 440, and coarse
filter 445 are optional. Figure 6
illustrates a conposite of conponents fromthe
Figures 4 and 5 enbodi nents,qM xing vessel 10 and/or
extruder 400 with feed 412 may 22 serve as the shear
m f r @l di r 5
R e e 45 a7 3P LoAnd ELTELE), AR B are
praceedsad.hr ough nelt cooler 450 - and into cooling
extruder 300 and diverter 460 as 5 previously

descri bed i MROARLEAGRIW LRI RieA 30 Bigeree? fxgdows

di Iﬁﬂhy ' t j t .Qvi.de .t ' t :

vwﬁ%égiga\Mﬁﬁéﬁr%é%&ﬁ%?%%éh%E?%g?ghé%ﬁ¥¥%Eﬁﬁfgbﬁﬁﬁﬁgg
5 outhsugif thee esottrmudtiar 2800 apndedbrendee #68dthe 412 may

terial, optianally may pass through a nelt punp 10
S G R e sds itR Fhe seddriddr Prfeder 400
‘“%Hf3h5§9ef%&m%¥¥f'?@akeéﬁ féabﬁanéﬂdtgﬁﬁruder 200,
tenperature of the nelt and ftinal m xing.
adchapesralvalint,t apudpstbibetinranngcplown dbshfFidines 2.
pressurizatiqon as the nelt proceeds to the extrusion

di ' 85 RUPPHLBERR 25 HrIYR iSzafRbhudAd 4P Yt designed
g . N . i el . .
10 PSP BP0 S BUEl yeeOF AP RO AL O, e
preflar gislseetso throwgh phepentlébvoditlid extehiddh ibghigh
devi ces. Pressure limtations of 2000 psi are

t hose,

p&nf@rvaﬂ%ﬁﬁljy “eortfortthd SHRIERICoLE [Giferter valve 60
PrEsRUlilRt § ANeBhhQELEOn SX T HiQRreTHE A0MIHAD 1@l ough
melt punp 555 provides additiondal presSsurization

C &p dvidsitere puwmipi ¢4 OmapdbecaesesShltyet Gt 47 adpefo the melt

extrusion through the die 65.
L5 cooler 450. ﬂ%scglpéions and preferences follow from

analogous components, 40 and 45, as well as for melt
cooler 450 wversus 250, and differ only in that,
although meeting the preference criteria described in
connection with previous figures, they may or may not
20 be identical to components 40, 45 or 250 in this
preferred embodiment. The cooled melt proceeds to the
cooling extruder 300 and processes in accordance with
the description previously provided in connection with
Figure 4. Inclusion and positioning of the diverter
25 wvalve 460, booster pump 440, and coarse filter 445 are
optional.
Figure 6 illustrates a composite of
components from the Figures 4 and 5 embodiments.

Mixing vessel 10 and/or extruder 400 with feed 412 may



The illustrated enbodi nents reflect the use 25 of a
preferred centrifugal ‘dryer to produce pellets vvith
m ni mum surface noisture content. Pellets with hig

WORgEM6438P gh friability or brittleness, |ow né’!CfFﬂFS@O(lﬂMS?%

10

15

20

25

softeni ng tenperatures, or |ow deformation
tenperatures optionally may be processed through 23
vi bratory dewat ering devices, fluidized beds, or

ot her conparabl e devices not illustrated and wel |
known to those skilled in thg art to achieve the
desired | evel of surface noisture. Prior to or

subseguent ithd Nepoadll i RAOBA AP BhESLOA! LY Bldfmon
pel l ets may coated, crystallized, or ¢coo edab
pr@m:s’esr vvelkei (&S, iand equn@menpum_eaoﬂd yand screen

i |l abl e comrerci al |
%ﬂﬁl%er ol ;F&eeme.ﬁc@ﬁepﬁﬁéﬁ ‘ﬁ;a*é%%cr@%ls%ocooler 450 -
Uté.lllcﬂz'::.'i’&ot heoGPPAL AU AddeStI Y €dnhiM giverter 460 as

previously described in connection with Figure 5.
Diverter 560 differs only in that it must provide two
inlets as w"ell as a waste/recycle and outlet position.
From the outlet of the_ extruder 300 and diverter 460
the material optionally may pass through a melt pump
546 a'ndl screen changer 545 into a secondary melt cooler
550 for additional regulation of the temperature of the
melt and final mixing. 2An additional melt pump 555
optionally provides further pressurization as the melt
proceeds to the extrusion die 65 and through
pelletization and drying as described previously.
Additional pressurizations before the screen changers
and melt coolers are preferable to insure proper flow
of the melt through those devices. . Prassure
limitations of 2000 psi are commercially common and
therefore limit pressurization prior to extrusion, The
addition of melt pump 555 provides additiocnal
pressurization capabilities which may be necessary to
proper extrusion through the die 65.

The illustrated embodiments reflect the use
of a preferred centrifugal dryer to produce pellets
with minimum surface moisture content. Pellets with
high tack, high friability or brittleness, low melting
or softening temperatures, or low deformation

temperatures optionally may be processed through



10 Figure 4. The tenperature in mxing vessel 10 to

achieve fornulation was 200 'F to 600F, preferably

200'F to 500'F, nore preferably from 200F to 400' F,
WOZMI/0688? preferably from 300 'F to 400F. Th&CHE{$H2006/045375

tenperature of the nelt fromthe vessel 10 Was 200F

to 15 600"F, preferably 200F to 500F, nore preferably

from 200"F to 400F, and nost preferably from 300"F to-

400F. On cooling and subsequent m xing the

tenperature of the nelt aftegg the nelt cooler 250 was

100F to 550'F, preferably 100"F to 450F, nore 20

prﬁﬁf % %EXF% & Y
from ZggF%( . ‘%%l%tl o%g lgg% ﬁi%&?ﬁ%f gt%l‘ hOther
't heowpatalbbe edevmdes 8660, iflhesteapedattigewefl it htelolml tto
at the die gl ate, 65 was reduced to 75"F to 400 "

prefeRtantiivhed i Gt T i Shiere 4818 #&%%d@"el
tooéss@@age 289 st preﬁﬁh&b%fam&ége&u&&@ the

he water tenperature for the underwa
5 pedi:t}eimg alpeam iasisr efjiéahedivael¢) delllet2005%, be coated,

preferabl 40' F to 15QF, nore preferably from40'F to
%4%1 st P AW PF RFRBPIR 0 tmphnicies, and

e&@iiftav%ﬁq.%l@’ ’corra'h & 3ythhci ently |ow

tenperature | I'eti zat1on Wt hout déformati on,
reduced |i k&yhm;dorff ahr erzampdéf{ atpéhwlb®in amiadIszer
avoid vvrac? t he extrudate around the face of the

di'®dy Po ottt ing e apRaiius dd pwtrated in
10 Pekd fibzed i nﬁ@@éﬂ?@f&u&&é hlntrnﬁcﬁgia&égé@l to

met hod of the present 1nvention na nat ural
ocaehievey Drrmeyidthietl casncondi ng, tfcor seranpl @referably
formul ati ons conprised of hitupen, plasticizers,

b4t F ERdPEP B pts?%epref%@%oﬁ&’b%%m 200 BFt e 00 F,
exaip! abkkYy hapder E\_L?ﬁ{ &bgmﬁwee Q- pet 'i‘ﬂieel}’,a'@ur

pitch, plasfic residues fromdistillation of coa
t drgmprTEnate \meh,e lheltlnfmmstl'sacmm&l Dot waE MU' F to

sands, bitu coal , _and asghalt di spersi ons.
15 5 ired 0@R9sBJtPn59R or RKS Ryafierably from

200°F to 400°F, and most preferably from 300°F to
400°F. On cooling and subsequent mixing the
temperature of the melt after the melt cooler 250 was
100°F to 550_'1?, preferably 100°'F to 450°'F, more
20 preferably from 100°F to 350°F, and most preferably
from 200°F to 300°F. With additional cooling through
the cooling extruder 300, the temperature of the melt
at the die plate 65 was reduced to 75°F to 400 °F,
preférably 75°'F to 300°F, more preferably from 100°'F to
25 250'F, and most preferably from 150°F to 250°'F. The
water temperature for the underwater pelletization was
regulated at 40 °'F to 200'F, preferably 40°'F to 150°F,
more preferably from 40°'F to 100'F, and most preferably
from 40 'F to 80'F to insure proper pellet geometry,



15 the apparatus and nethod of the present invention

i ncl ude those containing a polyneric base or binder,
tackifier, wax, fillers, additives and the |like. Gum

WORaE&s48M i | arly contain a polynmeric base whiPER/US3006/045375

capabl e of mastication, pol yneric gum base, 20

emul sifiers, softeners or plasticizers, texturizing -

agents, fillers, flavors, and fragrances. Thermally

and oxi datively sensitive medi canents and nedi cati ng

agents are al so contained wyhhin the scope of

applications for the present invention. 25Polyneric

bagesr s d

acryl onit rrlg%&e lkaig)t%ggl g‘%)é réte ){#gngogl %lt]ben%lrzsatlcflﬁ WéL Fhout

arﬂﬁ#ﬂmm,y&teprkm@flimslmowﬂﬁ fikakk€-off at the
%r og%%ene bal ata but adi ene rubber,_ chicle,

FO' GVRCe M-3R cthR | BXEBRdryfrepsound the

etﬂ%eerlﬁ? tie> G hRPeRSadiieRe or the cutter.
copol yners, et hyl ené- met hacryl at'e copol'yners,

5 et hyl ene- pr ¢mphenid- dicelve peidrerized ERDMccordance with

10

et Iene Vi n acefate_cao olfyrrers et hyltene Vi rg:yl
L‘SﬁT@Fé Qlﬁgﬁ@ kdmyention may

nget aﬁ&!’:ﬁ al b bher, ns
pol yet hyl Eﬁgélgr HDPgtlllngggbﬁfyl gﬂt%:égg’%eriﬁ%ﬁé%%m%/l efor

- 4xEomlene copoh;wrbatl:omsjbberc,ompxdtsadu c @bl ybutieofen,
poI ranY; | ene, ene jelutong gum | echi
S i Ens Pt PiBOR el FURERE S UDPEE tiaResiadbese.

p@ﬂt@irt@n | BfempBSSAL-AN H?a,k?lc%ﬁ'v %‘ﬂtﬁ%
chocol ate, natural or 1 quid | atexes, natural B%ef
nip_gapmodemri pri'rtlch oplhatmi:tesi@aeswmnmm di)ﬂtdlmaci:.on of
pol Efl ns, pol yacryl am des, pol yacryl ates,

D GiRide EFF oI THb Wy ot UL A a5 A on By Fyginots

rb I or e udi n
i ot i gL

_polysilicat ésl,hep@lvysr eoh‘a@qprqamég/semWraeﬁﬂc@hﬁameWAth

i5

20

25

PVAC VI nyl alco urea, pontianak gum
r&glend?}aﬂg %?v&ndst?}?g% a‘gfy B5i R¥$F I skeme omp
bqb@duaeethbeaercaht§§81n§t¥rseﬁygekﬁélSQSeSE¥fSEﬁd8£
. SBS, styrene ethyl ene butyl ene”bl ock copol yners,
sﬂiﬁpéﬁnélétrhyvvene prbdpyrene middkiwvopendeie, like. Gum

rene-iso rubb r.or SIR
R DR Tl ife FubbdSTLS ghase which is

Sb&bﬁﬁ@e'SOBEenemﬁbfﬁéaﬁleﬁ,SlSpo!&ﬁ¥klc gum  base,
emulsifiers, softeners or plasticizers, texturizing
agents, fillers, flavors, and fragrances. Thermally
and oxidatively sensitive medicaments and medicating
agents are also contained within the scope of
applications for the present invention.

Polymeric bases and gum bases may include
acrylonitrile-butadiene-styrene elastomers, alkyds,
amorphous polyalphaolefins or APAO, atatic
polypropylene, balata, butadiene rubber, chicle, crumb

rubber, ethylene-acrylic acid copolymers, ethylene-



25 acetate honopol ynmer, vinyl acetate - vinyl laurate
copol yners, or blends thereof, by way of exanple.
Masticatory or chewabl e bases may al so i ncl ude

WOgPH os#Bhes, gliadin, horedein, zein, or simBCAUS2806/045375
prot ei naceous materials. Polyneric materials may be
cross-1linked or cross-Ilinkable.
Tackifiers, and resins, often as plasticizers and
softeners, for processing in accordance with the 5
present invention, include hgdrocarbons which are
al i phatic, cycloaliphatic, and aromatic, m xed.

al EphBsheA @B ¢ hygsorardans, u ‘
parti aI%y hydr ogenat e‘glgrosi n est ep%f'ﬁ*%%e?gﬁqet%afrylate
paferel yehy dr oayibems momge s wbi,erg yeeictlerr @8i EPDM,
esters, 10 alycerol tall oil ester, maleic-mdified
rosr i, pEnt g’e‘? hr PESF2FBsi (FOBRQIFETSpol RERPemss vinyl
t &S DRNIEST AcRbdARferd, P NGRS uANd doliigmneng, g yang
phenolic nodified terpenas, polyethylene grease, !
> pdyiiapdadetat e, hailpboayloi | scubiedmydi nghpghaf f ideingity

and -napht hi oni c, and 15 styrene-terpene copol yners,
SHOIAIA S G WS SN e DR by Lene

thosesskirdhe&dchbBotiDReBEiL: rubber, isota 4GS olybutene,
individually or fornmulationally, i ch may Bpe _

preieasmpyierscc oaudnpelystirrehe , prigskrttorigivenhj olechi
i ncl ude bgeabwaéé candelilla wax, carnauba, 20 ceresin

wexe SR na® B 5t e ROMYGILEH Shgk e 8% | Ay nfaleated

10 OiisZAGAIGHTS, hhabcSRnsid, | OWgBLegul ar el
‘ p)cﬁ)'clb yﬁyl eane or HDLI\/?/\PE, hydaf oxyst ear ami dem%f%%gggﬁa

washodadedes einadudalgrint divadd Hateoesy s tnalthirad wakber,
ozakerite, paraffin or pﬁ}t r.ol eum wax, polyethyl ene

WaK:"EES Yol YoIEHiIT wEk,  PCE T Wax X UOBGEr cafEifdzed
SRS YR A A A Baaces
pa&Thvieernalonigaahles , r apepobyasbgibean. polybutadiene,
15 polycarbonates, polychloroprene, polyesters including
PET and PBT, pelyisoprene, polynorbornenes,
polysilicates, polyurethane, polyvinylacetate or PVA or
PVAc, polyvinyl alcohol, polyurea, pontianak gum,
rosindinha, sorva, styrene-acrylonitrile, styrene
20 butadiene rubber or SBR, styrene butadiene styrene or
"8BS, styrene ethylené butylene block copolymers,
styrene ethylene propylene block copolymers, styrene-
isoprene rubber or SIR, styrene-isoprene-butadiene
rubber or SIBR, styrene-isoprene-styrene or SIS, vinyl

25 acetate homopolymer, vinyl acetate - vinyl laurate
copolymers, or blends thereof, by way of eéxample.

Masticatory or chewable bases may also include

prolamines, gliadin, horedein, =zein, or similar



27 Hi gh nelt flow polynerics, for

processing in accordance with the present invention

i nclude | ow viscosity nolten polyolef ins an
WORPHE8458%] v i ncl ude pol ypropyl ene and V|nyI|(E’CT"US2"06“""53'75

copol ynmers thereof including 5 ethyl ene, butylene,

cyclic vinylics by way of exanple.

Emul sifiers, colorants, fillers, flavorants,

perfumants, and other additives appropriate to the

formul ati on and known to thege skilled in the art can

be used as desired in accordance with the present 10

| yestd Db ceous materia e tﬁbﬂ}m@fié géﬁeyiﬁgs. y&h%e

clainms follow ng hereafter, and” as used previous
heredss - lxnk@ﬁend@¢dasfﬁmﬂm@ﬂss al | extrudable forns
of a materi al terlal |nclud|n% but naot limted
to 15 nol ter?acgié‘rﬁrmesrtﬁ'l an M SE&EFOr O I Rdeshigtasrs
Nered | @bBreners, for prEHEEBShg b EéCBQEa%BEngﬁﬂ the
that the present invention be ?Iﬁ]te to the specif
5pnm@&ss€s deweritheh, heaacmudéhehﬁdmegﬂwmqpsSWhlch are

d 20 il trat f th I
I s excepiapEat ity oleda ) Arenide Pilea
r@ wa/aﬂo%@addlcy %@%&a&ﬁohgosﬁa%féi echd 'bat.tl?ﬁally

art, |t is not desire limt the Iinvention'to the
(ahﬂﬁrQHﬂHHUaﬁnlnnsxnuiaqnﬁmﬂAonEShuwﬁ amduﬂesmmmuadly

AR, U4 S S SRE, SH re
10 S@RRHolt hacd Mvenbi PNegter, maleic-modified rosin,
pentaerythritol rosin esters, poiyterpenes, terpenes,
a-pinene, b-pinene, and d-limomene, phenolic modified
terpenes, polyethylene grease, polyvinylacetate,
mineral oils including pafaffinic and-naphthionic, and
15 styrene-terpene copolymers, as well as other liguid
plasticizers well known to those gkilled in the art.
Waxes, individually or formulationally, which
may be processed in accordance with the present
inventicn, include beeswax, candelilla wax, carnauba,
20 ceresin wax, China wax, Fischer-Tropsch waxes including
oxidized forms, high density low molecular weight
polyethylene or HDLMWPE, hydroxystearamide wax, japan
wax, lardeceine, 1lignite wax, wmicrocrystalline wax,
‘ozokerite, paraffin.or‘petfoleUﬂ!wax, polyethylene wax,
25 polyolefin wax, rice bran wax, sugarcane wax, and
vegetable waxes including thosge from cancla, coconut,
corn, cottonseed, crambe, linseed, palm, palm kernel,

peanut, rape, or soybean.



28 C ai ns: 1. A nethod for pelletizing materials

whi ch areotherwise 5 difficult to pelletize in a-

pel |l eti zer processing |ine including the steps of )
WOr2807Mi6#0a nelt to be pelletized in a prinmar PGIGEEP06/045375

extruder or the like, pelletizing the nelt into

pellets in a pelletizer having an extrusion die and

drying said pellets in a dryer or the I|ike,

characterized in that, before the step of 10

pelletizing the nelt into peghlets, passing the nelt

through a nelt cool er | ocated upstream of a cooling

extruder to ddie Aaldy b@lgﬂéﬂ%ﬁf %ﬁ%fj%éé’%iﬁbg in

extruder, and Then, passing s
c o@¢¢<‘h@d@x¢¢ ushertht othenc peasenti spersitieomomgenadty low
It and _to further cool the nelt to an

a|fopr opr?Jatt% PENpEPaiF &S HOS A4 uBrehgrably include
Pebb B Zey Rhaiely heedhng Egﬁoﬂﬁlnéré nﬁl‘%?@é.@ Jhnccil.udlng

ext rusi on d|e of the pélletize'.
5c|%ﬁhﬁ%ﬁ¢@b(ﬁuﬂyiene,chacaapevmngmlcaZbyaWayruf example.

pel l eti zi ng p carrieq out in an underwater, hot
face, stranﬁ‘ﬁg‘s&fﬁ%r CPRYAPERY et LERTs, §1am$gants,

Masdirhnatd Al GRE 1dbrdaAl Bads c£D8E AGLIIARA L LEB! phe
t he peIIet|2|ng step is carried out erma
[xﬁqnmukﬁxlon and known to those gkilled in the art can

be used as desired in accordance with the present

10 invention.

The term “melt” as used in the claims
following hereafter, and as used previously herein, is
intended to encompass all extrudable forms of a
material or materials, including but not limited to

15 molten, semi-solid, mixed or ligquid material or

materials.

Further, it is not intended that the present
invention be limited to -the specific procesges
described herein. The foregoing is considered as

20 illustrative only of the principles of the invention.

Further, numerous modifications and changes will
readily occur to those gkilled in the art, it is not
desired to limit the invention to the exact
cbnstruction and operation shown and described, and,

25 accordingly, all suitable modifications and equivalents

may be resorted to, falling within the sdope of the

invention.
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25 4. The method as clained in claim1l, characterized

in that the pelletizing step is carried out in a hot

face pelletizer. 5 The nmethod as clainmed in claiml,

characterized in that said 28 step of fornming a

melt to be pelletized includes filtering the nelt 30

~and pressurizing the nelt 29 sufficiently to ensure
Claipgs passage through the cooling extruder and through

said extrusion die of said pelletizer. 5 6. The

method as claimed in claim1, characterized in that, .
L. afit efed®idd FRl t PRS1pESSEW t Rt bRigit ‘Sai WhiBol rAY otherwise
dirfextruder pethec il tini 8 faridher;cpr gssueizied, andepPasstthing the

t hrough a screen changer before entering said o
stepgxPfust Uiidre df "ehE pel | BB A-1e10299 THE net Redmasy - mixer,
extr&dad med itheCl @i 1, peharaci 8ld zedei metthal nsali §eSt€Ps in a

of formng a nelt to be pelletized includes passin

g .

pell¢hgstp R ERFodgh T diWerfertival 3 | X0 derstly! dpeklats in a
dryeSaicd nedd fifes) t hdaproeessidly lihnecmhgn desiFed.endd step of

0.. The nethod._as, clainmed in claim1l, characterized in
Pelliifingn&ngt Bp! bf ‘DR Ky e REFEIEARr Dyt e CFOMFRge melt
cool@xtIdideled nebudesnthe addbdinmy ofxdheeraliby csensichbVRelt in -

I ngregbesngtiis[d Lgé$lui%% oggtgéderrro,r earsl’(ljldgchferel?deprgss%fngsaégid melt
through the cooling extruder to increase dispersive hombgeneity of

the melt and to further cool the melt to an appropriate temperaturei

~for extrusional pelletization when feeding the melt into said

extrusicn die of the pelletizer.

zZ. The method as claimed in claim 1, characterized in that the .

pelletizing step is carried out in an underwater, hot face, strand

-0r water ring pelletizer.

3. The method as claimed in claim 1, characterized in that the

'pelletizing' step is carrire_d out in an underwater pelletizer.

4. The method as <¢laimed in claim 1, characterized in that the

pelletizing step is carried out in a hot face pelletizer.

. The method as claimed in claim 1, characterized in that said

- step of forming a melt to be pelletized includes filtering the melt

and pressurizing the melt
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20 9. The nethod as clainmed in claim8, characterized

in that said sensitive ingredients may be solid or

liquid and sel ected fron1theﬁg{oup consi sting of

r heol ogi cal "additives, miscibilizing agents,

surfactants, expandi ng agents, catalysts, inhibitors
oIS P 5 OB Do PALEIELS  OUEL L0 PSS ruer ana
throagemss,d eRemealn staveligessy qreladditewves appropriate

to the application for -the materials being

"pelletized. 10. The nmethod as clainmed in claim1, . o
6. Gharacterd zed ¢imirlealt inatﬂeimpéssthgr&nﬂaiineﬁtin that after

t g I LT I asse .
said Ewgggﬂi% %%%%g £ﬂ??§ oggf£lgégfeﬁfd%§%§(%?Hn1g?e melt is
furt@awdpaeaﬁmmgmﬂktﬁudemm@@edaddmﬁnmhalaregmbanlonmmwer before
entef Iy LRTRCLALUIE AN o30: fidaloial¥ing of the melt

fore entering said extrusi e of the pelletizer.
5 11. The -nmethod as clainmed in claim1,

_7[ %@%r%&&%BHZQQ kﬁa&ﬁ@& lHe Qggmpﬁssbﬂgr§@&gﬂg%ghroughat said

through said melt cooler, the melt is passe
step gof | fgmiggt pudertfop bﬁnﬂﬁilﬁﬁxﬁﬁ@ anthpigldeisngassingy the melt
throJc%:]}ﬁ QEth_Qgr@@r Clvéﬂggd 1|nn &c%rt ht:c.‘;l-ldlx‘;M agzﬁﬁﬁ' ﬁ@gtl Rrom the

at, after 10 the nelt has passed through the

Proc?ﬁﬁﬂqgnélé%twﬁﬁﬂﬂdesﬁﬁédnelt is passed through a second

nelt cool er | ocated downstream of said cooling

extruder for additional regulation of the tenperature - o
8. T WEthar #F x¢ I dReCheit befdre2ehteriafy isaithat the step

of i gl ohedi 8 0f theopghl etdZetosling extruder includes the

addition of thermally sensitive ingredients through one or more side

feeders of | said cooling extruder.

9. The method as claimed in claim 3, Chéracterized in that said
sensitive ingredients may be solid or liquid and selected from the
group .consisting of rheological additives, miscibilizing agents,
surfactants, expaﬁding agents, catalysts, inhibitors,Vantioxidénts;
chain extenders, nucleation agénts, flavors, fragrances, colorants,

devolatilizing agents, chemical scavengers, or additives a@propriate

" 0 the applicafion for the materials being pelletized.

10. The method as claimed in claim 1, characterized in that, afﬁer

passing said melt threugh said cooling extruder, the melt is passed’

through & second melt cooler located downstream of said cooling

- extruder for additional requlation of the temperature and
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15 13. The nethod as clained in claim1,
characterized in that, after passing said nelt
“through said cooling extruder, the nelt is passed
t hrough a second nelt cool er Pocat ed downstream of
sai d cooling extruder for additional regulation of

he. tenperature a i nal 20 m xing of
Einal R B R or g Toar dPBRE FoT i AP A 6P L0 hex barIGry #dp, of the
pelléﬂimﬁhe nethod as clained in claim1, characterized

in that said cooling extruder is selected froma

single, twin, nultiple screw, or 25 a ring extruder,

11. pheferdbly aa thhbnstriew@xinuter chadfiteAn zappan atius; before

for elletl%kng1nate ial s which are othergge melt is passed

passi qro sa 1id_ me
ditfi to p tr ' a peIIe 9%er processing
throtghua|fncbud¢xgruﬂeprfnarqhaurxenxamﬁ aml exttider or the
like for formng a nelt to be 30 pelletized, a
pel | eti zer having an extrusion die, a drying

12, Corrporidmd, apreﬂenablwiaCdemmrliug@manﬂqyemiza@din that, after

~The gy%grlpggsdﬁln th Hugﬁ§ ollkgrgxgﬂgiﬁhethelﬁé$% is passed

aracteri ze t a COO I'ng ext er processes
throwm danekronrd imméteaselehe ldicsped sidpgnhbrogenelft yadfl cooling
extr&&g% nF&E %Hglifbﬂéﬁﬂ régﬁi£P§BB té% apygs tégﬁffature and final

appropriate tenperature for extrusional etization
niximef gfe i r dbct itmforat cesairdnext vaisl oﬁxm@sxﬁn tHee of the
pel1dellgtizer, and a nmelt cooler is |ocated upstream of

sald cool ing extruder to cool said

13. ,The method as claimed in claim 1, characterized in that, after

"passing said melt through said cooling extruder, the melt is passed

thrbugh a second melt cooler located downstream of said coeling
extruder for additional regulation of the température and final
mixing of the melt before entering said extrusion die of the

pelletizer.

14. The method as claimed in claim- 1, characterized inrthat said
cooling extruder is selected from a single, twin, multiple screw; or

a ring extruder, preferably a twin screw extruder.

15. An apparatus for pellétizing‘rmatErials which are otherwise
difficult to pelletize in a pelletizer processing line including a
primdry mixer and an extruder cr the like for forming & melt to be

pelletized, a pelletizer having an extrusion die, a drving

component, preferakly a centrifugal dryer, and abpropriate piping,

’ pumps; filters and the = like, characterized in that a cooling

extruder processes said melt to increase the dispersive homogeneity

of the melt and to cocol the melt to an -
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5 nmelt in advance of said cooling extruder. 16. The

apparatus as clainmed in claim15, characterized in

that the pelletizer is an u rwat er, hot face,

strand or water ring pelletiizer. 17. The apparatus -

as claimed in claim15, characterized in that the
apprd2liLeLl Z&I L8 QuHQdekﬁ@te%xE§&%f%A:@r-pe %ﬂﬁ§8tib§ before

ébparatus as clarnmed in claim15, characterized in
intrddvat ivheiped | stiderxtirsisaohotiifacé pet |eedladizes, and a melt
coole'rlgis-rhfoc?épc%%r ‘ﬂpqsscr%‘zimdd@' q_d' r}:o%ll_@h!y %étruder to cool said

Characterized 1'n that said processing |ine Includes

‘melt dmeadranet e pyaps sedfing entridepressurize the nelt .

to ensure its passage through the cooling extruder
and through said extrusion die of said pelletizer. 10
16. 2BeTherapparatags casieediimedliontclai ghEgacterized in that the
pellectllzaéécn?g' Zaﬁp 'u%d%?@étéﬂ' d_h%ﬁ:00§§§é,ng 5Jt|rﬁﬁd| NGt udgser ring
one-or nore punps after said cooling extruder to
pellatizeher pressurize said nelt before entering said
extrusion die of the pelletizer. 15 21. The apparatus

as claimed in claim15, characterized in that )
17. The apparatus as c¢laimed in claim 15, characterized in that the

pelletizer is an underwater pelletizer.
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said processing line includes a diverter valve in
advance of saidcooling extruder to divert the nelt
fromthe processing |line when desired. 20 22, The
apparatus as clained in cl ai'tn 15, characterized in
that said cooling extruder includes one or nore side
feeders for ‘the addiiti gn; of one nore thermally,
1o oERS T ToeS Al Buranibe Sou 1 Da ATt A ek AP hete et the
pelletadan 22, achatr aticer pgetetivdhat 25 said sensitive
ingredients may be solid or liquid and sel ected from
"the group consisting of rheol ogi cal additives,

-19. mMBE bidpazehgs agent$aised f &ct ahi vy EXxpacch mgtagents, in that

. .catal ysts, inhibitor 32 _
2210 HiPSkT an s chai nexUaRder s HucPBatTgRagkiES 1 PavbIgi =™ o
presfusigreantes, nedkorant spsdevoliatsi | pzdswgeageimt@igh  the cooling
Shem cal scavengers, I.tlyes, ARQRLap {0 the
e B SRS R e o b B oA
24. The apparatus as clained in claim15,

characteri i n.that.sajd. progessing |ine jnclL . :
20. COMAGORLHEE Rl DAL AR LPrOCESF g LTl nskudes & e
saidagdbedsgriab dégal at¢brdagf ange ovameripabumps after said cooling

extruder  to further préssufize said melt before entering said

extrusion die of the pelletizer.

21. The apparatus as claimed in claim 15, characterized in that
said processing line includes a diverter valve in advance of said
cooling extruder to divert the melt from the processing line when

desired.

22. The apparatus as claimed: in claim 15, characterized in that

sald cooling extruder includes one or more =side feeders for the

addition of one or more thermally sensitive ingredients.

23. The apparatus as claimed in claim 22, characterized in that
said sensitive ingredients may be solid or liquid. and selected from
the group cthisting of rheclogical additives, miscibilizing agents, ﬂ

surfactants,'eXpanding agents, catalysts, ihhibitbrs,
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10 tenperature and final mxing before entering said
extrusion die of the pelletizer. 25. The apparatus
as claimed in claim15, characterized in-that said
.processing line includes a TTrst extruder positioned
upstrean1of 15 said nelt cooler, said nelt passing
%gh sald flrst extrgder for shea% m Xin en@

antlox hilte)y! flavors
}f ng'before paSS|ng DHREY said VOEE,

tool &
fragﬂi&nﬁﬁnﬁﬂdﬁdranas cbavnﬁmtllnzﬂmm|ng%5pschahami@51ZE@bvengers,
i.n. that said roceSS|n I|ne hncl udes S
or a%%%fr or after “BAHH 20 Cool Epé}( Fuder f%or%é
pelleegaddati on of the naterlal tenperature and fi nal
m xi ng before entering said extrusion die of the
pelletizer. 27. The apparatus as clained in claim ‘
24. 1Fhechmractens zed ichafhed 286 sabdnplbcessimgytierneed in that

ad ?Eerlﬁls belng_

'saidggﬁkg g?lﬁ%s%gggd ﬂﬁh_d%90|§rs§LE§5 ?%lq C&thgg ?fter said

ititonal regulation o he materi a
cool itenpegdtcerandofti naddditXpngl befeyel drer i v sdihg material
temp &S QRgdieen 9l D P SEd 287130 28- s Ihe 'sAbHSdie of
empof C |rr115,,n %arac?@flzeéh%h {hatlsglﬁ coo |ngf e e
the padtherderris a single, twin, nultiple screw, or a r|ng
- . extruder, preferably a twin screw extruder. 32a

"25. The apparatus as claimed in claim 15, characterized in that said

.processing line includes a first extruder positioned upstream of

said melt cooler, said melt passing through said first extruder for

shear mixing and mélting before passing into said melt cooler.

26. The apparatus as claimed in blaim 25, characterized in that
said processing lire includes a second melt cooler after said
cooling ext:udef for additional = regulation of the material
temperature and final mixing beéfore entering said extrusion die of

the pelletizer.

- 27. . The épparatus AS'cléiméd‘in claim 15, characterized in that

said processing line includes a second melt cooler after said-

cooling _extruder for additional regulation of the material

‘temperature - and finai mixing before éntering said extrusion die of

‘the pelletizer.

28. The apparatus. of claim 15, characterized in that said cooling
extruder is a single, twin, multiple screw, or a ring extruder,

preferably a twin screw extruder.



29.

29. The apparatus as clained in clainms 15, and 24

t 027, characterized in that said nelt cooler is a
coil-type, scrape wall, plate and frame, or a shel
and tube design with or Wit htAit static 5.mixers, or a
U style tube design with or without static m xers,

preferably a shell and tube design, and mgre _
D ot AP aoEnel | 2 And IHBE desh on VAR ofri cand 24 co27,

charptkeriszed in that said melt cooler is a coil-type, scrape wall,

plate and frame, or a shell and tube design with or without static

mixers, or a U-style tube design with or without static mixers,

preferably a shell and tube design, and more preferably a shell and

tube design with static mixers.



