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The present invention relates to a pol yner processing apparatus and 10

met hod for nelting a polymer and then transporting the nelted polyner to a

poi nt of use, such as an injection nold, an extrusion die, or
the like. Mre specifically, the present invention relates to a
pol ymer processing apparatus and nmethod in whi ch m crowave
energy is used to acconplish nelting in one chanber and

transport of the nmeMEIREIVARE RROSCESSING SYSTEM FORRODBNYMERS f rom

anot her 15 i ndependent |y pressurizabl e chanber.
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PCT/ US97/ 17398pite of their widespread and divergent uses, most polymeric articles are formed

using generally similar processing techniques. In a typical molding process, for
example, a polymer resin is provided in a solid, pelletized form. The polymer resin
pellets are initially melted or softened, and then the melted or softened material 1s

25 brought into contact with an extrusion die or mold in which the polymer assumes
the molded or extruded form of the intended article.

With respect to injection molding, cycle time refers collectively to
the period of time it takes to first melt a given charge of polymer resin, then to
transport the molten polymer into a mold, then to allow the melt to soltdify in the

30 mold to form the molded article, and finally to open the mold and remove the
molded article. Faster cycle times are generally desired, because a higher output of
molded articles can be produced per unit of time.

| One factor affecting cycle time concerns the technique which is used
to accomplish melting of the polymér material. With some melting approaches, the

35 time required for melting is relatively long, thus adversely affecting cycle time.



Addi tionally, some nelting approaches do not use energy efficiently,
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t her mal used to transport the melted polymer from the melting chamber to tBe injection

WO 98414314 . . .

PCT/ %@97 117 39é'nold or extrusion die. It would be desirable to provide an approach which
accomplishes transport faster so that cycle time could be reduced. It would also be
desirable if such an approach required less complex, less expensive machinery so

that the costs of transporting the polymer melt could be reduced.

25 SUMMARY OF THE INVENTION

The present invention advantageously provides polymer processing
systems and methods which use microwave energy to achieve extremely rapid,
efficient melting and/or softening of polymer materials. An important advantage of

30 microwave heating is the ability to heat polymer material volumetrically. That is,
heat is transferred to the material throughout its cross-section by radiation rather

than by thermal conduction. The rate of heat transfer is not limited by the thermal



conductivity of the material being heated, thus heat transfer occurs nuch
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20 Preferred embodiments of the present invention involve conveying a

3

continuous flow of polymer material through a conduit that not only serves as a
passage for the polymer, but also serves as a single mode microwave cavity in
which microwave energy is propagated along a path that substantially coincides
with the path taken by the polymer being conveyed. Thus, the polymer flows

25 through the conduit in the region where the electronic field, and hence heating
efficiency, is at a maximum. Accordingly, this approach provides faster, more
efficient, more flexible polymer melting capabilities. For example, both polar and
nonpolar polymers may be quickly and continuously melted using the approach of
the present invention. In contrast, many polymers, especially nonpolar polymers,

30 are often difficult to melt with microwaves in a reasonable amount of time in a

continuous process that involves conveying the polymer through a multimode
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polymer is hen transported fromthe nmetering chanber to a

poi nt of use. distribution is suff iciently uniform so that pplyane bheriing sp ether degradgicesient

I nvention relates to, an apparatus 25 capabl e of using m crowave

enerbsy to proé@%‘éf %Olﬂéﬁposi tion corrpri sing at | east one

nmel t abl e pol yner. The agl;é)ar at us es.an eL ectrltca % ngﬁc |Ye housi ng
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cavity, the charge can be i1rradi n crowave ener gy
under conditi polynetf dctharge tmnpmﬂmgii{bcomposxtldnhetraﬁmdmd inté ac&mfgem isin
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gCT J %%97 / 17393'@ cav%y,]tﬁe cﬂarge is irradiated with microwave energy under conditions

effective to melt the polymer. The melted polymer is then transported from the
cavity to an independently pressurizable metering chamber. The melted polymer is
then transported from the metering chamber to a point of use.
In another aspect, the present invention relates to an apparatus
25 capable of using microwave energy to process a composition comprising at least
one meltable polymer. The apparatus includes an electrically conductive housing
defining a microwave processing cavity. A microwave energy source is
operationally coupled to the cavity such that, while the charge is in the cavity, the
charge can be irradiated with microwave energy under conditions effective to melt
30 the polymer. A chamber is in fluid communication with the cavity such that the
melted polymer can be transported from the cavity to the chamber. A transport



mechanismis operationally coupled to the chanber in a manner such that

nel ted polymer in the chanber can be transported to a point of
use. WO 98/14314 . I'n anot her aspect, the prePaWUSIMEL? i on
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3 re;‘f@t&%ylééﬂadcavi as the rotatable member rotates, and wherein the one cavity
PCT/ US97/ 17399 chanmber 1s injected into a nold conprising an
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o L PLOCeSS AR o 5 R by SRt OO Bl BB Pb by o
to apsappar at ugbiahtiRllyX56R&] Pelymer resin. A charge comprising a substantially unmelted
polymer resin is delivered to the cavity in the delivery position. The charge held in
the cavity disposed in the irradiating position is irradiated with an amount of
microwave energy sufficient to melt substantially all of the polymer resin of said
charge. At least a portion of the charge held in the cavity in the transport position
30 1s transported to a metering chamber such that said cavity is cgpable of recetving an

additional charge comprising a polymer resin. The charge from the metering



a conposition conprising at |east one neltable polyner. The apparatus
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under st ood by rofabiemembedcomhpriing heavitgfotesidihghichargefof e composition. A
enbodi ment of the invention taken in conjunction with the acconpanying
drawi ngs, wher@icipwave energy source is operationally coupleddo the ¢ayity syelhthahthecharge
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one enbodi nent o e present 1 nv

is a side sectwitinthe cavitys®that the dharde qihdeasmispertedirémutbedavity tbhke metering
enbodi nent of Fig. 2 in which a cavity is shown in the irradiating
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posi tion; chamber. A first transport mechanipings ogerpongllyipgsitoned ithglapparatusof

t he hopper and L, progcessin nit 30 . of, the enbodi nent of Fig. 2
i whteh a cagei i Helih FeiBotaneabnivey i cprale Pbiansporing the Chage fom

6 tmn%ge!rijnﬁ%%mber to a point of use.

PCT/ US97/ 17399 Fig. 5is a side sectional view
of thé transfer cylinder, injection mechani sm and nain
processing unit of the enbodi nent of Fiﬁ. 2 in which a cavity
is shown in the transport BBIEFIEESCRIPTION OF THE DRAWINGS Fig. 6is a
si de sectional view of a polymer processing apparatus 5 accordi ng
to an alternative enbodiTiIbové-niditioRtd akdbthenRRAIreOad &\ntages of this

Fig. 7 is a side sectional view of a polynmer processing apparatus

accordi ng to anvemtioay and theenanmoondf attaiming ftherhevidk sente morecapparsnt and the

20 invention will be better understood by reference to the following description of an

embodiment of the invention taken in conjunction with the accompanying
drawings, wherein:

Fig. 1 is a schematic representation of a system for melting polymers
according to the present invention;

25 Fig. 2 is a perspective schematic view of a polymer processing

apparatus according to one embodiment of the present invention;

Fig. 3 is a side sectional view of the main processing unit used in the
embodiment of Fig. 2 in which a cavity is shown in the irradiating position;

Fig. 4 is a side sectional view of the hopper and main processing unit

30 of the embodiment of Fig. 2 in which a cavity is shown in the delivery position;
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various aspects of the present invention will now be described
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Advant ageousl y, e variety o ernosettl

thermopl astic pol ymer r &sg.rsislandesectiond viaw bflblpelyintdr protedsing apparagdsr usi on
can be processed usi ng system 10, al though the use of
t her mopl ast i cacrerding4p njalternative embodiment fithsrurgsept etventier for i nj ecti on

nmol di ng applications. Exanples of such t her nopl asti c and/ or
therm)settlng mat eri als suitable |nthe practice of the resent 25
i nvention include pol yetREIAEEDIRESERIBIT@NSOF JAIE & TEMNyester; a

copolymer conpri si ng but adi ene and styr ene; a copol yner
conprising acrylonitril ghelitiacd &pects of the ﬁ)resent invenfitn i)l mRRebé A8kvribed
pol yur et hane; vinyl resin such as polyvinyl chloride; polyam de

(such as the wathi reffzsem tyéhtt pstipelst ermbpdifrantsef the pa@enwyuvmtmn) shoe\rmwy

resin, c resi I e deimd

vt cani zed r uFigsr & tioPRR Mot evai tﬂgsﬁl%oﬁlmems ﬁﬁa@a?%ﬁé?ow RGP iignded to
pot Yol &1 NS SHERxRERROL K1 B AANOIRENI) Brife ofhs BUCAEE in the
fluoride; acrylic resin such as po acry ate; polysul fones,
acet B resin; following detailed des@iptiogi m de reS| n, cellulosic resin; ketone
based resin; liquid crystal polynmner;

7 WO 98/ 14Fig lisa schematic representation of a polymer processing system
PCTI US97/ 1739

nexf or mal dehyde .res ycarb
Vot hor s a8 ingogepralins 1 RIEE of tha present M paadn, Seheerh 104S BAdptoftc”
pol yret hyl penh{%@e‘] tyh a
resin; sulfone-bas f Hrlgsclioﬁnﬂrﬁ r%galtr%g%lk })“rgé;btglﬁ'ereo%‘?r1 8tb%p&ﬁl\;e?a{elr}3°“éﬁ
descri ption opolymer to a point cFug114,66hidh ,mziéﬁﬂa the cavity &F @binj&tiohiansldoak,
edited by Modem Pl astics, MG aw Hill Inc., 1994.

Gene?@l |y, rekxtrisien giepor the liks! mmasmhlyas vide yetiety lof etrermoseiting and

thermoplastic polymer resins known to be suitable for molding or extrusion can be

processed using system 10, although the use of thermoplastic materials is
commonly preferred for injection molding applications. Examples of such
thermoplastic and/or thermosetting materials suitable in the practice of the present

25 invention include polyethylene; polypropylene; polyether; polyester; a copolymer
comprising butadiene and styrene; a copolymer comprising acrylonitrile, butadiene,
and styrene (ABS); polyurethane; vinyl resin such as polyvinyl chloride; polyamide
(such as the various polyamide resins referred to as “nylons™); epoxy resin,
phenolic resin; polyimides; polyamideimides; vulcanized rubbers (synthetic and

30 natural); fluorinated polyolefins such as polytetrafluoroethylene and polyvinyldene
fluoride; acrylic resin such as polymethyimethacrylate; polysulfones, acetal resin;

bismaleimide resin; cellulosic resin; ketone based resin; liquid crystal polymer;



pol yam de, pol yurethane, epoxy, polyimde, vulcanized rubber, ABS, and the

i ke, tend to absorb enough m crowave energy by thensel ves so
that mcr ting _ can be acconplished w tlkl_o‘zﬁ §39¢se of
m cr omve%g!?ﬁ‘gﬂabsor bing additives. On 10 t he ot her aSnJHB

relatively nonpo] ar. I uch.as pol vol efins ol.yest er

pol ystyrene, h&‘ﬁ%’ﬂ%’gje‘%"ngg% ﬁsérr‘reo,d%bc@?[wer 8?13'8@?8&'%%oéh‘g,pogquﬂler}eesi n,
styrenic in such 25 PdlymetRflflerittife; hitkifs rebMPbSIFhhthabimiBO silbonk ek alues
absorb signifi rceglrxlltsugrroag’t%sﬁzﬁl%nge ’ rerri g?o]\?\’gve enelr gySl Asn a resurl t,

i rradi ati ng sumRinmatkonabasedirédin cosibinatomewlzareof, and the like. Forardesgyptimyofnot
be effective to achieve the desired nelting or softening of such 15 _ .
nonpol ar mat er sughgesing.csec- BgPlasties Hardheoks edited byt MaderaRlastigs nMeGrmpwtEill,
pol yney resin, or resins, are conbined with an effective
anmpunt” of a m H}covea?\% absor bi ng additive, or "sensitizer" as
such materials are refergRdetayiR1itH i I h MdkanGsaus! y,
such an additive will abg%rg ’croml/a\gl e("naerrpé)ﬂm?/\r/ﬁls%% %Se%%gqtﬁe ’

addi tive. Suchptigamide; polyearethide] emdxyy pblymnigtevuleshized rubber) AHE) laad thxolilarer
resin, 20 causing the polymer resin to nelt or soften as desired.

When the addi t tepd tp @bsorb enough microwswe geatgy by themselves iso thas thictovwaygmgiting he -

bul k vol une of th ol r his heat : transfer. .is trenme

r api d. can be gcco%nrﬁlsheé without t$ﬁ QS%P%W&K,&W@V%%%P‘PF@@M iaﬁé\;lé(es. b}(
genergily may lyi . QL r*
conbi ﬁdat i on of B%u% é(rcl’ga%gb%%%{svel anpoéllg loéar&p ]y%ég%%h%@éﬁlemeHgggﬁd bei ng
heated by micr pM\?h‘@rdﬁI&,ehi@M P actipadytyiroed, pelytetraffuansetien ére) gllyiresin egrehgnt
heat energy to the polyner nmaterial to be processed. Such additives can be
organic resin, and thy like; dymaeatiydlo i@t dathemsabyesrabsenbsogmiicantamdyats of
nmononeric, oligoneric, or ) pol yneri c. aml.es of .
representat i veg‘ﬂ?r&?’&é@ BF SHat S r&?‘élt’éﬁia‘?‘gm‘%s‘fcérmﬁggééé" ith just microwave

m crowave absophl [ | ' td S an
30 et By oL b ELARICH By I RklrE) NGl SR JraloR
retartiants of hbéspdlad@atesiald. iAtcordingly, it is preferfedithdt 209 BDEIShénpiar, polymer
ultraviolet Iight absorbing materials comonly used I n paint

8 rasm, 98 rasass] are combined with an effective amount of a microwave absorbing
PCT/ US97/ 17399 ... « .. cpnposjtions,, netal hydroxi,des such as
Mg( OH) 2, ot her 2HHEYV G sensiizeg %?i%‘l‘fhé%ate“éls are reke"%qodﬁgﬁaé?r] H err] O and

S H MR ATt : : oH ! ?
:Pc%glr ;]1 g?n.r alé?yalgt%%%%ussﬁe h%r%{( J cflﬁfv@&vilpa@s%}@{rﬁcrﬁwgg Elﬁ{ KERICH heSS U S

ated am nes such as e ol am ne;
al kyl ene additive. Sgtlyhedt $s the tHeemaHy Yransfemed toihealohfolal pulyfiel essitl, ar
wei ght pol ar pol yners and 5 ol i goners having a wel ght average

mol ec2® ar wei gheusing theepolameraesin somediorisofiewegdesired. When the adddtveds
polyethylene dhicel cand B LG L concl  cTpa Loz o lese ante
transfer is extremely rapid.
The microwave absorbing additive generally may be any solid or
liquid polar compound or combination of such compounds capable of absorbing
25 and being heated by microwave energy and then thermally transferring the resultant
heat energy to the polymer material to be processed. Such additives can be organic
or inorganic. Organic polar compounds may be monomeric, oligomeric, or
polymeric. Examples of representative classes of materials suitable for use as a
microwave absorbing additive include any material known to function as an -
30 antistatic agent, carbon fibers, metal powder, color retardants of the type used in

paint compositions, ultraviolet light absorbing materials commonly used in paint



particularly preferred. Choosi ng an appropriate
anount of the m crowave absorbing 10 additive will depend upon a

vari ety wfo$smBpr s such as the polyner resin being PCT/USO Y 3¥essed,
the identity of the additive being used, the m crowave frequency, the

power out put doawfsititins} Metalhgdowiies secteaglygtOH)s thatliflorghfic sakt€ sudhnas

sel ecting an appropri ate anount of the m crowave absorbing
addi tive, endtafOefl:ChandMiSQeH,0; fatty acids; fatty ashbedterspeategrdlycesyl astersy t he
pol ymer resin _such that substan%iq%‘lly conplete 15 mel ti n%, or the
desi red degr edciols gmides; gginess hygroxylatgdamigeysuchasesghanofarigg; alkyleng of

the m crowave_,absor bj dditive we to. be use anJd.nsufficie gree of
el ting or s eIy Rs PSRt le Behohtiy et o pbiite 820 ° e
physiscal propgy; s ﬁﬁvihg% v(réigh'd év%?écgef}ﬂbbéﬁﬁ&f weftht iftHR ARYe R8m 20 §000
Additionally, 1T too nuch of The additive were to be used; too nuch heat

“may be 20 such as pobjetisiaieagiyathiant poiyyirtyl dizgheld eombinations bhithepohrydithe.
Generally, using 0.01 to about 20, preferably 0.01 to about

5, parts by wéieghfordpod geadgqupdycip FiaA-approvsd additives such as Mg(OHyy ajgei ght  of
the polyner reaﬂ'.nlvwful dfbe d$uitabl e in the practice of the present
i nvention,  Partcuiarly preierred. The mi crowave absorbing additive can

be incorporated into fe 2n iafeinddht GE R Y S8 ke MBNNET .
For exanple, if the agEoddng 2 NG il 8P e ffbrod R Boftlhe e of 1t he

pol i®er and | adghitivk wﬁhdé;mn'dmpentawdnieqdﬁfﬁhmg&nmmh asthopelgmet eesepbding he
pellets with the liquid, Alternatively, if the additive is a solid, then
t he additi ve RfAeessed, the identity of the addibye pamg usess the ruerpyrysdeaquentyethfer to

achi eve a honpgeneous adm,xt.ure of t he ingredjents.. The use
of ' of oviave AT gy RHOBTEhCh A STRATD VL SRR PyHgt A0 the He I E1dsing
8‘3' ymer resi nﬁ)p{l‘/%)@%? %ﬁ%ﬁ{joﬂhk P A SorBilGY it oRESEh JEME AR N
PCT/ US97/ 1739%hould be combined withhegdiym&aesingueh thatsihstdidially Nomplete 288, 399;
4, 360, 607; 4, 400, 483; 4,840, 758; and . 5,446, 270. _
Systlém 10 genmekiingy ot theplesseddegree pEsoftanangs oftheoissinas aehevadhriésembilg of
by mcrowave gavity 16 in which d 12 is .nelted using m crowave .ener gy,
and a8 B MicloyinphabitE iR RRr B S ROl SRR ER T eey | s
pressuri zed fﬂ@ltﬁl%ad}%%fnin\%sm% occur. On thé BtHRPhAd, Of tddSRudiths ulbll She
"mul tistage" approach allo crowave nelting to occur.
relatively | ophysicabptopertiegrofalid seseltamipolymery drticle aoasta ingpdired. of mi cr onwave
cavity . lo relative to a single-stage systemin which nmcrowave
mel ti ng and phddigienabiniif the much of the additive were to be used, too much heat may be
20 generated which might degrade or burn the polymer. Generally, using 0.01 to

about 20, preferably 0.01 to about 5, parts by weight of the additive per 100 parts

by weight of the polymer resin would be suitable in the practice of the present

invention.

The microwave absorbing additive can be incorporated into feed 12
25 in any desired, convenient manner. For example, if the additive is a liquid, then

pellets of the polymer and liquid can be “pre-tumbled™ together in order to coat the

pellets with the liquid. Alternatively, if the additive is a solid, then the additive and

the polymer may be compounded together to achieve a homogeneous admixture of

the ingredients. The use of microwave energy absorbing additives to allow

30 nonpolar polymer resins to be heated with microwave energy has been described in



for transport occur in the mcrowave cavity. 10

M crowave cavity 16 is generally defined by walls fornmed from

el ectri cajypwgfigiiguct i ve material (s) that electrically shielpg e, A% tY,

t her eby ' substantially preventing m crowaves fromescaping from
m crowave cavi 6 Repy tati X 0

materials ar e%% RGeS ket Nes 21%3%1%%?{ %éég%ﬁ 2%6’%3 582&9?8 and
corrosion-resissfagt7onet al s, netal alloys, internmetallic conpositions,

conbi nations 15 of these, and the like. Preferred exanples of such
material s include al um System 10 generally comprisesi fireStaget FperatioRREpreséht&t cast
zinc, conbinaLions of these, and the like. . )

M crowave cavPYyIeRWays cauite] ¢ Hewhichdeed) i 2 iswalktediising microwsaaeiensrgy, and a

Sheai T1c bl cobseomy SR Spbiigh b2 8 SUHC Ha ol B & PR BEsd o Erhe 0
cavity. The 2@, point of use ltgo?:ﬁsé PaultRtdhe” SpHAUsH V\gf\;(givg %ﬂdgﬁﬁwoafw pﬁ%ﬁﬁ?&) s er nal

geonetry of the cavity an

el ect r omagnet atretmaebyiowprelsups, epagiatsaaphfyidy the LBRstARYioh bf ricrowave cavity

mul ti-node cavity generally refers to a mcrowave cavity that is relatively
| ar ge 16 relabiygtpon singletstraeystapial velrigh micowave moslbng aehpregsurizatioh as, °
for exanpl e, 2 old m crowave oven. A multi-node .

. h
m cr owave cavi ¥V ERYE QFFYT 1R ou%?%gw%e ¢avity. — nultiple node patterns
whicfotend to be SommMicfm%vgfg?g%%&{eHl& deffiled bP' walls farmed framSt rength

t hroughout a multi-node cavity, th s typicalty random an
difficult electrically conduztioe niaterial(syVian eBtrichllpbisiel the B8dtC therébyd

mul ti-node cavity, heating uniformty _ can be inproved by
const ant not i 8¥Pstanially preyignting mieromeaverfrom espapimmfroni miicrowave cavity 16,

In contrast, singl.e.node m,crowave cavity ref to a smaller cavity 30
that is capab?eep%ers ta%%%?)fmeso?ﬁl\acg n%ﬁ‘?f&%"‘%é’f’&%@??"ﬁé’at anghinelids” whi ch

tends corrosionr&si ¥t Hétils Rk erloﬁpglté?ﬁ"n%gahﬁé @%Sosimﬁsn PBbiLligls are
heated in a singl e-node ?

10 15 of thé&, 384 1HSIike. Preferred examples of such materials include aluminum,

PCT/ US97/ 17399 cavity, good heating uniformty results

wi t hout requi PRHYess stest. sapperodiconast zige.teambomations of these, and thetiket i rri ng of

the material being procgssed. As c red, to.a nmulti-node cavity, X
heating is significantl lﬁf)or%avﬁﬁia?’%ﬁgﬁﬁhb%ﬁ@?eéra spele sdegnicrowayesganiyy

mode cavity. oramulti-mode micPowdte %fvﬁﬁt é.s%sﬂgd.gﬂlgrtg{rﬁ?s%He’i’ PRt gﬂ.ﬂe ?Or Use

single node m crowave cavity is g y nore suita

in a conti nuospechioeestsorqsgretit icldpataph that Hevelops inside a micrGBRUaFRRL Thef

the present invention described below in connection with Figs. 6

and 3, and amMPgEPRttens| 18 saverResNmanihihyt theiisterpehgeanttyy obthe cavity ard thef or
rocess . .(see for .exanple the enpbodi ment of the

use in a tC . |
present i nvenﬁaﬁﬂeﬁ%tgc"??%"eae&mmag“et‘g energy iyhich prppagatse Mithghthgicemity §s.

2-95). multi-mode cavity generally refers to a microwave cavity that is relatively large
compared to the wavelength of microwave energy, such as, for example, a
household microwave oven. A multi-mode microwave cavity generally contains

25 multiple mode patterns which tend to be somewhat random. The electric field
strength throughout a multi-mode cavity, therefore, is typically random and difficult
to control. When materials are heated in a multi-mode cavity, heating uniformity
can be improved by constant motion, agitation, or stirring of the material.

In contrast, a single mode microwave cavity refers to a smaller cavity

30 that is capable of supporting only a single well-defined mode pattern which tends

to be very regular and predictable. When materials are heated in a single-mode

10



10 M crowave cavity 16 can be provided wth any
sui tabl e shape and di nensi ons. The precise configuration of
m cr owavewodsi4y416 will depend upon a vari et yorfusOae1399 S

i ncluding, for exanple, the frequency of the m crowave energy,

the resi dencecdvityegéhédtRg untford kP fE¥ults Bvitidlut teafirindhenitiht fdtiohy agifatios,

i nt ended for multinode or single node operation, whether
cavity 16 is omdtendgaf tlor mbmtiehbeibg processedandls compareddos multiermsde nayityand
the like. Preferred m crowave cavitjes 16 of .the ) ) i nvention,
nonet hel ess, B§AINBA%Sieatranily mose upiform and spsianigsentrpbina siegleypodeasavats | v-

shaped cavitigs r t] . il -QVil iLth di nensi.ons effective
o Bt S R, PP e BB D Sl
by migrowave saiék4lB more suitable for udBinSPedtinuuP B sEY N QBB Mhe
disstribution 1n m crowave cavity 16. Dependi ng 20 upon the node
of oper ati on, embediover=esf the prdsentanvertpet dedcabahioel bWwen lcomgctiod iwith Figs. 6

axis of such cyl]indrically-shaped cavities, .generally perpendicular to such
axis, or and 7), and agpulfirmaldgnicre wave eayity,is genesallyyasre sutable for use in a

In particul ar| referred enbodi nents of, the pr nt i nvention .

i cr onave cav?%?g)gfaoclegs @ﬁ? ?‘?{cﬁ’ﬁa@g’% egi"Pé’ﬁiémS%dﬁﬁ © pESERtdnYeop feseriRRdde a
single 25 below in JORASHRALRE Rigthb gy, pl aces the electric field parall el
to the axis of the cavity. The material being heated is then
conviyed through the caMicsowavelcaney Wb thn bheravide! with any suitable shape adectri c

field in order. to achi eve the maxi num heating efficiency. Even nore
preferably, id@imanggnst Bhe precise conpayration ohaueromgve eavitr Hawdkbdepend upon a

lindrically-sh o i ngl ‘ ity of th
o esont | nvenTHE ALEI9S kg fonSTRTER, fredtavency ST HE migals pigd at i on

i\/\?) ‘é"g} ?.23?4pe€% resi@edde timé r&luttedXd 8o lishRelGREwhetAX vty 16N€intended

PCT/ US97/ 1739br multimode or singlemoidé ypedatibn anhéther cavitak 6fiointendgddor batohl us

about_the center axis. The electric _ fields in both peaks thus
are Paral | el ang eqmsintens erocgssing, @nd theeliks:| Preferracomicsawiyscavities 16 of the

As an option,.at least a.pprtion and, preferabl.y,substantjally all of the
Mhterior sor tuskutich HongeBfest Py MRS A SVt R hdthte, Y incEioalutve

cavity 16 5 ghaped _cavitieﬁf:ﬁl ﬁé‘;éiétﬁ};mds}{y bESVIGEE WHE dPReddidis dﬁfecki@é‘% a

portion of the radiant heat energ generate ring polyner
melting is refdsendtedt thedkequehey of the avanosvaye \entigy sapplied by microwave soureé der
to pronote nore effective nelting of the polynmer resin(s) bei 28 processed.
The interior 5359 agtaspwmatpeversgiergy distribyitign én priefosvaypcgvigsl ¢.ePepending as
praciq cal ciyscunst ances al |l ow. A{Sthouhasrf e, canngt be
too(‘irdef | ecti vePTh %raoiieegﬂgﬁeg%fonigucmwaves can %p@ﬁg%qtpqlgféngﬁ% g’“iggugmlagvel
of reflectivi gﬂ [RTo5 10 i : i in
per formance oﬁiser ed&ggc%g ﬁ? ? ﬁ%dp?%:?\g@g%?ﬁ?eraﬂy P gr#)leg%ltc Pl\# {EH;&{E‘#‘A}??A]&
charact eri sti stsam@gleed sychsixisf ¥s déredxt ra cost of attaining such

i nprovenent . ) Advant ageously, using the

conmbi nati on of both m clopaieulerspgsferred embodiments efthe pe¢sentinyentianyi ant

id h bet. | 1.i f th i 15. .
o or or e enoTigToRARR Savibil § [y lindiod S dramt GRA ot S HBI OB RroXide asingls
proogssed.  mode pattern whith pPatRi B efele AR RN R4 36 t&oaxysf&ewﬁp%hm't
MR ust mC 3 ess

upon irradiation rowave ener gy one u

relatively | amgterialidsinigtHeatedd$ then Fobve)ed\tRroRBR 118 cavity in line with the A& d¥dng
additive is blended with, or otherw se incorporated into, the non-pol ar
pol ynmer. Howeeleetricufkedd in beler trt anhiave theinfaxeoesmdieating efficiereyaEyen avorey wal | s
are 20 hjghly refl ect Lve such that both m crowave enerf;y and

y—

refl ect ed r adPEtra er?FdS’F'@ further optimize heating performance, a cylindrically-shaped,
single mode microwave cavity of the present invention has the so-called TMog

30 mode configuration in which a peak electric field exists at the center axis of the

11



used to acconplish nelting, many kinds of non-polar polyners can be nelted
wth | esser quantities of such additives. In sone instances,

t he anmobuniyog/ sl ect ed radi ant energy is suf fpquyw/kmggreat
so that the presence of microwave energy absorbing additives

can be avoi ded, ﬁg LQURLRGther ?)éak forming an annulus about the centeda%ist 184K known
in the art can used to pfovide the 1nterior surfaces of

t he ni crowave fiehds ihybotiapbakswhisart paratiebior thel ckteehxiobf tefdytiatiiva cavity.
characteristics. As one appr oach, for exanple, the interior surfaces of
electrically As an opiinrs f leestaanartion and peeferablycubstentiallyl alhoftben

st ai nl ess- st eel ol i shed |1%

b
e £ enhecnterion A icer OF thereaialy copfpetiveualls dHuE BiFpRELS oy
As ansal t er nat}y @ MBRLAG ¢ ectiVe 56 Bfht Of 1eBQd sUMifd of 1R raastaﬁméa& efidfighaces of

the wal ls,
WO 98/ 14314  generated during polymer melting is reflected back into microwave cavity 16 in

PCT/ US97/ 17399 the interior surfaces can be coated with an
i ntrinsical | y orédrite prometermersraftectisenielting of the polymer resyasHbeing praessedi ckel |
or the |like. Det er g whet her a surfage

treatment is JEEIPEHOF shrfages of thepavity walls are pre er? Vlaé& &FHVG appPTactit pend,
in part, upon }vaﬁmtsééﬂﬁeﬂlldwt ﬁfth@uag}{ Lérpﬁar a%Fn&] Be f gmé'ﬁ?ctx%e froma, techmc%F‘V' ty-

16 is forned. errals intrinsic erize
Wi t hi1o perspectivd) ehdr8 iLNROE] cﬁneﬂeétmg HefEhdRvhiBAYhe Hcréfenthl € any kl nd
of surface treatnent to enhance reflectivity. On the other

hand, a surf acmpm\@mmm pmcmfferedém additional improvement in réfdectivityer i al s

havi ng rel atlv wal | | osse n the intended. operating re
For exanpl e, thaﬁ \%B%’“E&WU)‘/‘“F h%ﬁx‘ﬁ Bt afamlﬂw&sa%wa@gfe@s%ea | ent 10

f hi gh f
treat Le”ﬁ?ceHl)S,ev'e? ot ar R g PRy R Bt PN ot hnatl 57

better for and reflected raaaaﬁttehagy@m@est@dcﬁ Betﬂz'r%lhﬁ% sérmlma%emrmg
nonet hel ess contributes to hi gher wall osses than al um num

Therdfore, a guictewave ensegyralone, Ipﬂmﬂll\]ﬂr hgwvher netrotay pelyines are being processed.

applying a finish of |ckel | ati num may be desirabl e for
ngi %| egs st e or gxamp e somegg -tpiogag polymers may not melt upon 1rrp,ﬁi|1apﬁlév6ﬂ1a]¢l§tl ce of

the present inyen, d16hd @r?lte%:svr%laig@lé/a}grrgg é{hg{lfgg Ic;[?;tr%x{\}e?wa\ge?ne Y i

Interior surfaces o m CI’ wave cavity

ternms of absorbing adlili®sis \bldnded Bitts o viHeywise iiorpdrateldhifto ﬁ{elﬂbrpﬁolhrhe
radiation emtted by a surface as conpared to the radiation

emtted by a momerbddaywaveriwbersﬁmnteanpwrﬁaqas ef th%(}mcrowave cavitimtablsiagg s
wthbower ems V|t are ref ective than materl ‘X:“h hi gher
resi Pivity. blﬁ? {5 SB‘f Ptfe P SUSTRWIVSFBRTEY AR Te ‘é"t? faéllnqqg,engrgy fces

used to accomplish melting, many kinds of non-polar polymers can be melted with
lesser quantities of such additives. In some instances, the amount of reflected
radiant energy is sufficiently great so that the presence of microwave energy
absorbing additives can be avoided altogether.

25 Any technique known in the art can be used to provide the interior
surfaces of the microwave cavity walls with the desired level of reflective
characteristics. As one approach, for example, the interior surfaces of electrically
conductive cavity walls formed from aluminum, stainless-steel, copper, or the like,
can be polished in order to enhance the reflective characteristics of such surfaces.

30 As an alternative approach, instead of polishing the interior surfaces of the walls,

12



m crowave cavity 16 preferably have an em ssivity of less than 0.1, nore
preferably 0. 05 or |ess. M cr onwave
ener gy fowvomet43ieg is supplied to microwave cavity 16 by 2BCT/US97/17399

m crowave source 18 through waveguide 20. In the practice of the present

i nvention, m theawerier suréaogy carebe csatéd wethestt intriregraly ireflectide avatenial such as
characterl zed by a wavel ength greater than radi o waves but
shorter than $Q{Fl{5d’r"§6 r?“ééﬂl,a‘trltbﬁhkPr eferred m crowaves are

characterized by a wave th .of 00, GHz

about 50 cm (about 0.6 merBgév ?&*@céﬁsﬁmﬁﬁg&deﬁg %f%{ eWgeré(l;e«gngth
such 30 flectiViBAvill BEpehbBSRUSREC Yip8h S pfbEMANEME FrohPwhit i fiRro@a@e from
about 0.9 GHzret gcél(@%l & B dp EhlSampre eralb yoabout 0. 9{5 GHz or
abouts 2. 45 GHzavity 16 is formed. Materials intrinsically characterized by low wall losses withi3

WO 98/ 14314

-PCT/ US97/ 1739the intended operating regime may not reqpiig amy dind ofswsface srecatnenttd be

20 ar e oper at FihgnET BGIFHEGY: DBUBE otheghrd mac%{s?%{e%ﬂna@“b%%“r’%%%r form
fhese T act LPS@E%U' PARE LBVEE 200 T Rosdcs B B ded RO R Heim

mai nt enance i Bor éample, a micr6whle €lity fe¥rhed frof PGk PROFdés é)@enéx&quency,

m crowave source 18 may be tunable so that m crowave source 18

i s cidpabl e of pgéeraraact myhghrQapelictions endway @ot require any kind ofesprbasei es.
Al t t I 18 hat
Genor at es. i CIEREFAL BHAEIG SRS STRPLomngt i Srongpethen eleinut and Bsr fo
" H | " f
uni versal ™ typg;dd &k, ¢ he$H gu‘?%-éﬁlcg_@ssl%‘}c% ﬁéﬁﬁﬁ%c&%ﬁ%d&sc{owﬂ& walr ces

that 10 generate el M Cr OWave
respectively, o3 thakl@luinum. Therefore, Datdcs BleBin?ént @GRIMNIRE PolEhiBL andloem a

'-p

nunber of conmercial sources. M crowave sources operating at .
2.45 GHz are applwngracfimsh efinickel, gold, or platinum may i desorablecfos stamdessateehoul d
have, an appropr ri.at e power output such that m crowave ener gy

source 20 is Vb*é?fl e of radiating mcrowave energy at a power 15

level sufficient tg, ﬁférﬂrgé@?cer%kﬁé g:Qsa{t lr?\QJnrtxgH' %g]’r?ﬁe%n@@%h&% erlgﬁcstmhe

pol ymer resin(s) processe ot her usi ng too

much power colttélistagifades effmidvswave cavity 16 can bekpafayvEly defifiedin termpef
sel ection of a suitable power output for the mcrowave ener gy

sour ce woul d @w@mﬂtyu @omsavmarqf@tsyo the fatiotof the sadiatiodiemytiehby pantrecidsar

20 b b d,
and 20 *"cithadrdi heaaaban @fﬁmgfacﬁiwdmﬂes' : arﬁ'se%?al@%fﬁﬁfsfem
In t range a2als with lower %rlglnes s ggl%rg}gﬂte&n%jﬁ% Inﬁé\?gn%i Lﬂgh

suitable in the practice o resent _
provide the fteistiRithi F¥r prpbscRcFite predbsiEnveditiof] the GhteA6} Mﬂ‘Pe[o‘és of
microwave cavity 16 preferably have an emissivity of less than 0.1, more preferably

0.05 or less.

order to

Microwave energy for melting is supplied to microwave cavity 16 by
25 microwave source 18 through waveguide 20. In the practice of the present
invention, microwave energy refers to electromagnetic radiation characterized by a
wavelength greater than radio waves but shorter than infrared radiation. Preferred
microwaves are characterized by a wavelength of about 1 mm (about 300 GHz) to
about 50 cm (about 0.6 GHz). More preferred microwaves have a wavelength such
30 that the frequency of the microwaves is in the range from about 0.9 GHz to about 5
GHz, preferably about 0.915 GHz or about 2.45 GHz.
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having different nmelting characteristics, it is preferred that the power

out put | evel of m crowave energy source 18 be controllably
vari abl e @xpygssgh a Wi de range. 25 As a specifiCc praRgey e 45
GHz mi crowave sources are nost commonly avail abl e W th power

output ranging from 500 T‘Wéﬁl%st;bgmf{@\?r‘?@&%s%hé ‘é‘ox?slié]eglé‘%t@%ﬂ%%gt‘riﬁege%% ost

offer units with output up to Its opera referred.
The out put wavgh&idal ficiawave koY 20 Sfdibseratdy fréqubinkRGIdvwer requirement, output
related to its output spectrumand is an inportant factor V\%e_n delivering
30 mi veavefee aptgmst {nmgshtagh selapd aveigldsee ek grsnndary impodandepbit
utilizing po und ;in housfeho.l d m crowave

ovens have amd.h?sgg‘acwe}}qﬁgt%%pcweﬁgol?e()ci i1 s;r)]elléé ig Bmxted or ease of maintenance is

14 ) .
beT Uo7/ 17308 H0el WithSpect fo operating frequency, micrawave source 18 may be tynable

frequency (60 soahatinidi@whim scuifék B8Vis capable of gener@itigdaltangRF misfovkAgdw dt h of
approximately 5 MHz. In contrast, hi gﬁ per f or mance generators
utilizing sw tfcdquendies.pAlternasuglp) mesowavesexcte Erelay bead ariuppleesal otyp£that
waveforns and typical out put séﬁgrctra,l ggnd j dt hs of  approximately 250 kHz.
A 5 usEheratesnicrovayes saracterized Q¥ anly aipglgfeaauensyurldse i ng a '
spectral bandw > : couplin andw of -.
the | oad bel ng HERral vpgmigioyayeOBice 1818 Brettdq LS oML RS DML A

char got eri zed dumemtddiing2045 GHZARYS1 NGEAM PRIV IrelFORGVER! fre widely'
([err]f) of 613 kHz when operating at 2.45 GHz. For good operati onal
stability t hi savailable at economiequressfom anwnwaf cosmercial smircesg Microwayeut
spectral bandwi dth of ng nor 300 kHz. The use of any

10
generat or wit r?oaf%ﬁSaa@tlngﬁégﬁ%ﬁ%aprfwrﬁerwésu| t in r educed
[ ffici i I Llity.. .Th f | Lppl
Coup ol cncyamilage ot ab 0l BLLLL OACAL O i P

Vavegui de 20 ifickyRavbdefgPsdtr®et0 Isecaphbl OF vddatinttthidfBWatdMer@it a power

sui tabl e cross-section for carrying m crowaves from m crowave source 18 to
15 15 m crlevel seffoaenttty agiievemeltegredoftenieg asiiesirdd) dfdvepdiytieeresm(s)
square, rect ag}gul ar, circular cross-section., Like the walls

or
used to defi n@H&PHRESASdc QA the other hand, using too muchRavesricarlddegradegrhum | y
formed froma ically ERY ter such a -
Cor st onr eol B BEd GGh YRR LR U Slete PP oifut for the migroway®

conbi nati ons adnetdyesirceRduldhtRpbhdk 8pors Qh@st) 86 fABNS b1 ElBRg S PriSBar

alum num 20 stainl ess steel, and/or” copper.

Wavegui de 20 rmicriyea¥ed energy sourde 22 beinglused, dhe pelymss ersin bong ptapessedy and

tol erance buil g st %et vve?n t he respective nounting EOSi tions of the

appl i¥Cat or andhe like. Generally, hawevstanavgdalle pover ompak leyekinthe pgedeomo can

al so be used %%[1? OW{%’"“ 500 kW wo&ld b%estu\ﬁgglg én un}griagtgcep oq‘sci)et: Ig{(}gfsrglcts to

required. However, wavegul de cou _ _
fatigue fail urigvelition! AnfoRB&ab PFoVEE HeTxility'td prBdeds h vide VANG BF BolyfmdH | ON
shoul d be exercised during the design phase’to |limt the amount of "flexure
sufficiently thavpreediffererdmelting ¢chapacterdistichdt regireferried tisdtthepanwer dutpunleesichi ng
its yield . poi nt whil e f]exing. ) )

Al most al | ni HONRVRBRIe Betquies 18 ke sordrallablygiariableovge sachea wide range.

25 As a specific example, 2.45 GHz microwave sources are most commonly available
with power output ranging from 500 Watts up to 6 kW, while a few manufacturers
offer units with output up to 30 kW. Units operating at 6 kW are preferred.

The output waveform from microwave source 20 is directly
related to its output spectrum and is an important factor when delivering

30 microwave power to a high Q load. - Less expensive generators utilizing power

supplies commonly found in household microwave ovens have a pulsed waveform

14



30 which is used to match the i npedance of the load to that of

t he wavegui de and thus the m crowave generator. Wthout this

t he anoburwoesnasicr owave power .coupled to PCT/US97/17399

15 ' WD 98/ 14314

PCT/ US97/ 173%here pulse rate is equal ftheqatveitivie fieqiardyl (60 /Hz inetly €28). anBhm nost
common formof this device Is a wavegui de stub tuner, but

ot her types outpgspedtal bandwislth of appreximateln|S9dHrs dd .contrast, high performanaggui de
tuners are popul ar for_their . .convepience in adjusti ng thF mat ch whi |

m crowave pO\BéﬂeﬁanrbéFlhﬁmgéWt\‘igF‘é‘H{; payver supplies have extremely low ripplgRI(War e

avail abl e for_ej Y] t | | . ual
tuners are aﬂ%dggﬁ%%%&ﬁ?ln%Ut neSBg$t Hr@ragg‘ggug%gsgp%ﬂpr?’ﬁfn@ée(%??o S, into
the s useful YAK RF hHRb Wb hBe bhRicARALR! RurddIRRINSS sfecRaVBAndWRER noMhi ch
nonitors the anount of m crowave power reflected fromthe

-l oad. Tuni ng meredbarohglff ttehemiiplihg bandwidth of the load beihf deated. Fomexample,
m nimzed. Automatic tuners operate _essentially the sanme way, 10

except that tRedveshylere, beingphrtasterzgd fyad? fackerdfAloR; bas 2 sewding kaadwadih c s

are used to nmoni t or. ref|ect pawer and adj.us . st,ubs
accor di ngl y. (&f) of 613 kHz when operating 2t 2% 5%@1 g@f B BB?rﬁié%rﬁ’h ﬁ%ﬁﬁéﬂ' t{}Hﬁd
automatic tu ; : e

rocess ¢ han AT ARAPWERE ndb hifing an optput spectral GEHABIFAF o ford B
del ijger ed t o 3@ONEIgH Thé Qseof drygzehbragdr With & bréReHEeRsrabelitpst Wihiesukt il he
power output 15 fromthe generator changes, such as is often
requi red for redupedanouplng efftsesnsy and/as operational instabilityh eThpseforadow raipdges
out put power, its cent

r frequency al so. changes. by, as much as
30 MHz from ZEPERYSHY 1°h3m’f)ﬁ‘f°q‘(‘¥3?|agﬁ’it‘§s’a?r%gﬁ%‘ﬁ%‘%ri stic of all nicrowave
generators which utiliz g : - he: | [ and
coupl i ng bandw dth onl y‘WGaS;gQ.E%?9?@3@%?%@%\%@%5&%5%%?%@?5axt%v&ggﬁpresul t
in 20 suitablerpbsit s2cliers for @brrgigthich@vaves tfiten hiiawaSe Bbhmel18,toa dynami ¢

process during which ) the characteristic inpedance is
condfant |y chuicgdwagveoeavitydidgsefgrrad wedvieguides 20 haveeeither a square, rectangular.r es

constant tuner adjustnents in arder, to i nt.ai oupl.i ng throughout the
process. Unddir SBEE CERarel®nalike tha wally ksedin deting micishasn a1 Lor ed over
manual idd %trg[ﬁ%n&%n%h%kéd Vﬁ%@"aﬂlé‘d&‘?@a} ngaétﬁ/e%aﬂlégigl‘ sueh as

Mbst com"rerci‘gﬂeﬁuava e tuners, her manual® or aut onat ,
have three oraéditdsien-tdaistdrd ingtall & metdlSliby| £ inthedtlitecsmpeditil). | n certain

cases it o may be possible to acconplish all of the tuning
requi renent s epstnpateenisyofghesenggidethe like. Preferred wayegided ¢ompriss aleminwn.case, a
Si g[}:ficant armagté of cosctv can be reduced for this conponent s
reqdr enent . SRHMSSEStech ABYQEEIRASY o use only a single stub can only be

Waveguide 20 may be flexible if desirable or necessary to allow for
tolerance build-ups between the respective mounting positions of the applicator and
microwave generator. Flexible waveguide 20 can also be used where movement
between mounting positions 1s required. However, flexible waveguide 20 could be

25 subject to fatigue failure due to repeated working of its metallic structure. Caution
should be exercised during the design phase to limit the amount of flexure
sufficiently to prevent any portion'of the metallic structure from reaching its yield
point while flexing.

Almost all microwave power delivery systems require a device

30 which is used to match the impedance of the load to that of the waveguide and thus

the microwave generator. Without this the amount of microwave power coupled to
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30 determ ned experinentally on the actual configuration of

equi pnent for which it is ~ desired.
16 wo 98/14314N0 98/ 14314
PCT/ US97/ 17399 Anot her corrponenli{C /9%%7615 9Fy used

by nost i ndustyd ) é"‘ﬁ% heating syste Il s,a.waveqgui de
i sol ator whi c%ﬁél rs%lagg}é%“?o pr%lftlye%etduf%dé 'lr;%egrrr]lg e Lorm SFthis device S&evi ce
whi ch act ual | yavegdideatuts fiferlTbGf ANSVEPENSF dock 5OMR sEfisecheduanRy. The
i sol ator includes a waveguide circulator, which directs the reflected power

away 5 Waveguidn tunersraag pegulanfoa thikincatvenigntomcadiditiol thd sakdhswhibel
di ssipates the reflected . _ . i power. Oten these two el enents
exi st as separHFEPVRYSRATE isbeng drlivased t oget her, but they

are ag so available fr OM-S ks aqggygiﬁa%tleu oerreisthciernr%grrnpa?%g\%ﬁtgghggtec)fgg%erjggur e

as a single conmponent.

reflected povweviaduall nirénd &1d BBHsRATSSuling@ bR ol Rore stubs, or t1E34dd3BHE into the
Wavegui de power couplers and neters are avail abl e as 'separate

conponent s whiwgvegaidelyehilethe opemattr ebsémeoa pbwehmater Rehidly sioaitorsihé ainldant ar e
al so . avail able as_a feature of the isolator.
O her ni scel | RhBBEOWasPgwen eflestaddremithe laag. diusmgps adeomplished when

dependi ng on ' ati.on .of , t equi pnent onto which.they are to be
15 in_s?%ﬁ‘?géﬁé?ﬂé‘rs‘g “?:‘8&‘?8_6%%"?@0?\%? ?Wriﬂr?%tﬁ&a%neﬁ& feledierwmn of
ri gi dowavegui dgcept that the stubs are\drivBn E’g%&ﬁrs%ﬁesoﬁhigﬁc‘fﬁe& Qle&ﬁ'&ﬁgg arterlﬁe'd to .
m crowave energy around corners. Al nDst any confrguratron is
possi bl e. monitor reflected power and adjust tHegsubsZcborgliply.a specific

configuration of one preferred enbodi nent _ of a pol yner
processi ng appar at us 30 S5fecting bptwesamanugl and putamatip puness depedds @ on the

provi ded with A main onents includin per . 36 I n processing
unit 38, rd fifentBhid o R Brosess. Drn QR dhe %*905% qeeﬂfcé’cwg%‘ RRVWARINIBSHR 2.

Al though the appwdrad usal load, the t frenfegSireszidud i.ng only
one each of these four c%rrh%n%ant’s,e gﬂg%re nggg“egmﬁugtﬁleﬁh?ma%gﬁ}i%\éﬁéﬁ
hoppé? s, mai nfpnothessEnentemihaages; swohsdsds oftyh retpired fox&%ﬁﬁl@ﬁné RiebiedN As
mechani snms nay al so be provided in order to increase the output capacity of
o5 afgr ehanges output power, its center frequency alsovplhanges by es siush uni t

080, SIS SN A0 oS R B oS 0 e
L gnPgPper 36. gdfidrhtops WhAHSItIZe WhigheB8nd) "GVHELH D) bPMeOMPIsMbOBSHL! On 44,
coupling bandwidth only 600 kHz, a small change in power output can result in

20 complete loss of coupling to the load. Similarly, a dynamic process during which
the characteristic impedance is constantly changing or changes gradually over time
requires constant tuner adjustments in order to maintain coupling throughout the
Pprocess. Under these conditions, automatic tuners are often preferred over manual
tuners for their convenience and ease of use.

25 | Most commercially available tuners, whether manual or automatic,
have three or four stubs for more versatile impedance matching. In certain cases it
may be possible to accomplish all of the tuning requirements using only a single
stub. If this is the case, a significant amount of cost can be reduced for this

components requirement. However, the ability to use only a single stub can only be

30 determined experimentally on the actual configuration of equipment for which it is

desired.
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pl ate section 46, and bottom housing section 48. Center plate section 46 is
30 rot at abl e about axis of rotation 49 and thus provides nmain
processi nwows3@A8 Wwth a _ rot at abl e menber t opdpgkdizadoe
delivery, nelting, and transport of polynmer charges to

17 WO 98/ 143bther component typicall db i 1 '
PCT/ US97/ 17399 e e e LG used by mostandustiial micropave

shown in the Feangeystetsps amdivbgiitieisolator which is usedUsoft@t SRGHAGREroA4thend
48 are fixed and do not rotate. Center plate section 46

i ncl udes a t ofe4ss whlcg'a?&éuaély ripdyses she migsRvare enasgybiomoesested pewer.oFhel4
and a . .bot t,om axi al .fface 53 di spose r oXi t g bottom housi ng
section 48. Tﬁgla,}ogdnglgdesawavegm%(fné?u POLW. ‘fﬁégregﬁﬁé%%ﬁdéoé’%ﬁ“@% 46 is
provigled W t hirbin the m4p3eRBH an@ad%uhithy $had which aPsorb aﬁ@&ls&i'pg&s%?e refiootedNd 54
whi ch are adapted to hold respective charges o pofyrrer - resin
t0 be processpolwer. Often these two elements exist as sepi@BRJongfonafd WhieRWaek cyl i nder
40 are disposed on the top surface 47 of top housing section
44 appr oxi mat ©ggthendul thpyese alsp available frormsaieunahyfat urers incorporateet tngether
hopper 36 and trans%er c%olﬂisnger 40, main processing unit 38 is provided
with a mcr oW V2SBRE PN RBGFte. As shown in Fig. 1, at least a portion 21
of the M CAOWaNE i i sed in_top hoysing
section 24. The mcr owaée tsr?ﬁéﬁxre%g%%?%?E?gtfoggu?'gg@é‘ﬁ%oﬁgﬁlsolfso

di reidX i ng ni cdeswable. eNavewidd poWer Cupl@Rhid Rlet?8redvailable as separate CaVi i €s
50, 52, or 54 when center plate section 46 is rotated to a position such
that 15 compapieatowhishan bgunedrperatesl idicsthe heatitye bystent Heit thayr vealse

ener gy source rtion 41. ) Al t hough apparatus 30

i s configur eda‘%iﬂ?wetaﬁ@frl‘??@f%%ws isplaegy source portion 41

bei ng di sposed in top h | I 4 e onfiguratiqn .

could al so be used.. For%&%Fgﬁ%g@%@ﬁ%@%&b‘é&n@wgﬂ%ﬁ]S?ﬁetdSﬂri%%si ng

section depending dt¥ithelcbefigurati oNay ﬁle@l%i;??tierﬁ%]&d %i(ﬁx]thﬁy%ﬁ!eCtot?%Bd' sposed
ot t om housi ng section :

in an anal ogous position in 20
Al t dénati vel yl,nStpgﬁd-i Thesegfomppaenisdypivelleinehde glios sectims of rigid waveguide coul d
be di sposed in.{‘)oth the top and bottom housing sections 44 and 48 in a ‘
manner such tW4P OPRET e S&Héi(‘)’iﬁﬁh‘lhﬂ TRISEAYEFvEcaergy arppadiremmerst Hdmosht ent s

of an an conﬁ-gm'a‘?iroﬂﬁﬁgssﬁﬂgi ty with microwave energy. In still other
enbodi nent s, aty | eaSt a ’ portion of the m crowave energy source

coul d be di sposed in ceRiger245lshb® $§secifitcotifiguration of oneRRéfcRB8 efltodirAsRUNd
each of the cavities. As still another alternative, the m crowave

sour ce coul d ¥ RUWDERPEICSSING 2nnasdtus 30 af feermesent B0/enbon. Appamtisiteis| y
cou?l ed to 4 A apparatus 30 by, a suyitable wavegui de. _
It &n be appra¥idgd yth fous main cempepents including hopger 36nmai progessingunit 3%

46 about axi s Qffd ] e f.cavities 50, 52, and 54 to nove
5 oG B WA SAED AR M5, A gr B Tk,
transport posKigs. @S i®éhcivn as having only oneRAEL BEtheBE RAFISMPInEME) dhe okthére
processing cycle is successively repeated by each
additional hoppers, main processing units, transfer cylinders, and/or injection
mechanisms may also be provided in order to increase the output capacity of
25 apparatus 20.

Main processing unit 38 is cylindrically shaped and is used to melt a
charge comprising a polymer resin received from raw material supply 32 provided
in hopper 36. Main processing unit 38 includes a top housing section 44, center
plate section 46, and bottom housing section 48. Center plate section 46 is

30 rotatable about axis of rotation 49 and thus provides main processing unit 38 with a

rotatable member to facilitate delivery, melting, and transport of polymer charges to
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PCT/ US97/ 17399 cavity 50, 52, and 54 as center plate section
46 rot at egyo #F145/EN best in Fig. 4, the del i VeI p@sShidopn of
the cycle corresponds to the position of a cavity 50 which is

rotated to a Lt t | I ) -can be delivered to
the cavity Bgﬂ'éde%bda Iné@% 5’{&?1&{%2&{& dé%lleﬁggrﬁ S ‘Sﬁgl%%%%ﬁ?sg?%g“dc%?}ﬁ@ 50
di sposed di r eabhsink8éainE AARAA 48%re fixed and do A8t fotatk. NCehfer fRkd Y&%¥nRGSI ti on.
To facilitate delivery, top housing section 44 is provi ded
with a througinchpdestatop agial fdcke i dispasedrprmiimal iodop betsieg sedimapidr antica

and the cavity 50 in.the delivery position. Preferably, controlling neans
( not bottom %\%e %dlﬁvwﬁ@é%lw?t%%&ﬂ%gom sectiondt8: i therfgp of
charges deliv [ S . . 2. through .t he aperture,55 can
be coﬁt roll ed%@gf%(g%?peraﬁég}r[pl%seecfé% 66? pTg]ded Wit ﬂrSt’ E5RE (?Pfiﬁ\‘éd means

used is not Cehvitieabo, SHEn@By wHishardRapted 9 helda@spiefide bRarges of polymer
accordance with conventional practices. As seen

best in Fig. S8gsin tebé promessad.i on position corresponds to the
position of a cavity 52 which_is rotated to agositi_on at which the
contents of the Hopper 3¢ and {ransfer-glinger 44 prgqlisnosed an the tepsutiaes e

obod, mont | shaus i B ERE A, 38 SbRERarstic 120 dnerepytty dntggneditiely™®
m crpgave enepeivesAtopBel s hidarbler ylihBerl 412 nfifh F?’d%%é/sirpé’ﬁﬁﬁ B ?r‘rgbgﬁidgavi ty

52 hol ding a charge conprising a polyner resin iIs

posi tion, irradihed microofave brergy source. As showhau §ez. W htlenst arponsore2 EoEtEy
causes the polyner resin to nmelt. Advantageously, _ such nelting
occurs extr enBNFONAYEERgrEYfaunsa chdispesedduienhqustngsecionld. Fdemcrowave

achi eved usin i | t4 g L echni ques,

Ao seen best | EROEY §60e AP BioalE ar iR RE BT BVERe ensrru b baeniens fhome of
~posi tion of acgdued 50,5b, Wh54 heh cepterbRk {2tin RATE FdtR8d & gtaéiﬁ n sl @gd | on
of transfer cylinder 40 can be used to transftfer the contents
of th® cavityobdof sudthevitigsecdisposed below the microwaecdrngyssoude pdtiangfl er
cylinder 40 is provided wi:th housing 56 defining a 25 ) cyl i nder
bore 58. A piston 60 capHBiosghapparaius29dacenfigured withithe nporemeva saergy

downward in cyli r_bor 8 15.also.provided. Top hqysi secgtion.44 is
orovi ged | SodrBEBbre R, Ry iRty hoE s RBan ot en S e Rl
volune of cyl caglaralfobeusel. For 62%hpI, rather than being disgésédrlntt%héﬁﬁr@?&mm
sition. Vi | s siti | ui
position. The cavity 54 in the transport position flurd
coupl ed to thé4jtheenicorwafe enejgyqtortion 4 cbalditerdispdsky irpasaadeyay podition in
Passageway 30 Is formed fromthrough aperture 63 and conduct section
65. a r esubptomdiapsmedection 48. Alternatively, portions of the microwave energy source
could be disposed in both the top and bottom housing sections 44 and 48 in a
manner such that the two portions would cooperate to irradiate the contents of an
interposed cavity with microwave energy. In still other embodiments, at least a
portion of the microwave energy source could be disposed in center plate section
25 peripherally around each of the cavities. As still another alternative, the microwave
source could be completely external to apparatus 30, but operationally coupled to
apparatus 30 by a suitable waveguide. '
It can be appreciated, therefore, that rotation of center plate section
46 about axis of rotation 49 causes each of cavities 50, 52, and 54 to move

30 sequentially through successive delivery, irradiating, and transport positions of a

polymer processing cycle. This processing cycle is successively repeated by each
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PCT/ US97/ 17399 novenment of piston 60 forces a nelted charge
fromthe WOt cavity through passageway FLTARITARPY t he
i nj ection mechani sm 42. I nj ecti on nmechani sm 42

i ncl udes housdavity 66, 8hcindsidnay @enteetpdate section 46 rotates. As sdemrbiest inaiigf érthe
hol ding a netered anmount of the nolten charge. Injection 5 L
mechani sm 42 qediveny Rafeioneithe gxele wPITRSRENgs &1 the rosition; ofi? Gayity S9amhieh by

reci procat i ng. povepentoLish dPwysl a0 006 Sboect] ons.ahang NS e cavi

| ongi t udi nal 34 f_‘f %c_?'@nsﬁg f 427" f_ Sn %glt%l

di sposed so 1At 1 TRY RARIiREnt SREWRIR ERE 4, Ravity 50 disposed difdRfly BoloR hbfer Of

arrow 70 forces a nolten polyner 34 thfough output” passage )52.

Fromsout put pxdgehe delivene posidiére nTp dhoilitate debivelie tap hagigdsectiom4gdas nt  of

use such 10 ) as an extrusion die (not shown) or the internal

ol ume of a niypuidedovitls pdweygh aperture 55 allowing copusiagtion detvsied happaindd has a

Acoording o BPERaHRLE e BIvEYaRaticon Prestnty csnrebgmergnet O

pol ymer resi : ' LAV | £ ' f?% 1v15

pr ocessi ng, ﬁ]htgg% ?f’? g{&g@%ﬁ%@gg@{@gﬁ@g?ﬁdgrgpgg@éhﬁ%sldagg%ﬂ%ao cg |t¥es

50, 52, and 32 through the apefidred 35 @in e ¢afidied byehobgerafort Mhe #iid ofery, =

irradiating, and transport positions. Typically during steady

st atl® oper at | eamrolingmeans vsedas neteritthal,iapd any pechi micams ¢ayild be used in -

capabl e of recei V‘J ng a.g{lar e conprisi.ng the polyner resin, the cavity at

t he accorqaneg Ayt gy PEFURST ds a charge conprising solid

pol ymer resin which is r : Y . Lty at

the transport position I’I%I% éé[n g&éﬁglr:&é3’0?%35%@5%@%@9“ C&QgSptogas e mel t ed

pol ymer resi npdsitishy of 8 chdtyt 32whRANE estated td AokitipAGt Whichibe Ranteatd cfdhe

Accordingly, while the center plate section 46 is at such a position, a

char ge cavity 52 eaprisr irtediatedawith psiceawavalengrayryghe stciowayrenengysonrces

o e 1, i8S b 5ot s 5, 5o S5 ety 806

position is iftkadi ] t 4 10f. ;i fEI Gl to
ﬁq‘i&g{nﬁgggg gg[a?\g.;af ?H};Hﬁ 40s xﬂ‘t}?er (?e?’f@% r;&‘&?t'i&}.’ %eix cﬁ{él%gﬁz

mel t of the po resin of sai arge;
and at |east Rolfiigid elargé céMprising apocljymer resinGH AT G Sokithel, thradiatidieoligi ty in
the transport position Is transported to netering chanber 67

such that t hechaage withonicrewagriisrgy edusestheipplymeraesin e owlti vedvantaggeusly,
SAARTECR T R ELSNHEE M RARC
mol ch( ot Shoyp) e \eAMREASE R entional melting techniques.

As seen best in Fig. 5, the transport position corresponds to the
position of a cavity 54 which is rotated to a position at which the action of transfer
cylinder 40 can be used to transfer the contents of the cavity 54 to the injection
mechanism 42. Transfer cylinder 40 is provided with housing 56 defining a

25 cylinder bore 58. A piston 60 capable of reciprocating movement upward and
downward in cylinder bore 58 is also provided. Top housing section 44 is provided
with through aperture 62 coupling the internal volume of cylinder bore 58 to cavity
54 in the transport position. The cavity 54 in the transport position is fluidly
coupled to the interior of injection mechanism 42 by passageway 64. Passageway

30 is formed from through aperture 63 and conduct section 65. As a result, downward
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20 WD 98/ 14314

PCT/ US97/ 17399 an i nternal volune having a shape
corr espongigg4syat he article to be nol ded, or pefiussersos hr ough
an extrusion'die, as desired. After the charge

at the transpableO dfipistoh 80 ¥6:RBsA aieled ch gk #dm the transport cavi%%ﬂ%ﬂ
chanber 67, the center plate section 46 rotates until the cavities 50, 52

5 apessagevayeddoahdantoettie trgettiom meotianpmms#2i on of the processing

cycle, and the delivery, . . . irradiation, transport, and injection

steps are then repeat edinigienneshasism42 inslusgs housing 66 enclosingigemetepaat ed as
6 shows. an

[ desi . - Fi
2? '? gr L:ff \S/eaZ?h?gﬁﬁ!erfégtfof)?dgm&oq PRiEF edp?’BB‘_é%‘sqfﬁlbe molten tharge. r_‘Je‘ﬁl%’ar atus 100
of the presentetHhAh uonhs fﬁ@@ﬁ%%dl\ggh h?lls%jr?@ﬁ %iélpfsacﬁﬁgglé ggous 10

processing of a supply 102 conprising a polyner nmateri to be nelted and

subsequent | y weiprocatiag movemepoinsidetioudiig donatdifRavRy alofp Y [8hgisudifal axis
i ncl udes L melting unit 104 and transport unit 106 operationally
coupl ed to medftinipgtionimechamsm 42. Piston 68 is Hispesnddoi thatroevenssit of te piston in

| i shed | el ti it 4 d t.h | t | i
Fhon D eaur: BB 4TRRE R G Ehow 70Nt A et DS 14 thrusly utpY RSt of
h By .
Sectrical Iy R outut passage 72, the moften polymer carBe birBel B & poBif ol DS IR |

si deMal | 114, astoi éxarusichGdie (10 shdwn) antheiiffefiial 06lup® ¢fi d indl (¥Oshown),
Interior partition 120 divides housing 112 into a feed zone 122 and a

mel ti ng zone Wwherein the mold vpjume Irsea shape sorresppindimgitb theshape@f tharticteiton 120
is fitted wth {)erf rated plate 126 20 that conprises a plurality of
apertures per™ M8 feed 102 to pass from feed zone 122 into

nmelting zone 124. Prefe ol ' j ol a L pl ate
126 are forned from an I&@gé:r%iﬁg(}gl%ﬁ{/rh%ﬁg% c%evée%g%%flalg"ﬂ)lpy %ir gé/’?‘hgglg ectric
shi el di ng at pdigmeogesdf torbe! grocgsadiserdvided AshabpePBbi Dring pod@hérny | acket
(not shown) may be provided on the exterior of housing 112 in
ordel® t o car rgroaesaing2 the center plate sestion s incetatedamtit eachofchavitiey SApF2,iand
oper ati ons. . X ¢ ) F.eea. zone@é’ZZ i ncl udes rotatable
feed screw 123 Bt AAPSREALY gne of the delivery, iriadishng. ang ransROGEPHECAL 2 and

P 09 ool A RGOl iy g e PR O e

har dened st ee¢apaBlesdfirageivingaehakd®onsprisingefk pohiniaGBaA the chasitige 112 by

any 30 .. suitable technique including welding, riveting, bonding

wi th an adhesiripdiatignepesition holds a charge cdriprising solihpolymer taskewhichds rrady 3@ of

supRley 102 prigvi d6gy 10 aNRPBE Sty Lo the Fardhant podition holds a charge of substantially
melted polymer resin ready to be transported to the injection mechanism 42.
Accordingly, while the center plate section 46 is at such a position, a charge
comprising a substantially unmelted polymer resin is delivered to the cavity 50 in
the delivery position; the charge held in the cavity 52 disposed in the irradiating

25 position is irradiated with an amount of microwave energy sufficient to melt

substantially all of the polymer resin of said charge; and at least a portion of the
charge 54 held in the cavity in the transport position is transported to metering
chamber 67 such that the cavity 54 is capable of receiving a successive charge

comprising a polymer resin in the next step of the processing cycle. The charge in

30 the metering chamber 62 may then be injected into a mold (not shown) comprising

20



21 WD 98/ 14314

PCT/ US97/ 17399 fed into-helical chanber 136 defined by
interior wWans/ased 131 of bushi ng nenber 130, fe®ETASATER hr eads
138, and center nenber 140. Rotation of feed screw 128

not i vat es c¢har geertidvdlameghinger shapatcedesfoatmgita haadicientodembldedgorz one
124. ‘el'he fegd rate can,.be controlled easily by adjusting the
rotational speByledthrough angxirusion die, a3 deyifedi 28, General |y, faster rotation

of feed screw 128 provi i [ e I rably, feed
screw 128 is rotated aﬁ?}%%@&e {tﬁﬁ?tr%&t spzégtsqogmqnallsItglanéfg%r{gfiﬁé?‘ues,
st eady st at embtepighaRVey BRI thEREQES ﬁ%laté Jl\l/agf?b'xg 6 PBYatds Qﬂxti\lfﬂetcaljerﬁi%s GQnspe

mai nt ai ned. ting zone 124 incl udes
cyl isndri cal | sndsHbprecadvanegl te thedext position of the prochsemie cyclelGndike delhangl | y
coupled to m crowave source 137 by wavegui de 139. 10 Al t hough only

-one i cr owaverasiatione transpost andegiandgieps3oe thenggpgaied. ohlee process cycle can
nore m crowaye soura%g i n_conbi na iondvvith one or nore wavegui des coupl ed
to © TCPERERHAS MW FAES BiiESBF Y nor e positions coul d al so be used. In

the preferred Fig. 6 8RR HRn=t8 UboRlAERET aJAkREH preBLirgunct i ons
as a passage for polyner material to be conveyed through

mel ting uni t agi2datub 00 ofithiet predetid irndeatiofi. UApparansg 189 ia adapted for consinaghse node: -
m crowave cavity. Thus, both m crowaves and the polynmer materi al

ar elbot h conpwyessing ohgsupninl 62 semprisingiadialymen mateaa! 1 kemekied frchgi t udi nal
axi s of ch er ,140. | referred enpodi nents, at. l.east a

o ¢ on of t ibsPaeat SRy erer i apoint o uSe Gk Shaw) Anprahiz BntiE 147 of
housi ng 112 ! pher : el : : ective
(e.g., char a{:n[égchgggﬁ{ y4 g’ﬂ@em ggﬁ%tleﬂg‘%éﬁsﬂtaﬂg%b%wf t?)fneetltg}ga%?lg/?@ 05) so
20 t hby corduionds; Melehg Wbaempbighedinsfeltiagriniti1 4hend &t rabkerener gy
generated during ~nelting operations, are reflected back into
chanber 140 pelymedérthen pegshuniged in transport mechamah tli0ggopuanspondadee point of

Ch er 140 generally has a dianmeter that is determ ned by the

di sttance betWeen the interior surface 141 on one side of chanber 140 and

t he 25 interior : : : ' - The

[ ength of chanber 140 MREGRi A4 iRudGRICAE SRy Olveg PAMREca fbsie
plate 126 at1ihforatedrfasrasidedvalindmhebttdrhOl 180tbp 118, and interior prtifién 124,
positioned at the exit from chanber 140. The di ameter of chanber 140

as neasur ed buengrarartinen 129 dhidas housingdd 219tp afeed rone il 42 and ameltinggonone

124 and

cone 124 1 Jr Tharyeiai cignigor patiion 12048 ki Syl Pefprbiefte BB

wavgd engt h ofy, ] - bhej g hAG,

Provi di ng cha%gén%gés\?\%\@ \éﬁélggﬁf %ﬁ%&t’%‘?ﬁ%@%%&gﬁggg atslglgt;[orr% eeedrﬁog? owaves

\SI)VIB} | 5 122 into melting zone 124, Preferably, interior partition 120 anderforated plate =~ WO
14314

PCT/ US97/ 17326 are formed from an eleotnmely comduttive matdreal ta poovide elettrieve uni form

di stributi d effjcient : .
energy distr Ishlgltdllnognaté}cf':e: tc?p o% r%lel%rr]lg zone 124. As an option, a cooling jacket (not

shown) may be provided on the exterior of housing 112 in order to carry away
25 excess heat generated during melting operations. |
Feed zone 122 includes rotatable feed screw 128 operationally
supported in housing 112 and bushing member 130, which defines the inner
diameter of the feeding section. Bushing member 130 preferably is formed from
hardened steel. Bushing member 130 is fixedly attached to housing 112 by any
30 suitable technique including welding, riveting, bonding with an adhesive, press

fitting, and the like. Charge 132 of supply 102 provided in hopper 134 is gravity

21



el ting performance. Preferably, such dianeter is 2 to 5 tinmes, and nore
preferably 2 to 3 tinmes, the wavel ength of the m crowaves. For exanple, for
2.45 wo 98/14314 Gz nmicrowaves, the dianmeter of chanber XGaspiwberably
10.75 cm Principles 5 for determ ning suitable geonetry

characteri Stﬂe& ™t8 fheﬂfﬁcﬁm%ﬁés@éﬁr{q\ﬂ %ﬁ&{l@? 51I1rfﬁe 131 of busﬁ{?@m@rﬁbéﬁo are

descrlbed for exa t axas

Heating", Pet3er fd@.@ﬁﬂ&hbéﬂtﬁrdaﬁdl% Levdcdehtet HBder 140. Rotatton of feed screw
The length of chanber 140 is less critical than the diameter. In fact,

charmber 140 138ymbavgseoshates1d thmlm’typ@fnrat&d Ipéate dAGahd indo desliingdoneol 2nsur e

e e dlratestor e
cansbe deter gcgtgpgtaﬂg ter rotation o f‘eé’d E&E 2% dﬂr‘c’sgtd%é fifghtt &eﬁfﬁkg .

strength w thin unme’’o eria

strength shcmbfbrttﬂy,mee@ s@’B(WlQJS ib Qotﬁfeﬁ%.@b. rﬁt@@ﬁ @m@lﬁbﬁaﬁ&mﬁonﬁﬂa@m but
shoul d not be so high as to result in breakdown and el ectric dlscharge

(arcing) 15 steady stat¢ floivdef polyndranatedel thﬂtmychelang unh|1§4g:aalbe maiefameded
electric fields are on the or out 375 kV/ m for power
| evel s on the order ofMGBRWZOGF\}@ﬁ ltlcp}pgequygpéncallys aped, singlg H]ﬁ and for ~

an appar at us,

at a power ou t?\té’l:I g@eﬁ erﬁﬁ %ﬁh&%@@}fﬁgﬁ)&ﬁe{%gh&fggw@ %‘%%U1dleelr?gt h in
thgqorange Although only bh®Miciwak 6urk@?3¢ Bhd waetgthabm et @nedrt o 50
cm would be suitable for 20 processing a wi de range of different

pol yner S. Sesoganerawhye scetreesas cothbncaioh with one or more waveg\iidasampled to
Heati ng", Peter Perearl nus Ltd., London (ltdt?i 3
In particul £M2NYSF dF8AE eRE VBB RASHIANS GPUIdAsq tﬁ@tﬁdt nthtwf%éive

t ranspar ent r VI r

t ranspar ent Anwoed”m%gps}b%frp RXI{’Q%SM(EW& gb ﬁp ﬁtjf \%S pasg;r%e?t? 8?P%ei ng

. processed t gniRHalRItR doRgbRA thfough melting unﬁhemﬂft caéi@y L fmdtiroamaye
energy distribution i's at a maxi rum Accordingly, l'i ner 150

- pr difot es norsnglanialermivesvaveggavity. afi‘hps;rttoth anctowal¢s angl the psl;u:rhemnﬂtenalal

In the absence of | i ner 150, poI eiﬂﬁ cl oser t? si.dewal | 11 '
have a are both convgyribalene g §2 Utbé@neé tﬂt@dwﬁl% orgitudimal axis |n the

center of c r [ |
t enper at ur eh(’g)%l eitﬁgma@ 'tegen d emlﬁaq}rélegﬁ atal SI; 32’01"%96’ %ftti’ggf%e}1§P§Udaﬁﬁ%n flow
characteri stiqgs miarmtgtanﬂmt 1476f BOMEngl 212 thEPGeM dHMMIbeNB SO atduffitiehdly

aI so burn or ot herw se degr ade.
reflectiva(feqs/ chagterized by an emtssmty of less than 0.1, preferably 0.05) so

PCTI US97/ 173 150 is prov d.proxi nmal
t&f’. dewval | @&wotmy BHEQWAYRS, Putlsgpqme of the ¢ radiant eneggy W%?éj dUPE N | | ner

I's needed prg lltlrf(glopepat%%g N AR a2k i3 chbér £40 in order to enhance

melting performance.
Chamber 140 generally has a diameter that is determined by the
distance between the interior surface 141 on one side of chamber 140 and the
25 interior surface 142 on the other side of chamber 140. The length of chamber 140
1s determined by the distance between plate 126 at the entrance to chamber 140 and
plate 144 positioned at the exit from chamber 140. The diameter of chamber 140
as measured between the interior surface 141 on one side of melting zone 124 and
the interior surface 142 on the other side of melting zone 124 is preferably equal to
30 an integer multiple of the wavelength of the microwaves being used for processing.

Providing chamber 140 with such a diameter helps ensure that the microwaves will
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because the polyner material is typically fully nelted by the tine the

pol ymer mat eri al reaches that part of chanber 140. 5

Li ner 150wpoga4ak!y is formed froma m crowave transparent poatgsoralrsoo

that not only absorbs a relatively small percentage of the m crowave energy
as the resonate in§THE ERAAY&S] 408 \4ehieVE LRGN bh&8Y distlbutiiH arftd Sficiedt
substantially tenperature resistant So that the material wll
not deform malting perfanieicel Pecfeiabiyadectddiameter il to Hdgimes, and more

operations. As used herein, the term"n crowave transparent” nmeans that the
10 preferablyat tha simesy e yravelengtngd thg myerovvaves.v Forexammer i9a2-4%s s
than 1% and re. . r ef.erab S than.0. 01% of e _m,crowave
ener gy trave%"}’ﬁp&?@’ﬁs’ ﬂiﬁeédmeg ioilcﬁamt)gr 143 pr%f@?%géﬁﬁghwmfgwl?sested
accogdi ng tofmmﬁg’%'s%ﬁa@é@bﬁfét ShfHablehdidYof a microwave cavifyJuBh g6t i C
Constant) of Solid ElecCtrical Insulating materials at M crowave

-Frequenci es ghambenpt) at\desaitad, for@x@ingle, i Meleak, ‘NhttadalBViicke®dye A W de
variety 15 _ of tenperature resistant, mcrowave transparent

materi al s suieatng” fReterfRaregrinysiLitde London (1983). 150 are known and

i nclude the so-called l.gqw .l os erancs,, gquartz,. glass, )
porcel ain, alumina, co q}alggtgﬁgcgymn‘bﬂeg@ 1 ?chf‘ﬂgalltﬁﬂréf‘he diameter. In fact,

factors. | nol GAget he B peper o b ot oy RN L Rahed Bt ekl
lingp 150 i s pdfymer residerice thee fnochERther 1he ip@wgren@ugmﬂdnﬁaﬁh'gwb@f nmicrowave
source 137, the frequency of the mcrowave radiation

gener at ed by aptamphzhed. Theiprséertgiriengthcdbfichembek #40 ¢an be determined accqsdimger r ed
enbodi nents of th

| nyention erati at. 2.45 G4z and 6. .and in
W oh chambef Hirglesired & kgirius s e 0vtin Bif Yo dhetari el B ¢ om
the range 25 11E A SERUREhEALCHRTthAdso sH sthicRoBlsles o OAKRRR, 11
woul d be sui ishébig.not be so high as to result in breakdown anBhéledtfit dischavgk (sRaRY of feed
screw 128 generally determ nes the ressure i n chanber 140.

Desilfabl y, metsiderghasaberridOi 7 mi:b@ﬂhisngahtprtzfemecﬁ) gleciresi fjelds are on the order| ow
pressure that .is ef Lve to devel op sufficient _f e _to tran rt pol yner
mat erial thr %Gﬁo%éﬁ%g/@ BT Pewer levels opithe, peder 9fé%g>§f QtdY‘EP ths ﬁéﬁch t he
flow rate of . | glyzvp . t] r-at.e at
mat eri al ent gﬁgn%tha%defr‘orfﬂ%gk) #gfusglﬁ%lﬁgﬂ EASV&HQ rﬁ]g'&‘%ﬁ% e_&llg%ya'? B@m@qlsw
subst anti al | wt & lpewepBBtpudicvel 68 KWRLRE bfh che&ABas] 4 Rdihes a l<Hth i he@Ghinge

24 WO 98/ 14314 :
PCT/ US97/ 173$®m 20 cm to 100 cmppraferalilyaboutf4Q ¢rd t6 60 o, iveouldbe lsutablebarever

the_residence tine in chanber 14 y be toqQ | ong apd pol yner
mat éPi al s beiPRFESPBEAYIE TaRaS o diFenspolymees Fesaencrally Metands, HrduStnal
Microwave Heating”, Peter Peregrinus Ltd., London (1983) at page 72.

In particularly preferred embodiments of the invention, microwave
transparent liner 150 is provided in chamber 140. Use of microwave transparent
liner 150 confines the flowing material being processed to the core region of

25 chamber 140, where microwave energy distribution is at a maximum. Accordingly,
liner 150 promotes more uniform heating, transport, and melting of such material.
In the absence of liner 150, polymer material closer to sidewall 114 may have a
tendency to be too cool whereas polymer material in the center of chamber 140 may
be too hot. The resultant temperature gradient may tend to have an adverse impact

30 upon flow characteristics through melting zone 124. The polymer material could

also burn or otherwise degrade.
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degrade. On the other hand, if the pressure is too high, the polyner feed
rate wll be too high to achieve sufficient nelting.

Accor di ngimo ogmabisi ng preferably is 5 carri ed outporvusdhvarsoer 140
under a relatively | ow pressure in the range from about 2
kg/cnferr] to about 40 jkgaécrdekploviBéEhRxaRAMo 2ideHaBNTI1Q! bhit ddes#dt line all
kg/cmerr]. In the practice of the present "invention, the
pressure applofédttom Tist eNo dher is nebdadosoxibdd) toraychsortions of bottom 1#&t er m ned
as the pressg}re of the mat erial,?t the exit port of %hanber 140, i.e., at
pl ate 144, 1(pecause the polymer material 1s typic Xg}llyr@qzlfqdr}y, t ﬁﬁlmeeqheip@imr i s

transferred f el iing uni to transport unit 106
t hr ough condlﬁtﬁﬁgi%‘ééa regﬁ}‘saﬁgtflﬁt%ggé%ﬁrel#opol yner between

mel tsng unit 104 and tr@gRePRyd gdnaidilyLoforRd fsin aGhRFRVAVRNEhsHReAOMmARYial

sui tabl e notivating neans such as gravity, a puhp, or the
| i ke. As shouimatinet bhly. abSorbgelrtlatively small percenfagepf tHdmicowaesehagpasthepl i sh
such transport. Melt punp 110 perforns at |east 15 two i nportant

functions. Fimistqwavesiavelghraueh lingr ha, bt alsads substantially tempesaturegfesistant
nolten material, transferred.to fransport, unit. 106. Addifionall melt punp
el pa " 5B thar' R Baia il Rol SRR ol b eraise dokiede TR N el
punp 1 10 is o%faaftigﬁé.e@s used herein, the terfR®ffi€roWavé ?rﬁﬁsﬁ)aﬁfﬁ’hnﬁﬁn?ﬂ%ggﬁ:k val ve, -

coul d al so be used. Transport unit I ncl udes
cyl lfidri cal hoatsiigihataxchtiot osmplgx2@rmittivity such thatiedsithgh t9aahémold4 'f or
hol ding a netered anount of nolten pol yner. Transport unit 106

is further phseetrbly lgss thapi0d1h of 88 mifrewayseneagataeliog throvgh thenrateng!
novenent insi.de haousj ng 152 i.n directjo ongi t udi nal .axis of
transport  '® absorbed Wﬂe‘h?ﬁsiedfﬁ%‘?rdﬂ%tf’m@](sﬁ ?&édpg 6’1?5'2—1‘8"’% TR, VlS‘Dvem&*nt

of piston 15¢pidlediie Clinseht) #Rofl Electrical Insulati i ol ten
pol ymer 160 tthlmejgh outr{set )passoage ?L%Zc%on%u %6?%5% aﬂsgag-l\fh%&géve

Because the dpequnicias aall Tehfpefiturkbat 863050, TestNIethet B @907).aahiide varie each
pi ston cycle to force nolten polyner to the point of use,
trah8port uniof tearoperafire Fesistant,i migrowave transparent mptesiatsrsuitsleifer fopming liner

ef fectivel d for injection | di ng,.applig¢cations.. On the other
hand, if i {150 kpewmes b’?@\‘ﬁ‘g‘géﬁﬁﬁg&f leoy (ke pereprics. g asSuse o
i nvol vi ng an\;)iorcelain, algmina, cSﬁBfﬁéﬁbggglgfh%se,ta.nglﬁxealilg%l t punp or other simlar

transport device can be substitute r piston 156 in order to
convey a continuous supPhethivkne®ldfehe pally 6Llindrd SORRIll depend ggonavari@@idft of
use.

WO 98/ 14314 factors including the diameter of chamber 140, the material from which liner 150 is
PCT/ZbJ S97/ 173%8 be formed, the power output setting of microwave source 137, the frequency of
the microwave radiation generated by microwave source 137, and the like. In
preferred embodiments of the invention operating at 2.45 GHz and 6 kW, and in
which chamber 140 has a diameter of 10.75 cm and liner 150 is formed from
quartz or a low loss ceramic, forming liner 150 with a wall thickness in the range
25 from 2.4 to 2.7 cm, preferably 2.55 to 2.65 cm, would be suitable.

The rotational speed of feed screw 128 generally determines the
pressure in chamber 140. Desirably, melting occurs in chamber 140 at a relatively
low pressure that is effective to develop sufficient force to transport polymer
material through chamber 140. It is particularly desirable to match the flow rate of

30 polymer material with the heating rate so that material enters chamber 140 through

plate 126 at substantially the same rate that material leaves chamber 140 through
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Because netering chanber 154 is separate from and i ndependently

pressuri zable relative to chanber 140, relatively high pressures suitable
for WO 98/14314i nj ection nol ding or extrusion can be develt@HUsH7IIAIN

met eri ng chanber 154 wi t hout affecting the performance of

mel ting oper alatongd. Hotheduand ®o 6@ Bbivéedrytheirgfiderce time in chanibe?90rmay i n
the range from 10 kg/cnjerr] to 2000 kg/cnierr], preferably 500 kg/cnferr]
to be too l@andppddyner mpterialirbeteg proskispd gevidl wyse@r othemwiser i ng
ng.rrber 154 \Mglgll'a e.I Ylthe other hand, 1£|t1'be 8r%§§%%£§§tga%ei‘hén}?é n(lg]lgr:gg}? I B’a@v@@b er
pol ymer proc | -%p‘_ra . .2 fi: 1 | Il on that
i s general | y%s%i%%qgﬁl tg&ggﬁl‘l’% ﬁ%ﬁﬁcbernéggr’eesltsl?%gg%&dmgm "?élﬁgggéerf%@égn%oo of
Fig.56 (for exagd sut idlchaBért m0ainder 8 relétiddls ®ovl @reidurenn hedranBe B about

the same identification nunber as the corresponding parts of Fig. 6 except
that the 2 kg/em” to ablmnOfkigéent’|, preferablye? kg:gfn o 0 kg/an’s dnithe pragtice he
suffix "A"), except that apparatus ) 200 further .includes core
member 202" pd&s BT HRnY Nt R A A SSEutsPRlis do ﬁﬁ*ﬁf@? in chamber 140 maBe et ends

(romplate 1260l 6 A8, IR AESR04IRchailg, fibinef 15

surface for guidi n annu i on rough’chdnber
140A. plate 14)se of core menmber 202 further optimzes the heating
per f ormance of apparatus 200 by confining flowng nmaterial to

an afnul ar regi on of chAfteemeltia@Amoltempolymer is transferred fromireekingrugyt 104
distribution of the resonating mcrowaves i.s nost upiform

Advant ageous |t rapgpast paitih @b thygueh co 1% r Hraasnareeionalien pelymep Betuypen

mat eri al 20 . . fin ) t hat_the presenc menber
202" does not Tlieg pajtd ¥R eNGSorP RN T08 ¥ ack R pR R Bly SlfeBIe N cr
chamber 140A mp&tivhtihMiRédrls sUBISs Savity Ya PRRP A3rithdlike. As shown in Fig. &, ARItGHz and
having an inside dianeter of 10°75 ¢cm Iliner 150 is nmade from

quartz and hgsmgp 1 h0 ckused $o aecontpdish angle trinsporta Bdalt pAmp 11 Rerforomat deast
menber 202 i preferably may have a radius in the range from1.8
to dBout 2 criwoamportant functions. Firstly, melt pumm! 1} belps eontid ﬂéﬁ)ﬂ@wtrétedtfti i ze

heati ng perfaqr C rodif ' . .erials d 0 i ng
Cond t'ons. wiERTRE RSk BatrBE] Rdrrrsper vpitd 06 /SRR Gy, mAR puRIPRERE, OO
in Figs. 6 OmofmogehiZzBite AoIRRThAtaRAlGs WAL, Altﬂ@l[%hjiﬁglt AmplPD@As prefehed,case
may be) and/or core nenber 202 (it any) are independently
renovabl e so dthertdedhdesesuehtas a check valve, couldalzete psed.s can be inserted into
pl ace i n chanber 140 (or 140{9% as_needed, Thjs 30 . al | ows heating
performance to be opti i 2BePIbENE YO Kckeies ey hadncab howng §52 enclosing

pr 05gsSed. O g 9LRER P fof iR LA bl BF L REPpbihes harlpiis e

desiTrabl e
WO 98/ 14314 ynit 106 is further provided with piston 156 which is capable of reciprocating

PCTI US97/ 17399
movement inside housing 152 in directions along the longitudinal axis of transport
unit 106. Piston 156 is disposed so that movement of piston 156 in the direction of
arrow 158 forces molten polymer 160 through outlet passage 162 to a point of use.

25 Because the operation of piston 156 acts in intermittent fashion once each piston

cycle to force molten polymer to the point of use, transport unit 106 incorporating
piston 156 is most effectively used for injection molding applications. On the other
hand, if it is desired to provide molten polymer to a point of use involving an
extrusion die, then a melt pump or other similar transport device can be substituted

30 for piston 156 in order to convey a continuous supply of molten polymer to the

point of use.
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to use nonrenovabl e liner and/or core nmenber having characteristics that

general ly provi de good heating performance for a range of
materi al s range of operating conditi onge

S wty ﬁg : o : : T/US97/17399
I n enbodi nen é4o the invention including a liner (such as 1 ner 150

or 150A) and/or a core nber h as cor.e, menber . 2Q2 one or b of
such co m?t;gr;i %%st%sm%:tgﬁg% 8ﬁ%€%{t 1§6 '3 SABLRIE %Oh%a%‘%ngeg’fndgehg}'mer
140 (or 140Apassiribl®fative to chamber 140, FRMiVRS8) hikR pASSIRE siifkdte Pt eri al
transport or mxing. If both a liner and a core menber are
present and mmectionbrheldimgichextesiveranderdeveloped pt mdteting chambet b4 without
counter-rotation, or both, as desired. 10 . i ~ Wile
this inventi 8Hesing thepsriaenancerdaneliing operapiens: Ko expmpls; Featively high
enbogdi ments, the presgnt inventi anz pe. t heranmodi fi,ed. it hi nat he
spi r?t and ~ PressUrES il e eo%%mol?ﬂfifrg &%@qﬁ&?%pf%:e?@b%% Eg‘ﬂ“o °is
therefore inygosiRg/chi?, CAVEL eRNY _develo;t)ed in meteriY@EhZ2hb @134 WIS lowr
adaptations of the invention using I1ts general principles.

Furt her, thi preappks asimaitdised intohathddr 140.cover such departures fromthe
present 15 di scl osure as conme within known or customary practice

in the art to which thifag. 7 shows another embgdispant of 2 pelvmarpsoeassingiabparaua| |

\é\”?t hin the 1hghts thoef prtepeef‘lt ?‘rP\}%%Ré’ne gna? %saglerrrl%fal]y similar to polymer processing

10 apparatus 100 of Fig. 6 (for example, all parts of Fig. 7 also found in Fig. 6 bear
the same identification number as the corresponding parts of Fig. 6 except that the
identification numbers of Fig. 7 also include the suffix “A”) , except that apparatus
200 further includes core member 202 positioned in chamber 140A. Core member
202 extends from plate 126A to plate 144A and has a surface 204 d.eﬁning an inner

15 surface for guiding polymer material in annular fashion through chamber 140A.
Use of core member 202 further optimizes the heating performance of apparatus
200 by confining flowing material to an annular region of chamber 140A in which
the energy distribution of the resonating microwaves is most uniform.
Advantageously, core member 202 is made form a microwave transparent material

20 as defined above so that the presence of core member 202 does not interfere with
melting performance at all. When chamber 140A is a TMgzo mode cavity operating
at 2.45 GHz and having an inside diameter of 10.75 cm, liner 150 is made from
quartz and has a thickness in the range from about 2.4 to 2.7 cm core member 202
preferably may have a radius in the range from 1.8 to about 2 cm.

25 In order to be able to optimize heating performance for differing
materials and processing conditions when using the embodiments of the invention
shown in Figs. 6 or 7, it may be desirable that liner 150 (or 150A as the case may
be) and/or core member 202 (if any) are independently removable so that different
sized parts can be inserted into place in chamber 140 (or 140A) as needed. This

30 allows heating performance to be optimized for any kind of polymer being

processed. On the other hand, for manufacturing practicability, it may be desirable
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WD 98/ 14314 PCT/ US97/ 17399 WHAT IS CLAIMED I S: 1. A
nmet hod of using m crowave energy to process a conposition conprising at

| east onewgsighiafibe pol yrmer, conprising the steps of: PCT/US97/17399)
transporting a charge conprising the conposition into a cavity in

whi ch the chiryge moarerhevable HekraindtbrwWotdmeinbepavifg eRastéristics that generally  (b)
while the charge is in the cavity, irradiating the charge with

m crowave enkioyidegnpskheatingipeiforsanseffera rmetog mwserials heernrotapge of

(c) transporti ng t he,.nel ted polyner fromthe cavity to a netering
chanber; angPPerating conditions. "4y "t ansporting the mel ted pol yner from the

netering chanber to a : . . - TS
met hod of claim1, V\he%nefrr?b?%%n e(rzxésv?fit?eixrévegtngnﬁ)%c]ﬁ\ﬁed@%agﬁ%r gsruggvaa\s/gng%{/ﬁ y.

3. 5 The nmeshIBDAY arel/éd Atcre nvddsedi(Sudhe oy ineshbies 262)5 bAE bE LB siitler ovave
cavity and step (a) conprises transporting the charge along a path

subst ant i al | goropenentpeandbanytatable boytthe azis of ghambehl 4hr 1H0Amsabe cawer gy
propagates in t?}? cavi tg. .. 4. . The met hod of aitg1 1, wherein the cavity
is a multino@aY BELioAwFEWithymaterial transport o puxipg: kbbothr lnesiand 2 cofher ei n
step (b) occ I j ir P re.to the charge within a
first pr essullr’ll%’%rb %éllgfaprggegxléx%&;%tgtg%er gﬁc\bn+?r§§§rﬁﬁﬁ9%ﬁ&ggp%g?%%a}at%%%r eto

the charge wWduptét-atRRMOBAbNMESSINsGeange, and wherein the second pressure. .
is greater than the first pressure. 6. The nethod of claimb5, wherein

thelirst pressure ranyéhibxthendsertramrhastbeat destribgd ovith tespadt eupredéired
kg/cnmferr] and the second pressure range extends fromabout 10 kg/cnferr]
to about 200@“12‘@4‘5??{‘&’ |tl]e_ present invention can be further modified within the spirit and
scope of this disclosure. This application is therefore intended to cover any
variations, uses, or adaptations of the invention using its general principles.
Further, this application is intended to cover such departures from the present
15 disclosure as come within known or customary practice in the art to which this

invention pertains and which fall within the limits of the appended claims.
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28 WD 98/ 14314 PCT/ US97/ 17399 7.
The nmethod of claim5, wherein the first pressure range extends from about

rom anoar SBb R ont err) %t o sbo MR IR SRR, P o5 epanes oo o
claim 1y efTS Ii&ﬁﬁ%:ﬁ% and (b) "ocEur* wHil é ttansporting the charge

t hr ough t cavi er ‘Substantially steady state conditions. The

nmet hod of cI aim1l, wherein a transport nmechani sm conprising a. pi st&n S
oper ati dnal | Y e@tmdétf usHg rnecrwm EERYXIRTRESSS 3 GOMPORKION FOTHNSIIE Afeashe

piston is ca causin ort of the mel ted pol yner fromthe
neteri n@ Eﬁﬁeﬁ%gire Rogyrf'?fecﬁlg?ﬁfl 5 fo The nmethod of claiml,
wherein the point (gf usﬁnkﬁorﬁngav:haage%n%sm@ltﬁekbmpombﬁuﬂ@@&av?ﬁd in
fluid conmunication with the netering chanber he nmet hod of claim

1, wherein the point ofwhisletliechargescanrbedemndidied vpitls nticromedte ienerfglyyi d
comuni cation with the netering chanper. 12, The nethod of, claiml1,
wherei n the cavityb) s avhiledheehargn 1nin the ea¥ity H&ﬁq'§»tl't&ihﬂﬁb@rg9é”lﬁbu5| ng, and

wh t t t | t
'Gast & portion of an IMEBRTSF TEpaREeLroTHE R AR B Aelh A Crlg ehar e

”anspo”ed 'ntO A0 B MekeIHSIGHES I HPtHE%E\tz @ FmBRYRENY
portion. g’he met hod ofgcl arlﬂme g/nerelon th rrllt}f:rovvave t%;ansparent
mat eri al corrprl ses a nwheambet, asél ect ed from quartz a | ow | 0ss ceramic, a

gl ass, a porcel ain, and conbi nations thereof. The net hod of ‘cl aim
12, wherein a coréd)nenﬁ@nswtrpg)&etmeh@hpwmmphﬁomethmetermgacmhﬁérto af fective
to define an annularly so\}\ﬂé)? gathvvay for the charge to be transported

t hrough the cavity, and & the core nenber conprises a mcrowave

transparent material. 29
2. The method of claim 1, wherein the cavity is a single mode microwave cavity.
3. The method of claim 1, wherein the cavity is a single mode microwave cavity and

step (a) comprises transporting the charge along a path substantially corresponding to the

path along which the microwave energy propagates in the cavity.
4. The method of claim 1, wherein the cavity is a multimode microwave cavity.

S. The method of claim 1, wherein step (b) occurs while applying a first pressure to
the charge within a first pressure range, step (d) occurs while applying a second pressure
to the charge within a second pressure range, and wherein the second pressure is greater

than the first pressure.

6. The method of claim 5, wherein the first pressure range extends from about

2 kg/em? to about 20 kg/cm’® and the second pressure range extends from about 10 kg/cm®
to about 2000 kg/cm?.
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WO 98/ 14314 S97/ 17399 15. The et hod
of claim 14, wherein the m crlmuueumllluuilll[m material of the core nenber
conpri sewoegmmser i al sel ected ¥rdm qualftz? & | ow | oss cer REDUSH/IG¥ss, a

por cel ai n, and conbi nati ons thereof. 16. The nethod of claim1, wherein
t he chdrge dThemidtbed oficlaonSpivherenothenfinst prieskuae snfpkiexteruds fromoabdutdf a

m cr onwave gnergy absorbipg additive such that irradjation of the chajge

wi t h mikefcande abewickGie/eamy gad thensecpad prassure sangs| extends from abqutes OPdegdem of
claim 16,, wh ' he charge conprises fromabout 0.01 to about 20 parts by
wei ght %?b%’ltlgbﬁér)gg}%ve ener gy absorbing additive based upon 100 parts by
wei ght of the polyner resin. 18. The nmethod of claim1l, wherein the
polymer is a thernoplastic resin. 19. The nethod of claim 10, further
conpri 8i ng The nétkpd obtlaim 1, wherein steps (a) @agd (b) eeay exhilegranksorting tigel char ge
fromthe nmetering chanber to the . cavity of the

-i nj ect chargawhrgugh the cavity under subptantially steadyrsiate kenditibaed charge to
substantially solidify in the cavity of the nold; and
(c) removing the solidified article fromthe nold. 20. An appar at us

fapab' g of bf%'e’}.g?tﬂb%fx\ﬁiéﬁ 1?%%%% 5 OraRE P AR cRant R ROHIpHRE LOIRN! ST Ny at
east one neltable polyner,’sald apparatus conpri sing: (a)
an el ecbératiahally coupticlol the nitesrgNchadtfel Bidhthat MbosavRWT the Pi3aSTSEs Rgpable
cavity; _ (b% a m crowave energy source operationally coupl ed
t'o t he of agusing tsaresport of the melted polymer from thetmetaring ehambérdogdhe peint n%u‘se.
conposition is in the cavity, the charge can be
irradiated with m crowave energy under conditions effective

to mel 4ot he el YdRbd of claim 1, wherein the point of use 1s a cavity of an injection mold

positioned in fluid communication with the metering chamber.

11.  The method of claim 1, wherein the point of use is an extruder die positioned in

fluid communication with the metering chamber.

12, The method of claim 1, wherein the cavity 1s a chamber in an electrically
conductive housing, and wherein a microwave transparent material is provided as a lining
on at least a portion of an interior surface of the housing so that the charge transported into

the chamber does not directly contact said housing portion.

13.  The method of claim 12, wherein the microwave transparent material comprises a
material selected from quartz, a low loss ceramic, a glass, a porcelain, and combinations

thereof,

14.  The method of claim 12, wherein a core member is positioned in the cavity in a
manner effective to define an annularly shaped pathway for the charge to be transported
through the cavity, and wherein the core member comprises a microwave transparent

material.
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(c) a chamber in fluidc i||wm!\¥“|u>“|m|w the cavity such that the

nmel t ed polvgmgmugﬂn be tran por rromst he cavity to the chafiagdor17399

and a transport nechani smoperationally coupled to the

chanber 16n aThe method of claim 14, whereilThRRfierovi/2 tIa'Px%argﬁﬂ ﬁlgl@rlgp#fytﬂgﬁoﬂen t he

chamber can be transported

The apparembes con‘npulsa am@@eriahbelected fiohequares a\rﬁvfbosrardefwﬁx&; fglaggui ty is a
singl e node, m cr cavity 22. The apparatus of claim 20, wherein
the mi cP8RElA, ;ﬁ“g P@C’@é\ﬂi‘fﬂ?ﬁs a single nmode microwave cavity
positioned in the housing such that the conposition can be transported
through the housing along a path substantially corresponding to the path

al ong whéech tThe metksPVEMBine MEHHYrel MR3BaL %ohg)rfsgfa ﬁm% n?01¥1?1§r and 4 "€

apparatus of claim20, wherein the cavit owave cavity.

24. Theffigppa ambust affa ohabwadenane algdorbih @dditias SREH thatreddedtionrofekeIpr i ses
a piston operationally coupled with the chanber such that novenent of the

pi ston FRargspath micspwaye enangy eauspsibermolmerthenatel t ed pol yner fromthe
chanber to the point of use. 25. The apparatus of claim 20, wherein the
point of use is a cavity of an injection nold positioned in fluid

communi ¢t i OTh¥idthdd6f &g 6 "\Yh&R @%hgige%gm r Jshﬁoxgl%%ﬁf? u¥ ctlé) bb&iltdom 20,

wherein the point of use is an extru e posi Frone

communi pais byweighh of the mirewavegerehgdisbrbing additive Eﬁ&d%@ﬂﬂ@blﬁﬁn@ﬁ claim 20,
wher ei n th%é E arat us further conprises a mcrowave transparent hateri al
8

| i ni ng 24 Fﬁ@ﬁmof an interior surface of the housing such that a
char ge transported into the m crowave processing cavity does not directly
contact said housing portion.

18.  The method of claim 1, wherein the polymer is a thermoplastic resin.

19.  The method of claim 10, further comprising the steps of:

(a) conveying the melted charge from the metering chamber to the

cavity of the injection mold;

(b)  allowing the melted charge to substantially solidify in the cavity of
the mold; and

(c) removing the solidified article from the mold.

20.  An apparatus capable of using microwave energy to process a composttion
‘comprising at least one meltable polymer, said apparatus comprising;
(@  an electrically conductive housing defining a microwave processing
cavity, |
(b)  amicrowave energy source operationally coupled to the cavity such
that, while a charge of the composition is in the cavity, the charge
can be irradiated with microwave energy under conditions effective

to melt the polymer;
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31 28. apparatus_ of cla erein the m crowave
transparent materi aI corrprumﬂl m“m!! Wuwel ect ed fromquartz, a | ow pass
ceram c, wa;ﬁsﬁasm a porcel ions thereof. PpAOUSIT/1ITIv
apparatus of claim 20, wher éin the apparatus further conprises a core
menber positioned(d)n t Rehambet i fluld FofMiEEatRinlWith kveecdvity @aEH fiRxt Bk

annul arly shaped pathway for the charge to be transported through the
cavity, and wherein thendtsdgoimndreanbertmnspeteddromchenavity torthe shamben

mat eri al . 30. A procgss of using mcrowave energy to process a
conposition conpri si ngaﬁ | east one meltable polymer, conprising the steps
of : a | d] Lot | | fjrst
cavity for hol di n&c() a tHnSYérighahisA o?)teiaatt)loﬁalrfg? é%%ﬁﬁs%gﬁgh&geﬁpd
resin; ( Bdannef QichtthMdmélbai ﬁ&&xﬁ&ﬁﬁ' the CREABEr dad B tf'ah{sﬁérted
position such that the cavity is I n comruni cati on
with a supply conprisi ngatpomtpbuyerer ; (c) delivering a
charge conprising the polynmer fromthe supply to the

cavity; (d) after delivering the charge to the cavity,

I rradiatjng e_cha rowave ener under
¢ondi t | %%s e eéPP%a&Sé’WﬁL“P?‘ LuBdessie g PiFrgrpve protessing Eavity W& stgle ¢ 1\
pol ymer modBehistdvaal dvityr adi ating step occurs after the '

rotatable nmenber is rotated away fromthe first position; (e)
after nelting the polyner, transporting at |east a portion of the

nelted polyner to a rreterlng chanber; and (f) . transporting
the nel E%d pa"hyﬁﬁparﬁmrﬁ tcwemr?é}, e\rhef@néhmmifépW@be processing cavity is a single

point o rot atabl e menber

POl Tt atnsif Sierpive ey BoRligTe o R M T A N ke
second Qgﬁ.iptoh@a th V\Eh@hé Rbusth e %h?ﬁth Mﬁﬁilﬂlﬁ@dﬁﬁg{)? % tﬂ tl?QI%'hge to

the cavity occurs when the ro menber 1s’int sition,
| rradi atihich the nibsovedargergypropsgatanvinttiye oddtyr s when the r ot at abI e menber is
in the

23.  The apparatus of claim 20, wherein the cavity is a multimode microwave cavity.

24.  The apparatus of claim 20, wherein the transport mechanism comprises a piston
operationally coupled with the chamber such that movement of the piston is capable of

causing transport of the melted polymer from the chamber to the point of use.

25.  The apparatus of claim 20, wherein the point of use is a cavity of an injection mold

positioned in fluid communication with the metering chamber.

26.  The apparatus of claim 20, wherein the point of use is an extruder die positioned in

fluid communication with the metering chamber.

27.  The apparatus of claim 20, wherein the apparatus further comprises a microwave
transparent material lining at least a portion of an interior surface of the housing such that

a charge transported into the microwave processing cavity does not directly contact said

housing portion.
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PCT/ US97/ 17399 seconalﬂmuﬂlumnuﬂﬂm lmnsport i ng of the charge fromthe
cavity t@oloRgdgterin en the rotatabl e ppgRRb7/iBed N t he
third position. . "THe protess of claim30, wherein the rotatable
menber is rotatabl e into a plurality of positions conprising a first
position and a second position, wherein delivering of the charge to the
cavi t y2&1ccUTlse apiifathib 6f claim RapivRerginibe micfowdvetth@sparest maesal dodiprises a
irradiating of the charge in the cavity occurs when the rotatabl e nenber
i s rotmeteng! selepted freny quastz, plsy passreeramiche gkes arubrelaing anchcommbiations
transp rtlgg of the charge fromthe cavity occurs when the rotatabl e nenber
is in econd position. 33. The process of claim 30, wherein the
rotatable nmenber is substantially cylindrical and has first and second
axi al faces, and wherein the cavity is capable of being in open

cormumgg;at i e ¥gafathbef Ellarns R0 axhateirl MEQpPiratRifGrth&t ses HRERAheinBeor der

to receive the charge. The process of claim 33, wherein the

r ot at apdsetianedtie the sawhyspaswnﬁneﬁed’tmsw definoapanrsilay shapeqb phthwasiyfgr sect i on
di sporsﬁ% Brom to the rst Il al .face, of the rotatabl % menber, and a
bot t ontPRGHEREO eertapmpr‘eﬁdstb ERiBafnd Wherew he COFIMSIIORT CYRBHSESR t he

r ot at a&% Qg) 15 are%? atr e process of claim 30, wherein novenent of a
pi ston causes he charge fromthe cavity to the netering
chanber . 36. The process of claim 30, wherein novenent of a piston

causes transport of the charge fromthe netering chanber to the point of
use. 337. Ap&o@ssoéssmgﬁmumiwayerchcngg\ﬁapeows&a gympesiporocasprisinganteasti ti on
conpri si t one neltable poly conprising the steps of:

(a) %‘%F'Eﬁhﬂ%p yf’%?c’a‘foéﬂ?ré“%%é‘feps erel n the rotatable nenber

oo L ool SRR S B P gl
charge comprising a polymer resin;

(b)  rotating the rotatable member to a first position such that the cavity is
in communication with a supply comprising the polymer;

(c) delivering a charge comprising the polymer from the supply to the
cavity;

(d) after delivering the charge to the cavity, irradiating the charge with
microwave energy under conditions effective to melt substantially all
of the polymer, wherein said irradiating step occurs after the
rotatable member is rotated away from the first position;

(e)  after melting the polymer, transporting at least a portion of the
melted polymer to a metering chamber; and

® transporting the melted polymer from the metering chamber to a

point of use.

31.  The process of claim 30, wherein the rotatable member is rotatable into a plurality
of positions comprising a first position, a second position, and a third position, wherein
delivering of the charge to the cavity occurs when the rotatable member is in the first

position, irradiating of the charge in the cavity occurs when the rotatable member is in the
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t hrough successive deli VeH!'_\mml‘H“H”ﬂm‘l2337{ rlziﬁggort positions of a
CQyClwe

processi wp gsyai®@, wherein IsS 8uccessi vel y repearGiU§HI/17399

each cavity as the rotatable nmenber rotates, and wherein the one

cavi t y sédontip@sitieh] aed ytaispditingost the chagaficdn tHe daeitgity thegnetefihgichamber
conprising the polymer, the one cavity in the irradiating position

hol ds acehamdiendhe tatatablermemnberiisin therthisd positiani ati on, and the one

cavity in the transport position holds a charge conprising a

substantially nelted pol yner resin; (b) delivering a charge

conpri ghng ﬁ\ﬁ‘é?ﬁ‘z éegghf AlalX 3%”%&?3%9@11%‘?‘5%%% member is rzogtable iin’co a J)lg{aﬁ%}én to

the cavity i very position; rradi t he

char geohpbgitibnk édmepidng bYfirstipppRivatndh deBénd posidbtwingein delivering of the
position with an anount of microwave energy sufficient to nelt
-subst anharge ty thel daviy ocewss pdiep tlee ratatsbie roémber id irc therfist position, irradiating of d)

L1 ans parCHEGRS 1 R PO RORRTL Ry e ARG S RO G s |
spéli SRS ¥ 2 s |
7 651 m; Poftoh € Bleetth B dis o Bt cIh BB A Wllek B BB Chaticonss whem v,

i nt o atf@iothtable member is in the second pdsRfY. i sing an internal volune having a
shape corresponding to the article to be nol ded;

(f) rotating the rotatable nenber such that each of the cavities'is
advanced seguentially_to the next cqrrespqndi ng position of the .
proceségng ylemé?ce&ﬁafda'm 30, wherein t g})tat'ﬁwléﬁ@atheﬁgs Wibgisatiply cﬁ’r‘l’tdb‘ﬁ@lh (f) a

lural i i . . | Ot
O ot 4 058 e 0 SRR PSSP oo EIRRLA

(a) é?x&x%\ﬂﬁ@éﬁ'oﬂ WER B fGOANAl fatOSF hid AdthiallelMEMBE idi RerdoGBad@ethef the
conposi tl on;

charge.

34.  The process of claim 33, wherein the rotatable member is disposed in a housing
comprising a top housing section disposed proximal to the first axial face of the rotatable
member and a bottom housing section disposed proximal to the second axial face of the

rotatable member.

35.  The process of claim 30, wherein movement of a piston causes transport of the

charge from the cavity to the metering chamber,

36.  The process of claim 30, wherein movement of a piston causes transport of the

charge from the metering chamber to the point of use.

37. A process of using microwave energy to process a composition comprising at least
one meltable polymer, comprising the steps of:
(a) providing a rotatable member, wherein the rotatable member
comprises first, second, and third cavities, wherein rotation of the

rotatable member causes each of the cavities to move sequentially
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(b) a mcrowave energy SOL"”H’H"%IHH"’}!:%!I!P coupled to the cavity such
that thewghay@si4d N the cavity can bew risadi.dted wi th m cr guByeseenesogy
under conditions effective to nelt the polyner; (c) a

metering chamber capaleuph sB&le8dv Bellerd, drnbBHAE Ak iBodk bBsitions of a

the cavity so that the charge can be transported fromthe cavity to the
met eri ng chanber; and processing cycle, whé@)jn such chtless sidcassivedy tepertetidpi sm
operationally positioned in the apparatus ~__such that
the first transport nmeeRhRRgasshe epiatable roemberantases; endyrhermin the one

of cl'ai m 38, wher oi n (HEY By BE 261k BAB PR Strab Rofseeing s T Al ty of
positions conprising i L hE £ 004 a0 L hird
position, wherein theacgadgréfengﬁgéggiylﬁ’i\gh&%ﬁ?}??gﬂpﬁ@%@gw@;a e?néstlt%@
rotatable menber is irhdidea Ehdigd oPtheicoimpdsitioheueifgigediation, Maderyohy i S

i rradi atabl e when the rot a’;}?ﬁt})ll e nmenber is igﬁtéhe gecond posi tion, and the
charge is transport ablaavsty £ [ieangport pgstiien s pehangeegmpnsingss when t he
rotatable menmber is in ?}he ttHé(rd FegiSiti on. . 40. The apparatus of claim
38, wherein the nenbers" .gtagtba[ (3¢ ?ﬂY‘Beﬁreﬁﬂ“u.ral ity of positions .
el [ verabie to {RD CayityBERchig® FERRARRY dbRnuathAEh Iy ingy 0° | <
posi tion, the charge irgsihité i cavithlietherdelibery@avition; when the rot at abl e
menber is rotating fromthe first position to the second position, and the
charge is transpde} abligadiating theechasga held vihthe cabigy dispatedih ¢henerddeatings i n t he
second position. 41. . T aratus of claim38, whergin the rﬁerrber IS

The |
rotatabl e and conpri sé%os’ftiops"t“,%g) EBRUNT HTRTAVIYF Leiet FRECIERhOBR rotati on
of the rotatable nenbesrubgtmaq@a : h?;’ﬁ%&%@?gﬁ%‘%ggﬁggwe sequentially

through successive delivery, rrradiati _ positions of a
=processing cycl e,(dyheninlpsiial a€ kabtea pSrtisH 6€ tfesdheflevhdl@ REtleQ@viy irtieh
cavity as the rotatable nenber rotates, and wherein the one cavity in the
- delivery position is drguabbrepositiprtes vietejing dhiambge sudrtpei sideavatyps| yner

resin, the one cavityintheirradiating.. ..
35 capable of receiving an additional charge comprising a polymer
resin;

(e) injecting the charge from the fnetering chamber into a mold
comprising an internal volume having a shape corresponding to the
article to be molded;

® rotating the rotatable member such that each of the cavities ts
advanced sequentially to the next corresponding position of the
processing cycle; and

() repeating steps (b) through (f) a plurality of times.

38.  Anapparatus for processing a composition comprising at least one meltable
polymer, comprising:
(a) a rotatable member comprising a cavity for holding a charge of the

composition;
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HH ne cavity in the transport
posi ti onwinoodseias@a charge conpfi si ng awssubstanti ally nelt ed REWYSHMATINSI N.

42. The apparatus of claim 38, wherein the apparatus further conprises a
second transpor {b)rec hanicsrwdeaingtgyosakde/oredstidnalinedupled tdtheajapty afiels such
that the second transport nmechanismis capable of transporting at |east a

portion of the char ge thasths ¢hargryin thheavitt eancbeparaginsed wethimicrovatetaneT®avi t y

to the netering chanber, 43... The appar at of .claim 38, wherein the
first transport rrechaHf‘g‘FﬁC@Sﬁ‘lﬂq“§§£‘%8“)ﬁ$§’t'8ﬁ#%é?‘%ﬁ‘%al ly disposed in the
first transport chani : . Al S S
capabl e of causi @ trgr@%gfi#é:g}?&?ﬁéer %ﬁé@g@%?@%l%E@lané?g@ﬂg&gﬁg%g? to the
point of use. 44.  tH¥cARP3IbAAIIhe aRABE Bardbe t5hIPOrtal EfoPVEECaR P t@thet O
process a conposition conprising at | east one neltable polyner, said

- appar at us conpri si ng: metering chamber; ar(da) an electrically conductive
housi ng defi ni ng m crowave processi ng avi ty having

a length extendi K§ fr GHTE HFANSBPT Frecharpgmpperatignglly positioned in the apparius
material exit port; ce -of  m
. P s*x%h Ehﬁ% thg g'{/rlstt tg'lg’)sport IetRELES 1§ cadbtd Q%ﬁqgﬁﬁ{ég%% he

operationally coupled

m crowave energy propaBaie@Srdn tifd melefinfRHEmbeasidi Opbint of use.
along the length of the m crowave processing cavity and such that,

while a charge of the conposition is in the cavity, the charge can 'be

irradigted with the m crowave energy under conditions effective to
mel t tﬁé- pollPE@ppargig of ofaim 38, W ereih tha rotatgblgimerpbgyeratptahleatosht materi al

| i ni ng : ' - " LN | i f ace of

the. hoBLraLs OF by uBRL ke BBdhe Biry posirion gecopd positione HR! FRUR RGHIHE T

cyl i ndixhesdih yheSdhaBeSlis deliverable to the cavity when the rotatable member is in the first
position, the charge in the cavity 1s irradiatable when the rotatable member is in the second
position, and the charge is transportable from the cavity to the metering chamber when the

rotatable member is in the third position.

40.  The apparatus of claim 38, wherein the member is rotatable into a plurality of
positions comprising a first position and a second position, wherein the charge is
deliverable to the cavity when the rotatable member 1s in the first position, the charge is
irradiatable in the cavity when the rotatable member is rotating from the first position to
the second position, and the charge is transportable from the cavity when the rotatable

member is in the second position.

41.  The apparatus of claim 38, wherein the member is rotatable and comprises first,
second, and third cavities, wherein rotation of the rotatable member causes each of the
cavities to move sequentially through successive delivery, irradiating, and transport
positions of a processing cycle, wherein such cycle is successively repeated by each cavity
as the rotatable member rotates, and wherein the one cavity in the delivery position is

capable of receiving a charge comprising a polymer resin, the one cavity in the irradiating
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*

conpri segyglsA844€r i @l sel ect ed fromtquarte, a | ow pass Celpaihko7/@7399 ass, a
por cel ai n, and conbi nati ons thereof. The apparatus of claim 45,

47.
wher ei lﬂ.o&ilﬂgn ﬂBRﬁraaéhéfgé &Uﬁr@g'{'raﬁﬁggp' afdthe ofi® Eg\figflﬂi}ﬁé Hglgsgy?%;aogﬁﬁﬁ in the

cavity'in a manner ect! to ine an ann way for the
char ge hbliskechaf@sraprisiil b Bistgitatlp enet@dipblymeigsiwher ei n the core nenber

conprises a mcrowave transparent material.
42,  The apparatus of claim 38, wherein the apparatus further comprises a second
transport mechanism operationally positioned in the apparatus such that the second
transport mechanism is capable of transporting at least a portion of the charge comprising

the melted polymer resin from the cavity to the metering chamber.

43.  The apparatus of claim 38, wherein the first transport mechanism comprises a
piston operationally disposed in the first transport mechanism such that movement of the
transport piston is capable of causing transport of the charge from the metering chamber to

the point of use.

44.  An apparatus capable of using microwave energy to process a composition
comprising at least one meltable polymer, said apparatus comprising:

(a)  an electrically conductive housing defining a microwave processing
cavity having a length extending from a material feed port and a
material exit port;

(b) . asource of microwave energy operationally coupled to the cavity
such that the microwave energy propagates in single mode fashion
along the length of the microwave processing cavity and such that,
while a charge of the composition is in the cavity, the charge can be
irradiated with the microwave energy under conditions effective to
melt the polymer; and

(c) a microwave transparent material lining at least a portion of an

interior surface of the housing,

45.  The apparatus of claim 44, wherein the housing s cylindrically shaped.
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46.  The apparatus of claim 44, wherein the microwave transparent material comprises a

WO 98/14314 PCT/US97/17399

material selected from quartz, a low pass ceramic, a glass, a porcelain, and combinations

thereof.

47.  The apparatus of claim 45, wherein the apparatus further comprises a core member
positioned in the cavity in a manner effective to define an annularly shaped pathway for
the charge to be transported through the cavity, and wherein the core member comprises a

microwave transparent material.
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