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resi stance, a susceptor for mcrowave energy
generated by a m crowave oven, and that have rel a-
tively high thermal conductivity, are useful as
ovenware in mcrowave ovens. Al so described are novel
structures 10 for such ovefudrke TECHNICAL BACKGROUND
Conmon cooki ng contai ners such as pots, fryin ans
and baki ng tOlYE’NWAREﬂN)RMIER@WA\fE
Peo- 15 pl e have becone used to cooklnq in nEtaI
contai ners, both forEkAd QEIHEEINYENIION ng used and
the ta%kﬁl%QQtE%EEUE%atOEoEE%lkpg XH{QQP%%%t Mare good
recently g%e use of mcro- wave has becone
papghart emprd sbecausesis theenatusesaeptmic forawes: rowave
net al contalners rall,y can't be used in such
OEREIY| HrRE A RS B % BHFE YRS, OVER ¢ s Baye rela-
pQEWel@ehﬁgﬁTE%krﬂéﬁ|%%n@@b%&&lﬁwgha&%ﬂﬁ&kﬁkﬂf%s ovenware
reS|stance have ... been devel oped, the-use of these

56l PrsTOWRYE SveRRar e 2HES BessTihesose® Ne¥elf gtructures

nts 25 4,626,557, 4,503, 168,

4 %a%%%g §’§§%&% and 5,141,985, and Eur opean
Pat ent Application 846,419, all of which are hereby
included by reference, Simlar _itens have been made
fromthernosetting p A G meri c cooki ng

cont ai @%&%&%&%ﬁ@%dﬂbﬁ%@ﬂ@lsmﬁ/ﬁ peld 11 GHrQMBNE pans,

ovens and often can wi thstand the highest tem

p@mgt lpeds ngss (rainisy am@qmmwﬁe'sém@tefdorfr@aamtél Peo-
ab(iut hia%*geO%e(co %S%Qedoﬁmgo%kl%e%% ‘%nOQ: %arﬁ'l qfs, both
Sever a -vantages can 5

preagt it |rr}éta:fdjﬁ§hﬁp@ook1‘n°@ 2004 GLkb3%he taste and texture

PCT/ US2003/ 023535 . so that may be easily seal ed and
t 0 e s e Rrageigesl: More recently the use of micro-

wave ovens has become popular, and because of the nature
of microwaves, metal containers generally can’t be used
in such ovens.
In the last 20 years or so, as thermoplastic poly-

mers (TPs) having better high temperature resistance have
“been developed, the use of these -polymers for-ovenware
has been proposed, see for instance U.S. Patents
4,626,557, 4,503,168, 4,585,823, 5,308,913, and
5,141,985, and European Patent Applicatién 846,419, all
of which are hereby included by reference. Similar items
have been made from thermosetting polymers. These poly-
meric cooking containers can be used in thermal and/or
microwave ovens and often can withstand the highest tem-
peratures usually used in these ovens, for example about
290°C (~550°F) or more. These containers have several ad-

vantages. They can be molded into practically any shape



frigerated or frozen. Also, they are relatively diffi-
cult to break, and are relatively |low in weight. How

ween/01MBen cooking food in these containers, PCT/US2003/023535
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particularly 5 in a mcrowave oven, the cooking nethod
(tinme and/or tem perature for exanple) may have to be
vao éthatr oyt e aaptiiod sesdeédf emda tinet alordemts wem, ber re-
the.food will n normal Ly have the sane .taste.and/.qr..

{ S GREACRE o o, BrER SPSY St LR i

a cRi@stior preRkai Relg e &eaaﬁﬁ@%g$aﬂQmPWQﬂm&&bhﬁQt BRw-
browned on the outside surface. This is primarily due

t §Vele WASH tdesking foodc Aewdhesey eI tpi@arsat Hagticularly
rel atiyel i.for tr.ansmn ; j b he. . t

et SRS eleh o RS Bl et FEARE hllor, bem
I pefaamiricheE suckatple sy have o He cramvmde faven the
there are usually no hot surfaces to inpgrt br owni

t 8RO U8RDb IRy % FRGBET t STo i AP B 1L not

| ack-naf 157 QWRING He Jlinfel @MY @ /RIS + B& UrRPOT iRl idkam-
Worl d Patent Application 01/34720, ceramcs

ceiai inegds YsTeptrassarple lsookaddor L Plpatdtedantadner

ovenware. O‘t%%, ot.v_hee suscg{%tto?—ec%ntoa‘}vi nidpgDn G reargu diSe
i Tt e "FGTRYGE “a Piat fhath €% art” or a te--ram e
PisRGE aefe .OVaAMARY 6. PHiisaavianaie has die fawkacks inoi -
bei ng heavy and brittle. Also, the materials for this
OFERHNEVE SVETEX f&isinetad® Ferld tiyelor Mnifeydy transmit-

Japap ! | Gati N 16354 d
P S Ea BR 0T 34700 e has hesh SSaqsst &F (RECSS

paloy irerisiy egirgtuanttedt drhifgient éingesatafiees; . eggesi aliny a mi-

BRSSO SURC OB R Gl TR i [Pt
bepwhsedy idd I litden hariingndddkaat e and smal |

amounts of carbon fibers. The resulting conposition,,
when fdimegdatt FoweirkacESakde dsek iaf RTPBWdie 1n micro-

i . . . o '
CUE il 4 SEMRATOLIN e ey S S
2004/R7P539 REEMIS200332353mMg witdrddte sy éranay dheen incor-

These suyf.aces are heated
porated i1nto ovenware. O

éﬁg%éuﬁﬁhérﬁ%sceptor—containing
ceramic is in the form of a plate that is part of a ce-
ramic piece of ovenware. This ovenware has the drawbacks
of being heavy and brittle. Also, the materials for this
ovenware are expensive and hard to form.

In Japanese Patent Application 63-141591 and World
Patent Application 01/34702 it has been suggested that
polymers resistant to high temperatures, especially lig-
ulid crystalline polymers (LCPs), be filled with materials
that are susceptors. Materials that have been used in-
clude barium titanate and small amounts of carbon fibers.
The resulting composition, when formed into ovenware and
used in microwave ovens, is said to cause browning of the

surfaces of the items being cooked that are in contact



susceptors in the polynmer absorb m crowave energy. The
use of various susceptor-containing conpositions for

W@ g@4ionisad cr owave ovens i s known. See for instPCDES2H03/023535
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U S. Patents 5,021, 293, 5, 049, 714, 4,518, 651,

4,851,632 and 4,933,526. In the exanples in these
paﬁehtshetb&enWEgEm c Giegien isugr feloe ss asee Pleert eids because the
¥§|calky veﬁ¥lgﬁ?n. SUMVARY OF THE [ NVENTI ON 10 The
pPESERPPRTertt &S POdPTEEt 8FSPELA "HCEO¥3SF SV t&var e
adapt eghkOseS@f RradiuG @Wavep®ven coltRioMely MMdsitions
or a portion thereof, is fabricated froma conposi -

t ifor vE&t 1@orrmqr§e@vae FIveRsr d Ssokn@wiher fes 1 dnstance

pol ye It| PQi and/or 49l ansj tj-gn
OB B R R A el Shaner ey 44 TRa eder oL 632
pahyner, okayiseg .a ]Bpﬁtﬁnemgm@GE@tlmhahesg @bﬁmﬂﬂ%ﬁoehe

or nore and g heating- effective anpunt, of _.a m crowave
SUEYEPt GPRERIMH Noh&H5y SUSEERS Thdt A 1CEIos MG on

a thermal conductivity of about 0.70 WnK or nore

when neasured through a plane of 20 the conposition.
This invention aIs@UMMﬁB§rﬁ§ THEDﬂgﬁgN@ﬂOﬂicromave-

abl e oyenwar e, nar.i a Ganpas iti.0

corpr | 408 Tt e et o SRnEi el 1 S sitosE o7
mehivafe PCaftedTdrOfsl ASS af hARSichiat raﬁ;leﬁ i srraabmwten-
250C or nore or a 25 thernoset pol 7 mhose softenlng
PYRAE /i §ral§*o@t°3‘235{§’(§ dhenembe, lﬁncﬁf’%’ e & iqpstposi-

agQunt +@f rrgﬂ'ﬂ‘ﬁ%\ée S Yt JF a"“%@'feez‘:'rr{b taéiﬁ%s polymer

part of sa| mpositionis in the formof an ins&rt.
Thay1pQE$eﬂtnﬂnN$mum¢namd%@n mdb&de$rafgn¢cggspkamt 3F

"RBRES A0 Bk AR, (HE o RARR RGROoERIbRE, %R0 =

al%@f%erﬁﬁ@:; e Rhdthe f eeduand ddte @@m@sret B@A &Oheating-
m crowave radiation. 3 WO 2004/011539

PEFLESEGOE GPBEEE BRIEMIPESERIVET |SOSCEPtAE MiGRESe pro-
FlAWLs bt vrld YR i LS B QSRS WSHAMAE ity of

about 0.70 W/m°K or more when measured through a plane of

the composition.
This invention also concerns, a piece of microwave-

able ovenware, comprising a composition which comprises a

mlxture of a thermoplastlc polymer whose meltlng p01nt

and/or glass transition point is about 250 C or more or a
thermoset polymer whose softening point is about 250°C or
more, and a heating effective amount of a microwave sus-
ceptof, wherein at least part of said composition is in
the form of an insert.

This present invention also includes a process for
cooking in a microwave oven, comprising contacting an
item to be cooked with the compositions described above
and exposing the food and the composition to microwave

radiation.



ovenware containing inserts that contain susceptors
and 5 have relatively high thermal conductivity.

wo2@uoel1s39 i | | ustrates an ovenware top of sinm | BET/USIWO3/023535
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struction. DETAILS OF THE | NVENTION 10 As used herein,
the foll ow ng terns shal | have the follow ng

meani ngs. By a "susceptor" or "mcrowave susceptor"” is
nmeant a substance that absorbhs mc "ma¥i bﬁglatlon

(MR) of the fBB4EERRESSRIRLLION, QT L G

M crowayg,0uens. gTYAh ukereakl Yaridel pieaeeneremiardwave
about 2450 MHz in ovens that are used to cook and/or
hewenfieud. CAIntcenmtﬂBvemerﬂ:ﬁethﬁiteef@@ﬁ@ywslé?@mws and

ohaxe renasuseayt Hibh® thtinty! Beslec it Rl M or ovave

absor bragusech NR1(seeabekowh oMbematiee t2p sufsedptidar con-
absorbs m crowave radi ation, the energy of the M is
c6h¥EFEé@Nt0 heat. By "a heatlng effective anmount of a

(m crowave) sus- ceptor” is neant an anount such that

when an ovenware part containing the susceptor is
subjected to MR t hRETASLEaPF TaAR BYVREYETEH by the MR

such that th ood .or n_contact wth the rt
will b&Sh¥sE e&reelf’f’ergg’@yl%oc}&&yé& gcr?&mr?orsé“aﬂ e the
prehebabhy m@aﬁy@@s seared, or undergo a S|n1Iar
process (collectively hereln browned). By "ovenware"

herelansane@MSQ%PQmwaﬁﬁtu@%ﬂﬁ%W%W? BFE P At meant a
g?)st\:g eat g:gxaq:r a%'éo']:]f)sv\,ﬂ{ dv\;avlets) I%%l%.g:_lcﬁ’po(lf'ﬁg of the

in an oven, prefera y a m crowave
ofe@qubhcﬁ&w hhes “soentaiederth sieh rEs WO owﬁn$ Typi-

(with side | i ndr,ical t
drc@%»%.yng S@Cilsf q%n%esnﬁfgo@%q% I545‘-15 Om%ﬁ'gzr th FieApe that
2 flsaly %tcprb%d(]@rand“/o\fol'%/w39 Alternatively, the
PCT/U82003/023535 cooki ng, for exanple pizza. In sone
i Hseanessyt eyapsa-9 30l may by dHE c RvAeit Wit ia lppyin com-
ot _.absor 0 r
o\l}lgﬁ%rag |mlC?fe°d”sa§ﬁNe%vet%sgt I%glspcre%t%lrfqnarf \;nyheln their
efficiency in absorbing such MR (see below). When the

susceptor absorbs microwave radiation, the energy of the
MR is converted to heat.

By “a heating-effective amount of a (microwave) sus-
ceptor” is meant an amount gqch that when an ovenware
part containing the susceptor is subjected to MR that
part can be heated by the MR such that the food or drink
in contact with the part will be heated, preferably
cooked, and more preferably browned, seared, or undergo a
similar process (collectively herein, browned) .

By “ovenware” herein is meant an apparatus that is
in contact with the food or drink while it is being
cooked and/or heated in an oven, preferably a microwave
oven. It¢may be a “container” such as a bowl, pan (with
gsidesg), cylindrical (i.e., the shape of drinking glass),

or it may be flat, similar in shape to a flat stone for



its design and durability are such that it can be
reused 5 multiple tinmes, for exanple nmuch |ike a netal

wo eooidfogispan  can be reused many tinmes. Prefer abCTus10e3/023535
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cookware is wused in a cooking/heating process at
least 5 times, nore preferably at least 10 tines. By
apobknsgrt Tomeegampile peame .a par sook dnsjegecesiGhe appa-

a ratus that is usually.,a piece aof qvenware h
R PR e en o bny ot FORTL REY e NAlmi R Sor T A
PraceneObreYenware folhe thes eenidyche spelmadlid,y that is
attached to the piece of ovenware or _ may

be
détacrapienoanfotugrpbitithedrat syah thathd tr €80 de deased
o] par For. I hf -t re f ,
p%ggsé@%?eogelnﬁasﬂefiogxg%é@g% ?‘g%log":l?%or? it%t:1L tfl}%lng pan
ceahabes rebereibplaast itdmesl.y mPre feratilivd theo aldokyyapen is

may he formed by first formng a disk aof the .

B 1 6 OB TGATE AT SS: RECSBSBetor S & fdes . more
Ob%éfe%!bqg;n%tt he sdirs K owtihed .Second conposi tion t hat '
does not 20 contain a susceptor so that the disk forns

t he boBvomn N-insemtdr hemefiacd sofmephd pamarthefedgd agiger
the di sk nm .bevel that jt is | i :
V\ﬁgﬁa{fﬁ‘gu& é%%l%s 1%0\1/%11%%1&2& Ej?}et Te °sz&¥% c%ﬁp%m ?%%t s
(g€ fErgntlin Avmpaishiern cexahpine tihe aanalndledi i€ afhet Ipdece
susceptor-containing 25 materi %I may be nol ded and

SpﬁpPV?BMEéEG OHTFb%n§@I§ degk PP neditdyy attached to
CeROSL LN o fARA IR 00 Ay didigdi@ dIRib1EOKetot at-

pl aced on top of the disk that contains the sus-

cspicbed( sée aBilg.tR)thel rasdt o AdtcamsEnveare wants. t Far ex-
contain t uscept.or_.are caqnsider t i nserts._. 3
BFR L s HOR (71 € ol A UREEr gt s &

eRlotpbRAMVIRRT WwHSWST eRiraidd [dHrmdpladtist uimdhata round
is mxed, preferably reasonabléi uniformy. It doe

nGLOKANS Pfde MY iRehIRed Quntleini: ITEHeDR Sheoof the
STPs R i P s A, 2 %Si RSP g then over-
meeidicepkde aiaknoddaked fosaorehd/ampasiition Hatati gloes not
d%séinrt%glneat %ucsoc%lét%r}d/s% tt}l%q:t ‘the disk forms the bottom in-
terior surface of the pan. The edge of the disk may be
beveled to that it is locked in place when the disk is
overmolded by the second composition (see Fig. 1). An-
éthérqexampie is a rouna diék of the susééﬁtor—coﬁtaining
material may be molded and simply placed on top of a disk
of the second composition, and the food or drink to be
cooked placed on top of the disk that contains the sus-
ceptor (see Fig. 2). In both instances the parts that
contain the susceptor are considered to be inserts.
By a “mixture” herein is meant a mixture of ingredi-
ents (polymer, susceptor, filler, for instance) that is
mixed, preferably reasonably uniformly. It does not in-

clude an item that contains layers of one or more, but

not all, of the ingredients.



The conposition herein that contains the susceptor
al so contains a thernoplastic (TP) or thernoset

w@oingoers39 5 (TSP). TPs can be reforned by nel t PeyUs1ve3/023535
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t hernopl astic and then cooling it belowits nelting
poi nt and/or glass transition tenperature. Such
pol ymeBy arfeoddt hecrdsslisnkedntTioockResl lpavengopgEed ngod

poi nt, and/ qr .gl ass 10 transition tenperature above
s o i AR
preferahihy 2RayR=ABoUL B40Einantha@SRRNtEidd ¥he susceptor
preferably above about 370C, when neasured by dif-

f alent cantadawnienfheamepilastiy, (GR)h athEéheaasey peilamer
bﬁirg%%t aken as the peak of the nelting endotherm and

the

‘glass transition tenperature as the m ddl e of
the traws can Ge rSfchmeshadyr erdntisiccahedbedaonmeplastic and

foll ow ng_ ASTM, met hod D3418. _If the polyner. has no
mEPEPnGopdime (it Pearsr r}ﬁ&&%%&%&%ﬂ%@%&% s
t @RS YR PR dakSiredeceMResS I 19N RireShrld be

used. 20 The TPs useful in the present invention

skowise linéfed .er ditley TRay bayef B ciedminch@arlt sesl/stragd@ss
so_that. . they wll not nelt when e d.to_ MR

PO B PSR e &y BN e T 650 ShdPbEar PRRY 2Pove
aspohey sanecdenbgaegretordbiyMabevpr ebenabbyothpyand espe-
shoul.d not nelt when the ov 25 enware i s exposed t

MR .
| §1&LeiYe PERARE 3R 2R S GRPr 37 kaWP§nn6‘FaﬁP€§_§nP.Y dif-
Tyl 23l 5% 18 Ueh PMEeRS Al NakseRol d;: 115§ AR 18 TRKigBiM:
out put of m crowave energy of about 1500 watts.
Ubefimlg  ttedrenn @lsa dthiec pdake lafd & heo Imedl teifrion ssndedihyesgn, 3md the
ters such as .pal y(ethyl ene terephthal at.e)..and .
pSIFER MBI 2.8 PRI EY. olyam e L he transi-
NYiQfRr. 6, cNGhat RASRMLES @el ibee ddioomdiexanetihysmne
di ami ne and isophthalic acid; polyethers such as

polefheseadife b dd) PPomMAreting uIDited)g point (if
pal y( et A m : - . .
DA RRR VR it AR AN WipBcurs  cpen e
suddfdatdg)geilt g batimyts-shall be used.

The TPs useful in the present invention should pref-

erably have sufficient thermal resistance so that they

will not melt when exposed to MR in a microwave oven,

when they contain food and/or drink, as they are designed

to do. More preferably they should not melt when the ov-
enware is exposed to MR in a microwave oven and food or
drink is not present. Typically such ovens for household
use have a maximum output of microwave energy of about
1500 watts.

Useful thermoplastics include polyolefins; polyes-
ters such asg poly(ethylene terephthalate) and
poly (ethylene 2,6-napthalate); polyamides such as nylon-
6,6 and a polyamide derived from hexamethylene diamine
and isophthalic acid; polyethers such as poly(phenylene
oxides); poly(ether-sulfones); poly(ether-imides); poly-



talline polynmers (LCPs) such as aromatic pol yesters,
pol y(ester-imdes), and pol y(ester-am des);

w@oingetsher - et her - ket ones); pol y(et her - ket oneBgT/US2003/023535

10

15

20

25

30

fluoropol ynmers such 5 as pol ytetrafl uoroethyl ene, a
copol ynmer of tetrafluoro ethylene and perfl uoro(nethyl
vismE igielse schard ®odop@-phamrlegle tsethigfdaior detdite sy s -

and -hexaf | ugropropyl epne;, and. m xtures  and bl

CREPdGHY R ERLE e Wy AR Y i rers,
" bioQyi (@ stes-imkiQdsn!,| iRl pollynRist dis- dialds ) p@Poivefether-
that is anisotropic_when tested using the TOT test or

aff hegaderames vamcdy athen-ratesies)as dessiqnsdgmess such
u.s R 72 ichj ' ~

r S‘? el é)%éggtﬁéé% u]ql%r:l?(?%s%l Yil\@-ﬂec' I ljidgj ) 13@%%%% kBl uoro
peltyfydsner sard ges)f 1 van Ealthids tveimylls dtutiedss) .adhes copoly-
preferred form.of pol r is "all aro-, matic", that is
BFEToP i A S RS D L TRGHF IRl ene and
arRRRiired e M1 dids thiRdddiKi ng groups such as ester
groups), but side groups which are not aromatic may

be prefemrefEyrESPSviRg dfe TRdd ian piGRe Bf aPsLigiticherys-
S ar - I,Ni. 0Si t] T Ps :
PSR o SN0 EOR0S Y W 5oT M s
prefear alalgteaabaisd npltg TRADC egrer prref eretdonadhioveraria-

about 340C, and espe- cially preferahly above about
SFICR WhGT s AL BIRFHASR] 25 Hhttrod e (Heat®: 372

Defieat 1100 nEsmmsy atiR)dedVBihad thrafca.  l@atkof ol in-
MPa. Useful TSPs include epoxy resins neant for high :
t edpeicanelyastEranddis(eat e randaas) aznte LoInPe sy -

pr.ef.erred types of Dol rs for e+d.n the . pr t

. e R Sarbed Wi e IS A

alnla tiRs ,anthatl SRS ,aliinad fidiHg dh0ges tipeashd isdletnab aein
is generally <<l WnK Because m_crowaves are

alsSEr e AR BHATAHE  RHIP off AThd Rtusceptita @i sifh as

U e dind BN\l BRI SES AR, epecic nay
POEH WS20(33110.23535
TSPs may be used in place of TPs in the susceptor-
containing compositions. The TSPs should have a soften-
ing temperature of about 250°C or more, preferably above
about 300°C, more preferably above about 340°C, and espe-
éiéil? preferably aboﬁe about 370°C; wheﬁ-méasurea-bywASTM “
method D648 (Heat Deflection Temperature), Method A, at a
load of 1.82 MPa. Useful TSPs include epoxy resins meant
for high temperature use, and bis(maleimide)triazines.
TPs are preferred types of polymers for use in the
present invention.
The thermal conductivities of virtually all TPs and
TSPs, including those types listed above, is generally
<<l W/m°K. Because microwaves are absorbed within the
depth of the susceptor-containing material, it is possi-

ble to have substantial temperature gradients through the



thi ckness of the material. These gradi ents may be
| arge enough that the interior of the

W@ aEemptse? - contai ning ma- terial nelts whil e tPET/081083/023535
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surface stays solid. To avoid such situations, the
susceptor-containing material 5 should have a thernal
cohdakhéexit pfothaboate®idlW nkhese guadiehlie thgr el large

conductivity of the susceptqr-containin co si.ti,on
cSnonahs bhebathy AEERGOERELTROG: SREReReR SoREainiAY ma-
. pattheuhat esmahenkak hef bhker) swhirekel kealk kasia.relrs

10 tively high thermal conductivity, such as about 10

Vewidosumbr eitustéopsef EhgbEilsaspEOr2GoRtA ndngprserial
Usef u illers.are repaort wWi_t:-h I,r o

BB X InBrEe: RoFHRr ™= Coaaaar oty i CEbade opr g T /K o
pabeat heses, as reported by Y. S Toul oukian, et al.

in Thernnph&sical Properties 15 of Matter, Vol.

. 2, ..
| FI / Pl 8AamEDRERAYo FRNAYGEA VY Cds Offu Chef USSP HoFeIcog a1 ning

gggagggﬁt%ﬁ%%i B F»a&@%a blachk .and ¢dle TRORS i@l Shith a
(50- , varies wdely), MO (60)., "BeO (200),
abamthaull4bel 5@rerizailnd foxilge) ( 3B) chCiEZelT0MRS andela-

SiC (-100-500). Preferred ther.nally conductive o

PHVELY BaPo0 6PN CEroNGOL Ahg allidna GlFn 10 W/mX

bbackoaad ﬁ@&@o@r@f‘erawl?’- aEepecical ymPreber ede. Useful
ers

thermal |y conductive fil are graphite, carbon
bEadikezrd agsr BEROKLISEr Helppr @ifthark SR Fmede rprmal

b - LI eakiRg, i
¢ BB GRS 3k, MpotROBNERY 4 Bl HiFodel: B WP e
t ber wal Scomdudukiity, oftt kd . TP ior TISRrtgipesiddlorPmwddrties

be.. The upper_ Limt of ther- mally cqondyctive filler

t Rt Mot e Y8 ﬁay%ﬁé/&’jmeé’ﬁlﬁ" Neat gk By i%-d USeful
effiegteran ithe Wiy $ireph it QR WBthg (RUBMIEIS Lk & car-
conposition than by the actual thermal 30 conductivity
abbine éerrleds OrROOmaMayriesnatidea e f M9 &, BeO (200),

g%ﬁ%%ii la: §(4t€'1‘1§3>&t hat ar &Nk, alsg S‘é:%%%pt(%_%’) g"@}ad sic

i-ona e é€d t0 thé suscept'dr containin
CqPRO%I-5 otoi)ans Hre ficiefeen st arie If1he ramldweanidie tii Milteprst @re
the desired_ |evel. , )
graphite, MgO, and alumina, carbon black and carbon fi-
bers. Especially preferred thermally conductive fillers
are graphite, carbon black and carbon fibers.
7 _Mgre_than one guch filler may be used. Generally
speaking, the higher the améunt 5f fhérméiiy céﬁddcti%e
filler used, the higher the thermal conductivity of the
TP or TSP composition will be. The upper limit of ther-
mally conductive filler that can be used may be deter-
mined more by its effect on the physical strength and
toughness of the compogition than by the actual thermal
conductivity achieved. These thermally conductive fill-
ers, especially those that are not also susceptors, may
optionally be added to the susceptor containing composi-

tions to increase the thermal conductivity to the desired

level.
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sem conductors and poor electrical conductors such as
carbon and netals. Specific materials include 5
aIuninUaetpmmdasceptdustﬁrechnbwn (nnther pobs f oMakerials

such as carban_bl ack, wder d.ca

TPBor) SR p A Re PR lo R R e R 8 gB0CaC 3 anic
zLBkpOuhds, §@ﬂ1cbﬁ@ﬂc@6r§e§n§U%Bo@Seﬂ&@ﬁ@ﬁbh@-cbﬁductors
sone i nstances netal s may not be a favored form of

sagcbpﬁsrCaIbOmhén@oﬁééﬁﬂﬁat|§@e§ﬂfﬂﬁem§G§§éﬁﬂ§r1Pﬁ1ude
hEP iny négg%de?aégddﬁgg508' #%BH(QEﬁn@a 1FEet%%r%§S§uch

Re™ed i on an he "ef I ¢i enc
sHscepkbbh bﬂhbkdegeaphﬂteepwmaErframﬁj@arbbntﬁebNR),

w ||l be absorbed. Th e fraction ahsorbed by
théréu@cébFaPaEGmtapﬁl %égwﬁ SsEPC astﬁénFe§§lé§r and

aY?bhagkngQ Qﬁcﬁ'échbﬁn@QiQ%bedIQYSOHQ@lB%QQnQ%S metals

drink in any particul ar "cooking situation. The higher
t meyf natt benaoffaNRrefatfors aifs @m@@@pwrt he

Compor TBFt FONCRPEFIgAes B0 GHE RUPEAP iy S5 o°F

f ggot bagedas cbmbbsata@slc gploner wakth ther malslsy of the compo-
conductive filler. For exanple various forns qof
c&#ﬁéﬁnaﬁédsG§€e6?§ﬂ§1§ﬁﬁyh§¢et#@gﬁ“Fﬁ@Eﬁ&r)c&Hll deter-

dH&thwhhﬁsf %%EQBBCOEOEh!n@ﬁ@@ﬁ@l‘%éjgﬁﬁﬁﬁﬁ%prhe higher

graph- ite po arbon fiber or carbon black is a
pthéefredt25ncabbpm®¢ds&&t¢¢E0ﬁuam@pﬂmﬂ1ﬂanalnlng compo-

ABeL4Sh < iy d =Bl B e YT 1 B g S Lorbed by

CQ%QU@bbﬂlb&earlﬁkeﬁ%f%Q@Vpbﬁ%i@dﬂa&rbﬁbhﬂm@ situation.
susceptors should be relatively small particles.

T§pec BiLopeh & heafgest ignmat MBO thiegn iEomberabage Py Ghe
s%%r%b%#ga%%nggﬁﬁ l&éié%%ﬂ e%%ﬁi@?ﬁtﬁgo%%aﬁogompo—
m and-l

fibrous na erla I's used engt h
apdarage) wiidulethe |l ess than 1 mm The flllers and

:c,l_l;sgeptors ar%;(plﬁﬁyerab e)%fg:‘orgj%}%l S erseﬁ) Ny a Suscep_
tor and thermally conductive filler. For example various
forms of carbon are susceptors and have high thermal con-
duct1v1t1es Carbon, for 1nstance in the form of graph—
ite powder, cerbon fiber or carbon black is a preferred
combined susceptor and thermally conductive filler.

Metal in the form of powders or dusts also are susceptors
and have high thermal conductivities.

Preferably the filler(s) and susceptors should be
relatively small particles. Typically the largest dimen-

sion (on average)for a particulate material should be
less than about 500 pum, and if fibrous material is used
the length(on average) should be less than 1 mm. The
fillers and susceptors are preferably uniformly dispersed

in the TP or TSP. They may be mixed into the TP using



9 WO 2004/ 011539 PCT/ US2003/ 023535 standard nelt
m xi ng techni ques and equi pnent, such as single or

W0 260a/08158€W extruders. They nmay be m xed into PCHESHER023535
before the TSP is crosslinked by standard m xi ng
met hods used for uncrosslinked TSPs. 5 The thermal
candudardimglbfmihéngohpgbhtqgﬁs Endseqéipma§§s fust as
be, abou about
oF 18R, ofofulhr SrEFULPYEEREGEED oY PRolextderyto
pEEEGT§b|Meﬂ@@éttﬁeOTﬁﬁﬁﬁsobrﬁééﬁlnﬁéd B?p%taﬁd&kﬂym1x1ng
preferably about 5.0 WnK or nore. However, in 10
seeEBodAi eRedohtni Ansueseptoked ZSPaescri bed herein,

5 ineed RRL l@@ggmg%' h&sult}agg Mfgercﬁa' cggg@ggmshtsl €% some

n all I nstances or exa ere th nsert 1Is
rebhatbvaliyt bhi aband or7|W/eﬁchremmtq,qmnéﬁ@rahlthbout
ovenwar,e.of which it is a The TP or_T

ot ePeRABry o s it S SSHEPSTARNY, Aot PrOSY/ T e

Cfaepes' Lbep- pBé@tegabhy bBeuthkgb thierRBbr CABBHCT ANt ¥spe -
l'er (or susceptor if the susceptor also has a high

theaﬂré}{ poaferebuit 9)»011@ 5b@uW/m5Kt@rafb@E‘f3 65HpHgver, in-
OFe?E Blcge 91@89%' tsuglae EI&% { h%. SC%%%@H]CEQIG\.{LJGE% need

conp03| |on I's neas fhrou
(hbtnnest gedssivelyi anphothariedt cpaﬁmaummee ah all
ovenwar e, using ASTM Met hod D5930. ' The t hernma
cOREGRREEFr yT6F FEPTREF WOREGSI oﬁgseefﬁoﬂSCGﬁll%tﬁf"ﬁ&Y

SHgﬁhaghﬁabraqgu%E%lgﬁe%%ige%b%ﬂ%H RheVthe @4ShWare of
described for ovenware is tfypically quite low For 25

i mhtighcét dsi agpelé -safbel TP @geESEanﬁé@gbééylaxe present

bel.ow, a conpositiaon contalini 51. 6% %:0f

15 D Rge A GRERE Btan EEREFane Fhot ROTRES] CHEh 1 al Y oagg Ly the
0n56% bhihanax condart ikiey dant efal (orpeiceripages idr €he
by wei ght of the total conp05|t|on) was nmade .an

nEMgegPit R0 24 sgi 85 At Mgbcthsgmede Cpﬁ%d&sr‘&ﬁ"tlﬁégpllén@bout
?% %%ea% v %%@ttgo%% tybkytﬁg§c %%1%5&%._Cﬁ%e thermal -
Aport ant consi derat i In the desig of oven- ware
caohdmntng1ays@éb&hEOCCM@CEuansmeﬂmln@aﬁmeeweamﬂnwgh a
20 plane (thinnest cross section) of a test part or piece of
ovenware, using ASTM Method D5930.
The thermal conductivity of polymer compositions
(not containing substantial amounts of susceptors) previ-
i ouéi& deééribed fér ovéﬁwafe i; typicailyAquite 16W;- For
25 instance, using the same LCP used in Examples 1-4 below,

a composition containing 51.6% LCP, 13% of a blue pigment

concentrate in the LCP, 35% talc and 0.56% Ultranox® an-

tioxidant (all percentages are by weight of the total

composition) was made and molded into a disc. At 100°C
30 the through the plane of the disc heat conductivity was

0.40 W/m°K.

One important consideration in the design of oven-
ware containing a susceptor is transferring the heat that

is generated by the absorption of the MR by the susceptor

10
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susceptor is contained in a part whose thickness (at

|l east in a portion of the part) is about 50 mor nore,
mabethar toedl aeliygwhenkele tH%abnessgagtab@uarlwotmw@rWhen
5 nore, and verX partlcula mhen t he

b5 SUZBECHSr LADPEREAORSers PrBgEr RS RarE e ee (2t
ther g%'lncgngB%Eﬁght$f %erE%FanHs 5ok %@egd or more,

suscept or - al ning nma i's not conduct out of

t hat-eNMBhetiblahrlivt ¥hbeMmekattieknesReGisalkiibut 100 um or
internally, will fise, 10 and heat will not be

efrrbureu,eanﬁyvemanpartu@@ulmlwwwe@o&hebéwké@%dS about

This of, course, negates sonme of the b ne- fits
uSCRg B SisEeEor - EORYERAENd TnECEETAL. %@é(rehgﬁg J%S]&rmal

a3 JAREEL 8k, 1 f tfh HCHREHALMULS 10 thRE SUSERRIY

containing material rises to the nmelting point or
glcazsﬁaiﬁllnlgamartlemalt empercit weaduattieshewdr dfs tmag:h@ﬂa)te—

of e TP r TSP t he co QS| t he

Stdednt O S STERAPRS at GO Ty W P amyidd, Tise.
OlLrRV eRagatah 1f e, wer etﬂfqal@@ﬂzlybejmmo&t%ﬂ ey m& food
ruined and/or catch fire. The same nmy be true for

chaiosi coghechat Ths-§ pioomattssw tf’r?ﬁar?@sz@ome of the bene-
S%ﬁﬁ%@%%ru%%ggﬁk?gggsmnt d Aond O @AM A8 . Perhaps

materi al t he |nserts as shown in
Fbgmﬁeaslﬂmpditaﬂﬂuﬂuﬁ(nhﬁ hﬂmyenauure of the susceptor-

suscept or-cont al n| nq1 ITH.t erl ﬁ:t cknesses asor lass
dESaGHSd B & ehiE] SifRmMS §“‘°1 g

S YSGORY Q-0 MR RE HRNPRE Hd R, Si0s h@geleer)r el e TP
tively high thermal conductivity. Figures 1-6 show

var G sifeddis COMPRSEI ¢S FHIRIRIPTRIBHEA 11D mate-

t he resen ve or
cgolkl ng ﬂ m%{enCp 0 ée%p ig. ﬁig%y\g:n%&mfl%, or the food

S exdiiren c(d'akgad )y Yen Fiihed aand/ds @atdnskite 30 The same
cont ai ning a susceptor which has aqsio er surface 5.

| P SD SHPIAhE (TFIIRS ahPh Helt GGt Siith the
{ NRIdBp R AR e LRSI U A8 158 DRSS SO el i)

in contact with the inserts as shown in Figures 1 to 6.
Therefore, when the susceptor-containing material has

- thicknesses ag described above, it is advantageous that
the susceptor-containing composition also have a rela-
tively high thermal conductivity.

Figures 1-6 show various pieces of ovenware con-
structed according to the present invention. Fig. 1
shows a frying or cooking pan from the top (Fig. la) and
in cross section (Fig. 1b). In Fig. la, 1 is an insert
containing a susceptor which has an upper surface 5. 2
ig the body of the frying pan that is made of a thermo-
plastic composition that has no susceptor and a rela-
tively low thermal conductivity. The body 2 is over-

molded over the edge of 1, and both of 3 are (optional)

11
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nol ded over the edge of 1, and both of 3 are
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nol ded-in handles. Fig. Ib shows 1, 2, and 3 in cross
section, and in particular shows the bevel ed edge 4 of
lmolémd hnmhand$eeverngdedbosbpwshls Bevehdd3edgecress

ace. In addition. the n of Fiaq.
e St fame Shaact PREELERYGH BaRiC ARe, Bhs e BolRY4 of 1,
asn@ahbwob 2 Blerhbedeanposict tBAsobedeledhebidet he padd 1
above the bottom of the nicrowave oven, thereb

aimomlﬁgethelwﬁadditégdiF?e paat ofhEifgoet LofPe ﬁ@P spve
bounci ff of =t 1.C Y
obekt BHRE. S8ofan ofal YR e ey B e T bRt B0 O
n@heccampbﬁnﬁgoa sﬂseepbohoaddthavpanrabawbveh¢ lowtom of

thermal conductivity, they nrela-_ tivel I
t BRBUGRCTRAYAYBORVRYG pFB@é??Y gﬁ OWFP@ntEFI§%'¥Fﬁg%8§ﬁlY

tﬁeQ@ Eh@kseteem%tsh%& byr Al BY Lhanesal’ Srffl B n@eks. bot-
hi gh thermal conductivity of the insert 1 al 15

| oo héatheomﬁbmwayadpwm o Beeayspehosdirscé srgngade

nce to the fo bei ng cooked. .Thi vel
oggPﬁeﬁt Omﬁﬁs6glf %oFofta?ﬁénga P% %E%f and pave
U§§@a€@ve@&°%6wtBﬁe&ﬂbﬂoﬁbﬂﬁubQQ@1Whl|eh@@0kmm@;na$eaa—
g (with or without added oil or grease or
nrﬁyvg Yu§@@12(‘}hﬁﬁ%1ﬁha§h§ FOCKEHIa PERFRESa @&&Pd‘%?en allow

app% gg he %% %k%d.agp%EtE%%tp@BI%En@ Qheldaak’s fin-

e to e oven shown in thé ot
Foguses. TEeghuthUMaMM§kaqgndu¢t9@uﬁwowﬂﬁth§[ﬁﬂ$ert 1 al-

mla th |n Fi t |nsert
ebiﬁ?é’s7 ?1 &%é‘rl e U5 \%2-10 FEPe Isél\%ér%g e66§1 §7e
I gapved tfor Q'P@et ke daodhe i f@okersy alifanipigveints anditleat -
8, and/or easy replace- nment of 6 and/or 8. Flgure 3

shogs o& tlopndi/ew @Fi ng@a)Paéhd’fa Fdidosd ¥ 1S SIFFE

“Hhelh, S AL PSSR D Riter B 3 S el oo

ma(yrlctplt icanatilthcay edteded li of epteazwit, showmy thee used
much as a pot on a surface cooktop. Most of the comments
about the pan of Fig. 1 are applicable to the ovenware
shown in the other Figures.

Flgure 2, shows a cross section of a pan similar to
that in Fig. 1, except 1nsé¥t 6 has an edge 7 whlch is
“reverse beveled”, allowing 6 to be removed from the body
8 for easy cleaning of 6 and/or 8, and/or easy replace-
ment of 6 and/or 8.

Figure 3 shows a top view (Fig. 3a) and a cross sec-
tion (Fig. 3b) of a “pizza stone” in which an insert 9
merely rests upon the base 10 that has handles 11. The
base may optionally have molded in feet (not shown) to
hold the stone above the bottom of the microwave oven as

ig also optional in the pan. The base 10 may have a

slight recess slightly larger than the diameter of 9 so 9

12
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9 so 9 12 WO 2004/011539 PCT/ US2003/ 023535 does not
readily slide off 10 if the pizza stone is tilted
ddeergnbtanepditly( 8d idke OEEbRE) LIFLHE BE ZSFRORS CRF 1S5

alternate construction_of t hat has-rai sed,.edg .
e SE oL RE SRR Ee Ry B et tenE SBs0a fFagSrTppeRy® =
5320t Erfatandbastaiudtiidnbdwsi nhathdaedged seld Edgepi 22a

(not shown). Figure 4 shows top views of several , |
r hegrguPAFCfaRdocEIMaY] PREYRE: &S RaVZRg TERd &lineried

i rgs oy | t : $8d RIBIAS
Ty b od S e ded 10 MhAR TI ke TRE Faesr o ot the pan (not
othbiwgy) .1, and each of 14 may have bevel ed edges

i Cr oWSYEUTEK . PR FRD PHEUR fo SBUERG lat NG BLAP 1S

oh 3t hg1ganesahl %anS pherinealc wap ko de-<t Neysdlc haat present
source for a wok is usu 15 ally underneath the wok)

béinnyamietsolbasd ewinsh a Thede Lnserigt Mays Heamiieagoigied
Fig. .6 . Lew (Fi.g rgss -

tlmglﬁ:h( IJ—'?L%%\A%E’)% t&?j%gw&% iogdrtl%éaa&%)& g)::}gFg‘ 'O\C/iénv?/asnﬁg cach of
hav rgy aBviendentelEd iadgjede snbiddy 2@ #hat has handl es

21. The 20 insert nmmy cover the entire bottaom and nost K
of the lAVES & GIWUES FLShGRFTOFY. % Moy S Vo

] YSEHC QWL iRAIr-t0f16 RS ANtAY ithe BRIOM HT/tHe YelRSally
(not shown). By using the mcrowave oven at a | ow_
pewterdiend wok s(thepdhsirmal haatasounge digrileatwoky 1s usu-

so-cal | ed, sl ow,co g_ler [..\CLO e% r i oY, ogv 17
oI e ER et R PO o) IS L AN aed Rt Wbody
browt the feedliers amtact with the cooking vessel

sides and/or bottom The ovenware item (such as those

in Figliies £ ORI 2 A% Hede & 4op et qurdFops sec-

U S PR T R T STk
an insert 19 inside a body 20 that has handles 21. The
insert may cover the entire bottom and most of the inte-
rior sides as shown in Fig. 6, or may just cover part of
the interior bottom and/or sides (not shown). By using
the microwave oven at a low power level this type of ov-
eﬁWarévméy simuiéﬁe a so:éailed-slow égéker éf crock | .
cooker, which not only heats the food being cooked but
also tends to brown the food in contact with the cooking
vessel sideg and/or bottom.

The ovenware item (such as those in Figures 1-6) may
also have a top (see Figure 7) which fits on top of the
ovenware item or directly on top of the food in the oven-
ware item. This top may simply be used to close off the
top of the ovenware item, much as a top is used on a con-

ventional metal pot. However the top, particularly when

in direct contact with the food, may also be the composi-

13
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the top of the ovenware item nuch as a top is used
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particularly when in direct contact with the food,

may al so be the conposi- 13 WD 2004/ 011539
PEILHS2803£6235B8d hiearias cdaserinbad kemsgiseepbPraiamcngav-
a ,susceptor and hav- i a Celit ain .m ni.rrumtherTma

|
coRAUE PorEy - THE SIYER IR GRRST R "Compodith S1oCeP™

M rRecptadenhg @@ sli®l oS madh beN paiclserdnalogiss dop as
the inserts shown in Figures 1-6. 5 In _sone instances

orlny inkertop ama) coomsaite the dpseaproshawentia figpres 1-6.
terial, .particularl : o )
RE eaeor BB ot e SaNeg T Thar moeptoT

stantaihiecoveneariali,t earErdlerdy eitimahe eobdrwar es to
item as_is used today._ Figure 7_shows such t Wi t .

| REOYD $60 S50 R GHEN TR oD eent Ry hat in-
I %%E‘ 22 nOVR/SRIded Widih i3 NN JrEQIResIdvivare item
whi ¢ oes not contain a susceptor, the overnol di ng
cerpasi vised hadayy Famline J4 shovss sivell @sttacesitiy the

may be preferable tthat 25 b | t
co%fts i rﬁéiod&r?glntlﬁé; 50t ?FO(S %&%%%5 pg{we ostvvn ) as% %I%Saetrtt hzé'2
t QRredimcaciddy Wit &3,s drita-Heap cefmpded ¢ fcrodvi(indt does not

shown). Tops containing _the susceptor- containin _
CHIRFESHIT Gh SURSERTMed % T RN %@Rﬁ&al.tlé%é&lav:tng

PIEGRS 02 0Verare, hergldt o dd Anat heky, tklysp%fgf_erable that

ovenware, especially for comrer- 20 cial applications,

t 5 $ies capptldrec dritaai rilrey gnattexdingr fmldiyg dherivagr (not
bel.t, especially the surface of .the cqn- .veyqgr helt
mﬁﬁwnsdntsé’ct@“%/%et eogtooﬁe T4 Wpdi? QEh‘—’lethSonﬁlevgcyo y Of the
betdog Thict WHdwh )t herefgy ecdier 8 HmeEhatis mdofeptor-

browni ng the surface of the food that was in contact ,
wigdntze ing sianfeessl Gionh deuvidiast arein 13regreso consid-
I ns S r .t hat the sur- face of
theegefad(;g%ebéeelsng@%oo eerg'gag%eglkgér)ll eI{a't ed in contact wth

t he susiepirostloont@aipe nof povemmErde espasplahiegn fdmre commer-

cooki ng/ heating, i s conpl . For_instance. pizz .
erp'satlsgappl%ca ions, t eestfsdceptoor-cg’rtltaafn?l g faterial may

be a conveyor belt, especially the surface of the con-
veyor belt which contacts the food resting upon the con-
veyor belt. This would therefore be a mechanism for
brgwning_thé-surfaééAoértEe food thaﬁ was in_cdatact-witﬂ
the surface of the conveyor belt.

In some instances it may be preferable that the sur-
face of the food being cooked and/or heated in contact
with the susceptor containing polymer be crisp when the
cooking/heating is completed. For instance pizza crusts
and many baked goods often preferably have a crispy sur-
face. If the surface of the susceptor containing polymer
in contact with the food is smooth, water vapor formed
during the cooking/heating process may not be readily

able to escape, thereby resulting in a soft (mushy/soggy)

14



30 and many baked goods often preferably have a crispy
sur- face. If the surface of the susceptor containing
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vapor formed during the cooking/heating process may

not be readily able to escape, thereby resulting in a
svéktmashybedggyyfatéd .WOIZ004E0DESBY found that 1L the
PCT/ US2003/ 023535 textured food surface. |t S e

{ BURASCRaCOEStRE "CaE PACOSEBR: AR P g B r ey The B~

esgapecghaneelrsodt he sftenf atehokrtik@ifead By afdear chan-
much crispier. By these chan- nels is meant grooves,
suefgcési Feegll SEPOVES, RNEEPEE §IFacude Ithi&felkgiurled

hgg%%egh %E %5éi%ha%%§|§IdEh5%%%Q'W@Haﬁnéﬂ§3‘%Hfﬂhgh which
vapor for me

i'n tHe cooki ng/ heating process nmay
eshapeateamvhpiore doree fimodhe swokdoe /Avedhtting process may

suscept or. contai ni ng pol r.,s surf . S h I
7B S0 Do "EORYSHE SR Lo o A IE Ty SProT
MY RS i B ngl BARned Liseressed guro drerslid aes, e

the susceptor con- taining polyner, but it is
prefrerede vt leamviemsserc manms s foe exompdd<d 9y e be ma-

mol di_ng, process for. i.nser r r f

s&i"&gﬁt%or"ri T CONt ac lvl\rnﬁ:t%ttt}%e 00 cseuﬁfftg%g.glsé%etor con”
Ert@fielrimgd 5@1@&1@, Eﬂﬂﬂ iltsiing pireef ecneddvarte eshesor idiethnels
erein and/or in the cooki rocesses descri be

h&¥ee P i BT NSNS R Q5T 4oh o O VS oo K e

gglﬁa%%n e rRArd REAE B conuentd analh reld fesdnng--

i u
t niques, for 20 exanple injection molding. Wen an
i fsert. is "locked into" the ovenware item for

instance as in Fig. 1. th i nsert. e Qv '
by a p%i 1S (%ﬁ%i?ﬁi%‘%fqﬂ%%gfnﬁg (%%n‘gghgggk
SURGEMN hdreihiand je of tFid usddkimg iprocegued ede¢srribed
that the TP or TSP of the insert and of 25 the

oV nRdITdi iy REGHAFosi ti on have the same or nearly the

sane c O%gﬁmé#dﬁ%%y{ﬁé dBSRL foodlBlatdi®iddhd &sn be

and other materi any mxed with the polyner).

Thissrrirel psutt doavaimveatf ferantealt stoimkegecepniques, for

S%Qéﬁn %Qtinjection molding. When an insert is “locked
into” the ovenware item, for instance as in Fig. 1, the
insert may be overmolded by a polymeric composition that
doeg not contain a susceptor. In this type of situation
it ié preéefred ghat ﬁhé-TP ér TSP of the_iﬁéeft and of
the overmolding composition have the same or nearly the
same composition (the polymer itself, not the fillers and
other materials, if any mixed with the polymer). This
helps to avoid differential shrinkage and subsequent
cracking and/or loosening of the insert. If LCPs are
used for both parts, it is preferred that the overall
orientation in these parts from the molding operation be
in the same direction in the final ovenware item. If the

melting points or glass transition points of polymers of

the insert and overmolding composition are the same or
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operation be in the sane direction in the final

ovenware item If the nelting points or glass
tsamﬂ;iLaironopei nistobepchutepssofiott e ismg@mti@@@tly melt
overno| din Siti areth ane_or 15 WO .
285496 LE5 99 SPCTPERIH0S/ 623555 Cs PHITAP, THie SRFETEing op-
caukbikous not to significantly rrelt or otherw se
deformthe insert during the overnolding o eration.
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pi gnents, anti- qxidants, antiozon
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the thermal conductivity, and any ther nal
cusdladﬂlyvusyedl ifipirt auO@nsrqmmSliimolﬂs -be Thsise peglitives may

LR, ST B RN DR A oy chorn

trons cont al

S@%@ﬁcttl@ﬁ)ty\/\ﬂltlhll\t@mlm m(Res sﬁllrlelhsasmtcoat i ngs
whi ch prevent 15 the food being cooked fr sti cKki nIgC
to t he ToPe VSIS aLen d/itGMsaMegnivy eadies %g]'a}ﬁ ially

fRQn%YL%'EﬁWﬁg 21X o AR OB 1S tdé@ﬁ,salq{ln a suscep-

uor opol'ymer-contai ning coéatings may be used, such
as ctrh 0@ tAy aidlralshes unders tdfe rRdfdasy doatdmps which prevent

SR S5 TS Akl e e
I RERA/ox 1N v e s i@ tdle!'!ﬁﬁ&lgﬁ cd‘BS:lHe’ittL\%rh\m@ ofFor ex-

durability in a reusabl e piece of ovenware, jt should
preatodiea blayr iisaisatt YRS to Ta HoHO TR B R 1 1 K- 2 HvjRg coatings

pr o bl%ﬂrrgt%@grarso ocﬁsteer gal"?iaoj?gr o Ckl alfzﬁglgehﬁrsee §ee
R RS S i, i, o ol
g and

For the susceptor-containing compositions (such as
the inserts in Figures 1-6) to have a desirable level of
durability in a reusable piece of ovenware, it should
preferably be at least about 0.25 mm thick, more prefera-
bly at least about 0.50 mm thick.

The ovenware items described herein are especially
useful in microwave ovens wherein the usual mode of cook-
ing (cooking herein includes both initial cooking and
simple (re)heating of food and drink) is absorption of MR
by the food or drink being cooked or heated. Most micro-
wave ovens use just MR to provide thermal energy, but
some also have a convection (thermal) heating source.

The ovenware described herein may be used in both of

these types of microwave ovens. The ovenware items may
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energy, but sone al so have a convection (thermal)
heating source. The ovenware described herein may be
usédo beboskdofin t"eesid nayyds conViRCELONa B 3\Fe IFSLICFhé&nese

ovenwar e ite[gls may 1%11 200 /Q:1e153?é a%%‘g/ US2003/ 023535
alrE65e 24§84 AW S §°% FIE

nvecti on ovVens since

tnese WHRMERIKSQAYE geethvidierigl ovesi stranceni dfemve
cooking in a convection oven_or a nicrowave Qven one
weves Omepararce tchdadwaics (thensrisdaldi Shsgadf histqry of
T3S HadLoE Wddh WG AT Rt WGy (EIERS akes
pl-ace, usually on one or nore surfaces. For exanple in
apleeiyecisuerl lgvem idnet ke trenperatnfieeeas. t H@wesmiEle in a
too high the outside surface of the f i tem may

bISRRY SG Onm?é’?ﬁnil.ét}{?e BSRTEE et &‘quiq}?e It o°
Ofiy i1 e Muits 1Y faldpacoRkedhl iesnd daah mefy ieath too
coul™d be burned on the outside before the interior of
t idinafi jes fad Ihurisgkedeiareordy id-<aomy oif dtheh item is
factars in.,a c£on tian . ov t rdEnGEe-

e AT eicg'n \élg'b és alvoe"’\fIrzjefarﬂr}‘faegdq%2b %Qﬁs%eef 00 on

r egigpesit die Gaidmy drenmieradsire; d5 dhwe loookiig fully
contai ner (material), and the shape and mass of the

f RAKBi ng T EHARF 116 TR (R AR TS bt PR getion
CRKNTG MSo RPN 1 B | B3 CRRSd SRt HPSor€ WWBoks have

into play in™cooking in a mcrowave oven with the
prlesented dveraiiest Tiosbmeeieht Be etuley temperature,

pr.ef er abl.y. bal ance 20 th nount- of I ch i
diﬁ'éectqcip%ﬁ%r%oerbt%l)/n?%e{er?%oe 195 ’ngal\%%% %Ea?%et%%d mass
armuntheof £ W Ty | Sodledd k- dlorstordiede by tdlbative amounts
susceptor and converted to heat. This heat fromthe

sk eRAFLNG CondREREH Y- t Hel Tl A | SRR PP EHC L PR Come
Coi%tcéﬂ—% }Wﬁé&]&i&% Lﬁ 4 e SHS2R8 et hei £1006h@5 resent
ooKed, ere the

bei ng eat Is transferred to the
f aperswasalr f dbe. sdhe extati venansumtbd aprdfendsby beglance

D el | o Sk O A0 £ 61 SUSCRP' o BBl "B UEHIE Fooa
being cooked with the amount of MR which is being ab-
sorbed by the susceptor and converted to heat. This heat
from the susceptor is conducted by the relatively high
héat cohduction composition to the surface of the food
being cooked, where the heat is transferred to the food’'s
surface. The relative amounts of MR absorbed directly by
the food and the susceptor are influenced by the relative
masses, shapes and configurations of the susceptor and
the food, as well as the pattern of MR in the oven. In
turn the mass, shape and configuration of the susceptor
is determined by concentration of the susceptor in the
susceptor-containing composition, the volume and espe-
cially the thickness of this composition, the thermal

conductivity of the susceptor-containing composition, and
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masses, shapes and configurations of the susceptor and

the food, as well as the pattern of MR in the oven. In
w@oou01r53¢ he mass, shape and configuration of PEEUS2003/023535

susceptor is determ ned by concentration of the

susceptor in the susceptor-containing conposition,

t beevoklaeiarndpespeioni alfl yhiibe colpoleriédonofretigius the po-

conpositiaon, the thermal ., conductivity,of the.
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2004/ 93P REL/ Hpd003/ 823535wntihg Rel.athhee deegicll @f cook-

of this conposition versus the po- sition of the foqd

i Anghésovber. rARdPRefoFatibgbifocbhiftseddn affrEE: epperimenta-

amount of browni VS h gree .o - ' _
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f oods. T RTEIEdelt HP5HEE ﬁ?ﬁehéleﬁéﬁei‘_%&’agﬁi“gﬁ?cé’fg@mper"
PEORE" 1Ha8%1 RARLIGUNMR Y MRARRSRH REAFAR iQIndhe IR1L Y IRithal
thermal = conductivity, in the susceptor-containing
caopdsicttiionsy, 10 che carscensoferatidEe e dagipPsigions,
act as a susceptor _and as a.thernmally, .c cty. V.
10 fiqnleercfmarlfri;eoaq‘legﬁgg%gag}?scﬁ: op-Serty %Cgpga%g;é elé)}l s?%el?ét or and
P@S aNe@0inalNes @ dnmarates ifdlld eu | landaffedeindcheach prop-
performance of the other sonewhat because each

ocEip EsTRTASIAlTe (FHCOIEAFES IhéRGHPEANT ST iG e will
: taf%%c@%h%ig%‘}%lm&%éeo 512 SivHHe dBtaa vMiLlse each

IS a sus- or and Is highly thermally conductive, .
ofocanyieent -valateo peafeariiese din thwe dmmasidsiathe @GP it

used s the sane conposi- t.ion as LCP-4 of US . _
15 PO PG RS S EF % %@beym T J”&lelﬁbyls & sus

I ff@Rcand hiss HiGRhiRad Hdven0oRpasiidwdt Ve, dWlaty combi-

parts) of 50/50/70/30/320 hydroqui none/ 4, 4'

birpheipal /afertdpiftchal i ¢ aci d/ 2, 6- napt hal ene di car boxylic

aci d/ 4- [ [ 0. fi =
ma; Paﬁgigg%gég%&&%g%%gﬁk?Fégqu%%gi a ”2Q$£%#ﬁ%2ﬁ%ﬁ§?%l
25 iGof @9 ,Lathet gifags. § i bertamsed ,(1GA), &6, Giehsh Gog hisueby

20 %gg;jc’el%%;is tk%g’r\een erceor{cnei .ng TﬁfilibserL%E?Sl'%éd thliee dc?dmp%_éition (in
molar parts) of 50/50/70/30/320 hydroquinone/4,4’-
biphenol/terephthalic acid/2,6-napthalene dicarboxylic
acid/4-hydroxybenzoic acid. The carbon fiber (CF) used
was Panex® 33CF carbon fiber (available from Zoltek

25 Corp.), the glass fiber used (GF) was Owens Corning grade
408 (Owens Corning Fiberglass, Toledo, OH, USA), and the
other carbon fiber used, CF300 is a pitch carbon fiber
available from Conoco, Inc., Houston, TX, USA. All poly-
mer composition percentages are percent by weight.

30 Tensile strength and elongation were measured by
ASTM Method D638. Flexural modulus and strength were
measured by ASTM Method D790 and thermal conductivity
(through the plane of the test piece) was measured by
ASTM Method D5930.
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2 Also contains 9 welght percent CF300 ground“%o ine powder.

Example 5

The composition of Example 4 was injection molded
into a circular disk, with dimensions 0.32 cm thickness
and 5.1 cm diameter, was placed into a General Electric
microwave oven along with a glass containing 240 mL of
water. The microwave oven was model number JVM1440AA 001
with "a power rating of 1.58 kW. The microwave was run at
the highest power setting for 2 minutes. At end of that
time, the glass of water was removed and the water was
tested by touch for temperature. The temperature was
well above body temperature, but not too hot to keep a
finger immersed. Then, the disk was tested for tempera-

ture and was too hot to the touch to hold.
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tenperature was well above body tenperature, but not
too hot to keep a finger i mersed. Then, the disk was
tested for tenpera 25 turé&xamMas too hot to the
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25185, [ETIEILCA Ll 37Uy AT NS L A, o bac
t@I%@@@Q%Ecﬁﬁ]dKBKﬂ%Dt&Qem@uﬂa(Qoaﬂuhiﬁlﬂg(uﬁ|Uhe two

di aneter. Exanple 7 |aII avaj,l abl e frozen
t Fiviesr @t DSIASL Shald i’ t&bt 2 fffefione

"@é& fdy§%e-Qfaj§7pzaan&aéeﬁﬁbroanﬁoﬁrgﬁttE@n@lSé&p@&a—
and placed in a 20 Panasoni c Model NN-6470A

nmwmawawé BUHIC, eguidppedcuiewh speetupit aBl7e rPand tRapirRguce
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resulting in cooking the pEiiﬁpﬁéd?bromning t he

bottom (crust) pizza surface. However when using a
i 5. 2SR G i Y S THRF B TR (LT Pizza was

g%ﬁﬁf}lé ¥ ended, g tey . R&d essy awngto Weitdl SCSthe pizza

havi wat er vapor escape channels were used (for

|lwﬁ&uput(hnIﬂQ§jdﬁﬂuhecﬁlshs of Example 6 and placed in a
Panasonic Model NN-6470A microwave oven, equipped with a
turntable, and having a power rating (input) of 1.54 kW.
The oven was turned on (at full power) for 1.5-25. min-
utes, resultlng in cooklng the pizza and browning the
bottom (crust) pizza surface. However when using a disc
with a smooth surface the bottom crust generally tended
to be less browned. When discs having water vapor escape
channels were used (for instance drilled holes or ma-

chined “V” grooves) the bottom crust surface of the pizza

was generally more browned.

20



chined "V' grooves) the bottom crust surface of the
pi zza was generally nore browned. 20 WO 2004/ 011539
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pi ece of ovenware, conprising, a conposition which
conprises a mxture of a thernoplastic polyner 5 whose
nmel ting point and/or glass EERaA¥Bti on point is about
250C o re or .a.th rnpset pol ymer whose softening
poi nt F@ngb&t?t CI8GESSr Lfdre, a heating effective
amount 1 .o @ildcer @\@a\é@e&u&e@pt @ompRiiedinded at Ima:tnp@&iiation
composition has a thermal conductivity of about

WRECHr CRBIPE 186 swWhe LFERTEr &F £hirSSHIRIesiE @P]éfﬁ}edf
C oA H%tO\é%@o@re srsect'xta% it o Yoink
V\h%g?)% nhat [Elflé b portion g? sai d con'p103|t| ?n in is
sak@umveﬁwéCeohamora ohlaknhssmoéeabpqﬁymeﬁ whoeenepéening

3. The qvenware rocitedin clajml.al so_conpris-_15
g iat, 5 AL BRETLL oo Cp kTRt Beo R8Pl ahBunt
OVENWAKE ASWaeE (R ddptdBdi Prbvllicdh B SRfiidesndiion
and a bottom 5. The ovenware as recited in claim1l

V\h@rSeuan tduingna lt ma%mtasﬂtcf s3I yRsrut Jsoedl"/“EK Br TRE®
nwar e |
tF?' rrmpeaa%?llrce%%o het%drcEﬁll g ?]1 | qu:Q%ecr ystalll r?eSlE):o yner .

7. The 2QVﬁlmrcﬁfeaﬁvarr&CId$dfedltcd<hllm T lwhier & wisaiedn at

t hermal conducti vi is about 2.0 WnK
oY & FSTan &f [ Ie] SPGB Y g has

or esca venwar e as
rec%t alm%%qg:aqt % ch(?rfegrlsmgaflller

havi ng 3& t’Ihﬁ reterceneicld \ln‘etqnt!ﬁd iabaitaid0 Walte@rcompris-
nore. 10. The ovenware as recited in claim1 wherein

sding %G%W%F%ﬁ%?%pﬂﬂ@%’“ﬁm% pi ece of
ovenware, @RI LOMRASILdPNin claim 1 which com-

prises a top and a bottom.

5. The ovenware as recited in claim 1 wherein said
thermoplastic polymer is used.

6. The ovenware as recited in claim 6 wherein said
thermoplastic polymer is a liquid crystalline polymer.

7. The ovenware as recited in claim 1 wherein said
thermal conductivity ig about 2.0 W/HPK or more.

8. The ovenware as recited in claim 1 further com-
prising water vapor escape channels.

9. The ovenware as recited in claim 1 additionally
comprising a filler having a thermal conductivity of
about 20 W/m°K or more.

10. The ovenware as recited in claim 1 wherein said
susceptor comprises graphite.

11. A piece of ovenware, comprising a composition
which comprises a mixture of a thermoplastic polymer
whose melting point and/or glass transition point is

about 250°C or more, or a thermoset polymer whose soften-
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soften- 21 WD 2004/ 011539 PCT/ US2003/ 023535 ing poi nt

I's about 250*C or nore, and a heating effective
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has a thickness of about 100 m mmore. 13.. Th ,
ovenware -ad e IVEEF LT (ﬂsalrl’ﬁ%feéi{% (,Cgﬁimbrjilsi“ﬁ'be%ln at
t i ¢h I gymgggt' e AMERWAFE h
aggra\ggi t%eg%%[r?igrg?’r%n %%!l\?\ihl ch’is 1;1%%0 ltlff)lpSa 15. The 2

oveMalcenasy ed tebutn oaiuym b weateei n sai d
t hernopl astic polymer is present and is a |i

cryst a3 The W%re P5 BECHRRS overfild d Q &P
| DGl ALY Bl A Ao NS tad MM (oSO P e
t'eér vapor escape c ann I's 17. The ovenvvare as

reci t ed4.n Heaiavebivaneeras nregdi tokdri ior celagavel ls vdtiept oks a
conprises graphite. 18. A process for cooking in a
m-&Fowave oven, com 20 prising, contacting an itemto
be cooked with a conposi- tion which conprises a

m xture of a thernoplastic polyner whose nelting
poi nt ikl &hﬁglcé@’l"taf%saﬁ i%HE P htin Clapputl zvslm?%n said

the t VAT -
aboﬁr?@ggé d:rgjcb%w%ela@tel ng e e%%ggan@éuln%%ﬁ oér?ystal

mlarrm/\@telymm.ept or, provi ded that sal d comnposition
has a thermal conductivi

t
when mdeur G (ROUGTS 3 ARE DSt Cotber Ut T ey Sid
expasi g fipadhdh LORcde Mt SAlvh EORMOSdpONchdnels.17.

m cro- wave radiation. 30 19. The process as recited
i T arvrervawheareirecited castckabnril orhefekaigpid micro-

C%v voeSISEtllsocnepi)ton.’c'aécgmpof/ Qé’@rgerigﬁlte

18. A process for cooking in a microwave oven, com-
prising, contacting an item to be cooked with a composi-
tion which comprises a mixture of a thermoplastic polymer
whose melting point and/or glass transition point is
about 250°C or more or a thermoset polymer whose softening
point is about 250°C or more, a heating effective amount
of a microwave susceptor, provided that said composition
has a thermal conductivity of about 0.70 W/m°K or more
when measured through a plane of said composition, and
exposing food in contact with said composition to micro-
wave radiation.

19. The process as recited in claim 18 wherein at

least a portion of said composition in said ovenware has

a thickness of about 100 pm or more.
20. The process as recited in claim 18 wherein said

thermoplastic polymer is used.
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a thickness of about 100 mor nore. 20. The process as

recited in claim18 wherein said thernoplastic
w@odogers3® s used. 22 WO 2004/ 011539 PCT/ US2003PORBSB853/023535

21. The process as recited in claim?20 wherein saga

t hernopl astic polynmer is a liquid crystalline polyner.

22. Thelprfbesprasesechtedecatedaim t8anfepdi Wisxiegn said

t her nal uctiv LS. abou 2.0 W

ThECFPapcastie et iR & HifTE mRorsed TR, poidter.
conpospbi, OII’hEUE_)TrB%és@O@Er irees tedl eh ¢dpdmn ascaperefiansaid
nels. 24. The process as recited in_clgim18 wherein
sbh@rmﬁﬂcﬁ@%@#€t§U§§§bﬂ§ra@@Wﬁr@s@s thBh?FemOEG 25.

s The prggesgy %SEE:%%'e ed Jign )81l § MWRALS D 180 re MRRE said

0
conpri sing sai 03|t|on IS reused I n said proc-
egsmpdBitiba ﬁm&t@s& aempedisteed wiategl aiapols agvmns ¢han-

pééﬁa i s cooked and/or heated during said process. 15
2

24. The process as recited in claim 18 wherein said
microwave susceptor comprises graphite.

10 25. The process as recited in claim 18 wherein cook-
ware comprising said composition is reused in said proc-
ess.

26. The process as recited in claim 18 wherein a
pizza is cooked and/or heated during said process.
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