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IMPROVED THERMOPLASTIC POLYMERIC OVENWARE

FIELD OF THE INVENTION

5 Ovenware made from thermoplastic polymeric compositions which have rela-

tively high thermal conductivities has advantages in cooking food. Such composi-
tions can be made by mixing a thermoplastic polymer with a material which has a

relatively high thermal conductivity.

10 TECHNICAL BACKGROUND

Cooking food is one of the oldest human activities still practiced today.

Cooking has evolved from simply heating over a fire to using various types of con-
tainers (cooking pots, frying pans, baking tins, crock pots, double boilers, etc.) 1n
convection ovens which are heated by electricity or gas. A number of different types
15  of materials having high temperature resistance have been used for these containers,
the most common presently being metal. People have become used to cooking n
metal containers, both for the methods of cooking used and the taste and texture of the
foods produced.
In the last 20 years or so, as thermoplastic polymers (TPs) having better high
20  temperature resistance have been developed, the use of these polymers for ovenware
has been proposed, see for instance U.S. Patents 4,620,557, 4,503,168, 4,585,823,
5,308,913, and 5,141,985, and European Patent Application 846,419, all of which are
“hereby included by reference. These polymeric-cooking containers can be used in -
thermal ovens and often can withstand the highest temperatures usually used in these
25  ovens, for example about 290°C (~550°F) or more. These containers have the advan-
tage of being molded into practically any shape, may be containers that are easily
sealed so the contents can be refrigerated or frozen, and are relatively low in weight.
However when cooking food in these containers the cooking method (time and/or
temperature for example) may have to be varied from the method used for a metal
30  container, and/or the food may not have the same taste and/or texture. For example
bread or a casserole baked in a plastic container may not be browned on the outside
surface which is in contact with the cooking container surface as it is in a metal con-

tainer. This is primarily due to the fact that polymers in general tend to have very low
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thermal conductivities, especially when compared to metals. Thus a TP cooking

container which behaved more like a metal container would be desirable.

SUMMARY OF THE INVENTION

This invention concerns, an ovenware item comprising a thermoplastic poly-
mer composition, wherein said thermoplastic polymer composition has a through
plane thermal conductivity of 1.0 watt/m K or more.

This invention also concerns a process for cooking food, wherein a container
which holds or supports the food while cooking comprises a thermoplastic polymer

composition, wherein said thermoplastic polymer composition has a through plane

thermal conductivity of 1.0 watt/m K or more.

DETAILS OF THE INVENTION

The composition herein contains a TP. Such polymers may be reformed by
melting the thermoplastic and then cooling it below its melting point and/or glass
transition temperature. Such polymers are not crosslinked. Generally 1Ps have a
melting point and/or glass transition temperature above 30°C, when measured by dii-
ferential scanning calorimetry, with the melting point being taken as the peak of the
melting endotherm, and the glass transition temperature as the middle of the transi-
tion. Such measurements can be done following ASTM method D3418.

The TPs useful in the present invention should preferably have sufficient

thermal resistance so that they can be used at temperatures ordinarily found in cook-

-ing ovens. Notwithstanding the definition of TP above, preferably they should havea

melting point and/or glass transition point of 200°C or more, more preferably about
250°C or more, and especially preferably about 300°C or more.

Useful thermoplastics include polyolefins; polyesters such as poly(ethylene
terephthalate), poly(1,4-butylene terephthalate) and poly(1,3-propylene terephthalate);
polyamides such as nylon-6 and nylon-6,6; polyethers such as poly(phenylene ox-
ides); polycarbonates; poly(ether-sulfones); poly(ether-imides); polysulfides such as
poly(p-phenylene sulfide); liquid crystalline polymers (LCPs) such as aromatic poly-
esters, poly(ester-imides), and poly(ester-amides); poly(ether-ether-ketones);
poly(ether-ketones); fluoropolymers such as polytetrafluoroethylene, a copolymer of
tetrafluoroethylene and perfluoro(methyl vinyl ether), and a copolymer of tetrafluoro-

ethylene and hexafluoropropylene; and mixtures and blends thereof.
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A preferred type of TP is an LCP. By a “liquid crystalline polymer” 1s meant a
polymer that is anisotropic when tested using the TO'T test or any reasonable variation
thereof, as described in U.S. Patent 4,118,372, which 1s hereby included by reference.
Useful LCPs include polyesters, poly(ester-amides), and poly(ester-imides). One pre-
ferred form of polymer is “all aromatic”, that is all of the groups in the polymer main
chain are aromatic (except for the linking groups such as ester groups), but side
eroups which are not aromatic may be present.

The thermal conductivities of most TPs, including those types listed above, 1s
generally <<1 watt/m°K. This thermal conductivity can be raised by mixing the TP
with a particulate material (filler) which itself has a relatively high thermal conduc-
tivity. Useful fillers include (approximate thermal conductivities 1n parentheses)
graphite (including carbon black) (50-200, varies widely), MgO (60), BeO (200),
alumina (45-150), Zinc oxide (28), MgO3.5A1,0; (125), CaF; (700), and S1C (~100-
500). Preferred supports are graphite (including carbon black), MgO, alumina, and
MgO3.5A1,0;, and carbon black and graphite are especially preferred. These thermal
conductivities are those at about 273°K, and are taken from Y. S. Touloukian, et al.,
Thermophysical Properties of Matter, Vol. 2, [FI/Plenum, New York, 1970. More
than one such filler may be used. Preferably this filler has an inherent (not bulk)
thermal conductfvity of about 50 watt/m “K or more.

Preferably the filler(s) should be relatively small particles, typically the largest
dimension for a particulate material being less ( number average) than about 500 pm,
and if fibrous the length being less (number average) than 1 mm, which are reasona-
bly-uniformly-dispersed-in-the TP. They may be mixed into.the TP using standard
melt mixing techniques and equipment, such as single or twin screw extruders. These
number average particle sizes are the primary particle sizes of the filler (not agglom-
erated sizes) and may be measure by an appropriate form of microscopy (for instance
optical microscopy or electron microscopy), and the use of appropriate imaging soft-
ware for calculating the particle sizes.

The thermal conductivity of the composition must be 1 watt/m K or more,
preferably about 2 watt/m°K or more, more preferably about 3 watt/m°K or more,
and especially preferably about 5 watt/m K or more. The TP(s) is preferably present
as a continuous phase in the composition. Typically the high thermal conductivity

filler is about 5 to about 65% by weight of the composition. The thermal conductivity
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of the composition is measured through the plane (thinnest cross section) of a test part
or piece of ovenware, using ASTM Method 5930.

The thermal conductivity of polymer compositions previously described for
ovenware is typically quite low. For 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% Uliranox® antioxidant (all percentages are by weight

of the total composition) was made and molded into a disc. At 100°C the through the
plane of the disc heat conductivity was 0.40 W/m'K.

The composition may contain other ingredients typically added to thermoplas-
tics, such as fillers, reinforcing agents, plasticizers, flame retardants, antioxidants, an-
tiozonants, and lubricants, in the amounts usually used for such compositions. These
additives may affect the thermal conductivity, and the thermal conductivity limita-
tions must still be met.

The composition may be formed into ovenware (for cooking food), such as
pans, pots of various size and shapes such as square, round, rectangular, octagonal
with sloping or vertical sides, flat pans such as pizza pans, casserole-type dishes,
bread pans, cake pans, and muffin pans. Covers for these vessels may be formed from
the same material or may be other materials if they do not need thermal conductivity
and/or be placed in the oven. This ovenware may be used singly, for example in a
residential kitchen, or multiply, for example in a commercial plant for baking bread or
cakes. Ovenware from this composition will be formed by typical forming techniques

used for TPs such as melt injection molding, melt compression molding, thermo-

forming, blow molding, and rotomolding.. Injection molding 1s a preferred method of _

melt forming. Typically the part formed with injection molding, compression mold-
ing, and rotomolding is a one piece (monolithic) part, while parts formed by thermo-
forming or blow molding may be layered or monolithic. Preferably the ovenware part
is a one piece (monolithic) part. Also preferably in the ovenware part made from the
present composition, the food is in direct contact with the TP containing composition
while the food is being heated (cooked).

These ovenware pieces may be coated on one, some or all surfaces with a re-
lease coating such as a perfluoropolymer, particularly polytetrafluoroethylene, a co-

polymer of tetrafluoroethylene and perfluoro(methyl vinyl ether), or a copolymer of

tetrafluoroethylene and hexafluoropropylene.
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The ovenware parts described herein may also be used in convection ovens to
heat items other than food, for example water, cooking oil, candle wax and beeswax.

In Examples 1-4 the LCP used was the same composition as LCP-4 of U.S.
Patent 5,110,896, which is hereby included by reference. The carbon fiber (CF) used

5 was Panex® 33CF carbon fiber (available from Zdtek 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.
Tensile strength and elongation were measured by ASTM Method D633,

10  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

D35930.

The LCP samples were made by melt mixing the ingredients shown in Table 1
(amounts shown are percentages by weight of the total composition) in a 30 mm

15 Werner & Pfleiderer twin screw extruder, with the barrel set at 340-350°C. The ex-

truded strands were cooled and chopped into pellets. The pellets were injection

molded into plaques and test pieces, and the testing results are shown in Table 1. The

thermal conductivity was measured through the thickness of the plaques.

Table 1

60 | 0 [0| 265 | 457 [076 | 931 | 115

Yo % | % Thermal | Tensile| % Flex Flex
CF300 | Glass | CF | Conductivity | Strength | Tensile | Modulus | Strength
W/m°K (MPa) | Elong. | (GPa) | (MPa)

0 10| 3.17 12.2
35 | 55 [ 10 |0 | 327 13.4
31 | 51 | 9 [0] 360 | 536 | 0.51 12.6

3 Also contains 9 weight percent CF300 ground to a fine powder.
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CLAIMS
5 1. An ovenware item comprising a thermoplastic polymer composition,
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wherein said thermoplastic polymer composition has a through plane thermal conduc-
tivity of 1.0 watt/m°K or more.

2. The ovenware item as recited in claim 1 wherein said thermal conductivity
is about 2 watt/m °K or more.

3. The ovenware item as recited in claim 1 or 2 wherein a thermoplastic in said
thermoplastic polymer composition has one or both of a melting point and glass tran-
sition temperature of about 250°C or more.

4. The ovenware item as recited in claim 3 wherein said thermoplastic 1s a lig-
uid crystalline polymer.

5. The ovenware item as recited in any of the preceding claims wherein said
thermoplastic polymer composition comprises a filler having a thermal conductivity
of about 50 watt/m °K or more.

6. The ovenware item as recited in claim 5 wherein said filler comprises
graphite.

7. The ovenware item as recited in any one of claims 1-5 wherein said ther-
moplastic polymer composition comprises graphite, MgO, BeO, alumina, zinc oxide,

MgO3.5A1,05, CaFs, or SiC.
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8. A process for cooking food, wherein a container which holds or supports
the food while cooking comprises a thermoplastic polymer composition, wherein said
thermoplastic polymer composition has a through plane thermal conductivity of 1.0
watt/m K or more.

9. The process as recited in claim 8 wherein said thermal conductivity 1s about
2 watt/m °K or more.

10. The process as recited in claims 8 or 9 wherein a thermoplastic in said
thermoplastic polymer composition has one or both of a melting point and glass tran-
sition temperature of about 250°C or more.

11. The process as recited in claim 10 wherein said thermoplastic is a liquid
crystalline polymer.

12. The process as recited in any one of claims 8, 9, 10, or 11 wherein said
thermoplastic polymer composition comprises a filler having a thermal conductivity
of about 50 watt/m “K or more.

13. The process as recited in claim12 wherein said filler comprises graphite.

14 The process as recited in any one of claims 8-12 wherein said thermoplastic
polymer composition comprises graphite, MgO, BeO, alumina, zinc oxide,

MgO35A1203, CaF,, or S1C.
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