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PROCESS FOR PRODUCING POLYESTER RESIN
FOAM AND POLYESTER RESIN FOAM SHEET

FIELD OF THE INVENTION.

This invention relates to a process for produc-

.Qrmu?(b&tc bﬂ e&tru—s:on oJ~$o doXas
ing a/polyester resin fo«n}/ ‘and i to a
rodue AT

éeeseée——éef—ﬁaﬁxhnﬁ&ﬁ{ a polyester ;eéin foam), which
gives fine cells uniformly formed at a high expansion
ratio and does ndt cause the igLe;pefa%éen of colored
contaminénts in the foam even in céntlnuous extrusion
operation. It also relates to a/polyeréger resin foam
sheet excellent in thermoformabllxty.

The pplyester' resin foam of the present
invention is g}gt\in rigidity, though the foam has a low
fpparent/ density and is lightweight. Further, the foam
is excellent in heat resistance, chemical resistance,
heat insulating properties and shock-absorbing proper-
ties and can be widely used. Particularly, the poly-
ester resin foam sheet is suitable for use as a materiél
which can be thermoformed into heat-resistant food

containers.

BACKGROUND OF THE INVENTION

Thermoplastic polyester resins such as poly-
ethylene terephthalate and polybutylene terephthalate
are excellent in mechanical characteristics, heat

resistance, chemical resistance and dimensional stabi-
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lity and eag/’be widely used in the fields of injection-
molded articles, fibers and films. "However, it is
difficult that the thermoplastic polyester resins during

melting are brought into such viscoelastic properties
o bLbu.w'\s agant-

that foams can be oé&iined. Hence, g¥s- is easily
OLNA
released during -espansiep~<moiding—by extrusion and it is
closed

difficult to obtain good foams wherein fin%/cells are
uniformly formed. To solve this problem, there was
proposed a method wherein diglycidyl esters are

QN
incorporated in aromatic polyesters in the//extrusion

bxpansion—melding/ of the aromatic polyesters [see, JP-B-
61-48409 (the term "JP-B" as used herein means an

examined Japanese patent publication)j. In the

O A

extrusion 3 i of thermoplastic polyesters,
/

there was proposed a method wherein polyfunctional
.diglycidyl esters and polyfunctional carboxylic acid
anhydrides are incorporated in thermoplastic polyesters
to improve the melt viscosity of the thermoplastic
polyesters [see, JP-A-59-210955 (the term "JP-A" as used
herein means an "unexamined published Japanese patent
application")].

The present inventors have been engaged in the.
production and study of extruded foams for many years

and have had experience in that when the |extrusion [Foam\
ﬂkdAHag—ef—moid&ng¥maéeféa}s/comprising a thermoplastic
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polyester &1{2 admixture with dlglyc1dy1 ester compounds
1slcont1nuousty eeadueée&—éot—yﬁny—he&rs the resulting
foam becomes brown. - The present inventors have
continued to .make the study and found tha:t when
pyromellitic g%;hydride is mixed with a thermoplastic
polyester without using any diglycidyl ester compound,
and burned ~
~the resulting foam is not colored/even when'exaaaeéea
o TS IP N
ma%ﬁé#g is continuously conducted over a long period of
time.
The present inventors have Ffurther continued
.making the study and found that when compounds having
two or more acid anhydride groups per molecule such as
pyromellitic dianhydride and compounds of Group I, II or
IITI metals of the Periodic Table are added to
thermoplastic polyester resins, the viscoelasticity of
the molten materials is improved and at the same time,
there c¢an be obtained foams having high tensile
elongation and more finer cells. |
JP-A-59-135237 (U.S. Patents 4,462,947 and
4,466,943, European Patent 0115162A) discloses that

polyester resin foam sheets can be thermoformed into

heat—-resistant food containers which can be wused in

dual ovenolrle O-ﬁ:b-c_o,tzv\
mtcrewave:g&ens. However, the method disclosed therein

has disadvantages in that since not only the melt

viscosity is low when a polycarbonate is merely mixed,

Sheet Has Been Replaced

oo TR




but carbon dioxide liberated from the polycarbonate is

used as a blowing agent, expansion ratio is 1low, heat
. be remave

. . m - .
resistance is poor and the -artj&les can_not egdght with
/pare hands when the—asticles—aref used As—containers for

heating or cooking foods in microwave ovens. .

The present inventors have found/polyest:fk;esin
foam sheets having a high expansion ratio, good heat
insulating properties gnd excellent thermofoamability in

the above-described study.

SUMMARY OF TEE INVENTION

Accordingly, it is an object of the present
invention to provide a process for producing a thermo-
plastic polyester resin foam which is highly expanded by
adjusting viscoe;astic properties during melting in the
extrusion.Aenghsion—qm&}&ing' of thermoplastic polyester
fesins.

It is another object of the present invention to
provide a process. for producing a thermoplastic, poly-

ciwo«ﬁi\.
ester resin foam which does not cause the'éggb%po&a%éen
of colored contaminants therein even when long—-term

continuous operation 1is conducted in the extrusion
=W | !

-expsgsﬁsﬁ=me%ééng of thermoplastic'polyeéter resins.

It is still another object of the present
invention to provide a process for producing a thermo-

plastic polyester resin foam having uniform £fine cells
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in the extrusion expansion—nmolding- of thermoplastic

polyester resins.

It is another object of the present invention to
provide a thermoplastic polyestér resin foam excellent
in tengile strength and tensile elongation ian extrusion

A O-NN\j

It is still a further object of the present
invention to provide a process for producing a
thermoplastic polyester resin foam which is highly
expanded and has excellent heat resistance by re-heating
an'extrusion-expanded thermoplastic polyester resin foam
to carry ouﬁ post—expansion.

It is another object of the present invention to
provide an extruded foam sheet of a thermoplastic

polyester resin, which is excellent in formability such

as thermoformability.45k—%he—exheueéﬂm:aug&nﬁﬁun#:me&d&ag
E ‘ I ; l - 1 l *
It is still a further object of the present
invention to provide a heat-resistant food container
which is obtained by thermoforming an extruded foam

sheet of a thermoplastlc polyester resin and can be used

in oneas—e&—m*gfbwave—ouaas

The present invention is intended to achieve the

above-described objects and the essentials of the

present invention resides in that:
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(1) a process for producing a thermoplastic poly-

ester resin foam comprising melting -a thermoplastic

polyester resin, mixing .the molten resin with a blowing

agent and extruding the mixture into a low-pressure zone
O.NU;\S . :

to carry out ex@e&&éﬁgyﬁmakibag, characterized in that a

compound having two or more acid anhydride groups per
molecule is added to the thermoplastic polyester resin; _
(2) a process for._producing' a thermoplastiq//resin
foam comprising melting a thermoplastic polyester resin,

mixing the molten resin with a blowing agént and

extruding the mixture into a low-pressure zone to carry

Qms

out expaaeiea&me&ééag, characterized in that a compound

having two or more acid anhydride groups per molecule
and a compound of a metal of Groups I, II or III
elements of the Periodic Table are added to the
thermoplastic polyester resin;

(3) & process Eor produc1ng a thermoplastic poly-
ester;fzzém comprising qqueh&ag a high-temperature
thermoplastic polyester resin foam immediately after
expansion to a temperature of not higher than the glass
transition point of the resin to thereby bring its
crystallinity to 30% or 1lower and then heating the
polyester resin foam to 60°C or higher;

(4) a thermoplastic polyester resin foam sheet which

is an extruded foam sheet of a thermoplastic polyester
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resin and has a crystalllnlty of not higher than 20% and

Agohns na |

an molecular orientation ratlo of 4.5 or beloQ/ka—%he
s u.r-p-o-h-

d1rect10n~e£7§§ee-ei foam sneet, and

(5) a food container prepared by bonding a non-foam
film of a thermoplastic resin to at least one side of a
thermoplastic polyester resin foam sheet to obtain a
laminated sheet and -melding égzﬁ:heet into a container
in such a manner that, the non-foam film is positioned
inside. |

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 to 3 are sectional views of means for
carrying out re-heating according to present invention.

Figure 4 shows diagrammatically one embodiment
of a means for continuously carrying out re-heating.
according to the present invention.

Figure 5 is a graph illustrating the results of
Tést Example 2. | |

Figure 6 shows a side view of a food container
according to the present invention.

Figure 7 shows a plagf;iew of a food container
according to the present invention.

Figures 8, 9 and 10 are electron microscopic

photographs which show the shapes of cells of the foams

prepared in Examples 9, 12 and 17, respectively.
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DETAILED DESCRIPTION OF THE INVENTION

In the production of the polyester resin foams
of the present invention, extruders are used. Thermo-
plastic polyester resins are m‘;}&* under an elevated
pressure in the extruders and the molten resins are
extruded through die into a low-pressure zone to produce
foams.

In the producg}on of the polyester resin foams
of the present inventiont compounds having two or more
acid anhydride groups per molecule are added to
thermoplastic polyester resins. By adding the compounds
having two or more acid anhydride groups per molecule,
the wviscoelastic properties of the thermoplastic

2 rnsion
polyester resins during ma%;ésg can be improved, whereby
gasified blowing agents can be retained in the intericrs

closed wlls
of %ggme. and uniformly dispersed €fine cells can be

formed  in—the—interiers—ef —the—foams—in—axpansion
-me}éia;zusing extruders.

It is believed that the compound having two or
more acid anhydride groups per molecule is bonded to OH
groups ' in the molecule chain of the thermoplastic
polyester resin and crosslinking gently " takes place,
whereby the viscoelastic properties of the thermoplastic

%tn&é‘ I~
polyester resin during‘me%ﬂiag can be improved.
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The teérm "viscoelastic properties during
melting” can be confirmed by a phenomenon wherein the
molten resin is swollen or shr&nk from the outlet
dimensien of,/ die when the molten resin is extruded
through the die, and can be generally represented by a
die swell ratio. The die swell ratio can be measured

cound onflce
when a molten resin is extruded through a/dle having a
circular section. Die swell ratio can be determined by

&

the following formula.

(Diameter of extruded melt)

Die swell ratio =
(Diameter of outlet of die)

Die swell ratio is an important factor in ex-
amang . .
trusion e*paq;&on—ﬂmctdfng. It is preferred that die

swell ratio is 2 to 5 in order to obtain foamed wmedded
articles having a large sectional area and uniformly
dispersed fine cells in particular.

In the present invention, a blend of a
'thermoplastic polyester resin and a compound having two-
or more acid anhydride groups is molten in an extruder,
a blowing agent is generally injected into the molten

bland and the resulting molten blend is extruded through

°~M;~"\-S . .
the die of the extruder for expaﬁﬁﬁmm_mold;mg into a

low-pressure zone to produce a foam.
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In another embodiment of the present invention,
a compound having two or more acid anhydride groups per
molecule and further a compound of a metal of Group I,
II or III elements of the Periodic Table are added to a
thermoplastic polyester resin. In the same manrner as
that described above, the reshlting blend is fed to an
extruder to produce a foam. By adding a compcund of a
metal of Group I, II or III elements of the Periodic
Table, there can be obtéined a thermoplastic polyester
resin foam having finer cells uniformly dispersed
therein.

Thermoplastic polyester resins wused in the
'present invention are 1linear polyesters of poly-
condensates of an aromatic dicarboxylic acid componeﬁt
and a diol component.

Examples of dicarboxylic acid components which
can be wused in the present invention include tere-
phthalic acid, isophthalic acid, naphthalenedicarboxylic
acid, diphenyl ether carboxylic acid, diphenyl sulfone
dicarboxylic acid and diphenoxyethanedicarboxyiic acid.

Examples of diol components which can be used in
the present invention ' include ethylene glycol, tri-
methylene glycol, tetramethylene glycol, neopentyl
glycol, hexamethylene glycol, cyclohexanedimethanol,

tricyclodecanedimethanol, 2,2-bis(4-B-hydroxyethoxy-
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Scuwb ) ——L‘Z,‘b— Jloxocztral-\:’gl,m -3 4&,-&,\7()-3-‘\&6«’0__
>~ C:scia\\txu\ -\ 2 d-imbox%alc, d.«.a.n}botn&&>

| phenyl)propane, 4,4-bis(B-hydroxyethoxy)diphenyl
sulfone, diethylene glycol and 1,4-butanediol.

Polyethylene terepnthalate, polybutylene tere-
phthalate, polybutylene terephthalate elastomer, Wenw

omorphous ' _
aerysgaiktae polyesters, polycyclohexane terephthalateJ

fﬁ;g nt raphaleale
A?n mixtures thereof are preferably used as the
polyesters comprising these dicarboxylic acid components
and these diol components. Modified resins'composed of
at least 50% of these thermoplastic polyester resins can
be used.

Any of aromatic acid anhydrides, cyclic
aliphatic acid anhydrides, fatty acid anhydrides,
halogenated acid anhydrides, etc. can be used as the
compounds having two or more acid anhydride groups per
molecule, so long as they have at least two acid
anhydride groups per molecule. Further, mixtures there-
of and modified compounds thereof can be used.
Preferred examples of the compounds include pyromellitic

3g%ﬁydride, benzophenonetetracarboxylic aeid dianhydride,
cyclopentanetetracarboxylic acid dianhydride, i;f
diphenyl sulfone tetracarboxylic acid dia;;;dr;a§k
Among them, pyromellitic dianhydride is more preferred.
The compounds having two or more acid anhydride

groups per molecule are used in an amount of preferably

0.05 to 5.0 parts by weight per 100 parts by weight of
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the thermoplastic polyester resin. When the amount of
the compound having two or more acid anhydride groups
per molecule is less than 0.05 part by weight per 100
parts by weight of the thermoplastic polyester resin, an
effect of improving the v1scoelast1c properties of the
%ct(wslcﬂ
thermoplastic polyester resin during -me%geag— is not
sufficient and good foam cannot be formed, while when

the amount exceeds 5.0, parts by weight, the gelation of

the molten material of the thermoplastic polyester resin
exclnssign’ aneag

proceeds and axgaasrog7ho%étng cannot be effected.

Any of inorganic compounds and organic compounds
can be used as the compounds of metals of Group I, II or
ITII elements of the Periodic Table, so long as they have
these metals as their constituent atoms. Eiamples of
the inorgénic compounés include potassium chloride,
sodium <chloride, sodium hydrggencarbonate, sodium
carbonaté, potassium carbonate, zinc <carbonate,
magnesium carbonate, calcium carbonate, aluminum
carbonate, sodium oxide, potassium oxide, zinc oxide,
magnesium oxide, calcium oxide, aluminum oxide and the
hydroxides of these metals. Examples of the organic
compounds include sodium stearate, potassium stearate,
zinc stearate, magnesium stearate, calcium stearate,
aluminum stearate, sodium montanate, calcium montanate,

lithium acetate, sodium acetate, zinc acetate, magnesium
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acetate, calcium acetate, sodium caprylate, zinc
caprylate, magnesium capryiate; calcium caprylate,
aluminum caprylate, sodium myristate, zinc myristate,
magnesium myristate, calciﬁm myristate, aluminum
myristate, calcium benzoate, potassium terephthalate,
sodium terephthalate, sodium ethoxide and potassium
phenoxide. Among them, the compounds of Group I or II
metals of the Periodic Table are preferred and the
compoundé of Group I metals are more preferred. By
using the compounds of Group I, II or III metals, the
cells of the resulting thermoplastic polyester resin

foam are made finer and at the same time, an effect of
rcrcasuy A viscodlasbre AT
éhéekeaéag—%hg;aeléea—%ssia by the compound having two

or more acid anhydride groupé per molecule can be
increased.

The compounds of Group I, II or III metals of
the Periodic Table are used in an amount of 0.05 to 5.0
parts by weight per 100 parts by weight of the
thermoplastic polyester resin. When the amount of the

compound is less than 0.05 part by weight, effects of

—

Ko L{?Gum:q of wirtasing e Ag ‘o by the

compound having two or more anhydride groups are not

making the cells of the resultizzt foam finer and
" VISCO'&LO-— C

sufficient, while when the amount exceeds 5 parts by
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weight, the reshlting foam is colored and the viscosity
rugke W faough
of the molten thermoplastic polyester resin is .
Any of -blowing agents can be used in the
production of the thermoplastic polyester resin foams of

wasly va rmz; At Liq wids
the present invention, so long as they are /gasified—or

ort%uﬂwolkgaucan.oﬁﬂw& charmcc ks
expaadeé—4ﬁﬁ%haat;gg. Easy vaporlzable blowing agents
such as inert gases, saturated aliphatic hydrocarbons,
saturated alicyclic hydrocarbons, aromatic hydrocarbons,
halogenated hydrocarbons, ethers and ketones are
preferred. Examples of these easy vaporizable blowing
agents include carbon dioxide, nitrogen, methane,
ethane, propane, butane, pentane, hexane, methylpentane,
dimethylbutane, methylcyclopropane, cyclopentane, cyclo-
hexane, methylcyclopentane, ethylcyclobutane, 1,1,2-
trimethylcyclopropane, trichloromonofluoromethane, di-
-chlorq@iuoromethane, monochlorodifluoromethane, tri-
'chlorotrifluoroethane, dichlorotetrafluoroethane, di-
chlorotrifluorcethane, monochlorodifluoroethane, tetra-
fluoroethane, dimethyl ether, 2-ethoxyethane, acetone,
methyl ethyl ketone, ard acetylacetonéz---;>

Usually, the blowing agent is injected into the
molten blend of the thermoplastic polyester resin, the
compound having two or more acid anhydride groups per
molecule and other additives on the way of an extruder.

The amount of the blowing agent to be injected is from
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0.05 to 50% by weight based on the amount of the molten
blend; When the amount of the blowing agent is less
than 0.05% by weight; the resulting £foam 1is not
sufficiently expanded, while when the amount is more
than 50% by weight, the gas of the blowing agent is not
accommodated %ﬁb—fﬁe::ggkmy but blows off and the foam
cannot be formed into a desired shape. The preferred
amount of the blowing agent is 0.1 to 30% by weight
based on the amount of the molten blend.

In the production of the thermoplastic polyester
resin foams of the present invention, stabilizer,
expansion nucleating agent, pigment, filler, £flame
retarder and antistatic agent may be optionélly added to
the resin blend to improve the physical properties of
the thermoplastic pélyester resin foams and molded
articles thereof.

In the production of the thermoplastic polyester

resin foams of the present invention, e*paqubn—molding

can be carried out by any of blow molding process and
extrusion process using éingle screw extruder, multiple
screw extruder and tandem extruder.

Dies used in the extrusion process or the blow
molding process are flat die, circular die and nozzle

die according to the shape of the desired foam.
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In the production of the polyester resin foams
of the present invention, the thermoplastic polyester
resin can be mixed with.the compound having two or more
acid anhydride groups per molecule and other additives
by any of the following methods.

(A) The thermoplastic polyester resin is mixed with
the compound having two or more acid anhydride groups
per molecule at a low.temperature (e.g., a temperature
of not higher than 150°C). (For example, the powder of
the compound having two or more acid anhydride groups
per molecule is GS;:;:ieé- on the pellet of the
thermoplastic polyester resin).

(B) The cémpound having two 'or more acid anhydride
groups per molecule is previously melt-mixed with a
thermoplastic resin, the mixture is pelletized and the
pellet is mixed with the thermoplastic polyester resin
(this thermoplastic resin may be the same as or
different from the thermoplastic polyester resin, but is
preferably one compatible with the thermoplastic
polyester resin).

(C) The thermoplastic polyester resin is previéusly
fed to an extruder hopper to melt it and the compound
"having two or more acid anhydride groups per molecule is
fed through a feed opening provided at the cylinder of

the extruder to effect mixing.
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. oisBure
In any of the above mixing methods, the 3gfgr

content of the resin blend should be as small as
possible and is reduced to preferably not higher than
200 ppm. It is preferred that the thermoplastic
polyester resin is dried at a temperature of 60 to 180°C
with hot air having a dew point of not higher than =-20°C
in a dehumidifying hot-air dryer fo;;; hours.

The present inyention also relates to a process
for producing a the;moplastic polyester resin foam,
which comprises 432$Z§iag a high-temperature thermo-
plastic polygster resin foam immediately after expansion
to a temperature of not higher than the glass transition
point of the resin to bring the'crystal;%:ity to 30% or
below and then heating the foam to met—jbwer than 60°C.

Pre-expanded (primarily expanded) foam extruded
through an extruder has only a low expansion ratio and
usually a high density. The expansion ratio varies
depending on the shapes of foams, but is about 5 times
at most when the extruded foam is a sheet. 1In the
present - invention, the thus-obtained pre-expanded foam,
while 1its temperature is high immediately after

coslad
extrusion, is qut;aeheé- to a temperature of not higher
than the glass transition point of the polyester resin.

The glass transition point of the polyester resin varies

depending on the types of carboxylic acids and alcohols
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which constitute polyesters, but is generally in the
3
range of B0 to 90°C. Hence, the foam is generally
'
queﬁcheé-to a temperature of not higher than 60°C.

: <
When the pre-expanded foam is gquemehed, it is

sé}fééééed without having = time to crystallize, ana
hence the «crystallinity thereof is low. The
crystallinity varies depending on the degree of

o . For example, the crystallinity varies
depending on the type and temperature of cooling media
and the contact conditions of the foam with the cooling
media. When the pre-expanded foam prepared by extrusion
is brought into directly contact with water at room
temperature, the crystallinity'thereof is several % to
ten-odd %, generally not higher than 30%. However, when
the pre—expanded foam prepared by extrusion is put into
_a mold to shape'it, crystallinity becomes 30% or higher,
since the foam 1is not é;gnehe&‘ unless the mold is
forcedly cooled. Particularly, the crystallinity of
- thick-wall pre-expanded foam becomes 30% or higher.
Accordingly, when the pre-expanded foam is prepared by
means of the extruder, the foam is allowed to proceed
along a cooled mold to thereby é;;g;h it. e
In order to conduct effectively the ;ﬁgneézag of

the pre—expanded foam, it is desirable that the foam has

a large surface area in comparison with its volume.
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Namely, it is desirable that the foam is in the form of
a sheet, if possible and its thickness is not more than
10 mm, preferably not more than 3 mm. When the sheet is
cylindrical, a mandrel is put into the inside of the
cylinder, the sheet is allowed to proceed along the
nmandrel which is cooled with water and the length of the
mandrel should be as long as possible. On the other
hand, when the sheet js a flat sheet, the sheet is put
between a pair of rollers and allowed.to proceed while
cooling and at the same time, the rollers are cooled
with water and the diameters of rollers should be as
large as possible. In this way, the crystallinity of
the pre—~expanded foam is brought to 30% or below.

The foam is then re-heated to carry out post
expansion (secondary expansion). For post expansion,
the foam is heated to 60°C or higher. Any of heating
means can be used. For exaﬁple, heating may be
conducted by conduction in contact with a heating plate.
Alternatively, heating may be conducted by radiation,
convection or high-frequency power. Any of heating
media can be used, so long as polyester resins are not
deteriorated by them. A preferred heating method is
such that the pre-expanded foam is brought into contact

with a heated metal or air or with steam or heated

water.
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The heéting time for the post expansion is
determined according to the pfoperties' of the resins,
the shape and the type- and temperature of the heating
medium. Generally, when the temperature of the heating
medium is low, heating time is prolonged, while when the
temperature is high, heating time is shortened.
Further, when the foam is thick-walled, heating time is
prolonged, while when «the foam is thin-walled, heating
time is shortened.

It is preferred that a metal plate is heated to
60 to 200°C and the pre-expanded foam is brought into
contact with the metal plate for 5 'seconds or 1longer
when the foam is heated by bringing it into contact with
the metal plate. When the pre-expanded foam is heated
by bringing it into contact with air, it is preferred
that. the foam is put into an oven, the temperature
within the oven is elevated to 100 to 230°C and the foam
is heated for 10 seconds to 5 minutes. It is desirable
that when the foam is heated by the metal igheet or air,
the foam is left to stand for at least 24 hours, usually
about 3 days after the pre-expansion and then is
subjected to the posﬁ expansion without conducting post
expansion immediately after pre—expansion.

On the other hand, when the pre-expanded foam is

| —

heated by bringing it into contact with steam or hesxted
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water, post expansion can be carried out immediately
after pre-expansion. In this case, the temperature of
steam or water is 60 to 125°C and contact time is 10
seconds to S5 minutes.

The polyester resin foam can be brought into
contact with steam or water by various methods. For
example, the foam 1 may be immersed in heated water 2 as
shown in Pig. 1. In Fig. 1, a numeral 8 means a burﬁer.
In another embodiment, a metal gauze 3 is placed above
the surface of heated water and the foam 1 is placed on
the metal gauze 3 and is'bréught into contact with steam
4 which is evaporated from water 2 as shown in Fig. 2.
In other embodiment, pressurized steam 4 is blown into a
container 9 containing the foam 1 as shown in Fig. 3.

It is preferred that the foam is placed in a
mold and molded into a desirable shape when the foam is
to be heated by bringing it into contact with water or

steam. .When a mold is used, water or steam is atiowed

Ctoduen
Jee——-pen?z:a.te- into the mold to thereby bring the foam

into directly contact with water or steam.

When the polyester resin foam is heated to 60°C
or higher by bringing it into  contact with water or
steam in the manner described above, the foam is post-
expanded to form a foam having a 1low density.

Generally, highly post expansion can be easily conducted

A e
[
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by heating with water or steam rather than air.
Further, steam is more preferable than water. When
heating is conducted with water or steam, the post
expansion ratio is at least 1.3 though it is lower than
the pre-expansion ratio, and it is possible that the
ratio is 4 or more. 1In addition thereto, expansion can
be uniformly carried out and the resultihg post—-expanded
foam has fine, uniform cells. In this way, a low-
density foam of good quality can be obtained.

Thus, when the pre-expanded foam is heated, not
only a low-density foam can be readily obtained, but the
post-expanded foam can be rendered to have a crystal-
;inity of 15% or more. A foam having a crystallinity of
15% or moré is a foam which is very excellent in heat
resistance in a heating atmosphere and éan be used for
heat-resistant food containers, heat insulating
materials, etc.

Further, the melt viscosity, die swell ratio,
etc. of the thermoplastic polyester resins are adjusted
in the process of the present invention to produce
extrusion foam sheets. The extrusion foam sheets of the
thermoplastic polyester resins have a density of
preferably not higher than 0.7 g/cm?, more preferably
not higher than 0.5 g/cm®. When the density exceeds 0.7

g/m3, heat insulating properties, lightweight properties
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and cushioning'properties as foam sheet are lost. It
has been found that the extrusion- foam sheets having a
crystallinity of not higher than 20% and a molecular
orientation ratio of not higher than 4.5 in the
direction of face of foam sheet are preferred from the
viewpoint of thermoformability. It is difficult to
lower the crystallinity through the <&epth, s;ince the
extrusion foam sheet . immediately after extrusion has
heat insulating properties. However, post thermo-
formability can be improved by lowering the molecular
orientation ratio to a specific value or below.

The molecular orientation ratio of the extrusion

Aoriiing vne {:umm_kﬁu_9ufgkh~of
foam shee@/ﬁ%Aﬁmrdirection-efféaee—of foam sheet can be
adjusted to 4.5 or below by controlling expansion in the
direction of extrusion and in the direction crossing the
extrusion direction. As a preferred method therefor,
there is generally used a method using a circular die
and a cylindrical mandrel. Namely, expansion in the
direction of extrusion can be controlled by the ratio of
the average flow rate of ‘a aéézzgkiesin to a take-off
speed in the direction of extrusion at the outlet gap of
the circular die, and expansion in the direction
crossing the extrusion direction can be controlled by
the ratio (hereinafter referred to as blow-up fatio) of

-
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the diameter of the outlet of the circular die to the
outer diameter of the mandrel.
Crystallinity is determined from quantity of
heat of cold crystallization and quantlkg of heat of
rerJiol Scannmng colomion
fusion in heating by heat-flux Dsg/ln the measurement of
heat of transition according to JIS-K-71222 ({Method for

measuring heat of transition of plastics). Namely,

crystallinity is determined by the following equation.

(Quantity of heat of fusicn per
mol) - (quantity of heat of
cold crystallization per mol)
Crystallinity (%) = x 100
g = Quantity of heat of fusion per
C Y'Qﬁg mol of perfect crystallized

resin
=

Molecular orientation ratio in the direction of

face of foam sheet is the ratio ©f the maximum value of

aAoq
1nten51ty of microwave transmitted through foam sheee/%e
SLT <
the minimum value thereof when the e%aae of foam sheet
er (oo Jioe

is %iEB:;StiF%:gizIqégag:aﬁzgﬁfith %ge-polarlzgg wave of
microwave.

Further, food containers can be produced by
bonding a non-foam f£ilm of a thermoplastic resin to at
least one side of the extrusion foam sheet of the

thermoplastic polyester resin according to the present

invention to form a laminated sheet and thermoforming it
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into a food container in such a manner that the non-foam
sheet is positioned inside.

Examples of the thermoplastic resin which
constitutas the non-foam £film include thermoplastic

g crpel s};{(ﬁ(_sb_! RS,

polyester resin // polyolefin resins, poiyamide resins,
polyvinyl chloride resins, polyacrylonitrile resins,
polyvinylidene chloride resins and ethylene-vinyl
alcohol copolymers. x

NMon-foam f£ilm to be bonded may be composed of a
single-layer film or multi-layer £ilm. The non-foam
film may be bonded to both sides of the foam sheet. The
thickness of the non-foam film layer is 10 to 500
microns and the thickness of the sheet layer ?ESKthe

expanded polyester resin is thicker, i.e., generallyléa
Laa¥ )

the—fagge—ef 0.5 to 5 mm. It is preferred that the

thickness of the foam sheet layer is 2 to 500 times that
of the non-~foam £ilm layer.

The non—-foam £ilm can be laminated onto the foam
sheet by using a piuraliEy of extruders. Moré
particularly, a thermoplastic polyester resin is fed to
an extruder and an expandable polyester resin _is
extruded therethrough. Separately, a thermoplastic
resin is fed to other extruder and a non-expandable
resin is extruded therethrough. These resins are guided

to the same one die and combined together in the die to
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prepare a laminated sheet. In another embodiment, the
resiné extruded through each extruder are fed to
separate dies to prepare a//éh;;t and a f£ilm,
respectively. They are put upon each other and pressed
through rollers to prepare a laminated sheet.

In a still other embodiment, the foam sheet and
the non-foam sheet are separately prepared and
separately wound up into rolls. They are laminated onto
each other, while unwinding, and passed through a pair
of rollers to thereby laminate them. The temperature of
the roller on the side of the foam sheet is preferably
low, for example, room temperature to prevent polyester
resin from being crystallized. On the other hand, the
roller on the side of the non-foam £ilm is kept
preferably at a hnigh temperature so as to soften the

surface of the film.
kammnw

The laminated sheet is re-heated and me%éeé into
a container.. The me-]:é;rﬂg is 3carried out by u'sing' a
molding die. The die may be composed of a male mold and
a female mold, but may be composed of either one of
them. When a die composed of both molds is used,
molding can be carried out merely by putting the
laminated sheet between- both molds and pressing it.

However, when either one of molds is used, air present

between the sheet and the mold is removed, or the sheet
——
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is pressurized from the upper side thereof and pressed.
The non-foam film is so arranged that the f£film is
positioned inside the container.

The heating temperature at which the sheet is
moldad into a containar is determined according tc “%he
Ltemperabure—cf the thermoplastic polyester resin consti-
tuting the foam sheet and ﬂhe——temperature—-eé/ the
thermoplastic resin coqgtituting the non-foam f£ilm. The
expansion ratio of the foam sheet is increased or
decreased by the heating temperature. Accordingly, even
when a foam sheet having the same thickness is used, a
difference in the thickness of the laminated sheet is
caused. Further, the crystallinity of the foam sheet is
accelerated depending on the heating temperature and the
heating time.

I the foam sheet' by extrusion, which is
composed of a thermoplastic polyester resin, has a
crystallinity of 15% or more, it is excellent in heat
resistance in a heating atmosphere in air. However, in
the case that it is exposed to heated steam of 100°C or
higher, since the film wall thickness of first layer
cells on the surface is thin, the first layer cells are
re-swollen. Further, in the case that it is used for a
food container to heat foodstuffs such as soup and
gratin, the first. layer cells are re-swollen, whereby

__~_,____;_______‘____
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juices from the foodstuffs were likely penetrated into
the cells. On the other hand, ‘'since in the present
invention a non-foam film is bonded such that it is
positioned inside the container, the re-swelling by
heated steam or hot water and the penetration of juices
from the foodstuffs into the cells can be prevented.

The following Examples, Comparative Examples and
Test Examples are provided to illustrate the present
invention, but are not to be construed as limiting the
present invention in any way.

TEST EXAMPLE 1

An experiment was carried out to examine the
effects of the addition of the compound having two or
more acid anhydride groups per molecule to the
thermoplastic polyester resin on viscoelastic properties
during melting.

(1) Test-1

Polyethylene terephthalate (PET 9902, a product
of Eastman Kodak Company) was dried at 160°C with hot
air having a dew point of -30°C in a dehumidifying dryer
for 4 hours. 1 kg of the resulting dried material was

di .
mixed with 5 g of pyromellltlc‘iﬁhydrlde (a product of
Chamischa Waerke Hiks AG

Hﬁe&s—ﬂag;ﬁ—ttmtteﬂ) The blend was fed to the hopper

Scsesd
of a single screw extruder (diameter of eydinder: 40 mm,

L/D: 30, manufactured by Sekisui Koki K.K.) equipped
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with a cylindrical channel die (diameter: 5 mm, L/D:
1.6). The molten blend was extruded through the
cylindrical channel die -at an extrusion rate of 7 kg/ar
under the following production conditions to carry out
molding.

Production conditions by the single screw extruder

Temperature of feed zone of extruder: 270°C
CArnPTrESSion

Temperature of p&é;ggeéga:iea zone of extruder: 280°C

Temperature of melting zone of extruder: 270°C

Temperature of die: 270°C

Number of revolutions of screw of extruder: 32 rpm

{(2) Test-2 (control)

The extrusicn of polyethylene terephthalate was
carried out iq the same manner as in Test-1 except that
pyromelliticggghydride was omitted.

(3) Test results

Die swell ratio of extrudate and the melt

viscoéity of the moitén resin in the single screw

extruder are shown in Table 1.
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Table 1
di,
Effect of the addition of pyromellitic anhydride to
polyethylene terephthalate on melt viscosity and die

swell ratio

Amount of Amount of
Test Polyethylene xromellltlc Die Swell Melt
No. Terephthalate Dqgnhydrlde Ratio Viscosity
(9) (9) (poise)
1 1000 5 3.3 2.8x104
2 1000 0 1.2 0.8x104

(4) Discussion

It is clear from Table 1 that when pyromellitic
anhydride is added to polyethylene terephthalate, die
swell ratio of extrudate is increased and the melt
viscosity of the molten resin in extrusion is also
increased.

EXAMPLE 1

10 kg 6f polyethylene terephthalate (PET 9902, a
product of Eastman Kodak Company) was dried in a
dehumidifying dryer (160°C with hot air having a dew
point of —3D°C) for 4 hours and then mixed with 20
Chanischa hﬁ:k<_FH~Lath
pyromellitic C’;hvdrlde (
Limited) and 60 g of talc (expansion nuéleating agent)
in a tumbling mixer. The mixture was fed to the hopper

d—m.mdi;ofstrw
of a single screw extruder (bgfé: 40 mm, L/D: 30, bore
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of nozzle die: 5 mm) and melt-mixed. Isopentane

(blowing agent) was injected into the molten mixture in
of 2.2% by

seeh an amcunt i . The

molten mixture was extruded through the nozzle die under

following production conditions into air to produce a

rod-shaped foam.

Production conditions with single screw extruder

Temperature of feed zone of extruder: 273 to 282°C

Temperature of compression zone of extruder:
280 to 290°C

Temperature of melting zone of extruder: 271 to 290°C
Temperature of extruder head: ' 280 to 290°C
Number of revolutions of screw of extruder: 32 rpm
Extrusion rate: 7 to 8 kg/hr

The expansion ratio and diameter of the fbam are
shown in Table 2.

EXAMPLE 2

The procedure of Example 1 was repeated except

that the amount of pyromellltlc‘éﬁhydrlde was 30 g and

isopentane was 1njected into the molten mixture in -sweh
o-@Q‘S/oba

an amount ae:?b—grve—a—iTﬁ—gfiﬁﬂ—u@rvdxture-to produce a

rod-shaped foam.

The expansion ratio and diameter of the foam are

shown in Table 2.
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'EXAMPLE 3
The procedure of Example 1 was repeated except
AL
that the amount of pyromellitic %ﬁbydride was 40 g and
isopentane was injected into the molten mixture in such
o? 2.6 /% uﬂ*%bi

an amount s t to produce a
rod-shaped foam.

The expansion ratio and diameter of the foam are

shown in Table 2. .

COMPARATIVE EXAMPLE 1

Effect (1) of the use of pyromellitic‘%ﬁhydride
The procedure of Example 1 was repeated except
that pyromellitic‘ﬁﬁhydride was omitted and isopentane
was injected intp the molten mixture in swch an amount
of 2.7 % by
i s . to produce a rod-shaped
fcam.
The expansion ratio and diameter of the foam are

shown in Table 2.

COMPARATIVE EXAMPLE 2

ol

Effect (2) of the use of pyromellitic @nhydride
The procedure of Example 1 was repeated except
that 50 g of phthallcciihydrlde was used in place of 20

g of pyromelllt1ﬂ<5ﬁhydr1de and isopentane was injected
of 2.7% by
into the molten mixture in swch an amount as—$é—give—a

278—gf%§?ég—m%xb&fe-to produce a rod-shaped foam.

\
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The expansion ratio and diameter of the foam are
shown in Table 2.
-Table 2

Effect of use of pyromellitic‘ﬁﬁhydride

Diee, Amount

of Pyro- Rod-shaped Foam
Example mellitic Amount of Expansion
No. nydride Isopentane Density _ Ratio Diameter

(9) (%) (g/cc) (times) (mm)
Example 1 20 ©2.32 0.35 4.0 21
Example 2 30 - 2.85 0.18 7.8 27
Example 3 40 2.76 0.13 10.8 30
Compa EX. 1 - 2.37 0076 108 9
Discussion:

It is clear from Table 2 that in Examples 1 to 3
wherein pyromellitic‘EﬁLydride is used, expansion ratios
are 4 to 10, the diameters of the rod-shaped foams are
increased to 4 to 6 times the size of the nozzle die and
the increasing ratio thereof is in proportion to the
increase in the amount of isopentane injected.

In Comparative E#amples 1 and 2 wherein pyro-
mellitic anhydride is omitted, expansion ratios are
about 2, though isopentane (blowing agent) is used in an
amount larger than that in Examples' 1 to 3, and the

iameters of the rod-shaped foams are about twice as
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large as the bore of the nozzle die. Accordingly, both
the expansion ratio and the diameter are smaller than
those of Examples 1 to 3. |

These effects are thought to be due to the fact
that when pyromellitic "’Lydrlde is not wused, the
blowing agent isopentane 1s released from the foam in
expansion molding, while when pyrome111t1c<E§hydr1de is
used in expansion molding, the melt viscosity of the
thermoplastic polyester is increased, whereby gaseous
isopentane (blowing agent) is not allowed to be released
from the foam.

EXAMPLE 4

In the procedure of Exémple 3, the expansion
molding operation was continuously carried out for 24
hours. No change for the rod-shaped foam was cbserved.

EXAMPLE 5

In the procedure of Example 3, the expansion
molding operation was carried out for 5 hours and the
operation was then. stopped for 19 hours. Thereafter,
operation and stopping were repeated five times in a 24
hour éycle.

In any case, there could be obtained a rod-
shaped foam, which was neither colored nor contaminated
within 30 minutes from the commencement of the

operation.
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COMPARATIVE EXAMPLE 3

In Example 3, diglycidyl terephthalate
(Blemmer®, a product of -Nippon 0il & Fats Co., Ltd) was
used in place of pyromellitic anhydride and isopentane
was injected into the molten mixture in such an amount
as to give a 4 g/lOO g mixture. In the same manner as
in Example 5, the operation was carried out.

In the operation after the third operation, it
took 90 minutes or longer untill there could be obtained
a rod-shaped foam which was neither colored nor coptami-
nated. In the fifth operation, the foam was scolored
h%?Ek and contaminated with black matters after 4 hours
from re-operation.

EXAMPLE 6 |

The procedgre of Example 1 was repeated except
that 50 g of cyclopentanetetracarboxylic acid di-
anhydrlde was used in place of 20 g of pyromellitic

CEEﬁydrlde to produce a rod-shaped foam.

The expansion ratio of the foam was 4 and the

diameter thereof was 20 mm.
EXAMPLE 7

The procedure of Example 1 was repeated except

that 50 g of benzophenonetetracarquylic acid dian-

hydride was used in place of 20 g of pyromellitic

-

anhydride to produce a rod-shaped foam.
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The expénsion ratio of the foam was 4.5 and the

diameter thereof was 21 mm.
EXAMPLE 8

In Examples 6 and 7, the operation was carried
out in the same manner as in Example 5.

Within 30 minutes from the commencement of the
operation, there could be obtained a rod-shaped foam
which was neither coloned nor coﬁEaminated in any case.

EXAMPLES 9 to 17

Polyethylene terephthalate given in Table 3 was
dried with hot air havirng a dew point of -30°C at 160°C
in a dehumidifying dryer for 4 hours. 100 parts by .
weight of the dried polyethylene terephthalate,
pyromellitic %%ﬁydride in an amount given in Table 3, a
metallic compound given in Table 3 and 0.5 part by
weight of talc (expansion nucleating agent) were mixed
in a tumbling mixer. The mlxture was fed to the hopper

Sua
of a single screw extruder (ﬁgfe 40 mm, L/D: 30)
equipped with a nozzle die (bore: 5 mm). 2.0% by weight
of n-pentane was injected into the molten mixture. The
ﬁolten mixture was extruded under the following

conditions to obtain a rod-shaped foam.

Temperature of feed zone of extruder: 268 to 280°C

Temperature of compression zone of extruder:
285 to 23%90°C
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Temperature of Melting zone of extruder: 275 to 285°C

Temperature of extruder head: - : 275 to 285°C
Temperature of extruder die: 275 to 285°C

Number of revolutions of screw: 32 rpm
| The expansion ratios of the foams and the state
of cells are shown in Table 3.

Fig. 8 1is an electron microscopic photégraph
showing the state of. cells of the foam prepared in
Example 9, which is enlarged about 25 times. The cells
shown in Fig. 8 were small.

Further, Figs. 9 and 10 are electron microscopic
photographs showing the states of cells of the foams
prepared in Examples 12 and i7, respectively, which are
enlarged about 25 times. The cells of the foam prepared.
in Example 17 were slightly larger than those in Example
12.

COMPARATIVE EXAMPLE 4

The procedurg of Example 9 was repeated except
that pyromellitic é%%ﬁydride and the metallic compound
were omitted to produce a rod-shaped foam.

The expansion ratio of the foam and the state of

cells are shown in Table 3.

—_—
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EXAMPLES 18 to 20
The procedure of Example 9 was repeated except
that polyester resins,- acid anhydrides and metallic
compound given in Table 4 were used to obtain foams.
The expansion ratios of the fcams and the state
of cells are shown in Table 4. |

COMPARATIVE EXAMPLE §

The procedure of Example 9 was repeated except
that polyethylene terephthalate and diglycidyl
terephthalate given in Table 4 were used and the
metallic compound was omitted to obtain a foam.

The expansion ratio of the foam and the state of
cells are shown in Table 4.

EXAMPLE 21

Polyethylene terephthalate given in Table 5 was
- dried with hot air having a dew point of -30°C at 160°C
in a dehumidifying dryer for 4 hours. 100 parts by
weight of the dried polyethylene terephthalate, 0.5 part
by weight of pyromelliticégﬁhydride,_ELL_EEEE_Ez_ZEEEEE_
gf_’fggigg_~gggggg§;g_,and 0.6 part by weight of talc
(expansion nucleating agent) were mixed in a tumbling
mixer. The mixture was fed to the hopper of a single
Seres
" screw extruder (b9ée: 65 mm, L/D: 35) equipped with a
cylindrical mandrel (bore: 205 mm, L/D: 1.5) and a

circular die (bore: 60 mm, gap: 0.65 mm), 1.7% by weight
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of butane was injected into the molten mixture. The
molten mixture was extruded through the circular die
under the following ccanditions. The extrudate was taken
off by a cylindrical mandrel and molded. A part of the
resulting cylindrical foam was cut open and the
resulting foam sheet was wound up.

Temperature of feed zone of extruder: 280°C

Temperature of compression zone of extruder: 290°C

Temperature of melting zone of extruder: 280°C
Temperature of extruder head: 280°C
Temperature of extruder die: - 270°C
Injection pressure of blowing agent: 80 kg/cm?
Extrusion pressure (head): | 115 kg/cm?
Number of revolutions of screw: 30 rpm
Extrusion rate: 24kg/nr

The expansion ratio of the foam sheet, the state
of cells, tensile strength at 23°C and tensile
elongation at break at 23°C are shown in Table 5.

COMPARATIVE EXAMPLE 6

The procedure of Example 21 was repeated except
that diglycidyl terephthalate and sodium montanate in
amounts given in Table 5 were used and pyromellitic

2 : :
anhydride and sodium carbonate were omitted. The

resulting foam sheet was wound up.
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The expansion ratio of the foam sheet, the state
of cells, tensile strength at 23°C and tensile elonga-
tion at break at 23°C are shown in Table 5.

COMPARATIVE EXAMPLE 7

The procedure of Example 21 was repeaﬁed except
that diglycidyl terephthalate given in Table 5 was used,
0.9% by weight of butane was injected, extrusion was
carried out under the following conditions and sodium
carbonate was omitted. The 'resulting foam sheet was
wound up.

Temperature of feed zone of extruder: 280°C

Temperature of compression zone of extruder: 290°C

Temperature of melting zone of extruder: 280°C
Temperature oE_extruder head: 285°C
Temperathre of extruder die: 275°C
Injection pressure of blowing agent: 40 kg/cm?
Extrusion pressure (head): 90 kg/cm?
Number of revolutions of screw: 25 rpm
Extrusion rate: 24 kg/hr

The extrusion ratio of the foam sheet, the state
of cells, tensile strength at 23°C and tensile

elongation at break at 23°C are shown in Table 5.
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Table 3

Expansion ratio of foam and state of cells (Examples 9 to 17, Comparative Example 4)

Composition of Materials Foam

Polyethylene Expansion
Example Terephthalate Acid Anhydride Metallic Compound Ratio State

No., Trade Name Amount Compound Name Amount Compound Name Amount (times) of Cells
Example 9 PET 9902 100 cﬁgromellitic 0.5 sodium 0.3 15 amall
anhydride carbonate
Example 10 PET 9902 100 " 0.5 " 0.1 14 small
Example 11 PET 9902 100 " 0.3 " 0.1 10 small
Example 12 PET 9902 100 " 0.5 zinc stearate 0.1 9 medium
Example 13 PET 5902 100 " 0.5 calcium carbonate 0.1 12 medium
Example 14  PET 9902 100 " 0.5 aluminum stearate 0.1 9 medium
Example 15 TR 4550 BH 100 " 0.5 sodium carbonate 0.17 14 small
Example 16 TR 8510 100 " 0.25 " 0.08 14 small
Example 17 PET 9902 100 " 0.3 - - 9 large
Comp. Ex. 4 PET 10388 100 - - - - 2 large
Note: PET 9902 and PET 10388 manufactured'by Eastman Kodak Company.

TR 4550 BH and TR 8510 manufactured by Teijin Limited.
Sodium carbonate manufactured by Tosoh Corporation.
Pyromellitigfanhydride manufactured by Hueis—aapaﬂ—aémitad._
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Table 4

Expansion ratio of foam and state of cells (Examples 18 to 20, Comparative Exuample 5)

Composition of Materials Foam
Diee Expansion
Example Polyester Resin Acid Anhydride Epoxy Compound Metallic Compound Ratio State
No. Trade Name Amount Compound Name Amount Compound Wame Amount Compound Name Amount (times) of Cells
Example 18 TR 8580 100 cyclopentane- 0.5 - - sodiunm 0.1 8 ~ small
. tetracarhoxylic carbonate
arid _dianhydride
Example 19 TR 8580 100 benzophenone- 0.5 - - " 0.17 9 medium
tetracarboxylic
aedd-dianhydride .
Example 20 XD 478 100 pyromellitic 0.3 - - . 0.1 12 small
Jdianhydride
Comp. Ex, 5 TR 8580 100 - - diglycidyl 0.5 - - : 8 medium
terephthalate
Note: TR 8580 manufactured by Teijin Limited.
XD 478 (MI: 3 0, 235°C) for polybutylene terephthalate, manufactured by Polyplastic Co., Ltd.
o ()
:::::E: Pyromellitic<anhydride manufactured by Huels Japan Limited.
— 2
—— .
=3 godium carbonate manufactured by Tosoh Corporation,
_::
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Table 5§

Expansion ratio of foam, state of cells and tensile strength (Example 21, Comparative Examples 6 and 7)

Foam Sheet
Composition of Materials Tensile
Polyethylene Pyromellitic Diglyecidyl Sodium Sadium Expansion State Tensile Elongation
Example Terephthalate Plagnhydride hthalate Montanate Carbonate Ratio of Strength -at Break
No, Trade Name Amount (amount) amount) {(amount) {amount) {times) Cells at 23°C at 23°C
‘ ' k ]
“Terep (kg/cm?) (%)
Example 21  PET 9902 100 0.5 - - 0.1 . 6 medium 63.6 116.6
. : ,
Comp. Ex, 6 PET 10388 100 - 0.3 6.1 - 6 medium 39.3 64.3
Comp. Ex. 7 TR 8580 100 0.2 0.6 - - 3 medium 81.5 53.3
Note: PET 9902 and PET 10388 manufactured by Eastman Kodak Company.

TR §580 manufactured by Teijin Limited. ’

de T Chimische Warke s AG
Pyromelliticczﬁhydride by Hﬁelﬁ—éﬂp&n—ﬁ#ﬂit&d.

Diglycidyl terephthalate: Blemmer® DGT manufactured by Nippon O0il & Fats Co., Ltd.

Sodium carbonate manufactured by Tosoh Corporation.
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TEST EXAMPLE 2
Test Sample: Foam sheets prepared in Examples 21 and
Comparative Example 6
Test method: Dynamic visco-elastometer (manufactured
Dusahusho, L4, :

by Toyo Seiki §£¥;) was used. Complex elastic modulus
of test samples [5 mm (width) x 21 mm (length) x 1.5 mm
{thickness)] was measured under the following
conditions. » |
Frequency for measurement: 10 Hz
Heating rate: ' | 3°C/min
Distance between clamps: 15 mm

The results are shown in Fig. 5.
Discussion:

Complex elastic modulus of the foam sheet of
Example 21 is higher than that of the foam sheet of
Comparative Example 6. Hence, it can be understood that
the heat re51stance of the foam sheet obtained by using
pyrome111t1c<5;hydr1de and sodium carbonate is high.

The process for producing the thermoplastic
polyester resin foam by re—ﬁeating is 1illustrated by
means of the following Examples and Comparative Examp-

les. Parts and percent given below are by weight unless

otherwise stated.
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EXAMPLE 22

Pre-expansion (primary expansion): .

TR8580 (trade name, a product of Teijin Limited)
~was used as polyethylene terephthalate (hereinafter
referred to as PET).

PET was placed in a dehumidifying dryer and
dried at 160°C for 4 hours while circulating hot air
| having a dew point of T§0°C. 100 partg of PET, 0.6 part
of talec, 0.35 part of pyromellitic géﬁhydride and 0.1
part of sodium carbonate were thoroughly mixed in a
tumbllng mixer. The mixture was fed to an extruder

Suwld
(b9te 55 mm, L/D: 35) and thoroughly mixed at a screw
revolution number of 25 rpm and at a barrel temperature
of 270 to 290°C. 1.3 parts of butane as a blowing agent
per 100 parts of the mixture was introduced into the
mixture under preésure on the way of the barrel. PET
containing the blowing agent was extruded through the
circular die into air to produce a tube. The die had a
circular die gap of 0.4 mm and a bore of 60 mm and was
kept at 270 to 285°cC. PET extruded into air was
expanded and the tube as extruded was taken off while
bringing it into contact with the outer surface of a
cylindrical mandrel. The mandrel had an outer diameter
of 205 mm and cooiing water at 30°C was circulated

inside the mandrel so that the PET foam was quenched.

[
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The quenched PET foam was cut open and the resulting
flat foam sheet was wound up and.referred to as pre-
expaﬁded foam sheet (ptimafily expanded foam sheet).
The foam sheet was 643 mm in width and had an apparent
density (hereinafter referred to simply as density) of
0.26 g/cm3, a thickness of 1.5 mm and a crystallinity of
93.
Post-expansion (secondary expaneion)z

A piece of 100 mm x 100 mm was cut off from the
above pre-expanded foam sheet and subjected tc post-
expansion. The post expansion was carried out by
immersing the piece in warm water at 63°C for 5 minutes

as shown in Fig. -1. The thickness was expanded from 1.5

mm to 2.1 mm.

_ had a density
of 0.19 g/cm3 and a crystallinity of 9s. The post-
expanded foam sheet was finely expanded and found to be
a good foam.

EXAMPLE 23

The same pre-expanded foam sheet as that
obtained in Example 22 was used and post expansion was
carried in the same way as in Example 22 except that the
temperature of warm water was 83°C and immersion was

conducted for S minutes.
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There was obtained a post—-expanded foam sheet

which had a thickness of 3.02 mm, a density, of 0.13
The rolo Vo [V, waa
g/cm® and a crystallinity of 10s.
2.0 _
to=288%. The foam sheet was finely, uniformly expanded,

had a low density and was found to bes a good foam.

EXAMPLE 24

The same pre-expanded foam sheet as that
obtained in Example 22- was used and pést expansion was
carried out by bringing the sheet into contact with
steam as shown in Fig. 2. Namely, post expansion was
carried out by bringing the sheet into contact with
steam at 62°C for 5 minutes.

There was obtained a post-expanded foam sheet
which had a thickness of 2.51 mm and a density of 0.16

“Thee WVQ/V]W W, 6%,
g/cm3, and—was—pee%jpﬁpended—to—&ﬁﬁ%;

EXAMPLE 25

The procedure of Example 24 was repeaged except
that the temperature of steam for post expansion was
75°C.

There was obtained a post-expanded foam sheet
which had a thlckneSTVof 2.73 mm and a density of 0.1l4

g/cmi

—_—
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EXAMPLE 26
The procedure of Example 24 was repeated except
that the temperature of-steam was 100°C and the contact
time was 0.5 minute in the post expansion.
There was obtained a post-expanded foam sheet
which had a thickness of 2.78 mm, a density, of 0.14

T vodoe V2|V, e V8L
g/cm® and a crystallinity of 10%, and—pas—post~expanded-

Lo 1864, ' *
EXAMPLE 27

The procedure of Example 26 was repeated except
that post expansion was carried out by bringing the
sheet into contact with steam at 100°C for 2-minutes as
shown in Fig. 2.

There was obtained a post-expanded foam sheet
which had a thickness of 3.92 mm, a density of 0.10

Py votza Va V, wen 2 60.
a'né—-wz—pcst—exaa-n-ded-

g/cm® and a crystallinity of 16%.

ro—260%.
EXAMPLE 28

The procedure of Example 26 was repeated excepﬁ
that post expansion was carried out by bringing the
sheet into contact with steam at 100°C for 5 minutes.

There was obtained a post-expanded foam sheet
which had a thickness of 5.63 mm, a density of 0.065
g/cm® and a crystallinity of 26s%, =

+o—37 74+

This Sheet Has Been Replace

N .

-48_



EXAMPLE 29

The procedure of Example 26 was repeated except
that post expansion was carried out by bringing the
sheet into contact with steam at 100°C for 7 minutes.

There was obtained a post-expanded foam sheet
which had a thickness of 5.96 mm and a density of 0.065

r&ta N V Lye— =}. 0O
g/cm3.and—wai229st_ax§aaéeé—ée—#ee%.
» EXAMPLE 30

Post expansion was carried out in the same
manner as in Example 29 by bringing ~the sheet into
contact with steam at 100°C for 7 minutes except that
post expansion was carried out by placing a pré-expanded
foam of Zqumm x 280 mm in an alumlnum mold of 210 mm x

™M

290 mm x 5/

There was obtained a post-expanded foam sheet

whlch had a thickness of 5.00 mm and a density of 0.078

P‘\gro-»\w\]zlvltuc—»%?{g .
g/cm3'and—giE:pesé-expaadeé—%e—aiﬂﬁz The sheet obtalped

was a flat foam sheet.

EXAMPLE 31

The same pre-expanded foam sheet as that
obtained in Example 22 was used and post expansion was
carried out by blowing pressurized steam as shown in
Fig. 3. Namely, post expansion was carried by bringing
the sheet into contact with steam at 110°C for 3

minutes.

-_
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There was obtained a post-expanded foam sheet
which /§d a thickness of 3.41 mm and a density of 0.1l1
V; WwaS 2 ?)Q
g/cm3, and—wasfggft-expanded—to—236?.
EXAMPLE 32
The procedure of Example 31 was repeated except
that post expansion was carried out by bringing the
sheet into contact with steam at 120°C for 0.5 minute.

There was obtained a post-expanded foam sheet

which had a thlckne s of 3.00 mm and a density of 0.13
iv was 2 ,00.
g/cm3

EXAMPLE 33

Pre4expansion was carried out in the same manner
as in Example 22 except that carbon dioxide was used as
the blowing agent in place éf butane and the amount of
carbon dioxide was 1.1 parts. The resulting pre-
expanded. foam sheet was 643 mm in width and had a
density of 0.26 g/cm3, a thickness of 1;5 mm and a
crystallinity of 9%.

Post .expansion was carriea .out in the same
manner. as in Example 28 to obtain a post-—expanded foam
sheet which had a thickness of 3.00 mm and a density of
0.13 g/cm3, WM

EXAMPLE 34

The procedure of Example 22 was repeated except

that post expansion was carried out by using hot air at
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80°C in place of warm water at 63°C and bringing the
sheet into contact with hot air for 5 minutes to obtain
a post-expanded foam sheet.
The post-expanded foam sheet was 2.1 mm in
thickness and had a density of 0.18S g/cm® and a crystal-
relig V'L\Vl We .37
iinity of 10s. The-po§;Lexpaas&ea—*a%ie—was—iﬁ?%%

EXAMPLE 35

The procedure of Example 34 was repeated except
that the temperature of hot air in the post expansion
was 100°C to obtain a post-expanded foam sheet.

The post-expanded foam sheet had a thickness of

2.6 mm, a density of 0.15 g/cm® and a crystallinity of
o Xio Vv_]V, b \.7'3

10%. The 9es%—ggggas:cn—ratrc—was—173t1

EXAMPLE 36

The procedure of Example 34 was repeated except
that the temperature of hot air in the post expansion
was 110°C to obtain a post-sxpanded foam sheet.

The post-expanded foam sheet had a thickness of
2.8 mm, a density of 0.14 g/cm® and a crystallinity of

oA Vzlv, o .86
12%. The-pasé—5f?aﬁsion—ratée—was—%86%=

EXAMPLE 37

The procedure of Example 34 was repeated except
that the temperature of hot air in the post expansion
was 140°C to obtain a post-expanded foam sheet.

- —_——
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The posh-expanded foam sheet had a thickness of
3.01 mm, a density of 0.13 g/cm® and a crystallinity of
'{‘GMVL, |W200
25%. The ?es%jgfgaﬁs*ea-fabb&ﬂnnrﬁﬂﬁﬁn

EXAMPLE 38

The procedure of Example 34 was repeated except
that the temperature of hot air in the post expansion
was 230°C to obtain a post-expanded foam sheet.

The peost-expanded foam sheet had a thickness of
4.04 mm, a density of 0.097 g/cm3 and a crystallinity of

Tt'-kiu V-;."V! o, 2.6F,
26%. The pest—p#pansion-—ratio—was—268%~
EXAMPLE 39

Pre—expansion:

Pre-expahsion was carried out in the samé manner
as in Example 22 except that the die provided at the
extruder head ‘was changed from the circular die to a
flat die and a flat plate was used in place of the
mandrel. . The flat die had a straight line-form
extrusion opening having a width of 150 mm and a gap of
0.7 mm. The flat plate was an aluminum plate of 500x500
mm which was cooled with water at 30°C. The foam sheet
was extruded between .the aluminum plates, whereby the
extruded foam sheet was quenched. In this way, a pre-
expanded foam sheet was obtained. The foam sheet had a
width of 200 mm, a thickness of 5 mm, a density of 0.52

g/cm3 and a crystallinity of 12%.
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Post expansion:’

Post expansion was carried out in the same
manner as in Example 29 by bringing the above pre-
expanded foam sheet into contact with steam at 100°C for
7 minutes. There was obtained a post-expanded foam
sheet which Bﬁﬁ.a gbickness of 12.5 mm and a density of
0.204 g/cn’ ) VLIV/ we, 2.95

. EXAMPLE 40

Pre—expansion was carried out in the same manner
as in Example 39 except that the temperature of the
aluminum plates was slightly elevated and the cooling
rate of the foam sheet was slightly smaller than that in
Example 39 to obtain a pre-expanded foam sheet. The
width, thickness and density of the foam sheet were the
same as those of the sheet of Example 39. However, the
crystallinity was 25%.

Post expansion:

Post expansion was carried out in the same
manner as in Example 39 to obtain a post-expanded foam
sheet which had a thickness of 11.0 mm and a density of

redm. Vo |V, was 2.2
0.232 g/cm?,

COMPARATIVE EXAMPLE 8

The procedure of Example 22 was repeated except
that post expansion was carried out by using hot air at

60°C in place of warm water at 63°C and bringing the

-
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sheet into contact with hot air for 5 minutes to obtain
a post-expanded foam sheet.

The post-expanded foam sheet had a thickness of

reda Vo IV
pogt—expansion

1.5 mm and a density of 0.26 g/cm®. The
Lre—> |, 00

;a%ésszas——ieg%. Accordingly, the post expansion did

substantially not take place.

COMPARATIVE EXAMPLE 9

The procedure of Example 22 was repeated except
that the temperatufe of water in the post expansion was
lowered to 53°C to obtain a post-expanded foam sheet.

The post-expanded foam sheet had a thickness of
1.5 mm and a density of 0.26 g/cm3 The post-expansion-

V2|V, wes 1.00
ratio we%—e-&%- as in Comparative Example 8. - Accord-
ingly, the post expansion did substantially not take
place.

COMPARATIVE EXAMPLE 10

The procedure of Example 24 was repeated except
that the temperature of steam in the post expansion was
lowered to 58°C to obtain a post-expanded foam sheet.

The post-expanded foam sheet had a thickness of

1.5 mm and a density of 0.26 g/cm3. The pest—expansron-
V'Z}v' LG \'OO o .
ratio wég%—}ee%. Accordingly, the post expansion d&id

substantially take place.

This Sheet Has Been Rerlaced :

IIIIII M




COMPARATIVE EXAMPLE 11

Pre-expansion was carried out in the same manner
as in Example 40 except that the temperature' of the
aluminum plates was 4ezsgg&-to a temperature i%é;:rthan
that of Example 40 and the cooling rate of the extruded
sheet was smaller than that of Example 40 to obtain a
pre—expanded foam sheet. The width, thickness and
density of the foam sheet were the .same as those of the
foam sheet of Example 40, but the crystallinity thereof
was 32%.

Post expansion was carried out by bringiné the
pre—-expanded foam sheet into contact with steam at 100°C
for 7 minutes to obtain a post-expanded foam sheet which
had a thickness of 5 mm and a densit'by of 0.52 g/cm3.
The pest—expansien ratio %ﬁégf:;;;;}Ja Accordingly, the
post expansion did substantially not take place.

EXAMPLE 41

In this Example, the pre-expansion and the post
expansion were continuously carried out as shown in Fig.
4. In Fig. 4, an extruder 5 worked in the same manner
és in the pre-expansion of Example 22 and continuously
delivered a pre-expanded foam sheet. Without winding up
the pre-expanded foam sheet, the sheet was successively
introduced into a steam tank 6. The temperature of the

surface of the sheet was lowered to 30°C before it was
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introduced into the steam tank 6. In Fig. 4, a numeral
10 means a winding machine. |

The pre-expanded foam sheet was brought into
contact with steam at 100°C in the steam tank 6 for 5
minutes to carry out post expansion. The sheet was then
cooled.

The resulting post-expanded foam sheet had a
width of 645 mm, a density of 0.07 g/cm® and a thickness
of 5.5 mm and was a low-density fine sheet which was
expanded at a high expansion ratio and had fine, uniform
cells.

EXAMPLE 42

100 parts of polyethylene terephthalate pellets
( eV wcoeiby—RA_gt, trade name: TR8580,
‘manurtactured by.Teijin Limited) was dried with hot air
having a dew point of -20°C at 160°C for 5 hours. 0.3
part of pyromellitic dianhydride, '0.1 part of sodium
carbonate and 0.6 part of talc as an expansion
nucleating agent were uniformly mixed with the pellets
in a tumbling mixer. The mixture was fed to the hopper

S

of an extruder (eydihder diameter: 65 mm, L/D: 35).

Cylinder temperature was 265 to 290°C, the
temperature of the extruder head was 265°C, die
temperature was 26§°C and number of revolutions of screw
was 25 rpm. zot /; tutane as a blowing agent was

I
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introduced into the mixture under pressure on the way of
the cylinder. |

Die used was a circular die having a2 diameter of
60 mm and a circular die gap of 0.45 mm. A tube was
extruded through the port of the dis into air and molded
into a cylindrical form by means of a cylindrical
mandrel while expanding the molten resin and taking off
the tube. Part of the resulting cylindrical foam was
cﬁt open and the resulting sheet was wound up. 1In this
case, surface temperature was kept at 20°C while
circulating cooling water in the cylindrical mandrel.

The resulting foam sheet had a density (Dl) of
0.225 g/cm3, a width of 640 mm and a thickness of 1.6
mm. The sheet had a crystallinity of 9.7% and a glass
transition temperature of 75°C.

A re~heating treatment was carried out by
co ST I
—saﬁéw-:@zng- the sheet with heatlng for 30 seconds by
using a hot plate having a surface temperature of 160°C.
There was obtained a post-expanded foam sheet having a
density (Di) of 0.133 g/cm3 and a thickness of 2.7 mm.
The ratio of D1/D2 by the heat treatment was 1.69. The
crystallinify of the sheet was 24.3%. A sample of
100x100 mm was cut off from the sheet and heated at
200°C in a constant temperature bath for 30 minutes.

o.Vb o
The ratio 5511;_05 the volume }73) after heating to the
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volume (jh} before heating was 1.02. It was found that
the sheet was excellent in heat resistance.

EXAMPLE 43

100 parts of polyethylene terephthalate pellets
{&ptrinsie——yryegsrty 9095y trade name: PET10388,
manufactured by Eastman Kodak Company) was dried with
hot air having a dew point of -20°C at 160°C. The dried
pellets, d.25 part of diglycidyl terephthalate (Blemmer?®
DGT manufactured by Nippon 0il & Fats Co., Ltd.), 0.1
part of sodium montanate and 0.6 part of talc as an
expansion nucleating agent were uniformly- mixed in a
tumbling mixer. The mixture was fed to the hqppér of
the same extruder as that used in Example 42. .

The cylinder temperature was 280 to 290°C, the
temperature of the extruder head was 250°C, the die
.temperature was 290°C and the number of revolutions of
screw was 25 rpmn. if_g‘gé of pentane as a blowing
agent was pressure-fed to the mixture on the way of the
cylinder.

The resulting foam sheet had a density (Dl) of
0.242 g/cm?®, a width of 640 mm and a thickness of 17 mm.
The crystallinity of the sheet was 10.6% and the glass
transition temperature thereof was 76°C.

A re-heating treatment was carried out by

sandw;gggng- the sheet with heating for 30 seconds by
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using a hot pla&e_having a surface temperature of 160°C.
Thé resulting sheet had a density (D2) of 0.147 g/cm® and
a thickness of 2.8 mm.- The ratio D1/D2 by the heat
treatment was 1.65. The crystallinity of the post-
expanded foam sheet was 24.4%. A sample of 100x100 mm
was cut off from the sheet and heated at 200°C in a
constant temperature bath for 30 minutes. The ratio
V,/V, was 1.02. -

EXAMPLE 44

The extruded ﬁoam sheet obtained in Example 42
was sandwiched with heating for 6 seccnds by using a hot
plate having a surface temperature of 170°C to obtain a
foam sheet having a density (D2) of 0.106 g/cm® and a
th;ckness of 3.4 mm. The ratio of D1/D2 by the heat
treatment was 2.12. The crystallinity of the post-
expanded foam sheet was 16.7%.

A sample of 100x100 mm was cut off Ffrom the
sheet and heated at 200°C én a constant temperature bath
for 30 minutes. The ratio %;was 1.06.

EXAMPLE 45

The extruded foam sheet obtained in Example 42

was heated with steam having a vapor pressure of 4 atm
B0 S~

/to obtain a foam sheet having a density (D2) of 0.157

g/cm® and a thickness of 2.3 mm. The ratio D1/D2 by this
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heating was 1.43. The crystallinity of the post-
expanded foam sheet was 24.3s.

A sample of 100x100 mm was cut off from the
sheet and heated at 200°C in a constant temperature bath’
for 30 minutes. The ratio V,/V, was 0.99.

COMPARATIVE EXAMPLE 12

A sample of 100x100 mm was cut off from the foam
/ vy Ao q-—lo/e.
sheet which was extruded in Example 42.A_The sample was
heated at 200°C in Va constant temperature bath for 30
alVb
minutes. The ratiq4Hﬁ%—ve%ume—1&Hnnr—hea%éag—4xr—vciume
befeore—heating was 1.74. Heat treatment after extrusion
was not made. Hence, the sheet was poor 1in heat

resistance and greatly deformed.

COMPARATIVE EXAMPLE 13

The extruded foam sheet cbtained in Example 42
was heated with a hot plate having a surface temperature
of 140°C for 10 seconds to obtain a pcst-expanded foam'
sheet. The crystallinity was 24.3%. The sheet had a
density of 0.114 g/mol and a thickness of 3.15 mm. The
ratio D1/D2 by this heating was 1. 97.

A sample of 100x100 mm was cut off from the
sheet and heated at 200°C in a constant temperature bath

T oXn Va/Vb
for 30 minutes. -¥§2§; was 1.11.

The results of Examples 42 to 45 and Comparative

Examples 12 and 13 are shown 'in Tables 6 and 7.
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Example

42
43
44
45
12
13

Foam Sheet

Table 6

Post-Expanded Form Sheet

Density Dl Crystallinity Density D2 Crystallinity

(g/cm3) (%) (a/cm3) (%) D1/D2
0.225 9.7 0.133 24,3 1.69
0.242 10.6 0.147 24.4 1.65
0.225 9.7 0.106 16.7 2.12
ditto ditto 0.157 24.3 1.43°
ditto ditto - - -
ditto ditto 0.114 13.1 1.97
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Example 42
" 43
" 44
" 45

Comp. Ex., 12

Table 7

Foam Sheet (mm)

Pogt-Expanded Foam Sheet (mm)

MD
100

100
100
100
100
100

D
100
100
100
100
100
100

Thickness

2.70
2.80

MD: Direction of extrusion of foam sheet

TD: Direction perpendicular to MD

MD
99.8
99.9
99.7
99.5
97.0
99.4

D
100.4
100.3
100.2

99.5

94.0

99.4

Thickness

2.75
2.85
3.60
2,30
3.05
3.55

v2/vl

1.62
1.02
1.06
0.99
1.74
1.11




It is clear from Tables 6 and 7 that the volumes
of the sheets which were not heat-treated are greatly
changed and the sheet$~ are poor in heat resistance.
Further, even when the sheets were heat-treated, the
sheet having a crystallinity of 1less than 15% are
inferior in heat resistance.

The following Examples 46 to 49 and Comparative
Examples 14 to 16 illystrates the gxtrusion foam sheets
of thermoplastic polyester resins and the thermoform-
ability thereof.

EXAMPLES 46 TO 49 AND COMPARATIVE EXAMPLES 14 TO 16

The production unit of extrusion foam sheets,

which was uéed in these examples and comparative
Soed Aol

examples was a single screw extruder (boge: 65 mm, L/D:
33). The extrusion die was a circular die (bore: 60
mm), and the circular die gap of the extrusion die was
changed as shown in Table 9.

The cylindrical mandrel was a water-cooled
mandiel (outer diameter: 205 mm, L/D: 1.5).

In the compositions of extrusion foam sheets
used in these examples and comparative examples, 100
parts by weight of polyethylene terephthalate (PET) was
used és the thermoplastic polyester resin. The resin
grade was changed as shown in Table 8. 0.6 part by

i

weight of talc was used as the 333 per 100

e
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parts by weight of PET. Melt property modifiers and
.metallic compounds used together with the modifiers were
changed as shown in Table 8. Liquefied butane was used
as the blowing agent in an amount given in Table 8.

Extrusion foam sheets used in Examples 46 to 49
and Comparative Examples 14 to 16 were produced in the
following manner.

Polyethylene terephthalate was dried in a
dehumidifying drier (160°C, dew point of -30°C) for 4
hours. Predetermined amounts of polyethylene tera-
phthalate, modifier, metallic compound and talc were
mixed in a tumbling mixer. The mixture was fed to the
extruder hopper and melt-mixed. Liquef;ed butane as Ehe
blowing agent was injected into the mixture on the way
of the extruder. .The mixture was extruded through the
circular bore of the circular die into air in the form
of a tube. The extrudate was taken while expanding the
molten resin, and the foam was cooled by bringing it
into contact with the outér surface of the cylindrical
mandrel to shape it into a cylinder. Part of the
cylindrical foam was cut open and wound up as the foam
sheet.

The manufacturing conditions of the extrusion
foam sheets used in these examples and comparative

examples were as follows.
I
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Temperature of feed zone of extruder: 275 to
285°C, temperature of compression zone of extruder: 285
to 295°C, temperature of melting zone of extruder: 265
to 285°C, temperature of extruder head: 265 to 285°C,
temperature of circular die: 260 to 285°C, injection
pressure of blowing agent: 40 to 140 kg/cm3, and
extrusion pressure (head pressure): 50 to 120 kg/cm3.
The number of revolutions of screw and take-off speed
are shown in Table 9.

The resulting foam sheets were 640 to 643 mm in
width. The apparent density, thickness, crystallinity
and molecular orientation ratio thereof are shown in

Table 10.

Crystallinity was measured by using differential
scanning calorimeter DSC 200 manufactured by Seiko K.K.
For the gquantity of heat of perfect crystal fusion of

polyethylene terephthalate, there was used 26.9 kJ/mol
ernshe Deta Handobdehus

from BigfrMorecolarBandbook- (published by Baifukan KK).

The post thermoformer and thermoforming condi-
tions of the extfusion foam sheets which were used for
evaluation in these examples and comparative examples,
were as follows.

The post fhermoformer was a one-shot molding
machine for expanded éolystyrene, which had a heating

zone with infrared radiation and a press part with air
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cylinder. The molding tool was a plag-assist press tool
(bore: 180 mm x 155 mm, depth: 95 mm) for container.
Molding conditions were such that 360x360 mm fcam sheets
were heated at 175°C in the he=ating zone for 15'seconds
and immediately thereafter, saagwiehed with the thermo-
former for 25 seconds to effect the molding.

The resulting molded articles were evaluated by

the following criteria.,

Appearance

O: The whole of sheet was uniformly extended, could
be molded into the same shape as that of press
tool and not broken.

Az Sheet which could be molded into the same shape
as that of press tool, but part of surface was
broken and cracks were formed. |

X3 Sheet which was greatly broken and could not be
mclded.

Thickness Ratio

The ratio of the thickness of the bottom of the
molded article to that of sidewall thereof. ~The mark
"-" ghows that the article 1is greatly broken and
measurement cannot be made.

Surface Profile

O: The surface of the molded article was smooth.

A The surface was partly uneven.

This Sheet Has Been Replaced *
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X3 The surface was considerably uneven.
Overall Evaluation

Evaluation was made as a whole by taking all of
the surface profile of the extrusion foam sheet and the
appearance and thickness of the post thermoformed

article into consideration.

O: Particularly superior
O: Superior .
X3 Bad

The results are shown in Table 1ll.
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Table 8

Polyethylene Terephthalate Modifier Metallic Compound
Amount Amount  Amount of
Manufac- (Part by (Part by Blowing
turer Grade Name Weight) Name Weight) Agent (wt$)
46 Eastman PET10388 Pyromellitic 0.3 Sodium 0.1 1.3
Kodak anhydride carbonate
Company
47 ditto ditto ditto ditto ditto ditto ditto
48 Teijin TR4550BH ditto 0.5 ditto ditto 1.2
Limited
49 ditto TR8580 Tetrafunctional 0.2 Omitted - 0.7
epoxy nitride
14 ditto ditto Pyromellitic 0.5 Sodium 0.1 l.3
anhydride carbonate
15 ditto ditto ditto 0.3 ditto ditto ditto
16 ditto ditto . ditto ditto ditto ditto ditto
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- 47

48

49

14
15
l6

Table 9

Number of

Revolutions of Circular
Screw of Extruder Die Temp. Die Gap

(rpm) (°C) (mm)

25 265 0.5

ditto 280 1.0

ditto 270 0.7

ditto 265 0.7

ditto 280 1.0

ditto . 260 1.0

ditto 270 0.7

Extrusion
Rate

(kg/Hr)
23.7

21.4
23.7
21.0
21.4

e
22.9
21.0

Take-off
Speed
(m/min.)
2.16
2.18
2.26
0.72
l.45
1.29

1.78

Blow-up

Ratio

3.42
2.63
3.42
3.42
2.63
2.63
3.42




Table 10

Molecular

Apparent : nystal— Orientation
Density Thickness linity Ratio
(g/cm3) (mn) (%)
Example 45 0.19 1.5 10 1.82
" 47 0.18 1.7 i1 . 1.73
" 48 0.16 2.5 is 1.37
" 49 0.63 1.2 7 4,27
Comp. Ex. 14 0.19 ) 2.0 11 4.88
" 15 0.23 2.0 10 5.36
" l6 0.18 1.7 22 1.70
Table 11

Thickness Surface

Appearance Ratio of Profile
of Molded Mclded of Molded Overall

Article Article Article Evaluation

Example 46 O 1.2 O ©
" 47 O 1.3 @) O

" 48 O 1.5 A @)

" 49 O 1.3 O @)
Comp. Ex. 14 X - - O X
" 15 X - A X

" 16 A 1.5 X X

Molecular orientation ratio can be adjusted by
take—-off speed and blow-up ratio, since when the take-
off speed of the sheet 1is increased, the sheet is

orientated in the MD direction, while when the blow-up

—_—
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ratio is increased (cooling mandrel diameter is
increased), the sheet is orientated in the TD direction.
However, when the width-and thickness of the sheet and
expansion ratio are fixed, molecular orientation ratio
cannot be properly adjusted only by the controlling of
take-off speed and blow-up ratio. In this case, die
temperature is elevated (Example 47, Comparative Example
15). s

Molecular orientation ratio can be lowered by
reducing the amount of the melt property modifier
(Example 47, Comparative Example 14).

Crystallinity can be 1lowered by lowefing the
temperature of cooling water for cylindrical mandrel.

Then, a food container of the present invention
is illustrated by means of the following examples- and
comparative examples. Parts given below are by weight
unless otherwise stated.

EXAMPLE 50

In this Example, the same thermoplastic
polyester resin was used for both foam sheet and non-
foam sheet.

100 parts of polyethylené terephthalate pellets
(%héf%nsiu——vTSUusTtyr——vrtff trade name:. TR8580
manufactured by Teijin Limited) was used as the

polyester resin and dried with hot air having a dew
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point of =-20°C at 160°C for 5 hours. 0.3 part of
pyromellitié dianhydride, 0.1 part'of sodium carbonate
and 0.6 part of talc were added thereto. The mixture
was uniformly mixed in a tumbling mixer and then fed to
an extruder.

_ The cylinder temperature of the extruder was set
to 274 to 287{33(3:& the die temperature thereof was
277°C. About of butane as a blowing agent was
pressure-fed to the mixture on the way of the cylinder.

A die having a circular gap was provided at the.
head of the extruder. The polyester resin containing
butane was extruded through the circular gap into a
cylindrical shape. The extrudate was allowed to proceed
on a cylindrical mandrel, while expanding the resin, to
obtain a foam sheet. The cylindrical foam sheet was cut
open and the resulting flat sheet was wound up into a
roll. The resulting foam sheet had a density of 0.262
g/cm3, a thickness of 1.45 mm and a width of 640 mm.

A polyethylene terephthalate resin £film (FFL
manufactured by Teijin Limited) of 50 u in thickness was
used as the non-foam thermoplastic resin film. This
film and the above-described sheet were placed upon each
other in layers and put between a pair of rollers to
laminate them onto each other. The temperature of the

roller on the side of the foam sheet was room
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temperature, while the temperature of the roller on tﬁe
non-foam sheet was set to 135°C. In this way, there was
obtained a laminated sheet in which the non-foam sheet
was bonded to only one side of the foam sheet.

A sample having a size of 250x250 mm was cut off
from the laminated sheet and preheated by bringing the
sample into contact with a hot plate having a sufface
temperature of 140°C for 6 seconds. Successively, the
preheated sample was put between a male die heated to
180°C and a female die heated to 180°C for 6 seconds to
thereby mold it into a container and at the same time to
accelerate crystallization. Immediately thereafter, the
molded article was put between a male die and a female
die at room temperature for 6 seconds to cool it, said
dies having the same shapes as those of the dies heatéd
to 180°C. The molding was conducted in such a manner
that the ﬁon-foam film layer was positioned inside the
container. The resulting container had a shape as shown
in.Fig. 6 and 7.

Fig. 6 shows a side view of the resulting
container 7. Fig. 7 shows a plane view of the container
7.

In this molding, the composite sheet increased
in expansion ratio and the thickness of the bottom of

the container 7 became 3.80 mm.
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150 cc of water was put into the container 7 and
a lid was put thereoh. The container was sealed so that
water did not leak therefrom. The container was placed
in a 500 W microwave oven and heated for 3 minutes to
cause water to boil. Immediately after heating, tha
container could be taken out from the microwave oven
with bare hands. The container did not cause any change
by the heating. To -make sure, the thickness of the
bottom of the container was measured. It was found that
the thickness of the bottom was 3.95 mm. The container
in the heating within the microwave oven increased in
thickness only by d4s. Accordingly, it. could_ be
considered that no deformation was substantially caused.

EXAMPLE 51

The foam sheet obtained in Example 50 was used,
a polypropylene resin £ilm of 100 u in thickness was
used as the non-foam film and an ethylene-vinyl acetate
copolymer resin was used as the adhesive to laminate the
films.

One side of the polypropylene resin film was
coated with the ethylene-vinyl acetate copolymer resin.
The coated side of the film was placed on the polyester
resin foam sheet obtained in Example 50. They were
passed through a pair of rollers to laminate them. The

temperature of the roller on the side of the foam sheet
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was room température, while the temperature of the
roller on the side of the ron-foam £ilm was 125°C.

A sample of 250x250 mm was cut off from the
laminated sheet obtained above and preheated by bringing
the foam sheet side into contact with a hot plate having
a surface temperature of i40°C and simultaneously
bringing the non-foam f£ilm side into contact with a hot
plate having a surface temperature of 100°C for 6
seconds. .Successively, the preheated sheet was put
between a male die and a female die for 8 seconds in
such a manner that the foam sheet side was contacted
with the female dié' heated to 140°C and the non-foam
film side was contacted with thel.hale die heated to
100°C, whereby the composite sheet could be molded into
a container which was the samefas that of Example 50 and
at the same time, crystallization was accelerated.
Immediately thereafter, the container was puf between
two dies at room temperature for 6 seconds to cool it,
said two dies having the same shapes as those of the
dies heated. The molding was conducted so that the non-
foam film was positioned inside the container. The foam
sheet was swollen by this molding and the thickness of
the bottom of the container became 2.94 mm.

In the éame way as in Example 50, water was put

into the resulting container. The container was heated
\
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in the microwave oven. Immediately after heating, the
container could be taken out with. bare hands. It was
found that ro deformatien was caused after heating. To
make sure, the thickness of the bottom of the container
was measured. The bottom was 3.05 mm in thickness. An
increase in thickness was only 4s3. Accordingly, it
could be ccnsidered that the container could withstand
heating by microwave owen.

EXAMPLE 52

The foam sheet obtained in Example 50 was used
and a polyethylene terephthalate resin film of 150 p in‘
thickness was used as the non-foam film. They were
laminated onto each other 'without using any adhesive to
obtain a composite sheet. The laminating' of the film
was carried out by using a pair of rollers in which the
temperature of the roller.on the side of the foam sheet
was room temperature and the temperature of the roller
on the side of the non-fcam film was 155°C.

A sample of 250x250 mm was cut off from the
laminated sheet. 1In the same way as in Example 50, a
container was prepared from the sample. The thickness
of the bottom of the container was swollen to 4.39 mm.

Water was placed in the container. The
container was heated in the microwave oven in the same

way as in Example 50, Immediately after heating, the
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container could be taken out from the oven with bare
hands. It was found that the container taken out did
not cause any deformation. To make sure, the thickness
of the bottom of the container was measured and the
thickness was 4.44 mm. Deformation ratic was as small
as only 1ls.

EXAMPLE 53

The procedure-of Example 52 was repeated except
tha; a polybutylene terephthalate resin film of 30 u in
thickness was used in' place of the polyethylene tere-
phthalate resin £film. The thickness of the bottom of
the molded container was 4.20 mm.

After heating, the container could be taken out
from the microwave oven with ba;e hands. It was found
that the container taken out was not deformed as
compared with that before heatingf The thickness of the
bottom of the container after heating was measured. The
thickness of the bottom was 4.34 mm. The deformation
ratio of the thickness was only 3%.

COMPARATIVE EXAMPLE 17

A container was prepared only from the polyester
resin foam sheet obtained in Example 50 without
laminating the non-foam film onto the foam sheet.
lNamely, the polyester resin foam sheet obtained 1in

Example 50 was preheated by bringing it into contact
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with a hot platé heated to 140°C for 6 seconds. Succes-
sively, the preheated sheet was put between a male die
heated to 130°C and a female die heated to 180°C for 8
seconds, whereby the molding was carried out and at the
same time, crystallization was accelerated. Immediately
thereafter, the molded article was put between a male
die and a female die at room temperature for 6 saconds
to cool it, said dies héving the same shapes as those of
the dies heated to 180°cC. In this way, the same
container as that_ of Example 50 was obtained. The
thickness of tﬁe bottom thereof was 3.39 mm.

In the same way as in Example 50, Qater was
placed in the container and the container Qas heated in
the microwave oven. Immediately after heating, the
container could be taken out from the microwave oven
with bare hands. The container_ taken out was highly
expanded land recessed parts and protruded parts were
formed on the inner surface thereof. The thickness of
the bottom of the container after heating was measured.
The thickness thereof was 4.04 mm. Namely, this showed
an increase of as large as 19% in thickness. According-
ly, it was considered that deformation was large and the
container could not withstand heating in the microwave
oven. |

e
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COMPARATIVE EXAMPLE 18

In this Comparative Example, the foam sheet of
polysﬁyrene was used ‘and the non-foam £film of the
thermoplastic polyester resin was used. They were
1ahinated onto each othef by using an ethylene-vinyl
acetate copolymer resin to obtain a laminated sheet
corresponding to one described in JP-A-62-70037.

Namely, one side of the non-foam polyethylene
terephthalate film having a thickness of 50 p was coated
with the copolymer resin. The coated side of the £ilm
was blaced on the expanded polyethylene sheet having a
thickness of 2.4 mm and a base weight of 200 g/m? to
laminate them. The laminating of them was carried out
by using a pair of rollers heated to 150°C.

A sample of 250x250 mm was cut off from the
laminated sheet and preheated by bringing it into
contact with a hot plate heated to 140°C for 8 seconds.
Immediately thereaffer, the sheet was put between a male
die and a female die at room temperature for 6 seconds
to cool it. There was obtained a container having the
same shape as that of the container of Example 50. The
container was prepared in such a manner that the non-
foam film was positioned inside the container. The
thickness of the bottom of the container was increased

to 4.2 mm. _
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In the same way as in Example 50, water was
placed in the container, and the container was heated in
the microwave oven. Though the container could be taken-
out from the microwave oven with bare hands immediately
afrter heating, the container was consideraktly deformed
by heating. Particularly, the expanded polystyrene
layer onlthe outer side_of the container was deformed by
swelling. As a result, protrusions and recesses were
formed on the non-foam film on the inner s=ide of the
container. The thickness of the bottom of the container
after heating was measured. The thickness of the bottom
was 4.88 mm. This showed an increase of 16% in
thickness. Hence, it was considered that the container
was not suited for use in the microwave oven.

As stated above, the present invention has the

following effects.

The foams of the thermoplastic polyester resins

are those having fine cells uniformly dispersed therein.

The foams of the present invention are excellent
in rigidity 'éﬁd heat resistance, though they are
lightweight. Further, the foams have high tensile

strength and high tensile elongation at break.

This Sheet Has Been Replaced

“eo— AR I




The foams give molded foams having a higher
expansion ratio and much fineg cells uniformly dispersed
therein when re-heated. -

The extrusion foam sheets of the present
invention are excellent in thermoformability.

Food containers thermoformed can be used in

duok ovensdrts fzzﬁﬁéff;ﬁr

While the inveption has been described in detail
and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various
changes and modifications can be made therein without

departing from the spirit and scope thereof.

I
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CLAIMS:

1. A process for producing a thermoplastic
polyester resin foam comprising melting a thermoplastic
polyester resin, mixing the molten resin with a blowing
agent and extruding thg mixture into a low-pressure zone
to carry out ex-pa-a%e.;eawa—\geéd-bng, characterized in that a
compound having two or more acid anhydride groups per
molecule is added to the thermoplastic polyester resin.

2. A process for producing a thermoplastic
polyester resin foam as in claim 1, wherein said
compound having two or more acid anhydride groups per
moiecule is used in an amount of 0.05 to 5 parts by
weight per 100 parts by weight of the thermoplastic:
polyester resin.

3. A process for producing a thermoplastic
'polyester resin foam as in claim 1, wherein said
compound having two or more acid anhydride groups per
molecule is pyromellitic éhydride, benzophenonetetra-
carboxylic ae#d dianhydride, cyclopentanetetracarboxylic
2ao#d dianhydride, e+ diphenyl sulfone tetracarboxylic
a+d dlanhydrldg- e

4, A process for producing a thermoplastic

polyester resin foam as in claim 1, wherein said foam

has a density of not higher than 0.7 g/cm3. ‘Nw
£ or 5-(2,5- Koxetikrbyden =B = Rararng) =37 _

2~ CJjCJ-Q\\LXQy\ J Wy A d-LC—oJ‘bOK%LC. vl*%m\\ﬁab\&n. >

—
-
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5. A ﬁrocess for producing a thermoplastic
polyester resin foam as in claim 1, wherein said foam is
an extruded foam sheet -having a density of not higher
than 0.5 g/cm3.

6. A process for producing a thermoplastic
polyester resin foam as in claim 1, wherein said thermo-
plastic polyester resin is polyethylene terephthalate,
polybutylene terephthalate, polybutylene terephthalate

_ o«Aorqﬁous
elastomer, an polyester, polycyclohexane
_ , TR N
terephthalatéior a mixture thereof.

7. A process for producing a thermoplastic
polyester resin foam comprising melting a thermoplastic
polyester resin, mixing the molten resin with a blowing
agent and extruding the mixture into a low-pressure zone
to carry out a*éégzzzzimoldéng, characterized in that a
compound having two or more acid anhydride groups per
molecule and a compound of a metal of Group I, II or III
elements of the Periodic Table are added to the
thermoplastic polyester resin.

8. A process for producing a thermoplastic
polyester resin . foam as in c¢laim 7, wherein said
compound having two or more acid anhydridé groups per
molecule is used in an amount of 0,05 to 5 parts by
weight and said compound of a metal of Groué I, II or

III elements of the Periodic Table is used in an amount
I —
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of 0.05 to 5 paits by weight, each amount being per 100
parts by weight of the thermoplastic polyester resin.

9. A process -for producing a thermoplastic
polyester resin foam as in claim 7, wherein said
metallic compound is a compound of a metal of Group I
elemenfs of the Periodic Table.

10. A process for producing a thermoplastic
polyester resin foam as in claim 7, wherein said foam
has a density of not higher than 0.5 g/cm3.

1l. A process for producing a thermoplastic
polyester resin foam_ comprising qéggﬁﬁilg a high-
.temperature thermoplastic polyeste£ resin foam
immediately after expansion to a temperature of not
higher than the glass fransition'point of the resin fo
bring crystal;inity to 30%-or lower and then heatiné the
foam to 60°C or higher.

12. A process for producing a thermoplastic
polyester resin foam as in claim 11, wherein said
heating is carried out by bringing the polyester resin
foam into contact with.stéam or hot water.

13. A process for producing a thermoplastic
polyester resin foam as in claim 11, wherein said

heating is carried out by bringing the polyester resin

foam into contact with a hqt plate ,compesed—of—a—metal-
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14. A process for producing a therﬁoplastic
polyester resin foam as in claim 11, wherein said focam
is re-expanded 1.3 times-or more by heating.

15. A thermoplastic resin foam sheet character-
ized by that said sheet is an extruded foam sheet of a
thermoplastic polyester resin and has a crystallinity of
not higher than 29%‘and a moiecular orientation ratio of

i ‘QW&LQ\J(;“‘*
4.5 or lower inthe direction of;f?ee of the foam sheet.

16. A thermoplastic resin foam sheet as in claim
15, wherein said sheet is an extruded foam sheet
produced by using a circular die and a cylindrical
mandrel.

17. A thermoplastic resin foam sheet as in claim

r~t e Ao
15, wherein said sheet is an extruded foam sheet of.ﬁff
4¢ 5 mm in thickness.

18. A food container produced by laminating a
non-foam £ilm of a thermopiastic resin on at least one
side of the foam sheet of a thermoplastic polyester
resin to obtain a laminated sheet and molding the
laminated sheet into a container in such a manner that
the non-foam film is positioned inside the container.

19. A food container as in claim 18, wherein
said non-foam £ilm i§_ prepared from thermoplastic

cA~S,

polyester resins,/polyolefin resins, polyamide resins,

polyvinyl chloride resins, polyacrylonitrile resins,
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polyvinylidene chloride resins or ethylene-vinyl aicohol
copolymers.

20. A food container as in claim 18, wherein
said container is prepared by thermoforming a laminated
sheet having a thickness of 0.5 to 5 mm.

2l. A food container as in claim 18, wherein the
crystallinity of the resin is brought to 15% or above
and the density of the foam is brought to not higher

than 0.5 g/cm® by thermoforming the laminated sheet.
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