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PROCESS FOR PREDL i NG PCLYESTER-RESIN_- coam aND oL TESHERS REEPN
FOAM SHEET R - FLELD OF THE | NVENTI ONREPLACED SHEETSNVeENigaon
relates to a pr;ocess for- produc- i:ng a thernopl BtDescrgmloye@hgfd r-eshﬂ,atgggm

by extension afd also relates to a process for | Ghin(sHg appéydy_§_§§§,r
resin foam product which gives fine cells uni f.ﬂﬂrywlﬁg)ﬁ@ h__g.hb%ﬂ
expansion ratio and does not cause-the gener at i|ghA®r4p org

in the foam even in continuous extrusion

-----------

PROCESS FOR PRODUCING POLYESTER RESIN
FOAM AND POLYESTER RESIN FOAM SHEET

FIELD OF THE INVENTION.

This invention relates to a process for produc-

U‘\-.Qrmu?(ﬂstc bﬂ exEnasion oJ.so cdoXas
ing a/polyester resin fo«n}/ ‘and to a
’?rﬁ-&du.er

‘éseeeée——ﬁ-e-r——pfeéae-i-aq a polyester ;eéin foam), which
gives fine cells uniformly formed at a high expansion
ratio and does ndt cause the -a-gcgtpe-sat-a:eﬂ 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\ 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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operation. It also relates to a thernoplastic polyester resin foam sheet
excellent in thernoformability. . The pol yester resin foam of the
present invention is highin rigidity, though the foamhas a | ow apparent
density and is |ightweight. Further, the foam is excellent in heat

resi stance, chemical resistance, heat insulating properties and

shock- absorbi ng proper- ties and can be w dely used. Particularly, the
poly- ester resin foamsheet is suitable for use as a material which can
be thernoformed into heat-resistant food containers.

BACKGROUND OF THE | NVENTI ON re Ther nopl astic pol yester resins such as

ol y-

poly - lity and ea3+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 bLbuJV\s o.sn:d‘

that foams can be obtained. Hence, g¥s- is easily
released durlng-exganszey#me&érng—by extrusion and it is
closed

dlfflcult to obtain good foams whereln fln%/cells are
uniformly formed. To solve thls 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 pxpansion—meldingf 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 ﬁsed
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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et hyl ene terephthal ate and pol ybutyl ene terephthalate are excellent in
mechani cal characteristics,- -heat -resistance, chenical resistance and
di mrensi onal stabi- - - 2- lity and are
wi dely used in the fields of injection- nol ded articles, fibers and
films. However, it is difficult that the thernoplastic polyester
resins during melting are brought into such viscoelastic properties
that foanms can be obtai ned. Hence, a blowi ng agent is easily

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 ‘Eﬁhydride 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

d.u.azL oveno'(rh O-FFLLc,o.»th\ }
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,
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rel eased during foam by extrusion and it is difficult to obtain good
foans wherein fine/cells are -~uniformy forned. "To solve this problem
t here was proposed a nmet hod wherein diglycidyl esters are i ncor por at ed
in aromatic polyesters in the/extrusion expansi on nol di ng of the
aromatic pol yesters [see, JP-B- 61- 48409 (the term"JP-B" as used herein
nmeans an exam ned Japanese patent publication)]. In the foam
ext rusi on expansi on nol di ng of thernoplastic polyesters, there was
proposed a method wherein polyfunctional diglycidyl esters and
- pol yfunctional carboxylic acid anhydrides are incorporated in

_ thernopl astic pguteséffiSont 8iokTBEOVIS bditfted®EfomV itHePShbYycltbohdge is
t her nopl asti c

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/polyester resin
foam sheets having a high expansion ratio, good heat
insulating properties Qnd 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-
ester resin foam which does not cause the'éégb%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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pol yesters [see, JP-A-59-210955 (the term"JP-A" as used herein neans an
"unexam ned pub]ished -Japanese-patent application")]. The present
i nventors have been engaged in the production and study of extruded.foans
for many years and have had experience in that when the foam extrusion
nol di ng of nolding material/conprising a thernoplastic

- 3- pol yester in adm xture with diglycidyl ester conpounds

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 “molding.

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 thermoplastic polyester resin and can be used

in Adual oveaolie afriuxyg?ns

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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I s/ continuously conducted for Iong run; the resultlng f oam becomnes br own.
- The present inventors have - contlnued to make the study and found that
when - pyronel litic dianhydride is mxed with a thernoplastic polyester
wi t hout using any diglycidyl ester conpound, the resulting foamis not
col ored and burned even when foam extrusion is continuously conducted over
a long period of tine. The present inventors have further
continued making the study and found that when conpounds having two or
nore aci d anhydride groups per nol ecule such as pyronellitic dianhydride
and conpounds of Goup I, Il or 11l metals of the Periodic Table are added
to (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.MS

to carry out ex@e&&éﬁgyﬁmakiiag, 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
omang . .
out expaae*ea&me&étag, 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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t her nopl astic polyester re5|ns the V|scoelast10|ty of the nolten
materials is inproved and-at- the same time, there <can be obtained
foams having high tensile elongation and nore 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 't her nof or ned
into heat-resistant food containers which can be used in dual ovenable
applications. However, the nethod disclosed therein has disadvantages in
that since not only the nelt viscosity is | ow when a pol ycarbonate is
merely m xed,
resin and has a crystalllnlty of not higher than 20% and
an molecular orientation ratio of 4.5 or beloQ/ka—%he
sorflecs of e

d1rect10n~e£7§§ee-ei foam sheet; 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 égzﬁéheet 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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but carbon di oxide |iberated.fromthe polycarbonate is used as a bl ow ng
agent, expansion ratio is low, -heat resistance is poor and the container
cannot be renoved with the bare hands when the articles are used as
containers for heating or cooking foods in mcrowave ovens.

The. present inventors have found thernoplastic polyester resin foam sheets
havi ng a hi gh expansion ratio, good heat insulating properties and
excel l ent thernofoamability in the above-described study.

SUWMMARY OF THE | NVENTI ON :

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 blgﬂigg agents can be retained in the intericrs

closed
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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Accordingly, it is an object of -the present invention to provitde a process
for producing a therno-.. plastic polyester resin foamwhich is highly
expanded by adjusting viscoelastic properties during nelting in the
extrusion foam ng of thernoplastic polyester resins. It is

anot her object of the present invention to provide a process for producing
a thernoplastic poly- ester resin foamwhich does not cause the generation
of colored contam nants therein even when | ong-term continuous operation
i's conducted in the extrusion foam ng of thernoplastic polyester

resins. - It is still another object of the present
The term "viscoelastic properties during

melting” can be confirmed by a phenomenon wherein the
molten resin is swollen or shrunk 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 mgasured
TOU—&A o o5
when a molten resin is extruded through a/die 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-
oJ:Nuxs

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

the die of the extruder for expaﬁﬁﬁmm_moldimg into a

low-pressure zone to produce a foam.

. .
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invention to provide a process for producing a thernp- plastic¢ polyester
resin foam having uniformfine cells ~ 03 NOV 1998 - in the
extrusion - foaming of thernoplastic pol yester resins. It is
anot her object of the present invention to provide a thernoplastic

pol yester resin foamexcellent in tensile strength and tensile elongation

in extrusion

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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It is still a further object of ~the present invention to provide a
process for producing a thernoplastic polyester resin foamwhich is
hi ghly expanded and has excell ent heat resistance by re-heating an

ext rusi on- expanded\tchﬂwnpbaskz @olmtowgga?_?h t_g_ arr, 't‘i“
e~ pr F?Lz =t on

post - expansi on. i s~ anot her obj ect

provi de an extruded Poa Bexof -a)jfer rhidashore seylpal ydsbed\:L mch
is excellent in formability such as thernoformability, the extrusion
expansion nol ding of thernoplastic polyester resins. It is still

a further object of the present invention to provide a heat-resistant
food container 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, polycyclonexane terepnthalate

yué,g Erglene naphtralste ’
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.
P;eferred examples of the compounds include pyromellitic

3g%ﬁydride, benzophenonetetracarboxylic aeid dianhydride,
cyclopentanetetracarboxylic acixd dianhydride, and
diphenyl sulfone tetracarboxylic acid dia;;;é};égz
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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mhich”is obt ai ned by thérnnfdrning an extruded foam sheet of a
t hernopl astic pol yester resin and can be used in dual ovenable

appl i cati ons.

The present invention is intended to achieve the

above-descri bed objects and the essentials of the present invention

resides in that:

- 6- (1) a process

for producing a thernoplastic poly- ester resin foam conprising
nmelting a thernoplastic

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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pol'yéster'resin, nixing the moiten resin with a blowing agent and
extruding the mxture into a law pressure zone to carry out foam ng,
characterized in that a conpound having two or nore acid anhydri de groups

per

nol ecul e is added to the thernoplastic polyester resin; (2) a

proceéss for producing a thernoplastic polyester resin f oam conpri si ng
nmelting a thernopl astic pol yester resin, m xing the nolten resin with a
bl owi ng agent and extruding the mxture into a | ow pressure zone to carry

out foam ng,

characterized in that a conpound having two or nore acid

anhydri de groups per nol ecul e and a conpound of a metal of Goups I, Il

or

‘elements of the Periodic Table are added to the

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

AncrtosSun-g Adne Vl'scoel.n.&&'c...]":!
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

—

'-(’j‘z L{?Gum:q oF wCrtasing Ake Jg . 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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t her mopl asti ¢ polyester resin; = (3) a process for produ0|ng a

" thernopl astic poly- ester resi.n foan1conpr|3|ng cooling a

hi gh-tenperature t her nopl astic pol yester resin.foamimedi ately af ter
expansi on to a tenper at UpRCHILFBImbIG pardaivheegbash Arhaigre RSrpornt>
of the resin to thereby bring its crystallinity to 30% or {ower and then
heating the polyester resin foamto 60[err]C or higher; (4) a

t her nopl astic polyester resin foam sheet which is an extruded foam sheet
of a thernopl astic pol yester

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

wasdy vaponasbits biq wlds
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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-7-"" ‘resin and has a crystalltnity of-‘not higher than 20% and an

mol ecul ar orientation ratio.of _4.5 or below l'ooking in a direction from
the surface of the foam sheet; and (5) a food container prepared by
bonding a non-foam filmof a thernoplastic resin to at |east one side of a
t hermopl astic pol yester resin foam sheet to obtain a |am nated sheet and
thernoform ng the sheet into a container 1in such a manner that, the
non-foamfilmis positioned inside. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figures 1 to 3 are sectional views of neans for

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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carrying out re-heating according to present invention. h Figure 4
shows di agrammatically one enhodi nent of a means for continuously carrying
out re-heating according to the present invention.. Figure 5is a
graph illustrating the results of Test Exanple 2. Figure 6 shows
a side view of a food container according to the present invention.

Figure 7 shows a planar view of a food container according to the present

i nventi on. Figures 8, 9 and 10 are electron nmicroscopic

phot ographs whi ch show t he shapes of cells of the foans prepared in
Exanples 9, 12 and 17, respectively. ,

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
stk
per molecule is sg?*akéeé- 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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DETAI LED DESCRI P71 ON OF THE | NVENTI ON ““In the

production of the polyester resin foans of the present invention,
extruders are used. Therno- plastic polyester resins are nelted under an
el evated pressure in the extruders and the nolten resins are extruded
through die into a | owpressure zone to produce foans. In the
production of the polyester resin foans

. 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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of the present invention, conpounds having two-or nore acid anhydride
groups per nolecule are added to thernoplastic polyester resins. By
addi ng the conpounds having two or nore acid anhydri de groups per

nol ecul e, the viscoelastic properties of the thernoplastic polyester
resins during extrusion can be inproved, whereby gasified blow ng agents
can be retained in the interiors of closed cells and uniformy dispersed
Eine cells can be formed in the interiors of the foans in
expansi on nol di ng usi ng extruders. It is believed that the
conpound having two or nore acid anhydride groups per nolecule is bonded

to OH groups in the | ecul e. chain _of. the ther lastic ol er .resj
and crossl i nking ﬁgﬁFH‘; ?%l%% 1€q§%e,polyes%ers. nBBt is gepne?/ae.l.sfy in LHe
range of B0 to 90°C. Hence, the foam is generally
e
queﬁcheé-to a temperature of not higher than 60°C.

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

S .
sgifééééed without having -2 time to crystallize, and
hence the «crystallinity thereof is low. The

crystallinity varies depending on the degree of
coo

*

. 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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wher'eby the viscoel astic properties of the thermoplastic pol yester resin
during extrusion can be inpr.oved. ' - The term

"vi scoel astic

properties during nelting"” can be confirnmed by a

phenonenon wherein the nolten resin is swollen or shrunk fromthe outl et
dimension of the die when the nmolten resin is extruded through the
~die, and can be generally represented by a

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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die swell ratio.

The die swell tatio can be measured when a nolten resin

I s extruded through a/die having. a circular séction. Die swell ratio can

be determ ned by

the foll owi ng fornul a.

(Di ameter of extruded nelt) Die swell ratio = _
(Dianeter of outlet of die) Die swell ratio is an inportant factor

in ex- trusion

foamng. It is preferred that die swell ratiois 2 to 5

in order to obtain foamed nolded articles having a | arge sectional area
and unifornly dispersed fine cells in particular. In the present
i nvention, a blend of a thernoplastic polyester resin and a conpound

havi ng two

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

e
heated by bringing it into contact with steam or hesxted
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or nore acid anhydride groups is nolten-in an extruder, a blowing agent is
generally injected inta the nolien bl end and 't he resultlng nolten blend is
extruded through the die of the extruder for foaning into a |ow pressure

zone to produce a foam - 10 - In
anot her enbodi nent of the present invention, a conpound having two or nore
aci d anhydri de groups per

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

talio el
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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mol ecul e and further a conpound- of a metal of Group I, 11 or Il elenents
of the Periodic Table are added.to a thernoplastic-polyester resin. I n

t he sanme manner

as that described above, the resulting blend is fed to an

extruder to produce a foam By adding a conpound of a netal of Goup I,
Il1"or IIl elements of the Periodic Table, there can be obtained a
t hernopl astic polyester resin foamhaving finer cells uniformy dispersed

t her ei n.

Thernopl astic polyester resins used in the present

i nvention are |linear polyesters of poly- condensates of an aromatic
di carboxylic acid conponent and a diol conponent. Exanpl es of
di car boxylic acigycogg Qents whit

ing w1t%h 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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can be uséd in the present invention include tere- phthalic acid,

| sopht hal i ¢ aci d,
aci d, - di phenyl

napht hal enedi carboxylic acid, diphenyl ether carboxylic

sul fone dicarboxylic acid and di phenoxyet hanedi car boxylic

acid.. Exanpl es of di ol conponents which can be used in the present
I nvention include ethylene glycol, tri- methylene glycol, tetranethylene
gl ycol, neopentyl glycol, hexanethylene glycol, cycl ohexanedi net hanol,

tricycl odecanedi met hanol, 2, 2-bis(4-[err]-hydroxyethoxy-

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

g A e S'u.r?e..u

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

I —
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- 11 - phényl)propane, 4, 4- bi s(B- hydr oxyet hoxy) di phenyl sul fone,

di et hyl ene gl ycol and 1, 4-but anedi ol . "Pol yet-hyl ene terephthal ate,
pol ybutyl ene tere- phthal ate, polybutyl ene terephthal ate el astoner,

anor phous pol yesters, polycycl ohexane terephthalate, polyethylene and
m xtures thereof are preferably used as the polyesters conprising
t hese di carboxylic acid conponents and these diol conponents. Modified
resins conposed of at |east 50% of these thernoplastic polyester resins
can be used. Any of aromatic acid anhydrides, cyclic aliphatic
acid anhydrides, fatty acid anhydrides,

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

o~

1nten51ty of microwave transmitted through foam sheee/%e
[SWI S

the minimum value thereof when the e%aae of foam sheet 9
tr(yaAMﬁedEb<

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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hal ogenat ed aci d anhydrides, etc. can be used as the conpounds having two
or nore acid anhydride graups per nolecul'é, so |long as they have at |east
two acid anhydride groups per nolecule. Further, mxtures there- of and
nodi fi ed conmpounds thereof can be used. Preferred exanples of the
conpounds include pyronellitic dianhydride, benzophenonetetracarboxylic
acid dianhydride, cyclopentanetetracarboxylic acid dianhydride, and

di phenyl sul fone tetracarboxylic acid dianhydride- Anmong them
pyromellitic dianhydride is nore preferred. '~ The conpounds havi ng
two or nore acid anhydride groups per nolecule are used in an anDunt of

preferably  0.05.to 5.0 parfs by weight, suéﬁoapﬁéﬁﬁePytﬂgk ol on-foam

sheet is positioned inside.

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

ol spﬂﬂast1:<43u~:

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

his Sheet Has Been Rep Iaced

IIIlII e




REPLACEMENT SHEET oo - - -12- the t her nopl asti c
pol yester resin. Wien the ampunt of the conpound having two or nore acid
anhydride groups per nolecule is less than 0.05 part by wei ght per 100
parts by weight of the thernoplastic polyester resin, an effect of

| iproving the viscoelastic properties of the thernoplastic polyester
resin during extrusion 1is not

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 ﬂﬁﬂ&ﬁd&?cqzracarried out by using' 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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sufficient and good foam cannot “be formed, while when the ampunt exceeds
5.0 parts by weight, the-gelation.of the nolten material of the
t her nopl astic polyester resin proceeds and extrusion foam ng cannot be
ef f ect ed. Any of inorgani c conpounds and organi ¢ conpounds can be
used as the conpounds of netals of Goup I, Il or |Ill elenents of the
Periodic Table, so long as they have these netals as their constituent
at ons. Exanpl es of the inorganic conpounds include potassium chloride,
sodium chloride, sodium hydrogencarbonate, sodium carbonate, potassium
carbonate, zinc carbonate, magnesium carbonate, cal ci um carbonate,
al um num car bondste presdurized dixonpothssuppeaxiside ztherexf dand 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 4he
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
-~~—e—___;____________
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magnesi um oxi de, cal ci um oxi de, -al um num oxi de and the hydroxides of these
net al s. Exanpl es of the organic conpounds include sodium stearate,

pot assi um stearate, zinc stearate, nagnesium stearate, cal cium stearate,

al um num stearate, sodi um nontanate, calciumnontanate, |ithium acetate,
sodi um acetate, zinc acetate, nagnesium acetate, calcium
acetate, sodium caprylate, zinc :

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 .
mlxed with 5 g of pyromellltlc‘iﬁhydrlde (a product of

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

of a single screw extruder (diameter of gy&&ade; 40 mm,
L/D: 30, manufactured by Sekisui Koki K.K.) equipped
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caprylate, nmagnesium caprylate, calcium caprylate, "alum numcaprylate,
sodium nyristate, zinc nyristate, nagnesiumnyristate, calciumnyristate,

al um num nyristate, calciumbenzoate, potassiumterephthalate, sodium

t erepht hal at e, sodi um et hoxi de and potassi um phenoxi de. Anong them the .

conpounds of Goup | or Il netals of the Periodic Table are preferred and
the conmpounds of Goup | netals are nore preferred. By using the
conmpounds ‘of Goup I, Il or IIl netals, the <cells of the resulting

t her nopl astic polyester resin foamare nmade finer and at the sane tinme, an
effect of increasing the viscoelasticity resin by the conmpound having two

or nore ‘aci d anhydride groups _per nolecule can be increased.
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.

L
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The conmpounds of Goup I, Il or tll netals of the Periodic Tabl'e are used
in an anount of 0.05 to.5.0 paris by weight per 100 parts by weight of the
t her nopl asti c polyester resin. Wen the amount of the conpound is |ess
than 0.05 part by weight, effects of nmaking the cells of the

resulting foam finer and the efficiency of increasing the

vi scoel asticity of increasing the viscoelasticity of the conpound havi ng
two or nore anhydride groups are not sufficient, while when the anount

exceeds 5 parts by

Table 1
Effect of the addition of pyromellitic <anhydride to
polyethylene terephthalate on melt viscosity and die

swell ratio

Amount of Amount of
Test Polyethylene Pyromellitic Die Swell Melt
No. Terephthalate Dqgnhydride 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
poiht of -30°C) for 4 hours and then mixed with 20 g of

o Chanische Werke Hts AG

pyromellitic Cﬁzhydride (
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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- 14°-. weight, the resulting foamis-colored.and the viscosity of the
nol ten thernopl astic polyester resin is not high enough. - Any of

bl owi ng, agents can be used in the production of the thernoplastic

pol yester resin foans of the present invention, so long as they are easily
vapori zable liquids or thernally deconposabl e chem cals. Easy vaporizable
bl owi ng agents such as inert gases, saturated aliphatic hydrocarbons,
saturated alicyclic hydrocarbons, aromatic hydrocarbons, hal ogenated

hydr ocarbons, ethers and ketones are preferred. Exanples of these easy
vapori zabl-e bl ow ng agents include carbon di oxide, nitrogen, nethane,

of nozzle die: 5 mm) and melt-mixed. Isopentane

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

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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e?ﬁgﬁgj pfdhéhe,'bufane:.pehiaﬁé, hexané, met hyl pent ane, diﬁethylbutane,
met hyl cycl opr opane, cycl opentang, cyclo- hexane, nethyl cycl opentane,
et hyl cycl obutane, 1,1,2- trinethylcycl opropane,

tri chl oronmonof | uoronet hane, di- chloro difluoronethane,
nonochl orodi fl uoronet hane, tri- chlorotrifl uoroethane,
di chl orotetrafl uoroethane, di- chlorotrifl uoroethane,

nonochl or odi f | uoroet hane, tetra- fluoroethane, dinethyl ether,

2- et hoxyet hane, acetone, nethyl ethyl ketone, and acetyl acetone.
Usual ly, the blowing agent is injected into the nolten blend of the
t her nopl astic pol yester resin, the conpound having two or nore acid
anhydri de groups per mol ecul e and ot her EXAMBLE/cX on t he way of an

extruder. The anpunt of the blowi ng agent to be_injected is from
The procedure of Example 1 was repeated except

that the amount of pyromel;ltlcqéﬁhydrlde was 40 g and
isopentane was 1qgected 1nto the molten mixture in such
an amount o? o /g 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 procedu;e of Example 1 was repeated except
that pyromellitic‘ﬁﬁhydride was omitted and isopentane
was injected intp the molten mixture in swch an amount
of 27 % by
v i 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

wregint
ZTS—gfig?Lg—mtxb&fe—to produce a rod-shaped foam.

\
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0.05 t'o 50% by wei ght based on the anpunt of the nolten blend. Wen the
anmount of the blowi ng agent is .dess. than 0.05% by weight; the resulting
foamis not sufficiently expanded, while when the anobunt is nore than 50%
by wei ght, the gas of the blowi ng agent is not accomobdated for foam ng

but bl ows off and the foam cannot be fornmed into a desired shape. The
preferred

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

Effect of use of pyromellitic‘ﬁﬁhydride

Dice 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

diameters of the rod-shaped foams are about twice as
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anmount of the blowing agent is 0.1 to 30% by wei ght based on the amount of
the nolten bl end. In the production of the thernoplastic polyester
resin foams of the present invention, stabilizer, expansion

nucl eati ng agent, pignent, filler, flame retarder and antistatic agent may
be optionally added to the resin blend to inprove the physical properties
of the thernoplastic polyester resin foans and nolded articles thereof.
In the production of the thernoplastic polyester resin foans of the
present invention, foamng nolding can be carried out by any of bl ow
nol di ng process and extrusion process using single screw extruder,

multiple 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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screw-extruder and tandem extruder. - D es used in the extrusion
process or the blow nolding process are flat die, circular die and nozzle
di e according to the shape of the desired foam

- 16- I'n the production of the polyester resin foams of the
present invention, the thernoplastic polyester resin can be mxed with the
conpound having two or nore acid anhydride groups per nol ecule and other
additives

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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by any of the follow ng methods. (A The thernopl astic pol'yester resin
Is mxed with the conpound having two or nore acid anhydri de groups per
nol ecule at a |low tenperature (e.g., a tenperature of not higher than

150ferr] Q). (For exanple, the powder of the conmpound having two or nore
acid anhydride groups per nolecule is stuck on the pellet of the
t hernopl astic pol yester resin). (B) The conpound having two or nore

acid anhydride groups per nolecule is previously nelt-mxed with a
thernoplastic resin, the mxture i's pelletized and the pellet is mxed
with the thernoplastic polyester resin (this thernoplastic resin may be.

the same as 9r 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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different fromthe thernoplastic polyester resin, but is preferably one
conpatible with the thermoplastic polyester resin). (C The

t hernopl astic polyester resin is previously fed to an extruder hopper to
melt it and the conpound having two or nore acid anhydri de groups per

nol ecule is fed through a feed opening provided at the cyllnder of the

extruder to effect m xing. - 17 -
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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In any of the above nixing methods, the- content of the resin btend shoul d
be as small as possible and is reduced to preferably not higher than 200
ppm. It is preferred that the thernoplastic polyester resin-is
dried at a tenperature of 60 to 180[err]C wth hot air having a dew point
of not higher than -20[err]C in a dehum difying hot-air dryer for/4 hours.
The present invention also relates to a process for producing a

t hernopl astic polyester resin foam which conprises cooling a

hi gh-tenperature thermo- plastic polyester resin foaminmmediately after
expansion to a tenperature of not hlgher than the glass transition point

of the resin to brlng t he crystalllnlg OLﬁgwﬁgrto 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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bel ow and then heating the foamto higher than 60[err]C

Pre-expanded (primarily expanded) foam extruded through an extruder- has
only a | ow expansion ratio and wusually a high density. The expansion
ratio varies depending on the shapes of foans, but is about 5 tines at
nost when the extruded foamis a sheet. In the present invention, the

t hus- obt ai ned pre-expanded foam while its tenperature is high imediately
after extrusion, is cooled to a tenperature of not higher than the gl ass
transition point of the polyester resin. The glass transition point of the
pol yester resin varies depending on the types of carboxylic acids and

al cohol s 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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- 18°-"  which constitute polyesters, but is generally in the  range of 30

to 90[err] C Hence, the.-foam-is generally cooled to a tenperature of
not ~ hi gher than 60[err]C. When the pre-expanded foamis cooled, it
is settled without having atime to crystallize, and hence the
crystallinity thereof is |ow The «crystallinity varies
dependi ng on the degree of cooling. For exanple, the crystallinity

vari es depending on the .type and tenperature of cooling nedia

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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and the contact conditions of the foamwith the cooling media: Wen the
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t he pre-expanded foam

Inofder to conduct effectively the
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a sheet,
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Alté}natively, heating nmay be conducted by radiation, convection or

hi gh-frequency power. Any -of heating nedia can be used, so long as
pol yester resins are not deteriorated by them A preferred heating
method is such that the pre-expanded foamis brought into contact wth a
heated netal or air or with steamor heated water.

- 20-

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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The heating time for the post- expansion is determ ned according to the
properties of the resins, the shape and the type- and teénperature of the
heating nedium Generally, when the tenperature of the heating nediumis
| ow, heating tinme is prolonged, while when the tenperature is high,
heating time is shortened. Further, when the foamis thick-walled, heating
time is prolonged, while when the foamis thin-walled, heating tine is
short ened. It is preferred that a nmetal plate is heated to 60 to
200C and the pre-expanded foamis brought into contact with the netal
plate for 5 seconds or |longer when the foamis heated by bringing it into
contact with 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 cooling water at 30°C was circulated

inside the mandrel so that the PET foam was quenched.
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t he net al

pl at e.

contact with air, it is preferred that the foamis put into an oven,
the tenperature wthin the oven is elevated to 100 to 230[err]C and the

foam is heated for 10 secerds to S\ni nut gs. \glt 1&. despraby e ptiat en
the foamis heat e&m‘f‘& I Mplga\g?%a?i H‘N\t%e ga_g'r\?éj I%%:t to%a’ﬁd
for at |east 24 16, USu |r§=°aﬁba% ay§°after-?heLbaeﬁexﬁéﬂs¢@m§4#wh~&
then is subjectgggreekhe§besﬁfé2pansion wi t hout conducti ng post expansion
i medi ately after pre-expansion. On the other hand, when the

pre-expanded foamis

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

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.

When the pre-expanded foamis heated by bringing it into

heated by bringing it into contact with steam or hot
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-21-  water,
pr e- expansi on.

post expansion-dan be carried out inﬁediately"after

In this case, the tenperature of steamor water is 60 to

125[err]C and contact tine is 10 seconds to 5 m nutes. The
pol yester resin foam can be brought into contact with steamor water by

vari ous net hods.

For exanple, the foam 1l may be i mersed in heated water

2 as shown in Fig. ‘1. In Fig. 1, a nuneral 8 neans a burner. 1|n another
enbodi ment, a netal gauze 3 is placed above

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/cm’, and—was—pee%jpﬁpended—to—4ﬁﬁ%;

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‘£2 and a density of 0.14
\.

g/cm3,

—_—
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the surface of heated water and the foam 1l is placed on the netal gauze 3
and is brought into contact wwith steam 4 which is -evaporated fromwater 2
as shown in Fig. 2. |In other enbodinment, pressurized steam4 is blown into
a container 9 containing the foam1 as shown in Fig. 3. It is
preferred that the foamis placed in a nold and nolded into a desirable
shape when the foamis to be heated by bringing it into contact with water
or steam Wen a nold is used, water or steamis allowed

into the nold to thereby bring the foam into directly contact with water

or steam When the polyester resin foamis heated to 60[err]C or
hi gher by bringing it into contact wwth water or
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 den51ty of 0.14

g/cm3 and a crystallinity of 10%, :

to31864%. ' *
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

s voldca Vo V, wen 2 60.
ané—ﬂng—pcst—e*ﬁaaded-

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 26%, =

+o—37 74+
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steamin the.nanner desbfibedtébbvé, rhé foanris post-: ekpéndéd to form
a foam having a |ow- density. Generally, highly post expansion can be

easi |y conducted ' _ - 22 - by heating with
water or steamrather than air. Further, steamis nore preferable than
wat er . When heating is conducted with water or steam the post

expansion ratio is at least 1.3 though it is lower than the pre- expansi on
ratio, and it is possible that the :

EXAMPLE 29

The procedure of Example 26 was repeated except
that post expansion was carriedl 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\,—z_\/\u-&-q-oo
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 200 mm x 280 mm in an alumlnum mold of 210 mm x
290 mm x érM

There was obtained a post-expanded foam sheet
whlch had a thickness of 5.00 mm and a density of 0.078

Th, oI Nao|V, e 333
g/cm3'and—giE:pesé-expaadeé—%e—aiﬂﬁz The sheet obtained
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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ratiois 4 or nore. In addition thereto, expansion can be uniforny .
carried out and the resulting post-expanded foamhas fine, uniformcells.
In this way, a low density foam of good quality can be obtained.

Thus, when the pre-expanded foamis heated, not only a |lowdensity foam
can be readily obtained, but the post-expanded foam can be rendered to
have a crystal- linity of 15% or nore. A foamhaving a crystallinity of
15% or nore is a foamwhich is very excellent in heat resistance in a
heati ng at nosphere and can be used for heat-resistant food containers,
heat insulating materials, etc. Further, the nelt viscosity, die

swel | ratio, There was obtained a post-expanded foam sheet

which‘Egd a thickness of 3.41 mm and a density of 0.1l1
g/cm3.and—wasfggff—expande&—tc—zsﬁ?.
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 thlckneis of 3.00 mm and a density of 0.13
V, wes 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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etc. of the thernoplastic polyester resins are adjusted in the process of
the present inventi.on to produee extrusion foam sheets. The extrusion foam
sheets of the thernoplastic polyester resins have a density of
preferably not higher than 0.7 g/cnferr], nore preferably not higher than
0.5 g/cnB. When the density exceeds 0.7 g/nferr], heat insulating
properties, |lightweight properties - 23 -

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, we .36
12%. The-pasé—5f?aﬁsion—ratte—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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aﬁdﬁéﬂéhiohiHéupropértiéélas'toah1sheet~are | ost . It has been found that
the extrusion foam sheets having. a crystallinity of not higher than 20%

and a nol ecul ar

orientation ratio of not higher than 4.5 in the direction

of face of foam sheet are preferred fromthe viewoint of
t hernof ormabi lity. It is difficult to Ilower the crystallinity
t hrough the thickness, since the extrusion foamsheet inmmediately after

extrusi on has

heat insulating properties. However, post therno-

formability can be inproved by |lowering the nolecular orientation ratio to
a specifi.c value or bel ow The nol ecul ar orientation ratio of the

extrusion foam sheet | oolf.hgg ﬁg% %graicgg con% roI ﬁQStSHEEa%e @Jléﬂf#é)ag}

sheet can be adjusted to

g expanslt on

3.01 mm, a density of 0.13 g/cm® and a crystallinity of

ﬁJZaVz, |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 dens1ty of 0.097 g/cm? and a crystallinity of

Vm‘V!UﬂH-QG?
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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direction of extrusion and in.the direction crossing the extrusion
direction. As a preferred nethad therefor, there is generally used a

met hod using a circular die and a cylindrical mandrel. Nanel y,

expansion in the direction of extrusion can be controlled by the ratio of
the average flow rate of a foaned resin 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 blowup ratio) of

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 thickness of 12.5 mm and a density of

oAz VLIV/ wes 2.595
0.204 g/cm?,

. 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

oA Vz}V, wos 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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-24-"" the dianeter of the outlet of the circular die to the = ‘outer
di aneter of the mandrel. - Crystallinity is determ ned from
heat of cold crystallization and quantity of heat of fusion
in heating by heat-flux DSC differential scanning colorinetry in the

gquantity of

measurenent of heat of transition according to JI S K-71222 (Method for
nmeasuring heat of transition of plastics). Nanmely, crystallinity is
determ ned by the follow ng equation. (Quantity of
heat of fusion per nol) - (quantity of heat of

cold crystallization per nol)

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

rodia V2 1V,
1.5 mm and a density of 0.26 g/cm®. The pegé—expansien-

Ly .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-
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.

is Sheet Has Been Rerlaced :

IIIIII M




Orystallinity (% = - ~x 100

Crystalinity

Quantity of heat of fusion per nol of

perfect crystallized . resin Mol .ecul ar _
orientation ratio in the direction of face of foamsheet is the -ratio
bet ween the maxi num val ue of intensity of mcrowave transmtted through

f oam sheet and

the m ni num val ue t hereof when the surface of foam sheet

perpendicularly irradiated with a polarized wave of microwave.
Further, food containers can be produced by bonding a non-foamfilmof a
t hernmopl astic resin to at |east one side of the extrusion foam sheet of

the thernoplastic polyester reésidy e BEAMBgE PL£sent  invention to

forma | am nated sheet and ther

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

'S

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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- 25- into a food éohtainér'in_such a manner that the non-foam sheet
I S positioned inside. -Exanpl es of the thernoplastic resin which
constitutes the non-foamfilminclude thernoplastic polyester resins,

liquid crystal

pol yester resins, polyolef in resins, polyamnde resins,

pol yvi nyl chloride resins, polyacrylonitrile resins, polyvinylidene
chloride resins and ethyl ene-vinyl al cohol copol yners.

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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Non-foamfilmto be bonded nmay be conposed of a single-layer Tilmor
multi-layer -film The non-foam filmnmay be bonded to both sides of the

f oam sheet. The thickness of the non-foamfilmlayer is 10 to 500 m crons
and ‘'t he thickness of the sheet |ayer of the expanded polyester resin is
thicker, i.e., generally not nore than of 0.5 to 5 nm It is preferred
that the thickness of the foamsheet layer is 2 to 500 tinmes that of the
non-foamfilmlayer. The non-foam fil mcan be | am nated. onto the
foam sheet by wusing a plurality of extruders. More particularly,
a thernopl astic polyester resinis fed to an extruder and an expandabl e

pol yester resin ijhtroduced 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./b o
The ratio 5511;_05 the volume }73) after heating to the
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ext r uded

fhéfefhroughf Separately, -a t her nopl astic resin’is fed to

ot her extruder and a non-expandable resin is extruded therethrough. These
resins are guided to the sanme one die and conbined together in the die to

26-.

prepare a | am nated sheet. |n another enbodinment, the resins

extruded through each extruder are fed to separate dies to prepare a
/sheet and a film

Vi

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, 0.25 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

- 22% =y
screw was 25 rpm. Js—pf@ 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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respectively. They are put upor each other and pressed through rollers to
prepare a | am nated sheet. c- In a still other enbodi nent, the foam
sheet and the non-foam sheet are separately prepared and separately
wound. up into rolls. They are |lam nated onto each other, while unw nding,
and passed through a pair of rollers to thereby lamnate them The
tenperature of the roller on the side of the foamsheet is preferably

| ow, for exanple, roomtenperature to prevent polyester resin from being

crystallized. On the other hand, the roller on the side of the non-foam
filmis kept preferably at a high tenperature so as to soften the surface
?Ltéhe film . usingTthB%anQEQthg%%% Bséﬁ%'éﬁg‘¥££§E¥§€E¥é“39rf39°c.

The resulting sheet had a density (D2) of 0.147 g/cm3 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
Sor 20—t

/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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a container. The thernoforming is carried out by using a nolding die. The
die may be conposed of a nale nold and a female nold, but nay be conposed
of either one of them When a die conmposed of both nolds is used,
nol di ng can be carried out nerely by putting the |am nated sheet between
both nolds and pressing it. However, when either one of nolds is used, air
present between the sheet and the nold is renoved, or the sheet

- 27 -

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 a ifnstant 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 in 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 wés cut off from the
sheet and heated at 200°C in a constant temperature bath

T X 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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is pressurized fromthe upper side thereof and pressed. The non-foamfilm
is so arranged that the filmis positioned inside the container.

The heating tenperature at which the sheet is nolded into a container is
determ ned according to the tenperature of the thernoplastic polyester
resin consti- tuting the foamsheet and the tenperature of the
thernopl astic resin constituting the non-foamfilm The expansion
of the foam sheet is increased or decreased by the heating
tenperature. Accordingly, even when a foam sheet having the sane
thi ckness is used, a difference in the thickness of the |am nated sheet is

rati o

caused. Further, thq crystallinity of the foam sheet is
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accel erated dependi ng on the heating tenperature and the heating tine.

If the foam sheet by extrusion,-which is conposed of a thernoplastic

pol yester resin, has a crystallinity of 15% or nore, it is excellent in
heat resistance in a heating atnosphere in air. However, in the case
"that it is exposed to heated steam of 100[err]C or higher, since the film
wal | thickness of first layer cells on the surface is thin, the first

| ayer 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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-28- juices fromthe foodstuffs were I'ikely penetrated into the cells.
On the other hand, since in the-present invention a non-foamfilmis

bonded such t hat
heat ed st eam or

it is positioned inside the container, the re-swelling by
hot water and the penetration of juices fromthe

foodstuffs into the cells can be prevented. The foll ow ng
Exanpl es, Conparative Exanples and Test Exanples are provided to
illustrate the present

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

I ——

———————
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i nventi on,
in any way.

but are not to be construed as limiting the present invention

TEST EXAMPLE 1 An experinment -was

carried out to exam ne the effects of the addition of the conmpound having
two or nore acid anhydride groups per nolecule to the thernoplastic

pol yest er

resin on viscoelastic properties during nelting. (1) Test-1

Pol yet hyl ene terephthal ate (PET 9902, a product of Eastman Kodak Conpany)
was dried at 160[err]C with hot air having a dew point of -30[err]Cin a
dehum difying dryer for 4 hours. 1 kg of the resulting dried material was
m xed wwth 5 g of pyronellitic dianhydride (a product of

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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Chem sche Werke Hul s AG The bl end was fed to the hopper -of a single
screw extruder (dianeter- of- screw. 40 nm L/D: 30, manufactured by

Seki sui  Koki K. K.) equipped - 29- W th
a cylindrical channel die (diameter: 5 mm L/D 1.6). The nolten
blend was extruded through the cylindrical channel die -at an
extrusion rate of 7 kg/H under the foll ow ng production conditions to
carry out

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.

{'T 2)

For the gquantity of heat of perfect crystal fusion of

polyethylene terephthalate, there was used 26.9 kJ/mol
bonshe Deta Hoawdobudehun .
from BigfrMotecular—Handbook- (published by Baifukan XK).

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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nnldihg. ~ Product i on cdnditfdns~by the-single screw extruder’ Tenperature

of feed zone of extruder: - 270[err] C Tenperature of conpression
zone of extruder: 280[err]C Tenperature of nelting zone of extruder:

270[ err] C Tenperature of die: 270[err] C

Nunmber of revol utions of screw of extruder: 32 rpm (2) Test-2
(control) The extrusion of polyethylene terephthal ate was carried
out in the same nmanner as in Test-1 except that pyronellitic dianhydride
was omtted. (3) Test results Die swell ratio of extrudate and
the nelt :

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.
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VISCOSIty of t he nDIten resin ih the si'hgl e screw extruder are shown in

Tabl e 1. - -30- - Table 1 Effect
of the addition of pyronellitic dianhydride to polyethylene
terephthalate on nelt viscosity and die swell ratio Amount of
Amount of Test Polyethylene Pyronellitic Die Swell Mel t

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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No. Terephthal ate. Di anhydride - Ratio Vi scosity (g)
(9) (poise) .1 1000 - 5

2.8x10[ err] 2 1000 0 : 1.2 0. 8x10[err]
(4) Discussion It is clear from Table 1 that when pyronellitic
anhydride is added to polyethylene terephthalate, die swell ratio of

extrudate is

i ncreased and

extrusion is al soy i gl eased.
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(PET 9902, a predu
Ern "dehun1ﬂ|fy|ng dHyer"(160E§rr Cwth hot air having

~

ditto

ditto

0.5

ditto

TR4550BH

Teijin
Limited

48

mel t

-

Omitted

0.2

Petrafunctional

TR8580

ditto

49

viscosity of the nolten resin in

epoxy nitride

~

0.1

Sodium
carbonate

0.5

ditto

ditto

Pyromellitic

Comp. Ex. 14

(o))
[0 6]

anhydride

e

ditto

ditto

ditto ditto ditto 0.3

15

ol
o]

ditto

ditto

ditto ditto ditto

ditto

16

EXAMPLE 1

of East man Kodak

10
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point of -30[err]C) for 4 hours~and then mxed with 20 g.of pyronellitic
di anhydri de Chem sche Werke Hul.s AG and 60 g of talc (expansion nucleating
agent) in a tunbling mxer. The mxture was fed to the hopper of a
singl e screw extruder dianeter of screw 40 nmm L/D. 30, bore

- 31 - of nozzle die: 5 nmm and nelt-m xed. | sopent ane (bl ow ng

agent) was injected into the nolten m xture in
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an amount of 2.2% by weight.. The nolten m xture was extruded through the
nozzl e die under follow ng production conditions into air to produce a
rod- shaped foam Production conditions with single screw extruder
Tenperature of feed zone of extruder: 273 to 282[err]C Tenperature
of conpression zone of extruder: '

280 to 290[err] C Tenperature of nelting zone of extruder: 271 to 290[err]C

Tenperature of extruder head: 280 to 290C Number of
revol utions of screw of extruder: 32 rpm Extrusion rate:
7 to 8 kg/hr The expansion ratio and di aneter of the foam are
shown in Table 2. . Table 10
: Molecular
Apparent : Crystal- 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 2.8 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
" 16 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 @) .C)

" 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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EXAMPLE 2 The procedure of Exanple 1-was repeated except that the
anmount of pyronellitic dianhydride was 30 g and i sopentane was injected
into the nolten m xture in such an anmount of 2.5% by weight to produce a
r od- shaped foam The expansion ratio and di aneter of the foam are
shown in Table 2. - 32 -

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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EXAVPLE 3 . The prdcédure of Exanple 1 was repeat ed except’ that the
anmount of pyronellitic dianhydri-de was 40 g and isopentane was injected
into the nolten m xture in such an anount of 2.6% by weight to produce a

r od- shaped foam The expansion ratio and di aneter of the foam are
shown in Table 2. COMPARATI VE EXAMPLE 1 Effect (1)
of the use of pyronellitic dianhydride The procedure of Exanple 1

was repeated except that pyronellitic dianhydride was omtted and
| sopent ane :

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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was injected into the nol ten .ni Xture in an amount of 2.7% by weight to

produce a rod-shaped foam - - The expansion ratio and di aneter of the
foamare shown in Table 2. COVPARATI VE EXAMPLE 2
Effect (2) of the use of pyronellitic anhydride The procedure of

Exanple 1 was repeated except that 50 g of phthalic dianhydride was used
in place of 20 g of pyronellitic dianhydride and isopentane was injected
into the nolten m xture in an anmount of 2.7% by weight to produce a

r od- shaped foam

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 surface
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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-33- _ The expansion-ratio and dianeter of the foamare shown in

Tabl e 2. - -Table 2 - Effect of use of
pyromel litic di anhydride : “Anpunt of Pyro-

Rod- shaped Foam Exanple nellitic Anmount of Expansi on - No.

D anhydri de | sopentane Density Ratio D aneter (9) (%
(g/cc) (tines) (nmMm Exanple 1 20 2.2 0. 35 4.0 .
21 Exanple 2 30 2.5 0.18 7.8 27

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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2.6 . 0.13 ..10.8 30 Conp. Ex." 1 -

Exarple 3 40
2.7 0.76 1.8 . 9 Comp. Ex. 2 -~ 2.7 0.70
2.0 11 Discussion: It is clear from Table 2 that in Exanpl es

1 to 3 wherein pyronellitic dianhydride is used, expansion ratios are 4
to 10, the diameters of the rod-shaped foans are increased to 4 to 6 tines
the size of the nozzle die and the increasing ratio thereof is in
proportion to the increase in the anount of isopentane injected.

In Conparative Exanples 1 and 2 wherein pyro- nellitic anhydride is

om tted, expansion ratios are about 2, though isopentane (blow ng agent)

is used in an

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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amount |arger than that in Exanples 1 to 3, and the dianeters-or the
rod- shaped foans are about tw ce as ' -

| arge as the bore of the nozzle die. Accordingly, both the expansion
ratio and the dianmeter are smaller than those of Exanples 1 to 3.
These effects are thought to be due to the fact that when pyronellitic

di anhydride is not used, the blow ng agent isopentane is released fromthe

foamin

- 34-

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 teméerature 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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expansi on nol di ng, while when pyronellitic dianhydride is wused in
expansi on nol ding, the nelt viscosity of the thernoplastic polyester is

i ncreased, whereby gaseous isopentane (blow ng agent) is not allowed to be
rel eased fromthe foam EXAMPLE 4 In the
procedure of Exanple 3, the expansion nolding operation was continuously
carried out for 24 hours. No change for the rod-shaped foam was observed.
EXAMPLE 5 In the procedure of Exanple 3, the expansion nolding
operation was carried out for 5 hours and the operation was then stopped
for 19 hours. Thereafter,

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 ﬁands. 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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operatlon and stopplng wer e repeated f|ve times in a 24 hour cycl e.
In any case, there could be obtained a rod- shaped foam which was neither
colored nor contaminated wthin 30 mnutes fromthe commencenent of the

oper ati on. T
COVPARATI VE EXAMPLE 3 -

with a hot plate 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 heving 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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In Ekanple 3, digfycidjl tefephthalate (Blemrer[err], a product of-N ppon
Ol & Fats Co., Ltd) was = wused.in place of pyronellltlc anhydri de and
| sopent ane was injected into the nolten m xture in such an anount as to

give a 4 g/100 g mixture. In the same manner as in Exanple 5, the
operation was carried out. - In the operation after the third
operation, it took 90 m nutes or longer untill there could be obtained

a rod-shaped foam which was neither colored nor contanmi- -nated. In the
fifth operation, the foam was/col ored and contam nated with bl ack
matters after 4 hours fromre-operation. EXAMPLE
6 " The procedure of Exanple 1 was repeated except

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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that .50 g of cycl opent anetetracarboxylic acid di- anhydri de "was used in
pl ace of 20 g of pyronellitic. dianhydride to produce a rod-shaped foam
The expansion ratio of the foamwas 4 and the dianeter thereof was 20 mm
EXAMPLE 7 The procedure of Exanple 1 was repeated except that 50
g of benzophenonetetracarboxylic acid dian- hydride was used in place of
20 g of pyronellitic dianhydride to produce a rod-shaped foam

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.
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- 36- The expan5|on ratlo of the foamwas 4.5 and the dianeter
t hereof was 21 nmm EXAMPLE 8 I n Exanpl es
and 7, the operation was carrled out in the same nmanner as in Exanple 5.
Wthin 30 mnutes fromthe commencenent of the operation, there could be
obt ai ned a rod-shaped foam which was neither colored nor contam nated in
any case. EXAMPLES 9 to 17 Pol yet hyl ene
terepht hal ate given in Table 3 was

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.

o
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drled W|th hot air hawng a dew "poi nt of -30[err]Cat 160[err]C in a
dehum di fyi ng dryer for 4 hours. 100 mrwqh%-eLthe dried

pol yet hyl ene terephthal ate, pyronelli t| an anmount given in
Table 3, a nmetallic conpound given in T lm '\’Eiﬂ,ﬁ ﬂ“"‘rt by weight of
tal ¢ (expansi on nucl eating agent) were 'm xe ng mxer. The

m xture was fed to the hopper of a single screw extruder dianeter of screw
40 mm L/ D: 30) equipped wi-'th a nozzle die (bore: 5 m). 2.0% by wei ght

of n-pentane was injected into the nolten m xture. The nolten m xture was
extruded under therfxdowing conditions to obtain a'rod-shaped foam
Tenperature of feed zone of extruder: 268 to 280[err]C Tenperature of
conpressi on zone of extruder: :

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.
< o (2 Oxot*—tm\\bo\n—’s—%r«.\%) —3—r&w_

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

e e
-
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285 to 290[err]C T - 37 - Tenperature of nmelting zone

of extruder:

275 to 285[err]C Tenperature of extruder head:

275 to 285[err]C Tenperature of extp

285[err] C Nunber of revolutions of ﬂg%[ﬂl“"“ll”“ '32 rpm275 j[O The:

expansion ratios of the foans and t

cel s are shown in Table 3.

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

oMo C\cN_S
elastomer, an polyester, polycyclohexane

- ) Btk
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 aciﬁ 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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FiéfMS is an el ectron ﬁiéroscopic phot ograph showi ng the state of cells

of the foamprepared in Exanple 9, which is QﬂLﬁLQgg_abouL-ZS times.
The cells shown in Fig. 8 were small. — Further, Figs. 9 and 10 are

el ectron mcroscopi ¢ phot ographs show ng th m“m m of t he foans
prepared in Exanples 12 and 17, respectlvely ﬂ “ l ged about 25

tinmes. The cells of the foan1prepared in Exampl e 1F whre® slf ghtly-1arger
than those in Exanple 12. = CCNPARATIVE EXAMPLE 4

The procedure of Exanple 9 was repeated except that pyronellitic

di anhydride and the nmetallic conmpound were omtted to produce a r.od-shaped

f oam .
of 0.05 to 5 parts 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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The:éxbahs{bn ratio of the foamand the state-of cells are shown in Table

3. - 38- - —EXAWPLES 18 to 20 The
procedure of Exanple 9 was repeated except sins,- acid
anhydrides and nmetallic conpound given in Tgm‘mnwﬁ \mumto obtain

f oans. The expansion ratios of the f ca m esstate

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 20% anéd a moiecular orlenﬁiflon ratio of
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

A~

polyester re51nstholyolef1n resins, polyamlde resins,

polyvinyl chloride resins, polyacrylonltrlle resins,
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of ceIIs are shown in Table 4 COMPARATI VE EXAMPLE 5

The procedure of Exanple 9 was. repeated except thﬁg__ggLXELDXLene—-_-
terephthalate and diglycidyl terephthalate give able 4 were used
and the netallic conmpound was omtted to obtain a f ‘““rmn“
expansion ratio of the foamand the state of ceIIs Hm““ e 4.
EXAMPLE 21 Pol yet hyl ene terephthal ate given +n catl e fas” dried
with hot air having a dew point of -30[err]C at 160[err]C in a

dehum di fying dryer for 4 hours. 100 parts by weight of the dried
pol yet hyl ene terephthalate, 0.5 part

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 nm.

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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by wei ght of ‘pyromel I'itic ‘di anhydri de, b,l part. by weight of sodium
carbonate and 0.6 part by weight. of talc (expansion nucleating agent) were
mxed in a tunbling mxer. The mxture was fed to the hopper of a single

screw extruder dianeter of 65 screw mm L/D._35) equipped with a
cylindrical mandrel (bore: 205 mm L/D: 3 a C|rcular die (bore: 60

mm gap: 0.65 M), 1.7% by wei ght - 39 -
of butane was injected into PROCESEt EARNPRODVEING PREYESTER RESIN
FOAM AND POLYESTER RESIN FOAM SHEE

A process for producing a thermcplastic
polyester resin foam comprising melting a thermoplastic
polyester resin, mixing the molten resin with a blowing
agent and extruding the mixture into a low-prassure-zone

_to carry out expansion molding, characterized in that a
compound having two or more acid anhydride groups per
molecule, optionally together with a compound of a metal
of Group.I, II or III elements 6f the Periodic Table is
added to the thermoplastic polyester resin. There is
also disclosed a process for producing a thermoplastic
polyester resin. foam comprising qﬁég?ggagr high-
temperature foam immediately after expansion and then
re-heating the foam. Further, a thermoplastic polyester

resin foam sheet and a food container prepared from the

foam sheet are also disclosed.

——
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mol ten mixilre was extruded through the circular die under the follow ng
conditions. The extrudate was taken off‘ by a cylindrical mandrel and
nol ded. A part of the resulting cylindrical foam was cut open and the

resul ting foam sheet was wound up. Tﬁ rature of feed zone of extruder:
280[err] C Tenperature of conpressioh Z of extruder: 290[err]C
Tenperature of nelting zone of extruder: 280[err] C Tenperature of
extruder head: 280[err] C Tenperature of extruder die:
270C Injection pressure of blow ng agent: 80 kg/cn2 Extrusion
pressure (head): 115 kg/cnmerr] Nunmber of revol utions
of screw F|G rpm
1 :
1 1 1 \ I 1
= T : -
'?' i | /2
H = -8
o
L
LJ

FIG3
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\
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Extrusion rate: ' - - . 24kg/ hr " The
expansion ratio of the foamsheet, the state of cells, tensile strength at
23[err]C and tensile elongation at break at 23[err] C are shown in Table 5.
COVPARATI VE EXAMPLE 6 The procedure of Exanple 21 was repeated
except that diglycidyl terephthal ate an &di um nontanate in anounts
given in Table 5 were used and pyronellitic dianhydride and sodium
carbonate were omtted. The resulting foam sheet was wound up.

e, &
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- 40- The expansion ratio of the foam sheet, the state of
cell's, tensile strength at 23[err]C and tensile eIonga- tion at break at
23[err] C are shown in Table 5. 2 ~ COVPARATI VE EXAMPLE 7
The procedure of Exanple 21 was repeated eXcept that diglycidyl
terephthal ate given in Table 5 was used, 0.9% by wei ght of butane was
injected, extrusion was carried out under the follow ng conditions and

sodi um carbonate was onitted. The resulting foam sheet was wound up.
Tenperature of feed zone of extruder: 280[err] C
FIG. 5§
109
.
10°
0% Example 21
=z 3
a
3
’; T -y
- { / -
= \ ) Comparative ™
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Teitper at uf @ of conpression zore of extruder: 290[err]C Tenperature of
melting zone of extruder: .. _ 280[err]C Tenperature of extruder head:
285[err] C Tenperature of extruder die: 275[err] C

I njection pressure of bl ow ng agent: 40 kg/cn2 Extrusion
pressure (head): 90.kg%cn2 Nunber of revol utions of
SCrew. 25 rpm Ext r usi o X

24 kgl hr The extrusion ratio of the foam sheet, the state of
cells, tensile strength at 23[err]C and tensile elongation at break at
23[err] C are shown in Table 5.

FIG. 6

/7

FIG. 7
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1.

A process for producing a thermoplastic polyester resin
crystalline foam comprising melting a thermoplastic
polyster resin, mixing the molten resin with a blowing
agent and extruding the mixture into a low-pressure zone to
carry out foaming, characterized in that said extruded foam
is subsequently cooled to bring its crystallinity to higher
than 7 % and that a compound _havihg two or more acid

| anhydride groups per molecule is added to the thermoplastic

polyester resin.

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

A process for producing a thermoplastic polyester resin
crystalline foam as in claim 1, wherein said compound
having two or more acid anhydride groups per molecule is
pyromellitic dianhydride, benzophenonetetracarboxylic
dianhydride, cyclopentane{-]tetracarboxylic dianhydride,
diphenyl sulfone tetracarboxylic dianhydride, or 5-(2,5-
dioxotetrahydro-3-furanyl)-3 methyl-3-cyclohexene-1,2-
dicarboxylic dianhydride.

A process for producing a thermoplastic polyester resin
crystalline foam as in claim 1, wherein said foam has a
density of not higher than 0.7 g/cm’.
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A process for producing a thermoplastic polye'ster resin
crystalline foam as in claim 1, wherein said foam is an
extruded foam sheet having a density of not higher than 0.5
g/cmd.

A process for producing a thermoplastic polyester
crystalline resin foam as in claim 1, wherein said

- thermoplastic polyester resin is polyethylene

terephthalate; polybutylene terephthalate, polybutylene
terephthalate elastomer, an amorphous polyester,
polycyclohexane terephthalate, polyethylene naphthalate or
a mixture thereof.

' A process for producing a crystalline thermoplastic

polyester resin foam comprising melting a thermoplastic
pblyestér resin, mixing the molten resin with a blowing
agent and extruding the mixture into a low pressure zone to
carry out foaming, 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, wherein said extrusion and foaming are carried out
under conditions sufficient to form said polyester resin
foam at a crystallinity of higher than about 7%.

A process for producing a thermoplastic polyester resin
foam as in claim 7, wherein said compound having two or
more acid anhydride groups per molecule is used in an
amount of 0.05 to 5 parts by weight and said compound of a
metal of Group I, II or III elements of the Periodic Table
is used in an amount of 0.05 to 5 parts by weight, each
amount being per 100 parts by weight of the thermoplastic
polyester resin.
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Di scussi on:, ‘ -~
21 iss higher th mREHaACE

¢ nodul us of the foam sheeRERACEMENTISHEET
sheet of Conparative_Exanple 6. Hence,

it can be under gt edt resistance of the foam sheet obtai ned

by using pyrongl Iiti gmgygrildg and sodi um carbonate is Ilm

The process for prodﬁ?i gg t he tRerinopl astic pol yester res” I wmm"""””"l
re-heating is il ust+rated—by—Trearis of the foll ow ng Exanpl &s &

Conparative Exanp- |es. Parts _a per ceit~ gi ven bel ow are by vvel ght unl ess

ot herw se st at ed?
9. A process for producing a thermoplastic polyester resin
foam as in claim 7, wherein said metal elements are of

Group I 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 0.5g/cm®. a

11. A process for producing a thermoplastic polyester resin
crystalline foam comprising:
cooling a high temperature thermoplastic polyester resin
foam formed by expansion of said resin, where the starting
resin has been prepared in the presence of a compound
having". two or more acid anhydride groups per molecule,
immediately after said foam forming expansion, to a
temperature of not higher than the glass transition point
of the resin, to bring the .crystallinity of the foam to
about 30% or lower.

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

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

14. A process for producing a thermoplastic polyester resin
crystalline foam as in claim 11, wherein said foam is re-
expanded 1.3 times or more by heating.

—_—
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MPLE 2 2 Pre-expansion (p CEMENTSHEET
expansi on) : de nanme, a product of Teijin Limted)

EMEEs ! Er
used as pol yethy éréﬁﬁféaﬂa e (hereinafter referred to
PET was pl acedyi a})? JUL ghg vy} np dryer and dried at 160[Er , mm’”ﬂuﬂsﬂﬂ
while circulating hbt ait ~having a dew point of -30[err]C. OF partd of

PET, 0.6 part |o - , agt of pyégnellitic di anhydride and 0.1

15. A thermoplastic resin foam sheet characterized by that said
sheet is an extruded foam sheet, produced by using a
circular die and a cylindrical mandrel, of a thermqplaétic
polyester resin and has a crystallinity of about 7 to 20%,
a molecular orientation ratio of 4.5 or lower in . the

~direction from the surface of the foam sheet, and a density
of not higher than 0.7 g/cm’.

-45-
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16. A thermoplastic resin form sheet as in claim 15, wherein
said sheet is an extruded foam sheet of not more than 5mm

in thickness.

17. A food container produced by laminating a non-foam film of
a thermoplastic resin on at least one side of a foam sheet
comprising at least 50% by weight of a thermoplastlc
polyester resin to obtain a laminated sheet;
wherein said non-foam film is prepared from thermoplastic
polyester . resins, 1liquid crystal polyester resins,
polyolefin resins, polyamide resins, polyvinyl chloride
resins, polyacrylonitrile resins, polyvinylidene chloride
resins, or ethylene-vinyl alcohol copolymers,
wherein said thermoplastic polyester resin foam has a
density of not higher than 0.5 g/cm®, and said thermoplastic
polyester resin foam has the property of swelling upon
contact with hot water and/or steam and molding the
laminated sheet into a container in such a manner that the
non-foam film is positioned inside the container whereby
preventing hot water and/or steam produced by heating

. foodstuffs contained within said container from penetrating
into the cells of said foam.

18. A food container as in claim 17, wherein said container is
- prepared by thermoforming "a laminated sheet having a
thickness of 0.05 to 5 mm.

is Sheet Has Been Replaced *
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part of sodiunfca&bena%emweﬁe~w%h0roughly mxed in a tunblingLACSMENT SHEET

The . xture was fBHﬂﬂ@EMﬁNE%iF@ae' di ameter of screw 65 mm—L/D 35) and
thoroughly mixed at~&a"Stréw reyolution nunber of 25 rpmand at a barf e

tenperature of ;270 1@ 290[ ]€. 1 1.3 parts of butane as a glmum

per 100 parts of thegmxturﬁg*%v% i ntroduced into the m'xt:url ,ﬂﬁﬁmnmn
pressure on the may-@f -t-he—parrel PET containing the blomﬁng agenf'
extruded through the «circular dié inte8@&-r to produce a tube. The die had

a circular die*gap~of~04 imm and a bore of 60 nmand was kept at 270

to 285[err]C PET extruded into air was ' expanded and the tube as
ext rudedl@as Bakepdogentainer a8 yigkpin Iht whareisadid kheymopliagtic

surface of a reyhinN¢bhmabnBBRORSS a JHEsRIPIRL oG b S5 didRiRIve.

20. A process for producing a thermoplastic polyester resin
crystalline foam as in claim 1 wherein said molten resin is
mixed with said blowing agent and an expansion nucleating

agent.

21. A process for producing thermoplastic resin crystalline
foam as in claim 1 wherein said thermoplastic resin is a

resin having a die swell ratio of 2 to 5.

22. A process for producing a thermoplaétic resin crystalline
foam as in claim 1 wherein said compound having two or more
acid anhydride groups per molecule is first melt-mixed with
a thermoplastic resin, the mixture is pelletized and the
pellets are mixed with said thermoplastic polyester resin.

23. A process for producing a thermoplastic polyester resin
foam as in claim 7 wherein said compound having two or more
acid anhydride groups per molecule and a compound of a
metal of Group I, II and III elements of the Periodic Table
are first melt-mixed with a thermoplastic resin, the
resulting mixture is formed into pellets and said pellets
are subsequently mixed with the thermoplastic polyester

resin.

24. A process for producing a thermoplastic resin crystalline
foam as in claim 11 wherein said thermoplastic polyester
resin foam starting resin composition contains said
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.

—_—
This Sheet Has Been R
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PLACEMEHTS#EET

of 205 nm and codl ng*mmaw [érr]C was circul ated i nsi dd e RACEME
so t.hat the PET foanrmﬂ§”ﬁuenche ..

;BSTQSuﬂSQBE“Sﬁd“ET‘LL”e Ugwg8: losen and e repuliing i1 allllllﬁﬂlllflﬂﬂllllll”lll
expanded foam she +he .uanl_reet g¥as_ 643 nMmin wi dt h aid had"an®
appar ent

25. A process for producing a thermoplastic polyester resin
' crystalline foam as in claim 11 wherein said foam, cooled
to a temperature of not higher than the glass transition
point of the resin, has a density of not higher than 0.5

g/cmd,

26. A process for producing a thermoplastic polyestér resin
crystalline foam as in claim 1 further comprising post-
expanding the cooled foam by heating it to 60°C or higher.

27. A process for producing a thermoplastic polyester resin
crystalline foam as in claim 26, wherein said foam, cooled
to a temperature of not higher than the glass transition
point of the resin, has a density of not higher than 0.5
g/cm’. '

.28. A process for producing a thermoplastic polyester resin
crystalline foam as in claim 26, wherein said heating is
carried out by bringing the polyester resin foam into
contact with steam or hot water.

29. A process for producing a thermoplastic polyester resin
crystalline foam as in claim 26, wherein said heating is
carried out by bringing the polyester resin foam into
contact with a hot plate.

30. A process for producing a thermoplastic polyester resin
crystalline foam as in claim 26 wherein said foam is re-
expanded 1.3 times or more by heating.

3l. A process for producing a thermoplastic polyester resin
foam as in claim 7 further comprising cooling said extruded
foam and re-expanding the cooled foam by heating it at 60°C
or higher.

\\_ —
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. ENT SHEET
_/density (herei nafT referred—to—si nply as density) of 0.26 %EPWEMP, a
t hi ckness of 1.5 nﬁ%ﬂﬁ& MEN ?Q%EQJI nity of 9% Post-expansion (Secondary
e

|
E
expansi on): A piece of 100 nm x 100 nm was cut of
pr e- expanded foam pheeg ﬁﬂ_d @\3 c,t ed to post- expansion. ”“"Wum"m#m T"r
expansion was gafried out bw i merggng the piece i n war mewaterna
63[err] C for 5 m ntutes—as—shows |n Flg 1 The thlckness was expanded from
1.5 sheet whigh was post expanede to 137% had a density of 0.19

g/cnferr] and a crystallinity of 9% The post- expanded foam sheet was

finely expandgd gRGLEQUNELO f¥oducing a thermoplastic polyester resin
foam as in claim 31, wherein said foam, cooled to a
temperature of not higher than the glass transition point
of the resin, has a density of not higher than 0.5 g/cm’.

33. .A process for producing .a thermoplastic polyester resin
foam as in claim 31, wherein said heating is carried out by
bringing the polyester resin foam into contact with steam
or hot water.

' 34. A process for producing a thermoplastic polyester resin
foam as in claim 31, wherein said heating is carried out by
bringing the polyester resin foam into contact with a hot
plate.

35. A process for producing a thermoplastid polyester resin
foam as in claim 31 wherein said foam is re-expanded 1.3
times or more by heating.

36. A food container as claimed in claim 17 wherein said foam
- sheet comprises closed cells. '

37. A food container produced by laminating a non-foam film of
a thermoplastic resin on at least one side of a foam sheet
comprising at least 50% by weight of a thermoplastic
polyester resin to obtain a laminated sheet;
wherein said non-foam film is prepared from thermoplastic
polyester resins, 1liquid crystal polyester resins,
polyolefin resins, polyamide resins, polyvinyl chloride
resins, polyacrylonitrile resins, polyvinylidene chloride
resins or ethylene-~vinyl alcohol copolymers,
wherein said thermoplastic polyester resin foam has a
density of not higher than 0.5 g/cm®, said thermoplastic



/a good foam EXAMPLE 23 IEPLACEMENT SHEET

pr e-.expanded f.aBEPE#QﬂMENT %BE.T Zt obt ai ned i n Exanpl e 22 was used and
post expansi on carried in ffhe same way as in Exanpl HI mllt'ﬂi"ﬂrmll
var uYedoos VFS 83[err]C and imersio

the tenperaturég

for 5 m nutes. . - 89 - -47- . There Was
obt ai ned a post -1 eet THIS SHEET HAS BEEN
: i
REPLACED

polyester resin foam sheet has a crystallinity of about 15%
or above, and said thermoplastic polyester resin foam sheet
-has the property of swelling upon contact with hot water
and/or steam; and molding the laminated sheet into a
container in such manner that the non-foam film is
positioned inside the container whereby preventing hot
water and/or steam produced by'heating foodstuffs contained
within said container from penetrating into the cells of
said foam.

38. A food container as in claim 37, wherein.the density of the
foam 1is brought to not higher than 0.7 g/cm® by
thermoforming the laminated .sheet.

39. A food container as claimed in <claim 38, wherein the
' thickness of said laminated sheet is 0.5 to 5 mm.

——
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o SHE T
which had a t h{ckpagg:eti8. BEthm a density of 0.13 g/cnf © Rtp T SHEET

crystallinity of %»-*"T’rré’rat} V[err]/V[err] -was 2.00.

was finely, unilf %Sﬁga@égd' ‘had a | ow density and was found to be a
good foam - EXAMPLE 24 The sane

pre- expanded fo sheet_as—that” jobt ai ned b@ Exanpl e
expansi on was arrl ed out by brinhging the’Sheet int
as shown in Fig! : Y, post expgn®aeT Was cafried | ng
the sheet into contact with steamat 62C for.5 |

was obt ai ned a post-expaggngggapoihgﬁtoDM ﬁ&%ﬁ%ﬁim of 2.51 mm

and a density of 0.16 FOAM AND POLYESTER RESIN FOAM SHEET

was used and post

A process for producing a thermcplastic
polyestler resin foam comprising melting a thermoplastic
polyester resin, mixing the molten resin with a blowing
agent and extruding the mixture into a low-prassute zcne
to carry out expansion molding, charac‘;erizeé in that a
compound having two or more acid anhydride groups per
molecule, optionally together with a compound of a meta;!.
cf Group I, II or III elemenﬁs of the Periodic Table ié
added to the thermoplastic polyester resin. There is
also disclosed a process for producing a thermoplasti.c
pol yeéter resin foam comprising coolJ.ng a high—
temperature foam ‘immediately after expans:.on and then
re-heating the foam. ‘ Further, a thermoplastic polyester
resin foam sheet and a food conta’iﬁe_r prepared froi;n the

foam sheet are also disclosed.

Sheet Has Been Replaced
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g/cn{err}. The ratio V[err]/V[err] was 1.63. s EXAMPLE

Fhe procedure of Ex “mumm Hmt ed exceo}ﬂ’“‘i"f‘f’dtﬂat he

terrperature of steam for post ' € There was
obt ai ned a post-expanded foam ;sheet whi cfi had a thicknes of 2.73 nmand a
density of 0.14 g/cnferr]. The ratio %e_rr]/V[err] was 1.86

REPLACEMENT SHEET

polyester resin foam sheet has a crystallinity of about 15%
or above, and said thermoplastic polyester resin foam sheet
has the property of swelling upon contact with hot water
and/or steam; and molding the laminated sheet into a
container in such manner that the non-foam film is
positioned inside the container whereby preventing hot
water and/or steam produced by heating foodstuffs contained
within said container from penetrating into the cells of
said foam. |

38. A food container as in claim 37, wherein the density of the
foam is brought to not higher than 0.7 g/cm’ by
thermoforming the laminated sheet.

39. A food container as claimed in claim 37, wher_ein the
" thickness of said laminated sheet is 0.5 to 5 mm.

KEPLACEMENT SHEEY
22 SEP 1998
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EXAMPLE 26

The procedure of Exanpl e 24 was repeatﬁg hécgph?

-the tenperat -|g %@N?aéﬁ 100[ét‘r] C and the contact tI

in the pos

{

sheet whi ¢hjhad a thlckne§s of 2.78 nm a density of 0.14 g/cnferr]

crystallin
EXAMPLE 27
post expan
steamat 1

:

[err]C for 2 ninutes as shown in Fig. 2.

PROCESS FOR PRODUCING POLYESTER RESIN
FOAM AND POLYESTER RESIN FOAM SHEET

FIELD OF THE INVENTION

This invention relates to a process for produc-

e?‘(z&t'c. bﬂ extrasion : OLSQ cdots
ing a lyaster resin fo and i to a
g a/poly am), Q.

ﬁmeeeés—Ath—gyahnﬁs@{ a polyester resin foagh which

gives fine cells uniformly formed at a high expansion

ty &S INEY 998 ratio V[err]/V[ierr] was 1.86
' The prLcedure of EanpIe 26 was -repeated except
i on  Was out by bring ng the sheet into contact with

t hat
m nut e

There was obtai ned a post-expanded foam

and a

t hat

ratio and does not cause'thé iggg;pe%é%éea of colored

contaminants in the foam even in continuous extru51on
operation. It also relates to a/polyéggér resin foam
sheet excellent in thermoformablllty.

The polyester resin foam of the present
invention issg;gitin rigidity, though the foam has a low
popareat/ density and is lightweight. Further, the foam
is excgllént 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 material
which can be thermoformed into heat-resistant food
containers.

BACKGROUND OF THE INVENTION

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

resistance, chemical resistance and dimensional stabi-



There was ob%a%ned*aégvggfggpgnded foam sheet which had a thickness of
-3.92 nm a] JEHPACEMERT §HER! /cmerr] and a crystallinity of 16% The
ratio V[err]/Merr] was 2.6p - EXAMPLE 28

The proceduf e} ofy Fxayphepe26! was repeated except that post expansion was
carried outib brlnging the, sheet into contact with steamat 100C for' 5
m nut es. Threre—was” obt ai ned a post - expanded foam sheet which had
a thicknessjof 5.63 mMm a den5|ty of 0.0652 g/cnierr] and a-crystallinity
of 26% The'tatio V[err|/V[err], was 3.77.

ore |
lity and eag*be-wzdely 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 bLnuv\s msu\l‘

that £foams can be obtained. Hence, g¥s- is easily
released during -expansiep~moiding—by extrusion and it is
closed

difficult to obtain good foams wherein f1n€/cells are
uniformly £formed. To solve this problem, there was

>

proposed a method wherein diglycidyl esters are
_ - _ o
incorporated in aromatic polyesters in the//extrusion

kxpansieon—melding/ of the aromatic polyesters [see, JP-B-
61-48409 (the term "JP-B" as used herein means an
examined Japénese patent publication)]. In the
/ﬁit:hsion éxganséea—me%ééag{of thermoplastic polygsteré,
there was proposed a method wherein tpoiyfunctional
diglycidyl esters and polyfunctional carboxylic acid
anhydrides are incorporated in thermoplastic polyesters
to  improve the melt viscosity of thém thermoplastic
polyesters [see, JP-A-59-210955 (the term "JP-A" as used
herein means an "unexamined published Japanese patent
application"})].

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

and have had experience in that when the |lextrusion [Foam\

ﬁeldémg—of—me&é&ng—ma%e*éa&e/comprising a thermoplastic




- 49- . EXAMPLE 29 The procedure of Exanple
26 was repe P‘Em’“ BHEET post expansion was carried out by bringing the
sheet into don mlat 100[err]C for 7 mnutes. There
was obt ai ned} & post@ggp%gg floam sheet which had a thicknes: of 5.96 mm
and a density

efkr]. The ratio V[err]/V[err], was 4.00.
EXAMPLE 30 _ Post_e

n ion was carried out in the sane
-3 -

polyesterg}a admixture with dlglyczdyl ester compounds
ls/contznuousiy eeaéueee&—for—yeur—heafs the resulting
foam becomes brown. - The present inventors have
continued to .make the study and found tha:t when
pyromellitic g%?xhydride is mixed with a thermoplastic
polyester without uszng any dlglycldyl ester compound,

and burned ~

the resultzng foam is not colored(even when e*g;nséea

MS.@-\

ne%ﬁﬁ#g is contznuously conducted over a long period of
time. ' - ' |
The present inventors have lfurther continued
making the study and found that when compounds having
two or more acid anhydride groups per molecule such as
pyroméllitic dianhydride and compounds of Group I, II or
III metals of the Periodic Table are added to
thermoplastic polyéster ‘resins, the viscoelasticity of
the molten matefials is improved and at the same time,
there can 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 thermoforméd into

heat-resistant food contalners which can be used in

dual ovenolrle oq7hcaJ:;~
mtcrewavejpkeae. However, the method disclosed therein

has disadvantages in that since not only the melt

viscosity is low when a polycarbonate is merely mixed,



manner as in Exanple 29 by bringing the sheet into contact wth steam at
100[err] C for Z_mnui-es—exeept—f hat post expansion was carried out by

pl aci ng a pre} eRFAAGEMENT GHEEDF{ 200 m x 280 mMmin an al um num nol d of 210
mm x  -290 mm X B Thef e was obt ai ned a post-expanded foam sheet

whi ch had a thi Of mfn and a density of 0.078 d/cnferr]. The
YRR S e

ratio Vierr]/ V| The shegetgqQbtained was a flat foam sheet.

EXAMPLE 31 The-same--prg- expanded foam sheet as that obtained in
Exanpl e 22 wa$ used and post expansion was carried out by blow ng
pressuri zed steamas—strowm~TTFi g. 3. Nanely, post expansion was carried

by bringing put carbon dioxide liberated Ffrom the polycarbonate is

used as a blowing agent, e«panszon ratio is low, heat
be temave

resistance is poor and the:a:t,@&ea-can not egdght W
Jpare hands when fme—articles—aref used Ae—containerg for

heating or cooking foods in microwave ovens. )

The present inventors have found/polyester resin
foam 