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terephthalic acid or an ester forming derivative thereof with 1,4-butanediol and having a quantity of heat of
crystallization satisfying the following formula (1);
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wherein Hc is an absolute value of a quantity of heat of crystallization (J/g) on temperature fall as measured
by differential thermal analysis wherein the resin melted at 240°C is cooled at a rate of 500 * C/min and
rapidly cooling the molding to form a sheet having a low crystallinity.
The copolyester used in the method of the present invention comprises 70 to 99 molar % of structural
§0 units composed of an ester unit comprising a terephthaloyl group end an oxyalkylene group.
Starting compounds necessary for forming the copolyester used in the method of the present invention
will now be described in due order. At the outset, a starting compound necessary for forming a
terephthaloyl group is terephthalic acid or an ester forming derivative thereof, and examples thereof include
at least one member selected from among diatkyl esters and diacyl derivatives. Among them, terephthalic
56 acid and its dialkyl esters are preferred, and dimethyl terephthalate is particularly preferred. The oxyal-
kylene group for forming a polybutylene terephthalate unit of the copolyester constituting the present
invention is introduced through the use of 1,4-butanediol as a monomer material.
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reactions. It is possible to prepare a product having a higher degree of polymerization by the solid phase
polymetization wherein the resultant resin is heat-freated under-a reduced pressure or in the presence of an
. inert gas.
&J A sheet which is lowly crystalline, transparent and nonoriented can be formed by dryung the copolyester

40 resin prepared by the above-described process, extruding the dried resin into a sheet by means of an
extruder provided with a T-die and bringing the sheet into contact with a casting drum (chill roli) for rapid
cooling.

Some description will now be made on a preferred thickness of the sheet. When the thickness of the
sheet is too large, only the surface becomes transparent when the sheet is cooled rapidly and the inside of

45 the sheet is gradually cooled to bring about whitening. Further, when such a sheet is thermoformed, the
thermoformability is remarkably spoiled due to poor shapeability. When the thickness of the sheet is
excessively small, the mechanical strength of the sheet per se cannot be exhibited, so that the excellent
practical effect is reduced. Therefore, the thickness of the sheet is preferably 0.05 to 2.00 mm, sfill
preferably 0.10 to 1.00 mm.

50 Then, the sheet is subjected to thermoforming to give a container having a desired shape. The term
“"thermoforming" used in the present invention is a general term for the conventional forming methods such
as vacuum forming and pressure forming. Examples of tie forming machine used include a vacuum forming
machine, a pressure forming machine and a universal forming machine wherein use is made of both of
vacuum and pressure. In the thermoforming, the sheet is heated for softening and then rapidly brought into

55 close contact with a mold in a2 vacuum or under elevated pressure for shaping.

The above-described thermoforming promotes the crystaliization of the resin and causes the resin to
have a relative crystallinity of 50% or more. It is surprising that in the case of the resin sheet of the present
invention, the sheet does not become opaque even after crystallization and can stably maintain a light
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The present invention will now be described in more detail by way of the followmg Examples, though it
is not limited to these Examples only.
Measurement conditions for main characteristic values are as follows.
45
(1) Melting point:

it is measured at a temperature rise rate of 10°*C/min by differential thermal analysis (DSG) according
to JIS K 7121.
50 .
(2) Heat of crystallization during rapid cooling:

A quantity of heat of crystallization [AHc (J/g)] on temperature fall is measured in a helium atmosphere
by differential thermal analysis wherein the resin melted at 240+ C is cooled at a rate of 500 * C/min.
55
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p&dVI de )Heat shrinkage: ’ :

The filling shrinkage (Xs) is calculated through the use of the following equation:
Xa = [(V; - Vu)/VC) x 100 (%)

45 . wherein V, is the internal volume of a formed article in a cup form, and
Vy is the internal volume of a formed article in a cup form after the cup is placed in a blast drier at
" 120 C for 10 min.

(7) Light transmittance and relative crystallinity after heating container:
50
A formed article in a cup form is placed in a blast drier at 120°*C for 10 min, part of the cup is cut, and
the light transmittance and the relative crystallinity are determined according to JIS K 7105 and under the
same condition as that described in the above item (3), respectively. The transparency was expressed
according to the same criterion as that described in the above item (4).
55
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excel | ent l I§est a@é(/aludtédtdrl%e@i:odefdﬁscm@m'dbeﬁésy $herbdultNérb iven in Fable B
crystal |n|ty of as high as 50% or nore, the container has a high heat
resi st ancgrodictioh Exaki@és PtolaqPdiyesters Bag ) on resi stance and can naintain a light
transmttance of 75% or nore even in a heating atnosphere at about 120 C
whi ch r endenaridub oppiysitas rae pagarechin Apesams Imani®h as thatuef iviductian; Examplerts excers thabf
f aggs Bor p-eyiaérerygychinetaylaws oxida@ ) adauat ¢f @2ehiriiiydrorycygialipxylipropasa god eygiphexangt
cup, et c. dimptaariol warb asedyn amounts speokiedin Teli 1 insteed: of tiecathylene pride @ Mol arduct ¢ 36~ be
observed fihysimxyreehterlane. Then, thesesultant pojepfer rPeits: 1pEq subipctpdsto folidpiase polymsrization in
cont ai ner thajsamh masner| 3 Bt ¢fRipductiop Expmpieed. #1d ke RSMEHPT aF P Polesig adips grere
materi al oyelvaed Theresdse@vat ndabe Yh t enperature, and 2) since the
transpé?enlx has be n,i ar eg VYI%#‘I? Et detrinment to the nechani cal
properti e§° '?aff’@"°4'ff° "°t'°(5' "h (Poly % used as a protective container
wherein the ¢ nten ) t her r ’ he
pn hgs fhe ZQE% %&¢ doh §he tl?eurs%éj‘?naﬁ&? aSQfat of
present i ngﬁg xampL r& E“ |t|9p5151£ﬁa§ka%b diol¥d \WiYier oxidB 2 mol)
- follow_ng, thhl ne vﬁarm ie és”épké%ﬁi:d D TAOE B Bty TRdpBring GMdopolyester,
Measur e”eQ dtﬁé’ﬂr&b eé'aﬁt PliyetBH rBsirfs WafodvdifdaSTHe Gesil diegiverli® Table . Ol | ows. 45
(1) Melting polnt: I's nmeasured at a tenperature rise rate of [err]/mn
by di ffer eghpadtivé h@HJEBAn BBy 2 (FRlyéskdbE) according to JIS K 7121. 50 (2) Heat
of crystallization during rapid cooling: A quantity of heat of
cryst algsi zatRoRfhefiafidn| wesboadubted by tnekingevsa toli dimethyl| trophthalatecand 1 écbulanedig! estartinen
at nospher enohymedli rhfoe r spadifio | in tTable i lthezaia | pyepiatngvibrivbelyiana taephibalite, refin (RBA)- Jhe

[err] is ecasoitagtholybster wassubjeoted foor 30fid phase polymerization in the same manner as that of Production
Example 1, and the properties of the polyester were evaluated. The results are given in Table 1.

: e 40 Examples 1 to 4 and Comparative Example 1
In order to demonstrate the-difference in the properties of vacuum-formed articles due to the difference
in the staring polyester, polyesters A to E were evaluated under the same T-die sheet forming conditions
and sheet thickness. Specifically, starting polyesters were dried in a blast drier at 80° C for 5 hr and then
45 extruded through a T-die having a width of 800 mm on a water cooling type cooling roll at 25°C. The
resultant shests had a thickness of 0.30 mm. Part of each sheet was cut to determine the light
transmittance. Then vacuum forming was conducted was a vacuum forming machine under conditions of a
plug mold temperature of 80°*C, a cavity mold temperature of 100° C and a forming time of 20 sec to make
cups each having a depth of 456 mm and a diameter of 90 mm. Part of the side of each container was cut to
s0 determine the light transmittance. The evaluation of the formed articles was conducted by the above-
described methods. The results are given in Table 2.

Comparative Example 2

§5 A shest (thickness: 0.3 mm) was formed from polyester F in the same manner as that-of Example 1.
The sheet was in a remarkably whitened state and therefore unsuitable for use as a forming material.



‘55  EP 0 480 043 Bl (3) Relative crystallinity: The sheet is cut to
prepare a sanple for DSC neasurenent, and the neasurenent is conducted

t hrough the use of a DSC appar at Ugp @ﬁ gjtive crystallinity (CR) is

cal cul ated by nmaking use of the 5 fo oW ng equation: -[err] wherein [err]
is the heat of nelting in the neasurenent at a tenperature rise rate of
[err]/ m rexasdfles 5tofgerr] is the heat of transition of the cold '
crystallization peak in the measurenment at a tenperature rise rate of
[err}f mn; eoydssrA b O gerd meltiretded bfo stleqﬁslnahd samatmapner psithetiné Exeppieut. Shemtheat a
t enper at tshests wérb matied infa theemeslaticriovenfat @ariops tembaralvressandttimes fspagifiech i Tabled 48T
honopolky resbsequbhily sbipstecato vapyuimsionhing: Tbe Tewltartoriainassweie ovalvgied. and tHegesws are

t enper at wgiven inoieblp 8i on after the cold crystallization 15 has proceeded.
Therefore the relative crystallinity of the sanple per se is determ ned by
subtracting the absolute value of transition of the cold ¢rystallization

" peak ([err]) fromthe absolute value of the heat of nelting-of the crystal
([err]g (4) Light transmittance: 20 A sheet is cut and the | i ght
transmttance thereof is neasured according to JI'S K 7105. The light
transmttance of the forned article is neasured in the sane manner as that
described in connection with the neasurenment of the light transm ttance of
the shget, except that part of the side of the container is cut. The
transparency was expressed according to the followng criteria: 25 [err]:

very excellent: a light transmttance of 90% or nore [err]: good
a light transmttance of 80%to 90% exclusive A relatively good: a light
~transm ttance of 75% 80% excl usi ve X:.. poor : -a light

trapsmed t ance of less than 75% 30 (5) Forming shrinkage: The forning
shrinkage ([err]) is calculated through the use of the follow ng equation
[err] 35 wherein [err] is the internal volume of a forned article in a cup
form and VMis the internal volunme of a cavity nold.
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20 p-Xxylidene glycol, ethylene oxide (2 nol) adduct of
2, 2- bi s(4- hydroxycycl ohexyl ) propane and cycl ohexane- di met hanol were used
in amounts specified in Table 1 instead of the ethylene oxide (2 nol)
adduct of 2,6- di hydroxynapht hal eB20MREB Blhe resul tant pol ester resins .
were subjected to a solid phase polynerization in the same manner as that
of Production Exanple 1, and the properties of the polyester resins were
eval uated. The results—arq—girven bieT1i—35Copargtivie Production
Exarpt.e 1 (Pol yest ef ELI Pl yperigati gn &ng sollid phase| poljyneri zation were
condtitted in the sanegmhniles| as | hat; of; Rro‘duq,t,_; op| Bxappl ¢ 1, except that
the amgunts of addif|i®g|of| 1 4-bu1°#1madpbl ahd letjhyl ene| oxide (2 nol) 30
adduct of 2, 6-di hydnoxympaght hal epejweyejvgried as specjfied in Table 1,

i

t her eby preparing aj« er,jand fhe¢ gdropértf es or}thel polyester resins
were eval uated. The gré‘!gi.\*en i.h TaBl ¢ A “Conppfaty ve Production,
Exanmpl e 2 (Pol yest ef Loy S 81 &|iBn |VA®¢SnduBt éd by neking use

of di nt#t hyl terephtt
specified in Table %
(PBT). The resultant
pol ynmerization in th
properties of the pql
1. 40 ™Exanples 1 t(

] 1, ¢- Butfanedijol iln 'st%rti ng npnonmer rati os
FpTEPITT U TPty butyrefetETEpht hal ate resin
pr aps {subj ectied tlonjar$ol i Hephpse :
annel oasgk gateloft F t4 ohzExpnpl e 1, and the
per ej eJyal pated. TH ultp arp given in Table
bapat-atli oger—t 0 denonstrate

o =
e
=]
D D

"the difference in th i egl ofl vecyunr &orfrededirti tles| due to the
difference in the st vesl &1, o el waskeris- Aol @ E \MarE eval uat ed under
the sanme T-die sheet cdRi™|i®p®|and™sHeel thickfess. Specifically,
st &Lt i g pol yesters ied ih g blagt drigr htilerg] fbr 5 hr and then
45 extruded through 1avL g |a- qlth of 180p_im oh a hater cooling
type cooling roll at O'Fhe'; %sul [ ant, ﬁeetg Eélq)a f;}'ui ckness of 0.30
mm Part of each she t {r)once§eNrin ~t He I ght {eangm ttance. Then
vacuum form ng was (¢ diwas|a jvatudm ff or i nj rachine pinder conditions
of a p#ug nold tempgratyre[ of [EfT][, gavfty |nofd|temperajure of [err] and
a formng tine of 2Q seqd t kel cyps| eqch havinﬁ-al depth ¢f 45 mm and a
di aneter of 90 mm HRart {of|the sidg of dachZtagntfpi ner cut to 50
determine the light |tragsm tfancé¢. {The dval gat|idh of thé& forned articles
“was conducted by thd abqvel desclti ded| mdt hprds.] gh&ireslildis|are given in
Tabl e 2. Conparativd Exdnpl e|2 5 | 21 B|shkgt |(Bhigkness 9.3 nm) was
formed from polyestgr Flin|the shid Tngﬁ'rer as tBptelof PEanple 1. The sheet
was in a remarkably |whitlene@]|st 81 & lagf B|h&F & or 8| F)sili {dbl ¢ for use as a
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"Ekarrpl‘es 5to 8 Polyesters Ato D were nel't-nol ded into sheets in the sane
manner as that of Exanple 1. Then, the sheets were matured in a
thernostatic oven at various tenperatures and tines specified in Table 3
and 5 subsequently subjected to vRPRAMIMIRBING. The resultant containers
were evaluated, and the results are given in Table 3. 10 15 20 25 30 35 40
45 50 55 8 EP O 480 043 Bl >1 20 EP 0 480 043 B1 10 15 25 30 35 55 10
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1. A method of producing a transparent polyester container by thermoforming an unstreiched copolyester
sheet of low crystallinity, characterised in that said sheet is produced by melt-molding a copolyester
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1. A method of producing a transparent polyester container by thermoforming an unstretched copolyester
sheet of low crystallinity, characterised in that said sheet is produced by melt-molding a copolyester
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Pat ent anspruche 25 1. Verfahren zur Herstellung eines transparenten

Pol yest er behal t ni sses durch Warnverfornmen el ner pj ' ' I en

unger eckten Copol yesterfolie, dagpro'c @ gqnzel cmmnuﬁmllﬂﬂﬂemnh i e durch
Schnel zgi essen (nelt moul di ng)ei fes pol yest er harzes, ‘dad 76 bfs_92 Ml . %
si ch w eder hol ende Einheiten eines Terephthal saureesters oder ei nes

1, 4- But andigain@sigHsii§ 76 163o Snoib Y000 repBaiing Griits Ui o056t repkithalis beid bri b abtCinivgr me
di e £ ol gendgrividve ufeRddn @it 1 1-betadediof and3Kavitly aSquaktin of KEaYYF cristaliization edtisfiiog dher
abagkyte Vﬁm&mﬂﬁ@nhﬁuﬁialIlsationsmarne (J/g) bei Tenperaturabnahne ist,
der”mt Differenzthernoanal yse bestinmm wrd, wobei das Harz bei 240 - C
geschrol zemcwizsd (upd )t einer 35  Rate von 500 * C/ m n abgekUhlt wird,
und das Fornteil rasch abgekUnhlt- wird, umeine niedrigkristalline Folie zu
bi | den. 2. wyersif dierie an gesefutosvalus ob p stntity, of daatdf Srysiglisetian(¥/e) emiseperatyg dall 25 o
Copol yest emfeatured bycditforratial \faprma) @palysis ool thEé‘?f‘&rT d g 949°C is cooled at a ratg,pf 3
}j/er f a?ﬂr en §eOGaa and rapidly ensling Ahpspeiding e f°l"‘gd‘ got Baving 2 JoW ORI e nnzel chnet |

ass e intrinsische Viskositfit des. Copo t erhar 7.0
betragt.z4ﬁ‘W@W?hﬁ§§ﬁ% éﬂﬁ%?“é{ﬁ%ﬂ?ﬁ%?ggﬁ%B%fgﬁe&?a%%§§§&mh§dﬁ?@ﬁggg%m

gekennzel cipgapetorgy e Copol yesterfolie 45 nach dem T- DUsenver f ahr en

(T-die pgoae,ﬁiﬂod Jﬁ@é‘?%’h‘ﬁ‘ 1V\4rrzsichaéctgl}ésa fncfidt 818 iARER SiScoSiy bR e A6orybsstRssc he 1

bi s 4, dadyl et, dass e Dicke der Copolyesterfolie 0,05 bis

2 mm betragt‘? B0 Revendl catlons 1. Un procede de production d un recipient
en pol yegt e mbthRANSRAGIRNS aRAd chifif o5 Thsraaaiset i mat he uipbiyate sheeippbdesd i non
etiree a bagSedi6plosdsdtl | inite, caracterise en ce que ladite feui Ile est
produite par moulage a |'etat fondu d' une resine copol yester conprenant 70
a'\99 @pl 5.9 aethaat dcéddinghis Wiy @etes claimsin @4t characieris&bin that the thicknves efairecqobalvesteue,
ou d' un db6rshasbisfoms mez.@mm.d' ester de celui-ci, avec |le 1, 4-butanediol et
ayant une quantite de chaleur de cristallisation satisfaisant Ala formle
(1) sui vBatestandgdicherr] 35,0 (J/g) (1) 12 EP O 480 043 B1 * C L M

S * dans laquelle Hc est une val eur absol ue d' une quantjt6 .de chal
cri st a¥ | its Merfddyen Wd‘)e"ﬁﬁﬂ'lﬂ‘“g eines transparenten Polyesterbehdltnisses durcl armvécriform%n aeineell'J r de

niedrigkristallinen ungereckten Copolyesterfolie, dadurch gekennzeichnet, dass die Folie durch
Schmelzgiessen (melt moulding)eines Copolyesterharzes, das 70 bis 99 Mol.% sich wiederholende
Einheiten eines Terephthals3ureesters oder eines 1,4-Butandiolesterderivats davon umfasst und dessen
Kristallisationswérme die folgende Gleichung (1) erflillt:

30
Hc 3500/ (1)

wobei Hc der absolute Wert der Kristallisationswirme (J/g) bei Temperaturabnahme ist, der mit
Differenzthermoanalyse bestimmt wird, wobei das Harz bei 240*C geschmoizen wird und mit siner

35 Rate von 500 ° C/min abgeklihlt wird, und das Formteil rasch abgekUhit wird, um eine niedrigkristalline
Folie zu bilden. '

- 2. Verfahren gemiss Anspruch 1, dadurch gekennzeichnet, dass die Copolyesterfolie vor der Warmver-
% formung gehirtet wird. .

3. Verfahren gemiss einem der Anspriiche 1 oder 2, dadurch gekennzeichnet, dass die intrinsische
Viskositéit des Copolyesterharzes 0,7 oder mehr betrégt.

4. Verfahren gemiss einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass die Copolyesterfolie
45 nach dem T-Diisenverfahren (T-die process) hergestelit wird.

5. Verféhren gemiss einem der Anspriiche 1 bis 4, dadurch gekennzelichnet, dass die Dicke der
Copolyesterfolie 0,05 bis 2 mm betragt.

so Revendications
1. Un procédé de production d'un récipient en polyester transparent par thermoformage d'une feuille de
copolyester non étirée & basse cristallinité, caractérisé en ce que ladite feuille est produite par moulage
3 I'état fondu d'une résine copolyester comprenant 70 & 99 mol % de motifs récurrents d'un ester de
§5 I'acide téréphtalique, ou d'un dérivé formateur d'ester de celui-ci, avec le 1.4-butanediol et ayant une
quantité de chaleur de cristallisation satisfaisant & la formule (1) suivante :

Hc<350Wg) (1)
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-abai ssenment de tenperature tolile que nesuree par une—anal-yse_t_he_mique ,

differentielle oOla resine fondue A 240 C est refroidie une vitesse de
500 C/min, et refroidissenment rapi %g de | uille. SJJ‘ u tllﬂﬁmﬂ Il'
former une feuille ayant une basse™Cr &Déﬂ?%ﬁlﬂ

revendi cation 1, caracterise en ce que la feuille de polyester éstivielilie

avant son therm)formage 0 3. Un procede selon |la revendication 1 ou 2,

car Act eri SW @nsCRqitid Hclest | 6 ORlslir?atisBild s GushtiCdd Bhdiedd 1dB CorSRRRNE il 'pa St
e. 0,7 ou pl ybaissémeritide REniBRAlR BR) QU rhesliBE pstlimb GRURES! thofkigue RGBS Bt 'Iaollaﬁnel a

3 XCar act er i sexdéna a0 gt est! rafrdidial b | une vitksdad Japs Cain, @stefrplﬂieauiehteraﬂad dé & feuille.

t echni qse de moaléé pdur ermerane ﬁunllel@arﬁundmsqercasmnmé sel on | 'une quel conque des

revendi cations 1 a 4, caracterise on ce quo |'paissour de la feuille de

copol yest e? élstprc@édéose(bﬁ lgregondiCation!, cr@ctétsé B0ceBie ADiels dpolyBstdrst vieillie avant son
thermoformage.

10 3. Un procédé selon la revendlcatlon 1 ou 2, caractérisé en ce que la viscosité intrinséque de la résine
copolyester est de 0,7 ou plus.

4. Un procédé selon l'une quelconque des revendications 1 2 3, caractérisé en ce que la feuille de
polyester ost produite par la technique de la filiére en T.
15
6. Un procédé selon I'une quelconque des revendications 1 & 4, caractérisé en ce que I'épaisseur de la
feuille de copolyester est de 0,05 4 2,00 mm.
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