| MEJHOD FOR MOLDI NG SATURATED CRYSTALLI NE POLYESTERS AND MOLDI NG EQUI PVENT
THEREFER 5 This invention relates to a nethod for nol ding saturated
crysyalllne pol yesters and nore particularly to the nethod for nolding
saturated crystalline polyesters, by which | ded articles such as

contai ners or the |ike excellent in 10 transparency, heat resistance and
forrstability can be obtained fromsaturated crystalline polyester resins,
and nol di ng apparatus used therefor. 15 Her et of ore, gl ass has been
wi dely used as a material for form ng containers for seasonings, -oils,

j ui ces, carbonated drinks, beer, Japanese sake, cosnetics, detergents,

etc. Usually, however, because of relatiyvel roductlon costs of gl ass
contai ners, enpty cW&PHeF@Ra‘F@@I%eSAé'P@A\F}éEogﬁg DI NE RQLEEEEERRt ed for

re- use. Furthernnre glass ¢ a t hat because they
are heavy, costs of transport P@géZNgagQéﬂﬁmagﬂﬁﬁ%gﬁgéﬁereto, they are
easy to break and difficult to handle. In order to solve such drawbacks

associated with glass 25 contai ners, various plastic containers have
recently cofe to 2

Tﬁis inventién relates to a method for molding safurated
crystalline polyesters and more particularly to the method
for molding satufated crystalline poiyesters, by which molded

. articles sﬁch as containers or the like excellent in
10 transparency, heat resistance and.form sfability can be
obtained from saturated crystalline_polyester resins, and

~

molding apparatus used therefor.

15 Heretofore, glass has been ‘widely used as a material.for
forming containers for seasonings, oils, juices, carbonated
drinks, beer, Japanese sake, cosmetics, detergent§, ete.
Usually, however, because of relativel& high'prdduction costs
of glass containers, empty containers after use ére recovered

20 and circulated for re-use. Furthermore, glass containers had
such drawbacks that because théy are heavy, costs of
transport increase and, in addition thereto, they are easy to
break and difficult to handle.

In order.to solve such drawbacks-asso¢iated'with glass

25 containers, various plastic containers have recently come to
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be useéd rapidly in substitution for glass containers. Various plastics are
used as“materials for plastic containers according to the kind of the

contents to be contained and to the purpose for which the contents are-

used. O such 5 pltastics materials, saturated.crystalline polyester resins
such as pol yet hyl ene terephthal ate and the [ike are excellent in nechanical
strehgth, heat resistance, transparency and gas barrier properties, and are
used as materials for containers for juices, cooling beverages, carbonated

drinks, seasoni ggSysdd rASLHVIGH SubSLHBLi&S f%'}dg§.955|é&§ta1an:st he plastic
contai ners used for such purposes as nentioned above, bl ow nolded .

containers for partess phastitg beecnagesasnthteaibosated pdstdis azpataeqers ed
to be subjected to sterilizing and high-tenperature filling. On that
account, the bl aecesding|tedhsoikiadnef stheistonsents| tedes rerntisdmedr anfistant
resins capabl e of wi t hstandi ng the_ high-tenperature fillin operatlon and
such bl ow nol de8PEoRFERPPRE L% Which Fgﬁ RAYFIESs 3ZreUF Ui ¥ UG hhe

space. 20 5 PLABCLEL A et irar e AT R B e oo alp g
are pl aSt i cs exggbhept hoipbh1ERe QEQQfﬂ‘Eﬁﬁ:&teb‘dhanhéaiﬂ{@ta‘:t@ ehkeiabhi ne
pol yester resins simltan€ously having the above-nentioned transparency,
heat resi st anceiﬁamabhaméaw&ﬂm@ndl, NRedterdyightaheapet pdngmaddnlcyl Bgd gas
operation and form25 stability have been known heretofore. '
barrier properties, and are used as materials for containers
for juices, cooling beverages, carbonated drinks, seasonings,

10 detergents, cosmetics and the like: Of the plastic
.containers used for such'pur§oses as mentioned above, blow
molded containers for Jjuices, cooling_beverages and
éarbonated drinks are required to be subjected to steriiizing
and high-temperature filling. On that account, the blow

15 | molded cdntainers must be molded from heat resistant resins
capable of withstanding the high—temﬁerature filling
operation, and such blow molded containers for filling
éurposes are required to be excellent in transparency and
form stability such as uniformity in internal space.

20 ' As stated above, saturated crystalline polyester resins
are'plastics excellent in physical properties, but no
saturated crystalline polyester resins simultaneously having
the above-mentioned transparency, heat resistance capable of

withstanding the high-temperature filling operation and form

- 25 stability have been known heretofore.



3 Espécially, therée was such a serious problemthat when a saturated
criystald i ne polyester resin such as pol yethylene terephthalate is fed to a
nolrding machi ne such as an injection nmolding machine to prepare a preform
for Blow 5 nolded article, and this preformis then blow nolded into a bl ow
nmol ded container, the resulting bl ow nol d&d container will chal ks and
deteriorates in transparency. On that account, the bl ow nol ded containers
deteriorated in transparency were unavoi dabl e discarded, resulting in a

sharp 10 decrease Of the.yiel f the products. There have n.pt sed
vari ous processes fﬁgs er?&la&?ng gg?’ﬁ?a kS scurcystaaﬁfafﬁ(ég%)cﬁﬁ/o?é eé“?%?'ggi F\'gggu%h

as pol yet hyl engad eF A0 RalAka110he p$%ier§:d%@sqan&aweé§ piiyeRnghenbeat

resistant, for exanple, a’process in heat resistant 15" reSins such
as pol yal | yl at eepéphtiialiatat dd dedt b6 PpahyRHirey makhinevsuead axonai ner s
(Plastics, Vol. 1, 36 (No. 9), 121 (1985), a process in which the polyester
bl ow nol ded cohritekien awldiingemaghine by autengreoahpaefamm tfary blPapanese
Pat ent Publn. No. 3301/1984, Japanese Patent L-O P Publns. 20 Nos.

12031/ 19802 7588%dedartirder3 2Rd tha3)PIRiPER drokher Plowdifed dnto a

containers as ppldeg iy IMQYEd, | N RLYSLALILA K1DY SUPAESIIAGLED o
sol vent treatnent. eS€e processes as cCited above are a I ntended to
?”part heat regisi a1k and deteriorates in transparency. On that
account, the blow molded containers deteriorated in
transparency were qnavoidable discarded, resulting in a sharp
10 decrease of the yield of the products.
| There have been proposed various processes for molding
satufated crystalline édlyester resins such as polyethylene
terephthalate into blow molded containers which are heat
resistant, for example, ahprocess in which heat resistant
15 - resins such as pélyallylate are laminated on the polyester
blow molded containers (Plastics, Vol. 1, 36 (No. 9), 121
(1985), a process in which the polyester blow molded
containers as molded are subjected to heat setting (Japanese
Patent Publn. No. 3301/1984, Japanese Patenf L-0-P Publns.
20 .Nés. 12031/1980., 75833/1981 and 13142/1981) and a process in
which the containers as molded are improved in crystallinity
by subjecting them to golveﬁt treatment. These processes as
cited above are ali intended to impart heat resisﬁance to
saturated crystalline polyester resins suéh as polyeéhylene

25 terephthalate which are inherently insufficient in heat



saturdted crystalline polyester resins such as pol yethyl ene 25

t er-ephithal ate which are inherently insufficient i.n heat 4 resistance by
nmeans;of nol ding nmeans or treatnment after nolding. In all the blow nolded
contal ners obtained by everyone of the above-cited processes, however,
their transparency and formstability are fot sufficiently 5 satisfactory,
and kence the advent of bl ow nol ded containers consisting essentially of
saturated crystalline polyester resins and having excel |l ent transparency
and formstability has been earnestly desired. Wth the view of obtaining

bl ow nol ded conisaish@heelBy RELSS |SNind1A1hEaNERRSE LXK RAUmbAEMBEADI ity
from saturated pol yester resins, the presént inventors prosecuted extensive

resear ches. AsmdlhEngesullh, al heyhd @i moddet hadntdienersaobradhyd bhyw nol ded
contai ners consisting of. saturated crystalline polyester resins chal k and

decrease in 1®venyenepafchhy abeve-aitiedr pdecesses howeyen stheirity is that
I.n a process .of preparing a preformfor bl ow nolded arti,cle from saturated

crystal |ine pdtiAESParepgk| AR piR T SelidAt hof BF RPtorSHife CPREY sai d
P BT T LT e e K S N T T .
consisting essentially of saturated crystalline polyester
résins and having excellent transparency and form stability
has been earnestly desired.
With the view of obtaining blow molded.qontainers

10 excellent in tr#nsparency_and form stability from saturated
polyester resins, the present inventors prosecuted extensive
researches. As the result, they have found that the reason
why blow molded containers consisting of saturated
crystalline polyester resins chalk and decrease in

15 ﬁransparency and further decrease in form stability is that
in a process of preparing a preform-for'blow molded article
from saturated crystalline polyester resins by injection
molding or the like, said saturated crystalline polyester
resiné are heated, fused and sheared, whereby the

20 crystallizing temperatufe.(Tc) of the saturated crystalline
polyester reéins decreases, and that blow molded articles

- obtained from the preform consisting of saturated crystall%pe

polyester resins having a decreased crystal;izing temperéture
(Tc) will come to chalk. On.the basis of the technical

25. information obtained above, the present inventors continued a



polye§ier resins decreases, and that bl ow nol ded articles obtained fromthe
pref orm consi sting of saturated crystalline polyester resins having a
decreased crystallizing tenperature (Tc) will come to chalk. On the basis
of the technical 25 infornation obtained above, the present inventors
continued a further investigation and haye eventual |y acconplished the
present invention based on their finding that if saturated crystalline

pol yester resins are nolded into nolded articles using a nolding machi ne
under specific conditions, the 5 crystallizing tenperature of said
unsaturated crystalline polyester resins will not decrease, whereby the

mol ded arti cl ebuxtidtexi dayestsight den Hrgvhayededeatvakl e accanpliishad the be

excellent in transparency and formstability. 10 The present invention:has
been acconpl i HERFGH Iﬁndﬁ't“téf’“sﬁ%ﬁe‘?:|9’bl}ﬁ‘§t’~5n€é§dh%g n'is‘?ﬂq dife§28BBIEednder

whi ch conventi gnal rticles formed fro tura d cr line
pol yester re5|?1’:s‘v5tfaglp nSc qugﬁ e%nreosnl]nesctargf m?;u%e??a‘i nverL‘lL egn ﬁiai)
provi de proce%@ﬁ.qf%r mldqhagmsem@tmeq xa&eLkwecmlm%%r £gsins, by

whi ch nol ded articles such as bl ow nol ded contal ners excel
si mul t aneodsl yeiystdAnsiage gejpapst a8 B5isabidl bhyat@ratas @&tyaltaediné n
anot her aspect, a further object of the invention is
polyester resins will_ndt decrease, whereby the molded
articles obtained, such as blow molded articles, are found to

be excellent in transparency and form stability.

10
The present invention has been accomplished in light. of
such circumstances as mentioned above under which
conventional blow molded articles formed from saturated
crystalline polyester resins are placed, and an object of the
15 invention is to provide processes for molding saturated
crystalline polyester resins, by which molded articles such
as blow molded containers excellent simultaneously in
transparency and form stability can be obtained.
In another aspect, a further object of the invention is
20 to provide molding equipments for unsaturated crystalline
- polyester resins, by which molded articles such.as blow
molded coﬁtainers-excellent simultaneously in transparency
and form stability can be obtained from said unsaturated

crystalline polyester resins.

25



»

20 to provide nolding equi pnents for unsaturated crystalline polyester
resins, by which nolded articles such as bl ow nol ded contai ners excel | ent

si mil aneously in transparency and.formstability can be obtained from said
unsat urated crystalline polyester resins. 25 6 The first process of the
present invention for nolding a saturated crystalllne pol yester resin into
a desired formby feeding said resin.to a n6|d|ng machi ne having a screw
and 5 equi pped with a feed section, a conpression section and a netering
section is characterized by heating said polyester resin in the nolding
machine to a tenperature above the nelting point thereof so that the heated
resin in a substantially nolten state reaches the conpression section, 10
wherein a crystallizing tenperature Tc2 of the resulting nolded article and

a crystallizing tenpgéafirsr Krocdkst B8 Si& #zle'&-nia&%éﬁ@{’o&r%&t #ohuBRg a
pol yester resin satisfy a relationship of [err] Tc2 [err] Tci The

second processsatutlted eyt all iner poDY€ster aekin dAatdr at des ireds tfalrini bg
pol yester resin into a desired formby feeding said resin to a nol ding
machi ne, char aéeedingdsdid eegimgosai topdinemashineshaving 2 tsanser andr e
above the ~
5 equipped with a feed section, a compression section and a
metering section is characterized by heating said polyester
resin in the molding machine to a temperature above the
melting point thereof so that the heated resin in a
substantially molten state reaches the compression section,
10 wherein a crystéllizing temperature Tc2 of the resulting
molded article and a crystallizing temperature Tcl of the
starting saturated crystalline polyester resin satisfy a
relationship of Tcl - 20 S Tc2 < Tel.
The second process of the invention for molding a
15 saturated crystalliﬁe polyester resin into a desired form by
- -feeding said resin to a molding machine, characterized by
heating‘said polyester re#in to a témpérature above the
melting point and feeding the heated polyéstgr resin in a
substantially molten state to the molding machine, wherein a
20 crystallizing temperature Tc2 of the resulting molded értiéle
and a crystallizing temperature Tcl of the starting saturated
polyester resin satisfy a relationship of Tcl - 20 S Tc2 S
Tel.

The molding equipment for molding a satﬁrated

25 crystalline polyester of the present invention which



mel ting point and feeding the heated polyester resin in a substantially
nmolten State to the nolding machine, wherein a 20 crystallizing
tenpexature Tc2 of the resulting nolded article and a crystallizing
tenperature Tcl of the starting saturated polyester resin satisfy a
relationship of Tcl - 20 [err] Tc2 [err] 7Tcl. The nol di ng equi prent for
nmol dfng a saturated 25 crystalline polyester of the present invention
whi ch 7 conprises a main body of nolding machine for nolding a starting
nol ten saturated cr stalline,gongztgé r%%Ln into a desired.f.ormand a
starting resin ¢ &S Poff37Br g BPER Y 1 9F 1OL818%i A main
body is charactgr] | Sj [ : er gt j d
Starting resi n Toet RoieaseRoea St AT R bt kS

tenperat ure belgug i3 WIrd 8edPai StaitEiPesin Eued OfeSWn @Bl Geeditsd NY
-the dried starting resin by 10 further heating the same, and a

quantitative fedte ssiritdmd aesdoattdi satd welip bedygi by ¢Herdareedzstabyi ng
resin to the main body of nolding machine. The saturated crystalline
pol yester nel deePmRXitIngG obt ai ned by the present invention are excel |l ent
'n a drying hopper for permitting said starting resin feed
section to dry said starting resin by heating to a
températu;e below the melting point thereof,
a fusion section for fusing the dried starting resin by
10 further heating the same, and
a quantitative feed section for quantitatively feeding
the fused starting resin to the main body of molding machine.
‘The saturated crystalline polyester molded articles
‘obtained by the present ihvention are excellent in
15 transparency and dimensional stability, frée from chalking

and variation in internal volume, and also excellent in heat

resistance.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figs. 1-3 are each a sectional view of the molding
equipment for saturated crystalline bolyester of the present
invéntioﬁ. .
A ... Main ﬁody of molding machine
B ... Starting resin feed section -

25 8 ... Drying hopper



15 transparency and dinensional stability, free from chal king and
variation in internal volune, and also excellent in heat resistance. BRIEF -
DESCRE:PTI ON OF THE DRAW NGS 20 Figs. 1-3 are each a sectional view
of the nol di ng equi pnment for saturated crystall.ine polyester of the present
invention. A ... Min body of nolding machige B.... Starting resin feed
sectfon 25 . 8 ... Drying hopper 9 Fusi on section 10 ..
Quantitative feed section DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5
Hereinafter, the process for nolding saturated crystalline polyester resins
of the present invention is illustrated. The saturated crystalline

pol yesters used i.n t Be- pr Bas#oN $¢6hiPBN as the starting resins are

pol yesters which are 10 for qﬁ%ron1d'h r oxy .conpound units and
di carboxylic acid UEPtSf'Té&gg% 8F8§y£% %hits are those sel ected
from anong aliphatic glycols such as ethylene glycol, propylene glycol,

1, 4- but anedi ol , neopentyl glycol, hexanethylen glycol, etc., alicyclic
gl ycol s such as cycl ohexan

5 Hereinafter, the process for molding saturated
crysfalline polyester ;esins of the present inventién is
illustrated. |

The saturated crystalline polyesters used in the present
invention as the starting rgsihs are polyesters which are

10 formed from dihydroxy compound ﬁnits and dicarboxylic acid
units.' Tﬁe dihydroxy compound units are those selected from
amoné aliphatic glycols such as ethylene glycol, propylene .
glycol, 1,4-bﬁtanediol, neopentyl glycol, hexamethylene
glycol, etc., alicyclic glycols such as cyclohexane

15 dimethanol, etc., aromatic dihyaroxy compounds such as
bisphenol, etc., or two or more kinds of these compounds, and
the dicarboxylic acid units are those selected from among
aromatic dicarboxylic acids such as terephthalic acid,
isophthalic acid, 2,G—naphthalenedica;boxylic acid, etc.,

20 aliphatic dicarboxylic acids such as oxalic acid, succinic
acid, adipic acid, sebacic acid, undecadicarboxylic acid,
etc., alicyclic dicarboxylic acids such as | ‘
hexahydroterephthalic_acid,'etc;, or two or more kinds of
these compounds. Such polyesters as mentioned above may be

25 modified with small amounts of polyhydroxy compounds and



15 dinmethanol, etc., aromatic dihydroxy conpounds such as bisphenol, etc.,
or ‘two or nore kinds of these conpounds, and the dicarboxylic acid units
are those sel ected from anong aromatic di carboxylic acids such as
terephthalic acid, isophthalic acid, 2,6-naphthal enedicarboxylic acid,

etc., 20 allphatlc di car boxylic aC|ds guch as oxalic acid, succinic acid,
adi pitc acid, sebacic acid, undecadi carboxylic acid, etc. alicyclic
dlcarboxyllc aci ds such as hexahydroterephthalic'acid etc., or two or more

ki nds_of 't hese,amouads s Sugs @leyae,%sr&%J@@tﬂ@&dmexeewuaﬁa?s5

nodified with 'small anounts.of pol yhydroxy conpounds and

pol ycar boxyl i cesid W an@tirigadbok¥episd aldigee val ences such as tr|oI and
tricarboxylit acid. Concrete exanples of the saturated crystalline

"pol yester resins ilQoanstnesecedxabples afe thel gethydtert aeysdpRihne apelysster
pol ybutyl ene terephthal ate and pol yethyl ene _isophthal ate/terephthal ate
copol yners. Off¢hdve iddugtapbed c?%‘tealalrlené%bﬁﬂé%]t%‘r% tessPPbRel2thove,

preferred gre t nt ai et.h _ d terephthalic acid as the
mai n conpo ent%;iikﬂﬁiifqﬁfgfﬁg? %§ Egplgﬁiyégh ¥Hfability, mechanical
strength and cfgggﬁgﬂaﬂyggp@g}ésﬁthégyiegggggigkéyspolyethylene terepht hal ate

and
Of these saturated crystalline polyesters mentioned

above, preferred are those containing ethylene glycol and '
terephthalic acid as the main components because of their

10 excellent stretchability, mechanical strength and chemical
properties, and especially polyethylene-terephthalate and
copolymers thereof are preferred because'they are easy to
mold and excellent in stiffness, mechanical strenétﬁ and
economy.

15 The starting polyethylene terephthalate used desi?ably
in the presenﬁ invention is illustrated below.

In the starting polyethylene terephthalate particularly
useful in the invention, the content of ethylene
terephthalate units {(a) represented by the general formula

20 (11, | | .
'-+-OOC.-<::>- COOCH2CH32 23—, ié in the rénge of 95.0-98.6 molg,
preferably 97.0-98.5 mol% and especially $7.3-98.3 mol%, and
the content of dioxyethylene terephthalate units (b)

represented by the general formula (II],



copol yners thereof are preferred because they are easy to nold and
excellent in stiffness, nechanical strength and econony. 15 The
starting polyethylene terephthal ate used desirably in the present invention
is illTustrated below. In the starting pol yethyl ene terephthal ate
particularly useful in the invention, thfocontent of ethyl ene terephthal ate
uni.ts (a) represented by the general fornula 20 [I], [err] is in the range
of 95.0-98.6 nol % preferably 97.0-98.5 nol % and especially 97. 3-98.3 nol %

dth ' h ' I ' b h
101 e Shold XODASIHBLIE B2 7 G0 diggpricd o e
preferab y 1. Swbik, "BEr8PEAPPLH-A WY nb1d dnd JMictialiG $LAL3 1 dGhors

pol yet hyl ene terep te as | ustrate ove fornms a“substantially

linear polyester inTnBi sbaitend phQeenyeahé orecefithdiane aer ephidtdlatied
units (a) of the general fornula (a) and di oxyethylene terephthalate units
(b) are arrangedovandomhy aoswussttamtfialdyabigsderpdliyelsage. ifhelbidhehe
above- nenti gned pol yethyl ene terephthalate is substantially linear in
structure i% cébovermsgnbjonerd gthitlene terephthalate units (a) of the

general formula (a) and dioxyethylene terephthalate units (b)
are arranged randomly so as to form an ester linkage. That
the above-méntioned polyethylene terephthalate is
~substantially linear in structure is confirmed by the fact

10 that said polyethylené terephthalate disso;ves in o=
cﬁlorophenol.

The starting polyethyiene terephthalate desirably used
in the present invention preferably has an intrinsic
viscosity [11], as measured at 25°C in o-chlo;ophenol, of

15 .0.60-1.00 d1/g, preferably 0.70-0.87 dl/g and especially
0.72-0.85 dl/g. When this intrinsic viscosity ([(N] is smaller
than 0.60 dl/g; there is a tendency that bléw molded
containers excellent in heat resistancé, transparency and
mechanical strength wiil come tb be unobtainable, and when

20 said intriﬁsic viscosity [N] is larger than 1.00 dl/g, there
| is a tendency that the preform will come to deteriorate in
mo;dability and stretch blow moldability. In this
connection, the intrinsic viscosity (7] of the starting
polyethylene terephthalate is measured by the following

25 procedure. That is, a specimen of the polyethylene



10 tRat said polyethylene terephthal ate dissolves in o- chlorophenol. The
starting pol yethyl ene terephthal ate desirably used in the present invention
preferably has an intrinsic viscosity [err], as nmeasured at 25[err]Cin

o- chl’or ophenol , of 15 0.60-1.00 dl /g, preferably 0.70-0.87 dl/g and
especially 0.72-0.85 dl/g. Wen this intirinsic viscosity [err] is smaller
thans0.60 dl /g, there is a tendency that bl ow nol ded containers excell ent

i n heat resistance, transparency and nechanical strength will cone to be
unobt ai nabl e, and when 20 said intrinsic viscosity [err] is larger than
1.00 dl /g, theverephthalaggeheydissalvede iprerehinsgniiensdnmdttd deteriorate in

| dabi it d stretch,bl pl dability. In thi ti the intrinsic
Vi sCosi ty [ er r{ORASTHRE KPR, D nb HAUSLETy BR 3 CHERRILVAPE Toe itslined by
e Tol | OW NG 25 ne i RBUUE Crood NAlnd et e SPBE AL Hlodl REuBBLYEIAY ene

terephthalate I's dissolved in o-¢ rophenol at a concentration of 1 g/100
n, and a viscespidiadly WR8cSRbLdL OMhrd tRR284 €6 ad-dHVPOpREREL 38!l & by .

means of a Ubbell ode capillary visconeter, and thereafter o0-chlorophenol is
5 gradual | Y adgeaddad liynadsetiuts othd Gomadoneta nesnns tay vibcobit walfuttihen at

a |l ow concentration side, whereby an intrinsic viscosity [err] is obtained
by extrapol at i 8Pt Weesd agnagdpw concentration side, whereby an intrinsic

viscosity [N] is obtained by extrapolation based on 0%

concentration.

-

The preferred starting polyethylene terephthalate as

10 mentioned above preferably has a programmed-temperature
crystallizing temperature’(Tcl) of at least 155.0°C,
preferably 167.0-185°C and especialiy 168.0-180.0°C. 1In
relation to the.intrinsic viscosity [N}, this programmed-
temperature cfystallizing temperaturé of the polyethylene

15 terephthalate is preferably in the range of the following
equation | | | .

67.5{N] + 119.0 S Tcl £ 67.5(N) + 133.5, ' ' .
further.preferably
67.5(N] + 122.5 < Tcl £ 67.5(N] + 128.5.

20 When the programmed-temperature crystallizing
temperature- (Tcl) of the starting polyethylene térephthalate
becomes lower than 165.06C, the resulting blow molded
containers tend to decrease in transparency also in heat
resistance and to bring ébéut heat deformation at the time of

25 high-temperature filling the resultant containers with



concentration. The preferred starting polyethylene terephthalate as 10
ment i onéd above preferably has a progranmmed-tenperature crystallizing
tenperature (Tcl) of at least 155.0[err]C, preferably 167.0-185[err]C and
especially 168.0-180.0[err]C. In relation to'the intrinsic viscosity
[err], this programred- tenperature cryst®|l.izing tenperature of the

pol yethylene 15 terephthalate is preferably in the range of the follow ng
equation 67.5 [err] + 119. 0 [err] Tcl [err] 67 5 [err] + 133.5, further
preferably 67.5 ] .Tc

128. 20
Waen t he progrﬁﬁ%g%{‘% kr’-:% ’%ﬁqfr e“&?‘ysﬁam’{‘%? ng te k ur’e%’ﬁ%ﬁ’ )éb’fS t he
starting pol yewFﬁaﬁné&I@a&HM&&% RECOLRS: | OMRS +elt@ardbarOl pFdY)C the

resul ting bl ow nolded. containers tend to decrease in transparency also in

heat resistanceeabgles O1bwé NG 10 theh@aludedprreddoniaiitt Be thétavdved
hi gh-tenperature filling the resultant containers with 12 cooling
bever age. such aentipned ceq@icizrGolthe YWhenlting hpogmedded- comprineny ¢éend

crystallizipg tepperature (Tcl) becones |ower than the value of lower limt
of the above®- H’éﬁf"?‘éﬁ%dt‘éq?ﬁ’t'%r‘?bquﬁehﬁ%uﬁi?f?ﬁ“ad'-l"(ﬂﬁ woEAelhe oFRR e st end

are high-tempgrature flllgd with cooling beverages such as
juice or Coca-Cola. In this connection, the programmed-
temperature crystallizing temperature (Tcl) of the starting
polyethylene is measured by the following procedure. That
10 is, about 10 mg of a sliéed specimen taken out of the center
portion of polyethylene terephthalate chip dried at about
140°C for about S hours under a pressure_of about 5 mmHg by
using a DSC-2 Model differential scanning caloriméter (made
by Perkin-Elmer Co.} is encapsulated-in an aluminum pan for
15. liquid in a nitrogen atmésphere. Subsequently, the épecimen
is'rapidly elevated in temperatu;e from room temperature to
290°C at which the specimen is kept in a molten state for 10
minutes, followed by quenching to room temperature.
Theieafter, a peak maximum of.exothérmic peaks obtained by
20 detection at the time of elevating the temperature at a raté
of 10°C/min is taken as a programmed-temperature
crystallizing temperature (Tcl).
The melting point (Tm) of the starting polyethylene
tgrephthalate is expresséd in terms of a peak maximum of

25 exothermic peaks as measured under the same conditions as in-



5 Ilkemnse to bring about heat defornation when the containers are

hi gh- tenperature filled with cooling beverages such as juice or Coca-Col a.
I n this connection, the progranmed- tenperature crystallizing tenperature
(Tcl) ‘of the starting polyethylene is neasagﬁd by the foll owi ng procedure.
That 10 is, about 10 ng of a sliced speci taken out of the center
portion of polyethylene terephthal ate chip dried at about 140[err]C for
about 5 hours under a pressure of about 5 mmHg by using a DSC-2 Model
differential scanning calorinmeter (made by Perkin-Elmer Co.) is
encapsul at ed i rtien calsemofiuthpaabdws-nkhnt ibhedi rdgrammatit-t egesr siurspher e.
Subsequently, the specimen is rapidly elevated in tenperature fromroom
tenperature-to QEKHP@iﬂPelag berRerathwresd@cihen is kept in a nolten state
for 10 m nutes, followed Xﬁgue chin é% to roomtenperature, Thereafter,

peak maxi mum of exot 3kEPH R Pﬁéé“ﬁytbﬁ)ahﬂ?FeEFPEﬁP%ﬁdtﬁﬁérFﬁﬁﬁ of
bt ogr anmed- t e B ﬂ%ryesta??tz.ngf snierd th Sherers st ihaahtieg #8i ne
(Tm . of thesstafiigyt faeleichbybensrdsy ephthal ate is expressed in terns of a
peak maxi num of 25 exot herm ¢ peaks as neasured under the sane conditions
as in 13 the caserhef pirie€eabed estreamntiingn pd1Pé 1 1VTRE et eptiallatiee used
| in the invention may be prepared by direct'polymerization
prpéess. Practically speaking, there is employed the process
in which a lower conaehsate is obtained by allowing a mixture
10 of terephthalic acid and ethylene glycol to Qndergo_reaction
continuously in the course of esterification reaction of at
least two stéges, a polyester is obtained by allowing the
lower condensate further to undergo polycondensation under
reduced pressure in-the course of liguid phase
15'. polycondensation of at least two stages, polyester chips are
formed by melt extrusion of the polyester, and the polyester
chips are allowed to undergo polycondensation in an.inert gas

‘atmosphere in the course of solid phasé polymerization,
thereby increasing the resulting polycondensate in its
20 intrinsic viscosity [n]. . '

Subseqﬁently, each step of the above-mentioned process
and the conditions under wﬁich the step is carried out are
illustrated hereinafter. . K

The starting polyethylene terephthalate as 1llustrated

25 above may be obtained by suitably selecting the conditions



crystallizing tenperature (Tcl). The process for preparing the
above-mentioned starting pol yethylene terephthalate used in the present
inveation is 5 illustrated hereinafter. The preferred starting polyethyl ene
terepht hal ate used in the invention may be prepared by direct

pol yneri zation process. Practically speakih@ there is enployed the process
in which a | ower condensate is obtained by allowing a mxture 10 of
terephthalic acid and et hyl ene glycol to undergo reaction continuously in
the course of esterification reaction of at |east two stages, a pol yester

' btained b 3 ' \ d f ULt
i s obtained by,ghkoW,Rgch f@aérg\@ge ceudensai & Tt BER LQ?H{@%% the

pol ycondensati on under reduce ssure in the course o phase 15

pol ycondensat i %Bl?f:oﬁ&eh@ﬂsioﬂ Wea%lta88Sso PEhae s tabi psmpeLididnmed Benel t
extrusion of the polyester, and.the polyester chips are allowed to undergo

pol ycondensat i cresudtangi pelyetasl entenbepbphthd YattehendoBs camfirgodiing ighase
pol yneri zation, thereby increasing the resulting polycondensate in its 20
i ntrinsic viscodiscosityrihereol arserespecehtlstidp the rargeay defdpedodad
‘process and.t he conditiogs under, which the step is carried out are
i | 1 ust r at ed® her®enRFEEFAE THAVELEM ng pol yethyl ene terephthal ate as

il lustrated 25 abo&%n@?XtSE&(¥Bé§H¥%§,b¥nSE£ﬁ§¥Hﬂé §gbggiiggh}gyad§3nditions
terephthalic acid is first formed from a mixture of
terephthalic acid and 1.02-1.4 moles, preferably 1.03-1.3
molés, based on 1 mole of the terephthalic acid, of ethylene

10 glycol. .The.slurry as formed is supplied continuousiy to the
step of esterification reaction. The esterification reaction
is carried out under the condition where the ethylene glycol
is refluxed by using an apparatus having at least two .
esterification reactors connected in series, while removing

'15 water resulting from the reaction out of the system by means
of a fractionating column. The esterification reaction is
_carried out under such conditions that the temperature
employed 'in the first-stage esterification reaction is
usually 240-270°C, preferably 245-265°C, and the pressure

20 employed likewise is usually 0.2-3 kg/cm?.G, preferably 0.5-2
kg/cm2.G, and the temperature employed in the final-stage
esterification reaction is usually 250-280°C, preferably 255-
275°C, and the pressure employed likewise is usually 0-1.5
kg/cm? é, preferably 0-1.3 kg/cm? G. Accordinglg. when the

25 esterification reaction is carried out in two stages, the



1 4 under which each step is carried out and controlling the
pol'ycondensati on reaction so that (A) the conposition of the resulting

pol yethyl ene terephthal ate and (B) an intrinsic viscosity thereof are
respectively in the range as defined in 5 he present invention.
Concretely speaking, an ethylene glycol slh ry of terephthalic acid is
first formed froma mxture of terephthalic acid and 1.02-1.4 nol es,
.preferably 1.08-1.3 noles, based on 1 nole of the terephthalic acid, of
ethylene 10 glycol. The slurry as forned is supplied continuously to the
step of esterificst istrrgecand secofitiestgsieceistiecaficat i@natdart iba carri ed out
under .the condition where the ethylene glycol is refluxed by using an
appar at us havi #epditiens pre gespectivebatinothrearier R slnfdoeddabaveeri es,

while renmoving 1 I resEItiggﬁfrpn1the rgactlon out, of the system by

wat . .
means of a fratf OBt e SETAIIFRRC LU &H9aEEd8Pi HR TS RuEsiRabRTR]I out
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and the pressurfaddidiPRmtlinkeusse dértisdabhy Prom I/ eboRll st&ye to -
preferably 0.5-2 kg/cn2. G and the tenperature enployed in the final-stage
esterificationtheastagm prsiorstial khie260n£8Gtege] €re pinfarmeliintasbetween

275[err]C, and the pressure enplozed likewise is usually 0-1.5 [err] G
pref erably 0- 1tBoRgy/evptagedndes: Bhagfjrstue@d £hpal stage reactions,

respectively. For example, when the esterification reaction
.is carried out in three stages, the temperature employed in
10 £ﬁe second stage reaction is usually 245-275°C, preferably
250-270°C, and the pressure used likewise is usually 0-2
kg/cm? G, preferably 0.2-1.5 kg/cm? G. Though no particular
limitation is placed on the conversion in each stage of the
esterification reaction,.it is desirable that the rise and
15 rate of the conversion in each stage of the esterification
reaction are smoothly distributed, and the conversion 6f the
esterification reaction product obtaiﬂed in tbe final stage
is usually at least 90%, preferably at least 93%. Through
' these esterification steps as mentioned above, there is
"20 obtained a lower condensateé having a number average molecular
weight usually of 500-5000. '
The lower condensate thus obtained is then supplied to a
polycondensation reactor of the subsequent liquid
polycondensation step. The conditions under which the

25 polycondensation reaction is carried out are such that the



25 esterification reaction is carried out in two stages, the 15 first
stage and second stage esterification reaction conditions are respectively
in the range as defined above, and when the esterification reaction is
carri-ed out in three stages or nore, the conditions under which the
esterification 5 reaction is continuouslyéarried out fromthe second
stage to the stage prior to the final stage are internedi ate between those
enpl oyed for the first and final stage reactions, respectively. For
exanpl e, when the esterification reaction is carried out in three stages,

t he tenperatur ed | ng., reacti ' | .
245-275[ err] C, %ﬁrgg? ggébgflﬂnges%gz“ft&'[‘l Z’rfffe'ég gﬁ%?‘g%a %eg’égggohé%?%ﬁkge%lsse S
usual 'y 0-2 [ekfsha®1pr eter2bdoc,0prekeabeyricds29bloougha ndspadidiay ano-
limtation is placed on the conversion in each stage of the esterification
reaction, it i 288€¢€iraheeptéstuted s vnseadhy 3G0-2GiTorel phefevavky <300+ 30n
each stage of the esterification reaction are snoothly distributed, and the
conversi on of (learesadd thetemperadace 6F phodiinalolstagreBolvicepensatdion

stage 15 Uokal Ly S L goal SR L v p R b e
condensate havigfig 3, Q4MRE" w SYET APE JTR . GCHbRE, oLl rabiy2kLY . §T xR0, 5000.
When the polycondensation reaction is carried out in two
. stages, the polycondensation reaction cénditions employed in
.the first and second stages,-respecti%e}y, are as defined
10 above, and when said reaction is carried.éut in three stages
or mére, the reaction conditiohs for the polycondensation
.reaction from the second stage to the stage prior to the
final stage afe those intermediate between the reaction
conditions for the first stage and final stage, resbectively,
15 For example, when the polycondensation'reaction is carried
out in ‘three stages, the reaction température of the second
stage polycondensation reaction is uéually 265-295°C,
preferably 270-290°C and especially-276-285°c, and the'
pressure is usﬁally 50-2 Torr, preferably 40-5 Torr. Though
20 no particular limitation is placed on the intrinsic viscosity
(MN] to be attained in éach'step of the polycondensation
reaction, it is desirable that the degree of rise iﬁ
intrinsic viscosity in each step is smoothly distributed
throughout the polycondénsétion reaction process. The

25 polyethylene terephthalate obtained from the polycondensatibn



The | ewer condensate thus obtained is then supplied to a-pol ycondensation
reactor of the subsequent |iquid polycondensation step. The conditions
under-_whi ch the 25 polycondensation reaction is carried out are such that
the ® 1 6 reaction tenperature of the firsy_stage pol ycondensation. is -
usual |y 260-290[err]C, preferably 265-290[e¥7]C and especially 270- -
285[err]C, the pressure is usually 500-20 Torr, preferably 200-30 Torr, and
the tenperature of the final stage polycondensation 5 reaction is usually
270-300[err] C, preferably 275-295[err]C, and the pressure is usually 10-0.1
Torr, preferabl ye&eth5 diorthe fhealt scagolhasoadensttimsia adsicoshtiys (aref ed
out in two stages, the polycondensation reaction conditions enployed in the
first and secondssablyed.55edpdet didyy ,prferadblgedi dedd 168 ddldgue, Thad when
said reaction is carried out in three stagg; or nore, the reaction

condi tions for PRLYHRXANIEeTEPhbRalake iabtrirednfrom thee fi®adt age to the
stage prior to the final stage are fthosge internedi ate between the reaction
condi t1ons. for PRAYFITERNRATE ARACKPhoAn e BORPEE JReRt AANey abBVerr
exanpl e, whepn tEﬁeﬂ%dﬁ%@ﬁ}sﬁ&'ﬁ”e&éﬁﬂi&ﬁnéoidﬁﬁ%riﬁgo Qi dsh three stages,
the reaction tenperature of “the second stage polyCondensation reaction is

usual | y 265-295[ er r |furyteaf,ell ¥n2gd-2OQErs pe1p8eh PEARCitdIdephthalate
270-285[err] C, and the
are supplied to the subsequent solid phase polycondensation

step. The solid phase polycondensétiqn of the polyethylene
terephthalate chips is carried out at ieast in one stage,

10 wheréin the solid phase polycondensation reaction is Earried
out in an inert gas atmosphére-such as nitrogen gas, argon
gas and carbonic acid gas under such'conditions fhat the
polycondensation temperafure is'usually 190-230°C, preferably
195-225°C, and the pressure is usually 1 kg/cm? G to 10 Torr,

15 preferably from normal pressure to 100.Torr. Of the inert
gases mentiqned above, preferred is nitrogen gas.

The aforementioned esterification reacfion can be
carried out without addition of additibes other than
terephthalic acid and ethylene glycol, and also can be-

20 carried out in the presence of the polycondensation catalyéts
as will be mentioned later. Further, this esterification is
carried out favorably by the addition of small amounts of
tertiary amines such as triethylamine, tri-n-butylamine and
benzylmethylamine, quaternary ammonium hydroxides such as

25 tetraethylammonium hydroxide, tetra-n-butylammonium hydroxide



pressare is usually 50-2 Torr, preferably 40-5 Torr. Though 20 no.
particular limtation is placed on the intrinsic viscosity [err] to be
attaai:ned in each step of the pol ycondensation reaction, it is desirable
that the degree of rise in intrinsic viscosity in each step is snoothly

di stributed throughout the pol ycondensati ol & eacti on process. The 25

pol yet hyl ene terephthal ate obtai ned fromthe pol ycondensati on 17 reactor
of the final stage has an intrinsic viscosity [err] of usually 0.55-0.72

dl /g, preferably 0.57-0.68 dl/g. The pol yet hyl ene terephthal ate obtai ned

fromthe final gl YGORdenomLAN FaARhIn! Ay bhS NS ATRALL QNESARONS, | S ©

then fornmed by nelt extrusion I'nto” chi ps. ‘Further

this- pol yet hyl apent asepht hohmt @y chatePPLb&fuh CdiMonatRSepyentssah i d phase
pol ycondensati on step. The solid phase pol ycondensation of the

pol yet hyl ene t eraepbhhébadnd chodizun aceaatepdbecdusy theapiroporvben sifage, 10
wherein the solid phase pol ycondensation reaction is carried out in an
i nert gas at nogidiexvetbyénanesterenhided agasconpopentyamissd ivathemaimahaigas

under such gonditions that {he pol ycondensation tenperature js usually
190- 230 er r# C, 9 &P&r 55?915&5‘5 Z‘E:‘@[’étﬁyéﬁnﬁnﬂefﬁéhm& gapsbe Jpintpiped

[err] Gto 10 E&rr,r£§atggg£§rfguyﬁéUgyn normal pressure to 100 Torr. O
the inert ) ' '

These basic component compounds may be added, without
particular liﬁitation on the manner of addition, to all the
esterification reactors employed, or may be added to a

10 specific reactor or reactors of stégés subsequent to the

" first or second stage reactor. The polycondensation reaction

is preferably carried out iﬁ the presence of catalysts and
stabilizérs. The catalysts used include germanium compounds
such as germanium dioxide, germanium tetraethoxide and

15 germanium tétra-n-butoxide, antimony catalysts such as
antimony trioxide, and'titanium catalysts such as titanium
teﬁrabutoxide. Of these catalysts, preferred is germanium
dioxide, because the use of germanium dioxide results in
excellent hue and transparency of the resulting polyethylene

20 teiéphthalate. The stabilizers used include phosphoric
esters such as trimethyl phosphate, triethyl phosphate, tri-
n-butyl phosphate, trioctyl phosphate, triphenyl phosphate
and tricresyi phosphate, phosphorous acid esters such as
triphenyl phosphite, tridodecyl phosphite and

25 tris(nonylphenyl)phosphite, phosphoric acid esters such as



gases-nenti oned above, preferred is nitrogen gas. The aforenentioned .
esterification reaction can be carried out w thout addition of additives

ot et than terephthalic acid and ethyl ene glycol, and al so can be 20
carried out in the presence.of the pol ycondensation catalysts as will be
mentioned later. Further, this esterificatl8n is carried out favorably by
the addition of small anpbunts of tertiary am nes such as triethyl am ne,
tri-n-butylam ne and benzyl met hyl am ne, quaternary anmoni um hydr oxi des such
as 25 tetraet hyl ammoni.um hydroxi de, tetra-n-butyl amoni um hydr oxi de 18

d trinmethylb ' id d ' i 4 hi
i bonate. | LbaRaEFKETHELY URINALEE, O5so Rl 05 R RBEHILE P20 gL " U
because the pregpesphafe Pfaivbpiebhytsne d emiiobhal at sgﬁsmwatnduahbétw

the main chain 5 of the resulting polyethylene terephthal ate can be

mai nt ai ned at phbephat&peland Elidspuekus TdmgRundsi euchnpe nsidsphwirieuadidmy
be added, without particular limtation on the manner of addition, to al
the esterificaandnppivphosphaniy epéd, dfhermpavetadbasied com th®e wedgbtkfof
react or orﬁéeactors.of st ages subsequent to the first_or second stage

reactor. T p&PfcBiRERERShFereRbtPakit 25 rPRraBEYYLERS i By S PﬁgFH%

presence of catghy3L8: Aed is usually 0.0005-0.2% by weight, preferably

0.001-0.05% by weight in terms of the weight of metals in the
catalyst, and similarly the.amoﬁnt of stabilizer used is
usually 0.001-0.1% by weight, preferably 0.002-0.02% by
10 weight in terms of the weight .of phosphorus atoms in the
sfabilizer. These cat;lysts and stabilizers may be supplied
‘to the stage of the esterification reaction step of to a
first stage reactor of the polycondensation reaction step.
The starting saturatea crystalline polyester resins as
15 starting materials in the present invention are used in the
form of pellets which may be used under varying forms such as
strand,_shee;,'lump'andrpowder.
The pellets of the starting saturated crystalline
polyester resins used may be those newly prepared or those
20 obtained by pulverizing a parison or container once molded
from thé starting unsaturated crystalline polyester resins or
mixtures thereof. |
In the first process for molding the saturated
crystalline polyesters of the invention, the above-mentioned

25 starting saturdted crystalline polyester resin pellets are



stabi IYi zers. The -catal ysts used include gernmani um conpounds such as
gefr mani‘um di oxi de, germani um tetraethoxi de and 15 germani um
tetia;n-butoxi de, antinony catal ysts such as antinony trioxide, and
titanium catal ysts such as titaniumtetrab axi de. O these catal ysts,-
preferred i s germani um di oxi de, because the use of germani um di oxi de
resufts in excellent hue and transparency of the resulting polyethylene 20
terephthal ate. The stabilizers used include phosphoric esters such as
trimethyl phosphate, triethyl phosphate, tri- n-butyl phosphate, trioctyl
.phosphat e, tri phedyto phospiting madhiné draosirig phesphut #nd phegRfieinySa agédh
esters such as triphenyl phosphite, tridodecyl phosphite and 25
tris(nonylphenyF?ﬁEﬁ%ﬁﬂﬂ?(£°ﬂ@58§558?i%¢%&i9P E0CeAsmeLRFing sectionpeahy|
aci d phosphate, _jsopr | . aci.d phgsphat e, .butyl aci hosphat e, di butyl
phosphat e, mnoBh??l'm% cyoe'sdphlaté) gngeg?ﬁ%‘fyﬁha&%sp at gr,lg%m ﬁﬁ1o§bﬁo?ﬁ§rgmg
conpounds such 9?99 | i n S0 kC i npunt ,
" based on the we?é ?Po SQ%Ilﬁ‘e\St%Fi%?ﬁréeg% terep%%%glﬁ%cag%itgeae{;r%eét%h?l ene
gl ycol, of the gahpéysturtseabdve YhEaheVt thdYFENR. 3% byidpditestRietes fpl v

0. 001- 0. 05% by weight in terns of the weight of netals in the catalyst, and
simlarly the afpubhechokdiaiy Imarbinesed tlrtusiel pplfedOdr (relinsy ineaght ,
preferabyy O'OOEQSéggﬁgggaly molten state reach the compression section of
the molding machine. |
The molding machine used for molding the saturated
10 crystalline polyester resins in the invention includes, by
| way of illustration but not of limitation, an injection
molding machine, extrusion molding machine, compression
molding machine or blow molding machine.
"The screw of the molding machine'is usually separated
15 into three portions, i.e. a feed section, a compression
section and a metering section, extending from the starting
mageriai feeding position to the nozzle side. This feed
section is a section to-deliver the gtérting resin by means
of a screw channel to the comp;ession section in which the
20 screw channel gradually becomes shallow, and in this section
the molten resin is compressed and homogeneously kneaded to
remove the air caught in said molten resin. The metefing
section is a section to determine accurately the amount of -

the molten resin and accumulate the determined molten resin

25 for the subséquent injection molding.



10 weight in terns of the weight of phosphorus atons in the stabilizer.
These catal ysts and stabilizers nay be supplied to the stage of the
esterification reaction step or to a first stage reactor of the

pol ycondensation reaction step. The starting saturated crystalline

pol yester resins as 15 starting materials2h the present invention are
used-in the formof pellets which nay be used under varying fornms such as
strand, sheet, lunp and powder. The pellets of the starting saturated
crystalline polyester resins used nay be those newy prepared . or those 20

obt ai ned by pul veri zjg @nRatispny s%%frawsrcw&eaﬂqln@egoipggaéperefsin

starting unsaturated crystalline polyester resins or mxtureS thereof. In
the first process trxat®d dnnghé hearrdirtuaat @6 €hystiddd RpRoRekyesdbermofinghe
i nvention, the above-nentioned 25 starting saturated crystalline
pol yest er resi ntlpe|stetrs iagepoly@stérdesing abl thepresemtndnient bop &ascrew
and conprising a feed section, a conpression section and a _neterin
section, and t R HPHHS PRt 259 gThePisRipahearingds dppdied o sttq’aPrti ng

saLurated oSt LR P USTASaF SR RRRTHES el REBRRRE! Lo, 2o
the polyester r6Sitfcdafly in the compression section thereof, because said
polyester resin being treated is in a molten state and is
low in viscosity. 1In the first molding process of the
iﬁvention as illustrated above, it is so designed that.the
10 mechanical sheariﬁg applied to the saturated crystalline
polyestef resin at the time of molding thereof is made small
~ as far as possibie. On that account, the molding article
obtained by the present'first molding process will not
largely decrease in its crystallizing temperature.(TCZ) in
15 comparison with that of the starting unsaturated crystalline
polyester resin. That is, when the crystallizing temperature
of the starting unsaturated crystalline polyester resin
constituting a moldea article obtained in the manner as
mentioned above is taken as Tc2, and the crystallizing
20 temperature of the starting unsaturated crystalline polyester-
reéin used at the timé of molding is taken as Tcl, tﬁe
crystallizing temperature Tc2 of the molded article obtained .
satisfies the following relationship.

Tel - 20 £ Tc2 £ Tcl



substantially nolten state reach the conpression section of the nolding
machi né." The nol di ng machi ne used for nolding the saturated 10 crystalline
pol yester resins in the invention includes, by way of illustration but not
of limtation, an injection nolding nmachine, extrusion nolding machi ne,
conpr essi on nol di ng machi ne or bIOM/nDId?ﬁg machi ne. The screw of the

nol ding machine is usually separated 15 into three portions, i.e. a feed
section, a conpression section and a netering section, extending fromthe

starting materi al fggghggiﬁgsééiéﬂ; %Qegggtngggééifﬂ erezghgefegg section is
e rting res

a section to deliver S I'n by means of ‘a screw channel to the

conpressi on sery@Ral i i ¥0h§ he e rill ureS SE8 Vo £ N o 1WA Wt k ¥1 DN B ed
shallow, and in this section the nolten resin is conpressed and

honogeneous| y kiiaadedtt becem®Vviowdre by Bncangéss i of sHi°d thhherhe esin. The
nmetering section is a section to determ ne accurately the anount of the
nol ten resin amtystediaingctemreritiugenitaddofivtierstaxtiing2gnsateratdrh

subsequent jnjection_ml din 21 \Wen the, starting saturated crystalline
pol yest er résirFFX?tFFééPEdpghy??ﬁ?§nﬁ?ﬁéP'a§h+ﬁ %?&??4%%&?1698c%§saf%%lded

mol ding the starting PRbYeshes BP¥dlin2t hTaPhesSlYs MG 80 81 is
excellent in transparenéy, free from chalking or variation in
iﬁternal volume, and excellent in heat resistance.
In contraét thereto, according to the conventional
10 processes for molding saturated crystélline polyester resins,
the starting saturated crystalline polyester resins are
supplied to a molding machine in a state whére said starting
rgsin is heated only up to such a temperature at whicﬂ the
starting resin is usually dried, are high in viscosity
15 because.they are not sufficiently heated prior to reaching a
compression section qf the molding machine, and are given a
large. mechanical shearing in the cdmpression section, whereby
the crystallizing temperature (Tc2) of‘the.resuiting molded
article becomes lower by in excess of 20°C than thé
20 crystallizing temperature of the starting unsaturated
crystalline polyester resin. If the crystallizing
temperature of the molded article is lower by in excess of
20°C than the crystallizing temperature of.the starting
unsaturated crystalline polyester résin, this molded article

25 or a molded article obtained by further molding this molded



aforesaid, no | arge nechanical shearing is applied to the 5 sat ur at ed
pol yester resin within the nolding nmachine particularly in the conpression
secti-on thereof, because said polyester resin being treated is in a nolten
state"and is lowin viscosity. In the first nolding process of the
invention as illustrated above, it is so d23igned that the 10 mechani cal
shearing applied to the saturated crystalline polyester resin at the tine
of nolding thereof is made small as far as possible. On that account, the
nol ding article obtained by the present first nolding process will not

| argely decteasgc ULt o b Ul LoZhlgr PSR LIEBN Y TP uneRERRAL P07

wth that of t arting unsatura Cr al I'i ne at” is,

when t he crystghgg;ipg¥nﬁﬁpgng5ugg Riat e sSilsdahicBg unsaturated crystalline
pol yester resin constituting-a nolded article obtained in the manner as

ment i oned above is Paketiesl IiC 3peaRiing hastmdny poalyet iy Dend edepiptnabtee of
the starting unsaturated crystalline polyester resin used at the tine of
mol di ng i s tak&éavisgTelcrydtaldigdngl temperptvaepdcat af el 1L @ ehetant theal

article obpfjned satisfies the follown relationshig. Tcl . -, 20 Ler[] Tc2
[err] Tcl 2INABEBFAF S TSt lipesketyeshednesAn bR iRhkded gecording

to the present invention into a molded article, a
crystallizing temperature Tc2 of the resulting molded article
is 155-17¢¢°C, wherea§ a crystallizing temperature Tc2 of a |
molded article obtained according to the conventional
10 .processes from the_starting polyetﬁylene terephthalate which
has reached inla substaﬁtially unmolten state to a
compression section of the molding;machine employed will
largely decrease to 130-150°C. From the foregoing, it
follows that the molded article obtained Sy the present
15 invention is excellent in transparency and dimensional
stability, whereas the molded articles obtained by the
conventional procesées'qecreases largely in transparency and
di@énsional stability.
‘The starting saturated crystalline polyester resin
20 heated to a temperature above its melting point and in a
substantially molten state is allowed to reach the
compression section of molding machine by the following
'manner.. | |
That is, the starting saturated crystalline polyester

25 resin is dried by preheating to a temperature below its



crystéallizing tenpérature Tc2 of the nolded article obtained will not
beconme’l ower by in excess of 20[err]C than the crystalizing tenperature Tcl
of the starting unsaturated 5 crystalline polyester resin, this nol ded
article or a nolded article obtained by further nolding this nolded article
is excell'ent in transparency, -free from%hal king or variation in interna
vol ume, and excellent in.heat resistance. In contrast thereto, according to
.the conventional 10 processes for mol di ng saturated cgystalligggﬁolyester

resins, the st ®TGIsBPEPEt RFEISRALY PnEePBFRME YoaernbYat PpIshed t o
a nol di ng machi [ ; where sai | r2S1JL de S N ly up to
such a tenper atél}%e “Ia&tl@\%ﬁ%gﬁgfﬁg' s%ad?%h%gg%gé%?ﬁ?% lﬁ%ﬁ’z%lslt% rd??égx? %?e hi gh
in viscosity 1xudiaGadseot bRY R6ELaity nddhfihel enthey d@alwedePehos hé1dGRFNI Ng
a conpression section of the nolding machine, and are given a | arge

mechani cal sheasdargnenisheepanpredsinyed thekeosechm@isbyi .tehetbeyséed ] i zi ng
tenmperature_(Tc2) of the resulting nolded article becomes |ower by in
excess of 28[ eregmprnesgiophandometering siectipng- t chpertampesagpre hemrleyad ng

unsaturated crystalline polyester resin. If the crystalli zi enper at ure
of the nol ded 2 e Zee BREFL8Y 19, PeS?é§§st8fazﬁ?‘é&?ﬁ%%ﬁaﬁgﬁﬁﬁgp‘:h“

talli zi t t £ d alli | .
Felin this ol Go ERsoss ot R R R TR aR L ey

no I cl e obtal ne rt her
mol di ng this nodéhgsbrature of the feed section is preset to a temperature

higher than the melting point -of the starting saturated

10 crystalline polyester resin, preferably a temperature higher
by 90-40°C than éaid melting point,.so that the'starting
polyester resin is in a substantially molten state, and the
molten polyester resin is then allowed to reach the
compression section.

15 In that case mentioned above, it is also possible to
| preset the preheating and drying temperature for the starting
saturated crystallihe polyester resin at a considerably
higher level than the conventionally used preheating and
drying temperature.

20 In the second process'fof molding saturated crystalline
polyesters of the present invention, the above-mentioned
étarting saturated crystalline polyester resin pellets are
supplied to a molding machine to mold them into a desired
shape and, in that case, said polyester resin is heated to a

25 temperature above its melting point to bring to a



23 article will come to decrease in transparency and di nensional stability
and al so in heat resistance. Practically speaking, when pol yethyl ene
terepht hal ate having a crystallizing tenperature Tcl of 171[err]C as a
starting 5 unsaturated crystalline polyester resinis nolded according to
the present invention into a nol ded articlgﬁ a crystallizing tenperature
Tc2 of the resulting nolded article is 155-170[err]C, whereas a
crystallizing tenperature Tc2 of a nolded article obtained according to the
conventional 10 processes fromthe starting polyethylene terephthal ate

whi ch-has reachetstBn8isuDgirdited sy at@NBhE Bhes ndl1€ ehOpal gOSGHICTRISOR is
section of the nolding machine enployed will |argely decrease to

130- 150[ err] C. sEppiieteté orlgoiaigiinigt mbohimevs t hat the nolded article
obtained by the present 15 -invention is excellent in transparency and

di mensi onal st abi | i fhe Rakding nachigg| yegdain itheeSegondi REACHS (Qfe the

ti I . d I ly i X d di ' I
tabi 11ty The SVERELRD SOFOraa Mot JEVAPF| HEL O Foaen SPEIE S0 heat od to
ability. F <t i _ U heat ec
s ol Towpd o ramitekiangCod (0 ABTalAy gl EkEpIIP o TRRG" ©
follow ng manNnNgfachifal témpidi€s Hramio188ngahséRiRd orf ¥Ibal hb @it Imaehliae .

When the starting saturated crysﬁalline polyester resin
is heated to a temberature above its melting point and
supplied in a substantially molten state to the molding.

10 machine, no 1érge mechanical sheariné_is applied to the
starting polyester resin with the molding.machine,
particularly in a compression section of the molding machine,

" because said starting polyester resin is melted and low in
viscosity. In the second molding process of the invention,

15 it is so designed that the mechanical shearing applied to the
starting saturatgd crysta}line polyester resin at the time of
molding is made small as far as possible and, on that
account, the crystallizing temperature (Tc2) of the resulting -
molded article Qill not decrease largely in comparison with

20 the_crystallizing témperature of the starting.saturated
crystalline polyester resin. .That is, when the crystallizing
t;mperature of the saturated crystalline polyester resin
éonstituting a molded article obtained in the above-mentioned
manner from the starting saturated crystalline polyester

25 resin is taken as Tc2 and the crystallizing'temperature of



25 resin is dried by preheating to a tenperature belowits 24 nmel ting
point,“preferably a tenperature |lower by 10-90[err]C than the nelting
poi'nt, and the preheated polyester resin is supplied to the nolding
machi'ne. The screw of this nolding nmachine is separated into three
sections, i.e. the feed, 5 conpression &6d netering sections. The
tenperature enployed in the feed section is preset to a tenperature higher
t han the tenperature conventionally enployed, that is, the tenperature of
the feed section, is preset to,a tenmperatyre.higher.than the neltin oi nt
of the starti nﬁa’satsuéroaaq"eld‘glﬁat‘éf‘i’/%?”(gl(friyns('.a{agc%ll?gs %%y?%’selrn,reﬁr*é‘f é?a%?)ge'h
tenperature hi ghefcpy f&Q&%EElﬁHﬁ{‘ e rdR kb NG f PO Imo 1R 6t Bt s &he
starting polyester resinis’in a substantially nolten state, and the nolten
pol yester resigbtsindesatlilsdded tRel fslovig eelptessswip section. 15

In that case nmentioned above, it is also possible to preset the preheating
and -drying tenperature flm t+h@0sgar¢2ng Bt urated crystalline polyester
resin at a considerably higher |evel -than the conventionally used

preheat i ngdand dryiMeFarsingr &outhe second moldipgt RECSREHRE FhecETSSEDE

nol di ng saturated crystalline polyesters qf ,the present inventi , the
above_gEntionegnvent on, becausg tXe crystéiliJlngptemperature Q&cg? o% the

‘molded article obtained will not decrgase by in excess of
20°C than the crystallizing temperature Tcl of the starting
saturated crystalline polyester resin in the same manner as

10 in the first molding process, this molded article .or a molded
article obtained by further molding this molded article is
excellent in transparency and in dimensiénal stabiiiﬁy, free
from chalking or variation.in internal volume} and also
excellent in heat resistance.

15 _The starting. saturated crystalline polyester resin
brought to a substantially molten state by heating to a
temperature above its melting point may be delivered to the
compression section of the molding machine by using a molding
equipment as will be mentioned below.

20 The.molding equipment for the saturated crystalline
polyester resin mentioned above is illustrated hereinafter.

This molding equipment comprises, as shown in Fig. 1, a
molding machine body A to melt the starting saturated
crystalline polyester. resin and mold the mﬁlten polyester

25 resin into a desired shape, and a starting resin feed section



starti;ng saturated crystalline polyester resin pellets are supplied to a
not di ng- machine to nold theminto a desired shape and, in that case, said
pol yester resin is heated to a 25 tenperature above its nelting point to.

bring to a 25 substantially nolten state and the nolten pol yester resin
I's supplied to the nol ding machi ne. The m2l™i ng nmachi ne used in the second
process of the invention includes, by way of illustration but -not of 5

limtation, an injection nolding nachine, extrusion nolding machi ne,
conpressi on nol di ng machi ne or bl ow nol di ng machi ne. Wen the starting

saturated crys [ t IR alr$ ; L 1o _a_tenperature above its
nel ting poi nt éara#:lé sél}%p?ﬁgegﬂiénﬁélgu ss'ltlgnt%fg??{/g%oq ggnsgf%t@]tddnﬁh’éaﬁ%’r'm ng

10 machi ne, npodwrme nechani cal shearing is applied to the starting

pol yester resin with the nolding nmachine, particularly in a conpression

section of the nol dihey meddhingema e bodyahdmay dret iofgapol yesic@urkesbn i S

nelted and low in viscosity. In the second nolding process of the

invention, 15 1PRIidS 3& dEsFgRable RE MALiRgckmitArténgarenlp mepkeddoy o

o made smatt  BRHAIGQC KR SR EPERG YRR, Rard edufe meRbtem AR atRRL g

tenperature (TQRQQQQ &éBiﬂé@SQth@g for example, a preform for blow molded
article and sheet. The molding machine body A used includes,
by way of illustration and not of limitation, an injection
molding machine, extrusion mblding machine, compression

10 molding machine or blow molding macniné.

The injection molding machine taken as an example of the
molding machine bbdy A.is illustrated hereinafter. This
molding machine body A has a structure wherein a heatiﬁg
cylinder 2 provided inside with a reciprocating screw 1 and a

15 cylinder 4 provided inside with a reciprocating injection ram
3 are connected in series to each other. |

The screw 1 is provided at the head portion with a
nozzle $ t§ inject the molten starting.resin into a miold (not
shown). The screw 1 is separated into three portions a feed

20 section, compr;ssion section and metering section, extending
from the position sf the starting materiai.feeding section
provided usually.at the rear end of the cylinder 2 from the
nozzle side.

The injection ram 3 is so designed that it reciprocates

15 within the cylinder 4 by means of an oil pressure motor 6.



nol ded article will not decrease largely in conparison with 20 the
criystatlizing tenperature of the starting saturated crystalline polyester
resin. That is, when the crystallizing tenperature of the saturated
crystalline polyester resin constituting a nolded article obtained in the
above- nmenti oned manner fromthe starti n% saturated crystalline polyester 25
resin is taken as Tc2 and the crystalliZing tenperature of 26 said
starting saturated crystalline polyester resin is taken as Tcl, the
~crystall'izing tenpethet lreatdhgt bplindeed it ichleensDd ohd athhdhnesbboeg & his
following relationship.- Tcl. - 20 [err] Tc2 [err] Tcl 5 According to
the second nol BFE4aDMESe sher fhapt Bagkesin/ fredonectiomais ¢ot kepply the

crystallizing tenperature . (Tc2) of ,the | de rticle obtained will not
decrease by ins%%te‘s? cﬁes?&[ g?r fé?h%‘hd’f e aPFRovinp tremder feede Tcl of
the starting sl 8 L% QY $hablil I tAlad oF Pnb Nyt he same nanner as 10
3 o QP&(’}E‘% artlcle?g%3 jé#ﬁt ?the
obt ai ned by f unédeingdydiin@elrhes nol ded article is excellent in '
transparency and in dinensional stability, free fromchal king or variation

in internal vol ume, Thendaldageequelipment iysdrbdin thei presernt ikvention idhe

starting saturated. crystalline polyester resin |, .
differerit from the conventional injection molding machine in

inthe first nolding process, this nol i S8 5PPi et e

structure of this starting resin feed section B.
That is, in the molding equipment used in the invention
_10 shown in Fig. 1, in order that the starting saturated
. crystalline polyester resin is heated to a temperature above
its melting point and supplied in a substahtially molten
stage to the molding machine body 2, the starting resin feed
section B comprises a drying hopper 8 to dry the starting
15 resin by heating to a temperature below its melting point, a
sectién to bring the starting resin driea in the drying-
hopper 8 to a substantially molten state by heating said
resin to a temperature above its melting point (hereinafter
simply called the melting section 9) and a quantitative feed
20 section 10 to supply the starting resin heated and brought to
a2 substantially molten State to inside the molding'machine
body A by éuantitative determination.
. The drying hopper 8 is loaded with a predetermined

amount of the starting saturated crystalline polyester resin



brought .to a substantially nolten state by heating to a tenperature above
it<s nmetting point nay be delivered to the conpression section of the

nmol'ding machi ne by using a nol ding equi pment as will be nentioned bel ow. 20
The nol di ng equi pnent for the saturated crystalline polyester resin
menti oned above is illustrated hereinaftd . This nolding equi pnent

conprises, as shown in Fig. 1, a nolding machine body Ato nelt the
starting saturated crystalline polyester resin and nold the nolten

pol yester 25 iheshe fote of qedileed shapk, mayndbed ot anyi sigapesias f eed
section 27 B to supply the nolten starting resin to said nol ding machi ne
body A. The nolpdengondtni helustdiptadany be of any structure so long as it is
.capabl e of nol di ng ;ﬁge startin r'eii n megt ed by 5 heating in the starting
resin feed section MBAtTOHed PRt 8 45 R PREISHAPR a2 Besiag a

pref orm for bl oy TRhged 214l 2 Abeaens. TG 9130 PRENLAP iy A used

i ncludes, by wa lustration a . I''mtation, “an" 1] ection .
mol di ng machi nehafibliUsh Ofhdid didtt 7R el D6 SR EREOBhAGhe IP!iGi REeMRCHI NE

or bl ow nol di ng macni ne. The injection nolding machi ne taken as an exanpl e
of the nol di ng heaehimakt boglycylimield lastrated hereinafter. This
The heat ﬁelting cylinder 11 has a heater 14 at
predetermined places of its outer periphery, said heater 14
being maintained et a temperature.capable of heating the
10 starting resin introduced into the channel 12 from the drying
‘ hoper 8 to a temperature above its melting point and bringing
'said starting resin to a substantially molten state.
The channel 12 fitted at the rear end with a
reciprocating plunger 15 and is connected at the front end to
15 the gquantitative feed section 10 illustrated later. In the
intermediate portion of the channel 12, the torpedo 13 to
shunt the channel 12 ;oward the heater 14 is fixed to the
inner wall of the heat melting cylinder 11 by means of a
supporting member (not shown) . By'meaes of the torpedo thus
20 arranged, the starting resin introduced into the chenne; 12
is heated and melted efficiently and also uniformly by the
heater 14. |
The quantitative feed section 10 is equipped with a
heating cylinder 16, a reciprocating plunger 18 is fitted

25 inside a metering section 17 formed by drilling inside the



nDIdiﬁg machi ne-body A has a structure wherein a heating cylinder 2
provided inside with a reciprocating screw 1 and a 15 cylinder 4 provided
inside with a reci procating injection ram3 are connected in series to each
other. The screw 1 is provided at the head portion with a nozzle 5 to
inject the nolten starting resin into a 8eld (not shown). The screw 1 is
separated into three portions a feed 20 section, conpression section and
met ering section, extending fromthe position of the starting materi al

feeding secti o kquhded, U3hal | ¥6,3l L8083 o8I Aled RCYLILALTS A A0 tNe

nozzl e side. The |n on ram3’is SO déesignhe reci procate

within the cyl Ir@i% 4:.9& eﬁanﬁomu@nnebhlnéw@ @0k Ehang ea&. Thﬁalve
heating cylinder 2 of the nol.ding machine body A is prOV|ded with the

starting resin2teed section B to supply the starting resin to said body A
This starting resin feed section Bis provided at the side of the injection
ramof the 5 heati @9 Byﬁﬁﬁuetmihedﬂﬂ;aneBdbﬁgtmﬁuﬂqmmsnpeuéeuetaﬂtSu;ﬁamesent
invention is different fromthe conventional injection nolding machine in

structure of t A% YeaPERRENT Sy HTdard 18echrte® 2ﬂh§FelBr°Vhd?¢m§9nﬂﬂﬁtng
equi prent used h@ EQ%peQX@Q&éqgf the startlng resin melted in the melting

section 9 is maintained at the same level as melted.
The-meteriné section 17 accurately determined the amount
of the molten resin fed thereinto from the channel 12 ef the
10 melting section 9 and accumulates said molten resin for the
subseduent injection molding. This metering section 17 and
the chennel 12, and said metering section 17 and the nozzle
. 19 are connected to each other by the changeover valve 20.
That is, after a given amount of the molten resin is
15 - introduced into the metering section 17 by communicating the
channel 12 with the metering section 17 by means of the
changeover valve 20 (the state as shown in Fig. 1), the
changeover valve 20 is then changed over so as to communicate
only the metering section 17 with the nozzle 19 (in the state
20 shown in Fig. 1, the changeover valve is turned 90° in the
clockwise direction), whereby the molten resin present in the
metering section 17 is quantitatively fed by means of the
plunger 18 into the nozzle 19.
The nozzle 19 is connected to the molding machine.body A

25 wvia a pipe 22, the starting molten resin is quantitatively



10 shown in Fig. 1, in order that the starting saturated crystalline

pol yester resin is heated to a tenperature above its nelting point and
suppkied in a substantially nolten stage to the nol ding nachi ne body A, the
starting resin feed section B conprises a drying hopper 8 to dry the
starting 15 resin by heating to a tenpe3ature belowits nelting point, a
section to bring the starting resin dried in the drying hopper 8 to a
substantially nolten state by heating said resin to a tenperature above its

mel ting point (Qepgingd!efa saﬂ@gx?gahb;é? Ui Rkl DOcerGt 1o e 380ed 1

gquantitative fe section 10 to Su e starting resin heated and

brought to a subséasby alhe meltledn rebah eid Gndideiadent bea Nad slize@ shapene body
A by quantitative determ nation. The drying hopper 8 is |oaded with a

predet er mi ned anount Infthdencliding aeguipnentatedd theypreséntneimpeintdoneshoesi n
29 in the formof pellets which may be of any shapes as previously

illustrated. Thén Fﬂrnﬁ %ﬁxﬁlﬁﬂﬁthFse@kRﬁ¥ﬂﬁﬁ§ ﬁPFﬁeﬁﬁknﬁﬂerﬁﬁhﬁiﬁg cyl i nder
11 and a torgpedo_ 1

_ Cg %pt t.he startigﬁh sin o\ gﬁanne] %,%hebng égg
cal l ed sinplYy tRE ﬁ%ﬂn | GORRF 558 ReBELHERY | é’@?l dBFUAEP dT & fedf
nE|tin9 Cylindeﬁslﬁrgafdéhrgﬁnéﬂé £4eagtermined places of the outer

peripheral surface of the melting hopper 30. To the melting
hopper 30 is suppled the starting résiﬁ dried in the drying
hopper 8 via the channel 31,'and,the'sta£ting resin thus
10 supplied is heated to a temperature above its melting point
and brought to a substantially molten state in the melting
hopper 30. 1In that case, hewever, the residence time of the
molten starting résin in the melting hopper 30 is preferably
short as fgr a#'possible in order to inhibit deterioration
15 caused by residence.
In the molding equipment shown in Fig. 2, the molten
starting resin is suppliéd via the channel 32 to a
quantitative feed section 10, and the Quantitative feed
section 10 is composed of a gear pump having internal gears
20 33. The molten starting resin is fed quantitatively by
revolution of the gears 33 into the molding_machine body A
via the channel 35. |
In the molding equipment of the present invention shown
in Fig. 3 as a further embodiment thereof, the melting

25 section 9 is composed of a melting hopper 42 equipped with



predef erm ned places of its outer periphery, said heater 14 being

mai ntai ned at a tenperature capable of heating the 10 starting .resin

i ntroduced into the channel 12 fromthe drying hoper 8 to a tenperature
above.its nelting point and bringing said starting resin to a substantially
mol ten state. The channel 12 fitted at t43e rear end with a reciprocating
pllunmger 15 and is connected at the front end to 15 the quantitative feed
section 10 illustrated later. In the internmedi ate portion of the channel

12, the torpedo 13 to shunt the channel 12 toward the heater 14 is fixed to
the inner wal | heptere fkarepidadhtcpredeeernipas, phagas of thewwiert i ng

menber (not shown).. B ans_of the torpedo, thys 20 arpanged, the startin
resin int roduclgﬁr%‘ﬁ’t’%ll?ﬂ‘eas‘émcf?eI°t}1§LFsRﬁgﬁjfré%q'%ﬂ?geﬁeﬂ%edg’é‘ff"r’fﬁ é‘}‘i’ﬁ'ltgngndg
al so uniform eshe ! squang.y [V § of ' iy '
equi pped wt hyggégg? [ %g %%/Ieélurf#glrie-lﬁg‘,%lg ?e{::#%)%éclatq i3n§ﬁgl Eﬁgg%j’:&g 1?‘| tted
25 inside a ”EBQE.EHQiﬁe@ﬁéOd]rﬂ-ﬂn(? oppdrby, dind [tHeg stagtdfgt A€sin 330 heating

cylinder 16, a nozzle 19 to feed the nolten starting resin into the nolding
machi ne body Aheated thatlyeaweltirsy hepplr 4h fu edteeprracdrel alsme ditst he
outer peripheral surface : '
melting point and brought to a substantially molten state.
The quantitative feed section 10 of-the molding
egquipment shbwn in Fig. 3 equiﬁped with a plunger 44, and the
starting resin heated in the melting hopper 42 and brought to
10 a substantially molten state is suppliéd by means of the
pluﬁger 44, preferably in a quantitative manner, to the
molding machine body A via é channel 45.
The function of the molding eqﬁipment for saturated
crystélline polyestets shown in Fig. 1 is illustrated in more
15 detail hereinafter. | |
The starting saturated crystalline polyester resin
pellets supplied to the above-mentioned drﬁing hopper 8 is
heated at a temperature below the melting point of the resin,
-usually at 140-240°C for 1-10 hours, preferably at 170-200°C
20 for 1-5 hours. |
The pellets thus dried are then introduced into the
melting section 9 and fed into the channel 12 by means of the
plunger 15.. In the melting section 9, the pellets are

sufficiently heated up to its melting point by means of the

25 heaters 14 and substantially melted. In that case, the



5 of' the heating cylinder 16, heaters 21 are provided so that the
tehperature of the starting resin nelted in the nelting section 9 is

mai ntai ned at the same |evel as nelted. The netering section 17 accurately
determ ned the amount of the nolten resin fed thereinto fromthe channel 12
of the 10 nelting section 9 and accunulates said nolten resin for the
subséquent injection nolding. This nmeter¥hg section 17 and the channel 12,
and said nmetering section 17 and the nozzle 19 are connected to each ot her
by the changeover valve 20 That is, after a given anount of the nolten
resin is 15 i ntepdhisend 1ntie tRecIBs@ViGnieet toNtld Karumygi gating the
channel 12 with the nmetering section 17 by neans of the changeover val ve 20
(the state as stongedd I3 ds provided ohidddeotbe obhéanmeP(2,s anBeResdangd
over so as to communj cate gnly the nmetering section 17 with the nozzle 19
(in the state 283 T ESHPFig. beated,@nchBR4EETHn{E0TR Y @ndur ned '90[ err]
in the cl ockw se gj'r.ection) t he my tengﬁesi n prese in the

whey eb I t
metering secti oft T am"?‘fé? wv/e’%/ HOF X3P InE écﬁ'_")helsplqﬁﬁﬁ‘éYe‘iB into
Vs apipe 22 the ok ieetleg rEAPRRRAR, PRerhially RAAGRIETRETY Ted
via the pipe 22m¢Itintg dertdonedt i9Muaialiie nighew By 10-30°C than the
. melting poinﬁ of the starting resin, and the inside of the
‘channel 12 of the melting section 9 is preferably filled with
an inert gas or.evacuated in order to inhibit oxidative
10 deterioration of the starting resin.
The starting resin thus heated and melted is then fed
into the métering section 17 of the quantitative feed section
10, In the quaﬁtifative feed section 10, the heated and
melted resin may be maintained at a desired temperature .range
15 by means of the heaters 21 -of the heating cylinder 16. After
feeding the predetermined amount of the molten resin into the
metering section 17, the channel 12 is shut off from the
metering section 17 by the change-over of the changeover
valve in the manner as mentioned previously, ané the molten
20 resin is quantitatively fed into the nozzle 19; |
The molten resin thus fed into the.nozzle 19 is. then .
quantitatively fed into the molding machine body A via the
pipe 22. .
| In the molding equipment shown in Fig. 2, the pellets

25 dried in the drying hopper B are introduced via the channel



whereby the nolten resin is nolded into a desired shape. In the nolding
equi pnent of the present invention shown in Fig. 2 as a further enbodi nent
thereof, the nelting 5 section 9 conprises a nelting hopper 30 equi pped

W th heaters 36 provided on the predetern18ed pl aces of the outer

peri pheral surface of the nelting hopper 3 To the mel ting hopper 30 is
suppi ed the starting resin dried in the drying hopper 8 via the channel 31,
and the starting resin.thus 10 supplied is heated to a t enperature above
its nmelting point and brought to a substantially nolten state in the

mel ting hopper 330int6 thatmensing sewev6h, 91 heTheepedaree arethaitddidanmeheen
starting resin in the nelting hopper 30 is preferably short as far as
possi bl e i n or aedtingi apFbien ddtand Sravpbh 1% a ssbssedtbylivsheldrre. In the
nol di ng eqU|pnent shown in Fig. 2, the nolten starting resin is supplied
via the channel®*3%®to a quantltatlve feed sectlon 10, and the quantltatlve

feed section 10 is ggnpgggglﬁgEﬁ}é?%%aﬁﬂggpy &ngﬁéﬂg#,on of‘%%e gears

The nolten starting résin uan rev
33 into thes m'&l@qnqaseeeeoboﬂylﬁu\élualtlpenfég?m%g 39-3bsac thgad@indl ng
equi pnent of the present invention shown in Fig. as a further enbodi nent
thereof, the muelitipg2poinsest itte Stasrtéagposeth,ofana rbkt Lngide pperehd?
equipped W th

melting hopper 30 is preferably filled with an inert gas or
evacuated in order to inhibit oxidative deterioration of the
starting resin.

10 The starting resin thus heated and melted is then fed
via the channel 32 into the gear pump 34. The molten résin
is then fed from the geér pump 34 by revolution of the gears
33 into the molding machine body A via the channel 35.

In the molding equipment shown in Fig. 3, the pellets

15 dried in the drying hoper 8 is fed via the channel 43 into

the melting section 9. |

The starting ;esin heated and brought to a substantially
molten state.in'the meltipg section 9‘is fed, preferably in a
quantitative manner, intb_the molding machine body A via the

20 channel 45 by means of a reciprocating plunger 44 inserted
into thé melting hopper 42 constituting the melting section
g.

The starting resin melted by heat. and supplied to the
molding machine body A in thé manner as illustrated above is

25 xneaded uniformly by the screw 1 extending over the three



32 heaters 41 provided at predeterm ned places of the out er peri pher al
surface of the melting hopper 42. To the nelting hopper 42 is supplied via
a channel 43 the starting resin dried in the drying hopper 8, and the
starting resin is 5 heated in the nelting hopper 42 to a tenperature above
its nmelting point and brought to a substantially nolten state. The
quantitative feed section 10 of the nol di n§3equi pnent shown in Fig. 3

equi pped with a plunger 44, and the starting resin heated in the

nmel ti ng. hopper 42 and brought to 10 a substantially nolten state i's
supplied by neans of the plunger 44, preferably in a quantitative manner,

to the mol di ng Jgeeibig, body. A nd %e3qCh Sin 4 TonfaeLH0RLLOC G bR M di ng

equi prent f or sat ur at ed cryst | ine polyesters shown In

illustrated i nmdeeihd detbidnhain Babésx - thﬂl&ﬁ\t,aahaﬂglsﬁwatyed

crystalline polyester resin peIIets supplied to the above-nentioned drying

hopper 8 i s heateg¢rainedt ehperatanrecpel bead e rublet hegdppeontiaf dfheoreksen,

usual 'y at 140-240[err]C for 1-10 hours, preferably at 170-2000C 20

for.1-5 hours &ﬂﬁelﬁéFFE?g by hedAnggchien t1ash 3 HPF@dGc@ﬁl¢rﬁQ9ttﬁé°H§lt|ng

section 9 reg éhe channe In.the
|on

nel ting sec 81 Te erhr%%éf'?%/cfeeﬁfﬂ ?shg'gt[igagubn D af ]a§ siEedi ng
poi nt by neans faglhe

When the saturated crystalline polyéster-resins are
molded into desired shapes by using the molding equipmenﬁ
equipped with the above-mentioned molding machine body A and

10 starting resin feed section B, the starting resin is heated
to a temperature above its melting poiht, supplied in a.
substantially molten state to .the molding machine. body A and
delivered in a state of being low-in viscosity to the
compression section of the screw 1, and hence the mechanical

-15 sheafing applied in this compression section to the saturated
crystalline polyester resin is small. Accotdingly, even when
the saturated crystalline polyester resin is molded into a
desired shape, the crystallizing temperature Tc¢2 of the
résulting molded article does not practically decreases in

20 comparison with the crystallizing temperature Tcl of the
starting saturated crystalline polyester resin. on that
account, the molded aiﬁicle thus obtained is excellent in
transpafency and dimensional stability, free from chalking.or
variation in internal volume and also excellent in heat

25 resistance.



25 heéaters 1.4 and substantially nelted. In that case, the 33 channel
12.is in close vicinity to the heaters 14 as the torpedo 13 is provided

wi thin the channel 12, and hence the starting resin is heated and nelted
uniformy and efficiently, whereby the working efficiency is inproved. 5
The heating tenperature preferably enployed3Pn the nel.ting section 9 is
usual |y higher by 10-30[err]C than the nelting point of the starting resin,
and the inside of the channel 12 of the nelting section 9 is preferably
filled wwth an inert gas or evacuated in order to inhibit oxidative 10

deterioration of therstidd idhvie®thiBna lNRofdiald ledtipREAD EdtSsdRahedaand
nelted is then fed into the netering section 17 of the quantitative feed

section.10. I n thegstahhing gidlyesteedresei | trowkFert, hét hbat askeandoneksidned
resin may be maintained at a desired tenperature range 15 by neans of the
heaters 21 of thbakehle mtanhingdsptesatediersstadddpagrehyesiasdaesin hed
armount of the nnltgg resin!%gto tge neterh%g sectiqgn é? t he channel 12 is
shut off from t HEVARBRSRFREAR SRS 1FEREE 1AL RaTdRgEe60ePe B 1 Ah P kN TBER er

valve in th W?“gémﬁfriﬁﬁé %eqap%ﬁ"i:f?él‘.sééfarﬁ%t@% a8 f0 %e&i%-r%._ L&Y @h%s
gquantitatively Ted 1hto e nozzIl e 19. The no nresin thus ted into the
nozzle 19 is thgRarting resin thus heated is supplied to the molding machine
body. ©On that account, the starting séturated crystalline
polyester resin delivered to the compression section is high
in viscosity, because the resin is not hegted sufficiently
10 Dbefore arriving at the compression section, and the |
crystallizing temperature (Tc2) of the resulting molded
article largely decreases in comparison with the
crystallizing temperature Tcl of the starting saturated
crystalline polyester resin. If the crystallizing
15 temperature of the molded article becomes largely lower than
that of the.starting saturated crystalline polyestgr‘resin,
this molded article or a molded article obtained by molding
further this molded article decreases‘in transparency aﬁd
dimensional stability and also in heat resistance. 1In this
20 manner, the molding equipménts of the present invention have
successfully solved the problems associated with the
conventional molding equipments.
The sa;urated'crystalline polyester resins use@ in fhe
present invention may be suitably incdrporated, if necessary,

25 with various additives such as conventionally known



quantftatively fed into the nol di ng machi ne body A via the pipe 22. In the
nol di ng equi pment shown in'Fig. 2, the pellets 25 dried in the drying
hopper 8 are introduced via the channel 34 31 into the nelting section
9.. The pellets are heated in the nelting section 9 and brought to a
subst-antially nolten state. The heating tergpprature preferably enployed in
the 5 nelting section 9 is usually higher by 10-30[err]C than the nelting
point of the starting resin, and the inside of the nelting hopper 30 is
preferably filled with an inert gas or evacuated in order to inhibit

oxi dative deterioration of the starting.r The starting resin

esi, 10 . .
thus heated and"Het§dnds 2BRBRS ¢ ANRAIE ﬁe?&ﬂﬁ?fﬁ%’l WPRICABtEheS f®ar punp

'34. The nolten [ r e : “nﬁ 4 Leyvol Ut f the
gears 33 into t%iéﬂr#lﬁ'd%ﬁltéq%ggﬁlﬁ%éé b%(;gftt%'v?gg{’h‘g cl as’rgl;nawég.@_'#néjﬁggg}rgfd@ ng
equi pment ShOVVnax‘ntf‘ifdA%_aint% ahBepP@hdrftlss 1Purdhéed dxe tatudayiag hoper 8 is

fed via the channel into the nelting section 9. The starting resin

heat ed and brough¢stal HrrUpsligast &t | sesinlst @Bedt fh ethe idventets imy :4ebi on 9
is fed, preferably in a
be incorporated, if necessary, with suitable amounts of known
resins having gas barrier properties other than polyethylene
terephthalate.
The molded articles obtained by the molding equipments
of the present invention may be of various shape: such -as
10 Dbottle and the like. Furthermore, the molded ar:icles
obtained in the present invention may be preform: for blow
molding.
| The aﬁove-mentioned blow molding preforms mzy be molded
by the above-mentioned process, for example, single-layer
15 preforms may be molded by the injection molding rrocess, and
multilayer preforms may be molded by the multilaver injection
moldihg process. Further, tubular prodhcts'havi:g similar
laﬁinated structﬁres may also be prepered likewise. Wheﬂ the
stareing polyethylene terephthalate preferred in the presen£
20 invention is used for preparing preforms accordirg to the |
injection molding process, staining and elogging of an
airvent portion of the.meld at the time of injection molding
remarkably lessen, with the result that the clearing
operation of the mold can be made less frequent znd

25 productivity of the preforms is greatly improved.



quantftative manner, into the nol di ng machi ne body A via the 20 channel
45 by treans of a reciprocating plunger 44 inserted into the nelting hopper
42 toenstituting the nelting section 9. The starting resin nelted by heat

and supplied to the nol ding nmachine body A in the nanner as illustrated
above is 25 kneaded uniformy by the scr88 1 extending over the three
35 sections, i.e. the feed section, conpression section and netering

section, and caught therein, quantitatively determ ned with accuracy, |ead
to.the head portion of nozzle and injected by the injection ram3 into a

O W) oo RS BBYaL8C AL LG 00 LA de® pIOLERE LW f

desired shape. Wen the sagurate crystal sins are ol ded

into desired ShRNRRNRY thsi ABoVESNIIY i¥ndd BaYY PREIH: RfW-RReImY t hid e -
above-nenti oned nol ding machi ne body A and 10 starting resin feed section

B, the startingadmsinanngerhast £ tle aasePEr her £f sdmehtiiohedepké Agrms Nt ,
supplied in a substantially nolten state to the nol di ng nachi nebody A and
delivered in a thteattdoof mpéddad tontdinerissoeyi by forndte foompressnghe-sbgtdon
of the scregll, and hence t.he nechanical 15 shearing applied in this
conpr essi on se@f satugatgd srystajidpe polyester resin or from a multilayer

comprising at least a saturated crystalline polyester resin
layer and a layer of resin having gas bazrief properties
other than polyethylene -terephthalate. 1In the case of tﬁe
multilayer blow molded containers, the resin layers other

10 than polyethylene terephthalate layers may be of the
outermost, innermost or intermediate layer.

The blow molded containers are usually beiné'Stretched,
either mohoaxially or biaxially. In the case of monoaxially
stretched blow molded containers, the stretch ratio employed .

15 therefor is usuvally 1.1-10 times,. preferably 1.2-8 times and
especially 1.5-7 times( and in the case of biaxially
stretched blow molded containers, the stretch ratio employed
therefor is usually 1.1-8 times, -preferably 1.2-7 times and
especially 1.5-6 times in the vertical axis direction, and

20 usually 1.1-8 times, preferably 1.2-7 times and especially
1.5-6 timqs ih the traverse axis direction.

When the starting polyethylene terephthalatg preferred
in the presént invention is used in preparing the above-
mentioned blow molded containers or the like'by the monoaxial

25 or biaxial stretch blow molding process, productivity of the



crystalline polyester resin is small. Accordingly, even when the saturated
crystalline polyester resin is nmolded into a desired shape, the
crystall'izing tenperature Tc2 of the resulting nolded article does not
practically decreases in 20 conparison with the crystallizing tenperature
Tcl of the.starting saturated crystalline pb¥yester resin. on that account,
the nol ded article thus obtained is excellent . in transparency and

di rensional stability, free fromchal king or variation in internal volune
and al so excellent in heat 25 resi stance. 36 In the conventi onal

mol di ng equi pepgsé ¥ LA ioRt ﬁeleéasézadilana%,pghyeﬁ@ia{ﬁﬁ e RosB oYY ned

has been-so designed that the starting saturated crystalline. polyester

resin i s usual | pyhetdeichl stireecBtBldévw mplddaign feegremcly dimpatpve@ #sich 5 a

tenperature at which the starting resin is dried, and the starting resin

thus heated is Stdpppingl afo theebhoy dnolgiingc modd warkedlon kessenacendint, the
ester resi,n delivered to the conpression’

starting saturated cyrystalline pol
section is hi ghc_ﬁa@%%§x§§ F?}db88§%$%FqI??_PEQFn1?§S *HeRed sufficiently
10 001 1110 e W RUBAES L 35 OBy B0 AL R,
conpari son W t hmp@ing the aforementioned blow molding preforms in the
manner mentioned gbove. The heating temperature employed-in
this blow molding is usually 80-130°C, preferably 85-125°C,
and the blow molding mold tempe#éture-employed is usually
10 | from ordinary temperatﬁre to 200°C, preferably 40-180901 Heat
setting the resul;ing blow molded containers may be carried
out by conventionally known methods, and the heat setting
temperature employed therefor is usuvally 100-180°C,
preferably 120-160°C,
15

Molded articles formed from saturated crystalline
polyesters according to the present in;ention are excellent
in transparency and dimensional stability, free from chalking

20 or variation in internal volume and also excellent in heat
resistance.

The present invention is illustrated below with
reference t6 examples, but it should be construed that the
invention is in no way limited to the éxamples.'

25 Example 1



crystral I'i zing tenperature Tcl of the starting saturated crystalline

-pol yester resin. If the crystallizing 15 tenperature of the nolded article
beegnes largely lower than that of the starting saturated crystalline

pol yester resin, this nolded article or a ded article obtained by

nol ding further this nolded article decreasées in transparency and

di rensional stability and also in heat resistance. In this 20 manner, the
nol di ng equi pnents of the present invention have successfully sol ved the
probl ens associated with the conventional nol di ng equi prents. The sat urated
crystalline poIyest@ithe@iqqpany@usnpohzc$n¢§n§ﬂtibnvequinmemﬁnpqmvnéﬁﬁpabIy
I ncorporated, if necessag%é 25 with various addjtives such

conventlonally RﬁoﬁhrSt' A edting afRntd qqﬂ)ﬁ&iﬁPCrF?F??ﬁ§;°f a tank

| ubricants 4 l.ocki biliz

agents, anUfoﬁS’g ts an eglnéglrr’%rlllt ‘i-% E ?her é%h%t gatttl‘}r aggg crys'ltfttl%%

pol yester resi Rg, 4SBHAN LMot dieRbhRRniBYs PSGmr 1281 BEOWROI @A ed but
necessary, wWith suitable amounts of known resins havi ng gas barri er

properties $thdan thanfevlowitdy reimmeretoppiépdrd olleehynkded arti cl es
obt ai ned by the nol di ng equi pmrents of the present invention nmay be of
vari ous shapes tegephibalate.
To the first reactor having previously retained therein
3750 parts by weight of a reaction liquid and maintained at
'2550C with stirring and at a pressure of 1.7 kg/cm?.G in a
10 nitrogen atmosphere was added continuously every hour a
slurry prepared by mixing 1437 parts by weight of high purity
terephthalic acid with 645 parts by weight of ethylene gl§col
to carry out esterification reaction of the first'sﬁage. In
this first stage esterification reaction, a mixture of 203
15 parts by weight of water and 3 parts by weight of ethylene
glycol was distilled off. ' The second stage esterification
reaction product was thenilead to the second reactor so
controlled that the-average résidenCe time becomes 2.0 hours
and maintained with continuous stirring at 260°C and 0.8
20 kg/cm? G. To the second reactor was continuously suppiied
| every hour a homogeneous solution comprising_0;35 part by
weight of germanium dioxide and_32 parts by weight of
-ethylene glycol, and simultaneoﬁsly from éaid second reactor

was distilled off every hour a mixture of 84 parts by weight

25 of water and 7 parts by weight of ethylene glycol to carry



10 béttle and the like. Furthernore, the nolded articles obtained in the
preesent invention may be preforns for bl ow nolding. The above-nenti oned

bl ow:nol di ng preforns may be nol ded by - t he above-nmenti oned process, for
exanpl e, single-layer 15 preforns may be nol ded by the injection nolding
process, and multilayer preforns may be ?gl ded by the multilayer injection
nol di ng process. Further, tubul ar "produc havi.-ng sim |l ar | am nated
structures may al so be prepared |i kewi se. Wien the starting pol yethyl ene
terephthal ate preferred in the present 20 invention is used for preparing
pref orms accor oy &he SIFEOPH] BERFDE THIITdif§2pi B8R e5R2AC K A -ni AP aPRFIDgyi ng -

of an airvent portion Qf the ld at t tinme of jinjection L din
remarkably | ess®rf95i% etrﬁglf:esh?? xf%aéiq(it epg?g‘é‘f‘ﬁ n‘léasoﬁ:@reé‘t ?‘S)ﬁgo'fgttﬁbe nol d
can be nmade | esg, [{LGR0aNdo28ont ¥ kRt Vel dNErdycPiabiBehce ARl Y
| nproved. 38 ow nol ded containers may be prepared by stretch bl ow
nol di ng the aboy&cdmdy i2Qmetobkvand|nt ingd aihelowiEh dohtiiRicas Bt MBS aaS i n
the case of the aforenentioned preforns, the bl ow nol ded contai ners may: be
formed fromSa s2eésfG-andyeprBal pfessatner.at &d thesthadd reagbbyewa®r resin or
froma nmultilayer conprising at_|east a saturated crystalline_ polyester
resin continuously Supplied every hour a homogeneous solution '
comprising a mixture of 1.23 parts by weight of trimethyl
phosphate and 22 parts by weight of ethylene glycol, and
simultaneously from said third reactor distilled off every
10 hour a mixture comprising 21 parts by weight of water and 38
parts by weight of ethylene glycol to carry out the third
stage esterification reaction.
The third stage esterification reaction product was lead
to the fourth reactor so controlled that the average
15 residence time becomes 2.0 hours and maintained with
continuous stirring at 275°C and 77 mmHg. In the fourth
reactor, a mixture comprising 62 parts by weight of ethylene
glycol and 6 parts by weight of water was distilled off every
hour to carry out the first stage polycondenéatidn reaction.
20 <The first stage polycondensation reaction product was lead to
the fifth reactor so controlled that the average residence
time becomes 1.0 hour and maintained with continuous stirring
at 280°C and 5 mmHg.

_In the fifth reactor, a mixture comprising 26 parts by

25 weight of ethylene glycol and 3 parts by weight of water was



| ayer and a layer of resin having gas barrier properties other than

pol yet hyl ene terephthalate In the case of the nmultilayer bl ow nol ded
contai,ners, the resi.n“layers other 10 than pol yethyl ene terephthal ate

| ayers may be of the outernost, innernost or intermediate |ayer. The bl ow
mol ded containers are usually being strﬁ ched, either nonoaxially or
biaxially. I'n the case of monoaxially stfetched bl ow nol ded containers, the
stretch ratio enployed 15 therefor is usually 1.1-10 times, preferably
1.2-8 times and especially 1.5-7 tines, and in the case of biaxially

stretched blo nt gi. net h tretch rati o | oyed. t heref or
usual ly 1.1- 8%%@3&%5%3 ergaBF fjSL'E(SZ QETF t s YahgY 'éstp%ccrr% ‘)/°Tt5t%et?'ﬁ%%"°rn

the verti cal digAGiLAR ggg-gx) diabhy 1qi & <taferably 1.2-7
ti mes and espem%lfl%g flnmssll nrthe traverseea§<"|;'s‘méjsrs'ettlgl ?on When t he

starting polyepddyssiriencaepbhhatateidgy ¢fredbed wastheaprasame kAyeRtion is
used in preparing the above- nentioned bl ow nol ded containers or the |ike
by the nonoaxixa®or, dr-ehi axhatrizontslcitvwiorgaynodbtarny tyrcesactprpdsist i vity.
of the 9 resultlng bl ow nol ded articles, particularly those obtained by
bi axi al st Pet cFPMTREIRS &hag, the g‘f%ﬁqey rﬁﬁ}%l"&%ﬂ bime tbgganes af 0t heup| ow

mol di ng nol d n§£g£§ggﬁéé¥%% w1€g continuous stirring at 282-~-285°C and 1.8-

T 2.5 mmHg.

In the sixth'reactor, a mixture comprising 12 parts by

weight of ethylene glycol and 1 paft of water was

10 continuously distilled off every hour to carry out the third
§tage polycondensation reaétion. The third stage
polycondensatién reaction product so controlled that its
average residence time becomeé 215 hours was continuously
extracted in the form of strand outside the reactor by a

15 polyester extractor, cooled by immersion in water, and then
cut into chips by a strand cutter. The polyethylene
terephthalate obtained by the above-mentioned liquid phase
polymerization had an intrinsic viscoéity {(n) of 0.62 dl/g as
measured at 25°C" in o-chlorophenol, and contained 2.50 mol%

20 of dioxyethylene terephtﬁalate component.

This polyethylene terephthalate obtained by liquid phase
polymerization.was then dried and crystallized for about 15
minutes at about 140°C in a nitrogen atmosphere, packed in a
‘'column type solid phase polymerizer, followéd by solid phase

25 polymerization at 205°C for 15 hou;s in a nitrogen



cl eani ng of said nold can be nade | ess frequent. 5 . The bl ow nol ded
contai ners may be prepared by bl ow nol ding the af orenenti oned bl ow nol di ng
prefor,ms in the manner nentioned above. The heating tenperature enployed in
this blow nolding is usualty 80-130[err] Ci preferably 85-125[err]C, and the
bl ow nol di ng nol d tenperature enpl oyed is Yisual | y 10 from ordinary
tenperature to 200[err] C, preferably 40-180C. Heat setting the resulting
bl ow nol ded contai ners may be carried out by conventionally known nethods,

and the heat sebihBIphEAPET AHE @ nGEIPLAYLENLd f '
100-180[ err] C, p%ef elr)abl y 120- 168[ err]C 1%&“;;/{63'61 géhg%ﬁlﬂ%%sé%grtﬁgéa?? ot?ﬁd

sat urat ed cryst ahl inerjpmsiestisrcosdtgolUl nof t®. &thalpyessnhed Suseat hON2 §FE
excellent in transparency and di nensional stability, free from chal king 20
or variation ininnpechi¢ropiiantd agdntpinedxedl oot of hdbdsxyetdiyabaace. The

present invention is illustrated below with reference to exanples, but it
shoul d be const t§E&§PhRRR1a% % GaMPERERbN #84|% RHRPIFAF e nt ¢eRERaG UERe

exanpl es. 25 Exanmpl e, : 1. 40 Wth a c [ oROl ycondensati on
equi prent Cd%prfgyggafllz1ng temperature f%& é?“?#i E.

Subsequently, the polyethylene terephthalate obtained
above was dried for about 4 hours at about 180°C in a
nitrogen atmosphere, and then fed to an injection molding
machihe (M100A ﬁodel 6f Meiki) wherein the cylinder

10 temperatures oflthe feed, compression and metering sections
were preset to 320°C, 300°C and 270°C, respectively, the
polyethylene térephthalate in a substantially molten state
was supplied to the compression section, and injected into a
preform molding mold cooled to 10°C at a-molding pressure of

15 aboué 800 kg/cm? to prepare a pfeform of 28 mm in external
shape and 4 mm in thickness. Thereafter, only the neck ..
portion of this preform was crystallized in an oil bath at
160°C. The thus obtained preform had an intrinsic viscosity
[M) of 0.76, and Tc2 of. 158.1°C.

20 -'?he neck-crystallized preform was biaxially stretched
lengthwise to about two times and crosswise to about three
times by using a biaxiai stretch molding machine (LB0l of
Corpo-Plast Co.) under such conditions, that the blowing
pressure is about 20 kg/cm?, the preform heating temperature

25 is about 60 seconds and the stretching temperature is about



the fi‘rst, second, third, fourth and fifth reactors of a tank type and the
sixth teactor which is a two-way rotary type horizontal reactor, continuous
pol yneri zation was carried out 5 in the foll owi hg manner to prepare

pol yet hyl ene terephthalate. To the first reactor having previously retained
therein 3750 parts by weight of a reacti®f |iquid and maintained at
“255[éerr]Cwth stirring and at a pressure of 1.7 kg/cn2.Gin a 10 nitrogen
at nosphere was added continuously every hour a slurry prepared by n xing

1437 parts by wej f. high purity terephthalic acid wi.th 6 arts by.
wei ght of et hyﬁhg‘% 3&‘& st egﬁﬁ‘?é BEFTRN oA KERE| BRF 4BRHS ég’ BFCPREST 17 st
stage. In this {i I g, ks ég?gg , ' r 2 15
~parts by meightgo éa%?gfggﬁﬁ%%@ng?géﬁéoaﬁﬁg t g?ee?hy€%ﬁ%yé§§§%r ggg
distilled off. RB&tse€Oy HYoaQdngStRei hdbIditdprepati 8Mb i hidly stFet BRE]

| ead to the second reactor so controlled that the average residence tine
becones 2.0 houbsttbel witimtainadsedi-bhttomtofhrousnsernal ngoline?@F 4r.0] C and
'0.8 20 kg/cn?2 G_ To the second reactor was continuously supplied every hour

a hompgeneows s8RteF At Sl RiegessoppreshNLRe FgRECERT RAMMNAEtAFOXi de
o0 32 ParS DY gl Sobe ot TG IhuERL, RS, BTULLAICoU BlamaR Y
25 of water angd,Zi paktnddedivdlit eRbe 8l O eIf tHahSBhrbAcF 3 s Yevidence by
the measured Haze value pf 0.5%, and no deformation was
observed even after filling the bottle with hot water.
10 Comparative Example 1 |
Example 1 was repeated except th;t the cylinder
temperatures of the feed section, compression and metering
section'were preset to 265°C, 270°C and 290°C. The preform
thus obtained had an intrinsic viscosity (M) 6f_0.77 and fcz
15 of 146°C. | | .
In this case, the polyethylene terephthalaté reaching
the compressing section of the iﬁjection molding machine was
not sufficiently melted and hence undérwent a large |
mechanical shearing in the compression section.
20 ' .In the bottle obtained, the stretched portion thereof
" had a Haze value of 5.0% which was far inferior to that of
Examnple 1.
Example 2

Chips of crystallized polyethylene terephthalate
25 (intrinsic.viscosity 'M1=0.78 dl/g, density 1.400 g/cm3,



41 out the second stage esterification reaction. The second stage
esterification reaction product was then lead to the third reactor so -
contnolled that the average residence time beconmes 2.0 hours and nai ntai ned
with continuous stirring at 5 265[err]C and normal pressure. To the third
reactor was continuously supplied every houy s honmpbgeneous: sol ution
conprising a mxture of 1.23 parts by weight "of trimethyl phosphate and 22
parts by wei ght of ethylene glycol, and sinultaneously fromsaid third
reactor distilled off-every 10 hour a m xture conprising 21 parts by .
wei ght of water and 38 parts by melght of ethylene glycol to carry out the
third stage est&eiltiipgt Point ebetdTh "CThprogwammest sgppesatnie ierusitgd lizing
reaction product was lead to the fqQurth reactor so control|ed that the

average 15 resi{‘¢8REE2LPRE Betohbs §’0"ﬁ€ﬁn§?%ﬁﬂj1Ha?n95PH@Hdﬁﬁﬁq?9ﬁ8ﬁtFﬁaéus

stirring at 275[err C n 'ndngg; the fournt act fure
conprising 62 pgﬁ e]’:by@wglséht 0 e4 5?35%’ %ﬁﬁ%& aﬁdSGQ%S?fh{%;% W 1nh? of

wat er was disti Hi@.‘}ogtetxa@l‘ﬂgéz%h&% ;nl QA eBbLYd o zt&f"nftbﬁ\ brat §0e,

pol ycondensati on reacti on rst stage pol ycondensatlon reaction

product was .fead to trhe abbi8-meRCidHedSehipbtweld akdught tbeaaver age.
resi dence tine becones 1.0 hour and naintalned with continuous stirring at

280[ err] C and 5 swhbdgantpalhe molten rstateoby keatidngues tbapresimg 26 parts
by temperature of 270 °C for 5 minutes by means of a dryer with
an electric heater, pressed into a screw-in-~line injection
'molding machine, and molded by injecting into a parison mold
10 (32 pieces of parisons, barrel temperature 15 °C) at an
injectioﬁ pressure of 500 kg/cm? to obtain amorphous
parisons, each 4 mm in body thickness and 60 g in weight. 32
pieces of the parisons thus obtained had an intrinsic =
viscosity (N] of from 0.73 to 0.74 dl/g,.and the
15 crystallizing temperature Tc2 oflthe polyethylene
terepﬁthalate as molded was from.168 to 170 °C.
' The top portion of the above-mentioned parison was
drystallized at 170 °C for 5 minutes b§ méans qf aﬁ infrared
heater, an& the parison was stretch molded at a stretching
20 temperature of 105 °C, the stretch ratio: 2 times in thel
axial dir;ction, 3 times in the peripheral direction, and a
mold temperature of 140 °C into a 1.5 liter cylindrical'
container (the body portion with 6 sheets of panel;
hereinafter this container is called the heat-resistant

25 container). The heat-resistant container thus obtained was



25 weight of ethylene glycol and 3 parts by wei ght of water was 42.
cohtinuously distilled off every hour to carry out the second stage

pol yéondensation reaction. The second stage pol ycondensati on reaction
product was lead to the sixth reactor, i.e. a horizontal two-way rotary
type reactor, so 5 controlled that the average residence tinme becones 1.0
hour "and mai ntai ned with conti nuous sti r|4i6ng at 282-285[err]C and 1.8- 2.5
nMHg. In the sixth reactor, a mxture conprising 12 parts by wei ght of

et hyl ene glycol and 1 part of water was 1 O continuously distilled off
every hour to cvorable thettansshisdnmge RehyCoOsENSHIORNHESREPOE The
third stage pol ycondensation reaction product so controlled that its

aver age resi demontaimerhdshape of DInalls wad vantatimusiny iextrasl ecbliumed he
formof strand outside_the reactor by a 15 polyester extractor, cooled by
i mersion in wtat S™dd -t hen cut into chips by a strand cutter. The

pol yet hyl ene terephthal ate obtai ned by the above-nentioned |iquid phase

pol ymeri zation had an intrinsic viscosity [err] of 0.62 dl/g as nmeasured at
25[err] C i ngo-chl orophenol, and contained 2.50 nol % 20 of dioxyethylene

t erepht hal ate conponent. This pol et hyl ene terephthal ate obtajned by Iiquid

phase Physical properties |variations in 100 containers |Evaluation
Min. value Max. wvalue
Transparency Haze % from 1 to 5 ' Good

{All containers are transparent.)

10 Heat resistance _ Ali containers withstand Good
hot_water of 85 °C,
Shape Dimenéion oflAall éontainérs are in Good
of top portion ttolerance limits,

container | Shape of Shape of panel sufficiently Good
15 panel appears in all centainers. .

Internal volume ml from 1520 to 1530 Good
20 Example 2 was repeated except that the chips.cooied to

room temperature after drying thereof were éupplied, as they
were, to the feed section of the injection molding machine,
whereby parisons were obtained. 32 pieces of the parisoh

thus obtained had an intrinsic viscosity of from 0.74 to



pol yméri zation was then dried and.crystallized for about 15 minutes at
about 140[err]Cin a nitrogen atnosphere, packed in a colum type solid
phase pol yneri zer, followed by solid. phase 25 polynerization at 205[err]C
for 15 hours in a nitrogen 43 at nosphere. The thus obtai ned pol yet hyl ene
terephthal ate had an intrinsic viscosity [&7] of 0.80 dl/g as neasured at
250C" i n o-chl orophenol, contained 2.53 nol % of di oxyethyl ene terephthal ate
conponent, and a progranmed tenperature 5 crystallizing tenperature Tcl of
174[ err] C. Subsequently, the polyethyl ene terephthal ate obtai ned above was.
dried for about hour about Qlerr]Cin a nitr n_at ppsphere, and
then fed to an qﬁjsécf‘i“gng#}%lﬁf%ﬁta#gd%ﬁﬂg ﬁ)ﬁ?ﬁ%’ﬁ‘i\}b‘&eﬁ% fo%bg% PRHFCBSh t he
cylinder 10 t e f ' ) BESSi on and metering sections
wer e preset to%%%{og?%]ac?‘agog g‘?r%%?}r?dclg%[gh] C, respectively, the -

pol yet hyl ene t er ephtiidithiee shifte omSnrd it i1al EXanpld €2) Yhd abvRe-wempidd to
the conpressiron section, and injected into a preformnolding nold cooled to
10[err] C at a mExdisegspweseunelddd Intoadobit 180€r [levatl-resiptapare a preform
of 28 mmin_external, shape and 4 nmin thickness. @ Thereafter, only the
neck portiof ofcantadngzss oFhereapen \khey MRreddreatdy derisdi khat 160[err]C

The thus obtai q:erdarpsrpeafr%;l@ybageg{]_xl-ens:[irsltgglcg,- Vlsgé:lg)eSIé[é/ container and

internal volume, and practically favorable containers

obtained were only 20 % of the total output.

10
Physical properties |Variations in 100 containers Evaluation
Min, value .l Max. value
Transparency Haze % .from 3 to 30 Bad greatly
{70 % appears to be chalked) |varied
15 Heat resistance 30 coﬁtainers withstand Bad greatly
| hot water of 85 °C, {varied
but 70 containers.
expand in panel portion,
Shape |Dimension ofjOnly 20 containers in : Bad.greatly
20 of top portion ltolerance limits, varied -
" container Shape.of. | Only 20 containers are Bad greatly |
Dan.el good_in shape. ' varied
Internal volume ml from 1480 to 1525 Bad greatly .
varied

25



[err]*of-0.776, and Tc2 of 158.1[err]C. 20 The neck-crystallized
preformwas biaxially stretched | engthwi se to about two tines and crossw se
to about three tines by using a biaxial stretch nolding nmachi ne (LB0O1 of
Cor po- Pl ast Co.) under such conditions, thaggthe blowi ng pressure is about
20 kg/cn2, the preform heating tenperature 25 i s about 60 seconds and the
stretching tenperature is about 44 100[err]C, the stretched preform was
kept for about 10 seconds in a nold having the surface tenperature of about
140[err] C, and heat set by cooling the nold to prepare a biaxially
- stretched bottle with a raised-bottomof an internal volume of 1.0 5

liter having si I . reg reduci ng panel at the body portion. In
the bottle thus al ne e retched portion thereof was excellent in
transparency as evi deRgspby é%%@%@gdf@% e 0t nl. efipdnce A0

def ormati on was observed even after "filling trg?bott le with %ot water. 10

Conpar ative Exagpbplie&xaiftediatily a¢peat @tynd et 150arc) hto aHd Fded
tenperatures of the feed section, conpression and netering section were
preset to 265[esepc}oa7cfe¢hq(1nﬂa¢t296[molqihg'ﬁaahpneiowher¢hu;Rﬂnxﬂon@d had

an intrinsic viscosity [err 'of 0.77 and Tc2 15 of 146[err]C
were obtaine 32 pleces of the parison thus obtained bhad an

- intrinsic viscosity (7] of from 0.73 to 0.74, and the
crystallizing temperature Tc2 of the parisons as molded was
from 137 to 156 °c.

10 In the same manner as in Example 2, the above-mentioned
parisons were molded iﬁto 1.5 liter heat-resistant |
containers, whereupon they were greatly varied in
transparency, heat fesistance, shape of container and
internai volume, and practically favorable containers

15 obtained were only 30 % of the total output.



In thi% case, the polyethylene terephthal ate reaching the conpressing
sec¢tion of the injection nolding machine was not sufficiently nelted and

hence-,underwent a | arge nmechani cal shearing in the conpression section.

In the bottle obtained, the stretched portion thereof had a Haze val ue of
5.0% which was far inferior to that of Exanple 1. Exanple 2 Chips of

crystallized pol yethyl ene terephthal ate 25

=0.78 dl /g, density 1.400 [err]

(intrinsic viscosity [err]
45 mel ting point Tme253 [err]C,

20

programed tenperature crystallizipg tenperature Tcl =171 [err],C) were dried
cked in a

FaRdratign

losjhl tlen state by

in a dehumdificgation_type dryer af. 150
netal lic .can inggyﬁng%géﬁ%ﬁﬁ%E%ﬁ%'%ﬁr§ﬂ¥
The above-nenti oned chi ps were bro subst ankd.al
heating at the resin tenperature of 950 ierrIC Tor,% m nut es
dryer with an elreahbparbfey Hazdnepsed i Frgmazseseyoin-1ine |
nol di ng machi ne, and nol ded by tnjfkcting into a parison nold

pi eces of pari sens—barrel tenperal

of 500 kg/c to obtain'annrphous arisons, each 4 nmin body
40 containers withstand

60 g in wei ght. H§at resistance

err]C f
°88LF%d

14q,

but 60 containers

4 hour,s,

FYTRIE

hot water of 85 °C,

expand in panel portion.

0

R g2Batl
| 2'32‘1lty

Bad greatly

varied

Shape |Dimension of|{Only 30 containers in

‘10 of ltop portion |{tolerance limits.

Bad greatly

varied

container | Shape of

panel - good in shape.

Only 35 containers are

Bad greatly

varied

Internal volume ml

15

c E I..- E ]-!

from 1485 to 1523

Example 2 was repeated except that the chips,

Bad gfeatly

varied

immediately after drying thereof, were melted by heating at

20 310 °C for 5 minutes, and the melt was supplied to the feed

section of the injection molding machine, whereby pariéons

were obtained. 32 pieces of the parison thus obtained had an

intrinsic viscosity of from 0.65 to 0.67, and the.

crystallizing temperature Tc2 of the parisons as molded was

25 from 135 to 141 °C.

ay means of a
|

re

t hi ckness and



piece§'of the parisons thus obtained had an intrinsic viscosity [err] of
from0.73 to 0.74 dl/g, and the 15 crystallizing tenperature Tc2 of the
polyeihylene terepht hal ate as nolded was from 168 to 170 [err]C. The top
portion of the above-nentioned parison was crystallized at 170 [err]C for 5
m nutes by neans of an infrared heater, anglgpthe parison was stretch nol ded
at a stretching 20 tenperature of 105 [err]C, the stretch ratio: 2 tines
in the axial direction, 3 tines in the peripheral direction, and a nold
tenperature of 140 [err]Cinto a 1.5 liter cylindrical container (the body

portion with 6 sheetg P, % her.ei naft er, Lhi g iner is called t
heat -r esi st ant 25 cog{%l%ﬁ mafhgrheat{r}é:sﬁaWaﬁt 8(:0?1 i IRAVEr ALt ned

was 46 favopabigohd #&AOSRAIRRACY neHeRls NgTkst ﬂ@&@-msﬁéﬁ?e of cont ai ner
(shape of panel), and variation in internal volunme was sm 5 Physi cal :

properties Varicebtemseis, btk empoai DREP el pabiroDn M FanstRirdacy, headwax
val ue Transparency Haze % fromlto b5 Good (Al
cont ai ners. arerﬁﬁéﬁ§ﬁaﬁén4n9 st@peHeft contsiigieaiacend also Q%datd@nVattEnsin

w t hst and 5

interna? volume, and no practically favorable containers were

contained at ali.

Physical properties {Variations in 100 containers| Evaluation
10 Min. value Max. yalué
Transpérency Haze % 'from 10 to 50 Bad
{(All containers appear
to be chalked.)
Heat resistance All containers deform on Bad
15 £i11ing with hot water of B5°C,
Shape Dimensidn of AllICOntainers are in Bad
of top portion tél;arance limits,
container | Shape of All containers are bad in Bad
panel shape panel. |
20 Internal volume ml frém 1490 to 1530 Bad greatly
| varied



hot. water of 85 [err]C. Shape D nension of Al containers are in

Good . of top portion tolerance |imts contai ner Shape .of Shape of
panel sufficiently ' Good 15 _ panel appears in all
contai ners Internal volume m from 1520 to 1530 CGood -
Conpar ati ve Exanple 2 20 Exanpl e 21lwas repeated except that the

chips cooled to roomtenperature after drying thereof were supplied, as
they were, to the feed section of the injection nolding nachi ne, whereby

pari sons were obt ai_ngd\5 izﬁgi eces, of the parison thus obtained had an
intrinsic viscosity of>f rohtH. Sl ingricajscentainessy obheioegsimlBiatiple 2

‘tenperature Tc2 @htthgsParysassiasy Tah dgss Wesod remsl 0,)46 [err]C. In
t he sane manner (as in sExarrpl e 2,1 ?hgﬂglbovse-nenléi%rr?gd%gapi'g n‘gl%ﬁer @ngspkhed

into 1.5 liter keylsthesisinditdnfedata-ners: MIElIN0L L pYIET o eatly

varied in transparency, heat resistance, shape of container an ni*@°nal .
vol une, and pradromalileg tavoralice Oeaéa«hélﬁta&xiﬁﬂlaiynﬁdwefﬂzém'%t%oc%)iBL the
total output. 10 Physical properties Variations in 100 contai ners !
Eval uation 5 and the chips were molded into parisons in the same manner as
in Example 2 to obtain parisons.: The parisons thus obtained
had an intrinsic Giscosity {(N] of from 0.71 to 0.72 dl/g, and
the crystallizing temperature Tc2, after heating, of the
parisons as molded was from 162 to 135 °C. In the same
10 manner as in Example 2, the above-mentioned parisons were
molded into 1.5 liter cylindrical containers, whereupon they

were favorable in transparency, heat resistance and shape of

container, and variations observed therein were small.

15



M n. aval ue Max. val ue Transparency Haze % from3 to 30
Bad greatly (70 % appears to be chal ked) varied 15 Heat resistanceé

30+:containers wthstand . Bad greatly hot water of 85 [err]C,
vari‘'ed but 70 containers. expand in panel portion. Shape D nensi on of
Only 20 containers in Bad greatly 20 ~ of top portion
tolerance limts vari ed contai ner Shape of Only 20
containers are Bad greatly panel ~good i n shape

varied Internal volune n from 1480 to 1525 . ‘Bad greatly

varied 25 48 Conparative Exanple 3 Exang%g 2 was repeated except that
the chips were supplied, inmediately after ying at 150 [err]C, to the
feed 5 section of the injection nolding machi ne, whereby parisons were
obtai ned. 32 pieces of the parison thus obtained had an intrinsic viscosity

[éerr] of fromO0.73 to 0.74, and tHe crystallizing tenperature;Tc2 of the
parisons as nolRiegs sl ﬁnmmhiﬁiebcvﬁ5ﬁat66ﬂ$Cin 100 containers| Evaluation
a ‘ lMin. value Max. valye
Transparency Haze % from 1 to 6 Good
(31) containers are trgnsx_)arent )
5 Heat resistance 1All containers withstand Good
| hot water of B5 °C.
Shape Dimension of|All containers are in ‘ Good
of top portion ltolerance limits,
container Shape of Shape of panel. sufficiently Good
10 panel appears in all contaipers.
Internal volume ml from 1521 to -15-32 - Good



10 & In the same manner as in Exanple 2, the above-nentioned parisons

were.nolded into 1.5 liter heat-resistant containers, whereupon -they were
greatly varied in transparency, heat resistance, shape of container and

i nt eenal volume, and practically favorabl e containe mmwmunﬂ Imtmmonl y .30
% of the total output. 49 Physical properties Vhr

cont-ai ners Ev@lagitson M n. val ue Max. val ue Transpd rency Haze "%
from2 to 30 Bad greatly (65% appears to he chal ked) varied 5
Heat resistance 40 contai ners w t hstand Bad greatly hot water

of 85 [err]Cai_ a procosé/afcbﬁdm@yalﬁ% ROHAhNEE Be@X PG HAT DiRe! ppaktd on.

Shape  Di MengspBrOh-oIilry wi0i SQNESHALASHY heating thBAd i Patty &0tem- Of

top portion Hel-8taRee duddd Sits meltlng poiy@riafd aelidimertivbapabed

Only 35 cont asﬂﬁh%*%flely moltenBads@hedidtb PAN@bsired sHIOSE, i Sushapdat

varied I nternghevehimtalllizing tembed@tid8d 76€21823the restedigeeat | y

varied 15 CD”E@&@@&”Eﬁ@@ETeea%d the crystallizing temperature Tcl of
the starting saturated crystalline polyester resin sat-
isfy the following relationship.

Tcl - 20 £ Tc2 £ Tcl

2. A process according to Claim 1 which comprises sup-
plying a resin to a molding machine with a screw com-—
prising a feed section, a compression section and a me-
tering section such that the substantlally molten resin
is allowed to reach the compression section of the

molding machine, thereby molding said resin into the de-
sired shape.

3. A process according to c1aim 1 or 2 wherein the
saturated crystalline polyester resin is polyethylene
terephthalate. '

4. An apparatus for molding saturated crystalline poly-
ester resins containing a main body of a molding machine
for molding the melted saturated crystalline polyester
resin into a desired shape and a startlng resin feed
section for supplylng said startlng resin to said main
body, wherein the starting resin feed section comprises
a drying hopper for drying the starting resin by heating
it to a temperature below its melting point,

a melting section for melting the starting resin dried
in said drylng hopper by heating further said dried
starting resin,.and

a quantitative feed section for supplying . quantitatively
the starting resin melted in said melting section to the
main body of the molding machine.

5. An apparatus according to Claim 4 wherein the melting
section is provided with a heat meltlng cyllnder and a
.torpedo to shunt the startlng re51n channel in said heat
meltlng cylinder. .

6. An apparatus according to Claim 4 wherein the melting
section is composed 6f a melting hopper.



Exanpl e 2 was repeated except that the chips, immedi ately after drying
t hereof, were nelted by heating at 20 310 [err]€for 5 mnutes;—and the

mel.t was supplied to the feed section .of the injectj i i ne,
wher‘eby parisons were obtained. 32 pi eces of the pJV,“mmmﬂmﬁmmm’wed had
an intrinsic viscosity of fromO0.65 to 9167, and the crystahl i i :
tenperature Tc2 of the parisons as nolded was 25 from 135 to 141 [err]C
50 In the sane manner as . in Exanple.2, the ove- nent.i oned. pari sons re
ol ded it o Pt GUR| RBPeREkils ASSPEL Mot LR fhobeoto PHISESbRe tHS0r

i n transpar éf@nthtativesifnetceeghdoshdse atmposedi odr a2 aidigep. great | y
varied in 5 internal volunme, and no practically favorable containers were
cont ai ned at® al@_?’ﬁ%@ir@éluﬁ)r%@@rﬁé@gvﬁq £laiw #n OO dntwherein the
Eval uati on fypantitative feed sectionuis gempesed of whgeam|pemp.
Transparency Haze % : from 10 to 50 Bad (Al containers
appear to bé cH¥lkBRPRYAdAELS ragrerdang to Claim gowheinesirs theé ognaoii-

Bad 15 tative feed sectionm i @%mmshechp@fmat plugfgess[Bitt&l Shape
Di mensi on off $FIPESRAGLVEGLY dfbthan the meltingBhgpper.




&

of , top portion tolerance limts. container Shape of Al'l containers
are bad in Bad panel - shape panel. 20 I nternal volune m
from 90 to 1530 Bad greatly varied 51 1.5 liter cylindrical
containers obtained in Exanple 2 (intrinsic viscosity [err] was fromO. 73
to 0.74 dl/g, and the crystallizing tenperature Tc2 thereof, after heating,
was from 168 to 170 [err]C) were mechani cal | s pul verized into chips, 5 and
the chips were nolded into parisons in the same manner as in Exanple 2 to
obtai n parisons. The parisons thus obtalnéaﬁﬁ5ﬁﬂﬁn |ntr|nS|c vi scosity
[err] of fromO0.71 to 0.72,¢ re Tc2,
after heating, of t he parlgi rlC. In the
sane 10 nmanner as in Exarg <1
into 1.5 liter cylindrical T '
t ranspar ency, SheAtpreee@iannﬁnﬁﬂdlﬁbaﬂeséﬁuﬁiﬂadab&?&taﬂﬂﬂn&a@éiﬁddﬁ&% resin
observed therein were snal

into a deslred shape by supplying said resin to a molding.

machine, which comprises heating the resin sbove its melting
point and molding the substantially molten resin into the
desired shape such that thé temperature Tc2 of the molded

10 article obtained thereby an& the crystallizing temperature
Tcl'.of the starting saturated crystalline polyester resin,
satisfy the relationship of Tcl - 20 $ Tc2 $ Tcl.

FIGURE 1



52 Physical properties Variations in 100 containers Eval uation Mn. val ue

Max val ue Transparency Haze % fromlto 6 Good
(AI-l" containers are transparent) 5 Heat resistance Al'l containers
wi t H%t and Good hot water of 85 [err]C. Shape Di nensi on ‘of All
containers are in Good of-/3 top portion tolerance limts.
cont-ai ner Shape of Shape of panel suﬂflciently Good 10
panel appears in all containers. Internal volunme n from
1521 to 1532 Good 53 CLAIMS 1. A process for nolding a-
saturated crystalline | y- ester resin which conprises heating the resin
to a tem perature its nmelting point and nolding the sub- stantially
molten resin into a iN ed shape, such that the crystallizing tenperature
Tc2 of the resulting IWd article and the crystallizing tenperature Tcl
of the starting satu crystalline polyester resin sat- isfy the
follow ng rel ationsh{d. | - 20 [err] Tc2 [err] Tcl

N
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2. Agrocess according to Claim1l which conprises sup- plying a resin to a
nmol di.ng machine with a screw com prising a feed section, a conpression
section and a ne- tering section such that the substantially nolten - resin
is a¥lowed to reach the conpression section of the nolding machine, thereby
nol ding said resin into the de- sired shagp® 3. A process according to
Claim1l or 2 wherein the saturated crystalline polyester resinis

pol yet hyl ene terephthal ate. 4. An apparatus for nol ding saturated
crystalline poly- ester resins contai'ning a main body of a nol di ng nachi ne
for nolding the nelted saturated crystalline polyester resin into a desired
shape and a startin esin feed section for supplying said starting resin
to said nain bodgn ein the starting resin feed section conprises a
drying hopper for drii¥fyg the starting resin by heating it to a tenperature

below its nelting n a nelting section for nelting the starting resin
dried in said dryi FEy_h er by heating further said dried starting resin,
and a quantitative ection for supplying quantitatively the -starting
resin nelted in sa ing section to the main body of the nol ding
machi ne. 5. An app¢rit according to Caim4 wherein the nelting section
Is provided with a N Nng cylinder and a
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torpedo to shunt the starting resin channel in said heat nelting cylinder.
6. Am apparatus-according to Claim4 wherein the nelting section is
corrpdsed of a nelting hopper. 54 7. An apparatus according to CCaim4, 5
or 6¥wherein the quantitative feed section is conposed of a plunger. 8. An
. apparatus according to Caim4, 5 or 6 @Wgrein the quantitative feed
section is conposed of a gear punp. 9. An apparatus according to Caim38
wherein the quanti- tative feed section is conposed of a plunger fitted
reci procatively within the nelting hopper.
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