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METHOD FOR MOLDING SATURATED CRYSTALLINE POLYESTERS

AND MOLDING EQUIPMENT THEREFOR

Tﬁis invention relates to a method for molding saturated
crystalline polyesters and more particularly to the method
for molding saturated crystalline polyesters, by which molded

articles such as containers or the like excellent in

“transparency, heat resistance and form stability can be

obtained from saturated crystalline_polyester resins, and

~

molding apparatus used therefor.

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
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

containers, various plastic containers have recently come to
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be used rapidly in substitution for glass contaiqers.

Various plastics are used as materials for plastic conﬁainers
according to the kind of the contents to be contained and to
the purpose for which the contents are used. - Of such
plastics materials, saturated crysialline,polyeéter resins
such as polyethylene terephthalate and the like are excellent
in mechanical strength, heat.resistance, transparency and gas
barrier properties, and are used as materials for containers
for juices, cooling beverages, carbonated drinks, seasonings,

detergents, cosmetics and the like: Of the plastic

.containers used for such purposes 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
molded cdntainers must be molded from heat resistant resins
capable of withstanding the high-temperature 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.

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

stability have been known heretofore.
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Especially, there was'such a serious problem that when a
saturated crystalline polyester resin such as polyethylene
terephthalate is fed to a molding machine-such'as'an
injection molding machine to prépare a preform for blow
molded article, and this preform is then blow molded into a
blow molded cdntaingr, the resulting blow molded container
will chalks and deteriorates in transparency. On that
account, the blow molded containers deteriorated in
transparency were qnavoidable discarded, resulting in a sharp
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
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 Patent L-O-P Publns.

Nos. 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

terephthalate which are inherently insufficient in heat
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resistance by means of molding means or treatment after
molding. In all the blow molded containers obtained by

everyone of the above-cited processes, however, their

‘transparency and form stability are not sufficiently

satisfactory, and hence the advent of blow molded containers

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 containers
éxcellent 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
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
crystallizing temperatufe.(Tc) of the saturated crystalline

polyester resins decreases, and that blow molded articles

'~ obtained from the preform-consisting of saturated crystall%pe

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

information obtained above, the present inventors continued a
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further investigation and have eventually accomplished the
present invention based on their finding that if saturatéd
crystalliné polyester resins are molded into molded articles
using a molding machine under specific conditions, the
crystalliéing temperature of said unsaturated crystalline
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.

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
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

to provide molding eqﬁipments for unsaturated crystalline

- polyester resins, by which molded articles such as blow

molded containers excellent simultaneously in transparency
and form stability can be obtained from said unsaturated

crystalline polyester resins.
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The first process of the présent invention for molding a
séturated crystalline polyester resin into a desired form by
feeding said resin to a molding machine having a screw and
equipped with a feed section, a compression section ané 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,
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

saturated crystalline polyester resin into a desired form by

-feeding said resin to a molding machine, characterized by

heating‘said polyester resin to a témpérature above the
melting point and feeding the heated polyéstgr resin in a
substantially molten state to the molding machine, wherein a
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

crystalline polyester of the present invention which
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compriées a main body of molding machine for molding a
starting molten saturated crystalline polyester resin into a
desired form and a starting-resin feed section for feeding
the startiﬁg resin to said main body is characterized by
comprising

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
further heating the same, and

a quantitative feed section for guantitatively feeding
the fused starting resin to the main body of molding machine.

‘The saturated crystalline polyester molded articles

‘obtained by the present invention are excellent in

transparency and dimensional stability, free from chalking
and variation in internal volume, and also excellent in heat

resistance.

BRIEF DESCRIPTION OF THE DRAWINGS
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 -

8 ... Drying hopper
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9 ... Fusion'section

10 ... Quantitative feed section

DETAILED DESCRIPTION OF THE INVENTION

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
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
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, 2,6-naphthalenedicarboxylic acid, etc.,

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

modified with small amounts of polyhydroxy compounds and
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polycarboxylic acids having at least three valences such as
triol and tricarboxylié acid.

Concrete examples of the saturated crystalline polyester
resins illustrated above are polyethylene terephthalate,
polybutylene terephthalate and polyethylene
isophthalate/terephthalate copolymers.

6f these saturated crystélline polyesters mentioned
above, preferred are those containing ethylene glycol and
terephthalic acid as the main components because of their
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.

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
111, | | |

'-+-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],
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—¢00C -@- COOCH2CH20CH2CH2 3- , is in the range of 1.4-5.0
mol%, preferably 1.5-3.1 mol% and esbecially 1.7-2.6 mol%.
The starting polyethy;ene terephthalate as illustrated
above forms a substantially linear polyeéter in which the
above-mentioned ethylene terephthalate units (a) of the
general formula (a) and dioxyethylene terebhthalate units (b)
are arranged randomly so as to form an ester linkage. That

the above-mentioned polyethylene terephthalate is

~substantially linear in structure is confirmed by the fact

that said polyethylené terephthalate dissolves in o-
chlorophenol.
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

- 0.60-1.00 dl/g, preferably 0.70-0.87 dl/g and especially

0.72-0.85 dl/g. When this intrinsic visgosity (M] 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
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

procedure. That is, a specimen of the polyethylene
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terephthalate is dissolved in o-chlorophenol at a
concentration of'l g/100 ml, .and a viscosity of the solution
is measured at roomltemperature by means of a Ubbellode
capi;lary viscometer, and thereafter o-chlorophenol is .
gradually added to the solution té measure a yiscosity of the
solution at a low concentration side, whereby an intrinsic
viscosity [N] is obtained by extrapolation based oh 0%
concentration,

| The preferred starting polyethylene terephthalate as
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
terephthalate is preferably in the range of the following
equation | | .

67.5(M] + 119.0 S Tel S 67.5(M) + 133.5, :
further.preferably

67.5(N] + 122.5 < Tcl £ 67.5(N] + 128.5.

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

high-temperature filling the resultant containers with
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cooling beverage such as juice or Coca-Cola. When this
prégrammed-temperature crystallizing teﬁperature (Tcl)
becomes lower than the value of lower limit of the above-~
mentioned equatioﬁ, the resulting blow molded containers tend
likewise to bring about heat deformation when thé containers
are high-tempgrature fillgd 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
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
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
detection at the timg 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

exothermic peaks as measured under the same conditions as in-
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the case of the above-mentioned programmed-temperature
crystallizing temperatﬁre {(Tcl) .-

The process for preparing the above-mentioned starting
polyethylene terephthalate used in the present invention is
illustrated hereinafter.

The preferred starting polyethylene terephthalate 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
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
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
intrinsic viscosity ([W]. '

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

The starting polyethylene terephthalate as illustrated

above may be obtained by suitably selecting the conditions
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under which each.step is carried out and controliing the
polycondensation reaction so that (A) the composition of the
resulting polyethyiene terephthalate and (B) an intrinsic
viscosity théreof'are respectively in the range as defined in
the present invention.

Concretely speaking, an ethylene glycecl slurry of
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

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
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
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? G, preferably 0-1.3 kg/cm? G. Accordinglg. when the

. 3 . . . 1 3 | h
esterification reaction is carried out 1in two stages, the
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first stage and sécond stage esterification reaction
conditions are_respectively in the range as defined.above,
and when the esterification reaction is carried out in three
stages or more, the conditions under which the esterification

reaction is continuously carried out from the second stage to -

the stage prior to the final stage are intermediate between

those employed for the first and final stage reactions,

respectively. For example, when the esterification reaction

.is carried out in three stages, the temperature employed in

£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
rate of the conversion in each stage of the esterification
reaction are smoothly distributed, and the conversion 6f the

esterification reaction product obtained in the final stage

is usually at least 90%, preferably at least 93%. Through

these esterification steps as mentioned above, there is
obtained a 16wer condensate 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

polycondensation reaction is carried out are such that the
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reaction temperature of the first stage polycondensation. is
usually 260-290°C, preferably 265-290°C and especially 270-
285°c, tﬁ; pressure is usually $00-20 Torr, preferably 200-30
Torr, and the temperaturé of the final stage polycondensation
reaction is usually 270-300°C, preferably 275—295°C, and the
pressure is usually 10-0.1 Torr, preferably 5-0.5 Torr.

When the polycondensation reaction is carried out in two

stages, the polycondensation reaction conditions employed in

.the first and second stages,-respective}y, are as defined

above, and when said reaction is carried out in three stages

or more, 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,
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
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

polyethylene terephthalate obtained from the polycondensatibn
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reactor of the final stage has an intrinsic viscosity (1] of

usually 0.55-0.72 dl/g, preferably 0.57-0.68 dl/g. The
polyethflene terephthalate obtained from the final
poiycondensation reactor in the manner mentioned above.is
thep formed by melt extrusion molding into chips.

Further, the chips of this polyethylene terephthalate
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,
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,
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-
carried out_in the presence of tpe 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

tetraethylammonium hydroxide, tetra-n-butylammonium hydroxide
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and trimethylbenzylammonium hydroxide, and basic compounds
such as lithium carbonate, sodium carbonate, potassium
carbonate and sodium acetate, because the proportion of
dioxyethylene terephthalaﬁe component units in the main chain
of the resulting polyethylene terephthalate can be maintained
at a relatively low level.

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

specific reactor or reactors of stages subsequent to the

" first or second stage reactor. The polycondensation reaction

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

tris (nonylphenyl)phosphite, phosphoric acid esters such as
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methyl acid phosphate,'isopropyl acid phosphate, butyl acid

phosphate, dibutyl phosphate, monobutyl phosphate and dioctyl

| phosphate, and phosphorus compounds such as phosphoric acid

and pélyphosphoric acid. The amount, based on the weight of
the mixture of terephthalic acid and ethylene glycol, of the
catalyst used 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
weight in terms of the weight .of phosphorus atoms in the

stabilizer. These catalysts and stabilizers may be supplied

‘to the stage of the esterification reaction step or to a

first stage reactor of the polycondensation reaction step.

The starting saturatea crystalline polyester resins as
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
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

starting saturated crystalline polyester resin pellets are
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fed to a molding machine having a screw and cémprising a feed
section, a compression section and a metering section, and

then molded into a desired'shape. In that case, the starting

. saturated crystalline polyester resins are heated to a

temperature above .the melting point of said polyester resin
in the molding machine so that the polyester resins in a
substantially molten state reach the compression section of
the molding machine. |

The molding machine used for molding the saturated
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
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
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 moltén resin and accumulate the determined molten resin

for the subsequent injection molding.
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When the starting saturated crystalline polyéster resin
is treated in the manner as in the first process for molding
the séarting polyester resins of the present invention as
aforesaid, no large mechanical shearing is épplied to the
saturated polyester resin within the molding machine
particularly 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
mechanical sheariﬁg applied to the saturated c;ystalline
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
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
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
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According to the present inventioﬁ, because the
crystallizing temperature Tc2 of the.molded article obtained
wili'not become lower by in excess of 20°C than the
crys;alizing temperature Tcl of the starting unsaturated
crystalline polyester resin, ;his molded article or a molded
article obtained by further molding this molded article is
excellent in transparenéy, free from chalking or variation in
iﬁternal volume, and excellent in heat resistance.

In contrast thereto, according to the conventional
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
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 the

" 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

'or.a molded article obtained by further molding this molded
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article will come to decrease in transparency and dimensional
stability and also in heat resistance. _

Practically speaking, when polyethylene terephthalaté
having a cryétallizing temperature Tcl of 171°C as a starting
unsaturated crystalline polyester resin is molded according
to the present invention into a molded article, a
crystallizing temperature Tc2 of the resulting molded article
is 155-170¢°C, wherea§ a crystallizing temperature Tc2 of a |

molded article obtained according to the conventional

processes from the starting polyethylene terephthalate which

has reached inla substantially 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
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
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

resin is dried by preheating to a temperature below its
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melting point, preferably a temperature lower by 10-90°C thén
the melting point, and the preheated polyester resin is
supplied to the molding machine. The screw of this molding
machine is separated into three sections, i.e. the feed,
compression and metering sections. The temperature employed
in the feed section is preset to a temperature higher than
the temperature conventionally employed, that is, the
temperature of the feed section'is preset to a temperature
higher than the melting point -of the starting saturated
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.

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.

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

temperature above its melting point to bring to a
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substantially molten state and the molten polyester resin is
supplied to the molding machine.

The molding machine used in the second pfocess of 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.

wﬁen 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.
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,

it is so designed that the mechanical shearing applied to the

starting saturated crystalline 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 largély in comparison with
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

resin is taken as Tc2 and the crystallizing'temperature of
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said starting saturated crystalline polyester resin is taken

as Tcl, the crystallizing temperature of the molded article

obtained satisfies the following relationship.

Tcl - 20 € Te2 < Tcl
According to the second molding process of the present

invention, because the crystallizing temperature (Tc2) of the

‘molded article obtained will not decrease by in excess of

20°C than the crystallizing temperature Tcl of the starting
saturated crystalline polyester resin in the same manner as
in the first molding process, this moided 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.

_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.

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

resin into a desired shape, and a starting resin feed section
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B to supply the molten starting resin to said molding machine
body A. .

The molding méchine body R may be of any structure so
long as it is capable of molding the starting resin melted'by
heating in the starting resin feed. section mentioned later
into a desired shape, 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
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
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 5 t§ inject the molten starting.resin into a mold (not
shown). The screw 1 is separated into three portions a feed
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

within the cylinder 4 by means of an oil pressure motor 6.
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The heating cylinder 2 of the molding machine body A is

‘provided with the starting resin feed section B to supply the

starting resin t6 said body A. This starting resin feed
section B is provided at the side of the injection ram of the
heaﬁing cylinder 2.

The molding equipment used in the present invention is
différeqt from the conventional injection molding machine in
structure of this starting resin feed section B. -

That is, in the molding equipment used in the invention

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
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
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 B'is loaded with a predetermined

amount of the starting saturated crystalline polyester resin
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in the form of pellets which may be of any shapes as
previously illustrated. _ |

The melting seetion 9 is equipped with a heat melting
cylinder 11 and a torpedo 13 to shunt the starting resin
channel 12 (hereinafter called simply the channel) in the
heat melting cylinder 11.

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
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
the guantitative 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
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

inside a metering section 17 formed by drilling inside the
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heatiné cylinder 16, a nozzle 19 to feed the molten startin§
resin into the molding machine body A and a changeover valve
20. .

On predetermined places of the outer peripheral sufface
of the heating cylinder 16, heaters 21 are provided so that
the temperature  of the starting 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 éf the
melting séction 9 and accumulates said molten resin for the
subseduent injection molding. This metering section 17 and
the chgnnel 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
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
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

via a pipe 22, the starting molten resin is quantitatively
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supplied via the pipe 22 to the feed section of the screw 1,
whereby the molten resin is molded into a desired Shapé.

In the molding equipment of the present invention shown
in Fig. 2 as a further embodiment thereof, the melting .
section 9 comprises a melting hopper 30 equipped with heaters
36 provided on the predetermined 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
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
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
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

section 9 is composed of a melting hopper 42 equipped with
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heaters 41 provided at predetermined places of the outer

peripheral surface of the melting hopper 42. To ﬁhe melting

hopper 42 is supplied via a channel 43 the starting resin

'dried in the drying hopper 8, and the starting resin is

heated in the melting hopper 42 to a temperature above its
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.hdpper 42 and brought to
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
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
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‘sectién 9, the pellets are
sufficiently heated up to ité melting éoint by means of the

heaters 14 and substantially melted. In that case, the
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channel 12 is in close vicinity to the heaters 14 as the
torpedo 13 is provided within the channel 12, and héncé the
starting resin is heated and melted uniformly and
efficiently, whereby the working efficiency is improved.
The heating temperature preferably employed in the
me;tipg section 9 is usually higher by 10-30°C than the

melting point 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
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 quantifative feed section 10, the heated and

melted resin may be maintained at a desired temperature .range
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
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

dried in the drying hopper 8 are introduced via the channel
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31 into the melting section 9. The pellets are heated in the
melting section 9 and brought to a substantially molten
state.

The heating temperaﬁure preferably employed in the
melting section 9 is ﬁsually higﬁer by 10-30°C than the
melting point of the starting resin, and the inside of the
melting hopper 30 is preferably filled with an inert gas or
evacuated in order to inhibit oxidative deterioration of the
starting resin.

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
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
channel 45 by means of a reciprocating plunger 44 inserted
into thé melting hopper 42 constituting the melting section
9.

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

kneaded uniformly by the screw 1 extending over the three
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'sections, i.e. the feed section, compression section and

metering section, and caught therein, quantitatively

determined with accuracy, lead to the head portion of nozzle

‘and injected by the injection ram 3 into a mold (not shown),

~ whereby the molten starting resin is molded into a desired

shape.

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
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
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
comparison with the érystallizing 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

resistance.
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In the coh§entional molding equipment for saturated
crystalline polyester resin, however, it has been so designed
that the starting saturated crystalline polyester resin is
usually heated in the starting résin feed section up to such
a temperature at which the starting resin is dried, and the
starting 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
before 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
temperature-pf 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
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,

with various additives such as conventionally known
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‘nucleating agents, inorganic fillers, lubricants, slip

agents, antiblocking agents, stabilizers, antistztic agents,
antifoggants and pigmente. Further, the saturated
crystalline polyester resins used in the inventicn may also
be ipcorporated, 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
bottle 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
preforms may be molded by the injection molding crocess, 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

starting polyethylene terephthalate preferred in the present

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

productivity of the preforms is greatly improved.
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Blow molded containers may.be preparéd by'stretch blow -
molding the above-mentioned blow molding pfeforms. In the
same manner as in th¢ case of the aforementioned preforms,
the blow molded containers may be formed from a single-layer
of saturated crystalline polyéster resin or from a multilaygr
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
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
stretphed blow molded containers, the stretch ratio employed .
therefor is usually 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
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
or biaxial stretch blow molding_proéess, productivity of the
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resulting blow molded articles, particularly those obtained
by biaxial stretch bloﬁ molding; ig greatly impréQed as
staining of the blow molding mold marxédly lessens and
cléaning of said mold can be made less frequent.

o The blow molded containérs may be prepared by blow
molding the aforementioned bléw 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 usua;ly
from ordinary temperatﬁre to 200°C, preferably 40-180°C. 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,

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

Example 1
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With a continuous polycondensation equipment comprising
the first, second, third, fourﬁh and fifth reactors of a tank
type and the sixth reactor which is a two-way rotary type
horizontal reactor, continuous_pol&merization.was carried out
in the following manner to prepare polyethylenc |
terephthalate.

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/cm2.G in a

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
pagts 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 residence time becomes 2.0 hours
and maintained with continuous stirring at 260°C and 0.8
kg/cm2 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 said second reactor

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

of water and 7 parts by weight of ethylene glycol to éarry
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out the second stage esterification reaction. The second
stage esterification reaction product ;as then lead to the
third reactor so controlled that the average residence time
becomes 2.0 hoﬁrs and maintained with continuous stirring at
265°C and normal pressure. To the third reactor was
continuously supplied every hour a homogeneous solution
comprising a mixture of 1.23 parts by weight of ﬁrimethyl
phosphate and 22 parts by weight of ethylene glycol, and
simultaneously from said third reactor distilled off every
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 c§ntrolled that the average
residence time becomes 2.0 hours ;nd maintained with
continuou; 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.
The first stage polycondensation reaction product was lead to
the fifth.reactor so controlled that the averége }esidence
time becomes 1.0 hour and maintained with continuous stirring
at 280°C and 5 mmHg.

| ~In the fifth_reaétdr, a mixture comprising 26 parts by

weight of ethylene glycol and 3 parts by weight of water was
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continuously distilled off every_houf to carry.out the second'
stage pélycondensation reaction. The second stage
polycondensation reaction product was lead to the sixth
reéctor, i.e. a horizontal two-way rotary type ¥eactor, so
controlled that the average residence time becomes.l.o hour
and maintained with continuous stirring at 282-28%5°C and 1.8-
2.5 mmHg.

In the sixth'reactor, a mixture comprising 12 parts by
weight of ethylene glycol and 1 paft of water was
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
polyeéter_extractor, cooled by immersion in water, and then
cut into chips by a strand cutter. The polyethylene
terephthalate obtained by the above-mentioned liguid 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%
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, followed by solid phase

polymerization at 205°C for 15 hours in a nitrogen



10

15

20

25

43

atmosphere. The thus obtained poelyethylene terephthalate had
an intrinsic viscosity [N] of 0.80 dl/g as measured at 25°C
in ‘o-chlorophenol, contained 2.53 mol% of dioxyethylene
terephthalate component, and a programmed tehperature
crystallizing temperature Tcl of 174°C.

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
temperatures of.the 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
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.

-'?he neck-crystallized breform 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

is about 60 seconds and the stretching temperature is about
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100°cC, thé stretched preform was kept for about 10 seconds in
a2 mold having the surface temperature of about 140°C, and
heat set by cooling the mold to prepare a biaxially stretched
bottle with a raised-bottom of an intérnél voluﬁe of 1.0
liter having six pieces of pressure reducing panel at the
body portion. In the bottle thus obtained, the stretched
porfion thereof was excellent in transparency as evidence by
the measured Haze value pf 0.5%, and no deformation was
observed even after filling the bottle with hot water.
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 (7] 6f_0.77 and fcz
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.

.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
(intrinsic.viscosity 'N1=0.78 dl1/g, density 1.400 g/cm3,
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melting point Tm=253 °C, érogrammed temperature crystallizing
temperature Tcl=171 °C) were dfied in é dehumidification type
dryer at 150 °C for 4 hours, packed in a metallic can in a
nitrogenatmosphere,_and cooled to room temperature.

The above-mentioned chips were brought to a
substantially molten state by heating ét the resin
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

(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
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
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

container). The heat-resistant container thus obtained was
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favorable in transparency, heat resistance and shape of

container (shape of panel), and variation in internal volume

was small.

Physical properties

Variations in 100 containers

Evaluation
Min. value Max. value
Transparency Haze % from 1 to 5 Good
(A1l c.ont aipners are transparent.)
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
panel avnears'in-all containers. .
Internal volume ml from 1520 to 1530 Good

Example 2 was repeated except that the chips cooled 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
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0.75, and the crystallizing temperature Tc2 of the patisons
as molded was from 130 to 146 °C.

In the same manner as in Example 2, the above—mgntioned
parisons were molded into 1.5 liter heat-resistant
containers, whereupon they were greatly varied in
transparency, heét_resistance, shape of container aﬁd
internal volume, and practically favorable'containeré

obtained were only 20 % of the total output.

Physical properties |Variations in 100 containers Evaluation

Min. value Max. value

Transparency Haze $% .from 3 to 30 Bad greatly

{70 % appears to be chalked) |varied

Heat resistance 30 containers withstand Bad greatly
hot water of 85 °C, {varied
but 70 containers.

expand in panel portion,

Shape |Dimension ofjOnly 20 containers in : Bad.greatly

of top portion ltolerance limits, varied '

" container Shape.of. Only 20 containers are Bad greatly
Daﬁel good_in shape. ' varied

Internal volume ml from 1480 to 1525 Bad greatly
varied
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Comparative Example 3

Example 2 was repeated except that the chips were
supplied, immediately after diying at 150 °C, to the feed
section of the injection molding machine, whereby parisbns

were obtained. 32 pieces 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.

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
internal volume, and practically favorable containers

obtained were only 30 % of the total output.
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Variations in 100 containers

Evaluation

Transparency Haze §

Min, wvalue Max. value

from 2 to 30

{65 &% appears to be chalked)

Bad greatly

varied

40 containers withstand

hot water of 85 °C,
but 60 containers

expand in panel portion.

Bad greatly

varied

Shape Dimension of

of top portion

Only 30 containers in

tolerance limits.

Bad greatly

varied

container | Shape of

panel -

Only 35 containers are

good in shape.

Bad greatly

varied

Internal volume ml

from 1485 to 1523

Example 2 was repeated except that the chips,

Bad gfeatly

varied

immediately after drying thereof, were melted by heating at

310 °C for S.ﬁihutes, 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

from 135 to 141 °C.
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In the.same manner as in Example 2, the above-mentioned

parisons were molded into 1.5 liter heat-resistant

containers, whereupon they were poor in transparency, heat

resistance and shape of container, and also greatly varied in

internal volume, and no practically favorable containers were

contained at ali.

Physical properties {Variations in 100 containers| Evaluation
Min. value Max. valupe

Transpérency Haze % 'from 10 to 50 Bad
{(All containers appear
to be chalked.)

Heat resistance All containers deform on Bad
filling with hot water of BS‘fL.

Shape Dimensidn of AllICOntainers are in Bad

of top portion télérance limits,
contai-het Shape of Bad

panel

All containers are bad in

shape panel.

Internal volume ml

frém 1490 to 1530

Bad greatly

varied
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1.5 liter cylindrical containers obtalned in Example 2

(intrinsic v1sc051ty {(n] was from 0.73 to 0 74 dl/g, and the

crystallizing temperature Tc2 thereof, after heating, was
from_168 to 170 °Ci.were mechanically pulQerized into chips,
and the chips were molded.into parisons in the same manner as
in Example 2 to obtain parisons.: The parlsons thus obtained
had an intrinsic v1scos;ty Ml 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
manner as in Example 2, the above-mentioned parisons were
molded inta 1.5 liter,cylindric;l containefs, whereupon they
were favorable in transparency, heat resistance and shape of

container, and variations observed therein were small.
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Variations in 100 containers

Evaluation

Min, value_ Max. valye

Transparency Haze % from 1 to 6 Good
(A1) _containers are trgnsx_)arent )}

Heat resistance 'All-containers withstand Good
hot water of B5 °C.

Shape Dimension of|All containers are in Good

of ftop portion ltolerance limits.
container Shape of éhape_of panel.sufficiently Good
panel appears in all containers.

Internal volume ml

from 1521 to 1532

_Good
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CLAIMS

1. A process for molding a saturated crystalline poly-
ester resin which comprises heating the resin to a tem-
perature above its melting point and molding the sub-
stantially molten resin into a desired shape, such that
the crystallizing temperature Tc2 of the resulting
molded article and 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 substantially 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 melting 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.
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7. An apparatus according
quantitative feed section

8. An apparatus according
quantitative feed section

9. An apparatus according

54

to
is

to
is

to

T

Claim 4, 5 or 6 wherein the
composed of a plunger.

Claim 4, 5 or 6 wherein the
composed of a gear pump.

Claim 8 wherein the quanti-

tative feed section is composed of a plunger fitted
reciprocatively within the melting hopper.



