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TITLE OF THE INVENTION
METHOD FOR INJECTION MOLDING POLYETHYLENE TEREPHTHALATE
BACKGROUND OF THE INVENTION

1. Field of the Invention
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The present invention relates to a method for

injection molding an uncrystallized or crystallized

polyethylene terephthalate into a desired molded form such as

preform, with pre-drying omitted.

2. Background Art

A pellet of the polyethylene terephthalate (PET)

produced by bulk polymerizing of ethylene glycol with

terephthalic acid or dimethyl terephthalate is an

uncrystallized and transparent material.

The PET whose

moisture content does not reach an equilibrium has further

moisture-absorption characteristics and thus when the PET is

molten in a moisture absorbed condition, a hydrolysis

develops to cause the PET not to be molded.

An uncrystallized PET pellet, when heated to a

temperature above its glass transition point (Tg), .becomes

softened somev)hat to have an adhesive characteristics. The

adhesive characteristics causes the PET pellets to be poorly

.....

bitten into a screw and thus not to be fed when*molding. On

the other hand, a crystallized PET pellet, even at a

temperature above its Tg, is not softened, thereby keeping
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hardness and having no adhesive characteristics.

Thus, material manufacturers dry an uncrystallized .
PET pellet at a temperature of 150 to 160°C to produce a
dehumidified and crystallized PET pellet which is sold as a
commercially available molding material. _This causes an
ordinary and commercially available PET to become more
expensive than an uncrystallized PET. The uncrystallized "
PET, which has been sold by some of material manufacturers,
has been dried to effect dehumidification and crystallization
by molding manufacturers before usé. Therefore, the
crystallized PET described herein means a dried commercially
available product, while the uncrystallized PET means an
undried product. In molding a product using the PET as a
material, even the crystallized PET has a moisture-absorption
characteristics in nature and thus absorbs moisture content
to some extent varying with control conditions'before it is
used as a molding material, thus it is customary to dry
preliminarily the PET immediately before molding.

It takes about four hours to accomplish the
preliminary drying at a temperature of 150°C. Both the
increased usage of material per hour to improve a molding
cycle efficiency, and the considerétion to the prevention of
a shortage of fed material even for a long time operation
cause a dryer instélled to an injection molding machine to

become inevitably large in size and the power consumption

I
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required for drying to tend to increase. Problems exist in
that it takes a lot of time to make preparations before |
molding operation, and that a malfunctioned dryer affects
seriously molding operation.

Then, injection molding means omitting the
preliminary drying can be devised. As such molding means,
there has been known a vent type molding machine in which an
injection screw in a heating cylinder is divided into a first
stage and a second stage, and the moisture content in a
molten resin in the first stage is removed to the outside
through a vent opening provided between both the stages.

| In this well-known vent type molding ﬁachine, the
screw groove of a feeding zone of the first stage leading
from the rear end at which a hopper is located to a metering
zone at the front end is formed in a deep groove; pellets of
the material resin fed from the hopper in a humid condition
is molten due to heat insulation and compression while being
sequentially fed by screw rotation; and then the groove leads
through the metering zone having a shallow groove to the
second stage.

The screw groove in the second stage is formed in a
deep groove, so that when the molten resin is transferred to
the groove, the pressure of the molten resin is reduced due
to the rapid increase in the groove depth of the screw to

cause the moisture content in the resin to be vaporized, and
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the moisture content wrapped in the resin by screw rotation
to be separated, which moisture content is then sucked and
removed through the vent opening by a vacuum pump. The
molten resin whose moisture content has been removed in this
manner is fed by screw rotation to a metering zone at the
front end of the second stage, and then to a position in
front of the screw to store, in a similar manner to an
injection mo;ding machine'having an ordinary mechanism. The
molten resin thus stored is injected and loaded into a cavity
by the forward movement of the injection screw after stoppage.
of screw rotation.

Although, generally the employment of such vent
type injection unit may allow even a material having a large
moisture absorption to be molded without the preliminary
drying, such unit is not applied to all of resins, and with
respect to the PET, particulérly an uncrystallized one, the
pellet is softened and compressed in a feed zone to cause it
to be accumulated, whereby the PET in the hopper cannot enter
the zone, and the biting by the screw becomes extremely poor
such that the material cannot be fed. As a result, it has
been quite difficult to perform the injection molding without
the necessity of the preliminary drying by employing a

conventional vent type injection unit.

SUMMARY OF THE INVENTION
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The present invention is devised to solve problems

with the above-mentioned conventional PET injection molding,

and it is an object of the invention to provide a method for

injection molding the PET by which although a vent type
injection unit is employed as means for omitting preliminary
drying, the unit does not develop a poor screw biting, and
even when a molding material is an uncrystallized or
crystallized PET, can feed a certain amount of the material
at all times to injection mold a desired transparent molded
form such as a preform, and use the preform to produce a
thin-wall container with a low cost.

The present invention according to the above-
mentioned purpose employs a vent type injedtion unit in which
an injection screw comprising a first stage and a second
stage is rotatably and movably mounted in a heating cylinder
having a vent, and limits the feed rate of the material resin
to a feed zone of the first stage of the vent type injection
unit in such a manner that the material resin is not
accumulated due to compression even if the material resin is
softened to an elastomeric state before reaching a
compression zone in front of the feed zone. This limitation
is effected by making the sectional area of the screw groove
in a receiving zone at the feed zone rear énd at which the
hopper port of the first stage is located smaller than the

sectional area of the screw groove in the feed zone, in which
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conditibn an unqrystallized or crystallized polyethylene
terephthalate produced with the preliminary drying omitted is
loaded in the hopper as a material resin to plasticate and
inject.

Althbugh it is preferable that the sectional area
of the screw groove in the above-mentioned receiving zone 11
is set to no larger than 3/4 the sectional area of the screw
groove in feed zone, a smaller sectional area thus set causes
the feed rate to become lower and the material metering time
to become longer than is required, so that it is most
preferable that the former accounts for 2/3 to 1/2 the
latter._ In order to feed faster the PET, the screw is formed
in a double screw to the halfway position of the compression
zone, and then in a single screw from the compression zone to
the metering zone so as to set the screw pitch to a large
value, thereby making sufficient the stretching of the molten
resin to improve the vent effect in a vent opening of the
second zone.

In addition, the molding is performed in such a
manner that the heating temperature on the second stage side
of the heating cylinder is set to é value_lowef than the

heating temperature on the first stage side, thereby

preventing acetaldehyde occurrence due to an overheated

molten resin.

The removal of the moisture content in the resin
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from the above-mentioned heating cylinder is performed by
being sucked under a reduced pressure by means of 'a vacuum
pump,.which removal is not interrupted even when injecting
during operation, and when injecting, the reduced pressure is
set to a value_lower than that when plasticating, thereby
preventing a vent up due to the forward movement of the
injection scre&. An injection molded preform is immediately
or later transferred to a blowing'mold,'where it can be
stretch-blow molded into a packaging container such as a

thin-wall bottle.

BRIEF DESCRIPTION OF THE DRAWINGS

Drawings show an example of a vent type injection
unit capable of performing the injection molding method of
the present invention, in which:

Fig. 1 is a schematic longitudinal sectional and
side view of the vent type injection unit according to the
present invention, and

Fig. 2 is an enlarged side view of a screw provided
in the vent type injection unit of Fig. 1, in which a front

end thereof is omitted.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In Figs., the numeral 1 indicates an injection

screw which is rotatably and movably inserted into a heating

is Sheet Has Been Reilaced

R




10

15

20

25

cylinder 2. The injection screw 1 has a shape such that two
screws having a deep groove section and a shallow groove
section are reconnected to each other to form a single screw,
and has a screw design such that a screw portion 10 located
in the rear portion of the heating cylinder 2 is made a first
stage (10), while a screw 20 located in the front portion
thereof is made a second stage (20).

The above-mentioned heating cylinder 2 includes a

vent opening 3 on the wall portion on which the rear portion

of the second stage 20 is located, which opening is enclosed
and connected with a vacuum pump (whose view is omitted). On
the rear wall portion on which the rear portion of the first
stage 10 is located, there is bored a feed port 4, which is
mounted with a hopper 5 for a PET pellet (hereinaftér simply
called a resin). On the outer periphery of the heating
cylinder 2 and a nozzle 6, there are provided band heaters,
though omitted in Figs., for heating a resin fed by screw
rotation from the above-mentioned feed port.4.

Both the above-mentioned vent opening 3 and the
feed port 4 have an opening width with substantially the same
size as the pitch of the screw they face.

Fig. 2 shows a screw design of the above-mentioned
injection screw 1, in which the ratio of the first stage 10-
to the second stage 20 in the overall length L is about 6:4,

thus the second stage 20 being formed shorter than the first
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stage 10. The first stage 10 is divided into four zonés of a
receiving zone 11, a feed zone 12, a compression zone 13 and
a metering zone 14 from the rear end, while the second stage
20 is divided into three zones of a feed zone 21, a
compression zone 22 and a metering zone 23 from the rear end.

In the first stage 10 and the second stage 20, thé
screw is formed in a double screw up to the.halfway position
of the compression zones 13 and 22 except for the metering
zones 14 and 23, whereby the feed of the material resin to
the compression zones 13 and 22 by screw rotation is

performed as fast as possible; while the screw in the

" metering zones 14 and 23 is formed in a single screw to widen

the screw pitch in order to reduce as small as possible an
un-uniformity of the molten resin.

In the first stage 10, the screw pitch P, of the

receiving zone 11 is set to a value smaller than the screw

pitch P, of the feed zone 12, while the screw pitch P, of the
metering zone 14 is set to a value twice the above-mentioned
screw pitch P,. The scfew pitch of the feed zone 21 and the
metering zone 23 of the second stage 20 is set in a similar
manner to the screw pitch of the first stage 10.

The screw groove depth of the first stage 10 is set
at the dimensions calculated from the screw groove depth of
the feed zone 12. In order to limit the feed rate in the

feed zone 12, the screw groove depth in the above-mentioned

-9 - This Sheet Has Been Replaced
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receiving zone 11 is set to a shallow depth such that the
sectional area of the screw groove in relation to the above-
mentioned screw pitch P, becomes 2/3 the sectional area of
the screw grﬁove of the feed zone 12; while the screw groove
depth in the metéring zone 14 is set to a depth shallower
than in the receiving zone 11 in order to stretch the molten
resin by screw rotation.

The screw groove depth in the feed zone 21 of the

~second stage 20 is set to a deepest depth in order to

vaporize the moisture content in the molten resin by a rapid
pressure reduction; while the screw groove depth in the
metering zone 23 is set to a value deeper than in the
metering zone 14 of the first zone 10, thereby making easy
the feed of the molten resin by screw rotation.

To injection mold a molded article such as a
preform using an uncrystallized PET by employing the wvent
type injection unit having the above-mentioned arrangement,
first the temperature of the heating cylinder 2 that the
second stage 20 holds is set to 270°C, and the temperature of
the heating cylinder 2 that.the first stage 10 holds is set
to 280°C. The undried and uhcrystallized PET as a molded
material is loaded in the above-mentioned hopper 5, and then
the injection screw 1 is caused to rotate at a high speed
(100 rpm). The atmospheric pressure of the opening 3 is

reduced to about -730 mm Hg by the vacuum pump.

-
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The PET in the hopper 5 is fed by screw rotation

into the receiving zone 11. The feed rate of the PET from

-the receiving zone 11 to the feed zone 12 is limited to a

value accounting for 2/3 the sectional area of the screw
groove of the feed zone 12 determined by the above-mentioned
screw groove sectional area setting, SO that the PET in-the
feed zone 12 is not excessively accumulated, and thus even if
the PET is softened to an elastomeric state, pellets are not
massed with each other due to compression and not accumulate
before thé resin reaches the compression zone 13.

The PET softened in the feed zone 12 is compressed
by the tapered surface of the compression zone 13 to cause it
to be molten, stretched and temporarily plastlcated so that
the PET is fed into the second stage 20 whose temperature is
set to a value lower than the first stage 10. The screw
groove of the feed zone 21 is formed in a deep groove, so
that the pressure of the molten resin is reduced to cause the
moisture content in the PET to be vaporized, and the moisture
content wrapped in the molten PET by screw rotation to be
separated, which moisture content is then sucked and removed
through the vent opening 3'by the vacuum pump. The molten
PET whose moisture content has been removed in this manner is
fed by screw rotation to the metering zone 23 of the second
stage 20 and further plasticated, and then fed to a position

in front of the screw to store, in a similar manner to an

- 11 - his Sheet Has Been Replaced
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injection molding machine having an ordinary mechanism. As
the molten PET is fed, the injection screw 1 is moved
backwardly and stopped at a desired position fo meter an
amount required for injection. After metering, the molten
5 resin is injected and loaded into a mold by forwardly moving

the injection screw 1. Then the atmospheric pressure of the
vent opening 3 is changed to about -650 mm Hg and maiﬂtained
by the vacuum pump during injection operation. The
atmospheric pressure can be easily controlled by taking the

10 outer air into a suction line through valve operation.

The preform thus injection molded was transparent
similarly to the case where a preliminary drying is performed
before injection molding, and has no cloudiness due-to
hydrolysis, and also has an acetaldehyde occurrence within an

15 allowable range.

An example of the specifications of the vent type

injection unit of the present invention will be shown

hereinafter:

20 Injection screw (double screw)

Screw length'(L) : 1670 mm
Screw outside diameter (D) : 64 mm
L/D of Screw : 26
First stage (Length) (Screw minor dia.) Scréw pitch
25 Screw 998 mm
Sheet Has Been Replaced
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Receiving zone 128 mm 52.0 mm 32.0 mm

Feed zone 646 mm 45.0 mm 38.5 mm
- Compression
zone 64 mm
Metering zone 160 mm 57.2 mm 77.0 mm
Second stagel (Length) (Screw minor dia.) Screw pitch
Screw | 672 mm
Feed zone .448 mm 43.2 mm 38.5 mm
Compression
zone 64 mm
Metering zone 160 mm 56.0 mm 77.0 mm
Screw revolution speed H 100 rpm
Injection.stroke. : 120 mm

When the PET is crystal;;zed one, it is softened in
the feed zone 12 more slowly and transferred to the
compression zone 13 faster than the uncrystallized PET,
thereby tending to be apt to develop an uneven melting.
However, this problem can be scolved by setting the
compression zone 13 to a length longer somewhat than the
above-mentioned numerical wvalue.

The employment of the above-mentioned vent type
injection unit allows the injectioﬁ molded preform to be
molded into a thin-wall packaging COntaiper such as a bottle

by the well-known stretch-blow molding. The well-known
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stretch-blow molding is broadly classified into a molding
method called the so-called two stage type in which the
injection molding of the preform and the stretch-blow molding
of the preform into a container are performed in separate
processes, and a molding method called the so-called one
stage type in which the injection molding of the preform
through the stretch-blow molding of the preform into a
container are continuously performed, in either of both the
methods, the PET preform produced by the injection molding
with the preliminary drying'omitted can be molded into a
thin-wall container as with the PET preform injection molded
after being dried.

The following shows molding conditions in a.case
where with an injection holded preform held at its neck to a
limit in which its shape can be kept, the preform is released
from a cavity and a core, transferred to a blowing mold when
the surface temperatﬁre of the preform is being raised due to
an internal potential heat, and immediately stretch-blow

molded to mold a thin-wall container:

Material resin UNIPET RY523 (manufactured by Unipet
Co.,Ltd.)

Molded form

flat bottle

Dimensions

overall height 250 mm

port inside dia. 23.5 mm

- 14 -~ Thls Sheet Has Been Replaced

il




5 Preform

Dimensions

length under neck 230 mm
body ocutside dia. 90x50 mm
body wall thickness 0.4 mm

weight 36 g

3 Overall height 142 mm

port inside dia. 23.5 mm
length under neck 230 mm

body wall thickness 2.9 mm

10 body upper portion outside dia 28 mm
body 1owef'end outside dia. 24 mm
draft'2/122

Preform molding conditions

Injection cylinder temperature

15 First stage : Front 285°C, middle 285°C, rear 280°C
Second-stage: Front 270°C, rear 270°C
Nozzle temperature : 270°C
Injection mold temperature (set value)
Cavity mold : 15°C

20 Core mold : 15°C
Injection pressure (dwell) : 75 kg/cm2
Loading dwell time : 6.0 sec.
Cooling time : 2.8 sec.
Releasing temp. @ 60 to 70°C (preform surface

25 temperature)
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Stretch-blow molding conditions 

Mold temperature (set value) : 20°C

Stretch-blowing teﬁperature : 88°C (preform surface
temperature)

Blowing pressure (stretching) : 20 kg/cmz

Blowing time : 2.0 sec.

Percent of stretch:

Longitudinal (axial direction) 190 %

Lateral (radial direction) 360 x 200 %

As described above, according to the present
invention, the injection molding of an uncrystallized PET and
that of a crystallized PET with the preliminary dryiﬁg
omitted can be performed by the employment of the vent type
injection unit, thereby allowing a molded article having
little hydrolysis to be obtained. A ﬁolded article
developing little acetaldehyde due to overheating is obtained
so that the uncfystallized PET having a lower commercial
pfice can be utilized as a mdlding material, whereby the
material cost is reduced and the running cost required for
the preliminary drying can be saved even for the c;ystallized_
PET, thereby allowing the price of a packaging container
using the PET as a material to be reduced. The present
invention has a further advantage in that the injection
molding itself reqﬁires no complex operation and can be
-
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performed by employing conventional molding technoiogies as
they are, thereby having a significantly high utility value

in industrial field.
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WHAT:IS CLAIMED IS:

1. A method for injection molding polyethylene
terephthalate as a material resin which is undried,
characterized in that a vent type injection unit is employed
in which an injection screw comprising a first stage and a
second stage is rotatably and movably mounted in a heating
cylinder having a vent, and the feed rate of the material
resin to a feed zone of the first stage of the vent type
injection unit is limited in such a manner that the material
reéin_is not accumulated due to compression even if the
material resin is softened before reaching a compression zone
in front of the feed zone; and that this limitation is
effected by making a sectional area of the. screw groove in a
receiving zone at fhe feed zone rear end at which a hopper
port of the first stage is located smaller than a sectional
area of the screw groove in the feed zone, in which condition
an uncrystallized polyethylene terephthalate with the
preliminary drying omitted is loaded in the hopper as the

material resin to plasticate and inject.

2. A method for injection molding polyethylene
terephthalate as set forth in claim 1, wherein the sectional
area of thé screw groove in the above-mentioned receiving
zone is set to no larger than 3/4 the sectional area of the
screw groove in feed zone, and the screw is formed in a
-
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double screw to the halfway position of the compression zone,
énd then in a single screw from the compression zone to the
metering zone so as fo set the screw pitch tola large value,
thereby making sufficient the stretching of a molten resin to

improve the vent effect in the vent of the second zone.

3. A method for injection molding polyethylene
terephthalate as set forth in claim 1, wherein the removal of
the moisture content in the resiﬁ from the heating cylinder
is performed by being sucked under a reduced pressure by
means of a vacuum pump, which removal is not interrupted even
when injecting during operation, and when injecting, the
reduced pressure is set to a lower value when plasticating,
theréby preventing a vent up due to the forward movement of

the injection screw.

4. A method for injection molding polyethylene
terephthalate as set forth in claim 1, wherein the heating
temperature on the secohd stage side of the heating cylinder
is set to a value lower than the heating temperature on the
first sfage side, thereby preventing the molten PET from

being overheated.

5. A method for injection molding polyethylene

terephthalate as set forth in claim 1, wherein the molding

//
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material is a crystallized polyethylene terephthalate

produced with preliminary drying omitted.

6. A method for injection molding polyethylene
terephthalate as set forth in claim 1, wherein a molded
article is a preform of a thin-wall packaging container

molded by stretch-blow molding.

.__/——"
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ABSTRACT

A methoéd for injection moldih&gpolyethylene
terephthalate by employing a vent type injection unit as
means for omitting preliminary drying the resin, wherein the
unit does not develop a poor screw biting, and even when a
molding material is an undried uncrystallized or crystallized
PET, can feed a certain amount of the material at all times
to injection mold a desired transparent molded form such as a
preform, and use the preform to produce a thin-wall container

with a low cost.
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METHOD FOR INJECTION MOLbING POLYETHYLE_ZNE TEREPHTHALATE
BACKGROUND OF THE INVENTION -
1. Field of the Invention
The present invention relstes to a method for
injection molding an uncrystallized or crystallized
polyethylene terephthalate into a desired molded form such as
preform, with pre-drying omitted.’ |
2. Background Art
A pellef of the polyethylene terephthalate (PET)
produced by bulk pdlymerizing of ethylene glycol with
terephthalié adid os dimethyl terephthalate is an
uncrystallized and transparent material. The PET whose
moisture content does not reach an equilibrium has further
. moisture—absorption'characteristics and thus when the PET is
molten in a moisture aﬁspfbed andifion, a hydrolysis
develops to cause the PET not to bé‘molded.
An uncrystallized PET psllet, when heated to a ,
temperature above lts glass tran31tlon point (Tg), becomes
softened somewhat to have as‘adhes1ve characterlstlcs. The

adhesive characte;istlcs causes tge_PET_psllets#tqhbe poorly

&
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bitten into a screw and thus nbtétofbe:féq}when molding. On

the other hand, a crystallized PET pellet, even at a

temperature above its Tg, is not softened, thereby keeping
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hardness and having no adhesive characteristics.

Thus, material manufacturers dry an uncrystallized
PET pellet at a temperature of 156 to 160°C to produce a
dehumidified and crystallized PET pellet which is soid as a
commercially available molding material. This causes an
ordinary and commercially available PET to become more
expensive than an uncrystallized PET. The uncrystallized
PET, which has been sold by some of material manufacturers,
has been dried to effect dehumidification and crystallization
by molding manufacturers before use. Therefore, the
crystallized PET described herein means a dried commercially
a&ailable product, while the uncrystallized PET means an
undried product. In molding a product using thé PET as a
material, even the crystallizeé PET has a moisture-absorption
characteristics in nature and thus absorbs moisture content
to some extent varying with control conditions before it is
used as a molding material, thus it is customary to dry
preliminarily the PET immediately before molding.

It takes about four hours to accomplish the
pfeliminary drjing at a temperaturé of 150°C. Both the
increased usage of material per hour to improve a molding

cycle efficiency, and the consideration to the prevention of

".‘- -
3 .
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a shortage of fed;material even-for- a long time operation .
cause a dryer installed to an injection molding machine to’

become inevitably large in size and the power consumption
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required fof drying to tend to increase. Problems exist in
that it takes a lot of time to make preparations before
molding operation, and that a malfunctioned dryer affects
seriously molding operation.

Then, injection molding means omitting the
preliminary drying can be devised. As such molding means,
there has been known a vent type molding machine in which an
injection screw in a heating cylinder is divided into a first
stage and a second stage, and the moisture content in é
molten resin in the first stage is removed to the outside
through a vent opening provided between both the stages.

In this well-known vent type molding machine, the
screw groove of a feeding zoné of the first stage leading
from the rear end at which a hopper is located to a metering
zone at the front end is formed in a deep groove; pellets of
the material resin fed from the hopper in a humid condition
is molten due to heat insulation and compression while being
sequentially fed by screw rotation; and then the groove leads
through the metering zone having a shallow groove to the
second stage.

The screw groove in the second stage is formed in a
deep groove, so that when the molten resin is transferred to
the groove, the pressure of the molten resin is reduced due
to the rapid increase in the grobve depth of the screw to

cause the moisture content in the resin to be vaporized, and
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the moisture content wrapped in the resin by screw rotation

~to be separated, which moisture content is then sucked and

removed through the vent opening by a vacuum pump. The
molten resin whose moisture content has been removed in this
manner is fed by screw rotation to a metering zone at the
front end of the second stage, and then to a position in
front of the screw to store, in alsimilar manner to an
injection molding machine having an ordinary mechanism. The
molten resin thus stored is injected and loaded into a cavity
by the forward movement of the injection screw after stoppage
of screw rotation.

Although, generally the employment of such vent
tyée injection unit may allow even a material having a large
moisture absorption to be molded without the preliminary
drying, such unit is not applied to all of resins, and with
respect to the PET, particularly-an uncrystallized one, the
pellet is softened and compressed in a feed zone to cause it
to be accumulated, whereby the PET in the hopper cannot enter
the zone, and the biting by the screw becomes extremely poor
such that the material cannot be fed. As a result, it has
been quite difficult to perform the injection molding without
the necessity of the preliminary drying by employing a

conventional vent type injection unit.
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The present invention is devised to solve problems
with the above-mentioned conventional PET injection molding,
and it is an object of the invention to provide a method for
injection molding the PET by which although a vent type
injection unit is empldyed as means for omitting preliminary
drying, tﬁe unit does not develop a poor screw biting, and
even when a molding material is an uncrystallized or
crystallized PET, can feed a certain amount of the material
at all times to injection mold a desired transparent molded
form such as a preform, and use the preform to produce a
thin-wall container with a low cost.

The present invention according to the above-
mentioned purpose employs a vent type injection unit in which
an injection screw comprising a first stage and a second
stage is rotatably and movably mounted in a heating cylinder
having a vent, and limits the feed rate of the material resin
to a feed zone of the first stage of the vent type injection
unit in such a manner that the material resin is not
accumulated due to compression even if the material resin is
softened to an elastomeric state before reaching a
compression zone in front of the feed zone. ?his limitation
is effected by making the sectionai.area of the screw groove
in a receiving zone at the feed zone rear end at which the
hopper port of the first stage is located smaller than the

sectional area of the screw groove in the feed zone, in which
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condition an uncrystallized or crystéllized polyethylene
terephthalate produced with the preliminary drying omitted is
loaded in the hopper as a material resin to plasticate and
inject.

Although it is preferable that the sectional area
of the screw groove in the above-mentioned receiving zone 11
is set to no larger than 3/4 the sectional area of the screw
groove in feed zoné, a smaller sectional area thus set causes
the feed rate to become lower and the material metering time
to become longer than is required, so that it is most
preférable that the former accounts fpr 2/3 to .1/2 the
latter. In order to feed faster the PET, the screw is forméd
in a double screw to the halfway position of the compression
zone, and thgn in a single screw from the compression zone to

the metering zone so as to set the screw pitch to a large

value, thereby making sufficient the stretching of the molten

resin to improve the vent effect in a vent opening of the
second zone.

In addition, the molding is performed in such a
manner that the heating temperature on the second stage sidé
of the heating cylinder is set to a value lower than the
heating temperature on the first stage side, thereby
preventing acetaldehyde occurrence due to an overheated
molten resin.

The removal of the moisture content in the resin
. [
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from the above-mentioned heating cylinder is performed by
being sucked under a reduced pressure by means of a vacuum
pump, which removal is not interrupted even when injecting
during operation, and when injecting, the reduced pressure is
set to a value lower than that when plasticating, thereby
preventing a vent up due to the forward movement of the
injection screw. An injection molded prefofm is immediately
or later transferred to a blowing mold, where it can be
stretch-blow molded into a packaging container such as a

thin-wall bottle.

BRIEF DESCRIPTION OF THE DRAWINGS |

Drawings show an example of a vent type injection
unit capable of performing the injection molding method of
the preseht invention, in which:

Fig. 1 is a schematic longitudinal sectional and
éide view of the vent type injection unit according to the
present invention, and

Fig. 2 is an enlarged side view of a screw provided
in the vent type injection unit of Fig. 1, in which a front

end thereof is omitted.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In Figs., the numeral 1 indicates an injection

screw which is rotatably and movably inserted into a heating
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cylindexr 2. The inﬁection screw 1 has a shape such that two
screws having a deep groove section and a shallow groove
section are reconnected to each other to form a single screw,
and has a screw design such that a screw portion 10 located
in the rear portion of the heating cylinder 2 is made a first
stage (10), while a screw 20 located in the front portion
thereof is made a second stage (20).

The above-mentioned heating cylinder 2 includes a
vent opening 3 on the wall portion on which the rear portion
of the second stage 20 is located, which opening is enclosed
and connected with a vacuum pump'(whose view is omitted). On
the rear wall portion on which the rear portion of fhe first
stage.lo is located, there is bored a feed port 4, which is
mounted with a hopper 5 for a PET pellet (hereinafter simply
called a resin). On the outer periphery of the heating
cylinder 2 and a nozzle 6, there are provided band heaters,
though omitted in Figs., for heating a resin fed by screw
rotation from the above-mentioned feed port 4.

Both the above-mentioned vent opening 3 and the
feed port 4 have an opening width with substantially the same
size as the pitch of the screw they face.

Fig. 2 shows a screw design of the above-mentioned
injection screw 1, in which the ratio of the first stage 10
to the second stage 20 in the overall length L is about 6:4,

thus the second stage 20 being formed shorter than the first
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stage 10. The first stage 10 is divided into four zones of a
receiving zone 11, a feed zone 12, a compression zone 13 and
a metering zone 14 from the rear end, while the second stage
20 is divided into three zones of a feed zone 21, a
compression zone 22 and a metering zone 23 from the rear end.

In the first stage 10 and the second stage 20, the
screw is formed in a double screw up to the halfway position
of the compression zones 13 and 22 except for the metering
zones 14 and 23, whereby the feed of the material resin to
the compression zones 13 and 22 by screw rotation isl
performed as fast as possible; while the screw in the
metering zones 14 and 23 is formed in a single screw to widen
the screw pitch in order to reduce as small as possible an
un-uniformity of the molten resin.

In the first stage 10, the screw pitch P, of the
receiving zone 11 is set to a value smaller than the screw
pitch Pz.of the feed zone 12, while the screw pitch P, of the
metering zone 14 is set to a value twice the above-mentioned
screw pitch P,. The screw pitch of the feed zone 21 and the
metering zone 23 of the second stage 20 is set in a similar
manner to the screw pitch of the first stage 10.

The screw groove depth of the first stage 10 is set
at the dimensions calculated from the screw groove depth of
the feed zone 12. In order to limit the feed rate in the

feed zone 12, the screw groove depth in the above-mentioned
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receiving zone 11 is set to a shallow depth such that the
sectional area'of the screw groove in relation to the above-
mentioned screw pitch P, becomes 2/3 the sectional area of
the screw groove of the feed zone 12; while the screw groove
depth in the metering zoné 14 is set to a depth shallower
than in the receiving zéne 11 in order to stretch the molten
resin by screw rotation.

The screw groove depth in the feed zone 21 of the
second stage 20 is sef to a deepest depth in order to
vaporize the moisture content in the molten resin by a rapid
pressure reduction; while the screw groove depth in the
metering zone 23 is set to a value deeper than in the
metering zone 14 of the first zone 10, thereby making easy
the feed of the molten resin by screw rotation.

To injection mold a molded article such as a
preform using an uncrystallized PET by employing the vent
type injection unit having the above-mentioned arrangement,
first the temperature of the heating cylinder 2 that the
second stage 20 holds is set to 270°C, and the temperature of
the heating cylinder 2 that the first stage 10 holds is set
to 280°C. The undried and uncrystallized PET as a molded
material is loaded in the above-mentioned hopper 5, and then
the injection screw 1 is caused to rotate at a high speed

(100 rpm). The atmospheric pressure of the opening 3 is

reduced to about -730 mm Hg by the wvacuum pumgi_____________ﬁ_____
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The PET in the hopper 5 is fed by screw rotation
into the receiving zone 11. The feed rate of the PET from
the receiving zone 11 to the feed zone 12 is limited to a
value accounting for 2/3 the sectional area of the screw
groove of the feed zone 12 determined by the above-mentioned
screw groove sectional area setting, so that the PET in the
feed zone 12 is not excessively accumulated, and thus even if
the PET is softened to an elastomeric state, pellets are not
massed with each other due to compression and not accumulate
before the resin reaches the compression zone 13.

The PET softened in the feed zone 12 is compressed
by the tapered surface of the compression zone 13 to cause it
to be molten, stretched and temporarily plasticated, so that
the PET is fed into the second stage 20 whose temperature is
set to a value lower than the first stage 10. The screw
groove of the feed zone 21 is formed in a deep groove, sO
that the pressure of the molten resin is reduced to cause the
moisture content in the PET to be vaporized, and the moisture
content wrapped in the molten PET by screw rotation to be
separated, which_moisture content is then sucked and removed
through the vent opening 3 by the vacuum pump. The molten
PET whose moisture content has been removed in this manner is
fed by screw rotation to the metering zone 23 of the second
stage 20 and furthef plasticated, and then fed to a position

in front of the screw to store, in a similar manner to an
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injection molding machine having an ordinary mechanism. As
the molten PET is fed, the injection screw 1 is moved
backwardly and stopped at a desired position to meter an
amount required for injection. After metering, the molten
resin is injected and loaded into a_mold by forwardly moving
the injection screw 1. Then the atmospheric pressure of the
~ vent opening 3 is changed to about -650 mm Hg and maintained
by the vacuum pump during injection operation. The
atmospheric pressure can be easily controlled by taking the
outer air into a suction line through valve operation.

The preform thus injection molded was transparent
similarly to the case where a preliminary drying is performed
before injection molding, and has no cloudiness due to
hydrolysis, and also has an acetaldehyde occurrence within an
allowable range.

An example of the specifications of the vent type
injection unit of the present invention will be shown

hereinafter:

Injection screw (double screw)

Screw length (L) : 1670 mm
Screw outside diamefer (D) : 64 mm
L/D of Screw : 26
First stage ) (Length) (Screw minor dia.) Screw pitch

Screw 998 mm
This Sheet Has Been Replaced
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Receiving zone 128 mm 52.0 mm 32.0 mm
Feed zone 646 mm 45.0 mm 38.5 mm
Compression
zone 64 mm
Metering zone 160 mm 57.2 mm 77.0 mm
Second stage (Length) (Screﬁ minor dié.) Screw pitch
Screw 672 mm
Feed zone 448 mm 43.2 mm 38.5 mm
Compression
;ohe 64 mm
Metering zone 160 mm 56.0 mm 77.0 mm
Screw revolution speed : 100 rpm
Injection stroke : 120 mm

When the PET is crystallized one, it is softened in
the feed zone 12 more slowly and transferred to the
compression zone 13 féster than the uncrystallized PET,
thereby tending to be apt to develop an uneven melting.
However, this problem can be solved by setting the
compression zone 13 to a length longer somewhat than the
above-mentioned numerical value.

The employment of the above-mentioned vent type
injection unit allows the injection molded preform to be
molded into a thin-wall packaging container such as a bottle

by the well-known stretch-blow molding. The well-known
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stretch-blow molding is broadly classified into a molding
method called the so-called two stage type in which the
injection molding of the preform and the stretch-blow molding
of the preform into a container are performed in separate
processes, and a molding method called the so-called one
stage type in which the injection ﬁolding of the preform
through the stretch-blow molding of the preform into a
container are continuously performed, in either of both the
methods, the PET preform produced by fhe injection molding
with the preliminary drying omitted can be molded iﬂto a
thin-wall container as with the PET preform injection molded
after being driéd.

The following shows molding conditions in a case
where with an injection molded preform held at its neck to a
limit in which its shape can be képt, the preform is released
from a cavity and a core, transferred to a blowing mold when
the surface temperature of the preform is being raised due to
an internal potential heat, and immediately stretch-blow

molded to mold a thin-wall container:

Material resin : UNIPET RY523 (manufactured by Unipet
Co.,Ltd.)

Molded form flat bottle

Dimensions : overall height 250 mm

port inside dia. 23.5 mm
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length under néck 230 mm

body outside dia. 90x50 mm
body wall thickness 0.4 mm
weight 36.g
Preform

Dimensions : Overall height 142 mm
port inside dia. 23.5 mm
length under neck 230 mm
body wall thickness 2.9 mm
body upper portion outside dia 28 mm
body lower'end outside dia. 24 mm
draft 2/122

Preform molding conditions

Injection cylinder temperature

First stage : Front 285°C, middle 285°C, rear 280°C

Second stage: Front 270°C, rear 270°C

Nozzle temperature : 270°C

Injection mold temperature (set value)

Cavity mold : 15°C

Core mold ~ : 15°C

Injection pressure (dwell) : 75 kg/cm2

Loading dwell time : 6.0 sec.

Cooling time : 2.8 sec.

Releasing temp. : 60 to 70°C (preform surface

temperature)
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Stretch-blow molding conditions

Mold temperature (set value) : 20°C

Stretch-blowing temperature : 88°C (preform surface
tempefature)

Blowing pressure (étretching) : 20 kg/cm2

Blowing time : 2.0 sec;

Percent of stretch:

Longitudinal (axial direction) 190 %

Lateral (radial direction) 360 x 200 %

As described above, according té the present
invention, the injection molding of an uncrystallized PET and
that of a crystallized PET with the preliminary drying
omitted can be performed by the employment of the vent type
injection unit, thereby allowing a molded article having
little hydrolysis to be obtained. A molded article
developing little acetaldehyde due to overheating is obtained
so that the uncrystallized PET having a lower commercial
price can be utilized as a molding material, whereby the
material cost is reduced and the running cost required for
the preliminary drying can be saved even for the crystallized
PET, thereby allowing the price of a packaging containér
using the PET as a material to be reduced. The present
invention has a further advantage in that the injection

molding itself requires no complex operation and can be
- -

This Sheet Has Been Repl

TN



REPLACEMENT SHEET

22 NOV 1996

- 17 -

performed by employing conventional molding technologies as
they are, thereby having a significantly high utility value

in industrial field.

_.'\\_
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WHAT IS CLAIMED IS:
1. A method for ihjection molding polyethylene
terephthalate as a material resin which is undried,
characterized in that a vent type injection unit is employed
in which an injection screw comprising a first stage and a
second stage is rotatably and movably mounted in a heating
cylinder having a vent, an§ the feed rate of the material
resin to a feed zone of the first stage of the vent type
injection unit is limited in such a manner that the material
resin is not accumulated due to compression even if the
material resin is softened before reaching a compression zone
in front of the feed zone; and that this limitation is
effected by making a sectionél area of the screw groove in a
receiving zone at the feed zone rear end at which a hopper
port of the first stage is located smaller than a sectional
area of the screw groove in the feed zone, in which condition
an uncrystallized polyethylene terephthalate with the
preliminary drying omitted is loaded in the hopper as the

material resin to plasticate and inject.

2. . A method for injection molding polyethylene
terephthalate as set forth in claim 1, wherein the sectional
area of the screw groove in the above-mentioned receiving
zone is set to no larger than 3/4 the sectional area of the

screw groove in feed zone, and the screw is formed in a
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doﬁble screw to the halfway position of the compression zone,
and then in a single screw from the compression zone to the
metering zone so as to set the screw pitch to a iarge value,
thereby making sufficient the stretéhing of a molten resin to

improve the vent effect in the vent of the second zone.

3. A method for injection molding polyethylene
terephthalate as set forth in claim 1, wherein the removal of
the moisture content in the resin from the heating cylinder
is performed by being sucked under a reduced pressure by
means of a vacuum pump, whiéh removal is not interrupted even
when injecting during operation, and when injecting, the.
reduced pressure is set to a lower value when plasticating,
thereby preventing a vent up_due to the forward movement of

the injection screw.

4, A method for injection molding polyethylene
terephthalate as set forth in claiﬁ 1, wherein the heating
temperature on the second stage side of the heatiﬁg cylinder
is set to a value lower than the heating temperature on the
first stage side, thereby preventing the molten PET from

being overheated.

5. A method for injection molding polyethylene °

terephthalate as set forth in claim 1, wherein the molding
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material is a crystallized polyethylene terephthalate

produced with preliminary drying omitted.

6. A method for injection molding polyethylene
- terephthalate as set forth in claim 1, wherein a molded
article is a preform of a thin-wall packaging container

molded by stretch-blow molding.
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METHOD FOR INJECTION MOLDING POLYETHYLENE TEREPHTHALATE

ABSTRACT

A method for injection molding polyethylene
terephthalate by employing a vent type injection unit as
means for omitting preliminary drying the resin, wherein the
unit does not develop a poor screw biting, and evén when a
mélding material is an undried uncrystallized or crystallized
PET, can feed a certain amount of the material at all times
to injection mold a desired transparent molded form such as a
preform, énd use the preform to produce a thin-wall container

with a low cost.

FIGURE 2.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention rclates to a method for injection
molding an uncrystallized or crystallized palyethylene
terephthalate into a desired molded form such as preform,
with pre-drying omitted.

2. Background Art

A pellet of the polyethylene terephthalate (PET) produced
by bulk polymerizing of ethylene glycol with terephthalic
acid or dimethyl terephthalate is an uncrystallized and
transparent material. The PET whose moisture content does
not reach an equilibrium has further moisture-absorption
characteristics and thus when the PET is molten in a
moisture absorbed condition, a hydrolysis develops to pre-
vent the PET from being molded.

An uncrystallized PET pellet, when heated to a tempera-
ture above its glass transition point (Tg), becomes softened
somewhat to have.an adhesive characteristics. The adhesive
characteristics causes the PET pellets to be poorly bitten into

" by a screw and thus not to be fed when molding. On the

other hand, a crystallized PET pellet, even at a temperature
above its Tg, is not softened, thereby keeping its hardness
and having no adhesive characteristics.

Thus, material manufacturers dry an uncrysta]hzed PET
pellet at a temperature of 150° to 160° C. to produce a
dehumidified and crystallized PET pellet which is sold as a
commercially available molding material. This causes the
ordinary and comrmercially available PET to become more
expensive than an uncrystallized PET. The uncrystallized
PET, which has been sold by some of material manufactur-
ers, has to be dried to effect dehumidification and crystal-
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lization by molding manufacturers before use. Therefore, the
crystallized PET described herein means a dried commer-
cially available product, while the uncrystallized PET means
an undried product. In molding a product using the PET as
a material, even the crystallized PET bas moisture-absorp-
tion characteristics and thus absorbs moisture to some extent
varying with control conditions before it is used as a
molding material; thus it is customary to dry preliminarily
the PET immediately before molding.

It takes about four hours to accomplish the preliminary
drying at a temperature of 150° C. Both the increased usage
of material per hour to improve molding cycle efficiency,
and the prevention of a shortage of fed material during a
long time operation causes a dryer installed to an injection
molding machine to become inevitably large in size and the
power consumption required for drying to tend to increase.
Problems exist in that it takes a lot of time to make
preparations before the molding operation, and that a mal-
functioned dryer affects seriously the molding operation.

Injection molding means omitting the preliminary drying
can be devised. As such molding means, there has been
known a vent type molding machine in which an injection
screw in a heating cylinder is divided into a first stage and
a second stage, and the moisture content in a2 molten resin in
the first stage is removed to the outside through a vent
opening provided between both the stages.

In this well-known vent type molding machine, the screw
groove of a feeding zone of the first stage leading from the
rear end at which a hopper is located to a metering zone at
the front end is formed in a deep groove; pellets of the

material resin fed from the hopper in a humid condition are
molten due to shearing heat and compression while being
scquentially fed by screw rotation; and then the groove leads
through the metering zone having a shallow groove to the
second stage.
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The scrcw groove in the second stage is formed in a deep
groove, so that when the molten resin is transferred to the
groove, the pressure of the molten resin is reduced due to the
rapid increase in the groove depth of the screw to cause the
moisture content in the resin to be vaporized, and the
moisture coatent in the resin by screw rotation to be sepa-
tated, which moisture content is then sucked and removed
through the vent opening by a vacuum pump. The molten
resin whose moisture content has been removed in this
manner is fed by screw rotation to a metering zane at the
frant end of the second stage, and then to a position in front
of the screw to a store, in 2 similar manner to an injection
molding machine having an ordinary mechanism. The mol-
ten resin thus stored is injcctcd and loaded into a cavity by
the forward movement of the injection screw after stoppage
of screw rotation. :

Although generally the employment of such vent type
injection unit may allow even a material having a large
amount of moisture absorption to be molded without the
preliminary drying, such unit is not applied to all resins, and
with respect to the PET, particularly an uncrystallized one,
the pellet is softened and compressed in a feed zone to cause
it to be accumulated, whereby the PET in the hopper cannot
enter the zone, and the biting by the screw becomes
extremely poor such that the material cannot be fed. As 2
result, it has been quite difficult to perform injection molding
without the necessity of the preliminary drying by employ-
ing a conventional vent type injection unit.

SUMMARY OF THE INVENTION

The preseat invention is devised to solve problems with
the ebove-mentioned conventional PET injection molding,
and it is an object of the invention to provide a method for
injection molding the PET by which altbough a vent type
injection unit is employed as means for omitting preliminary
drying, the unit does not develop a poor screw biting, and
_even when a molding material is an uncrystallized or crys-
“tallized PET, it can feed a certain amount of the material at
all times to imjection mold a desired transparent molded
form such as a preform, and use the preform to produce a

thin-wall container with a low cost.
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The present invention according to the above-mentoned
purpose employs a vent type injection umit in which an
injection screw comprising a first stage and a second stage
is rotatably and movably mounied in a heating cylinder
having a vent, and limits the feed rate of the material resin
to a feed zone of the first stage of the vent type injection unit
in such 2 manner that the material resin does not accumulate
due to compression even if the material resin is softened to
an elastomeric state before reaching a compression zone in
front of the feed zone. This limitation is effected by making
the sectional area of the screw groove 1n a receiving zone at
the feed zone rear end at which the hopper port of the first
stage is located smaller than the sectional area of the screw
groove in the feed zone, in which condition an uncrystallized
or crystallized polyethylene terephthalate produced with the
preliminary drying omitted is loaded in the hopper as a
material resin to be plasticated and injected.

Although it is preferable that the sectional area of the
screw groove in the above-mentioned recetving zone 11 is
set to na larger than % the sectional area of the screw groove

in fced zone, a smaller scctional area thus set causcs the feed
rate to become lower and the matcrial metering time to
become longer than is required, so that it is most preferable
that the former accounts for %5 to ¥4 the latter. In order to feed
the PET faster, the screw is formed in a double screw to the
halfway position of the compression zone, and then in a
single screw from the compression zone to the metering
zone so as to set the screw pitch to a large value, thereby
making the stretching of the molten resin sufficient to
.improve the vent effect in a veat opening of the second zone.

In addition, the molding is performed in such a manner
that the heating temperature on the second stage side of the
heating cylinder is set to a value lower than the heating
temperature on the first stage side, thereby preventing acetal-
dehyde occurrence due to an overheated molten resin.
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The removal of the moisture content in the resin from the
above-mentioned heating cylinder is performed by being
sucked under a reduced pressure by means of a vacuum
pump, which removal is not interrupted even when injecting
during operation, and when injecting, the reduced pressure
is set to a value lower than that when plasticating, thereby
preventing a vent up due to the forward movement of the
injection screw. An injection molded preform is immediately
or later transferred to a blowing mold, where it can be
stretch-blow molded into a packaging container such as a
thin-wall bottle. '

BRIEF DESCRIPTION OF THE DRAWINGS

Drawings show an example of a vent type injection unit
capable of performing the injection molding method of the
present invention, in which:

FIG. 1 is a schematic longitudinal sectional and side view
of the vent type injection unit according to the present
invention, and

FIG. 2 is an enlarged side view of a screw provided in the
vent type injection unit of FIG. 1, in which a front end
thereof is omitted. -

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the Figures, the numeral 1 indicates an injection screw

which is rotatably and movably inserted into a heating
cylinder 2. The injection screw 1 has a shape such that two
screws having a deep groove section and a shallow groove
section are connected to each other to form a single screw,
and has a screw design such that a screw portion 10 located
in the rear portion of the heating cylinder 2 comprses a first
stage (10), while a screw 20 located in the front portion
thereof comprises a second stage (20).
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The above-mentioned heating cylinder 2 includes a vent
opening 3 on the wall portion on which the rear portion of
the second stage 20 is located, which opening is enclosed
and connected with a vacuum pump (whose view is omit-
ted). On the rear wall portion on which the rear portion of
the first stage 10 is located, there is bored a feed port 4,
which is mounted with a hopper 5 for PET pellets (herein-
after simply called a resin). On the outer periphery of the
heating cylinder 2 and a nozzle 6, there are provided band
heaters, though omitted in Figs., for heating the resin fed by
- screw rotation from the above-mentioned feed port 4.

Both the above-mentioned vent opening 3-and the feed
port 4 have an opening width with substantially the same
size as the pitch of the screw they face.

FIG. 2 shows a screw design of the above-mentioned
injection screw 1, in which the ratio of the first stage 10 to
the sccond stage 20 in the overall length L is about 6:4, thus
the second stage 20 is formed shorter than the first stage 10.
The first stage 10 is divided into four zones which arc, from
the rear, a receiving zone 11, a feed zone 12, a cormpression
zone 13 and a metering zone 14, whilc the second stage 20
is divided into three zones from the rear which are a feed
zone 21, a compression zone 22 and a metering zone 23.

In the first stagc 10 and the second stage 20, the screw is
formed in a double screw up to the halfway position of the
compression zones 13 and 22 except for the metering zones
14 and 23, whereby the feed of the material resin to the
compression zones 13 and 22 by screw rotation is performed

as fast as possible; while the screw in the metering zones 14

and 23 is formed in a single screw to widen the screw pitch
in order to reduce as small as possible an non-uniformity of
the molten resin.

In the first stage 10, the screw pitch P, of the receiving
zone 11 is set to a value smaller than the screw pitch P, of
the feed zone 12, while the screw pitch P of the metering
zone 14 is set to a value twice the above-mentioned screw
pitch P,. The screw pitch of the feed zone 21 and the
metering zone 23 of the second stage 20 is set in a similar

manner to the screw pitch of the first stage 10.

This Sheet Has Been Replacex
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The screw groove depth in the feed zone 21 of the second
stage 20 is set to a deepest depth in order to vaporize the
moisture content in the molten resin by a rapid pressure
reduction; while the screw groove depth in the metering
zone 23 is set to a value deeper thar in the metering zone 14
of the first zone 10, thereby making easy the feed of the
molten resin by screw rotation.

To injection mold a molded article such as a preform
using an uncrystallized PET by employiog the vent type
injection unit having the above-mentioned arrangement, first
the temperature of the heating cylinder 2 containing the
second stage 20 is set to 270° C., and the temperature of the
heating cylinder 2 containing the first stage 10 holds is set
to 280° C. The undried and uncrystallized PET as a molded
material is loaded in the above-mentioned hopper §, and
then the injection screw 1 is caused to rotate at a high speed
(100 rpm). The pressure of the opening 3 is reduced to about
—730 mm Hg by the vacuum pump.

The PET in the hopper § is fed by screw rotation into the
receiving zone 11. The feed rate of the PET from the
receiving zone 11 to the feed zone 12 is limited as a result
of the sectional areas of the zones, so that the PET in the feed
zone 12 does not excessively accumulate, and thus even if
the PET is softened to an elastomeric state, pellets are not
massed with each other due to compression and not accu-
mulate before the resin reaches the compression zone 13.

The PET softened in the feed zone 12 is compressed by
the tapered surface of the compression zone 13 to cause it to
be molten, stretched and termporarily plasticated, so that the
PET is fed into the second stage 20 whose temperature is set

to a value lower than the first stage 10. The screw groove of
the feed zone 21 is formed in a deep groove, so that the
- pressurc of the molten resin is reduced to cause the moisture
content in the PET to vaporize, and the maisture content in
the molten PET to be separated therefrom, which moisture
content is then sucked and removed through the vent open-
ing 3 by the vacuum purup. The molten PET whose moisture
content has been removed in this manner is fed by screw
_ e —
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rotation to the metering zone23 of the second stage 20 and
further plasticated, and then fed to a position in front of the
screw to a store, in 2 similar manner to an injection molding
machine having an ordinary mechanism. As the molten PET
is fed, the injection screw 1 is moved backwardly and
stopped at a desired position to meter an amount required for
injection. After metering, the molten resin is injected and
loaded into a mold by forwardly moving the injection screw
1. Then the pressure of the vent opening 3 is changed to
about —650 mm Hg and maintained by the vacuum pump
during the injection operation. The atmospheric pressure can
be easily controlled by taking the outer air into a suction line
through valve operation.

The preform thus injection molded was transparent simi-
lar to the case where a preliminary drying is performed
before injection molding, and has no cloudiness due to
hydrolysis, and also has an acetaldehyde content within an
allowable range.

An example of the specifications of the vent type injection
unit of the present invention will be shown hereinafter;

Iajection screw (double screw)

Screw leagth (L) 1670 omm
Screw outside diameter (D) 64 om
LD of Screw 26

(Length) . (Screw minor dia} Sexew pitch

First stage
Screw 998 mm ‘
Receiving zone 128 mm 52.0 mm 32.0 mm
Fesd zone 646 mm 45.0 om . 385 mm _
Compression 64 mm p= —
zone REPLACEMENT swerr |
Metering zane 160 mm 57.2 mm 77.0 im NT SHeer
Second stage

e 0S5 yuL 197
Screw 672 mm J
Fead zone 448 mm 43.2 mm 38.5 mm
Compression 64 mm
Zone _
Metering zone {60 mm 56.0 mm 77.0 mm
Screw revoludon speed 100 rpm
Injection stroke 120 mm

This Sheet Has Been Replaced
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When the PET is crystallized it is softened in the feed
zone 12 more slowly and transferred to the compression
zone 13 faster than the uncrystallized PET, thereby tending
to develop an uneven melting. However, this problem can be
solved by setting the compression zone 13 to a length
somewhat longer than the above-mentioned numerical

value.

The employment of the above-mentioned vent type injec-
tion unit allows the injection molded preform to be molded
into a thin-wall packaging container such as a bottle by the
well-known stretch-blow molding. The well-known stretch-
blow molding is broadly classified into a so-called two stage
type in which the injection molding of the preform and the
stretch-blow molding of the preform into a container are
performed in separate processes, and a so-called one stage

type in which the injection molding of the preform through
the stretch-blow molding of the preform into a container are
continuously performed. In eithcr of both the methods, the
PET preform produced by the injection molding with the
preliminary drying omitted can be molded into a thin-wall
container in the same manner as with the PET preform
injection molded after being dried.

The following shows molding conditions in a case where
with an injection molded preform held at its neck to a limit
in which its shape can be kept, the preform is released from
a cavity and a core, transferred to a blowing mold when the
surface temperature of the preform is being raised due to an
intemal potential heat, and immediately stretch-blow
molded to mold a thin-wall container:

Material resin: UNIPET RY523 (manufactured by Unipet

Co., Ltd.)

Molded form: flat bottle

Dimensions: | REPLAGEM|
overall height 250 mm ACEMENT SHeT
port inside dia. 23.5 mm 05 JuL 197
length under neck 230 mm ' 3 .
body outside dia. 90x50 mm
body wall thickness 0.4 mm
weight 36 g _‘\
* This Sheet Has Bee
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Dimensions: REPLAGEMENT SHEET
Overall height 142 mm | ¥
port inside dia. 23.5 mm 05 JuL 197
length under geck 122 mm - i
body wall thickness 2.9 mm

body upper portion outside dia 28 mm
body lower end outside dia. 24 mm
draft 2/122

Preform molding conditions

Injection cylinder temperature '
First stage: Front 285° C., middle 285° C., rear 280° C.
Second stage: Front 270° C., rear 270° C.

Nozzle temperature: 270° C. —
Injection mold temperature (set value) Sheet Has Been Replaced
Caviey mol: 15° C. T

Core mold: 15° C
Injection pressure (dwell): 75 kg/cm?
Loading dwell time: 6.0 sec. |
Cooling time: 2.8 sec.
Releasing temp.: 60° to 70° C. (preform surface tempera-
ture
Stretch—b)low molding conditions
Molgd temperature (set value): 20° C.

Stretch-blowing temperature: 88° C. (preform surface

 temperature)

Blowing pressure (stretching): 20 kg/cm?

Blowing time: 2.0 sec.

Percent of stretch:

Longitudinal (axial direction): 190%

Lateral (radial direction): 360x200%

As described above, according to the present invention,
the injection molding of an uncrystallized PET and that of a
crystallized PET with the preliminary drying omitted can be
performed by the employment of the vent type injection unit,
thereby allowing a molded article having little hydrolysis to
be obtained. A molded atticle having developing little
acetaldehyde due to overheating is obtained so that uncrys-
tallized PET having a lower commercial price can be utilized
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as a molding matcrial, whereby the matcrial cost is reduced
and the running cost required for the preliminary drying can
be saved even using the crystallized PET, thereby allowing
the price of a packaging container made from thc PET as a
material to be reduced. The present invention has a further
advantage in that the injection molding itself requires no
complex operation and can be performed by employing
conventional molding technologies, thereby having a sig-
nificantly high utility value in this industrial field.

What is claimed is:

1. A methed of injection molding an undried polyethylene
terephthalate employing a vent-type injection unit compris-
ing a heating cylinder having an inside wall, a vent, a hopper

and an injection screw rotatably and movably mounted in .
the cylinder, the length of said injection screw being divided :

into sequential first and second stages, each of said first and
second stages being divided in sequence into a feed zone, a
compression zone and a metering zone, said first stage also
baving a receiving zone connected to said feed zone of said
first stage and receiving said undried polyethylene tereph-
thalate from the hopper, said vent being located at a position
corresponding to the feed zone of the second stage, said
method comprising

providing said undried polyethylene terephthalate in said

'{.'_

E
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hopper,
causing said screw to rotate to thereby convey any poly-
ethylene terephthalate present in the area between said
injection screw and the inside wall of the heating
- cylinder,

receiving said polyethylene terephthalate in the receiving
zone of the first stage from the hopper,

feeding and plasticizing said polyethylene terephthalate,

wherein the feeding rate of the polyethylene terephthalate
is limited by an arrangement such that the depth of the
screw groove in the receiving zone is shallower than
the depth of the screw groove in the feed zone, thus
making an area available between two adjacent screw
flights for molding the polyethylene terephthalate
smaller in the receiving zone than in the feed zone of

said first stase. and

This Sheet Has Been Repla
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compression zone and a metering zone, said first stage also . -
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as a molding matcrial, whereby the material cost is reduced
and the running cost required for the preliminary drying can
be saved even using the crystallized PET, thereby allowing
the price of a packaging container made from thc PET as a
material to be reduced. The present invention has a further
advantage in that the injection molding itself requires no
complex operation and can be performed Dy employing
conventional molding technologies, thereby having a2 sig-
nificantly high utility value in this mdustnal freld.

What is claimed is:

1. A method of injection molding an undried pclyethylene
terephthalate empioying a vent-type injection unit compris-
ing a heating cylinder having an inside wall, a vent, a hopper
and an injection screw rotatably and movably mounted in

the cylinder, the length of said injection screw being divided -

into sequential first and second stages, each of said first and
second stages being divided in sequence into a feed zone, a

“having a receiving zone connected to said feed zone of said

first stage and receiving said undried polyethylene tereph-
thalate from the hopper, said vent being located at a position
corresponding to the feed zone of the second stage, said
method comprising

prcmdmo said undried polyethylene terephthalate in said

Ft "LAG EMENT SHEET hopper,

1« N e ¢ P ST S Wt

causing said screw to rotate to thereby convey any poly-
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|- ethylene terephthalate present in the area between said

" injection scrzw and the inside wall of the heating
-cylinder,

receiving said polyethylene terephthalate in the receiving
zone of the first stage from the hopper,

feeding and plasticizing said polysthylene terephthalate,

wherein the feeding rate of the polyethylene terephthalate
is limited by an-arrangement such that the dapth of the
screw groove in the receiving zone is shallower than
the depth of the screw groove in the feed zone, thus
making an area available between two adjacent screw
flights for molding the polycthylene tercphthalate
smaller in the receiving zone than in the feed zone of

said first stage. and e
This Sheet Has Been R
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removing volatile substances from the polyethylene
terephthalate tbrough the vent,

2. A method of injection molding an undried polyethylene
terephthalate according to claim 1, wherein said area avail-
able for said polyethylene terephthalate in said receiving
zone is not more than 3% of said area available for said
polyethylene terephthalate in said feed zome of the first
stage, and wherein the injection screw in said receiving zone
of the first stage, in each of said feeding zones of said first

and second stages and in the first half of each of said
compression zones of said first and second stages is formed
in a double screw, and the injection screw in an area from
said first half of each of said compression zones of said first
and second stages to each of said metering zones of said first
and second stages is formed in a single screw so as to
effectively mix and stretch the plasticized polyethylene
terephthalate. |

3. A method of injection molding an undried polyethylene
terephthalate to claim 1, wherein a reduced pressure is
established at said vent whereby moisture contained in said
undried polyethylene terephthalate is removed from said
vent-type injection unit and extent of the reduced pressure is
varied during the injection molding to a lower value.

... 4. A method for injection molding an undried polyethyl-

ene terephthalate as set forth in claim 3, wherein the heating
cylinder is heated such that the temperature in the first stage
is greater than the temperature in the second stage.

§. A method for injection molding an undried polyethyl-
ene terephthalate as set forth in claim 4, wherein the an
undried polyethylene terephthalate is undred, crystallized
polyethylene terephthalate.

6. A method for injection moldmg an undried polyethyl~
ene terephthalate as set forth in claim 4, wherein the undried
polyethylene terephthalate is uncrystallized polyethylene
terephthalate.

7. A method for injection molding an undried polyethyl-
ene terephthalate as set forth in claim 1, wherein a preform
of a thin-wall packaging container to be molded by stretch-
blow molding is injection molded. e

' heet Has Been Replaced
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8. A method of injection molding an undried polyethylene
terephthalate to claim 1, wherein a reduced pressure is
established at said vent whereby moisture contained in said
undried polyethylene terephthalate is removed from said
vent-type injection unit and extent of the reduced pressure is
varied during the injection moiding to a lower value.

9. A method for injection molding an undried polyethyl-
ene terephthalate as set forth in claim 1, wherein the heating
cylinder is heated such that the temperature in the first stage

~ is greater than the temperature in the second stage.

10. A method for invention molding an undried polyeth-
ylene terephthalate as set forth in claim 1, wherein the
undried polyethylene terephthalate is undried, crystallized
polyethyiene terephthalate

11. A method for injection moidmg an undned polyeth-
ylene terephthalate as set forth in claim 1, wherein the
undried polyethylene terephthala:e is uncrystallized poly-
ethylene terephthalate.

_—
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METHOD FOR iIN.II'EC'.'I.'I()M MOLDING POLYETHYLENE
TEREPHTHALATE

ABSTRACT

. A method for injection molding polyethylene terephthalate

by employing a- vent type injection unit as means for
omitting preliminary drying the resin, wherein the unit

~does not develop a poor screw bitting, and even when the

molding material is undried uncrystallized or crystallized
PET, can feed a certain amount of the material at all times
to injection mold a desired transparent molded form such as
a preform, and use the preform to produce a thin-wall
container at a low cost.

FIGURE 1.

//
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METHOD FOR INJECTION MOLDING
POLYETHYLENE TEREPHTHALATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for injection
molding an uncrystallized or crystallized polyethylene
terephthalate into a desired molded form such as preform,
with pre-drying omitted.

2. Background Art

A pellet of the polyethylene terephthalate (PET) produced
by bulk polymerizing of ethylene glycol with terephthalic
acid or dimethyl terephthalate is an uncrystallized and
transparent material. The PET whose moisture content does
not reach an equilibrium has further moisture-absorption
characteristics and thus when the PET is molten in a
moisture absorbed condition, a hydrolysis develops to pre-
vent the PET from being molded.

An uncrystallized PET pellet, when heated to a tempera-
ture above its glass transition point (Tg), becomes softened
somewhat to have.an adhesive characteristics. The adhesive
characteristics causes the PET pellets to be poorly bitten into
by a screw and thus not to be fed when molding. On the
other hand, a crystallized PET pellet, even at a temperature
above its Tg, is not softened, thereby keeping its bardness
and having no adhesive characteristics.

Thus, material manufacturers dry an uncrystallized PET
pellet at a temperature of 150° to 160° C. to produce a
dehumidified and crystallized PET pellet which is sald as a
commercially available molding material. This causes the
ordinary and commercially available PET to become more
expensive than an uncrystallized PET. The uncrystallized
PET, which has been sold by some of material manufactur-
ers, has to be dried to effect dehumidification and crystal-
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lization by molding manufacturers before use. Therefore, the
crystallized PET described herein means a dried commer-
cially available product, while the uncrystallized PET means
an undried product. In molding a product using the PET as
a material, even the crystallized PET has moisture-absorp-
tion characteristics and thus absorbs moisture to some extent
varying with control conditons before it is used as a
molding material; thus it is customary to dry preliminarily
- the PET immediately before molding. |
It takes about four hours to accomplish the preliminary
drying at a temperature of 150° C. Both the increased usage
of material per bour to improve molding cycle efficiency,
and the prevention of a shortage of fed material during a
long time operation causes a dryer installed to an injection
molding machine to become inevitably large in size and the
power consumnption required for drying to tend to increase.
Problems exist in that it takes a lot of time to make
preparations before the molding operation, and that a mal-
functioned dryer affects seriously the molding operation.
Injection molding means omitting the preliminary drying
can be devised. As such molding means, there has been
known a vent type molding machine in which an injection
screw in a heating cylinder is divided into a first stage and
a second stage, and the moisture content in 2 molten resin in
the first stage is removed to the outside through a vent
opening provided between both the stages.

In this well-known veat type molding machine, the screw
groove of a feeding zone of the first stage leading from the
rear end at which 2 hopper is located to 2 metering zone at
the front end is formed in a deep groove; pellets of the

matertial cesin fed from the hopper in a humid condition are
molten due to shearing heat and compression while being
scquentially fed by screw rotation; and then the groove leads
through the metering zone having a shallow groove to the
second stage.
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.The screw groove in the second stage is formed in a deep
groove, so that when the molten resin is transferred to the
groove, the pressure of the molten resin is reduced due to the
- rapid increase in the groove depth of the screw to cause the
moisture coatent in the resin to be vaporized, and the
moisture coatent in the resin by screw rotaton to be sepa-
tated, which moisture content is then sucked and removed
through the vent opening by a vacuum pump. The molten
resin whose moisture content has been removed in this
manner is fed by screw rotation to a metering zane at the
front end of the second stage, and then to a position in front
of the screw to a store, in a similar manner to an injection
molding machine having an ordinary mechanism. The mol-
ten resin thus stored is injcctcd and loaded tnto a cavity by
the forward movement of the injection screw after stoppage
of screw rotation.

Although generally the employment of such vent type
injection unit may allow even a material having a large
amount of moisture absorption to be molded without the
preliminary drying, such unit is not applied to all resins, and
with respect to the PET, particularly an uncrystallized one,
the pellet is softened and compressed in a feed zone to cause
it to be accumulated, whereby the PET in the hopper cannot
enter the zone, and the biting by the screw becomes
extremely poor such that the material cannot be fed. As a
result, it has been quite difficult to perform injection molding
without the necessity of the preliminary drying by employ-
ing a2 conventional vent type injection unit.

SUMMARY OF THE INVENTION

The preseat invention is devised to solve problems with
the above-mentioned conventional PET injection molding,
and it is an object of the invention to provide a method for
injection molding the PET by which although a vent type
injection unit is employed as means for omitting preliminary
drying, the unit dees not develop 2 poor screw biting, and
even when a molding material is an uncrystallized or crys-
tallized PET, it can feed a certain amount of the material at
all dmes to igjection mold a desired transparent molded
form such as 2 preform, and use the prcform to produce a
thin-wall container w1th a low cost.
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The present invention according to the above-mentioned
purpose employs a vent type imjection umit in which an
injection screw comprising a first stage and a second stage
is rotatably and movably mounted in a heating cylinder
having a vent, and limits the feed rate of the material resin
to a feed zone of the first stage of the veat type injection unit
in such 2 manner that the material resin does not accumulate
due to compression even if the material resin is softened to
an elastomeric state before reaching a compression zone in
front of the feed zone. This limitation is effected by making
the sectional area of the screw groove in a receiving zone at
the feed zone rear end at which the hopper port of the first
stage is located smaller than the sectional area of the screw
groove in the feed zone, in which condition an uncrystallized
or crystallized polyethylene terephthalate produced with the
preliminary drying omitted is loaded in the hopper as a
material resin to be plasticated and injected.

Although it is preferable that the sectional area of the
screw groove in the above-mentioced receiving zone 11 is
set to no larger than 3% the sectional area of the screw groove

in feed zone, a smaller scctional area thus set causcs the feed
rate to become lower and the material metering tme to
become longer than is required, so that it is most preferable
that the former accounts for % to ¥4 the latter. In order to feed
the PET faster, the screw is formed in a double screw to the
halfway position of the compression zone, and then in a
~ single screw from the compression zone to the metering
zone so as to set the screw pitch to a large value, thereby
making the stretching of the molten resin sufficient to
improve the vent effect in a veat opening of the second zone.

In addition, the molding is performed in such a manner
that the heating temperature on the second stage side of the
heating cylinder is set to a value lower than the heating
temperature on the first stage side, thereby preventing acetal-
dehyde occurrence due to an overheated molten resin.
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The remaoval of the moisture content in the resin from the
above-mentioned heating cylinder is performed by being
sucked under a reduced pressure by means of a vacuum
pump, which removal is not intecrupted even when injecting
during operation, and when injecting, the reduced pressure
is set to a value lower than that when plasticating, thereby
preventing a vent up due'to the forward movement of the
injection screw. An injection molded preform is immediately
or later transferred to a blowing mold, where it can be
stretch-blow molded into a packaging container such as a
thin-wall bottle. '

BRIEF DESCRIPTION OF THE DRAWINGS

Drawings show an example of a vent type injection uait
capable of performmc the injection moldmg method of the
present invention, in which:

FIG. 1 is a schematic longitudinal sectional and side view
of the vent type injection unit according to the present
invention, and

FIG. 2 is an enlarged side view of a screw provided in the
‘vent type injection unit of FIG. 1, in which a front end
thereof is omitted.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

~ In the Figures, the numeral 1 indicates an injection screw
which is rotatably and movably inserted into a heating
cylinder 2. The injection screw 1 has 2 shape such that two
screws having a deep groove section and a shallow groove
section are connected to each other to form a single screw,
and has a screw design such that a screw portion 10 located
in the rear portion of the heating cylinder 2 compdises a first
stage (10), while a screw 20 located in the front portion
thereof comprises a second stage (20). |
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The above-mentioned heating cylinder 2 includes a vent
‘opening 3 on the wall portion on which the rear portion of
the second stage 20 is located, which opening is enclosed
and coonected with a vacuum pump (whose view is omit-
ted). On the rear wall portion on which the rear portion of
the first stage 10 is located, there is bored a feed port 4,
which is mounted with a hopper 5 for PET pellets (herein-
after simply called a resin). On the outer periphery of the
beating cylinder 2 and a nozzle 6, there are provided band
heaters, though omitted in Figs., for heating the resin fed by
screw rotation from the above-mentioned feed port 4.

Both the above-mentioned vent opening 3-and the feed
port 4 have an opening width with substantially the same
size as the pitch of the screw they face.

FIG. 2 shows a screw design of the above-mentioned
injection screw 1, in which the ratio of the first stage 10 to
the sccond stage 20 in the overail length L is about 6:4, thus
the second stage 20 is formed shorter than the first stage 10.
The first stage 10 is divided into four zones which arc, from
the rear, a receiving zone 11, a feed zone 12, a compression
zone 13 and a metering zone 14, whilc the second stage 20
is divided into three zones from the rear which are a feed
zone 21, a compression zone 22 and a metering zone 23,

In the first stage 10 and the second stage 20, the screw is
formed in a double screw up to the halfway position of the
compression zones 13 and 22 except for the metering zones
14 and 23, whereby the feed of the material resin to the
compression zones 13 and 22 by screw rotation is performed
as fast as possible; while the screw in the metering zones 14
and 23 is formed in a single screw to widen the screw pitch
in order to reduce as small as possible an non-uniformity of
the molten resin.

In the first stage 10, the screw pitch P, of the receiving
zone 11 is set to a value smaller than the screw pitch P, of
the feed zone 12, while the screw pitch P of the metering
zone 14 is set to a value twice the above-mentioned screw
pitch P,. The screw pitch of the feed zone 21 and the
metering zone 23 of the second stage 20 is set in a similar
manner to the screw pitch of the first stage 10.
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) The Screw groove depth of the first stage 10 is set at the
dimension calculated from the screw groove depth of the
feed zone 12. In order to limit the feed rate in the feed zone
}2, the screw groove depth in the above-mentioned receiv-
ing zone 11 is set to a shallow depth such that the sectional
area of the screw groove in relation to the gbove-gxenti&?d
screw pitch P, becomes % the sectional area of the screw
groove of the feed zone 12; while the screw groove depth in
the metecing zone 14 is set to a depth shallower than in the .
receiving zone 11 in order to stretch the molten resin by
screw rotation.

The screw groove depth in the feed zone 21 of the second
stage 20 is set to a deepest depth in order to vaporize the
moisture content in the molten resin by a rapid pressure
reduction; while the screw groove depth in the metering
zoge 23 is set to a value deeper thari in the metering zozne 14
of the first zone 10, thereby making easy the fesd of the
molten resin by screw rotation.

To injection mold a molded artcle such as a preform
using an uncrystallized PET by employing the vent type
injection unit having the above-mentioned arrangemect, first
the temperature of the heating cylinder 2 containing the
second stage 20 is set to 270° C., and the temperature of the
heating cylinder 2 containing the first stage 10 holds is set
to 280° C. The undried and uncrystallized PET as 2 malded
material is loaded in the above-mentioned bopper 3, and
then the injection screw 1 is caused to rotate at a high speed
(100 rpm). The pressure of the opening 3 is reduced to about
—~730 mm Hg by the vacuum pump.

The PET in the hopper 5 is fed by screw rotation inro the
receiving zone 11. The feed rate of the PET from the
receiving zoze 11 to the feed zone' 12 is limited as a result
of the sectional areas of the zones, so that the PET in the feed
zone 12 does not excessively accumulate, aad thus even if
the PET is softened to an elastomeric state, pellets are oot
massed with each other due to compression and got accu-
mulate before the resin reaches the compression zoae 13.

The PET softened in the feed zone 12 is compressed by
the tapered surface of the compression zonc 13 to causcitto
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be molten, stretched and temporarily plasticated, so that the
PET is fed into the second stage 20 whose temperature is set

to a value lower than the first stage 10. The screw groove of
the feed zome 21 is formed in a deep groove, so that the
pressuce of the molten cesin is reduced to cause the moisture
content in the PET to vaporize, and the moisture content in
the moltea PET to be separated therefrom, which moisture
coatent is then sucked and removed through the vent open-
ing 3 by the vacuum pump. The molten PET whose moisture
content has been removed in this manner is fed by screw
rotation to the metering zone23 of the second stage 20 and
further plasticated, and then fed to a position in front of the
screw to a store, in 2 similar manner to an injection molding
machine having an ordinary mechanism. As the molten PET
is fed, the injection screw 1 is moved backwardly and
stopped at a desired position to meter an amount required for
injection. After ‘metering, the molten resin is injected and
loaded into a mold by forwardly moving the injection screw
1. Then the pressure of the vent opening 3 is changed to
about —650 mm Hg and maintained by the vacuum pump
during the injection operadon. The atmospheric pressure can
be easily controlled by taking the outer air into a suction line
through valve operation.

The preform thus injection molded was transparent simi-
lar to the case where a preliminary drying is performed
before injection molding, and has no cloudiness due to
hydrolysis, and also has an acetaldehyde content within an
allowable range.
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An example of the specifications of the vent type injection
unit of the present invention will be shown hereinafier:

[ojection screw (double scrf.w)

Screw leagth (L) 1670 om
Screw outside diamster (D) 64 om
L/D of Screw 26

(Length) (Screw minor dia.) Sczew pitch

First stage

Screw 998 mm

Receiving zone 128 mm 52.0 mm 320 mm
Feed zons 646 mm 45.0 om 38.5 mm
Compression 64 mm '

‘zozme '

Metering zona 160 mm 57.2 mm 77.0 mm
Second stage

Scraw 672 mm

Fead zone 448 mm 43.2 mm 38.5 mm
Compressien 64 zm

zone

Metering zone 160 mm 56.0 mm 77.0 mm
Screw revoludon spesd 10Q rpm

Injection stroke 120 mm

When the PET is crystallized it is softened in the feed
zone 12 more slowly and transferred to the compression
zone 13 faster than the uncrystallized PET, thereby tending
to develop an uneven melting. However, this problem can be
solved by setting the compression zone 13 to 2 length
somewhat longer than the above-mentioned numerical
value. |

The employment of the above-mentioned vent type injec-
tion unit allows the injection molded preform to be molded
into a thin-wall packaging container such as a bottle by the
well-known stretch-blow molding. The well-known stretch-
blow molding is broadly classified into a so-called two stage
type in which the injection molding of the preform and the
stretch-blow molding of the preform into a container are
performed in separate processes, and a so-called one stage
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type in which the injection molding of the preform through
the stretch-blow molding of the preform into a container are
continuously performed. In either of both the methods, the
PET preform produced by the injection molding with the
prchmmary drying omitted can be molded into a thin-wall
container in the same manner as with the PET preform
injection molded after being dried.

The following shows molding conditions in a case where
with an injection molded preform held at its neck to a limit-
in which its shape can be kept, the preform is released from
a cavity and a core, transferred (o a blowing mold when the
surface temperature of the preform is being raised due to an
intemal potential heat, and immediately stretch-blow
molded to mold a thin-wall container:

Material resin: UNIPET RY523 (manufactured by Unipet

Co., Litd.)

' Molded form: fiat bottle

Dimensions:
overall height 250 mm
port inside dia. 23.5 mm
length under neck 230 mm
body outside dia. 9050 mm
body wall thickness 0.4 mm
weight 36 g
Preform
Dimensioas:
Overall height 142 mm
port inside dia. 23.5 mm
length under geck 122 mm
body wall thickness 2.9 mm
body upper portion outside dia 28 mm
body lower end outside dia. 24 mm
draft 2/122
Preform molding conditions

Injection cylinder temperature

First stage: Front 285° C., middle 285° C., rear 280° C.
Second stage: Froat 270° C., rear 270° C.

Nozzle temperamre: 270° C.

Injection mold temperature (set value)
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Cavity mold: 15° C.

Core mold: 15° C. |

Injection pressure (dwell): 75 kg/em?

Loading dwell time: 6.0 sec.

Cooling time: 2.8 sec.

Releasing temp.: 60° to 70° C. (preform surface tempera-
ture .-

Stretch—b)low' molding condidons
Mold temperature (set value): 20° C.

Stretch-blowing temperature: 88° C. (preform surface
temperature)

Blowing pressure (stretching): 20 kg/cm?

Blowing time: 2.0 sec.

Percent of stretch: |

Longimdinal (axial direction): 190%

Lateral (radial direction): 360x200%

As described above, according to the present invention,
the injection molding of an uncrystailized PET and that of a
crystallized PET with the preliminary drying omitted can be
performed by the employment of the veat type injection unit,
thereby allowing a molded article having little Rydrolysis to
be obtained. A molded article having developing little
acctaldehyde due to overheating is obtained so that uncrys-
tallized PET having a lower commercial price can be utilized
as a molding matcrial, whereby the material cost is reduced
and the running cost required for the preliminary drying can
be saved even using the crystallized PET, thereby allowing
the price of a packaging container made from thc PET as a
material to be reduced. The present invention has a further
advantage in that the injection molding itself requires no
complex operation and can be performed by employing
conventional molding technologies, thereby having a sig-
nificantly high utility value in this industrial field.
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What is claimed is: -
1. A method of injection molding an undried polyethylene
terephthalate employing a vent-type injection unit compris-
ing a heating cylinder having an inside wall, a vent, a hopper
and an injection screw rotatably and movably mounted in
the cylinder, the length of said injection screw being divided
into sequential first and second stages, each of said first and
second stages being divided in sequence into a feed zone, a
compression zone and a metering zone, said first stage also
baving a recsiving zone connected to said feed zoue of said
first stage and receiving said undried polyethylene tereph-
thalate from the hopper, said vent being located at a position
corresponding to the feed zone of the second stage, said
methed comprising |
providing said undried polyethylene terephthalate in said
nopper,
causing said screw to rotate to thereby convey any poly-
ethylene terephthalate present in the area between said
injection screw and the inside wall of the heating
cylinder, | |
receiving said polyethylene terephthalate in the receiving
zone of the first stage from the hopper,
feeding and plasticizing said polyethylene terephthalate,
wherein the feeding rate of the polyethylene terephthalate
is limited by an arrangement such that the depth of the
screw groove in the receiving zone is shallower than
the depth of the screw groove in the feed zone, thus
making an area available between two adjacent screw
flights for molding the polyethylene tercphthalate
smaller in the receiving zone than in the feed zone of
said first stage. and

removing volatile substances from the polyethylene

terephthalate through the vent.

2. A method of injection molding an undried polyethylene
terephthalate according to claim 1, wherein said area avail-
able for said polyethylene terephthalate in said receiving
zone is not more than % of said area available for said
polyethylene terephthalate in said feed zome of the first
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stage, and wherein the injectioa screw in said receiving zone
of the first stage, in each of said feeding zones of said first

and second stages and in the first half of each of said
compression zones of said first and second stages is formed
in a double screw, and the injection screw in an area from
said first half of each of said compression zoges of said first
and second stages to each of said metering zones of said first
and second stages is formed in a single screw so as to
effectively mix and stretch the plasticized polyethylene

‘terephthalate.

3. A method of injection molding an undried nolyethylene
terephthalate to claim 1, wherein a reduced pressure is
established at said vent whereby moisture contained in said
undried polyethylene terephthalate is removed from said
vent-type injection unit and extent of the reduced pressure is
varied during the injection molding to a lower value.

4. A method for injection molding an undried polyethyl-
ene terephthalate as set forth in claim 3, wherein the heating
cylinder is heated such that the temperature in the first stage
is greater than the temperature in the second stage.

S. A method for injection molding an undried polyethyl-
ene terephthalate as set forth in claim 4, wherein the an
undried polyethylene terephthalate is undred, crystallized
polyethylene terephthalate.

6. A method for injection molding an undried polyethyl-
ene terephthalate as set forth in claim 4, wherein the undried
polyethylene terephthalate is uncrystallized polyethylene
terephthalate.

7. A method for injection molding an undried polyethyl-
ene terephthalate as set forth in claim 1, wherein a preform
of a thin-wall packaging container to be molded by stretch-
blow molding is injection molded.

8. A methad of injection molding an undried polyethylene

terephthalate to claim 1, wherein a reduced pressure is
established at said vent whereby moisture contained in said

undried polyethylene terephthalate is removed from said
veat-type injection unit and extent of the reduced pressure is
varied during the injection moiding to a lower value.
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9. A method for injection molding an undried polyethyl-
- ene terephthalate as set forth in claim 1, wherein the heating
cylinder is heated such that the temperature in the first stage
is greater than the temperature in the second stage.

10. A method for invention molding an undried polyeth-
ylene terephthalate as set forth in claim 1, wherein the
undried polyethylene terephthalate is undried, crystallized
polyethylene terephthalate. .

11. A method for injection molding an undried polyeth-
ylene terephthalate as set forth in claim 1, wherein the
undried polyethylene terephthalate is uncrystallized poly-
ethylene terephthalate.
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- ABSTRACT

METHOD FOR INJECTION MOLDING POLYETHYLENE TEREPHTALATE

A method for injection molding polyethylene terephtalate by
employing a vent type injection unit as means for omitting
preliminary drying the resin, wherein the unit does not
develop a poor screw biting, and even when the molding
material is an undried uncrystallized or crystallized PET,
can feed a certain amount of the material at all times to
injection mold a desired transparent molded form such as a
preform, and use the preform to produce a thin-wall container
at a low cost.

FIGURE 1
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