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SPECIFICATION RimmP o
TITLE OF THE INVENTION
METHOD FOR INJECTION STRETCH BLOW MOLDING OF POLYETHYLENE
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method for
injection stretch blow molding of polyethylene into a hollow
molded product, such as a thin-wall container.

2. Background Art

In an injection stretch blow molding method
comprising injecting molten resin into an injection mold to
mold a preform, and stretch blow molding the perform into a
hollow molded product such as container in a blow mold, it is
known possible to mold almost all thermoplastic resins into
hollow thin-wall products. At the present, however, being
limited to polyethylene terephthalate, polypropylene,
polycarbonate, vinyl chloride, etc., blow molding method is
applied to polyethylene which is highly demanded as hollow
molded pfoducts.

Known methods for molding continuously from
injection molding of preform to stretch blow molding of
hollow ﬁglded products include a method comprising releasihg
an injection molded preform from an injection mold while the
preform is still hot before being completely cooled and

solidified, conditioning the temperature of the hot preform,
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injecting nolten resin into an injection nold to nold a pref
nol d, and stretch blow nolding the performinto a holl ow np
such as container, it is possible to nold al nost all thernD‘
into hollow thin-wall products. At the present, however, th 2
is.limted to pol yethyl ene terephthal ate, pol ypropyl ene, pol ycar bonat e,

vi nyl chl oriadwl sttmetcharl ovwtmalsing dthey geaididtilprieshengfiaxm in%9 gh denand
for holl ow nol ded products. Known nethods for nol ding continuously from

i njection hollow molded product in a blow mold, and a method of

immediately stretch blow molding by omitting the temperature
conditioning of the preform as disclosed in the Japanese
- 5 Laid-open Patent Publication No. 4-214322.

In both injection stretch blow molding methods, a
preform is molded by using an injection mold composed of a
cavity die for molding the outside wall of the preform and a
core die for molding the inside wall of the preform, and a

10 1lip mold for molding the mouth portion of the preform, and
filling a cavity space between the cavity die and the core
die inserted into the cavity die by penetrating through the
opening of the cavity die and the closed lip mold, with
molten resin by injecting the molten resin from the bottom of

15 the cavity die.

To release the injection molded preform from the
injection mold, both the core die and lip mold are moved
upwardly, or the core die is moved upwardly and the cavity
die is moved downwardly, and the preform after being released

20 is transferred into the blow mold while the mouth portion of
the preform is held by the lip mold.

The reason why the preform is released by being
drawn out also ffom the core die is that it is extremely
difficult to stretch the preform in the axial direction by

25 the stretching rod in the state of tightly holding the core
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injection nold while the preformis still hot before being c Y
cool ed and solidified, conditioning the tenperature of the hot preform and
stretch bl ow nol di ng the condi tioned preforminto a hollow nol ded product
in a bl ow ndli® ncshatigdgagersfdchefprefimu aus ytotomlindg) amdrotieref oye
omtting the tem perature conditioning of the preform as disclosed in the
Japanese LaitheoperefRatrenis RitAwreautonfidoe bbbl 43RP .cavity die and the
core die by using the lip mold also as the transfer member,
thereby transferring into the blow mold.
5 Usually, when releasing the injection molded
< product from the injection mold, withdrawing of injection
molded product from the core die is more difficult than
withdrawing from the cavity die. This is because the surface
of the outside wall of the molded product is parted from the
10 surface of the cavity die due to shrinkage by cooling of the
injection molded product at the cavity side, while the inside
wall of the molded product tightly contacts with the core die
due to shrinkage, contrarily, to the core die side.
The strength of the hot preform in a flexible state
15 that can be processed by stretch blow molding is only enough
to maintain the shape of the preform by the surface skin
layer formed on the inside and outside surfaces of the
preform, different from the ordinary injection molded product
having rigidity on the whole by completely cooling and
20 solidifying, and therefore also when drawing out the core die
by holding the cooled and solidified mouth portion of the
preform by the lip mold, unless there is enough strength
required for aisconnecting the skin layer of the inside wall

of the preform in tightly contact with the core die surface,

25 the preform is drawn out from the cavity die as being in
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In both injection stretch bl ow nolding nmethods, a pre- formi FEyQHggdHhsgcbuv
. S . . ; T it
using an injection nold conposed of a cavity die for noldi Ii
wal | of the preformand a core die for nolding the inside
preform and a lip nold for nolding the nouth portion of the preform and
the cavity space between the cavity die and the core die is filled with
nol t en resi ntigisercentact owitie theidcorei @idy pehetqudezisd thy otigd 1ihp die
opening of the cavity die and the closed lip nold by injecting the nolten
resin from tire fikéednsodté hedebvrhingli®s if bellows were contracted,
thereby losing the shape of the preform.
Accordingly, in an injection stretch blow molding
5 method, it is designed to release the preform after cooling
. the preform to a temperature so that the skin layer of the
preform surface is rigid enough to withstand the withdrawing
force of the core die while stretch blow molding is possible.
Although the cooling temperature varies with the thickness
10 and design of the required preform, in the case of a preform
of a container with a wide mouth of which blow-up ratio is
not so large, the draft of the cavity die and core die can be
set large, and the contact force of the preform inside by
shrinkage can be alleviated by the draft, and releasing at
15 high temperature is enabled, and the shrinkage due to cooling
decreases, and owing to synergistic action of them, releasing
is easier than in the case of a preform of a container with a
narrow mouth.
However, in the case of a preform of a container
20 with a narrow mouth such as a bottle of which aperture is
small, size is long, and blow-up ratio is required to be
large, the draft of the cavity die and core die is limited,
and the limit is stricter as the length is greater. It is

hence necessary to release the preform from the injection

25 mold by cooling the preform to the compatible temperature
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To rel ease the injection nolded preformfromthe injec- tif¢
core die and lip nold are noved upwardly, or the core die
and the cavity die is noved downwardly, and the preform afiter

rel eased,

is transferred into the blow nold while the nout

preformis held by the |ip nold.

10

15

20

25

enabling both releasing and subsequent stretch blow molding.
This compatible temperature is, at ordinary temperature, 60
to 70 deg. C in the case of polyethylene terephthalate, and
90 to 100 deg. C in the case of polypropylene, and in these
temperature ranges, both releasing and stretch blow molding
can be carried out.

However, in the case of a preform of polyethylene
which is excellent in thermal conductivity and high in
molding shrinkage as compared with polyethylene terephthalate
and polypropylene, when cooled to drawable temperature, the
skin layer is formed thicker than necessary, and the internal
high temperature region becomes narrow, and therefore if the
preform is immediately transferred into the blow mold and
processed by stretch blow molding, it is not swollen
sufficiently by air pressure. At a temperature at which
stretch blow molding is estimated to be possible, the preform
remains tightly in contact with the core die, and when the
core die is drawn out in this state, the preform is extremely
deformed.

Thérefore, in the preform of polyethylene, setting
of the compatible temperature enabling both releasing and
subsequent stretch blow molding is more difficult than in the
case of polyethylene terephthalate or the like, and stretch
blow molding by using the hitherto employed releasing means

was extremely difficult even in the case of a container with
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The reason why the preformis rel eased by being drawn out
core dieis that it is extrenely difficult to stretch the
axial direction by a stretching rod in the state of tightl
core die by shrinkage of the preformdue to cooling, and therefore the
preformis drawn out fromboth the cavity die and the core die using the
lip nold al o wkde Heow¥Rinsfer menber, thereby transferring into the bl ow
nol d. Usual | y, when rel easing the |njection nol ded product fromthe

i njection nold, w thdrE&wimgy dfe tabso gamnsidered to perform stretch blow

molding by reheating and conditioning the preform after
releasing to temperature suited to molding, but it requires

5 experience, time, and energy, and temperature unevenness is
likely to occur, and therefore if temperature conditioning is
employed, the injection stretch blow molding of polyethylene
involves many technical difficulties.

Concerning polyethylene, aside from releasing, the

10 difficulty also lies in the temperature for stretch blow
molding the preform. In a blow molding method, the resin
temperature for blow molding polyethylene is 175 to 200 deg.
C. In an injection stretch blow molding method, such resin
temperature is the molding temperature of the preform, and

15 the temperature held by the preform cooled so as to be
self-supporting is extremely lower than such resin
temperature.

When stretch blow molding the preform released at

high temperature into a container such as a bottle before the -

20 surface temperature of the preform risen by the internal heat
of itself reaches the peak temperature, the time until the
surface temperature of polyethylene reaches the peak
temperature is earlier than in the case of polyethylene
terephthalate, and stretch blow molding polyethylene is

25 difficult as compared with polyethylene terephthalate, and it

—_—
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the cavity die. This is because the surface of the outsidgF=wa
nol ded product is parted fromthe surface of the cavity d
shrinkage by cooling of the injection nolded product at t
while the inside wall of the nolded product tightly contactTs The core d|e
due to shrinkagetd tdeolstain i anclids] phlwiwit engidlleint hien Medlpreformin a
flexible state that can be processed by stretch blow nolding is only enough
t o mai nt ai n thiclehape dfsthbyptsromady the paad asenpddatdmy.er

As the difficulty of stretch blow molding, it is
estimated, since the thermal conductivity of polyethylene is
5 higher than those of polyethylene terephthalate and
polypropylene, transferring the intermnal heat of the preform
to the surface of the preform after being released is
relatively quick, the volume occupied by the internal high
temperature portions contributing to the stretch blow molding
10 Dbecomes narrow earlier, and hence the internal heat quantity
necessary for stretch blow molding tends to be insufficient.
Hence, even in the case of container with a wide mouth easier
to release than the container with a narrow mouth, concerning
the stretch blow molding temperature, favorable molded
15 product can nof be obtained unless stretch blow molding is
done within a limited time (within temperature range).
Reaching of peak temperature differs somewhat
depending on the wall thickness of preform, design or molding
conditions, and better products are not obtained unless
20 stretch blow molding is done accordingly, and therefore in
the case of polyethylene, a severer molding operation is
required than in the case of polyethylene terephthalate.
The present invention is devised in order to solve
the problems in a method for injection stretch blow molding

25 of polyethylene, and it is an object thereof to present a
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fromthe ordinary injection nolded product which is co i
consequence of conplete cooling and solidifying. Theref}
the core die by holding the cooled and solidified nouth {pe
preformby the lip nold, unless there is enough strength to disconnect -the
skin | ayer @ovede ratdiafe andbliglg e nalesema poafionghElty acsuriaceni th t he
core die surface, the preformis drawn out fromthe cavity die in tight
contact wit temperstneralicf thved ppfegredanpatiblie Fodi dath fiedebsing f
preform and subsequent stretch blow molding, by disconnecting
the core die and the surface of the preform in advance by the
5 use of pressure of a gas, and to perform stretch blow molding

in a specified temperature range preferable for polyethylene.

SUMMARY OF THE INVENTION
To achieve the object, the invention presents a

10 method for injection stretch blow molding of polyethylene

comprising the steps of;

injection molding a predetermined preform by filling an
injection mold composed of a cavity die, a core die, and a
lip mold with molten polyethylene,

15 releasing the preform from the cavity die and the core
die of the injection mold while an mouth portion of the
preform is held by the lip mold,

transferring the preform into a blow die, and
stretch blow molding the preform into a hollow thin-wall

20 product, characterized in that the method further comprises

the steps of;

forcedly entering a gas into the boundary between the
core die and the preform before releasing the preform from
the injection mold in order to isolate the inside wall of the

25 preform from the core die,
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of the preform Accordingly, an injection stretch bl ow nol ¢
designed to rel ease the preformafter cooling the preform
so that the skin layer of the preformsurface is rigid enod
the withdrawing force of the core die while stretch bl ow ding is

possi bl e. Al t hougtelemsing| the predermtiran vehe enjectiamenald ckimkbs tinel

design of the required preform when a preformof a container with a w de
nmout h i n whiichksidevwfipthatprefermots st axgpldtElyraddled and is still

at high temperature, and the surface temperature of the
preform right after releasing is 80 to 90 deg. C, and

5 stretch blow molding the preform within the time
interval before the surface temperature of the preform which
is elevated by the internal heat of the preform reaches 120

deg. C.

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The temperature of the molten polyethylene at the
time of molding the preform is required to be 200 deg. C or
more as the temperature of the front portion of the injection
cylinder. This molten polyethylene is injected to fill up
15 the cavity of the injection mold composed of’the cavity die
set at a temperature of 90 to 105 deg. C, and the core die-
set at a temperature around 80 deg. C, and molded into a
preform with a bottom as prescribed.
When the injection filling of molten polyethylene
20 is completed, the injection pressure is changed to a
secondary pressure of lower pressure than the primary
pressure required for filling to transfer to injection
pressure holding step, which is followed by cooling step. As
to the gas for disconnection, air is most preferable from the

25 viewpoint of economy and handling, but inert gas such as
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of the cavity die and core die can be set large. The contag&:&gF€§:6Fﬁﬁ§%ﬁ.
preforminside fromshrinkage can be alleviated by the dr tﬂﬂ&@ﬁ%% A )
hi gh tenperature is enabled, and REPLACEMENT SHEET 3 shii R

cool ing decreases, and owi ng to synergistic action rel ease} asing is

easier than in the case of a
nitrogen gas may be used as the case may be. Meanwhile, if

pressure feeding (i.e. entering gas) is started right after
completion of injection filling, it gives no effect on the
shape of the preform, but it is most preferable to start
5 pressure feeding immediately after completion of injection

pressure holding. If pressure feeding is started just before
completion of injection filling, filling resistance occurs
due to elevation of internal pressure by the pressure of the
fed gas, and specified amount of molten resin is not applied,

10 and hence the predetermined shape of the preform can not be
obtained.

To enter the gas, the gas is blown into the
boundary of the core die and the preform from the root or
front end of the core die. The entering position can be

15 selected by the length or thickness of the preform, and in a
long preform, it is desired to enter the gas from the front
end. Besides, since the object of entering gas is to
disconnect between the core die and the inside wall of the
preform, the entered gas is held in the boundary for a

20 specific time, and the preform inside is isolated from the
core die surface, and the preform is cooled to a temperature
suited to releasing, and the entering (blow) time requires at
least one second, and the entering (blow) pressure is in a
range of 6 to 15 kg/cmz, preferably around 9 kg/cmz.

25 The preform is released in the above-described

———
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preformof a container with a narrow nouth. However, in the case of s
preformof a container with a narrow nouth such as a bottl N € RREHAYBEEN
is small, size is long, and blowup ratio is large, the dra th 'ﬂéﬁiﬂﬁﬂﬁty L
die and core dieis |limted, and the Iimt becones stricter
I's greater.

It is hence necessary to release the preformfromthe injection

nmol d by cool fempehatypref vangeo ahé tbhepatréteht ehpermdldéngnashi bg bot h
rel ease and subse- quent stretch blow nolding. This conpatible tenperature
is, at ordi neffettegeint artempraturd tegge Gof i thé hereébSEmOfurface.

10

15

20

25

temperature of 20 to 30 deg. elevated higher than that at
releasing. If the surface temperature is 100 deg. C or less.
the temperature is too low, and entire stretching by gas
pressuré is not achieved, and molding is extremely difficult.
At elevation temperature of 30 deg. or more, it is too close
to the peak temperature, and the temperature rise is slow,
and the temperature state for the preform is likely to be
crystallized. Accordingly, if the surface temperature of the
preform after releasing exceeds 120 deg. C, stretch blow
molding of molded product with favorable wall thickness
distribution is difficult.

Accordingly, the most preferable temperature for
stretch blow molding is around a temperature elevated about
25 deg. from the surface temperature at the time of
releasing, and it is in a range of 4 to 7 seconds after
releasing in terms of the time. The peak temperature of the
preform elevated by the internal heat is somewhat higher or
lower depending on the wall thickness of the preform, but the
time to reach the peak temperature do not vary significantly.

Therefore, by varying the wall thickness
distribution to adjust the internal heat, thereby causing
elongation depending on the blow ratio on the preform, when

containers of favorable wall thickness distribution and the
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pol yet hyl ene terephthal ate, and 90 to 100 deg. C. in the c
pol ypropyl ene. In these tenperature ranges, both release a Tﬁﬁ%%ﬁ*
nol di ng can be carried out. However, in the case of a pref
pol yet hyl ene, which is excellent in thermal conductivity a 0
nol di ng shrinkage as conpared w th polyethylene terephthal ate and
pol ypr opyl edeikenare cotained, E@xaemt daretdw aagee of extyieme |walkk | s
formed thicker than necessary, and the internal high tenperature region
becones nar rdvi.ckriesfdiEfefendr, pyiafereh iklawmedidiing yis repalilesd ethiat o
t he bl ow nold and

favorable temperature range on the whole within a specific

5 BEEN '
A

time lapse after releasing.

5 The air blowing pressure at the time of stretch
blow molding is desired to be varied in primary and secondary
steps, and the secondary pressure should be set at a pressure
of two times or more of the primary pressure. Stretching can
be done about two times vertically and three times laterally.

10 In this méthod, when releasing the preform of
polyethylene, gas is forcedly entered into the boundary
between the core die and the inside wall of the preform, and
cooling is effected with being disconnected the preform
inside, and therefore cooling of the preform inside is

15 suppressed by the gas existing in the boundary between the
core die and the inside wall of the preform, and the inside
skin layer of the preform is formed thinner than the case of
tight contact of the inside skin layer of the preform, and
the shrinkage of the preform inside is smaller by that

20 portion, and the contact is alleviated.

To the contrary, on the outside of the preform, the
surface is pressed to the cavity side by the entered gas so
as to be cooled easily, and separation by shrinkage due to
cooling is prevented, and the skin layer is quickly formed so

25 as to maintain the shape of the preform, and later it is

———-

- 12 - This Shee as Been Reﬁaced

TR



processed by stretch blow nolding, it is not swollen suffi QH%%,L%,byAgggEN
pressure. At a tenperature at which stretch bl ow nolding ig estiggbefcts b
possi ble, the preformremains tightly in contact with the
when the core die is drawn out in this state, the preformis extrenely
defornmed. Therefore, with polyethylene preform setting of the com patible
t enper at ur e RARHIDIR totreledzsasthe preiteakm surfach tenpenatdreag is

nore difficult than in the case of polyethylene terephthalate or the |iKke,
and stretch sitioged to stretch blow molding. Because of quick cooling,

i

moreover, crystallization is extremely small.
Besides, in the process of elevation of surface
5 temperature due to the internal heat of the preform,
crystallization is suppressed by heating from inside, and its
growth is slow, and stretching is not disturbed by
crystallizatibn, and stretch blow molding can be done
smoothly even in polyethylene, and molded products such as

10 containers of favorable wall thickness distribution can be

obtained.

[Embodiments]

EXAMPLE 1

Material resin : Polyethylene_(HIZEX 5300B, made by Mitsui
15 Petrochemicals Co.)

(1]

Molded product Milk bottle (500 cc)

Dimensions : overall height 165 mm,
inside diameter of mouth portion 32 mm,
length beneath neck 147.5 mm,

20 outside diameter of body portion 73 mm,

wall thickness of body portion 0.5 mm,

weight 32 ¢
Preform
Dimensions : overall height 137.5 mm,
25 inside diameter of mouth portion 32 mm,
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nol di ng by using the hitherto enpl oyed rel easi ng neans was extrenely
difficult even in the case of a container with a wi de nout h=
consi dered to performstretch blow mol d- ing by reheating afldrieiertiaETotASHEEEN
the preformafter releasing to tenperature suited to noldin but ReALACED
requires experi- ence, tine,. and energy, and tenperature un eSS TS

likely to occur. Therefore, if tlmpstlathemsatndidckni2® mes, enpl oyed, the

i njection stretch bl ow nol ding of polyethyl- ene involves many techni cal
difficulties. wall thickness of body portion 3 mm,

outside dia. of upper body portion 34.68 mm,
outside dia. of lower end body portion
5 31.62mm,
draft 0.766 deg.
Preform molding conditionsl
Injection cylinder temperature :
nozzle 175 deg. C,
10 front portion 215 deg. C,
middle portion 215 deg. C,
rear portion 185 deg. C
Injection mold temperature (set value):
Cavity die : upper portion 10 deg. C,
15 cavity portion 95 deg. C,
lower portion 10 deg. C
Core die : 80 deg. C
Injection pressure (holding pressure) : 42 kg/cm2
Pressure holding time : 6.5 sec
20 Cooling time : 1.8 sec
Entered (blow) gas : air
Entering (blow) pressure : 9 kg/cm2
Entering timing : right after completion of pressure holding
Entering (blow) time : 1.8 sec

25 Releasing temperature :

his Sheet Has Been Reilaced
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4 Concerning pol yethylene, aside fromreleasing, the diffi
in the tenperature for stretch bl ow nolding the preform ;
nmet hod, the resin tenpera- ture for bl ow nol di ng pol yet hylilene i35
deg. C. In an injection stretch bl ow nolding nethod, such ™

perature is the nolding tenperature of the preform and the
80 to 90 deg. C (preform surface temperature)

Stretch blow molding conditions
Mold temperature (set temperature) :
60 deg. C
5 Stretch blow temperature :
105 to 115 deg. C (preform surface
temperature)
Blow pressure (stretching) :
primary pressure 4 to 5 kg/cm2
10 secondary pressure 12 kg/cm2
Time interval from releasing till stretch blow molding :
6 sec.
Stretching factor :
vertical (axial) 1.2 times,
15 lateral (radial) 2.2 times
Results
A milky white milk bottle of polyethylene uniform
in wall thickness distribution without deviation of wall
thickness in stretch area was obtained. When filled with

20 content and dropped from a height of 2 m, no breakage was

noted.

EXAMPLE 2

Material resin : Polyethylene (HIZEX 5100B, made by Mitsui
25 Petrochemicals Co.)

This Sheet Has Been Replaced
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| ower than such resin tenperature. Wen stretch blom/nnlgl @#&Eﬁﬁﬂﬁb
rel eased at high tenperature into a contai ner such as a Qo Ieﬂﬁéi%ﬁﬁp
surface tenperature of the preformfromthe internal heati-tea
tenperature, the tine the surface tenpera- ture of polyethylene reaches the
peak tenper Malded predudler: t harRound retraichto bt Aeetviytite reareew phowelh at £20
and stretch bl ow nol di ng pol yethylene is difficult as conpared with

pol yet hyl ene terephthalate. It ischard to obtain a nol ded

Dimensions : overall height 126.7 mm,
length beneath neck 114.7 mm,
5 inside diameter of mouth portion 17.14 mm,
outside diameter of body portion 45.5 mm,
wall thickness of body portion 0.5 mm,
weight 15.4 ¢
Preform
10 Dimensions : overall height 107.0 mm,
inside diameter of mouth portion 17.14 mm
length beneath neck 95 mm,
wall thickness of body portion 3.2 mm,
outside dia. of upper body portion 22.03 mm,
15 outside dia. of lower end body portion 18.71
mm,
draft 1.0 deg.
Preform molding conditions
Injection cylinder temperature :
20 nozzle 175 deg. C,
front portion 210 deg. C,
middle portion 210 deg. C,
rear portion 195 deg. C
Injection mold temperature (set value) :

25 Cavity die : upper portion 10 deg. C,

R
-
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product excellent in wall thickness distribution near the peak tenperature
As a difficulty of stretch blow nolding, it is estimted, >'F@§:LEETPW%ﬁE§N
19? . :
[ __h

conductivity of polyethylene is higher than that of polyet iﬁp§fcﬁb

terepht hal ate and pol ypropyl ene, trans- ferring the internal_heal-ot
preformto the surface of the preformafter being released is relatively
qui ck, the volune occupi ed by theaviterpertidghl®2ndegat@re portions
contrib- uting to the stretch bl ow nol di ng becones narrow earlier, and
hence the internal heat quantityloweesparyidwrlGtdegchc

L

Core die : 80 deg. C
Injection pressure (holding pressure) : 40 kg/cm2
- 5 Pressure holding time : 5.45 sec
Cooling time : 4.25 sec
Entered (blow) gas : air
Entering (blow) pressure : 9 kg/cm2
Entering timing : right after completion of pressure hoiding
10 Entering (blow) time : 4.25 sec
Releasing temperature :
80 to 90 deg. C (preform surface temperature)
Stretch blow molding conditions
Mold temperature (set temperature) : 60 deg. C
15 Stretch blow temperature :
105 to 115 deg. C (preform surface
temperature)
Blow pressure (stretching) :
primary pressure 5 kg/cmz,
20 | secondary pressure 12 kg/cm2
Time interval from releasing till stretch blow molding :
6 sec.
Stretching factor :
vertical (axial) 1.16 times,

25 lateral (radial) 2.2 times
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bl ow nol ding tends to be insufficient. Hence, even in the case of a

Tan d-
container with a narrow nouth, a favorable nol ded product can H%*g EET HAS BEEN

container with a wide nouth which is usually easier to releasﬁ t

obt ai ned unl ess stretch blow molding is done within a |imtedltine TohAREP

tenperature range). Reaching peak tenperature differs sonmewhat dependi ng on

the wall thiReswktss of preform design or nolding condi- tions, and better

products are not obtained unless stretch blow nolding is adjusting

accordingly. ThereforeAimilke whake round straight bottle of polyethylene
uniform in wall thickness distribution without deviation of
wall thickness in stretch area was obtained. When filled

5 with content and dropped from a height of 2 m, no breakage

was noted.

These embodiments were conducted by using the
injection stretch blow molding machine model No. BS-0207
10 manufactured by A.K. TECHNICAL LABORATORY, INC. In addition,
the injection stretch blow molding method conformed to the
method disclosed in the Japanese Laid-copen Patent Publication
No. 4-214322.
According to the present invention, molded products
15 of polyethylene such as containers with thin-wall body which
had been hitherto considered extremely difficult can be
molded easily by stretch blow molding, and a multiplicity of
molded products can be produced at one time. Besides, since
it is possible to blow in a thin wall, it is more economical
20 than blow molding method, and the drop strength is
sufficient, and hence its value of industrial usage is

immense.
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of polyethylene, a severer nolding operation is required than hn_the case
of polyethylene terep . “ﬂu Eent invention is degFFSEEFH-BFUCF—t0
sol ve the problens in mcll “Iﬁ ction stretch bl ow |hJH® BYEBT HAS BEEN |

M

pol yethyl ene, and it is*arf objelt fo present a novel methdfi enafiERA4QGED

rel eased a preformat a surface tenperature conpatible for™both Tereasing
of preform MEPEuBScGLBEYERt I8¢ ch bl ow nol di ng, by di sconnecting the core

die and the surface of the preformin advance by the use of pressure of
l. A method for injection stretch blow molding of

polyethylene comprising the steps of;
injection molding a predetermined preform by filling an
- 5 injection mold composed of a cavity die, a core die, and a
. lip mold with molten polyethylene,
releasing the preform from the cavity die and the core
die of the injection mold while an mouth portion of the
preform is held by the 1lip mold,
10 transferring the preform into a blow die, and
stretch blow molding the preform into a hollow thin-wall
product, characterized in that the method further comprises
the steps of;
forcedly entering a gas into the boundary between the
15 core die and the preform before releasing the preform from
the injection mold in order to isolate the inside wall of the
preform from the core die,
releasing the preform from the injection mold while the
inside of the preform is not completely cooled and is still
20 at high temperature, and the surface temperature of the
preform right after releasing is 80 to 90 deg. C, and
stretch blow molding the preform within the time
interval before the surface temperature of the preform which
is elevated by the internal heat of the preform reaches 120

25 deg. C.
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of polyethylene conmpri gin§ the St é&ps “of ; injection nolding
preformby filling an injection nold conposed of a cavity die, a core die,
and a lip 2. A method for injection stretch blow molding of

polyethylene according to claim 1, further characterized in
that the entering gas is started right after completion of

injection filling of molten polyethylene.
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preformis held by the lip nold, transferring the preformintlo
and stretch blow nolding the preforminto a hollow thin-wall jiprodu
characterized in that the nmethod further conprises the steps of forcibly

entering a gas into the boundBFTRACTOF THE PISELGSYRENd t he preform

before releasing the preformfromthe
A novel method enabling stretch blow molding in a

temperature range preferable for polyethylene, capable of
releasing at a surface temperature suited to both releasing
- 5 of a preform and subsequent stretch blow molding, by
v disconnecting the core die and the preform in advance by the
use of pressure of gas.
This is for injection molding a predetermined preform
by filling an injection mold with molten polyethylene,

10 releasing the preform from the cavity die and core die of the
injection mold while a mouth portion of the preform is held
by the lip die, and transferring the preform into a blow die
to stretch blow mold into a hollow molded product of thin
wall. Gas is forcedly entered into the boundary of the core

15 die and the preform, before releasing the preform from the
injection mold, to isolate the inside wall of the preform
from the core die. Releasing is effected while the inside of
the preform is not completely cooled and is still at high
temperature, and in a temperature range in which the surface

20 temperature of the preform right after releasing is 80 to 90
deg. C. The step of stretch blow molding is performed withiﬁ
the time interval before the surface temperature of the
preform which is elevated by the internal heat of the preform
reaches 120 deg. C.
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METHOD FOR INJECTION STRETCH BLOW MOLDING OF POLYETHYLENE

heat of the preformreaches 12

TITLE OF THE INVENTION

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method for
injection stretch blow molding of polyethylene into a hollow
molded product, such as a thin-wall container. |
2. Background Art

In an injection stretch blow molding method
comprising injecting molten resin into an injection mold, to
mold & preform, and stretch blow molding the perform into a
hollow molded product such as container in a blow mold, it is
known possible to mold almost all thermoplastic resins into
hollow thin—wall.products. At the present, however, being
limited to polyethylene terephthalate, polypropylepe,
polycarbonate, vinyl chloride, etc., blow molding method is
applied to polyethylene which is highly demanded as hollow
molded products.

Known methods for molding continuously from
injection molding of preform to stretch blow molding of
hollow molded products include a method comprising relea;ing
an injection molded preform from an injection mold while the
preform is still hot before being completely cooled and

solidified, conditioning the temperature of the hot preform,
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cavity of the corrposea of the cavity die ¢

tammaUMeof C. and thg core die set at a tenperature
around 80 deg. C., and nol ed into a préformwith a bottom as prescri bed.

and stretch blow molding the conditioned preform into a
hollow molded product in a blow mold, and a method of
immediately stretch blow molding by omitting the temperature
conditionihg of the preform as disclosed in the Japanese’
Laid-open Patent Publication No. 4-214322.

In both injection stretch blow molding methods, a
preform is molded by using an injection mold composed of a
cavity die for molding the outside wall of the preform and a
core die for molding the inside wall of the preform, and a
lip mold for molding the mouth portion of the preform, and
filling a cavity space between the cavity die and the core
die inserted into the cavity die by penetrating through the
opening of the cavity die and the closed lip mold, with
molten resin by injecting the molten resin from the bottom of
the cavity éie.

To release the injection molded preform from the
injection mold, both the core die and lip mold are moved
upwardly, or the core die is moved upwardly and the cavity
die is moved downwardly, and the preform after being released
is transferred into the blow mold while the mouth portion of
the preform is held by the lip mold.

The reason why the preform is released by being
drawn out also from the core die is that it is extremely
difficult to stretch the preform in the axial direction-by

the stretching rod in the.state of tightly holding the core
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die by shrinkage of the preform due to cooling, and therefore
the preform.is drawn out from both the cavity die and the
core die by using the lip mold also as the transfer member,
thereby transferring into the blow mold.

Usually, when releasing the injection molded
product from the injection mold, withdrawing of injection
molded product from the core die is more difficult than
withdrawing from the cavity die. This is because the surface
of the outside wall of the molded product is parted from the
surface of the cavity die due to shrinkage by cooling of the
injection molded product at the cavity side, while the inside
wall of the molded product tightly contacts with the core die
due to shrinkage, contrarily, to the core die side.

The strength of the hot preform in a flexible state
that can be processed by stretch blow molding is only enough
to maintain the shape of the preform by the surface skin
layer formed on the inside and outside surfaces of the
preform, different from the ordinary injection molded product
hav1ng rlgidlty on the whole by completely cooling and
solidifying, and therefore also when drawing out the core die
by holding the cooled and solidified mouth portion of the
preform by the lip mold, unless there is enough strength
required'fer*aisconnecting the skin layer of the inside wall
of the preform in tightly contact with the core die surface,

the preform is drawn out from the cavity die as being in
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of internal pressure by the pressure of the fed gas, and the specified
anount of nolten resin is not applied, and hence the predeterm ned shape of

the prefoffgrenchRtabe with the core die, and squeezed by the lip die

in fixed state, deforming as if bellows were contracted,
thereby losing the shape of the preform.

Accordingly, in an injection stretch blow molding
method, it is designed to release the preform after cooling
the preform to a temperature so that the skin layer of the
preform surface is rigid énough to withstand the withdrawing
force of the core die while stretch blow molding is possible.
Although the cooling temperaturé varies with the thickness
and design of the required preform, in the case of a preform
of a container with a wide mouth of which blow-up ratio is
not so large, the draft of the cavity die and core die can be
set large, and the contact force of the preform inside by
shrinkage can be alleviated by the draft, and releasing at
high temperature is enabled, and the shrinkage due to cooling
decreases, and owing to synergistic action of thém, releasing
is easier than in thé case of a preform of a container with a
narrow mouth.

However, in the case of a preform of a container
with a narrow mouth such as a bottle of which aperture is
small, size is long, and blow-up ratio is required to be.
large, the draft of the cavity die and core die is limited,
and the limit is stricter as the length is greater. It is
hence necessary to release the preform'from the injection

mold by cooling the preform to the compatible temperature
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specific tine, preforminside iS isolated fromthe core die
surface, so that the preformis

enabling both releasing and subsequent stretch blow molding.
This compatible temperature is, at ordinary temperature, 60
to 70 deg. C in the case of polyethylene terephthalate, and
90 to 100 deg. C in the case of péiypropylene, and in these
temperature ranges, both relé;sing and stretch blow molding
can be carried out.

However, in the case of a preform of polyethylene
which is excellent in thermal conductivity and high in
molding shrinkage as compared with polyethylene terephthalate
and polypropylene, when cooled to drawable temperature, the
skin layer is formed thicker than necessary, and the internal
high temperature region becomes narrow, and therefore if the
preform is immediately transferred into the blow mold and
processed by stretch blow molding, it is not swollen
sufficiently by air pressure. At a temperature at which
stretch blow molding is estimated to be possible, the preform:
remains tightly in contact with the core Qie, and when the
core die is drawn out in this state, the preform is extremely
deformed.

Therefore, in the preform of polyethylene, setting
of the compatible temperature enabling both releasing and
subsequent stretch blow molding is more difficult than in the
case of polyethylene terephthalate or the like, and stretch
blow molding by using the hitherto employed releasing mééns

was extremely difficult even in the case of a container with
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It may be also considered to perform stretch blow
molding by reheating and conditioning the preform after
releasing to temperature suited to molding, but it requires
experience, time, and energy, and temperature unevenness 1is
likely to occur, and therefore if temperature conditioning is
employed, the injection stretch blow molding of polyethylene
involves many technical difficulties.

Concerning polyethylene, aside from releasing, the
difficulty also lies in the temperature for stretch blow
molding the preform. In a blow molding method, the resin
temperature for blow molding polyethylene is 175 to 200 deg.
C. In an injection stretch blow molding method, such resin'
temperature is the molding temperature of the preform, and
-the temperature held by the preform cooled so as to be
self-supporting is extfemely lower than such resin
temperature.

When stretch blow molding the preform released at
high temperature into a container such as a bottle before the
surface temperature of the preform risen by the internal heat
of itself reaches the peak temperature, the time until the
surface temperature of polyethylene reaches the peak
temperature is earlier than in the case of polyethylene
terephthalate, and stretch blow molding polyethylene is

difficult as compared with polyethylene terephthalate, and it
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is hard to obtain a molded product excellent in wall
thickness distribution near the peak temperature.

As the difficulty of stretch blow molding, it is
estimated, since the thermal conductivity of polyethylene is
higher than those of polyethylene terephthalate and
polypropylene, transferring the .internal heat of the preform
to the surface of the preform after being released is
relatively quick, the volume occupied by the internal high
temperature portions contributing to the stretch blow molaing
becomes narrow earlier, and hence the internal heat quantity
necesséry'for stretch blow molding tends to be insufficient.
Hence, even in the case of container with a wide mouth easier
to release than the container with a narrow mouth, concerning
the stretch blow molding temperature, favorable molded
product can not be obtained unless stretch blow molding is
done within a limited time (within temperature range).

Reaching of pgak temperature differs somewhat
depending on the wall thickness of preform, design or molding
conditions, and better products are not obtained unless
stretch blow molding is done accordingly, and therefore in
the case of polyethylene, a severer molding operation is
required than in the case of polyethylene terephthalate.

The present invention is devised in order to solve
the problems in a method for injection stretch blow molding

of polyethylene, and it is an object thereof to present a
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novel method enabling to release a preform at a surface

temperature of the preform compatible for both releasing of

preform and.subsequent strétch blow molding, by disconnecting
the core die and the surface of the preform in advance by the
use of pressure of a gas, and to perform stretch blow molding

in a specified temperature range preferable for polyethylene.

SUMMARY OF THE INVENTION
To achieve the object, the invention presents a

method for injection stretch blow molding of polyethylene
comprising the steps of;

injection molding a predetermined preform by £filling an
injection mold composed of a cavity die, a core die, and a
lip mold with molten polyethylene,

releasing the preform from the cavity die and the core
die of the injection mold while an mouth portion of the
preform is held by the lip mold,

transferring the preform into a blow die, and

stretch blow molding the preform into a hollow thin-wall
product, characterized in that the method further comprises
the steps of;

forcedly entering a gas into the boundary between the
core die and the preform before releasing the preform froﬁ
the'injection mold in order to isolate the inside wall of the

preform from the core die,
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be set at a pressure of two times or nore of the primary pressure.
Stretching can

releaSLng the preform from the injection mold while the
inside of the preform is not completely cooled and is still
at high temperature, and the surface temperature of the
preform right after releasing is 80 to 90 deg. C, and
stretch blow molding the preform within the time
intefval before the surfacé temperature of the preform which
is elevated by the internal heat of the preform reaches 120

deg. C.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The temperature of the molten polyethylene at the
time of molding the preform is required to be 200 deg. C or
more as the temperature of the front portion of the injection
cylinder. This molten polyethylene is injected to fill up
the cavity of the injection mold composed of the cavity die
set at a temperature of 90 to 105 deg. C, and the core die'
set at a temperature around 80 deg. C, and molded into a
preform with a bottom as prescribed.

When the injection filling of molten polyethylene
is completed, the injection pressure is changed to a
secondary pressure of lower pressure than the primary
pressure required for filling to transfer to injection
pressure holding step, which is followed by cooling step. As
to the gas for disconnection, air is most preferable from the

viewpoint of economy and handling, but inert gas such as
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boundary bet I e and al sqQ &Pe_|n5|de wal | of preform:-and
the inside skin Iayer of the preformis formed thinner than the case of
tight contact of .the inside skin |layer of the preform and the shrinkage of

the prefornkgn5|degas may be used as the case may be. Meanwhile, if

pressure feeding (i.e. entering gas) is started right after
completion of injection filling, it gives no effect on the
shape of the preform, but it is most preferable to start
pressure feeding immediately after completion of injection
pressure holding. If pressure feeding is started just before
completion of injection filling, filling resistance occurs
due to elevation of internal pressure by the pressure of the
fed gas, and specified amount of molten resin is not appiied,
and hence the predetermined shape of the preform can not be
obtained.

To enter the gas, the gas is blown into the
boundary of the core die and the preform from the root or
front end of the core die. The entering position can be
selected by the length or thickness of the preform, and in a
long preform, it is desired to enter the gas from the front
end. Besides, since the object of entering gas is to
disconnect between the core die and the inside wall of the
preform, the entered gas ;s helé in the boundary for a
specific timé, and the preform inside is isolated from the
core die surface, and the preform is cooled to a temperature
suited to releasing, and the entering (hlow) time requires at
least one second, and the entering (blow) pressure is in a
range of 6 to 15 kg/cmz, preferably around 9 kg/cmz.

The preform is released in the above-described
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and the stretch blow molding can be

effected in a temperature range of the preform surface

temperature of 20 to 30 deg. elevated higher than that at

releasing.

_If the surface temperature is 100 deg. C or less.

the temperature is too low, and entire stretching by gas

pressure is not achieved, and molding is extremely difficult.

At elevation temperature of 30 deg. or more,

to the peak temperature,

it is too close

and the temperature rise is slow,

and the temperature state for the preform is likely to be

crystallized.

preform after releasing exceeds 120 deg. C,

Accordingly,

if the surface temperature of the

stretch blow,

molding of molded product with favorable wall thickness

distribution is difficult.

Accordingly, the most preferable temperature for

stretch blow molding is around a temperature elevated about

25 deg. from the surface temperature at the time of

releasing,

releasing in terms of

the time.

and it is in a range of 4 to 7 seconds after

The peak temperature of the

preform elevated by the internal heat is somewhat higher or

lower depending on the wall thickness of the preform, but the

time to reach the peak temperature do not vary significantly.

Therefore, by varying the wall thickness

distribution to adjust the internal heat, thereby causing

elongation depending on the blow ratio on the preform, when

containers of favorable wall thickness distribution and the
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like are obtained, except for the case of extreme wall

thickness difference, stretch blow molding is enabled in a
favorable temperature range on the whole within a specific
time lapse after releasing.

The air blowing pressure at the time of stretch
blow molding is desired to be varied in primary and secondary
steps, and the secondary pressure should be set at a pressure
of two times or more of the primary pressure. Stretching can
be done about two times vertically and three times laterally.

In this method, when releasing the preform of
polyethylene, gas is forcedly entered into the boundary
between tbe core die and the inside wall of the preform, and
cooling is effected with being disconnected the preform
inside, and therefore cooling of the preform inside is
suppressed by the gas exi;ﬁing in the boundary between the
core die and the inside wall of the preform, and the inside
skin layer of the preform is fo;med thinner than the case of
tight contact of the inside skin layer of the preform, and
the shrinkage of the preform inside is smaller by that
portion, and the contact is alleviated.

To the contrary, on the outside of the preform, the
surface is pressed to the cavity side by the entered gas so
as to be cooled easily, and separation by shrinkage due to
cooling is prevented, and the skin layer is quickly formed so

as to maintain the shape of the preform, and later it is.
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suited to stretch blow molding. Because of quick cooling,
moreover, crystallization is extremely small.

Besides, in the process of elevation of surface
temperature due to the internal heat of the preform,
crystallization is suppressed by heating from inside, and its
growth is slow, and stretching is not disturbed by
crystaliization, and stretch blow molding can be done
smoothly even in polyethylene, and molded products such as

containers of favorable wall thickness distribution can be

obtained.

[Embodiments]

EXAMPIE 1

Material resin : Polyethylene.(HIZEX 5300B, made by Mitsui
Petrochemicals Co.)

Molded_product : Milk bottle ({500 cc)

Dimensions : overall height 165 mm,
inside. diameter of mouth portion 32 mﬁ,
length beneath neck 147.5 mm,
outside diameter of body portioﬁ 73 mm, -
wall thickness of body portion 0.5 mm,
weight 32 ¢

Preform
Dimensions : overall height 137.5 mm,

inside diameter of mouth portion 32 mm,
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length beneath neck 120 mm,

wall thickness of body portion 3 mm,

outside dia. of upper body portion 34.68 mm,

outside dia. of lower end body portion

31.62mm,
draft 0.766 deg.
Preform molding conditions
Injection cylinder temperature :

nozzle 175 deg. C,

front portion 215 deg. C,

middle portion 215 deg. C,

rear portion 185 deg.

Injection mold

Cavity die :

C

temperature (set value):

upper portion 10 deg. C,

cavity portion 95 deg. C,

lower portion 10 deg.

Core die : 80 deg. C

Injection pressure (holding pressure) :

Pressure holding time : 6.5 sec

Cooling time : 1.8 sec
Entered (blow) gas : air

Entering (blow) pressure : 9 kg/cm’
Entering timing :
Enteriﬁg (blow) time : 1.8 sec

Releasing temperature :

Cc

42 kg/cm2

right after completion of pressure holding
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80 to 90 deg. C (preform surface temperature).
Stretch blow molding conditions
Mold temperature (set temperature) :
60 deg..C
Stretch blow temperature :
105 to 115 deg. C (preform surface
temperature)
Blow pressure (stretching) :
primary pressure 4 to 5 kg/cm2
secondary pressure 12 kg/cm2
Time interval from releasing till stretch blow molding :
6 sec.
Stretching factor {
vertical (axial) 1.2 times,
lateral (radial) 2.2 times
Results
A milky white milk bottle of polyethylene uniform
in wall thickness distribution without deviation of wall
thickness in stretch area was obtained. When filled with
content and dropped from a height of 2 m, no breakage was

noted.

EXAMPLE 2
Material resin : Polyethylene (HIZEX 5100B, made by Mitsui

Petrochemicals Co.)
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Molded product : Round straight bottle with narrow mouth (120
cc)
Dimensions : overall height 126.7 mm,
length beneath neck 114.7 mm,
inside diameter of mouth portion 17;14 mm,
outside diameter of body portion 45.5 mm,
wall thickness of body portion 0.5 mm,
weight 15.4 ¢
Preform
Dimensions : overall height 107.0 mm,
inside diameter of mouth portion 17.14 mm
length beneath neck 95 mm,
wall thickness of body portion 3.2 mm,
outside dia. of upper body portion 22.03 mm,
outside dia. of lower end body portion 18.71
mm,
draft 1.0 deg.
Preform molding conditions
Injection cylinder temperature :
nozzle 175 deg. C,
front portion 210 deg. C,
middle portion 210 deg. C,
rear portion 195 deg. C
Injection mold temperature (set value) :

Cavity die : upper portion 10 deg. C,
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cavity portion 102 deg. C,
lower portion 10 deg. C
Core die : 80 deg. C
Injection pressure (holding pressure) : 40 kg/cm2
" Pressure holding time : 5.45 sec

Cooling time : 4.25 sec

Entered (blow) gas : air

Entering (blow) pressure : 9 kg/cmZ

Entering timing : right after completion of pressure holding

Entering (blow) time : 4.25 sec

Releasing temperature :
80 to 90 deg. C (preform surface temperature)

Stretch blow molding conditions

Mold temperature (set temperature) : 60 deg. C

Stretch blow temperature :
105 to 115 deg. C (preform surface
temperature)

Blow pressure (stretching) :
primary pressure 5 kg/cmz,
secondary pressure 12 kg/cm2

Time interval from releasing till stretch blow molding :
6 sec.

Stretching factor :
vertical (axial) 1.16 times,

lateral (radial) 2.2 times

This Sheet Has Been R,
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Results

A milky white round straight bottle of polyethylene
uniform in wall thickness distribution without deviation of
wall thickness in stretch érea was obtained. When filled

- with content and dropped from a height of 2 m, no breakage

was noted.

These embodiments were conducted by using the
injection stretch blow molding machine model No. BS-0207
manufactured by A.K. TECHNICAL LABORATORY, INC. In addition,
the iﬁjection stretch blow molding method conformed to the
method disclosed in the Japanese Laid-open Patent Publication
No. 4-214322.

According to the present invention, molded products
of polyethylene such as containers with thin-wall body which
had been hitherto considered extremely difficult can be
molded easily by.stretch blow molding, and a multiplicity of
molded products can be produced at one time. Besides, since
it is possible to blow in a thin wall, it is more economical
than blow molding method, apd the drop strength is
sufficient, and hence its value of industrial usage is

immense.

- This Sheet Has Been Reﬂ ced
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WHAT IS CLAIMED 1IS:
1. A method for injection stretch blow molding of
polyethylene comprising the steps of;

injection molding a predetermined preform by filling an
injection mold composed of a cavity die, a core die, and a
lip mold with molten polyethylene,

releasing the preform from the cavity die and the core
die of the injection mold while an mouth portion of the
preform is held by the lip mold,

transferring the preform into a blow die, and

stretch blow molding the preform into a hollow thin-wall
product, characterized in that the method further comprises
the steps of;

forcedly entering a gas into the boundary between the
core die and the preform before releasing the preform from
the injection mold in order to isolate the inside wall of the
preform from the core die,

releasing the preform from the injection mold while the
inside of the preform is not completely cooled and is still
at high temperature, and the surface temperature of the
preform right after releasing is 80 to 90 deg. C, and

stretch blow molding the preform within the time
interval before the surface temperature of the preform which

is elevated by the internal heat of the preform reaches 120

deg. C.
This Sheet Has Been Replaced
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2. A method for injection stretch blow molding of"
polyethylene according to claim 1, further characterized in
that the entering gas is started right after completion of

injection filling of molten polyethylene.

This S Been Reﬁaced
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METHOD FOR INJECTION STRETCH BLOW MOLDING OF POLYETHYLENE

ABSTRACT OF THE DISCLOSURE
A novel method enabling stretch blow molding in a
temperature range preferable for polyethylene, capable of
releasing at a surface temperature suited to both releasing
of a preform and subsequent stretch blow molding, by
disconnecting the core die and the preform in advance by'the
use of pressure of gas.

This is for injection molding a predetermined preform
by £filling an injection mold with molten polyethylene,
releasing the preform from the cavity die and core die of the
injection mold while a mouth portion of the preform is held
by the lip die, and transferring the preform into a blow die
to stretch blow mold into a hollow molded product of thin
wall. Gas is forcedly entered into the boundary of the core
die and the preform, beforé releasing the preform from the
injection mold, to isolate the inside wall of the preform

- from the core die. Releasing is effected while the inside of
the preform is not complefely cooled and is still at high
temperature, and in a temperature range in which the surface
temperature of the preform right after releasing is 80 to 90
deg. C. The step of stretch blow molding is performed within
the time interval before the surface temperature of the

preform which is elevated by the internal heat of the preform

reaches 120 .deg. C. - . .

]
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METHOD FOR INJECTION STRETCH
BLOW MOLDING OF POLYETHYLENE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for injection
stretch blow molding of polyethylene into a hollow molded
product, such as a thin-wall container.

2. Background Art

In an injection stretch blow molding method comprising
injecting molten resin into an injection mold to mold a
preform in a blow mold, and stretch blow molding the
perform into a hollow molded product such as container, it
is possible to mold almost all thermoplastic resins into
hollow thin-wall products. At the present, however, the
method’s used is limited to polyethylene terephthalate,
polypropylene, polycarbonate, vmyl chloride, etc., and not
applied to polyethylene which is h:gh demand for hollow
molded products.

Known methods for molding continuously from injection
molding of preform to stretch blow molding of hollow
molded products include a method comprising releasirig an
injection molded preform from an injection mold while the
preform is still hot before being completely cooled and
solidified, conditioning the temperature of the hot preform,
and stretch blow molding the conditioned preform irto a
hollow molded product in a blow mold, and also a method
of immediately stretch blow molding by omitting the tem-
perature conditioning of the preform, as disclosed in the
Japanese Laid-open Patent Publication No. 4-214322.
~ In both injection stretch blow molding metbods, a pre-
form is molded by using an injection mold composed of a
cavity die for molding the outside wall of the preform and
a core die for molding the inside wall of the preform, and a
lip mold for molding the mouth portion of the preform, and
the cavity space between the cavity die and the core die is
filled with molten resin inserted into the cavity die by
penetrating through the opening of the cavity die and the
closed Lip mold by injecting the molten resin from the
bottom of the cavity die.

To release the injection molded preform from the injec-
tion mold, both the core die and lip mold are moved
upwardly, or the core die is moved upwardly and the cavity
die is moved downwardly, and the preform, after being

body ‘portion 18. 71 mm draft 1.0 deg. Preform nol ding
-‘continued Injection cylinder t enper at ur e: nozzle 175

1
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released, is transferred into the blow mold while the mouth
portion of the preform is held by the lip mold.

The reason why the preform is released by being drawn
out also from the core die is that it is extremely difficult to
stretch the preform in the axial direction by a stretching rod
in the state of tightly holding the core die by shrinkage of the
preform due to cooling, and therefore the preform is drawn
out from both the cavity die and the core die using the lip
mold also as the transfer member, thereby transferring into
the blow mold.

Usually, when releasing the injection molded product
from the injection mold, withdrawing of the injection
molded product from the core die is more difficult than
withdrawing from the cavity die. This is because the surface
of the outside wall of the molded product is parted from the
surface of the cavity dic due to shrinkage by cooling of the
injection molded product at the cavity side, while the inside
wall of the molded product tightly contacts the core die due
to shrinkage to the core die side.

The strength of the hot preform in a flexible state that can
be processed by stretch blow molding is only enough to
maintain the shape of the preform by the surface skin layer
formed on the inside and outside surfaces of the preform.
This is differcnt from the ordinary injection molded product
which is completely rigid as a consequence of complete
cooling and solidifying. Therefore when drawing out the
core die by holding the cooled and solidified mouth portion
of the preform by the lip mold, unless there is enough
strength to disconnect the skin layer of the inside wall of the
preform from tightly contact with the core die surface, the
preform is drawn out from the cavity die in tight contact with
the core die, and squeezed by the.lip die in fixed state,
deforming as if bellows were being contracted, and thcreby
losing the shape of the preform. -

Accordingly, an injection stretch blow molding method is
designed to release the preform after cooling the preform to
a temperature so that the skin layer of the preform surface is
rigid enough to withstand the withdrawing force of the core
die while stretch blow molding is possible. Although the
cooling temperature varies with the thickness and design of
the required preform, when a preform of a container with a
wide mouth in which blow-up ratio is not so large, the draft
of the cavity die and core die can be set large. The contact
force of the preform inside from shrinkage can be alleviated
by the draft, release at high temperature is enabled, and

L
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shrinkage due to cooling decreases, and owing to synergistic
action release, releasing is easier than in the case of a
preform of a container with a narrow mouth.

However, in the case of a preform of a container with 2
narrow mouth such as a bottle whose aperture is small, size
is long, and blow-up ratio is large, the draft of the cavity die
and core die is-limited, and the limit becomes stricter as the
length is greater. It is hence necessary to release the preform
from the injection mold by cooling the preform to the
compatible temperature enabling both release and subse-
quent stretch blow molding. This compatible temperature is,
at ordinary temperature, 60 to 70 deg. C. in the case of
polyethylene terephthalate, and 90 to 100 deg. C. in the case
of polypropylene. In these temperature ranges, both release
and stretch blow molding can be carried out.

However, in the case of a preform of polyethylene, which
is excellent in thermal conductivity and high in molding
shrinkage as compared with polyethylene terephthalate and
polypropylene, when cooled to drawable temperature, the
skin layer is formed thicker than necessary, and the internal
high temperature region becomes narrow. Therefore if the
preform is immediately transferred into the blow mold and
processed by stretch blow molding, it is not swollen suffi-
ciently by air pressure. At a temperature at which stretch
blow molding is estimated to be possible, the preform
remains tightly in contact with the core die, and when the
core die is drawn out in this state, the preform is extremely
deformed.

Therefore, with polyethylene preform, setting of the com-
patible temperature enabling both release and subsequent
stretch blow molding is more difficult than in the case of
polyethylene terephthalate or the like, and stretch blow
molding by using the hitherto employed releasing means
was extremely difficult even in the case of a container with
a wide mouth.

It may be also considered to perform stretch blow mold-
ing by reheating and conditioning the preform after releasing
to temperature suited to molding, but this requires experi-
ence, time, and energy, and temperature unevenness is likely
to occur. Therefore, if temperature conditioning is
employed, the injection stretch blow molding of polyethyl-
ene involves many technical difficulties.
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Conceming polyethylene, aside from releasing, the diffi-
culty also lies in the temperature for stretch blow molding
the preform. In a blow molding method, the resin tempera-
ture for blow moalding polyethylene is 175 to 200 deg. C. In
an injection stretch blow molding method, such resin tem-
perature is the molding temperature of the preform, and the
temperature of a preform cooled so as to be self-supporting
is extremely lower than such resin temperature.

When stretch blow molding the preform released at high
temperature into a container such as a bottle before the
surface temperature of the preform from the intemal heat
reaches the peak temperature, the time the surface tempera-
ture of polyethylene reaches the peak temperature is earlier
than in the case of polyethylene terephthalate, and stretch
blow molding polyethylene is difficult as compared with
polyethylene terephthalate. It is hard to obtain a molded
product excellent in wall thickness distribution near the peak
temperature.

As a difficulty of stretch blow molding, it is esnmated,
since the thermal conductivity of polyethylene is higher than
that of polyethylene terephthalate and polypropylene, trans-
ferring the internal heat of the preform to the surface of the
preform after being released is relatively quick, the volume
occupied by the internal high temperature portions contrib-
uting to the stretch blow molding becomes narrow earlier,
and hence the internal heat quantity necessary for stretch
blow molding tends to be insufficient. Hence, even in the
case of a container with a wide mouth which is usually easier
to release than a container with a narrow mouth, a favorable
molded product can not be obtained unless stretch blow
molding is done within a limited time (within temperature
range).

Reaching peak temperature dtﬁ'ers somewhat depending
on the wall thickness of preform, design or molding condi-
tions, and better products are not ‘obtained unless stretch
blow molding is adjusting accordingly. Therefore in the case
of polyethylene, a severer molding operation is required
than in the case of polyethylene terephthalate.

The present invention is devised in order to solve the
problems in a method for injection stretch blow molding of
polyethylene, and it is an object to present a novel method
enabling to released a preform at a surface temperature
compatible for both releasing of preform and subsequent
stretch blow molding, by disconnecting the core die and the
surface of the preform in advance by the use of pressure of
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SUMMARY OF THE INVENTION

To achieve the object, the invention presents a method for
injection stretch blow molding of polyethylene comprising
the steps of;

injection molding a predetermined preform by filling an
injection mold composed of a cavity die, a core die, and a lip
mold with molten polyethylene,

releasing the preform from the cavity die and the core die
of the injection mold while an mouth portion of the preform
is held by the lip mold,

transferring the preform into a blow die, and

" stretch blow moldmg the preform into a hollow thin-wall
product, characterized in that the method further comprises
the steps of

forcibly entering a gas into the boundary between the core
dic and the preform before releasing the preform from the -
injection mold in order to isolate the inside wall of the
preform from the core die,

releasing the prcform from the injection mold while the
inside of the preform is not completely cooled and is still at
high temperature, and the surface temperature of the preform
right after releasing is 80 to 90 deg. C., and

stretch blow molding the preform within the time interval
before the surface temperature of the preform which is
elevated by the internal heat of the preform reaches 120 deg.
C.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The temperature of the molten polyethylene at the time of
molding the preform is required to be 200 deg. C. or more
as the temperature of the front portion of the injection
cylinder. This molten polyethylene is injected to fill up the
cavity of the injection mold composed of the cavity die set
at a temperature of 90 to 105 deg. C. and the core die set at
a temperature around 80 deg. C., and molded into a preform
with a bottom as prescribed.

When the injection filling of molten polyethylene is
completed, the injection pressure is changed to a secondary
pressure lower than the primary pressure required for filling,




open 'Patent Publication No. 4-214322. According to the
nol ded products of pol yethyl ene such as containers withia thi
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by stretch blow nolding, and a nultiplicity of nol de
produced at one tine. Besides, since it.ks possible to blowin a thin wall,
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to transfer to injection pressure holding step, which is
followed by cooling step. As to the gas for disconnection, air
is most preferable from the viewpoint of economy and
handling, but an inert gas such as nitrogen gas may be used.
Meanwhile, if pressure feeding (i.e. entering gas) is started
right after compietion of injection filling, it has no effect on
the shape of the preform. It is most preferable to start
pressure feeding immediately after completion of injection
pressure holding. If pressure feeding is started just before
completion of injection filling, filling resistance occurs due
to elevation of internal pressure by the pressure of the fed
gas, and the specified amount of molten resin is not applied,
and hence the predetermined shape of the preform can not be
obtained.

The gas is blown into the boundary of the core die and the
preform from the root or front end of the core die. The
entering position can be selected by the length or thickness
of the preform, and in a long preform, it is desired to
introduce the gas from the front end. Besides, since the
object of the entering gas is to disconnect the core die and
the inside wall of the preform, the injected gas is held in the
boundary for a specific time, and the preform inside is
isolated from the core die surface, so that the preform is
cooled to a temperature suited to releasing. The entering
(blow) time requires at least one second, and the entering
(blow) pressure is in a range of 6 to 15 kg/cm?, preferably
around 9 kg/cm?,

The preform is released in the above-described tempera-
ture range, and the stretch blow molding can be effected in
a temperature range of the preform surface temperature of 20
to 30 deg. higher than that at releasing. If the surface
temperature is 100 deg. C. or less. the temperature is too low,
and entire stretching by gas pressure is not achieved, and
molding is extremely difficult. At an elevation of 3Q deg. or
more, it is too close to the peak temperature, and the
temperature rise is slow, and the preform is likely to be
crystallized. Accordingly, if the surface temperature of the
preform after releasing exceeds 120 deg. C., stretch blow
molding of molded product with favorable wall thickness
distribution is diffcult. )

Accordingly, the most preferable temperature for stretch
blow molding is around a temperature elevated about 25
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deg. from the surface temperature at the time of releasing,
and it is in a range of 4 to 7 seconds after releasing in terms
of the time. The peak temperature of the preform elevated by
the intemnal heat is somewhat higher or lower depending on
the wall thickness of the preform, but the time to reach the
peak temperature do not vary significantly.

Therefore, by varying the wall thickness distribution to
adjust the internal heat, thereby causing elongation depend-
ing on the blow ratio on the preform, containers of favorable
wall thickness distribution and the like are obtained, except
for the case of extreme wall thickness difference, and stretch
blow molding is enabled in a favorable temperature range on
the whole within a specific time lapse after releasing.

The air blowing pressure at the time of stretch blow
. molding can be varied in primary and secondary steps, and
the secondary pressure should be set at a pressure of two
times or more of the primary pressure. Stretching can be
done about two times vertically and three times laterally.
In this method, when releasing the preform of polyethyl-
ene, gas forcibly enters into the boundary between the core
die and the inside wall of the preform, and cooling is effected
by disconnecting the preform inside, and therefore cooling
of the preform inside is suppressed by the gas existing in the
boundary between the core die and also the inside wall of the
preform, and the inside skin layer of the preform is formed
thinner thanthe case of tight contact of the inside skin layer
of the preform, and the shrinkage of the preform inside is
smaller by that portion, and the contact is alleviated.’

To the contrary, on the outside of the preform, the surface
is pressed to the cavity side by the injected gas so as to be
cooled easily, and separation by shrinkage due to cooling is
prevented, and the skin layer is quickly formed so as to
maintain the shape of the preform, and later it is possible to
release the preform at a surface temperature suited to stretch
blow molding. Because of quick cooling, moreover, crys-
tallization is extremely small.

Besides, in the process of elevation of surface temperature
due to the internal heat of the preform, crystallization is
suppressed by beating from the inside, and its growth is
slow, and stretching is not disturbed by crystallization so that
stretch blow molding can be done smoothly even with
polyethylene, and molded products such as containers of

- favorable wall thickness distribution can be obtained.
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EXAMPLE 1

Material resin: Polyethylene (HIZEX
5300B, made by Mitsui
Petrochemicals Co.)

Moided product: Milk botile (500 cc)

Dirpensions: overall height 165 mm,
inside diameter of mouth
porton 32 mm, length beneath
neck 147.5 mm, outside
diameter of body portion
73 mm, wall thickness of
body portion 0.5 mm,
weight 32 g

Preform

Dimensions: overall height 137.5 mm,
inside diameter of
mouth portion 32 mm,
length beneath neck 120 mm,
wall thickness of body
poriion J mm, outside dia.
of upper body portion 34.68
mm, outside dia. of lower
end body portion 31.62 mm,

draft 0.766 deg.
Preform molding conditions

Injection cylinder temperature:

‘nozzle 175 deg. C.,.

front portion 215 deg. C,,

middle portion 215 deg. C.,

rear portion 185 deg. C.
Injection mold tr.mpumne (set value):
Cav:ty die : _ upper portion 10 deg. C,

cavity portion 95 deg. C.,

lower portion 10 deg. C.
Core die: 80 deg. C.
Injection pressure 42 xg/cm®
(bolding pressure):
Pressure holding time: 6.5 sec
Cooling time: . 1.8 sec
Entered (blow) gas: . gir
Entering (blow) pressure: 9 xg/cm®
Entering timing: right after completion

of pressure holding
Entering (blow) time: 1.8 sec
Releasing temperature: .80 t0 950 deg. C.

(preform surface tcmpmmxc)



i nsi de skin layer of the preformfromthe core die and t ehy- -SEppress—the.
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outside skin |ayer by the cavity die, releasing the pref rmfrgnzm [ty
die and the core die of the injection nmold while hol dinglab#teu |8 of |
the preformby the lip nold such that the surface tenpera
preformright after releasing is 80 to o deg. C. and the interior portion
of the preformis at a higher tenperature than the inside and outside skin

Stretch blow moldin ding conditions
Mold temperature - 60 deg. C.
(set wemperatre):
Stretch blow 105 10 115 deg. C.
temperature: (preform surface temperature)
Blow pressure (stretching): - primary pressure 4 to 5 kg/em?
secondary pressure 12 kg/cm®

Time interval from releasing 6 sec.
till seretch blow molding:
Stretching factor: vertical (axial) 1.2 times,

. lareral (radial) 2.2 tmes
Results

A milky white milk bottle of polyethylene uniform in wall
thickness distribution without deviation of wall thickness in
stretch area was obtained. When filled and dropped from a
height of 2 m, no breakage was noted.

EXAMPLE 2

Material resin: Polyethylene (HIZEX
5100B, made by Mitsui
Petrochemicals Co.)
Molded product: Round straight bottle
with narrow mouth (120 cc)
Dimensions: . overall beight 126.7 mm,
length beneath neck 114.7 mm,
inside diameter of mouth
portion 17.14 mm,
outside diameter of body
portion 45.5 mm,
wall thickness of body portion
0.5 mm, weight 15.4 g
Preform

Dimensions: overall height 107.0 mm,
inside diameter of mouth
portion 17.14 mm
length bencath neck 95 mm,
wall thickness of body portion
3.2 mm, outside dia. of upper
body portion 22.03 mm,
outside dia. of lower end
body portion 18.71 mm,
draft 1.0 deg.

Preform molding conditions
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Injection cylinder temperature:

nozzle 175 deg. C.,

front porton 210 deg. C.,

middle portion 210 deg. C.,

rear portion 195 deg. C.
Injecton mold temperature (set value):

Cavity die: upper portion 10 deg. C.,
cavity pordon 102 deg. C,,
lower portion 10 deg. C.

Core die; 80 deg. C.

Injection pressure 40 kg/em®

(bolding pressure):

Pressure holding time: 5.45 sec

Cooling time: 425 sec

Entered (blow) gas: air

Entering (blow) pressure: 9 kg/cm’®

Eritering timing: right after completion
of pressure bolding

Entering (blow) time: 4.25 sec

Releasing temperature: 80 10 90 deg. C.
(preform surface temperature)

Stretch blow molding conditions

Mold temperatre 60 deg. C.

(set temperanire):

Stretch blow temperamire: 105 to 115 deg. C.

: (preform surface temperature

Blow pressure (stretching): primary pressure § kg/em?,
secondary pressure 12 kg/cm?

Time interval from releasing 6 scc.

till stretch blow molding:

Stretching factor: vertical (axial) 1.16 times,
laterat (radial) 2.2 times

Results

A milky white round straight bottle of polyethylene
uniform in wall thickness distribution without deviation of
wall thickness in stretch area was obtained. When filled and
dropped from a height of 2 m, no breakage was noted.

These embodiments were conducted by using the injec-
tion stretch blow molding machine model No. BS-0207
manufactured by A.K. TECHNICAL LABORATORY, INC.
In addition, the infection stretch blow molding method
conformed to the method disclosed in the Japanese Laid-
open Patent Publication No. 4-214322.

According to the present invention, molded products of
polyethylene such as containers with a thin-wall body which
had been hitherto considered extremely difficult can be
molded easily by stretch blow molding, and a multiplicity of
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molded products can be produced at one time. Besides, since
it is possible to blow in a thin wall, it is more economical
than blow molding method, and the drop strength is suffi-
cient, and hence its value of industrial usage is immense.
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1. A method for injection stretch blow molding of poly-
ethylene comprising the steps of

mjcctxon molding a prcdctcnmned preform by filling an
injection mold comprising a cavity die, a core die and
a lip mold with molten polyethylene, .

coohng the injection molded preform upon contact with
the cavity die, core die and lib mold so that an inside
skin layer and an outside skin layer are formed on the
surface of the preform but an interior portion of the
preform retains internal heat,

injecting a gas into the boundary between the core die and
inside skin layer of the preform before releasing the
preform from the injection mold so as to isolate the
inside skin layer of the preform from the core dje and
thereby suppress the cooling of the inside skin layer
while continuing the cooling of the outside skin layer
by the cavity die,

releasing the preform from the cavity die and the core die
of the injection mold while holding a mouth portion of
the preform by the lip mold such that the surface
temperature of the preform right after releasing is 80 to
90 deg. C. and the interior portion of the preform is at
a higher temperature than the inside and outside skin
layers, the internal heat warming the inside and outside
skin layers after releasing the preform,

transferring the preform into a blow die, and

stretch blow molding the preform into a hollow thin-wall
product before the surface temperature of the preform
is elevated by the internal heat of the preform to 120°
C.

2. A method for injection stretch blow molding of poly-
ethylene according to claim 1, wherein the injection of gas
is started right after completion of injection filling the
injection mold with molten polyethylene.

3. A method for injection stretch blow molding of poly-
ethylene according to claim 2, wherein the gas is injected at
a pressure of 6-15 kg/cm

4. A method for injection stretch blow molding of poly-
ethylene according to claim 3, wherein the stretch blow
molding is commenced in 4-7 seconds after releasing the
preform.
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5. A method for injection stretch blow molding of poly-
ethylene according to claim 4, wherein the stretch blow
molding is effected at a temperature 20°-30° C. higher than
the surface temperature of the preform right after releasing.

6. A method for injection stretch blow molding of poly-
ethylene according to claim 5, wherein the injected gas is at
a pressure of about 9 kg/cm? and the blow molding tem-
perature is about 25° C. higher than the surface temperature
of the preform right after releasing.

7. A method for injection stretch blow moldmg of poly-
ethylene according to claim 1, wherein the gas is injected at
a pressure of 6-15 kg/cm?>.

8. A method for injection stretch blow molding of poly-
ethylene according to claim 1, wherein the stretch blow
molding is commenced in 4-7 seconds after releasing the
preform.

9. A method for injection stretch blow molding of poly-
ethylene according to claim 1, wherein the stetch blow
molding is effected at a temperature 20°-30° C. higher than
the surface temperature of the preform right after releasing.

10. A method for injection stretch blow molding of
polyethylene according to claim 9, wherein the injected gas
is at a pressure of about 9 kg/cm® and the blow molding
temperature is about 25° C. higher than the surface tem-
perature of the preform right after releasing.
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METHOD FOR INJECTION STRETCH
BLOW MOLDING OF POLYETHYLENE

ABSTRACT

A method enabling stretch blow molding in a temperature
range preferable for polyethylene and capable of releasing at
a surface temperature suited to both releasing of a preform
and subsequent stretch blow molding, by disconnecting the
core die and the preform in advance by the use of pressure
of gas. The injection molding of a predetermined preform
involves filling an injection mold with molten polyethylene,
releasing the preform from the cavity die and core die of the
injection mold while a mouth portion of the preform is held
by the lip die, and transferring the preform into a blow die
to stretch blow mold into a hollow molded thin wall product.
Gas forcibly enters into the boundary of the core die and the
preform, before releasing the preform from the injection
mold to isolate the inside wall of the preform from the core
die. Releasing is effected while the inside of the preform is
not completely cooled and is still at high temperature, and in
a temperature range in which the surface temperature of the
preform right after releasing is 80 to 90 deg. C. The step of
stretch blow molding is performed within the time interval
before the surface temperature of the preform which is
elevated by the internal heat of the preform reaches 120 deg.
C.
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