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(54) Title: STRETCH BLOW CONTAINER AND MOLDING METHOD THEREFOR

G ZAOEH: EHRTA—BRRUTOREHZ

(57) Abstract: The wall scetion of a container is formed in multiple layers in terms of a erystal
density to make high the crystal density of a surface layer, thereby increasing the strength of a
streteh blow container and facilitating a heat-resisting treatment. A thin-walled plastic container
(2) which is molded by streteh-blowing a bottomed preform in vertical and lateral directions. The
wall section is constituted of high-crystal-density inner/outer-side surface layers (2a) by stretch-
ing, a core layer (2b) lower in density than the surface layers (2a), and an intermediate layer (2¢)
inclined in erystal density with respect to the both layers (2a, 2b).
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SPECIFICATION

STRETCH BLOW RECEPTACLE AND MOLDING METHOD OF THE SAME

Field of the Invention
The present invention concerns a plastic stretch blow receptacle whose
main portions are molded thin, by stretching blowing of an injection molded

bottom preform in the longitudinal and transversal directions.

Background Art

Means for stretch molding of plastic receptacles for packaging such as
bottles, wide-mouthed jars or the like include the cold parison method for stretch
blowing a preformed bottomed preform into a receptacle by heat softening at a
temperature higher than the glass transition point, and the hot parison method
for immediately stretch blowing an injection molded soft and bottomed preform
into a receptacle, while it maintains a potential heat higher than the giass
transition point.

In the cold parison method, it is believed that the preform temperature
becomes uniform and the crystalline density of the wall cross-section of the
receptacle molded by stretch blowing is also uniformed, because a preform of
ambient temperature is heated and softened by an external heat, allowing to
obtain a receptacle easy for heat resistant treatment.

In the hot parison method, it is believed that the preform temperature
tends to be uneven, because the stretch blowing should be completed while the
preform is being softened by the potential heat, and the crystalline density is
lower that the cold parison method, making the heat resistant treatment

deficient, without any remarkable difference in strength.
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The present invention devised in consideration of the aforementioned
situation and has an object to provide a novel stretch blow receptacle and
molding method wherein the wall cross-section is multi-layered in view of
crystalline density, and the crystalline density of the surface layer is made
extremely higher that the crystalline density of the interior, thereby allowing to
intend to increase the strength of the receptacle and to make the heat resistant
treatment easier.

DISCLOSURE OF THE INVENTION

The stretch blow receptacle of this invention according to the
aforementioned object is a thin plastic receptacle molded by stretch blowing of a
bottomed preform in the longitudinal direction and transversal directions, wherein
the wall cross-section of the receptacle is composed of inside and outside surface
layers whose crystalline density is 1.4 or greater, a core layer presenting a lower
density than the surface layers, wherein the crystalline density of the core layer is
from 1.32 to 1.36 and an intermediate layer having a graduated density between
both layers, and the area of the core layer at the receptacle wall cross-section
varies in proportion to the increase/decrease of the thickness of the wall cross-
section, and the intermediate layer intervenes with a graduated crystalline
density, independently of the size of the area of the core layer.

Further, a method for molding a thin plastic receptacle the molding method
of this invention is the one including steps of quenching a bottomed preform to or
less than the orientation temperature during the injection molding; forming the
wall inside and outside surfaces of the preform into a half set cover layer, in
relation to the cooling temperature and time; removing the preform from the die
maintaining the configuration by the half set cover layer; and thereafter stretch
blow molding while the temperature at the middle of the preform is in the
amorphous temperature range or in the proximity thereof, the outside surface
temperature of the preform is elevating, and the half set cover layer maintains a
sufficient tensile resistance, for molding into a receptacle of multi-layered
structure having a wall cross-section composed of inside and outside surface
layers whose crystalline density is 1.4 or greater, a core layer having a lower
density than the surface layers, wherein the crystaliine density of the core layer is
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from 1.32 to 1.36 and an intermediate layer interposed with a gradient crystalline
density between both layers.

Moreover, it is the aforementioned method, wherein the preform is made of
polyethylene terephthalate, the outside surface temperature of the preform is
elevating and 95° to 115°C, the temperature at the wall middle is in a range of
125° to 140°C, and the preform is molded by stretch blowing, while a temperature
difference of more or less than 30°C is maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 an illustrative drawing showing a configuration and a partial cross-
section of the stretch blow receptacle according to the present invention and a
preform by a longitudinal cross-section;

Fig. 2 a relation diagram of thickness and crystalline density at respective
measurement area of the same stretch blow receptacle;

Fig. 3 a relation diagram of thickness and crystalline density of a
receptacle manufacture by stretch blowing a preform per 10 sec after the removal
from the die; and

Fig. 4 a relation diagram of thickness and crystalline density of a
receptacle manufacture by stretch blowing a preform per 1 5 sec after the
removal from the die and distribution.

BEST MODE FOR CARRYING OUT THE INVENTION

In the drawing, 1 is a bottomed preform made of a thermoplastic material,
for example polyethylene terephthalate, composed of a mouth 11, a body 12
extending to the same and a bottom 13, and molded by injection filling a die with
molten plastic material.

A wide-mouthed receptacle 2 comprises a mouth 21 by the mouth 11 of
the preform 1, a body 22 and a bottom 23 thinly stretch blown from the under side
of the mouth, while the wall cross-section is composed of inside and outside
surface layers 2a, 2b whose crystalline density is 1.4 or greater, a core layer 2b
presenting a lower density than the surface layers 2a, 2b, wherein the crystalline
density of the core layer is from 1.32 to 1.36 and an intermediate layer 2c
presenting a graduated density between both layers 2a, 2b.

The wide-mouth receptacle 2 made of multi-layered wall cross-section in
respect of the crystalline density can be manufactured by the stretch blow
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formation according to the hot parison method. However, it is necessary to form
the inside and outside surface layers of the preform 1 into the half set cover
layers la, Ib in relation to the cooling temperature and time by quenching the
preform 1 at the temperature not more than an orientation temperature during the
injection molding, in order to make the crystallite density of the inside and outside
surface layers 2a, 2b high and that of the core layer 2b low.

This half set cover layer la is made of a skin layer generated by the contact
of molten plastic with the cavity face, when the preform 1 is injection molded, and
the thickness of the skin layer can be controlled in relation to the
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cooling temperature and time. The molten plastic flows over this skin layer and
fills the cavity, and the skin layer is pulled by the flowing molten plastic
increasing the thickness, there creating a flow orientation. It is supposed that
this flow orientation would not be lost so long as the skin layer forms the surface
of the preform 1 as half set cover layer 1a, and the crystallization degree of the
surface layer 2a increases by the combination of this flow orientation with the
orientation by stretch.

When the molding material is polyethylene terephthalate, it is preferable
to set the cooling temperature of the die during the injection molding of the
preform 1 to more or less than 15°C. In addition, it is necessary to limit the
cooling within a period of time allowing to form the inside and outside surfaces
of the preform 1 with the half set cover layers 1a, 1a having a temperature
equal or superior to the glass transition point, and the configuration of the
preform 1 can be maintained sufficiently by the half set cover layer 1a.

This cooling time is different according to the thickness of the body 11 to
be blown, and the cooling time (for instance 6 to 10 sec) is set in proportion to
the thickness as tendency. If the cooling time is short in comparison with the
thickness, the surface half set cover layer 1a is generated thinly, and softens
extremely by the potential heat within the period of time leading to the stretch
blowing, making impossible to obtain a sufficient tensile resistance of the
preform surface layer by the half set cover layer 1a and, on the contrary, if it is
too long, the half set cover layer 1a is generated thickly more than necessary,
causing problems of stretch blowing.

Howsoever, according to the configuration of the receptacle to be formed,
even if the thickness of the preform is identical, a different cooling time may be
set in order to preserve inside a potential heat adapted to the molding of the

receptacle.
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The injection molded preform 1 is removed from the die holding the
mouth 11 by a well-known means, transferred immediately to the blow die in a
hollow state as it is and set in the blow cavity by die compression. Then, as
usual, the mouth 11 is closed by a blow core and, thereafter, the stretch blow is
performed in the longitudinal direction by a middle stretch rod, and in the
transversal direction by blow air, to mold into the aforementioned wide-mouth
receptacle 2 wherein the mouth 11 of the preform 1 has become the mouth 21
as it is, and the body 22 is thin.

In order to obtain a wide-mouth receptacle 2 of the wall cross-section
having an intermediate layer 2c, 2c presenting a gradient density between the
inside and the outside surface layers 2a, 2a whose cryétalline density is high
and, a core layer presenting a lower density than the surface layers, by this
elongation blow, it is necessary to mold by stretch blow while the temperature at
the middle of the preform 1 is in the amorphous temperature range or in the
proximity thereof, the outside surface temperature of the preform 1 is elevating,
and at least the outside half set cover layer maintains a sufficient tensile
resistance.

When the preform 1 is made of polyethylene terephthalate, it is preferable
to mold the preform by stretch blowing while the outside surface temperature of
the preform is elevating and 95° to 115 C° , the temperature at the wall
middle is in a range of 125° to 140°C, and a temperature difference of more or
less than 30°C is maintained there. When the surface temperature is lower than
95°C, and the temperature of the wall middle is in the range of such high
temperature, the difference of crystalline density between the surface layer 2a,
2a and the core layer 2b becomes considerable, making difficult to generate an
intermediate layer 2¢ linking the both. As the result, when the body stretched

thinly is pressed strongly, the outer surface layer often peels off, lowering also

-10-
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the buckling strength.

Moreover, when the temperature difference between the wall middle and
the surface temperature becomes less that 25°C and the temperature gradient
becomes low by the radiation of inner heat along with the time elapsed after the
removal from the die, the difference in crystalline density between the surface
layer 2a, 2a and the core layer 2b also lowers, the density gradient between
both of them, and the crystalline density also becomes averaged.

For the preform 1 of 4.4 mm in thickness formed under the molding
condition of the embodiment mentioned below, the half set cover layer 1a
softens unexpectedly at a high speed by the potential heat after the removal
from the die. Fig. 2 shows the measurement (by Raman spectroscopy) results
of the thickness and the crystalline density of a wide-mouth receptacle 2 molded
by stretch blowing 6 sec after the removal from the die, at respective areas of
panel A, shoulder B, body C and bottom D of the wide-mouth receptacle 2
shown in Fig. 1.

These 6 sec after the removal from the die could be called the leave time
in case of the preform of 4.4 mm in thickness, and this leave time can be set in
its own way, if the thickness of the wall thickness exerting a considerable
influence on the potential heat changes, and it also means that the leave time
can be set by controlling, through the cooling time, the degree of development
of the half set cover layer 1a generated by cooling during the preform molding
except for the wall thickness.

As for the wall thickness of the receptacle 2, it is 1.25 mm for the panel A
where the transversal stretch rate is minimum, 0.4 mm for the bottom B where
the transversal stretch rate is maximum, 0.45 mm for the shoulder B, 0.5 mm for
body C, resulting in 0.65 mm for the average thickness.

Moreover, from respective curbs of crystalline density of Fig. 2, it can be

-11-
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understood that all portions of the surface layer 2a where the temperature is
elevating are within the thickness range of about 0.2 mm, and the intermediate
layer 2¢ presenting a gradient crystalline density intervenes with a thickness
range of about 0.2mm, and the middle portion excluding them forms the core
layer 2c.

In any measurement area of the wide-mouth receptacie 2, the crystalline
density high for the surface layer 2a as equal or superior to 1.4 and even the
core layer 2b supposed to be in amorphous state present an crystallization of
equal or superior to 1.32 in crystalline density and, from the comparison of
respective measurement areas, the core layer 2b presenting a density lower
than the surface layer 2a varies in proportion to the increase/decrease of the
thickness of the wall cross-section; however, the aforementioned intermediate
layer 2¢ intervenes with a gradient crystalline density within a certain range
independently of the size of the core layer 2b.

The foregoing allows understand that even a receptacle whose global
thickness of the receptacle is molded by stretch blow similarly to any thickness
of respective area composing a part of the receptacle 2, becomes a receptacle
of multi-layered structure by a crystalline density distribution similar to the
respective area.

Fig. 3 shows, as a comparative example, the crystalline density and
distribution of a receptacle 2 obtained by stretch blowing of the preform 1 about
10 sec after the removal from the die and, according to this, the crystalline
density of respective measurement area appears averaged globally in a range
1.36 to 1.38, even if there is some up and down differences of a certain degree.

Fig. 4 also shows, as a comparative example, the crystalline density and
distribution of a receptacle 2 obtained by stretch blowing of the preform about

15 sec after the removal from the die and, according to this, it can be
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understood that the crystalline density varies hardly in the stretch blow after the
time when 5 more sec have elapsed, and the crystalline density of respective
measurement areas are even more averaged.

It is believed that this is due to a of global averaging of crystallization by
stretching, as the result of lost of density difference between both surface layers
2a, 2a and the core layer 2b due to an even generation of tensile resistance
during the stretch blow all over the preform, by the fact that the temperature of
the preform surface layer raises by the potential heat along with the lapse of
time, provoking softening, and the preform temperature is balanced as the
whole, on the contrary, due to the decrease of inner temperature by radiation.

This crystalline density can be the to be a crystalline density and
distribution almost equivalent to the crystalline density of a receptacle molded
by stretch blowing according to the cold parison method:; however, material
deterioration or distortion can be generated easily, as the crystallization by a
gradual cooling develops during the stretch blowing with this period of time.

Consequently, in the stretch blowing after 10 sec or more after the
removal from the die, the flow orientation disappears by the softening of the half
set cover layer 1a by the potential heat, and the crystallization degree by
stretching reduces as the tensile resistance lowers, averaging as the whole the
crystalline density of the surface layer 2a and the core layers 2b in the
wide-mouth receptacle 2, and there is no more room for generating an
intermediate layer 2c of graduated crystalfine density between both layers.

In Fig. 2, the crystalline density of 1.4 or more of the surface layer 2a can
be the extremely high density for a receptacle made of polyethylene
terephthalate and becomes per se one having a heat resistance in a certain
sense. However, molding distortion due to a forced stretch remains largely in

such a surface layer 2a.
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On the contrary, the core layer 2b of low density is formed by stretching a
preform middle portion presenting a highest potential heat, being in the
amorphous state, and presenting an extremely low tensile resistance, according
to the stretch of the half set cover layer 1a to be the surface layer 2a of the
wide-mouth receptacle 2, and is in a state where the molding distortion due to
the stretch is almost absent, because the crystallization is generated by the
temperature decrease by the process of this stretch.

In the receptacle having a wall cross-section of multi-layered structure
wherein the intermediate layer 2¢ with a density gradient is interposed between
the surface layer 2a and the core layer 2b presenting different crystalline
densities, the fragility of the surface layer 2a against the impact force by the
molding distortion is reinforced by an inner dumping of the core layers 2b
subjected to no or little molding distortion and its drop strength becomes
excellent, due to a still closer linkage of the both by the intervention of the
intermediate layer 2c.

The heat resistance can be improved by relaxing the molding distortion of
the surface layer 2a by heat treatment. This relaxation treatment can be
performed by applying the blow pressure as it is for around 15 sec, without
decompressing immediately after the elongation blowing, as performed usually,
in a blow die set at a temperature of more or less than 116C° , pressure
welding the molded receptacle 2 to the cavity face, and heating.

For the wall cross-section, in a structure wherein the crystalline density
changes extremely suddenly from high density to low density, that area of
sudden change in crystalline density tens to peel off easily; however, a wall
cross-section wherein the transition from the high density of the surface layer 2a
to the low density of core layer generates through the intermediate layer 2c

having a graduated crystalline density peels off hardly even if it is in a

10
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multi-layered state in respect of the crystalline density. In view of the forgoing,
the stretch blow receptacle according to the present invention can be the to be
further improved in the strength that the conventional one, and also improved in
heat resistance.

Certainly, the aforementioned embodiment concerns a wide-mouth
receptacle 2, but is goes without saying that it can be applied to a narrow-mouth
bottle and, therefore, the present invention is not restricted to the wide-mouth
receptacle. The molding material is also not limited to polyethylene
terephthalate, and it can also be applied to the other thermoplastic materials

adopted as molding material of packaging receptacles.

Embodiments

(1) Preform

Molding material polyethylene terephthalate
Dimensions
Mouth diameter @ 59 mm
Body diameter (at the middle) @ 56 mm
Length of elongated par 63 mm
Wall thickness 4.4 mm

(2) Molding condition (injection molding)

Injection mold temperature (chiller) 15C°
Resin Temperature 254C°
Injection time 12.0 sec
Cooling time 7.0 sec

(3) Molding condition (stretch blow)
After removal from die 6.0 sec

Die temperature 116 C°

11
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Preform surface temperature 96.2C*

Blow pressure 24Kgflcm2

Blow time 15.0 sec

Elongation rate (longitudinal) 2.53 times
(transversal) 1.95 times

(4) Mold product (wide-mouth receptacle)

Dimensions
Mouth diameter same as perform
Body diameter @295 mm

Average thickness (except for mouth and bottom face portion) 0.58 mm
Average density 1.348 mm
Thickness and crystalline density distribution (refer to Fig. 2)
Measurement method and instruments
Density - orientation degree measurement ~ Raman spectroscopy
JEOL: Magnetiscopic Raman Spectrum JRS-SYSTEM2000
Temperature measurement Ultraviolet thermograph
TVS-2000Mk2made by Nippon Aobionics Co., Ltd.
Measuring method of median temperature
Measure the wail cut section by thermograph
Used molding machine

SB3-100LL-20 made by Aokiko Institute Ltd.

Industrial Applicability

In the receptacie having a wall cross-section of the multi-layered
structure wherein the intermediate layer with a density gradient is interposed

between the face layer and the core layer presenting different crystalline

12
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densities, the fragility of the surface layer against the impact force by the
molding distortion is reinforced by an inner dumping of the core layer subjected
to non or little molding distortion and its drop strength becomes excelient, due to
a still closer finkage of the both by the intervention of the intermediate layer.
The heat resistance can be improved by relaxing the molding distortion
of the surface layer by heat treatment. This relazation treatment can be
performed by applying the blow pressure as it is for around 15 sec, without
decompressing immediately after the strech blowing, as performed usually, in a
blow die set at a temperature of more or less than 116°C, pressure welding the

molded receptacle to the cavity face and heating.

13
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A thin plastic receptacle moided by stretch blowing of a bottomed preform
in the longitudinal direction and transversal direction, wherein the wall cross-
section of the receptacle is composed of inside and outside surface layers whose
crystalline density is 1.4 or greater, a core layer presenting a lower density than
the surface layers, wherein the crystalline density of the core layer is from 1.32 to
1.36 and an intermediate layer having a graduated density between both layers.

2. The thin plastic receptacle of claim 1, wherein the area of said core layer at
the receptacle wall cross-section varies in proportion to the increase/decrease of
the thickness of the wall cross-section, and said intermediate layer intervenes
with a graduated crystalline density, independently of the size of the area of the

core layer.

3. A method for molding a thin plastic receptacle including steps of quenching
a bottomed preform equal to or less than the orientation temperature during the
injection molding; forming the wall inside and outside surfaces of the preform into
a half set cover layer, in relation to a cooling temperature and time; removing the
preform from the die while maintaining the configuration by the 25 half set cover
layer; and thereafter stretch blow molding while the temperature at the wall
middle of the preform is in an amorphous temperature range or in the proximity
thereof, the outside surface temperature of the preform is elevating, and the half
set cover layer maintains a sufficient tensile resistance, for molding into a
receptacle of multi-layered structure having a wall cross-section composed of
inside and outside surface layers whose crystalline density is 1.4 or greater, a
core layer having a lower density than the surface layers, wherein the crystalline
density of the core layer is from 1.32 to 1.36 and an intermediate layer interposed
with a gradient crystalline density between both layers.

4. The method of claim 3, wherein said preform is made of polyethylenete
terephthalate, the outside surface temperature of the preform is elevating and 95°
to 115 °C, the temperature at the wall middle is in a range of 125W to 140°C, and

18-
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the preform is molded by stretch blow, while a temperature difference of more or
less than 30°C is maintained.

5. A thin plastic receptacle substantially as hereinbefore described with
reference to the drawings.

6. A method for molding a thin plastic receptacle substantially a hereinbefore
described with reference to the drawings.

DATED this 9th day of December 2005
AK TECHNICAL LABORATORY INC

WATERMARK PATENT & TRADE MARK ATTORNEYS
GPO BOX 2512

PERTH WA 6001

AUSTRALIA

P22430AU00
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Fig. 1
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Fig. 2
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Fig. 3
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