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TITLE OF THE INVENTION

INJECTION ORIENTATION BLOW MOLDING METHOD

i BACKGROUND OF THE INVENTION

. Field of the Invention

This invention relates to a molding method for
continuously performing orientation blow molding from
injection molding of a preform made of synthetic resin
to a thin-wall hollow molded article.

Prior Art

As one of molding methods generally called injection
orientation blow molding, there is é 3-station molding
method in which a mouth portion of an injection molded
preform is held byﬂa 1ip mold and the preform is immediately
transferred to a blow mold for orientation blow molding.

In a molding method of a 3-station system disclosed
in Japaﬁese Patent Application Laid-Open No. 63-296921,
orientation blow molding is carried out after inner and
outer temperatures of a preform released at a high temperature
are made uniform by ianternal heat of the preform itself
to elminate a temperature difference therebetween.

A technical idea for releasing a preform at a high
temperature is already disclosed in a molding met?od of

4-station system,

This molding method comprises releasing a preform
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As one of nolding nmethods generally called infection orientation bl ow

mol ding. there is a 3-station nolding nmethod in which a nouth portion of an
i njection nolded preformis held by a lip nold and the preformis

i medi ately transferred to a blow nold for orientation blow nolding. In a
nol di ng nmethod of a 3-station system di scl osed in Japanese Patent

Application Lpldk Qer MNue G2 3o Pdry SuALAD blovpuh gl Dge | £, car ri ed
out after inner and outer tenperatures of" a preformreleased at a %lgh
tenperature & 6cange of temperature at which shape is maintained at

a high temperaturé, making uniform a temperature difference

btween inner and outer surfaces and an internal center

portion in the same plane section of the preform, and

thereafter adjusting the temperature of the preform to
a high temperature in excess of 95°C by external energy
to effect blow molding.

In the 3-station system of which molding steps
comprise three steps, "injection molding of a preform -
orientation blow molding - removal of a molded article",

a step of adjusting a temperature to be carried ouf
immediately before orientation blow molding which is
unavoidable in the 4-station system requiring four steps,
"injection molding of a preform - temperature adjustment
- orientation blow molding - removal of a molded article"
is not required.

Therefore, a temperature adjusting device for a
preform and other accessorial devices used in the 4-station
system can be omitted, and in addition, there is a merit
in construction that the number of neck molds also serving
as a transfer member for a preform is reduced by one.
Moreover, there is economically advantageous in that molding
cycle time is also shortened and cost of machines is reduced.
' However, molded articles molded by use of the 3-
station system tends to be limited to wide-mouth containers.

This is because of the fact that an aperture of a preform
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made uni form by internal heat of the preformitself to elimnate a
tenperature difference therebetween. A technical idea for releasing a
preformat a high tenperature is already disclosed in a noldng nmethod of
4-station system This nolding nmethod conprises a preform made of injection
nol ded pol yet hyl ene terephthalera in a range of tenperature at which shape
I's maintained at a high tenperature, making uniforma tenperature
di fference betifecip large that there involves no technical difficulty

in designing a draft or taper from an injection mold, a

core and the like, and releasing at high temperature is

easily carried out.

In molding of narrow-mouth containers such as bottles

- which are extremely small in aperture of a preferm and
long in oriented portion and require a large orientation
magnification, the 4-station system capable of controlling
temperature immediately before blow molding has been used
in terms of difficulty of temperature control of a preform
and limitation of draft.

The difficulty of temperature control of a preform
in the 3-station system is that there is no means for
correctly detecting a state that a surface layer is heated
by internal heat, and the temperature of the preform becomes
uniform.

Therefore, orientation blow timing is determined
making rough estimation from a lapse of time after release,
and repeating a trial at that time. It requires experiences
and time to effect the trial. In the case where resin
as a material is polypropylene, it is oftean that the molding
condition somewhat differs according to the manufacture
lot. Therefore, the condition has to be set as needed,

thus inevitably increasing a loss of products.

SUMMARY OF THE INVENTION

This invention has been contemplated in order to

solve the task of the high temperature release in molding
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I nner and outer surfaces and an internal center portion in the same plane
section of the preform and thereafter adjusting the tenperature at the
preformto a high tenperature in excess of [err] by external energy to
effect blow nolding. In the 3-station system of which nol ding steps
conprise three steps injectiron nolding of a preform- orientation bl ow

| di - f td+Cl t j i -a, ts 4 to b
ol di ng- r emdvaly Afved O 49% & 1diGled o .St e @cbt;]%fjgvsuﬁr)toq (f}i@hngs \%Wtfls&ﬁe o be

carried out imediately before ori- entation Whi _ _
unavoi dabl e iy tthe protiatd QN neXs MW 1018 it iIFERSL oW M g ol di ng

of a preform
which can mold narrow-mouth synthetic resin containers
such as bottles, similarly to the case of wide-mouth
containers, without being subjected to limitations of the
shape, a draft, a wall-thickness distribution and the like
of a preform, despite the fact that a preform made of a
crystalline resin is released at a high temperature.
It is a further object of this invention to provide
a new injection orientation blow molding which can mold,
by three stations, bottle-like containers which are less
in stress and strain which are liable to occur when a low
temperature preform is orientation blow molded, which are
hard to expose to shrinkage deformation at the time of
filling at a high temperature caused by the stress and
strain, and which are transparent and orderly in distribution
of wall-thickness.
- It is another object of this ianvention to provide
a new injection orientation blow molding which can carry
out the temperature adjustment of various parts of a preform
at the time of injection molding whereby the orientation
blow molding can be materially shortened as compared with
: prior art to increase é production quantity per hour.
According to a first feature of this invention for
achieving the aforesaid objects, in injecting and filling
molten resin into an injection mold to form it inte a preform

as required, holding a mouth portion of said preform by

i eet Has Been Reilaced

"




tenperature adjustment - orientation blow nolding - renoval of a nol ded
article is not required. Therefore a tenperature adjusting device for a

pref orm and ot her accassori al

omtted and

neck nol ds al so serving as a transfer

one. Moreoverd lipemelids tecdr@msdalt i tadram ddeous jet ttitat molldityg <ycl e
time is also shortened and cost of machines is reduced.

low mold, and orientation blow molding the preform into
a thin-wall hollow molded article as required, releasing
of said preform from the injection mold is carried out
during the state where the shape thereof can be maintained
by a skin layer produced in the surface by quick cooling

and the state where internal cooling is not yet finished

devices used in the 4-station system can be
in addition, there is a nerit in constuction that the nunber
menber for a preformis reduced by

of

and the temperature is high, and the orientation blow molding

of the preform is carried out within a time till a surface
temperature of the preform which rises by its own internal
temperature reaches a peak temperature.

According to a second feature of this invention,
releasing of a preform made of polyethylene terephthalate
from an injection mold is carried out in the range of
temperature at which the surface temperature immediately
after release is above 60°C but below 70°C at a normal
temperature, and orientation blow molding is carried out
within a time till the surface temperature of the preform
reaches a peak temperature in a temperature region above
80°C but below 95°C.

According to a third feature of this invention,
releasing of a preform made of polypropylene from an
injection mold is carried out in the range of temperature
at which the surface temperature immediately after release
is above 90°C but below 100°C at a normal temperature,
and orientation'blow molding is carried out within a time

till the surface temperature of the preform reaches a
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However, nol ded articles nolded by usa of the 3-station systemtends to be
limted to wide-nouth containers. This is because of the fact that an
aperture of a preformis so large that there involves no technical
diffculty in designing a draft or taper froman injection nold, a core and
the like and rel easing at high terrperature Is easily carried out. In

di f ' bot t | wh Lr |y
Smal | 'Tn apor FORE OPRCBfoRoen and TSRGF A B FeREBERoRLPSR AAY Fediie a
large orientapl g, MRgarEl Cakl PPekben m§a@t59“tﬁ¥§&8518é9§9'Sygﬁh%?”kro"'”9

t enper ature
resin such as polyethylene, polycarbonate, etc. other than

the aforementioned resins as a crystalline resin can be
orientation molded by similar means.

According to a fourth feature of this invention,
internal heat of various portions of an oriented portion
of a preform is controlled by a temperature of a mold main-
tained at a predetermined temperature and an intentionally
adjusted wall-thickness distribution of the preform, and
an orienting condition of an oriented portion is controlled
by a difference of heat quantity which differs with thg
wall thickness to thereby make it unnecesary to adjust
the temperature after release.

A bottle-like container obtained by orientation
blow molding according to this invention has less stress
and strain which are liable to occur when a low temperature

- preform is orientation blow molded. Accordingly, shrinkage
and deformation during high-temperature filling to be caused
by the stress and strain are hard to occur. Cohtainers
made of polyethylene terephthalate have an increased heat
resistance.

Since a preform is oriented when the interior thereof
is in a half molten state, there is hardly affected by
unevenness of temperature. Since molding is finished before
the interior of a preform is crystallized, a thin-wall

container which is transparent and without one-sided wall
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i medi atel y before blow nolding has been used in terns of difficulty of
tenperature control of a preformand limtation of draft. The difficulty of
tenperature control of a preformin the 3-station systemis that there is
no nmeans for correctly detecting a state that a surface layer is heated by
I nternal heat and the tenperature of the preform becones uniform

Therefore, ortpptrhe98 BLPWEiI BbPdihsgdet erm ned nmaking rough estination
froma |lapse of tinme after rel ease and

Furthermore, since a skin layer is formed by quick
cooling, releasing can be made even if the interior of
a-preform is soft. Even a bottle-like narrow-mouth container
which has been difficult to be released at an adequate
temperature and which has been required to adjust a
temperature in terms of draft of a preform can be molded
easily even in a 3-station similarly to the case of a wide-
mouth container.

Moreover, time required for orientation blow molding
is materially short as compared with prior art, thus quicken-
ing a molding cycle and increasing a production améunt

per hour.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectiohal view of a high-temperature
preform.

FIG. 2 is a graph showing a change by passage of

- time of a high-temperature preform obtained by injection

molding a crystalline resin.

FIG. 3 is a graph showing a change by passage of
time of the surface temperature of a high-temperature preform
of sample No. 1 obtained by injection molding a polyethylene
terephthalate.

FIG. 4 is a graph showing a change by passage of
time of the surface temperature of a high-temperature of
sample No. 2 obtained by injection molding a polyethylene

terephthalate.
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repeating a trial at that time. It requires experiences and tinme to effect
the trial. In the case where resin as a material is polypropylene, it is
often that the nolding condition somewhat differs according to the

manuf acture lot. Therefore, the condition has to be se as needed, thus

I nevitably increasing a | oss of products A nmet hod having only sone of the

o "t e ST A AL 3 AT KA 3 o etorm
may be heat eq jgxerpalhs Q%&Q%%ebh@Wﬂ@yd*dﬂl'&f'41h1gh—temperature
preform of sample No. 3 obtained by injection molding a
polyethylene terephthalate.
FIG. 6 is a graph showing a change by passage of
time of the surface temperature when a preform made of
polyethylene terephthalate is orientation blow molded.
FIG. 7 is a graph showing a change by passage of
time of the surface temperature of a high-temperature
preform of sample No. 4 obtained by injection molding a
polypropylene,
FIG. 8 is a graph showing a change by passagé of
time of the surface temperature when a preform made of
polypropylene is orientation blow molded.
FIG. 9 is a graph showing a change by passage of
rime of the surface temperature when two preforms which
are different in wall thickness are orientation blow molded.

DETAILED DESCRIPTION OF THE INVENTION

Molten resin is injected and filled into a mold
to injection mold a preform 11 having a sectional
construction shown in FIG. 1, and the preform is released
while maintining a temperature as high as possible from
an injection mold. When the preform is left as it is at
a room temperature, the surface temperature of the preform
changes as shown in FIG. 2.

The change by passage of time of the surface

temperature has a difference to some extent in time till
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order to inprove its ability to be blow nol ded. The external heating
results in an even tenperature distribution of the preformand requires a
particul ar heating nmeans rendering the nmethod nore expensive. JP-A-63 296
921 discloses to even the tenperature distribution across the wall

t hi ckness ota preform by using heat transfer at the heat retained

ook oot S Pl d 4B sk pem L aed e 2L RS AUERTRLA HIF BELRLT
even. used to mold containers indicate similar progress. A
rise of initial surface temperature is caused by the fact
that in a preform released at a high temperature, the surface
of cavity of a mold or the surface of a preform in contact
with a core is solidified by cooling the mold to form a
skin layér but internal cooling is not yet finished and
temperature is high which is in a half-molten state, and
cooling is cut off by releasing after which the skin layer
is heated from inside.

Of course, in such a state, the temperature of the
preform is not uniform except a mouth portion completely
cooled and solidified at the time of release. When orien-
tation blow molding takes place in a state where a temperature
difference between inner and outer portions of a preform
is present, white turbidity due to crystallization or crazing
occurs. Therefore, in the aforementioned conventional
method, the temperature of the preform is made uniform
before orientation blowing.

According to the researches by the present inventor,
the white turbidity of a molded article in the orientation
blow molding often results from the temperature of orien-
tation blow molding rather than a temperature difference
between inner and outer portions.

According to experiments so far conducted, in case
of polyethylene terephthalate, when the surface temperature

of a preform is less than 80°C, the white turbidity tends
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SUMVARY OF THE | NVENTI ON Thi s invention has been contenplated in order to
solve the task of the high tenperature release in nolding involved in the
3-station. An object of this invention is to provide a new injection
orientation bl ow nol ding which can nold narrow nouth synthetic resin
contai ners such as bottles, simlarly to the case of w de-nouth

containers, W togtcfel Ng1sURLECLedot Bohhll tBLEORRAf thDesghRREE @egPQEaf‘ure
wal | -t hi ckness distribution and the like of a preform despite the Tact
that a prefor8f a preform immediately after release is 80°C or more

and orientation blow molding takes place after passage

of very short time, crazing rarely occurs.

It has been also found however that even such a
case, when cooling time is long and the temperature imediately
after release is less than 60°C, the white turbidity tends
to occur in an article injection blow molded even if the
orientation blow molding temperature is 80°C or more.

In case of polyetﬁylene terephthalate, when cooling
time is set shortly and the surface temperature immediately
after release is set to be 70°C or more, the peak femperature
is often 95°C or more. In molding under such a set condition
as described, one-sided wall thickness tends to occur,
and rigidity is lost.

Accordingly, cooling time of a2 preform in an injection
mold is limited within a certain predetermined time. However,

. cooling is different according to wall thicknesses even
in case of the same resin and furthes lifferent according
to temperatures of cooling water to be used therefor.
An allowable range with the same wall thickness is more
or less one second in case of polyethylene terephthalate.
It 'is possible to obtain a surface temperature immediately
after release capable of molding a narrow-mouth container
which is transparent and well ordered in shape within the
aforesaid allowable range.

Similarly, with respect to a preform made of
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made of a crystalline resin is released at a high tenperature. - 2-

polypropylene, the surface temperature rapidly rises from
a temperature at the time of release at a room temperature
and reaches a peak, after which the peak temperature is

maintained for a long period of time and gradually lowers.

Time at which temperature of the whole preform is
made uniform due to the internal temperature is obscure
from the change by passage of time of the surface temperature.
However, in conventional orientation blow molding of a
high-temperature wide-mouth preform, orientation blow molding
is carried out about 17 seconds after release, Therefore,
orientation blow molding was tried arcund the diagonal
line with such a time as described used as a standard.

For a preform for a wide-mouth container, it was possible
to mold a thin~wall wide-mouth container of which body
portion is transparent in about 17 seconds.

However, in case of a preform for a narrow-mouth
container which is large in orientation magnification than
the case of a wideé-mouth container, even those which are
so large in draft as to be easily released, one-sided wall
thicknesses and defective molding of a bottom often occur,
failing to provide a molded article.

However, even in the case of polypropylene, when
the surface temperature immediately after release is 90°C
or more and the temperature of orientation blow molding
is 110°C or more, a narrow-mouth container can be molded.
The allowable range of cooling time with the same wall
thickness was more or less 3 seconds.

-

—
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It is a further object of this invention to provide a new injection
orientation blow nolding which can nold by three stations, bottle-Ilike
containers which are Iss in stress and strain which are liable to occur
when a | ow tenperature pre- formis orientation bl ow nol ded which are hard
to expose to shrinkage deformation at the time of filling at a high tem
perature caused by the stress and strain and which are ttansparentgﬁgg

orderly in distrbutioh of &8PRIEAfc ﬁ%@s?“l?thmBﬁoPﬁePrbeééfiPﬁi
e oot 1 eRbAE BndEhBhoSLL 8N QELER! LR LA EPL ' DY 1RE" o83
after passage of a given time for the purpose of making
a temperature of a preform uniform after release, the preform
is subjected to gradual cooling, and therefore, whiteness
- caused by crystallization tends to occur. Naturally, it
becomes difficult to mold a narrow-mouth container.
Accordingly, hardness or ease of orientation blow
molding of a preform released at a high temperature is
not only affected by unevenness of temperature but greatly
affected by a composifion of a high—temperature preform
which changes by passage of time, orientation blow timing,
etc.
The high-temperature preform 11 after release is
low in surface temperature as can seen in FIG. 1 immediately
after it is released from the injection mold, and therefore,
the surface thereof forms a skin layer 12 having a hardness.
However, the forming condition of the skin layer 12 is
differeant according to the cooling speed.
In the high-temperature release, a central portion
is not cooled, and the internal resin 13 has a fluidity
to some exteat at a high temperature. A draw-down is
prevented by the skian layer 12 of the surface, and even
after release, the form of the preform 1l is maintained.

The internal temperature is released outside as

time passes and at the same time the skin layer 12 forming

the surface is heated from inside. Therefore, the surface
i



perature adjustnment of various parts of a preformat the time of injection
nol di ng whereby the orientation blow nolding can be materially shortened as
conpared with prior art to increase a production quantity per hour.

According to

a first feature of this invention for achieving the aforesaid

objects in injecting and filling nolten resin into an injection nold to

formit into
by alip nol

f iyed hol di th ti f i d f
CPERCTTLIES TRIURTLY (G TiEe | RPLctFon® Nof AR b GRPRORES and

orientation blow gplding the preforminio a thin vall hollow mlded .o o

the flowing portion is reduced toward the center portion.
The skin layer 12 whose surface temperature reaches

a peak is thin to a degree that forms a skin, and the ianterior

_thereof is in a half hardened state.

After the peak, the surface temperature slowly lowers
as time passes. As for the whole preform, the temperature
becomes uniform and at the same time, crystallization
progresses.

In the high-temperature preform till the surface
temperature reaches a peak, even if the surface is solidified
to form the skin layer 12, the skin layer 12 is softened
in the vicinity of the peak temperature, which is in the
state where orientation can be made.

A thick-wall portion which is high in internal heat
of the skin layer 12 is first softened by heat received
from inside. There is a temperature difference between
a thick wall portion and a thin wall portion till some
time passes after the surface temperature reaches the peak,
and the aforesaid difference is evident particularly before
peak.

When orientation blow molding takes place in such
a state as described, the skin layer on the side of the
thick wall portion where much heat is present, that is,
on the side in which surface temperature is high is first

criented in the state where internal resin in a softened

- /
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article as required, releasing of said preformfromthe injection nold is
carried out during the state where the shape thereof can be maintained by a
skin layer produced in the surface by quick cooling and the state where
internal cooling is not yet finished and the tenperature is high and the
orientation blow nolding of the preformis carried out within a tine a
surface tenpegahuee; of cLBgaPLgf Orm which rises by its own interna
tenperature reaches a peak tenperature. According to a second feature of

;his invention, rel eRgtfgadiya phefonprARde abapohYethykengykergpthal ate
rom an

orientation, and as the result, the radiant surface becomes
large and the temperature lowers to eliminate a temperature
difference from the thin wall side. Furthermore, the
temperature on the thin wall side relatively rises, and
subsequently, orientation of the thin wall portion precedes,
Such a mutual orientation is repeatedly carried out for
an extremely short period of time, and the internal
temperature with much heat amount during that period lowers
to a temperature suitable for orientation. And, the internal
resin 13 so far oriented while being accompanied by the
skin layer 12 is thinly oriented similarly to the skin
layer 12 halfway, whereby a molded article having a uniform
distribution of wall thickness is formed.
Accordingly, in the injection molding of the preform
11, first, orientation amount of various portions of the
preform 11 is taken into consideration in advance from
the shape of a container 14 to be a molded article whereby
the wall-thickness distribution of the various portions
is intentionaliy adjusted whereas the temperature of the
injection mold is maintained constant, and preferably,
cooling of the preform 1l molded by being injected and
filled in the cavity is uniformly carried out at any portion.
For the high-temperature preform 11 formed with
the skin layer 12 by quick cooling, the best result was

obtained by molding at the time before the surface
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Injection nmold is carried out in the range of tenperature at which the
surface tenperature imediately alter release is above [err] but bel ow
[err] at a normal tenperature and orientation blow nolding is carried out
within atine til the surface tenperature of the preformreaches a peak
tenperature in a tenperature region above [err] but below 95 C According to
a third feature of this invention releasing of a preform made of

pol ypropy! en@e%@ma@nrbnk%%m@ FRled pleB kG AT it nQUY jinfd Tsfé%{r! AN Yave

tenperatura at which the surface tenperature imediately a release is

above [err] BWhched the peak, one-sided wall thickness tends to occur,
failing to obtain a good result.

The surface temperature when orientation blow molding
takes place was 80°C or more and 110°C or more for poly-
ethylene terephthalate and polypropylene, respectively,
and time after release was more or less 8 seconds and more
or less 14 seconds for the former and the latter, respectively.

However, it is apparent from the foregoing attempts
that the better result cannot be obtained unless the skin
layer 12 is formed by quick cooling. This seems to have
resulted from a difference of a crystalline state produced
in the skin layer 12 by cooling. A crystal due to quick
cooling formé a fine crystal. In case of gradual cooling,

a crystal greatly grows, and joining of crystals with each
other is weaker than the fine crystal.

More preferably, orientation blow molding is carried
out in the range of temperature capable of adapted to wall
thicknesses of any portion of the preform 11.

According to the attempt by the present iaventor,
most cenveniently, if a difference of wall thickness is
0.25 mm or so, there is no much difference in the peak
temperature and the time till the peak is reached even
if a difference of surface temperature immediately after
release is present. Moreover, there involvgs n¢ much
technical difficulty to timely grasp the temperature range

to make orientation blow molding for both possible.
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below [err]at a normal tenperature and orientation blow nolding is carried
cut wwthin atine till the surface tenper- ature of the preformreaches a
peak tenperature in a tenperature regi on above [err] but below [err]. A
preform made of thernoplastic synthetic resin such as pol yet hyl ene.

pol ycarbonate etc other than the aforenentioned resins as a crystalline
resin can be orientation nolded by simliar neans. According to a fourth
feature of this invetitdiet iGhss ndletfedicali amgyniusehoratonss aforhiors ent ed

portion of a preform . o .
is controlled in the injection mold with a difference of

wall thickness iantentionally provided as a means for control-
ling an orientation degree of various portions of the

preform from the shape of a molded article, the difference

of wall thickness is very minute and is mostly withia the
allowable time including the difference of wall thickness

in case of a flat container which is materially different

in orientation degree between lateral and longitudinal
portions thereof.

Accordingly, there involves not much technical
difficulty in that the internal heat of various portions
of the oriented portion of the preform is controlled by
the temperature of the mold maintained at constant
temperature and the intentionally adjusted wall thickness
distribution of the preform, and the orienting condition
of the oriented portion is controlled by the difference
of heat amount different according to the wall thickness.

Embodiment 1

Molten resin of polyethylene terephthalate was
-injected and filled into an injection mold to form a narrow-
mouth preform 11 as shown in FIG. 1 by quick cooling.

Three examples of preforms different in wall thickness
were injection molded changing cooling time sample by sample,
and the change by passage of time of the surface temperature

was measured.
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Is controlled by a tenperature of a nold nmaintained at a predeterm ned
tenperature and an intentionally adjusted wall- thickness distribution a
the preformand an orienting condition of an oriented portion is controlled
by a difference of heat quantity which differs with the wall thickness to
thereby nmake it unnecesary to adjust the tenperature after rel ease. A
bottle-1ike contai netie ot &f oved by prépatadi porbbow~motdengoaceondicng to
this invention has |less stress and strain which are liable to occur when a
| ow t enper atwhesprefearail slengent dsi bhs4 bhkow nBedpdrafucesdbfigtiie pheifokage
and defor -

were meaéured at three points, 30 mm, 60 mm, and 100 mm
upwardly from the bottom, and temperatures ts be measured
were an averave value.

As a temperature measuring unit, a digital radiation

thermometer IR-AHOT (made by K.K. Chino) was used.

The injection molding conditions are as follows:

Weight of material ' 33 gr
Injection temperature 275°C
Mold temperature 13°C
Draft 1.5°
Injection and filling time 5.3 sec.

Note: The mold temperature means a cooling water

temperature of a cavity mold and a core mold.

FIGS. 3 to 5 show the change by passage of time
(average value) of the surface temperatures of the following
- samples at a room temperature (22°C), main points of which

are as given in Table 1 below.

jaced
ThSSW* i\

- 17 -



mation during high-tenperature filling to be caused by the stress and stain
are hard to occur. Containers nmade of pol- yethylene terephthal ate have an
i ncreased heat resistance. Since a creformis oriented when the interior
therect is in a half nolten state there is hardly affected by unevenness of
tenperature. Since nolding is finished before the interior of a preformis
crystallized a thin-wall container whichgg gt nansparant and wit hout
one-sided wal |l thickness nay be obtai ned:

Preform | Cooling Preform Temperature Peak Time
Wall thickness Time (°c) (sec)
{(mm) i (sec) 1 sec after,; Peak
; release '
Sample No.ll 1 3.0 i 72.0 96.0 11
2 35 o687 | 8s.0 10
2.80 3 4.0 : 68.0 86.0 9 .
E 4 4.5 . 66.9 83.0 9
é 5 5.0 62.3 79.8 7
§Sample Ne.2 1 3.6 71.3 96,2 12
2 3.9 . 65.1 . 87.9 11
3.05 3 4.2 ; 63.8 . 86.3 13
L4 % 4.5 . 62.5 i 83.8 9
_ g 5 : 4.8 60.3 g 81.5 10
§ 6 é 5.5 57.0 | 80.2 % 10
Sample No.3§ 1 3.5 70.5 92.8 i 11
; E 2| 4.9 67.4 87.9 ? 12
1 3.30 i3l 5.2 63.2 85.7 10
; TR 62.6 | s3.9 i 9
% 51 5.8 60.5 82.2 | 9
16 | 6.5 58.0 77.0 i 11

Cooling time is time aftexr passage of injection
and filling time.

For the above-described samples, orientation blow
molding was carried out under blow air pressure of 14 kg/cm2

to form a bottle-like container 14 as indicated by the
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Furthernore, since a skin layer is formed by quick cooling rel easing can be
made even if the interior of a preformis soft Even a bottle-like
narr ow nout h cont ai ner which has been difficult to be released at an
adequat e tenperature and which has been required to adjust a tenperature in
terms of draft of a preform-can be nol ded easily even in a 3- station

simlarly to gpg gSflof a m%g nPuth 90ﬂ5g| oun ngﬁ?édtge hegg!red

for orientation EEOMIHD IS maferial as c¢o rior art
thus qu'Cken'Pgsult was obralned when orientation blow molding was carried

out within the time shown in FIG. 6, that is, within time
t between time rl before the surface temperature reaches

the peak and time t., seemed to have reached the peak.

2
However, in case of a preform whose surface temperature
immediately after release is outside the range of 60°C

to 70°C at a normal temperature or a preform whose surface
temperature at the time of orientation blowing molding

is outside the temperature region of 80°C to 95°C, satis-

factory molded articles were not obtained as shown in Table

2 below.
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FIG 3 is a graph show ng a change by passage of tinme of the surface
tenperature of a high-tenperature preformof sanple No. 1 obtained by
i njection nolding a polyethylene terephthalate. FIG 4 is a graph showing a
change by passage of tine of the surface tenperature of a high-tenperature
of sanple No. 2 obtained by injection nolding a polyethylene terephthal ate.

FIG 5 1S agraph Show 3313 <change Y RS 339%adfsddd™® O ll® S A case
tenperature of a high-tenpérature preform
of a preform to start of orientation blow molding. The
‘results obtained by molding a few samples in the range
of more of less one second on the time of passage were

shown in the molded state.

Embodiment 2

Molten resin of polypropylene was injected and
filled into an injection mold to form a narrow-mouth
preform 11 as shown in FIG. 1 similar to the case of
Embodiment 1 by quick cooling.

Eight preforms having the same wall thickness were
injection molded changing cboling time, and the chénge
by passage of time of the surface temperatures thereof
at room temperature were measured.

The injection molding conditions are as follows:

Weight of material 40 gr
Injection temperature 240°C
Mold temperature (cooling water) 13°C
Draft 3.0°
Injection and filling time 6.0 sec.

FIG. 7 shows the change by passage of time (average
value) of the surface temperatures of the following samples
at a room temperature (22°C), main points of which are

as given in Table 3 below.
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of sanple No. 3 obtained by injection nolding a polyethylene terephthal ate.
FIG 6 is a graph showi ng a change by passage of tinme of the surface
tenperature when a preform made of poly- ethylene terephthalate is
orientation blow nolded. FIG 7 is a graph showi ng a change by passage of
time of the surface tenperature of a high-tenperature preformof sanple No.
4 obtained by injection nolding a’polyp&ggxkege.

Preform Cooling Preform Temperature Peak Time
wall thickness Time {(°c) (sec)
(mm) (sec) 1 sec after Peak
release
Sample No.4 | 1 1.5 105.0 124.0 19
2 2.0 95.5 121.4 18
4.10 3 2.5 93.0 118.0 18
4 3.0 92.5 117.6 16
5 1 3.5 91.6 113.5 i8
6 4.5 91.0 113.3 17
7 6.0 90.5 111.8 _ 18
8 5.5 89.0 110.5 17

For the above-described sémple No. 4, orientation
blow molding was carried out under blow air pressure of
12 kg/cm2 within the time shown in FIG. 6 similar to the
case of polyethylene terephthalate to form a bottole-like
container 14 as indicated by the broken line in FIG. 1.
It has been found that the best result was obtained when
orientation blow molding was carried out within the time
shown in FIG. g, that is, within time t between time tl
before the surface temperature reaches the peak and time
t2 seemed to have reached the peak.

However, in case of a preform whose surface
Femperature immediately after release is outside the range
of 90°C to 100°C at a normal temperature or a preform

whose surface temperature at the time of orientation blow

is Sheet Has Been Replaced
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FIG 8 is a graph show ng a change by passage of tinme of the surface
t enperature when a preform nmade of poly- propylene is orientation bl ow

nol ded.

molding is outside the temperature region of below 110°C

or above 123°C,

as shown in Table 4 below.

satisfactory results were not obtained

TABLE 4
Preform Temperature | Temperature at | Time of | Holded state of molded
wall thickness |1 sec. after orientation passage o;’;ig;e;;rziii:tgfgk::ss
(mm) release blow molding (sec.)

Sample No.4 | 1 105.0 123.5 15.5 Bade, large one-
sided wall thickness,
burst

2 95.5 120.5 14.5 Good
4.10 3 93.0 156.8 13.5 Good
4 92.5 156.5 12.5 Good
5 91.6 112.5 14.0 Good
6 91.0 113.0 14.0 Good
7 90.5 111.3 14.0 Good
8 89.0 110.0 15.0 Bad, large one-

sided wall thickness,
burst

It is apparent from FIGS.

3 to 5 showing the change

by passage of time that in injection molding the preform

11, there is an allowable range of cooling time. It is also

apparent that when the allowable time are compared between

those different in wall thickness,

adapted to each other.

FIG.

there is cooling time

9 is a graph which selects two cooling time

adapted to each other with respect to sample Nos. 1 and 2

from Table 1 to depict the change by passage of time of the

surface temperatuers in that case.

A temperature difference

At at the allowable time of orientation blow molding of a

thick wall thickness portion D1l and a thin wall thickness

portion D2 was 2.5°C to 3.0°C.

- 23 -
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-3- FIG 9 is a graph showi ng a change by passage of tinme of the surface
tenperature when two preforns which are different in wall thickness are
orientation bl ow nol ded. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Mol ten resin
is injected and filled into a nold to injection nold a preform 11 having a
sectional construction shown

Orientation blow molding was carried out for a narrow-
mouth container from a preform with distribution of wall
thickness intentionally changed.

Embodiment 3

A preform 11 shown in FIG. 1 whose wall thickness
is made thin from an upper portion toward a bottom thereof
s0 as to have a difference in wall thickness distribution
of the whole body was injection molded from polyethylene
terephthalate, and one-litre container 14 was orienration
blow molded from the preform.

In injection molding, intentionally, the wa}l thickness,
3.05 mm, of the Dl portion of the preform 11 is differentiated
from the wall thickness, 2.80 mm, of the D2 portion. Further-
more, cooling time adapted to the wall thicknesses for both
was selected from sample Nos. 1 and 2 in Table 1 so that
the surface temperature of the preform immediately after
release is in the range of 60°C to 70°C.

Injection molding conditions:

Weight of material 33 gr

Injection temperature 275°C

Mold temperature (cooling water) 13°¢C

Draft _ 1.5°

Injection and filling time 5.3 sec
Example 1l:

Cooling time (1) 4.1 sec

Surface temperature (Dl)

Immediately after release 63.8°C
At blow molding 85,7°C
This Sheet 14
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in FIG t. and the preformis released while maintaining a tenperature as
hi gh as possible froman injection nold. Wien are preformis left as it is
at a roomtenperature, the surface tenperature of the preform changes as

shown in FIG 2. The change by passage of tinme of the surface tenperature

has a difference to sone extent in tine aII It rhes a peak tenperature cut
nost thernoplastic r§5| Scus d t% o |ners I ndicate sim|lar
progress. A rise of ini esf sGrP Face teg ure is caused by the fact that

in a preformrel eased fﬁm@d?hggl§eg??é?t?e?eEQ% surfacquRJQ§vity of a nold

At blow molding 86.0°C
Example 2:
Cooling time (2) 4.5 sec.

Surface temperature (Dl)
Immediately after releasg 62.4°C
At blow molding 82.5°C

Surface temperature (D2)

Immediately after release 67.0°C

At blow molding . 82.8°C
Time of passage (after release) 7.5 sec,
Blow air pressure 14 kg/cm2

In the Examples 1 and 2,
- the molded state of the orientation blow molded

container 14 was good. The transparency of the container

is excellent ,. ' one-sided wall thickness thereof was hardly
recognized, and the wall thickness(0.3 mm) of the body portion
was uniform.

It is understood from the foregoing that the most
preferable molding method for the 3-station system is to
adjust wall thicknesses of various portions of oriented
portions of a preform according to an orienting state and
control an orienting state of an oriented portion from a
difference of heat amount different according to the wall
thickness, in other words, to carry out orientation blow
molding in the state where the temperature of the preform
is uneven as a whole. Adjustment of a wall thickness can
be easily made by grinding a core mold or applying a padding
through plating or the like, and a delicarte difference of

wall thickness can be alsc provided.
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or the surface of a preformin contact a core is solidified by cooling the
nold to forma skin layer but internal cooing is not yet finished and

tenperature is high which is in a half-nolten state and Lm ] "t EJf
by rel easing after which the skin layer is heated froml_ﬂm" lﬁmmﬂ FHS,

in such a state the tenperature of the preformis not uniform éxcéptsa *
nmout h portion gorplet @pa$ee §¢.and solidified at the time of release. Wen

orientation brownotding—takes—place in a state where a tenperature differ-

1. An injection orientation blow molding method
characterized in that ia injecting and filling molten resin
into an injection mold to form it into a preform as required,
holding a mouth portion of said preform by a lip mold to
transfer it from the injection mold to a blow mold, and
orientation blow molding the preform into a thin-wall hollow
molded article as required, releasing of said preform from
the injection mold is carried out during the state where

the shape thereof can be maintained by a skin layer produced
in the surface by quick cooling and the state where internal
cooling is not yet finished and thé temperature is high,

and the orientation blow molding of the preform is carried
out within a time till a surface temperature of the preform
which rises by its own internal temperature reaches a peak

temperature.

) 2. An injection orientation blow molding method
characterized in that releasing of a preform made of poly-
ethylene terephthalate from an injection mold is carried
out in the range of temperature at which the surface
temperature immediately after release is above 60°C but below
70°C at a normal temperature, and orientation blow molding
is carried out within a time till the surface temperature
of the preform reaches a peak temperature in a temperature

region abvoe 80°C but below 95°C.

—
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ence between inner and outer portions of a preformis present whlt
turbidity due to crystallization or crazing occurs There m‘\g “ﬁw

af orenenti oned conventional nethod, the tenperature of t gwml nmade
uni form before orienta- tion blow ng. According to the r esearfchés by the
present inventor, the white turbidity of a nolded article in the

orientation

bl ow nol di ng rat her 4thdf 3§ <t dife PTG aditrre

Iowrmlmr1 MtenresmtsfromﬁﬁetemmrMUreof(Hlmuann

Q¥ My idEn met hod

characterized in that releasing of a preform made of poly-
propylene from an injection mold is carried out in the range
of temperature at which the surface temperature immediately
after release is above 90°C but below 100°C at a normal
temperature, and orientation blow molding is carried out
within a time till the surface temperature of the preform
reaches a peak temperature in a temperature region above

100°C but below 122°C.

4, An injection orientation blow molding method according
to claim 1, wherein resins used to form a preform comprise

crystalline resins such as polyethylene, polycarbonate, etc.

5. An injection orientation blow molding method according
to claims 1, 2 and 3, wherein internal heat of various
portions of an oriented portion of a preform is contrelled

by a temperature of a mold maintained at a predetermined
remperature and an inteationally adjusted wall-thickness
distribution of the preform, and an orienting condition of

an oriented portion is controlled by a difference of heat

quantity which differs with the wall thickness.

6. An injection orientation blow molding method according
to claims 1, 2, 3 and 5, wherein cooling time when a preform
is formed is limited within a specific time to render orien-

tation blow molding after release possible at any wall

e ———
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I nner and outer portions. According to experinents so far conducted in case
of pol yet hyl ene teraphthal ate when the surface tenperature of a preformis
less then [err], the white turbidity tends to occur. It was al so found-that
when the surface tenperature of a preformimediately after release is

AR A S | 111111101111
* [+ L

thickfess portion of the preform.

7. An injection orientation blow molding method according
to claims i, 2, 3, 5 and 6, wherein intentional adjustment
° of a wall thickness of a preform when the preform is injection

molded is made according to the orienting condition of

various portions thereof.

- 28 - S —
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It has been al so found however that even such a case when cooling tine is

| ong and the tenperature imedi ately after releasa is less than [err], the
white turbidity tends to occur in an article injection blow nolded even if

the orientation blow nolding tenperature is [err] or nore. In case of

pol yet hyl ene teraphthal ate when cooling tine is set shortly and the surface

tenperature imedi ately after release S %3% t% ﬁe [err] cr nore, the peak

tenperature is often [err] or nore. der such a sat con-

A molding method for continuously carrying out the

. steps from injection molding of a synthetic resin preform
to orientation blow molding thereof into a thin-wall hollow
molded article, characterized in that releasing of the preform
from the injection mold is carried out during the state where
the shape thereof can be maintained by a skin layer produced
in the surface by quick cooling and the state where internal
cooling is not yet finished and the temperature is high,
and orientation blow molding of the preform is carried out
within a time till a surface temperature of the preform which
rises by its own internal temperature reaches a pe;k

temperature.

~ —— "
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dition as descri bed one-sided wall thickness tends to occur, and rigidity
Is lost. According cooling time of a preformin an injection nold is imted
within a certain predetermined tine. However, cooling is different
according to wall thickness even in case of the sanme resin and further
different according to tem peratures of cooling water to be used therafor.
An al l owabl e range with the same wall thickness is nore or | ess one second
in case of polyethyene terephthalate. It is possible to obtain a surface

tenperature imrediately atter rel ease
FI1G.1

A\
\\\‘\\\\y\\§\!“ -~

~ / B

o :
\é /
3 |/ f
m A
P 5
QO
a 1
g s
] /

]

4

Time(Sec)

i Nl T



capabl e. of nol ding a narrow nouth container which is transparent and well

ordered in shave within the aforesaid allow able range. Snimlarly, with

respect to a preform made of pol ypropylens, the surface tenperature rapidly
rel ease at a roomtenperature and

rises froma tenperature at the tine of
reaches a peak, after which the peak tenperature is maintained for a |ong

period of time ard gradually | owers.
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Ti me- at -which tenperature of the whole preformis nmade uniformdue to the
I nternal tenperature is obscure fromthe change by passage of tinme of the
orientation blow nolding of a

hi gh- tenperature w de-nmouth preform orientation blow nolding is carried
orientation bl ow nol di ng was

surface t enper at ure.

out about 17 seconds after
tried around the diagonal

However ,

rel ease.

i n conventi onal

Ther ef or e.
line with such a tinme as descri bed used as a

standard. For a preformfor a w de-nouth contai ner,
wi de-nout h contai ner of which body portion is

a thin-wall

it was possible to nold
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transparent in about 17 seconds. However, in case of a preformfor a
narr ow nmout h contai ner which is large in orientation magnification than the

case of a wi de-nmouth container even those which are so large in draft as to
one-sided wall thickness and defective nolding of a

failing to provide a nolded article. However, even in

be easily rel eased,
when the surface tenperature inmmediately after

bottom of t en occur.
t he case of pol ypropyl ene,

release is [err] or
(C) FIG.5
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nore and the tenperature of orientation blow nolding is [err] or nore, a
narr ow nout h cont ai ner can be nol ded. The all owabl e range of cooling tine
with the sane wall thickness was nore or | ess 3 seconds. It is apparent
froman attenpt of orientation blow nolding that when orientation bl ow
nolding is carried out after passage of a given tinme for the purpose of
making a tenperature of a preformuniformafter release, the preformis
sub- jected to gradual cooling, and therefore, whiteness caused by
crystallization tends to occur. Naturally, it becones diff-
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cult. to.nmold a narrow nouth cont ai ner.
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Accordingly, hardness or ease of orientation blow nolding of a preform

rel eased at a high tenpreture is not only affected by unevenness of
tenperature but greatly affected by a conposition of a high-tenperature
pref orm whi ch changes by passage of tine, orientation blowtimng, etc. The
hi gh-tenperature preform 11 after release is lowin surface tenperature as
can seen in FIG 1 immediately after it is released fromthe injection
nol d. and therefore, the surface thereof forns a skin layer 12 having a

har dness.
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However: the formng condition of the skin layer 12 is different according
to the cooling speed. In the high-tenperature release, a central portion is
[ resin 13 has a fluidity to sone extent at a

i 12 of the

nor cool ed, and the internal
A drawdown is prevented by the skin |ayer
the formof the preform 11 i s maintai ned.

hi gh tenperature.
surface, and even after rel ease,
tenperature is rel eased outside as tinme passes and at the sane

The i nternal

time the skin layer 12 form ng the

‘©  FIG.9
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Injection orientation blow molding method
A NG OF THE INVENTION
Fieid of the invention
This invention ralates ta a maiding method for cantinuously performing arientation blow malding framt injection mold-
ing of a greform made of syrthetic resin to a thin-walt hallow molded aricle.
Briar At
As cna of malding methads generally called injection arienttation tlow moiding, thera is a 3-station meiding method

in which a mouth gortiont of an injecion moided préform is held by a lip mald and the preform is immediately ransterred

to a biow mcid for arientation blew malding.

In'a maiding mettiod of a 3-statian system disclased in Japanese Patert Application Laid-Opan Mo, §3-296921, ari+
eratien bicw malding is carried cut after inmer and outer temperawres of a praform released at a Migh temperature are
made unifarm by imeenal heat of the preform itself to eiminate a tamperature difference therebetwaen,

A tachnical idea for raleasing a prefarm at a high temperature is already disclosed in a maiding method of 4-station
system.

This molding method comprisas releasing a preform: made of injection maldad palyethylene tereghthalata in a range
of temperaturs at which shape s mairtairted at a high temperaturs, making uniform a temperanrg difference btween
inwrer and quter suriacas and aninternal cantar portion in the same plane saciion of the preform, and thereaiter adjustng
the temparatura of the praform to a high temperatura in excess of 95°C by external energy to effect biow maiding.

in the 3-staficn systam of which moiding steps comprige three steps, “injaction malding of a prefoent - arientation
btew maiding - remcvat of a meided artide™, a step of adjusting a tamperature to te carried out immediately befora ori-

antation Siow molding which is unavoidable in the 4-statian system raquiring four steps. injectien maiding of a preform

- temperature acjusmment - arientation tlow moiding - removal of a molded articte™ is nat requirad.

Theraicre, 4 temperature adjusting davice for a preform and cthar accessorial devices usad in the 4-station system
can be cmitted, and in acdition, thera is a merit in canstruction that the nurnber of nack molds aisa serving as a transfer
member for 3 graform is reducad by one. Moracver, thare is ecancmically advamtagecus in that malding cycla tme is
also shertanad and cast of machines is reduced.

Howevar, moided articles moided ty usa of the 3-station system tends ia be fimited to wide-mouth containers. This
is hecausa of he =c that an apertura of a preform is 8o farge that thers invalves na technical difficulty in designing a
draft cr taper frem an injection mold, a core and the like, and releasing at high lamgerature is easily carried cud.

In melding f namew-mauth containers such as bottles which are axtramely small in aperture of a preferm and leng
in orierned gortion and requira a large orientation magnification, the 4-station system capable of controlling temperature
immediately Sefora bicw malding has bean used int terms of difficulty of temperalure contral of a preform and liemitation
of dratt, :

The dificulty of tarmparature cantral of a preform in the 3-station system is that there is no means for coectly
detacting a state that a surface layer is heated by internial heat. and the temperature of the prefarm tecomes uniform.

. Therefore, crientation biéw timing is detesmined making rough estimation from a lapse of ime after release, and

. repeating a irial at that imae. R requires experiences and tima to effact the trial. In the case where rasint a5 a material is

palypropylans, it is often that the molding conditian samewhat differs according o the manufacture lot. Therefore, the
condition has g be sat as needed, thus inevitakly increasing a loss of products. -

A method having anly some of the fastures included in the preamile of daim 1 is disclosad in US-A - 2.331.702.
According to said mathod an injection moided thin-watled preform may be heated extarnally before blow mclding it in
order 1o improva its ability to be blow moided. The extecnal heating resuits in an aven tamperature distibution of the
preform and raquires a particular heating means rendering the method more expensive.

. JP-A-63 296 921 discloses lo even the temperature distribution across the wall thickness of 3 preform by using heat
wanster of the heat retained internally of the wall of the prefarm to the surface tharedf, tha preform being left as it is and
allowing the temperature distributon to became even. :

MMARY QF THE INVENTION

This invention has been camtemplated in arder (o salve the task of the high temperacure release in malding invalved
in the 3-station. An object of this inventian is to provide a new injectian oriemation blow moaiding which can mald narrgw-
mauth synthetc resin cantainers such as batdas, similarly to tha case of wide-mouth containars, without being subjactad
1o limitations of the shage, a drait, 2 wali-thickness distribution and ths lika of a praform, daspite the fact that preform
made af a crystalline resin is releasad at a high'zomperamre.




becones uniformand at the sane tinme. crystallization progresses. In the

hi gh-tenperature preformoil the surface tenperature reaches a peak, even
if the surface is solidified to formthe ssdn |ayer 12. the skin layer 12
is softened in the vicinity of the peak tenperature, which is in the state
where orien- tation can be made. A thick-wall portion which is high in
internal heat of the skin layer 12 is figst softened by heat received from

i nsi de.

it is a further object of s invention t provide a new injection crientatan blow muolding which can muid, by three
stations. bottla-ika containers which are less in strass and strain which are liable to occur 'when a low lemperatura pre-
form is onentation blow mrolded, witich are hard e axpesa ta shrinkage deformation at tha time af filling at a mgh tem-
peratura causad by the siress and strain, and which ars ransparent and crderty in distrioution of wall-thidquss.

# is anather abject cf this invention ta provide a rtew injectian crientagon biow maiding winch can carry cut the lem-
perature adjustment of various parts of 1 praform at he time of injectian mciding wherehy the anemation blow malding
can he materiaily shartened as compared with prior art 1o increase a praduction guantty per hour.

According ta a tirst featura of this inventicn lor achiaving e aforesard abjecs. in injecting and filling maltan resin
ita an infecdon meld ta farmitinto a preferm as required, heiding a mouth partion ¢t said preform by a lip meid o trans-
fer it from Me injection mold % a blow micld, and orientation ticw moicing the prefarm imta 3 thin-wail hailow moided
article as raquirad, releasing of said prefoerm irom the injection maid is carried aut during the state wharg the shape
theraof can be maintined by & skin layer prodticed in tha swface by quick cling and the state where internal cacling
is nct yet finished and the temperaturs is high. and the arientation Blew molding of the praferm is carried out within 3
tirme (il a surface lemparatura of tre creform which cises Dy its qwn inmernal temperature reachies a ceak amperatire,

According io 3 second fearurs of this invention, raleasing af a2 preform mada ot paiyetttylene teregithaiate from an
Injection moid is carried out in the range of temperatura ar which the surface temparature immediately aiter release is
abeve 50°C but below 70°C at a rarmal temperatura, ang arfernarian bicw melding is carried sut within a ime il the
surfaca temperatura of the preform reachas 2 peak temperatura in 2 temperatura ragion dbova 80°C but betow 95°C.

According to a third feattrs of this invention, relaasing of a preform mada of pclypropylens irom an injection moid
is carried out in the range of tamperatura at which the surfaca temperaura immediately after releasa is abova $0°C but
betow 100°C at a normal temperature, and arantation tiow moiding is carried out within a timte §if the surface tamper-
ature of tha creform reaches a paak tamperature in a temparawre ragion above 100°C cut baiow 122°C. A praform
made of thermeglastic synthetic resin such as galyethylene, polycartionars, atc. other than the afcramentioned resins
as a crystailine rasin can be orientation maided by similar means.

Accerding to 3 fourth fastura of this invention, intarnal heat of varicus perlicns of an criented particn of 3 preferm
is cantrolled by a temperatura ¢f a mald maintained ar a predatermined temperature ard an imemicnally adjustad wall-
thidanass disTibution of the praform, and an crientng condition of an griemed goriicn is cantreiled by a difference of
heat quantity which differs with the walt thickness o thersby make it unrecasary to adjust the temperatura after refease.

A bottle-lika cartainar cbtained by orientaton tlow melding according to this inventicn has less sirass and sirain
which ara liatle to accur when a low temperatura preiarm is orfermation blow moided. Accordingly, shrinkage and defor-
maticn: during high-tamperaturs filing 1o be caused by the strass and strain ara hard to occur. Containers macte of pol-
yathyiens ieraphthalate have an increasad heat resistance.

Sinca 3 craformis sriented witen tha intarior thareci is i a half molten sate, thers is hardly affected by unevenness
of tarrperanira, Sinca mciding is finished Before the imteriar of a praform is cryswalfized, a thin-wall containgr whichr is
transgarant and without one-sided wall thickness may e cotained.

Furthaamiera, sinca a skin layer is formed by quick cocling, releasing can ta made even if the intarior of a preform
is soit. Even 3 botde-ika narew-mouth camainer wiich has beern difticult 1o te releasad at an adequate temperature
and which has tesn requicad o adjus: a temperature in terms cf draft of a preform can be malded aasily even i a 3-
staticn similarly o the case of a wide-mouth container.

Macracver, time required %ar criematan blow maiding is materially short as campared with prior art, thus quickening
a muiding cycta and increasing a production amaunt pec heur.

BRIEF DESCAIPTION OF THE QRAWINGS

FiG. 1 is a secticnal view of 3 high-temperatura prafarm.
) FIG. 2 is a graph showing a change by passage of time af a igh-lemperarura praform obtained by injection maiding

a crystalline casin.

FIG. 3 is a graph shawing a change by passage of tima of tha surface temperature of a high-tamparature greform
of sarmpla No. 1 gbtained by injection maolding a palyethylene terepithalate.

FIG. 4 is a graph showing a change by passage of time of the surface tamperature of 3 high-temperatira of sample
No. 2 cbtained by injacticn maiding a palyethylane terephthalate.

£IG. 5 is a graph showing a change by passage of timae of the surface temperatura of a high-temperature preferm
of sample Na. 3 cbtainad by injection molding a polyathylene tereghtralate.

FIQ. § is a graph showing a change by passage of fime of ne surfaca ternperatura when a preform mada of poly-
ethylene tereghihatata is arfentation biow maided.

FIG. 7 is a graph showing a change by passage of ime of the surface lemparature of a high-temperature preform
@t sample No. 4 cbainad by injection malding a polypropyiene.

FIQ. 8 is 3 gragh shewing a change by passaga of time of the surface temparature when 4 prefarm made of poly-
peepylene is oriemagan biaw maided,



There is a tenperature difference between a thick wall portion and a thin
wall portion till some tinme passes after the surface tenperature reaches
the peak and the aforesaid difference is evident particularly before peak.
When orientation blow nolding takes place in such a state as described, the
skin layer on the side of the thick wall portion where nuch heat is
present, that is, on the side in which gurface tenperature is high is first
oriented in the state where, internal resin in a softened state is

enbr aced.

£1G. 9 is a graph showing 1 change by passage of time of tha surtace lampemiture when twa preforms which are
HNtarant in walt hickness ara origntation blow maided.

TAILE IPTIQN QF THE IN' TON

Noiten resin ig infected and filled inta a mald ta injection mald a pratorm 11 having a sectional construction showrt
int FIG. 1. and the prefrm is released while maintining a temperature as high as possitie fram an injecicon meid. When
the grafoem is leit as s at @ roorn tamperatura, the surface temperature of the preform changes as shown in FIG, 2,

The changa by passage of tima of the surface tamperature has a ditference lo some extent in tima dll i reaches a
peak temperature tut most thefmeplastic resins used to mald conminers indicata similar progress. A rise of inital sur-
faca temperature is caused by the fact that in a grefarm released at 3 high temparatura, the surface of cavity ¢f a moid
or the surfaca of a preferm in cantact with a core is sclidified by cociing the mold to form a skin layer but internal cooling
s nat yet finished and termperatura Is hight which is in a half-maiten state, and coaling is cut off by reieasing aftar which
the sidn layer is hearted fram inside.

Of coursa, in such a state, the temperawre of the preferm is not uniform except a mouth gortion completely cooled
ard schidified at the ime of release, When orientation biew maiding takes placa irt a state where a temparawre ditfer-
erce Setween inner and outer porticns of a prafarm is prasart, white turbidity due to crystalfizatien or orazing oczurs.
Therefora, in the afcrementioned canventional method, the termperature af the preferm is made uniform befare crienta-
tion blcwing.

According to the researches by the present invantor, tha white wrbidity of 3 mokled artide in the ariemtation blow
mciding citen rasuits from the temperature 6t crienation blow meiding rather than a temperature differenca between
inner and cuter poriens.

Acserding ba axpariments sa far conductad, in casa of palyethyfane tarsphthalate, when the surfaca tampecature of
a preform is less than 80°C, the white turbidity tends to occur. it was also found that when the surface temperature of a
preform immediately aftar releasa is 80°C or more and arientation bigw melding takes placa after passage of very short
Bmae, crazing raraly occurs,

it has been also itund however that aven such a case, when cooling ma is long and the lerrperaturea inreciatsly
after raleasais less than £0°C, the white turbidity tends lo occur in an articie injection blow moidad aven it the crientation
How maiding temperature is 80°C or mara.

In case of pciyethylena terapinthelate, when cooling time is set shorlly and the surfacs temgeraturs immediately
after retease is sat ic be 70*C or mare, the peak temperature is cftant 35°C or mere. In malding undar such a sat can-
dition as dascribed. one-sided wall thickness tands 1o ceaur, and rigidity is lost.

Aczordingly, cealing dme of 3 praferm in an injection meld is Gmited within a certain predeterminaed time. However,
cooling is differant according to wall thicknessas even in case of the same rasin and further different accarding o tam-
paraturas of cooling water la be usad therafor. An alfowable range with the same wall thickness is more or less one
sacond in case of polyethylane tarephthalate. it is possible o cbtain a surfaca temperature immediatety aftar ralease

capabie of moiding a nam:w-mcmh container which is ransparent and well ordered in shape within the afaresaid allow-

abte range. :
Similarly, with respectta a prefcrm made of palypropylans, tha surface temperature rapicly rises from a temperature

at the time of releasa at a room tamperatura and reaches a peak. after which tha peak temperature is maintained fora -

- long period of ima and gradually lowers.

Time at which temperature of the whala praform is made uniform due to the internal tempaerature is obscure from
the change By passage of ime of the surface tamperature. Howeveyr, in canventional ariemation blow moiding of a high-
temperature wide-maouth grafarm, crientation blow moiding is carried cut about 17 $ecands after refease. Therafore,
orientation Llow maiding was iried araund the diaganal line with such a time as described usad as a standard. Far 3
preform for a wide-mauth cantainer, it was possible to mold a thin-wall wide-mauth camainer of which body portion is
transparent in about 17 seconds.

- However. in casa of a preform for a2 narrow-mouth container which is larga in orientation magnification than the casa
ot a wide-mouth container, aven these which are so large in draft as to be agsily releasad, cne-sided wall thicknesses
and defective maiding of a battom aften cecur, failing to pravide a molded article.

Hawavar, avan in the case of palypropylene, when the surface temperature immediately after release is 90°C ar
mare and the temperature of arientation blow maiding is 110*C ar mare. a narrow-mauth cantainer can ba molded, The
allowable range of cogling ime with the same wail thickness was mare or [ess 3 secands,

It is apparant fram an attempt of ordentation blow maiding that when orientation blow moiding is carried out after
passage of a given tima for tha purpase of maling a temperature of a preform uniform after release, the preform is sub-
{ected to gradual coaling, and therefore, whitaness caused by crystailizaten tends ta occur. Naturally, it becomae diffi-
cult o mald a narrow-mouth container.



Naturally, the surface area increases due to the orientation and as the
result, the radiant surface becones |arge and the tenperature lowers to
elimnate a tenperature difference fromthe thin wall side. Furthernore
the tenperature on the thin wall side relatively rises, and subsequently,
orientation of the thin wall portion precedes. Such a nutual ori- entation
IS repeatedly carried out for an extrepgiy_short period of time, and the

i nternal tenperature with nmuch heat anmount during that period |lowers to a
tenperature suitable for orientation. And, the internal resin 13 so far

ori ented Whi | @ecerdingty. hardress or sasa of ariamatian biow maiding of 4 prefarm released at a high tamperalure is not anly
affected by unavenness ot temperature but greatly afected by a camposition of 3 high-temperatura prafcem which
changes by passage of ime, grientaton biow liming, 2te.

Tha high-temperature greform 11 alter ralaase is law in surface temperatura as can seen in FIG. 1 immediatety
after it is relaasad fom the imecdon mald, and therefora, the surface iereaf forms a sidn (ayer 12 having a hardness.
Hawever, tha forming candition of the skint fayer 12 is different accarding to the cooling speed.

In the high-temperature relaasa. a central partion is nor coolad, and tha internal redin 13 has a fhidity to same
extent at 3 high temperatre. A draw-down is crevanted by the siin fayer 12 of tha surface, and even after raleasa, the
ferm of the greform 11 is maintained.

The internal temperature is refeased outsida as time passas and at the sama time the skin fayer 12 lorming the
surfaca s heated fromtinsida. Therefore, tha surface temperatura abruptly rises, and the skin layer 12 hecomas softened
whereas the internal temperature lowars. Therefore, tha flawing portian is reduced toward the center partion,

The skir: layer 12 whase surface temperatura reaches a peak is thin ta a degree that forms a skin, and the intesior
theract is in a hait hardened state,

After the peak, the surace temperatura sloewly lowers as lime passas. As for the whale prefcrm, the temperature
becames uniform and at the same time, aystallization progressas.

In the high-tamperatura graform dil the surface temperature reaches a peak, even if the surfaca is safidified to form
the skin layar 12, the skin layer 12 is softened in the vicinity of the peak temperatura, which is in the state whare erien-
tarion can e mada.

A thick-wall certian which is high in internal heat of the skin layer 12 is first softenad by heat recaived frem inside.
Thera is a termperatuce ditferanca between a thick wail gorion and a thin wall portion till sorme time passas after the
surfacs tamperatre raachies the paal, and the aforesaid differencs is avident carticutarly before peak.

When orientation blow moiding takes place in such a state as described, the skin layer ¢n the side of the thick wail
portion whare much heat is prasant, thatis, on the side in which surfaca tamperatura i is hngh is frst oriented in tha state
whara, intarnal rasin in a seftaned state is embraced,

Naturally, the surtace area incraasas due lo the arfeatation, and as the result, the radiant surface becomes farga
and tha temgaraiura lowers o aliminate a temparature difference from the thin wail side. Furthermare, the temperaturs
on the thin wall side refadvely risas, and subsequermty, crientation of $he thin wall pertion precedes. Such a mutal ori-
entatcn is repeatedly carried out for an axtramely shert peried of time, and the internal temperatura with much heat
amauntduring that pericd lowers 10 3 temparature suitable for orientation. And, the internai resin 12 so far odented whils
baing accompanied by the skin layar 12 is thinly arented similarty t the skin layar 12 haifway, whereby a molded article
having 3 uriform disiibution of wall thickness is formed.

Acssrdingly, in tha injacion melding of tha grafcrm 11, {irst, orfentation ameunt of various gerdans of the preform
11 is &ken into cansideration in acvancea from the shage of a continer 14 1 be a moided article wheraby the wall-
thickeess cistributon of the varicus portiens is intentionally adjusted whereas the temperature of the injection mold is
maintained censiart. and praferably, coaling af the grefarm 1t maoided by being injected and filled in the cavity is uni-
foernly carried out at any pertion.

Fer the high-temperatura praform 11 formed with the siin layer 12 by quick ceafing, the best result was obtained
by maiding at the ime befcre the surfacs temperature reaches the peak. At the time seemad Io have reached the peak,
ane-sided wall hickness tands ta occur, failing 10 cbtain a good resuit.

The surface temperatura when arientation blow maiding takes place was 80°C or more and 110°C or more for pol-
yethylene terephthaiate and palyprepylene, respectively, and time after release was more or less 8 secands and mare
ar lass 14 seccnds ior the former and the larter, respectivaly.

- Heowevar, itis apparent fram the foregoing atternpts that the better result cannot be abtained unless the skin layer
N 12 is farmad by quick cocling, This seems to have resultad fram a difference of a crysalline state produced in the skin
‘layer 12 by cocling. A crystal due ia quick cacling forms a fine crysial. In casa of gradual codling, a crystal greatly grows,
= and jcining Gt crystais with each other is weaker than the fine <rystal.

Mcra grafarably, crienaticn blow maiding is carried out in the range of temperatura capabie of adapted io wall thick-
nesses of any portion of the preferm 11,

Accerding to the attempe by the present inventar, most conveniendy, if a difference of wall thickness is 0.25 mm or
S0, therais no much ciiferance in the peak temperature and the time Lill the peak is reached even if a differanca of sur-
Rce temperature immediataly after releasa is present. Maraaver, there involvas no much technical difficulty to limely
graspo the cemperature range to make arientadon blow maiding for both passible.

I the case where heat amaunt of various partians is canrralled in tha injecticn moid with a diffarance of wall thick-
nass intamicnally provided as a means for cantralling an ariantation degraa af variaus partians of the preform fram the
_ shapa of a moided article, the diffaranica of wall thickness is very minuta and is mostly within the allowable time including
" the diffaranca of wall thickness in casa of a tat cantainar which is materially different in ariemation degree between lat-
eral and longitudinal pertons therect,



bei ng acconpani ed by the skin layer 12 is thinly oriented simlarly to the
skin layer 12 hal fway. whereby a nolded article having a uniform
distribution of wall thickness is formed. Accordingly, in the injection

nol ding of the preform 11, first orientation anount of various portions of
the preform 11l is taken into consideration in advance fromthe shape of a
container 14 to be a nolded article whergghy the wall- thickness
distribution of the various portions is intentionally adjusted whereas the
tenperature of the injection nold is

Accordingly, there rvalves not much teckhmicat ditficulty in that the internat heat of various portions of the orignted
parffon of tha preform is comrallad by the termperature of the mokd maintained at constant lemperatura and ta inten-
thoratty adiusted wall thickness distribution of thae praform, and the arlenting condition of tha ariented portion is control-
ted by the cifferance of heat amoeunt diffarem acoarding to the wall thickness.

Embodimenn t

Molter resin of palyethylene terephthalate was injected and fifled inta an injection mald to fornt a narrow-mouth pre-
form 11 as shown in FIG. 1 by quick coaling.

Three examples of preforms different in wall thickness were infection moided changing cooling time sampfe by sam-
ple, and the change by passage of ime of the surfaca temperatra was meastred,

The preform is prepared for ane-litre contairer whasa overalf length is 124 mm. Temperatiiras of the preform were
measured at thres points, 30 mm. 60 mm, and 100 mm upwardly from the bottom, and temperatures to be measured
were art averave value.

As a te2mperalure measuring unit, & digial radiation thermaomaeter |IR-AHOT (made by KK China) was used.

The injection malding corditions are as foilows:

Weight of matarial 33gr
Injacion temparature 275°C
Moid temperature 13°C
Orait 1.5*
injecdcn and filfing time 8.3 sec
Necra: The meld tamperature means a cocling water temperatura of a cavity mold and a core micid,

FIGS. 3 to 5 show the change by passage of ime (average valus) of tha surface temperatures of the following sam-
ples at a roem temperature (224C), main peints af which are as given in Table 1 below.



mai nt ai ned constant. and preferably, cooling at the preform 11 nol ded by
being injected and filled in the cavity is uni- formy carried out at any
portion. For the high-tenperature preform 11 formed with the skin [ayer 12
by quick cooling, the best result was obtained by nolding at the tine
before the surface tenperature reaches the peak At the tinme seened to have
reached the peak one-sided wall thlcknegs tends to occur, failing to obtain
a good result

TABLE 1
Praform Wall thickneas {mm) | Cocling Time (sac) | Preform Temperaturs (*C) | Peak Time (sec)
1 sac after ralease | Peak
Sample Na.1 1 30 720 %6.0 11
2 is 68.7 8a.0 10
2.80 3 4.0 €8.0 86.0
4 45 66.9 .0
s s.0 6213 73.8
Sampie Na.2 1 3.6 713 g6.2 12
2 3.9 85.1 87.9 N & |
3.05 3 42 63.3 86.3 13
4 45 62.5 1 83.8 9
s 4.8 803 81.8 1Q
8 55 57.0 80.2 10
Sample Na.3 3 s 70.5 s2.8 11
_ 2 49 67.4 a7 12
3.30 3 5.2 63.2 8s.7 10
4 55 62.5 839
5 5.8 8Q.8 8.2
8 83 §8.0 79.0 11

Cocling ime is time after passage of injection and filing tme.

. For the above-described samples, oriantation blow moiding was carried out under biow air pressure of 14 lg/am®
t0 form 2 bote-fke container 14 as indicated by the broken line in FIG. 1. it has been found that the best result was
obtgined whan orientation biow maiding was camried cut within the time shown in FIG. §, that is, within time t between
time t, before the surface lemperaiura raaches the peak and time {; seemed 16 have reached the peak. However, in
case of a preform whosa sutface temperaturs immadiately after release is cuiside the range of 60°C ta 70°C at a normal

- temperature or a preform whase surface temperature at the tima of arientation blowing moiding is aulside the temper-
- anure region of 80°C to 95°C, sanisfactory moided articles were not obtained as shows in Tabis 2 below.
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| ayer 12 by cooling. A crystal due to quick cooling forns a fine crystal.
In case of gradual cooling, a crystal greatly grows. and joining of
crystals with each other Is weaker than the fine crystal. Mre preferably,
orientation blow nolding is carried out in the range of tenperature capable
of adapted to wall thick- nesses of any portion of the preform 11,
According to the attenpt by the presentginventor, nost conveniently, if a
di fference of wall thickness is 0.25 mm or

Emboctiment 2

Moften resin of palypropylene was injected and filled inta an injection moid to form & narow-mouth preiorm 11 as |
shiown in FIG. 1 similar to the casa of Embodiment 1 by quick caoling.

Eight preforms having the same wall thidaess wera injection mokied changing cadling time, and tha changa by
pasgsage of tima of the surface temperatures thereof at room lemperatura wera measured.

The infection moiding corditians ara as follows:

Waeight of rratarial 40¢gr
Infection temperature 240°C
Moaid temperatura {cacling water) 13°C
Oraft ' a0
Infeciion and filling time 6.0 sec.

FIG. 7 shows the change by passage of lime (average value) of the surface temmperatures ath following samples
at a rcom tampacatura (22°C), main points of which are as given in Table 3 befow.

TABLE 3 .
Preform wall thickness (mm) | Coaling Time (sec) | Preform Temperature (*C) | Peak Time (sac)

1 sec after release | Peak

Sarmpia No.4 ] 1.5 10S8.0 124.¢ 19

2 29 85.5 121.4 18

4.10 3 2.3 K0 1180 18

4 39 s 117.6 18

S 33 a1.8 1138 |. 18

§ 4.3 91.0 113.3 17

7 6.0 90.5 111.8 18

8 ss 89.0 110.§ 17

Fortmabme-desai:adsarpleNcJ anentahonbfowmld‘mgwaswnedwtundermaﬁprmdtz .
~  kglesrA-within the ime shown in FIG. 6 similar o the case of polyathylena terephthalate t form a batole-ike container
14 a5 indicated by the brokea ke it FIG. 1. it has been found that the bast resuit was obtained when orientation biow
moiding was carried out withint the time shcwn in FIG. 8, ma:ls.w:uwlnﬁmetbem:nﬁmquremmm
peraarereachcsmcp«kmdﬁmtzseemedbhaverud\edmepak
*  Howaver, in casa of 4 preform whese surface temperature immediately after releasa is outside the tangedso‘c
o 100°C at 2 normal temperature or a preforn whosa surface mmmgaﬁheﬂmeofmﬂonbmmgk
mﬁe the temperatira region of balaw 1107C or abave 123°C. satisfactory resuits were not obtained as shown in ﬁbte:
4 below.



so, there is no nuch difference in the peak tenperature and the tinme til
the peak is reached even if a difference of sur- |ace tenperature

i medi ately after release is present Moreover, there involves no much
technical difficulty to tinely grasp the tenperature range to nake
orientation blow nolding for both possible. In the case where heat anount
of various portions is controlled in tthinjection nold with a difference
of wall thick- ness intentionally provided as a neans for controlling an
orientation degree of various portions of the preformfromthe

. TABLE 4
Praform wail thickaress (mm) Termparaiure 1 Temperatura at orien- | Time of pus- Mokied state of
gec. after ralaasa | tation blow maiding sage (sec.) | maided articles. Wail
thidkness of body por-
tior: 0.5 mm
Sampte No.4 1 105.0 123.5 - 188 Bade, large one-sided
wall thickness, burst
2 95.3 120.8 14.5 Gaoed
4.0 3 3.0 117.3 138 Good
4 825 116.8 125 Goed
5 916 112.5 14.0 Good
8 910 113.0 14.0 Good
7 9.5 1113 14.0 Gaod
- | 83.9 -110.0 150 Bad, largs one-sided
wall thickness, burst

k is apparent from FIAS. 3 18 § showing the change by passage of ime that in injection moiding tha preform 11,
there is an allowable ranga of coctiing time. It is aisq apparent that when the allowable time are comparad between these
different in wall thidmess, thera is cooling ime adagted 10 each other.

FIG. 9 is a graph which gelects two cadiing time adapted to each other with respects m sample Nes. 1 and 2 from
Table 1 o depict the change by passage of fime of the surface lemperatuers in that case. A temperatura diffacence at
at the aficwable time of orlentation biow maiding of a thick wall thickness partiort D1 and a thin wall thiciaiess partion
02 was 2.5°C In 3.0°C, , .

Qriertation blow molding was carried out for 2 narrew-mouth container from a preform with distribution of wall thick-
mess intamionally changed.

Embodiment3

A preform 11 shown int FIQ. T whose wall thidmness is made thin from an upper portion taward a hattom theract so
as to have 3 difference in wall thickness distribution of the whale body was Injection maldedfmm palyethylene tereph-
thatate, and ane-iire cortainer 14 was arientation blow moided from the prefarm.

In injection moiding, intentionally, e walt thicaiess, 3.05 mm, of the D1 portion of the preform 11 is differentiated
from the wall thidmess, 2,80 mm. of the D2 portion. Furthermare, coaling ime adapted 1 the wall thicmesses forboth
was selectad from sample Nos. T and 2 in Table 1 mmmesumtmameofmpmfcrmumedmaﬂer
rdeaseummerangecfsa'cum‘c.

&mgn molding conditans;

Weight of material 3agr
Injection temperature 275*C
Moid temperature {cooling water) 13°C
Oratt - 1.5°
Injection and titling ime $.3 gec




shape of a nolded article, the difference of wall thickness is very mnute
and is nostly within the allowable tine including the difference of wall

t hi ckness in case of a flat container which is materially different—n—
orientation degree between lat- eral and |ongitudinal portions thereof.

This Sheet Has Been Replaced
Exanple 1;
Cocling time (1) [ 415ec
Surfaca remperatura (D7)
vrmrediately after release | 53.8°C
At biow moiding 8s5.7°C
Surface tempaerature (02)
irmediately after releasa | 68.0°C
At blaw molding 86.0°C
Exampla 2
Caaling time (2) P.S sec.
Sextaca temperature (D1)
Immediately aftar release §2.4°C
At blaw molding 82.5°C
Surface temperature (D2)
Immediately after release §7.0°C
Time of passage (after release) | 7.5 sac.
Blow air pressurs 14 ke

- Inthe Examples 1 and 2, e molded state of the crientation biaw makied container 14 was good. The transparency
dhanﬁwkwglmmeﬁedwﬂlmidmessm«edmhamyrmed.tﬂhmﬁﬁdam(oam)cf
© " hisunderstood fram thre foregoing that the most preferable maiding method for'the 3-station syater is to adjust wall
. thicknesses of various portions of ariented portions of a preform according ko an arenming s@te and control an orientng
: sﬂfedmoﬁunndp«ﬂonhnadfgemwe of heat ameurnt diffarent according (o the wall thickness, in other words, to
' myaaodmtaﬁonummd&vhmnsmewhemmemmcdmeprefomkmaaw;w
afamnmanbeaﬁyandcbygﬂmgammldorapptyingapaddlnqmmm«hhwa

o deflcate difference of wall thidewss can be aiso provided.

Claims

1. Aninjection orientation blow moiding method comprising the steps of infecting and filing moiten resin ino an injec-
ﬂonnnldblorm!thtaapubm(n).saidinicaionmldcamprlsinqa!lpmoldhd&tgammduid
praform (11), . ' .
quick cooling the praform (11) in the injection mald to & stata in which the shape of the prefoem (11) can be main-
!ainndbvasldﬂhy«(12)woducsdonMes«xfacaafhepr«brm(ﬂ)bysaldmwhwhidlmmn
in the resin (13) internally of the skin Is sdil high, . : . . :
releusing the preform (11} from the injaction mald di:ing said state whila the preform (11) ig hald in said ip mold.
transferring the pralorm {11) from said injaction makd 1o a blow moid whila heid in sakd g moid, o

: N\



Accordingly, there involves not nmuch technical difficulty in that the

i nternal heat of various portions of the oriented portion of the preformis
controlled by the tenperature of the nold maintained at constant
tenperature and the inten- tionally adjusted wall thi ckness di StWﬂ

of the preform and the orienting condition of the ori elmts%deep%fge

control- led by the difference of heat gpount di fferent e
wal | thickness. , m”,r 'l

&na biaw moalding in said biow mokt a thin-wail hallow articla (14) from said-preform (11),
chraracterised In that said hailow arricla {14) is arientation blow maided within a lime after cefease of the preform
{11) from the injection moid unti tha surface temperature of tha peaform (11), which rises respansive to heatranster
fram the resin (13) imternal of the skin {12) w the surfaca of the praform (11), reaches a peak temperature.

A methed as claimed in claim 1 for malding a hallow articte of palyethylene tecaphthalate, characterised [n that the
praform (11} is cocled (o suctt an extant that irmmaediactaly aftar release ot the prafarm (11} from tha injection maid
to air at normal terrparature ha surface termperatura of the prafarm {11) is above 60°C but below 70°C and that the
orientation blow meiding s carried out within a lima umil the surface temperature aof the praform (11) reaches apeak
tempearatura akova 80°C but belew 95°C.

L

3. A methed as claimed in claim 1 for mwiding a hallow article of polygrapylena, characrerised in that the preform
(11} is coaled to such an extent that immediately after reteasa of the preform (11) from the injection meid o air at
norral tamperature the surface temperatura of the preform {11) is above 90°C but below 100°C, and that the ori-
entaticn blew molding is carred out within a dme until the surface temperatura of the preform (11) reaches a peak
temperature abeve 100°C but halaw 122°C,

4. A methed as claimed in claim 1, wherein the resins used to form the preform (11) comprise Gysiatiine resins such
as polyethylene and palycarbenate.

& A methad as claimed in any of dlaims 1 0 3 wherein tha arientation degree of an ariented gorficn of tha haflow
article(14} is centralled by controlling the quarntity of heat included int the carresponding perticn of the prefarm (11)
and that said quantity of heat is contralled by intentionally adjusting the wall thickness af the cotresparding perdan
of the preform (11} while the tamperaturs of the injaction maid is maintained at a predetermined valua.

- 6. A methed as claimead in any of daims 1 1o 2 and S wherein the cooling time is so selected that for any wall thick-
nessas presant in the preferm (11) the surface temperature after releasa of the preform (11} aliews orieqtation bicw
molding of the hallow articla {14) as defined in ¢laim 1.

7. A msthod as claimed inany of glams 103 and 5 and § wherein the degree of crientaficn of various partions of
the hotlow article (14) is adjusted by intentionally adjusting the walt thickness in respectively carrespanding portiens
of the injection malded preform (11).



Enbodi ment 1 Molten resin of poyethylene terephthal ate was injected and
filed into an injecion nold to forma narrownouth pre- form 1l as shown in
FIG 1 by quick cooling. Three exanples a preforns different in wall
t hi ckness were injection nolded changing cooling tinme sanple by sam pte.
and the change by passage of time of the surface tenperature was neasured.

: -12 -

INJECTION ORIENTATION BLOW MOLDING METHOD

ABSTRACT

A molding method for continuously carrying out the
steps from injectioa molding of a synthetic resin preform
to orientation blow molding thereof ianto a thin-wall hollow
molded articlé, characterized in that releasing of the preform
from the injection mold is carried out during the state where
the shape thereof can be maiantained by a skin layer produced
in the surface by quick cooling and the state where internal
cooling is not yet finished and the temperature is yigh,
aand orientation blow moldiang of the preform is carried out
within a time till a surféce températuré of the preform whiqh
rises by its own internal temperature reaches a peak

temperatute.

FIGURE 2.



Thée preformis prepared for one-litre container whose overall length is 124
.mm Tenperature of the preformwere neasured at three points, 30 nm 60 mm
and 100 mm upwardy fromthe bottom and tenperatures to be nmeasured were an
average value. As a tenperature neasuring unit a digital radiation

t hernmonmet er | R-AHOT (made by K. K Chino) was used. The injection noldng
conditions are as foll ows: 1
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Wei ght of materi al 33 [err] Injection

tenper at ure [err] Mold tenperature
[err] Draft [err] Injection and
filling tine 5.3 sec.
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Note: The nold tenperature neans a cooling water tenperature of a cavity
mold and a core nold. FIGS. 3 to 5 show the change by passage of tinme
(average value) of the surface tenperatures of the followi ng sam ples at a
roomtenperature [err]. main points of which are as given in Table 1 bel ow
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Perform
Peak Sanple No. 1

11

rel ease

72.0 96.0

t hi ckness (nm) Cooling Tine (see)

Peak Tinme (sec) 1 sec after

Pr ef orm Wal |
3.0

Tenperature [err]
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2 3.5 68. 7 88. 0 10 2.80
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6 6.5 58.0 79.0 11 Cooling tinme is
time after passage of injection and filling tinme For the above-described
sanpl es, orientation blow nolding was carri ed out under blow air pressure
of 14 [err] to forma bottle-like container 14 as indicated by the broken
line in FIG 1. It has been found that the best result was obtai ned when
orientation blow nolding was carried autgw thin the time shown in FiG 6
that is, within time t between

e F1G.9
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ne [érr] before the surface tenperature reaches the peak FEHBA&?EMEN'[BHEET
seémed to have. reached the peak. However, in case of a preformwhose

surface tenperature inmediately after release is outside the range of [err]
to [err] at a nornal tenperature or a preformm@g@EAgngqmratgge at
the time of orientation blowing nolding is ”“EBD@L% 60 [ BIIBET IO @l gl BB on
of [err] to [err], satlsfactory nol ged. arti ¢l BECMERE )notp Eahng §d§.h9m
in Table 2 bel ow. N ; 03 Drawing(s) : paced ..... ~ t0 paged . i
£} Abstract  :paged ... . to paged .....

Bxamele 1 paTE o receer.. 3A[TE |
Caoling ima (1) | 413ec
Surface emperafura (071)
trmeciataly after release | 63.8°C
At tlew meiding 85.7°C
Surfaca lemparatura {02}
Irrmiediately after releasa | 63.0°C
At hlew meiding 86.0°C
Example 2
Cocling time (2) 4.5 sec.
Surtaca terperature (D1) .
mmediately aftar release §2.4°C
At Hew makiing 82.5C
Surface temperature (D2)
Irrneciiately after ralaase €7.0°C
Atblow maiding |82.6°C
Tima of passaga (after releasea) | 7.5 sec
Blow air pressure 14 kg

It the Examples 1 and 2, itve molded state of the crientation blaw maided cantainer 14 was goodt. The transparency
of the container is excellent, one-sided wall m:dq-essmmfwashatdlyrecogned. arddnwdhdﬂnss(o.zm)of
the body partion was uniforme.

kkwmmmMMhemtpreWemdd‘mgme&cdbfhea-shﬁaﬂsﬂtsnub@stwau
mdcmdmodeWWdapmmbmmmgmwmmmmg
sufedawmmm:dﬂemofhmmdﬂfemtammmtmw hickness, in gther words, ko
mmdmmMmmaﬂmwﬂﬁa tha tamperatura of the peefenm is uneven is 2 whole. Adjushment

ot 2 wall thiciqiess can be sasily meda by grincing a cors moid or agplying a padding through plating or the e, and a
deflcate diferanca of wall thicdnass can e also provided.



Claims

1.

.bd

REPLACEMENT SHEET

| R UK 08 T

Aninjecion oriemation taw makiing method comprising the stegs of injecting and fiing maitan resia It an infec-
tan makd to form it inta a peaform (11), said injaction mald comprising a lig mald holding 2 mouth pordan of gaid
preform (113, :

quick cooling the praform (11} in the injection mald ta 4 stata in which the shape of the prafarm (1) can e main-
tainad by a skdin tayer (12) produced on the surfaca of tha praform (11) by said coling and in which the tenmeratura
in the resin (13) internally of ihe kin is sdll high,

releasing the preform (11) from the injaction maid dtking said smte whila the preform (11) Ie heid i gald g mold,
transferring the preform {11} from said injacicn moid 1o 2 blow maid while heid in sald lin mold,

and bicw moaicing in said dlaw moid a thinwall hallaw articie {14} from said-peeform {11),

charactarised In that said hallow articla (14) is arientation tiow malded within a time aiter relaase of the praferm
(11} romihe injection meid untt tha surtace temperature of the praform (11, which risas respensive 10 heat ransfer
frem e resin {13) intaeral of tra sidn {12) to tha suriaca of the prafeem (11}, reaches a peak lemperatura.

11

A mathed as claimed in chaim 1 for malcing 3 hdlow aricla of galyathylane terapitthalats, charcterised (n that e
praform (11) is coclad 16 SUch an axtant that immediataly aftar releasa ot tha pralarm (11) kom the injecion maid
to air at normal termperatra the surface temparawes of the craform (11) is above 60°C But below 70°C and that tha

arientation tiow mciding is cartiad autwithin a ima unti the surfaca temparatura of the grafcem (1 1) ceaches agask
tempecatura abava 90°C dutkelow 5°C.

A methed 3s claimad in daim 1 for moiding a hoilew anicla of palypropylens, characerised in that e prafcrm
{11} is cooled ta such an extent that immediately after releasa of the preform (1) rom tha injection meid w ar at
normal tamperature tha surfacs temperatura of e graform (11) is above S0°C but below 100°C, and that the cri-

emtaticn blow melkding s camied out within a ime untl tha suriace tamperatura of tha preform (11) reaches a peak
temperatura abava 100°C bt below 122°C.,

A methcd as claimed in claim 1, wherein the resins used o foam the preform (11) cemprise gystlline resins such
as palyethylene and peiycarienate.

A methext as claimed in any of caims 1 © 3 wherein tha crientation degree of an criented porticn of the haflow
artide(14) is controlled by contraliing the quantity of heat inchuded in the carresnonding perticn of the preform (11)
and that said quamity of heat is controlled by intentionaily adjusting the wall thickness ct e corresparding pertion
of the preform (11) while the temperaturs of the injeciicn mald is maintained at a gredatermined value.

A method as ctaimad in any of daims 1 1o 3 and S wherein *he cocling time is o selected hat for any wall thick-

nessas prasantin the preform (11) the surface temperatura atter release of e preiorm (11) aliows cdentaticn bicw
maicing of the hallaw artdcia {14} as defined in caim 1.

A rmethed as claimed inany cfclaims 1 ta3 and § ard & wharein the degree of orientafian of varicus portions of
the hoflow articls {14) is adjusted By intandenally adjusting the wall thickness in respectively carespending perders
of the injection melded praferm (11).



-8- Enpodinent 2 Mdlten. resin of polypropyl eng pm@gﬁ,gg@rragﬁgmg leqgd nto
an injgcti | f n ow nmout h pref ¢r t%l gL,@r,gEo
the case oﬁ%(%%eﬁﬁgrf% qﬁsldék cqoling. E ¢ gﬂérp gi(.sam
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TITLE OF THE INVENTION

INJECTION ORIENTATION BLOW MOLPING METHOD
BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a molding method for
continuously performing orientation blow molding from
injection molding of a preform made of synthetic resin
to a thin-wall hollow molded article.

Prior Art

As one of molding methods generally called injection
orientatidn blow molding, there is a 3;station molding
method in which a mouth portion of an injection_holded
preform is held by a lip mold and the preform is immediately
tran;ferred to a blow mold for orientation blow molding.

In a2 molding method of a 3-station system disclosed
in Japadese Patent Application Laid-Open No. 63-296921,
orieantation blow molding is carried out after inner and
outer temperatures of a prefofm released at a high temperature
are made uniform by internal heat of the preform itself
to elminate a temperature difference therebetween.

A technical idea for releasing a preform at a high
tempéfature is already disclosed in a molding method of

4-station system,

This molding method comprises releasing a preform

D
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passage of tinme L gnper at ur es thereof at room tenperature
e IpaREN S

wer e neasur ed.

mat eri al

tenperature (cod
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made of injection molded polyethylene terephthélate in

a range of temperature at which shape is maintained at

a high temperature, making uniform a temperature difference
btween inner and outer surfaces and an internal center
portion in the same plane section of the pfeform, and
thereafter adjusting the temperature of the preform to

a high temperature in excess of 95°C by external energy

to effect blpw molding.

In the 3-station system of which molding steps
comprise three steps, "injection molding of a preform -
orientation blow molding - removal of a molded article",

a step of adjusting a temperature to be carried out ‘
immediately sbefore orientation Blow molding which is
unavoidable in the é-sta;ion system requiring four steps,
"injection molding of a preform - temperature adjustment
- orientation blow molding - removal of a molded article”
is not required.

Therefore, a temperature adjusting device for a
preform and other accessoriai devices used in the-d-station
system can be omitted, and in addition, there is a merit
in construction that the number of neck molds also serving
as a transfer member for a preform is reduced by one.
Moreover, there is economically advantageous in that molding
cycle time is also shortened and cost of machinés is reduced.

However, molded articles molded by use of the 3-
station system tends to be limited to wide-mouth containers.

This is because of the fact that an aperture of a preform
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is so laige that there involves no tecﬁnical diffi;ﬁlty
in designing a draft or taper from an 1njec£ion mold, a
core and the iike, and releasing at high temperature is
easily carried out. .

In molaing éf narrow-mouth containers such as bottles
which are extremely small in aperture of a preferm and
long in oriented portion and require a large orientation
magnification, the 4-station system capable of controlling
temperature immediately before blow molding has been,u;ed
in terms of difficulty of temperature control of a preform
and limitation of draft.

The difficulty of temperature control of a preform
in the 3-station system is that there is no means for
correctly detecting a state that a surface layér is_heated
by internal heat, and the temperature of the preform becomes
uniform.

Therefore, orientation blow timing is determined
making rough estimation from a lapse of time after release,
and repeating a trial at that"time. It requires ekperiences
and time to effect the trial. 1In the case where resin -
2s a material is polypropylene, it is often that the molding
condition somewhat differs according to the manufacture
lot. Therefore, the condition has to be'set as needed,
thus inevitably increasing a loss of products.

SUMMARY OF THE INVENTION

This invention has been contemplated in order to

solve the task of the high temperature release in molding
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n the 3-station. An object of this invention

121.
118.

is to provide a new injection orientation blow molding
which can mold narrow-mouth synthetic resin contalners
such as bottles, similarly to the case of wide-mouth
containers, without being subjected to limitations of the
shape, a.draft, a wall-thickness distribution and the like
of a preform, despite the fact that a preform made of a
crystalline resin is released at a high temperature.
It is a further object of this invention to brovide
a new injection orientation blow molding which can mold,
by three stations, bottle-like containers which are less
in stress and strain which are liable to occﬁr when a low
temperature, preform is orientation blow molded, which are
hard to expose to shrinkage deformation at the time of
filling at a high temperature caused by the stress and
strain, and which are transparent and orderly in distribution
of wall-thickness.
It is another object of this invention to pro;ide
a2 new injection orientation biow molding which can—carry
out the temperature adjustment of various parts of a preform
at the time of injecfion molding whereby the orientation
blow molding can be materially shortened as compared with
prior art to increase a production quantity per hour.
According to a first feature of this invention for
achieving the aforesaid objects, in injecting and filling
molten resin into an injection mold to form it into a preform

as required, holding a mouth portion of said preform by

.
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a lip mold to transfer it from the injection mold to a
blow mold, and orientation blow molding the preform into

a thin—wail ho}low molded article as required, releasing
of said preform from the injection mold is carried out
during the state where the shape thereof can be maintained
by a skin layer produced in the surface by quick cooling
and the state where internal cooling is not yet finished
and the temperatﬁre is high, and the orientation blow molding
of the preform is carried out within a time till a surface
temperature of the preform which rises by its own internal
temperature reaches a peak temperature.

According to a second feature of this invention,
releasing of a preform made of polyethylene terephthalate
from an injeérion mold is carried out in the range of

" temperature at which the surface temperature immediately
after release is above 60°C but below 70°C at a normal
temperature, and orientfation blow molding is carried out
within a time till the surface temperature of the preform
reaches a peak temperature in a temperature region above
80°C but below 95°C.

According to a third feature of this invention,
releasing of a preform made of polypropylene from an
injection mold is carried out in the range of temperature
at which the surface temperature immediately after release
is above 90°C but below 100°C at a normal temperature,
and orientation_blow molding is carried out within a time

till the surface temperature of the preform reaches a
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sfiperature region above 100°C but
below 122°C. A preform made of thermoplastic synthetic
resin such as polyethylene, polycarbonate, etc. other than
the aforementioned resins as a crystalline resin can be
orientation molded by similar means.

According to a fourth feature of this invention,
internal heat of various portion§ of an oriénted portion
of a preform is controlled by a remperature of a mold main-
tained at a predetermined temperature and an inteationally
adjusted wall-thickness distribution of the preform, and
an orienting conditiog of an oriented portion is controlled
by a differeance of heat quantity which differs with the
wall thickness to thereby make it unnecesary to adjust
the temperature after release.

A bottle-like container obtained by orientation
blow molding according to this invention has less stress
and strain which are liable to occur when a low temperature
preform is orientation blow molded. Accordingly, shrinkage
and deformation during high-rémperature filling to be cause§
by the stress and strain are hard to occur. Cohtainers
made of polyethylene terephthalate have an increased heat
resistance.

Since a preform is oriented when the interior thereof
is in a.half molten state, there is hardly affected by
unevenness of temperature. Since molding is finished before
the interior of -a preform is crystallized, a thin-wall

container which is transparent and without one-sided wall
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thickness may be obtained.
Furthermore, since a skin layer is formed by quick

cooling, releasing can be m;de even if the 1nferior of

~a preform is soft. Even a bottle-like narrow-mouth container

which has been difficult to be released at an adequate
temperature and which has been required to adjust a
temperature in terms of draft of a preform can be molded
easily even in a 3-station similarly to the case of a wide-
mouth containef..

Moreover, time required for orientation blow molding
is materially short as compared with prior art, thus quicken-
ing a molding cycle and increasing a production amount
per hour.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a high-temperature
preform.

FIG. 2 is a graph showing a change by passage of
time of a high-temperature preform obtained by injection
melding a crystalline résin. i

FIG. 3 is a graph showing a change by passage of
time of the surface temperature of a high-temperature preform
of sample No. 1 obtained by injection molding a polyethylene
terephthalate.

FIG. 4 is a graph'showing a change by passage of
time of the surface temperature of a high-temperature ;f

sample No. 2 obtained by injection molding a polyethylene

“ﬁﬁ?iﬁ?i‘iiff i rm

terephthalate.
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FIG. 5 is a graph showing a change by passage of
time of the surface temperature of a high-temperature
preform of sample No. 3 obtained by injection molding a
polyethylene terephthalare.

FIG. 6 is a graph showing a change by passage of
time of the surface temperature when a preform made of
polyethylene terephthalate is orientation blow moldéd.

FIG. 7 is a graph showing a change by passage of
time of the surface.temperature of ; high-temperature
preform of sample No. 4 obtained by.injection molding a
polypropylene.

FIG. 8 is a graph showing a change by passage of
time of the surface temperature when a preform made of
polypropylene is orientation blow molded.

FIG. 9 is a graph showing a change by passage of
time of the surface temperature when two preforms which
are different in wall thickness are orientation blow molded.

DETAILED DESCRIPTION OF THE INVENTION

Molten resin is injected and filled into a mold
to injection mold a preform 1l having a sectional
construction shown in FIG. 1, and the preform is released
while maintining a temperature as high as possible from
an injection mold. When the preform is left as it is at
a room temperature, the surface temperature of the preform
changes as shown in FIG. 2.

The change by passage of time of the surface

temperature has a difference to some extent in time till
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it reaches a peak temperature but most rhermoplastic resins

i

used to mold containers indicate siqilar progress. A

rise of initial surface temperature is caused by the fact
that in a preform released at a high temperature, the surface
of cavity of a mold or the surface of a preform in contact
with a core is solidified by cooling the mold to form a

skin layer but internal cooling is not yet finished and
temperature is high which is in a half-molten state, and
cooling is cut off by releasing after which the skin layer

is heaf;d frog inside. | -

Of course, in such a state, the temperature of the
preform is not uniform except a mouth portion completely
cooled and sok¥idified at the time of release. When orien-
tation blow molding takes place in a state where a temperature
difference between inner and outer portions of a preform
is present, white turbidity due to crystallization or crazing
occurs. Therefore, in the aforementioned conventional
method, the temperature of the préform is made uniform
before orieatation blowing. _ -

According to the researcheé by the present inventor,
the white turbidity of a molded article in the orieatation
blow molding often results from the temperature of orien-
tation blow molding rather than a témperature difference
between inner and outer portions,.

According to experiments so far conducted, in case
of polyethylene terephthalate, when the surface temperature

of a preform is less than 80°C, the white turbidity tends
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to occur. It was aiso found that when the surface témperature
of a preform immediately after release is 80°C or more

and orientatlon blow molding takes place after passage

of very short time, crazing rarely occurs.

It has been also found however that even such a
case, when cooling time is long and the temperature imediately
after release is less than 60°C, the white turbidity tends
to occur in an article injection blow molded even if the
orientation blow molding temperature 'is 80°C or more.

In case of polyethylene terephthalate, when cooling
time is set shortly and the surface temperature immediately
after release is set to.be 70°C or more, the peak temperaturé
is often 955C or more. 1In molding under such a set condition
as described, one-sided wall thickness tends to-occur,
and rigidity is lost.

Accordingly, cooling time of a preform in an injection
mold is limited within a certain predetermined time. However,
cooling is different according to wall thicknesses even
in case of the same resin and furrhﬂt lifferent acéording
to temperatures of cooling water to be used therefor.

An allowable range with the same wall thickness is more

or less one second in case of polyethylene terephthalate.
It is possible to obtain a surface temperature immediately
after release capable of molding a narrow-mouth container
which is transparent and well ordered in shape within the

aforesaid allowable range.

Similarly, with respect to a preform made of
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polypropilene, the surface temperature rapidly rises from
a temperature at the time of release at a room temperature
and reachés a ieak, after.which the peak temperature is

maintained for a long period of time and gradually lowers.

Time at which temperature of the whole preform is
made uniform due to the internal temperature is obscure
from the change by passage of time of the surface temperaturé.
However, in conventional orientation blow molding of a
high-temperature wide-mouth preform, orientation blow molding
is carried out about 17 seconds after release. Therefore,
orieantation blow molding was tried around the diagonal
line with such a time as described used as a standard.

For a preform, for a2 wide-mouth container, it was possible
to mold a thin-wall wide-mouth container of which body
.porrion is traasparent in about 17 seconds.

However, in case of a preform for a2 narrow-mouth
container which is large in orientation magnification than
the case of a wide-mouth container, even those which are
so large in draft as to be ea;ily released,.one—siéed wall
thicknesses and defective molding'of a. bottom often occur,
failing to provide a molded article.

However, even in the case of polypropylene, when
the surface temperature immediately after felease is 90°C
or more and the temperature of orientation blow molding
is 110°C or more, a narrow-mouth container can be molded.
The allowable range of cooling time with the same wall

thickness was more or less 3 seconds.
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FIG 9 is a graph which selects two cooling tinme adapjed To €ach othef with
respects to sanple Nos. 1 and 2 from Table 1 to depi ct thq;
passage of time of the surface tenperatures in that casq. “A tenperatufe
difference [err] at the allowable tine of orientation |bltew-reteirag—efa;
thick wall thickness portion [err] and a thin wall thijckness portion [ekr]
was 2.5[err] to 3.0[err] Orientation brok2nol di ng was ‘carried—out Tor a
narrow nouth container froma preformdistribution of wall thick-

It is apparent from an attempt bf orientation blow
molding that when orientation blow molding is carried out
after passage of a given time for the purpose of making
a temperature of a preform uniform after release, the preform
is subjected go gradual cooling, and therefore, whiteness
caused by crystallization .tends to occur. Naturally, it
becomes difficult to mold a narrow-mouth container.

Accordingly, hardness or ease of orientat&on blow
molding of a preform released at a high temperature is
not only affected by unevenness of.temperature but greatly
affected by a composition of a high-temperature preform
which changes by passage of time, orientation blow timing,
etc.

The high-temperature preform 11 after release is
low in surface temperature as can seen in FIG. 1 immeqiately
after it is released from the injection mold, and therefore,
the surface thereof forms a skin layer 12 having a hardness.
However, the forming condition of the skin layer 12 is
different according to the cosligg speed. -

In the high-temperature release, a central portion
is not cooled, and the internal resin 13 has a fluidity
to some extent at a high temperature. A draw-down i;
prevented by the skin layer 12 of the surface, and even’
after felease, the form of the preform 11 is maintained.

The internal temperature is released outside as

time passes and at the same time the skin layer 12 forming

the surface is heated from ianside. Therefore, the surface
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temperature abruptly rises, and the skin layer 12 becomes
softened whereas the internal temperature lowers. Theréfore,
the flowing portion is reduced toward the center portion.

The sk;n layer 12 whose surface temperature reaches
a peak is thin to a degree that forms a skin, and the interior
thereof is in a half hardened state.

After the peak, the surface temperature slowly lowers
as time passes. As for the whole preform, the temperature
becomes uniform and at the same time, crystallization
progresses.

In the high-temperature preform till the surface
temperature reacheé a peak, even if the surface is solidified
to form the’skin layer 12, the skin layer 12 is softened
in the vicinity of the peak temperature, which is in the
state where orientation can be made.

A thick-wall portion which is high in internal heat
of the skin layer 12 is first softened by heat received
from inside. There is a temperature difference between
a thick wall portion and a thin wall portion till some
time passes after the surface témperature reaches the peak,
and the aforesaid difference is evident ﬁarticularly before
peak.

When orientation blow molding takes place in such
a state as described, the skin layer on the side of thg
thick wall portion where much heat is present, that is,
on the side in which surface temperature is high is first

oriented in the state where.inrernal resin in a softened
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portion. Futhernore, cooling

i

Naturally, the surface area increases due to rhe

orientation,

and as the result,

the rédiant surface becomes

large and the temperature lowers to eliminate a temperature

difference from the thin wall side.

temperature on the thin wall
subsequently, orientation of
Such a mutual orientation is

an extremely short period of

Furthermore, the

side relatively rises, and

the thin wall portion precedes.
repeatedly carried out for |

time, and the internal

temperature with much heat amount during that period lowers

to a temperature suitable for orientation.

And, the internal

resin 13 so far oriented while being accompanied by the

skin layer 12 is thinly oriented similarly to the skin

layer 12 halfway, whereby a molded article having a uniform

distribution of wall thickness is formed.

Accordingly, in the injection molding of the preform

11, first,

orientation amount of various portioas of the

preform 11 is taken into consideration in advance from

the shape of a container 14 to be a molded article whereby

the wall-thickness distribution .of the various portions

is intentionally adjusted whereas the temperature of the

injection mold is maintained

constant, and preferably,

cooling of the preform 11 molded by being injected aand

filled in the cavity is uniformly carried out at any portion.

For the high-temperature preform 11 formed with

the skin layer 12 by quick cooling, the best result was

obtained by molding at the time before the surface
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At the time seemed to have

témperature reaches the peak.
reached the peak, one-sided wall thickness tends to occur,
failing to obtain a good result.

The surface temperature when orientation blow molding
takes place was 80°C or more and 110°C or more for poly-
ethylene terephthalate_and polypropylene, respectively,
and time after release was more or less 8 seconds and more
or less l4 seconds for the former and the latter, respectively.

Howéver, it is apparent from the foregoing attempts
that the better result cannot be obtained unless the skin
layer 12 is formed by quick cooling. This seems to have
resulted from a difference of a crystalline state produced
in fhe skin'layer 12 by cooling. A crystal due.to quick
cooling form; a fine érystal. In case of gradual cooling,

a crystal greatly grows, and joining of crystals with each

~ other is weaker than the fine crystal.

More preferably, orientation blow molding is carried
out in the range of temperature capable of adaptedmro wall
thicknesses of any portion of the preform 1l1l.

According to the attempr.by the preseat inveantor,
most conveaniently, if a difference of wall thickness is
0.25 mm or so, there is no much difference in the peak
temperature and the time till the peak is reached even
if a difference of surface temperature immediately after
release is present. Moreover, there involves n¢ much
technical difficulty to timely grasp the temperature range

to make orientation blow molding for both possible.
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In the case where heat amount of various portions
is controlled in the injection mold with a difference of.
wall thickness intentionally provided as a means for control-
ling an griedtatiog degree of various portions of the
preform froﬁ the shape of a molded article, the difference
of wall thickness is very minute and is mostly within the
allowable time including'the difference of wall thickness
in case of a flat container which is materially different
in orientation degree between lateral and longitudinal
portions thereof.

Accordingly, there involves not much technical
difficulty in that the internal heat of various portions
of the orierdted portion of the preform is controlled by
the temperature of the méld maintained at constant
température and the intentionally adjusted wall thickness
distribution of the preform, and the orienting condition
of the oriented portion is controlled by the difference
of heat amount different according to the wall thickness.

Embodiment 1

Molten resin of polyethyiene terephthalate was
injected and filled into an injection mold to form a narrow-
mouth preform 11 as shown in FIG. 1 by quick cooling.

Three examples of preforms different in wall thickness
were injection molded changing cooling time sample by sample,
and the change by passage of time of the surface remperakure

was measured.
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The preform is prepared for one-litre container
whose overall length is 124 mm. Temperatures of the preform
were measured at three points, 30 mm, 60 mm, and 100 mm
upwardly from the bottom, and temperatures ts be measured
were an averave value.

As a temperature measuring unit, a digital radiation
thermometer IR-AHOT (made by K.K. Chino) was used.

The injection molding conditions are as follows:

Weight of material 33 gr
Injection temperature 275°C
Mold temperature . 13°C
Draft ' 1.5°
Injection and filling time ‘ 5.3 sec.

Note: The mold temperature means a cooling water
temperature of a cavity mold and a core mold.
FIGS. 3 to 5 show the change by passage of time
(average value) of the surface temperatures of the following

samples at a room temperature (22°C), main points of which

are as given in Table 1 below.
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TABLE 1
Preform Cooling Preform Temperature Peak Time
Wall thickness Time (*C) (sec)
(mm) (sec) 1l sec after; Peak
release
Sample No.1| 1 i 3.0 72.0 96.0 11
| 2 3.5 68.7 | 88.0 ! 10
2.80 3 4.0 68.0 . 86.0 9 é
4 4.5 66.9 83.0 9 Z
; .5 5.0 62.3 79.8 7 ;
:Sample No.2 1 3.6 71.3 96.2 12
2 3.9 65.1 87.9 11
3.05 3 4.2 g 63.8 86.3 13 _
é 4 4.5 L 62.5 83.8 | 9 §
g 5 4.8 60.3 81.5 ; 10
_E 6 é 5.5 57.0 80.2 i 10
Sample No.BE 1l 3.5 70.5 92.8 ! 11
g i 2 4.9 67.4 87.9 f 12
L 3.30 % 3 5.2 63.2 85.7 ; 10
| 4 5.5 62.6 83.9 i ) 9
s 5.8 60.5 §2.2 | 9
| 6 6.5 58.0 79.0 i 11

Cooling time is time after passage of injection

and filling time.

For the above-described samples,

orientation blow

4 2
molding was carried out under blow air pressure of 14 kg/cm

to form a bottle-like container 14 as indicated by the
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broken line in FIG. 1. It has been found that the best
result was obtained when orientation blow molding was cairied
out within the time shown in FIG. 6, that is, within time

t between time tl before the surface témperature reaches

the peak and Eime t, seemed to have reached the peak.
However, in case of a preform whose surface remperature
immediately after release is outside the range of 60°C

to 70°C at a ﬁormal temperature or a preform whose surface
temperature at the time of orientation blowing molding

is outside the temperature region of 80°C to 95°C, satis-

factory molded articles were not obtained as shown in Table

2 below.
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state of an oriented portion froma difference of hear amunt different-
aecording to the wall thickness, in other words, to carry out orientation

blow nmolding in the state where the tneperature of the pfhif agB “ﬁs
a whole. Adjustnment of a wall thickness can be easily nad | iu

core nold or applying a padding through %Iating or the Ii ate
difference of wall thickness can be al So ovi ded.

In Table 2, the time of passage is time from release
of a preform to start of orientation blow molding. The
results obtained by molding a few samples in the range
of more of less one second on the time of passage were
shown in the molded state.

Embodiment 2

Molten resin of polypropylene was injected and
filled into an injection mold to form a narrow-mouth
preform 11 as shown in FIG. 1 similar to the case of
Embodiment 1l by quick cooling.

Eight preforms having the same wall thickness were
injection molded changing cooling time, and the change
by passage pof time of the surface temperatures thereof

" at room temperature were measured.

The injection molding conditions are as follows:

Weight of material 40 gr
Injection temperature 240°C
Mold temperature (cooling water) 13°C
Draft 3.0°
Injection and filling time 6.0 sec.

FIG. 7 shows the change by passage of time (average
value) of rhe surface temperatures of the following samples
at a room temperature (22°C), main points of which are

as given in Table 3 below.




REPLACEMENT SHE ”w;'giﬁﬁnnjectlon orientation bl ow nol ding nethod

conpri si ng the'sg@msﬁsf- and filling nolten resin into an injec-
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TABLE 3
Preform Cooling Preform Temperature | Peak Time
wall thickness Time (°C) (sec)
(mm) (sec) 1l sec after Peak
release
Sample No.4 [ 1 | 1.5 105.0 124.0 19
2 2.0 95.5 121.4 18
4.10 3 2.5 93.0 118.0 18
4 3.0 - 92.5 117.6 16
5 1 3.5 91.6 113.5 18
6 4.5 : 91.0 113.3 17
7 | 6.0 90.5 111.8 18
8 5.5 89.0 110.5 17

4

For the above-described sémple No. 4, orientation
blow molding was carried out under blow air pressure of
12 kg/cmz within the time shown in FIG. 6 similar to the
case of polyethylene terephthalate to form a bottole~like
container ;4 as indicated by the broken line in FIG. 1.
It has been found that the best result was obtained when
orientation blqy molding was carried out within the time
shown in FIG. 8, that is, within time t between time tl
before the surface temperature reaches the peak and time
ty seemed to have reached the peak.

However, in case of a preform whose surface
Femperature immediately after release is outside the range
of 90°C to 100°C at a normal temperature or a preform

whose surface temperature at the time of orientation blow



tion nold to formit into a preform (11), said injection nold conprising a
l'ip mold holding a mouth portion of said quick cooting the preform (11) in
the injection nold to a state in which the shape 0f1£@§m£m9&3 5dcan be
mai n- tained by a skin layer (12) produced on the sur ef orm
(11) by said cooling and in which the tenperature in E\mm@

internally of the skinis still high. rel«asing the p 1) fronlthe

injection nold during said state while the preform (11) is held in said lip
nol d.

molding is outside the temperature region of below 110°C
or above 123°C, satisfactory results were not obtained

as shown in Table 4 below.

TABLE 4
Preform Temperature | Temperature at | Time of | Molded atate of molded
wall thickness |1 sec. after| orientation passage oz"gi‘;;’;;:‘:ﬁ}‘ i
(mm) release blow molding (sec.)

Sample No.4| 1 105.0 123.5 15.5 Bade, large one—
sided wall thickness,
burst

2 95.5 120.5 14.5 Good
4.10 3| 93.0 .117.3 ~13.5 | Good
4 92.5 116.8 | 12.5 | Good
5 91.6 112.5 14.0 Good
6 91.0 113.0 14.0 Good
7, 90.5 111.3 14.0 Good
8 89.0 110.0 15.0 Bad, large one-
sided wall thickness,
burst

It is apparent from FIGS. 3 to 5 showing the change
by passage of time that in injection molding the preform
11, there is an allowable range of cooling time. It is also
apparent that when the allowable time are compared between
those different in wall thickn;ss, there is cooling }ime
adapted to each other.

FIG. & is a graph which selects two cooling time
adapted to e;ch other with respect to sample Nos. 1 and 2
from Table 1 to depict the change by passage of time of the
surface temperatuers in that case. A temperature difference
At at the allowable time of orientation blow molding of a

thick wall thickness portion Dl and a thin wall thickness

portion D2 was 2.5°C to 3.0°C. - - -
REPLACEMENT S SAEE‘ \\




transferring the preform (11) fromsaid injection nold to a blow nold while
held in said lip nold. and blow nolding in said blow nold a thin-wall

hol low article (14) fromsaid-preform (11). characterised in that said

hol low article (14) is orientation blow nolded within a tinme after rel ease
of the preform (11) fromthe injection n?Id until the surface tenperature
of the preform (11), which rises respons §e-to heat transfer fromthe resin
(13) internal of the skin (12) to the surface of the preform (11), reaches
a peak tenperature.

Orientation blow molding was carried out for a narrow-
mouth container from a preform with distribution of wall
thickness intentionally changed.

Embodiment 3

A preform 11l shown in FIG. 1 whose wall thickness
is made thin from an upper portion toward a bottom thereof
so as to have a difference in wall thickness distribution.
of the whole body was injection molded from polyethylene |,
terephthalate, and one-litre container 14 was orientation
blow molded f;om the preform.

In injection molding, intentionally, the wall thickness,
3.05 mm, of the D1l portion of the preform 11 is differentiated
from the w;11 thickness, 2.80 mm, of the D2 portion. Further-
more, cooling time adapted to the wall thicknesses for both
was selected from sample Nos. 1 and 2 in Table 1 so that
the surface temperature of the preform immediately after

release is in the range of 60°C to 70°C.

it o e o
Injection molding conditions: REPLACEWIR.T SHEET |
Weight of material _ 33 gr 27 FEB 997
Injection temperature 275°C
Mold temperature (cooling water) 13°C =
Draft _ 1.5°
Injection and £illing time 5.3 sec
Example 1l:
Cooling time (1) 4.1 sec

Surface temperature (D1l)

Immediately after release 63.8°C

At blow molding 85.7°C
This Sheet Has Been Re‘placcd
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2. Anethod as claimed in claim1l for nolding a hoIIOM/art L.b Ok
polyethylene terapht hal ate, characterised in that the prefér Ebﬂ&wggj';,
cool ed to such an extent that immediately after rel ease of §t e prefeormLLl
fromthe injection nold to air at normal tenperature the sjurfa g?. g
tenperature of the preform(11) is above [err] but bel ow [ferir] nﬁEBHKUVtEe
orientation blow nolding is carried out2®%ithin a tine untifl “he- ‘

tenmperature of th reform (11) reaches a peak tenperatur abovel err
bePEMI[err]. gugface temperature (D2) P P [ ]

Immediately after release 68.0°C

At blow molding . 86.0°C
Example 2:

Cooling time (2) 4.5 sec,

Surface temperature (Dl)
Immediately after release 62.4°C
At blow molding 82.5°C

Surface temperature (D2)

Immediately after release 67.0°C

At blow molding 82.6°C
"Time of passage (after release) 7.5 sec.
Blow air pressure 14 kg/cm2

the Exanmples 1 and 2,
in ..the gglded state of the orientation blow molded

container 14 was good. The transparency of the container

is excellent,. ' one-sided wall thickness thereof was hardly
recognized, and the wall thickness(0.3 mm) of the body portion
was uniform.

It is understood from the foregoing that the most
preferable molding method for the 3-station system is to
adjust wall thicknesses of various portions of orieanted
portions of a preform accordlng to an orienting state and
control an orienting state of an orieated portion from a
difference of heat amount different according to the wall
thickness, in other words, to carry out orientation blow.
molding in the state where the temperature of the preform
is uneven as a whole. Adjustment of a wall thickness can
be easily made.‘by grinding a core mold or applying a padding

through plating or the like, and a delicate dlfference of

- 1 .
wall thickness can be also provided This Sheet Has Been

i fm




3. Anethod as clainmed in claiml for nolding a hollow article of

pol ypropyl ene, characterised in that the preform (11) is cooled to such an
extent that imediately after rel ease of the preformg : U
injection nold to air at normal tenperature the surfgce; ~*jﬁ‘ﬁﬁhmﬁfgﬁ t he
preform (11) is above [err] but beIOM/[err] and that {the cri-- bl pw
molding is carried out within a tinme and?fhé surfacejt ¢ngey
preform (11) reaches a peak tenperature above [err] bu

WHAT 1S CLAIMED IS:

1. An injection orientation blow moldiag method:
characterized in that in injecting and filiing molten resin
into an injection mold to form it into a preform as required,
holding a mou£h portion of said preform by a 1lip mold to
transfer it from the injection mold to a blow mold, and
orientation blow molding the preform into a thin-wall hollow
ﬁ&lded article as required, releasing of said preform from
the injection mold is carried out during the state where

the shape thereof can be maintained by a skin iayer produced
in the surface by quick cooling and the state where internél
cooling is not yet finished dand the temperature is high,

and the oriéntation blow molding of the preform.is carried
out wirthin a time till a surface temperature of the preform

which rises by its own internal temperature reaches a peak

temperature.

2. An injection orientatién blow molding methoa
characterized in that releasing of a preform made of poly-
ethylene terephthalate from an injection mold is carried

out in the raange of temperature at which the surface
temperature immediately after release is above 60°C but below
70°C at a normal temperature, and orientation blow molding

is carried out within a time till the surface temperature

of the preform reaches a peak temperature in a temperature

region abvoe 80°C but below 95°C.
. This Sheet Has Been R
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. A nethod. as claimed in claiml, wherein the resins used to forn1the
pceforn1(11” l'ine resins such as pol yet-hytene—and
pol ycar bonat o REFLABEMENH O fclaimed in any of clainmns 1 to 3 er pr?ac'é({*le

orientation He € of an ori ed portion of the hol | oWhi S
uality at heat included i | vknding
that sai @7quantity of he : ed by

controlled b o] g8 h
| thickness at the correspondi ng portion

portion of thelpfeform (11)
intentionally ' '

%"’SDU'(D D

3. An injection orientation blow molding method
characterized in that releasing of a preform made of poly-
ﬁropylene from an injection mold is carried out in the range
of temperature at which the surface temperature immedlately
after release is above 90°C but below 100°C at a normal
temperature, and orientation blow molding is carried out
within a2 time till the surface témperature of the prefor@

" reaches a peak temperature in a temperature region above

100°C but below 122°C.

[ An injection orientation blow molding method according
to claim 1, wherein resins used to form a preform comprise

crystalline resins such as polyethylene, polycarbonate, etc.

5. An injection orientation blow molding method according
to claims 1, 2 and 3, wherein internal heat of various
portioﬁs of an oriented portion of a preform is controlled

by a temperature of a mold maintained at a predetermianed
temperature and an intentionally adjusted wall-thickness
distribution of the preform, and an orienting condition of

an oriented portion is controlled by a difference of heat

quantity which differs with the wall thickness.

6. An injection orientation blow molding method according
to claims 1, 2, 3 and 5, wherein cooling time when a preform
is formed is limited within a specific time to render orien-

tation blow molding after release possible at any wall



of the preform (11) while the tenperature of the injection nold is

mai ntai ned at a predeterm ned value. 6. A nethod as clainmed in any of
claims 1 to 3 and 5 wherein the cooling time is so selected that for any
wal I thick- nesses present in the preform (11) the surface tenperature
after release of the preform (11) allows orientation bl ow mot-di-ng. of the

hol l ow article (14) as defined in claim48 7. A nethod Ialned I n any of
claime 1 to 3 and 5 and 6 wherein the degree of orlent s iReplsced
portions at Fu

thickness portion of the preform,.

7. An injection orientation blov molding method according
to claims 1, 2, 3, 5 and 6, wherein intentional adjustment
of a wall thickness of a preform when the preform is injection
molded is made according to the orienting condition of

various portions thereof.




—_—

the hollow article (14) is adjusted by [err] adjusting th | | tﬁ?cknéss
i.n respectively corresponding portions of the injection m)lﬁ ” ’7

i
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INJECTION ORIENTATION BLOW MOLDING METHOD

ABSTRACT

A molding method for continuously carrying out the
steps from injection molding of a synthetic resin preform
to orientation blow molding thereof iato a thin-wall hollow
molded articlé, characterized in that releasing of the preform
from the injection mold is carried out during the state where
the shape thereof can be maintained by a skin layer produced
in the surface by quick cooling and the state where internal
cooling is not yet finished and the temperature is high,
and orientation blow molding of the preform is carried out
within a time till a surface temperature of the preform which
rises by its own internal temperature reaches a peak

temperatute.

FIGURE 2.
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