wo 2014/12201°7 A1 I 000N OO OO O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/122017 A1

14 August 2014 (14.08.20149) WIPO | PCT
(51) International Patent Classification: PARTICIPATIONS, Avenue de la Patrouille de France, F-
B29B 11/14 (2006.01) B65D 1/02 (2006.01) 76930 Octeville sur Mer (FR).
B29C 49754 (2006.01) B63D 79/00 (2006.01) (74) Agent: DEJADE ET BISET; 35 rue Chéiteaudun, F-
(21) International Application Number: 75009 PARIS (FR).
PCT/EP2014/051200 (81) Designated States (uniess otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
22 January 2014 (22.01.2014) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
25) Filing L. ) Enelish BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: nglis DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(26) Publication Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
L. KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13305142.5 6 February 2013 (06.02.2013) EP OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(71) Applicant: SIDEL PARTICIPATIONS [FR/FR]; Aven- SC, SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM,
ue de la Patrouille de France, F-76930 Octeville sur Mer IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(72) Inventors: BUNEL, Christophe; ¢/o SIDEL PARTICIPA- (84) Designated States (unless otherwise indicated, fO}" every

TIONS, Avenue de la Patrouille de France, F-76930
Octeville sur Mer (FR). GODET, Florian; c¢/o SIDEL

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

[Continued on next page]

(54) Title: METHOD FOR BLOW MOLDING A HOT-FILL CONTAINER WITH INCREASED STRETCH RATIOS

34B—]

(57) Abstract: A method of manufacturing a hot-fill container (1) by means of

FIG.7

—34A

blow molding a preform (16) provided with a wall and a closed bottom (19),
said method comprising the steps of: — heating the pretorm (16) at a temperat-
ure greater than the glass transition temperature of the plastic; — introducing the
such heated preform (16) within a mold (32) provided with a mold base (36)
and sidewalls (34A, 34B), which sidewalls are heated at a predetermined tem-
perature; — blow molding the preform (16) to form the container (1) for sub-
sequent hot-fill applications; wherein: — the wall of said preform (16) has a
lower end segment (24) of increased thickness and the bottom (19) has a thick-
ness lower than the lower end segment (24), — the preform (16) is subjected to a
length stretch ratio comprised between 3.4 and 3.9, and a hoop stretch ratio
comprised between 3.5 and 3.9.



WO 20147122017 A1 W00V A0 0O

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, Published:
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



5

10

15

20

25

30

35

WO 2014/122017 PCT/EP2014/051200

1

Method for blow molding a hot-fill container with increased stretch ratios

FIELD OF THE INVENTION

The invention generally relates to the manufacturing of containers,
such as bottles, which are produced by blow molding or stretch-blow
molding from preforms made of plastic (mostly thermoplastic, e.g. PET)
material. More specifically, the invention relates to the manufacturing of
hot-fill containers, i.e. containers ready to be filled by liquids at a high
temperature (generally higher than the glass transition temperature of the

material in which the container is made).

BACKGROUND OF THE INVENTION

A conventional preform, which is generally injected molded but might
also be compression molded, is comprised of an open cylindrical threaded
upper portion or neck, which terminates at a lower end in an annular
protrusion, forming a support collar (used to carry the perform and the
container at different steps of the manufacturing and packaging
processes), a wall portion of generally cylindrical shape which extends
below the support collar, and a closed rounded bottom portion which
extends below the wall portion.

During a conventional blow molding process, the preform undergoes
both an axial (or length) stretch and a radial (or hoop) stretch to form the
container. The combined length and hoop stretch provides molecular bi-
orientation to the material, whereby the final container has good structural
rigidity, generally sufficient to resist mechanical stresses due to the
hydrostatic pressure of the liquid therein.

However, bi-orientation induces residual stresses in the material.
Such residual stresses are released during hot-filling (particularly with a
liqguid having a temperature higher than the glass transition temperature of
the material), causing a deformation of the container that could make it
unsuitable for use — and hence for sale.

To decrease deformation of the container during hot-filling, it is
known to run the blow molding within a mold provided with sidewalls and a

mold base, the sidewalls being heated at a predetermined temperature,
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and to complete the blowing through a thermal treatment called heat set,
by which the container is held in contact with the sidewalls at a
predetermined temperature between 80°C and 180°C for a predetermined
time (generally several seconds).

Generally, two sidewalls are present. They are usually named "half-
molds". They can be moved away from one another and from the mold
base for allowing either the introduction of a preform or the removal of the
finished container. The sidewalls are placed in close contact together and
with the mold base during the blow molding step.

However, heat setting solves only part of the problems of deformation
of a hot-fill container. Indeed, while cooling, the liquid and the air above
the liquid in the capped container undergo a decrease in volume that tends
to make the container retract.

Several solutions have been considered for decreasing the visible
effects of such retraction. These solutions generally concern the shape of
the container.

For example, it has been proposed to equip the body of the container
with deformable side panels that bend inwards under the effect of the
retraction and bend back outwards when the container is opened. Such
containers must be handled with care by the user because of the flexibility
of the body, which may result in accidental spraying.

It has also been proposed to provide the container with a base portion
capable of withstanding the various stresses and strains applied to the
container, see e.g. U.S. Pat. No. 6,896,147 (assigned to Graham).

More recently, it has been proposed to give the bottom of the
container a special shape capable of absorbing at least part of the
deformation due to retraction whereas the body of the container is
provided with a rigid (i.e. resistant to hot-fill deformation) structure, see
e.g. U.S. Pat. No. 7,451,886 (assigned to Amcor).

Deformable bottoms take advantage over deformable side panels in
that from the user’s point of view the container feels rigid, whereby the risk
of spraying during handling is considerably lowered. However, the amount
of vacuum absorbed by deformation of the deformable bottom may be
insufficient and result in a deformation of the body which may take an oval
shape (such a well-known deformation is called “ovalization” by the skilled

technicians).
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U.S. Pat. Appl. No. 2008/0047964 (Denner et al, assigned to

CO2PAC) discloses a container comprising a pressure panel located in the
bottom portion of the container. The pressure panel is movable between an
outwardly-inclined position and an inwardly-inclined position to
compensate for a change of pressure inside the container. In order to
alleviate all or a portion of the vacuum forces within the container, the
pressure panel is moved from the outwardly-inclined position by a
mechanical pusher in order to force the pressure panel into the inwardly-
inclined position. The inversion of the pressure panel from the outwardly-
inclined position to the inwardly-inclined position reduces the internal
volume of the container.

Denner also provides an exemplary method of blow molding such a
plastic container, which includes enclosing a softened polymer material
such as PET within a blow mold having side wall portions and a base mold
portion movable with respect of the side mold portions in the vertical
direction between a retracted position and an extended position. The base
mold portion is displaced upwardly into the mold cavity to form a
transverse pressure panel deeply set within the base portion of the
container.

Although Denner provides a solution which in theory alleviates the
drawbacks of previous solutions with deformable bottoms in that it
maximizes the amount of vacuum compensation, Denner fails to disclose
the whole process allowing to form the target container, despite the mere
description of the deep setting of the pressure panel by means of a
movable base mold portion, the use of which, as may be noted, is already
known, see e.g. U.S. Pat. No. 4,035,455 (Rosenkranz et al). In particular,
Denner fails to point out specific structural features of the preform and
specific features of the process, which should be used to allow the target
container to be correctly formed, with a proper distribution of the material

throughout the container.
SUMMARY OF THE INVENTION
It is a main purpose of the present invention to alleviate the

hereabove mentioned drawbacks of the prior art.

It is an object of the invention to propose a full method of
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manufacturing a hot-fill container provided with a high standing ring and a

central outwardly-inclined invertible diaphragm.

It is another object of the invention to enhance performances of such
a hot-fill container.

It is yet another object of the invention to increase stability of such a
hot-fill container while facilitating inversion of the invertible diaphragm.

It is therefore provided a method of manufacturing a hot-fill container
from a plastic preform by means of blow molding said preform, wherein
said container is provided with a base including a high standing ring and a
central outwardly-inclined invertible diaphragm, wherein said preform has
an open neck, a wall and a closed bottom, said method comprising the
steps of:

- heating the preform at a temperature greater than the glass transition
temperature of the plastic;

- introducing the such heated preform within a mold provided with a
mold base and sidewalls, which sidewalls are heated at a
predetermined temperature;

- blow molding the preform to form the container for subsequent hot-fill
applications;

wherein:

- the wall of said preform has a main segment of substantially
cylindrical shape and a lower end segment of increased thickness
adjacent the bottom, whereby said lower end segment is stretched to
form the high standing ring of the container, and the bottom has a
thickness lower than the lower end segment whereby the bottom is
stretched to form the invertible diaphragm of the container,

- the preform is subjected to a length stretch ratio comprised between
3.4 and 3.9, and a hoop stretch ratio comprised between 3.5 and 3.9.
According to various embodiments, taken either separately or in

combination:

- the stretch ratio is comprised between 3.6 and 3.8;

- the hoop stretch ratio is comprised between 3.7 and 3.8;

- the lower end segment of the preform has a wall thickness of about
10% greater than a wall thickness of the main segment;

- the bottom has a central region with a substantially constant wall
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thickness;

- the central region has a wall thickness lower than 80% of the wall
thickness in the lower end segment;

- the central region has a wall thickness lower than 70% of the wall
thickness in the lower end segment;

- the central region has a wall thickness of about 65% of the wall
thickness in the lower end segment;

- preform is axially stretched by a stretch rod;

- the preform is provided with a centering index capable of being
received in a recess formed at a lower end tip of the stretch rod.
The above and other objects and advantages of the invention will

become apparent from the detailed description of preferred embodiments,

considered in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG.1 is a realistic sectional view showing both a preform and a
resulting hot-fill container formed therefrom;

FIG.2 is a realistic bottom perspective view showing the container of
FIG.1;

FIG.3 is a realistic enlarged fragmentary sectional view showing a
detail of the container of FIG.1 through the base of the container;

FIG.4 is a realistic enlarged sectional view showing the preform of
FIG.1;

FIG.5 is a realistic enlarged fragmentary sectional view showing a
detail of the preform of FIG.4, in the vicinity of a bottom of the preform;

FIG.6 is a realistic sectional view of a stretch blow molding unit
including a mold with a movable base mold for manufacturing a hot-fill
container, showing a preform from which the container is to be formed;

FIG.7 is a realistic sectional view of the stretch-blow molding unit of
FIG.6, further showing the container formed therein from the preform (also
shown in dotted line);

FIG.8 is a realistic perspective view of a base mold for a molding unit
of FIG.6;
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FIG.9 is a realistic enlarged fragmentary sectional view showing a
detail of the base mold of FIG.8.

DETAILED DESCRIPTION

FIG.1 illustrates a hot-fill container 1 suitable for being filled with a
hot product (such as tea, fruit juice, or a sports drink).

The container 1 includes an upper open cylindrical threaded upper
portion or neck 2, which terminates, at a lower end thereof, in a support
collar 3 of greater diameter. Below the collar 3, the container 1 includes a
shoulder 4 which is connected to the collar 3 through a cylindrical upper
end portion of short length.

Below the shoulder 4, the container 1 has a wall portion 5 which is
substantially cylindrical around a container main axis X. The wall portion 5
may, as depicted on FIG.1 and 2, include annular stiffening ribs 6 capable
of resisting stresses which would otherwise tend to make the wall portion 5
oval when viewed in a horizontal section (such a deformation is standard
and called ovalization).

The neck 2 has an outer diameter (taken between the threads)
referenced D1 and the wall portion 5 has an overall diameter referenced
D2.

At a lower end of the wall portion 5, the container 1 has a base 7
which closes the container 1 and allows the container 1 to be put on a
planar surface such as a table.

The container base 7 includes a standing ring 8, which is a high
standing ring as it will be explained later, and a central outwardly-inclined
invertible diaphragm 9 which is capable of being forcedly (e.g.
mechanically) pushed upwards (i.e. inwards with respect of the container
1) after the container 1 has been filled with a product, capped and cooled
down, in order to compensate for the vacuum generated by the cooling of
the product.

The standing ring 8 connects to the wall portion 5 of the container at
a lower end portion 10 thereof, an inner portion 11 and a support flange
12. The inner portion 11 connects the support flange 12 to the diaphragm
9.

In a preferred embodiment, the lower end portion 10 of the wall
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portion 5 has, when viewed in transversal section as shown on FIG.3, the
shape of an arch with a concavity turned inward with respect of the
container 1, whereby the outer diameter, referenced D3, of the support
flange 12 is smaller than the overall diameter D2 of the wall portion 5.

The inner portion 11 has the shape of a frustum of a cone and, when
viewed in transversal section as shown on FIG.3, inclines inwardly with
respect of the container 1, with a draft angle.

The cone shape of the inner portion 11 provides a vault stiffening and
locking function to the diaphragm 9 in its inverted position (in dotted line
on FIG.3), whereby the restriction of diameter of the inner portion 11 at its
junction with the diaphragm 9 prevents the latter to articulate back from its
inverted position with respect of the inner portion 11. As a result, re-
inversion of the diaphragm 9 back to its initial position (in continuous line
on FIG.3) under the mere hydrostatic pressure of the content of the
container is prevented.

The inner portion 11 has an axial extension which is important with
respect of the outer diameter D3 of the support flange, hence the
expression “high standing ring” to name the standing ring 8. More
specifically, the axial extension (or height) of the inner portion 11, with
reference H4, is greater than 1/10 of the outer diameter D3 of the support
flange 12, and preferably comprised between 1/10 and 1/5 of the outer

diameter D3 of the support flange 12:

p3 _ .. _D3
10~ "5

In one preferred embodiment, which corresponds to the illustration of
FIG.3, the height H4 of the inner portion 11 is of about 1/6 of the outer
diameter D3 of the support flange 12:

H4~D3
)

The support flange 12 has a radial extension or width, noted W4,
which is small with respect of the outer diameter D3 of the support flange
12. More specifically, the width W4 of the support flange 12 is comprised
between 5% and 10% - and preferably of about 6% - of the outer diameter
D3 of the support flange 12:

0.05-D3<W4<0.1-D3
and, preferably:
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W4 = 0.06-D3
The width W4 of the support flange 12 is also preferably in a ratio
with the height H4 of the inner portion 11 comprised between 1/5 and 1/3,
and preferably of about 1/4:

and preferably:

In addition, in the just-blown non-filled configuration of the container
1 as depicted on FIG.1 and in continuous line on FIG.3, the support flange
12 does not quite extend in a plane perpendicular to the container axis but
is in the shape of a frustum of a cone and shows an inward inclination A1
when shown in the transversal section of FIG.1, of a small angle with
respect of a plane perpendicular to the container axis X. This provides a
spring and absorbing effect under the hydrostatic pressure on the
diaphragm 9 in its upwardly inverted position (in dotted lines on FIG.3),
whereby pressure on the diaphragm 9 results in the support flange 12
pivoting and coming into abutment with a planar supporting surface instead
of inversion of the diaphragm 9 back to its initial position (in continuous
line on FIG.3).

In the just-blown non-filled configuration of the container 1 as
depicted on FIG.1 and in continuous line on FIG.3, the invertible
diaphragm 9 extends both inwards and downwards, from a outer edge 13
having a sharp apex where the diaphragm 9 connects to an upper end of
the inner portion 11 of the high standing ring 8, down to a smoother inner
edge 14 where the diaphragm 9 connects to a central upwardly protruding
recess 15.

In a preferred embodiment, the radial extension or width, denoted W5,
of the diaphragm 9, is comprised between 50% and 80% - and preferably
of about 60% - of the outer radius, denoted R3, of the support flange 12
(where R3 is half D3):

0.5-R3<W5<0.8-R3
and, preferably:
W5 =0.6-R3

In addition, the axial extension, or height, denoted H5, of the
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diaphragm, is such that the inner edge of the diaphragm extends slightly
above a standing plane perpendicular to the container axis X and defined
by an outer edge of the high standing ring 8.

In other words, the height H5 of the diaphragm 9 is slightly lower than
the height H4 of the high standing ring 8. In a preferred embodiment, the
height H5 of the diaphragm 9 is greater than 85% - and preferably of about
90% - of the height H4 of the standing ring 8:

H5 > 0.85- H4
and, preferably:
H5=09-H4

On FIG.4 and FIG.5, there is shown in more details a preform 16 from
which the container 1 disclosed hereinbefore is formed. The preform 16 is
made by injection or compression molding from a single plastic material,
preferably PET.

The preform 16 comprises the same neck 2 (which is not subjected to
variations during the blowing of the container) as the container 1, which
also terminates, at the lower end thereof, with the support collar 3.

Below the collar 3, the preform 16 has a body 17 which includes a
wall 18 and, at a lower end of the wall 18, a closed bottom 19 which
terminates the preform 16 at a lower side opposite the neck 2. The length
of the preform body 17 (i.e. below the collar 3), is denoted L.

In its wall 18 and bottom 19, the preform 16 has an outer surface 20
and an inner surface 21.

As depicted on FIG.4, the wall 18 of the preform 16 is comprised of a
main segment 22 of substantially cylindrical shape, an upper end segment
23 which terminates the main segment 22 upwardly and connects to the
collar 3, and a lower end segment 24 which terminates the main segment
22 downwardly and connects to the bottom 19.

During the blow molding of the container 1, the main segment 22
forms the wall portion 5 of the container 1; the upper end segment 23
forms the shoulder 4 of the container 1; the lower end segment 24 forms
the high standing ring 8 of the container 1; and the bottom 19 of the
preform 16 forms the invertible diaphragm 9 and central protruding recess
15, as shown by the arrows on FIG.7.

The overall diameter of the main segment 22, taken at its junction

with the upper end segment 23 is denoted D6.
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In the depicted embodiment wherein the preform 16 corresponds to a
container 1 of small capacity (i.e. less than 1 I, such as 0.5 or 0.6 I), the
overall diameter D6 of the main segment 22 is smaller than the diameter
D1 of the neck 2. In an alternate embodiment in which the preform
corresponds to a container of greater capacity (i.e. more than 1 |, such as
1.5 1 or 2 1), this relationship may be reversed.

In a preferred embodiment corresponding to the illustrated example,
the upper end segment 23 has the shape of a horn and smoothly connects
the main segment 22 at diameter D6 to the collar 3 at diameter D1. As may
be seen on FIG.4, the wall thickness of the preform 16 in the upper end
segment 23, as measured perpendicularly to the preform axis X (which is
identical to the subsequent container axis X), increases from a value T1
immediately below the collar 3, where it corresponds to the wall thickness
of the preform 16 in the neck 2 (excluding the thread), to a value T2 at the
junction with the main segment, where T1 is lower than T2, and preferably
lower than half T2:

T1<T2
and preferably:
T1<05-T2

In the illustrated preferred embodiment, the main segment 22 is in the
shape of a frustum of a cone with a small draft angle B1 on the outer
surface 20 and a small draft angle B2 on the inner surface 21, both angles
B1 and B2 being lower than 2°, and preferably:

B1<B2<2°

In a preferred embodiment, B1 is smaller than 1°, and preferably of
about 0.6°. Also in a preferred embodiment, B2 is smaller than 1.5°, and
preferably of about 1.3°.

In a preferred embodiment, the length, taken axially and denoted L1,
of the main segment 22, is comprised between 60% and 70% - and
preferably between 65% and 70% - of the length L of the preform 16:

06-L<L1<07-L

and preferably:

065-L<L1<0.7-L

Although the preform wall thickness may be substantially constant

along the main segment 22, in a preferred embodiment, the preform wall

thickness, as measured perpendicularly to the preform axis X, slightly (and
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linearly) increases from the value T2 at the junction of the upper end
segment 23 and the main segment 22, to a value T3 at the junction of the
main segment 22 and the lower end segment 24:

T2 < T3

The material distribution in the upper end segment 23 and main
segment 22 is calculated to provide substantially constant thickness of the
container 1 in the shoulder 4 and wall portion 5.

The thickness increase in the upper end segment 23 allows for a
sufficient thickness of the material in the container shoulder 4, since the
material located immediately below the collar 3 is less stretched (mostly in
the radial or hoop direction) than the material located at the junction
between the upper end segment 23 and the main segment 22 of the
preform 16. Similarly, the thickness increase in the main segment 22
allows for a sufficient thickness of the material in the wall portion 5 of the
container 1, since the material located at the junction between the main
segment 22 and the upper end segment is less stretched (both in the axial
or length direction and in the radial or hoop direction).

In the illustrated preferred embodiment, the lower end segment 24
has an upper section 25 of increasing wall thickness, adjacent the main
segment 22, and a lower section 26 of substantially constant wall
thickness, adjacent the bottom 19. In the lower section 26, the preform 16
has a wall thickness, denoted T4, the value of which is therefore greater
than the value T3 of the wall thickness of the preform 16 at the junction of
the main segment 22 and lower end segment 24. In a preferred
embodiment, T4 is 5% to 15% greater than T3, and for example of about
10% greater than T3:

T4>T3
and, preferably:
1.05-T3<T4<1.15-T3
and, for example:
T4=11-T3

The increased wall thickness of the preform 16 in the lower end
segment 24 allows for reinforcing the lower end portion 10 and the support
flange 12, more specifically in the vicinity of the junction between the
lower end portion 10 and the support flange 12, where rigidity is required

on the one hand to facilitate the inversion process and, on the other hand,
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to provide good stability of the container 1 both during mass handling or
storing operations, and during individual normal use of the container 1
where it is stored vertically standing on a planar surface such as a table or
a refrigerator shelf.

In a preferred embodiment, the length, taken axially and denoted L2,
of the lower end segment 24, is comprised between 30% and 40% - and
preferably between 30% and 35% - of the length L1 of the main segment
22. In the preferred depicted example, L2 is about 33% of L1:

03:-L1<L2<04-L1

and preferably:

06-L1<L2<035-L1
and, for example:
L2 =033-L1

In a preferred embodiment illustrated on FIG.4, the preform 16 is
provided with a rounded upstanding centering index 27 protruding inwardly
from the inner surface 21 of the preform 16 in the axis X thereof.

Also in one embodiment illustrated on FIG.4, wherein the preform 16
is injection molded, the preform 16 is provided with a downwardly
projecting central protrusion 28 which corresponds to the counter print of
an injection gate formed in the mold in which the preform 16 was injection
molded.

In a preferred embodiment, the bottom of the preform 16 has a central
region 29 in the form of a spherical dome, the center C of curvature of
which is located on the preform axis X.

In the central region 29, the outer surface 20 and the inner surface 21
of the preform 16 are preferably both spherical with common center of
curvature C.

In consequence, in the central region 29 (apart from the centering
index and protrusion), the preform 16 has a wall thickness, denoted T5, as
taken radially from the center C of curvature, which is substantially
constant.

In the depicted example, the bottom of the preform 16 is also
provided with a peripheral region 30 which is located below the lower end
segment 24 and makes junction with the central region 29. The peripheral
region 30 is of decreasing wall thickness as taken radially from the center

C of curvature of the central region 29, such that the wall thickness T5 of
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the preform 16 in the central region 29 of the bottom 19 is smaller than the
wall thickness T4 of the lower end segment 24.

In a preferred embodiment, the wall thickness T5 of the preform 16 in
the central region 29 is comprised between 50% and 80% (and preferably
lower than 70%, and for example of about 65%) of the wall thickness T4 of
the lower end segment 24:

0.5-T4<T5<08-T4
preferably:
0.5-T4<T5<0.7-T4
and, for example:
T5 = 0.65-T4

The decreased wall thickness of the peripheral region 30, and the
comparatively smaller (and constant) wall thickness in the central region
29 of the preform bottom 19 allows for a better printing of the invertible
diaphragm 9, and a reduced thickness of the material in the invertible
diaphragm 9, thereby facilitating inversion thereof, as will be disclosed
hereinafter.

The manufacturing of the hot-fill container 1 from the preform 16 is
achieved through a blow molding unit 31 including a blow mold 32 and a
stretch rod 33, as depicted on FIG.6 and FIG.7.

The blow mold 32 has sidewalls 34A, 34B, including heating means,
not illustrated (such as holes for the circulation of a heating fluid such as
hot water or hot oil, or electric radiators received within the sidewalls 34A,
34B), for heating the sidewalls 34A, 34B at a predetermined temperature
much greater than the average environment temperature and which, in a
preferred embodiment, is of about 80-180°C.

The sidewalls 34A, 34B together define at least part of a molding
cavity 35 for receiving the preform 16 and form a counter print of the wall
portion 5, including the lower end portion 10 and shoulder 4 of the
container 1.

The blow mold 32 also has a mold base 36, which has an upper
surface 37 forming a counter print of the container base 7 including the
support flange 12, the inner portion 11, the diaphragm 9 and the central
protruding recess 15. The sidewalls 34A, 34B, together with the mold base
36, define the whole molding cavity 35 of the container 1.

The mold base 36 is movable with respect of the sidewalls 34A, 34B
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between a retracted position (FIG.6) in which the upper surface 37 extends
below the container base 7 to be blow molded, and a raised position
(FIG.7) in which the upper surface 37 closes the cavity 35 and extends at
the exact place of the container base 7 to be blow molded.

This provides an over stretching of the material during the blow
molding, whereby the material of the preform 16 is first stretched beyond
the final position of the container base 7, in the retracted position of the
mold base 36, and then the mold base 36 is moved to its raised position in
order to push the stretched material up to form the final shape of the
container base 7.

Such a process allows for a better printing quality, a better material
thickness, and hence a better stiffness from the lower end portion 10 to
the inner portion 11.

During the stretch blow molding of the container 1, the centering
index 27 is received within a corresponding recess 38 formed axially at a
lower end tip of a stretch rod 33. This ensures a proper centering of the
preform 16 until it reaches the mold base 36.

By the end of the blow molding of the container 1, the central outward
protrusion 28 is received within a central recess 39 formed axially in a
mold base 36. This ensures a proper centering of the container base 7
during the pushing up thereof, through the displacement of the mold base
36 from its retracted position to its raised position.

During the blow molding of the container 1, the preform 16 is
subjected to a length stretch ratio comprised between 3.4 and 3.9, and a
hoop stretch ratio comprised between 3.5 and 3.9.

The length stretch ratio is the ratio between the developed length of
an average line 40 between the outer surface 20 and the inner surface 21
of the preform 16 taken along the body 17, i.e. from immediately below the
collar 3 to the center of the bottom 19, in an axial sectional plane as
depicted on FIG.1, and the developed length of the container 1 taken from
immediately below the collar 3 to the center of the base 7, in a same axial
sectional plane as depicted on FIG.1.

The hoop stretch ratio is the ratio between the average diameter D7
of the main segment 22 (i.e. at about half of the length thereof), taken at
the average line 40) and the overall diameter D2 of the wall portion 5 of

the container 1.
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In a preferred embodiment, the length stretch ratio is comprised
between 3.6 and 3.8. Also in a preferred embodiment, the hoop stretch
ratio is comprised between 3.7 and 3.8.

Such stretch ratios, combined with the material distribution disclosed
hereinbefore, allows for a better printing of the container wall portion 5
and base during the blow molding. More specifically, this facilitates the
printing of stiffening ribs 6 on the wall portion 5 of the container 1, which
provide rigidity of the wall portion 5 against deformations due to a vacuum
inside the container 1 and confine most of the container 1 deformation
onto the container base 7.

The mold base 36 is illustrated in further details on FIG.8 and FIG.9.
As depicted on FIG.8, the mold base 36 comprises a cylindrical piston 41
by which the mold base 36 is capable of being axially moved and guided in
a corresponding bore 42 in the bottom of the sidewalls 34A, 34B. The
piston 41 terminates by the upper surface 37 forming a counter print of the
container base 7, including the support flange 12, the inner portion 11 of
the high standing ring 8, and also the diaphragm 9 and central protruding
recess 15.

The wupper surface 37 includes an annular peripheral face 43
corresponding to the annular support flange 12 of the container base 7.
This peripheral face 43 does not quite extend in a plane perpendicular to
the base mold axis (which is substantially identical to the preform and
container axis X) but is in the shape of a frustum of a cone and shows an
inward inclination when shown in the transversal section of FIG.9, of a
small angle A1 comprised between 1° and 10°, preferably between 2° and
5° - and for example of about 3° - with respect of a plane perpendicular to
the base mold axis.

The upper surface 37 also includes a frusto-conical outer face 44
corresponding to the inner portion 11 of the high standing ring 8. The outer
face 44 protrudes upwardly from an inner edge of the annular peripheral
face 43, up to a sharp apex 45 corresponding to the outer edge 13 at the
junction between the inner portion 11 and the diaphragm 9. The outer face
44 defines a draft angle A2 with respect of a vertical line parallel to the
base mold axis comprised between 1° and 10°, preferably between 3° and
6°, and for example of about 4.5°.

The upper surface 37 of the mold base 36 further includes a frusto-
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conical downwardly inclined inner face 46 corresponding to the invertible
diaphragm 9. The inner face 46 extends from the apex 45 down to an
annular inner edge 47 where it connects to a central uprising push-up 48
corresponding to the central recess 15 in the container base 7.

The apex 45 is sharp in that it has a radius of curvature, denoted R,
of less than or equal to 1.5 mm. In a preferred embodiment, the radius R
of curvature of the apex 45 is less than or equal to 0.25 mm. The apex 45
may also have no measurable radius of curvature, i.e. the radius of
curvature is less than or equal to 0.1 mm. This provides a sharp junction
between the inner portion 11 and the diaphragm 9 in the container base 7,
allowing for both a better inward inversion of the diaphragm 9 wherein the
sharp apex of the outer edge 13 at the junction between the inner portion
11 and the diaphragm 9 forms a punctual (when view in axial section)
hinge therebetween, and a better rigidity of the container base 7 after
inversion. Part of the mold base 36 may be lathe worked, in particular to
obtain the sharp apex 45.

The outer face 44 and inner face 46 together define at the apex 45 an
angle A3, when shown in an axial sectional plane such as on FIG.9,
comprised between 50° and 70°, and preferably comprised between 60°
and 65°. In a preferred embodiment, angle A3 is of about 63°.

Combination of the draft angle A2, sharp apex 45 and angle A3
provide good combined molding capability and performance to the
container base 7. In particular, as already stated, upward inversion of the
diaphragm 9 is facilitated whereas outward (or back) inversion thereof is
prevented, whereby the diaphragm 9 is locked in its inverted position.
Also, the extraction volume EV (i.e. the volume of liquid displaced during
the diaphragm inversion, shown by the hatch lines on FIG.3), is maximized
with respect of the whole volume of liquid in the container 1 after filling.

The extraction volume EV is also maximized due to the inner edge 47
located close to a peripheral plane P (corresponding to the standing plane
of the container 1) defined by the outer edge of the peripheral face 43,
whereby the inner edge 47 is spaced from the peripheral plane with a
clearance CL comprised between 1 mm and 5 mm, and preferably of about
2 mm. Such clearance CL allows for a small downward piston movement of
the central recess 15 of the container base 7 after filling, due to

hydrostatic pressure, without affecting stability of the container 1 standing
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on its support flange 12.

In a preferred embodiment depicted on FIG.8, the push-up 48 is star-
shaped is transversal section and comprises a series of recesses 49 (five
in the depicted example) which, by counter printing during the blow
molding of the container 1, form convex reinforcing ribs 50 in the central
recess 15 of the container base 7, thereby stiffening the central recess 15
and preventing inversion thereof under the combined effects of hydrostatic
pressure and temperature of the content.

Inversion of the diaphragm 9 is preferably achieved mechanically by
means of a mandrel which has a top apex capable of being received into
the central recess 15 and which, after filling, capping and cooling down of
the container 1, is moved upwards whereas the container 1 is held tight.
Under pressure of the mandrel, the diaphragm 9 deforms and articulates
around the sharp junction with the inner portion 11 which is slightly bent
outwards, until the diaphragm 9 upwardly inverts towards its final position
depicted in dotted line on FIG.3. The inner portion 11 of the high standing
ring 8 then bends back to its initial position where it forms an arch capable
of standing buckling and bending constraints applied by the diaphragm 9

under hydrostatic pressure of the content.
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CLAIMS

1. A method of manufacturing a hot-fill container (1) from a plastic
preform (16) by means of blow molding said preform (16), wherein said
container (1) is provided with a base (7) including a high standing ring (8)
and a central outwardly-inclined invertible diaphragm (9), wherein said
preform (16) has an open neck (2), a wall (18) and a closed bottom (19),
said method comprising the steps of:

- heating the preform (16) at a temperature greater than the glass
transition temperature of the plastic;

- introducing the such heated preform (16) within a mold (32) provided
with a mold base (36) and sidewalls (34A, 34B), which sidewalls are
heated at a predetermined temperature;

- blow molding the preform (16) to form the container (1) for
subsequent hot-fill applications;

characterized in that:

- the wall (18) of said preform (16) has a main segment (22) of
substantially cylindrical shape and a lower end segment (24) of
increased thickness adjacent the bottom (19), whereby said lower end
segment (24) is stretched to form the high standing ring (8) of the
container (1), and the bottom (19) has a thickness lower than the
lower end segment (24) whereby the bottom (19) is stretched to form
the invertible diaphragm (9) of the container (1),

- the preform (1) is subjected to a length stretch ratio comprised
between 3.4 and 3.9, and a hoop stretch ratio comprised between 3.5
and 3.9.

2. A method according to claim 1, wherein the stretch ratio is
comprised between 3.6 and 3.8.

3. A method according to claim 1 or claim 2, wherein the hoop
stretch ratio is comprised between 3.7 and 3.8.

4. A method according to any of the preceding claims, wherein the
lower end segment (24) of the preform (16) has a wall thickness of about
10% greater than a wall thickness of the main segment (22).

5. A method according to any of the preceding claims, wherein the

bottom (19) has a central region (29) with a substantially constant wall
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thickness.

6. A method according to claim 5, wherein the central region (29)
has a wall thickness lower than 80% of the wall thickness in the lower end
segment (24).

7. A method according to claim 5, wherein the central region (29)
has a wall thickness lower than 70% of the wall thickness in the lower end
segment (24).

8. A method according to claim 5, wherein the central region (29)
has a wall thickness of about 65% of the wall thickness in the lower end
segment (24).

9. A method according to any of the preceding claims, wherein the
preform (16) is axially stretched by a stretch rod (33).

10. A method according to claim 4, wherein the preform (16) is
provided with a centering index (27) capable of being received in a recess

(38) formed at a lower end tip of the stretch rod (33).
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